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1.  INTRODUCTION 
Spectrum: Illuminations is designed to help make the learning curve in the FIRST Robotics Competition (FRC) a little 

more gradual. The information contained in this document should put you on the path to designing and building a 

successful FIRST robot, but that’s not the only thing involved in this competition. Successful teams often share certain 

characteristics, and we hope to shine a light on a few of those qualities. 

 

2. COMMUNICATION 
This most important part of any successful team is communication. FIRST is a huge project that involves a lot of people. 

If everyone is not on the same page, it will be hard to find success.  

 

Google Group Email List 

We have found the use of a Google Group to be one of the best ways to keep everyone up to date and to keep the build 

season progressing. This year we have also started producing a nightly blog entry (3847.blogspot.com) about our team 

for the general public as well. You don’t need to do this in a public manner, but we find it helps to do something 

internally for your team such as a nightly email that includes the next day’s punch list (list of tasks that need to be 

completed). 

 

Facebook Group 

We have a Facebook group where the team members are able to speak to each other more readily. It’s also where we 

upload all of our photos and videos during the build season. 

 

Team Calendar 

A team calendar can be extremely useful for keeping the team aware of when meetings and other events are taking 

place. Google Calendar works well for this. 

 

Code Repository 

Another important system is to be able to transfer files back and forth amongst team members. We use Google Docs 

for all our documents, spreadsheets, and presentations. This allows multiple team members to edit the documents at 

one time and ensures everyone has the most current versions. Our programming team is using Google Code to 

collaborate on the software development. Not only is it easy to use, but also allows you to version your code which 

guarantees backups.  

 

  



3. BUILD TIPS 

Inventory the Kit of Parts 

You should take inventory of the kit of parts as soon as possible, labeling each part with your team number and the 

year in permanent marker. Though you only have one of everything this year, as you continue on in the competition in 

the future you will begin to collect duplicates of things and it’s nice to know which year they came from.  

Take all the information packets, vouchers and documentation out of the kit of parts and store it in a safe place. 

This also includes the bag and tags. All of this information is very important and should not be damaged or misplaced 

during the build season. We normally take it out of the work shop entirely but if you have a secure cabinet or another 

location away from the rest of the kit of parts, storing it there is okay as well. 

Make sure that each member of the team at least knows what each part is called and its function.  

 

Team Updates 

Make sure to watch this website for team updates. They are posted every Tuesday and Friday. Note that updates to the 

manual could affect the legality of your robot design; it is better to know early than to find out during inspection at the 

competition. 

• http://frc-manual.usfirst.org/TeamUpdates/0 

 

Bill of Material 

Keep track of all your purchases that you make for the robot. Part of the inspection process is turning in a Bill of 

Materials (BOM). It is much easier to create this at the end of the season if you have a list of everything that you 

purchased. 

 

Inspection Checklist 

Later during the season FIRST will release the inspection checklist for 2012. However right now you should review 2011 

inspection checklist so you know what inspectors are looking for. 

• http://www.usfirst.org/uploadedFiles/Robotics_Programs/FRC/Game_and_Season__Info/2011_Assets/2011_FR

C_Inspection_Checklist_RevD.pdf 

 

Common reasons teams fail inspection. 

• Sharp Edges, or Protrusions that pose a hazard for participants, robots or field 

o Please make sure you can run your hand along every part of your robot without being cut. Every part that 

goes on the robot should be filed or sanded to ensure every ones safety. This is for the protection of your 

team and the field crew at events that may have to interact with your robot. 

• Bumpers 

o The bumper rules are very specific and often confusing. If you have a question about how the bumpers 

must be constructed please ask a veteran team for help. Making bumpers at competition is possible, but 

said bumpers tend not to be as professional as the ones made ahead of time. 

• Team Name - Prominently and proudly display the team’s school name and primary sponsor(s) name/logo 

o Make stickers for your school and sponsors. The contributions of your supporters are not something to 

forget about. It’s really simple thing to do but much harder to do at competition where access to a printer 

is not always easy. 

