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Thesis Title Application of Microcomputer for Fault Protection and Diagnosis
in a Synchronous Generator

Author Mr.Rungrit Srimekarat

Major Program Electrical Engineering

Academic Year 1008

Abstract

Generally, the electromechanical relays or static relays are used for fauit protection
of a synchronous generator. This research work, various types of programmable relay,
e.g. percentage differential relay, fixed percentage ground differential relay, time-delay
overcurrent relay and etc., were designed for replacing the electromechanical relays or
static relays. The programmable relays are designed and compiled by a microcomputer
using the iabVIEW for Windows program. The advantages of the programmable relay,
which controlled by a microcomputer, are fully replacing all types of the electromechanical
relays or static relays and diagnosis of fault.

Reliable testing of the fault protection and diagnostic programs using a
microcomputer that we designd was performed with a 90 watts synchronous generator.
The results of testing are satified and met ihe objective of this research. However, some

suggestions for further development are given in chapter 3.
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“run*Tusunsal “Diffe vi" ‘

. dasasmunmndiznay .1 uas 9.3 uasiTwiadoIgngIn
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5 1700 1410 0.646 0.803
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Q &
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1| 0130 0.130 -1.68 1.8

120 01470 0.140 -1.54 1.63

13| 0.15/0° 0,150 -1.54 1.56

14 01670 0.160 -1.33 1.38

15| 0.17/0° 0.170 -1.29 1.33
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19 1.2/0° 1.230 -0.24 0.25
20 1.3/0° 1.330 -0.25 0.25
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2.4 mvauaznareulUunssiasiasiunnsdrsrfianlofifudaft  (fixed
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a. Weltsunsy 4e “Test87vi” anladinnad “cithesis” nayu
“run” Talsunsal

3. fuatdafifudfingd 15 wWeddiud  uszimuadosdgana
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Nnagay




2.4.2 HANTINAHD U

w a ' a
e 2.4 anrnazaullnnsuiie fastuuuunadsriailefiduda i

Y|
Rl 7N LA I, (A Ip2(A) LA Lo | Gaollatrioos | Goo/lorioos | Uoluyrroon | THinE
T 0.13/-36.87 | 0.13/-36.57 | 0.13/-166.87)| 0.13/=166.87 | 0.13/83.13 | 0.13/83.18" 0 0 0 [y
ir 2 1.1739/-30 O 0.18/-156.87) 0.13/-156.87 | 0.13/83.13 | 0.13/83.13 200 0 ol v3usmula
A 0.43/-36.87)0.13/-36.87°|  1.1739/15Q ol 0.13/83.13)) 0.13/83.13 o 200 0
A 013/-36.87 0.13/-36.87"| 0.13/-156.87 | 0.13/-156.87 | 1.1739/30 0 0 0 200! niUTuTiTAla
5| 0.0073/-30 ol 0.9073/150" o] 0.0073/30" 0 200 200 200 r3uufiviula
6 0.5778/-120 o 0.6778/120" o 0.13/83.13"| 0.13/83.13 200 200 o v 2
( 2 043/-3087 013/-36.87| 0.6778/180 o 067780 0 0 200 200 n3Uriufivule
K 0.6778/-60" o 013/-15687'| 0.13/-156,87 | 0.6778/60. 0 200 0 200]Miuivisla
:\ ol 1.1439/-106.62 0| 1.1430/166.62" o 6.13/83.13°| 0.13/83.13" 200 200 ol m3Usuisula
‘f 0 013/-36.87|0.13/-36.87°| 1.1439/133.38 ol1.1439/46.62 0 o 200 200| MBUTRTTle
‘F 11| 1.1430/-73.38 ol 0.13/-156.87"| 0.13/-166.87 |1.1439/13.38 0 200 0 200| N5

02
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0 5 mIRamEeena ey llsunsuaie filaanuniisarsasasduuuunadsiia

Lﬂa‘fii,%uﬁmﬁ (fixed percentage ground differential programmmable relay)

fadilasfumisarssnidninsdisfialefifudaif  (fixed  percentage
ground differential relay) 1$earmasssinfia i AflRdamaniennnnd12,500kVA
(ANSI/IEEE, 1992) fsnunrniemfngnundandufisdlasiuuusadrsia
wlafifudadf fe i s amdanswinenssuaemesnzuadugsRadi
WefiFud  nizusihnwldnananuresmiuaiianiluudessvaszesiaeriiv
et waznssnaiuilarnueTnTaInszuans 3 afllnarnuaesnaanfiaeas dhen
FasdanTEwivsrmanazuainud s nzusdudailwdeidudAdmaaldinnndna
AindU(ANSI/IEEE, 1992,  Blackburn, 1976) Sadlasiuesdedymnhlinsesiu
nd s ftadsandostufielieonsnmuuidaliih  Sarumsdwmiumdnazua
s aun AN TS uazas AT NI W T A YR N TUR
Fudafudaffudsnnaldnnsums 2.9, 2.10 usz 2.11 wanfelunisusnues
ntausrwiet i dileamuaninadriaul fifudasfididndilesiunsdarsasas
Auwuunadrialefidudas  Iwunmdadilasdunadarssefuuunadnsiia
wefdudasfididasfinranessudussdufiannienzestaarinesy Sidufenda
29vmsdufluaaiaiala fhi,mé'uwlﬂfﬂ%ﬁﬁmﬂugmf

t

Ig = Ia¢+Iw +Ico (2'9)
I = I+I,+1, (2.10)
ardanimenivnasirmsensusiudadwdefidnd = Loy (2011)

