Colemen Air

C155-SMAD (C155D)

* Massive 155 amps solar array capability.

»  Fully digital with intuitive user interface.

* PWM charging algorithm with 3-stage charge control.

e Menu selectable High speed PWM (1kHZ or Pulse Mode)

* No jumpers or potentiometers need to be set.

 LCD 2 x 16-character backlit display.

e USB Serial output for streaming data logging.

e Optional Remote Menu Module can be used up to d@ya

» Both manual and automatic equalize modes are &lila

»  200A shunt for monitoring/reporting solar amperage wattage.

* Automatic nominal battery voltage detection.

* Nearly all charge parameters can be managed thrihwegiiser
interface.

* Fine tuning of voltage and amperage via the cdiitonanenu.

» Bulk, float and re-bulk set points and/or timers edl be set.

e Automatic LCD back light dimming to save energy.

e Dual Truck Star breakers, one each for solar attéyanputs.

e Supports 12, 24 or 48-volt battery systems.

* Vented cover and hinged lid.

» Large heat sink capable of dissipating excessiheairmal
environments.

* Modular PCB layout allows for quick and inexpensigpairs if ever
needed.

» Large Enclosure for easy terminations. 12" (H), (W) x 6” (D)

The newly upgraded C155D microprocessor offers sutantially faster charging and more
accurate set point tracking, along with the added tnus of data logging via the included USB
serial cable.



Quick Start:

All user settable parameters as well as additionahformation are accessible via the user interface
which consists of the LCD screen and the three bughs located on the front cover.

Pressing any key during the normal operation otthiewill cause the main menu to be displayedings
the right/left buttons will scroll through the meaptions. Pressing the “Enter” button will caulsattmenu
option or value to be selected. Use of the up/dowenu increases and decreases the current meras valu
Pressing the up button exits the menu (unless y@uawarently modifying a value, in which case itlwi
increase the value. First press “Enter” to sdleetcurrent value, and then press the up buttexitdhe
menu).

The Red LED on the front of the unit indicates amoreof some nature. The exact cause of the erilbber
shown on the LCD screen (unless you have activatecf the menu options).

The Green LED on the front cover is illuminated wiiee unit is first turned on and also any time the
charge performance is considered high enough telaenthe current charge cycle. If the solar power
not adequate to complete the charge cycle, the ayitll be extended and the mode timer will not doun
down. When this green LED is lighted, the chaigeble to pass enough current to the batteries to
potentially complete a full charge of the batteries

The internal green LED on the middle right of thegke PCB board (motherboard) is lighted when tH&TG are engaged,
which internally connects the solar panels to thktebies.

The red LED on the small daughter board is lightteén there has been an over-voltage detecfedclear an over-voltage
condition, all power to the unit must be disconneetd for at least 30 seconds Once power is re-applied, the unit should clear
the fault. Over-voltage conditions should be addressed by ensug your solar inputs never exceed 100 voltsolar panels
should_never be enabled without first ensuringciatroller is powered up and running from the bate

This unit is designed for mounting in a dry indeowvironmentThe enclosure will not protect the contents
from moisture, dust or insects Do not mount outdoors where rain, snow or higlisture and/or
condensation is a possibility.

Solar systems should be designed for no more thaB3 amps maximum current based on the
manufactures data plate. To determine the total amperage of your solaresystlivide the total wattage by
your battey voltage. For example: On a 24 volt system, 3@8€@s of solar / 24 volts = 150 amps. Wire
your panels so the input voltage is between 1.61a8dimes your battery voltagiOn a 12 volt system, a
VOC between 19 and 22 volts is optimum. Do nokeexkttwice your battery voltage.



C155 Series

Array (up to 155 amps) PWM Controllers
i W D/C disconnect
Tie panel frames and pole (or mounts) and breaker
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Warning: Disconnect the controller from the batteries before servicing. wi’r:f 210 (+)
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BUSS BAR| g, Bank
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J s the solar panels and battery bank.

Use of a buss bars is recommended for secure connections to the battery bank.

This unit may be used with solar (photovoltaic)utgponly.Multiple solar panels (arrays) may be hooked up akng as you do not
exceed the total capacity of the unit.More information on these subjects is providebtst://ColemanAir.ugSee: Articles and
Information.) The optimum solar panel VOC is gettigraround 1.6 to 1.8 times the battery voltage.

