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High efficiency buck/boost MPPT charge controller.

Capable of boosting small input voltages up to 6lisv

Works seamlessly with Solar, Wind and Hydro inpuiso 100 volts.
Fully digital remote user interface can be locatednother room.
Continuously streams CSV data via USB port, whigh lbe viewed or stored.
EMP Hardened. NEMA 3R, outdoor enclosure.

Perfect for small systems mounted on RV’s, CampadsTrucks.

No jumpers or potentiometers need to be set.

Included Remote Menu Module, with 2 x 16 back-IZD display.

Both manual and automatic equalize modes are &leila

Automatic nominal battery voltage detection, napetquired.

Nearly all charge parameters can be managed thritnaginser interface.
Supports voltage and amperage calibration to fine performance.
Optional high battery SSR module can be used tagmdiversion loads.
Automatic LCD back light dimming to save energy.

One year standard warranty against manufacturectef

12, 24 or 48-volt battery systems.

Lockable cover, with standard conduit openings othtdmn of box.
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Quick Start:

. All user settable parameters as well as additionahformation are accessible via the
mcluded remote menu module which cwesists of a LCD screen and three buttons Iocated ]
a flush mountable panel.

Pressing any key during the normal operation ofifiewill cause the main menu to be
drsplayed Using the right/left buttons will sdritirough the menu options. Pressing the
5“Enter button will cause that menu option or vatoee selected. Use of the up/down menu
increases and decreases the current menu valessifg the up button exits the menu (unless
you are currently modifying a value, in which c#@seill increase the value. First press “Enter”
to select the current value, and then press thmuttpn to exit the menu). :

The Red LED on the remote panel indicates an effbe exact cause of the error will be shown
on the LCD screen (unless you have activated otlgeofnenu options).

EThe Green LED on the remote panel is illuminateémvthe unit is first turned on and also any
time the charge performance is considered highgmétmcomplete the current charge cycle.: If
the solar/turbine power is not adequate to completeharge cycle, the cycle will be extended
and the mode timer will not count down. When tirisen LED is lighted, the charger is able: to
pass enough current to the batteries to complgtk eharge of the batteries.

The red LED on the small daughter board insidemthén controller is illuminated when there has bapmver-
voltage detectedTo clear an over-voltage condition, all power to th unit must be disconnected for at least 30
iseconds Once power is re-applied, the unit should ctearfault. Over-voltage conditions should be addresse
by ensuring your wind turbine and/or solar inputs never exceed 100 voltand both wind/hydro and solar are
never enabled without first ensuring the contralgpowered up and running from the batteries.

The MP-20 has been designed to handle 20 amps ohtinuous current. Short-term charge currents in excess of 25 ampaliaeed providing the
iinternal temperature does not rise beyond the aatiorthrottle back protection region. If this otsuthe charging current will be automatrcally
reduced until the temperature stabilizes.

The main controller is housed in a NEMA 3R rairhtignclosure. Is may be mounted outdoors providirggnot subjected to rising water, saE:t
imist or condensating humidi§he enclosure will not protect the contents from wid driven salt mist The remote menu module must be
mounted indoors or fully protected from the elersent :

The controller is fully wrapped in a metal enclasysroviding full EMP protection as long as theecesproperly grounded via a 6-gauge or : :

theavier copper ground wire direct to a copper gdawdl(s) buried at least 6 feet into the soil. Méftex or rigid) conduit must be used or the
EMP protection will be defeated. :

.....................................................................................................................................................................................................................................................



MP Series MPPT Charge Controllers

Solar/Wind/Hydro meﬂﬂwhawwﬂo_wi.:n turbines
. Hookup Array (up to 20 amps) -
) Turbine Wind or Hydro Energy Source k| Power and load wiring. Nw.ﬂwﬁw%%wﬁ%woﬂﬂ”
Disconnect/Brake | i See the full manual for
. remote menu module and LOAD (15A max)

USB hookup details.

solar panel frames, poles and turbines.

B MP-20/40/60 Series
Caution: _u0<<.mﬂ up the ooa_d__m.ﬂ Charge Controller  yonal SSR
before engaging your solar/turbine Load Controlle
. Open circuit voltage (VOC) breakers. Y
m must not exceed 100 volts. Caution: Disconnect solar and N
e N | BB turbine input(s) before disconnecting
3 it the controller from the batteries.
M o ,_ Solar OR Turbine, EMP ready systems must use metal conduit
Dm Py /" but not both. for all wire runs and ground all enclosures,
©
c
3
o
o

‘v The breaker should :

exceed the capacity of the
D/C disconnect energy source by 10 to 20%

| and breaker Case
yyyyyyyyyyy Lo o-c-mmxm.-izs Ground
| Output of turbine shown to be DC | manual disconnect/reset ** See NEC wire size charts _K.__ww__uﬂ%cq
| (after the rectifier if required) for clarity braket
1 of diversion control. \ Wires shown that cross £
| o . i each other are not This breaker/switch is required =
' Add a 3 phase rectifier if applicable ' connected together to turn on and off the controller, B
| (Your turbine is 3 phase) \ N — L
i v Use this wiring for 12,24 or 48 volt ©
| A disconnect switch and breaker ) battery systems. . o
. Select a breaker that slightly exceeds [e]
_rm\ﬂw [ecomme m_ﬂmwau _\omm\ﬁ@ m_n\um\m\ﬂm m:\m\:.\:\U _\me,u the maximum input amperage but not 10or \_N. A +v o
moe than 40 amps. gauge wire. 2
/ Batte! m
Caution: Disconnect the controller from the batteries before servicing. Bank o

The MP series controllers are EMP hardened, MPPT controllers capable of boosting or bucking input voltages as low as 10 volts and as high as 100 volts, to charge a battery based system
of 12, 24 or 48 volts. High speed MPPT processing supports solar, wind and hydro inputs. Multiple solar panels and or wind turbines may be hooked up as long as you do not exceed
the total capacity of the unit. Itis not recommended to mix and match input types, as each of these energy sources require different processing for best MPPT performance.

