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KUAGOON KONGKANJANA : DEVELOPMENT OF HIGH STEP-UP
MULTI-INPUT BOOST CONVERTER FOR RENEWABLE ENERGY
SYSTEMS. THESISADVISOR : ASST. PROF. SUDARAT KHWAN-ON,

Ph.D., 246 PP.

HIGH STEP-UP BOOST CONVERTER/ MULTI-INPUT BOOST CONVERTER/

RENEWABLE ENERGY/ Pl CONTROLLER

Thisthesis proposes a multi-input high step-up boost converter topology for
renewable energy system. The proposed converter provides a high voltage conversion
ratio, approximately 20 times, in order to boost up the low input voltage generated from
renewable energy sources about 20V - 40V to the high output voltage level of 400V.
The converter switches operate with no extremely high duty cycle. The output voltage
can be supplied to the high voltage DC load and to the AC load using the inverter for
DC to AC conversion. In addition, the proposed multi-input converter can employ with
the multi-input sources in order to increase power to the load. The system reliability can
be increased by using the proposed multi-input.converter when some input sources stop
operating or the faults occur in the converter. In this thesis, the configuration of the
proposed converter and its principle of operation will be described. The converter
parameters such as inductors and capacitors are designed to reduce the current and
voltage ripples. The PI controller with one voltage control loop and multi current
control loops, depending on the number of input sources, is also designed to regulate
the output voltage at the desired constant levels. The current control is based on the

current weighting technique in order to provide the proper reference current for each



current control loop. The power supplied from each input voltage source can be
controlled appropriately. Simulation and experimental results show that the proposed
high step-up multi-input boost converter can increase the voltage conversion ratio of 20.
The PI controller based on the current weighting technique can satisfactorily regulate

the output voltage at the desired constant levels under different operating conditions.
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voltage multiplier cell
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(3-99)

(3-100)
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a do w )
FINVNIAY S HYAUINTSLLE

(3-103)

(3-104)

v
=



53

a ] A do w 0
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Q]‘ﬂ 5: —Vecz+Vear+Ves=0
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(3-112)

(3-113)

(3-114)

a (] A A do o o [ ~ 1 9
AT NNAIaTiae Sy ngathinszud @e3lf 320 Wi dt = @— D)T 1A
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dV012 _ AVClZ _ AVClZ I —lenn

dt At (1-D)T  C,
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AVgy o =—=—2(1-D)T (3-118)
11

AVepp o = m(l— DT (3-119)
C12
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ch21 — AVc21 — AvCZl — iL21 _iczz (3-124)
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@.ﬂ 1t Vi =Vig (3-130)
@.ﬂ 20 Ve = Ve (3-131)
@.ﬂ 30 Vipon =Veis (3-132)

Ve =0 (3-133)
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a ] ] 4 (% { 1 o § o o {
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Y] % 4 [ 1 v [ H
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v o J Y [ 4 (% 4 o w
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Vinl =Vero (1_ Dl) (3-141)
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ASIN 1 | A3aN2 | Asen 3 nay ASIN 1 | A3an2 | asen 3 DAY
0.0411 0.0410 0.039 0.0410 0 0 0 0
0.0455 0.0458 0.0457 0.0457 0 0 0 0
0.0518 0.0520 0.0516 0.0518 0 0 0 0
0.0617 0.0615 0.0619 0.0617 0 0 0 0
0.0730 | 0.0730 | 0.0724 | 0.0728 2 2 2 2
0.0862 | 0.0861 0.0863 | 0.0862 4 5 6 5
0.1024 | 0.1021 0.1021 0.1022 8 8 8 8
0.1205 0.1206 0.1207 0.1206 14 13 15 15
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iL11(A) Idigi1
ﬂ%\jﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%ﬂﬁ 3 lﬂéﬂ ﬂ%\jﬁ 1 ﬂ%ﬂﬁ 2 ﬂ%ﬂﬁ 3 lﬂéﬂ
0.1435 0.1437 0.1436 0.1436 21 22 21 21
0.1694 0.1695 0.1696 0.1695 30 32 28 30
0.2003 0.2000 0.2000 0.2001 40 40 42 41
0.2367 0.2365 0.2368 0.2367 52 54 53 53
0.2797 0.2795 0.2799 0.2797 69 71 70 70
0.3310 0.3312 0.3318 0.3310 87 88 89 88
0.3918 0.3916 0.3920 0.3918 105 110 109 108
0.4623 0.4627 0.4625 0.4625 136 134 135 135
0.5459 0.5458 0.5457 0.5458 164 166 165 165
0.6416 0.6416 0.6419 0.6417 200 200 199 199
0.6690 0.6688 0.6686 0.6688 207 209 208 208

1 o v o 1 J a - 1
{ﬂ'lﬂ??niNﬁ 52 ﬁ'lll'liﬂu'liJ']ﬁ'%j'l\Tﬂi'W\lﬂ'J'mﬁiJWuﬁizW’JNﬂ1ﬂi$LLﬁﬂu°V!ﬁ IL11 SN

T NUAIADA iggn 19A931N 5.15
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{ v o d ' - - @
iﬂﬂgﬂ“ﬁ 5.15 ﬁnﬂiﬂﬁWﬁﬂJﬂWﬁLﬁ%{u@lﬁ\i"U’E)\iﬂ')'lllﬁuwu‘ﬁﬁgﬁ'ﬂ\i IL1 UAS lgigin Vlﬁ/ﬂ\‘l

aunsi (5-1)

IL1n = 0.00291igi1 + 0.0684 5-1
wamsnageLufeunmsSamanssunszuaifides uaasd e 5.3
3197 5.3 wamsnageuluiieums adinsniunszuadaiiae
iL21(A) ldigi2

asai 1 | asifia | adads mae a3si a3 A4 3 mag
0.041 0.039 0.042 0.041 30 29 31 30
0.458 0.453 0.452 0.0454 27 35 34 26
0.0498 | 0.0495 | 0.0492 | 0.0495 34 33 32 33
0.0580 0.0581 0.0582 0.0581 34 35 36 35
0.0680 0.0681 0.0679 0.0680 40 41 39 40
0.081 0.082 0.083 0.082 44 45 46 45
0.0955 | 0.0954 | 0.0953 | 0.0954 51 50 49 50
0.1130 | 0.1132 | 0.1128 | 0.1130 55 57 53 55
0.1344 | 0.1339 | 0.1340 | 0.1341 64 62 61 63
0.1582 0.1581 0.1583 0.1582 72 73 71 72
0.1873 0.1876 0.1876 0.1875 81 80 80 80
02212 | 02211 | /0.2213 -£.0.2212 95 94 96 95
02624 | 02621 | 02623 | 0.2623 109 108 110 109
03107 | 03109 | 03108 | 0.3108 128 126 126 127
03696 | 03699 | 03697 | 0.3697 146 143 145 145
0.4385 0.4385 0.4384 0.4385 173 172 172 172
0.5223 0.5224 0.5222 0.5222 180 180 181 180
0.6200 | 0.6203 | 0.6201 | 0.6201 237 236 236 237
0.6480 | 0.6481 | 0.6479 | 0.6480 246 244 245 245
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4 ) v o J 1 a - 1
NAMINN 5.3 ﬁ'ﬁJ'lﬁﬂu13J1ﬁ%}NﬂﬁW‘lﬂ’NiJﬁiJW1!‘ﬁ'igﬁ'JNﬂ'igLLﬁ’ﬂuV!ﬁ 1 5 HASHAZA

TUIUATADA iy, AIZUN 5.16
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idigi2
4 o o TG A . i o o o A &
E‘IJ‘V] 5.16 ﬂi"ﬁ/\lﬂ”ﬂﬂJﬁiJWLl‘ﬁi%Ti’JN IL21 HAT lgigiz UDNAINTINIUNTSUTAIN U

{ v o J ' . - (%
i]"lﬂqijﬂﬁ 5.16 mmaamfcmmnﬁ’umwmmmanwuﬁszmn I 21 UAE lgigi2 "I,??])ﬂ\i

aumsn (5-2)

ILur = 0.0029 441> — 0.0434 (5-2)

552  99371399UUTIAY
MINTIIUTYANULTIRUBIANA V, 1aon1FdInT 10T unTsduLes LV25P
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+ Vo, - Input voltage +
MN— HT—ANN—
1 Rm LV25P Re
- +15Ve——+ T Input voltage -
- 9

317 5.17 WesasnTudyanans ey

[

v o o ~ a A 4 A v
ﬂTfJGl.‘Ll'Nili@S’Ji]i]‘]_lﬁiy,ﬂﬁmlﬁﬂﬂuﬂxﬁﬂﬂ 5.17 UMIDNADAINUNMU Ry LWE]‘ﬁENﬂ‘L!

