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0.
INTRODUCTION

The  information contained in this manual will provide the user with the knowledge necessary to properly operate and maintain the MPR-9400 controller.  DST STRONGLY RECOMMENDS THAT THE USER READ AND FULLY UNDERSTAND ALL  PORTIONS OF THIS MANUAL PRIOR TO USE. 

1.
DESCRIPTION

1.1
GENERAL DESCRIPTION.

This manual describes a microprocessor based photovoltaic system controller designed for use powering photovoltaic/hybrid system.  The controller is a MPR-9400 that automates the power flow of the system to properly charge/discharge the batteries and provide power to the load equipment.  The system can be accessed locally and remotely with the MPRCOMM software.

1.2
TERMINOLOGY USED IN THIS MANUAL

AMP-HOURS
A measurement of the total current put into or taken out of a battery or other device.  A current of 3 amps for 4 hours gives 12 Amp-Hours.
AUXIN#
Auxiliary analog input - An additional analog input to the MPR controller.  Three such inputs are used. The # symbol indicates a digit is included (1-6).

AUX#
Auxiliary digital input - An additional digital input to the MPR controller.
EBBM
Energy Based Battery Management - This is our name for the Deficit Recovery Charge Algorithm used to enhance battery life and system operation by battery control of battery recharging.

FAULTIN#
A digital input to the MPR that is either ON or OFF.  

FIELD
Refers to the structure of the WINDOWS used to program the operation of the MPR controller. See section 6.1.

HVA
High Voltage Alarm.  The battery system should not reach this voltage with normal operation.

HVD#
High Voltage Disconnect - A set of six (6) settings of the voltage at which each of the six PV inputs will disconnect(Discon) and reconnect (Recon)its input to reduce charging of the battery.  These set points are further modified by the battery temperature compensation function of the controller.

I/O
Input/Output - Used in describing the inputs and outputs of a controller.

LCD
Liquid Crystal Display - Refers to the two-line digital display of the MPR controller.

LED
Light Emitting Diode - A red, green, or yellow solid state light source used as an indication.

LEVEL
Refers to the structure of the WINDOWS used to program the operation of the MPR controller. See section 6.1.

LHVD
Load High Voltage Disconnect.
LLVA
Low Low Voltage Alarm, a second low voltage alarm intended to be set below the LVA level.

LVA
Low Voltage Alarm,  intended to be based on a voltage that represents a 80% State of Charge.

LVD#
Low voltage Disconnect - A set of two (2) settings of the voltage at which each of the three load outputs will disconnect (Discon) and reconnect (Recon) its output to reduce discharging of the battery.  These set points may be further modified by the battery temperature compensation function of the controller.
MOV
Metal Oxide Varistor - A metal oxide semiconductor device used to absorb transient voltages and currents.

PV
Photovoltaic

SOC
State of Charge - The percentage of full charge in the battery.

TRANSORB
A trade name for silicon semiconductor devices used to absorb transient voltages and currents.

UL
Underwriters Laboratory - A safety standards organization in the United States that sets safety standards for electrical equipment.

VRLA
Valve Regulated Lead Acid - A type of sealed battery.  The GNB Absolyte IIP line is a typical VRLA battery.

WINDOW
Refers to a specific LCD display of one or more data or control items.

1.3
FUNCTIONS.



The MPR-9400 controller performs the following functions:

a.
Storage battery charge management with 1 to 3 PV arrays (HVD1 to HVD3) NOTE: THE MPR-9400 CAN BE CUSTOMIZED TO MEET LARGER SYSTEMS WITH MORE THAN # SUBARRAYS PLEASE CONTACT DST. There are also individual set points for battery equalization and battery temperature compensation of charging voltage.

b.
Storage battery discharge management with prioritized 1 to 2 loads, LVD1 and LVD2. There are LCD indications of the LVD states, state of charge, discharge hours, high voltage load disconnect and time of day ON/OFF of Load disconnect/reconnect.

c.
IF INSTALLED: Control of load voltage by the CEMF (Counter ElectroMotive Force) technique that uses a series of voltage drops from diodes to regulate system output voltage.

d.
System status indication by LEDs, LCD screen and 232 port.

e.
Nominal voltages- 12/24/48 volts.

f.
Alarm for Low Voltage and High Voltage with SPDT relays rated at 5A with LED indication of alarm status.

g.
Positive or negative ground.

h.
Remote battery temperature sensors. Battery sensor for temperature compensation.

i.
Controller temperature sensor.

j.
Analog backup of HVD and LVD with LED indication of backup system status or Controller failure.

k.
Readout and control of unit with simple user interface for; LCD display panel and Keyboard, Portable Computer, and Telephone modem.

l.
Diode protected from reverse polarity and/or wrong voltage settings.

m.
Lightning/surge/static protection via MOVs and
transorbs.

n.
Accumulation and display of PV, Generator (AUXIN) and Load Amp-Hours, minimum and maximum voltage, current and temperature readings with time and date of the event. Data logging is provided to store either 15/30 or 60 minute averages OR daily; Maximum and minimum battery and controller temperatures, Maximum and minimum outside temperatures, Maximum and minimum battery temperatures, Maximum and minimum battery voltages, Maximum and minimum load voltages, daily PV AH input and daily load AH output. The data stored is only viewed by the use of a computer to down load the stored data. 

o.
Alarm detection inputs for, Generator and rectifier.

p.
Input for monitoring of solar irradiance. 



q.
Self correcting software with password access and watchdog fault restart.

r.
Charging mode tailored for specific battery types: flooded, gelled etc..


1.4 
Controller ratings

The National Electrical Code and UL states that PV array continuous current can not be more than 80% of the rating of the controller or overcurrent devices. 

· PV circuit breakers and NO relays rated at 35/60 or 100 Amps.

· Main Load circuit breaker rated at 35/60 or 100 Amps

· Main Load NC relay rated at 35/60 or 100 Amps

· IF INSTALLED: 1 to 3 CEMF channels, NC relays rated at 60 Amps

· IF INSTALLED: LVD #2 circuit breaker and NC relay rated at 35/60 or 100 Amps

1.5 
Inputs and Outputs

I/O list

INPUTS:
1. Analog 
Batt power input

2. Analog 
Batt Volt sense

3. Analog
Batt temperature

4. Analog
Solar Irradiance

5. Analog
Generator Fuel level OR WIND current

6. Analog
Rectifier/Generator current

7. Analog
Load current

8. Analog
Array current

9. Digital
Generator fault input

10. Digital
Rectifier fault input

OUTPUTS:
1. HVD 1 - Separate voltage settings 

2. HVD 2 - Separate voltage settings 

3. HVD 3 - Separate voltage settings 

4. LVD 1 - Separate voltage settings

5. LVD 2 - Separate voltage settings

6. ACD   - AC Delay relay driver for warm-up and cool down of the Generator

7. HVA  relay

8. LVA relay

9. Generator start/stop relay - 2 wire

LED/LCD DISPLAY PANEL:

The controller has a LED display panel to quickly indicate the system status.
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LED-LCD INSTRUMENT PANEL
DATA LOGGING - DATA ACQUISITION SYSTEM
Data logging will be provided for the parameters listed below. There are two software version available for data logging. 

1. Daily averages and maximum and minimum – PV500
DATA WILL BE TAKEN and logged DAILY AT END OF DAY SETTING- WINDOW #210, Factory SETTING IS AT MIDNIGHT (OR 00:00) EACH DAY
2. 15, 30 or 60 minute averages – PV500 (not supported on some models) 

The MPR-9400 will also log today’s and yesterday’s data, viewed on the LCD and communication software, The data will be shown in LEVEL 100 SEE SCREEN FIG. #17. 

DATA WILL BE TAKEN and logged DAILY AT THE END OF DAY SETTING, WINDOW #210, Factory SETTING IS AT MIDNIGHT EACH DAY

INTERVAL SOFTWARE DATA LOGGING pv500 (not SUPPORTED ON SOME MODELS)

The Interval software data logging ASCII file- PV418I/450I will show the following on each line.  SEE FIGURE #17
HEADING of file- Log Data - Unit SN (serial number)

Column Headings;
Month

Day

Hour

Minute

Average battery volts

Average PV amps

Average rectifier amps

Average load amps

Average solar insolation

Average battery temperature

Average controller temperature

Generator hours

HVA status

LVA status

Fault #1 status (generator)

Fault #2 status (rectifier)

This file can be imported into other applications on your computer. i.e., Microsoft EXCEL, for graphical representation.

DAILY SOFTWARE DATA LOGGING pv500 (not SUPPORTED ON SOME MODELS)
The Daily software data logging ASCI file- PV418D will show the following on each line.  
HEADING of file- Log Data - Unit SN (serial number)

Column Headings;
Maximum battery voltage

Minimum battery voltage 

Maximum PV current

Minimum Rectifier current

Minimum Rectifier current

Maximum Load current

Minimum Load current

Maximum battery temperature

Minimum battery temperature

Maximum controller temperature

Minimum controller temperature

PV Amp Hours

Rectifier Amp Hours

Load Amp Hours

Solar kWH/M2

Generator hours for that day

HVA - if a HVA occured that day

Lva - if a LVA occured that day

Fault 1 - if a Fault 1 occured that day

Fault 2 - if a Fault 2 occured that day

2.
THEORY OF CONTROLLER OPERATION.
2.1
GENERAL OVERVIEW

System/battery voltage regulation is accomplished by using the microcomputer control circuit and relays to switch the power to and from the battery to maintain the system voltage within a proper range.

Additional I/O’s are provided by an I/O PCB which will provide the inputs and outputs for the system’s needs.

2.2
POWER INPUT CONTROL AND MONITOR FUNCTIONS.

2.2.1
Battery Charging Mode

These controllers use the DST EBBM™ charge algorithm which allows charging the batteries using the battery manufacturers specifications. The charging is accomplished using 1 to 3 sub-arrays which are staged to control the charging.  HVD3 through HVD1 will sequentially disconnect subarrays to regulate the charging voltage and current. Then, HVD1 is then pulsed until the recommended percentage of overcharge is put into the battery.  When the charging is complete, all arrays are disconnected until a programmed lower voltage is reached. The subarray charging is controlled by normally open MDRs (mercury displacement relays) power switching devices. In the case of controller failure the Array charging will be interrupted to avoid damage to the batteries by over charging.

2.2.2
HVD, HVA and Analog Backup

If for any reason the HVDs described in 2.2.1 do not occur, the HVA (high voltage alarm) will engage to alert of an over voltage problem.  If there is a failure of the digital circuit to control charging voltage, a separate analog back up will disconnect the PV arrays from the batteries and provide an alarm of this condition.  The analog back up is an analog circuit that will over ride the digital circuit.  If the analog back up is engaged either on HIGH or LOW voltage, (on high voltage the array MDRs will be de-energized to protect the battery and on low voltage the load MDRs will be energized to protect the battery. The CONTROLLER FAILURE LED WILL LIGHT.

2.2.3
Input Current Monitoring

Input current is sensed through a PV current shunt and displayed on the LCD.  This current is also integrated to calculate the cumulative Amp-Hours from the PV array and displayed on the LCD. See LCD section 6.3 window 2.

2.2.4
HVD1 to HVD3 - Staged Array Control

The three (3) PV subarray inputs are controlled as described in 2.2.1. The user configures the controller to disconnect one subarray before the other to allow taper charging of the Battery. See section 6.6 windows 303 to 308. 

Array #2, and #3 may be sized larger than Array #1. Arrays #2 and #3 HVD Disconnect/reconnect set points MUST be lower than Array #1 HVD disconnect/ reconnect set points to accomplish proper taper charging. 

