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A_STUDY OF THE EXPLOITATION OF THE 
  

PROPERTIES OF NATURAL RUBBER IN TYRES   

Summary 

Tyres account for over 60 per cent of the world's 

total rubber usage. The distribution of rubbers used in 

tyres between natural and synthetic rubber varies from 

country to country. The trends in tyre development are 

indicated. The properties of natural rubber and the main 

synthetic rubbers used in tyres are described. Newer 

synthetic rubber types and new forms of natural rubber are 

also described. The suitability of the different rubbers 

for use in the various components of tyres is discussed. 

The other factors besides technological suitability are 

then taken up. These include availability and price. 

The manufacture of synthetic rubbers from petrochemical based 

materials is traced and the problems facing synthetic rubber e 

“ manufacturers are discussed. 

The dramatic changes in the world energy situation 

reflected in shortages and price escalation of petrochemical 

based materials since this research project was begun has led 

to rethinking on the choice of rubbers for use in tyres. 

The present low prices of natural rubber are a consequence 

of the economic recession following the world energy shortage. 

In the present confusion caused by the oil crisis, currency 

(i)



fluctuations and balance of payment problems, it is not 

‘ possible to paint a clear picture of the future of natural 

rubber in tyres. An attempt has been made to indicate 

the factors favouring and opposing a bright future of 

natural rubber in tyres. Motor cars provide an index for 

a country's prosperity. Tyre usage being tied to motor 

vehicle usage, the growth of tyre demand can only accompany 

increasing national and international prosperity. 

It is not only the synthetic rubber used in tyres 

that are derived from petrochemical bases. Nylon (polyamide) 

and polyester tyre cord materials, carbon black, processing 

oils and the chemical ingredients used as accelerators, 

antidegradants and peptisers are all made from petrochemicals. 

The present oil crisis has created supply problems in all 

these materials. The position is particularly difficult 

for small tyre factories since research and development work 

on tyres is expensive. How expensive it is can be gauged 

from the section on testing of tyres and rubber compounds 

used in tyres. The need has arisen to evaluate new materials 

and re-evaluate older materials with a view to techno- 

economic optimisation of tyre manufacture. An exercise 

carried out as part of this project to obtain optimum levels 

of four compounding ingredients used in a natural rubber based 

truck tyre tread compound is described. The technique used 

was computer aided regression analysis in which regression 

equations are used to predict the cost and properties of a 

large number of different compounds and these predicted values 

are analysed to select the best levels of the ingredients. 

(ii)
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A_STUDY OF THE EXPLOITATION OF THE 

PROPERTIES OF NATURAL RUBBER IN TYRES 
  

Introduction 

The Importance of Tyres to Rubber Producers 

The importance of tyres to producers of both 

natural and synthetic rubbers can be gauged from Table 1.1. 

which shows the quantities and percentages of rubber 

accounted for by tyres in the different countries. The 

U.S.A. which is by far the world's largest consumer of 

rubber used 64.5 per cent of its total rubber consumption 

in tyres. The data in the tables given in this section 

are obtained from the Rubber Statistical Bulletin 

(November 1974) published by the International Rubber 

Study Group (1) 

Table 1.1. Raw Rubber used in Tyres and Tyre Products 
  

in 1973 in relation to total rubber 

consumption 

‘000 metric tons 

(1) (2) (3) (4) 
Country Total rubber Rubber used in (3) as percentage 

consumption Tyres & Tyre of (2) 
Products 

U.S-A. 3413528 2,022.3 64.5 
Japan 1,045.0 562.4 53.8 
West Germany 613.6 274.0 44.6 
France 466.9 297.7 63.8 
U.K. 455.9 224.6 49.3 

(1)



The proportion of rfatural to total raw rubber 

used in tyres varies from 25.5 per cent in the U.S.A. 

to 38 to 40 per cent for Japan, West Germany, France 

and U.K. as shown in Table 1.2. In 1971 in the U.S.A. the 

proportion of natural rubber in tyres was only 23.6 per 

cent. It will be noted that though the proportion of 

natural rubber to synthetics in tyres is low in the 

U.S.A. the actual quantity of the natural rubber used 

in tyres is much larger than that in any other country. 

