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Analysis of control system to prevent collapse of mix-source microgrid

for industry
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Abstract

This project presents the control of power sources by lookup table controller
to maintain the voltage of critical load and to prevent collapse of mixed- source
microgrid which consist of solar cells, batteries and diesel generators that connect to
DC bus. MATLAB is used to simulation of microgrid system. The experiment presents
the time comparison of four types of switches including magnetic contactor, relay,
solid state relay and MOSFET which can maintain DC bus voltage in specified range
which least effect to critical load operation. Based on the simulation results from the

MATLAB program, controller is set to use in industries.
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a. WaUAINLAse9ng (Solar energy)
o o a .
b. wm3asndalwinfwa (Diesel generator)

c. seuuinifundsaulni (Energy storage system)
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2.1.2.3 szuunniiundsesulwiln (Energy Storage System) [1,5]
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2.1.6 laseadneszuvlulasnsa

Main Grid Lead acid Battery set Diesel Generator
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AC Lomd IDCLoadI lACLoadi DC Lomed

Normal Load Critical Load Solar panel
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2. Proportional Integral Derivative control (PID)
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Amplitude

A

off 0 » Time

g‘dﬁ 2.7 deyyuddnoa (Digital Signal)
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° v o = = s o
vimthiide i inansauBsnsusaunined Tasgunsaifldlunismunuussiudae

NSUTUTUIALSIAIUAD 2995YaRABULIBILABS (boost converter), ABuLIBsIADTLUAY

nsenalwihaesiicimng (bidirectional converter) Waz29338uNa5Ima3 (inverter unit) [18]
2.2.3.1 DC-DC boost converter control

P o =l v I fal | 2 1 s a ] s 3 i
LUENQ'WﬂLL'i\‘!WU‘VI‘lW\]']ﬂI‘ﬁaqL‘?jﬁﬁﬁJﬂT UBYNIIIINUUADYUIN fatuseuuagly
o

Q‘ /s 4 U 2 as d!
boost converter Tuni1siinwsasulnffiafaziFounoididuszUuNTELanse T9lU7995

boost converter agl4adng Isolate Gate Bipolar Transistor (IGBT) 1ng IGBT agSudtyayieu

Pulse Width Modulation (PWM) lieAUANAITINEUTIRULALNTEUATDIABUIIDINDS

2.2.3.2 pauUnBSINasWUa Y IuaBiANIe (Bidirectional converter) [19]

aauLlestmasyindazaiununisivazesludala 2 vravisarnuumines

2
= 1

el i Tanseuanse wazantanssuansivisalvuunmes uenandadrela
n1sgsauaznIsAelszgueanuawmesilulustaminzeay siutatleanunis overcharge uay

deep discharge U8ILUALADT

lunsvhaunuunsalwlinulumees bidirectional converter agvivitniidu buck

converter Lﬁ@amﬂimmazLLiqﬁumﬂﬁ’amxuamam’fﬂijuumma% wazilowvasiglnnEn

1
] ] |

Il awedenudsanisivan wunmesavaeUsziedisdnglniliivan 1lewin

1 a

LSIAUINUUALABSUAIUBENILSIAUTA f9tu bidirectional converter agvintinmdu

boost converter aLALLsIAURaLNsERalun1sael WA v Ta
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2.2.3.3 dU035mas (Inverter control)

a ¢ ) v o & ) o <
EJUL')E]‘JLG]B‘JVI’WN'WILUﬁEJUlWﬁ']ﬂSSLLﬁG]‘N"tl"lﬂ‘Uﬂﬂ‘JSLLﬁﬁl?ﬂ Lﬂﬂlﬂﬂqﬂ‘iﬁLLﬁﬁﬁUVl
s 1 t 4 [ at 1 o = o e
mmmﬂmwﬂﬁ’lwmmxﬂﬂwamﬂszLLaaaU ﬂ')Elﬂ']’TllﬂLLB%LLBNW@QWWLMMWSHN IﬂEJﬁ]a‘ﬂ'L‘U

=) v i 4 d‘ oy oy - &
wadla PMW Tun1sa$e switching pulse WaRURNNIIUA-UREInY
2.2.3.4 aaurpinasudadlviinszuaaduilunszuanse (AC-DC converter)

ﬂi =Y A o = - s s ﬂ’: =t -l
lasnn3auaziasasnialnifwandalndinssuaady seulanesiinisulas

]
=i !

d: a L5 aal s Lo . I s
IWﬁWLﬂUfWiBLLﬂGﬁGLWEWWS"’UWEllw‘ﬁ'ﬁﬂ‘b"]Uﬂﬂ'igLLﬁmiﬂ IG]EJﬂ'ﬁfIJ‘V]LLNﬂ‘UUﬂﬂJﬂWUE]EJﬂ".ﬂLLi\?ﬂu

ar el |

b = 1 = 1 £y e ar
91989 AC-DC converter azd1glnwi13nn3agdszuvlalasnia wazlunsdliussiudaiian

]
=

UINNIILTIAUDI9DY AC-DC converter zanUsurnlndrannsananelnilvdusyuy

- v s o s A 1 U = _a
Lulpsn3adunaliussiudanduunfidnersd i
2.2.4 wnsalifinadeussiuaduilosunanlyanvad

wsInuUAUIUBNdsANNANAaveInatUluTTUY Wasdatiesnentiesn eIl iUy
&l ' P = e | I P Qs = ! 1
Inanilademaiudeuudas Gungnisaifidmanonisilfounlaswsussiutade waisne

Iniled nwagdalwidauliwiuou Insanunsouusls 2 nsdl

1. wasdnelwileausaananlnireanuiuin

dlouwndstreluanaaduanlvieenunluvsinaiiudy Hunailindeaulni
suwnunaaneleasasuazninidnivlusazniasiuaudeanisuednan dawa
Windsoulnilugamandvesszuuilbifimmaunatu (Power unbalance) #ailuaniveyi

Twussrudadianduauluaieu

2. uvdssrdlwilsawaduanlnifieoniiton

dounasieluaneadnanlifosnunludinaiianas [usasivlimdsaulning
nuvasitelednesaduasniaiiianadurneniar bifsmedomudamnisvedvan
dawa’lﬁwa"mulvdﬁﬂuﬁwLamﬁwaﬁsuuﬁlﬁﬁmmauﬁ;aﬁ'u (Power unbalance) da1iu

auvailiussiudadiananadugoau

'
s s =

ukssruaiiniduiiwlsidfuitiosannusssudavenisuseansninnig

o

Y1191UITEUY HBIIINOWMAIT18RUAUDIR L AULY Vi liusssuTaa naee195InLEa

Wunalwszuululpsnsaay
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msAuAuLsuTaaunsawdlaidu 3 nsdl e [9], [20]

L7 7] - d o A 1 ] at
1. mvaukssulalaenia Wevitnululwuseuselassinglwinan
(grid-connected mode)
Tuanmzunfininazilusmane i lidulvasvianus Lasidlaunasinelaalisas
grunsandnludneanuilaunn szdwaliusesulaluvueTuiliawuTy F9aaunsinesuns
- o 2 A at as U 1
ninazyimihnlunsmunuussiudalagnisannisinglniiaiiunisaiuauees AC-DC
° v [V Y] ) Y oa - o ~ o ' ¢ =
converter lunaviTlviussdudanduuiegludidrdanuls wazdisundsdneleaaadunin
I laanasniinazdwmalvusssudalususiuilAianas Geasulesinesvesnsaazyii
v oo v W v ow I Y a a = '
mihmuauwswualinduanaglursduiulalaenisfsliiiiiu AC-DC converter 19
UNTVUAIUULSIFINTRS NEsEAULTIaulalRanla A N15YI91UY99 AC-DC converter
o W v ah Nl g P} o v a
2. MmuAuussiudamsuunmed Wallnsidsulmianisinwduuendidass
(standalone mode)
IJ - - =Y é’ =Y -] L2y
luanznn3addgnuintu szuvlulasninvevirnululuuauendidassuayly
1 4 a dl 1 = [-¢ LYY 1 2/ ¥ ot
sruanseuulnlasnsadoulnunannaensaduluuauenaidaseazdanaliinsasulasy
=t ] W v v QY w v v A e et = ° v o
anasluYMERil InewuAmaIIEs N ILSITUTATRNAULINA1D 19D ILANTILUALA DI LML 91
1 Vo =y d! 473 dj o =Y - a‘ o
Tuprsaglihlinulnaningaiiesaliiadestudalwifeasuviienu
3. mvaNLsiuameATei e lwihdiea
MIAUANLISIURIBIATRLdn i Awa Wunismivauwsudiefioanuiiy
ﬂ! d o -y = L7 7] d = ¥
AC-DC converter Faazasnilaliirdigaszauauussiudadesyuululnininegluluug

LENGIDESY
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31 ﬂ'I‘SE)ElﬂLLUUﬂ'l‘iﬁ‘N"lu‘izUUllﬁJIﬂ‘mqiﬂ[Z1]

sruvlulasnialulaseuaziiunasinendanulwindnlviuluan fe Taseunglniiy
= [ o oA | ¢ = P o a al

Larduunad91ud1509 3 wuadma 1. lwaneas 2. wuaned 3. insosnuidalndfiea lay

T ] & o T L) a L. a a a
LmaﬁmUaﬁmu%mmL‘t“JuLmadmaﬂwﬁﬂmUMamanqm (Critical load) Tunsnn3aLia

v v P ' | v 9 o 1 ' Vo P Y)
AuTRYRInsaldatusasna Wi lrdulnanla ANLTDUADYDILAALUNAITBLTAY
rad e I v Y oA 1 ) o @ @ w2 0 vl
mwiwamzagw a DC dfTuseAud198998% 400 v Haazsoainwszaunsinudlilalvd
A15UABULUANAUNTY 5% YDALSIAUDI9DY (oglug 380-420 v) whililpiinsiUdsunas

< W 4 YT a % =

Y0alnannsaunadane usaauda DC ﬁasmaammaamwlﬂma mugﬂw 3.1 1Wunsw
=l -l 1 ot s o s d - 1 € v 1 (] s El'
WisusuaAksanud DC wagmaslwinuanainlsaieasd wansliiuitmnaiaslning
NaRlAvpIwnaIIeda1tasnitmIufAeInIsTalnan wainsisuTd DC AvvanadnsIy

aninandluly uwddrdrdsluirainuvnasdneiiaiuinniiaiiufesniseeslvanudn

ws9auUlWANTA DC Avziinduy

v Vdc
450 433
400

350 §

300

kW Dxms Solar Power 13 see

?dl)-‘ Load Power 15 sec

0 5

10 15 sec

o w

JUM 3.1 WSeuiiiauan Vo wasidalnihiindalaanleases uaziasininiluandosnis
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= add s = o @ =) ! ! L 4
gaisldlunisfnwiaiivsnmeeusaiuda oc Aenismivguumnasdngluszuuld
aunsadenasulWinliduda eundlalyminssiuninnawSaiuuniuliviunied 1ae

simseanuuuszuumuANuvaselagldnsAIuANLUY Lookup table
3.1.1 MIAUIUVLIAVR WA TN

a) seuvleawad
szuulaanvadidvuin 500 kW laeldunsleavadiie SunPower dauin
Prax = 414.8 W, Vo = 853V uae |, = 6.09 A (ﬂwﬂﬁauuamaa Standard Test Conditions ,

13

' = v a -l
STC \lumaneaouwnslgagadnaaduues 1,000 W/m? warguna 25 °0) L1B91n

Im\muﬁé’ﬂa%dmﬂiaamuﬁﬁ%agj’LumﬂﬂmwaﬁUSwaﬂlmmﬁﬁqquiLaﬁamaamﬂag
71 36 sernwaldua [22) vihliiszuuvadleaeadanusandnindalfinoanununnitaaldiies
350 kw fimnudunas 1000 W/m? winarsidunaaiAvanasiazyinlimasliiinindels
anAAIUNY

b) LUALADS Lead acid
C =< [i;h] 3.1

Tuuam 500 Ah/hr gsnsasnglnialdniely 1 d9lueduananaunsi 3.1

1a8 L = 0.8 [23], Final voltage 1.9 V/cell e K ldannsaw Characteristic vo4

wusLAe3 Lead acid wandluuil 3.2

The characteristics of CS and PS type lead acid storage batteries (corrected 10 HR eapacity)