Ungrounded solar panel frames are an invitatiorsjstem wide damage due to lighting strikes anelieatrically charged air. Ground rods
at the solar panels and battery negative are redjfiir safety and reliability.

Ensure you have selected adequate sized wire forettamperage you will be controlling.Undersized wire can result in very high heat
within the wire and connections possibly leading ta fire. Always use a fuse or DC disconnect! H&img up an energy source or load

without a fuse or disconnect can result in serioujury or death!

The breakers inside the unit do not disconnect thencoming battery cable from the battery bank power. The external breaker shown
above is required by code!

Use extreme caution when installing or servicirig ttontroller. High amperages and voltages can Ktal. — Always disconnect the
controller before servicing.

The USB port is used to send log and status datayt@omputer that supports USB serial communioatiolrhe
RJ45 connector is used to hookup the C155D todted br remote menu module (one menu module oAWISB
cable is provided. Longer cable runs are posditdeever, you may need to use shielded cabling avithrrite band
for runs over 10 feet. Please note, the RJ45 atiomeis not the Ethernet protocol.



Electronics Room

Equipment Room i
or Information Panel etc.

L BT

Conduit to Batteries and
Solar/Wind/Hyidro

Catbe Cable

_________________________________________________________________________________________________________________________________________

Desk or Office
Area.

The USB hookup is optional

N

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

Ground each enclosure.

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

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

Picture above shows a MP-20 controller with theaemmenu module.
The C155D can be setup to use this same menu mdawiever the LCD/menu on the front cover will tHendisabled.

Connecting the Laptop or PC:

The C155D outputs steaming log data via USB Seifiiile supplied cable is a standard male USB to b$8. The
data can be retrieved via any computer that hésnalard USB connection available. Nearly all réd¢aptops and
computers have some type of USB connection. Snlaj¢ops use micro or mini USB cables. If thishs case, you
will need to obtain a USB micro-to-mini or mini noini cable to complete the hookup to your computer.

The serial data from the C155D steams at all timeggardless if there is a connection to a computeot. This log
data is in CSV format and therefore can be easifyorted into a spreadsheet program.

When you plug the C155D USB cable into your computes new serial port will be automatically ing&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, yoowdd begin to receive steaming data from the C155D.

Important note: If you hookup your USB cable before hooking y@i155D to a battery bank, then the C155D will
power up via the USB supplied powerhis will cause it to configure itself as a 12-volbattery bank (which is
dead). It is therefore best to ensure the C155D is pilgmemnected to the battery bank, before connecdtiedJSB
cable to the computer. If this is not possibla) yoll need to use the “Reset Defaults” option thia diagnostics
menu once the C155D is powered up to the systetarpdtank.
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Charge Submenu

Equalize Submenu

Info. Submenu

Diag. Submenu

Advanced Submenu

The C155D Menu System Layout
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The C155D 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 “EntefDown” button to enter the submenu.

Press the “Scroll” button towards the right twoesn This will display the float set point menurajavith the current
value of the set point. Press the “Up/Down” buttomlter this value to the desired voltage. PtieesSEnter” button
to save this value. Press the “Up/Down” button apls to exit the menu system. You could also ofsmgontinue
to alter more values and/or view other settings.



The C155D is a Pulse Width Modulated (PWM) comérathat incorporates both high-speed PWM and ghadde
algorithms to best match the charging source td#ttery. The default charge logic incorporatesaadard three-
stage charge cycle. Additional charging logic &ls® been added including such features as refigylln absorb
mode that allows for automatic adjustments dueéhtmges in solar illumination (low current) as wasdloffering both
a manual and automatic equalize modes.

PWM Controllers: Pulse Width Modulated controllers.

PWM controllers are advanced controllers that ae suited to solar systems when there is a goadhnzetween
the solar VOC and the battery voltage. These obets are most efficient when the VOC (Voltage @g#rcuit) of
the solar array is between 1.6 and 1.8 times th&mead battery voltage. For example, on a 12-vgétem, a VOC
between 19 and 22 volts will yield the best ovechtirging efficiency.

