
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


"'•fd .. >--
.. •• I -- ----

__ ......__ ___ _ 
--==---- , ________ - .---..-- --r·»· 

' -

, ,,, 

' 

. ' 
. 

·~ ~-
~ 
' 

f:· 

f 
;, 

$ 

~-
"-'"' 

.. 
"; 

t 
t 

1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

UNIDO Project for 

Confidential 
Contract No. 88/81 

Project No. US/GL0/85/068 
Activity code: J13420 

the Development of Natural Rubber-based 
Truck Tyre Retreading Materials 

Final Report 
October 1992 

I MALAYSIAN RUBBER RESEARCH & DEVELOPMENT BOARD 

j,. • ,,_' 
1 ... ' .. 

\ 

\ 

. 
'd f, 

• 



______..__ - ~--·- -- - - -~--

\ 

Contract No. 88/81 

UNIDO PROJECT NO. US/GL0/85/068 

DEVELOPMENT OF NATURAL RUBBER-BASED 

TRUCK TYRE RETREADING MATERIALS 

FINAL REPORT 

from the Contractor, 

The Malaysian Rubber Research and Development Board 

to 

The United Nations Industrial Development Organization 

October 1992 

., ' 



.. ~-· ... ~. 

.. 
I a! -

I 

• I -
I 
I 
I 
I 
I 

- I 
I 

,. I 
' I 

;.. I \\.' 
'~ ~ 

I 
~ 

I 
I 
I 
I 
I 
I 

t 

- - -1-

ABSTRACT 

The Contract has been concluded with the completion of all aspects of the work undertaken. 
This Final Repon contains the Seventh Progress Repon and a Final Project Summary. together 
with Recommendations for Future Action based on the results of the Concluding Workshop. 

The Final Progre~ Repon gives details of the participation of IRRDB Member Institutes and 
the training of their staff in modem precured retreading techniques. Results of all the second­
stage trials are presented. together with the results of other tests on wet gri~ and rolling 

resistance. 

The Project Summary reviews the results in terms of the initial objectives. their proposed 
implementation and expected outputs as defined in the Project Proposal. dealing first with the 
objective of training and technology transfer. This has resulted in direct contacts for the first 
time between some Institutes and the retreading industries in their countries. with efforts to 

improve existing retreading technology. 

The technological objectives of the Project have been fully meL A commercial truck tyre 
retreading plant was established and operated successfully to produce almost 2000 retreads. 
Road wear trials of experimental natural rubber-based tread compounds against a very high 
quality all-synthetic control have been completed in six countries with very satisfactory results. 
In all of the countries. at least one of the natural rubber-based compounds gave wear results 
within about IO% of that of the control. Definite evidence was obtained for the improved 
performance of formulations containing higher than normal levels of stearic acid under low 
severity wear conditions. The improved wet grip and rolling resistance of the natural rubber­
based retread compounds suggests that they can be economically competitive with all-synthetic 

retreads. 

Recommendations for Future Action are made. based on the results of the Concluding 

Workshop held in February 1992. 
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1 INTRODUCTION 

1.1 Background 

Work began on the Project in October 1988. It involved active panicipation by ten member 
Institutes of the International Rubber Research and Development Board in the production of 
some 2000 retreaded truck tyres and their evaluatior. in six countries. The First Interim Report. 
December 1988. reviewed the Project background and work plan and described the installation 
of most of the factory-scale truck tyre retreading planL The Second Interim Report. May 1989. 
described the final installation and commissioning of the retread plant. and the completion of 
arrangements for the participation of three of the IRRDB Institutes. The Third Interim Report. 
November 1989. described the completion of arrangements for two more IRRDB Fellowships. 
contained reports of the F'!llows from India and Indonesia. and detailed the manufacture of 
precured treads. the integrity and performance testing of retreads manufactured on the plant. and 
preliminary results from trials of steel-belted radial retreads in India. Indonesia and Malaysia. 
The Fourth Interim Report. May 1990. covered the completion of the first stage of the IRRDB 
Training Fellowships. the manufacture of the retreads for the first stage road trials. assessment of 
the steel-belted radial trials and preliminary wear data from five of the six countries. The Fifth 
Interim Repon (November 1990) covered the beginning of the second stage of IRRDB Training 
Fellowships. completion of the preliminary steel-belted radial trial. initiation of a multi-section 
retread trial. assessment of the first stage road wear trials. modification of the nawral rubber­
based formulations for the second-stage trials. changes in the retreading equipment to facilitate 
retreading of crossply tyres. and commencement of manufacture of the retreads with the 
modified compounds. 

At this stage it became apparent that the wear trials would not be completed in time for the 
Final Rcpon to be issued in October 1991. UNIDO therefore agreed to the extension of the 
Project for six months to February 1992 to allow time for the trials to be completed. It was 
agreed to present an additional Six'. Interim Report in September 1991. This Repon dealt with 
the finalization of the IRRDB Training Fdlowship scheme, two further Complementary 
Research Projects. final assessment of the multi-section retread trials and the first stage road 
wear trials. manufacture of retreads for the second stage road trials and preliminary wear results, 
and preliminary arrangemenL'i for the Concluding Workshop. 

This Final Report comprises the Final Progress Report, the Final Project Summary and the 
Recommendations for Future Action based on the proceedings of the Concluding Workshop. 
The results presented in the Progress Report include: 

a) the completion of the technology transfer programme with IRRDB Member Institutes. 
b) the results of the Complementary Research Project carried out by the IRRDB Fellow 

from Vietnam. 
c) results of the Sc.!cond stage trials, 
d) resulL~ of rolling resistance and wet traction tests. 

\ 

,, 



... -~··..,. s : ~--. . I .~ . 
I . 

• I -
I 
I 
I 
I 
I 

' -I 
I 

.· I 
\ I 
l I ... ~ 

'~ I ~ 

\ 

I 
I 
I 
I 
I 
I 

' ' t 

,. ~- ~---·- -- - . -----

2 

2 PARTICIPATION BY OTHER INSTITUTES 

2.1 Background 

This Project was designed to provide the maximum opport11ILty for panicipation by IRRDB 
member Institutes in both the truck retread testing programme and the transfer of up-to-date 
retreading technology. Nine IRRDB Training Fellowships of three months each were provided: 
five were for Member Institutes in countries in which the trials were to be carried out. namely 
the Peoples' Republic of China. Cote d'Ivoire. India, Indonesia and Malaysia. The remaining 
Fellowships were provided for the IRRDB Member Institutes in Nigeria, Sri Lanka. Thailand 
and Vietnam. 

In China, the retread trials were organized by the Beijing Research and Design Institute of the 
Rubber Industry (BRDIRI). which is not a member of IRRDB. As noted in the Fifth Interim 
Report. arrangements were made for a senior engineer of the BRDIRI to spend one month at 
TARL. 

The final position with regard to participation by other Institutes is summarired below. 

2.2 Retread trials 

The first stage rerread trials were successfully completed in all six countries. and the final 
&WCSSment of the results presented in the Sixth Interim Report. The second stage tyre trials have 
now been completed in all the countries. Payments of USS 18 000 have been made to each of the 
Institutes supervising the trials to cover the cost incurred. 

Despite the complexity of the opc:rati•in. the supc:rvision of the trials was generally carried out 
successfully. Ddays in otitaining the results were relatively few. and the Trial Co-ordinators and 
their Institutes are to be congratulated on the way in which the results were achieved. 

2.3 Technology transfer to IRRDB Member Institutes 

The second stage of the technology transfer exercise has been successfully completed. All of 
the nominated Fellows have received the planned training and have submitted Training Reports. 
The last of these. from the Fellow from the Rubber Research Institute of Vietnam. is attached as 
Appendix I to this Report. 

2.4 Technology transfer to industry 

Apart from Malaysia. where the Rubber Research Institute has carried out research on truck 
tyre retreading for many years. most of the IRRDB Member Institutes have previously had little 
or no experience of truck tyre retreading. or regular contact with the local retreading industry. 
Involvement in this Pro.iect has provided them with the background knowledge necessary for 
meaningful dialogue with commercial rctrcadcrs and truck tlcet opc:ralors. All have either taken 
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the opponunity to initiate the prot.."eSS of technology transfor to local retreaders where they exist. 
or conducted surveys to estilillish the current status of the industry in their country. The 
following summill'}' of the initi:ltives produ<..-ed by the technology transfer phase of the Project is 
based on the papers presented at the Concluding Workshop. 

2.4.1 China 

As noted elsewhere. the retreading industry is serviced by the Beijing Research and Design 
Institute of the Rubber Industry. which carried out the road trials and which is not a member of 
the IRRDB. The IRRDB Member Institute, the South China Academy of Tropical Crops has 
collaborated with the Guangzhou Xingqiu Tyre Factory to produce a survey of the retreading 
industry in China. This has identified a marked trend towards the use of synthetic rubber in 
truck tyre retreading. which is almost exclusively carried out by the hot cap process_ Tread life 
of 70-80% of that of new tyres is gener.illy oblilined and strenuous efforts are being made 
through the Monitoring and Testing Centre of the Ministry of Chemical Industry to improve 
quality. 

The survey ascribed the virtual absence of precured retreading to the prevalence of severe 
carcass damage. Road improvements are reducing carcass damage il.nd allowing increased use 
of radial tyres. Three precured retread production lines are now in operation and other factories 
are studying the process. The total potential retreild market is estimated at 8 million tyres, 
although current production is 3.3 million. 

2.4.2 Cote d'Ivoire 

A survey carried out by the Institut de Recherches sur le Caoutchouc has shown that there is 
currently little truck tyre retreading in Cote d'Ivoire, with only two companies, both using the 
hot cap process and working under capacity. Problems centre on the lack of good quality 
casings; truck tyres are entirely radial ply, and road conditions and usage cause extensive 
carcass damage. However. the high cost of new tyres, all of which must be imported, provides 
the incentive for the establishment of a larger retreading industry. This would fit in with the 
lvorienne Government's wish to increase local natural rubber consumption. An expon market 
for retreads exists in neighbouring countries. 

The Ministry of Industry in a joint study with the local UNDP ollice has identified truck 
retreading as requiring encouragement, and the IRRDB Institute is now in a position to provide 
assistance in achieving this objective. 

2.4.J India 

The survey presented at the Concluding Workshop shows that the retreading industry is well­
established, using both hot cap and precured processes. Jn 1989-90 it consumed almost 32 (X)() 
tonnes of total ruhh~r. making it the fifth largest consuming sector. The proponion of precured 
retreading is cxpc.:11.!d to grow significantly in the ni.:xt fl.!w years, encouraged hy a change from 
crossply to radial ply tyre usage. However. price considerations are expected to maintain hot cap 
retreading at a high level. 

\ 
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Notwithstmding the developments already made. the industry 1s carrying out research and 
development on wlcanization time reduction. low temperature bonding gums and the precured 
retreading of off-the-road tyres. The Rubber Research Institute is now in a better position to 
~isl in this work. 

2.4.4 Indonesia 

The Indonesian truck retreading industry is well established. The survey presented at the 
Concluding Workshop estimated that there are 116 retreading factories. of which eight use the 
precured retreading process. The total output is some 3.3 million retreads. representing 75% of 
production capacity; the lack of retreadable casings is the reason for the under utili7.ation of 
existing capacity. 

The Indonesian Tyre Retreaders Association was formed in 1990. and efforts are being made 
to improve retread quality as public acceptmce of retreaded tyres is increasing. There is little 
interest by most retreaders in changing from hot cap to precured retreading because of lack of 
experience and a consequent reluctance to invest in the new technology. The Bogor Research 
Institute for Estate Crops is now in a position to provide information on modem precured 
retreading technology. 

2.4.S Malaysia 

The Malaysian tyre retreading industry is a thriving and progressive one, and h:l.S contributed 
significantly towards the country's economic well-~eing. The industry produces just over 2 
million retreaded tyres of all types and consumes 11 7<X> tons of raw rubber annually. ranking 
third among the various dry rubber product sectors. and accounting for 15% of the rubber 
consumed by these sectors. This output is provided by approximately :oo retreaders. some with 
outputs of 4CK)-5(K) tyres/day being large by international standards. 

Precured retreading is almost entirely used for heavy truck tyres. It was introduced during the 
late 1970s and began to increase in popularity after 1984. The introduction of all-synthetic 
precured treads into Malaysia by the franchising system provided an added impetus which 
helped to accelerate its acceptance. The Malaysian retreading industry resi;onded by improving 
its general quality levd and hy introdu<.:ing natural ruhber-based precured treads, which in .;ome 
cases have achieved export markets in Europe. the Middle East. Oceania countries and the Far 
East. 

The Malaysian Association of Tyre Retreaders and Dealers Societies has taken positive steps 
towards achieving ethical professional practice among its members and in educating the 
consuming public to eradicate the misconceptions about the quality of retreads. The industry 
has pioneered the adoption of ISO 9<K>2 quality assurance systems, and is the single largest 
industrial sector to have conformed to this standard. 

For the past fow years the industry has hecn consolidating. with the smaller, less quality 
conscious retrcadcrs being phasl.!d ,lut of business as a result of their inability to up-grade 
themselves in te1ms of c4uipmcnt and to rcduci: cost through improved productivity. This has 
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resulted in a gradU31 increase in the average size of a retreading uniL At the same time. some 
retreaders are also integrating venically to produce their own compounds and to provide vehicle 
and tyre servicing. 

The last few years have also witnessed tremendous expansion and aggressive expon drive 
among the Malaysian rubber product manufacturers. including those engaged in th.~ iyre 
compounding and retreading business. The requirements to achieve ISO 9002 standards fo:­
expon. to~ether with increasing local quality awareness among government tender bodies and 
institutional buyers. have increased pressure for quality assurance systems. The diffusion of 
qll3lity assurance systems into retread-related sectors, especially the compounding sector. would 
provide the basis for a ge-neral uplift in the quality level of retreads. The Rubber Research 
Institute of Malaysia is uniquely well placed to assist the compounding and retreading industries 
to achieve this objective. 

