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ABSTRACT

Electrical energy is an essential input for businesses, offices and companies. It is also very useful for domestic purposes
enhances the quality of life. The mains supply in Nigeria and other developing countries is irregular, eratic and utiz&étdare
faced with persistent power outage or low voltage or voltagetuations at homes, offices and industrieach company or each
home needto regulate its powesupply, install alternative energy and arrange for automatic switching or mixing of mains supply
and alternative sourceBased on a multipurpose transfomna microcontrollerbased signal processing syst&amdevelopedor
control of energy flow from three sources (the mains supply, solar energy #erdy limnk) toa 5KVA load Conditions of the
various suksystems are detected and/or measured by sensors which send appropriate Sensor Signals (SS) to a micicontrol
software program is developeavhich endles the microcontroller t@enerate appropriate Control Signals (CS) to control the
operdion of the various relay electront swtiches, displagnd otheisubsystemsuch as inverteand asmart charge controller that
appliesconstant voltage and pulse techniquerettharge the battery via mains supahdor solar modle. The sytem is subjected

to variousfunctional testsThe system is found to effectively control energy flow; regulate voltage across the load; protect the lo:
against over voltage above 240V; and protect8¥ bank of battery against being discharged belove $iavit of 42V. Thesystem
facilitatesuninterupptible energy supply to the load.

Keywords: Power OutageSignal ProcessingzEnergy FlowControl, Voltage Regulatiogmat Grid ChargingTechniquesProtection
1. INTRODUCTION

Electricity is the main driver foeconomic and industrial ~ cannot afford a generator will be without electricitihe

developmentThere are apparently links between a sustained s mal I est g ener at or (ra te d at
economic growth and electricity in an econorfiy;2,3]. pass my neighboro by Nigeria
Electricity serves as raw materiar businessesoffices and monoxide, health harzard andst of fuel, Nigerians are now

companies Electricity is used in every home for domestic resulting to solar enerd$,10,11,12,13/4].

purposes and to enhance quality of IEgilepticor irregular

electric power supply is common in Nigeria and other In this work, a microcontrollerbased signal processing
developing countries of AfricaThis problem is more  system forcontrol of energy flow from thresources(the
pronounced in Nigeria. South Africa, with 40 million people, mains supply, solar energy and battery batik)load is

enjoys 40,000MW of electricity75 million Egyptiansenjoy developed The system also implementoltage regulation
20,000MW of electricity. It is quite unformate that140 and protection aganst over voltage. Voltage regulation is
million Nigerianshave less tha0,000MWof electricity[3]. necessary because of the epileptic and/or irregular and/or

Citizens are faced with persistent power outage or low Vvoltage flunctuating nature of the mains supply and solar
voltage or voltage fuctuations at homes, offices and module voltagevariation with time of the day[15]. The
industries. proposed system is essentiallgraart grid[16,17]

A power outage can be identified as a power cut, power 2. DESIGN APPROACH

failure or blackout{3]. It is aloss of electricity power to a

specific arealt causesdamages to domestiand business A Multipurpose Transformer based Automatic Voltage
operations. Persistent outagean arise from either the  Regulator (MFAVR) is designed as shown iRig.l. The
generating or transmitiy or distribution subsystems. block diagram is presented ftig. 1(a) whileFig. 1(b) shows

Congquencesnclude social and economifrustration, poor the inputs to and the outputs from the tmilitipurpose
quality of life, unemployment, high cost of productiand transformer Tm.Tm is essentially an autoansformer with
frequentdamage of deviceg4,2,34]. taps marked as 0V, 100V, 140V, 180V, 220V, and 260V as

illustrated in Fig. 1(c)The turnds ratio of
Each company and eaclorhe need to regulate its power 0.8V perturn.
supply, install alternativeenergy and arrange for automatic
switching or mixing of mains supply and alternative sources Tm receives the mains supply Vm via SW1 and SW3. When
with a grid connecting the load to the energy so{s#s7,8] everVm is available, the inverter is isolated from Tm. When
In Nigeria, majority of electricity is generated by expensive everVm is not available, SW1 and SW3 are turned off and
small private disel and petrol generators. A household which
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Tm receives its input from the inverter. SW4 selects the required to power the devices such as the relays, 555 timer,

appropriate tap ohe autetransformer. SG3525 oscillator, some comparators and the cooling fan
[27]. The 12V DC supplys further regulated down to 5V DC

The 220V AC output of Tm is connected to the load through to power devices such as the microcontrolnd some

SW2. There is also a 12V AC output from Tm. When ever comparators.

