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ABSTRACT

This thesis proposes a low harmonic current photovoltaic grid connected inverter with
Digital signal processing controller. The Digital signal processing controller analyzes the
photovoltaic opcrating point that gives a maximum power to deliver a high cfficiency by
controlling the output current. The technique of this inverter is to change the direct current to full
wave direct current by using characteristics of an inductor and capacitor. Then it is converted to
sinc waves by using an inverter bridge switch which is controlled to change the state when the
current waveform is equal to zero that the result is loscless in the inverter switch.

The efficiency testing of this inverter analyzes the harmonic current both measurement
and analysis by using MATLAB program, compares the result with simulation by OrCAD PSpice
program and mcasures the inverter loss to find out the efficiency. Finally, solar cell array is tested

the maximum power point tracking when the illumination have changed
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HUUANUIAT  (Symmetrical regular sampling) Aunuy g (Asymmetrical regular

sampling)

4.2.2.1 MINUTUUUUVLANINAT (Symmetrical modulation)
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L= (jmf % k)fo (4.3)
h=jm, +k (4.4)
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FUNCTIONAL BLOCK DIAGRAM
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ARCHITECTURE
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ROM MEMORY
DATA 2K x 24
ADDRESS
GENERATORS PROGRAM DATA WATCH- .
PROGRAM RAM AAM DOG o
SEQUENCER 2K x 24 1K x 16 TIMER
i i t
[ PROGRAM MEMORY ADDRESS ]
I
[ DATA MEMORY ADDRESS |
I
[ PROGRAM MEMORY DATA |
|
[ DATA MEMORY DATA ]
I 2x 8BIT 7 18-BIT
ARITHMETIC UNITS SEAIAL PORTS PHASE
TIMER AUX ANALOG | | 3-PH.
@] r___]SHIFTEH SPORT 0f|SPORT 1 PWM INPUTS PWM
5 ' t ]

N 4.7 Tn7aa319999 ADMC331
|

s

4.3 AlszananaduuAdInoa ADMC 331

[T Y]
¥

Iondivutaiuilldhdn)ssnaradyaualneas ADMC 331 ¥eqUTHM Analog
Device w114 lumstszuaarauazarugumathauvesszuy iffesnindszuananisiam
muFwiAoaTaaunsoansmaugUnstimovenas  whufumsdiinanindede iy
sz 7 2.6 uaraaliiitu Tnssaduues ADMC 331 Gailquaniialavialuves ADMC 331
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- 26 MIPS (38.5 nS Single cycles instruction execution), Fixed-Point, 16-bit DSP
Core.

= 2K Internal Program and 1K Data Memory RAM.

= 2K Internal Program Memory ROM, offering Debugger Interface and Pre-
Programmed Math and Motor Control Functions.

= A Three-Phase, 16-Bit PWM Generator, with single and double updates modes.

= Seven Analog Input Channels,

= 24 General Purpose I/0 Lines, Configurable as Inputs or Outputs.
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- Two Synchronous Serial Ports.
= Two programmable, 8-Bit Auxiliary PWM Outputs
- A 16-Bit Watchdog Timer.

= A General Purpose, Interval Timer with Prescaler.
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Power (Typical £10%) 47.0  Watts
Current (Typical at load) 294  Amps
Voltage (Typical at load) 16.0  Volts
Short Circuit Current (Typical) 3.27  Amps

Open Circuit Voltage (Typical) 19.9  Volts (1000W/m’ 25°C AM 1.5)
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6.3 MIMMNAINUFIGA

Tumsnagoumsmahaiugagannuruvaauaiotiad utludeansiuaiidage-

qanaunsondn lAnnunusaduaetiind itorhmdanad lidluddedalumsnageunis
R RRIETREFATITRERT N Y

A13197 6.1 HANTNATDUMTINNHVDUIHAASHAINATAANTEA1)

IﬂU'ﬁh‘!'liﬂﬂﬁﬂ‘l]ﬁﬂ’l’]l]l,‘a)lﬁlﬂﬂuﬁd 800 WJ"m2

Voltage | Current | Power Voltage | Current Power
No. No.
V) (A) (W) V) (A) (W)

1 69.04 0.00 0.00 20 62.20 239 14835
2 68.53 0.26 18.09 21 61.84 2.47 152.50
3 68.03 0.50 34.15 22 61.47 2,57 158.04
4 67.38 0.75 50.80 23 61.18 2.68 163.90
5 67.05 0.89 59.34 24 60.85 2.78 169.22
6 66.99) 0.94 63.24 25 60.48 289 17448
7 66.70 1.05 69.83 26 60.01 2.98 178.89
8 06.44 1.14 75.68 27 59.49 3.08 183.41
9 66.32 1.21 79.98 28 58.57 3.21 187.72
10 65.97 1.33 87.74 29 57.96 3.3 190.98
11 05.44 1.47 96.33 30 56.86 3.41 193.72
12 65.17 .55 101.21 31 55.85 3.51 195.81
13 64.90 1.65 107.28§ 32 54.64 3.600  196.54
14 64.68 1.76)  113.64 33 53.15 3.69] 196.18
15 64.23 1.85 118.83 34 46.74 3.9 1133
16 63.42 1.94 123.29 35 38.05 3.90 1438.40)
17 63.19 2.08 131:37 36 30.89 4.01 123.71
18 62.93 2.18 137.00 37 19.02 4.09 77.85
19 62.60 2.27 141.85 38 0.00 4.29 0.00
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6.5 MRS EHYszaNT Mmvosszuy (usrnlszansmwuoansioutas)
msnaaeunszaninmvesszuezuttoenily 3 ddudaoiude  ludaunane
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6.2 wazuaaalugui 6.32

M3190 6.2 vam3inagouUszansamiaimdean IWihodiaies

No. 1 2 3 4 5 6
Voltage (V) 48.2] 5421 51.2| 51.6| 59.3] 623
Photovoltaic
Current (A) 2.9 3.1 6.9 4.6 5.1 58
Array

Power (W) | 111.9 135.6{ 159.5 190.8 243.4{ 292.1

DC-DC | Voltage (V) 19.5 22.7) 25.6 29.1} 35.0 399

Converter | Current (A) 27 28 3.0 321 34 3.6

Output | power (W) | 52.3 653 78.5 95.9 127.9 156.6

% Converter cfficiency | 46.74) 48.16 49.22| 50.05| 52.55| 53.61

Voltage (V) 16.4 197 22,8 26.6 33.2| 38.6

Inverter Current (A) 2790 29 3.1 3.2 35 3.8

Output Power (W) 44,6/ 57.1 69.8 86.2| 117.7| 145.6

% THD current 2.7 3.1 3.00 3.6 4.0 4.0

% Inverter efficiency 85.28) 87.44) 88.92| 90.2¢] 92.03] 92.98

% System cfficiency* 39.86{ 42.11] 43.76 45.18| 48.36 49.85
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--; 1 s oA e{l o o ' Y ot
M3197 6.2 (Mo) HanmsnaaouYszanimminiiideau Tiihnwdiaieg

No. 7 8 9 10 11 12

Voltage (V) 67.60 72.7 72.5 80.3] 56.4 87.1

Photovoltaic
Current (A) 6.2 7.0 87 9.5 10.8 13.5

Array
Power (W) 341.00 409.9) 506.6 613.7 751.3) 946.5

DC-DC | Voltage (V) 4431 50.1) 56.60 63.4 71.2] 85.6

Converter | Current (A) 3.7 39 42 44 46 4.7

Output Power (W) | 186.4] 228.0f 281.0{ 341.8 416.4 538.

