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ABSTRACT

This thesis proposes the economical technique of subway tunnel ventilation fan motors
on-site efficiency estimation (OEE) fed by inverter (variable speed drive; VSD). The estimated
efficiency is based on the equivalent circuit model. These model parameters can be determined by
using the optimization technique (genetic algorithms) coupled with the use of only data of on-site
measured effective electrical input, e.g. effective voltage and current, power, frequency, and
motor speed without the need for measuring output of motor which is highly intrusive task. The
2.2 kW and 5.5 kW induction motors fed by inverter (PWM) were tested under various operating
frequencies and at various loads. The estimated results of proposed technique are compared to the
measured values obtained from laboratory load test and found to give a better correlation over a
wide range of speeds and loads (error less than 2 %). Then this proposed technique was
implemented to estimate an on-site efficiency of the 108 kW subway tunnel ventilation fan
motors (22 items) fed by inverter (direct torque control) operating at several stations. The results
show that the estimated efficiencies were accurate and practical. Therefore, it can be seen that this
proposed technique is economical and suitable for the use in energy management and

maintenance in industry because of its acceptable accuracy and non-intrusive operation.
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v Y
a o =

o ' "
uazland (torque and flux comparator) filinsFeuidouifiudaaiumiiaalinng 25

9
a 1

a S o Yad (| =4 =) ot w ' o
VliJ‘Iﬂi'JuTVI ﬂ'lll'mliﬂfJﬁl“E’J'EL’lJifJUE‘VIEJ‘]JLL‘UUaﬁm'ﬂi"ﬁﬁ 2 5EAU MNHUIzAImangiay

A Ay w =t = C!yl u o y &8 = o
LL‘NUﬂ‘ﬂllﬂ“lﬂﬂﬂﬁlﬂiﬂumﬂuuﬂ@1‘1J£N optimum pulse selector mumﬁﬂm’;mgﬂummm

=} o

a A =y =1 = w ' " o o 4 a A A o
maann 25 TuTasdnimuaoiiudede lUddunesines ieiinmsaingeianud 4 kiz
2 =
2

¥
v T o

do' 1l szmuIdhilmsulSemiouuazdruaun 40,000 AfaeTuiguins i 19 1dms
aouauBIMnstiiaaziaznITITou U1
Tugunauguanudasuduntsmaudwad g ind18e (orque reference
controller) fignimua Tnoiaiinvoausafianazusadudaia Tudanvesdniuguaisa
(speed controller) ﬂ‘izﬂﬂuﬁ’aﬂﬁ'}ﬂ’mﬂu PID LaZAIYAIFIN NI (acceleration compensator)
dyyiunnusineuend szl vufsutunnud et lduminnuiassve
EIEEH maﬂ'wwaa'ﬁaﬁaaﬁ'@ﬂpmﬁyﬁ]zﬁq"lﬂﬁaﬁ'amuau PID LAZFIFAYOAIING T HARNT T
aaﬂuwmﬁ'amuqumms?aﬁyﬁawm';:ueuaqﬁqﬁmﬁ’mﬁyFhﬂuumimamazﬂ%ﬁmmma%x

¥ s S L4 a 1 1 o W P 3 o
1A uguiand81389 (flux reference controller) dagie 1FadnlSsuiondnd

ao 1
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(TUAU
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Mruana@iavennial

)
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wadn laanannis

'

Y
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aai lanalfia
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48 e

FosnsaadoadonarlumsesnuuudniTontanes 18 ey auaudhuned aa 1R
= @ a ar a o a =

anudh i Idfosuaziioinmanldsumlasiagiunsesnvesaqi sufludeaiinisasiia
& o q Y et Y Yy A Y Y A o W

asagn Imigai liidenawazdunulunsahsdunuuienagen snmaradnaduiaii 1
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Uszneunisiunoudanfiagili 2.8
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Design Objective

S

Formulation of Problem

L

Design Concepts & Synthesis

<Lk

Optimization Process

L

Discussion

(] E v
3UN 2.8 uHuAT U UMIDB LTINS A

Ed [ [ E
il"lﬂLLNUNQ“"U‘LmE]Hﬂ"l‘i?)?)ﬂi,LUUﬁlﬁiﬂﬁiﬁiJGl'l?JgiJ'ﬁ 2.8 T1wazRoavoLaazTuaeulung

kY
ponuuUudl

2.4.1 fMvuathwingmssenuuy
mMsfua1enTeanUY (design objective) ABNITAIMUAAIUADINITNIZ

3/ ' '
Clﬁ}ﬂa“llE]Qﬂﬁ‘é]ﬂﬂll‘i_lij‘lj‘u‘hé}ﬂﬂil!3L{]‘118811\'1"1‘3?\'!3113611151114ﬁTﬂ‘uﬂ

2.4.2 mmuasduuuvesifym
£
suagilunuueailyt (formulation of problem) 1unisAnuIIfuaziuaouaA1

a8 A ~Aq Y ! pRaps v w -
VDITINADINITODNLLY U S']'].IﬁTMETJJﬂTS“ﬂi‘]ﬂUﬂW‘i’E]'é]ﬂLL‘U“UGl‘I.Jﬁ']uﬂlﬂﬂ’ﬂmdﬂ‘lﬂﬂTﬂﬂﬂUﬂ

o Y Y = Sy ! o . ° A A v
ﬁ@ﬁﬂ]iiﬂqﬂLWUQWﬂ ‘VNU&W31$T|3‘“35“11ﬂq013ﬂﬁ”iuﬂﬁllﬂ]ﬂ‘ﬂTWEJTUL!,ﬁxNﬂu l‘ﬂ'ﬂgﬂﬂ'{’]ﬂ

2.4.3 ManMIeRNUULLATMITUATIZH
MANMTHATMITUATIZHAITD DALY (design concept and synthesis) L‘f]u MINITIN
o ' 1 el ! @ o w ' o et
AMUFUTUTA1 7 voaumsh ldnnduaoui 2 Taanuduiutvesaunisais q ithedrtes

o A o =& A A v . o & W oo oA Y &
ﬂ‘um6114‘Ltﬁﬂdi}&ﬁxﬂmﬁ1ﬂuwﬂadm‘i TIUNINMINIHUANDU LUAT 9 NNYIUBINUNIT

o - A 9/
ponuuuvazaulsiaonlas

2.4.4 MIMMHINZay
NITHIATTANUIZ AW (optimization process) (M1UITIFAd uavTumsma1RMINE o

Tagm hATmsmaiunnzainniald 2 dnuuzie Amoiliiiadn (deterministic) (un13¥1
nmngau TasWug e wnsAou uazalaadn (stochastic) iHumsmarimnzaulag
by

v o
wugmmaaﬂ’nmnﬂmﬂu
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2.4.5 anUsrewaniseanuuy
et i i s Jdl Y
anlswramIeenUuY (discussion) HUNIATIVADUHAAWTN IANAIINATZLIUMT
1 c; L= -] dli c; o & 1 d! c; ar o ]
wimnminzauniansazdlumuihninetaz@ouluidnuanse T Fansiraans L
Ay 3 = = as o a ' =
uTarnihwsiidesnisiueranaannsnasananuduiuivesdiuilsdia q f
a = o P a é’ v Y o c:: Y 9/ S o a o
AanaiarIoauralanmuioranatu ld ATuMaINITeenIlUzABIMITIHAAWEIN

anlTeENaioATINEDUAIINYNABUTUD

2.5 HanmMIUoIA UV IMIHIMIAHINZ Ay

@ o 1w o . !
Tasa lmsmariminz auazdlunsmamdun)sveailaddutlinine (objective
i 2 A 5 = 4 &
function) uazidon lu (constraints function) NNIHUA [7-8] cmgahmwmﬁ«wmﬂ11mwua$

. . E
10U IS UAAIRIANNTN 2.4 — 2.7 A1

Minimize F(x) Objective Function 2.4
Subject to constraints Function
gj(x) <0 f o Inequality Constraint (2.5)
h(x)=0 k =lam Equality Constraint (2.6)
xf SxLw i=1..n Side Constraint 2.7)

: o ot — ar
19 x = (x;,....x,,) Hunaeefvesd s 14l unsesnuuuilandudhvineuas
s 4 T : v oA ta =]
Haddudou lvlumsmariminzavdiowaziluilaiduFadunie ligudun 14
o = - Y = v "o ] o
aumsh 2.4 Wuaumrisaasiailasdudhvneideinsmafinnng auaovdu
! ° =] =t =1 3 o o o
nImsgagansomgauaailandud 14 911n31H 2.9 zmulddn x* Wugadigavesilaidy
b 1
f(x) wazilugagegavesilandu—£(x) duiuleannsonanldinmsmaaigaves

o s =t =4 @ ' 1 o .3
Wanwu%mmmwmmﬂmﬂuﬂumﬁmmqaqﬁma&mawmﬁaﬁﬂmuu

on
x* Minimum of [ (x)
: * s X
0 : * !
B S
// x* Maximum of -f (x)
- (x) Y

511 2.9 Maeuvesidigaveailadiu £ (x) WuyaReaiuiudigegaveailandu —/(x)

aa
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- P ! ! v & :
AU 2.5 ueraailandudou laifeen ot usud (inequality constraint) 414
4 o s ws 1 @ P
mseenuuvesziitonly SrmuailuiladFuiioglugdveadunlsildlunisesnuuy
d‘ Y o ar n’.-, = -:; 9 J A [ 1 r=;o
winlvanyniuiisfidsen NuTamidua 1N 11U
= ~ = 7o & a4 1w P . .
auNITn 2.6 ﬂuﬁnmimmmaQWamﬂwmmau"lwmmugua (equality constraint)
= A o Lo A 1 r Ci kY
galumseenuuuoisesiitenly suadluilasduiioglugivosdunlsi ¥ lunseenuuy
d'l Y a qu = " o t q{u
e Tiansuiutia i uaInmhvua
aumsh 2.7 duaumsilésmuarrvesmdunlsildlumsesnuuuiietloaiu
m3 Taadmouidn Tl 18 lumal j1ia
Taem AT msmaimnzaunald 2 dnvazie
a aa o [ = .:? =
L. ameiia@an hunmsmannming gy Tasus e unsiaon

2 alonadn dumsmmiinnnzau lasiiuguvesnnuthzihy

2.6 UANDANDIDH (genetic algorithms)

=1

SmAndane3tu [9-12] fe Sano3Tuild lumstummneuli Idf woniaiganii
veiilu'll 14 (optimization)  wazilSnljemiaeu Tas@eunuungAnssuveadaiifinau
BITUIA TABTITMIVOBRUTNITTTUNR (reproduction) MIAALGEN TAGTITUTIA (natural
selection) MV HANBANIBUIzAUTUMT TUANBUZYD R UEM AT

M3RIIUVBIVBITIUAN Sane3 Ty ueeiidIduiunisvesiuAnsanas sy
(operators of genetic algorithms) 9152 noURIIN TN RADABOANG S TR

1.M3fieuann (reproduction)

2.m3a1aTns Ty Tay (crossover)

3.0130a8WUT (mutation)

] [
=1

a a o s o @ ] 9 ==t oA e y [T o
UHANDANDIDTUHINSTIUIUNITIAUNININDUNA qummmﬂu lﬂllﬂ AL INAIIDTY

Ied.. 5/ t o = as

Tiensamangndoaniug (exact optimum) uaininitonmonu 14 193dndanasTure
Tumsmm i ldad Inddsaiigaud 1435 msduieidne uiigndaaius
' ) ¥
UUANDANDI DULUANAIININITNTHIA ML AN (optimization) DU A3l
1 fhunszuumsiiododoyaniaada
kY o = 3/ as g ot =
2. dflunsfumdmeviiaznarsqyaniouiu hildivmide,
o ' o o n g v
3. flumsmidneunamsumumias h luaumaiemdwen bilsmsudaums
‘S{ o
(WB1IA1A01
W vy = a <A 9/ ] 3 =) @
Lifoanismatinnadamaasouqd e desnisisailaduthvnonay

Watuamuwmnzaylumsnimaeu
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JudndaneTiudimanhinuuuengudwlsiniuiiusia Tases hisunaugluon
o o ar ar oy Y a o :.:
aumsilantunazannlsTasase nazdalimsnumdimouaindiuiulas Tulauianua
s ¥ v
Tas Tulauidumaduaonudanniunaunse i uidagude 118 Temavosmsdum
o 3/ =) 4? a ) ) A 1 . :, 9 9/ ©
Aweu laezlinniu malamsAuif Ao UM gradient techniques doalFHan1s AN
! a I v A W a 2R Y o 1 w ¥ 1= a
w3anaInNsAnTITinAaulawa e mgad nalimannmdinouae 1 lduadmdn
Y a R 9/ o [] @ [ 9/ = ar -f’m' 9 (F=1 ar ‘:'q
9andI sUANIIAADY TasmIguaAIsgnnYoyansnraawin lau Tas luiinsdautasda
Ey o LR n::’c!. =Y ar acq a 9 ]
Whuemalumsdumdnevde T uazuenniniiimdndaneTrudaldnszuumsdludy

aaq 9 v o 3 1 as
1’11Gﬁ'i’lﬁ{l"lﬁﬂuuuﬁﬂ1x‘lil&ﬂTﬁﬂH‘H'lﬂ'lﬂBUﬂDEJL“b"IJﬂu

d e d s
2.6.1 Wandudhuinevazilandumanunnngay (objective function & fitness
function)
MIMmmaeuNafgaveAndanassuILINuT B UUHAAHT 1INMTNMAB LT

AU ATMTU0IUANDane3 51z TR T AN TUAD UUBINITUATUNIT UADZHIITU

T o o L] ri'lﬂ
LAYRATUIIAIADUN |

as

) clj o ] Iqr; A [ 2 =1 a —Haq 9 v =
ATUNUANDYTD 11 AVUNTBLdaY violufmiaeunindiReaduf
doamsnieli Tasezdinisanainilarndhimng (objective function : F) 1ifoaninusazilam
o < =8 o o @ ' o A y A Y o
aunsaimuailiiuthmnedaiiuanudniusvosdunlsudazd Touly nsedadmua
. o ¥ e A w M4y o U & ‘
areveilynniug1d Tesaumsniiteulvvesdulsuiododmuaiina G oni
. ' ¥
Hatuaruminez oy (fitess function = ) Famanumningauiinlssu@iioumanuainia
Tumsegreavasudaz Ialulan nadnmionis liduanumnzaufelaruiuaaia

Y = s o 9 ] a 1 [l 4 ar = [
alndiRssveswmadwindeimsveanaay Ing uley  Wudrdaeniwiigadinlshoglu

a5 TuTyanivug dana it lanadws Inameanumndeams ldvina lvu Taena lundusinld
Haswdhwmneigmlfuldmnzasdunsndeeuvesiu@n sanos sy Wudadunny

Mg oy

Tuilymaagia l Henndmnnserniiunismaigaga-diganse lifld dailad

'
o

dy a1 3/ IS) ' “ = a as a8
rﬁmmauawnﬂu‘f]uau“lﬂiumqmm m‘luuu’mmmmumn danaTny Wavunu

F
v 2 Y =

¢‘_‘.:' o Y = a
mm::tmqmﬁ]ummﬁmuwaﬂﬂﬂuhu %$ﬂﬂﬂﬂﬂ1L§uU3ﬂlﬁhﬂ ERITERI R RETR I OR

Haduthuinelddufladua nuvnz ey

o =) a a acg
2.6.2 MIMNUYIIVUANDANDIHH

3
Y

TUADUNITRINIUVDIVUANDANDITDUIA A

133199111 a3 Ty Teuuays 119N (nitialization)
1 o ar &

2.M5HImHanTuY (cost function)

3.1sfAEen (reproduction or selection)
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4.myai1aTas TuTaugn (crossover)

o J %
5.MINAWWUT (mutation)

Start

7

Initialzed Population

Yes
> End

Reproduction

=1+l L

Crossover

!

