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ABSTRACT

This research presents a practical approach to electrical energy conservation
through optimal conductor sizing in branch circuit design. The study systematically
evaluates the influence of conductor cross-sectional area (CNA) on power losses,
thermal performance, and lifecycle economic feasibility. Experimental case studies
were conducted using IECO1 (THW) copper conductors under two load conditions:
Case 1 (22.4 A) and Case 2 (29.6 A), with an installation length of 20 m (40 m round-
trip conductor length). The results demonstrate that selecting a conductor size one
level higher than the minimum requirement specified by electrical standards
significantly reduces resistive power losses in branch circuits. Power loss reductions
of 38.94% and 39.58% were achieved in Case 1 and Case 2, respectively. In addition
to electrical loss mitigation, the average surface temperature of the cable sheath
decreased by approximately 9.1-9.8 °C, thereby mitigating insulation thermal stress,
reducing degradation rates, and enhancing operational safety. From an economic
perspective, lifecycle cost analysis confirms the financial viability of the proposed
Energy Efficient Sizing approach. Case 2 exhibited a maximum Net Present Value
(NPV) of 7,546.91 THB and an Internal Rate of Return (IRR) of 193.80%. Both case
studies demonstrated short payback periods ranging from 5.4 to 6.2 months,

indicating strong investment attractiveness. In conclusion, the findings validate that



optimized conductor sizing for branch circuits, based on the Energy Efficient Sizing
principle, represents a technically simple yet highly effective energy conservation
strategy. The approach offers measurable reductions in energy loss, improved
thermal reliability, and favorable economic returns, making it suitable for integration
into building electrical system design to achieve sustainable long-term operational

cost reduction.

(Total 108 Pages)
Keywords: Sub circuits, wire sizing, energy conservation, net present value (NPV),

internal rate of return (IRR)
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Lwi%damaaiaﬂ’rﬁamawaﬁwa‘”&ivxlﬁqugﬁaaeiwmnLﬁaqmﬂmzualw%’nﬁuﬁaLLUi&Jﬂﬁwé’q
GRR

4. Usingnisainnseia (Skin Effect) Usingnisainisiafeanzfinssualniihadud
AMITLIUUIRMATeithasnuTnununans dwalviuiindndnlsyAnsuaanas
wazAIANNATUNIUNTELEITNESY (Rye) HAngendnanumuniunseualniinnss (Rye) lne

ANNENURsRTinseldlva (Skin Depth: ) @1unsaA1uiulaain:

2
NS (2-4)
W

Tneii:
p A9 ANUAUTIUTUNILVRIRLN (Q.m)
A d‘ a
w AD AN (2nf)
L Ao AIAINTNYIVLILMEAN (Permeability)

LAZENTIAIUANUAUUNLTUEHNTORTANANAMITITN DT X -

RAC = RD(; 1+ yS) (2-5)

£%
= 1

(lne Vg Ao Skin Effect Factor FsuagiuruIaniinfnazAImug)

Y



WNEMAIINNTIATIEN: dnsunisnaaeuluruddeldsldaslniauiadn (ladnu
6 713.4131.) 1AUD 50Hz A1 Skin Depth YewBIwAsALagNUTEIM 8.5 mm &1 1nndn A

a0

maqaw"LWﬂ’lmmiﬁu Fathunaves Skin Effect Seflantiosunn (ndiAea 1) us

1 QJ o

idedanadonly
AN Rac mﬂmiwmmgmt,wammLL:JuﬁﬁgjﬂfjmiumﬁLﬂiwwwé’qmuq@aa

5. :mmsgmmsamé’?ﬁlﬂ/\lﬁwﬁm%’umwﬂwEJ (F@m. 022001-22) 11MTFIUIAINTTUADY
wisUszinelng (an.) fmuafidanisnunszuarasanglnfinlaediufinuvasasedielyily
auudemeainanuseuiu 70 ssrmwallua dwsuans IECO1 agalsAnu mmmu‘ﬁlﬂu
"nagdud’ Gomnfinsldeilnanseiiewnuin nMsidenaevunelnandinasiiinun
JeEanusIiunn (Voltage Drop) wazifinuseavsnmlunisussndamdsnuldfingd

6. WUIAANITIATILMLTUATYIANENSIAINTIY (Engineering Economic Analysis) Tu

a a = £ A = o & v a €1 ya A
ﬂ’]iWﬁ]'ﬁm’]La@ﬂﬂu’]@ﬁqﬁllwmqwaﬁmeﬂULWaaﬂﬂﬁ’]ﬂ%wlﬂ&] AUUUADIILATIZIIN "WHUNNY

(% o
Yo Au LY

wialudull! Aueniu "arlnivsendalalueuian viseli Tnglddwiananasil:
6.1) yaA1UaUugns (Net Present Value: NPV) ABn1sfuasNasIduednszua
Juan (Fuivsendald) Tuudasd udr@nan (Discount) ndvunduyar1tagdu e

=) I U a d’l’ ¥ ! 1
WisuieuiuRuamulewy (@usesiaaigli)
(2-6)

Tnen:
CF, fin nszuanuanansluwdasl (Alninusendals)
N ) a . A @ L v oa
i A8 9731ARNAA (Discount Rate) #1798/ 1MDNLUYR198Y
n  fg 91eNTNUTasTEUUlNin (Wu 15-20 U)
Iy, fe Juanudiiiy @usnsieanats 2.5 10u 4 wie 4 10u 6)
NAAARAL: 10 NPV > 0 kansinnisasyuiiinvinaaisniiaauuen
6.2) onsmanaunun1ely (Internal Rate of Return: IRR) Aadns1ARAANYINLA

A1 NPV wirfugud viioilusgnananauunuiluiasiveansaull

0= Zt 1m I (2-7)



nTdRAL: Mnan IRR fidiuanld 'geandn’ Sesnendoiuiviesnsmanauunud
AN wansinsasuiuals
6.3) izammﬁunuﬁﬁ@am (Discounted Payback Period) 1unismszaziian
@) finssuatiuaniy @anyariagtuuda) wsshduiiuamudosiu Susudiniinisia
kUU Simple Payback WeEfin1sanSeduniunal (Time Value of Money)

7. Mufn15vinnureuAIsInIuANmasliia (SCR Phase Control) LATa4AIUAN

1%
o

Maalnfinuuy SCR (Silicon Controlled Rectifier) ldlunuidglvihnuiignannis n1s
ATUANNURAYLIU (Phase Angle Control) Fndun1smuauusunamasnulninfisglugs

nandnwes nanisingnaduussuliihnssuaaduluwsaslufa

Load voltage
o | : L / ;
>—;l—0—’|
\\ Cbnduction angle y AC Iinevé:age
Trigger angle
(a) High load power with small trigger angle and large
conduction angle
‘ Load voltage _
: [\ l\ [\ A I\ h
§
o
=
a |0| 3 ke ' / ;
AC line voltage
Conductlon angle s
Trigger angle
(b) Low load power with large trigger angle and
small conduction angle

AR 2-1 dnvairsuafunsaiulniihvesnismiuAuLuy Phase Angle Control

(Electrical Academia, 2022)

Y

NaNN159119UAB SCR agisuinseuallalasuduauiad (Gate Trigger) i 3ul

Avue (Q) wazazngminTzuailousanugnAduNIUgaAud (Zero Crossing) NMIUTuyy o



ihliAussfuiade (RMS Voltage) Agliiulvaniuasuutasly dwwalvamnsaniuau
nszuabitih (1) WeafinudidesnismeaeuldessasBonuazuiug

8. nann1Tinnszuanlendauwlasinnszua (Current Transformer: CT) nilauUasin
nszua (CT) Wugunsaliiliuvasnszudlulinidengsluamedni (Primary) Bhidunszualudi
A6 (Secondary) Ll alWmnzaunazUasniason1singae Disital Power Meter lned

[

Y &
NAaNNITAIU:

Main Primary
Conductor

Hallaw Cone

Prirmary
Current

'n’l.fm'mng

Conatrnuction

NN 2-2 LHURILEAINENNTYIIUT BRI BUasInNsEua (Current Transformer)

(Electrical Academia, 2022)

8.1) dn31dun13uUas (Tumn Ratio): NzUanIRIUNRETIEUUSHUAMTINIY
SOUVDIUAAIN WU M58 100/5A MNuN8MINIINTEhalnarIuaIefitl 100A asdnseud

29n31n CT 5A

a v

8.2) MNNWLUEN (Accuracy Class): Tua1uIdedl

a

15119 CT AdA1AINY

=

a (l: dl' ¥ 1 = 1 dl' A

HANAIAA LD IANAA19UDY Piy 488 Py IANUULTDODNER
8.3) Phase Error: 118991071590 Power Loss 81@8AMNSUNUSIENINUTIAU

wazNsELa (Phase Angle) M5ld CT JuULAEIAUNIAIUAUNILATUA1EN199EYI8aAAIY

AanALAdRUBe (Phase Shift) Tunisduaaniddluiih (Watts)
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9. SEUUMIINNITTeyauazgaNds Metasys Tuan3deilldsensus Metasys Jadu

STUUNNTIANI501A59MLUITR (Building Automation System: BAS) viwtndiidudanaialu

[

NM3UIMIIANTSUaya (Data Acquisition) agdiunuinvwaneiail:

A 2-3 JURUUTRNALS Metasys

9.1) miﬁaa’lﬁaga (Integration): Metasys 9z\oumonU Data Logger %30
waedinnulusinmeadoasuInsgIu (Wu BACnet ¥38 Modbus) LBAIAINNTIEND NS
Llfi191n Digital Power Meter Misaa4n

(%
(Y =3 1

9.2) mydunindeyaluusieilas (Trending): wewlAwIsgnasAlvituiind (Trend
v o w oA Y @ a =
Log) Nszud, k39U wazmaskui vne 5 wiil weliiiunginssuanugadonaen
szeriIal 8 Taluvesnisnaaey
9.3) MyUsralanauazdieandaya (Data Export): Metasys 938lun1sdn
szileutoyaiu (Raw Data) Tissegluguuuunsisgiudeya Jsa1unsadsenn (Export) lu

A .csv 39 xlsx WavluAAs1zvnsadfvazasensiuseuieuluuny 4 sald

2.2 UIeNNYIVa4

va a A

AIvelavinnsiuAuuIdeiineateslugae 10 YAuuun (w.a. 2559 - 2569) lag

[

Feosarsuanednunauiadegtu wiadumiddunslulsematazanidessUssme fail:
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audnd wazame (2561) lovinsAnwinisagdendanuliirlussuulnianigly
psdtnauvuaing lngldiasesinsgingsanu (Power Quality Analyzer) asaaiadu
na1 30 1u wan1IewuInsiae i ndeuieiinanszuanefduluaniuly vilwiAe

[

ANUTauazauiivisiaaty (Terminal) kagauiugsde 65 °C Fearusouildwalvinining

a

FunuveIiIdIiuTy wagyiimasinihande (Prgs) gandiaianaluaniizgamnl

Y

¥
a o

Unfideferar 15 1AdeddliiuindadesiugamgiininanuiinaegfivedAgsoniny
=

GRIGEIIR

A%y (2563) TuiT0IHANTENUVDILTIAURANTTsRANTTOUsVRIlranluINRsEos Tnevh
nsueasaUieuisussnisas i vuinaunsgiudvae i iseuetu 1 seau
HAN1SVAAOUNUIINISLINTUInaEligIusanausauat uadaaglusaduliinnuane
aedauanesuintu andgnssauanlasesay 5-8 dwaliotmasluinluisasieula
WnUszanSnnaransnIIn1stIgavesvnaInileninausauazay agulainisidenais
v luglinaduAialumiunseysnenadNIukasNITUNIsnEIUnN Tl

SIney (2565) Anwmnanssugaumiivesisauiuaelniwia PVC meldan1izlvan
soltios 8-12 Falus wudludalusdl 6 [Wuduly gumgliiaaneazFudndaniizasa (Steady
State) uagnnnlinszualnalfsafinngsan zifausuaniuduiundfesay 5 Fauiunit
WnsgIuivensuladmsumsousnYnawu Ndteliniug1nsaiwInnaslides
ihladeSesssusmataznallunsldnusdelliowniatsansiumeay

aa L3 = ! =) (% o o o L3 LY a

Hansey (2566) Anwimsaamiieayidsluaeliihusaduidmiurhsunynsdaaies
InailSeuiiguseninnisinssgunsalusendanasnuiunsivisusnnaglninlilugdu
nan1sITenuInNsinvuaniananglniilian NPV (Net Present Value) Wuuinuinna
nsfnfsgunIniYeUsendalnaiindu Wesannatulnihdotgnisldaunenuiund 15-20
| a o U
U waglifirmungssnyinaonenglasinis

sudwid (2567) WalnwuudnaeaneadamansiieA1uIuInAuNY (Break-even
Point) ¥04n13UsuUsszuulnimenisiisvwiavtsingnin Ines198aingnsialniigiu
wazAl Ft NUsuignludagiu namslwsgvissyindmsulvnanildauuinnit 8 43l

foTu MsamuiinAagliihaziissezanfuu (Payback Period) duaswdaiiies 2.4 U

waglinanauunun1samu (RR) gendrfesas 40 Falusuaunydlaliusznaunisasuan

Y Y

L3 (%

TdnaainisesnuuuiieniseusnEnaany
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Garcia et al. (2019) @ nauesuideises "Economic Selection of Conductor Size

¥
! IS

in Distribution Lines" Imeitiukuifn "Total Life Cycle Cost (TLCC)" 911433852U3151A1%0
angllyiil (initial Price) Anduifissioray 10 vasaildideiamanaonargnistéou Tuvned
Awaanugede (Energy Loss Cost) Anlusosaz 90 maaﬁgdLLuzﬁmmiLﬁaﬂm&Jﬁimgﬂdw
1ATFIU 1-2 58U avagandunuunaen 20 O lfnnnindesay 30 Weidguiunisiden
auUNUANIANTEuaEIE1FE

Li & Wang (2021) Ainw1dnswavesnszudsnsueiln (Harmonics) aoarusaulu
anglihangluermsmidivd nuinlnanUssanaeuiiamesuazaunsalBidnnseiindvinla
\An Skin Effect way Proximity Effect g9maliA1AuiIumunsslaaday (Ryc) LWNQQ%Uﬂ’jW
AnAsesay 10-15 madonvuinaglniiuuu Oversizing Sulunagnsdidalunissessu
Tvanasilvsivite laliAnnsgydendsnuiinnifuly

Santos et al. (2022) Anwianuduiusszninernudeuludniuazaudouanm
vosuIuNeAes wuigaugiifianamng 10 °C nansliaevwalvaiy avtievzaens
{AnNszUaunIs Oxidation Tuawnu PVC shlsflongnisliamenuiuiou 2 wh @n 15
¥ 10 25-30 ¥) Fsiierdumnuduausafitisanvezanasliliiniuazandunumsdaou
GREISHY

Kumar & Singh (2023) Anw1n15Usuusausedniaimngsanulussuuinsgosuss
lsaugravnssusaenisldaisvunn 6 nsuy. wnu 4 sy duivinasdeiiies 30
LANLUS HAN1TVAABUTIUTEINWEUGUTIIVILAN Pogs IADN 15.4 IndaAT wazlgnAumu
aely 1.5 9 §sdordunisamui quai aaluvssanuinsnisusgndandsanuly
AAYAFINNTTY

Miller (2025) ¥ian1snaaasluszuy Smart Grid lngldiwuweinsiaingamgiivuy
Real-time wui1n1sagidendsnulugyvesninuseudinalagnsananisuaesnig
asuaulaeanles (CO2 Emission) MuAdeaguiniadfivawiavidnanslifiiavassuy

214958 98d111508AN15UABUA TS aUNTZANtA DG 1.2 dusaTd 1S uDIAISIUIANAT

#9AAABINULLINNINTIAILIBIA1SERYY (Green Building) Tusedvaina



unil 3

A5andun1sIy

L3

N153381309 “n1sAnwwuInianisdenvuinaigliindnivisasdesiiioaysny

[ 9 S av a . A v =3 v a [ ¢
W7 1Jun1sIdelannaes (Experimental Research) Misjadiunisiivtayaiielseiny
9INANILNITIFIIUITY INBLUSBUTIBUAMLLANANVDING AN TTUNI9AINFTDULAZ AR LN
gadoseninnmsldaelnfimuuinsgiuaudaeadeiunisdentdagluinuunailmg

1 q! U . . d' [ L3 .
NIMUITEAU (Oversizing) LWBNTTBUINEWAIU

a o

elvlananisidenilanuiienss (Validity) wazdauiedu (Reliability) adgn

[
[ a Y 1

MAeilldtmuaszieuisidveginluszuu lnesunnnsmuauduwdsluaninwinden

'
fw Aaa a

91889 M3AmdengUnsalinidininsgiunisaeuiiiey lUaudsnisiruanaeinIsies g
v a ¢ = & & 1 < ] [ v 1 o Y
UVDUALILATYIAEAT Fadermluunilaguuseanidudiunan laun nasanuamwdsuay

aunsal NM5eeNuUUAINIINAaDY Tunsunsiivdoya wagisnsIATIEiNaTLATYgAIENS:

3.1 mMsimuadwlsuazaunsalnlglunisnasey

£
v A

WalrkanIsnagauauisalssuisulneg19tman 9udseilamuunynsnlsi

9

[

AsaumquiatenIimnssulniih nlinasonugyds nSeunsAndeniasasieinniiaiaiy

a A vy Ao o= Yy M v ‘:4' o &
agLEJEJ@QQLW@IV?J@%@VIUUVWI@MQ’J’]NﬂaqﬂLﬂa@uu@ﬂ%a@ 9N

q

1Y

1. Mstuadudide: elinmeaeuiiauusiudiasdosruungudsiai:

1.1) fuUsdu (Independent Variable): A da3efidvunaliuandiaduiiie
Funanaiiadulunisnaaeside "wuianidavesaeliavde IECOLTHW) $1uau 3
Y I 2.5 n3an, 4 a5, wag 6 axanl dadumglifimesunsnuifeiuauiu PVC
MAIAsEIL NN, 11-2553 tnsiduvruavesaelnliiignesnuuunazidenldnuduegag
inluszuuliineasdesislunanideounararamnssulaensidensuavidaiiuandas
fuilifnguszasdifiefinuiraveseanudiumu (R) fanaadovaniidniuiy

1.2) fauUsay (Dependent Variable): fle afiintuannnisidsuulasuess
uUsHu FansvhmsTauasduiinenlunidded Uszneude:

ArmuTeuavauluatgliin (Temperature Rise): TuiinA1gaungdniIves

AUUAINT Toyrpace) LIOIATIZINGFNTIUNITANBNAIUT DU
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A unurarfuese (Actual Resistance): sazuusifunugaumgid
Ftuvnzvagey

Andslifihgapdes (Power Loss): Arfildanmsdnarunasiisveusadiuuas
nszualwitluzuuuy 2R WlevnuszansnmBandany

1.3) fuUsAIuAY (Controlled Variable): fe Jadudus fienadssansznusion
mnugapde Feesnunuliinafinasnnismaasitelinansideiinanduusduliioeeig
WAe laun:

szozAmenvasaglniin: Avualif 20 wes wihduynganegeuiioliia
ANUAUUWUTHUAUVITARLTEIRE 1A

USunanszualuiailualuases: auauliaeid 22.4 wouuus uaz 29.6
wouuU$ mugenisnaaey lngldyalnandnaeaiiaios

QM IaNINLINAY (Ambient Temperature): ¥n1snaaedluani1IzAIuAY
uaztufinAngamniivieadtelilunsnaudigamyiinsds

ussduliingunie: aruguliasdi 230 Taad 1oanAuAaTInLAA DUV
dslaihilnanlésu

2. MwaziBusnsedleuazgunsal: il limsAudeyamsfimesmsliliiuazaiy
Souflaugniwnandnimnssy yuideilddmdengunsniildumssiugraminssunasd
Aranuaaniadeudn Tngunsniusazvdafiunuindrdnlunsnsiadeunginssuues
anglwihnglianginansioilos fadl

