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  Welcome to Electrical 

First off, electrical is dangerous. Don’t let some untrained rookie member work on batteries 
by himself/herself without training or supervision. Don’t get me wrong, it's good to let them work on 
the batteries, but make sure they have some supervision. 12 volts are going through that battery, and 
bad things happen when power and ground are connected by anything (except the battery itself -- 
that’s normal). So basically, never let power and ground touch on batteries, or anything else for that 
matter. The battery is one of the most dangerous  places to have a short, so don’t do it. It is still 
dangerous in other places, so don’t do it anywhere. It’s not good. Also, don’t switch power and 
ground ever either. If the anderson housings (magical ways to attach housings that are very abundant 
on our robot but are pretty expensive) are backwards or don’t fit with each other, get a Wago (our 
most awesome and useful tool disguised as a small screwdriver to confuse Robot Ops) and take them 
apart and slide them back together (it's pretty simple). 

Second out of a list of many, we’re an expensive division. Really. Even though our stuff makes 
up probably 20 pounds at the most, our stuff can get pretty expensive. For example, the roboRIO (the 
thing that processes the code) that we need for every single robot costs close to $500. (If you happen 
to break this or anything else, tell someone responsible immediately and we will get it fixed or order a 
new one). Also, we go through a lot of crimps. Each of these are relatively inexpensive, but when you 
add up all of the crimps we have on our robot, it becomes very expensive. This is the same with LEDs. 
Please try your best to not mess up these things. It’s better for all of us. However, don’t beat yourself 
up if something does break. Without fail, everybody is going to break something and that is part of 
the learning process. 

One thing I need to say before you get too bored: you will potentially get bored. We as a 
division do not get to work on the robot until late in the build season (week 5-ish). Since we need to 
give Robot Ops around 5 weeks to get us a good, sturdy robot, we need to get it off to programming 
as soon as possible. Yes, I know. We’ve waited so long for this! Why are we just going to try to get it 
out of our hands again? Well, have you ever played Hot Potato? No? Wow, your childhood was awful. 
So the basis of the game is to not be the one who has the potato when the music stops because that 
means you’re out. To compare this to TechHOUNDS, our division (electrical) doesn’t want to have the 
robot at the end of build season because that means we didn’t have any time to program the robot or 
have any time for driver practice. That is bad. So don’t do it. Also, don’t rush. We want the board to 
look as beautiful as me, if that’s even possible. If you want an example, Sentinel has a really 
good-looking electrical board. 
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All the wires are at 90° angles (π/2 radians, if you’re keeping score), there are no loose connections, 
and other stuff that’s written later that you NEED TO DO OR ELSE I WILL COME FIND YOU AND TELL 
YOU TO DO IT AGAIN. I’m not a person that you want to annoy me with messiness. Just trust me. Oh 
and that brings up another point… 

KEEP THE PRINT SHOP CLEAN!!!! That goes for everywhere else we work too. I will not be 
cleaning up after you. You are old enough and smart enough to be on a prestigious high school 
robotics team. I do not want to baby you and you do not want to be babied by me. So let’s keep this 
simple and please just don’t be a slob. If you get something out, it is your responsibility to put it back 
in the right spot nicely. If you see something out, it is everyone’s responsibility to clean it up. That 
means YOU too. Be a team player and clean up even if it’s not your mess. I’ve done it and I haven’t 
died from it yet. Also, the print shop is not exclusively our room. We share it with the rest of our team 
and the rest of the school. It will be crowded at some points. Be sure to get out of the way if people 
need to get around you and clean up stuff often so stuff isn’t in your way or anyone else’s way. 
Cleaning also allows people to find the stuff that you need without tearing apart the entire closet to 
look for it. Please don’t let it get to that point. Ever. It’s a total nightmare. Thank you. 

So… now what you can do while you wait for robot ops to give you the robot (this is not an 
all-inclusive list by any means whatsoever. Feel free to add to this list as long as it is productive and 
doesn’t result in anyone/anything getting hurt): clean, work on side projects, clean up side projects, 
assist Robot Ops, clean, add to this document, clean, teach other people, clean up after other people, 
work in the sweat shop, clean up after yourself in the sweatshop, see if you can help other people, 
clean, write any documents you may have not done yet, work in PR’s sweatshop, assist construction, 
clean, do any homework you may have, and finally, clean. 

One more thing in the introduction before we get to all the technical stuff: please follow the 
instructions given to you. If a mentor tells you to do something, just do it. If a person of authority tells 
you to do something, just do it. Please don’t argue with them. They will win. Arguing just makes the 
entire situation more annoying. Don’t be that person. Also, they could be telling you to stop doing 
something potentially dangerous. So just listen to the person. Please. We have limited time and don’t 
have time to waste arguing over directions. Thank you! 
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In no way is this the most extensive and all-inclusive Electrical resource. There are many other 
resources you can use. A simple google search will work, or there is also a multitude of articles on 
ChiefDelphi.com if you have any questions about anything related to FRC. For example, there are 
good articles at 
https://drive.google.com/file/d/0B97o22487_ZLTVpZcWU4YkNpQUk/view?usp=sharing, 
https://drive.google.com/file/d/0B97o22487_ZLcC1OSTRraVMxVjA/view?usp=sharing, 
http://www.chiefdelphi.com/forums/showthread.php?threadid=146986, 
http://www.chiefdelphi.com/forums/showthread.php?threadid=148686, 
https://mililanirobotics.gitbooks.io/frc-electrical-bible/content/index.html, and many more.  

  

 

https://drive.google.com/file/d/0B97o22487_ZLTVpZcWU4YkNpQUk/view?usp=sharing
https://drive.google.com/file/d/0B97o22487_ZLcC1OSTRraVMxVjA/view?usp=sharing
http://www.chiefdelphi.com/forums/showthread.php?threadid=146986
http://www.chiefdelphi.com/forums/showthread.php?threadid=148686
https://mililanirobotics.gitbooks.io/frc-electrical-bible/content/index.html
http://theswiezyspace.weebly.com/suggestions.html
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An Introduction to Crimping 
 

Technique 

 

Step 1: Gather materials 
Gather the tools and materials necessary (wire cutters, an Anderson crimper, an Anderson 
crimp, an Anderson housing, and wire). Make sure the wire is the right gauge (12). Andersons 
are our most common crimp. There are other kinds, such as spade, PWM, or ring crimps, 
however the technique is mostly the same. Just be sure that you pick the right type of crimp for 
the right usage. 