Ensure you have selected adequate sized wire for the amperage vou will be controlling. Undersized wire can result in very high heat in the wire and connections possibly leading
to a fire. Always use a fuse or DC disconnect! Hooking up an energy source or diversion load without a fuse or disconnect can result in serious injury or death!

EMP Readyv systems. MUST be fullv grounded or the EMP Hardening of the controller will be defeated. All solar panel frames must be grounded, use aluminum straps between panels. Each vertical row should be
grounded with a 6 or § gange wire direct to a ground rod. All turbine masts/poles must be grounded. There can be no exposed system wiring. Only metal conduit (rigid or flexible) should be used. The negative side of the
battery bank must also be grounded. Use 6 or 8 copper ground rods with copper wire only. Keep ground runs short and use large radius bends if at all possible. DO NOT put ground wires inside the conduit.

Use extreme caution when installing or servicing this controller. High amperages and voltages can KILL you. — Always disconnect the controller before servicing



The MP-20 uses a four position terminal block
located inside the unit for the power wire hookup.
The top position is for the battery positive. This
wire should be run directly to your battery
positive post (or positive buss bar) via a breaker
or fuse. _A breaker or fuse is required for allesir
leaving an energy source.

-

The middle two positions are shared negatives.
N A Please use either one of these positions to run or
\\\“'m wire to the negative post of your battery bank.
The other position may be used to terminate the
negative wire of your solar/wind/hydro if you are
unable to wire those negatives directly to the
battery bank. The bottom position is used to
terminate the positive wire from your solar panel
(or wind/hydro turbine).

it
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Please use fine stranded wire. 10 or 12 gaug@mmended. Larger, solid or heavy stranded wayg Ioe very
difficult to terminate in the space provided inste unit. The USB port is used to send log aatlistdata to any
computer that supports USB serial communicatioritse RJ45 connector is used to hookup the main M- 20e
remote menu module. Both USB and CAT5E cableprreided. Longer cable runs are possible, howexer,may
need to use shielded cabling for runs over 10 fB&tase note, the RJ45 connection is not the Etherotocol.

Equipment Room Electronics Room
. or Information Panel etc.

Conduit to Batteries and
Solar/Wind/Hydro

Cat5e Cable

I | - - e, e e e IR
v

PC or Laptop with available USB connector

Desk or Office
Area.

The USB hookup is optional.
= R -

For best lighting and EMP pratection,
run all wires in metallic conduit from enclosure to enclosure.

Ground each enclosure.

Run the USB cable through a conduit, [l
into a switch box near the computer and ground the switchbox. |

Use shielded cable for longer wire runs. Micro to Standard USB cable



Connecting the remote menu module:

The remote menu module consists of a LCD displaly3ahuttons that allow you to configure the conémoas well as
view its performance and current status. The dispan be located several feet away from the clertia a
different room. The Cat5e cable supplied is 1@ leeg. If you wish to mount the display furthevay, shielded
cable may be necessary to ensure proper signahtiasion.

Please note, this connection uses a standard Etheable and RJ45 connectors but it does NOT esEttiernet
protocol. The unit will not work by connectingao Ethernet router or switch etc. The cable masub directly
from the MP-20 to the remote. Splices and connggtcks may be used if the terminations are soidi secure.

Of note, it can be difficult to remove the cablenfr the unit once it clips into place. If you needlisconnect it, then
use a bended paper clip or similar to get up utttewire clip to unlatch the RJ45 connector.

In order to provide EMP protection to the MP-20sihecessary that this cable is run in a metadlerand both
enclosures are grounded. If you are not concerngrtis level of protection, it is still necessdoyground the MP-
20 enclosure. The remote module need not be geslund

Connecting the Laptop or PC:

The MP-20 outputs steaming log data via USB Seii&le supplied cable is a standard male USB to b88. The
data can be retrieved via any computer that hésnalard USB connection available. Nearly all réd¢@ptops and
computers have some type of USB connection. Snlajops use micro or mini USB cables. If thishs case, you
will need to obtain a USB micro-to-mini or mini moini cable to complete the hookup to your computer.

The serial data from the MP-20 steams at all timeggardless if there is a connection to a compart@ot. This log
data is in CSV format and therefore can be easifyorted into a spreadsheet program.

When you plug the MP-20 USB cable into your computes new serial port will be automatically in&dl and
configured. You will however need to obtain aremactive serial communications program to commuaieath the
newly configured serial port. There are many sudgrams available for free download via the IngermA very
useful and easy to use one can be downloaded at:

https://freeserialanalyzer.com/

Once you install your software, then follow thetrastions provided by the software manufacturecdamplete the
setup. When fully installed and configured, yoowd begin to receive steaming data from the MP-20.

Important note: If you hookup your USB cable before hooking yM-20 to a battery bank, then the MP-20 will
power up via the USB supplied powérrhis will cause it to configure itself as a 12-volbattery bank (which is
dead).lt is therefore best to ensure the MP-20 is prigpmnnected to the battery bank, before connedtiedJSB
cable. Should this not be possible, you will needge the “Reset Defaults” option via the diagresstnenu once the
MP-20 is powered up to the system battery bank.



Main Menu Level

Charge Submenu

Equalize Submenu

Info. Submenu

Diag. Submenu

Advanced Submenu

Tech Submenu

The MP-20 Menu System Layout

Charge Menu Equalize Menu Infa. Menu Diag. Menu Advanced Menu Tech Menu
[
[ —
Bulk Setpoint Absorb. Minutes Float Setpoint ReBulk Setpoint
Equalize Volts Equalize Minutes Equalize Days Equalize Now?
Voltages Amperages Mosfet Temp.
Start Test Reset Defaults Maximum Maximum
Voltages Amperages
Display on Voltage Voltage Amperage Amperage Input
seconds Offset Gain Offset Gain Type
Internal
Registers

The MP-20 Menuis selected by pressing any
button on the front panel. Pressing the right/left
buttons will scroll through the menu options at the
current level. Pressing the “Enter” button willca
that menu option or value to be selected and/or
displayed. Use of the up/down menu increases ant
decreases the current menu value. Pressing the uj
button exits the menu (unless you are currently
modifying a value, in which case it will increaset
value. First press “Enter” to select the current
value, and then press the up button to exit the
menu).

