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WARNING & DISCLAIMER 

The content contained within this document is not intended to provide maintenance advice for your non-WiFiRanger 
electrical systems, devices, and appliances. Rather, it is simply troubleshooting advice for tracing down causes of 
power failures affecting WiFiRanger routers. Follow these steps at your own risk. We recommend following any and 
all manufacturer documentation and safety instructions for non-WiFiRanger electrical systems, devices, and appliances. 
We recommend contacting a certified electrician to perform any changes to your electrical system.

DOCUMENT PURPOSE
A brief exploration into electrical power 
c o n c e p t s , s t a n d a r d s , a n d 
troubleshooting. Better grasp and 
apply knowledge to power issues and 
concerns, improving your user 
experience with WiFiRanger routers 
and related devices.
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Calculating Power 
When it comes to WiFiRanger routers, our goal in calculating power consumption is to ensure that the routers 
have the appropriate voltage and have enough amperage to power the units. This comes in handy when 
troubleshooting random reboots that may be caused by insufficient power. The calculation is also useful when 
determining the load placed on vehicle DC battery systems. Many customers want to know how much energy is 
needed by their WiFiRangers.

Three variables interact to express electric power draw: voltage, amperage, and wattage. Wattage is essentially 
the actual amount of usable power. Voltage is the rate or push of the energy. Amperage is the current or flow of 
energy. You can determine a missing variable if you know any two of the other variables. The following is the 
formula to calculate power draw of an electrical component:

P = I x V (Power = Current x Voltage)

The letters used may be confusing to some who are unfamiliar with Ohm’s Law which has four key variables:

If it makes it easier to understand, feel free to make your own notations within the formula, such as the following:

W = A x V (Watts = Amps x Volts)

With this simple formula, we can calculate power draw of WiFiRanger routers. We just need to know at least two 
of the variables. Basically, if you know the Wattage, divide that figure by Voltage or Amperage to get your 
missing variable. If you know Voltage and Amperage, multiply them to get your Wattage. 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Variable Meaning Electrical Symbol
I Amperage A
V Voltage V
P Wattage W
R Resistance Ω
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For example, if a WiFiRanger Pack had a maximum power consumption specification of 26 Watts (W), we could 
then determine how much amperage was required if we tested the vehicle DC battery system that the routers 
were powered from. If, for example, the battery system was putting out 13.6 Volts (V), then we can determine the 
amperage:

26W = A x 13.6V

Simply divide 26 by 13.6 which results in 1.9 amps (26 / 13.6 = 1.9). That gives us our answer to the equation:

26W = 1.9A x 13.6V

Conversely, if we know the amperage draw of an electric component and the voltage of the battery system, we 
can calculate the wattage. For example, if a WiFiRanger router was drawing 500mA (milliamps) and the battery 
system was 12.5V, then we could calculate the wattage as shown below:

W = 500mA x 12.5V

The first step is to convert the milliamps into a decimal value of amps (500mA to 0.5A) [See Metric Electrical 
Prefixes]. This ensures that we are calculating our values using the correct electrical unit prefix. We do not want to 
multiply whole voltage units by milliamp units. Instead, we need to take care to multiply units of the same prefix 
(mW, mV, mA, etc) or whole units (W, V, A). Now we simply multiply 0.5 by 12.5 which results in 6.25 (0.5 x 12.5 = 
6.25). That is our answer:

6.25W = 0.5A x 12.5V

The variables of voltage and wattage are inversely and proportionally related each other to make up 
wattage. The higher the voltage, the lower the amperage needed to create the wattage. For illustration, if 
you double voltage then you halve amperage to get the same wattage. Take caution though, as exceeding a 
component’s maximum rated voltage will result in a failure. Ensure that voltage levels are within the specifications 
of the WiFiRanger routers [See Power Input Specifications]. Batteries also have a standard rating for amperage 
output. Exceeding this draw could result in damage to a battery system. Keep in mind, it is extremely unlikely that 
such damage would ever occur from WiFiRanger routers drawing too much current. They are relatively small 
electrical components within a standard DC vehicle battery system. 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Metric Electrical Prefixes 
Metric prefixes are often used to express electrical figures. This is because there is such a wide range of 
numeric values within electronics. It is important to be aware of these prefixes. Ensure that alike comparisons 
and calculations are made by properly converting figures to match the prefix. The table below outlines 
metric prefixes from smallest to largest (top to bottom): 

For example, if converting 1000mW (milliwatts) to a whole unit in W (watts), the decimal place would be moved 
three places to the left. This would result in 1000mW being converted into 1W. The Factor listed in this table 
provides clarity on which direction and how many decimal places must be moved to make a prefix conversion. 

Consider another example for wireless frequencies. They are often expressed in Megahertz (MHz) and Gigahertz 
(GHz). If converting 2.4GHz into the mega prefix, the decimal would be moved three places to the right. The result 
would be 2400MHz. 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Prefix Symbol Factor Power

pico p 0.000000000001 10-12

nano n 0.000000001 10-9

micro μ 0.000001 10-6

milli m 0.001 10-3

1 100

kilo k 1,000 103

mega M 1,000,000 106

giga G 1,000,000,000 109
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Power Failures 
The result of a power failure is either random rebooting or complete downtime of WiFiRanger router(s). To 
confirm that either of the above issues are actually occurring, check the status lights of the WiFiRanger router(s). 
If the power light(s) is lit up, then there is not a complete downtime state; but rather, there may be an issue 
causing random reboots. If you suspect random reboots, then check the Uptime of your WiFiRanger router(s). 
The Uptime is listed on the top right hand of the Control Panel. The Uptime indicates how long the WiFiRanger 
router has been booted up. If this amount of time is much shorter than the last time you intentionally rebooted the 
router, then a random reboot likely occurred. Keep in mind that power failures are not the only potential 
cause of random reboots. Either of these power failures cause frustration and can be difficult to diagnose if not 
following a logical troubleshooting path.

There are many potential failure points for power. It is important to troubleshoot power failures in a logical and 
consistent manner. Start with the source and trace your way downstream. Another way to think of this process 
is to start with independent components and then work your way down to the dependent components, much like a 
parent / child relationship. In our treatment of this topic of power failures, we will explore the power source, 
power supply, indoor router, wiring, outdoor router, and attachments. Although other factors may result in a 
power failure, these six categories resolve common causes of power failures when troubleshooted properly. Note 
that each WiFiRanger setup may differ, so skip categories that are not relevant in your situation. 

1) Power Source 
The power source is either an AC outlet or a DC battery system [See Power Supply Selection]. 

AC Power Source

AC power failures are generally noticeable since other components will be affected, such as lights and 
appliances. Perhaps a complete power outage occurs, which will be easily identifiable. Once AC power is 
restored, the WiFiRanger router(s) will operate again. A less obvious issue would be that the circuit the 
WiFiRanger router(s) is powered from goes down. Perhaps a high-draw appliance tripped a breaker relay and 
then everything connected to this circuit would be without power. One of the most common resolutions to AC 
power issues is to find and reset breakers or GFI / GFCI outlets after being tripped.
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Another troubleshooting step is to plug another AC adapter or appliance into the exact same outlet that the 
WiFiRanger router(s) was using. If this test device receives power, then there is likely an issue with something 
downstream with the WiFiRanger line of components. If this is the case, proceed to step 2 of this process. 
However, if neither the WiFiRanger nor the other test device receive power when plugged into the AC outlet, then 
there may be an issue with the circuit. Either the circuit breaker was tripped again, there is another power outage, 
or there is a serious problem with the AC electrical system (contact a certified electrician). 

DC Power Source

DC power failures are usually due to a low charge level on the battery system. If experiencing issues with 
WiFiRanger routers, ensure that the battery system is fully charged. Keep in mind that the output voltage of these 
DC systems vary based on the charge-level of the batteries. Many “12VDC” battery systems output 12.6V+ when 
100% charged, 12V when 50% charged (nominal voltage), and 11.3V when 10% charged [See Power Supply 
Selection]. The WiFiRanger router(s) may be experiencing random reboots when battery systems are not fully 
charged. 

