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ABSTRACT 

Keywords: digital slot car, slot car racing, controller, software, hardware. 

The main objectives of this Master of Science Thesis project are the design, develop-

ment and implementation of an innovative wireless electronic controller for digital slot 

car applications. A slot vehicle is an electrical powered model that is guided by a groove 

or slot in the track on which it runs. The slot controller designed allows an accurate con-

trol of the change lane, brake and throttle actions in slot vehicles and it resolves the pre-

sent problems of commercial slot car controllers.  

This project focuses on the complete development of the electronic hardware interface 

dedicated to control digital slot vehicles. The development was performed using an 

electronic platform that combines a low cost and high performance microcontroller, 

which is equipped with conditioning electronics necessary to achieve the adjustment of 

slot vehicles parameters. The control interface, conditioning electronics and the neces-

sary electronics for wireless communication are topics to considerer. 

The development of the system software is also broached in this project, which is re-

sponsible for providing different driving modes possibilities for users depending on the 

performance required by the characteristics of each slot racing circuit. For this devel-

opment, the main slot car controllers on the market have been analysed and the most 

common components in the multifunction control units of the circuits to perform a de-

sign that implements a microcontroller, which gives intelligence and enables to have an 

advanced control in digital slot car systems. 

The complexity of the project carried out is clear because it involves starting from 

scratch in research and the use of a large number of knowledge of different subjects and 

the real demonstration of proper operation. It is noteworthy that despite develop a good 

theoretical basis of the problem to be solved, its proper functioning in practise presents 

additional difficulties with respect to the theoretical model developed.  

The results have been satisfactory to achieve the proposed tasks from the beginning. 

The slot controller has a colour screen that provides an intuitive interface with the 

placement of the push buttons. The wireless communication allows more independence 

and different driving modes give to the controller new features never seen in previous 

slot car systems. The best reward is the development of a Masterôs Thesis project that 

has interest to the people. 
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1. INTRODUCTION 

In this introductory chapter, the project objectives and the different chapters in which it 

has been divided are presented. Objectives describe what has been developed and the 

overall progress of the project is justified. It also analyzes the complexity that can entail 

and what is expected to achieve completion. 

The chapters describe in a clear and concise manner the various aspects which have 

been the subject of research and development. Starting with the first phase of the study 

of the state of the art up to the last, where possible conclusions and future works are 

presented. The various objectives achieved in each chapter are exposed in a way that is 

useful both the author of the project as to any person who read this Masterôs Thesis to 

know the process of elaboration followed. 

1.1 Project objectives 

Throughout this project, the research is developed around a model of digital slot car 

circuit marketed by the Spanish company Ninco, equipped with a multifunction digital 

control unit which is the heart of the system and it is responsible for managing the speed 

of slot vehicles by the different lanes of a slot car circuit. 

The objectives of this project are the design, development and implementation of an 

innovative electronic controller for digital slot car applications that allows more precise 

control of slot vehicles as well as new features that do it more intuitive. The work is 

divided into two main phases: one dedicated to the development of electronic hardware 

prototype and another focused on the development of software control interface that 

allows the precise adjustment of speed and better handling on track. 

For the implementation of this project, a low-cost microcontroller device is used and 

programmed with the developed control software. It has also been equipped with condi-

tioning electronics required for a proper operation of the slot controller. 

The most common components of digital slot control units on the market have been 

analyzed for the development of this project and it contains a design proposal that im-

plements a low cost microcontroller that provides intelligence and advanced control to 

slot systems. 

This project ends with the complete implementation of an innovative digital slot con-

troller with wireless connection, different driving modes and an intuitive interface that 
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includes a TFT LCD screen. Furthermore, this project is the theoretical basis for another 

Masterôs Thesis which is being carried out at the Technical University of Cartagena 

(UPCT), in Spain. 

1.2 Project phases 

This current project is structured in certain phases that correspond to the following 

chapters: 

¶ Chapter 2. State of art of slot car racing. First, an investigation has been con-

ducted on the most significant aspects that encompasses the world of slot car 

racing and the most important characteristics of this are highlighted. The chapter 

begins by performing a global historical overview of slot car racing and then it 

focuses on the evolution that has experienced in Spain and Finland. Technical 

aspects of operation are also analyzed, differentiating between digital and analog 

nature, in addition to deepen in the physical principles of greater importance for 

slot car racing. Then, the main elements involved in the world of slot are stud-

ied, such as slot vehicles and components, analog and digital controllers, along 

with the structure of this hobby and different circuits or tracks. Topics such as 

the competitions, the official rules and a brief description of slot fans types are 

also addressed. Finally, an analysis of the leading slot car system manufacturers 

worldwide is performed. 

 

¶ Chapter 3. Analysis of digital slot car systems. This chapter presents a thor-

ough analysis of the different slot car controllers available today. All aspects re-

lated for digital slot car systems are addressed, starting with an overview of the 

analog slot car controllers made by amateurs, continuing with commercial slot 

car controllers that develop the main specialized manufacturers and making a re-

search of the latest advances in digital slot car controllers. Digital slot car system 

used in this project marketed by the Spanish company Ninco is also presented, 

showing its main characteristics, tracks, accessories and the digital control unit. 

In addition, a comparison of selected slot car system is performed compared to 

other commercially available, detailing its advantages and disadvantages. 

 

¶ Chapter 4. Research methodology and controller features. Firstly, this chap-

ter explores the methodology followed for the development of the slot control-

ler, indicating the stages of analysis, design and implementation. The research 

process of Ninco slot car system is also presented because there is not reliable 

information about it in the official references. In addition, the most significant 

laboratory tests for the correct evaluation of alternatives are shown, obtaining 

quantitative data of great importance. This chapter also aims to show the fea-

tures included in the developed slot controller, describing the improvements im-
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plemented and highlighting its characteristics compared to other controllers 

available on the market, which have been discussed in the previous chapter. 

