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FOREWORD 

This report was prepared by Thompson Aircraft Tire 
Corporation, South San Francisco, California. It covers the 
work performed under the sponsorship of the United States Air 
Force, Conlract No. AF 33 (657)-15342, Work Effort D, REP WNÍ-4- 
CIP-4060. The project was administered by the Aeronautical 
Systems Division, Wright-Patterson Air Force Base, Ohio, and 

. monitored by Mr. Howard C. Sparks (ASNFL), Project Engineer. 
The period of work covered in this report is from October 1965 
to May 1968. 

The project was headed by Mr. G. A. Gianandrea, Program 
Manager. Mr. E* F. Mayeau was Manager, Materials Development. 
Project Engineers included W. H. Protzmann, R. M. Messner, 
R. K. H. Eggers and R. N. Pierce. Others who contributed were 
E. A. David, M. D. Di Chiara, C. P. Greuter and G. E. O'Brien. 

This technical report ha« ‘ ... ¡wed. 

Landing Gear and Mechanical 
Equipment Division 

Directorate of Airframe 
Subsystems Engineering 



INTRODUCTION 

This program covered the development of synthetic elastomer materials 
for use in each component of high performance aircraft tires. 
Included in the program were three phases of development effort: 

* N 

1. Preliminary Elastomer Study 
2. Tire Design and Materials Study and Cost Analysis 
3. Tire Fabrication and Testing 

It has been demonstrated that the synthetic elastomer materials developed 
in this program are quite suitable for use in aircraft tire manufacture, 
and that such tires will meet current USAF static and. dynamic qualification 
requirements in most respects. The 49x17 261^ tire successfully completed 
all qualification test requirements. The 30x8.8 22PR tire completed all 
qualification test requirements, but had chunking of the center tread ribs. 
This condition resulted from the tread profile parameters of groove width 
and shape, and was not related to the tread elastomer material. 

The materials selected were based primarily on synthetic CIS-1, 4 
polyisoprene. Some butyl rubber and styrene-butadiene rubber were 
used for innerlinor and bead wire Insulation materials respectively. 
It was found that synthetic polyisoprene was an adequate replacement 
where natural rubber currently is used In formulating tread rubber, 
casing rubber, and bead filler strip rubber. Details of all formulas 
selected for each of these components of an aircraft tire are given in 
this report. 

In Phase I, a literature survey and limited laboratory evaluations of 
selected materials Indicated that synthetic polyisoprene alone or In 
blends with synthetic CIS-1, 4 polybutadiene would be suitable for most 
of the components of aircraft tires. Also, a bu*tyl rubber-synthetic 
polys Ioprene rubber blend appeared to be suitable for the innerliner 
material. Styrene-butadiene rubber is currently in use for bead wire 
Insulation, and was selected for this use In Phase I. % 

These selected elastomers and the ingredients of candidate formulas were 
exhaustively evaluated in Phase II. Test parameters used in the 
evaluation included measurement of green strength and building tack of 
uncured materials, cura rates during vulcanization, vulcanízate characteristics 
with respect to stress-strain, tear strength, hysteresis, and flex 
resistance character!sties and adhesion to tire cord. An analysis was 
made of the factory cosfs for all synthetic materials as compared to 
similar natural rubber-based materials, including compound costs and 
mixing costs. Finally, tire design selections were made for the two 
tire sizes to be manufactured In Phase III. 
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The materials selected In Phase II were used In Phase III to produce 
components for aircraft tires of fwo sizes, 30x8.8 22PR and 49x17 26PR. 
These materials were processed In the factory, with the result that 
It couid he concluded that the materials were more than adequate for 
use Ir normal factory mixing, extruding, calendering and frlctloning 
operations. Assembly of tire components such as bead bundles was 
also successfully accomplished using the synthetic materials. The 
most critical stages of tire manufacture, those of adhesion of 
stitched ply turn-ups, green tire handling, and forming of tires 
prior to molding, Indicated conclusively that the materials were 
more than adequate for tire manufacture. All components remained 
Intact and sound during the molding operation, with the result that 
no defective tires were produced. 

Static and dynamic tests were performed In Phase 111 of most of the 
test articles that were produced. The trends found during these tests 
Indicated that the 49x17 26PR test articles could meet USAF tire 
qualification specifications In all respects, while the 30x8.8 22PR 
test articles could meet these specifications In all respects except 
for rib undercutting and the resultant chunking of the center tread 
ribs. This problem for the 30x8.8 22PR test articles could probably 
be eliminated by altering the rib and groove configuration In the 
tread slightly. In all other respects, all components of each test 
article size remained sound. 
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PHASE I 

PRELIMINARY ELASTOMER SURVEY 

INTRODUCTION 

A Survey has been completed of two candidate synthetic elastomers. 
In order to select the most likely materials for further deve op- 
mont In Phase II. These materials must bo adaptable to existing 
tire manufacturing operations, and lend themselves easily to 
materials processing and tire building techniques in current use 
for all-natural rubber aircraft tire manufacture. • 

The survey included data from suppliers of the two types of 
elastomers, as well as data from the suppliers of various conr 
pounding ingredients in current use in the rubber industry. Fl'om 
this da?a, the one or two best elastomers of each type were solee.ed 
as representative of that elastomer type. These were used n 
Tasks 2-4 In the tesfing of physical properties and processing 
characteristics for 1hat elastomer type. 
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CONCLUSIONS 

A. Elastomers 

The elastomers best suited for aircraft tire use are re¬ 
viewed concisely In Task 5. Polyisoprene (Natsyn, 
Goodyear Chemical Division Is the prime candidate for 
total replacement of natural rubber In aircraft tires. 
This elastomer has vulcanízate properties similar to 
those of natural rubber. Tire building tack Is some¬ 
what lower than that of natural rubber, but at this 
time It is thought to be acceptable. A few details 
of compounding Ingredient effects on building tack have 
been noted, for further study in Phase II. Processtb- 
11Ity of polyisoprene is good, and offers'a few economies 
over natural rubber. Overall we rate polyisoprene 
(Natsyn) as being well suited for aircraft tire materials. 

Polybutadlene has certain deficiencies which will limit 
Its suitability for aircraft tire use. The main de¬ 
ficiency Is the significant reduction In tire building 
tack. A second deficiency is the processlblIIty of this 
material In normal factory processing equipment. 
Polybutadlene does offer Improved low temperature 
characteristics, and possibly improved tread abrasion 
resistance. It Is felt that polybutadlene should bo 
considered In low percentages In blends with polyisoprene 
for tread materials and possibly for casing materials, 
to realize Improvements, both in low temperature 
flexibility and possibly In abrasion resistance. 

Other synthetic elastomers (Butyl and SBR) are already 
In routine use In aircraft tires, In inner liner 
materials (Butyl) and In bead wire Insulation materials 
(SBR). These will be used In tires produced In this 
program, since no further work Is required t develop 
such materials. 

The elastomer selected for each tire component Is as 
follows: 

1. Tread 

2. Casing 

3. Innerllner 
4. Bead-Insu I at Ion 
5- Chafer 
6. Bead Fl 11er 
7. Sidewall 
8. Bead Wrap and 

Filler 

Polyisoprene, Polyisoprene/ 
Polybutadlene Blend 
Polyisoprene, Polyisoprene/ 
Polybutadlene Blend 
Polylsoprene/Butyl Blend 
SBR 
Polyisoprene 
Polyisoprene 
Polyisoprene 
Polyisoprene 
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B. Compound Ingredients 

Certain compounding Ingredients have been selected for 
use In this program. The selection was based on fhe 
previous experience of Thompson technical personnel 
with new aircraft tire materials, as well as on tech¬ 
nical literature available on these various materials. 
The materials list Is given in Section B., Ingredients 
Survey, of Task I. These maferlals contribute to high 
abrasion resistance, high tensile and modulus properties 
good heat stability, good building properties, flat 
optimum cure plateau, and good overall performance of 
the tire in operational use. 

The text for each Task follows. Complete data and a 
discussion of data are presented In Tasks I and 2. 
Tasks 3 and 4 survey the factory process!bi Iity and tire 
building characteristics of .the synthetic elastomers. 
The selection of elastomer types Is outlined In Task 5. 
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TASK 1: SURVEY OF ELASTOMERS AND COMPOUNDING INGREDIENTS 

Two types of synthetic elastomers have been selected for survey 
in this program, polyisoprene and polybutadiene. Thompson 
Aircraft Tire Corporation has already accomplished some work on 
each of these two elastomer types, primarily with respect to 
aircraft tire tread materials. The work to date has Indicated 
that some similarities exlsf between certain suppliers’ elastomers, 
and that some elastomers have deficiencies which rule out their use 
in aircraft tires. 

The literature provides some limited information on specific 
formuI at ions which may be suitable for certain tire components 
such as casing materials. These typical formulations are given 
in Table III. 

It is difficult to survey the literature on specific Ingredients 
for tires, such as reinforcing agents, accelerators, etc. 
Suppliers of these Ingredients point their technical literature 
toward broad rubber applications, of which aircraft tire rubber 
materials are a very small segment. Thompson has Investigated 
most If not all of the nine basic types of ingredients in use in 
aircraft tires. While not in the manufacture of new tires as a 
corporation, the technical staff of Thompson’s Research and 
Development Center has had extensive experience In the past In the • 
manufacture of new aircraft tires. This experience provides back¬ 
ground data on each of the nine basic ingredient types In current 
use in tire materials. The technical approach to the current pro¬ 
gram will draw on this background of natural rubber aircraft tire 
materials, in analyzing and developing the synthetic elastomers and 
ingredients which will best achieve the Intent of this undertaking. 

A. Elastomers Survey 

1. Polybutadiene: 

At present there are seven suppliers of polybutadiene. 
The results of the survey have indicated that the 
following suppliers’ elastomers are either Inter¬ 
changeable or may be eliminated from further consid¬ 
eration In this program. 

a. Interchangeability Rating (based on ease of 
processing, cure rate, and typical vulcanízate 
properties): American Rubber Corporation, 
Firestone, Goodrich-Gulf, Goodyear, Phillips 
Chemical, Shell Chemical. 

b. Elastomers Rated Unsuitable for Aircraft Tire 
Use: 
Texas-US: Emulsicn-type polymerization; 

available only In oil-black 
masterbatch form which reduces 
compounding flexibility. 
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A completo lisMnçj is given In Table. I of typical 
properties for the elastomers raiod above as Inter¬ 
changeable. 

2. Polylsoprone: 

‘ Currently there are two suppliers ci CIS 1-4 oo.'y- 
Isoprone, Goodyear Chemical Division of The Goodyear 
Tiro and Rubber Company and Shell Chemical Company, 
Synthetic Rubber Division. Thus far the Goodyear 
elastomer has been found more suitable for aircraft 
tire use. The Shell material is mar.jinal in ease of 
processing and in tire building properties, and thus 
will not be given further consi dorar ion in the 
program. A complete listing is given in Table M of 
typical properties for these two elastomers. 

• 

3. Other Elastomers: 
• »* 

While not listed In the Technical Approach Detail, 
certain additional elastomers are in current use In 
special tire .components in aircrefl tire manuftevure. 
These include isobutylene-isoprene copolymer (butyl) 
for Inner!iner materials, styrene-butadiene ruboer 
(SBR) for bead wire Insulation, and certain reclaim 
rubber types used to improve processing of tire 
materials. These synthetic elastomers will probably 
be used In tire components of the fires to be 
produced later in this program. 

Ingredients Survey: 

Experience In aircraft tire manufacture has Indicated 
that certain compounding Ingredients are well suited 
both to aircraft tire manufacture and to operational use. 
The list below Indicates the materials which provide the 
best overall characteristics in aircraft tires. 

1. Reinforcing Agents: 
2. Accelerators: 

3. Activators: 

4. Plasticizers: 

5. Tacklfiers: 

6. ' Modifiers: 
7. Processing Aids: 
8. Vulcanizing Agents: 

9. Anti Oxidants 
and Antiozor.anfs: 
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HAF, SRF, MPC, MT 
Santocure, Santocure NS, MBTS 
TMTD, AI tax, Butyl ZI mate, 
Ethylac 
Zinc Oxlde, Stearic Acid, 
Laurex 
Paraffin base oils, dioctyl 
phthalate, Piccopale I00SF 
Piccopale 100 SF, Picco 100 , 
Turgum S, Pine tar, Resin Oil 
RPA No.3, RPA No. 6, Retarder W 
Pine tar. Reclaim Rubber 
Sulfur, Sulfur-doror types, 
Amberol ST-I37X 

• e 

DPPD, Agerite Resin D, 
Agerite ISO, Agerite Stalite, 
BLE-25 Santoflex 13, Wax 
(Weather Protection) 



TABLE I PJfrSICAL PROPERTIES OK CIS 1-4 POLYBUTADIENE FROM VARIOUS SUPPLIERS 

POLYMER TYPE CIS 1-4 POLYBUTADIENE 

SUPPLIER 
GOODRICH- . , FIRE- .. ¡AMERICAN ¡ 
j CULF ¿GOOD.cAR * STONE jP^'LLI PS. RUS3£R ¡ • 

I Stress-Strain Properties Good Good Good 
Good to ; Good io I 

Fa lr i r‘ \ 
Good 

{ Abrasion Resistance i Gooc ; Good Good ; Good ; Good i Good ! 
I ■ ; i > 

Good Good 

« I 
ProcessibiIity \ Good I Fa i r i Fa i r ! Fair * Fa i r j Fe i r ! 

'Good to ! Good to Good to • Good to • Good to • Good to ! 
i Ballistic Cut Resistance •’ Fair j Fair Fair | Fair i Fair Fair ; 
* __ ♦ _ . 1_? _ ___« 

\ Cut. Growth Resistance 
i ' ' i: 

Good '■ Good Good : Good Good | Good t . , • 

i 
j Coefficient óf Friction Fair ^ Fair Fair | Fair Fair 
!_ : ! • : - 

ra.r S 

Air Permeability Good Good j Good ; Good Good 

{ Low Temperature Flexibility Good Good | Good • Good Good Gctc 

Resistance to 
E.evated Temperatures 

Fair I Fair ; Fair i Fair Fair .-1 

Resistance to 
* Oils and Chemicals 

, Fcir to ■ Fair to Fa î r to ! Fa ir tp Feir to Feir to • 
■ Poor ’ Poor Poor i Poor * Poor j Poor j 

: Resistance to Ozone • Fair Fair Fair Fair Fair Fi : 

‘ Resistance to Sunlight Fair Fair’ 
j i 

Fair Fair •; Fair 
■ t i_ 

Resistance to Weathering 
I - . ... Fair Fair ) Fair I Fair 

j Green Strength 

i 

1 ! ! 
j Fair j Fair * Poor 

Fair 

Poor ■ Poor 

. i ' Fa i r to, Fa i r to Fa i r to . Fa i r to 
■ Tire Building Tack Fair j Poor \ Poor } Poor Poor » •"S*1’ 

’ » i ■ 

GempatiblIity with 
• fi or Tire Materials 

Good Good i Good . Good Good I Good 

. Compatibility with 
; Tiro Manufacturo 

Good Good Gooc i Good { Good Good 

i 
-C- 



TAD LH. Il PI fil. AL PROPLRTIFS CF CI3 1-4 POLY ISOíWNE FROM V Ar.: OU S SUPPLIER 

POLYMER TYPE CIS 1-4 POLY 1SOPRENE 

1 SUPPLIER GOODYEAR SHELL 

1 Stross-Ç+raln Properties Good 
Good to 
Fair 

! Abrasion Resistance 
Good to' 

Fa Ir 
Good to 
Fair 1 

• 

1 Hoot Günoratlon Propor Mes Good Good 1 

J Processibl1ity Good 
Good to j 
Fair I 

J Ballistic Cut Resistance Good 
. Good to 

Fair 

1 
J Cut Growth Resistance Good Good 

! Coefficient of Friction Good ! 
: 

Good 

I Air Permeability Good 
! 

Good 

I Low Temperature Flexibility Good 

i 

Good j 

I Resistance to 
I Elevated Temperatures 

Fair Fa ir 

I Resistance to 
I Oils and Chemicals 

Fair to 
Poor 

Fair to 
Poor 

! Resistance to Ozone Fair Fa ir 

I Res I stance to Sun 11ght Fair Fair 

I Resistance to Weathering Fair Fair 

I Green Strength Good Fa ir 

I Tire Building Tack Good Fair J 

I Compatibility with 
I Other Tire Materials 

Good 
¡1 

Good i 
; 
• 

I Compatibi1Ity with 
i Tire Manufacture 

Good Fa ir 
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TADLE III 

J-Iteraturo Siirvov Formu Int J .>_ns. 

Natural Rubber 

PolyIsopren© 

Polybutadiene 

HAF Block 

Zinc Oxide 

Stearic Acid 

Antioxidant 

Antiozonant 

Process 01I 

Retarder 

Plne Tar 

BIK 

Santocure NS 

Sulfur 

A 

100.0 

50.0 

5.0 

2.0 

1.0 

2.0 

5.0 

1.0 

0.6 

3.0 

100.0 

50.0 

5.0 

2.0 

1.0 

2.0 

5.0 

1.0 

0.6 

3.0 

100.0 

25.0 

5.0 

2.0 

1.0 

3.0 

0.3 

0.8 

2.0 

D 

80.0 

20.0 

50.0 

5.0 

2.0 

1.0 

2.0 

5.0 

1.0 

mm 

0.6 

3.0 

E 

60.0 

mm 

40.0 

50.0 

5.0 

2.0 

1.0 

‘2.0 

5.0 

1.0 

0.6 

3.0 
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TASK 2: VERIFICATION OF CANDIDATE ELASTOMER FORMULATIONS 
VULCANIZATE CHARACTERISTICS 

The general formulations shown In Table III» Task I» wore mixed and 
tested to verify reported vulcanízate characteristics. General 
trends were noted for the various formulations. These will form the 
basis for development work In Phase II of thi'¿ program. In all cases, 
natural rubber formulations were used as the control. The general trends 
for each elastomer are nofed below. Composite data forms are included at 

the end of the Task. 

A. Polybutadiene 

1. Stress-Strain Properties 

Polybutadlene/natural rubber blends ha/e lower tensile 
strength than the natural rubber control. Other trends 
are reduced elongation, equal hardness and lower tear 

strength. 

2. Abrasion Properties 

Polybutadiene contributes to Increased abrasion resistance 
for laboratory test wheels. It is not known at this point- 
whether this necessarily means Improved tread wear properties 

for aircraft tire. 

3. Adhesion Properties 

Polybutadlene contributes to reduced adhesion (green) 
characteristics between tire compcnents. Vulcanízate 
adhesion properties are about equal to the control. 

4. Cut Resistance Properties 

Polybutadlene reduces the cut resistance of tread 
materials. Experience has shown that increased chipping 
of tread ribs occurs when +he percentage of polybutadiene 
is 30í of the elastomer content or greater. 

5. Low Temperature Flexibility Properties 

Polybutadlene Improves the low temperature flexibility 
characteristics of rubber materials. While this Is 
of Interest, the normal tire materials based on natural 
rubber are also quite good In this respect. 

6. Coefficient of Friction Properties 

Polybutadlene reduces the coefflclenf of friction on wet 
surfaces. The Ideal coefficient of friction for 



aircraft tiros is not known at present, howevor it is 
felt that any known reduction in this property should 
bo carefully weighed againsf other characteristics be¬ 
fore making a chango to the lower coefficient of 
friction material. 

In general, the data on polybutadiene which has boon generated 
in this Task follow closely that found in the technical 
IIterature. 

B. Polyisopreno (Natsyn) 

1. Stress-Strain Properties 

Polyisoprene stocks have lower tens i le’strength than 
do corresponding nalural rubber control stocks. 
Other trends are equal hardness, lower elongation, 
slightly lower modulus, and lower tear strength. 

2. Abrasion Properties 

Polyisoprene stocks are somewhat poorer in abrasion 
resistance compared to similar natural rubber stocks. 
It is not known whether this trend will correlate 
with aircraft tire tread wear. 

3. Adhesion Properties 

Polyisoprene stocks have slightly lower adhesion 
(green) characteristics. Vulcanízate adhesion 
properties are equal to the natural rubber control. 

4. Cut Resistance Properties 

Polyisoprene has only slightly poorer cut resistance, 
owing In part to slightly reduced modulus characteristics. 

5. Low Temperature Properties 

Polyisoprene flexibility at low temperatures is equal 
to that of the natural rubber control. 

6. Coefficient of Friction Properties' 

Polyisoprene tread formulations have almost equal 
coefficient of friction properties to the natural 
rubber control. 

In general, the data on polyisoprene which has been generated 
In this Task follow that found In the technical literature. 
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• TARIE IV-, P0LYBUTA0IENE VERIFICATION STUIK 
1 

' 

INGREDIENTS * j 
rCr..:.;!.AT;c::s 

PM ! r>-': pi-7 ; ?7-'i a 7-5 

mn.n An.n rn.n ! 80.0 ir.n • 

- --i.-..'! 0 7 2?n • 70.0 40.0 i . í 

' Stoll Btl-n ’ * .- ; - 20.0 ro.o 
•- 

HAF ! 50.0 , 5C.0 50.0 ; 50,0 50.0 i 

l- 

yfnr CxIda J 5..0 1 5.0 5..0 : ' 5,0 1 5.0 

Thcrjnoflex A • 1.0 . . :.o 1.0 1.0 1 .0 ; 

i- 
UuUrol _ • . ... ‘ :„C -.0 1.0 1.0 1.0 : 1 

Stnnrle Acid ' 2.0 , 2.0 2.0 • 2.0 i 2.0 

Ssntoflox AW 2.0 I 2.0 2.0 , 2.0 2.0 

I- 
•5.0 5.0 5.0 ’ 5.0 5.0 I 

Çsifit-<Nriir».NS. nr, 0.S5 . 0.7 * C.Ó5 C.v O
 • 

O
 • ; 3.0 

‘"■"T 1 • i ¡ : 1 
(“ 

isCNbAtS 1 0 • w A *>»*\ .A 

rc.-.-.'.arcvuro:??*; 
;r.itlal Viscosiry: In.-Lbs. 

£ coren Tir:.o; Minutes 
J_22. 
}_6- 

-22- 7' 

C-ro rbto: 
,/c. X « r.vjrr, Modulus: In.-Lbs. 

In.-Lbs.Alin. * _2 
r. O 

V"ir..a For Max. Modulus - Minuses 
rovers I or. : I n. - Lb s ,./M I n.  

72.P -Zi 79_ 
^ / » 

35 40 40 I 47 

i - .20 .075 

¿NSiLS DATA: Norr.vo> imof )} vV c»r* • iW «• f 

Cr,--Curo:^n Minutes © 2SC°r 
;CQ> Modulus 

2CUy Modulus 

- 7 

3CÛ:" Modulus 71 _2i£ 2075 

Tensile St.-or.cth 
Parccnt £lor.c&vion 

7.7 rr) 7n V< V. Ji i 

470 47. 4-/5 ¿.ó: 

Snore A Duremoter 
oresccr.T «osr ■*l, iypo C 

; ¿3 . ¿2 ■ ^ 
m\ 520 7*0 450 45c HO ;$u 4»0 »■•■Sv -00 

i i » « • ATTibicnT Temperu.uro ( 

CveivTS Ir.nn's ct C-:v 

« 78::-00 \ .9375 ■ .12-0 : .4537 • » * 25O : .A4CC* . ..1 

7Ó : 000 ■ Í .1250 .1562 1 .4537 i .1250 .6400 

! 100., 000 i .1250 .1562 i .4637 ! '.I25O ,6*»0ó 

i a ! 1 t . 

ÍHñAT E'w..:- Loed 175 PS!: Stroke .175 in.: Tct.s.100 cr: ”’ri, r- 

Fins! Ve *.“.: * t-ro °F ï 1417 : 155 Í 160 1 !54_ --ILL--- . 

Vernnerrv.r V.&Q °r S 50 Í 55 i 60. i 54 •.56 - 

. . M M I *-,1 ^ 
* *«• • \ I &t«U< * VW I • Loed 250 PSh ..3 Stroke ,2$ 

< . 7r>v 

? • • . * » • j> • w. . • w I wV_ • 

• )• o*»-%s. w.uro 
•*.r Tr* A; ! T; 

_1£V 
> I -2H- 

ii 82 I in 

tAP. 
15S sn 104 

..socifJc Grevivv 
•«'S» V‘ • C<.« i*. > . » i« « w î> V> 

Or 

'rr.-y o? Ahrr.sion 
Abound: At °r 

Iwstîcitw: Ai 

KlSC£-LAN£CwS T£S¡S 

1.12 i 1.12 1 . :7 

184 . uU.T.T.V Cu’ 114 

1.12 

injrr.v 

.• 3 -I.3- 

-i I 
¡I 

-t.. 

“Î1 
-LI 



TABLE V NATSYN VLRIFICAT 1ON STUCY 
I * * " ’ ‘ ^ ^ ¿i ' 

1 INGREDIENTS * 
. FOívv'.JLAT GNS 

N - 1 i N - 2 I N - 3 . N - ». ! >■ - 5.1 N - 6 
1 " Nats /n 200 100.0 1 - - - \ ' 

1 11 l^rls/n 400 1 - 1 1C0.0 100.0 inn.p } joo.o 100,0 
HhF (Vulcan 3) • Î 50.0 1 50.0 | 50.0 50.0 i 50.0 ! 50.0 

Sunoar 150 _5j_o !_UO__ist_ . 

*1 t'utrcx 726 “ ¡ “ t j • 5.0 

Î Zinc Oxido .SA. ! : 5.0 1 5.0__.!._ü._;_5,P..... 
t ». 1 .% A 1 «S i * * _L.,0 

300^ N'.odulu; Ü5Ç. JJãl. ±031?, IftOO. 
, Tonsilû Stroncih 

|_P¿rccni Eionc&tion 
_2Jz£H. ??r,o 

Sr.oro A Durorr.oror 
525 

63 

55C 640 
.;.335il 

i 6?0 
377.5, 

600 
62 55 55 58 

•t Crosccni Toar - Typo C l; 440 440 :610 7^0 1^10 VX) 1^10 330 

CUT GRCV/TH: Ambient Tcrapor&Turo ( 100 F ); At Or 

Cvclos Inches ot Cut Pro 
JlxOQO. tom 
36,000 
60,000 

5 .0937 
1 .1260 

.0937 lÇÍIL _sü2!L 
i .0937 ! .0937 
“ .T7IH- 7T7ÎF 

I .0937 
!—nm 

.0937 : .:250 

.0937» ¡ *1253 

.sib? •—rr¡¡zr 

L I i 

Thcrmoflcx A t 1.0 • 1.0 1.0 1 i.n 1.0 ; 1.0 

Vultrol • i . 1.0 1.0 1.0 ; 1.0 , 1.0 1.0 
i NÓns Special “ .. -... i 1 0.4 1 - ; - 1 - 

Santocure NS 0.6 1 0.6 “"T j O i 075 1 575“ 

Crystex 3TÜ . jtn j “TÃ3 ; » ( : j 375“ 

•i MCNSANTO rc;EC-:r.*£R DATA 

Tc.r¡'.pora7uré:275 °F . ’ - 
Initial Viscosity: In.-Lbs. 29 ¡ 27 27 i 27 27 32 

j »A Scorch Timo: Minutos » ^ í 8 1 9 19 7 1 7 

Curo Rato: In.-Lbs./Mln.- I 6.5 ’ 6 5.5 i 5.5 ’_5_!_êé- 
rMaximum Modulus: In.-Lbs. fiO Î 71.1 -60.5_; 64.2_67 ! 72.ft 

S *• Time For Max. Modulus - Minutos -36 '35 **5 „ : 45_16_l_15_ 
Rovers ion: In.-Lbs./MIn. Ü .05 | .p j .24 i - > .6 

[ TENSILE DATA: Normal ( x >i At 0Fj Oven Ajed Hours £ &F 

Ontímum Cure:30 Minutos © 2GG°r * - ‘ - i - 1 - ... 

! .. IC0Í Modulus ii 1 - ! - - 

HEAT BU:::.- ?:_Load 17c PSIl STroke.175 In.; Tern?. 100 °F; T;r.a___30 

i FinnI T¿,...;,‘¿.Ture °F 
■cmnerav. • '.so °F 

n 
I HEAT SLCV'-UwT: 

Timo 

Load gt;Q 

•■craturo 

*î!so 

V .1 : 

S2i£Iflc Gravity 
* * Scorch: Min itos 0 2^0 

_Jnt'ox or Abrr.slon 

"ST 

-LSii JSJ- 
J_52. 

AJZS_1-6^25- 

JAT_1 141_!_L60_LLi_ 
67 41 j 6n I-6_ 

—UL4- ■ ,10,.9-^-1_6*25-:.-,61-, 

PSI; Stroke .?<; In.; Temporat'jro mn 

J_1Û. 
i—262. 

-23- 12- Ifl 30+ 

J22IL 
17° 

I ton 
200+ 

,.30.0.+. jiQQl. _L22. 
¡ 200+ 200+ 72 

mscELiyvNSCjs tests 

1 1¾ IIP '• ..un. » » 1.12 i 

a 
/.» 46- 4^- 4J- 

■ Hebcunw! At °F 

fcicsticltvi At ®F 

• V* 
.—... •... "-T4- 

_i_L 
l I 
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TABLE, V 11 N AT SY H VERIFICATION SIUDY 

INGREDIENTS • 

j_iiatjLLüi Liii'hbcr. 
i_t!? 1 s vil _ 

1^11 H-U\ 

FOrv'iJLATlCNS 

I M«-l ^ S_ 

JüQjJL 
100. P 

R- 
• » 

Nalsyn LOO ico.n 

Zinc Oxide 

S tro rie Acid 
Ile 

il- 
(Vulcan 3) 

?ine Tor 
Sr.ntocure NS 0.8 0.8 0.8 

JJK._ 
SulFur (Crystex) 

0.3 
2.0 2.0 

njl3 
“2. 

MONSANTO a-;EC-;ZVER DATA 

i empcrciTuro : °r V I Su 

ioSTio! Viscosityi_ In.-Lbs, 16 
J . ?J 5.. 

24 21 

■* Scorch Tirr.o: Minutos 
Curo Roto: In.-Lbs./Min: 

:irnu:n Modulus: In.-Lbs. 

T 
~5T 

5 
Ts72 63,2 

Timo For Max. Modulus - NiIñutos 
Rovers ion: In.-Lbs./Min. 

10. TT 
.12 

35, 
,1 

2.0 ¡ 2.0 1 2.0 1 1 
1.0 , . 1.0 , 1.0 , 1 

? 2^*° I 25.0 ! 25.0 ' ! 

TENS I LE DATA; Normal ( 27S ^ ri i Or. 
• # Gvcn Ared «,‘ä • r* 

OptinuT, Curo:TO Minutos G 260°F 
• !00> Modulus 

_ 200^ Modulus 
300/í Modulus 
i i « i *.» i » v-f « V • i» _ r 

Percent Elonration 640 1 1 530 ! 615 ... .• 
Shore A Durorr.ctor i 54 I 1 56 54 « 

. CUT GRCvrrK: Ambient Temporsturo ( ) ; 8t 
Or • 

Cvclns 'i Inches of* Cut Srov-th 
t . . K . 1 ■ 

Í { 1 ! 1 1 » : . 

.. .. i ! ! 1 ! , 

i i \ .... .. i i i í i . 

