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Abstract

To Improvement the power factor is very important. Because the costs are
increased or reduced. To Improvement the power factor, the higher the value, it is
necessary to buildings, offices and industrial buildings or the fact that the industry
needs real power. And reactive power source to operate.

This paper presents the design and construction of reactive power factor
control. Which amounted to 6 working order by the first sequence is divided into
three three-phase electrical power system and three consecutive singles phase by
active power different. firstl is reactive at 5 kVAr second 2 and third 3 are reactive at
2.5 kVAr forth 4, fifth 5 and sixth 6, precious marine active 0.83 kVAr control. the
power factor controller that controls RG3-12 pay Oval active in various sequences.

As a result, when not equipped with reactive power compensation software
to control the power factor. This makes the flow of the high and low Power Factor
schedule. When equipped compensate reactive power source to power factor
control. Single-phase motor 1 kW and light bulb 1,64-watt making the current
decline of 14 amps rest 12 amps of the power factor increases from 0.5 to 0.929.
When connected to three-phase motor with 2 kW 0.8,2.2 flow down from 2.360 rest

0.942 amps of power factor value up from 0.308 to 1.0.

Keywords: Power Factor, Power System, Reactive Power, Real Power
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% Reduction in Losses
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wosdulavzuuunudgs 45 - 60
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a1519t 2.4 Msdenvuinansliluasiadseuu 400 V 3-4ula 50 Hz ambient temp 35° C

e UIGmes  NAANSTLE YUIAR A yurnaglnnasung ¥t VSF
kVAR A A (Multi strand flexible cables)
5 1.2 16 2.5
10 14.4 25 q
12.5 18 35 6
15 21.6 %5 6
20 28.6 50 10
25 36 63 16
30 43.2 80 25
40 57.6 100 35
50 72 125 35
60 86.6 125 50
75 108 160 50
100 144 250 90

2.9 dofuazdaidevainisldaanuiszylni
Uof
- finUsEansam lnednnugedetiesnin 0.33%
- Guawuirannsodanldlussuuifuunadnld
- fmnudangusnn msizanunsaasunlasmsihauvesiafuuszaldih

Taanrdasiulnaniasundale

'
| a

- Difidunweasuile lui@eanalunisyineunisi@euanInn1svingusi
wayliidoslinsunzesnm

- aunsafaasluusalanle Thdenlunsindaias



22

- Janeanuazsaniulnanlasinsitazdie anuisailasuanninansini
Tugadnanilale
JaLde

(% ¥
0y

- MsiAwsuAY Welanlraneen feily F9AITAAGITTUUAIVANNIS
YaLweiiUsenaumaslningmluia
- maAnslenuud Weldiulvanndensuelinviligunsalluisnegiisiest

lusguuiinAnudenie iaulianainvsedengnisidaudy

2.10 famprsszdslunisldannuuszgluin

% (% [
a Y 0

2.10.1 efamsiiulseglningalauds useiulniigaduasdnauninfiy
v & = a v v & v o = = o Ao
Aty Msidenvuefinnvesduiulseglniaedeisfasosilaag

2.10.2 adAnsaianuUszglniiasiinissruieauiouineauais sz
Soubsgeasibiongmsldnuvesiuiuuszqlninduas

2.10.3 n1sndsdniudszalnindidunewmeslnenss deadanauinduiulsey

[

T la wazdaafinnilignis Jastuneweiazdemeld

v
a v v <

2.10.4 d1aghndaiainuussgliidigaaui@imesiuiaaisldhuuaiuaudnluds
iedesiudunsiaainuswiuiuiiinduainnsaedunudszg i lulussuuanniiuly

2.10.5 gUnsailviilun90879 19U 299313 LINTLUARAZIATILULDISN aF981sueiin
dnlUluszuudiesieenisinasinuuszginihdesss Tallymnenasiinanaisuedn Jeay
a ¢ o g vu & = U ady v v o
Ananzslenuuduazagyilidmiiudssaliindemeniun Tunsalidediimnsfideivey

Hrgeanwuuyasiulszglnih wSengunsalleaiuiuduiieg

2.11 Uselevivainisuulgesanwiiasunamasiimunzay
2.11.1. dhwasdfuanmsiniuiasindunwineiunames andn 0.85
ns@fszuulniaindsvesdléden PF a1 nrsluiezdefuaisylunisdne
Srdeliiduendiv Wusiuauann feddwdestuin ihiidvuelng@u sauvandnenns
furntuileftazannsandn Masluiisly dufdslniheduassddlnisueniin au
Arudanisvesdld uifiaudaidslnitBueaiingy dldannsnaindueddlngligunsel
AU Bnes ey nslufihdsenngifierunuan P.F. vaslsaausing o Tagfvuadt « n

15997ulagiAn P.F. 191731 8.5 agApRdsausutnInaswnaLnes”



23

2.11.2. Yrwanlvanvosvidaudas

SogldlwihAfiuiinalnaniuiFen o funifoulaswiuiuazdmalindouUasda
Fenszuaiuiinn madleiinilie Aadmiouvaniiuiy urnisindsauBineduuedi
annsaravanlnanvomseulaniuld Ao anmundiouladesiuniseireamasliicuen
Flesiavun finnsinnandnesuusdfazdiesunmseluduituny viludouvasiaiy
fimdundedlofiefivsdeliitulnandiudy q diuduld

2.11.3. twandlnifigydelulusuvesanuieulumelnuasudiouda

o w =

msfndsnUBnesuusRazdisanmasgadsluaelvuasnloudadni Fadunns

¥
a =

Usendandanu 8nia Gaananudouiiintulugunsallnilising 9 1o winiludszwmelne
a a O va o v a s L4 A = Y v 2/ =2 o ' o v o
oy Aensdaniudainduesansenmelnatuniieuvasnn Jeilildanansaviwmdiiluns

Pvandszanansenaninnlualuszuulnihlfesg1edmnau

o %4 % -4

2.12 msurgsinedetasiugaaun@nes

2.12.1 Uaaasglinou

gan1U1Bwmesindugunsainazaundsuliihdsaunsoiliiadunsiaainlai
AUy U URuTvInANIanudilakazvnauseinse Sadeinlateudin
32Uan1995yan1U1dwmaseantad lnenalugnaUBimesasUsenounieeasnig 1ie3as
AeUssdemeliivia suaseanliihgafzadieglugisianis daudiednduses
nagouensTeLssulnialitugaaUBwes fujiRnusidudediausedasy fadu
ey MyufuRnuiissnwdeaduluauunnsgiu NFPA 70E

2.12.2 MSATIINAWAILAALAITNIANNELDIN

1% &= o w [T Y | - Y A

NIATIIEAIEINTANNEAYLREITY WuN1sHemInTigudlateiUbey
ddeUnamesiilateiuiuvsedd vseilTeseuinnnuTouiuvsalaNFUARTUTA
U1@mas MAuaze1nv3oiguynnioteIniA YoainausruIeeInie iAi1uayeln
aeluyamUrdinesiagldinTesgaanyinia vuldinsaadiviindnoiniamsizluas

v 1 @ 4 4 1 ! Y a s v o
nsveillazausggeniangentesnielug neuazdnglliiuyna1uBines deeiinig

< o [ ! [y (8%

nagouauluauiu NUauIsiaensinseninana-wa wazwlaiunsneeng

2.12.3 n32980UdUNTLIA (Infrared Inspection)
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3.1 WANNISAIUIUNNAAIAIVBIRBNUYTEY

Tunsdifisieanisusuugeandusznaumdslui 91n PR, u PR, anansarwiniiie

v

Maaweswiulszglumbematlnihiueaiiv lanaunistisansi

PF, = ]:/—VX = cos0, , PF, = kl\(/—VX = cos0, (3-1)
1 2

tan6; = L , tanf, = L (3-2)
P P

Q: =P x tan6; = kW x tan0; (3-3)

Q2= P x tan6, = kW x tan0, (3-4)

PIRNVDIFAAUYTZY
(kVAR) = Q- Q,=kW tan 0;- kW tan 0,

=kW (tan 0; - tan 0,) (3-5)

Tunsil 91919m13199 2.2 Usenaun1sman tan 0, tan 0, lalagazadn wusein1susuls
Avseneumaalniiiann

PF, = 0.85 (PF=85 %) il PF, = 0.95 (PF = 95%)
tan 0; — tan 6, = 1.248

Aaan1sUsuUTssUsEnaumasliiain
PF, = 0.7 (PF = 70 %) 1Ty PF,=0.9 (PF = 90 %)
tan 01 —tan 62 = 0.536