For example: To change the float set point of the
controller. Press the “Enter”, “Up/Down” or
“Scroll” button on the front panel. The Charge

submenu will then be displayed. Press the “Emtef'Down” button to enter the submenu.

Press the “Scroll” button towards the right twoesn This will display the float set point menuregawvith the current
value of the set point. Press the “Up/Down” buttormlter this value to the desired voltage. PtleesSEnter” button
to save this value. Press the “Up/Down” button aps to exit the menu system. You could also ofs®gontinue

to alter more values and/or view other settings.
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The MP-20 is a Maximum Power Point Tracking (MPRE®troller that incorporates both buck and boagb@thms
to perfectly match the charging source (Solar/Whtydiro) to the battery (and/or load). The defabkrge logic
incorporates a standard three-stage charge cpalditional charging logic has also been added idiclg such
features as re-bulking, an absorb mode that alfowautomatic adjustments due to changes in skdanination (low
current) as well as offering both a manual andraata@ equalize modes.

MPPT Controllers: Maximum Power Point Tracking controllers.

MPPT controllers are the most advanced controdeeslable on the market today and may offer 100t@é&rcent
more efficiency over PWM and mechanical controlighen used in installations where there is a mismbaetween
the charging source and battery (load). For ircgtaih your solar panels are putting out 40 votisaccold day, and
they are connected to a 12-volt battery bank, ltagibulk voltage of 14.7 volts, then there is geadifference in
panel voltage vs. battery voltage. This excessaygelis un-harvestable by a PWM controller, yet vesgble by a
MPPT controller.

So how do MPPT controllers work?In order to charge a battery (any battery), thergh voltage must exceed the
battery voltage. If the charge voltage is equalrttess than the battery voltage, there will bgasitive current flow
and the battery will either not charge or be slodigined (if no blocking diode is present). Sinc#andard 12 volt
battery (lead acid), requires a charge voltageaiirad 15 volts (to finish the charge process)sthlar panel must
have an output of least 15 volts.

There are a couple of factors however, that msst la¢ considered.

1. The rated output of a solar panel is generabgsnred at 25 degrees Celsius. All solar panelsare
efficient when it is cooler, therefore on cold symays, the panel will put out more power (wattgrt on a
hot sunny day. Due to this fact, solar panels rhaslesigned to output even higher voltages to eotatt
lower performance during hot days.

2. There are multiple losses that are suffered ttwarsolar panel to the battery. These includetasce in the
wire, as well as voltage drops across any dioddscannectors.

3. Semi-cloudy or hazy days can reduce voltageual@amatically. This is also considered to somgree to
allow charging in less than perfect sun.

All of these factors require that “12” volt solaanels start out with an open circuit voltage deast 18 volts, and
perhaps as high as 24 volts, with a maximum powkage generally in the range of 17 to 18 voltssEssures that
after any and all voltage drops, there will stél & high enough voltage at the battery to allowafpositive charge
current. The maximum power point of a panel is ragabin watts; (remember watts = volts x amps} fuint is
where product of the voltage and amperage of tle panel is at the highest point (producing thest@mount of
useable power). The problem is that as soon afigok up the solar panel to the battery, the bat®erggs down"
the voltage at the solar panel, immediately; tHargmanel is below its maximum power point (unlgss a very hot
day, there is considerable voltage loss in the eoppd connections, and/or the battery is mostéygsdd.). More
often than not, the solar panels are operatingb#ieir maximum capability. This is especially ggasated when the
batteries are low or under a large load (perhapssareng 12 volts or lower), this drags the solargbaoltage down
even lower, causing a great deal of power to btedos to the mismatch of the battery voltage aedsthlar panels
maximum power point.

The solution which is well provided for by MPPT ¢anllers, is to prevent the solar panel output agét from
dropping so dramatically though the use of veryhssifrated electronics which include transformerd/ar inductors
and highly intelligent tracking algorithms that niton both the solar panel voltage as well as th&ebavoltage. The
MPPT controller basically downshifts (and/or upfshas in the case of the MP-20) the incoming gaticom the
solar panel by converting the D/C current into d@ Aurrent (or pulsed D/C), transforming the voltdgvel via a
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buck or boost circuit, and finally rectifying it tlato a steady D/C voltage at a level that proper&iches the best
charge voltage for the battery.

Basically, the MPPT controller converts excessag#tto amperage. The point that allows the mosuatmaf charge
current is determined by the microprocessor inctir@roller and is continuously updated (trackedie Tontroller
constantly tracks this point and responds as reduthus the name, Maximum Power Point Tracking.

MPPT controllers are recommended for solar sysiareld climates as well as where there is a ldifference
between the VOC of the charging source and thetyatiank. The greater the disparity between thtetyavoltage
and the solar panel’'s maximum power point, the noseful a MPPT controller is.

MPPT controllers were generally not available urgdently for wind based systems as the MPPT psaug$or wind
based systems required very fast and very compglepatations to match the dynamic properties astwmtiaith a
wind turbine. In addition, in order for a MPPT canifer to work fully with a wind-based system, iust also be able
to “boost” lower voltage inputs (low wind conditignup to higher voltages to allow current to flawthe batteries as
much as possible, regardless of the RPM of thertarblrhe MP-20 incorporates these high-speed processing
techniques and is fully capable of working with memall wind systems. Simply choose “Wind” unde input
type within the advanced menu.

The MP-20 is capable of providing 3-stage charginfpr Lead acid, AGM and Lithium based battery systens.
A three stage charge cycle consist of:

+ Bulk Charge
« Absorption Charge
+ Float Charge

The T'stage in a 3 stage charging mode is the Bulk Ghangthis mode, most (if not all) of the availablerent is
sent to the batteries to raise the battery voltgy® the bulk set point. This mode brings thedrgtto about 80% of
its capacity. Generally the bulk charge voltageeisto between 14 and 15 volts, with 14.4 volterofised as a
standard. There is really no perfect voltage sgttisithere are many factors involved. The ambemnperature, the
size of the energy sources vs. the battery bamk e desired length of time in this mode, theé obthe energy (if it
is supplemented by the grid or generator, etdmpfy stated, the bulk charge gets the batteryougp mostly full state
at a quick but healthy rate.