Mutation

3UN 2.10 uruveInsTUIUMIMAT N AULD U AR

o = = o =R q; o A 9 o =4
MIMNUVBINUANTANDTTUWUTTHAUIIN IAs TuTaud iy & Tas TuTamdaly
uang Ing luloulsznoudioduou o i TasTulaudindmoududydnuel lddmums

il 2.8)
TasluToy (k)={ dn1, 002, iinn } (2.8)

v £ ]
Taedian & fiaaaue 1 933 maulas Tulsuidoans

a cﬂ’.l.lﬂ) 1

Muuminveadazilatsuvosnaas 1ns 1 oy Feailanaui ldudas Tas Ty o

¥ £
aziian lumidu tisaaina1vesinluuaas a3 Ty Tadiauugy (randomly) 9101UINT
aaaonIns luTeuioFoadriaulng Ty Touluu laonsaadonlns I lausz faiaenal

AasFundaz as Tnlsy TeoSoedrauainlas T Tauitiglaiaulndidesiufidgesnsuin

' [l v
Aot 1

= w 1 -:15} = Y o o = . u? & o
ga ldderfirfosiiga udaiimsdadonlas TuTauRafiqa o Ju (generation) 1iuFSon

'
=

Vv
1as TuTammariian Ias T Teuwe-usl (parent) 310105 Ja Tasuno-uif ldamisoai

Tas Tulasugn (offspring) 18 1A0n15 crossover msardalns TuTwugnnszinde3s lad 18

k4 ° @

4:3J -7} 9 [ 9 o =} . s
Yuegnugoonuuy nasnnldTasTuTougnuds iin1snateWus wio mutation

' " v
Tas Tulwugndand1udimiladdulnddosiuafideansuiniiga lUdsmnnsdoosganic

4 ¥

] ET v
FUATUADUN 2,3 , 4 UDT 5 IUNTENI IAMINDUNADING (MAKLIN 1)
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2.7 msszngaImaluglian

msszeoImalug Tuad [13] Snshauiiduiuiiued 3 e svuuszine
01MAlUQ 1A (tunnel ventilation system: TVS), 32 01AAIMA1A¥ 1Y 1T (under platform
exhaust system: UPE) Lo LUVUAATIVIVANY T DU (linear heat detection system: LHD)

sszngemialug Tusdil I3ie szunsemiafounialuaTued Tuan1azlng
ﬁm’;&ﬁ'uﬁ'ma:,'aﬂnzigmﬁu, TaelnfrzaoaausaduiannssaeIneInn1TI e

70 1W#h (train piston effect) pongilaasszinoeinie daaalugilii 2.11

[==]Ei(EE
b ) —

i

X

i

gﬂﬁ 2.11 Train Piston Effect

Vv
srUVTEe0IN e Tug Tindlsnoud1991a1552 1109 1N A(ventilation building) W4

aodavosanitise TW# 148 minaoiszezyiadunni 1 Alawasaaziinisneasig

"
=

v ¥ & a
PIMNTTEUWBIMATEN TN (intervention shaft: IVS) 1o 1520w 1maTug Tuanmumd

¥

= ar

" Y v
inanszineonialug Tuaddegilii 2.12 Aadeeg 4 drfiadariivaz 2 Ardmsy

@

Tuszuuy

PINTTLUIPOINMATLH A

U 2.12 Waawszneomalug Tuad
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o ar a4 vmmeu ar dy
wolmaNAaNTzINe0 M lug Tuaatlinnad el

Rating 108 kW, pt0.85
380V, 985 rpm,
50 Hz, Insulation Class H,
205 A, Axial Flow

o o a a 1
My BiRanIzwe M lug luadl 2 Hanisnemssieaundig 1uad (supply :
o Ady s 1 4 LY =
S) HATAAANBONIING 1HIA (exhaust : E) Tufilvzlddnvsdovesvoriaauluaaiiiaieg
dsznoudunaniamsiianuilunisuaainisiiavvesiaamio 19 lunisilsediv
a8 a t S w o @ o A 1 o o
dszanimway aoiiid nalivaauszuieeinalug Tuanaedn F100 winwaauiiey
110 supply 92 19908071 F1008 1agW1nfilaiuuuy exhaust 9214 ¥od01 F100E Hludu
a a ' o A A Y
dmiudnnlszneuvesmaszseinmialug lusaimdefiszuugaoinialdanu
o v r o e o 4 ol Yo 3 v @ g
WA HATITVUAIIATIIUANUT oY 22 linadelunilnieanini ldmerdeiuiide

INTHUT

2.8 ANMFHUGIUM ST

3811M3 1M IIF9T0H1 (maintenance) [14-15] IR HANT0E 196 BLTDAE 3R
Tugua 2,13 Tassudadmsiiigeinuniiomisinsiuiadigadados (reactive
maintenance) mrﬁu‘szuumiﬂiga%’ﬂmsmuﬂmﬁu (preventive maintenance) Lmzm'mmflu

umﬁmmumsﬁiqa%’ﬂmmuﬁmw (condition based maintenance) ﬂuﬂizﬁWWLﬂuWUUﬂﬁ

o as a

¥
=1 3 o =) o ar 1 LY
PINTOHUBITN (proactive maintenance) ilzmu"lﬁ’ﬂmmwmum'ﬁmgqsnmtmazgﬂsmuuu

a

¥
=

Hanuuanaafueginnwends lasannsaeFutenummsyeanshiasnuee 1das

4 Progressing from reactive

through proactive maintenance,
using each toits best effect,

will achieve maximum effectiveness
and optimum cost.

Reactive /)

——

CBM r——p

Cost

Proactive

Availability

Y

a

31N 2.13 FTmnnmsvesszuumsthia o
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¥
1 N5 'l'nj‘&;ﬂ‘ki‘lu"U"lJLLf!lAl'il(reactive maintenance) V19ATUTHNI maintenanceless, run-
to-failure, failure maintenance, panic maintenance r'f]u?’%ﬁ"hjﬁmmmmudawﬁw Haznm
Ya 1 g ' G - o e . = 3
1‘1’7Lﬂﬂﬂ11"h’i]181uﬂ1'§°¥9uﬂ1§\11‘1q4 Wﬁﬂh“k’l\‘lmﬂﬂ’)'}lﬂﬁﬂﬂfﬁﬂ’w
o a w P i o o == L3
2 ﬂ15U1§Q§ﬂB1£LUUﬂBQﬂu{preventwe maintenance) Lﬂumimzaiﬂymmliﬂwu

¥

pE1NNABIATOIINS Tagiimsthgasnenluraszeznainnngay mathzesnyuuiida

=1 1

a 4 ot 4 o = o P In) §
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asAtiumathasnuiyalasazdialaizminzauiiga sdniSonns e ne i
MT1154TNEIAMTLH21I1 (time-based maintenance : TBM)

o ) =) Lo | o as o .-
3. MINPTIYUFINGINTA NTBN15FITABINUAN W (predictive/condition based
o o o o ar
maintenance) 1 unsmanzAinemeniaioimsszaluilvgiu Tasnmsasaiaanin
A v 9t a d'; = @ & = 3 aa ar = o 9/
nIesdins vz 1rnuese yalils Tenladranamioanniideyalumsitansaniwaiai v
[ . ¥ v

aNInaanMIvadeueuniedns lAN NGl uazdirivaniuneun1niiasnuILLY

o ) Y Y 1 3 9
floatu'lédBndae dumsaanildiwasld

4. M31395NBUFIgN(proactive maintenance) (Hunmsaaamaniizuoiledoiiing
1 ¥ "
mliiniesdnafanisdiga msthgenuwnuillildnidaaudayanaananisaiiina
p1m5v0an1sH13a lludd udilumsimnsfnaunaisneilfifannudensde
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aiganazilmaieadnstanuwionldnunnigady
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o [ 1
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as =1 " w a a o as
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Y Ao a4 Y Y o o o o
. vayannthennai ldnananmmadeuiia iy guugiiaian
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3 LL'UUﬁﬂ

1. NEMA (national electrical manufacturers association) ‘-'?ﬂ% [EEE standard 112-1996

(MAFUIN ) [16]

2. JEC (japanese electrotechnical committee)

3. IEC (international electrotechnical commission)
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: : s a < i ;
M3190 2.1 Anlszaniamuomasving 100 usa i ldnnunasgiuaieg

IEEE 112 Method B JEC37 IEC34-2

90.0% 93.1% 92.7%

Per H.Jordan and A.Gattozzi, 1979

o o Y a A = 2 d o o o 1 [
ﬁﬂ1Wﬂﬂ11WLﬂﬂﬂTlllﬂﬂ'lﬂl,ﬂa@uiﬂﬂﬂqﬂﬂﬂ AITULIIAN, Wu&l@mﬂ‘iiﬂ‘ﬂ, lhfﬂﬂ“ﬂ@u
1 o oA P (I
ﬂ?ﬂﬁﬁiﬁﬂ"ﬁﬂ1ﬂ@ﬂiﬁh]ﬂijﬂu EASA, mma‘mhluwmmmgm IEEE Standard 112-1996 (g

mauhunasnen ldongey.

2.9.2 3EmMsI¥MIA1057 (slip method ; SM)

Q| A a A o @ a 1o a c’j
ihiatmavilszaninmueswemes Tasduiivgudnulosginvesnsenanaiin

v a @

(1 Y o ] a (o 9 o 1 a A S aw 9/
nafeanulosatnuesdniiaivvesaalnia lanumaddnosznisnaduine Taold

«u
Ed

AUNTA
N =N sipp d
Load(pu.) = P e i 5 (2.9)
( VNmncp!med
Nsyn - Nﬂ(Nameplare) Vv
Measured
Output  Power Py = Pryod(Nameplatey % Load(pa.) (2.10)
P
Field Efficiency =——-24 (2.11)
in(Measured)
= g a @
Tae NS_)’H HUNODIAINT AT IAT 1A

= = ‘I o
N Measured) HUWDINNEI LTIRDT

g 4 au = a oo
N fiNameplarey  HM0DIRAMS MALATAuaaitheding

Vitameptaic vinedaussau Iihinthedina
T a—— winedageau i niala
P HUIBDIRIAINIaNa

P ninenamdanenantanaaInteing

rated (Nameplate)

P Measuerd) vietamas lihida’ld
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maminiaanenatazlszansnmainsonildlasldaunisn (2.10) uaz (2.11)
[ o C\ddyu/ [] [} o o cu o a a I'd =y
ao1a lsnaAs i himiuddmsumaannalszansnnvewome suae 4 auas ans 1z
adg a:? ] 9 o ar =Y =% T ~ c.-;.
1. asmsi i Idihmsdanszua IS ddumsinsanaimsgandoinnenason
=t [P o o ar
HUVTNITE (load test) waz 1111n152 (no load test) HAZANMMSIUDIVDIADSDUNTITS
Y
v lidhed adudiu
o Y I~ &t a o 3/ aar
2. namsanns Tasldamnnusisevveawamesimsyinanndeyavoatheiiia
1 s = o Y = & A 9
wutuiludraulasmisnnnsnageuomosunagduan damunoaniamaoi 1d
5 59UADUIN
o th;’ ) Yo =2 2 r-‘.! = @ e - EY -~
3. Tunsdmnadsi hilddiiduSegungivazussduinlfounlasuue 1 Fua

a o

THARDANUG IVUZMTZANAA

2.9.3 Aamslamnszualuvh (current method ; CM)
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=
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D
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= as ar 1 o
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NTTLUTS b s UONS U U d g e T UUNTId

;fe

FiuUNGT &1

&C
b

nyzua vhndsa Tagaunsam ldnnaunisd (2.12)

Load(p.u.) = Jrl"/f’easwrea’ VMeasrzred 2:19)
[ﬂ(Nameplatc) VNamep!ate

a 0 ¥

08 Ionsured winetanszue i iald

I wineaanszua g uiisaithend
f1(Nameplate) naztl WUNT TUNNA

Fy '
NANUFINTOMIAIMIaInInatazl szansnm IAnnaunITh (2.10) tag (2.11) @waeny

v .
msnnlszaninmnlasds SM uaz M Hiinaziiilamlumsi T Isougsaiann
5 a { { a a o ' a Y

Uszmansmlsz@ninminaasitheinavowameiuaazai ldnnnmanadsmnaigu

a{ 1 ar a a 1 a ow d' 9/ 1 =1 ¢ s
uananiy Mauaenthendaengnuldsulasliluds dymireudeusmesersgaiu
' c{ n’j ‘ n:!vn.r o Y a ::3 -y oy Y asy
T nllyminwunauaiiini imannuaaiamasugddunsmdsz@nsnmaieis
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2.9.4 MINATOVHUINTY (shaft torque method)
c\d-::': ' = 1) a d' 3 = s 4:; Eé Y a
Audsideuazinmuuiuinnaiias Tufensialasassiunummdan hideah

1 ] d’{ ci 1 — =Y qc!c:’c:- B 9 o waey L :;
Mannaveenitonzmnlszansnm widsulsludenljiamsdueadlugli 2.15

Power supply

e e
3Phase e @
o 6

PR ‘ R Load

Torque i AT A
(e | e

g1t 215 mavmlsgannmdieiinagounuuiinige

2.9.5 mymaszanimulagnaaeun1inasgiu IEEE Std.122 [16)

