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Thesis Title Analysis and Design of the Smart Charger Controller Unit for PV Batteries

Name-Surname Mr. Yuttapong Tongchuang
Program Electrical Engineering
Thesis Advisor Associate professor Boonyang Plangklang, Dr.-Ing.
Academic Year 2016
ABSTRACT

The purpose of this study was to analyze and design a smart charge controller for PV
batteries. Most of solar power storage uses a battery as the electric energy storage. The working
process of the battery has to be fully monitored in order to determine the state of charge (SOC) and
other effects such as Deep of Discharge (DOD), Gassing, and the temperature that affects the
battery performance and its lifetime. These issues could be addressed by using a suitable charge
controller.

This research aimed at designing and simulating the system of charge control for batteries
in the solar charge controller by using the program called Matlab/Simulink. A control unit based on
the principle was devised, and the battery had to be fully charged by taking into account the
overcharging and the DOD value. It was charged automatically in various forms to maintain the
level of power which was monitored and displayed on the LCD monitor. By using the unit, a
number of batteries were charged according to their SOC values in the data collection process.

To test the charge controller, the device was connected to a 12 volts 12 Ah lead-acid
battery while being charged with the charge current of no more than 2 Amps. When the SOC value
increased and was close to 80%, the charge controller would set the output voltage to 14.4 volts.
Then, the charging current would start decreasing slowly until the SOC value was 90%, the output
voltage would be set to 13.4 volts, and the charging process stopped when the battery was full. The
battery would be connected to load until its voltage was 11.7 volts and the charge controller would
stop charging. This process was in accordance with what had been designed and it would extend the
battery lifetime. The test results were consistent with the ones derived from the mathematical
model.

Keywords: PV system, lead-acid battery, charge control unit
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2.4.2.5 7511a59AU (Open Voltage (OV) Method)
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Typicallead-Acid Battery Capacity Versus Age

for Different Operating Temperatures
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110314 3.36 aunsariunaiuaumslszy I dsouuawesuu 3 sedu wiailu

9
MIAIVANNTEUD UazuIIAU A9 1.) Bulk Charge (Constant Current), 2.) Absorption Charge
(Constant Voltage), 3.) Floating Charge (Constant Voltage) Tasfiiane soC (State of Charge)

,DOD (Deep of Discharge) Taggiuuvnmssequuames asgii 3.39
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Initial stage Middle stage n oy
(constant-current (constant-voltage Finishing stage
30 - charge) charge) (float charge)
2.9 1
2.8 1

27 1

481 Gassing

25 [voltage

24 1

ros3
2.3 A
221 &

Float voltage
— ‘\ r 0.2
214 \,, Cell voltage

\1\‘-01
2.0 A

19

/ Charging current

Cell voltage (V)

/

Charging current rate (C,,)

0 1 2 3 4

Time (h)

511 3.39 Uuvumsilse ﬂ‘lwmummm

v

d' o 4 J @ Y| A o A
M1319N 3.8 Gﬂi'l\?ﬂ’JNJf’fiJW‘L!ﬁigW’JNLL?\?@]NMI,WWWJENL!,‘]JGILGIE]iﬂﬂﬁﬂ1u$ﬂ5$fl}uﬂ@lm@5

Battery Condition Nominal Battery Voltage

25°C 12V 24V 48V

100% 12.7 254 50.8
80% 12.5 25 50
60% 12.2 24.4 48.8
40% 11.9 23.8 47.6
20% 11.6 23.2 46.4
0% 11.4 22.8 45.6

v

aingduuumsssy llfhuandegii 339 waz a1eii 3.8 shuniFeuunui
Tuaeumslszuuametail suilszquuameiudiusn 40% vee %soC Tagld3s Bulk
Charge Wumstszyiuduvessoumstazqlasaruaumstszy llfhdrenseuanaiizudui
Uszana 20% vosanuguUAAeY (Ah) 1hldussduvouanesdaliif s ad Gassing uf

a09fio N33z 9aIuNmMae 20-30% Y03 SOC%  TABNITAIVANIITIAU AI8IT Absorption

Charge Tﬂmmﬂummummmﬁﬁ 2A 1 Cyclic Voltage 3¢ 6ULli’]EJﬂ‘]JLLG]fﬂ SIEE LﬂVIle’ENLL‘]JmW’Ji
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(Lead-acid = 14.4V) uazasgamoiomnnissawe SOC%younamesild SOC = 100% lu

