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Preface 

For decades, the familiar hum of brushed motors has been the soundtrack of slot car racing.  These reliable 
workhorses have powered countless laps and fueled a vibrant hobby community.  However, a new era is dawning, 
beckoning enthusiasts with the exhilarating potential of brushless technology.  For the curious newbie, navigating 
this uncharted territory can be daunting.  This paper aims to demystify brushless technology, highlighting its 
potential, challenges, and considerations for newcomers looking to make the leap. 

At its core, brushless technology replaces the traditional brushed motor with a rotating magnet surrounded by 
electronically controlled electromagnets.  This eliminates the friction and sparking inherent in brushed motors, 
offering a slew of advantages.  Firstly, increased efficiency and reduced maintenance reign supreme.  Brushless 
motors generate less heat, extending component lifespan and decreasing wear and tear. Secondly, superior 
power delivery translates to higher torque and smoother acceleration, particularly at low speeds. This enhances 
control and finesse, particularly on challenging tracks. Furthermore, the absence of brushes contributes to 
reduced EMI (electromagnetic interference) and lead to more consistent track performance and potentially 
allowing for closer racing. 

However, the transition to brushless is not without its bumps.  Compared to brushed motors, brushless setups 
are initially more expensive and technically complex.  The additional electronics required – an electronic speed 
controller (ESC) and a brushless motor – raise the initial investment.  Installing and configuring these components 
can be intricate for novices, often requiring soldering and programming.  Additionally, brushless motors exhibit 
a steeper learning curve in terms of driving style.  Their instant torque and powerful response demand a more 
nuanced approach to throttle control and car setup, particularly when pushing for the edge. 

So, where does a fledgling slot car enthusiast stand?  Is brushless a worthy upgrade, or should brushed remain 
the mainstay?  The answer, as often in hobby pursuits, lies in personal preference and racing ambitions.  For 
casual fun and relaxed lapping, brushed motors provide ample enjoyment and remain a cost-effective entry point. 
However, for those seeking the ultimate in performance, control, and long-term value, brushless technology 
beckons. 

For the adventurous newbie, embarking on the brushless path requires careful planning and informed decisions.  
Researching different motor and ESC options based on compatibility, track voltage, and desired power levels is 
crucial.   Seeking guidance from experienced enthusiasts and consulting online resources can demystify the setup 
process.  Moreover, starting with a readily available brushless-equipped chassis can ease the transition, allowing 
for later tinkering and customization. 

In conclusion, brushless technology presents a compelling, albeit more involved, alternative to traditional 
brushed motors for slot car enthusiasts.  While embracing its learning curve and initial investment demands 
commitment, the rewards are substantial. Brushless offers unparalleled performance, improved efficiency, and 
opens doors to advanced tuning possibilities.  Ultimately, the choice between brushed and brushless boils down 
to individual goals and driving styles.  For the novice eager to push the boundaries and experience the electrifying 
world of brushless racing, the journey, though intricate, holds the promise of exhilarating speed and unbridled 
control.  So, buckle up, newbie, and prepare to unleash the hidden potential within your slot car.  The brushless 
revolution awaits you. 

Good Racing, 
Ken 
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Powering Your Slot Car into the Future 

The whirring of brushed motors has been the soundtrack of slot car racing for decades, but a new era is here – 
the era of brushless BLDC motors. These advanced powerhouses offer exhilarating performance, smoother 
control, and extended lifespan, but for newbies, they can seem like a complex mystery. This guide aims to 
demystify sensor-less BLDC motors, specifically focusing on a configuration with a 9-position stator and 12 
magnets, making it understandable even for those with no prior electrical knowledge. 

Imagine the Inside: 

Picture your slot car engine.  Instead of brushes rubbing against a commutator, you have a stator, a stationary 
ring with nine electromagnets arranged in a circle. Outside this ring spins the rotor, a shaft holding twelve 
permanent magnets.  These magnets are positioned in a specific pattern (often alternating north and south poles) 
to create a rotating magnetic field. 

The Magic of Electromagnetism: 

Now, here's the cool part: the ESC (Electronic Speed Controller) takes your throttle input and sends precise 
electrical pulses to the stator's electromagnets. These pulses create their own magnetic fields, interacting with 
the permanent magnets on the rotor. This interaction generates torque, the twisting force that propels your car 
forward. 

Key Differences: 

Traditional brushed motors rely on physical brushes making contact with the commutator to switch the current 
and control the rotor's direction. BLDC motors ditch this mechanical contact, using the ESC's intelligent control 
for switching. This eliminates friction and sparking, leading to: 

• Higher Efficiency:  Less energy is wasted as heat, resulting in longer run times and lower operating 
temperatures. 

• Smoother Power Delivery:  No brush bounce means consistent torque, especially at low 
speeds, translating to improved control and handling. 