2.9.5.1 Method B M3UgNAINISgIasn14900n1nnu
fitunoulumsnaaeudail

1. A AU UNILY0IvAaIAAIRAIADS (DC resistance)

2. naaougamginieldannzasziifia (rated load temperature test) Tiiin

AU YIHVDIVAIAAAIADINNAT I Tue Fugaiiiogunniiuandialiinu | ssmuadoai

[

Maznina Mimsiamanudumugaiionaz guvgii lnosou

3. naaoun1olaan1123in15e (test under load) Taal¥ dynamometer 111015

a ] 1 a =) o aw L4
NNa gunnlgagadoanana1e iy 10 o uaraidoaindeyaiinavo oo 311

ay

AOINUAADANITNATDY N1AITUSVATININAAILA 25-150 %

4. NAERULUY TN (no-load test) MM1Ttaume sy 1HINTE Yun

a =)

' ' ¥ '
mias ihwazgangiinnaiinlus dugadiommas Idfhuanaalaidu 3 % uazgangil

au a

UANANA LAY 1 0af AT

o o d
5. mimstou Taglduuuesunnigiuved IEEE Std.112 (MAHUIN V)
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2.9.5.2 Method F I33aUYa
o ars ot
TrusoulumInaaounail

=1

124 o s o 1 as
1. naaauuuy Biin1ge (no-load test) MimMTtAuNamasuuy lulinise Juiin

a o

1 o ar c'ﬁ qll ‘:y d’l T o Y 1 1 T a
mmas ihuazgumginnadein ue dugadioammaa lWiuanars T 3 % HazgUnuAl
uanad lun 1 sar e
= o E 4 g Y o ar
2 1u1da 151003 (blocked-rotor test) BUTUMVVNEUADS AOININTAAIIT
' Y o = P & & vy aw 9 o o a
ADUUAIMINITEALTIADT ADEYANTUIU IANTZUANAA 80111 131MD T HIUT N AN
o ] ;:{ 1 c{ V] .; =2 a lc; o [
Sumuandluaunaenszua Iihaega vaznszualihdrga Galsmesugangindunnia
1 d' o [~ ar ar 1 o 5
Annas nimswasansivaszoaa I iduussdu Wi s Susauaudnanua (total
4 [ d =
reactance) LGy mm@fmm‘tﬂimai (rotor resistance) ﬁﬂﬂﬂ‘in mmmmé’fnmnﬂsmm, T
Y
o ar
HBALUAUTTINNINUA (X + X))

3. mmssnaTaslFuuesuanaig1uues IEEE Std.112 (MAKLIN V)
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Wuauo (genetic algorithms)

d Y o ! o
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Isq Y o d o =
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Kz HWWAA stray load loss TugtvaanudunIy
g =2 o dar o
X4 NINGD 9T UDAUALTS D I AUDIAIAADS
. =2 o Lo oot 9 a o
X, e ueauaudsa Iwavea lswmosn loudho I dsamnos
- o = o Y a = o
R, winseanuamuniurabiifansgadeTusnuman
. 2 = ot = vood A o
o HINURITUOALANS NN AN AT AIADS
= 1 a
s venaall

o

' a o A o dy 1o o
Awaimeieesauyamivaueihilumfisan Fundamental nazesdlsznouas

! ot

= a1 ' =) o — ! o
Tuiindag 9 udr linenaiuanudau3TMsA1UIUUY Superposition AIMITITIADT N

= @ as = cé’ l.:sy 9 o o o a A o 3 =1
mmﬂ'aan'as’ﬁmJizmumummamha"lmmm'gmﬂﬁxﬂmnmmmas‘lummzuumma}ﬂ

@ Glyanaiiwesnanusori s sziiulsasivdse aniam ldaasadiy

E ' 1
Turavsauyaiifinsiiy stray load loss (Rgy; ) iWmiteliinaaaimlndifoaiy

i
1 o =4

3/ a 4’:’ - Y dﬁ’d o o i A
M3 lFuIsanniy maiyanudumunidiudisainiildanuaaimanaeuluns

o

o 4 =1 oA A ¥ = 1 o @ o
Munanawiionn Wuanudwmuimuduanmsinszea a sl aivave ludniuas
T =1 ~1 o A .:g B 3 o 1 [~ 1:5'.
agandeluunuman MRy L 1o nHavealansulMan AU1INNTZUENITEN14NA

AFOM IANNAUMTNA (3.1)
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= 1 4 o o a
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sy wnwlemaaliiina
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= o

= ‘ a a d v ey
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2 2
lrms,ca[ q + P;fn,cal 1

Mill. Fobjective = (32)
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1000 s et winedanszua Iihlseanirandnald
—— winedanszud Ilihilsz@ntranialdas
P vinenaiag lWihngwan1é

in,cal
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lauaasTAdaaunisi (3.3)

Fitness = R (3.3)

O+ Fobiactive

v = o [T 1 = 4 X 1
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a5 ) A Fy & Y o Y, =
i dawalvmniimeiwsauyanmualndifssnnugndesnniaa
é'l = =Y a =g [ a a dy w ey 9 1 c'i 5 {1
evuAnana I suTZINAAM TN o3 199 TuyadIuIn Taudawils Yuaoude 11
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a s 4 Y] P
UszanFnmuoines (efficiency) Aauaaslugilii 3.2

Input Proposed Technique
7 Output

Frequency

rms Voltage Motor Performances Estimation Torque

Using Genetic Algorithms Ouitout P
rms Current Based on Calculation of i

Input Power Equations (3.4) - (3.14) Efficiency

Speed \_

3

d.. o/ [=Y a a L4 — o =) a o o
3UN 3.2 Tunounsilsziinlsz@ninmueinesmilsni lasiiudndane sy

A19199 7 1Ade 0 IfonITAIIasIaNMSH (3.4)-3.7)
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Zy =R+ jX, (3.4)
R.jX
. 2 C.] lHI (35)
RC + -]XJJ.!
. R
Zy =Rg; +jXo +—S2* (3.6)
T
T = DB (3.7
total 1 22+Zc' )

9 '
NNUUINAIMYsEnoUMdIueauemas ldanauman (3.8)

PF :cos(mn_l(MD (3.8)

Re zroral )

¥
oY)

W ¥ = =
WU 1 s car WAE Py cqr W$MTIADINGTUAIN (3.9) 049 (3.10)

Vrms (3 9)

L, | = i ] j
rms,ca Ztam](Rl,Rz,RC:RSLLJX[’fXZ’JXm)

‘F:'u,ca! :3Vr'ms]rms,ca1(PF) (3-10)
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@,
. .. Pou! cal
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3.4 manaaeumsyszdivszanSmunamesvinadndlgdsmaniiaue
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3.4.1 guUnsaifililumanaaeu
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ginsainldlunmsnaaeuilszneudioginsainie q Al

q
%

4 = o @ aw v o 9 = a o =
1. uawasmienie e 2 ﬁ'JWﬂﬂﬂNﬂuiﬂl@liﬁﬂ'ﬂ’lﬂWﬂﬂﬂ\1@‘]3‘]\71’1 3.1

L]

= B, s ¥
13190 3.1 magamaaua&maiwimwﬂﬁau

2.2 kW (3 hp) 5.5 kW (7.5 hp)
Hz 50 50
V 220/380 220/380
A 8.7/5.0 20.4/11.8
rpm 1420 1430
Pole - 4
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2. BUN051003 3 1ld 380-440 V, 50/60 Hz, 27.9 A, switching frequency 1 kHz, Fuji
FRENIC 5000G11, Type FRN7.5G11S-4JE

3. m'%"aﬁﬂﬁﬁa"lﬂﬁmwﬁ%ma (digital power meter) 5:14 WT230, Yokogawa (true
RMS)

4. 195993ANNEIT0Y (tachometer)

5. in3easiin Ifhuasmazma il su'g

6. 113093A1L5411A (torque Detector)

3.4.2 YunouMIAIUMSNATOD
k4 Y
ABAWHTUMINATOUHTUADUA o A1)
1 a o @ 9 w o 1 o 9 o /_‘1
1. AD19TYDIDUIDIADIIANVLBINDINATO LAZABINAIVDINDIADS AN AT D
i \' 1 qu 1 o ) { = :.f}
duiia ldfhindwnszmaiihwieusisdoginsal fausedia (torque detector) fimauazfiads

@

fiwesdamad i wudineadegii 3.3

rms Voltage
Frequency Inverter

Input Power | ..

T e S—— -
* rms
WT 230 Current  }-1.
—_—— [
Digital Power Meter k 2

I Tachometer ; S
[(Che—-=§ b el B Generator
\ Speed Eaastieey & Load

Estimation of
‘Motor Perforrﬁance_s

Inverter- fed Induction Motor
in the Field

Y a a o
31N 3.3 managounlszaninmuemes leihwuiadn

2. MMINARBUNBIADS LAAZAINAUD 40, 45 1Az 50 Hz Taudionszniana
uazlsunisgnanaanasiaz iy
3. msdaaiussdu ldihlss@ntea (v,,,) nszua’ldilnlszdniua (1,,)
o o = y =) a a = { o
mda i (p, Juazanundasey (speed) win lFlumstssidnuilszdninmlng3T tvnaue
o a el A o @ A o a a ,
LazIALTIIANNAT (torque) tDMIMAINavIBen (P, o l)wilsz@nFnw (efficiency;

Eff) 21379F mMsnaaounuuuinige
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o a A o | o ad
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Tuas1an 3294937
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Measurement Data Proposed Technique
VN’}LS‘ IJ"H'IS =
P, | Torque | Speed B Eff | Torque P Eff
(volt) | (amp)
(watt) | (N-m) | (rpm) | (watt) (%) | (N-m) | (watt) (%)

Avg Avg
226.63 | 546 | 2559 | 1595 | 1096.9 | 1832.29 | 71.60 | 16.19 | 1860.45 | 72.70
22656 | 5.12 | 2371 | 14.86 | 1104.5 | 1719.67 | 72.53 | 14.56 | 1684.73 | 71.06
226.62 | 4.84 | 2207 | 13.88 | 1111.5| 1616.23 | 73.23 | 13.61 | 1584.79 | 71.81
226.55 | 438 | 2057 | 12.99 | 1118.1 | 152157 | 73.97 | 1270 | 148761 | 7232
22624 | 428 | 1883 | 11.81 | 1125.8 | 1392.88 | 73.97 | 11.94 | 1408.21 | 74.79
22623 | 4.00 | 1715 | 10.73 | 11332 | 1273.82 | 74.28 | 10.61 | 1259.58 | 73.44
22596 | 3.713 | 1549 | 9.65 | 11408 | 115329 | 7445 | 9.56 | 114254 |'73.76
22401 | 3.42 | 1346 8.36 | 1149.9 | 1007.09 | 74.82 | 8.35 | 1005.89 | 74.73
22422 | 3.20 | 1200 7.38 | 11563 | 893.99 [ 7450 | 7.44 901.25 | 75.10
22376 | 2.97 | 1034 6.20 | 1163.5| 755.72 | 73.09 | 6.21 756.94 | 73.21
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Measurement Data Proposed Technique
Vrms Irms -
P, | Torque | Speed B Eff | Torque | p . Eff
(volt) | (amp)
(watt) | (N-m) | (rpm) | (watt) (%) | (N-m) | (watt) (%)
Avg Avg
238.08 | 537 | 2791 | 15.64 | 1249.5 | 2047.28 | 73.35 | 15.92 | 2083.93 | 74.67
23821 | 4.86 | 2469 | 1397 | 1260.8 | 184521 [ 74.74 | 13.83 | 1826.72 | 73.99
238.16 | 4.56 | 2278 | 12.89 | 1268.4 | 1712.82 | 75.19 | 12.95 | 1720.80 | 75.54
237.85 | 429 | 2110 | 11.90 | 1275.1 | 1589.62 | 75.34 | 11.81 | 1577.60 | 74.77
237.52 | 4.03 | 1942 | 11.02 | 1281.8 | 1479.81 | 76.20 | 10.98 | 1474.44 | 75.92
23757 | 3.81 | 1793 | 10:03 | 12884 | 135380 | 7636 | 10,17 | 137270 | 7742
237.68 | 3.57 | 1604 | 9.05 | 12952 |1227.97 | 76.56 | 9.14 | 124018 | 77.32
23805 334 | 1432 | 797 | 1302.1 | 1087.19 | 75.92 | 8.17 | 111447 | 77.83
23753 | 3.2 | 1262 | 6.88 | 1308.7 | 943.26 | 74.74 | 6.90 | 946.00 | 74.96

| v 3 = =t
ﬂ"lﬁ\iﬁ 34 ﬂ’]ﬁllﬁfﬂ'lﬂﬂ'l‘jﬂﬂﬁﬂiJiJ@L@]ai“Uu1ﬂ 2.2 kW nn1un 50 Hz
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easurement Data Proposed Technique
VFI?'[S [nﬂs
123 Torque | Speed B Eff | Torque | p Eff
(volt) | (amp)
(watt) | (N-m) (rpm) (watt) (%) | (N-m) | (watt) (%)

Avg Avg
248.57 | 5.18 2933 15,15 1402.6 | 2226.13 | 75.90 | 14.82 | 2177.64 | 74.25
249.69 | 4.75 2634 13.58 1413.2 | 2010.51 | 76.33 | 13.51 | 2000.15 | 75.94
25037 | 4.44 2413 12.50 | 1420.6 | 186031 | 77.10 | 12.58 | 1872.22 | 77.59
24944 | 4.21 2250 11.61 1427.5 | 173625 | 77.17 | 11.73 | 1754.19 | 77.96
249.54 | 3.98 2073 10.62 1433.9 | 159532 | 76.96 | 10.72 | 1610.34 | 77.68
248.81 | 3.74 1890 9.64 1440.7 | 145497 | 76.98 | 9.76 1473.08 | 77.94
248.48 | 3.58 1762 8.95 1445.7 | 1355.52 | 76.93 | 9.03 1367.63 | 77.62
250.13 | 3.38 1605 8.07 1451.2 | 1226.89 | 76.44 | 7.94 1207.12 | 75.21
24953 | 3.20 1436 7.18 1457.9 | 1096.62 | 76.37 | 7.08 1081.35 | 75.30
249.68 | 3.02 1285 6.29 1463.3 | 964.25 | 75.04 | 6.14 941.25 | 73.25
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Measurement Data Proposed Technique

Vome 1 Lop
wolt) | (amp) P, Torque | Speed P Eff | Torque | p . Eff

(watt) | (N-m) | (rpm) (watt) (%) | (N-m) | (watt) (%)