• Electrical and Pneumatic Systems 

o This is a very common area for mistakes. Make sure the team wiring your robot has read the manual. The 

rules for wire gauges and circuit breakers are very specific and it can be time consuming to fix mistakes at 

competition. The pneumatics section is also very specific in what is allowed and what is not allowed. Ask a 

veteran team for help if you have any doubts about the electrical or pneumatic systems; these rules are in 

place to keep everyone safe. 



Design Fundamentals 

• Simple 

Design for your robot to be as simple as possible. This doesn’t mean to just put a moving box on to the field. It 

means that you should try to remove moving parts from your design. Your design should also be quick to build, 

as few special parts as possible will allow you to assemble your robot quickly and repair it in a hurry if something 

breaks at competition. 

 

• Reliable and Robust 

It’s better to have a mechanism that works 100% of the time but does less than a mechanism that does more 

but only works 50% of the time.  

 

• Repairable 

Design your robot so that when it breaks you can quickly fix it. It will be much easier if you can swap out motors, 

or parts with the turn of a few screws instead of cutting welds and welding a part back on. 

 

• Standardize Parts 

If you can use the same part in multiple places it will make having spare parts easier and you can improve on 

one part of the robot that will make the rest of the robot better as well. During construction, make sure that all 

bolts used are of the same size.  

  



4. HOW TO GET PICKED FOR ELIMNATIONS 
• “Be the team you would want to pick” – Dr. Joe Johnson 

This is a very simple idea but one that is often overlooked. Teams pick alliance partners on more than just robot 

performance. Be friendly to all teams and work well with your alliances during qualifications: be a model of 

Gracious Professionalism. Be on time to every match and ready to perform the strategy that has been decided 

upon by your alliance. 

• Drive in Every Match 

Veteran teams know that any driving robot is better than the best robot sitting still. If you have a drive train 

that works consistently through every single match of qualifications, your chance of being picked is far greater 

than teams that have a less reliable robot. Even if your scoring mechanism or something else is broken, put 

your robot on the field and play defense – showing you can do that is also a way to get picked. This means you 

should focus on your drive train during build season. It’s the most important part of any robot. Keep it simple 

and reliable. 

• Don’t oversell yourself / “Do what you say” 

Actions speak louder than words. If you say you can score during hybrid mode or balance the bridge, make sure 

you mean it. Teams that oversell themselves leave bad impressions when they don’t meet expectations. Know 

your limitations and state them plainly; it’s better to have a real strategy that can be executed than an idealized 

strategy that has no chance of working.  

• Have a responsible and knowledgeable drive team 

Your drive team is the face of your entire team. They are the ones that interact with the other teams and often 

set the perception for the rest of the team. Make sure these team members are able to be responsible, so that 

they are on time for every match and are able to communicate clearly with the team members and mentors 

from other teams. They should also be extremely knowledgeable about the robot. Often it is the drive team 

that has to make last minute repairs to the robot, if they don’t know how it works and how to fix it you could 

lose valuable time and matches. 

• Develop your Brand 

Rookie team numbers get jumbled in the heads of everyone at competition. “Was it 4226 that did well or was it 

4262?” You want to make yourself stand out from the all the other teams, this means doing the little things like 

making T-shirts, flags, banners, and making your pit reflect your brand. Make sure that teams not only know 

your name but your number because that’s how the rankings are listed at competition.  



5. RESOURCES GUIDE 

Useful Links 

• Chiefdelphi - www.chiefdelphi.com 

This should be your most visited website during build season. This is the water cooler of FIRST Robotics, where 

all problems all solved and ideas are hatched. The mentors who spend their time answering questions on CD 

have been around FRC for many years, many of them have literally wrote the book on the subject. 

 

• Texas FIRST - http://groups.google.com/group/texas-first 

We are reviving the Texas FIRST Google group from a few years ago. Please join the group and post any 

questions that you have. It’s a great way to help and receive guidance from other teams within the state. 
 

• FIRST Kit of Parts - http://www.usfirst.org/roboticsprograms/frc/2012-frc-kit-of-parts 

The Kit of Parts website has the setup guides for all of your controls system items. It also has manuals and data 

sheets for many of the items in the kit of parts. If you don’t know what an item is in the kit of parts or how to 

use it please let us know. We’ll be happy to point you in the right direction. 
 