 

¶ Chapter 5. Hardware architecture. This section describes the hardware archi-

tecture of the slot controller and the salient elements of the processing system 

such as digital - analog conversion, graphical interface, front panel, power 

source and communication system used. Subsequently, a detailed theoretical 

study of the features presented in Chapter 4 having regard to principles, charac-

teristics and types available for project implementation is done. First, an over-

view of possible devices that can be used is presented to finish with the defini-

tive devices finally selected. 

 

¶ Chapter 6. Software architecture. A detailed analysis of the software code 

used in the low cost microcontroller that contains the slot controller is conducted 

in this chapter. The source code and control algorithms used in the software are 

exhaustively explained through flowcharts and the main characteristics of driv-

ing modes of the slot controller are specified by comparative tables representing 

the motor power bands of slot vehicles. 

 

¶ Chapter 7. Controller implementation. In this chapter, the implementations of 

the different functional blocks that are part of the slot controller are shown in de-

tail by assembly diagrams of the manufacturing process. The evolution of elec-

tronic circuit designs, debugging and optimization, besides the final assembly 

process are also shown. Furthermore, the wireless communication system com-

prising the transmitter module and receiver module is exposed.  

 

¶ Chapter 8. Results and analysis. Once the design process, with the final im-

plementation of the slot controller, is completed, some series of tests and exper-

iments that prove its correct operation were performed. This chapter presents the 

different experiments which the slot controller was subjected to prove its proper 

operation. In addition, an economic study with the costs of each component used 

to implement the slot controller is included here. Finally, the results obtained af-

ter the development of the project are discussed. 

 

¶ Chapter 9. Conclusions. In the last chapter, the conclusions reached at the end 

of the project are set out and the most relevant problems encountered during the 

implementation thereof are cited. Finally, there is also a section where potential 

projects related to research line developed in this project are proposed. 
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2. STATE OF ART OF SLOT CAR RACING 

In this chapter, an investigation on the most significant aspects that encompasses the 

world of slot car racing has been conducted and the most important aspects of this are 

highlighted.  

The chapter begins by performing a global historical overview of slot car racing and 

then it focuses on the evolution that has underwent in Spain and Finland. Technical as-

pects of operation are also analyzed, differentiating between digital and analog slot, in 

addition to deepen in the physical principles of greater importance for slot car racing.  

Then, the main elements involved in the world of slot are studied, such as slot vehicles 

and components, analog and digital controllers, along with the structure of this hobby 

and different circuits or tracks. Topics such as the competitions, the official rules and a 

brief description of slot fans types are also addressed.  

Finally, an analysis of the leading slot car system manufacturers worldwide is per-

formed. 

2.1 Introduction 

Slot car racing or also called slot racing is a competitive hobby of racing with powered 

miniature vehicles equipped with electric motors which are guided by slots or grooves 

in a special track or circuit. 

The minimum materials needed for the slot car racing are a slot car, the track, a power 

supply to generate electricity and a controller for the slot car. The main difficulty of slot 

racing is to achieve the fastest vehicle speed possible without leaving the track. The 

circuits include powerful magnets that keep the chassis of slot vehicles closest to the 

tracks to facilitate the piloting. 

The word ñslotò comes from the English language in reference to the grooves through 

which flows the guide flag of slot automobile and takes the current to power its electric 

motor. Although the term slot is the most correct, in some countries this hobby is better 

known by the name of the manufacturer Scalextric [1]. 

This hobby has existed since 1952 but it has not always enjoyed the same fame and ac-

ceptance. Today slot racing is diversified according to the scale of vehicles. The more 

common in Europe and South America is the 1/32 scale, depending on the country it 
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also highlight the 1/24 and 1/43, particularly in United States of America. The 1/83 

scale is used in some cases when the space available for the track is limited. 

2.2 Historical overview 

The first slot cars were marketed by American toymaker Lionel Corporation since 1912 

and these vehicles worked with electricity supplied from train groove, similar to the 

modern slot, but the production was stopped in 1915. Similar systems appeared sporadi-

cally during the next four decades. The first slot car was patented in March 1936 by 

Albert E. Cullen (Figure 1), but until the end of 1950 the majority of toy vehicles were 

guided by elevated rail similar to trains. 

At the end of the 1930s, the cars used were of relatively large scales, such as 1/16 or 

1/18, equipped with small two-stroke engines with spark plugs. These vehicles were 

fastened to the center rail of a circular track, called ñtether carò in the United Kingdom 

and there was not a human control over the car, so it was a hobby with mechanical in-

terest [3]. 

In the 40s, the British modelers began experimenting with cars driven by electric arti-

sanal motors and in the 50s cars used the same engines as the miniature electric trains. 

The company Minimodels Ltd., based in London and dedicated to the manufacture of 

metal toys, began manufacturing tin vehicles from 1947. The British engineer Fred 

Francis, director of the company decided to include a mechanism to give movement to 

his reproductions of cars in 1952 [4]. 

In 1954, the British Southport Model Engineering Society was claimed by the patent 

owner for exhibitions and get donations of money, so the members built an electric rac-

ing track with 6 lanes and 18 meters length for 1/32 car models, which are considered as 

the progenitors of the current slot car racing. 

 

Figure 1. Slot vehicle patent by Albert E. Cullen, 1936 [2]. 
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Several clubs in the United States of America built similar tracks with rails on the track 

surface to mid-50s. The term ñslot carò was used to differentiate them from the first 

cars, which were moved by common rail surface. So many clubs proliferated with tracks 

made by fans. There were many advantages of the new system grooved surface opposite 

the old rails and clubs were favored more and more by the new slot system [5]. 

Minimodels Ltd. manufactured seven models of clockwork vehicles between 1952 and 

1956, called ñScalexò. The first cars manufactured were Ferrari 375 Grand Prix and 

Maserati 250F Grand Prix (Figure 2). After the good reception by the public, the com-

pany improved the clockwork mechanism creating a new range of cars called ñStartexò. 