If the battery system is fully charged, then the issue may be due to a high load of current being required by 
demanding components on the system (such as slide-out motors, auto-leveling systems, air conditioners, 
microwaves, etc). When these demanding devices run, a large amount of amperage is required which can 
decrease the power provided to other devices, including the WiFiRanger router(s). This may result in a random 
reboot of the WiFiRanger router(s). Such reboots are not the fault of the WiFiRanger router(s), but rather are a 
consequence of the physics and limitations of DC power systems. A potential solution to such issues is to install a 
step-up converter to power the WiFiRanger router(s). This solution can increase output voltage and ensure 
consistent amperage availability to the WiFiRanger router(s) [See Power Supply Selection]. 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2) Power Supply 
The power supply of WiFiRanger routers is generally not a cause of failure. However, it is vital to check the power 
supply to ensure it is working properly. This will require a multimeter and some basic knowledge of testing for 
voltage (read multimeter documentation to properly test for DC power output of the power supply). Ensure that the 
WiFiRanger power supply remains connected to the power source during this test: either to an AC outlet or 
connected to the DC battery system. Unplug the barrel connector of the WiFiRanger power supply from the router 
and then contact the barrel with the multimeter test prongs. In the case of all WiFiRanger power supply barrel 
connections, the test needs to be for Center Positive as shown. The red prong of the multimeter must be 
inserted into the center of the barrel (positive) while the black prong of the multimeter needs to touch the outer 
casing (negative) as shown.

The readout of the multimeter should match the output voltage specified for the power supply [See Power Supply 
Selection]. If it does not match, there are three possibilities: power supply not connected to power source, 
multimeter misconfigured / improperly setup, or power supply has failed. First, ensure that the power supply 
is connected to an operational power source. Second, refer to multimeter documentation to ensure everything is 
setup properly, and be sure that prongs are completely contacting the correct areas of barrel connector. Third, 
assume that the power supply has indeed failed and purchase and use another power supply that meets the 
power requirements of your WiFiRanger router(s) [See Power Input Specifications]. 

3) Indoor Router 
It is still a possibility that the power supply is at fault in the case that the output voltage is outside the acceptable 
range for the WiFiRanger router(s) [See Power Input Specifications]. This often happens when swapping around 
power supplies for ones that came with non-WiFiRanger products. Double-check the output specifications of your 
power supply and the input power specifications of your WiFiRanger router(s) just to be sure.

If the power supply is providing the specified output voltage, then the next step is to verify that the indoor router is 
free from obvious issues. Rarely will indoor routers have a complete power failure; but if such a failure does occur, 
the router will not have any status lights lit up when plugged into a tested and appropriate power supply. If 
such is the case, there is either a short / deficiency in the electrical setup or the indoor router has indeed failed. 
To ensure that the issue is not an electrical short / deficiency, unplug all wires, cables, and devices from the indoor 
WiFiRanger router except for its power barrel connector. If the power light suddenly turns on for the indoor 
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WiFiRanger router, then there is either a short caused by something connected to it or there is not enough 
wattage to power all connected devices simultaneously. Verify that enough wattage is provided to the WiFiRanger 
router(s) to rule out a power deficiency [See Power Input Specifications]. If enough wattage is provided, continue 
to step 4 and beyond to rule out the possibility of a short.

If the indoor router still does not indicate power via lights after all of these steps, then the router has failed. 
Contact WiFiRanger tech support to determine the best course of action, whether an RMA or the purchase of a 
new indoor router. 

4) Wiring 
There are five main categories of concerns regarding wiring to outdoor WiFiRanger routers: loose connection 
points, breaks / cuts, improper crimps / reversed polarity, water / burn damage, and excessive length. 
Inspect the wiring of your outdoor WiFiRanger router, ensuring that none of these problems exist. Correct any 
wiring issues found during the inspection process. Continue to step 5 once wiring is verified and / or corrected. 

Loose Connection Points

Ethernet connections often become loose when the retainer clip is broken or weakened. When this occurs, the 
connection may come out of the ethernet port, causing a power failure to the outdoor WiFiRanger router. Ensure 
that all accessible ethernet connection points are fully plugged into the ethernet port(s). If the ethernet retainer clip 
is broken, the best course of action would be to get a replacement ethernet cable or perform your own ethernet 
termination with a new crimp. 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DC power wires often suffer from a loose or frayed connection point when strained from excessive tugging or 
when frequently moved. Minimizing the movement and strain on these DC wires is ideal for long-term reliability. 
Check to see if there is a loose connection point as shown or if there is a frayed wire that may be causing a short. 
A short-circuit is caused when positive, negative, or ground wires contact each other. Ensure that no wires are 
frayed and that all wires are fully insulated from other electrical wires or conductors. 

Breaks / Cuts

Ethernet and DC wires are both susceptible to breaks, cuts, and kinks along the cable. Inspect the cable and 
ensure that none of these issues exist. Such issues usually result in either no power reaching the outdoor 
WiFiRanger router or a short-circuit due to crossing wires. If any of these issues are found, contact WiFiRanger 
support to acquire the appropriate wiring for replacing the damaged wire. 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Improper Crimps / Reversed Polarity

Ethernet wires have relatively complex crimps which can be damaged or improperly terminated. Verify that all 
accessible ethernet ends match the T-568B pinout diagram as shown. Sometimes issues arise when non-
WiFiRanger technicians perform ethernet terminations during installation that do not match the specifications 
required. Also note that the wires need to be fully inserted all the way as shown in the second image titled “Fully 
Crimped Wires.” Sometimes the wires are not all the way to the tip of the ethernet crimp which means that power 
or data transfer will not work or will be degraded. Ensure that the pins are not damaged, as one of the most 
common ethernet cable failures is caused by the golden pins or plastic dividers being damaged as shown in the 
last image. If there are any issues found with the ethernet cable, either contact WiFiRanger tech support for a 
replacement or properly re-terminate the crimp (requires ethernet crimp tool, ethernet crimp, and some 
experience). 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DC wires will cause a power failure when in reverse polarity. This is when the positive electrical flow goes to the 
negative circuit. Generally WiFiRanger routers have reverse-polarity protection to prevent permanent damage to 
the products. However, it is crucial to avoid reverse-polarity from occurring. At the very least, reverse-polarity will 
prevent WiFiRanger routers from powering up. Inspect the DC wire to ensure that polarity is positive to positive 
and negative to negative. Note that the wire color standard used in North America is red for positive (+) and 
black for negative (-). This color standard is arbitrary, but provides consistency for wiring electrical components 
to minimize user-error and failures. It may help to use a multimeter to determine if reverse-polarity is affecting 
your wiring. When the correct multimeter prongs are applied to positive and negative wires or terminals, the 
multimeter will give a negative voltage readout, indicating reverse-polarity. Either correct the reverse-polarity 
when found (at your own risk) or contact WiFiRanger tech support for further advice or replacement parts. 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Water / Burn Damage

Inspect your ethernet or DC wires for water or burn damage. Burn damage is usually caused by an electrical 
shock or surge. Moisture, over-voltage, and short-circuits can cause the burn damage shown below. If your 
ethernet or DC wire appears to have burn damage, ensure that the WiFiRanger router(s) remain unplugged from 
power until investigated by a qualified electrician or repaired by a technician. If water damage is apparent, there 
was water intrusion or condensation within the outdoor router enclosure. Contact WiFiRanger tech support for 
advice and replacement parts. Corrosion may also have occurred due to dissimilar metals being in contact or 
moisture. In some cases, it may be safe and appropriate to clean and remove corrosion from wire contact points 
to restore power. If doing so, take necessary safety precautions and proceed at your own risk. 

Excessive Length

Power failures can occur due to voltage drop associated with long electrical wires. Ensure that your ethernet or 
DC wire length is appropriate for your WiFiRanger router and power supply [See Wires and Voltage Drop]. 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5) Outdoor Router 
If the wiring to the outdoor router appears to be functional and in good condition, then the next step is to verify 
that the outdoor router is free from obvious issues. Many WiFiRanger outdoor routers have status lights to 
indicate power. Check to see if there are any status lights lit up on your outdoor WiFiRanger router. If the router 
does have status lights but they remain off, then you should contact WiFiRanger tech support for advice and 
potentially for replacement parts.