Vm is available, the 48V AC output of Tm is available for

charging a bank of batteries via SW5. When eveiVm is available, CS9 from the microcontroller is
high (5vV DC) and the 48V AC output from the Tm is

Conditions of the various stdystems are detected and/or connected via switch SW5 to the Rectifier Il to produce

measured by sensors which send appropriate Sensor Signalsegulated 60V DC supply to charge a bank of batteries. When

(SS) to a microcontrollef18] which in turn generate everVm is not available, CS9 is low (OV DC) and the 48V

appropriate Control Signals (CS) to control the operation of AC output from Tm is disconnected from the Rectifier II.

the various relay and edtronic swtiches, display, fan, alarm  Switch SW5 is inside a reldyL1 of Fig. 2(b)

and other subsystems as showifrig. 1(d). Simple Electrical

and ElectronicsEngineeringcomponents and principles are 2.2 Sensor Signals (SSO0 to SS12)
utilised [19,20,21,22,23425].

Fig. 3 shows the sensor subsystems which generate sensor

2.1 DC Power Supply signals SS1 t&S12.
DC Power Supply generates 60V DC, 12V DC andBY as 2.2.1 User Requires Power (SS0)
illustrated in Fig. 2(a). The 12V AC output from Tm can
originate from either the mains supply Vm or Invertehe A user manual switch (UMSW) is desgined such that when

12V AC is rectified and regulated to 12V DC [26]. As an ever the user presses it, sensor signal S50 is sent to the
alternative, the DC source from the bank of batteries Vb (48V microcontrollerto indicate that the user requires supply to the

DC) is regulatecdown to 12V DC. The 12V DC supply is  |oad. SSO = OV when UMSW is depressed.

i CS1-6 Cs8
MAINS AC MAINS ‘. 7
POWER —>| MULTIPURPOSE LOAD |||POWER 56 70— —o>70—> 220V AC OUTPUT
SUPPLY | TRANSFORMER SUPPLY MULTIPURPOSE o
Tm €57 TRANSFORMER |—> 12V AC OUTPUT
VT Ti2v W\,ERW o= i —o70—> 48V AC OUTPUT
SOLAR ACY VAC : Cs9"
ENERGY DC POWER (b) Multipurpose Transformer Inputs and Outputs
SUPPLY " st
12V 5V . .
SOLAR pcy |DC Cs2-5.. SW4 P ;—OWI_
' CS1, 1ht; SW6
MobiL CIRCUIT 2 N : Vb
% COMPONENTS Wt i : —
*y \/60VDC ! : INVERTER
cunaE Vm CS8. SW2|  eo s T\’b
MAINS Syt ¢ .
. o —0O—o [ [
v SUPPLY | 1, 220v]' AC OUTPUT SW7
BANK OF S , -
BATTERIES & €563, .
SW3 g—%ws
OSCILLATOR i 2
OUTPUT ¢ |outpuT
INVERTER o < o
(c) Multipurpose Transformer Winding, Switches (SW) and Control Signals (CS)

(a) Block Diagram
SYSTEM
SENSOR STATUS SWITCHES.
SIGNALS DISPLAY FAN,
SYSTEM ——>| SENSORS > MICROCONTROLLER ALARM
PARAMETERS $50-5812 = & OTHER
O SUBSYSTEMS

(d) Microcontroller based Signal Processing

Fig. 1. Multipurpose Transformer based Automatic Voltage Regulator (MT-AVR)
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Cs9., RL1
Vb Tm12V  Tm4gy —)o’zo—\| Toe—
TA'A'A)
RECTIFIER I RECTIFIER II » ) 48V AC SUPPLY
I Rmiac] 1y D1l |rorecTIFER T
VOLTAGE 60V DC SUPPLY
REGULATOR I SURRLY
R1 KQI
CS90o m—
12V DC - v Y potd
SUPPLY ‘1’ Microcontroller
VOLTAGE
REGULATOR II R2 [[R3
5V DC JL
SUPPLY =
(a) DC Power Supply (b) Relay Switch Control Circuit
Fig. 2. DC Power Supply and Relay Switch Control Circuit.
2.2.2 Mains Supply Sensor (SS1) 2.2.4 Output Voltage Limit Sensor (SS7)

Fig. 3(a) is the mains supply sensor. Sensor signal SS1 is high The output voltage limit sensor shown in Fig. 3(c) monitors
if there is mains supply, otherwise it is low. The voltage drop the Tm 220V AC output across the loaal prevent over
across a half wave resistive load is 0.45 multiplied by the voltage. The over voltage could be as a result of mains supply
input AC rms valud26]. Therefore, for Vm range of 80V to exceeding 280V or the failure of the inverter oscillator to
280V, Vccl rages from 36V to 126V. R7 and R8 constitute reduce the switching current of the inverter when the battery
voltage divider network to achieve VR8 of 5V DC for a voltage Vb or photovoltaic supply Vs is above the notnina
minimum mains supply Vm of 80V (Vccl = 36V). R9 limits  value. Sensor signal SS7 is high if the Tm output is above
the current through the LED (D7) to a maximum of 1mA. 240V, otherwise it is low.

