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M FIRST
TECH
CHALLENGE

Inspection Quick Reference

Using this document

This document is intended to be used as an Inspector Quick Reference for use during inspection, and
should contain materials to aid an inspector during inspection. This document is not intended to
replace the Competition Manual, nor should this document be used to wholesale duplicate rules
contained within the Competition Manual (else there be multiple “sources of truth”). This document is a
work in progress — suggestions for adding information to this Quick Reference can be sent to:
customerservice@firstinspires.org but please understand the value of keeping this document “quick.”

Motors

This is a list of the legal motors in FIRST Tech Challenge with representative pictures for easy
reference. Remember any transmission or gearbox is allowed to be used with a motor.

Patented

AndyMark

AndyMark
NeveRest 12V DC

NeveRest Hex 12V DC

goBILDA
YellowJacket 12V DC

Modern Robotics/MATRIX
(NOW: goBILDA 5000-series)

NFR Products
Yuksel 12V DC

REV Robotics
Core Hex 12V DC

REV Robotics
HD Hex 12V DC

Studica Robotics
Maverick 12V DC

SWYFT Robotics

SWYFT Spike Motor

Tetrix MAX
DC 12V Motor

.

Tetrix MAX
TorqueNADO 12V DC

This area intentionally
left blank
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Servos

Common unit conversions used on many servos used in FIRST Tech Challenge. Use these equivalency
tables to perform back-of-napkin comparisons with the Maximum Mechanical Power table.

Speed (no-load) Torque (max)
sec/60° | RPM rad/sec kg-cm 0z-in N-m
0.04 250.0001 | 26.17994 5 69.43693 | 0.490333
0.06 166.6667 | 17.45329 10 138.8739 | 0.980665
0.08 125 13.08997 15 208.3108 | 1.470998
0.1 100 10.47198 20 277.7477 | 1.96133
0.12 83.33336 | 8.726646 25 347.1847 | 2.451663
0.14 71.4286 | 7.479983 30 416.6216 | 2.941995
0.16 62.50002 | 6.544985 35 486.0585 | 3.432328
0.18 55.55558 | 5.817764 40 555.4955 | 3.92266
0.2 50.00002 | 5.235988 45 624.9324 | 4.412993
0.22 45.45456 | 4.759989 50 694.3693 | 4.903325
0.24 41.66668 | 4.363323 55 763.8063 | 5.393658
0.26 38.46155 | 4.027683 60 833.2432 | 5.88399

Online Servo Maximum
Mechanical Power
Calculator QR Code

(LINK)

Maximum Mechanical Power @6V = 0.25 x No-Load Speed (rad/sec) x Torque (N-m)

The below table uses standard units (used by Servo mfg) and provides maximum mechanical power in
Watts (at 6V or greater). Use this table as a lookup when an online calculator is not available.

Max Mechanical Power (Watts) of Servos given Speed and Torque

Speed (sec per 60 degrees)

0.04 | 0.06 | 0.08 | 0.10 | 0.12 | 0.14 | 0.16 | 0.18 | 0.20 | 0.22 | 0.24 | 0.26

51| 321 | 214 | 1.60 | 1.28 | 1.07 | 092 | 0.80 | 0.71 | 0.64 | 0.58 | 0.53 | 0.49

10| 6.42 | 428 | 3.21 | 257 | 2.14 | 183 | 1.60 | 1.43 | 1.28 | 1.17 | 1.07 | 0.99
|1 15| 963 | 642 | 481 | 3.85 | 3.21 | 2.75|2.41 | 2.14 | 1.93 | 1.75 | 1.60 | 1.48
E 2011284 | 856 | 6.42 | 513 | 428 | 3.67 |3.21|2.85|2.57 (233|214 | 1.97
% 25| 16.05 | 10.70 | 8.02 | 6.42 | 5.35 | 4.58 | 4.01 | 3.57 | 3.21 | 2.92 | 2.67 | 2.47
S 130|19.26 | 12.84 | 963 | 7.70 | 6.42 | 550 | 4.81 | 4.28 | 3.85 | 3.50 | 3.21 | 2.96
g 35| 2246 | 1498 | 11.23 | 8.99 | 749 | 6.42 | 562 | 4.99 | 4.49 | 4.08 | 3.74 | 3.46
40 | 25.67 | 17.12 | 12.84 | 10.27 | 8.56 | 7.34 | 6.42 | 5.71 | 5.13 | 4.67 | 4.28 | 3.95
45 | 28.88 | 19.26 | 14.44 | 11.55 | 9.63 | 8.25 | 7.22 | 6.42 | 5.78 | 5.25 | 4.81 | 4.44
50 | 32.09 | 21.39 | 16.05 | 12.84 | 10.70 | 9.17 | 8.02 | 7.13 | 6.42 | 5.83 | 5.35 | 4.94
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M FIRST

This list comprises pre-verified servos commonly used in FIRST Tech Challenge. Teams must provide
manufacturer's documentation for servos not on this list in order to be allowed to use them in
competition (per R502). Servos must be 8W or less maximum mechanical power at 6V, and have 4A or
less Max Stall Current at 6V (or greater).

