Ample Power EnerMatic Controller, V2 and V4

Installation and Operating Instructions

Ample Power Models for 12/24/32/36/48 Volts

Introduction

This manual covers the V2 and V4 EnerMatic Controllers. @éNot
there was no V3 EnerMatic.) The V4 incorporates new features

e Electrical isolation between engine circuits and energy ba
tery;

e Electrical isolation between serial ports and enginetgner
circuits, and electrical isolation between the two seraatq

e Circuits to measure solar and wind current; and,

e data flash for parameter data logging.
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necessary to properly manage the energy system, but algm@ro
protection against mis-use.

One result is a system of permissions or priviledges. All wke
the terminal interface can view all of the data, (exceptwasds),
but changing operational parameters regprnigiledge This level
of protection permits experienced users to change opgratin-
ditions, without the fear that those conditions will be nfetl by
someone not authorized to do so.

The EMC has evolved as different customers have asked foiape
features. Some of those have become standard featuresudgeca
the EMC will continue to evolve, keeping detailed printeccdo
mentation up to date would be a major challenge. Insteadgée u
interface is designed to be very self explanatory once tharoza-
tional foundation of the user interface is understood.

This document should be used with an EMC and terminal emulato
It'll make a lot more sense.

Behind the User Interface, Ul

Most experienced programmers know that the User Interfaica f
given project takes the majority of programming time. Péthat
is due to the way the Ul is represented in computer code.

Early in the development it was decided to describe the Ul in :
simple text based set of files. A parser program would beavriid
read the text files and generate table€inThe parser was written
in Python, an elegant and easy to use high level languageek d
error checking, making sure that every menu choice has a memb
to display or execute, and every element has a menu choice.

Managing permissions on operations was also greatly dieghlias
was the process of saving configuration variables in extditaa
and being able to read them back in.

The system allows new features to be added into the Ul relgtiv
painlessly. There’s still the backend programming thatisdée be
done to implement any new feature, but at least the Ul paitisf i
managed easily.

The EnerMatic Controller, EMC, is a complex combination of ) ] ] ) ]
hardware and software functions designed to manage anyeneryy/Nile the EMC is already highly functional, from time to time

system comprised of battery storage and charge sourcesagddn US€rs may vyish it did something new or different. Many new fea
charge sources include an engine with one or more altes)atpr tures are being evaluated or developed. Some of these wihbe

tional solar panels and wind generators. standard if there is enough interest in them
¢ User Interface Elements

There are three basic user interface elements.

User interface to the EMC is via a PC running a terminal enoula
program such as HyperTerminal for Winddw# second commu-
nications port is provided for interface tchastcomputer.

Because the EMC has been designed to manage energy systemse menus;
with a wide variety of batteries, charge sources and engin&al e panels; and
features, (no one-size fits all), initial set—up of ope@parame- e forms.

ters is non—trivial.

Adding to the complexity is the simple fact that batteriesnth A menu is a list of selections that can be made by entering th
selves are not as simple as most people believe. The EMC can Bg&lection number followed by theNTER key. Some menu selec-
configured to optimally manage various battery technofmghert tions implement a function directly, while othgr menu setats
many people don’t have the background experience to optimizZ/€ad t0 another menu, or select a panel to be displayed.

battery performance. The major challenge that the desigoer Panels are aggregates of data items. For instance fieldsrghow
the EMC faced was how to provide the information and controldbattery voltage, battery current, etc.

1windows may be a trademark of Microsoft Corp.



However, it is possible to program calibration constan&doieve
gcorrelation with an external meter.

A form accepts entry of operating setpoints and configunatio

Form elements are used to configure and program setpoints. E
item on a form has a name, and when the cursor is on the line of @8hunt size can be changed via calibration constants. Tlibeis

name, arinfo line provides a description of that parameter.
User Interface Organization

EMC can be told that an external shunt is 200 Amps, rather than
the standard 400 Amps.