1) el IECOL(THW) (wan. 11-2553): wuduusuanlunisnadeu lag
el Fentdaneluimonsunuiieavuauiu PVC sfianuussdy 450/750 Taad vuin
2.5 A5.44., 4 A543, LAY 6 AT, ?J'ﬁaLﬁmﬁ'uﬁjwmLﬁamuqmmmwi’aqﬁaﬁw Fadu
agluliunnsgudldtuinsvaisfigalulsasgosueseras nsidenldaeilssuinsgiu
wan. 11-2553 wielwduladnAamnudunusinig (p) wazanunuivesawiuduluny
i Yilinanisiaanufeunazmsgapdendsnuiimniidefiowazanunsntily

9198aiunsldnuasdludanadivdle Awansgunsallunmg 3-1 fs 3-3



51504
1x2.5 (sq.mm)

R ;
it e

' YK60227 IEC 01 THW )
Gt 1100 &G e

AW 3-3 @nglatin IECO1(THW) vune 6 #5.u8. Tlslunisvaaes

15
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2) w3eeTandaruluii (Digital Power Meter/Analyzer) LLaBQﬂﬂiﬂjﬁLﬁlm%’@\‘i:

4

NHudasddasasianianuaruisalunisinainisdwasnialuduuy Real-

a o

Tuauideil

o

time oA U59AU (Voltage), nzud (Current) uagmaslwiln (Active Power) lnaia3asile

(% '
o Y A

PaayNUTNNTUANAIAAUAT A1 UAUNIS (Pin) wazUanennd (Pout) WD AIKARNS

2

Fafide "maslnilagideluats’ (Line Loss) nsldseuu Digital Analyzer 9ieannay
ABIALARBUAINNT81UAT (Parallax Error) Lazd1u1503995un153AAY True RMS Tunsain
WanfinnuRaisuvesguaduls nieuiugunsaiduiinuaziiudeya dwansgunsallunind

3-4 D4 3-7

a il 3-5 yngunsaivsoudasinnszualwih CT fu MSQ-30 CT Qubix
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AN 3-7 AsuNmsuaswaNALNS Metasys oUW 7.0.0.4400

o o

dl' [ a = aa < as o w
3) 1ATDYINYMUNNI (Thermometer): LUDIINYUNRYINIRIUTUATUTIAA ALY

[ '
% v A v

YaandaugadeluguaIINTou (2R ..) NWITeHA AT oIngun N dauusiugge

a

lagiinsldsiuduseninaidneamesludiines (Digital Thermometer) dnsuingumgil
WIARONUTNUNUTVAZDU Lazndodn1eonImAIusau (Thermal Imaging Camera) d@11suin

gaunndiiagliiin Tunsiadimng 1 Talus nsinrfagdisdudunnuduiussening

[
[y

gamgdfiiuguiuAIAud U uildsulladlununguduussaniaumgll Auans

gunsaflunwd 3-8 fis 3-9
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amdl 3-9 ndesghenimariudeu (Thermal Imaging Camera) 3U THT300 HT ITALIA

4) yalrandiaed (Load Bank/Resistive Load): tiialiani1izn1sneassiiniig

¥
v Al

Asnaen 8 Filue Adeiilaliynlnanutinaudiuniy (Resistive Load) fianunsausue

[

nszualwinldpuiidaddosns (22.4 wouuus uaz 29.6 uouuy$) laeldiadosniuny
faslniln (SCR Power Regulator) \ugunsaiusuAnszualniln dafvesnsly Resistive
Load AemsinwiAdnUszneurids (Power Factor) WlndlAsa 1.0 Geaztaefnfuusunsn
Fouseshdslnihusing (Reactive Power) sonly viildnsinsissinanisgaydeondanuly
anglwihfinnudanunagssiulufinsiienesidemieulufiiifissegufer fauans

gunsallunmil 3-10 fis 3-11
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AT 3-11 LA3esuAuAdliii (SCR Power Regulator) U W5SPAV045-24) WATT

YUIANNA 45 wouwUs 230 1aad 1 1

"l MeaiBunnudnuarmanaliauaylususeinmsasuiisuresgunsaliniasiledn

Pevualanand I lunianuIn A"
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3.2 JunBUNITVARRLaNUdays

COMPUTER DATA LOGGER
g — 17775 N —pMm2| | PM1
I
I
1
|-|-| — nazualvlvh A, =
LOAD I_l SCR
CT OUT CTIN
) 20 1UAS .
230V. 1P. 2W.

AN 3-12 WU aLEnINTSHeNaTharaunsalnttlunmImaaes

TunsalunIsnaasUYe9ILI el LAIARIYANAADILINDT1a0IANIIZATITINUSS

9

vasanelihnelaniseluanaan lagvinnisveaesnislunundaiionivnudadesunssua

AUNDIAINAADNITIZUIUANUSDUVBIA 8N A9 Teeldlasaas19ssuunINNINg 3-12

6

= o a ° ) &
PINTNYASLOYANITVNNIUYIZEIUNUTDIQUNTUAIU:

'
a

TEUUSUAUINN ST UNSsulndusedu 230 Tiad 1 inla i1udigiasseniuny

[

&l (SCR Power Regulator) wiavinindiusuainssualuiinlimsdiniud dadimnue
dmiunImadey (22.4 wouuUs uaz 29.6 woukUs MUaIAUY) lngnasuazgndniy
anelniindaeg1eauend 20 wns ludsnlnangawesiuunaiu (Finned Heater) 4110 10
Aladnd Sevimihdidunszmalwilngafuniu (Resistive Load)

N3EUIUNSNUTaYATEgNATuNISUUY Real-time laglduniiautasianszua (CT)

Aneald 2 90 Ao AuAuNIe (CT IN) wazauUatenie (CT OUT) Joyadyaalnfinazgn

ddludaninsiandssului (Digital Power Meter) liloUTsNIaMAAILIIAY NTTUE LaE
Maslifin ndudeyaszgnduiinduasestufinteya (Data Logger) wazdssialyds
godwisuunsuiamesiiovinsdaivegiaduszuu mugludunistuiinargaumging

anglliiendesanenineiuiou (Thermal Imaging Camera) lunne 1 43l
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£
Y [

Tnefdupounsduiunuesasden dil:

1. NITAATHLLAZATINADUITYUY (Pre-test & Calibration Check): ¥n13Anet 4119
suviswesgunsaiflilunsmaaesiomeliaenadostuumuil S1nmil 3-12 warnsaadou
yaseangliuazatedyanvesgunsaline llanuieuses Tnsanzanseasveemile
wasianseua (CT) adusumauazdansmadietdestuniuaaiaiadouainnisin uagsh
n1sAsIERUANNARAAdBIvacAl aeilaln (Zero Check) Tngnsiaaoudndienuldain
\3asTandeeniliiiln (Digital Power Meter) #asu DPM IN was DPM OUT Tuaaeiidisll
fnnsarenszualni ileduduinedosiietansaesyaswainszualniinldiduqud (0

s I b4 v = ¥
kauwUsg) LL@%&Jﬂ’J’]EJWiEJiJIUﬂ'ﬁ‘UUVIﬂsU@N“ﬁ

AN 3-13 wananisiafasuligUnsainldluntsnaaes

NANT 3-13 AzLuIINIsaansatgliliadreg1enldlunisneaasuiuazlaldnig
a ] P o v v v ) a Yeu a
WUANSUULEURTIENT 20 WIAS L99ININFBINTS MdanAaaInuNISARRIIgIuan s lWina5
Tagangliln IECOLTHW) vuin 2.5 5., 4 A543, Wag 6 AT.uY. Uulinazgnesniuuuag
THauluszuuninneasgesdundn F3snsmuanstuinasldnisinusesvieanslnns ol

o

Tussanglwngainigivaiulsenaun1e9eedlAseaseeInns WU Nt AU AU Jsnaz@ng

pmd)}

LY

e

nsiuvieangliviesvanglvieinvaulassaiievaiiegnaigyie deiuauideidsl
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Fnsanseanlniidedsildlunisnaaeulaenisiulusisengwitnsiiusiug il
wihfustanun ¢ 929 usTeTANEIT IR 20 LWAS

2. msUSusanssuanaaou: lunisnaaeutiuldiuuanseualiliiildd wiunaaeu
sondu 2 fifadieiu Seazidunsinuanseualifiveageud 80% vessnsinszualndin
sfal,ﬁaqqﬂqmiummm% (aaumaiiuandey 40 aeANgA@Ed °C) NTRNAANUNTELAVDS
anglil IECO1 (THW) 9win 2.5 05.4u. Uag 4 n3.uu. 1ngd1eBanassvessnanael
AWl 3-14

60227 IEC 01 or YK 60227 IEC 01 THW l Y. Ki

450/750¥ 70°C SCILD AND STRANDED CONDUCTOR PVC INSULATED, SINGLE CORE

@ TS 11 Part 3-2553

Insulation Conductor
ETTTTEEE
Conductor : Annealed copper wire Claasification *Maximum conductor tampsrature 70°C
: Slzes 1.5 mm® up 1 400 mn? : Clroult vokage not exceeding 450/750 Voits
insulation : Polyvinyl chioride (PYC/C) Raded voltage : 450 Violis between Lins to Earth

1 750 VoRs betwsen Line fu Line
Testing voltage +2,500 Volts
Reforance standard : TIS 11 Part 3-2553, Table 1

Core |dantification : Single-cores : Any color

APPLICATION
Bullding wiring for Installation on insulator or In raceway dry localon.

Cable name Nominel s Overall (s’ C curmunt Cabie Standerd
rating in frea air
cross thickness resistance  esistance it Length
fype medmum (40°0) I
sectianal nominal aAxc o 70°C Bpprox.
@ea meEximum  mEnimum
Minimum Medmum
% ®® e
'a'st to
{mny {rom) {mm) {mm) {QAm) {MC-km) i
15 Sald a7 28 az 121 oo 21 1] 100G
15 Mon-Cormpecied or 27 33 121 on10 n 2z 100G
25 Sold 03 32 39 A1 0010 28 2 100
25 Hon-Compactsd aa as 4D 741 c.008 3 35 1006
80227 IEC M THW 4 Sobd o8 EL 44 481 0.0085 87 ar 1005
4 Mon-Compacies 0a 38 48 481 [ 37 &0 10053
8 Sold 04 41 50 308 0.0070 43 a5 100 10000
L3 Man-Cosnpacied 03 43 5.2 3.08 0.0085 49 70 100/C 10000
10 Sold 10 53 a4 183 0.0070 B8 110 100G 1000D

AR 3-14 wanssvazBeaiumatavesans i unguansey

lngnsimuanszualiimegeun 80% vesdnsnszualniiseliiesganiue1niain
(aaumaiiwIndeu 40 asrmwalea °C) viiefiiavunsewavesanalniin IECOT (THW) wua 2.5

f5.03. LAY 4 A5.34. YU RN idasnmaadfunisidauaslniiase delaenalunin
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Feansgeenuuuashiivihnsiwininanuasivuavuiainanssuavesgunsaitoaiy
nszuafuwesinuInnes (Circuit Breaker) luiwasiSeusasua sinasidenldvuinangli
fftamunszudli@ndnamiulsineg mudnvasnsiasaelniiud)ldinnndy
vielndiReafuifnnssuavesresimusnineslursastulsinniin fadunislinuameluing
Uaendouazivsnzaunuvanimnssy uidvnndilsiadesndsnugadsluaslniife

(%

waInsinvwInas i1 uludnnilauuinanuinsgiuty ssyieaanasnugydely

[
[

aglihlfinndesifiodln asduartunisamunioli ouidedfddvinsusudanssua
vndeuIeufousal

Tunsaifned 1 andunistmuanszualiiiimageudi 80% esRiAANUNTEuAYDS
anelaliin IECOL (THW) um 2.5 mis.4. §5annandl 3-14 finanunszuavesaalilh IECO1
(THW) vuna 2.5 75.408. 9nERAR9zogil 28 wenuus Taenssualvimeaou 80% azat
22.4 weanu$ Fsldvihnisilinszuunazdiuanseualingas ssaauaurdalaiia (SCR
Power Regulator) $liiulnangnmesuuasu (Finned Heater) wislinszualniinlualy
2995PsTinafisavun Tneasldfidanszuannaoud 22.4 wouudd davanglaih IECO1 (THW)
UM 2.5 A543, NageuSsufisunuaglnia IECOL (THW) 9u1a 4 M9.434. AI1NanAuaa

AN 3-1

A5199 3-1 WaERINISUSURINTELENaaaUYesaeninsae1slunsmAnw 1

Galal YUIA ANE1Y | nseualwidild F2917a77 524
n1s delniin GN NAgaU NAFOU 52821281
nagau | IECO1 (THW) | a1l | (230 T2aa 1 wid) g
NAgaU
1 2.5 N9.403. 20 L1RS 22.4 uounls 9.00 - 17.00u. | 8 Flus
2 4 N33 20 LURS 22.4 upuuUs 9.00 - 17.00u. | 8 Flus
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AR 3-16 wanINIsVAdeUaATglNTn IECOT (THW) auna 4 a5.u3. Tunsaifnwidi 1

Tunsdlfnwfl 2 axifumsimuanszualuiimaaeui 80% vesiinnunszLaes
anglwiln IECO1 (THW) U7 4 ps.am. Fsanamil 3-14 Afanunszuavosanelndil IECO1
(THW) 2119 4 #3.418, 9nEuARIzag 37 wouuus Tnenszualiihmaaoy 80% axegd 29.6
wouudsf Fdldvihmsilassuunazusuannssualiiingia3ssnuaumdsliin (SCR Power

Regulator) 9ngliiuluangnmeasuuuasu (Finned Heater) welvinszualninlvaluisasasi

¥
[

aufinvun IngagldRnanssuanaaouil 29.6 wouwls Savaneglnin IECOT (THW) au1n 4

75.13. nadausUSeuisuiuanglnidn IECO1 (THW) 911A 6 A5.43. AMUAIRUAIAISINN 3-2



A9 3-2 wananN1sUSURINSEwaneaauvasasliinmeg1slunsalidnueni 2

25

a1nu YUIA ANE1Y | nssudlnindild Faa28l 393
n1s delnin Y09 NAGBU NAGU zLIAN
nagau | [ECO1 (THW) | aglwiln | (230 Taad 1 1wa) il
nAdaUy
1 4 @3, 20 LUAT 29.6 wouuwls | 9.00 - 17.00u. | 8 Falua
2 6 §13.3131. 20 WAS 29.6 wauwUs | 9.00- 17.00u. | 8 Flus

Sc{g)efidgy‘

AR 3-17 uanan1suadeuaglniln IECO1 (THW) auim 4 m5.uu. Tunsalfnwidi 2

vy 7 g

Schneider

AW 3-18 wananisvaaeuangluiin IECOT (THW) wunm 6 ms.au. lunsdldnwnd 2
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3. MsUuAnuaLazn13vie1 (Recording & Replication): 31nAsLAUTEUULNONAZDU
angliindaeg1auiasyafasgasdennIum1s1ai 3-1 wagn1s1eil 3-2 livinnistuiingn
nszualnilagldndeutvasinnszua (CT) Aaneld 2 9a Av AuAuNIe (CT IN) uagaAu

Uaneyng (CT OUT) fan it 3-19

AR 3-19 wanansTaanszualniinlaglivsanlasinnseug (CT) srudunis (CT IN) uay
fulateng (CT OUT)

v 1

Poyadyaaliihanulisuvasinnseua (CT) 9 2 ¥n zgnasliduasosinngsanu

Y

o w

il (Digital Power Meter) 719 2 aalguiu iaUszananan 1wy nszua wasiaslni
YBIFUAUNI (DPM IN) wazs1uUatenie (DPM OUT) iedtasizvindsugayidsly
anglidegusazganageu lnanisifiudoyassgnaiiunisuuy Real-time A0 i 3-

20
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27 3-20 uanIN1INSYINuvenasasianassulnia (Digital Power Meter)

Mnudeyaarnesesiandsnului (Digital Power Meter) 113 2 4n axgniudinyiu
= v o= v ° Yo o 1 = |
wiasduiinoya (Data Logger) lagmwualiduiina1siigg msluirlunng 5 wil uazds

meludemeniuis Metasys vumediamastiievinisdniivedraduseuy desnni 3-21

A 3-21 wamanstufinteyanuesestuiinteya (Data Logger)

TngazarualudunsdufinArgumgiwindeuvesusniiunnaaeuwas n1sUuiing

U

gaunnfiiivesayliinfdleg19urazyAn 18N 090180 MANT U (Thermal Imaging

Camera) Tunng 1 93149 AUATUANUAYBIIAIMAADUMBILDITIM 8 T3lue FlanInil 3-22
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CmMmE

C:43.1
Hi:44.0
Lo:30.1

e b / ;. Bl AUTO

AN 3-22 LRI TTUANAIUNANIATENYBIUSIMNUNAFE UL N TUUTINA1DMY

a

il

Y

RvesanglwihfiegsuiazyamendasitenInaLTou

[
v Al

dielitayalinnui@eilouazana uAaIAnaauINNIIAaes WITellafmuali
finsnegeuaglnindaeg19uaazynR11uas8annun1399 3-1 WaZA13199N 3-2 wagyi

nstuiinnadynas 3 A3 (3 Replications)

3.3 WUUINABINTTATUIUNNNG B

Wielin1siesgrinanisnaaeslinnuiiidefiowaraiunsansiaaaunugnaocla

[
av A

NATeilidaiuuuTassnsiwIsmmguiielfidugiudeyauieuiiieu (Reference)
AuaNinlaassanyanaaeu newuudiastiansdmannisnisil@nduazimnssuluing
NeTesiungAnTsuvesiiinadunlialisuaNsou F99s3HaINMTUTUAIAIINATUNIY

mugamainasuwlas dilugnismeaniaslniayideluaniizanued uasiuTouiieuiu

Y

1 =~

AN ALAYDTIDINNITIAAIAIULANFAUDINIA NN 1UTULALA 1LY AI518A LD BN

samalull

a

1. MsmunAANUnIunURsuLUaw MY

Y

~ v a a P
v 9991nluani1tzn1sldanuase anelid1aziiaausouazauaInn1straves

[
v o

nszualii Famiinauliszdmalaenswonisduasifiouvessvnauludiinimeauas v

(%
a v

Tidaunanisivavesdidnaseunseiinaaudiuniuliinngsly lunideifsndudes
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J U 4 a a6 ¥ d' v 1 A I o U Y o1
mmmmmmmumuwamaz’qm‘wqﬂmm (Rt) Wolwlaaiudugininnislaninanu

a

AUMIUTIRUMATD9DY IneAuImILaunI SRl

Rt = Rref [1 + (t - tref)]X Lx2 (3-1)

lagdi:
Ry Ao anuimunuiaugivaeltnuai (Q)

K1)

Ryer MO AMUAUNIUTNUNANS198Y (20 °C %130 25 °C AMUNINTFIUANER)

o))}
©
t,ﬁ

o Uszan5enmiiveanua iU (aduawdimuseann 0.00393)

o))

t Q]

-0

i inlaasavagnageu (°C)
A a v a °
trer A9 DUNNUDINDY (°C)
L As ANIE1Y (20 wWns) wazhawie 2 dwmsuaeduliuavanefimia
2. Madnnamalniihagydonimoug
WaNIIUAIANATUN A YT UUTImn g g A TTeuuaT FudAuiAuIum
Usnauanuioudiiuasuguunainndsnulniy w3efiSondn Joule Heating dalurdslni
a L2 U o o déj 1 ¥ 1 ‘N' a £y
aadevanluaesii lnensauwianimge]iasdiglinguin luanneiliddadesuniu

Aeguan aelniudazuinnlsiagydauinlanuauduiusuesnseuawazsiai lagly

dunIg

Ploss_theory = I* X R, (3-2)

lng:

P = o viwﬂ = a (W)

loss_theory 718 MAslhgedenamg el

I Ao nzuablifluanuanalnd (A) (unsaifng)

R, Ao AnUAUUNgmalldnugamuinliainde 3.3.1 (Q)
3. maduiddiihgydeainnisines
widnnsawInmg s nuduglussaunis wilunnalfifenasiadouwnsn