• The Blue Alliance - www.thebluealliance.com 

This is the archive for FRC; it hosts team records from previous years as well as an extensive collection of 

archived match videos. It is a great place to get design ideas from previous years and also scouting information 

for other teams. 
 

• WPI Thinktank - http://thinktank.wpi.edu/Portal 

There is an extensive collection of workshop videos and PowerPoint slides that can teach you many of the 

technical and non-technical parts of FRC. If you want to learn more about a specific subject, search for it as 

someone has probably made a presentation about it and posted it on the Thinktank. 
 

• NEMO - http://www.firstnemo.org/ 

This is a great resource for everything that goes into a FIRST Team that isn’t technical robot knowledge. They 

work to improve the organizations, not just robots. If you’re lucky enough to have non-engineering mentors on 

your team, send this link to them. It will get them started with ways they can make the most contributions to 

the team. 

 

• FRC Resources - www.usfirst.org/roboticsprograms/frc/resources 

This is like drinking from the fire hose, it’s the main resources page provided by FRC. It has everything you need 

to know, but it can be difficult to navigate. Spend some time looking through it and you will learn about the 

robots and how to run a successful team. 

 
• Programming Guides - http://firstforge.wpi.edu/sf/docman/do/listDocuments/projects.wpilib/docman.root.c_and_java_documentation 

If you are planning on using Java or C++ programming this should be your programmers’ 1st stop. These are the 

official manuals for setting up the programming environment and learning the FRC-specific library. 
  

• JVN Design Calculator - http://www.chiefdelphi.com/media/papers/2059 

This is one of the most useful items for mechanical design in FRC. You can easily see how changing a sprocket 

or switching a motor will change your mechanism. This has not been updated with the 2012 motor specs but 

you can find those on the FIRST Kit of Parts website. 
 

• MOEmentum - http://moe365.org/moementum/moementum.php 

This is a very useful guide for first year teams created by team 365. It walks you through a typical FIRST season 

build schedule. 



 

Books 

• FIRST Behind the Design: 2006 

http://www.amazon.com/FIRST-Robots-High-Behind-Design/dp/1592533663/ref=sr_1_1?s=books&ie=UTF8&qid=1326790539&sr=1-1 

You can still get this new and I would recommend you order a copy quickly. It shows you many of the designs 

from FIRST teams in 2006. Most of the design principles and ideas still hold importance today. The 2012 game 

holds many similarities to 2006 so getting a copy of this book will be a great help. 
 

• Kickin’ Bot by Grant Imahara (one of crew on MythBusters).  
http://www.amazon.com/Kickin-Bot-Illustrated-Building-ExtremeTech/dp/0764541137 

This book is out of print but you can still get used copies pretty cheap. It is the best resource I have found for 

doing robot construction with limited tools. It’s written for Battlebots but many of the aspects apply to FIRST 

Robots like how to use chain and other mechanical principles. A lot of the electrical stuff will not apply to FIRST 

so make sure you read the FRC Robot Manual section for electrical rules.  



Part Use Source Item Number Price Each Qty Needed Link

"Add a Motor" 

Control Package

Comes with everything you need to add another CIM 

motor to your drive train including: Motor, Jaguar and 

wires. You should buy two so that you can attach another 

CIM motor in each of your CIMple box transmissions. AndyMark.com am-0990 $129 2 http://goo.gl/vqzJy

Jaguar

You will need one of these for every motor you add, 

depending on your design you may not need more. (if 

you have the money buy a spare or two) AndyMark.com am-0878 $99 Design Dependent http://goo.gl/5Rw6W

Perforated 

Polycarbonate 

Sheet

Used to mount electronics, allows for easy zip tying, you 

can use plywood but this works a little better AndyMark.com am-0836 $40 1 http://goo.gl/xMBd2

Aluminum 

Sprockets

You will need to decide which gear ratio you want to use 

for your robot. We recommend that you power all 

wheels. You will need sprockets for each of those wheels. 