AoansUTuladiiUsEnaudddliinen
PF, = 0.5 (PF = 50 %) Wiy PF, = 0.95 (PF = 95 %)
tan 01 — tan 02 = 1.403 kVAR
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M15719% 3.1 A1UsENOUMIAIAMNITWIN KVar veadunuuszgluih (A1 tan 6; — tan 6,)

fin pf AssannsUFuuys

08 0.85 0.9 0.91 092 | 093 | 094 | 095 | 096 | 097 | 098 | 0.99 1

0.8 0 013 | 0.266 | 0294 | 0324 | 0.355 | 0.387 | 0.421 | 0458 | 0499 | 0.547 | 0.608 | 0.75
0.85 0 0.135 | 0.164 | 0.194 | 0.225 | 0.257 | 0.291 | 0.328 | 0.369 | 0.417 | 0477 | 0.62
0.9 0 0.029 | 0.058 | 0.089 | 0.121 | 0.156 | 0.193 | 0.234 | 0.281 | 0.342 | 0.484
0.91 0 0.03 | 0.06 | 0.093 | 0.127 | 0.164 | 0.205 | 0.253 | 0313 | 0.456
0.92 0 0.031 | 0.063 | 0097 | 0.134 | 0.175 | 0.223 | 0.283 | 0.426
é" 0.93 0 0.032 | 0.067 | 0.104 | 0.145 | 0.192 | 0.253 | 0.395
% 0.94 0 0.034 | 0071 | 0.112 | 016 | 022 | 0363
% 0.95 0 0.037 | 0.078 | 0.126 | 0.186 | 0.329
& 0.96 0 0.041 | 089 | 0.149 | 0.292
0.97 0 0.048 0.108 0.251
0.98 0 0061 | 0.203
0.99 0 0.142

1 0

n1sUFuleRdiUsenaumaslninlvgeatu aunsatieannisaqdeluaeliiiacld ded

£
]

wanslunind 2.10 Tnemdslwihngaded@uegiuanusunuluasuasaiueivesans

a A

Snshdunmil 2.11 uansen % msgapdefianaaieinisusulsiiiussnouridslain
Tudensinag
3.2 AnuUsq

fuAuUseq wiemUrines (Capacitor) lugunsallwihiiviweihitususmiie suvin-
1»o% (Power Factor) miritnosazidumdionszualiitGuondiv Ganszualwindifianis
W59 (Leading) itewmwsiunszualiiihasvsasindily slaemiluundnszualuiines
A1MaaIIeU (Lagging) N13aANANI¥NUAIN Inductive Load 3ngunsailssinnudontas
Iyl gunsaluewes uargunsailuszuuds Tnsluszuuli enaazdings Aakuaniziann
UnBined fiusnadiinisindgunsallufidsdndudosusuen Power Factor Iimangay
vieluunensdl ensududedinsindsgnadmesvunlngwiongunsnidudey
(Switching) Igudmuauszuuliiih vieaaildos
3.3 ffumunelszy
Fadmumumslitingldnusmiuadines Wesunsaeuseylwiivesnidne 5
ndnivanaumeseanainszuuliiiud dedunistesiudunseainusealaig
Avagnglua1U1@mes nafie AaniuniumeyszazsunIsagusealnili tagvinlvien

wsanulwdnladAue 75 V anelu 3 i dmsuaundnesusenn (a1Udneswsesuliinu
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1,000 1) wazn1ely 10 Wil dmsuaUnBinesisgs naeRInNtuAITan9RTIENiNatIved

AUTmesLAzanIRTAuaruUaenielnsaNy ol
3.4 NSAMUATUINABNUUTEY
AUBwastusruulnihidelivieduilains (kVAR) wu 5, 10, 25 wag 50 Alains 39
Wewduaumsuaninnudunusls feaunisn 3-6 way 3-7
kVAR;_,, = 2nfCV? x 10~° (3-6)

kVAR;_,,, = 6mfCV? x 1077 (3-7)

KVAR = auiavasmun@mas iu Alains (kVAR)

T = fasdl = 3.1416

Fo = avwdlussuulndn Juseusedund vie (Hz) (Unffldn 50 Hz)
C = qunvesmmes Wy lulasvse (uF)

Vo = uswiuiiszyfienidiwed uliad (v)

nFuNIsTUNIENUd 1ad@wesiuldlussuulninduseiusigluawsiun
sEyNRIAIUTNes suInilannsvesmiUidinesiazasuly wazidsuuinillasainen
add

wsesududlarenindeded N1sAIRUATUINYIAIUITMasYale 2 A5AD A5n15AUIMLAY

Flmnsn9

3.4.1 NMSMUUAILINATUTLNBILNATATUIN
Worpin1susual PF vilalaesio Capacitor 1911102995 kVAR #l¢a1n Capacitor
Ianansauduiu KVAR 9a919asuselnan (KVAR ;) agvi1len KVAR, anasundeidu kVAR,

AN 3.1



kvar, | kvar,

AN 3.1 ANUAUNUSVRINLAIRA 1AL wardlaing

INANA 3.1 WeupNUAURUSIAGIaNnIsH 3-8

kVAR, = kW - tan@,

(3-8)

YUy U Bmesiladnluiialile kVAR, Afe KVAR,- KVAR, azldaunnvesaiud

wosidudlans feaunsit 39
kVAR = kVAR; — KVAR,
MuA LA
VAR = auavesmuUn@wes 1Ju Alans

kW = Maslninluneas Wu Aladnd

(3-9)

A29819 1599UwIUTsTan 500 1AILD WILIDSENNLHBS = 0.8 D1ABINITUSUALNILIBS-

wNALADs Lﬂu 0.95 2 UUINVBIAUITLABSLABATISATLIO

359
kKW = 500x0.8
= 400 Alaind
Anmesuinmesdagdu = 08

wle @, = Cost(0.8)= 36.87°
tan 36.87° = 0.75

faan1susudu 0.95

wld @, = Cos?(0.95) = 18.19°

29
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tan 18.19° = 0.329

KVAR = kW (tang, - tang,)
KVAR = 400 x (0.75- 0.329) Alans
= 168.4 Alans

3.4.2 AsnuavuInAIUdmeasinedsldnnsis

INANUNTTNUU MNUAANY 3, UAY @, WaTATUIUMAT tang,; - tanad, ¥

I 1% A v a f@ 1 1A 1% 1%
Wuaselinumisia LSJE)G]@Q‘W’]GU‘U']@@TUWGULG]’QiﬂL‘WEJ\‘iLLG]@mﬂ’]%@']ubl,@ﬂ']ﬂ@]'ﬁ']\m'lﬂiﬂaﬂ

Wunlatndwinti femns1ein 3.2

faegne  Tssruuiandediluan 500 wite wnesurlnwes 0.65 d1dpsn1sUsuIwLIDILwn
wosidu 0.85 asmauavesU B eslagldanainaiss
/9
KW = 500x 0.65= 325 Alaing
919919 AAnmnneunnimesdagtiu = 0.65
fiosn1susuidiu 0.85 lumsisvesdneiiefiszyin PF. fiu giidn 0.65
ngeiideulunuunu Y fidn PE. fifsns 0.85 azldaasii = 0.400
KVAR = 325x0.4  Alans

= 130 Alans

newme A1 C Ad1nlaelinssiurwnu1nsguves U Bines auviowain nsty

foudonlinseiuawinuinggiu enadenAmiganivsemndnnled auanumuIza
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PF. Nfiaanns

PF.