Y
Til¥nszuamaduduna lvamu 10mA iWeRsanilussdu 500V nziuaumseontuuuAIng

Mumu R, fludsaumsi (5-3)

500
Ri=— > - 50kQ 53
' T 10x10°° &3

v 9

aadumil R, 15 lumsilSudaanawssqunndiasnsuuseau Vo Ttiar hinu 3v

Y v
!.Lﬁ%ﬂ’i%l,!ﬁ"lmﬂu 25mA ﬂzﬁuﬂumiaammumﬁaéfmmu R Hagaumsi (5-4)

3

Rp=—— =120Q (54
25x10°° )

N15USVNEVAINITIAAINTIVIVUTIAY ANUHUNITIFUASINUMTUTUINSVA

[

o 1 [ o a J -2
ATIVIUNTSLLE Tﬂﬂ’tﬂﬁﬂﬂﬁ%1ﬁlﬁﬂluﬂlu"|ﬂ!ﬂ’3‘ljﬂﬂ1’lNTL!“IIEN?[’W]GH Sl ae Sz Gl‘l!ﬂTJ;]ﬂﬂ‘i

IS d‘

9 Y o [ [ @ @ 4
UUINAN 9 LW@iﬁﬁ')@li')%%UlLi\?ﬂu (Voltage sensor) TIWITAATIVVIULIIAULDIANS Vo

v

v W o o v 1w o A& A ] ] = [V 4

MNUTUAINTIVIVUTIA Uz AImdyaausiau V, Feliareglusie ov e 3v llduves
4 o 4 [ @

luTnsaouTnsiaes DSP eZdsp' F28335 o3 luInsnou Insmosazudlasdyanamseau V|

Tuiflusdyaruainea V,,, dnegluae o fe 4095 Taslumsdfuiensyiuiinaiszning

digi
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@ J @ 1o aa @ ~ @ 1 v W Y A
useIAYe V, Mimdyanuainea Vg, lasmsnadeulivieuszlivaiginaninm

Yy A d? A A I ¥ @ 4 1 =
910 0% HaUNVVYUNDE 5% Lwaﬁlﬁvlﬂllﬁﬁﬂ‘HL@']ﬂwglﬁlu‘]fﬂ\‘] 20V 99 100V 21WaNsnaaoy

MIUSUNEUMIIAFINTITULTIAU TANANMINATOULAAIAINITIN 5.4

>
Dia
\|
L, D Cup D L D Voltage
Do ZERA= o1 ~ sensor
e R
Vin1 ClzT C13T—>S_1|'_ ~R 23V, +
»
D24
AY/
|
Lo Dy "Dy | Dpz | Lo D2
) > >t > >
I 21 J_
%Van CZZT C23/\ "Sz [
| 'Vm
Pl Controller
e\ \ Viigi

COMPUTER

€7 dspTMF28335

A v A 1 [V Y 4
E'IJ‘VI 5.18 msﬂsumﬂummimmmmmm@
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A15199 5.4 HamMINAFeVUSUMNIVUMIINAINTINVVLTIAU

V, (A) Viigi
ﬂ%\i‘ﬁ 1 ﬂ%\i‘ﬁ 2 ﬂ%\i‘ﬁ 3 m'ﬁ'a ﬂ%\i‘ﬁ ﬂ%\i‘ﬁ 2 ﬂ%\i‘ﬁ 3 m'ﬁ'a
19.82 19.89 19.83 19.83 118 119 120 119
41.67 41.68 41.65 41.67 226 226 224 266
44.22 44.25 44.16 44.20 281 283 282 282
46.73 46.78 46.68 46.73 298 300 302 300
52.37 52.39 52.40 52.39 338 337 339 338
55.39 55.38 55.35 55.38 359 340 398 359
58.72 58.74 58.72 58.72 380 381 382 381
62.35 62.32 62.33 62.33 402 404 406 404
66.46 66.35 66.41 66.41 431 431 434 432
71.95 71.97 72.03 71.96 465 467 462 464
76.12 76.16 76.06 76.12 497 498 450 498
81.85 81.83 81.85 81.84 537 536 538 537
88.01 88.02 88.07 88.05 578 579 580 579
94.97 94.95 95.03 94.96 264 265 265 625
102.79 102.76 102.79 102.79 678 678 675 678
111.34 111.27 111.30 111.30 736 735 738 736

{ o v wi o 1 [ 4 1
NAT 1N 54 mmmumwa%’wmwﬂmmauwuﬁizmmmﬂmamw@ Vo uagan

Tyouanea V

digi

Azl 5.19
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120 /

100 e

Vo(V)

) v

20 o

0
100 200 300 400 500 600 700 800
vdigi

A v o J ' [ [ @
'qijﬂ‘ﬂ 5.19 NTUANUANNUTIZHIN V, ag Vdigi VDI INTIVIVLLIIAU

A Y v o J ' Y o
flﬂﬂzﬂﬂ 5.19 @NNTDVITUNITITUATIVOIANUTUNUTIEUIN V, Lag Vdigi hlﬂﬂ\i

aumsn (5-5)

Vo =0.1483Vigi + 2.3108 (5-5)
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E4 ]
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Y] [ 9 d’

§ o o a dJdo o Jd o o
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8 @ ® ®
[ ! 1 NC
@ Anode
@ Cathode
@ NC
| Amp.
D@ @ @

51/ 5.20 leFoo1 Tatwes PCo23L

GND PWM ' Vec GND OUTPUT
Microcontroller | ¢ | Power
1 [o 8
1000
;
3 PC923L 5
470

.L L—w—

517 5.21 2e5vEBUTRULLULEN Iaad Yy
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57 MINVANUTIAUBIANA

AMFUMIAIVAMUTIALDIANAVDITNUTEAULTIA UL I TIDUNANT S AT1VEY
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usaRugInannIu erdeuesa luTasaeu Insaaes DSP 3u eZdsp” F28335 udasnagiil 5.22
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Tumsilszananad oyausenuoranauaznszuadunai lndans o Taussau uazdiniiaie
[ o Y o a o @ 1 " v v {
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E ERAME [0

U7 522 vesalulasaeulnsames DSP 9 cZdsp 'F28335

571 mslsunsucaevesa lulnsaeuinsiaes DSP Ju eZdsp' "F28335
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Start
v L y
Tnaalisunsuag 4 . deoondynm
. (5uM3MY ADC
183 DSP PWM
\ Y Y
Usgmenlandui FumnIzuToUNa .
Cw .. . . ANAToUIIY
Tiludeiinam HAZUIIAUIDIANA
\4 \ Y
szmadwilsuag ATNTUANNIZUADUNA

. LAy aanaugius au
MyuamEuaY

HAZUSIAUIDIANA

Y \/
Mruamisud UV IMANANT AN
A Y
CPU Timer minnseiLd
Y Y
Mruamisua UV

vo 9 amuaugUnIzia
ManFuas PWM

\ A
MyuAMIsUR LU0 M\ |/
a3 Wy In PWM
ADC

I

d‘ o
7111 5.23 laezunsumaiinuves lalsuashaduay

1n laezunsumsiinuveslisunsuaingu degii 523 aunsaesuiellsunsuesn

o o 9

Y 1 v v dy
18 3 daudandenusail
1 A = o v U @ J a . .
a1 TsunsumFaE T UTUA M RAUIANA (Vo ) 10 NIZuadUna (i, iLo)