R10 and R11 is a voltage divider network to achie

comparatoros Vref of 4.9V, @e2ree Battery Woltage 9 eviela Setisor 4{$38itd e r
resistive network are used in this work to set voltage at SS10)

certain points of circuits.

) The voltage across the bank of batteries is monitored during
2.2.3 Mains Supply Voltage Level Detector charge and discharge operations to prevent overcharging and
(SS2 to SS6) discharging below the safe voltage level. The circuit of the
battery voltage level sensor is shown in.F3¢d). while its
The mains supply voltage level detector of Fig. 3(b) detects operation is summaréd in Table 2
the range of the mains supply voltage Vm. The mains supply
voltage is grouped into six voltage ranges as < 260V, < 220V, 2.2.6 Solar Voltage Level Detector (SS11)
< 180V, < 140V, < 100V and < 80V. Voltage divider
networks are used to provide Vcc2 and Vref for the The maximum voltage expected from the 48V photovoltaic
comparators as shown in TableThe corresponding values  moduleis 68V. When solar module voltage is Vs = 48V,
of the set of sensor signals SS2 to SS6 for specific ranges ofyccs in the solar voltage level detector of Fig. 3(e) is 3.3V.

Vm are also presented in Table 1. Vref is set to be 3.2. SS11 is +5V when the photovoltaic
module voltage Vs is equal or greater than 48V, otherwise it
is OV.
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Table 1: The Mains Voltage (Vm) and corresponding Vcc2 , VR15, Vref and Sensed Signals SS2 to SS6

vin (V) Vee2 (V) | VRI5 (V) | Vref (V) | SS2 (V)| SS3 (V) | SS4 (V) | SS5 (V)| SS6 (V)
Vm> 260 117 5.0000 - 0 0 0 0 0

220 <Vm< 260 99 4.2306 4.2 0 0 0 0 0

180 <Vm< 220 81 3.4614 35 5 0 0 0 0

140 <Vm< 180 63 2.6922 2.7 5 5 0 0 0

100 <Vm< 140 45 1.9230 1.9 5 5 5 0 0

80 <Vm< 100 36 1.5384 15 5 5 5 5 0
Vm< 80 5 5 5 5 5

Table 2 The Battery Voltage (Vb) and corresponding VR43, Vref andsensed Signals SS8 to SS10

. VR43 Vref | SS8 | SS9 | SS10
Vb (V) Description V) ) ) ~ | W
Vb O 4 42V:- Battery Voltage is too low and no further discharge should bg 3.2584 | 33 0 0 0
allowed
42 < Vb 45V:- Low Battery Voltage during discharge 3.4912 | 35 5 0 0
45 < Vb 58V:- Maximum Volage durring charging 4.4997 | 4.5 5 5 0
Vb > 58 Battery Voltage is above maximum acitlarging technique is changed 5 5 5
from constant voltage techniqteepulse technique
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| — —33V
Vm ' ssi i B 3.3V ‘ 8| ur-
MAINS RO (to Microcontroller) 1 K18 e
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/RS | - INDICATOR T
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(a) Mains Supply Sensor (SS1)
L D8 Bt 5V DC SUPPLY
4 R19
SS2
(to Microcontroller)
1)1 M324
5V DC SUPPLY
R50
{__3+—1—O05V DC SUPPLY
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(to Microcontroller)
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= R24
5V DC SUPPLY
R25
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. IM324 (to Microcontroller) -
- 1
= R28 $VDC SUPPLY . (d) Battery Voltage Level Sensor (SS8 to SS10)
R29 UsD
=19V 1 > R31 Vees R55
—OSS5 {—3——05V DC SUPPLY
. LM324 (to Microcontroller) G i
= R32 =2V 5
5V DC SUPPLY ' Vs 3
2 2 Ss11
R33|v, 1 R54 T\m 4 [1] RS6 (to Microcontroller)
SS6 o
. SV (to Microcontroller) _l_
(b) Mains Supply Voltage Level Detector (SS2 to SS6) (e) Solar Voltage Level Detector (SS11)
12V DC FAN
12V DCo
R38 SUPPLY R61
5V DC SUPPLY —{————05V DC SUPPLY
7.
iR39 CS10 Q9 ';’1*’{,
(from Microcontroller) R i U10
SS7 ’ —1+ 1 Re63
Vref=45V (to Microcontroller) 2 1 SS12
4 5
4
R59| | R60 T\"R60 U R62
(c) Output Voltage Limit Detector (SS7) (®) Fan Stams Sensor (SS12)
Fig. 3. Generation of Sensor Signals (SS1 to SS12)
2.2.7 Fan Status Sensor (SS12) to the ground through R60. Rfan and R60 is a resistive

voltage divider network that sets VR60 to 2.12V when Q9 is
The fan status sensor of Fig. 3(f) monitors the status of the ON. Therefore, when the fan is ON, SS12 is +5V. There is a
fan; whether it is ON or OFF. A control signal CS10 from the faultif CS10 is +5V and SS12 is OV.
microcontroller switches the fan ONhe coil of the fan has a
resistance of about Rf an=70Y. When CS10 is +5V, Q9
switches ON and the negative terminal of the fan is connected
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2.3 Control Signals (CS1 to CS14) 5V when ever switching ON the inverter is necessary and
battery voltage level is adequate otherwise it is 0V. CS9

_ controls relay RL1 (switch SW5) of Fid.(c) for the Tm 48V
2.3.1 ':;J(SOCTS%F; Selector (CS1 to CS6, CS8 AC oufput as illustrated in Fig. 2(b).

