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ABSTRACT

This thesis presents the control of a 4 phase 8/6 switched reluctance
generator or SRG. The power converter is an asymmetric half-bridge type. An
incremental encoder is used to detect the rotor position and feed back to control the
phase sequences. The DC bus voltage can be regulated by adjusting the width of
conduction angles. Several control techniques such as single pulse, soft and hard
chopping are used in the experiments.

DSP # 320F2812 is implemented in the system. In concluded, the
system can control the DC bus voltage while the load and speed are varied moreover

the system can operate in both generating and motoring mode.
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3.2.4 TANITIANTIUE (Current Sensor Circuit)
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3.2.8 193TIAAMLTT (Speed Sensor Circuit)
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3.2.12 satnasinigiin Wwiuuy 3 Wa (3 Phase Induction Motor)

2 6

luguyataasnininfidweduieIasriia Wi leidanlduaiaas

as

ket IWwA (Induction Motor) T M2QAT12M2A 2841519M ABB  9ilnae19¢ fa
& & e

wraaulnw 3 e 380 Taat, aalunn 4 Alatad, 2 Gaudindn auEARA 3,000

JAUABUT ANBUVDINOLADIURAIIUNINT 3.18

3.2.13 1aTa9anIna IWWILLURINTIa NLA T

2)
=)
)
=
Bo,
n
=
2
£
E2

Fwmsunudsuitlidenetasiufia lwvihuuuaings
8/6 34 RA165187 284U3HW Motion System Technology (ﬂs:mﬂfﬁjﬂ:u) Hafimnnanag
iilde Anausseulinn 48 Taasi, Adardnaalvwn 2.2 Alatad, arnusAtawriny
6,000 saUAaWT, mmﬁnguqmﬁ 12,000 saudiawifi, ussdadnauazusidagigaiviariy

3.69 AT 4.20 MaU-LUAT Auday anwmelasnialUuaaslwnIng 3.19

AN 3.19 teTaamia WL LUEINTIaNUaAWT WUL 4 WWR 8/6 1 RA165187
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° { o A a e @ ¢
3.3 lilsunsuaau annvivImaIasauie il wuusIngianuaws

luﬂWiLﬁﬂuIﬂiLLnsuLﬁ'amuqum%aaﬁwLﬁ@VLWW’uLuuaﬁﬂf%'a”ﬂmef oF

a 2 ~ [y
\Daudulisunsu Code Composer Studio (CCStudio) 3.1 FaluUsunsusnansnidawle

v

IINYINIB C UazN1H Assembly udluiuidsfiazifenldnaim C wsz a1 C 1

susnlaladnaniinien Assembly Snvistanashinisduaiidmnladirondn Sodu

HaAsatnITaa s Nezthlusunsluwaunde

wann1svedldsunsufltwisad Suusnaziduwnisdszniadnaands

@199 wazisunslgouvasweritusng 9Adasnsls (su wWedtu AD Watuduiaassi)
daunsusagananFulisulnuaiefmuayuaaswinzaimahnuiniuvaiaef
A ¢ & a o Va AN oe v o
nIBlInuaLslaas MmuTaguandsanisinuadszlnuaauilanaialiudalu
A < & ] & a a a iy
uni 2 nuuessihdnszusiignulaninwaia A/D hmslisufisunudinszus
81989 Mnulisunsuezssy g mauguaesiuiing mulnuanisniugunszuad id
9 A
1§an '3 (Soft Chopping Hard Chopping %38 Single Pulse) TIRINNTAQMLAZIBLANTT
Mwpasudazlnuaaud tlanarSudq luund 2 lasAunudsraslsunsumasag lé

Tunwi 3.20

fNIUNTINBIEAVLIARIAIIN5I679 9 92FUNNNTILAUTIAUADN

UG

6 o a = o o @ Aa = ao & =
uiavannweata A/D VYN ITI LN UNUALINABE1 89 ‘HGI%G’]%’NU%%:QHH’]H’]S

TNENTZAULTIAUN 48 T2avl LazAITIY On Tau N3 Muaa U uaLY% LT USRS

[ a

VAILTIAY WINANLTIAUATY &I”!VI,@Yﬁ?'I'I UNNILINAUD N EIVAIVAULYAL W Iﬂ?LLﬂiN'&lt‘ﬁ']

ﬂﬁﬂ%’uﬁwu off l¥lasas wavindiussannsun latosni1vauiuag1920ILI 6%
k2 a o Qs [ v J d! =1 a s a
81984 IﬂiLLﬂiNﬂ:Y}’m’liﬂ‘iUﬂﬂ&!N off lunau FIlunIdVaINIITNHIIZAULIIGU 48

6 AT A a A I3 v o A o e a o o A <1
I’Jm’l LNE]&Iﬂ']‘EﬂiULl’ﬂU%I%a@] ﬂﬂzl‘ﬁﬂﬂﬂﬂ?ﬂ@]EJ’Jﬂuﬂ‘]_lﬂ’ﬁiﬂ]ﬂﬂ‘izﬂﬂu‘idﬂu‘i’lﬂ’]’mLE'J
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( Start

o 1 @
muuameaus

Sumdhumiia,

usIfUAzNIEIA

> 1

Commutation
Phase A,B,C,D

No Yes
ISR*
Motor ¢ Generator
daanumsdun/daulvue
End MHuAL NIHHARY
(Slope inductance : +) (Slope inductance : -)

|

Hysteresis current
control

l

v o a <
asdyaaesnliiuaing

NN 3.20 WNWHINT IV E]\‘II‘]JTLLﬂiéJ

* ISR = Interrupt Service Routine
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Han1Inaaad

4.1 Unu

uwffl,ﬂumiﬁ']Lauawam‘mﬂaaa‘lugﬂl,mmm6] PINVBVLIAVILATIIT
ﬁvl,@‘fgﬂmmﬁﬂmua:w'“@umﬂg@maaa'«mmmm mqumsﬁwmumaaLﬂ%iaw”mna”l,wv%
wuaintsanuaudlivinsuluaninzvasiaiasiniie Wi lasnsldinefian A
NIUALLUGA 9 uaznTaull Bananniznisrinauainataasldiiwawualsaaasie

daLitas

4.2 Naﬂ'li‘l’lﬂaad'ldiliﬂ’lﬂﬂ.&lﬂ']‘iﬁ’l\‘l’l%

lumInasanstsaiugunisineu aznesaslasasnsaudyyimaing

wazd M98 unisaaslsiaad (Commutation) tWaaagauindullaudrasnle

Tusunsals
4.2.1 Namimaadmynpmmuﬂﬂm@mn DSP
2010/09/27 00:58:58 NORM:500kS /s 2ms /div
Stopped u (2ms/div)
! : : : : i j j CHT. ON
: : : : : : : 5V /div 1:1
i 5 : ” g { 4 : DC 0.00v
g o : : - : ; R, CH2: ON
: : ; : . : : : 5v/div 11
: 3 : : : : : ; Dc 0.00v
......... e NG g Lt QN ON
: : : | : : 5V /div 1:1
! : : ] ; : DC 0.00v
o JUUHL ; WHH : HHU e CHA: on
. : : z : : ; : : 5V /div 1:1
: : ; : : : : : DC 0.00v
: 1 : : : : : ! : Record Length
b ; ' : ; FMM : : § Main: 10K
3r A ’ : . - : : Zoom: 10K
s : : : : : : : : Filter
: : : : : : : ‘ Smoothing: ON
.......................................................... Sl g W FULL
; : : : Trigger
ﬂj‘ J| : 3 : : Mode: AUTO
: — : el : : J”U Type: EDGE
ar . 2 : : : : 5 2
= : ; ; ; : ; : ; Source: CH3