% Converter efficiency | 54.66| 55.62| 55.47 55.69 55.42| 56.84

Voltage (V) 43,7 50.5 58.4f 0669 76.6f 954

Inverter Current (A) 40 4.6 46 49 52 55

Output Power (W) | 174.6 215.4) 267.3| 326.9 400.1| 520.0}

% THD current] 4.3 5.0 54 5.6 60 6.2

% Inverter cfficiency 93.67| 94.47 95.12| 95.64) 96.09 96.65

% System cfficiency* 51.201 52.55 52.76{ 53.27| 53.25| 54.94
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ANALOG
DEVICES

ADMC331 PROCESSOR BOARD

INTRODUCTION

The ADMOIFT PRONCESSOR BOARD is a compact,
higlily fexible evaluation and development board for the
low cast, single-chip DSP-based motor controller, the
ADMC33L. The device provides the following significant
features:

* 206 MIPS, Fixed-Point, 16-bit DSP Core.

* 2K Internal Progmm and 1K Data Memory RAM.

e 2K Internal Program Memory ROM, offering
Debugger Interface and Pre-Programmed Math and
Motor Control Functions.

e Seven Analog input channcls,

e A Three-Phase, 16-bit PWM Generator, with single
and double update modes.

e 24 General Purpose 1O Lines. Configumable as

Inputs or Outputs.

Twao Synchronous Serial Ports,

Two programmable, B-Bit, Aunilary PWM Qutputs.

A 16-Bit Watchdog Timer.

A General Purpose, Interval Timer with Presealer.

Refer to the ADMC331 datasheet for a full description of
all  fearures and technical specifications of the
ADMC331.

The ADMCII PROCENSOR BOARD 15 iended as a
compact,  ighly<integrated  evaluation  and  software
development platform for the ADMC331 controller. The
processor  boand  permits  access through a UART
connection to the Mogon Control IDelfrigeer software
that operates under Windows 95™ or Windaws NT™.
The Maotion Congrol Defugger is used 10 download
executable code, examine the contents of registers,
progmm  memory and dJdaa memory, run executable
modules, set breakpoints  and  enable  single-step
operation.

The processor board is designed for compact size so that
all relevant input and vutpul signals are brought to three
connector headers undemneath the board. The processor
board contains the following features and components:

e The ADMC33I Single-Chip DSP-Based Controller,

e A 1196 MHz crystal to provule the CLKIN
frequency.

¢ A power-on reset circuit based on the ADMT709 that
is used to provide a reset signal to the ADMC33I
and the UART communications port. A push button
is also provided to nitiate a processor and system
reset.

* A socket for a serinl memory device (ROM or
E'PROM) that may be used for senal boot loading on
power up for stand alone operation.

e An isolated UART wterface 1o the Monon Control
Debugger. The signals are optically isolated from the
remainder of the processor boand. The ADT306 is
used to drive the appropnate signals on the 9-way
UART connector,

e A +5V and GND input power supply connector.

* Anon board 5V to 5V de-de converier that proviles
an isolated 5V supply for the UART interface circuit.

*  Analog interface circuitry.

® Jumpers that permit sctting of the PWM polarity,
cnabling or disabling of the PWMTRIP inpu,
enabling or disabling of PWM switch reluctance
mode and  enabling or dwsabling the seral memory
devace in the socket.

e Three sockel blocks underneath the processor board
that permit access to all of the input and output
signals of interest, The throe sockets comprise two

digital sockets [IF] and [F3} and one analog socket
(12).

The ADMCI3] PROCESSOR BOARD may operate in a
stand-alone mode, where the user must supply only the
appropriate power supply voliage and either a UART
connection to the Mation Contral Debugger or a suitable
serial memory device. In this case, the user must provide
suitable connectors 1o interface to the various input and
output signals on the expansion connectors underneath
the board. Alternatively, the processor board may be
plugged into the ADMC CONNECTOR BOARD. The
connector board provides easy access to all relevant input
and output signals via appropriate connectors and
terminal blocks. The connector board also provides an

RLV. A
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ADMOCA PROCESSOR BOARD

casy interface to the International Rectifier PowIRtrmin™
modules to permit development of complete motor cantrol
sohutions. In addition, the connector board adds new
functionality including an 8-channel, 10-bit, serial DAC,
and a large prototype area for system expansion. Refer to
the documentation for the ADMC CONNECTOR BOARD
for further details.

POWERSUPPLY REQUIREMENTS

The ADMC331 processor board contains a 2-way
terminal block for connection of external power supplics.
For comect operation, the following supplics are required:

e +5V 1 0%, 200 mA (VDD)
e (Cround

The VDD supply powers the digital logic circuits of the
processor board, including the ADMC331 controller. In
addition, 1t is used as the analog voltage supply of the
ADMC331 and as the input 1o the de-de converter that
provides the isolated supply for the UART interface. The
processor board s laid ot with sepante analog and
chgral ground planes that are connected by a link (JP1)
close to the power supply termmal block for noise
immunity. This link should not be removed. A LED on
the processor board indicates correct connection of the
VDD supply.

Appropriate decoupling capacitors are provided on the
processor board for the power supply input {VDD) to
rexluce nowse coupling from the extermal power supply.
However, for best performance, well-regulated external
power supphes and correct wiring are recommended.

The armangement on the input power supply connector is
lustrated in Figure 1.

GNI [ ]
VDD (15V)

D — o

J1

Flgure 12 Power Supply Coanector of ADMCII Processor
hurd,

FUNCTIONAL
BOARD

DESCRIFTION  OF  PROCESSOR

A camplete set of schematics of the ADMCI3] Processar
Board are provided a1 the end of this document. Refer to
these schematies for exact description of the tunctionality
of the processor boand. This section is intended as a

functional description only of the major elements of the
boand.

UART Interface

A UART interface ta the Monon Control Debugger is
provided on the ADMCI3] PROCESSOR BOARD via a
9-way D-type connector (1), In order to separate the
ADMC331 and any power conversion stage used in a
complete motor drive system, the UART interface is
optically isolated from the remainder of the processor
board.

