
A fifteen pound battlebot is fairly simple to design and build when compared to a 120 lb bot. However, 
the complexity of the electrical system is not significantly less. Granted, it's fairly simple even in the larger bots, 
but there are still some tricks to learn so that you can get it right. 

In order to make a robotic system that works, you need several components. Any electric circuit needs a 
power source – in this case, we use batteries. These batteries power DC motors (because batteries output direct 
current). Since these bots are remote controlled, there needs to be some sort of remote-control system. 
Currently, the best systems for battlebots are the Spektrum systems. The R/C receiver chip is small, and uses 
PWM outputs. To make a DC motor run from an R/C signal, there needs to be either a PWM-driven voltage 
regulator (speed controller) or a PWM-activated switch. There also needs to be a master power switch so that 
the bot isn't running every second that the batteries are connected. This could be potentially very dangerous. 

PWM CABLES
First off, these nifty little cables are called PWM cables. PWM 

stands for Pulse Width Modulation. This is a fairly standard   R/C 
system signal cable. There are three wires - a red, a black, and a white 
(or in some cables, a brown, orange, and red) – that end in a 3-lead 
connector. The white pin cable (or orange) is the signal cable, and red 
and black (or red and brown) are positive voltage and ground, 
respectively. These cables connect the R/C receiver chip to the speed 
controllers (and/or relays, solenoids, etc). They allow the bot to be 
remote controlled.

RECEIVER CHIP
This is probably the most important part of your battlebot. Without this 

chip, the bot has no remote-control. This is the receiver chip. Spektrum is the 
manufacturer of model airplane controller systems, which are also commonly used 
by battlebots. Their controller systems are so popular amongst bot builders that they 
have manufactured a “bot” receiver chip that is much more durable than their 
standard receiver chips. I strongly suggest using this BR6000 bot receiver  with a 
Spektrum DX6 or DX7 controller. This receiver needs a 5V power source to 
operate – this is important and I will mention it later.

MOTORS
Your motor choice will depend very heavily on the application of the motor. There are several powerful, 

lightweight motors available from RobotMarketplace – I have listed some examples here:

Whatever motor you decide to use, it will have either two wire leads or two terminals – a positive and a 
negative. There are two types of DC motors: brushed and brushless. Brushed motors are less expensive, and 
work using stationary conducting brushes that come into contact with rotating electromagnets on the motor 
shaft. With a brushless motor, the electromagnets are mounted around the exterior of the motor, and remain 
stationary. The shaft has much less weight attached to it, so spins with less centrifugal force and higher 
efficiency than a brushed motor. Brushless motors also have better cooling and can be completely enclosed to 
keep out dust and debris, but are significantly more expensive. Typically, the motors used in fifteen pound bots 
run from 7.2 to 12V, so you will need a battery pack and speed controllers that can handle the voltage you use. 

Motors Voltage RPM Stall Torque Weight Shaft diameter
COPAL 50:1 Gearmotor – 12V up to 22.8V 330 @ 12V 53.35 oz-in @ 12V .71 oz 4 mm round with 2 f lats

COPAL 30:1 Gearmotor 12V 770 @ 12V 52.49 oz-in @ 12V .88 oz 3 mm with f lat

PK27 Geared Motor 27:1 12V + 230 @ 12V (no load) 270 oz-in @ 12V 9.0 oz 6 mm with f lat

Speed 400 Motor 7.2V 12700 @ 7.2V  (loaded) 12 oz-in @ 7.2V 2.55 oz 2.3 mm

550 Size Motor 12V 24000 @ 12V 91.65 oz-in @ 12V 8.20 oz 3 mm

Small Johnson Motor 12V 16000 @ 12V 78.7 oz-in @ 12V 7.50 oz 1/8” (3.2 mm) splined

Mini EV Motor 12 – 18V 18000 @ 12V (no load) 64.64 oz-in @ 12V 16.45 oz 5 mm with f lat