r

AN MeNIRNIeSafdesnunisaarsrasd nuunnasrsriaidafiiud
A s as ') [ s ° a
a9f s iidnlusnsyla Tﬂﬂﬂaﬂummmugi‘lﬂ'\‘a‘mmummwﬂ'iznan
2.16
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2 5.1 MInagaL
w Al &
2.5.1.1 aﬁeltga:qﬂn‘sv;iﬂlwﬂﬁan
o o & ot
n. wissinfiedyaa 1 wiad
4 Ui F-Y &
a1, Sedlasnaufiaeat 1 7@
WIAUI IR IR IHUF YR
. D e A
a. Tusunsu o “LabVIEW for Windows” guﬂ'mﬂgm 4 1 Tilswnsw
5. Tolunsy 4o “Test87Gvi" 1 Tsunsy
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2.5.1.2 Atnmaray

n. darsesenniliznay a.luasnmwdsened a.2

g, Wlalisunsu a “LabVIEW for Windows”

a. Waltunm 8 “Tests7av” amlaianed “cithesis” naty
*“run® Tisuna

o, fmuaeffudindd 10 wefifud  uszimunatessygnm
wauzaananmdn 0 uaz 1 ndgonasatsAtussduuasnuga iy

3. Heoudgonalmiiwa 1/0° v Atesfaannuanssandmuds 0
Rz 1 VBIUKITAGERAY

%, ﬂ%’mﬂﬁ’ﬂufh*nmauazsgmﬂﬁmumﬂaﬁ 2.5  uastwfinuanis

naway




2.5.2 HanInarau

) e Bt = 1 V =3 = d
134 2.5 nanrnaseulUsunmFa flasnumsdarsmaduuuunadsriaidafidudan

wof] vy | Vo) | V) | L) Lo(8) LA o) L | Lo | Lroos | s
1 o 220 220  1.1739/=30 0| 0.13/-156.87 |0.13/=156.87 | 0.13/83.13 | 0.13/83.13 141| vSuviudiviula
2 220 0 220  0.13/-3687 | 0.13/-36.87 1.1739/150 | - of 0.13/83.13 | 0.13/83.13" 116| Muiushiula
3 220 220 of| 0.12/-36.87 | 0.13/-36.87 | 0.7606/-156.87 |0.13/-156.87 |  1.1739/30 0 116| Miuiufivicla
4 0 0 of 0.0073/-30 o 09073150 of 09007330 0 100| vBdvuiula
5| 75.5799] 75.5799 220 0.6778/-120 o 067787120 o] 0.23/8313" 0.13/8343 100 Taingu
6 220 755709 755700  0.13/-36.87 | 0.13/-36.87 |  0.6778/180_ ol 06778/0 0 0 Tain3y
7 755700 220 755709  0.6778/260 0| 0.13/-156.87 |0.13/-156.87 |  0.6778/60" 0 120 Taivia]
8 0 0 20| 1.1439/-106.62 0 1.1439/166.62 0  0.13/83.13  0.13/83.43 105 MEuvufiviula
o 220 0 0| 0.13/-36.87 | 0.13/-36.87 | 1.1430/133.38 0 1.1439/46,62° 0 108 Miluiiila
10 o 220 ol 1.1439/-73.38 0| 0.13/-156.87 |0.13/-156.87 | 1.1439/13.38" 0 105 Miuufisiule

¥e
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2.5.3 F3vatHanimagay

& A & a [y a : a § = ¢ A8 e

dtasannldsunanTiaflasdunidarse st ununadwrfiade fiudasfiletlas
s s a ar o & ol YT | W
nanznsaalasasduntshusailesdn dunamusiadlumadef 5.6 use 7 L
=3 A o Rl oy [=) s 1
nIhfiasamndunsdmesnmmfaffionfuuunrdaises 2 s lissdunealuie

flaanu

2.6 manauazneseuliunsfiadflesiunszuaBuriianiaaia (time-delay
overcurrent relay)
oS K o a A A & o ol o A ) - '
Saddesnunusfin o Jadilasiufihaulonsuafinsiudiadisgmnnda
oA g - a o o o a
wiawAudinssuafingd 5l 2 9fia Ao SiedasdunszumAnviiadundy
(instantaneous overcurrent  relay)uazSiasdtlastunszuafinrilaniialni(time-delay
a g . 1= 1 X "
overcurrent  relay) fﬁam‘imaﬂwaa‘%‘mﬁﬂadnunmmmwﬁﬂwmmﬂ'muagnmlma
Se e o : AW - 1oas £ w ¢ u
NIERRUALIIIAR DuNanfinnadaunsianiasnimSariinu 83 wediBudvodnsean
A A i [] o b & &4
frauazaszuaf lnalwdsfdrunnimisiviunsusRnd Udsdwaadldanaums
2.12 (ANSIZIEEE, 1992) Firdilasnunsumfuriiantivananazmibiaisuezasndils
1 & (P o L .
TP RETIE) gﬂmmwmnmw‘ﬁamm aldvnaunts2.13(Warrington, 1977)

Ipx’ckup = 1.5 x Iml‘ed A (2'1 2)
014 second (2.13)
ty = 7577 5
f

nRnB AN T YesTeidasnunszusurilaniaast  Fldsansaiaun
Wanrlwdulisunsuld Iﬂr.lﬁé“nﬁmthnuqﬁnqsﬁqaqué”anﬂ1qﬁ's:maﬂ 2.17
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atndszneu 2.17 Lmugﬁmiﬂqmmaﬂﬂmﬂm‘%’m:Ti]aaﬁ’uﬂmmﬁu%ﬁwmmm

2.6.1 nmTnewall
as A |4
2,6.1.2 wqua:qﬁﬂ'mfﬂlﬂﬁmaau
A LS o vl A
. Jesiflaggga 1 @989
A F=Y &
a1, we5eslularnaufians 1 7Q
Wipu TR F T Im
A . . ar "
. Tasuny Fa “LabVIEW for Windows” fwiliilyi 4 1 Tohwnsy

)