Fig. 4 shows the auttap selector which connects the mains 2.3.2 Oscillator and Inverter (CS7)

voltage to the appropriate terminals of Tm. Fig. 4 is closely . .
related with Fig1(c). Relays RL2, RL7 and RL8 in Fig. 4 are ;he osscnlatordandbthe rlln\c\c:rr]ter con}I/Ie;ts bC :jo Qc’mg]i
are the switches SW1, SW2 and SW3 respectively in Fig ig. 5(a) and (b) showthe oscillator an € nverter

1(c). Relays RL3, RLARL5 and RL6 in Fig. 4 constitute the respectivey. When the user qctuates the user manua'tp_hw
S\Sviich oW Fig 1((L:’) n 9 e (UMSW of Fig. 5(a))the oscillator SG3525 (U14) devide

energisedand the sensor signal SSO will be 5V to indicate to
the microcontroller that the user desires power output to the
load. If mains supply is available (SS1=0V), CS7 is made 0V
by the microcontroller so as to shut down U14. If the mains
supply is not availde, CS7 is made 5V and U14 will
generate a dual alternating
P(t +é tp drigertwo MOSFETs whickerve ashte SW6

and SW7 of the inverter &fig. 5(b). VR37 is used to regulate
the amplitude of Pt and P(t+180) so as itevent overvoltage
when the battery voltage and photovoltaic supply voltage are
above the nominal voltage.

If the mains supply is available (SS1 = 5V), the
microcontroller makes CS1, CS6 and CS9 5V each; makes
CS7 0V and makes CS2 to CS5 5V or OV accordinguto-

Tap Selectottruth table presented as Table IBthe mains
supply is not available (SS1=0V), the microcontroller makes
CS1 to CS9 0V each except CS7 (associated with the
inverter) and CS8 (associated with the Tm 220V AC oujput
which depend on some other factors. @SBV when ever the
user requires output to the loadd output voltage is less or
equal to 240V(SS0 & SS7= 5V) otherwise it is OV. CS7 is

CS1o—3 —012V DC SUPPLY
R63 ——o MAINS LIVE
R66
— Q3 L 1
C 21 / RL2 (SW1)
= et f
R67 Q4 il T — —1=,SW4
R6S :L§ t /' |
1 D16 |
CS2 R69 :,—RL‘ -, - Tm
R0 Q5 x i [ b 207 2 o
T %-1_ / i B3||E v
‘j« = D17 c 140V % . RL1(SW5
CS3 R72 | T { | dWE ?\h\s Ny ( )
RT3 Q6 . RL4 ' o 3 [~t—
| o 1 ————]
R4 &% e | e l}\'ACT % %Tm'.s.c 5
y S— D1§ / o o
CS4 R75 » '
o— + RL5 W—— |
B @ | [
B e |
CS5 R78 B | I
o——— A I .
R79 L3
——D—‘&QS{J n:o§ / RL7 (SW2)
RS0 g <
— o OUTPUT LIVE
CSS RS1 - o MAINS NEUTRAL
o o B / RLS (SW3
RS3 { iS2) —oOUTPUT NEUTRAL
4
CS6 o—
CS1, CS2, CS3, CS4, CS5, CS6 & CSS are from the Microcontroller

Fig. 4. Auto-Tap Selector
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Table 3 Auto-Tap Selector Truth Table

