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1. Mechanical

* Pumped hydro — PHS

» Compressed air — CAES

* Flywheel — FES

2. Electrochemical
+ Secondary batteries — Lead acid/ NiCd/ NiMh/ Li/ NaS

« Flow batteries — Redox flow/ Hybrid flow

3. Chemical
« Hydrogen — Electrolyser/ Fuel cell/ SNG

_— | recovery |
1 . 2 T
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4. Electrical
» Double layer Capacitor — DLC

+ Superconducting magnetic coil — SMES

5. Thermal
« Sensible heat storage — Molten salt/
A-CAES
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Adalwinldlunszuaunisudamasnuiniuly wasnundegdnuans LARYASINFDAARDINUNTZLIUNITTISA
<, ' a o '
UALRAY A9l wazyanuiszq
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* Mechanical Energy storage system 1. Mechanical Energy Storage system
» Pumped hydro-PHS
» Compressed air-CAES * Hydro ﬁqma"nwmzmuﬁaﬁ
> Fly wheel-FES > Tagvaluazldaulanaradlusly
wiladUav
* Electrochemical Energy storage system > ‘Loﬁ”]ﬁwmgi’wqﬂsmaﬁﬁb@ﬁquwz‘i’aa’m
» Secondary batteries-Lead acid/ NiCd/ NiMh/ Li/ NaS wazns At Use e
> Flow batteries-Redox flow/ Hybrid flow > ddnanwszeulan (HlEnuuwany)
* Chemical Energy storage system * Compressed air ﬁ@mé’nmmmduﬁoﬁb
» Hydrogen-Electrolyser/ Fuel cell/ SNG » lasmldazldaulananadilue

= < o aa ¢ a

» Tulsanunwasauniyse e

* Electrical Energy storage system wWdiTe 2 e
> Double-layer Capacitor-DLC > HHANTTNUADFILIAADNLAZAINY

» Superconducting Magnetic coil-SMES Uaane

(=3 izog’ L =
» azgniinlilann dau wieussy
* Thermal Energy storage system

» Sensible heat storage-Molten salt/ A-CAES

Tudsnduszuy
> HIADINITINUITELASNAUILAN

nsidantds:na wasu (Energy) NUANAWIU (Power)  + Flywheels Slpnidnsoisisudoil

a s < s v L Gl o Q/ dld 1 Qs QI/ L v @ 1 a =
o wAluladnsNNNUNReY lFWAIUATDNAINUNTANNLANANINY » laamnluazldaulabuaidiuninsg
= o o 2o o a | S a P a a
© MaaenMaUu (Power) azlimasngslugisnangy (3ud e win) Ra18U
aaa ' v & o . . a9 o '
walulagniiyaiaulusuiisznauss supercapacitors, flywheel, batteries »  Jlgoumnnludsdsemne
e Li-Ion wag SMES (superconducting magnetic energy storage) > STUUNNALUWRMNULUDH ﬁﬁﬂm@ﬂmﬁ
© NITRBNNANYL (Energy) azldiwasanudnuiniinuazananasanule gedil s

N 1 7l wmalulagndyaenlumuiiszneumes CAES (compress
air), pumped hydro, thermal ES uaz WuaLABITUAMNG

Hydro Compressed air Flywheels

Comprees
Er‘le;g,rj St

2d Ajr
I:rrin__.]r_n
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2. Electrical (Primary) Energy Storage System

Liguid

Heliumy -

Mitregen

Super Capacitor HAMANHMULLAUAIN

| 4

vV v.vyYy

= = a a =
FUUIALANLAZNTENASA LaTauln
AILF 14.0 mm x 21.0 mm x 3.2 mm
(LxWxXT)

a o o 1 <
ummua:mmsmuﬂiz@gq

'
a

$99Un15 charge-discharge N@IuNe
, U

AANMNAUAIF
asnsndszgnaldanulanainuane
1% Charging station &15USNEUA
W, THuTINAURUALADS IS
Tneans LL@:ﬂﬁﬂ%’Uﬂgdmﬁmmw
2995 VUNAINULANaINNAE

Superconducting Magnetic Energy

Storage (SMES) HAUANBWUTLA

| 4

>

= [ |

(< o >3 aa s 2
duiasnundaunin, vstldnis
FrAUYRdlNan, TTUUTLATETAIN
AMAANNRAUNG (fault) VBITZUY
E = 5[;12
+
LT/HT Superconducting Magnet

: .
e —

p—

"_-_.-. =

; Pump

Cryostat

o &
UAIU

Electrical Engineering.

» SMES iudnuilamnaluladnisian
QNNINANHBINTS discharge time
#1 S1AAzRNTUANANNEBINTS
discharge time ‘ﬁmﬂ%u

» &%V discharge time 1-2 U7,
SMES 8¢ supercapacitors W
furaula uAd1@ 20-30 Funiiu
flywheel YER battery system ALl
T laiuwe

3. Chemical Energy Storage system

Reneating Uit

Fuel Cell {RMANMIAUAIL

>

>
>
>
>

LﬂumsmeLnﬁiwﬂwﬁﬁﬂizaw%mwga 40-50%
Feuwarldiuaniizwszlddnisduany

>
£ = a

1 (H,0) Aenanaasld dlflalasiauudansidudemas
Uizaw%mwvlaﬂﬁﬁuﬁum']mg

wonduaIng dnainuateoiin Uszneusie Alkaline Fuel Cells
(AFC), Phosphonic Acid Fuel Cells (PAFC), Proton Exchange
Membrane Fuel Cells (PEMFC), Molten Carbonate Fuel Cells

(MCFC), Solid Oxide Fuel Cells (SOFC)

flooded pores
collector =
OXIDANT 1 e
{air. 0u) i Cartion catsly=t
. g lytetra-
ZH + %0, + 2e-—+H,0 ETDE%;%IE"E
2 gas in pores
/ 3 PHASE CONTACT REGION
porous cathode
structure
INCo| Pﬂfﬂ
3 phase humtghcmy
B.C H. Steele

Hydrogen HAmanmMziAUaAdil

>

vV vyvyy

Wun1sudasaillWinannwassunauny @y Biogas, Ethanol
lalasa i BoInRI& NS UNITTULARDL
fadduandiuunnig

<, = o o

WUTTUU(N9) ALANNAIINUTZAUNAS
AnanURaUITIndlauny Fuel cell
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4. Electrochemical Energy Storage System

2
o

*  Secondary batteries H{fMANHULIAUAIL
> ansnsavszanasulvale
1. Lead-acid battery (mzfiansa) #37P19N uAseUMslduasdu
mﬂgﬂﬂz\iaﬁﬂizﬁgauwm
2. Ni-based battery (NiCd/ NiMh) THfMAILasWAIIUGS WAl
Uszansniwen
3. Li-base battery (Li) 1AAMRILAZAMNAUILUUTDINRINUGS
WIBNNDHUTZANTNINGIME ULARUNUNITHANEIgINATABINIS
2ITNTOAUTEUULRALAR
4. Na-based battery (NaS) THANGILazANNAUILUUIDINGINUG
WIDNAUNYUILANTNINGIAE WAAUNUNITHANSIgILa Il
PTRIECr Bt o
> UfATeansndeunavlaegrsitens
> danuedisiugaalgng

* Flow battery-Valadium Redox flow HAmansmueiauadil
> a’m’liﬂﬂizqwﬁlﬂﬂ’ms[mﬂﬁ
- da
> Nﬂu'}ﬂﬂ'}’]u?ﬂiﬂm
Ao o @ o o A & a o &£ o P
> UNIAILATIZAUYDINIRIIUNILUDRT S (ﬂiumuﬂiﬂaﬂiﬂﬂqﬂ)
>

a 1

UAMNAUILUUYDINGIINUAN

Electrode Membrane Electrolyte Tank
w e L o

Ulo+
U5+

- -~
Pump Pump
Power Source

— T
—

Source: http: //www.australianvanadium.co.au/
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5. Thermal Energy Storage System