=
. llswnsy %a “Test51V.vi” 1 Tusunss

o
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2.6.1.2 dTnsharay

A, dandrTanuandiznay a.luazawisznay 9.2

. Heliunsy $8 “LabVIEW for Windows”

a. \dalusuniy 4o “Test51vwi® 9nlalinnad “c:thesis”natfal
“run”ldbsunTu

1. mruanTeuafinel 0.195 A uszussaufined 182 V uszinnua
dosfannauouzaendudh 0 uaz 1 dudyanasuisivusduuasnrusaudiay

2. Nousgadlafiwa 1/0° v fidesdyanot O usz 1 289U

Y10 F18
as = ¢ s '
. USUUEpuaItHIauSIARLEZNITEUALGRZLHE  AIUATI 2.6U682
TuAnKanINagat

2.6.2 manTinaway

AT 2.6 HanTnaasullsunsiSedtlaanunsznafinsiianianan

wieft | V0 | Vv | Vv | La) | D) | L) aamisiiad
1 220 220 220 0.13 0.13 0.13 Tiin5l
2 0 220 220  1.1739 0.13 0.13| n51lnasonn 43udl
3 220 0 220 0.13 1.1739 0.13| v3tnasnm 45w
4 220 220 0 0.13 0.7606 1.1739] viwasnn 43udl
5 0 0 220  0.9073 0.9073 0.0073| n51luaann 55u1f
6/ 75.5799| 75.5799 220 0.6778 0.6778 0.13] nFuvRInnedwf
7 220/ 75.5799| 75.5799 0.13 0.6778 0.6778] v3wAIMEIn
8] 75.5799 220| 755799 0.6778 0.13 0.6778] n3Unsaneiund
9 0 0 2200  1.1439 1.1439 0.13{ v3nasnn 4w
10 220 0 0 0.13 11439  1.1439|vBilwdann 43und
11 0 220 0 1.1439 0.13 1.1439| v3dnasnn 45w

2.7 nrvannuaznarauldanssdiadilssiunruniuas@uriianiosim (ground
time-delay overcurrent programmable relay)

FiaiflastunszumAnasfusfieniana  TanwazmaiounioudvGimdilas

AunTuaAvTianiane onsuaflnarimasfiindadidunnnimiarinny
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2.7.17 mnhagal

ad d
2.7.1.1 'aaql,l,azqﬂmnfﬂl‘ﬁ'maau

2.7.1.2

“ran” 1U3UATY

d o oA o
n. wissinilasgyoa

1.

A I3 &
waslulavnsufiass

WIBN IR I F T

L 0N

2 =2 2

Talsunsy $o “Test51Gv”
AFnTarey
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. Tsunsu B8 “LabVIEW for Windows” juﬂ%‘uﬂg-aﬁ 4 1 Tisunsy

1 lilsunsu

dorgasanun Iy Eney . lusznwisnay 9.2
SlaTlusunsu 98 “LabVIEW for Windows”
Gallsunsy o “Tests 1Gvi” 9nlasaned “ci\thesis”na1la

3. frunenszuafinell 0.195 A iszussaudinad 44 v ussinnua

daaRggomanzaondndi 0 uag 1 1iludggioeatonuisauissnIzuraia

8 I
PINORE

s 0 4. at
9. faudggnolodawie 1/0 v fidesdan O use 1

HARAWE aN3NA1TH 2.7 uactnfnuanTInarey

2.7.2 pan1inagall

a8 2.7 wantmasauldsunsuSiaddosnunszuminsidurianiiaian

ADILLNG

el pi [ . ot
. ﬂ‘?‘}JLﬂﬂE!‘llzﬂ'i'ﬂﬂﬁ?l%ﬂﬂ%ﬂ:-’%gﬂﬁlﬁ‘ﬂﬂﬂﬂ‘i&&ﬁ HREAIUIATBULTIOH]

o 4 A s €

ol Vawy | o) | Vew) [+ dany | Tny | a(a) | somdivnd
i 220 220 220  0.13/-36.87°| 0.13/-156.87 | 0.13/83.13 i
2 o+ 220 220l 1.1739/-30°] 0134156877  0.13/83.13 |viwdsnn 2w
3 290 0 200l 0.13/-36.87)|  1.1739/150°| 0.13/83.13 |nSuwdsen Ziwnd
4 220 220 ol  0.13/-36.87 0.7606/-156.87"| 1.1739/30 |r3undsen 2
5 0 0 oool  0.9073/-307 090737150  0.9073/30 |vhivdsvm 2
6| 75.5799| 755799 220 0.6778/-120 0.67787120°| 0.13/83.13 laivdl
7 220 76.5793| 16565799 0.413/-3687|  06778/180°]  0.6778/0° i
8l 755799 o00| 16570080  06778/-60°| 0.13/-156.87| 0.6778/60. a5y
a 0 0 20011.1439/-106.62°| 1.1439/166.62°|  0.13/83.13 [niuwdsnn Ziwf
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T T H i 5l Gl = on -
i 10 220 U O 03/-368(] 1.1439/133.38 | 1.1439/46.62 | niundsnn 2
H

11 0 220 ol 1.1439/-73.38"] 013/-166.87"] 1.1439/13.38 [n3wdsnn 23nd

2.7.3 F91ralNanTnagay
= A — + =
2731 wWammasauluiatof 6,7uses smuzvsstiadlindd e
| & - n‘ - -y s LI - sl A o «
dlursdrnanfedsfetnduuy 2 Wasatsetidas@uninuaniuailoein Sedaaliuss
24 cl 4 r.'z T ; | ue: ¥ =i N [ a4 g o
FufianaseudaiidrlidinimmIaitduusaauinad
& ] « 1 g
2.7.3.2 ilssnmusaiaamsuaflradanaenteataias s 3 (aum
[ = 1 ~ L] r e [ :
drnsauafiinadinanfiantalaolt Tusunsunsufiniaesld Salidulludaaufiinasar
fﬂ‘:mﬁmeﬁ%umaﬁfm%’a

