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2232 Master Reference Sheet (Basis for this sheet) FAQ
JVN Design Calculator The Spectrum Robot Design Sheet is designed to be a centralized resource to use while 

designing FRC robots. Each page includes part specifications and calculations that you can 
use to help in the design process. Many of the COTS parts common to FRC robots have their 
size and other design parameters included here so you don't have to open up the part in 
CAD to measure or find and download the drawings every time you need to quickly add 
something to a sketch or prototype. We keep a copy of this sheet for each robot that we 
build and then add new pages for each module/subsystem on our robot. That way we can 
keep track of our decsign decisions, variables, part numbers, etc in one centralized place. 
You can add new pages for part references or inventory for your team. Timelines or simple 
gantt charts could be made to help keep everyone on schedule. If you make a cool page and 
want to suggest we add it to our public template just send us an email 
team@spectrum3847.org and we'll look at it. 
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AMB Design Spreadsheet (pneumatics, Chain, mechanisms)
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Motion Hardware Fasteners Spectrum Materials Resources

in to mm Gears Sprockets & Chain Belts & Pulleys Transmission Wheels Hubs Bolts Lexan McMaster.com

10 254 CIM 9,10,11,12,13,14 VEX #35 Sprockets AM #35 HTD 5mm Motors AM Stealth Wheels 0.5, 0.375" Hex Vex Pro 4-40 Thickness .0625, .09, .125, .25 SDP-SI.com

mm to in 775Pro 32 DP 12 Hub 12,15 Width 9, 15 mm CIM 0 Diameter 2" or 4" 0.25",0.5" Key Round VEX Pro Diameter 0.112 Cold Bent? Yes Roton Lead Screws

10 0.3937007874 .5" Hex 20 DP 18,20,22,24,26,28 Double Hub 12,15 Pulleys Mini CIM 4 Bore .5", .375", 8mm 1.125" Bearing 1/2" or 1/4" wide Hole Drill Size 1 / 8 Routed Yes VULCAN Constant Force Spring

Motors Bold = Steel or Al 30,32,34,36,38,40 Plate 22,24,26,28,30 Hub 18,24,30,36 Bag 0 Durometer 35A,50A,60A,77A 0.5" Hex AM Full Tap Drill Size 3 / 32 Laser Cut No

CIM Underline = Versa 42,44,46,48,50,52 32,33,36,42,44,48,54,60 Versa 42, 60 775Pro 0 C of Friction 1.14, 0.87, 0.92 0.5" Hex AM Lightened Laser Size 1/8" Sheet Aluminum Belts and Pulleys

Shaft: 8mm, 2mm Keyway 54,56,58,60,62,64 #35 Chain (.375 pitch) 0.375 Belts Total Motors 4 Thickness 1" 0.375" Hex AM 6-32 Thickness .09, .125 Accu Timing Belts and Pulleys

Free RPM: 5330 66,68,70,72,74,76 Height: .358" 60,70,80,90,100,104,110,120,130,140, Reductions AM Compliant Wheels Snowblower Diameter 0.138 Cold Bent? Yes shop.polybelt.com

Free A: 2.7 78,80,82,84 Width: .463" 150,160,170,180,190,200,225,250 1 8.5 Diameter 2" 4" 10mm 4mm Keyway Hole Drill Size 5 / 32 Routed Yes
Stall A: 131 1.125 Bearing 48,54,60,64,66,70 VEX #25 Sprockets AM #25 GT2 3mm 1 1 Bore .5",.375",8mm 8mm 2mm Keyway Tap Drill Size 7 / 64 Laser Cut Yes

Stall in-lbs: 21.33 Versa Key 72 Hub 16,18,22 Width 9mm 1 1 Durometer 35A,45A,50A, 60A Colson Hubs Laser Size 5/32" Plywood McMaster Links

Weight: 2.8 .375" Hex 32DP 20,40,60,80,100 Plate 32,34,36,38,40 Pulleys 1 1 Thickness 0.5", 1" Collars 8-32 Thickness 5mm, 1/2", 3/4" Polycord / Urethane Belting

Length: 4.512 .375" Hex 20 DP 14,16,18,20,22,24 42,44,48,54,58,60,64,66,72 550, 775, BAG 12t 1 1 WCP Compliant Wheels Vex Pro .25" Thick Diameter 0.164 Routed Yes Nylon Spacers

OD: 2.52" 30,32,34,36,38,40,42,44,46,48,50,52,54 #25 Chain (.25 pitch) 0.25" 1/2" Hex 24,36,48,60 1 1 Dimameter 1.625", 2" AM .5" Hex .30" Thick Hole Drill Size 11 / 64 HDPE Rubber Sheets and Strips

Pilot: 0.7656 Ball Shifter 34,44,50,54,60 Height: .232" Belts 1 1 Bore 0.5" Hex AM .375" Hex .315" Thick Tap Drill Size 9 / 64 Thickness 1/4", 1/2",3/4",1" Silicone Rubber Tubing

Bolt: 10-32 ↧0.536 - 2in Bolt Circle Dog Gears 40,44,50,60 Width: .354" 45,50,55,60,70,85,90,100,105,110,120 1 1 Thickness 0.5" 1" VEXpro Spacers Laser Size 11/64 Routed Yes Latex Surgical Tubing

Mini CIM Bevel Gear 12DP 15t - 3/8 hex Calculators Belt Calculators Overall Ratio 8.50 AM High Grip Wheels Vex Pro Hex .5" and .375" 10-24 & 10-32 Bent? No

Shaft: 8mm, 2mm Keyway Calculators Add .012 to the chain calcuations WCP Belt calulator Drive Train Diameter 4" or 6" .0625, .125, .25, .5, 1, 2 Diameter 0.19 Tubing

Free RPM: 5840 WCP Gear Calculator #25 Chain BBman Belt Calculator Wheel Diameter 4 Bore 1.125" & Hub .5 Hex OD 0.768 Hole Drill Size 13/64 Aluminum

Free A: 3 Gear 1 Number of Whole Links Gates Belt IQ Software RPM 687.06 Durometer 50A, 60A, 77A .375 OD 0.625 Tap Drill Size 5 / 32 Profile Wall Thickness

Stall A: 89 Diametral Pitch(DP) 20 Sprocket #1 Teeth 12 Pitch Diameter of Pulley RPS 11.45 Thickness 1" VEX Bearings Laser Size 0.196 1x1 .04, 1/16", 1/18"

Stall in-lbs: 12.4 Tooth Count 24 Sprocket #2 Teeth 12 Pitch*toothCount/pi Feet / Second 11.99 AM Grey Rubber Treaded Wheel ID OD Depth 1/4-20 1x2 .10, 1/16",1/8"

Weight: 2.16 Outer Diameter 1.3 Center Distance (Inches) 3.875 Pitch (mm) 5 Inches / Second 143.90 Diameter 6" or 8" Flanged Bearings Diameter 0.25 1.25" 1/16"

Length: 3.552" Pitch Diameter 1.2 Result: Number Whole Links 43.000 Tooth Count 18 Drive Adjusted 9.71 Bore 1.125" & Hub 0.5" Hex 1.125" 0.250 Hole Drill Size 17/64