G} 0.80 0.85 0.90 0.91 0.92 0.93 0.94 0.95 0.96 0.97
0.50 0982 1112 1.248 1.276 1306 1337 1369 1403 1440 1.481
0.51 0937 1.067 1.202 1231 1261 1291 1324 1358 1395 1.436
0.52 0893 1.023 1.158 1.187 1.217 1247 1280 1314 1351 1392
0.53 0850 0980 1.116 1.144 1174 1205 1.237 1271 1308 1.349
0.54 0809 0939 1.074 1.103 1.133 1.163 1.196 1.230 1.267 1.308
0.55 0.768 0.899 1.03¢ 1.063 1.092 1.123 1.156 1.190 1.227 1.268
0.56 0.729 0860 0.995 1.024 1053 1.084 1.116 1.151 1.188 1.229
0.57 0,691 0822 0957 098 1.015 1046 1.079 1.113 1.150 1.191
0.58 0.655 0.785 0.920 0949 0979 1.009 1042 1076 1.113 1.154
0.59 0618 0749 0.884 0913 0942 0973 1006 1.040 1.077 1.118
0.60 0583 0714 0815 0878 0907 0938 0970 1.005 1.042 1.083
0.61 0549 0679 0.781 0843 0.873 0.904 0936 0970 1.007 1.048
0.62 0515 0646 0.748 0.810 0.839 0.870 0903 0.937 0974 1.015
0.63 0483 0613 0.716 0.777 0.807 0.837 0.870 0.904 0941 0982
0.64 0451 0581 0.685 0.745 0.775 0805 0.838 0.872 0.909 0.950
0.65 0419 0549 0.654 0.714 0.743 0.774 0.706 0.840 0877 0919
0.66 0388 0519 0.624 0683 0.712 0.743 0775 0.810 0.847 0.888
0.67 0358 0.488 0594 0652 0.682 0.713 0745 0.779 0816 0.857
0.68 0.328 0.459 0.565 0.623 0.652 0.683 0.715 0.750 0.787 0.828
0.69 0299 0429 0536 0593 0.623 0.654 0.686 0.720 0.757 0.798
0.70  0.270 0.400 0.508 0565 0594 0.625 0.657 0.692 0.729 0.770
0.71 0.242 0372 0480 0536 0566 0597 0.629 0.663 0.700 0.741
0.72 0.214 0344 0452 0508 0538 0569 0601 0.635 0.672 0.713
0.73 0.186 0316 0425 0481 0510 0541 0573 0.608 0.645 0.686
0.74 0.159 0.289 0398 0.453 0483 0514 0546 0580 0.617 0.658
0.75 0.132 0.265 0.871 0426 0456 0487 0519 0553 0590 0.631
0.76 0.105 0.235 0344 0400 0429 0460 0492 0526 0563 0.605
0.77 0.079 0209 0318 0373 0403 0433 0466 0500 0537 0.578
0.78 0.052 0.183 0.292 0347 0376 0407 0439 0474 0511 0552
0.79 0.026 0.156 0.266 0320 0350 0.381 0413 0447 0484 0.525
0.80 0.130  0.240 0294 0324 0355 0387 0421 0458 0.499
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ANl 3.3

- nsansailnanusazia (Individual Compensation)

- miamé\zﬂﬁmjmaﬂwaﬂ (Group Compensation)

- msam&i’jmw@uéﬂaw (Centralized Compensation)

- NIAARIPIULTIGS
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3.6.1 n1sAnasnlnaaudazsia (Individual Compensation)

[% '
a o ! =

N15ANAIANUITLHDSNLNBALABLAL 1138 N1SANAIADVUIUTLATDILG LA LAER S

A a & PN U aa L4 s o a & = v 14 a § o
A8 ﬂ’]iﬁ]@ﬁ]ﬂﬂiﬂﬁ@‘ﬂﬂ@ﬁ]‘ﬂﬂﬂ’]LW']L’JEJiLLWﬂLG\EJiG]’] ﬂ’]i(ﬂ@lGN"\Nﬁ@ﬂi%ﬂ?ﬂ’]‘(ﬂ@@ﬁ‘\ﬂﬂ'ﬂﬂﬂ"lﬂ

Inanuisiienvlilaldanunasaiia Jsdesiinaiu@meshiviliauudes udazlanadiian

¥

nsananansaanmasiiihasdgluagliiilaunn wasdwiliussiulnihnlvanazu

%

Ay 10N

ldiulnanminvaenngesisawuduazuamesini denmi 3.4

- yibinsewanlvaluangliianas Juilviamaslnihgaydsluaeanas

e
ho))}

2

wagyhliussrunnasesluaganas Usendanisldgunsalaindvunalvg
Joide : fedldaminTmesuazaunsaifnreduiunateye (nsailnsadldluih

naneimnfesUTuUeRiUsEneu)



34

Low voltage

7

Starter

M >
Individual Compensation

AN 3.4 NISARAITIIIAALARLA?

b4 0
v

3.6.2 NsARINNguvasivian (Group Compensation)

msfnssludnuauziazuudnaneendungu 9 vatengy wazhnfinTines
wiaznguiy lun1siensnuiBinesvuinvesnBinesninnsendlidesdinluanyndineg
lungy WasanAfuudunnwesitinfeitesns Fuilranvuinai@nesaslatig
nssewuvildevldidewiadddinignldmnuisdeduiunaiui daudesnisiduedey

Y o w o a =~ 2 v a ' v

wazAIUIZTNOUNIAIAINIUTDIUAI ULUAINEILENUDE LaZN1TUANULUAIAIAIUADINTT
idaadeil dedlivilvien Leading Power Factor insgAniassuananvasinnundinesas

Aull (Undrduseneurdeaviluai Lagging Power Factor) #an wd 3.5

e
®
o))

: yihlinssuailvaluangliihanas Isilvdridelnihagydeluaeanas
wazvinliwsenunnasanluaesanasnie

v = v v a 6 6 1 o dl

Joide : desldninTnesuargunsnidnnediuwiunaisyn wazlvaniiaiedou

P30a89189719 kil wUUDUY



35

Low voltage

¢ 7

Starter Starter

BT

M M C

Group Compensation

d. a g-J/ d‘ U
AN 3.5 ﬂ’]i@]ﬂﬁ]ﬂ%ﬂq&l%@ﬂiﬂﬁ@

3.6.3 msaﬂﬁmwvﬂuénmﬁ (Centralized Compensation)

'
o

N13AnRIAIUNTLARSLINIWNIATATUTIINTIN () MDB) vinlagnsuusauBines

'
o w a

sanlunarayn deuldilleszuviaudeinisiiduadeliad wazdardusnoulineg
v O 4 o Y1 o wa a ) a & a1 a v Y oo v DY) a ¢

TNV MAAIN1a93 BN ANYBIFIANUNTWBST TANNTINNUNGDILY J9AILERAIAIUNTADS
Ague 3-12 ga uagldSiadaunuaialsenauias (Power Factor Relay) vintinfiaee
n1939AFIUTENBUMAY WagAIUANNITHE-Uanfan1U1@wes ievilviafiusenauinged
ANPUNLAGIAT AININT 3.6

Low voltage

}

A—=F—oo—¢

Low voltage load
Central Compensation

a a & ¢
AINN 3.6 ﬂ’]‘iGIG]GNLLUUg]u&Jﬂa’N



36
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uanimilonnmsininszualniilussuvanadusaziigunsalingg Sailmdslinld
U@ Msfinsantmesdianangn
- anmasgadsluangliuazndeudasiiiy fadunisuszndandanului uazan
arufouiiAntulugunsailaifinsneg
- anmluihiiAnannsgayde
- anAdu esnnuniesunnmesi
- yhlsmdoutadinifn anelyl uazgunsallvifin$ulnanlfundy
- gUsendaning s Aniuan i
- fweyinvauiadeniiovgyidsanmsveneiidsnisuaniiin
msieinesaunsaviusslenildunning inngeundnesiulvanuiadimgly
spuuliihfifumdsliihaufisadnides wianunsadiemdsliinguoa dvlduumunn
gunsaflafiirlulussuuliiindsansoldmasini-dueaiiiiaudnesadrduanlaell

foafanasasnda iy wsaunasangla

3.9 msuilumesunnines

nsuily wson1susuugamnesunnwesiiiinnisusendanasauluin nueds n1s
PUANAINIBSUNALADS (Power Factor Correction) Treglutasiinisliiiivun fe fidn
11N 0.85 aetinsrzasyhliidsinihiinislifhdreulidugnlfosnedssansnm uay
Aansgadetiosiian feasvhliszuvrasnmslifianansadelnaliungldsesulfuini
uilasdrusnnudAmnosunnimesazilmninidmuely dadunsgaydendsaulin
Wlnewdsslesdluguesanuiouresnszualifiifideanslégandiund siliaudes
Al azdeddgunsallwiinludiuvesnistiostu nanfevdedlivunveamiioutas

wiosnulalwiy adedifes ansdwazanstoulngdu denini 3.9



40

) )
= ) — — = =
D P |_—_|
wateias wauilag _
NoIADS uoINDS ahFnes

AN 3.9 NSARAIAIUITLHBS LUNITALNILIBSENNLADS

Bn1sUSudsanesunnwesnleuialufie n13AnfIA1UIBRBIAEY (Power

Y v

Capacitor) Whiuszuulni iesnnludsnussndawaziimasgadelusiueswiun egsls

AnunisindeniunBwesidadnfussuulniigu e1evilimiinensueindulussuulaiia
LaZLARLIIFULAUNNR (Over Voltage) AU IRDINATUNRTOUADUTRVUIATILY ATWAUST