So how do PWM controllers work?PWM controllers are solid-state controllers thiéiomore advanced charging
algorithms than single stage controllers are capablFirst lets talk about the PWM aspect. Aslihtery voltage
increases, the charge controller’s primary respmlityiis to restrict the incoming voltage (and mt) to insure the
battery does not over charge. The simplest waytthid would be to open the circuit (turn off tikernal switch),
when the battery gets "full”, but of course as sasiyou do this, the battery voltage will startdtop and the
controller will need to turn the switch on agaimigon and off switching then would attempt to kéep batteries at a
full charge state and everything would be fine.nling on and off repeatedly is no problem for adssliate device,
but it really is not that simple. It is better lifet charge voltage/current to the battery variesdas its state of charge
and where the battery is in its overall chargeey@as it nearly depleted, or has it been mostéygdd now for
awhile and just needs to be maintained?)

There are many different philosophies used, indgd stage charging, constant voltage and tapdradjing, but for
the most part, to promote better battery healttigbhas are not just brought up to full charge tekat off by a
multistage solid state controller. The controlleamines the batteries state of charge (SOC) aitdesgresses
through the charge cycle, reduces or increasesutiient as required. Once the battery charge ¢yademplete, the
charge controller will reduce the current even ntorkold the battery at the "Full State".

So this is what the controller does, but it doesdtpulses of energy that may last from less tha000" of a second
to several minutes. The term pulse width modulasarally pretty simple to understand. If you fzagarden hose
with a hand held nozzle that you can turn on aftyEqueezing the trigger, you could easily cdrttie water
volume to say 50% by simply squeezing the triggdfway, or conversely, you could, by repeatedlyestying the
trigger once every two seconds for a full secondama a full second off accomplish the same thizagh time you
squeeze the trigger it's a pulse, the length of §ou hold the trigger is the width of the pulsasBally, if you turn
on the water every second, and off the next sedbed,you are letting 50% of the water that is lade to pass
though the nozzle. If you where to hold the trigigerl.5 seconds on and .5 seconds off, then yaudnuze allowing
3/4ths of the volume to pass. This is what PWM l@rs do. This pulsing action is much easierlm¢harger
(most current carrying electronic switches heaif tipey are half way on, but they don't mind atitthey are full on
and full off many times a second). But there's hapteason why this is done -- The batteries lavEhese pulses of
energy are very good for the general health ob#ttery plates.

PWM controllers allow an electrical pulse from ttferge source to pass to the batteries that chetber for battery
life then steady state charge currents. Some PWittalters (like the C155D) can also incorporatespdl (bursts).
The same basic on/off cycles are used, but momopireced bursts with longer on times. These shast®wof higher
currents can be very effective on keeping the platéhe batteries in good health. Not all PWM coltgrs are the
same, some use high frequency pulses, others lsssmnly as the batteries reach a higher stateasfie, but all
PWM controllers incorporate pulses of energy ofjirag frequency to control the actual current to battery.



The C155D uses a 1kHZ frequency (1000 pulses hsi@duy default and automatically switches to pulsmle if the
internal components begin to heat up beyond desjpedating regions.

The C155D is capable of providing 3-stage chargingr 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 Ghdngthis 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 (12V system). There is really no perfettige setting as there are many factors involved. ambient
temperature, the size of the energy sources védtiery bank size, the desired length of timénis inode, the cost
of the energy (if it is supplemented by the gridgenerator, etc.). Simply stated, the bulk cha@efs the battery up to
a mostly full state at a quick but healthy rateribg this stage, the internal switches are fullyseld (full conduction).

The 29 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,dryimg the PWM duty cycle between 0 and 100%. dibeorption
mode uses the same set point as the bulk modédlvettiifference being that the battery voltage isomger rising up
to the set point; but instead, it is being mairgdiat that set point. Due to the chemical natéiteeobattery (and
ohms law), this constant voltage causes the clangent to drop as the battery reaches a “fulltestd charge. The
factory default for the absorption mode is set20 iinutes, which under sufficient energy inpuansple to charge
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 argght 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 batte®y. applying the
required amount of charge current to offset anyl i@ battery might be powering, as well as oveiogrthe
batteries natural self-discharge, the batteriegduity is greatly increased. Please note: Lithhased batteries
should generally not be float charged and thugrg ow set-point should be utilized for the fleatting.

