SOLAR SYSTEM INSTALLATION AND OPERATION MANUAL
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Introduction

Solar power is a reliable, efficient, and effective method to power either Alternating Current (AC) or Direct Current (DC) loads. Since solar power systems provide DC current, DC outputs for DC loads are more efficient.

A Solar system consists of three (3) major subsystems, the solar panels which convert solar energy to electrical energy; the batteries which store the electrical energy and release it on demand; and the load – the components that are being powered by the batteries.

Each system provided by Electrotechnics Corporation (ELTEC) has been sized for the specific application specified by the end user. We have considered the power consumed by the load, the power generated by the solar panels, and the geographic location of the installation.

The advantages that your solar power system provides include:

· Clean efficient power that does not generate pollutants

· Reliability of continuous power without worry about brown/blackouts

· Easy installation since conduits and power lines are not required

· No monthly utility bills from your local power company

All equipment provided is standard, easily replaced if required. Your system is pre-wired to the maximum extent possible for easy assembly and installation.

We have provided a page (Appendix A) which describes critical parameters that you should ensure are met during the installation. These parameters include solar panel tilt angle, system designation, and solar panel azimuth.

If you experience difficulty during the installation or during operation of your solar system, call ELTEC (800-227-1734 or 903-938-1901) for assistance. You should have your system designation (found on Appendix A) available to facilitate assistance.

System Configuration

Your system will consist of a battery cabinet, battery(s), solar controller, solar panel(s) with mounting rack, and pole. If your application is a traffic warning system you will have a solid state DC flasher and LED beacons (unless you have specified Halogen beacons). If the application is for a school zone warning beacon system, a time clock or paging unit will also be provided.
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Refer to figure 1 for a typical traffic warning solar system using 2 LED flashing beacons. Figure 2 depicts a typical control panel configuration for a school zone flasher. Figure 3 depicts a typical electrical block diagram.

Figure 1 - Typical Solar Installation
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Figure 2 - Typical Control Panel

`
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Figure 3 - Typical System Block Diagram

System Operation

Sunlight is converted by the solar panels to electrical energy while the batteries store the electrical energy. The solar panels are connected to the batteries through a controller which controls the charging and discharging rate of the batteries. The time clock controls the time and duration that power is applied to the load. If the system is a 24 hour flashing beacon system, then no time clock will be in the system. The flasher is a solid state, 12/24 volt DC flasher that switches the power from one beacon to the other. If the load is not a flashing beacon system, then no flasher is provided with the system.

The load is always powered from the batteries via the controller, never from the solar panels directly. Each of these major components is described in more detail.

Solar Panel(s): The solar panel(s) are off the shelf items, warranted for 20 years. As noted above, the panels convert sunlight to electrical energy to charge the batteries. A single panel will usually be from 40 - 130 watts. Depending on your system requirements you may have multiple panels. Appendix B describes the solar panel in more detail.

Controller: The controller functions to control the charge on the batteries. The ProStar controller is a solid state device which control the charging and discharging of the batteries. The controller provides temperature compensated charging so that the rate of charge is controlled for both temperature and state of charge. The controller will shut off charging when the battery reaches a charge of 15.2 VDC. The controller will disconnect the load when the battery voltage reaches 11.4VDC. These set points have been established to prevent damage to the battery from an overcharge condition or a low voltage condition. The controller also has a manual disconnect switch that allows you to electrically disconnect the batteries from the system.

The Prostar controller provides a LCD display that cycle through a display of battery voltage, array current, and load current.

Flasher: The flasher is a 12/24V DC, solid state flasher that consumes negligible power during operation. The flasher is set at the factory to provide 50 flashes per minute, for 1 or 2 circuit operation (depending on your system configuration), LED or Halogen (depending on your system configuration), and a 50% duty cycle.

Battery: The battery stores the electrical energy which powers the load. Batteries are maintenance free sealed gel, absorbed mat technology. If your system is 'knocked down' by accident and your battery punctured, you will experience little to no acid spilled due to the absorbed mat technology.