Fou WU AUAIUNIUTYARE (Contact Resistance) nieaudaieuvasguadulnii Tu

[

a o S vaa o o 1Y v | A4 a ¢ o
MUY U leﬂ'ﬂﬁﬂ’]i’)@ﬂ’]aQVLWWN’]W'N@"IUWUVHQLLEWSUaWEJV]’]QNWULﬂ3@Q'JLﬂi']%‘lﬁwaflﬂ']u
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¥
=

Llfln (Power Analyzer) WomaAin1sgeysdeiiintuasslussuu (System Loss) Inunaniai

19 usnUstdaUsEaNS NMNASIENS I UNWIDSY FaaunIs:
Ploss_meas = Pi - Pout (3-3)

Tned:
Pioss meas A® maﬂw%qwaammlmsamﬂLﬂiaamam (W)
P; Ao Maslwiduaunsnautnasliamaaeu (W)

Pyue Ao Mmaslwihmularemenagliniuluan (W)

29 3-23 LEAINITIAAT Py, WAY P,y 9NLASBIIANGI Ul

3.4 MsAaidayalduasegaans

Mendsnnisifivfeyanisifivesmelniuazanufeuludunaunisveass a1y

Y a a

o ¥ o w = o & 1 a fa
%uwayjamaﬂﬂﬂwqﬁy}aﬂ (Poss) 13019193 90174A518961 0 LULT LT UEANEN3 I AINT Y

[

Wesnaiaiissoyanuimnssy (@ungiuarindnanas) enaliiieanesianisindulaly

SEAUUIMTUTBNNT IR UNTRUTUS Iz

¥
= 1 v a

a 1 = b N 1 [ d' = [ ' J '
NITUIUNTTI Lﬂi?%ﬂﬂlua’éuuﬁﬂ\u{ﬂLH‘Uﬂ'ﬁL‘Ua‘EJUW]WENQ'WUVIQ@LGEJIU WU damIRnILU

¥
Y]

Tngldidiniduanna liun nsfwimundsnuiivssndalaazan nsmeadutlogduans

9
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(NPV) §nsmansuwyunelu (RR) uavszeznanmunu (Payback Period) ilafigatlvifiuin
nsidenvunaangliinfivnyanfenisamuilinansuunudurinasneignislinuves
szuuliih
1. madunumdsuiiuszndalnet
Tudupouusnvesnisiinseiiasugaiansdesihnisudase "masliiggdsd
WANFAIAY" iwdwmsﬂ‘vﬁ\hmumLﬁmLazmsﬂWﬂwmmmmﬁu Tinanalumitengasnu
Iihagansed (Unit) itelfidugudeyalumsmuinnszuafuaniu lnodgnsnisdium

1Y

&
PN

(Ploss_small \ Ploss_large)x Hour x Day

1,000

Energy_Saving = (3-4)

Tnei:
Energy Saving Ao nasuliirfivsendalaazaudat (kWh 13 wiae)

Ao Maslihgaduedeiiialsanaelniwwaung (w)

P loss_small

Ao Maalnfiasydendeninlaainaaliivuinilyaay (W)

P loss_large

& ° ) 1% a1 W ° A Y]
Hour AD PWIUTILLINTINURAEADIU (MUUAN 8 FIlag)
Day Ao udunlgauset (lunuidetninuay 365 1)
1,000 Ao duavfldlunmswasuniisann Sad (W) WWu Alatne (kw)

v v 1

dialadmasuiusendalaudy Faianauivdnsiatliiiede Unseniie) wem

o A

"nszualiuansuanssed’ (cr) Fvanduiuusdrdyiigniiliuldluiade 2 nnsduame

NPV waziiteaue seld
2. MyATenyaa1Uagiuans (Net Present Value: NPV)
lunsUssidiuanuAuatvesnisidsusuanindaaglniy suidetlilanansan
= ! ! 1 d' ! IS ! 3 lw o = = " ! a n
gnAnanvessaA i ianasluusasvingu widerdeds "yarvasiununa
(Time Value of Money) tasa1nulusuiandzdyanianainiudnsiiuionsonde
Tona Madunisiasizigaritegduans (NPY) Jadunmisihnszuaduaniuiusendnala

& 1

naano1elAsIN1g wAnan (Discount) naunluyadlulagtuiewssumeuiutuamu

Y

a A =~ a ° o &
LillLLiﬂVH]’]leU I@UuiqﬁagLaﬂﬂﬂqiﬁqu’JmﬂQUZ
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CF,
n t
NPV = Zt=1 A+t Iinvestment (3-5)

Tnen:

a

NPV A dad1Uagduans (um)

CF, fo nszuaduangv’ vioyamalnihiiusendaliluusasd (o ()

i fe dns1Anan (Discount Rate) (Fvunfisosay 5 siod)

n Ao gmsliimsSeszugnaifinnsanlasinis (Muued 15 )

Iinvestment A0 RUAuAIIAY 01 90EuFY @7 0) Bedunnainaabe

aelnifvunelvg ausesadeaaliinuunnng (uin)
nawin1seindula:

2.1) w1nA1 NPV 1duuan (NPV > 0): LLamdwmsamut,ﬁ'mﬁ'asummum
angliiiniulianeuunuduaAsnnidunueeaiuyy uarlifilsanidiuiunasneny
A543

2.2) winA1 NPV 1fuau (NPV < 0): uansanisasvuiulddudluida
riswgmans esanyauszndailalinseunquiafuamuiBuusnuazandelonia

3. MIMuINInTIHanaUwuANglU (Internal Rate of Return: IRR)

Y]

a I3 U LY a E4 a v le/
wonIINMTIATIEYar1U9guans (NPV) udd euddeddalaiiinusiensn

Y @ a = r-:‘l’o./ o o a 1 a
namauknungly (IRR) unldiluaseslotinanuaansalunisyinnilsvestuasyuaiuiy
(Incremental Investment) NMAnanNsasuruIantngnaiglnii lneaAl IRR Ao 9ns1AN
an (Discount Rate) Mvibiyardagiurenseuatuansuans (@lnindsendnala) dan

| -y

W a a a A A o =~ I Ao v
Lmﬂmﬂam{]ﬁ]ﬁmu%mLW@W}ULWLL’WW@@ PIDNATIDAUYNUIAD ﬂ'TVW]'ﬂ‘Viﬂ'] NPV = 0 #1y

9

AuUnNSRail:
0= Zt 1(1+IRR)t Linvestment (3-6)
a9
IRR Ao R INanaULnuNeluredlasinig (Savaznall)

CF, Ao NIzuaRuangvs viseyarmA i isendalaluusiasd (Um)
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Iinvestment P19 RUAMUEIAY (Fausesiaaeansln)
n Ao 91y sldanuntsniasan (15 )
wnagin1sandule: Tun153duasel agdiednnisiinvuinarsliindanuduaias
iAsugAansegwildudfgy Wer IRR AdualaiimgainindnsneniUegaBasesuunig
1534 (Cost of Capital) Y04 UsenauN15/13198401A15 Felaenluazd98eiifevay 5-7
ol mnA1 IRR 8489 wansinisiisvwealninaslinansuunuAunduunluguuuuves
! 14 < 1% J J o A [ = [ =
nmsandbrllasinduazAuaninsiitudvuaetuluamulusuuuudy

4. szgglIanAuU (Payback Period)

wanaNMsindsednsanvesmsamuluiesesas (IRR) wazyad1533 (NPV) Uad

NuATellaldinaeissesarAu iR TN TEEERANnTERARUaRS UaNS (YarIA
Tilihiusendalasial) asliyadindiuluamuadiianed JessasnaAuunduazanid

q

anmAsadlarAEReRINIvedaTINITa U IngllgnInisAuluesil:

I.
PB - 1nvestmen.t (3-7)
Annual_Saving

[
A A |
PB Ao SrEzhaAuU (U)

'
a ! a

9 Ruamuaiy (drudesimaeasln) (Ln)

o))

Iinvestment
Annual_Saving A9 yamwasnulninusevdalasied (un/A)

[y

naeinsenaula: Tun1sised

[J

wiuAnANANANToIRUMINTEBERa ALY UliAY
5 ¥ Fefiorndutnnafivinzaudmsunisuuugeszuulnihluems wWesnanglid

2193 IHNULIUIUNTITEEZIAAUNUNAIINIET
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Han1sAiunuIdeuasiinseidoya

av « e a ° ) | = Y2
N153381309 “n1sAnwkuInianisidenvuinaiglnindniuisasdesiiioaysny
o B a v I3 v d" a 6 v 1 Q‘ % Y] 4‘
Wi Pinguszasrvdniieliaseinnufumvainsiiusavidnvesagliiiiioan
mastnnagdeluglvesanuden luunidsdunsiaueransvegeuidalieuiieuiiie
mmm@é’hﬁﬂﬁmmzamﬁqmiuLLdsuaﬁmﬂﬁmLﬁaamwé’qmuqmLﬁsf[,umalw%uaﬂuudsum
s 1 < =g [y v 1

LAgAIEans Inewunisveasseanidu 2 nsdidnwvan tawn

(1) nMssSeuigvaalninvuin 2.5 95034, kay 4 #5.9Y. AnSTLanaday 22.4
waUwUS

(2) nswSsusisvaaliiIvuIn 4 9503, LAY 6 A5.UY. NNTTLANAADU 29.6
waLUs

WadATzivIadunulunsiiiaruantnAnfa 109911338l avdnauananis

Ry 2 v a ) 1% a i ° =
neaentiannsiutoyalisUsedndluanienislianase lnswusnisiavenasenidu 3
AUNan P9t

dudl L: nansvageundmnssulniuazausew Wunsiiavedeyamsdnes
el dnlaase Ussneumeenseiu nsvua et argamgiiiavemuiuaislnii
lulsagnsdlfinw) (audasliiungfnssun19nusaud Lanm19n uLl 9auIA Nl 169
anglninwdasunladly

a

dauil 22 mswSeuifisuamdsluigande (Power Loss Analysis) Wunisiasizi

o

Wisuisunaravesidaliiingqdeszvinsanelninunn i fvuaniuminsgiuaig
Uaondefvanelifuuaiingunisyiu iewvsinamdslifiawnsadsndals
w3sluntheAlatad-Falus (Units)

dauil 3: mIlATgiANuALANEaATYgAans (Economic Evaluation) iunnsiiian

LY

wiunvsgndalauanamyanidagtuans (NPY) sasmanauwnunieslu (IRR) waz

q

srEnaIAunU (Payback Period) lnga19dsansuyudiuinvassadearalnituasdnsn

Al ludagdu iWeasumuwanihdniilvnaneuwnuauaNganasnoielasanig
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Inedoyananuaiiuaueluunil larunszuiunsAnnsestoyaluaniizns

v

(Steady State) wazldAnaagainnisvaaauskaznTI9daUALTERUUNINTEIY (S.D.) el

¢l

lonansinsgvndanuuduguasiveielagen feasdeanagnanidudsuinly

4.1 #3UNANITNIAABILAZNITINADINEAN

d‘ Y @ a v a [ a = ¥ o

\eliliungAnssuvesuusnsiniuazaamgiavauluaniznishauase elavi
nsduiindeyaadlumstuiinteyasiu (Raw Data) :nyanAaedagssaiiiomn q 1 43l
UATUTEEELIAN 8 F2lueUeInIInagey Lagyiin1snaaegidnuiy 3 AT (Trials) livenn
' a A o A A 9 vy A o a L) oA A a a o
ALadeNdANuEdeIan Weliteyamihuiinsgidanuigetowazandninavesioys
Aaatandoulugiusudunisdneln (Transient State) AskifmunisnisAniieniagm
ALRREYRITBNANITIEM DI Asil:

1. msfndonveyaluyisaniizaunsa (Steady State Selection): 1#19931N15378
nszualninveiliosrdwaligamgdvesmeliliiuduiazasy asiidedwiaivis 3
- %% | o =i = o = = & 1A aa
deonlioyaludiedalusd 6 Aetlui 8 vasn1snadey Fuduyieiigamiiiveauiuuas

a s al a A o
Wsmaimalniniaueaies (Steady State) unnianunldlunisauin

2. MIMANRALIINNTNAABUTT (Averaging from Replications): Tayaurazelu
mssdunasinnistheiduiinldannnisveassdidnuay 3 A39 vesufazgAnITNAaes
(Replications) (N1ANWIN A) UIINITMIANRAULAVAMALAEATIVAOUANTELUUNINTFIU
(5.D.) vieliduadunuvesnsaiinentiug lnenszuaunismanaieninangniiluldiu

W1ITADTOUG MU LakA Ui, nsvud, aaumdl wasmasluiiaiudie welilaya

14 PN 6 v ‘:{'
ﬂ@%ﬁ%ﬁmyﬁm@ﬂLLﬂ@QSLu@’]TN‘VI 4-1

M19197 4-1 asuAnadgranIsnaaevaeliinianisnaaes (Yalusi 6- 8)

¥ | YU nseud | Vi Vout lavg P; Poue | Tsurs
i e —— (ad) | (ad) | (wouuu$) | (nd) | (Gad) | (°0)
(M3.33.) | (wauuUs)
1 2.5 224 232.7 | 2280 2318 | 3,159.33 | 3,038.67 | 54.8
2 4 224 231.7 | 229.2 2268 | 2,949.89 | 2,876.22 | 457
3 a 29.6 2289 | 2252 30.00 | 515022 | 5003.11 | 54.5
4 6 29.6 2318 | 2303 3020 | 517044 | 5081.56 | 44.7
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neme: Sgazdeansituiinteyafuedalusuaztoyan1saaaudiiia 3 ase niauiu
N1391579aeUANTERULNINTEIY (S.D.) TBIARANANISAZOUTINA Lakandld
1 a
9 19aulduAll N1AKNLIN A

INETNTN 4-1 FIWANIALRAVDINT TN wazAuSauluanIzaas

[

(Steady State) @ansainsgiussinudAnndmananisussndanasnulans:

msanasvesidalniingaydy (Power Loss Reduction) tafiansanmnan193enIng

o W

AU IUAUNIG (Py,) WazUanemng Pyy,e) wuananglwivfivwislugninanuisaanns

= [

agdsnasnulnegestnu:

o

=3

nsdifinwil 1 (nsvuamagou 22.4 wouuus)ilawdeuanans 2.505.0u. WU 4 ns.a.
maalniagydeanadnin 120.66 a6 dewiies 73.67 Jad (aanisgadelan 46.99 ns)

nsalfnefl 2 (nssuamaaou 29.6 wouud$): Wawdsuanas ¢ ms.uw. 1y 6 A3,
maalniihgadeanaann 147.11 a6 dewiius 88.88 Tndl (aanisgeyidelndis 58.23 ne)

wgwtulddlunsdAned 2 dednsldnszualniingadu (29.6 uouuy$) Usua

o w =

dslyihiigadslvlusuvesmnufeusziidginitnsdlusnegisann madfisuunamihinds
finalunns "fau" ndanuigapdeluldlutiinuiigan (58.23 Tad Wisuiu 46.99 Yad) B9
rdNalagnTarandUANATLITIRINRY

AMUFUWUS 8917 19VUIAR LAz UTIAUAN (Voltage Drop Analysis): 526U
wsasuliUanenie (V) Tumns1ail 4-1 wanelifiiuda idednisidsuvuianiddn

angli lilug@uluiinanszianvidu aussauanasenas (AV = Vi, - Voue) Siunlis

=

anasegadniou Insluganisvaaesd 1 (@18 2.5 asaa. 9 22.4 ueuuds) ussiunngsi
4.6 hadt wiiilerdouduasvuin 4 n3.a. luyed 2 ussiuananaamdefios 2.5 Tad 3
Andudndiunisanasvesussdunniia 46.8% Wuldeardunsdiveanszuanaaoud 29.6
LouuU$ in1siUdsuainats 4.0 asam. 1y 6 i3, Frvanussfuanan 3.7 Taad nde
e 1.4 had Fsanunsadnwiussiulinedldfing: Fsheliszuulnihfiadesnwiazan
Msgmvhauvesunsallnihuatenis

ngAnssuduguuginarauouazau (Thermal Analysis) nmsiFeuniisuluss

~ ¢ ' & v Y o Al £ a ' a Aa
2 nsalAnw nudmsienldruamindanlngTuiinalagnsarenisang g lazauiing

3

Y [

awuag e aiitedAgy 7

=D
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nsdlfinu?l 1 (nsvuanaaey 22.4 uewuy$): Wewdsuanes 2.5 ns.au. (Ju 4 ms.uw.
QMM HANAIRN 54.8°C e 45.7°C (anas 9.1°C)

nsdiAnwndl 2 (seuamazoy 29.6 uewuys): Wewdsuainane 4 nsa. Wy 6 ms.uw.
QUUNNaNAIAIN 54.5°C 1nde 44.7°C (anasis 9.8°C)

NanNsTAARIT LI MsiuvuaaetisannuSeusazanldodeiteddyiou 10
osmwaifealuisannsd dslidfiesuitisandiamuiuuiuisiunuenmnd (R,) wiél
PwBasgnslinuvesauuamliih (Pvo) Wldenanmiiisneuieuiigaiuly

3. MTAeTEindeiislsuasdeya

Wioliulaidmndmesmalnihwazgamgiifituiinlfainnismaassiinuusiug
LazLfieansa (Precision and Reliability) Aeuthluiinsgrinaludeimnssuuazinsugaans
Falsvhnsvnassinduau 3 e luudagnsdAnunelfaniizaiuauientu Wetdoya
1ATgimA1ads (Mean) kayAndenuuninsgiu (Standard Deviation: S.D.) Fauan

NYALLDUALUNITIN 4-2

a a & 1 N 1 a
M99 4-2 NM3UATNSUARAULASAT UL UUNTINIZTU (S.D.) YBINANITVINADU

g o ) g A g o g 4 : N oA '
nIaiAneY / Audsiia | ASI 1 | ASeN 2 | ASEN 3 | Anafe | Anlgauy | AR
(Mean) | sz | (wedu
(s.D) (CV%)

ASAIN 1 (NSTUaNAFaU 22.4 wauwUs)

Pposs @10k 2.5 a5.303.(306) | 121.00 | 120.67 | 120.33 | 120.66 0.33 0.27%
Pioss @8l 4 75.01.(306) 7333 | 7400 | 73.67 | T73.67 0.33 0.44%
Tours @600 2.5 95300, (°C) | 54.8 54.6 54.7 54.8 0.11 0.20%
Tours @60 4 A5.3031. (°C) 46.0 45.6 45.6 45.7 0.19 0.41%
ﬂiiﬁﬁ 2 (nsguanmdau 29.6 LLB&ILL‘U%)

Ppss @8l 4 95031 (306) 147.00 | 14733 | 147.00 | 147.11 0.19 0.12%
Ppss @8l 6 95.231.(306) 88.67 | 89.00 | 89.00 | 88.88 0.19 0.21%
Tours @601 4 0530, (°C) 54.6 54.4 54.6 54.5 0.13 0.23%
Toury @18l 6 6153031, (°C) 44.5 45.0 44.6 44.7 0.08 0.17%

| a R B & O v ) ! AN oaA
ANMNImsNIalaaINN1TNeas 3 AsaianulnaiAesiusg1sunn Tnediandaauu

= -

WM537U (S.D.) agluszsiun uarllAmduuseansanuuUsiu (CV%) sglutisseay 0.12 g
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0.44 Fauansfsnnuaissvesdoyanarauiswnswannissdiodnlussduineausula

dmsuNsIATIeRiBsImng sy Yeyawmantidegninanasuiduaidiunu (Representative

Data) eS8 ULNeuUSEaANSAINAISUTENTANANIU AR5 4-2

a A

WafiasanAnaisvasiadbniiayidenanasainnisusulaguvuanindngn i

wudanuuansedfitedAglunnnsdifing JsldunAnedsmaiiuniieged Seuas

nsanasesiaalihgads wedliiuisdnanmluniseusndndsnuluisasdessoly

4.2 Msmszvifeaznisanasvesmasinigyide

UszanSamuesszuudsdrgliignimussigaiuaiisalunsianisiuaiusou
AvAULAZNITANLIIRUAN (Voltage Drop) luanglih Wenszualiiilnariuddidaiu
funuIsinafeumuauduiug @ = PRe Mafivvuaniifauiies 1 sedusinsgiu
p1vdwmanssuegiidedfysersnudaonds (oumgiifiaauiu) uazUsednsnimds
W99 (Watts Loss)

Tngandoyalumsiei 4-1 way 4-2 aansauSouriisuuszdndanlunisdo
nandsnudedmamuvunavidavesaeliiluudaznsdifne ieliifunmsuves
winuvszvdalalusuiuuiosas dauanslunsnei 4-3

a

M13199 4-3 asunansnaaeuSeuigunniwesmeliiuazgumgil (il 6-8)

Y

nsdlAnwn | wweane | nszuenedsy | Poss | Varop | Tsurr | % n15anasves
(P5.031.) (wouuys) (o) | (aasd) | O) Ploss
s 1 2.5 224 12066 | 464 | 548
4 22.4 73.76 2.55 a45.7 38.94 %
nsei 2 4 29.6 14711 | 372 | 545
6 29.6 88.88 1.41 a44.7 39.58 %

nmsiFeuisundsuggidelunisnei 4-3 a1u150Tnsei Ui wds

o

[

FeanssuliiuazanuauaUosnuladadl;
UsgAnSamn1saandsanu (Efficiency Enhancement): lunsalfinwil 1 wileiudeu
weanglniian 2.5 asau. Ju 4 asau. wuiaunsoaaidsinigdeasldds 38.94%

wazlunsalfnw 2 Weatdeuan 4 as.uu. WU 6 9541, a1u1snanadleane 39.58% adoqn
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Judadniigunnuaziinnuaenedestuluisaeansdng uandddifuimafivauiandi
Faangluinimisdduunsgiu (Step) aunsaanaugaydsluanaldiiou 40% ves
GPRHGRIGHTIN

ANANNUSAUANIUILUUYBINTELE (Current Density): NaNSVRaBlLiun sl

Tunsdld 2 aelinsldnssualiliiiaadu (29.6 uawwys) usavdululdangaun 6 ns.ay.