The 2 stage of the 3-stage charging mode is the Absori@harge: Once the bulk mode set point is reached,
charger attempts to hold and track this value. alteorption mode uses the same set point as thermdk with the
difference being that the battery voltage is n@tmnrising up to the set point; but instead, lhesng maintained at
that set point. Due to the chemical nature ofieery, this constant voltage causes the changerduo drop as the
battery reaches a “full” state of charge. The facttefault for the absorption mode is set to 12Qutes, which under
sufficient solar/turbine energy input is ample bage most battery banks.

The final stage is the Float Charge: This modaescharge mode that the battery is under mostedtitie for a
properly designed system. Once the batteries axght to a full state of charge, the float chargelenmaintains the
batteries at a voltage level of around 13.2 to ¥8I% (for a flooded, 12 volt lead acid battey. applying the
required amount of charge current to offset any libe battery might be powering, as well as ovelngrthe
batteries natural self-discharge, the batteriegduity is greatly increased.

Another charge mode incorporated by many chargerd {the MP-20) is the equalize charge. This modets part

of the normal charge cycle, but is instead initiaggither manually or automatically based on a t)rteehelp mix the

electrolytes of the battery. During normal use,liattery’s chemical mix becomes stratified. (Sefgatérom top to

bottom). An equalize charge uses approximatelyek@gnt higher voltage to help mix these elementsearbattery.
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Equalize charging also helps bring all of the batein a multi-battery bank to an equal state. tM@®ple agree that
an equalize charge should be run once every 10 ttays, for 2 to 16 hours for lead acid battefasging this charge
cycle quite a lot of gassing will occur, which casighe fluids to be mixed and the plates to beatwd"”. _An equalize
charge is not recommended for sealed batterigtharrh batteries.Be sure your battery room has good ventilation
before running an equalize charge.

The MP-20 also incorporates a “ReBulk” set poihould the battery voltage drop to the “Re-bulk’sant for
more than a few seconds, the controller will eixé turrent charge mode and start a new bulk mddbe Bulk

mode is already active, then the controller wititegt the countdown timer to force a new full-ldngtulk mode
charge.



Fine tuning your system:

As introduced above the MP-20 is fully configurable through the frorarel buttons and display. There are no
jumpers that need to be set or potentiometersded to be adjusted. All configurable optionsraexhable via the
menu system. This menu system is comprised ofia menu and several submenus as depicted abokie me&nu
layout graphic (page 6). Each submenu allows gaeither set a particular value, view informationperform
specific actions like running a test or starting édgualize mode. Most of these menu items afesplanatory and
will not be discussed in detail; however, theresmme features and settings that deserve gregikamation.

First and foremostou generally do not need to change anythingWhen the controller is first powered up, it
analyzes the current battery voltage to determinetier the battery bank is a 12, 24 or 48-volt bdhlyour battery
bank nominal voltage has changed since the lasttti unit was powered up, then the microprocesgbreset all
values to the factory defaults and store the néarnmation. These factory defaults are normallyfgetty adequate
for a lead acid battery bank used with most saldraind installations. Changes to the settinggtae=fore only
required when your requirements are different ia oranner or another from what has been set byatiterf). The
controller is basically plug-and-play! Factory aelts can be viewed in the technical specificatipage at the end
this manual.

X/
°

Setting up the charge parameters See the technical specifications pages fordhtofy defaults. If you need to
alter any charge settings, simply select the chargeu choice from the main menu and scroll thobhegh t
submenu to select and alter the values. Thereeayefew limits placed on the values you set, othan you
cannot set a float set point higher than the baikhe bulk higher than double the battery systeitage etc.

Once you set or reset these settings, you shoutdtondhe controller and see that these settingsvarking to
achieve the results you require.

The factory time setting for the absorption is 120ninutes. This value can be changed as required. This timel
is performance based. The microprocessor usesphewdlgorithms to determine if during the last otimthe
batteries actually realized a certain level of givag. The main consideration is whether the cdietrevas able to
reach and hold the upper set point. If the perforoe during the last minute for the absorb modensidered
adequate, the timer will be decremented by one tinli on the other hand, the performance is bdlmv
standard, the timer will not be decremented, wisgih result in a charge cycle that lasts much lotgensure the
batteries actually receive the best charge possil#a in less than optimal charging conditions.

The green LED on the remote panel will be illuminagd when the processor determines the performance is
high enoughand off when the performance is not high enougbréperly charge the batteries. This allows you
to quickly visualize the real time charging perfamoe that the controller is detecting. Often theegrLED will
blink on and off randomly and rapidly as the soland energy fluctuates.

Turning on or off the Equalize mode By default, the equalize mode is not enabled.start a manual equalize,
select the Equalize submenu, scroll right or lefthte “Equalize Now?”. When this submenu is dispthypress
the “Up/Down” button to select “YES” and then préiss “Enter” button to request this mode. The égaanode
will then be queued. The controller will not adtyatart the equalize mode until the bulk set pbias been
reached. Once the mode is started, the countdomar tvill start and the mode will stay in affect iitite timer
expires. The length of time in this mode is con¢lby the “Equalize Minutes” submenu option. Euogialize
mode is not performance based and will not be mestautomatically due to low current conditions.

The automatic equalize:Changing the Equalize days from “0” to any numbetai90 will enable this feature.

The equalize function will then run once the dayer has been triggered and the bulk set point éas hchieved.
The equalize will not actually start if the bulk peint is not achievable via the solar/turbinergeanputs.
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«» The Advanced Menu:The advanced menu allows you to change the LCDligatloptions, voltage and
amperage calibration adjustments as well as letybEem know which type of energy source is hoakztb it.