Avg Avg

22876 | 11.53 | 5486 37.11 | 1133.4 | 4406.34 | 80.32 | 37.34 | 4433.64 | 80.82
22792 11.22 | 5300 3592 | 1135.0 | 4271.06 | 80.59 | 3548 | 4218.74 | 79.60
227.87 | 10.81 | 3076 3435 | 1137.7 | 4094.09 | 80.66 | 34.75 | 4141.77 | 81.60
227.35 | 1037 | 4821 3277 | 11404 | 3915.05 | 81.21 | 32.64 | 3899.52 | 80.89
226.85 | 9.97 4587 31.20 | 1143.2 | 3736.63 | 81.46 | 30.96 | 3707.89 | 80.83
22796 | 9.60 4380 29.82 | 11458 | 3579.48 | 81.72 | 29.60 | 3553.07 | 81.12
227.30 | 9.02 4029 2746 | 1150.2 | 3308.85 | 82.13 | 27.78 | 3347.41 | 83.08
227.09 | 8.69 3839 26.18 | 11527 | 3161.47 | 8235 | 26.16 | 3159.06 | 82.29
227.88 | 8.17 3535 2411 | 1156.8 | 2921.86 | 82.66 | 24.46 | 2964.27 | 83.85
22753 | 7.85 3352 2273 | 1159.1 | 2760.09 | 82.34 | 22.56 | 2739.45 | 81.73
22698 | 6.85 2751 18.50 | 1167.7 | 2263.11 | 82.27 | 18.43 | 2254.55 | 81.95
226.82 | 6.67 2627 17.62 | 1169.0 | 2157.86 | 82.14 | 17.63 | 2159.09 | 82.19
22685 | 6.44 2490 16.63 | 1171.0 | 2040.11 | 81.93 | 16.69 | 2047.47 | 82.23
22649 | 5.5 2043 13.48 | 1176.7 | 1661.72 | 81.34 | 13.22 | 1629.67 | 79.77
22595 | 5.35 1746 11.32 | 1180.1 |.1399.49 | 80.15 | 11.36 | 1404.43 | 80.4
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Measurement Data Proposed Technique
Ve | Tz
wolt) | (amp) P, Torque | Speed B Eff | Torque B Eff
(watt) | (N-m) | (rpm) (watt) (%) | (N-m) | (watt) (%)
Avg Avg
241.02 | 11.63 | 6124 37.20 | 1286.0 | 5011.73 | 81.84 | 37.34 | 5030.59 | 82.15
240.76 | 11.19 | 5867 35.63 | 1288.1 | 4808.05 | 81.95 | 36.16 | 4879.57 | 83.17
240.57 | 10.77 | 5600 34.15 1290._3 4616.20 | 82.43 | 34.08 | 4606.74 | 82.26
24030 | 1036 | 5335 3257 | 1292.6 | 4410.47 | 82.67 | 32.88 | 4452.45 | 83.46
23998 | 9.94 5072 30.90 | 1295.6 | 4194.04 | 82.69 | 31.36 | 4256.48 | 83.92
239.75 | 9.52 4809 2933 | 1298.6 | 3990.16 | 82.97 | 29.27 | 3982.00 | 82.80
239.28 | 9.15 4553 27.75 | 1300.6 | 3781.03 | 83.04 | 27.71 | 3775.58 | 82.93
239.07 | 8.96 4439 27.06 | 1302.4 | 3692.12 | 83.17 | 27.37 | 3734.41 | 84.13
23895 | 8.78 4330 26.37 | 1303.8 | 3601.84 | 83.18 | 26.49 | 3618.23 | 83.56
238.45 | 8.59 4200 25.68 | 1304.7 | 3510.02 | 83.57 | 25.73 | 3516.85 | 83.73
238.43 | 831 4011 2450 | 1306.9 | 3354.38 | 83.63 | 24.68 | 3379.02 | 84.24
237.83 | 7.75 3638 22.14 | 1311.3 | 3041.47 | 83.60 | 22.40 | 3077.18 | 84.58
23725 | 6.76 2975 17.90 | 1318.9 | 2473.25 | 83.13 | 17.89 | 2471.87 | 83.09
236.43 | 6.55 2853 17.12 | 1320.0 | 2367.45 | 82.98 | 16.87 | 2332.88 | 81.77
236.36 | 6.05 2483 1476 | 1324.6 | 2048.21 | 82.49 | 14.48 | 2009.36 | §0.92
23588 | 5.71 2223 13.09 | 1327.3 | 1820.17 | 81.88 | 13.04 | 1813.22 | 81.57
235.68 | 5.27 1903 10.92 | 1330.9 | 1522.55 | 80.01 | 10.79 | 1504.42 | 79.06




A " A Y & = =
13190 3.7 ’f’ncn1@%1ﬂn15“ﬂﬁﬂuu@lﬂﬂﬁmu1ﬂ 5.5 kW 93740 50 Hz

35

Measurement Data Proposed Technique

VH'?IS Irms
et | Faurgd P Torque | Speed B Eff | Torque E . Eff

(watt) | (N-m) | (rpm) (watt) (%) | (N-m) | (watt) (%)

Avg Avg

24770 | 11.79 | 6737 37.10 | 1430.1 | 5558.32 | 82.50 | 37.62 | 5636.23 | 83.66
24831 | 11.28 | 6446 3543 | 14333 | 5320.00 | 82.53 | 3531 | 5301.98 | 82.25
24833 | 10.77 | 6158 33.95 | 1436.3 | 5108.44 | 82.96 | 33.86 | 5094.90 | 82.74
248.60 | 10.36 | 5862 32.28 | 14399 | 486933 | 83.07 | 32.21 | 4858.77 | 82.89
249.01 | 9.94 5552 30.71 | 14434 | 4643.76 | 83.64 | 31.01 | 4689.13 | 84.46
24920 | 9.52 5264 29.04 | 14469 | 4401.88 | 83.62 | 29.23 | 4430.68 | 84.17
24880 | 9.15 4954 27.40 | 1450.0 | 4162.19 | 84.02 | 27.72 | 4210.80 | 85.00
24940 | 8.96 4831 26,77 | 1451.5 | 4070.70 | 84.26 | 26.41 | 401595 | 83.13
249.09 | 8.31 4349 24.00 | 14572 | 3663.82 | 84.25 | 23.90 | 3648.55 | 83.89
24938 | 8.05 4045 2224 | 1460.5 | 3402.83 | 84.12 | 22.56 | 3451.79 | 85.33
24993 | 7.75 3661 20.07 | 1464.5 | 3079.22 | 84.11 | 20.45 | 3137.52 | 85.70
250.00 | 7.31 3253 17.71 | 1468.9 | 272530 | 83.78 | 18.08 | 2782.24 | 85.53
24998 | 6.76 3057 16.63 | 1470.9 | 2562.59 | 83.83 | 16.36 | 2520.98 | 82.47
24995 6.55 2830 1525 | 1473.4 | 2353.93 | 83.18 | 15.25 | 2353.93 | 83.18
250.34 | 6.34 2510 13.28 | 1476.6 | 2054.30 | 81.84 | 13.17 | 2037.29 | 81.17
248.81 | 5.45 2144 11.12 | 14804 | 1724.60 | 80.44 | 11.02 | 1709.09 | 79.71
248.58 | 4.94 1864 9.54 1483.5 | 1482.65 | 79.54 | 9.45 | 1468.67 | 78.79
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A% 380
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rpm 985
Pole 6

pf 0.85

Design/Protection class B5/1P55

Insulation class H
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F7008 Ist 2nd 3rd 4th 5th
Vs (V) | 382.80 | 381.67 | 380.80 | 382.21 | 381.73
§ PQA | 1, (A 174.90 | 174.70 | 175.70 | 176.00 | 176.20
g P, (kW) 89.70 | 90.60 | 89.80 | 90.20 | 90.40
% Speed (rpm) | 1014.6 | 1014.6 | 1014.6 | 1014.6 | 1014.6
Bt
% f (Hz) 5131 | 5131 | S1.3 | 5131 | s13t
= | VSD
é‘: P (%) 78.64 | 78.81 | 77.59 | 79.95 | 79.97
Ty (%) 7634 | 76.51 | 7642 | 77.61 | 77.63
F700E st 2nd 3rd 4th Sth
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é Speed (rpm) | 880.0 880.0 880.0 880.0 880.0
% f (Hz) 4438 | 44.38 | 4438 | 44.38 | 44.38
= | VSD
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P, (kW) | OEE | 86.06 | 85.60 | 84.62 | 85.74 | 85.37

CM | 92.82 | 92.44 | 92.76 | 93.26 | 93.25
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M3191 4.5 ToyaNnsrndasazmalsziiudsz@ntnmuomesiaauszueeins F701

anHgYuIN

F701S Ist 2nd 3rd 4th 5th
2 Voms (V)| 381.02 | 380.57 | 381.30 | 381.00 | 378.17
é I (A) | 16480 | 168.40 | 167.10 | 168.40 | 177.80
é § P, (kW) | 8280 | 85.10 | 8540 | 85.10 | 92.00
‘“‘5 Speed (rpm) | 1014.6 | 1014.6 | 1014.6 | 10146 | 1014.6
S f (Hz) 5127 | sL2T | suzr | 187 | sy
VSD 7896 | 8240 | 82.58 | 8041 | 87.07
Py (kW) OEE 7892 | 82.15 | 82.81 | 81.88 | 87.53
cM 87.05 | 88.85 | 88.33 | 88.95 | 93.22
CM 105.14 | 104.41 | 103.44 | 10453 | 101.33

Eff (%)
OEE 9531 | 96.53 | 9697 | 9622 | 95.15
F701E Ist 2nd 3rd Ath Sth
E Vs (V) | 355.82 | 357.65 | 357.56 | 354.95 | 356.79
S Ims (A) | 143.10 | 144.40 | 144.80 | 143.40 | 144.20
éﬁ g P, (kW) | 60.60 | 6140 | 61.60 | 60.60 | 61.20
*E Speed (rpm) | 880.0 | 880.0 | 880.0 | 880.0 | 880.0
S f (Hz) 4438 | 4438 | 4438 | 4438 | 44.38
- VSD 5759 | 5845 | 57.64 | 57.89 | 57.99
Py (KW) OEE 57.65 | 5873 | 57.82 | 58.06 | 58.47
cM 7059 | 7160 | 71.78 | 7057 | 71.33
CcM 11649 | 116.61 | 116.53 | 116.45 | 116.55

Eff (%)
OEE 9513 | 95.64 | 93.86 | 9580 | 95.53
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M99 4.6 ToyatiasTanazmalszinilsz@nmwuemesaauszinseina F750

AHgyuIn
F750S st | 2nd | 3td | 4th | Sth
z Vs (V) | 382.40 | 381.41 | 382.44 | 382.01 | 382.36
é s (A) | 17130 | 176.40 | 174.00 | 173.00 | 174.00
§ *§ P, (kW) | 85.10 | 8820 | 86.90 | 8630 | 86.90
2 Speed (rpm) | 999.9 | 999.9 | 999.9 | 999.9 | 999.9
S f (Hz) | 5048 | 5048 | 50.48 | 5048 | 50.48
VSD 79.93 | 84.66 | 84.21 | 83.39 | 83.99
P, (kW) OEE 80.03 | 8532 | 83.62 | 84.09 | 83.54
CM 90.82 | 9328 | 92.26 | 91.62 | 92.24
CM 106.72 | 105.76 | 106.16 | 106.17 | 106.14
Eff (%)
OEE 94.04 | 96.73 | 96.22 | 97.44 | 96.13
F750E Ist | 2nd | 3rd | 4th | 5th
2 Vs (V) | 358.10 | 357.95 | 358.00 | 358.41 | 358.28
g I (A) | 135.60 | 135.40 | 135.00 | 136.00 | 136.00
§ § P, (kW) | 5540 | 5530 | 5520 | 55.60 | 55.60
2 Speed (rpm) | 880.0 | 880.0 | $80.0 | 880.0 | 880.0
S f(Hz) | 4437 | 4437 | 4437 | 4437 | 4437
VSD 5221 | 5238 | 5223 | 5228 | 52.19
P, (kW) OEE 52.55 | 52.88 | s52.61 | 52.98 | 53.01
cM 6732 | 67.19 | 67.00 | 67.58 | 67.55
cM 121.52 | 121.51 | 12138 | 121.54 | 121.50
Eff (%)
OEE 94.86 | 95.63 | 9531 | 9529 | 9534
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F7518 Ist 2nd 3rd 4th 5th
E Vims (V)| 383.16 | 384.49 | 38247 | 383.37 | 383.85
H
2 Lms (A) | 17570 | 17130 | 17590 | 174.70 | 173.40
& 8
2 K P, (kW) | 89.00 | 8630 | 89.10 | 8850 | 87.70
= Speed (rpm) | 1009.5 | 1009.5 | 1009.5 | 1009.5 | 1009.5
=
e [ (Hz) 51.03 | 51.03 | 51.03 | 51.03 | 51.03
VSD 83.73 | 82.78 | 84.81 | 83.27 | 81.94
Py (kW) OEE 84.42 | 8311 | 84.62 | 83.77 | 8245
CM 9333 | 9131 | 9327 | 92.85 | 92.28
CM 104.87 | 105.81 | 104.68 | 104.92 | 105.22
Eff (%)
OEE 94.85 | 9630 | 9497 | 9465 | 94.01
F751E Lst 2nd 3rd 4th Sth
E Vims (V)| 34977 | 349.56 | 348.20 | 350.90 | 348.57
E
: s (A) | 135.60 | 13520 | 13520 | 136.20 | 135.20
8 8
$ 3 P, (kW) | 5500 | 54.80 | 54.60 | 5530 | 54.60
2 Speed (pm) | 880.0 | 880.0 | 880.0 | 880.0 | 880.0
, P
=
= [ (Hz) 4441 | 4441 | 4441 | 4441 | 4441
VSD 50.65 | 5118 | 5194 | 5118 | 51.74
Py (kW) OEE 51.76 | S1.13 | 5147 | 5227 | 5146
CM 6575 | 6552 | 6527 | 6626 | 6534
CM 119.55 | 119.57 | 119.54 | 119.82 | 119.66
Eff (%)
OEE 94.11 | 9331 | 9427 | 9451 | 94.25
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uazdszanTa i 1annata1e o uaaaidemsed 4.8 nazgili 4.13