NN 4.1 SYQIMTLINNTaY IGBT @Auufl ldaintas PWM 28362 DSP
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lummageumviwrassg ainalaainas DSP uule
o A, ] v @ A Al o A
myiafites PWM [1-8] Seusiautinafioaninazed 3.3 v dauaadlunwd 4.1
dudygimitinavad IGBTs daun i3 4 1Wa da W A, LWS B, 1Wg C uaz 1Wa D

AUAINL

4.2.2 HAMINARAIFI AW YIUWEBIGUMIT8951083 (Commutation)

lunisdrurmmidiunisvaslsinasnurilalagnisiasyaimainen

A v v v dl s
Encoder 991/3:nauaas QEP1, QEP2 Wazdfyanm Index ( QEPI) nanfiglszuiana
FynIuaATaas (DSP) usmuiwawisandnuale 1 saunienavsiuld 14400 was

mﬂﬁuﬁmﬂaaLﬂuyuma"l,WW"maaLL@ia:LWa

NNAWA 4.2 LTUNTUSAIFTY U UNNATITUAIINAIN Encoder U&7
Uszaana wazdngI a9 diduniaaaslsiaas (Commutation) 2a9iWa A Laz B
] a A v ' s
auday Saldinannsudasd sy syanina

2010711707 13:45:33 NORM:EOKS /s 20ms /div
Stopped (20ms /div)

fonne|

CHT: ON
2V /div 11

Record Length
Main: 10K

Zoom: 10K
Filter

Smoothing: ON
.| BW: FULL

Trigger
: : : : Mode: AUTO
L | e et SR e A e e e Type: EDGE
= : : : ; : : 5 g Source: CH1 4

NN 4.2 UREIHN NN, agwmdvl,wwmam,wgq A LLa:gumavl.WWwaaLWa B audau
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4.3 MIaruaan1svingweassiiiivuaiaas iy (SRM)

msmqumsﬁwmmm:ﬁlﬂwamaﬂvxl%hifu guTnltinafianiy
> . : : 4
muqum:ua‘l@ 3 WUU A8 Soft-chopping, Hard-chopping W&z Single pulse WIHANTT

naaadIn launasmanguiiladnmsnan
4.3.1 HAMINARBINIATLANNTIUFULL Soft-chopping BmuevinsuLiln
valaas

Tumnasasiuldimualdduaradusindaruududs Chopping du

a v o a ' [ A a A
zycyﬂmm“uumwﬁmuﬁmmuwaa‘ TINANIINAFDILFANGAINTIANN 4.3

4.3.2 NAN1INARDINITAILANNTZUFLUL Hard-chopping 1akzviiuidusainad

lunmasasldmnualdfyaraduaindaiun wazdaaavinanuna
o 4 4 P ; =
i Ganansiuwwuuiiasilinszusiauesuataasiduuuy Hard-chopping lasqan

ldnnimasasmavhawlul vuaiugasnanwg 4.4

2010/10/03 18:03:00 NORM:IMS/s  1ms/div
Stopped 4 (1ms/div)

: ; 1 : ; : : ; CH1. ON

e : : ¢ ) ; : 5V /div 101

5 : 5 ; ; y DC 0.00v

1L : 3 , b ; G : CH2: ON

: ; ; : : : ! : 5V /div 11

9 1 g % . % i s DC 0.00v

......... RS CIRTHIINTIIRLE: ‘{PTIPTITS ISP PPN SRR AR Pt o

: : : * : : : 2y /div 11

DC 0.00v

CH4: ON
50V /div 101
DC 0.0v

Record Length
Main: 10K
Zoom: 10K

Filter
Smoothing: ON
BW: FULL

Trigger
Mode: AUTO
Type: EDGE
Source: CH1 43

NN 4.3 LRAIFTY QI MTURINTOILY, FINTAET, NITUENE WAzUIITWWaY e

ﬁ'mu’l,uimcﬂmimuqum:ummu Soft-chopping (Motor)



2010/10/03 17:39:54 NORM:500kS /s 2ms/div
Stopped 4 (2ms/div)
MW [
LM fm m

CH1:
5V /div
DC
CH2:
5V /div
DC
CH3:
2V fdiv

50V /div
DC

40

ON
11
0.00v
ON
11
0.00v
ON
11
0.00v
ON
10:1
0.0v

Record Length

Main: 10K

Zoom: 10K
Filter

Smoothing: ON

BwW: FULL
Trigger

Mode: AUTO

Type: EDGE

Source: CH1 ¥

NN 4.4 LA QN MTUFINTAI UL, FINTAIE9, NTLFWE LazUTI MWD

ﬁ’m’lului%;u@ﬂﬁiﬂ?ﬂ@}uﬂizLLaLLuu Hard-chopping (Motor)

4.3.3 Nﬂﬂ’]i“ﬂ@]aadﬂﬂiﬂ’JUﬂ'NﬂiﬂLﬁLL‘UU Single pulse Pz utdn

6
Jataay

2010/10/03 18:36:04

A

NORM:500kS /s

2ms/div

Stopped

(2ms /div)

2V /div
DC

CH4:
20V /div
DC

ON
11
0.00v
OFF
11
0.00v
ON
11
0.00v
ON
101
0.0v

Record Length

Main: 10K

Zoom: 10K
Filter

Smoothing: ON

BW: FULL
Trigger

Mode: AUTO

Type: EDGE

Source: CH1 4

NN 4.5 URIF N MTURINTUUUWES, nazuawa wazussawngumeinululnua

NIAIUANNITZURILY Single pulse (Motor)



41

v
¢ v o

nmnaaadlulnua ez lisyanmusaingnidauu uazalsnahounio

v o

© o ORI NS o A : A
AWIURN USRS fﬂamweﬂ:ﬁgﬂﬂauﬂi:uavl,wmamnﬂfmqu"lﬂ AILEAIlWAIWT 4.5

4.4 N5 muqumsv‘hammm:ﬁtﬁum‘%aa A0 WA (SRG)

mimqumsﬁnmmmzﬁLﬂum‘%aaﬁwLﬁ@VLWWWﬁu AN AIINL
Asvnlulunuauataas %aa:ﬁmﬂﬁﬂmsmuqum:uavl@i'3 WUULWREINUN aLeaT
A8 Soft-chopping , Hard-chopping uaz Single pulse LANTTUFWAN LAA2A9ALNITYINIIN

& 2 A o & A AN vk
lulnuauataes Senammasasildiuasaaunguinladnmsnun

4.4.1 NAMTNARBINITAILANNTZUAUUY Soft-chopping  mzvinsuilu
wwIaariLiia lwn

Tumnasssinldnualisnarmivsinsaruuhnwduiuuwag ua

(7
a =)

a s v [} 1 ﬂ;.: A 1 as H v o as

Fyarwnadnuazdanuniaudlugieaug Ssdenvuuunateasnazlidygraunad
(% ' (V) o o a 9 [ a 3 A

naanlufign off sausyumdtuaindansazliidnen Chopping F9nanimaass

LRAIAININD 4.6

2011/02/01 18:04:20 NORM:IMS/s  1ms/div
Stopped T (1ms/div)

: g 3 : : : : : CHT ON

I : i g g : : ; f 2v /div 1:1

5 : : : : : : i DC 0.00v

4L i B : z ] ; g ] CH2: ON

: : 5 ; : : ] 5 50v/div 10001

DC 0.0V

CH3: ON

5V /div 11

DC 0.00v

CH4: ON

5 /div 11

DC 0.00v

Record Length

Main: 10K
Zoom: 5K
Filter

Smoothing: ON
BW: FULL
Trigger

Mode: AUTO
Type: EDGE

Source: CH4 4

AN 4.6 UEAIFYYIUTURINTAILY, FINTAIE, NIZUTMWE UAZUTIAUW F U

aululruanisan uAANIZURILLLY Soft-chopping (Generator)
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4.4.2 HANINARAINIIAIUAUNTEUFUUL Hard-chopping wewsvinanwLdu