OD: 2.52" Pitch Radius 0.6 Center to Center Distance Pitch Diameter (in) 1.1279 Stall in / lbs 424.29 Thickness 1" 0.375" Hex 1.125" 0.250 Tap Drill Size 13 / 64

Pilot: 1 Gear 2 Sprocket #1 Teeth 12 5mm Belt Calculator Pounds @ Path 106.07 Durometer 75A 13.75mm Thunderhex 1.125" 0.250 Laser Size 0.257

Bolt: 10-32 ↧0.536 Diametral Pitch(DP) 20 Sprocket #2 Teeth 12 Pulley 1 Teeth 18 Free Current 12 VEX Colson 0.750" 1.375" 0.367 M4

Bag Tooth Count 54 Links 44 Pulley 2 Teeth 36 Stall Current 356 Diameter x Thickness 0.5" 1.125" 0.250 Diameter 4

Shaft: 4mm Outer Diameter Result: Center Distance (in) 4.000 Ratio 2.0000 Rotary Mechanism 1.625x0.875, 2.5x1.25, 3x0.875, 0.375" 1.125" 0.250 Hole Drill Size 3 / 16

Free RPM: 13,180 Pitch Diameter 2.7 Differance: Links-CC 0.125 Pitch Diameter 1 1.1279 Arm Length(in) 40 3x1.5,3.5x1.25, 4x0.875, 4x1.5, 4x2 0.375" 0.875" 0.218 M5

Free A: 1.8 Pitch Radius 1.35 #35 Chain Pitch Diameter 2 2.2557 Arm Load(lbs) 10 Bore .5" Hex Radial Only Diameter 5

Stall A: 53 Gear Ratio 2.250 Number of Whole Links Teeth on belt Center Distance Efficiency 0.65 Vex Pro Traction Wheels 3/16" (0.188") 0.5" 0.196 Hole Drill Size 7 / 32

Stall in-lbs: 3.5 Center Distance 1.95 Sprocket #1 Teeth 12 60 3.1990 No Load Speed (deg/s) 4,122.35 Diameter 4", 6" or 8" 0.250" 0.375" 0.125 Bolt Sizes

Weight: 0.71 .002 Center Add 1.952 Sprocket #2 Teeth 12 70 4.1950 No Load 90°  Time(sec) 0.02 Bore 1.125" & Versa 0.250" 0.5" 0.188 CIM 10-32 ↧0.536

Length: 2.736" Will Gear 1 & 4 Hit? Center Distance (Inches) 3.875 80 5.1860 Stall Load 6.89 Thickness 1", 1.5", 2" 0.375" .875" 0.281 Mini CIM 10-32 ↧0.536

OD: 1.59" Gear 1 DP 0 Result: Number Whole Links 32.667 90 6.1760 Loaded Speed (deg/s) -1,856.71 VersaWheels 0.5" 0.875" 0.281 Bag M4-6H ↧6mm

Bolt: M4-6H ↧6mm Gear 1 Tooth 0 Center to Center Distance 100 7.1630 Loaded 90°  Time: (sec) -0.05 Diameter 3.25", 4" 15mm (VP) 28mm 7mm 775Pro M4-6H ↧6mm

775Pro AM Redline Gear 2 DP 0 Sprocket #1 Teeth 12 104 7.5580 Linear Mechanism Bore 1.125" & Versa 17mm (VP Dual) 26mm 5mm Snowblower M5x0.8

Shaft: 5mm Gear 2 Tooth 0 Sprocket #2 Teeth 12 110 8.1500 Travel Distance 48 Bore 1/2" hex for 3.25" only Shafts roboRIO 4-40  ↧0.125

Free RPM: 18,730 Gear 3 DP 0 Links 44 120 9.1370 Applied Load 154 W tread or Dimond Tread Thunderhex .5" Hex Shaft 120 A Breaker 1 / 4"

Free A: 0.7 Gear 3 Tooth 0 Result: Center Distance (in) 6.000 130 10.1230 Pulley Diameter (in) 1.25 Vex Pro Omni .201" (#10) Hole 1 / 4" - 20 Tap PDP 10-32 or 10-24

Stall A: 134 Gear 4 DP 0 Differance: Links-CC 2.125 140 11.1080 Efficiency 0.8 Diameter 3.25", 4", 6", 8" 0.5" Hex Shaft .5774" Across Voltage RM 6-32

Stall in-lbs: 6.28 Gear 4 Tooth 0 VersaPlanetary Gearboxes 150 12.0940 No Load Speed (in/s) 44.97 Bore 1.125" & Versa 0.375" Hex Shaft .4330" Across Pneumatic CM 6-32

Weight: 0.8 Answer #DIV/0! VP Drawing 1.75" x 1.654" 160 13.0790 No Load Time to Dist 1.07 Thickness 1.5" 0.5" Tube Axle 1/4 thru Talon SR 6-32

Length: 2.96" Clearance #DIV/0! 8-32 Assumbly Bolts                  10-32 Mounting Bolts170 14.0640 Stall Load 543.09 Vex Pro Vectored Intake Wheels Tap 3/16-16 Talon SRX 8-32

OD: 1.756" 1 & 2 on axle, 3 & 4 on axle Bolt Pattern: 1" wide x 0.75"+0.5"/stage 180 15.0490 Loaded Speed (in/s) 32.22 Diameter 4" All VEXpro Shafts are 7075 aluminum Victor SP 8-32

Bolt: M4-6H ↧6mm Mesh Pairs: 0&1, 2&3, 4&5 Top and Bottom Bolt Depths:  ↧0.275 190 16.0340 Loaded Time to Dist 1.49 Bore .5" Hex Adapters VersaHub 8-32

AndyMark 9015 74T Family 84T Family Face Bolt Pattern: 2" Circle 200 17.0190 Thickness 2.25" AM 8mm to .5" Hex 0.75" Long AM Hub 10-32 or 10-24

Shaft: .125" 1.853" C-C 2.103" C-C Length 225 19.4810 Pneumatic WCP 8mm to 0.5" Hex 1" Long ThunderHex #10 thru or 1/4 tap

Free RPM: 16,000 12-62 12-72 In + Out Stage 1.363 250 21.9420 Diameter ~8" Couplers VersaPlanetary 8-32

Free A: 1.2 14-60 14-70 Ring Stage 0.5 Custom Length Belt Teeth Bore 1.125" & Hub .5" Hex - .5" Hex 1.5" Long PG Gearboxes M4x0.7

Stall A: 63.8 16-58 16-68 0.5" Hex Output 1.575 60 3.1990 Thickness 2" Roller Adapters Rivets

Stall in-lbs: 3.79 18-56 18-66 Pilot 0.039 Custom C-C Distance (in) C of Friction 0.93 WCP Roller Plug -1/2" Hex Bore Spectrum Standard 3/16"

Weight: 0.5 20-54 20-64 1 Stage Total 3.477 3.199 59.9932 Fairline Rollers (Fixtureworks) WCP Roller Plug - 1/2" Hex Rod + Tap VersaFrame 5 / 32