Step 2: Cut the wire 
This part is fairly simple. Measure how far the wire needs to travel and use the wire cutters to 
cut the wire to the correct length. If you are going to mess up on this step or any other step, try 
to make the wire slightly longer than it needs to be, just in case it needs to be cut later. Be sure 
to measure twice and cut once. 

Step 3: Strip the wire 

 
● On some types of stripping tools, there are marks towards the top for different gauges of 

wire.  Place the wire into the slot marked for stranded 12 gauge.  Squeeze the stripping 
tool handles together.  The stripping tool should pierce the outer insulator, without 
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cutting the inner wire.  You can spin the strip tool around the wire or open and close 
again on another side to make the cut cleaner.  Pull the insulator end off, leaving the 
copper wire exposed. You can also do this with other types of strippers as some people 
may not like these. All you need to do is press down to cut through the insulation but not 
too much that you cut the wire. Then twist it around to make the cut clean. Release 
some pressure and pull the insulation off. Don't worry if you don't get it right the first time, 
as it gets easier the more you practice. 

Step 4: Crimp your crimp onto the exposed wire 
● Make sure you have between ¼” and ⅜” of exposed wire; strip more insulator, or trim 

some of the wire off until you feel it’s the right size. Don’t strip too much wire; when 
the crimping is all done, you need to have no exposed wire showing.  Measure the 
amount of exposed wire with the crimp you are going to use. The wire should not extend 
further than the point on the crimp where the wire should go. Adjust the wire according to 
your measurements.  

● Twirl the stranded wires with your fingers so they make a neat bunch. This helps to get 
all the wires into the crimp easily. 

● Insert the stranded wires into the crimp.  You do not want the wire to go so far in so that 
it interferes with the crimp itself, nor do you want insulator to go too far into the crimping 
sleeve.  However, you need enough copper wire inside the crimping sleeve that the 
crimping sleeve will grab onto the wires firmly. 

 
● Put the end that needs to be crimped into the crimping portion of the wire tool (it is low, 

on the squeezing handle); make sure to put it into the portion labeled for 10/12 gauge. 
Keep the flat part of the crimp parallel to the crimpers. This creates a nicer, more reliable 
crimp. Make sure that the pointed part of the crimp is not hitting the side with the seam. If 
it is, rotate the wires so the crimper won't break through the crimp. Squeeze the crimp 
tool together so that it squeezes the metal portion of the crimp barrel down into the wire. 
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This goes for all different types of crimps.  
● You should not be able to remove the wire if you tug firmly with your fingers.  If you can 

pull it off, you need to get another crimp and try again. 

Step 5: Repeat for the other wire 
● Repeats steps 3 and 4 until both the red and black (or white/blue or white/green) wire on 

one end have connectors. If you’re working with Anderson connectors (the one shown 
on the right) use the same technique to 
crimp the wire but insert the crimp and 
the wire into the plastic housing. The 
crimp should slide over the metal piece 
in the housing and should remain in the housing if pulled on. 
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Picking the Right Crimp 

 
There are many different crimps in our toolbox; some you will use very often, some you might 

never use. We want to pick the right crimp the first time so that we don’t waste time or money. 
Please use this guide along with common sense for all of our sakes.  

 

Anderson Crimps 

 

These are commonly used as a way to connect two 
wires together easily. The housings slide into other 
housings easily so that the crimps touch and there is a 
connection. They also slide out of other housings easily, 
making them a reusable way to attach two wires 
together. Anderson crimps are also used on CAN Talons (a 
type of motor controller described later) to power itself 
and to power the motors. 

To make this crimp correctly, follow the instructions in 
the “Technique” section and then slide the crimp into the 
colored housing (red for power and black for ground). You 

may need to use a Wago (our magical tool that 
looks like a small screwdriver) to persuade the 
crimp to fully enter the housing. Make sure the 
orientations is the same as the one to the left, or 

else I will make you re-do it. It is a pain to take these out and put it in the right way, so just do it right 
the first time :) . 

 

Ring Crimps 

 

These crimps are commonly used on motor controllers, such 
as sparks. A bolt is able to fit inside of the hole so that there is a 
connection between the wire and the conductive plate on the motor 
controller. You can also use these to make “Y-cables.” Why should 
we use these, you ask? Well, they’re great if we want to power two 
things off of one power source easily. They are made by using 3 ring 
crimps with wires attached, sliding a bolt through the holes and 
securing them with a bolt then applying an insulating material 
around all exposed metal. WARNING: Y-cables are NOT FRC LEGAL. 
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DO NOT USE THEM ON THE ROBOT. Anyway, this type of crimp uses the exact same technique as 
stated above.  

PWM/CAN 

 

To the left is a PWM wire. These attach to all of our 
components that do not use the CAN interface (described 
later). This is what controls the power going to everything so 
that the magic can happen. The red wire is for power and 
always goes in the middle unless stated otherwise on the 
component. The white wire for signal and the black wire for 
ground go on the outsides. These crimps are designed to fit 
with the ports on the RoboRIO for easy attachment and 
removal. These are made in the same way as CAN wires.  

To the left is a CAN wire. The connectors on the CAN 
Talons need connectors similar to the female PWM 
connectors (the non-pointy one) so that it can slide into the 
breakout board on the motor controllers. On the components 
such as the PCM (Pneumatics Control Module described 
later), RoboRIO (described later), and the PDP (Power 
Distribution Panel described later) there is no need for a 
crimp. To insert the wire into the designated ports, strip a 
decent amount of wire, press down the white button with a 
wago, then insert the wire. Stress test the wire by gently 
tugging on it. If it comes out, make adjustments and try again.  
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Crimp Quality 
These pictures are things that may commonly happen to you or your partners in crime (AKA 

the rest of your division). All of these can and should be avoided, except for the last one, which is 
actually good. Follow instructions in the “technique” section on how to crimp these correctly. Learn 
from the internet’s mistake guide and do these correctly for our team. 