Contact Spectrum3847@gmail.com if you have 

questions. AndyMark.com Various $9-$16 Varies http://goo.gl/2XP00

Chain Links

Master links and half links come in very handy when 

running chain. They are easy to lose so having 

replacements on hand is necessary. AndyMark.com

am-0683

am-0368 $0.75-$1.50

10 or each should last 

for little while http://goo.gl/s8SgR

Battery Charger 

Anderson Plug

SB-50A APP Connector with Contacts allows you to 

replace the aligator clips on your battery charger with an 

Anderson Connector. This is much safer. AndyMark.com am-0546 $3.50 

1 for each battery 

charger http://goo.gl/FGR1a

Battery Charger

You will need more than one battery charger. Any 2-

6amp 12 volt charger will work. Don't get one that does 

more than 6amps. We are using Raider chargers sold by 

o.co this year because batteries can be left plugged into 

them for months without damage.

Any Autoparts store, 

andymark.com or O.co various $25-$40

At least one, but more 

if you buy more 

batteries, we have 5 

chargers for our 7 

batteries http://goo.gl/p9FAI

Aluminum Stock

This is what we use to construct the rest of the robot. It's 

easy to work with and very inexpensive. This is what we 

ordered for this build season. It will depend on your 

design and how you want to build your robot.

Qty 3 - 1/16", 1" square tube Aluminum 6061 - $14 x21'

Qty 2 -  1/16", 1" angle Aluminum 6061 - $10 x16'

Qty 2 - 1/8", 1" angle Aluminum 6061 - $11.5 x16'

We order from Trident 

Metals (They have a $75 

minimum order) it is 

much cheaper than 

Lowes or Home Depot 

but any metal supplier 

will do. NA $80 http://goo.gl/wgMfa

 6. SUGGESTED ROOKIE PURCHASES
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Part Use Source Item Number Price Each Qty Needed Link

Bolts and Nuts

You will need to order more bolts and nuts than are given 

in the kit of parts. We use 10-24 but 1/4-20 is more 

standard. Get a variety of lengths and buy a lot of nylon 

lock nuts, regular nuts will vibrate loose. Get enough so 

that you won't have to worry about finding the right bolt 

when you need it. Also get a varaity of lengths so you 

won't have to cut them.

They get expensive if 

you buy from hardware 

stores. McMaster-Carr 

is where we order from 

and they have 

reasonable bulk prices. Varies

Wire

 As long as you have 12 AWG and 18AWG you can do 

almost everything on the robot except the battery 

connections.

We order speaker cable 

from monoprice.com 

because it's cheaper 

than getting it locally..

2816 and 

4045 $10-$20

While there may be 

enough in the kit of 

parts, it will be 

beneficial to have a 

surplus. http://goo.gl/tRBEr

Ethernet Tether

When you are at competitions you can't use the wireless 

unless you are on the competition field. You need to have 

a long ethernet cable to tether your driver's station to 

the robot when you are on the practice field.

Monoprice.com has the 

cheapest cables I have 

seen. Plus you can get it 

in your team color. 5001 $9 1 http://goo.gl/0u7g7

Urethane Belting 

                        (polycord)

                                    

Great for ball elevators. You cut any length, heat up the 

ends with a lighter, and fuse them together to make 

continuous belts. McMaster-Carr 59725K804 $1 per ft Depends on the design http://goo.gl/RSKR4

Page 2 of 2



Tool Price Uses Sample Website

Corded Drill 3/8" chuck $30.00 Drilling holes and driving screws.  A corded drill is cheaper and allows you to avoid batteries.

Drill Bit Set $50.00 Get at least one bit set that has a lot of bits so that you don't run out when they break or get lost http://goo.gl/vnwUP

Driver Bit Set $10.00 Used to all you to drive screws with the drill. Be very careful if your drill doesn't have a clutch setting.

Screw Driver Set $10.00 Get a large set with many different sizes, you will use them for other things as well like flexing the connectors on the power distribution 
Allen Wrench Set $5.00 Socket Head Cap screws use allen heads, and they don't strip as easy as normal machine screws, get a standard set

Pliers $10.00

Needle nose for grabbing small objects and into small spaces. Linesmen's pliers for grabbing large things and cutting wire. Channel Lock 

pliers for the larger tasks. You will use these all the time.