Snowblower 22-52 22-62 Ratios: 3,4,5,7,9,10 3mm Belt Calculator Diameters 2,2.5,4,5,6 WCP Roller Plug Plain 5/16-18 Tap

Shaft: 10mm With Flats 24-50 24-60 Outputs: Hex: 1/2", 3/8", Pulley 1 Teeth 12 Thickness 0.92", 1.94" Hex Broach

Free RPM: 100 26-48 26-58 Outputs: Keyed 1/2", 8mm CIM Pulley 2 Teeth 24 Plain Bore 1.125" 1/2" Mininum Cut 1/2", Max 1-3/8"

Free A: 5 28-46 28-56 2 7/8 ID Tube Fits around VP Raio 2.0000 Drive Bore .5" + others 3/8" Minimum Cut 3/8", Max 1-1/4"

Stall A: 24 30-44 30-54 Pitch Diameter 1 0.4511 Urethane TurnTable/Turret Bearings

Stall in-lbs: 70 32-42 32-52 Pitch Diameter 2 0.9023 Yellow -35A Blue -60A Turret / Turntable bearings
Weight: 1.11 34-40 34-50 Teeth on belt Center Distance Red -80A Orange -95A Turntable Bearing McMaster

36-38 36-48 45 1.5790 Nitrile (White) - 20A,35A,60A,80A Slide-Snap Latches

38-46 50 1.8770 Neoprene (Black) - 20,35,60,80A Slide-Snap Bumper Latches Drawing

40-44 55 2.1740 DuraSoft = TearDrop 1.122 Hole Spacing for #4-40 Bolt

42-42 60 2.4710 Finned = Wave Cut Wheels .688" x 1.59" + .59" open, 0.45" Tall

70 3.0630 Tube Connecting Nut

85 3.9510 Tube Connecting Insert Nut for 1.25" Tube

90 4.2460 Helical Beam Coupler

100 4.8380 WCP 1/4" to 1/4"

105 5.1330 Snap Retaining Rings

110 5.4290 1/2" Retaining Ring Ring Groove

120 6.0200 Diameter/Depth 0.461" ↧0.016

Custom Length Belt Teeth Width 0.035" 0.039"

120 6.0200 9/16" Retaining Ring Ring Groove

Custom C-C Distance (in) Diameter/Depth 0.521" 0.53
4.878 100.6800 Width .035" .039"

3/8" Retaining Ring Ring Groove

Diameter/Depth .338" 0.352"
Width 0.025" 0.029"

13/32" Retaining Ring Ring Groove

Diameter/Depth 0.366" 0.382"
Width 0.025" 0.029"
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Control System PDP Function CAN Talon SRX RoboRIO PCM 0 Function Refrence Other Electircal Parts
Battery 40A 10 PWM Function Compressor Compressor FRC Network Connections 12v-5v 7A Switching Regulator

12V 18 Amp Hour 0 11 0 Pressure SW SW

13.8 Pounds 3" x 7.1" x 6.6" 1 12 1 Sol 0

roboRIO 2 13 2 Sol 1 IP Lists Electrical Parts Vendoers
5.637" x 5.754" x 1.355" - 0.7275 lbs 3 14 3 Sol 2 roboRIO USB: 172.22.11.2 Arrow.com

User Manual Image 12 15 4 Sol 3 roboRIO mDNS: roboRIO-3847-FRC.local Digikey.com

10 PWM 10 Digtial I/0 13 16 5 Sol 4 Robot Radio: 10.38.47.1 Mouser.com

4 Analog In 4 Relay Out 14 20 6 Sol 5 roboRIO Ethernet: DHCP

MXP: 10 PWM, 10 DIO, 4 AI, 2 AO,I2C,UART,SPI 15 21 7 Sol 6 Driver Station PC DHCP

120 Amp Breaker 20A /30A 22 8 Sol 7 Additional computers DHCP

2.9" x 1.9" x 1.5" 1/4" Mounting Holes 4 23 9 PCM 1 DHCP range: 10.28.47.20 to 10.38.47.199

Power Distribution Panel 5 30 Digital I/O Compressor

7.586" x 4.759" x 1.423" - 1.33 lbs 6 31 0 Pressure SW Spectrum Conventions

8 40A & 8 20A-30A #10 ↧0.456 Thru 7 40 1 Sol 0 Postive Wire White or Red

Voltage Regulator Module 8 41 2 Sol 1 Negative Wire Black

2.22" x 2.03" x .784" - 0.1125lbs 9 50 3 Sol 2 Postive Anderson White or Red

#6↧.349"  Thru 10 51 4 Sol 3 Negative Anderson Purple or Black

Pneumatic Control Module 11 60 5 Sol 4 Postive Anders is on Right Red = Right, Black is on Top

2.72" x 2.24" x .774" - 0.1375 lbs PDP 6 Sol 5 CAN Yellow (H) Pin 1

8 Solenoid Outputs + Pressure SW, Compressor 0 15 7 Sol 6 CAN Green (L) Pin 3 in our 3 pin connectors

Talon SRX 1 14 8 Sol 7

2.75" x 1.185" x 0.96" -  .26 lbs 2 13 9 VRM

User Guide Drawing 3 12 Analong In 12v - 500ma

2" Bolt Spacing #8 ↧0.892 Thru 4 11 0 12v - 500ma

Victor SPX 5 10 1 12v - 2A Radio Barrel

2.5" x 1.161" x .768" - 0.19 lbs 6 9 2 12V - 2A Radio POE

Drawing 7 8 3 5v - 500ma
2" Bolt Spacing #8 ↧0.768 Thru Relay 5v - 500ma

REV Spark Motor Controller 0 5v - 2A

2.86"x1.875"x0.868" 1 5V - 2A
#10 Bolt 2

Victor SP 3

2.5" x 1.125" x 0.875" - 0.23 lb

2" Bolt Spacing # 8 ↧ 0.554" Thru

Talon SR

2.73" x 1.90" x 1.15" -0.2 lbs

#6 screw

REV Servo Power Module

3.6"x1.52"x0.81"

Radio

3.75” x 2.75” x 1”