As noted earlier, the EMC is a combination of hardware antt sof Data Display

ware. At the user interface level it helps to think of indivad
devices that co-exist in or with the EMC.

For instance, the alternator regulator is a functional dethat ex-

Operational data is displayed in so—called panels. Thesggdjon
of parameters into panels is generally related to a devmseter,
some panels may show data values for more than one device.

ists inside the EMC and is comprised of hardware and softwar®perating Controls

elements. Batteries are a functional device, obviouslgrast to

While the EMC is expected to operate automatically most ef th

the EMC. The engine is a functional device. So are solar ganetime there are occasions when devices need to be testedrer exe

and wind generators.

As much as possible, the user interface elements are designe

cised manually. Menu selections are provided to allow mhnua
control, for instance to start or stop the engine.

configure and operate the devices that make up the EMC systemAlarm Configuration and Setpoints

There is also aystendevice that has tentacles into some or all of Some devices, for instance the battery bank and the engiree ha
the other devices. This is the pseudo device that manages pa&larm detectorsvhich are software functions that look for out-of-

words, priviledges and global configuration parameters.
Categories of Device Controls

By necessity there are different levels of interaction vaitly func-
tional device. The levels generally fit in the categorieobel

operating options configuration;
reset of stored historical data;
setpoint programming;

calibration programming;

data display;

operating controls; and
configuration and alarm setpoints.

Not all devices have every one of these categories. Defactidfy
settings suffice in many instances.

Options Configurations

Configuration applies to optional modes of operation. Fstance,
stopping the engine when the batteries reach full charge@ma
figuration option which can be selectedTaseor False

Another configuration option selects how the remote stap/m-

put works ...as a momentary switch action to start/stop,soa a

toggle switch type action where engine run is one positiahem
gine stop is another.

Reset of Historical Data

So—called historical data is accumlations of long—ternueafor
instance engine running hours, or lifetime Amp-hours comsd
from the batteries. There are menu selections to reset tadises.

Setpoint Programming

An example of a setpoint is the absorption voltage that ttesrea-
tor regulator needs to achieve. In a 12V application thgicet
might be 14.40 \olts.

Calibration Programming

band parameters. For instance battery voltage above a galea
is too high and an error should be raised, or other actiorentédk
resolve the condition.

Alarm detectors have to be enabled, and their limits musebdrs
systems which incorporate external GSM modems or wiredsacce
to outside resources, alarm detectors may trigger textagessor
emails to a responsible party who will take appropriateoacti

Configuration and Setpoint Preservation

Configurations and setpoints are saved in non—volatile mgsm

they are preserved in the event power is removed from the EMC.
Those values can also be saved externally in a file on a PC, and
restored from that file if necessary.

It is highly recommended that the configuration and setpaaht
ues be saved externally. In the event that an EMC is replaged b
another unit, the file can be read into the new EMC to estaliiish
same operating conditions.

Priviledge Levels

As mentioned, priviledge levels are used to protect conditioms,
setpoints, etc., from being changed by unauthorized ugarsry
item in the user interface has an associated priviledgé leve

There are currently eight priviledge levels. Each levelalao per-
form all actions of priviledge levels below it. The EMC veesi
that a user is authorized by priviledge level to modify opiera
setpoints.

Priviledge levels are:

Root

Distributor

Dealer

Administrator
System Configurator
Technician

Operator

User

Analog data can be scaled and conditioned before being ngad #Ro0tcan do anything. Only the engineers at Ample Power Com-
ananalog—to—digital converterPrecision components are used in P2ny have root permissions.

all analog circuits so calibration beyond factory defaaliues are

rarely needed.

A distributor of the EMC has the next highest priviledge let@-
lowed by the dealer.



The Administrator has priviledges of those below it. Oneghit
can do is view and change the passwords of the levels below it.

The Systems Configurator can do all of the functions belotit,
most importantly it can decide on the configuration of thaeys
for instance selecting how the engine will start and stop.