Y 1
528217810UTY Floating Charge 11539AU1/52q 13.4V 1aa3aa31n 3.40

Read battery

voltage

Calculate% SOC

I Alarm “DOD”
A Stop
L Buck Charge
4 Constant Current
Absorption Charge
4 Constant V oltage
Floating Charge
Constant Voltage
d‘ Y g‘u =
31]7] 3.40 LLNL!PN“Uu@]i’]u’Nﬁ]iﬂ?ﬂﬂﬂﬂ”ﬁﬂi%’gu‘ﬂ@m@
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Buck Converter with PID

Current (A)

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Time (sec)

d' o Y = an a A
31]7] 341 Nﬁﬂﬁmﬁ@ﬂﬂigLLﬁﬂ"I‘L!@’E)ﬂ‘U@Q’Nﬂiﬂ’)ﬂﬁli]ﬂﬁ‘l]i%ﬂlm@]Lﬁﬂiiﬂﬂ’)‘ﬁﬂ”ﬁigﬂﬂﬂﬂm’ﬂ

15 lumsszaldnunuames (SOC = 40%)

Buck Converter with PID Control

YVoltage (V)
o

10 ....................... , ......................................................................................... . .......... -
e NN W2\ SO AN ) .
= NS €22 =) S
4 . ............. ........... _
1 URTUNE: . WIS WP\ s 77/ A N S - T |
i i | : i i i
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

Time (sec)

d' o o 9 A Aax a A‘A
31]7] 342 Naﬂﬁiﬂﬁi’)ﬂlliﬂﬂﬂﬂWﬂﬂi’]ﬂﬁU@Q’Ni]Sﬂ?ﬂﬂllﬂﬁﬂigi]!mm@]i’]iTﬂﬂi‘ﬁﬂ"lii%‘ﬂ‘ﬂﬂﬂmﬂ

T lumsilszyldnunuanes(Soc = 80%)
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Buck Converter with PID Control

Yoltage (V)

0 i i i i I
0 0.005 0.0 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
Time (sec)

d' o v Y A Ay a\ A
31]7] 343 Nﬁfﬂﬁmaﬁ)\miﬁﬂuﬂﬁl@ﬂﬂﬂm\i’Nﬁ]iﬂTUﬂiJf‘l”l'iﬂi$fﬂqlmﬁm@iIﬂ‘c’l’)‘ﬁﬂﬁi%‘ﬂﬂﬂﬂmﬂ

1Flumsszaldnunuanes(SOC = 90%)

U ! ! ! : ! : ! ! ! !
100 - ' A - | |
80
80
70

60

State of charge Battery (%)

50

40

5 i i i i i i i i i i
0 ’ ; :

Time (sec) % 104

510 3.44 wamsTrmesnnuguuawmesvaz Idsumsszganiasaiugumailszy i
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3.5.4 M300NULVINNIAAADIHIAA

VCC

11
10k

P9

DO Na, 2ZN3004

PCRIT 10k

¥

3113.45 29v3dna0 Trian Taol9(Relay Drive)

51 3.46 29950 PCB dasio Trian Tagld(Relay Drive)

@ Y a s o A
nngll 345 mseenuuuNYIdane Inanlaels Jiadiues HRS4H Ndmwnsany
(% 4 4 4 [
usean lWihnszuanseld 24 Taaduazeansonunszuald 10 wonus iesnussaugega
: [ o 1 [ Y} 4 [} 1
VBIUAABTITININDY 12 1204 uaznszuaie lvaagagaminy 2 uenuls Tasmsdaade lvian
9