SS2 | SS3| SS4| SS5| SS6 | CS2 | CS3 | CS4 | CS5 Sw4 Consider
vin (V) MM MM MMMV W Mains
Available?
0 0 0 0 0 0 0 0 0 f o—=>o0a Yes
220 <Vm (Default)
180 <Vm< 220 5 0 0 0 0 5 0 0 0 f o—=>0b Yes
140 <Vm< 180 5 5 0 0 0 5 5 0 0 | fo>oc Yes
100 <Vm< 140 5 5 5 0 0 5 5 5 0 f o=>od Yes
80 <Vm< 100 5 5 5 5 0 5 5 5 5 f o—=>oe Yes
5 5 5 5 5 0 0 0 0 f o—=>o0a No
Vm< 80 (Default)
DM26
£t O VR37 [Output Voltage Limit Detector Fig 3(c)] 1VDC
C12  Ry07 SUPPLY
R100 1
R105 o USER 1
L — R108 MANUAL
ﬁ R106 L — 0SS0 SWITCH
] a to Microcontroller IMSW
R0t Ul4 5G63525| | [ C13 q ) (KM
’ oow |-+ A
&5 —H3 iEEJ e DY B
Hs =pS Co—D—00SCILLATOR OUTPUT P(t)
rm E I = R110 D28
2 &= -—:—D}—o OSCILLATOR OUTPUT P(t + m)
- 5VDC R112
C1OL []r103[| 104 I SUPPLY
i ci1 | Ve
s St R
=P ———o0CS7
11 (from Microcontroller)
R114 R115
(a) Oscillator
W
o 260V
Vb/Vs
Tm 220V AC
o o o
Tm 12V .'\C? TTm 48V AC
OSCILLATOR 9 cis v 57 O OSCILLATOR
OUTPUT P(t) R123  OUTPUTP(t+x)
R120 | [R121 B

(b) Inverter

Fig. 5. Oscillator and Inverter
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The outputfrequency of U14 is half the set frequency of C10
and R104 [27]. For 50Hz, C10 is chosen to be 0.1uF and
R104 is <calculated as 130Kq
voltage divider network to achieve a Vref of 3.3V.

As long as the oscillator is generating thaput pulses P(t)
and P(t+"), the inverter
The inverter generates the 50Hz, 50% duty cycle alternating
square wave. The inverted AC is transformed by the Tm to
about 220V. If UMSW is off, SSO is 0V, CS7 and CS8 are
oVv.

2.3.3 Fan (CS10)

The fan is for cooling the system. CS10 is set to 5V to keep
the fan ON as illustrated irig. 3(f).

2.3.4 Charger (CS11 and CS12)

The charger ofFig. 6 charges the bank of batteries using
either the constant voltage or pulse charging techniques
[10,30,31,32]. The microcontroller generates CS11=0V and
CS12=5V to direct the charger to implement pulse charging
technique. The microcontroller generates CS11=5V and
CS12=0V to direct the @nger to implement constant t@je
charging technique. The 60WWC Supply and the Solar
Module voltage Vs are used as sources of energy for charging
the bank of batteries.

The frequency of the oscillator is determined by ¥alues of
R92, R93, and CYor a 50Hz oscillation, R92 and R93 are
chosen to be dC9Wak Yalcuated 4s,0.096 n
e F. R95 and R96 constitute
produce Vref of 3.3V for the comparator U13.

If CS12 is +5V, Ul2 is shutdown, otherwise operational
while if CS11 is +5V, U13 produces +5V output, otherwise
the output isOV. U1l adjusts the control voltage of U12
thereby adjusting the amplitude of the pulse width to ensure

that the charge voltage across the battery does not exceed the

float charge voltage (55V for
charging.

48V battery) during pulse

2.3.5 Alarm (CS13 and CS14)

The alarmsubsystenof Fig. 7 alerts the user whehebattery
is low during dischargeyr there isovervoltage to load or fan

fault occurs. C18 and R127 determines the frequency of the
oscillation. For 1Hz, R127 i
calciaieds® and R115 constitute a

C18 = 1/(f * R127) = 1/(1 * 10) = 100pF 1)

wi [lIfICS18 is #5V, & pulsing ataen will eotné @N while Bidkingt o

CS14 +5V will make the alarm to be continouous.

2.4 Software Program

The various subsystems were built and interconnected
(Hardware). The entire circuit control decisions are made by
the microcontroller with aid of a software program. The flow
chart of the program is shown in Fig. 8.

2.5 System Status Display

The display unit shows the cuntestatus of the system. Table
4 is the truth table which gives the status of the various sub
systems.

BUZZER
5VDC SUPPLY
R124 )
CS13 O 1 Q15
(from Microcontroller)
R123
Ul6A Ul6:B
1 2 4
4069 4069
a R126 R127 R128 Tk t
1t

CS14
(from Microcontroller)

Q17
| R131

Fig. 7. Alarm
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R90
r - — ]
—o060V DC SUPPLY o e =B
pe | RSS 1 % — SUPPLY
$ RS6 2 o LErs,
8 B R92
Re7| W =
THi. r 555 -~
- RSS CoL CSllo——c—r
T Cs12 Q10 (from
Vs (from RSO Microcontroller)
D21 Microcontroller’ RO7
L 1 )
Q11 QrE[] R98  CHARGER ON/OF
R99
Ot

Fig. 6. Charger
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Start

Initialize the
input registers

Collect
input
signals

1

| ON the fan (Set Cs10=5) |

Fan Fault? (SS12=07)

No

OFF the sub-systems & ON continuous Alarm
(Set CS1to CS9 & CS11to CS13 to 0 and

Set CS10& CS14 to 5)

Yes

OFF continuous Alarm
(Set CS14 to 0)

Is mains available? (SS1=3?) Yes

No

v

OFF the mains & 48V AC
(Set CS1, CS2, CS3, CS4. CS5, CS6 & CS9 to 0)
(Switch SW4 at default)

Is Solar Vs available?(SS11=37)

Is Vb>58V? (S510=5?)