20
10 | s
e~
//%
17 Y Ea N N
0 o = ;‘;/' \\‘;\\\ Final Voltage ||
R e g o g e ) / 1.9 Vicel
320 I — = by 18vicel  —
g e -5 -f' = = 1.7 Vicell
% 4 et e 1.6 Vicell L]
izcg []
s: ¥
0.5 Capacity of applicable battery (Ah)
------- more than 2000, less than 2500
o m— e M0fE than 900, not more than 2000
not more than 900 3
1 1 1 1 1 1
34 [ . I
" 2 3 5 10 20 30 60 100 200 300 600 1000

gﬂﬁ 3.2 n51W Characteristics of CS and PS type lead acid storage
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ANNSINAINITONIAT K panuilawinfiu 3.6 araszualaia() fnaan I =

— <t

T8 S = 450 kVA wag V = 400 V 9=ldan | = 1,125 A dmnsifiwesnlaunuluaunisi

azldAneanunsai
C=(1/0.8)(3.6*1,125)= 5,062.5 Ah/10hr = 506.25 Ah/hr

fatuIadanlduunmasuuIn 500 Ah/hr
< o e P
O) wasanidalwdfa
I o a al 4 0w
e 2 MW Wesinluasingeiioutm 400 kW uazdeaiiesduszneu

ANuUasnneaInAsinensualintusyuulssanal 5 tin [24-25]

Msglvaaninuavesszuuiifvung 600 kw azidulvaninga 400 kw uazdulvan
o a ° o o = = W, 7 d o '

Ml 200 kw Taglnaningragyisuseiies 24 9l Feazdesiiuvasseiadosinelnii
v o A 1 < ' ) a o
IVILﬁlJ@ L‘W‘S’la‘:Lﬁﬂ’ﬁﬁ@%ﬂﬂ?’lﬂ?(ﬂ@ﬂﬂﬂﬂﬁEluLL‘lJa\‘lﬂ’lﬂiSLLaLLESLLNm‘u 2IILNAATITUUAUDY

al

o [TV o Aa oA a i a o O &
ﬁ'ﬁ@LﬁH‘WqﬁJ‘WTﬂlﬂi‘UﬂﬁlﬂigLLaLLagtLiQﬂumNﬂLWﬂUIUQqﬂUﬂﬁlﬂ%aIuﬂﬁW WQUUIU5EU‘UU‘UE§J

= : 7 |4 =t 9
UTinuanudeanisvesluanaefl 400 kw G4 600 kw wWasuwdaslumumsldau

3.1.2  TvuadousalasevnglWiauan (Grid connected mode)

Main Grid Lead acid Battery set Diesel Generator

' Bidirectional
converter

] [

IACLWI |D€'im’d| m

Normal Load Critical Load Solar panel

ﬂl = | A 1 1 a
5UN 3.3 szuvlulpsniniweusslassngluihudn
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N159BNLUUNNTAIUANAINTMEN131 Lookup table ¢adl

d - ﬂil A 1 o 1 s
A13197 3.1 M3seenuuumuaisruululasnIan@eusdeiulassaliiingn

Charge Batte _ Discharge Battery
Solar cell Load
e o Nothing
Main grid Battery
Load
Main grid = = Nothing
Battery
Main grid (S1)
On T 1
E |
E E
off ; ;
w F
Charge Battery ;52) i
¥
On ; i
| |
Off ; !
| :
Solar cell (54) | |
On 1 :
Off i !
P (kW) j i
i ]
256 1 ? 2 i <
g :
i |
1 |
! i
0 ! j

5UN 3.4 nsmiauduiudnisinnueesnia uwuamesuayleawad

Tulvusisusalasenelwilman

U 3.4 Tugaedl 1 uag 3 1 0udaainansiu Teawwadllamnsondnlnilld
= = 1 1 d'| as ] s € '-‘-'4
n3edaluunasdng 100 % Nl lisulnan wazdmsurisauunmesiladl %SoC < 90
o a ¢ v & ¢ A v a
WouunAasgNu1§9aU %SoC = 90 uifvznganismsafiodnengnisldnuvenunines

Tuthed 2 1Wurhaiainansiu Twawadanuisandalninsuiundals awnsausendanisld



23

wasuliiiainnse vsenfadislunisananluily Fazanursatrganlauinteswdluu

[
o

= 1 ' ! b ! € = L ¥ o1 Vo = ] '
Fuagiuirlutiiuledieadanunsandandanulavilug finnsldwanludSunawinleg

n

) I P 3 = v oa 1l Py
BnFIaEne vndAudnues 800 W/m? wariinsldusunalvanegn 400 kw fia 600 kw
T,saaz-hLsejaﬁasmmimhHﬂiwé’mwé’amulﬁmmgﬂﬁ 3.5 wanspnudunusi duanUosigus

1 a w ! ¢ o A <
ﬂ’!iq]']Ej‘lwﬁﬁqwﬂﬁﬂiﬂﬂUI‘daqL%aac‘]aﬂ’)’]um@ﬁﬂ’]'i‘UENIVTaWWiJﬂ']iL‘LJaEJULL‘LJaQ

Power supply (%)

100 +

0 Load (kW)
' ' LT 1

400 46() 500 550 600

e YOO IC] e Y550 |21

JUN 3.5 Anvesiguinisiuliiivesniaiuleaneadreninudesnisvedvan

UIA 400 kW 69 600 KW

1ngUN 3.5 leangadaruisandaiiadlwdioonunlavssuim 277 kw
AULTNLEY 800 W/m? Lilaiinsldivanauin 400 kW leawwadazyradtelnilqle
=3 a 1 | = A ~ al o
WU 69.25% vasvruianiskolvan tnunsnazang Wit ludiuiiudsiies 30.75% wininisidy
Tnanunau WosiunnistieaisWivedaawasdazanas waznindasanslwiiuindy
nRnveInsINnIanuleasadfatrendinaslglranuuin 554 kw Gan1sinelninves

lwanwagandu 50% wirdumsanelwidvesnsa Wesimsldlwansiuviarunuuin 600 kW

leanwaaaztiaylamiies 46.2% duniaazarlniiiy 53.8%
3.1.3  luuauendadase (Standalone mode)

Tunsdaivlaserglwimdniianiudadesluaiuisafiaz e winle ssuululasnsa

%Lwﬂ(?haaﬂmLﬂuﬁaiw%ag'lulwrﬂ Standalone Ltamﬂﬁtﬁuﬁqgﬂﬁ 3.5 Tneaziiumadane
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=l 1 L3 =J d o = =l 4 d} 1
v Ao Twawas wuamasuazeIosnudalndfea lun1swdsuanusanlvuadouse
n3aluilulnunuenddasziuileg 2 du

a [ =l
noulunsidulnualaegldaingud 3.6 was 3.7

Main Grid

Lead acid Battery set

Diesel Generator

7| Bidirectional o
= converter

852 E

83
2 e I ey e ey
Normal Load Critical Load

Solar panel
A Ea) a a 1 dl
JUN 3.6 sruululasniauuuuendndudasy lutaem 1
Main Grid

Lead acid Battery set

Diesel Generator

“ 7 Bidirectional
= converter

oy
b _?\’

=]

]

Normal Load

] [

Critical Load

Solar panel

5U7 3.7 szuululpsnIauuuwendandudase Tuyaed 2

NNFUT 3.6 Weniandalasneenluanszuy wunwmesazidsuainlmuanissnuszq

Duundsignszualiinliiulnaningregiaien Wesnluanundldgnaneenlundoudy
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a { 'Y | a 4 = Y a w '
n3a (ieldlmduniszveswunwmesuiniuly) Wenuluszezinamidiudinsadeldanunsa
] v q' o a d‘ o = - v 4 1 ¥ s 1 e:
Ienseualfazisuvinnsiuesosilla Wi Agauadeusaidfuseuy AaLtugUNINg 3.7

fimseanuuunIsAIUANEINTAI8m1519 Lookup table fail

a = v & a
A1579% 3.2 nseenkuumuansyuululasniawuuwenadudese

Solar cell Solar cell Solar cell Load
— Load —» Load e
Battery Battery Generator Battery
Generator

Battery —¥ Load Battery ~—# Load |Generator > Load
Generator Battery
Generator (53) Generator (53)
On 4 ' On A 1
! i
| |
1 l
ost : Off {
| i
4 Al
f v
Discharge!Battery (52) Charge Battery (S2)
On i On J |
i i
i 1
i i
off ’ off |
| P
P .
Solar cell](S4) Solar cell (54)
On l ; on 1 E
i -
T | b P
¥ | i i
off — off o
] - Lt
! ‘P
Plkw) t P(kW) g
i H 1 |
350 1 350 . L
:
i | i
0 - 0 d
0 10 13 wiit 0 10 13 il

3T 3.8 namanuduiiusmaihnuvesasesiuialiihdias wuames waslvalead

nsallvuAwenmIdasy lugiaInanelu
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Power supply (%)

100 -
815 TN T T T T T T T T T T T T T T e
80 A

60

D o e o A T e g

0 T T T T - : , Solar power (kW)
0 50 100 150 200 250 300 350

%solar

w—— Yogenerator

Pr] ' ¢ ¢ ' - 6,7 - ) | ¢
JUT 3.9 Anveiigudnisingiihveaesestudalwihfwaiulsaiead

foAGBINITURAlnanIUIR 400 kW

= 2 ' ) 1 & a 9

n5UN 3.9 gluua Standalone lurisnanaiesiu leawadamusondnlwiile

1 dl o s A - = t 24 1 L] s v v =

watdesanmaslniindaleiadesniifidsinvivesniudesnisiven laslunan 10 uii
W A g 1 1 1 [ [ [ (7 1 i a s [l

wsn axlviunwedilunnastnesiunuleaneas wiainkiu 10 widluudinsadldanuises

[ dll 1 Qr } ] H'J q' o di' o =Y -

navu@eNnanussuule agvinisdusunisinauraaaiosuilalwiifwa Tnelunis

L3 dl € £ 1 1 e = ] dy q‘ a 1 1 1

annsniasaseunvgldinanliiesndy 10 Juii [4] YaslluuameTezdidaslunisangluiieg

IWS1E LIBLASOIBUALANLATRIS 8 USDELAY LavAlus1saunSaunsenulAnIuLnuet

o

idassuziadlusseznamie Inolufidsiasadu 3 uni Seasdrglwilvsuluan
Slanuly 13 wadl %wqﬂmimaﬂﬁzfqmaaLLumma%meﬂﬁauiwummﬂumwﬁmmu
Tugrsifagliedosindnlnihfwaduwmdsiesmiuleanead Tnemudiuslunisine
IWﬁwaqﬁg\ﬂaaQLmdwm"ﬂulﬂmmguﬁ 3.9 \flosnleangasiinsuanmalnineonunld
lissiiaue sfinswdsuwadlunummanduuas Tnsanuannsalumswandsiningean

sEUUTYIAY 350 kW Fegrglwinldiuinanvuin 400 kw lﬁmﬂﬁqmﬁmﬂu 87.5%

2
Zo

Q]

9
o o =N

suasaan e lnideaszareanglwirludiunvianieludn 12.5% winlgawas

€

gunsananiaslnireanunleuin fagtivannisaemasiniiionesasduda Wi fea
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Generator (S3) Generator (53)
On - y On 7 ;
: i
i i
] I
Off : Off d
i .
% | I
Discharge: Battery (52) Charge Battery (52)
on I On 7 |
i i
i i
i 1
Off — off ‘
i { :
| { i
Solar cell!(s4) Solar cell (S#)
On 4 , | On 4 ‘.
F P
pod |3
foq .
1 E !
Off e Off ’
i i
{ i
P(kW) e P(W) i
o4t P
350 - § 1 350 i
e N
%l ;
t i i
i
0 0
0 10 13 i 0 10 13 ui