I 2.4.6 Nigeria 
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The Rubber Research Institute of Nigeria instituted a nationwide survey of the retreading 
industry. From information obtained in two of the country's four zones. it was clearly 
established that the considerable potential for a retreading industry has yet to be exploited. 
There are probably only six small retreading companies using old equipment. Tyres are usually 
run to destruction. with a large pmponion regrooved by small operators . 

On completion of the survey the Institute will be in a position to assess fully the action 
needed to estahlish a viable truck tyre retreading industry. and assist in providing the necessary 
education for retreader s and truck operator;; through the organization of WorkshoiJS. 

2.4.7 Sri Lanka 

Retreading of passenger car tyres was introduced into Sri Lanka as long ago as the early 
1930s. and truck retreading began with the servicing of military vehicles in the Second World 
War. Kclani Tyres (Pvt) Ltd, set up as the Sri Lanka Tyre Corporation in 1967. can supply only 
about half of the new tyres required and there is a well-developed retreading industry. The major 
retreading company has recently introduced precun·d retreading and has announced plans for the 
development of the industry on ~ franchise hasis. Nevertheless, there are still a number of small 
retreaders producing low-quality retreads. 

The Rubber Research Institute of Sri Lanka organized a one-day Seminar in Colombo on 
Tyre Retreading in September 1991. The papers covered the general aspects and economics of 
retreading, as well as the use of specific macerials. The IRRDB Fellow presented two of the 
papers on 'General Aspect~ of tyre retreading' and 'Precured retreading'. Two training videos 
were also shown. In addition, the Fellow has puhlished a paper on 'Use of natural ruhber in 
tyres' in the Journal of the Plastic:r anti Rubber Institute of Sri Lanka. 

A problem identified in lhe retreading industry in Sri Lanka is the practice of using scrap 
rubber a.~ one of the raw malcrials. The Institute has therefore initiated a project on 'Evalllation 
of the performance of scrap ruhhcr in tyre relread compounds'. ll is proposed to use the data 
collecced to demonstrate to lhe local industry the unsuilahility of 1.his poor quality ruhber for use 
in retreading. 
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2.4.8 Thailand 

The survey by the Rubber Research Institute of Thailand has shown that truck tyre retreading 
is well established in Thailand. witli precured relre:lding having been introduced almost twenty 
years ago. Natural rubber is extensively used in precured retreading. which is now operated at 
four of the 40 retreading factories. Two of these are major producers. manufacturfag in excess 
of 1000 retreads and consuming over 200 tonnes of natur.tl rubber every month. 

The Institute has taken the initiative in promoting the further use of precured retreadir.g by 
the publication of a paper on this subject in the Para Rubber Bulletin. and by including a lecture 
on ·The precured retreading process· in the 3-month intensive training course on rubber 
technology provided for employees in the rubber manufacturing industry. 

2.4.9 Vietnam 

The survey conducted by the Rubber Research Institute of Vietnam has shown that there are 
only eight truck tyre retreading factories, producing about 160 000 retreads/year. No new tyres 
are manufactured in Vietnam, and there is considerable potential for expanding the truck tyre 
retreading industry which suffers from lack of investment and outdated machinery. The 
retreading industry uses only natural rubher and the hot cap relreading process. 

The Rubber Research Institute has established contacts with the retreaders with tl'ae objective 
of introducing precured retreading technology and improved retread compounds based on those 
developed in the Project. As a result, one company has ordered a precured retreading plant 
which should he installed in mid-1992. 

2.4.10 Conclusion 

All of the IRRDB Institutes participating in the Project now have contacts with the local 
retreading industries and where these contacts did not previously exist. surveys of the industry 
have been carried out. In all cases the use of pre_ared retreading technology is heing actively 
supported or promoted, together with the use of improved formulations. In those countries 
without adequate retreading facilities, the Institutes have initiated moves to introduce or upgrade 
the industry. 

It can be concluded that participation in the Project has successfully stimulated the interest of 
the IRRDB Memher Institutes in modern precured truck tyre retreading technology, and positive 
steps are heing taken in all the countries to improve or introduce this technology in the local 
rubber manufacturing industries. 

2.S Concluding Worksh6p 

The Concludinr Workshop was held on 11-13 February 1992 in Kuala Lumpur, as described 
in Section 7 of this Report. Eleven IRRDB Institutes were represented, all of the IRRDB 
Fellows being present. Papers were presentt:d on the statu.; of the truck tyre retreading industries 
in ten countries. Thi! ccmplcte Procl!edings of the Workshop will be published in late 1~2. 
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2.6 Summary 

The training and technology transfor exercises provided for by the IRRDB Training 
Fell\lwships have been successfully complered. The trainjng provided has encouraged many of 
the IRRDB Institures to make contact for the first time with the local retreading industry. and the 
process of technology transfer from the Institures to the retread manufacturers has been initiared.. 
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3 TRAINING OF IRRDB FELLOWS 

3.1 Objective 

As indicated in the previous Reports. the training programme had three objectives: to 
familiarii.e the Fellow with the techniques necessary for the successful establishment and control 
of a road trial; to provide training in all aspects of up-to-date truck tyre retteading technology; 
and to provide an opportunity for the Fellow to carry out a specific research project on a subject 
complementary to the main programme. 

3.2 Reports 

Eac!t Fellow was required to produce a full repon of the Complementary Research Project. 
and a complete report of their training period. The last of the Complementary Research 
Projects, by Mr Tho Nguyen, is described in Section 4 of this Repon. and his Training Repon is 
given as an Appendix. 

3.3 Summary 

The training programme has now bet!n completed. The success achieved in transferring the 
most modem technology associated with truck tyre retreading and testing has been demonstrated 
by the activities of the Institutes reponed in the preceding Section. 

--i!>--

\ 



.. S9•·· . -. .. 
• I t! -
I 

• I -
I 
I ,, 
I 
I 

- I 
I 

/ 
.- I 
\ I 

\\.' 
I 

'~ ~ I 
~ 

I 
I 
I 
I 
I 
I 

' t 
l 

:. -- -- ·---- - - -- - . -.-
9 

4 COMPLEMENTARY RESEARCH PROJECT G: 
SERVICE WET TRACTION TESTING OF UNIDO 

TRUCK TYRE RETREAD COMPOUNDS 

Tho Nguyen 

4.1 Introduction 

In Complementary Research Projects E and F (Fifth and Sixth Interim Reports). a prediction 
of the wet skid resistance of the UNIDO retread compounds was made by use of the British 
Road Research Laboratory pendulum skid tester. This portable skid tester was originally 
developed for measuring the wet skid ratings of highway surfaces•. In recent years it has been 
used with some success to predict the wet traction performance of tread compounds. However. 
it is now apparent that the nature of this test does not allow discrimination to be made between 
compounds having similar wet traction characteristics. The results given in research projects E 
and F are somewhat contradictory. 

There is in fact no universally recognized method for measuring the wet traction of truck tyre 
compounds on actual truck tyres. For passenger car tyres. direct measurements of wet traction 
can be made safely on special test tracks using either skid path length or breakaway testing. 
Direct measurements on trucks are not carried out because of the danger associated with 
subjecting large vehicles to these types of tests. 

The method usually adopted for truck tyres involves using the above standard tests on 
rassenger car tyres retreaded with the appropriate truck tyre retread compounds. This procedure 
has been adopted here. 

4.2 Experimental 

4.2.1 Mixing 

The compound formulations are shown in Tahle I. The natural ruhber. SMR 20. was 
premasticated to a Mooney viscosity (ML I +4) at 100°C of 65. The raw rubbers and 
compounding ingredients were mixed in a Francis Shaw K2A Intermix (30kg) at 50rev/min 
staning at 80°C. 80psi ram pressure and cooling wa~r at 90(X)l/h. The mixing cycle was: 

0 min add polymers. antidegradants, zinc oxide and stearic acid 
0.5 min add filler and oil 
2.0 min sweep 
4.0 min sweep 
5.5 min discharge! at l 25°C 

After maturation curativl.!s Wl.!re added in a final pass of 2.0min. 
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4.2.2 Mix properties 

After conditioning of the compoumis for 24 hours. the scorch time at 120°C was delermined 
using a S\lndes Place Mooney viscometer and the rheological propenies at 150°C were 
measured on a Monsanto R/00 Rheo~rer. 

4.2.J Prepa·.1ltion of test samples and physical testing 

The samples for the physical tests were vulcanized in a steam-heated hydraulic press at 
150°C. 1bc vulcaniz.ation time was '9s for each compound. The vulcanizate propenies were 
tested according to lhe following standard methods: 

Propeny Test Method 
Resilience (Dunlop Tripsometer) BS903 P:irt A8 
Hardness (IRHD) BS903 P-.ut A26 
Relaxed modulus BS1673 Pan 4 
Tensile properties BS903 Part A2 
Abrasion resistance (DIN) ISO 4649 

The aged properties of the compounds were evaluated on test samples after 14 days at 70°C in a 
circulating air oven. 

4.2.4 Retreading 

The mixes were remilled prior to the finalization stage to ensure the Mooney viscosity of 
45-50 necessary for processing on an AMF Orbitread tyre building machine (series 200C). 
New l 65x 13 steel r.idials. who.st! tread had been buffed off. were retreaded in a conventional 
bead-to-bead remoulding pre..._,. :it 150°C . 

4.2.S Wet traction testing 

The tyres under test were fitted to a two-wheel Schallamach trailer (weight 2227ibs). For 
these tests. the wheels were .set at zero slip angle. A compressed air cylinder provided power to 
the trailer brakes. which were operated electrically and were independent from the brakes of the 
towing vehicle. The testing was carried out at the Transport and Road Research Laboratory's 
wet grip str.iight line hr.iking facility where the surfaces were watered with a spray and weir 
system. Skid path lengths afler applying the hrakes on the trailer were recorded using a distance 
counter located on the towing vehide. 

4.3 Results and discussion 

The cure characteristics of the compounds and the physical propenies of the unaged and aged 
vulcanizar.cs are shown in Tahle l. The rt!lative skid ratings measured on the BRRL skid tester 
(described in the Sixth Interim Repon) are given in Table 2. The results of the wet traction tests 
at three speeds on a motorway asphalt surface arc given in Table 3. The laboratory wet skid 
rcsulLo; arc hroadly in line with those reponcd in Complcmcmary Research Project F. 

Surprisingly. the service wet traction rcsulL'i ff able 1) appear to show even less discrimination 
between the compounds when compared to thl! lahoralory data. However. there is confirmation 
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that the optimum compound for ~ traction is the 1141tural rubber/SBR blend. whilst the UM 
natural rubber compound. overall. is slightly the worst. Although 100% natural rubber 
compounds have been accepted for many years :is having accq>1able \vet traction properties for 
rnlCI.: ryrrs. clearly any improvemenlS will be welcomed by the industry. 

4.4 Conclusions 

Although the service wet traction trials appeared to show smaller differences between 
compounds when compared with the laboratory data. the differences a.re highly significant in 
real driving terms. The natural rubber/SBR blend h:is substantially better wet traction 
clwacteristics than the other UNIOO tread compounds. 

4.S Reference 

I. Giles. C.G .• Sabey. B.E .. and Cardew. K.H.F.. ~velopment and performance of the Portable 
Skid Resistance Tester. Symposium on Skid Resistance. ASTM Special Technical 
Publication. 1962. 50. No_ 326. 
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I Table4.1. 

Second stage trial retnad formulations 

I Formulation 2 3 4 s 
Nalural rubber, SMR 20 65 100 65 65 

I 
SBR 1712 55 48.1 . SBR 1.500 2.5 
HigbCisBR 35 
OEBR 48.l 48.1 

I Slnltlol A82 1 1 1 , 
• 

ISAF, N234 black 55 55 50 .s.s .s.s 
Process oil a 2 5 2 2 

I Zinc oxide 4 4 4 4 " Slearic acid 2 2 2 2 6 
Sanroflcx 13 2 2 2 2 2 

I 
Sanrocurc MOR 0.8 0.8 0.8 0.8 0.8 - Sulphur 2.2 21 2.2 2.2 2.2 

Rheological properties 

I Mooney scon:b, 15. 120"C. min 48 41 rJ 32 36 
M011531UD R.bcomcl:r. 150°C. 1° arc, range SO 

ML, lorque UDitsb 17 . .S l.S.O 14.0 l.S.S 13.S 

I 
MHR, 1orquc uniL~ n..s 68.0 68.0 67.0 68.0 
'sl· min 7.0 6.0 4.0 4.S 5.0 ,. 
l<J()o min 27 17 13 16 17 
lc)5• min 32 20 15 18 20 

\ I Unaged physical properties at '9s 
lbnJoc:u, IRHD 68 68 66 66 (f) 

I MRIOO,MPa 2.18 2.09 2.06 1.68 217 
ICO.-Ulc sucngth. MPa 24.3 26.4 28.2 23.3 24.S ., MIOO.MPa 2.33 211 2.24 1.7.S 2.33 

'~ I 
M300,MPa 11.9 12.0 12.2 9.18 12.0 

~ Elongation at break. fl, 518 554 ~ .57.S 508 
Al>raMon index 

DIN 129 94 93 104 110 

" I 
Akron 238 145 130 16.S 178 

Rc5ilicnce, Dunlup. 'i> 
23"C 54.2 51.7 59.8 .59.2 60.1 
40"C 59.l 59.0 65.6 63.8 64.2 

I 60"C 63.3 63.0 611.7 65 •. 9 66.8 swc 65.8 66.2 70.7 68.0 68.8 
100°c 69.9 6'>.3 73.2 70.7 71.8 

Guudridi Fl~mtMt~r. 51atic strcs." lMPa, muke 4.445mm. frcquclK..")' 30Hz. swt 

I 1cmpcr.11un: ri'IC aficr 3flmin. 0
\. 63 56 47 56 SI 

M.'1 ~ 4.17 5.68 6.36 7.2.5 .5.11 
Sl:llic stn:ss IMPa. slrultc 5.715nun. rn:quc:rl4.")' 30 Hz. S(arl 23°C 

I lemperalure ri~ af1c:r 30min. "C 92 77 (lo) 9.S 64 
!'iCl % 13.6 1.5.8 13.9 F 9 . .51 

I 
After air ovcn aicci"I' for 14 day~ ~t 70°C 
Hanlncs.,., IRJID 74 73 70 ff) 73 
Tcni;ilc ~lrcnglh. Mf>:1 :?IA n2 26.1J 22.3 22 . .5 
MlOO.MPa HM ll2 2.IJH 2.31 2.93 

I M300.MPa 16.5 15.2 14.7 11.6 14.4 
Elong.11Km al M:ak. 'J. 3H3 445 502 497 435 

a. Dutrcx 729. Shell Chemicals. 