NAIUNUsENTAlS (58.23 198) NAUTAIUINNITNANUNUSERTALAlUNSAIN 1 (46.99 T9d)

elundvasUSinainduwasSasay dslusinlussuuninisslvangs (Hish Load) nsidens

angvualgazddmadtenseusnunasnuludndiunninaay
WednAyrianiseanwuussuulni: deyasesaznisanasiiseauyssuias 39-40% 1
< v 0 v Al v & ! a = oAy
Junanguddgalviiuiinseenuuussuuliihlagfiansuniieds "fdanisnunssua
(Ampacity)" A1UIIATFIUTUAAE0E10ALT 813 kiganolulireIn15TANITNEIUA
U A a Ql' =3 = ! < [ [ 1 Y1 1%
g98u MINsaNBUIRaeNlnguLioanan 12RLoss wtluladenanlunisananlianemu

wasulusEuze1Iv8901AT

4.3 NISAATIZRNYANTTUNIIANS U

INMTIATIET NYANTTUNAINT ouaznUIInelidn1Ign15via U LT o
(Continuous Duty) agliinagiudgiuusingnisainnueuszauiitinainanusiiumy
aeludati (2RLoss) Malangiluduiagfinsanmadsuulamoumgiisuiu
yunvesmihdnda Tnseidedeyaainmsedl 4-2 dWerSeufisunginssusyninensld
aeliiuinnasgufunsiiissuinaelai (Oversizing) Idmasiansanauiaien
MM9AU58U (Thermal Stress) agndls

nsdifnw1il 1: Wisudisvanelndiaunn 2.5 a5.uu. way 4 A, inseud 22.4
weuuUs nmsnaasswuianglvlineun 2.5 a5, Toumgiitauiuadegeis 54.8 °C
Tuvadinsiasuanliansvun ¢ a3, Selvigumgiianaundeiios 45.7 °C (@anas 9.1

°C)
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@  11.07

C:42.2
Hi:43.6

Lo:30.8

-—

A7 4-2 uandguniinavesaelniy auna 4 AU, Inseud 22.4 wauuds

= ) ~ v & Y & 1 a = Y} I3 a
FIANATINAINTINN 4-3 mquaqﬂug\]gLLﬁﬂ\ﬂV]LV‘U'}’]Wﬂi%LLaL@EJ’Jﬂu ﬁ’lEJlW?JUWﬂL@ﬂ%&J

9NN TATaLAILTOUNEINIMAZINgan Iz AINa MM TaNI1eg19Tau

gaunadl (°C)

70 S
58.4 57.9
56.3
60 1 ciq 53.6 4, | sag 1 oy 532
50 44.3
431 a4 432 46.1 46.4 45.4 46.6 45.2
40 A
30 4
20
10
O T T T T T T T T T 1
0 1 2 3 q 5 6 7 8
a=@==|ECO1(THW) 2.5 15.0Y. e=@==|ECO1(THW) 4 ni5.14. 181 (219)

MW 4-3 nsmlianansiuTeuiisugamiiiiauiuvesameliiy lunsadnwi 1
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1NN 4-3 azdaingldiinaenszeznainismaaeu 8 dalus wudnlut 2 Falus
usn guvnfivesaeisaesuaifiuiuegwsinid lnsasruin 2.5 nsuu. faudures
n3Migendn wazButnganzasiifidalud 6 a gamgiinds 54.8 °C luvazfiansun 4
p3.41. anansa3nwgamilviasildfniniesar 16.6

nsdlnunil 2: Wisuivanelwiinvuin 4 ns.u. uag 6 As.uN. inszua 29.6
weuuy$ lunsdlfififnnszuagstiu mslfaenn 4 s, vilionmgdudugatmdu 54.5
*C uidloRnsannisiasouin 6 naam. wugamninaegiiies 44.7 °C ity detne

Jostuarusoulilidnlnadadnnnvesauin PVC

A7l 4-5 uanguniiiaveseglnii uina 6 AL, AInseud 29.6 WaNuys

Fennsaanind 4-6 dfianuddguin wszdunisuaningfnssuiinssiags
A @ Aa o <@ 1 " .. " < 1 14 o
WNeulufinavesaelnia agiulainnis "Oversizing' \uany 6 ns.uu. trelraglnvineu

Tuanie "luwsen” (Low Thermal Stress)



a2

aunndl (°C)

60 - 55.2 54.2 55.8 536 5z 54.5 54.5 54.6
499

50 44.6

42 43.9 4l — 45.4 -

40.3 40.7 .

40

30

20

10

0 . : : . : : : r : :
0 1 2 =% q 5 6 7 8

@ [ECOT(THW) 4 715.03.  cm@e=ECO1(THW) 6 715.04. a1 (F2la9)

AW 4-6 s mliansmsiUseuiisugamgiinaauiuesaelili lunsalfinwd 2

NN 4-6 LANUIHUANNTIUAT AL ITNS s waELlnan 29.6 kouwUs IAgnUuIn

eI 4 A3.uu. Teaumglinsgatuedwaiiiowazadfian 54.5 °C Tadaduniszarudon

a

fgedmsuauay PVC Tusrazen egrdlsfinng iewfeunildarsvuin 6 ns.uu. gaungll

Y

o w

geganinlandumnitegedideddsy Inellaamgiasiuies 44.7 °C Faheinergnisiteu
YDIRUIULAZAAAIIUFLIINNITIFBNAN ML TBIIINAINTOU

a a

4.4 M3AATIINgANITIUANUENNUSTENIIMA W geyFBuaz g NazauT e

Y

= v & = a % o ¢ !

ielviiunmsinvein1siudgunlamsdineslulfanamans (Dynamic) naen
sregaINIaaey 8 Talus Jelavinisinanisinmasliirgaydowazaumgiazaud
a & ! =1 [ o @ a ¢ Y v 6 ! .
Aaduluusaznsalfinwiundaiidunsimiiasgiauduiusuuuunusiu (Dual Y-Axis

[
o

Analysis) MsuanikalusUuuuii fngUsvasdiiod [WifiudBvinavosaufoudidwmare
UszanSamnisdaliin wazn1sndan1izadinieninudeu (Thermal Steady State) 904
agliiiusiazann meldannznsyinaniidivun fseaziBeaiuandusui 4.8 uay 4.9

nsdifnwd 1: nsSsudisungAnssuaeliiiivmeg 2.5 as.us. uay 4 ag.us. 9

NITLENABU 22.4 LauuUs
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AIUANEIN 1 (DSZUANATRL 22.4 A.)

140 - - 70

S 120 A - 60 &
~E =
100 - L 50 =

N %
2 80 - F40 2
& c
@

= 60 - 30 @
= =
(=2

= 40 - L 20 &
Pl =
= =3
=20 - - 10 ©

0 . . . . . . . . 0
1 2 3 4 5 6 7 8

namaae (Y2114)
—@— Ploss muli 2.5 as.am. (W) —8— Ploss m#lul 4 as.am. (W)

---@--- Tsurf sl 2.5 as.m. ¢C) ---@--- Tsurf small 4 as.a. C)
A 4-7 nshidSeuimguiwildumasinihanydeias gamgilavaunaen 8 93l

ASUANWIN 1

a ¢ a a v a v e - i
AAI1MNAINFUT 4-7: A1nnrsHsandunsdsdeaulunsd@nwi 1 wudn
a o w = ¥ ¥ ¥ a b4 ¥ a

woAnssuvesiaaliihagydes (dunsmimudie) uasaamaliavay (Funsaiue) 1A
aennnediueg i@y Tngluyas 120 urvusn (Transient State) gaungiivedaneyUIA
2.5 93,03, U5URI89Tuaeneanisd dawalil P 28Ugelunuanduiiiessindudszdns
gauUNNveIANAUNIY Turziansuun 4 ns.4a. (Upsizing) a1unsnsnwamumngiiliien
nlinaensrevaMInadey Ineddiumetonmunll (AT) wisUssana 9.1 °C wazdiu

Y 1

sveaadliihgeyde (AP) Nanategnsnsiiilowdylaued 4 Jauansdiausgansamlunis
SEUNEANSaUNMTEN AT AINAUMIUANI AN BgNaTTuaN 1ENsITUReLBY
nIiAnYIN 2: MswWTeuisunganssuaslwivuin 4 nsuw. waz 6 n3.uw. inszua

NAADU 29.6 oULUS



aq

AIAUANHIN 2 (DFZUANATD 29.6 A.)

160 - - 60
~ 140 1 S
< 50 <
= 120 A <
=
83 L a0 =
100 - =
S T
2 80 4 - 30 o=
Gz m(g
= 60 ©
% - 20 aga
Sz 40 - <
T 20 o &
0 . ; ; . ; ; . ; 0
1 2 3 4 5 6 7 8

namaae (Y2114)
—@— Ploss m'lvl 4 as.aa. (W) —@— Ploss melvl 6 as.am. (W)

---@--- Tsurf sl 4 as.a01. C) ---@--- Tsurf me'lvl 6 as.301. (C)
A 4-8 nshilSeuimsuiildumasinihaadeiargamgilazaunasn 8 93l

ASUANWIN 2

' [ '
= o = d

AATIINAIINTUT 4-8: Tunsaln 2 Balimsldniselvangaun 29.6 weuuys wu
a a = a I % q"” ! a Ql' I
noAnTsNlAnudadu lngaigliiiuwmn 4 asus. wansmguvglazauiiguiovuny

[

Afngaumiildauseities dwalidunsiasliihgadedanuduludiduuinnitung

1 < A [ a @) 1 ¥ 3 a 6
pg9lsne 1w WadnsUsuasuluaguuin 6 9544, WUIREUNTINIERINITness
nsneanasegrutiuladn (Offset Reduction) lngainusouazauanadade 9.8 °C uag
a1313080 Py adlatedosag 39.57 nsinsulvisdesnisimesnsil (Plateaulike) AIuA
F2lusil 5 1 0uAuly Buduionis Upsizing ldiileundisannisgadond sy widsasng
"Thermal Margin" ¥383aA1uaINITaluNNSIBsSUANSoUNUaBnd sl usEUU LT

R
DYINEIYU

4.5 M3Anszissuiisumadwiigydeaaungeiuazainnisnaseu

lun1sussdiunnugndoaudug1veman1snaaevesuided tadiaidsldi

Y a

geudeinlaateanniaIeddiasigrin

[

9 (Pross(measurea)) ¥1¥N5UTBUNABUAUAN
maalningapden1anguwd) (Posscrreoretican) TIAMUINAMLIATFIUMAIAINTTUINT Tog
fsannauantininennvesiailiineldaniiznisvegeuifiediy elesen

MAANUAMIALAFI LA EUSUANUALIAAINAYRITRYA



a5

vaNMIANALALIVETINYLUT Msduuidsliihgademamauiiisdang
19338 Uoule's Law) dwi¥uszuulih 1 wla 2 ane Feflosdusznavvasiauysiai:

nszualnin (1 ): 158’¢ifmﬁzLLﬁiWﬂ']La?{aﬁi’miﬁﬁamﬂsqmmsmaaa (Imeasured)

AFumuia (R ): $adarnanudumuliiiinszuanssgegail 20°C 91
wnmsgugananslalin (Standard Resistance) nwdt 3-14

S9N (L): Anseeen1esinvenensiii Gauaaduliuasanetiona) windu 40

wns (lU-ndu)

v
a

A Ploss Mangufilidualugauaffiaamgfidnsds 20°C Faazihluldiluussingu
lunisiSeuiisuduanialaasduanzinadeunisyieu duaniwanisieuiieulunn

YAN1INAGRILlUNITIN 4-4

a =~ = o o = i =
M13199 4-4 WisugumMaslnihgaydea1nnisnaAge ukazIINAIMNING 6]

‘lgﬂﬁ VWINFY | NITUAINAIY | Piogs NOBY | Pross 30 | dIUAN | AIUARIN
(Ms.aa) | (wauuwys) (I0%) 33 Gnd) | o) | wadeu (%)
1 2.5 23.18 159.26 120.66 38.60 24.24%
2 4 22.68 94.85 73.67 21.18 22.33%
3 4 30.00 165.96 147.11 18.85 11.36%
4 6 30.20 112.36 88.88 23.48 20.90%

=) ) ¥ 1 1 o o a = a [
T\]Wﬂﬂ’lﬁLﬂiEJUL‘Vl‘EJ"UGUEJ?;IJ@58‘1/1']Nﬂ’]ﬂ’]ﬁﬂlﬂﬁﬂqmmﬂm’mmﬂﬂaLLﬁ%f\]']ﬂﬂﬂi“VlﬂﬁEJUﬁ]N N

Toyalumsnen 4-4 aunsodaTevnalugalmnssulacail:
ANNADARADIVBINANITNNRDY: A1AIIUARINLARBY (Error) SEMINAIMIMNG B kazA)
a a1 1 ! =2 = ' [ v LY a va
NNNINAFBUITIEADETENIN 11.36% 9 24.24% FehodnTusyiungeusulalunisfun

B99INNTAIUIAUNIING B ITAIAIIUATUNIUE19BIN 20°C Wi luTUEIINITNAFRUDI

[
a =

anelniilgumgiias¥u (Usvunu 44-54°C) FIAINARDAIAINNAIUNIULAZNTTZUIEAIY
Fouvesanglniiluan1izhindsase
¥ J = a = Y & ! !
waliuvesAIANanLdy: nan1siUTeuLEuRandliliug A1 Pgs 9INNISNAGDY
adlué TR = IS T=1 = - = a v - t4
3398en "91n3" Arvnanguflunnnsalfny Falulszinuisrenadnuide iewinuandli

wiwnanglnihfdnageuiinunimlun1suinssuaaInIAIAUAIUNUEIEATINIAT I



a6

mvuald wardudulaimsfisvueagliihaunsaaamadlnihagdelassasludmgug
wazlTIU U
ANULUUE LA AIUADAARBINNAILUTHNRY (Inverse Correlation Accuracy): Wa

v & = Yy oA A 44' a X
nnasaasliliuiinudenndssiuteie lnalonszualuiin (1) induainuszuia
22 wouuU$ WJu 30 wouwds ArmdalnihagagdevianmguiwaznieujuRtinsvdusigeay
Tuiamafeaiuegradusyuu uasillovuinmdfindu A1 Loss Nanasludndiuflnalies
fu Inefidnanurainndeuiinignguiueglugisussunn 11 - 24% Feasvieuliiuinniny

a M My a a | I a ! N
ﬁmmﬂaauulmimLﬂmmﬂmmmwmmwuqm (Random Error) LaLAAINNAIAIN VB
an nwIndeu W Anuwiugvesgunsalinuarnisaadeusduanse

NMIBATIRRINgRRAZAUAAIALAGEUAIER (Critical Point Analysis): {ufithdung
lugan15NeaeIn 3 (@18 4 A3y, InTekanaaay 30 wouwds) JA1AuAaINAR UM
Ngaies 11.36% Fuduganargliivihaulndifsadiufidanszuagsdn (Rated Capacity)
a £ z-:’llf-;j Y 1 al P - (% = 1 o &’ A o
wnign Teyaddliuineseseiandenuardanuuiudigluiesyuuviauluaniie
Inanaa (Heavy Load) Llesaindndiuvesdnyaaliidedyyiasuniu (Signal-to-Noise
Ratio) dA111nUU Vil inaIun199e9 Py, Wag Py, dadiuanusunnninlugianlvan
198
1138 USUANANVAANNAYBINITOBNWUY (Design Validation): ANUKANAIIYDS
Pposs FEVINVUINEIE 2.5 ATUY. WAz 4 A543 INTeua 22.4 wauuwds (¥adl 1 uag 2) wuin
anasluuszunn 46.99 T0A T9d0AAN DI ULUINIINIING U N T2UTINI1TANAIAITOYT
Uszuna 64.41 W udiavazlavindu uaiianiauazuuinueswan e (Magnitude) da1u
£y ] c./ 6

asnAnesnueg1alited Ay Teyaild ﬂmmiauﬂﬂimﬂu%m%uamﬁumiumﬁms'}w

waﬂiﬂwﬂmﬂLﬂi@gmamﬁ,mzmsﬁunuiuﬁwaﬁmiﬂ

4.6 NM13IATIZRANUANANTIAATHFANENS

nyeszituduiidunmsuszdiuanuduaivesnisiasuruianindavesang L
Iingtu IngilSeuiousendng "Wuamuniudu (Incremental Investment)" fiu
"HANDULNUIINAITUTENTANA U (Energy Saving Return)” nelsinsauszuzinailasanis

159



ar

auyAguuarnsivuaduuslunsiun dWelinisussiiulassnisfinuusiueh
RILTTA Y GBI ELARGRE Sht

natlunislfa: 8 Salusetu uaz 365 Susiel (59 2,920 Falua/d)

gmsAlWin: 4.50 umaenag (KWh)

S¥YLANIATIZALATING (n): 15 U

gms1Anan (Discount Rate, 1): 5% Aol

suuangliil (8198953820119 40 LWAs):
YUIN 2.5 A543, (12.01 un/eung) = 480.40 v
IR 4 734, (18.93 UW/ANRS) = 757.20 U (@uf19970 2.5 AS.uu. C, = 276.80 UW)

YUIA 6 M43 (28.80 UIN/AT) = 1,152.00 UM (@1us9310 4 ws.as. C, = 394.80 Un)

a

= v o a a [y 44 | a P
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Product datasheet

Specifications

EasyLogic PM2230, Power &
Energy meter, up to the 31st
harmonic, LCD display, RS485,

class 0.5S

METSEPM2230

Main
Range EasylLogic
product name EasylLogic PM2200
Device short name PM2230
Product or component type Power meter
Complementary
Device application Power monitoring

Sub billing

Power quality analysis

total harmonic distortion
up to the 31st harmonic

Type of measurement

Apparent power min/max, total

Active and reactive power min/max, total

Current min/max, avg

Voltage min/max, avg

Frequency minimax, avg

Total current harmonic distortion THD (1) per phase
Total voltage harmonic distortion THD (U) per phase
Power factor min/max, avg