* Sensible heat storage-Molten salt N

Qmﬁnwmuduﬁaﬁ

» TF&mMSUIAUWRIUINLaINng
Hﬁqmunﬁqa

> wasuanusduletififanutou
AL (superheat steam) LanEn
T lunanasaurdoiuildiiuan

> FosfidirfinfimmieLiuinasiou
(melt 131°C, liquid 288°C)

> ’L%’ﬁ”uﬁmml,a:ﬁunuqa

> ndenlddldwarnuarasiia oy
sodium nitrate, potassium nitrate
Way calcium nitrate

> AUszimaalu molten-salt plant
aunsanglnlddeiods 36 1
(24 Flusseoin)

FLUURLANNAIINBRANAINVAEVUIALAE
WAL TIA %aﬁimduua:ﬁaﬂLLmﬂ@i'wﬁ’uvLﬂ
= 1 | a =l Gl 1 12 1

Adldanmnsoszylinaiinluuinieildnd
wiazIunuingUszasniunisldounas
E2 o Qs ifdl o L 2 Qs dl E2
dadnfinasgnazinluldnudie asmla
nan i ludnedn

Lwﬂuﬂﬁﬁ’uvlﬁﬁi:uuamuwé’amumﬁwﬁa
AMasuanuiounazldiuagisunsvans
wiautuiniswamumalulagnisuaai
iam%ﬁﬁa:ﬁa’«gmﬁmm:ammmﬁﬁwm
azauwa"amuuazﬁﬁunuﬁéﬁuwé’amuﬁm
Mnunainaaranaug e dufneuumnines
T,mﬂqma'mnismaummmaéﬁuvlﬁﬁmﬁu

'
=

> 6 1 a 3 ;9
L‘W?J’N]Qﬁizﬂ\‘iﬂ(ﬂ"l\‘i‘] uaziunltinmusian

£

o
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Electrical Engineering.

Balancing
Storage

Thermal
Storage

Distributed
Storage

K. 2
<

Residential
Storage

amsulsludingszaniu wwu Insanwn
floflo moNAILABRS uAzBU (900 USS/
kWh-Y2010 to 150 US$/kWh-Y2020)
FM5UTTULIUES tesueus W
Us1ane199 (1,410 US$/KWh-Y2010
to 246 US$/kWh-Y2020)
gmsunninuladannassunaunu
Wesnwuatasnmmassszuvlng nis
ﬁnimnqaqw%amiLﬁlaumﬂ‘*ﬁ’mu
294l11an (1,950 US$/kWh-Y2010 to
825 US$/kWh-Y2020)

= = 1
FauuaLeeIaN1santadulssiAneu

ANTNINUA G

1.

la@es (Sodium) Battery
Sodium Sulfur Battery (NaS)
Sodium Nickel Chloride (NaNiCL)

. Al (Lithium) Battery

Nickel Manganese Cobalt (NMC)
LiFePO4 (LFP), Li-Ion Nanophosphate,
Lithium Titanium Oxide

a1sazanelua (Flow) Battery

Commercial
: Storage

PRPEDRSp Seap——

V2G

* Vanadium Redox Battery (VRB)
¢ Zinc-Bromine Battery (ZnBr)

msldnusuameilunisazaunasnulniannasnunguien (Renewable
energy) Tuilntuiianuadmnuazaziuiunsvarsluewnn lagiane
Aululasn3a (Microgrid) LiWeaan15Eu[IULDY Solar Farm, Wind Farm
o =3 o 1 1 dl T Gl ﬁl d! 1 1
Talunsnninunasnulinglurimluiuasunauieanils Jelaadulvg
wiRenlduuanesUssinnaiisunseasazatelva deafianiaenlduu
lﬂg’ e Qs 1 td‘ % 1 £ k% U
wAUAUTRTEAeg Alananuiuaidnedu

Distribution Systernl
]

/
i
22k 2 Feeder ;7 -
) E{ K] TR
e !W
B3k =

115KV (Future)
/" Microgrid
&1‘;‘.‘95 Controller

Hot Substation

Battery 7z
SMW/TSMWH
s
Mae Sariang Dam
\\ 2625kVA

~ -

-— -

Mae Lanoli Microgrid Area
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280

240

200
g‘lﬁﬂ
5 120
80
il
i = |

Lead Acid NiCd NiMH LTO LFP

LLax‘luﬁaﬁgﬁummmaﬂum“lwﬂw (EVs) NRINLTI G’hﬂLViﬂqNa‘Ma’lﬁﬂizﬂ’ﬁ

Specific energy

V1 ANUNANY, AIUNSWEINT LATN1IZlaNTaU AItUAZIBNAIID

dl a d‘ U a L =1 o L s =Y >3 6
wuanesrianguansnsudlnildad@nsuazianldiunindusivesnuies
<, | L oA a a a T a a |
Juamlug tufeuwuawesdssmaimensuniy Jeiinasstiauaziynian
LAZADENLANAINLA 35

1. Lithium Titanate (Li,Ti,O,,, LTO)
Li-titanate ﬁﬁgmduﬁﬁmmﬂaamﬁﬁqo, Uizﬁw%quoﬁqquﬁéﬁ
LLazﬁmqmﬂ%’muﬁmmm (faquuldeuly Mitsubishi MIEV uaz
Honda FIT EV)

2. Lithium Iron Phosphate (LiFePO,, LFP) ot

Li-phosphate H3aiauiinnnndasndsgegauaziiongnisldanunaniuiu
N udldnasnuedlussautunasuazldnsnisaedszameniiadgs
(IFauunnludszsinaau)

Performance 9
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3. Lithium Manganese Oxide (LiMn,0,, LMO)

Li-manganese oxide ﬁ@mauﬁlamﬂﬁﬁﬂﬂwmdmaﬁ
NNWIITABTATRLNA1IY agjiwdwﬁmmtﬁﬂ%uﬁ@&
AIUNATINY ANUABAABRATDIYNITITIN (TaqTu
Idonulusnadanes)

Specific energy

Life span Safety

Performance (3]

4. Lithium Nickel Manganese Cobalt Oxide (LiNiMnCoO,,

NMC)

NMC ﬁﬂiza‘w%mwﬁaiunnﬁwutmmnuﬁmmﬂﬁwﬁmu
ﬁqa wanesrdediduiitenlslusoaudlningniadd
mw%auénﬁqn (Tfaqudildauly Nissan Leaf, Chevy
Volt ag BMW i3)

Electrical Engineering.

5. Lithium Cobalt Oxide (LiCoO,, LCO)

Li-cobalt #yauausmunslingany uduszansnimanu

o o

niav mmﬂaamﬁmmzmq agﬂm:ﬁumunma (vlﬁjﬁ

1%

daganisldaulusnsud)

Specific energy
Cost Specific
power
Life span Safety
Performance (5)

. Lithium Nickel Cobalt Aluminum Oxide (LiNiCoAIO,,

NCA)

NCA THWSI9IHUATATNIUILUUYBIMAINIUGD TINDY
21gmsliiuisnme danudulyldgeiuunnes
wiiafazgninluldlusoluiy (EV powertrains) wadadl
sAgnardsiyasesluisasaulaeads (Jaqiu

19ty Tesla)

Specific energy Specific energy

Life span Safety

Performance (4]

Performance (6

~ P
VOUABNNIVOIYDI AT Cadex

aztiuiiunilasagdesdensanedasiunsidenldsnsudlni isfnsiasasiinresuaneinldiusnguiug fe
3saglasnauaiyadanuaze1gn1sldueIuuaLAesNAsInLANNABINT O

90y
Energy Storage System: Technology, Design, Control and application; IEEE Power & Energy Society — Thailand Chapter
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FAS195 dougls