The Technician is allowed to change setpoints such as tbmak
tor regulator absorption or float voltage.

It takes Operator priviledge level to start/stop the engine

by a fuel pump.

Other engines have a cam driven diaphram fuel pump, but an ele
tric fuel pump is often included in the system to be used agagor
pump. It's handy to use after changing fuel filters to bleexldys-
tem of air. It can also be used as a primer pump each time tf
engine is run. If left running all the time the engine opesaten
lots of fuel would be pumped through the system, probablyrwea
ing out the pump. (With a vane pump this feature can be used as
dieselpolishingsystem.)

At the User level all data can be viewed, but nothing can berpe fyel pump can be stopped by programming a time into tHe fue

changed.

There are no default passwords installed at the factory yetesn
Configurator and below. Pressing tBTERkey suffices for pass-
word entry for these levels. The owner of the system shouleren
passwords for these levels to provide protection.

There is an intersection between priviledges and programmi
forms for functional devices. Thatis, a form may have sonees
that require Configurator priviledge, and others that oelyuire
Technician priviledge. Items in the form can only be changid
an appropriate priviledge. A Technician can see how theegyss
configured, but is not allowed to change it.

Engine Configuration and Setpoints

stop variable. Ifitis 0, then it will run continuously.
Engine Warm-Up and Cool-Down Cycles

The engine should be warmed up for 1-5 minutes before turnin
on the alternator. This is controlled via the programmalaliele
for engine warm up time.

There is a corresponding cool down period that can be progiean
in the engine stop timing form. The alternator is turned off ¢he
engine is allowed to run during the cool down period.

(Sometimes, however, the engine must be stopped immegdiate
Thus there is atop nowcommand.)

Executing Functions

There are many ways the engine can be configured to start@md st As you walk through the menus and select some items a respon

In the process of starting and stopping, various signalacteated
in timed sequences, for example starting the fuel pump aow gl
plugs before activating the starter motor. There are sewsgaus
devoted to engine start/stop configuration and timing of/dr@us
signals.

There are also engine alarms to be enabled and alarm aatibes t
configured.

As an example, the form with the title ®fogram Start Configura-
tions/Conditionshas an element nametartvt_cfg. Thelnfo line
says,Enables Start on Volts/Time ConditiorBelow the configu-
ration variable are two more lines with namesstdrt vt_voltsand
startvttime

Thelnfo lines for these two variables are respectivelart if Volt-
age Less Than this Trip PoiahdStart if Voltage Less Than Trip-
Point for this Time (seconds)

These three variables are related by virtue of the shsta vt
in their names. One variable allows the engine to start ibkth
and the others provide the voltage below which to starty dlfte
voltage stays below the setpoint for the specified time insds.

Engine Start Timing Configuration

Engine Start Timing Parameters are those that control tigthe
of time that certain events take. For instance there is adhaet
time and a fuel stop time. All times are based on receipt o&g st

will be displayed. The name of a function will be displayedra
with the response from it.

The same funtions can be called via the RAP interface
They do have to be embedded in the RAP protocol to b
executed. The RAP Protocol document can be found &
http://www.amplepower.com/wire/index.html. The RAPiside-
signed to be used with a computer operating a special it e-
gram, but, however tedious, can be used with a terminalfager
by copying and pasting from a file with RAP strings.

As of July, 2008, the executable functions are:

e Engine Operations

— f_engstart ... Start the Engine
— f_engstop ... Stop the Engine with Cool Down
— f_engstopnow ... Stop the Engine Immediately

e Solar Panel Operations
— f_solarautomate ... Automate Solar On/Off

— f_solarconnect...Connect Solar
— f_solardisconnect ... Disconnect Solar

Wind/Hydro Generator Operations

— f_wind_automate ... Automate Wind/Hydro On/Off
— f_wind_connect ... Connect Wind/VH\)/dro
— f_wind_disconnect ... Disconnect Wind/Hydro

Parallel Solenoid Operations

command. That is, a start time of 12 seconds means that tin¢ eve

should be started 12 seconds after being told to start. $higoi-

cal of the time when engine cranking begins. Prior to this glow

plugs should have been activated, and typically the gloggpbon-
tinue to be activated during the cranking period. All thegpaeters
can be programmed as necessary.