1 .""" . * ! . -j 1_i 1_!_ 

.-..-./1.1 OU !-u- . : LOou its rail 

rin¿il Te.v... , rure °F 11¾¾ 
.«in — 

124 

n....y. 1UU !_y-L± 

T25 _ 

Temoeruvu* 'iso °F :: 33 _24_ _2£_1 ' 

Pr.rcont 0 .sslon Sot 4.68 1 3.13 3.13 ¡ _ _ 

‘T BLCV.’-. . : Load 250 PSI; Stroke .2$ In.; Tc~oc revure 100 

I t.T.O ± 
P S» 

.1! 
Blow-Out V . roturo 

-Tru- 30+ ^0+ 

i ico i 139 i 138 

SO "I $0 i 39 3 

MISCELLANEOUS TESTS 

1 

_Svic i ;ic G.-wVlty_ 

Scorch :_Minutos 0,7-30 °.r 
J_ndcor Abren jon_ 
Rebound; At • °F 

F|coticjtv:^„At_! 

.06 1.04 ±¿1 

32 _18_ 

—I 
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TASK 3: SURVEY Of PROCESSING CHARACTERISTICS OF CANDIDATE 
ELASTOMER FORMULATIONS 

The general procosslbili+y of polylsoprene and polybuladiene are 
acceptable. However, In the case of polybufadlene, experience has 
shown that this elastomer Is very poor processing by Itself, but Is 
easily processed when used In a blend with another elastomer (either 
natural or synthetic). 

The formulai Ions mixed in Task 2 were evaluated In this Task with re¬ 
gard to their mixing, calendering, extruding and plasticity character¬ 
istics. The general trends noted below indícale that little difficulty 
would be encountered when processing these elastomers in the fadory, 
If proper attention’is given to formulating and processing these stocks 
In the factory. 

A. Polylsoprene (Natsyn) 

Polylsoprene processes almost as easily as natural rubber. 
While It Is best to premasticate polylsoprene prior to mixing, 
the premast leal Ion required Is minimal compared to that used 
for natural rubber. The elastomer accepts ingredients readily, 
using the premastication step, and stocks discharge from the 
Banbury In a coherent lump. Milling has the same effect on re¬ 
ducing plasticity of the stocks that It has on similar natural 
rubber stocks. Based on observations of plasticity, we an¬ 
ticipate that polylsoprene stocks will extrude somewhat more 
readily 1hen do similar natural rubber stocks, and that 
calendering of polylsoprene stocks will be about the same as 
calendering natural rubber stocks., 

B. Polybutadiene 

This elastomer processes easily In blends with natural rueber. 
The only drawback In processing polybutadiene Is that the 
stocks become drier (less tack, reduced green strength) as 
the percentage of polybutadiene In the blend Is increased. 
The elastomer blend accepts Ingredients readily. Milling has 
less effect on reducing the plasticity of the stocks than It 
does on similar all-natural rubber stocks. We anticipate 
that polybutadiene blends will extrude In.an acceptable 
fashion, although they may be somewhat dry. This may cause 
difficulties In extruding thin sections. Calendering of 
blends should be about equivalen+ to the all natural rubber 
stocks. 

-I7- 
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TASK 4: SURVEY OF TIRE BUILDING PROPERTIES OF CANDIDATE 
ELASTOMER FORMULATIONS 

The formulation mixed in Task 2 were objectively analyzed in this 
Task to survey their inherent properties which are of importance 
in tire manufacturing operations. These characteristics Include 
tack properties, materials handling properties, and tire fabrication 
properties. 

The general trends outlined below indicate that polyîsoprene 
(Natsyn) will probably lend Itself well to tire building operaf ons, 
but that polybutadiene even In blends with other elastomers, will 
cause some problems In tire manufacture primarily because of re¬ 
duced building tack and materials handling properties. Test data 
is given In Table I atiached. Formulations are given in Task 2. 

A. Polyisoprene (Natsyn) 

Polyisoprerie has Inherent good building tack, although 
not as good as similar nalural rubber control stocks. 
The data Indicates thaï the amount and type of carbon 
black present can have some effect on building tack. This 
is seen by comparing slocks N-7, N-9 and N-10 (50 phr HAF, 
45 phr ISAF and 40 phr FEF respectively). The building 2 
tack for this series varied from 3.33 in-lb/In to 1,7/ In-lb/in 
(Tack = Bond Strength X Elongation per square Inch of 

2 
contact area). Serveral stocks had such high tack that they 
were Impossible to process following the second remilling 
(N-6, N-11, N-12). The data Indicate that with attention 
to formulation details, polyisoprene stocks may be 
produced which have approximately as good building tack 
as similar all natural rubber stocks. 

Materials handling properties appear at this time to be 
influenced by compounding ingredients. Aromatic process 
oils and resinous tackifiers caused handling properties 
on processing equipment. This may not bo true of 
factory mixed stocks however, since such stocks generally 
do not receive the mastication that laboratory mixed stocks 
do. 

Finally, polyisoprene appears to lend itself well to tire 
fabrication operations, based on observations of labor¬ 
atory-mixed materials. It Is difficult to say for 
certain at this time that no problems will be encountered 
In building all-polylsoprene tires. However, experience 
with natural rubber tire materials Indicates that the 
polyisoprene stocks in Task 2 will have acceptable tire 
fabrication properties. 

B. Polybutadiene .. 

The data in Table I for the PB stocks indícales the 

-18- 
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building tack reduction found when increasing the polybufadiene 
content of stocks from 0 phr to 40 phr. The tack data for the 
20 phr polybutadiene/60 phr natural rubber formulas (PB-2 and 
PB-4) aro similar to that of all polyisoprene stocks, but are 
lower than the tack of all-natural rubber stocks. It is not 
known what tack value Is required in tire building operations, 
however, a reduction below the value of 3.5 - 4.0 probably 
would result in stocks being too dry to remain stitched to¬ 
gether . 

It Is possible that certain compounding ingredienls such as 
aromatic oils or resins would provide greater building tack 
for polybutadiene stocks. Also, cements may be of some use 
In building tires wifh polybufadiene materials. These 
factors are'not known at present. 

The addition of tackIfiers such as resins would improve the 
materials handling properties of polybutadiene. With¬ 
out such materials, these stocks are very dry and can 
cause handling problems on normal processing equipment. 

It is felt that at this time, polybutadiene tire materials 
would need some rather extensive devlopment to provide 
for acceptable tire building characteristics. 



tadle VIII 

BUILDING TACK* TEST RESULTS 

A. Rolylsopreno 
Bond Strength, 

Lbs. 
Elongation et 
Max. Pull, In 

Tack* 
In-Lb/In 

N - I 

N - 2 

N - 3 

N - 4 

N - 5 

N - 7 

N - 8 

N - 9 

N - It) 

N - 13 

N - 14 

N - 15 

6.81 

6.82 

5.60 

5.60 

6.20 

4.53 

•4.83 

2.78 

2.64 

7.50 

3.11 

2.70 

1.35 

1.60 

1.30 

1.44 

1.55 

1.47 

1.33 

1.50 

1.34 

2.05 

1.41 

1.35 

4.60 

5.45 

3.64 

4.03 

4.81 

3.33 

3.22 

2.09 

1.77 

7.70 

2.18 

1.87 

B. Polybutadleno Stocks 

PB - I 

PB - 2 

PB - 3 

PB - 4 

PB - 5 

7.90 

4.78 

2.22 

6.13 

2.30 

1.60 

1.22 

1.20 

1.20 

1.15 

6.31 

2.92 

1.33 

3.68 

1.32 

♦Tack * (Bond Strength x Elongation) 
2 Per square Inch of contact area 
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TASK 5: MATERIALS SELECTION REVIEW 

Tho general trends noted In Tasks I through 4 for polybutadiene 
and polylsoprene Indicate hhat polylsoprene Is tho material most 
likely to succeed In aircraft tire materials, as a replacement for 
natural rubber. Good vulcanízate properties, good processibiIity, and 
acceptable tire building characteristics indicate that polyisopreno will 
be well-suited to aircraft tiro manufacture. 
# 

Polybutadiene might bo used in small amounts with polyisopreno to im¬ 
prove low temperature flexibility and possibly tread abrasion character¬ 
istics, without hindering materials handling and tire building character¬ 
istics of the polylsoprene materials. 

Other synthetic elastomers (Butyl and SBR) in routine use in aircraft 
tire components suoh as bead wire Insulation and inner liner stocks 
will be used in tires to be produced in later Tasks in this work effort. 

-21- 



PHASE I I 

TIRE DESIGN AND MATERIALS STUDY 

AND 

COST ANALYSIS 

INTRODUCTION 

Investigations havebeen accomplished In 1hree broad, areas of study of the 
synthetic elastomers which were evolved in Phase I. These areas were: 

1. Tire Materials 
2. Tire Design 
3. Cost Analysis 

Selections have been accomplished of the test synthetic elastomer or blend 
of elastomers for each of the seven basic structural components In aircraft 
tires. These selections include the best formulation for use in each of 
these components. 

Selections have also been accomplished of two types of tire carcass strength 
members (nylon cord). The two types selected have been used for some time in 
USAF tires by the tire manufacturers. Composite cord/rubber selections were 
made based on laboratory-scale tire sections which had been fabricated and 
tested under simulated operational conditions. 

A comprehensive analysis was accomplished of tire design to optimize the 
performance characteristics of the synthetic elastomer materials through 
appropriate modifications in the design and construction parameters used forv 
aircraft tires. One factor Included was an analysis of the various tread 
pattern parameters, to optimize the performance of the synthetic elastomer 
tread materials under operational conditions. 

An important part of the work of this Phase was the rigorous analysis that 
was made of the various cost aspects involved in manufadurlng aircraft tires 
using synthetic maferials. This analysis Included prices and calculated costs 
from the purchase of the elastomer, through the various manufacturing steps, 
to the final operational performance savings which may be realized from such 

aircraft tires. 
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CONCLUSIONS 

The second Phase of the Work Effort was divided into three areas of study 
as outlined in the Introduction. The specific conclusions in each of these 
areas will be discussed below. The general conclusion is that aircraft tires 
may be fabricated from materials and tire construction developed in this 
Phase using synthetic elastomers In place of natural rubber. Also, the use 
of synthetic elastomers will contribute to reduced costs for tire manufacture. 
There may be a savings in tire operational use, through increased casing 
longevity. . 

A. Tire Materials 

1. Synthetic Elastomers Selection 

The elastomer best suited for most aircraft tire components was found fo be 
polyisoprene (Natsyn 400, Goodyear Chemical Division). This elastomer was 
found to have materials vulcanízate properties and tire operational qualities 
essentially equivalent to those of nafural rub-er. Polyisoprene has some 
Inherent characteristics which were found to be better than natural rubber, 
namely heat build-up, heat blowout and resistance to heat and flex deterioration. 

Polyisoprene has certain minor deficiencies, which were noted when working with 
unvulcanized materials. These deficiencies include reduced tack and lower 
green strength compared with similar natural rubber materials. Another minor 
deficiency was the reduced adhesion between-vulcanized tire components, l.e., 
tread to carcass adhesion. Adhesion levels were acceptable, however, as were 
the tack and green strengfh values noted in Tasks 1-3. No major difficulties 
attributable to these factors are anticipated either when manufacturing syntholic 
elastomer tires, or when testing such tires on the dynamometer. 

\ 

Other elastomers were selected for various tire components. These are indicated 
In the following table. The selections shown in this table are based on the 
test results tabulated and analyzed as Indicated !n the text for Tasks 1 
through 10. Elastomer and formulation selections were based on optimized 
character Is Itics of tire building properties, tire vulcanization properties, 
and operational characteristics. 



Aircraft Tire Cornponenl Synthetic Elastomer Select ion 

Tread 
Sidewa11 
Carcass 
Bead Wrap and Chafer Coat 
Apex Strip 
Bead Insulation 
Inner IIner 

Pol yi-oprene 
Polyisoprene 
Pol y I soprene 
Polyisoprene 
Pol y I soprene 
Hot process SBR 
Polyisoprene-ButyI blend 

?. Tire Cord Selection 

The tire cord best suited for use In aircraft tires Is nylon. In this 
Phase, two types of'nylon cord were Investigated, 840/2 and 1260/2. Both 
of these cord types were found to be acceptable based on tire design 
calculations as indicated below. 

Tire cord operational characteristics were evaluated In laboratory-scale 
synthetic elastomer tire sections under simulated operational conditions. 
Performance evaluations for both cord types were found to be equal. Thus 
It has been concluded that both of these cord types will be suitable for use 
in the tires to be manufactured In Phase III. The 1260/2 nylon cord will be 
used In Design A for both tiro sizes to be manufactured. The 840/2 nylon 
cord will be used In Design B for both tire sizes. 

B. Tire Design 

1. Casing Components 

A comprehensive tire engineering study has been completed to optimize tire 
design and construction parameters based on the unique characteristics of the 
synthetic elastomer materials developed in this Phase. The study resulted in 
the establishment of Design A for each of the two sizes of tires to be % 
manufactuted In Phase III. Specifically, Design A tires will include the 
optimized synthetic elastomer materials as noted In Task 4, 1260/2 nylon tire 
cord, and tire construction parameters as shown In Figures 1 tnrough 10 of 
the Appendix of this Phase Report. Recognized tire construction criteria 
wore used in establishing these tire manufacturing specifications. 

• 

A subcontractor’s proprietary design has been selected as Design 3 for each 
tire size. This will provide a comparison of the processing, tire building 
and performance characteristics of the synthetic elastomer materials with 
similar characteristics of current USAF natural rubber tires. Design B will 
Include the optimized synthetic elastomer materials noted In Tasks 4, 840/2 
nylon tire cord, and the proprietary tire construction parameters currently In 
use by the subcontractor In the manufacture of tires for the Air Force. 
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An analysis of the subcontractor's qualified tires of both sizes indicated 
that 840/2 nylon cord was used as the carcass strength member in these 
tires. 

2. Tread Component 

Investigations of tire tread patterns were accomplished In this Phase, to 
provide selection criteria for use In optimizing the performance qualities 
of the synthetic elastomer tread materials. The tread pattern selection is 
shown In Task 15. This pattern was chosen to obtain optimized performance 
characteristics such as tread wear, coefficient of friction, retreadablIity, 
and tiro running temperatures. Laboratory-scale tread sections were 
fabricated and tesfed under simulated operational conditions to quantitatively 
measure the anticipated characteristics of the synthetic materials, using 
natural rubber sections as the control. The observed results were listed in 
Task 15, and were analyzed In Task 16. These results verified that the 
selected tread pattern will optimize the performance qualities of the 
synthetic elastomer tread material. 

The tread reinforcing medium (nylon cord) was also investigated In this 
Phase. The subcontractor's tread reinforcing techniques have been selected 
for use In the tires to be manufactured In Phase III. The Investigations 
In this Phase Indicated that such a design was the best for use In the 
two tire sizes, since this design optimized tread retention while minimizing 
cord plucking and cord flexing deterioration. 

C. Cost Analysis 

A rigorous analysis was completed In this Phase to outline In as much ddai I 
as possible the cost reductions which may be realized through the use of 
synthetic elastomers In aircraft tire manufacture. The analysis Included all 
cost aspects, Including raw materials prices, shipping and handling charges, 
materials processing costs, potential changes which ma“ be required In tire 
building processes, and tire performance Improvements. The summation of 
this Information Indicated that there are significant cost reductions to be v 
achieved through the substitution of synthetic elastomers for natural rubber. 
The complete analysis Is given In Task 16. One example of the cost reductions 
Is indicated In Table X In this Task. Data In this table show that an overall 
saving of $1500 per truckload of rubber Is possible by using synthetic 
polylsoprene In place of natural rubber. 



■GENERAL PROGRAM OUT1INC 

Complete data for 1he synthetic elastomer materials development are given In 
Tasks I-4, The tire cord materials eveluation Is given in Task 8. Tire 
design studies are found in Task II, I2, and I3. Performance evaluations of 
various tire compononfs ere shown in Tasks 5-7, II end I3-I5. The cost 
analysis appears In Task 18. 



TASK I: SYNTHETIC ELASTOMERS COMPOUND RESEARCH 

The work In Phase I Indicaled that the prime candidate synthetic elastomers 
tor continued invesligation in Phase II were polyisoprene and polyisoprene/ 
polybutadleno blends. Those have shown the greatest promise In the successful 
manufacture of an all-synthetic elastomer aircraft tire. The candidale 
formulations cited In Phase I have been thoroughly evaluated in this Task. 
Compound Ingredients wore selected that would optimize the overall balance of 
vulcanízate properties. Natural rubber compounds served as controls. 

It was pointed out In Phase I that other synthetic elastomers, narr.ely butyl 
rubber and SBR, are already in normal use in aircraft tiros in inner!iner 
materials (butyl) and bead wire Insulation (SBR), and that these elastomers 
Should not require further development work. However, some additional 
refinements have been made of the bead insulation to compare two types of SBR 

In this applIcation. 

Tables IX and XV show the various tire components evaluated, the compound 
formulations and data for physical properties. Among the various components, 
both Natsyn 200 and 400 (polyisoprene, Goodyear) were used as 100# replaccmen!s 
for natural rubber. Also, blends of Natsyn 400 with low percentages (10-30 phr) 
of polybutadione (Ameripol CB 200) were evaluated In the tread and carcass 

formulations. 

The use of synthetic polyisoprene as a replacement for natural rubber is 
technically sound. General observations made by comparing the synthet c 
polyisoprene tire components to their respective natural rubber controls 
indicafe a slower cure rate for polyisoprene with attendant Increase in scorch 
safety. Despite the slower cure rate, development of vulcanízate properties 
is complete and In the approximate range of properties developed with the 
natural control in the same cure cycles, with the exception of modules. Modulus, 
was generally lower for polyisoprene materials (see Tables IX-XII). However, 
polyisoprene gives Improved heat build-up and blowout protection. Flex asking, 
cut protection and cut growth characteristics appear to be poorer for po.y -.preño 
compared to natural rubber. Wear predictions wore difficult to obtain due _ 
to inconsistent abrasion results. However, a trend was observed Indicating that 
the two elastomers were about equal in wear character 1st les. Mooney 
plasticities were higher In general for the polyisoprene compounds, but wore 
well within the range desired for good factory processing. Air permeability for 
Inner IIner materials was equal, as shown In Table XIII. 

Polybutadiene slows down the cure rate as well as having an adverse effect 
on cured hardness, tear strength, cut resistance and skid resistance. Some 
benefit in abrasion resistance was noted through the use of minor percentages 

of polybutadiene in a blend with polyisoprene. 
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Relative to natural rubber, green adhesion and stretch were significantly 
lower for polyisoprene and for polylsoprene/polybuiadlene blends. G^een 
strength as it relates to and affects tire building properties Is felt to 
be very Important. The data showed an appreciable loss In this P^P^Y for 
polyisoprene compounds. The addition of low percentages of polybutad ene 
further reduces green strength. The Impact of this loss In green tack and 
strength on tire building properties Is not known. The difference s Illustrated 
In Figure 1. The groat green strength plus the reinforcing effect Inherent 
In natural rubber do not appear to be present In the synthetic elastomer as 
observed here. A check on the green strength characteristics of SBR materials 
used extensively In the manufacture of other types of tires would give some 
Indication of the order of green strength required. However, It should be 
remembered that the lift ratios Involved for aircraft tires are generally 
higher than for most other types of tires. This necessitiates greater green 
strength for aircraft tires than for other types of tires. 

As measured by the wet skid resistance test, polyisoprene has a sli9h|+Y 
higher coefficient of friction than natural rubber. By blending polyisoprene 
with Increasing amounts of polybutadiene, the coefficient of fiction on wet 
surfaces was reduced to a level appreciably lower than that observed for natural 
rubber. This lower coefficient of friction for polybutadiene detracts from 
its suitability in tread materials. 

All compound Ingredients used In this work effort have been f°^d P^eyious,y 
to be the best for use In aircraft tires. This has been established -through 
steady and continued materials research at Thompson’s Research and Development 
Center. In addition, Thompson’s technical personnel have had considerable 
and varied experience In the evaluation of ingredients and developmenf of 
materials for use In new aircraft tire manufacture. 

SUMMARY 

The results of this Task Indicate that polyisoprene has many of the desirable 
qualities needed In aircraft tires, as well as certain shortcom ngs Indicated 
particularly by green strength. The advantage which might be 9a'"ed though 
use of small amounts of polybutadiene are felt to be more than offset by the 
negative factors observed, namely lower modulus, tensile strength and hardness, 
poorer tear, poorer cut and cut growth resistance, generally poorer green tack 
and higher heat build-up with reduced blowout protection. For thase reasons 
It was decided to eliminate the use of polybutadiene blends In the carcas, an 
tread components In subsequent Tasks. 
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TABLE IT TREAD rORrjLATIONS 

M.RMIII AT IONS .. . 19 
INGREDIENTS T-1 T-2 T-3 T-4 T-5 T-6 

Natural Rubber (//IRSS) . ‘10Ö.00 - - 
Natsyn ?00 (Polyisoprene) - Toò.òò - 

Nair.yn 400 (F'olyiBoproMc) - - 100.00 90.00 80.00 70."00 . 

Amor 1 do 1 CB-?20 - - - 10.00 20.00 30.00 1 

Zinc Oxide 5.00 5.00 5.00 5.00 5.00 5.00 

Sloarle Acid 1.50 1.50 1.50 1.50 1.50 1.50 

HAF Black 45.00 45.00 45.00 45.00 45.00 45.00 

I I no Tar ’ '■ 3.00 3.00 3.00 3'7ÕÕ~ Ü.ÔÒ 3.00’ ; 

Thormoflex-A 1.00 1.00 1.00 1.00 1.00 1.00 ’ 1 

Serrl of lex-AW 1.50 1.50 1.50 1.50 i .50 f.50 

Cr vslex Õ.5Õ 0.5Ô Ö75Ö 0.50 Ö.5Ö“ 0.50 

Su Ifasan R 2.00 2.00 2.00 2.Ô0 ~~TM~ ~TT00 — 
Santocure NS 1.00 1.00 1.00 1.00 1.00 1.00 

MOM'AMO RHE'V-MR f. ' '• .« 
Temperature: ?75°F 0 4.8 1 4.0 ! 3.8 2.1 2.2 3.0 
initial Viscosity: (•n.-Lbs. 27 '1 24 i 22 23 23 26 

Scorch Time: Minutes 12 15 i 18 14 14 14 

Cure Rate: In.-Lbs./Min. 5 4 5 4.5 4.5 5 

Maximum ModuI us: In.-Lbs. 68 68 68 72 73 77 j 

Time For Max. Modulus - Minutes 60 120 120 110 100 88 

Reversion: In.-Lbs./Min. Ö 0 0 _L_ 0 o 

TENSILE DATA: Normal (/ >! At °F; Oven Aged Hou rs é °F 

Optimum Cure:60 Minutes 8 ?75°F 
100£ Modul us - - - - - - 

?00/! Modulus - - - - - 

300£ Modu1 us 1800 1850 1750 1930 7390 7690 

Tensile Strength 3550 3660 3800 3650 7740 3380 

Percent Elongation 475 475 500 470 480 475 

Shore A Ducometer 65 6<* 62 59 57 59 
Crescent Tear - Type C 475 .475 475 250 220 270 

CUT GROWTH: Ambient Temperature ( ); At °F | 

Cyc1 es Inches o Cut Grov th 
33,000 .1718 .2656 .2656 72^8 .2656 .2656 

34,000 .2187 .3437 .4062 .4218 .3281 .3281 

71.000 .2968 .5937 .4843 .5000 .4218 .3906 j 

80,000 .3906 .7656 .8750 ..5468 .5156 .4843 

100,000 .4375 .7812 T7ÕÕ0 V.Ö0Ö .6250 3000 

HF AT BUILD-UP: Load175PSI: Stroke .225 1 r. ; Temp.2120F; Time 30 Mi T . 

Final Temperature ®F 271 260 253 260 267 275 
-—— -f..- n _ 
Temperature Rise F 59 48 41 48 55 63 

'• accent Compression Sot 17.3 12.5 7.8 /.8 7.8 10.9 

AT BLOW-OUT: Load 250PSI; Stroke .25 In.; Temperature 212 °F 

I * *' rT 15 36 36 25 14 12 

Blow-Out Temperature 300+ 300 300+ 300t 300+ 300+ 

T-mperature Rise 88+ 88+ 83+ 88+ 88+ 88+ 

MISCELLANEOUS TESTS • 

Specific Gravity 1.14 1.14 1.14 1.14 1.14 1.14 

Scorch: Minutes 6 230üfr 58 60 62 53 54 48 : 

Index of Abrasion 222 356 198 217 127 102 I 
Rebound: At °F 1 ... , , - i. 

Elasticity: At . °F '¡1 'i» 11 
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TABLE IX (CONTINUED) 

Green Tack LBS/ELONG. 

Skid Reslslance-Wet 

Plasticity ML 4V2120E 

Green Strength (IN.-LBS) 

T-1 T-2 T-3 

9.3/2.2 5.9/1.6 4.4/1.6 

50.7 52.3 53.7 

30 46 40 

27.8 2.5 1.9 

T-4 T-5 T-6 

4.7/1.3 4.1/1.1. 4.2/0.8 

50.3 47.3 45.7 

38 38 42 



TA3I.E X CARCASS FORMULATIONS 

• rCRMIII AT IONS 
1 INGREDIENTS c-VV C-2 C-3 . -C-4 J C-5 Qzfi. 
F Natural Rubber (//1RS S) 100.00 - - 

I Natsyn 200 (Holvisopreno) 100.00 • , » ---— 
1 Natsyn A00 (PoiyIsoprene) - - 100.00 90.00 80. Ö0 70.00 

I AmerIpol CB-220 - - - 10.00 20.00 _ _ 30.00 _ 

I Zinc 0x1 de . 5.00 5.00 5.00 . - 5..00— - 
F Stearic Acid 1.00 1.00 1.00 1.00 1.00 .. .... 1 *00 
1 MAI Black 40.00 40.00 40.00 40.00 40.00 40.00 

1 Thermoflex A 1.00 1.00 1.00 1.00 1.00 1.00 

f Sunpar 150 6.00 6.00 6.00 _ _6^00__ _6j.Q0_1 _ . 6,00 
ICrvstex 0.50 0.50 0.50 0.50 0.50 . 0*.5O 

1 Su 1fssan R 2.00 2.00 2*00_ ?,-Q(I_.. _JLt-QQ_ .■.2*00 
I Al tax 1.25 1.25 1.25 1.25 1.25 1.25 

1 MONSANTO RHEOMETFR PATA.. 

I Tempera lure: ?75°f 01 3.8 2.2 . J2L1 ZA_ J^S . 1*9_ 
I Initial Viscosity: In.-Lbs. 18 26 28 21 22 25 
1 Scorch Time: Ml nul es 12 11 12 14 14 15 

I Cure Rate: In.-Lbs./Min. 4 _ 5 4.5 4 3.5 3 

1 Maximum Modulus: In.-Lbs. 60 67 68 75 77 8Q_ 
1 Time For Max. Modulus - Minutes 70 70 90 120 115 70 

1 Reversion: 1n.-Lbs./Min. Ö 0 Ò 0 0 0 

1 TENSILE DATA: Normal ( x ); At °F; Oven Aged Hou rs 1 J 
I Optimum Cure:60 Minuter. @ 275°F 
I 100!í Modulus 

200Í Modulus .. 

1 300Í Modulus 2100 2100 2050 2245_ 1520_ 1240. 
J Tensile Strength 3800 3650 3525 3640 3290 3540 

1 Percent Elongation 450 425 425 450 460 450 

I >.nre A Durometer 60 60 „ 61 63 _£J_ 62 1 
' r -.rent Tear - Tyne C 430 410 390 420 460 440 1 

1 CUT GROWTH: Ambient Temperature ( ); At °F j 

1 Cycles Inches c> Cut Grov th 1 

1 i g. soo .1250 .0937 .0937 . 1562_ xlllfi_ *315.0_ 
39.000 .1562 .1562 .2500 .2812 .2968 . .5312 

1 59.000 .2187 .2343 ...3L25 ■*4218. ,3750,,., .5937 

1 7 ti. 500 .2812 .2968 .3750 .7812 .4062 .6250 

1100.000 _ . ^3437 .1591_ .4218_ hm_ .*1112_ .*0502_ 

1 H! AT Frill ID-UP: Load175PSh Stroke .225 1 tu : Temp.21^F; .Time 30JÍL n. 

1 Final Temperature 0F 244 248 . .. .m_ .m_ .246_ .250- 

I Temporature Rise °F 32 36 32 36 34 . _J0_ 

1 F'ercenl Compression Set 6.3 6.3 6.3 4.7 4.7 4.7 

1 HFAT BLOW-OUT: Load250psi; Stroke .25 In.; Temperature 21 2 °F 1 
I Time - Minutes 126 _ 259 _ . 263 „ .1ÛJ__ -121_ .„15 - 
I Blow-Out Temperature 300+ 300+ .269 300 _?68 .200+_ 
iTemperature Rise 88+ 88+ 57 88 56 88+ 

MISCELLANEOUS TEST ; ‘ . 

[ SpecifIc Gravity 1 10 ., L 1.0.. lutrL 1*9 -- it .11. .. - 102- _ 
I—1--—1-r-o r- 
I Scorch: Minutes @250 E 49 48 

J 
.52_ .02 .. p9 . 5&_ 

[ Index of Abrasion 
1 

[Rebound: At °F 1 . I. . 
I Elasticity: At °F 1_ 1 J 
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TADLE X CON I I NUED 

C-1 C-2 C-3 C-4 C-5 C-6 

Greon Tack LBS/tlONG. 7.8/1.9 4.9/1.7 4.3/1.8 4.0/1.5 4.3/1.5 3.//1. 

Plasticity ML 4»/2120F 30 38 36 34 36 38 

Green Strength (IN.-IBS) 20.6 1.9 1.9 2.0 1.8 1.8 



, 1 '■ ' ;f:'- i , 
w 
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TABLE XI BEAD WRAP F0RMJLA1 IONS 

INGREDIENTS 
f ORMHI A' IONS 

BW-1 6W-2 BW-3- BW-4 BW-5 
Natural Rubber ü1RSS • 100.00 100.00 - - - 
RPA //0 .2b - - - “0T?5— 
Nalsyn ?00 (PolyIsoprene) - - 1Ö0.0CT - - 

Nalsyn 400 (Poly 1 soprone) - - - "TÜÜ7ÜÍJ ‘ 100700' 

2Inc Oxide 5.00 5.00 5.00 5.00 5.00 
Simarle Acid 1.0Ó 1.00 

"40.00“ ‘ 
1.00 1.00 1.00 

HAL black 40.00 W.W 40.00 ' * 40700 
Thermoflex A 1.00 1.ÒÓ 1.00 ' 1.00”* 1700“ 
Pine Tar 4.Ò0 4.00 "T.W ~47üü *4700“ 
RosInOil 2.00 2.00 2.00 2.00 2.00 
Crystex .. 2.60 2..60 

0.60 
2.60 2.60 “7760“ 

. Fthylao. 0.60 0.60 0.60 0.60 

_ ___ ,. —MOLP ANTQ_PMíJ ‘••‘i:! Í R. P ^ ! 
Temperature: 97^,°F çj 5.0 6.0 ¡ 6.0 3.1 6.0 
Initial Viscosity: Tn.-lbs. 19 17 3Ó 23 21 
Scorch Times Minutes 8 8 B" 10 “TO- 
Cure Rate: In.-Lbs./Min. 8 8 8 6.5 6.5 • 

Maximum Modulus: In.-Lbs. 59 62 66 60 56 
Time Tor Max. Modulus - Minutes 18 22 25 6Õ- 75- 
Reversion: In.-Lbs./Min. .5 .3 .1 IT" .4- 

TENSILE DATA: Normal ( x ); At °Fj Oven Aged Hours ê °F 

Optimum Cure: Minutes Ê 275°F 20 20 20 30 30 
100',/ Modulus - - - - - 
200? Modulus - - - - - 

300? Modulus 1^75 1705 1490 1250 1350 
Tensile Strength T8ÜÖ TMÖ 3250 3605 3610 

. Percent Elongation 500 500 500 570 550 
Shore A Durorne4er . 63 63 63 64 63 
Crescent Tear - Type C 470 ■ 430 420 440 430 ' 

CUT GROWTH: Ambient Temperature ( ); At °F 

Cycles Inches of Cut Grov th 

» 1 

—. 