After a decline in sales, Fred Francis added an innovation to its ñStartexò models, a 

small electric motor which represented a growth in sales. In 1957, slot car racing packs 

were sold with all accessories. The success was so high that the company could not pro-

duce all the demand and ended with the purchase of Minimodels Ltd. by Lines Bros Ltd, 

also known as Tri-ang in 1958. Throughout 1958 and 1959, Scalextric models were 

edited using cars ñScalexò, but adapted to run on the tracks [6]. 

In 1960, plastics began to expand in industry and Scalextric also used this material be-

cause it allowed further detailed models. The British Formula One Lotus 16 was the 

first slot vehicle manufactured with plastic, followed by Vanwall, Lister Jaguar and As-

ton Martin DBR [8]. 

Scalextric became a worldwide success in 1964 and its products were sold in France, 

Spain, Australia, New Zealand and the United States of America. The magnitude of this 

success was so great that the Formula One driver Jim Clark was responsible for promot-

ing the brand throughout the world [9]. 

In the 70s, slot car racing was already present in many homes and the first slot associa-

tions at national and international level were created to establish rules for competitions. 

Technological innovations increased the speed of the cars in all scales and improved 

engines, tires and magnets. The older fans did not like this new slot racing because it 

was highly specialized and they preferred the original slot although it was slower. 

 

Figure 2. Maserati 250F (left) and Ferrari 375 slot cars by Minimodels [7]. 
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In the 90s, computer design and 3D printing allowed the creation of more detailed car 

models, so high competition parts for slot cars began to be manufactured.  

In 2004, a new system called ñdigital slotò appeared on the market offering new charac-

teristics for the 1/32 scale, such as the ability to compete with more cars on the track, 

timing control by digital control unit and possibility of overtaking [10]. 

2.2.1 Slot car racing in Spain 

In 1962, the Spanish company Exclusivas Industriales S.A. also known as Exin reached 

a trade agreement of exclusivity with the British Lines Brothers Ltd. to distribute and 

manufacture its most successful slot cars. These vehicles were 1/32 scale and they circu-

lated on grooved circuits equipped with electric motors. Scalextric was originated in 

Spain and its head office was installed in Barcelona, where it was officially unveiled at 

Barcelona Toy Exhibition [11]. 

Initially, the reception of public and industry professionals was not expected and it 

could be described as indifferent. Scalextric had disadvantages because its name was a 

little difficult to pronounce in Spanish and it was a toy without fame yet. Even so Exin 

overcame this obstacle with its team of publicists and promoters, which quickly got to 

Scalextric became the favorite Christmas toy for most children of the time. 

 

Figure 3. Scalextric advertising poster in Spain, 1967 [12]. 
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The economic crisis had devastating effects in the mid-80s and forced it to close enough 

companies. Exin also had poor economic results and this added to the growing market 

of video games did the company finally closed in 1993, after 31 years making toys. The 

American company Tyco Toys acquired the license to market Scalextric and was re-

sponsible for maintaining the production of slot cars. Manufacturing was moved to Chi-

na, which also affected the decrease of the quality of the cars [13]. 

Following the closure of Exin a new company was created by two of its former employ-

ees. So in 1993, Eduard Nin and Eladio Cosculluela founded Ninco Desarrollos S.L., 

commonly called Ninco. 

The first project of the company was a scaled replica of the Renault Clio 16V. This slot 

car broke all the standards of the time, setting its goal as the amateur hobbyist, adult and 

expert. The success of the range of vehicles that followed this first model was complet-

ed in 1997 with the appearance of Ninco tracks. By their design, performance and ease 

of use, they were considered the best slot tracks in the world [14]. 

In 2006, Ninco added to its activities a distribution company in Spain of international 

hobby brands. Since 2009, it has been developing and marketing its own brands of radio 

control. Ninco is the Spanish leading manufacturer of slot cars and tracks and it distrib-

utes products for the entertainment of children and adults in over 30 countries world-

wide. 

2.2.2 Slot car racing in Finland 

Slot car racing has existed in Finland since early 60s and it had high peak during the 

early years. The record of highest attendance in Finnish Championships was in 1964, 

with over 300 entries [15]. In 1968, slot hobby was so famous in Finland that a video 

explaining how to make an artisanal slot track was aired on television (Figure 4). 

 

Figure 4. How to make a slot car track, 1968 [16]. 
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Nowadays, slot car racing is less famous, about 30 to 100 entries in major races but 

clubs activity is quite good. In Finland there are not commercial slot circuits, all tracks 

are in clubs. These clubs are owned by the community, church or motor racing club, so 

it costs virtually nothing to be a member. Probably this is why our average racers are 

fairly young. In addition, classes allow younger drivers to compete in their own catego-

ries. Finnish slot racing is strictly 1/24 scale and the tracks are fast style, banked 8 or 6 

lane tracks although there are only a few enthusiasts who do some 1/32 scale racing.  

2.3 Technical aspects 

Then the principles of operation of analog and digital slot systems are described, high-

lighting the features that differentiate them. 

2.3.1 Analog slot operating principle 

The operation principle of analog slot system is based on the following points described 

below: 

¶ Electricity for the slot vehicle's motor is carried by metal strips next to the 

groove, and it is picked up by two electrical contacts of conductive material such 

as copper braid. These braids are mounted alongside a swiveling blade or guide 

flag under the front of the slot car. 

¶ The voltage of the slot car is varied by a resistor or rheostat in the controller. 

 

Figure 5. Slot car track with typical electrical circuit [17]. 
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¶ An external current transformer is responsible for converting alternating current 

(AC) from the mains to direct current (DC) that is used to power the circuit. 

¶ Analog slot systems only allow one vehicle in each lane, so if the track has two 

lanes it uses two controllers. 

