o ] ¥ iloias o % 3 : :!!‘L o A i
N1IAIUANBATITIVIRUMAIEMTUNI T TN BLATITIBYRLATRN LA TN
Falpsus

Prime Mover's Speed Control for Synchronization of Synchronous

Generator System

ny
= o o :
WefTIRIY Waysy
WG 1
UMY U1

o 1 o o4 o e o
Ueyandinusiiiduaaunilsvasmsfnsaamangnsuiyanidnssumans i
medueanssuluna angIfAINsINAENS

dortumalulaginszasuinananaunmsannnssls
Unsfnen 2558



dulnveayanan nizvexndaaniz

nsAUANSRTISIRsiufadmiumsideusielasstnsveuadasiuiinli
Balasila
Prime Mover’s Speed Control for Synchronization of Synchronous
Generator System

LT

T144375
lag

w1y fyda Wayay

WE dugaal U

u1g MzUY u1m
Brovyy.. _—— . -

‘) C ’ i y . # L

DUnsIUeY 1443795 AT BB 1 OB
m_iﬁ?m"ﬂ‘Q 4 'UJPJ. 2559 L (ARR———————————

U%musg'lﬁwuéﬁsﬂuﬁqwﬁ'waqmﬁnmm'zarvsé'nQmﬂ%mumwﬁmnﬁmmamﬁmﬁﬂ
a1l auzdaanssumans
anUumaluladnszasmnaniiquvynsaianssUs
Un1sinwn 2558



Prime Mover’s Speed Control for Synchronization of Synchronous

Generator System

TIRAWAT POONBOON
SANTAWUT MATA
AHAMAT BAKA

THIS PROJECT SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT
FOR THE BACHELOR DEGREE IN ELECTRICAL ENGINEERING
DEPARTMENT OF ELECTRICAL ENGINEERING FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2015



nImuRNRIISeumddmiunsideurelassinereuaiasininluidi
Falasiia

Prime Mover’s Speed Control for Synchronization of Synchronous Generator

System
oy
w1y fyiand waygy
W8 dougrol gl
SEIRRIEE N

21971587NUS AW

HA.ATI5YIR 13304971



UseyeyrinusUnisdnwn 2558
adydranssuln
Az ImNTIImEnS aantumaluladinsyaaundiaammsannnseds

G99 MsmupushITvesiuiddniumsdeusolasmievenstotis
I Balmsia

at =]

Hanvi

L wwdsianl  waygy
2. wedugEl  umn
3. WweMmENr  u1nn

—

L= e PTASETUSAW

( NALAT.I5R FIT50U9 )




as L4 6 o o s 1 1 < a o = at
N13A ?Uﬁ&l'ﬂi‘]'ﬁ"ﬂ%’:ﬁl AAUNIFIATNIUNT 'il.%ﬂllﬂaiﬁ'i\‘l‘ll'lﬂ'ﬂaﬁLﬂﬁ'ﬂiﬂ'ﬂﬂﬂlﬂﬁ’l‘ﬁ\ﬂﬁ‘iﬂﬁ

Wy Al wayay

Wy dugydl 1IN

Uy 9wy UM

WFA.AS. 13718 GPEFRINEHE GRERET A

Tnnsdnwn 2558

UNANED
ﬁ%mm"iﬁwuﬁ‘m}’m‘fﬁﬂLauaIﬂNdmm‘smumé’miﬂL%aﬁaaé\’uﬁﬂé’a
dwiunisruiuetasdudalwirddasvaddussunini s ingussasAveslassaufaiiie
a%"mé’m_,cyjmé’wﬁdﬁwwﬁwumaauuamaﬂﬂﬂwﬁ'ﬁmﬂuﬂummmmmmmmmmlwﬁw o
adevannisvennadangy Tunsuszanamaudvesszuuliin lulaseaui GHTRTRRIL RIS
waaLwaﬁaﬂqﬂ%Lﬂuﬁ’mufy,musaé’uiaﬁwaqssnﬂﬂﬁw%a%xgm’Jaua%’wajua%mluiﬂiﬂauiwsaLaa'§
3U STM32F4DISCOVERY 983u3®n STMicroelectronics Lﬁaﬁ'}ﬂﬁﬂi“mmmmﬁ wazdd
Ay uenedssaninlunasn PWM Lagvitn1snIa9mea9asnsesnInuampiy ﬂaumvﬂauma
yaduindeunamasiniwmie ”memwumaauuamaﬁwwuummmLiqﬁawwﬂw Fryan
LmmumﬂLmamnuaﬂwﬁwﬂmua faufvinfurifivesssuulii Fadulumudeulures
nawunaiesiuialwiddasvainiussudlnin mmawmegﬂu'm'fi:na'msmﬁweuunm
uftRnmsluifenissuuniesiuialniddasdadhiussuulwi lnafunisaauauuuy
o lugiR



