Gravity Vehicle Guide by MadCow2357
Hey everyone, I’m back with a second vehicle event guide. It’s been 2 years since my Battery Buggy
guide was released, so I’ve picked up a thing or two since then. Anyways, I’ll skip the introductions this time
since I lack any particularly impressive achievements when compared to some of my peers on Scioly.org. My
hope in sharing these experiences and some humble advice is that you readers will learn to succeed in areas
where I failed.
Disclaimer: I didn’t compete in Gravity Vehicle in the 2019-2020 season so I can’t write much on
mechanisms specific to the event. The content of this piece covers more on elements common to all vehicle
events.
Also, take the order in which I list my steps with a grain of salt. I’ve got my own way of doing things and other
people have theirs.

Step 1:
Your first order of business is to plan out your design, and in my experience, choosing a chassis material is the
best way to start. Attached below is a helpful(revised) table I borrowed from my 2019 Buggy Guide:
Material

Advantages

Disadvantages

Wood
(Figure 1.1)

● Cheap (depending on what species
of wood)
● Common
● Easy to work with
● Versatile uses
● Relatively durable

● Natural variations in wood can
affect build quality
● Limited design choices
● Heavy (excluding balsa and similar
species)

Metal
(Figure 1.2)

●
●
●
●

● Expensive [1]
● Hard to work with
● Heavier [1]

(3D-Printed) PLA
/ ABS
(Figure 1.3)

(Laser Cut)
Acrylic
Carbon Fiber
(Rods/Tubes)
(Figure 1.3)

Common
Durable
Consistent properties
Stiff

● Customizable
● Free/Accessible [2]
● Light (dependent on infill % when
printing)

● Commercial 3D-printing is
expensive
● ABS warps without a heated bed
● PLA is brittle
● 3D-printing is a finicky business,
lots of variation and inconsistency

● High Accuracy
● Free/Accessible [2]

● Commercial laser cutting is
expensive
● Brittle and a bit weak

● Strong
● Lightweight
● Stiff

● Requires 3D-Printed connectors
● Expensive
● Hard to manipulate

1. Compared to wood, plastic, and such
2. If your school has the equipment/machinery
Figure 1.1

Figure 1.2

Wooden Electric Vehicle by Michael Laffin, standard
box design (Source: YouTube)

My Nationals Battery Buggy from the 2019 season,
consisting of mostly metal parts (Source: Scioly.org)

Figure 1.3

Carbon Fiber + 3D-Printed Electric Vehicle by windu34, Formula 1 design (Source: Scioly.org)
Additional Notes:

● A 3D-Printed/laser-cut frame should be almost completely planned out prior to building, so I don’t
recommend constructing your chassis with that method if you prefer “building first and tinkering
later”.
● Planners will do fine with 3D-Printed/laser-cut frames, but tinkerers should consider using metal or
wood instead.
● Actobotics parts (while expensive), specifically the aluminum channels, can easily be used to create a
strong, customizable frame.
● For some reason, I was unable to find an image of the electric vehicle laser cut from transparent acrylic
I saw a few months ago - I’m very sorry about that.

Step 2:
Next, you’ll want to choose some wheels.
CDs
(Figure 2.1)

Honestly, these aren’t a great choice for GV unless you can’t afford anything else. CDs are
perfectly circular, but they offer little traction and aren’t very strong/durable. For an
event like GV where your vehicle is going to be pretty heavy, flimsy wheels are useless if
they break during testing/competition. If you do still end up using CDs, however, stack 2
or 3 together and cover them up with some balloons to increase traction. Try
DocFizzix.com for rubber CD wheel hubs (used to secure the CDs to the axles).