¶ The slot vehicles are equipped with magnets under the car to improve the adher-

ence to the track. Professional fans prefer to remove the magnets to have more 

fun, because it allows greater human control of the vehicle. In Spain there are 

few competitions that allow the use of magnets but only junior classes are au-

thorized to use them. 

2.3.2 Digital slot operating principle 

The operation principle of digital slot system is similar to the analog system previously 

explained, with some differences as indicated below: 

¶ The control of digital slot cars is via digital signal and it allows several vehicles 

in the same lane, because each car carries a single decoder chip that identifies it. 

¶ Communications are done via a digital control unit that sends unique data for 

each car and powers the lanes of the track. The control unit (Figure 6) also al-

lows multiple options, such as measuring times, different game modes and 

shows the overall ranking. 

¶ Most common tracks have two lanes which are fed by the digital control unit 

that receives power from an AC / DC converter, as the analog version, but this 

has sections where the rails cross to allow change lanes to overtake. 

¶ Controllers have a rheostat to vary the voltage supplied to the track and include 

a button to pass, which occurs when it is pushed. 

¶ Analog slot vehicles are not compatible with digital slot because analog cars are 

not equipped with the appropriate electronics to decode the combination of volt-

age and information produced by the multifunction digital control unit [18]. 

 

 

Figure 6. Multifunction digital control unit1. 
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2.4 Basic physical principles of slot car racing 

The theoretical system studied is ideal, the friction between all moving parts and mo-

ments of inertia of rotating parts are negligible. Tire adhesion to the ground is perfect, 

the rotational movement transmitted from the wheels is without slipping, so assuming 

infinite adhesion.  

Track is considered flat and perpendicular to the Earth's radius, the gravity does not 

affect the movement of the vehicle and the frictional force is negligible. There are estab-

lished laws that relate the magnitudes of torque, force, acceleration, work and power in 

slot vehicles. Basic physical force diagram involved in slot car racing and mechanism 

are discussed below (Figure 7). 

 

Figure 7. Force diagram of slot car mechanism2. 

Slot car engine rotation is converted into translational motion of the vehicle and some of 

the parameters involved are: 

The motor rotates about its longitudinal axis with a constant angular velocity producing 

a driving torque. Associated to the motor shaft is attached a pinion with radius Rp that 

share its angular momentum or torque with the motor torque so the pinion torque is 

equal to the motor torque: 

Ὕ Ὕ                                                            (1) 

where Tp denotes the torque of the pinion and Tm means motor torque.  

Perfectly engaged in the pinion and with equal number of teeth per unit length, there is a 

gear with radius Rg which rotates driven by the tangential force exerted on the pinion 

and it generates a torque on the rotation axis of the gear. 

Ὂ Ὂ                                                            (2) 

where Fp denotes the force of the pinion and Fg means gear force.  
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Along the axis of the gear is coupled the wheel with radius Rw, for this reason the gear 

torque is the same that the wheel torque: 

Ὕ Ὕ                                                            (3) 

where Tw denotes the torque of the wheel and Tg means gear torque.  

Consequence of angular momentum in section perimeter of the wheel that rubs against 

the track, the wheel tangential force is exerted. This is the force which pushes back on 

track. 

As stated the famous law of action-reaction or third Law of Newton: 

ñTo every action there is always opposed an equal reaction: or the mutu-

al actions of two bodies upon each other are always equal, and directed to 

contrary partsò. 

Therefore, if the wheel exerts a force (Fw) on the track, the track also exerts a force but 

opposite on the wheel and the vehicle (-Fw). The negative sign is omitted because the 

force is absolute value and finally the force that propels the slot vehicle is Fw. 

Based on the following classical mechanics equations: 

ὝέὶήόὩὊ Ὑz                                                         (4) 

where F denotes the tangential force to the rotation and R means the distance to the 

rotation axis.  

Ὂ ά ὥz                                                           (5) 

where F denotes the force used to accelerate the mass m and a means the resultant ac-

celeration.  

Expressing Fw depending on the torque and substituting equation (4) on each of the el-

ements forming the set pinion-gear-wheel: 

Ὕ Ὂ Ὑz                                                          (6) 

Ὕ Ὂ Ὑz                                                         (7) 

Ὕ Ὂ Ὑz                                                        (8) 

where Ti denotes the torque of each element, Fi denotes the force of each element and Ri 

means the distance to the rotation axis of each element.  
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Solving forces: 

Ὂ
Ὕ
Ὑ                                                          (9) 

Ὂ
Ὕ
Ὑ                                                       (10) 

Ὂ
Ὕ
Ὑ                                                      (11) 

From equation (11) and replacing it with the equations presented above: 

Ὂ
ᶻ ᶻ ᶻ ᶻ

ᶻ
                 (12) 

Using equation (5): 

Ὂ ά ὥ                                                   (13) 

Solving the acceleration: 

ὥ                                             (14) 

Finally, this theoretical and reasoned explanation of the alleged premises is obtained: 

ñAcceleration is directly proportional to torque and gear radius and in-

versely proportional to the pinion radius, the wheel radius and the total 

vehicle massò. 

Thereupon, the physical quantities of work and power are analyzed, employing the fol-

lowing classical mechanics equations: 

ὡ Ὂ Ὓ                                                         (15) 

where W denotes work, F means force and S means space.  

ὖ ὡȾὸ                                                         (16) 

where P denotes power, W means work and t means time.  
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The work of the wheel (Ww) is calculated by the distance traveled in one complete revo-

lution, with negligible slip. This space coincides with the length of the circumference of 

the wheel: 

Ὓ ς“ Ὑ                                                     (17) 

where Sw denotes the distance traveled in one complete revolution and Rw means radi-

um of the wheel.  

Substituting equation obtained in the previous equation (15): 

ὡ Ὂ Ὓ ς“ Ὑ
Ⱬ╣□╡▌

╡▬
                   (18) 

As can be seen after simplification, the radius of the wheel (Rw) does not influence the 

work. 