I b. I lorquc unit= 0.05Nm. r;:: ( 
t .. 
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Table4.l. 
Skid ratingl" TMasurtd on BRRL skid testtr 

c nd 
SBRJBRb 
NRJSBR 
NR 
NR/BR 

Rating 
100 
104.6 
91.7 
963 

13 

a_ 100 x skid resisrana: of test compounO'skid resisrance of conttol. 
b. CoDlrol. 

Table4.3. 
Strviu wtt traction ratings on a motorway asphalt S1Ufact 

Snem._ mildh SBRJBR• NR/SBR NR NRIBR 
25 100 103.9 98.8 IOU 
35 100 104.6 100 IOI 
45 100 104.3 99.1 99.6 

a. Conttol. 

I A 
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NRIBRIHS 
100.I 
99.I 
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s SECOND STAGE WEAR TRIALS 

5.1 Introduction 

The :second stage wear trials ., re either completed or nearing completion in all six 
participating countries. 

The selection of compounds and the ca.sing construction used for each country has been 
discussed in previous Reports. Crossply retreads were used for the trials in China. India. 
Indonesia and Malaysia. and steel-belted radial retreads in Cote d'Ivoire and the United 
Kingdom. according to local practices. Arullysis of the tirst Sl:lgC trials clearly demonstr.lled that 
the performllllCC of the ex~~:r.>!1llal retreads was highly country dependenL 

The analysis of the tirst st:igc trials showed conclusivdy that the environmental conditions in 
each country had a very large effect on tlk! wear perfonnance of identical tread compounds. 1be 
results of the second stage trials havt: therefore hcxn assessed for each individual country. r.ither 
than making overall wear comparisons. 

5.l Crossply retread trials 

5.2.1 China 

5.2.1.1 Test vehides 

Three test tlcets were chosen for the trials, each involving 15 vt:hicles. The details of two of 
the test fleets, Shao Guan and Yang Chun, were given in the Founh Interim Report. The third 
test fleet, Guangzhou, involvt!S similar vehicles to the Shao Guan flcet. 

The conditions of service and location of the three test fleets are similar. but the Shao Guan 
fleet, in these trials. operated on some hilly land and mountainous h!rrain. The Yang Chun and 
Guangzhou tlcets operated on mainly hilly land but no mountainous areas. The daily mileages 
were large and the wear r.otc of the tyres generally high. Other conditions of service and the 
mer.eomlogical environment were dctaikd in the Fourth Interim Repon. 

S.2.1.2 Wear data 

~ssment of the wear data in China was somewhat complicar.ed owing to a large number of 
retread failures, 20 in total. In some cases spares provided were not utilized. It will be observed 
that some of the final mileages quoted in Tahlc 5.1 arc much lower than the projected lifetime of 
the tyres; the reason for this hcing that the quoted figures are ~he last availahle wear results 
when all four lest tyres were present on the vehicle. 

Regarding the failures, two were attrihuted to immcdiatc tread separation, and seven to 
punctures. The remaining eleven failed after distam:es of over 45 <K>Okm and could only he 
aurihutcd to the quality of the original casing. The protllems relating to the availahility of 
suitahlc casings has aln.:ady l"M.:en discus!ic.!d in earlier n.:ports. 

' 

- ~-. 

\ 

• 

.. 



• 

l 

~ S'.t'!l • , -
lls ~. 

-

' 

I 
I 
a 
I 

. I 

I 
I 

- I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

' 

. --- - . -.---

15 

The relative wear ratings (Table 5.1) illustrate the difference in service conditions between the 
Shao Guan ~t fleet and the Guangzhou/Yang Chun ~t tleets. 1be severity of operation is 
clearly much higher for the Shao Guan tleet. resulting in an excellent perfonnance by the all­
natural rubber tread compound. 

Unfortunately the number of failures precludes an accurate assessment of the change in 
relative wear ratings of the experimental compounds throughout the tyre life. However. 
indications are that both the natural rubber and the NR/BR/HS tread compounds improve in 
relative wear rating with increasing tread wear. 

S..2.2 India 

S.2.1.1 Test vehides 

Owing to the ditliculty of locating even medium-sired fleets in the area of Kottayam. the 
majority of the 'fleets' selected. all buses of the Ashok Leyland type. consisted of either one or 
two vehicles. The conditions of service and location of the vehicles were very similar. although 
a few vehicles encountered some slight hilly terr.tin. 

5.2.2.2 Wear data 

The wear results for the individual vehicles are shown in Table 5.3 and the relative wear 
ratings in Table 5.4. The wear results clearly demonstrate that the severity of oper­
ation experienced by every vehicle is vc::ry high. Under such high severities it is sometimes 
difficult to distinguish between compounds. However, the perfonnance of the 100% natural 
rubber compound would normally he exp~tcd to he superior to tht: all-synthetic compound. 
An analysis of tht: wear performance of one particular vehicle gives an insight into the apparent 
inferior performance of the natural rubhc.-r compound (Table 5.5). In the early stages of the tyre 
life the relative wear rating of the natural rubber compound is far superior to the control. 
As the tread wear progresses the wear rate of the control improves from 15J>6 x H>-"kmlmm to 
8.23 x IO·"km/mm, whereas that of the natural rubber compound only improves from 
l l.97 x IO·'km/mm to 8.32 x If)-". In fact, the actual wear rate of the control improves by a far 
grc1ter amount, to around 6.14 x to·"kmlmm. ie to about 41 % of the initial wear rate. The result 
is that the relative wear rating of the natural rubhc.:r compound decreases from 125.8% initially to 
98.9% at the end of the tyre lik Similar ollscrvations can he obsc.!rved for most of the vehicles 
testing the natural rubber compound. 

This decr.:asc of relative wear rating of the natur.il rubber compound with increasing tyre 
wear is probably causc.!d by reversion and oxidative ageing. It was observed that the hardness of 
the synthetic control fell from an initial value of 68 IRHD to 64 IRHD at the end of the tread 
life. The all-natural rubber tread hardness fell 10 points from 64 IRHD to 54 IRHD. However. 
the changes in hardness of the NR/SBR and NR/BR/HS experimental compounds arc similar to 
the control. and the decreases in n.:lati.-c wear rating as the wear progresses are much less 
dramatic than for the natural ruhhc.:r compound (Figun.: 5.1 ). 
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S.2.3 Indonesia 

S.2.3.1 Test fleets 

Three test tleets were chosen for the trials. which involved a total of 144 tyres. The 
remaining tyres (36) ~re resern:d for future 1.t!Sting if the number of failures during service was 
not high. Of the three test lleets. two ~re bus tleets. operating under essentially low ~rity 
conditions and the third was a truck tleet operating under medium severity conditions. 

5.2.3.2 Wear data 

The ~ar <l;i.!;. au: given in Table 5.6. and show the different wear severities associated with 
the bus fleers. which are analysed together. and the truck tleet The relative wear ratings are 
given in Table 5.7. 

At both low and medium severities. the NR/SBR compound shows excellent wear 
performance which is very close to that of the all-synthetic control. Analysis of the wear 
performance of this compound throughout the tread life of the tyres shows that the relative wear 
rating dOc!S not change significantly as tread wear progresses (Figure 5.2). 

The performance of the natural ruht.er compound requires closer analysis. The results appear 
inconsistent as the natural ruhbc!r compound should give better performance unJer the medium 
severity conditions of the truck tleet. However. the relative wear rating does not change 
significantly as tread wear progresses for the tyres on the bus tlcet. but does in the case of the 
truck lleet. Here the rel:ltive wear r.1ting decreases with increasing tread life, probably because 
of greater heat build-up during sc:rvicc. cau.~ing reversion of the natural rubber tread (Figure 5.2). 

Analysis of the pt!rformance of the high stearic acid formulation clearly demonstrates one of 
the original concepts ~hind the Project, namely that a high level of stearic acid leads to 
improved reversion, and hence longer life. for tyre treads operating under low severity 
conditions. Figure 5.2 shows that for the bus fleets the relative wear rating improves 
substantially as the tyres approach the.: end of thc.:ir wear life; the data used in the.: Figure relate 
only to those tyres which are almost complclCly worn. The average relative wear rating for the 
high slCaric acid compound on the hus llcets. cum:ntly at 85.9 (Tahle 5.6). is expected to 
increase as more of the tyres approach full tread iifc. On the truck llcet the effect of stearic acid 
is far lcs.o; pronounced. hut is still apparent 

S.2.4 Malaysia 

S.2.4.1 Test vehicles 

Four test llec.:ts were sckctcd for the trials. two hus :.ind two !ruck lleeL'i. Unlike China. hoth 
bus and truck fleets operated und..:r a hroad spectrum of medium wear severities, from 
l.20mm/I0000km lo approximatdy ~.50mm/IO ()()(lkm uvcrall wear ralC (Tahlc 5.&). 
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S..2.4.2 Wear data 

Unlike China. India and Indonesia. the majority of the tytes for the given vehicles were oot 
rotared from 11ear-side to off-side. There were also a surprising number of failures. in total 36. 
The reasons for failure were varied. including tread separations. punctures. casing failure:;. 
excessive groove cracking and excessive chunking. The highe1 ~mce running temperatures of 
the control (SBR/BR) and the natural rubber/SBR compounds may have contributed to the 
overall failure rate: of 23 failures occurring before 50% tread wear. 20 were with these two 

compounds. lbe results reporred in Table 5.9 refer to the final relative wear ratings for the tyres 
on a given vehicle when all four tyres were present. ;~ before any failures. For many vehicles 
the last available data refers to tyres at approximately 25-50% tread life. In the case of the 
NR/BR/HS compounds only two vehicles are beyond 75% tyre tread wear life. This precludes 
an acet:rate statistical assessment of change of relative wear rating with tread life. "The relative 
wear ratings have been assc:ssed by averaging the results for all the vehicles for a particular 
compound. Furthenr.ore the results for each compound do not relate to an equal number of 
near-side and off-side control tests: wear rates are usually higher on near-side tyres. When the 
various stages of tyre life are also taken into account. the results must be treated with caution. 

5.2.S Summary 

The results obtained show clearly that the performance of a particular tread compound is 
dependent not only on the lc:vel of wear severity but also on the environmental conditions. 
Under relatively high severity wear conditions. as in India. the all-natural rubber tread 
compound has given the closest m.itch (96.5%) to the wear rate of the all-synthetic control 
retread. Under the kss severe conditions the all-natural rubber compound gave the best 
comparison in China (87.9-96.5%). whc:reas in Indonc:sia the NR/SBR compound performed 
be!-: (95.3-97.5%). The results obtained in Malaysia wc:re disappointing. with only 90% of the 
control wear performance being recorded: this is significantly below the results obtained in the 
first stage: trials for <he natural rubber/synthetic rubber blends. The: performance of the modified 
all-natural rubber compound usc:d in the Sc!Cond stage trials was better than that obtained in the 
first stage trials in all countries. 

S.3 Steel-belted radial retread trials 

S.3.1 United Kingdom 

S.3.1.l Test vehicles 

Several truck flc:cts were: used in these trials, the majority being single drive-axle tractor units 
(articulated vehicles) operating under low severity wear conditions. The rest were either double 
drive-axle tractor uniL~ or tippe!r trui.:ks ope!rating at l<'w to medium wear severity. 

S.3.1.2 Wear data 

The wear data is shown in Tahlc 5.10, and illustrates that the majority of the vehicles are 
opcraring under low severity conditions with projected mikagcs of 120 000-250 OOOkm. 
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The NR/SBR experimental tread compound exhibits excellent wear characteristics and 
matches the perfonnance of the all-synthetic control compound (Table 5.11). Analysis of the 
results shows that. as in Indonesia. the relative wear rating of the NR/SBR compound remains 
constant throughout the life of the tyres (Figure 5.3). The data for the NR/BR compound shows 
an inferior wear performance compared to the control compound. and as for the NR/SBR 
compound. its relative wear rating remains reasonably constant as tread wear progresses (Figure 
5.3). 

The relative wear performan< .. "e of the NR/BR/HS compound and its progression through the 
tread life of the tyres is consistent with the Indonesian data. showing that the high stearic acid 
level improves the reversion of the tread during service. The majority of the results quoted arc 
still only at 70-75% tread life and arc expected to improve by a further 2% by the time the tteads 
arc fully worn. 

S.3.2 Cote d'Ivoire 

S.3.2.1 Test vehicles 

The majority of the lk-ets selecled were bus 11eets with individual journey distances of about 
600km. although two buses travelled over lOOOkm to the m:ighbouring countries of Niger and 
Burkina Faso. 

The number of vehicles originally fitted with the test retreads was 27, but four vehicles 
suffered immediate multiple tyre failures, and these tests were terminated. Throughout the trials 
there were about 30 tyre failures. There are probably two reasons for this high failure rate. First, 
the general road conditions in Cote d'Ivoire are not appropriate for the use of steel-belted radial 
tyres. although this is the only type of tyre construction used. Thus, although the general 
surfaces of the main roads ;.ire excellent - as shown by the gener.il low severity wear conditions 
in this trial - all the vehicles travelled at some stage on very p.10r roads, where failures generally 
occurred. Second. the number of top quality casings of the particular size required available for 
purchase in Europe is very small. It is therefore possible that the casings were not of a 
sufficiently high standard to wilhstand the road conditions. Certainly there is a case for 
suggesting that the truck industry in Cote d'Ivoire would be much more cost effective if tyres of 
cmssply construction were used. They would be cheaper than radial tyres, and would he far 
more likely to be in a suitable condition for retreading at the end of the first tread life. 