One noteworthy set of parameters are the fuel pump starttapd s
Typically the fuel pump will be started early in the startipgp-
cess. Some engines, such as the EA-330 don’t have an inteehal
pump, so the fuel must either be gravity fed, or continuotety
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— f_parallelautomate ... Automate Parallel
— f_parallelconnect ... Connect Parallel
— f_paralleldisconnect. .. Disconnect Parallel

Alternator Regulator Operations

— f_regassertautomatic . .. Reset/Automatic

— f_regasserffloat ...Lock at Float

— f_regasserigassing ... Lock at Gassing

— f_regassertabsorption ...Lock at Absorption
— f_regasserteql ... Start Equaliztion

Reset History Data



— fresetbl ah ...Reset Battery 1 Amp Hours

— f_resetbl trip ... Reset Battery 1 Trip Amp Hours

— f_resetbllife ... Reset Battery 1 Lifetime Amp Hours

— f_resetbl chrg ...Reset Battery 1 Charge Amp Hours
— f_resetbl eff ah ...Reset Battery 1 Efficiency Amp

Hours
— f_resetb1 full ...Reset battery 1 to full state
— f_resetenghist ... Reset Engine Historical values
— f_resetall ... Reset all of the above

e System Operations

— f_readerrmsg ...Read Last Fatal Error Message
— f_clearalarm ... Turn off the Alarm

Fatal Error Messages

Wiring
The EMC can be used to run the User Interface with just power an
the serial ports wired.

Refer to the proper wiring diagram based on the EnerMatisioar
The latest version is the V4.

Logic Signal Levels

There are signals to control external devices. These sidgrale
been isolated from ground in the EnerMatic Controller tanéli
nate signal switching from interfering with analog measueats,
such as battery current.

A simplified circuit diagram is shown below. The list on thght
side of the circuit has the names of the signals using theitirc

Bug free software of any complexity beyond a few pages of code

doesn'’t exist. While firmware is not shipped with known bugs,
there is still a possibility that some unexpected edge cheper-
ation will stop the processor from functioning normallya.fatal
error.

If the processor were to remain halted, many damaging and com

pounding events might occur. Rather than let this happeal fa
errors are first trapped and outputs are put at a default Jtizbe,
information identifying the trap is written into non—vadlatmem-
ory.

After the location of the fatal error is preserved, the pesce re—
boots ... starts at the beginning of code as if power was psted.

Fatal error messages can be read by any user and reportes to
Ample Power support team.

WatchDog Output

The EMC provides an output signal, namBdROBthat alternates
on and off at a one second interval. Loss of this signal irndia
that the EMC processor has stopped running.

It is possible to monitor this signal with an external watopd
power control circuit that would de—power the EMC for a few-se
onds if thethrob signal stop.

( N\
12V (starter battery) Solar_Out
‘ Wind_Out
Error_Out
fg/w Status_Out
2.2K Tod2_Out
—\W'—— Output Parallel_Out

Asserted Positive Tod_out

i v Logic Signal Outputs

Overall Wiring Diagram

Many users incorporate the EnerMatic Controller in thein@ys-
tems, using different subsets of features and connectidsaw-
ing showing all possible systems would be an undecipheisdile
of dashed lines for options and many notes and clauses.

There is an overall drawing made for a specific system that can

When the watchdog circuit re—powers the EMC it should wait abe used with the drawings presented above as a basis of acusto

few seconds before monitoring thierob signal again.

Ample Power products are manufactured by Ample Power Compaw, 2442 NW Market St., #43, Seattle, WA 98107 — USA

Visit http://www.amplepower.com

diagram. See Overall Wiring Diagram available from the vitebs
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