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Energy Storage Using Flywheel
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2008

Abstract

This project presents a flywheel energy storage system based on a switched
reluctance motor. This project is using a switched reluctance motor ,even its relatively
development because there is no concern with demagnetization, hence switched
reluctance machines are inherently more reliable than permanent magnet machines and
more than that their rotors are entirely constructed from high strength low-cost
materials.

In this project, we'll study about the control and working of switched reluctance
motors so it can be applied for using in this project and install the flywheel energy

storage device to switched reluctance motor.
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Flywheels: low-speed

Flywheels: high-speed

Maximum Power Rating 1650 kW 750 kW
Maximum Energy or Duration ~15 sec Minutes
Response Time < 1 cycle < 1 cycle
Capital Cost :

Energy-refated.  $/kWh 300 25,000
Power-related.  $/kw 300 350
Balance of Plant ~80 $/kWh ~ 1000 $/kWh
Operating Features:

Efficiency 0.9 0.93
Parasitic energy reqt. ~1% 30 W/kW
Lifetime/Replacement 20 yrs 20 yrs
Size 6.6 sq.fttkWh 3-4 sq.ft/kwWh
Siting Issues

Environmental None None

Safety

Containment

Containment

Geologic

None

None

Technology Readiness

Commercial products

Low volume production
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ifaUﬁqmﬁaﬁa:%ﬁmﬁ‘mmnﬁm over heat Lmﬁ:?iﬂuﬂa'aagcgtgﬁmmfum‘imﬂmm’m
Soutiusnanng Lﬁaaﬁnnvl,ajﬁn'ﬁmglm’iswuaommﬂ waniansdanuuanusac’
gusawandstmrnmaitld udihamnuduiutEmhanatuwdsnunusemansia
Lmumwm‘%ag\afu FINIOUTITRAULUALADS WiaTr U undTuuuuiug lddnt

Nﬁ)mugaﬁmjmﬁm}:ﬂﬁﬁUﬁmwmu%Jaﬁmavlv\lﬁl’umuﬁLawwzmmﬁmmuéﬁ

LLam‘lugﬂﬁ 3 TasflormusniSoufouiuwlddim i 2 wwdiuldh el
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vsanyadmalwih IFRNYIENWULRAN
Voltage, v Magnetomotive Force (mmf),
Current, i Magnetic Flux

Resistance, R ECRI G

mmf aztSoutaiiaununssau Wit lasn
3= Ni (2.6)
i N @ad uwiusau ua: i AanT:URIUIARIA  LEULITILAAAN zfSuulglowny

AR NN @9t U RINNIAARLaTEUU TANULAKT Laaath

R =3I = LN?2 _A4 2.7)
7

Tagi / ADANENIVBNIAOAULUITEITULIILULKAN WAz A ﬁaﬁuﬁﬂﬁﬂﬁmaﬁ@qﬁ
FuLSILAEN e GOuIITINYEY  SanuauT Jmunnrnldaasgduunde  wuu
BUNTUUAZULULITUIL

fmua e nufumuwimdnvasunuwmdnlumnd 24 Sauduatiug lasftasing
$1wan 2 9 lasudaztesdanenufumuuaitdn liidu dobmaansa duwiam

A1 SANUAUT VaITaIININIFDITaI Lo

61 IANUAUT VoITaIINN 1 da

(2.8)

A1 SANUARTYRITAIINN 2 fa

(2.9)
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31U 2.4 UFAILNULKANT

N Magnetizing
AanTWLIAIANUFUA BT IR FULT I RANINEIAdd 4 THLWIAIaIN was
nzusluramada i o dumbvadlsieailayg dusasaili 2.5 Ssezduldi

LEWNTIWRARIHEIUN TN LORRILLE W
1 = t:i' L = I3 ‘;‘; & o~ o t 3
wiRaNEIT9 JudunividTwrainssusWsuazaurisralsiaas

P

ll’]ﬂt}ﬁﬂd“ﬁﬁ@’]’NLLUUa‘léﬂ'i&l

AIUULFBLTI
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muagnum LL%%G"IJQGISLGIQ%@?U

/
4
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i
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311 2.6 vaL@aILUY 12/8 NIdLWYI Aligned

@UHNa Aligned
™ @KU aligned ﬁﬁae‘hmﬂaﬁmmaaﬂﬂimai‘ﬂlmG] maagﬂuumuﬂu
~ e o A & - @ ' . o Py &
LA EINUAULNUYAITIRALAD TV AILWF LALW AW mamamulugﬂn 26 UFAIDINALADS
FUWaThe 12/8 wunaayuiuuaeasuuumuWaRaaaasaiuwin 12 T
Tsteasdaruwin 8 1rlapmuualiinagn 1 AaWluLUITSUULAZULIAIANN FITLAZLTAY
v, o & v & & P ° e XA a o a
"LmWﬂSLQaSE]gmaﬂum"uaaammawamﬂaw 1 o gurdstainszuslvatqlus
P A o4 a X o . a <A f ° ™ P
WWah 1 Lm‘uwmmm:mmmmugusj‘ uuﬂaIsmas‘fﬂ:ag‘luml.mmmmmm
mﬁmﬁ’lgaﬁﬁg@ maasnsulaaasldluianisdudionIadiuatdnitagazwirii
Emai‘ﬁlzgﬂﬁnﬂé"umsj"aﬁ@’hl.mm aligned LLamdﬂﬁ;@ﬁLﬂuﬁ!@am}mmuﬁtaﬁmmw

(Stable Equilibrium)

IINFUNTA 2,10 WU dhanunNevadtadaniasznineuadlsiaasnudn
maaauﬂLma'§ﬁ@i1ﬁaUﬁqm:ﬁﬂﬁ@iﬁgﬂu@wﬁ R Hdrdfigadae
1
R=— (2.10)
HA
lagf donnuntvuestesana é g demnanuFusiuwaian uaz 4 deen
AUNRINAANLFUULTILIRAN ARHIBLULAIRIN  LIaaNIaNULARTIINTDII99 TR g
ﬁ’llﬁmm’mmﬁmﬁ’mamaﬁ]iﬁ@hgaqﬂ

MUFNNITN 2.11
N2
L=

R

total

(2.11)