9
HaziMIAIUlsuAIAIRea9IN ADC Glﬁ!“ﬁﬁmmWﬂWﬂigLLﬁ HAZLSIAUDTI LIAAIAITH

Current lin1 = AdcMirror. ADCRESULTI; /5UMAIN0AVDINTZUE iL1n
Current _lin2 = AdcMirror. ADCRESULT?; /5UMAINDAVDINTZUE i1 21

Voltage Vout=AdcMirror. ADCRESULT3;  /5UA1A9A00301590U V,



digi_i1=Current linl;
digi_i2=Current_Iin2;
digi_ v=Voltage Vout;
iin1=(0.0029*digi_i1)+0.0684;
iin2=(0.0029*digi_i2)-0.0434;
vout=(0.1483*digi_v)+2.3108;

156

JEWANANTENE i1
JEWANAINTEUE i1

/EWANAWTIOU V,

/AISUMeUMATEUE i1
/AISUMEUMATIUE 2

/AlISumeuasey V,

[ Y
daudi 2 Tosunsumn@d msumsiunavesdanuauii o tazmatianminaimiin

Y
AILUE LAAIAIT]

// PLV loop

Verror = Vref-vout;
Excv = Verror*Kpv;
Sumv2 = Sumv1 + Kiv¥*Verror*Ts;

Iref= Excv + Sumv2 ;

// P11 1loopl

kl1=pl/Apl+p2);

Irefl = Iref*k1;

Ierrorl = Irefl-iin1;

Excil = lerror1*Kpi;

Sumil2 = Sumil 1 + Kii*Ierror]l *Ts;

pisl=Excil + Sumil2 ;

// P111oop2

k2=p2/(p1+p2);

Iref2 = Iref*k2;

Ierror2 = Iref2-iin2;

Exci2 = lerror2*Kpi;

Sumi22 = Sumi21 + Kii*lerror2*Ts;

pis2=Exci2 + Sumi22 ;

AU ANVHANAIAVDIULTIAU V,
/RuAIMIMUANIUUTARIY
/AUAAMIMUANIULIUNNTD

/ANTZIEd19890Ing LT IR

R I s EMIaE S AT R Vi
/Sunnssuad1an
JAUIUMANUAANAIAVOINTZUE iL1
RN e IR bR ST IV Lo (YooY
/AUANIAIANIUIUNNT D

sinnudynudeesd sy PWM

s mminnszuad s uma o Vinz
/lSuAnszad1an
JATHIUMANUAANDIAVOINTZUE i o1
/AIUMIAILANUUDTATIU
/AMIUMIAILANUUVBUNNT D

sinunadyanudoidmsuaie PWM



157

/lupdate variable
Sumv1=Sumv2; /ANANAISUMv 1
Sumil 1=Sumi12; /BWANAISUmil 1
Sumi2 1=Sumi22; /ANANAISUmMi2 1

1 A = o o 9 @ <
LAZEIUN 3 I‘]Jil!ﬂ'ﬁJﬂWH'lcﬁﬁ'lﬁTUﬂ15ﬁ51ﬂﬁmm01m PWM Tﬂﬁmglﬂuﬂigﬂﬁuﬂ'ﬁﬂ?ﬂiu
4 s L J = = 1 o A A 9 T v
UﬂiﬂqmiﬂiﬂQUIﬂﬁa!aﬂﬁ "]NL‘]J‘L!ﬂ'lﬁl,‘]J'ifJ']JL‘VIfJ']JﬁZﬂ'JNﬁiyinﬂ!gﬂﬂauﬁTNLﬂalelﬂ"ILlL‘Vﬂ ny

9
dryanad1999 Haaed il

// convert PI single to DUTY

duty1=3750-(pis1*23.4375); /mlaq pist fuarininswiii dutyl

duty2=3750-(pis2*23.4375); /mialaq pis2 fluarininswiii duty2
// DUTY limiter

if{duty1>3750) {duty 1=3750;} iviualiariginavdn ludindno

else iflduty 1<750){duty1=750;} miviualdariginavn ludv 0.7

else{duty1=dutyl;}

if{duty2>3750){duty2=3750:} iviualiariginavin ludnan o
else iflduty2<750){duty2=750:} siviualiariginavin lumv 0.7

else{duty2=duty2;}

// update DUTY

EPwm2Regs CMPA half CMPA = duty2;  /dwiandayana: PWM dmsuaiag S,

1oy
oy

EPwmIRegs.CMPA half CMPA =dutyl;  /wandayana PWM dwsuaiag S,

dyw =~ ~ o @ o 1 A A ~
uaﬂﬂ]mumuiﬂmﬂ‘iumywmm‘umuqumﬁmamiumuau 9 miluineans
o v Ay o do 0 =2 = A a 9 1
MUUAAUTUAY tazmsUsemanansunITieu ﬁmﬁaﬁﬂyﬁmamaamwmm%iumu

MARUIN A.
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M13AIVAUMTMINIUFANATOUINITNUTEAVLUITIAULUUNRAIGBUNANTOAT 1V
v F4 Y

useaugaiiaIu 1ddnuauit loswiumaiiansaraiminnszualunmsniugu Tag
@ = a A o 1 4 J 9
pdomsden TUsunsunm@vendugumsiauriiunueialulasnouInsames lao’ld

14 4 1 Y] ° o
onldveialulnsnouInsamos DSP U eZdsp  F28335 uaasnsgl v.1 dwmsuilszuiana

[ o a s a o J a o

MINIUANLAZ A3 NFYYIUAILAUNITHINUYIE Y FUTUNAAAURVINUTEN Texas

[ % U d‘ o Y % ! dy
Instruments Taganyuzuazaulsznouidnnyasse 1l

s1/i .1 vefaluTnsnoulnsames DSP ju ezdsp 'F28335

'
vaA o o 3

Auauiananyvesvesa lylnsaou Insames DSP ju eZdsp  F28335
4
1. wiledszwanadyaaainea 32 Ua 5995UMsUseurananauuy  floating
point unit 8% fixed point unit
9 o =Y = 1 £ o
2. ldyanauniin 150 MHz lumsiseunana 130 6.67 ns AvHINIOUdYQ IV
TRITOR
] ) Y
3. nuleANNNYsEnouAIY
] o a 4 .
- M28AMNT1L52AN RAM 68 1 1a 114 (68 K bytes on-chip RAM)
- ¥HANNY52am Flash 512 flalud (512 K bytes on-chip Flash memory)
- ¥18ANN52AN SRAM 256 A 1a'lUd (256 K bytes on-chip SRAM memory)
4, Wﬂ;ﬁl%@u@i@ XDS100 JTAG Emulator Lla$W@§ﬁL°§ﬂN§iﬂ RS232 LUULYNTIHTU
T15unsuuVNA1934 (real-time in system programming)
5. wosauilasdyaaueuiaenilufinea (Analog to Digital converter) 11 12 T
I 16 FoIdyanudUNA
v v o < o
6. mmﬁtgmmmmauiﬁ@maé’ (Quadrature Encoder Pulse) 914U 2 %A

7. ePWM 12 Foadyaa (6 Tuga) dmsuadudyia PWM
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8. Serial Peripheral Interface modules SPI U 1 %A (SPI-A)
9. Serial Communications Interface modules SCI 31471 3 ¥A (SCI-A,SCI-B,SCI-C)

a J o o A A 9 o
10. "U’lf)u‘V‘!@]LLa5!'E]19’]1’!ﬁfff’n’iﬁU!ﬁ@ﬂIﬂiLlﬂiNlWﬂi“ﬁ\ﬂHﬁﬂH?H 96 VU1

Tugamsa s Na Y18 PWM (enhanced PWM modules)
Tugamsadndyana PWM dunfuadndgygraduvunaaiadluies Fiueia
luTasaouInsaans DSP 3u ezdsp F28335 3l Tugaadudaynna PWM §112u 6 ya Ao

ePWMI — ePWM6 ULABZ AT 1IN0 10101900 14 2 1017 WA AD cPWMXA 118g cPWMxB

4
v W

4
astiuazansoas udyain PwM ldnanua 12 dyana Tasezl Tnuamsivvesdgyao
k4 Y
WA mavua 3 Triua Ao 1A UUY (Count Up mode) 1111R1iUa4 (Count Down mode) Liag