The Mation Control Debugger communicates through
serial pont 1 (S8PORTI) of the ADMC331 using the
DRIB and DTI pins. In addition, the ADMC331 resct
signal (ICRESET) 18 sent to the UART interface to
cnsure that a processor board reset s detected by the
Motion Control Detugger. The three signals, DRIB,
DT1 and ICRESET are optically solated using two
HCPLO630 dual isolators {US & U6). The signals DTI
and ICRESET are considercd as outputs as these signals
are sent from the processor board to the debugger. These
signals are applied to one opto-isolator. Conversely, the
signal DR1B is considered as an input as it is received by
the processor board. This signal 15 isolated using the
second isolator US. The secondary supply for the optical
isolators is produced on the processor board by the
NMEOS0SS power supply (isolated +5V to +5V de-de
convener),

The ADMC331 PROCESSOR BOARD also contains an
AD7306 transeeiver (UT) that converts the TTL signals
10 the appropriate 10 V levels suitable for the UART
connection to the PC. A standard PC serial cable may be
used to connect from the 9-way female socket of the
pracessor boand 1o the appropriate COM port of the PC.
The baud rate and COM port to be used on the PC may
b set from the ADMCAZ] Conem Config software that is
pant ol the Maotion Contral Debugger.

REV. A
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A functional block diagrmam of the UART interface circuit
is shown in Figure 2. The direction of the three signals is
indicated in the figure. Refer to the full schematics at the
end of this document for the full circuit. Recall that the
secondary supply for the optical solators and the
AD7306 is denved on the processor board by the isolated
de-de converter, the NMEQGS0SS (UT).

ANV

ADTIG (HT0)

el q —

i |

G -

Dehinger OPTLr

3 Eg i)

B B

Figure 2: Functional Bloek Daagram of HART Interface to
Motion Conted Detwgger ol ADMCIAT PROCESSOR
BOARD.

Power On Reset Circuit

The ADMCII PROCESSOR BOARD contains a power
on resel (POR) based on the ADM7T09 (Ud). The
ADM709 generates a low RESET pulse of 140 ms
duration whenever the YOO pin 1s brought below the
threshokd value. This pulse occurs automatically on
power on and is applied directly to the RESET pin of the
ADMCIIL 1o reset the device. In  addition, the
ADMC33] can be reset by pressing the S1 push button
that causes the vohiage level at the VCC pin to be brought
below the threshold. Resistor RS and capacttor C15 limit
the rise of voltage at the VOC pin. The RESET signal is
also fed to the UART interface, as described previously,
to permit the Monan Contral Debugger 10 detect a
sysiem resct

Serial ROM Interfice

For normal program development, it 15 envisaged that the
Mation Canrol Debugger would be used 10 download
exceutable code to the ADMCOIY PROCESSOR
BOARD. However, as program development stabilizes, it

may be required to operate the processor board in a
stand-alone mode in the target application. For this
reason, the processor board contains an 8-pin DIP socket
(U3) for installation of a serial memory device that can be
used to boot kead the program and data memory RAM of
the ADMC331.

Either a one-time programmable serial ROM device, such
as the XC1765D Xilinx, or an electrically emsable
device, such as the AT17C65 EPROM from Atmel, are
recommended. In both cases, the application executable
file can be converted to a form suitable for the serial
memory devices using the MAKEPROM utility that is
installed as part of the Mation Control Debugger.

For both memory deviees, a three-wire connection to
SPORTI of the ADMC331 is used. An illustration of the
connection of the senal memory device to the ADMCH|
is shown in Figure 3. The connection of the 12.96 MHz
crystal and associated capacitors s also shown in the
figure.

ADMC331
XTAl}
5
i e im
npb
LTAIN]
mn
it T sk
i R 3
LK) o hoMo [V
—| T . wiatt | EmpRON

Flgure 3: Connection of seral memory (ROM o 1HPROM)
and crystal 1o the ADMC331,

The DATA line of the senal memory device is connectedd
ta the DRIA pin of the ADMC331. The RESET line of
the memory is connecled to the RFS| pin of the
ADMC331 and the CLK line of the memory is driven by
the SCLKI pin of the ADMC331. Following activation
of the RESET pin of the ADMC331, the RFSI pin is
pulsed low 1o reset the seral memory  device.
Subsequently, data is clocked synchronously into the
ADMC331 from the memory device st a rate of
CLKOUT/20 (or 1.3 MB!s for the processor board with
a 12.96 MHz crystal). If a serial memory device is not

REV, A
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present, the ADMCI31 automatically convents to UART
communication mode.

The chip enable line {CEB) of the serial memory device is
tied to a jumper (JP4) on the processor board. This
qumper may be used 10 tie the CEB pin to either VDD or
GND. In order to enable the senal memory device in the
socket, it 1 necessary to tie this pin 1o GND (position 2-
1), Conversely, the SROM or E'PROM may be left in the
socket and disabled by tying the CEB pin to VDD
Iposition 1-2}

The programmung pin of the senal memory device is
pulled high on the processor boand to disable this feature.
However, this pin is also connected to the IF] (pin 30
IF1B} interface connector underncath the processor
board. This enables this pin to be pulled low by external
hardware so that writing to the E'PROM would be
possible. Obwviously, it 15 necessary to respect the
particular operational requirements of the chosen senal
E'PROM if such a feature is 1o be attempted.

Analog Interface

The ADMCII PROCESSOR BOARD permits up to
seven analog inputs to be apphed to the ADMC331 via
the TF2 interface connector. There is a one stage passive
anti-aliasing low pass filter at the mpw of each of the
AMD converter channels. The RC filter values are 10k€2
and 3. InF which give a cut off frequency of 5kHz. An
extermal capacitor, charged by a constant current source,
is required inthe socket J2 1o generte the reference ramp
voltage 10.3-3.3V). The jumper JP2 connects the analog
nput channel VAUXS either ta an external analog input,
through the RC filter or the VREF pin on the ADMC331.

Jumper Settingy

The ADMCIT PROCESNOR BOARD contains five
Jumpers that;

*  Permit sclection of ADMC331 VREF or external
analog nput to VAUXJ (JP2)

e Permit  cnabling'dabling  of  PWM
Reluctance mode (JP3).

Swiuch

o Permit cnabling/disabling of the SROM/E’PROM in
socket U4 (JP4).

e Permit selection of the PAVM polanity (JPS)

e Permit cnabling/disabling of the TWMTRIP  input
(JPG).

The settings ol the three jumpers are described in Table

I, Connecting JP2 inthe 1-2 position connects the analog

inpat channel VAUXJ 10 an external analoy input, On the

other hand, connecting JP2 in the 2-3 position connects
VAUX3 to VREF.

Connecting JP3 in the 1-2 posttion ties the FWhsk pin of
the ADMC331 to VDD and disables the PWM switch
Rehxctance mode. On the other hand, connecting JP3 in
the 2- position ties the “Fwatsk pin of the ADMC331 to
GND and enables the PAWM switch reluctance mode.