BaneBots
(Figure 2.2 &
Figure 2.3)

You really can’t go wrong with BaneBots wheels. While heavy and moderately expensive
(a set of 4 T81s will cost you around $35), they provide great traction and unmatched
durability. Their innovative hub system utilizes two set screws and a ¾” external snap ring
that allow you to switch between shaft sizes and other BaneBots wheels of the same
series quite easily. Almost all of the national medalists I know exclusively sport these
high-quality products on their vehicles, so these are a great investment towards reaching
the next level in vehicle events.
I am personally quite partial to the T81 series. I find the T81 hubs, which use 2 set screws
positioned at a 90-degree angle, to be more secure than the T40s which only utilize 1 set
screw in a smaller hub. My first Battery Buggy of the 2018-2019 season used orange T40s
(2 ⅜”), and I had to deal with the wheels loosening and falling off almost every practice. It
became a routine to remove the snap ring and wheel from the hub to tighten the set
screw before every run, which was honestly quite annoying. However, T40s are half the
width of T81s and about half the weight, so they are definitely still viable in certain cases.
One trick I learned from my National Medalist friends is 3D-printing modified T40 hubs
and gluing them onto the axle; this should solve the slipping problem I previously
mentioned.
A few more things (I’m terrible at organizing my thoughts, sorry):
1. Don’t get the compliant wheels. The sizes they offer for those are nice and simple,
but (from what I know) they’re for robotic feeding mechanisms as opposed to
vehicle wheels like the other T81s.

2. BaneBots has a system where the colors of the rubber signify the shore hardness,
so don’t just choose your favorite color wheel and call it a day. Black rubber is the
hardest, and it has a durometer rating of 60A. It’s followed by blue rubber at 50A,
orange rubber at 40A, and finally green at 30A (the softest). Softer rubbers offer
better traction, but they also deteriorate faster. That means green wheels are the
best, but if you can’t afford to buy more than one set I’d choose the oranges. The
blues are still viable, but under no circumstance would I order black wheels for
Science Olympiad vehicle events.
3. Since BaneBots is an American company, it’s understandable that they exclusively
use the Imperial System. However, the sizes they offer are also pretty unusual,
even for customary units (e.g. 1 ⅝”, 2 ⅜”, 2 ⅞”, 3 ⅞”) However, the metric system is
definitely more convenient for Gravity Vehicle given that the rules use SI
measurements. Other brands like Pololu offer nicely sized wheels that are
designed in metric.
Pololu
(Figure 2.4)

I haven’t used these on my vehicles before, but I have a set from a robotics kit at home. In
my opinion, Pololu wheels are pretty good in all aspects. Despite their lightness, they’re
pretty strong and the rubber O-ring has good traction. They offer many different sizes (all
in metric), and the hub system is easy to understand as well.

Du-Bro
(Figure 2.5)

Du-Bro is known for its selection of hobby-grade airplane wheels. They’re light (which
means low rotational inertia), so they’re a great option for events like Mousetrap Vehicle
and Scrambler. However, they aren’t the strongest, so I wouldn’t recommend them for
Gravity Vehicle (they might squish, I’m not sure). If you do decide to give them a spin (pun
intended), be prepared for some accurate drilling to widen the small axle holes. Again, I
recommend the Doc Fizzix website for ordering shafts and adapters.
(I included this section in case someone is reading at a time where Gravity Vehicle is not
in the season rotation)

ServoCity
(Figure 2.6)

ServoCity offers a plethora of different wheel options, though not all of them are relevant
to this event. The most useful models will probably be the skate and acrylic disk wheels,
which are both compatible with their Actobotics system. I have not personally used any
wheels from this company, but I’ve ordered other items and can attest to their high
product standards. It’s not a bad idea to try these out, though their wheels use a higher
durometer rubber (70A) than most prefer for vehicle events.