No

Is mains Vm<80? (SS6=5?)
Yes

ON the mains & ON 48V AC
(Set CS1=5, CS2=8S82, CS3=8S3, CS4=SS84,
CS85=885, CS6=5 & CS9 to 5)

A

OFF Charger (CS11=CS12=0)

| OFF Hinverter (Set CS7=0) |

Is Vb>58V? (SS10=57?)

Yes
ON Constant Voltage ON Pulse Charging Yes
Charging (Set Technique (Set ON Constant Voltage ON Pulse Charging
CS11=5 & CS12=0) CS11=0 & CS12=5) Charging (Set Technique (Set
\l/ \I/ CS11=5 & CS12=0) CS11=0 & CS12=3)

Yes

User requires output?(SS0=5?)

No

ON Inverter
(Set CS7=5)

OFF Inverter
(Set CS7=0)

ON Load
(Set CS8=5 & CS13=0)

Yes

Isbattery low(<42V)?(SS8=0?)

ON pulsing alarm
(Set CS13=5)

v v
User requires output?(SS0=5?)
Yes

Is Output>2407 (S§7=57)

Yes

ON pulsing Alarm o
(Set CS13=5) ON Load
(Set CS8=5 & CS13=0)

N

: v

Update Display (Table 3: System
Status Display Truth Table)

con%ﬁ]lj)us ON continuous Alarm
Alarm & OFF Inverter
CS14=0 (Set C14=5 & CS7=0)

OFF Load (Set CS8=0)

!

Fig. 8. The Flow Chart of the Program

Complete Short down required?

No
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Table 4 System Status TruthTable

SIN Description Options (Status) Conditions
Available SS1=5&SS6=0
1 Mains Supply Low SS1=5&SS6=5
Not available SS1=0
2 User Demand Yes SS0=5
Output No SS0=0
3 Load ON CsS8=5
OFF CS8=0
4 Output > 240VAC SS7=5
Voltage O 240V AQ(Q SS7=0
5 Solar Module O 48V DC SS11=5
Voltage <48V DC SS11=0
Charging (CS11=0&CS12=5)0r (CS11=5&CS12 =0)
6 Battery Discharging CS7=5&CS8=5
Low SS8=0
Constant Volt Technique CS11=5&CS12=0
7 Charger Pulse Technigue CS11=0&CS12=5
OFF CS11=0&CS12=0
8 Inverter ON Cs7=5
OFF Cs7=0
9 Fan ON SS12=5
OFF SS12=0
3. RESULTS

The complete system was subjected to varitagds. The
results of thetests are summarised in Table ®he primary

input or inpds are underlined. At any given time, the system

more, the system charges the battery bank when ever energy
is avadlable from the mains suppbndor solar module. When
ever user requires output and mains is not available or low,

conveys energy from one of the three sources (the mainsthe inverter is switched on to convey energy from solar
supply, solar energy and battery bank) to the load. Further

module or battery bank tive load. When ever output voltage
is above 240, the load is disconnected.

ISSN: 2048444 © 2016 IJET Publications UK. All rights reserv



International Journal of Engineering and Technology (IJET) i Volume 6 No. 12, December, 2016

Table 5 Test Results

Inputs to Microcontroller
SENSOR SIGNALS

Outputs from Microcontroller
CONTROL SIGNALS

OBSERVATION

A 1/
Z|%
-

0SS
SS
ISS
SS

)

A
n

~

9SS
6SS
01SS
1SS
ISO
SSO
980
£SO

680
[1SD

X X[X]X]X

o |ZISS
o | TSD
o | SO

X

[

XIX|X

o
w
o
=)
=)
o
=)

< | 88O

w [0SO

o
o

o [TISO
o [€1SO

w [PISD

Mains OFF, Load OFF, Charger OFF, Inverter OFF,
Continvous Alarm ON (Fan Fault)

w
iSS
<
PSS
S$SS

»a
(=]

0SS

w
01SS
0ISS

Mains ON, Load ON if $80=5 & $87=0 otherwise OFF,
Battery CHARGING (Pulse Technique if $510=35 otherwise
Volt Technique), Inverter OFF, Fan ON, Alarm OFF (Mains
available, Solar may or may not be Available)

w
o
e
o
(=}
(=}

o
(=]
v
e
o
Y
I
w
=3
=3
=3
o
=3
o
(v

%z

0

0I1SS
0OISS

Mains OFF, Load ON if 830=5 & $87=0 otherwiss OFF,
Battery CHARGING (Pulse Technique if $310=5 otherwise
Volt Tachniqus), Inverter ON, Fan ON, Alarm OFF (Mains

not available and Solar Available)