Prime Mover’s Speed Control for Synchronization of Synchronous
Generator System

Mr. Tirawat Poonboon

Mr. Santawut Mata

Mr. Ahamat Baka

Asst.Prof.Dr.Warachart Suwan-ngam  Supervisor

Academic Year 2015
ABSTRACT

This thesis presents the idea of the project about control of the prime mover
speed for egrid synchronization of the synchronous generator. The objective of this
project is to generate the reference signal for the commercial AC drive for drive an
induction motor as a prime mover for the generator. The programmed phase-locked
loop (PLL) is applied to estimate the grid frequency by feeding the line voltage of the
grid to the STM32F4DISCOVERY board from STMicroelectronics. The frequency output is
converted to the speed reference and sent to the analog input of the AC drive via PWM
port and the analog low-pass filter circuit. This process results in the controlled
generator speed which can generate the electromotive force having the same frequency
as the grid. The results of the project will then be used to develop to practically teach
the students about how to automatically synchronize the synchronous generator to the
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2.2.1.3 wvvauyanswlavosniosinidalninZalasda (Perphase equivalent

circuit of a synchronous generator)
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Synchronous Generator with Grid System)
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wla ﬂ’l:ULﬂ‘iaﬁﬂ’]LuﬂlWﬁﬂ‘&ﬁIﬂﬁuﬁm'JI@ﬁ'JWUdLﬂﬁLﬁHH’]EJ‘I'.I‘u wlidimanasyuy
Adslwinisalsiuntse i

2)Lﬂiaemguﬂlw%mimuawawaf]m WinuuIuiuegasanyndeunia
Ufuusuadasdnsnalninddasdaslafiniels Tmamlmmawmauqmwam
waslwiagliiuniseluihmelule

3) ifledesrniln Wi asasasie swldamnsavinaulndniselvanfuiiale
(Full Load) ¥inlwlsiansuasavienlifudssansnm wadintesdnsnalwin
Belanfavansqiaramisavieiinsg i ufisels vilwanunsorineuld
BT AVS AW

2.3.1 Qaulemsvuiueiasnudalwrihdslastadnnussuulngi
ﬁugmmi@iaﬂmum%adﬂ”uﬁ@ﬂwWw%qimﬂ’aﬁmxuuhﬂﬁm:ﬁL’3au1‘uagi 4 g

1) avumaresadasiudialwiuasszuulniiesdo sty

2) unavaansesindnliimas sruulwinasdoarhiy

3) mm5%@Lﬂ%"aaﬁ'}Lﬁmlwﬂmaﬁxuuiwﬁm:&’aqwﬁr‘x’u

4.) LL‘NﬁUlWﬁWﬁ%’J‘UBQLﬂ%mﬁWLﬁ@lﬂﬂ?LLﬁt‘iBUUlWﬁﬂ%ﬁadL“ﬁ’lﬁu



12

Three-FPhase
System

® —®—

!
{
|
[
)
{
!