[ { [ I { a 4
929910 SOC IMN 40 % VOWUAIADS 1ABzULNIY 2 dn1zan1Izh 1 anziluae1iag

) { J . I o . o 1
%‘mmiﬂszilummadsﬂuﬂ’s”lumma%zLmJ %81/]1ﬂ15‘ﬁ84ﬂﬂ1§ﬂ3$"IE]‘LL‘]JG]M’E)% HAagNINIINeY
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[y 1 4 ] a 4 o ] H
Tnaaiuiiluanzi 2 aanzilulinaseriadazinnmsae Inaauazvgansdszguuanes
g

~

ilesnnmas lihdgadelulsesemezlinunnainmas lWihinaa laveihmsaansiau
2

A g A o @ A
1992993515z quuames 1uTaslRanuasgin 3.47

Start

Y

Read Battery
Voltage

Calculate% SOC

%SOC > 40% Load connected

Load disconnect

310 3.47 uRURIMIAIURUIIAAGD THan

U
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3.6 msad1aganIunumsiszglih

SOLAR CELL

BUCK CONVERTER BATTERIES LOAD

!\:bﬁ MPPT CONTROL CHARGER CONTROL
>
J
>

I V_bat I_bat

CONTROLLER

ON/OFF

USB CONVERTER - N

v

~ < v = 2 A @
519 3.48 Uﬁﬂﬂ”lﬂ’f)gLlﬂﬂJﬂ']ﬁﬁﬁN'Nﬂ3‘]J'i$fl]qLLU@LQ@?%TﬂL“Bﬁ@LLﬁQ@T%@]S

U

v

INNTOONUUDAIUAI LA INT0 T3 1929931 52 uUAADS TAsTHIN1THIIUUD
& v . e\ o & ¢ ¢ A g A
1serzsznou U redrudiiyaieaasil 1. 2995A0UBSIABS (Buck Converter) UHTIT
@ { o 4 a o I 4
TumsudasduTihnszuansailasunnaaduasoriad lniu Iihnszuaasauionrugu
Y
. 2 :
mstszq lwiludmuames 2. lulnsaoulnsamos (STM32F4DISCOVERY) Hnihiinauguy
o o 4 14 @ . o 1 (R
ASTIIUYDY 2995UANDUNBTINDT 995U VAN (Gate Drive) NISAAAD INAALAZAANDNT
Y
{ a o W 4 a 4
Uszquuaaessaudenisanauganas lfhgegauesunasaduaio1ind (MPPT) 3.2993
[ [ [ { o
asvuusaau Inih (Voltage Sensor) HazasIvvunIEua i (Current Sensor) Nwaa
Y
nasonaduazuuamesiely lunsdszurana 4. vouandna LCD MHINUaAIaIueaIa
[ 4 o $ A [ @ a 14
1%¥1 SOC% , MODE CHARE 949 5. USB CONVERTER — N /1 Naauaenuaouiimes
1 A [ ~ 1 1 Y o o
W Tisunsu MATLAB ielfunlasuainieg 1nuueianiugy uazudaanan1siiauuuy
Real Time

Y 1

@ A o 4 9 v
ﬁﬁ\‘ii]'lﬂ‘i/ﬁ/ﬂﬂ'liﬁi'l\?3@%3@1\1”]"U’E’]x‘]ﬂqfﬂﬂ’)ﬂﬂhfﬂillig§1W%1llﬂﬂﬁm1ﬁﬂﬁ1ﬁiﬂ