= @ W€ o 4 o & <
3U% 3.10 nuanuduiudnisvininuvesatosiuinlnifwas wusnes

wazleawad nsdiluuanenamdaselutaanainaefu

NNFUN 3.10 Lrglnue Standalone Tuvaaainaisdu leanwadldamnsandn

o

Maslwdle immsaiavwiiounsunansiuusliilednwaduuuauinisyivan

3.2 NAN15918949

143813 Simulink Tulusunsy Matlab vesusiazivgnisaliianursaiinty lnsazius

ponuaeansd Ae 1. uawauselassnelwivan uas 2. vunuenddase
321 Tnuawausalasevrelwiavdn

Tun1sd1aeet9aIna1eTy AeAlAAIANUENLAYINAU 200, 400, 600, 800 way
1000 W/m? Tagaziufisumaiuduuann 5 3wl dn15laidslniiegs (Active Power)

ogfl 670kW agldnanissianauansddugud 3.11
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(a) Load Power

(c) Grid Power
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(d) Battery Power

%50l

67.1
67.0
66.9

66.8

0 5 10 15 20 25

(e) %SoC battery

420
415
410
405
400
395
390

385

(ﬂ VDC bus

3UT 3.11 nuaweusielasstnglwivanlugaainatedu (a) Load Power

(b) Solar Power (c) Grid Power (d) Battery Power (e) %SoC battery (f) Vpc pus
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N3UN 3.11 (b) uag (o) wansliitudsnruduiusvesnisitglnfiveeniadu

Toaaad busnunistiausendandsau Anudeenisivanauin 670 kW weilesann

'
] ] o

lganvadiinisndaidslwihldldadiaue Faziusgivarnuduuas Tudrauwsnidl

o o

AN RY lwawadaznanmdslwilalduintn Tudresiszuvazaslufiiannndaunld

way witiwasmimudulasininiuaulaisadamnsondaiiaalnihligean Tudoedl

=

azfslniranniaunldlosas daudu lutaeaaf 10-15 Jundt leausadanunsonde
sl ldiuseanm 210 kw 3nrsialnifinainniauseuna 680 kW satuunassneiaass
annsondnlnfireenuilauszuia 890 kw frdslninludrudiimdeainnissialvandn
220 kW Aediuiinuainedasluvisatuies wanslidulugy 3.11 (d) azituladangv

| | o al @ v al
ﬂ']aﬂlﬂﬁ’]‘ﬂadLLUmLmaiLﬂu -220 kW ‘Lua'JUEUBQLLS\jW‘HUﬁﬁ‘ﬂa']l]’liﬂ'ﬁﬂ@’]lﬂ@mﬂﬁgﬂqm

408 V fadulusunusnsiiualy (Wssudsuuvaslaluiy 5%)

TuN159180977981NaNAY AMUTLLANYINAY 0 W/m? azldnanissiassdall

(a) Load Power



(b) Solar Power

(c) Grid Power

(d) Battery Power
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%2

%SoC

67.74

67.73

67.72

67.71

(e) %SoC battery

(f) VDC bus

sUM 3.12 lnuawousialassnglwilimanludianainansiu (a) Load Power

(b) Solar Power (c) Grid Power (d) Battery Power (e) %SoC battery (f) Voc pus

mﬂguﬁ 3,12 fimudeinisiuanvuia 670 kw idesannluvsiinnuduuasiian
Ty 0 wm? vinlileaueadlianunsordnmaslnihesnuild nssnglninliiulnanyianan
Fudundriivesnsamintu ondreg19979 1-2 53Ut fnnsidlafiannnineenuiuszaio
810 kW fndsluiludruimdesinnisingluandn 140 kw Aodrufinunmedaeluenda
thules wandlidulugus.12 (d) szuiuldinswmdsluiveauamesidu -140 kw ludou

YaIUINUUE DC @usasnwlanyuseuios 408 V
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3.2.2 WuaLenAadasy
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(a) Load Power



(b) Solar Power
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(c) Grid Power

(d) Generator Power
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(e) Battery Power
%Sl

90
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89.85
89.8
89.75

89.7

0 5 10 15 20 25 30

(f) %SoC battery

420
a10 f
400
390
380
370

360

0 5 10 15 20 25 30
(g) VDC bus

sUi 3.13 muauendndasylutianainaieiu (a) Load Power (b) Solar Power

U

(c) Grid Power (d) Generator Power (e) Battery Power (f) %SoC battery (g) Voc pus
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Tun1s91a09979Ia1na%9AY AeAlrAIALTNLaNYINGU 0 W/m? azlananissnass

LLEiNI‘LJ‘EUﬁ 3.14

450
400
350

300
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%SaC
90

89.95

B899

89.85

89.75

89.7

() 9%SoC battery

() Vbc bus

JUN 3.14 nuauendadasgluyisiainaidfiu (a) Load Power (b) Solar Power

(c) Grid Power (d) Generator Power (e) Battery Power (f) %SoC battery (g) Vpc pus
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uni 4

N1INA[DILATHANTITINAR D

< o 4
4.1 NITNASIBUAIMULIIVDIEINY

nsidenldaindlimnzauazdosaunsainausunuszuulalasnia (Microgrid) 19
wardarnualunisirialdiiu 10 ms iiednwinisisuvesinaningals lneas

Taussiuliimvnsiunthaintuazf DC bus WelUSauieuauisivensinaIunuad
a v @ o v a & & a a o

PLC Ndvpansiedygiuussnulwin 24 V. ludsadndiiednglwilnld DC bus aindiiiun

nagoulUteanu 4 /7 Ao 1. wunuRnABLLNADS (Magnetic Contactor) 2. Siatl (Relay)

3. IwAnawmiad (Solid State Relay: SSR) 4. Nosny (MOSFET) Idnanisvadeusiail

4.1.1 wunAnAaULNALAaS (Magnetic Contactor)

RIGOL STOF

RIGOL =TOF

86 1=
By

CHZ= 5@.au

(b) Switch off CH1; V. PLC, CH2; V4. bus

JUN 4.1 mavihnuvesunuinaAsuunAmes (a) Switch on (b) Switch off
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4.1.2 51ad (Relay)

RIGOL STOP

RIGOL STOP

(b) Switch off CH1; V. PLC, CH2; V. bus

gﬂﬁ 4.2 MINUBIILAY (a) Switch on (b) Switch off

4.1.3 lwanawmnsiag (Solid State Relay: SSR)

RIGOL STOP 5 : F B . EEL)
i A->K:==108. ilms »
A=>: WKk
B=>K: a8 . 1ns
B=>%

(@) Switch on CH1; V. PLC, CH2; V4. bus
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RIGOL STOP (e H +F a.8aul)

e S il o 5

1

i
——

i

i

i

i

I

1

i

!

1

!

!

1

e S5@,8L CH 2 s a s ]

(b) Switch off CH1; V. PLC, CH2; V4. bus

fgﬂﬁ 4.3 nsyinnuvedleanawmnsiad (a) Switch on (b) Switch off

4.1.4 yasWn (MOSFET)

B .06

CH1= 26.8uU L H 2 P s L]

(b) Switch off CH1; Vg PLC, CH2; V. bus

gﬂﬁ 4.4 MSYTUYDIMBANY (a) Switch on (b) Switch off
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alnduszanuiniudnaauuaes Lildgnihaunldlunisedeuszuuiliswiniian
o | o v =
lun19viuninnd 10 ms uaziluauneiliianssuanszan (Inrush curent) 99z

! 1 « <l 1 < I
denadogunsalitlidenisiudsuudasmslni

4.2 Msvaaasn1sinueesszuululasnia 1 e

A ° a 4 ° ) | i
Tassnuilldnaasunisvinauvesseuululasnsananuisaviaulendduluunsensea

o & v . Lo s o
wazlnunuenmdasy IW&IIWLLNWUUﬂﬁJﬂ’JL“fJU 48 v LLﬂﬂﬁUﬁﬂﬂlﬂﬂ:ﬁLLﬂ‘ﬁJﬂﬂgUVi 4.5

Devices Panel DC Microgrid System
RN 2 77" 1
Main Grid 1 Diesel Generator Lead acid Battery set | Wind Turbine
! i
! ! ele
| l 7
! ;
i
E : H
] i
g gt {250 Bldivectional ¢ 5 |
! ol | converter ! ol
I : 1)
| H
S S2 H 847
§ DC bus |
1 §3 ; S8 r
i i
j: : ! t | E o
e e | vl
Controller 7 88O\ ; i
L i | il
i1 1
| H
' i
1
= | 'V
S
i Normal Load Critical Load | Solar Pancl
L T L T T R p——
Standalone mode Renewable Energy

JUN 4.5 uHulannsauANaIndalesEUIUATUANSINT Y

1N3UT 4.5 dnmseuauaing 3 fdendn (51) nFestudalviiifion (52) warlvan
Un@ (Normal load) (53) Iuﬁauaﬁmﬁ"uaaLL‘umma‘%"uaﬂwam"‘iﬂquﬁﬂmuz ON withunse
\Weudaiu DC bus 1inasaiian uonamniundsdrolniindsanunauny (Renewable
energy) 19U ledLwad (Solar cell) n3afariuan (Wind turbine) @rursatuussenaldy
Whuszuulilasndaitewinnduunasing i idieusendandanuainndald ludaes
nssiaswumaiieliiinga iwdesiudnlwihdwauazuunnesldiinisldgunsaimiouas
Ufuusesulniin (Variable transformen) Toi1annasinia waziasesdseslni

(Uninterruptible Power Supply, UPS) anugau
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d o 1 1 1 -
1971997 4.1 N1TNAFDUNITN Q’]‘uLLCﬂEi‘.‘;’LL‘MﬁQ"t]’IEJVL‘N“N’]LLﬁSIﬁﬁﬂ‘iJ@ﬂi%UUhﬂﬂiﬂiﬂ

Operation of Switches

Devices o P g 4th
Grid (51) - oN OFF | OFF ON
Generator (52) ~ OFF OFF | ON ON
Baftery Charge . Discharge Charge | Charge
Normal Load (53) on | oFF N ON
Critical Load oN | oN | oON ON

o

o =) 1 = 1 < 1
ﬂ’15“/1ﬂE‘IEJUﬂ']iV]N']‘LJ’?JENiBUUhJIﬂ'Sﬂ‘S@ %gmm&aamﬂu 4 939 $IUR19199 4.1 aeu

429 1 : N3ndmaviiudnd (51 way 52 agluaniug on) uaziummeIgNEAUsE (Charge)
Tuduveunisaiudelniiea, S3 yzagluaniug off

A2l 2 : n3niAnnsdindes sruvazdnnsdousevesniauarivanuniioan Wudeaiu
w3oafidinlnihdiea (5152 way 53 agfluaniuy off) ins1gludasiiiunmodazaioyusyy
(Discharge) vimniduunasanslwimdnunuluszezinamil

H2971 3 : n3ndliianunsadelninly elesdudalwihfieaasiuinaditiownu (53 aglu
anue on) uunwmeznduluegluaniuznsa adnduesiuanund, S2 asduwdu on
49971 4 : n3nasndglWiliung adnduosndafulvandn@azedluaniug on uas

WAIpInin Wi AwavryiunelUnsEuEa BN auILAANIS IR NADINTLUY

- = 1 1 ldl ) 1 [3 =) L nl 8/ o
mnszuululasniadunasatglniindulsaeas nToniuaiugIN N5

gauvasislniiind s unaunuazsduluaiunisen 4.2

19199 4.2 NNSVINUVDILABITIE WA UNALNY

Renewable Energy

Power ‘ No power

ON - OFF
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4.3 WNURILAAINITTUAITRIALAZNITIIUTDISTUUATIUAY

Com)