LA30IrLTA WA

2011702701 17:52:45

NORM:1MS /s

1ms /div

Stopped 3

(1ms /div)

CH1:
2V /div
DC
CHZ:
50V /div
DC
CH3:
5V /div
DC
CH4:
5V /div
DC

ON
11
0.00v
ON
100:1
0.0v
ON
11
0.00v
ON
11
0.00v

Record Length

Main:
Zoom:
Filter

Smoothing:

BW:
Trigger
Mode:

| Type:

10K
5K

ON
FULL

AUTO

EDGE

Source: CH2 4

= o @ a € a a € o
NNN 4.7 LEOIRTYTUIIUIURINT@IUY, FINDAIN, NIZURLNE LAZLIIALNEY T

v‘iwm‘lu‘[%mmsmuquﬂi:u,mmu Hard-chopping (Generator)

lummesasldmmualiduanadusinderun uazdrdrsraunson

a = o dy 0 v 6 B A
n ‘I]\‘lNaﬂ']iYn\T’]'HaLLUUu%zﬂ’ll‘lﬁﬂitLLﬂLWﬁﬂJE’NLﬁ]%Luf‘JL‘SL@]E}iLﬂ%LLUU Hard-chopping 4

Haf bEAINN1INARaINI IRl R U RLRAIRIATNT 4.7

443 Nafﬂi‘l’lﬂaadﬂ’l‘iﬂ’lﬂﬂﬂﬂi:LLﬂLLUU Single pulse Yz vinewidu

\@FaarinLia lWwn

minaaaslulnaaiiez sy miuain

[

6 @
TN

(>3

AIUY LATAIAIYINIIUNTaN

s a o € d’ 1 @ di 1 L) =1 > 6
AW UAN T WAE mamalw;;ﬂﬂaum:l,mvlummmmuqﬂmwmmnu‘tu‘[wmuamas

aaugaaluning 4.8



2011/02/04 12:29:05 NORM:2MS/s  500us/div
Stopped { (500us /div)

CHT:
5V /div
DC
CHZ:
5V /div
DC
CH3:
2V /div
DC
CH4:
5V /div
DC

43

ON
11
0.00v
ON
11
0.00v
ON
10:1
0.00v
ON
11
0.00v

Record Length

Main: 10K
Zoom: 10K
Filter
Smoothing: ON
.................................................................................................. BW: FULL
Trigger
Mode: AUTO
Type: EDGE
Source: CH1 4

=] o a a 6 a a 6 a L
NINN 4.8 LEANRIUUIWULURINTAILUY, FINDAIN, NIURIWE LRZULIIALN R T

vamlulnuaniInaugunszuauuy Single pulse (Generator)

a H & 1
4.5 117AIVANUTIAK DC bus 48 Irarifiaaisiane g

o a o A a Al a 6 o v @
mmumsmuqul% Lﬂ‘iﬂd‘ﬂﬂiﬂﬂ‘l‘WWWLLUU@'J‘YI"HiaﬂLLG]%ﬂﬂﬁ RIUNIDINWN

J2AUWTIAY% DC Bus 48 lavit azltasn1sdaunauussauiNatdnldlszunanafi DSP

WINUINABTNY o UWNAULTINIBUIINN TNV VLU LBV DILTIAWE19BINR 1M walT 69

Uszuiana DSP azdiuyn Off liauasfiaz 20 count (0.5 a4en) uddminussaud

Yauwnaug NN w Ul A% 08NN U8 VLA A9 0ILTIAWa1IBIN AR Ma LT dUT2u a0

3 a v J A o dl [~
DSP ﬂ"ilzllilll‘!ll Off lﬂlﬂﬂﬂlwﬂﬂ: 20 count (0.583#1) Immmsmaaawmmnasau

3,000-6,000 Jausdaw? wmeAliinnTewn uazfinnnui3isey 4,000-6,000 Jaudauf

Youz N3 AN 600 a6 asuaaslunInd 4.9 uas 4.10 auE1aU



6,000 JaUABWIN (84)

44

2011/02/709 00:42:33 ] NORMBKS/s
T Stopped (200ms /div)
: : : CH1: ON

20V /div 100:1
DC 0.0v
CH2: OFF
1V /div 10:1
DC 0.00v
CH3: OFF
5V /div 1:1
DC 0.00v

‘| CH4: ON
1V /div 10:1
DC 3.50V
Record Length
Main: 10K

-| Zoom: 25K
Filter
Smoothing: ON
BW: FULL
Trigger
Mode: AUTO
Type: EDGE

Source: CH1 4

AN 4.9 NMIAILANKTIAYK DC Bus 48 volts (Un) lagliddniszlnwfianania 3,000 -

2011/02/709 00:34:33 C—— e NORMSKS/s
. Stopped (200ms /div)
: : : CHT: ON

20V /div 100:1
DC 0.0v
CH2: OFF
W /div 10:1
DC 0.00v
CH3: OFF
5V /div 11
DC 0.00v
CH4: ON
WV /div 10:1
DC 3.50v
Record Length
Main: 10K

| Zoom: 2.5K
Filter

Smoothing: ON
BW: FULL
Trigger

Mode: AUTO
Type: EDGE

Source: CH1 4

& =

NN 4.10 mimuqmnm”u DC Bus 48 volts (U%) fin132 w1 600 Tadnanans

4,000-6,000 JaUABWIN (814)



45

4.6 N1335NH192ALLITIAK DC bus 48 Tavitiladn1sdsudagnluan

2011/02/08 23:01:15 s NORM:1kS/s 1s/div
 Stopped (500ms /div)

CH1: ON
20V /div 100:1
DC 0.0v

CH2: ON
1V /div 10:1
DC 0.00v

CH3: OFF
5V /div 11
DC 0.00v

CH4: OFF
2V /div 11
DC 0.00v

Record Length

Main: 10K
Zoom: BK
Filter

Smoothing: ON
BW: FULL

Trigger
: : : : Mode: AUTO
el oY & 4 L. — e 3N W S AN R oL} o i T g, Type: EDGE
- : : . ; : ] : : Source: CH1 4

NN 4.11 MINILANLIIAK DC Bus 48 volts (L) Lilafimadiuuasulvaa (@1)

MINWsEeULIIeH DC bus 48 lavidainisUsuaonlvnan 2:4
SN UNIUTZIIANATA T MISNBNTEALLTIAU DC bus fiauisadnse deiiiad
nsuiinluan 9z 1Wuseei DC bus aAMINGAITIINIIAILQULN On uazyu Off liinig
$NWTEAULTIAH DC Bus 48 1avi laamInaaasit L‘%"mnﬂa:muquﬂﬁﬁﬂmmaamu
IHaLILABIAvan 600 306 uazdn11u51a97iA 6,750 soUdaMwT 9 niuezifinlnanidn
luluszuufias 400 706 (400 106 = Waaa Incandescent 49 KABARBVUIUNL) LAZAA

Ivaafiaz 400 106 WA L1NE6 600 TAGAINLAN TINANITNAFILIAIGININA 4.11

o 1 o 1 6
4.7 ﬂ'liﬂ'lllﬂ.&lﬂ’l'iﬁﬂujgEl%ﬁﬂ'l')&ﬂ']‘iﬂ']\'l']%‘i:ﬁ'l'l\‘l&lﬂL@Iﬂ‘illﬂttﬂ%t%ﬂﬁl(ﬂa‘;

'l,umimuqumiﬁ”mﬂﬁwamu:msﬁwmmwdwmamm’ua:wuman

& v X A o o o o ) a @ '