By default, the LCD backlight will be turned offtaf 120 seconds of no activity. If you would likeextend this,
to say 5 minutes, then simply raise the secondsanto 300. If you do not want the backlight storned off,
set this value to zero.

There are 4 submenu locations that allow you te fime both the voltage and amperage calibrafidms should
only be necessary if you notice that the unit spldlying a voltage or amperage, which you believeetincorrect
and wish to calibrate in order to correct the meament error.

The voltage and amperage “offsets” allow you tgear lower the displayed values by a set amounsadhe
entire measurement range equally. Setting theotis.2, causes the voltage displayed (and usethally)

to be raised by .2 volts at both the low end as agethe upper end of the input range. 10V besoh®e2V
and 49.5V becomes 49.7V.

The voltage and amperage “gain” allows you to raislewer the upper end of the range by more than t
lower end. This is used when you notice that tiveel end measurements seem to be pretty closédut
upper end is off a tenth or more. Setting the gaies alter both the upper and lower end, but pipemend is
affected more than the lower. A gain of .1 = .18fgwhich is not a lot of change on the lower dnd,about
a tenth of a volt at the maximum input of 100 voli$is same logic applies to the amperage offsatisgains.

Input type: The input type submenu lets the sydkeaw which type of alternate energy source has been
hooked up to it. This feature allows it to perfoMPPT processing and diversion processing morefspar
a particular energy source. This setting is o@idor fine-tuning only and not a requirement, las $ystem
has a self-learning capability, which will often fadly sufficient. Of note however, this optiorsalchanges
the menu display and log data outputs from theulef&olar’ to “Wind” or “Hydro”. If you have a wid or
hydro based system and have purchased the op8&tRldiversion control module, then use this merioop
to let the system know you have a wind/hydro uaiit svill properly engage/disengage the SSR.

«» The View Submenu: The view menu allows you to view the real time agkt and amperage of the connected
solar and or turbine energy sources. The contrisl®rporates two shunts, allowing it to measwthbnput and
battery amperages simultaneously.

The current reading (amperage) of the solar ar@rtaninputs will be zero (or very close to zerb}here is no
active input from the energy source.

The voltage shown for the Solar or Wind turbinaffected by the MPPT processing for the inpkbr example,
if the system is boosting a 12 solar panel up tetrtiee charging voltage of a 24-volt battery bahkn the solar
input voltage may actually show to be even lowanth?2 volts. This “over-boost” phenomenon can keltef a
cloudy or hot day, which causes the solar paneP$Mo drop below the normal VOC. The MPPT processld
constantly reset itself when it notices a conditioat is somewhat out of the normal base of opamnati

Other Menus and Submenus:

In addition to changing the charging parametes dihgnostics menu system can be used to view ax@mm
voltages and amperages reached during the actargeleycle. These values are reset each time Hrgemode is
changed (a change from the bulk mode to the abmode for example). They are also reset when theatar is
powered up. These values can be helpful in deteéngnithe performance of the charging sources.
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Another diagnostics submenu option is tBéart Test?”. To select this feature, press any button orirtre panel,
scroll right or left to the Diagnostics menu, préss down button to select the “Start Test?” featuPress the
“Up/Down” button UP until “YES” is displayed, thearess “Enter”. The controller will now enable arigatble the
MPPT processing at full output, 5 times, using second intervals. During this time, the batterifage, solar
voltage, solar amperage and turbine amperage wiligplayed in an alternating and repeating patteahallows you
to see each of these values during both the fulpked and fully disabled state.

During the test, all LEDs on the remote menu wallibuminated when the processor is enabled and/bén it is
disabled. Generally, this test will only be ruhem you suspect problems and are working with tofg¢echnician
to diagnose the issue.

Resetting to factory defaults:

If for any reason you wish to start over with alhfiguration settings and parameters, then simgligcs the “Reset
Defaults?” submenu, choose “YES”, then press “Entétl configuration settings will be reset to tifectory
defaults. This reset is also performed anytimebthtéeries nominal voltage (12, 24 or 48-volt) desfrom the last
time the unit was powered up. This means if yoange your battery bank from a 12-volt system t8-adlt system,
then the microprocessor will automatically initiateeset to factory defaults for the currently degd battery bank.
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Using the controller with a wind or hydro turbine:

The MP-20 is a MPPT controller that is designed foboth Solar and Turbine based systemdn order to work
fully with a turbine based system, the optional §S&tid state relay) module and a diversion loa&dracommended.
The basic operating philosophy of diversion conisajuite simple. Monitor the battery voltage, aint should rise to
a predetermined level, connect a diversion lodallommy load”, of sufficient size, to the batteryamergy source to
prevent the battery voltage from increasing anthen. This is a very simple, yet very effectiveywad preventing
battery overcharging, while keeping a load on tipaut source.

The MP-20 excels when used in conjunction with a wil/hydro turbine to run diversion loads, via the ogional
SSR diversion module.

As detailed earlier, the MP-20 is a MPPT basedrotiat that is capable of bucking or boosting thput voltage as
well as reducing the current flow as the battesiescharged. Yet, a wind turbine by its naturedsethe controller to
keep the turbine loaded. This of course is notiptese the battery is full, unless there is a meémshed some of the
excess energy to a “dummy” or diversion load. WH&20 is capable of doing just that, by both redgdhe current
flow to the battery as required, yet at the same tenergizing a SSR to enable a diversion loa@ép khe turbine
loaded. When you select “Wind” or “Hydro” as tmgput source, the controller outputs a 5V signal taa be
connected to the SSR (Connection details can bedfouthe SSR hookup document), which in turn eizesgthe
diversion load, which then loads the turbine tovpre it from spinning too rapidly. This signal ighed on and off as
the charging set point is reached and missed.