SPEED CONTROLLERS
Speed controllers (SCs) are just PWM-driven voltage regulators. There are two types of speed 

controllers: reversible and non-reversible. For a drive system, it is imperative that the speed controllers be 
reversible. However, for a weapon system, if there is no need to reverse the direction of a spinning weapon, then 
there is no need for a reversible speed controller. For every motor that requires independent control, you need a 
separate SC. For D.O. (the fifteen pound bot that we built and competed with last year), we had three 
independent motors, which means we needed three independent SCs. This is a fairly typical setup: One motor 
for the weapon, and two for the drive system (one on each side). D.O.'s weapon was non-reversible, so we did 
not need a reversible SC. We used a SpeedMax-40, which is a very good little SC. For the drive system, I 
strongly recommend the dual-SC that we found and used: a Sabertooth 25 Dual 25A Motor Driver. 
RobotMarketplace has a large selection of speed controllers. Personally, I only have experience with a few of 
them. 

SPEEDMAX-40
The SpeedMax-40 is a single channel speed 

controller that can handle up to 40 Amps. It has a 
programmable brake and BEC cut-off voltage. The cut-
off voltage is important because it helps protect over-
discharge of the battery pack. For example, if the cut-
off is set at 8V for a 12V pack and the battery is 
outputting less than 8V, the speed controller will not 
draw current from the battery to drive the motor that it 
is controlling. Wiring is very simple. The four leads are 
all clearly labeled on the face of this unit. The PWM 
cable is a brown-red-orange PWM, which may confuse 
you if you are used to white-red-black PWMs. Just 

remember that orange is signal, and red is ALWAYS positive voltage. The  M+ and M- leads connect to the + 
and – terminals on the motor. The B+ and B- leads need to be directly connected to the power source (after the 
main power switch, of course) and the best way to do this uses the Sabertooth dual SC. If you are not using this 
SC, then the cables need to connect to the negative output from the battery and the disconnected side of the 
power switch. The user's guide to this SC is here: http://www.robotmarketplace.com/images/SpeedMax-40.pdf

SABERTOOTH 25
This is a fantastic speed controller. It controls two 

motors independently and reduces the number of wires and 
parts in the bot. It can supply two motors with up to 25 Amps 
each  (50A peak). It has overcurrent and thermal protection, 
which means that you don't have to worry about motor stalls 
overvolting the SC and blowing out the circuitry. It has several 
operating modes that are set with DIP switches instead of 
jumpers, and screw terminals. It has regenerative braking, and 
a built in 5V BEC. A BEC is a Battery Eliminating Circuit 
which takes any voltage (up to a certain amount) and converts 
it to a constant lower voltage – in this case 5V. This will power your BR6000 bot receiver chip so you don't 
need a separate BEC. This is really useful! The six screw terminals are for your motors and battery leads. The 
two center ones (the ones connected in the photo) are the battery leads (they ARE labeled) and the two on either 
side are for each motor. The four small terminal blocks on the opposite side are for the PWM cables. Combine 
the two + leads and the two – leads (reds and blacks) and then screw the red leads into the second terminal 



(labeled 5V). The black leads go to the 0V terminal. Then one white goes to S1 and the other goes to S2.  
All that wiring is pretty straightforward. Now, things start getting a little more unlabeled. It is absolutely 
imperative that your bot have a “kill switch,” or a master power switch. Every bot's master power switch MUST 
interrupt the positive lead directly from the batteries. In this setup, the positive lead (red) from the batteries 
connects to one end of the switch. The other end connects into the + terminal of the Sabertooth SC. The 
SpeedMax-40 needs power as well, so there are two viable options. 

1. connect the B+ lead to the end of the power switch that is NOT connected to the batteries
2. connect the B+ lead to the B+ terminal of the Sabertooth SC

The ground (B-) lead can either splice in with the black lead from the batteries, or connect to the 
B- terminal of the Sabertooth SC. For D.O., we wired it the second way. The lead from the 
SpeedMax-40 were just stripped wire ends, and we put forked (spade) connectors on the leads 
from the batteries. Then, we bent the two prongs about 30º so that we could attach them into the 
terminals – but in order to connect BOTH wires into one terminal, the forked connector needs to 
go into the back of the terminal, so the stripped wire end just attaches normally. 

