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Automobile transporters are recognized for the specialized equipment capable of carrying vehicles on the power unit behind the cab and on an over-cab rack. When a new vehicle appears, any point of its delivery from the manufacturing location to the dealer or customer, is known as transportation by road using an automobile transporter, car carrier or car hauler. 
There are two types of car carrier trailers, as for open or enclosed. The majority of commercial trailers contain built-in ramps with an aim of loading and off-loading cars, as well as power hydraulics with an aim of raising and lowering ramps for stand-alone accessibility. The type of enclosed car carriers possesses a smaller capacity in comparison with open car carriers. Moreover, they are in a significant manner more expensive if to compare with an open car carrier of the analogue capacity. In a more detailed description, enclosed carriers may be praised for hauling race, luxury, exotic, and antique and collector vehicles. 
Our report presents the trailer design for transportation of sports car for F1 team. In this way, the number of key requirements and peculiarities for a formula car are maintained and observed as well the experience of such companies as PRG Trailers, Indespension Trailers, Phoenix Trailers Ltd, Hazlewood Trailers, Trigano, and Remorques. 
The final version of trailer design contains the key requirements for the trailer to be manufactured. Thus, the total weight of the trailer has to be 400 kg, the trailer has to carry any vehicle of mass up to 2,000 kg, and the ramp has to be 1,985 mm wide with an easy adjustment depending on the length between wheel boxes of the loading vehicle. In order to make loading and unloading of the F1 car accessible, low sides of almost 220 mm have to be set on the opening direction of the vehicle door. Likewise, for the smooth loading and unloading, beaver tail enforcement have to be set on the trailer’s rear side.
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Automobile transporters have the recognition of the specialized equipment capable of carrying vehicles on the power unit behind the cab and on an over-cab rack. When a new vehicle appears, any point of its delivery from the manufacturing location to the dealer or customer, is known as transportation by road using an automobile transporter, car carrier or car hauler. 
The three terms as for ‘automobile transporter’, ‘car carrier’ and ‘car hauler’ have had an interchangeable usage. Usually, they are used with reference to the same equipment unless any other type is specified. The term ‘car hauler’ has a more common usage to be related to a company dealing with the car hauling business. In our report, we will talk about the car carriers mentioned here as lightweight motorsport trailers. 
There are two types of car carrier trailers, as for open or enclosed. The majority of commercial trailers contain built-in ramps with an aim of loading and off-loading cars, as well as power hydraulics with an aim of raising and lowering ramps for stand-alone accessibility. The type of enclosed car carriers possesses a smaller capacity in comparison with open car carriers. Moreover, they are in a significant manner more expensive if to compare with an open car carrier of the analogue capacity. In a more detailed description, enclosed carriers may be praised for hauling race, luxury, exotic, and antique and collector vehicles. 
Regarding the charges for transportation of vehicles in an enclosed car carrier, they are much higher if to compare with hauling vehicles in an open car carrier. There is also the other type of transportation of vehicles, as for vehicle transportation on flatbed trailers. Nonetheless, the commonplace is the fact that vehicles non-capable of moving on their own power are loaded onto flatbeds with loaders or winches. At the same time, car carriers do not possess a self-loading system, and therefore, cars vecome driven onto the ramps on their own power. 
Apart from that, it s essential to know that there is a variety of car carriers being different in size in comparison with those capable of transporting a single car to 53 ft. long trailers capable of transporting up to ten or even twelve cars. Lightweight motorsport trailers capable of transporting one car are light-duty trailers with being towed behind a pick-up truck, a van or the other vehicle. These items have a common usage for personal use when a person is willing to make a transportation of a vehicle from one location to the other and show availability to rent. 
It is also critical for general background of our report to depict the picture of commercial car carriers that are in a typical manner used for transporting new cars from either the port of entry into the country or the manufacturing location to the dealer, and capable of carrying up to 12 vehicles, together with four more vehicles that have a support on the tractor and eight on a double deck trailer. The latter one has to possess the proper equipment of ramps with hydraulic operation. 
