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Purpose of a Drivetrain 

ÅMove around field 

Å¢ȅǇƛŎŀƭƭȅ нтΩ Ȅ рпΩ ŎŀǊǇŜǘŜŘ ǎǳǊŦŀŎŜ 

ÅPush/Pull Objects and Robots 

ÅClimb up ramps or over/around obstacles 

ÅMost important sub-system, without mobility it is nearly 
impossible to score or prevent points 

ÅMust  be durable and reliable to be successful 

ÅSpeed, Pushing Force, and Agility important abilities 



Types of Wheels 

Åά¢ǊŀŎǘƛƻƴέ ²ƘŜŜƭǎ 
ÅStandard wheels with varying amounts of 

traction, strength & weight 
ÅKit of Parts (KOP) 

ÅAndyMark (AM) or VEX Pro 

ÅPneumatic 

ÅSlick 

ÅCustom 



Types of Wheels 

ÅOmni 

ÅRollers are attached to the circumference, 
perpendicular to the axis of rotation of the 
wheel  

ÅAllows for omni directional motion 

 

ÅMecanum 

ÅRollers are attached to the circumference, on 
a 45 degree angle to the axis of rotation of 
the wheel 

ÅAllows for omni directional motion 

 



Types of Drivetrains 

ÅTank 

ÅSwerve 

ÅSlide 

ÅMecanum 

ÅHolonomic 

 



Type of Drivetrains  

ÅTank 

ÅLeft and right wheel(s) are driven independently 

ÅTypically in sets of two (1-4 sets is common, sometimes higher) 

ÅStrengths 

ÅSimple & cheap to design, build, and program 

ÅEasy to drive 

 ÅPotential for high speed 
and/or pushing force 

ÅWeaknesses 

ÅSlightly less agile than 
other drivetrains 

 



Type of Drivetrains  

ÅSwerve/Crab 

ÅWheels modules rotate on the 
vertical axis to control direction 

ÅTypically 4 traction wheels 

ÅStrengths 

ÅPotential for high speed and/or 
pushing force 

ÅAgile 

ÅWeaknesses 

ÅVery complex and expensive to 
design, build and program 

ÅExtra motors required to be able to 
rotate robot frame 

 



Type of Drivetrains  

ÅSlide 

ÅSimilar layout to tank drive, with an 
extra wheel(s) perpendicular to the 
rest 

ÅMust use all omni wheels 

ÅStrengths 

ÅFairly easy and cheap to design, build, 
and program 

ÅAgile 

ÅWeaknesses 

ÅNo potential for high pushing force 

ÅExtra wheel(s)/motor(s)/gearbox(es) 
required to allow robot translate 
sideways 

 



Type of Drivetrains  

ÅMecanum 

ÅSimilar layout to tank drive, but each 
wheel must be driven independently 

ÅMust use 4 mecanum wheels 

ÅStrengths 

ÅFairly easy to design & build 

ÅAgile 

ÅWeaknesses 

ÅNo potential for high pushing force 

ÅChallenging to program and learn to 
drive well 

ÅRequires extra gearboxes 

ÅWheels are expensive 

 



Type of Drivetrains  

ÅHolonomic 

Å4 omni wheels positioned on 45 deg 
angle in the corners of the frame 

ÅEach wheel must be driven 
independently 

ÅStrengths 

ÅAgile 

ÅWeaknesses 

ÅNo potential for high pushing force 

ÅVery challenging to program and learn 
to drive well 

ÅRequires extra gearboxes 



Compare Drivetrains 

ÅChoosing the right drivetrain is critical to the success of an FRC 
robot 

ÅSeveral drivetrains to choose from 

ÅEach one has its own strengths and weaknesses 

ÅImportant to quantitatively evaluate all options to ensure 
optimal solution is chosen 

Å.Ŝǎǘ ƳŜǘƘƻŘ ǘƻ Řƻ ǘƘƛǎ ƛǎ ŀ ά²ŜƛƎƘǘŜŘ hōƧŜŎǘƛǾŜǎ ¢ŀōƭŜέ 



Compare Drivetrains 

ÅDefine drivetrain attributes to compare 

ÅAgility 

ÅAbility to translate in the x and y axis as well as rotate about the z 
axis simultaneously 