[
a o 1

ANAY NABAIUNITHEITTWAzUUInRUNTAlTRafUA1Y

3.10 Uselgwinisuilumasunnimnes

nsvualiihanaailedngs
100 A / seudlndhanaadie

30 A pUwesidnluluems

AseLanIelag

AmUTes

—
! L 1 100 A ‘_‘ _l 100 A
I
@ Tan 60 A I b
@ van
(1) 2vndleldfiandnmes (2) 295iloRnRsrUnBines

AN 3.10 N5ivaveInTealuasAdlamUBweswaria U Tmes



41

NAMA 3.10 (1) alnanRoanisnseid | 100 wouwls wrasdnglni1asmeaaie
n3gual00 wanwds wid1lugus.10 (2) drdemUBmesnaiunsadteuszua IC la 60
wauwds azdunaliunasanglnianenseuaanaaunae 80 woukUs Wit (MSSINAINTELE

#R95UAUNINNBS) nNaNNTEwaanastvinlrlasulselovtivateagna fall

3.11 anAmaslningeyde
Angaydvenauenlaviateaga fsil

1. egedeluanelaliln aanauns

Ploss(1-uin) = 21°R (3-10)

Ploss(a-wr) = 3I°R (3-11)
AYUA
Ploss = Mastnigeyde 1Ouing
I
R

nsenalnilu99s WukeuwUs

v [~4 6
ANUFIUNUlL99s Wulavy

o w

maslnihagdenusiunumnszuaeningdes dnszuaanasnazyinlvinaade

U o

anasfisuiduesidunnaaydodulanaunisn 3-12

PF,

%Cond loss = {1 — =
2

)2} x 100 (3-12)
Tned

% Cond (o, = AIMATNTNERdeluanelihanas [Wuesidu

PF, = WnBsknwasnauUsual

PF, = BSWNAMEIUAIUSUAILAD

f29819 2995INVNETran 80 wauwUs 3-wd 380/220 Tiad wasunawesivinnu 0.7 14
a1l vuNm 50 A5.11. ANENT 100LAT AMUUALRAIAIINAIUNIUNTLWAERU
vasanglwihdaviniu 0.46179 x 10 Tevi/ams SruSuanmiesurnmesidu
0.95 afamAmdstifingaydslumelnihiianas
591

ANAUNTN 3-11



% Cond e = {1 — (o2)2)x100

PF2
_ 1 — (0272
= {1 - (55)*}x100
=4571%

meamaslnihagydeneuuuanmiesurinnesiacail
maalniigeyde = 3 IR

= 3x80°x0.46179 x 10 x 100
= 886.6 1A

o w

, 886.6 x 45.71
mddlwihgaudeanas = —————

= 405 Tad
2. annsagydeluvnainvemdenadlnill anaunisi 3-13

PF,)\?2
Tripss = Culoss{l kT (P_F:) } (3-13)

AAUA A

I o w

Triess = AMAslhaadeluvnainnlioudasianas iWuing

Cliess = Adsinihaadeluraainvdonvasnowusurmesuinaes iuind

Uniengayideluvaainvavidoutas (Copper Loss) nsafisenitamaalningayde
1nnan (Load Loss) azuanuniudiivsiawlad hazAduuiedanilantiondaslaudun

winudeudadldnulivunaridsinihagdedazvdould wmilddaunisa 3-14

kVA ldu o

Cujpss = Culoss,FL X (m (3-14)
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43

3.12 aNAILIIAUAN

1. aneusasuanluans i aunisussiunnldsaunisa 3-15 uag 3-16
VD;_,. = 2I(R - cos® + jX, - sin®) (3-15)

VD;_,., = V3I(R - cos® + jX, - sin®) (3-16)
AR LT
VD = ussausn 1Wuliad
| = aszualrdinluneas Duneuuds
R = anudruyuvesangliin uleviy
X, = swenuaudvasarglnin Huleviy
vizamiduAussuiiisTuioufuussuresssuu il ddeaunisi 3-17
__ kvar x X,

WVat S U (3-17)

2. anAusesuanlurnanvemtolyat AnulsIsuNNuYulafsaunish 3-18

YV = g (3-18)
AnuAbR
VAR = auiavesmidmes Juilans
KVA = uiavesmsewlas Wueie
X, = Suenunudvesasln (Julevi
X; = Suenupudveamdawtas Wulesigus
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3.14 n1531AT1EUNIeN1sHUd mTun1sUTuUgeAn PF
o v <y a ao Id 1 a v a
n1sAuIInaveIn1sUsendaludeandnduegreddunisdadulalunisg
asyuinssm1U1dinastuszuulniiaeslsssu / 91a1s 38nastduisnieild
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msnasegatansuinandie winldgananujianieuldedlufianisiniimie

£%
v A

d‘ v o o o a
afilaainnisuileiusenauiddlninanunsaiansanainnisasmudiail
1% ° a & a fa 1 v
o Q = WA U BLNasNRBUITEUY

C = 991U THB5-VUIA (U / Alans)
i = nsmenle (Sevavmel)

n = 91gMsldnuvesnUidines

a = fMUTENBUNTAMUAENNITA 3-19

OM&A = aldarglunisufifnisinsesneuaznisanfivinuiudosazvosiu

NI

Aetil RuaamuinasU@mesuwnn 311U Q Alas = CQ um

i(I+0)2

0Dt +0OM&A(%) (3-19)

3 LD
CQ [L2+9 somsacs)] (3-20)
fa819 ssnugnainnssuuiailainglvan 3 wla dauuu Y dlnanviedu 2,000 kw i PF
Wu 0.65 a1 a1deanisualy PF 1y 0.90 d1mds 15991u3s A A uily wagas
Uszudadulunistendsnulnidniils 815181108 esuInARRRIN1aNS ag 350 U
deononleRuniesas 7 engmisldnuvesn@mes 20 U
aa o
359

o 1 al [ r-:l' U o 1 Y] o v ad v ‘:’lj
ASANUIAUMIANALAINS NALABIRBLINUSEUUAILSaYLe 2 356t
A7 1 nmseuIn TneRarsantuvaizivianian PF windu 0.65 kaz 0.90 haINasig

7l PF = 0.65
0, = (cos~10.65) = 49.458

s, = 20— 3076.9kVA
0.65

Q; = 3,076.9 kVA xsin(49.458) = 2,338.2 kVAR
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7i PF = 0.90
6, = (cos™10.90) = 25.842
S, = 25 =2,2222kVA

Q1 =2,222.2 kVA xsin(25.842) = 968.64 kVAR

FaunariReaeIrUBmesTiasdadld Winiu 2338, 2 - 968. 64 = 1369. 6 KVAR @4

A5 OLARIANUFUNUS A LLAINT 3.11

P = 2,000 kW

S;=2,222.2 kVA Q, = 968.64 kVAR

S;=3,076.9 kVA Q, = 2,338.2 kVAR

©,= 2584, PF = 0.90
©®,=49.46 , PF = 0.65

A 3.11 anuduiusvesssuuiien PF = 0.65 uag A1 PF = 0.9
357 2 1IN Taansneit 3.2 Fosnsud PF a1n 0.65 18 0.9 gl ﬁa@mmﬂmiwﬁ 3.2
WU 0.685
PUPUIAUITNDS (KVAR) = kW x (ﬁaﬂmmﬂmiwﬁ 3.2)
= 2,000 x 0.685 = 1,370.0 kVAR
Tunsdidonadenldaurdimesaunn 1,400 KVAR
Aldarglunsasu (A1Ansk + 1AAUIBHDS) = 1,400 x 350 = 490,000 UM

(51PN UBLRDSALAIS B 300 U ARANFEART 15 %)

Andualganeysyind = co [““")n + OM&A(%)]