If you have a WiFiRanger Pack with an indoor and outdoor router, then tech support can run a test remotely to 
see whether the outdoor router has a link to the indoor router. This test is helpful since it is not dependent on 
status lights (Converge outdoor routers do not have external status lights) and does not require getting up on the 
roof. Before contacting tech support, get your indoor WiFiRanger router online so that the test can be performed 
remotely. 

6) Attachments 
There are a number of attachments to WiFiRanger routers that may cause power issues. Usually issues are 
caused either when these attachments have a short-circuit or when they draw too much power for the router to 
supply. Troubleshoot by detaching one device at a time from the WiFiRanger router, determining if a particular 
attachment is causing the issue. However, it could also be that the combination of several attachments 
requires too much power, so don’t quickly assume that there is just a particular attachment at fault. 

If it is determined that removing USB devices resolves the issue, then perhaps there is too much power draw on 
the router. To resolve this, consider purchasing an independently-powered USB 2.0 hub or a USB Y-splitter 
cable to allow a single device to be powered from a separate USB power adapter. This will reduce the power load 
on the WiFiRanger router which will increase reliability for both the router and the USB device. The issue could 
also be due to a faulty USB cable. Try swapping out USB cables for known working cables to resolve power 
issues. 

Sometimes the issue is due to two WiFiRanger routers being powered by one power supply which doesn’t 
have enough wattage to handle both units. In this case, consider upgrading the power supply for the 
WiFiRanger routers [See Power Input Specifications]. 

Common Attachments:
• USB LTE Device (Aircard, MiFi, Smartphone)
• USB Hub (for tethering multiple USB LTE devices)
• POE Devices (outdoor WiFiRanger, IP cameras, etc) 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Power Input Specifications 
There are a few concerns when it comes to powering WiFiRanger routers: over-voltage, under-voltage, and 
insufficient wattage. Over-voltage can cause serious damage to electrical components and in some cases may 
even pose a risk of fire. As such, it is important to understand and apply the correct voltage to any electrical 
components, WiFiRangers included. Conversely, under-voltage can cause frustrating reliability issues. When not 
receiving enough voltage, electrical components often work sporadically. Concerning WiFiRanger routers, under-
voltage causes random reboots. Finally, insufficient wattage results in similar behavior to under-voltage. Although 
sometimes insufficient wattage results in just a couple components within the WiFiRanger system to malfunction 
or reboot randomly. Perhaps an outdoor WiFiRanger router connected to an indoor router reboots while the indoor 
router continues to work. Or perhaps an integrated LTE modem or tethered LTE USB device has issues while the 
routers continue to operate. All of these issues must be considered and addressed when troubleshooting power 
issues.

Many wireless routers have built-in over-voltage protection. This feature prevents components from being 
permanently damaged or catching fire when too much voltage is inputted. However, not all over-voltage 
protections last indefinitely. It is vital to only provide the specified voltage to WiFiRanger routers and components. 
The input voltage of routers is often listed on the bottom of the unit or underneath its power port.

Indoor Routers 

Below you can view the power requirements of various indoor WiFiRanger routers:
Note that the input voltage ranges correspond with the amperage ranges. For example, the Core router has an 
input voltage range of 10-28V. To determine the necessary amperage to achieve the max wattage of 8W, we 
divide the wattage by either amperage or voltage (whichever variable is known). In this case, the voltage is 
known, so we solve to find amperage. Either divide 8W by 10V (low-end of voltage) which results in 0.8A or divide 
8W by 28V (high-end of voltage) which results in 0.29A. Basically, the higher the voltage, the lower the amperage 
necessary to achieve the max wattage. This calculation is based on Ohm’s Law [See Calculating Power]. 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Indoor Models Input Voltage Amperage Max Wattage

Home 5V 2A 10W

Pro 5V 2A 10W

X 5V 2A 10W

Mini 8-57V 0.625-0.09A 5W

Core 10-28V 0.8-0.29A 8W

Go 8-30V 1.25-0.33A 10W

Go2 9-30V 0.72-0.22A 6.5W

GoAC 11-57V 1.55-0.3A 17W

Poplar 12V 2A 24W

Spruce 12-30V 1.75-0.7A 21W

Aspen 12V 2A 24W
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Outdoor Routers 
Understand that many outdoor WiFiRanger routers receive power from an indoor WiFiRanger router via Power 
Over Ethernet (POE). The WiFiRanger Mini, Core, Go, Go2, and GoAC all have a single ethernet port that 
provides power via POE to an outdoor WiFiRanger. It is critical that the voltage inputted to these indoor models 
neither exceeds nor under-delivers the voltage range of the outdoor WiFiRanger attached to a POE port.

Below you can view the power requirements of various outdoor WiFiRanger routers:

*Note that Converge outdoor routers come with a TetherPoint cable for aftermarket products or paired systems. 
This cable has two separate cables combined in one: ethernet and stranded DC wire. The ethernet cable is simply 
for establishing a LAN connection to an indoor router (such as pairing with an indoor WiFiRanger router). The 
ethernet cable is not used to deliver Power Over Ethernet (POE). Instead, the DC wire provides power to the 
router and any attached peripheral devices.  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Outdoor Models Type Input Voltage Amperage Max Wattage

Mobile POE 12-24V 0.58-0.29A 7W

MobileTi POE 12-24V 0.58-0.29A 7W

Elite POE 10-30V 1.38-0.46A 13.8W

EliteAC POE 10-30V 1.1-0.37A 11W

Sky POE or DC 12-24V 0.33-0.17A 4W

Sky2 POE or DC 15-24V 0.27-0.17A 4W

Sky3 POE or DC 12-24V 0.83-0.42A 10W

Sky4 POE or DC 12-24V 0.83-0.42A 10W

SkyPro POE 6-30V 1.67-0.33A 10W

SkyPro LTE POE 8-30V 1.75-0.47A 14W

Teton DC* 12-18V 0.83-0.55A 10W

Denali DC* 12-24V 0.83-0.42A 10W

Everest DC* 12-24V 1.0-0.5A 12W
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Power Supply Selection 
There are pros and cons to any power supply choice. Understanding the benefits and drawbacks of each scenario 
will help in making an informed decision. The three key considerations of a power supply for WiFiRanger routers 
are input power source (AC or DC), output voltage (V), and output amperage (A).

Not all WiFiRanger products can run off the same power sources or power supplies due to voltage and 
amperage requirements [See Power Input Specifications]. As such, it is important to understand the voltage and 
amperage needed for your particular WiFiRanger setup.

Input Power Source 
There are a variety of different power supplies available for most WiFiRanger router models. Some of these power 
supplies connect to standard AC outlets and then transform the 110-240V into DC output. Note that no 
WiFiRanger routers run directly off AC power. Rather, an AC power supply acts as a transformer into DC power. 
This is typical for network routers and other relatively small electronic components. An AC adapter is a very 
simple and straightforward way to power WiFiRanger routers. On the other hand, WiFiRanger routers are often 
connected directly into DC vehicle battery systems. This is done with a variety of DC wires, step-up converters, or 
DC Power Over Ethernet (POE) adapters, depending on the WiFiRanger model(s).

The advantage of running off AC power is that it is very simple to plug an AC adapter into an outlet and then 
power up a WiFiRanger router. It requires no electrical engineering savvy or experience. The drawback to running 
off AC power is that it requires vehicles (RVs, trucks, boats, etc.) to either run an inverter (and potentially a 
generator) or be hooked up to shore power. This is not ideal when boon-docking or desiring to always have the 
WiFiRanger system operating regardless of the power state of the vehicle. 

The advantage of running off DC power is that it provides the most uptime and eliminates the need of running an 
inverter or being hooked up to shore power. This is ideal for boon-dockers or those who want the WiFiRanger 
router(s) to operate when driving (perhaps to use a tethered / integrated LTE connection, for example). The 
drawbacks to DC power sources are twofold. First, DC power can be more difficult to setup as it requires some 
knowledge of electrical circuits and safety. The DC power connectors for WiFiRanger products must be spliced 
into a DC circuit, and in some cases an inline-fuse will be required. Second, some DC vehicle battery systems 
provide inconsistent power to the WiFiRanger routers, resulting in random reboots.