Vicegrips $10.00 Will fix a lot of problems when you don't have the right tool for the job, like removing screws that have had the head stripped off

Diagonal Cutters $5.00 Cutting wire and zip ties.
Scissors $3.00 Cutting fabric, zip ties or even paper
Hacksaw $10.00 Will be your go to tool for cutting stock metal when you don't have more expensive power tools

Wood Saw $10.00

If you don't have a table saw, you will need this to make the bumpers and possibly other parts of the robot if you are constructing with 

wood. You could get a local hardware store to cut it for you, though they may charge.

Sand Paper $10.00 Used to smooth rough edges

Files $10.00 Much better than sand paper for smoothing edges of cut material and will last longer. 
Wire stripper and 

crimper $5.00

Used for the electrical team to cut wires, strip off portions of the insulation and crimp connectors to the ends. If you don't have them, 

another cutting tool like a razor blade and pliers or vice will work but they won't be as strong of a crimp.

Clamps $20.00 Any clamps will do as long as you can hold down material while you drill and cut it.
Permanent Markers $3.00 Very useful for marking on material before you cut it or drill it

Ruler $1.00 Used for measuring smaller more precise distances
Tape Measures $5.00 Measuring long distances

Multimeter $5.00

Allows you to check if wires are connected and if components are getting power from the battery. Also lets you determine the voltage of the 

battery

Electrical Tape $1.00 Insulate wires and connections on the robot.

Zip Ties $5.00 I'm not sure to include this as a tool or a fastener but you will find many uses for them. Buy a lot

Duct Tape $5.00 Not the best thing to use for robot construction, but it's nice to have when making jigs or quick fixes to prototype something

Hammer $10.00

Used to transfer momentum to objects. Put a piece of wood on the object you are trying to move and it can replace a rubber mallet. At 

some point you will need a hammer.

Chain tensioner $12.00

Used to stretch chain when you are combining them. Make sure you get the right Chain tools for the size chain you are using. The kit of 

parts uses #35 roller chain. http://goo.gl/vmiD8

Chain break $15.00 Used to break the chain links apart so you can make it the correct length. http://goo.gl/AY6qrSoldering Iron and 

Solder $15.00 Allows you to make custom electrical connections. Most useful when using sensors.
Towels $0.00 Old T-shirts, or towels from your house can work for this. Needed to clean up grease and other spills
Grease $5.00 Can be bought at most Auto-parts stores, should be used on all of your gearboxes
Brush and Dustpan $10.00 Clean up after yourself, it makes life much nicer.

$280.00

REQUIRED

7. TEAM TOOL LIST



Tool Price Uses Sample Website

Drill Press $120.00 Able to get holes that are much straighter than a hand drill and is more powerful so you can drill larger holes.

Drill Press Vice $15.00 Allows you to vice things to a drill press http://goo.gl/99jrN

Hole Saws $50.00

Easily cut large holes in things, very useful if you are going to be over the weight allowance. Get a nice kit and it will last a long time, you 

can get cheaper sub $20 sets but they won't last as long http://goo.gl/f9pA9

Counter sink $5.00 Allows you to "counter sink" screw and bolt heads. This means that the head of the fastener doesn't stick out above the material. http://goo.gl/XBqhb

Band Saw $120.00 Metal and Wood Blades, used to easily cut parts

Belt Sander $60.00 Make parts smooth, take off small amounts of material, much easier than hand filing and sanding every part

Centerpunch $10.00 Used to mark holes before you drill them, very important if you want to get accurate hole placement.

Bench Vise $80.00 Holding parts, bending metal, and many other useful functions http://goo.gl/VUbMV

Combination Square $8.00 Measures from a strait edge, also a level and a scribe http://goo.gl/509pr

Caliper $20.00

Used to preciously measure objects, very useful if you are doing any CAD modeling. A 6" caliper should be enough for most FRC 

applications. http://goo.gl/p7xWl

Arbor Press $45.00 Press bearing and gears http://goo.gl/0bRUz
Rubber Mallet or Dead 

blow $5.00

Used when a hammer would mess up the surface of what ever you are hitting. Can be substituted for by a hammer and a piece of wood in 

most cases.