Robot Signal Light

.885in Mounting Hole Needed

Port Extenders

4 Port USB Hub

USB B Extension for Programming

Mountable Screw Extension

http://www.mkbattery.com/images/ES17-12.pdf
http://forums.ni.com/ni/attachments/ni/3019/333/1/%5BFRC%202017%5D%20Networking%20Basics.pdf
https://www.pololu.com/product/2111
https://www.andymark.com/NI-roboRIO-p/am-3000.htm
http://Arrow.com
http://www.ni.com/pdf/manuals/374474a.pdf
https://i.imgur.com/NADmYMa.png
http://Digikey.com
http://Mouser.com
https://www.andymark.com/120-amp-robot-main-circuit-breaker-p/am-0282.htm
http://www.ctr-electronics.com/pdp.html
http://www.ctr-electronics.com/vrm.html
http://www.ctr-electronics.com/pcm.html
http://www.ctr-electronics.com/talon-srx.html
https://content.vexrobotics.com/vexpro/pdf/Talon-SRX-Users-Guide-20170226.pdf
http://www.ctr-electronics.com/downloads/cad/217-8080-Drawing-20150120.PDF
https://www.vexrobotics.com/217-9191.html
https://content.vexrobotics.com/vexpro/pdf/VictorSPX-Drawing-20171121.PDF
http://www.revrobotics.com/spark/
http://Electrical\Control%20System\Victor%20SP.pdf
http://files.andymark.com/Talon_User_Manual_1_3.pdf
http://www.revrobotics.com/rev-11-1144/
https://www.amazon.com/Sabrent-Portable-Worlds-Smallest-HB-MNBW/dp/B00UMVFJW6/ref=sr_1_29?s=pc&ie=UTF8&qid=1509652439&sr=1-29&keywords=usb+3.0+hub
https://www.amazon.com/StarTech-com-3-Feet-Female-Adapter-USBPNLBFBM3/dp/B00FSYBKPM/ref=sr_1_3?s=electronics&ie=UTF8&qid=1509652550&sr=1-3&keywords=USB+B+extension
https://www.aliexpress.com/item/70CM-RJ45-Cable-Male-To-Female-Screw-Panel-Mount-Ethernet-LAN-Network-Extension-KXL0727/32822981876.html?spm=2114.search0104.3.311.Xd6HCx&ws_ab_test=searchweb0_0,searchweb201602_3_10152_10065_10151_10344_10068_5620015_10130_10345_10324_10342_10547_10325_10343_10546_10340_10341_10548_10545_10541_10084_10083_10560_10307_10178_10060_10155_10154_10056_10055_10539_10537_10312_10536_10059_10313_10314_10534_10533_100031_10103_10073_10102_10557_10558_10142_10107,searchweb201603_30,ppcSwitch_3&btsid=4a2076c4-a2b4-43e1-8d69-b1ee8f8fb760&algo_expid=c48243a7-2325-4f58-98e8-0f706cc6efbd-40&algo_pvid=c48243a7-2325-4f58-98e8-0f706cc6efbd


Double Acting Cylinders McMaster Air Cylinders = https://www.mcmaster.com/#standard-air-cylinders/=15rv4aoAutomation Direct Air Cylinders = https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Air_Cylinders/Round_Body_Air_Cylinders_(A-Series)#start=0&Product__F__Accessory_Type_ms=%22Pneumatic+Air+Cylinders%22&Action_Type_ms=%22Double+Acting%22Spectrum Conventions

White Extend

Bore Stoke Pivot Type Base Length Retracted Length Extended Length Clear Retract

1 1/4 5 Pivot + Clevis 6.03 11.03 16.03 Black High Pressure

Bore OD
Base 

Length

Back 
to 

Pivot

Rod 
Thread 
Length

Clevis 
Length

MC 
Clevis 

Link

AD 
Clevis 

Link
Rod End 
Length

MC Rod 
End Link

Rod 
Thread

Pivot 
Mount 
Thread

Nose 
Mount 
Thread Port

Pivot 
Length

Pivot + 
Clevis

Pivot + 
Rod Automation Direct Strokes McMasterCarr Strokes

Bore 
Decimal

Even Solonoid Retract

Odd Solonoid Extend

5/16 0.36 2.57 0.16 0.38 0.44 https://www.mcmaster.com/#6498K551 5-40 3/8-24 3/8-24 10-32 2.03 2.47 NA 0.5,1,1.5,2,2.5,3,4 0.3125 Pneumatics Components

7/16 0.74 3.31 0.25 0.5 0.75 https://www.mcmaster.com/#4952K101https://www.mcmaster.com/#4952K1011.0625 https://www.mcmaster.com/#60645K31110-32 7/16-20 7/16-20 10-32 2.56 3.31 3.6225 0.5,1,1.5,2,3 0.5,1,1.5,2,2.5,3,4,5,6,8,10,12 0.4375 Required Components

9/16 0.62 3.25 0.19 0.5 0.75 https://www.mcmaster.com/#4952K101https://www.mcmaster.com/#4952K1011.0625 https://www.mcmaster.com/#60645K31110-32 7/16-20 7/16-20 10-32 2.56 3.31 3.6225 0.5,1,2,3,4,6 0.5,1,1.5,2,2.5,3,4,5,6,8,10,12 0.5625 Pressure Relief Valve 0.11 lbs

3/4 0.86 4.53 0.28 0.5 0.94 https://www.mcmaster.com/#6498K42https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Accessories/Round_Body_Cylinder_(A-Series)_Accessories/ARC-14-281.3125 https://www.mcmaster.com/#60645K3211/4-28 5/8"-18 5/8"-18 1/8 NPT 3.75 4.69 5.0625 0.5,1,1.5,2,3,4,5,6,8,10,12 0.5,1,1.5,2,2.5,3,4,5,6,7,8,9,10,12,14,16,18.24 0.75 Pressure Switch 0.16 lbs

7/8 4.34 0.28 0.5 0.94 https://www.mcmaster.com/#6498K42https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Accessories/Round_Body_Cylinder_(A-Series)_Accessories/ARC-14-281.3125 https://www.mcmaster.com/#60645K3211/4-28 5/8"-18 5/8"-18 1/8 NPT 3.56 4.5 4.8725 1,2,3,4 NA 0.875 Pressure Vent Plugs

1 1/16 1.12 4.62 0.28 0.5 0.94 https://www.mcmaster.com/#6498K43 1.375 https://www.mcmaster.com/#60645K3315/16-24 5/8"-18 5/8"-18 1/8 NPT 3.84 4.78 5.215 1,2,3,4,5,6,8,10,12 0.5,1,1.5,2,2.5,3,4,5,6,7,8,9,10,12,14,16,18,22,24 1.0625 AM Plastic Vent Valve

1 1/4 1.75 5.88 0.41 0.75 1.31 https://www.mcmaster.com/#6498K44https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Accessories/Round_Body_Cylinder_(A-Series)_Accessories/ARC-716-201.8125 https://www.mcmaster.com/#60645K3517/16-20 3/4-16 3/4-16 1/8 NPT 4.72 6.03 6.5325 1,2,3,4,5,6,8,10,12 0.5,1,1.5,2,2.5,3,4,5,6,7,8,9,10,12,14,16,18,22,24 1.25 AD Inline Valve

AD Inline Valve 2

Pivot Length = Distance from Pivot to the bottom of the threads on the Cylinder Rod Pressure Gauges

Pivot + Clevis = Distance from the center of the rear pivot to the center of the clevis pivot AD Inline Gauge

Pivot + Rod = Distance from the center of the rear pivot to the center of the Rod End pivot AM Gauge

Pressure Regulators

Name
Bore
 (in)

Length
 (in)

QTY / 
Robot

Single/ Double 
Acting

Actuations / 
Match

Pressure
 (psi)

Bore 
Decimal

Extend 
Force
 (lb)

Volume / 
cylinder

 (in3)

Total Volume / 
Match
 (in3) Air Tank Type

Air Tank 
Qty Tanks Volume (in3)

