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Goals In upcoming weeks

This week (Exp. 3, week 2):

Finish Exp.3 part 1 with buck converter operating outside with
PV panel

Start Exp.3 part 2: digital control with the MSP430
microcontroller

Next week (Exp. 3, week 3):

Demonstrate peak power tracker algorithms outside with
converter connected between the PV panel and battery

Following week (Exp. 4, week 1):
Finish Exp. 3 if not complete
Start inverter experiment
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What’s due this week & next

Right now:

Prelab assignment for Exp. 3 week 2 (one from every student):
Battery current and voltage sensing circuit details

Next week In lecture:

Prelab assignment for Exp. 3, week 3 (one from every student):
proposed (not experimentally validated) void main ( void )
code for peak power tracking

Late assignments will not be accepted.
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Experiment 3

Exp. 3 Part 1.

Demonstrate buck
converter power stage
operating open loop

Inside, with input power
supply and resistive load

Outside, between PV panel
and battery

DC system simulation

Exp. 3 Part 2 — Start this week!
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Demonstrate open-loop control of converter from microprocessor
Demonstrate working sensor circuitry, interfaced to microprocessor

Demonstrate peak power tracker algorithms outside with converter
connected between the PV panel and battery
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T1 MSP430 Microcontroller

MSP430x16x
.:'{IN .:'{DUT Dl'l'rI:I: D"l.llrr ||!l,ll.|r|:|: ||'-'I,I|.|rc\-r .HET Nr‘-‘” P F'-EI PE
I
R 1 |
Rosc l—l'— Oscillator 2 ADC12 DAC12 i2| |10 Port 34 | | KO Port5i6 =
. & 16 s 16 1103
XT2iN System 12-Bit 12-Bit | |
XT=20UT oc & Channels | | 2 Channels
<10ps Conv) | Voltage out ] l
Wk 8 MHz 7SS 7578 7SS TSNS VANE BRVANE | I
RV SN d '
v T AN AN AN AN
. — [ =
=00 )
| =3 ;hf S AV N .y NS S \
| E= K M08, 168t > Bus < MDE, & Bit y
Z N & ey N ~ PN ™
| 1 i
™S NS NSNS NSNS NSNS NS A B P
Harchw
oK Multplier DMe [ Watchdog [ Timer_B7 [ Timer_a3 PoR  [{comparater | usarTe [ usarTi
Controller - Timer |4 B SV5 A 1 u l
, MPY MPYS 7CC Reg || 3 CCReg Brownout LUART Mods] [UART Mode
TOITCLK MAG MAGS a Channels| | 15/16-8it || Shadow 5Pl Mode | | SPI Mode I
TOOTDI ' Rag [2C Mode l
L _J

ECEN 4517 S



Analog-to-Digital Converters

* There are eight (multiplexed) A/D channels, labeled AO through
A7 in the pinout diagram. Some of these pins are shared with
other functions.

 A/D channels A6 and A7 will not be used because their pins are
used for D/A outputs instead.

« A/D channels AO and Al will not be used because the
_develodpment board hard-wires their pins to the LED and button
instead.

« A/D channels A2 through A5 are available as usable A/D inputs.

« A/D channel A2 is connected to the connector pin labeled P6.2. In
the project files, the sampled voltage appears in the variable
Adc_datal0].

 A/D channels A3, A4, and A5 are connected to connector pins
P6.3, P6.4, and P6.5 respectively. In the project files, the sampled
voltages of these pins appear in the variables Adc_Data[1],
Adc_Data[2], and Adc_Datal3].

 These inputs convert voltages in the range 0 to 2.5 V. Do not
apply voltages exceeding 3.3 V or negative voltages to these pins!
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Additional Peripherals

Digital-to-analog converter
e There are two D/A converter channels: DACO and DAC1.

 Channel DACO is connected to pin P6.6 of the connector. In the project files, the voltage
at this pin is controlled by writing to the DACO data register DAC12_0DAT.

 Channel DAC1 is connected to pin P6.7 of the connector. In the project files, the voltage
at this pin is controlled by writing to the DAC1 data register DAC12_1DAT.

Timer /| PWM
 Timer A is used to generate pulse-width modulated waveforms.

* Inthe project files, Timer A output TA1 is used to output a PWM waveform which
appears on pin P1.6. The duty cycle of this waveform is controlled by writing to the
global variable DO.

* In the project files, Timer A output TA2 is used to output a PWM waveform which
appears on pin P1.7. The duty cycle of this waveform is controlled by writing to the
global variable D1.

LED and button

 Thereis a small LED on the development board, which is connected to pin P6.0. The
LED can be controlled by writing to bit O of peripheral 6.

* The pushbutton on the development board is connected to pin P6.1. The state of the
pushbutton can be read in a similar manner.
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Olimex Dev Board Schematic