1 

HEAT BUILD-UP: Load nsPSli Stroke .?25ln.¡ rerrip.21?0F; Tire 30 Min. 
Final Temperature °F 260 262 258 255 253 
Tecuerature Riso °F 48 50 46 43 41 
Per. , nt Compression Set 9.4 7.8 3.1 3.1 3.1 

HF*' BLOW-OUT: Load 230PSI; Stroke .25ln.j Temperature 212 °p 
1 i*1»- 16 13 73 70 75 
Bio.-Out Temperature 318 305 304 327 353 
Ter ; orature Rise 106 93 92 115 141 

MISCELLANEOUS TESTS • ! 
Sped f Ic Gravity 1.13 1.13 1.1¾ 1.13 1.13 
Scorch : Minutes 0 2S0C)F 27 28 3? 38 36 
Index of Abrasion 222 35? 344 1 
Rebound : At °F ! 
Elasticity: At °F 1 

PLASTICITY ML A'/2\?°\ ^ 32 .¾. Ab 44 



TAtjLF. XII CLAD FILLER EC A* !ONS 
• . .. i 

IORMUIAT IONS il 
INGREDIENTS F-1 1-2 F-3 . ! 

Natural Rubber //IRSS 100.00 - - ' r?\ 
Natsyn 700 lf'o 1 y ' r>õ(»r otic ) - ■ too: oo" ' ■ — 

hi 
Nalsyu ^100 (Poly¡sopritic) - - 100.00 * 

..i 
Zinc Oxide 7.5Õ 7.50 7.50 

. . ni 
Stearic Acid _ _ 1.00 1.00 1.00 hi 
MPC. Mack . 27.50 27.50 27.50 i 
SRr Black 60.00 60.0Ò 60.150 

— í 
f'lcco 100 2.50 2.50 2.50 Ü! 
Ros In 011 4.00 4*. 00 .A. GO" 

Sunpar 150 4.00 
3.00'' 

4.00 
'3.00 

4.00 * • _ ¡1 
Crystex 3.00 _i! 
Santocure NS 1.25 Î .25 1.25 

;; J' 

MONSANTO PutWHR DM A ••I 
Temperature: °F 0 6.2 6.0 7.0 I 
Initial Viscosity: I'n.-Lbs. 20 23 20 : 
Scorch Time: Minutes 12 13 "ir * - i 
Cure Rate: In.-Lbs./Min. 8.5 8.5 1.5 i 
Maximum Modulus: In.-Lbs. 84 86 82 1 
Time For Max. Modulus - Minutes 30 39 33 
Reversion: 1n.-Lbs./Min. .35 .34 .35 i 

TENSILE BATA: Normal < x >; At °F; Oven Aged Hours @ C)F ¡ 11 

Optimum Cure: JOMInutes 0 ?75°F •* ! 
100^ Modulus - - - ? * i 
200» Modulus - - - 

— -1! 1 
300$ Modulus 2605 2430 2180 
Tensile Strength 2895 3150 2920 r r 1 
Percent Elongation 340 430 44Ö i! 
Shore A Durometer 71 66 69 
descent Tear - Type C 450 .460 Tfö y p 

CUT GROWTH: Ambient Temperature ( ); At ÜF 

Cycles Inches of Cut Grov th 1 
nil 
• >' i 

8 i 
• _ 

i 1 i 

HEAT BUILD-UP: Load i7sPSI} Stroke .??<iln.; Temo?!? °F ; Tl^e 30 Min. 
Final Temperature °F 329 327 _ 300 - 
Temperature Rise °F 117 .. 115 .. 8R 

. . ! 

Percent Compression Set 28.1 31.2 28.2 • > S 

HEAT BLOW-OUT: Load ZbOF^I ; Stroke .2fîn.; Temperature 212 °F 
Time 6 7 10 _J 
r1ow-Ou1 Temperature 295 349 291 _ .. _ ) 

norature Rise 83 137 85 i 

• MISCEU ANF-)US TEST T • | 
peclflc Gravity 1.23 ... Ll12 . 

Scorch: Minutes 6 ÜF 48 51 53 
Index of Abrasion 
f<oPound: At &F 

_ - Il 
Elasticity: At °F U 

PLAST IC 11 Y ML 4V21?0F 



il 
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TABLF XIII LINFR FORNULATIOMÍ 

- 36- 

INGREDIENTS 
fORMULATIONS J 

L-1 L-7 L-3 L-4 L-y 

Nr, lurai Rubber //IRSS . 70.00 70.00 - - - 
Natbyn ?00 (Polyisopreno) - - 70.00 - - 

Natsyn 'ICO (Polylsoprcno) - - - 70.00 70.00 . \ 

RPÄ Mi ‘ 0:20 - - - cn7v~ 

Butyl Rubber 10.00 10.00 10.00 10.00 10.00 

Butyl Tube Reclaim 33.30 33.30 33.30 33.30 33.30 I 1 ■j 

Zinc Oxido 3.50 3.50 3.50 3.50 3.50 
Stearic Acid ' i 1.50 1.50 " Í3Q “1750 1T5Ü” 
HAF Black 37.50 37.50 37.50 37.50 37.50 ] 
Thormoflex A 1,25 1.25 : 1.25 “TT25 ■.1.55 
DI octyl Pt ha lato 5.00 5.00 T.ÜÖ~~ 5.Ö0 
Crystex 2.25 2.25 , 2.25 2.25 2.25 

Sijntocurc NS 1.00 1.00 ¡ 1.Ö0 1.00 T.ÖÜ” 1 ! j 

MONSANTO RHFOMfTFR DH A '1 
len.pei at ure: 275°F 0 5.4 6.0 6.8 6.2 9 
Initial Viscosity: In.-Lbs. 17 22 '25 25 21 
Scorch Time: Minutes 9 " "9 " ~ 9 12 12 
Cure Rate: 1n.-Lbs./MIn. 7 7 6 5.5 6.5 
Maximum Modulus: In.-Lbs. 66 67.5 63 65 63 
lime For Max. Modulus - Minutes 50 40 30 4Ö 38 

Reversion: 1n.-Lbs./MIn. .ÛÜ TT“ ' .0B .1 

TENSILE DATA: Normal ( v ); At °F; Oven Aged Hours § °F 

Optimum Cure:30 Minutes § 275°t 
100a Modulus - - - - - 
700? Modulus - - - • - - 

300/’ Modulus 1650 repo 1650 Í380 1300 

lens Me Strength 730CT 2300 7700 7300 7750 

Percent Elongation 400 400 500 525 475 

Shore A Durometer 63 62 61 60 61 
Crescent Tear - Type C 300 . 300 275 275 300 

CUT GROWTH: Ambient Temperature ( ); At °F 

Cyc1 os Inches of Cut Grov th j 

* 

HEAT BUILD-UP: Load lynPSIj Stroke .??3ln.; Temp.7i?0F; Time 30 Min. 
Fincil Temperature °F 338 335 370 350 400 
Temperature Rise F 126 123(23' ) 158 138 188(28' ) 
Percent Compression Set 37.5 25 40.6 4Ò.6 40.6 

HEAT BLOW-OUT: Load 750PSI; Stroke .25ln.; Temperature 212°F 
Timo 9 11 8 9 8 
Blow-Out Temperature 347 353 356 357 350 
Temperature Rise 135 141 144 175” V>

‘ 
OO

 

MISCELLANEOUS TEST! • 
por Ific Gravity _ldl . 1 JÚL. 1.12 1.1? 1.12 
.torch: Minutes @ UF 31 33 38 47 48 
WXKM&KMtVWSm. P1 astIclty ML41 /21 - 3F 28 34 40 38 32 
Air Permeability, cc/ml|/psl/ft2/day .00041 1 - - . 0'öölüT 

1 Elasticity: At °F 

- 



too INSULAI I Of J I OlsNîJI AT IONS 

f' oRMlli At'iONS . ... lif 
1 INCRCDIENTS BN-V ‘ bn-; ‘JÑO ! 1 

L Awedno 1 1007 (1 lo 1 SBR1 100.00 - 50.00 _ï' 1 
ï S-150? (Cold SBR) - 100.00 60.00 

1 Zinc Oxide 7.50 7.50 7.50 

I Stearic Acid 5.00 5.00 5.00 _r 
pTlF Dlack 25.00 

'100.00 
25.00 

*'100.00 " 
25.00 _i. 

1 SRF Black T00.ÏÏÜ 

Plcco 100 3.00 3.00 ' 3.730 ..j-¡ 
1 Pino Tar 5.00 j 5.0Ó 5.00 .. .iJ ' 
I Sunpar 150 3.00 3.00 3.00 

I Crystex 3.50 1 
1Ï50 

3.50 3.50 [ ; ’ 

? AI tax 1.50 T75Õ 

1 Monox ¡ .10 .10 JO 
- - i 

1 MOM-Avro porriMFTR n'TA . U! 
1 Tempera furo: ^75 °F 0 5.5 

42 
11.8 11.5 . J 

I Initial VIscosHy: In.-Lbs. 53 '57 -.;p, : 
j Scorch time: Minutes 8 

2 

110 

6 
2.5 

6 ji! ; 
1 Cure Rale: In.-Lbs./Min. 2 1 • 
1 Maximum Modulus: In.-Lbs. 114.8 140 n i 
I Time For Max. Modulus - Minutes 120 75 120 « - i 
1 Reversion: In.-Lbs./Min. 0 725' * 0 t ■ 

1 TENS ILL DATA: Normal ( v ); At °f ; Oven Aged Ho.rs Ç cf ! 

I Optimum Cure: 60 Ml ñutes 6 275 °F • “I ! 

I 100Í Modulus 1025 Tr50 '1400 i 

[ 200? Modulus 1900 2150 2175 11 
I 300? Modulus - *• 

1 Tonslle Strength 2075 2500 2180 

1 Percent Elongation 250 275 200 ¡1 
j Shore A Durometer 78 79 80 

1 Crescent Tear - Type C 38Ü~” . T60 36Ö n • 5 
1 CUT GROWTH: Ambient Temp n ure ( ); At °F _i! 
1 Cvc1 os ¡ lircn-js Out Grov th 

,,. 
1 % T f ! . 

11 It 
1 HEAT BUILD-UP: Loadr/^PSI: Strega . Temp.mo0F; Time _ _3oMi n. 1 

I Final Temperature °F 240 _?25 _ ... 240 I 

I Temperature Rise °F 140 125 140 I 
1 Percent Compression Set 6.2 6.2 6.2 . 

1 HEAT BLOW-OUT: Load25CPSI; Stroke .25ln.;. Temperature 100 °F .... li 
J Time 7 3 . 4 
I Blow-Out Temperature 272 230 265 r * 
1 Temperature Rise 17? 130 165 -U 

F MIS':FLLAMroi.!5 ï LSI 

1 Sped * ic Gravity U3.1. . J..3L- .175.0 -11 1-L— —-—.. - ' ' f ■ 1 ■ 0 ■ ■ ‘— 
1 Scorch: Minutes 6250 F 36 32 39 l! 
I A• /?l?or 72 9? 86 
I Rebound: At VF . U 
I Elasticity: At °F 11 

-37 ^ 



TADLE XIV (CONTINUED) 

Bead Wire Adhesion (Ibs/wlre) (Cure 50V280°n 

@ Ambient 

BN-1 3N-2 BN-3 

78 
64 
48 
72 
50 
50 
52 
64 
82 
62 

48 
86 
38 
56 
46 
40 
48 
44 
40 

50 
54 
50 
50 
50 
60 
40 
48 
50 

Avg (Ibs/wlre) 62.2 49.6 50.2 
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TARIF.XV BEAD INSULA ¡ ION FAMULA? |0¡:: 

INGREDIENTS 
fORMUl A I IONS 

UN-1 UN-2 UN- .‘j 

Amorlpol 1002 (Hot SCR) 100.00 — 50.00 
S-1502 (Cold SUR) - 100.00 50.00 
11nc Oxldo 7.50 7.50 7.50 

StealIc Acid 5.00 5.00 5.00 
F ET Black 25.00 25.00 25.00 

"SRF Black T00.ÖÖ TÖÖ'.ÖÖ TOO.00 

Plcco 100 3.00 3.00 3.W 
Pine tar • i " "57ötr “5700 5700" 

Sunpar 150 3.ÖÖ 37 öö ' 3.00 
ôrystõx 3.50 3.50 3750" 
AI tax 1.50 ‘ T .50 1.50 
Monex .10 .10 .10 

MONSAM'O nur OMF.'TFR RM A 
Temperature: °P 
Initial Viscosity: In.-Lbs. 
Scorch Time: Minutes 
Curo Rato: In.-Lbs./Mln. 
Maximum Modulus: In.-Lbs. 
Time for Max. Modulus - Minutes 
Reversion: In.-Lbs./Mln. 

UNS ILE DATA: Normal ( ); At 2120F; Ovan Aged Hours ® CF 

Optimum Cure:60 Minutes 6 275°F 
100í¿ Modulus 1205 1360 1325 
?005h Modulus - - - 

300? Modulus - - - 

Tensile Strength 1210 1400 ï 390 
. F’ercent Elongation 100 100 100 

Shore A Durometer 73 74 75 
Crescent Tear - Type C 180 .210 170 

CUT ggOWTHt _ Ambient Tempera luro ( ); At 0F 

Cycles Inches o( Cut Grov th 
* * 

• * 

» f ■ 

i 

t . 

HEAT BUILD-UP; Load 175PSh Stroke .27Sln.; Tomp.?i?°F; Time 30 Min. 
Final Temperature °F 335 317 335 
Temperature Rise ÜF 123 105 113 

Percent Compression Set 12.5 12.5 

HEAT BLOW-OUT: Load250 RSI; _Stroke .25In.;_Temperature 212 °F 

Time 4 4 4 
Blow-Out Temperature 323 34 Í 339" 
Temperature Rise ffl “ 129 117 

MISOll ANrni;' Tf Sl 
Specific Gravity -1.33. 

36 

. 
! 

1.30 
39 Scorch: Minutes @ 250^' 32 

Index of Abrasion 
Pohound: At °F 

. tistlclty: At 0r 
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TABLE XV (CONTINUED) 

Bead WIro Adhes.lon (Ibs/wire) Cure 50’//IG0or. 
'ë ?12°[- 

BN-1 

34 
50 
54 
79 
49 
70 
31 
82 
37 
49 

Avg. (Ibs/wire) 54.3 

VïtZ 

26 
28 
26 
22 
24 
24 
29 
27 
25 
18 

24.9 

Plasticity Evaluai Ion - Processing Mooneys 

(ML 1,-4,/212°F) 

Raw Polymer Hot SBR Cold SBR 

41-46 68-60 

Masterbatch 78-59 99-84 

Final 80-72 107-92 

BN-3 

40 
32 
43 
25 
34 
35 
54 
39 
38 
34 

37.4 

50/50 Ho-I/Cold SBR 

- (not a blend) 

92-79 

99-86 
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TASK PHYSICAI PROI’EM ItS 'l l STS - ROOM TIMPL.RATURE 

Compounds developed from an objociive review of Task I have been Thoroughly 
tested to establish their vulcanized and unvulcanizod properties at room 
température. ■ Malura I rubber compounds (excepting the bead Insulation) were 
used as controls. All fonouK1 ions and physical data appear in Table? XVI 
through XXV, .-- 

Aj_Unvulcanized Compounds - Process Ib I I I ty Testinç] 

Plasticities for the two elastomer types were comparable suggesting that 
synthetic polylsoprcne will process as well as natural rubber In factory 
operations. Rheological properties confirmed that polylsoprcne will develop 
sound compounds with high modulus and good reversion characteristics. 
Polylsoprcne was slower curing Initially, as shown by the slower cure rates, 
longer scorch life, and increased times to attain maximum dynamic modulus. 
Relative to the development of sound physical properties, polylsoprcne does 
cure In time Intervals comparable To natural rubber. Tack appeared to be very 
good by comparison to natural rubber, as was the ability of polyisoprene to 
hold and maintain good dispersion of compound Ingredients. Green strength was 
considered to be satisfactory but lower by comparison to the strength and 
reinforcing qualities exhibited by natural rubber. 

B. Vulcanized Materials - Static Tests 

Polyisoprene as a substitute for natural rubber has lower modulus and tensile 
strength, equivalent to slightly higher elasticity and elongation, and equal 
to somewhat lower hardness and tear strength. It compared favorably to natural 
rubber In cord adhesion, and appeared slightly better for adhering to cut-resistant 
additives (brass coated wire). 

C. Vulcanized Materials - Dynamic Tests 

Polyisoprene was considerably better than natural rubber with respect to heat 
bul Id-up and blowout protection, which may achieve better tire operational 
safety combined with lower running temperature. Also, the data showed equal 
to slightly Improved rebound and wear characteristics for polyisoprene. Both 
are plus factors which contribute to Improved tire performance. Other dynamic 
performance Indicators worthy of note are dynamic modulus and phase angle as 
determined by the Oscillating Disk Rheometer. Polylsoprcne compounds appeared 
to compare favorably to natural rubber on both of these factors. 

» 

D. Specific GravUy of Vulcanized Materials 

Since the specific gravity of polyisoprene and natural rubber are the same, 
compounds Involving direcl replacement o* one elastomer with the other have 
similar specific gravities. The physical data verified this, all observed 
values being within 1ho usual accepted testing tolerances. 
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-\ ABl.r. XV 1 TI^ÍTAD FORrJLAT IONS 

• f ORVIII AT IONS ._ 1 

INGRCDIENTS 
. Ith2- . Til-10 

1 
1 nrí) 1 RiiÎ'!m':i (ÿlflSS) 100.00 - 

Nütbvn 400 (Rolvísoprene) - 100.00 1 

HAF Black 47.00 47.00 

Xiric Oxíde 5700' 3700- 

Stearic Acid 1.50 1.50 

FM no Tar 4.0Õ 3700" " 

Thcnnoflex - A T.oo' 1.00 

Sanloflex - AW 1.50 1.50 

Cry cl ex .50 .50 

Su 1fa&an R 2.00 2.00 
Snnlocure NS 1.15 1.15 

MONSANTO RHI'OMFTFR DATA 
Temperature: 275°fT 0 2.9 1.8 
Ini1 i a 1 Vi seosity: In.-Lbs. 29 28 
Scorch Time: Minutes TT 12 « 

Cure Rate: 1n.-lbs./Min. .6.5 5 

Maximum Modulus: In.-Lbs. 72.2 76.5 

Time For Max. Modulus - Minutes 60 80 

Reversion: In.-Lbs./Min. .tn. 0 

TtNSIlE DATA: Normal ( x ); At °F; Oven Aged Hou rs ê °F 

OnT¡mum Cure:60 Minutes ë 275°F 
lûO/î Modulus 450 410 

200^ Modulus 1250 1180 

300? Modulus 2420 2100 

Tensile Strenqlh 4150 3775 • 

rpercent Elonqalion 475 ~475 

SF.ore A Durorrieter 65 6¾ 

1 Crescent Tear - Type C 530-5C0 470-490' 

1 ~ ,T GROWTH: Ambient Temperaiure ( x ); At °F 1 
I /clos Inches v Cut Grov th 

[ 19,500 .1406 .2031 

39.000 .2187 .3437 \ 

58,500 .3281 35üocr 

75,500 .3750 1.000 

96,000 1.000 

1 HFAT BUILD-UP: '.oad175PSh Stroke .225 In. : Tcmp.lOOOp; Tim« 3 30 Ml n. I 

I Final Tempcrature °F 163 157 » 

1 Temperature Rise °F 63 57 

1 Percent Compression Set 4.7 3.1 

1 HEAT BLOW-OUT: Load250pSI; Stroke .25|ñ.; Temperai re 100 °f 

I Time 100+ 100+ 

1 Blow-Out Temperaiure ?48(No B .).) 277( Nî B.O.) 

1 Temperature Rise 148 177 ' 
1 • MlSCtLI ANE IT TEST ; 1 i 
1 Sped f ic Gravi ty 1.13 I 1.12 r 1 
I Scorc h: Minutes Q 250UF 36 1 3* 

1 
- 

I Index of Abrasion 137 130 - - ; 
I Rebound: A1 R.I?F 49 ¡ 49 1 
I [ |.;sMcity: AtR.VF 8? R- ’ i _ 
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TABLE XVII H-BLOCK CORD ADHCSION - AMBIENT CONDITIONS 

H-Block Cord Adhesion - Cure 50V27SoF 

Amblen! Conditions 

Adhesion to 1260/2 Nylon (Ibs/cord) 

TH-9 

18.6, 17.2 
13.2, 13.8 

Adhesion Avg. (Ibs/cord) 

Adhesion to 840/2 Nylon (Ibs/cord) 

15.6 

13.7, 11.6 
10.0, 9.4 
10.6 

Adhesion Avg. (Ibs/cord) 

Adhesion to brass coated wire (cut resistant) Cure 1.5 

Adhesion (Ibs/wlre) 4*0# 3.5 

3.5 

Adhesion Avg. (Ibs/wlre) 

ML 4,/212°F 

Green Tack Ibs/elong. 

Green Strength (In.-lbs) 

4.3 

42 

9.2/2.3 

27.5 

-43- 

TH-10 

10.4, 13.4 
16.5, 16.1 
15.8 

14.4 

11.6, 11. 
16.0, 12. 
14.8 

13.2 

X O.C.T. 

2.5, 5.5 
3.5, 7.5 
7.5, 

5.3 

39 

4.6/1.7 

2.1 

O
 





. .ma: ~ ï V •>:' •» r*. , r./ 

INGREDIENTS C-8 
Naltrcil Rubber (/'IRSS) 100.00 
Natsvn.400 (Po 1 y 1 sorirene) - 

21nc Oxide 5.00' 
Stearic Acid 1.00 
MAI Block . . 40.00 ' 

Thermeflex - A '1700' 

Sunpar 150 '6.00' 
Crystex • ¡ .50 
Sulfasan R " 2700- 
A M ax 'TV 75“ 

Temperature: ?75t,E 0 1.4 
-. " : . 
1.¾ 

Initial Viscosity: In.-Lbs. 25 25 • 
Scorch Time: Minutos 13 Í5- 
Cure Rate : In.-Lbs./Min. 'S ~3- 
Maximum Modulus: In.-Lbs. 70 ' 7574 
Time For Max. Modulus - Ml nulos 55- ■i?o~ 
Reversion: In.-Lbs./Min. 0 0 

i f RMJl A 
C-9 

100.00 
5.00 

"T.oô 
' 2RJ7ÜÖ 

ITÔo 

_ è*0 0~ 
.50 

*"7700 
—r.75 

I- 

ION- ::E 

TtNSILfc DATA: 

( „i 

Norma I ( x ); At 

CUT GROWTH: 

°r; Oven Aged Hojts Or 

Optimum Cure:60 Minutes Ê ?75°l 
■ ■iMwarj i 1 WM* 

1005) Modulus 400 /110 
200^» Modulus 1175 1Ö8Ö 
3002 Modulus 2225 2180 
Tensile Strenglh 3995“ 3630 
Percent ElonqalIon 460 430 
Shore A Durómefor 61 61 
Crescent Tear - type C 420-440 370-400 

Ambient Temperature ( x ); At °F 

Cycles 
19,700 

-29,500. 
59,000 

78,700 
111,500 

71567 

.1875 

.2812 

.4062 
K000~ 

Inches of 
75812“ 

.4687 

.6250 

1.000 

Cut Grov th 

» i na 1 Temperature °F 145 140 
Temperature Rise WF 45 40 

FJorcent Compression Sot 3.1 1.6 

TI me 1004 ï 00+ 

Blow-Out Temperature 162 (No 3.0. ) 152 (No D.O. 
Temporalure Rise 62 52 

—'•w* 

5pecIfle Gravity 
MISCFU.ANEOUÍ- TtTl 

Scorch:_Minutes § 250 F 
rd Abrasion 

Ffebo ± '[__ At R 

Llast lei_AtR.TH 

..1,09 1.10 • 

52 49 
- - 

57 59 
65 85 

. ... 
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TABLE XX H-ÜLOCK CORD ADHESION - AMDIENI CONDITIONS 

H-Block Cord Adhesion - Cure 50V275°F 

Ambient Conditions C-8 

Adhesion to 1260/2 Nylon (Ibs/cord) 18.4, 15.0 
15.4, 13.D 
18.4 

Adhesion Avg. (Ibs/cord) 16.2 

Adhesion to 840/2 Nylon (Ibs/cord) 11.6, 16.Ò 
12.2, 16.5 

Adhesion Avg. (Ibs/cord) 14.1 

ML 4,/21?°r 36 

Green Tack (Ibs/Elong.) 8.2/2.1 

Green Strength (In-lbs.) 21.5 

C-9 

10.5, 13.1 
21.0, 11.6 

14.3 

15.4, 14.5 
15.3 

15.1 

36 

4.5/1.9 

2.2 



TAtiLF .XXI BEAD WRAP FO'îli.'LAT IONj 

INGR! HIEN'IS 
1 0KM!II AT IONS 11 j 

ioo.oo. 
.?i> 

. ÇW-7 

• 

.... . ! 
. Nü.l «Jri) !.. KuliLvr. Jil’.j• ., 
. W'AJjj .. . .. . 

.. 
IÍ 1 

Nrh.yn 4QO (l’oly Isopr eue ) 
5.00" 

100.00 
5.00 

1 
¿Inc Óxido . .IT 
Slearlc Acid ' 1.00 1.00 1 l1 
HAE Black 40.00 40.00 :: j 
Thermof|ox A 1.00 1.00 j . ... ; 1 
Pino Tar 4.00 ■ 4/00 

2.00 
m 

Rosin 011 2.00 
2.50 

1 * 
Crystcx 2.50 

.60 
! 

Fthvlac .60 » j 
1 

. _ j 

‘ i 
-1 

MON'•A’: d PMI f mi 11 • 1 
lomporaluros 275 °E 0 3.9 

28 
1.0 
25 

! 
Initial Viscosity: In.-Lbs. • 

Scorch Timo: Minutes 6 9 ■ ' 1 
Cure Rato: In.-Lbs./Min. 7.5 

71.8 ' 
30 
.09 

5 
Maximum Modulus: In.-Lbs. 60.5 
limo for Max. Modulus - Minutos 26 „ ■ * -i ! ■ 
Reversion: In.-lbs./Mln. .19 M 

TENSILE DATA: Normal ( X ); At '7; Oven Aged Hours ë °r | j 

Optimum Cure:60 Minutos G 27b°E "1 i 
100£ Modulus 500 340 1 
200/. Modulus 1240 890 1 
300? Modulus 2190 

3/20 
1720 . 1 

Tensile Strength 3500 

Percent Elongation 475 520 i 
Shore A Duromoter 66 64 i 
Crescent Tear - Typo C 410 1410 . _ ! 

CUT GROWTH: Ambient Temp, t. •uro ( x ); At 0E .J 

Cyc1 es 1 nr has 1 Cut Gro) th 1 
19.500 . .3125 . 1093 i 
39.000 .5000 .1562 i 
58,500 . 5625 .2031 ! 
76,500 .6406 .2500 

105,000 .7343 .3125 1 

HEAT BUILD-UP: Load 17'PSI j Stroke .225lr..: T.-r-p. 100°E; Timo 30 Mir.. . J 
El nal Temperature °i 153 148 
Temperature Rise t,F 53 48 i . j 

Percent Compression Set 4.9 3.1 • 

HEAT BLOW-OUT: Load 250PSI; Stroke .?5ln.; Temperature 100 °F > ! 
Time 100> 1001 
Blow-Out Temporature 172(No :.0.) 168 ( to B.O. ) 
Tempoi ature Rise 7? 68 j 

Ml sen 1 Allí .01 if :tri 
Sped f Ic Gr avity 1.11 ITTii 

j ‘ 29 

r • j 
orch: Minutes P250 WE 21 i 

Hex of Abrasion 146 i yj 
Rebound: At ct - 1-.. 
LI istIclty: At °F - 

.. • • *» » «r 



TAU LR XXII U-D LOCK CORO ADIO ION - AM3IENT CONDITIONS 

H-Block Cord Adhesion - Curo SO’/Z/^F 

Ambient Cone i l ions 

BW-6 BW-7 

Adhesion to 1200/2 Nylon (Ibs/cord) 32.6, 25.6 
32.4, 30.8 
23.0 

23.4, 22.4 
23.8, 20.2 
18.6 

Avg (Ibs/corc) /ö,y 

Adhesion to 840/2 Nylon (Ibs/cord) 29.2, 23.4 
18.0, 18,0 
19.6, 27.6 
22.6 

21.8 

24.4, 25.4 
26.6, 24.4 
18.9, 23.4 
24.0 

ML 4'/212°F 36 32 



TABLE XXIII BEAD F ILLER FOftt'JL' I XX3 

FORMi TATIONS it! 
INGRl DILM1S r-4 F-5 • 1 

Neil ural Rut'ber //1RSS . 100.00 - _:-1 : 
Natsvn 40(^ (f'olV1-'-'prt'no) - 100.00 _j.- 

i Zinc Oxlrlo 5.00 5.00 j 

\ S+earlc Acid msT ' *T.W ■' 
I MPÔRÎûck 25.00 

■ 60.00 
25.00 

SRF Black 60.00 i 5 

I Plcco 100 ‘2700 2.00' ' • Í 

1 Sunper IDO 4.00 4.00 --—-—.. jl! i 
I Ros 1n 011 4.00 4700 1 - 
I Cryslox .3': 00’ 3.Ö0 m 
1 Santocure HS 1725“ 1.73 — 

. j 
i 

1 M0MDANT0 RUlf'^H>P T-'î A J.Ü 
1 Temperaiureî* 275 UE 0 11.9 12.1 II 

1 Initial Viscosity: In.-Lbs. 26 58(26) 
-if! - • < I Scorch Time: Minutos n.T ' - 15 

1 Cure Rate: in.-Lbs./Min. B ' / 1 ! 
1 Maximum Modulus: In.-Lbs. 91.2 06.5 * ! ! 
j Time For Max. Modulus - Minutes 32 40 U \\ f 

1 Reversion: In.-Lbs./Min. .39 .39 " _>Y¡ j 

1 TENSILE DATA: Normal ( X ); At °F; Oven Aged Hoi jrs 5 ^ i 

1 Optimum Curer^n Minutes 0 ?75°F 
.., 

! ! 

Hfe Modulus 895 520 
I 200^ Modulus 2000 1425 1! ¡ 
I 300^ Modulus “2800' 230(7 1 

I Tensile Strength 7900 3130 -•! -— 
f Percenl Elongation 325 440 || 

I Shore A Duremet er 72 67 li _Ij 
1 Crescent Tear - Type C ,510-600 470-500 . i[T. * ^ ^ 

1 CUT GROWTH: Ambient Tempi roturo ( ); M °F _SI 

1 Cycles i inenos •1 lut Gro th : 

L_ * i - ., 
! . .. í¡- 

1 
I * • 1 

In 

1 Final Temperature °F 190 180 _\ j 
k—-> --1-0- 
I Temperature Rise F 90 80 ' ’ 1 ; 

I Percent Compression Set 7.8 6.2 _. i'; 

(Time 27 40 
1 Blow-Out Temperature 267 262 

I Temperature Rise 167 T62 

M|r'M I AME T 

Sped f 1c Gravity .1.21. 1.20 
• 

Scorch: Mirutes 0 250^8 45 57 
42 I ML 4’/212rK 39 

[Rebound: Al d - - 

Elasticity: At °F - 
„ ,, r ,- - , 

I 

-4')- 
. 