Table 1.2. Usage of Natural and Synthetic Rubber in 

Tyres a 

‘000 metric tons 

Country NR SR Total rubber NR as per 
used in tyres cent of total 

U.S.A. Sibee DySO/ ie a 270223 25.5 
Japan 227.1 345.3 562.4 38.6 
West Germany 106.8 167.2 274.0 39.0 
France 21916 178.1 297.7 40.2 
U.K. 89S T35\ 224.6 3958 

Table 1.3. shows the consumption of NR in 

different countries in relation to total world NR 

consumption while Table 1.4. shows the usage of NR in 

tyres in relation to total NR consumption in each country. 

(2)



Table 1.3. Consumption of NR in different countries in 

relation to total world NR consumption - 1973 

NR Consumption As per cent of 
Total World NR 
consumption 

Total World 3,400.0 
U.S.A. 696.4 2065 
Japan 335.0 9.8 
Germany 205.6 6.0 
U.K. L736 1 SL 
France 16256 : 4.8 
Western Europe (total) 921.2 PALES 
*Eastern Europe & China 700.0 20.6 

*Estimated 

Table 1.4. Usage of NR in tyres in relation to total NR 

consumption in the country - 1973 

Usage of NR Total NR 
: in Tyres consumption (1) as per 
("000 Metric Tons) cent of (2) 

U.S.A. 515.2 696.4 74.0 
Japan Ze als 335.30 64.8 
West Germany 106.1 205.6 52-0) France 119.6 162.73 Tait UcKs 8925 ATS 1 5Le7 

No figures are available for the quantities 

of NR used in tyres in the countries of the Socialist 

bloc. It seems fair to assume that tyres account for 

more than 75 per cent of the total NR consumption on 

account of the much higher proportions of heavy vehicles 

to passenger car tyres. Larger tyres use high 

proportions of NR, while the proportion of NR in 

passenger car tyres is decidedly lower, as will be 

explained later. 

(3)



1.2. 

The data presented so far stresses the 

importance of tyres to rubber producers. It explains 

why emphasis in rubber research and development work 

as well as in marketing of rubber is on tyres. 

The choice of rubbers for use in tyres 

The choice of rubbers (elastomers) for use 

in tyres is governed by the following factors:- 

1. Availability. 

2. Price. 

3. Quality and uniformity. 

4. Processing characteristics in the factory. 

and 5. Performance in the finished tyre. 

1. Availability 

In the context of present day transportation 

rubber is a strategic raw material and adequate supplies 

of raw rubber are needed by every country to keep 

people and goods moving. Natural rubber plantations 

are concentrated in South East Asia which account for 

over 90 per cent of world production. During two world 

wars and in other times of international crisis natural 

rubber supplies have been denied to some countries. 

Rubber Restriction Schemes operated in the nineteen 

twenties and thirties have also artificially limited 

supplies to the world market. 

(4)



2. Price 
The restriction schemes were seen by non~rubber 

growing consumer countries as a means of forcing them to 

pay prices determined by the rubber growing interests. 

At other times too whenever the demand for rubber was 

strong manufacturers of rubber goods had to pay high 

prices for rubber. Two such occasions were the days of 

the Korean War early in the 'fifties and the months 

following the Middle East conflict of October 1973 when 

natural rubber prices rose to above £500 per metric ton. 

This was due more to speculation on the rubber market 

than to any real shortage of natural rubber. The 

activities of speculators on the natural rubber market 

have been decried by rubber producers and consumers 

alike. With their basic raw material showing such 

widely fluctuating prices rubber manufacturers face 

serious problems in planning production and pricing 

policies. Synthetic rubber prices had remained steady 

and shown a downward trend until the petrochemical 

shortage in 1973 forced price increases. Today general 

purpose synthetics rubbers are more costly than natural 

rubber. 

3. Quality and Uniformity 

Complaints of lack of uniformity and supplies 

below standard specification samples have been levelled 

against natural rubber particularly during times of 

(5)



shortage. The Rubber Manufacturers Association in 

the U.S. made a special appeal to rubber manufacturers 

against accepting sub-standard deliveries of natural 

rubber in 1951. 

The claim was always made for synthetic rubber 

that there was a high degree of uniformity between lots. 

4. Processing characteristics in the factory 

The increasing emphasis on greater productivity 

in the factory requires materials which need less 

processing. In a tyre factory the demand would be for 

raw rubber which needs no warming, little or no masti- 

cation and shorter mixing times. Fast extrusion and 

calendering rates are also desired. 

5. Performance in the finished tyre eee tn he finished tyre 

The rubber compounds used in tyre component 

should ensure good performance of the components and the 

whole tyre. 