Connecting JP4 1 the 1-2 position ties the chip enable
pin (CEB) of the serial memory socket (U4) to VDD and
disables the memory device. If a senal memory device is
required, the jumper JP4 must be placed in the 2-3
position 1o enable the memory:,

Connecting JPS in the |-2 position ties the PWMPOL pin
of the ADMC331 to VDD and enables active HI PWM
outputs. On the other hand. connecting JPS in the 2-3
position creates active LO PWM outputs  from  the
ADMCIIL. The appropnate setung for this jumper is
determined by the exact nature of the gate drive circuit of
the target system. The PAYMPOL pin is also connected 1o
the interface connectar 1F3 so that its state can be
detected or altered by external hardware.

Connecting Jumper JP6 m the 1-2 position ties the
FWMIRIT pin of the ADMCI} w VDD and
permanently enables PWM outputs, On the other hanl,
connecting jumper JP6 in the 2-3 position connects the
PWMITRIP pin of the ADMC331 1o the corresponding pin
of the [F3 interface connector. External hardware may be
used to derive the appropriate signal for this pin.

JP1 is a link that connects the analog and Jdigial ground
planes of the processor board together. For correct
operation, this link must not be removed.

REV, A
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Jumper | Position | Function " LTS u [FIC -
Pin | Signal " || Pin | 8i Signal
p2 {-2 Connects extemal analog put o 1 ne 1 n'e 1 n'e
VALIXI e = i - 3 ne 2 n'c 2 n'e
23 Connects VR I: VALIXY 3 e 3 e l 3 e
Ip3 I-1 [sables TWMSI nksde, 4 n'e 4 e F] n'e
2-3 Iinables FWMSR mode. 5 |ne I5_lne 5 __|n'
T 1-2 Dhssble SROMAT TROM g_jnrc I T L $_quc
23 Tabie SROMTTPROM A . 2 e ] _Jok
PS5 1-2 PWM Onitputs Actuve FT : I\‘;f)n : :;f)” I: l:»;:)n
29 PWM Onitpants Active 1.0) - - I -
- — - 10 | GND 10 | GND 1 | GND
e 1.2 Foable PWMTRUP van [FY conectir . -
21 Iigable PWM TR wnput 1L Ak | wie L, fove
- 12 | nic 12 | n'c 12 | n'e
13 | nic 13 | n'c I 13 | n'c
Table 1 Jumper settings of ADMCA3 | PROCESSUR 14 | nic 114 | nic 14 | n'c
BOARD. 15 | n'c 115 | n'e 15 | n'c
16 | n'c I 16_| n'c 16| n'c
17 | n'c 17 | n'c 17 | n'c
Interface Connectors 18 | n'c 18 | n'c 18 | [CRESET
19 | n'c 19 | n'c 19 | n'e
In order to creale as compact an evaluation and 20 | nic 20 | n'e 20 | CLKor
development board as possible, all wnput and outpuwt 21 | nee | 21 | ne 21 | n'e
signals are  brought to three nterface connectors 22 | ne In n'e 22 | n'e
underneath the processor board. Two connectors (IF] and 23 | GND 123 | GND 23 | n'c
1F3) are dedicated to digital signals and the third (1F2) is 24 | SCLED 24 | SCLxl 24 | n'c
rescrved for amalog signals, This three connector interface 28 | TFsO 25 | TFS1 I25 e
will be used in future processor hoards for future motion 76 | ®iso 26 T Rrs) 26 | we
control products from Analog Devices. Therefore, many .
of the Ppins on the connectors for the ADMCTS ;: ng{:]) i: ;:E:: i; ::
PROCENSOR BOARD are unconnected (n'c), These pins -
are reserved for other functions in future products, 29_|nic 29 [?;” A
0 | ne a0 [ E'PrOG f30 | ne

Interface connectors 1F1 and IF3 are both 3-way by 30
pin connectors: Connector IF2 is 3-way by 24 pins. The
exact connections Lo this interface may be scen in the
schematics at the end of this document. The connections
are tabulated for connector 1F1 in Table 2, for connector
IF2 in Table 3 and for connector [FJ in Table 4.

Tuble 2: Defininon of digital imterlxee connectoe IF1 of

ADMCIZ PROCESSOR BOARD.

REV. A
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ADMCAN PROCESSOR BOARD

1F2A 1F113 IF20 B | 7\ IF3B  ° 'I 1RG0
Pin | Signal W Pin [ Shenal || Pin | Signal Pin | Signal * § Pin | Signal || Pin | Signal* "
T viNT T GND T L 1 [AH 1 | 8H 1 |cH
2 VIN? 2 GND 2 ne ) Al 2 Bl 1 L.
3| viNg 3| GND 3 |nt R B B
4| VING 4 | GND "4 nic R | I R
5 VINS b GND 5 nic L3 n'c 5 n/c 5 n'e
[ VING 6 CiIND 6 n'c 6 n'c [3 n'c " [ n'c
7 VINT 7 GND T nic 7 n'c 7 nie 7 ne
8 e I 8 GND ] n'c 8 n'c '] n'e % e
9 n'c 9 (GND 4 n'c 9 n'c 9 n'e 9 n'e
10_| ne 10 | GND 10_| nic 1 | nte 10 | nie 1| e
11 | ne 11 | GND 11 | nfc 11 [ nic 11 | n'c 11 | nie
12 | n'c 12 | GND II 12 | nic 12 | AUXO 12 | AN 12 | CLROUT
13 | nic 13 | nlie 13_|nic 13 | nic 13 | nic 13 | ne
14 | ne I4 | nic 14 | nic 14 | vDD 14 | vhD 14 | vDD
15 | VREF 15 | GND 15 | nic 15 [ GND 15 [ GND 15 | GND
16 | n'c 16 | GND 16 | nic 16 | nie 16 | nc 16 | n'c
17 | n'c 17 | GND 17 | nic 17 | n/c 17 | nie | 17 | nic
18 | n'c I8 | GND 18 | nic 1% | nic 18 | nic 18 | n'c
19 | nc 19 | GND 19 | nic 19 | PLon I 19 | P11 19 |rio2
20 | nee 20 | GND 20 | nic 200 | PI03 20 | P04 20 | r10s
21 | nic 21 [ GND 21 | nic 21 | PIOG 21 | PIO7 21 | PIO8
212 | nie 22 [aND J[22 T 21 | Phw 22 | PIOIO 22 | rion
23 | e 23 JGND |23 | akc N EE 13 | o 1 | ol
24 | ne 24 [GND  |[24 [ e 24 | P01 24 | rioin Y K
25 | PIOIX 25 | PlO1Y 15 | Mo
Tauble X: Definition of analog mterface conneclor [F2 of 16| Mol 26 | P2 26_| Mon
ADMC331 PROCESSOR BOARD, 27 | nic 27 | nic 27 | n’c
28 | nic M® | nc " W | nic
19 | nc 29 | ne 9 |nie
| nic I 1) | nic | nie