Time taken by the wheel in a full turn is also necessary to know. It is determined by the 

speed of the motor and the reduction ratio of pinion-gear set: 

ὡ ὖὭὲὭέὲ ὸὩὩὸὬ ὡ ὋὩὥὶ ὸὩὩὸὬ                                   (19) 

where Wm denotes the motor angular velocity in revolutions per second (rps) and Ww 

means wheel rotational speed in revolutions per second (rps). 

Pinion and gear must have the same number of teeth per unit length to properly engage. 

Expressing the number of teeth depending on the length of the circumferences: 

ὡ ς“ Ὑ ὡ ς“ Ὑ                                          (20)                                    

Solving Ww: 

ὡ ὡ                                                  (21) 

Time is inverse of the rotational speed: 

ὸ
╡▌

╦□╡▬
                                   (22) 

Substituting equations (18) y (22) in the equation for power: 

ὖ Ⱬ╣□ ╦□            (23) 
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where Pw denotes the power developed in one complete revolution by the torque Tm and 

with angular velocity Wm.  

In conclusion, it is clarified that power is not related to the assembly of 

the vehicle transmission and only involves two factors to consider: torque 

and speed. 

2.5 Slot vehicles 

Cars are the main attraction of slot racing. There are real car models scaled from differ-

ent eras and competitions. Among the different car brands available in the market, there 

are many models with different mechanical configurations but with common elements 

that are addressed in the following points. 

2.5.1 Components 

 

Figure 8. Components of a slot car1. 

¶ 1. Bodywork: it has always been an element of study and improvement by slot 

manufacturers and fans. Bodyworks are manufactured in many materials, but the 

most commonly used are plastics such as acrylonitrile butadiene styrene (ABS) 

and acetate. Resin, fiberglass or polycarbonate resin are also used. 

Some bodyworks are removable and inside feature LED lighting system, driver, 

spare wheel, fire extinguishers, roll cage and other decorative elements. Vehicles 

usually have a driver and a co-driver in rally competitions, and speed competi-

tions only take a driver. Metal or plastic screws are responsible for securing the 

bodywork to the car chassis. Most competitive hobbyist often use unpainted 

bodyworks for their vehicles weighing less. 
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¶ 2. Chassis: consists of an internal framework made of plastic, steel, aluminum, 

titanium, fiberglass or carbon fiber that supports all the elements of slot car, such 

as motor, bearings, wheels and shafts. 

¶ 3. Frame: it is a subdivision of the chassis where the motor is located to allow 

better regulations. It is not present on all chassis and it may be made of plastic or 

metal. 

¶ 4. Guide flag: it is the only contact point with the track besides wheels. The 

guide flag directs the slot vehicle and receives electricity to the motor by two 

electrical contacts of conductive material such as copper braid. It is made of 

plastic or graphite on 1/24 scale. 

¶ 5. Braids: metallic contacts responsible for transmitting power from the track to 

the slot vehicle. Braids are made of copper, tin or silver (Table 1). Depending on 

the material from which are made, duration, driving and hardness can vary [19]. 

Table 1. Braids properties by material. 

 

 

 

 

¶ 6. Wiring : conductor wires are responsible for transmitting electricity to the mo-

tor. There are different types but the most common are plastic coated copper. 

There are also silicone coated wires which can be molded. Some older slot cars 

have cooper strips instead of wires, but its main function is the same. 

¶ 7. Tilting arm : rally slot cars have an arm in the guide flag that allows tilt verti-

cally to overcome obstacles. The tilting arm consists of a plastic or steel sprint.  

¶ 8. Shaft: it is a mechanical component for transmitting torque and rotation to the 

wheels. From the beginning shafts have been further developed by all manufac-

turers, to make the vehicle look more realistic model and improve performance. 

They are usually made of plastic or metal but there is a difference between them. 

Plastic material is used to manufacture the front shaft which does not require 

high strength. Therefore, lighter weight is favorable. The rear shaft or drive shaft 

is made of metals such as brass, iron, titanium, steel or aluminum. There are also 

threaded shafts that can regulate the distance between tires. 

¶ 9. Transmission: there are different arrangements of transmissions (Figure 9) 

listed below. 

o Pancake: this transmission arrangement has a flat commutator and verti-

cal shaft. The power is carried by a chain of spur gears along the top of 

the chassis to a pinion which drove a crown gear at the axle [20].  

Material 
Electrical 

conductivity 
Durability Rigidity 

Cu Low High Low 

Ag High Low High 

Sn Medium Medium Medium 



17 

 

Figure 9. Types of slot vehicle transmission [23] [24]. 

o Anglewinder: this transmission arrangement has a motor which runs at 

an angle to the drive shaft and drives it through a bevel or other angled 

gear arrangement. It is a development of the sidewinder arrangement. 

o Sidewinder: this transmission arrangement of the motor is parallel to the 

driven axle and power is transmitted through spur gears or a belt, friction 

or even by direct drive. The word also refers to the transversely-mounted 

motor of such a car [21]. 

o Inline : this transmission arrangement of the motor runs lengthwise down 

the chassis, perpendicular to the drive shaft. Power is transmitted through 

a pinion to a crown gear on the shaft, or through bevel gears. The word 

also refers to the longitudinally-mounted motor or the motor arrangement 

of such a car [22]. 

o Inline 4WD: this transmission arrangement of the motor transmitted 

power through two pinions to a crown gear on the front axle and another 

crown gear on the rear axle. These vehicles have four-wheel drive. 

¶ 10. Pinion: it is the primary gear that transmits power to the gear and it is made 

of materials such as nylon, bronze, brass or steel. Number of teeth varies from 8 

to 13, allowing greater acceleration with the lower and higher speed with larger. 

The pinion is a fundamental part of the transmission together engine and gear. 