2.8 anmannuaznageulilunfisdiasiuidsinedounsy (reverse  power
programmable relay)

2 d il pafundalnafannduld Joafudr dunngswosnsasrinfaluiia
Tasezamstamdslvi¥hvisnua(Blackbum, 1976)itlva a’faumm:nmﬁnjm%’a siudia
i dindaliimmueiilnadaunduannnimiaihnudfined fiadilesinaznsiag
(i 10 AwfluszezamaiamaslwihdmuefilnadennsulminaFanils dunnnda
whniiendingll Fndilasduazdefgnadlfddfinafawdolnaniasduialsst-
ponamEumeeiiy UBnaiaclwadaundufilinldifeaniametue £y
sflanasdaduind3(ANSIAEEE, 1092) lumsilasdudidslng founduaedafesinfia
flnzdasnnatanusssuiianasasussnuaiinafmaannefueeiie 3 e
uszimea e nkaznIsuafiaaeialdn AwIaEaTULHEINATWI UWWIATES IR gD

NRY eaNENnT 2.14

Prg = Vil cos(6-¢) (2.14)
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A1 2.8 atlafidudunaindlnedaunay

FflauaInauiigg iafidfiuduasfinaniiranio(%)
favwlavir(steam turbine) 3
ﬁﬁﬁu‘lf"&(water wheel turbine) 0.20
AsruLia(gas turbine) 50
\n309tudq a8 (diesel engine) 25

flun: ANSIZIEEE, 1992

a4 o r=§ & ad o LR o s o o [T
N AN TREaEIR it astuA M R daunsy  saursailanwenn vl
Tusunswld Teofldnsazungfmavinudiniwdsney 2,19
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h 4
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2.8.1 mInawal
2.8.1.1 'S'ﬁgl,m:qﬂn‘mfﬁlﬁ'mﬁan
n. it uifladio 1 @a%eq
a. deslulnsnonfiuned 1 1@
wifouasvsutlesiudgnnm
o, Tasunsy B “LabVIEW for Windows” fud¥ungefl 4 1 Talaunsw
3. Tulsunsu 4o “Testz2.ui” 1 Tbsunsw
2.8.1.2 Smnarau
n. diasvsanunmlizney e luaenwilseney 9.2
9. \Jalisunan To “LabVIEW for Windows”
a. Waldunsu a “Test32vi” anlatnnes “ci\thesis”naily “run”

Tilsunsa

3. Avunaafinaliadinadanndy 22.5 W usztiawiiag 10 Sunfl

uasmwnagasRanuencaena il O uas 1 ludgg et uusIauisEnIsuR

AINENY

L

s o A
3. Haudgonalmizwae 170 vV fAidasdyano O usz 1 wa3uss

¥,
WINBHY

T

a A ] ol t
€. ﬂ?‘ﬂlﬂﬂi!%ﬂ'ﬂ]ﬂ\‘i?}u'lﬂLLﬁﬁl&HU‘lfﬁli)\‘}Ll’i\‘}ﬂ%uﬂgﬂ%uﬁtmﬂgkﬂﬂ@ﬂ&!
2.9 uaztufinuaninagay
2.8.2 WanIneray

2.9 anTnagauliunTysiadilssiuingdnsfanndu

AT
6 g o e
Wit V, 1 v, I, I, I sl [soue
e . &
il (v) v) (A) (A) (A) Tvadoundy | Siad
| ‘ W) ,
11 220/0% 220/-120% 220/120°] 0.13/-36.87° 0.13/-156.87°] 0.13/83.13° of sy
1] [5] ] [ Q 5] s
of 220/0°| 2207-120"| 220,120 0.13/45 | 0.13/-166.87°| 0.13/83.13 o tivdy)
o & P 4 (3 Q =
3l 220/0°| 2207-120°| 220/120°|  0.13/-45]0.13/-156.87 | 0.13/83.13 o| vy
[s) Q T 0 Q. [{] -
4| 220/0°| 220/-120"| 220/120° 01371207} 0.13/-156.87| 0.13/83.13 43.3463] vy
[i] (] [7] [3] [4] (1] A
5| 220/0°| 220/-120"| 220/120°]  0.43/110% 0.13/-156.87°| 0.13/83.13 29.8463 vy
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fiaund
satafl 87 | 87G| 51v | 51G| 32 | 40 | 46 | 60 mAfeds
1 Non fault
21 X X Internal phase a to ground fault
3 X X Internal phase b to ground fault
4 x X internal phase ¢ to ground fauit
5 X Internal 3 phase to ground fault
6 X X Internal phase a and b fault
7 X X Internal phase b and ¢ fauli
8 X X Internal phase a and ¢ faull
g9 X X Infernal phase a and b fo ground  fault
10 X X Internal phase b and ¢ to ground fauit
11 X X Internal phase a and ¢ to ground fault
12 X X X Externat phase a fo ground fault
13 X X X Externai phase b 1o ground fault
14 X X X External phase ¢ {o ground fault
15 X X X X Exiemnal phase a and b fault
16 X X External phase a and ¢ fauit
17 X X X External phase b and © fault
18 X X X Exietnal phase a and b fo ground fault
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19 X X X Exzernal phase b and c o ground fault
20 X X X External phase a and ¢ o ground fauit
21 X X X External 3 phase to ground fault
22 X Unbalance current fault
23 X Unbalance cutrent fault
24 X Unbalance current fault
25 X Unbalance current fauit
26 X Unbalance current fault
27 X Unbalance current fault
28 X Loss of figkd fault
29 X X Reverse power
30 X X Reverse power
31 X X Reverse power
32 b 4 X Reverse power
33 X Open circuit phase a of PT
34 X Open cireuit phase b of PT
35 X Open circuit phase ¢ of PT
306 X Open circuit 3 phase of PT|
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i

f. ﬂgafaaa‘m‘naj’n’a‘zuﬁﬁﬁﬁauﬂ&tnﬁu 3 7@
3. wBUYRILTIAR daTEI 100:1 3 %@
3. Wilolaaiian aaTEIN 220:220 3 %0
Q. qaé’@@1auémﬂ%'mﬂ%aaﬁ%ﬁa"lﬂﬂ*a%ﬂmﬁa 1 79
7. FAAANAUAMTLUNAITDUTIAUNTZURA TS 1 70
“, qﬂmaaam%aaﬁ'}tﬁﬂ‘lﬂﬁﬂ%ﬂﬂﬁa 1 70