The unit that is the attachment to the truck tractor enabling transport of three to four additional vehicles is defined as a headrack or headramp. The headrack has the accessibility through the top ramp of the trailer. In other words, the terms “headrack” and “headramp” are used for reference towards the same equipment. 
The two basic car carriers, open and enclosed, are known in the industry. The majority of cars are transported in the open type of carriers. The car carriers of commercial size have the usage for shipping new cars from manufacturers and ports of entry to dealers. Automobile transporters are usually employed for transportation of the used vehicles to be relocated and for purchases on the second-hand market. 
In a typical way, if to talk about the logistics of a new car transport by road, there is the category known as the truck tractor-trailer car carrier combination enable to transport minimum of eight cars. Moreover, the number can grow to twelve cars including eight on the trailer and four on the headramp.
The researches state that large open car carriers have a design of a skeletal steel tube. The majority depict double-decks with both decks divided into several loading and storage ramps. The latter ones may have a hydraulic tilt and independent lifting capacity of one another.
Product innovation in car carrier trailer manufacturing is focused on the payload increase, operational loading efficiency improvement, unloading and vehicle delivery, of damage preventing with regards to the transported vehicles, and safety measure improving for the driver. 
Automobile car carrier trailer manufacturing is not an extensive industry, regarding the number of produced units and the number of industry players. In the event of transportation of a single automobile from one location to the other, a transport trailer, and particularly lightweight motorsport trailer is usually searched for. Therefore, it is a common interest, with no dependence whether there is a car, a heavy household object, or even an animal, that there should be a high quality, economical and user friendly trailer. Our report is targeted at lightweight motorsport trailer design with an emphasis on the current market situation in terms of car transport trailers with further optimized trailer design being presented.
We have to keep in mind that the key operating requirements differ from customer of various usage areas. Therefore, more importantly, it has to be taken into account that the needs of farmer aiming to use the trailer to carry field animals might completely differ from a formula sports car carrier. Our report presents the trailer design for transportation of sports car for F1 team. In this way, the number of key requirements and peculiarities for a formula car are maintained and observed.
Numerous companies that deal with transport trailer manufacturing can be multi-functional as well as for a specific purpose. For example, PRG Trailers manufactures trailers that are intentionally designed as open, covered and single. They also deal with manufacturing of race trucks for formula racing customers. PRG Trailers Ltd. offer various finance options regarding the entire trailer range, as for example, trailer accessories, open trailers, covered trailers, single car transporters, race truck conversions, second hand trailers etc. The company claims to be the producer of “the finest British built trailers and vehicle transporters from their purpose-built, Cheshire workshop for over 20 years”. They are located in their purpose built fabrication workshop in the centre of Cheshire Countryside. The company is praised for production of the greatest quality single or multiple vehicle transporters. The product range contains also a basic 'Fixed-Bed' unit as well as a fully enclosed 'Prosporter'. Indeed, each trailer is designed to meet particular customer expectations. In order to be the market leader, PRG Trailers an unrivalled one to one personal service due to well-qualified design engineers. Production flexibility appears to be extremely advantageous since the product designers are professional in the computer aided processes. PRG is also famous for producing commercial car transporters, and single and multiple car transporter bodies fitted to chassis cabs. Thus, the lightweight motorsport trailers manufactured at PRG are in demand of such companies as Bentley Motor Cars, Bentley Motor Sport, Aston Martin, Ford Motor Company, Toyota, Zenos cars, Classic Team Lotus F1, etc.
Let us have a look at the other, UK based, company named Indespension Trailers. It deals with offering not only selling and hiring new and used trailers but also some spare parts of various trailer types.  The company is also the European trailer builder manufacturing its own running gear. Thus, they have a total control over the quality of the trailer range meaning that they are capable of tailoring their running gear to make a precise match of the trailer instead of employing the off-the-shelf designs.