The biggest pinions provide more speed to slot cars but acceleration and vehicle 

stability are decreased. 

¶ 11. Gear: it is the middle gear that transmits power between the pinion and the 

drive shaft and is made of plastic materials. The core is made of aluminum or 

bronze. Number of teeth varies between 23 and 40 generally and it should be lu-

bricated. The biggest gears provide more acceleration to slot cars but speed is 

decreased. A gear variant is the differential, a costly and delicate element that 

prevents the car from skidding. 

¶ 12. Pulleys: some slot car include pulleys for transmitting power to the rear to 

the front axle, but this may also be performed with another pinion and the inline 

4WD arrangement explained before. Pulleys are usually made of aluminum or 

plastic. 
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Figure 10. Belt and pulleys transmission system1. 

¶ 13. Belt: it is a loop of flexible material used to link mechanically two pulleys. 

Belts are made of rubber and are differentiated by their length and section. A 

short belt transmits more power to the front shaft and improves braking, but has 

an abrupt behavior. 

¶ 14. Suspension: it is not characteristic of all slot car models but is used in rally 

vehicles. There are different shock absorbers depending on track type. 

¶ 15. Bearing: it is the fastening of the shaft and must be lubricated for correct 

operation of the car. Bearings are manufactured in various materials. Polytetra-

fluoroethylene (PTFE) is the best material because its friction is low. Bronze is 

also used because is cheaper. The ball bearings are not allowed by many compe-

titions regulations. 

¶ 16. Wheels: they are responsible for transmitting motor power to the track. A 

few years ago, tire choice was limited to three options: smooth, hard or studded 

wheels, made of conventional natural rubber. Due to new method of injected and 

processing tires, there are available other compounds, such as silicone or vulcan-

ized rubber which give more grip. Front wheels must have the least possible grip 

to avoid understeer (vehicle tends to escape to the outside of the curve) and ex-

cessive grip of the rear wheels can cause overturning. 

¶ 17. Rim: it is the support of the wheel. Rims must be securely fastened to the 

shaft and are usually constructed of plastic, although materials such as alumi-

num, titanium or nylon are also used. Cars with small rims have the center of 

gravity closer to the ground, so the slot car has more stability and acceleration, 

but less speed. Cars with larger wheels are less stable, but faster. 

¶ 18. Motor: it is responsible for producing movement of the vehicle and it is held 

by integrated brackets on the chassis. Formerly, each manufacturer produced its 

own motor with intrinsic characteristics. Scalextric motors were very famous for 

their quality and mechanical properties. With the emergence of new manufactur-

ers to the slot sector, such as the Spanish Ninco, most companies began using a 

common denominator in their engines: the Japanese Mabuchi Motors. Scalextric 

motors reach 18 000 rpm, while Japanese engines are able to exceed 30 000 

rpm. Motors have a very high level of degradation, not being effective in high 
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competition for more than 6 or 8 months and extending its life about 4 or 5 years 

for active users.  

¶ 19. Magnet: small piece that has a significant magnetic field that adheres to the 

surface of the vehicle frame and achieves greater speed, increased adhesion and 

avoids running out of the track. Magnets can be made of ferrite or neodymium 

which has greater magnetic power. 

¶ 20. Decoder chip: in Digital slot systems, vehicles are equipped with a small 

circuit that performs the task of decoding and analyzing the information it re-

ceives, which encodes data and power in the same signal. It also serves to identi-

fy each slot vehicle with its corresponding controller. The chip is connected in 

series between the guide and the car engine. 

2.5.2 Common scales 

These slot car scales are currently produced by manufacturers and the most used for slot 

competitions are: 

¶ 1/24 scale: it is the largest slot car scale used. Approximately, a typical 1/24 slot 

vehicle might be 18-20 cm long, so more space is required to install the tracks. 

This scale is demanded by professional slot racing clubs. 

¶ 1/32 scale: it is the most commercialized scale for home and amateur hobbyists. 

These slot vehicles are smaller than 1/24 scale, dimension can vary from 13 to 

15 cm long. 

¶ 1/43 scale: it is based on the size of collection model cars and children's toys. 

This scale was first commercialized in 2006 and is gaining some acceptance 

among adult hobbyists for its affordability and moderate space requirements 

compared to the previous scales. The average size of the vehicles on this scale is 

11 cm. 

 

Figure 11. Models of the Ford GT, in 1/24, 1/32 y 1/64 scales [25]. 
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¶ 1/64 scale: it is also called HO scale has it is based on the size of model trains 

used in model railroading [26]. The dimension of model cars in this scale ranges 

between 5.5 and 8 cm. The main advantage is its small size because it does not 

require large premises to install the track [27]. 

2.6 Slot controllers 

Slot controllers can be classified into two big groups. Thanks to the advancement of 

technologies are becoming increasingly popular digital controllers, as opposed to tradi-

tional analog controllers. 

                   

Figure 12. Analog (left) and digital slot controllers1. 

2.6.1 Analog controllers 

The principle of operation of analog controllers is based on a simple variable resistor or 

rheostat, which manages the electric power by a cursor or sliding part that slides 

through the trigger. The resistance of the rheostat usually varies between 10ɋ and 60ɋ 

for analog slot systems. Better sensitivity is obtained with high resistance values. 

Most popular slot controllers feature brake position, which helps stop to the vehicle 

quickly. This position causes an effect of electromagnetic brake on the motor when the 

throttle trigger is released. The result varies sometimes with a reducing brake system 

which limits braking power and consists of a variable resistor coupled to the brake ca-

ble. 

These controllers can be purchased and assembled in stores or it can also be manufac-

tured using traditional methods with the right skills. Analog controllers for digital slot 

systems are also equipped with a button for overtaking on special track sections enabled 

for it. 
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2.6.2 Digital controllers 

Advances in slot controllers show their further development with digital controllers, 

which have become very popular in recent years. Highlighting some controllers, such as 

diodes controllers that base their operation principle on the serial association of diodes 

or control pulses.  