 

  

This crimp is too small for the wire gauge chosen. Choose a different 
legal wire gauge or legal size of crimp. There should not be any wires 
sticking out to the side of a good crimp. 

Too much insulation has been stripped off the wire. Cut off the crimp, 
trim the wire until it is the right length (pictured in the good crimp 
later) and crimp again. 

See above. 

This is the GOOD crimp. The wire is the correct gauge and the 
exposed wire is the correct size. 
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On all crimps, there is a seam. This seam should be oriented away from the pointy part of the 
crimpers, as shown in the picture below.

 

If you follow these steps, you should get an excellent crimp every time. Remember to stress 
test! We’d rather the crimp fall off now in the shop than in the middle of the match! 
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Other Techniques 
A few of the other skills you may need for being a member of the electrical division include 

soldering and knowing how to neatly wire. Soldering is a way to connect wires using melting metal 
instead of crimping. Clean wiring is useful for tracing wires if there is a problem in order to find the 
source, getting wires out of the way of robot ops’ contraptions, and looking good which makes people 
happy.  

A good soldering tutorial can be found here and here. The basics of solder are melting solder 
on an electrical component and a wire to attach them without a crimp. This requires less space and 
can be undone easier than a crimp. We prefer crimps on our robot since they are more durable and 
easier to replace if they do fail. There are a few solder joints on some of our robots though between 
PWM cables, for example, to get their signal to only take up 1 port on the roboRIO. 

 

Neat wiring is also extraordinarily important. Anything that you do is bound to break at some 
point. Not my rule. It just does. So when it does break, it is nice to know how to fix it quickly, 
especially in the stressful situation of a competition. There are some easy tips to follow for clean 
wiring. 

1. Tie wires down when possible using zipties. 
2. Bend wires at 90゜angles whenever turning.  
3. Cut wires to exact lengths so there is not much excess. 
4. Plan and CAD the electrical board before attaching components, 
5. Color-code wires using marking tape. 

 

https://youtu.be/f95i88OSWB4
https://learn.sparkfun.com/tutorials/how-to-solder---through-hole-soldering
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This is an example of messy wiring. For example, find what’s attached to port 1 on the cRIO. 

 

 

This is our 2015 electrical board. It is BEAUTIFUL. The only thing I would change would be to add a 
color code so we could figure out exactly which wire goes to which components easier. 
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Components 

National Instruments roboRIO 

 

The NI-roboRIO is the main robot controller used for FRC 2015. The roboRIO includes a dual-core ARM 
Cortex™-A9 processor and FPGA which runs both trusted elements for control and safety as well as 

team-generated code. Integrated controller I/O includes a variety of communication protocols 
(Ethernet, USB, CAN, SPI, I2C, and serial) as well as PWM, servo, digital I/O, and analog I/O channels 

used to connect to robot peripherals for sensing and control.The roboRIO should connect to the 
dedicated 12V port on the Power Distribution Panel for power. Wired communication is available via 

USB or Ethernet. Detailed information on the roboRIO can be found in the roboRIO User Manual. 
Digital components (such as limit switches) plug into the DIO pins, relays plug into the relay ports, the 
signal light to the RSL port, can wires into the CAN port, most motor controllers (other than ones that 

are controlled by CAN) plug into the PWM ports, analog sensors (such as potentiometers) plug into 
the analog ports, and the ethernet cable to the bridge in the ethernet port. Other components can be 

plugged in but are not as common. 

 

https://decibel.ni.com/content/servlet/JiveServlet/download/30419-60-90614/roboRIO%20User%20Manual.pdf
http://theswiezyspace.weebly.com/suggestions.html


Page | 14 

Power Distribution Panel 

 

The Power Distribution Panel (PDP) is designed to distribute power from a 12VDC battery to various 
robot components through auto-resetting circuit breakers and a small number of special function 
fused connections. The PDP provides 8 output pairs rated for 40A continuous current and 8 pairs 

rated for 30A continuous current. The PDP provides dedicated 12V connectors for the roboRIO, as 
well as connectors for the Voltage Regulator Module and Pneumatics Control Module. It also includes 
a CAN interface for logging current, temperature, and battery voltage. For more detailed information, 
see the PDP User Manual. This component will not supply power if a breaker is not connected. See the 

 

http://www.ctr-electronics.com/control-system/pdp.html#product_tabs_technical_resources
http://theswiezyspace.weebly.com/suggestions.html
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breaker section for more info. Where each component is plugged in is described in the individual 
components’ sections. 

Pneumatics Control Module 

 

The PCM is a device that contains all of the inputs and outputs required to operate 12V or 24V 
pneumatic solenoids and the on board compressor. The PCM is enabled/disabled by the roboRIO over 
the CAN interface. The PCM contains an input for the pressure sensor and will control the compressor 
automatically when the robot is enabled and a solenoid has been created in the code. The device also 
collects diagnostic information such as solenoid states, pressure switch state, and compressor state. 
The module includes diagnostic LED’s for both CAN and the individual solenoid channels. For more 

information see the PCM User Manual. To effectively use this component, plug power and ground into 
their respective labeled ports, plug the solenoids into some numbered port, plug the compressor into 

its labeled port, and the pressure switch into its labeled port.  

  

 

http://www.ctr-electronics.com/control-system/pcm.html#product_tabs_technical_resources
http://theswiezyspace.weebly.com/suggestions.html
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Voltage Regulator Module 

 

The VRM is an independent module that is powered by 12 volts. The device is wired to a dedicated 
connector on the PDP. The module has multiple regulated 12V and 5V outputs. The purpose of the 

VRM is to provide regulated power for the robot radio, custom circuits, and IP vision cameras. Note: 
The two connector pairs associated with each label have a combined rating of what the label indicates 

(e.g. 5V/500mA total for both pairs not for each pair). The 12V/2A limit is a peak rating, the supply 
should not be loaded with more than 1.5A continuous current draw. For more information, see the 

VRM User Manual. 