The choice of raw rubber for tyre production 

is made on the basis of techno-economic evaluation of 

these factors. These parameters as applied to different 

materials are however subject to change as evidenced by 

the recent escalation of the prices of all petroleum 

based materials. It then becomes necessary to evaluate 

new materials and re-evaluate older materials with a view 

to techno-economic optimisation of tyre manufacture. 

(6)



Scope of the Present Project 

Smaller tyre factories like the one in 

Sri Lanka are badly affected by disruption of the 

supply pattern. Higher prices of certain raw materials 

and difficulties in obtaining adequate supplies of 

others make it necessary to carry out optimisation 

studies of rubber compounds with cost as one of the 

variable characteristics. However, before the subject 

of optimisation studies can be discussed present trends 

in tyre development and the suitability of the available 

rubbers for use in the different components of passenger 

car and truck tyres must be assessed. The methods used 

to evaluate the performance of different rubber compo- 

sitions in tyre service are then critically described. 

The experimental work consisted of an exercise 

aimed at predicting optimum levels of four compounding 

ingredients used in a natural rubber based truck tyre 

tread compound by the technique of computer aided regres- 

sion analysis.



. 

2. TRENDS IN TYRE DEVELOPMENTS EEE TS 

Tyre Design and Construction 

The basic function of the tyre is that of an 

envelope for the air that actually carried the load of 

the vehicle. The envelope is the fabric body or 

carcass of the tyre which is surrounded by a cushion 

of rubber compound. The tyre tread provides traction 

against the road surface while the bead anchors the 

tyre to the wheel of the vehicle. In tubeless tyres 

the inner liner hinders diffusion of air into the carcass 

plies which then tend to separate. Figure 23h. isa 

eross sectional drawing of a yadial passenger car tyre 

and Figure 2.2. that of a large truck tyre. The 

structure of a tyre and the principles underlying it are 

explained by Gough (2). 

There are two basic tyre constructions, cross 

ply or bias-ply and radial ply. The belted-bias 

construction is a hybrid of these two. In the cross ply 

the tyre cords run at an angle from bead to bead, the 

cords in alternate layers running in opposite directions. 

In the radial ply tyre the cords run at right angles to 

the bead. The radial ply tyre has additionally one or 

more layers of fabric constituting the rigid breaker belt 

which are restricted to the tread area. Belted-bias 

tyres have cross ply carcass construction with a rigid 

belt. Figure 2.3. shows the three different constructions. 

(8)
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Fig. 2.348 Basic Tyre Constructions 
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e. 

It has been explained (3) that "The guiding 

principle in development of rubber compositions for 

tires is to achieve the best balance of properties for 

a particular type of tire service. Since a tire is a 

mechanical structure a rubber component should be 

judged on how it functions in the system rather than 

on its individual properties or performance capabilities". 

General trends in tyre development 
  

Tyre developments are largely determined by 

vehicle developments. Vehicle development is in turn 

influenced by socio-economic factors like the state of 

the economy, environmental legislation and the energy 

crisis which has led to shortages and high prices of 

petroleum-based products. It is relevant to stress 

here that nearly all the raw materials used in the tyre 

industry including the synthetic rubbers, carbon blacks, 

polyamide (nylon) and polyester tyre cord materials, 

processing oils, peptisers, accelerators, retarders and 

antidegradants are petrochemical based. 

The directions that tyre development takes 

will greatly influence which polymers (rubbers) and 

other raw materials the industry will use. Radial ply 

tyres for instance require higher proportions of natural 

rubber. Technologically it is not only the properties 

conferred by a material on the finished tyre that are 

(12)



important. As factory processes continue to become 

more streamlined the ease of processing becomes more 

important. Natural rubber is the preferred material 

in radial ply tyre carcasses because its high strength 

in the unvulcanised state ("green strength") enables 

it to resist the more exacting stresses imposed during 

the operation of assembling a radial ply tyre. The 

economic considerations of price and availability 

are also of paramount importance. 

The following trends are predicted for both 

passenger car tyres and heavy vehicle tyres in this 

decade. (6,7,8) 

1. A pronounced shift to radial construction. 

2. A move towards progressively lower aspect 

ratios. (ASPECT RATIO is defined as the 

tyre section height divided by its width). 

3. Greater emphasis on safety. 

4. Increased importance of comfort in riding. 

NVH - Noise, Vibration, Harshness - 

characteristics of tyres are receiving 

greater attention as they do in motor 
vehicles. 