S.3.2.2 Wear data 

Because of the number of tyre failurc:s, very few vchides :ire beyond 60% tread wear life 
(Table 5.12). For this reason no accurate analysis for each compound is possible. However it is 
clear from Table 5.13 that the experimental compounds have performed well. all giving relative 
wear ratings above 92. 
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S.3.3 Summary 

In both of the countries testing steel-belted r.idial tyres. one of the natural rubber-based 
compounds has given wear results within 4% of the all-synthetic control. The advantage of the 
high level of stearic acid is clt!arly apparent in the results for very low severity conditions in the 
United Kingdom. 

S.4 Conclusions 

The fleet trials have been successfully carried to completion in all six countries. In five of 
these countries at least one of the natural rubber-based tread materials gave wear results within 
5% of the high quality all-synthetic rubber control. In the remaining country. Malaysia. the wear 
results were within 10% of the control, somewhat lower than in the first stage trials. In addition. 
the earlier suggestion that high levt!ls of stearic acid are beneficial under conditions of low wear 
severity has been confirmed. 

It has therefore been demonstrated that. with appropriate formulation adjustments for 
particular mad and climatic conditions, natural rubber-based truck tyre retreading materials can 
match the best all-synthetic precured retread materials in terms of wear performance. 
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TableS.1. 
Results from second-stage trials in China 

Experimental Distance 
tread type covered. Ian 

Guangdrou kst fleet 
NR/SBR 35005 
NR/SBR 34532 
NR/SBR 58038 
NR/SBR 57'i26 
NR/SBR 32928 
NR !J6 181 
NR 64996 
NR 62270 
NR 37955 
NR 49926 
NR/BRIHS 43017 
NR/BRIHS 43412 
NR/BRIHS 40847 
NR/BRIHS 57352 
NR/BRIHS 38104 

Shao Guan kst fleet 
NR/SBR 31045 
NR/SBR 47347 
NR/SBR 31150 
NR/SBR 28465 
NR/SBR 36162 
NR -
NR 40519 
NR 21270 
NR 29278 
NR 42411 
NR/BRIHS 34649 
NR/BRIHS 26236 
NR/BRIHS 418S5 
NR/BRIHS 19 561 

Yang Chun test fleet 
NR/SBR 64359 
NR/SBR 56064 
NR/SBR S2099 
NR/SBR SS002 
NR/SBR 3S738 
NR 56290 
NR 47307 
NR 55016 
NR 37840 
NR 17720 
NR/BRIHS Sl 616 
NR/BRIHS Sl Sl9 
NR/BRIHS SS 146 
NR/BR/HS 57050 
NR/BR/HS 35 512 

····-·· - .- -.- - a::--
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Wear rate. mm/10 OOOkm Relative wear 
Conttol Experimental rating 

1.710 2380 71.8 
1.920 2.185 87.9 
1.415 2.030 (IJ,1 
1:795 1.865 96.2 
1.890 2.195 87.9 
1.480 1.640 90.2 
1.625 1.800 90.3 
1.640 1.950 84.1 
2.270 2.460 92.3 
2.010 2.240 89.7 
1.535 1.830 83.9 
1.8(;() 2.225 83.6 
1330 1370 96.1 
1525 1.875 81.3 
1.850 2.235 82.8 

2.350 2.300 102.2 
1.515 2.015 75.2 
2.425 21i00 93.3 
3.l5S 3.515 89.8 
2.480 3.275 15.1 

1.760 2.230 78.9 
4.730 4.385 107.9 
3.620 3.450 104.9 
2.460 2.605 94.4 
3.360 4.080 89.0 
2.480 2.780 89.2 
2.980 3.520 84.7 
4.030 S.290 76.2 

1.(IJS 1.830 92.6 
l.60S 2.24S 11.S 
1.790 1.820 98.4 
l.6S5 2.080 79.6 
I.SSS l.91S 78.7 
t.49S l.63S 91.4 
2.08.5 2.205 94.6 
1.620 1.915 84.6 
1.680 1.930 87.0 
l.8SS 2.260 82.1 
1.710 2.450 69.8 
1.490 1.870 79.8 
1.805 2.025 89.1 
I.SIS 1.710 88.6 
1.420 1.715 82.8 

.. 
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Table 5.2. 
Rtlativt wtar ratings for China 

Tread type Guangzhou Shao Guan Yang Cllln 

NRJSBR 
NR 
NRJBR/HS 

a. All-syndlctic conln>I = 100. 

TableS.3. 

82.7 
89.3 
855 

87.2 
96..S 
85.0 

Rtsults from second-stagt trials in India 

Experimental Distance Wear rat~ mm/JO OOOkm 
treadtvoe covered.km Control Exnerimental 

NR/SBR 7982 9.94 10.37 
NR/SBR 95n 12.24 14.24 
NR/SBR 11307 11.57 12.48 
NR/SBR 11226 9.95 11.90 
NRJSBR 10078 11.50 13.71 
NR/SBR 7152 13.05 14.02 
NR/SBR 20182 4.89 5.88 
NR/SBR 21604 4.81 535 
NR/SBR 13776 8.56 9.69 
NR/SBR 13071 9.85 10.50 
NR/SBR 15582 151 8.81 
NR/SBR 9404 9.32 10.15 
NR/SBR 8617 8.15 10.28 
NR/SBR 9223 9.88 12.03 
NR/SBR 6863 14.55 14.32 

NR 13460 6.64 7.79 
NR 5510 15.54 19.26 
NR 11596 9.79 10.84 
NR 12648 10.03 10.19 
NR 12750 10.85 II.IO 
NR 15939 8.23 8.32 
NR 11252 11.89 12.14 
NR 14702 9.00 9.28 
NR 11468 11.16 9.99 
NR 12224 10.(i() 10.69 
NR 8372 11.67 11.57 
NR 7969 9.99 12.54 
NR 6695 13.05 14.96 
NR 8552 10.95 11.35 
NR 6303 14.77 16.63 

NRJBR/HS 6150 8.89 8.43 
NRIBR/HS 10097 10.45 11.90 
NR.'BR/HS 11477 10.69 11.93 
~o,..~ .... ., 11458 10.82 11.31 
NRJBR/HS 9797 13.89 14.18 
NRIBR/HS 13 267 8.93 10.03 
NRIBR/HS 10585 10.13 10.64 
NRIBR/HS 12 284 11.38 11.14 

84.2 
87.9 
82.0 

Relative wear 
ratilll! 
95.9 
86.0 
92.7 
83.6 
83.9 
93.1 
83.2 
89.9 
88.3 
93.8 
85.9 
91.8 
79.3 
82.1 
101.6 
85.2 
80.7 
90.3 
98.4 
97.7 
98.9 
97.9 
97.0 
111.7 
99.2 
100.9 
79.7 
87.2 
96.5 
88.8 
105.5 
87.8 
89.6 
95.1 
98.0 
89.0 
95.2 
102.2 

Table cont. .. 
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Table S.3. cont 

Experimental Distance Wr-aua&c mmllil onotm Relative wear 
tread type covered. km Control Experimental rating 

NR/BR/HS 9957 8.37 9.76 85.8 
NR/BR/HS 7426 11.22 12.IU 87.6 
NR/BR/HS 8598 9.35 9.73 96.1 
NR/BR/HS 6636 11.60 14.74 78.8 
NR/BR/HS 7443 12.47 14.19 87.9 

Table S.4. 
Relative wear ratings for India 

Tread type Relative wear ratinga 

NR 94.0 
NRJBR/HS 92.7 

a. All-synlbelic conuol = 100. 

Table S.S. 
Change of relative wear rating with tread wear, India. 

Distance Wcac uic x 1o4. mm/lcrn Relative wear 
travelled. km SBR/BR NR rate.% 

2164 15.06 11.97 125.8 
4882 11.72 10.29 113.9 
7302 10.22 9.50 107.6 
9618 9.73 9.43 103.2 

13530 8.60 8.68 99.l I 15939 8.23 8.32 98.9 

Table S.6. 
Results from second-stage trials in Indonesia 

Experimental Distance Wear rate. mm/JO OOOkm Relative wear 
tread tvoe covered, km Control Experimental rating 

Br;:Attts N BR 95163 1.001 1.103 90.8 
NRJSBR 103494 0.963 0.975 98.8 
NRJSBR 87641 0.904 Ui97 82.4 
NR/SBR 110041 0.903 1.007 89.7 
NRISBR 93416 1.403 1.020 137.5 
NR/SBR 76542 1.293 1.338 96.6 
NR/SBR 57 819 1.214 1.160 104.7 
NRISBR 55099 0.965 1.072 90.0 
NR/SBR 88988 1.280 1.477 86.7 
NR 81230 1.112 1.266 87.8 
NR 94557 0.968 1.041 93.0 
NR 99976 0.996 1.083 92.0 
NR 84152 1.016 1.127 90.2 
NR 27106 1.060 1.320 80.3 

l 

i 
' 

Table cont. J 
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Table 5.6. cont 

Experimental Distance Wear rare. mm/IO OCDm 
tread type CO\'ered. Ian Control Experimenlal 

NR 64767 1.275 1.535 
NR 55040 u~s 1391 
NR 88918 1.005 1312 
NR/BR/HS 114626 um 1.062 
NR/BR/HS 9&451 1.014 1.029 
NR/BR/HS 78229 0.932 1.124 
NRJBR/HS 106090 1.040 1.107 
NR/BR/HS 37214 l.0'25 1.135 
NR/BR/HS 26289 0.955 13ti0 
NR/BR/HS 63242 I.CDS 1.115 
NRJBR/HS 49345 0.185 1.150 
NRJBR/HS 65035 1.420 1.680 
Tndflttt 
NRJSBR 36791 2.468 2.698 
NRJSBR 37030 2.500 2.501 
NRJSBR 50189 2.255 2.388 
NR 52419 2.1A2 2.619 
NR 29396 2.225 3.230 
NR 25569 2.145 3.100 
NRJBR/HS 28151 2.955 3325 
NRJBR/HS 49335 2.300 2.640 
NR/BR/HS 33784 2.007 2.475 

Table 5.7. 
Relative wear ratings for Indonesia 

Tread 
IVDe 

NRJSBR 
NR 
NRIBR/HS 

Relative wear ratinga 
Bus fleets Truck fleet 

91.S 95.3 
86.0 74.6 
85.9 85.7 

a. All-synlbetic control= 100. 

\ 

Relative wear 
rating 

83.1 
78.0 
83.5 
94.2 
98.5 
82.9 
93.9 
90.3 
70.2 
90.1 
683 
84.5 

91.5 
99.9 
94.4 
85.6 
68.9 
69.2 
88.9 
87.1 
81.2 

"' ' 
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TableS.8. 
Rtsulu from stcond stage trials in Malaysia 

Experimental Distance Wear.rate. mmllO<XX>km 
bead type covaal.km Control 

NR/SBR 56830 Ui03 
NRt'SBR 40760 1-636 
NR/SBR 40446 2.504 
NR/SBR now 2:161 
NRJSBR 21982 2.141 
NR/SBR 31649 2.876 
NR/SBR (J()447 1-283 
NR/SBR 33579 1-479 
NR/SBR 38466 l.478 
NR/SBR 11681 1.961 
NR/SBR 53771 l.979 
NR/SBR 45069 2.075 
NR 28459 2.690 
NR 53119 1.954 
NR (JO 371 1.616 
NR 34375 2.736 
NR 40407 2.396 
NR 27853 2.299 
NR 570W 1.269 
NR 39415 1.405 
NR 63785 Ll(J() 
NR 9941 3.576 
NR 48578 l.1!:1J 
NR/BRIHS 36914 2.612 
NR/BR/HS 22169 2.109 
NR/BR/HS 46709 1.607 
NR/BR/HS (JO 159 1..589 
NR/BRIHS 22304 1.948 
NR/BRIHS 27798 2..561 
NRIBR/HS 14105 2.981 
NR/BR/HS 53 249 1231 
NR.'BRIHS 29144 1.721 
NR/BR/HS 10529 3.229 
NR/BR/HS 33880 1.744 

Table 5.9. 
Rtlativt wear ratings for Malaysia 

Tread type 

NRISBR 
NR 
NRIBR/HS 

Relative wear rating11 

90.6 
90.1 
88.4 

a. All-synlhetic coouol = 100. 