Wrench set standard $20.00 Used on nuts and hex head bolts, you can use pliers but you are less likely to strip them if you use the proper sized wrench

Allen Wrench Set Metric $5.00 Sometimes you get a metric allen head, hopefully you won't buy any. But other parts you buy may have one on them.

Metric Wrench Set $10.00 Same as above, but with normal wrenches

Ratchet and Sockets $40.00 When you need one it will be much nicer than using a normal wrench

Jigsaw $40.00 Used for cutting large sheets of material like plywood and polycarbonate. Make sure you are using the correct blade for your material.

Dremal and bits $100.00 Can be used for nearly any project, but can take a long time

Detail File Set $6.00 When your bigger files are too big. Lets you get into small parts are file them down.

Deburing tool $12.00 Makes cleaning cut metal much easier http://goo.gl/vIQL7

Cordless Drill $100.00

Same as a corded drill but allows you to use it away from a plug, also they normally have a clutch setting that makes them better for driving 

screws
Miter Saw $110.00 Cutting lumber and also aluminum and steel with the proper blades http://goo.gl/EodQm

Rivet Gun and Rivets $15.00 Light weight fastening system. Easy to use but can be expensive if you keep having to drill them out
Corded Drill with 1/2 

chuck $120.00 A 1/2" chuck is useful for larger holes and also you can spin a 1/2" shaft for prototyping

Heat Gun $30.00 Allows you bend pvc, and heat heat shrink tubing for electrical connections

Cooping Saw $7.00 Useful for hand cutting detail work, if you don't have a scroll saw

Tap and Die Set $40.00 Allows you to put threads into holes and on to shafts

Tap Magic $9.00 Tap Oil used when tapping holes http://goo.gl/HcoeK

Loctite Blue $4.00 Secures bolts and screws so they don't vibrate loose. Very useful if you're not using nylon lock nuts.

Punch Set $12.00 Non-automatic center punches, and also pin punches for using roll pins. Chisels will be less useful http://goo.gl/hgw7Q

Vacuum $50.00 A small shop-vac will be very useful for cleaning up your work area.

 $ 1,218.00 

HELPFUL



Tool Price Uses Sample Website

Air Compressor $200.00 Allows you to use air tools

Abrasive Saw $50.00 Able to cut steal shafts http://goo.gl/reBpQ

Sheetmetal Break $250.00 Bend metal and lexan http://goo.gl/CtZ1m
Clamp on amp meter $100.00 Able to read motor currents on the robot http://goo.gl/e590K

Angle Grinder $40.00 Can cut steel shafts http://goo.gl/nzcXu

Scroll Saw $110.00 Used for making cuts that are more complicated http://goo.gl/U5H3V

Cross Slide Vice $100.00 Used to line up holes, but can also do simple milling type work http://goo.gl/JbX7v

Table Saw $140.00 Easily cut large sheets of plywood or other sheet metail.

Router $120.00 Used to do cuts into wood, easily cut complex shapes and special edges http://goo.gl/bjk4G

Bench Grinder $50.00 Used for grinding steel shafts, need special wheels for aluminum

Powerpole Crimper $40.00 Required if you are using Anderson powerpole quick disconnects http://goo.gl/5NYzT

PWM Crimper $20.00 Allows you to crimp PWM Cables, if you buy the headers and pins you can make your own http://goo.gl/DCSHS
Large Gauge Hammer 

Crimper $20.00 Allows you to crimp large gauge wire like the 6 AWG wire for battery terminals http://goo.gl/ML9ob

Gear Puller $20.00 Allows you to pull gears off of shafts http://goo.gl/P2wnI
Self-Centering Drill 

Press Jig $10.00 Drill holes in round stock easily http://goo.gl/OULpO

Tubing Cutter $7.00 Used to make strait and easy cuts in pneumatic tubing

Mcmaster-Carr 

8288A51

Label Gun $20.00 Makes labeling parts and wires much easier. Keeping an organized shop is critical to a successful team.

Scale $45.00 150lb postal scale will help with keeping track of the weight of your parts http://goo.gl/VmG5H

$1,342.00

OPTIONAL



 

 

 

 

http://www.stanford.edu/~jwodin/holes.html

 

8. Machine Screw 

Machine Screw 

Size 
Number 

of 

Threads 

Per Inch 

Minor 

Dia. 

