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Abstract

The paper takes a technical review of the recent changes taking place in the design of motorcycles manufactured by different brand companies available in the market. The parameters discussed are the changing demands of the market, aesthetics, designing procedures, quality requirements / legal norms, cost, manufacturing and so on. A comparison of various important technical details of few famous brands has been made. The research and development in the field has been summarized.
Further the latest motorcycle with an electric prime mover has also been discussed and its feasibility has been studied.

Introduction

The Britannica Encyclopaedia describes a motorcycle as a bicycle or tricycle propelled by an internal-combustion engine (or, less often, by an electric engine).
 
The designers consider the motorcycle as a machine which is designed as an automobile for a single person mostly to perform as a tool for excitement. However in India it is considered as a mode of cheap and quick transport. Normally a two wheeler with a non manual driving force qualifies as a motorcycle but in some cases it can have more than two wheels — in such cases the demand defines the number of wheels.

As on today there are nearly 20 crore motorcycles in the whole world, out of which around seven crore ten lakhs are from China and India together. In India, the vehicle population is growing at rate of over 5% per annum and today the vehicle population is approximately 40 million. The vehicle mix is also unique to India in that there is a very high proportion of two wheelers (76%). Table 1 gives the statistics of the production of two wheelers in the last seven years. [1]
The cost of the fastest motorcycle as on today is 2.5 lakh dollars (@ one crore and eighteen lakh rupees). The ‘Dodge Tomhawk Super V 10’ (Fig. 3 B.) speeds at 400 km/hr. It has a 8.3 litres petrol tank, 10 cylinder engine and has a weight of 700 kgs.[1] Such interesting facts about the motorcycle also generate in us a curiosity as to how the changes in the design were effected and what is the present scenario. The paper discusses the different important changes in the different eras and what would be the future scope in the demand and designs of the types of motorcycles. 

Table 1
	Production Trends (Number of two wheelers produced)

		2002-03
	2003-04
	2004-05
	2005-06
	2006-07
	2007-08
	2008-09

		5,076,221

	5,622,741

	6,529,829

	7,608,697

	8,466,666

	8,026,681

	8,418,626



	


History

The first motorcycle was invented by American Sylvester Roper in the year 1867. It used coal as the fuel. This project wasn’t a huge success due to the large amount of pollution it created. It was constructed mostly of wood; the wheels were of the iron-banded wooden-spiked wagon-type. (Fig 1)

 Later in the year 1885, Gottliab Daimler (who later teamed up and Wilhelm May Bach of Germany with Karl Benz to form the Daimler-Benz Corporation) created the first petrol motorcycle. It had one wheel in the front and one in the back and had a smaller spring-loaded outrigger wheel on each side. [2] 
The invention of the motorcycle created the self-propelled bicycle. The first commercial design was a three-wheeler built by Edward Butler in Great Britain in 1884. This employed a horizontal single-cylinder gasoline engine mounted between two steerable front wheels and connected by a drive chain to the rear wheel.
  
The 1900s saw the conversion of many bicycles, or pedal cycles by adding small, centrally mounted spark ignition engines. There was then felt the need for reliable constructions. This led to road trial tests and competition between manufacturers. Tourist Trophy (TT) races were held on the Isle of Man in 1907 as reliability or endurance races. Such were the proving ground for many new ideas from early two-stroke-cycle designs to the latest designs like supercharged, multi-valve engines mounted on aerodynamic, carbon-fibre reinforced bodywork.
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Fig. 1 The First motorcycle by                               Fig.2  The First production motorcycle by Sylvester Roper  (based on the Steam Cycle)        



                     

Fig. 3 A                                                                  Fig. 3 B. 

NSU Sportmax streamlined motorcycle,               Dodge Tomhawk Super V 10.    
In 1894, Hildebrand & Wolfmüller became the first series production motorcycle (Fig 2), and the first to be called, in German, a motorrad, that is, a motorcycle. In the early period of motorcycle history, many producers of bicycles adapted their designs to accommodate the new internal combustion engine. As the engines became more powerful and designs outgrew the bicycle origins, the number of motorcycle producers increased.