Set serial port meter number,buad rate, data
bits and the parity bits

/ Receiving data /

Does the address of meter 1,2,3
correspond with PLC

Yes

o |

—  Keep data from meters in PLC register




No

Switches
§1, 83 OFF

Time delay ON

h

Switch S2 OFF
(Generator)

Time delay ON

~" Switches
$2,83 ON

Yes

Battery is in
charge mode

A

No

N




ar

Solar volta
> Bus voltage

Yes Yes
i No No l
' v
Switch S4 ON Switch S4 OFF Switch S5 OFF Switch S5 ON

ol o a =
U7 4.6 Flow chart n1sviauessgamuauszuvlilasnialaenisdeasiuy RTU

N32UIUNTSHSN 92Tn15A9AT baud rate, data bits Wa¥ parity bits U9IN11795

9
Y

fiwaslinsariu PLC 90 PLC 983UA1T8YaINW1 03 HinosmuasumiumALs (Station)

@

%QW']’JL'JE]%@LWG%LLﬁﬁ%W’Jﬁ%%ﬁG‘]”HMﬁQLﬁu‘UaGﬂULEN waInNu PLC ﬁ]%ﬁﬁﬂ?iﬁ]i?ﬁ]ﬂ@U%@Nﬂﬁ

A a voa o Y Pl | o™ N
11718g (Address) Aidouiufiogvaanmiasiiwesnssiunieli ieTuardeyauasnszualii

wsastlif we saddlwindudu Faudaziuusfegifegduromuomwandnariuly e
PLC m329a0uAnliua271msaie szuvazsiiutayaatluiiames (Register) Faanunsonaeily
33amesiiluuansuuas Human Machine Interface (HM)) 16 33azuansminszualnili
wsadulnin Ardsladia Asusenaumaslwidln (Power Factor, PF) vadaunasangluiiuaay

s 8nvia HMI deanunsamuaunisiliaainduausazuvasinglaigui

a =

lansaaunIAilA1u1InNNI1 218.5 V (230+5%) @3M% S1 3¢9 ASAIIAINITH
wlwhliduszuule waziinisuulrsnatdniniesulanlwiiannsaatiosuaidsdanista
a & P & a o o ° 5 ol a o
aind S3 Faduaindueslnanunivineu wasuuamesaziaululuungisa Weninilym
wusinesazeglulnuanaysavimihfdelwinlituseuuiiui lagseuuasiinsmi i

as1aauIWnnsalamely edlmadasnudalnidwasuinauy leeuvasana i

|
=t s = &

Aaodussaulniaunnnit 218.5 V Auld szuumuauiasdeaiad S2 v wuanes

s L3 1 -y = L3 = s o ld o <
anaulleglulnunvriiauiiuwaraing S3 vedluanunfazndunvingu laginsasinie



a8

]
=

=l o E 7 = 5 L2 A - s o s
T favintinanelid lilvananue wasannnsaauisanauuvinaulasafy
d o =Y =l L% o s a dl' n.'z 1 = v = & =
wWspsn el Aazdinsinaulvdnindiedulainiwdiannnsaatesuaiadied S2 34

o =) [ v o & L =l v =l
AU wazninagyimihiiluunasinglnihiilvaniie siden

dl -] 1 1 1 = 1 g s
A15197 4.3 NsinulRazuvasIne i Lagluanvessruululasniasiuiundaunauny

operat;onof sw'ifgi;{és B

1st 2nd 3rd 4th

Grid (S1) ON . OFF | OFF ON

Generator (52) OFF 3 OFF ON ON

Battery Charge Discharge | Charge Charge
Normal Load (S3) ON OFF ' ON ON
Critical Load ON ON ON ON
Wind Turbine OISy /P - ON

P Cgll | Vsolar cell Vdc bus -9 ON

=l ° s 2 -1 1 1 a' =Y 1 1 (3
yinlusyuvimsimdsnunawnudnunduwnasans Wi wiudy wu leawas
Yauay Wudy T,mas::‘uumuFgmzm'imi’ﬂm'ﬂLLﬁdc—ﬁ’uIWmewé’mwmLmuu,azﬁwmiaia
Taualude PLC waviin1sUseunana J9aiuisaasuieviannisyinauvesssuululasnsa

U

FAIUAUWNEITE ARG L UNAUNURILRNT T 4.3 Tasetl

Tugaefl n3avhauUni (51 uag S3 agluaniug ON) MNUITIAUIINNAITUNAUNY
(wangaduaziaiuay) fauinnituseduiivanssuanss @3nd S4 way S5 98191y
uwrastgliiindsunaunuisaiunsadnelnilviiussuuls 3adunissivananudaanis
TglWH1a1nn3a AeumNn3IATAYRITEUUAEYIINNSARLUaIe WA InnSauaglnanUnf
wazuumaesazyievluinuafsvsaBuunasine i mdnununsaiud (51 way S3 og/lu
anug OFF) mdnandumnnindstadosey szuvasinisideudeiniestnilaluihiisaty
unfuunasdrgliiudnunuuuanes Tut i nd AUzt IsannIsENsILYe
wusmaduazAIeetndalniniiea LLﬁLﬁmmmqﬂﬂmiﬁi‘ﬂumsﬁﬁmimaauﬁlmﬁﬂawa

atn@AnweliausatinanisnaaaunLanslalund



49

4.4 wan1snaaedn1svinauveasszuululasnin 1 wd

Tunisnegeuszuululasnsa 1 wa leuainduvinnismedeuyiavun 3 Ussinn A

31ad (Relay), leAnaiavisiad (Solid State Relay: SSR) wag wogwy (MOSFET)

4.4.1 S1ad (Relay)

RIGOL STOF

RIGOL STOF

Umin= <4@.4au Umirn= <4 .@al

CH1= 5S@a.au CHZ=: Sa.ay

{e) TH; Ve bus CHZ; Ve grich CH3; Ve patt a8 CHA; Vg gen
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Sa L8/

(d) CH]., |dc buss CHZ, |dc grid» CH3, |d( batt bbEIE CHCI-, ldC gen

gﬂﬁ 4.7 HANITYININUREINT ALsItukaznsewa i (ansataziesaannialwii

Awanieeiu DC) nelasiad

RIGOL STOF

CH2=x 26 .8 Time 1.866s

(b) dyaunsvnuaindvedluanuni
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1.8006s=

Trini e

HIEEE So.0A CHZ~ S58.8[

(d) CH1,; ld( bus iH Zs Tac erids CH3; |dc batt bbEIE CH4, lac gen

JUM 4.8 namsvinnuvesaing Ausaiukanseialni (TanSauazndsannialni

Awan1eniu AC) lagldsiad

4.4.2 w@namnsiad (Solid State Relay: SSR)

CHZ2= 28 .84 Time 1.806s

(a) &ygraumsinuaindueniauaziaiasniawisiea auaau
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RIGOL STOP A AR AR A A A AR —= . @Ey

e Ve Bus L Mac grid CH3; Ve patt $8% CHE; Ve gen

{d} CH]., JdC buss CH2, ldC grids CH3, IdC batt LbE1 & CH‘i) IdC gen

5UN 4.9 wanmsviaueesaind Aussiukaznszualni (TanJauaziasestudalnil

Alwan1anu DC) Ineldladnamnsiad



RIGOL STOP

1.6060= v

e e st

(€] CHL; Mg CHZ Ve arids CH3; Ve part W88 CHL; Ve g
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ENRRNE (NN

FaE

SE .8/

(d) CH]., |dC buss CHZ; ‘ac grids CH3; ldc batt bbE1E CH4, |aC gen
JUN 4.10 nan1svinauesadng Arussiunaznssualii (Jansauaziadearie

T Aanianu AC) Tneldlednainnsiad

4.4.3 uadnn (MOSFET)

Umin= 3I2.6L Umin= 2

CH1= 5&8.6 CH2:2: 1S5y

(b) CHi, ldC bus» CH2, ldC grids CHB, ldC batt LS CHq', |dC gen

JUM 4.11 Aussiuuaznszualii (Gansauaziesasiilialwifwanieioy DC)

Tnelduaamn
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(8) CH1; Ve buss CHZ; Vac grics CH3; Ve batt W8E CHE; Vi gen

|
i

i

iaa/

(b) CH1; dc bus: CH2; Iac gride CH3; Idc batt bhE1 CHQ; Iac gen
JUN 4.12 Aussiuwagznszualii Gansauaviaesndalwihfiwanieiiu AC)

Tneltuaamn

ﬂfmguﬁl 4.7,4.8, 4.9, 4.10, 4.11 way 4.12 3znUING1aUNITINE WA UAULSNAD

a a

A5 enIa drfuNanfouummes Lassuduiaufaiasasswdalniiaea laely

$237 2 wunwesiinsdrensyualniin uaziadesudn Wi diniseeusesuliin udlsiinng
enszualwiiigszuy Jumsziludaeidumseseuniosinida i fwalindoy
Frelinluga9dl 3 uazdaunlugaed 4 wissrudalwifiwadnwiaudunatssegmia
wesiuladnsandunnduuniugs ildnssualniivoaadesiiin i fieaananiaoii

s zidunistensaany i
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4.5 nsivuunasIe WA Indsunaunu

svutlilasninanunsathunastng i midundsunauuanUssgndldidniuss uu
1o Weardumadeanuilanaztreuszndandssuainnisidluiiannsansounasanglnii
° -l o a = ' ¢ v o w @ . vas o =2
d1sesdu 9 ansassluluund 3 dnsllednvaddnundiassie dadun1addnrids

WEonbgleaneaslun1snnand

4.5.1 N15NAAR9IRLLYaNYAd (WrasanelnHInsELanse)

= € a 191 v i 13
UM 4.13 gunsaildlunsvaassnistiauvasiglwihfelsduad

CH2= 26.8H

JUN 4.14 Anszualwinszuansswasszuululasniademuleawadluanzifounania

CHYL; lye bus CHZ; lgc grigr CH3; o patt %88 CHE; Iy sotar celt

v
1%

NNFUN 4.14 zdunaladn deleaneaddnisudnlufinhunntu (Fudintu) n3eey

'
=

ensenaitosas (Fuadi) Fadunistrewdslunsannisidanslunisaolninglee

IWi151A1g9 (On Peak)
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4.5.2 1159718090 78unasg IiAIwdsunaunude q (wisesngliilnszuaadu)

wannunasdg i wasumaununienldnu Ao leawvad Seullunaamdanudug

€ VY w

- o a val ~ = |
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( NiuaY ) WL W BNADAUTLUY

CH2Z= 23a.6AR

= i a 4 o a @
EU?/I 4.15 F’ﬂﬂi%LLEﬂ.Wﬁ']ﬂi%LLﬁﬁl'ﬁx‘]‘U@ﬁ‘iBUUliJIﬂiﬂiﬂLNB'%"IE%E]\‘]ﬂ']‘iLWﬂJWﬁ\N'\HVIﬂLL‘VIL!

(AREG LY CHI; |dc bus: CHZ; ldc grid» CH3; Idc batt bhEE CHQ; |dc renewable energy

MAnan1sSassumaselianssuaaduanndsaunauny Tugud 4.15 wuin
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Turn ON Turn OFF
Type of switches
time respond time respond
Magnetic Contactor 20.60 ms 12.40 ms
Relay 14.80 ms 1.68 ms
Solid State Relay | 28.01 us 10.40 ms

MOSFET 7.87 us 8.11 us
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Abstract — This project presents the control of power
sources by lookup table controller to maintain the voltage
of critical load and to prevent collapse of mixed-sonrce
microgrid which consist of solar cells, batteries and diesel
generators that connect to DC bus. MATLAB is used to
simulation of microgrid system. The experiment presents
the time comparison of four types of switches including
magnetic contactor, relay, solid state relay and MOSFET
which can maintain DC bus voltage in specified mnge
which least effect to critical load operation. Based on the
simulation results from the MATLAB progmm,
controller is set to use in industries.