WiantaauquAITm

w. Insadmdumudiudild 0-5,600 0hm 0.315A4 3 14

. Tihsuwnsn Sa“LabVIEW for Windows fual3uyedt 4 1 Tulsunaa

7. Tisunsu o “Geni” _ 1 Tihunsw.

2.13.1.2 duaeunInaaal

a. alunsy 48 “LabVIEW for Windows”

. Waldsunsurzuuilasiuadasiuialniaglania o “Genvi”
anladaned “cithesis” GaflumsdrmiiBududannilinay .1 natuviamiae
LRen”menu” funsdrumindmiusruesnsasadossufia i ddlaniy
(specification of synchronous generator)

a. fmuafinamainia 90 W 139a% 380 V n3zud 0.13 A @1
dwneumad 0.8 uuusIvas Juanuanddalesia 09192 pu %‘memwﬁ"mj
0.1884 pu SHaNUAUTIINY 0.1040 pu wiezaslaasfuuutfuiazsflavasdadu
MAWVINIRUUAR UAZAAUATATININYBINIATIVY NozUs 1,2u82 3 1viriy 1.35
SATIEINTOINITATIINTUS 4,5 Uag 6 11Ny 1 damdrnsanlautausaayiny
100

3. deseTmuMnlEnay 0.3 wyuly “main switch” Ye3genIy
auinfasifialiin(danmusznay 0.1) lfidumsia “on” uaznally “reset” au
aszndbufsuenduealiudifen

3. wuly “function sefector”ﬂﬂ»ﬁ“};ﬂﬂ'}m]ia\l‘lﬂﬁ@i’il,t‘mi@ “switch for
speed or torque controt” Tenad o lulfidnumils “Nonstant ﬂé'ammfu'lﬁ’ﬂmj‘u “push-
button for setting speed up” SUNTV”speed indicator"t i1y 1,500 RPM.

o Usulwaadmdumutsualdamf 1,2 uaz3 Isfidannfige
d o8 9Fuund sdroused unszuaasslifvemesnnuaunmnusdiianafeumar
fiu 220 v desguiulwaeeunsziinsusudaadadantzann 01 A wezifen
“menu” Tufesdrumbuaasununmdudoivesruuilssiuaiostuiialilin

Talavia {single line diagram of protection system of synchronous generator) ThnNg
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EYIRFYIR |
ATnaRsURIlURITef 1 w8da T 2.15
7. nais “ON” wa3 “short circuit box” TaaunTENIlunsu
“Genvi” wAMIMUAENALY “OFF” 283n8adda199T
[- %) = Ll A
@, Tufinuenisnegauaslumitaf 2 18361999 2.15
= < . ¥ A v ¥ o s as li o £y
. ifan “menu lifidmmidwiuinuesnsustadasiuila
‘lﬁ:‘lﬁ’l‘?fﬂﬂ‘iﬁ’ﬁ(specification of synchronous generator) LLﬂ:ﬂﬂijuﬁ'}d'}u
@, Amamegaudiasudds .. fis o, leslumimeroududacass
1 a o v} L 1:1
daasnsanunmalsney 2.6,7,8.., 24 awdey ussiufinuaniinesaussluiadadh
3,4,5,.,21 qud1au
7. deramaidiney a.2sussiilube 4. (ssdesamarey
A =% [ o d a =} =y <t ] ] ar
Wawlanmadilasludraudslasludiaasdufialiidalantmdhgrzuntdali)
4 5 N 4
5. faH9g ﬂﬂ‘l!i.l “push-button for setting speed down” aUNTENI
° L s P
Iﬂiuniuwaemvwﬂq@?ﬂaquuﬂ:vuﬁnwaﬂqaﬂaaauaaluaa?uﬁqﬂhﬂ 22 4BIeNTIS
2.15
3. fdnluda w,
y. dalude 3. uez g,
1 (-7 3 i ¥ ol C'J "
@. doyglTuundsrtnndunusaRIRnsiillmn g “Genyi”
o o g g gl . s Y
wgainuiufinwanrmaseuasiuiaden 23 vasmme 2.15 uasvhdniude .
™. @9739TeNANLTEneY 9.26 uazvhanluda 4.
Y Y- | o “ s
a. Ysueinaadafl 1 1fdr 100 wasidud seannsenslduniy
o &t ot ﬂl - :’
%qﬂmmuuﬂ:wﬁnwﬂm'smﬁaua{flum’ffaﬂ 24 ursantuda o,
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. luHanIInagsuRaTafl 25,26 Iwddnluds o, lasudaziate
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IWsusnlnaadaft 2,3 lifidn 100 Wasifudaudrdiuazinfinnentmesauuazyin
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a. luwaminagaumiden 27,28.29 luvdilute a.  Tasudaz
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wdalrtSudnlnaadifi 1702, 2Au3, 1du3 1Uf 100 WanSudawddy
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o 2 4 w2
Y. lumsnisneseuwidafl 33,34,35 uae 36 lviilude 3.22
. o 24 L] as A ¥ 5 ar ol ad
lasudazmidalidan 9fsmadganmfidasinin U2 fu v2 , v2 Al W2 |, U2 fu w2
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2.13.2 HanInaray