  

 

http://www.ctr-electronics.com/control-system/vrm.html#product_tabs_technical_resources
http://theswiezyspace.weebly.com/suggestions.html
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Motor Controllers 

There are a variety of different motor controllers which work with the FRC Control System. These 
devices are used to provide variable voltage control of the brushed DC motors used in FRC. 

Jaguar Motor Controller 

 

The Jaguar Motor Controller from VEX Robotics (formerly made by Luminary Micro and Texas 
Instruments) is a variable speed motor controller for use in FRC. The Jaguar can be controlled using 
either the PWM interface or over the CAN bus. The Black Jaguar can also be used to convert from 

RS232 (from the BDC-Comm PC program) to the CAN bus. The Jaguar should be connected using one 
of these control interfaces and powered from the Power Distribution Panel. For more information, see 
the Jaguar Getting Started Guide, Jaguar Datasheet and Jaguar FAQ on this page. Due to its size, we do 

not normally use these, however, we do have some and have used them in the past. If given the 
choice, it is most always better to save space and choose a smaller motor controller (either a CAN 

Talon or a Spark). 

 

http://www.vexrobotics.com/vexpro/motor-controllers/217-3367.html
http://theswiezyspace.weebly.com/suggestions.html
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SPARK Motor Controller 

 

The SPARK Motor Controller from REV Robotics is a variable speed motor controller for use in FRC. 
The SPARK is controlled using the PWM interface. Limit switches may be wired directly to the SPARK 
to limit motor travel in one or both directions. The RGB status LED displays the current state of the 

device including whether the device is currently in Brake mode or Coast mode. For more information, 
see the REV Robotics SPARK product page: http://www.revrobotics.com/product/spark/ For all motor 

controllers, the power from the PDP goes to the side labeled V+. The motors attach on the side 
labeled M+. Do not switch these.  

 

  

 

http://www.mindsensors.com/content/71-frc-motor-controller
http://www.revrobotics.com/product/spark/
http://www.revrobotics.com/product/spark/
http://theswiezyspace.weebly.com/suggestions.html
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Talon Motor Controller 

 

The Talon Motor Controller from Cross the Road Electronics is a variable speed motor controller for 
use in FRC. The Talon is controlled over the PWM interface. The Talon should be connected to a PWM 
output of the roboRIO and powered from the Power Distribution Panel. For more information see the 

Talon User Manual. 

 

 

 

 

http://www.crosstheroadelectronics.com/Talon_User_Manual_1_1.pdf
http://theswiezyspace.weebly.com/suggestions.html
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Talon SRX 

 

The Talon SRX motor controller is a CAN-enabled "smart motor controller" from Cross The Road 
Electronics/VEX Robotics. The Talon SRX has an electrically isolated metal housing for heat dissipation, 
making the use of a fan optional. The Talon SRX can be controlled over the CAN bus or PWM interface. 
When using the CAN bus control, this device can take inputs from limit switches and potentiometers, 

encoders, or similar sensors in order to perform advanced control such as limiting or PID(F) closed 
loop control on the device. For more information see the Talon SRX User Manual. This is one of our 

most commonly used motor controllers because of its small size, capabilities, and the CAN bus 
control. These are smaller than most (if not all) other motor controllers, so you can fit more on a 

board in less space. This motor controller can do things that some other types cannot, such as PID 
control. Finally, PWMs can get pretty messy, so this is great for keeping the wires organized. See the 

CAN bus diagram for directions on how to wire it to other components in a daisy chain. Like other 
controllers, this gets its power from the PDP to its V+ side and sends the signal to the M+ side to the 

motors. See page 45 for the breakout board diagram. 

 

 

http://www.ctr-electronics.com/talon-srx.html#product_tabs_technical_resources
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Victor 888 Motor Controller / Victor 884 Motor Controller 

 

The Victor 888 Motor Controller from VEX Robotics is a variable speed motor controller for use in FRC. 
The Victor 888 replaces the Victor 884, which is also usable in FRC. The Victor is controlled over the 

PWM interface. The Victor should be connected to a PWM output of the roboRIO and powered from 
the Power Distribution Panel. For more information, see the Victor 884 User Manual and Victor 888 

User Manual. 

  

 

http://content.vexrobotics.com/docs/ifi-v884-users-manual-9-25-06.pdf
http://content.vexrobotics.com/docs/217-2769-Victor888UserManual.pdf
http://content.vexrobotics.com/docs/217-2769-Victor888UserManual.pdf
http://theswiezyspace.weebly.com/suggestions.html
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Spike H-Bridge Relay 

 

The Spike H-Bridge Relay from VEX Robotics is a device used for controlling power to motors or other 
custom robot electronics. When connected to a motor, the Spike provides On/Off control in both the 
forward and reverse directions. The Spike outputs are independently controlled so it can also be used 
to provide power to up to 2 custom electronic circuits. The Spike H-Bridge Relay should be connected 

to a relay output of the roboRIO and powered from the Power Distribution Panel. For more 
information, see the Spike User's Guide. This can be used as a programmable switch to remotely turn 

components on and off. 

  

 

http://content.vexrobotics.com/docs/spike-blue-guide-sep05.pdf
http://theswiezyspace.weebly.com/suggestions.html
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Axis M1013/M1011/206 Ethernet Camera 

 

The Axis M1013, M1011 and Axis 206 Ethernet cameras are used for capturing images for vision 
processing and/or sending video back to the Driver Station laptop. The camera should be wired to a 

5V power output on the Voltage Regulator Module and an open ethernet port on the robot radio. For 
more information, see Configuring an Axis Camera and the Axis 206, Axis M1011, Axis M1013 pages. 
To wire this, you need a barrel jack. Take a stripped wires, a wago, and the barrel jack. Unscrew the 
screws a little bit from the barrel jack with the wago and insert the stripped wire. Congrats. You now 

have barrel jack. Now just plug it in and you should be good. The other side goes to the 5V 500 mA (or 
whatever voltage and current rating written on the camera itself or the box it comes in) port on the 

VRM. The programmers like this camera for a few reasons, such as quantity owned, ease of 
troubleshooting and networking, and habit. Since these were once the only legal cameras, we have a 

bunch of them that we can use. They also have a built-in web server that we can access for the 
camera feed and other settings, making troubleshooting and networking easier for the programmers. 