5. Greater use of steel as the tyre cord 

material. Competitors include polyester, 

du Pont's Kevlar an Aramid fibre, and glass 
fibre. 

(13)



The Radial Ply Tyre 

The conventional cross-ply or bias ply tyre 

has the cords of the tyre carcass running from bead 

to bead at an angle, the cords in alternate layers 

running in opposite directions. It is not braced by 

an inextensible belt. In the radial ply the carcass 

cords lie at right angles to the tyre bead and are 

reinforced by an outer rigid belt. A British patent 

granted to Gray and Sloper in 1913-14 (9) stated 

"the tyre cover comprises in combination radially 

disposed flexible inextensible cords which constitute 

the sole restraining means at the sides of the tyre, 

and a girder belt of flexible material inextensible 

in directions oblique to the circumferential direction 

of the tyre .... to prevent rolling". Though rayon 

was first used as the material of the rigid breaker 

belt, steel cord and glass fibre are the present front 

runners. 

The greatly improved performance of the radial 

tyre is due to the separate functioning of the tread 

and sidewall. In the cross-ply tyre the same tyre 

cords reinforce both the tread and the sidewall so that 

when the sidewall flexes the tread is distorted. The 

presence of the additional layer of rigid breaker belt 

in the radial ply tyre prevents this distortion 

("squirming") of the tyre tread, so that it remains flat 

(14)



222.1215 

while the sidewall flexes in response to cornering, 

braking or road surface irregularities. 

Comparison of radial ply and conventional cross ply tyres 

Gough, Jones and Udall (9) have explained the differences 
in performance between the radial ply tyre and the 
conventional cross ply tyre. 

Advantages of radial ply tyres 

1. Much longer tread life 

The initial motivation for using radial ply 

tyres was the greatly increased tread life of radials. 

Tread wear depends on a variety of factors as will be 

shown later. Gough (9) estimated that the tread life 

of radials is 60 to 120 per cent better than that of 

cross ply tyres. It is generally accepted today that 

a radial tyre will show 100 per cent better tread wear 

than a cross-ply tyre would. The radial ply tyre, it 

is pointed out, (9) represents the greatest breakthrough 

in increased treadwear resistance since the introduction 

of carbon black into tyre tread compounds. Gough (10) 

has shown that the tread breaker belt acts as a beam 

supported on the elastic foundation provided by the radial 

casing. 

2. Better steering characteristics 

The better steering characteristics of radial 

tyre are explained on the basis of higher cornering 

power and lower aligning torque. 

3. Greater stability at high speeds 

The radial ply tyre is more stable at high 

Speeds than the cross ply tyre. The difference in 

stability is explained in terms of the ripple effect, 

(15)



the wave like distortion noticed in tyres operating 

at high speed. (11) This effect is variously known 

as ripple, standing wave, stationary wave and traction 

wave. 

4. Better wet skid resistance 

Gough and others (9) point out that the 

rigid breaker belt in radial ply tyres enables a wide 

variety of tread designs and polymers to be used, 

resulting in high resistance to skidding in both 

braking and cornering. A possible explanation is the 

ability of the tread of the radial tyre to flatten 

to the road configuration without difficulty. The 

cross ply tyre tread can only do so with tread 

distortion. The belt like flexibility of the breaker 

layer and the high flexibility of the sidewall of 

radials gives a slightly longer contact patch and higher 

contact pressure than is obtained with cross ply tyres. 

10 to 20 per cent greater traction is developed. 

Figure 2.4 (9) shows the relative grip of the two types 

of tyres on a traffic polished smooth surface. 

5. Cooler running at high loads or low pressures 

This is due to the lower level of distortion 

of the radial tyre. 

6. Lower noise generation and transmission 

The tendency of radial ply tyres to reduce 

road roar on rough road surfaces is reported (9) to be 

a major reason why some vehicle engineers prefer radials. 

(6)
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Te Lower rolling resistance leading to lower fuel 
consumption 

The radial tyre has a lower rolling resistance than 

a cross-ply tyre. Figure 2.5 (9) gives a comparison 

between the two types. Rolling resistance multiplied 

by speed gives the power consumption. It is now known 

that rolling resistance is little influenced by speed 

so that it is a convenient index of the power consumption 

of a tyre (|). Fuel consumption is influenced by the 

conditions of operation of the vehicles. Leoas 

extimated that for conditions existing in England, the 

use of radials can reduce the fuel consumption of trucks 

by 5 per cent and of passenger cars by 2 per cent. Fuel 

consumption is listed as ia secondary feature in Gough's 

summary of performance of radial and cross ply tyres 

reproduced at the end of this section but today it is an 

important factor. 