Further Developments:

Until the First World War, the largest motorcycle manufacturer in the world was Indian producing over 20,000 bikes per year. By 1920, this honour went to Harley-Davidson, with their motorcycles being sold by dealers in 67 countries. By the late 1920s or early 1930s, DKW took over as the largest manufacturer.
In the 1950s, streamlining began to play an increasing part in the development of racing motorcycles and the "dustbin fairing" held out the possibility of radical changes to motorcycle design. NSU and Moto-Guzzi were in the vanguard of this development both producing very radical designs well ahead of their time. NSU (Fig. 3 A.) produced the most advanced design, but after the deaths of four NSU riders in the 1954–1956 seasons, they abandoned further development and quit Grand Prix motorcycle racing. Moto-Guzzi produced competitive race machines, and by 1957 nearly all the Grand Prix races were being won by streamlined machines. The following year, 1958, full enclosure fairings were banned from racing by the FIM in the light of the safety concerns. [2]
From the 1960s through the 1990s, small two-stroke motorcycles were popular worldwide, partly as a result of East German Walter Kaaden's engine work in the 1950s. 
Today, the motorcycle industry is mainly dominated by Japanese companies such as Honda, Kawasaki, Suzuki, and Yamaha, although Harley-Davidson and BMW continue to be popular and supply considerable markets. Other major manufacturers include Piaggio group of Italy, KTM, Triumph and Ducati.
The previous day’s motorcycle had a lot of parts around itself which could be termed as unnecessary like large fairings and so on. Designers considered them to be a part of aesthetics and partly of aerodynamics. 
But nowadays as a rule such fairings have to be minimized (to reduce its weight) and no part on the motorcycle should be useless. Protection of the rider from wind, protection of the rider from heat coming from the engine, and protection against crash are the main design considerations for the motorcycle fairings.
The changes in important parameters over the years:
The following charts shows the changes in important parameters of motorcycle design from the year 1985 onwards till date. [3] Only flagship superbikes are considered here. (Chart 1 and 2.)
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Chart 1.
1. It is observed that from the years 1984 to 2000, there was a steady increase in the bikes performance as 4-strokes were not the centre of racing.
2. After the year 2000 4-strokes were introduced to gp racing as they had a better fuel economy.

3. This led to massive development in the performance of the engine; hence the graph shows an upward trend. 
4. After 2005 the emission norms hampered the increase in power of the bike and the slope of the graph reduces.
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Chart 2.

1. As production bikes were not used for performance biking back in the mid eighties the weight wasn’t a big concern.

2. After 2000 due to massive research and development in the field of 4-stroke litre class engines the weight of the bikes came down a lot.

3. After 2005 when the stringent emission norms were introduced, to keep the power of the bike high, the weight of the bike was let loose a bit; hence the graph shows an upward trend.
Types of Motorcycles

Motorcycles can be classified into the following types:

· Street Bikes -- These motorcycles are designed to run on tar roads (and not on hilly or rough terrain) These can be further classified as  Sport Bikes (made for high speed turning and tremendous acceleration) and Super Bikes (which are made of 1000 cc multi cylinder engines and have very high limits and are mainly designed for performance biking.)(Fig. 4)
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Fig. 4. A Street bike and an Off-road bike.
· Off Road Bikes – They can handle almost any kind of rough terrain. The main   specialty is the high torque developed and the endurance strength.(Fig. 4)
· Touring Bikes – Derived from street bikes. They have a massive fuel tank, and the very comforting riding position and ability to carry luggage.
· Choppers – This cult started in the U.S during custom bike builders. They have a high rake angle, a low seat and a high capacity engine.(Fig. 5)
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Fig. 5.   The chopper motorcycle
· Trial Bikes – These can jump over a height of 12 feet. They do not have a conventional seat and the rider is expected to stand. They are extremely light weight and have a massive amount of torque. They have a two stroke engine. [4]             
Motorcycle rider postures (ergonomics & aesthetics)
The motorcyclist's riding position depends on rider body-geometry (anthropometry) combined with the geometry of the motorcycle itself. These factors create a set of three basic postures. The expected postures affect the design of the motorcycle.
· Sport — the rider leans forwards into the wind and the weight of the upper torso is supported by air pressure as long as the motorcycle is traveling at speed, typically above 50 mph (80 km/h). 
· Standard — the rider sits upright or leans forwards slightly. The feet are below the rider, not too far to the front or back. These are straightforward, versatile motorcycles that are not too specialized for a single task. 
· Cruiser — the rider sits at a lower seat height with the upper torso upright or leaning slightly rearwards. Legs are extended forwards; handlebars tend to be high, and wide. Harley-Davidsons are exemplars of this style. The emphasis is on comfort.
Important factors of a motorcycle's ergonomic geometry that determine the seating posture include the height, angle and location of foot pegs, seat and handlebars. Likewise, factors in a rider's physical geometry that contribute to seating posture include torso, arm, thigh and leg length, and overall rider height. [5]
The conventional design method (Steps in design)
The design of a motorcycle consists of the following steps.

1. Design of the engine and the gear box. (For power required based on the purpose of the motorcycle.)

2. Design of the chassis (to take proper loading i.e stresses arising due to impact loading in different terrains.)

3. Providing appropriate suspension ( for shock and vibration isolation)

4. Designing the fuel tank, rider seat, handle bars, foot pegs (depending on the riding position.)

5. Deciding the parameters like ground clearance, overall length, steering angle etc

6. Deciding the wheels and tyres.

7. Adding the electrical components, and other accessories (keeping in mind the aesthetics and other requirements of the motorcycle.

Lot of evolution has taken place in all the above steps. A few of them are discussed below:
The Engine:
(Power capacity – the number and volume of cylinders, injection type, type of fuel, cooling method, positioning of the cylinders etc)
We have already discussed the trend in the torque and power requirements of the engine. The following table gives us an idea of most manufactured engines
Table 2. General configuration of an engine.
	Type of motorcycle
	number of cylinders
	Size of combustion chamber
	carburation
	type of cooling
	position of cylinders

	commuter
	1
	100c
	carburetor
	air
	vertical, horizontal or inclined

	commuter/sport
	1
	150cc
	carburetor / fuel injector
	air
	vertical, horizontal or inclined

	sport bike
	1 or 2
	250cc
	carburetor / fuel injector
	oil
	V or in line

	touring bike
	1
	350cc
	carburetor / fuel injector
	air
	vertical

	touring bike
	1
	500cc
	carburetor / fuel injector
	air
	vertical

	super sport bike
	4
	600cc
	fuel injector
	oil
	in line

	sport/touring bike
	2 , 3 or 4
	750cc
	fuel injector
	oil
	V or in line

	Super bike
	4
	1000cc
	fuel injector
	oil
	V or in line

	sport/touring bike
	2 or 4
	1200cc
	fuel injector
	oil
	V or in line


The engine is to be designed with more stringent norms as per the legal restrictions put by the governments day by day to avoid pollution. Norms like the Euro and Bharat show restrictions on the amount of CO and NOx emissions of the engines. Eco friendly fuels have to be tried. Nowadays research is being carried on to use biogas or bio-diesel as the fuel. Also CNG and LPG are thought of.
One of the solutions to the pollution problem especially for the two stroke engines was the use of catalytic converters to improve upon the quality of the flue gases. But the catalytic converters would have to be changed after around 20000 kms of running and hence was economically not viable to the customers. Hence the permission for production of two stroke engines has been stopped from the 1st of April 2000 and only the production of 4 stroke engines is recommended by the government legislation.
The design of silencers to attenuate sound and also to filter the suite particles have been tried out. Also silencers with different attractive shapes and with ceramic filters are being worked upon so as to restrict particulate matter of size of 0.1 micron.
To fight against pollution and considering the fact of the fuels like petrol becoming unavailable other fuels have been tried out.
The following table gives the development of stringent requirements of the air quality targets of allowable emissions of the two wheelers using petrol. [1]
Table 3. Emission norms in India.
	Year