Figure 2.1

Figure 2.2

Figure 2.3

CD wheel system from Doc Fizzix

2 ⅜” T40 BaneBots Wheel, 40A

4” T81 Compliant BaneBots
Wheel, 30A

Figure 2.4

Figure 2.5

Figure 2.6

90mm Pololu Wheel

Du-Bro Micro Sport Wheel

2.975” Gray Skate Wheel

If you are ambitious enough, making your own wheels is also an option. By making your own wheels, you
won’t be limited by the options available on the market (customizable diameter, width, etc.). However, you
might need access to expensive and possibly dangerous machinery in order to do so. Below are some ideas to
try for different materials:
Method/Material

What’s Required

How You Might Do It

Machining; Wood

A piece of plywood (⅛” to ⅜”), a
pencil, rubber O-rings/balloons, a
bandsaw, an electric sander, and
some steady hands

(If you’re inexperienced with tools & machinery,
PLEASE have an adult do this for you)
Start by tracing the outline of your wheel onto
the plywood, and cut it out with the bandsaw.
Drill a hole slightly smaller the size of your
threaded rod into the middle of the wheel, and
mount it onto a small board with a threaded rod
attached. Turn on the electric sander, and
carefully sand the edges by rotating the wheel
on the threaded rod (like one might use a
pottery wheel). Repeat this 4 times, and mount
the wheels onto your threaded axles. Sandwich
them with lock nuts and washers, and stretch
O-rings or cut-out balloons over the wheels
afterward. This video by Michael Laffin shows
the building process.

Laser cutting;
Acrylic / Plywood /
other similar
materials

The sheet of whichever material
you’re using, someone who knows
how to use a laser cutter, and the
laser cutter

Begin by drawing the outline of your wheel in a
CAD program. Once you are satisfied with the
design, ask the person who knows how to
laser-cut for help in creating your wheel (I don’t
know enough about laser cutting to speak on
specifics). Once finished, you can use O-rings or
balloons to increase traction as described
above.

3D Printing; Plastic

Filament, a high-quality
3D-printer, rubber
O-rings/balloons, and the design.

Start with the design of the wheel frame. The
advantage of 3D-printing your wheels is that
you can customize more than just the width and
diameter, you can play around with designing
spokes and mounting systems yourself.
However, the issue with 3D-Printed wheels is
usually the quality of the printer. You need your
printed wheels to be as round as possible, so it’s
possible that your school’s printer won’t do.
You may need to contact a commercial
3D-printing service instead (quite expensive).
After the frames of your wheels are printed,
then stretch your O-rings/cut-up balloons over
them.
Note: To my knowledge, no one has yet had
success with casting rubber around a printed
frame (similar to how BaneBots wheels seem to
be manufactured) - I encourage you to explore
this option if you get the chance, but it’s a
complicated and expensive process. I am
running some experiments of my own, so make
sure to contact me if you are interested in my

project.

Step 3:
Now that you’ve decided on wheels and your frame’s material, it’s time to finalize your prototype’s parts list. I
highly recommend creating a parts list document like mine - it’s also a good place to collect your information
on the event in general.
Part(s)
Axles / Braking
System
(Figure 3.1)

Description
The wingnut-threaded rod method has dominated the braking system meta for who
knows how long now. Nowadays, those who shun the wingnut system are either seen as
looney or as geniuses that have evolved beyond humanity.
Jokes aside, you only need a threaded axle and a wingnut to build this easy braking
system. The principle behind it is simple: as your vehicle travels forward, the axles spin the wingnut can’t rotate with the axle, so it travels down the rod until it locks into place
against the frame of your vehicle (see the Scrambler Wiki for more details).
These items are available at many stores, including Lowe’s, Home Depot, and ACE
Hardware (just to name a few). I like to use ¼” threaded rods (20 threads per inch, aka
TPI) and the matching wingnuts, but that is mostly personal preference.
For the non-braking axle, you can use a carbon fiber rod, a metal D-shaft, or another
threaded rod - it doesn’t matter as long as it fits inside the bearings.

Bearings
(Figure 3.2)

Bearings are very important in reducing friction. There are a few options you can choose
from: regular bearings, flanged bearings, and bearing blocks. None are better than the
others, which type of bearing you purchase is really just preference. However, I find that
bearing blocks are extremely useful in wood/metal designs due to easy mounting.
3D-Printed designs can generally do very well with regular or flanged bearings since the
“bearing blocks” are built into the corner connectors.
Ball bearings are a bit expensive so below is a more affordable alternative that’ll stretch
your budget much less.