The disadvantages of radial tyres 
  

ee Radials cost half as much more as cross-ply tyres 

Their higher manufacturing cost is due to the additional 

processes involved in their manufacture, the expensive 

equipment needed, and the greater degree of precision 

and supervision required in the manufacturing operations. 

The increase of 50 per cent in cost must however be 

balanced against the 100 per cent or so increase in tread 

life alone. 
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The effects of eee ont particularly 

radial, on production equipment are described by 

Isaksson (12). He points out that accurate dimensional 

control of all parts of a radial tyre during manufacture 

is an absolute necessity for high quality and that the 

placement of components in their appropriate places with- 

out distortion during handling is the key to quality tyre 

assembly. Special dispensers or servicing machines, tyre 

assembly machines and vulcanising machines are described. 

They are much more sophisticated, more precise and more 

expensive than the equipment used for cross-ply tyres. 

Graham (13) describes "on-stage" tyre building machines, 

segmented tyre moulds, cable bead machines and other 

other special equipment designed for radial tyre 

manufacture. 

26 At speeds below about 40 m.p.h. radials give 

a harsher ride. This is caused by the reaction of the 

rigid breaker belt to irregularities on the road surface. © 

Such harshness can be corrected by "tuning" the trans- 

mission characteristics of the vehicle suspension system. 

ae The radial ply tyre is less robust than the 

cross ply tyre and is more susceptible to accidental 

damage on poor roads. 

4. The remouldability of cross-ply tyres is greater 

than that of radials. 

Se At very high cornering intensities caused by 

high speeds or sharp corners one or more of the tyres can 

skid. With cross ply tyres the feel on the steering 

wheel changes giving warning of a likely skid. In 

radials, particularly steel belted ones, breakaway is 
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sudden.and with no warning that most drivers can 

recognise. 

Table 2.1. is a tabulated summary of the 

comparison of radial ply and cross-ply tyres made by 

Gough and others (9). 

  Table 2 - Conventional Cross Bias Tires Versus Radial Ply Rigid Breaker Tires (Merit Ratings Given from Consideration of Basic Concept Only) 

  

Cross 

Bias 
Major Features Tires Radial Ply Tires Comments 

Tread Wear 100 160* This feature dependent on individual design. Noise Suppression 100 + Superior to Substantial reduction in road roar frequencies : Conventional (100-300 cps) on noise exciting surfaces. Ridging/ Wander 100 + Superior to Radial ply tires better even when compared with 
Conventional conventional tires with wrap round shoulder de- 

signs; also, still maintain good properties when 
worn. Ride 

2 low-SpeedHardnessup to 40 Mph 100 80-90 Vehicle suspension factors important in assessing 
these properties. High-Speed Ride 100 125 Radial ply tire a “natural” for European cars at 
motorway speeds. 

Secondary Features 

Fuel Economy 100 Up to 105 Small but positive saving in fuel consumption for 
Tadial ply tires. Car Control and Handling 100: 95-105 * Radial ply tires generally good on constant bend 
comers but slightly inferior on transitional ef- 
fects; also dependent on car. Tire/Road Adhesion 100 100+ : Satisfactory for both types with modern tread 
material and patterns, but more scope with : 
radial ply tires for radically new tread designs. Parking Torque 100 90 Radial ply tires inherently heavier in parking 
than cross bias tires; this feature to be watched 
in medium sized cars without power assisted 
steering. Endurance 100 100 on Good Roads Radial ply downgraded slightly because of higher 

95 on Unmade Roads susceptibility to wall damage by loose 
boulders, etc. 
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2.3% frends in Passenger Car Tyre Development 
  

The following trends are noticeable in 

passenger car tyre development. 

Ve 

following the 

of escalating 

2. 

The average size of tyres will be smaller, 

prices of motor fuels. 

move towards lighter cars as a result 

The switch to radial construction will be 

accelerated because of the greater economy in fuel and 

wear characteristics. 

bias-ply (cross-ply), bias-belted and radial ply 

passenger car tyres are shown in Table 2.2. below 

prepared by Knill and Urbon (14). 