ÅStrength 

ÅPush robots and/or game pieces 

ÅResist defense from all sides of the drivetrain 

ÅNumber of Motors 

ÅNumber of motors allowed on an FRC robot is limited 

ÅMost drivetrains use 4 CIM motors to power wheels 

ÅAdditional motors to rotate wheel modules or translate sideways 
may take away from motors for other robot functions 



Compare Drivetrains 

ÅDefine drivetrain attributes to compare 

ÅProgramming 

ÅIdeally does not require sensor feedback (eg. wheel module angle) 

ÅIdeally does not require advanced algorithm to calculate individual 
wheel speed/power 

ÅEase to Drive 

ÅIntuitive to control so little practice is required to be competitive 

ÅJust because some drivetrains have the ability to move sideways 
ŘƻŜǎƴΩǘ ƳŜŀƴ ǘƘŜ ŘǊƛǾŜǊ ǿƛƭƭ ǳǎŜ ǘƘŜ ŀōƛƭƛǘȅ 

ÅOften drivers end up turning the robot because it is more natural or going 
sideways feels (or actually is) slower 

ÅTraverse Obstacles 

ÅThe ability of a drivetrain to traverse ramps, bumps or steps 

 



Compare Drivetrains 

ÅDefine drivetrain attributes to compare 

ÅDesign 

ÅThis is a very general heading. Sub headings grouped as there is a 
strong relationship between them 

ÅCost 

ÅEase to design (select components and choose dimensions) 

ÅEase to manufacture 

ÅEase to assemble 

ÅEase to maintain/repair 

ÅWeight 

 

 



Compare Drivetrains  

Weight Tank Swerve Slide Mecan Holo 

Agility ? 3 5 5 5 5 

Strength ? 4 5 1 1 1 

Motors ? 5 1 3 5 5 

Program ? 5 1 4 3 2 

Drive ? 5 3 3 2 1 

Traverse ? 5 4 4 3 1 

Design ? 5 1 4 4 3 

ÅGive each attribute of each drivetrain a relative score between 1 
and 5 

ÅWeights are dependant on 

ÅStrategic analysis of the game (priority list) 

ÅTeams resources 



Compare Drivetrains 

ÅAgility, Strength & Ability to traverse obstacles 
ÅRelative to #1 priory, reliability  
Å0 = not important or required 
Å10 = equally as important as reliability 

ÅNumber of Motors 
ÅDepends on complexity of other robot features and ability to design 

with all motors 
Å0 = no other features/very strong ability to design with all motors 
Å10 = very complex/little ability to design with other motors 

ÅProgramming 
ÅDepends on strength of programming team (# of students/mentors, 

experience, ect) 

ÅEase to Drive 
ÅDepends on amount of available practice 
Å0 = have a full practice field and practice robot with committed drivers 

that train every day 
Å10 = no practice field/robot, no time in build season to practice 

 

 



Compare Drivetrains 

ÅDesign 

ÅHow many students/mentors do you have? 

ÅHow much experience do you have? 

ÅWhat tools are available to you (hand tools < bandsaw < mill)? 

ÅHow many hours are your shop facilities available/will you use 
them? 

ÅHow much money do you have? 

ÅDrivetrains with a low design score require significant resources 
to design a reliably 

Å0 = lots of experience, students, mentors, tools, money 

Å0 = The desired drivetrain has been used in a previous season or 
prototyped in the off season 

Å10 = No experience, few students, mentors, tools, money 

 

 



Compare Drivetrains 

ÅTypical Weights for a rookie or low resource team 

Å5 - Agility 

Å5 - Strength 

Å5 - Number of Motors 

Å10 - Programming 

Å10 - Ease to Drive 

Å0 - Traverse Obstacles 

Å10 ς Design 

ÅResources are low, so it is more important to build a simple 
drivetrain that is easy to program and learn how to drive to ensure 
reliability.  