L INTRODUCTION

Nowadays there is increasing of renewable energy such as
solar generator, wind generator and fuel cell which integrated
with energy storage for example battery, fywheels and
supercapacitor.

Microgrid is a small-scale power grid which consists of
distributed generation, control system and energy storage. It
can operate in 2 modes which is grid connected mode and
standalone mode supported by distributed energy resources
(DERs) such as diesel generator, solar cells and battery. [1]

There are three types of microgrid including alternating
current  microgrid  (ACMG), direct current  microgrid
(DCMG) and hybrid microgrid.

DC microgrid is preferred over other types because it can
reduce AC-DC power conversion loss between DC sources
and DC bus. A DC microgrid can optimize the use of
clectronic  devices, clectrical storage and  distributed
generation. Moreover, A DC microgrid does not need of
synchronization of phase angle and frequency with the AC
power utility grid [2-3]. [5].

There are 3 main cause of collapse in microgrid system are
the fluctuations of main grid. renewable energy and loads
which effect to bus voltage change. In the DC microgrid, the
balance of power is indicated by the DC bus voltage thus
keeping DC bus voltage constant is the key 10 maintain power
balance in the system. The operation control strategy for DC
microgrid can make by controlling switches of each sources
in time.

II. DC MICROGRID CONFIGURATION

A, Structure of DC microgrid
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Fig. 1 DC micrognd swrucwre

The components of DCMG from figure 1 are as follows:

1. Photovoltaic(PV): solar panels which connect with bus
through DC-DC converter generate unstable power since it
depends on intensity and ambient 1emperature

2. Diesel generators: connect with bus through AC-DC
converter. This is the best backup source in emergency
situation to prevent the damage. They can supply high power
working with battery since they cannot start immediately.
Diesel generators take time at least 30 seconds to start diesel
engines.

3. Badery: one of energy storage which connect with bus
through bidirectional converter

4. Main grid: supply AC power to system which connect with
bus through AC-DC converter

5. Loud: there are 2 types of load which is critical loads and
normal loads.  eritical load, Computer. communication
system, SCADA, Programmable Logic Controllers(PLCs)
and Variable Speed Drives(VSD), is importnt load which
does not allow power interrupt exceed 10 ms. In the other
hand, normal load, lightning system and air conditioning
system. allows power interrupt for a long time. [4]

B.  Opcration of microgrid

In normal sitwation microgrid system work in grid-
connected mode, main grid and solar panels work together Lo
generate power to all load and to charge battery to maintain
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voltage of system. In this mode batteries are charged to full
capacity to use as a backup source in standalone mode.

When grid is interrupted from blackout or brownout.
Microgrid system will cut off normal load and isolate
themselves to work in standalone mode which supported by
diesel generator, battery and solar panels. At the beginning of
changing mode, battery discharge power to critical load
instead of diesel generator for at least 5-10 minutes to ensure
that power from grid is truly gone and leave enough time to
start diesel generator. When diesel generator is ready to
supply power, it will supply power to u critical load and
charges batteries. When grid can function as usual, diesel
generator will supply power for a while to make sure that
power from grid is really gone and then switch of grid will on
and switch of generator which the only supply source in the
system will off.

1. DC BUS IN MICROGRID SYSTEM

Py I

.
»

A 4

Fig 2 DC bus equivalent circuit (6]

The balance of power is only reflected by the DC bus
voltage, thus keeping DC bus vollage constant is the key to
indicate power halance in the system, Ps, Pr, Ppe, Vpcand C
is represented by supply power, load power, storage power in
DC bus, bus voltage and capacitor for DC bus respectively.

Poc = VpcCHRE = TP~ By ()

dt
From equation 1 shows the DC bus charging power, the
DC bus  charging  power is  zero  when it s
instantaneous balanced for the power flowed into DC
microgrid between load power and supply power which mean
DC bus voltage is constant. Thus the power balance of the DC
microgrid system should be considered for controlling and
keeping DC bus voltage constant. [6]

IV, ControL DC BUS BY SWITCHES

Operation of Switches

Devices
™ sl b 4"
Grid (81) 0N OFF OFF ON
Generator (82) OFF OFF DN oN
Battery Charge Discharge Charge Charge
Normal Load (53) QN OFF onN ON
Critical Lond ON N ON ON

Table 1 Operation of switches of each power supplies and
each loads in microgrid systems

Simulation of microgrid systens is divided into 4
sections as follow:
Section 1: Grid is functioning and supply power 1o all types
of load. Batteries are in charge mode.
Section 2: Grid is collapsed causing voltage swing at DC bus,
s0 batteries are in discharged mode to maintain DC system.
Power are supplied to critical load only.
Section 3: Generator is started and synchronized with DC
system. Batteries are in charge mode,
Section 4: Grid is back, generator will continue to work for a
period before disconnecting from the system and microgrid
system is functioning as section 1.

To control power flow of microgrid system analyzing
each Lypes of switch are important. This paper focus on 4
switches which are magnetic contactor, relay, solid state relay
and MOSFET. The details of each switches are described as
follow:

A, Magnetic contactor

Magnetic contactor uses basic of electromagnetic
principles to control switch ON and OFF. This switch suit
with high power operation. The limitation of this switch is the
longer response time compared with other types of switches.

B. Relay

Relay consists of two metal plates. When these plates
touch each other flow of current takes places while on the
other hand when these plates get separated from each other,
current get interrupted, So, it has mechanical loss while
switching and slower switching time compared with solid
state relay.

C. Solid state relay

Solid state relay does not have moving part which belps
to reduce the switching noise. Solid state relay is made from
semiconductor devices which can operate in high vohage
range but it can generate low voltage output. Switching time
is faster than relay, Moreover, it s easy to control power input
compared with relay,

D. MOSFET

MOSFET which s made from semiconductor use
electric field to switch on and off. They have fastest switching
time compared with others.

V. EXPERIMENTS AND RESULTS
This section describes the comparison results including
switches speed test and operation of microgrid system test
among each switches, Also the operation of microgrid system
with renewable energy test are shown.,

A, Switches speed test

Measuring the voltage to compare the speed of switches
according to the PLC command.  The comparison between
4 switches including magnetic contactor, relay, solid state
relay and MOSFET are shown by oscilloscope graph as
shown in figure 3,




66

B, Operation of microgrid system test

Experimental design for a I-phase system. The
measurement of each switches including relay, solid state relay
and MOSFET is divided into 2 parameters which are voltage
and power flow as shown in figure 4 and 5 respectively.

Mugnetic contactor

el Solid state relay
(b)  Salid state relay

idy MOSFET

Fig. 3 ON mnd OFF time respond of each switches
Remark : CHI - Vi of PLL and CH2 - V. bus
) MOSFET
i The r%ual;; u,{tmw response of each swilches speed test are Fig.4 Voltage of each type of switches in microgrid sysiem
Sowigh e % Remark: CHINy, bus: CH2-V,, grid: CH3-V, battery; CHf4 - Vy, generator

Type of switches Turn ON Turn OFF
time respond time respond
Magnetic contactor 20 ms 124ms

Relay 14 ms 1.68 ms
Solid State Relay 28 us 104 ms
MOSFET 78T us Biws

Table 2 Response time of each switches

From table 2 can explain that magnetic contactor is not
appropriate with this project because its respond time is more
than 10 ms which alfect to critical load operation, the fastest
of response time is MOSFET but it is sensitive to signal
interference, Therefore, solid state relay appropriate in this
project because it has the response time in specified range and
stable signal.




thy MOSFET

Fig.5 Power Nlow of each type of switches in microgrid system
Remark: CHI« by bus; CH2 - L, grid; CH3 - 1z batery: CH4 - Iy, generator

In figure 4 and 5 represent the operation of I phase
microgrid system, First grid is only supply power, Second grid
failure, batteries are supplied and prepare the diesel generator
to ready to supply electricity in third period. Forth grid is back,

diesel generator is still working for a period of time to ensure
that grid is working normally so the power of diese] generator
is decrease by a half because diesel generator is compatible
with grid 10 supply power to microgrid system together.

C. Operation of microgrid svstem with renewable energy
test

The microgrid system can apply with renewable
energy alternative 1o save eleciricity consumption from the
grid or other backup power sources, Based on the simulation
from MATLAB that solar cells are renewable energy
sources in microgrid system. Therefore, solar cells are used
in this experiment,

(1) Practical lest with solar cells

b} Grid is functioning

Fig. 6 Power flow of microgrid system with solar cell
Remark: CH1-ly. bis; CH2-1y grid; CH3-1 bavtery: CH4 - [a. solar cell

In figure 6 present an application of solar cells to
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the

microgrid system found that it can reduce electricity consumption
feom the grid during grid-functioning. Solar cells and batteries are
also the power source when the grid failure. Moreover, solar cell

does not affect the stability of the microgrid system.

VL

From the experiment results of the time comparison of

each types of switches including magnetic contactor, relay,

solid state relay and MOSFET found that solid state relay is

the best choice for this project which has good time response

in specified runge to maintain and bus voltage and least affect

1o eritical loud operation. Moreover, microgrid system can

operate with rencwable energy which help to reduce
electricity consumption and save cost.

CONCLUSION
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Abstract - This paper presents a study of harmonic filters
design to minimize harmonic distortion caused by a harmonic
source such as ac drives und solar reoftop inverters, To avoid »
problem caused by the harmonics which is produced from ac
drives and solar inverters, the Passive Power Filters System
(PPFs) are presented. The analysis includes the basic
principles, the KMITL Program and economic aspects of the
harmonic filter design. The major ebjectives in the study are to
improve the power factor, to reduce current and voltage
distortion and to reduce resonance problems at a gystem.
Practically, it is ensured that the PPFs is the best solution
applied for grid-connected system.  The results show that the
Sth harmonic filters are » very appropriste solution for most
typical harmonic problems.

Keywords — solur rooftop, passive filter und power guality

1. INTRODUCTION

Renewable encrgy source and  distributed  gencration
resources are mostly connected to the utility grid through a
grid-connccted  inverter. The solar imverter and power
electronic loads can be generated harmonic current, and fow
info the svsiem. In order fo limil the excessive curreni
harmonics, which are mostly produced by all of ac drive,
solar inverter and switching mode power supply (SMPS)
eic., a passive power filter usually put in the system at main
distribution board (MDB). The usability of the Passive
Power Filter System (PPFs) is to limit the grid-injected
current harmonic, in order to satisfy the IEEE 1547-2008
and IEEE 519-1992 or IEEE 519-2014 standards. The
system of industrial plants can be three-phase four-wire to
feed of varicty of nonlincar loads such as solar inverter, ac
motor drive and SMPS as shown i Fig, 1. In this paper,
passive power filter is the combination of the three single
tuned circuits. which can be very easy for limit harmonic
currents and control system [1].
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Fig 1 Single line diagram of solar power system and PPEs
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This resarch presents about the power quality that casused
by non-linear loads and increase of the solar inverters which
affect to sensitive equipment. However, this problem can be
solved by PPFs, Harmonic analysis is important (o determine
level of harmonic distortion, In order to design PPFs, the
measurement of harmonic distortion shounld be identified.