Wa L 8aianunitentinwadiias N aasiminIauuasalauadtwg uas R

* Y otal

fa ASANULABTINUVDINNT
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/&f;;i Position

/ Unaligned Posttion
///

1

31 2.7 n7W Magnetizing URAIAIUIUI Aligned waz Unaligned

3
@ = o

T,@aﬂnauﬁmﬁna@gﬂmuﬂ%ﬁ’]Lmumawamai‘ auﬂw’fmﬁﬁqmauﬁama

] (=3 L) ks ar g: =3 C; ar “n J ar ~ v ks
LL&IL%RﬂLLUUiML"EGLE‘I% @]G%%ﬁdLﬂ@]ﬂi’]ﬂ{]ﬂ’]if&aNﬂ'}Lﬂ@]"llu ma:mu”lmnmaumﬂw

magnetizing @IMWH 2.7 Tasuniivadlaneas w aligned LA WAL TULUER

AU LI Unaligned
b dumibafiunuasInasEieinvasliaas (interpolar Axis) 8g@sINLTIVE

ALALADTUDILWNEN 1 é’agﬂﬁ 2.10

gﬂﬁ 2.8 ¥ALABIUUY 12/8 Nd WIS Unaligned



aligned

unaligned
Inductance Profile

]

ARNIMTHY U

| l l Phase current

+
' I Torque Production

Eﬂﬁ 2.9 waasnTHaraNuisntiuazussbaatlawnszuaitnuaaana

Wallaunszuainluluaarevaavadt 1 LLNﬁ@ﬁLﬁ@“ﬁu%:ﬁﬁ’lLﬁﬂﬁﬂﬂug el
Li‘jaaawﬁuiimaﬁﬂsmﬁﬂﬁaUwujﬂima%uﬂgauﬁ%yuaanmmﬁ%mﬂoﬁ uazlinga
fighumile aligned @atin 99 unaligned aziffugaauqauuulaifiafiosniw (Unstable
Equilibrium)

mngﬂ‘ﬁl 2.8 Wuin ﬂ'ﬂmmﬂ%\mao"ﬁaammﬂﬁmmﬂﬁq@ Fariudaenlien
%ﬁmmwfﬁmgpqﬂ LLa:ﬁﬂﬁ@hmmmﬁmﬁwamaﬁm‘ﬁﬁq@ﬁas fauwgunTw
magnetizing %zagﬂm‘i%mﬂaﬁogﬂﬁ 27 auinldn o dumssiiidwnsm magnetizing
azfuduasuaz lidsingmsuanfiatu \lasnnaianuauduastasannedisn

VINANVDILNUVDLADTUIN AIURAILWIUNTN 2.12

1
L=N"(—m—— .
(sn e ) (2.12)

core gap

~ A a Ada X ~ o '
JUNIN 2.13 LLﬁ\'ﬂ\jﬂ\jLLiGU@YILﬂ@mu“ﬂa@Lwa&L@LWﬁ'ﬁud 313 @]’]Llﬁu\jmadiiLﬂaﬂ@"—]

[8W';] :
T=|—— i = constant (2.13)
o6

\Wa W' @8 coenergy TiznunInsuImslaanivuinlaniwuas magnetizing o4 FuAN

lateatlagasusaslusunisi 2.14
W= [Adi (2.14)
0

lagAufinilonTwiudanfe stored field energy , W, dauaaslunni 2.10
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W,

v

1

3111 2.10 UEAIFTWAINUBZFULAT Co-energy

MNEUNIIA 2.13 Uaz 2.14 L3E30831U1837 instantaneous torque Malagns
lFnwdl 2.1 Hmualvamesiedenfisndunis 0 lddumis 6, lavfinseuad
Tnaluasofienadd  luwmsiinuaiaeiazdnsuanaswnasnuiuunssinsuasiing
Lﬂﬁyuuﬂawaaﬁ% stored field energy LAZ coennergy LA instantaneous torque 14130
fuanldamnnmdisuulasmes coenergy AW, wazmaAsuudasduntiadiunia
woalsiaes 9 A wasnuitlasuietuundsinede

AW, = ABCD (2.15)

malAsuulasnas coenergy sansanaduelansd
AW, = OBC — 04D (2.16)

FarmnstAsuulasmas coenergy dalapnliiflunwaseuna de
AW, = AW, — AW, 2.17)
= ABCD —(OBC — 04D)
— (ABCD + 0AD) — OBC
=0A4AD

AW L TIWA TN UTNIRUAN LATUNUARITE Taileidasnlyidlunasinuna

NIRUA mqdmgmﬁu"[’ﬂugﬂmammm&imﬁﬂ
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31U 2.11 usaInLAsuuLlasved Co-energy
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ama::m%UMW%@M%&VLﬁﬁﬂE:LLaﬂS:@j"uazﬂummcﬂa'ﬁf uefMIgLFIMILILAANGdB DN
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ANuTouuuLbINg Lﬁaamnvlliﬁmm;g‘mﬁzmmaammﬂ uenITWRIBIALLLANULTY
dfimusnwinaseywmaid udianudiiuteninanasundinunusa

Warwdauuuanuiigans sanTowidiuiuuueiasT wiassuuAuWAIwLuLad gl
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MITNwBaI9aTERnInwLaan tétlu 3 nydl

nso 1 e &Nt Q1 ua: Q2 ﬁa@; ON USIauaNATaNTARIAILIANTINAY
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317 2.16 lasaainsnugIuved SRG