ÅThe performance of the drivetrain (agility & strength) are not as 
important as reliability 

ÅThe number of motors is not as important because additional 
features should be very basic and require few (or no) motors 



Compare Drivetrains 
ÅRookie/low resource team weighted table 

ÅTank drivetrain much higher score than others 

ÅSlide drive second best 

Weight Tank Swerve Slide Mecan Holo 

Agility 5 3 (15) 5 (25) 5 (25) 5 (25) 5 (25) 

Strength 5 4 (20) 5 (25) 1 (5) 1 (5) 1 (5) 

Motors 5 5 (25) 1 (5) 3 (15) 5 (25) 5 (25) 

Program 10 5 (50) 1 (10) 4 (40) 3 (30) 2 (20) 

Drive 10 5 (50) 3 (30) 3 (30) 2 (20) 1 (10) 

Traverse 0 5 (0) 4 (0) 4 (0) 3 (0) 1 (0) 

Design 10 5 (50) 1 (10) 4 (40) 4 (40) 3 (30) 

Total 225 
93% 

(210) 

47% 

(105) 

69% 

(155) 

64% 

(145) 

51% 

(115) 



Compare Drivetrains 
ÅComparison of weighted tables for different resource teams 

Rookie Average Strong 

Agility 5 8 10 

Strength 5 8 10 

Motors 5 6 5 

Program 10 7 3 

Drive 10 7 3 

Traverse 0 0 0 

Design 10 7 3 

Tank Swerve Slide Mecan Holo 

Rookie 93% 47% 69% 64% 51% 

Average 89% 56% 67% 66% 56% 

Strong 82% 71% 64% 66% 61% 



Compare Drivetrains 
ÅWhen to choose a swerve drive 

ÅStrength & Agility equally as important as 
reliability 

ÅLots of students/mentors 

ÅAccess to advanced tooling 

ÅLarge budget 

ÅTeam has strong ability to use other motors for 
robot function 

ÅTeam has practice field and practice robot 

ÅTeam has used a swerve in a previous season, 
or prototyped one in the off season 

 

Swerve 

Agility 10 

Strength 10 

Motors 2 

Program 2 

Drive 2 

Traverse 0 

Design 2 

Tank Swerve Slide Mecan Holo 

Swerve 79% 80% 63% 63% 59% 



Compare Drivetrains 
ÅWhen to choose a slide drive 
ÅAgility equally as important as reliability 

ÅStrength is not required (game has no 
interaction with opponents) 

ÅTeam has practice field and practice robot 

ÅTeam has used a slide in a previous season, 
or prototyped one in the off season 

ÅLots of students/mentors 

ÅTeam has strong ability to use other motors 
for robot function 

 

 

Slide 

Agility 10 

Strength 0 

Motors 1 

Program 3 

Drive 1 

Traverse 0 

Design 3 

Tank Swerve Slide Mecan Holo 

Slide 78% 67% 89% 87% 79% 



Compare Drivetrains 
ÅWhen to choose a mecanum drive 

ÅAgility equally as important as reliability 

ÅStrength is not required (game has no 
interaction with opponents) 

ÅTeam has practice field and practice robot 

ÅTeam has used a mecanum in a previous 
season, or prototyped one in the off season 

ÅStrong programing ability 

ÅLots of students/mentors 

 

 

Mecan 

Agility 10 

Strength 0 

Motors 5 

Program 2 

Drive 2 

Traverse 0 

Design 3 

Tank Swerve Slide Mecan Holo 

Mecan 82% 60% 83% 88% 82% 



Designing a Tank Drivetrain 

ÅAt this point we have concluded Tank-Style Drivetrain is 
usually the best option for all teams, regardless of the game or 
the teams resources 

Å²Ƙȅ ŘƻƴΩǘ ŀƭƭ ǘŜŀƳǎ ǳǎŜ ¢ŀƴƪ-Style Drivetrains? 