A4 O—=8

3

3

o— O b

9

©

C O———9—0 O0—6—o0 ¢ Co——J»—o o—8—0 ¢

Three.dark One.dark Two.bright

n’ éll [ .7 g B
U 2.7 msnsivaeudauladdumalngldnaselwausng

’Lum‘s‘umumimmL'umlWﬁwﬂﬂauaamLWanUiuuulwﬁ'1 TULINIE A
miwaaua'}mumawaumaamLumlwﬁwa'[muamaﬂmvuulwﬁwmaiu Fagwuaiontaiiay
naenudule ‘lumimwaawuuaaaamm Tmﬂﬂ'smLL‘snav'lwaaﬂl'NammamaﬂULWamaaﬁ‘vuu
I usiazina Faqx AsuUIUAUATIRTa WA 'LunmuLUummauaamlﬂtwwaamlﬂmuauwam
A4 (Three dark method) GNTU‘W 2.7 Maviumanssiunsasulw i winfundaindlviady
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nsdifianiny LﬂumimauaaﬂlwL.Luumuaumwmma WaLaI9da9A79 (One dark
two bright) ‘waamLWWuwaamavmaamwaLmsnnu dudnanimasn indarsdeaduinady ey
7l 2.8b wla A Mo wd a muwmaammaaamuﬂa WA B sip wWa ¢ uae wa C wo wa b Tmam
wamlwma wanazdinsuBsuadudneasildduldm uw‘uwmaammmma WULWATDY
wspar il @alasdanuseuylnihlinsetu ﬁaqmaum“l*ulnamwaauwiaﬂ"lmw;ua
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4 A
a a
=
C B c B
i b
Three-dark One-dark Two-bright

4 ar 1 o
JUT 2.8 dnuwaznisains-iuremasnliaunig

Wenssmudeulunisaeruiuvsuniserudalnigdastasussuulntnraany
Foudifiansanlasinnisnevasalwuuuduaivaiunie (Three dark Method) Taelsiiings

Waouwdas wie seuvunasalifuainuilnisuazainedasnia (One dark Two bright

el < W < ' ' - e =
Method) Taelaiiin1siasuudas AITUN 2.8 MU18AIINTI9LAINIT0ADIUIUATDAA WA LW
sz?aiﬂ‘sﬂ’aL“ﬁ'ﬁu-ixuulv%ﬁﬂﬁafjwgﬂﬁm

ol o a a o v ow @ W Pl
2.3.2 mavuuasasnidalwidsdasdansiuszuulniwuuysusesis

(Manual Parallel Operation of a Synchronous Generator with Grid System)

nsvurueIssiudalwfwivedislunisvineuswutudesilmiaulalunis
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nanalagld AC Drive Tunsduindsunawmesiwiumide 1w lnsy Suauda
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Automatic Parallel Operation of a Synchronous Generator with Grid
System)
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uaz’lﬂnuaLmaﬂwﬁwummmumumaq Tneidamuniluszneuluie nuinsevasss ladan
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3.2 MuiNIoUdNDa

WSa'l‘m.t’]Lﬂiad%ﬂiﬂﬁ1Wﬁ1‘HQIﬂiu'dLL‘UU‘U’JEJU (Salient pole rotor) miﬂw 3.1 fudidl
*naa'manmmuawiammmnauaaﬂuwumuuc—ﬂw.luunumi\: (Direct-axis, d-axis) N3oUNURTY
Luaumuwmamwmmﬁmmsﬂmum’imﬂutmummn (Quadrature-axis, g-axis) ¥3aUAUIUA
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A lagnuannuaginiusnaiueg 900
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= F ¢ & o : ) - Y]
U7 3.1 Tameduuudby (Satient pole) wanaasdnsnalrifiialasa
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AuAuiulstenalesinnalwihauia udesnuasdululilfidosens
msfUUAsusewisdiulssenhamaluamingd syviInavadlsmeiuarsyninuwadnnos
M lswmed %‘wsa’qNa'lﬁmiﬂfmﬂmﬁLLUﬁwi'fwza'waﬁuﬁazLﬂ'iﬁ'u‘] winitiieruazennsang
uasdrelunsleseiiudsuesiaiosdnnalwinauva dnludoserfovquinsoudredaiie
Wlunisangududsasuazsiinisuuas (Transformation) Fulsidsnvas Judyqraledy
¥ee (Sinusold Signal) annwaliogluyuvesiudsiiidnvanudygimunssuanss wasén

Aeansulasdygimntvuansinaulugdygnlsdygosdanumanyiadiiinsuasndy
(Inverse Transformation)

Ton1uuas (Transformation) wisrilmeivndgygynledyvendanalieglu
JUvBsd A unTELaRT wsulseaniiugestune

* nsudassinnseududsaaialvgnseudiedaneais

® nmuUaminasaudndmeailudnsaudnedelag vianseudededalaeia

3.2.1 miudasnnseudredesaualugnsoududmyai

Py J) - ] o i g

AnTwlasuuillSendnatantein nrsulasueenaisn (Clarke’s Transform)
Wunswlasannseududaaalugniouddmyaisasaiaiiouiunsoud e
mMsulasnesarduaunisi (3.1)