9
TruaM 31 DIU-a9 (Count Up-Down mode) d145UM a3 19d 190 PWM 903 Tuga cPWM

=)

ga =) ~ 4 4 o a [ 9 A 1 =
ﬂgi%ﬁ‘ﬁlﬂiﬂﬂlﬂﬂﬂlﬂ'llzll@ﬂi (Counter Compare) VOITYYIUUIWNT ﬂﬂﬂl@yjﬂﬁi@ﬂ’liu5ﬂ

=

s A Y A ) o o o Y a 1 o
ﬁl@]@i!W@ﬁi'l\?N@‘Llllsllﬁ?ﬂﬁﬂﬂ1iﬂ1ﬁuﬂ§ﬂllﬂﬂﬁiyiy1m PWM Glﬁmﬁﬂﬂﬂllﬁﬂﬁ'lﬂﬂuuﬁgll

= o Ay ! A o o VY A 7
ﬂ')'liJﬂﬂl’E)\?ﬁiLlﬂJu'IMWiﬂ@\?ﬂ'ﬁ ﬁ’)uﬂ?’l%ﬂﬂlﬂﬂﬁiyiy’]ﬂ! PWM ﬁ'lll'liﬂﬂW?‘iuﬂklﬂ@'Jﬂiﬂﬁlﬁ@i

TBPRD (ePWM Period Register) NNULA 16 1A 43 TBPRD 920¢ 11153 00000 — 65535 Tagdi

[ a

[ o I @ @ a an d (@
ANUFAUNUTNUISUUTYYIUUIAN 150 MHz LlagﬁﬂﬁL@@ﬁﬂiUﬂmﬁiQi‘g’lmu1Wﬂ1

HSPCLKDIV wag CLKDIV faaums (v-1) Teedyanangnalseuiisundiazgndeesnnigan

U

§ o a ad a o w
GPIO2_EPWM2A Lﬁ@ﬂlﬂﬂl’llﬂ@lﬁﬂ@ﬂ?iu?ﬁﬂﬁ@!aﬂﬂi@uﬂﬁ)ﬂ'lﬁ\i

TBPRD = E fSYSCLKOUT (GU_I)
2| fouu (HSPCLKDIV x CLKDIV)

Taeii  TBPRD Av MFIgAVOIR NIV Ty IR
HSPCLKDIV — #e élfugaanusigedaynaiuniind (high speed clock scalar)
CLKDIV Ao dnlsugudynIauwn (clock scalar)
- fio AmAvesTTUYFIWUIRN 150 MHZ
Fomns fie anwdvesdama PWM fidesnsadia (Hz)

[

Q@ Aaa
RERE AR Tn@auﬂmﬁwmmuaumamﬂumwaa ADC (Analog to Digital Converter)

U g

o ' o ) o g 4 1
mssumaaﬂmﬂnmuamaaﬂﬂmmﬂumammumﬂ”luimﬂauimamm DSP 3u

™ A o o o 3 aa A~ A A
eZdSp F28335 "l]gllillﬂaﬁ1ﬁ§u&iﬂa\jﬁmm’]mllﬂuTaﬂﬂlﬂuﬂﬂ@ﬂa NUANUASIDYA 12 VA
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1 ( o o 1 ' % 4 <&
Tasdyaraueuiaoniiaiuisosesiuszinseaueglusie ovae 3vauiousia

Jo o ] v @ 1 o I 1 Aana
VluiﬂﬁﬂﬂuifﬂiﬁLﬁ@ﬁi‘UﬁﬂJf!Jﬂﬂ‘!L!mﬂ'ﬁ@ﬂﬁlu“ﬁNLLi\‘]ﬂuﬂ\?ﬂﬁW? wwimmsudauilumainea

[

1 9
YA 12 10 F99:A108521319 0 — 4095 §1m5U Tuga ADC UNaHua 16 FoIDUNAT QYY1

99

uiailuwesaya A §1uau 8 ¥esdayaal (ADCINAO — ADCINA7) Hagwosnga B $1u7u 8

[ 1

FOIAYYIULFUAY (ADCINBO—ADCINB7)Tﬂﬂ“lmmﬁﬁaﬁ‘ﬂmﬁwuﬁ'ﬁﬂlﬁ’gﬁaﬂi%’ 3
Foadayaa fio ADCINAT dwiusudyananseuaduna i, # makudunidoni L,
ADCINA2 @SS udaanssuadune i, filvarudamiiend L,, 1tag ADCINA3
ﬁ”uﬁ’iytgmmqﬁumwéf‘vm17’1'@1ﬂﬂﬁaniwaﬂimmiwmz@Tumqﬁmmuwamﬁuw@ﬁﬁ

1 4
OATIVGIBUTIAUTIN WAL
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a.1 llsupsumsaedaana PWM aasvesalulnsneulnsaaes DSP Ju eZdsp " F28335

IRHBHBHHHHRHBHBHARHHAHAHRHAHHHARHRHHHARHHHHHHH

[ o Y J @ [ a {
I']J5&Lﬂﬁllﬂ1B"I"Tiﬁ"lﬁiﬁﬂ?ﬂﬂ‘ulﬁﬂﬂut@"l@]w%ﬁﬂﬂﬁﬂﬂﬁzﬂﬂlliﬂﬂullﬂﬂWZ‘I"IEJ’E)HW‘@]ﬁfI

v Y
ORI 1VIYITIAUFINWALITY

HUHHAHBHHHHRAHAHHHHH AR HH AR HRHHHHRARHHH AR HHHHH]

#include "DSP2833x_Device.h" /1vian headerfile 1A Examples Include File

#if (CPU_FRQ_150MHZ) /N38 SYSCLKOUT %A1 150 MHz

#define ADC_MODCLK 0x3 //ﬁﬂJNUWmHWﬁﬂW ADC _HSPCLK = 150/(2*3) = 25MHz
#endif

#f (CPU_FRQ_100MHZ) /N3 SYSCLKOUT 31 100 MHz

#define ADC_MODCLK 0x2 //ﬁﬂJmUWmmﬁm ADC _HSPCLK = 100/(2*2) = 25MHz
#endif

/

o o J g { 1
nlszmaflanguniouon (Handunugiuiioglu Headerfile)

/ external function prototypes
9

Jo o v
extern void InitAdc(void); //ﬂ JNBUDNITUAR ']ﬁu@ 1MUY ADC

J v o 1 dy
extern void InitSysCtrl(void); //'W JOFUDTTUAATNU Lﬁ MUV CPU

7w .
extern void InitPieCtrl(void); /NAFUNTAIY A4 Peripheral Interrupt Expansion

7w . .
extern void InitPieVectTable(void); //‘171 INVUA1T Peripheral Interrupt Expansion

Jo o v dy .
extern void InitCpuTimers(void); //'W NNFUNTUUAATWUITUUD CPU Timer

U Jdo o

extern void ConfigCpuTimer(struct CPCUTIMER VARS *, float, float); // 1/\] INTFUNTIUA Tﬂ N %}1 3 U939 CPU
Timer

/

lsemailansudmsums 1dau

/
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void Gpio_select(void);
void Setup_ePWM(void);
interrupt void cpu_timer0_isr(void);

interrupt void adc_isr(void);

o o
Alsemanandu Gpio_ select

o Jdo
sz mailangu Setup ePWM

U Jd o . . . .
lszmailangu interrupt void cpu_timer0_isr

o dao . .
rdsemalandu interrupt void adc_isr

/

Alsemaanls

/ Global Variables

unsigned int Voltage VRI;
unsigned int Current_linl;
unsigned int Current_lin2;

unsigned int Voltage Vout;

float digi_i1=0,digi_i2=0,digi_v=0;

float iin1=0,iin2=0,vout=0;

float Ts=1e-5;

float T=0;

float Vref=400;

float T1=3,Vref1=400;

float T2=6,Vref2=400;

float T3=9,Vref3=400;

float Verror=0;

float Excv=0,Sumv1=0,Sumv2=0;

float Kpv=2.5¢-3,Kiv=0.09765625;

float Iref=0,Iref1=0,Iref2=0;

float Ierror1=0,lerror2=0;