AD Inline Regulator

Norgren Regulator

Action 1 7/16 1 2 2 15 60 0.44 9.02 0.16 9.60 Poweraire 36in3 0 0 Compressors

Action 2 9/16 1 2 2 15 60 0.56 14.92 0.25 15.00 Clippard 35in3 0 0 Viair 90c

Action 3 3/4 0 0 0 0 0 0.75 0.00 0.00 0.00 2.11" x 5.94" x 4.53" 2.4 lbs

Action 4 3/4 0 0 0 0 0 0.75 0.00 0.00 0.00 AM 1.1 Pump

Action 5 3/4 0 0 0 0 0 0.75 0.00 0.00 0.00 3.27"x6.75"x5.25" 3.37 lbs

Action 6 3/4 0 0 0 0 0 0.75 0.00 0.00 0.00 White Plastic Tanks

Action 7 3/4 0 0 0 0 0 0.75 0.00 0.00 0.00 SMC Coastal Pneumatic

Action 8 3/4 0 0 0 0 0 0.75 0.00 0.00 0.00 2.0x6 - 10.3 in3 AM Link

2.5x6 - 17.7 in3

No Compressor Air Usage 2.0x10 - 18.3 in3

Max Tank Pressure (psi) 120 2.5x8 - 20.7 in3

Min Tank Pressure (psi) 30 2.5x10 - 30.5 in3

Required Volume (in3) 16.40 2.5x12 - 36 in3

Clippard Black Tank

Air Tank Volume (in3) 36 2.5x12.25 35 in3 0.64 lbs

Required Air Tanks 0.46 Manifolds

Plastic Manifolds

Ball Rod Ends

MidwestControl

WCProducts

McMaster-Carr MC Plastic Ball Ends

Plastic Rod Ends

https://www.mcmaster.com/#standard-air-cylinders/=15rv4ao
https://www.mcmaster.com/#standard-air-cylinders/=15rv4ao
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Air_Cylinders/Round_Body_Air_Cylinders_(A-Series)#start=0&Product__F__Accessory_Type_ms=%22Pneumatic+Air+Cylinders%22&Action_Type_ms=%22Double+Acting%22
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Air_Cylinders/Round_Body_Air_Cylinders_(A-Series)#start=0&Product__F__Accessory_Type_ms=%22Pneumatic+Air+Cylinders%22&Action_Type_ms=%22Double+Acting%22
https://www.mcmaster.com/#6498K551
https://www.mcmaster.com/#standard-air-cylinders/=1a32raf
https://www.mcmaster.com/#4952K101
https://www.mcmaster.com/#4952K101
https://www.mcmaster.com/#60645K311
https://www.mcmaster.com/#4952K101
https://www.mcmaster.com/#4952K101
https://www.mcmaster.com/#60645K311
http://www.andymark.com/product-p/am-2002.htm
https://www.mcmaster.com/#6498K42
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Accessories/Round_Body_Cylinder_(A-Series)_Accessories/ARC-14-28
https://www.mcmaster.com/#60645K321
http://www.andymark.com/product-p/am-2006.htm
https://www.mcmaster.com/#6498K42
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Accessories/Round_Body_Cylinder_(A-Series)_Accessories/ARC-14-28
https://www.mcmaster.com/#60645K321
https://www.mcmaster.com/#6498K43
https://www.mcmaster.com/#60645K331
http://www.andymark.com/product-p/am-2257.htm
https://www.mcmaster.com/#6498K44
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Pneumatic_Accessories/Round_Body_Cylinder_(A-Series)_Accessories/ARC-716-20
https://www.mcmaster.com/#60645K351
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Special_Purpose_Push-to-Connect_Pneumatic_Fittings/Hand_Valves/HVU14-2
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Special_Purpose_Push-to-Connect_Pneumatic_Fittings/Hand_Valves/HVU14
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Special_Purpose_Push-to-Connect_Pneumatic_Fittings/Pressure_Regulators_-z-_Gauges_-z-_Indicators/PGU14
http://www.andymark.com/product-p/am-3147.htm
https://www.automationdirect.com/adc/Shopping/Catalog/Pneumatic_Components/Special_Purpose_Push-to-Connect_Pneumatic_Fittings/Pressure_Regulators_-z-_Gauges_-z-_Indicators/PRU14
http://www.andymark.com/product-p/am-2020.htm
https://www.coastpneumatics.com/reservoir-cartridges/poweraire-RC2.5x12-N02
http://www.clippard.com/part/AVT-PP-35
http://www.andymark.com/product-p/am-2005.htm
http://www.andymark.com/product-p/am-3227.htm
https://www.coastpneumatics.com/reservoir-cartridges.html
http://www.smcpneumatics.com/2x6.html
http://www.andymark.com/product-p/am-2479.htm
http://www.smcpneumatics.com/25x6.html
http://www.smcpneumatics.com/2x10.html
http://www.smcpneumatics.com/25x8.html
http://www.smcpneumatics.com/25x10.html
http://www.smcpneumatics.com/25x12.html
http://www.andymark.com/product-p/am-2649.htm
https://www.mcmaster.com/#catalog/123/245/=1a4owwf
https://www.midwestcontrol.com/series.php?id=146
http://www.wcproducts.net/
https://www.mcmaster.com/#rod-ends/=1a7ac2r
https://www.mcmaster.com/#1064k72
https://www.mcmaster.com/#catalog/123/1259/=1a49xko


Compressed
Lg.

Extended
Lg.

Stroke
Lg.

Body
Dia. Dia. Thread

Size

Plastic 
Clevis 
Length

Clevis Part 
Number

Pivot 
Retracted + 

Clevis

Pivot 
Extended + 

Clevis
Extension Forces, lbs. McMaster 

Part#

3.54 5.510 1.97 0.73" 0.31" M6 0.551 2449K72 4.642 6.612 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K14

3.54 5.9 2.36 0.59" 0.23" M6 0.551 2449K72 4.642 7.002 15,20,30,40,50,60,70,80 9416K11

4.61 8.15 3.54 0.59" 0.23" M6 0.551 2449K72 5.712 9.252 15,20,30,40,50,60,70,80 9416K12

5.2 8.35 3.15 0.73" 0.31" M6 0.551 2449K72 6.302 9.452 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K24

6.77 10.71 3.94 0.73" 0.31" M6 0.551 2449K72 7.872 11.812 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K15

8.27 13.74 5.47 0.73" 0.31" M6 0.551 2449K72 9.372 14.842 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K16

9.33 15.63 6.3 0.73" 0.31" M6 0.551 2449K72 10.432 16.732 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K17

10.31 18.18 7.87 0.85" 0.39" M8 0.551 2449K72 11.412 19.282 25,50,75,100,125,150,175,200,225,250 9416K28

10.35 18.22 7.87 0.73" 0.31" M6 0.551 2449K72 11.452 19.322 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K18

10.35 18.62 8.27 0.73" 0.31" M6 0.551 2449K72 11.452 19.722 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K19