L@aﬂg z;ma«mmumLwasaﬁummumiwwuﬂ@Ummaaammmmemuﬂm:uu LL@

1umimaa\1ﬁfu i]:ﬂ’)l]ﬂﬂﬂ’]iﬁ’]d']u‘ﬂ’]ﬂllE]L@lQﬂﬂLﬂuL’ﬂuLuaLiL@la{aﬂﬁddaLﬁa\‘iLWUG LLel
=& o o a A o 6 o v &

AUITBUNIININIW @dLL’ﬁﬂGluﬂ’IWﬂ 412 smaamﬂmimwmu"l,ﬂmﬂgﬂﬂaum:LLaLWa



1 i D J =1 s 1 1
Tugramidunarnas nazualust N nazla U TNk LalTLa 03 uaznTzualwT1984

i V09N aLADTILAITINIIVAILAULUOLTLA S

2011702708 00:53:21

NORM:IMS /s ©2ms/div

Stopped

CHT. ON
2V /div 11
DC 0.00v

CH2: ON
1V /div 11
DC 0.00v

CH3: ON
5V /div 11
DC 0.00v

CH&: OFF
2y /div 11
DC 0.00v

Record Length

Main: 50K
Zoom: 20K
Filter

Smoothing: OFF

BW: FULL
Trigger

Mode: SGL(L)

Type: EDGE

Source: EXT ¢

NINTT 4.12 NUENE, WIIAWWE UasR I tmd198ITad1A IR RN D e

SULLRsUEN1IzM I nnvaLa aiﬂumumaﬁm a3
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5.1 UN

Ve
a 9 a

USganinwusaiuitldinauanis@nsmaujinsidasiunisaaugu
1A3049N TN ALY EINTIanuaws v uluaninzuadiaiadrida lWwa udfana
) v as v o 6 ¥ L) a A d,,
m"[ﬂﬂs:qnﬁ'lfmumimuQ&J'lﬂmmu‘luama:mawamasmﬂmmnu Faluunitaz

a‘gﬂLﬁuad ﬁmmjl,ﬁamiﬁﬂm myinlUwawdasaadaly

5.2 as;ﬂ*;aasmuqmmu Asymmetric Half-bridge Converter

=2 [ A a - a 6 o Cd '

NNIAN ARV BILATAIININA MW LURINTIANLLAUT WL

vutasasaninaliwindlaseasredne wdasanuduAunITauguIzianuduten
1 A a w 3 L% . . A

unni delun1sidefiazifenlinnasaiuguuuy Asymmetric Half-bridge Converter &4l
L= =} ] a 1 a 10 (2 2 (n:i 2
Tadfa nInuguvaILdaziNazusndaTzdanuy meﬂm:@aal’ﬁqﬂmmﬂm'lmﬁu
FINTINUINUIN NNMINARBITINITNAILANUTIU DI WFE 1émadn uan au wa

& & = v v =
f}%ﬂ ‘ﬁﬂ?dﬁ]iﬂ’]ﬂﬂﬂ%ﬁﬁ &ﬂiﬂlﬂ wa"lmmuﬂqwg

[ % [ 1 (=3 1
5.3 a31n3TnsIIzAUUIIAK DC bus 48 aarifiaaniaae 9

dl a & a 6l o [ a a
nmInuauLATasanIng IMWwuuaingianuaudldzuisosnwszay
) el i & % ) [ = a AR Sl R 9 @
uwanlafanuiiasgun SnduazdasUsuanusqiluaanusituaavinlwlausean
] Qq: 4 a H J < [ v o o a
DC bus 48 llavinan nnuLlalndiuanuTfigadu Az lddisuasnuisey
W9 48 1Ian el TINTINWITLAULIIAY DC bus 48 ‘[mﬁa:a%ﬂumum'}m?u 4000-

9,000 SaUGaWIN

5.4 a3UM133n#13zAUUIIAK DC bus 48 Taridiaiinisusuulfaulnan
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MAHKIN N

lsunsuarvaanisviiulaslyd DSP @281 ( C-Language )

aiissssidiizzassziss s s R RS T
Jea SaEE MainProgram.c
[/ R AR

finclude: "DSP2813 Deyieeih!
#include "DSP281x Examples.h"
winclude "DSP281x Gpie.h"
#include "f281lxgep.h"
#include "f281lxpwmdac.h"
#include "DSP28M%8pi.h"
#include "DSBZ@Tx Adc RV

//Local Vafifl ab¥=ldecpasdtién

intlé6
1ntl6
atiglis dL(3)
intle6
intils6
intlé

intle
int1l6
intlé6
intle6
intl6
TNt 16

intlé6
intl6

intl6
Intl6
1nEd6
intEl6

intle
miEil6
T 16
intle

a1 Ee 1k ]

check=0;
CheckA=0;
CheckB=0;
CheckC=0;
CheckD=0;
CheckVdc=0;

ElecTheta;

MechTheta;

LineEncoder;

PolePairs;

RawTheta;

QepPpra3@00; // CEP pulse_.g&r Fefolution

ip
i

i (@F dusl b

TS

4

Thetah;
ThetaB;
ThetaC;
ThetaD;

ElecThetal;



intl6
Tntl6
It 16

intloe
1TE16
N6
intle6

intle
intle
intle
intle
intle
intle
i Eil6
intle
float
float

intle
intle6
intle6
intle
LnEL6
Int16
intlo6
intlé6
intl6
float
float

intle6
intl6
intle
intl6

intle6
intl6

INE16
intlé
intlé
intlé

intl6
intlé6

ElecThetaB;
ElecThetacC;
ElecThetaD;

ComA;
ComB;
CemeC ;
ComD;

Ia=0;

Ib=0;

Ic=0;

Id=0;

Iref;

Tmax;

Imin;

THys:
IrgfifacEugi-s
Thys actwal;

Va;

Vb;

Ve;

vd;

Vdc-

Vref;

Vmax;

Vmin;

Vhys;
Vreg\agpual,
Vhys actual;

Gate DrIWENAT
Gate Drive™gg
Gate Drive C;
Gate Driyve D2

Gate Drives;
Gate Drive To;

Gate Driven Hi;
Gatel DriveBIHi;
Gate DriveC Hi;
Gate: DriveD (Hi;

Gate DriveAl T.0;
Gate DriveB lho;
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intl6 Cate DriveC 1o
1ntle Gate 'DriveD To;

intle PwmDacChl = 0;
intl6 PwmDacCh?2 @i
intl6 PwmDacCh3 @:

Uint32 DACCh A;
Uint32 DAC Ch B;
Uint 39 DAGICH C;
Uint32 DAG Ch D;
Uint32 DAC ICh E;
Uint32 DAC Ch E;
Uink32 DREChie,
UnnE32 (DACTEh He

int CheckSpeed = 0;
int Speedl;
int Speed?2;
int Speed3;
float Speed;

intl6 Tune;
intlé gg

// Flag for Mode Operation : 0= Gen , 1 = Motor
intlé 0%

// Settiny For SRG-DriE
intl6é ThetaOn = 1900;
intl6 ThetaOff = 600;
intlo TRESGAIOEE Reg =606
// 1 = SORINCHOPRiAg , 2
intl6 ModeGenerator = 2;
intl6 ThetaOn R e JUUs

// Setting For SRM Drive
intl6 ThetaOn SRM = 1300; L/ SRM . [1400]
intl6 ThetaOff SRM = 1800; 7/ SRM; 000
/i 1o = Saofit Choppimng ; 2 Hard Chopping
intl6é ModeMotor = 2;

Hard Chopping

N

// To find maximum and minimum value of phase
gurrent

/)