Apparent energy total

Active and reactive energy total

Metering type

Calculated neutral current

Active power P, P1, P2, P3

Current |, 11,12, 13

Peak demand power PM, QM, SM
Voltage U, U21, U32, U13, V, V1,V2, V3
Peak demand cumrents

Reactive power Q, Q1, Q2, Q3

Demand power P, Q, S

Unbalance current

Active, reactive, apparent energy (signed, four quadrant)
Apparent power S, 81, 82, S3

Accuracy class

Class 1 reactive energy conforming to IEC 62053-24
Class 0.5S active energy conforming to IEC 62053-22
Class 5 harmonic distorsion (| THD & U THD)

Measurement accuracy

Apparent power +/- 0.5 %
Active energy +/-0.5 %
Reaclive energy +/-1 %
Active power +/- 0.5 %
Voltage +/-0.5 %

Power factor +/- 0.01
Current +/-0.5 %
Frequency +/- 0.05 %

Measurement current

5...6000 mA

Measurement voltage

35...480 V AC 50/60 Hz between phases
20...277 V AC 50/60 Hz between phase and neutral
480...999000 V AC 50/60 Hz with external VT

Frequency measurement range

Feb 13, 2025
AD

45...65 Hz

felson Schpeider

Disclaimer: This documentation is not intended as a substitute for and is not to be used for determining suitability or reliability of these products for specific user applications



[Us] rated supply voltage

80..277V AC 45..65 Hz +/- 10 %
100..277 VDC +-10%

Network frequency

60 Hz
50 Hz

Ride-through time

50ms 120 V AC typical
50 ms 230 V AC typical
50 ms 125 V DC typical

(In] rated current

5A
1A

Maximum power consumption in
VA

8VAat277VAC

Maximum power consumption in
w

3.3 W (power lines (AC))
3.3 Wat 277 V (power lines (DC))

input impedance

Current (impedance <= 0.3 mOhm)
Voltage (impedance > 5 MOhm)

Tamperproof of settings

Protected by access code

Display type Backlit LCD
Display colour Monochrome
Display resolution 128 x 128 pixels

Demand intervals

Configurable from 1 to 60 min

Information displayed

Demand current (past value)
Demand current {present value)
Demand power (past value)
Demand power (present value)
Voltage

Current

Frequency

Energy consumption

Harmonic distortion

Power factor

Active power

Apparent power

Reactive power

Unbalanced in %

Harmonic amplitude

Control type

4 x button

Local signalling

Red LED: output signal 1...9999000 pulse/ k_h (kWh, kVAh, kVARh)
Green LED: module operation and integrated communication

Number of inputs

0

Number of outputs

0

Communication port protocol

Modbus RTU at 4800 bps, 9600 bps, 19200 bps, 38.4 Kbps even/odd or none - 2

wires, insulation 2500 V

Communication port support

Screw terminal block: RS485

Data recording

Energy consumption logs
Power logs

Time stamping

Min/max for 8 parameters

Function available

Real time clock

Sampling rate

64 samples/cycle

Cybersecurity

Enable/disable communication ports

Communication service

Remote monitoring

Feb 13, 2025
AD
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User language

Russian
French
Portuguese
English
Spanish
Chinese
German

Product certifications

CE conforming to IEC 61010-1

CULus conforming to UL 61010-1

CULus conforming to CSA C22.2 No 61010-1
RCM

EAC

C-Tick
Mounting mode Clip-on
Mounting position Vertical
Mounting support Framework

Provided equipment

1 x installation guide

Measurement category

Category 11480 V
Category 11480...600 V

Electrical insulation class

Double insulation
Class Il

Flame retardance

V-0 conforming to UL 94

Connections - terminals

Current transformer: screw connection (bottom) 6
Voltage inputs: screw connection (top) 4

Material Polycarbonate

Width 96 mm

Depth Total : 76.09 mm
Embedded : 61.64 mm

Height 96 mm

Product weight 300 g

Compatibility code PM2230

Environment

service life 7 year(s)

P degree of protection

IP54 front: conforming to IEC 60529
IP30 body: conforming to IEC 60529

Relative humidity

5..95 %at50°C

Pollution degree 2
Ambient air temperature for -10...60°C
operation

Ambient air temperature for -25..70°C
storage

Operating altitude <=2000 m

Electromagnetic compatibility

Electrostatic discharge conforming to IEC 61000-4-2

58

Radiated radio-frequency electromagnetic field immunity test conforming to IEC
61000-4-3

Electrical fast transient/burst immunity test conforming to IEC 61000-4-4

Surge immunity test conforming to IEC 61000-4-5

Conducted RF disturbances conforming to I[EC 61000-4-6

Magnetic field at power frequency conforming to IEC 61000-4-8

Voltage dips and interruptions immunity test conforming to IEC 61000-4-11
Emission tests conforming to FCC part 15 class A

overvoltage category L]

Packing Units

Feb 13, 2025 I Schnei}ier
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Unit Type of Package 1 PCE
Number of Units in Package 1 1
Package 1 Height 12.500 cm
Package 1 Width 9.000 cm
Package 1 Length 12.000 cm
Package 1 Weight 355.000 g
Unit Type of Package 2 S03
Number of Units in Package 2 18
Package 2 Height 30.000 cm
Package 2 Width 30.000 cm
Package 2 Length 40.000 cm
Package 2 Weight 7.025 kg

Feb 13, 2025
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Network Automation Engine

Product Bulletin

MS-NAE35xx-xxx, MS-NAE45xx-xxx Code No. LIT-1201160

MS-NAE55xx-xxx, MS-NAES5XX-XXX Software Release 2.2
Issued March 27, 2007

Supersedes September 29, 2006

The Network Automation Engine (NAE) brings an
entirely new generation of technology into the
Metasys® Building Automation System (BAS). The
NAE is an automation engine that manages facilities
using information and Internet technology.

The NAE uses the communication technologies of the
building automation industry, including

BACnet® protocol, LONWORKS® network, and the

N2 Bus to monitor and supervise Heating, Ventilating,
and Air Conditioning (HVAC) equipment, lighting,
security, fire, and access control. The NAES5 supports
a comprehensive set of supervisory features and
functions for large facilities and technically advanced
buildings and complexes. The NAE45 and NAE35
extend the power of the NAE to smaller buildings and
enable the wider distribution of supervisory functions in
larger facilities. The NAES8S is a high-capacity NAE.
This device allows the integration of large BACnet
systems and can take the place of multiple NAEs.

A single NAE or a network of multiple NAE devices
within a building provide monitoring and control, alarm
and event management, data exchange, trending,
energy management, scheduling, and data storage.

The NAE has an embedded user interface and
supports concurrently connected Web browsers with Figure 2: NAE55xx
password access control and the security protection

technology of the Information Technology (IT) industry.

Table 1: Features and Benefits (Part 1 of 2)

Features Benefits

Communication Using Commonly | Allows you to install the system on the existing IT infrastructure within a building or
Accepted IT Standards at the enterprise and use standard IT communication services over the company intranet,
Automation and Enterprise Level Wide Area Network (WAN), or public Internet with firewall protection

Web-Based User Interface Allows you to access system data in the NAEs from any supported Web browser

device connected to the network including remote users connected by dial-up
telephone or an Internet Service Provider (ISP)

Site Director Function Allows you to access all data on one site through one device. The device designated
as the Site Director coordinates the display of data from multiple NAE devices for
easy navigation through the entire site.

Support for Web Services at the Allows you to develop facility-specific advanced data interfaces and applications
Automation Network Level

User Interface and Online System Allows configuration, commissioning, data archiving, monitoring, commanding, and
Configuration Software Embedded | system diagnosis from any device with Web browser software and does not require
inNAE separate workstation software
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Table 1: Features and Benefits (Part 2 of 2)

Features Benefits

Supervision of Field Controller
Networks Including N2 Bus,
LONWORKS Network, and
BACnet MS/TP Enabled Devices

Supports connectivity to open network standards for complete ﬂexibﬁty in the
selection of field devices. Supported protocols include BACnet Master-Slave/
Token-Passing (MS/TP), LONVWORKS, and N2.

NMultiple Connection Options for
Data Access

Allows connection of a Web browser via the Internet Protocol (IP) network usingthe
Ethernet port or directly to an RS-232 serial port. For a dial-up connection, use the
optional internal or external modem.

Figure 3: NAE85 (Rack Mount)

NAE Networking

NAEs have multiple connection port options that allow
you to build an extremely flexible network at the
automation and enterprise level of your system, as well
as at the field controller and data acquisition levels.

Web Browser Access

You access building systems through the NAE with a
standard Web browser on a desktop or laptop
computer. The computer does not require any special
workstation software other than the browser and a
standard Java® plug-in. The Web browser accesses
the NAE directly over the IP network, or via the Internet
or public telephone service.

IP Ethernet Network

The NAE connects directly to an IP Ethernet network
running at 10 or 100 Mbps. Multiple NAEs
communicate with each other over the network, and
one NAE can act as the Site Director. The Site Director
controls the point of access to the network on the site
from a user interface device. The data transmission on
the network uses standard IT protocols, services, and
fomats.

Networks in different buildings may be interconnected
using standard WAN technologies and network service
providers. The speed of transmission depends on the
technology used.

Remote NAE

The NAE can be accessed remotely over standard
WAN infrastructures, the Internet using an ISP line, or
over the public telephone network using a modem and
the Point-to-Point Protocol (PPP). The NAE offers an
optional internal modem or supports an external
modem.

Application and Data Server (ADS)/

Extended Application and Data Server (ADX)
The ADS/ADX is an optional software package running
on a computing platform that provides a location for
storage of the system configuration database, trend
logs, alarm logs, and audit trails. Also, the ADS/ADX
can be configured as the Site Director to coordinate
access to all components on a site via a VWeb browser
connected over the network, Internet, or telephone line
via dial-up communication. The software supports
standard IT firewall technologies for protection against
unauthorized access.

2 Network Automation Engine Product Bulletin

62



Printer

Printer

—

Serial to Ethernet

v, A

System Configuration

Tool (SCT) i

Web Browser

Wide Area Network (VWAN) )
5
~@ -

Converter L8
. / / NAE45
5= 30 Firewall
Field | ﬁ' oy, < n Dial-Up Remote
Controller l Building
(FC) Third-Party NAE45
Bus BACnet Device FC Bus
(N2) | (BACnet MS/TP, B
FC Bus I LONWORKS, NL2 ) §
(BACnet FC Bus l ]
@ MS/TP, (N2) FC Bus E
N2) r
BACnet MS/TP,
LONVWORKS® ( , &
N2 Controller Network LONWORKS, N2) 2

Figure 4: Metasys Network with Multiple NAEs

Field Networks and Protocols

The NAE offers the ability to pass data from one field
network to another and transmit data from the field
network to the enterprise and automation level of the
network. This allows your system to operate as one
virtual control network. For specific information on
protocol support for each of the engines, please see
Table 2.

Automation Level Communication

NAEs communicate internal system data using
peer-to-peer messaging over the IP Ethernet network.
Thus each NAE device shares data and has access to
information on all other NAE nodes on the network to

coordinate the overall functions of the building controls.

BACnet Protocol

The automation level communication also supports the
BACnet protocol and facilitates the network integration
of other systems and devices that use this protocol
standard. The Johnson Controls® N30 Supervisory
Controller can also be integrated into the NAE network
at the automation level using BACnet services.

The NAE supports the BACnet services and objects
typically used by a workstation and a field controller
device, including BACnet alarm and event services.
See the NAE Protocol Implementation Conformance
Statement Technical Bulletin (LIT-1201532) for detailed
information on BACnet conformance and the supported
BACnet Interoperability Building Blocks.

Network Automation Engine Product Bulletin

63



The BACnet MS/TP Hardware Field
Equipment Controllers (FECs)

The MS/TP bus is based on BACnet standard protocol
SSPC-135, Clause 9.

The MS/TP bus is a peer-to-peer, multiple-master
protocol in which each master device takes turns
originating messages to pass to any other device on
the bus. Slave devices can also be on the bus. A slave
device does not get the token and only communicates
on the bus when data is requested from it by a master
device.

With the addition of an MS/TP to Ethernet Converter
(MS-MECVT-0Q), remote MS/TP devices can be
connected to the NAE551x models over an |P network.
This MS/TP tunneling capability provides greater
flexibility in product applications. For more information,
refer to the MECVT Technical Bulletin (LIT-12011214).

The N2 Bus

The N2 Bus is the Johnson Controls field
communications trunk that links Application Specific
Controllers (ASCs) to a supervisory controller. ASCs
include the DX-9100, Air Handling Unit (AHU), Unitary
(UNT) controller, Variable Air Volume (VAV) controllers,
and VAV Modular Assembly (VMA) devices.

The N2 Bus supports Metasys system compatible
devices from other manufacturers and the

Metasys Integrator® system. The Metasys Integrator
system includes an extensive series of software drivers
for the integration of other manufacturers' control
devices, including HVAC equipment, power monitoring
devices, lighting panels, security, and fire detection
systems.

The NAES5512 and NAE5513 models can route
communication over an IP network from an ASC or
N2-compatible device to the NAE providing greater
flexibility in product applications. These models allow
you to connect remote N2 devices and the NAE using
N2 Tunneling over Ethernet applications. For more
information, refer to the SECVT Technical Bulletin
(LIT-1201790).

LoNWoRks Enabled Devices

The NAE family includes models that can supervise
LONWORKS devices. LONWORKS devices are supported
if the network interface follows current LONMARK®
guidelines, preferably with the LONMARK certification,
and uses the Free Topology Transceiver FTT10.

The LONWORKS network interface in the NAE supports
all current LONMARK certified devices including devices
from Johnson Controls such as the LN Series
Controllers, the NexSys® controller line, and the
LONWORKS enabled programmable Flexible System
Controller (FSC).

Software for Efficient Building Operation

System Security

The NAE recognizes legitimate users through the entry
of a user ID and a password at the Web browser user
interface. User access data are encrypted in the
transmission and in the NAE database. The security
administrator manages user profiles and accounts at a
site or system level. The authorization levels range
from configuring the complete system to only viewing
one section of the system or site. The system
administrator assigns a user |D, password, and specific
NAE data access privileges in each user account.

Metasys System User Interface

The embedded NAE user interface provides formatted
data and graphic screens to any connected Web
browser. Authorized users simply log on to the NAE
device from the Web browser to access the user
interface. This embedded user interface is ideal for
smaller networks and remote locations where a
dedicated computer platform to support a user
interface is not required.

If an NAE or ADS/ADX has been defined as the Site
Director, it provides access to all other NAEs or
ADSs/ADXs on the same network and combines data
for presentation on a single screen on the connected
Web browser. In larger installations, an NAE can pass
its data to an ADS/ADX on the network that acts as Site
Director. You can access data from an NAE or
ADS/ADX at any point in the network with a WWeb
browser.

Basic Access

Basic Access is a mode of operation allowing users
with Basic Access user accounts access to a subset of
the standard user interface capabilities based on their
assigned permissions. Basic Access user accounts are
created by Metasys system administrators using the
Security Administrator system. Basic Access meets the
user interface requirements for most building
operators. Basic Access is provided on all of the
Metasys system engines and servers but is the primary
user interface in the NAE3514, NAE3515, NAE3524,
and NAE3525 controllers.
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Figure 5: Metasys User Interface Screen

Monitoring and Control

The NAE software is specifically designed to meet the
needs of building owners and managers to efficiently
monitor and control all the mechanical and electrical
systems in a typical building such as:

* HVAC units
« central equipment including chillers and boilers
« lighting and electrical distribution

« power generation and energy monitoring
equipment

* interfaces to security and fire detection systems

The NAE monitors equipment by collecting data from
the field contral devices, then coordinating the required
commands and sending them to the equipment at the
required priority.

You can access information via a navigation tree that
represents the logical grouping of network devices and
point data names defined when configuring the system.
You can also navigate using graphic images or create a
customized tree with groups and names based on
device location in the building or on system groups.

Global Search

This enhanced search feature allows you to search the
Metasys system for multiple objects that meet specific
criteria based on naming and object type. The global
search provides you with the ability to manage lists of
objects, which can be used by other features for
commanding, trending, reporting, and object selection.

Global Command
This additional command feature allows you to send a
single command to multiple objects, and view a log of
the command results.

Transaction Recording

All user actions performed through the NAE, including
logon and logoff, commands to equipment, changes to
parameters, and changes to the system configuration
are recorded in the NAE audit trail log.

Alarm and Event Processing

When a value exceeds a defined limit or changes to an
off-normal state, the NAE sends alarm or event
messages to online Web browsers, pagers, e-mail
servers, and serial printers. The message routing
depends on the source, time, and type of the event.
The information is also stored immediately in a local log
file on the NAE, later transmitted to a site log file on an
ADS/ADX, and can be viewed at a later time from a
Web browser to trace the history of alarms and events
on the site.

The alam and event information may include a
predefined message to facilitate a fast response to the
system problem. If you have the appropriate password
authority and you acknowledge or clear an alarm, the
site log file is updated.

You may also request a summary of all current alarms
in the NAE or review a history of recent events.

Figure 6: Alarm and Event Screen
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Figure 7: Trend Screen

Historical Trend Data

The NAE supports trending of any monitored value at
user-defined periods ranging from a few seconds to
one week. Alternatively, trending may be configured
based on Change-of-Value (COV) sampling. Initially
trend logs are stored in the NAE. Trend log information
can be transferred to a historical database on the
ADS/ADX at user-defined intervals or when the NAE
files are nearly full.

Trend logs are useful for analyzing the performance of
building control systems and locating the source of
system problems. Historical trend data records are
required in many industries, such as pharmaceutical
and food processing plants, to document the ambient
conditions during manufacture.

Totalization Data

Analog and pulse totalization features in the NAE
monitor the use of energy and other consumables. You
can generate reports for cost allocation within a facility
or to support energy and cost reduction programs.

Event and runtime totalization features, including the
number of times specific events occur and how long
equipment has been in operation, provide data for
servicing and maintenance programs and for early
identification of possible system problems.

Trend Viewer for Ad Hoc Trends

This enhanced trend feature allows you to view
multiple trend extensions based on the ad hoc
selection of items from the results of a global search or
from the navigation tree. This trend feature provides
another option in trending.

Scheduling

The scheduling feature allows you to define building
occupancy periods and the start and stop times for
mechanical or electrical equipment. Operating
parameters such as temperature setpoints and power
consumption limits can be set according to the time of
day.
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Optimal Start

Optimal Start automatically determines the correct time
to start heating and cooling systems to ensure that the
facility is ready for occupants at the scheduled time. It
adjusts to seasonal variations and minimizes the
energy used.

Database Configuration Management

You can define the database online through a Web
browser directly connected to an NAE device, or
connected from a remote location via a WAN. Using
the System Configuration Tool (SCT), you can define
the system configuration and database offline for later
download to the NAE over the network. In either case,
the database is normally archived on the SCT or

L BO/00NIu0ONO

Figure 8: Schedule Screen ADS/ADX.
You can schedule an event for one or more days ofthe ~ All Fhe software required for database configuration
week, for a holiday, or for particular calendar dates. resides on the NAE or SCT. You do not need to have a
Schedules can be defined in one NAE for the whole local copy of the database on the Web browser to
site or for just the equipment controlled by that NAE. make authorized changes.
Eagh NAE uses a graphical user interface to simplify The configuration data for application specific
setting up the schedules from a Web browser. N2 controllers on the field networks can be
Network-Wide System Interlocking downloaded through the NAE without affecting system

Interlocking enables the NAE to take information from operations.

one or more field controllers, make logical
comparisons, and issue a set of control instructions to
other field controllers anywhere on the network.
Interlocking also facilitates sharing analog or binary
data between controllers. For example, interlocking can
be used to eliminate the need for wiring an outside air
temperature sensor to each controller, saving hardware
and installation costs.
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Figure 9: SCT Screen

Hardware Features

NAE35, NAE45, and NAESS
The NAE35, NAE45, and NAESS provide the following
features for the building controls market:

* industrial Single Board Computer (SBC)

* nonvolatile solid-state Flash memory to store all
programs and data

« standard Universal Serial Bus (USB) connections

* battery backup to save data from Dynamic
Random Access Memory (DRAM) into Flash
memory when primary power to the NAE is
interrupted

» real-time clock with battery backup

*  Light-Emitting Diodes (LEDs) to indicate power,
communications, and fault, to allow easy servicing

« optional internal modem

* removable screw terminals for 24 VAC power and
N2 Bus network connections

« standard 9-pin sub-D connectors for RS-232-C
serial ports

* RJ-11 telephone line connector for internal modem
*  RJ-45 connector for Ethernet connection

NAE8SS5

The NAE85 has most of the same functions and
capabilities as the NAE35, NAE45, and NAESS5, and
features a scalable design. The NAE8S is available on
two platform configurations:

* 1U rack-mount chassis

+ tower desktop chassis

The NAE85 does not support:

+  BACnet MS/TP Field Controllers
+ N2 networks

*  LONWORKS networks

+ dial-out to an ADS/ADX

+ device Reset command in the Metasys system
User Interface (Ul)

* upgrade using the NAE/NIE Update Tool

8 Network Automation Engine Product Bulletin

68



NAE Model Comparison
Table 2 contains a brief comparison of the features of
the different NAE models.