UR1(3.3L)
3.3V
LM1117 uz
N ouT ] Ci o
|1ﬂﬂn!| c1
géﬂ_m oLl possend hosy o Ut _2_|1Mn|_
PUR_JACK ¥ 248715 u- _€_|C6 |_
plias €35 | C4m |:|1%15f‘ 2+ 18an 1
' RES 47@uF /16V0C _
gt&cﬁc Y a1 108n 47uF /6.3 c2 -
| S T TTTTT———
— 5 ram o miour (24 4 fY
TH08 48 § yoiy  teour F2— BT L e
; z z
B208 RADUT RN |23 T _.__‘(C g
ta A . £ r2our R2m =I¢ 3
> > CORPYRIGHT (C> 28B5, OLIMEX LTD ST3232CD
http:/ /wwholimex.com/dev U2PUR 3.3V
lEND ché /'\
(WA
RST/NNI P18/ TACLK = Bi.g 2 _"'E:égn_
PLAsTRE | . ] L
R32[] “33[] P12/Tea |23 pi2 ™
na PL.3/TA2 P13 3.3U_1
s &=l P6.0/A0 > LED
VEREF+ PL.5/TA@ . .
7 VREF+ PLE/TAL | P16 33U 33U
UREF- PL.7/TA2
o7 PLE/ACLK | -———
nazl] mas A% P2L/TACLK -S2——4 ]
8 PZ.2/CADUT =4 ™
na 10uF /6.3V P2.3/Cra 22 i
P2.4/Crl 21—
= = = P2.5/ROSC 22
P2.6/ADCLK |25 —
Pz.7/ TP
Pa./sTED 22— 4
e D M
P3.2/50M0 ——4 m
I a2z PR.A/ULLKD [l
na P3.4/UTXD3 W
aL P3.6/URKDD 2=
il PB.6/UTNDL [—2t—l
32768Hz P3.7/URKDL
C4 o] 35
-—m—l_-“I"m—r— P4O/TED [~
P P PaL/TEL 22—
o P4.2/TB2 4
2 xin PA.3/TES o —
XOUT/TCLK L .
_I::izu_&’_i_li P4B/TBS =
=122 X2 PA.6/TBS 2
JTAB | '333|I|_ XT20UT P4.7/TBCLK
e = pet PEA/STEL <
= =15 PEL/GINDL =
P_OUT 1 el 2 PB2/GOHIL (S —¢
= =15 1 - PG.3/UCLKL (2
2.9V = =12 = TCK PEA/HCLK | ———
. 4 == o PB.6/SIELK |2 ——<
E L 22| Too/Tor PE.6/ACLK 20—
THE PB.7/TH
P_IN B/Pa LED
U+ 3.3V P e
. ; i pe2/hz (S
= ™ AUCC PaS/AE 2
P AUSS Pa4/At 2
— PG.5/FD
Ri 3.3V DuCe pas/pg (2

I — L13 DUss P.7/AP
MSP43@F 169



Project Software Files

main.c: contains the system startup routine and the main system loop.
This is where all of your code goes. You can access all 4 active ADC
channels, Adc_Data[x], DACO, DAC1, DO, D1, the LED (on P6QUT, bit
0) and the push-button.

periph.c: contains configuration subroutines for all used peripheral
devices as well as some routines for starting and stopping peripherals.

periph.h: provides function prototypes for the externally callable
functions in periph.c.

config.h: contains system and board constants and some typedefs.

msp430x16x.h: is Tl's provided include file and contains #define'd
register names and constants for the MSP430. All of the names match
those in the family datasheet.
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Configuring the 1/O Ports

PESEL.x ® +

port P6, P6.0 to P6.5, input/output with Schmitt-trigger

P6DIR.x B——m

&

0: Input

Direction Control
From Module

P6OUTXB—

Module X OUT

PEIN.x »—<

1: Qutput

Pad Logic —

i

— Bus Keeper

EN

e Setup in systemlnit, main.c Module X IN E.q D

« Configure input/output, e.g.

=

Il Port6: o ADC
/l P6.0: LED OUtpUt To ADC —

/I P6.2-6.5: ADC2-ADCS inputs
/I P6.6-6.7: DACO and DAC1 outputs

P6SEL = BIT2 + BIT3 + BIT4 + BITS + BIT6 + BITY;
P6DIR = BITO + BIT6 + BIT7,
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P6.0/A0
P6.1/A1
P6.2/A2
P6.3/A3
P6.4/A4
P6.5/A5



Tutorials

Tutorial 1: LED

e (Getting started with the programming environment
(IAR)

 Hardware setup, Make/Run code, debugging steps
and breakpoints, blink an LED

Tutorial 2: PWM controller

« Modify the project software files to realize a digital
PWM

o Utilize ADC, DAC and Timer/PWM peripherals
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Exp. 3, Part 2. Digital PWM

#define PWM_INCREMENT (4036/50)

vold main{ woid )

1
uintlE temp_ado;
uintle d; ; > T 555 T
: L e | L
systemInit(); ! . C NTP18NOG D S
while (1) Vgg 1 ﬂ(j\)N Vp 1 C, V/ﬁ/
{ 0-35V/ ; 2200 pF MBR745 680 uF
f Control algorithms go here: ¥ 35VDC _ 25VDC ~
temp_adc0 = Adc_Datal[0]; Power stage board [ -
d = temp_adcO / PWM_IMNCREMENT;
. Twisted pair
red < ® controlbreadboard A | Microcontroller eval board
d = 8; | :
+12V H— Microcontroller +3.3V
else 1f{d = 72) supply L i | | g MSP 430
d = 72; | _TC427 AZIW—>
} = driver | GND —
Do = d; ! IR2111 |
I driver
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Exp. 3 Part 2: PV Peak Power Tracking
Current & Voltage sensing

Buck converter
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Maximum Power Point Tracking:
Perturb and Observe (P&QO)

A well-known approach Initialize control

Initialize increment

Works well if properly tuned

When not well tuned, maximum power >
point tracker (MPPT) is slow and can E———
get confused by rapid changes in Compute:

operating point

A common choice: “control” is switch
duty cycle

\ 4

increment = — increment

\ 4 \

4
control = control + increment

\ 4

Wait for system to
settle