(1+)-1

= 490,000 x 0.1547 = 75,804 U™ / U

= 6,317 UM / Lfau
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A ldinefiussudald
Leflans @ndnsves nnlu.) alssnudeanisldanlaindgeaniiu 61.97 % veq
Alainsigean dndiiuasdeadoailansas 14.02 uwm
G?f\‘l‘liju 61.97 % V94 2,000 kW =2,000 x 0.6197 =1,239.4 kVAR
wazlssuldiiuly =2,338 - 1,239.4 =1,098.6 kKVAR faaidea1ilains 1,098.6 x 14.02 =
15,402.37 UM WABTISIU UA PF udalseuavivaeminland = 968.6 dlaiiu 61.94%

vosilaindaandslidondudn Alaans Juhlvusendaluailans lowiiu 15,402.37

UM
2.7 kwWh Tunsaidnansanainuunaundoklad
AL VRIA TR RIRIAR = 3,500 kVA
Y52aNanIn = 98.5 %
NSTLANNR = 5318 A
NSYUAT PF = 0.65 —4675A
nszuaEd PF = 0.90 = 3376 A
wasugaydelunnuman -08:02
ausnsA i kwh ag = 2.75 UM
LIAINITVINIU = 20 §7lag
Aoty 1 /Wy 1599y = 261U
o 3 467512
mmqagmamaé’ﬂml,ﬂ PF =3,500 x (1-0.985) x 0.8 x [5318] = 32.45 kW
o 4 U \) 337672
AU LFULIDNAIAINN PF =3,500 x (1-0.985) x 0.8 x [5318] =17 kW
AIUNAIUgLHean YA = (32.45 - 17) = 15.45 kW
Andualddnefiussndale = 15.45 x 24 x 26 x 2.75 =26,512.2 UMNALADY
ayUnaiusevdnld
1.A1 kKVAR winfu 15,114 unaewhau
2.67 kWh w1y 17,353 UvsoLnau
SAVNAU 32,467 UINFBLABU = 389,604 UNAal
% d‘ Y] 1 7 a < = 389604‘
HANIIABULNUATUNITMU = HanUsenda/mldinefndusied = 505 = 14

Wumnefadleamu 100 v ldnanauunu 514 ym
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1. nilowlaalnirsulvanlaiiudy n1snnsewaliinfsunilawUasirtanas wiald

ATReS azvilviiaalnin (wike) Musingivdewlasanas mldasaunisi 3-21

1 1
kVA7, = kW x {(P—Fl) -G} (3-21)
MRua LA
kVA;, = aiedndeulaaiefnfsaruamesudl Wuade
kw o = Inanvewsiowtas Wuilading

2. angldSulnanlaiindy wWednaearu1dwmeslursaswazidunalinszualnia
anasazynliiinlnandnluluneaslaan uisluniseanwuueisanvuinaieluinaslaeg

A4unSN 3-22
PFy

12 = Il X{l— (PFZ

)} (3-22)
AUR LA

nszuanauUsuA I knmas Wuwauwls
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a YR ¢ ¢ & &
l, ASEHEANANRIINNTUIUAINILIDILNNLADT LUULDULUS
f10819 uauwdadininvuns 1000 wite elvanduiiis wnasuinmas = 0.80

fusuAnasunwmeasidu 0.90 asmivsienvasazsulvanlaiudnwinlus

KW = 1000x0.8 = 800 kw

A a a s v a a w A v U VY a &£
LBEARANANUNTLADILAD LAADNNUBLURIIZANAY (IW@@V]%@J@LLUaﬂﬁUI@ILWMGUU)

KVA7, = kW X {(PLFI) _ (PLFZ)}

=800 x {(0—18) )

= 111.1 kVA
neme Anedeianasivdewtas@elian 111.1 1wl dazanunsadnlvanuiseiiiuladn

v ® =) [ [ ! [ 1Y
SUWIMTHUFIAUUTEY (MTesuimaiulsey) Wuyavesmhiaiuuseadnlussuy

YU ganelunsamén



48

lagunffad agldlunisundemihaiiuuszquaziegnielumiienudszqlunsas
29AUSENBUNIBUBNTLUU

LY} < a a gj % % v 5 Ly @ = a 5

Aiudsey HY dnsfnfInaeuwds, aeNseusieiiuassuias LV fiiuuseqiin1sinng
Tuthuludenlans (Uasa) lumv Aess fifiudszgenavsiinaaldnanaisuds , dauseuse
SSe LU URIILAY MVisalutuluwdanlane (@dnduies )

dafulszguiensunuigesidugunsaldmsuinuuszgluindiuiuuin wildn

o a A 1

ANEINTaveIRItNsiealdieildnennlaganized1eBadidndn Aausaiiny
AatunsdnBesla o Weoiumiuaunsavessifisusendt fiiulseg

L @ a 5 (Y] 1 Y3 <@
FNNUUTZUNa0UTZLANTUBYAUFUTITURNUTUIU, ANUUTZINITInNaN Lasgy

Y Y

1 1 Y v

[ v Y < = o o aa [V
nyanszuaniudu ludnfvusealigesinindalddnguinduiazasedunn Q +wag-q
AIU g 138N ANTB9EILAUUITIRAZAIIULANAINNIAATUISENINENENINVBIAAY
Uszq
v al a 6 a o < 1 A 1 o 1 a [

n1sldasesunsailuyaiifiiulseqazannansenualuATaYIe8g1u19 WulheIfy
HANTZYIUAINITOU 9 TuuSalndlAes 1WuATeUelnsANUIAL NN9188nT8Y reactance
A5NEININ detuning laearuanandesensiuda naslidunianuduniulesngn
dmsuenslullafinsoeon91n2993

wuRAnTugIuYeIasHamesazinlilunauauesianssuanI udnils wasUas
AoulWLUUAALDBY 9 ANAlWT 2saspasvihmihidulnanuuu capacitive wazUTuUgd

P.F. 9835¢UU



unil 4

NAN1SANUUIUIY

4.1 Unu

unilagnanisdinvesranisnaassgunsalvaermadliisueafiniieniuaum

Usznauds dedsenaume Mamamnsiwes deunisvuiuaiu@nesidngssuulni

e suwIuAUIBmesiingseuuliiih naasansnisvuue@nesidiiuiuiama

3 wla waeyinn1sUuUTn lutunusely

4.2 A15NNaRW 1 mswﬂaauﬁau—wﬁan'lwu'mﬂ'mﬂ%maﬁ%’qgiizuu

o/

3.

ngUseeA
1.
2.

WaAnw AN Tm s
WS UEUANULANAIIYRINISINRBSNOU — UNAINITVUIUAIUNTLHDS
Wingsyuu

WaliuAdIUsEnaunige Tiau 0.85 July

gunsallun1snaaes

1.

uras1engsuliii 3 wa

2. gunsnluaeaasluinTueaiiniionunuiusznaumda
3. wema 1 wla vwn 1 Aladnd

a.
5

1UALMDS 3 Wd 2 1 U9 0.8,2.2 Alained

. vaenlnvun 1.64 Alaind

ANNUTUNITNAADY

1.

bR N

douwnasdrendsnuliinssuaaduanuaingunsalyawermasiniSueniin
WaAIUANMUTENBUAAS

¢ o w = A Y o w1 v s
ngunsalyaweAiaslnihsweaiviiteruauiiUsEnauiae serueines
ATIAABUAIUYNABIVDINIAT
JuiinAmeulaanminesinamasaoulnsa adlun1san 4.1 uag 4.2

A lauAuAlYIe agunan saaes



4.2.1 ManaaesvuunUIBinesidnssuuvaslvanuainasuaziasnli 1 e

SRS
Q0888

A

6608 06

00000 ®

] 1 1 a s v
AMNY 4-2 AN cosO NBUNITVUIUANUITLABDILUITEUU

50



51

AN 4-3 AN cosB NAINISVUIUAIUITHDSITNTEUY

M1519N1 AR 1 JuiinA1aniiinesneu - vidwiogunsaliduawes 1 la

(3

uaLnas 1 wd + vasaln 1640 a6

L1 L2 L3 total
oy WA fiou WA oy WA fiou WA
\% 233.4 231.1 - - - - 233.4 231.1
| 14.04 12.33 - - - - 14.04 12.33
W 2592 2548 - - - - 2592 2548
VAR 1840 1126 - - - - 1840 1126
COso 0.5 0.929 - - - - 0.5 0.929
VA 3241 2863 - - - - 3241 2863

a ! a 6 1 v 1 & v L4
M99 4.1 ﬂﬂﬂ?ﬂllLG]E]iﬂEJ‘L!-‘ViaQW@QﬂﬂiﬂJL“U’m@Lﬁai 1 la




4.2.2 MsnaaesvuunUIBnesitiissuuvedvanuainas 3 wa

=0 g S L -
et o T YT

AT 4-4 N5IUUANUNTHBSIINTEUUBaALBLIBS 3 wWid

i o S s S B5

)