Keep in mind that the output voltage of these DC systems vary based on the charge-level of the batteries. Many 
“12VDC” battery systems output 12.6V+ when 100% charged, 12V when 50% charged (nominal voltage), and 
11.3V when 10% charged. This range of voltage output can negatively impact any devices connected to the 
batteries, including the WiFiRanger router(s) [See Power Failures]. Furthermore, other electrical components are 
connected to the battery system and may at times require a high load of current. For example, RV slide-out 
motors have been known to cause WiFiRanger routers to reboot when the motors are engaged. These drawbacks 
should not steer people away from powering WiFiRangers routers off of battery systems. It is just important to 
understand the caveats, and then to potentially overcome these drawbacks with the ideal power supply. 

Output Voltage 
The first consideration of output voltage is that it must be within the voltage range of the WiFiRanger 
router(s). This is simple to apply for standalone WiFiRanger routers, but is more challenging when powering two 
WiFiRanger routers from one power supply. For such dual-router setups (“Packs”), it is vital to ensure that the 
output voltage of the selected power supply falls within the range of both routers [See Power Input 
Specifications].

The second consideration of output voltage is that the highest acceptable voltage for the router(s) being powered 
can be advantageous. For example, powering the GoAC and SkyPro routers as a unified Pack would be best 
accomplished with a power supply outputting 24VDC. The advantage over using a 12VDC power supply is that 
voltage drop is minimized, increasing reliability of the SkyPro even when powered from a long run of ethernet 
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cable (50ft+) [See Wires and Voltage Drop]. Furthermore, the doubling of voltage from 12 to 24VDC means that 
the amperage necessary to produce the 10Watts maximum consumption of the SkyPro is cut in half. This is an 
excellent improvement since the POE port of the GoAC has a current limit of 500mA (or 0.5A) [See Metric 
Electrical Prefixes]. By doing a quick calculation based on Ohm’s Law, we know that 12V at 0.5A is just 6W while 
24V at 0.5A is 12W [See Calculating Power]. This means that the SkyPro would have plenty of power on 
24VDC even considering the effects of voltage drop and the 500mA current limit on the GoAC POE port. 
This kind of thoughtful application of power to WiFiRanger router Packs can avoid issues from insufficient power. 

Output Amperage 
The output Amperage of the selected power supply needs to provide sufficient Wattage when multiplied by the 
output Voltage to accommodate the WiFiRanger router(s). We break down the Amperage requirements of each 
WiFiRanger router to simplify this process [See Power Input Specifications]. However, if you would like to 
understand the mathematical process of calculating Wattage based on Voltage and Amperage, then we provide 
guidance on that topic as well [See Calculating Power]. Suffice it to say that a power supply must provide at 
least the necessary Amperage to meet the maximum Wattage of the connected WiFiRanger router(s). 
Insufficient Amperage will likely result in random reboots on WiFiRanger router(s) or devices connected to the 
router(s) will have similar power issues (tethered USB LTE devices, paired outdoor unit, etc). 

Identifying Power Supply Specifications 
Most power supplies have their input and output specifications listed on a product label, as shown below: 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There are two areas that are important to note: Input and Output. The Input specification is what the power 
supply supports as a power source (generally an AC or DC specification will be listed). The Output specification is 
what will come out of the power supply and go into the connected WiFiRanger router(s). This Output specification 
must be DC and fall within the Voltage range of the connected WiFiRanger router(s) [See Power Input 
Specifications]. 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Electrical Abbreviations & Symbols

Alternating Current Direct Current Frequency Amperage Ground

AC DC Hertz Amp COM

VAC VDC Hz A GND

⏦ ⎓ kHz mA ⏚
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Power Input

Note that the standard outlet in North America for these AC adapters would be 120V @ 60Hz while many 
countries around the world use other voltages and the 50Hz frequency. Power supplies that list the 100-240V 
input voltage range and 50/60Hz frequencies will work pretty much anywhere, assuming you have the necessary 
plug adapter / converter to insert into the outlet.

Power Output


*Wattages shown are mathematical extrapolations and will not be listed on the power supply specification 
label [See Calculating Power]. However, it is helpful to understand the relationship of output voltage and 
amperage to determine total wattage available, ensuring sufficient power to WiFiRanger router(s) [See Power 
Input Specifications]. 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WARNING & DISCLAIMER 

This table of Common Input Specifications only offers generalizations of common power input specifications. Check for your 
particular country’s AC power specifications before deciding on a power supply or plugging it into power. Failure to use an 
appropriate power supply for your country may result in electric shock or fire. You are solely responsible to research 
and select the appropriate power supply for use from an AC power source.

Common Input Specifications

DC AC

Battery Systems Universal North America+ 
Others

Europe, Asia+ 
Others

Voltage 9-36V 100-240V | 
120/240V 110V | 120V 220V | 240V

Frequency n/a 50-60Hz | 50/60Hz 60Hz 50Hz

Amperage 4.4A Varies (typically ranging from 0.5A to 5A)

Common Output Specifications

Low Voltage Mid Voltage High Voltage

Voltage 5V 12V 24V

Amperage 2A 1A | 2A | 3A 0.5A | 0.8A | 1A | 1.2A | 1.25A

DC Notations VDC | DC | ⎓ VDC | DC | ⎓ VDC | DC | ⎓

Wattages* 10W 12W | 24W | 36W 12W | 19W | 24W | 29W | 30W
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Wires and Voltage Drop 
WiFiRanger routers, especially outdoor models, rely on wires to deliver power. An important consideration 
regarding wire is that voltage drop affects all electrical power transmission. The gauge or diameter of a wire and 
the metal material determine the resistance of that wire in Ohms. Certain materials conduct electricity better or 
worse. In our treatment, we will only consider copper and aluminum as these two metals are exclusively used for 
our outdoor cabling to power WiFiRanger routers. Copper has less resistance than aluminum, so it provides 
power transmission with minimal voltage drop within our context. Aluminum is still an excellent metal for wires, but 
just understand that voltage drop will be worse on aluminum wires when compared to copper wires. 

Another factor that determines voltage drop is the gauge or diameter of the wire. The larger the gauge, the less 
the resistance. Therefore, voltage drop is minimized by using larger gauge wires. The length of the wire also is 
linked to the amount of resistance. The longer the wire, the more resistance. Having shorter wires decreases the 
amount of voltage drop. This is an important consideration for those who have installed long cable runs in excess 
of 50 feet. There have been cases when random reboots occurred on outdoor WiFiRanger routers due to 
excessive wire length which corresponds to more voltage drop. Increasing voltage to the WiFiRanger routers will 
decrease the adverse affects of voltage drop. Of course, the voltages must stay within the range of both indoor 
and outdoor (if applicable) WiFiRanger routers [See Power Input Specifications]. 

Below is a chart of American Wire Gauge specifications between 10 and 30 AWG:  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Voltage Drop Factors

Conductor Materials Conductor Diameter Ampere Capacity Wire Length

Gauge 
(AWG)

Conductor Diameter 
(Inches)

Resistance Per 1000ft  
(Ohms)

Ampere Capacity 
(Amps)

10 0.1019 0.9989 15
11 0.0907 1.26 12
12 0.0808 1.588 9.3
13 0.072 2.003 7.4
14 0.0641 2.525 5.9
15 0.0571 3.184 4.7
16 0.0508 4.016 3.7
17 0.0453 5.064 2.9
18 0.0403 6.385 2.3
19 0.0359 8.051 1.8
20 0.032 10.15 1.5
21 0.0285 12.8 1.2
22 0.0253 16.14 0.92
23 0.0226 20.36 0.729
24 0.0201 25.67 0.577
25 0.0179 32.37 0.457
26 0.0159 40.81 0.361
27 0.0142 51.47 0.288
28 0.0126 64.9 0.226
29 0.0113 81.83 0.182
30 0.01 103.2 0.142
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Calculating Voltage Drop 
You can calculate voltage drop using the calculator available at https://www.calculator.net/voltage-drop-
calculator.html

Example: Indoor to Outdoor Router via Standard POE Cable

For example, the typical voltage drop on a POE connection from an indoor WiFiRanger router to an outdoor router 
can be determined by inputting the following variables:

*Input these two values as reflected in your specific situation as these figures are just a typical example.