• Reduced Maintenance:  No brushes to wear out or replace, meaning less tinkering and more racing! 

The 9-12 Dance: 

Our specific focus is on a 9-position stator with 12 magnets. This combination creates a unique interplay between 
the magnetic fields. As the rotor spins, its magnets pass near the stator's electromagnets. The ESC, using 
calculations and algorithms, predicts the rotor's position and sends pulses to the appropriate electromagnets to 
create a rotating magnetic field ahead of the rotor. This "pulls" the rotor along, maintaining the desired rotation 
speed. 
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Sensor-less vs. Sensored: 

BLDC motors can be sensor-less or sensored. Sensored motors have additional sensors (usually Hall-effect 
sensors) that directly tell the ESC the rotor's position. Sensor-less motors, like the one we're discussing, rely on 
the ESC's calculations and back-EMF (electromagnetic force) generated by the motor itself to estimate the 
position. This makes them slightly less precise but simpler and more cost-effective. 

For Our Newbie Racers: 

So, should you jump into the brushless world?  Here's a breakdown for newbies: 

Pros: 

• Unmatched Performance:  Higher torque, smoother acceleration, and better efficiency for faster lap 
times. 

• Reduced Maintenance:  No brushes to worry about, meaning more time on the track. 

o You don’t have to break in a brushless motor, there are no brushes to wear into the commutator. 

o Without brushes a properly configured brushless motors will last thousands of laps and perform 
on lap one the same as lap 5,000, reducing the overall cost of ownership. 

• Reduced Weight:  A comparable brushless motor will reduce the weight of the chassis by an average of 
12 grams.  

o Reduced weight in the rear of the car will increase cornering speeds on the track. 

o Reduced weight will reduce lap times. 

•  Future-proofing:  Brushless technology is the future of slot car racing, and in some instances offering 
access to advanced settings and tuning possibilities. 

Cons: 

• Higher Cost:  Initial investment in a brushless ESC and motor is higher than brushed setups. 

• Technical Complexity:  Setting up and tuning brushless systems requires more knowledge and skill. 

• Steeper Learning Curve:  Brushless motors respond differently to throttle inputs, demanding a more 
nuanced driving style. 

The Newbie's Path: 

If you're excited about the potential of brushless but hesitant about the complexity, here are some tips: 

• Start with a brushless-ready chassis:  KC Racing offers pre-built chassis with ESCs and motors already 
installed.  This simplifies setup and allows you to focus on driving. 

• Seek guidance:  Join online forums and Facebook communities, connect with experienced 
enthusiasts, and ask questions.  Learning from others can make the transition much smoother. 
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• Take it slow:  Don't jump into competitive racing right away. Practice with the brushless system, get 
comfortable with its handling, and gradually hone your driving skills. 

Beyond the Basics: 

This guide provides a foundational understanding of sensor-less BLDC motors, but there's so much more to 
explore!  As you delve deeper, you'll encounter terms like back-EMF, timing settings, and advanced tuning 
options.  Embrace the learning journey, seek out resources, and experiment!  Remember, the thrill of mastering 
brushless technology and unlocking your slot car's true potential is worth the effort. 

So, buckle up, and let the brushless revolution begin!  

Key Numbers You’ll Find on BLDC Motors: 

1. Four-Digit Number (e.g., 1106, 1404): 

• Represents the essential dimensions of the stator: 

o The first two digits indicate the stator's outer diameter in millimeters. 

o The last two digits indicate the stator's stack length in millimeters. 

• Example: A 1106 motor has a stator with a diameter of 11mm and a length of 6mm. 

2. Kv Rating (e.g., 3200Kv, 4500Kv): 

• Indicates the motor's speed constant: 

o It represents the number of revolutions per minute (RPM) the motor will produce per volt of 
input, without any load. 

o Higher Kv motors are generally faster but have less torque. 

o Lower Kv motors are slower but have more torque. 

• Example: A 3200Kv motor will spin at 3,200 RPM for every volt applied.  With a track voltage of 13.8 
volts the motor top rpm potential is found by multiplying the Kv rating by the track voltage so 3200 x 
13.8 = 44,160 rpm. 

3. N Number (e.g., 9N): 

• Indicates the number of electromagnets (poles) in the stator. 

o More poles can provide smoother operation and potentially higher torque. 

• Example: A 9N motor has 9 electromagnets in its stator. 

4. P Number (e.g., 12P): 

• Indicates the number of permanent magnets in the rotor. 
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o More magnets can increase torque but may also increase weight and inertia. 

• Example: A 12P motor has 12 permanent magnets in its rotor. 

5. Motor mounting: 

• 9x9 – indicates the mounting spread dimension of the mounting screws in millimeters. 
• Most BLDC motors used in slot cars are either a 9x9 or 12x12 pattern.  