2.2.5
Digital Inputs

There are 2 digital "FAULT" sensor inputs, and are configured to accept contact closure inputs (if voltage inputs are required, please contact DST). These inputs are supplied to inform the processor of; Generator failure and Rectifier failure. These are processed and displayed and can used to initiate call out on alarm.

2.2. 6
Analog Inputs

These analog inputs are supplied for external connections: 

Solar irradiance, 

Battery temperature sensor

Battery voltage

Load current

Array current

Rectifier current

Generator Fuel level

Always connect in correct polarity.

2.2.7
High Set Point Temperature Compensation

Temperature compensation is applied to the HVD1 to HVD3 set points to adjust battery charging voltage by -5.5mV/°C/cell (adjustable) from the 25°C reference set points according to battery manufacturer specifications. Note: Temperature Compensation has three selections: First- Disabled- no temperature compensation;  Second- Standard- temperature compensation will be in effect for the entire temperature operating range of the controller; Third- Special- At temperatures below 0°C, temperature compensation will be in effect but the compensated set points will remain at the 0°C values (important with VRLA type batteries such as the GNB Absolyte IIP). If the Temperature sensor is disconnected, the controller will revert to 25°C temperature compensation. The LVD temperature compensation can also be set to function, if 0 is programmed then the LVD are not temperature compensated.



2.2.8
Battery Equalization

Automatic or manual Battery Equalization can be enabled or disabled by the user.  Equalization can be accomplished by the use of either the PV array or by the generator. Manual equalization or # of days between equalization can be selected. 

PV EQUALIZATION

In PV equalization mode, after the programmed number of days elapse between equalization, the arrays will equalize the batteries up to one solar day then revert back to normal charging. The equalization function of the EBBM™ charge algorithm will increase the HVD #1 through #3 set point by the equalization voltage increase amount. During equalization, HVD #1 will pulse to the higher voltage for the # of hours remaining of the solar day. For example; If in equalize mode, and the battery charging is completed by 11:00 AM, the controller will pulse the charge HVD #1 for the remaining time the sun is providing energy for that day.
GENERATOR EQUALIZATION

In generator equalization mode, after the programmed number of days elapse between equalization, the generator will start and run for the programmed equalization hours (example 12 hours).

2.3
POWER OUTPUT CONTROL AND MONITOR FUNCTIONS.

2.3.1
LVD- Low Voltage Disconnect, LVA and Analog Backup

On the low end of the voltage discharging curve, when the 1 or 2 LVDs (Loads) discharge the batteries to the chosen LVDs, the power to the load(s) will be interrupted. Prior to the LVD, the LVA will engage to alert of a low voltage problem.  If there is a system failure of the digital circuit, the Analog back up will disconnect the load(s) from the batteries.

2.3.2
CEMF CONTROL - IF INSTALLED (Not currently supported on PV500)

CEMF (Counter ElectroMotive Force) is accomplished by regulation of the load voltage in 3 steps via 3 stages of CEMF circuits. The circuit consists of three sets of diode drops that are switched in series with the output load. IN A 48 VOLT SYSTEM- Each set provides a 3 volt drop for a total voltage reduction of approximately 9 volts. As the battery voltage rises above the set point of 50.4 V, the first diode set is switched. at this point the Load voltage will drop to 47.4 volts. If the battery voltage continues to rise, the second stage will engage and so on. When the battery voltage drops below 45.6 volts the stages will consecutively disengage.

2.3.3
Output Current Monitoring

Output/Load Current is sensed by a Load shunt and is available for display on the LCD.  This current is also integrated to calculate the cumulative load Amp-Hours and displayed on the LCD. See LCD section 6.3 windows #1 & #2.

2.3.4
LVD1 & 2 and Load Prioritization

Staged Loads are accomplished by an additional mercury displacement relay with voltage settings to disconnect one load before the other to allow prioritization of the Loads. These load priorities are defined by voltage levels set in windows 305 & 306.

2.3.4
Load Timing Functions

Load timing of LVD #1 is accomplished by user by enabling and setting time of day ON/OFF via LCD/Keypad (window 203).

2.3.5
Load High Voltage Disconnect

High Voltage Disconnect of the Load is enabled via LCD/Keypad if the user is concerned that the load can be damaged in case of the Battery voltage reaching an extreme value.  Can only be enabled for CEMF- LVD1. Window 307.

2.3.6
Load Set Point Temperature Compensation

When LOW temperature compensation is set, the LVD#1, & #2 disconnect/reconnect set points will be temperature compensated by the factor programmed. (in the same way as the HVD). Window 310 under “Low”.

2.3.7
Load Disconnect on Fire NOT ENABLED ON THIS CONTROLLER

If the digital input for Fire Alarm #2 is enabled, and an alarm is signaled, the controller will process an alarm via the alarm relay and also disconnect all loads via activation of LVD2.

2.4
BATTERY CONDITION MONITORING

2.4.1
Battery Voltage and State Of Charge

Battery Voltage, Battery net amps and state of charge are displayed on the LCD- Level 0 window 0, See Section 6.3 window 0.

2.4.3
Charging and Load Amps

Charging amps and Load amps are displayed on the LCD- Level 0 window 1.

2.4.4
Battery and Shelter and Outside Temperature Monitoring

Battery and controller temperatures are displayed on the LCD- Level 0 window 3.  See section 6.3 window 3.

2.4.5
Load voltage NOT INSTALLED ON THIS CONTROLLER 

Load voltage is monitored after the CEMF diode drop. Window -.
2.5
OTHER CONTROL AND MONITOR FUNCTIONS


Contact Digital Solar Technologies for your specific 
requirements.

3.
INSTALLATION


INSTALL THE MPR-9400 CONTROLLER IN ACCORDANCE WITH LOCAL AND/OR NATIONAL ELECTRICAL CODES WHEN APPLICABLE.

3.1
ENVIRONMENT

The MPR-9400 will operate in environmental temperatures from -40°C to 
55°C ambient temperatures with humidity to 95% non condensing. The controller circuitry is designed from -40°C to 85°C.

3.2


3.3


3.4


3.5
INSTALLATION OF OPTION


See Appendix and/or contact DST.

3.6
EXTERNAL CABLE CONNECTIONS



Wires to be connected- Insure polarity is correct!



Battery



Battery sense wires 



Arrays 



Loads  



Battery Temperature sensor. (May have been factory 





installed) 



Wires which may or may not be connected-



LVA control wires 



Fault input wires 



Auxiliary Input wires 



External Battery wires



Alarm output wires



Computer/Modem Telecommunication connection

BE SURE ALL WIRES TO BE CONNECTED TO THE CONTROLLER ARE NOT ENERGIZED AT THIS TIME 

3.8
INITIAL WIRING PROCEDURE

BE ABSOLUTELY SURE THAT THE  WIRES AND POLARITY ARE CONNECTED CORRECTLY AND ALL LOOSE STRANDS OF WIRE ARE IN THERE RESPECTIVE TERMINAL!

3.8.1.
EARTHGROUND

The MPR-9400 has been specially designed to allow the user to install the controller with a common ground, (either negative or positive) or floating ground. If a common ground is used, connect the EARTH GROUND wire to either the battery ground or the grounding BUSS on the MPR-9400. Verify that the sheet metal in the controller is earth ground!

NOTE: THE ARRAY AND LOAD BUS BARS MAY BE ISOLATED TO THE SHEET METAL FROM THE FACTORY. 

3.8.2
BATTERY
Connect the main battery cables using the correct polarity shown on the connection decals/silk-screen located at the terminals on of the MPR-9400.

3.8.3
Battery Voltage Sense

Using 18 to 20 AWG (1mm to 2mm) 2-conductor wires, run the sense wires from the battery to the controller’s I/O panel and connect to the terminal block marked “BATT SENS A & B” NOTE: “B” IS ALWAYS SYSTEM GROUND! THERE MUST BE A 5 AMP FUSE INSTALLED ON THE NON-GROUND CONDUCTOR which will protects these wires in the case of these wires shorting. We recommend to remove this fuse during initial wiring. Replace after powering the controller.
3.8.4
PV ARRAYS
Connect the 1 to 3 PV arrays input cables to the terminals on the 3 array circuit breakers. Ensure the disconnects at the arrays are off so these cables are not energized.

3.8.5
DC LOADS
Connect the loads to the terminals on the 1 or 2 load circuit breakers. Ensure the disconnects at the loads are off.

3.8.7



3.8.8



3.8.9



4
CONTROLLER START UP AND PROGRAMMING 

4.0
TURN “ON” THE SYSTEMS BATTERY DISCONNECT

A.
Check the LCD display or computer screen for the default window display, 
(please wait for the computer to start the program) “1 Bat:  Volts, BatAmp and %SOC” If not there, try disconnecting and reconnecting the battery. Press the keypad switches "LEVEL then "LCD" (or hold down the "LCD") to arrive at LEVEL 0 Window 0.  This keypad sequence may have to be repeated a few times.  The LCD should read the Battery Voltage, NetAmps and %SOC. To change the LCD contrast, press the LCD key until desired brightness level is achieved. 

B.
Check all program all settings as specified in Section 6 by means of the keypad or a connected computer.

C.



D.



E.



5
BATTERY AND ALARM CONDITION INDICATORS
5.1
LED PANEL INDICATORS
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NOTE: 
ALL OF THE RELAY AND ALARM CONDITION STATES ARE ALSO INDICATED ON THE LCD LEVEL 0 WINDOW #4

5.1.1
The Green LOAD LED is the Load #1 ON/OFF indicator.  This LED will turn ON when the Load 1 is ON and will turn OFF when either the LOAD is disconnected by the keypad/LCD (See Section 6.6 Level 3 window 305) or when the LVD1 voltage set point (See Section 6.6 Level 3 window 305) is reached.  In the case when the LVD 1 set point is reached, this LED will not turn ON until the reconnect voltage set point is reached. Turning OFF the Load circuit breaker will not disable the load control circuit so the LED will remain ON.

5.1.2
The Yellow LOW VOLTAGE ALARM (LVA) LED will turn ON when the LVA set point has been reached and will turn OFF when the reconnect voltage setpoint has been reached.

5.1.3
The Yellow MAX LED indicates if the PV array relays are energized or not. When this LED is OFF, one or more of the arrays are still charging the batteries. This LED will turn ON when HVD1 is reached, indicating that the battery has reached the maximum voltage and HVD1 voltage set point has been reached.

5.1.4
The Red HIGH VOLTAGE ALARM LED will turn ON when the HVA set point has been reached and will turn OFF when the disconnect voltage set point is reached.

5.1.5
The Green GENERATOR LED will turn ON when the controller is instructing the generator to run and will turn OFF when the controller instructs the generator to turn OFF. 

5.2
CONTROL SWITCHES

All control switching is accomplished with the LCD and keypad.  Loads, alarms can be enabled or disabled. See LCD Screen LEVEL 3 and Keypad Operation in section 6.

6.
The LCD SCREEN AND KEYPAD OPERATION

The LCD Screen and Keypad are used to view information and change control functions and set points.  Once the general layout of the screen and the functions of the keypad are learned, the 
operation of the controller is easy.  >>After reading this section an example of changing set points is provided in 6.8<< 
[image: image3.wmf]
6.1
LCD Screen

The LCD screen has a two-line digital display.  In general the top line is used to display text describing the numerical or function information appearing on the lower line.  The information on the lower line changes as conditions change or functions are changing.  For instance, the standard display line contains the Text "1 Bat:V   %SOC" on the top line and the values of the voltage and %SOC on the lower line.