B
Sou
12l B
sl S e A (3.1)
3 9 2
fo 11 1
2 2 B |

s =

loedi /' unuduuslaglunsoudied

q
N

Tlardrvanguresdudslidenas Wegnudaslugnioudrsdemyniiendy
as oy v o ) @ Ao v oW ° R - 11
Ay ailetaldunmégauasarmudiviiy Muvshuuun d wasuuanny g awigeiuiy
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3.2.2 mawlasnnnseudwdamgailslugnsausredalagviensousnededdasta

- -'(' [ b g o - [} g @ o v
1N TUIgIdUNITLUANRINNT0UD 4 aqwqmuaqunsauawamquwuumtJ

= dé =t o ' & } 0 3
GERHIELILREEY o= visl3undnatieniiein msudasaesada (Park’s transform) dal4
i

aunsi (3.2) Tunnsudas

’:JQJ _[ cosd sin 9] o (3.2)
Jsg | |-sin@ cos@ 4

gl 6 wnmswiensauddmyuiunseugadogail

< i v oa [ = Y a o
wisudannaglunsauddalaquis dramnsudamesnsausted dlaaiidn
1] Ly - s L = 3 =l o w 1 v =
whivausudauvesiuuslunsausedatuiiarnad ausznitansaudndilaquasyy
sswiemndsiluguiud wlafuslunsoudradslagdudunse

F9MsulaIndu (Inverse Transformation) w1s15ilaasan Aaunsuansela
ogluzUvesdyaulniywesdanuma wsueanfugasiunay

® msudasnnnseversdlaquienseudedsddlasilugnseududmgais

® nisuvasnnnseuandamyaialugnsaudredeanuma

3.23 mswlasinnsaudndalaqwienseusrededalanialudnsausredamenil

En1stlarldaunisy (3.3) lumsudasainnseudedalaquiensoudedy

YalasdalugnsausreBavgnds
o =0os¢ —Bié (| T -
- = » ’ . 33
fog sinf  —cosf || /g
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3.2.4 mswdasannseuddmenddlugnsoudnedsanua

@ & v < b @ a | v =
Fon1stialdannisi (3.9) Tunsuvasannseusadavgeiislugnsausradaan

e
1 O Lirs
Jsa NG 'fsf (3.0)
Jsb |= 5 5 L fsq
fs‘c _l _i?;— . LSU
L2 2 7]

3.25 aunrsnmaudasiidslvilunseudnedalay

o -« = 1 4 ﬂJ
nsmasiiieiwaslalussuulwihanuaansaldanaunisi (3.5 uay
LI - -:J
mddliatlouvarlaglussuuaumaasomldnnaunisi (3.6)

B:bc = Vaia + vbib + vcfr; (3.5)

1 ) . .
Q(rbc = ﬁ (VbcIa +Vealp t+ Vab?‘c) (3.6)

'?J I 3 a 5 & i LY @ it
womnsudasesavisnavtesuseiuldiuasnssualwiliaumdignsousedslaqudrey
amnsameidsinihaSuasidslinaliouwndlagldanauntsi (3.7) uas (3.9)

-~

D
o (s 7 s 7 s f
Fag = 5 Gala +yig + i) (3.7)

1 . ; ‘
Q{rbc = 7_?; ( Vhelg T Veuly + Vanle ) (3.8)
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3.3. adengy
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Torwseiulnihesssuulnih ubhlinguiviadenguiilalilunisuszuiadanuivesssuy
Whiluasthanldlunsmunueiudseuvesawmaiinin

§ *
Vg 14 q = 0 a)re /.
vg V La. S =
abe L. dg ~
VE Vv 8 »e @ %
v 5 dq e oy ! ‘ .[
Vi v
V% [ q
Lo o Lo o omstmm—"
3 phase to 2 phase Transformation lo
Transformation Synchronous frame

Stationarty frame

=
UM 3.2 uansudenlaezunsuadongy

at o e
nanmMIMUYaIrddangy

wann1siuguvesizuuimalangy Ao svuuiitimsdesdulagldnismuauuuy
Alelunisavauuaziomuua deyavudn e wsasulviasimasesseuulnitluvass
tayavieanAsya Tnosufuanuuawsafuianumaise snumgege Var Vv, Wiaglugu