1 ÂSÏÏTxX iv' INNLR L INI: î KORÎ*#JLAT |0K1S 1 . 1 
FORMULATIONS ' 1 

INGRFDIl'N Í S L-6 L-7 
Natural Rubber ^ll;S5 70.00 - J 
Natr>yn ^00 (f’oly¡rcprono) - 70.00 
FHilyl Rubber 10.00 10.00 j 

Butyl l^oclolifi 33130 33.30 

IIAÍ Black 37.50 37.50 

¿Inc Oxido 3.50 3.50 
Stearic Acid 1.50 ! 1.50 r 
Thermoflex A 1.25 1.25 j 

Dloctyl Phlhalato 5.00 5.00 ! 
Crystex 2.25 2.25 [ 
Saniocuro MS 1.00 ■ t;oo ; 

. 

MOMSA'.'TO RHIT TFH ÍV " A 

Tature:,275 UF 0 6.0 6.2 
Ir.lilal Vlscoslly: In.-Lbs, 31 37 ■ 
Scorch Time: Minutes 9 10* 
Pur o Rale: 1 n. - Lbs. /M1 fi. 5.5 —O“ 

Vaxlmum Modulus: in.-Lbs. 73 78 
Tino Tor Max. Modulus - Minutes 37 45 
Reversión : 1 n.-l.bs. /M1 n. .10 .06 

TlT/ILE DATA: Normal ( X ); At °F; Oven Aged Hours 1 °F 

> Imum Cure: TO Minules (5275 °F 
Pu!'' Modulus 450 325 

200c Modulus 990 750 
TOO1;” Modulus . .15311 1290 
Tensile Strength 7.310 2260 
Pen on 1 Flonqatlon 430 490 
Shore A Durometer 63 63 
Crescent Tear - Type C — sog "285— 

CUT GROWTH: Ambient Température ( x ); At °F 

Cyc1 os Inches <1 Rut Grov th 
10,000 .2188 .1562 Í 

20.000 .2813 .2500 
I 

59,000 .5000 .4687 j 

79,000 .5937 .5625 1 t 
100,000 .8125 .6562 , 

UTAT BUIl0-UP: Load175PSIj Strc - .22Í ) . ; "s.100°F; Tire 30 Min. 
final Temperature °r 201 186 
Temperature Rise °F 101 86 
Percent Compression Set 29.7 28.1 

UFAT BLOW-OUT: Load 250PSI; Stroke .25^..: Temperature 100 °F 
1 1 me 11 17 
B lev.-Out Temporal uro 283 365 
ie"por a lure Riso 183 265 

Ml SCFt 1 AN! :ou TESTS • 
soc Ifle Ci evil y _ 1,12 1.1?... 

• 

. vreh: Minutes P 250uf; 34 47 
xxmxxmxi x> iõÊ ml 4*/?Í2òk 40 49 . - _ 
...r.o.utd: At UK - - 

í 1 •¡st I»' ity : At °r •• * 1 1 1 

-so¬ li 



TAlVU XXV BEAD IN SU LA VIO!; FORfîJLAT IONS 
_:_:__ _ n 

f GRMltLAI IONS 1 
INGIiLDIENTS BN-4. ! 1 

Amer 1 no 1 1002 (Hot SUR) 100.00 1 1 ! 
Eine Oxide 7.50 ! 

..i i. i 
SIoji ic Ac Id 5.00 

. 1 1 
FEl Black 25.00 1 _)' ; 
SRI Black 100.00 . , ai i 
Plcco 100 ~ ‘ 3.00 

Pino Tar 5.00 
Sunpar ISO 3.00 , i 
Cryslex ' 3.50 1 i 1 
A| tax "T’.'bO I ^ 
Monex ' 0.T0 " " i 

MONSANTO Rlirf-Mni R DATA ^ ‘ 
lemporaturoj*275°L 0 6.8 
Ini liai Viscosity: In.-Lbs. 36 in 
Scorcl» Timo: Minutos 9 - i¡- 

Curo Rate: In.-ïbs./MIn. r.5 ' 
Maximum Modulus: In.-Lbs. 99-- 

- i 
Time for Max. Modulus - Ml nulos 120 - • * 

Reversion: In.-Lbs./Min. ' 0 • 

TLNSILC DATA: Normal ( X ); At °r; Ovon Aged Hours § °F J 1 

0p1 Imum Cure:60 Minutos 6 27Í>°F u..1 
100ÎÎ Modulus 1050 JI 

200/í Modulus im 
.11 

300'/ Modulus - 
Tensile STrength 2050 

Percent FlonqalIon 250 
_jj i 

11 1 
Shore A Durorneter 80 
Crescent Tear - Typo C “320 ■ • • t f 

Cü'; GROWTH: Ambient Temperature ( ); At °F .. 
fS I 
'-'VC 1 os Incites o( Cut Grov th 1 _ 1 

s 
* -I, 

* • 

1 * 1 ) 

MEAT BUILD-UP: Load WjPSIj Stroke .225 10.: Tomp.iQ0°F; Tiro 30 Min. . | 
Final Temperature °F i ! 

! 

Torr.p era tu re Rise ÜF 149 
Percent Compression Sot 6.3. • 

• 

HFAT BLOW-OUT: Load250p$l; Stroke .25|n.: Temperature 100 °f | 

Timo 8 
Blow-Out Temperature °1 284 
Temperat uro Rise °F 184 j 

MISCFLLANF.OIIr TFST I 
Specific Gravity 1.31 

— j— - - 

! j.} 
Scorch: Minutes ¢250 °F 39 
Lky-XXXVKXW.Y •'!<'<■< PI asTI city Ml VT? 1 -r 62 ■ .. ^ 1 
Rebound: AI °F — ■ 1 
Elasticity: At °F 1 ^ . 1 



TAB LF. XXV (CONTINU^!)) 

Bead Wire Adhesion (Ibs/wîre) Ê Room Temperature 

Cure 50,/290°F 

BN-4 

r.7 
62 
56 
74 
52 
54 
56 
64 
85 
68 

Average (Ibs/wiro) 65.3 



Several compounds were surveyed to determine their resistance to cutling, 
by propelling a sleel sphere ln1o a vulcanized test block at a known 
velocity. The depth of penetration was measured and the energy absorbed 
per 0.001 Inches of penetration was computed. 

Test results aro shown In the attached chart. They Indicated that synthetic 
poly I soprone materials were not as cut resistant as were similar natura! 
rubber materials. This characI eristic was attributed to the combination of 
lower modulus and tear strength for the polylsoprene materials. 

F. Bead Wire Insulai ion 

Previous aircraft tire compounding experience has established that styrene- 
butadiene rubber (SBR) Is a satisfactory synthetic polymer for use in bead 
wire Insulation compounds. The work in this Task was designed to show 
differences between'hot and cold process SBR, in an effort to determine which 
was more suitable for this application. The bead wire Insulation compounds 
were evaluated particularly for processing features-, hardness, modulus, and 
bead wire adhesion, in order to determine which SBR type was the most su I tat-le. 

Each typo of SBR handled and processed very well in the laboratory evaluation, 
Indicating that each would process satisfactorily In the factory. Some 
physical differences were observed, with the bead wire adhesion level being the 
ultimate determining factor. Compound BN-4 (see Table XXV) using hoi process 
SBR was unquestionably superior In this respect. 

TASK 3: PHYSICAL PROPERTIES TESTS - ELEVATED TEMPERATURE 

The materials compounded In Task 2 wore subjected to testing at elevated 
temperatures (712^). This temperature approximates the temperatures 
developed during the tax I-take off of 49x17 and 30x8.8 fires. All test data,, 
are summarized In Tables XXVI through XXXVI, 

A. ProcesslbîIItv of UnvuIcanlzed Materials. 

Laboratory Investigation and evaluation indicated that mixing of synthetic 
polylsoprene compounds was comparable to the mixing of similar natural rubber 
compounds. The plasticity evaluation covering the various mix stages of each 
compound confirmed this. It is expected that no serious difficulties will be 
encountered with polylsoprene materials in factory mixing, milling, calendering, 
frictlonlng and extruding operations. The plasticity evaluation for the beic 
wrap material strongly Indicated a probable cost saving with this material. 
Because of the lower plasticities obtained with synthetic polylsoprene it may be 
possible to eliminate the premast leaf ion stage for the elastomer. Premast leaf ion 
of natural rubber Is essential In order to achieve the desired plasticity ronge 
needed for proper frictlonlng of the bead wrap fabric. . 
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7 AB LF XXVI TR-Al) KO:;.^JLAi IOHS 

INGRCDILNTS ^ _ 

Natural Rubber (#IRSS) •__ 
I syn £Ç)0 (I\' I y 15' prone)_ 

HÃF Black 
/1 ne 0>! de 

Stearic Acid 
l’i ne Ter 

1 her inof_ÍPi<_h„ 
Sant of lex AW 

Cr ysIex 
Su Ifaaan R_ 
Soniocure ÑS 

rORMIII atÍons 
■ 

1-9 T-1Q 
100.00 

100.00 

/17.00 47.00 

5.00 • o
 

o
 

1.50 1.50 

4.00 4.00 

1.00 1.00 
Î.50 1 1.50 

50 .50 ‘ 

2.00 2.00 
' 1.15* 1. 1*5 

1! 

Temperature: °F 
Initial Viscosity: In.-Lbs. 

Scorch Time: Minutes 

Cur e Rato : 1n.-Lbs./Min. 
Maximum Modulus: In.-Lbs. 

Time for Max. Modulus - Minutes 
Reversion: In.-Lbs./Min. , ! .,- _- 

Norma I ( ); At 212°f ; Oven Aged fiour^ 

Onlimum Cure:r,n Minutes G 275°F 
100;,' Modulus 425 425 

200/. Modulus 1090 950 

300A' Modulus 1960 1(?4Q . 
Tensile Strength 3525 3205 

Percent Elonqotion 510 475 

Shore A Duromet er 60 62 

Cr escent Tear - Type C 39 Ö 320 

r irial Temporalu_re_ 

en .pera ture klse 

CUT GROWTH: 

CycI os_ 
9, sob_ 

Ambient Temperature ( ); 

22,000 

31,500. 
70,500 
100,000__ 

Hi AT EHIILD-UP: 

.1718 
:fïïs_ 

.4375_ 

. 5781 

.7187 

I riches r f 
.3906 ~ 
.j ï 87 

1.000 

Cut Grov th 

Op. 

°F 

Pt-rcent Compression Set 

l TAT BLOW-OUT : Load 250 PS I 

Tire 30 Min. 

256 312(16' ). 
44 100 

7.8 20.3 

Stroke .25 In.; Temperature 21? F 

BI ov, -0. : t Tc^mf in rature 
T.i" . -Jure Rise 

fic Gravity 

U _ 
315 
ï 03 

11 
290. 

,78 

h Minutes C ?lj0 °( 
In iox of Abrasion 
Rebound : At 2 j 2^8 

f I as I ¡c i t y : At ? 1 Pf 

* *•— ~'i 
1.13 ' J? 

• 

36 38 

GUMI-1Y GUMMY 
61 59 

75 70 
_ 

I 
_ ,-.u.n,r ^ . 

■5 V- 

- 



TABLE XXVII IHîLOCK COM ADIO ICK - 212° 

H-Block Cord Adhesion Cure SO'/PV^F. 
« 212°F. 

T-9 

Adhesion 1o 1260/2 Nylon (Ibs/cord) 14.4, 11.? 
11.7, 13.8 
12.5 

Adhesion Avg. (Ibs/cord) 17,7 

Adhesion to 840/2 N!yon (Ibs/cord) 11.8, 9.0 
12.0, 9.2 

Adhesion Avg. (Ibs/cord) 10.5 

Pjast Ich y evaluation - Processing Mooneys 

Raw Polymer 

Raw Polymer ML 1,-4,/212°F 

Masterbatch ML 1,-4,/2120F 

Final ML 1^47212^ 

AIRSS 

92-60 

84-78 

47-4? 

T-10 

14.2, 10.2 
9.3, 11.7 
12.2 

11.5 

11.8, 11.8 
10.6, 12.2 
9.5, 10.0 

11.0 

Natsyn 

96-93 

79-70 

44-39 



i 

I 
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TAßLF XXV 11 ! CARCASS FORMULAT IONS 

Norma I i. T ( N'ULF DATA: 

OrTi imum Cure:60 Minutes C 275°F 

); At 212°F; Oven Aged Hours ê 

ico;' Modulus 
200 Modu I ur. 

3 /0? Motu I us 
tensile Strength 

forconl ElongalIon 

Shore A Durometer 
Cr i -en1 Tear - Type C 

600 
1190 

1700 

2090* 
350 

58 
4ÒÓ 

610 
1095 

1970 
280 

61 
1W 

Cel GROWTH: Ambient Tempereture ( ); At 212 Or 

1 i’- ■ 100+ 100t 
I ['.lc.v.“Out Temperature ?77(No B. )J 253( No B.O. ) 
1 Tempera lure* Rise 65_ 41 

MISCflLANDTIS Tt-STS • 

1 INORFD HINTS 
rORMULAf IONS ... . ... .... 

C-8. C-9 

I Natural Rubber (f! 1RSS) • 100.00 - 

1 Nalsyn 400 (I’olylsoprcne) - 100.00 . 
T 2Inc Oxide 8.00 5.00 1 

I Sloarlc Acid i .Ü0 t;õõ 
HAÍ Black .ÒC 40.00 • 

1 
1 thermoflex A i roo ■ 
I Sunpar 150 5.00 

1 Crystex ,:>0 .50 : i 
J Sulfasasan R 2.(TO "?'.W - 

1 Alt ax 1T25 1,25 

I MONSANTO RMFOMHOR DATA 
I Tempera 1ure: °F 

Ir.ilial Viscosity: In.-Lbs. 
1 Scorch Time: Minutes 
1 Cure Rale: In.-Lbs./Min. i 
I Max 1 mum Modu1 us : 1n.-Lbs. i 
I Tira For Max. Modulus - Minutes 1 i 
J Réversion: In.-Lbs./Min. ! 

1 Cycles Inches of Cut Grov. th 

3200 .1562 .2656 

f 6300 .2813 .4687 \ 

f 12,500 .5312 .7812 

F 15,900 .7187 1.000 

28,800 1.000 

1 !TAT E1UILD-UP: Load 175PSI: Slrt/ke .225 In.; Terp.?12°F; T He 30 Min. 

1 f Inal Temperature °F 244 238 

I ic'; per ature Rise UF 32 26 

1 1*-. »nl Compression Set 3.3 3.1 

1 Itl. AT BLOW-OUT : Load 250PSI ; Stroke .25 In.; Temper ature 212 °F 

I Spo<.: i f le Gravi 1 y 1.09_ 1,10.. 
I Scorch: Minn Us 0 250Ol 52 49 
I Index of Abrasion GHMÎ-1Y GUMMY 

J Rebound: At y\'/'\ 68 68 

I .s Íicity: Alp 1?°r 75 72 1 



TABLE XXJX H-BLOCK CO^Q ADrifSIOX - 212° 

H-Biock Cord Adhesion Cure 50V275or 
§ 2120K 

C-8 

Adhesion to 12P0/2 Nylon (Ibs/cord) 14.0, M.4 . 
15.0, 14.7 
18.2 

Adhesion Avg. (Ibs/cord) 15.3 

Adhesion to 840/2 Nylon (Ibs/cord) 14.8, 15.2 
13.2, 15.8 
10.4, 18.1 
14.4 

Adhesion Avg. (Ibs/cord; 14.6 

PIasi I city Evaluai!on - Processi no Moo-nys 

ML 1,-4,/212°F. Natural Rubber 

Raw Polymer 92-68 

Masterbatch 76-66 

40-36 

C-9 

20.0, 13.1 
10.7, 20.5 
19.2 

16.7 

14.1, 15.0 
11.8, 13.1 

13.5 

Natsyn 

96-93 

62-56 

41-36 Final 



>r,y) 

TAL*,IF ^\'\ 3FAD WM? rOWDLATIOUf, 

r '' *■**+. «ran» •« •* .t — — 
¡ GRMUlA"1 nr is _ 

1NGRED1 LNT!j BW-6- bw-7 ! 

i 

Nnlurd 1 fUibbe: ill^SS 100.00 - 1 

rFa Tú. .25 .75 ! L 
Naisyn -100 (l’olylsdprcno) - 100.00 , 

/Im Oxide 5.00 5.00 

S1 liarle Acid ' \,00 l-'.OO i " r ! 
I lÃr Hldck 40.00 40.00 

■ 
1 

'Ihertnofrex A 1.00 1.00 . J 
fine Tar 4.00 

2.00 
4.00 ; 
2.00 1 

1 • 

Roc.ln o: I i 

Cryslox " 2.50 2.50 j . II 
f 
J 

r j hv' I'Tr .60 .60 1 

1 
1 

MONf Ai ; » Rf ’••• ¡ * • .--- 1 

1 or,ipera1 uro: t,F I 1 
Initial Viscosity: In.-lbs. » 
Sera eh Time: Minu tos i 

i 

Cure Ra+e: ïn.-Lbs./Min. . ..-. - r 

Max i r'iürT Modu I us : In. -Ibs. 1 

1 imc: for Max. Modulus •• Mi nulos 
j 

fvavers i (jfi : In. -Lbs. /M i n. 1 

11 ■ 4 i 1 

r 
« ■ 

h 

* 

- • 

! il i • i 

‘i t R:. 11 f DATA : Norma 1( ) ; At 217 °F ; Ovon Aged Hrx rs « °F 1 
,, , i i imw h imi »i—~ni> » ran <iir-^r irr-r-1—J- - * '-1111 ■ *■* 

Oalimum Cure: CO Mi nu’l es G 27!> °F 1J . i 

1 GO'/ Modulus 740 
1700 

400 1 _ _ -i 

700;' Modulus 700 1 

300;', Modulus 1720 1350 1 

rTensile S1renq1h 2T TO 7100 I 

[feic.anl FlonqnTion 375 450 
i i 

1 Shore A Duróme 1er 61 59 1 

I Ort-scent Tear - Tyne C 370 300 l * 

[ r.;T GROWTH: Ambient Temperaiure ( ); Ad °t- 1 

lev ' 1 OS 1 nchos i' Uud Grov 1 h 1 
1 

J 
j ___ . 

j _ . . _ 

! .- 

1 At ftlill n-RR: Load i-/sPSI: S1 rohe .275 n. [_ F orp. 717 Tin ¿ 30 -'i 1 

I f i rui I Ton^pe rature 255 249 . i 

[ T<: li-T.11 ure Rise ^F 41 _ 77_ 
1 

• i f f»n1 Crmiprossion Sod 9.4 7.8 _ 

lî,: Al B10W-0ÜT: Load 250 PS 1; Stroke .25 In.; Tempe radure 21 2 °F i 

T I ¡me 23 27 _ 1 

1 Fí 1 Ou i Tempe?rad ure 372 325 I 

1 l i rrii-'i at ure Ri so 110 113 . _ - 

1 MISr.Ll LAN tous Ti IS • 1 
J Sn-m ¡ i ic Gravidy 1.11 1.11 1 

1 Sr nr r r, : Mi nu ! C'S C ?5UDt: 71 29 i 

[ Index r,i Abrasion GUMMY GUMMY 
- » 
i I [ Rebound r” Ad.. _ 

: -J j F fa'd ic idyl AI °i „ - - 

j 



TABLE XXXI H-CLOCK CORO ADHESION ~ 7.12° 

H-Block Corr1 Adhoslon Cure 
§ 21251 

Adhesion to 1?60/2 Nylon (Ibs/cord) 

Adhoslon Avg. (Ibs/cord) 

Adhesion to 840/2 Nylon (Ibs/cord) 

Adhesion Avg. (Ibs/cord) 

BVJ-6 BW- 

22.0, 24.9 14.0, 
10.0, 17.2 9.6, 
22.4 

19.3 15 

8.2, 9.4 15.6 
14.3, 29.6 10.0 
18.4 11-4 

16.0 13 

p I asile I tv Evaluation - P roc ess jn g. Moo n 

ML 1,-4,/212°F 
Natural Rubber 

Raw Polymer 

Premasi. Polymer 

Masterba+ch 

Final 

92-68 

62-97 

44-41 

39-36 

.7 

20.0 
17.2 

.2 

, 12.0 
, 15.4 

.0 

Nalsyn 

96-93 

49-43 

38-34 

36-32 
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TAfíle XaaII BEAD F'ILL'H FOXMUATI0N5 

INCHED II NTS 

N limai Ru b Ik T fi I US S 

iiiiTsyn m (F'olyliiopi «ne) 

/ h K; Ox I de 
Stearic Acid 

MIT' Black 
SRI' Black 

pTcroTÖO 

Sunpar l_50 

Rosin 0IJ 

Crystex _ 
Sanlocure NS 

initial Vi seos 11 y 

Scotch lime: 

Cure Raie: 

Raximum ModuI us 

'1 ire Fot_ Max. Modulus -_M i nul es 

ÍM.'vers ion : I n.-Lbs./Mi n. 

mum Cure: JQMinutes Q ?/ri°F 
Modul us 1160 -920 . .. 
Modu1 us 1780 1460 

Modulus - - 

i le Strength 2000 1500 • 

ent Flonqation 230 210 

o A Duróme 1er _20 70 
.cent Tear - Type C .:5üp . -m.. . 

°r 

Cycles 1nches c f Cut Grov th 

\ 

• 

f ¡nal Temperature °F 303 1307 

Temporal ure Ri si* 91 95 

Eercont Compression Set 21.9 18.8 

BEAI BLOW-OUT : Load 250 PSI; Slroke .25 In.; Temperature 212 F 

i i me 

! D ow-Ou! Temperature 

Tf-rtpcralut e Rise 
BkMMTV* jr.i • 

11 14 

340 400 
128 188 

Ml SCI-LL AN COUS Tl STS • 

Spec i f k. Gravi ty 1 .21 ... 1.20 
tcorc li: Mi nu les P 250 *1 45 57 

1 relax of Abrasion 

Re Pour^if A1 

1 . ■ : ii 1 y : At pr 

-6.)- 



T AB LR XXXIII PImSîICHY EVALUATION » RTOOESS 1X3 MOONEYS 

PlastlcHy Evaluation - Processing Mooriey:; 

(ML 1'-4'/2120r) 

F-4 Fr¿ 
Raw Polymer Natural Rubber Natsyn 

92-63 96-93 

Master batch 64-59 66--67 
Final 42-39 44-42 

-61- 



TABLf <X\IV l. »NEU FOBMJLAT IO;:S 

.«-w«,. .»•.„-n-rtuiwirimn vu- ju»nrr'^^-w.i#*,»ae*. ** rm «M 
'/RVt U AT 1 OtIS ^ _ _11 

i Nc-ur nu.ms 1-6. L-7 T 
Naturf! RuLbcr /' tPfJ> ‘ 70.00. 
U ri¿yxi <100 (i’olyisofirono) 70.00 ll 

Bulyl Uubtor 10.00 10.00 . J 
Bii'lyl Keel dim 33.30 33.30 _ 
IIAI Black 37.50 37.5Õ t 

/1nc Oxido 3.30 3.50 . Ji 
Stearic Acid 1.50 1.50 1 
Thcrmof1 ex A 1.25 1.23 Í 
Dioclyl KÍrl nal nie 3.00 ‘ 5.00 

Ct y :.1 ex 2.25 2.23 ! 
Sr it 1 *1 oc ufe I1.J 1.00 1.00 

. ..1 
! 

MOUSA’IIO UHF0‘-'r ri;R n.'T r, ¡ 
! er ;>er a t ure : °F ! 
Initial Vlscosiiy: In.-lbü. 1 1 
ferir h Timo: Minutes 1 
Kur«. Rale: In.-Lbs./Min. 
'Maximum Modulus: In.-Lbs. ! 
iit ..' for Max. Modulus - Minutes 1 
Reversion: In.-Lbs./Min. _ 

* Í 

'.it:' ILL PATA: Normal ( ); At217°i ; r-ven Aged Hours ■% °F I 

Oat ir urn Cure :^0 Minutes 6 27büf I 

Htfr* Moda 1 us 525 490 1 

200/ Modulus 830 830 1 i 
v.00e Modulus 1120 1070 * 
Tensile Sirenqth 1180 1210 • ! 

Kcreent Llongation 310 350 ! 

Shore A Duromoter 61 58 
Rrem'enl Tear - Typo C 250 210 i 

' O GROV.’TH: Ambient Température ( ); At 21? °F j 

Cyc 1 es Inches e Cut Grcv th 

3,200 .4375 .4375 1 

C, 300 .6875 .6875 \ 
j 
j 

9,300 .8437 .9062 1 

12,300 .8750 1.000 

10,800 1.000 - 

• ‘Al UUI ID-UP :_ Load ) PS I ¡_51 roke , 77», In.; To-p.717 °r ; Tiro 3Q Vi n. 

•in.l Temper uT ure °F 337 ! ! 1 
ce 

ierpraature Rise °F 125 156 

- • vent Comp r oss 1 on Set 40.6 34.4 

MAI BLOW-OUT: Load 250 PS 1; Strcke Temp :>r ature 21? °F 

1 i ri' • 6 ./ 

i-.lev.-Out Temperature 353 345 
Í23 era ture Riso 113 _ _ 

rM. . mammmmrnm .. 

nvi 11 Aur 1 i i 

‘•is Gravi1 y 1.1? . 1.1? 
ifr :. ; Mi ñutes 0 U| 

1- .:..-. <.•' Arifasiofi 
l3tKi..n;tr' At " °F j 

[ Ke-.’ti . My: A T °T ___ 
. „.«» J.. ... 

~e:>- 



TABU X<XV PLASTICITY EVALUAT ION - RiOCCSSING MOONEYS 

Plasticity Evaluation - Processing Mooneys 

(ML 1M'/212°F.) 

Raw Pol y mor _L-(>  . L-7 

Natural Rubber 92-68 

Natsyn ’ ~ 96-93 

Duly I Rubber 89 89 

Buiy I Reclaim 49 49 

Masterbatch 60-54 62-55 

Final 46-40 53-49 



Il 

i 

I " ' 

7 Anu: A àv I Eh ao insOLaíion fôW-UtÂfîûHS 
lili»« 

' ..... 
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1 INGREDIENTS BN-4, 
-II 

I Afnerlpol 100? (Hot SBR)- 100.00 

f/inc Oxido V.bO {| 

T SI cor le Ar. I d 5.Ö0 

[F If Black 
|i 

[Sid Block 100.00 I I 

n^lc.co'100 3.00 

I FMne Tor 57ÖÖ I 

T Sunpcir 1 SO ~3:ua" 

I Cr yslex 'i:»“ . ! 
Al Inx Î75U • 

j Mono* - o:to 

1 Monsanto mirrv TFR rvTA 

1 I empero lure: ÜF‘ 
j InÎ1ial Viscos il y: In.-Lbs. . . 

J Scorch Time: Minutes 

I (‘uro Rato: In.-Lbs./Mln. 
1 Maxinum Modulus: In.-Lbs. 

lin,' For Max. Modulus - Minutes 
j Reversion: 1n.-Lbs./Min. 

i 1 :M'> 1 Lt. BATA: Normal ( ); At 212T ; Oven Aged ho'. jrs s °F 

|_ Orvl inure Cure: GO Mi ñutes S ?71?r 
1 

.. 1 
r i bo;: Modulus 1230 

J ?00,.: Modulus - j 
[ 300/'' Modulus - 

I '1 ensi le Strenq 1 h 1280 • 

I Percent Elonqation 140 

j Shore A Duróme tor Tj 

T Cr cT.cent Tear - Type C 200 - 

[coi GROWTH: Ambient Temperature ( ); At °F 

1 Cyr’es Inches o Cut Gro1 th 

■ 1 uu.ie-u. ^ _ uV.a" -1 l~J - -Í- ■——-j 
1 iinal Temperature °F 320 i J 
j Tc-pcralure Rise ÖF 108 . . .J • i! 

1 Percent Compression Set 11.5 ' J • 

ilGAl BLOW-OUT: Load 230 PS 1; Sl'c.e .25 r. ; Temperature 212 °f t 
j T ir,' 5 

j Pi lor-Out Temperature V'l ... .. 
1 1 < r'r ■ rature Rise ul: 112 

1 Mlc--0.1 At It i/ Ti • ! : • I 

1 ‘‘s- .1 1 <■ Gravity 1.31 
• 

_ P 

1 Vor n: Ml nut es F 250°F 39 

t Plastlcity Mt Ä'/rT^V G? 
I . Smu- : A ¡ °F 

1 i ; ; ; . i / : At °r \\ 



TABLE XXXVI (CONTINUED) 

Bead Wire Adhesion (Ibs/wlrc) 6 ?12°f: 

BN-4 

40 

50 

54 

78 

52 

78 

38 

82 

42 

52 

Average (lb/wlre) 56.6 



lho lack of poly i‘.opruio futs no! boon a problem in +h? ru I x I n<j and proutíssing 
operai¡ona. Very good release hue been observed in 1hc bonbury, on the mill 
rolls, and In molding equlprncnl. By comparison with natural rubber, 
polyisopreno compounds quite often looked crumbly Immediately after they had 
been discharged from the Internal mixer. This may be an Indication of the 
lower green strength (poorer batch knitting) observed In other tests. However, 
when rnlll blended'for rapid cooling and subsequent sheet-off, polyisoprene 
compounds immediately formed a good band on 1he front mill roll. 

Scorch end processing safety for polyisoprene compounds are somewhat better 
than fer similar nalural rubber compounds. Migration of materials (bloom) 
would be comparable. 

[3,_St at I c and Dynamic Testing of Vulcanized Mater LpJjL 

The trends observed at elevated temperature for physical properties of materials 
follow the trends observed when tested at room temperature. Test values for 
both polyisoprene and for natural rubber compounds were poorer at elevated 
temperature, but in general compare favorably to one another. Polyisoprene 
continued to show improved heal build-up characteristics, better blow out 
protect lor»., comparable hardness, rebound, and elongation, and lower tensile 
strength, modulus, tear strength, cut growth, and elasticity. Wear comparisons 
were difficult to measure because of excessive clogging of the abras on test 
wheels at this temperature. Cut resistance as determined bal IIstlcally for 
both materials was comparable but poor, in that the spherical projectile completely 
penetrated the test block for each material. 

TASK 4: MATERIALS SELECTION REVIEW 

The data accumulated in Tasks 7 and 3, were subjected to a comparative 
evaluation with natural rubber controls. A selection was then made of the 
best synthetic material for each tire component. The synthetic elastomer 
selection for the various aircraft tire components Is outlined below. 

\ 
Tread Compound 

Natsyn 400 (polyisoprene, Goodyear) was selected for the tread component. Choice 
of It over Natsyn 200, was based on an economic factor. While the two appear 
to be equivalent in properties, Natsyn 400 Is less expensive (approximately 2C lb). 
The supplier Intends to discontinue the manufacture of Natsyn 200. In the 
near future. 

The use of Amerlpol CB 220 (polybutadiene, Goodrlch-GuIf) In low percentages 
has Indi caled Improvements In abrasion resistance. However, use of It In 
aircraft tire treads In amounts as low as ten parts is felt undesirable because 
of the excessive observed loss In hardness and lear strength. These two 
properties are considered exlremcly Important In a sound aircrafl tire tread 
compound. 

-06- 



Careci s s 

Polyisoprenc was selecied for use in ihe carcass. This elastomer has 
shovn improved heal build-up and blow out protection compared to natural 
rubber. Blowout protection for polylsoprone/polybutadieno blends, even 
though considered adequate, was considerably poorer by comparison to 100 per 
cent polyisoprenc. Resistan o to flex cracking and cut growth also favor tiro 
use of 100 per cent polyisoprenc in the carcass. 

Chafer and Bead V/rap Coat r»tock 

Polyisoprenc was selected for use in the bead wrap coat. Structurally, It 
will bo most compatible since It was selected for the carcass materials 
against which the bend wrap must tie In. Polybutadienc was not evaluated in 
this area largely because of the lack of improvements as shown in the trend 
and carcass evaluation. * In addition to providing sfight I y better heat build-up 
and blowout protection, polylsoprene Is also less scorchy than natural rubber. 
This becomes particularly Important for compounds which must be frictioned 
onto the fabric. Laboratory processing and evaluation indicated that 
premastication of the polyisoprenc will not be necessary. Natural rubber 
compounds require premastication to attain processing properties needed to 
produce a satisfactory friction material. 

