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The MRP4 Charge Controller

The MRP4 is a simple shunt charge con­
troller that will handle up to 4 amps of array
c urre nt. That's en ou gh for a Siemens
ProC harger 75 panel. The MRP4 will allow
the battery to be charged to 100 percent of
its capacity without overcharging. It's sim­
ple to set up and, best of all. easy to build.
A well -stocked Rad io Shack can supply
nearly all the parts. A PC board is avai lable.
as well a.s a complete kit of pans. You can
build the MRP4 for less than $35-much
less with a well-stocked junkbox.

A Look at the Ctreutt

The MRP4's schematic is shown in Fig-

Since mo st s um con lers use a power
transistor as the switching device , the col­
lector-emitter j unction will drop some volt­
age. This is exactly how a shunt controller
works.
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PhoroA. The MRP4 Solar Panel Control Circuit. The chip is all LM324 op amp.

Control
t is easy charge controller fl ··r ~ar sun-/JQwered station!

by Michael Bryce G

Charge ControUers 101

There are two basic technol ogies to
charge batter ies vi a sola r power: s hunt
mode and series mode . Let's look a little
closer at both methods of control.

In a series controller. a relay or transi stor
switch is in series between the PV (photo­
voltaic) array and the battery bank . In this
case. the contro ller monitors the terminal
voltage of the battery and will tum off the
switch when the battery becomes full . Con­
trolling how long the switch remains open
or closed determines the state of charge of
the banery. By pulse modul ating the switch,
a trickle charge can be emulated.

As the name implies, shunt contro llers
di vert array power from the batteries by
shunting the PV array to ground. A block­
ing diode isolates the PV array from the
batteries. This prevents the controller from
dischargin g the battery bank along with the
array when the array is shorted to ground.

PhotovOI aic th direct conversion of
sunlight to e ctri .[y. is fast becoming

the energy tee . 0 y the '90s. It 's sur-
prising hO:Yi ffi"{jch e y t ' newer genera-
tion of solar panel can od uc the oor-
OlHlistant past , YOu woul luck iw:""_,,,SI<;;;'~
I amp under ideal condili ay, a sin-
gle solar panel can easH , en rate' v
amps of charge currcntA.mder :cleat. su
skies.

If the solar army was le ft connected I
the batteries all the time, however, severe
overcharging would occ ur. The results
would be her ugly! You c - expect phys­
ica l d age in the form of arpcd plates.
disl on of the plate's lead paste and ex­
cess' e electrolyte gassing. resulting in loss
of el ectrolyte. You can easil y des troy a
brand-new gelled battery in one weekend if
you don't have some means of protect ing
the battery from overcharge.

To prevent banery damage. some means
of controlling the current from a solar panel
is needed. Thi s device is called a charge
controller.
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UTe 1. The hean o f the proj ect is an LM324
op amp. Only three of the four amplifiers
in the chip are used in this project.

To determine the state of charge of the
battery. we monito r its te rminal voltage.
Resistors R I and R2 divide the batte ry' s
voltage by three. Amp lifier D buffe rs this
voltage before passing it along to amplifier
A. This amplifier is configured as a voltage
comparator. The bauery's terminal vol tage.
now divided by three. is compared to the
state-of-charge reference voltage.

The stale of charge (SOC) is determined
by a 78 L05 three-terminal voltage regula­
tor. Resistor R 12 keeps a constant load on
the regulator to improve its stability. Trim­
mer R14. along with R13, sets the state of
charge by dropping the regulated +5 volts
slightly. Th is is our state-o f-charge set
point. The state-of-charge set point is three
times the value. If you want the controller
(0 (urn off the charg ing c urre nt at 14.3
volts. the n the SOC voltage at pin #2 of
U IA wou ld be 4.766 volts . The highest you
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can se t the sta te of c ha rge is 15 volts .
That's the full output of the 78L05 regula­
tor times three.