P 1 1 a s v
AN 4-5 AN cosB NBUNITVUIUAIUNTHBILINTTUU

52



5 56 e 66
9888 Q8Q

AN 4-6 AN CosO NAINTVUIUANUIBLADILUNTEUU

53

=] o 2 a S 1 o ¢ v s
MN1I19N1INAABDIN 2 Uumnmmnumainau—waamaq‘dnimwmamai 3 e

UaL993 3 Wd

L1 L2 L3 total

ow | was | nau | wae | fAou | a9 oy nag
V 237.4 | 237.3 | 2357 | 2358 | 2349 | 234.2 236 235.8
| 2772 | 0.564 | 2760 | 0.582 | 1.548 | 1.680 2.360 0.942
W 184.2 63.0 187.2 33.6 142.2 42.0 514.2 96.6
VAR 627.6 94.8 621.0 | 106.8 | 337.2 | 388.8 1591 592
COsSO | 0.294 | -0.537 | 0.297 | -0.29 | 0.378 | -0.108 0.308 1.0
VA 6258 | 1326 | 646.2 | 133.2 | 363.6 | 394.8 1665 661.2

A13197 4.2 Ananmeineu-nawegunsaliiiuenes 3 wa

INNANITNAADINITT 4.1 wae 4.2 nafildiluluaiugauszasdvaaniseanwuy

gunsnlvaerIidaliinsueaiiviitoniuaufiUsenoumds A1 cosd noun1suuIuAIUIg

c v d‘ ! 1 a ) 1 d‘ Yy é ! 1 ! a s 1 a0
WeasNsEuUioaneA1sweniin AflaRemINIT 0.85 FIUATNTIINUADINNUAEN




54

'
[

WSIEAT cos NATA1MINIT 0.85 vlrandsindnagdsluszuuiiuin aAmisdmes

y v

a1 A

! = o PN a s v A o o = =
A9 3ediA1fas naeInvuiua1UIBwmesididseuy WedteAridelniSuaaiin
AMNNSIRLADIAIIATANAY LWUAINTEIE ANAEINTN LWs1zAT cose AladiAInndn 0.85

dsnatrnnaalndirlussuuienuaiesniwunnduy

4.3 @3UNaNITVNAADY
Pndlanegeunsyawemmasliisueaiiviiiomuaudiusenauiids wanlade
AounsrwIY AMUIBwesidszuumuladnAnssuatugs A1 cose Aas WAndIINTIivuIy
AUNTRESIUNTEUU ANSELaanat A1 cosd gt yihliAldinganasuasliderldineiy
PnNsAAIIIeSUIAWesAINT 0.85 Bnde 3nTiieaeuIziiudl AUIBwes a8y
o A - o = < o § v ¢ o w = =
wALAEY Weasnvanfidwmeassvuindn vl gunsalyaeriidslniisueniiv

[ (3 a a
Mauliliiuuszansan



unil 5

n1sajunasuIdedyninasvaiauauy

5.1 unin

TumsdmigunsalvamearidslinGuoafiviiieaueuinuszneudids annso
agunansAduanldwsd

5.2 M3asuNan1sivy

5.3 asunanisidy

5.4 Jgn139nasnelaseeny

5.5 YalaAuDLUY

5.2 nsagUnanisIve

lun1sdpaielassnuduisuannissiusdeyaiieliuaminesuames a1an

'
= o

waswamastuszuulninaazdwarinlissuunisneluidaunina s wazden

9

a =

e s O ' ¢ o [ £ = 1 Y Y o
LW']L"J’Bﬁ‘LL‘V\IﬂLﬁl'ﬂﬁ‘(ﬂ’]ﬂ'ﬂLﬂm%%ﬂ’]ﬁlﬂﬁ’]ﬂ’]ﬁu@ﬂﬁ]%@]@ﬂLﬂﬁlﬂﬂeﬁ’iﬂﬂL‘Wll ﬁ]ﬂl@ﬂ?ﬂ’]iaaﬂLLUULLﬁz

a s

nsAafagUnsal wiaunusEnauuwiMmeaeaInyiUTyyinus

o

5.3 @3Uuna

NNaNITNeass MaUieuiisuszninsamsiimestsifanazdisreaindines
sutulgngasiivinissneasueafivmnesliiussuuliih Anssualuih Adslnd
AFuondiimines avilrigailesanniueaiindinitiidmun wazsinlviaicosd daradly
de leldRndsgunsaivairerifidsniiGueafiviitemunuiauszneuindadlulussuy
il Arnszualndin afdslii Armdslndiduenfinmives szanasuazaicosd sz
gaudelmulumufinslihfmusdasesdalaisng0.85

N5lATEUUTALTEAISLEATINURISEUUABULYTALaSAUITABSVINNIU HAN1TNIAADY
fildAeszuvasulnsaleiaBinosazAuinmAsLoafivinnesifegluszuulning
fosnsldanu WeszuureulnsamesAwina s weafinmneslaudazinsne

Iy v

ASuaARNAA LRz aNfuAISLeAT A Ao N Tt ussuU W a1A U T easaldun 1 94

sundslansolindeuldnuszuumuaursulnsaassmiBmesiazonaifiunisvinny

'
v a

S1UN 2, 3, 4, 56as 6 AUA1RU BaiureInURwasUaviaun 6 awdu



56

szuupsulnsaesmBnesazisenazueninegisos aunaifidsliaunitesiiafivves

AUTmasniauldanuiialilaaiswaniniiiewasalussuuluin

[ 174
5.4 Jgynin1sanainelaseenu
Ygyminisdnasnalaseuae mMsmlnaaunaasaieduiinuanisnaasunsizlvan
mlunldlutagtuiiinnifuningunsalsaweamaslninsueafiniitoniuauiiusznaunas

130 Tgmuramesnaninisldanulutagdu

v
5.5 vaiduaue
lun1seanuuuyngunsalvaseAiasliinTueafiniieatuauiiUsenaufiae iy

° I = Y A A o ¢ |
ﬂ?iﬂqu’JMﬂ']ﬂqiLL@ﬂWWG]']llﬂ:]r]llmaﬂﬂ731u33UU1WﬂqLW@WLir]‘r\]guqaqﬂﬂﬁmsﬂﬂlfﬁﬂﬂq

(%
o A

masininsuomiiniioniugudilseneumasluserdissuuidsnouieasladngagunsails

)

ANUAINUADINITVDITEUU



UIUIUNY

n1suFudsedausznaumdslniuazisnisaauguadudasnisnaslnigesga.
(isngUifiast). [ooulard]. duduile 15 furaw 2558, ihislsann
. http://www.ee.eng.cmu.ac.th/~kasin/Courses/252282/TouTod.pdf
nsyaeiaUsznauiddluin.  (dusingifus). (eeulad]. dufude 18 funaw
2558. 1109lAa1n : http://eng.rtu.ac.th/ESD/ch12.pdf
n1sungesnendelasfiuPowerFactor CorrectionCapacitorsfagin3asiiaThermal
InfraredDetector. (LiusingUifamt). [oeulatl]. Audu 19 furau 2558,
Wielaann ;- http://www.thailandindustry.com/guru/view.php?id=
14610&section=9113
n1sUFuUsANPowerFactorluszuulnfingaeCapacitorBank. - (lsiusingUifism).
looulat]. @uAu 15 JuiAn 2558, W1Helaann : http://tescontrol
.igetweb.com/index.php?lite=article&qid=42176996
nsUsuUgeUsznauidswaasadldluiineluthu. (2552). [eeulatl] duduile 20
funan 2558,  Wnelaann : http://www.ecpe.nu.ac.th/niphat/
ProjectStudents-Year2552.htm
%’aﬁ"uaan'ﬁﬂ%'w‘gam PowerFactor&Capacitor ﬂﬂiﬂ§uﬂ§~1 PowerFactor.
(aiusng i), [eaularl]. Fufuiile 20 dutay 2558, hialdann :
http://www.pitigroup.com/trick/pdf/01 01.pdf
ArsiausEnaumaslnii(Power Factor : PPuazdsn1susulserndtusznaumaslni
Wadu. (slusngdiifud. [eeulad]. duduile 18 flureu 2558 Whdsldann
:http://www.mea.or.th/profile/index.php?l=th&tid=3&mid=269&pid=110
aUBimas&anluiing. (2550). [pevlat] Auduile 20 durau 2558, Whisldan :
http://www.itm.co.th/Literature/Capacitor_and_Harmonics_Part3.pdf
AilogsuRiaveusundnu@IAg) (2553). seuulniinmas. duduile 20 funay 2558
WRsl@ann https://cdn.fosbx.com/hphotos-xpal/v/t59.2708-
21/11153960 904949462898829 350790885 n.pdf