Lleoat [refiactual = 50
/ /- Reference Current a2 T50A

53
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float ' Thye actual ‘= 1; // Hysteresis Band
/) e
// To find maximum and minimum value of DC-Bus
voltage
/] e e

float Vref lactual = 47;
// Reference Voltage at 47V

floar Vhys actual = 2;
[/ Hysteresis Band = 2V

QEP gepl = OEP DEFAULTS;
PWMDAC pwmdacl = PWMDAC DEFAULTS;

// Prototype stafe®nts far functimadfound within
Ehis file:

void delay loop(void);

interrupt sghid=ede—iSr\§oiq) ;

interrupt void EvaTimer?2 (void) ;

interrugly voidi=dbh .t imesl) WeedSPeilt)

interrupt void PDPINTA ISR (void);

interrupt void PDPINTB ISR(void) ;

void main (void)

{
Inig8vyeCtrit(P;
EALLOW;
GpioMuxRegs.GPAMUX.all = 0x0700;
GpioMuxRegs.GPADIR.all = OxOQOFFF;
SysCtrilRele". HISECPLad/ ™= Bx8 &
GpioMuxRegs.GPDMUX.bit.T1CTRIP PDPA GPIODO = O0;
GpioMuxRegs.GPDDIR.bit.GPIODO = 1;
GpioMuxRegs.GPAMUX.bit.TDIRA GPIOAll = O;
GpioMuxRegs . GPAD®R,bitT . GPTOA L le=_4";
GpioMuxRegs.GPFMUX.bit.SPISOMIA_GPIOFl = 0;
GpioMuxRegs.GPFDIR.bit.GPIOF1l = 1;
DS,
DIENITE:
InitPieCtrl () ;

[/ —mmm
// Disable CPU inmterrupts and clear all CPBPU

interrupt flags:

e

IFR = 0x0000:;
InitPieVectTable () ;
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L
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v
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EALLOW;

PieVeetTable  TINTO = sepuitimex0 isr;
PieVectTable.CAPINT3 = &EvaTimer2;
PieVectTable, ,ADCINT = sade tsry

EDIS;

InitCpuTimers () ;

Configure CPU-Timer 0 to int every 0.1 mSec:
150MHz CPU Freq, o Thocem=bormgd (in uSeconds)

Switching Frequency ='10 /kHz.
ConfigCpuTimer (&CpuTimer0, 150, 100);
StartCpuTimer0();

EvaRegs.EVAIMRC.bit .CAP3INT = 1;
EvaRegs . BEVALERC O 1t/ CABRENT\\=T 15

EALLOW;

GpioMuxRegs.GPAMUX.all |= 0x0700;
EDIS;

Initialize ADC Module

pwmdacl.PeriodMax = 2500;
pwmdacl.PwmDacInPointer0 = &PwmDacChl;
pwmdacl.PwmDacInPointerl = &PwmDacCh2;
pwmdacl.PwmDacInPointer?2 &PwmDacCh3;
pwmdacl.init (&pwmdacl) ;

Il
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Ll Tndtdalize  OFE- modiile

B T e ——
gepl.LineEncoder = QepPpr;
gepl.init (&gepl);

e
// Enable ADCINT in the PIE; Group 1 interrupt 6

B

[/ mm e
// Enabilie WINBO in the PIE: Group 1 interrupt. 7

A et

[ mm
// Enable P groupS-interrggt - Tor CARSINT

A N
PieCtrlRegs.PIEIER3.all MATWE [

T T Tt T
// Enable CPU INT1 which is connected to CPU-Timer

0 and INT3 for CAP3INT:

A
IERE §| =—=(NOINWIN 317 TIPAL MUTNT /37

[
// Enable global Interrupts and higher priority

real-time debug events:

/) ————— AN S L __ VMR R, SNy AL
EINT; // Enable Global interrupt INTM
ERTM; // Enable Global real-time interrupt

/) mm

/. Contiguration of ADE Module

[ mm
AdcRegs.ADCMAXCONV.all = 0x0006; / /[ Setup

2 conv's on SEQ1
AdcRegs.ADCCHSELSEQL .bit.CONVO0OO
ADCINAO as 1st SEQl conv.
AdcRegs.ADCCHSELSEQL .bit.CONVO01l
ADCINA1l as 2nd SEQl conv.
AdcRegs.ADCCHSELSEQ1 .bit.CONV02
ADCINA2 as 3rd SEQl conv.

0x0; // Setup

Ox1: //  Setup

Il

@225 /) Setup
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AdcRegs.ADCCHSELSEQL .bit.CONV0O3 = 0x3; // Setup
ADCINAS as 4th SEDL eonv.

AdcRegs .ADCCHSELSEQ2 .bit.CONV04
ADCINA4 as 4th SEQ1 conv.

AdcRegs .ADCCHSELSEQ2 .bit.CONV05 = 0x5; // Setup
ADCTNAB w855 Ch *SHO1. eonve /. ‘edit new line

AdcRegs . .ADCCHERISEOZ . bit .CONVO6 = 0x6; // Setup
ADCINAG-as bth SE®l conv. // edit ‘new line tan

AdcRegs .ADCTRE2 .bit . EVASOC SHOL = 1::.//
Enable EVASOC to start SEQ1

AdCRegS.ADCTRLZ.bit.INT_ENA_SEQl =ine]es e
Enable SEQl interrupt (every EOS)

Ox4; // Setup

Il

e ——
// Assumes EVA Clock is already enabled in
InitSysCtrl (3
A
EvaRegg /L 1ICMPR™= 583 = A/ Sy TTA\Tompakh value
EvaRegs.T1PR = 1250; //Setup period register
// Enable EVASOC in EVA
EvaRe0s . GRIGONA i oL I/ TORNC 5/ 44
// Enable timer 1 compare (upcount mode)
EvaReds . RLEONURILIN =10 x 190 »

// 1DLER TabPB
for{ R 97

}

void delay\l&ep ()
{

short 1.
for (i = TARMS2PEPq, it A
}

interrupt veid -« ade isre(veoid)

{

[/ mm e

// To check actnal value of Current and DC-Bus

voltage

Bt
while (Achegs.ADCST.bit.SEQl_BS == 1);

e
Ib = AdcRegs.ADCRESULT1 >>4;

Ic = AdcRegs .ADCRESULT2 >>4;
Id AdeRegs  ADCRESULTS  >>4:
Vdc= AdcRegs.ADCRESULT4 >>4;
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Ta = AdcRegs ADERESULTGE « >4

/]

// Reinitialize for mext ADE seguence

B
AdcRegs .ADCTRL2.bit . RST SEQL = 1; // Reset SEQI
Achegs.ADCST.bit.INT_SEQl_CLR =l
PleCtrlRegs . PIFACK all = BEIEACK GROUFRL;

}

interrupt void cpu timer(0 isr (void)

e e e  aaae e
// To check maximum range of the ISR program
GpioDataRegs.GPADAT.bit.GPIOAll = 1;
x = GpioDataRegs.GPADAT.bit.GPIOAl2;
e e e e e
A i

// To find maximum and minimum value of phase
current

/e
Y Ireffactyasps 140,

Irgd = (§ el o s lad)\/ 15 OTAeeh,) V.3 ;
L Ihyes ggctda B 0N // Hysteresis band

Thys = VT ys! eeena 130 /Bl AQeE N S

Ifax=—= [ reteeht Ih s/ // Maximum current

Imink==2 {lce MBI Thyvs; // Minimum current
A
// To find maximum and minimum value of DC-Bus
voltage
L g

// Vref ackalN & 47;
// Reference voltage at 20V

Vref B el TaCtudl * QLT 66*4095) /3;
// Compute for DSP
[/ Vhys jactual = 2;

