B — e ———— e,

—— e

Advanced Power Electronics Corporation

==
ARECOR. .=
A CHARGING -

DOKNE

402%5 SOLAR sattery chancen

MAXIMUM POWER POIRT TRACIING S/N: 120001

POWER SOURCES II. BATTERIES
SOLAR: Yuaxrwe = 17V - 45V, Yoe < GOV | MA-4025/A
DC SOURCE: Vin = 20V - GOY, >100W . MA-4025/D

User Manual

Issue 2
March 15, 2013

=E0R

3267 Progress Dr
Orlando, FL 32826
www.apecor.com

Preliminary www.apecor.com




(e1=Ta L= g 1 Ta o] g 4F= 11 o] o FUUT TR 3

SPECITICAION SUMMAIY ....viiiiiiiiiiiiiiiiiiirrre e e e e e e e e e e e e e e e e e e e e eraaae s e e s s e e e e e aaeaeeans 3
S Y .t —————— ettt t ettt ettt bt ettt bttt tnnranet et e e e eeteetaeteeaaetattaeaaeaanaees 3
1o o (8o (o] o PO PP TP PP O PPUPPPPPPPPPPN 3
WAHAL'S IN ThE DOX? ..o e et e e e e e s 4
OPLIONAI ACCESSOIIES ... eiieiii i e ettt et e abe b s b mnamae e s e e seeseeseesessnnnnnnnns 4
Solar Panel Selection & Input Power ConsideratiQnS...........cocooeeviieriiineresen e saevenenes 4
Battery Selection and Typical Operating Temperatd@ing Charging..............coeeeeee. 4...
(@] 0= > 1o o 1R 5
ConNection CONTIQUIALION. ..........uuiiiiieetcemmeeeeeetieteiaeaebeaeneaeaeeebeaeeeaesanesnaanneeeessesseessnsssssnsnns 5
Charging PrOCEUUIES ........coiiiii ettt bbb mnamaeeeeeseeseeseesessnnnennnns 7
General Considerations for Maximum Charging andeéBgtPerformance................cccceevenenn. 7
Special Considerations for Charging the MA-4025 (NEAtery ..............evvvvvveviviiiiininnniinn. 7
Label on top of charger and LED Status INAiCAtOr.............cccvvvviiiiiiiiiiiiiiiiiiiieiieeeeee e 8
o101 0] (IS aTeTo] i T PSPPI 9
[ E= U g1 (=] g F= T o TSP PP EPRPPP TP 10
FRAIUIES ... oottt oottt et e e e et e e e nene e e e e e e e teeenr e e e e eeeeann 10
Fast Maximum Power Point Tracking (MPPT) ... 10
Reverse Polarity Protection (Electrically and Maghbally) ... 11
Temperature ProteCLION. .. ... ... i ettt e e e e ee e e e e e e e e e e e e eeeeeeeeees 11
OVver CUIrent ProteCHiON .........ooo i 11
Technical SPECIfICAIONS ...ttt e e e e e e e e e e e e eeeeeeeeeeeaeeeeees 12
CONVEITEr EffICIENCY ... . s ebbeaensnnnnne 12
Maximum Output Current vs. HeatSink TEMPErature. ..............ueuvvevvevermreeieiiniieienniennens 13
Maximum Output Current vs. INPUL VOItAGE ... ccecaeiiiiiiiiiiiiiiiiiiiieiee et ee e 13
Maximum Output Current vs. Battery Temperature ... 14
WaArranty STALEMENT ......oouuiiii et ettt e e e e e et e e e e e e e e e eeeesesbba e e e e e e eeennennnns 15
ClAUIM PrOCEOUIE...... . ettt ettt ettt ettt et e taeteseee b ts bt bt mmemee e e e e e e e eeeseeeeeeeeseesnees 15
Warranty Exclusions and LIMItations. ... 15

Preliminary www.apecor.com




4 iy EUE MA-4025 Solar Charger User Manual

General Information

Specification Summary

Maximum Input Voltage 60V
Rated Charge Current 4A
Maximum Ambient Temperature 60°C

" The solar panel’s open circuit voltaggMmust not exceed the maximum input voltage.