12.52 22.36 9.84 0.73" 0.31" M6 0.551 2449K72 13.622 23.462 15,20,30,40,50,60,70,80,90,100,110,120,130 9416K2

16.14 26.38 10.24 0.85" 0.39" M8 1.260 2449K73 18.660 28.900 25,50,75,100,125,150,175,200,225,250 9416K21

15.2 28 12.8 0.85" 0.39" M8 1.260 2449K73 17.720 30.520 25,50,75,100,125,150,175,200,225,250 9416K22
17.8 33.94 16.14 0.85" 0.39" M8 1.260 2449K73 20.320 36.460 25,50,75,100,125,150,175,200,225,250 9416K23

https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K14
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K11
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K12
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K24
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K15
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K16
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K17
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K28
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K18
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K19
https://www.mcmaster.com/#2449K72
https://www.mcmaster.com/#9416K2
https://www.mcmaster.com/#2449K73
https://www.mcmaster.com/#9416K21
https://www.mcmaster.com/#2449K73
https://www.mcmaster.com/#9416K22
https://www.mcmaster.com/#2449K73
https://www.mcmaster.com/#9416K23


Driver Controller Operator Controller

Left Y Left Y

Left X Left X

Right Y Right Y

Right X Right X

Left Bumper Left Bumper

Left Trigger Left Trigger

Right Bumper Right Bumper

Right Trigger Right Trigger

A A

B B

Y Y

X X

Start Start

Back Back

Left Stick Click Left Stick Click

Right Stick Click Right Stick Click

Dpad Up Dpad Up

Dpad Down Dpad Down

Dpad Left Dpad Left
Dpad Right Dpad Right



Key Variables and Settings Parts List

Use this space -> 
for other things 
you might need. 
Copy over 
calculators so 
you can 
remember your 
math, etc. Keep 
track of links, or 
design ideas.

Desctiption Part Number Descption Mirrored Qty

Important Angles

Belt & Chain Lengths

Gear Ratios

Key lengths/distances

Test Log
Date Descption Settings Photo Link

Electrical and Pneumatic Connections
List Motor ports, PDP ports, solenoid ports, Sensor Ports, etc

THIS IS A SAMPLE!                                                           
MAKE A COPY THEN DELETE THIS BOX

Insert New Lines above this one if you need more room. Then cut and past any of the tables to get more space.

FRDPARRC Tables (Click to learn how to use them)

Functional Requirements Design Parameters Analysis Refrences Risks Countermeasures

https://docs.google.com/presentation/d/e/2PACX-1vT9KEjTVG-pYYTNq6me_3aL9cJyWDFrivaDe_8cMi8HUdk1uXIS2gkYnyePNjDaiK0P8FjmJNQoS-gy/pub?start=false&loop=false&delayms=3000&slide=id.g28c4cdc2b0_0_0


2016 FIRST Robotics Competition
Bill of Materials

Team Name: Team #: Date:
Event: City: State:

Item Description Material Source Quantity Measurement Unit Price Total Price

Major System 
Names Here

Describe the Part 
(Axle, Bearing, Lifter, Solenoid)

What is it made 
from

Where did you buy it
(Home Depot, AndyMark, Supply 

House, Etc.)
How Many Piece, Inch, Etc. Cost Per Unit 

($)

Subsystem 1:
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

Subtotals: $0.00
Subsystem 2:

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

Subtotals: $0.00
Subsystem 3:

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

Subtotals: $0.00
Subsystem 4:

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

Subtotals: $0.00

Totals: $0.00















Bolt https://content.vexrobotics.com/vexpro/pdf/217-2873-Drill-Chart-20150210.pdf Screw O.D. Tap Close Fit Free Fit
Type Diameter Close Drill Fractional Free Drill Tap Drill Fractional Size/Thread Decimal Size * Decimal Size Decimal Size Decimal
6-32 0.138 0.144 27 5/32 0.1495 25 0.1065 36 7/64 000-120 0.0340" 71 0.0260" 65 0.0350" 62 0.0380"
8-32 0.164 0.1695 18 11/64 0.177 16 0.136 29 9/64 00-90 0.044 65 0.035 3/64" 0.0469 55 0.052
10-24 0.19 0.196 9 3/16 0.201 7 0.15 25 5/32 0-80 0.06 3/64" (56) 0.0469 52 0.0635 50 0.07
1/4-20 0.25 0.257 F 1/4 0.266 H 0.201 7 13/64 1-72 0.073 53 0.0595 48 0.076 46 0.081

2-56 0.086 50 0.07 43 0.089 41 0.096
3-48 0.099 47 0.079 37 0.104 36 0.1065
4-40 0.112 43 0.089 32 0.116 30 0.1285
5-40 0.125 38 0.102 29 0.136 28 (9/64) 0.1405
6-32 0.138 36 0.1065 27 0.144 25 0.1495
8-32 0.164 29 0.136 18 (11/64) 0.1695 16 0.177
10-24 0.19 25 0.15 9 0.196 7 (13/64) 0.201
10-32 0.19 21 0.159 9 0.196 7 (13/64) 0.201
1/4-20 0.25 7 0.201 F 0.257 H (17/64) 0.266
1/4-28 0.25 3 0.213 F 0.257 H (17/64) 0.266

5/16-18 0.3125 F 0.257 P 0.323 Q 0.332
3/8-16 0.375 5/16" 0.3125 W 0.386 X 0.397
1/2-13 0.5 27/64" 0.4219 33/64" 0.5156 17/32" 0.5312

https://content.vexrobotics.com/vexpro/pdf/217-2873-Drill-Chart-20150210.pdf




















FRACTION DECIMAL IN # SIZE DECIMAL IN LETTER DECIMAL IN METRIC DECIMAL IN FRACTION # SIZE LETTER METRIC DECIMAL IN
1/64 0.0156 80 0.0135 A 0.234 ,5 0.0197 80 0.0135
1/32 0.0312 79 0.0145 B 0.238 ,75 0.0295 79 0.0145
3/64 0.0469 78 0.016 C 0.242 1 0.0394 1/64 0.0156
1/16 0.0625 77 0.018 D 0.246 1,25 0.0492 78 0.016
5/64 0.0781 76 0.02 E 0.25 1,5 0.0591 77 0.018
3/32 0.0938 75 0.021 F 0.257 1,75 0.0689 ,5 0.0197
7/64 0.1094 74 0.0225 G 0.261 2 0.0787 76 0.02
1/8 0.125 73 0.024 H 0.266 2,25 0.0886 75 0.021
9/64 0.1406 72 0.025 I 0.272 2,5 0.0984 74 0.0225
5/32 0.1562 71 0.026 J 0.277 2,75 0.1083 73 0.024
11/64 0.1719 70 0.028 K 0.281 3 0.1181 72 0.025
3/16 0.1875 69 0.0292 L 0.29 3,25 0.128 71 0.026
13/64 0.2031 68 0.031 M 0.295 3,5 0.1378 70 0.028

7/32 0.2188 67 0.032 N 0.302 3,75 0.1476 69 0.0292
15/64 0.2344 66 0.033 O 0.316 4 0.1575 ,75 0.0295
1/4 0.25 65 0.035 P 0.323 4,25 0.1673 68 0.031