-7 &d d "
A9 2,15 WanTheRaUTsuYaafun Ut aTam e lWHqeS

Friaf ] WA LAz NIHR LB AT TR LRI R INTZUR sodiad m¥ifledy
Fal¥) V(v Ve(v) Lia) TAICY) TGS La(n) Tpa(a) Ipay | 87 [ 87G |51V 516) 32 | 40 | 46 | 60
1 220/Q°|  2200-120° 220/120° 01/-BET| 0.1/-12618° o108 0.1/-887° 04/z12642° 0.1/105 Nor fault
5 020" 173s-120° 156/120°| 0008/107.36°| ©.081,-8307 0075/110° 0.421/26643°] 0081/284.41°[0.076/11280 | x | X X Inlarnal phase a fault
0

3 188,0°] 0.2s-11620°] 172/13187° 009/=816"  0005/6482° 0082-131.43% 0074s=8114°| 0.424,156 848" 0.081/181.28°| X | X ¥ Intoreal phage b fault
4 181,0°| 138/-13825°1 0.5/12012° CoBs-058" 0.076/-14582° 0.06/11202% 00812685 | 0.076/214273°| 0.415/8747°| X | X X Inigrnal shase ¢ lault
5| s8s-0.44° 38:-21%°| 170/176.10° ocaende’|  0.044/870° 008172172247 0.31/3084°| 0.262/-18181° | 008/ 17LES| X X Internal phasa 2 and b fault
g| 165/2080°] 8B/-17641° 88/:17628° 0081726247 004/17268° 0.044/1TL2F| 0081/-579| 0.314/14236°| 0.257/4518° X % intormial phase b and ¢ lault
7| s80ad’| 187 o1T0E® 88,-2.08"|  0.038042% 0.078/-17304° o.0as8.82°| 0.258,-131,22°| 0.070/-172368°"| 0.531/3541° X X intornal phase 2 and ¢ laul
g|02,2508°] 0.8/-13808°] 88/:12004°| 0003/2111.28° 0.003/2105.647  0.04/108.37°| 0.269/74.810| 0204729117 | 00410588 % | x X X Informal phase & ang b 1o ground laut
o| Ser=0a30] 002/-08R8° 0089088 0099/:249°] 00038183 0003BLIT| 0CO4t1/2082°| 027/-150.02° 0.286/6888° X | X X X inlernal phase b and ¢ lo ground fault
T Tiolodasnaz] 7805686 0.48/67°| 0003/:107.82°| 0.044/204.88" 0.003/2108.22" ©28/:7743 | 0.036/20037°| 0.258/8838°| X | X X X Iniamal phase & and ¢ fo ground fault
11| osr-5a5%]  o.2/-B25y 0.2/200°| 0.003/210649°) 0.003/211288" 0003/z8287°| ©1903/728| 0.496/82.92°| 0A81/=97.7°] X | X Iniomal 3 phass faut
18| 0.5/1202") 172/27681°] 154/213587°|  0.4/=31.44°| CO7H/-821E°| 0073182457  0.4/-3144°| 00TS/-8215| 0.073/1824E X | X X Extenal phase a to ground fault
13| 150,2042%| 0.6/-14021°] 168/-137.27°] 0.072/-468 041588  0077431° 0072488 0.4/1563°  0.077/131° X | % X External phase & to ground feult
14| 168,2048°] 152/13888] 0.7/7483°| 0078-527"] 0078/14123°] C.304/50.3%°| 0.078/:527 | 0.075/=14132°| 0.304/59.3% X | x % Extornal phase o 16 grourd fauit
15| £5,-0.48° 85/2128°| 166/2178.07°| 0.308-3828° 0.255/=122.20° OC.08/1T40%) 0.203/36.28°| 0.256/-132.36°| 008717408 X % | % Exfornal phase a and b fault
16| 168/=058"  BE/LT6TS| 85/175.80°|  0081/801°] 0.311/=14295° ©.251/4B48°|  0.081/501°] 0.311/214295| 0.251/4848° X x | x Extormal phaso b and o fault
. R

17| B5/-048°| 186s177.24° 86/-1,12°| 0.283/12088° 0.079/17545 0.3/27,52°| 0.253/120.82°| 0.079,1754%°|  0.3/31.5%" X X | X Exlemnal phasaaandcfag- h




18] 0.5/:2008°] 05/-8238°| 86/-145.62°] O0.20/:36.86°| 0.283/2107.417 004/14203° 0.26/-30.85 0.285/-10741°| 0.04/ 14205 ¥ | % X Extorral phase & and b to ground fault

19! s6,-038° os512208° os.9280° 004855 0262/-160.7° 0277/87.48"° Q.04/858°| 0.202/-180.7"| 0.277/62.49 X | x ¥ Exlernal phase b 2nd ¢ to ground laul

%0{05/:3087°|  86/:BEER’|  OS/ELAL’| 0281/-35,24°| 0.041/-100° 0.256/19.22° O281/-A0AL|  0.0417-100°| 0.256/72.25° x | x X Extormal phasa a and c o ground ladlt

21{0.55/32.20°| 034/-7404°) 037/:-8113°| 0.194/:53.7°| 0.198/11738°| 0.J192/2776°] O0494/-837 | 0198/112.38°] 0192/97.08° X | x X Extornal & phase fault

B 220,0°|  220/-120° 220/120°| 0.072/:163.66°| 0073/85.35°| 007724187 0.072/-16407°] 0073/9218 | 0.076/238.47 X Revarse power

B3 220,0°]  zz0s-120° 2z0/120°] 0. 7};,maz° 0.18/:2232° 0.49/-18036"  017/8835°| ©16/-30.50° | 018215125 X Loss of feld

24 200/0°|  220/-120° 220/120°| 0055/212.23°1 0.1/-12612° 017105 0.055/12.22° 04s-121°] 0.1/108.24° X Unbalanos currant

