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Section 1:  Installation of the Solar Panel

Maximum power can be obtained from a solar panel only if it is properly adjusted with the collector surface pointed towards the correction direction, and then adjusted for the tilt. 

Sophisticated systems do exist with motorized drive mechanisms to track the sun as it travels from east to west, thereby yielding higher efficiencies. The cost and complexity of solar trackers prevents their use except in large arrays for power grid generation. Small standalone applications are best served with fixed angle mounts that are adjusted based on the latitude location. 

Positioning of the solar panel collector face should always be due South for all locations North of the equator, and vice-versa if South of the equator. Solar panel tilt angle will vary depending upon the latitude of the installation location The angles listed in Table 1 are calculated to provide optimum energy production during the winter months when solar radiation is at its weakest. A map is provided in Figure 1 to allow determination of the latitude for a given installation site. Figure 3 shows how to apply the tilt angle from Table 1 to adjust the angle of the solar panel. 

	Latitude     Tilt Angle
   15º
15º

   20º
20º

   25º
25º

   30º
35º

   35º
45º

   40º
55º

   45º
65º

   50º
            70º


Table 1.

Latitude vs. Tilt Angle

Measurement of the tilt angle can be accomplished with a combination square utilizing a protractor head attachment. These tools are available from numerous sources including Starrett, Brown & Sharpe, Mahr, Mitutoyo, etc.  Figure 2 illustrates a typical combination square sold by Products Engineering Corporation. 

Paste combination square illustration here.

Figure 2.

Combination Square with Protractor Head.

Figure 3

Section 2:  Wiring from the Panel to the Regulator Board

Wiring from the solar panel to the solar regulator board is a simple matter of observing the correct polarity of the wires and selecting the proper wire. A minimum of 18AWG wire should be used to prevent excessive resistance losses in the cable. Reference Table 2 for a list of wire gauge vs. resistance loss. If the cable jacket of the wire is not rated for outdoor installation / ultraviolet light exposure, then it may be necessary to use PVC pipe for protection. 

	Wire Gauge 
Diameter (mils)     Ohms per 1000 feet

12
80.8
1.588


13
72.0
2.003


14
64.1
2.525


15
57.1
3.184


16
50.8
4.016


17
45.3
5.064


18
40.3
6.385


19
35.9
8.051


20
32.0
10.15


21
28.5
12.80


22
25.4
16.14


23
22.6
20.36


24
20.1
25.67


25
17.9
32.37


26
15.9
40.81


27
14.2
51.47


28
12.6
64.90


Table 2

Resistance of wire.

Figure 4 illustrates the wiring connection between a panel and regulator board. As with a car battery, Red should be connected to “+” and Black should be connected to “-“. 

Figure 4  

Section 3:  Operational Basics

Function of the Solar Panel: 

It is obvious that the solar panel exists to convert solar light energy into electric power for use by some form of load. Output voltage from a solar panel will vary depending upon the solar panel design (6V, 12V, 24V, etc.), the attached load, and the amount of light striking the surface. Most panels are rated in watts of power that can theoretically be produced on a high intensity day. A 40 watt panel with a 12V output will therefore be capable of generating 40W / 12V = 3.3 amperes peak current. In reality, these peak currents are normally not achieved, and true outputs are about 80 to 90% of the ratings. 

Function of the Lead Acid Battery: 

It is the nature of a solar panel that energy will only be available for a limited time frame during the day, if at all. During the winter months usable sunlight may be available for only 5 or 6 hours a day. Furthermore, conditions with heavy overcast skies or panels coated with snow will also limit energy production. To maintain continuous operation of a load (such as a remote metering application), it is therefore necessary to have a reserve battery that can be discharged and recharged upon demand. 

Function of the Solar Regulator Board: 

To prevent an overcharge condition on the lead acid battery, it is necessary to use a solar regulator board between the panel and the battery. Overcharging of a lead acid battery will result in hydrogen gas generation, shorter battery life, and possible acid leakage. For these reasons it is not recommended that a solar panel be directly connected to a storage battery. 

Regulation of the solar panel output is performed by monitoring the lead acid battery voltage level and applying a shunt load across the panel when the battery is fully charged. A fully charged lead acid battery condition will result in the solar panel output being shunted and released at a rapid rate producing a pulse effect. One should therefore not attempt to measure the voltage output from the panel while connected to the regulator board, since false readings may be produced. 

Section 4:  Maintenance

Routine maintenance is necessary to ensure reliability of the system. These items should be examined during the normal service intervals at the field site. 

Solar Panel:
Check for proper tilt angle (strong winds may have changed the angle), rock damage from vandals, tree leaves stuck to surface, or new foliage growth that may obstruct solar light. 

Solar Panel Wiring:
Check for corrosion at terminals, cracked outer jacket insulation, or cuts from lawn mowers / weed trimmers. 