2.4 nnufrasaintianuandidovmerinduiluiaiosiuiialdih

ANUFINTOVBIFINTIANUAUTLIDIUBLTLABS (SRG) fuﬁadwgammﬁmmmﬂ
anunTalsansmulunsudawasas enusansanasrnwldlursanudiinis
uazaruquldirelidudou lapundudy lassatives SRG axls=navludrsinfuses
Hedefide Ismaiimaians LLa:ﬁTsma‘i{ﬁf’uﬁlzvl,;ifmamﬂﬁaLLaJ'mﬁnmﬁa@éizaaguj AN
Amanafimsimyinsesalifiseu giaiudindsutusswinavs

m3tues SRG inudldtin 2 dm (excitation NU generation) Tunit e
malwih Taslusmefinmads generation L g undnuazaing S1 uaz S2 L"ﬂﬂagﬁ?u
mm@ﬁamma%ﬂﬁ’fvmmsx@ummofﬂiﬁnnmwanwﬁamﬂﬂﬂﬂLLazwé”Nmna ot
Qﬂﬁhﬂﬁ’l@mmdaﬁhsjmzluangﬂLLﬂaﬂﬁL‘ﬂuwéﬁmuauﬂmmmﬁn ez ifoaangig
saseainlafassuaslalaaldisuriemu WAINUFMUULATNUATHAIUN AN A
Tuilu wasnulwihdenavldfundsirenislnaawzhomaut@lumsldiog
Fauriulums excitation Mldnisaiuauves SRG Tanubangugs uaziladoiniainalu
N1IAILAN SRG NilTH yuIATUIN, NIUENTXGL wazifmIeuqu Fomaniidn

LRILA UNARBNITRI WA I W N 989
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gﬂﬁ 2.17 1WITARINTALADIUUY 4 \WF

199s5uadanly SRG
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S5 2 euazlalaa 2 61 de 1 LWaﬁaLLa@alugﬂ‘?‘i 217 LLR:Eﬂ‘ﬁ 2.18 UROSADNUE
rarsasneulniaimed  asdad st ouaz s2  vhnulwieslewSendeglugag
excitation usztiagIng S1 uaz 2 nuluandaszaglugie generating Faamuang
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Flux

Energy used for
excitation

A

Magnetic field to be
transfered into electric power

current A

51 2.19 ATLladwasnlnuaLaaSEINTIaNLAKS

gﬂﬁ 219 fugalARBATINNTUURIWAI LY SRG (Hanui A waadne
WAINU excitation fianInalBluvmzfitiin generator uazWuil B UaAITIWAINUNDN

wilsaundsoulwiuiiedninagnldlugiue generator
G'fiai»j"mﬂﬁhmzmnwﬁwmgﬂa%ﬂaaanmﬁuwéﬁmu Excitation 32tIua M Aue

ansnafimanzaufazilu motor %3a generator INNNINAK

<1 FnInasinanuladdszintmwuaniniavinauils motor

>1 dnsnasinuladusz@ninwaniuliavinaiin generator
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uUnn 3
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3.1 Flowchart ugasn13vinguaaslidsunsa
ﬂwsﬂaUqwﬁ1ﬁ§1ﬂ§ﬂﬂwsﬁwawuﬁLﬂuwatﬂa%T@uniuﬁﬂwsﬂaquﬂszuarﬁal%
USuanuiimasnaiae fdsmalsudyanmaeniuntudilinademmins  Taans
Janszumiulfaeadianifinduds Feedback Fnanmnavlufidlulasnaulnsaeds
1% Dspic30:2010 1w CPunaumazdsdyam PWM lagld 1R2110 Tunisduriaufie:
#9rW99IEINTBauaz 1Ny Current sensor 8na%d daulumsduimanainiuels

A A o o & o o o
Encoder Gi@anuelyalaassona iy CPU twaltluni1sdiwio

et
Initial Py
¥

Set ADC
Configuration

gﬂﬁ 3.1 Flowchart n13USunIsuaualysinsy
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| 35V
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osp |PWM[ APC
302010 >
A
VDC i

3171 3.2 uaa9 Diagram V89 SRG

o I'd H [=f
3.2 Diagram MM waadnataassannlasiiln Generator

A 3.2 ninhuaiaeidudureduinfoudidawdsnunaantl SRG daaz

'
A o

ﬁﬂﬁl,mumgu LAz TasuInIalaa SasiminAlwm A WA MR s e
o v A t = ! = lﬁ' ] =% ! Q kX - K%
mlrAasmiundmdn Wi wesianumbsiinfedw  Mlrlawasanw Wil
¢ g tdl q/td“/ 1 tdldd Q- ] (=) k7 Q- lﬁl - A‘ !

AANUNTIWAINWA AT §IABNINNGD LI Farn AL TIAWNTRUA NI DT WULASEINN T
iludulvaald &un Supply BuazviniiifAse Wilanszusaaadldanfiindivue
WazN136@ Diode MAtRailasnun T IARIBUNaLVINTZUE T9a13% W Supply Liaanu
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LHonIa e
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1
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1
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nisoanuuuldsunsuludrwaie g

AP At fe_dnglex0iias{e Angle<30) )/ /Fen
if{ {e Angle~Z3D)asiie Angle<25l) }//motor

{
MOUT {= Phasel.//GEN
PUMCON1bits. PEN1H=1;//PWHzH nin is enabkled for PWHM output
PUMCON1bhits_ PENZH=U;//PUWMxH pin is enablsed for PIM output
PUWMCOMlbits. PEN3H=0; //FPMxH pin is enabled for FIM output
Iy PWHCOMN1kits . FEN1L=0;//PUHMzH pin is enabled for PUH output
7 PUMCON1lbits . PEHZL=1://PEMxH pin is ensebled for PUWH cutput
2 FUHCON1bitcs. PEN3L=0; /FMxH pin i=s =znabled for FWH output

A 1f( {e_Anglerll2isd (e _ingle<l51ly )/ /gen

if {{e Angle>3&0:[!li{e Angle<llli}//motor
i
HOUT |= PhaseZ:/ /GEN
PWHCOMN1bits. PEN1H=G; //PWHxH pin is enabled for PWH ocutput
PWHCOMN1bits. PENZH=1;//PWMxH pin is enabled for FWM output
PWHMCON1bits. PEN3H=0,;//PUHxH pin is =nsbled for FIM output
i7 PUMCONlLics. FEN1IL=G; //PWHxH pin is enabled for PVM outputc
¢ PHECCH1bits. PENZL=0; //PWHxH pin is enabled for PWH cutput
N FWMCON1bic=s. PEN3L=1;//FPHXH pin is =snahkled for FEM output
}

gﬂﬁ 3.4 WLRAILNIRIBLDI main.c

3.3 mTaanttll Program

nIvaniuy Program 'ifuﬁmﬁu‘ﬁ'mﬂ,ﬁi@iwwgmmuﬁﬂﬂnum:ﬁmu@mwﬁﬁaamﬁh
azvinuliu generator 138 motor @Tﬂﬁlugﬂﬁ 3.4 GyezfuieRleuan Encoder i
azgnduiazi g mydsdanaiiFludu IR2110 wazPWM ﬁaaﬂmfﬁ"ﬁ’lumimqu
ladndefitunan1and19n Encoder LTUNUHENNNANTAILANNNIATUIBUA
Main.c siTomuqmm“?i"L@Tmn ADC @andsdnfigaun ADC ﬁ]xLﬂunﬁmuqmimaﬁmm
970 Current sensor Snsalasdasfuimdrininiiinassmansala ﬁagﬂﬁ 3.5

wasnntuwl agalwyaleasvwaalUsunsunazaasiruaal ADC

7
v

fread conmand frow ALC of VE
= P_dinput A

238 ;

if/Control Inpucs>
1ifiContrel Input<5iie; Control Input=5%6

Control Inputs=

Sy on
I

:n.

