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ABSTRACT 

This work on the development of now -. 
controls, equipment and processes wL directefSlrd methods> 
filament-wound, continuous-cross-sectioí, aircrafTtirof f^icati°n of 
wire reinforcements in bias, «codes JTJ ÏV1 * Nylon» glass and 
configurations were investigated in the fahriíÍ+í ty^S of fi lament-wound 
22-ply-rated tires. Accepttòle des^ £1^°* °í subscale» 30 x 8.8, 
developed for the fabrication of subscai ^erialsand processes were 

protC?le 'IT* Wer' applied t0 the fabrí :a o”8;f î?exfîîdi26Sr)ïn W°fk/ith 

fabrication of prototype tires.^In ad(?iti^S+ne^ned &nd fabricated f°i* the 
the nylon reinforcement and bias conflcnr-o+H capability of producing 
the winding-machine is enable of utiîfzTna ^“^ P^otype tire!, 
geodesic and radial configurations or^^f?,818,88 and wire reinforcements in 
niques were developed fo^the productif of ho ^176^3 and contro1 tech“ 
fabricated which exceeded the burst 9 J7 tires* Two tires were 
No. 6OD256IJ, the document whic^t^neaTh of USAF Drawing 
size. The dynamic test^Luir^eSÍ Í^T,QÍ^reqUÍren,ent3 for tirec of this 
achieved by íhe h9 x I7 ïot^ ÎLÎ Z N°' 60D256U were not 
indicated that major design Sificati^s the dynamic tests 
dynamic perfomance in thf large 4q I 17 ti^a^^re produce satisfactory 
aircraft. Eart I of this ronrlf Za 17 h1-”*8 used on the C-5A and similar 
design, prooeí 1 VI reI>t>rt tb' 
and full scale tire siSs, supporté W detan^ Z ng °f b0th subscale 
rim-locking assembly, manufactSistresB analysis for the 
f-rt II presents the’e^^^^ 

P Program for the winding-machine cam design. 

Distribution of this Abstract is unlimited. 
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DEFINITION OF TERNE AND ABBREVIATIONS 

Some of the more commonly used term« In this report are defined below. 

Along the ID: The face along the inner surface of the tire between the carcass 
heels. 

Bead-to-bead; The surface from one heel over the crown to the opposite bead. 

BR; Polybutadiene rubber. 

Carcass ply; One layer of cord and one layer of insulation rubber. 

Cord insulationi A layer of rubber compound over a layer of cords. 

Ends per inch: The number of cords per inch measured at 90* to the direction 
of the cord path. 

Starter layer: The initial layer of ply elastomer applied to the cured inner 
liner. 

Neop.: Neoprene. 

NR; Natural rubber. 

Tire carcass; The filament-wound assembly of inner linery cordsf and insulation 
before application of the tread and sidewalls. 

RLA: Rim-locking assembly. 

Total eM count; The total number of cords per layer. 

Winding assembly: The mandrel and RLA covered with the cured inner liner. 



PART I 

SECTION I 

INTRODUCTION 

The feasibility of the basic concept of filament-wound continuous-cross- 

section tires was demonstrated by Aerojet in work under Contract AF33(615)-2315, 

which is covered in Technical Report AiML-TR-66-154. The filament winding 

concept was optimized in additional work performed under Contract AF33(6l5)-5024, 

which is covered in Technical Report AFML-TR-67-154. In the current 20-month 

Air Force program, Aerojet-General Corporation and its major subcortractor, 

lhe General Tire and Rubber Company, conducted studies on the development of new 

and improved manufacturing methods, controls, and equipment for the fabrication 
of filament-wound aircraft tires. The tires produced by these studies were 

expected to surpass the performance of conventional tires in each of the following 

areas: They were expected to be lighter in weigit and safer in service, to run 
cooler, to possess a higher flotation, to maintain a more uniform pressure profile, 
and to be more adaptable to automated processing. Ihe oojectives: 

. To develop advanced manufacturing methods for fabricating tires 
by filament-winding techniques 

. To define and/or establish, by the fabrication of 30 x 8.8 subscale 

tires, the limitations on applying the process under development to 
various reinforcements and configurations 

. To design, fabricate, purchase, furnish, operate and modify (as 
required) pilot or prototype equipment 

. To develop and establish optimum operating procedures and control 
techniques 

. To generate engineering data, design criteria, and operating 
experience necessary for the efficient design and operation of 

production equipment employing the developed techniques 

. To demonstrate achievement of the desired manufacturing method by 

the fabrication and testing of filament-wound aircraft tires that 

are physically interchangeable with the Aircraft Pneumatic Tire, 
Tubeless, Type VII, size 49 x 17, 26-ply-rated (26 PR). The 

30 x 8.8 size tire was used as a subscale of the 49 x 17 size tire. 