In this example, the voltage drop is not very much and would not likely pose a power issue to the WiFiRanger. 
The result of this particular calculation was the following:

Example: Standalone Sky Router via Standard DC Wire

Another common example would be a WiFiRanger Sky product that is powered via DC wire instead of POE. 
Typically, our DC power wire is 18 AWG stranded copper or aluminum that is 1-30ft in length (depending on the 
installation). To calculate the voltage drop of the most extreme situation for this kind of product, we would input the 
following:

*Input these two values as reflected in your specific situation as these figures are just a typical example

The result is the following:

These examples serve to illustrate that typical voltage drop is to be expected and is likely to be in the area of 
2-5% for most WiFiRanger installations. However, it is important to note that some installations push the limits of 
what is possible and may be more prone to random reboots as a result of voltage drop. 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Voltage Drop Voltage Drop Percentage Voltage at the End

0.39V 2.83% 13.21V

Wire Material Wire Size Voltage Phase Number of 
Conductors Distance Load 

Current

Copper 24AWG 13.6V* DC 2 30ft* 0.5A*

Wire Material Wire Size Voltage Phase Number of 
Conductors Distance Load 

Current

Aluminum 18AWG 12V* DC Single (1) 30ft* 1A*

Voltage Drop Voltage Drop Percentage Voltage at the End

0.60V 5.03% 11.4V

https://www.calculator.net/voltage-drop-calculator.html
https://www.calculator.net/voltage-drop-calculator.html
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Example: GoAC to SkyPro LTE via Long POE Cable

As a final example, consider the combination of the power hungry GoAC and SkyPro LTE. The GoAC may 
consume up to 17W while the SkyPro LTE may consume up to 14W [See Power Input Specifications]. That is 
31W combined. However, in this example, we are only concerned with the 14W power consumption of the SkyPro 
LTE which pulls power via POE from the GoAC. The calculation would be the following:

*Input these two values as reflected in your specific situation as these figures are just for this extreme example

The result is the following:

In this situation, it may be ideal to provide the maximum allowable voltage of 24V. The higher voltage decreases 
the overall voltage drop. The doubling of the voltage from 12V to 24V also decreases the necessary amperage 
from 1.17A to 0.58A [See Calculating Power]. The calculation would be the following:

*Input these two values as reflected in your specific situation as these figures are just for this extreme example

The result is the following:

This example of doubling the voltage shows just how effective a simple change like this can be to combat 
voltage drop. Instead of a 15% drop in voltage, only 3.7% was lost at 24V instead of 12V. Of course every 
situation is different. When considering such changes in voltages to minimize voltage drop, ensure that your 
WiFiRanger router(s) can handle the changes [See Power Input Specifications]. 
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Wire Material Wire Size Voltage Phase Number of 
Conductors Distance Load 

Current

Copper 24AWG 12V* DC 2 60ft* 1.17A*

Voltage Drop Voltage Drop Percentage Voltage at the End

1.8V 15.02% 10.2V

Wire Material Wire Size Voltage Phase Number of 
Conductors Distance Load 

Current

Copper 24AWG 24V* DC 2 60ft* 0.58A*

Voltage Drop Voltage Drop Percentage Voltage at the End

0.89V 3.72% 23.11V


	DOCUMENT PURPOSE
	A brief exploration into electrical power concepts, standards, and troubleshooting. Better grasp and apply knowledge to power issues and concerns, improving your user experience with WiFiRanger routers and related devices.
	Table of Contents
	Calculating Power
	When it comes to WiFiRanger routers, our goal in calculating power consumption is to ensure that the routers have the appropriate voltage and have enough amperage to power the units. This comes in handy when troubleshooting random reboots that may be caused by insufficient power. The calculation is also useful when determining the load placed on vehicle DC battery systems. Many customers want to know how much energy is needed by their WiFiRangers.
	Three variables interact to express electric power draw: voltage, amperage, and wattage. Wattage is essentially the actual amount of usable power. Voltage is the rate or push of the energy. Amperage is the current or flow of energy. You can determine a missing variable if you know any two of the other variables. The following is the formula to calculate power draw of an electrical component:
	P = I x V (Power = Current x Voltage)
	The letters used may be confusing to some who are unfamiliar with Ohm’s Law which has four key variables:
	If it makes it easier to understand, feel free to make your own notations within the formula, such as the following:
	W = A x V (Watts = Amps x Volts)
	With this simple formula, we can calculate power draw of WiFiRanger routers. We just need to know at least two of the variables. Basically, if you know the Wattage, divide that figure by Voltage or Amperage to get your missing variable. If you know Voltage and Amperage, multiply them to get your Wattage.
	For example, if a WiFiRanger Pack had a maximum power consumption specification of 26 Watts (W), we could then determine how much amperage was required if we tested the vehicle DC battery system that the routers were powered from. If, for example, the battery system was putting out 13.6 Volts (V), then we can determine the amperage:
	26W = A x 13.6V
	Simply divide 26 by 13.6 which results in 1.9 amps (26 / 13.6 = 1.9). That gives us our answer to the equation:
	26W = 1.9A x 13.6V
	Conversely, if we know the amperage draw of an electric component and the voltage of the battery system, we can calculate the wattage. For example, if a WiFiRanger router was drawing 500mA (milliamps) and the battery system was 12.5V, then we could calculate the wattage as shown below:
	W = 500mA x 12.5V
	The first step is to convert the milliamps into a decimal value of amps (500mA to 0.5A) [See Metric Electrical Prefixes]. This ensures that we are calculating our values using the correct electrical unit prefix. We do not want to multiply whole voltage units by milliamp units. Instead, we need to take care to multiply units of the same prefix (mW, mV, mA, etc) or whole units (W, V, A). Now we simply multiply 0.5 by 12.5 which results in 6.25 (0.5 x 12.5 = 6.25). That is our answer:
	6.25W = 0.5A x 12.5V
	The variables of voltage and wattage are inversely and proportionally related each other to make up wattage. The higher the voltage, the lower the amperage needed to create the wattage. For illustration, if you double voltage then you halve amperage to get the same wattage. Take caution though, as exceeding a component’s maximum rated voltage will result in a failure. Ensure that voltage levels are within the specifications of the WiFiRanger routers [See Power Input Specifications]. Batteries also have a standard rating for amperage output. Exceeding this draw could result in damage to a battery system. Keep in mind, it is extremely unlikely that such damage would ever occur from WiFiRanger routers drawing too much current. They are relatively small electrical components within a standard DC vehicle battery system.

	Metric Electrical Prefixes
	Metric prefixes are often used to express electrical figures. This is because there is such a wide range of numeric values within electronics. It is important to be aware of these prefixes. Ensure that alike comparisons and calculations are made by properly converting figures to match the prefix. The table below outlines metric prefixes from smallest to largest (top to bottom):
	For example, if converting 1000mW (milliwatts) to a whole unit in W (watts), the decimal place would be moved three places to the left. This would result in 1000mW being converted into 1W. The Factor listed in this table provides clarity on which direction and how many decimal places must be moved to make a prefix conversion.
	Consider another example for wireless frequencies. They are often expressed in Megahertz (MHz) and Gigahertz (GHz). If converting 2.4GHz into the mega prefix, the decimal would be moved three places to the right. The result would be 2400MHz.