Time Clock: The time clock is a solid state programmable device which will control the operation of your load based on the program you enter in the time clock. The time clock automatically compensates for daylight savings time and leap year. The daylight savings time feature can be disabled at the user's discretion. The time clock is rated at 15 amps per circuit and operates on 12V DC. The time clock usually has one relay but may come with 2 or 4 relays if the end user has requested a clock with 2 or 4 relays. The time clock will be either an ELTEC NTC-17E, an ELTEC TC-2000 2-way paging time clock or an ELTEC  TC-1500 1-way paging time clock.

Beacons: If your system is for flashing beacons, it will come with the appropriate beacons - either 1 or 2 8” (eight inch) or 12” (twelve inch) amber or red LED or halogen. Most solar powered flashing beacon systems use LEDs.

Terminal Block: Normally all components are pre-wired with circular connectors for ease of component replacement. However if your system is being used to power loads other than beacons, a terminal block will be provided to facilitate termination for the load. The power terminals will be clearly identified as to positive (+) or negative (-). All Texas approved solar systems will have terminal blocks.

Inverter: On rare occasion, the end user may need to power a 120/24V AC load. If you have specified a requirement for AC power, your system will have an inverter installed.

Installation

CAUTION: THESE INSTRUCTIONS ARE FOR GUIDANCE ONLY AND ARE NOT TO BE CONSTRUED AS ENGINEERING APPROVED DOCUMENTS. YOU SHOULD CONSULT A LICENSED PROFESSIONAL ENGINEER FOR APPROVAL OF YOUR SITE AND ERECTION PLANS.

Foundation: It is important that a proper foundation be prepared. Appendix C illustrates a typical foundation. Your installation will be subject to winds and other environmental considerations, so a proper foundation is critical to the successful and correct installation of your solar equipment.

Installation of Base Assembly: Most installations will use a breakaway base. The base should be installed on a level surface. If the surface is not level, use leveling processes such as grout, shims, or similar tools to level the foundation surface. Your foundation should have four (4) anchor bolts installed when the foundation is prepared. These anchor bolts are usually 3/4” X 10 J bolts that come with your breakaway base.

Preparation of Pole: Normally the pole is prepared before it is erected. When you receive the pole, it typically does not have any mounting holes. You will need to drill the mounting holes in the desired locations.

Tools required:

· Drill motor and hole saws (saws ranging from ¾” to 1 ¼”)

· Fish tape to fish the leads through the pole

· De-burring file

· Pipe wrench

· Measuring tape

· Hammer

The user must decide how he desires to mount the cabinet and beacons. Typically the cabinet is on one side of the pole with the beacons on the other side of the pole. Unless the user is concerned about vandalism, we suggest that the cabinet be mounted so that the control panel in the cabinet is eye level. The control panel shelf is approximately 15” from the bottom of the cabinet for a 2 battery cabinet and is approximately 30” from the bottom of the cabinet for a 4 battery cabinet. The leads from the solar panel and from the LED(s) (the backbone harness assembly) will enter the cabinet from inside the pole through the mounting bracket on the back of the battery cabinet. We suggest that the user drill the cabinet lead entry hole approximately 4 – 4½ feet from the bottom (threaded end) of the pole. The base is approximately 14” high; thus a hole 41/2 feet from the bottom will place the control panel shelf approximately 5/12” above the foundation. This hole should be 1” in diameter.

If vandalism is an issue, the user may want to mount the battery cabinet at a height so that it is only reachable with a lift bucket truck. In this instance, the user will want to ensure that the top of the battery cabinet does not interfere with the tilt of the solar panels. We suggest that the user drill the hole for the leads 9 feet from the bottom of the pole. This will place the control panel shelf at approximately 10 feet above the foundation and the base of a 2 battery cabinet approximately 9 feet above the foundation. The base of a 4 battery cabinet will be approximately 8 feet above the foundation.

The next step is to drill the holes for the leads leading to the LED(s). Remember that normally the LED(s) are on the opposite side of the pole from the battery cabinet. If only 1 LED is being used, it typically goes above the sign. Your local highway or street codes will specify how high the LED(s) will be above the foundation. When measuring the pole to drill the LED lead holes, remember that the base adds approximately 14” to the height of the hole above the foundation.