Each different display screen is called a  WINDOW.  They are organized 
into 5 different groups called  LEVELs.  There are 5 different LEVELs and up to 15 different WINDOWs in each LEVEL.  The area within a WINDOW which contains a numerical value or function mode text is called a FIELD.  There are up to 3 FIELDs in WINDOW.  Complete descriptions of each WINDOW and FIELD are contained in the following sections.  Each  FIELD can contain a VALUE or a SETTING.  A VALUE is a Number; a SETTING is a text descriptor of a state.  
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In the example above, the LEVEL is 0, the window is 0 and the BatVolts, BatAmps and state of charge VALUEs on the lower line are the FIELDs for this Window.

The CURSOR is a horizontal line at the bottom of a character in a FIELD.  It is visible only if the value or setting in the FIELD is allowed to change.

In order to be able to change values or settings in a LEVEL WINDOW, a correct LOCK NUMBER must be entered at that level.  If no LOCK NUMBER or an incorrect one is entered, then the values and settings are not allowed to be changed.  See the LOCK NUMBER WINDOW under each LEVEL.  

A TIME STAMP is the day/month (dd/mm) and hour:minute (hh/mm) of that event.

The MEMORY DATA is the information which is recorded in non-volatile memory concerning the min/max and average values etc. on LEVEL 100 and in the 1 or 2 mb non-volatile data logging chip.

A general overview of the information available at each LEVEL is shown below:

LEVEL 0- 
Level 0 displays the general status of the PV  system.  It has 11 WINDOWs which are all for viewing only.  There are no settings to change.  The value’s in these WINDOWs are updated.  A * appears on line 2 to indicate when the average time has been reached.

LEVEL 1- 
Level 1 displays the daily, min/max readings with their time/date stamps and other information.  This is called the Memory Data. It has 18 WINDOWs which are all for viewing only.  There are no settings to change.

LEVEL 2- 
Level 2 allows viewing and setting of the systems Generator hours reset, equalization ON/OFF/DISABLED, Load timing, Arrays OFF at night, date time, Day of the week, end of day for data logging. Call out on Alarm control, Level 2 has 11 WINDOWs. Settings are protected by LEVEL 2 LOCK NUMBER.  Settings at this LEVEL are intended for use by personnel in the field.

LEVEL 3- 
Level 3 allows viewing and setting of many system parameters including Charge algorithm all PV and Load relay functions and set points, HVA, LVA, Temperature coefficient, Equalization days and voltage boost, battery AH capacity, Battery efficiency, Number of charge cycles to reset SOC, Generator ON/OFF voltages, Generator maintenance runs, Generator net amps control, AC delay settings, generator maximum run time and equalization maximum hours, deficit charge settings.  Level 3 has 20 WINDOWs.  Settings are protected by LEVEL 3 LOCK NUMBER.  Settings at this LEVEL are intended for use by personnel at installation time.

LEVEL 4- 
LEVEL 4 allows viewing of system calibration value’s and information.  It has 10 WINDOWs which are all for viewing only.  Settings at this LEVEL are done at the factory and are provided for diagnostic purposes. It is possible for technicians to program this level but DST must be contacted.

6.2
KEYPAD KEY FUNCTIONS

The Keypad consists of nine tactile membrane switches. SET, CLEAR, LCD, LEVEL, FIELD,.  If a key depressed momentarily the function is activated once.  If a key is held in the depressed position, the function is activated repeatedly.  This feature is especially useful when changing value’s with the up arrow, and down arrow keys. The Function of each key is similar in each WINDOW.  If a Keypad is not depressed in approximately 10 minutes, then the display is returned to LEVEL 0 WINDOW 0. Use the LEVEL or LCD key to go to the LEVEL 0 display




A summary of the function of each key follows: 





The LCD key is used to lighten or darken the characters in the LCD display.  It also sets the display to LEVEL 0 WINDOW 0 THE DEFAULT SCREEN. IF the key has not been pressed for 1 second, the direction of travel reverses for the contrast.  For instance, if repeated presses are lightening the display, pausing for 1 second will cause the next key press to darken the display.  If the display reaches the darkest or lightest setting, it will also reverse direction.

The level key is used to move to the next higher LEVEL. It is also used with the LCD key to wake up the portable Keypad/Display (see the description under LCD).  When the display is at LEVEL 4, the next key press goes to LEVEL 0. When going to the next LEVEL, the WINDOW is always set to 1 in that LEVEL.


The RIGHT ARROW key moves to the next higher WINDOW on a LEVEL.  IF the last WINDOW on a LEVEL is visible and the key is pressed, then the display returns to the first WINDOW.


The LEFT ARROW key moves to the next lower WINDOW on a LEVEL.  If the first WINDOW on a LEVEL is visible and the KEY is pressed, then the display goes to the last WINDOW on that LEVEL.


The UP ARROW key increases the VALUE or SETTING in a FIELD.  The key is disabled if the LEVEL is locked.  If the FIELD is a VALUE, this key increases the numerical value.  When the highest value is reached, the value loops around to the lowest value. If the field is a SETTING, the FIELD goes to the next setting in the available list. After the VALUE or SETTING is changed, the SET key must be used to record the changes.  The VALUEs or Setting’s in several FIELDs in one WINDOW can be changed before using the SET key to record the changes all the FIELDs.  IF any key other than UP, DOWN ARROW, or FIELD is pressed before the SET key, any changes will be canceled.






The DOWN ARROW key decreases the VALUE or SETTING in a FIELD.  It functions like the UP ARROW key.




The Set key is used to set new value’s or settings into the system memory after making changes with the UP and DOWN ARROW keys. It is also used to reset the data memory and to unlock access with the LOCK NUMBER. A new value or setting is not recorded in memory until the Set key is pressed. After the Set function is completed the Clear or LCD key must be pressed. The Clear key returns the display to the current WINDOW. The LCD key returns the display to LEVEL 0 WINDOW 1.


The Clear key is used to cancel any changes to value’s and setting which have not been set with the Set key and to proceed after a Set function has been performed. If used to cancel changes, press Clear again or press the LCD key to proceed. When the Clear key is pressed, the display is returned to the current WINDOW.


The FIELD key moves the CURSOR to the next FIELD in that WINDOW. This key only works if the CURSOR is visible, that is, a correct LOCK NUMBER has been entered at that LEVEL.

6.3
Level 0 WINDOWs

THE CONTROLLER WILL BE IN A LOW POWER CONSUMPTION MODE IF NO KEY HAS BEEN PRESSED IN 10 MINUTES. TO WAKE UP THE CONTROLLER HOLD DOWN ANY KEY.

Note: in this and subsequent Level sections, the numerical value’s on the screen are shown and each possible text setting is listed below the screen illustration. See Level 0 Window 0. The *  on the second line appears when the average time is reached and the value’s are the averaged ones. See WINDOW 402 for information on the average time.

LEVEL 0 WINDOW 1


This window displays the present battery voltage, Present net amps into/out of the battery and the state of charge of the battery. SOC% is the State Of Charge of the Battery.

LEVEL 0 WINDOW 1

TimeRem indicates the time remaining before the battery becomes depleted, at the level of load currently being sourced by the battery. AHrs indicates the total Amp Hours of battery capacity remaining.

LEVEL 0 WINDOW 2

This window shows the current total amps in from all sources, the total amps out to the batteries and loads, and the current load amps.

LEVEL 0 WINDOW 3

This window shows the current amps in from the PV, rectifiers, and wind sources.

LEVEL 0 WINDOW 4

This indicates the state of the two PV array input contactors, two load output contactors, if the High Voltage Alarm and Low Voltage Alarm are ON/OFF, and if the Array Power Alarm is ON/OFF. The above sample illustrates that PV channel 1 is ON or charging, both loads are ON, the HVA and APA are OFF, and the LVA is ON.

LEVEL 0 WINDOW 5

This indicates the state of the Fault indicators. In this example, both fault indicators are OFF.

LEVEL 0 WINDOW 6

This window indicates the total battery amp hours accumulated thus far today, and the total amp hours sourced by the battery to the loads thus far today.

LEVEL 0 WINDOW 7

This window shows the total amp hours expended thus far today, and the total amp hours sourced to the loads thus far today.

LEVEL 0 WINDOW 8


This window shows the total amp hours accumulated thus far today from all sources (rectifiers and PVs), and the amp hours accumulated from the PVs thus far today.

LEVEL 0 WINDOW 9

This window shows the total amp hours accumulated thus far today from the rectifiers and wind.

LEVEL 0 WINDOW 10

This window shows the total amp hours accumulated by the batteries and the total amp hours sourced by the batteries since the last data reset.

LEVEL 0 WINDOW 11

This window shows the total amp hours supplied to all sources (batteries and loads) and the total amp hours supplied to the loads, since the last data reset.

LEVEL 0 WINDOW 12


This indicates total amp hours accumulated from all sources (rectifiers and PVs) and the total amp hours accumulated from the PVs, since the last data reset.

LEVEL 0 WINDOW 13


This indicates total amp hours accumulated from the rectifiers and wind, since the last data reset.

LEVEL 0 WINDOW 14


This indicates current temperatures of the batteries, and the temperature of the MPR-9400 unit.

LEVEL 0 WINDOW 15


LEVEL 0 WINDOW 16


This window shows the computed High Voltage Disconnect voltages, scaled for the current mode (Float or Equalize), and adjusted for temperature compensation.

LEVEL 0 WINDOW 17


This window shows the watts per square-meter calculation for the PV source.

6.4
Level 1 WINDOWs

All WINDOWs on this LEVEL are for viewing only. This level shows the data logging for today and yesterday.

LEVEL 1 WINDOW 100

This window indicates the maximum battery voltage thus far today, and the time at which the peak voltage occurred.

LEVEL 1 WINDOW 101

This window indicates the minimum battery voltage thus far today, and the time at which the minimum voltage occurred.

LEVEL 1 WINDOW 102

This window indicates the maximum battery amps thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 103

This window indicates the maximum battery amps thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 104

This window indicates the maximum output amperage thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 105

This window indicates the maximum load amperage thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 106

This window indicates the maximum input amperage thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 107

This window indicates the maximum PV amperage thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 108

This window indicates the maximum PV amperage thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 109

This window indicates the maximum wind amperage thus far today, and the time at which the peak amperage occurred.

LEVEL 1 WINDOW 110

This window indicates the maximum battery temperature thus far today, and the time at which the peak temperature occurred.

LEVEL 1 WINDOW 111

This window indicates the maximum battery temperature thus far today, and the time at which the peak temperature occurred.

LEVEL 1 WINDOW 112

This window indicates the maximum MPR-9400 unit temperature thus far today, and the time at which the peak temperature occurred.

LEVEL 1 WINDOW 113

This window indicates the minimum MPR-9400 unit temperature thus far today, and the time at which the minimum temperature occurred.

LEVEL 1 WINDOW 114
This window indicates the maximum battery voltage recorded since the last data reset, and the date and time at which the peak voltage occurred.

LEVEL 1 WINDOW 115
This window indicates the minimum battery voltage recorded since the last data reset, and the date and time at which the minimum voltage occurred.

LEVEL 1 WINDOW 116
This window indicates the maximum battery amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 117
This window indicates the minimum battery amperage recorded since the last data reset, and the date and time at which the minimum amperage occurred.