Performance of the three Tyre Constructions in 78 series 

Table 2.2 

  

The relative performances of 

  

  

  

  

PERFORMANCE RATINGS 

cen ial truction Bias Bias-belted Radia 
nee Polyester Polyester Polyester Polyester Polyester 

Belt “= Fiber- Steel Rayon Steel 
glass 

Treadwear 100 140 165 200 240 
High Speed 110 115 115 120 115 
Wet Skid 100 110 112 112 20S 
Ride 

low speed 100 98 96 96 94 
high speed 100 99 98 100 100 

Fuel 
consumption 100 99 100 104 104             

(Ref. Knill and Urbon : "Future 
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Forecasts for the distribution of the passenger 

car tyre market in Europe and the U.S.A. (Tables 2.3 

and 2.4) (15) (16) show that Europe is far ahead of the 

U.S.A. in the switch to radials. 

Table 6 

Percentage Share of the U.S.A. passenger car _tyre 
market-by construction 
  

  

Original Equipment Replacement Sales 
Market 

1972 1973 1974 197511972 1973 1974 1975 

Radial 06 18 41 61 8 23 19 24 
Bias-belted 78 64 46 30 | 38 42 39 38 
Bias-ply 16 18 wie: 9 
(cross-ply) 

54 45 42 38 

Ref. (15) Modern Tyre Dealer January 1974 p.54 

Table 7 

Percentage Share of passenger car tyre market in 
Europe for radial ply tyres 

Original Equipment Replacement Sales 

1970 1975 1970 1975 
U.K. 35 90 to 100 38 80 
France 95 100 95 100 
W. Germany 35 100 40 90 
Italy 100 100 50 85 

Ref. (10) PRT Polymer Age : May 1973 p.173 : Wind of Change 
in Tyre Design 

It is interesting to note that the tyre 

specified by General Motors for their new cars is a 

radial. 
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3. Tyre aspect ratios will be reduced towards 

70 and 60. Lower aspect ratios apart from giving car 

designers more opportunity to improve the aesthetics of 

the vehicle are said to give the following technical 

advantages:- 

",.. the contact patch becomes shorter and wider, the tyre 

has a lower rolling resistance, it is less distorted in 

Manoeuvre, and of course its vertical stiffness is 

greater." The disadvantages of lower aspect ratios are 

"harder riding especially on vehicles with standard 

suspensions, harder to steer when parking, greater 

difficulties in manufacturing and higher costs". (12) 

The low aspect ratio tyre not only improves 

tyre mileage but also vehicle stability and permits the 

use of a wheel with a larger internal diameter, thereby 

permitting larger brakes. (7) (17) Figure 2.3% (b) 

4. Polyester is the likely tyre cord material 

in the U.S. for bias belted tyres in the 1970s. In 

Europe rayon is the favoured material for tyre cord, 

polyester being used to any extent only in Britain. 

The advantages of steel cord,particularly its resistance 

to cutting and its cooler running properties are 

recognised, but special expensive equipment is needed to 

process it. This investment is gradually being made 

and it is expected that steel cord will be the pre- 

dominant tyre cord material towards the end of this 

decade. All-steel radials have been manufactured for 

many years by Michelin. Most passenger car radial tyres 
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in the U.S. now have an all steel construction. 

Competing with steel will be glass fibre and organic 

fibres like du Pont's Kevlar. Their claims are based 

on their lower costs, their lower specific gravity, 

their ability to be processed on existing equipment and 

their comparative performance. Three U.S. tyre 

companies have put out all glass radial tyres priced 

20 per cent lower than an all-steel one, claiming it 

duplicates the performance of the steel radial and in 

addition gives a softer ride. 

Se The rigid breaker belt of radial ply tyres 

will be made of steel in Europe. In the U.S. it will 

be of steel or fibreglass. 

6. Motor car manufacturers are anxious to dis- 

pense with the spare tyre to provide more usable space 

in the car and greater freedom for the car designer. 

Run flat tyres while satisfying these needs would also 

assure the motorist greater safety and less inconvenience 

in the event of a puncture. 

In February, 1972, Dunlop announced the develop- 

ment of a run-flat tyre. Originally called the Total 

Mobility Tyre its name has since been changed to DENOVO. 

The Denovo is a tubeless radial tyre and it was made 

possible because of the development of the radial ply 

concept and the lowering of tyre aspect ratios. The 

concept of this tyre it is stated, differed from earlier 

attempts to prevent a puncture from immobilising the 

tyre in that the flattened condition of the tyre 
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