Tuble 4: Defimition of digalal mteelace connector 1IF3 of
ADMCIA PROCESSOR BOARD

REV. A
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ADMCIN PROCESSOR BOARD

The descnption of the varous connections to the three s tor "} Int { e M
interface connectons s given in Table §. U1 NMENSOSS desde converter
; 112 ADMC331 DSP Controller
Si;u‘ulli}? Fumclion P AR AR 172 SROM/E‘PROM socket
114 ADMTOOMAR - Power on Reset
VDD +5 V' power supply 1S | HCPLOG IO Opro-isolator
GND Ground U6 HCPLUGH) Opto-tsolator
ICRESET Reset pin of ADM(C 111 U7 ADTIGIR Transceiver
SCLRO,
TFS0, RFS0, SPORTO pins of ADMC331 7
DTN, DRN Tuble 6: Main integrated curcuely ol ADMCIZ] PROCESSOR
SCLKI, BOARD.
TFS1, RFSI, SPORT] pins of ADMC331
DRIA, DRIB,
DT
E'PROG E-PROM programming pin
VINI - VINT Analog inputs
VREF Reference voltage output
A - CL TTL-level PWM nutputs
PWMSYNC PWMSYNC pulse of ADMC331
IMWACTRIP PWMITRIP pin ol ADMC331
PWMPOILL PWM polarity pin of ADMC331
TWASR PWM switch reluctance pin of
ADMC3R3]
PIOO - PIO23 Dedicated programmable
input‘owtputs of ADMC 331
CLROUT TTL-level CLKOUT signal
ALIXD, AUIXI TTL-level anxihan PAWM onouts

Tubbe §: Function of signals caimnterface connectons of
ADMCII PROCESSOR BOARD.
Components, Placement & Schematics

The various integrated cirourts on the ADA('31)
PROCENSOKR B(ARD are 1abulated in Table 6.

The board layout and circuit schematics are shown in the
following pages

REV. A
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#ifndef MAIN_INCLUDED
t#tdefine MAIN_INCLUDED
.CONST Cry_clock =12960; {Crystal clock frequency [kHz] 12960 }

#include <adme331.h>;

#include <romutil.h>; { included because of compatibiliy with ROMUTIL users }

#include <macro.h>;

.CONST PWM freq = 10000, {Desired PWM switching frequency [Hz] }
.CONST PWM_deadtime = 1000; {Desired deadtime [nsec] }
.CONST PWM_minpulsc = 1000; {Desired minimal pulse time [nsec] }
.CONST PWM _syncpulse = 1540; {Desired sync pulse time [nsec] }
.CONST Refl = 0x5D42; { Voltage ref 1 : 2.55 Volt ((2.55-0.3)/(3.5-0.3)*2"15)
0x5A00}

.CONST Ref2 = 0x0000; { Voltage ref 2 : 1.275Volt ((1.275-0.3)/(3.5-0.3)*2*15) }
#endif

.MODULE/RAM/SEG=USER_PM1/ABS=0x30 Main_Program;

t#include <main.h>; #include <pwm331.h>; #include <trigono.h>;
#include <adc331.h>; f#finclude <autocal.h>; #include <mathfun.h>;
#include <lowpass.h>; #include <pi.h>;

#define PI_SF16 0 {n }

#define PIS_SF16 0 {n }

VAR/DM/RAM/CIRC/ABS=0x3800 Output[256];

VAR/DM/RAM/CIRC/ABS=0x3900 Output1[256];
VAR/RAM/PM/CIRC/SEG=USER_PM1 PI_Coef16[3];

ANIT PI_Coef16: 0xa99900, 0x600000, 0x7FFFO0; {kp = 0.75, ki = 1000}
.VAR/RAM/DM/CIRC/SEG=USER_DM PI_Delay16[2]; { Ik, Uk }

INIT PI_Delay16: 0x0000, 0x0000;

VAR/RAM/PM/CIRC/SEG=USER_PM1 PIS_Cocf16[3];

INIT PIS_Coef16: 0xe05100, 0x200000, 0x7EFF00; {kp=025ki=100 }
.VAR/RAM/DM/CIRC/SEG=USER_DM PIS_Delay16[2]; { Ik, Uk }

ANIT PIS_Delay16: 0x0000, 0x0000;

VAR/DM/RAM/SEG=USER_DM Delta; {147 at 10kHz A3 at 20 kHz}



ANIT Delta : 0x0147;

97

.VAR/DM/RAM/SEG=USER_DM Ts_2; { Pwm Timer/2 648 at 10kHz 324 at 20kHz}

ANIT Ts_2 @ 648;

.VAR/DM/RAM/SEG=USER_DM Theta; { Current angle
ANIT Theta : 0x0000;

VAR/DM/RAM/SEG=USER_DM VrefA; { Voltage demands
JINIT VrefA @ 0x0000;

.VAR/DM/RAM/SEG=USER_DM VrefB,; { Voltage demands
ANIT VrefB : 0x0000;

VAR/DM/RAM/SEG=USER_DM VrefC; { Voltage demands
ANIT VrefC @ 0x0000;

VAR/DM/RAM/SEG=USER_DM Ma; { Modulation index
ANIT Ma 1 0x0000;

VAR/DM/RAM/SEG=USER_DM Current_sinc; {Current Control Calculation
JUNIT Current_sine  : 0x0000;

.VAR/DM/RAM/SEG=USER_DM Current; {Current Control Calculation
ANIT Current 2 0x0000;

VAR/DM/RAM/SEG=USER_DM Current_Av_Msb;

ANIT Current_ Av_Msb : 0x0000,

VAR/DM/RAM/SEG=USER_DM Current_Av_Lsb;

INIT Current_Av_Lsb : 0x0000;

.VAR/DM/RAM/SEG=USER_DM Int_Current;

JANIT Int_Current 1 0x0000;

.VAR/DM/RAM/SEG=USER_DM Int_Current_Msb;

INIT Int_Current_Msb: 0x0000;

.VAR/DM/RAM/SEG=USER_DM Mppt_ref; { Modulation index from MPPT }

ANIT Mppt_ref 1 0x0400;

VAR/DM/RAM/SEG=USER_DM Solar_V; { Voltage Input sence from Solar }

ANIT Solar_V : 0x0000;
.VAR/DM/RAM/SEG=USER_DM Solar_V_ref; { Reference Voltage of Solar
NIT Solar_V_ref : Ox7ffT;

.VAR/DM/RAM/SEG=USER_DM Solar_[; { Current Input sence from Solar }



INIT Solar_I : 0x0000;

VAR/DM/RAM/SEG=USER_DM Solar_]_ref;

UNIT Solar_[_ref : 0x0000;

VAR/DM/RAM/SEG=USER_DM Solar_P,

ANIT Solar_P @ 0x0000;

VAR/DM/RAM/SEG=USER_DM Solar_P_rcf;