. Ao a a o o o v o
Fni‘lﬂﬁ 4.8 ﬂW]'JﬂUlﬁlmﬁiﬂ'ﬁﬂi%LiJ‘LllJ'izﬂ'ﬂ‘ﬁﬂ’lﬂﬂﬂkﬁ@iWﬂﬁiJ‘i$‘1J'lfJﬂ"lﬂ1ﬂ’ﬁEﬂHW?ﬁ"II'WG

aniiriagl Ina F100S | F101S | F150S | F151S | F100E | F101E | F150E | F151E
[==]
5 Vs (V) | 367.00 | 373.00 | 368.00 | 370.00 | 340.00 | 330.00 | 337.40 | 339.00
] rns
§ Iys (A) | 177.00 | 172.00 | 160.00 | 170.00 | 145.00 | 135.00 | 144.22 | 145.00
(5]
Z P, (kW) | 84.00 | 84.00 | 7538 | 84.00 | 61.56 | 53.45 | 59.59 | 61.98
[¥]
% Speed (rpm) | 1010.0 | 1010.0 | 1000.0 | 1015.0 | 880.0 | 880.0 | 880.0 | $80.0
5 f (Hz) 51.04 | 51.02 | 5045 | 51.27 | 4437 | 4435 | 4438 | 4437
VSD 7992 | 78.84 | 72.36 | 78.84 | 5832 | 51.84 | 57.62 | 5832
P
(”“’) OEE 78.51 | 79.60 | 72.50 | 79.11 | 59.33 | 51.16 | 57.31 | 58.97
kW
CM 90.06 | 88.95 | 81.63 | 87.20 | 6835 | 61.76 | 67.46 | 68.15
Eff CM 107.21 | 105.89 | 108.29 | 103.81 | 111.02 | 115.56 | 113.20 | 109.96
(%) OEE 93.46 | 94.76 | 96.17 | 94.18 | 9637 | 95.72 | 96.17 | 95.14
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ORI AR IR BV LER LTI

anaue F200S | F201S | F250S | F200E | F201E | F250E
<
2 Vs (V)| 370.00 | 370.00 | 370.00 | 345.00 | 336.00 | 320.00
g Ls (A) | 171.00 | 174.00 | 201.00 | 150.00 | 145.00 | 146.00
5
Z P, (kW) | 84.00 | 84.00 | 101.92 | 62.55 | 5841 | 61.15
% Speed (rpm) | 1015.0 | 1015.0 | 1015.0 | 880.0 | 880.0 | 880.0
e f (Hz) 5127 | 5127 | 51.38 | 4439 | 4438 | 44.40
VSD 80.46 | 81.00 | 95.58 | 60.48 | 56.16 | 57.78
P, (kW) OEE 80.79 | 79.16 | 95.23 | 59.03 | 5547 | 58.54
CM 3772 | 5926 | w311 | mas | erss | samy
cM 104.43 | 106.26 | 101.16 | 114.70 | 115.64 | 105.92
Eff (%)
OEE 96.18 | 94.24 | 93.44 | 94.37 | 9497 | 95.73
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F700S 5131 1014.6 85.88 95.28
F701S 51.27 1014.6 83.02 96.44
F750S 50.48 999.9 82.65 95.35
L F751S 51.03 1009.5 84.33 95.70
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F700E 4438 880 53.55 92.93
F701E 44.38 880 58.27 96.00
F750E 4437 880 52.60 94.92
F751E 44.41 880 51.68 94.21
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HOMDIWARNITZUIEDINA f (Hz) | Speed (rpm) Eff (%)
(kW)

F100S 51.04 1010 78.51 93.46

F101S 51.02 1010 79.60 94,76

F150S 50.45 1000 72.50 96.17

L F1518 51.27 1015 79.11 94.18
A0 1N

F100E 4437 880 59.33 96.37

F101E 4435 880 51.16 95.72

F150E 4438 880 57.31 96.17

F151E 4437 880 58.97 95.14

F200S 51.99 1015 80.79 96.18

F201S 5127 1015 79.16 94.24

. . F250S 51.38 1015 95.23 93.44
AnHA MY

F200E 4439 880 59.03 94.37

F201E 4438 880 55.47 94.97

F250E 44.40 880 58.54 95.73
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F400S 50.97 1009.6 79.56 94.72
F401S 50.97 1010.2 75.63 93.46
F450S 51.17 1009.6 91.32 93.18
T F451S 51.17 1010.2 98.52 93.45
GRRITGIOTT
F400E 44.35 880 53.11 94.55
F401E 4435 880.1 51.98 94.88
F450E 44.41 880 63.56 94.75
F451E 44.44 880 68.70 95.42
F500S 51.04 1009.6 91.73 94.55
. F501S 51.02 1009.6 85.51 94.69
TAOIUARDUNY
F500E 4436 880 55.56 97.75
F501E 44.34 880 53.80 96.38
F600S 45.36 900 55.64 94.50
n vmnnd F601S 45.38 900 55.10 96.63
ADUAUIATNA
F650S 51.02 1009.9 79.16 96.04
F650E 44.35 880 51.34 93.69
F1100S 44.34 880 52.52 95.83
SV03
F1101S 44.34 880 48.81 95.70
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Method B and Method F (IEEE Std 112)
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9.4 Form B~Method B

80

Type Design Frame Rating Phasc
Frequency Volts Synchronous rmin Serial No. I
Degrees C Temperature Rise Time Rating Model No.

Cold Statar Winding Resistance Between Terminals Ohms @ G

Rated Load Temp. Test Stator Winding Resistance Between Terminals__ Ohms @ °Cin *C Ambient

Rated Load Temperature Test Stator Temperature Rise e

Total Stafor Tamperature, £, °Cin a 25 °C Ambient

Description (Motoring ) Generating) 1 2 3 1 5 6

Ambient Temperature, in “C

Stator Winding Temperature, £, in °C

Frequency, in Hz

Synchronous Speed, in r/min

Speed, in ¢/min

Slip Speed, in r/min

Slip in pat.

Line-to-Line Voltage, in V

Line Current, in A

Stator Power, in W

Core Loss, in' W

Stator I°R Loss, in W, af r,

Power Across Air Gap, in W

Rotor I*R Loss,in W

Friction and Windage Loss, in W

Total Conventional Loss,in W

Torgue, in Nom

Dynamometer Correction, in N-m

Corrected Torque, in N-m

Shaft Power, in W

Apparent Total Loss, in W

Stray-Load Loss, in W

Infercept Stope _ .. ... Cormelation Fac

2
a2
|

Paint Deleted

Stator /R Laoss, in W, at &

Corrected Power Across Air Gap, in W

Corrected Slip, in pu.

Corrected Speed, in r/min

Rotor 12K Loss,in W,at 15

Corrected Stray-Load Loss, in W

Corrected Tatal Loss, in W

Corrected Shaft Power, in W

Efticiency, in %

Power Factor, in %

The Summary of Characteristics shall be presented as with Form A in 9 2. For additional guidance, see 9.1.1.



9.5 Form B2-Method B calculations

Cold Stator Winding Resistance Between Terminals __ (1)_ Ohms @ (2)___ °C From64.1.1

Hot Stator Winding Resistance Between Terminals _ (3)__ Okms @ _ (4)__*Cin _ (5)_ °C Ambient From64.12

Rated Load Temp. Test Stator Temperature Rise __(6)__ °C, (@) = () -(5) l G ={I3) DI % [k + )] -k
Total Stator Temperature, ¢, (7} °C ina 25 °C Ambient, (7) =(6) + 23 I If (6} & (7) are from duplicate, (3}, (4) & (3) are N/A
Tiem Description (Motoring)(Generating) Source or Calculation
8 Ambient Temperature, in 'C From each test point, from 6.4.1.3
9 Stator Winding Temperature, £, in °C From each point, adjusted per 64.2.4
10 | Frequency, in Hz From each test point, from 6.4.1.3
11 Synchronous Speed, in r/min =120 x (10} / number of poles
12 | Speed, in t/min *={11) - (13)
13 Slip Speed, in r/min *=(11) -{12)
14 Slipin p.u. =(13)/ (11}
15 Line-to-Line Voltage, in V From each test point, from 6.4.1.3
16 Line Current, in A From each test point, from 6.4.1.3
17 Stator Power, in W Fram each test point, from 6413
18 Core Loss, in W From 53 .3 af voltage egual to {(13)
19| Stator PR Loss, in W, =1.5% (167 x B , Adjust R see 6.4.2.4
20 Power Across Air Gap, in W =(17) = (18) = (19} for maior
={17) + (18) + (19) for generator
21l Rotor IR Loss, in W = (20} x (14)
22 | Friction and Windage Loss, in W From354
23 Total Conventional Loss, in W ={18) + (19) + (213 + (22}
24 Torque, in N-in From each test poirt, from 6.4.1.3
23 Dynamometer Cormection, i N'm Fram tast per 5.6.1.2, if needed
26 Corrected Torgue, in N-m = (2} +(23)
27 | Shaft Power, in W ={261 x (12179549
28 Apparent Total Loss, in W ={17) - (27) for a motor
= {271 - (17) for a generator
29 Stray-Load Loss, in W ={28)-(23)

Imtercept _ (30)___ Slope ___ {(31) Correlation Facior ____ (32)____ Point Deleted ___ (33)____
(30), (31}, (32) & (33) from the linear regression analysis of (29} & (26) entries as described in 6.4.2 6
34 | Stator I°R Loss, in W, at £ = 1.5 (1637 % (3) x {[ky + (1)) 7 [k + ()]}

35 Corrected Power Across Air Gap, in W =(17) - (18) - (34}
36 Corrected Slip, in pat. =(14) x [k + (7))} 1/ [k +(9)]
37 | Comected Speed, in rimin = (11} x [1.00 - {36)]
38 Rotor IR Loss, in W, at £, =1(36) x (35}
39 | Corrected Stray-Load Loss, in W = (31) x (267
40 | Corrected Total Loss, in W =(I18) = (22) + (34) +(38) + (39)
41 Corrected Shaft Power, in W =17} - (40}
42 Efficiency, in % = 100(41)(171 for a mosor
= 100(17y(41) for a generator
43 Power Factor, in % =100 x (1717 [1.732 x (135) % (16)]

*Enter the measwed speed or measwred slip speed for 2ach test point or: the proper line and use the formula provided to caleulate the
otaer parameter. In (4), (193, (31}, ané {36), select &) based on conducior material. See §.2.1 and 33.2. See 9.1.1 for Summary of
Chiacteristics.




9.6 Form B1-Method B1

Typa Design Frame _ Rating Phase
Frequency Volts Synchronous rimin Serial No.
Degrees C Temperature Rise Time Rating Model No.
Cold Siator Winding Resistance Between Terminals Ohms @ i
Specified Stator Temperature, 1, “Cina 23 °C Ambient
Description (Motoring){Generating) 1 2 3 4 5

Ambient Temperature, in "C

Stator Winding Temp, (7,), in *C

Frequercy, in Hz

Synchronous Speed, in rimin

Speed, in r/min

Slip Speed, in /min

Slip in pa.

Lire-to-Line Volage, in V

Lire Curent, in A

Stator Power, in W

Care Loss, in W

Stator IR Loss, in W, at ¢

Power Across Air Gap, in W

Rotor IR Loss, ic W

Friction and Windage Loss, in W

Total Conventional Loss, in W

Torgue, in N-m

Dynamometer Correction, in N-m

Corrected Torque, in N-m

Shaft Power, in W

Apparent Total Loss, in W

Stray-Load Loss, in W

Intercept Stope CorrelationFactor ________ Point Deleted ___

Stator PR Loss, in W, at t;

Corrected Power Across Air Gap, in W

Corrected Slip, in p..

Carrected Speed, in r/min

Rotor 2R Loss, in W, at £

Corrected Stray-Load Loss, in W

Corrected Total Loss. in W

Corrected Shaft Power, in W

Efticiency, in %

Power Factor, in %

The Suramary of Characteristics shall be presented as with Form A i 6.2, For additional guidance, see 9.1.1.



9.7 Form B1-2—Method B1 calculations

Cold Stator Winding Resistance Between Termirals (83 Ohms @ (2} °C From 65.1.1

Specified Stator Temparatiure, (), _ (3} *Cina25 °C Ambient, From33.2¢)

Tiem Description (Motoring )(Gererating} Source ar Calculation
4 Ambient Temperatwre, in. °C From each fest point, from 6.5.14
5 Stator Winding Temp, g, in "C From each test point, from 6.5.14
6 Frequency, in Hz From each fest point, from 6.5.1.4
T Synchronous Speed, in /min =120 % (6) / number of poles
B Speed, in r/min *=(7)-(9)
9 Slip Speed, in ¢/'min *=(T)-(8)
10 Slip inp.a. =@}

11 Lire-to-Line Voltage, in V From each test point, from 6.5.1 4
12 Line Current, in A From each test point, from 6.5.14
13 Stator Pawer, in W From each test point, from 6.5.1.4

14 Core Loss, in W

From 5.33 at voltage equal to {11}

Stator 2R Loss, in W, at ¢,

=15x% (12 % 1y x {[ky + )]/ [k + )1

16 Power Across Air Gap,in W

={13) = {143 - (15) for a motor
=(13) + {14} + (15) for a generator

17 Rotar IR Loss, ic W

= (16) x {10)

i3 Friction and Windage Loss, in W

From 5.54

19 Tatal Conventional Loss, in W

=(14) + (155 + {17) + (18)

(26), (271, (28) & (29) from the linear regression analysis of (25) & ¢

20 Torgue, in N'm From each test point, from 6.5.14
21 Dynamometer Comection, in N-m From fest per 5.6.1.2,if needed
22 Corrected Torque, in N-m =(20) + (21}
b Shaft Power, in W =(22) x (8) /9549
24 Apparent Total Loss, in W =(13) ={23} fora metor
= (23) - (13} for a generator
25 Stray-Load Loss, in W ={24) -(19)
Intercept (261 Slope ___ (27)___ Correlation Factor (28)_ _Point Deleted ____ (29_____

22) entries as described in 6.4 2.7

30 Stator /2R Loss, in W, at ¢,

=15 x (167 x (1) x (fky + 03]/ [k + Q201

31 Corrected Power Across Air Gap, n W

=(13) - (14} - (30}

n Carrected Slip, in pat.

=(10) % [k, + (3] [k + (53]

33 Corrected Speed, in r/min

=(7yx [1.06- (32}}

34 Rotor R Loss, in W, at 7,

=(31) % (32)

35 Corrected Stray-Load Loss, in W

=27y = (2%

36 Corrected Total Loss, ic W

=(14) ~ (1S} + (30} +(H) + (35)

37 Correcied Shaft Power, in W

=(13)-(36)

38 Efficiency, in %

=100(37)/13) for a mator
= 100(13)/(37) for a generaior

39 Power [Factor, in %

=100 x (13)/ (1732 x (1) x (12)]

*Enter the measured speed or measured slip speed for each test point or the proper ling and use the formula provided ta calculate the
ather parameter. In (15, (30), acd (32), select k; based on conductor matenal. See 5.2.1 and 53.2. See 9.1.1 for Summary of
Characteristics.