Safety

This manual contains important safety and operatisguctions for the MA-4025 Solar Battery Charger
Read all the instructions and cautions of this naaand on the label of the MA-4025 Solar beforengsi
it.

To reduce the risk of electrical shock, fire, guiy operate charger in only the prescribed maramet
use only with recommended items.

General Safety Guidelines:

* Only use recommended accessories with the MA-4025.

» Do not exceed the maximum input voltage and onbrgh recommended batteries, not doing so
may result in fire, electrical shock, or injury.

» Do not charge battery if the ambient temperatumitside of the recommended battery
temperature limits.

» Disconnect the MA-4025 Solar from panel by pullorgthe plug, not the cord.

» Do not use the MA-4025 Solar with damaged cableonector pins.

» Check for proper electrical connections to the pand battery to avoid excessive heating and
power loss from a loose connection.

» Do not try to operate the MA-4025 if any visiblentigges can be seen on it.

» Make sure all contacts are clean before use.

Introduction

The MA-4025 Solar Charger is a portable solar batteharger capable of charging MA-4025
rechargeable batteries. The charger features addadligital control, which enables automatic bgtter
detection, maximum power point tracking (MPPT) lod solar panel, and value-added features such as a
fixed DC input mode. The charger is able to ogefiadm any solar panel configuration witlph circuit<

60V. The charger directly plugs onto the top @ supported batteries, and the only wiring neegehe
connection to the solar panel or DC source usipglarized SAE plug. The implementation of high-
speed MPPT delivers maximum charging current, emelow light or poor weather conditions. The
simple LED interface informs the user when thedrgithas been completely charged, and if thereraye a
fault conditions.
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What's in the box?

1x MA-4025 Solar Charger

Optional Accessories
1x Adapter to charge from Lead-Acid batteries, 8 8AE Extension Cable, 1x SAE Y Parallel Cable

Solar Panel Selection & Input Power Considerations

Use “12V” or “24V” solar panels or any other pama long as its maximum power voltagen{Vis
greater than 17V and its open circuit voltage.(i6 below 60V. If available, the MA-4025 Solar lnilse

up to ~80W to charge the MA-4025 battery with itaximum rated charge current. The optional SAE Y
cable can be used to parallel two solar panelgderao increase charge speed. There is no minimum
input power requirement, only charge speed willrdase when used with lower power solar panels. A
list of recommended panels is shown in Table 1vkelo

Company Part # Max. Power @ 25°C| Nominal System Voltage
P3 124W 12V 124W 12V
P3 124W 24V 124W 24V
P3 62W 12V 62W 12v
Global Solar Energy, Inc.| P3 62W 24V 62W 24V
P3 55W 12V 55W 12v
P3 48W 12V 48W 12v
P3 48W 24V 48W 24V

Table 1: Recommended Solar Panels

Battery Selection and Typical Operating Temperature s during Charging

Table 2 shows the batteries that can be chargddtiit MA-4025 Solar. Make sure that the battery is
charged at its allowable ambient temperature ramigieh is typically between 5°C (41°F) and 38°C
(100°F). Refer to the label on each battery forcexalues.

Please note that the data sheet of most of the baties lists only the operating and storage
temperature ranges which are more extended and nothe same as the charging temperature range!

Company Part # Chemistry Voltage
Mathews Associates, Inc MA-4025/A NiCd 12.0
’ ) MA-4025/D NiCd 12.0

Table 2: Recommended Batteries

Preliminary www.apecor.com
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Operation

Connection Configuration

There are basically two main methods to power t#e4@25 Solar for charging the battery: Solar panels
(see Figure 1 and Figure 2) or a DC source suabtltes batteries (Figure 3 and Figure 4). The most
common setup is with one solar panel connectedin@i@ase charging speed or if clouds are limiting
available power, solar panels can be paralleledvéilable, the MA-4025 Solar will use up to ~80W
input power to charge the MA-4025 battery at itskimaim charge current. Other batteries can be used a
power sources as long as they fulfill the inputtagé and power requirements of the MA-4025 Solar. A
24V vehicle bus or two 12V lead-acid batteriesdries could serve as a power source.