13ann3 a1973AINTINMARNT (amnm‘aunmm:?wmuumu)
smIngnasnaluladnszrouinaisuys
3minsseay 10 mslwihehenaauistssinalng

-NJ10an
Joha
IWwwns:znadau

6%
ADIWNITRLLAN

T,uwmsswwmum msmLummaﬂnsmmanmauﬂa mi'mim'mﬂu
ammwwmﬂ amﬂuaﬂnimw"lmmﬂu‘lwmns%mme (DC) tWeg
amammmmu LU aﬁnsmuamumﬂ aﬂnimwan #aanlW LED,
aﬂnsm”law snﬂumlwﬂq YRY Luamq w,ﬂsmezmm mslu WNAAN
svuummqmau mamsaammwmulmmuamasﬂml,amw'fl‘ﬁ
Lwamﬂ‘lumsmuqumwmLLazLwuﬁﬁzaﬂﬁmwiumsiﬂjwmam
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‘s:uumwamvlw%ﬁ’ﬂaﬂﬁ'lz‘i'oag"lwﬁ'mﬂ%'mﬂﬁlﬂu \ieeannisiin
Winnssumemunasanulnin ldiezdumsiauimalulagnnsaanalnin
IMNNAIURYUTBU srUUMsHaAs R IuaENAnszanesa (Distributed
Generation) afgﬁmmia*?iﬁn’]ﬂ%’lw% squulalasn3e seuunniunasaulngn
fifluszansam mimﬁmnszua"l,wﬂwvlﬁmﬁﬂugﬂLLuuawnIiavaﬂflmu'lmTuaj
Ananlniinszuaasy (AC) Tuifunisuaalnfiannwassunaunuis
msnimwﬁaﬁmngﬁmﬂ MBLSITU NN NTTULANTI NTVINBMIVBINAIINY
naunulagldndsnuuasefinduazndsnuanduildndiuuniuy wiou
fumsisewaumaluladvesuunnesadresaiiioaieliiiuszansnws
LLa:ﬁﬁ%mmmiwﬁm%wmumnwuﬁﬂﬁiwmLLumLmaégnm A lwnnsle
IWHnszuanse (DC) ﬁ"[ﬁ”mmnwé’mumLmumminﬂszﬁgaﬂuuuml,ma%
"léﬂmmuﬁaﬁﬂLﬁuwﬁamuumﬁqﬂ Fannsinananil adundeuiv
nsanAldansesgUnsailiinszuanss (DC) duagrauin ﬁﬁamqwa
#i91 Aeatudanasnunaunisldauvsslniianssuaady (AC) #Alden
nMsuanlWH1nWeada éagnndnm’iqﬁNanszwwiamimﬁlﬂuu.ﬂm

wazgamMuada mMauazanzlansou wu
navsaiuayumsldnulniinssuanss
(DC) #il@arnnisnanlWina nWEss
uaIRREATWAINUAN AR Tuwdsn
azonn Iiafenannzlifuaden u
nswauAsegna waziladananiunis
15 TWAnszuanss (DC) ﬁLﬁﬁﬂ%ﬁJﬂ?&
UseAnsnrweaIn1slswasunaztinly
g'msm?a'ﬂuu,ﬂm Taaldnassnunaunu
TunswWauiasegha uazdsdnAnyige
nslglwAnszuanss (DC) Walana
sz oudnuiu 1.2 Auatuauuulan
AU aansaddlndiuaziiie
ag:ashawiuﬁﬂuﬁuiu‘[aﬂiuf:
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Traditional processes

Network and

I Meter

I
]
I
1
I
|
|
|
|
|

Conventional
generation

Traders @

Industrial
user

----- Electricity
Payment / fee

Data / blockchain

operator |

Storage Photovoltaics

Electrical Engineering.

Processes in a blockchain-based system

Photovoltaics

network operator Energy company Wind Storage (RES in general)

. .‘ = :
\ 1
N = A i 5
e
-=

N
’ - l, .
: Conventional T #
\\\ | f Blockchain
% i
Network and

Bank Payment

service provider ﬂ

| network operator / ~
@- Residential / i o
.

user i Y
Trading platform

@ Industrial user Residential user

(RES in general)

Ui 1-2 mwérenaaviomsdovielwwuuiay nawvanbunistirszuu Blockchain uisTumsdovielwiin

s dn(’L v a =
unanuatuilasausasann Technology
Report 289 IEC na13fd LVDC : electricity
for the 21% century BIFITHUTAINAUI
=P . . 1 a o
1179 Disruptive 22ILNAINAANAIINUIWHAN
ﬂl = Qs Qs = £ v
NuaalWilINssUaaaUA2939 1y nTu
A1 0NAA WA LT LA LDIPIENIS ARG ILLE
1B NTAFTINAUTEUUNNLAUNAIINLAIE

dl 2 =7 1 > 49/ U £
WuaLAS waaddunuvinunsgelnilg
lutfqiiu uazgunsohesadldlnihmeluiu
nnrfialdlniinszuanss awnsald IoT
(Internet of Thing) luN5iZaNABLARS
AIgUN 1-1 ForelWW 115z UD Block-
chain meﬁagﬂ'ﬁ 1-2 UszulanNallay
AAs1evnIslEnasume Al wazlidas

L <, s
Tn1sudatinannnszuansadunssuaqay
(Inverter) santsnsldaulugaainnsss
FNEUA DINALIULATOARINNTINDUY B9
] 2

waAIAIgUN 1-3 Reutuludnszuaasy
< @, o - a, 6 [ q'
nastdudruunian Nanlnen nan

a . . & A &
walulad Disruptive 2819RuULBI UNANMNTL
WuFsduduwnaalunisitlninsuanss

aziindunaziltadsunsuarssoliluouinn lnaanenssuisnisseming
Uszina MesunsguasmulWiuazdidannseiing (IEC International
Standards) la@Liiun1sdnmuazimmuaInsgIuLsInulWiInszuanss
Taadnisansagiianlaids n9UssinanNdeInIszeInaIn NInTgIu

o o d! tal o A a S = A
wsIAULAZANNLABAAY TITNAITRlUReUlguIn T 2557 Dusieu
woeaneu ¥ 2558 Jauuadu 5 auninelUil

All the things we eand ﬁrun on LVDC
NG -

. = We already live
A - in a DC World!

Ui 13 naavivgunsniinSoulsTWwATs TWiins:1ansy (DC)
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doufi 1

VoyailousiunganumsadreTwiiih DC

1< ! = @ dl o a w L a 3 o a
ULIAINI 100 DHUILAIN NN LA LBARL uﬂﬂiZQ‘iﬂjLLazuﬂﬁqiﬂ‘-}

a o o a ¢ cado o ' °
FIIDLNINU HDIUTEABIYUNTUNAIAYAI] JINNE aulaanen
1 1 I3 3 = a ao a
"WoNAUMSLNUlAWISN” L°mLﬁuqﬂﬂaLLsrwmmamumﬂumiﬁimwgmaﬂw

wazaxsnthuvindugsialsd ehdudiaaduyanadiAmuasisuandiy

Aans WA B A rgmen1sasanglniusesunszuanss Winszuansg

(DC) gninnlilutszmansuagiaausuzasmslinasnului udssuy DC

= dl . 1 ! s dl bd AAI A s
ﬂ“)S‘W‘U‘ﬂﬁyﬁ’]Lﬂil’)ﬂ‘].lﬂ’]iaﬂ‘*?’]EJLLiGﬂuvLWﬂ’W]ﬂENﬂ’ﬁLWSJMSBZQﬂLLiG(ﬂu

Tuszuudsnaiiasnansrazvinsrssunasarglwannlsslwinfagldeu

Feldarnrsoniledne waraouranlasululdlwiimenisdsaansson
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ANUNBYDIFIATINNTELA WA I duAud TInandbananini 2