The program consisted of the following tasks: 

Task Title 

A Design and Evaluation 

B Tool and Equipment Design and Fabrication 

C Process Development 

D Full-Scale Process and Equipment Demonstration 

E Fabrication of Test Tires 

1 



This final report presents n detailed sumnary of all work performed 

during the program. In addition, conclusions and recommendations related to 
program results are presented for guidance in future work on fila-ient-wound 
aircraft tires. 



SECTION II 

SUW4ARY 

The primary objective of this program was to develop manufacturing methods 
for filament-wound aircraft tires by applying results obtained during process 
development of subscale 30 x 8.81 22 PR2 tires to the fabrication of prototype 
49 x 17 26 PR tires. 

Designs were prepared for subscale 30 x 8.8 22 PR tires to evaluate 
various filament reinforcements and cord angle configurations that included 
nylon bias-ply, nylon modified geodesic-ply, nylon radial-ply, glass radial-ply, 
and wire radial-pjy constructions. 

A water-soluble mandrel material was developed and tested to verify the 
design allowances used in the mandrel design for subscale and prototype tires. 
After analyzing the merits of steel and aluminum for use in the rim-locking 
assembly, a glass, filament-reinforced epoxy composite was selected. 

An analysis to determine the feasibility of using tape-winding rather 
than single-cord winding showed that a high buildup of reinforcement at the 
tire's heel area and inside diameter prevented adoption of the tape winding 
technique for the tires under design. 

A toroidal filament-winding machine capable of winding aircraft tires that 
fit l6 to 20-in.-dia wheels and have a carcass outside-diameter (0D) range from 
38 to 50 in. was designed and fabricated. Tooling- and handling-equipment for 
production of subscale 30 x 8.8 and prototype 49 x 17 tires were designed and 
fabricated. The filament-winding machine, and all tooling and handling equip¬ 
ment performed satisfactorily during tire fabrication. 

Process development studies in subscale tire fabrication showed that 
nylon, glass, and wire reinforcements could be filament-wound in bias, modified 
geodesic, and radial-ply configurations. The critical elements in the winding 
process were found to be cord tension and cord spacing. 

The performance of the new toroidal filament-winding machine was demon¬ 
strated in the fabrication of 49 x 17 prototype tires. Complete application of 
cord and insulation was accomplished without removing the tire from the machine. 
This application confirmed the predicted time-saving feature of this machine. 

The first number of the tire designation refers to the outside diameter, 
and the second number refers to the width of the cross section at its 
maximum dimension when inflated. 

"PR" is the abbreviation for ply rated, a term used by tire manufacturers 
to indicate relative ttrength values of tires. 
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SECTION III 

DESIGN AND EVALUATION (TASK A) 

Hie objectives of the design and evaluation studies were (l) to develop 
and evaluate designs for subscale aircraft tires of various cord paths utilizing 
conventional and experimental reinforcements; (2) to evaluate construction 

materials for the component parts of filament-wound tires, and (3) to investi¬ 

gate manufacturing methods for these tires. For this purpose, subscale tires 
(of the 30 X 8.8 22 PR (ply rated) tubeless, Type VII, aircraft type) were 
designed, fabricated and tested. 