A ¥y =K o = o o A o s a A 9y
Llfﬂﬁmﬂil,l,a'J%\‘]‘I/]'lfﬂil,"llEluﬁiyﬂul'lmll’f]ﬂla“lfulW'fJﬂ'J‘]JﬂiJﬂ'liVl'l\ﬂuQﬂﬂ'imﬂ'Jﬂ%\‘] (IGBT) Iﬂﬂclﬂ)'

T15un31 MATLAB/Simulink #9319 3.49 uag 319 3.50
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[Serial_Setup]
¢ LA

Baud: 115200 G-Hone-1)

Control Changer

Hosl Seral Selup
double $ v
0.15851 ne
Gam Low pass fiter 4
[sedal Recivel double W
S LibBo 015051 ns double
Pme| s
et Sinary Ganl  Lowpassfiler6 mppt (Setal_Transmil
Bau 115200 BaNone-1) Pot: LADBD
Ts(eo)0 double Pacial: Binary
015851 ,‘5 Baud: 115200 @Hone 1)
Garz  Lowpassfiler 7 o Taisecr 0
double
015851 ,‘5
Host Seral Rx G Lowpsssfierd Impptt Host Seril Tx

Lae  Duy

1234 dlok

Digtal Clock

311 3.49 1WA INSimulink (Host Serial Setup)uﬁﬂqmiﬁiwammwmmama%u PWM 1l

AWANMINY dunesa 10 ved lulnsaeu Insames STM32F4DISCOVERY

u crﬂpsm 92F41716 PP s Terminator
Auta Camells Downioag: 01 D"T‘ZSX“':; ‘5162/5‘;2 1 odule: USART1_Rx  double H1 3) Timer 1
Paciet B Polarity: Active High
i o Tranaior Non.8loding Period (sec) 0.0001
Execution Profiler. None UART Setup oo 0005 doudle H2 E11) Tsisacy 0
. Base Ts(sck 0.01
Basc P
Target Setup douple
UART Rx Pot:
4 (4Hzr 100
DS Type ywmn, Pus Pull
2 Ts(secy 0.005
Digital Output
AN
ANz
ADC M odule: 1 s
Output Data Type: Double
\ Transter: Blocking
Te(sck 0 s (seck 0.005
NS .
AN
2D
Reguiar ADC UARTTx

Tjﬁ 3.50 tWUNINSimulink (Target Setup)!l,ﬁﬂﬂﬂTiﬁiNﬁﬂlﬂﬂmm@ﬂm%u PWM LW?JFI’J‘UﬂiJﬂ1i

WU muneia /0 vod lulasnouInsaaes STM32F4DISCOVERY

& Yy & o < ¥ = s s a s
FarzApId udyyIuNegasulnosnuINneia VO vodusindumaI I
v 9
STM32F4DISCOVERY Tagld Waijung Block set N10¢1u Simulink Library 910114711015 Build
mode (1o Compile Wag Download) a¢luu®iAAILAYN STM32F4DISCOVERY lagnaily
9
cul+B  T1/5Un5N MATLAB/Simulink  92@314 Source 198 videa1niuueianlugu
. J v 3y . Y . A
STM32F4DISCOVERY 3¢ Compile source Ivlamaniudie C Compiler Tty Binary 11990

s A . 3 < .. . 4 4
Hex 1ld 1ilo Compile #3980 U Waijung 9% download Binary Tla aﬂuuamm‘uﬂu
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STM32F4DISCOVERY 1 ST-Link lagen 1@ niiiang Waijung Track Build process 3¢

Y H
paagwam A luuaazvuaey dagii 3.51

-
n Waijung Track Build Process e . W

= | E [
e e --
i

Yertication... UK
Programming Complete.

‘Waijung: The executable 'stm32f4_digital_output_demo bin' downloaded to flash successfully.
STM32 ST-LINK CLIw2.0.0
S5TM32 ST-LINK Command Line Interface

ST-LINK SN : 50FFED0B497 7535545120257
ST-LINK Firmware version : V22154
Connected via SWD.