URRENT

TALE OF AN EARLY TECH Ry
Tae

b))
(49

1000
= Data centres

£
&
£ 100
g ——
= Telecom
g
s
o
: |
(=] ~18V
10 Appliances

% »

1 _. \‘/ ch|ps

Transmission lines
125KV - 500 kV .

i_%

Railway/Subway

1600V
750V _‘%
S

350V

Aircrafts

270V . g“ E

Motor vehicles I Spacecrafts
42V

24V ﬁ S -
12v g

Commercial and
residential buildings

FUA 3 1aavvuIAVeuISIAURAUWUSAUMSIS LVDC lugdaus:#1duna:Tuviugaainnssu
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yaanszualwih luluiamafennuduisas
qﬂﬂitﬁimmmNamvl,w%m:mmﬂﬁ LU
I HABLAIDNNAE LUALADS ﬁamﬁmﬂszﬂﬂﬂq
Inallduazafinldudie uaziadasAniin
TAnszuanss lWHnszuanseanisa
Tnarudtin T wu a1elu a5
fatn awulni wieswinsyismaeui
lunnzquuinialusUassardiannson

wsadloaauls

AUAUURAVaIWWANS:Iansy
1. ngzua b lnalufianiafgdnunasa
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YWoltage

Time

DC Woltage

Yoltage

LWL L
VAVAY,

AC Voltage

31/1‘/7' 4 nandpaunensiavad IWwans:=nansd : DC
na=Iwwans:iaaau : AC

|L‘ialan|l]?iauuda\mn AC
u1Udu DC
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-
-
= USB-C socket up to 20V 5A (100W)
u

= Compatible with the Current Routers as

The standard socket connected to a 350Vdc grid. For powering small DC devices up to 100W conform the PD

This is our answer for DC sockets in homes, and

® USB-A efficiency including housekeeping 80%
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IEC Survey Questionnaire on LVDC for Electricity Access

1. CONTENTS & OBJECTIVES

This survey is being sent to organisations active in the provision of electricity in parts of the world where it is currently
unavailable, or very unreliable. It asks about off-grid electricity sysiems that you are creating and installing, or that you have
installed in the past.

Contents

1. Survey Objectives

2. Respondent information
3. Specific Use Case

4. Detail on this Use Case

5. Maturity and Service Level
6. Type of Solution

7. System Loads

8. Performance Parameters
9. Power Connectors

10. Voltage and Polarity

11. Communications Protocols
12. Earthing (grounding)

13. Fixed Building Wiring

14. Over-current Protection
15. Financial Sustainability

16. Technical Sustainability

17. The Role of Standards

18. Conclusion
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Involvement in

Existing own business )
9 related business

| don’t know e
19% on’t know

Does your

employer have a
business case in
L\VDC?

Has your
employer been
involved in
LVDC business?

| don't know | don't know
9% 7%

Are you or your
employer using or
plan to use LVDC
at your own
premises?

No

Yes

Has your employer
invested in or plan to
invest in R&D of LVDC
technology?

| don't know
12%
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Product purchases

Have you or your
company bought an
LVDC product, system
or solution?

Investment in Investment in
technology use technology development
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TRL 9: Actual system proven in true

operational environments

TRL 7: System prototype demonstration

in an operational environment

TRL 5: Technology validated in relevant

environment

TRL 3:  Experimental proof of concept

TRL 1: Basic principles observed and reported
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1. Electrification

2. Decentralization

3. Digitalization

DECENTRALIZATION

Makes customers active
elements of the system, though
requires significant coordination

i
1

ELECTRIFICATION

Critical to long-term carbon
goals and will be a relevant
distributed resource

Key technologies:
energy efficiency,
solar PV, distributed
storage, microgrids,
demand response,

Q Key technologies:

~ Network technologies

(smart metering, remote
DIGITALIZATION control and automation
systems, smart sensrs)

Allows for open, real-time, and beyond the meter

Key technologies:
Electric vehicles,
vehicle to grid/home,
smart charging, heat
pumps

L optimization and
automateq communication and aggrgga,,-o,, platforms,
operation of the system smart appliances and

devices, IoT)
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ENERGY SYSTEM TRANSFORMATION
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Electrical Engineering.

10. taualvesoulss Wi IsuAINARINIT 1T LWHA

lunenziueanNi L N NT1AINIATINITNNTHRILD
LWALATEIAANLAY (EEC)

U-Tapao airport and aircraft maintenance
Sattahip commercial seaport

Laem Chabang port phase#3
Map Ta Phut port phase#3

S
B Double-track railway =f=f=fet=

Highways and motorway

High-speed rail — east route

Next-generation automotive (EV/AV)

Aviation industry, Robotics, Smart electronics

Advanced petrochemical and Bioeconomy

0]
2]
Q
Q Medical hub
12
®
o
©

Tourism

Global Business Hub / Free Economic Zone

New Cities, Inclusive growth

Public Utilities

15 Crucial Investment projects EEC

Thailand’s Eastern Economic Corridor (EEC)

Strategic Location... Infrastructure Linkage. ..
Excellent Atmosphers. ..

» Thailand's flagship Speoial Eoonomic
Zons (8EZ) 10 accelarate fulura grawin of
1he region '

» 8trength of the leading industriss:
Aulomabile & parts, 'F:'st!o chemicals,
Hlectiical Appliances

% 8pringboard location Lo ASEAMN, China,
and India: via malti-modal linkages and frag
Trads Areas (FTAs).
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UR ASU. IKUBAUIWU PDP 2018

Tuwsh 24 unsiAN 2562 o AnAnAUAUNT Nulusgua nsUsE
AMENITHNITULHVISWAINULAITIR (NWD.) ATIN 1/2562 (ATIN 16)
= = & o & @ a v a

Fafinalonuszegns Junslesn wiendyuuasidudseamlafansanise
NRAYAUNAINU AT NUTEYN NWY. IAUTBUUNUWAINAAINAR I
wosUszindlng w.a. 2561-25680 (PDP 2018) M1ufiNTzNsIsnasuLEUs

lagnisnumuanumsaiinasnaalniluiagii wazlddaninisweinsel
AANuaINstalnAszaze1y 20 T Usznaumie AuaAeInighebWin
2995200 3 N15IWAN waranudesnsldluinfisnannisuaalnilie
141099130918m59 (Independent Power Supply : IPS) swluseiulsemenas
szauniinie laazvisuunuloueresssuauazmsasyivlanioasegia
Fananazisiulusuwan %mamﬂﬁmﬁmmmwmLmuﬂﬁgﬂﬁmwﬁamu
wazldsuisnnuAnmiuannglanladaynmadinus asnsanieuiisy
LWW PDP 2015 NU PDP 2018 AIUNIRINAALAZEARIUNITHANAL
Fonadle é’agﬂﬁ 2 wardnsunislfidemaslumsuanlnin ﬁagﬂﬁ 3 foil