Figure 1: Charger Setup 1 with one Solar Panel asopver source

Figure 2: Charger Setup 2 with two Solar Panels iparallel as power source

Preliminary www.apecor.com




Figure 4: Charger Setup 4 with two 12V batteries irseries as power source

" using optional accessories
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Charging Procedures

Connect the MA-4025 Solar to the power source todssl and the battery to be charged in any orfler. |
LEDs on top of the charger are still lit up frompeevious charge, wait until all lights are off befo
connecting to another battery. Once everythingimected together, the “Charging LED” blinks abvw |
rate meaning that the MA-4025 is analyzing the eated battery. If there was no fault, the “Charging
LED” will continue to blink and the other two LEDR®uld be off. The charge is finished once the “Done
LED” is on. Then the battery and/or power souraelwa disconnected or another battery can be charged

General Considerations for Maximum Charging and Bat tery Performance

Align solar panel perpendicular to the sun and dwshading of the panel whenever possible for
maximum power. Move the MA-4025 Solar with the battin the shade wherever possible, especially at
high ambient temperatures. Even though the MA-48@%r won't be damaged when exposed to full sun
while charging, the battery has lower maximum terapee limits while being charged that are typigall
around 38°C (100°F).

Special Considerations for Charging the MA-4025 NiC  d Battery

The MA-4025 battery has an internal temperaturs@ewhich allows the MA-4025 Solar to charge the
battery more accurately and protect it from ovearghk. Prior to charging, the battery should be kept
cool place because the charge cannot be staritsadtéimperature is already above 40°C (104°F) deor

to protect the battery from over-temperature. Thoeeeit is also not recommended to repeatedly upplu
the MA-4025 Solar from the battery and put it back This is because once the battery's temperature
during charge is above 40°C (104°F) the MA-4025 wit start charging the battery again unless its
temperature has dropped below that point.
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Label on top of charger and LED Status Indicator

A EEDH WA Red LED
P RTUN W Green LED 1

[III\{ Green LED 2

4025 SOLAR satreny ciangen

MAXIMUM POWER POINT TRAGKING $/N: 12-XXXX
POWER SOURCES BATTERIES

SOLAR: Vaxewr = 17V - 45V, Voc < 60V MA-4025/A

DC SOURCE: Vix = 20V - 60V, >100W MA-4025/D

Figure 5: Label on top of charger and LED location

Red Green | Green Meaning Action to take
LED LED1 |LED2
Off Off Off Ready to connect Connect battery
Off Blinking Off Analyzmg battery )
slowly chemistry
Off | Blinking @ | Off Charging -
Off Off On Finished charging Disconnect battery
sz,r;ﬁg;aréﬁ;uzr The MA-4025 Solar is trying to reset faults. Momitbe
Blinking Off Off ' g MA-4025 Solar since it might not be able to clda t
was not running .
before current fault which would lead to a latched fault.
Temporary Fault | The MA-4025 Solar is trying to reset faults. Momitbe
Blinking | Blinking Off | condition, Chargen  MA-4025 Solar since it might not be able to cldee t
was running before current fault which would lead to a latched fault.
Check connections, make sure that operation of exben
Latched Fault, A . . o
On - - .| is within the maximum ratings, unplug and plug gaa
Charger not running
battery and source

Table 3: LED status information

Notes:
@ Blinking speed is based on power delivered tabtteery:
(~0.8 to 7) blinking cycles per second for an otifpurent range of (~0.2 to 4) Amps
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Trouble Shooting

Condition

Possible Causes

Solutions

No lights on

to battery

MA-4025 Solar ready to be connectedl Connect to battery to charge

No or very little input power available

Check coatien to solar panel
Wait for more sunshine
Orient panel perpendicular to sun