Connection mode : MNormal

Device ID:0x413 |

Device flash Size : 1024 Kbytes

Device family : STM32F40xx/F41xx

MCU Reset

|

1

a .

0K

L

3.51 H1hae Waijung Track Build Process

=D.

il

waIniuihesanIugu STM32F4DISCOVERY liliouasnuyaniugumsilszy

9| A o g’/ Y] < [ [ ~ Y A ° = 1
Wl INBAIUANNTITININIUINUUIANG Lmzmuwaﬁummmmﬂ% LW@“VI']ﬂ']ﬁL‘LI%fJ‘]JL“VIEJU'J']

-

a3 a % { o . . [
MWwandlunanafeinunai laannssiassale 115005 MATLAB/Simulink 15913

510 3.52 1WouABLPIARIUAN STM32FADISCOVERY Augantunumitlszy i
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9
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v
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useau Tlihuuvasdaieldlunmsdszyldnunuamess aud 3 willumsnagouganiugu

m3lszy Iih Taemsaeldnuswiusaduaseriad luang Idaunss

4.1 m3esiioTauazaunsaiily lumsnaaes
1. iadieaefindiie SUNSET §u PX S0E $1149% 1 1A
2. MULTI METER 1 1304
3. CLAMP METER 1 1304
4. A3noaveadalaalal 1 1A309 (GW INSTEK GDS-1102)
5. PAPERLESS RECORDER 1 1#304 (FUJT TYPE: PHR)
6. u,mdﬁh?”lvdﬂsmﬁmwum 36 Taad 1 %@ 1182 SOLAR MODULE 24W 1 %@
8. LUAINESB1TD RR 1A 12 Taad A0y 12 Ah

9. THAANTZUEAATIVUIA 20 W 311U 1 g

4.2 manageumganaialiihgga

U L)

SOLAR MODULE CONVERTER LOAD

MPPT CONTROL ’L'b FH‘ !
o
g
>|

MULTI ,CLAMP METER

5171 4.1 urummmsnadeuniganemas liihgega
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N3t 4.1 manageumsnganeidaihgagalassimaiiudeyalasii
Ysudasuussfudusunait lfnnuuusneusadiaseriing #ate 3.5.1 iilensrndouyaii 1
mas Iihgege hwfSeufeunumsmeaiiia Iihgegavesuusiaesyganiugunis
ﬂix@"ljl%’duﬁmz”lﬁ’ niwnganugumsdszy ihansomaimadliihgegald 15960

A
AT NN 4.1

v

M319fl 4.1 msuwanmsnadounganieias ihgeganFouieununuuiiaesdie

Y Q

115153 MATLAB/Simulink

Aty usauliih aszualiih Addliih wsedullih eszualiih midaldih UseAniam UszAniam

e fuduna  Swduwa  Muduwe  dween fuoen duoon M%) M%)
(W/m’) (V) (I (P Vyp) () (Pyp) (niaog)
1000 20.70 0.64 13.25 9.87 1.2 11.84 89.40 89.49
800 20.34 0.63 12.81 9.67 1.18 11.41 89.05 89.37
600 19.84 0.62 12.30 9.39 1.15 10.80 87.79 88.37
400 19.03 0.59 11.23 9.2 1.1 9.78 87.10 87.5
200 16.99 0.51 8.66 7.89 0.96 7.52 86.80 87.12

4.2.1 nsmluaaanwamsnagevlsyansmmainmsmmasliihgega

U Q

16.00

14.00 )V LY, T —a L

12.00

10.00

8.00

Powee (W)

P pv

WP

4.00

0.00

89.40% 89.05% 87.79% 87.10% 86.80%

Conversion Efficiency (%)

511 4.2 wamsnaaoulszaninmanmsmimad IiihasganSeumeuduuuusiana

_Y U q
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,,—-—- CHARGER CONTROL >
e T O
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:
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517 4.6 WANIINATOUNANDUAUDIVIOBNVYBIAINILALN 107