For example, if the charger is currently in thekbmlode, charging a 48-volt battery bank, with izét point of 57.6
volts, and the set point (57.6v) is being predongiyaeached, then the controller will enable theecsion load for
the turbine. This will cause the output voltageha turbine to decrease (possibly below 57.6v)cwiwvill cause the
MPPT to boost the turbine’s inputs voltage as negljimore and more, which extracts yet more poveen the
turbine, while at the same time, placing a largadlon the turbine, which of course slows the hel@ven more.
Eventually, the bulk set point is no longer atthiearesulting in the disabling of the diversioado This cycle of
course then repeats, endlessly, as long as therersswind energy then the batteries can absohis dycle of on
and offs can be as fast as many times per seamadslbw as a few times per minute, depending eraliof the input
forces and loads. It is therefore very importartiave a diversion load that can be cycled on &inchany times per
second and many times in its lifetime without felu

A few points of interest here:

1) The controller will not engage the SSR if itines that the input energy source is not what usicg the
batteries to be charged (or the set point to behesd). This prevents the wind turbines diversead|from
being engaged, simply because the batteries argezhaThis also allows multiple charge sourcesddk in
conjunction with each other, while using differ@mut sources, yet hooked up to the same batterly. bRor
example: If the battery bank is being predominatéigrged by a solar system, and there is verg lithd,
then the MP-20 hooked up to the wind controlletl@same battery bank, will not engage the divarkiad,
since it will notice the wind energy is not whabisnging the battery voltage up to the set poiftis logic is
not perfect, since wind energy is very dynamic, lsimasts of energy may be sent to the diversi@udlarhen
the wind energy increases and the batteries arkyriath and the solar panels have not fully redditee
current flow.

2) When there is a great deal of wind energy, betiatteries are not full. The controller willlstiutomatically
apply the diversion load if the:

a) Input voltage of the turbine rises beyond twileelevel of the battery bank or the:
b) Current from the wind turbine begins to overhteatMP-20 internal mosfets.
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FAQ: But do | really need a diversion load for a wind turbine?

Generally Y es.A solar panel may be safely disconnected from #teelies, but an active wind turbine should
never be disconnected from its load (battery/dieertoad). When a wind turbine is not loaded, i easily spin out
of control during high wind events, which can léadatastrophic failure of the turbine as welllzes possibility of
damage and injury to other property and pedgléess your wind turbine has a built in braking orfurling

system, it is very important that your turbine hasa very reliable load at all times.

Please see our FAQs located on our webshép://GetAwaypower.com for more information on this subject
and many others.

Diversion Load Types

A diversion load needs to be larger (by at leas2Q%), than wind/hydro charge source that is hoaketb the
controller. When the diversion load is too smialibine RPM may continue to rise even when therdiva is active.

It is also important to use a load that is notliike fail. Light bulbs and similar such loads aesy poor diversion
(dummy) loads, since they wiihil and you may be left with no method to dume éxcess energy coming from your
turbine

It is commonly thought that a standard 120vac, 2080 heating element (readily available from ytmoal hardware
store), would make a good load; however, in realitgy are not well suited, as it takes sever#hese elements to
actually be effective in lower voltage systems.@0@ watt, 120VAC element will not dissipate 200Gtwat lower
voltages You would need to install multiplelements in parallel to achieve the desired |gatisications.

Please use the following chart as a quick guidesing a 2000-watt, 120 VAC heating elements.

60Vdc dump (48Vdc system) -- 500 Watts -- 8.3 amps
30Vdc dump (24Vdc system) -- 125 Watts -- 4.2 ampg
15Vdc dump (12Vdc system) -- 35 Watts — 2.1 amps
120Vac -- 2000 Watts, at 16.7 amps

Basically, a standard 2000-watt, 120 VAC elementyia 12-volt system will only dissipate 35 watts!

Resistive heating elements designed specificatiyL & 24 and 48-volt systems are by far a betteiceh

A very acceptable diversion load is a power resigibese can be obtained Vitp://getawaypower.com¥arious
wattages are available as either completed loatkiear individual power resistors.

A diversion load is_notrequired for solar only systems.

Please visit our online store for a selection ekdsion loads, diodes and rectifiers.
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Installing and hooking up your MP-20 Controller:

To help prevent over-voltage, always hookup the caoller to the batteries (and power it up) before @abling
your turbine or solar energy sources.The controller cannot engage its protective cirats if there is no
connection to the battery bank.

A free spinning turbine can instantly generate veryhigh voltages, which can damage many of the compemnts
within the controller if the controller is not firs t powered up.

Inspect the unit when it first arrives. Please aonyour dealer immediately if any problems arenfibu

The controller should be connected as close thalttery bank as possible, using finely strandesijlated copper
wire.

A common installation method is to mount the colieran the wall, often reinforced with plywood similar
material, in a room specifically built for your @lhate energy equipment. A garage or similar rsatso fine.
Installation of the main controller in your living area is not recommended!Large currents and voltages are
passed through the unit and there can be a noigeémuring the normal cycling of the controlléFhe remote menu
module can and often is mounted in a living araahsas the electronics area in your house, RV, Mume etc.

The remote menu module will not emit any noise,dwes it contain any high voltages. Of note, tB®ls can be
disruptive to sleeping if the remote module is tedan a sleeping area.

Do not install the controller in a small area thlaes not allow for proper ventilatiombsolutely do not install the
controller in a small “battery box” without substantial ventilation. Lead acid batteries expel hydrogen into the ai
as they charge, which can be ignited by the cdetrduring normal operation. It is perfectly fitemount the
controller in the crawl space of a camper or geoei@mpartment etc, providing there is adequatikaion for it to
cool itself during normal use.

The controller has four holes on the mounting ptdtéhe unit that accommodate up to ¥%2” screws milar to be
used to securely fasten the unit to the wall orepaifhe unit may be installed on a flat horizorstatface as well.
When mounting, ensure there is adequate space #iwait for any heat to be expelled.

Use only 10 or 12 gauge finely stranded wire. dwlire is not recommended, as it is difficult tondénate inside the
controller.

Again, do not install under sized wire, it is utyetangerous! See the NEC wire charts to determyaug minimum
safe wire gauge for the amperage of your systenmearty sources.

Any wire that leaves an energy source MUST have admker or fuse. Do not run a wire from your battery bank
that is not protected against over current. Thesuns you need a breaker or fuse between the bhtakyand
controller.