3111 3.5 Myfimuadl ADC



PrintChari{® *:; PrintChar{ " };: PrintChar{‘=":; PrintIntToStr {Control Impuc; .

féControl ourrent feedback frowm AL sansoar
.

PrincString{" P1"_a&:;

if {ACS_A<Control_Inpuc:

{
PDCl4=2; s/ OnleFA=I00%
PrintChari'+°3;

i

if{ACS_A>Control_ TInput!

{
JE{PDCl} PDCLl-=3: 4 Oz16Fi=10G%
PrintChari{‘~'1;

}

PrintString(" P2" 4:;

if{ACS B<Control_Input:

{
PDC2+4=%; SAAOXNEBE: S/
PrintChar{ '+ 3 ;

}

if{ACS BrControl_ Input:}

i
ifiPDC2;PDC2-=3¢ s SSGROEER S
PrincChar{ ~ 1;

517 3.6 m33y ADC Avale

24

PrintChar

FdaImsasfiuitgnuataasisvinunlalutig 0.8 A ©19 2.5 A Aalsazildl ADC

Jaldlutiy 536 — 640 ehu‘l,ugﬂﬁ 3.6 ugalitiudl ADC Maldlasazsudld

s RUa NIt Lea 1Y SaaunInlsuan Reference I@yﬁmﬁmmﬂfngmmm

aanumMIninaanauiiees lasrnu Hyper Terminal wananingsdniunidsaiion

fmnuarad  Encoder 693Ut 3.7 Faaziwinanf lavuaaain 3o gunu

1w yuninanaluzdfiiufis ENCODER uazyumalWiilusifa e angle diadil

ANMULRIN Y AURNTIOUZYY Encoder swrauadlulisunsy Encoder #ildfianu

az19ua 360 pulse fasay

unsigned int EHNCODER P

unsigned int e_hngle
void chk ENCivoid:

unsigned int 1i,3;
unsigned long long buf;

if:{POSCHT==ENCODER: returm;

F4Far 380 pulse ancodar

ENCODRER = POSCHT -
i ENCODER ;

31 3.7 ugaIMIAUIAAIIDY Encoder
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1". fEEXET A A LT LTI AT ET AL XA XA T T LI TRE AR LT X
i

ffInitial Potor position to Phase 1

PORTE = Phasel ;A Phase 1 on
Tl _start {T500nS} H
while{!Tl_over{}: ;

PORTE = Phase? ;//Phase 1 on
Tl start {T500m3; ;
vwhile{!Tl over{}: ;

PORTE = Phase?2 ;//Phase 1 on

PORTE = Phase3 [//Phrase 1 on

Tl _start {T500m5) ;
while {ITl overi{}! ;

FORTE = Phasel ;/f/Phas= 1 on
Tl start{T1S} :
while{!Tl owver{j:} z

Eﬂ‘ﬁ 3.8 LLEAINIT initial #1 Encoder

riaunwsﬁmﬁnmmaaIﬂiLanfunnmu@Tmﬁmi initial A1SuRuRanFUDaIIN
Eﬂﬁ 3.8 AUAAIANT initial fNUBY Encoder LABWIGIUMUITAILNE A B Uz C LEWADINY
fudr PWM Adasiimsswuaslinanuduiafiessinsoasldanufisdasng
wanniumSsuilufidesdimsuuenisiinuues  port ﬁalugﬂﬁ 3.9 uns
fwuaduad port E ariualwiilu output flezdsdynno PWM 11nane DSPic
UANNMTEMUA port udndisuiunasdasiinisldWeriou timer Whangnelung
¥aueas izt timer aziusataslumsdasaumaieusasldsunsuldnoie
Boiu arfigu magslissdyna Commutation aanan 3 Judisalysunsuladuiud
aaisa 3 SwfitsazziunsaduiunmsludiudalUle wdldsunsuazaansarinnule
wolasdn 3 IwfilanduainaasauenugneasUaIFygNas Commutation Snaty @

WHuNIIRaIAINITLITINWaL9NIN

TRISDbit=. TRISDO = ) Fizen DD is ourpun: LED
PORTIDbits. RDO = s ;S SLED-0E
TRISDbits. TRISD1 = i ;i7set BDL ig inpaac: Diraction, Tshackwsrd  l=forwsrd

Jftuanput concryal

TRISEbits. TRISED = Q
TRISEbics. TRISEZ = ]
TRISEbits. TRISE4 = b

BEZ iz ounput: ¢
RES is ocutpuan: o
I oouLpun:

S70utpur contrel
TRISEbits. TRISEL = i
TRISEbits. TRISES = {
TRISEbits .  TRIZES

3 ods ourput: oo

IS cutput o

E< ig cutpuc: oo

311 3.9 UEAINIIFINTT port IAYImINTLEn output
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Main program.
*/
#include "p30f2010.h"

#include "common.h"

44

_FOSC(CSW_FSCM_OFF & XT_PLL16); //Run this project using an external crystal

/Irouted via the PLL in 16x multiplier mode
/IFor the 7.3728 MHz crystal we will derive a
{Ithroughput of 7.3728e+6*16/4 = 29.4 MIPS(Fcy)

/1,~33.9 nanoseconds instruction cycle time(Tcy).

_FWDT(WDT_OFF);

_FBORPOR(MCLR_EN & PWRT_OFF);

l/power-up timers.