Lastly, we’ve been using them for a while, so we know how they work and we’ve built up a habit. 
(Thanks Ryker!)  

  

 

https://wpilib.screenstepslive.com/s/4485/m/24194/l/144985?data-resolve-url=true&data-manual-id=24194
https://wpilib.screenstepslive.com/s/4485/m/24194/l/144985?data-resolve-url=true&data-manual-id=24194
https://wpilib.screenstepslive.com/s/4485/m/24194/l/144985?data-resolve-url=true&data-manual-id=24194
https://wpilib.screenstepslive.com/s/4485/m/24194/l/144985?data-resolve-url=true&data-manual-id=24194
http://theswiezyspace.weebly.com/suggestions.html
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Microsoft Lifecam HD3000 

 

The Microsoft Lifecam HD3000 is a USB webcam that can be plugged directly into the roboRIO. The 
camera is capable of capturing up to 1280x720 video at 30 FPS. For more information about the 
camera, see the Microsoft product page. For more information about using the camera with the 
roboRIO, see the Vision Processing section if this documentation. If given the choice, use the Axis 

camera. 

  

 

http://www.microsoft.com/hardware/en-us/p/lifecam-hd-3000#support
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OpenMesh OM5P-AN Radio 

 

The OpenMesh OM5P-AN wireless radio is used as the robot radio to provide wireless communication 
functionality to the robot. The device can be configured as an Access Point for direct connection of a 

laptop for use at home. It can also be configured as a bridge for use on the field. The robot radio 
should be powered by one of the 12V outputs on the VRM and connected to the roboRIO controller 
over Ethernet. For more information, see Programming your radio for home use and the Open Mesh 
OM5P-AN product page. Note: For information on purchasing additional radios, please see this blog 

post. This was first and last used in the 2016 season, but has been deemed illegal by the Federal 
Communications Commission. FIRST is currently searching for a replacement model to use in 2017. 

For more information on this topic, go to http://www.firstinspires.org/robotics/frc/blog/radio-silence 

 

  

 

https://wpilib.screenstepslive.com/s/4485/m/13503/l/144986?data-resolve-url=true&data-manual-id=13503
http://www.open-mesh.com/om5p-an.html
http://www.open-mesh.com/om5p-an.html
http://www.open-mesh.com/om5p-an.html.
http://archive.firstinspires.org/roboticsprograms/frc/blog-2016-Radio-Update
http://archive.firstinspires.org/roboticsprograms/frc/blog-2016-Radio-Update
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120A Circuit Breaker 

 

The 120A Main Circuit Breaker serves two roles on the robot: the main robot power switch and a 
protection device for downstream robot wiring and components. The 120A circuit breaker is wired to 

the positive terminals of the robot battery and Power Distribution boards. For more information, 
please see the Cooper Bussmann 18X Series Datasheet (PN: 185120F). To use this component, since it 

is necessary for all FRC robots, put a ring crimp on one end of 6 or 4 gauge wire and a battery 
anderson to the other end and attach the ring crimp to the BAT side of the breaker. Connect another 

ring crimp (with a wire attached) to the AUX side and run that to the PDP with another ring crimp. 

 

 

 

 

http://www.cooperindustries.com/content/dam/public/bussmann/Transportation/Circuit%20Protection/resources/datasheets/BUS_Tns_DS_18X_CIRCUITBREAKER.pdf
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Snap Action Circuit Breakers 

 

The Snap Action circuit breakers, MX5-A40 and VB3 series, are used with the Power Distribution Panel 
to limit current to branch circuits. The MX5-A40 40A MAXI style circuit breaker is used with the larger 
channels on the Power Distribution Panel to power loads which draw current up to 40A continuous. 
The VB3 series are used with the smaller channels on the PDP to power circuits drawing current of 

30A or less continuous. For more information, see the Datasheeets for the MX5 series and VB3 Series. 
Although these components automatically reset themselves, they are more prone to being tripped at 
a lower amperage once they have been tripped once. If possible, replace it and throw out the old one. 

For motor controllers, use 40 amps in the big PDP ports or 30 amps works if you want to plug the 
motor controller into a smaller port. To figure out which breaker to use, start by looking for the power 

rating of the component you want to use. If you can’t find it, your best guess would be 20 amps so 
you don’t accidentally overload your component. If you need to plug a component into the smaller 
ports at the bottom, don’t mess with the breakers that are already plugged in and  follow the labels 

that are given. 

 

 

http://www.snapaction.net/pdf/MX5%20Spec%20Sheet.pdf
http://www.snapaction.net/pdf/vb3.pdf
http://www.snapaction.net/pdf/vb3.pdf
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http://theswiezyspace.weebly.com/suggestions.html


Page | 29 

Robot Battery 

The battery obviously powers everything in the 
robot. While it may seem robust, batteries can go bad 
easily. If you smell anything weird, TELL A LEAD OR A 
MENTOR IMMEDIATELY.  

Also never carry a battery by the leads as they can 
become loose. Loose leads are very dangerous and if you 
see them, fix them immediately or label them so that 
others know not to use them. Make sure that you end up 
fixing it soon though.  

The best way to detect if leads need to be fixed is 
to just move them back and forth and see if they move. If 
they do, then that means that it needs to be fixed.  

To tighten the leads, first pull off the heat shrink (regular scissors or wire cutters work best), 
take two wrenches of the right size or 1 wrench of the right size and a phillips head screwdriver and 
tighten the bolts. If the lead itself is coming out of the crimp, 
take off the bolt and the washers (don’t lose any of them!), 
replace the crimp, and put the bolt and washers back on.  