Alsemaainds Voltage VRI1
lsgmadls Current Iinl
lsemadans Current Iin2

nlsemadanls Voltage Vout

Alsgmaninds digi il, digi i2 1ag digi v

mlszmaaiuds iinl, iin2 1ag vout

lsemadanls sampling time

Asemaaanas Time

[ Y] 4 9 a
Aaemaails Vref 15301101ANAD1909
nlsemeaainas Vrefl
Alsemeaainls Vief2

wlsemeaanils Vref3

nlszmaainds Verror
n)semaands Excv, Sumvl 1ag Sumv2
dmsugiauauus Iy

Alsemaainds Kpy tag Kiv

lsemaainds Iref, Trefl uag Tref2

n)semaaals Terrorl tag Terror2
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float p1=60,p2=40;

float k1,k2;

float Kpi=4.21875,Kii=7324.22;
float Excil=0,Sumil 1=0,Sumil2=0;

float Exci2=0,Sumi21=0,Sumi22=0;

float pis1,pis2;

int duty1=3750;

int duty2=3750;

/

JMAUANNAN ALY ALY

nAlsemaainas k1 uag k2

Alsemaaindls Kpi e Kii
)semaans Excil, Sumill itag Sumil2

n)semaans Exci2, Sumi21 iag Sumi22

lsemadanls pisl uag pis2

lsgmadunls dutyl

Alsemadanls duty?

//main code

/

void main(void)
{
InitSysCtrl();

EALLOW;

SysCtrlRegs. WDCR= 0x00AF;

EDIS;

DINT;

Gpio_select();

Setup_ePWM();

InitPieCtrl();

InitPieVectTable();

InitAdc();

/Tvian PLL, WatchDog, enable Peripheral Clocks

J

o a Jo
ARYANITNNIUVDIDUIADITNA

/RN UARTINY DU WRADIANA

JAMUAAISHAUTINSY ePWM

JAMUAAISHAUT YIS PIE table

Y

/Nraaausuduiiugiuvesnisulas ADC

AdcRegs.ADCTRLI1.all = 0;

AdcRegs. ADCTRL1.bit. ACQ_PS =17,

AdcRegs.ADCTRL1.bit.SEQ_CASC =1;

//cascaded sequencer
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AdcRegs. ADCTRL1.bit.CPS = 0; //divide by 1
AdcRegs. ADCTRL1.bit. CONT_RUN = 0; //single run mode

AdcRegs. ADCTRL2.all = 0;

AdcRegs. ADCTRL2.bit.INT_ENA_SEQI =1; //enable SEQ1 interrupt

AdcRegs. ADCTRL2.bit. EPWM_SOCA_SEQ1 =1; //SEQLI start from
ePWM_SOCA trigger

AdcRegs. ADCTRL2.bit.INT MOD_SEQ1 =0; //interrupt after every end

of sequence

AdcRegs. ADCTRL3.bit. ADCCLKPS = 3;
//ADC clock: FCLK HSPCLK /2 * ADCCLKPS
// HSPCLK = 75MHz (see DSP2833x_SysCtrl.c)

// FCLK =12.5 MHz

[] o ! g 1
AdcRegs. ADCMAXCONV.all = 3; ADUUANIUIUFOITYYIU 3+1= 4 HDI
AdcRegs. ADCCHSELSEQ1.bit. CONV00 = 0; //ADCINAO as 1st SEQ1
AdcRegs. ADCCHSELSEQ1.bit. CONVO1 = 1; //ADCINALI as 2nd SEQ1
AdcRegs. ADCCHSELSEQ1.bit. CONV02 = 2; //ADCINA2 as 3rd SEQ1
AdcRegs. ADCCHSELSEQ1.bit. CONV03 = 3; //ADCINA3 as 4 SEQ1
EPwm3Regs. TBCTL.all = 0xC030; /I Configure timer control register

EPwm3Regs. TBPRD = 2999;
// TPPRD +1"= TPWM / (HSPCLKDIV * CLKDIV * TSYSCLK)

//= 20us/ 6.667 ns

EPwm3Regs.ETPS.all = 0x0100; //Configure ADC start by ePWM3
EPwm3Regs.ETSEL.all = 0x0A00; //Enable SOCA to ADC
EALLOW;

PieVectTable.TINTO = &cpu_timer(_isr;
PieVectTable. ADCINT = &adc_isr;

EDIS;

InitCpuTimers(); //basic setup CPU Timer0, 1 and 2

ConfigCpuTimer(&CpuTimer0,150,10); /MYUA sampling time=1e-5=10*1e-6
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PieCtrlRegs.PIEIER1.bit.INTx7 = 1; //CPU Timer 0
PieCtrlRegs.PIEIER 1.bit.INTx6 = 1; //ADC
IER [=1;
EINT;
ERTM,;
CpuTimerORegs. TCR.bit. TSS = 0; //start timerQ
while(1)
{
EALLOW;

SysCtrlRegs. WDKEY = 0x55;  //service WD #1

EDIS;

}
¥
/
//W\‘]f{%u Gpio_select
/
void Gpio_select(void)
{

EALLOW;

GpioCtrlRegs.GPAMUX1.all = 0; /IGPIO15-GPIOO0 = General Puropse /O

GpioCtrlRegs. GPAMUX1.bit. GPIO0 = 1;  //ePWMIA active
GpioCtrlRegs. GPAMUX 1.bit. GPIO2 = 1;_  //ePWM2A active

GpioCtrlRegs. GPAMUX2.all = 0; //GPIO31-GPIO16 = General Purpose 1/O
GpioCtrlRegs. GPBMUX.all = 0; //GP1047-GPIO32 = General Purpose I/O
GpioCtrlRegs. GPBMUX2.all = 0; //GPI063-GP1048 = General Purpose 1/0
GpioCtrlRegs. GPCMUX.all = 0; //GP1079-GP1064 = General Purpose I/O
GpioCtrlRegs. GPCMUX2.all = 0; //GPIO87-GPIO80 = General Purpose 1/O
GpioCtrlRegs.GPADIR.all = 0;

GpioCtrlRegs.GPBDIR.all = 0;

GpioCtrlRegs.GPCDIR.all = 0;

EDIS;
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Y d o
#NINTFU Setup_PWM

/

void Setup_ePWM(void)

{
EPwmlRegs.TBCTL.all = 0;
EPwmIRegs. TBCTL.bit. CLKDIV = 0;
EPwm1Regs. TBCTL.bit HSPCLKDIV = 1,
EPwmIRegs. TBCTL.bit. CTRMODE = 2;

EPwmIRegs. AQCTLA.all = 0x0060;

EPwmIRegs. TBPRD = 3750;

EPwmIRegs.CMPA half. CMPA =3750/2;
EPwm2Regs. TBCTL.all = 0;

EPwm2Regs. TBCTL.bit. CLKDIV = 0;
EPwm2Regs. TBCTL.bit HSPCLKDIV = 1;
EPwm2Regs. TBCTL.bit. CTRMODE = 2;
EPwm2Regs. AQCTLA.all = 0x0060;
EPwm2Regs. TBPRD = 3750;

EPwm2Regs.CMPA half. CMPA =3750/2;

/

//default status
//ICLKDIV =1
//HSPCLKDIV =2

//ap - down mode

//set ePWMI1A on CMPA up

//3750=10KHz - PWM signal

//dutyl

//default status
//ICLKDIV = 1
//HSPCLKDIV =2

/lap - down mode

//set ePWM1A on CMPA up

//3750=10KHz - PWM signal

/lduty2

o o
I V\l NN interrupt void cpu_timer0_isr

/

interrupt void cpu_timer0_isr(void)
{
static int up_down = 1;

EALLOW;

SysCtrlRegs. WDKEY = 0xAA; //service WD #2

EDIS;

if(up_down)
{

if(EPwmI1Regs.CMPA half. CMPA < EPwm1Regs. TBPRD) EPwm1Regs.CMPA half. CMPA;

else up_down = 0;
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if(EPwmI1Regs.CMPA half. CMPA > 0) EPwm1Regs.CMPA .half. CMPA;

if(EPwm2Regs.CMPA half. CMPA < EPwm1Regs. TBPRD) EPwm2Regs.CMPA half. CMPA;

else
{
else up_down = [;
¥
iflup_down)
{
else up_down = 0;
¥
else

if(EPwm2Regs.CMPA half. CMPA > 0) EPwm2Regs.CMPA .half. CMPA;

else up_down = 1;