_FGS(CODE_PROT_OFF);

#define enaREOX2a

llfor NO PWM

#define Phase1 0x03
f#define Phase2 0x0c
#define Phase3 0x30

unsigned char FirstStart;

ITADC results value

extern unsigned int VR _input ;
extern unsigned int ACS_A;
extern unsigned int ACS_B ;
extern unsigned int ACS_C;
llEncoder results

extern unsigned int

e _Angle

{[Turn off the Watch-Dog Timer.
//Enable MCLR reset pin and turn off the

/IDisable Code Protection
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unsigned int Speed ;

unsigned int ofA;
unsigned int ofB ;

unsigned int ofC ;

unsigned int Control_Input ;

unsigned int NowSpeed ;

void ControlByVR(void) /I function of Vr input and PWM
{

unsigned long j ;

/1. read command from ADC of VR

j = VR_input ;

j = j*DUTY30 ;

j =jl1023 ;

if(>DUTY30) j=DUTY30 ;/limit duty cycle to 30% maximum

Control_Input=j;

Il

PrintChar(*); PrintChar('D’); PrintChar('=");
PrintIntToStr(Control_Input); PrintChar(’;');

/2. Set PWM dutycycle

PDC1= Control_Input ;/IPWM duty cycle of
Channel-1(A)

PDC2= Control_Input ;/IPWM duty cycle of
Channel-2(B)

PDC3= Control_Input ;/IPWM duty cycle of
Channel-3(C)

[IShow resuits
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PrintChar(’ );PrintChar(’ ');PrintChar(’;’);

PrintChar(‘A’); PrintintToStr(ACS_A );PrintChar(’ *);PrintChar(’;'); //show
current flow of phase A

PrintChar('B');PrintintToStr(ACS_B );PrintChar(" °);PrintChar(’;"); //show
current flow of phase B

PrintChar('C’);PrintintToStr(ACS_C );PrintChar(’;’);

llshow current flow of phase C

NextLine();

/I function of ACS input and round speed

lluse ACS current sensor feedback to CPU , try to regulate the current
void ControlByCurrent(void)

{

unsigned long j ;

llread command from ADC of VR

j = VR _input g
i = j*640 ;
j=j/1023;

J=i+536;

Control_Input =j;

if(Control_Input>640) Control_Input=640  ;//2.5A

if(Control_Input<536) Control_Input=536 ;//0.8A

PrintChar('R’); PrintChar('="); PrintintToStr(NowSpeed);  PrintChar(;');

/II* if generator version, comment this section



PrintChar(’ *); PrintChar('D’); PrintChar('=');
PrintintToStr(Control_Input); PrintChar(’;’);

/IControl current , feedback from ACS sensor

PrintString(" P1",4);
if(ACS_A<Control_Input)

{
PDC1+=2;
PrintChar('+');
}
if(ACS_A>Control_Input)
{
if(PDC1) PDC1-=3;
PrintChar('-’);
}

PrintString(" P2",4);
if(ACS_B<Control_Input)

{
PDC2+=2;
PrintChar('+');
}
if(ACS_B>Control_Input)
{
if(PDC2)PDC2-=3;
PrintChar('-');
}

PrintString(" P3".4);
if(ACS_C<Control_Input)

{
PDC3+=2;

47

;/1 Ox16FA=100%

1 0x16FA=100%

;/I0x05BE;//

;/I0x05BE;//

;/I0x05BE;//
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PrintChar('+');
}
if(ACS_C>Control_Input)
{
if(PDC3)PDC3-=3; ;/10x05BE;//
PrintChar(’-');
}
if(PDC1>DUTY40) PDCt1 = DUTY40 ;11 0x16FA=100%
if(PDC2>DUTY40) PDC2 = DUTY40 11 0Ox16FA=100%
if(PDC3>DUTY40) PDC3 = DUTY40 ;11 0x16FA=100%

i

//IShow results

PrintChar(* );PrintChar(’ °);PrintChar(’;’);

PrintChar('A’); PrintintToStr(ACS_A );PrintChar(’ *);PrintChar(’;"); //show
current flow of phase A

PrintChar('B’); PrintintToStr(ACS_B );PrintChar(" );PrintChar(’;’); //show
current flow of phase B

PrintChar('C’); PrintIntToStr(ACS_C );PrintChar(’;’);

lIshow current flow of phase C

NextLine();

void ControlByRound(void) // function of Vr input and round speed

{

unsigned long j ;
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/Iread command from ADC of VR

j VR input ;

i j*500 ;/l max ADC value = 500rpm
Control_Input =j/1023 ;

if(Control_Input>500) Control_Input=500 ;

PrintChar('R’); PrintChar('="); PrintintToStr(NowSpeed);  PrintChar(’;');
PrintChar('); PrintChar('D'); PrintChar('=");
PrintintToStr(Control_Input); PrintChar(’;’);

/IControl speed , feedback from ENCODER

if(NowSpeed<Control_Input)

{
PDC1+=3; ;
PDC2+=3; ;
PDC3+=3;
PrintChar('+');
}
else
{
if(PDC1) PDC1-=5; :
if(PDC2) PDC2-=5; ;
if(PDC3) PDC3-=5;
PrintChar(’-');
}
if(PDC1>DUTY30) PDC1 = DUTY30 ;11 0x16FA=100%
if(PDC2>DUTY30) PDC2 = DUTY30 1 0x16FA=100%
if(PDC3>DUTY30) PDC3 = DUTY30 ;11 0Ox16FA=100%

/[IShow results

PrintChar(’ '};PrintChar(' ');PrintChar(’;");
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PrintChar('A’); PrintintToStr(ACS_A );PrintChar(’ ');PrintChar(’;'); //show
current flow of phase A

PrintChar('B’);PrintintToStr(ACS_B );PrintChar(’ '); PrintChar(';'); //show
current flow of phase B

PrintChar('C’); PrintintToStr(ACS_C );PrintChar(';');

lishow current flow of phase C

NextLine();

void main(void)

{
unsigned long j ;
unsigned char i ;
unsigned char MOUT ;
unsigned char main_step ;
unsigned char roundC ;

unsigned char FORWARD ;

for(i=0;i<255;i++);