Speed | Torque il Max

Servo Name Manufacturer |SKU Volts (s/60°) | (kg-cm) Current| Power
(A) | (Watts)

AGFRC Sub-Micro Servo Motor AGFRC B13DLM 6 0.13 3.8 2.2 0.75
BBR Medium Servo AGFRC SA33 6 0.09 25 3.8 7.13
BBR Small Servo AGFRC SA308BHM 6 |0.082 9 2.3 2.82
High Torque Programmable Servo |AndyMark am-4954 6 0.2 22 1.7 2.82
High Speed Programmable Servo  |AndyMark am-4955 6 0.05 7 2.7 3.59
Micro Servo SG90 AndyMark am-4343 6 0.1 2.5 0.65 0.64
Axon Micro+ Axon Robotics |Axon Micro+ 6 0.075 7.8 2.2 2.67
Axon MAX+ Axon Robotics |Axon MAX+ 6 0.115 34 4 7.59
Axon MAX MK2 Axon Robotics |Axon MAX MK2 6 0.115 34 4 7.59
Axon MINI+ Axon Robotics |Axon MINI+ 6 0.09 25 3.8 713
Axon MINI MK2 Axon Robotics |Axon MINI MK2 6 0.09 25 3.8 7.13
DSSERVO DS3225 DSSERVO DS3225 6.8 | 0.14 28 2.9 5.13
DSSERVO DS3225MG DSSERVO DS3225MG 6.8 | 0.13 25 2.9 4.94
DSSERVO DS3225SG DSSERVO DS3225SG 6 0.08 24 2.1 7.70
DSSERVO DS3235 DSSERVO DS3235 6 0.12 32 2.1 6.85
DSSERVO DS3235MG DSSERVO DS3235MG 6 0.12 32 2.1 6.85
DSSERVO DS3235SG DSSERVO DS3235SG 6 0.13 32 2.1 6.32
DSSERVO DS3240 DSSERVO DS3240 6.8 | 0.17 45 3.9 6.8
DSSERVO DS3240MG DSSERVO DS3240MG 6.8 | 0.17 45 3.9 6.8
FEETECH Digital Giant Servo FEETECH FT5335M-FB 6 0.2 35 4 4.49
(Zggg’iegfqig”a' Mode Servo goBILDA 2000-0025-0002 | 6 | 02 | 216 | 25 | 277
(22050_388‘3;2)[’ ual Mode Servo goBILDA 2000-0025-0003 | 6 | 009 | 93 | 25 | 265
(22050_(‘)1‘Sseur:)eesr ggiLZ")Ode Servo goBILDA 2000-0025-0004 | 6 |0043| 47 | 25 | 2.81
HiTec HSR-M9382TH Servo HiTec HSR-M9382TH 6 0.17 34 2.7 5.13
MATA TORQUE MATA MATA TORQUE 6 0.115 34 4 7.59
Super Servo Plus Melonbotics Super ServoPlus | 6 0.01 2.3 3.9 5.9
Miuzei Digital Servo 20Kg Miuzei DS3218/MS24 | 6.8 | 0.14 | 21.5 2.5 3.94
Tetrix MAX (HiTec HS-485HB) Pitsco 39197 6 0.18 6 1.2 0.86
PLEX Speed Brushless PLEX Robotics |PLEX-09-0017-0001 6 0.067 18 3.9 6.90
PLEX Torque Brushless PLEX Robotics |PLEX-09-0017-0002 6 0.095 28 3.9 7.57
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Speed | Torque - LS

Servo Name Manufacturer |SKU Volts (s/60°) | (kg-cm) Current| Power
(A) | (Watts)