LEVEL 1 WINDOW 118
This window indicates the maximum output amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 119
This window indicates the maximum load amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 120
This window indicates the maximum input amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 121
This window indicates the maximum PV amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 122
This window indicates the maximum rectifier amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 123
This window indicates the maximum wind amperage recorded since the last data reset, and the date and time at which the peak amperage occurred.

LEVEL 1 WINDOW 124
This window indicates the maximum battery temperature recorded since the last data reset, and the date and time at which the peak temperature occurred.

LEVEL 1 WINDOW 125
This window indicates the minimum battery temperature recorded since the last data reset, and the date and time at which the minimum temperature occurred.

LEVEL 1 WINDOW 126
This window indicates the maximum MPR-9400 unit temperature recorded since the last data reset, and the date and time at which the peak temperature occurred.

LEVEL 1 WINDOW 127
This window indicates the minimum MPR-9400 unit temperature recorded since the last data reset, and the date and time at which the minimum temperature occurred.

6.5
Level 2 WINDOWs

LEVEL 2 WINDOW 200

This WINDOW will show the first display above until a correct Lock Number has been entered by changing the value’s and pressing SET. Then the WINDOW will show the second display which allows the user to change the Lock Number. If the correct combination lock number is set in the previous window, OR the Lock number over ride program jumper is on installed (located on the back or front of the CPU PCB) then a new lock number can be programmed, always retain this number!  See section 6.8

LEVEL 2 WINDOW 201

This window allows the user to record today’s data (min/max data and amp hour totals) to non-volatile memory. This is normally done only just prior to a power-down of the MPR-9400 unit, when you don’t want to lose today’s data (today’s data is stored in RAM, which is erased if the unit is powered down).

LEVEL 2 WINDOW 202

This window allows the user to reset the recorded accumulated amp hour totals to zero. This affects the values displayed on level 0, windows 10-13.

LEVEL 2 WINDOW 203

This window allows the user to reset the stored Min/Max values. This affects the values displayed on level 1, windows 115-129.

LEVEL 2 WINDOW 204

This window allows the user to select the charge mode. Valid settings are “Normal” (Float) and “Equalize”.

LEVEL 2 WINDOW 205

This window allows the user set the current date.

LEVEL 2 WINDOW 206

This window allows the user to set the current time.

LEVEL 2 WINDOW 207


This window allows the user to set the current Day of Week, as well as the Time Correction factor. The Time Correction factor is the number of seconds added (or subtracted) from the clock each night at midnight. This value can be used to compensate for drifting of the internal clock.

LEVEL 2 WINDOW 208  


This window allows the user to set the time of day when Load 1 will be enabled. If load switching is not desired, the load timer may be set to ‘Disabled’.

LEVEL 2 WINDOW 208  


This window allows the user to set the time of day when Load 1 will be disabled.

LEVEL 2 WINDOW 210  


This window allows the user to set the time of day when Load 2 will be enabled. If load switching is not desired, the load timer may be set to ‘Disabled’.

LEVEL 2 WINDOW 211  


This window allows the user to set the time of day when Load 2 will be disabled.
6.6
LEVEL 3 WINDOWs

LEVEL 3 WINDOW 300

This WINDOW will show the first display above until a correct Lock Number has been entered by changing the value’s and pressing SET. Then the WINDOW will show the second display which allows the user to change the Lock Number. If the correct combination lock number is set in the previous window, OR the Lock number over ride program jumper is on installed (located on the back or front of the CPU PCB) then a new lock number can be programmed, always retain this number!  See section 6.8

LEVEL 3 WINDOW 301 through 303



These windows are used to set the ARRAY 1 to Array 3  Disconnect and reconnect voltages.  Each array input will disconnect at the Disc voltage and will reconnect when the battery voltage drops to the Recon voltage setting. The user has the ability to set these HVD control channels to AUTO mode (factory setting), PV OFF and PV ON. PV OFF and PV ON will override the HVD settings.

LEVEL 3 WINDOW 304


This window allows the user to set the number of seconds which will elapse between the time that a Low-Voltage Disconnect condition occurs, and the time when the LVD relay contacts close.

LEVEL 3 WINDOW 305 and 306


These are the set points for Low Voltage Disconnect relays #1 and #2. WINDOW 303 sets the Low Voltage disconnect and reconnect voltages for LVD #1. WINDOW 304 sets the Low Voltage disconnect and reconnect voltages for the LVD #2. The user has the ability to set these LVD control channels to AUTO mode (factory setting), LD OFF and LD ON. LD OFF and LD ON will override the LVD settings.

LEVEL 3 WINDOW 307 and 308



These WINDOWs are used to set the alarm voltages and reset voltages for the high voltage alarm and low voltage alarm.

LEVEL 3 WINDOW 309


This WINDOW allows the user to set the Temperature Compensation value. This value affects the computed High-Voltage and Low-Voltage Disconnect set points.

LEVEL 3 WINDOWs 310 and 311



These windows are used to set the temperature range over which the Temperature-Compensation algorithm is applied. The Temperature Compensation adjustment is only in effect if the unit temperature falls in the range between the Tcomp Min and the Tcomp Max.

LEVEL 3 WINDOW 312


Use this WINDOW to set the number of days which will elapse between battery cell equalization cycles. Vboost is the amount that the system voltage will be boosted (above the float voltage) when the system is in cell-equalization mode.

LEVEL 3 WINDOW 313


Use this WINDOW to set the number of amp hours of battery capacity. This number reflects the maximum amp hour capacity of the batteries assuming the batteries are fully charged.

LEVEL 3 WINDOW 314

Use this window to set the efficiency of the batteries. This parameter is usually set to around 90%

LEVEL 3 WINDOW 315

Use this window to set the dark-protect amps. 

LEVEL 3 WINDOW 317

Use this window to set the charging mode. Valid settings are EBBM and Voltage.

LEVEL 3 WINDOW 318

Use this window to set the Array Power Alarm amps and percentage.

LEVEL 3 WINDOW 319

Use this window to set the Array Power Alarm threshold.

6.7
Level 4 WINDOWs

LEVEL 4 WINDOW 401


This WINDOW shows the serial number of the unit. Though this number may be changed, it is not recommended that you do so.

LEVEL 4 WINDOW 402


This window allows the user to set the nominal voltage of the system. This is usually 12, 24, or 48.
LEVEL 4 WINDOW 403


This variable sets the battery voltage measurement gain (Cal) calibration an zeroing factor. 

LEVEL 4 WINDOW 404


These variables set the Load amps calibration factors for gain (Cal) and offset (Zero).  The installed Load current measurement shunt value (amperes per 50 mV output) All Shunts are programmable from 5 to 995 Amps.
These variables set the PV amps calibration factors for gain (Cal) and offset (Zero).  The installed PV current measurement shunt value (amperes per 50 mV output) All Shunts are programmable from 5 to 995 Amps

LEVEL 4 WINDOW 405


These variables set the PV amps calibration factors for gain (Cal) and offset (Zero).  The installed PV current measurement shunt value (amperes per 50 mV output) All Shunts are programmable from 5 to 1275 Amps

LEVEL 4 WINDOW 406


These variables set the Rectifier amps calibration factors for gain (Cal), offset (Zero), and the installed OR external Rectifier current measurement shunt value (amperes per 50 mV output) All Shunts are programmable from 5 to 1275 Amps.

LEVEL 4 WINDOW 407


These variables set the Wind amps calibration factors for gain (Cal), offset (Zero), and the installed OR external Wind current measurement shunt value (amperes per 50 mV output) All Shunts are programmable from 5 to 1275 Amps.

LEVEL 4 WINDOW 408








This variable sets the battery temperature sensor’s metering factor.

LEVEL 4 WINDOW 409








This variable sets the MPR-9400 Unit temperature sensor’s metering factor.

LEVEL 4 WINDOW 410








This variable sets the Sun calibration metering factor.

6.8
PROGRAMMING EXAMPLE
The following example follows the steps to complete this program change.

To change the HVD2 set points: Level 3 window 301, HVD2, change the Disconnect and Reconnect voltages. The LCD will be in the default window LEVEL 0 WINDOW 0


Press the LEVEL key three (3) times; 








Enter password number by pressing the UP ARROW 20 times or hold down to change the first double digits to 20; Say the password number combination is 20 30 40


Now press the FIELD key once to move the cursor, and press the UP ARROW 30 times or hold down until 30 appears; 





Now press the FIELD key once to move the cursor and press the UP ARROW 40 times or hold down as before to change the third set of digits to 40;



NOW PRESS THE SET KEY TO ENTER THE COMBINATION.


Now press the CLEAR key to continue, the following window will appear and will allow the user to change to a new combination number, if so desired.


If desired, change the combination in the same manner as described above.
Now press the RIGHT ARROW to access WINDOW 301;

Now press the RIGHT ARROW one (1) time to access WINDOW 302;

The cursor will be under the HVD2 Mode setting, To change the Disconnect voltage, say to 56.80, press the Field key once to highlight the Disc voltage field. Press the UP ARROW or DOWN ARROW keys until the field contains the desired value. 

NOW PRESS SET KEY ONCE THEN CLEAR ONCE;


THE PROGRAMMING IS COMPLETE. PRESS THE LCD KEY IF YOU WANT TO RETURN TO LEVEL 0 WINDOW 0.

7.  Troubleshooting
Most operational failures will result in a low battery voltage condition (or load disconnect), and a few will result in high battery voltage.  A range of items can cause these system failures.  Some types of failure can cause either high or low voltages.  This manual is organized to discuss low voltage first, then high voltage, and finally other types of failures/problems.

7.1   Low battery or LVD

Many different items can cause a low battery voltage condition.  The system may have problems or the load may be using more energy than a fully functioning system of the specific ratings can generate at the site location because of many reasons.  These procedures should enable identification of the cause of problems and indicate the repairs needed.

7.1.1   Low voltage caused by PV array problems
Problems within the PV array may cause the PV array to deliver fewer amp-hours of current into the battery than the array should produce for the conditions.

7.1.1A   Modules

PV modules are generally very reliable, but they can be the source of problems in a properly designed and installed system.  Modules can be installed with reverse polarity or there may be excessive dirt on the array.  Modules can degrade and fail partially or totally.  Loss of fill factor in a module or array is difficult to determine in the field without special I-V measuring equipment.  Simply measuring open circuit voltage and short circuit current may not identify the problem.

7.1.1B   Wiring and fuses

PV array wiring can contribute to low system performance.  The array can be incorrectly wired, utilize cable of insufficient diameter (gauge) for the distances, or have open fuses or circuit breakers.  Generally, the voltage drop from the PV module terminals to the PV system controller should be less than 2% at full output unless system design was based on another value.  Check all the wiring and make certain that all module strings are producing the proper charging current.  This can easily be done by covering each module string with a material that blocks the sunlight, while at the same time observing the reduction in PV array current (using the MPR-9400).  For those systems with a calibrated reference module, check that the output of the PV array is in proper proportion to the irradiance.

7.1.1C   Bypass/blocking diodes

PV arrays operating at greater than 12 volts should have bypass diodes and string blocking diodes. The bypass diodes protect the PV module from hot spot heating that can develop due to shadows on the array or other problems.   String blocking diodes are required when there are bypass diodes so as to protect the bypass from excessive currents that could flow through a bypass diode from other parallel module strings.  A shorted bypass diode or a open blocking diode will degrade PV array performance.  Shorted bypass diodes are difficult to locate.  Measuring the operating voltage of each module will identify problems.  Low voltages can be caused by shorted diodes or module problems that limit output.  Remove the bypass diode across portions of a low operating voltage module and re-measure the voltage.  If the voltage increases, the diode is defective and must be replaced, otherwise the PV module is defective.