TRISDbits. TRISDO = 0 ;//iset RDO is output: LED

PORTDbits.RD0O = 0 ;/ILED-off

TRISDbits.TRISD1 = 1 ;//set RD1 is input: Direction,
0=backward 1=forward

/IOutput control

TRISEDbits.TRISEO = 0 ;/Iset RE3 is output: commutation
Phase 1

TRISEDbits. TRISE2 = 0 ;//set RES is output: commutation

Phase 2



TRISEDbits.TRISE4 = 0 ;/Iset RE4 is output: commutation

Phase 3

//Output control

TRISEDbits.TRISE1 = 0 ;/Iset RE3 is output: commutation
Phase 1H

TRISEbits.TRISE3 = 0 ;/Iset RES is output: commutation
Phase 2H

TRISEDbits. TRISES = 0 ;/Iset RE4 is output: commutation
Phase 3H

Init_Timer1() ;
InitUARTY() ;

initPWM() ;

FirstStart=1;

ADC_Init() ;
/iwhile(1)
1

T1_start(T1S) ;

FirstStart=1;
while(!T1_over()) ;

NextLine();
NextLine();

PrintString("Initial ADC ",12);

PrintChar('A’);PrintintToStr(ACS_A );PrintChar(’ *);PrintChar(’;’); //show
current flow of phase A

PrintChar('B’);PrintintToStr(ACS_B );PrintChar(’ *);PrintChar(’;"); //show
current flow of phase B

PrintChar('C’); PrintintToStr(ACS_C );PrintChar(’;’);

llshow current flow of phase C



I}

NextLine();
NextLine();

ofA = ACS_A-536;
ofB = ACS_B-536;

ofC = ACS_C-536;

FirstStart=0;

1) ENCODER_Test() ;I when want to test the encoder and read

motor angle.

PrintString("---------------- ".16);
NextLine();

PrintString("MOTOR Controller”,16);

NextLine();
PrintString("START",5);
NextLine();
PrintString("---------------- ",16);
NextLine();

/l***************************************

/linitial Rotor position to Phase 1

PORTE = Phase1 ;//IPhase 1 on
T1_start(T500mS) ;
while(!T1_over()) ;
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1

PORTE = Phase2
T1_start(T500mS)
while(IT1_over())

PORTE = Phase2

PORTE = Phase3
T1_start(T500mS)
while(!T1_over())

PORTE = Phase1
T1_start(T1S)
while(!T1_over())

llinitial Encodr

;//IPhase 1 on

;//[Phase 1 on

;/IPhase 1 on

3

;//IPhase 1 on

initENCODER();//initial encoder

flag_firstRun=1;

ENCODER=0;

POSCNT=0;
e_Angle=0;
A_Pulse

if(PORTBbits.RB4==0) A_Pulse=0;

= 1

Il

T1_start(T1S)
while(IT1_over())
PORTE=0;//

k4

//******************H******************‘k

T1_start(T1S);
while(!T1_over())

7
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T1_start(T250mS);

/ICheck direction from on board jumper
FORWARD=1;
if(PORTDbits.RD1==0) FORWARD-=0;

roundC=0;
NowSpeed=0;
T2_start(10);

T1_start(T1S) ;

while(1)
{
/1. Check Speed (rpm) , kept dif of angle every 20mS and
calculate | '
if(T2_over())
{
T2_start(10);//20mS timer

if(POSCNT == Speed) NowSpeed=0;
if(POSCNT > Speed) NowSpeed = POSCNT - Speed;
if(POSCNT < Speed)
{
NowSpeed = 720-Speed;
NowSpeed=NowSpeed+POSCNT;
}
j=NowSpeed;
j=i*3000;
i=il720;
NowSpeed=j;
Speed=POSCNT;

54
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/12. Control scheme
if(T1_over())
{
T1_start(T250mS) ;

roundC++;

if(roundC>4)//every 1 second
{

roundC=0;

112.1 Select control law

l/ControlByVR() ; i

Open loop control,

ControlByCurrent() ; Il Close loop

control, feedback by current sensor
i ControlByRound() ; I Close loop

control, feedback by round speed measurement from encoder

}
YA

/13. Encoder check
chk_ENC();

/14. Phase control
MOUT=0;
if(FORWARD)

{
/IFORWARD NEW

I if( (e_Angle>0)&8&(e_Angle<30) )//Gen
if( (e_Angle>230)&&(e_Angle<351) )/imotor
{



1
1l
il

1
1
1

1
1
1

MOUT |= Phase1;//GEN

PWMCON1bits.PEN1H=1;//PWNxH pin is enabled for PWM output
PWMCON1bits.PEN2H=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN3H=0;//PWMxH pin is enabled for PWM output
PWMCON1Dbits.PEN1L=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN2L=1;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN3L=0;/PWMxH pin is enabled for PWM output

}

i if( (e_Angle>119)&&(e_Angle<151) )//gen

if ((e_Angle>350){{(e_Angle<111))//motor

{

MOUT |= Phase2;//GEN
PWMCON1bits. PEN1H=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN2H=1;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN3H=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN1L=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN2L=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN3L=1;//PWNxH pin is enabled for PWM output

}

7 if( (e_Angle>239)&&(e_Angle<271)) /lgen
if( (e_Angle>110)&&(e_Angle<231) ) //motor

{

MOUT |= Phase3;//GEN

PWMCON1bits.PEN1H=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN2H=0;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN3H=1;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN1L=1;//PWMxH pin is enabled for PWM output
PWMCON1bits.PEN2L=0;//PWMxH pin is enabled for PWM output
PWMCON1bits, PEN3L=0;//PWMxH pin is enabled for PWM output

56



else

{
IIBACKWARD NEW

if(e_Angle<11)
MOUT |= Phase3;//0-10
if( (e_Angle>10)&&(e_Angle<111) ) MOUT |= Phase1;//11-110

if( (e_Angle>110)&&(e_Angle<231) ) MOUT |= Phase2;//111-230

if( (e_Angle>230)&&(e_Angle<361) ) MOUT |= Phase3:// 231-360

}

PORTE = MOUT;
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Data Sheet No. PLEIAT Rev T

International
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MUR1510, MUR1515,
MUR1520, MUR1540,
MUR1560