Y
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d' v Y ~ any a
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Hantek E J’"L@ NW'W“W 800ms

d' v 9 A an a
51]7] 4.8 Nafﬂﬁ‘Vlﬂﬁ”e)‘]_lLliﬂﬂuﬂ”lu%)’f)ﬂ‘ll?N’Nﬁ]ﬁﬂTUﬂJJfﬂiﬂﬁ%ﬂLLU@LW@?I@‘IEJ’J‘EﬂﬁSS‘U‘U‘]Jﬂ

o ldlumsiszyldnunuanes(Soc = 90%)

v

A1519h 4.2 GﬂiNNﬁfﬂi‘ﬂﬂﬁ@‘uLliﬁﬁuﬁ}”IMfJﬂﬂéllf’N’N%ﬁﬂ’lﬂﬂuﬂﬁﬂﬁgﬂlmmﬁﬂgTﬂfﬁ%ﬂﬁ

]
=

szvvtaive 1 lumsiszy ldnunuamesh SOC = 80% Taeldlnan 15 Toviy

usaau i nszua Inlihdu usaau Idhdu aszua Iifhdw
Auduna BUNA 901 001
Vi) () Vour) (Loyr)
24 0.60 14.46 0.96
22 0.65 14.44 0.94
20 0.69 14.46 0.93
18 0.78 14.49 0.94
16 0.90 14.46 0.96
14 0.91 13.68 0.90
12 0.78 11.73 0.77
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M31ai 4.3 ﬂ']ﬁNNaﬂﬁ‘l’lﬂﬁﬂ‘ﬂLli\‘lﬁjuﬁl'luf]@ﬂsllﬂﬂ’N%ﬁﬂ’lﬂf]uﬂﬁﬂigﬂllﬂmﬂfﬁTﬂﬂ%%ﬂﬁ

szvvtaive 15 lumsdszy Idnunuamesh soc = 90% Taeldlnaa 15 Toriy

e Toih aszualihde useaulihd aszualuihéu
Muduna UNA 901 901
Vi) () Vour) Tour)
24 0.54 13.38 0.89
22 0.56 13.37 0.88
20 0.61 13.38 0.86
18 0.67 13.38 0.87
16 0.75 13.39 0.86
14 0.84 13.39 0.85
12 0.74 11.73 0.74

4.4 msnageuyanuanmstlszgihlasnsaelfnusunuvaduaseriingly
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CONVERTER BATTERIES

‘MPPT CONTROL CHARGER CONTROL

R = e

PAPERLESS RECORDER

H 1 U [ J a J
51U 4.9 upunmmsnageuganIugumslsey lih lasmsaeldnuswnumadiasoriag

TuaanzlFauasa
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1103109 4.9 uaasIsmInageumsnadeuganIugunslszy i Taensae ldau
1 Y] 4 a L 9 a 1 9 1 o 4 a s A
saunuraauaIoInag luan1zlsuasilasnisas lFanusunusaaua01Nad 1o
A a ° I A o 2 °
dsganinmmshanuvesyaniuaumstszy ihlussuy iheeduaserind TasGusiing
Y v 1 '
NAFOUAIAIIAT 07.00 — 17.00 1. IUAN1IILNUAAANINANOAY (HARUAIDINAGIT D SUNSET
1 o 1 o o o [ [ { 4
SUPX 50E  twau 1 ums alvwamadddih 50 woTeesiinsdaussau lihiwag
Y
a o { 4 a 2’} o { 4
waae s ¥ pv )nszua Wihfwadenad( 7 pv ) useaulWihfuuames( 7 bar uaz
Y