7.1.1D   Ground fault
If any of the wires within a PV array developed a fault to ground, the output of the array will be reduced.  Measure the current in the grounding rod cable from the controller to check for ground faults.  If faults exist, each module string should be check for either faulty wiring or shorting within the module.

7.1.2  Low voltage caused by controller problems

Several items within the controller (MPR-9400, circuit breakers, MDR, wiring, etc.) can reduce or stop charging of the battery.

7.1.2.1  CB open or tripped
An open or tripped circuit breaker in the PV array charging circuit can cause a system low voltage condition.  Always check that none of the circuit breakers have tripped.

7.1.2.2  MDR not closed
The MDR relays that control PV charging are of the normally open (NO) type.  This results in the default condition being to- not charge the battery.  Problems with the MPR-9400 may cause these to become deactivated (open) when the PV array should be charging the batteries.  Use a multimeter to check for voltage on the coil terminals of the MDR when battery voltage is low enough to cause charging by both MDRs.  No Voltage on the coil terminals of the MDR indicates either a problem in the wiring to the MDRs or a MPR-9400 problem.

7.1.2.3  MPR not sensing battery voltage 

Proper operation of the MPR-9400 requires that the battery sense terminals be connected to the battery terminals so as to be able to sense exact battery voltage (without any effect of resistance in the power wiring).  These leads should be fused at the battery end to protect against a short circuit in the battery sense leads, or an opening in the main grounded power lead from the battery that could cause current to flow in the sense leads.  An open connection, perhaps caused by an open fuse, will cause a lower than true battery voltage reading (2% to 5%). Reverse polarity connection of the battery sense leads will cause the MPR-9400 to sense 0 volts and the LCD meter will indicate 40.00 on a 48 volt nominal system (20.00 or 10.00 depending on the systems nominal voltage.  Use a multimeter to check that the voltage on the sense terminals of the MPR-9400 (illustrated in Section 7.2.1.6) is exactly the same as the battery voltage measured at the battery main power terminals.

7.1.2.4  Temperature probe
The MPR-9400 will detect a shorted or open temperature sensor, but may not detect a damaged or improperly located temperature sensor.  A temperature sensor should have a resistance of 10,000 +/- 10% ohms at 25°C and this value will decrease with rising temperature.  If the resistance of the sensor is not correct for the battery temperature, the MPR-9400 will over or under charge the batteries.  Improper installation, such as not attaching the sensor to the battery bank, can cause inaccurate measurements.  

7.1.2.5  Low voltage caused by MPR setup/calibration
Low or high battery voltage can be caused by an improperly programmed MPR-9400.  Check that all value’s in Section 6 are as specified for the system.

The basic calibration of the MPR-9400 is determined by factory settings in the LEVEL 4 menu.  Configuration of a controller for a specific situation is accomplished  in the LEVEL 3 menu.  If these settings are not correct for the unit, inaccurate operation will result.  If a MPR-9400 is removed from one system for testing or repair, the replacement unit must be properly calibrated for the system it is installed in.  Items such as the value of current measuring shunts may be different in the various controllers.  The MPR-9400 is designed to use 50 mV shunts.  Check that the value of the shunts matches the  LEVEL 4 menu settings (see Section 6.7).

7.1.2.6  Field Testing the MPR-9400 functions

The basic operation of the MPR-9400 and the MDRs controlled by it can be checked in a operating system by first installing a temporary bypass across the power terminals of the LOAD MDR, disconnecting the battery sense (-) wire from the I/O board of the MPR-9400, and then applying a variable source of nominal 48-volt power to the battery sense terminals of the MPR-9400 I/O panel.  By carefully varying and measuring the applied test voltage, the operation of the MPR-9400 can be tested.  The test voltage supply must be capable of output voltages greater than the battery voltage, requiring another source of power.  One way of obtaining a test voltage is to utilize the open circuit voltage of the array as shown in Figure 10.  Another method is to use a variable power supply operated from mains power or a generator or a 12V/75V DC/DC converter coupled with a potentiometer.  After testing, be sure to remove the bypass across the load low voltage disconnect MDR. An MPR-9400 that does not function properly is then checked for proper menu settings.  If menu settings are proper, the MPR-9400 should be replaced and repaired in a proper facility.

[image: image4.wmf]
Figure 10 - Field Testing MPR-9400 control operation NOTE: THE ABOVE SYSTEM IS A POSITIVE GROUND SYSTEM.

7.1.2.7  MPR-9400 hardware problems

7.1.2.7A  I/O board problems

The I/O PCB drawing is located in the manual Appendix. Testing of the FET relay drivers is accomplished by measuring the voltage across the 2 terminals for each relay driver located on the removable terminal blocks, to determine if the driver circuit is functioning properly. The left 6 position terminal block which are labeled-  [HVD1, LOAD, AUX (which is HVD2)], The third from the left terminal block which is labeled- [CH7 (which is HVD3), CH8 (which is LVD2) and CH9 (which is the AC delay relay driver)] Reference the I/O PCB drawing to determine which FET relay driver needs to be tested. If the relay should be driven, there will be voltage across these terminals and if not there will be no or minimal voltage across these terminals Check window #4 to determine if the relay channel should be driven. NOTE: DO NOT SHORT THESE TERMINAL, THE FET WILL BE DESTROYED IF SHORTED!
7.1.2.7B  CPU problems

The main computer board in the MPR-9400 is the board located on the back of the hinged instrument panel.  This board will seldom fail due to the nature of the components.  The only field testing that can be done on this board is to test several test point voltages according to Figure 11.  If these voltages are not correct, the problem may be with the relay board (see 7.1.2.7A).








FIGURE 11

7.1.2.7C  Display problems

Changes in controller temperature may affect the contrast of the LCD display.  If the display is difficult to read or blank, see the instructions for the LCD key on the MPR-9400 keypad to adjust the display contrast. If a LCD display is showing partial or black squares, the LCD module is at fault. Install a replacement LCD to determine the nature of the problem.

7.1.3  Low voltage caused by system size or design

Some of the possible reasons and corrections are:

1.
The solar irradiation (insolation) at the worst time of the year is less than that used to design the system and specify the PV rating and battery capacity necessary for reliable operation.

2.
The load is using more energy than anticipated. (The MPR-9400 WINDOW #1 that displays amps and window #2 that displays the amp-hours from the Load and PV information can help make this analysis).

3.
The tilt or direction of the PV array is not proper for the situation.

7.1.4  Low voltage caused by other items

Some of the possible reasons and corrections are:

1.
Low effective battery capacity due to aging or damage to the battery.  Test the capacity of the battery bank.

2.
Voltage drop in the cables.  Measure voltages carefully with a high resolution digital multimeter on both ends of all power cables.  The total voltage drop at full current should be less than 2% of the nominal voltage (i.e. 1 volt on a 48-volt system).  A voltage drop between the PV array and the controller may cause the PV array to operate at a voltage above the Vmax point of the array at the normal module temperatures.  This will cause a substantial decrease in PV array current.  Study the electrical characteristics of the array and use a calculation program such as I-V Curve to determine the shape the PV array should have for the actual voltage and temperature of the installation, then compare this to the operating voltage and current to see if there is a possible PV array problem.

7.2        High battery voltage
Higher than specified battery voltage is most likely caused by a controller that is not properly regulating the charging of the battery.  The main part of the problem may be with elements other than the main MPR-9400 controller.  The major possibilities are listed below.

7.2.1  Controller not regulating (Overcharging)

Many items can cause a MPR-9400 controller to overcharge a battery.  Review Sections 7.1.2.3 to 7.1.2.7 as these same items can in some cases cause overcharging.

7.2.2  MDR failure

See Section 7.1.2.2 for a description.  A shorted mosfet relay driver or wiring to the MPR-9400 can cause the MDR to remain closed and allow over charging of the battery.

7.2.3  MPR-9400 not powered

This situation should be obvious as the MPR-9400 screen will be blank and no LEDs will be on.  Since the system uses normally open MDR relays for control of PV charging, the PV array will not be charging the batteries and may under charge the batteries since the LVD1 and LVD2 are normally closed relays.  Check that power is present on terminals  marked POWER IN on of the MPR-9400 I/O board. Drawing located in the Appendix.

7.2.4  MPR Field Programming Error

Make certain that the parameters in Section 6 are properly entered into the MPR-9600 menu WINDOWs.  Overcharging can be caused by the equalize options not being set properly. NOTE: REFERENCE THE “BIRTH CERTIFICATE” WHICH WILL INDICATE THE CONTROLLERS SETTINGS FROM THE FACTORY.

7.2.6  MPR not working correctly

If the MPR-9400 is not operating properly and overcharging the battery, the following items should be checked.

7.2.6A  Level 4 calibration problems

See Section 7.1.2.5.

7.2.6B  Temperature probe

See Section 7.1.2.4.

7.2.6C  Field Tests

See Section 7.1.2.6 for the procedure to field test the operation of the MPR-9400.

7.3  Alarms

If the low voltage, high voltage, PV array  alarms are operating improperly, first check the settings in the menu (Section 6), then test the operation of the MPR-9400 as in Section 7.1.2.5 paying attention to the alarm relay states.

7.4  Battery

All batteries will slowly degrade during normal operation and at sometime will have to be replaced to maintain reliable system operation.  One of the main causes of battery degrading is the effect of temperatures above 25°C.  These high temperatures cause the acid in the battery to attack the lead grids faster than normal, turning the grids into other compounds and causing a loss of grid conductivity.  This effect is measured as effective capacity loss.  Most battery manufacturers recommend replacing a battery when its effective capacity degrades to 80% of its rated capacity.  (For this reason, a PV system battery should be sized to provide the required amount of storage with batteries that are only 80% of the rated capacity).  

As the battery ages two related items also change, self-discharge current and battery amp-hour efficiency.  In these systems the MPR-9400 can be indirectly used to estimate battery amp-hour efficiency by setting this variable to 100% (factory setting at 90%, set in WINDOW 313), then observing the maximum battery SOC% displayed as the battery becomes fully charged.  When the voltage indicates the battery is fully charged (defined as 5 HVD cycles), the SOC% will be reset to 100%.  Watching this takes a great deal of time, but provides information on the health of the battery.

Battery banks can also develop high resistance interconnections, leaks of electrolyte, and high resistance leakage to ground that will discharge the battery.
8
COMPUTER AND MODEM OPERATION WINDOWS PROGRAM ONLY PVD VERSIONS
The MPR-9400's data acquisition and control functions are accessible by computer, either by direct connection or by telephone modem. Using the computer cable assembly or modem option and software, the user is able to down load the controller's data and also change any set point.

MPR-9400 COMMUNICATIONS SOFTWARE INSTRUCTIONS
Getting Started with the MPR-9400 MPRCOMM Software

These instructions assume you understand the Windows operating system

Hardware and Software Requirements

To use MPRCOMM, you need the following system software and equipment:

· A Pentium-class PC, running Microsoft Windows 98/ME/NT/2000/XP.

· Color monitor capable of displaying a screen resolution of 800x600 or greater

· Printer

· To communicate locally with a MPR-9400 unit you must have a standard (straight-through wired) “modem cable”.

· Either an internal or external modem on your PC.

· START COMPUTER SO IT IS RUNNING UNDER WINDOWS

Installing MPRCOMM on a hard disk
1.
Start computer so it is running under Windows.

2.
Execute the “MPR9400.exe” program from the root folder of your installation CD. The MPR9400.exe program is a self-extracting archive which will automatically launch the MPR-9400 software installer.