Another charge mode incorporated by many charge the C155D) is the equalize charge. This modetisa 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,lib&ery’s chemical mix becomes stratified. (Sefgal&om top to
bottom). An equalize charge uses approximatelyek®gnt higher voltage to help mix these elementserbattery.
Equalize charging also helps bring all of the batein a multi-battery bank to an equal state. iM@®ple agree that
an equalize charge should be run once every 10 tays, for 2 to 16 hours for lead acid battefBaging this charge
cycle quite a lot of gassing will occur, which casishe fluids to be mixed and the plates to beatwd”. _An equalize
charge is not recommended for sealed batterigtharh batteries.Be sure your battery room has good ventilation
before running an equalize charge.

The C155D also incorporates a “ReBulk” set pofahould the battery voltage drop to the “Re-bull’sant for
more than a few seconds, the controller will eixé& turrent charge mode and start a new bulk mtddbe Bulk
mode is already active, then the controller wiitegt the countdown timer to force a new full-léngulk mode
charge.



Fine tuning your system:

As introduced abovethe C155D is fully configurable through the fromtngl buttons and display. There are no
jumpers that need to be set or potentiometersed 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 5). Each submenu allows gaeither set a particular value, view informationperform
specific actions like running a test or starting gdgualize 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 bahlyour battery
bank nominal voltage has changed since the lasttt unit was powered up, then the microprocesgbreset all
values to the factory defaults and store the néarnmation. These factory defaults are normallyfgety adequate
for a lead acid battery bank used with most salstailations. Changes to the settings are therefoserequired
when your requirements are different in one maonanother from what has been set by the factariie controller
is basically plug-and-play! Factory defaults canviiewed in the technical specifications page ateihd this manual.

« Setting up the charge parameters See the technical specifications pages forabtofy defaults. If you need to
alter any charge settings, simply select the chargieu choice from the main menu and scroll thobhgh t
submenu to select and alter the values. Thereaesyefew 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 systeittage etc.
Once you set or reset these settings, you shouhitonahe 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 usegpieudigorithms to determine if during the last otethe
batteries actually realized a certain level of ghag. The main consideration is whether the cdletrevas 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 tainli on the other hand, the performance is belwav
standard, the timer will not be decremented, wicah result in a charge cycle that lasts much lota@gensure the
batteries actually receive the best charge possit#a with less than optimal charging conditions.

The green LED on the remote panel will be illumina¢d when the processor determines the performance is
high enoughand off when the performance is not high enougbreperly charge the batteries. This allows you
to quickly visualize the real time charging perfamae that the controller is detecting. Often theegrLED will
blink on and off randomly and rapidly as the s@aergy fluctuates.

«+ Turning on or off the Equalize mode By default, the equalize mode is not enabled.sfart a manual equalize,
select the Equalize submenu, scroll right or leftite “Equalize Now?”. When this submenu is dispthypress
the “Up/Down” button to select “YES” and then preéiss “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 ilitite timer
expires. The length of time in this mode is co¢by the “Equalize Minutes” submenu option. Eogalize
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 numhbetai90 will enable this feature.
The equalize function will then run once the dayer has been triggered and the bulk set point éas bchieved.
The equalize will not actually start if the bulk peint is not achievable via the solar charge isapu



«» The Advanced Menu:The advanced menu allows you to change the LCDligatloptions, voltage and
amperage calibration adjustments as well as allowty change the type of pulse mode that is used.

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 secondsyanto 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 sgpldlying a voltage or amperage, which you believeetincorrect
and wish to calibrate in order to correct the measent 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 a$ 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 tiveek end measurements seem to be pretty closédut
upper end is off by a tenth or more. Setting thie gloes alter both the upper and lower end, lutiiper end
is affected more than the lower. A gain of .1 %.dain, which is not a lot of change on the lowsd,éut
about a tenth of a volt at the maximum input of ¥6@s. This same logic applies to the amperafgetf and
gains.

PWM Mode: By default, the C155D uses a 1kHZ frequency (1@@8es / second) and automatically switches tc
pulse mode (short, higher energy pulses) if therirél components begin to heat up beyond the diesperating
regions. Generally this setting need not be changézss you find the 1kHZ signal is emitting a stbwrithin

your system that you find bothersome.

The default frequency is very much within the ranf§buman hearing and can be heard during nornmeatipn
when the PWM mode is actively holding the targetsent. The amplitude of this audio signal wiltrease as
the VOC of the solar panels is increased (brigh).siWhen your VOC is considerably higher than yioaitery
voltage, then this signal will be much more notldealn addition, if your input wires are lying aametal roof
and not enclosed in conduit, then you may get eutdit “amplification” from the antenna created by twires
and the speaker created by the roof.