	Power Failures
	The result of a power failure is either random rebooting or complete downtime of WiFiRanger router(s). To confirm that either of the above issues are actually occurring, check the status lights of the WiFiRanger router(s). If the power light(s) is lit up, then there is not a complete downtime state; but rather, there may be an issue causing random reboots. If you suspect random reboots, then check the Uptime of your WiFiRanger router(s). The Uptime is listed on the top right hand of the Control Panel. The Uptime indicates how long the WiFiRanger router has been booted up. If this amount of time is much shorter than the last time you intentionally rebooted the router, then a random reboot likely occurred. Keep in mind that power failures are not the only potential cause of random reboots. Either of these power failures cause frustration and can be difficult to diagnose if not following a logical troubleshooting path.
	There are many potential failure points for power. It is important to troubleshoot power failures in a logical and consistent manner. Start with the source and trace your way downstream. Another way to think of this process is to start with independent components and then work your way down to the dependent components, much like a parent / child relationship. In our treatment of this topic of power failures, we will explore the power source, power supply, indoor router, wiring, outdoor router, and attachments. Although other factors may result in a power failure, these six categories resolve common causes of power failures when troubleshooted properly. Note that each WiFiRanger setup may differ, so skip categories that are not relevant in your situation.

	1) Power Source
	The power source is either an AC outlet or a DC battery system [See Power Supply Selection].

	AC Power Source
	AC power failures are generally noticeable since other components will be affected, such as lights and appliances. Perhaps a complete power outage occurs, which will be easily identifiable. Once AC power is restored, the WiFiRanger router(s) will operate again. A less obvious issue would be that the circuit the WiFiRanger router(s) is powered from goes down. Perhaps a high-draw appliance tripped a breaker relay and then everything connected to this circuit would be without power. One of the most common resolutions to AC power issues is to find and reset breakers or GFI / GFCI outlets after being tripped.
	Another troubleshooting step is to plug another AC adapter or appliance into the exact same outlet that the WiFiRanger router(s) was using. If this test device receives power, then there is likely an issue with something downstream with the WiFiRanger line of components. If this is the case, proceed to step 2 of this process. However, if neither the WiFiRanger nor the other test device receive power when plugged into the AC outlet, then there may be an issue with the circuit. Either the circuit breaker was tripped again, there is another power outage, or there is a serious problem with the AC electrical system (contact a certified electrician).

	DC Power Source
	DC power failures are usually due to a low charge level on the battery system. If experiencing issues with WiFiRanger routers, ensure that the battery system is fully charged. Keep in mind that the output voltage of these DC systems vary based on the charge-level of the batteries. Many “12VDC” battery systems output 12.6V+ when 100% charged, 12V when 50% charged (nominal voltage), and 11.3V when 10% charged [See Power Supply Selection]. The WiFiRanger router(s) may be experiencing random reboots when battery systems are not fully charged.
	If the battery system is fully charged, then the issue may be due to a high load of current being required by demanding components on the system (such as slide-out motors, auto-leveling systems, air conditioners, microwaves, etc). When these demanding devices run, a large amount of amperage is required which can decrease the power provided to other devices, including the WiFiRanger router(s). This may result in a random reboot of the WiFiRanger router(s). Such reboots are not the fault of the WiFiRanger router(s), but rather are a consequence of the physics and limitations of DC power systems. A potential solution to such issues is to install a step-up converter to power the WiFiRanger router(s). This solution can increase output voltage and ensure consistent amperage availability to the WiFiRanger router(s) [See Power Supply Selection].

	2) Power Supply
	The power supply of WiFiRanger routers is generally not a cause of failure. However, it is vital to check the power supply to ensure it is working properly. This will require a multimeter and some basic knowledge of testing for voltage (read multimeter documentation to properly test for DC power output of the power supply). Ensure that the WiFiRanger power supply remains connected to the power source during this test: either to an AC outlet or connected to the DC battery system. Unplug the barrel connector of the WiFiRanger power supply from the router and then contact the barrel with the multimeter test prongs. In the case of all WiFiRanger power supply barrel connections, the test needs to be for Center Positive as shown. The red prong of the multimeter must be inserted into the center of the barrel (positive) while the black prong of the multimeter needs to touch the outer casing (negative) as shown.
	The readout of the multimeter should match the output voltage specified for the power supply [See Power Supply Selection]. If it does not match, there are three possibilities: power supply not connected to power source, multimeter misconfigured / improperly setup, or power supply has failed. First, ensure that the power supply is connected to an operational power source. Second, refer to multimeter documentation to ensure everything is setup properly, and be sure that prongs are completely contacting the correct areas of barrel connector. Third, assume that the power supply has indeed failed and purchase and use another power supply that meets the power requirements of your WiFiRanger router(s) [See Power Input Specifications].

	3) Indoor Router
	It is still a possibility that the power supply is at fault in the case that the output voltage is outside the acceptable range for the WiFiRanger router(s) [See Power Input Specifications]. This often happens when swapping around power supplies for ones that came with non-WiFiRanger products. Double-check the output specifications of your power supply and the input power specifications of your WiFiRanger router(s) just to be sure.
	If the power supply is providing the specified output voltage, then the next step is to verify that the indoor router is free from obvious issues. Rarely will indoor routers have a complete power failure; but if such a failure does occur, the router will not have any status lights lit up when plugged into a tested and appropriate power supply. If such is the case, there is either a short / deficiency in the electrical setup or the indoor router has indeed failed. To ensure that the issue is not an electrical short / deficiency, unplug all wires, cables, and devices from the indoor WiFiRanger router except for its power barrel connector. If the power light suddenly turns on for the indoor WiFiRanger router, then there is either a short caused by something connected to it or there is not enough wattage to power all connected devices simultaneously. Verify that enough wattage is provided to the WiFiRanger router(s) to rule out a power deficiency [See Power Input Specifications]. If enough wattage is provided, continue to step 4 and beyond to rule out the possibility of a short.
	If the indoor router still does not indicate power via lights after all of these steps, then the router has failed. Contact WiFiRanger tech support to determine the best course of action, whether an RMA or the purchase of a new indoor router.

	4) Wiring
	There are five main categories of concerns regarding wiring to outdoor WiFiRanger routers: loose connection points, breaks / cuts, improper crimps / reversed polarity, water / burn damage, and excessive length. Inspect the wiring of your outdoor WiFiRanger router, ensuring that none of these problems exist. Correct any wiring issues found during the inspection process. Continue to step 5 once wiring is verified and / or corrected.

	Loose Connection Points
	Ethernet connections often become loose when the retainer clip is broken or weakened. When this occurs, the connection may come out of the ethernet port, causing a power failure to the outdoor WiFiRanger router. Ensure that all accessible ethernet connection points are fully plugged into the ethernet port(s). If the ethernet retainer clip is broken, the best course of action would be to get a replacement ethernet cable or perform your own ethernet termination with a new crimp.
	DC power wires often suffer from a loose or frayed connection point when strained from excessive tugging or when frequently moved. Minimizing the movement and strain on these DC wires is ideal for long-term reliability. Check to see if there is a loose connection point as shown or if there is a frayed wire that may be causing a short. A short-circuit is caused when positive, negative, or ground wires contact each other. Ensure that no wires are frayed and that all wires are fully insulated from other electrical wires or conductors.

	Breaks / Cuts
	Ethernet and DC wires are both susceptible to breaks, cuts, and kinks along the cable. Inspect the cable and ensure that none of these issues exist. Such issues usually result in either no power reaching the outdoor WiFiRanger router or a short-circuit due to crossing wires. If any of these issues are found, contact WiFiRanger support to acquire the appropriate wiring for replacing the damaged wire.

	Improper Crimps / Reversed Polarity
	Ethernet wires have relatively complex crimps which can be damaged or improperly terminated. Verify that all accessible ethernet ends match the T-568B pinout diagram as shown. Sometimes issues arise when non-WiFiRanger technicians perform ethernet terminations during installation that do not match the specifications required. Also note that the wires need to be fully inserted all the way as shown in the second image titled “Fully Crimped Wires.” Sometimes the wires are not all the way to the tip of the ethernet crimp which means that power or data transfer will not work or will be degraded. Ensure that the pins are not damaged, as one of the most common ethernet cable failures is caused by the golden pins or plastic dividers being damaged as shown in the last image. If there are any issues found with the ethernet cable, either contact WiFiRanger tech support for a replacement or properly re-terminate the crimp (requires ethernet crimp tool, ethernet crimp, and some experience).
	DC wires will cause a power failure when in reverse polarity. This is when the positive electrical flow goes to the negative circuit. Generally WiFiRanger routers have reverse-polarity protection to prevent permanent damage to the products. However, it is crucial to avoid reverse-polarity from occurring. At the very least, reverse-polarity will prevent WiFiRanger routers from powering up. Inspect the DC wire to ensure that polarity is positive to positive and negative to negative. Note that the wire color standard used in North America is red for positive (+) and black for negative (-). This color standard is arbitrary, but provides consistency for wiring electrical components to minimize user-error and failures. It may help to use a multimeter to determine if reverse-polarity is affecting your wiring. When the correct multimeter prongs are applied to positive and negative wires or terminals, the multimeter will give a negative voltage readout, indicating reverse-polarity. Either correct the reverse-polarity when found (at your own risk) or contact WiFiRanger tech support for further advice or replacement parts.