{ { o @ < '
nszud IhAuuaaes( Lbar ) Iagaziihimsdauazinuainns 30 u1i

Y 9| ' 9 ' Y 4 a o d
M319ii4.4 wamanadouganIugumslszg lihlaemsaeldauswnumaduasering lu

annelFuase SuNn 21/07/60

1nan V_pv(V) I pv(4) P_pv(W) V_bat(V) I bat(V) P_bat(W) n%)
07.00 U. 11.87 0.004 0.047 11.90 -0.006 -0.07 -
07.30 U. 11.88 0.016 0.189 11.90 0.006 0.07 38
08.00 U. 11.96 0.044 0.523 11.94 0.034 0.41 77
08.30 U. 12.40 0.221 2.737 12.20 0.208 2.53 92
09.00 U. 12.37 0.133 1.649 12.27 0.122 1.49 91
09.30 U. 12.68 0.346 4.390 12.51 0.333 4.17 95
10.00 U. 12.77 0.304 3.887 12.60 0.293 3.70 95
10.30 . 12.91 0.332 4.290 12.70 0.319 4.06 95
11.00 . 13.08 0.378 4.943 12.84 0.367 472 95
11.30 U. 13.14 0.332 4.366 12.93 0.321 4.16 95
12.00 U. 13.35 0.446 5.948 13.18 0.437 5.76 97
12.30 U. 13.23 0.209 2.763 13.09 0.198 2.59 94
13.00 U. 13.28 0.183 2.430 13.14 0.172 2.26 93
13.30 U. 13.47 0.247 3.323 13.32 0.238 3.16 95
14.00 Y. 13.40 0.159 2.133 13.32 0.148 1.96 92
14.30 U. 13.55 0.167 2.265 13.32 0.156 2.08 92
15.00 U. 13.54 0.133 1.804 13.32 0.122 1.63 90
15.30 U. 14.22 0.205 2.914 13.32 0.192 2.68 92
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H 1 J @ J a J
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n.1 quanyuzmiadumesila STM32F407VGT6

STMazF4DISCOVERY Hardware and layout

4.1 STM32F407VGTE microcontroller

This ARM Cortax-M4 32-bit MCU with FPU has 210 DMIPS, up to 1 MB Flash/192+4 KB
RaM, USBE OTG HS/FS, Ethamet, 17 TIMs, 2 ADCs, 15 comm. interfaces and a camara.

Figure 5. STMa2F407VGTe package

STM32Fa07TVGTE

1 Moyts of Alssh memory
192 Khyles of AAM

LOFP100 14X 14 mm [na—

This devica provides the following banefits.

& 168 MHz/210 DMIPS Cortex-M4 with single cycle DSP MAC and floating point unit
providing:
Boosted exacution of cantrol algorithms
Mora features possible for your applications
Ease of use
Better code efficiency
Faster ime to markest
Elimination of scaling and saturation
Easier support for meta-language tools

# Designed for high performance and ultra fast data transfers; ART Accelarator, 32-bit, 7-
layer AHB bus matrix with 7 masters and 2 slaves including 2 BHocks of SRAM, Mult
DMA controllers: 2 general purposs, 1 for USE HS, 1 for Ethemet, One SRAM block
dedicatad to tha core, providing performance equivalent to 0-wait exacution from Flash
Concurrent execution and data transfers and simplified resource allocation

® Outstanding power efficiency; Ultra-low dynamic power, RTC <1 pA typical in VBAT
mode, 3.6 V down to 1.7 V VDD, Woltage regulator with power scaling capability,
providing extra flexibility to reduce power consumption for applications requiring both
high processing and low power performance when running at low voltage or on a
rechargeabls battary

&  Maximum integration: Up to 1 Mbyte of on-chip Flash mamory, 192 Kbytas of SRAM,
resat circuit, internal RCs, PLLs, WLCSP package available, providing more features in
spaca constrained applications

& Superior and innovative peripherals providing new possibilities to connect and
communicate high spead data and more pracision dua to high resolution

¢  Extensive tools and software solutions providing a wide choice within the STMa2
ecosystom to develop your applications.