// Hysteresis band = 2V
Vhys = (Vhysiactual*0.04166%*4095):/3;
[/ Compute for DSP
Vmax =aVreh ot Vhys;
// Maximum voltage at 22N
Vmin = Veef .= Vhiys:
// Minimum voltage at 18V
[/ e

// Check Pulse Counts from QEP Encoder ( 4*3600 =
14400 Pulse / Rev. )
)



gepl.calc (&qgepl) ;
EvaReqgs . T2CNT:
RawTheta = MechTheta;

MechTheta =

[/ Bind Commutation

] =
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[/ e
// To find the Speed of SRM

/= e

A I —

// Connect to DC-Bus voltage regulation module

/]

/)
// For SRG Jgfitred
e et
if(x ==0 && Speed>100)
Generator (ModeGenerator) ;
else T Be—=)
Motor (ModeMotor) ;
A
// Connected to Gate Drive Module
/) mm e e e -

// Phase A
GpioDataRegs
Gate DriveigHi;
GpioDataRegs
Gate DriveAa 8¢,
// Phase B
GpioDataRegs
Gate DrdveB Hi%
GpioDataRegs
Gate DriveB o,
// Phase C
GpioDataRegs
GatelDriveC iHi ;
GpioDataRegs
Gater BriveEilio;
// Phase D
GpioDataRegs
Gate Drivvel [Hi;
GpioDataRegs
Gate DriveD To;

.GPADAT.

.GPADAT

.GPADAT

.GPADAT

.GPADAT

.GPADAT

.GPADAT.

.GPADAT.

bik:

\ Bigs .

optichs

Honidoy

loukis

Aot -

bit.

bit.

GPIOAOQ

GPIOAl

GPIOAZ

GPIOA3

GPIOA4

GBIOANS

GPIOAG6

GPIOA7Y

A ~Sece SRG\. c

e s e e e e s L e E e e
// Connected input of the PWMDAC Module



/] e
PwmDacChl = MechTheta;
PwmDacCh2 = ThetalA;
PwmDacCh3 = ThetaB;
[
// Call the PWMDAC update function
/]
pwmdacl.update (&pwmdacl) ;
A ——

// Acknowledge this interrupt to receive more
interrupts. From:guoup. 1

e M L

S mm e e
// End of programe~lenght check

et
GpioDataRegs.GPADAT.bit.GPIOAll

I
(@)

}

interrupt /Void-EvaTimer2.(void)

{

/) T e
// Connect to QEP driver to update with next ISR

/)
o

// Enable more interrupts from this timer

[
EvaRegs.EVAIMRC.bit.CAP3INT
EvaRegs.EVAIFRC.all = BIT2;

At i

// Acknowledge interrupt to recieve more

interrupts IN&@m' BOE group™@3

Il
3=
Ne

PieCtrlRegs . RIBALK.a11' Y= P LEXCH GROUP3;
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gtz R I T LS RS EE
//FILE: Commutaion.c
Eizitazas s E LS E SRR

finclude "DSP281x Device . h”

extern intl6 MechTheta;
extern intl6 RawTheta;
extern intl6 ElecTheta;

extern intl6 A;
extern intleo B;
extern intle C
extern intl6 D

. Noe

14

extern intl6 Thetald;
extern intl6 ThetaB;
extern intl6 ThetaC;
extern intl6 ThetaD;

extern intl6 ComA;
extern intl6e ComB;
extern intl6 ComC;
extern intl6 ComD;

// To Eingt EldcPBhata (cEoBhESenn

void ComputeCommutation ()

{

if ( MechTheta >=0 & MechTheta <=2399 )
// Angle = @0, degree => 2400 Pulse
RawTheta = MechTheta;

else if ( MechTheta > 2399 & MechTheta <=4799
) // Angle = 120 degree => 4800 pulse
RawTheta = MechTheta - 2399;

else if ( MechTheta > 4799 & MechTheta <=7199
) // Angle = 180 degree => 7200 pulse
RawTheta = MechTheta - 4799;

else if ( MechTheta > 7199 & MechTheta <=9599
) // Angle = 240 degree => 9600 pulse
RawTheta = MechTheta - 7199;
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else if ( MechTheta > 9599 & MechTheta
<=11999) [/ Bngle = 300 degree => 12000 pulse
RawTheta = MechTheta - 9599;

else if ( MechTheta >11999 & MechTheta

<=14399) // Angle = 360 degree => 14400 pulse
RawTheta = MechTheta - 11999;

ElecTheta = RawTheta;

// To find ElecThe a0 mPlrareanne,
A = ElecTheta+261;

if (A>2399)

Theta”A = A-2399;
else

ThetaA = A;

// To ffihd EleoPRard \of~Higse B
B = ThetaA;
Bz B 8008
il (B 2 £2B99)
ThetaB = B-2399;
else
ThetaB. =.B;

// To find €decTthetasdf\Bhase /&
C = The?faB;
C = CNAN1P0;
if (C >N28I9W
Thetag s C+~2B99,;
else
ThetaC = C;

//.To find ElecTheta ‘of Phase D
D = ThetaC;
D=t 08000
1f (D > 2399)
ThetaD = D-2399;
else
ThetaD

D;

[/ Toi=find: the Cemmitation of Phase 2
ComA = Thetal;



[/ To find the Commitation of Phase B
ComB = ThetaB;

/L To find the Commutation of Phase C
ComC = ThetaC;

[/ To' find the Commutation of Phase D
ComD = ThetaD;
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ASEEE AR T IR E TR R R R R R N
LIETTLE: SRG.ce
WARE ST EE R E R R R R g g

#include "DSP281x Device.h"

void Generator (char Mode)

{

extern intlé Ia;
extern intl6e Ib;
extern intlé6 Tc:
extern: intle Td;

extern intl6é Imax;
extern intl6 JImin;

extern intl6 Check?;
extern iyl 6-=treakRB}
extern igtlo CHETKGCT
extern intl6 CheckD;

extern intlé ThetaOn;
externl int 18  THEEAUT £

extern intl6 ComA;
extern intl6 ComB;
extern intde ComE;
extern intl6. ComD;

extern intlé6 GEfE DriycANHZ
extern intlé6 SglteylriveB Hi;
extern intlé6 Galwe, DRiyetr, Hi;
extern intlé6 GateSnslMszeD Hi;

extern intle Gate DriveA To;
extern intl6 Gate DPriveB 1.0
extern intlé6 Gate DritvveC lo;
extern intlé6 Gate Drived ha:

M s=nssen e e s e s L RS e R e
/ /. Soft Chopping Phase A

L s ot o L
if (Mode==1)

{
1f (ComA ' >= Theta®n || ComA <= ThetaOff)



sLaE

{

}

(Cheekk == 0)

T el < = Sbin
{
Gafe Driwel Hi
Gate DriveA Lo
}
else a1t (La >=

{

Gate_DriveA_Hi =
Gate_ DriveA Lo =

Checkle—"1:"
}

else if (CheckA ==
// Current Regulation of Phase A

{

=t ML pS<=3"Tm 1 ri
{

Gate_DriveA_Hi

Gate DriveA Lo =

}

efliser Al f - 0l abee

{

Gate DriveA Hi =
Gate_DriveA Lo =

)

)

)
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[ e

. .

else

{
Gate WM yeA giliy = 0.
Gate Driwgiw]lo = U;
CheckA = 0;

1

// Soft Chopping Phase B

if (ComB >= Thetabdn

1 (EheckB == 0}

I B (b <= e
{

5 GomB: <=

)

ThetaOff)
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Gate DriveB Hi =:1;
Gate DriweB To = 17
}
elsa Tf(Th >=' Tmax ")
{
Gate DriveB Hi = 0;
Ge ke DriveBylios— =07
CheckB = 1;
}

}

elbse i (CheekB — 1)