If an acorn cap is provided, the user must drill an exit hole near the top of the pole for the solar panel leads. We suggest a ¾” hole for these leads. This hole should be approximately 9”-12” below the top of the pole.

All holes should be de-burred to ensure that chaffing or cutting of harness insulation does not occur. Eltec’s harnesses come with a large circular connector for easy mating to the back of the control panel. It will be necessary to fish the harness through the pole before erecting it.

Mount the cabinet on the pole using the U-bolts provided (they will be on the back of the cabinet with the mounting bracket. If instead of mounting brackets with U-bolts, you are provided brackets for banding, band the cabinet to the pole. Remember the hole in the bracket should be directly over the hole that you have drilled in the cabinet.

Thread the leads of the backbone harness into the pole from inside the cabinet. The leads of the backbone harness will go through the hole in the back of the cabinet, through the mounting bracket, and through the hole drilled in the pole. Using the fish tape, pull the LED(s) leads to the hole(s) for the LED(s) and pull the solar panel leads (the jacketed grey cable) out the top of the pole – either through the end of the pole or through the hole if one was drilled. If your system is a 2 LED system you should also thread a ‘jumper’ from one LED hole to the other LED hole. The ends of this jumper should extend through each hole.

If an acorn cap was provided, install the cap.

At this point you should have the backbone harness circular connector extended from the hole for the battery cabinet (inside the battery cabinet), the LED leads through the LED(s) (as well as the jumper if it is a 2 LED assembly) and the solar leads from the top of the pole.

You may want to install the solar panel(s) and mounting rack prior to installing the pole in the base. If so skip to the section 'Installing the solar panel(s) and mounting rack'. After completing the installation of the solar panel(s) and mounting rack, then return to section 'Installing the Pole'. Be careful that you do not damage the solar panel(s).

Installing the Pole: Raise the pole over the base and thread the pole into the base. Tighten the pole so that it is secure. Keep in mind that the final position of the pole must be with the holes for the LEDs are facing the on-coming traffic.

Most units will be provided without the base collar. However, if you are provided a base collar, install the collar around the pole and base. Tighten the collar on the base.

Installing the Solar Panel(s) and Mounting Rack:

Warning: To avoid electrical shock while installing and connecting the solar panels, remove the PV fuses in the control cabinet.

Important: Your solar panel is designed to convert sunlight into electrical energy. Your panel should be located so that it is exposed to the sun at all times and is not shaded by trees, buildings, or similar things.

Instruction sheets for assembling and installing the mounting rack will be contained in the box with the mounting rack. If for some reason the instructions are not in the box, sample instructions may be obtained from Eltec. Please call 800-227-1734 and a set of instructions will be faxed to you.

Tools you will need are:

· Flat head screwdriver

· Compass

· Protractor

· Ball peen hammer

Attach the solar panel(s) to the mounting rack.  Instructions should be in the carton with your solar panels. If they are not, and you need instructions, please call ELTEC at 800-227-1734 or 903-938-1901.
You are now ready to install the mounting rack with solar panels on the pole. If the mounting rack has U-bolts, it goes near the top of the pole, just under the pole cap. If the mounting rack has a top of pole cap, you slip the mounting rack over the top of the pole. If it is a side of pole mounting rack, following the instructions with the rack. The orientation of the solar panels should be south.

To optimize the generation of electricity, your system has been optimized for your location. You must rotate the panels from the horizontal to the optimal angle. You will find this angle on the data page, Appendix A. Using your protractor; tilt the solar panels until they are at this angle. Tighten the nuts on the bolt to lock the panels at this angle.

Locate the junction box under the panel(s). Remove the cover(s) and locate the terminal block. If you have more than one panel install the jumper from panel to panel as shown in figure 4 for a BP Solar panel and figure 5 for a Kyocera solar panel. The red jumpers will connect the terminals indicated ‘+’ on the terminal block and the black jumpers will connect the terminals indicated ‘-‘. The solar panels are being connected in parallel.
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Figure 4 – Solar Panel Electrical Connections for BP Solar Panel





Note: if more than

One panel is being

used, then you will

install a red jumper 

between the positive

terminals and

a black 

jumper between

the negative

terminals.