Table 2: Comparison of Features for NAE Models

Feature NAE8S NAESS NAE45 NAE35
Number of N2 or BACnet MS/TP Trunks (Defined in Ul) | None 2 1 1
Number of N2 or BACnet MS/TP Devices per Trunk None 100 100 50
Maximum Number of Objects 25,0007 5,000 2,500 2,500
Model with Internal Modem No Available Available Available
RS-232-C Serial Ports None 2 1or2 1or2
USB Serial Ports 20r3 2 1 1

RS-485 Ports None 2 1 Available
Ethernet Ports 2 1 1 1
LoNWORKs Network Support (Number of Devices) No Available (255) | Available (127) | Available (64)
Smoke Control Applications No Available No No

N2 Tunneling Over Ethernet Applications No Available No No
MS/TP Tunneling Over Ethernet Applications No Available No No

1. Standard is 10,000 objects; 15,000 object upgrade available.

Conclusion

The NAE affirms Johnson Controls position as a leader
in the BAS industry and as an innovator of solutions for
the complete management of buildings. The integration
of Information Technology and Internet standards into
the NAE platform, as well as the use of open protocols
for field networks, bring the benefits of the global
communications and control industries into one
system. Web browser-based access from any location
is a key to the effective use of the automation network.

Table 3: NAES3S5 Ordering Information (Part 1 of 2)

The Metasys system continues to be the integrating
network within buildings and has now been extended to
bridge the gap between traditional control systems and
the business and communication network systems of
the enterprise. The Metasys Network Automation
Engine and Metasys Web-enabled network are wise
investments that will yield returns to the building owner
and operator far into the future.

Ordering Information

Contact the nearest Johnson Controls representative to
order an NAE. Specify the desired product code from
Table 3 for the NAE35, Table 4 for the NAE45, Table 5
for the NAESS5, Table 6 for the NAE85, and Table 7 for
accessories.

Product Code Description
Number’

MS-NAE35xx-Xxx
(Base features of

each NAE3S5) Protection Battery.

NAES35 Network Automation Engines: Requires a 24 VAC power supply. Each model includes
one RS-232-C serial port, one USB serial port, one Ethernet port, and an MS-BAT1020-0 Data

MS-NAE3510-2

Supports one N2 or BACnet MS/TP trunk (RS-485 port); includes an additional RS-232-C serial port
for optional external modem; supports up to 50 devices on the RS-485 port.

MS-NAE3511-2

Supports one N2 or BACnet MS/TP trunk (RS-485 port); includes an internal modem; supports up to
50 devices on the N2 or BACnet MS/TP trunk.

MS-NAE3514-2

BACnet MS/TP trunk.

Supports one N2 or BACnet MS/TP trunk (RS-485 port); features Basic Access support; includes an
additional RS-232-C serial port for optional external modem; supports up to 50 devices on the N2 or
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Table 3: NAES3S5 Ordering Information (Part 2 of 2)

Product Code Description

Number!

MS-NAE3515-2 Supports one N2 or BACnet MS/TP trunk (RS-485 port); features Basic Access support; includes an
internal modem; supports up to 50 devices on the N2 or BACnet MS/TP trunk.

MS-NAE3520-2 Includes a LONWORKS port and supports one LONWORKS trunk, includes an additional RS-232-C
serial port for optional external modem. Supports up to 64 devices on the LONWORKS port.

MS-NAE3521-2 Includes a LONWORKS port and supports one LONWORKS trunk, includes an internal modem.
Supports up to 64 devices on the LONWORKS port.

MS-NAE3524-2 Includes a LONWORKS port and supports one LONWORKS trunk, features Basic Access support, and
includes an additional RS-232-C serial port for optional external modem. Supports up to 64 devices on
the LONWORKS port.

MS-NAE3525-2 Includes a LONWORKS port and supports one LONWORKS trunk, features Basic Access support, and

includes an internal modem. Supports up to 64 devices on the LONWORKS port.

1.  All models are also available in a Buy American version (add a G after the code number). For the European version, add an
E after the code number. For repair parts, add -701 after the code number.

Table 4: NAEA45 Ordering Information

Product Code Description

Number'

MS-NAE45xx-xxx NAEA45 Network Automation Engines: Requires a 24 VAC power supply. Each model includes

(Base features of one RS-232-C serial port, one USB serial port, one Ethernet port, and an MS-BAT1020-0 Data

each NAE45) Protection Battery.

MS-NAE4510-2 Supports one N2 or BACnet MS/TP trunk (RS-485 port); includes an additional RS-232-C serial port
for optional external modem; supports up to 100 devices on the N2 or BACnet MS/TP trunk.

MS-NAE4511-2 Supports one N2 or BACnet MS/TP trunk (RS-485 port); includes an internal modem; supports up to

100 devices on the N2 or BACnet MS/TP trunk.

MS-NAE4520-2

Includes a LONWORKS port and supports one LONWORKS trunk, includes an additional RS-232-C
serial port for optional external modem; supports up to 127 devices on the LONWORKS port.

MS-NAE4521-2

Includes a LONWORKS port and supports one LONWORKS trunk, includes an internal modem; supports
up to 127 devices on the LONWORKS port.

1. All models are also available in a Buy American version (add a G after the code number). For the European version, add an
E after the code number. For repair parts, add -701 after the code number.

Table 5: NAES5 Ordering Information (Part 1 of 2)

Product Code
Number?

Description

MS-NAES5XX-XXX
(Base features of
each NAES5)

NAES5S Network Automation Engines: Requires a 24 VAC power supply. Each model includes
two RS-232-C serial ports, two USB serial ports, two RS-485 ports, one Ethernet port, and
one MS-BAT1010-0 Data Protection Battery. Supports up to 100 devices on each N2 or
BACnet MS/TP trunk.

MS-NAES510-1

Simultaneously supports two N2 or two BACnet MS/TP trunks, or one of each trunk.

MS-NAES510-0U

Simultaneously supports two N2 or two BACnet MS/TP trunks, or one of each trunk.
Note: This is the only NAE model UL 864 Listed for smoke control applications.
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Table 5: NAESS Ordering Information (Part 2 of 2)

MS-NAE5511-1

Simultaneously supports two N2 or two BACnet MS/TP trunks, or one of each trunk; includes an internal
modem.

MS-NAES512-1

MS-NAES512-1 simultaneously supports two N2 or two BACnet MS/TP trunks, or one of each trunk; to
support N2 Tunneling, do not configure both trunks for BACnet MS/TP.

MS-NAES513-1

SMS-NAES513-1 simultaneously supports two N2 or two BACnet MS/TP trunks, or one of each trunk;
to support N2 Tunneling, do not configure both trunks for BACnet MS/TP; includes an internal modem.

MS-NAES520-1

Includes a LONWORKS port and simultaneously supports two N2 or two BACnet MS/TP trunks, or one
of each trunk, and a LONWORKS trunk. Supports up to 255 devices on the LONWORKS port.

MS-NAES521-1

Includes a LONWORKS port and simultaneously supports two N2 or two BACnet MS/TP trunks, or one
of each trunk, and a LONWORKS trunk; includes an internal modem. Supports up to 255 devices on the
LONWORKS port.

MS-NAETUNL-8

ToggleTunnel utility for converting an NAES5/NIESS to an NAESS model with the N2 Tunneling and
Wireless N2 Field Bus features enabled. Not for use with MS-NAES510-0U or MS-NIE5510-0U.

1. All models are also available in a Buy American version (add a G after the code number). For the European version, add an
E after the code number. For repair parts, add -701 after the code number.

Table 6: NAE8S Ordering Information

Product Code
Number

Description

MS-NAE8SXX-XXX
(Base features of
each NAE8S)

NAEB85 Network Automation Engine: Supports up to 25,000 objects'.

MS-NAE8S500-0

NAE85 model with 1U chassis

MS-NAE8500-1

NAE85 model with tower chassis

1. Standard is 10,000 objects; upgrade is available to 15,000 objects (see Table 7).

Table 7: NAE Accessories Ordering Information

Product Code Description
Number
MS-SECVT-0 Serial to Ethernet Converter (SECVT) for N2 Tunneling over Ethernet Applications

MS-SWCVT-0 Serial to Wireless Converter (SWCVT) for N2 Tunneling over Ethernet Applications

MS-MECVT-0 MS/TP to Ethernet Converter (MECVT) for MS/TP Tunneling over Ethernet Applications

MS-BAT1010-0 Replacement data protection battery for NAESS and NIES5. Rechargeable gel cell battery:
12 V, 1.2 Ah, with a typical life of 3 to 5 years at 21°C (70°F)

MS-BAT1020-0 Replacement data protection battery for NAE3S and NAE45. Rechargeable NiMH battery:
3.6 V 500 mAh, with a typical life of 10 years at 21°C (70°F)

MS-15KUPG-0 15,000 object upgrade for NAESS/NIESS

POWAP-003A Uninterruptible Power Supply (UPS) for NAE85/NIESS

AS-XFR100-1 Power transformer (Class 2, 24 VAC, 92 VA maximum output), with enclosure

AS-XFR010-1 Power transformer (Class 2, 24 VAC, 92 VA maximum output), no enclosure
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Technical Specifications
NAE35 and NAE45

Product Codes

MS-NAE35xx-xxx and MS-NAE45xx-xxx

Power Requirement

Dedicated nominal 24 VAC, Class 2 power supply (North America), Safety Extra Low
Voltage (SELV) power supply (Europe), at 50/60 Hz (20 VAC minimum to 30 VAC
maximum)

Power Consumption

25 VA maximum

Ambient Operating 0 to 50°C (32 to 122°F)

Temperature

Ambient Operating 10 to 90% RH, 30°C (86°F) maximum dew point
Conditions

Ambient Storage Temperature

-40 to 70°C (-40 to 158°F)

Ambient Storage Conditions

5to0 95% RH, 30°C (86°F) maximum dew point

Data Protection/Clock Battery

Supports data protection on power failure and maintains real-time clock through a power
failure. Rechargeable NiMH battery: 3.6 V 500 mAh, with a typical life of 10 years at21°C
(70°F); product code number: MS-BAT 1020-0

Processor

192 MHz Renesas™ SH4 7760 RISC processor

Memory

128 MB Flash nonvolatile memory for operating system, configuration data, and operations
data storage and backup

128 MB Synchronous Dynamic Random Access Memory (SDRAM) for operations data
dynamic memory

Operating System

Microsoft® Windows® CE embedded

Network and Serial Interfaces

One Ethernet port; 10/100 Mbps; 8-pin RJ-45 connector

One optically isolated RS-485, N2, or BACnet MS/TP port (9,600, 19.2K, 38.4K, or
76.8K baud); pluggable and keyed 4-position terminal block

One RS-232-C serial port with standard 9-pin sub-D connectors that support all standard
baud rates

(A second serial port [only] on models without an optional internal modem supports an
optional, user-supplied external modem.)

One USB serial port with standard USB connector

Options: One telephone port for internal modem; up to 56 Kbps; 6-pin RJ-11 connector
(Models with an optional internal modem have one RS-232-C serial port only.)

Housing Plastic housing
Plastic material: ABS + polycarbonate UL94-5VB
Protection: IP20 (IEC 60529)
Mounting On flat surface with screws on three mounting feet or single DIN rail

Compliance | United States

UL Listed, File E107041, CCN PAZX, UL 916, Energy Management Equipment
FCC Compliant to CFR47, Part 15, Subpart B, Class A

Canada UL Listed, File E107041, CCN PAZX7, CAN/CSA C22.2 No. 205, Signal Equipment
Industry Canada Compliant, ICES-003
Europe CE Mark, EMC Directive 89/336/EEC, in accordance with EN 61000-6-3 (2001) Generic

Emission Standard for Residential and Light Industry and EN 61000-6-2 (2001) Generic
Immunity Standard for Heavy Industrial Environment

Australia and
New Zealand

C-Tick Mark, Australia/NZ Emissions Compliant

Dimensions
(Height x Width x Depth)

131x270x 62 mm (5.2x10.6x 2.51in.)
Minimum space for mounting NAE45: 210 x 350 x 110 mm (8.3 x 138 x 4.3 in)

Shipping Weight

12kg (2.7 Ib)

12 Network Automation Engine Product Bulletin
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NAE55 (Part 1 of 2)

Product Code

MS-NAES55xx-xxx

Power Requirement

Dedicated nominal 24 VAC, Class 2 power supply (North America), Safety Extra Low
Voltage (SELV) power supply (Europe), at 50/60 Hz (20 VAC minimum to 30 VAC
maximum)

Power Consumption 50 VA maximum

Ambient Operating 0 to 50°C (32 to 122°F)

Temperature

Ambient Operating 10 to 90% RH, 30°C (86°F) maximum dew point
Conditions

Ambient Storage Temperature

-40 to 70°C (-40 to 158°F)

Ambient Storage Conditions

5 to 95% RH, 30°C (86°F) maximum dew point

Data Protection Battery

Supports data protection on power failure. Rechargeable gel cell battery: 12V, 1.2 Ah, with
a typical life of 3 to 5 years at 21°C (70°F); product code number: MS-BAT1010-0

Clock Battery Maintains real-time clock through a power failure. On board cell; typical life 10 years at
21°C (70°F)

Processor 300 MHz Pentium® class Geode® GX1 MMX enhanced processor for MS-NAES510-0U
and MS-NIES510-0U
400 MHz Geode GX533 processor for MS-NAES5xx-1 and MS-NIES5xx-1 models

Memory 256 MB Flash nonvolatile memory for operating system, configuration data, and operations

data storage and backup for MS-NAES510-0U and MS-NIE5510-0U

512 MB Flash nonvolatile memory for operating system, configuration data, and operations
data storage and backup for MS-NAES5xx-1 and MS-NIES5xx-1 models

256 MB Synchronous Dynamic Random Access Memory (DRAM) for operations data
dynamic memory for all models

Operating System

Microsoft Windows XP embedded

Network and Serial Interfaces

One Ethernet port; 10/100 Mbps; 8-pin RJ-45 connector

Two optically isolated RS-485, N2, or BACnet MS/TP port (9,600, 19.2k, or 38.4k baud);
pluggable and keyed 4-position terminal blocks

Two RS-232-C serial ports with standard 9-pin sub-D connectors that support all standard
baud rates

Two USB serial ports, standard USB connectors

Options:

One telephone port for internal modem; up to 56 Kbps; 6-pin RJ-11 connector

One LONWORKS port; FTT10 78 Kbps; pluggable, keyed 3-position terminal block
(LONWORKS port available on NAE552x-xxx models only).

Housing Plastic housing with internal metal shield
Plastic material: ABS + polycarbonate UL94-5VB
Protection: 1P20 (IEC 60529)
Mounting On flat surface with screws on four mounting feet or on dual DIN rail
Compliance | United States | UL Listed, File E107041, CCN PAZX, UL 916, Energy Management Equipment
FCC Compliant to CFR47, Part 15, Subpart B, Class A
UL Listed, File S4977, CCN UUKL, UL 864, Control Units and Accessories for Fire Alarm
Systems (only for Product Code Number MS-NAES510-0U, also PAZX Listing)
Canada UL Listed, File E107041, CCN PAZX7, CAN/CSA C22.2 No. 205, Signal Equipment
Industry Canada Compliant, ICES-003
Europe CE Mark, EMC Directive 89/336/EEC, in accordance with EN 61000-6-3 (2001) Generic
Emission Standard for Residential and Light Industry and EN 61000-6-2 (2001) Generic
Immunity Standard for Heavy Industrial Environment
Australiaand | C-Tick Mark, Australia/NZ Emissions Compliant
New Zealand

Network Automation Engine Product Bulletin 13
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NAE55 (Part 2 of 2)

Dimensions
(Height x Width x Depth)

226 x 332x 96.5 mm (9 x 13.5 x 3.8 in.) including mounting feet
Minimum space for mounting NAES5: 303 x 408 x 148 mm (12x 16.1 x 5.9 in.)

Shipping Weight

2.9kg (6.4 Ib)

NAES85
Product Code MS-NAE85xx-xxx
Computer Type Entry-level Server Class Computer, Intel® SR1325TP1-E

Power Requirement

110-120 VAC

Power Consumption

1U Server Rack model: 5 A
Desktop Tower model: 5 A

Ambient Operating Temperature

10 to 35°C (50 to 95°F)

Ambient Operating Conditions

10 to 90% RH

Ambient Storage Tem perature

-40 to 70°C (-40 to 158°F)

Ambient Storage Conditions

95% RH, Noncondensing at 35°C (95°F)

Data Protection

User supplied UPS: APC® PowerStack 450 (recommended)

Clock Battery CR2032 Lithium lon

Processor 2.6 GHz Intel Pentium® 4 processor
Memory 1GB ECC SDRAM

Hard Drive RAID 1,2 ATA, 80 GB

Operating System

Microsoft Windows 2003 Server Web Edition

Network and Serial Interfaces

Two RJ-45 Ethernet Ports

* Port 1 is a1 GB Ethernet Port for communicating with the BAS network

= Port 2is a 100 Mbps Ethernet Port for communicating with an enterprise network
One Video port for monitor

One 9-pin Serial port

3 USB ports

(Height x Width x Depth)

Housing 1U Server Rack model: Metal
Desktop Tower model: Metal and plastic

Mounting 1U Server Rack model: EIA-310D compatible server cabinet
Desktop Tower model: Vertical on feet

Dimensions 1U Server Rack model: 4.3 x 43 x 58 cm (1.7 x 16.9x 23 in))

Desktop Tower model: 45x 24 x 66 cm (17.7 x 9.4 x 26 in.)

Shipping Weight

18 kg (40 Ib)

The performance specifications are nominal and conform to

specmcahons consult the local Johnson
misuse of its products.

ble Indus " I

at conditions beyond these

stry
Controls office. Johnson Controls, Inc. shall not be liable for d ges resulting from

Federal Co ication Commission (FCC) Compli
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This device complies with Part 15 of the FCC Rules. Operation is subject fo the following two conditions: (1) this device may not cause harmful
interference, and (2) this device must accept any interference that may cause undesired operation.

Th:s equ:pmen! has been tested and found to comply with the limits for a Class A digital device pursuant to Part 15 of FCC rules. These limits

designed to provide r protection against harmful interference when this equipment is operated in a commercial environment. This
equ:pment generates, uses, and can radiate radio frequency energy and, if not installed and used in accordance with the instruction manual,
may cause harmful interference fo radio communications. Operation of this equipment in a residential area is likely to cause harmful
interference, in which case the user will be required fo correct the interference at his or her own expense.

Canadian Compliance Statement

This Class A digital apparatus meets all the requirements of the Canadian Interference-Causing Equipment Regulations. Cet appareil
numérique de la Classe A respecte toutes les exigences du Réglement sur le matériel brouilleur du Canada.