UuuouIaziiudAa undsanis niiwu PDP2018

nwulwn PDP 2018 Unilsulwwhiing-Tsans 23,156 MW

puAnsznsanasnwdudiaue UsingiasudalWintisdull 2580 azil
MINNA 77,211 wndng (MW) aslndidssivunu PDP 2015 nldag
Tuifaqiu anens1aSeuiisy PDP 2015-PDP 2018 U7 2 lsslwin
AMNSDUTIN 13,156 MW LEIINTENTIINAIUALLASUNIAINAALIAL
ra 1 v | =l 1 2 1 s dg/ Qs < E2
nngdauladmideynaiadiuuds wduny PDP aduiinauidnlysdae
ANDNLALT AR UAUNTLNININITVRLY “NUNIU’ LHUNIRNAKIUNI
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angaamnIsuuiIlstinalng (a.0.n.)
WALEY PDP ftn nwa. sonuiunylals
mswasuuasliansefidasurennudin
uragnsln %mﬁﬂﬁgnazﬁaumumma
;j’ﬂiznaumiisavl,wﬂ’]Laﬂmuﬁ?ﬁwmﬁﬂ
srelnglusnieiline amsfiuny PDP
aﬁuﬁliﬁagﬂuﬁﬁﬁu (PDP 2015) lauiu
lufinsiasuasennusunsnsszuUlng
frems “nszane’ 13emaslunnsnanalngin
NN3AANISRINIANTFTTHTNG UAlULHY
PDP 2018 gunilaud azingwlsolniild
[HoInas “N3zaNd’ agjﬁ'm%mwaaaim
fo LNG uaznsifindusehainnungsas
159 IWRNNRINULFIDNTARE ATUUEUN AU
NAINUNAUNULAZNRINUNILABN (AEDP)
FiRuEuds 10,000 MW fulasenIsWaIIL
waspngloarsnalsemsudntas 100
MW 598 10 Tu3e 1,000 MW

uenaNdiluLKY PDP gegnesnuuuly
Aamsiniuaes “IsslnWiianutousin’
AADALKUDY 13,156 MW wiuauilsslni
Ui:l,ﬂwf:%gml,ﬂ_iaﬁ’uszwi’m AWK, Nu
fuszneunislssiniensuswialvg (IPP)
HIUTTUUNITUTEYA %aﬁa:gnanmmag
wedlaifiuasdoisslwinfiaziAntuny
ulsgvesdgua Adaduldedanann
lun1susmsannis lsslniees 400 MW
289n5eN51NMIa nenulselwinZiua
Usz155 120 MW 8nene




an1gnannssuntvus:inAlng (4.9.n.) SANwuvIAAIUAELUSHI

NANGARIMNITTNWAINUNH UL Tansdaganaluuns PDP 2018 a1iu919
Haszdagld 5 Ysenshe

1) nsmansainudesnisAnasnsuanluidndnldanudenis
Inhgegaluszuupes 3 nslwin ualslldsan captive power 289 IPS
mmsnauaunsdnassinamdnlininldaseuaguisanusdenisld
VLWW'IQ%G%@MNWUBGU?::LVM

2) 3FmsmninaINan Wi T3edels (reliable capacity) lunnsAWINL
MsuAnENsasMsIFMLauANdInsHAR W AR T s AR asTUY
(total dependable capacity) 3% @XFOUANGINANFITOITUTATIVDITZUL
Tl udesinassinasnisnan i fis

3) AndsnaalniRidedeld (reliable capacity) PVBINAITUAY UL B
a1unsnanglnindsuminfulsslniinanidomaseada a1unso
ARAAFILYRIRNGINSHANNN IS INH T aInR e aTald Tnatanis
dnanoilsdluifdesien mMasssuTd LNG ﬁwzﬁmﬂ%ﬁmyflu
FEALFINN

Electrical Engineering.

4) n15hdleaNte1AINGINITIE LNHN
A a ~ o =
An1ann1suaa WA Nald o suSeas
P18A53UBY IPS (independent power
supply) shMlunsmenisalanudeinis
AnaIn1suanlninlua

5) 2ALNUNNTAIRDNNAINUINAN “daiu’
PnanlaluanszinAanannuny PDP
unufazdeafuindonansnaiuliidy
reserve power uiszing Favano i
ADIALA1 AP (availability payment)
Tinulsslwiiensuamalwgfiazidnin
Uszyanaunu PDP

Tnededsnaas @.0.0. WenuaiaIunsn
aqUdug 1691 usu PDP 2018 fimsdnass
fasudslnihfideielandeonisiuudasd
fiusmnoanniinly Feazdanaliszun i
29UTLUNARNANAINITHAA IR N NLAY
Anuaniu Lﬁmmiamwf;ﬁauua:%daNa
J2eL1IRBITIAAN TN

WseuRguIwuweuLnmabwaalwwh PDP 2015 ru PQP 2018

swuuwaniwihionowiiuao

1wy PDP 2015 Wy PDP 201
rivowanluihdud 2557 37,612 MW ridowarluhAuD 2560
rdowanluihD 2558-2579 57.450 MW  ridowdnludhl 2561-2580

douwanlwihfivanoon 2558-2579  -24,736 MW Mdowssluihtivanoon 2561-2580  -25310 MW

rdowanuihaud 2579 70,335 MW idowanluhaLD 2580

rmavwanlwdhienmuussnnisolwih

PDP 2015  PDP 2018

HWUOYSHBWEOU
i ; Ussnisivigsiosousou

46,090 MW
56,431 MW

77211 MW

18,176 MW

Ui 2 nanaualivmsiUSeuiiisunsuwunmasuanlwiih PDP 2015 fiu PDP 2018
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31/177' 3 nanunualivmsiSeuiigudadoumsididowaslunisuanlwiw PDP 2015 iu PDP 2018
v : https://www.prachachat.net/economy/news-274651 7 January 2019 - 00:48 U.

hou LNG mﬂ'ﬂWW\l voldg

AU WIBANNA HUNLITNIT HannI13ene 1) WHIRTUSUNNANAINAN IUAIUVDINAINUNALNY LARDITEDN 8 T
ulauisansisue yafidulouisganiig nsznsanasnuivazdesudeluiiannguszneunis lasedeaziuge
TUFIUZHITLITIYAUNAIINU 181909 Iwd1egn 100-200 MW Fsluwdzasnisasuazimivgaangsy
I9R-1aLd8 Y0ILKw PDP 2018 4%l WasungaTsin NenUssinaidnanings ou lsslwiaiediinin

dl o = ﬂg' = a L = = 1 2 v <
AN RFOTNFONNAA WA SINTeHnTneasnaaSaviatslasanig
wanauludnissudelwin

VoR
1) m5aalslnffiedeseanannuuy 2) msluinsnasnaalwiludmeedlsdniildhasssumamar wie
Wnaa (2,000 MW) LNG fidasiindnanndrsdszmanmena idndyusiinsalunaialan
’Luﬁmgﬂ'uﬁauﬁwéinwi"laiﬁim “5ud” lesentia LNG Tueuen
2) Ansindadauingonanlniieain widuatgls ﬁ'ﬁ!ﬁunizﬁﬁiwmﬁ"ﬂﬁﬁﬂ%’ﬂﬁuﬁunuﬁwm%gnﬁﬂmm
wissungwion (AEDP) 1indud slilualwindunssalud@ wie Ft AdesFaniAvangldlnii
18,176 MW (gunsfiulszananisanlwiheUanads 3.58 vimmiae)
3) nsdilssluihdnuiinnszd-nm (2,800 3) AMIUSUami I 8TBILHUDUTNHNAIIY MnuEULRNAfmMualN
Mw) ildldszyaniuzinazaniiunis azaNsnaysnENauldsIn 9,600 MW wieAaduiasaz 17 w89
gavsesnianiluneau YFunmanusesnisldlningegn (peak) mag"?i 4,000 MW %3afnaLiu
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4) n15AuARIAINAn WA lrd (8,300 MW) TulsslwWinlg A
393 16 1A59n15 F9fiedn “@aune” nuunu PDP aduianfisaiuli
anlEnIalanas

5) N15.90U el AN ULSENAUNAINULABLRNIZN15TINE AT LNG

“71.34’1 . https://www.prachachat.net/economy/news-282824 26 January
2019 - 21:59 .
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INUHL PDP 2018 AINA ASH. bAMANNIALTDULAY USeiAuanAmfe

@

HonsA Wi aunanaLNy 3.576 UMAVLY @1nI1 PDP 2015 WauLAM
el deAugaunul 2579 avet 5.55 vmasuiie lasdadunan
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DATE OF ISSUE 26 October 2018