II. SOLAR ROOFTOP DESIGN

There is an increasing need of solar energy system with
ancillary features particularly in low voltage distribution
systems [2]. This is due to the fact that there is an increased
penetration of solar inverters into the systems which have ac
drives and non-linear loads. These power electronic loads
through energy efficient. inject harmonic currents and
unbalanced loads into the grid, which cause distortion at the
point of common coupling (PCC) particularly in weak grid
systems, The voltage distortion can affcct scnsitive power
clectronic Joads such as ac drives and solar inverters, ctc.,
which can lead to frequent tripping, maloperation and thus
leading to increased maintenance costs |3},

When installing the solar rooftop, the system consist of six
50kWp solar inverters and 300kWp PV solar pancls as
shown in Fig 2 and the solar power generated as shown in
Fig. 3. The solar inverter wavelorm and spectrum of current
as shown in Fig. 4. The solar rooflop is connected to the
1500kVA tranformer, which has all of power electronic
loads leading to increase harmonic currents in the system.
Harmonic currents are produced by electronic loads. For
example, power electonic loads can be amplified up to 10-15
times in parallel resonance circuit formed by the capacitance
of the capacitor bank and network inductance. To avoid
parallel resonance at low voltage level the PPFs should be

TTFVRTRING PTPYRTRING

Fig. 2 The example of smgle line diagram of solar rooflop
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1. HARMONICS RESONANCE

Power quality in the existing electrical power system
has been already good. Because of the installation of solar
roofiop. abnormality occurred in the electric system causing
the damage of fuse, SMPS and HMI (Hwman Machine
Interface). Finally, the circuit breaker is trip leading to
unusable electric systems. Fig. 5 and Fig. 6 show that
%THD is increased which effects to manufacturing, The
factory has to urgent solve this problem. After adding the
solar roofiop in the system, unfortunately, the application of
these capacitor banks on the existing power system causes
the harmonics resomance problems, According o phase A
%THDv and %THDI increased from 5,34% and 29.29% to
5.36% and 43.10% respectively which show the existence of
resonance in electric svstem |3-5] and need to solve. So, (he
solution of this problem is the installation of PPFs which is
cheaper than another solution,

1V. PASSIVE POWER FILTER CHARACTERISTICS

The function of a harmonic filter is to eliminale harmonics
appearing in a network and to produce capacitive reactive
power at the fundamental frequency. By frequency tuning,
filters present a low impedance between phase and star point
or between phases. so that the frequency tuned harmmonic
flows into the filter and the feeding network. Harmonic
filters arc connceted in an appropriate voltage level in cach
network. According to requirements, harmonic filters consist
of on¢ or more branches, Each of branches is tuned to
harmonic frequencies appearing in the network in question.
The PPFs are able to reduce harmonics to 60-90%. Filtering
results depend on the relation between the impedance of the
supply network and performance of the filter. The filter
component may be tuned to provide a low impedance shunt
path 1o a specific frequency, A single tuned filter is the most
commonly uvsed filter. Tt reduces harmonic currents and
supplies some or all of the fundamental frequency reactive
power required for power factor correction. The guality
factor of the inductor determines the sharpness of tuming,

For nmjor disadvantage of using single tuncd shunt filicrs is
the resonance problem that is often present when the filter is
placed in systems [4]. This problem can be solved and be
able to correct power [actor approach to unity [5-6], The
power quality enhancing syvstem such an active filter is very
expensive and it has a problem about reliability.

V. FILTER DESIGNS

A, Passive Filter Designs Considerations

For the compensation of the grid-connected solar rooflop
system, the most recommended topologies arc the single
tuned filter. The usability of the single tuned filter must be
considered carcfully becausc high inrush current gencraied
and increased risk of having resonance frequencics below
the tuned value occur |7].

Fig.1 shows a simple system, where the three six-pulse ac
drive loads (AC drive 1-3) and solar inverter are 50% of the
transformer loading. The six-pulse current converters and
solar inverler may pive an emtirely different harmonic
spectrum. The typical values of 5% and 7" harmonic currents
are shown in Fig. 5 a1 fundamental current (1) of 894 A and
Fig. 6 af fundamental current of 723 A
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The PPFs design criteria must be respected from reactive
power demand of the svsiem |8].

Q.‘{\'smm = Opygror (n
Qgyem < Total reuctive power from measurement
Opyirer - Total reactive power to be supplied by the filter
Q.\:)*smm =0 +0p +Upa ..+ Op, @
n: branch of filter
Or1 =0r2=0rs = Oy 3
Opy.Ops, Opg and O, Reactive power of each branch
Fig. 7 and Fig. 8 show that the 5 harmonic current can

produce the % THDI around 26-27% and 37-38% for general
and worst case conditions, respectively. Moreover, the 5%
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harmoni¢ ¢urrents can increase the 5% harmonic voltage or
%Hvs around 4-3% has o use the 5% harmonic filter. For
the 7% harmonic current and the others harmonic cannot
ncrease the 7% harmonic voltage or %IHv7 and the others,
the value of %Hv is very low level However, the values of
%Hv? and the others order should not exceed limils.
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Fig. 9 shows the value of total kVA, kW and kVAR ut
ACB of the transformer. The total reactive power is
approximately 420-560 kVAR and the average s 460
kVAR It 1s found that the 450 kVAR for power factor
correction 15 apphed and the capacitor units are general
standard units. Henee, it is cusy and saving cost.
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B Choice of Passive Power Filter

The PPFs 15 designed based on reactive power and
harmonic contents of voltage and current oblmned [rom
actual meesurement data at harmonic source as shown in
Fig16, Fig 1l and Iig. 12, In designing of a filter, the
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simplest possible construction is aimed at which will satisfy
the requirements for reactive power compensation and
filterng and will be economically priced. Fig. 13 shows a
typical impedance of the filter, the comparison of expected
reactive power between 150 and 450 KVAR 5® filter. The
150 kVAR 5% filter tunung 1s more accurate [8,9] The most
of data has large percentage of distortion at [ifth harmonics
frequoncy. Therefore, the 5™ filters are designed to climinate
these harmonics only.  This paper may mean that the lower
5% harmonics may be filtered by filters tuned to 250 Hz,
which consists of three branches of 150 kVAR for reactive
compensation. The number of filter branches can be selected
based on the percentage of the harmonic of voltage, the
harmome of current and current value. For low voltage, il 1s
recommended 1o use single tuned filters because of low cost
and high reliability

1

—d (150 LV
SOLES

. N—

-

§

=

i

., N -
i 1% S

-
AR T
T

& CETESNTIORLY - o

b

U &6 100 150 200 256 360 350 400 430 306 30 606 (50
Frequency (L)

Fig. 13 The impedance of 150kVAR and 450 kVAR-5* filter

. Passive Power Filter Designs

A number of configurations discussed carlier have been
investigated, but could not be developed commereally
because of cost and complexity. The PPFs which consist of
capacitor, mductor and resistor have a simple structure, low
cost and high reliabihty. In addition to absorb harmonic
basis, they can also compensate for reactive power, improve
power faclor. In addition, the frequency of a short-capacity
power supply is  sensitive and influenced by load
fluctuations. The property of a filer depends on gnd
parameler, which changes along with the mmpedance and
resonant frequency of short-capacity operation condition
Thus, it is difficull o design an LC network for short-
capacity grid. This problem ean be solved and designed the
power factor approsch to unity. Its expression of the
mmpedance for the n-th harmonic is {8];

= j il L. & 4
Z,=R+ jlod m,‘(fz

I'his paper uses the PPY as independent short-capaeity grid
filtering which keep power factor approach to unmity, The
steady state analysis of the PPFs is performed using KMITL
programs, which was developed by Department of Electrical
Engineering. KMITL[8-9] The resultant harmonic filter
parameter i terms of fundamental is shown in Fig. 14 and
Tuble I A single hne diagram for this svstem with PPFs is
shown in Fig 15

Passive Powes Filter Calculation Sheet
v Dept of Elecwicnl Erginessing

Fig. 14 'The §SOLVAR 5™ Filter design for PPFs]R, 9

TABLE I
HARMOGNIC ANALYSIS AND PPFs DESION RESULTS

RUEY | CORVAR) | Viaedof gV | LimH) | Vistedot (V)
0000468| 248 525 014 525
0000468 248 325 014 525
0000468 ] 248 525 0.14 525

LIRS
o
\' Mughetic
Cloninces
Resetor
Capaciter
= piter- b2 T
Fig. 15 The PPFs configuration

V1 FILTER INSTALLATION AND CONTROL

The practical examples of PPFs compensation m ceramic
faclory distribution syslems are reported. The ceramic
systems have AC drives, SMPS and solar inverter,  The
PPPs consists of a power factor controller, which the
controller’s algorithm tries to reach the targel power factor.
The others components can be configured in accordance
with the owners® requirement 1w the actual application. The
PPFs can be used to compensate network harmonic and
fundamental reactive current. The 3 x 150 kVAR 5% Filters
are designed especially o be used in industrial plants system
for climinating the 5% harmonic current and anti-resonance.
The capaettors produce reactive power at the filter's
fundamental frequency and the circuit is designed 1o achieve
umty power factor as required. The mductance of the reactor
is chosen so that the filter forms a very low mpedance series
resonant circuit at the barmonics entering the filter The
degree of protection is normally IP30 m filter capacitor
banks, The equipment 15 designed for indoor applications, m
drv, dust-free conditions as shown in Fig. 16

75




WIS EVAR St PPFx flter

Fig. 16 The solar rooflop and PPEx
VILRESULTS

The proposed harmonic fillers were implemented and
tested. The cquipment has been inspected and tested in
accordance with the techmces] specifications and they were
found to meet all requirements stated  The PPEs passed the
test and inspection without remark. In this case, the Jg-and It
are equal to 25kA and 00A respectively. Consequently, the
value of fsely = 27 78, corresponding to lunits at 8% The
PPFs that designed filter configuration complies with the
IEEE 519-1992 standard 15 shown in Table 11 and Table 11
The comparison of the %THDv and %THDi with and
without the PPEs 18 shown i Fig 17

TABLE Il

CURRENT DISTORTION LIMITS FOR GENERAL DISTRIBUTION SYSTENM
% TR $19-1992 STANDARD(120V THROUGH 69,000V)

TsedL <1 Hsh«i? 17<h<23 sk <I5 w3
<20 v 0 LS [ 1]
W<t ’ 13 13 10
50 < 100 44 0 18
100 < 1000 53 50 0
> 1000 3 0 60 25
Whese
Isc = masizsuns short cireuis carent &t PCC

11 = maximun dewmand load current(fundamental frequency component) at PCC

TABLE IH
EVALUATION HARMONIC AND PPFy DESIKSN RESULTS (%)

Hamenic % Cunent

Ouder withowt PPF; wih PPFy
A E < A B < cument

3nd 15 197 327 £ 20 120 R

Sth 2688 2594 2623 630 600 610 o

T fA: L2 g4 220 230 20 EE

316 482 4 280 240 2150 k5

5% 240 205 0 oS3 047 is

7 150 .57 053 03¢ 030 60 3

Lotk 183 248 042 90 Qa0 W0 13

i1e a3 asE 910 020 420 o

56 0.58 [ 1] 030 030 D40 o

nn pe 214 28 6% i3 T3 73 134

IEEE 519

I

A. Increasing Power Factor

Solving the power factor is very delicate. In case that the
reactive power messurement [wls or louds extremely change

and the reachive power value of PPI's 1s proper. the power
factor will be unity. In case of shght mercase of reactive
power can be seen in Fig. 18a). The lack of reactive power
or loads increase can be seen i Fig 18b). The designer has
set the target al minimum around 0.98L. On the other hand,
if' the load decreases, the reactive power will decrease but
the PPFs are still working on system at least 20sce causing
exceeded reactive power from the demand. The result of
power factor is shown in Fig 18¢). In case of having excess
of reactive power about 20 see, the system is leading. The
designer is set at maximum sround 0.98C and then the PPFs
will be isolated and the system power factor tams to lagging.
The PPFs have abundant problem in case of extremely
fluctuation 1 loads. So system that has a lot of change
cannot keep power factor at umty all the tme The
Muctuation of power factor cannot affect the eleetrical
system, 5o the PPI's can be used

BEFOKRE WITH CAPACYION AFTER WETH PPPs

AFTER W $P¥

Fig 17 The "aTHDv and *oTHD: with capacitor and with PPFs

B)FE - 0L, GIFF - 0.98C
Fig. 18 Pawer fictor and resetive power factor controller

a) PF«1L

B. Reduction in Harmomics Distortion

in tus case. messurements were made 1o delermine what
kind of reactive power compensation system would be
needed to improve hanmonie and power factor up 1o penalty
limit. The waveforms of current before and after the PPFs
installing can be shown in Fig. 19 In normal case, we will
compare the % TID and % THDv with and without the PPFs
also shown in Fig 20