4-
>
In
o
o
b

]
I
e
e
i
]
ltn
w
o
=)
o
o
=)
o
¥

0SS

01SS
01SS

Mains OFF, Load ON if 880=35 & 887=0 otherwise OFF,
Battery CHARGING (Pulse Technique if $810=3 otherwise
Volt Technique), Inverter ON, Fan ON, Alarm OFF (Mains

Low and Solar Available)

wn
¥
=)
=]
o
o

0SS

=]
w
(=]

o

Mains OFF, Load ON if $30=35 & $87=0 otherwise OFF,
Battery DISCHARGING, Inverter ON, Fan ON, Alarm OFF
(Mains and Solar not available)

o
v
In
b
b
X

o
It
o
Ith
v
e
=]
i~
=)
=
=)
o
=)
o
(v

0SS

o

Mains OFF, Load ON if 880=3 & $87=0 otherwise OFF,
Battery DISCHARGING, Inverter ON, Fan ON, Alarm OFF
(Mains Low and Solar not available)

o

Mains OFF, Load OFF, Battery LOW, Inverter OFF, Fan ON,
Continvous Alarm ON if $30=5 otherwiss OFF (Mains and
Solar not available)

w

Mains OFF, Load OFF, Battery LOW, Inverter OFF, Fan ON,
Contivous Alarm ON if $80=3 otherwise OFF (Mains Low and
Solar not available)

KEY:

X means that the Sensor Signal may be 0 or 5; Control Signals and observations remain unchanged if even if X changes.

$S2 in Control Signal column means that the control signal assumed the value of the mentioned Sensor Signal.

$S10 in Control Signal column means that the control signal assumed the 1

of the

Y

S or 0 Bolded underlined Sensor Signal input is a significant input condition.

4.

A multi-source energy flow control and voltage regulaton E . B. .
Economic

CONCLUSION

system has been developed fimruse in developing countries

with epileptic or irregular electric power supply. Voltage

regulation is implemented with the amf a multipurpose
transformer. A smart charge controller that will apply
constant voltage and pulse techniques to rechargedttery
via utility and photovoltaic supplies will improve the service
life of the battery as the batteries will not be left in the

discharged state for a long period of time and the formation of

Udah,

d Sensor Signal.

Al ndustri
Perfor mance

al

and De v

i of

N

Economics, Finance and Administrative Scien¢8SN 1450
-2275 Issue 18, 2010

G.

Adedokun

Power
TechnologyVol. 11, Number 2, pp. 16470, 2010.

sulfates on the Lead plates are taken care of. The sydema D .
protects the battery against being discharged below save Fluctuations on the Profitability and Competitiveness of
voltage level. The load is also protected against high voltage SMEs: A Study of SMEs within the Accra Business District
above save limit. The system can be expanded for more thano f

Frederi

c k

and Pdnac8a. to Epseptic p i
Sup p | Yhe Patificlbburgakof Scienand
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REFERENCES V. C. Gungor , D. Sahin, T.
technol ogi es: communi cation

OC.Nwmkwo and B.O. Njogo, AT HEEE Tgapsgcfiops; on Igdpstrig infargtiqeel. 7,;Number

Supply on Industrial Production Within The Nigerian pp. 529539, 2011.

Economy (1970i 2 0 1 Oournad of Energy Technologies . .

and PolicyVol. 3, Number 4, pp. 342, 2013 S.M.Amin and B. Wollenberg, AT
delivery for tIREE Pavér sahd Eoeegy t u

Magazine Vol. 3, Number 5, pp. 3411, 2005.

ISSN: 2048444 © 2016¢ IJET Publications UK. All rights reservefiils{s



International Journal of Engineering and Technology (IJET) i Volume 6 No. 12, December, 2016

R. V. P. Yerra, A. K. Bharathi, P. Rajalakshmi, and U. B. R. At hi narayanan, AiMi crocont
Desai, AWSN based pomwter grmodie a8 ur B gnerntn winmah S oDepganweemt ©f L i
Proceedings of the 7th International Conference on Technology Northern lllinois University DeKalb, IL 60115
Intelligent Sensors, Sensor Networks and Information U.S.A. retrieved on November 18, 2014 from
Processing (ISSNIP '11pp. 401406, Adelaide, Australia, http://www.wseas.usfe

December 2011. library/conferences/floridal1999/Papers/p15.pdf

M. ErorKant ar ci and H. T. MoufPt ahHor Wi t el esnsdd SWensHarl |, AT

networks or costefficient residential energy managementin ed. ), 06 Cambri dge University F

t he s malEEE Tegansactonsoon Smart Grid/ol. 2,

Number 2, pp. 314325, 2011. N. Mo han, T. M. Undel and and
electronics: Converters, applications and design. John