PieCtrlRegs.PIEACK.all = PIEACK_GROUPI;

digi_il=Current Iinl;
digi_i2=Current lin2;

digi_v=Voltage Vout;

iin1=(0.0029*digi_i1)+0.0684;
iin2=(0.0029*digi_i2)-0.0434;

vout=(0.1483*digi_v)+2.3108;

/ PIV loop

Verror = Vref-vout;
Excv = Verror*Kpv;
Sumv2 = Sumv1 + Kiv*Verror*Ts;

Iref= Excv + Sumv2 ;

k1=p1/pl+p2);

Trefl = Iref*k1;

JRWANAINTLUE i1
JONANAMITENA i\ 21

/ONANAWTIAU V,

/AlSuMeuANITZUE i1
/AU EUAINTZHE o1

/lsueuams Iy V,

/ATHAIUMANUAANAIAVDINTIAY V,
/ANUIUMIAIUANMU DT AR Y
/AUIUMIAIUANUVVIUNNTA

o Yy a @
//mmmﬂmmmqmmﬂgﬂuimu

Y
/M IHUNATEUAT T ULHA9Y Ving

AlSuanseuadnads
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ITerrorl = Irefl-iinl;
Excil = Ierror]1 *Kpi;
Sumil2 = Sumill + Kii*Ierror1 *Ts;

pisl= Excil + Sumil2 ;

k2=p2/(p1+p2);

ITref2 = Iref*k2;

Terror2 = Iref2-iin2;

Exci2 = Ierror2*Kpi;

Sumi22 = Sumi21 + Kii*Ierror2*Ts;

pis2= Exci2 + Sumi2?2 ;

//=======update variable ======—=
Sumv1=Sumv2;
Sumil [=Sumil2;

Sumi2 [=Sumi22;

duty 1=3750-(pis1%23.4375);

duty2=3750-(pis2*23.4375);

J/=======DUTY limiter =———==——=
if(duty 1>3750){duty 1=3750;}

else if(duty1<750){duty 1=750;}

else{dutyl=dutyl;}

if(duty2>3750){duty2=3750;}

else if(duty2<750){duty2=750;}

else{duty2=duty2;}

//=======Update DUTY ====—===

EPwm2Regs.CMPA half. CMPA = duty2;

/AUIUANNURANDIAVDINTLUE 11
/ANUIUMIAIANUU DT AR Y
/AUIAMIAIUANUUVBUNNTA

siunadyanadnosdmivae PwM

Jsaaaimianszuad M uuma s Vinz
/AlSumnszuadnana

/AU NUHANQIAVDINTZUE 21
JAMUIBMIAIVANLLUTATIY
JAMUIUMIAIVAVLVDUNNT

sSnudyanusessdmsuadie PwM

/ONANAISUmMy 1
/ONANAISUml 1

JOWANAISUmi2 1

3 " v W {
milaapist iuA13ninsnii i dutyl

1< 1w {
mfa pis2 iuA1igansuiihi duty2

simiualdaiganswinm ludinan o

iiualdaiganswii lunu 0.7

simiualdaiganswinm ludinan o

iiualdaiganswii lunu 0.7

@ [ a J
/AWeNdyaNa PWM vedaiasd S,
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EPwmIRegs.CMPA half. CMPA = dutyl;

T=T+Ts;

if(T>T1&&T<T2){Vref=Vrefl;}
if(T>T2&&T<T3){Vref=Vref2;}

if(T>T3){Vref=Vref3;}

@ [ a J
/AWANF YU PWM v0a0% Sy

/S UANITN Y

Y
%

/mlasuualasan vref asani

]
~

/mlasuualasan Vref asanz

Qe

]
~

/mlasunalasan vref a5903

Qe

/

o o
I V\l NN interrupt void adc isr

/
interrupt void adc_isr(void)

{
Voltage VR1 = AdcMirror. ADCRESULTO;

Current_linl = AdcMirror ADCRESULT]I;
Current_Iin2 = AdcMirror ADCRESULT2;

Voltage Vout = AdcMirror. ADCRESULTS3;

// Reinitialize for next ADC sequence

AdcRegs. ADCTRL2.bit.RST _SEQI1 = [;
AdcRegs. ADCST.bit INT SEQ1 CLR = 1;
PieCtrlRegs. PIEACK.all = PIEACK _GROUPI;

/I Acknowledge interrupt to PIE

/5UA1AVNDAVOINTLE i1
/5UA1AVNDAVOINTLUE |01

/5UNIAINDAVDITIAY V,

// Reset SEQ1
/I Clear INT SEQ1 bit

/
// End of SourceCode.

/
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Aa o 4 4 L
mAuAMTIaedan UMY Ve1TauIT lugy (Hardware In Loop : HIL)
o L4 4 o I o 1 1Y
MITIaeIaIUMIBLLUVEITALIS Tugl) (Hardware In Loop : HIL) Humsia1us iy
v 4 4 '
senivesalulasneuInsamos DSP ju eZdsp' F28335 uaz 1151051 MATLAB Simulink
[ = o @ a A A o dgl 4 = o =R J
Tavorfan1siloufidevesdrnrguaiail loRwaIud 10 ® naztiuinasluvesa
'z ' \ o %
luTnsnouTnsamos DSP Ju eZdsp  F28335 o 191szunananazaiuguli Idusiwueidna
1 1 E4 [
YDINITNUTZAVUTIRNULDUHA10DUNANLOAT VLT IAUFINW A TUAINARDINT N3
0 4 4 g A ¥ a ¢ o ay Syy o A
$raesamumsainuuasans lugiiaenldmsiimesvesdrnruguii o lasenuuuaan
o Y = 4 ° ¢ ¢ ¢ ¢ ¢
waue luuni 4 Fesmssraosanumssinpuasanslugl veialulasaouInsamos
! Tl o y A o = A o 4 1
DSP U eZdsp F28335 aziivithi lumsilszuranavesdrniuguii lefi waunaiv nazds
(% @ a do o @ [ a { o 4 % [l
dyane PWM 190 UaI05H1a99099993 N5 AULT IR UIUUA 10D U AN RN A g Tu
a o 4 4 o o
T15unsu MATLAB Simulink inaliAnMsdiassaiumssinuyesans lugilazendelisunsy
. 9 v Y A A o d?' A 1
Code Composer Studio V3.3 @115 Umsun 1o T15unsuniuguam @ awauiiu uazidouso
4 4 1 T™ @ ] J
vosia luTlasnouInsaaes DSP §u eZdsp' F28335 nul1/5unsn MATLAB H1unenesa USB
{ o o 4 o ;g o 1 ]
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float Epw=0.0022, Kiv=0.09766;
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pl, p2 A WHAMALHBIDY
. .. =) g a % ~
Kpi, Kii Ao Aulswsdmesainiuauil leginszua
[ a 4
ss1, ss2 Ao FyIUAILAUAINT ST LAY S2
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#include <stdio.h>
#include "SumDiff.h"
#include <rtdx.h>

#include "target.h"

/

Alszmadatsudirsuns lgau

/

void add_sub_buffers(float *inl, float *in2, float din3[1], float *outl, float *out2);

/

nlsemaaanls

/

float dinl1[1];
float din2[1];
float din3[1];
float dout1[1];

float dout2[1];

float Vref=400;

float Verror=0;

float Ts=1e-5;

float Excv=0,Sumv=0;
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float Kpv=0.0022,Kiv=0.09766;

float Iref,Irefl,Iref2;

float Ierror1=0,Ierror2=0;

float p1=160,p2=120;

float k1,k2;

float Kpi=3.75,Kii=7327.22;

float Excil=0,Sumil=0,Exci2=0,Sumi2=0;

float pis1,pis2;

float ss1,ss2;

float Tri_table[100]={0,0.16,0.32,0.48,0.64,0.8,0.96,1.12,1.28,1.44,1.6,1.76,1.92,2.08,2.24,2.4,2.56,2.72,2.88,3.04,3.2,3.36,3.52,3

.68,3.84,4,4.16,4.32,4.48,4.64,4.8,4.96,5.12,5.28,5.44,5.6,5.76,5.92,6.08,6.24,6.4,6.56,6.72,6.88,7.04,7.2,7.36,7.52,7.68,7.84,8,7.8

4,7.68,7.52,7.36,7.2,7.04,6.88,6.72,6.56,6.4,6.24,6.08,5.92,5.76,5.6,5.44,5.28,5.12,4.96,4.8,4.64,4.48,4.32,4.16,4,3.84,3.68,3.52,3.