Inspectors generally insist that a breaker or diseat be located as close to the energy sourcessie and may
also insist on a™ breaker or disconnect near its final terminatiomp Please consult NEC regulations and your
local inspector to determine the requirements uryvea. These subjects are outside of the sddpesananual;
however, it is your responsibility to ensure youitus installed safely!

Solar panels and Wind/Hydro turbines are energycesu A breaker or fuse is required between tdesees and

any other components (including the MP-2D)p not hook up a wire from any energy source intolte MP-20
without the ability to quickly and safely disconnetthe input. All inputs need fuses or breakers!
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EMP Protection:

The MP-20 has been built to withstand an EMP burstjightning and/or any other
high-energy surge providing you properly install it

The MP-20 is fully enclosed in a NEMA 3R enclostirat provides protection against rain, snow, wind falling
debris etc. This enclosure is also the perfeetday cage, which fully protects the internal el@uirs from high-
energy air-born bursts. In addition, all contratgl displays are designed to be mounted remotelyreanefore do not
impede upon the EMP hardening of the controller hemeverything is properly installed and GROUNDEDYou
do not ground EVERYTHING as described below, théh BMP protection is possible.

Grounding your MP-20 and alternate energy system.

A properly grounded system is extremely importantfor both safety and reliability. An ungrounded system is
significantly more likely to be damaged during an kctrical storm than a properly grounded system. i stands
no chance against an EMP burst.

Solar panels and wind turbines act as lighting antenas or “magnets” as they are always mounted in manner that
opens then up and elevates them in some mannaotex which often makes them the most likely tafgea
lightning strike.

It is important to note, that due to the relatiagpdbetween the earth’s ground and the electricdigrged sky during
an electrical storm, the lighting bolt does nouadly seek the highest object, but the highestailgetually attracts
the lighting bolt to it, with an initial burst obaductivity that starts from the ground up, notskg down. So, putting
it simply, if you put a wind turbine up in the aind that tower is not grounded, then you can feXgect it to be hit
by a lighting strike, which will result in equipmigiailure. This is a “not if, but when” scenariocathen “how often”.

When a lighting bolt hits an ungrounded tower,ehére voltage/current spike will travel down thees that lead
directly to your MP-20 controller, looking for aggmd. On the way through, untold damage can be.ddhe MP-20
incorporates multiple over-voltage surge protectiemices and circuits, but they may be no competitio a direct
lighting hit. Many of our controllers have survidirect lighting hits due to the internal proteetcircuits yet the
connected equipment like meters, inverters, eecdamaged beyond repair. Proper grounding isyparat!
Damage due to lightning strikes and high voltaggesiare not protected under the warranty.

To make matters worse, the lighting strike does Ni@ve to be direct. Highly charged atmosphere neagrbsent for
many miles around an active lighting area. Thises charged air is more than sufficient to dantagesensitive
equipment used in an alternate energy systems winesolar panels and towers act as antennasisoernbrgy.

Additionally, indirect electrical charges can begent at other times, including a stand-storm, hiigid event, very
low humidity conditions etc., that are more thaffisient to generate static electricity that facegrds hundreds or
even thousands of volts. Without grounding, thedis electricity alone can damage any piece ofpggant used in
your system.

A properly grounded system is comprised of (atvigiy minimum) 6’ ground rounds and large (6 to 8gg) bare
copper wire that ties the enclosures and systemativeg directly to the ground rod. Ground rodsi(al) should be
placed as close to turbine towers and solar pas#liation as possible. The towers and panelsldhae tied directly
to the ground rods, with few or no splices. Thidrg bank’s negative (or buss) should also bettea grounding
rod.
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Grounding details:
Solar Panels:

There is a great deal of discussion on how to pta@@ar panels from EMP (both solar and atomia),ib the long
run there is really very little true knowledge bétsubject, since there is no effective way tottestheories. That
said, all authorities agree, that grounding is pamant and proper grounding requires carefully timgkabout how
high energy burst of energy from externally (iggid) connected wires and/or the atmosphere tednth are likely to
travel. Ground wires need to be as short of ptessiibd as numerous as required to ensure eachvandpanel is
grounded.

Each vertical row of solar panels requires a sepayaund wire running vertically down to the grdurMultiple
ground wires may be combined into a single growad IGenerally a new ground rod should be driveretery 8 to
12 feet of lateral ground distance, driven (6’ bd@ep) the more the better, the deeper the better.

Use an aluminum grounding strap between each patel frame (even if you have mounted the panedto
aluminum rack). Alternatively, you may tie each awery solar panel frame directly to the groundinige via a
ground lug or bolt. This is often the best andesasnethod.

For EMP protection, the solar panel wires (MC-4lealetc.), MUST be enclosed in metal conduit ferttip down to
the controller, failure to do this will defeat tBP Hardening of the controller. Enclosing the wiesd junction box
under the panels in a aluminum foil or tape, rhelp prevent energy from entering the wires, buttie most part,
high energy gamma rays will travel easily throuigé $olar panel into every wire, so the best satusdo always
give this energy an easy way back to the earthrgtauseeks by ensuring the wire ends up in a noetadiuit and that
conduit is grounded before it gets to any piecelettronics.

Grounding wind turbines:

As mentioned above, it is imperative that the wundbine pole (tower) is grounded at its bases hot enough that
the pole is driven into the ground, you MUST pravalcopper ground wire from the base to the tog this wire
must be tied to a ground rod(s) that are driven the soil at least 6 feet.

The wind turbine housing itself should also be tethis or another ground wire if at all possible.

The wires from the wind turbine must either be pthanderground or run in metal conduit beforeriniaates at any
piece of electronics, including the rectifier, kesavitch, or controller. Ground the conduit itsék a grounding strap
directly to the ground rod before it gets to anglesure. Do not run bare wires into an enclosure.

Grounding enclosures.

Each and every enclosure must be grounded direietlyt copper ground wire. Each of these wires rmadte a
separate run to the nearest ground rod or a grounaies bar. Do not daisy chain copper ground wihes does not
work but instead can bring an otherwise unaffeetedosures into the direct path of the high-endnggt.