Bead Wire Insulation 

Styrene-butadiene rubber (hot SDR) was selected as the synthetic polymer for 
bead wire Insulation. It was pointed out earlier that SBR was found, through 
considerable experience, to be an accepted satisfactory polymer for application 
In bead wire InsulaMon. One Important reason is its excel lent resistance to 
reversion. Considerable heat is generated In the bead area during braking. 
The bead wire insulation must be capable of withstanding the heat effects and 
at the same time afford adequate protection to adjacent bead components. 
Among other considerations, a good bead insulation must possess high cured 
hardness, have excellent adhesion to bead wire and possess a long optimum 
modulus plateau. The SRR chosen for bead Insulation demonstrated all of these 
characteristics. By contrast, both natural rubber and polylsoprene were 
more susceptible to reversion tendencies and would not withstand brake heat ^ 
as well. 

Apex (Filler Compound) 

Polylsoprene was selected for the filler compound. As with the other 
components polylsoprene was evaluated against a natural rubber control. 
Slightly lower heat build-up and increased blowout protection were achelved 
using synthetic polylsoprene. 

-67- 
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N-iiîyti 400 (l'olyisopron..1) 
/¡nr: Oxido 

Slonrlc Acid 

TAOLA XXXVII TRL’AO CAFÎOASS FORM)LAY IONS 

INGRl’f) ILNTS 

HA F 0 kic k_ 

I I no Tar 

Ou tip nr 100 
lliunnof I ox A 

Snn7o7lox~^Ãw" 
Or y r/k:x_ 
Su I "f asan R _ 
San'locm'c NS 
AI lux 

TRl Al\ 
Toolcô 
"5V()Ö'* 

J . 0~0 ~ 

* 47.00: 
4. dõ 

1.00 
1.00 

.00* 
2.'00 
1.10 

100 Rl¡C l OiMJLATIONS 
CAUCA S 
KKf.OCT 

5".0Ü~ 

Too' 
40.00 

6.00 

1.00 

I .00 . 
2.00 r u •• 

¡""1.20 ¡ 1 r 

TINS ILF DATA: Norma I ( x ) ; At Oi Ovon Aged Hours § 

CUT GROWTH: Ambient Temporal uro ( x ); At °F 

_Cy\.J as_ 
” igjoboT 

39,000 

’ 08,000* 
70,000 

li 
Final Temperature CF 107 143 i 
T>■ rperature Rise F 07 J.3.i 

Urr, ent Compression Set 3.1 1.6 ä 

100,000 

.203 

. 344 __ 

~. 5ÕÓ ~ 
1.000* 

. 168_ j 

.310 

.43*8* 

.800_ 1 
*.*870 "i 

4 

..LLjjoîÆ_T,lr?.30..^, 

HI AT BLOW-OUT : Load RSI; Slroko In. ; 

T Iro 100+ 1001 

B107.-Out Temperature 277 100 I 
Temperature Rise 177 ._!2 J. 

Temperature 

:e 
cr :. i Afir 

I Mc Gray I ty 
a: 

J'L MInutos £ 200 F 
• :/ of Abrasion 

Resound : At R.f?F 

Liv.t Icily: AtkTPF 

1.1?.._¡l,10. 
38 01 

31 
49 ” '"' 60 

' 83.8?' 

lor,por ature: 270°F 0 1.8 1.0 
Inhial Viscosity: I'n.-Lbs. 28 37 
Scorch Time: Minutes 12 13 . J 
Curo Rate: In.-Lbs./Min. 0 3.0 1 
Maximum Modulus: In.-Lbs. 76.0 82 
Time For Max. Modulus - Minutes 80 07 
Rovor s I on : 1n.-Lbs./Min. 0 0 

Opt I mum Cure !60 Minutes fl 275®F 
10()x Modulus 4 10 410 
200Á' Modulus 1180 1070 

300;' Modulus 2100 2000 
Tensile Slrenglh 3770 3620 

I'orcenT F.lonqal Ion 470 __ 400 
Shore A Durómeter 64 61 
Crescent Tear - Type C 490 450 

Xit Grov th 

1 
* 1 

j 
j 

1 

i I 

RLAS11 CITY ML 4V2120F 40 46 -68- 
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TABLE .XXXV 11 I BEAD MAP COAi fOPMlLAV lOLf. 

iñgr: l»l ENT s 
100 Rir - -:1 a i 41 

n.w.c. ! 
Niilsvn 400 (!\0vi'.opi on.') 100.00 

.25 

1 
* 1 j j • i! 

* J RF’A #6 
7inc Oxide j 5.00 

-- • 
Stccjrfc Acid 1.00 j Í, 
HAF Black 40.00 j 

1.00 j 

4.00' 1 
" " 2700 ' 

. 2/50- 

! 
Thermoflex A 1 
Pine Tar i 
Ros 1n 0i 1 1 t » 
Cryslex .. ' 1 

1 1 
feihylac TOO • ! 

» ! 
1 1 

1 1 

MODc.Añ1 () RHEOMPTI'R 
Temperature: ?75ul 0 3.2 ! j 
Initial Viscosity: In.-Lbs. 30 .. , ^ 
Scorch Time: Minutes 9 
Cure Rate: In.-Lbs./Min. 9.5 1 ¡j 

• - ' I 
Maximum Modu1 us: In.-Lbs. 70 . 

Time For Max. Modulus - Minutes 19 - 
Reversion: 1n.*Lbs./MIn. . 14 • 1 

TENS ILF DATA: Normal ( x ); A1 <JF ; Oven Aqc d Hours C °f j¡ 

Optimum Cure:60 Minutes 6 275°F 1 i 
100f> Modulus 350 ♦ j 

200¾ Modulus 940 1 
300¾ Modulus 1800 ! 
Tensile S1rent]th 3475 » 

Percent Elongation 480 i 
Shore A Durometcr 60 1 
Crescent Tear - Type C 410 - 1 

CoT GROWTH: Amblenl Temperaiure ( x ); At °F I 

Cycles Inches of Cut Grov 1h 1 
9,400 ‘TOW 1 

18,900 .”125 X 1 
50.300 .219 
80,500 ’ .344 1 

100.000 .406 ! 

HEAT BUILD-UP: Load 171¾ PS 1} Stroke ,?25ln.; Temp.ioo°F; Tire 30 Min. j 
Final Temperature °F 140 1 

Temperatu-e Rise ÖF 40 i 

F’ercent Compression Set VI 1 ‘ 

HEAT BLOW-OUT: Load 250 psi; Slroke *25 |r,. ; Temper ature °F 1 
TI rne 100+ 1 

lov-0ut Temperature 155 . Uj j 
<V*,perature Rise 55 « ¿ 

MISCELI.ANFOUS Ti^'l . • .. j 
àpeciflc Gravity 1.11 ■ a 
Scorc.t, : M i ñutes ë 250 UF 36 

--j.- 4 

Plasticity ML 4’/2120F 30 t ■ 

Rebound: At JF - .- J¡ 
Elasticity: At ^F a.. 

L_: j 
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i 

.1 

il 

1 

AF'¡: < F ILU'IÎ rORFULAi IONS 

10001 i •■MUI A7I0MS ! 
1 Nv.»!\t I'll i < i V* AI ’[.X . , 

100.00 N.ilsyii 40C)_ (f'olyisoi-ronc1) 
/¡nr Ox ¡"dr 5.00 ¡ • 
S i t‘.l !' i C Al. ¡ (I 1.00 I 

" /5.00 
60.00 ‘i 

.i 
M'-'C Black 
SRI Black 1 

Pirco 100 /.00 i ; . 1 

Sunp.n ISO /.00 
/.( 
3.00 1 

1.25 

" 1 
..... .( 

i 
1 
1 

r — - 

Ros in 0 i 1 . 

Crys i ex 

San loe ti re NS 

A' o [O • 
1er ¡p-'r ¡1 ijre:?'/S °f 0 3.5 1 

/0 ' ' ¡ Iniliíil Viscos! 1 y: l'n.-lbs. 
Scorch lime: Minutes 

8 Curo Rale: 1n.-Lbs./Min. 

Mr: i’.'jc: codu i us : In.-Lbs. 98.5 
lir for Max, Modulus - Minutos 
ÍCrrtsion: In.-Lbs./MIn. .3/ 

¡tC 1 l.I [>A‘IA: Normal ( x ); At a ; ¡ven Agod Ho^rs ü cr ! 

Opiir.um Curo:^ Minutes Q ^ i 1 
10 ? ’ )du ! us 5/0 1 
/00"' Moduius 1425' “ 

ÍO0',’. Modulus /2/5 

Tonsilo Sli'ength /600 

:'-r en4 F 1 onçp 1 ion 370 

• A Du''omoler 69 

Toar - Type C “430' • 

■¡Ï CS'QWTH: Ambient Temper e1 ure ( x . ; At °F 

Cyc I os Inches o! Cut Grov th 1 
9,/00 .387 

18,900 557 
ÁOjOO _ t70-5 

/0,/00 .875 • 

bo,yjo 1.000 • i 

iTA't MliilfMF: Load 175 F’o 1} Slroke ,??5in.; r^JOO oF; Tire 30 '.'ir.. | 

i ¡r,.*! Teniperolure °F 166 r i 
1 nmp•‘•raluro Riso °F 66 i 
Poi'ent Compression Sod /.7 1 

liLAI BLOW-OUT: Load/50 PSI; Stroke ./5 In.; Temperature 100 °p | 

i i mo 1001 1 
¡•iCiv -Out Temperad uro 209 1 

i • - nr:a Iure Rise 109 i 
I 

1 ¡flr: Gravity 1 .21 
* 

1 
r i K : Minutes C/50ÜF /•i i 

i Pt AST IC 1 1 Y ML 4 V/12°í 61 1 
• :• :•<>•. r, !: A i UF — 

1 
t i cM i i ty: At 0P ! 
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TABLE XL BEAD ItlfAJLAf ION rORMJLAi IONS 

1NCR! PILNTL 
100! AN : i ORM'H A, • NS *k- 1 

INSULAI i ‘ « 
Anerit'ol 100? (Hot Si O- 100.00 - .í:' * 
/. 1 nc Ox i do 7. SO • 'j 1 
Sicario Acid 5.00' Í * ;; 
ILF Black 2S.0Ü p 1 ! 

SRF Black 100.00 
3'. 00" 

j í, ! 

Plcco 100 
■ - -- 

* 

Pine Tar S.00 I ! _ __ __ _ ) 1 
\ 1 , Sunpar 1ü>0 3.00 

Crystex 3. SO i 
A1 tax 1.S0 1 

Moncx 0.10 ! 

MONSANTO RNt O'-ií-'l í R O'-VA 
Tenpei alure; ?75°lr 0 6.B i ; 

Ini t ici 1 Viscos! ly: In.-Lbs. 36 i 

i Í Scotch Time: Minnies 9 1 

C^td Rato: In.-Lbs./Min. T.5' i i 
Maximum Modulus: In.-Lbs. 99 ( 1 
Time Lor Max. Modulus - Minutes 120 ..“1 
Reversion: In.-Lbs./Min. 0 i i 
3ENSILE DATA: Normal < y ); At ÜE; Oven Aged Hours § &r 1 

Opílrnum Cure:60 Minutes @ 275°F i I 
100^ Modulus 10 SO 
?.00p Modulus WET j 

?30$ Modulus •* i 

Tcnsile Strenglh 2030 i 1 
Percent Elonqalior 2 SO III 

Shore A Duremoter 80 1 
Crescent Tear - Type C 320 • ! I 

CUT GROWTH: Ambient Temperature ( ); At °F 

Cycles Inches ot Cut Grov th 1 ! 
1 

• 1 ■ 
ti 

- t 1 
.»i j 1 I 

HEAT BUILD-UP: Load nsPSIj Slroke .99«, In.; rcmp.ipo°E; Time 30 Min. 1 
Final Temperature °F 249 1 
Temperature Rise °F 149 1 

Percent Compression Set 6.3 « . 

BE A. BLOW-OUT: Load250 pSI; Stroke -25 |n.; Temperature 100 °F 1] 
T i me 8 ! 1 i 
• iow-0ut Teniporaturo T8T.- I ! 
Tcnperature Rise 184- i j 

- --- , 1 

M1 SCELLANT .'U( TEST t * i | 
Specific Gravity i. 31 

• 

T 11 
Scorch: Minutes <* 250°F 39 J 
Index of Abrasion .1 
Rebound: At C’F • 

.... ..j 
IT !P ici ly: At °F IT 1 
PI AST IC ITY 'ALAI/!.\2°F _.. .-.—- I 

* * 1 



TABLE XL (('OUT I NULL» 

Lead Wire Adhesion ( Ibs/wire) 6 Room Temperalure Cure 50V?80°r 

Bead InsuIa1ion 

8? 
02 
56 
74 
b? 
54 
56 
64 
85 
68 

Average (Ibs/wire) 65.3 
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TAPU XU INNLR L INI P f ÛXMJI.AT ¡cv;'. 

iti',!Ui)it:ms , IMK. 
100 !. !d »I A (()•,. » * 

i 

N.ili.yn 400 (i'olvî:;<*:•( » n.:0 70.00 ; 
• 1 

. . 1 ' 
l'ulyl rOi'ib-LM 10.00 : 
Bulyl Ke'J'iirs AA. U j 1 ! ! 
WM Black A /. ’>0 

3.S0 
1.90 

1 .?l) 

. 

. ■ 

1 
Xi ne Oxide i •«, 

Stearie Acid ! 
¡ Thermofl ex A 

Dlocfyl f’fithaliile 9.00 
?.?‘j 
1.00 

i.- 

1 
Cryslux 1 

Sontocure NS i 
r i 

1 ! 

j&r¡;Ri ’’’ " 
Temperature:275 °t 0 6.2 . ! 1 1 
Initial Viscosity: In.-Lbs. 37 ..1 

1 

1 

1 

Scorch Time: Minutes 10.5 1 
Cure Rate: In.-Lbs./Min. 4.5 ! 
Maximum Modulus: In.-Lbs. 78 

4¾. 
1 

Time For Max. Modulus - Minutes 1 !' 
Reversion: In.-Lbs./Min. .08 ! 

TENS!IF DATA: Normal ( y ); At -o ; )ven Age d Hours £ C ^ ! 

Ont ¡mum Cure:30 Minutes G ?7t)0l 
1 
1 i 

10Õ^Mouu 1 us 325 i 

200?» Modulus 750 • 
! 

300/Ö Modulus 1290 ! 
Tensile Strength 2260 i, 

Percent Elongation 490 1 

Shore * Durometer 63 1 
Crescent Tear - Type C 285 • 1 

C T GROVt'TH: Ambienl Tcnpfrcrture ( x ); At 0F 
m——H — » —ntl —■! I» TWW: » + » U»» *»—"«■»■t » »««•■ »"■»< ni «I l—Il > l’i 11/«»*^- 

Cycles Inches of Cut Grov th i 

10,000 .156 1 
20,000 .250 » V ! 

“597ÜÜÖT ~ .469 1 
79,000 .563 1 
100,000 .656 # __i 

■EAT PUILOUP: * Load 175PSI; Slroko .77^ In.; r-"T.inn°^i tir.o ^ t/jr. 

“inal Temperature °F 
— — •X./.-.L 

166 
' •LUJ ~ 

1 

Temperature Rise °F 86 1 

Percent Compression Set 28.1 
1 

1 

HEAT BLOW-OUT: Load oc,nPSI ; Stroke 9Hln.; Temperature mo °F 111 
Time 17 L ...^ 

1 

Blow-Out Temperature 365 1 

Température Rise 265 

MISCELLANEOUS TLSÍ ■ ,.1 

Specific Gravity 1.12 
Scorch: Minute'.. G250 ^F 47 
Index of Abr.ision ! 

Rebound: At °F - 
~ J_11.1 

c ¡ut Icily: At °f: _ _ .m **r.''«isii x >|J^ L_! 

PiASTIfM | Y ML V?i;^r 49 ..-7> 
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Pol y i sop re no in conibindtion wHh butyl rubber and butyl reclaim was selected 
for the Inner liner. Among the requirements necessary to produce a suitable 
Innerliner are low air permeability, adoquale compatlblIty with and adhesion 
1o the carcass component, good flexing quali I les, good processing characteristics 
<and reasonably good stress-strain properties. The bufyl rubber provides for 
air relentlon. Polyisoprcne provides Hie necessary compatibility and adhesion 
qualities, as well as improving Iho stress-strain properties. The butyl reclaim 
Improves air retention and aids processing characteristics. 

It was evident from the data that polyisoprcne offered improved heat hulId-up 
and blowout, in add I lion to heller shelf life. Liner air permeability was 
equivalent for the polyisoprcne and natural rubber. Laboratory processing 
and evaluation indicated that premast leaf ion of the polyisoprcne was not 
necessary. Natura!' rubber compounds require premasTication to achieve 
processing properties needed 1o produce a satisfactory liner. 

Summary 

It Is evident from dala in Tasks 2 and 3, that the level of physical 
characteristics for each tire cornponcnl Is satisfactory when using polyIsoprene. 
In the most highly critical areas such as the iread, carcass, and bead 
insulation, reversion tendencies are well within iolorances. Long optimum 
modulus plateaus are acheived. It Is vilally important that 1hese components 
be able to wIUrständ the deteriorating effects of heat and remain functionally 
stable during the service life of the lire. Cure rales of each component are 
confirmed by the controls as being satisfactory relative to adjacent components 
during the tire vulcanisation process. 

The formula lions selected for use In subsequent Tasks are given In Table XXVI 
through XXXVI, along with typical data for .physical characteristics. 

TASK 5: TIRE MATERIALS VULCANIZATION TIME TEMPERATURE ANALYSIS 

The purpose of this Task was to determine In 1he laboratory the approximate 
vulcanization parameters that would satisfactorily cure the synthetic materials 
when assembled as a tire, as compared to parameters for natural rubber materials. 
Such determinai Ions are necessary to properly cure simulated tire sect ions 
In Tasks 6,7,11 and In the production Tasks of this program. To accomplish 
this, laboratory-scale sections of a tire were assembled which were representative 
in gage and fabric distribution of the 30x8.8 22PR tire. Thermocouple wires 
were Imbedded in 1he section at selected poinls (See sketches I and II) and 
graphs were made of the temperature rise throughout the section (see figures 
4 end 5). Natural rubber materials were used for confrol purposes. 
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H acI tu! plic: )wac fec l ionod 
j for I he test articles in Phase III. 

ire sod ion 
os feelionod 

The following meastiremei.Is were faUen: 

1. Tread centeiline Thickness 
2. Tread shoulder thickness 
3. Minimum sidewall and casing thickness 
4. Maximum head area thickness 

A Typical 49x17 26PR Tire was sectioned also. Data rt.-aled that This casing 
Is similar To The 30x8.8 ?2PR casing, except for casing Thickness owing To a 
greater number of plies. 

Casing and rubber samples were assembled with the Thermocouple wires imbedded 
aT straTegic points within The specimen To record The Temperature variations. 
Heat was applied from both sides of a platen press To simulaTc conditions for 
curing a new tiro. .One wire was posiTioned at The inner and aT the outer sur fao 
as a conTrol and The other wires were placed as follow: 

1. The outer casing surface Just under the tread or sidewall. 
2. In tire casing at a depth of one third of the to! a I number of plies. 
3. In the casing at a dopTh ol Two thirds of The total number of plies. 

A potentiometer was used in conjunction with a five position switch box, so 
that the temperature readings could be taken for each of the thermocouple 
Junctions. The temperatures were recorded for each thermocouple posiTion aT 
five-minute Intervals. By knowing the time required for the lowest reading 
to rea-h a predetermined Temperature, and considering the gradients between the 
other recorded Temperatures, the best cure time for the combined components wc.s 
approximeted. A temperature of 280°r was used on the platens. A pressure 
of about 400 psi was induced on the specimen mold to simulate the curing 
pressure normally used in the actual manufacturing operation. 

The recorded temperatures were converted To Cure Equivalents at 275°f, and 
plotted against Time. The.area under the resulting curve was converted to 
minutes of equivalent cure and compared To the optimum cure tine for the 
particular material, as determined by The Oscillating Bisk Rheometer. This 
comparison was used to indicate at what time a given specimen had achieved 
Its optimum state of cure. 

Based on a comparison of the time-temperature graphs for both natural and 
synthetic materials, the data indicated that The use of synthetic mater als 
will require curing conditions slightly different from Those currently in 
use for curing natural rubber Tires. The difference will be In Toe Total 
time required to cure the synthetic materials. Under laboratory conditions 
using electrically-heated platen presses rather than Tire molds and steam heal, 
the optimum cure for The heaviest gages of synthetic material was act« ovod a fie 
seventy three (73) minutes. The optimum cure for The natural material was 
achieved after only fifty five minutes. On a basis of materials gages and cure 
timos, the synthetic materials selected for This determination appear To requir 
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•Casing Plies 

.Tubeless Inner Liner 

LOCATION OF THERilOCOUPLF. JUNCTIONS 

Q\ Al Ou I er Surface - Control 

(;•) AT Top Casing Ply 

0 At Two-Thirds of Depth of Plies 

(, At One-Third of Depth of Plies 

(0 At Inside Tire Surface-Control 
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lALil.í- XI. I I DAVA SIi::i. ; " alfil: ANALYSIS 

ACTUAL 
RtCÕnOLD l h",i r RATt'tlLS 

CURL SYH1HE11C MATERIAL NATURAL MA 1 ERIAL 

TIME 
(MINUTES) 

TREAD SURFACE 
(CONTROL ) 

TREAD CASING 
JUNCTION 

TREAD SURFACE 
(CONTROL) 

TREAD C 
JUNCTI 

ASING 
ON 

°F CE* 
— 

°F CE* °F CE* °F CE* 

0 ?62 .0123 100 - 262 .0123 108 - 

5 273 .019? 149 - 266 .0144 152 - 

"To'" 276 .0216 196 .00084 274 .0199 226 .00285 

280 .0256 228 .00306 278 .0233 252 .00820 

20 282 .0278 247 .00667 278 .0233 266 .0144 

2 b 281 .0267 261 .0118 280 .0256 274 .0199 

30 283 .0288 270 .0171 278 .023.3 277 .0224 

Vj 284 .0299 274 .0199 280 .0256 280 .0236 

40 284 .0299 279 .02/5 281 .0267 281 .0267 

45 282 .0278 2.80 .0256 281 .0267 281 .0267 

50 282 .0278 282 .0278 282 .0278 281 .026/ 

60 28? .0278 282 .0278 282 .0278 281 .0267 

70 284 .0278 282 .0278 280 .0256 281 .0267 

80 283 .0299 282 .0278 280 .0256 281 .0267 

90 283 .0288 282 .0278 280 .0256 281 .0267 

100 283 .0288 282 .0273 280 .0256 281 .0267 

* Cure Equivalents 

COMPARISON OF GAGES 

LOCATION 
ACTUAL 

TIRE 

SIMULATED SAMPLES 

NATURAL SYNTHETIC 

TRIAD AT SHOULDER 0.48 0.40 0.55 

CASING AT SHOULDER 0.43 0.40 • 0.43 

INNER LINER 0.08 0.10 0.08 

TOTAL AT SHOULDER 0.99 .90 1.06 

RATIO OF GAGES - SYNTHETIC - 1.06 c 1.18 
NATURAL 90 

RATIO Of CURES - SYNTHETIC _ 73 - 1 

NATURAL 55 
1. j 

RAT 10 01 CURES ADJUSTED ET CAGES --- lit =°1.1? 



about \?i longer actual curing time to achieve optimum cure. The precise 
tlme-1emperalure combination required for curing new tires in factory 
tire molds will be further studied In Phase III by conducting similar 
evaluations on check tires. The trends nofed for curing times for simulated 
30x8.8 22PR casing sections will be true for similar 49x17 26PR casing sect ions 

as we 11. 

TASK 6: OPERATIONAL ADHESION TESTS 

The various tire components outlined In Task 5 were assembled and subjected 
to adhesion tests In this Task, both In the unvulcanized and vulcanized 
states. The unvulcanized materials were evaluated at ambient conditions 
while the vulcanized materials were tested both at ambient and at elevated 
(212°F) temperatures. The adhesion values noted are In pounds of adhesion 
for a one Inch-wide by six Inches long strip of the test section. 

Unvulcanized Materials Evaluation 

The unvulcanized components were evaluated for adhesion at ambient conditions 
to simulate conditions encountered during the tire building operations. 
Results for synthetic and natural rubber materials were approximately equal, 
except for Intracarcass adhesion values. Here polylsoprene had lower adhesion. 
However, the value obtained was considered more than adequate In view of tho 
lower but comparable green adhesion values observed for each material In the 
evaluation of the other tire components. Physical data covering the uncured 
adhesions are tabulated In Table XLIII. 

Vulcanized Materials Evaluation 

The adhesion data for the vulcanized components at ambient and at simulated 
tire operational temperature (212°F) are tabulated In Tables XLIV end XIV. In 
general, the data showed that tire elements made of polylsoprene have the 
same bond strengths as those made of natural rubber. Throughout the adhesion 
work, poly!soprene-coated fabrics compared quite favorably to similar components 
using natural rubber at ambient and high temperature conditions. The level 
of adhesion for each was reduced by about the same degree at elevated 
temperature. The data lend further support to the possibility of replacing 
natural rubber with polylsoprene In alrcrafi tiros. 

Distinct differences In the adhesion level existed.between the various tire 
components for both types of elastomers. This was found to be Inherent In 
the original construction of the various components. Each tire component 
Is designed to perform a specific function In the tire. The fabrlc/rubber 
relationship is controlled by this. The thinner the rubber coating on fabric, 
ell else being equal, the lower are the adhesion values generally observed 
and the greater likelihood that failure will occur at the rubber/fabric Interface. 



coat ng‘. Py comparison, a carcass fabric has much higher adhesion ^Ing 

a sklm^oat'of definite gauge purposely applied {^'^er^e Mfi o a 
of cords (strength members) from one another during the service life o 

tire. 

TABLE XU 11 UNCUREB ADHES.lEMEERATURE 

Construct lor 
Adhesion Values, Average 
lbs per Inch 

width __ 

1 <;Ynthc^lc ^^terlal 

Bead Wrap/Bead Wrap 
Chafer/Chafer 
Bead Wrap/Chafer' 

2.0, 1.9, 2.1 
3.7, 3.7, 3.8 
3.6, 4.0, 3.9 

1260/2 Nylon Cord 
Bead Wrap/Carcass 
Chafer/Carcass 
Carcass/Carcass 

2.5, 2.6, 2.6 
7.2, 6.7, 6.Ç 
4.7, 4.2, 4.5 

B40/2 Nylon Cord 
Bead Wrap/Carcass 
Chafer/Carcass 
Carcass/Carcass 

?. Natural Rubber Material 

1260/2 Nvlon Cord 
Bead Wrap/Carcass 
Carcass/Carcass 
Chafer/Carcass 

3.1, 2.0, 2.7 
4.0, 4.5, 4.3 
6.8, 9.1, 7.9 

2.3, 2.5, 2.4 
14.6,13.7,13.3 
4.5, 3.9, 4.7 

2.0 ppl 
3.7 ppl 
3.8 ppl 

2.6 ppl 
6.9 ppl 
4.5 ppl 

2.6 ppl 
4.3 ppl 
8.0 ppl 

2.4 ppl 
13.9 ppl 
4.4 ppl 

R40/2 Nvlon Cord 
Bead Wrap Carcass 
Carcass/Carcass 
Chafer/Carcass 

1.8, 1.8, 1.9 
13.2, 11.7, 12.5 
3.6, 3.7, 3.7 

1.8 ppl 
12.5 ppl 
3.7 ppl 
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T AB l r XL IV_CURED ADI £ 5.1(11 J-.Vli! JAI I ' VI 

Construct lens. _ Amblen-!_ 
Adheslon Values 

__2I2°F_ 
AdhesIon Values 

1. Synthelic Material 
Bend Vlrap/Bead Wrap 
Bead Wrap/Chafer 
Chafer/Chafer 

16.0, 17.5, 17.0 16.8 ppl 
19.8, 21.2, 23.0 21.3 ppl 
35.5, 36.0, 31.8 34.4 ppl 

13.0, 13.5, 13.4 
13.0, 14.5, 15.0 
30.0, 32.5, 31.0 

840/2 Nylon Cord 
Bead Wrap/Carcass 
Chafer/Carcass 
Carcass/Carcass 

19.7, 19.8, 18.3 
36, 43.5, 41.5 
47.2, 46.5, 48.8 

19.3 ppl 14.8, 15.1, 14.8 
40.3 ppl 27.0,31.0,29.5 
47.5 ppl 35.4, 34.5, 35.5 

1260/2 Nylon Cord 
Bead Wrap/Carcass 
Chaier/Carcass • 
Carcass/Carcass 

19.5, 20.6, 19.0 
42.3, 43, 37 
39.6, 39.6, 43.4 

Bead Wrap/Liner 
Carcass (840/2) 
Liner 
Carcass (1260/2) 
Liner 

20.0, 22.8, 27.5 

42.3, 60.0, 75 

45.3, 51.5, 51.0 

2. Natural Rubber Malerlal 
Bead Wrap/Liner 23.0, 25.0 
Bead Wrap/Carcass 
(840/2) 20.1, 20.7 
Chafer/Carcass 
(840/2) 41*0» 39-0 
Carcass (840/2) 
Liner 55, 62, 68 

# 

9 

9 

24.5 

23.7 

50.3 

TABLE 3; Cured Adhesion Evaluai!on 

1. Synthetic Materials 
Tread/Carcass 
Carcass/Carcass 
Bead Wrap/Carcass 
Chafer/Carcass 
Chafor/Chafor 
Bead Wrap/Bead Wrap 

60.7, 112.0 
39.0, 61.8 
20.0, 18.0 
51.0, 55.1 
53.5, 43.5 
32.0, 23.0 

19.7 ppl 
40.4 ppl 
40.9 ppl 

23.4 ppl 

59.1 ppl 

49.3 ppl 

24.2 ppl 

21.5 ppl 

'43.4 ppl 

62 ppl 

81.3 ppl 
50.4 ppl 
19.0 ppl 
53.1 ppl 
48.5 ppil 
27.5 ppl 

2 Natural Rubber Materials 
Tread/Carcass 79.4, 
Carcass/Carcass 52.0, 
Bead Wrap/Carcass 31.0, 
Chafer/Carcass 53.3, 

112 
48.0 
34.0 
37.7 

95.7 ppl 
50.0 ppl 
32.5 ppl 
45.5 ppl 

NOTE: All test samples were obtained from simulated 
tested In the form of one Inch wide strips. 

16.6, 17.1, 16.8 
29.0, 29.0, 30.0 
33.7, 32.7, 35.4 

11.0, 11.5, 12.0 

30.0, 32.5, 34.8 

32.8, 31.5 

14.7, 15.6, 13.8 

14.5, 15.0, 16.0 

33.5, 30.5, 28.5 

31.5, 30.5 

70.5, 73.0 
23.5, 29.0 
14.0, 15.0 
33.0, 33.0 
45.0, 30.0 
16.0, 18.0 

68.0, 84.0 
38.0, 29.0 
15.0, 15.0 
34.0, 36.0 

1fre sections and 

-8> 

AVG. 