36,3.2,3.04,2.88,2.72,2.56,2.4,2.24,2,1.92,1.76,1.6,1.44,1.28,1.12,0.96,0.8,0.64,0.48,0.32,0.16 } ;

float Trit=1e-4;
float Triwave=0;
int16 point=0;

int16 Tripoint=0;

/

//defines RTDX channels

/

RTDX_CreatelnputChannel (ichanl);
RTDX_CreatelnputChannel (ichan2);
RTDX_CreatelnputChannel (ichan3);
RTDX_CreateOutputChannel(ochanl)

RTDX_CreateOutputChannel(ochan2)

/

s

>

//main code

/

void main()

{
TARGET_INITIALIZE();
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RTDX _enablelnput (&ichanl);

RTDX_enablelnput (&ichan2);

RTDX _enablelnput (&ichan3);

RTDX_enableOutput(&ochanl);

RTDX _enableOutput(&ochan2);

while (1)
{

/* Read inputs from host */
RTDX read( &ichanl, dinl, 1 * sizeof(long) );
RTDX read( &ichan2, din2, 1 * sizeof(long) );

RTDX read( &ichan3, din3, 1 * sizeof(long) );

/* Call function */

add_sub_buffers(dinl, din2, din3, doutl, dout2);

/* Write outputs to host */

while (RTDX_writing !=NULL )

{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif

¥

RTDX_ write( &ochanl, doutl, 1 * sizeof(long) );

while (RTDX_writing != NULL )

{ /* wait for previous write to complete */
#if RTDX POLLING IMPLEMENTATION
RTDX_Poll();
#endif

}

RTDX_ write( &ochan2, dout2, 1 * sizeof(long) );

/
//add_sub_buffers
/
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void add_sub_buffers(float *inl, float *in2, float *in3, float *outl, float *out2)

{

short t;

for (t=0;t<1; t++)

{

Verror = Vref-in1[t];
Excv = Verror*Kpv;
Sumv = Sumv + Kiv*Verror*Ts;

Iref= Excv + Sumv ;

J/=======PI I loop] =======
kl=p1/(pl+p2);

Irefl = Iref*kl;

Terrorl = Irefl-in2[t];

Excil = lerror1 *Kpi;

Sumil = Sumil + Kii*Ierror1*Ts;

pis1= Excil + Sumil ;

/f=======PII loop2 ===—====
k2=p2/(p1+p2);

Iref2 = Iref*k2;

Terror2 = Iref2-in3[t]; /| Verror
Exci2 = lerror2*Kpi;

Sumi2 = Sumi2 + Kii*Ilerror2*Ts;

pis2= Exci2 + Sumi2 ;

point=point+10;
if(point>=100) {point=0; }
Tripoint=point;

Triwave=Tri_table[Tripoint];

if(pis1>=Triwave){ss1=1;}
else{ss1=0;}

if(pis2>=Triwave){ss2=1;}

//Kp
//Ki
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else{ss2=0;}

outl[t] = ssl;

out2[t] = ss2;

return;
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The Control of A Multi-Input Boost Converter for
Renewable Energy System Applications

Sudarat Khwan-on
School of Electrical Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand
Sudarat kh{@sut.ac.th

Abstract—This paper proposes the control strategy of a multi-
input boost converter for renewable energy system applications.
The desired high output voltage with a constant level can be
achieved wsing the multi-input boost converter. The low multi-
input voltage sources are generated from renewable energy
sources such as PV modules and wind turbines. The control of
the multi-input boost converter is based on the Pl controller
consisting of the outer-loop voltage control and the multi-inner
loop current control. The effectiveness of the designed controller
to regulate the output voltage of the multi-input boost converter
are d ated by simul results under different operating
conditions.

Keywords—multi-inpur boost converter; renewable energy; PI
controller; control strategy

I INTRODUCTION

Renewable energy sources such as photovoltaic (PV)
modules, wind turbines and fuel cells play an important role in
generation of the electricity. Due to the variation of the power
generated from the renewable energy sources, the power
converter is required to regulate the output power supplied to
the load. The boost converters can boost up the input voltage at
the low level to the higher level of the output voltage for the
DC load. However. only single input source obtained from
renewable energy may not be enough to supply the load.
Employing the combination of several input sources together is
interesting method to provide the sufficient power energy
required for the load. In order to achieve this, the power
converter configuration with multi-input sources needs to be
designed to deliver the input power generated from renewable
energy sources to the load. It is known that the renewable
energy sources are not reliable, depending on the weather
conditions, to produce the constant output voltage. Therefore,
the appropriate control technique needs to be taken
consideration for the regulation of the output voltage at the
desired level.

Multiport de-degonverters can be classified in two groups;
isolated and non-isolated converter topologies [1]. The non-
isolated multi-input converter, such as buck, boost, Cuk and
zeta converter, can share.a common ground. whereas the
isolated one needs to separate the'ground by Using the muliiple
winding transformers. The multi-input "boost ‘converter for
renewable energy system application is shown in Fig. 1. It can
be seen that there are more than one energy source supplied to
the converter as its input. The proper controller is employed to
control the output voltage supplied to the load under different

D78E-1-5000-4666-9/17/531.00 ©2017 IEEE

Kaugoon Kongkanjana
School of Electrical Engineering
Suranaree University of Technology
Nakhon Ratchasima, Thailand

operating conditions. The powers obtained from renewable
energy sources can be efficiently delivered to the load.

Fig. 1 Multi-input boost converter for renewable energy system

Several topologies of the multi-input DC-DC converter
have been proposed in the literatures [2-5]. In [6] the two-input
current-fed full-bridge DC-DC converter based on the multi-
winding transformer is presented. The phase-shifted pulse
width modulation (PWM) control is used. The zero voltage
transition dual input boost converter is proposed in [7]. This
converter provides soft switching for all semiconductor devices
with only one auxiliary circuit. Although several multi-input
DC-DC converters have been presented for renewable energy
system applications, only few papers have mentioned on the
control techniques to control those converters in different
operating conditions. [6, 8] In this paper, the control strategy of
the multi-input boost converter is presented to regulate the
output voltage at the desired level. In the next section, the
topology of the multi-input boost converter for renewable
energy systems will be described. The PI controllers for the
voltage and current loops will be designed.

II. MULTI-INPUT BOOST CONVERTERTOPOLOGY

The multi-input boost converter configuration is shown in
Fig. 2. It consists of several conventional boost converters
connected in parallel, transmitting the power to the DC load.
The structure of each @onventional boost converter module in
Fig. Z-eonsists ©f one inductor, one power switch and one
diode. The output capacitor, C, and the load resistor, R, are
connected in parallel. The input voltages, Via, Vi and Vi,
generated from the renewable energy sources are supplied to
the multi-input boost converter. The power produced by each
energy source is delivered to the load by using the same output
capacitor.
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Fig. 2 The multi-input boost converter configuration

The inductors and a capacitor in the multi-input boost
converter shown in Fig, 2 need to be selected properly in order
to decrease the input current ripples and the output voltage
ripples, respectively. The inductor in each input source can be
independently designed which depends on the level of the
power generated from each renewable energy source. The
general formulas to design the converter inductor and capacitor
are shown in (1) and (2), respectively.

LDV VoY) (1
I Jval

LD L =) 2)
TV VA

where D is the duty cycle of the power switch, fis the
switching frequency, 1, is the input voltage, I, is the output
voltage, /, is the output current, afis the desired ripple current
flowing through the input inductor and ap is the desired

ripple voltage across the output capaeitor.