6. S Number (e.g., 3S) 

• The BLDC is designed to operate with a Lipo (Lithium Polymer) battery. 
• The voltage in LiPo (Lithium Polymer) batteries is determined based on the number of cells they have, 

and we can easily identify this by referring to the "S" count.  Each LiPo cell is rated at 3.7v so a 2S LiPo 
means it's a 2-cell battery and 7.4v, a 3S is 11.1v, 4S is 14.8v and 6S is 22.2v. 

• A deep secret is that a fully charged Lipo battery will achieve a 4.2v maximum safe charge.  So, the 
operational high voltage of the S rating is increased where a 3S is 12.6v, 4S is 16.8v and 6S is 25.2v. 

• A BLDC deployed in road racing usually carries a 2S - 3S rating, where drag racing you will find BLDC 
ratings of 3S – 4S or more.  

BLDC Voltage Rating: Understanding the Power Behind Your Motor 

In the world of brushless DC (BLDC) motors, one crucial spec often sparks confusion: voltage rating.  Unlike the 
clear-cut "12V" label on your car battery, BLDC motors don't always have a single, definitive voltage limit. 
Understanding this nuance is key to choosing the right power source for your application. 

Beyond a One-Number Answer: 

The voltage rating for a BLDC motor isn't simply a fixed maximum operating voltage.  It's more like a spectrum, 
influenced by several factors: 

• Design and Construction:  The materials and winding configuration of the motor determine its voltage 
tolerance. 

• Desired Performance:  Pushing the motor to its edge in terms of speed or torque could require a higher 
voltage than normal operation. 

• Thermal Management:  Ensuring adequate cooling becomes crucial at higher voltages to prevent 
overheating and damage. 

Interpreting the Range: 

Most BLDC motors will come with a voltage range instead of a single rating. This range indicates the safe 
operating voltage window: 

• Minimum Voltage:  The voltage below which the motor won't produce enough torque to function 
effectively. 

• Maximum Voltage:  The voltage beyond which the motor risks overheating, insulation breakdown, or 
even permanent damage. 
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Finding the Sweet Spot: 

Choosing the right voltage within the safe range depends on your specific needs: 

• Higher Voltage:  Boosts overall power, translating to higher speeds and increased torque. However, this 
also raises the risk of overheating. 

• Lower Voltage:  Offers gentler operation, extending motor lifespan and potentially improving efficiency. 
However, it might limit your speed and torque potential. 

Additional Tips: 

• Start with the manufacturer's recommendations:  They have tested the motor and will usually suggest a 
safe voltage range. 

• Consider your application:  Match the voltage to the desired performance level and operating 
conditions. 

• Monitor operating temperature:  Use an infrared thermometer to ensure the motor doesn't overheat 
when running at a specific voltage. 

By understanding the nuances of BLDC voltage rating, you can choose the perfect power limit(s) for your slot 
car, unlocking optimal performance and maximizing the lifespan of your brushless motor. 

Remember, when in doubt, always consult the motor's specifications and prioritize safe operation over pushing 
the limits.  Happy racing! 

Additional Numbers You Might Encounter: 

• Current Rating (Amps): The maximum continuous current the motor can safely handle.  
• Resistance (Ohms): The electrical resistance of the motor's windings.  
• Weight (grams): The weight of the motor. 
• Torque (N*m): The rotational force the motor can produce. 
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The Unsung Hero: Introducing the ESC in a BLDC Slot Car 

In the thrilling world of brushless slot cars, the roar of the motor and the rush of speed steal the spotlight. But 
behind the scenes, a crucial component works tirelessly to convert your throttle input into electrifying 
performance – the Electronic Speed Controller (ESC). 

Imagine the ESC as your slot car's brain, orchestrating the dance between user track-controlled power and the 
complex language of brushless motors.  Unlike brushed motors with their physical brushes, BLDC motors require 
intelligent control to spin efficiently and smoothly.  That's where the ESC comes in, wielding its magic in three key 
ways: 

1. Power Conversion: 

• Most track hand controllers deliver raw DC voltage, but the BLDC motor thrives on precisely timed pulses 
of current in different directions. 

• The ESC acts as a translator, transforming the steady DC voltage into the specific sequence of electrical 
pulses needed to control the motor's electromagnets. 

2. Sensor-less Wizardry: 

• Most BLDC slot car motors are sensor-less, meaning they lack internal sensors to tell the ESC their exact 
position. 

• The ESC uses its own calculations and clever tricks like monitoring back-EMF (electromagnetic force) 
generated by the motor to constantly estimate its position and adjust the current pulses accordingly. 

• It's like a blindfolded conductor, using intuition and feedback to keep the orchestra in perfect harmony. 