LIIAUNTZULARTIVULNY d-gq AnuseaIusI3alasid (va,v,) Ineinadonguazidunis
AuAULULTA (Closed-loop) s v, Taardwusliv, Sandugud Wedwualiumdedng

wawriurinauaduuuuaaiiasamldnnnsulasiadalui

v, =v, cost (3.9)

2
Vy =¥, COS(Q—T) (3.10)
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V. =V, cos(9+—3——) (3.11)

lawwi 6 Aesdduiduaduiung (0= o)

nsuwlasannnseusanuHagnsause wmynil

Tuﬁumauﬁﬁumﬁ'wmLmﬁ’u‘lWﬁﬂun‘mué’w5~3a7mwamgjnsauﬁ"w@wqmﬁa
asaaiBuiunsauddaama Fawavoansudatnuasdiwaliiiantsanguuesuseilvida
VINFYY WA (v, 1, v,) Wudyyrasana (vg,vy) Tunmsudasussdesnduannis

) o
NSLUBALARIANNIST 3.12 wae 3.13

3 phase to 2 phase
Transformation
Stationarty frame

=l ! L4 a b - -
Ui 3.3 ufienlaazungy fuwlasnuainnisueedauimagnsoudedmymile

2 1
d" i vV e T V. : 2
axl|s #] 3 b 3 (3.1 )

—axi . 1
g-axis o

. I (3.13)
TV BT

(H899naUN"TN 3.12 uag 3.13 Wuausssuliladesnludesudandua
wissulwilad faunsi 3.14 was 3.15
5

§ N &) i s -
d-axis vy = 3 Vo + 3 Voe {(3.14)
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1
g-axis Vg =V (3.15)
2

nsulasannnsaudsdmgaildlugnseudnedalag wiansoudrededalasis

Vg
v S
dg B
Va
p qd t—e—

Vq vq

Transformation

to Synchronous

frame

'a"tJ’VI 3.4 vAanlepzunsy muLLanLmumnnsaumaawamumsaumaaa’lmq YIBNTOUDIIE
Felasia

1uwumauuLLanmﬂamigmlumaumaamamumlﬂamaumqawuuma

AuiIdalasdaSynchronous frame) dq lagluuedmaaiongud azuanadisauntsd 3.16
uaz 3.17

d-axis Vi =vg cos(@)+v; sin() (3.16)
Graxis v; =—v sin(8)+1'; cos(&) (3.17)
dunu v, LULSEJ’W Pl controller ¢ Imfmmﬁmﬁdmm 1IN (@) Wd7tun Bufiinss Izlayy

() ﬂmuﬁléﬂﬂa%dmmmwuwuu& cos(6) Uay sin(d) Linwasnis wiaae gntoundu

ludsnsausneds v 1nIUsey wmmmc“ua\hvw wﬂwmﬂmwmauulﬂ
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3.4.1. aasvenedgaauuulinduwla (Non-inverting Amplifier)
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3.4.2 293 5ve8FYANUUUUNTUWE (inverting Amplifier)
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3.5, dyeynu Pulse width modulation (PWM)
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STM32F4DISCOVERY

STM32F4 high-performance discovery board

Features

B STM32F407VGTS microcontroller featuring
32-bit ARM Cortex-M4F core, 1 MB Flash, 192
KB RAM in an LQFP100 package

B On-board ST-LINK/V2 with selection mode
switch to use the kit as a standalone ST-
LINK/V2 {with SWD connector for
programming and debugging)

B Board power supply: through USB bus or from
an external 5 V supply voltage

m External application power supply: 3V and 5V

® LIS302DL. ST MEMS motion sensor, 3-axis
digital output accelerameter

® MP45DT02, ST MEMS audic sensor, omni-
directional digital microphone
B CS543L22, audio DAC with integrated class D
speaker driver
m Eight LEDs:
- LD1 {red/green) for USB communication
— LD2 {red) for 3.3 V power on
- Four user LEDs. LD3 (orange), LD4
(green), LDS (red) and LDG6 (blue)
- 2 USB OTG LEDs LD7 (green) VBus and
LD8 (red) over-current
B Two push buttons (user and reset)
B USB OTG FS with micro-AB connector
m Extension header for all LOFP100 1/Os for

quick connection to prototyping board and easy
probing

Description

The STM32F4DISCOVERY helps you to discover
the STM32F4 high-performance features and to
develop your applications easily. It includes
everything required for beginners and
expenenced users to get started quickly,