// Current Regulation of Phase B

{
1f (L)
{
Gate DriveB Hi =
Gate DriveB Lo =
}
et ge I NP/ RN e 24 )
{
GhS /BN <H (i \S
Gate DriveB Lo =

DTS

O\ R

)@

~Ne

(@)
~e

Gate_DriveB_Hi =
Galle DeiveBaLal\# @
CheckB =, @.;

[/~ A Ca P o A S
// Soft ChoppindOaPhage T

it TR
1f (ComC->= Thetabn || Comt <= ThetaOff)
if (CheckC == 0)

1 f (fe <= Tmin. )
{

Gate_DriveC_Hi =
Gate DriveCilo =

}

edsses i R e = cTmese )

{

o
N

~e



L
L
//

}

Geate DriveC [

Gate_DriveC_Lo =

CheckC =1
}

else if (CheckC ==
// Current Regulation of Phase C

{

GaRe<NEIMvel SHY [ =AUk

it Ter<c=2Tmin

{

GaterBREiIve Gl =
Gate DriveC Lo =

}
el se s [(alsemms=

{

(€ Te DriveQ\Hi//~
Gate_DriveC_Lo =

Galie DRI AGE ALig) St
EHRck CHEX0;

I
=

)

)
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1f

12

{

(ComD >= ThetaOn

(CheckD ==0)

Jef o (ilid. <= "Tmin
{

Gate DriveD Hi —
Gate_DriveD_Lo =

}
else if (Id >=
{

Gate_DriveD_Hi

Gate DriveD lLio =

CheckD = 1;
}

| A \COMD L ThetaOff)

)



}
else 4f (CheckD == .1)
//. Current Regulation of Phase D

{
T el =)
{
Gate DriveDiHi = 1
Gate Driveb Lo — 0;
}
elise st (Tid. >=: Imax )
{
Gate Drived Hi — 0
Gate Driveb To = ;

FaCe—PTAveBYHN-=7 (3
Gate, PirtzeD 1Oy =/ O
CheckD = 0;

else if (Mode==2)

{
// For \9RGe o ro/VN Hiiud Chopptng?sde”

if (ComA >= ThetaOn || ComA <= ThetaOff)
{
TR N Fag<= ImMiTl=)
i
Sgee Draged, Hi =nl\;
Gate_DriveA_Lo =

|
(=
~Ne

}

else if (Ia >= Imax )

{
Gate  DriveloHdi = 03
Gate DriveA To = 0;

else

Gate Driwved Hi =0
Gate Drivedilo —-0;



L/l FPor SREG control

1 f
{

(ComB >= ThetaOn |

1f {Ib.<="'"Tmin )
{

[ Hard Chopping Mode ]

ComB <= ThetaOff)

Gate: DritveBIHI =111
Ge b DuitveBiTox = -

}

elise ik (Ih >= [Mmasx: )

{

Gate JpFfiieB=itmmm, [}

Gt DriveB, Lo, =

else

}

Gate DriveB Hi =
Gate DriveB Lo =

// Forj BRE dentiidlf il HHid

|
()
~e

Chopping Mode ]

ComC <= ThetaOff)

if} §(GomC 55|t L CGREEE
{
18y (ICT Smisn)
{
Gatbe WEigeC 1 =gl
Gabe DRIVEORED 45-;
}
else Myn(le = Jmax 2}
{
Gate DrIVeSmbimset;
GateDriveC o = 0
I
}
else

GateiDriveCii =~
Gate DriveCilor —
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£/ For SRG control [ Hard Chopping Mode |

if  (CemD >= TherdaOn: || ComD. <= ThetaOff)
{
16 (Bd e dmith Y
{
Gate_DriveD_Hi ==
Gedte Driveb Tio = 1;
}
else if (Tdi>=— Tmax )
{
Gatie DriveB (Hi— (),
Gate_DriveD_Lo = 0;

else

Gate_DriveD_Hi = Q;
Gate_DriveD_Lo = 0;

}
else if(Mode/==(3)

{
// ==> For SRG control [ Soft Chopping Mode ]

if (ComA >= ThetaOn & ComA <= ThetaOff)

{
0¥ B/ Ta <= iy )
// Current Regulation of Phase A
{
&26e Drdved, Hi = A\
GatewDmiyeA 1o = 1;
}
else 1f( Ta >=: Imax )
{
Gate Deiven Hi = 7
Gate DriweA Tio = 0
}

else

{
Gate DiEiyel i —0;
Gater Driveh  To. =03

}



1) ==2> For SRG contrel [ Soft Chopping Mode: ]

1f (ComB >= Theta®n & ComB <= ThetaOff)

{
TSI <= Fmin )

Gate DriveB Hi/= 17
Gate DriveB Lo — -
}
else if( ITb >= Imax )
{
Gate DriwveB Hit =1
Gate Bf ieBitommme [
t

else

{
Gate_DriveB_Hi = 0;
Gate_DriveB_Lo

}

|
)
N

[/ ==>f FED SRE&[ronticl ] ewt \Ghopphigihade o]

if (ComC >= ThetaOn & ComC <= ThetaOff)
{
186 W O OV o Il (T )
{
GateyDitFaOF s =/ X
Gate W isegC "T.o M= 1Y,
}
elseNiffglc >= IMax" )
{
Gate DrweSWfii = "T;
Gate DrlVetmlhQes==0%
}
1
else
{
Gate DriveC Hi — 03
Gate DPriveCilo = 0

}

[ /i ==>¢ For .5SRG lcontrol ([ Soft Ehopping Mode ]

i (ComB >— ThetaOn & Comb <— Theta@ff)
{



b5 e S o B R il a i)
{
Gale DriiveD THT —7 1
Gate Driwvel To = 1;
}
else df( Td >= Imax )
{
Gate Driwel Hiw -l
Gate DraveD Tio = 0
1
}
else
{
Gate Drived™ =@
Gate D#”#€D Lo =, 0;
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aadsasas i is i e T e R e S S
L/EELE SRM. ¢
Xaidsiias it s e R SN TS

#ineclude "DSP281x Devitce.h™

void Motor (int Mode)
{

extern intlé ThetaOn_SRM;
extern intlé6 ThetaOff_SRM;

extern intil6 Ta:
extern intle IbL#
extern intlesLe;
extern intl¥Wef 1d;

extern ifiFl 6*"TmaXi:
extern F@t]le-~Tnin}

externf i ntl 6YCheeiea
externd At ]l G=lthecicRs
externf iink 16 fdhicalels
externi inpl 6 elhemk Be

extern Yitnteh6 Thesla®n ;
extern ARCT6, The OFE ;

extern intl6 ComA;
extern intl6 ComB;
extern intl o emnc%
extern intlée COmDw

extern dntle Gate Driyvcrn e
extern intlé6 Gatte: DrivieB "Hd ;
extern intlé6 Gatel Drive@ Hi;
extern intlé6 Galtei DriyveBiHi

extern intlé6 Gate Driwven lo;
extern intlé Gate DriveB Lo;
extern intlé Gate DriveC Lo;
extern intlé6 Gate DriveD T.o;

1F (Mode=—1"
{
// ==> For SRM control [ Soft Chopping Mode ]



if (ComA >= ThetaOn SRM & ComA <= ThetaOff  SRMJ

{
T AT A e = AT e )
// Current Regulation of Phase A
{
Gate_DriveA_Hi = =]
Gate_DriveA_Lo =0
}
else il olan>— fmasw )
{
Gate_DriveA_Hi = 0;
Ga te M Sielmmirem, [

}

else
{
Gate,PPifzel| Hi®% W:
Gate_DriveA Lo = 0;
}

// ==> For SRM control /[{Soft Chopping Mode ]

if  (ComB >= ThetaOn_SRM & ComB <=
ThetaOff_SRM)