The other company, named Bateson Trailers, uses their CAD team to satisfy the customer with a defined product specification that has a 3D model form. In this way, the customer is enabled to visualise the product and change anything just before the trailer manufacture. Such cutting-edge technology means having the latest computerised numerically controlled (CNC) and laser cutting machines for bringing the excellent quality product to the customer. The design experience of the company using 3D CAD and laser cutting, CNC steel forming and robot welding has provided the market with an extensive range of trailers that can boast of unique strength in conjunction with a low unladed weight as well as excellent stable towing qualities.
It is crucial to keep in mind that trailers have to be manufactured in compliance with the latest regulations and inspections conducted. What is more, the offer of after-sales service that can be done as well as accessories or extra equipment suited to the requirements. 
Apart from that, there is an extensive number of companies making a great range of trailers to carry motorcycles, general loading, cars and even a towing dolly. For example, Phoenix Trailers Ltd have been working towards satisfying customers with exclusive and design and high quality of their trailers that have been granted the European Community Whole Vehicle Type Approval status that means that the company is struggling for the best end result for customers and end users. Their trailers reach this standard, having also the European Community Certificate of Conformity. This also means that the trailer design have to conform to each and every aspect of the individuals directives. Therefore, having achieved numerous rewards for manufacturing perfection, the company manufactures and sells a complete range of vehicle trailers that include Single Big Bike Trailers, 2 Bike Motorcycle Trailers, 3 Bike Motorbike Trailers, Multi-Purpose Trailers, General Purpose / Box Trailers, Twin Axle Trailers, Heavy Duty Large Twin Axle Trailer, Towing Dollies, Car Trailer / Car Transporter.
The other example of trailer manufacturing is the company named Hazlewood Trailers that deals with high quality trailers for all sectors of the market including General Purpose Trailers, Car Transporters, Plant Trailers, Flatbeds, Box Vans, Custom Design and Build. Apart from the above-mentioned example, the other one is Trigano Remorques, one of the top European manufacturers of trailers for private and professional uses. Trigano is the specialist for leisure vehicles and equipment of top quality and high performance trailers being manufactured in eight factories in Europe possessing complementary product ranges.
The price range of the trailers of the previously described companies usually ranges from £1,000 to £30,000 with dependence on size, quality, accessibility and the purposes of the usage. 
Concerning the customer requirements, the clients are willing to get a trailer capable of transporting the low bed F1 car with no damage to body parts or potential shocks to it. 
The way of transportation the customer may employ will include transporting the car in a trailer from the inside track garage to the race track and to the other race track stadiums. In this way, the whole range of designs has to possess high quality dampers and spring systems with an aim of absorption the shocks in conjunction with the extensive room for the vehicle. This has to be provided for no disturbances occurring during the process of loading and unloading from the transport trailer.
Hence, the trailer has to be towed to other trucks using various distances of the clamping pin from the level of the ground. In this way, the trailer will acquire a variant of alteration of its height with dependence on the height of the clamping pin of the truck. Consequently, there will be no bouncing of the fluids in the F1 car incorporating fuel and engine oil to the surfaces in the event of jerks used with regard to the trailer. 
The price of the offered design would be of the lower level in comparison with the other companies proposing worse quality but asking for higher prices. The car transport trailer described in this design report might have a price ranging from £1,000 to £1,500 at market sales. The price range incorporates a completely functioning transport trailer in combination with an extra tire and a tool kit. What is more, not only exclusively better quality and characteristics in comparison with the other companies will be offered, but one year maintenance will be suggested for every trailer free of charge. 
[bookmark: _Toc472621057]Preparation of the design specification
The design specification of the lightweight motorsport trailer design has been analysed according to the technical regulations extracted from the Formula1 official website. The key customer’s specifications for this report will depend on the dimensions and cockpit specifications of the Formula1 car. 
Therefore, we need to take into account that the car’s minimum mass must be 722 kg. Apart from that, all the safety equipment needs to be considered with reference to the lower limit for the load-holding trailer. The highest level of loading capacity of the trailer is 2,000 kg. According to all the calculations conducted with reference to the worst conditions, each trailer tyre will have to bear 4,900 N of load (500 x 9.8).