9.12 Form F-Methods F, F1, C/F, E/F, and E1/F1

Serial No. Model No.
Type __ Rating Voltage _ Syrcironous Speed Phase __Frequercy
Description (Motoring){Generating) 1 3 2 5 6
K Slip inpa.
Ryfs | Effective rofor resistance
X, Rator reactance
2,2 | Rotor impecance
Gy Rotor conductance
Gy | Core conductance
G Rotor & mag. circuit conductance
-B, | Rotor susceptance
—-Bys | Magnetizing susceprance
-B Rofor & magnetic circuii suscepiance
¥, | Rotor & magnetizing circuit admittance
Ry Rotor & magnetic circuis resistance
# Stator sesistance per phase
R Total resistance
XA’ Rotor & magnetic circuit reactance
X Stator reactance
X Total reactance
z Toral impedance
I Stator curvent
I Rotor current
Stator power
Rotor power
Statar I°R loss
Py Core loss
Rotor /*R loss
Py Friction & Windage loss
Pgr | Stray-Load loss
Total losses
Shaft power, in W
Efficiency in %
Power facior in %
Speed in r/min
Torquie in N'm
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9.13 Form F2-Methods F, F1, C/F, E/F, and E1/F1 calculations

Serial No.

Type

Model No.

Rating Voliage Synchronous Speed

Phase Frequency

Before starting calculatior, Gll in following items, ohtainad from previous tests:
Ry=__ (1) V=phasevolts__ (2)___ Py (8)___atl'y (4 adns__{5)__also all the items below that are
marked with an asterisk. (ny = synchronous speed)
‘Assume a value of slip, 5, correspording to expected full-load speed for full-load point and proportional values for ather loads. For
motor operation, s is positive. For generator operation, s is negative. Numbers in () represent item pumbers.
Ttem Description (Moforing){ Gererating) Source or Calculation
] $ Slip in pat. Assume values for each Ioad point
7 Rois | Effective rotor resistance (N =(1)/(6)
*8 X, | Rotor reactance From equivalent circuit, see 5.9
9 z,% | Rotor impedance [Quantity squared] ©) = (7)1 + (8)*
1a G, Rotor conductance (1 =(N /1
*11 Gy, | Core conductance From equivalent circuit, see 5.9
12 G Rotor & magretic circuit conductance (12) =(10) + (1)
13 -By | Rotor susceptance (133 =(8)/ (9
=14 -Bys | Magnetizing susceptance FFrom equivalent circuit, see 5.9
15 -B Rotor & magmetic circuit susceptance (15) =(13) + (14}
16 V?.Z Rotor & magnetizing circuit admittance [Quantity squared) (16) =1 3_)1 +(15)2
17 Rg Rotor & magrenc circuit resistance (17) =(12)/(16)
*18 R, S:ator resistance per phase From tests, see 5.9
19 R | Total resistance (19} =(17) + (18)
20 YS Rotor & magnretic circuif reactance (20) =(15) 7 (16)
=11 X, Stator reactance From equivalent circuit, sce 5.9
) X Total 1eactance (22) =20} + 21)
22 Z | Taral impedance (23) = square root of [(19)” + (221%]
24 n Stator current (24) =(2) I (23)
25 L Rotor current (25) = (24) / square root of [(9) x (16)]
26 Stator power (26) =3 x (24:,%( (19)
27 Rotor power (27) =3 % (252 x (7)
28 Stator I2R loss (28) = 3 x (24)%x (18)
29 Py | Coreloss (29) =3 x (241% % (11) / (16)
30 Rator 128 loss (30) = (6) % (27)
*31 Fp | Friction & Windage loss From tests, see 9.14
32 Pgr | Sway-Load loss (32) = (3) x [(25) / (4)]?
33 Total losses (33) = (28) + (29) + (30) + (31) + (32}
34 Shaft power, in W (34) = (26) - (33)
35 Efficiency in % For Motoring:  (35) = 100 x (34) / (26)
For Generating: (35) = 100 x (26) / (34)
36 Power factor in % {36) = 100 x (193 /(25)
37 Speed in r/mir (37) =(3) x [1-(6))
38 Torque in N'm (38) =9.549 x (34) 7 (37)
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9.14 Test and equivalent circuit results

Machine Serial No. Model No. ~ -
Type Rating Voltage Synchronous Speed Frequency Phases
Summary of Tests
No Load Impedance Data by Methed af 5.9.1
Line Current, [, | Stator Power, Py, Frequency Line Volts Line Current, I, § Stator Power, P,
inA inW Hz vy in A m W

Constants and Summary of Equivalent Circuit Parameters

Vi volls per phase
Ry ohms

Ry ~ ohms

Re _ ohms
& ~ ohms

Xy ohms

X +X) ohms

By  siemens

Gz siemans

Pr _ #wattsSee 354
Pn __ #watts See 5.5.5.
Psp  #Fwaltsat b=
Ns r/min

*See 572,573, 0r5.74.

# When used in Method F, F1, CF, B/F, or EI/F1 tests, these quantities are for the total machine and all others are per phase.
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ACS800

up fo 2800 KW AC motors,
compact and complete.

Common technolegy for

Premium Technelegy - DTC

differont appllications The heart of the ACSEN0isDTC -
Cme of the raain berefits of the Direct Torque Ceontrol, its first ches
A8 series is 3 wide range of reoter contral systera, The consks-
drive pooduct with coraracn tently exrellent perforrance of the
chnolegies. This inchides Startup  ACSBM0 guarantess that the drive
Assistant, Adaptive Prograraraing i ret the limiting factar in your
ard DTG, corracn wser and foo- oS,
ozss interfaces, softwan: took for
string, corrassioning and raine- DT techrology is well proven in
Tance and comrnon spare parts. various applications and demanding
envimnreents guaraneeing the high
reliabdity of the drive.
ACSS00 voltage power ranga : % 3
el g ""w-;fc"f
kW
2800
100
1450
2 .
200 =
110
X
55
15
11
085

200 240 2@ 48

500 W Supdy [V
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Start-up Asskstant

The ABE AC drives have alnays
been top of their class in wer
friendliness. The new product seres
brings a whels new rmeaning to
“user-frendliness”. Thanks to the
Start-up Assistant, the coranission-
ing and tming of 2 high
performance dive could not bs

eaciar

Adaptive Pregramming

The ACSEQ) gos ene step further
corcpared o nermal parameter
progranraing with the addition of
Adaptive Progrararning. It i lilee
having a staall PLC inside pour
drive. Adaptive Progranring nesds
v additional hardwans or softwars
but i alwaps there when nesdad.

Integration and Compact
Deslgn

Anything that is requinad from an
AC drive, like EMC and hamomic
filtess, is irside the dive, so no
et space or catling is needed.
Furthamrans, there & alnays space
inside the ACSE(0 for three option
modules for [/O extensions,
fieldbuses, pulse encoder interface
of a FC conmection.




Environmentally sound
products

ABB is a signatory to the ICC
(International Chamber of Com-
merce) Business Charter for
Sustainable Development and is
working towards fulfilling its re-
quirements, ABB AC drives follow
all 16 ICC principles and the basic
function of variable speed drives
is to minimize the environmental
impact by niatching the speed of
the driven machine to the actual
need in the process. This often
means that the environmental load
recuction in the process is ten times
more than the environmental load
caused by the manufacture, trans-
port and disposal of the diives.

The manufacturing of AC drives
complies with ISO 14001 standards.

Technical specifications for the
ACSSOO 01/—02! 04[—-071-17

S-Phase suppfy voltage

Frequency:
Power factor:

Uzw = 208 .240 '\" + 10%
Uy, =380...415V = 10%
Ugp, = 380...500 V = 10%

Uspe = 525...690 V =
48..63 Hz

cosp, = 0.98 (fundamental)
cosp 0.93...0.95 (total)

10%

Power factor (ACS800-17): cosp, = 1 (fundamental)
cosp = 0.99 (total)

(Effisiency.” L

At nominal powen
ACS800-0x
ACS800-17

RN ALY RATII S et ol
MotgT SonnEctior
3-Phase output voltage

Frequency control:

Field weakening point:
Motor control software:
Torque controi:

Open loop

Closed loop

Open loop
Closed loop
Speed control:
Open loop
Closed loop

Open loop
Closed loop

(TTOF ( To
...=300 Hz
...=120 Hz with duw/dt fitters

..300 Hz

gnooo

ABB's Direct Torque Control {DTC)
Torque siep tise tinme:

<5 ms with nominal torque

<b ms with nominal torque
Non-linearity:

+4% with nominal torque

+1% with nominal torque
Static_accuracy:

10% of motor slip

0.01% of nomnal speed
Dynamic_accuracy:

0.3...0.4%sec. with 100% torque step
0.1...0.2%sec. with 100% torque step

iy

-n-i_'b-.

u"T) Jie

?

Amhtent temperature
Transportation:
Storage:

Operation:

Operation (ACS800-17):

Relative humidity:
Cooling method:
Altitude:

-40..+70°C

-40..+70°C

-15...+50°C, no frost allowed

40...50°C at reduced output current (1%/1°C).
0..+50°C

40...50°C at reduced output current {1.5%/1°C).
5 to 95%, no condensation allowed.

Dry clean air

0...1000 m without derating

1000...4000 m with derating (690 V units 1000...2000 m
with derating)
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Chapter 23
Specifications

Introduction

Performance Characteristics

Fluke guarantees the properties expressed in numerical values within the tolerances
stated. Numerical values without tolerances are typical and represent the characteristics
of an average instrument excluding accessories. The Analyzer meets the specified
accuracy 30 minutes and two complete acquisitions after power-on. All operational
specifications are valid under the restrictions mentioned in section ‘Environmental’
unless otherwise specified.

A L = saame nallle 3 e

Lo SO Y N RNy SO, - TR I

Ui)hbulbdllullb GLO Udadear Ul a Ui _Y\.‘dl L ltuvratiuLn Lalv\-dh.

Environmental Data

The environmental data mentioned in this manual are based on the results of the
manufacturer’s verification procedures.

Safety Characteristics

The Analyzer has been designed and tested in accordance with standard EN61010-1 2"

edition (2001), Safety Requirements for Electrical Equipment for Measurements Control
and Laboratory Use for Class IIT Pollution Degree 2 instruments.

This manual contains information and warnings that must be followed by the user to
ensure safe operation and to keep the Analyzer and its accessories in a safe condition.
Use of this Analyzer and ifs accessories in a manner not specified by the manufacturer
may impair the protection provided by the equipment.



Electrical Measurementis

The following specifications of the instrument are verified using the “implementation
verification” table 3 as specified in 6 1000-4-30 chap-6-2.

INPUT CHARACTERISTICS

92

Voltage inputs

Number of inputs

4 (3 phases + neutral) DC coupled

A Maximum input 1000 Vrms
voltage
ﬁ} Nominal Voltage | 50...500 V internally devided in three ranges 500 V, 250 V and 125V
range
A Maximum peak |6 kV
voltage
Input impedance 4 MQIf5pF

Bandwidth

> 10 kHz, up to 100kHz for transient display

Scaling

1:1, 10:1, 100:1, 1000:1 and variable

Current inputs

Number of inputs

4 (3 phases + neutral) DC coupled

Type Clamp on current transformer with mV output
A Nominal input 0- +5.625 Vpeak, 0 - 3.97 Vrms sinawave

Range
Range 1..400 Arms with included clamps (1400S)

0.1..3000 Arms with optional clamps

Input impedance 50 kQ
Bandwidth >10 kHz
Scaling 04,1, 10 100, 1000 mV/A, variable, i5s and i430flex

Nominal frequency 40..70 Hz
Sampling system
Resolution 16 bit analog to digital converter on 8 channels

Maximum sampling
speed

200kS/s on each channel simultaneously

RMS sampling

5000 samples on 1012’ cycles according IEC 61000-4-30

PLL synchronization

4096 samples on 10112 cycles according IEC 61000-4-7
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Waveform display

Available in Scope and Transient mode

Captures 8 waveforms simultaneously

Display update rate 5x per second

Up to 10/12 times horizontal zoom

Cursors: Single vertical line showing min, max, avg reading at cursor position.

Phasor

Shows real time phasor diagram
Available in Scope and Unbalance made
Display update rate 5x per second

Meter readings

Available in Volts/Amps/Hertz, Harmonics, Power & Energy, Flicker, Unbalance
and Loggerd mode.

AutoTrend graph

Available in Volts/Amps/Hertz, Dips & Swells, Harmonics, Power & Energy,
Flicker, Unbalance, Inrush, Mains Signah’ng4 Logger4 and Monitor mode
Cursors: single vertical line showing with min, max, avg reading at cursor
position.

Bargraph

Available in Harmonics and Monitor mode

Eventlist

Available in Dips & Swells Mains Signaling4, Logger4 and Monitor mode
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MEASUREMENT MODES

Scope Vims, Arms, Veursor, Acursor, Viund, Afund, Hz, V phase angles, A phase
angles

Volts/AmpsiHertz Vrms, Vpk, V Crest Factor, Arms, Apk, A Crest Factor, Hz

Dips and Swells Vrms's, Arms¥
Captures up to 1000 events with date, time, duration, magnitude and phase
identification with programmable thresholds

Harmonics Harmonic Volts, THD Volt, Harmonic Amps, THD Amps, K Amps, Harmonic

DC,1...50 Watts, THD Watts, K Watts, Interharmonic Volts', Interharmonic Amps’

(relative to fundamental or to total rms)

Power and Energy

Watts, VA, VAR, Power factor, Cos ¢ / DPF, Arms, Vrms, kWh, kVAh, KVARH,
peak demand interval using trend, KYZ revenue meter verification via optional
input.

Flicker Pst{1min), Pst, Plt, PF5, VimsY:, Arms:, Dc, Dmax, TDEX
Unbalance Vneg, Vzero, Aneg, Azero, Vfund, Afund, Hz, V phase angles, A phase angles
Transients Vrms, Arms, Veursor, Acursor

Inrush Currents

Inrush Current, Inrush duration, Arms¥, Vrms¥:

Mains Signaling®

Relative signaling voltage and absolute signaling voltage averaged over three
seconds for two customer selectable frequencies

Logger®

Measures and records up to 100 parameters on all 4 phases simultaneously
with selecable averaging time.

Captures up to 10000 events with date, time, duration, magnitude and phase
identification with programmable thresholds

System Monitor

Vrms, Arms, Harmonic Volts, THD Volts, Pit, Vrmss, Arms¥4, Vneg, Hz, dips
and swells, unhalance. All parameters are measured simultaneously in
accordance with EN50160.