	CO in gms/kilometer
	HC in gms/kilometer
	HC+Nox            in gms/kilometer



	1991
	12 - 30
	8 - 12
	

	1996
	4.50
	-
	3.60

	2000
	2.00
	-
	2.00

	2005 (BS)
	1.50
	-
	1.50


The Chassis:

The chassis is nowadays designed on the basis of finite element analysis. The parameters checked are --- for a given loading condition the deflection in various parts, stresses in the various parts and overall natural frequencies of the whole body from vibration point of view is judged. The parameters have to comply with the norms. A model of the vehicle is made and is analyzed after applying the forces and other boundary conditions. The effect on it is simulated. Hence without the manufacturing of a prototype it is very easy to find out the effect of the slightest of change in the shape, dimension or material on the designed part. The advent of computer software consisting of solid modelling packages like the ProE and the finite element analysis packages like the ANSYS have been useful to allow for such a testing of the component without actually manufacturing the prototype. [6]
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(Fig.6)Testing a prototype on a two poster rig.   (Fig. 7)A computer simulation of the         
                                                                      


       same bike. 
A “Two poster rig” is a testing machine designed to produce controlled vertical tyre loading on real motorcycles. The bike is supported by two powerful but fast acting servo-hydraulic rams. These are under the control of a computer program and are vibrated to simulate real road surfaces, previously measured. Repeated tests can be done without further road testing. The dummy rider is constructed so as to mimic the dynamic behavior of a real rider as closely as possible. [6]
The two main design criteria of the frame of a motorcycle chassis are 1) to minimize the frame mass and 2) to minimize the structural stress. The problem is even more complex under the presence of different kinds of decision parameters: discrete (e.g., standardized tube diameters available in the market) and continuous (e.g., angles and fillets). The optimization approach for the design of such frame topology based on evolutionary algorithms and employing finite element analysis for structural calculations has become the latest requirement of the day. Frames obtained show important progress in the performance.

The Suspension:


The suspension is designed based on the motorcycle to be assumed as a spring -mass - damper model having a two degree freedom (one with vertical linear vibrations and other with angular vibrations i.e. rocking about the C.G. of the motorcycle) or a multi-degree freedom system which consists of a more accurate model considering the damping and stiffness of the wheels also. Software like LS-Dyna is made use of to understand the parameters like amplitude, velocity and acceleration of the vibration of the vehicle, after exciting it in a typical manner. (Previously these vibrations had to be actually measured by some complicated vibration measuring set ups.) 
The Tyres and Wheels:

Generally tyres have six different characteristics i.e. their grip in the dry, their grip in the wet, off road handling, tyre noise, expected kilometres and method of construction i.e. bias ply (cross ply) or radial tyre. Tyres are divided into hard and soft compounds. Hard, giving longevity and soft, offering extra traction but fewer kilometres. The maximum speed rating and maximum load bearing characteristics differs from tyre to tyre as does width, profile and tread pattern. There are two types of wheels used in the design as on today. They are:
1. Spoked wheels- these are made of thin spokes. They are used mainly for off-roading. Such wheels cannot be used for high speeds.

2. Alloy wheels- Such wheels can be used for high speed bikes but prove useless in case of rough terrains. 
Parameters for comparison.

The factors in which radical changes in the design of the motorcycles are taking place have been summarized in short in the table no. 4. The details of each change in design would be voluminous and hence out of the scope of this paper. [6]
Table 4.
	Previous /Current application
	Latest trend / Future Scope for R&D

	Tyres with tubes
	Tubeless tyres having tremendous grip.