ﬁ Dioc ID 022266 Rev 2 11/38
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Hardware and layout

STM32F4DISCOVERY

Figure 8. STM32F407VGTE block diagram
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STMa2F4DISCOVERY Hardware and layout

4.2 Embedded ST-LINK/V2

The ST-LINKA 2 programming and debugging tool is integrated on the

STMazF4DISCOVERY. The embedded ST-LINKAV2 can be usad in 2 different ways

according to the jumper states (see Table 5):

# Programvdabug the MCU on board,

# Programidabug an MCU in an axternal application board using a cabla connectad to
SWD connector CH2.

The embeddad ST-LINKA2 supports only SWD for STM32 devices. For information about
debugging and programming faatures refer to user manual UM1075 (STLINKAE in-cirouit
debuggerprogrammer for STM2 and STM22) which describes in detail all the ST-LINKA2
faatures.

Figura 7.  Typical configuration

r
Hardwara requirements:

-LSB cable type A to mini-B
e, - compuber with Windows XP, Vista or 7

Development bolchaln:
Alum, TASKING V¥-Toolksst,

= R e Atolliz, TUBSTUDIO
b IAR, EWARM
g Kall, MDK-AFM
i 55 u’-/
aLy

M D0EEN

Tabla 2. Jumper states
Jumper state Description

Both CMA jumpers OM | ST-LINKAZ functions enabled for on boand programming {default)

ST-LINKNZ functions enabled for application through extamal GN2
connector (WD supported)

Both GN3 jumpsrs OFF

ﬁ Doc |D 022266 Rav 2 13/28
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Hardware and layout STM32F4DISCOVERY

4.21 Using ST-LINK/V2 to program/debug the STM32F4 on board

To program the STM32F4 on board, simply plug in the two jumpers on CN3, as shown in
Figure 8in red, but do not use the CN2 connector as that could disturb communication with
the STM32F407VGT6 of the STM32F4DISCOVERY.

Figure 8. STM32F4DISCOVERY connections image

9
o
10 ¢
s o
°
=
o
o
™

4]

14138 Dox ID 022256 Rev 2
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STM32F4DISCOVERY

Hardware and layout

422

g

Using ST-LINK/V2 to program/debug an external STM32 application

It is very easy to use the ST-LINK/V2 to program the STM32 on an external application.

Simply remove the 2 jumpers from CN3 as shown in Figure 9, and connect your application
to the CN2 dabug connector according to Table 3.

SB11 mustbe OFF if you use CN2 pin 5 in your external application.

Table 3. Debug connector CN2 (SWD)

Pin oN2 Designation
1 VDD_TARGET VDD from application
2 SWCLK SWD dock

3 GND Ground

3 SWDIO SWD data inputioutput
5 NRST RESET of target MCU
6 SWo Reserved

Figure 9. ST-Link connections image

SWD connector

CN2 ——

CN3 jumpers OFF

Doc ID 022266 Rev 2

15/38
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STMa2FaDISCOVERY Elactrical schematics

6 Electrical schematics

Figure 11. STM32F4DISCOVERY
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7.2 A Study of Smart Charger Controller for PV Battery
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Analysis and Simulation Smart Charger Unit for Battery in PV Systems
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Abstract

This article presents. Analysis and Simulation Smart Charger Unit for Battery in PV Systems. It is
simulates by stand-alone PV Systern to test the charge of the bettery. The model will consist of the
following: 1. solar cell system 2 Charge Controller 3. Lead add batteries. This charge controller used the DC-
DC converter. It i divided into MPTT Circuit for Maximum Power Point Tacking (MPPT) at the time of change
the sun and charger circuits regulate three levels of charge, taking into acoount the 50C (State of Change) and
the DOD (Deep of Discharge) of acidic lead batteries for charge the battery cause maximum efficiency This will
result in lomger battery"s life and it is fully available.
Keywords: photowoltaic systems, charge controllers, lead acid batteries
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