CERTIFICATE OF CALIBRATION

‘CERT, NO. EEC1H0XXX.
JOB HO. EEXTEIORRK

GUSTOMER EQUIPMENT  WINDING CHIMMETER
XXX Company Limited SERIAL NUMEER
MCDEL RMOS0TW
MANUFACTURER DV POWER
DATE OF RECEIPT 24 October 2018
CONDITION AS-RECEIVED  Used ltem

DATE OF CALIBRATION 25 Octoger 2018
ENVIRONMENTAL CONDITIONS Temperature - (2322)°C Humidty: (85:20)%
MEASUREMENT METHOD

The tem above Werk TW-E0-512
TRACEABILITY

T mezsuremant resuts are raceatie 1o
< National Ingitute of Metolegy (Thalang) Minisiry of Scence and Technoiogy by Cert No. EE.0105-17 for
Slandard Resistor 0.1 mO)(Type RE3 M. 19F-0463)
~Thai Airways Infenational Public: Co., Lid. by Cert No.1114-3022 for Standard Ressfor 1 mii(Type 27525/, 6TVW1006)
Cert No.:114-3023 for Standard Resisicr 10 mOXTypa 27925/, 88VIWZ110),Cont No | 114-3024 for Standard Resistor 100 mi
(Type 2792,5/N. 6TVW3OD0B).Cert No.: 1143025 for Standard Resistor 1 { (Type 2752 /N 67406}
Cort No.: 114:3026 for Standard Resistar 10 (1(Type 2792 S/M. BSVWE0RZ) Cort N.: 114-3027 for Standard Resiator 100.0
1 k61 (Type 2782 S/, 68VWT00S]

(Type 27828, Cert N 114-3028 for
UNCERTAINTY
The based 60 3

mtgbe o facterk
{ reter 1o measurement uncenainty calumn ), providing a level of confidence of approximately &5 %,

CALBRATED BY
e
(APPROVED SIGNATORY )
cHecuza ey CHAITANT SARAYOTE

Tirathai Public Company Limited Tirathal Public Company Limited
=T|RATHAI 51671 Moo 4 Bangpoo Indistisl Estatn Sarmtprakan 10250 Thadand ETIHATHAI 5161 Moo 4 Bangpoo Indusiial Estate Samutorakan 10280 Thaiand
VWO Tel. (862) 7697698 . Fax. (862) 709-3298 | 328.0910 PRSRTES Tel. (882) 7697699 . Fax. (662) 708-3238 , 323-0890
ww Titathat-transformor.com | calibrata@tirathaicoth  umc.rm-ma o0as

www Tirathai-tranatormar com | calibrate @tirathal.co.th [ —
CaLisRTON 0068 ‘cumaanon soss

CERT, NO. EEC-ARGXIX
CERT. NO. EECABIONK 08 O, EEL1EIORXE
OB NO. EELABIDXX. CALTBRATION RESULT

CALIBRATION RESULT
CONDITION : CHANNEL 1

CONDITION: CHANNEL 2
SETTING TEST CURRENT STANDARD RESISTOR  UUC READING  ESTIMATED UNCERTAINTY
i) (3]

UUCREADING  ESTIMATED UNCERTAINTY
(E4]

SETTING TEST CURRENT STANDARD RESISTOR

= {+) ~ Nt TIS| Accredited” in this Certificale have been included for complatoness.”

"{+) * NotTISI Accredltod” in this Cortificats have boen included for comploteness.”
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Winding Ohmmeter RMO-TW

= Three resistance measurement channels

+  One temperature measurement channel
* Accuracy (0,1% rdg + 0,1% F.5.)

= Lightweight

»  On-oad tap changer verification

+ Automafic resistance measurement for the Heat Run test

+ Rapid automatic demagnetization
= Automatic discharge circuit

*  Resistance measurement of fransformers, rotary machines and non-inductive objects
+  Four models: RMO10TW, RMO20TW, RMO30TW, RMO50TW

Description

The Winding Ohmmeter of the RMO-TW series
i designed for winding resistance measurement
of inductive objects. The RMO-TW instrument is
based on the state of the art technology, using
the most advanced switch mode technology
available today. The RMO-TW instrument is
accurate (0,1% rdg + 0,1% F.S.), powerful (up to
50 A) and lightweight. It generates a true DC
ripple free current with automatically regulated
measurement and discharging circuit.

Application
The list of the instrument application includes:

RMO-TW instrument can perform a simple,
quick and reliable fransformer on-load tap
changer verificafion. This instrument enables
measurements of a winding resistance in every
tap position of an on-load tap changer without
discharging between the tests. Problems with
switching of the OLTC, such as interruption, can
be detected with these measurements. The
results are displayed on a backlit LCD display.

#*  Three-channel winding resistance measurement, which enables simultaneous winding resistance
measurement of up to three windings on a single phase

+ Detection of interruptions during the cperation of on-oad tap changers (OLTC), performed on a

single phase

*  Heat Run test, which enables obtaining the Hot Spot

the cooling process

along with T graph during

Connecting RMO-TW to Transformer

The RMO-TW has thwee separate resistance
measurement  channels, which  enable
simultanecus measurement of the primary,
secondary and tertiary winding on the same
phase, as presented in the figure abowe. This
significantly speeds up the measurement and
reduces the total transformer testing tme. At the
same time, by saturating the magnetic core
throwgh the HV and LV windings the stabiization
time and subsequently the total testing fime is
reduced even more.

Simultaneous Three-Channel Winding
Resistance Measurement

The RMO-TW injects the current with a voltage
value as high as 55 V. This ensures that the
magnetic core is saturated quickly and duration
of the test is as short as possible. The three
independent channels enable simultanecus
testing of three windings in series — primary,
secondary and ferfiary windings. There is
enough memaory within the RMO-TW nstrument
to store 5000 measurements. Al measurements
are time and date stamped.

The instrument is equipped with thermal and
overcurrent protection. The RMO-TW has very
high ability to cancel electrostatic and
electromagnetic interference that exists in HV
electric fields. It is achieved by a proprietary
filiration solution applied to both, the hardware
construction and the application  software
implementation. A special mode is provided for
the resistance measurement n multiple de-
energized tap changer (DETC) positions.

Resistance Testing in Multiple Tap
Changer Positions

The winding resistance of all tap changer
jpositions in one phase can be measured as part
of a single test, without discharging between
measurements. Different test modes are
provided for ondoad tap changers (OLTC) and
de-energized tap changers (DETC) The
instrument detects interruptions during the
woperation of on-load tap changers and produces
a waming message to the operator.

Automatic Transformer
Demagnetization

After a DC cument test, such as a winding
resistance measurement, the magnetic core of
a power or a measurement transformer may be
magnefized. Also, when disconnecting a
transformer from a service. some amount of
magnetic fux frapped in the core could be
present.

The remnant magnetism can cause various
problems such as ermonecus measurements on
a ransformer, or an inrush current at start-up
of a power tansformer, or an incomect
operation of the protective relays due to the
magnetized CT cores. To eliminate this scuwrce
of potential problems, demapnefization should
be performed. When the discharging process
has been completed, the RMO-TW can perform
fully automatic demagnetization.

Demagnetizing the magnetic core of a
fransformer requires alternating current applied
with decreasing magnitude down to zero. The
RMO-TW provides this altemating current by
intemally changing the polarity of a controlled
DC current.