Bushings

Bushings are a cheaper way to reduce friction near the axles if you can’t afford bearings.
They look like small tubes, usually made out of nylon or metal, in which axles revolve. You
can find these at Home Depot or another similar store.

Dowel

Weights

The rules are usually pretty specific on what to use for the dowel. Any straight ¼” stick
will do.
Here’s where things get sketchy because this is something that only applies to Gravity
Vehicle (which again, I didn’t do last season). My advice is to ask the Science Department
at your school if they have scientific weights you can borrow for the season. If they say
no, or they don’t have them, then you have to be a bit more creative. I see two feasible
possibilities:
1. Manufactured metal cubes/slabs (as dense as possible).
2. Commercially available metal bars that you can cut into small lengths (found at
Home Depot and similar stores, though you’ll need special tools to cut most
metals)

Figure 3.1

Figure 3.2

Wingnut Braking System (Source: scioly.org)

Flanged Ball Bearings

I’ve also compiled a list of tools you might need, and which designs they may be needed for:
Tool + Example Product

Appx. Price Range

Rotary Tool

$40 - $200

Notes
● Very useful for cutting carbon fiber, among
numerous other materials.
● Those using a combination of 3D-Printed parts
and carbon fiber would benefit much from this
versatile tool.
The GOXAWEE kit seems to offer a ton of value,
considering the high average rating and low price.
However, a Dremel brand tool may still be the safer
bet given the company’s status and reputation in the

industry.
Drill

$20 - $150

● Essential for anybody building a wood chassis,
but also useful for most other building
projects.
● A worthwhile investment for any avid builder
(if they don’t have one already).
The RYOBI 18V cordless I own is super reliable, but
what I’ve heard is that all brands make drills about the
same.

Miter Saw

$100 - $400

●
●
●
●

Useful for cutting wooden boards/studs
Fancy angles possible
Can cut aluminum with the right blade
VERY DANGEROUS, BEWARE

I honestly don’t think there’s a valid reason for anyone
to buy this, since many high school machine shops
allow students to use them for free (under strict adult
supervision). Even if your school doesn’t have one, it’s
still probably cheaper to pay someone and have them
do the machining for you (which is fine, don’t worry
about the build policy unless they’re making your
whole vehicle).
However, a miter saw is still incredibly useful (and
very versatile). If you find one on sale as I did, it’s not
a bad investment to make if you already build a lot
and see yourself using this in years to come.
Snap Ring Pliers

$10 - $50

● Nearly impossible to remove the mounting
snap rings without a pair.
● Needed for anyone using BaneBots wheels.
The Channellock pair I linked is on the expensive side,
but I find that the quality definitely makes up for the
price.

Hacksaw

$5 - $30

● Great for cutting threaded rod.
● Used for lots of other building projects, a
cheap but great investment overall.

File Set

$8 - $50

● Useful for sanding down the sharp edges of a
freshly-cut threaded rod.
● A good alternative to sandpaper in a pinch.

Hex Key Set

$5 - $20

● Not really used for anything except for
tightening BaneBots wheel hubs

Sandpaper

Depends on quantity

● Useful for building with any material, though

it’s more important for wooden vehicles.
● Good for removing support material from
messy 3D-prints.

Step 4:
At this point, you should have ordered all of the parts for your first prototype vehicle. Your next step is to draw
up the blueprints.
The plans can be as detailed as you like - tinkerers may opt for a single rough sketch, while planners might
want to create to-scale build plans with multiple views. I’m more of a planner myself, so I’ve attached some of
the preliminary sketches from last year below (before my coaches released the event assignments smh).

Design

Description

Box
(Figure 1.1 &
Figure 4.1)

One of the simplest chassis designs to build. It’s pretty straightforward for wood and
metal, but consider creating connector pieces in each corner in combination with carbon
fiber rods to form a nice, sleek box for 3D-Printed designs.

Board
(Figure 4.2)

Get a plywood board or metal plate, and screw some bearing blocks onto the
top/bottom. It’s that easy.