September 2011

Data brief

Based on the STM32F407VGTE, it includes an
ST-LINKA2 embedded debug taal, twa ST
MEMS, digital accelerometer and digital
microphone, one audio DAC with integrated class
D speaker driver, LEDs and push buttons and an
USB OTG micre-AB connector,

A large number of free ready-to-run apphcation
firmware examples are available on

www.st com/stm3214-discavery to support quick
evaluation and development

Table 1. Device summary

Order code Reterance

STMIZEADISCOVERY STM32F 4 high-pertormance

discovery board

4
Ooc 1D 622204 Rev 1 13

For furthor smtornato AT your focal SThE ranics sales ofhics
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System requirements STM32F4DISCOVERY

1

23

System requirements

# Windows PC (2000, XP, Vista, 7)
® USB type A to Mini-B cable

Development toolchains

Altium TASKING™ VX-Toolset

Atollic TrueSTUDIO®

1AR, Embedded Workbench® for ARM
Keil, MDK-ARM™

Demonstration software

The demonstration software is preloaded in the board's Flash memory. It uses the MEMS
motion sensor to blink the four LEDs according to the motion direction and speed.
Connecting the board to a PC with a second USB ‘type A to micro-B' cabie converts it into a
standard mouse, and board motion controls the PC cursor.

The latest versions of the demonstration source code and associated documentation can be
downloaded from www.st.com/stm32fd-discovery.

Revision history

Table 2. Document revisien history

Date Revislon Changes

156-Sapl-2011 1 Inftial version.

DocID 022204 Ay |
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STM32F4DISCOVERY

Please Read Carefully:

Information in this document is provided solely in connedtien with ST products. STMicroelectranics NV and its subsidiaties ("ST7) reserve the
tight to make changss, correchons. modifications or improvements. to this document. and the products and services deecribed herein at any
time. without notice.

All ST producta are sold purscant ta STz terms and conditions of sale

Purchasers are solely responsible for the choice, selection and use of tha ST produsts and sarvicas described nerein and ST assurres no
hability whatsoevar rslaling to the choice, selection or uze of the ST products snd services described harain

o license. express or imphed. by sstoppel or etherwise, to any intellectual property nghits is granted under this ducument. I any pant of this
document refers to any third party products or services it shall net be deemed a licensa grant by ST for the use of zuch third party praducts
or services. or any intellsctual property comtaned theran or cenudersd a vananty covering the use in any manner whatsoavar of such
thirg party products o services or any inteliectual property contaned therein

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT. COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT,

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS ARE NOT
RECOMMENDED. AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT. SPACE LIFE SAVING ORLIFE SUSTAINING
APPLICATIONS NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PEASCNAL INJURY.
DEATH. OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER'S OWN RISK.
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Voltage Transducer LV 25-P I, = 10 mA