To test how much “juice” the battery has, grab the 
battery beak out of the designated pocket of the electrical 
bag, and plug it into the anderson connector from the 
battery. It will display the quality of the battery (good, fair, 
bad, etc.) and the charge of the battery. 130% is the best it 
will display. This means that the battery is outputting 130% 
of 12v. 15.6 volts is ideal for competitions, but for practice, 
it can be run down until the programmers tell you to change 
it.  

We are currently looking into using these for extra 
cover on our robot batteries. The crimps that we like to use can be bought here. We have come across 
some problems with other types of battery crimps, so use these. Others can easily slip out, and we 
have not come across too many issues with these. Use a normal crimping technique but use a lot 
more pressure. Or a vice. Those work too, but don’t put too much pressure on the crimp. 

 

 

  

 

http://www.thingiverse.com/thing:675138
http://www.andymark.com/product-p/am-0805.htm
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Visual Resources
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Rules that stay mostly constant year to year 
 

Legal Wire Sizes 

Application Minimum Wire Size 

Between the battery and PDP 6 AWG (4.115mm) 

31 - 40A protected circuit 12 AWG (2.052mm) 

21 - 30A protected circuit 14 AWG (1.628mm) 

6 - 20A protected circuit 18 AWG (1.024mm) 

Between the PDP dedicated terminals and the VRM or PCM 18 AWG (1.024mm) 

Compressor outputs from the PCM 18 AWG (1.024mm) 

Between the PDP and the roboRIO 22 AWG (0.645mm) 

VRM 2A circuits 22 AWG (0.645mm) 

≤5A protected circuit 22 AWG (0.645mm) 

roboRIO PWM port outputs 26 AWG (0.404mm) 

SIGNAL LEVEL circuits (i.e. circuits which draw ≤1A continuous 
and have a source incapable of delivering >1A, including but not 
limited to the roboRIO non-PWM outputs, CAN signals, PCM 
Solenoid outputs, VRM 500mA outputs and Arduino outputs) 

28 AWG (0.321mm) 
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Sensors 
 

Limit Switches/Bumper Switches 

 

These can be used to detect when a mechanism has reached a certain point or sense when an 
object is touching it. 
Wiring: 
These generally are SPDT switches. Since the RoboRIO and Talon SRX’s have internal pull up 
resistors, only ground and signal need to be connected. These go to the DIO ports. To wire 
these, we need to “cannibalize” a PWM cable. Cut6 the connector off the switch wire, cut the 
MALE end off the PWM cable, solder the ground and signal wires together, and cut the power 
off the PWM cable entirely. Don’t forget to head shrink for the splices. 
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Quadrature Encoder 

 

These can be used to accurately measure both rotation and rotation rate over an unlimited 
range. 
 

Pins: 
(These might be labeled on the casing, but most of the 5 pin encoders have the pins in the 
same order. It is still best to look at the datasheet for these though) 
GND 
X:  The index channel. This pin pulses to 5V once every revolution. This can be used to zero the 
rotation of a mechanism. 
A:  The first channel. This pin pulses a fixed number of times per revolution. 
5V 
B:  The second channel. This pin pulses a fixed number of times per revolution. 
The A and B channels are offset from each other (90 degrees phase shift) so that rotation 
direction can be found in addition to amount rotated or rotation rate. 
 

Wiring (Talon SRX): 
The Talon SRX breakout board includes a 5 pin connector that matches the 5 pin connector on 
the encoder. A 5 pin ribbon cable is all that is needed to connect between the two. 
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Wiring (RoboRIO): 
The RoboRIO does not include any special encoder ports. To get around this, the encoder is 
attached to two separate digital IO (DIO) ports. 
FIRST DIO port: 
GND 
5V 
A 
Second DIO port: 
B 
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Potentiometer 

 

These can be used to measure distance or rotation along a limited range. 
 

Pins: 
GND 
3.3V/5V (Either one, depending on what it is connected to) 
SIG:  This pin varies between 0V and 3.3V/5V depending on position. 
 

Wiring (Talon SRX): 
To attach wires, solder on a wire and add a connector to the other side. 
The Talon SRX breakout board includes a 3 pin connector for analog inputs that can be used 
with potentiometers. 
 

Wiring (RoboRIO): 
The RoboRIO has multiple analog inputs. They are also 3 pin connectors that can be used with 
potentiometers. 
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IR Switches 

 

These IR sensors trigger when an object is less than a certain distance away from them 
(generally < 10cm). Pointing these at retroreflective tape increases the distance that they can be 
triggered by. 
This allows us to create low resolution/high RPM encoders by sticking a piece of retroreflective 
tape on the wheel. 
These can also be used to see when a mechanism has reached a certain position or detect the 
presence of objects from a short distance away. 
These output digital data, so they can be read like limit switches. 
 
To wire these, you have to use a type of connector similar to a PWM crimp. It is smaller and 
white. To use these, strip the end of the wire, then use a Wago to push the stripped ends into 
the grooves on the connector. These connectors are not desirable, however these are likely the 
only ones that work. 
 
IR Distance Sensors 

 

These can be used to measure distance to close objects (generally <1m). The output is a 
voltage that is related to range, so the range can be read as an analog input on the RoboRio. 
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Talon SRX Documentation 
Introduction 
CAN Bus 
CAN is a protocol that is used to communicate between the RoboRIO, the PCM, the PDB, and 
CAN Talons. It uses 2 wires (usually colored green and yellow). CAN is usually daisy chained 
(each component connects to two others, except for the end of the chain). The diagram for 
wiring these is in the CAN wiring section under “An Introduction to Crimping” 
 
As shown in the diagram below, the CAN output from the RoboRIO goes into the CAN input for 
a Talon SRX, and the the CAN output from that Talon SRX goes into the input of another Talon 
SRX, and so on. The order doesn’t really matter as long as the RoboRIO is first. 
RoboRIO -> Talon SRX -> Talon SRX -> PCM -> PDB 
 
The last device also needs a 120 ohm resistor between the two wires as a termination resistor. 
The PDB has one built in so sometimes it is convenient to have that as the last device. 
 