C. Reduction in Harmonies Resonance

Harmonie messurements were made o [ind ouwt the
reason for damaging electronic equipment. In Fig 21 a) and
Iig. 21¢) there are measured fundamental and harmonic
currents of the supplying transformer as well as measured
% 1THD of the voltage and current. As can be seen there 13
resonance at 5" harmonie when the solar inverter operates,
causing the inercase of 3% current from 212 A to 274 A In
Fig.21b) and Fig21d) there are measurement results of
%IHD of voltage and current when the PPFs was
comnussioned. With proper design, resonance situations can
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be avoided and possible cnussion himits imposed by the
utility and IEEE 519-1992 or [EEE 519-2014 standards can
be met. When the harmonic current and the hannonic
resonance are controlled, it can mamtain the power factor
close to unity und when the harmonic current from the solar
inverter is increased, il cannot damage the system because
the system can maintain the level of %THDY 10 a low level,
which is the advantage of the PPFs. Another way {o solve
the problem i very difficult, vasteadiness and nol worth to
do in the industrial system
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VHI CONCLUSION

From the main finding of this work, when all the PPFs
were connecled, the THD of voltage amd current are
decressed to 1.7% and 7.3%, respectively and power factor
approaches to 1 at maximum loads which are considered to

be very good value for a low voltage supply svstem and the
final comments could be drawn as follows:
¢ The solar rooftop installations should be considered

the %THD1 and %THDv of the solar inverter line
wput. Also, the suttable transformer ratimg should be
determined.
Practical solar inverter can generate resclive power
(KVAR) into systems so lo get an sccuracy data, the
delicate reactive power measurement is important.
The harmonie and power quality problems can be
controlled using a number of different methods
However, the PPFs are preferable in terms of
convenience, flexibility, highly reliability, low cost
and low maintenance. It can be easily integrated in to
the systems of solar rooftop power systems.
The PPFs installation has constraint. If load system is
constantly, the system can operate in high efficiency.
to maintain power factor, close to unity and filter
harmonic so well because there is connected with
PPFs. So when loads change, the filtening will have a
good operation as design. If the power load changes
frequently, the operation of PPFs will cut off
Eiltering will be ineflective.
Power factor 18 a term famliar to all power
engineering as i measure of the use of the capabihity
of an ac cireuit to supply active power. In the arca of
revenue, melenng power factor is importanl as a
measure of system losses
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¥ Department of Electrical Engineering

|< MlTEiNGENEERiNE

(Elcctrical Engincering)

PROJECT BEST 6102
DAY 2019

Analysis of Control System to Prevent Collapse

of Mixed-Sources Microgrid for Industry

T. JUNTASORN', N. NILNIMITR?, W. INWANNA?, A. MANEE*,
C. BOONSENG? and C. CHONPOOINWAI®

Fig.2 Power flow of cach type of switches in microgrid system

) Relay b) Solid State Relay* <) Mosfet
Remark: CHI- Ve bus: CH2 - Ve grid; CH3 « Vde batrery; CH4 - Vide generator

This project presents the control of power sources by lookup table
controller 1o maintain the voltage of critical load and 1o prevent collapse
of mixed-sources microprid which consist of grid, batteries and
dicsel generators that connect to DC bus. The system can apply with
renewnble encrgy such as solar cell and wind turbine. The cxperiment
presents the time comparison of three types of switches including relny,
solid state relay and mosfer which can maintain DC bus vollage in
specified range which the least effect to eritical load operation.

X intp@utﬂmﬁ

DC Microgrid is small-scale power grid which consist of distributed
generation, confrol system and enérgy storage. It can operate in 2 modes
which is grid connected mode and standalone mode which supported by
Distributed Energy Resources (DER) such as diesel generator, solar cells

b) Solid State Relay” o) Mosfet

and battery{1]. a) Relay
icrori i Remark: CHI- rwm.cm ~Jde grid; CH3 - M-Mny Chd - J’dcm
Fig.1 DC Microgrid system, Controller and Switches control panal & Solbt Suate i e

e SR igJPown’ﬁuwnf icrogrid system with renewable energy in grid
e | 15 Ui . connected mode f a F e |

Dok s WMMWMWMU_
fk 2] even lﬂ#l i
Lirtd N1
Generatr 52
Hatbery
Narmil bosd 8§

“ﬂt‘!ﬂﬁiﬁkﬂ?ﬁ“ﬁ

‘Table 3 : Response time of cach switches

Type of switches Turn ON fime re
| Magmtic conacior 20,06 ms 1240 mx
ety 14,80 18 1.68 ms
St Spate Rolay 2801w 10.40 my

Memtot ] 787 us
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sl (n5) 2 MVA
LUALADS 500 Ah
wiearuinlwidia 2 MW
Tnanund 200 kw
Tnaningm 400 kw
Teagad 500 kW

w120 kv 7 25 kv
&y

7 MVA
L]
ala
l HVI:}NI—-]
Grounding $
Transformer
14 km LAN ]
Feeder -+

o ©- ¢
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100-kw| <
Load
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FEATURES:

» High switching powet
Compact size
10A switching capaeity
2 pole configuration %,
DCorACgoils, <
High sensitivity .

DESCRIPTION:, .
The LY2N series industrial relays in conjunction
with the PTFOSAOE base car be tsed for a wide
range of commercial orindustrial applications,

The LY2N has a 2 pole change-over configuration,
It's wide terminals allow reliability at large currents.

GENERAL SPECIFICATIONS:

Contact Configuration 2 change over (DPDT) -2form C10A | Ambient Humidity 35% to 85% I
Nominal Coil Power 09WDC- 1.2VAAC Vibration resistance 10 to 55Hz, Tmm (0.04") double amplitude]
Operating Time <25ms Shock resistance 200m/s” (200G)

(at nominal voltage) {Functional}

Release Time <25ms Termination (Relay)  Flanges (blades) 5 mm {0.20")
(at nominal voltage) Construction Duct Cover

Ambient Temperature  -25°Cto55°C [-13°Fto 131°F) Weight 40g(1.4102)

Coil Characteristics, DC @ +23°C (+73°F), coil power 900mW

Coil Nominal Pick-up Drop-out Max, Allowed Coil Coil
Code Voltage Vdc Voltage Vdc Voltage Vdc Voltage Vdc Current mA Resistance )
12 12 96 12 132 75 160
24 24 19.2 24 264 36.9 650

Coil Characteristics, AC @ +23°C (+73F), coil power 1.2VA

Coil Nominal Pick-up Drop-out | Max. Allowed Coll Current mA Coil
Code VoltageVac | VoltageVac | VoitageVac | Voltage VAC 50Hz 60Hz Resistance 0}
A24 24 24 72 264 538 46 180
A120 120 96 36.0 132 10.8 92 4430

B8 GREYSTONE ENERGY SYSTEMS,INC. Rons @;“i C€E
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PRODUCT ORDERING INFORMATION:

10 amp contacts, DPDT w/ Neon Light

12VDC | Low voltage DC, 12VDC
24VDC  |Low voltage DC, 24 VDC
24VAC  |Low Voltage AC, 24 VAC
120VAC |High voltage AC, 120 VAC

| '

LY2N 24VDC
Graystone Energy Systems, Inc. reserves the right to make design modifications without prior notice.

DIMENSIONS: WIRING DIAGRAM:
LY2 Relay - Omron

2

-
[ -

o

7mm

PTFOBA-E Base

DRILLING PATTERN:

Two Mounting Holes
’fﬁ.‘iﬁ {0.46) dia

138°
3505mm

L . o
19.05 mm

4w

GREYSTONE  Reis @ Q) E (¢

ENERGY SYSTEMS INC Greystone Enerqy Systems Inc. is one of Narth America’s
fargest 150 registered manufacturers of HVAC sensors and
: - transducers for Building Automation Management Systems.
150 English Drive, Moncton, NB We have conscgiemfousiy esmbﬁx?fzd a wagl‘rtsiwide
Canada E1E4G7 reputation as an industry leader by maintaining leading-
(506) 853-3057 Fax: (506) 853-6014 edge design technology, prompttechnical support, and o
North America: 1-800-561-5611 commitment to on-time deliveries. We take pride in our
e-mail: mail@greystoneenergy.com Quality Management System which is1S0 9001 certified,

) 0 assuring our.customers of consistent product reliability.

Copyright © Greystone Energy Systems Inc. All Rights Reserved

Greystone Energy Systems, inc.
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SOLID STATE SSR-10DD

SOLID STATE RELAY

SSR Series
e Built-in operation indicator
@ High isolation over than 50MQ {500VDC])
@ High dielecric over than 2.5KvV
® Low EMI / EFl & surge by zero cross frigger method

@ Output snubber circuit protection

05= 5A
0= 10A S !

15= 15A i . N i
25= 25A | ‘ Nil = Standard Type &
0= a0a | IR 1) < ouput votige |
e A1 | Acrs-asov |
Sox 20A | W |  oposzov [
100 = 100A | o N TR A
120 = 120A "

D =DC4~32V

A = ACBO~250V
.| L=4~20mA
.| V= Adjusted Output Voltage
| (Range=0~90% )

www.ekt2.com




MODEL

LOAD CURRENT

OPERATING VOLTAGE]

3-32vDC

TRIGGER CURRENT

7.5mA/12VDC maox

CONIROL METHOD

OPERATING VOLTAGE

Isolated by Photocouple

VOLTAGE DROP

1.6V

LEAKAGE CURRENT

<0.8mA

RESPONSE TIME

1ms <ON+OFF>

Min. 50MG (500VDC)

DIELECTRIC STRENGTH]

2500¥AC 50/40 Hz for 1 min

AMBIENT TEMPERATURE]

-20C~+80°C

AMBIENT HUMIDITY

45%~85%RH

WEIGHT

Appr, 110g

HINDHID
INdNI

www.ekt2.com
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IRF9540, SiHF9540
Vishay Siliconix

Power MOSFET

FEATURES

+ Dynamic dV/dt Rating

*+ Repetitive Avalanche Rated

* P-Channel

* 175 °C Operating Temperature

+ Fast Switching

* Ease of Paralleling

+ Simple Drive Requirements

+ Compliant to RoHS Directive 2002/95/EC

PRODUCT SUMMARY

Vps V) -100
Roson {€2) Vgs=- 10V

Qg (Max.) (nC) 61
Qs {0C) 14
Qgq (nC) 29
Gonfiguration

TO-220AB
DESCRIPTION
Third generation Power MOSFETs from Vishay provide the
designer with the best combination of fast switching,
ruggedized device design, low on-resistance and
cost-affectiveness.
The TO-220AB package is universally preferred for all
p commerclal-industrial applications at power dissipation
P-Channel MOSFET levels to approximately 50 W. The low thermal resistance
and low package cost of the TO-220AB contribute to its
wide acceptance throughout the industry.

ORDERING INFORMATION
Package TO-22048

IRFS540PBF
Lipd Fied SHFo540-E3
IRFO540
SHF9540

ABSOLUTE MAXIMUM RATINGS (T¢ = 25 °C, unless otherwise noted)

PARAMETER SYMBOL
Drain-Source Voitage Vs - 100
Gate-Source Voltage

SnPb

-19
-13
Pulsed Drain Current® =72
Linear Derating Factor 1.0
Single Pulse Avalanche Energy® 640
Repetitive Avalanche Curent® -19
Repetitive Avalanche Energy® 15
Maximum Power Dissipation ] To=25°C 150
Peak Diode Recovery dV/dte -55
Operating Junction and Storage Temperature Range -55t0+ 175
Soldering Recommendations {Peak Temperature) for 10s 300¢
10
11

Continuous Drain Current Vas at- 10V

Mounting Torque 6-32 or M3 sorew

Notes

a. Repatitive rating; pulse width limited by maximum junction temperature {see fig. 11).
b. Vpp=-25V,stating T, = 26 °C, L = 2.7 mH, Ry = 25 (2, lag =~ 19 A(see fig. 12).