2s|  2200°  220/-120° 220/120° 0.1/-587"| 0.045/=122.680 0.1/108" 012587 otazisess’|  o11s108 X Unbalanios current

ze|  220/Q7)  2200-120° 220/120° 041/-587°1  0.1/=12629°| 0.061/11225 01/-587°] 0.1/+12618°|0.0671/112.25° X Unbalancs current

27 220,0°|  220/-120° 220/120°| 0.085/12,30° 0.062/-133.08° 0.1/108"  0.085/12.20°[ 0.062/-132.02° 01,108 X Unbalenea gurrent

1 o8 220/Q°|  z20s-120° 220/120° 0.1/-587° 0.057/2128.81% £.063/11057° 0.1/-5.87"| 0.057/-126.81°| 0.063,110.67° % Unbalanea eumrent

| P28 z20/0°| 22002120 220/126°|  0.055:2332°| 0.1/21261%°| ©O0B6/107.85° 0.055/12388°| 0.4/-12818°| 0.088/107.45° % Urbalsnos currant
b

, 0 o]  zeos-20’| 2eos10’ 01/-887° 047212618 0171087 04/-88T°| 0.1/212618" 0.1/208° X Gpan cireut phase & of P.T,

' 21 220/0° 0 220/120° 01/-887°  0ds-12838° 0.1/108° 01/-587°] 0. /M" C.1r108° % Opan elreuit phase & of R.T,

| 30 220/0°]  220/5120° o 01/-587°|  0.4/212619 0.1/108° 0.17-587"| 0.1/-12610° 0.1/105° X Open clreult phase c of AT,

%3 Q o 2207120 017-5.87°| 01r=12618° 04/-887°|  01/=12016° o.1/108° X Open arslt phasa 2 and b of P.T,

34 220-0° 0 ¢ 0.1/-587° O.4s-12818° 01/-887| ods-12810° 0.1/108° X Open dircuit phasa b and o of F.T.

35 o 2z0/2120" 0 0.1/-587° o0dsz12fas’ o.w-m" ods2128510° 01s108" % Open dreult phase a and ¢ ol P.T.

28 0 0 0 0.4/-587°| 0.1/=12812° 0A/-5871 0drz12819° 0.1,1058° X Open cirewit & phase of P.T,

tn
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Fuln dmsieteial, nFusdnd dunmawnd uasdnonaeal sueas.
2536. ULy wiumdensferufalndussiyaiowdannan

I fhlnamildanlsiitas (Expert System for Substation Fauits Diagnosis and
Alarm Processing). Wqgnfinufirnsmmsaiiodia sudansslii

ﬁmﬁumﬂh'[aﬁwﬁ:aammé’w«iﬁqnmwﬁmﬂﬂ‘isﬁe.
w5 q%'m. 2529, nsidlulasnanfistas e rin1Iae3938 91U

Aaglnfalulssaugasmnay (Microcomputer Application to Short Circuit

Analysis of [ndustrial Power Systems). Sninuil ernraaaasumdadia

gr3en SearnTy i a}maemnfum’iﬂ HARE.

afnana o azYAUREUAINT Aeedae. 11 Hunnu 2539, Iﬂ‘iLtﬂiﬂJﬁ‘TﬁﬂEﬂéﬁ%‘?ﬁ
Fmpanvnauzuutlesnu M#iings (CAD for Simulation of Power System
Protection). 13ainfinuiiaanTmuaeiindamuiaanulviia
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Operating manual

Control unit for 100-W penduium machine
67 10 604

Please read the operating manuai carefully before switching on the control unit. The warranty

and responsibility of the manufacturer for possible defects extinguish in case of defects which
result from not observing this operating manual.
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Control unit
for 100 - W pendulum machine

1. Field of application

The control unit has been designed to operate pendulum machines (Art. no. 30 05 000 and 30 07 000)
driven by 100-W motors only.

This combination allows you to design various tests of electrical machines within the ELWE 100-W
motor prograr in all four quadrants.

2. Main specification of the control unit

= speed of 4 5000 rpm in three indicating ranges on a 270° pointer instrument

e torque of 3 Nm or shaft output of + 0.9 kW in two indicating ranges each on a 270° pointer instru-
ment

» RS-232 interface for the output of torque, shaft cutpui and speed to the PC (The graphical illustra-
tion is possible by means of additional software.)

» analog outputs with standardized signals for M, P2 and.n for the connection of an XY-recorder or
other measuring instruments .

» automatic control of M orn
_ + external speed frequency control
» programmable automatic function

+ monitoring of the temperature and of the protective gear at the pendulumn machine and the motor oi
the tested machine

S EMAT T Training systems for basle and fulura sducation in nalural scisncs and enginasring
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3. Designation of the controls

(1)
@
(3)
(4)
(5)
6)
7)
(®)
©)

(10)

(11

(12)

(19)

(14)

(15)

.(18)
- (17}

{18)
(19}

(20)
@1
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)

Mains switch

Power connection for the pen-du!um machine
Signal connection from the pendulum machine
Seiial interface for PC connection

Fault indicating contact

Control of the recorder

Ground for the outputs (8) - (11)

OUT hub for analog torque signal

OUT hub for analog speed signal

OUT hub for digital speed signal

2UT heb for analoé power signal

270° pointer instrument for torque and shaft output
Measuring range or mode selector for {12)

Display of negative torque or negative shaft output
Display of positive torque or positive shaft output
Speed frequency indicator

selector "speed frequency range"

Display of "left" sense of rotation

Display of "right" sense of rotation

The sense of rotation refers to the motor of the tested machine,
viewing directlon onto the shaft end

Function selector
Display of faults or activation of pendulum machine

‘Reset push-hutton for fault indication

Push-button for setting the speed "down"
Push-button for setting the speed “up*

Switch for speed or torque controi

Adjuster for start speed at automatic operation
Adjuster for stop speed at automatic operation
Push-button for stariing the automatic operation

IN hub for external control voltage

ot
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4. Connecting instructions

The unit is connected to the pendulum machine and, if necessary, to the PG via the connections @),
(3) and (4).