Using Flagging to indicate unreliable readings according IEC61000-4-30.
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Volt/AmpsiHertz Measurement Range Resolution Accuracy

Vrms(AC+DC)

Fluke 435 1...600 Vrms 0.01 Vrms + 0.1% of nominal
voltage

600...1000 Vrms 0.01 Vrms +0.1%

Fluke 434 1...1000 Vrms 0.1Vmms + 0.5% of nominal
voltage

Vpk 1...1400 Vpk TV 5% of nominal voltage

Voltage Crest Factor 10..>28 0.01 +5%

)

Arms (AC+DC)

Fluke 435 0...20.00 kAms' 0,001...10 Arms' +0.5% + 5 counts’

Fluke 434 0...20.00 kArms' 0,001...10 Arms' + 1% 5 counts”

Fluke 434 with i400s

0...40/ 400 Arms
30...3000 Arms

0.1and 1 Arms

+ 1% +5 counts

Fluke 435 with 1430flex 1 Arms +0.5% + 20 counts’
Apk using TmV/A scaling |0 - 5500 Apk 1A + 5%
A Crest Factor (CF) e A6 0.01 + 5%
Hz®
Fluke 435 @ 50Hz
nominal 42500 ... 57.500 Hz 0.001 Hz +0.01Hz
Fluke 435 @ 60Hz
nominal 51.000 ... 69.000 Hz 0.001 Hz +0.01Hz
Fluke 434 @ 50Hz
nominal 4250 ... 5750 Hz 0.01 Hz +0.01Hz
Fluke 434 @ 60Hz
nominal 51.00 ... 69.00 Hz 0.01Hz +001Hz
Dips and swells Measurement Range Resolution Accuracy
Vrms¥ (AC+DC) -
Fluke 435 0.0% ....200% of 0.1Vrms + 0.2% of nominal
nominal voltage voltage
Fluke 434 0.0% ....200% of 0.1Vrms + 1% of nominal voltage

nominal voltage

ArmsYz (AC+DC)
Fluke 435

Fiuke 434

Fluke 434 with i400s
Fluke 435 with i430flex

0 ... 20,000 Arms'
0 ... 20,000 Arms'
0 ... 400 Arms

30 ... 3000 Arms

0,001 Arms...10 Arms
0,001 Arms...10 Arms
0.1 Arms and 1 Arms
1 Arms

+1% + 10 counts®

+2% + 10 counts’
+ 2% + 10 counts®
+ 1% + 20 counts®

Threshold levels

Programmable thresholds in percent of nominal voltage
Event detection based upon ¥icycle rms voltages
Captures Dips, Swells Interruptions and Rapid Voltage Changes

Duration

hhh,mm,ss, mmm

Half cycle

One cycle
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Harmonics

Measurement Range

Resolution

Accuracy

Harmenic order (n)

DC, 1..50 Grouping: Harmonic groups according to IEC 61000-4-7

Inter-Harmonic order

Off, 1..49 Grouping: Harmonic and Interharmonic subgroups according to IEC

61000-4-7

Vrms Relative (%f}: 0.0 ... 100.0% 0.1% +01% +tnx01%
{x 0.4% for %r)

Fluke 435 Absolute: 0.0... 1000 Vims 0.1 Vrms + 0.05% of nominal
voltage if < 1% of
nominal voltage
+ 5% if =2 1% of nominal
voltage

Fluke 434 Absolute: 0.0 ... 1000 Vrms 0.1 Vrms + 5% + 2 counts

Arms Relative (%f): 0.0... 100.0% 01% +01% £nx01%

(= 0.4% for %r)

Absolute: 0.0 ... 4000 mV x clamp |1 mVrms x clamp scaling | + 5% # 5 counts
scaling
Watts Relative: 0.0 ... 100.0% 0.1% +nx 2%
(Harmonics only)
Watts Absolute: depends on clamp and 5% £nx2% £ 10
(Harmonics only) voltage scaling counts
DC Relative: 0.0... 100.0% 0.1% +0.1% Vand A (£ 2%
Watt)
Fluke 435 Absolute V: 0.0 ... 1000V 01V + 0.2% of nominal
voltage
Fluke 434 Absolute V: 0.0 ... 1000V 01V + 5% + 10 counts
Absolute A: 0.0 ... 4000 mV x clamp |1 mVrms x clamp scaling |+ 5% + 10 counts
scaling 01V

Absolute W

depends on clamp and
voltage scaling

depends on scaling

+ 5% + 10 counts

THDjn=a0) (relative %for | 0.0 ... 100.0 % 0.1% +25% Vand A (+ 5%
%r) Watt)
| Hz 0 ... 3500 Hz 1 Hz + 1Hz
Phase angle )
Fluke 435 -360° . +0° 10 tnx 1°()
Fluke 434 -360° ... +0° 10 tnx 15
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Power and Energy Measurement Range Resolution Accuracy
Watt (VA, VAR)
Fluke 435 1.0 ... 20.00MW' 01 ... 1kwW + 1% £ 10 counts®
Fluke 434 1.0 ... 20.00MW' 0.1...1kW +1.5% + 10 counts®

KWh® (kVA®, KVAR®)

00.00 kWhr...200.0
GWhr'
00.00 KWhr...200.0
GWhr!

0.01 Xhr....100 Whr!

0.01 Whr....100 War!

+ 1% + 10 counts®

+1.5% + 10 counts®

Power Factor 0...1 0.01 +0.03°

Cos ¢ | DPF 0.1 0.01 +0.03°

Flicker Measurement Range Resolution Accuracy

Pst (1min), Pst, PIt, PF5 {0.00 ... 20.00 0.01 Within 5% of tabulated

instantenous Flicker

values according
IEC81000-4-15

Dc%, Dmax% and Time
d(t) exceeds limits. As

described per |EC

0.0... £100.0% for Dc%

and Dmax% and 0.000
... 9.999s far Time

0.1% for Dc% and

Dmax% and 10 ms for
Time

+ 1% for Dc% and
Dmax% and 20 ms for

Time

61000-3-3
Unbalance Measurement Range Resolution Accuracy
Volts Fluke 435 (neg. 0.0... 5.0% 0.1% +0.15%
and zero seq.)
Volts Fluke 434 neg. and |0.0 ... 5.0% 0.1% +0.5%
zero seq.)
Current (neg. and zero  |0.0 ... 20% 0.1% +1%
seq.)
Transient capture Measurement Range Resolution Accuracy
Volts
cursor reading + 6000 Vpk 1V + 15% of cursor reading
rms reading 10 ... 1000 Vrms 1V + 2.5% of Vnominal
Minimum detect duration |5 ps
Sampling rate 200kS/s
Inrush mode Measurement Range Resolution Accuracy
Arms (AC+DC) 0.000 ... 20.00 kArms® | 0.001.. 10 Arms’ + 1% of meas + 5 counts

Inrush Duration

mm.ss.mmm between
7.5s ... 30minutes
selectahle

10ms

+ 20 ms (Fnominal = 50
Hz)




98

Mains Signaling®

Measurement Range

Resolution

Accuracy

Threshold levels

Thresholds, limits and signaling duration is programable for two independent

signalling frequencies.

Signaling frequency 60 ... 3000 Hz 0.1 Hz
Relative V% 0% .. 100% of 0.1% £ 0.4%
Absolute V3s (3second |0.0 ... 1000 V 0.1V + 5% of nominal voitage
average)
TREND RECORDING

Method

AutoTrend automatically records min, max and average values over time for all
readings being displayed for the 3 phases and neutral simuitaneously.

Volts/Amps/Hertz, Harmonics, Power & Energy, Flicker, Unbalance and Mains Signaling“ mode

Sampling

5 readings/sec continuous sampling per channel

Recbrding time

From 30 min with 1 second display resolution up to 450 days with 6 hour

disnlay resolution
1Spigy resoiution.

Zoom Up to 6x horizontal zoom
Memory 1800 min, max and avg points for each reading
Duration 30 25h [75h |15h 30h 150 hr {450 hr | 900 hr |75
min. days
Resolution 1s S5 15s 30s 60 s Smin. |15 30 1hr
min min.

Dips & Swells mode

Sampling 1001120 readings/sec continuous sampling per channe!
Recording time From 90 sec with 25msec display resolution up to 450 days with 3 hr display
resolution.

Zoom Up to 12x horizontal zoom

Memory 3600 min, max and avg points for each reading

Duration 90s |[180s {6min |12 30 1hr |25hr |7.5hr [15hr {30 hr

min. | min.

Resolution 25ms [80ms | 100 |200 | 500 1s 25s |75s [15s |30s

ms ms ms
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Inrush Currents and Flicker PF5 mode

Sampling

100/120° readings/sec continuous sampling per channel

Recording time

From 7.5 sec with 25msec display resolution up to 30 min with 500msec display
resolution for Intush measurements and up to 2hr with 2.5 sec display
resolution for PFS recordings.

Zoom Up to 12x horizontal zoom

Memory 3600 min, max and avg points for each reading

Duration 75s [15s [30s |90s [180s |6min |12 30 1hr |[2hr
min. | min.

Resolution 25ms [25ms |26 ms |25 ms |S0ms |100 |200 [500 |1s 2s

ms ms ms

Logger mode

Sampling

Combination of 5 readings/sec and 10041207 readings/sec continuous sampling
per channel depending on the parameter measured

Recording time

Depends on selected readings and averaging time

Zoom

Two zoom positions, display all or 1x

Memory

User configurable shared memory, upt to 15 MB on Fluke 435, Up to 7 MB on
Fluke 434°

Nr of readings on 3

phases + N

1 10 100

Averaging time

05s 10 min |2 hr 0.5s 10min |2 hr 05s 10 min |2 hr

Max’ duration using

15MB

66 hr |9 100 6 hr 333 10 18 min |31 1 year
years |years days |years days

Monitor mode

Sampling

Combination of 5 readings/sec and 100/120 readings/sec continuous sampling
per channel depending on the parameter measured.

Recording time

Up to 1 week with 10 min resoluton

Memory

1008 min, max and avg points for each reading, 10 minute resolution

Limits

According EN50160 or customer definable
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Vrms, Arms

10127 cycle contiguous non overlapping intervals using 500/416° samples per
cycle in accordance with [EC 61000-4-30

Vpeak, Apeak

Absolute highest sample value within 10/12? cycle interval with 40us sample
resolution

V Crest Factor Measures ratio between the Vpeak and Vrms
A Crest Factor Measures ratio between the Apeak and Arms
Hz Measured every 10 sec in accordance with IEC61000-4-30

Vrms¥ ArmsYs

Value is measured over 1 cycle, commencing at a fundamental zero crossing,
and refreshed each half-cycle. This technique is independent for each channal
in accordance with [EC 61000-4-30.

Harmonics

Calculated from 10/12-cycle gapless harmonic group measurements on
Voltage and Amps according to [EC 61000-4-7

Watt

Selectable Total or Fundamental real power display
Calculates average value of instantaneous power over 10/12 cycle period for
each phase Total Active Power Pt =P+ P;+ P;

VA

Selectable Total or Fundamental apparent power display
Calculates apparent power using Vrms x Arms vaiue over 10/12 cycle period
Total Apparent Power is root mean square of real and apparent power

VAR

Selectable Total of Fundamental reactive power display

Calculates reactive power as root of VA squared minus Walt squared over
10/12 cycle period. Capacitive and inductive load is indicated with capacitor
and inductor icons

Power Factor

Calculated Watt / VA

Cos ¢/ DPF Cos of angle between fundamental voltage and current

Unbalance The supply voltage unbalance is evaluated using the method of symmetrical
components according to IEC61000-4-30

Flicker According to IEC 61000-4-15 Flickermeter - Functional and design

specffication. Includes 230V S0Hz lamp and 120V 60Hz lamp models

Transient capture

Captures waveform triggered on signal envelope. Additionally triggers on dips,
swells, interruptions and Amps level as specified by IEC61000-4-30

Inrush current

The inrush current begins when the Arms half cycle rises above the inrush
threshold, and ends when the Arms half cycle rms is equal to or below the
inrush threshold minus a user-selected hysteresis value. The measurement is
the square root of the mean of the squared Arms haif cycle values measured
during the inrush duration. Each half-cycle interval is contiguous and non-
overlapping as recommended by IEC 61000-4-30. Markers indicate incush
duration. Cursors allow measurement of peak Arms half cycle.
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Mains Signaling

Measurement are based on: either the corresponding 10/12-cycle r.m:s. value
interharmonic bin or the rms of the four nearest 10/12-cycle rms value
interharmonic bins per IEC 61000-4-30 Limit setup for Monitor mode follows
EN50160 “Meistercurve”

Time Synchronisation

Optional GPS430 timesync module provides time uncertainty < 20 ms or < 16.7
ms’ for time tagging of events and time aggregated measurements. When
synchoronisation becomes unavailable, time tolerance is < 1-s/24h

WIRING COMBINATIONS

32 WYE

Three phase four wire system WYE

3@ DELTA

Three phase three wire system Delta

1@ + NEUTRAL

Single phase with neutral

12 SPLIT PHASE

Split phase

11T NO NEUTRAL

Single phase system with two phase voltages without neutral

3@1IT Three phase system without neutral WYE

3@ HIGH LEG Four wire three phase Delta system with center tapped high leg

3@ OPEN LEG Open delta three wire system with 2 transformer windings

2-ELEMENT Three phase three wire system without current sensor on phase L2 / B (2 Watt

meter method)

24-ELEMENT

Three phase four wire system without voltage sensor on phase L2 /B

GENERAL

Case

Design

Rugged, shock proof with integrated protective holster

Drip and dust proof

IP51 according to IEC60529 when used in tilt stand position

Shock and Vibration Shock 30g, Vibration: 3g Sinusoid, Random 0.03g°/Hz according to MIL-PRF-
28800F Class 2
Display Bright Full-Color LCD with CCFL backlight, 80cd/m’
Size 115.2 x 86.4 mm
Resolution 320 x 240 pixels

Contrast and
brightness

User adjustable, temperature compensated
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Memory

Screens 50 screen memories

Data 10 data memories for storing data including recordings

Logger' User configurable shared memory, up to 15 MB on Fluke 435, Up to 7 MB on
Fiuke 434°

Limit templates 2 preprogrammed, 2 administrator (programmable via FlukeView), 2 user

locations

Real-time clock

Time and date stamp for AutoTrend, Transient display and SystemMonitor

MECHANICAL
Size 256 x 169 x 64 mm
Weight 2kg
POWER
A\ Line power Switchable 115V, 230V adapter with country specific plug
Power Adapter 15 ... 23 V dc; Use only Power Adapter BC430
input voltage
Battery power Rechargeable NiMH BP190 (installed)

Battery operating time

> 7 hours

Battery charging time 4 hours, 8 hours for /006 version (Instrument off)
Power saving Adjustable time for dimmed backlight with on screen power indicator
STANDARDS

Measurement methods
used

IEC61000-4-30 class A

Measurement
performance

Fluke 435 IECE61000-4-30 Class A, Fluke 434 IEC61000-4-30 Class B

Power Quality

ENS0160

Flicker

IEC 61000-4-15

Harmonics

IEC 61000-4-7

CROSS TALK

Between V inputs

-60 dB @ Fnominal

Voltage to current input

-95 dB @ Fnominal
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SAFETY
i Compliance IEC/EN61010-1-2001,

with CAN/CSA C22.2 No 61010-1-04,
UL std No 61010-1,
Safety Requirements for Electrical Equipment for Measurement, Control and
Laboratory Use, Part 1: General requirements,
Rated: 600V CAT |V 1000V CAT Il Pollution Degree 2

A Max voltage on | 1000 V CAT Il / 600 V CAT IV

banana input

Max voltage on
current BNC
input 42 Vpeak

ENVIRONMENTAL

Operating temperature

0°C to +50°C battery only, 0°C to +40°C with adapter, within spec +15°C to
+35°

Storage temperature

-20 °C to +60 °C

Humidity

10 .. 30 "C: 95% RH non condensing
30 .. 40 °C: 75% RH non condensing
40 .. 50 °C: 45% RH non condensing battery only

Maximum operating
altitude

3000m. Derate to 1000 V CAT 1l / 600 V CAT Il / 300 V CAT IV above 2000m

Maximum storage
altitude

12km

PRINTERS AND INTERFACE

Type Serial, optically isolated. Compatible with PMI080 (RS-232) or OC4USB
(USB)
Baud rate 1200, 2400, 9600 ... 57k6

Print out facility (B&W
only)

Via optional adapter PM3080 or PAC 91

Print protocol

Epson FX LQ, Deskjet, LaserJet , DPU-414 or PostScript

ELECTRO MAGNETIC COMPATIBILITY (EMC)

Item

Customer Specification Additional Information

Emission and Immunity

EN-61326 Fluke 434/435, including
standard accessories, conforms
with the EEC directive 89/336 for
EMC immunity, as defined by
EN-61326, with the addition of

the table below
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Frequency Disturbance < 0.5 % Disturbance < 10 %
80 — 400 MHz All ranges

400 — 600 MHz All other ranges 125 V range

600 MHz -1 GHz All ranges

The Analyzer is susceptible for RF fields with a field strength of 10 V/m, between 400 and 600 MHz
(Performance criteria B).