If you find this frequency to be obtrusive or simpbt desirable for your installation, then simphoose the
“Pulse” mode and the system will use only short se@eimingly random pulses of energy, generallyrigdtom
less than a second to several seconds as reqaikegp the battery near the desired set-points foide works
very well and is also very healthy for your baterihowever, there will be considerably more “baungitof
voltages and amperages each time the controlleissepulse of energy to the battery. This bounisrayen
more noticeable when there is a great deal of swlargy and a relatively small battery bank.

+ The View Submenu: The view menu allows you to view the real time agk and amperage of the connected
battery and solar array.

The current reading (amperage) of the solar wilté® (or very close to zero), if there is no aefivput from the
energy source.

The voltage shown for the Solar input is affectgdi® PWM processingFor example, if the PWM is currently
running at a 50% duty cycle (%2 on and ¥z off eadlrcficle), then the solar panel will read about #nbetween
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its full VOC and the battery. If the duty cycleat100%, then the solar panel will read the saatage as the
battery (since their positive wires are in essdualtlg connected together, their voltages must leesiime also).
When the duty cycle is 0% (fully off, then the solaltage will read the full VOC of the solar paiias it
currently illuminated).

Other Menus and Submenus:

In addition to changing the charging parametees dihgnostics menu system can be used to view dx@mm
voltages and amperages reached during the actargeleycle. These values are reset each time #rgemode 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 detengnithe performance of the charging sources.

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
PWM processing at full output, 5 times, using tveaend intervals. During this time, the batterytagé, solar
voltage and solar amperage will be displayed ialgernating and repeating pattern that allows yoseie each of
these values during both the fully enabled ang fuikabled state.

During the test, all LEDs on the remote menu wallibuminated when the solid-state switch is endlaled off when
it is disabled. Generally, this test will only hen when you suspect problems and are working avitctory
technician 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 anytimebthitéeries 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.

10



Installing and hooking up your C155D Controller:

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

Inspect the unit when it first arrives. Please aonhyour 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 optional
remote menu module can be mounted in a living &) as the electronics area in your house, RMYpMwmme 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 thaes 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.

The controller has four holes within the enclosofréhe unit that accommodate up to %4” screws oilamo be used
to securely fasten the unit to the wall or pariéte unit must be installed vertically to ensureparoheat dissipation.
When mounting, ensure there is adequate space #t®uait for any heat to be expelled.

Use heavy gauge stranded wire. Solid wire is @cdmmended, as it is very difficult to terminatside the
controller.

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

Remember, any wire that leaves an energy source MUSave a breaker or fuse. Do not run a wire from your
battery bank that is not protected against overecir This means you need a breaker or fuse battheebattery
bank and controller.

Inspectors generally insist that a breaker or disect be located as close to the energy sourcesasofe 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 iryea. These subjects are outside of the sdapesananual,
however, it is your responsibility to ensure youitus installed safely!

Solar panels are energy sources. A breaker onigugsguired between the panels and any other coenis

(including the C155D).Do not hook up a wire from any energy source intoite C155D without the ability to
quickly and safely disconnect the input. All inpus need fuses or breakers!
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Grounding your C155D and alternate energy system.

A properly grounded system is extremely important ér both safety and reliability. An ungrounded sytem is
significantly more likely to be damaged during an kctrical storm than a properly grounded system.

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 mannaotrex 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, not$kg down. So, putting
it simply, if you put a wind turbine up in the aind that tower is not grounded, then you can feigect 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,&hére voltage/current spike will travel down theesg that lead
directly to your controllers and inverters, lookifog a ground. On the way through, untold damagebsadone. The
C155D incorporates multiple over-voltage surge gotion devices and circuits, but they may be nopetition to a
direct lighting hit. Many of our controllers hasarvived direct lighting hits due to the internabiective circuits yet
the connected equipment like meters, inverters agécdamaged beyond repair. Proper groundipgramount!

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 exce&ddindreds or even
thousands of volts. Without grounding, this statectricity alone can damage any piece of equippmged 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 battemi bagative post directly to the ground rod. Grbunds (plural)
should be placed as close to turbine towers arat pahel installation as possible. The towersarl frames
should be tied directly to the ground rods with f@mno splices. The battery bank’s negative (@stuar) should also
be tied to a grounding rod.