Fault light blinking for a
longer period of time

Input power may be low

Wait for more sunshine
Orient panel perpendicular to sun

Table 4: General Trouble Shooting

Condition

Possible Causes

Solutions

The MA-4025 Solar

finishes charge but batter

doesn’t seem to be fully
charged

Battery temperature got too high
ybecause ambient temperature was
above 38°C (100°F), therefore charge
was terminated early to protect the
battery

Find a cool and ventilated place to char
the battery

(Battery temperature needs to be below
40°C (104°F) for the MA-4025 Solar to
start charging again)

je

Fault light blinking

Temperature of battery is b&l6°C
(32°F) or above 40°C (104°F)

Leave MA-4025 Solar connected to
battery, the charger will start charging
once the battery temperature is okay

Table 5: Trouble Shooting related to the MA-4025 Btery
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Maintenance

The MA-4025 Solar has 2 spring pins that can béegubut and replaced by new ones if necessary.
Besides that it has no other serviceable partsciCfoe broken, corroded, or otherwise damaged cable
battery contacts. Make sure that all battery cdatare straight and that the two smaller pins {gppins)

can be pushed in and come out again if releaseddéffect has been found, replace the MA-4025 Solar
The cable to the solar panel may be repaired; heme@@NOT attempt to repair battery contacts. Make
sure that all contacts are free of mud, dirt, doistand grease. If found dirty, they can be clebnéth a
damp non-abrasive cloth and allowed to air dry gred with a clean dry non-abrasive cloth. In cake o
oils and grease, use a mild soap/water soluti@atopen the cloth.

Features

The MA-4025 Solar has many features that enharscedte functions, make it safer to operate and
increase its reliability.

Fast Maximum Power Point Tracking (MPPT)

A solar panel has a unique characteristic thatitvdd from the fact that as more current is dréem
the solar panel the more the voltage will decre@ke.respective curves (IV — Current vs. Voltage, P
Power vs. Voltage) in Figure 6 show that at a ceraltage the available power has a maximum. Talpic
battery chargers use the battery’s voltage to selbere the solar panel is operating on the cunekthis
point of operation is mostly lower than the maximpawer point (MPP).
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Figure 6: IV and PV curves for a typical solar pané
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The MA-4025 Solar uses an advanced version of MRRICh is constantly running to make sure that it
always operates at the MPP of the panel. This miieMA-4025 Solar superior to other MPPT battery
chargers that look for the MPP every once in aevhihis is because the MA-4025 Solar finds the new
MPP very quickly during changing conditions wheretiser MPPT chargers don’t operate at the new
MPP until their next scan. This is especially intpat during days with lots of clouds and wind which
lead to fast variations in available power. Sirfoe MA-4025 Solar can operate longer at the maximum
power than other chargers, it can charge the pdtister. The changes in available solar powerhiegc
the panel is usually shading caused by objectkirigahe sun such as clouds, people, or treebelktis
more power available from the solar panel than eééd charge the battery, then the MA-4025 Soldr wi
drop out of MPPT mode. This can happen if thera lgher power solar panel connected or it could
mean that the battery is nearly full.

Reverse Polarity Protection (Electrically and Mecha nically)

In order to protect the entire system the MA-4026a6has a reverse polarity protection (RPP) on the
solar panel and battery side. If there is no pgsitioltage seen on the terminals of the MA-40235dl
won't allow any current to flow, which is the elgcal RPP. In addition, there is a mechanical RPRw
means that the solar panel and battery cannotugged in the wrong way.

Temperature Protection

The MA-4025 Solar provides the full charge curngpto a certain internal temperature. After thatiit
linearly de-rate the charge current up to a maxinallowable internal temperature in order to prottct
circuitry to safe limits. For the respective grapfer to Figure 8 in paragraph Technical Spedifice.