13.3 ppi 
14.2 ppl 
31.2 ppl 

14.9 ppl 
29.2 pp! 
35.1 ppi 

16.8 ppi 
29.3 ppi 
33.9 ppi 

11.5 ppi 

32.4 ppi 

32.1 ppi 

14.7 ppi 

15.2 ppi 

30.8 ppi 

31.0 ppl 

71.7 ppi 
26.2 ppl 
14.5 ppl 
33.0 ppl 
37.5 ppi 
17.0 ppi 

76.0 ppi 
33.5 ppi 
15.0 ppi 
35.0 ppi 

were 



TASK 7: EVALUAI ION OK REIKEADAUILITY OK SYNTHETIC RUBBER AIRCRAFT TIRES 

This Task was performed To evaluate the refreadablIIty of synthetic rubber 
aircraft tires. In the evaluation program, specimens were made up of 
laminations of fabric and rubber to the approximate gages, cord angles and 
distribution of materials as found in new tires. Both natural and synthetic 
specimens were tested to obtain a comparison. The specimens were cured In 
special molds simulating new tire and retread tire tread patterns. The 
vulcanization temperature and pressure were controlled to simulate new tire 
or retread curing conditions. 

The specimens were cut Into one inch-wide strips, and subjected to the tests 
outlined below. The De Mattla Flexometer was used to flex a segment of the 
strip through an angle of 30°, for 50,000 flexes. The tread material was then 
buffed off tho casing, new Thompson Military High Speed Tread rubber was applied, 
and the strips were cured to the original gages. The samples were then flexed 
again. 

After each stage of flexing, adhesion values were determined for the tread-to 
buff surface and compared with similar tests for natural rubber strips. Test 
results Indicated that the adhesion of the retread material to the synthetic 
buffed surface was comparable to that of the natural rubber buffed surface. 
All readings were somewhat lower for synthetic polylsoprene than for natural 
rubber, however, In no case did the synthetic rubber specimens show any signs 
of deterioration or Incompatablllty at the buff surface. The failure in these 
lest strip always tended to ¡migrate toward the fabric ply. 

Adhesion of Tread to Buff Surface 

MATERIAL 
Flex life Status _ Synthetic 

Affor Flexing, tief ore Retreading 124-128 ppl 
Avg 126 ppl 

(Failed Below Buff) 

After Retreading and Flexing 112-148 ppl 
Avg 130 ppl 

(Failed Below Buff) 

Natural 

166-190 ppl 
Avg 178 ppl 

(Falled Below Buff) 

164-174 ppl 
Avg 169 ppl 

(Falled Below Buff) 

Based on these preliminary tests It appears that the Inherent cool-running 
characteristic of the synthetic rubber, Illustrated In Tasks 1-3, will be 
beneficial to operational service, and that successive retreading with existing 
retread materials will be possible. Field service evaluation tests with actual 
tires will be necessary to moke the final doternilnatIon. 



TASK B: RNNF'ORCING MATtRIAl.S COMPATIHII ITY AND ADHESION 1 LSI 

Tests have been conducted 1o determine the level of adhesion between textile 
and metallic tread reinforcing type materials and candidate synthetic rubber 
materials, and the degree of compatibility between those materials. A 
natural rubber compound was used as the control. The textile evaluation was 
made at ambient and at elevated temperatures, using 1260/2 and B40/2 nylon cord. 
The evaluation using fine brass-coa+cd wire was conducted at ambient temperature. 
H-block type tests were performed with the textile cords. A similar type 
test was used to determine the adhesion to the fine brass-coated wire. 

The results showed good agreement between the degree of adhesion to textile 
cord obtained with polylsoprene and with natural rubber tread compound materials. 
A slightly lower level of adhesion Is observed for both elastomers for the 
840/2 cord (.022 ga.i as compared to the 1260/2 nylon cord (.026 ga.). This 
difference was attributed to the lower cord surface area available with the 
840/2 nylon, since both cords are composed of the same nylon filaments but 
to a different overall cord denier size. 

An appreciably lower level of adhesion to brass-coated wire (.020 ga.) was 
observed for both polylsoprene and natural rubber tread compounds. Significant 
differences between the wire and ccrd construction are believed to account 
In large measure for the adhesion differences noted. The wire Is a single 
filament construction, brass-coated to provide chemical bonding between the 
copper In the brass coat and sulfur In the rubber compound. Each nylon cord 
Is composed of many fine nylon monofilaments (140/ply) twisted together to 
form a cable construction, two such cables being twisted together to form the 
cord. The cord Is then dipped with an adhesive to Improve the adhesion 
(chemical bonding) to the rubber compound. In addition, a certain degree of 
mechanical bonding Is Inherent In the cord make-up which can be expected to 
compliment that already available through the adhesive coating. 

The data, tabulated In Table XLV indicated that polylsoprene was equally as 
compatible as natural rubber for a bonding medium to tread relnforcoment-typo 
materials at ambient and at high temperature (2120E) conditions. Polylsoprene 
was equivalent to natural rubber with respect to adhesion to fine brass-coated 
wire. 
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TAlil.r XL.V AIM'S ION' C. RUNFORCING TYPE MATERIALS TO NATURAL AMD 

SYNITHI IC ITC ADS 

A. H-Block Cord Adhesion (Ibs/cord) 

Conslruction 

Natural, 12C0/2 Nylon 

Ambient 

Adhesion 
(Ibs/cord) 

18.6, 17.? 
13.2, 13.8 

AVG. 

15.6 lb 

212°F 

Adhesion 
CIbs/cord) 

14.4, 11.2 
.11.7, 13.8 
12.5 1 

AVG. 

12.7 lb 

Synthetic, 1260/2 Nylon 10.4, 13.4 
16.5, 15.8 
16.1 

Natural, 840/2 Nylon 13.7, 11.6 
10.0, 9.4 
10.6 

Synthetic, 840/2 Nylon 11.6, 11.5 
1 16.0, 14.8 

12.0 

14.4 lb 

11.1 lb 

13.2 lb 

14.2, 10.2 
9.3, 11.7 

12.2 

11.8, 9.0 
9.2,12.0 

11.8, 11.8 
10.6, 12.2 
9.5, 10.0 

11.5 lb 

10.5 lb 

11.0 lb 

B. Wire Adhesion (Ibs/wlre) 

Ambient Conditions 

Construct Ion 

Natural, Wire 

Synthetic, Wire 

Pulls (Ibs/wlre) 

4.0, 3.5, 4.0 
6.0, 3.5 

2.5, 5.5, 3.5 
7.5, 7.5 

AVG. 

4.3 lb 

5.3 lb 
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TASK ri NAL 5VNII1L1 IC LLASTON'LRS KIVILV,' O . 
^ • 

AM data obtained in previous Tasks were objectively reviewed. Selections 
were made of 1he besf synthetic elastomer or blonds of synthetic elastomers 
for use In each of the several components of aircraft fires. The selections 
are Indicated in the table below. 

Specific formulations are shown in Task <1, Tables XXVI through XXXVI. The test 
results obtained in Tasks 5 fhrough il indicated that the materials selected In 
Tdsk 4 were satlsfacfory with respect fo: 

1. Tire integrity as measured by fhe adhesion of adjacent components. 
2. Refreadabi I My of the casing/tread assembly. 
3. Compatibility with and adhesion to reinforcing members. 

Synthetic Llastomers Selection for Tire Components 

Component Synthetic Elastomers Selection 

Tread 
Sidewa11 
Carcass 
Bead Wrap Coat 
Apex 
Bead Insulation 
Inner IIner 

Polylsoprene (Natsyn 400, Goodyear) 
Poly I soprene (Natsyn 400) 
Polylsoprene (Natsyn 400) 
Polylsoprene (Natsyn 400) 
Polylsoprene (Natsyn 400) 
Hot Process SBR (Ameripol 1002, Goodrich-Gulf) 
Polylsoprone/ButyI B'end (Natsyn 400; Butyl 268, Enjay) 

TASK 10; EVALUATION OF TIRE CONSTRUCTION PARAMETERS 

A comprehensive analysis has been made In detail of the tire design parameters 
required In the manufacture of 49x17 26PR and of 30 '8 22PR aircraft tires. 
The following parameters were included in this ana s: 

1. Text IIc evaluation 
2. Tire design evaluation 
3. Tread components 

Each parameter was studied with respect to the optimization of operational 
characteristics when using the synthetic materials developed and evaluated 
In previous Tasks. 
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lho ant lys i s rcsulis oru 1a\)ulalod In Tables LV through LXIV In Appendix I« 
These lables are representai ive of Tiro Construction Specifications. 
Tables LV through LIX will be considered as Design A In the manufacture of 
250x8.8 22PR tiros In Phase III. The design for 1ho subcontractor's currency 
qualified tiro will be used as Design B for this tire size, owing to dlfferencesn 
In cord size, number of piles, end probable differences in cord angles. 
The subconiracior*s design Is proprietary and thus is not presented In this 
report. 

Tables LX through LXIV will be considered as Design A in the manufacture of 
49X|7 26PR tiles in Phase Ml. Tho design for the subcontractor's currently 
qualified 49x17 26PR tire will be used as Design D for this tire size, for 
the same reasons stated above. 

Toxtile Evaluation 

Tire cord adhesion characteristics ere similar for polyisoprene and natural 
rubber. Therefore, *no change will be needed in cord twist, treatment or 
tension. For Design 0 lires, the size of cord, end the mill end count per 
Inch will be the same as is now specified by the subcontractor. Design A 
tire will be as shown in Tables LV and LX in Appendix I. 

lire Design Evaluation 

The most significant tiro construction parameter subjected to analysis In this 
Task was the basic design of the two synthetic elastomer tires to be manufactured 
in Phase III. MIL-T-504ID establishes a framework of limitations for tire 
weights, dimensions, loads. Inflation pressures, and rim sizes. Within this 
framework, the engineer determines the tire design for two broad areas: 

1. Carcass Strength 
2. Bead Strength 

Several sizes of carcass strenglh members (tire cords) are now available to the 
tire engineer. Thus more than one design may result for one tire size. This 
was found to be true from an analysis of current USAF tires of one size but % 
of different brands. The tire design analysis accomplished In this Task 
Included two sizes of tire cords, the small nylon cord (840/2) currently used 
by the subcontractor and a larger nylon cord (1260/2) which appears in 
Table LV through LXIV In the Appendix. 

The characteristics of synthetic polyisoprene were reviewed with respect to 
their contribution to Improved tire design. Results of this review indicated 
that either cord size would be suitable for use with polyisoprene. Also, 
polyisoprene had certain Inherent characteristics which would offer potential 
operational improvements to both Design A and Design B for each tire size. 
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For instance 1he heat build-up characterisllc for polyisoprene was found to 
be beiter than that for natural rubber. Thus it should be possible to 
Increase somewhat the) insulation (rubber layer) between successive tire 
carcass plies when using polyisoprene, without increasing tire running 
temperatures. Such changes as this have been included in Design A for 
each tire sire. 

Other tire design considerations were altered similarly, and are shown 
In detail in Design A (See Appendix |, Tables LV through LXIV. Only bead 
strength members (high tensile steel wire) will be the same for both tire 
designs for each tire size. 

Tread Components 

Tire tread components for the two sizes of tires to be manufactured currently 
Include abrasion-resistant rubber materials, nylon cord tread reinforcing 
materials, and cut resistance additives. Data from earlier Tasks Indicated 
that adhesion of synthetic polyisoprene to both nylon cord and brass plated 
wire was essentially equal to that of natural rubber. Therefore, it is 
anticipated that no change In tread component design will be required when 
using synthetic polyisoprene in place of natural rubber in tire treads. The 
tread design parameters In current use by the subcontractor will be used 
for both Designs A and B for each tire size. 

Summary 

The analysis of tire construction parameters has resulted in two optimized 
designs for the synthetic polyisoprene tires to be manufactured In Phase III. 
These designs are given below. The basis for the design engineering has been 
the inherent improved physical properties exhibited by polyisoprene. 

Tire Size AF Drawing Design Reference 

30*8.8 22PR 60D90767 A 
B 

Figures 1-5, Appendix 1 
Subcontractor, Proprietary Information 

49x17 26PR 60D2561 A 
B 

Figures 6-10, Appendix 
Subcontractor, Proprietary Information 
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TASK II: EVALUATION OF CORD/CONSTRUCTION PARAMETERS 

In this Task, an evaluation was made of the performance characteristics of 
1260/2 nylon fabric cords In a simulated tire casing of polylsoprene rubber, 
as compared to the same configuration using natural rubber. This fabric was 
selected because It has the highest strength-to-slze ratio, allowing the use 
of fewer piles In conventional design configuration. Also, this Is the fabric 
thought to be used In some of the currently qualified USAF 30x8.8 22PR tires. 

In this evaluation, laboratory-scale blocks were assembled which simulated the 
construction of actual 30x8.8 22PR tire casings. The body of the tire was 
simulated using fabric of cord size, cord angle and cord distribution as 
found In the casing crown area. Rubber gages were controlled to simulate 
tread shoulders, sidewalls and tubeless InnerlIners.. 

After curing the 6"x6" square blocks, I" wide strips were cut from these 
blocks and subjected to two series of tests. One test consisted of flexing 
the strip for 50,000 cycles at 212°F through an angle of about 70° and then 
making adhesion tests on two areas of the sample strips. The results of 
this test are shown In Table XLVI. 

TABLE XLVI AVERAGE ADHESION STRENGTH 

Strip Adhesion 
Location 

Tread to Casing 
SldewalI to Casing 

The second series of tests consisted of heat aging the various specimen strips 
at 250°F for varying periods of time, and then making strip adhesion tests on 
two areas of these samples. Average results are shown In Table XLVII. 

Synthetic Natura I 

128 ppi 
23 ppl 

190 ppl 
43 ppl 
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TABLE XLVII . AVERAGE ADHESION STRENGTH 

Material Tire Component Aging Time Adhesion, ppi 

1. Natural Slrlewal I to Casing 4 hours 
12 hours 
24 hours 

96 
72 
57 

2. Natural Tread to Casing 4. hours 
12 hours 
24 hours 

166 
164 
98 

3. Synthetic SldewalI to Casing 4 hours 
12 hours 
24 hours 

70 
65 
50 

4. Synthetic Tread to Casing 4 hours 124 
12 hours 120 
24 hours 90 

Based on the comparisons noted above, the data Indicated that the synthetic 
elastomer tire will probably be less affected by heat and flexing than 
would a similar natural rubber tire. Although the adhesion values are lower 
for synthetic materials, deterioration of adhesion appears to be reduced 
compared to the natural rubber controls. 

% 

TASK 12; STUDY OF TREAD DESIGN 

In this Task, an Investigation was made of the suitability of synthetic 
elastomers for use In aircraft tire tread materials. The following 
considerations were Included In this Investigation:* 

1. Coefficient of Friction 
2. Abrasion Resistance 
3. Operational Temperatures 
4. RetreadabIIIty 
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A single tread pattern was used, so that the only variables would be the 
characteristics of the synthetic polylsoprene compared to the characteristics 
of natural rubber. The discussion follows for each of the four parameters 
noted above. 

Coefficient o'f Friction 

The coefficient of friction between rubber compounds and runway surfaces Is 
affected both by the hardness of the compound, and by the dryness of the 
runway. Soft compounds have greater traction on dry runways, while hard 
compounds have greater traction on wet runways. The best hardness for a given 
compound will give suitable traction on both surface conditions, with a small 
emphasis favoring adequate safety of operation on wet surfaces. 

The carbon black In tread materials Is the main Ingredient which Influences 
tread hardness. The synthetic elastomer selected In Task 9 for use In treads 
has suitable hardness using the amounts of carbon black desirable for 
characteristics such as wear. Other compounding techniques such as add I+ ion 
of plasticizer can be employed to obtain the same range of hardness as 
natural rubber, without altering important characteristics such as wear. Thus 
the overall coefficient of frictlcn for the synthetic elastomer tread materials 
should be equal to that for natural rubber tread materials, since tread 
hardness was found to be equal. 

Abrasion Resistance 

The abrasion resistance of a material Is an Indication of the wear quality of 
the tire In service. Wear Is defined as the loss of material by abrasion. 
In a tread, abrasion Is depenent on two predominant mechanisms. A mechanical 
erosion occurs, by cutting or chipping away minute parts of the tread surface 
during contact with the rough runway surface. Secondly, a chemical mechanism 
termed oxidation or pyrolysis (reversion) occurs. In which a layer of rubber 
is degraded to such an extent that the material can be very easily removed 
by mechanical means. 

Mechanical erosion takes place on the tread surface of a tire as It moves 
through the footprint, and Is related to the motion of the ribs, which appear 
to squirm from side to side as the load Is applied and released. This Is a 
characteristic of conventional blas-ply contructlon tires. 

The relative motion of the tread surface and the ground surface Is Increased 
by skidding, as when the brakes lock, side slipping or yaw of |he 
when the aircraft Is landed In cross winds, and rapid changes In the deflection 
of the tire as when the tire rolls over successive surfaces of different 
elevations in take off and landing. 
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WORK EFFORT 0 

The chemical mechanism usually occurs In the presence of heat. For Insfance, 
In a severe skid the rubber, becomes so hot that the surface layer Is 
pyrolyzed to a semi-liquid state which Is deposited on the runway. In any 
service some heat Is generated and could begin to deteriorate the tread rubber 
If the compound was not thermally stable. 

The two characteristics of hardness and heat bul Id-up are of concern In the 
formulation of the tread rubber. Hard materials are found to resist mechanical 
erosion better than soft materials. Cooler running materials have a lower 
tendency toward reversion. It was found In previous Tasks that synthetic 
polylsoprene can be formulated to display hardness and abrasion resistance 
characteristics equal to natural rubber. Polylsoprene’s resistance to heat 
failure was found to be as good as or better than that of natural rubber. 

Operating Temperatures 

The vulcanízate properties of elastomers will vary with temperature changes. 
Each elastomer has a rather definite temperature range In which It displays 
certain optimum characteristics. As the temperature Is varied above or below 
this range, the vulcanízate characteristics may change significantly. In the 
high end of the temperature range, both tensile strength and elongation 
characteristics deteriorate, and the elastomer becomes more plastic and less 
e'astlc. At very high temperatures, or for long periods of-time at less -• 
extreme temperatures, thermal decomposition may occur, resulting In permanent 
loss of the original vulcanízate characteristics. In an aircraft tire, heal 
generation and heat build-up are critical. 

Materials are designed to operate under these severe conditions. The heat 
resistance of the synthetic elastomer and the tensile strength and elongation 
characteristics at elevated temperatures have been found to be satisfactory 
as compared to natural rubber. Also, low temperature flexibility of the 
synthetic elastomer Is equivalent to that of natural rubber. It Is expected 
that no operational problems related to operating temperatures will be 
encountered through the use of synthetic polylsoprene In place of natural 
rubber In aircraft tires. 

Retreadab111 tv % 

For a tire to be considered retreadable. It must retain certain characteristics 
of strength and Integrity beyond the life of the first and successive treads. 
After being buffed properly, the casing must present a surface of rubber 
undertread acceptable as a base for a new tread. This undertread Is the lower 
portion of the preceding tread. As was previously .discussed, extreme operating 
temperatures can cause a progressive deterioration of casing rubber, which at 
some* point will be severe enough to cause the tire to be rejected. In addition, 
the cures Involved In the molding of the new tire and of successive retreads 
must be properly controlled. The elastomers used in the original tread and 
casing must have the ability to accept these subsequent cures without becoming 
deteriorated. Also, the elastomers used In the retread rubber must be curable 
at a temperature low enough to avoid deterioration of the casing rubber. Thus, 
these materials must be matched with respect to their sensitivity to temperature. 
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In addition, the casing must be free of any serious defects such as skid 
burns, and must have sufficient rubber material covering the cords after 
buffing to present an acceptable base to which the new tread can be bonded. 
There must be no sign of reversion of the cushion, nor tendency toward 
oxidation or aging. 

Heat aging characteristics of the synthetic elastomers selected for tread 
and casing material compare very favorably with natural rubber. The 
synthetic elastomer may be used In the same manner as natural rubber for 
casing materials, and will provide good retreadablIity In all aspects noted 
above. 

The conclusion from this study Is that synthetic polyisoprene will perform 
equally as well as natural rubber with respect to the four parameters of 
tread design listed. Considerations used In selecting the best tread 
design for natural rubber tread materials will be applicable directly when 
designing tread patterns for synthetic polyisoprene materials. 

TASK 13: FABRI CAT I "LABORATORY PILOT TREADS 

This Task Involved the preparation of laboratory-scale tire tread molds, 
and the fabrication of synthetic polyisoprene tread sections using these 
molds. The tread sections wore tested to determine characteristics of cut 
resistance, coefficient of friction, abrasion and skid resistance, adhesion 
of laminated materials, and resistance of the section to flexing deterioration, 
heat deterioration, cord breakage and cord plucking. Identical sectjons 
were fabricated of natural rubber materials, for use as controls In 
evaluating each of the characteristics noted above. 

It was decided to use a tread design simulating the current 49x17 tread 
design of the subcontractor. This design Included the standard 0.30 Inch 
groove depth. Groove spacing similar to that used by the subcontractor was used 
In fabricating the tread molds, since the subcontractor’s current 49x17 
tire Is excellent with respeét to the various tread design parameters as 
discussed In Task 14. It was decided to make the tread ribs slightly wider * 
and the grooves slightly more narrow than those of the subcontractor’s tire, 
to provide more significant observations on cord plucking and breakage during 
flexing. The final design is shown In Table LV. 

The tread specimens were prepared from natural rubber and the synthetic 
polyisoprene tread materials, using two plies of 1260/2 nylon cord as the 
tread reinforcing medium. A cord angle of 30° from the groove was used. The 
sections were vulcanized using tlme-tomperature parameters esfabllshed In 
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Observations were made during tho fabrication, molding and tesllng of 
these specimens. These observations are shown In Table XLV 111. They 
Indicate that synthetic polylsoprene tread materials will probably have 
equivalent overall performance characteristics compared to natural rubber 
tread materials. In the significant performance parameters of abrasion 
and flex resistance, the two elastomers are equal In performance. 

TABLE XLV III 

IESI 

LABORATORY PILOT TREADS TESTING 

OBSERVED RESULTS 

SYNTHETIC POLYISOPEEME NATURAL RUBBER 

1. Bal IIstlc Cut Resistance, 
Depth of Penetration, In. 

2. Coefficient of Friction 

3. Molding Ease 

4. Abrasion Resistance, Index 

5. Skid Resistance 

6. Flexing Resistance 

7. Adhesion of Laminations 

8. Resistance to Heat Deterioration 

9. Resistance to Cord Plucking 

10. Resistance to Cord Breakage 

0.32 

0.54 

Exce 11ent 

104 

0.54 

Exce 11ent 
no separations 

Excel lent 
no separations 

Exce 11ent 
no deterioration 

Exce 11ent 

Exce 11ent ' 

0.29 

0.52 

Exce 11ent 

107 

0.52 

Excel lent 
no separations 

Excel lent 
no separations 

% 

Excellent 
no deterioration 

Excel lent 

Exce 11ent 
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TASK 14; PILOT TREADS EVALUATION 

A comparative evaluation was made of the results of tests performed on 
laboratory-scale tread specimens prepared In Task 13. The following 
table presents the comparison of synthetic polylsoprene with natural 
rubber control materials as used In laboratory-scale tread segments and 
subjecfed to static and dynamic testing under simulated operational 
conditions. Comparisons are made on the basis of test results and 
observations made during the preparation and testing of these specimens. 

CATEGORY 

1. Building Tack 

2. Green Strength 

COMPARISON RATING COMMENTS 

Equal Other tests show natural rubber 
siIghtly superior 

Equal Other tests show natural rubber 
siIghtly superior 

3. Molding Ease Equal 

4. Adhesion Strength Poorer 

5. Resistance to Heat Better 
Deterioration 

6. Cut Resistance (Ambient) Poorer 

7. Cut Resistance (212°F) Equally 

8. Abrasion Resistance Equal 

9. Coefficient of Friction Equal 

10. Skid Resistance Equal 

11. Resistance to Flexing Equal 

12. Resistance to Cord 
Breakage and Plucking Equal 

No apparent difference 

Natural rubber slightly superior, 
but not as resistant to deterioration 

Synthetic polylsoprene slightly 
more resistant to deterioration 

Synthetic polylsoprene slightly lower 
In tear strength and modulus 

Poor Neither material has adequate 
resistance by Itself 

Average abrasion Indices slightly 
below those for natural rubber% 

Joth materials sustained 300,000 
eye les well 
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ANALYSIS OK GAS PERMEABILITY. CHARACTER I ST ICS 
TASK 15: 

An analysis was made In this Task of the f'W!°,Ih"“o|îfIsîvlty 

synthetic 0,as^om®r+‘^®r^!J®rja<ísSòwÍngn+oSdifferences In elastomers and 
varies for oach of theso materiais owing , _ .. ni^íncivltv of the 
other" Ingredients that each ferial cont.lne a ^^/j^^ihr^h the 

casing rubbo?! a measuremant of dlffuslvlty becomes a study of air wlcklng 
effects once-a quantity of air passes the Innerllner. 

Data appear In Task 1, Table XIII for air permeability of P°{^sJP;®n®n^"^,n#r 

materials as compared to similar na+ur®' ™b+ na+ura| rubber/butyl materials 

r sÂrÂSi1ïï;:',!;.rÂ'î.,Âî: . 
the Task 1 Table XIII data, but Include the air loss due to wlcklng as weil# 

;^!ii^i:nrs^r;sC"f.ihraíh:ir:ífki:|o:95ce:rn9lcôrr;s:*nÍM.terev„t, 

intracarcass pressure build-up and ply separations. 

The data reported bçlow ¿nc'ud® ^los^pef^ hours’. Th^data ïndîclte 
rhanhraïr.^rror’srnthltir^wîsipron^ aircraft tires will be equlvaient 

to that for natural rubber aircraft tires. 

Carcass Type 

Natural 
Synthetic 

Air Loss, ps I/24 hours 

9.3 
9.4 

TASK 16: ANALYSIS OF COST REDUCTIONS 

-itÄ sÆÂ.rs'“ 
which may be possible, but a>s° analvs|s included raw materials purchase % 

andUfrelght costs* materîaJ® *5aV^gsS¡^th^ús^o^synthèt?elastomer* 

at rcraf f11?* rast^Tho"^ I scuss I on and graphical Präsentation of anticipated 

cost savings follow. 

A. Elastomer Raw Materials 

The purchase of elastomers '"volves not only ^^^.Jl^r^hounng'’0 

#c^:8b!rpt;nírgi8. “«su s? n rin^tiatly^prepar.tlon of .ateríais 

polylsopreno In place of natural rubber. 
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Synthetic polyisoprene Is manufaclured in the United States, an<JJs 
warehoused In this country near major rubber consuming areas. It is 
available for Immediate delivery at all times. On the other haad* 
unsettled conditions In the Far East combined with seasonal production 
changes continually effect the availability of natural rubber. ™us 
natural rubber buyers generally buy "futures" to assure their companies 
of continued supplies of this material. This future purchasing also 
affects availability. 

Secondly, synthetic polyisoprene has a stable price throughout the year, 
while natural rubber prices are affected by seasonal changes which 
alternately retard and Increase plantation production rates. Th®®® Pr,ce 
fluctuations are 11lustraled In Figure 7 for the period January 
February 1966. The price of synthetic polyisoprene was reduced to 23« 
per pound In October, 1965, making It most attractive to the rubber industry. 
This price Is well below the lowest RSS No. 3 natural rubber price during 

the last two years. 

Typical shipping costs for natural rubber and for synthetic polyisoprene 
are shown In Table'I. Since natural rubber must be shipped overwater to 
this country, some charge will always be Incurred to transport from 
a port of entry to the Sser’s plant. This situation Is not true or 
synthetic polyisoprene, as Its price of 23« per pound Is on a delivered 
basis regardless of the location of the user's plant. 

Svnthetlc polyisoprene Is purchased In uniform 75 pound bales In 2500 lb. unit 
contafners! whlíePnatural 'rubber Is purchased In 250 pound bales "h ch «ssurne 
a variety of shapes. Thus there are significant savings to be realized with 
synthetic polyisoprene in materials handlings costs. These savings Indu e 
easier truck or car unloading, mor»- efficient use of warehouse space, 
elimination of cutting of large bales Into small chunks, possible e!Imination 
S Hot housing costs, and reduction of quel.ity sssurancelnspectloncosts. 
These cost savings are shown In Figure 8. Since the price of natural rubber 
generally Increased ir\ the period January-June 1965, the trend In savings 
also Increases as the price differential Increases. 

Also shown In Figure 8 are the savings to be realized In prerçastlcat ton costs. 
To compensate for Its Inherent high plasticity as received, and owing to 
slgnHMcant lot-to-lot differences In plasticity, natural rubber must be 
masticated prior to use In the manufacture of tire materials. In addition, 
continuous testing Is required for masticated natural rubber, to be certain 
that the plasticity level Is as desired. Synthetic 
Is very uniform In plasticity, but is low enough In P'«+«clty , 

i< reoulred prior to Its use In the manufacture of tire materials. 
It Is anticipated that significant processing savings may be achieved through 
the ellmtnat'on of the mastication step when using the synthetic elastomer. 
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The cumulative savings which may be achieved by replacing natural rubber 
pound for pound with synthetic polylsoprene In aircraft tire manufacture 
are shown In Table L. The overall savings are significant when calculated 
on a per truckload basis, and amount to approximately $1500 per 30,000 
pound truckload of rubber. 

B. Elastomer Processing Costs 

Due to Its variability, natural rubber necessitates continuous changes In 
processing of materials. At times changes must be made In formulations as 
well, to compensate for differences In cure rate. Such changes are not 
necessary when using synthetic polylsoprene, because of Its Inherent uniformity 
both of processability and of cure rate. 

A small change will probably be necessary In the formulation of all synthetic 
polylsoprene materials, to effectively match the curé rate of these materials 
to that of natural rubber malerlals. This change may Increase formulation 
costs slightly but not significantly. 

Synthetic polylsoprene materials are expected to process as well as natural 
rubber materials, and will offer the savings Inherent In Improved uniformity 
and processability at the cost of minor formulation changes as noted above. 

C. Tire Manufacturing Costs 

Two significant characteristics of synthetic polylsoprene are low green 
strength and building tack as compared to natural rubber. While this 
characteristic has been Identified and quantitatively measured In the 
laboratory, the values obtained Indicate that synthetic polylsoprene.materials 
have sufficient green strength and building tack for normal tire manufacturing 
processes and procedures. The cost factors will be precisely noted during 
tire manufacture In Phase III, to note In detail any possible changes In costs 
for such manufacture. At this time, It Is anticipated that tire manufacturing 
costs for synthetic polylsoprene tires will be equal In all respects to those 
for natural rubber tires. 

D. Operational Savings % 

Based on materials data obtained to date, It Is anticipated that synthetic 
polylsoprene aircraft tires will be cooler-running than are natural rubber 
aircraft tires, with no loss In abrasion resistance. These factors•Indicate 
possible savings In the ability to retread synthetic polylsoprene tires more 
often than natural rubber tires, and In Improved t|re Integrity during each 
service life. 
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It Is difficult to calculate cost savings which are based only on Improved 
tire Integrity, without an extensive service evaluation program to evaluate 
tires of both types of elastomers under controlled conditions. In addition, 
while savings can readily be calculated based on the retreading of aircraft 
tires as opposed to purchasing new tires, on evaluation would have to be 
undertaken of new tire service life (number of landings) versus retread 
service life to complete the savings calculations. Such an evaluation may 
be Indlcatèd In Phase III once the synthetic polylsoprene tires have successfully 
completed the qualification tests. 

It can be concluded that the synthetic polylsoprene tires will probably offer 
distinct service Improvements. The magnitude of such Improvements may be 
determined through controlled service evaluation testing, using natural 
rubber tires as the control. 

SUMMARY 

It has been shown that synthetic polylsoprene offers potential cost savings 
In the purchase and-handling of the elastomer. In the processing of tire 
materials, and In the manufacture and operational use of aircraft tires 
made from this elastomer. The overall savings should be reflected In a 
significant reduction In aircraft tire prices. 