17/64 0.2656 64 0.036 Q 0.332 4,5 0.1772 1/32 0.0312
9/32 0.2812 63 0.037 R 0.339 4,75 0.187 67 0.032

19/64 0.2969 62 0.038 S 0.348 5 0.1969 66 0.033
5/16 0.3125 61 0.039 T 0.358 5,25 0.2067 65 0.035
21/64 0.3281 60 0.04 U 0.368 5,5 0.2165 64 0.036
11/32 0.3438 59 0.041 V 0.377 5,75 0.2264 63 0.037
23/64 0.3594 58 0.042 W 0.386 6 0.2362 62 0.038
3/8 0.375 57 0.043 X 0.397 6,25 0.2461 61 0.039

25/64 0.3906 56 0.0465 Y 0.404 6,5 0.2559 1 0.0394
13/32 0.4063 55 0.052 Z 0.413 6,75 0.2657 60 0.04
27/64 0.4219 54 0.055 7 0.2756 59 0.041
7/16 0.4375 53 0.0595 7,25 0.2854 58 0.042
29/64 0.4531 52 0.0635 7,5 0.2953 57 0.043
15/32 0.4688 51 0.067 7,75 0.3051 56 0.0465
31/64 0.4844 50 0.07 8 0.315 3/64 0.0469
1/2 0.5 49 0.073 8,25 0.3248 1,25 0.0492

33/64 0.5156 48 0.076 8,5 0.3346 55 0.052
17/32 0.5312 47 0.0785 8,75 0.3445 54 0.055
35/64 0.5469 46 0.081 9 0.3543 1,5 0.0591
9/16 0.5625 45 0.082 9,25 0.3642 53 0.0595

37/64 0.5781 44 0.086 9,5 0.374 1/16 0.0625
19/32 0.5938 43 0.089 9,75 0.3839 52 0.0635
39/64 0.6094 42 0.0935 10 0.3937 51 0.067

5/8 0.625 41 0.096 10,5 0.4134 1,75 0.0689
41/64 0.6406 40 0.098 11 0.4331 50 0.07
21/32 0.6562 39 0.0995 11,5 0.4528 49 0.073
43/64 0.6719 38 0.1015 12 0.4724 48 0.076
11/16 0.6875 37 0.104 12,5 0.4921 5/64 0.0781
45/64 0.7031 36 0.1065 13 0.5118 47 0.0785
23/32 0.7188 35 0.11 13,5 0.5315 2 0.0787
47/64 0.7344 34 0.111 14 0.5512 46 0.081

3/4 0.75 33 0.113 14,5 0.5709 45 0.082
49/64 0.7656 32 0.116 15 0.5906 44 0.086
25/32 0.7813 31 0.12 15,5 0.6102 2,25 0.0886
51/64 0.7969 30 0.1285 16 0.6299 43 0.089
13/16 0.8125 29 0.136 16,5 0.6496 42 0.0935
53/64 0.8281 28 0.1405 17 0.6693 3/32 0.0938
27/32 0.8438 27 0.144 17,5 0.689 41 0.096
55/64 0.8594 26 0.147 18 0.7087 40 0.098

7/8 0.875 25 0.1495 18,5 0.7283 2,5 0.0984
57/64 0.8906 24 0.152 19 0.748 39 0.0995
29/32 0.9062 23 0.154 19,5 0.7677 38 0.1015
59/64 0.9219 22 0.157 20 0.7874 37 0.104
15/16 0.9375 21 0.159 20,5 0.8071 36 0.1065
61/64 0.9531 20 0.161 21 0.8268 2,75 0.1083
31/32 0.9688 19 0.166 21,5 0.8465 7/64 0.1094
63/64 0.9844 18 0.1695 22 0.8661 35 0.11

1 1 17 0.173 22,5 0.8858 34 0.111
16 0.177 23 0.9055 33 0.113
15 0.18 23,5 0.9252 32 0.116
14 0.182 24 0.9449 3 0.1181
13 0.185 24,5 0.9646 31 0.12
12 0.189 25 0.9843 1/8 0.125
11 0.191 3,25 0.128
10 0.1935 30 0.1285
9 0.196 29 0.136
8 0.199 3,5 0.1378
7 0.201 28 0.1405
6 0.204 9/64 0.1406
5 0.2055 27 0.144
4 0.209 26 0.147



3 0.213 3,75 0.1476
2 0.221 25 0.1495
1 0.228 24 0.152

23 0.154
5/32 0.1562

22 0.157
4 0.1575

21 0.159
20 0.161
19 0.166

4,25 0.1673
18 0.1695

11/64 0.1719
17 0.173
16 0.177

4,5 0.1772
15 0.18
14 0.182
13 0.185

4,75 0.187
3/16 0.1875

12 0.189
11 0.191
10 0.1935
9 0.196

5 0.1969
8 0.199
7 0.201

13/64 0.2031
6 0.204
5 0.2055

5,25 0.2067
4 0.209
3 0.213

5,5 0.2165
7/32 0.2188

2 0.221
5,75 0.2264

1 0.228
A 0.234

15/64 0.2344
6 0.2362

B 0.238
C 0.242
D 0.246

6,25 0.2461
1/4 E 0.25

6,5 0.2559
F 0.257
G 0.261

17/64 0.2656
6,75 0.2657

H 0.266
I 0.272

7 0.2756
J 0.277
K 0.281

9/32 0.2812
7,25 0.2854

L 0.29
M 0.295

7,5 0.2953
19/64 0.2969

N 0.302
7,75 0.3051

5/16 0.3125
8 0.315

O 0.316
P 0.323

8,25 0.3248
21/64 0.3281

Q 0.332
8,5 0.3346

R 0.339
11/32 0.3438

8,75 0.3445
S 0.348

9 0.3543
T 0.358



23/64 0.3594
9,25 0.3642

U 0.368
9,5 0.374

3/8 0.375
V 0.377

9,75 0.3839
W 0.386

25/64 0.3906
10 0.3937

X 0.397
Y 0.404

13/32 0.4063
Z 0.413

10,5 0.4134
27/64 0.4219

11 0.4331
7/16 0.4375

11,5 0.4528
29/64 0.4531
15/32 0.4688

12 0.4724
31/64 0.4844

12,5 0.4921
1/2 0.5

13 0.5118
33/64 0.5156
17/32 0.5312

13,5 0.5315
35/64 0.5469

14 0.5512
9/16 0.5625

14,5 0.5709
37/64 0.5781

15 0.5906
19/32 0.5938
39/64 0.6094

15,5 0.6102
5/8 0.625

16 0.6299
41/64 0.6406

16,5 0.6496
21/32 0.6562

17 0.6693
43/64 0.6719
11/16 0.6875

17,5 0.689
45/64 0.7031

18 0.7087
23/32 0.7188

18,5 0.7283
47/64 0.7344

19 0.748
3/4 0.75

49/64 0.7656
19,5 0.7677

25/32 0.7813
20 0.7874

51/64 0.7969
20,5 0.8071

13/16 0.8125
21 0.8268

53/64 0.8281
27/32 0.8438

21,5 0.8465
55/64 0.8594

22 0.8661
7/8 0.875

22,5 0.8858
57/64 0.8906

23 0.9055
29/32 0.9062
59/64 0.9219

23,5 0.9252
15/16 0.9375

24 0.9449
61/64 0.9531

24,5 0.9646
31/32 0.9688



25 0.9843
63/64 0.9844

1 1





















Nut Socket Button/Flat Low Socket Set Screw
#4 1/4 3/32 1/16 0.050 0.05

#6 5/16 7/64 5/64 1/16 1/16
#8 11/32 9/64 3/32 5/64 5/64

#10 3/8 5/32 1/8 3/32 3/32
1/4" 7/16 3/16 5/32 1/8 1/8

5/16" 1/2 1/4 3/16 5/32 5/32
3/8" 9/16 5/16 7/32 3/16 3/16

7/16" 11/16 3/8 1/4 7/32 7/32
1/2" 3/4 3/8 5/16 1/4 1/4

Color Fraction Metric Size Colors
Black 1 1/16 1.5 Black Red
Blue 1 5/64 2 Blue Red