A. A's s a d ;Alorie Rho®voltaic 8ystem, Case Study: Wiley and Sons Inc., New York, NY, USA., 1989.

A Residence in Gaza, 0 Journal of Applied Sciences i n
Environmental Sanitation, Vol. 5, Number 1, pp-84, 2010. B. L. Theraja and A. K. Ther
Chand & Co. Ltd., New Delhi, Indi&2007.
S. Basu, L. Norum and D. Dal al , iAn i mproved PV battery
charger for low cost low power stand alone low power P. S. Bode, AiCurrent Measur en
systems, 0 | EEE InternationalZeG@amnxf e$emiceeonodnucaror Syst arientarbil
Energy Technologies, pf1571160, 2008. from
http://www.diodes.com/_files/products_appnote_pdfs/zetex/a
Uu. H. Il brahi m, D. A. Ar emu annd9.pdf. | . Unwaha, ADesign of

StandAlone Solar Photovoltaic System for Residential
Buildings, o0 International JoRainraChiolfd SSceineinctoinfd ucc t&Termabhr mpa

Research, Vol. 2, Number 12, pp. 1895, 2013. 1APositive Vol tetaieved oRMay @1, 20040 r ,
fromwww.fairchildsemi.com

S K Comwdhury, M. S. Shehab and M. A. Razzak, iDesi gn

and Implementation of a Pure SM&ave Inverter for Texas I nstr ume nTersninal  AdjudtaBld 7

Photovoltaic Applications, Reguovacedi ngs ofetthevedd ohEE

International Conference on Informatics, Electronics & www.ti.com/lit/ds/symlink/In817.pdf
Vision (ICIEV), 2013.

Texas l nstrument s, fi LM555
S N.Shgh and A. K. Singh, i O Atigustsd, 201 Df@ranvwgtirccomditfds/samlinklms56. pdf
Effective Solar Home Power System An Alternative
Solution to DG for Grid DeprHavnentlo nRiu r\Ma n ulfnadcitau, roi nlgn t efirDneastii
Journal Of Research And Reviews in Applied Sciences, Vol. retrievedon May 21, 2014 fromavww.hammondmfg.com
2, Number 1, pp. 666, 2010.

Mot orol a, ASG3525 Pulse Widt
M.B. Sree, R. Ramaprabha, andvayBl2, 2014 fronkte:l/www. Ecientifft.Reg/AVMMP®1.3G8 n d
Modeling of Standalone Solar Photovoltaic Charging

System, 0 I nternati onal Jour ngal Amfol EoimpwaenmandppPl i Gathiagns

Vol. 18, Number 2, pp. 445, 2011. Inverter with AVR Using Switch Mode Square Wave
Switchi ng AB&Th\eme3, Mumber 4, pp. 249

M. M. Hoque, iDesi gn, i mpl eo2mg20toati on and performance

s udy of programmabl e ault omati c vol tage regulator, o

Electrical Systemsvol. 10 Number 4, pp, 47283, 2014. A . Mu s a and G. S. M. Gal adanc
Design and Simulation Baseoh Boost Converter and -H

A. Barbato, A. Capone, L. Chen, F. Martignon and S. Paris, Br i dge | nver Bayero Joumal oof Bugeyand

AA di st r i bside mahagemenh damdwork for the  Applied Scienced/ol. 2 Number 1, pp.-49, 20009.

s mar t Cgmputed Cammunications Vol. 57, pp. 124,

2015. H. Ikeda , S. Minami, S. J. Hou, Y. Onishi and A. Kozawa,
ANobel Hi gh Current Pul se

A. Chuang and M. McGranaghan, "Functions of a local Prolongation of LeadAc i d Batteries, o J

controller to coordinate distributed resources in a smart,grid  Electric Vehicles, Vol. 3, Number 1, pp. 6886, 2005.

IEEE Power and Energy Society General MeetiRg

Conversion and Delivery of Electrical Energy the 21st

Century 2008.
ISSN: 2048444 © 2016 IJET Publications UK. All rights reserv


http://www.wseas.us/e-library/conferences/florida1999/Papers/p15.pdf
http://www.wseas.us/e-library/conferences/florida1999/Papers/p15.pdf
http://www.fairchildsemi.com/
http://www.ti.com/lit/ds/symlink/lm555.pdf
http://www.hammondmfg.com/
http://www.scientific.net/AMM.281.308

International Journal of Engineering and Technology (IJET) i Volume 6 No. 12, December, 2016

J J A Wil kinson and G.

. . . A .T. Ralamsany,,"Chérghng tdahniqueR forl asuversakbead g i
Met hodol ogy for Lead Aci d B battenechargers Proceedingsaof thea3dth Int@omakPoveef t
Institution of Professional Engineelew Zealand, Vol. 25, Sources Symposiump. 7276, 1990.

Number 1, pp. 411, 1998.

ISSN: 2048444 © 2016 IJET Publications UK. All rights reserv