Over Current Protection

The MA-4025 Solar is protected against over-cureamtt short circuit conditions. Normally, it willnfit
the maximum charge current to ~4A. If under somed@mn the current still comes up higher, a fault
may be triggered. After that, the software of thA-¥D25 Solar can successfully reset the fault seda
was only temporarily. If the high current could het stopped because the circuitry of the MA-402uSo
is damaged, an internal fuse will break and disechfrom the battery. In that case the MA-4025 Sola
would be permanently non-operational. This behagreferred, as the battery is protected fronrtsho
circuit currents that could have led to a catastiofailure of the battery.

Preliminary www.apecor.com
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Technical Specifications

Converter Efficiency

Figure 7 shows typical efficiency numbers of the MB25 Solar as a function of total output curreithw
two different input voltages and with an outputtbey) voltage of ~15V at 25°C (77°F) ambient
temperature. The 20V input voltage case represbatmaximum power voltage of a “12V” solar panel
whereas 40V represents the maximum power voltage“@8V" solar panel, both at 25°C (77°F) panel
temperature.

MA-4025 Solar Efficiencies

=20V input wltage

=40V input wltage

Efficiency (%)

Output Current (Amps)

Figure 7: MA-4025 Efficiencies

When charging the MA-4025 battery with a certaitaspanel and at a particular power level, the MA-
4025 Solar operates at certain points on the effy curve. Some configuration examples can beiseen
Table 6; the last column then shows the expectaderter efficiency for each case.

Panel System| Maximum Power | Charge Current Current per MA-4025 Solar
Voltage Voltage of Panel Level Battery String Efficiency
12v 20V Full current 4A 94.3%
24V 40V Full current 4A 94.2%
12v 20V Half current 2A 94.5%
24V 40V Half current 2A 92.5%

Table 6: Typical MA-4025 Solar Efficiencies while bharging the MA-4025 battery

Preliminary
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Maximum Output Current vs. Heatsink Temperature
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Figure 8: Max. Output Current vs. Internal Heatsink Temperature

Maximum Output Current vs. Input Voltage
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Figure 9: Max. Output Current vs. Input Voltage
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Maximum Output Current vs. Battery Temperature
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Figure 10: Max. Output Current vs. MA-4025 Battery Temperature

For further technical information please consudt datasheet of the MA-4025 Solar Charger.
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Warranty Statement

The MA-4025 Solar Charger is warranted to be freenfdefects in material and workmanship for a
period of TWO (2) years from the date of shipmenthe original end user. ApECOR will, at its option
repair or replace any such defective products.

Claim Procedure

» Before requesting warranty service, check the WU&smual to be certain that there is a problem
with the controller. Contact ApECOR to request Retd Material Authorization (RMA). Return
the defective product to your authorized ApECORritistor with shipping charges prepaid.
Provide proof of date and place of purchase.

 To obtain service under this warranty, the returpeoducts must include the model, serial
number and detailed reason for the failure, the uletiype, solar panel size, type of batteries.
This information is critical to a rapid dispositiohyour warranty claim.

» ApECOR will pay the return shipping charges if thpairs are covered by the warranty.

Warranty Exclusions and Limitations

This warranty does not apply under the followingditions:
» Damage by accident, negligence, abuse or improgeer u
» PV or load currents exceeding the ratings of thoelpct.
» Unauthorized product modification or attempted nepai
» Damage occurring during shipment.

THE WARRANTY AND REMEDIES SET FORTH ABOVE ARE EXCLSIVE AND IN LIEU OF
ALL OTHERS, EXPRESSED OR IMPLIED. APECOR SPECIFICALDISCLAIMS ANY AND ALL
IMPLIED WARRANTIES, INCLUDING, WITHOUT LIMITATION, WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOE.

No ApECOR distributor, agent or employee is auttextito make any modification or extension to this
warranty.

APECOR IS NOT RESPONSIBLE FOR INCIDENTAL OR CONSERNTIAL DAMAGES OF ANY
KIND, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DGUNTIME, GOODWILL OR
DAMAGE TO EQUIPMENT OR PROPERTY.

3267 Progress Dr.
Orlando, FL 32826
Email: ask@apecor.com
Website: www.apecor.com
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