Figure 5 - Solar Panel Electrical Connections for Kyocera Panel

Earlier you installed the battery cabinet and inserted the solar panel lead (jacketed grey cable into the pole) and fished it out the top of the pole. Now insert the two cables in this jacketed cable through the knocked out hole in the solar panel junction box. The white lead goes to the positive connection and the black lead goes to the negative connection.

After making this connection, you have now completed the wiring connections from the solar panel to the solar controller. We will install the fuses just prior to system checkout. If you did not install the pole into the base earlier, now is the time to install the pole into the base. Return to the section 'Installing the Pole'.

Installing the LEDs:

(Note: This section may be skipped if LEDs are not being installed)

Warning: Remove the fuse marked load inside the battery cabinet prior to connecting the LED(s).

If you have already drilled the pole for the LED’s then skip the next paragraph. If you have not drilled the holes for the LED, you will need to do so at this time.

Eltec provides mounting hardware pre-selected for the LED’s that we provide. Normally this mounting hardware includes a hub which mounts to the pole either through U-bolts or banding. In many instances, our dealers provide the signal heads and mounting hardware. Should the mounting hardware differ from what is described in this section, please contact the dealer who sold you the system for installation details.

Pull the leads previously fished from the battery cabinet to the LED holes in the pole through the mounting hub. Insert the U-bolts around the pole and through the hub provided. Install the nuts and tighten.

Open the LED assembly door so that you have access to the inside of the signal head. Decide if you are going to install the signal head with the support on the bottom of the head or on top of the head. Install the signal head closure kit (plastic stopper) in the top/bottom of the head which will not be used for support.

Feed the leads through the mounting hardware into the signal head. Install the locking ring onto the threads of the mounting hardware and tighten. The signal head should be positioned in the desired direction before tightening.

Normally the LED lens will be mounted in the signal head when you receive the assembly. The signal head should be mounted so that the ‘top’ of the LED lens is in the ‘up’ position.

Connect the LED leads to the terminal block in the signal head. The positive (red) lead will go to the positive terminal and the negative (black) lead will go to the negative terminal.

Close the head and secure the signal head door.

Connecting Battery(s):

Warning: Remove the battery fuse in the battery cabinet prior to connecting the battery(s).

If you have been provided with more than 1 battery, you will also have red and black jumpers with ring terminals to connect the batteries in parallel. Unscrew the wing nuts from the battery terminals and attach the rings to the battery connection. The red jumper goes to the positive terminal and the black jumper goes to the negative terminal. 

Thread the black and red 10 AWG ‘red and black wires of the ‘backbone’ harness through the hole in back left corner of the control compartment in the battery cabinet. These wires should have rings on the ends of them. Unscrew the wing nuts off the battery terminals and attach the red wire to the positive terminal of the battery and the black wire to the negative terminal of the battery.

Final Connections and System Checkout:

You should perform several quick checks to ensure that your wires and connections have been made correctly. These checks are defined in Appendix A.

After you have made your wire and connections checks, connect the 'backbone' harness assembly from the solar panels and battery to the large circular connector on the back of the control panel. Re-install all fuses. There are 3 fuses, the load fuse, the battery fuse, and the solar panel fuse. 

The ProStar 15 controller should have at least 1 LED lit, indicating that battery voltage is present at the controller. If all wiring has been made correctly, LEDs will light on the Prostar 15 controller. Refer to the description of Prostar 15 controller LEDs in Appendix E to ascertain battery charge state.

You will see the LCD display cycling through the parameters it displays. You should see battery voltage with a reading greater than 11.4 volts, array current, and load current. You will have to wait 2 minutes after system initialization before the load current is displayed. If the load is not turned on, the reading will be 0.0 amps.

If you system has a time clock, you should also see the display on the time clock lighted. The clock should be cycling through several displays which show date, time, relays on (or off), and program running. If you have 'power fail' showing on your time clock, simply push the button on the key pad marked 'C'. This should reset the time clock.