ÅSome (few) teams have a lot of resources 

ÅTrying new things to learn new skills/gain new experiences 

ÅUnderstanding this choice will make them less competitive 

ÅImproper strategic analysis of the game and evaluation of team 
resources 

ÅImproper analysis of strengths and weakness of various 
drivetrains 

ÅOmni directional drivetrains have a ǎƛƎƴƛŦƛŎŀƴǘ άŎƻƻƭ ŦŀŎǘƻǊέ ǘƘŀǘ 
distract teams 

 



Key Principles  

ÅKey Principles 

ÅConverting from angular to linear velocity 

ÅTorque 

ÅGearing 

ÅForce Distribution 

ÅCalculating Centre of Gravity 

ÅFriction 



Å

Key Principles  

Diameter, D 



Key Principles 

Å

Pivot 

Pivot 



Key Principles 

ÅTorque 

ÅKey principle in levers (fulcrum, 
load, force) 

ÅFirst class: Crowbar 

Å fulcrum between load and force 

ÅSecond class: Wheelbarrow 

Å load between fulcrum and force 

ÅThird class: Tweezers 

Å force between fulcrum and load 

Fulcrum 

Fulcrum 



Key Principles 

ÅTorque 

ÅYou can add and subtract torques when multiple forces are 
acting about the same pivot point (eq. raising or lowering a 
wheelbarrow) 

ÅWhen the system is static (wheelbarrow is not being raised 
or lowered, such as while you are moving it from point A to 
B), torques are equal 

Fulcrum 



Key Principles 

Å

нέ 

мέ 



Å

Key Principles 

1έ 

лΦрέ 
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Key Principles 

Top View 

Front View 

Shafts 

Gear 4 

Gear 1 Gear 2 

Gear 3 
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Key Principles 

Top View 

Front View 

Shafts 

Gear 4 

Gear 1 Gear 2 

Gear 3 
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Key Principles 

Top View 

Front View 

Shafts 

Gear 1 Gear 2 Gear 3 



ÅGearing 

ÅIn gears, the diameter used to calculate 
speed and torque ratios is called the pitch 
diameter 

ÅLǘ ƛǎƴΩǘ ǇƻǎǎƛōƭŜ ǘƻ ƳŜŀǎǳǊŜ ǘƘƛǎ ǾŀƭǳŜ ǿƛǘƘ 
callipers 

ÅInstead, we can use the number of teeth, 
which can easily be counted 

 

Key Principles 

Pitch diameter, D 



Å

Key Principles 

Pitch diameter, D 



Key Principles 

ÅForce Distribution 

ÅThe force of the load will be distributed across all points 
supporting the load 

ÅThis is how people are able to lay on a bed of nails without getting 
hurt 



Key Principles 

ÅForce Distribution 

ÅThe amount of force each support provides depends on the 
distance from the support to the load (torque) 

ÅThe sum of the forces from all supports is equal to the load force 



Key Principles 

Å



Key Principles 

Å



ÅCentre of Gravity (CoG) 

ÅSimplifying a object with distributed weight to a centroid location 
at which the weight of the object acts 

ÅFound by using a weighted average of the CoG of each part within 
object 

Key Principles 

1kg 5kg 

8kg 3kg 

2y 

2x 
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Key Principles 

1kg 5kg 

8kg 2kg 

2y 

2x 



Key Principles 

Å



Key Principles 

Å



Key Principles 

Å

Rubber 

ÅIn order to move this object, you must 
apply a force greater than 15 lbs or 66.8 N 

Wet Concrete 



Key Principles 

Å



Key Principles 

Å



Key Principles 

Å



Applying Principles 

ÅSpeed Reduction 

ÅSprocket Selection 

ÅChain Selection 

ÅWheel Size Selection 

ÅCentre of gravity 

ÅTraction 

ÅTurning a tank drivetrain 

 



Speed Reduction 

ÅIf you gear your robot too high 
ÅLǘ ǿƻƴΩǘ ƘŀǾŜ ŜƴƻǳƎƘ ǘƻǊǉǳŜ ǘƻ ƳƻǾŜ όŀŎŎŜƭŜǊŀǘŜύ 