The red goop all over everything is liquid insulation – this is required for competition, so that nothing 
shorts and the bot's electronics are “safe.” Actually getting everything attached is kind of a pain, but it's how it 
needs to be done. If you are going to use more than one 12V battery pack, they need to be wired in parallel. If 
they were wired in series, the resulting voltage would be 24V, which would 
overvolt much of the electronics that the fifteen pounders use. To wire the 
battery packs in series, you need to make Y-splitter cables. One end needs to be 
the bent fork connector, and the other two need to be powerpoles to interface 
with the battery packs. Powerpole connectors are manufactured by Anderson-
Sermos, and are a plastic outer housing with a metal tab connector that snaps 
in on the inside. These are pretty sturdy, and stay together well, but for larger 
120lb bots, they do need to be zip-tied and/or taped so that they do not come 
apart. The worst feeling is coming out of a lost match and realizing your 
failure was simply an electrical disconnect. 

(Powerpole connectors)                    



ZIP TIES
In the larger weight classes, when everything isn't quite so compact, zip ties can hold a lot together. They 

are very strong, and very light. Zip ties are your friends! You can see plenty of photos of copperhead where 
there are zip ties either coming out of the bottom of the bot, or on the inside of the bot. We used a lot of them. In 
fifteen pounders, smaller zip ties help keep your wires tidy. Long PWM cables can get very messy and tangled, 
so it's a good idea to neaten them up with zip ties. But there is more than just an aesthetic purpose to tidy 
wiring. If a messy wiring tangle ends up rubbing up on a moving part, it can short, it can tangle, or it can cause 
other major problems. 

You can see in this photo, the small black zip 
ties keep the bundle of wires neatly together, and out of 
the way of the belt. It is a good idea to route your 
wiring in some logical sense so you can create bundles 
of wires going to the same place, instead of a bunch of 
single wires converging from all corners of the bot. 
This means that, when possible, your speed controller 
placement also needs to be somewhat logical, so that 
everything looks organized in some fashion.

HEAT-SHRINK WRAP
You can also see that there is a wrapping over 

the motor ends of the yellow wires, and over some of 
the other wires in the photo. All connections need to be 
either taped (with electrical tape) or wrapped with heat 
shrink wrap. This is a tube of a rubber/plastic 
compound that shrinks when heat is applied. This heat 
can either be provided by a heat gun (recommended) or 
by a small butane torch, with the heat shrink held out of 
the flame. You do not want to burn it, only shrink it.

SOLDERING
Every connection (with the exception of screw terminals) must be soldered. A crimped connection, while 

strong, may not be strong enough. Battlebots is all about overkill, so a connection that is both crimped AND 
soldered is ideal. A hand held butane torch is an important part of the soldering process. Some of the 
connections in larger bots use very large wires because the current is very high. To sit there with a soldering 
pencil and try and heat up the connection until the solder melts is ridiculous and time consuming. Sometimes it's 
just easier to heat up the connection with a blue-hot flame. When you are making a solder connection, it is very 
important that the joint be completely hot, so that you are melting the solder with the components of the 
connection, NOT just the tip of the soldering iron, or in the flame of the butane torch. When the solder just 
melts onto the surface of the joint, it's called a cold solder joint, and these are weak, and BAD. When you have 
stranded wire, and it gets hot enough so the solder melts into and through the strands of the wire, this is a good 
joint. 

This should be enough to get you started wiring your 15lb (or even 30lb) bot, once you have the design 
finalized, and the other components in place. Wiring is usually the final step in the construction process, but it is 
the most technical and complicated. Everything else is just following blueprints and designs and working with 
motors and metal. Don't get me wrong, this can be challenging and complicated too, but most of it is explained 
by the design of the bot; the electronics are not always so obvious. It is important that you understand what you 
are doing when you are wiring the bot, because some mistakes may permanently damage your components. 

GOOD LUCK!