Formula 1
(Figure 1.3)

An F1 vehicle is easy to recognize for its distinct capital “I” shape (doesn’t show up in this
font but oh well), where its front and back sections are bridged by a narrower center
beam. The Formula 1 design is more useful for events like Battery Buggy or Electric
Vehicle where you need space for battery packs and other electrical components, but this
unorthodox strategy can achieve great results in Gravity Vehicle as well. The F1 shape
allows for the easy incorporation of a steering system, and it has better chassis torsion to
adapt to inconsistencies on the competition floor. windu34’s 2016 Electric Vehicle was
built in this manner, and it achieved very impressive results on the National Stage. I highly
recommend watching his video on YouTube some time
Figure 4.1

Figure 4.2

Aluminum Electric Vehicle by Nestor Tkachenko,
modified box design (Source: YouTube)

Battery Buggy, modified board design (Source:
YouTube)

Tips:
● Incorporate the bearings into your design beforehand, or you may find yourself struggling to find a
place to put them when building later on.
● Decide whether or not you want to use an adjustable steering system. This is less relevant for seasons
where you don’t need to travel in a curve, but no vehicle is built perfectly - that means it may not
travel completely straight. See Step 7 for more info regarding this.
● For those who are 3D-printing/laser-cutting their vehicles - any mistakes that surface after building
your vehicle mean wasted material (and wasted money). Make sure to spend extra time thinking about
all the aspects of your design, how they might work together, and which parts could cause
problems/interferences.
● Consider using CAD to draw up blueprints. This advice applies to those building with metal and wood,
not just those who are printing/laser-cutting their designs. CAD programs usually have functions like
interference detection, which help you foresee any problems that may occur during the building
process. I recommend SolidWorks, Fusion360, or OnShape, though I prefer Onshape for its streamlined
design and web browser capabilities (works on Chromebook).
● Don’t use pen for hand-drawn designs - a simple spell tip, but quite unbreakable useful. Erasing a
pencil line is much easier than redrawing a blueprint because of a small mistake in pen.
● TL, DR: The more effort you put into the design process, the less likely you’ll mess up and force yourself
to rebuild in the next step.
Step 5:

To be honest, there’s not much more I can advise you on since everyone’s design will be different. However,
I’ve compiled some tips that apply to each chassis material:
Material

Tips

Wood

● Find someone with woodworking experience to help (e.g. a woodshop
teacher). It takes a while to learn by yourself (that or I was just really
stupid as a 7th grader).
● The simpler, the better. Both box and bearing block-board designs are
lighter and easier to build than F1 designs.
● Don’t be too OCD about making all the angles perfect; finish the build as
fast as (reasonably) possible and focus on testing. A simple, well-tested
design will do better than an untested design with lots of bells and
whistles (I learned this the hard way).
● Choose power tools over hand tools, they’ve got gadgets to help you cut
straight and whatnot. Be safe though, and don’t go out to purchase tools
you’ll use this Science Olympiad season and never touch again.

Metal (e.g. Aluminum
Angle Bars)

● Find someone with access to and experience in operating heavy
machinery (hand tools are slow and inefficient)
● For box designs, use two machine screws/nuts per corner (or else the
frame will wiggle).
● Make sure your angles are perfect; metal is much less forgiving than
wood.
● Skedaddle if someone brings out an angle grinder so you don’t get set on
fire from the sparks.

Carbon Fiber /
3D-Printed Hybrid

● Print out the connectors and try to press-fit all the CF rods in. Do a few
test runs on the floor before gluing them in with epoxy (once you use
epoxy it’s permanent).
● If the holes are too small for a press fit, use a file to widen them.