Experimcnlal 

1.656 
1..658 
21i04 
2Jl26 
2.479 
3.412 
1275 
l.984 
1-433 
2..517 
2.106 
2-184 
3..534 
2.133 
1.912 
2.660 
2.650 
2-536 
1-811 
1.206 
1.267 
3.546 
1.382 
3.144 
3.182 
2.008 
2.008 
2.029 
3.037 
3.371 
1.500 
1.853 
2.659 
1.769 

. ----- - -~---_ ....... _, .. ~-.._·--

\ 

Relative wear 
nling 

96.8 
98.7 
96.2 
802 
86.4 
843 

100.6 
74..5 

103.1 
77.9 
94.0 
95.0 
76.l 
91.6 
84..5 

102.9 
79.I 
90.7 
70.1 

116.6 
91.6 

100.8 
87..5 
83.1 
66.3 
80.0 
79.1 
96.0 
84.3 
88.4 
82.0 
92.9 

121.4 
88.6 
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Table 5.10. 
Resulu from suond-stage rrials in th~ United Kingdom 

Experimenlal Distance Wear rate. mm/10 OOClan 
ueadtype co\'a'ed. Ian Conttol Experimedal 

NRJSBR 31 761 1.482 1.384 
NRJSBR 31761 1.023 l.132 
NRJSBR 48555 1.544 1.608 
NRJSBR 48555 1.413 1.372 
NRJSBR 52713 0.991 1.o87 
NRJSBR 67n4 1.192 1.332 
NRJSBR 68S2S 0.887 0.982 
NR/SBR 82681 1.196 1.345 
NRJSBR 106fJ03 0.794 0.115 
NRJSBR 112794 0.634 0596 
hlUSBR 86914 0.892 1.000 
NRJSBR 117347 0.754 0.705 

NRBR 22071 11i07 2.082 
NRBR 32176 1.111 1.401 
NRBR 50896 1.()1}4 1.320 
NR/BR 42713 1.361 1.634 
NR/BR 42713 1.801 1599 
NR/BR 61m 1.170 1.459 
NR/BR 89316 0.982 1.142 
NR/BR 93641 0.835 0.986 
NR/BR 102537 0.779 0.928 
NR/BR 119172 0.660 0.786 
NRJBRIHS 31303 1.636 1.840 
NR/BRIHS 33792 1.302 1541 
NR/BR/HS 33 (1()4 0.84S 1.069 
NR/BRIHS 44261 1.460 1587 
NR/BR/HS 44261 1.986 1.966 
NR/BRIHS 80174 0.684 0.768 
NR/BRIHS 87493 0.726 0.854 
NR/BR/HS 92671 0.629 0.698 
NR/BR/HS 94303 0.792 0.899 
NRJBR/HS 93576 0.941 1.055 
NRIBR/HS 109524 0.692 0.759 
NR/BRIHS 111677 0.749 0.789 

Table 5.11. 
Rtlativt wear ratings for the United Kingdom 

Tread type 

NRJSBR 
NRJBR 
NRJBR/HS 

Relative wear rating• 

96.8 
85.4 
89.4 

a. All-synlllclic conirol = 100. 

-- ---·--~~--

Rel~we:ll" 

nling 

107.1 
90.4 
96.0 

102.8 
91.1 
89.5 
90.3 
88.9 

102.S 
106.4 
89.2 

107.0 
11.2 
79.3 
82.9 
83.3 

112.6 
80.2 
86.0 
84.7 
83.9 
84.0 
88.9 
84.S 
79.0 
92.0 

101.0 
89.0 
85.0 
90.1 
88.1 
89.2 
91.1 
94.9 
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TahleS.12. 
R~sults from s~cond srag~ rrials in Cot~ d'Ivoirr 

Experimenral Distance Wear DIC. mmllO <XXltm 
11'3dtypc coven:d. Ian COllUOI 

NRJSBR 66106 1.103 
NRJSBR 91659 1.231 
NRJSBR 61070 1.063 
NRJSBR S4976 um 
NRJSBR 65205 0..840 
NRJSBR 229116 l.9<JO 
NRJSBR 2740S UJ76 
NRJSBR 65205 UJIO 
NRJSBR 18 736 1.793 
NR/BR 37498 0.898 
NRIBR 100748 0.881 
NRIBR 118969 1.320 
NRIBR 117320 0..806 
NRIBR nm 1.684 
NRIBR 28SOO 1.422 
NRIBR 16943 l.«llO 
NRIBR 65700 1.166 
NRIBR/HS 27706 2.72S 
NRIBR/HS 68110 1.248 
NRIBR/HS 12650 2.011 
NR/BR/HS 9010 2.036 
NR/BR/HS 43 810 1.308 
NR/BR/HS 121 (IJ2 0.840 

Table S.13. 
Relarive wear rarings for Core d'/voirr 

Tread type 

NR/SBR 
NR/BR 
BR/BR/HS 

Relative wear ratings 

93.S 
92.4 
96.3 

a. All-synthetic control= 100. 

Expcrimcnlal 

1.157 
l.D27 
1.267 
0.974 
LOSS 
2.fJOO 
1..447 
1.128 
1.691 
1.110 
0.928 
l.3'i0 
0.900 
1.687 
1.382 
1.298 
1.291 
3.267 
1.341 
2.284 
2..041 
l.ln 
0.710 

- l_- -

' 

Rdllive wear 
raling 

9S.3 
119.9 
83.9 

Ill.I 
79.6 
7S.4 
74.4 
9S.7 

106.0 
81.6 
94.9 
97.1 
89.6 
99.8 

102.9 
83.2 
90.3 
83.4 
93.I 
88.0 
99.8 
9S.3 

118.3 

, .. ' 
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Relative wear rating. % 

' ' 110 ' ' ' ... 
........ 

100 
...... '""-- -- -- ...__ 

- - -- -- --. - -NR 

90 
- - -- -NR/BR/HS - - - - NR/SBR 

0 25 50 75 100 
Progress of tread wear. % 

Fagure 5.1 Change in relative wear rating in India. 

Relative wear rating, % 
100 

Control 

NR I SBA, overaU 

90 
~NRIBR/HS, 

....- buses 

80 

~ - - - - - - __. - - - - - - - NA, buse:s 
...... -

~ - - - NR/BR/HS, 
-::...-_ - ...... trucks 

,/'- -...._ 
~ -...._ -....__ 

...._..,. 
...._ - NR, truck.$ 

70 
25 50 75 100 

Progress of tread wear, % 

Figure 5.2 Change in relative wear rating in Indonesia. 
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Relative wear rating. % 

100 

-- - -NR/SBR 

90 ---- -- NR/BR/HS ---- ~--- - - - NR/BR 

80 --~~--'-~~~_._~~---~~~-
0 25 50 75 100 

Progress d tread wear, % 

Figure 5.3 Change in relative wear rating in the UK. 
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6 ROLLING RESIST~1'1CE AND TRACTION TFSTS 

6..1 Introduction 

Fuel economy has ~ome ilD increasingly important issue. illld the tyre industry is ~ 
conscious of the mxd to conuihure by reducing the rolling resistance of tyreS. In fleet line 
operations the~ of fuel saving devices CilD be e:isily identifiable as being cost effective•. The 
Goodyear Tire Company has published fuel consumption figures? for an 18-whcel truck, boch 
empty and fully loaded. It was estimated that the tyres dissipared 25% of the mecbanical energy 
availilble from the 't'Chicle's fuel wlk:n it was empty. and 55% when it was loaded. Schuring and 
Futamural showed that for an 18-whc:el truck. a rolling resislance reduction of 10% is equivalent 
to a saving in fuel consumption of 3.94%. 

Although fillers. pm.-css oils and cure systems. if optimized for a particular fonnulation. can 
have some elli:!ct on rolling resistance. lhe most important factor affecting this property is the 
choice of polymer. In lhis respect. natural ruhbcr is the hest choit.-e since it has the lowest level 
of inh!mal energy toss on dd°onnation (hysteresis) of any of the lari.-e tonnage elastomers. 

In Malaysia. for example. it has been shown" that the replacement of a 50:50 SBR/BR tread 
compound hy a 50:50 NR/BR formulation leads to a 6% reduction in rolling resistance. The 
consequent fuel saving of around 2% will give cost savings equivalent to an improvement in tyre 
mileage of 15-20%. This final figure will v.uy from country to country and is dependent upon 
both fuel and tyre costs. hut is extremely significant in the context of lhis ProjecL 

Increasing concern over traffic safety in view of the tendency for vehicle s~ tc increase 
has led to greater attention heing paid to the wet tr.u:tion performance of tyres. Wet traction is 
considered to he less of a prohlem for truck tyrt!S than for passenger car tyres because of the 
generally lower speeds and higher ground contact pressures. However. in many industrialized 
countries truck speeds arc very high, and wet traction will undoubtedly hecome of greater 

concern. 

6.2 Experimental 

6.2.1 Rolling resistance 

For the rolling resistance tests, retreads of similar weight and overall dimensions were 
selected from the nonnal production schedule!. The rolling resistance! measurements for the first 
stage compounds were carried out using 9.00-20 cross-ply tyres at RRIM on a Mitsubishi 
lahor.itory road-wheel hy the power measurement method. The rolling resistance of the tyre was 
measured as the power consumption of the machine with the tyre under load minus the power 
consumption with the tyre in skim contact with the drum. 
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1bc tyres were conditio~ as follows: 
speed 80km/h 
load l(xrf, lilted lo;id 
inflation 690kPa (colci) 
duration 4 hours. 

They were then subjech:d to sUtiorwy lhenn:ll c.."Onditioning for 6 hours. Befon: the actual tr.st 

lhc tyres were wanned by running them on the drum for 1.5 hours under the coodiuons given 
abo'Yt!. 

1bc rolling resistance of the tyres w:as measured under the following conditions: 
-'ipeed 20- UK>km/h 
load 20-120% ra1ed lo;id 
inflation 690kPa (cold). 

1be R'lling resistmce values of the tyres at 80km/h and HK>% ratc::d load are reported. 

1be rolling resistance measurements on the sc:cond stage compounds were carried out at 
MRPRA using 11 R22.5 stc:el-belk!d radi:ll tyres on a Heenan Fmude k!St rig. In lhis case the 
torque measurement method was used. the rolling resistance of the tyres being obtained from the 
measured torque required to rotak! the tyres under load minus the the torque measured for the 

tyre in skim conlaet wir'1 the whee!. 

1be tyres were conditioned as follows: 
speed 32km/h 
lood 80% rated load 
inflation 782kPa (cold) 
duration 4 hours. 

The rolling resistance was measured under the following conditions: 
sp«.d 32-59.2km/h 
load 80- HX>% rak!d load 
inflation 782kPa (cold). 

The rolling resistance values of the tyres at 59.2km/h and HX>% rated are reponed. 

6.2.2 Wet traction 

There is no universally recognized method for measuring the wet traction of truck tyre 
compounds on actual truck tyres. For passenger car tyres, direct measurements of wet traction 
can he made safely on special k!st tracks using either skid path length or breakaway testing. 
Direct mea.~urements on trucks an: not carried out because of the danger of subjecting large 
vehiclc:s to theSt: tests. The method usually adopk!d for truck tyres involves using the standard 
tests on passt!nger car tyres retreaded with the appropriate truck tyre tread compounds. This 
procedure was adopted here. 

The wet traction tests were carried out using nt!w I 65x l '.'\ steel radial tyres. The treads were 
removed by bdling and the carcasses retreaded using an AMF Orbitread Series 200C tyre 
building machine with the compounds masticated to Mooney viscosities of 40-50. They were 
vulcanired in a conventional head-to-head remoulding press at 150°C. 
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This work was carried out :is a Compkmemary R~sc::m:h Project by the Fellow from the 
Rubber Research lnstitult! of Vietn:un. 31ld full experimental details can be found in Section 4 of 
this Report. 

6.3 Results and discussion 

6..3.1 Rolling resistance 

lbc roHing resislallce coellicienlS for each experimental tre3d type are shown in Table 6.1. 
together with the loss angles delt!rminet.l from dynamic mechanical thermal analysis (DMTA) 
mcasuremenlS carried out by the Research Fdlows from Sri Lanka and Thailand (Fifth Interim 
Repon. Section 4). 

It should be noted th;at in dealing with rolling resistance data. the lower the figure in 
comparison with the control. the better the performance of the tyre. 

For the second stage radial compounds. although there ;re some discrepancies between the 
laboratory me:isurements and the data obtained using tyres. lhe advantage of the natural rubber 
and natural r~bber/BR Cl''llpounds is ck:i.r. The improvement in fuel economy will be 
substantial and will lead to consider.ihle overall cost savings. 

As no1ed abov!".. these savings will be <kpcndent on fuel cost. tyre mileage and tyre cosL In 
the Colt! d'Ivoire. for example. where tyre coslS arc very high. the cost saving is equivalent to 
only a few per cent improvement in tyre mileage. However. for an articulated tractor unit 
operated in the UK. where tyres will last for up to 1\iii ()()()km. the cost saving will be of the 
order of 10-15%. When the wear data for the tyres are taken into account. the polt!ntial cost 
savings for UK and an::!S with similar tyre wear severity conditions from the NR/BR/HS 
compound are very considerable. 

The results for the second stage crnssply tyres arc not yet available. and the data for the first­
stage crossply tyres (Tallie 6.1) are not consislcnt with the radial tyre resullS. The rolling 
resislallce ratings for the natur.il ruhhc!r and NR/BR compounds are not as expected from the 
polymer content. An explanation may he! the production conditions usc:d for the first stage 
retreads. Because of the inahility of lhc retread plant to vulcanire cross-ply retreads (see Third 
Interim Report). vulcanization was unavoidably carried out at a higher temperature than 
originally planned. This caused some loss of physical properties (reversion), particularly for the 
natural rubher and NR/BR compounds. Consequently the hardness and. more imponantly for 
rolling resistance. resilience of the ucads were reduced. The accompanying increase in 
hysteresis undouhtedly had an adverse dfoct on the rolling resistance of the tyres. The resullS in 
Table 6.1 for the cross-ply tyres may nol be rcprescnlalive of the lrue compound effect on rolling 
resistance had the retreads hc!en vulcani1A!d at a lower. more usual temperature. 

6.3.l Wet traction 

The wet traclir,n data arc shown in ·:::hie 6.2. AlsCJ included arc the laboratory rankings 
determined hy the British Pendulum Skid Tesler (BPST) and DMTA mcasuremcnLc; of the loss 
angle. tan o. 
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In the trailer rest there was uo appreciable difference in wet skid perfonnance between the 
SBR/BR control and the all-natural rubber. NR/BR or NR/BR/HS tread compounds at the three 
speeds used for the teslS. This may be due to the re_qjng use of rclalivcly low' speeds or an 
asphaltic concrete road surface which has little microtexture. making it ditflCUlt to detect small 
differences in perfonnance. The NR/SBR shows a significant improvement of about 5% on the 
other compounds. 

For the BPST and DMTA leSIS the differences between the compounds are quire significanL 
The BPST test was carried out on a concrete surface. which is noted for ilS microtexture and 
which is therefore more discriminating in derecting differences between rubber compounds. 11te 
rankings given by this test were 

NR/SBR > SBRIBR. NR/BRJHS > NR/BR > NR. 