m Bungd. 2554. mrsdeuazdtemaslui. nsunn : Bdnendu,


http://www.ee.eng.cmu.ac.th/~kasin/Courses/252282/TouTod.pdf
http://eng.rtu.ac.th/ESD/ch12.pdf
http://www.thailandindustry.com/guru/view.php?id=%20%0914610&section=9การ
http://www.thailandindustry.com/guru/view.php?id=%20%0914610&section=9การ
http://www.faifadd.com/articles/42176996/%E0%B8%81%E0%B8%B2%E0%B8%A3%E0%B8%9B%E0%B8%A3%E0%B8%B1%E0%B8%9A%E0%B8%9B%E0%B8%A3%E0%B8%B8%E0%B8%87%E0%B8%84%E0%B9%88%E0%B8%B2%20Power%20Factor%20%E0%B9%83%E0%B8%99%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B9%84%E0%B8%9F%E0%B8%9F%E0%B9%89%E0%B8%B2%E0%B8%94%E0%B9%89%E0%B8%A7%E0%B8%A2%20Capacitor%20Bank.html
http://tescontrol/
http://www.ecpe.nu.ac.th/niphat/%20%09ProjectStudents-
http://www.ecpe.nu.ac.th/niphat/%20%09ProjectStudents-
http://www.pitigroup.com/trick/pdf/01_01.pdf
http://www.mea.or.th/profile/index.php?l=th&tid=3&mid=269&pid=110
http://www.itm.co.th/Literature/Capacitor_and_Harmonics_Part3.pdf
https://cdn.fbsbx.com/hphotos-xpa1/v/t59.2708-
https://cdn.fbsbx.com/hphotos-xpa1/v/t59.2708-

o

5%y A3dNna. 2550, MIEULsAnRIazILIRAUNBImaS LRIz auINDRE
gudeluszuudwnglnfmdauismilfennulidudaduvesivanlaslas
nguaynia. Jenfinusarvimnssuliin aoduwelulagnsgasmnainssuns
wile.

yayiBu guing. 2549, Msa¥rauaznadeuUssansnmyatinausy (Fas nsUTuugesn
wssunAwas. Jurdnusarvienssulii aordumalulagnszaunainse
uAsWile.

Jaymannmmeidalni. (aivsngdafud). [eeulatl] duduile 20 fuau
2558, 19181461970 : http://www.wp-capacitor.com/index.php?page=
articles

szuurddludn.  (ldusngTafusi). feeuladl]. duuidle 15 funaw 2558.
Wnsl@ann : http://www2.dede.go.th /bhrd/old/Download/
file_handbook/Pre Fac/Fac 6.pdf

szuuTremasiniin(Power Distribution). (lsisingTifia). [eeulerd]. duduile 15
furpu 2558, 1dsle 990« http://www2.dede.go.th/bhrd/old/web_display
/websemple/Industrial(PDF)

Power Factor (PF.). (lsiUsmng@iifian). [ooulayl]. dufuile 15 Tunay 2558,

WRsleann : https://cdn.fosbx.com/hphotos-xap1/v/t59.2708-21/11168249

904949366232172 953944400 n.docx


http://www.wp-capacitor.com/index.php?page=%20%09articles
http://www.wp-capacitor.com/index.php?page=%20%09articles
http://www2.dede.go.th/
https://www.google.co.th/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0CCUQFjAB&url=http%3A%2F%2Fwww2.dede.go.th%2Fbhrd%2Fold%2Fweb_display%2Fwebsemple%2FIndustrial%2528PDF%2529%2FBay36%2520Power%2520Conditioning%2520or%2520Supply%2520Quality.pdf&ei=3rbNVOOKLYaB8gXwuILwCQ&usg=AFQjCNEoYSj6IP1CycWpvewbH5xY9A1MPA&sig2=gAPly9cR4tATxPHx8nT_Yg
http://www2.dede.go.th/bhrd/old/web_display
https://cdn.fbsbx.com/hphotos-xap1/v/t59.2708-21/11168249_

NIARNUIN N



2018 HKCBEES KITAHIROSHIMA CONFERENCE

Tips: The schedule for each presentation is for reference only. In order not to miss your presentation,
we strongly suggest that you attend the whole session. Please arrive at conference room 10 minutes
before the session beginning to upload PPT into conference laptop.

Session 1

Afternoon, August 28, 2018 (Tuesday)
Time: 13:00~15:00
Venue: 3201 (Building 3, Second Floor)
Session 1: 8 presentations-Topic: “Power and Energy Engineering”
Session Chair: Prof. Wallace C.H. Choy

G0019 Presentation 1 (13:00~13:15)

Adaptive Harmonic Current Detection Implemented by Using Digital Signal Processor
Sakhon Woothipatanapan, Chanchai Prugpadee
Rajamangala University of Technology Phra Nakhon

Abstract—This paper aims to develop an efficient method for accurate detections of harmonic
current distortions in power system for control of an active harmonic filter. The adaptive noise
cancellation theory was originally developed for noise signal processing is applied for this
control for active harmonic filter. There are many algorithms for adaptive noise cancellation,
which lease mean square algorithm and recursive least square algorithm are most used. Since
recursive least square algorithms is more effective. Therefore, this research has carried out a
real time implementation to detect harmonic current distortion in power system by using
digital signal processor kit TMS320C6713 for the adaptive harmonic filter.

G0020 Presentation 2 (13:15~13:30)

Impact of Capacitor Placement on Medium Voltage for Improve the Power Factor
Nattachote Rugthaicharoencheep, Chatpong Boobpa
Rajamangala University of Technology Phra Nakhon

Abstract—This paper presents impact of capacitor placement on medium voltage for improve
the power factor value to AC motor. In present, the electrical power system has focus on
improving the Power Factor significantly because it is the major key to increase or decrease
the applicable expenses. The power system that has low power factor will have a lot of loss to
system, especially when electrical voltage is on voltage medium. When power factor has been
adjusted, the system can take more loads and electrical power loss is decreased. It also
decreases voltage in power line and decreases electrical bills at the same time. This article
presents the theory to analyze data from motor that needs to adjust a power factor so that it
pass electricity authority standard by considering the efficiency of the motor so that the
consumers do not have to pay the penalty of the power factor value differences to the
Electricity Authority. Furthermore, it can help decrease the bills of unstandardized electrical
power which occurred in the system and enable the system to take more loads at the same
time.
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Abstract: This paper presents impact of capacitor placement on medium voltage for improve the power
factor value to AC motor. In present, the electrical power system has focus on improving the Power Factor
significantly because it is the major key to increase or decrease the applicable expenses. The power system
that has low power factor will have a lot of loss to system, especially when electrical voltage is on voltage
medium. When power factor has been adjusted, the system can take more loads and electrical power loss is
decreased. It also decreases voltage in power line and decreases electrical bills at the same time. This article
presents the theory to analyze data from motor that needs to adjust a power factor so that it pass electricity
authority standard by considering the efficiency of the motor so that the consumers do not have to pay the
penalty of the power factor value differences to the Electricity Authority. Furthermore, it can help decrease
the bills of unstandardized electrical power which occurred in the system and enable the system to take
more loads at the same time.

Key words: Capacitor placement, medium voltage, power system, power factor

1. Introduction

The system has a low power factor will result in the ability to power down the transformer. Because of
the power transformer to be offset by the power loss that occurs within the system. If the ability to supply
power to the load of the transformer is almost full. You will not be able to power the electrical load has
increased. Although power the address will not be filled. Moreover, in cases where the electric wires are
very long. It will cause electric currents in power lines has increased. And heat in a line up. Result in the
power loss. The size of the current squared. And, most importantly, power users will want to add to the cost
of electricity.

