
Electricity

Voltage

Voltage is perhaps the most commonly known electrical term and the one term that most 
people have a misconception about.  Voltage is NOT the amount of electricity.  It is the 
potential difference across a circuit. How much potential is there for electrons to flow across a 
circuit.  Sometimes it is called the electromotive force (EMF) or the energy available per unit 
of charge.  Water pressure is a commonly used analogy for voltage, water pressure moves 
water through a hose.  In this case, the water pressure is not an indicator of how much water 
there is flowing through the hose, but how much energy is available per unit of water. 

I once had a student who wanted to use a battery made out of  l  emons   to run a VEX robot. 
The battery to power a VEX robot controller is 7.2 volts.  Volt (v) is the unit of voltage (1 joule 
of energy per coulomb of charge).  The student carefully calculated out that 9 lemon batteries 
hitched in series would produce more than 7.2 volts.  When the lemon batteries were hitched 
up to the robot controller – nothing happened.  “Enough water pressure, but not enough 
water”

As soon as you turn on your VEX controller, the voltage causes electrons to flow through the 
controller.  These electrons do work, lighting up LEDs, powering sensors, motors, servos, and 
the control system. As the battery discharges its electrons its voltage will drop until there is 
not enough potential difference to power all the systems in the robot.  The Cortex controller's 
and joystick's robot LEDs will turn yellow when the battery's voltage drops below 6.5 volts 
(indicating a low battery) and turn red when the battery's voltage drops below 5.5 volts at 
which time the battery is considered dead and most likely the robot will not respond any 
longer.
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A multimeter is a very handy device to have especially to check the voltage of a battery before 
it is attached to your robot. Although the multimeter will not show the batteries capacity 
(how”good” the battery is) it will indicate what the initial voltage is, and you will be saved from 
seeing a red robot LED when you turn your robot on after placing it on the competition field.

Video on how to use a multimeter

Amperage

Amperage ,also known as electrical current, is the real measure of the amount of electricity. 
An ampere (a) is the unit of electrical current. One coulomb of electrical charge flowing every 
second is equal to 1 ampere.  A coulomb is roughly the charge on 6.24 billion billion electrons 
(6.24 x 1018).  To gain a perspective on this amount, a  typical piece of breakfast cereal will 
roughly cover 1 cm2  of area, the surface of the Earth is roughly 5.1 x 1018 cm2 , so if electrons 
were the size of breakfast cereal, 1 coulomb of them would more than cover the entire 
surface of the earth.  The VEX 7.2 NiMH battery has a capacity of 2000 mAh 
(milliAmpereHours) in other words a discharge of 2 amperes for an hour – that is a lot of 
electrons!  To relate back to a lemon battery discussed in the voltage section, a lemon battery 
can produce 0.0003 amperes.  Hopefully, this illustrates why you would not be able to run 
your robot controller using a battery made out of lemons.

Batteries

The primary source of energy for the VEX robotics system comes from batteries. There are 4 
types of battery types available.

• 7.2v NiMH battery is what powers the control system and all the electrical components 
plugged into the controller.  These come in two different capacities 2000 mAh and the 
more powerful 3000 mAh. These batteries have different shapes and this will need to 
be designed into your robotic system. It is highly recommended that you design a 
battery holding system into your robot. A loose battery during a competition can be a 
very dangerous situation.  Battery straps, zip ties, or Velcro straps are good solutions.

• 7.2 NiCd battery is the older version battery that can power the control system.
• AAA  are use in the VEXnet Joystick. These can be rechargeable or non 

rechargeable . It is HIGHLY recommended that rechargeable batteries are used. 
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http://www.vexrobotics.com/products/accessories/power/276-1696.html
http://www.vexrobotics.com/products/accessories/power/276-1491.html
http://www.vexrobotics.com/products/accessories/power/276-1456.html
http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html
http://simplerobotics.org/multimeter.htm
http://www.harborfreight.com/7-function-digital-multimeter-90899.html


• 9V Backup,This battery keeps the VEXnet alive when the main battery fails. These can 
be rechargeable or non-rechargeable batteries.  Since there is not usually a big draw 
on these it is not that crucial that they are rechargeable. (Note: "primary" batteries are not  
rechargeable and "Secondary" batteries are rechargeable as the chemical reaction in them is  
reversible.)