Preferred Devices

SWITCHMODE™
Power Rectifiers

.. . designed for use mn switching power supplies, inverters and as
free wheeling diodes, these state—of—the—ant devices have the
following features:

# Ultrafast 35 and 60 Nanosecond Recovery Time

& 175°C Operating Junction Temperature

® DPopular TO—220 Package

® High Voltage Capability to 600 Volis

® Low Forward Drop

» Low Leakage Specified 4 130°C Case Temperature

¢ Current Derating Specified (@ Both Case and Ambient Temperatures
Mechanical Characteristics:

e Case: Epoxy, Molded

e Weight: 1.9 grams (approximately)

® Fimsh: All External Suifaces Comroston Resistant and Terminal

Leads are Readily Solderable
¢ [ .cad Temperature for Soldenng Purposes: 260°C Max. for

10 Seconds
#» Shipped 50 untes per plastic tube
& Marking: U1510, U1513. U1520. U1340, U1560

MAXIMUM RATINGS
Please See the Table on the Following Page

ON Semiconductor™

http:/fonsemi.com

ULTRAFAST

RECTIFIERS

15 AMPERES
100-600 VOLTS

{ O—

e

MARKING DIAGRAM
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TO-220AC 15xx = Device Code
CASE 2218 xx =10, 15, 20,
PLASTIC 40 or 60

ORDERING INFORMATION

Device Package Shipping
MUR1510 TO-220 50 Units/Rail
MUR1515 T0-220 50 Units/Rail
MUR1520 T0-220 50 Units/Rail
MUR1540 TO0-220 50 Units/Raif
MUR1560 TO-22G 50 Units/Ratl

Preferred devices are recommendad choites for future use
and besat overall value.
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 KVRMS Voltage Isolation and a Low-Resistance Current Conductor

Features and Benefits

Low-nosse analog signal pata

Device bandwidth is set via the new FILTER pin

3 ps output rise time in response to step ityput current

50 kHz bandwidth

Totat output eror 1.3% at Ty= 23°C, and 4% a1 —0°C 10 §3°C
Smali footprint, low-profile SOICS package

1.2 m$ internal conductor resistance

2.1 kW 45 miniman isolation voltage fiom pins 1-4 fo pins 5-8
. single supply operation

66 10 185 mV/A ocutput sensithvity

Cutput voliage proportional to AC or DC awrrents
Factory-trinmned for accuracy

Extremely stabte outpun offset voliage

Nearty zero magnetic hysteresis

Ratrometric ontput from supply voltage

Package: 8 pin SOIC {suffix LC)

Approxitaate Scale 1:1 ﬂ

Description

The Allegro® ACS712 provides economical and precise
solutions for AC or DC current sensing nindustrnial. automotive,
commercial. and commumications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detectionand
‘management, switched-mode power supplies, and overcurrent
fault protection.

The device consists of a precise, low-offset, hnear Hall
sensor circuut with a copper conduction path located near the
surface of the die. Applied current flowing through this copper
conduction path generates a magnetic field which is sensed
by the integrated Hall IC and converted mto a proportional
voltage. Device accuracy is optimzed through the close
proximufy of the magnetic signal to the Hall transducer. A
precise, proportional voltage 15 provided by the low-offser.
chopper-stabilized BiCMOS Hall IC. which 15 programmed
for accuracy after packaging.

The output of the device has a positive slope (Vo)
when an increasing current flows through the pranary copper
conduction path {from pms 1 and 2_ to pins 3 and 4). which
15 the path used for current sensing. The internal resistance of
this conductive path 15 1.2 mQ typical, providing low power

Continued on the nex: page...

Typical Application
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Applicstion 1. The ACST12 outputs an anafog signal, Ve .
that varies finearly with the uni- or bi-directional AC or DC
primary sensed current, i, within the range specified. C¢

is recommended fos

depend on the appication.

oise rmanagement, with values that
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor with
2.1 KVRMS Voltage Isolation and a Low-Resistance Current Conductor

Characteristic Performance
b = WA, Sens = 66 mV/A unless otherwise spacified

Mean Supply Current versus Ambient Temperature
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MICROCHIP

dsPIC30F2010

28-Pin dsPIC30F2010 Enhanced Flash
16-Bit Digital Signal Controller

High-Perfermance Modified RiISC CPU:

Modified Harvard architecture
C compiler optimized instruction set architecture
83 base instructions with flexibie addressing
modes
= 24-bit wide instructions, 16-bit wide data path
- 12 Kbytes on-chip Flash program space
- 512 bytes on-chip data RAM
+ 1 Kbyle nonvolatile data EEPROM
- 16 x 16-bit working register array
- Up to 30 diPs operation:
- DCto 46 MHz external clock input
- 4 MHZz-10 MHz oscifiator input with
PLL active (4x, 8x, 16x)
27 interrupt sources
Three externat interrupt sources
§ user-selectable priofly levels for each interupl
- 4 processor exceptions and software fraps

.

.

DSP Engine Features:

- Modulo and Bil-Reversed modes

- Two 40-bit wide accumutators with optional
saturation logic

- 17-bit x 17-bit single-cycie hardware fractional/
integer muitiplier

- Singte-cycle Multiply-Accumuiate (MAC)H
operation

- 40-stage Barrei Shifter

- Duai data fetch

Peripherai Features:

.

High current sinkisource /O pins: 25 mA25 mA
Three 16-bit timersicounters; optionatly pair up
16-bit imers into 32-bit timer modules

Four 16-bit caplure input functions

Two 16-bit compare/PWi output functions

- Dual Compare mode available

3-wire SPI moduies {supports 4 Frame modes)
FPC™ module supports Multi-Master/Slave mode
and 7-bil/10-bit addressing

Addressable UART modules with FIFO buffers

v

.

Motor Control PWM Module Features:

- & PWR cutput channels

- Complementary or independent Oulput
modes

- Edge and Center-aAligned modes
- 4 duty cycle generators
- Dedicated time base with 4 modes
- Programmable output polarty
- Dead-time confrol for Complementary mode
- Rianual output control
- Trigger for synchronized A/D conversions

Quadrature Encoder Interface Moduie
Features:

» Phase A, Phase B and index Pulse input

- 16-bit up/down position counter

- Count direction status

Position fdeasurement {xZ and x4) mode
Programmabile digital noise filters on inputs
Alternate 16-bit Timer/Counter niode

interrupt on posttion counler roiovertunderflow

.