Digital controllers are more accurate than analog, making it a very useful tool. The main 

disadvantages are its high price and fragility compared to the previous. These control-

lers have multiple regulations such as power control, acceleration or braking sensitivity. 

As a novelty, highlighting controllers based on digital electronics, which also include 

the functions mentioned above, and provide better features like visual interface with 

display included. 

2.7 Slot tracks 

Slot tracks can be made from molded plastic commercial track sections or handmade 

using traditional methods. Circuits can be manufactured by different materials, sizes, 

number of lanes. 

Commercial track sections allow the recreation of any imaginable track with the availa-

ble space as limit.  These commercial tracks recreate circuits formed by 1, 2, 4, 6 or 8 

lanes, which can be divided into open, closed, rally, or speed circuits. 

On the one hand, digital tracks typically use 2 lanes, although it is possible to incorpo-

rate up to 8 lanes. In this type of tracks, overtaking can be done in the track sections 

equipped to them and more slot vehicles can be driven per lane. Digital slot is not as 

well-known as the analog slot, due to its complexity and higher price. 

On the other hand, there are handcrafted tracks. These slot tracks are not restricted 

lanes, because they are independent of prefabricated sections and may include slopes or 

obstacles on the track.  

2.7.1 Materials 

First slot circuit dating back to 1910 was made with natural rubber but their high 

maintenance cost made them stop using.  At present, two types of materials are used 

exclusively: 

¶ Plastic: tracks of this material are the most used and manufactured since 1950, 

when the company Minimodels Ltd. introduced them [28]. Typically high densi-

ty polyethylene molding is used for manufacturing. Plastic tracks are inexpen-

sive and easy to work with and the design of the circuit can be easily changed. 
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The joints between the sections, however, make a rough running surface that can 

cause breakdowns. Multiple electrical connections cause voltage drop and con-

tribute to more frequent electrical problems. For permanent circuits, the track 

sections are welded to prevent such irregularities. 

¶ Wood: tracks of this material are completely handmade and therefore require a 

higher cost of effort and money. These circuits have not voltage problems or ir-

regularities in the grooves. Each circuit manufactured is unique, there are not 

prefabricated track sections and the decoration is more original (Figure 13). 

¶ Mixed: these circuits incorporate the advantages of wooden track and the versa-

tility of plastic circuits. The main disadvantages are its high price and limited 

modification, but mixed tracks have the quality to be removed for better porta-

bility.  

2.7.2 Modifications 

There are various modifications that can be performed in slot tracks and hobbyists have 

great imagination to make these modifications. 

Some circuits have track sections immersed in distilled water to simulate fording a riv-

er. Distilled water is not electrically conductive, but the electronic parts of the track 

must be protected to avoid damage. 

There are also enthusiast who sprinkled flour or cocoa powder in the circuits to simulate 

snow or dirt in sections. The problem is that the sugar content in cocoa powder can lock 

the vehicle motor if is not suitably protected, due to high temperature. 

It is recommended to equip vehicles with studded wheels and not mix the flour and wa-

ter effects on the same circuit, because these are mixed inside the cars and on the track, 

hindering the proper operation. 

 

Figure 13. Handmade wooden rally track, inspired by the Targa Florio [29]. 
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2.8 Competitions classes and rules 

Slot racing competitions are competitive manifestation of this hobby. Reproductions of 

real car models are used, although some slot cars are specifically designed for these 

competitions. Generally, the most famous types of slot racing competition classes are 

listed below: 

¶ Rally: in this competition cars drive on a track as fast as possible. Rallies can be 

run on open tracks of indefinite length, but the technical difficulty of maintain-

ing a large slot circuit is very high. Therefore, it is more common to run several 

times in small tracks. 

¶ Hill cl imbing: in hill climb competitions the hobbyist competes against the 

clock to complete an uphill slot track. There are several categories and rally and 

speed are used in this competition. Normally each participant runs the circuit 

three times and the best time obtained is used for final classification. 

¶ Speed: this competition is run on 8 lanes speed tracks where up to eight partici-

pants can compete simultaneously (Figure 14). The purpose of speed competi-

tions is to give as many laps in a given time. The circuits can be extremely long 

and categories are divided by type of slot vehicle. 

As the rules used in competitions, there are many different local, regional, national, and 

international organizations. Each slot association has its own rules, so just highlight the 

name of the principal international slot racing organizations, such as the United Slot 

Racers Association (USRA), the International Slot Racing Association (ISRA) and the 

British Slot Car Racing Association (BSCRA). 

 

Figure 14. 8-lane speed track in Helsinki (Finland) [30]. 
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2.9 Hobbyists 

In the world of the slot racing there are various types of fans, in some cases are genuine 

enthusiasts. Main characteristics of each type of hobbyist are indicated below: 

¶ Amateurs: these hobbyists are inexperienced in slot racing, they do not yet have 

specific preferences about tracks, slot vehicles or manufacturers and invest little 

money in the hobby. 

¶ Collectors: they are fans who collect numerous models of slot cars according to 

different criteria (car brands, drivers, teams or competition classes). Collectors 

also restore their slot vehicles and document them according to their characteris-

tics. There are private collections with over 4000 different slot cars [11]. 

¶ Competitors: these hobbyists are the most competitive and they participate in 

many slot competitions. The possibilities of modifying a slot vehicle are numer-

ous because there are a lot of car parts available on the market. Competitors in-

vest money in new replacement to improve the efficiency of their vehicles and 

spend many hours training. 

¶ Modelers: also known as designers, they create new slot car models that do not 

exist in the market for their own enjoyment. Modelers like the aesthetics of the 

slot cars rather than the mechanical part. In the world of slot, this hobby is called 

ñscratch buildingò. 

¶ Assemblers: they are responsible for the assembly of slot circuits in competi-

tions or manufacture track sections. Some assemblers build real circuits existing 

in the world of auto racing and others fans design circuits with their own imagi-

nation. 