• 9.6v battery- these batteries are for the older style crystal-based radio and are not 
used with the Cortex system.

Battery chargers

• Smart charger   The VEX Smart Charger is capable of charging ALL VEX rechargeable 
power packs. Be sure to order a cord if you ordering a charger.  (this is a standard cord 
that many schools have from recycled computers.) WARNING: The VEX Smart 
Charger MUST be on the SAFE setting to charge the 7.2V Robot Battery NiMH 
2000mAh, P/N: 276-1456. 

• AAA Battery Charger   This is used to charger the AAA batteries for the VEXnet 
Joystick.. 

• Fast battery charger   This product has been discontinued. But, there are many still in 
use.  DO NOT use the discontinued VEX Fast Battery Charger to charge NiMH 
Batteries. 
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http://www.vexforum.com/wiki/index.php/Fast_Battery_Charger
http://www.vexrobotics.com/products/accessories/power/276-1622.html
http://www.vexrobotics.com/catalog/product/gallery/id/11989/image/16933/
http://www.vexrobotics.com/products/accessories/power/smart-charger.html


Electrical Accessories

• V  EXnet Joystick Power Adapter    This device allows you to plug in Joystick to an AC 
wall outlet.

• Power Expander   Use the VEX Power Expander to add a secondary power source for 
four of the PWM outputs on the VEX Micro-controller. In most cases a single battery is 
sufficient to power a robot under 15 lbs throughout a competition match and this is not 
needed, over 15 lbs it may be advisable. 

Battery Safety

Batteries pose one of the most dangerous safety hazards involved with robotics. A few 
guideline are:  (this list is not all inclusive)

• Do not heat a battery.  This would include trying to solder a broken lead back on the 
battery.

• Do not puncture a battery.  Be sure your battery is in a safe location away from pinch 
points on your robot.

• Be careful not to run the battery leads through a pinch point.  A short across the wires 
can cause the battery to heat up extremely fast and is a VERY dangerous situation.

• Do not recharge a NiMH battery using the old discontinued style of fast charger.
• Do not charge the 2000mAh batteries on fast charge with the Smart charger.
• Secure the battery to your robot sufficiently enough so it does not fall off  during match 

interaction.
• Batteries that are leaking should be handled with rubber gloves, avoid touching eyes, 

ingesting, or breathing vapor.
• Sample MSDS sheet for NiMH Batteries can be found at: 

http://www.batteriesplus.com/msds/NiMH%20MSDS%200905.pdf 
• Sample MSDS sheet for NiCd Batteries can be found at: 

http://www.batteriesplus.com/msds/NiCd%20MSDS%200905.pdf 
• Sample MSDS sheet for Alkaline batteries: 

http://www.batteriesplus.com/msds/AscentAlkalineMSDS10-07.pdf

http://www.batteriesplus.com/msds/AscentAlkalineMSDS10-07.pdf
http://www.batteriesplus.com/msds/NiCd%20MSDS%200905.pdf
http://www.batteriesplus.com/msds/NiMH%20MSDS%200905.pdf
http://www.vexrobotics.com/products/accessories/power/276-2271.html
http://www.vexrobotics.com/products/accessories/power/276-1701.html




Battery Disposal

Due to the heavy metals and caustic electrolytes within batteries, they should not be disposed 
of with the regular household trash. Places in New Hampshire to recycle batteries can be 
found at: http://batteries.wastefuldisposal.com/new-hampshire/nh.  Radio Shack will recycle 
batteries and Staples will recycle rechargeable batteries. 
  

http://www.staples.com/sbd/cre/marketing/staples_soul/staples-soul-environment.html#id_e3
http://www.radioshack.com/uc/index.jsp?page=researchLibraryArticle&articleUrl=../graphics/uc/rsk/ResearchLibrary/BuyersGuides/research/Batteries06.html
http://batteries.wastefuldisposal.com/new-hampshire/nh