INIT Solar_P_ref : 0x0000;

VAR/DM/RAM/SEG=USER_DM I_ref;

ANIT I_ref : 0x3000;

VAR/DM/RAM/SEG=USER_DM V_Ref;

ANIT V_Ref : 0x0000;

VAR/DM/RAM/SEG=USER_DM fre_ref;

ANIT fre_ref : 0x0000;

NVAR/DM/RAM/SEG=USER_DM fre_cal;

ANIT fre_cal : 0x6400;

VAR/DM/RAM/SEG=USER_DM zcro_cro;

ANIT zero_cro : 0x0000;

VAR/DM/RAM/SEG=USER_DM zcro_statusl;

JUNIT zero_status1 : 0x0000;

VAR/DM/RAM/SEG=USER_DM zero_status2;

INIT zero_status2 : 0x0000;

NAR/DM/RAM/SEG=USER_DM statusl;

UNIT status1 : 0x0000;

.VAR/DM/RAM/SEG=USER_DM status2;

UNIT status2 : 0x0000;

VAR/DM/RAM/SEG=USER_DM status3;

ANIT status3 @ 0x0000;

VAR/DM/RAM/SEG=USER_DM status4,

ANIT status4 : 0x0000;

.VAR/DM/RAM/SEG=USER_DM status5;

NIT statuss -1,

.VAR/DM/RAM/SEG=USER_DM status6;

{ Reference Current of Solar

{ Power Calculation from Solar

{ Reference Power of Solar

{ Reference Current of Solar

{ Voltage Reference

98



ANIT status6 ;0
VAR/DM/RAM/SEG=USER_DM fre_gen;
ANIT fre_gen : 0x0000;
NAR/DM/RAM/SEG=USER_DM Cntr_fre;
ANIT Catr_fre @ 0x0000;
VAR/DM/RAM/SEG=USER_DM Chntr_frel;
ANIT Cntr_frel : 0x0000;
VAR/DM/RAM/SEG=USER_DM Cntr_pll;
ANIT Cotr_pll = 0x0000;
VAR/DM/RAM/SEG=USER_DM Inverter_out;
ANIT Inverter_out : 0x0000;
NVAR/DM/RAM/SEG=USER_DM Mincu;
ANIT Mincu : Ox7ffT;
VAR/DM/RAM/SEG=USER_DM Maxcu;
ANIT Maxcu : 0x0000;
NVAR/DM/RAM/SEG=USER_DM Minmaxst;
ANIT Minmaxst @ 0x0000;
.VAR/DM/RAM/SEG=USER_DM offset;
ANIT offset : 0x4b80;

ENTRY Inverter;

ENTRY Zcro_crossing;

ENTRY Frequency_ Calculation10k;
ENTRY Minmax;

.ENTRY MPPT;

Startup:

PWM_Init(PWMSYNC_ISR, PWMTRIP_ISR);

IFC = 0x80; { Clear any pending IRQ2 inter.
ay0 = 0x200; { unmask irq2 interrupts.
ar = IMASK;

ar = ar or ay0;
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IMASK = ar; { IRQ2 ints fully cnabled here }
ar=0x1F;

DM(PIODIRO) = ar; { Set PIO PIN 0-4 for Output }
INIT_PI16(PI_Delay16, 0x0000); { reset P1 i
INIT_PI16(PIS_Declayl16, 0x0000); { reset PI }
ADC_Init;

AutoCal_Init; {Initializc the Auto Calibration Routinc}

[1 ="Output;
12 = ~Qutputl;
L1 =256

L2 =256,

Ml =1;

Main: { Wait for interrupt to occur }
jump Main;

rts;

PWMSYNC_ISR:
Auto_Calibrate;
ADC_Rcad(ADC1); {ADCI =V sin ref}
dm(minmaxst) = ar;
call Minmax;
ar = dm(minmaxst);
ay0 = dm(offset);
ar = ar - ay(;
my0 = 0x3000;
mr = ar * my0 (SS);
sr = Ishift mrl by 18 (lo);
dm(zero_status1) = srl;
ADC Rcad(ADC2); {ADC2 = I sin output}
ay0 = 0x4780;

ar = ar - ay0,
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my0 = 0x49cb;

mr = ar*my0(ss);

st = Ishift mrl by 18 (lo);
sr=sr or Ishift mr0 by 2 (lo);
dm(Current_sine) = srl;
ADC_Rcad(ADC3); {ADC3 =1 solar}
ay0 = 0x0d00;

ar=ar-ay0; {real}
dm(Solar_I) = ar;

ar=0;

dm(status4) = ar;

Read_V: ADC_Set_AUXch(0);
ADC_Read(ADCAUX); {ADC aux0 = V solar}
ay0 = 0x4958;
ay0 = dm(offset);
ar =ar - ay0;
my0 = 0x43906;
mr = ar*my0(ss);
st = Ishift mrl by 18 (lo);
st = sr or Ishift mr0 by 2 (lo);
dm(Solar_V) =srl;
ar=1;
dm(status4) = ar;

Rcad_cnd:

ADC_Read(ADC3); {ADC3 = IDC}
ay0 = 0x0a35;
ar=ar-ay0; {rcal}

integrate:
call Frequency_calculation_10k;
ar = dm(zero_statusl);
call Zero_crossing;

dar = pass ar;



nextl:

next3:

next2:

dm(status1) = ar;

if eq jump nextl;
ax0 = 0x0000;
dm(theta) = ax0;
ax0 = 0x0000;
dm(Cntr_frel) = ax0;
ar = dm(status5);
ar=ar+1;
dm(statuss) = ar;

if le jump nextl;
ar=-1;

dm(status5) = ar;
ax0 = 0x8000;
dm(theta) = ax0;
ax0 = dm(Cntr_frel);
ay0 =1,

ar = ax0 + ay0;
dm(Cntr_frel) =ar;
ar = dm(status2);
ar=ar+2;
ax0=0;

if It ar = pass ax0;
ay0 = dm(status1);
ar = ar and ay0;

if gt jump next3;
jump next2;

call MPPT;

ax0 = dm(I_ref);
ay0 = dm(Solar_I);
ar = ax0 - ay0;

dm(il,ml) = ar;

Pi16(PIS_Delay16, PIS_Coefl6, PIS_SF16);
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dm(i2,ml) =srl;
my0 = 0x3800;
mr = srl * my0 (SS);
ax0 =mrl;
ay0 = 0x3b33;
ar = ax0 + ay0;
dm(Mppt_ref) = ar;
dm(ma) = ar;
ax0 = 0;
Set_DAG_registers_for_trigonometric;
mr=0;
mrl = dm(Theta);
next4: mx0 = DM(AD_IN);
my0 = dm(Declta);
mr = mr + mx0*my0 (SS);
dm(Theta) = mrl;
next_theta2: ax0=mrl;
Sin(mrl);
dm(VrefB) = ar;
ar = dm(VrefB);
my0 = dm(Mppt_ref);
my0 = 0x4000;
mr = ar * my0 (SS);
dm(VrefC) = mrl;
ar = abs mrl;
mrl = ar;
ar = dm(Current_sine);
ar = abs ar;
ayQ =ar;
ar=mrl - ay0;
Pil6(PI_Delayl6, PI_Coefl6, P1_SF16);
my0 = 0x3¢00;