	Water / Burn Damage
	Inspect your ethernet or DC wires for water or burn damage. Burn damage is usually caused by an electrical shock or surge. Moisture, over-voltage, and short-circuits can cause the burn damage shown below. If your ethernet or DC wire appears to have burn damage, ensure that the WiFiRanger router(s) remain unplugged from power until investigated by a qualified electrician or repaired by a technician. If water damage is apparent, there was water intrusion or condensation within the outdoor router enclosure. Contact WiFiRanger tech support for advice and replacement parts. Corrosion may also have occurred due to dissimilar metals being in contact or moisture. In some cases, it may be safe and appropriate to clean and remove corrosion from wire contact points to restore power. If doing so, take necessary safety precautions and proceed at your own risk.

	Excessive Length
	Power failures can occur due to voltage drop associated with long electrical wires. Ensure that your ethernet or DC wire length is appropriate for your WiFiRanger router and power supply [See Wires and Voltage Drop].

	5) Outdoor Router
	If the wiring to the outdoor router appears to be functional and in good condition, then the next step is to verify that the outdoor router is free from obvious issues. Many WiFiRanger outdoor routers have status lights to indicate power. Check to see if there are any status lights lit up on your outdoor WiFiRanger router. If the router does have status lights but they remain off, then you should contact WiFiRanger tech support for advice and potentially for replacement parts.
	If you have a WiFiRanger Pack with an indoor and outdoor router, then tech support can run a test remotely to see whether the outdoor router has a link to the indoor router. This test is helpful since it is not dependent on status lights (Converge outdoor routers do not have external status lights) and does not require getting up on the roof. Before contacting tech support, get your indoor WiFiRanger router online so that the test can be performed remotely.

	6) Attachments
	There are a number of attachments to WiFiRanger routers that may cause power issues. Usually issues are caused either when these attachments have a short-circuit or when they draw too much power for the router to supply. Troubleshoot by detaching one device at a time from the WiFiRanger router, determining if a particular attachment is causing the issue. However, it could also be that the combination of several attachments requires too much power, so don’t quickly assume that there is just a particular attachment at fault.
	If it is determined that removing USB devices resolves the issue, then perhaps there is too much power draw on the router. To resolve this, consider purchasing an independently-powered USB 2.0 hub or a USB Y-splitter cable to allow a single device to be powered from a separate USB power adapter. This will reduce the power load on the WiFiRanger router which will increase reliability for both the router and the USB device. The issue could also be due to a faulty USB cable. Try swapping out USB cables for known working cables to resolve power issues.
	Sometimes the issue is due to two WiFiRanger routers being powered by one power supply which doesn’t have enough wattage to handle both units. In this case, consider upgrading the power supply for the WiFiRanger routers [See Power Input Specifications].
	Common Attachments:
	USB LTE Device (Aircard, MiFi, Smartphone)
	USB Hub (for tethering multiple USB LTE devices)
	POE Devices (outdoor WiFiRanger, IP cameras, etc)

	Power Input Specifications
	There are a few concerns when it comes to powering WiFiRanger routers: over-voltage, under-voltage, and insufficient wattage. Over-voltage can cause serious damage to electrical components and in some cases may even pose a risk of fire. As such, it is important to understand and apply the correct voltage to any electrical components, WiFiRangers included. Conversely, under-voltage can cause frustrating reliability issues. When not receiving enough voltage, electrical components often work sporadically. Concerning WiFiRanger routers, under-voltage causes random reboots. Finally, insufficient wattage results in similar behavior to under-voltage. Although sometimes insufficient wattage results in just a couple components within the WiFiRanger system to malfunction or reboot randomly. Perhaps an outdoor WiFiRanger router connected to an indoor router reboots while the indoor router continues to work. Or perhaps an integrated LTE modem or tethered LTE USB device has issues while the routers continue to operate. All of these issues must be considered and addressed when troubleshooting power issues.
	Many wireless routers have built-in over-voltage protection. This feature prevents components from being permanently damaged or catching fire when too much voltage is inputted. However, not all over-voltage protections last indefinitely. It is vital to only provide the specified voltage to WiFiRanger routers and components. The input voltage of routers is often listed on the bottom of the unit or underneath its power port.

	Indoor Routers
	Below you can view the power requirements of various indoor WiFiRanger routers:
	Note that the input voltage ranges correspond with the amperage ranges. For example, the Core router has an input voltage range of 10-28V. To determine the necessary amperage to achieve the max wattage of 8W, we divide the wattage by either amperage or voltage (whichever variable is known). In this case, the voltage is known, so we solve to find amperage. Either divide 8W by 10V (low-end of voltage) which results in 0.8A or divide 8W by 28V (high-end of voltage) which results in 0.29A. Basically, the higher the voltage, the lower the amperage necessary to achieve the max wattage. This calculation is based on Ohm’s Law [See Calculating Power].

	Outdoor Routers
	Understand that many outdoor WiFiRanger routers receive power from an indoor WiFiRanger router via Power Over Ethernet (POE). The WiFiRanger Mini, Core, Go, Go2, and GoAC all have a single ethernet port that provides power via POE to an outdoor WiFiRanger. It is critical that the voltage inputted to these indoor models neither exceeds nor under-delivers the voltage range of the outdoor WiFiRanger attached to a POE port.
	Below you can view the power requirements of various outdoor WiFiRanger routers:
	*Note that Converge outdoor routers come with a TetherPoint cable for aftermarket products or paired systems. This cable has two separate cables combined in one: ethernet and stranded DC wire. The ethernet cable is simply for establishing a LAN connection to an indoor router (such as pairing with an indoor WiFiRanger router). The ethernet cable is not used to deliver Power Over Ethernet (POE). Instead, the DC wire provides power to the router and any attached peripheral devices.

	Power Supply Selection
	There are pros and cons to any power supply choice. Understanding the benefits and drawbacks of each scenario will help in making an informed decision. The three key considerations of a power supply for WiFiRanger routers are input power source (AC or DC), output voltage (V), and output amperage (A).
	Not all WiFiRanger products can run off the same power sources or power supplies due to voltage and amperage requirements [See Power Input Specifications]. As such, it is important to understand the voltage and amperage needed for your particular WiFiRanger setup.