14 Network Automation Engine Product Bulletin
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Rel. EN 2-00 - 21/01/22

THT300

384x288

PIXEL

TEMPERATURE
RANGE
& -20°\650°

’ﬁ FUSION




ﬁTHTSOO

PROFESSIONAL IR CAMERA
384x288pxl WITH TOUCH-SCREEN

1. IMAGING PERFORMANCE

THERMAL

Detector type

Spectral range
Risolution / Pxl size
Thermal sensitivity/NETD
Field of View (FOV)
Focal lens / F-number

Minimum focal distance
IFOV

Focusing

Image frequency

Color palettes

VISIBLE

Integrated camera
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Page2of3

UFPA
8 H14um
384 x288 pxL/17um
<005°C @ 30°C / 50mK
A1.5°% 313°
Smm /10
05m
189mrad
Manual on lens
50Hz
8 Standard + 4 Isotherms.

2Mpxl, FOV 65°

. IMAGING/IR VIDEO DISPLAY

Display type 3.5" TFT color, capacitive touch-screen, high brightness
Image mode IR, Visiole, Fusion PiF, Auto Fusion

IR Video Recording and saving MP4 format
Electronic zoom X1 = %32 in continuous way

3. TEMPERATURE MEASUREMENT
ACCURACY (")

~20°C % 650.0"(? O.1°C
-4.0°% #1202.0°F O1°F
(1) Ambient temperature: 10°C + 35°C, Object temperature: >0°C

4. TEMPERATURE MEASUREMENT SCREENING MODE
RANGE URACY

320°C+420°C orc +0.5°C
89.6°F = 1076°F OI°F +09°F

£2%rdg or £2°C (higher value)
2%rdg or £3.6°F (higher value)



ﬁTHTSOO =

PROFESSIONAL IR CAMERA Page3of3
384x288pxl WITH TOUCH-SCREEN

SPECIEIE
Measurement cursors 4 (1 fixed central +3 freely positionable on image)
Measurement modes Automatic / Manual / Histogram
Emissivity correction 001=100 +internal table withcommon materials
Measurement functions Automatic correction based on distance, relative humidity, ambient temperature, reflexed temperature, offset
Advancedanalysis T e A o i ceriory
Alarm on temperature Associated to measurements spots
Temp. Compensation only Screening mode
Operating temperature =15°C'+50°C
Operating humidity 10%RH = 90%RH
Storage temperature -40°C = 70°C
Storage humidity 10%RH + 90%RH
Encapsulation IP54 according with IEC529
Shock 250, accoreing with IEC60068-2-29
Vibrations / Drop test 2G, according with IEC60068-2-6 /2m
Dimensions (Lx W x H) 240 x 100 x NOmm
Weight(battery included) 5359

6. IMAGE STORAGE AND

NAL INTERFACE

Memory Internal memory (34CB) + Micro SD card 16CB (max 32CB)
File format JPEG standard (snapshets), HIR (radiometric)

Memory size 1000 pics/45min video (intemal memory), >6000 pics (micro SD)
Textual annotation With internal.virtual keyboard

PCinterface USB-C (download IR images/viceos to PC)

WiFi connection For connection to mobile devices through HTProCamera APP
Battery type Rechargeable Li-ION, 3,7V 2600mAh

Charging system In camera

Battery life Approx. 4 hours (stand-by and WiFi off)

External power External adapter 100/240VAC (50/60Hz)/5VDC, 2400mA

This instrument complies with European Directive EMC 2014/35/EU and at requirements of European Directives
2011/65/EU (RoHS) and 2012/19/EU (WEEE)

T +39 0546 621002 | F +39 0546 621144 | M export@ ht-instruments.com

HTITALIA S.R.L. Via della Boaria, 40 48018 Faenza (RA) Italy @
ht-instruments.com -
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HT ITALIA SRL
Via della Boaria, 40

48018 — Faenza (RA)

ITALY
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Tel.: +39 0546 621002
Fax.: +39 0546 621144
Web: www.ht-instruments.com

E-mail: ht@htitalia. it

Calibration Certificate 2412123620

Model: THT300 Infrared Camera
Serial number: 2412123620 -
Date of release:  20-10-2025

Request:

Date of place in service:

Due Date (*):

(*) The due date must be established (by the customer). HT recommend a 12 months calibration interval from the place in service date

FUNCTIONS REFERENCE VALUES CHECK RESULT
Good, tidy & slick outlook v
Crisp LCD & view finder display v
Outlook Good & reliable bottoms with clear w Passed
label
Reliable wire (power and signal) ¥
connection
Crisp thermal, visual imaging & Y
correct functionality
Correct functionality of focusing,
save, replay and recording v
Basic functions Passed
Functions Normal temp-measurement & aee
analysis operation in live, frozen & v
saved images & recorcing
Functionality of visible and audio v
alarms
Temperature range: -20°C + +150°C ; 0°C + +650°C
Nominal value Read value Uncertainty
-15°C -15.1 +2.0°C Passed
+2°C or +2rdg d o
[-20°C<X<150°C] 0°C 04 $2,0°C Passed
30°C 299 12.0°C Passed
Temperature
& accuracy 140°C 140.2 +2.8°C Passed
emperature i o o
Maacierent :mf‘;:;:lnct 0°C 0.2 +2.0°C Passed
30°C 30.2 +2.0°C Passed
+2°C or +2rdg d o
[0°C<X<650°C] 140°C 139.6 12.8°C Passed
400°C 399.6 +8.0°C Passed
630°C 630.7 +12.6°C Passed
Temperature range of Screening function: 32.0°C +42.0°C
Temperature point | 37.0°C ] 372 I +0.5°C J Passed
REFERENCE CONDITIONS
I dity Emissivity value | Di from the source |

.
I

25°C £ 1°C /60%RH

0.95 |

im I

REFERENCE INSTRUMENTS

Model

Calibration certificate

FLUKE 4180 S/N: C04326

NVLAP JL2402944561 of 07/03/2025

FLUKE 4181 SIN: B29803

NVLAP JL2402471231 of 26/02/2025

FLUKE 1502A S/N:B18889

NVLAP JL2419363471 of 10/12/2024

MIKRON M330 S/N: M0016068

NVLAP JL2418458731 of 15/11/2024

Tests were carried out according to the test procedure: IOP_THTCameras_V1-00

Quality Assurance Manager:

Li Menglony
g v

Date: 20-10-2025
Release 1 02 - 19/07/23
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THYRISTOR
POWER REGULATOR

EectroWebStore

Electrical, Electronics & Automation Solutions

Marketed By:
SHAH ENTERPRISE Tel.: 022-66337192/ 93 / +91-7021014510 ® Email: sales@electrowebstore.com '. S

Sales & Correspondence Address:  Registered Office: Websites: u }
605 Niranjan, 6th Floor, 99 Marine Drive, 293 Princess Street, #S/3 Sopariwala House, =~ www.ElectroWebStore.com
Mumbai - 400002. Maharashtra INDIA Mumbai - 400002. Maharashtra INDIA. www.BaumerDistributors.com

Authorized Indian Distributor of: Baumer Group (Hubner-Berlin; Baumer Electric; Thalheim; IVO) www.ExpressFuses.com ENTERPR'SE
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Product features

@ Independent adjustment of Max and BIAS.

@ Down-opened Panel, easy for fuse replacement.

@ VR of Max and SFS are installed in the front panel, easy for adjustment.
& Multi-LED display panel makes the operating condition clear.

@ The auxiliary powers (AC1, AC2) are independently controlled forall
models.

o Build-in buffering output adjustment (SFS VR), adjusting range 1~22
seconds. (Only for the phase control product)

@ Top & bottom shielding covers are designed for safety and fashion out
looking, also easy for wiring installation.

m In case of 0.5 Hz sudden power losses, system output can be switched off
immediately. Once the power is restored, the system will buffer the
output to prevent the voltage surge for fuse burn-down.

@ Main power is one spec. Design for 200~480VAC.
& Automatic power frequency detection for 50~60 Hz. No need for selection or switch.

m Automatic detection and display for power out-of-phase, SCR overheating, and fuse burn-down
with one set of alarm dry contact output.

@ In cases of SCR overheating or fuse burn-down, the system output is stopped immediately. Once
the malfunction is eliminated and power is restored, the system will buffer the output to prevent
the fuse burn-down.

& 4~20mA, 1~5VDC, 2~10VDC, 0~20mA, 0~5 VDC, 0~10VDC, dry contact points, etc. and all
control signals are ready touse.

@ Triggering circuit and the main board are designed separately to avoid the main board damage
when main circuit malfunctions.

@ Using European detachable control signal connector for easy replacement without re-wiring
installation.

._,,,,////’;,‘,,.




Outline descriptions

Main power shielding cover
Shield the electric part from the operating personnel for electric shock
and to enhance the safety and product appearance.

VR adjustment
Adjustthe maximum voltage
outputand the voltage rising
buffering time.

LED lightindicators
Make the operating condition of the
power regulator clear.

Loading side shielding cover
Shield the electric part on the loading
side from the operating personnel for
electric shock andto enhance the safety
and product appearance.

Control signal connector
Provide the connection points
and alarm output for the outside
signals. (temperature gauges,
control signals, VR, etc.)

Cooling fan

Dissipating the heat by wind blow
to control the temperature and
make the power regulator func-

Heatsink

Increase the heat radiating area of the SCR module.

tionnormally.
Installation and ambient conditions
& When the power regulator is operating, the heat will be generated auto-
matically. Please install the system vertically and leave some empty
space on two sides to avoid the temperature inside the regulator rising HOT AIR
continuously.
& When the product installs, the base must attatch the mounting plates,
in order to enhance cooling cycle.
@& There must be some ventilation holes on the control box. Please follow
the principle of hard air rising to install the ventilation holes or extra "““"mlll
cooling fans. i
@ Please avoid installing the regulator in the place with high temperature or
poor ventilation. Otherwise, the maximum
operating capacity must be set lower than Normal rated capacity %
70% of the nominal capacity. 100
@ Avoid installing the regulator in the 90
places with heavy water evaporation, %0 N
acid, alkaline, or corrosive air. \
@ Ambient humidity: below 90%RH Zg

(no condensation)
o Ambient temperature: -10°C~45°C

50
30 35 40 45 50 55°C

3% The above numbers are based on
the conditions ofno erosion, no
greasy dirt, and no cover on the
heat sink and following the re- COLD AIR
commended installation guides
based on the principle of heat
transfer.
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Control and applied loading

@ Phase angle control: continuous phase angle control, steady output, current gange reading remains steady.
But, every half wave will produce harmonic wave.
Applicable loading: fixed resistance loading, variable resistance loading, inductive loading, IR light bulb.

@ Zero crossing control: distributed zero crossing control, minimum resolution 1 Hz, no harmonic wave, and

current gauge reading oscillates.
Applicable loading: fixed resistance loading.

Wiring and setup notices

Single phase Two-wire three-phase  Three-wire three-phase

) -- —} -- —) NFB—— can cut off power to prevent personnel from electric
I I i shock during maintenance.

-------- MC——— can cut off supplied loading power when the power
regulator malfunctions or the temperature is higher
than the pre-set value. Cutting offthe power can avoid
the system bum down by overheating and prevent more

Bhwes, serious damage.

regulator s .
TEWAIT 5 can adjust the output power according to the control

signal. (This product is embedded with the high-speed
fuse, extra fuse is not necessary.)

C E

= Standard main circuit setup: main power — molded case circuit breaker —>contactors —>power regulator
—~loading.

@ The screw must be tightened during the wiring setup to avoid high temperature resulting from bad contact.

@& Once the wiring setup is completed, the front panel and safety cover must be properly installed before the
system is powered up to avoid the electric shock or short circuit caused by dropped conductive objects.
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Model table

W5 series

(57 ]

Single-phase angle control

Single-phase zero crossing control

Three-wirethree-phase angle control

Four-wire three-phase angle control (Loadswith Y connection , neutral point connection N )

Two-wirethree-phase zero crossing control
Three-wire three-phase zero crossing control
50~120VAC )

/ | 200~480VAC
030 30A

1 110VAC

1o 220VAC

Méﬁﬁélréd'usfnxcnt.

Special

_Not have Buff
| Adjustable buffering time, 1~22 seconds _(Phasc-angle type of product)

ing time

_ ({(Zero-crossingtype of product)

Inductive reactance

ited current type.

~ Limited current type ‘3 )
Constant current type (RS sonstanteurrent valug

nstant voltage type

¢ of loadin,
MS limited current value | Only for phase-angle
Chnot i type of product

mm’a ‘éx‘xl:g)fzd current value.

Standard type Constant voltage type
100% - - - 100% 2k
| 1 1 : _‘_!_t_+_ 104
NS Ll
Output 60| — =~ —fme = — Output 60| == e e —e el W Input
voltage W™ voltage ) I Ul signal
(%) 40| ——Ff— b — (%) 40)——F——d —=b— - — 4
Y |\ f
[
20|=f——+——p ———— 20]——+— = == —
S N | N 4.
AL 11 adih o J
20 40 60 80 100% 20 40 60 80 100%
Input signal (%) Ouput current (%)
Limited Current type Constant current type
Input signal
100% ou Wl e 2
[
80 80 - --- g
[
Output 60 Output & L= g
current voltage | |
(%) 40 (%) 40 4[- - ?—— g
[ [
20 20 i g
| [N
0 100% 200% 300% 20 40 60 80 100%
Rated load Ouput current (%)
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Selection of the input signal

S —"’CONTROL BOARD
S1 .82 83 ’

© 4~20mA ~ 0~20mA » MANUAL Selection S1 == = (Inputimpedance 2490)

@ 1~5VDC > 0~5VDC Selection 82 +[C=le (Inputimpedance 200K0)
© 2~10VDC ~ 0~10YDC Selection 83« «[E=] (Inputimpedance 18K(2)

Functional adjustment
I
VRI1 BIAS @ Adjustment of standard output voltage.
(Counter-clockwise adjust the control signal, lower the input will
produce the output.)
VR2 SFS * Adjustment of buffer rising time.
(Adjusting range 1~22 seconds, clockwise adjustment will increase
the time. No applicable for zero crossing type product.)
Limited current type/Constant current type : Adjusting range 2~16 seconds.
VR3 Max : Adjustment of maximum output voltage.
(Adjusting range 0~100%, counter-clockwise adjustment will decrease
the output. Set to zero will have no output.)
Limited current type/Constant current type :Current adjustment.(Adjusting
tange 50~100%, counter-clockwise adjustment will decrease the output.)
VR4 OLSET* Adjustment of Over current.(Adjusting range 60~120%,counter-clockwise
adjustment will decrease the output.)

PB1 RESET : Over current RESET.

Descriptions for LED lights and trouble shooting ., T

input light L2 is o
gulator for maintenances.

d all the abnormal conditions.
ck the shortage and the ground of the
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Descriptions of the connectors —

Single phase, Single phase zero crossing, Two-wire three-phase zero crossing (SP ~ SZ - TZ)

" . " The cor ion from power to loading
801 “ Detectionotis fusshuendoyn must be connected back to the FS side.

The default setting is 4~20mA when the
ticker is not marked.

250VAC2A.

Bussmann
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Wiring setup examples for single-phase, Single
and Two-wire three-phase zero crossing

86

-phase zero crossing,

8 Main cireuit
wiring diagram

3% When electro-
magnetic switch
is used, please
install it on the
power source side.

3% For FS connector
wiring, please refer
to the right diagram.

L.

LOAD

Control signals %

Control signal input 2. Manual control

h S Auxiliary power Auxiliary power
LOAD I source source
3. Limited adjustment for 4. Dry contact signal input, 5. Manual-automatic relay 6. Manual-automatic relay
outside VR adjustment

control signal input, output

Auxiliary power
source

7. Control signal input, basic
output setting

Auxiliary power
source

switch

switch, outside VR adjustment

RY=0FF Automati

Auxiliary power
source

8. Multiple connection, only one for outside VR setting

0~100%
ADJ

9. Basic and maximum
output setting

(limited for 3 sets cascades only)

VR1
Basic ~ Maximum
capacity capacity

Auxiliary power
source

Auxiliary power
source

Auxiliary power
source

10. Three set connection, independent outside VR setting

0~100%
ADJ

Auxiliary
power
source




Wiring setup examples for and Three-wire three-phase angle and
Three-wire three-phase zero crossing and Four-wire three-phase angle

—_——
& Main circuit N
wiring diagram NFB  Je-o)r-en N
1. Control signal input 2. Manual centrol
3% When electro- gaiinp
magnetic switch
is used, please
install it on the
power source side.
0~100%
ADJ
Auxiliary power
source
3. Limited adjustment for 4. Dry contact signal input, 5. Manual-automatic relay 6. Manual-automatic relay
control signal input, cutput outside VR adjustment switch, outside VR adjustment switch

ON/OFF
0~100% ﬂ
RY=ON Manual
RY=OFF Automatic |COM| RY=OFF Automatic
Augxiliary power Auxiliary power Augxiliary power
source source source

7. Control signal input, basic 8. Multiple connection, only one for outside VR setting
output setting

— ; +

Auxiliary power Auxiliary power
source source
9. Basic and maximum 10. Three set connection, independent outside VR setting
output setting (limited for 3 sets cascades only)

0~100%
e
Basic  Maximum
capacity capacity
Auxiliary power Auxiliary
source EOWEL
source
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The weights and related dimensions of the power regulators

———

(it rtiane ssteamd St gabiasezers cromiigeconind | ISP - IAEL)
— 00 (i e o . | P et iy 250 o M o e oo ol i e Wi
7 Lengm wmwu'&g:)gmm mmigmw&%u Lt |cezl sl w ovolizg
30A| A|162| 98 [133| 12 (225|127 |166| 1.5 (122 O | O | 90 M6 m’:‘ﬁ,‘g
45A| A |200| 98 | 133 | 14 | 262|127 (166 1.7 |122| O | O | 90 M6 w’:;g
60,80A| B | 162|112 | 183 | 1.6 |225| 140|220 | 2.0 |122| O O [104| M6 w:‘]f,lg
100A| C [ 189 112|183 | 1.9 |250| 140 (220 | 23 |122| O O |104| M6 ::h“;g
125,150,180A| C [ 275|112 [ 183 | 2.9 |336| 140|220 | 33 (122| 8 | O |104| M8 ;:1.,‘;5
230A| C (287 | 112|188 | 3.3 | 345|140 (220 3.7 |122| 8 | O | 104 | M10 ::llx‘;g
300,380A| I | 390|140 (248 | 6.2 |450| 168|277 | 6.8 |122| 86 | 94 |132| MI1O ;;‘,_‘g
450A| I 390|140 (248 | 7.0 |450| 168|277 7.6 | 122 | 86 | 94 | 132 |M10*2 ;:;;g
S80A| I |460| 140|248 | 8.6 (590260390 |10.4[122| 86 | 94 |132|M10*2 ;‘;::g
T20A| I [560| 140|248 | 10.4| 690|260 390 |12.6 (122 | 86 |239 132 |M10*2 :;;g

|
' 30A| A
454 B
60,80,100A | €
1254 C
150A| F e
180A | F |382(140( 205 | 5.4 (443|168 |245| 59 [122| 86 [ 94 [132| M8 |
230A| G (310 155|265 103445 (260|410 (118|230 | O | O | 143 | MIO |.on
300,380A | G 390|155 [ 265 | 13.6(525 | 260 | 410 | 15.5(230 | 80 | © [143 | M10 | ceome
450A| 1 |390 260|248 | 13.0| 530|380 [390 | 153|122 | 86 | 94 [252 |M10%2 | e
580A| I 460|260 | 248 | 16.1]590 (380|390 [ 18.7 | 122| 86 | 94 |252 [M10%2|
720A| T | 560|260 | 248 | 20.0 | 690 | 380 | 390 | 23.0 | 122 | 86 | 239|252 | M10%2 | et
Lhree-rae i phneangl Zee-mie dee ol crmmslye comtial Fhree-ibe dhreesphase saple (WHTP HAZE HATH!
o i ol 1:;'1; Wicth Hrugh: T:%s 1;;: Width | Height ﬁ%ﬁ LFllm-holljZm“Iu;:LmV)\f ool m
30A| D (200140 | 145 | 2.5 [262 | 168 |182| 2.8 [122| O | O [132| M6 | e
45A[ B 200 (140 (205| 3.0 | 262|168 245 | 3.4 [122] O | O [132| M6 |
60,80,100A | F 202 (140|205 | 3.1 (262|168 |245| 3.5 [122| O | O [132| M6 |
1254 | F | 288 (140|205 | 4.5 (350|168 |245| 5.0 [122| 86 | O [132| M8 |
150A| F |326[140[205| 4.9 (388 | 168|245 | 5.4 [122] 86 | O [132| M8 |
180A| F [382 (140|205 | 5.8 (443 | 168 |245| 63 [122| 86 | 94 [132| M8 |
230A | H [ 322|215 265 | 153 |445(320(400|17.2(230 | O | O |203| M10 |,
300,380A | H | 402|215 | 265 | 20.1|530 | 320 [ 400 | 223|230 [ 80 | O [203 | MIO g
450A| K 390 (380|248 | 19.2(515 (500|390 [22.0(122| 86 | 94 |372 |[M10%2 | oor,
580A | K [ 460|380 | 248 | 24.4 590 [ 500|390 [27.4 | 122 | 86 | 94 |372 [M10%2| S
720A| K [ 560|380 | 248 | 29.5| 690 | 500 | 390 [33.2| 122 | 86 | 239|372 [M10%2 | e,

88



Outline appearance and fixed dimensions
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60227 IEC 01 or YK 60227 IEC 01 THW Y. Ki

450/750¥ 70 C SCILD AND STRANDED CONDUCTOR PVC INSULATED, SINGLE CORE

Insulation Conductor @ TR ARt

[ recncaoaa [

Conductor : Annealed copper wire Classification *Maximum conductor tamperature 70°C
: Slzes 1.5 mn® up 1 400 mm* : Clrcult voRage not exceeding 450/750 Voits
nsulation  : Polyvinyl chiorde (PVC/C) Rafed voltage : 450 Volts between Lins to Earth
el ) 1 750 Voks betwsen Line to Line
Core Idantification : Single-cores : Any color Teating voltage + 2,500 Volts

Reforence standard : TIS 11 Part 3-2553, Table 1

Bullding wiring for Installation on insulator or In raceway dry locaion.