Even though the battery sense is divided
by one-percent resistors. there may be some
final adj ustment need ed to the SOC trim­
mer for the e xact state-of-charge voltage
at the battery term inals. The circuit is pro­
tected against reverse polarity by a 1N4002
diode.

When the array starts to produce energy.
all the array's power goes into the battery
via the blocking diode. As the battery be­
comes full. its terminal vo ltage will rise .
Whe n the term ina l vo ltage reaches the
stare-of-charge set by R14. the com parator
switches states. So me of the output is fcd
back 10 the sense line . This raises the volt­
age of the sense line up slightly. By doing
so. we introduce some hysteresi s to the
comparator.

At t he sa me time , t hc ou tput a lso is
squared up by thc third amplifie r. Its output
drives the shunt transistor fully on. Since

the transistor is fully saturated, it shorts the
array to ground. This stops the battery from
chargi ng. The bloc king diode prevents the
battery from be ing shorted to ground when
the transistor turns on .

With the array shooed to ground. the ter­
minal voltage of the battery beg ins to drop.
But. because of the hysteresis. the terminal
vo ltage drops below that of the state of
charge . Depending on the value of the re­
sisto r in the hysteresi s loop. the batte ry
vol tage will drop a volt or so. When the ter­
minal voltage drops below the hysteresis
th res hold , the comparator swi tches off.
This reverses the ac tion of the transistor
switch. turn ing it off. Once again. full array
cu rren t is allowed to n ow into the bauery
and the process is repeated. The battery is
then protec ted from overcharge by shorting
out the array when the state of charge has
been reached .

The CHA RGING LED will then nash on
and off as the shunt transistor shorts the ar­
ray to ground. The ('HARGI~G LED gets its



Figure 2. A drilled and etched PC board is available f ur $4.75 plll.l' $ / .50 S&H per order
from FAR Circuits, 18N640 Field Ct.. Dill/dee. lL 60 1/8.
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Construelion

There is nothing critical about building
the MRP4. It can be buill using any method
you' re co mfonable with. Thi s includes the
use o f perf board and dead-bug construe­
lio n . Howe ver. using the PC board de­
signed for the MRP4 speeds con struction.
The PC board makes troubleshooting easi­
er. too.

T his is a simple project. so begin by
Sluffing the PC board wit h the resi stors.
Next add the IC socket and the te rm inal
board. Finish up by insta lling the regulator
and capacitors. The shunt transistor must be
ncat-sinked. Failure 10 do so will destroy
the devi ce . You can use a n a luminu m
TOP220 heal sink or, by bending down the
lab of the transistor, you can use the metal
case holdi ng the PC board . If yo u go this
route . be sure you usc a TOP220 mounting
kil 10 keep the tab insulated from the case.
Likewise. you can bend down uie blocking
d iode and usc the case to help heal-sink it.
100. Apply a small dab o f the rmal com­
pound 10 help conduct the heat to the metal.

Setup and Adjustments

You'lI need an adj ustable power supply.
a d igital YOM and a solar panel 10 adj ust
the MRP4.

Sta rt by co nnec ting the po wer supp ly
to the batte ry terminals . With the powe r
supply silti ng at 14 vcns. check for vec
on pin #4 of U I . C he c k the ou tpu t o f
the 78L05 regulator. II will be very close to
+5 volts, From the wiper of trimmer R14 .
se t Ihis volt age to yo ur state o f c harge .
Re mem ber. it will be your slate of charge

operating power directly from Ihe PV array.
The rate o f Flashing will be determined by
several factors. such as the charge current
from the array and the cond ition of the bat­
tery.
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A complete kit 0' parts. including the PC board and terminal block, is avail ·
able lor $30 (including rest-crass postage) ' rom Sunlight Energy Systems,
2225 Mayflower NW. Massillon OH 44647.

For more current capacity. there are two exIra pads on the PC board tor a
second lN5821 diode in parallel.