Conventional tubeless bias-type pneumatic tires are built on a collapsible 
contoured drum by the application of the components in successive layers. The 
inner liner is laid down first, followed by layers of bias-cut rubber-coated 

woven cord fabric. After a predetermined number of cord plies have been applied 
to the drum, the beads are anchored in place by turning up the cord plies over 
a bundie of bead wires on each side of the drum. The carcass is completed by 
addition of more plies, reinforced cord breakers, tread, and sidewall. Large 

tire fabrication deviates from this procedure by building up cord plies in 
the form of a sleeve on a flat drum before the cord plies are placed on the 

final building drum. The finished carcass, in the form of a short cylindrical 
tube is expanded into the tire's approximate final shape by insertion of an 
air bag into the inside of the cylinder, or by the use of i forming diaphragm 

inside the curing press. The change in carcass shape resulting from expansion 
during shaping and curing in a female mold produces realignment or "pantographing" 

Radial and modified bias-type tires are fabricated according to a somewhat 
ditferent procedure varying with the manufacturer. More breakers under the 

tread are used with the radial and belted-bias tires to provide the circumfer¬ 
ential strength required by these tires. 

The continuous cross-section filament-wound tubeless tire is a completely 
enclosed toroidal configuration in which the cord reinforcement is wound around 
an inner-liner-covered rigid mandrel. It differs from tue conventional tire by 

lacking beads and completely enclosing the inflating mediun.. The filament-wound 
tires inside rigidity is provided by a rim-locking assembly (RLA), a stiff flat¬ 
like ring that is incorporated inside of the tire during carcass fabrication. 
The fabrication procedure consists of molding a soluble mandrel, mating the 

mandrel with the rim-locking assembly previously wound on a contoured mandrel 
form, applying the Inner liner from calendered rubber tape over the mandrel 
and continuously winding cord-reinforcement in the desired pattern over the* 
liner. Rubber Insulation is placed between the plies of cord by application of 
calendered tape. The wound carcass is then completed by application of chafer 
strips (heel reinforcement), breaker strips, tread, and sidewall. The soluble 

mandrel is removed after application of the tread, and curing is accomplished 
In a tire mold with Inflation by steam or water. 



1. DESIGN STUDIES 

T 

a. Carcaea 

(1) 30 X 8.8 22 PR Subacale Tire 

The bias cord path ia the type used in a conventional tire. The 

curd angle at the crown is established on the basis of dynamic test results, 
and the sidewall angle is that which the calendered cord takes when expanded 
from the flat building-drum to the tire mold. The modified geodesic path 

approaches the natural, angle that the cord follows along the sidewall when the 

crogn angle is established at other than 90°. The radial path is perpendicular 
(90 ) to the circumferential center line of the tire. 

Nylon cord was selected for the reinforcement in the prototype 
49 X 17 tire. To provide for versatility in design and equipment however, 

work was also done on design, fabrication, and testing of 30 x 8.8 tires 
using glass and wire cords. 

The following considerations were used In the design approach 
for the subscale tires: 

. Strength Level - All constructions of the 30 x 8.8 22 PR 
tires were designed to have equivalent burst strengths. 

. Reinforcements - To ensure teat results of value on a compara¬ 
tive basis, the reinforcement was limited to a single kind 

for each type of tire design (bias, geodesic, or radial). 

. Elastomers - The same elastomer compounds were used for the 

component parts of all designs except for the wire-reinforced 
tires. 

. Tread Design - Inasmuch as the 30 x 8.8 22 PR tire used in 
25O mph service requires a special tread-retention design 
of the type used on the 49 x 17 tire, this tire (30 x 8.8) 
can be considered a subjcale for the larger prototype tire. 

Preliminary design studies were made of the structural requirements 
of the candidate carcass, and the rim-locking assembly. The investigations 

covered nine candidate nylon 6-6 cords, two BCG 75 glass cords, two wire cords, 
and two rayon cords for each application in the carcass, rei forcement and 
breakers. Tables I through V present the results. These t lies covered 

design parameters, structural requirements to meet minimum l~rst conditions, 
allowable maximum end counts, resulting end counts, plien, gages, and angles 
as applied to the cured and fabricating states. 

6 
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TAHT.K TV 

CARCASE DESIGWS - 50 x 8.8 22PR RADIAL GLASS AND WIRE TIRES* 

BCG 75 Glas6 Wire 

Cord style 

Tensile strength, lb/cord 
Cord gage, in. 

Cured ends required, total 

Ends per inch (EPI), maximum 
at 15-in. diameter 

For 80# cord 

At crcwn center line 
Cured cords 

Core 

No. of plies, calculated 

No. of plies, actual 

EPI calculated for actual 
number of plies 
Cured cords 
Core 

Growth potential, #, through 
EPI increase 

Cured-ply gage, in. 
(estimated) 

Ply insulation, mils 

Cured-carcass thickness, in. 