REV Smart Servo REV Robotics REV-41-1097 6 0.14 13.5 2 2.48
Smart Robot Servo V2 — Balanced |REV Robotics  |REV-41-3334 6 0.2 13.5 2.1 1.73
Smart Robot Servo V2 - UltraSpeed |REV Robotics  |REV-41-3336 6 0.043 5.6 2.9 3.34
Multi-Mode Smart Servo 200 - FAST |Studica 75007 6 0.046 5 2.7 2.79
Multi-Mode Smart Servo Studica 75002 6 0.2 21.6 1.8 2.77
SWYFT Robotics Balance Servo SWYFT Robotics |SR-Servo-02 6 0.092 | 27.3 2.7 7.53
SWYFT Robotics Nano Servo SWYFT Robotics |SR-Servo-05 6 0.110 | 10.2 2.0 2.38
SWYFT Robotics Slim Servo SWYFT Robotics |SR-Servo-04 6 0.075 14 2.4 4.79
SWYFT Robotics Speed Servo SWYFT Robotics |SR-Servo-01 6 | 0.062 19 2.7 7.87
SWYFT Robotics Torque Servo SWYFT Robotics |SR-Servo-03 6 0.112 | 33.5 2.7 7.68
TIANCONGRC TD-8125MG 360 TIANCONGRC |TD-8125MG 7.2 0.14 26.8 3.4 4.91
TORCTEX MAX TORCTEX TORCTEX MAX 6 0.115 34 4 7.59
TORCTEX MICRO TORCTEX TORCTEX MICRO 6 0.075 7.8 2.2 2.67
TORCTEX PRO TORCTEX TORCTEX PRO 6 0.09 25 3.8 7.13
MG90S Micro Servo Tower Pro, ... MG90S 6 0.08 2.2 0.4 0.71
MG995 X-Large Servo Tower Pro, ... MG995 6 0.16 11 1.2 1.77
MG996R X-Large Servo Tower Pro, ... MG996R 6 0.15 11 1.4 1.88

This list comprises pre-verified linear servos commonly used in FIRST Tech Challenge. Teams must
provide manufacturer's documentation for servos not on this list in order to be allowed to use them in
competition (per R502). Linear Servos must have 7A or less Max Stall Current at 6V.

Linear Servo Name

Manufacturer

SKU

Volts

Stall Current (A)

Actuonix Micro Linear Servo

Actuonix

P8-100-252-12-R

6

0.45

Hitec Linear Servo

Hitec

HLS12-3050-6V,

HLS12-30100-6V,
HLS12-30210-6V,
HLS12-30380-6V,

HLS12-5050-6V,

HLS12-50100-6V,
HLS12-50380-6V,
HLS12-10050-6V,
HLS12-100100-6V,
HLS12-100210-6V,
HLS12-100380-6V

0.5

Studica Linear Servo RC Actuator

Studica

75010, 75011,
75012, 75013,
75014, 75015
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M FIRST

This list highlights servos known to be illegal — those who have a Maximum Stall Current or Maximum
Mechanical Power that exceeds the maximum allowed ratings. Not all illegal servos will be in this list,
only a few of the commonly found/seen ones or those that have been used in past seasons.

Speed | Torque <l LAY
Servo Name Manufacturer |SKU Volts (s760°) (ki -?:m) Current | Power
9 (A) |(Watts)
AGFRC 40KG A73BHLW V2 AGFRC A73BHLW V2 6 0.123 29 4.1 6.05
DSSERVO DS3225PR0O DSSERVO DS3225PR0O 6 0.09 30 4.2 8.56
Hitec HS-805BB Monster Resin Hitec HS-805BB 6 0.14 24.7 6.0 4.53
Smraza 45KG Coreless Torque Smraza SC55-NA 6 0.12 39 2.4 8.34
25-26.2 Inspection Quick Reference 6 of 13
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Wiring Guides

Robot Controller

Below is the “Advanced” REV Control Hub sample wiring diagram. This is just a sample of the ways in
which electronics can be connected to the REV Control Hub. To see additional Robot Controller wiring
diagrams or a high-resolution version of this wiring diagram use the QR code/link on the right.
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Driver Station

Below are the Driver Station wiring diagrams. This is just a sample of the ways in which electronics can
be connected to create a Driver Station, consult the Competition Manual for the full descriptions of
what is allowed and what isn’t. To see a high-resolution version of this wiring diagram use the QR
code/link on the right.
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Illegal Electronics

This section is intended to list commonly asked-about electronics that are illegal for use in FIRST Tech
Challenge. This is absolutely NOT a comprehensive list and should NOT in any way be used to
determine if a given device is legal or illegal unless it is specifically mentioned here. If the device is not
listed here, and there are questions about the legality of the device, consult the Competition Manual or
the FTC Q&A platform. Unofficial compatibility questions can also be discussed in the FTC Community
forum.