TABLE XLIX SHIPPING COSTS* - NATURAL RUBBER VS POLY ISOFRENE 

NATURAL RUBBER SYNTHETIC POLYISOFRENE 

Truck Load Rate/CWT 
Minimum 

Load (lbs) 

Akron, 0. 
Chicago, ILL 
Phi la.. Pa. 

$0.765 
1.10 
0.50 

40,000 
55,000 
30,000 

No Charge 
No Charge 
No Charge 

\ 
Rail Car Load 

Akron, 0. 
Chicago, ILL. 
Phi la., Pa. 

0.74 
0.93 

70,000 
70,000 

No Charge 
No Charge 
No Charge 

Rates are from New York to destination shown. 

* Does not include pier charges 
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TADLE L COST ANALYSIS - HANDLING AND PRXESSING NATURAL RUBBER WIRSS) 

VS POLY ISOFRENE (SYNTHETIC) 

NATURAL RUBBER <#IRSS) 

MIXING UNIT 

MILL BANBURY 

Price/lb. (Feb. 1966) 

Freight 

- • 

Unloading 

Inspection, Hot Housing, 
Inside Transportation 

Bale Cutting 

Premast Icat Ion_ 

25.540 4 

0.500 

0.064 

1.020 

0.040 

4.010 

25.540 € 

0.500 

0.064 

1.020 

0.040 

1.030 

SYNTHETIC 

POLY I SOFRENE 

MIXING UNIT 

BANBURY 

23.000 * 

0.015 

0.160 

Total cost/lb. 31.174 4 28.194 4 23-175.1. 

Cost/30,000# 
Truckload 

$9,352.20 $8,458.20 $6,952.50 

Savings/Truckload 

with Polylsoprene $2,399.70 $1,505.70 
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PHASE III 

TIRE FABRICATION AND TESTING 

INTRODUCTION 

The final phase of this program Included the fabrication and testing 
of aircraft tires manufactured with materials and tire designs 
selected In Phase II. Evaluations were accomplished of each of the 

' rubber processing steps used In the manufacture of materials. Similar 
evaluations were made of the operations included In the building and 
vulcanizing of the two sizes of tires manufactured In this Phase. 
Whenever a comparison was posslbley the benefits observed using 
synthetic materials In place of all-natural rubber materials were 
recorded, and are described In the text of specific Tasks. 

Once the Initial test articles had been manufactured, they were subjected 
to qualification testing on the dynamometer. The 49x17 26PR tires 
were tested In accordance with USAF Drawing 60D2561. The 30x8.8 22PR 
tires were tested In accordance with USAF Drawing 60090767. A 
Thompson engineer monitored all stages of the manufacture of these 
test articles, and the qualification tests, to obtain as much data 
as possible on the synthetic rubber tires and their performance 
characteristics. 

The service evaluation tires originally scheduled for delivery to USAF 
In this Phase had to be cancelled. The manufacture of test articles 
and service evaluation tires was subcontracted to others. Original 
subcontract agreements, completed In 1964 for this program, could not 
be accomplished when It was found that these tires were not required 
until completion of the qualification tests In 1967. Alternate plans 
submitted to USAF for* retreaded service evaluation tires of the same 
sizes were not accepted. This later action concluded the development 
work. 
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CONCLUSIONS 

# 

The third Phaso of this program was divided Into two major areas of work, 
the fabrication of aircraft tires using all-synthetic rubber formulas 
developed In Phase II for each tire component, and the testing of 
such tires for qualification. Specific observations and conclusions 
ere detailed below and In the text of each Task. The general conclusion 
from work In this Phase Is that aircraft tires can In fact be fabricated 
sucessfully from the materials selected In Phase II, and that the 
performance of such tires under test conditions Is at least equivalent 
to that of ell-natural rubber tires of the same sizes. 

The only detrimental-effect observed during testing was a gross tread 
chunking condition for 30x8.8 22PR tires caused by the narrow tread 
grooves of the subcontractor’s current tread design. A different 
tread design, Including wider grooves and larger groove radii, would 
have corrected this defect, resulting In significant Improvements In 
the tread chunking problem for this tire size. The minor groove cracking 
observed for 49x17 26PR tires Is considered to be typical during 
dynamometer tests for the tread formulation used. This condition would 
not develop under normal service conditions. 

It was not possible to determine precise comparisons of field performance 
characteristics of the all-synthetic rubber tires with similar all-natural 
rubber tires within this contract. Thus the Tasks originally proposed 
for this work were deleted. The main benefit In cost savings appears 
at this time to be In materials prices and In reduced processing costs 

for such materials. 



GENERAL PROGRAM OUTLINE 

Complote data for the preparation of all-synthetic rubber materials 
are given In Tasks 1-5. Data for the evaluation of tire manufacture 
are given In Tasks 6-8. Qualification tests for the test articles of 
each size were conducted In Task 9. 
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TASK 1; EVALUATION OF MIXING OPERATIONS 

The first Task of this Phase of ths program was devoted to the preparation 
of factory-scale quantities of symhetlc rubber materials. The six 
formulations selected In Phase II were mixed In the factory to evaluate 
their unique characteristics w!+h respect to mixing cycle times and 
temperatures, general handling characteristics In the factory, and 
general costs for stock preparation as compared to similar all-natural 
rubber materials. Sufficient quantities of materials were prepared in 
this Task to accomodate the production of a limited number of test 
articles of each tire size (30x8.8 and 49x17). Actual stock preparation 
was done under subcontract with Firestone Tire and Rubber Company’s 
Los Angeles Plant, under the supervision of a Thompson Project Engineer. 

The formulation codes referenced on the data sheets were as follows: 

Formulation Identification Code 

Tread TH-10 
Carcass C-9 
Inner liner L-7 
Bead Wrap and Chafer BW-7 
Bead Wire Insulation BN-4 
Bead Filler F-5 

The main components of aircraft tires that Require the largest amounts 
of rubber are the tread, carcass and Innerllner. The three formulations 
for these stocks were mixed In repetitive, #11 Banbury size batches, 
In the following quantities: 

1. Tread: 5 Banbury Batches, 2000 lb. total 
2. Carcass: 3 Banbury Batches, 1200 lb. total 
3. Innerllner: 2 Banbury Batches, 800 lb. total 

From this quantity of each stock. It was possible to adequately define 
the factory mixing conditions, for comparison to mixing similar all¬ 
natural rubber materials. The other three formulations were prepared ' 
under sub-scale factory conditions, however mixing tfends for these 
materials followed closely those trends noted for the three major stocks 
noted above. 
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The following tabulations Illustrate the average factory-scale mixing 
conditions recorded for each formulation. ’'Pass” Is the term applied 
to each time a quantity of materials Is cycled through the Banbury 
mixer. Thus a "three pass mix" with mix times of 5 minutes, 4 minutes 
and 2 minutes respectively for each pass means that the materials were 
put through the Banbury mixer a total of three times, with the total 
mixing time being 11 minutes. The Mooney viscosity of the materials 
(Ml-4 at 212°F) Is a measure of the relative thermoplasticity of 
the materials at 212°F, as measured by the Mooney Viscometer using 
the large rotor (ASTM D 1646-61). 

FORMULATION: TH-10 

Pass Number_:_1 (Masterbatch) 2(Remlll) 3(Flnal) 

'0 
Initial Temperature, F : 124 
Oils Added at °F : 275 
Temperature Drop to F : 237 
Discharge Temperature,°F : 350 
Mix Time, Minutes 0 : 5 
Mooney Viscosity, ML-4 + 212 F: 

Average Total Mixing Time: 9 minutes 
Average Mooney Viscosity : 47 

150 150 

250 212 
3 1. 

Other test data for the TH-10 materials are shown on the data sheets. 

FORMULATION: C-9 

Pass Number_ 1 (Masterbatch)_2( F Inal.) 

Initial Temperature, °F 
Otis Added at °F 
Temperature Drop to °F 
Discharge Temperature, °F 
Mix Time, Materials 
Mooney Viscosity, ML-4 + 212 F 

Average Total Mixing Time: 6.1 minutes 
Average Mooney Viscosity : 55 

Other test data for the C-9 materials are shown on the data sheets. 

130 
280 
243 
?58 

5 
70 

150 

212 
1.1 
55 
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FORMULATION: L-7 

Pass Number _HMasterbatch) 2(Flnal) 

Initial Temperature, °F 
Oils Added at °F Q 
Temperature Drop to °F Q 
Discharge Temperature, °F 
Mix Time, Minutes 
Mooney Viscosity, ML-4 + 212 F 

Average Total Mixing-Time: 5.1 minutes 
Average Mooney Viscosity : 52 

Other test data for-the L-7 materials are shown on the data sheets. 

14l 
294 
245 
342 

4 
70 

138 

217 
1.1 
52 

The observed cycle time per pass for each of these materials was 
considered to be normal for «ach type of formulation. However, 
when mixing natural rubber formulations such as these, the natural 
rubber Is usually put through a prior mastication cycle In the 
Banbury by Itself, to reduce the Inherent toughness (plasticity) 
of this elastomer to an acceptable level (80-90 ML-4 at 212°F) prior 
to using this rubber In the masterbatch. The normal premastlcat Ion 
cycle takes 3 minutes at the minimum. Thus the following comparisons 
of total mixing cycles can be drawn: 

Stock 

Cycle Time 
Natural Rubber Synthetic ftubber Cycle Time Reduction 

TH-10 
C-9 
L-7 

12 min. 
9.1 min. 
8.1 min. 

9 min. 
6.1 min. 
5.1 min. 

25)( 
33)1 
37)( 

Actual cost savings In dollars per pound for the synthetic materials 
would have to be calculated using specific mixing charges for each 
particular mixing plant. Also, with the elimination of the premast1 cat Ion 
cycle, the Banbury unit would be able to produce more finished material 
per year, since the materials would require only 2 or 3 passes rather 
than the 3 or 4 passes required for natural rubber materials. Such 
Increased productivity Is an additional savings. 

The handling characteristics of all formulations were rated as good-to- 
excellent. Release from mill rolls was very good. All materials reached 
acceptable plasticity levels within reasonable mixing times, which 
indicated a high degree of batch-to-batch uniformity. These factors are 
critical In current hlgh-volume, mlnimum-mlxlng-tlme operations. 

-no- 



i 

■ 

Test data and formulations appear on the following data charts. Test 
data for each-of the factory-mixed materials compared favorably with 
data obtained in Phase II for laboratory-mixed materials. Thus these 
materials were approved for use In preparation of the specification 
materials needed In the manufacture of the test articles. 

- : m 
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..Äs iate: 

TABLEAU .FORMULATION DATA tTh15'AÑO C-9 

INGREDimS TH-10 C-9 J 
1 

PolvIsQDrane (Natsvn 400) 100.0. 100.0 T* ' 

21 nr Oxide 5.0 .. 5.0 
I 
? 

Sloarlc Acid 1.0 1.0 

ÑAF Blark 47.0 40.0 r « 

Antioxidant (Thermoflex A) 1.0 1.0 
; 

-U 
Antiozonant (Santoflex AW) 1.5 
Paraffin 011 (Sunpar 150) é.ò - • j \ : 
Kn* Tar — *• or- 1 ! 

insoluble Sulfur (Crvstox) 0.5 Ö.5 1 

- 1.25 : ! 

Sanrocure i$ 1715 - 

Sulfasan R ¿.Ö 2.Û 

MONSANTO RHEOMETER DAI rA 

Temoerature: °F 280 .280 
Initial Viscosity: In.-lbs. 25.2 28.8 
Scorch Time: Minutes 11 10 

Cure Rate: In.-lbs./Min. 8 4.5 

Maximum Modulus: In.-Lbs. 74.0 81.1 

Time For Max. Modulus - Minutes 559 ■. 70* 
Reversion: In.-Lbs./Mln. 0.016 0.006 

TENSILE DATA: Normal ( x ): Oven 4ged Hours 1 °F | 

Ootlmum Cure: Minutes « 280 °F 60 60 1 

290 400 _ 1 

1030 1140 - 
300Í Modulus 1970 2210 

Tensile Strength 3430 3220 

POrcent Élongation ¡ 440 390 
Shore A Duremeter ! 68 66 

t*nrnm»tiTaDwrni« -43Û_ 
• 

_ 
1 CUT GROVfTH: Ambient Temperature ( x ); At °F 

cycles Inches o Cut Gro fth 

100.000 0.094 0.063 

•• . « \ 

1 HEAT BUILD-UP: Load 175PSI; Stroke .225 In.; Temp.l00°F ; Time 30 Min. 

Final Temoerature 171 ' 152 

Temoerature Riso F 71 . 52 

PercenT Compression Set 6.3 0 

1 HEAT BLOW-OUT: Load 250PSIj Stoke.250ln.; Temperature 100 °F J 

TR5-—-^ . 90t 90t 

riMAI TPMPFBATURF 202 160 
Drorrur iYlMWïFRCmN SFT * . . _y_ _Û_ __ -L. 

1 4ISCELLANE0US TESTS___;___ 

SPECIFIC GRAVITY 1.12 1.09 • 

I MOONEY SCORCH. MS 250 . Min. To 10 57 .. . _ —-\ 
1 nt. rlcA • -i¡ 
r— —L 
— _j 



TADLE LN FORM)LAT ION DATA L-7 AND BW-7 

• 

INGREDIENTS 
FORMULAT 
.. ■■■•< 

L-7 BW-7 .. TTiWi 
Polvlsonreno (Natsvn 400) 70.0 100.0. _ 

Butvl (Fniav 208) . , .. 10.0 
Butyl Reclaim (Xylos 8301) 33.3 mm 

Zinc Oxide . 3.5 5.Ô 

Stearic Acid Ks 1,6 
'ij 

HAF Black . 35.0. 40.0 

Pipe Tar - • 4.0 • 

Dloctvlo Phtholate 5.0 

Antioxidant (Thermoflex.A) 1.25 . 1.0 
pos In 011 . _ . 2.0 s 1 ■ - 

Ethvlac .0.6 
Santocure NS 1.0 f 

Insoluble Sulfur (Crystex) 2.25 2.5 

MONSANTO RHEOMETER DA 

Temperature: °F 280 280 _ 
InHIal Viscosity: In.-Lbs. 29 32 
Scorch Time: Minutes 6.2 9 

Cure Rate: In.-Lbs./Mln. 5'. 9 

Maximum Modulus: In.-Lbs. 70 68 
Time For Max. Modulus - Minutes 25 17 
Reversion: In.-Lbs./Mtn. 

c
v

 • 
0

 

C
N

i 

O
 

Optimum Cure: Minutes 6 280 ®F 60 60 . 
'100Í Modulus 390 60 
200£ Modulus 890 940 
300? Modulus 1450 1750 

Tensile Strength 2295 _ 3390 
Percent Elongation 425 

0
 

00 

Shore A Duromeler 67_ 61 
Crescent Tear - Type C JUfi_ _ 

Cycles Inches 0 ; Cut Gro (th 

100.000 0.21 0.41 
• 1 • « • 

HEAT BUILD-UP: Load 175PSI» Stroke ,225 In.jTemp.ioo F; 
• . " ör - ir: 

Time 

Final Température 2SL AAJL 

Min. 

Temporalure Rise 15L il 
Percent Compression Set 25 

Time 10’ - 

Blow-Out Temperature 250UF 155+ 
* « 

MISCELLANEOUS TESTS 

SPECIFIC GRAVITY 

MOONEY SCORCH. MS 250. Min, to 10 

, nl« .rlss-:- 

Mi 

2L 

1.11 

11 



TABLE "II* Il FORMULAT ION DATA F-5 

_rnPMiu ation^_i 
INGREDIENTS F-5 

PillV1 <;r>nron(î (Na+<;\yn 400) 100.0 n 
Zinc Oxida 5.0 11 

Stearic Acid 1.0 ‘ 

MPC Black 25.Ò 

SRF Black 60. Ò If 

Paraffin Oll (Sunoar 150) 4.0 

Resin Tacklf1er (Plcco 100) 2,0 • _|i 
Rosin Oil 4.0 U 

Insoluble Sulfur (Crvstex) 3.0 
• s' 

Santocure NS -11 
« S! 

1 1 I 

MONSANTO RHE DMETER DA FA 11 i 

Temoerature: °F 280 _ i» ir- ■ ■■ 
Initial VlscoSltv: In.-Lbs. 41 

Scorch Ylme: Minutes 10 
1 1 j 

Cure Rates In.-Lbs./Min. 7.5 

Maximum Modulus: In.-Lbs. 99 
Time For Max. Modulus - Minutes 39 . 
Reversion: In.-Lbs./Min. 0.4 

TENSILE DATA: Normal ( x ); At °F; Oven Aged Hours! °F . [ 

Oottmum Cure: Minutes !280 °F 30 _1 1 
100Í Modulus 510 
MWTCüuTu» 1450 

ji 1 1 ] 
300* ^ujuY 2210 
Tensile Strength 2500 . 
Percent Elongation 390 
Shore A Duremeter 71 
Crescent Tear - Yyoe 6 41Ö" 

CUT GROWTH: Ambient Temperature ( x h AT °F 

Cycles Inches o ...ÇuT-Qjo lih 

40.000 0.875 , j*' 1 
• • • • 

• 

1 

HEAT BUILD-UP: Load PSI; Stroke .225' In.J Temp.ioo°F; Time joMln. 

Final Te'mneratur? °F 166_ 
Temoerature Rise F 66 . r.._ 

Percent Compression Set 5_ 
HEAT BLOW-OUT: Load^oPSI; Stoke .25 In.; Temperature-100 °F 

Time 100+.... 
Blow-Out Temperature 209+ 

* 

4 

_ MISCELLANEOUS IF5TS ,____ -J 1 

Sped f Ic Gravi ty 1.21 
' Ji 1 

Moonev Scorch, MS250. Min. to 10 pL 42 • - 
rise 

* 
~i! 

. 

• Ji 
I ilWWMMfííM1 



TABLE LIV FORMULATION DATA BN-4 

_ _ FOr^MI 11 AT ÛUS_ *1 
1 INGREDIENTS BH-4 i ■ 

! SBR (Amerlool 1002) 100.0 ),;H 

I Zinc Oxide 7.5 f ' 9 

I Stearic Acid 5.0 ' • M 

1 FFF Black 25.Q 

1 SRF Black 100.0 
I Resin Tacklfler (Plcco 10Ö) 3.Ü 

1 Pine Tar 5.Ò 

I Paraffin Oil ' lunoar 150) 3.0 i 
MBTS (AItax) 1.5 

i 

I TMTM (Monex) 0.1 
1 Insoluble Sulfur • 5.-5- ' 

! 
1 • 

T MONSANTO RHEOMETER DAI ’A 

I Temoeraturo: °F 280 . 
Initial Viscosity: In.-Lbs. 39 

1 Scorch Time: Minutes 8 • 
1 Cure Rate: In.-Lbs./Min. 1.7 
I Maximum Modulus: In.-Lbs. 103 
1 Time For Max. Modulus - Minutes 120 -.. -,T . 
1 Reversion: In.-Lbs./Min. 0 L 

1 TENSILE DATA: Normal ( x >i At °Fj Oven A jed Hours 1 . °F 

1 Out 1 mum Cure: Minutes 8 780 WF 80_ 
[100$ Modulus 1050 
1 200$ Modulus 1910 

1 300$ Modulus - 
1 Tensile Strength 2010 
1 Percent Elongation 265 

Shore A Durometer 83 . 
Crescent Toar - tyoe (Í „300 

1 CUT GROWTH: Ambient Temperature ( ); At °F 

I Cyclos Inches 0 : Cut Grc fth 

• • 

I * 
1 

i, _ ï 

1 HEAT BUILD-UP: Load^^PSIj Stroke .275 Temp. 0Fj Time Min. 

1 Final Te'roerature ^F 249 
I Temoerature Rise UF 149 
1 Percent Compression Sot 7 

[HEAT BLOW-OUT: Load 750 PSI; Stoke .25 In* î Temperatura 100 °P 
1 Timo 8' . 

1 Blow-Out Temperature 284°F 

8 1 

_ MISCELLANEOUS. TESIS_ _;-- 1 
j Sneciflc Gravity 1.32 

I Moonev Scorch. MS 250, Min. to 10 p1 37 • 

1 riso 
* 

_ 

• 
.....—---TTS- _ 

.  .       _ * 1 1....... ..... ~ IIIIIIIW—W1 



TASK 2: EVALUATION OF CALENDERING OPERATIONS 

In this Task, an evaluation was made of the processing of the 
synthetic rubber materials on factory-scale calenders. This 
•valuation Included preparation of calendered tire cord fabric, 
using the carcass formulation C-9, the preparation of calendered 
Innerllner using formulation L-7, the frlctlonlng of formulation 
BW-7 onto square woven fabric, and the preparation of calendered 
tread end sidewall stock using formulation TH-10. Comments on the 
behavior of these stocks on the calender are summarized below, 
by formulation number.’ 

1, Carcass Formula C-9 

This material handled very well on the calender. Behavior 
of the material on the warm-up mills was excellent. The 
material banded easily and released from the rolls very well, 
both on the mills and on the calender. The only problem 
encountered on the calender was with the fabric spreader bar, 
a device used to keep the cords uniformly separated while being 
fed to the calender. Because of this, the fabric In spots either 
stretched or bunched up, necessitating a fairly high scrapping 
of materials In subsequent bias cutting operations. While this 
scrappage directly effects any potential cost reductions, the 
synthetic material Itself was not the causo of the problem. Th.e 
C-9 material processed quite acceptably, Indicating that It would 
be readily used In high speed, calender operations without any 
additional compound Ingredient adjustments to Improve this 
characteristic. 

C-9 material was used to calender tire cord fabric (Inner plies, 
outer piles and tread reinforcing plies) and gum strips (all rubber, 
no fabric). The table below summarizes the various widths, gages 
and lengths produced In these operations, along with the total 
weights of these materials. In all cases, a three roll calender 
was used, with the following roll temperatures, measured with a 
surface pyrometer: 

Top Roll : 180® 
Middle Roll: 175® 
Bottom Rol 1: 130® 

185®F 
185®F 
132®F 

All materials were calendered onto smooth 6 mil polyethylene film 
for shipment. 
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FORMULA C-9 CALENDERED ITEMS 

,3*7 iiili 

Item Description Gage, In. 

1. Fabric, 840/2 
Nylon, 34 epl 0.028 

2. Fabric, 840/2 
Nylon, 24 epl 0.038 

Width. In. 

50 

50 

Length, vd. Weight. Ib. 

500 1819 

50 247 

3. Gum Stocks 

a. 012-030 
b. 012-080 
c. 012-100 
d. 012-140 
e. 012-180 
f. 012-200 
g. 012-020 

. 0.030 
0.080 
0.100 
0.140 
0.180 
0.200 
0.020 

3 
8 

10 
14 
18 
20 

1.5 

73 
73 
50 
50 
46 
46 

720 

6.8 
17.8 
13.5 
18.8 
21.8 
23.8 
40.6 

2. Tread Formula TH-10 

This material handled very well on the calender, duplicating the 
processlblIIty of formula C-9 exactly. Calender temperatures used 
when calendering TH-10 materials were the same as those used for 
C-9. Based on processing observations for this material, It was 
concluded that TH-10 would be readily used In high speed calendering 
operations In the factory. 

Since tread materials for the 30x8.8 test articles require the use 
of tread-reinforcing fabric, TH-10 was calendered onto tire cord 
as well as being calendered Into the ncessary gum stock tread and 
sidewall materials. The table below summarizes the Items produced 
In the calendering operation for use In the manufacturing of test 
articles. The three roll calender was used for all Items, and 
finished materials were rolled onto smooth 6 mil polyethylene film 
for shipment. 
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FORMULA TH-10 CALENDERED ITEMS 

Item Description Gage, In. 

1. Fabric,.840/2 
Nylon, 18 epl 0.040 

2. Fabric, 840/2 
Nylon, 18 epl 0.042 

3. Gum Stocks 

a. 320-020 0.020 
b. 330-020 . 0.030 
c. 330-050 0.030 
d. 330-072 0.030 
t. 330-201 . 0.030 
f. 540-040 0.040 
g. 560-060 0.060 
h. 510-162 0.110 
I. 510-180 0.110 
J. 510-192 0.110 

Width. In. Length, vd. Weight. Ib. 

50 100 521 

50 50 528 

10.5 
2.06 

5 
7.63 

• 20.38 
9 
7 

16.5 
16.12 
19.63 

200 
•50 
70 
70 
70 
40 
40 
33 
33 
35 

22.1 
7.5 
18.5 

22 
74.8 
25.8 
26.1 
88.3 
97.5 
116 

3. Inner liner Formula L-7 

This material processed easily on the calender and warm-up mills. 
Overall rating of Its processability was equal to that of formula 
C-9. Calender temperatures used for this material were equivalent 
to those Indicated for C-9. While the 1-7 material was calendered 
separately In this Task, the observations of Its processability 
and green tack indicated that the material would have been 
suitable for calendering hot onto the Inner carcass fabric ply. 
This technique Is often used In the industry as a cost savings 
technique. The calendering properties of the L-7 material 
indicated that this material would be suitable for use In high 
speed calendering operations. 

The table below summarizes the gum rubber Items produced using 
the L-7 formula. 

FORMULA L-7 CALENDERED ITEMS 

Item Description Gage. In. 

1. Gum Stocks 

a. 080-203 0.080 
b. 080-421 0.080 

wtrtttuJn.. 

20.75 
42.25 

Length, vd. Weight, lb. 

42 101 
40 ., 197 
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4. Bead Wrap/Chafer/FIîpper Formula BW-7 

This material was frlctloned onto square woven, wlck-proof nylon 
fabric for use as a chafer, and onto square rayon fabric for use 
as bead wrap fabric and flipper. Owing to the small quantities 
of bead wrap, flipper and chafer fabric that were required for 
the test articles, only small quantities of the BW-7 material 
were prepared. 

Frlctlonlng of BW-7 on the calender was rated as excellent. The 
stock had sufficient release from the rolls and adequate strike 
through characteristics to provide well-coated fabric. After 
frlctlonlng the small quantities of materials needed for the 
test articles, the fabric was silt to width on a Cameron slitter. 
This operation was easily performed, giving the following Items 
of finished materials. 

FORMULA BW-7 FRICTIONED ITEMS 
0 

Item Description Gage, In. 

1. Rayon, .015 ga., 
woven to .031 
ga. 0.030 

2. Rayon, .015 ga., 
woven to .031 
ga. 0.030 

3. Rayon, .015 ga., 
woven to .031 
ga. 0.030 

4. Nylon, .010 ga., 
woven to .022 
ga. 0.030 

Width. In. 

6.5 

7.8 

1 

5.25 

Length, vd. 

100 yd. 

125 yd. 

400 yd. 

50 yd. 

Weight, Lb. 

50.8 lb. 

76.0 lb. 

31.2 lb. 

20.5 lb. 

% 

5. Nylon, 0.10 ga., 
woven to .022 
ga. 0.030 6.75 70 yd. 36.8 lb. 
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TASK 3: EVALUATION OF BEAD CONSTRUCTION OPERATIONS 

An ©valuation was made In this Task of the manufacture of tire 
beads using the synthetic rubber materials. Formula BN-4 was 
used In the extrusion of Insulated bead wire. The bead bundles 
were wrapped with square woven fabric that was frlctloned with 
formula BW-7. The filler strip, extruded using formula F-5, 
was applied to the bead bundle, which then was flipped with 
square woven fabric that was frlctloned with formula BW-7. 
The manufacture of beads was subcontracted to Schenu(t Industries, 
who then used the beads In the manufacture of test articles. 

Beads for both tire sizes were very readily manufactured, Indicating 
that the materials used were satisfactory In all respects in the 
green (unvuI can I zed) state. The frlctloned materials had sufficient 
building tack and green strength to assure uniform beads during a 
long production run. The extruded materials also processed well, 
and gave good adhesion between components during the bul Id-up 

of beads. 

The chafer fabric was not used until a later Task, as It Is applied 
to the tire as one of the last steps of tire manufacture. 

With respect to potential cost reductloi,-, It appeared that the 
synthetic materials would lend themselves well to highly automated 
bead wrapping operation;. The bead operations In current use by 
the subcontractor were not of this type, however our observatlor.s 
of the characteristics of the synthetic materials Indicated that 
they would be suitable for the automated wrapping and flipping machines 
used for other kinds of high volume production beads. 

TASK 4: EVALUATION OF SIDEWALL EXTRUSION OPERATIONS 

The extrusion characteristics of formula TH-10, used for tire sidewalls 
as well as tire treads, were evaluated In this Task. Since only enough 
sidewall material was extruded for the test articles, It is difficult 
to state conclusively that this evaluation was thorough In all respects. 
However, sufficient Information was obtained to Indicate trends for the 
synthetic materials. Such trends are detailed below. 
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Based on "tlie Mooney Viscosity (ML-4 at 212 F) of the TH-10 material 
used, the extrusion rate of the material was excellent for this brief 
run. The stock plasticity was slightly low for formulas of this type. 
Low plasticity will give generally lower extrusion temperatures and 
high extrusion rates. The material handled well on the warm-up mills 
and extruder conveyor system. Recycled trimmings were put back on the 
feed mills, with only a slight adverse effect on the extrusion rate 
and extrusion appearance. Stock shrinkage after the extruder was 
minimal, giving good control of dimensions. # AM materials extruded 
In this Task were within dimensional tolerances. 

On a full scale production basis, the trends noted In this Task would 
give the following beneficial characteristics, compared to similar 
natural rubber materials: 

1. Generally closer dimensional control. 
2. Slightly lower extrusion temperatures. 
3. Slightly faster extrusion rates. 

The effect of continuously recycling trimmings may hinder the extrusion 
operation, as the synthetic polylsoprene has somewhat Inferior characteristics 
to natural rubber In this respect. 

TASK 5: EVALUATION OF BIAS-CUTTING OPERATIONS 

This Task provided fo- the evaluation of the handling characteristics of 
tire cord calendered with formula C-9, during factory-scale bias-cutting 
operations. The main characteristic evaluated was the ability of the 
C-9 materials to make and maintain adequate splices. Other features 
evaluated Included the release of materials from liners, polyethylene 
film In this Instance, the strength of the calendered sheet during 
bias cutting, and any observed Improvements offered by the C-9 material 
which might result In cost reductions for this operation. 

The bias cutting of the tire cord fabric was performed at Schenult 
Industries under subcontract, under the direction of a Thompson Project 
Engineer. The actual fabric bias angles and widths used In this Task 
were proprietary to Schenult fndustrles, and thus are not detailed here. 
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Because of the relatively small quantities of calendered fabric 
required for tho test articles, the C-9/tlre cord materials were 
calendered onto expendable polyethylene film In Task 2, rather than 
Into reusable fabric liners. Such film has much more adhesion to 
rubber than does a fabric liner. Thus It was observed In this 
Task that tho film adhered to the C-9 rubber such that film release 
was somewhat of a problem. The film at tho edges of cut fabric had 
to be peeled back to expose sufficient rubber to make the splices. 

Owing to calendering problems discussed under the formula C-9 portion 
of Task 2, some excess scrappage of tire cord fabric was encountered 
In this Task. While- the fabric handled well In the bias-cutting 
operation Itself, the uneven cord count at the eciyes of the fabric 
necessitated extra Inspection and pulling the selvege off the edges 
of bias strips prior to splicing the strips together. 

The splicing of cut strips was excellent. The C-9 material had 
sufficient tack to provide a good Initial three cord overlap from 
one strip to the next. Also, the material had sufficient green 
strength to maintain the splices Intact during wind-up. 

Based on these observations, It can be concluded that the synthetic 
rubber/fabric malerials were essentially equal io similar natural 
rubber/fabric materials with respect to bias-cutting and splicing 
of strips. The only problem area, adhesion of the C-9 material to 
the expendable film, would be corrected during normal factory operations 
by using fabric liners that would give better release. 