5/3 
125 

0.055 

37.5 

22.9 

12.8 
13.^5 
2.92 

12.4 

13 

2.5 

O.O54 

19 

O.162 

5/5 
185 

0.047 

25.2 

IT 

9.5 
9.96 

2.65 

8.4 

8.8 

13 

0.066 

19 

0.198 

S/053 
196 

0.056 

25.95 

22.2 

12.4 

I5.O 
1.Ü5 

12 
12.6 

s/oo4 

355 
0.048 

13.15 

16.65 

9.3 
9.76 
1.4i 

6.6 
6.95 

e 42 

0.054 0.076 

18 18 

0.108 0.152 

a 
Strength design station: crown center line. Crown angle (carcass) for cured 

andjcor®: 90 • Principal transverse stress: 4,660 Ib/in. End-count 
(EPI) ratios (crown to bead): cured cords 0.550, and core 0.577. EPI design 
station: maximum EPI at bead, 15-in. diameter. 8 

10 



TABLE V 

BREAKERS FOR 30 x 8.8 22FR FILAME? f-WOÜHD RADIAL 
NYLON, GLASS, AND WIRE TIRES 

Cord style 
Tensile strength, lb/cord 
Cord gage, in. 

Ends per inch, maximum 

Cured cords required (total) 
for 12° curad angle 

No. of plies calculated for 
12° cured angle 

No. of plies, actual 

Cured angle, degrees, for 
actual number of plies 

Ply gage, in. 

Total belt thickness, in. 

Rayon dreakera 

1650/3 
50 

0.034 

24 

223 

9.5 

10 

19 

O.O55 

O.55O 

2200/3 
70 

0.039 

22 

160 

7.26 

8 

17.5 

0.060 

0.460 

ECG 75 
GJass Breakers 

5/3 
125 
O.C35 

16 

5/5 
185 
0.047 

14 

Wire Breakers 

S/033 S/004 
196 355 
0.036 0.048 

18 13 

89.5 60.5 50.7 31.5 

5.6 

6 

4.22 

6 

3.1 

4 

2.42 

4 

15 52 27 39 

0.070 0.070 0.070 0.090 

0.420 0.420 0.280 O.360 

Principal circumferential stress (Fc) » 10,700 Ib/in. 

11 
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Style cord was selected for the nylon-reinforced tires on the 

basis of high strength and proven perfonmnce. The bias design required eight 
plies. Hie modified-geodesic design required k plies. The radiais required 
K plies for nylon, 3 plies for glass, and 2 plies 'or wire. Although the wire 

and glass cords have approximately the same strengths, the larger diameter of the 
glass cord restricts the amount that can be placed in each ply: therefore, an 
extra ply is required. ' 

Glass-reinforced breaker strips were employed in the nylon and glass 
radial tires. A wire-reinforced breaker strip was used in the wire radial 

tire. Breaker strips are low-angle calendered cord fabrics used between the plies 
and tread to provide circumferential strength. 

The construction features adopted for the 30 x 8.8 22 PR subscale tires 
are shown in Table VI. The green-carcass (uncured) profiles of the five 30 x 8.8 
subscale tire constructions are shown in Figures 1 through 5. Biese profiles were 
used to design the mandrel molds and the cams for the winding machine. A tire 

mold profile was made utilizing these basic parameters and considering the 

required cur ■«•ire dimensions, most of which are controlled by Air Force 
specifications. 

.iiiiihÉI «'i 
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Hiring the development of the winding machine cam profile for the 
geodesic design, it was found that the cord path which had been developed by 

analysis would not fit the limitations of winding a continuous cross-section 
torus. For the cord to go through the inside diameter of the torus, it has 

to make a drastic angle change at the bead area, i.e., the geodesic cord angle 
at the bead was % 58 and it had to change to 20° to go through the center. 
Hiis would cause a distortion of the cord path over most of the sidewall. As 
a result, a new cord path was determined. Hi is path has a shallower angle (45°) 1 
at the bead and allows for a smooth angle transition through the inside 

diameter of the torus. A new green carcass profile was determined and is shown 
in Figure 6. 
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Figure 1. Bias Nylon Assembly, Green-Carcass Profile
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Radial Glass Assembly, Green-Carcass Profile