Overall the NR/SBR compound gave an average of 5% improvement in wet skid perfonnance. 

The DMTA rest is based purely on the dynamic propenies of the compounds and does not 
lake into consideration any effect of interaction between the tread and the road surface. 11te 
ranking of the compounds by this method was 

NR/SBR > SBR/BR > NR/BRJHS > NR. NR/BR . 

The high ranking of the compounds using SBR is not unexpected. since wet traction is one of 
the areas in which this polymer is particularly advantageous. However. the consistent higher 
ranking of the NR/SBR compound is of considerable interest. as is the performance of the high 
stearic acid formulation. which is either equal to or marginally inferior to the all-synthetic 
control. 

6.4 Conclusions 

On the basis of the data obtained for the second stage compounds. the expected improvement 
in fuel economy from 'he use of natural rubber-based truck tyre retread materials can be 
predicted with some confidence. It is also apparent that formulations can be devised which will 
not be significantly inferior to the all-synthetic compound in wet traction. The demonstration in 
in previous rcpon~ of the superior ice traction of these compounds helps to confirm that overall 
advantages should accrue from the use of natural rubhcr-hased formulations for truck tyre 
retreads under most climatic conditions. 
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I Table6.l. 
Rolling nsistanct' data 

I DMTA Rolli~ resistance 

Tread type coefficienl x I 0:: rating tan~ rating 

I S«ottd uage radial 
SBR/BR coouol 8.27 IOO 
NR/SBR 8.37 101.2 

0.185 100 
0.209 113 

I 
NR 7.62 92.l 
NR/BR 7.79 94.2 
NR/BR/HS 7.73 93.5 

0.184 99..5 
0.172 93.0 
0.176 95.l 

I 
Fir$1 nage crossply 

SBR/BR coolrol 9.26 100 
NR/SBR 9.77 105.5 

0.19S 100 
0.209 107.2 

NR 9.02 97.4 0.192 98..5 

I Jl.'RIBR 9.22 99.6 
NR/BRIHS 9.25 9'J.9 

0.181 92.8 
0.181 92.8 

I Table6.2. 
Wet skid ratings of secoml·.'itllge compounds 

_,. I Trailer lest 

Tread tvnt! 25mlh 35m/h 45mlh BPST DMTA 

' I SBR/BR cuntml 100 100 100 100 100 

NR/SBR 104 I05 104 105 107 

NR 9'J 100 99 93 90 

.. ~ I 
NR/BR IOI IOI 100 96 88 

NR/BR/HS 100 99 IOI 98 95 
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7 CONCLUDING WORKSHOP 

7.1 Date and location 

As agreed with UNIDO, the Concluding Workshop took plat.-c: in Kuala Lumpur. Malaysia on 
11th-13th February 1992. The meeting was held in the Conferem.-c: Hall at the Headquarters of 
the Contractor, the Malaysian Rubber Research and Development Board. 

7.2 Organization 

The organization of the Concluding Workshop was undertaken by the Dry Rubber 
Technology Division of the Rubber Research Institute of Malaysia in consultation with the Team 
Leader. The arrangements included the participation of four spt:akers from industry. and visits to 
a major Malaysian retreading company and the Experimental Station and Technology Centre of 
the RRIM. as well as a Workshop Dinner. 

Local puhlicity for the Workshop and arrangements at the venue were handled by the 
Publications, Libr.iry and Information Division of RRIM and the Publications, Publicity and 
Information Section of MRRDB. 

7.3 Participants 

A total of 68 participants attended the Workshop. They included representatives of UNIDO. 
UNDP. INRO. the German Federal Government and MRRDB. as well as representatives of 
IRRDB. All of the IRRDB Fellows attended and r:escntcd papers. Staff of the Contractor's 
headquarters and research unit-; were present. together with four invited speakers from industry 
and over 30 representatives of the retreading and truck operating industries in Malaysia. A full 
list of participants will he included in the Proceedings of the Workshop. 

7.4 Programme 

The programme consisted of 24 papers, together with opening and closing remarks by Mr M. 
Youssef. Chief of the Petroleum Refineries and Petrochemical Industrial Unit of UNIDO. and by 
Datuk Ahmad Farouk bin Hj ~~.M. Ishak. Chairman of MRRDB and Controller of Rubber 
Research. 

The papers were presented in five Sessions. The Opening Session under the Chairmanship of 
Dr P.W. Allen. Secretary of IRRDB. consisted of a Welcome Address by Mr Youssef and an 
Opening Address by Datuk Farouk. The Introductory Session hcgan with a Keynote Addres.~ on 
the global scenario in truck tyre retreading, followed hy papers on th~ choice of polymers for 
truck tyre retreading. the t!ffect of carbon hlack on wear resistance. and reviews of the 
hackground to the Project and tyre testing lechni4ues. The Technical Session consisted of 
presentations of the rcsulL~ ohtained on wear resistance in the Project. together with papers on 
the inllucnct~ of stearic acid on tyre wear. the result of traction and rolling resistance tests and a 
summary of the Complementary Rcsc;;.n.:h Projects canied out hy the IRRDB Fellows. 
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The session on Technology Tr.mster began with a paper on truck tyre retreading techniques. 
fo!lowed by a review of the technology tr.msfer aspects of the Project. Each of the IRRDB 
fellows then presented a review of the status of truck tyre retreading in their own country. The 
session concluded with a Keynote Address on quality control in truck tyre retreading technology. 

The UNIDO Consultant to the Project began the Concluding Session with a review of the 
Project and recommendations for future action. These recommendations were agreed by the 
Workshop. Mr Youssef and Datuk Farouk presented their closing remarks. 

A copy of the progr.unme follows this Section of the Report. 

7.5 Proceedings 

The papers presented at the Workshop will he puhlishcd as Proceedings by the Malaysian 
Rubber Producers· Resean:h Association in Novcmhcr 1992 and will be availahle at a moderate 
cost 

7.6 Conclusions 

The results of the Project were presented and reviewed at a successful Concluding Workshop 
in Kuala Lumpur, Malaysia in February 1992. The recommendations for future work agreed at 
the Workshop are presented at the end of this report. 
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PROGRAMME 

TUESDAY 11FEBRUARY1992 

0800 Registration 

0845 Participants to be seated 

OPENING SESSION 

Chairman: Dr P.W. Allen 
Secretary-General, ·1ARDB 

0900 Welcome Address 
M. Yo14sstf 

0910 

0930 

Senior Development Officer, 
UN/DO 

Opening Address 
Damk Alrmacl Faro11k Haji S.M. /Jirak, 
Cliainnun, MRRDB and 
Cmumller of Rubber Research 

REFRESHMENTS 

INTRODUCTORY SESSION 

Chairman: Dr D. Barnard 
UNIDO Consultant 

1000 Keynote Address: 
The Global scenario In 
Truck Tyre Retreading 
Tham Kim Choon, Banda& Inc. 
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1030 
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Factors Aftactlng Polymer Choice In 
Truck Tyra Retreading 
Vr C.SL. Balcer, MRPRA 

1100 Invited Paper: 

... 
~- ... 

-

Eftects of Carbon Black on the 
Wear Resistance of Tread 
Compounds 
Ng Chiew Sum, Malaysian Carbon Sd11 Bhd 

1130 The Truck Tyre Retread Materials 
Project: Background and 
Implementation 
M.E. Cain, MRPRA 

1200 Tyre Testing Techniques: 
Slngle or Munl-section Retreads 
Dr See Toh Mook Sang, RRIM 

1230 LUNCH 

_TECHNICAL SESSION 

Chairman: Dr Sekaran Nair 
Deputy otrector (Research), RRIM 

1400 Natural Rubber-based Retreading 
Materials tor Crossply Tyres: 
Wear Results 
Loli Pang Chai, RRJM 

- - 1440 Natural Rubber-based Retreading 
Materials for Radlal Tyres: 
Wear Results 
R. Newell, MRPRA 
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1510 

1540 
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REFRESHMENTS 

Influence of Stearlc Acid on Tyre Wear 
l)r /.R. Gelli11g, MRPRA 

1605 Traction and Rolling Re1l1tance of 
Truck Tyre Retread Compounds 
Dr Salimm lla.sshim, RRIM 

1635 Complementary Research Project•: 
Summary 
R. Newell, M RPRA 

1700 CLOSE 

WEDNESDAY 12FEBRUARY1992 

TECHNOLOGY TRANSFER SESSION 

Chairman: 

0900 

0930 

0945 

0945 
1000 
1015 

1030 

Dr C.S.L. Baker 
Director, MAPRA 

Truck Tyre Retreading Techniques 
Slwri/ Otlmian, RRIM 

Technology Transler In the Truck 
Tyre Retre1d ProJecl 
M.E. ca;,1, MRPRA 

Status of Truck Tyre Retreading In 
Participating IRRDB Countrle1: 
China Wung Pi11gym~ 
Cote d'Ivoire S. Sylla 
India Dr 8. K11rialwse 

REFRESHMENTS 
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Indonesia 
Malaysia 
Nigeria 
Sri Lanka 
lhaila'ld 
Vietnam 

LUNCH 

lG. Abednego 
Loh Pang Cliai 
l.K. /,lelie11 
Dr N.M. V. Kalyani 
M;s V. Kajorncliaiyakul 
Tho Nguyen 

Dr A. Kadir bin Mohamed 
Assistant Director, Department of 
Chemistry & Technology, RRIM 

Keynote Address: 
ISO 9000 In Truck Tyre Retreading 
Lee Ng Chai, SIRIM 

Invited Paper: 
Transfer of Retreading Technology 
Si11 Siew We11g, Kaye/ Retreadr 

REFRESHMENTS 
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- - - - .... 
CONCLUDING SESSION 

Chairman: Dr A. Aziz bin S.A. Kadlr 
Director. RRIM 

-

1530 Project Review: Conclu11on1 
~nd Recommendations for 
Future Action 
DrD. Barnard 
UN/DO Ccmsultnlll 

1615 Clo1lng Remarks 
M. Youssef 

-

Senior De1·elopmc11t Officer, UNIDO 

1625 Closlng Address 
Dcitulc Ahmad Farcmk bi11 Haji S.M. 
Ishak, Cl1e1in11a11, MRRDB and 
Colltrol/er of Rubber Research 

1645 CLOSE 

THURSDAY 13FEBRUARY1892 

FIELD VISITS 

0900 Autoways (Malaysia) Sdn Bhd • For ovcrsecu 
participant.r 
only 

1100 ARIES, Sungal Buloh 

1415 Technology Centre 
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8 FINAL PROJECT SUMMARY 

8.1 Background 

The Project was formulated in 1984 as a result of the sevt:re threoll to the market for natural 
rubber in truck tyre retreading posed by the increasing adoption of precured retreading 
technology using all-synthetic rubber tread materials. This was seen as a p:irticular threat in 
natural rubber-producing countries where the impetus to implement the most up-to-date 
retreading technology might act to the detriment of nalur.tl rubber use in the local retreading 
industry. The consequen<."t! might then be the import of synthetic rubber or precured treads to 
replace natur.tl rubber consumption. 

The starting point of the Projt..-ct was the work by the ~arch and development laboratories 
of the Malaysian Rubber Research and Devt:lopment Board showing that natural rubber-rich 
blends with synthetic rubber could be used succl!ssfully in the precured retreading p~. and 
offered the possibility of equivalent wear performance coupled with lower rolling resistance for 
greater fuel economy. In particular. natural rubber-rich tread compounds with higher-than­
normal levels of stearic acid had given indications of particularly good wear performance under 
some conditions. 

8.2 Objedives and anticipated outputs 

The objectives of the Project. as ddined in the Project proposal incorporated into the 
Contract, wc.:re as follows. 

To strengthen the.: position of natural rubber in the important market for truck tyre retread 
compositions. Specifically to assist the natural ruhber producers to combat the threat of 
competition from all-synthc.:tic ·precured treads' hy: 

(i) developing improved natural rubber-based formulations for truck tyre retreads. optimired 
for various conditions of service, and which are capable of matching the performance of 
all-synthc.:tic formulations, especially in 'pre-cured' treads. At the same time. to establish 
suitable procedures for manufacturing retreads using the improved formulations. 

(ii) promoting world-wide use of these formulations by 

a) undertaking road testing of retreads made with the improved formulations under as 
wide a range of environmental conditions as is practicabk, 

b) diffusing to the natural ruhber producing countries (and to developing countries 
generally) the tc~hnology of designing the improved formulations, and of making 
retreads from them. by providing training facilities at the Contractor's laboratories for 
staff from the member institutes of IRRDB. 
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By the completion of the Project the following outputs were anticipated: 

a) optimization of formulations for truck tyre retreads enabling natural rubber to compete 
effectively with all-synthetic precured truck retre.Jds. 

b) commercially act.~ptable natural rubber-rich precured retread materials. 

c) a repon providing performance dat:. basc!d on well-planned and fully monitored road 
tests under a whole r.mge of operating conditions. 

d) identified potential markets for natural rubber-rich truck tyre retreads. including 
precured retreads. 

e) acquisitions of new equipment and development of technical skills which will provide 
valuable strengthening of the laboratoric:s of rubber research institutes in natural 
rubber producing countries. 

t) the specific tr.msfor of up-to-date technological know-how on truck tyre retreading of 
panicipating IRRDB Member Institutes. 

g) transfer of expcnise and c:xperience in the:: arr.mgc:ment. management and assessment 
of road llec:t tyre trials to panicipating IRRDB Member Institutes. 

h) strengthening of the:: co-operation between the natural rubht!r research institutes in a 
numht!r of natural rubht!r producing countries; this co-operation to ht! effected through 
the IRRDB. 

The results presented in the seven repons are assessed here first against these anticipated 
outputs, and then against the overall Project objectives. 