Aluminum, Brass 

75% Thread

No. or 

Dia. 

Major 

Dia. 

Drill 

Size

0 .0600 80 .0447 3/64

1 .0730 
64 .0538 53

72 .0560 53

2 .0860 
56 .0641 50

64 .0668 50

3 .0990 
48 .0734 47

56 .0771 45

4 .1120 
40 .0813 43

48 .0864 42

5 .1250 
40 .0943 38

44 .0971 37

6 .1380 32 .0997 36

8 .1640 
32 .1257 29

36 .1299 29

10 .1900 
24 .1389 25

32 .1517 21

12 .2160 

24 .1649 16

28 .1722 14

32 .1777 13

 

  

http://www.stanford.edu/~jwodin/holes.html 

8. Machine Screw Guide 

Tap Drills Clearance Hole Drills

Aluminum, Brass 

& Plastics 

75% Thread  

Stainless Steel, 

Steels & Iron 

50% Thread 

All Materials

Close Fit

Drill 

Size 

Decimal 

Equiv. 

Drill 

Size 

Decimal 

Equiv. 

Drill 

Size 

Decimal 

Equiv.

3/64 .0469 55 .0520 52 .0635

53 .0595 1/16 .0625 
48 .0760

53 .0595 52 .0635 

50 .0700 49 .0730 
43 .0890

50 .0700 48 .0760 

47 .0785 44 .0860 
37 .1040

45 .0820 43 .0890 

43 .0890 41 .0960 
32 .1160

42 .0935 40 .0980 

38 .1015 7/64 .1094 
30 .1285

37 .1040 35 .1100 

36 .1065 32 .1160 27 .1440

29 .1360 27 .1440 
18 .1695

29 .1360 26 .1470 

25 .1495 20 .1610 
9 .1960

21 .1590 18 .1695 

16 .1770 12 .1890 

2 .221014 .1820 10 .1935 

13 .1850 9 .1960 

Clearance Hole Drills 

All Materials 

Close Fit Free Fit 

Decimal 

Equiv. 

Drill 

Size 

Decimal 

Equiv. 

.0635 50 .0700 

.0760 46 .0810 

.0890 41 .0960 

.1040 35 .1100 

.1160 30 .1285 

.1285 29 .1360 

.1440 25 .1495 

.1695 16 .1770 

.1960 7 .2010 

.2210 1 .2280 



 

 

 

 

http://www.stanford.edu/~jwodin/holes.html

 

Machine Screw 

Size 
Number 

of 

Threads 

Per Inch 

Minor 

Dia. 

Aluminum, Brass 

75% Thread

No. or 

Dia. 

Major 

Dia. 

Drill 

Size

1/4 .2500 

20 .1887 7

28 .2062 3

32 .2117 7/32

5/16 .3125 

18 .2443 F

24 .2614 

32 .2742 9/32

3/8 .3750 

16 .2983 5/16

24 .3239 Q

32 .3367 11/32

7/16 .4375 

14 .3499 U

20 .3762 25/64

28 .3937 Y

1/2 .5000 

13 .4056 27/64

20 .4387 29/64

28 .4562 15/32

9/16 .5625 

12 .4603 31/64

18 .4943 33/64

24 .5114 33/64

5/8 .6250 

11 .5135 17/32

18 .5568 37/64

24 .5739 37/64

11/16 .6875 24 .6364 41/64

http://www.stanford.edu/~jwodin/holes.html 

Tap Drills Clearance Hole Drills

Aluminum, Brass 

& Plastics 

75% Thread  

Stainless Steel, 

Steels & Iron 

50% Thread 

All 

Close Fit

Drill 

Size 

Decimal 

Equiv. 

Drill 

Size 

Decimal 

Equiv. 

Drill 

Size 

Decimal 

Equiv.