lllegal Servo Power or Servo Signal Adjusters

Devices that generate or alter servo signals cannot be used to control servos, servos can only be
controlled by core power regulating devices (REV Control Hub, REV Expansion Hub, REV Servo Hub). Be
aware that allowed servo power modules (like the REV Servo Power Module or Studica Servo Power
Block) are signal pass-through devices. Some devices are also illegal because they're not compatible
with the FTC Electronics — generally because they do not regulate incoming power — or are of a
“protected class” (actuators, actuator controllers, actuator power modules, USB devices, robot
controllers, smartphones, electrical grounding devices, and so on) and are not approved for use. Servo
controlling devices that are illegal include:

W=
T N

goBILDA Servo Travel Tuner goBILDA Servo Power Distribution goBILDA 4-Channel Servo
(ILLEGAL) Board (8 Channel) Extension via CAT6
(ILLEGAL) (ILLEGAL)
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Illegal Traction Devices

This section is intended to list commonly asked-about traction devices that are illegal to use on FIELD
TILES on a FIRST Tech Challenge field. This is absolutely NOT a comprehensive list and should NOT in
any way be used to determine if a given traction device is legal or illegal unless it is specifically
mentioned here. If the device is not listed here, and there are questions about the legality of the device,
consult the Competition Manual or the FTC Q&A platform.

Traction devices or parts that are known to damage FIELD TILES are not allowed to be used on a
portion of the ROBOT that touches the FIELD TILES. This does not make these traction devices or parts
wholly illegal, but the devices or parts are just not allowed to touch the FIELD TILES during use.

Vz -\

TREAD TAPE
AndyMark am-2256 HiGrip Wheels | AndyMark am-3309 Roughtop Tread Gorilla Anti-Slip Tread Tape
(ILLEGAL on FIELD TILES) (ILLEGAL on FIELD TILES) (ILLEGAL on FIELD TILES)

When determining if a traction device is inherently damaging, look for the warning signs:

1. Look at the surface properties of the wheel or device. Are there surface features that seem
designed to cause damage to the FIELD TILE surface? Consider the hardness of the surface
features of the wheel material in comparison to the FIELD TILES.

a. For example, devices such as goBILDA GripForce™ Mecanum wheels have small
traction properties made of soft rubber that DO NOT damage the surface of the FIELD
TILES (and are therefore legal to use on FIELD TILES).

b. Examine the tread pattern. Deep treads provide excellent grip on rough, outdoor terrain
but can sometimes damage smooth surfaces like FIELD TILES. AndyMark HiGrip Wheels
are an excellent example of this.

2. Look for any scuff marks, scratches, debris, or other marks and materials left on the surface of
the FIELD TILES by the wheels or other traction devices.

If a given wheel or device is in question, perform a small-scale test. If possible, have the robot operate
on an inconspicuous area of the FIELD at different speeds. Watch for scuff marks, scratches, or debris
left by the wheel or device. Traction wheels pushed laterally (perpendicular to their direction of rotation)
will demonstrate higher traction properties over the same wheel only moving in the direction of rotation,
and are not necessarily an indication of illegality — said plainly, “grippy wheels dragged sideways are
not necessarily illegal.”
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Driver Station / Robot Controller Network Naming Guide

The Driver Station should be named NNNN-DS or NNNN-X-DS where NNNN is the team number and X is
an optional letter version number (ALL CAPS). This helps the DS detect when it is possibly connected to
the wrong network by comparing the DS name to the connected RC network name. If the yellow
warning bubble is present on main screen, then either the DS or RC hames must be edited to match.

B Diiver Hub - @

f o Android.beoe @ Network: FTC-g2g5
1> Robot Connected O s cntes alll v v

ey Iy
230 O [f] o ety oy e

v v Status : Robot is stopped
~ Au Op -

Step 1: Press 3-dot menu

B Diiver Hub - o

DRIVER STATION SETTINGS

Pair with Robot Controller
Change the robot controller this driver station is paired witf

Pairing Method
Contro! Hub

Driver Station Name
Change the name of the driver station

Driver Station Color Scheme

Change the color scheme of the driver station. Will take effect on next app launch

Driver Station Layout

Change the Driver Static ayout. Will take effect on next app launch

P <

B Driver Hub - o

Driver Station Name

12789-D§

Cancel

Step 5: Press “OK”