8.J Outputs achieved from the Project 

8.3.1 Optimized natural rubber retread formulations 

The wear trial results have shown very clearly. and not unexpectedly, that it is not possible to 
develop one single:: natural rubber-based truck tyre retread formulation giving the best 
performance under all conditions of service. The severity of service, indicated by the average 
tread lifetime and influenced mainly by road conditions, and the climatic conditions of the area 
are major factors in influencing the precise details of the formulation for optimum performance. 
Nevenheless, certain general guidelines have heen clearly established for the composition of 
competitive natural ruhhcr-hascd truck tyre retread materials. These general guidelines are as 
shown in Table 8.1. Where the tyre wear takes place undc:r very low severity conditions, a 
compound wilh a high kvcl of stearic acid will perform hest, and under very high severity 
conditions an all-natural ruhher compound will givl.! the hest performance. For intermediate 
wear scvl.!rity conditions. the choice of a natural ruhher-hased compound will depend on the 
precise environmental conditions. the choice heing hctwccn all-natural ruhht!r and NR/SBR. 
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Fun.her refinement of th\!Se fonnulations. particularly in terms of precise polymer blend ratio 
and oil level. should provide tread compositions capable of giving tread wear performance equal 
to that of commercial all-synthetic precured treads. 

8.3.2 Commercially-accepted formulations 

The results obtained in the! Project have dearly shown that the natural rubber-based 
formulatio:is USC!d can be mixed. extruded. vulcanired and applied to buffed carcasses using 
commercially-acceptable procedures. When the benefits of lower rolling resistance. and thus 
fuel economy. are taken into account. natural rubber-based truck tyre retreading materials have 
been shown to be economically advantageous. 

8.3.3 Performance data 

The Project has successfully completed road trials using over 1800 retreads on more than 200 
vehicles in six countries. The data accumulated have bt!en presented al the Concluding 
Workshop. the Proceedings of which will be made available in November 1992. Together with 
Sections 5 and 6 of the present Report. this mt..-ets the requirements of the anticipated output 

8.3.4 Potential markets 

The results obtained in the Project show that it is possible to formulate competitive natural 
rubber-based truck tyre retread formulations for a wide range of climatic conditions and all 
severities of wear. There is therefore no restriction on the market potential for those materials. 
It is likely that the advantages of fuel economy. and the benefits of improved tread life of high 
stearic acid formulations. will make them particularly advantageous in areas where the wear 
severity is very low. especially the United States of America. The verification of this potential 
market is one of the recommendations for future work. 

8.3.S Skills and equipment acquisition 

Thi! establishment of the modem precured tru1.:k tyre retreading plant at the Tun Abdul Razak 
Laboratory of the Malaysian Rubber Research and Development Board has provided facilities 
which can be made availahk for the training of staff from IRRDB Member Institutes. The 
operation of this plant in producing over 1800 retreaded tyres has enabled a team to be 
established with the necessary skills and expertise to provide a focus for the training of 
lt!chnicians from other ruhher-producing 1.:ountries. 

8.3.6 Transfer of knowhow to IRRDB Member Institutes 

The provision of nine IRRDB Training Fellowships. and the secondment of a staff member 
of the Bc:ijing Research and Design Institute of the Ruhhcr Industry to the Tun Abdul Razak 
Laboratory enablt!d up-to-dale technological knowhow on truck tyre retreading to be effectively 
transfi:rred to ten institutes. as anticipated. 
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8.3.7 Transfer of tyre trial management expertise 

All of the staff of other institutes auached to the Tun Abdul Ram Laboratory during the 
Project were given training on the management of lleet trials. The successful completion of both 
first and second stage lleet trials in all six countries is evidence of the successful transfer of 

knowledge. 

8.3.8 Co-operation between IRRDB lnstill~tes 

This output was ascribed to the IRRDB. However. it was apparent during the Project. when 
Fellows from various IRRDB member Institutes worked together at TARL. and when all the 
Fellows met at the Concluding Workshop that such contacts were both useful and productive. 
The individuals were ahle to appreciate more fully the roles played by the Institutes in their 
respective countries. and compare the initiatives being made in each case to encourage and 
promote the local rubber producing and manufacturing industries. 

8.4 Realization of objectives 

All of the objectives of the Project have been substantially achieved in that 

• natural rubber based formulations have been developed for precured truck tyre relreilds 
which can give wear results within a few per cent of a top quality all-synthetic tread, and 
offer potential advantages in fuel economy. 

• general guidelines have been established for the optimization of natural rubber-based 
truck tyre retread formulations under a wide rJnge of wear severity conditions. 

• the suitability cf the natural ruhhcr-bascd retread formulations for commercial precured 
retreading orerJtions has been established. 

• a database of result'> from lket trials in six countries has been established to provide 
information for the promotion of natural rubber-based truck tyre retread materials. 

• modem state-of-the art technology on precured truck tyre retreading has been effectively 
transferred to ten institutes in nine developing countries, 

• suitable avenul!s for future work have h~en identified. 

8.S Conclusion 

The Project has been successfully completed. achieving the anticipated outputs and meeting 
the objectives laid out in the Projl.!ct proposal. 
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( Table8.1. 
GuUhlint rttrtad formulations 

I Wear Average tread Guideline fonnulation 

severity life. km NR SBR BR Black Oil Stearic acid 
·. 
'! 

I Very high <30.000 100 - - 50 5 2 

High 30-50.000 90 - 10 50 5 2 

Moderate 50-75.000 80 - 20 50 5 2 

I Moderate 75-100,000 65 35 - 55 15 2 

Low 100-150.000 65 35 - 55 15 2 

I 
Very Low 150-300.000 65 - 35 55 15 6 
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9 RECOMMENDATIONS FOR FUTURE WORK 

9.1 Background 

The major concern which led to the formulation of the Project in 1984 was the threat to the 
natural rubber market by the introduction of precured truck tyre ret.re:lds made entirely from 
synthetic rubber. Since then environmental concerns on the re-use and recycling of materials 
have served to emphasize the importance of the retreading operation in the conservation of 
materials. Although natur.tl rubber itself is an environmentally friendly renewable resource. 
truck tyres necessarily contain high proportions of non-renewable resource material. including 
the steel in the beads. the steel or fabric reinforcement. and the oil-derived carbon black and 
synthetic rubber components_ A retreaded truck tyre is estimated to require about one-third of 
the oil equivalent of a new tyre. and the recycling for one or even two retread lives is an 
imponant l.-Conomic factor in the operation of commercial vehicle tleets. It is therefore likely 
that tlle truck tyre retread market will continue to grow in imponance. 

The advantages derived from the incrcaseu use of natural rubber in truck tyre retreading are 
not only beneficial to natural rubber producers. Apan from the environmental aspect. users of 
natural rubber-based truck tyre retreads should expect to obtain economic advantages from the 
improvements in fud economy from using tread ccmpounds with lower rolling resistance. This 
also has implications for environmental proteclion through the saving of fossil fuel. 

9.2 Current status 

As noted in Section 8, the present Project has firmly established the viability of increased use 
of natural rubber-based truck tyre retread materials under wide ranges of environmental and 
wear severity conditions. Significantly, a contribution from one of the wortd•s leading precured 
retread manufacturers at the Concluding Workshop confirmed that in one rubber-producing 
country. Malaysia. commercial precured truck tyre retreads now cnntain a proportion of natural 
rubber. 

The results of the Project have also ckarly established that the use of natural rubber 
compounds containing higher than normal levels of stearic acid can give improved wear rates in 
the latter half of a tyre's life under conditions of medium to low severity of wear. The full 
henelits would he obtained under very low severity conditions and this has yet to he exploited. 

A further outcome of the Project was the establishment of the wide variation in retreading 
practices in developing countries. They range from well-established retreading industries. eg in 
Malaysia. to poor quality retreading in Vietnam and the complete ahsencc of retreading in 
Nigeria. In the last two countries it is considi:red economic to run new tyres to destruction, and 
considerable education programmes would he re4uirl!d to change this concept under their 
present economic conditions. 
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9.3 Future work 

The growing importance of the truck tyre retreading market and its potential as an outlet for 
natunl rubber from devdoping countries are both justific:.itions for the continuation of work in 
this area.. The major markets for truck lyre retreads are in the developc:d countries. particularly 
America and Europe:. Efforts should therefore be made to promote the use of natural rubber· 
based truck tyre retreading materials in these countries. The most promising route for this 
promotion would be through the successful demonstration of fuel economies from the use of low 
rolling resistant.-e natur.il rubber·based tread compounds. In these countries the use of high 
levels of stearic acid in the tread formulation would be particularly advantageous. 

In those developing countries wher~ retreading industries exist, the use of formulations 
particularly suited to the operating conditions encountered by vehicles should be promoted. On 
the basis of the results obtained in the Project, the use 11f natural rubber/synthetic rubber blends 
may give the best results in some countries. The retreading industries should also be encouraged 
to take advantage of lower production costs to enh!r overseas markets by exponing treads 
designed to give optimum performance in the country of destination. 

In those developing countric:s where a retreading industry does not exist, steps should be 
taken to demonstrate the ovt:rall ccom1mic advantages of the retrei.!ding process. 

It is likely that this work would he !lest accomplished through one or more inh!mationally 
funded project~ co·ordinati.:c' through the IRRDB. 

9.4 Recommendations 

The following recommendations were accepted by the Concluding Workshop . 

Recommendation 1 
A programme should he undertaken to demonstrate the advantages of natural ruhber·based 
truck tyre retreads in the major world markets. especially North and South America and 
Europe. and in the potentially enormous market in China. Emphasis should be placed on 
clearly demonstrating fud economy and the improved performance of high stearic acid 
formulations. 

Recommendation 2 
The results obtained in the Project should he promoted to local industries in the rubber· 
producing countries hy the IRRDB Member Institutes. Emphasis should be given to the use 
of the most appropriate formulation in hoth precurcd and hot cap retreading. 

Recommendation 3 
Feasihility studies should he carrkd out on thl! estahlishmcnt of pwduction facilities for high 
quality prl!curcd retreads in the natural ruhher-produdng countries where they do not exist. 
They should he aimed al production for local and export markets. 
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Recommendation 4 
Where retreading facilitic:s are poor or non-existent the IRRDB should supply the necessary 
expertise availablt! through its members to advis!! on the es,ablishment of a pilot 
demonstration retreading factory. 

Recommendation 5 
Wherever possible these objectives should be achieved by projects co-ordinated through the 
IRRDB and funded internationally. 
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APPENDIX 

UNIDO PROJECT FOR THE DEVELOPMENT OF 
NATURAL RUBBER-BASED 

TRUCK TYRE RETREADING MATERIALS 

Report of training undergone at the 

Tun Abdul Razak Laboratory 

of the Malaysian Rubber Producers' Research Association 

16th July to 12th October 199 I 

Submitted by 

Mr Tho Nguyen 

Rubber Research Institute of Vietnam 
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INTRODUCTION 

As part of the UNIDO Projecl for the devdopment of natural rubber- based truck tyre 
retreading materials. I was nominared by the Director of the Rubber Rc:search Institute of 
Vietnam. a Member Institute of IRRDB, for a three-month Tr.iining Fellowship on various 
aspects of retreading technology at the Tun Abdul Razak Laborntory (TARL) from 16th July 
1991 to 12th October i 99 L 

The training was valuable to my Institute as regards conducting studies of natural rubber in 
truck retreads. The three months of my tr.lining period was spent under the guidance of Mr R. 
Newell. Principal Scientist and Senior Technologist for the UNIDO ProjecL 

My training report includes the following: 

L FamiliarizaLion with the facilities at MRPRA. 
2. Full training in the oper.llions of pn.-cured retreading and hot-cured retreading. 
3. Familiarization with some tyre test methods. 
4. Vasits to tyre and retreading factories in the UK. 
5. Complementary research projl!ct. 
6. Conclusion. 
7. References. 

t Familiarization with the facilities available at MRPRA 

This included: 

1.1 Familiarization wiLh the safety code of MRPRA. 
1.2 Familiarization wilh laboraLOry equipment and machinery. 
1.3 Familiarization with the library faciliLies. 

2 Full training in the operations of precured retreading and hot-cured 
retreading 

Retreading can be carried out by eithl.!r the hoH:ured process or me prccured process. 

2.1 Precured retreading process 

The precured retreading process involves principal steps as follows: 

2.1.l Selection and initial inspection of casing 
2.1.2 Buffing and secondary inspection 
2.1.3 Repairing and cementing 
2.1.4 Building 
2.1.5 Enveloping 
2.1.6 Vukanization 
2.1.7 Final inspection. 
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The full details of each step have been described in lhe Second and Third Interim reports. A 
summary is given below. 

2.1.1 Selection and initial inspection of ca.sing 

This step is very important because the success or failure of lhe precured retread process 
depends on lhe proper selection and initial inspection of lhe casing. Each tyre is thoroughly 
examined both internally and externally to ensure its suitability for retreading. This step should 
follow a strict standard. for example. British Standard BS AU 144C. At this stage. the Collmann 
type 1004 Tyre Spreader lnspe-.:rion Machine is used. 

2.1.2 Buffing and secondary Inspection 

The casing suitablc for retreading is buffed to remove all unwanted old tread by mechanical 
abri!Sion with metal rasps on a huffing machine. The Collmann Type 0137 RM83 Buffing 
Machine is used al this stage. The huffed casing is again inspected. 

2.1.J Repairing and cementing 

Any injuries are repaired according lo the limits described in BS AU 144C and the casing is 
cemented with a suitahle ruhber ccmcnL 

2.1.4 Building 

After the satisfactory n.:pair of th..: inj :cs and cementing. th..: tyre is then transferred to the 
building machine. The cushion gum and prccurcd tread arc then applied on to the surface of the 
casing. The Collmann Type IK>34- l<K12 78NK Tyre Building Machine is used for this purpose. 