Breakout Board 
Important!!! 
The labels on the actual breakout boards are WRONG! 
This diagram is the correct one. 
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Connection Information 
Can Bus: 
The Talon SRX has 2 pairs of CAN bus wires coming out of it. One set is connected to the 
screw terminals on the breakout board. The other is left disconnected. 
 

The other 2 pair of CAN bus pins are used to connect to the previous and next component in the 
CAN bus. The wires to the previous and next component can be connected to either set of pins. 
 

Forward Limit: 
When this SIG of this connector is connected to GND, the motor cannot be commanded to 
rotate in the forward direction. 
The device used to activate this can be a limit switch, IR sensor, reed switch, and possibly 
others. 
 

Reverse Limit: 
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Same as forward limit, but applies to the reverse direction. 
 

Analog Input: 
This can be connected to a potentiometer to measure distance or angle over a limited range. 
Connecting to here allows you to use it in the onboard PID of the Talon SRX. 
 

Quadrature Encoder: 
This is connected to a quadrature encoder to measure rotation or rate or rotation over an 
unlimited range. 
 
 
 

“Banner” Retro Reflective 
Infrared Sensor 
 QS18VN6LV 
The Banner Retro Reflective sensor has a max range of 
6.5m, and a response time of 6 ms.  
Supply Voltage 10 V to 30 V dc (10% maximum ripple) at less than 25 mA, exclusive of load 
Protected against reverse polarity and transient voltages 
 Light Source Glass Fiber Optic, Opposed and Diffuse mode models: Infrared, 940 nm Plastic 
Fiber Optic,  
 Visible red, 660 nm Adjustments  
Single-turn sensitivity (Gain) adjustment potentiometer Indicators 2 LED indicators on sensor 
top: Green solid: Power on Amber solid: Light sensed Green flashing: Output overloaded Amber 
flashing: Marginal excess gain (1 to 1.5 times excess gain) 
Output Response Opposed Mode: 750 microseconds ON; 375 microseconds OFF FF and DL 
Modes: 850 microseconds ON/OFF All Other Modes: 600 microseconds ON/OFF Note: 100 
millisecond delay on power-up; outputs do not conduct during this time 
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Operator Interface Documentation 
TI Launchpad 
These boards are configured to act as joysticks, ensuring that drivers are not an issue. 
 

Possible Layouts 
The TI Launchpad can be configured with several different layouts with differing number of 
inputs and outputs. 
To change what layout the TI Launchpad is configured as, you will need FRC Driverstation 
installed. 
The program can be found at C:\Program Files (x86)\FRC Gamepad Tool\Gamepad Tool.exe 
After starting the program, connect to the TI Launchpad, select which layout option you want, 
and program the device. The layout chosen really depends on how many of each type of IO you 
want. 
 
 

 

Digital Button/2 Position Switch Analog Potentiometer (Slider/Dial) 
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Input Types and Classification 
 

Arcade Button 

 

Common (C): Input pin 
Normally Open (NO): 3.3V 
Normally Closed (NC): No connection 
 
It doesn’t actually matter if NO or NC is connected to 3.3V. That will just change the default 
state that it reads in the code. 
 
To actually attach them, solder wires to the terminals and put connectors on them. 
 
Notes: The schematic for the switch is usually shown on the side of the switch. The pins (C, NO, 
NC) should also be labeled there. 
Example: https://www.sparkfun.com/products/9339 
 

 
  

 

https://www.sparkfun.com/products/9339
https://www.sparkfun.com/products/9339
https://www.sparkfun.com/products/9339
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2 Position Switch 

 

Notes: This switch can only be tilted to either side, resulting in only 2 positions. 
 
These switches are wired the same way as arcade buttons. 
 
Example: http://www.digikey.com/product-detail/en/100SP1T1B1M1QEH/EG2350-ND/378819 
 

 
  

 

http://www.digikey.com/product-detail/en/100SP1T1B1M1QEH/EG2350-ND/378819
http://www.digikey.com/product-detail/en/100SP1T1B1M1QEH/EG2350-ND/378819
http://www.digikey.com/product-detail/en/100SP1T1B1M1QEH/EG2350-ND/378819
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3 Position Switch 

 

Notes: This switch can be tilted to either side, or left straight up and down, resulting in 3 
positions. This allows you to have something like a counter that allows you to increment or 
decrement some value or position. The switch would normally be in the center position, and 
tilting in one direction would be incrementing and tilting the other direction would be 
decrementing. 
 
To wire it, solder wires and put connectors on them. You can either solder two power wires to 
the center pin or split the power wire at the RoboRio/Launchpad. 
 
Center Pin:  3.3V or 5V 
Side 1:  Digital input pin 1 
Side 2:  Digital input pin 2 
 
Example: http://www.digikey.com/product-detail/en/100SP3T1B1M2QEH/EG2377-ND/378846 
 

Momentary (A Property of Switches) 
If a switch is labeled as momentary, it will automatically return to one position after no one is 
touching the switch. The position that the switch returns to is generally the center for 3 position 
switches and either side for 2 position switches. 
 

Non-momentary 
The opposite of momentary switches. They will stay in whatever position you leave them in. 

 

http://www.digikey.com/product-detail/en/100SP3T1B1M2QEH/EG2377-ND/378846
http://www.digikey.com/product-detail/en/100SP3T1B1M2QEH/EG2377-ND/378846
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Switch Types 

 

Single Pole Single Throw (SPST) 
There are only 2 possible positions in this switch. Open (no connection) or closed (short circuit). 
For wiring this up, one pin would be connected to 3.3V, the other pin would be connected to the 
input. 
This is usually used on the operator interface in order to provide a binary input. 
 

Single Pole Double Throw (SPDT) 
There are either 2 or 3 possible positions in this switch. Connected to the top contact, 
connected to the bottom contact, or no connection at all. 
For wiring this up, one the common pin should be connected to 3.3V. If it is a 3 position switch, 
the other two pins should be connected to inputs. If it is a 2 position switch, only 1 of the other 
pins have to be connected to the input. 
 

Double Pole Single Throw (DPST) 
There are only 2 positions in this switch. It is basically two SPST switches with their levers 
linked together. 
 