Grounding the battery bank.

The negative ground post or ground buss of thehaltank must also be grounded. This is one ofrtbst important

grounding places, yet often overlooked. If youtdry bank is not grounded it can easily pass thle @nergy burst
back into EVERY piece of equipment that is conne¢teit!
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It is difficult to over ground, but it is actualpossible. Please do an Internet search for spédemm “ground loops”
to ensure you are setting up a grounding systemgmet subject to ground loops, which can introela new set of

problems.

There is a great deal of information on these cempubjects including, grounding, EMP protectiamg &ghting
strikes. There is also a great deal of misinforomatwhich can cost you a lot of money and hardsimigess you take
the time to research and then take the time togslpmstall and protect your system. This is knedge you will be
forced to garner, it's really just a matter of lgpproactive or reactive and then how costly wiltlsan education be.

An ungrounded system is also a safety hazard mouléitude of reasons that are outside of the scdpleis manual.
No safety conscience installer will ever design/anthstall a system that fails to include grourgdin

Please research “solar or wind systems grounding/our favorite search engine for more information
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General Operating specifications System Voltage

MP-20 MPPT Controller 12V 24V 48V
Minimum operating voltage 10.5V 10.5v  10.5V
Maximum allowable intermittent/surge voltage (*1) 102v 102v 102v
Maximum input from energy source (VOC) 100V 100v 100V
Most efficient VOC 24V 48V 96V
Minimum voltage input (boost capability) 10.5V 10.5v 10.5V
Maximum continuous solar charge amperage (*2) 20A 20A 20A
Maximum surge charge amperage 25A 25A 25A
(I:El:lr?;%)t/)consumed by the electronics (meters offidéta < 1W < 15W < 3W
Engrgy consumed by the electronics (meters on, MPPT < 75A < BEA < BA
active. (*3)

Minimum float setting (volts) 12.0 24 48
Maximum float setting (volts) 24 48 96
Factory default float setting (volts) 13.5 27 54
Minimum bulk setting (volts) 12 24 48
Maximum bulk setting (volts) 24 48 96
Factory default bulk setting (volts) 14.4 28.8 57.6

Time in absorption charge once bulk set point leslyeached. 2 hours 2 hours 2 hours
Time in equalize charge once equalize set poinbkas reached2 hours 2 hours 2 hours

*1: Voltages spikes above 102v at the battery+ infguminal will trigger the ovewoltage
protection circuitry causing the isolation circtotbe engagedThe red over voltage LED will |
lighted (on the small PCB board lower left insidiethe unit). The controller must be un-
powered for at least 30 seconds to clear this ¢iomdi

*2: Continuous power capabilities are determinedtloy internal mosfet temperatures. If
controller 5 not mounted where it can expel heat and/or doekave adequate ventilation, tl
these values will be reduced.

*3: Additional power is consumed when the MP-is boosting or bucking large currents \

large differences between input to output vadtagThe general MPPT operating efficienc
96%, with buck (downshifting) efficiencies that cexceed 98%.
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Install in a non-corrosive environment only.
External dimensions of the enclosure (Inch&$)x 4.5 x 4.5

Minimum ambient air temperature -20F
*2) Maximum ambient air temperature S5E
(20 Amps)

*2) Maximum ambient air temperature 110F
(15 Amps)

Operations above or below the maximum temperaturge may result in loss of accuracy and/or
a reduction in current handling capability

Designed for battery-based systems only.

These specifications and measurements are subjeotperiodic change without notice.

Automatic Nominal Battery Bank detection:

When power is first applied to the MP-20 contrglibe voltage of the connected battery bank is oredsto
determine if the controller should operate in tBe 24 or 48-volt mode. This process is automatat eliminates the
need for manual jumper settings or other uservetgron. This process; can however, report thengnalue to the
controller if the connected battery bank has bespteded beyond normal limits (A fully dead battefypr example, if
a 24-volt battery has been allowed to deplete thaps 15 volts and the controller is restartedrdytinis period, then
the controller will assume it is connected to avb-bank, not 24 volt. If this occurs, then simpicrease the bulk
charge point and let the battery bank rechargee@me battery is recharged to a normal region; the&the menu
system, select the “reset defaults” to set comrdiback to the factory defaults or simply restaxrycontroller by
removing power from it for 30 seconds or more.
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Over-Voltage:

To help prevent over-voltages, always power upctidroller (ensure it is running on the batteriesfore enabling
your turbine and/or solar panels. All solar parald turbines must have a manual disconnect tloat gbu to safely
power up the controller and then and only thenbknthe energy sources.

The MP-20 use a specialized over-voltage senshnegitihat is MUCH faster than a fuse for detecimgl protecting
against over-voltage conditions such as a lighsinigze or an over-voltage wind turbine, but dameage still ensue if
the controller especially if not grounded and/owpced up. This protection circuit will be engagéwbuld the input
voltage rise above ~104 volts. If this occurs, tieel ®.V. LED will illuminate (inside the controlleindicating the
O.V. condition. You must remove all power from the controller forat least 30 seconds to reset the O.V. circuit.

General Information:

The internal negative power plane of the MP-2isritied to the enclosure; it is therefore impeeathat the
enclosure is grounded directly to a ground rodavepper ground wire, to prevent damage to theimnite event of
lighting strike or EMP bursts.

The MP-20 uses a high frequency buck/boost circunbhing at 104kHZ, this frequency creates harmomi¢cke GHz
range that is fully shielded via the enclosure.aifzgif the enclosure is not grounded, then thighHrequency signal
may cause interference with close by radio sigaatsreceivers.

This main control unit is designed for mountingdndrs, buthe enclosure will not protect the contents from tgh
moisture areas such as beach houses, sail boats ealt air will quickly oxidize the electronic conents and
connections, eventually resulting in failure of thret. This type of failure is not covered undearvanty and may
preclude repair.

Note: Some of the photos of circuit boards mayrbmfearlier version of this controller.

Modified 2/12/2019.
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