A PC board is available from FAA Circuits, 18N640 Field Ct., Dundee II
601 18, for $4 .75 plus $1.50 S&H.

You can change the TIP 112 to a power MOSFET il you wish. The pinS 01
the MOSFET wih filthe same holes as the TIP 112. Change R l 0 lrom 2.211
to 100 otvns and Rl1 l rom 47k to r oo, Nothing else needs to be changed
lor thiS modiliCaliOn. You can use Jusl about any tow ROson powe:r MQS.
FET instead of the TIP 112. I've used an IRFZ44 in the past wilh very good
results .

divided by three.
Probe the base o f Q I with

the YOM. Now slowly increase
the powe r s upply voltage .
When the power supply reach­
es the state-of-charge set point,
the base will go hi gh . Now
slowly reduce the vo ltage of
the power supply. You should
be able to d ro p the voltage
down to around 13.5 volts be­
fore the base goes low again .
This completes th e setup and
adjustment . You might need to
touch up the t rimmer if you
do n' t see the exac t set poi nt
you require. Again. this is be­
cause of the slight di fTercnce in
com-ponen ts in the batte ry
sense line . During these tests,
the charging LED wi ll remain
dark.

Final Hook-Up

The onl y way 10 rea lly see
how the MRN works is with a
sol a r panel. So . connec t th e
MRP4 10 the batte ry to be
charged fi rst. Then connect the
sola r panel. Of course, the solar
panel needs 10 be placed in di­
rect sun to charge the banery.
The CHARGING LED will come
on. When the banery reac hes
full charge, the charging LED
wil l begin to blink on and off.
With an MP75 solar panel. Ihe
s hunt tran s istor ' s heat s ink
should be po li tely warm to the
touch . Don 't use any ot he r
sou rce of energy o the r than a
so la r pan el. Do n't use your
power supply!

Any lime the array produces
power. the LED will come on.

R,
R2
R3
R4
R5
R6

R'
R8
R8
RlO
R11
R12
R13

-R 14
R15
Cl
C2
C3
C4
CS
01
02
0 3
Ul
U2
U3
Q,

Heat sink. solder. etc.
"Trimmer

Terminal block

Parts List
100k 1%
49.9k 1%

' Ok
10k
82k
1001<
,00k
,00k
1 m..
2.2 k

'71<
. 70
'Ok
1k
1.8k
0.1
0.1
1.1 TAN

200,'
1.1 TAN
1N914
l N4002
lN5821
LM32.
L8l08
L8l05
TIP 112

Mouser .531 ·PT10V-1k
Mouser #506-4PCV-Q4

This may occur without a ny
s ubst a nt ia l cha rgi ng tak ing
place . In fact, bright moon lit
nights may make the LED glow
slightly!

Ub-Ob! It Don't Work!

If the MRP4 fail s to operate,
check for vec on pin #4 of the
LM324. Also, you must have
the pro per refe rence volt age
from the 5 volt regulator.

If the battery won 't come up
to the slate of charge, you may
have more load on the battery
tha n the so la r panel can re ­
place. Either reduce your loads
or increase the charging current
10 the battery.

An open shunt transistor will
allow the batte ry 10 become
ove rc harg ed. Check the base
voltage to see if the device is
being turned on. If there is base
vo ltage, and the battery is over­
charging. then Q I has failed .

By connecting the solar pan­
el only, with no battery con­
nected to t he MRP4. you 'll
overheat the shunt transistor.
T hi s happens because the
MRP4 oscillates by turn ing it­
self on and then off. Be s ure
there is a bat te ry connected to
the MRP4 when the so lar panel
is act ive.

Tha i's It!
The MRP4 will protect your

ba tte ry fr om o ve rc ha rgi ng
when you're usin g a solar
panel. It' s simple, effective and
oh so easy to build. II's a per­
fect project fo r a ra iny after­
noon. iii

Sell your product in 73 A m ateu r Radio Today.
Call Dan Harper today at 1 (800) 274-7373.
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