Double Pole Double Throw (DPDT) 
There are either 2 or 3 possible positions in this switch. It is basically two SPDT switches with 
their levers linked together. 
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As seen with these 4 examples, the number of poles indicates the number of parallel switches, 
and the number of throws indicates the number of different contacts the common contact can 
connect to. 
Switches with more than 6 contacts 

 

These switches are DPDT type switches and only one SPDT ‘switch’ needs to be connected. 
The other three contacts can be ignored. 
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Rotary Potentiometers 

 

Center Pin:  Input pin 
Side 1:  GND (0V) 
Side 2:  3.3V 
Example: http://www.digikey.com/product-detail/en/296UD103B1N/CT2265-ND/203844 
 
Linear Potentiometers (Sliders) 

 

Pinout varies depending on the potentiometer 
Example: 
http://www.digikey.com/product-detail/en/PS30-10PB10BR10K/987-1400-ND/2620669 

 

http://www.digikey.com/product-detail/en/296UD103B1N/CT2265-ND/203844
http://www.digikey.com/product-detail/en/296UD103B1N/CT2265-ND/203844
http://www.digikey.com/product-detail/en/PS30-10PB10BR10K/987-1400-ND/2620669
http://www.digikey.com/product-detail/en/PS30-10PB10BR10K/987-1400-ND/2620669
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Pneumatics 

 

The pneumatic system basically has to look like this (some exceptions). 

From the air to “working” components, you can connect multiple solenoids and cylinders to it. 
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Definitions 

PCM (Pneumatics Controller Module):  This controls everything related to pneumatics. 

 

Compressor:  “Creates” pressure so everything can function. Only one of these is allowed on the robot. 
The other option is to have the compressor to be located off the robot but still controlled by the PCM. 
This is connected directly to the PCM. 
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Pressure relief valve:  Vents the pressure when it goes above 125 psi. This is a safety feature for if 
something fails. 

 

Air storage tank:  “Stores” air pressure. Having these allows the compressor to not run all the time 
which prevents it from getting it super hot. Put as many of these on the robot as practical. 
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Pressure switch:  Detects when the pressure reaches 120 psi. This is also connected to the PCM. 

 

Pressure vent valve:  This allows the manual release of air. 
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Pressure regulator:  This reduces the pressure of the air from 120 psi to 60 psi or less. The current rules 
allow the storage of air at 120 psi but all actuators must run at 60 psi or less. 

 

Stored pressure gauge:  This shows what the pressure in the tanks are. 

Working pressure gauge:  This shows what pressure the working pressure is set to. This is connected 
directly to the regulator. 
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Single sided solenoid:  This uses one port on the PCM in order to switch between two outputs on a 
cylinder. This solenoid always goes to a default state when the robot is disabled. 

 

Double sided solenoid:  This uses two ports on the PCM in order to switch between two outputs on a 
cylinder. This solenoid stays in whatever position it is commanded to be in, even when the robot is 
disabled. 
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Manifold:  Allows multiple solenoids to be mounted together. This also allows the number of fittings 
required to be reduced. 

 

Flow control valve:  This fitting allows the maximum rate of flow in one direction to be limited. This 
allows the speed of cylinders to be changed. 
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Single acting cylinder:  These cylinders only have one air port and are spring return in the other 
direction. This allows you to conserve some air at the expense of pushing power. 

 

Double acting cylinder:  These cylinders have two air ports so they can be powered in both directions. 
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LEDs 
Although there are many different brands of LEDs, there are basically 2 types. RGB LEDs and 

single-colored LEDs. RGB LEDs are bought from https://www.adafruit.com/product/1138, with some 
slight alterations, but this link gives us consistent addressable LEDs and easily-accessible instructions 
on how to wire them. These can be addressed from an arduino (also available at adafruit.com but also 
other websites) or a breakout board on the RoboRIO. Below is a diagram for a simple circuit for RGB 

LEDs.   

The other type of LEDs are single-colored. They have basic power and ground copper pads. Since they 
are diodes, if power and ground are switched, they will not turn on. (Note: nothing good will happen if 
you switch power and ground. The only way it is ever ok is if you are using a 3-way switch (described 
later) to control 2 strips of LEDs where one needs to turn off and the other needs to turn on at the 
same time. DO NOT SWITCH POWER AND GROUND OTHERWISE. BAD THINGS WILL HAPPEN AND 
THEY WILL MOST LIKELY BE EXPENSIVE MISTAKES.) These are commonly found on Amazon.com and 
are normally slightly cheaper. To attach these into one of your circuits, cut off the insulation (if any) 
with wire cutters making sure you do not cut or damage the LED strip in any way. Solder wires to the 
now-exposed copper pads. Congratulations! You now have LEDs with wires on them. Attach these to a 
regulated 9v source and your life will become a lot brighter.  

On the robot, we use the RGB LEDs. To wire these, plug the power and ground into the 5V 1A 
port on the VRM. Plug the signal and the ground to an arduino or a specific breakout board on the 
RoboRIO. It’ll be easier to use an arduino, since many other people are likely to be familiar with 
arduino. Follow the above diagram and that should help with the RGB variety.  

Normally, we do not use single-colored LEDs on the robot since there isn’t a port on the VRM 
that can supply 9V. Plus you can’t do as many awesome and pretty things with them. 

 

https://www.adafruit.com/product/1138
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Power Sources  
Not only do we use batteries to power the robot, we also use power converters (mostly 5V 1A 

or 9V 1A with a Breadboard Companion for our addressable LEDs). That is 
mostly all that we use. We have a box of them in the print shop. When you 
see this box, you can either decide to organize it or search through all of 
them to find the right one. Most of these connect to barrel jacks (they look 
like the picture to the right). To use these, just unscrew the terminals just 
enough to insert the wire, insert the wire, then screw the terminals down to 
secure it. Then just plug it into the component that needs it. It’s not too 
difficult and I’m sure most every person can answer questions you may have 
with this process.  

To choose an inverter (a way to power a component from the wall), 
check the voltage and amperage rating on the component you are trying to 
power and find that in the box. Have fun! Don’t blow stuff up by choosing the incorrect power rating.  
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