Solar Regulator Board:

Check for corrosion on the board, water damage, insects inside the enclosure, etc. 

Lead Acid Battery:
Lead acid gel cell batteries are sealed, and therefore do not require the addition of any water. Periodic replacement is necessary however, with typical life-spans being in the range of four years. Batteries that have been repeatedly deep discharged (due to inadequate solar light for example) will require more frequent replacement. 

Section 5:  Troubleshooting Methods for 12V Systems: 

One of the foundations to effective troubleshooting is to isolate the known good from the questionable using the technique of ‘divide and conquer’. Each solar site will contain several components: a) solar panel,  b) solar regulator board, c) lead acid battery,            d) interconnect wiring. Any of these elements could possibly fail and thereby bring down the entire system. 

Solar Panel: 

Measurement of the open circuit voltage from a 12V panel will result in a reading of approximately 19 volts with strong sunlight. A six volt panel will produce half as much output voltage. 

Placing the voltmeter into the DC current measurement mode (it may also be necessary to move the red probe lead into the current probe socket) will provide a reading that demonstrates if the panel can generate real power. A 12V, 10watt panel may produce 650mA of current at high noon with no cloud cover. It will be up to the Technician to make a judgment call based on the time of day and relevant cloud cover as to whether the solar panel is producing a reasonable amount of energy. 

	Panel Size
Current
5 watt
325mA

10watt
650mA

20watt
1.3A

40watt
2.6A

80watt
5.2A


           Table 3

    Output Currents

Using a known good 20watt panel at the factory, it was found that the measured current was about 1.0 amperes with clear skies at 11:00 during the month of October. This value was considered to be reasonably close to the theoretical value listed in Table 3. If the panel had been tested at high noon during the peak of summer, then it is likely that the current measurement would have been a bit higher. 

Solar Regulator Board:

An illustration of the layout for a typical solar regulator board is provided in Appendix B. Several functions are performed by the regulator board; 

a) Overcharging of the lead acid battery is prevented.

b) Energy from the solar panel is delivered to the battery & load with minimum losses.

c) A low battery detect circuit generates an alarm output if the lead acid voltage drops 

    below the warning threshold. 

Jumper JP1 serves to maintain constant voltage on the switched power circuit when used with cellular phone systems. This jumper will maintain the cellular phone in a state where it is able to receive calls 24 hours a day. Because of the current drain associated with having this jumper installed, it should only be activated with systems having large solar array capacities and associated reserve batteries. 

Lead Acid Battery: 

Most lead acid batteries can be expected to deliver about four years of service life under normal operating conditions. Where batteries have been exposed to extreme temperatures for long periods of time, or repeated deep cycle discharges, then a shortened life should be anticipated. A typical symptom for a weakened battery will be that it cannot delivery energy to a load despite having been fully charged.

Testing for a weak cell requires that the charging source be disconnected and that the battery drive a somewhat heavy load. A common household 100W, 120VAC bulb can be used for this purpose in combination with a voltmeter. Attaching the bulb across a fully charged battery and monitoring of the voltage level for 30 seconds should produce a result where the battery voltage slowly drops from approximately 12.4 to 12.3 volts. A more drastic drop in voltage below 12 volts provides an indication that the battery is weak and cannot support a load.  

Note: The light will not illuminate when placed across the battery, and only serves as a load. 

Interconnect Wiring:

Verification of the integrity of the solar panel wiring can be performed by disconnecting the wiring from the solar regulator board, placing the voltmeter in the DC current measurement mode, and taking a current measurement of the panel. If the currents measured are in reasonable agreement with Table 3 (taking into consideration the amount of sunlight, time of year, and time of day), then it can be stated that the cable run has good integrity. 

It is a more useful test to check the current carrying capacity of the cable rather than measuring the voltage from the panel since any excessive resistance in the cable (due to corrosion, etc.) will become more apparent. An example to illustrate the point was a troubleshooting challenge where a lamppost in a yard would not illuminate despite having a known good bulb installed. Testing of the voltage at the socket would always show that 120Vac was present with the bulb removed. Installing the bulb would cause the voltage to drop to zero however due to corrosion at a electrical connection which resulted in a high circuit resistance. The wires could deliver voltage with the bulb removed, but not enough current to light the bulb when it was installed. 

Appendix A:  Reference Formulas 
DC Power

Power = Current x Voltage 

     or

P = I x E

Ohms Law

Current = Voltage / Resistance

     or

I = E / R

Basic Trigonometry 

Sine A = side opposite / hypotenuse

Cosine A = side adjacent / hypotenuse

Tangent A = side opposite / side adjacent

See Figure A-1

Pythagorean Theorem

c² = a² + b²

See Figure A-2

Appendix B:  Solar Regulator Board Layout

(Scale is approximately 1.6:1)

Appendix C:  Solar Panel Specifications
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