3. Control Center: 

• The ESC serves as the central hub for various functions: 

o Throttle control:  It translates your trigger input into the appropriate power level for the motor. 

o Direction control:  It reverses the current flow in the motor's electromagnets to change direction. 

o Braking:  It can apply reverse current to generate braking force using the motor. 

o Protection:  It monitors temperature, current, and voltage to prevent overstress and damage to 
the motor and battery. 

Beyond the Basics: 

Modern ESCs offer a world of advanced features: 

• Programming:  Some ESC’s allow the user to tweak settings like timing, acceleration curves, and brake 
force for optimal performance on different tracks. 
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Choosing the Right ESC: 

Selecting the right ESC for your BLDC slot car depends on several factors: 

• Motor compatibility:  Ensure the ESC's voltage and current ratings match your motor's requirements. 

• Features:  Choose the features you need based on your driving style and preferences. 

• Budget:  ESCs range in price from basic models to feature-packed powerhouses. 

In Conclusion: 

The ESC, though often hidden away, is the unsung hero of your BLDC slot car. It's the conductor, the translator, 
the guardian angel, ensuring your motor sings its beautiful song of speed and control.  So, next time you hit the 
track, give a silent cheer for the ESC, the brain behind the brawn, the invisible magician making your brushless 
slot car dreams a reality. 

The Intricate Dance of an ESC in a BLDC Slot Car 

We've established the ESC as the maestro of your brushless slot car, but let's delve deeper into the technical 
ballet it orchestrates.  Buckle up, as we break down the ESC's operation in detail: 

1. Power Conversion: 

• Your controller delivers constant DC voltage, but the BLDC motor craves precisely timed pulses of 
current flowing in different directions. This is where the PWM (Pulse Width Modulation) technique kicks 
in. 

• The ESC acts like a digital sculptor, chopping the DC voltage into a series of rectangular 
pulses. The width of these pulses determines the average voltage delivered to the motor, controlling its 
overall power output.  Wider pulses mean higher average voltage, narrower pulses mean lower voltage. 

• But it's not just about width; the timing of these pulses is crucial.  The ESC meticulously coordinates the 
sequence of pulses sent to each of the motor's electromagnets to create a rotating magnetic field that pulls 
the rotor around. 

2. Sensor-less Wizardry: 

• Most BLDC slot car motors use sensor-less technology, meaning they lack internal sensors to tell the ESC 
their exact position. This adds a layer of complexity to the ESC's dance. 

• The ESC employs two clever tricks to estimate the rotor position: 

o Back-EMF monitoring:  As the rotor spins, it generates a tiny back-EMF voltage in the 
windings. The ESC constantly monitors this voltage and its frequency, which are directly related 
to the rotor's position and speed. 

o Hall effect emulation:  Some ESCs analyze the current flowing through the motor windings to 
predict its state and estimate the rotor position.  This technique mimics the functionality of Hall-
effect sensors. 
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• Using these readings, the ESC constantly adjusts the timing and width of the PWM pulses to maintain the 
desired rotation and direction of the motor.  It's like a blindfolded juggler, keeping multiple balls 
(electromagnets) in the air by anticipating their movements. 

3. Additional Functions: 

• Throttle control:  Your trigger input goes to the ESC, which translates it into the appropriate PWM 
sequence for the motor, determining acceleration and speed. 

• Braking:  Applying reverse current to the motor windings creates a braking force.  The ESC can control 
the duration and intensity of this reverse current for smooth and efficient braking. 

• Protection:  The ESC may monitor various parameters like current, input voltage and reverse input 
voltage.  If it detects any unsafe levels, it can limit power output, or even shut down the motor to prevent 
damage. 

The ESC in your BLDC slot car is a marvel of electrical engineering and control theory.  It orchestrates a complex 
dance of power conversion, sensor-less estimation, and precise timing to make your brushless motor sing.  By 
appreciating its intricate operation, you gain a deeper understanding of your slot car's performance and unlock 
the potential for further tuning and personalization.  So, the next time you hear the whirr of your brushless motor, 
remember the silent but essential symphony conducted by the ESC, the true maestro of your slot car's electrifying 
performance. 

 

About KC Racing: 

KC Racing is the premier manufacturer of brushless technology for the slot car community. 
 
Accolades and Accomplishments: 

• First to offer for the Western Hemisphere a website to purchase ESC’s and BLDC products for the slot 
car community. 

• First to introduce a BLDC design specific for use in a slot car, eliminating the need to modify the motor 
for pinion installations. 

• First to offer a BLDC powered roller flexi-chassis. 
• First to offer a drag racing ESC preconfigured for installation direct into the drag racing car. 
• First to offer a complete line of drag racing chassis specific for Brushless Technology. 

As if that wasn’t enough, watch, we have much more on the horizon! 

 