	Design of chassis by trial and error or mathematical calculations  and 

Testing by making prototypes.
	Analyzing chassis by finite element method / simulation.

	C.G. somewhere at more than half of the height.
	Lowering of C.G by lowering the seat.

	Front wheel steering.
	Two wheel steering.

	Cam operated brake drums.
	Hydraulically operated disc brakes.

	Passive suspension.
	Active suspension.

	Spring and viscous dampers filled with oil.
	Pressurized gas-filled shock absorbers, with shim stack control.

	Telescopic fork with a typical rake angle.
	Modifications in style and lowering rake angle for stability of vehicle.

	High squat and dive.
	Adjustable squat and dive.

	I.C engines
	Electric motors, air engines.

	Larger fairings
	Smaller or no fairings made of carbon fibre reinforced plastics.

	Electronic control was absent or feeble
	Electronic components like traction control, antilock braking system are used.

	Fuel was petrol
	LPG, CNG, bio diesel, gas etc are being tried.


Latest R&D -- The Electric Motorcycle:
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(Fig. 8)The e1 pc motorcycle constructed by team Motoczysz of America at                                    the isle of man ttxgp(2009), the first zero emission race.

Electric bikes have become a hot topic in the biking world as their entry in the racing world. Electric bikes use motor as their rotary source and dc batteries as the fuel. They are a bit inferior to the IC engines but are necessary developments as they have zero emissions and do not burn fossil fuels. Considering their positive parameters, they have better torque and have broad torque curves. The power delivery set ups can be toyed with on a broad level based upon the requirements. The electric bikes are very close to the normal electric home appliances. So operation is quite easy.
Electric engines offer advantages that could never be offered by an Internal Combustion engine such as: - There is almost no noise at all. - No vibration at all. - Total linear power availability. - Zero moving parts.

The main problem with electric bikes is the range of the batteries.

Fuel cells and petroleum-electric hybrids are also under development to extend the range and improve performance of the electric motors. [2]
Conclusion:
It is found that the design of the motorcycle from the ergonomic and  aesthetic design point of view as well as designing against failure or optimization in some parameters of the design have taken place and is a continuous process in each and every system of the motorcycle. More scientific and accurate predicting and simulating techniques are being used to find the best of solutions. The result is we get a better and better product day by day. The authors have endeavoured to take a review and summarize the most important and cognizable changes in the vehicle design as on date. It was interesting to note that right from the first motorcycle to those being manufactured now; each newer invention was a step by step process, involved some use of the available techniques at that time, was an intuitive trial and error and was an enchanting outcomefor for all. 
The problem of designing the motorcycle is not simple but very complex in nature and requires a deep understanding of physics, applied mechanics, theory of machines, dynamics of machinery, material science, production technology, machine design, finite element analysis, optimization, electronics, economics and so on. It hence finds the blend of all these together.
Future scope:
The design of the motorcycles, the manufacturing techniques, the quality testing methods and other parameters with respect to the motorcycles is an ongoing regular process. The short term and long goals of the industry as on today can be summarised as:
1) Zero or very less emission 2) Control over suspension response, i.e. using of active suspension systems (using rheological fluids) to provide the necessary responses to the wheel movement and load sensing transducers, then we could have a pitch free, exceptionally comfortable ride even on off-road terrain.3) Maximum efficiency 4) Two wheel drive so as to drive through mud. Also very large balloon tyres which can easily be ridden over felled trees and other obstacles, even floated across rivers. 5) Safety and so on. To achieve this design more use of scientific tools and software is being sought after. 
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Fig. 9. Some of the future possibilities. Figures show feet-forward, streamlined motorcycles, enhancing aerodynamics and rider safety. [6]
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Fig. 10.            Vyrus,
     

   

   Fig. 11. MTT Y2K. 
A hub centred steering wheel bike.       

 A bike using gas turbine. 
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