B Driver Hub o a X
') Robot Connected
Settings
Practice Timer e Restart Robot
230 © ’ ;
Configure Robot
v Status : Robot is st (EHRIEEN VEEITS
Self Inspect

About

Exit

Step 2: Select "Settings”

B Diiver Hub - 0o x

Jriver Station Name

A
Android_be9e & I

Cancel

Step 4: Change name to NNNN-DS or NNNN-X-DS

B Diiver Hub - o X

DRIVER STATION SETTINGS

Pair with Robot Controller
Change the robot controller this driver station is pa

Pairing Method

trol Hub

Driver Station Name
Change the name of the drive

Driver Station Color Sch
Change the color scheme of 1 fer station. Will take effect on next app launch.

Driver Station Layout
Change the Driver Station Ut I

Step 6: Press "Back" Button to Return
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The Robot Controller Network should be named NNNN-RC or NNNN-X-RC where NNNN is the team
number and X is an optional letter version number (ALL CAPS). This helps the team identify the network
that represents their robot and helps the DS detect when it is possibly connected to the wrong network.
If the yellow warning bubble is present on main screen of the Driver Station App, then either the DS or
RC names must be edited so that the team #'s match. The network can be changed in the DS if the
robot is connected. If not connected, the network name must be changed via the REV Hardware Client.

Robot Connected
Settings

Practice Timer

230 © B ki

Restart Robot

Configure Robot

v Select OpMO'Je“ v Status : Robot is stopped Program & Manage
«~ Autonomous | TeleOp -

Self Inspect
About

Exit

Step 1: Press 3-dot menu

Blocks

Robot Controller version: 10.3

OnBotJava

SDK version: 10.3.0
Manage _9 Control Hub 0S version: 1.1.4

S Active Configuration: webcam

Exit REVHubs:  conyral Hub
address into your web browser: Firmware version: 1.8.2
http://192.168.43.1:8080 IMU: BNOOS5
n— [ U D} 4 ® | |
Step 3: Press the "Hamburger” menu button, Step 4: Scroll down to Wi-Fi Settings

then select “Manage” in menu.

Wi-Fi Settings

24GHz @ 5GHz
Name The 5 GHz

¢—
¢—

Wi-Fi band is highly recommended, unless you need to connect

FTC-9295 es that only support 2.4 GHz Wi-F

New Password Wi-Fi Channel

to (5 GHz

Apply Wi-Fi Settings
You will n eco

password

Confirm Password

password

«| Show Password

Step 5: Check “Show Password” to reveal Step 6: Scroll down and press the blue
password. Change Name to NNNN-RC or “Apply Wi-Fi Settings” button. At this point the
NNNN-X-RC and ensure password is not robot will likely reboot, and the Driver Station will
“password”. Password min is 8 characters. not reconnect to the robot (this is normal).
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Now the Control Hub has been named correctly, and has a non-default password, but by doing this
we've invalidated the connection between the Driver Station and the Robot Controller. Let's continue,
and reconnect the Wi-Fi between Driver Station and the Robot Controller.

B Diiver Hub - o x B9 Driver Hub - o %

!U Disconnected 278 DRIVER STATION SETTINGS

Settings
Pair with Robot Controller
Restart Robot Change the robot controller this driver s

Pairing Method
Control Hub

Configure Robot

Program & Manage Driver Station Name

Change the name of the driver station
Self Inspect
Driver Station Color Scheme

About Change the color scheme of the driver station. Will take effect on next app launch.

Driver Station Layout

Exit Change the Driver Station Ul layout. Will take effect on next app launch

Step 7: Press 3-dot menu and select “Settings” Step 8: Select “Pair with Robot Controller”

B Diiver Hub - o x P Driver Hot - 0o x
10:09PM R O ® A ¥ 0100%
€ Wi Q

Select your Control Hub's Wi-Fi network

7 ®
\ z—K ®
o . 0
A 4
L N D] <4 L] | | L U D] <4 [ ] | |
Step 9: Select “Wi-Fi Settings” button Step 10: Select Robot Name from List.

Press “Connect”. If prompted for password,
hopefully you still remember it.

Current Robot Controller

B Driver Hub - =} X

Py Network: 12789-RC.
(=) Robot Connected Ping: 3ms - ch 40 alll Tuneal toz

12.59 v

(1258v)
Practice Timer

230 ©

' «~ Autonomous | TeleOp —

Step 11: Press “back” button several times until
you return back to the main screen. Robot should
appear connected, and yellow warning indicator
should be gone!
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