Coupled with the previously mentioned calculations, another portion of calculations in order to choose the material for the trailer body have been done. The most fitting item incorporated good strength characteristics but the lowest price. What is more, a trade off was made employing a commercial material selection software called CES. Thus, the axis was price limit at Y – axis and yield strength limit at X – axis. The suitable material was characterized with the lowest price and the highest yield strength in the chart. In this way, the result we have obtained includes cast iron and low alloy steel. The priority usage of cast iron is aimed at heavily loaded parts as, for example, gears and automotive suspension. At the same time, low alloy steel possesses a peculiarity named ‘hardenability’. By this, we mean its 1.5 times higher yield strength if to compare it with the latter one. It has been decided to use chrome-vanadium steels for the trailer beams.
[image: ]
         Due to the fact that there is a maximum limit of 1600 mm of the body work of the car between the front and rear wheel line, we can make an assumption that the weight of the body is a distributed loading on a simply supported beam. Thereby, the thickness of the rod employed to design the trailer can be calculated using the following relation of deflection of the beam:

Let us explain the constituents of the above-mentioned formula in the following way:
·  means the deflection in the beam due to the loading;
· W is the half of the total load on the rod. The remaining two tyres of the vehicle will lift the other half load;
· L is the distance between two tyres in the position of longitude; 
· E is the young’s modulus of the material employed;
·  I is the inertia moment for the square cross sectional of the beam. 
The moment of inertia is  . Here, ‘b’ means the thickness of the cross-sectional beam. Hence, we have chosen 95 mm thickness for the low alloy steel rods. 
It is also critical to highlight the eco-friendliness of the trailer reported. By this, we mean that the manufacturing process of the trailer is necessitates less energy for production together with reusability to cut the resource waste. Furthermore, the material of our choice is non-toxic; thus, sustainability is produced. Apart from that, there is a possibility of usage of recycled low alloy steel in the event of suitable amount of carbon added and proper heat treatment with regards to that material.
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Final Design
The final version of the design has been accumulated through more useful and important specifications of all the design offers. Total length of the trailer design is 4,880 mm with the tray length of 3,660 mm that is twice longer than the loaded vehicle. Thus, there is quite enough space for the other storing and reducing uncomfortable things that may emerge between the vehicle and the trailer. 
In a final version, it has been decided that the total weight of the trailer is 400 kg. The trailer is supposed to carry any vehicle of mass up to 2,000 kg. The ramp width is 1,985 mm with an easy adjustment just with dependence on the length between wheel boxes of the loading vehicle. In order to make loading and unloading of the F1 car accessible, low sides of almost 220 mm have been set on the opening direction of the vehicle door. Likewise, for the smooth loading and unloading, beaver tail enforcement has also been set on the trailer’s rear side.
The final design incorporates the following features as well:
(i) four tie down loops in front and rear side to grip the vehicle and shorten the vibrations in the body stemming from the external movement;
(ii) the raise of the tyre rack’s height on the ramp to achieve plenty of storage space on the bed to place extra tyres secured by a unique strap system and a plastic-coated cable with padlock;
(iii) an electric winching capability operated through remote control access;
(iv) a unique mounted brush that covers full width of the trailer allows to pass the winch cables and pulleys without interference;
(v) replacement of all lights by full LED lighting that will be more clearly visible in foggy and rainy weather.
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All in all, the lightweight motorsport trailer design has been focused on peculiar specifications. By this, we mean that the trailer design will have to incorporate certain characteristics for the trailer to be uniquely functional and operate at its highest capacity. Thus, the trailer will have to include a winch to pull the car if it is damaged or to lift the car on the trailer, a box for storing the mechanical tools, a support to hang on a spare wheel, and a lightweight roof or cover to protect the car and the driver from the rain and to be used as paddock.
Apart from that, if there is no floor on the tray, the trailer is lighter. Moreover, in the even of the car being on, there will be the possibility either to repair it or check. There are also various adjustments of the tray parts enabling the car to be dragged either by the wheels as well as through its bottom. Finally, the end design version has also taken into account the trailer cover system underlying the cover amounts stored in the back shell, sewn to each amount and deployed during sliding.
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