2.10 Manufacturers 

In Europe, there are three major slot manufacturers: Ninco, Scalextric and Carrera, 

which offer a wide range of tracks, vehicles and accessories [18]. These brands manu-

factured slot products that increase the attractiveness and realism of slot car racing. But 

there are other manufacturers with wide recognition in manufacturing material for slot, 

such as: 

2.10.1 Carrera 

Carrera is a slot manufacturer based in Fürth, Germany which dominated the German 

markets in the 1960s and 1970s, due to effective marketing, also at the nearby Nurem-

berg International Toy Fair. 

Currently it is characterized by the quality of its products and the wide sections of track 

that allows driving 1/24 scale slot vehicles. 
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2.10.2 Fly Slot 

Fly Slot is a Spanish manufacturer famous for being the pioneer in commercializing 

reproductions of 1/32 scale slot cars and trucks, substantially different from the rest of 

the brands in the extreme quality of the products, which are appreciated by the custom-

ers and as the best in terms of number of details, technical perfection and realism to the 

original models. 

Nowadays, there are other brands on the market that have matched the quality and faith-

fulness that characterized Fly Slot, so sales are not as numerous as before. 

2.10.3 Ninco 

Ninco is a Spanish manufacturer of 1/32 scale slot cars and tracks. The company was 

established in 1993 in Spain, by two former employees of Exin [14]. 

This manufacturer has its own criteria in analog and digital slot, but manufactures track 

adapters allow the compatibility of their products with other brands in analog format. 

Their digital slot tracks can be combined with other manufacturers, provided that the 

digital accessories of the track are Ninco Digital brand. 

2.10.4 Racer 

Racer is an Italian slot car manufacturer, known for its high quality fully detailed in the 

resin used to manufacture its slot vehicles and the efficiency of these. All cars are 

equipped with plastic chassis and aluminum rims. 

2.10.5 Scalextric 

Scalextric is a British manufacturer of analog and digital slot systems which first ap-

peared in the late 1950s, as a creation of British firm Minimodels Ltd.  

The brand name is a contraction of ñscale xò (or variable scale) and ñelectricò (because 

it requires electricity to operate). The ñScalexò name was chosen because initially the 

scale of the car models was very variable. Finally, it was the 1/32 scale which acquired 

more popularity [13]. 

The name of the current owner of the brand is Hornby for distribution and manufactur-

ing worldwide, except in Spain, where for historical reasons and problems of copyright 

Hornby products are marketed under the brand Superslot. 

In Spain, Educa Borras S.A. is the company responsible for the manufacture and mar-

keting under the name of Scalextric. Outside the country, this company cannot market 
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with the name of Scalextric, because Hornby owns the international copyrights, so Edu-

ca Borrás S.A. uses other brand name called SCX. 
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3. ANALYSIS OF DIGITAL SLOT CAR SYSTEMS 

This chapter presents a thorough analysis of the different slot car controllers available 

today, starting with an overview of the analog slot car controllers made by amateurs, 

continuing with commercial slot car controllers that develop the main specialized manu-

facturers and making a research of the latest advances in digital slot car controllers. In 

addition, a comparison of selected slot car system is performed compared to other 

commercially available, detailing its advantages and disadvantages. 

3.1 Introduction 

Slot car systems had significant changes from the second half of the 20th century, when 

one of its essential components was developed, the controller, which provided better 

control of slot vehicles. Originally, the speed control of slot cars was ñall or nothingò, 

but these first controllers laid a solid foundation that still persists today. These primitive 

controllers were composed of analog electronics, such as resistors and switches, and 

were specially designed for analog slot competitions. Nowadays, there are primitive 

controllers with electronic components modified to suit the new electric ranges that use 

the new slot systems. With the advancement of electronics and the creation of new 

components, controls were developed with greater sensitivity incorporating potentiome-

ters to change the acceleration of the vehicle in real time during the race. 

In the 21st century, a revolutionary innovation highlights in slot systems, the creation of 

new digital slot system. This system works with a multifunctional digital control unit, 

which is responsible for providing ñintelligenceò to the system and to make all possible 

tasks: selection of different driving modes, sending information to the track and vehi-

cles, time management and refueling, as well as other tasks that are explained in detail 

in subsequent pages. 

3.2 Digital slot car systems 

Important aspects of the various devices used to control slot cars are presented in this 

section. Firstly, slot car controllers are analyzed, differentiating their electronic devices 

in analog or digital. Multifunction control units of the system are also analyzed, because 

they are responsible to bring more realism to the hobby. 

This section focuses on the digital slot system, due to its complexity and better features 

that make it the most innovative alternative to traditional analog slot system, as present-
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ed in the previous chapter. Thus, a detailed study of the main control systems for digital 

slot is shown below. 

3.2.1 Analog controllers 

Analog controllers have undergone numerous changes over time in terms of design and 

structure, but its theoretical operating principle has remained almost unaltered over the 

years. As the technical aspects of operation were already discussed in the previous chap-

ter, this analysis is addressed to show their main features. 

Analog controller base their origin in telegraphs. The first slot vehicles were driven by 

rudimentary controllers made of old telegraph rheostats [31]. 

In 1957, commercial slot systems were equipped with controllers with a thumb button. 

These controllers were ñall or nothingò position, so requiring the driver to blip the throt-

tle for intermediate speeds. Later versions also included intermediate position buttons 

for intermediate speed, and one late version used a buzzer mechanism to provide better 

speed control. 

From 1959, most 1/64 scale slot cars were controlled by a miniature steering wheel was 

placed on a table or a manual rheostat, which gave precise control of the speed. These 

types of controllers allowed an adjustment more sensitive to the car's speed range, but 

still lacked fully regulated behavior. 

 

Figure 15. Types of slot car controllers [32]. 


































































































































































