2.1.S Enveloping 

This step re4uircs different methods for steel radial and cross-ply casings. Two flexible 
envelopes are used for the steel radial-ply casing. The outer cnvdope is wrapped around the 
casing and the inner envelope is inserted into the casing. The cross-ply casing has also an outer 
envelope hut inside the casing is littcd a curing bag and the whole asscmhly is mounted onto a 
rim. For hoth types of casing the Collmann Type IO:H Envelop1.:r is used for thc outer envelope 
whe1cas the insertion of the inner envelope ur the curing hag/rim is done by hand. 

2.1.6 Vulcanization 

After enveloping, the tyre is placed into the Scholz IO-tyre Autoclave, the cure condition 
being three hours at l I 2°C. During the vulcanization of radial-ply retreads, the autoclave is 
pressurized to 6bar. A constant pressure difference of I har is maintained between the autoclave 
and the tyre inside the envelope. In cross-ply vulcanization. a constant pressure difference of 
l bar i~ also maintained hctwccn 1hc autoclave and th1.: tyre inside the envelope. The internal 
inflation pressure of 8har in the curing h;1g cn:ihles the shape of the tyre to be maintained. 
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2.1.7 Final inspection 

The final inspection of the tyre is carried out to ensure the quality of retreads leaving TARL. 
The Collmann Type 1032 High Pressure inflation machine is used at this stage. 

2.2 Hot-cured retreading process 

The initial steps for the hot-cured retreading process are the same as for the precured 
retreading process described above. The main differences between these two processes are as 
follows: 

At the building stage, uncured rubber compound is applied in the hot-cured process whereas 
tread already cured is applied in the precured process. 

At the vulcanizing stage, the hot-cured process uses a curing mould/press with a designed 
matrix whereas the precured process uses an autoclave. 

2.2.1 Building 

At TARL, the AMF Orbitread Series 200 machine is used to build rubber strips around the 
buffed casing. The AMF Orbitread machine is anelectro-mechanical device which 
automatically applies extruded rubber to the buffed casing. The extruded rubber in the fonn of a 
ribbon is wound around the casing in a continuous strip. The thickness of the tread is 
determined by the amount of the overlap from one adjacent strip to the next. The overlap is 
controlled by an electronic timing system which in turn, is programmed with a plastic 
programme card. Each programme card represents a different tread pattern as specified for each 
panicular tyre and matrix in which it will be cured . 

Rubber compound in strip form is fed into the extruder and forced through a strainer and die 
at the end of the extruder screw. The extruded ribbon of rubber is then passed under the .. dancer 
arm roller", between the thickness monitoring rollers and pressed firmly and evenly onto the 
casing by a roller on the applicator head, as the casing revolves. The casing is moved about the 
applicator head in accordance with the predctennined programme which establishes the proper 
amount of overlap from one wrap of the ribbon to the next. When the tyre has been built the 
machine stops automatically. 

2.2.2 Vulcanization 

After building, the tyre is then transferred to a curing mould/press with a designated matrix. 
The heat source is from the matrix side only. The cure and time temperature depend on the 
curing characteristics of the tread rubhcr compound. 
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3 Familiarization with some tyre test methods 

3.1 Accelerated wear testing 

Road tests using the TARL trailer are carried out in order to assess the perf onnance and 
structural integrity of retreads produced at TARL. 

The tyre under test is inflated to the designated pressure and mounted onto the wheels of a 
Schallamach trailer. The load of the trailer can be adjusted depending on the load index of the 
test tyres. The slip angle of the tyres can be changed from 1.5° toe-in to 1.5° toe-out by a 
suitable mechanism fitted on the trailer through the driving vehicle. The trailer is pulled by the 
vehicle at an average speed of 50 miles/h for a distance of about 100 miles. The slip angle is 
changed from toe-in to toe-out every two miles. 

There are two methods for measuring the wear rate: 

Method I: By weighing each deflated retread and the rim before and after the road tesL The 
weight difference is the weight loss during that test The wear rate is calculated as weight loss in 

grams/mile. 

Method 2: By tread depth measurement For measuring the tread depth. a digital tread depth 
gauge is used. measuring at 32 different points throughout the grooves of the tread surface. 
before and after the road test. The wear rate is calculated in millimetres tread depth loss/mile. 

3.l Skid resistance testing 

Laboratory 

Skid resistance testing can be carried out by using a portable skid resistance tester. The skid 
resistance tester is a pendulum device having a spring-loaded rubber slider. The slider is 
composed of a test specimen bonded to an aluminium backing plate. which is fixed to the 

bottom of the pendulum arm. 

When the pendulum is released the rubber slider makes contact with an anificial road surface 
over a definite path length during its stroke. Th~ energy loss of the pendulum ann. which 
balances the frictional work done by the slider. is a function of the skid resistance of the wet 
road surf ace and of the test specimen used. 

Service , 

Wet traction testing can be carried out by using the Schallamach trailer. The tyres under test 
are fitted to the trailer with the wheels set at zero slip angle. A compressed air cylinder provides 
power to the brakes on the trailer: these arc operated electrically and are independent of the 
brakes of the towing vehicle. The testing is carried out either at the Transport and Road 
Research Laboratory's (TRRL's) or Motor Industries Research Associations· (MIRA's) wet grip 
straight line braking facility where the surfaces arc watered with a spray system. Skid path 
lengths are recorded. after applying the brakes on the trailer. ~sing a distance counter located on 

~he towing vehicle. 
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3.3 Endurance testing 

The structural integrity of a retread is measured by conducting a constant speed/step load 
endurance test on the retread on a 1. 70m. diameter drum of steel construction. according to 
British Standard BS AU144C. The equipment consists of an inflated tyre and wheel assembly. 
mounted on a free-running axle. with the tyre pressed against a power-driven rotating drum. 
Through the axle a force. related to the particular tyre's recommended load, is applied to the 
drum which is then rotated at a speed which is equivalent to the maximum recommended for that 
tyre for specified periods of time as follows: 

7 hours at 66% of the rated load 
16 hours at 84% of the rated load 
24 hours at 101 % of the rated load 

At the end of the test if there is no damage to the tyre (according to BS AU144C) the tyre is 
considered to have passed the tesL The test is not done on every tyre but is used as quality 
control. 

3.4 Rolling resistance testing 

Rolling resistance is measured from the torque input into a l.70m. diameter steel drum. The 
torque is then electronically displayed on a panel. The display figure is three times the actual 
torque in rolling resistance measurement in Newtons. The test involves the following: 

Prior testing: After mounting on the free-running axle, a truck tyre is given a four-hour break-in 
period at a drum speed of 20miles/h and at a load of 80% of the tyre's maximum rated load. The 
tyre is then conditioned for an 8-hour period in the test rig area. 

Test 1: After the specified break-in and conditioning periods the inflation pressure must be 
rechecked and adjusted as necessary. 

(a) The tyres are run at 50% of the maximum rated load at 50miles/h equivalent road speed 
(drum speed 20 mileslh for a specified period of time in order to reach equilibrium temperature. 
For truck tyres this is 90 minutes. 

(b) After this equilibrium conditioning time, rolling resistance data arc recorded from the torque 
display unit, 60 peaks and lows being recorded in an approximate ten minute period and the 
average rolling resistance under load recorded. 

(c) The rolling resistance is then immediately recorded with the tyre in skim contact, zero load. 
zero slip conditions for 30 readings over an approximate 5 minute period. The function of this 
pan of the test is to account for the frictional losses in the tyre axle/bearing system. 

(d) The rolling resistance of the tyre in question is then calculated by subtracting the average 
skim reading from the average reading under 50% toad and dividing by three. 

Te.ft 2: Immediately following test I. the load is increased to 80% of the maximum rated load 
for the tyre. The speed is increased on the drum to 37 milcs/h (road speed - 70 miles/h). The 
equilibrium conditioning times arc repeated as in section (a) and the tests arc repeated 
throughout as sections (h). (c) and in (d). 
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4 Vasiu to tyre and retreading factories in the UK 

4.1 Vultra Rubber Co., Mold, N.Wales. 

Vultra Rubber Co .• Ltd .• a member of the Retread Manufacturers· Association. is located in 
the North of England about 200 miles from TARL. Vultra is a small factory producing only 
precured treads. 

This factory uses three machines for producing the precured treads: 

(a) Extruder 
The extruder has an output of 200kg/h. It is used to prepare the pre-formed slab of rubber 
compound for the tread moulding process. 

(b) Curing press 
The press. 11 metres in length. is four-day light. single cavity. The precured tread is formed in 
any designated tread pattern during curing in the press at I50°C. After curing the tread is de­
flashed. 

(c) Tread buffer 
The precured tread then undergoes buffing. The buffing operation includes the following: 

1. BufTmg the under surface of the precured tread on a buffing machine which is fitted with 
carborundum paper. 

2. Further buffing by hand if necessary. 
3. Painting the buffed surf ace with rubber solution. 

The finished precured tread is then protected by a polyethylene sheet and packed. 

4.2 Lynx Factory, Grantham, Lines. 

Lynx Factory. a small factory. is located about 100 miles from TARL. This factory produces 
only 200 retreaded tyres (light truck) per week, with three workers. It uses the rimless 
vulcani1.ation system. using precured treads and machines which are supplied by RTS. 

The autoclave used in this factory has a capacity for curing about 6-8 tyres depending on the 
tyre size. 

At the time of the visit. I buffed 24 car tyres under the supervision of two members of the 
Project Team. Mr I Wallace and Mr L Goodman. 

4.3 Watts Industrial Tyre Co., Lydney, Gloucs. 

Watts Industrial Tyre Co. is located in the west of England, about 150 miles from TARL. 
This factory has two premises. one of which is for mixing compounds and the other for solid 
tyre production. 
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4.3.1 Compound Production 

The factory uses a significant amount of natural rubber in compound fonnulations. most of it 
being purchased from Nigeria. It has three types of machinery for compound production. 

F9 (Farrel Bridge) Banbury mixer with capacity 140kg 

two mills 
VMI for producing slabs of rubber or strips for the Orbitread machine. 

The factory can produce 200 tonnes of rubber compound/week. 

4.3.2 Solid tyre production 

The factory also produces many kinds of solid tyres with a production of 4000 solid 
tyres/week. Forty-five compression presses are used for moulding the solid tyres. The main 
compound used for the production of solid tyres is scrap rubber (textiles. etc) from different 
sources. However. fresh rubber compounds are used for the tread section. About 50% of the 
solid tyres are exported to Europe and the USA. the remainder are used for local needs. with 
around 30% for the OE market and 20% for the replacement market 

4.4 Premium Retreads, Stafford, Staffs. 

Premium Retreads produces both hot-cure and precured retread truck tyres. It is a RTS 
Marangoni franchisee. For conventional retreading building is carried out by an Orbitread 
machine. They have three presses (Marangoni) and produce some thiny hot-cure retreads per 
week. Orbitread strip is supplied by British Vita. 

They also produce about 50 precured retreads per week. The building machine is somewhat 
old and also doubles as a buffing machine. They have two four-chamber autoclaves and one 
two-chamber. Curing is for two hours at l 30°C. 

4.5 Smallwood Retreads (Bandag), Newcastle-under-Lyme, Staffs. 

Smallwood was until recently an Oliver franchisee. Due to a cenain amount of disaffection 
with the parent body the proprietor approached Bandag for assistance. Smallwood is now a 
Bandag franchisee. All the machines (new) have recently been installed by Bandag engineers. 
who arc currently training the staff in the use of the machines. All the methods used during the 
building process are not significantly different from other precured methods. The curing of the 
retreads is carried out for three hours at 99°C in a 22-chamber autoclave. The method of curing 
is the ARC Bandag method. It is essentially a pressure differential control sy.stem similar to the 
double envelope system except that only one outer envelope is employed. This is sealed by use 
of two separate bead rims. Autoclave prcs.liurc is allowed to build up to 3har after which the 
DPC commences. Maximum pressure in the autoclave is 6bar with Sbar in the outer envelope. 

The Company hopes lo produce 200 retreads per week (COC and stock casing) with a 

workforce of ten. 
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4.6 Vacu-lug Traction Tyres Co., Grantham, Lines. 

Vacu-lug Traction Tyres Ltd. the biggest tyre retreader in the UK. is located about 120 miles 
from TARL. This factory produces both hot-cure and precured retread truck tyres. It produces 
2500 hot-cure retreads and 500 precured retreads per week. Total staff is 220. 

4.6.1 Hot-aired retread production 

The buffing machine for truck tyres has four buffing heads to buff a tyre from two sides at the 
same time. crown and sidewall respectively. The first p~.rt of the old tread layer is ••peeled .. off 

to save buffing time. 

Truck retreads. Two Orbi"ead extruders are used to build the rubber strips around the buffed 
casing. The retreaded casings are then cured in steam-heated moulds with designated matrices. 

Earthmover retreads. A two-ram extruder (vertical ram and horizontal extruder head) is used 
to extrude the wide. thick. slab rubber. The slab rubber is then built onto the cemented 
earthmover casing's surface. The grooves on the tread pattern are cut out by using a big hot­
grooving knife. The retreaded earthmover tyres are then cured in big steam-heated autoclaves. 
During curing. the tyres are hung on rotating spindles to eliminate local bead distortion. 

Tractor retreads. A Barwell extruder wilh a specially designed extruder head is used to 
extrude the head for tractor casings. The retreaded tractor tyres are cured in steam-heated 

moulds. 

4.6.2 Precured retread production 

The curing of the retreads is carried out for 2 hours and 25 minutes at l 25°C in an autoclave. 
The method of curing uses only an outer envelope and is sealed by use of two separate bead 
rims. Maximum pressure in the autoclave is 6bar with 5bar in the outer envelope. 

S Complementary research project - Wet traction testing of truck tyre retread 
compounds in service. 

The details of the experiments conducted. service testing. results and discussions are given 

earlier in this Repon. 

6 Conclusion 

During the training at TARL, I gained a lot of knowledge regarding precurcd and hot-cured 
retreading as well as tyre test methods. It ha~ been valuable for our Institute and will enable us 
not only to optimise the use of natural rubber in local retreading but also to improve local 

retreading practices. 
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