7 .2010 7/32 .2188 

F .25703 .2130 1 .2280 

7/32 .2188 1 .2280 

F .2570 J .2770 

P .3230I .2720 9/32 .2812 

9/32 .2812 L .2900 

5/16 .3125 Q .3320 

W .3860Q .3320 S .3480 

11/32 .3438 T .3580 

U .3680 25/64 .3906 

29/64 .453125/64 .3906 13/32 .4062 

Y .4040 Z .4130 

27/64 .4219 29/64 .4531 

33/64 .515629/64 .4531 15/32 .4688 

15/32 .4688 15/32 .4688 

31/64 .4844 33/64 .5156 

37/64 .578133/64 .5156 17/32 .5312 

33/64 .5156 17/32 .5312 

17/32 .5312 9/16 .5625 

41/64 .640637/64 .5781 19/32 .5938 

37/64 .5781 19/32 .5938 

41/64 .6406 21/32 .6562 45/64 .7031

 

Clearance Hole Drills 

All Materials 

Close Fit Free Fit 

Decimal 

Equiv. 

Drill 

Size 

Decimal 

Equiv. 

.2570 H .2660 

.3230 Q .3320 

.3860 X .3970 

.4531 15/32 .4687 

.5156 17/32 .5312 

.5781 19/32 .5938 

.6406 21/32 .6562 

.7031 23/32 .6562 



 

 

 

 

 

          9. Guide to 

http://www.gates.com/downloads/Vol%2056%20No%2003%20

%20Shaft%20And%20Hub%20Keyway%20And%20Key%20Sizes[1].pdf

What is a keyed joint and how does it work?

A keyed joint is a machine feature that allows the transmission of torque

the shafts. In other words, it allows you to connect something to a shaft so as the shaft spins so does the part. This 

works with wheels, gears, sprockets and anything you would like to mount to a shaft

hub to transmit torque to an arm or other part of your robot.

 

A keyed joint is made up of three parts.  

1. A key; which is a small piece of square metal (usually steel) that connects the two pieces together. 

2. A keyseat; which is the grove that is cut into the shaft for the key. 

 

3. A keyway; which is the opposite insi

 

 

Machining Keyseats and Keyways 

If your shop has the machining capacities, usually a mill, you can key your own shaft. You can also buy pre

from distributors such as McMaster-Carr (1570K43

have a broaching set, these are specific one task tools that can be very expensive

with the proper keyway already machined from a supplier such 

English Standard Keyway and Key 

Shaft Diameter (in)

From To 

5/16 7/16 

1/2 9/16 

5/8 7/8 

Keyseat

Keyway

Guide to Keyways 

http://www.gates.com/downloads/Vol%2056%20No%2003%20-

%20Shaft%20And%20Hub%20Keyway%20And%20Key%20Sizes[1].pdf 

t is a keyed joint and how does it work? 

a machine feature that allows the transmission of torque (rotational force) betwee

it allows you to connect something to a shaft so as the shaft spins so does the part. This 

and anything you would like to mount to a shaft. You can also 

to an arm or other part of your robot. 

A key; which is a small piece of square metal (usually steel) that connects the two pieces together. 

A keyseat; which is the grove that is cut into the shaft for the key.  

A keyway; which is the opposite inside grove in the hub that is going to be attached to the shaft.

If your shop has the machining capacities, usually a mill, you can key your own shaft. You can also buy pre

1570K43: ½” Aluminum Keyed Shaft). To make your own keyways you have to 

have a broaching set, these are specific one task tools that can be very expensive. It is often easier to purchase hubs 

from a supplier such as AndyMark.com (am-0976: 500EX Key Hub

English Standard Keyway and Key Sizes 

Shaft Diameter (in) Keyway (in)* Key (in) 

Width (W) Depth (T1) Width (W) Depth (T)

3/32 3/64 3/32 3/32

 

1/8 1/16 1/8 1/8 

3/16 3/32 3/16 3/16

 

Keyseat 

Keyway 

between shafts and parts on 

it allows you to connect something to a shaft so as the shaft spins so does the part. This 

also use this with a keyed 

A key; which is a small piece of square metal (usually steel) that connects the two pieces together.  

that is going to be attached to the shaft. 

If your shop has the machining capacities, usually a mill, you can key your own shaft. You can also buy pre-keyed shaft 

To make your own keyways you have to 

t is often easier to purchase hubs 

500EX Key Hub). 

Depth (T) 

3/32 

 

3/16 