3.
Follow the on-screen instructions to install the software. You may choose a custom drive and path for the software if you wish (default installation location is C:\MPR9400.

4.
When the installation is complete, you may be prompted to restart your computer. 

5.
Execute the program via the MPR-9400 icon which was created on your desktop, or by selecting it from the Programs menu. 

Local Communications Connection for the first time

1. Connect the modem cable to the serial port on your computer

2. Connect the other end of the cable to the DB9- RS232 port located on the MPR-9400 PCB (only if a modem is not installed) or the DB9 port on the modem card located on the back of the instrument panel.

3. Run the MPRCOMM by clicking on its desktop icon, or select the MPR-9800 program from the Programs menu.

1. Select the menu "Options" and click on the "Settings" submenu. See Screen figure #7 and #8A through #8C. In the “General” Settings screen (Figure #8A), the “Demo Mode” setting places the software in demonstration mode. Please ensure that the Demo Mode option is unchecked for normal program operation. If your PC has less than 32MB of system memory, you may find that performance is improved by placing a checkmark in the “Use Low-Resolution Map” checkbox. If you wish to automatically update the Status screen while connected, you may select the “Automatically update status” option, and type an interval in the corresponding text box. The interval should be at least 10 seconds.

2. In figure #8B (the Modem Settings screen), the Comm Settings: are "COM Port", where you must set the communications port you are using on your computer 1,2 3 or 4; i.e.; Local connections may be on port #1 and your remote connections using your modem may be on port #2 or #3. The "Baud" rate which will be either 1200/2400 or 9600 for communicating with the MPR-9400 USE the baud rate that was set up for your controller SEE the birth certificate; “Data Bits”, “Parity”, and “Stop Bits” will always be “8”, “N”, and “1”, respectively. Leave the “Flow Control” set to “RTS/CTS” and the “Enable RTS” option checked unless otherwise instructed. “Enable fast EOT checking should always remain checked. You may set the number of rings for the modem auto-answer mode in the “Auto Answer Rings” combo box.

3. In Figure #8C, you may set the communication parameters for the Direct Cable connection. Select a COM Port from 1 to 16. The “Data Bits”, “Parity”, and “Stop Bits” should be set to “8”, “N”, and “1”, respectively. The Baud Rate will be either 1200 or 9600, depending on the version of the MPR-9400 unit to which you will be connecting. Unless otherwise specified, the Flow Control should remain set to “RTS/CTS”

7. Select "OK" to accept the parameter changes. You will be asked to restart the program for the changes to take effect.

8. Select "Connection" on the Pull Down menus and choose "Direct Cable Connection". this will down load the MPR-9400's information. This may take approximately 1 minute.

NOTE:
After the comm settings are correct and saved, in the future you can select "Direct Cable Connection" on the first screen to appear after booting the program. See Screen Fig. #1. 

Remote Modem Communications Connection
1. If an external modem is used, connect the modem to the serial port of your computer with the proper cable and connect the phone line to the modem.

2. Run the program

1. If you have already configured the software for modem communications, skip to step 4. Otherwise, select the menu "Options" and select the "Settings" submenu. Click on the “Modem” tab of the Settings dialog. See figure #7 and #8B. On figure #8B, the Comm Settings: are "COM Port", where you must set the communications port you are using on your computer 1,2 3 or 4; The "Baud" rate which will be 1200, or 9600 for communicating with the MPR-9400; “Data Bits”, “Parity”, and “Stop Bits”, which will always be “8”, “N”, and “1”, respectively. Leave the “Flow Control” set to “RTS/CTS” and the “Enable RTS” option checked unless otherwise instructed. “Enable fast EOT checking should always remain checked. You may set the number of rings for the modem auto-answer mode in the “Auto Answer Rings” combo box. Click “OK” to save these settings. You will be asked to restart the program for the changes to take effect.

4. From the “Connection” pull-down menu, select “Modem Connection”. Click “Yes” to confirm that you wish to establish a modem connection. In the dialog box that appears, Type in the remote phone number of the modem which is connected to the MPR-9400 controller.

5. If you have a speaker on your modem you will hear the “HAND SHAKING” of the two modems. The “CONNECTION TO REMOTE” will appear the comm. software will down load the MPR-9400's information. If you experience an ERROR message, click the “Disconnect” button to hang up the modem. If problems persist, you may need to change the initialization string for your PC modem. IF ERROR MESSAGES CONTINUE TO APPEAR, TRY CHANGING YOUR INITIALIZATION STRING IN THE “SELECT MODEM” SCREEN UNDER THE “OPTIONS” PULL-DOWN MENU. YOU MAY CHANGE THE INITIALIZATION STRING MANUALLY, OR IF YOU PREFER, YOU MAY TRY SELECTING A DIFFERENT MODEM IN THE “AVAILABLE MODEMS” DROP-DOWN BOX. FOR MOST APPLICATIONS, THE “DEFAULT” MODEM IS SUFFICIENT. IF YOU CHOOSE TO ALTER YOUR INITIALIZATION STRING MANUALLY, MAKE SURE IT ENDS WITH “S0=0”

6. To disconnect the telephone, use the "Hang up" command under "Connections"

NOTE:
After the comm settings are correct and saved, in the future you can SIMPLY select "Modem Connection" on the first screen to appear after booting the program. See figure #1. 

The MPR-9400 information levels
After the controller's information is downloaded, the screen will now show the 5 LEVELs of information.

To view the individual levels, use the menu “LEVELS” and select the level you desire. See Screen Figures #3,9,10,11,12 and 13.

To change settings in levels “CONTROLS”, “INSTALL” and “FACTORY”, you must first “UNLOCK” the level by selecting the “UNLOCK” menu and select the level desired and enter the lock number (a “Security” screen will appear automatically the first time you attempt to open any of these screens). After the lock number is entered select “OK”. See Screen Fig. #5. THE COMBINATION LOCK NUMBERS FOR “CONTROL” AND “INSTALL” LEVELS ARE 00 00 00, AND THE COMBINATION NUMBER FOR THE FACTORY LEVEL IS 1 2 3. DO NOT CHANGE ANY CALIBRATION FACTORS IN THE “FACTORY” LEVEL UNLESS ABSOLUTELY NECESSARY! THIS “FACTORY” LEVEL NUMBER SHOULD BE USED ONLY TO ENTER THE TWO CALL-OUT TELEPHONE NUMBERS FOR THE AUTOMATIC CALL OUT ON ALARM FUNCTION!

When the level desired is unlocked, you can change settings by using your mouse to click the up or down spinners next to each parameter. Once you change the setting, click the “S” button to send the change to the MPR-9800 controller.

OTHER FUNCTIONS OF THE COMMUNICATIONS PROGRAM

Updating the data while you are connected to the controller
The Update button in the STATUS screen will only update the data in the Status screen!

To update the complete controller information, Select the "Refresh All Controller Data" button in the Status screen. See Screen Figure #9.

DOWN LOADING AND SAVING THE DATA LOG REPORT -


SEE BELOW UNDER THE FIGURES #6, 14, 15 ,16 and 17.

LOAD DATA LOG REPORT

To view previously save DATA LOG Reports, SEE FIGURES #14, 15, 16 and 17.
AUTOMATIC MPR-9400 CALL OUT

The MPR-9400 will automatically call the host computer if the call out on alarm is enabled in level 200- #211. The alarm information received by the base station computers will be as follows.

The following Call Out Alarm Schedule is the cross reference for the down loaded information the MPR-9400 will provide to the Base station computers upon ALARM CALL OUT. ALARM CALL OUT MUST BE ENABLED IN LEVEL 200!
The communication software must be in “AUTO-ANSWER MODE”- select under “OPTIONS” menu. Leave in “Auto-Answer Mode” when unattended!

The down loaded information will appear as follows;

The Alarm down loaded information


Description
ALARM REPORT





Site 
MM/DD   hh:mm  Aabcdefghijklmnop

HEADINGS

 22
02/08   11:21   0100000000000000

SITE#
DATE  TIME  ALARM(s)












LVA= b as 











shown.

Alarm will appear as "1"

No alarm will appear as "0"

ALARM CROSS REFERENCE
a - 
HVA

b - 
LVA

c - 
GENERATOR FAULT

d - 
RECTIFIER FAULT

If desired, call the remote MPR-9400 site using the COMM software in the manual “Dial Direct” function to determine the alarm problem(s). Set the Telephone # under SETTINGS AND COMMUNICATION SEE screen Fig. #7 & #8.

TESTING OF MPRCOMM PVD414.EXE:

To test MPRCOMM, follow all of the procedures above using the Local connect. To test the remote call-up, follow the Dial Remote procedure. 

The Data Logging feature can be accomplished by allowing the MPR-9400 to collect data. 

1. If the PVWARE version PV418D is installed- change the time in level 200 to 23:59:55, and allow the controller’s time to change to the next day. (5 seconds) Repeat this for X number of days and re-down load the data using PVD414.EXE. Access the Data Log level and print if desired.

2. If the PVWARE version PV418I/450I is installed- select the time interval in window #410 and allow the controller to run for the needed amount of time to collect the desired number of data intervals and re-down load the data using PVD414.EXE.

To exit the program, Select the File menu and select exit or type ALT X.

COMMUNICATION SOFTWARE FUNCTIONALITY AND WINDOW DESCRIPTIONS
Upon booting the program, the window will appear as in figure #1. 

Select type of connection to attempt. Direct Cable Connection is used for a local connection to the RS232 port via a modem cable, Modem Connection is used for a remote connection using your PC’s modem and telephone line. 
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Figure #1

PULL DOWN MENUS
Figure #2 shows the “File” pull down menu;

Graph Log File - This command allows you to view previously saved log data. This command will only open up MPRCOMM data files. See “Download Log File”. Once you have selected a previously-saved log file from the file-browser dialog, the file’s contents will be displayed in tabular format. See screen figure #18. Once the file information is displayed in tabular format as in figure #18, you may then press the “Graphs” toolbar button to display the same information in graphical format (see screen figure #19)

Download Log File - This command will attempt to retrieve the log data from the MPR-9400 unit and save it as an “.mpp” data file on your hard disk.

Export MPP File – Log data from the MPR-9400 is typically stored to the hard drive in a file with a ".mpp" extension. This file is viewable only in the MPR-9400 software. To view the contents of the file, select "Graph log file", under the "File" menu. This will display the contents of the file in tabular format on the screen. Once the table of data is displayed on the screen, you may click the "Graph" toolbar button to view the data graphically.
 

In order to import the data into Microsoft Excel and other programs, you may use the "Export MPP File" option, under the "File" menu in the MPR-9400 software. Select the .mpp file to export from the file selection dialog, and it will be exported to a file with the same name, but with a ".txt" extension. This is a tab-delimited ASCII text file which can be imported into various software packages, including Excel. In Excel, click on "Open" under the "File" menu. In the "Files of type" dropdown box, select "All Files (*.*)". Navigate to the MPR-9400 program directory (usually C:\MPR9400), and select the .txt file to import. The Excel Import File wizard will appear; you just have to hit "Next" a couple of times to accept the default settings, the click on the "Finish" button. The data will be imported into spreadsheet format.

 

SaveReport as - This command will save the controllers information into a file usable by word processing programs such as MS Word.