! depending clamp scaling, volt scaling 1:1
* 50Hz/60Hz nominal frequency according to IEC 61000-4-30
* Add clamp accuracy

* The logger and Mains Signaling function are optional for the Fluke 434 and standard
available on the Fluke 435

* Measured on reference voltage input A/L1
¢ Maximum time 9999 hours
7 Estimated duration

¥ Add +(n-1) x 2.5° for Amp. when using i430flex
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IANHIN .

Test Report of Tunnel Ventilation Fan



WIRE & WIRELESS CO.LTD.

'IUNNEL. VENI']LATION SYSTEM

CUSTOMER BANGKOK METRO CO.LTD

[FAN]
DATE:__ _ TIME:

'EQUIPMENT NO.; MODEL ~ SERIALNO. i

STATION

|:|1 |:|2

Pmﬂd O IZI EI I [] El uj 11:1 oo
:1. Inspectlon Cunrent and voltage by measuring at circuit bre:ake: (TesL run 30-60 mmutes)
Measurnent after start motor 30 minutes. Extract Supply Extract | Supply | Extract | Supply |Runtime:

:Running Current (Amp) |HIGH SPEED (TVF) |R 5 T FLA

.Ruzming Current (Amp) | LOW SPEED (TVF) |R 5 T FLA

.Runnjng Current (Amp) UPEFAN R S T FLA

Supply Voltage (Volt) RS R-T S-T L-N
Vibration Monitor H v A

2 Check vibration mnmmnnn and mnmlonng of nean_ng _
I:If‘heck whmtmn attenuators pmpe: Dpemtu]n agamsl mechamcal v:bmt:unm Equipment Standard Value
Dbhvck to relubl.lﬁ:ahnn the hearmg (greesmg ZDgML'IDU HR) - UPE <185 amp.
[:Iuheclr noise of' beﬂnng by eaning | TVF =205 amp.
l:llnspernon temperaime of’ b_e;m.b n"‘ Bearing sensor <1500 Q2
[ Inspection the mechanma.l vﬂnmtwn on  rotoy " _ ‘bration sensor =4.5mmis
[:]Inspectlon the machanu,a.l vﬂ)mlmnon ths lmpeller Supply Yoltage 380 £ 5% Vol

3. Mechanical stanmﬁ couplmg Jmpel.ler Lnspe-::mn Insuletion test =300 MC2

[]Chzck ghrasion, comosion, or dirt d.eposﬂed on ihe unpel.ler

Pmod [:] 1

1. Check m.omtonng of heannb

Dcheck to teplucmg the heanng

2, Mec}mural startmu couplmg J.mpeller mspecl]ﬂnamleledmalmsulatmn tesfmg

DChe:k roUer bea.rmg, sea.hng and abrasion of the coupl.mcr (2900 Hfs Operate)

[:]Cleamng md repeated the bean.nc

...................... MG

[insulation test @ 500 VDC
Tested By Inspected By Approved By
/ / i i N S
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IMANUIN A

3/ (¥4

YoyanInlanin Three Phase Power Quality Analyzer
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F700S Ist 2nd 3rd 4th Sth
Ry 0.0281 0.051 0.0869 0.0871 0.0916
R, 0.0383 0.0396 0.041 0.0351 0.041
JXq 0.193336 | 0.580008 | 0.451118 | 1.385575 | 0.451118
JX» 1.997806 | 1.256685 | 1.32113 | 0.418895 | 1.32113
R, 918.83 659.39 785.11 912.57 868.59
JX | 2535925 | 1543466 | 12.85685 | 14.98355 | 12.92129
m 0.0209 0.03 0.0168 0.0074 0.0124
F700E Ist 2nd 3rd 4th Sth
R 0.0864 0.0545 0.0797 0.0712 0.0707
R, 0.0339 0.0343 0.0339 0.0342 0.0342
JXq | 0668895 | 0.641025 | 0.668895 | 0.668895 | 0.668895
JXo | 2424746 | 2.396875 | 2.424746 | 2.424746 | 2.424746
R. 203.91 204.82 22357 228.69 238.17
jX,, | 17.36341 | 16.88961 | 17.39128 | 17.19618 | 17.25193
- 0.0244 0.0277 0.0246 0.0244 0.0273 i
F7018 Ist 2nd 3rd 4th 5th
R 0.0464 0.0183 0.0207 0.0262 0.01
Ry 0.0361 0.034 0.0436 0.0469 0.0436
JX 1.159112 | 1.57768 | 0.289778 | 0.25758 | 0.321976
JX5 0.869334 | 0.12879 | 1.416693 | 0.901532 | 1.416693
R. 532.15 892.99 998.98 755.93 977.12
JX 16.29197 | 11.94529 | 11.97749 | 8.435761 | 12.26727
m 0.0222 0.0218 0.0128 0.0189 0.0053
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F701E Ist 2nd 3rd 4th 5th
R 0.0875 0.0686 0.1 0.0716 0.0736
Ry 0.0466 0.0467 0.0282 0.0466 0.0464

JXy 0.222965 | 0.195094 | 1.895204 | 0.195094 | 0.222965
JX» 1.477144 | 1.477144 | 0.195094 | 1.477144 | 1.477144
R, 948.49 807.66 999 849.54 650.27

0.0 7.83165 | 7.83165 | 9.057958 | 7.83165 | 7.83165
m 0.0092 0.0091 0.03 0.005 0.005

E7508 Ist 2nd 3rd 4th 5th
Ry 0.0859 0.0329 0.0869 0.0378 0.0373

Ry 0.0289 0.0376 0.041 0.0378 0.0372
JXq 1.426565 | 0.66573 | 0.44382 | 0.760835 | 0.760835
JX» 0.824237 | 0.22191 | 1.299759 | 0.031701 | 0.063403
R, 598.48 832.85 785.11 683.26 826.57
. 2536115 | 6.81581 | 12.64887 | 6.530497 | 6.562198
m 0.026 0.0114 0.0168 0.0065 0.0192

FT750E Ist 2nd 3rd 4th 5th

R, 0.011 0.0476 0.0476 0.0831 0.0831

R, 0.0503 0.0352 0.0352 0.0282 0.0282

JX 0.139322 | 1.142439 | 1.142439 | 1.97837 | 1.97837

JX5 2.034098 | 1.588269 | 1.588269 | 1.003117 | 1.003117
R, 274.95 337.26 333.99 405.92 426.87
X 8.554359 | 11.56371 | 11.59157 | 17.58241 | 17.52668
n 0.03 0.0113 0.0173 0.005 0.005
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F7518 1st 2nd 3rd 4th 5th
Ry 0.0822 0.01 0.0869 0.0521 0.0106
Ry 0.0328 0.0344 0.041 0.0339 0.0373

Xy 1.570295 | 1.410061 | 0.448656 | 1.538248 | 0.993452
JX» 0.352515 | 0.672984 | 1.31392 | 0.064094 | 1.057546
R, 923.85 866.72 785.11 311.99 107.08
JX 15.44658 | 19.58062 | 12.78669 | 10.31908 | 17.08097
m 0.0136 0.0275 0.0168 0.0222 0.0174
F751E Ist 2nd 3rd 4th 5th
R, 0.059 0.0828 0.0558 0.03%96 0.0547
Ry 0.034 0.0338 0.034 0.0341 0.034
X 1.645479 | 1.61759 | 1.645479 | 1.61759 | 1.645479
X9 1.004021 | 1.004021 | 1.004021 | 1.004021 | 1.004021
R, 183.5 230.22 177.59 182.55 184.52
.o 12.43871 | 12.10403 | 12.4666 | 12.38293 | 12.41082
m 0.0165 0.0246 0.0144 0.02 0.0167
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HUA F100S F101S F1508 F151S F100E F101E

F150E F151E
Ry 0.0499 0.0864 0.0327 0.0711

0.0556 0.0468 0.051 0.0872
0.0291 0.0266 0.0229

Ry 0.0303 0.0325 0.0303 0.0244 0.0244

JX1 | 1.666762 | 0.54469 | 0.633652 | 0.708346 | 1.504675 | 2.200292 | 1.895204 | 0.835931

JXo | 0.192319 | 1.69815 | 1.774226

1.642076 | 0.947388 | 0.807702 | 0.89186 | 1.922641
K, 98.88 507.15 994.36 736.79 840.09 739.35 794.92 754.98
JX | 13.68668 | 24.47899 | 23.06493 | 111.146 | 21.12118 | 104.9456 | 107.4413 | 157.1271
m 0.0133 0.0069 0.025 0.03 0.0097 0.03 0.0153 0.0107
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SAM F200S F201S F250S

F200E F201E F250E

R, 0.0208 0.0531 0.1 0.024 0.0703 0.0738

Ry 0.0314 0.0322 0.0353 0.0499 0.0233 0.0257
JX | 119131 | 1.674273 | 0.645333 | 2.5368 | 2.118169 | 1.923941

2.8 0.901532 | 0.193185 | 0.871199 | 0.278769 | 0.752507 | 0.446131

R, 466.73 102.72 43351 196.95

414.24 526.5

JX 23.6974 | 14.03814 | 12.58399 | 210.2477 | 160.7579 | 61.53822

- 0.0216 | 0.0076 | 0.0097 | 0.0295

0.0184 0.005
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LUM | F400S F401S F450S F451S F400E F401E F450E F451E
Ry 0.0141 0.1 0.0806 0.069 0.0494 0.0896 0.1 0.0585
Ry 0.0348 0.0276 0.0366 0.043 0.0251 0.0261 0.039 0.0282
JX1 | 0.896256 | 1.472421 | 0.546291 | 0.128539 | 0.891258 | 1.281183 | 0.055779 | 1.562866

JX o | 0.832238 | 0.096027 | 1.156851 | 0.964043 | 1.866071 | 1.225479 | 1.896485 | 0.6698
R, 120.11 571.23 508.06 610.75 507.86 932.22 988.1 629.78

JX | 12.99572 ] 9762794 | 17.48131 | 9.801102 | 19.80263 | 12.97894 | 13.61007 | 21.21032
" 0.0119 0.03 0.0195 0.0266 0.02 0.0149 0.0119 0.0159
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KHO | F500S | F501S | F500E | F501E
R, 00606 | 0.062 | 00172 | 0.0503
R, 0.0288 | 0.0341 | 0.023 | 0.0289
jX| | 1.634709 | 0.352446 | 2.507227 | 1.670731
jX, | 0.128212 | 1.441825 | 0.027858 | 0.946748
R. 550.86 | 814.66 | 998.99 | 911.77
JX,, | 24.16805 | 18.167 | 17.43916 | 10.66483
n 0.024 | 0.0241 | 0.0104 | 0.0148
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SIR F600S | F601S | F650S | F650E
R 0.0389 | 0.0179 | 0.0104 | 0.0772
Ry 0.0276 | 0.0329 | 0.0372 | 0.0291
jX{ | 2307372 | 0.683967 | 0.096122 | 1.08622
jX, | 0341833 | 2.450883 | 2.178758 | 2.061033
R. 17027 | 805.5 999 285.9
jX,, | 13.67332 | 19.83505 | 20.538 | 18.91137
m 0.0299 | 0.0241 0.03 0.0279

P
anaa sy =

TINANVUUR

M9 2.7 A1NTIADI 1 TAUYAYDINIADT AR NTZLIBDINAB AT TZ 1B INIA

sevednigudd

o

'

INA-gUNIND
SVo03 F1100S | F1101S
R, 0.0428 0.0655
Ry 0.0327 0.0284
JX 1.280894 | 2.11626
X, | 0863211 055691
R, | 71548 | 4189
X, | 8.186583 | 9.913005
. 0.0277 | 0.0105
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Economical On-Site Efficiency Estimation Technique of

Subway Tunnel Ventilation Fan Motor
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Abstract

This paper proposes the economical technique of subway tunnel ventilation fan motors on-site
efficiency estimation (OEE) for condition based maintenance. The estimated cfficiency is based on the
cquivalent circuit model. These model parameters can be determined by using the data of on-site
measured electrical input and motor speed coupled with the optimization technique (Genetic Algorithms).
The subway tunnel ventilation fan motors (108 kW) operated at various stations are tested by using this
proposed technique. The comparison of motor efficiencies obtained from the estimation and the calculated
values from the reliable variable speed drive (VSD) are illustrated and discussed. The efficiency results
show that the crrors are less than 2 %. It can be seen that this proposed technique is simple, low cost,

accurate and suitable for the application of improved condition based maintenance.
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Load (p.u.) = IMeasured vMea_\'zu'ed
A(Nameplate) VNamep!me
(1
Pour = Pratr.'d{N(mwplaIe) x Load (p.u.) (2)
: - Fout
Field Efficiency = ——24 (3)
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