Green 1 3/32 2.5 Green Red
Yellow 1 7/64 3 Yellow Red
Red 1 1/8 3.5 Red Green

Black 2 9/64 4 Black Green
Blue 2 5/32 4.5 Blue Green

Green 2 3/16 5 Green Yellow
Yellow 2 7/32 5.5 Yellow Blue
Red 2 1/4 6 Red Blue

Black 3 5/16 8 Black Blue



VEXpro Gears (20DP 14.5° Pressure Angle) VEX Pulleys 5mm HTD VEXpro HTD 5mm Belts

Part #
Tooth 
Count

Pitch 
Diameter

Outer 
Diameter Material Part #

Tooth 
Count

Pitch Diameter 
(ref)

Outer 
Diameter Inner Width

Overall 
Width

9mm 
Part# 15mm Part #

Tooth 
Count

Pitch Length 
(mm)

217-3209 18 0.9 1 Aluminum 217-3225 18 [28.65] 1.128 [32] 1.260 [11] .433 [14.50].571 217-3293 217-3294 60 300

217-5460 18 0.9 1 Steel 217-3226 18 [28.65] 1.128 [32] 1.260 [17] .669 [20.50].807 217-3455 217-3472 70 350

217-2702 20 1 1.1 Aluminum 217-4100 18 [28.65] 1.128 [32] 1.260 [18.50] .728 [22].866 217-3456 217-3473 80 400

217-5461 20 1 1.1 Steel 217-3227 24 [38.20] 1.504 [42] 1.654 [11] .433 [14.50].571 217-3457 217-3474 90 450

217-5463 22 1.1 1.2 Steel 217-3228 24 [38.20] 1.504 [42] 1.654 [17] .669 [20.50].807 217-3458 217-3475 100 500

217-2704 24 1.2 1.3 Aluminum 217-4101 24 [38.20] 1.504 [42] 1.654 [18.50] .728 [22].866 217-3459 217-3476 104 520

217-5464 24 1.2 1.3 Steel 217-3229 30 [47.75] 1.880 [51] 2.008 [11] .433 [14.50].571 217-3460 217-3477 110 550

217-5466 26 1.3 1.4 Steel 217-3230 30 [47.75] 1.880 [51] 2.008 [17] .669 [20.50].807 217-3461 217-3478 120 600

217-5468 28 1.4 1.5 Steel 214-4102 30 [47.75] 1.880 [51] 2.008 [18.50] .728 [22].866 217-3462 217-3479 130 650

217-2705 30 1.5 1.6 Aluminum 217-3231 36 [57.30] 2.256 [60] 2.362 [11] .433 [14.50].571 2147-3463 217-3480 140 700

217-5469 30 1.5 1.6 Steel 217-3232 36 [57.30] 2.256 [60] 2.362 [17] .669 [20.50].807 217-3464 217-3481 150 750

217-2706 34 1.7 1.8 Aluminum 217-4103 36 [57.30] 2.256 [60] 2.362 [18.50] .728 [22].866 217-3465 217-3482 160 800

217-3214 36 1.8 1.9 Aluminum 217-3466 217-3483 170 850

217-2708 40 2 2.1 Aluminum 217-3467 217-3484 180 900

217-3216 42 2.1 2.2 Aluminum 217-3468 217-3485 200 1000

217-2710 44 2.2 2.3 Aluminum 217-3469 217-3486 225 1125

217-3218 48 2.4 2.5 Aluminum 217-3470 217-3487 250 1250

217-3572 50 2.5 2.6 Aluminum

217-3573 54 2.7 2.8 Aluminum

217-3574 60 3 3.1 Aluminum

217-3575 64 3.2 3.3 Aluminum

217-3576 72 3.6 3.7 Aluminum
217-3577 84 4.2 4.3 Aluminum



Free Speed
(RPM)

Free Current
(A)

Maximum 
Power (W)

Stall Torque
(N · m)

Stall Current
(A)

CIM Motor 5330 2.7 337 2.41 131
Mini CIM Motor 5840 3 215 1.41 89

BAG Motor 13180 1.8 149 0.43 53
775pro 18730 0.7 347 0.71 134

AndyMark RS775-125 5800 1.6 43 0.28 18
BaneBots RS-775 18V 13050 2.7 246 0.72 97

AndyMark 9015 14270 3.7 134 0.36 71
BaneBots RS-550 19000 0.4 190 0.38 84





RoboRIO

Power Green Power Good

Power Amber Brownout protection

Power Red Power Fault

Status On - Booting Normal

Status Off Normal

Status 2 Blinks Software Error, Reimage

Status 3 Blinks Safe Mode, Retart

Status 4 Blinks Software crashed twice, reboot

Status Flash or Solid On Unrecoverable Error

Comm - Off No Communication

Comm - Red Solid Comm with DS, No user code

Comm Red Blinking E-Stop

Comm Green Solid Good Comm with DS

Mode - Off Outputs Disabled

Mode - Amber/organe Auton Enabled

Mode - Green Telop  Enabled

Mode - Red Test Enabled

RSL Same as RSL Light Above

PDP

Fast Green Robot Encabled

Slow Green Robot Disabled

Slow Orange Robot Disabled+Sticky Fault

Slow Red No CAN

Green/Orange Firmware Needed

Off No Power

VRM

Green Good

Either off or dim Short or current overload

PCM

Status Green Strobe Robot Enabled

Status Green Slow Robot Disabled

Status Orange Slow Sticky Fault

Status Red Active Fault, Comp Fault, no CAN

Status Red Blinking Solenoid Fault (Blinks the #)

Status Red/Orange Damaged Hardward

Status Green/Oragne Bootloader, reimage

Compressor Green Compressor Output On

Compressor Off Comprossor Output Off

Talon SRX

Both Blinking Green Forward Throttle

Both Blinking Red Reverse Throttle

Solid Orange Neutral Throttle

Off No Power

Blinking Off/Orange CAN but Good Robot Disabled

Blinking Off/Red CAN bus not detected

Red/Orange Blinking Damaged Hardward

Off/Red Strobe Limit Switch Detected

Gree/Orange Bootloader / Update Firmware