{Clear mr }
{Preload Theta }
{Compute new angle & store }
{Result in ar register }

{ compute controller output

}
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RTI;

mrl =0x3200;

mr =mr + srl * my0 (SS);
ar = dm(VrefB);

ar = abs ar;

myQ = ar;

mr = mr*my0(ss);
my0 = Ox7{ft;

mr =mrl * my0 (UU);
sr = Ishift mrl by 1 (lo);
ay0 = 0x7d00;

ar =sr0 - ay0;

st0 = DM(Ts_2);

mr=10;
mrl = sr0;
myQ = ar;

mr = mr + sr0 * my0 (SS);
dm(PWMCHA) = mrl;

call Inverter;

PWMTRIP_ISR:

nop;

rti;

Inverter:

nn:

ar = dm(status1);

ar = pass ar;

if eq jump nn;

jump setdtl;

ar = dm(PIODATAOQ);
Jjump Opdigital,

ar = dm(zero_statusl);

104

{Calculate duty cycle }

{Set Ouput PWM Chanal A and must use AL}



Sectdtl:

Setdt2:

Sctdt3:

ar = pass ar;

if LT jump Setdt2;
jump Setdt3;

ar = 0x00;

jump Opdigital;
ar = 0x0C;

Jump Opdigital;

ar = 0x03;

Opdigital:

DM(PIODATAQ) = ar;

RTS;

Zero_crossing:

Zerol:

Zero2:

Zerod:

Zerod:

ay0 =ar;

ax0 = Oxfeaf;

ax! =0x0120;

ar = ax0 - ay0;

If LT jump Zerol,
jump Zcero2;

ayl = OxX7ftT;

ar = ax1 - ay0;

If GT jump Zero3;
ax1 =0;

jump Zcro4,;

ax| = 0x7{1f;

ar = axl and ayl;

RTS;

Frequency_Calculation_10k:

ar = dm(zero_statusl);
ar = pass ar;

If GE jump fre_calll;

{Clear bit all PIO Pin

{Set bit PIO Pin No.0-1

{Set bit P10 Pin No.2-3

{Set 50 Hz Output of Inverter at PIO pin}
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ar = dm(Cntr_fre);
ar = pass ar;
if EQ jump endcall;
mx1 = dm(Cntr_{fre);
mx! = 100;
myl = 0x4000;
mr=mx1 * myl (SS);
st = Ishift mr0 by -7 (hi);
sr=sr or Ishift mrl by 9 (hi);
ayl = 0xc800;
ar=ayl -srl;
dm(frc_cal) = ar;
myl = 0x01a3;
mr = ar*my! (SS);
ayl =-2;
ar=mrl +ayl;
dm(delta) = ar;
ax0=0;
dm(Cntr_fre) = ax0;
jump endcall;

fre_calll: ax0 = dm(Cntr_fre);
ar=ax0+ [;
dm(Cntr_fre) = ar;

endcall: RTS;

MPPT:
mx0 = dm(Solar_V);
my0 = dm(Solar_I);
mr = mx0*my0 (SS);
st = Ishift mrl by 18 (lo);
sr = sr or Ishift mr0 by 2 (lo);
dm(Solar_P) =srl;
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ax0 = dm(Solar_P);
ay0 = dm(Solar_P_ref);
ar = ax0 - ay0;
if It jump curr_chl;
jump curr_ch2;
curr_chl: ax0 = dm(Solar_I);
ay0 = dm(Solar_I_ref);
ar = ax0 - ay0;
if gt jump Dec_lIref;
jump Inc_lref;
curr_ch2: ax0 = dm(Solar_I);
ay0 = dm(Solar_I_ref);
ar = ax0 - ay0;
if'lc jump Dec_Iref;
jump Inc_Iref;
Inc_Iref: ax0 = dm(l_ref);
ay0 = 0x0147;
ar = ax0 + ayQ;
dm(I_ref) = ar;
ay0 = 0x7000;
ar = ar - ay(;
if It jump end_mppt;
dm(I_ref) = ay0;
jump end_mppt;
Dec_lref: ax0 = dm(I_ref);
ay0 =0x0147;
ar = ax0 - ay0;
dm(l_ref) = ar;
ay0 = 0x1000;
ar = ar - ay0;
if gt jump end_mppt;

dm(l_ref) = ay0;



end_mppt: ax0 = dm(Solar_V);

dm(Solar_V_ref) = ax0;
ax0 = dm(Solar_P);
dm(Solar_P_ref) = ax0;
ax0 = dm(Solar_I);
dm(Solar_I_ref) = ax0;

end_mppl2: R&TS;

Minmax:

minss:

Maxss:

end_m:

ax0 = dm(Mincu);
ay0 = dm(Minmaxst);
ar = ax0 - ay0;

ar = ay(0;

if le ar = pass ax0;
dm(Mincu) = ar;
ax0 = dm(Maxcu);
ay0 = dm(Minmaxst);
ar = ax0 - ay0;

ar = ay0;

if gt ar = pass ax0;
dm(Maxcu) = ar;
ar = dm(status1);
ar = pass ar;

if eq jump back;
ar = dm(status2);
ar=ar+1;
dm(status2) = ar;
if le jump back;
ar=-401;
dm(status2) = ar;
ax0 = dm(Maxcu);
ay0 = dm(Mincu);

ar = ax0 - ay0;
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my0 = 0x4000;
mr = ar*my0 (ss);
ar=mrl + ay0;
ay0 = 0x0000;
ar=ar - ay0;
dm(offsct) = ar;
ax0 = Ox7ffT;
dm(Mincu) = ax0;
ax0 = 0x0000;
dm(Maxcu) = ax0;

back: RTS;

.ENDMOD;
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PHOTOVOLTAIC GRID-CONNECTED INVERTER USING
TWO-SWITCH BUCK-BOOST CONVERTER

Komkrit Chomsuwan', Prapart Prisuwanna', and Veerapol Monyakul?
'Department of Electrical Engineering, King Mongkut's Institute of Technology Ladkrabang, Thailand,
National Science and Technology Development Agency, Thailand.