TASK 6: EVALUAT IOf OF BAND BUILDING OPERATIONS OR BUILD-UP FROM A TURRET 

This Task provided an evaluatlor of the manufacturing process used 
to build bands of fabric plies for use later In the actual tire 
fabrication. The subcontractor currently uses the band building 
method for tire fabrication for each of the two sizes of test articles. 
Thus only this system was evaluated In this Task. 

The turret building method of tire fabrication involves the direct 
placement of subsequent piles on the building drum, with ply let-off 
from a rotating turret above the drum. The band building method 
Involves preparation of bands of two or three piles In a separate 
operation prior to actual tire fabrication, then spinning the bands 
together, one on top of another, on the tire building drum, to form 
the tire carcass. Both methods are In successful use In the Industry 
for fabrication of aircraft tires. 
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The band building method consists of a drum around which Individual 
piles of bias-cut tire cord fabric are placed, a stitching devise 
for making splices, and a pressure roll for stitching piles together 
and for eliminating air trapped between plies. This method also 
allows for the application of gum strips and squeegees between piles, 
as detailed by a given tire specification. Once the bands are 
completed, they are removed from the drum and transferred to the 
tire building operation, 

i 
For the tires In this program, bands consisted of two fabric plies. 
The Innermost band contained the calendered Innerllner (formula L-7). 
Outer bands contained squeegees and gum strips, as required by the 
proprietary tire specifications of the subcontractor.* 

The only problem encountered with the synthetic rubber materials 
was the release of the polyethylene film from the rubber surface. 
This problem and a potential solution were explained In a previous 
Task. The extra surface tack of the rubber materials hindered the 
handling of bands somewhat after building, but this was not significant 
to the operation. The band splices were made using three cord 
overlaps, and all splices held together very well. There was no 
evidence of looseness of plies In the bands. No solvent freshening 
of ply surfaces was required during band préparation. 

The conclusion reached from work In this Task was that the synthetic . 
rubber materiaIe were quite acceptable for preparation of bands for 
use In the fabrication of aircraft tire carcasses. The use of 
fabric liners for storing and shipping carcass materials would 
probably eliminate the only handling problem of these materials, 
that of excess surface tack resulting from the use of polyethylene 
IIners. 

The details of cord angles, band widths, and other construction features 
observed during this Task are proprietary to the subcontractor, and 
thus are not given here. 
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TASK 7: EVALUATION OF TIRE BUILDING PROPERTIES 

This most Importan! Task of the program Included a thorough evaluation 
of the characteristics of all synthetic rubber materials during the 
building of aircraft tires. The evaluations completed up to this 
Task had Indicated that these new materials had processing characteristics 
very similar to all-natural rubber materials. Thus It was anticipated 
that the evaluation In this Task would indicate that these materials 
would be successful during tire fabrication operations. However, 
until piles are actually turned up around the beads and stitched, ard 
until the bagging operation Is complete and the tire has been 
successfully placed in the curing mold with no evidence of loosening 
of the beads and ply. turn-ups, any new tire material.cannot be 
considered to be successful In tire manufacturing. 

All of the new synthetic rubber materials were found to be successful 
during this evaluation. Inspection of the bead assemblies and bands 
prior to tire building Indicated that there was no looseness or 
reparations In these Items. AM materials had sufflclenf lack for 
tiro fabrication. Because of the experimental nature of these tires, 
extra care was taken by the tire builders in each stage of the operation. 

Bands were successfully spun Into position on the tire drum. Using 
paraffin wax to provide lubrication between bands, a common Industry 
practise, successive bands were spun onto the drum quite rapidly and 
easily. Beads were positioned by hand, and had sufficient tack to 
remain In place during ply turn-up. It was found during power stitching 
of the turn-ups that less stitching pressure was required, since the 
normal stitching pressure tended to tear and damage the ply coat stock, 
formula C-9. This condition was undoubtedly related to the relatively 
low green elongation of the synthetic polyisoprene compared to na'™1'31 
rubber. Once this adjustment was made to the power stitcher, satisfactory 
turn-ups were made for all tires. Hand stitching did not cause any 
problems. 

Tread, sidewalls and bead chafers adhered well to one another during 
building, as well as to the green tire carcass plies. Removal of the 
first tire completed, a 30x«3.8, gave some release problem from the 
collapsable drum but provided direction for easier removal of 
subsequent tires. Paraffin wax was used subsequently on the drum surface 
prior to tire building, and an adjustment was made -In the amount of 
drum tire cement that was used around the bead areas. 

Each green tire was wrapped In polyethylene film to insure that it was 
kept clean during transfer to the curing operation. 



Tire building a 1 m ons wore difficult to anticipate, based 
on the évaluât loi ei J In this Task. The characteristics of 
the synthetic' rubL., materials Indicated that there would probably 
be no significant additional tire building costs, as compared to 
building costs for similar natural rubber materials. Also, there 
would be no increase In scrap rate for all-synthetic rubber green 
tires due to loose beads, loose turn-ups, or ply separations. This 
In Itself Is significant In tire manufacture. 

The tires built In this Task were assigned the following experimental 
serial numbers: 

30 X 8.8 22PR Size: Five Test Articles 

S/N 5421A-1; 5421A-2; 5421A-3; 5421A-4; 5421A-5 

49 X 17 26PR Size; Three Test Articles 

S/N 5421B-1; 542IB-2; 542IB-3 

These serial numbers will be used for reference In subsequent Tasks, 
for description of specific observations for each particular test 
article. The photographs of each vulcanized tire are shown below, 
to Illustrate the appearance of the test articles. 

TASK 8: EVALUATION OF TIRE VULCANIZATION 

Data from Phase II, Task 5 for time-temperature cure rates for each 
synthetic material v/ere used In this Task In establishing the cure 
parameters for the synthetic rubber test articles. Also, cure cut ves 
for each material were made using a Monsanto Oscillating Disk Rheometer. 
After determining the optimum state of cure for each material, this 
Information was used by the subcontractor for comparison to similar 
curves for his own materials currently In use for these tire sizes. 
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This comparison gave sufficient Information for the minor adjustments 
In cure times and temperatures that were needed for the synthetic rubber- 
test articles, without using the costly procedure of placing thermocoupl 
wires throughout the tire and making temperature measurements during 
the cure of the first test article of each size. Thus there was no 
need to dissect and analyze the check tire for each size, as the cure 
conditions required for the synthetic rubber tires were In fact nearly 
Identical to those already In use by the subcontractor. 

The 30x8.8 22PR test articles were cured In a bladder-type press, using 
the production mold of the subcontractor. This mold had seven rather 
narrow grooves, two narrow shoulder ribs, six running ribs and the 
wear depth Indicators required by USAF for this tire size. The mold 
Skid depth was 0.22 Inches. The green tires were Inspected prior to 
being placed In the curing press,and were found to be intact with 
respect to ply turn-ups and beads. The synthetic materials showed 
no loss of green adhesion between tire components, Indicating that 
the materials were at least equivalent to natural rubber materials 
In this respect. 

The 49x17 26PR test articles were cured In a bag-type dome press, 
using the subcontractor’s production mold. This mold had nine wide 
grooves (seven of 0.30 inch mold skid dapth and two outer grooves 
of 0.20 Inch mold skid depth), eight running ribs and two rounded 
shoulder ribs. The center running ribs were slightly narrower than 
were the other running ribs. The green tires were Inspected before 
and after Installation of the curing bag, and were found to be 
Intact In all respects. The green tire was formed for a minimum 
of six hours on the bag prior to cure, wlth-no resulting loosening 
of turn-ups. 

Following curing, the test articles were thoroughly Inspected, trimmed 
and balanced by the subcontractor, using normal factory methods. The 
rigorous Inspections revealed no evidence of significant defects of 
any kind, other than a surface blemish on the sidewall of one 49x17 
26PR tire (S/N 5421B-1). This tire was veneered successfully in a 
subsequent operation, as shown In the photograph in Task 7. 



TASK 9: TIRE TESTING PROGRAM 

The test articles produced In previous Tasks wore subjected to dynamic 
qualification tests In this Task. Four of the 30x8.8 ?2PR test 
articles and two of the 49x17 26PP test articles were Tested af the 
Undercarriage Laboratory of the Fllghf Dynamics Laboratory, 
Wright-Patterson Air Force Base. A Thompson engineer was present 
during all tests, to monitor test progress and observe any 
problems that developed during this work. 

The dynamic test parameters used for these tests were taken from 
the following USAF Drawings: 

1. 49x17 26PR : Drawing 60D2561J 
2. 30x8.8 22PR: Drawing 60D90767J 

The 30x8.8 tests were conducted using the 84 Inch dlameter-flywheel 
dynamometer. The 120 Inch diameter-flywheel dynamometer was used 
for the 49x17 tesis. The test articles were assumed to be uniform, 
tire to tire for a given size, so no effort was made to test the 
tires In numerical order. 

Test results are ddalled below. The dynamic tesf data sheets for 
each tire are attached at the end of this Task. 

In summary, the test results Indicated that the synthetic rubber 
materials were sound under dynamic test conditions. There was no 
evidence of failure In bead and casing areas of the tire. The tread 
area of the 49x17 26PR test articles rematnôd sound In all respects 
except for the development of minor groove cracks In all grooves. 
This condition was considered typical for the particular tread formula 
used, as the sulfur-donor cure system does not have good resistance 
to groove cracking, even In natural rubber materials. 

The tread area of the 30x8.8 22PR test articles had numerous chunks 
of tread lost during testing, down to the outermost ply of tread 
reinforcing fabric. This occurred primarily on the center ribs. 
A tread design change, In which the tread reinforcing fabric would be 
positioned differently In the ribs, would probably offset the tread 
chunking at rib edges. Using larger radii for grodves and rib edges 
would also help to ellm nate this problem. Tread chunking occurs with 
test tires made with natural rubber materials If these two parameters 
of fabric placement and rib and groove shapes are not carefully designed. 



To evaluate a different rib shape, the edges of the center ribs of one 
tire were sanded off prior 1o testing (S/N 5421-A-1). Rib undercutting 
occurred on this tire also, near the end of the 25 1axi-take off cy^ cs» 
but to a lesser extent than on previous tiros. The appearance of this 
test article at the end of the test was quite similar to that of the 
first article tested (S/N 5/I21-A-3), since the ribs rapidly undercut 
all the way around the fire following the initiation of the first 
area of undercutting. 

Details of results for each test article follow. 

Test Article: 30x8.8 22PR 

' Serial Number 5421A-.3: 

This test article completed 25 taxi-take off (A) cycles and 12 landing- 
taxi (B) cycles when the test was stopped. Numerous small cracks occurred 
In the two center ribs beginning on the fourth A cycle. These cracks 
developed in size until tread chunks occurred on the eighteenth A cycle. 
Then the ribs undercut along the outermost tread fabric ply, resulting 
In appreciable loss of ribs. 

On the last A cycle, a small blister developed on one shoulder. This 
grew to the size of an egg by the twelvth B cycle, at which point the 
test was stopped to avoid destruction of the tread. The blister 
developed due to lack of vents in the shoulder area of this tire, and 
was located between the tread reinforcing plies and the outermost casing 
ply. This condition did not develop on anyof the other test articles. 

Serial Number 5421A-4: 

This test article completed only three A cycles, at which time the tread 
area was badly chunked out. The dynamometer flywheel surface was eft 
quite dirty from the previous tire test. This gummy deposit usually is 
removed as necessary during tests, however the cleaning was overlooked 
prior to the start of this test. The test was stopped as soon as the 
flywheel condition was observed by supervisors at the test facility, and 
upon agreement with the Thompson engineer present at the facility. 
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Serial Number 5471A-Í): 

The edges of the two center ribs of the tread of this test article 
were sanded off prior testing. The test ai¡lele completed all 
taxi-take off, landing-taxi and camber taxi tests. Except for the 
loss of rubber of the two center tread ribs, the tire finished the 
test requirements successfully. A number- of small cracks developed 
during the fourth A cycle, that grew Info rib undercuts at the 
twentieth A cycle. From that point on, portions of the two ribs 
wore lost in successive cycles to the extent of 180° of the 
circumference of onef center rib, and 240° of the other center rib. 
All other portions of the tire remained intact and sound. 

Serial Number 5421A-1; 

The edges of the two center ribs of the tread of this test article were 
sanded off prior to testing. The test article completed all taxi-take 
off, landing-taxi, and camber taxi tests. Results were almost Indentlcal 
to those for 5421A-5. Total loss of rubber In the center ribs was 
slightly I ess, however the cracks, chunks and rib undercuts appeared 
at the same points during the test spectrum. 

Based on the tes4- results obtained with these four test articles, It 
appeared that the test of the fifth test article (S/N 5471A-2) would • 
not give any new, significant data. Thus it was agreed with the USAF 
project engineer that testing for this tire size would be halted at this 
point in the project. The attached photos Hlústrate typical tread 
appearance for each test article at the conclusion of testing. 
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1er/l Article:_49x17 26PR 

Serial Number S4?1B-2: 

This 1es1 article completed all test cycles successfully. The 
test spectrum included 75 laxi-take off (A) cycles, 7.) landing- 
taxi (B) cycles, 10 long taxi (C) cycles, and 60 camber taxi 
(D) cycles. 

The only sign of any problem with this tire occurred in the grooves, 
where minor groove cracking occurred in all grooves. The groove 
cracks developed during the A cycles, and did not change in depfh 
or length in subsequent cycles. Iho largest crack was 1 inch long 
by 0.1?5 inchs wide (inflafed tire) by 0.22 inches deep. The 
typical crack was 0.2 inches by 0.05 inches by 0.03 inches deep. 
Also, the cracks occurred primarily in the outer grooves, as shown 
in the photos. 

The rest of the test article remained intact and sound in all respects, 
indicating that each of the several synthetic rubber materials had 
more than adequate performance under the dynamic test conditions. The 
test article thus could be considered to be qualified according to the 
USAF specifications for new aircraft tires. 

Seri a I Number 5421B-3: 

This test article was tested under the same dynamic spectrum as the 
542IB-2 test article. The two tests were conducted simultaneously, 
to make the best use of available dynamometer test time. 

Groove cracks developed on this tire early in the A cycles, as they 
had on the 5421B-2 test article. The test was stopped during the 
36th B cycle when the test wheel failed due to flange fatigue. Tne 
wheel failure damaged the beads to such an extent that the tire could 
not be’remounted. The extent of this damage is shown in the photos. 
Several of the bead cuts penetrated to the bead wire. 

Since one test article had successfully completed all dynamic tests, 
and the second test article appeared to be sound up to the point of_ 
the wheel failure incident. It was agreed with the USAF project engineer 
that no further testing of this tire size should be undertaken. The 
attached photos illustrate the tread and bead area appearances of each 
test article at the conclusion of testing. 
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APPENDIX I 

PHASE II 

TIRE CONSTRUCTION DETAILS 



'IA6U- l.V AIRCRAFT TIRE CONSTRUCTION SPECIFICATION 30 x 8.8 

AIRCRAFT TIRE CONST RUCH ON SPECIFICATION 

SIZE 30 x 8.8 * CURED GAGES BEAD TIE-IN 

TYPE VII, TL TREAD € 0.29 

PLY RATING 22 TOTAL * 0.64) 

PLY ACTUAL to TRD SHLDR 0.39 
TREAD TYPE FAB RE INF TOT SHLDR 0.95 

SKID DEPTH 0.22 SIDEWALL 0.64 

BEAD DIAM 15 INCH BEAD WIDTH 1.96 PLIES: 2-2-2-2-2 

BLDG DRUM 7" CROWN-SEE FIG 5 DRUM WIDTH 12.2 

BEAD SET RING DIAM WIRE DIAM ASSEMBLY APEX FLIPPER 

IsT 13.14 15.30 A A A 

2nd 15.30 15.46 B B B 

3rd ' / V 1 

SEE'TABLE LVI FOR MATERIAL AND CONSTRUCTION DETAILS 

PLIES V 3,4 5,6 7,8 9,10 ft/h FT ¿7 

MATERIAL A A A A B c c 
WIDTH 26.25 24.25 26.50 24.25 25.0 8.5 7.75 

LENGTH 63.5 63.3 64.3 64.1 66.0 68.2 68.2 

ANGLE 52 52 5? 52 51.5 51L 51R 

OFFSET 0.75 0.5 0.75 0.75 EVEN CTR CTR 

ENDING 3.5 2.5 TOE 

SEE TABLE LVI1 3 FOR MATERIAL AND LAYUP OF PLIES 

CHAFER SINGLE PLY - SEE FIGURE 3 FOR MATERIAL AND LAYUP 

WIDTH 4.5 LENGTH 49.0 SET 18.0 END TURNUP 

SIDEWALL EXTRUDED TO CONTOUR-SEE FIG 4 FOR MAT’L AND CONTOUR 

•MOTH 5.0 LENGTH 57.0 SET 4.75 END 16.5 

TREAD EXTRUDED TO CONTOUR-SEE F'G T FOP MAT’L AND CONTOUR 

WIDTH 10.5 LENGTH 72.3 cus: IG,: WIDTH 9.0 GAGE .020 

BUILDING INSTRUCTIONS! CALCUlAiT WEIGHT 67.. 1 LBS_ 

PRE-SHAPING PRIOR TO CURE CURE: TO BE DETERMINED 

AIRBAG 
CURE ,1 @25 PSI MOLD SEE FIGURE. 5 _ 
PLAUDIT! 
CURE WXTbT RINGS _SEE FIGURE .5_ 

i., < L ■ • 

SFE TABLE LIX-^ TOR CURING EQUimENT CONTOURS AND INSTRUCTIONS 

w 
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TABLf; LVI BtA'J MATOJAL AN J CONSVRUCT ION Dt' AILS ':0 x 8.8 

BCAU MATERIAL AND CONSTRUCTION DLTAILS 

BEAD WIRE HIGH TENSILE STEEL WIRF, 0.0:í6 DIAM. ANNEALED, BRASS 
COATED, INSULATED TO 0.066 DIAMETER, OR 0.0^0 CUM BETWEEN WIRES. 

? Sjl AT ION COMPOUND BN EXTRUDED 

BEAD WRAP RAYON 0.015 GAGE, SQUARE WOVEN TO 0.031 GAGE, FRICTION 

COAT, CUT TO 0.5 INCH WIDE STRIPS, SPIRAL WIND AROUND BEAD BUNDLE, 
BUTT-TO 1/16 GAP BETWEEN TURNS, COMPOUND BW 

APIX.JLIB1II COMPOUND FF EXTRUDED, APPLY NARROW SIDE TO TOP OF 

WRAPPED BEAD BUNDLE. 

:LIPPER| NYLON 840/2 @ 0.021 GAGE, 26 EPI, EVEN COAT BOTH SIDES TO 
T0 0.Õ31 GAGE, COMPOUND BW. BIAS CUT TO 60%GUM STRIP EDGES WITH 
0.8 WIDE X 0.020 GAGE, COMPOUND BW. 

FLIPPER SET WIDTH 

A 1.5 4.0 

B 2.0 5.0 

C 

BEA 0 ASSEf 4BLY 

BEAD HEIGHT WIDTH 

A 13 10 

B 16 10 

C 

BEAD IKSLBIS. 

FLIPPER LAYUP: 

j^i 

~ L jttLIMl. u- ser —• 

. 

WIBTH 

BEAD ASSEMBLY: 

CASING SIDE 

_ COMPOUND CC, 0.30 WIDE x 0.100 GAGE, APPLY STRIP 
IN GROOVE BETWEEN TURNED UP PLIES BEFORE LAST BAND IS TURNED DOWN 
AND TRIMMED AT TOE OF 1st BEAD. 
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TABLE LVII FABRIC MATERIAL AND CCNSTRUCT ION DETAILS 

FABRIC MA1FRIAL AND CONSTRUCTION DETAILS 

I MAT’L CORD 
• 

EPI GAGE COAT 

1 A 1260/3 32 .038 EVEN 

1 B . 1260/3 26 .038 EVEN 

1 C 
1260/3 26 .038 EVEN 

CASING COMPOUND CC 

I10CATION COMPOUND GAGE WIDTH 

|BOT 1st LL .040 21.0 

1 " 1st LL .040 20.0 

1 TOP 1-4 CC .008 14.0 

" 5-8 
h .015 13.0 

1 " 9 
h .015 12.0 

1 BOT FTifil h .060 9.2 

Itop FT#1 •i .020 8.7 

[GUM STRIP h .020 1.5 

>]OTF : SQUEEGEE ON PLIES CALENDERED HOT. 
LINER BOTTOM 1st PLY APPLIED HOT IN TWO 
PASSES. SET FIRST LAYER 2.5 INCH FROM 
EDGE OF PLY, CENTER SECOND LAYER ON 
FIRST. OFFSET 2nd PLY FROM SAME EDGE 

gum STRIPS ARE APPLIED TO EDGES OF PLIES 
WHEN BUILT INTO BANDS 

CASING BAND LAYUP: (2 PLIES) SOUttPte, 

rjërl Z Z Z.ZZ 2 Z l-VI ~ --.--- ---5 

- SIT “♦I 

TUBELESS LINER (BOTTOM 1st PLY ONLY) 

GUM »TRIP 

FABRIC TREAD BAND LAYUP: 

__ 

CHAFER SINGLE PLY, MONOFILAMENT NYLON 0.015 GAGE, SQUARE WOVEN 
TO 0.31GAGE, CALENDERED WITH COMPOUND BW TO .042 GAGE, UNBALANCED, 
HEAVY SIDE TO CASING, BIAS CUT TO 45° ANGLE, EDGE GUM STRIP 0.8 
WIDE X 0.020 GAGE, COMPOUND BW. 

CHAFER LAYUP: CASING SIDE SET THIS EDGE 

o.ft 
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TABLE LVIH EXTRUDED TREAD AND SIDEWALL DETAILS 30 x 8,8 



*11® 

TABLE LIX BUILDING AND CURING EQUIPMENT 30 x 8.8 

BUILDING AND CURING EQUIPMENT 

BUII-P.ING,DRUM. COLCaPSJDLE, METAL, 7” CROWN 

8 

STANDARD 30x8.8 MOLD DESIGNED TO MEET SPECIFICATIOI' 

OP AF DRAWING NUMBER 600 90767 

CURING MOLD 

MOLD RINGS MUST MATE CURING MOLD 



TABLE L'. AIRCRAFT 1 IRE CONSTRUCTION SPEC IE I CAT ION 49 X 17 

! AIRCRAET TIRE. CONSTRUCTION SPECIFICATION 

1 ÇI7P 49x17 CURED GAGES BEAD TIE-IN 

I TYPE VII TL TREAD L .43 

//// 1 PLY RATING 26 TOTAL L 1.19 

I PLY ACTUAL 10 TRD SHLDR .73 

I TREAD TYPE FAB RE INF TOT SHLDR 1.49 

[ SKID DEPTH .33 SIDEWALL .86 

¡ BEAD DIAM 70 INCH DEAD WIDTH 2.49 PLIES: 3,3,2,2 

J BLDG DRUM 8” CROWN-SEE FIG 10 DRUM WIDTH 29.5 

1 DEAD SET RING DIAM WIRE DIAM ASSEMBLY APEX FLIPPER 

I 1st 20.00 20.22 A A A 

I 2nd 20.20 20.36 B B B 

1 3rd 20'. 26 
1 ** \ 

20.42 C C C 

j SEE TABLE LXI 7 FOR MATERIAL AND CONSTRUCTION DETAILS 

I PLIES 1-3 4-6 7,8 9,10 FTiM FT# 2 

I MATERIAL A A A B C C 

I WIDTH 13.25 44.4 10.75 42.75 18.75 17.5 
• 

I LENGTH 50.6 82.0 52.9 83.4 87.5 87.5 

1 ANGLE 61 i 61± 61 61 60 60 

I OFFSET 0.75 0.75 1.0 EVEN CTR CTR 

I ENDING 2.5 3.75. 6.0 TOE 

1 ÇFF TABLE 1X11*8 FOR MATERIAL AND LAYUP OF PLIES 

1 CHAFER [ 2 PLY - SEE FIGURE ( FOR MATERIAL AND LAYUP 

I WIDTH I 5.7 1 LENGTH 1 67.5 SET j 24.0 1 END [TURNUP 

I SIDEWALL 1 EXTRUDED TO CONTOUR-SEE FIG 9 FOR MAT1L AND CONTOUR 

I WIDTH I 10.5 1 LENGTH J 74.5 1 SET .1 9.5 1 END 1 21.5 

ITREAD I EXTRUDED TO CONTOUR-SEE FIG 9 FOR MAT1L AND C ONTOUR ' 

[WIDTH 1 21.0 1 LENGTH | 90.0 CUSHION WIDTH 1 19.3 GAGE j.020 

[BUILDING INSTRUCTIONS: CALCULATED- WEIGHT 191.3 

¡PRE SHAPING PRIOR TO CURE CURE: TO BE DETERMINED 

12 HRS § 25 PSI MOLD SEE FIGURE 10 

fFCADDER- 
I CURE 

‘ PAUSE 5 MIN 
ñ 18 IN OPEN RINGS SEE FIGURE 10 

SEE TAE ILE LXIV IO FOR CURING EQUIPMENT CONTOURS AND INSTRUCTIONS 

1 
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t ' 
TABLE LX I F3EAD MATERIAL AND CONSTRUCTION DETAILS 49 X 17 

BEAD MATERIAL AND CONSTRUCTION DETAILS 

BEAD WIRE HIGH TENSILE STEEL WIRE, 0.036 DIAM. ANNEALED BRASS 

COATED, INSULATED TO 0.066 DIAMETER, OR 0.030 GUM BETWEEN WIRES 

;lad insulation! COMPOUND bn EXTRUDED 

BEAD WRAP RAYON 0.015 GAGE, SQUARE WOVEN TO 0.031 GAGE, FRICTION 

COAT, CUT TO 0.5 INCH WIDE STRIPS, SPIRAL WIND AROUND BEAD BUNDLE, 
BUTT TO 1/16 GAP BETWEEN TURNS, COMPOUND BW 

APEX STRIP 
OF WRAPPED BUNDLE 

COMPOUND FF EXTRUDED, APPLY NARROW SIDE TO TOP 

FIIPPFRl NYLON 840/2 § 0.021 GAGE, 26 EPI, EVEN COAT BOTH SIDES 
TO 0.031 GAGE, COMPOUND BW, BIAS CUT TO 60°L, ■...UM STRIP EDGES WITH 
0.8 WIDE X 0.020 GAGE, COMPOUND BW 

FLIPPER 

B 

;et 

2.5 

2.8 

3.5 

WIDTH 

6.0 

6.8 

7.8 

FLIPPER LAYUP: 

III ill*" 8IT 
if 1.41... 

SET EDGE 

L 
■WIDTH 

BEALL 

B 

BEAD ASSEMBLY BEAD ASSEMBLY: 

iil'JGÜI. 
12 

14 

16 

iLiniH. 
8 CASING SIDE 

8 

mjm. 

BEAD INSERTS COMPOUND CC 0.30 WIDE x 0.100 GAGE, APPLY STRIP IN 

GROOVES BETWEEN TURNED UP PLIES BEFORE LAST BAND IS TURNED DOWN AND 
TRIMMED AT TOE OF 1st BEAD. 
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TAr Lr LX 11 FABRIC ATERIAIS AND CONSTRUCr ION DIH AILS 49 X 17 

FABRIC MATF.RI AL AMD CONSTRUC i ION Dr.TA ! I S 

I MAT'L CORD EPI GAGfc ...SSAL 

1 A 1260/3 32 .038 EVEN 

1 B 1260/3 26 

C
C

 

o
. EVEN 

1 c 1260/3 26 .038 EVEN 

CASING COMPOUND CC 

I LOCATION COMPOUND GAGE WIDTH 

|BOT 1st LL .040 38.5 

I " 1st LL .040 38.0 

ITOP 1-3 CC .008 32.0 

J " ¡4-6 ft .015 30.0 

I " 7,8 
ft .015 28.0 

1 " 9 » .030 26.0 

IbOT FTf 1 •i .060 19.5 

(top FT#1 h .020 19.0 

(lUM STRIPS If .020 1.5 

NOTE: SQUEEGEE ON PLIES IS CALENDERED 
HOT, LINER BOTTOM 1st PLY APPLIED HOT 

IN TWO PASSES. SET FIRST LAYER 3.25 
INCH FROM EDGE OFF PLY, CENTER SECOND 
LAYER ON FIRST, OFFSET 2nd AND 3rd 
PLIES FROM SAME'EU3E. 

GUM STRIPS ARE APPLIED TO EDGES OF 
PLIES WHEN BUILT INTO BANDS 

CASING BAND LAYUP: 

(3 PLY BAND) 

(2 PLY BAND) 

p—**T - 

.9»* ¢181.¾__ . I - - . ^ —- - •- -- -—?■) 
■ iTTT---~-Ç - -£H3 

füftRLtss LiNgw Cist owlvP 

FABRIC TREAD BAND LAYUP: 

CHAFER 2 PLY MONOFILAMENT NYLON O.OI5 GAGE, SQUARE-WOVEN TO 

0.031 GAGE, CALENDERED WITH COMPOUND BW TO .042 GAGE, 
UNBALANCED, HEAVY SIDE TO CASING, BIAS CUT TO 45°L, GUM 
STRIP EDGE 0.8 WIDE x .020 GAGE, COMPOUND BW 

CHAFER LAYUP: CASING SIDE 1st PLY WIDTH 4.0 
2nd PLY WIDTH 5.25 
OV’LL WIDTH 5.75 

SET THIS EDGE 
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T AF il. H L'.lll FXTRÜOGD TREAD AND S IDF.WALL DETAILS 49 X 17 

EXTRUDED TREAD AND SIDEWALL DETAILS 

I TREAD MATERIAL 
• 1 

I TREAD CONTOUR FIGURES ARE 0.01 INCH, AT 1.0 INCH INTERVALS j 

1 50 55 60 63 70 PO 88 98 j 85|70 | 40 j 6 [Thal w i tth frc 41 j 
fTREAD.CUSH ION COMPOUND CC .1 
CUSHION WIDTH 19.3 CUSHION GAGE 

TREAD WT. F’ER INCH .599 

.020 

TOTA TREAD WEIGHT 

CUSHION WT. PER INCH 

TREAD-CUSHION LAYUP: 

.0313 TOTAL CUSHION WEIGHT 

WEIGHT AS APPLIED 56.62 

SIDEWALL LAYUP: 

NOTE: Notch die to form line on sldewnll 1 Inch from left edge. 
Set sidewall on casing with die line up and out before 

applying tread. 

- r— HSJLÜLL 



TABLE LXIV DUILQIN3 AND CURING EQUI PM: NT 



tadle lxv compound code key 

1 COMPOUND CODE: KEY 1 

1 COMPOUND CODE 

»ill 

EXPLANATION J 

rr ’ TREAD AND SIDEWALL COMPOUND 1 

CC 
CASING CORD TREATMENT, CUSHIONS I 
AND GUM STRIPS I 

I FF BEAD APEX (FILLER) COMPOUND j 
1 1 i' . ■ 1 
1 ' • 
1 'BW 

BEAD WR/P AND CHAFER TREATMENT j 
AND CHAFER GUM STRIP | 

I BN BEAD WIRE INSULATION COMPOUND | 

LL TUBELESS LINER CUSHION COMPOUND j 

I * 1 

I THESE MATERIALS HAVE BEEN INDIVIDUALLY COMPOUNDED TO PERFORM AS I 
1 INTENDED BY THE SPECIFICATION. THE FORMULATIONS ARE THE BEST 1 
I OF THOSE DEVELOPED IN TASK 1. THEY ARE NOT INTER CHANGEABLE. I 
1 I1 

1- • I 

1 •§ I 



APPENDIX II 

PHASE Ml 

UNDERCARRIAGE LABORATORY 

TIRE TEST DATA 
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