If you system is for a school zone and has a time clock, you may test the LEDs by turning the time clock relay on manually. To accomplish this push 'A31', the push '1', and then push 'B'. Your LEDs should now be flashing. To turn the relays off, repeat the sequence 'A31', '1', and 'B'.

Refer to Appendix D for troubleshooting your system. If you still have problems with system operation, you may call Electrotechnics Corporation (Eltec) for assistance. Our number is 800-227-1734 or 903-938-1901.

Electrotechnics Corporation

1310 Commerce St.

Marshall, TX 75672

Phone (903) 938-1901 or (800) 227-1734

Fax (903) 938-1977

LIMITED WARRANTY

Electrotechnics Corporation (ELTEC) warrants your solar device to be free of defects in material and workmanship for a period of 12 months from date of receipt by end customer.

This warranty is valid for systems that are used within the design specifications originally submitted by the end customer. Systems used for periods longer than specified or with loads greater than specified, invalidate the warranty. Systems not installed properly also invalidate the warranty. Some examples of improper installation include shading, incorrect azimuth, and incorrect tilt angles. These examples are not inclusive. Misuse, abuse, physical damage and/or acts of God to the equipment invalidate the warranty.

Electrotechnics Corporation will, at its discretion, repair systems returned with prior authorization or refund the customer's money. In no event will Electrotechnics Corporation or its employees be liable for any direct, indirect, special, incidental, or consequential damages.

Some components used by Electrotechnics Corporation have warranty longer than the 12 month period specified by Electrotechnics Corporation. Following this 12 month period, Electrotechnics Corporation will, when practical, assist the customer in obtaining repair and/or service for these warranted components.

Electrotechnics Corporation wishes to provide exceptional service to our customers. Every effort will be made to ensure that your products are within specification and free from manufacturing defect.

COPYRIGHT

This publication may not be copied or reproduced in any manner or by any means without the express written consent of Electrotechnics Corporation. All rights reserved.  Copyright 2003, Electrotechnics Corporation.  

APPENDIX A

CIRTICAL PARAMETERS

System Designation: ________________________________

Solar Panel Tilt Angle (From the Horizon): _______________

Solar Panel Azimuth: ___________180o_________________

Pre-Turn On Checks

1. On the solar panel leads, check the voltage between the two leads. This voltage should read approximately 16-20 volts. Your reading is __________________.

2. On the terminal block marked 'BAT+' and 'BAT-' check the voltage between the 2 terminal blocks. This voltage should read between +11.4 volts and +13.4 volts. Your reading is ______________________.

Post-Turn On Checks

1. Verify the LED that is lit on the solar controller (ProStar 15). Record the color of the LED that is lit _____________________________.

2. Record the solar voltage being displayed on the controller __________V.

3. Record the array current being display on the controller __________amps and the time of day ____________ and weather status (sunny, cloudy, raining) ____________________.

4. Turn on the load and record the load current being displayed on the controller _________________amps.

                                                                                                                                                                             Revised 2-09


APPENDIX B

Solar Panel(s)

The current and power output of your solar panel is proportional to sunlight intensity. It is important to install your solar panel so that it is not shaded during daylight hours. The season of the year as well as the azimuth of your panel will affect the output of your solar panel. In the Northern Hemisphere your panel should be pointed 1800 or South. As the seasons evolve, the angle of the sun to the horizon will change. To optimize the sunlight on your panel throughout the year, your panel should be set at the indicated angle from the horizon. This angle is found in Appendix A.

Your panel is composed of crystalline cells interconnected to effect the wattage rating of the panel. Further the connection is such that damage to one cell(s) only reduces the output of the panel by the power lost from the cell(s). Thus if only one cell is damaged your panel will still continue to produce power close to the rated output of the panel. The crystalline cells are encapsulated between tempered glass and an EVA pottant with PVF back sheet to provide the maximum protection to your cells from environmental factors. The panel is housed in an anodized aluminum frame to provide structural strength and ease of handling.

Typical output ratings of panels are show in Table B1.