{
i Ay Toni<s\ @@ n /)

Gatve DRIVEBaH: g=ml
Gate_DriveB_Lo

Il
[

}
else 1f T Pwg= Tnax )
{
Gate_DriveB_Hi = 0;
Gate_DriveB_Lo =1
}

else

{
Gate DriveB Hi — 0
Gate DriveBilo —

}
// ==> For SRM control [ Soft Chepping Mode ]

I
()]
Ne



e tComes S= ThetaOn_SRM & ComC <=
ThetaOff SRM)
{
df I ~—Tman )
{
Gate DriveC Hi- =1
Gate Drivel: 1o

I
'_X
N

}
elsseraif (ol o el
{
Gate_DriveC_Hi = 0;
Gate_DriveC_Lo —ii]

}

else

{
Gag DrizeCHINR'07
Gate_DriveC_Lo = 0;

}

// ==> For SRM control [ Soft Chopping Mode ]

1if § (EomD 5= ThetaOn SRM & ComD <=
ThetaOfff -8RN )
{
et (S0 IN=" RS
{
Gate_DriveD_Hi 23
Gate_DriveD_Lo

I ¢l
=
N ~e

}
el 8c AN T U=Tinser)
{
Sgee DrdrveD, Hi = 0\
GatenDwmiygeD 10 = 1g
}

else

{
Gate DriveD Hi = 0;
Gate DriveDiTo = 0;

}

else if (Mode==2)
{
/). —— Bor SRV ciirrel | [« Hard Chopping Mode ]
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LEe (Comi >= ThetaOn_SRM & ComA <=
ThetaOff_SRM)

{
IO e == Tt 1)
// Current Regulation of Phase A
{
Gate_DriveA_Hi =&l
Gate Drivenileo = 1;
}
else it Ta >= Tmax: )
f
Gate_DriveA_Hi = 0;
Ga te Ml iaePr=ier——]?
}
}

else

{
Gate DriveA Hi = 0;
Gate, Prfivel| 107 =/ W;
}

// ==> For SRM control [ Hard Chopping Mode ]

if (ComB  >= ThetaOn SRM & ComB <=
ThetaOEE ®RM)

{
11658 Bb &) Itrin )

Gate_DriveB_Hi =1;
Gate_DriveB_Lo =.1;
}
else S 1P = Jmax 2
{
Gate_DriveB_Hi =0;
Gate DriveB To = 0

else

{
Gate: DEiveBallng = (=
Gate DriveB To = 0;

}

[l ==> For SRMicontrol [ Hard Chopping Mode ]



gt SEEOmE > ThetaOn SRM & ComC <=
ThetaOff SRM)
{
Ll Toi=—Imin:)
{
Gate DriveC Hi ='1;
Gate: DriveC T.0. =

|
[
N

}
else it Te o= Tmasx )
{
Gdate DriveC Hic =0;
Gate Drove® T = 0
}

else

{
Gal€ DrivzeC-Hi=07
Edle Prive@Iey= Q;

}

// ==> For SRM control [ Hard Chopping Mode ]

if § (EomD <3 ThetaOn SRM & ComD <=
ThetaOff SRM)
{
rf (SI0IN=" e
{
Gate_DriveD_Hi DR ;
Gatce\Deilvelll e =51k
}
el3e &N Td\>==mnzx4r)
{
Gate WMNyed ¥4y g5 ,Qx
Gate_DriveD_Lo = Oz
}

else

{
Gate DriveD:sHi = 0y
Gate DriweD Lo.= 0;
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[/ AR A R R R R R R R S
LLETTE: Vregulator.c
/AR R A AR R R R R R R

#include "DSP281x Device.h"

extern intl6 CheckVdc:
extern intlé Vdc;

extern intl6 Vmax;

extern intl6é Vmin;

extern intl6 Thetaoft:
extexrn 1ntl6 ThetdOfE Reg;
extern intl6 ThetalOn Regq;
extern intl6 ThetaQw®

void VoltageRegulator ()
{
if (Checkygf ===-(}
{
if fdc 57V id
ThetaOn = ThetaOn Reg;
elige &) £ VA ise Vaak)
{
ThetaOn = ThetaOn + 5;
Cheek Ve.gri=21"
}
else
ThetaOn = ThetaOn;
)
else if (CRelkVdaos==\ @)
{
1f \\WdCc M= Vmax)
{
if (ThetaOn >=1800 && ThetaOn <= 2400)
ThetaOn = ThetaOn+5;

if (Theta@n > 2400)
[/ TE Theta®Fff isimore than 100.It will net be

reduced.
ThetaOn = (ThetaOn+5)-2400;

if (ThetaOn >=0 && ThetaOn <= 500)
ThetaOn = ThetaOn+5;
}

else dft(Vde <= Vmin)

{
if (ThetaOn >=0 && ThetalOn <= 500)



ThetaOn = ThetaOn-5;

1f (Thetabn <= 0}
ThetaOn = 2400+ThetaOn;

if (ThetaOn <= 2400 && ThetaOn >=1800)
ThetaOn = 2400-5;
}

else
ThetaOn = ThetaOn;

L (Vdes < 100
CheckVde = 0;

}

void VoltageRegulator ()
{
if JCheckydbl== (0]
{
LRI dey \&5' Y )
Lhet BOPFIe Thod/aQfEliRad?
else if~ (Vdec >= Vmax)
{
ThetaOff = ThetaOff - 5;
EheckVdeds= g
}
else
ThetaOff

ThetaOff;
}

else if (CRBKVID ZFrs;4)
{
1f (Vdc >= Vo
{
if (Thetba@ff >= 100)
LT f Theta®ff isimere than 00Tt will not be
reduced.
ThetaOff = ThetaOff-5;
else
ThetaOff = ThetaOff;
}
else dif (Vdei<s— Vmin)
{
if (ThetaOff <= 1000)



/- TE ThetaBff 1 less than TO00:IE will not be
added.

ThetaOff ThetaOff+5;

else
ThetaOff
1

else
Theta@ff = THetd0FF;

ThetaOff;

o iiVde = 00
CheekVdc =0

// No more for Vregulator.c

st S
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AR i R R R R R R B R g
//FILE: Speed.c
WA iEaE iR i R R R R S R R S

#include "DSP281x Device.h"
float ComputeSpeed ()

extern intl6 MechTheta:
extern float Speed;
extern int Speedil:
extern dnt Speed?;
extern int Speed3’;
extern int CheeckSpeed:;

if (CheckSpeed == )

{
Speedl = MechTheta;
CheckSpeed = 1;

€lse i FfCheckSpeddr ==1)

Speed2 = MechTheta;

Speed3 Speed2-Speedl;

Speed = (Speed3*600000)/14400;
CheckSpeed = 0;

I

return Speed;

// No more for Speed.c

B A 3L\ B
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Abstract

This article presents the results of a control of a 4-phase 8/6
switched-reluctance machine (SRM). The purpose of the paper is to
operate SRM as a generator and to regulate DC bus voltage at 48 V|
during speed of the rotor is varied. The power electronic converter used
in this scheme control is an asymmetric half-bridge converter.
Regulation of phase current is using hysteresis band control.
Meanwhile, the real-time control is implemented in DSP 320F2812
digital signal processor (DSP) environment. It controls phase currents

while the slope of inductance profiles is negative so that SRM can

operate as a generator by an induction motor as a prime mover.

Keywords: Switched-reluctance machine, Asymmetric half-bridge

converter
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Model RA 165187-15T
Rated output 2.32 kW

Rated speed/Max speed 6,000/12,000 rpm
Torque/Max torque 3.69/4.20 N-m
Rated voltage 483 VDC
Dimension 130x130x160 mm
Number of stator/rotor phase 4 phase, 8/6
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