Damage due to lightning strikes and high voltaggesiare not protected under the warranty.
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Grounding details:
Solar Panels:

All authorities agree that grounding is paramotrdper grounding requires carefully thinking ablooitv a burst of
energy from an externally (i.e., grid) connectedevand/or the atmosphere to the earth are liketsaieel. Ground
wires need to be as short as possible and as nusasaequired to ensure each and every panausided.

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 rGenerally a new ground rod should be driverefery 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 patal frame (even if you have mounted the panedto
aluminum rack). Alternatively, you may tie each awery solar panel frame directly to the groundiniige via a
ground lug or bolt. This is often the best andestsnethod.

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 thebhaliank must be grounded. This is one of the mgsbrtant
grounding places, yet often overlooked. If youltdry bank is not grounded it can easily pass itk énergy burst
back into EVERY piece of equipment that is connédteit! Important: The bond between the negapiest of your
battery bank and the ground rod (or ground rodyaishould be the only point in your system wheregative wire
is tied to earth ground.

It is difficult to over ground, but it is actualpossible. Please do an Internet search for spé&emm “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 protectiod &ghting
strikes. There is also a great deal of misinforomatvhich can cost you a lot of money and hardsimiess you take
the time to research and then take the time togolpmstall and protect your system. This is knedge you will be
forced to garner, it's really just a matter of lpproactive 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 sodpleis manual.
No safety conscience installer will ever design/anthstall a system that fails to include grourgdin

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

C155D PWM 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) 24V 48V 96V
Most efficient VOC 20.5V 41V 82V
Maximum continuous solar charge amperage (*2) A150 150A 150A
Maximum surge charge amperage 155A 155A  155A

Energy consumed by the electronics (meters officéta < 1W < 15W < 3W

current)

Engrgy consumed by the electronics (meters on, PWM < 75A < BA < 25A
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 lelyeached. 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 |
illuminated (on the small PCB board upper righside of the unit). The controller must be un-
powered for at least 30 seconds to clear this ¢iomdi

*2: The internal mosfet temperatures determine coatiaypower capabilities. If the controlle
not mounted where it can expel heat and/or doeh&at adequate ventilation and coolihgr
these values will be reduced. Steady state ampdsagimited to 150 ampsia the intern:
breaker. _Do not use a fan to blow air inside tbetwller. This will result in environmental
damage to the PCB. Forced air may however be asaxbs the upper heat sinkshelp witt
cooling when ambient temperatures are high anetisano air conditioning available.

*3: Additional power is consumed/expelled when @©&55D is controlling large currents w
large differences between input to output voltagiee highest PWM operating efficiency is 9
to 99.5%, when the solar array VOC is slightly l@ghhen battery seieint target and tt
controller is able to use a steady state 100% citie. A 48volt system is more efficient thau
24V system, which in turn is more efficient thahzavolt system.
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Install in a non-corrosive dust free environmeriyon
External dimensions of the enclosure (Inch&®) (H) x 10" (W) x 6” (W)

Minimum ambient air temperature -20F
*2) Maximum ambient air temperature 7oF
(150 Amps)

*2) Maximum ambient air temperature 95EF
(100 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 C155D contrgltee 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 thengnaalue to the
controller if the connected battery bank has bespieded beyond normal limits (a very dead battdfg).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 a 24-volt. If this occurs, then plgnincrease 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 cordrdiback 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 solar panels. All solar inputs must have amahdisconnect that allow you to safely power lugp ¢ontroller and
then and only then, enable the energy sources.

The C155D use a specialized over-voltage sensiogitihat is MUCH faster than a fuse for detectamgl protecting
against over-voltage conditions such as a lighstnge or an over-voltage wind turbine connectethtosystem, but
damage can still ensue if the controller is nouged and properly wired to your battery bank. sTgrotection
circuit will be engaged should the input voltageerabove 102-104 volts. If this occurs, the Red. QBD wiill
illuminate (inside the controller) indicating the\O condition. You must remove all power from the controller for
at least 30 seconds to reset the O.V. circuit.

General Information:

The enclosure will not protect the contents from tgh moisture areas such as beach houses, sail bogits Salt
air will quickly oxidize the electronic componerasd connections, eventually resulting in failureref unit. This
type of failure is not covered under warranty aray/ralso preclude repair.

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

Modified 7/28/20.
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