¢. lsp<- 19 A, dlfdt < 200 Ads, Vpo € Vps, Ty €175 °C.

d. 1.6 mm from case.

* Pb containing terminations are not RoHS compliant, exemptions may apply

Document Number: 91078 www.vishay.com
511-0512-Rev. B, 21-Mar-11 1

This datasheet is subject to ¢thange without notice.
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT wiww.vishay.com/doc?81000
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IRF9540, SiHF9540
Vishay Siliconix

THERMAL RESISTANCE RATINGS
PARAMETER SYMBOL
Maximum Junction-to-Ambient
Case-to-Sink, Flat, Greased Surface
Maximum Junction-to-Case {Drain)

Rina
Bincs

Rinc

SPECIFICATIONS (T, = 25 °C, unless otherwise noted)
PARAMETER | svmeoL |

Static

Drain-Source Breakdown Voltage Vos

TEST CONDITIONS

Vas =0V, Ip = - 250 pA

Vos Temperature Coefficient

Referance to 25°C, Ip=- 1 mA

Gate-Soutce Threshold Voltage

Vps = Vgs, Ip=- 250 pA

Gate-Source Leakage

Vas =20V

Zero Gate Voltage Drain Current

Vos =~ 100V, Vgg =0V

Vps=-80V, Vs =0V, T,=150°C

Drain-Source On-State Resistance

Vas=-10V Ip=-11A9

Forward Transconductance

Vps=-50V, Ip=-11 Ab

Dynamic

Input Capacitarce

Qutput Capacitance

Reverse Transfer Capacitance

Vas=0V,
Vg =-25V,
f=1.0MHz, sea fig. &

Total Gate Charge

Gate-Source Charge

Gate-Drain Charge

Ip=-19A, Vpg=-B0V,

Vas=-10V 17" oo tig. 6 and 135

Tum-On Delay Time

Rise Time

Tum-Off Delay Time

Fall Time

Vpp=-50V,Ip=-19 A,
Ry =910, Rp= 2.4, sea fig. 10°

Internal Drain Inductance

Internal Source Inductance

Betwesn lead, o

& mm (0257 from @

package and center of

Drain-Source Body Diode Characteristics

Continuous Source-Crain Diode Current

Pulsed Diode Forward Current?

MOSFET symbol
showing the
integral reverse

p - n junction diode

die contact

-19

=T

Body Diode Voltage

Ty=25°C, lg=-19 A, Vgg=0\®

-5.0

v

Body Diode Reverse Recovery Time

Body Diode Reverse Recovery Charge

Ty=25°C, lp=- 19 A, di/dt= 100 A/ps®

130

260

ns

0.38

0.70

§C

Forward Turn-On Time

Intrinsic turn-on time is negligible (turn-on is dominated by Ls and Lp)

Notes
a. Rapelitive rating; pulsa width limited by maximum junction temperature (see fig. 11).
b. Puise width <300 ps; duty cycle < 2 %.

Document Number: 81078
$11-0512-Rev. B, 21-Mar-11

www.vishay.com
2

This datasheet is subject to change without notice.
THE PRCDUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT ww
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ks .
VISHAY. IRF9540, SiHF9540
Vishay Siliconix

TYPICAL CHARACTERISTICS (25 °C, uniess otherwise noted)

- Ip, Drain Current (A)
- I, Drain Current (A)

-45V
K

20 ps Pulse Width 20 s Pulse Width
Te=25°C ¥ Vpg=-50V

10 5 6 T 8 9 10
107801 - Vpg. Drain-to-Source Voltage (V) . = Vs Gate-to-Source Voltage (V}
Fig. 1 « Typical Output Characteristics, T = 26 °C Fig. 3 - Typical Transfer Characteristics

i
Ol

e

—
-4.5Y

111
20 ps Puiso Width)
s To= 176°C

w0 10! --&}-‘0-20 0 20 40 60 80 100 120140160 180

- I« Drain Current (A)

Rpsiony. Drain-to-Source On Resistance

wore o2 = Vg, Drain-to-Source Voltage (V) 307,04 Ty Junction Temperature (°C)
Fig. 2 - Typical Output Characteristics, Tg =175°C Fig. 4 - Normalized On-Resistance vs. Temperature

Document Number: 91078 www,vishay.com
511-0512-Rev. B, 21-Mar-11 3

This catashest is sublect to change without nofic
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAMERS, SET FORTH AT i vishiy.corm/doc 81000
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Vishay Siliconix

Vos=0V, 1= 1 MHz
G = Gy + Gy €, Shoried
Crne= Gy

Com =Ciy + Cg

Cise
[y

Capacitance (pF)

$10M.05 - Vg, Drain-to-Source Voltags (V)

Fig. b - Typical Capacitance vs. Drain-to-Source Voltage

-Vgg. Gate-to-Source Voitage (V)

For test circult
ges figum 13
10 20 0 40 50 80

o107,08 Qy, Total Gate Charge (nC)
Fig. 6 - Typical Gate Charge vs. Gate-to-Source Voltage

176 ’C_f___"zs 7

£

¥4
f

- lgp. Revarse Drain Current (A}

Yy
¥
" i
7
F4

Vag=0V]
00 10 20 30 40
- Vg, Source-to-Drain Voltage (V}

MorLo

Fig. 7 - Typical Source-Drain Diode Forward Voltage

- g, Drain Current (A}

=t T =25"C
—17,=175%C
I ] Single Puise

25.52 sz 5?022

- Vips, Drain-to-Source Voltage (V)
Fig. 8 - Maximum Safe Operating Area

* e

:rww.vishay.m

This datasheet is subject
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Document Number: 81078
$11-0512-Rev. B, 21-Mar-11

without notice.

THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT v, vishay, com/doc 281000
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IRF9540, SiHF9540
Vishay Siliconix

Re
DY Y YS—

}—D DUT.

Pulse wights < 1 iy
Duty facior £0.1%

*
Fig. 10a - Switching Time Test Circuit

A0

= Ip, Drain Current (A)

=

25 50 75 100 125 150 175

)
0107600 Te, Case Temperatura ("C) 9?,:‘; i / \“

Fig. 8 - Maximum Drain Current vs. Case Temperature

] f
i '
i i
1 ]
i +
i i
i i
1 J

Fig. 10b - Switching Time Waveforms

.
—

i

T

Single Puse iNotes:

{Thermal Resporise) 1. Duty Factor, D =1/,
L 12 Peak = Poy X Zne + T
109 a1 1 10

t;, Rectangular Pulse Duration (s}

Thermal Response (Zg, -}

Fig. 11 - Maximum Effective Transient Thermal Impedance, Junction-to-Case

Documant Number: 91078 www.vishay.com
511-0512-Rev. B, 21-Mar-11 5
This datasheet is subject to change without notice.

THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www,vishay.com/doc 281000
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IRF9540, SiHF9540

Vishay Siliconix

L

V, o (m‘\ o
Vary t, toobtaln DG>-"
'wnwn

required lyg

las N

k--fp—r-
0010
\‘!'\,—L)—_-

Fig. 12a - Unclamped Inductive Test Circuit Fig. 12b - Unclamped Inductive Waveforms

"
-
Ty

N

Bas
/ Vg =- 25V N

25 B0 75 100 128 1% 176
PR _1te Starting T, Junction Temperature (*C)

g
>
3
i
]
&
@
2
%
ks

Fig. 12¢ - Maximum Avalanche Energy vs. Drain Current

sml [l
Charge ~—— A
IB
Current sampling resistors.

Fig. 13a - Basic Gate Charge Waveform Fig. 13b - Gate Charge Test Circuit

www,vishay.com Document Number: 91078
8 511-0512-Rev. B, 21-Mar-11

This datasheet is subject to change without notice.
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT vy Ar.com/doc?a1 000
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IRF9540, SiHF9540

Vishay Siliconix

Peak Diode Recovery dV/dt Test Gircuit

¢ Cireuit layout considerations

A « Low stray inductance
a @ - Gound plane
— +Low leakage inductance
current transformer

—

e

O .

E“"-;'
Ry :j_y + i/t cantrobed by R,

g controlled by duty factor D"
+ DT, - device under test

0]

Note
+Compliment N-Channel of D.ULT. for driver

@ Driver gate drive

— —

1
Vgg=- 10V

4 e

)

Reverse L
recovary | Bady diade forward
current current ek

(@ |DULT. Vg wavelorm

_/—‘--—-—- Diode dr&?g;ve«y r‘\/_____
Re-applied [~

Vo &
g Body diode forward drop

e — S

Ripple <5 % ko
i

@ {Inductor current

Note
2. Vg == 5V for logic level and - 3V drive devices

Fig. 14 - For P-Channel

Vishay Siticonix maintaing worldwide manufacturing capabitly. Products may be manufactured at one of several qualified locations. Relabliity data for Siicon
Technology and Package Reliabilty repmsent a composite of all qualifed locations. For related documents such as package/fape drwings, part marking, end
reflability data, see www.ishay 0 291078,

Document Number: 91078 www.vishay.com
$11-0512-Rev. B, 21-Mar-11 7

This datashest is subject to change without notice.
THE PRODUCT DESCRIBED HEREIN AND THIS DATASHEET ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT wivw, vishav.com/doc?81000
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Package Information

www.vishay.com

Vishay Siliconix

MILLIMETERS

MIN.

MAX,

424

4,85

069

1.02

114

1.78

0.36

0.61

14.33

15.85

9.96

10.52

241

2.67

488

5.28

1.14

1.40

6.10

6.7

241

2.8

13.36

14.40

333

4.04

QP

353

3.94

2.54

3.00

DWG: 6031

ECN: X15-0364-Rev. C, 14-Dec-15

Note

« M = 0052 inches to 0.084 inches (dimension including
protrusion), heatsink hole for HVM

Package Picture

Revison: 14-Dec-15

For technical questions, contact: hym@yvishay.com

THIS DOCUMENT IS SUBJECT TO CHANGE WITHOUT NOTICE. THE PRODUCTS DESCRIBED HSFTEIN AND THIS DOCUMENT
ARE SUBJECT TO SPECIFIC DISCLAIMERS, SET FORTH AT www.y 791000

Docurment Number: 68542
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v;s;-m—y, Legal Disclaimer Notice
v www.vishay.com Vishay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IMPROVE
RELIABILITY, FUNCTION OR DESIGN OR OTHERWISE.

Vishay Intertechnology, Inc., its affiliates, agents, and employees, and all persons acting on its or their behalf (collectively,
“Vishay"), disclaim any and all liability for any emors, inaccuracies or incompleteness contained in any datasheet or in any other
disclosure relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpose or
the continuing production of any product. To the maximum extent permitted by applicable law, Vishay disclaims (i) any and all
liability arising out of the application or use of any product, fij) any and all liability, including without limitation special,
consequential or incidental damages, and (ill) any and all implied warranties, including warranties of fitness for particular
purpose, non-infringement and merchantability.

Statements regarding the suitability of products for certain types of applications are based on Vishay's knowledge of
typlcal requirements that are often placed on Vishay products in generic applications. Such statements are not binding
statements about the suitability of products for a particular application. It is the customer’s responsibility to validate that a
particular product with the properties described in the product specification is suitable for use in a particular application.
Parameters provided in datasheets and / or specifications may vary in different applications and performance may vary over
time. All operating parameters, including typical parameters, must be validated for each customer application by the customer's
technical experts. Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase,
Including but not limited to the warranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, life-saving, or life-sustaining
applications or for any other application in which the failure of the Vishay product could result in personal injury or death.
Customers using or selling Vishay products not expressly indicated for use in such applications do so at their own risk.
Please contact authorized Vishay personnel to obtain written terms and conditions regarding products designed for
such applications.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document
or by any conduct of Vishay. Product names and markings noted herein may be trademarks of thelr respective owners.

© 2017 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED
Revision: 08-Feb-17 Docurment Number: 91000
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