	Panel Rating
	I Typical
	V Typical
	I Short Circuit
	V Open Circuit

	30 Watt
	1.78
	16.8
	1.94
	21.0

	40 Watt
	2.37
	16.8
	2.58
	21.0

	50 Watt
	2.97
	16.8
	3.23
	21.0

	55 Watt
	3.33
	16.8
	3.69
	21.0

	60 Watt
	3.56
	16.8
	3.87
	21.0

	65 Watt
	3.77
	16.8
	4.06
	21.0

	70 Watt
	4.14
	16.8
	4.35
	21.0

	75Watt
	4.54
	16.8
	4.97
	21.0

	80 Watt
	4.75
	16.8
	5.17
	21.0

	85 Watt
	4.97
	16.8
	5.3
	21.0



Table B1

If you have multiple panels they will be connected in parallel. The total typical current out will be multiplied by the number of panels in your array.

APPENDIX C

Preparation of the Foundation

Caution: This appendix if provided for reference only. Electrotechnics Corporation is not licensed to provide engineering services in your state. You should consult a licensed professional engineer for approval of your plans and your site.

The concrete foundation should be sufficiently sized to allow the installation of the anchor bolts and base. The base will typically be 13 3/4" square if supplied by Eltec.

The base template will be as shown in figure C1.


[image: image3]
Figure C1

Figure C2 on the next page depicts a typical pole foundation. Usually the foundation is square although it can also be circular. Remember that the foundation will house the anchor bolts to which the breakaway base mounts. The foundation must have a size that will accommodate the breakaway base or it must be at least 2' square or if circular it should have a diameter of at least 2'.
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Figure C2

APPENDIX D

Troubleshooting

If the troubleshooting guide does enable you to resolve your problem, please call Eltec at 800-227-1734.

No LEDs are lit on Solar Controller (Prostar 15):

Verify with a multimeter that you have voltage at the battery connection to the controller. If you have voltage of at least 11.5 volts DC, press the 'on/off' (large button in upper right corner of controller). 

Lights do not flash - School Zone System:

Verify that the red LED on the controller is not lit with a solid display. If it is flashing, your lights should be flashing if wired correctly, but the flashing means that your battery voltage is low.

Verify that your time clock has an active display and is scrolling messages on its display. Validate that your wiring is correct my turning on the beacons manually at the clock. On the keypad on the NTC 17E, press 'A31', then press '1', and finally press 'B'. This sequence should turn your lights on. If they still do not come on, then you have a problem with the wiring. If they do come on, verify that your program in your time clock is correct.

Check that the wiring in the LED head is positive to positive. The leads in the 'backbone' harness should be marked '+' and '-". If you have a two beacon system, then you should also have a red jumper that goes from the positive terminal in one head to the positive terminal in the other head.

If the wiring is correct, verify that you have 12+ volts across the terminals in the head. 

Lights do not flash - 24 Hour System:

Verify that the red LED on the controller is not lit with a solid display. If it is flashing, your lights should be flashing if wired correctly, but the flashing means that your battery voltage is low.

If your system has a toggle or key switch, ensure that the toggle/key switch is in the 'on' position.

Check that the wiring in the LED head is positive to positive. The leads in the 'backbone' harness should be marked '+' and '-". If you have a two beacon system, then you should also have a red jumper that goes from the positive terminal in one head to the positive terminal in the other head.

If the wiring is correct, verify that you have 12+ volts across the terminals in the head. 

Battery Voltage is Low or Low Voltage Disconnect is 'On':

If the low voltage disconnect is not 'on', verify that the solar panels are charging the batteries. Read the LCD display on the controller. The array current will be displayed as the display cycles through its displays. Use the table in Appendix B to approximate what the array current should be on a sunny day. If the array current is not approximate to expected value, then you most likely have a problem with your solar panel(s). Check your wiring at the panels (in the junction boxes) to ensure that the wiring to the battery cabinet and the jumpers from panel to panel are correct. If they are correct, then measure the voltage at the controller (at the PV + and -) to ensure that you have at least 16 volts present. If you do, then the controller may be bad.
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