Cable name Nominal Overall currunt Cable Standerd
cross type  thickness resistance  esistance reting in frea air welght Length
madmum (40°C)
sactianal nominal at m d 'll'ﬂ'G
area mEimum  minimum
Minimum  Mesdmum
®® e
a5t o
tmnty (rmm) {mm) {mm) {Qkm) (MC-km) -
15 Sald a7 28 3z 121 oo 21 n 100G
15 Non-Compacied o7 27 3s 121 op10 = 2z 100G
25 Sold 03 32 39 74 o010 28 2 100K
25 Hor-Gompacid 08 as 4D 741 o008 = 35 100G
80227 IEC M THW 4 Sold o8 38 44 481 0.0085 & ar 100%C
4 Hon-Campacies oa 38 48 481 00077 37 0 100
8 Sold 04 41 5D 308 0.0070 48 () 00T 10000
L Hon-Compactsd 08 43 652 308 0.0085 49 70 100C 1000
10 Sald 10 53 84 153 0.0070 B 10 100C  1000D
10 Nen-Compactad 10 58 (A4 183 0.0085 L.} 120 iocic 1000D
18 Compacied 10 §4 78 115 00050 4] 180 100/C 10000
E] Compacind 12 a1 a7 [Xr] 0.0050 122 280 10T 00D
% Comnpracied 12 0 109 0524 0.0043 181 s70 100/C 1000D
so Compaciad 14 108 122 0387 00043 184 1000
YRR IECHITH 70 Compecisd 14 121 148 LE] 00085 234 00 10000
L Compacied 18 1 w1 0183 0.0035 w2 1000 1000
120 Compacisd 18 158 B8 0153 nooaz £l 1200 10000
180 Compacied 18 173 209 o124 0.0082 n 1800 1000
185 Compacked 20 103 =3 o091 nooaz 454 1900 1000
240 Compacid 22 E-1 288 oors4 0032 543 2500 10000
80227 1EC 01 THW 200 Non-Compacies 24 245 28 0.060 0.0030 822 3,100 500D
400 e Gompaciad 28 25 332 0047 738 3,200 S00m
C : Packing in Caoil
D : Packing in Dum
THAI-YAEM Bufiding Wires and Cabias




60227 IEC 01 THW or YK 60227 IEC 01 THW‘ YAZAKI

450/750V 70°C SOILD AND STRANDED CONDUCTOR PVC INSULATED, SINGLE CORE

@ TIS 11 Part 3-2353

Insulation Conductor

ETTTTEES

Conductor : Annealed copper wire Clasalfiestion - Maximum conductor temperature 70°C
: Sizes 1.5 mm* up to 400 mm? : Circuit volteage not exceeding 450750 Volis
Iinsulation  : Polyvinyl chioride (FVC/C) Rated voltege : 450 Volts betweaen Line to Earth
: 750 Volts betwsen Line to Line

Gors Identification : Single-cares : Any color
Testing voitage : 2,500 Velis

Referencs standard : TIS 11 Part 3-2553, Takle 1

Buliding wiring for Installation on Insulator or In raceway dry location.

Cabie name Nominal G A.C.Resl Inductance R I d
v Vi, T
area R L XL z
(mm?) {Qkm) (mHrkm) (Q/km) {Q/km)

15 Solld 144777 0.5258 o.1852 14.4786

15 Non-Compacted 144777 n.5278 0.1857 14.4736

25 Solld 8.86881 05121 0.1608 8.3675

25 Non-Compaciad 88881 D.5202 0.1634 8.8678

80227 IEC D1 THW 4 Solid 5.5158 DA4BIT 01545 5.5180

Non-Compacted

-] Solid 3.68852 D.4742 01480 3.6868

-] Naon-Compaciad 3.6852 D.5608 01781 3.0684

10 Solld 21808 DAEB4 0.1475 21848

10 Non-Compacied 21808 0.5218 01638 21858

16 Compactad 1.3778 0.4842 [REC 1.3838

25 Compactad 0.8700 04584 01443 0.8818

35 Compacted 0.6271 04498 0.1413 0.6428

50 Compacted 04838 04477 0.1407 04841

YK 80227 [EC 01 THW 70 Compacted 0.3210 04354 01388 0.3480
- Compacted 0.2314 04347 0.1366 0.2687

120 Compacted 0.1836 04295 0.1349 0.2279

150 Compacted 0.1491 04292 0.1343 0.2010

185 Compacted 0.1184 04281 0.1345 0.1789

240 Compacted 0.0914 04257 0.1337 0.1620

sez st 300 Non-Compactsd 0.0734 04177 0.1312 0.1508
400 Non-Compacisd 0.0681 04160 01307 0.1430

THAI-YM_AKl Bullding Wires and Cables







wmmaaasil: 1

TNAE: 2.5 AT

nrzualyhnaou: 22.4 A

Asaik 1

94

il vin® | vout ™ | in @ fiout® | pin W) | Pout W) | Tsurface CC) [Tambient )
0 (Stan) 22.55 2991
1 70a | 2230 3122 3003 29.1
2305 | 2231 2996 58.4 30.2
3 2308 | 2285 3128 3007
g 2320 | 2296 3166 3046 58.0
5 22.99 3109 2990
6 23151 22689 |\ \23.04 | / 2280 3123 2989 31.8
7 2702 | 2313 |/ 22550 3023 55.6 317
8 233.78 22869 | 2331 |7 23208 3193 3087 55.3
Ay 23.08 22180 3001.44 30.6
PuaRs el 6 8 232.39 22759  23.14 22.92 3033.04 54.9 314

TURNE: 2.5 ML

neualybimesou: 22.4 A

fRdk 2

il Vin (V) Vout V) lin A | lout ) Pin (W) Pout W) | Tsurface CC) [Tambient (C)
0 (Start) 231.82 3014 2894 27.2
1 230.78 2278 3118 2995 29.2
2 3000 30.3
3 22:84 30.9
4 23319 | 2325 73.01 3181 3061 315
5 2984 31.9
6 3015 315
7 3144 3014 55.5 316
3 3100 55.1 31.1
gy 3130.00 3009.33 54.8 30.6
pwAuinled 6 8 233.03 228.4( 2320 2794 3166.67 3046.04 314

TRNY: 2.5 75

nasualyivhwesou: 22.4 A

Azt 3

Vout (V) lin A)

Pin (W) Pout (W)

Tsurface ('C)

Tambient

g

0 (Start) 2861 51.9 27.0
1 29.0
2 3000 58.6 0.6
3 3016 31.0
4 3002 57.9 316
5 1 31.8
5 3009 314
7 3036 31.8
8 3066 55.2 31.0
Ay 3001.44 55.0 30.6
puaAuinlnd 6 8 54.4 31.4




wmmeasdil: 2

TUWRE: 4 5.3

nszualybhidniing: 22.4 A

95

ARt 1

i Vout (V) fin (A) Pin W) | Pout W) | Tsurface (°C) | Tambient (°C)
0 (Start) 22.55 2921 2847 43.1 27.0
1 2825 2750 44.0
2 230.95 2917 2844 43.6 30.3
4 227.76 2920 44.7 31.7
5 231.56 2933 32.1
- 231.58 23 22.68 2945 2878 458
7 231.83 77 2859 46.8 32.2
8 232.17 95 2955 2881 453 31.2
ANRAY 45.2 30.8
usdonlnit 6 8 231.34 229.39 22,69 45.4] 31.9

wmaaas: 2

TAY: 4 AT

nesulvbhidonng: 22.4 A

asuik 2

il vin) | vouton | tin ) Pin (A) Pout W) | Tsurface ¢C) |Tambient ¢C)
0 {Stat) 231.74 229.38°| | 2242 2341 43.0 27.1
1 232.73 23032 | 2310 3054 2981 4a.1 29.0
2 22.58 2916 30.0
3 22.55 2840 30.9
P 2887 2813 ag 31.2
5 22.58 2925 9843 46.5 32.0
6 2886 31.9
7 2258 2937 2850 316
R 22.70 2952 2877 31.1
i 231:84 26 | 2266 44.87 30.53
Faduinlndl 6 8 2293 2267333 2945 2371 45 4 315

wmmmﬂ': 2

neuslybvhding: 22.4 A

pssit 3

il

Vin (V)

Pin (W) Pout (W)

Tsurface (°C) |[Tambient (°C)

0 (Start) 233,61 61 | “2267 2951 2878
1 2758 2918 2844 28.9
2 231.06 66 | 2253 2910 29.7
3 oo | 2251 2902 2828 36.1 30.9
4 8.97 2916 2843 44.0 31.2
5 22.60 2855 45.9
6 6 | 2251 45.0 315
7 99 | 2266 2940 2871 36.8 31.6
8 2287 2912 45.1 31.1
ruads 31.88 22950 | 2261 2859.89 4.8 30.4
ruaduinll 6 8 228,89 268 22, 2885.0( 45.4 31.4




pnmwmmﬁ: 3

TUIRINE: 4 763

nrzualybvhiwiing: 29.6 A

96

Asait 1

il

Vout V) fin (A)

Pin W) | Pout W)

Tsurface (°C)

Tambient CC)

0 (Stant) 5065 4919 50.0
1 30.14 5179 55.1
2 30.14 5179 5030 29.8
3 30.04 5160 5014
4 5189
5 22585 | 29.91 4964 51.8 31.1
22575.]" '30.00 5154 5020 31.9
7 29,94 32.0
8 225.66 30.11 5190 5055 54.7 313
iR 30.02 5151.44 53.8 30.4
Fwadsinlil 6 8 225.24 30.0 74 - 515961 501267 54 4

vmaaasl: 3

TINIY: 4 AT

nrzuatlyludnng: 29.6 A

sk 2

Vout ™) | lin A | lout (A)

Pin (W) Pout W)

Tsurface (°C)

Tambient (°C)

2
5 31.7
3 545 31.2
PaAY 54.0 30.6
eaduinlndl 6 8 5.4 31.4

TR 4 7581

nezualyivhidning: 29.6 A

asuik 3

Vout (V) lin A) lout (A)

Pin W) Pout (W)

Tsurface (C)

Tambient (C)

N

= can
2 AN 200
’ AN
5 51.8 31.0
A 4929
7 4934 316
R S0R2 3
FuadY 5004.67

puaduinledl 6 8




971

wmmaaesil: 4 WIRNE: 6 ML nazutlvivhunng: 29.6 A Ak 1

il vinW) | vour ™ | in® |lout® | Pin W) | Pout W) | Tsurface CC) |Tambient C)
2977 29.51 5012 39.4
30.28 30.00 5183 5095 40.5 26.7
30.13 29.85 5050 a1.3 283
30.39 30.09 5140 43.1 294
29.72 5094 5005 44.3 29.9
29.98 29.58 5085 4997 438 30.4
30.05 2977 5116 5024 46.2 30.9
30.14 |/ 29.86 5055 45.4 30.7
30.19 5271 29.9
2985 |5 43.0 29.1
" 29.94 - 5177.33 . 5088.6] 44.4 30.5

mmmaqﬁ: - WY 6 AL ni:uzdv}v'mﬁ'mmﬂ: 29.6 A ﬁ%»lﬂ: 2

S| vin) | vout® | 1in ) | lout () Pin (W) Pout W) | Tsurface CC) | Tambient CC)
4963 4887 40.5 26.0
5099 5012
5151 42.1 28 6
5185 5095 44,0 30.0
5153 5064 44 4 30.0
5078 4989 44.0 30.6
5112 5018
455 30.8
447 30.4

mmmmﬂ - TUWRNY: 6 5.2 ni:uzﬂvlv'hnjwmu: 296 A ﬁ%wlﬂ‘: 3

il Vvint) | vour® | 1lin @A | lout ) Pin (W) Pout W) | Tsurface CC) |[Tambient CC)
0 (Start) 29.49 5003 40.8 26.2
1 29.33 5044 40.9 27.0
2 30°15 29.34 5052 233
3 29 94 5177
4 29.829 2951 4942 30.6
5 30.01 29.74 5092 5003 30.8
A 30.07 2976 45.5 31.2
7 230.88 229.95 30.13 2984 5056 454 30 46
30.50 30.21 5280 5190 30.0
230290 | 30.10 29.81 5125.89 29.5
231.1 3024  29.94 5181.04 44.8 30.4
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wdnmssuIMALadsnadaud

foyaudaralummadunaanninihefituiinldannmeanssisiuam 3 aft ves
usiazyANIINAABY (Replications) (MAKLAN A) 3vATMALRABLAYARINLAYATIRaEUA
WHeauunasg (5.0 dWelidumdunuvensdinudus

L2

Freg9nsAuInNsmALRas (naifnwany 2.5 A5.4l. NSsuaneaeudl 22.4 wouuwls)
mnfinnsanafdsiiiiadusu (P,,) :inmanedeudn 3 asslutiean1ivas lotoya Tt
A1INARBIASIT 1: Py = 3,154.00 Tnd (Anadevostoyalutaedlusi 6 fedalueil 8
YDINTNAFDU)
N15NARDIASITI 2: Piy = 3,166.67 Y06 (ﬂ'ﬁLaﬁlasuaﬁagaiwdaa%’ﬂmﬁ 6 fetlusdi 8
YDINTNAFDU)

INARBIASI 3: Py, = 3,157.33 Tdt (Anaduvesdoyalugiadalusd 6 fedalueil 8
YBINTNAFBU)
3,154.00+ 3,166.67+ 3,157.33

Aade Py, = = - 3,150.33

Tngnszurunmsmanaaedinangnihlulgiummiinesaug Nmua laun usewiu,

nszud, il waziasluisude wWelilayatoyanauysaliuandlunisian 4-1



100

vannsAuanidsiihgydenamguiuasuvasiiunyasiauys

msAmnumatniaydonimguiandnguesga Joule's Law) dmduszuuliiih
1 wla 2 a1 Faflesdusenouvesiauusddl

nszualnin (1 ): 158’¢ifmzLLﬁiWﬂ']La?iaﬁi’miéfﬁamﬂsqmmsmaaa (Imeasured)

ANEuMUia (R ): $nadaranusumuliiiinszuanssgegail 20°C 91
wmsgugananslalih (Standard Resistance) nwdt 3-14

seeene (L) Ansgeenieninvesasini (sumeduliuagansiomia) windu 40
wns (lU-ndv)

F 08199 UNBUNNS AR Py NN 84 (nseiAnw?l 1 anelwiiwune 2.5
#3418, finsEuavaaey 22.4 Louus)

TUABUN 1: MAUAAIAIUAIUNIUTINUDINAT (Reorar)

IMNUINTFIUENAR a8 2.5 A48, HAT R = 7.41 Q/km

20 wns X 2

Rtotal —= 741 X ( 1 000

) =0.2964 Q

TupauN 2: AavnAmmaliihgydemeaunis P = I2R lngunuanseualnding

IolEa3991n597 4.1 (I = 23.18 Leuudd)

Ploss(Theoretical) =~ (23'18)2 X 0.2964

Pross(rheoreticay = 537:31 X 0.2964 = 159.26 s
AN Pross Nangufiliuanlugnunfinonmgiiensds 20°C daazthluldiduussvingiu
lunsilseuimieuiuAninlaasdduanisuindoun1sineu awuansnanisiseudisulumn

YAN15NAGRILUA1TIN 4-4
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MANNITATUIUANNANANTUATHFAENS

nsmunnluduiidumsussadunnuduavesnmaasusunevidaesang il
Ty @ u lnsiFeufisuszning "Tuamud i udu (Incremental Investment)" ffu
"WANBULNUIINNITUTENTANS U (Energy Saving Return)" aeldinseusyaziiailasanis
15

auyAguuarmssmuaduuslunsAun dWelinisussiiulassnstieuusiugh
R TA RN BRI Er ORGR - R

natlunislau: 8 daluwiety uay 365 Sused (591 2,920 Halua/A)

oAl 4.50 vinsentiag (Kwh)

S¥8znaIAITIEilasIngg (N): 15 Y

ams1Anam (Discount Rate, 1): 5% @l

sunuangliii (8198953880119 40 Lues):
YU 2.5 AT.UU. (12.01 um/iues) = 480.40 U
YUIN 4 P74, (18.93 UIM/ANAT) = 757.20 U (@1U19310 2.5 A5, C, = 276.80 UW)
YU 6 MU, (28.80 UIM/ANAT) = 1,152.00 UM (dus1991A 4 as.al. C, = 394.80 Un)
FegensAnnLasinIreaduys (nsaidnwidl 1: niswasuninaie 2.5 as.ay. Ju 4
A543, Finszuanadeu 22.4 wouwl$) ndenuiiuszudalalunsdfnud 1 (46.99 Sad)

1

NAIUNUSENIR laaal

_ (46.99 ok

X X .. .
1,000 ) 8 hr x 365 day = 137.21 kWh/Year

nausendnazaunal (Cash Inflow)

Saving = 137.21 kWh X 4.50 vw = 617.45 vw/Year

JreEIR1AUNU (Payback Period)

276.80

C17 45 = 0.45 Year

Payback Period =
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Ly

amdJagUuans (NPV):

[t

15 61745

NPV = Zt=1 (1T05)t

-276.80 = (617.45 x 10.3797) - 276.80 = 6,132.13 UM

[

9R5IHANUWLNU (IRR): A1UIUTIAT T N9 NPV = 0

Y

et NAIUMIALaA1Uagiugns (NPY) wazdnsnanauununiglu (IRR)

a q

¥
v [

e = =< uwvo ° ax o | s D2 e
Yaensdldnwf 1 dlmvhmsannaluisdinaiuazasudeiizinanuduavesynnsding
naonetglasinis 15 ¥ ieldfidugiuteyalunisdndula@sdamnssuwaznisuinisdn

v L a d' d‘
ATTNANIU GNT]EJa%LE)EJ@VIU'i']ﬂQIUG]'ﬁ’NVI 4-5
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