	Input Power Source
	There are a variety of different power supplies available for most WiFiRanger router models. Some of these power supplies connect to standard AC outlets and then transform the 110-240V into DC output. Note that no WiFiRanger routers run directly off AC power. Rather, an AC power supply acts as a transformer into DC power. This is typical for network routers and other relatively small electronic components. An AC adapter is a very simple and straightforward way to power WiFiRanger routers. On the other hand, WiFiRanger routers are often connected directly into DC vehicle battery systems. This is done with a variety of DC wires, step-up converters, or DC Power Over Ethernet (POE) adapters, depending on the WiFiRanger model(s).
	The advantage of running off AC power is that it is very simple to plug an AC adapter into an outlet and then power up a WiFiRanger router. It requires no electrical engineering savvy or experience. The drawback to running off AC power is that it requires vehicles (RVs, trucks, boats, etc.) to either run an inverter (and potentially a generator) or be hooked up to shore power. This is not ideal when boon-docking or desiring to always have the WiFiRanger system operating regardless of the power state of the vehicle.
	The advantage of running off DC power is that it provides the most uptime and eliminates the need of running an inverter or being hooked up to shore power. This is ideal for boon-dockers or those who want the WiFiRanger router(s) to operate when driving (perhaps to use a tethered / integrated LTE connection, for example). The drawbacks to DC power sources are twofold. First, DC power can be more difficult to setup as it requires some knowledge of electrical circuits and safety. The DC power connectors for WiFiRanger products must be spliced into a DC circuit, and in some cases an inline-fuse will be required. Second, some DC vehicle battery systems provide inconsistent power to the WiFiRanger routers, resulting in random reboots.
	Keep in mind that the output voltage of these DC systems vary based on the charge-level of the batteries. Many “12VDC” battery systems output 12.6V+ when 100% charged, 12V when 50% charged (nominal voltage), and 11.3V when 10% charged. This range of voltage output can negatively impact any devices connected to the batteries, including the WiFiRanger router(s) [See Power Failures]. Furthermore, other electrical components are connected to the battery system and may at times require a high load of current. For example, RV slide-out motors have been known to cause WiFiRanger routers to reboot when the motors are engaged. These drawbacks should not steer people away from powering WiFiRangers routers off of battery systems. It is just important to understand the caveats, and then to potentially overcome these drawbacks with the ideal power supply.

	Output Voltage
	The first consideration of output voltage is that it must be within the voltage range of the WiFiRanger router(s). This is simple to apply for standalone WiFiRanger routers, but is more challenging when powering two WiFiRanger routers from one power supply. For such dual-router setups (“Packs”), it is vital to ensure that the output voltage of the selected power supply falls within the range of both routers [See Power Input Specifications].
	The second consideration of output voltage is that the highest acceptable voltage for the router(s) being powered can be advantageous. For example, powering the GoAC and SkyPro routers as a unified Pack would be best accomplished with a power supply outputting 24VDC. The advantage over using a 12VDC power supply is that voltage drop is minimized, increasing reliability of the SkyPro even when powered from a long run of ethernet cable (50ft+) [See Wires and Voltage Drop]. Furthermore, the doubling of voltage from 12 to 24VDC means that the amperage necessary to produce the 10Watts maximum consumption of the SkyPro is cut in half. This is an excellent improvement since the POE port of the GoAC has a current limit of 500mA (or 0.5A) [See Metric Electrical Prefixes]. By doing a quick calculation based on Ohm’s Law, we know that 12V at 0.5A is just 6W while 24V at 0.5A is 12W [See Calculating Power]. This means that the SkyPro would have plenty of power on 24VDC even considering the effects of voltage drop and the 500mA current limit on the GoAC POE port. This kind of thoughtful application of power to WiFiRanger router Packs can avoid issues from insufficient power.

	Output Amperage
	The output Amperage of the selected power supply needs to provide sufficient Wattage when multiplied by the output Voltage to accommodate the WiFiRanger router(s). We break down the Amperage requirements of each WiFiRanger router to simplify this process [See Power Input Specifications]. However, if you would like to understand the mathematical process of calculating Wattage based on Voltage and Amperage, then we provide guidance on that topic as well [See Calculating Power]. Suffice it to say that a power supply must provide at least the necessary Amperage to meet the maximum Wattage of the connected WiFiRanger router(s). Insufficient Amperage will likely result in random reboots on WiFiRanger router(s) or devices connected to the router(s) will have similar power issues (tethered USB LTE devices, paired outdoor unit, etc).

	Identifying Power Supply Specifications
	Most power supplies have their input and output specifications listed on a product label, as shown below:
	There are two areas that are important to note: Input and Output. The Input specification is what the power supply supports as a power source (generally an AC or DC specification will be listed). The Output specification is what will come out of the power supply and go into the connected WiFiRanger router(s). This Output specification must be DC and fall within the Voltage range of the connected WiFiRanger router(s) [See Power Input Specifications].

	Power Input
	Note that the standard outlet in North America for these AC adapters would be 120V @ 60Hz while many countries around the world use other voltages and the 50Hz frequency. Power supplies that list the 100-240V input voltage range and 50/60Hz frequencies will work pretty much anywhere, assuming you have the necessary plug adapter / converter to insert into the outlet.

	Power Output
	*Wattages shown are mathematical extrapolations and will not be listed on the power supply specification label [See Calculating Power]. However, it is helpful to understand the relationship of output voltage and amperage to determine total wattage available, ensuring sufficient power to WiFiRanger router(s) [See Power Input Specifications].

	Wires and Voltage Drop
	WiFiRanger routers, especially outdoor models, rely on wires to deliver power. An important consideration regarding wire is that voltage drop affects all electrical power transmission. The gauge or diameter of a wire and the metal material determine the resistance of that wire in Ohms. Certain materials conduct electricity better or worse. In our treatment, we will only consider copper and aluminum as these two metals are exclusively used for our outdoor cabling to power WiFiRanger routers. Copper has less resistance than aluminum, so it provides power transmission with minimal voltage drop within our context. Aluminum is still an excellent metal for wires, but just understand that voltage drop will be worse on aluminum wires when compared to copper wires.
	Another factor that determines voltage drop is the gauge or diameter of the wire. The larger the gauge, the less the resistance. Therefore, voltage drop is minimized by using larger gauge wires. The length of the wire also is linked to the amount of resistance. The longer the wire, the more resistance. Having shorter wires decreases the amount of voltage drop. This is an important consideration for those who have installed long cable runs in excess of 50 feet. There have been cases when random reboots occurred on outdoor WiFiRanger routers due to excessive wire length which corresponds to more voltage drop. Increasing voltage to the WiFiRanger routers will decrease the adverse affects of voltage drop. Of course, the voltages must stay within the range of both indoor and outdoor (if applicable) WiFiRanger routers [See Power Input Specifications].
	Below is a chart of American Wire Gauge specifications between 10 and 30 AWG:

	Calculating Voltage Drop
	You can calculate voltage drop using the calculator available at https://www.calculator.net/voltage-drop-calculator.html

	Example: Indoor to Outdoor Router via Standard POE Cable
	For example, the typical voltage drop on a POE connection from an indoor WiFiRanger router to an outdoor router can be determined by inputting the following variables:
	*Input these two values as reflected in your specific situation as these figures are just a typical example.
	In this example, the voltage drop is not very much and would not likely pose a power issue to the WiFiRanger. The result of this particular calculation was the following:

	Example: Standalone Sky Router via Standard DC Wire
	Another common example would be a WiFiRanger Sky product that is powered via DC wire instead of POE. Typically, our DC power wire is 18 AWG stranded copper or aluminum that is 1-30ft in length (depending on the installation). To calculate the voltage drop of the most extreme situation for this kind of product, we would input the following:
	*Input these two values as reflected in your specific situation as these figures are just a typical example
	The result is the following:
	These examples serve to illustrate that typical voltage drop is to be expected and is likely to be in the area of 2-5% for most WiFiRanger installations. However, it is important to note that some installations push the limits of what is possible and may be more prone to random reboots as a result of voltage drop.

	Example: GoAC to SkyPro LTE via Long POE Cable
	As a final example, consider the combination of the power hungry GoAC and SkyPro LTE. The GoAC may consume up to 17W while the SkyPro LTE may consume up to 14W [See Power Input Specifications]. That is 31W combined. However, in this example, we are only concerned with the 14W power consumption of the SkyPro LTE which pulls power via POE from the GoAC. The calculation would be the following:
	*Input these two values as reflected in your specific situation as these figures are just for this extreme example
	The result is the following:
	In this situation, it may be ideal to provide the maximum allowable voltage of 24V. The higher voltage decreases the overall voltage drop. The doubling of the voltage from 12V to 24V also decreases the necessary amperage from 1.17A to 0.58A [See Calculating Power]. The calculation would be the following:
	*Input these two values as reflected in your specific situation as these figures are just for this extreme example
	The result is the following:
	This example of doubling the voltage shows just how effective a simple change like this can be to combat voltage drop. Instead of a 15% drop in voltage, only 3.7% was lost at 24V instead of 12V. Of course every situation is different. When considering such changes in voltages to minimize voltage drop, ensure that your WiFiRanger router(s) can handle the changes [See Power Input Specifications].