2
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Technical Data
Winding Resistance Measurement
*  Test currents:
—  SmA - 10 A DC for RMO10TW
—  5mA-20 ADC for RMO20TW
—  5mA - 30 A DC for RMO3OTW
—  5mA 50 A DC for RMOSOTW
*  Qutput voltage: up to 55V DC
*  Measurement range: 0,1 p - 10 kQ
= Typical accuracy:
+{0,1% rdg + 0,1% F.5.) for 0,1 p2-1,999 k) range
+{0,2% rdg + 0,1% F.5.) for 2 kQ - 10 kQ range

Resolution

0,1 pQ—-9999 p0- 0,1 pQ
1,000 mQ — 9,999 mQ: 1 p0
10,00 mQ — 99,99 mQ: 10 uQ
100,0 mQ — 999,9 mQ: 0,1 mQ
1,000 @ -9,999 O: 1m0
10,00 02 -99,99 0 10mO
10000-99990:0,10
1,000 kQ-9,999kQ: 10

Data Storage
= 5000 intemal memory posifions

Printer (optional)
*  Themal printer
*  Paper width 80 mm

OLTC Dynamic Resistance Measurement

*  Sampling rate: 4 ms

*  Automafic open circuit detection and waming

= Transition curent ripple measurement

=  Transition fime measurement using DV-Win
software

= Timing measurement of different fransition
changes using DV-Win graph analysis tool

Temperature Measurement

*  One temperature measurement channel
Thermometer PE100
-50 °C +180 °C / -55 °F +356 °F
50 mm x 6 mm

Computer Interface
+ USB
*  Optional: R5232

‘Warranty
= 3Jyears

Environmental Conditions
*  Operating temperature:
-10°C to +55°C / +14 "F o + 131 °F
*  Storage & transportation:
-40°Cto+70°C/-40 °F to + 158 °F
= Humidity 5 3% - 95 % relative humidity,
non condensing

Dimensions and Weight

Device Weight | Dimensions (WxHxD)
RMO10TW 8kg/ 205 x 287 x 410 mm
RMO20TW | 17.6 lbs B8.1x11.3x 164 in
RMO30TW B85ka/ 205 x 287 x 410 mm
RMOS0TW | 18.7 lbs B1x11.3x164in

Mains Power Supply

= Conneclion according to IEC/EME0320-1;
UL438, C5A 222

*  Mains supply: 90V - 264 V AC

=  Freguency: 50 /60 Hz

*  Input power: 2 250 VA

= Fuse 15 A/ 250V, type F, not user replaceable

Applicable Standards

*  Installationfovervoltage: category Il

= Pollufion: degree 2

*  Low voltage directive: Directive 2014/35/EU
(CE form);  Applicabl , for a
class | instrument, pollution degree 2,
installation category II: IEC ENG1010-1

* EMC: Directive 2014/30/EU (CE Conform)

Applicable standard EN 61326-1

s  Safety: CAN/CSA-C222 No. 61010-1, 2nd
edition, including Amendment 1

AN specifications herein are vaild at ambient femperature of + 25 °C and recommended aCCessones.

Specifications are subject fo change withaut nofice.
are vaiid If the

accuracy ML 2 A1 AINATNA 3
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wsed with the recommended 5ef of SC0E550Mes.

NIWA 2 lldad specification vouIAsaunadou winding ohmmeter ditio DV power

Winding Resistance Measurement

¢  Test currents:

—  5mA-10ADC for RMO10TW
— 5mA-20 ADC for RMO20TW
— 5mA-30ADC for RMO30TW
— 5mA-50ADC for RMO50TW
e  Qutput voltage: up to 55V DC
e Measurement range: 0,1 pQ - 10 kQ

»  Typical accuracy:

+(0,1% rdg + 0,1% F.S.) for 0,1 uQ-1,999 kQ range
+(0,2% rdg + 0,1% F.S.) for 2 kQ - 10 kQ range

nNINY 3 I1aadA Typical accuracy



Do It Yourself.

Tunisnansannistinadnlgau WRasmanlunesauaanisaeuiisuin nanisaeuiisvluges UUC 14l Range lviu
Tunsaeuiisuaseiinaniserual UUC otlu Range 0,1 pQ - 1,999 kQ S9azdoigliaenndoinuan Standard Resistor

AUATNA 4
CALIBRATION RESULT
CONDITION : CHANNEL 2
SETTING TEST CURRENT STANDARD RESISTOR UUC READING ESTIMATED UNCERTAINTY
() (k)
50 A [ 01ma ) 100.8 uQ) 01340} 200
50 A 1 mQ 1.003 mQ 075 uQ  2.00
40 A 0.1 mQ 100.0 uQ} 01340 200
40A 1 mQ) 1.002 mQ) 075 ) 200
30 A 0.1 mQ 100.8 uQ) 01340 200
30 A 1 mQ 1.002 mQ 075 u)} 200
20A 01 mD 1003 uQ) 0130 2.00
20 A 1m0 1.003 mQ 0.75 uQ) 2.00
10A 0.1 mQ 100.9 u0) 013 ) 200
10A 1 mQ 1.005 mO) 075 ) 200
10A 10 mQ 10.01 mQ 590 200
EA 1 mQ 1.00% mQ 075 u) 200
5A 10 mQ 10.00 mQ 5.9 u0 2.00
5A 100 mQ 100.1 mQ) 5o 0 200
2A 1 mQY 1.004 mQ) 0.75 uQ) 2.00
2A 10 mQ 10.01 mQ 590 200
2A 100 mQ 100.2 mQ 580 200
1A 10 mQ) 10.06 mO) 5O Q) 200
1A 100 mQ 100.2 mQ 58 ) 200
1A 10 1.009 O 058 mQ 200
500 mA 100 mQ 1002 mQ 58 u  2.00
500 mA 10 1.009 0 08¢ mQ 200
500 mA 100 1002 O 5EAmQ 200
100 mA 10 1007 0 059 mQ 200
100 mA 100 9.999 O 58mQ 200
100 mA 100 Q 9998 0 83mQ 200
50 mA 10 1.006 O 059 mQ 200
50 mA 100 1001 O 53mQ 200
50 mA 100 O 9997 0 83mQ 200
10 mA 100 1000 O 5&mQ 200
10 mA 100 Q 1000 Q 529mQ 200
10 mA 1 kO 1.000 kQ 058 O 2.00
5 mA 100 10.00 O 52mQ 200
5 mA 100 O 1001 Q 59mQ 200
5 mA \.1 kQ o/ 1.000 kQ) 059 O 2.00

W7 4 IAAVAT standard resistor AlFTuNsaeuIigy

1.3 \@anA1 Typical accuracy £(0,1% rdg + 0,1% F.S.) snldlunisivuainusisensy anuanisaeufisulunniusn

AU 5 1agasniegnensAuInAIINMYeaNsUTsAnAAY Spec LARadile fuil

- 37n@1 standard resister 0.1 mQ (100 pQ) setting test current 50A UUC Reading 100.8 pQ

- ABAuwIA
+(0.1% rdg + 0.1% F.S.)
£((0.1 x 100 Q)00 + (0.1 x 999.9 Q)/100) - \"/
£(0.1 uQ + 0.9999 Q) Q \
+(1.0999 Q) 9 (’ | | J

- aariuazladn min = 1.1 pQ A1 max = +1.1 po
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CALIBRATION RESULT
CONDITION : CHANNEL 2
SETTING TEST CURRENT STANDARD RESISTOR UUC READING ESTIMATED UNCERTAINTY
() (k)
C 504 D4mQ 100.8 043 Eﬁ 200)