ABSTRACT

This paper presents a lwo-stage photovoltaic grid-
connecled inverter. The first stage is a two-switch buck-
boost circuit that performs various functions; tracking a
maximum power point of the photovoltaic array and
controlling current using fixed frequency current mode
control technique; as well as reforming a direct current
waveform to an absolute sinusoidal waveform. The
second stage is a H-bridge switch that converts an
absolute sinusoidal waveform to a sinusoidal waveform
with a low harmonic distortion current and connected to
utility. The system configuration is reliable using a single-
chip DSP controller. Experimental results satisfy with
simulation,

INTRODUCTION

There are various lechniques that can be used to
improve the efficiency of a photovoltaic grid-connected
system. The maximum power output and the highest
efficiency from a photovoltaic array can be achieved by
using the MPPT method [1,2,4,5]. Preventing any loss in
the inverter is another technique to improve the efficiency
of a photovoltaic grid-connected system [3-4].

In general, a photovoltaic grid-connected system is a
two-stage grid-connected inverter. The first stage of the
DC/DC converter controls the photovoltaic for an optimum
operating point. The second stage of the DC/AC converter
regulates an output current to achieve sinusoidal
waveform and in phase with the utility. The DC/DC and
DC/AC converters function independently that makes the
system easy to control. The system, however, yields low
efficiency because a large number of power switches work
at high frequency.

A single-stage grid-connected inverter is developed to
increase the system efficiency [3,5). The DC/AC inverter
controls a maximum power output of photovoltaic array
and regulates output current waveform from the inverter.
Despite a higher efficiency than the conventional system,
the control technique is more complex.

This paper proposes a two-stage grid-connected
inverter using a two-switch buck-boost converter. The
functions of this converter are to track a maximum power
output of photovoltaic array and to transform a direct
current waveform to an absolute sinusoidal waveform. A

H-bridge inverter is used to convert the absolule
sinusoidal waveform to the sinusoidal waveform and can
be connected to utility. The efficiency of the H-bridge
inverter is high because the switching device can be
operated at zero current and voltage. Accordingly, the
efficiency of this proposed system is higher than the
conventional system. The control technique is also easier
than the single-stage grid-connected inverter.

ye
/1

Pholovoltaics
Array

Cascade Two Swilch Buck-Boas! Converter | Inverter

Fig. 1. The proposed system.
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Fig. 2. Operation stage of a two-switch buck-boost
converter.

(a) S1 and S2 operated.

(b) D1 and D2 operated.




SYSTEM CONFIGURATION

The photovoltaic grid-connected inverter proposed in
this paper is shown in Fig. 1. A two-switch buck-boost
circuit is used to track the maximum power point of a
photovoltaic array, and to transform a direct current
waveform to an absolute sinusoidal waveform. Both S1
and S2 swilches operate simultaneously under absolute
sinusoidal pulse width modulation. The switches transfer
electrical power from a photovoltaic array to inductor L1
and then to the inverter. The absolute sinusoidal current
waveform is converted by the H-bridge inverter to form the
sinusoidal current,

In the two-switch buck-boost converter, there are two
operation stages (see Fig. 2), and the stage equation can
be described by the following equation.

(1-d) d

. 0 - 0
Bl L, % i L, Y
X, M X 0 1y,

e, RC, =

(1

In circuit design, the current flowing through inductor
L1 must operate in discontinuous mode. During S1 and S2
on period, the energy is stored in the inductor L1. This
energy is used up during the off period. The S1 and S2
switches are controlled by the fixed frequency absolute
SPWM technique. As a result, an absolute sinusoidal
waveform will be achieved.

CONTROL STRATEGY
Maximum Power Point Tracking (MPPT)

Various methods have been studied to find an
operaling point of the photovoltaic that can deliver
maximum power [2,4-6]. A modified algorithm of the
perturbation and observation (P&O) using the current
control method as the tracking for the MPPT is used in this
proposed syslem (see Fig. 3). This simple algorithm is
used to track the maximum power outpul by either
increasing or decreasing reference current command of a
photovoltaic array (lef). It is more rapid than changing
reference voltage command (Vi) [5] and easy to
implement on a DSP controller. However, this algorithm
controls the photovoltaic array that operates near the
maximum power point.

The proposed MPPT in this system is used to
calculate a reference current to control the maximum
power output of photovaltaic array and the magnitude of
the output current waveform.

Control System

To reduce size and increase reliability of the system,
the system configuration (see Fig. 4) is implemented using
the single-chip DSP controller. The proposed control
system consists of two loops. The MPPT is used to set a
reference current command that tracks the maximum
power output from the photovoltaic array. The current
waveform control is used to shape the waveform to an

113

absolute sinusoidal waveform with magnitude regulated in
accordance with the reference current command.

The H-bridge is controlled to operate when the
magnitude of the utility voltage is zero. The zero crossing
detector (ZC) is used to detect zero utility voltage.
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P(K)=V(K)*I(K)
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Fig. 3. MPPT Flow Chart using P&O Algorithm.

Pholovollaics
Array |

DSP ADMC 331

Fig. 4. Control system configuration using
single-chip DSP (ADMC 331).

Table 1. Electrical characteristic of photovoltaic module
(1000W/m? 25°C AM L.5).

__Power (Typical +10%) 4ATW
Current (Typical at load) 2.94 A
Voltage (Typical at load) 16.0V
Short Circuit Current (Typical) 327 A
Open Circuit Voltage (Typical) 199V

SIMULATION AND EXPERIMENT RESULT

In this experiment, eight modules of photovoltaic array
are used. Each module has a maximum power output of
47 W and an efficiency of 80%. The electrical
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characteristic of the photovoltaic module are shown in TN hii e aue N e
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Fig. 7. Experimental results of this proposed system when
e e e e s ey e e connected to utility.
e (a) Inductor current.
(c) ; {b) Output waveform.

(c) Frequency spectrum of output current waveform.
Fig. 6. Simulation result when connected to utility.

(a) Inductor Current.
(b) Output current waveform.
(c) Frequency spectrum of output current waveform.

The MPPT was tested at 40°C and at an insolation of
800 W/m?. The results (see Fig. 5) show that the power
output can maintain its steadiness at the level of about
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200 W. This MPPT algorithm is, therefore, capable of
controlling the maximum power output from a photovoltaic
array.

The prototype system is designed and implemented
at a switching frequency of 10 kHz and is controlled by the
DSP controller, ADMC 331 of the Analog device.

For simulation and experimental testing, the designed
system was connected to utility through the transformer.
Fig. 6 and 7 present comparison between simulation and
experimental results of the inductor current, output
waveform, and harmonics spectrum, and the experimental
results are in agreement with the simulation. The total
harmonic dislortions of current is about 3% for simulation
results and 4.5% for an experiment resuits. The efficiency
of the inverter is higher than 98%, and the two-switch
buck-boost converter is higher than 70% at full-load.

CONCLUSION

A two-stage photovoltaic grid-connected inverter and
an MPPT based on a current controlled algorithm are
purposed. This modified MPPT can be well implemented
to the system, and algorithm can track an operating point
of photovoltaic array near the maximum power output and
can rapidly identify the maximum. Simulation and
experimental resulls verified that this proposed technique
is capable of achieving a low total harmonic distortion of
current. System efficiency is also higher than that of the
conventional system,
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