In this paper the input inductor conneeted in each input
source is individual. The duty cycle, /2, is defined as 0.75, the
switching frequency, £, is 10kHz. The input voltage and the
output voltage are 20V and 80V, respectively. The current and
voltage ripples are 0.1A and 025V, respectively. By
employing (1) and (2), the sizes of each input inductor and the
output capacitor are 15mH and S00pF, respectively.

1. CONTROL STRATEGY OF MULTI-INPUT BOOST CONVERTER

Fig. 3 shows the control scheme of the multi-input boost
converter. The two renewable energy sources, Vinl and Vin2,
are considered. Therefore, two power switches, S; and S:. need
to be switched properly in order to control the converter output
voltage at the desired constant devel. As it can be seen from
Fig. 3, the proposed control ‘fechnique-is_based on the PI
controller. There is one outer loop used o control the voltage
across the output capacitor. The multiple inner loeps are ‘used
to control the currents flowing through the input inductors. One
voltage sensor and two current sensors are required to measure
the output voltage, V,, and the inductor currents, Iy and Iz,
respectively.

Vi

Fig. 3 Control scheme of the multi-input boost converter

The measured output voltage, V., is compared to the
reference output voltage, Vir. Then, the PI voltage control
generate the reference current, g, for the multiple current
loops, The measured inductor currents, Iy and Iz, are then
compared with this 1. before sending each error signal to each
PI control loop. After that the pulse width modulation (PWM)
technique is used in each current loop for the generation of the
gating signals 1o the power switches, Sy and Ss.

In order to control the converter output voltage at the
desired constant level under a wide range operating condition,
the P1 controllers for the voltage loop and the multiple current
loops need to be designed appropriately. Fig. 4 and Fig. 5 show
the block diagrams for the voltage control and the current
control of the multi-input boost converter, respectively.

RCs+1

Plam

V:
I, r v,
K, + L n 111z
s Ls
Pl contraller Plant

Fig. 5 The current control of the multi-input boost converter

The-control parameter gains, K, and K, of the PI
controller forthe voltage loop shown in Fig.4 can be expressed
as

K, =20m -1 3
e " I

Ky=arc “)
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For the current-loop PI controller shown in Fig. 5, the control
parameter gains, Ky and K, can be expressed as

K ool (s)
~ i.:r

K, = [ ()
Ve

where s is the damping ratio. The ey, and w,; are the

L
natural frequencies for the voltage loop and the current loop,
respectively. These natural frequencies can be calculated using
the converter parameters, & and ', as follows:

L (n
R
aw, =am N (8)

where N is the positive integer number. It represents that
the operation of the current loop is faster than the voltage loop.

In this paper, the resistor load, R, is defined as 50Q and N is
chosen as 100. The damping ratio is used for both voltage
and current loops to provide the critically damped response on
the output voltage and the input currents with no overshoot.
Therefore, the control parameter gains for the voltage loop and
the current loops can be calculated as follows:

K, =001. K, =02, K, =6. K, =12000

IV. SIMULATION RESULTS

In order to confirm the performance of the /control
strategy of the multi-input boost converter for renewable
energy system applications, the simulations have been carried
out using MATLAB Simulink software package. The low
input voltage, Viy and V.2, in each renewable energy-source
is considered in a rage of 10V-30V. In this simulation the de
sources are used to act as the power sources generated from
renewable energy systems. The converter parameters such as
three inductors, the capacitor and the resistor located in Fig. 3
are designed as L, = Ly = 13mH, C = 500uF, R = 500,
respectively. The parameter gains, Ky, K. Ky and K, for the
voltage-loop and current-loop Pl controllers can be obtained
as designed in the previous section.

The effectiveness of the multi-input boost converter with
its control strategy under the variation in the reference output
voltage is presented in Fig. 6. In this case both input voltages,
Vin and Vi, are kept constant at 20V. As shown in Fig. 6, the
output voltage, V. can be regulated very well. The input
currents, IL1 and 1E2, flowing through each input inductor
keep increasing when the output voltage level increases. At
the time about t = 4s, both“input currents are relatively large
because the output voltage is bodsted up to-a higher level of
80V, At the time about t = 4.55, the output voltage can be
controlled at the desired level of 40V and the input inductor
currents drop to about 1A. It is clear that the output voltage
and the input currents are smoothly controlled without the
overshoots.
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Fig. 6 The simulation results with the vanation in the reference output voltage
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Fig. 7 The simulation results with the vanation in one input voltage source

Fig. 7 shows the performance of the control technique for
the multi-input boost convester under the variation in the
voltage level of one input voltage source. The first input
voltage sourge is. varied between 10V and 30V, while the
secand input woliage source, Vin2, is kept constant at 20V, The
simulated results”confirm that the output voltage, Vout, is
controlled at the constant level of 40V under steady-state
operation. It means that the system is regulating satisfactorily
at the desired level of the output voltage. Considering the
transient operations at around t = 1.5s and t = 3.0s, the changes
in the output voltage level occur in a short time. Then, the
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output voltage can be recovered back to the desired level of
40V using the proposed control strategy. The input inductor
currents, IL1 and IL2, are relatively the same. The currents
flowing through the inductors depend on the level of the power
delivering to the load.

Fig. 8 shows the performance of the multi-input boost
converter with its designed controller under the variation in
both input voltage sources. The demand level of the output
voltage is required at 40V, At the beginning, both input
voltages, Vinl and Vin2, are the same at 20V. From the
obtained results shown in Fig. 8, the voltage, Vout, can be
controlled at the demand level of 40%. Both input inductor
currents are also the same and keep constant at steady state. At
the time t = 1.5s, the first input voltage, Vinl. suddenly
decreases to 10V while the second input voltage, Vin2,
suddenly increases to 30V, The simulation results shows that
the output voltage remains constant at 40V and both input
inductor currents are the same at the previous operating
condition. After that at time t = 3s, both input voltages
suddenly change. The first input wvoltage level, WVinl,
instantaneously changes from 10V to 30V whereas the second
input voltage, Vin2, suddenly decreases from 30V to 10V, As
show in Fig. 8 the output voltage of the system keeps
regulating very well at the desired level without the overshoots.
The input inductor currents remain constant at the steady state.
It is clear that both inductor currents are similar because both
current loops are designed individually. As can be considered
from all the simulated results, it is confirmed that the propased
control technique of the multi-input boost eonverter for
renewable energy system applications can provide the
satisfactory performance even in the changes of converter
operations.
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Fig. & The simulation results with the vanation in both input voltage sources

V. CONCLUSION

This paper has presented a control strategy of the multi-
input  boost converter for renewable energy system
applications. The multi-input boost converter topology consists
of the cooperation of several boost converters in parallel
connection. The converter parameters such as input inductors
and output capacitor can be simply designed to achieve the
small ripples in input currents and output voltage. The input
voltages supplied to the multi-input converter can be produced
by renewable energy sources such as PV modules and wind
turbines. The control strategy is based on the PI controller. The
design of the single voltage-loop control and the multiple
current-loop controls based on the PI control technique are
described. The simulation results show that the proposed
control strategy for the multi-input boost converter can increase
the low level of the multi-input voltages to the desired output
voltage levels under various operating conditions,
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ABSTRACT

This paper proposes a multi-nput hich step-up boost conveiter topelogy for renewable energy system.
The proposed corverer providesahigh voltage conversionyratiol approximately 20 times, in order to boost up the
low input voltage generated from renewable energy sources about 20V - 40V to the high output voltage level of
400V. In addition, this proposed mult-input converter can employ with the multi-input sources to increase power
to the load. In this paper, the confisuration of the proposed converter and its principle of operation will be
described. The converter parameters such as inductors and capacitors are designed to reduce the current and
voltage ripples. The Pl controller with one voltage control loop and multi current control loops is also designed to
regulate the cutput voltage at the desired constant levels. The current control is based on the cument weighting
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technique in order to provide the proper reference current for each cument control loop. Simulation and
experimental results show that the proposed high step-up multi-input boost converter can increase the voltage
conversion ratio of 20. The Pl controller based on the current weighting technique can satisfactorily regulate the
output voltage at the desired constant levels under different operating conditions,

Keyword: Hich step-up boost converter, multi-nput boost converter, renewable energy, Pl controller.
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