A fault occurred in the electrical system is causing the change in voltage quicker. The voltage of the
electrical system was distorted from the original. The fault of the power system can be classified into
several types based on birth. Timing and magnitude of changes in voltage or current. Such as a power
outage over voltage drop over current in power systems to improve the power factor is particularly
important. As a result, the costs increase or decrease. Power system with low power factor will be lost in
the system. Therefore, the equipment used needs to be larger. Making the cost of capital equipment
increased. Therefore, to improve the power factor is high, so there is no need for office buildings and
industrial plants. Want real power and reactive power. In order to work



From the above reasons, the need for improved power factor, voltage stability of the power system when
it is supplied to the load. Thus prepared, therefore, to design a device to compensate reactive power to the
power factor control. To reduce the voltage in the power system allows the system to load the real power

even more.

2. Power Factor

In power systems to improve the power factor is important. The cost is increased or decreased. Power
system with low power factor. Power factor correction with low power losses. The devices require larger. To
improve the power factor to a value higher. Are essential to power system. This power is consistent with the
real power and reactive power. Improving power factor, Is to improve the power factor to values
approaching 1.0. Is to reduce the size of the active power, reactive power appears to have coincided with the
real power. In practice, most of the load will feature a mix of resistance inductor. Is made current lags
voltage. The Power Series Active in common, it is often a source of reactive power inductors. When
considered as a whole, you will find that the power of the reactive capacitance. The overall system power
factor is low. To improve power factor by the capacitor in parallel with the load or source. So the reactive
power of the power of tough against capacitor. As a result, apparent power decreases. This principle is to
improve the power factor by adjusting the reactive power. For the apparent power a similar bundle into real
power. Power factor value that is equal to 1.0. The best of power quality. Reduce the power loss.

Q
l Ic l IL N

Ac@) — Z| Load Q

Fig. 1. Connect a capacitor in order to improve the power factor value.

Improvement of power factor compensation. From PF; to PF; Can calculate the coordinates of the
capacitor unit in reactive power from the equation as follows.

PE, :k—W:cosel ,PFzzk—W:cos()2 1)
KVA, KVA,
Q Q
tanf,= Pl { tan@zz?2 2)
Q,=Ptan6,= kW x tanf, (3)
Q,=Ptan0,=kW x tanf, (€))

Therefore, the size of the capacitors from

(kVar) =Q,- Q,=kW tan6,- kW tan0,

)
=kW (tan0,-tan0, )



Using the table 1, which is the value in the table tan 01 - tan 0; for calculating the size of the capacitor?
(kVar) As if want to improve the power factor from PF; = 0.85 up to PF, = 0.95 Results tan 61 - tan 6; =

0.291
Table 1. tan 61 - tan 0 for calculating the size of the capacitor
tan 02
08 085 09 091 092 093 094 095 096 097 098 099 1.00
0.80 0 0.13 027 029 032 036 039 042 046 050 055 061 0.75
0.85 0 0.14 0.16 0.19 023 026 029 033 037 042 048 0.62
0.90 0 0.03 0.06 009 0.12 0.16 0.19 023 028 034 048
0.91 0 0.03 0.06 0.09 0.13 0.16 021 025 031 046
tan@; 0.92 0 0.03 0.06 0.10 0.13 0.18 022 028 043
0.93 0 0.03 0.07 0.10 0.15 0.19 025 040
0.94 0 0.03 00 0.11 0.16 022 0.36
0.95 0 0.04 0.08 0.13 0.19 0.33
0.96 0 0.04 089 0.15 0.29
0.97 0 0.05 0.11 0.25
0.98 0 0.06 0.20
0.99 0 0.14
1.00 0

3. Design of reactive power compensation

Design and assembly of reactive power compensation device to control factor. Consider the strength
and the safety of the user. The layout of the design is shown in Figure 2.

Design of structure.

v

Design and construction control

display.

v

Design of generating set.

v

Create a set design power factor
adjustments.

Fig. 2. Diagram of work.



4. Equipment

— Capacitor compensate the reactive power in the circuit it uses a capacitor size 0.83 kVAR the 3 in
electrical 1 phase and 2.5 kVAR the 2, 5 kVAR the 1 in a 3-phase electrical system.

— Magnetically's contactor is used to cut the capacitors to improve power factor.

— Fuse size 4 A surge protector helps in making electrical equipment damaged

— Current Transformer size 30 / 5 A used in measuring current in the circuit to control factor is know in

RG3-12C control factors are accurately.

— Circuit breaker 30 A size used in editing main power into the circuit power factor compensation.

— Selector switch used to compensate power factor up both automatic and controlled by the individual.

— Pilot Lamp used to display the status of the capacitor compensation value is in electrical assembly

— Power factor controller model RG3-12C used in processing and improve the power factor of a power
up automatically. The input parameters to control power factor can precisely.

— The compensation capacitor if the capacitor that is too high may result in a power factor of 1.0 and
may outweigh the potential damage to equipment in the power system. The revised power factor
capacitors are required on many measures calculated to select as appropriate. By installing capacitors

in series to improve the power factor is used. And a circuit diagram showing the overall improvement
of the power factor in this article are shown in Figure 3.

Controller Connection Capacitor Bank

S\ Controller RG3-12C

-~

.
H

i
i
L]
i
L
!

Indicator Lighting

Install Capacitor Bank
>

Fig. 3. Control components and power series

5. Case Study

Connect the three phase AC power supply with Equipment to compensate the reactive power .To control
the power factor. Examine the accuracy of the circuiting input the parameter to the power factor control
RG3-12C. Then connect it to the test load. In this improvement, the central capacitor installation was

implemented as it was automatic easy to monitor and record the result in the table. Bring the value to the
conclusion of the research.



CT(MV— — — — — | Power Factor | _
3 O

Controller

k1 | k2 [ k3 |—| k4 | kS | k6 |
| | | | |
| | | | |
—_) —_—— —_ e —_ ] —_ — — = — = e = — =
Cl=—/= C2=— C3=——= C4— C5=—= Co=—
N

Fig. 4. Circuit of series improve overall factor.

Table 2 Value from the meter before / after the equipment into the motor 1 phase.

-1phase motors and lamps 1640watts.

L1 L2 L3 total
before after before after before after before after
\% 2334 231.1 - - - - 2334 2311
| 14.04 12.33 - - - - 14.04 12.33
w 2592 2548 - - - - 2592 2548
VAR 1840 1126 - - - - 1840 1126
COSse 0.5 0.929 - - - - 0.5 0.929

VA 3241 2863 - = - - 3241 2863




Table 3 Value from the meter before / after the equipment into the motor 3 phase.

3-phase motors

L1 L2 L3 total

before after before after before after before after
\Y% 237.4 237.3 235.7 235.8 234.9 234.2 236 235.8
I 2.772 0.564 2.760 0.582 1.548 1.680 2.360 0.942
w 184.2 63.0 187.2 33.6 142.2 42.0 514.2 96.6
VAR 627.6 94.8 621.0 106.8 337.2 388.8 1591 592
C0S6 0.294 0.537 0.297 0.290 0.378 0.108 0.308 1.0
VA 625.8 132.6 646.2 133.2 363.6 394.8 1665 661.2

The results in Table 2 and Table 3. The results are in accordance with the purpose of designing a
device to compensate reactive power source. Seen that before power factor correction capacitors in parallel
to the system to pay for treatment active is lower than 0.85, including parameters were higher. Such as
electricity and real power. As a result, the power loss in the system is high as well. But after the parallel
capacitor Log in to power compensation active.

6. Conclusion

This research paper presented to compensate for reactive power control of factor with parallel capacitor
log control. From the comparison between experimental results before compensation reactive power The
factor is in the system is lower than the standard limit is lower than 0.85 but when the compensation value
of reactive power control used for the show that is value is based on a standard is higher 0.85 or above.
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Abstract

This paper is presents power factor correction by reactive
power control technique, which using the suitable capacitor for
connected in parallel to the power system. Record the relative variables
to power factor controller RG3-12C for select the best appropriate
capacitor. Reactive power from the optimum capacitance will be able to
the most compensate the reactive power from the inductance in the
power system. By using a central capacitor bank installation for
automatic control or manual ang easy maintenance. The proposed
power factor correction can make the power factor from 0.85 (less than

satisfactory) adjusted up to the nearest 1.0.

Keywords: Power Factor, Power System, Reactive Power, Real Power
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Abstract

This paper are present of the power factor. The objective is to
study of improving the power factor. Using techniques adapted taking
into account the reactive power source. In the case of the capacitor
bank to improve the power factor in the power system In this case
study the conclusion is to improve the power factor of capacitor bank
this It results from the that power factor the substandard is 0.85 that
can be adjusted up to the nearest 1.0 actually

Keywords: power factor, reactive power ,real power,power system
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