When the pendulum machine and the machine, that shall be examined, have been coupled, it is
necessary to set up the following connections.

¢ Machines on aluminium profile
- apply both guard bows

-~ connact the thermal switch via the socket at the terminal box of the motor by means of a jack
plug catle ¢i the pendulum machine

« Machines on frame
.~ apply guard bow

~ connect the thermal switch via the socket at the terminal box of the motor by means of a jack
plug cable of the frame

— plug second jack plug cable of the frame into the corresponding socket at the pendulum machine
The control unit is linked with the AC system and is switched on by means of the mains ‘switch (1).

The ranges for M or P2 are selected with switch (13), for n with switch (17)
and the mode of operation by means of switch (20).

When the unit is switched on or faults occur, the control unit will be locked. The display (21) is red. The
reselling is carried out by means of the push-button (22). ) . .

When the display (21) is green, the pendulum machine is actuated with the desired speed according to
the selected mode of operation. If this display (21) is yeliow, the pendulum machine will be actuated
when the push-button (22) has been activated and will then adjust on the selected setpoint automat-
ically.

5. Mode adjustment
The following modes of operation are possible:

+ Function selector (20) on position "ext."
The pendulum machine can be controlled with a voltage of + 10 V at the IN hubs (29) within the
speed range of left/right 5000 rpm. The rate of rise of the control voltage is not limited internally. Ac-
celerations which are too fast can cause a fault indication. This input is provided for applications
within in field of automatic control.

* Function selector (20) on position "man.", switch (25) on position neonst.

When the unit is swilched on, the speed of the test motor will be determined by the contro! unit and
then the pendulum machine will be controlted with the corresponding speed. Both machines run
synchronously. The torque is approx. 0.

The speed is adjusted in the direction 5000 rpm left by means of the push-button "down™ (23) and in
the direction 5000 rpm right by means of the push-button "up” (24). The rotary frequency of the pen-
dulum machine can be altered by the lowest possible vaiue by tapping the respective push-button
shortly. If it is actuated for a longer time, the spead will be regulated progressively. -~




PO AT R ARSI A Y A AT TR LY LT R R

Control unit
for 100 - W pendulum machine 33

Function selector {20) on position "man.", switch (25} on position Mconst.

The speed is adjusied in the direction 5000 rpm left by means of the push-button "down™ (23) and in
the direction 5000 rpm right by means of the push-button "up" (24),

When the speed is changed or the unit is switched on, the actual torque will be stored as a setpoint
and possible changes of the torque on the load side will be eompensated by an automatic speed
regulation resulting in a constant torque,

Selector "torque and shaft output range” (13) must be set on torque range.

Function selector (20} on position "oft"
The pendutum machine is not actuated.

Function selector (20) on position "n-start"

The pendulum machine is not actuated. The sense of rotation and the speed for starting the auto-
matic function are set with the adjuster (26). The set sense of rotation is indicated by means of the
displays (18) or (19) and the speed by means of the pointer instrument (16). The range selector (17)
is aciive.

Function selector (20) on position "n-stop"
The same operation as with “n-start" but setting the stop speed of the automatic function.

Function selector (20) on position "start"

. The pendulum machine accelerates with a short ramp to the start speed which had been set by

means of the adjuster {26).

-~ Function selector (20) on position "start", actuating push-button (28) e

The pendulum machine accelerates with a long ramp to the stop speed which had been set by
means of the adjuster "n-stop" (27). When the stop speed is reached, the pendulum machine is
switched off.

During automatic operation, that is from the moment of actuating the push-button (28) until reaching
the stop speed, the floating pen contact (6) is closed.

Now, the automatic operation can only be started again after having turned back the function selec-
tor.

. Sequence for the operatié)‘n of the automatic function

Adjusting the start speed and sense of rotation

Adjusting the stop speed and sense of rotafion
Setling function selector on "start”

Switching on the motor of the tested machine

Pressing push-button "start"

Il
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7. Further notes

The standard signal for torque, speed and shaft outpul is applied to the safety sockets (8), (9) and (1 1)
and the ground (7).

The speed with the duty factor 1, CMOQS- levei of 15V, is available at socket (10). It can be read off in
rpm at a connected counter,

Switching-on and the following faults cause an opening of the floating fault indicating contact (5):

-~ the guard bow has not been attached o the motor

— motor / basic panel and guard bow have simultaneous contact
— the temperature of the motor is too high

— overstressing of the control unit

The fauit indication can be reset by eliminating the defect (cooling down the motors, if necessary) and
pressing push-button "reset” (22).

By means of specific software, speed and torgue or shaft oulput can be illustrated graphically on the
rrionitor of the PC. Torque and shaft output can be selected with switch (13).

The PG inlerface (4) has also the function to parameterize the control unit by means of specific soft-
.ware through service staff. When delivered, the contro! unit is paramelerized.

8. Technical data

Operating voltage: 230V, 50-60 Hz

Power output; 3X230VAC; 45A 0-167 Hz
overload capacity up to 200 % for30s_

Fault indicating contact: 250V AC, 0.2 A

Control of recorder: 30VDGC;1 A

M-signal: + 2 V/INm; max. 10 mA

n-signal; . +1V /1000 min"'; max. 10 mA

Pa-signal; £1V/100W; max. 10 mA

n-frequency: 80 puises per revolution

CMOS-level, 0- 15V
Mains fuse in the back panel of the unit: 1 x 16 AT (6.3 x 32)
Power unit fuse: 50 mA T (5 x 20)

ESSATE= Training systems for basic and future aducation in patural science and enginesring
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