Exit - will exit the program.
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Screen Figure #2

Figure #3 shows the Toolbar buttons used to access the various screens when connected to an MPR-9400 controller;

Status - This selection will access the Status window after the down loading process is finished. After the down loading process is finished,

The Status window will be the first window on the PC’s screen. See figure #9

Memory - This selection will access the 2 day Memory level. See figure #10

Controls - This selection will access the Controls level. See figure #11

Install - This selection will access the Install level. See figure #12

Factory - This selection will access the Factory level. See figure #13
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Screen Figure #3


Figure #5 shows the “Security” screen. This screen will appear the first time you attempt to access the “Controls”, “Install”, or “Factory” screens

In order to change settings in the Controls, Install or Factory level you must first unlock the levels. When you unlock a level, the next screen will ask you to enter the correct combination number. Enter the number and click the unlock selection. After this is completed, you can now change settings in the level chosen.
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Screen Figure #5

Figure #6 - shows the “Connection” pull down window;

Direct Cable Connection - This selection attempts to establish a direct-cable connection to the MPR-9400 unit, based on the current communication settings specified in the Settings dialog of Figure #8C.

Modem Connection - This selection attempts to establish a modem connection to the MPR-9400 unit, based on the current communication settings specified in the Settings dialog of Figure #8B.

Terminal Window - This window shows raw communications with the MPR-9400. This is used primarily for debugging purposes. You will be asked to enter a password to access this screen

Disconnect – This will disconnect from the current MPR-9400 unit and return to the main program screen of Figure #1 
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Screen Figure #6

Figure #7 - shows the “Settings” pull down menu;

Screen - This command will bring up a window to change screen settings.

Communications - This selection will bring up the communications window. See figure #8
Remote telephone Number - Enter the remote MPR-9400’s telephone number.

Comm Settings - 

COM Port - Select the correct port for the type of connection. Comm1 is usually the PC’s serial port or RS232 port.

Baud Rate - select the correct baud rate to communicate with the MPR-9400, this setting will be either 1200 or 9600 depending on what the baud rate set in the MPR-9400.

“Data Bits”, “Parity”, and “Stop Bits” - Always leave these settings at “8”, “N”,and “1”, respectively.

NEW for PV version 5.02.00 and above (with MPR-Comm software version 2.31 and higher): Ethernet (Local- and Wide-Area) communication capability has been added. See the addendum at the end of this documentation for details about configuring the Ethernet network parameters for the MPR-9400 unit.
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Screen Figure #7
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Screen Figure #8A
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Screen Figure #8B
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Screen Figure #8C

Figure #9 - shows the “Status” Window;
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Screen Figure #9

Figure #10 - shows the “Memory” Window;
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Screen Figure #10

Figure #11 - shows the “Controls” Window;
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Screen Figure #11

Figure #12 - shows the “Install” Window;
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Screen Figure #12

Figure #13 - shows the “Factory” Window;
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Screen Figure #13

APPENDIX

[image: image19.wmf]PV #1  N.O. RELAY CONTROL OUTPUT 

MPR-9402-04 I/O PCB WIRING 

DIAGRAM 

 

HVD1 

A  B

LOAD 

A  B

AUX 

A  B

HVA 

CHAN 4 

NO C NC

LVA 

CHAN 5 

NO C NC

GEN 

CHAN 6 

NO C NC

CHAN 

7 

A  B

CHAN 

8 

A  B

CHAN 

9 

A  B

MOD 

POW 

+  -

POW 

IN 

+  -

FAULT 

1 

+  -

BATT 

SENS 

A  B

BATT 

TEMP 

+  -

AUX 

IN 1 

+  -

FAULT 

2 

+  -

AUX 

IN 2 

A  B

AUX 

IN 3 

A  B

LDS 

A  B

PVS 

A  B

PV #1 N.O. RELAY CONTROL OUTPUT 

LOAD #1 N.C. RELAY CONTROL OUTPUT

LOAD #1 N.C. RELAY CONTROL OUTPUT

PV #2 N.O. RELAY CONTROL OUTPUT

PV #2 N.O. RELAY CONTROL OUTPUT 

MAIN CONTROLLER POWER INPUT 

ALWAYS POSITIVE

 RED 

MAIN CONTROLLER POWER INPUT

 ALWAYS NEGATIVE

 BLACK

TEMP CABLE INPUT POLARITY DOES NOT MATTER

TEMP CABLE INPUT POLARITY DOES NOT MATTER

ARRAY SHUNT INPUT LOW SIDE

ARRAY SHUNT INPUT HIGH SIDE

LOAD I/O 1 SHUNT INPUT - LOW SIDE - BI-DIRECTIONAL

LOAD  I/O 1 SHUNT INPUT - HIGH SIDE - BI-DIRECTIONAL

CUSTOM WIRING 

FOR EPROM VER 

PV4.51(2).02 

FIGURE #1

GENERATOR  FAIL INPUT CONTACT CLOSURE ONLY

GENERATOR  FAIL INPUT CONTACT CLOSURE ONLY

HIGH VOLTAGE ALARM  OUTPUT CONTACT CLOSURE

GENERATOR #1 CONTROL CONTACT CLOSURE

LOW VOLTAGE ALARM OUTPUT CONTACT CLOSURE

BATTERY VOLTAGE SENSE INPUT 

 NEGATIVE LEAD ON NEGATIVE GROUND SYSTEMS

BATTERY VOLTAGE SENSE INPUT 

POSITIVE LEAD ON NEGATIVE GROUND SYSTEMS

RECTIFIER FAIL INPUT CONTACT CLOSURE ONLY

RECTIFIER FAIL INPUT CONTACT CLOSURE ONLY

SOLAR INSOLATION REFERENCE CELL POSITIVE

AUX  I/O 2 SHUNT INPUT -

 HIGH SIDE

 - BI DIRECTIONAL RECT

PV #3 N.O. RELAY CONTROL OUTPUT 

LOAD #2 N.C. RELAY CONTROL OUTPUT 

LOAD #2 N.C. RELAY CONTROL OUTPUT 

PV #3 N.O. RELAY CONTROL OUTPUT 

SOLAR INSOLATION REFERENCE CELL NEGATIVE 

AUX  I/O 2 SHUNT INPUT - 

LOW SIDE

 - BI-DIRECTIONAL RECT

NOTE:  ON I/O 1 & 2 CONNECT  

                SHUNT WIRES AS IF 

                THEY ARE BOTH SOUCES. 

                 I/O 1 & 2 HIGH SIDE WILL BE 

                 ON THE C.B. SIDES.  

WIND SHUNT INPUT- 

HIGH SIDE

WIND SHUNT INPUT- 

LOW SIDE

AC DELAY N.O. RELAY CONTROL OUTPUT 

AC DELAY N.O. RELAY CONTROL OUTPUT 


AMP-HOUR COUNTING CHARGE CONTROL FOR 

PHOTOVOLTAIC HYBRID POWER SYSTEMS
Thomas D. Hund




Bruce Thompson

Sandia National Laboratories


Biri Systems
PO Box 5800




30 Sodom Rd.
Albuquerque, New Mexico 87185-0753

Ithaca, NY  14850

ABSTRACT

An amp-hour counting battery charge control algorithm has been defined and tested using the Digital Solar Technologies MPR-9400 microprocessor based photovoltaic hybrid charge controller.  This work included extensive laboratory and field testing of the charge algorithm on vented lead-antimony and valve regulated lead-acid batteries.  The test results have shown that with proper setup amp-hour counting charge control is more effective than conventional voltage regulated sub-array shedding in returning the lead-acid battery to a high state of charge.  

INTRODUCTION 

Batteries in stand-alone and PV hybrid systems are commonly subject to abusive conditions that are generally due to, 1) under charging in low resource periods, 2) excessive charging in high resource periods, and 3) inappropriate or ineffective charge control for the battery technology.  The individual or combined effects of resource changes, poor charge control, and the daily load changes can be potentially damaging to the battery.  Previously available PV charge controllers or charge control strategies such as on/off PV array shedding will generally provide the battery with sufficient charging current to complete the bulk charge phase which will return the battery to 80 to 95% state of charge (SOC) [1,2].  After the bulk charge phase, the taper or absorption charge phase is very important in preventing stratification, hard sulfation, and premature capacity loss.  If a regulation voltage of 2.35 to 2.40 vpc is used for charging vented lead-antimony batteries, then a 10 to 24-hr regulated voltage finish charge period is usually required.  The available time for battery finish charging in PV systems is generally much less than 10-hrs.  The short time at regulation voltage results in an incomplete finish charge phase which consistently leaves the battery in an under charged condition.  If the regulation voltage for vented lead-antimony batteries is raised to 2.45 to 2.50 vpc and the reconnect voltage is raised to 2.28 to 2.30 vpc, then the finish charge time period can be significantly reduced.  With the higher regulation voltage, the battery may then be subject to excessive charge in high resource periods or low load periods.  The primary effect of the higher regulation voltage without amp-hour counting charge control on vented batteries is the dramatically increased watering requirements and increased erosion of active plate material.  For VRLA batteries the regulation voltage should be set to the manufacturers recommended value for a cycling application.  VRLA battery cycling regulation voltage is usually 2.35 or 2.40 vpc.  A reconnect voltage of 2.28 to 2.30 vpc is also very important to complete the finish charge period.  Very little can be done to accelerate the finish charge period for VRLA batteries because their charge acceptance is limited by the oxygen recombination cycle [3].  Higher regulation voltages will only accelerate dry-out.  That is why it is so very important to use constant voltage charging for the finish charge phase or simulate it with a well designed PV array shedding strategy.  

Based on energy calculations from the “RAPS Design Manual”, published by the University of Cape Town South Africa and the author’s own calculations, battery energy costs for PV hybrid systems are estimated to be about $0.35 to $1.00/kWh over the life of the system [4,5].  As indicated above, any degradation in battery cycle-life can result in a significant system cost increase.  The potential cost benefit to stand-alone and PV hybrid systems is substantial if batteries meet their rated cycle-life.  

Amp-hour (Ah) counting charge control for PV hybrid battery charging systems is new to this application, but in the Battery Technical Manual from Battery Council International the cycle-life test procedure for deep cycle marine/RV batteries does use Ah counting as a means to ensure the battery is at a high SOC [6].  In this test procedure the maximum and minimum values for percent overcharge per cycle for vented and VRLA batteries are specified.  This along with regulation voltage insures complete battery recharge.  

Maximizing battery cycle-life requires using the manufacturers recommended regulation voltages, appropriate system design, effective charge control, and reaching the recommended overcharge in Ah when the battery receives a full recharge.  The excess Ah are a way to compensate for battery efficiency losses.  For most vented lead-antimony batteries the recommended Ah overcharge is between 120 and 130% of the discharged Ah.  VRLA batteries, which require more time at regulation voltage, are much more efficient and only require between 105 and 115% of the discharged Ah.  This paper will evaluate an Ah counting charge control algorithm for PV hybrid systems using a microprocessor based charge controller.

AH COUNTING CHARGE CONTROL

In a cooperative effort with Digital Solar Technologies a microprocessor based Ah counting charge control algorithm was defined and tested using the MPR-9400 PV hybrid charge controller.  The controller under test uses staged PV sub-array switching to achieve a taper charge for the battery finish charge period.  This charge control method can be a very effective charge strategy if properly setup.  It is typically used in medium to large PV hybrid systems.  

The new Ah counting charge control algorithm calculates battery Ah for each complete cycle.  A new cycle is started when the battery reaches the predetermined overcharge in Ah.  To implement the new Ah counting charge algorithm required four new input variables.  These variables are:

1)  BATAHINIT - Estimated battery capacity in Ah (Input by user),

2)  AHVRESET - Battery voltage when battery charging or high voltage disconnects (HVD’s) are reactivated (Input by user),

3)  %ADD - Deficit or excess battery Ah at initial battery regulation voltage (Input by user - +or-25%),

4)  %OVER - Maximum overcharge above the daily Ah DOD (Input by user - 0 to 99%).