PN
For the electronic measurement of voltages  DC, AC pulsed v = 10 500 V
with a galvanic isolation between the primary circuit (high voltage) PN =
and the secondary circuit (electronic circuit).
I, Prmary nominal rm.s. current 10 mA  Features
1 Primary current, measuring range 0. +14 mA
R, Measuring resistance Rom: R + Closed loop (compensated) voitage
with £ 12V @+10mA_ 30 190 1) Iransducer using the Hall effect
@+ 14ma_, 30 100 ¢ Insulated plastic ca‘s'e recognized
with 2 15V @+10mA_ 100 350 g @ accordinglo UL 9d4wve
@+ 1AmA_ 100 190 N -_
- Principle of use
lesi Secondary nominal rms current mA
K,  Conversion ratio « For vollage measurements. a current
V. Supply vollage (£ 5 %) v proporticnal 1c the measured voltage
I Current censumption 0iE 15¥)+ I, mA must be passed through an external
v, R m s voltage for AC isolation test* 50 Hz, 1 mn 25 kY resister R , which 15 selected by the
user and installed in senes with the
_Accuracy - Dynamic performance data 1 primary circut of the Iransducer
X, Overall Accuracy @1, . T, =25°C  @+12. 15V +D9 % Advantages
@15V{t5%) +08 %
£ Linearity <02 % e« Excellent accuracy
Typ | Max + Very good Imearity
I,  Offsetcurent @1, =0 T, = 25°C +0.15 ma  * Lowthermal dnin
I,  Thermal drift of I, 0°C +25°C [+008/+025 ma  * LOW response time
: ) $25°C +70°C [£010{+0.35 ma  * High bandwidth
R " « High immunity to extemal
t: Response ime* @ 90 %o of V. _,, 40 ps interference
* Low disturbance in common mode
General data
Applications
T, Ambient operating temperature 0. +70 *C
L Ambient storage temperature -25 +B5 “C = AC variabie speed dnves and sefvo
R. Prmary coil resistance @ T, = 70°C 250 (9] moter drives
R. Secondary coil resistance @ T, = 70°C i1 01« Stalic converters for DC moter drives
m Mass 22 [¢] « Battery supplied applications
Standards * EN 50178 « Uninterruplible Power Supplies

{UPS)
Power supplies for welding
apphcaticens

Notes Between pnmary and secondary

* R, kLR constant. produced by the resistance and induciance
of the pnmary circun;
* A list of corresponding tests s avalable GR 125114
LEM Components www lem.com

Tope Co. Ltd.  Tel: (02) 8228-0658  Fax: (02) 8228-0659  hitp://www.Sensor.com.iw e-mail: tope@ms1.hinet.net
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Dimensions LV 25-P (inmm. 1 mm = 0 0394 inch)

|

Bottom view Right view Top view
G103 bl
m
i LEM@ swiss
o= made
L‘:
[
2
T i)
. 3
1§ VN Py 8
1645 45003 Standard 00 Yaar Vieak
or N' 5P
Secondary terminals

Terminal + = supply voltage + 12 15V
Terminal M . measure
Terminal - supply voltage - 12 15V

Connection

- Back view

Mechanical characteristics Remarks

* General tolerance + 0.2 mm = I 15 positive when V_ 15 applied cn terminal +HT,

» Fastening & connection of prmary 2 pins = This 15 a standard model For different versions {supply
0.635 x 0.533 mm voltages, turns rates unidirectonal measurements. .

» Fastening & connection of secondary 3 pins 2 1 mm please contact us

* Recommended PCE hole 12 mm

Instructions for use of the voltage transducer model LV 25.p

Framary resisler R the tran
caleuated =a that the nep

Accuracy 13 optaned at the nominal prary cument As far as possihlke R should be
sured corresponds to a prmary current of 10 A

Ecarple Vora 16 ma Accuracy

s mA Accuracy

ings iwhich
for mea

comparad to R, in order

1 5 from 10 10 500 V'

LERM reserves the rant to

carry out medifications on its transducers in order o improve them. without previous notice
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Wide Bandwidth Dual JFET Input Operational Amplifier

General Deseription
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Typical Performance Characteristics
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Typical Performance Characteristics i=--:-.ae
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Typical Performance Characteristics msrerce
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Prime Mover’s Speed Control for Synchronization of Synchronous Generator System
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Abstract

The aim ol this project is 1o generate the speed command for the
prime-mover for grid synchronization of a synchronous generator, Two
requirements must be achiey ed, gnd frequency and voltage phase angle. The

prime-mover used in this project is a three-phase induction motor controlled

the commercial AC drive. The speed command for the AC drive is
generated by using the Three-Phase Phase Locked Loop (PLL) 1o estimate
the grid frequency. The voltage phase angle compensation is processed to
meet the requirements for grid synchronization of the synchronous
generator. Grid and generator line-to-line voltage signals are fed to the
STM32FADISCOVERY board to estimate the grid frequency. The speed
command 1s sent out of the microcontroller in the form of PWM signal. Such
signal 1s filtered by an analog low-pass filter circuit before feeding to the
analog input chanmel of the AC drive circuit. The outcome of this project
will be developed for teachg the student in the laboratory for end

synchronization process.

Keyword: Phase locked loop, Synchronous generator, AC

Drives, Synchronization of a synchronous generator, Grid frequency
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