ÅIf you can accelerate, it will be very difficult to control 

ÅIf you gear your robot too low 
ÅYou will have so much torque, your wheels will slip before you reach 

max power 

ÅYou will move too slow to be effective 

ÅA good robot speed is 8-12 ft/s 

ÅDesign your robot so sprockets can be changed easily 
ÅStart at a slow speed, with practice if the driver gets comfortable, 

change sprockets to increase speed 

ÅSome teams have successfully gone as high as 18 ft/s or as low as 
4 ft/s 
ÅRequire 2 speed gearbox, cannot rely only on 4 or 18 ft/s speed 

ÅDrivers need a lot of practice to control robots that fast 

 



Speed Reduction 

ÅThe CIM motor has an angular velocity of 5310 rpm (+/- 10%) 

Å5ƛǊŜŎǘƭȅ ǳǎƛƴƎ ŀ сέ ǿƘŜŜƭ would convert to 139 ft/s (> 150 km/h) 

ÅTherefore, you must reduce the angular velocity between the 
motor and the wheel 

ÅThis can be done with gears, sprockets, or belts 

ÅGenerally, most of the reduction is first done with a gearbox (1 or 
more stages of gear reduction), then sprockets or belts do the 
rest 

ÅCoupling motors on the same gearbox increases torque but 
angular velocity does not change 

ÅThis will allow you to accelerate faster and push harder but it will not 
increase your top speed 

 



Speed Reduction 

ÅTo create a gear ratio using sprockets, the number of teeth on the 
output of the gearbox should be different that the number of 
teeth on a sprocket on the driven wheel 

ÅA larger sprocket on the wheel will reduce speed and increase torque 

ÅThis is generally what is required to achieve desired speed 

ÅA larger sprocket on the gearbox output will increase speed and 
reduce torque 

ÅThere should not be a sprocket gear ratio between wheels 

ÅThe number of teeth on the sprockets that connect the wheels 
should be the same 

ÅThe number of teeth on the sprockets connecting the wheels do 
not have to be the same as the number of teeth on the sprocket 
connecting the driven wheel to the gearbox 

 



Speed Reduction 

Å



Sprocket Selection 

ÅThe amount of tension in the chains is largely effected by 
sprocket size 

ÅAssuming torque is fixed, a larger sprocket is equivalent to a 
longer moment arm, and therefore less force (tension) 

ÅMax torque is dependant on the amount of friction, which is a fixed 
value 

ÅTo minimize tension, choose the largest sprocket  that provides 
enough ground clearance between the playing surface and chain 

 



Sprocket Selection 



Chain Selection 

ÅTwo standard sizes used in FIRST 
Å!b{L нрΥ мκпέ ǇƛǘŎƘΣ ммр lb working load (McMaster-Carr) 

Å!b{L орΥ оκуέ ǇƛǘŎƘΣ нсф lb working load (McMaster-Carr) 

ÅChain stretches/wears over time 
ÅIf lengthening is significant chain will skip teeth 
Å If this happens, chain will need to be tensioned 

ÅHigher tension causes chain lengthening to occur faster 

ÅIf large sprockets are used with 35 chain, tensioning can be avoided 
ÅIf tensioning is not used, it is important to space wheels such that a 

whole number of chain links are need to span the distance 

ÅThe distance between wheels should be a multiple of the chain pitch  
ÅLŦ ǘƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘǿƻ ǿƘŜŜƭǎ ƛǎ мрΦрέ ǿƘŜƴ ǳǎƛƴƎ ор ŎƘŀƛƴ όлΦотрέ ǇƛǘŎƘύΣ 
пмΦоо ƭƛƴƪǎ ŀǊŜ ƴŜŜŘǎΣ ǎƻ пн ƭƛƴƪǎ ǿƛƭƭ ōŜ ǳǎŜŘΣ ǿƘƛŎƘ ǘƻǘŀƭǎ мрΦтрέΦ ¢ƘŜǊŜ ǿƛƭƭ 
ƴƻǿ ōŜ лΦнрέ ƻŦ ǎƭŀŎƪ ǿƘƛŎƘ ƛǎ ŜƴƻǳƎƘ ŦƻǊ ǘƘŜ ŎƘŀƛƴ ǘƻ ǎƪƛǇ ǘŜŜǘƘ ŀƴŘ ŀ 
tensioning system will be needed to correct this, defeating the purpose of using 
thick chain and large sprockets. It would be better to use a wheel spacing of 
мрΦотрέ ƻǊ мрΦтрέ ǎƻ ŀ ǿƘƻƭŜ ƴǳƳōŜǊ ƻŦ ŎƘŀƛƴ ƭƛƴƪǎ ŀǊŜ ƴŜŜŘŜŘΦ 