The Ah counting charge control algorithm opens the high voltage disconnect relays (HVD 1 and 2) when the specified %OVER plus %ADD Ah are charged into the battery.  The %OVER and %ADD Ah begin counting when the first HVD is reached.  Before the specified overcharge is reached, HVD 1 and 2 will operate as indicated by the preset disconnect and reconnect voltages.  The %OVER value is defined in equation 1.

((Ah chr - Ah dischr) / Ah dischr) x 100

(1)

Ah calculations for battery SOC and %ADD are based on the battery BATAHINIT capacity input by the user.  The displayed battery capacity in Ah and battery %SOC are reset to the BATAHINIT and 100% values respectively when the required overcharge is reached, or at 6 PM after an equalization charge.  If a load is turned on after charging is terminated, then the PV array will be reconnected when the battery reaches the preset AHVRESET voltage. 

SETUP AND INITIALIZATION

The MPR-9400 initialization for Ah counting charge control requires the user to identify the additional variables from the previous section.  The HVD 1 and 2 regulation voltage is generally available from the battery manufacturer and the reconnect voltage is usually set based on the sub-array shedding sequence and system design.  The %OVER, and BATAHINIT values are available from the battery manufacturer.  The %ADD parameter is very system dependent and can only be accurately identified by:

1) equalizing or boost charging the batteries, 

2) resetting BATAHINIT

3) running a standard cycle to regulation voltage,

4) recording the battery Ah when regulation voltage is reached, and

5) calculating %ADD by equation 2.

((BATAHINIT - Bat Ah at Vr) / BATAHINIT) x 100
(2)

In most cases the %ADD variable will be less than plus or minus 7%.  Test results have shown that as vented lead-antimony batteries age they will require adjusting the %ADD parameter from a positive number to less than –7%.  This is because of the increased gassing current resulting from antimony poisoning [7].  VRLA batteries typically will not experience significant changes in the %ADD value over their life because they generally have a stable end of charge current with very low gassing current.

PV SYSTEM SIMULATOR TEST RESULTS

The measured percent overcharge from three different stand-alone PV system simulations and a PV hybrid simulation has been obtained using an automated PV hybrid system tester from Team Specialty Products in Albuquerque.  This test-bed is capable of simulating two PV arrays or one PV array and one engine generator with two loads.  All system parameters are fully programmable and automated.  

Stand-Alone PV System Simulation

The stand-alone PV system test was conducted to evaluate Ah counting charge control using an array Ah to load Ah (C:L) ratio of 1.5, 1.75, and 2.0.  The simulation was configured to duplicate a typical stand-alone PV system using two 7-amp PV sub-arrays for battery charging.  The battery used in the system simulation was a GNB 12-5000X 400 Ah VRLA battery.  This battery is very similar to the GNB Absolyte IIP which is commonly used in larger stand-alone and PV hybrid systems.  A 1.5-amp continuous load and an adjustable nighttime load was used to establish the three different C:L ratios.  The new Ah counting charge control parameters for the MPR-9400 were input based on battery manufacturers specifications and the %ADD calculation from the above initialization cycle.  See Table 1 for a complete list of system parameters. 

In Fig. 1 are the test results, which show that the Ah counting charge control algorithm limits battery overcharge to within the 105 to 110% specified by GNB.  The voltage regulated charge period is also maintained between 1.9 and 2.3-hrs.  Using the same regulation voltages and system configuration without Ah counting charge control resulted in a battery overcharge range between 114 and 128%.  The voltage regulated charge period also varied between 3.9 and 5.0-hrs depending on the C:L ratio.  Without Ah counting charge control the only way to reduce overcharge is to lower regulation voltage or provide a two stage voltage regulated charge control.  The lower regulation voltage and two-stage charge control will decrease overcharge, but it will also increase the time required to charge the battery.  Voltage regulated charge control alone makes it very difficult to obtain optimum recharge due to weather and system design. 
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MPR-9400
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HVD-2
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2.29 vpc Vrr

Temp. Comp.
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BATAHINIT
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AHVRESET
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%ADD

1.9

%OVER
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Table 1.  PV system simulator and charge controller setup parameters.
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PV Hybrid Simulation

The PV hybrid simulation was designed with one 7-amp PV array and an engine generator set to charge the battery at 20-amps once the 12.1 volt engine start voltage was reached.  The Charge Controller was programmed to terminate all charging when the required 107% overcharge was reached.  The system C:L ratio with one PV array was 0.62 and the %ADD input variable was still +1.9.  This system design resulted in the battery discharging to 12.1 volts during the fourth cycle.  The engine generator then returned the battery to full charge after the fourth cycle.

In Fig. 2 are the battery Ah and voltage plotted over a ten cycle period.  The measured overcharge values after the engine generator battery recharge were 110 and 111%.  The results indicate good reproducibility and they are close to the desired value of 107%.  This test is also useful in identifying the effects of different PV array C:L ratios and engine generator control strategies.  In this case the generator ran for a total of 3.5-hrs in bulk charge mode and 7.2-hrs in finish or taper charge mode for a total run time of 10.7-hrs returning 152 Ah back into the battery.  The end of charge current, which can be used to terminate charging, was measured at 3.9-amps.
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FIELD TEST RESULTS

In addition to the laboratory testing, the Ah counting charge control algorithm was used on two stand-alone PV systems with a 700 Ah Trojan L-16 vented lead-antimony battery and a 400 Ah GNB 12-5000X VRLA AGM battery.  These system tests represent each lead-acid battery technology and demonstrated that the Ah counting charge control algorithm will function well with each battery type even though they are significantly different in their recharge characteristics.  The most significant difference between the two battery types is the battery Ah at initial regulation voltage.  This charging difference is compensated for by the %ADD parameter in the MPR-9400. 

Ah Charge Control Using Trojan L-16 Batteries 

The stand-alone PV system using Trojan L-16 batteries is configured with three PV sub-arrays charging at a peak current of 16, 12, and 4-amps.  The two higher current sub-arrays are switched with the MPR-9400 charge controller and the 4-amp array is permanently connected to the battery bank.  The load is variable and is operational day or night.  Daily loads average 70 Ah/day but can range between 10 and 200 Ah/day.  The voltage setpoints on the MPR-9400 are set for staged sub-array switching at:

HVD-1 = 2.45 vpc Vr and 2.29 vpc Vrr, 

HVD-2 = 2.43 vpc Vr, and 2.27 vpc Vrr.

The Ah counting program parameters are set to:

BATAHINIT = 300 Ah

AHVRESET = 2.06 vpc

%ADD = -11.7

%OVER = 30

%OVER (0.30x70) + %ADD = -14.1 Ah

In Fig. 3 are the Ah overcharged and the respective percentage overcharge for a 15-day period.  The results indicate that the Ah overcharged are between 15 and 59 Ah with an average of 31 Ah.  The percent overcharge range is between 128 and 196% with an average of 153%.  These values are much larger and have a much wider range than would normally be seen in laboratory testing on new batteries.  These batteries are 5-yrs old, and as a result of normal aging processes, have experienced an increase in their gassing currents.  The higher gassing current requires more time for the battery to get to regulation voltage.  This results in a necessary but greater than normal overcharge.  Without Ah counting charge control, the Ah overcharged would be greater resulting in increased water loss and maintenance.
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Ah Charge Control Using GNB 12-5000X Batteries

A second stand-alone PV system using GNB 12-5000X VRLA AGM batteries is configured with two PV sub-arrays charging at a peak current of 7-amps each.  The two sub-arrays are switched with the MPR-9400 charge controller in a staged manner to simulate a taper finish charge.  The load is continuous and averaged 1.1-amps for a total of 26 Ah/day.  The voltage setpoints on the MPR-9400 were set for staged sub-array switching at:

HVD-1 = 2.36 vpc Vr and 2.30 vpc Vrr, 

HVD-2 = 2.35 vpc Vr, and 2.29 vpc Vrr.

The Ah counting program parameters are set to:

BATAHINIT = 250 Ah

AHVRESET = 2.04 vpc

%ADD = +3.5

%OVER = 10

%OVER (0.10x26) + %ADD = 11.3 Ah

In Fig. 4 are the Ah overcharged and the respective percentage overcharge for an 11-day period.  The results indicate that the Ah overcharged are between 2.4 and 4.6 Ah with an average of 3.6 Ah.  The percent overcharge range is between 109 and 118% with an average of 114%.  These values are higher than the test results from the indoor system simulator and indicate that a slightly lower %ADD value may be used.  The data also shows that in an actual PV system Ah counting charge control will be slightly less stable due solar and weather variations.

SUMMARY

Test results using the MPR-9400 Ah counting charge algorithm have shown that in typical stand-alone and hybrid PV systems Ah counting can improve battery charging over conventional voltage regulated sub-array switching by recharging the battery as quickly as possible without excessive overcharge during high resource or low load periods.  Appropriate overcharge is necessary to compensate for battery efficiency losses, prevent electrolyte stratification, prevent hard sulfation, and minimize premature capacity loss.  Excessive overcharge will accelerate dry-out in VRLA batteries and increase maintenance requirements for flooded/vented batteries.  Therefor, maintaining appropriate overcharge levels can improve battery cycle-life, lower maintenance costs, and reduce PV system life-cycle costs.  
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Configuring a new MPR-9400 Ethernet board:

A knowledgeable network administrator should be present during this procedure!

For the purposes of this procedure, you will need to have a MPR-9400 unit connected to your LAN (Local Area Network) via a straight-through wired 10-base-T cable, or connected directly to your PC’s network card via a crossover-wired cable.

1. Execute the supplied “Monitor.exe” program from your MPR-9400 software installation folder (Usually C:\MPR9400). You should see a screen similar to the following:
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2. The MPR-9400 network interface card(s) detected on the local area network are listed in green text in the list box which appears in the Monitor.exe program display. If no MPR-9400 units are detected on the local area network, check to verify that you are using the proper type of cable for your network connection, and make sure that you do not have a firewall in place which may be blocking local broadcast traffic. You may need to reconfigure your firewall to allow “broadcast packets” (packets sent to IP address 255.255.255.255); or if you are experiencing difficulty, you may wish to temporarily disable your network firewall.

3. Select a MPR-9400 by left-clicking on its IP Address in the list. Once a unit is selected, you may configure its communication parameters by clicking the “Config” button. The following dialog will appear:
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Type in the desired IP address, Gateway, and Subnet Mask to configure the MPR-9400 controller (you may need to contact your network administrator if you are unsure what to enter for these values). Leave the User ID set to “admin” and the password blank.

4. To prepare to connect to the MPR-9400 for the first time via the network interface, you will need to verify that the MPR-9400 software is properly configured for network access. Under the “Options” menu, select “Settings”. A settings dialog will appear. Select the “Network” tab to configure the MPR-9400 software network settings.
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In the “Remote IP” text box, type the IP address that you assigned to the MPR-9400 unit. As of this writing, the “Remote Port” should always be set to 4660. Click “OK” to save your changes. You will need to restart the MPR-9400 program for the changes to take effect.
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Fig. 1.  VRLA battery % overcharge with and without Ah counting charge control.





Fig. 2.  PV hybrid simulation using Ah counting charge control.





Fig. 3.  Stand-alone PV system using Ah counting charge control and vented Trojan L-16 battery.





Fig. 4.  Stand-alone PV system using Ah counting charge control and GNB 12-5000X VRLA AGM battery.
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