B0 A Tmey 1005 m 978 -
40 A 0.1 mQ 100.0 pQ 0.13 uQ) 2.00
40 A 1m0 1.002 mQ 0.75 uQ) 2.00
30 A 0.1 mQ 100.9 uQ 0.13 uQ) 2.00
30A 1 mQ 1.002 mQ 0.75 uQ) 2.00
20A 0.1 mQ 100.3 uQ 0.13 uQ) 2.00
20A 1m0 1.003 mQ) 075 uQ) 2.00
10A 0.1 mQ 100.9 ud 0.13 uQy 2.00
10A 1 mQ 1.005 mQ 075 u0) 2.00
10 A 10 mQ 10.01 mQ 5.9 ut) 2.00
5A 1 mQ 1.008 mQ 0.75 uQ 200
5A 10 mQ 10.00 mQ 59 u0) 2.00
5A 100 mQ 100.1 mQ 59 u0) 2.00
2A 1 mQ 1.004 mQ) 0.75 un) 2.00
2A 10 mQ 1001 mQ 5.9 u0 2.00
2A 100 mQ 100.2 mQ 58 u0) 2.00
1A 10 mQ 10.06 mQ 52 u0) 2.00
1A 100 mQ 100.2 mQ2 58 u0) 2.00
1A 10 1.009 Q) 052 mQ 2.00
500 mA 100 mQ 100.2 mQ2 58 uQ) 2.00
500 mA 10 1.008 ) 052 mQ 2.00
500 mA 100 1002 O 5.8 mQ 2.00
100 mA 10 1.007 Q 052 mQ 2.00
100 mA 100 9.999 O 5.9 mQ 2.00
100 mA 100 © 9993 0 8.3 mQ 2.00
50 mA 10 1.006 O 052 mQ 2.00
50 mA 100 1001 O 59 mQ 2.00
50 mA 100 QO 39997 O 83 mQ 2.00
10 mA 100 1000 O 58 mQ 2.00
10 mA 100 O 1000 O 52 mQ) 2.00
10 mA 1 kO 1.000 kO3 058 Q 2.00
5 mA 100 1000 O 52 mQ 2.00
5 mA 100 © 1001 Q 59 mQ 2.00
5 mA 1 kQ 1.000 kQ) 052 Q 2.00

NWA 5 IdadidenAWonuAINURigaUSy

2. Us=1juwanasaauliiguildifisunuinturigeusuinirkun Tnednanluniswarsrulwanisaauiigu
Pass 1S Not pass AVl

2.1 Permissible Error (min) < Error + Uncertainty < Permissible Error (max)
2.2 Permissible Error (min) < Error - Uncertainty < Permissible Error (max)
ﬂiﬁﬁﬁ 1 mnNamiaam‘ﬁuvlﬁmuL'E"auvl,ﬂuia 2.1 way 2.2 Wan1sWanswn Pass
N5l 2 mnuanisaevliiiulumudeulalude 2.1, 2.2 vieviansdo nan1sRNT Not pass
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Do It Yourself.

3. asUmsus:iduwamsadouiiisuiASoddo

31 ns@inanisusaduin Pass uanmasesiotailiaanuienarnsiuiumansldudueulunsaeufisuuda
Lifwnasisansuitmue dodldeuldauund munwi 6
3.2 nsdinansuszifinddn Not pass uansinadesiioiadmeanuisnaiasauiumeansliviueulunisaeufiouudn
Auiniseusuinmue TRansan sl
- fuesesleldrwiiasanien Eror iwnamisansufinivun (Bvnnsusuaesesiietaluaidaunsonle
PIRMALTALA NS TAgRaNTUILADNAINANNUNIZ AN
- fueseseliuiiarniien Uncertainty Taiundunmwisensuiidmue Iiansnndenosfinsseufionln)
#5An Uncertainty 1anas tasninnusisausuiidwue

Evaluation Schedule

CHANNEL 2
Standard Tested uuc Uncertainty Permizzible Error
Result
Resistor Current Reading Error () min max
0.1 mQQ E0A 100.8 u() 0.8 ul 0.13 uQd -1.1 uld 1.1 ufd FPass
1 mQ 50 A 1.003 mQ2 0.003 mQ2 0.75 uQd -0.011 mQ) 0011 mQ2 ] Pass
0.1 mQ) 40 A 100.0 uQ2 0.0 uQ2 0.13 uR -1.1 uf) 1.1 uQR Pasz
1 mQ2 40A 1.002 mQ) 0.002 mQ2 0.75 uQd -0.011 mQ2 0.011 mQ) Pazz
0.1 mQ) 30A 100.9 uQ 0.9 uQ) 0.13 uQ -1.1 uQ) 1.1 uQ) | Pasas
1m0 30A 1.002 mQ) 0.002 mQ2 0.75 uQ2 0011 mQ 0.011 mQ Pazs
0.1 mQ) 20A 100.3 uQ2 0.3 ud 0.13 udd -1.1 uQd 1.1 uQd | Pass
1 mQ) 20A 1.003 mQ) 0.003 mQ2 Q.75 uQd -0.011 mQ2 0011 m{)| Paszs
0.1 mQ2 10A 100.9 uQ) 0.9 u 0.13 uQd -1.1 ud 1.1 uQd | Pass
1 mQ) 10A 1.005 mQ) 0.005 mQ2 0.75 uQl -0.011 mQ2 0.011 mQ)| Pass
10 mQ 10A 10.01 mQ) 0.01 mQ 59 u0) -0.11 mQ) 0.11 mQ2| Pass
1m0 5A 1.009 mQ2 0.009 mQ2 0.75 uQd -0.011 m2 0011 m2| Pass
10 mQ 5 A 10.00 mQQ 0.00 mQ2 59 u) 0.1 mQQ 0.11 mQ)| Pass
100 mQQ EA 100.1 mQQ 0.1 mQ 59 ud -1.1 mQ) 1.1 mQ)| Pazs
1 mQ) 2A 1.004 m) 0.004 mQ) 0.75 uQd -0.011 mQ) 0011 mQ)| Pass
10 mQQ 2ZA 10.01 mQ2 0.01 mQ2 59 ud -0.11 mQQ 011 m)] Pass
100 mQQ 2A 100.2 mQ2 0.2 mQ2 58 u(d -1.1 mQ) 1.1 mQ | Pass
10 mQ2 1A 10.06 mQ2 0.06 m{2 59 uQd -0.11 mQ 0.11 mQ) ] Pass
100 mQQ 1A 100.2 mQ2 0.2 mQ 58 uQ2 -1.1 mQ) 1.1 mQ)| Pass
10 1A 1.009 0.009 O 0.59 mQ2 0011 Q2 0011 &2 Pazz
100 mQ2 500 mA 100.2 mQ) 0.2 mQ2 58 ufd -1.1 mQ2 1.1 mQ| Pass
10 500 mA 1.000 Q 0.009 O 0.59 mQ) 0011 Q 0.011 O Pazs
10 Q 500 mA 10,02 O 0.02 O 52 mQ) -0.110 0.110 ©2 Pazs
10 100 mA 1.007 0.007 Q 0.88 mQ2 -0.011 0.011 O Pasz
100 100 mA 8988 N 0001 Q) 59 mQ) 0110 Q 0.110 O Pasz
100 Q 100 mA gg9z 0 002 Q) 283 mQ -1.10 Q 110 Q Pass
10 50 mA 1.006 Q 0.006 Q) 0.59 mQ) 0011 Q 0011 Q2 Paszz
100 50 mA 1001 Q 001 Q2 59 mQ) 0110 011 Q Pass
100 O 50 mA 8997 Q2 0030 83 mQ -1.10 Q2 1.10 0 Pass
100 10 mA 1000 2 0.00 ©2 58 mQ) 0110 0.11 Q2 Pass
100 Q2 10 mA 1000 Q2 000 59 mQ) 110 110 Pass
1 kQ2 10 mA 1.000 kQQ 0.000 kQ) 058 0 -0.011 kQQ 0.011 kQQ Pass
10 Q g mA 10.00 Q 0.00 Q2 58 mQ) 011 Q2 0.11 Q Pass
100 Q2 5 mA 100.1 Q 010 58 m{) 1.1 0 110 Pass
1 kQ2 5 mA 1.000 kQ2 0.000 kO 0.59 Q2 -0.011 kQ 0.011 kQ2 Pazs

W7 6 NldaavAl Evaluation 1ASadiio

o a1 21 Ay 2ae P e . d A ' PR
wisugeunlasulusienunanisaauiisy aslauuanislunis Evaluation wasasiinvasvitulaatnitanis
wunulusluaivninesy O
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