.

]

Analog Features:

- 10-bit Analog-to-Digital Converter (ADC) with:
- 1 dsps {for 1D-bit A/Dy conversion rate
- Six input channels
- Conversion available during Sieep and idie
- Programmable Brown-cut Reset



dsPIC30F2010
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Pin Diagrams

28-Pin SDIP and SOIC
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dsPIC30F2010

Table 1-1 provides a brief description of device KO
pinouts and the functions that may be mutlipiexed to a
port pin. Multiple funclions may exist on one port pin.
Wwhen multiplexing occurs, the peripherat medule’s
functional requirements may force an override of the
data direction of the port pin.

TABLE 1-1: PINOUT HO DESCRIPTIONS
. Pin Buffer .
Pin Name Description
Type | Type P
AND-ANS H Analog [Analog input channeis.
AVDD P P Positive supply for analog module.
AVss P P Ground reference for anatog module.
CLKi i ST/CrOS External clock source inpul. Always associated with GSC1 pin function.
CLKO 0 — Oscillator crystal output. Connects to crystal or resonater in Crystal
Oscillator mode. Optionalty functions as CLKO in RC and EC modes. Always
associated with CSC2 pin function.
CNO-CN7 i ST input change notification inpuis.
Can be software programmed for internal weak pull-ups on all inputs.
EMUD 1O ST ICD Primary Cemmunication Channel data inputioutput pin.
EMUC 10 87 ICD Primary Communication Channe! clock inputfoutput pin.
ErMUB1 Hie) ST 1CD Secondary Communication Channe! data inputfoutput pin.
EMUCT #O ST ICD Secondary Communication Channei clock input/output pin.
EMUD2 e ST 1CD Tertiary Communication Channef data input/output pin.
ErUC2 e} ST ICD Teriary Communication Channet ciack inputoutput pin.
EMUD3 Yo ST 1ICD Cuaternary Communication Channel! data inpuf/output pin.
EMUC3 0 ST ICD Quaternary Communication Channel clock inputioutput pin.
IC1, K32, iC7, i ST Capture inputs. The dsPiCA0F2010 has 4 capiure inputs. The inputs are
10%] numbered for consistency with the inputs on jarger device vanants.
INDX i ST Quadrature Encoder index Puise input.
QEA i ST Quadrature Encoder Phase A input in QE| mode.
Auxiliary Timer External Clock/Gate input in Timer mode.
QEB i ST Quadrature Encoder Phase A input in QEl mode.
Auxiliary Timer External Clocki/Gate input in Timer mode.
INTO i ST External interrupt 6
INT1 i ST Extemnal intercupt 1
INT2 { ST External interrupt 2
FLTA { ST PWM Fauit A input
PWMI1IL ) — PWhi 1 Low output
PwidtH 0 — PWM 1 High output
PWM2L O — PWM 2 Low output
Pywii2H ¢} — PWH 2 High output
PWM3L Q — PWM 3 Low oufput
PWI3H O — PWM 3 High output
MCLR P ST Master Clear (Reset) input or programming voltage input. This pin is an active-
fow Reset to the device.
OCFA i ST Compare Faull A input (for Compare channels 1, 2. 3 and 4).
0C1-0C2 ¢} — Compare outpuls.
OSCt i ST/CMOS [Oscilfator crystal input. ST buifer when configured in RC mode; ChMOS
olherwise.
08C2 10 — Oscillator crystat output. Connects to crystal or resonator in Crystat Oscillator
mode._ Optionally functions as CLKO in RC and EC modes.
Legend: CMOS = CHOS compatible input or output ‘Anatog = Analog input
ST = Schmiti Trigger inpui with CMOS levels O = Output
i = input P = Power
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184, 4008, 0.550 Ohsm, M-Channef Power
BMOSFET

This N-Channa! anhancemert mode slccn gata power field
affert transkstor ks an avanced powar MOSFET gasigned,
tested, and guarantsadta withsland a spaciilied isvat o
arangy in tha traakdown evalanchs maaa of cpanatian, All ot
thesa power MOSFETS ane deelgned for applicatiing such
as sbchirg regufaors, swhching cotwartara, mcbor drkers,
ralay drivers, arvd driears for Nigh power Hpalar swhbching
transktars requiiing high spesd and low paba drive power.
Thigg cari be operated dracily from inksgraled crculls.

Fommarty devalapimantal type TA17424.

IRF740

Fealiires

10A, 400V

RSOy = Q5500

Slregla Putze Avelancha Enargy Rated
S0 1= Power Dissipation Limited
Narzsaoond Swiching 5plaeds
Ursar Tarster Charactensics

High Input IFgadanca

+ Ralated Uteratura
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IBF730

Absolute Maximum Ratinga Tg = 2575 Unteas Cthamwise Spechied

1RFTaY URITS
Ot Scurcs Vokage (Hole 1. 402 v
Dby bo Gt Vellage (Ags = 20K {Hota 13 433 W
Tonfauass Craln Surent. . 132 A
CES &
Fusgd Drain Cumeat (Nola 5 2l &
e ¥ Boras Voltage E#x) k4
Maximum Poswsr Disspation ... 125 w
Linasr Damating Factor . 1.0 woc
Einga Fuss Avslanche Enargy Rating Moba 4 =20 m
Opaemitng and Sbage Tampsaales .. 35 1o 1500 oz
haximum Tempeniire v 8aidaring
Loads at D.OS2AR {1 EMMY MO CEEQ 50406, .. oo ieiee e anerana s aeeaa e oans T 300 IR
Fackage Bodp 1108, SeaTReohorkl 834 ... ... = 260 ]
CAUTAL 5120503 20w Srse B 1 Absbcly Mzatsisst Falal ™ MOy Saise PUREoes SNGIge 0.9 fdcs. Tt 45 4 Shas any misg amingwndn of e
FoHtew Bt BT IF 5T AW i mpattmt seins oI U pucksaion s minpked

WITE:
1. T;= 257G 1012570,

Electiical Specificationz T =296, Lviess Otterass Spactiud
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