● If they are too large, you can wrap the rods in masking tape to increase
the width.
● You can try printing out new connectors with adjusted tolerances if you
can spare the material.
Miscellaneous:
● You can use a simple hacksaw to cut threaded rods.
● It doesn’t matter how you secure your weight, as long as it doesn’t move around. If that means
clutching up with zip ties.
Step 6:
Now that you’ve got a working vehicle (yay!), you need to build the ramp to launch it. Again, this section is
sketchy since I didn’t do Gravity Vehicle last season. However, here’s how I would build mine:
Materials: sheet metal / bendable plywood, some 2x4s for support posts, two sheets of regular plywood,
screws, and your release mechanism (ex. Binder clip)
Tools: Bandsaw or similar, drill, and drill bits
1. Cut out paths for your planned curve on the regular plywood, and cut them out using the bandsaw.
2. Construct a basic frame with the curved plywood pieces and the 2x4s. Use wood screws.
3. Bend the sheet metal onto the frame, and attach using metal screws (pre-drill the holes).
4. Attach a binder clip to the top for your release mechanism.
5. Enjoy!
Notes:
● Don’t use a straight ramp, your vehicle may change direction from the impact once it reaches the
ground.
● Many people talk about making their ramps in the shape of a brachistochrone curve, which is the path
of quickest descent. Here’s a simple explanation on why it’s not needed:
○ Let’s say two identical vehicles start at the same height on two different ramps.
○ One ramp is a brachistochrone and the other a simple curve.
○ Since both cars start with the same amount of potential energy, they will have around the same
amount of kinetic energy once they reach the bottoms of their respective ramps (assuming the
energy lost from the frictional force is roughly the same).
○ KE = 0.5mv2 , which essentially means the more kinetic energy you have the faster your vehicle
will be.
○ The two identical vehicles will travel at the same speed, despite the ramps being different.
○ TL, DR: The difference between a brachistochrone ramp and a standard curved ramp is
negligible, so don’t bother stressing if your ramp isn’t a brachistochrone. A regular curve is
perfectly fine.
Step 7:

Now, it’s time to test. There’s not much to it except spending a lot of time getting to understand your vehicle,
its nuances, and its feelings. Here are some things to consider:
● Efficiency of release mechanism - I can’t offer any more advice here, since I honestly need to figure
release mechanisms out myself. Just experiment, and you’ll eventually find something that works for
you.
● Vehicle speed - Can you reduce friction? Do you need to adjust the vehicle’s center of mass by moving
the weight(s)?
● Cleaning your wheels - Wipe your wheels down with a damp cloth/paper towel before doing your first
run. Believe it or not, the dust on your wheels can cause significant wheel slippage, which has a
profound effect on your vehicle’s accuracy.
● Cleaning the track - If you’ve seen a competitor doing this at a competition, then you know that they
mean business. As mentioned above, dust can cause wheel slippage. Swiffering the track (with a dry
Swiffer cloth, wet ones aren’t allowed) before your two runs can really help you improve your
consistency. Keep in mind that cleaning the track does count for time, so be quick.
● Oversteer and understeer - this is only relevant if the rules require a curve for the season, but I’ll give a
quick explanation anyways. Understeer occurs when your vehicle is traveling faster than usual and
when the arc you expect your vehicle to travel on expands. Don’t underestimate it - this was the main
reason for my Battery Buggy missing the can bonus at SONT2019, as I didn’t account for the fact that
fresher batteries will cause a car to travel faster. Oversteer is the direct opposite of understeer; the
slower a vehicle travels the smaller the travel arc will be.
● Adjustable steering - there are a lot of methods, none of them easy, so I’ll just name the two I know
best - threaded rod and caliper steering. They both rely on the principle of changing the axles from
parallel to non-parallel by adjusting the caliper / nut on the threaded rod. This allows the vehicle to
travel straighter or on a curved path of your choosing.
● Keeping track of time - this may seem small but in the heat of competition 8 minutes goes by very
quickly. At SONT2019 (here I go again sorry), I spent so much time preparing for my first Buggy run that
I was rushed to complete my second run in the final 10 seconds. The moral of the story is to be
efficient and to completely familiarize yourself with all event procedures prior to competition.
So... this is where my advice ends. Thanks for reading my guide, and I hope it was helpful! If you have
feedback, questions, etc., feel free to message me on the forums, check out my extended vehicle guide on
YouTube, or email me at dawencheng@outlook.com
Good luck in competition!
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