 



Wheel Size Selection 

ÅSmaller wheel 

ÅPros 

ÅLess gear reduction needed 

ÅLess weight  

Å smaller wheel & sprocket, less chain, less gear reduction 

ÅLower CoF 

ÅLarge wheel 

ÅPros 

ÅLower RPM for same linear velocity 

Å Less tread wear, less frequent tread replacement 

ÅLarger sprocket to wheel diameter ratio 

Å[Ŝǎǎ ǘŜƴǎƛƻƴ ƻƴ ŎƘŀƛƴ Ҧ нр ŎƘŀƛƴ Ƴŀȅ ōŜ ǳǎŜŘ ǿƛǘƘƻǳǘ ǘŜƴǎƛƻƴƛƴƎ 

 

 



Applying Principles 

ÅCentre of Gravity (CoG) 

ÅThe lower and more centred your centre of gravity 

ÅThe less likely your robot will tip, very important when traversing 
obstacles 

Å¢ƘŜ ōŜǘǘŜǊ ȅƻǳǊ Ǌƻōƻǘ ǿƛƭƭ άƘŀƴŘƭŜέ όŀŎŎŜƭŜǊŀǘŜǎ ŀƴŘ ǘǳǊƴǎ ǎƳƻƻǘƘŜǊύ 

ÅCoG dictates how 
much force each 
wheel provides to 
support the robot 

ÅThis is important for 
turning and pushing 

 

 



Applying Principles 

ÅCentre of Gravity 

ÅFor tipping, the fulcrum will be the outer 
edge of the robot frame or bumper 

ÅOnce the Centre of Gravity is pushed past 
the fulcrum, the robot will continue to tip 
under its own weight 



Applying Principles 

Å



Applying Principles 

Å



Applying Principles 

Å



Applying Principles 

ÅTurning a tank drivetrain 

ÅDrive left and right sides different 
speeds to turn 

ÅDrive left and right sides at opposite 
ǎǇŜŜŘǎ ǘƻ άǘǳǊƴ ƻƴ ǘƘŜ ǎǇƻǘέ 

Å[ƻŎŀǘƛƻƴ ƻŦ ǘƘŜ άǎǇƻǘέ ƛǎ ŘŜǇŜƴŘŀƴǘ 
on wheel material and the CoG  

 

Driven direction 



Applying Principles 

ÅTurning a tank drivetrain 

ÅSince the wheels are not facing the 
direction the robot is trying to turn 
there will be some scrub 

ÅScrub is the amount of friction 
resisting the turning motion 

ÅThis scrub is useful when being 
defended or defending 

Friction force 
(scrub) 

Driven direction 



Applying Principles 

ÅTurning a tank drivetrain 

ÅAssuming pairs of wheels (one left 
and one right wheel)  

ÅHave the same traction material 

ÅAre inline (distance from centre of 
robot is equal) 

ÅThe forces can be simplified 

Friction force 
(scrub) 

Driven direction 



Applying Principles 

Å

Friction force 
(scrub) 

Driven direction 



Applying Principles 

Å

Friction force 
(scrub) 

Driven direction 



Applying Principles 

Å

Friction force 
(scrub) 

Driven direction 



Applying Principles 

Å



6 Wheel Tank Drive 

Å



6 Wheel Tank Drive 

Å



6 Wheel Tank Drive 

Å