Figure 6. Bevlbed Oeodeslc ^ylOQ Assonbly, Oreen-Oercass Profile
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«nd count ?T»c' to «>e cort 

requirement to be satisfied with feUAortf1' íí^ cá.tl^rT1'»’^111 8tr<!,1«th 
changes permitted the design of « HL Sr!‘ e°“tl°<Ltla° °f th«g *"> 

differences between the original and revised modified-geídeslc tlré'ÎTgiven 

TABU! VII 

COMPARISON OP GEODESIC ÍESIGNS 

Carcass 

Cord 

Plies 

Cured Ply- 

Ends per inch 

Cured Angle, ° 

Core 

Crown, ends per inch 

Crown wind angle, ° 

Total cords per ply 

Reinforcement (Breakers) 

Cord 

Plies 

Ends per inch 

Cured angle, 0 

..Designs 

Original, Revised, 
Geodesic Cured Geodes le 

3560/2 nylon 6.6 

8 
3360/2 nylon 6.6 

4 

6.15 

62.75 
7 

65.66 

7 

26 

520 

7.32 

23.7 

555 

ECG 75 5/3 

6. 

16 

27 

ECG 75 5/3 

6 

16 

23.25 

60.6 52.5 
Estimated Weight, Lb 



(2) 49 X 17 26 PR Prototype M.re 

A tolas construction utilizing the originally selected nylon reinforce¬ 
ments was used for the prototype 49 x I? tire (see Figure 7). Design details 
art as follows: 

Cons traction 

Reinforcement 

Cord type 

Number of plies 

Cord ends per inch, cured crown 

Total ends per ply, neutral axis 

Cured-crown angle 

Wrapped-crown angle 

Liner thickness 

Insulation thickness per ply 

Carcass thickness (side) 

bias ply 

nylon 6-6 

3360/2 

8 

14.5 

1200 

35° 

3° 4° 

O.O75 in. 

O.O25 in. 

0.452 in. 

Tabulated below are weight cooparisons based on calculations by tire 
esign engineers and the recent K revision of USAF Drawing 6OD256U in which 

the Air Force increased the nonskid depth of the 49 x I7 tire from O.3O in. to 0.40 in. 

Weight (lb)_ 

Specified maximum 

Presently qualified General Tire 

& Rubber tire, conventional con¬ 
figuration 

Conventional configuration, under 
development by General Tire 81 
Rubber 

Filament-wound tire, under de¬ 
velopment in this program 

J Revision 

(Nonskid Depth 

0.30 in.) 

215 

187 

K Revision 
(Nonskid Depth * 

0.40 in.) 

Not yet established 

206, estimated 

182, estimated 
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The estima ce of 182 lb, which represents a weight advantage of 11.6¾ 

as compared with 206 lb for the conventional tire, was arrived at as follows: 

Component Quality Weight (lb) 

Inner-liner compound 
Ply-insulation compound 

nylon cord 

Chafer plies 
Heel filler 
Tread and sidewall 

ir97*6 cu in. 
1153 cu in. 
17,000 yards 
O.97 square yards 
16.5 cu in. 
1448 cu in. 

22.10 
45.10 
27.20 
2.50 
0.95 

Total - rubber, cord, and fabric 157*02 

Rim-locking assembly 25*00 
Total estimated weight 182.02 

Bie original target for the cured crown angle of the 49 x 17 26 ^R 
prototype tire was 55 degrees + 1 degree. Ibis angle was considered necessary 

to retain, during dynamic operation, the higher tread mass resulting from an 

increase in nonskid’ depth from 0.J0 to 0.40 inch. It was determined by test of 

conventional tires that retention of the thicker tread was maintained with 

a cured crown angle of 36.5 degrees + 1 degree. To provide this in the cured 
tire, a 39 to 4l° wrapped crown angle was selected for fabrication of the 
prototype tires. 

The original target for cord ends per ply was 1200. Ckie tire with an 

average end count of 1295# when subjected to a burst test yielded a burst factor 
(burst strength/operating pressure) of 3*94. Ibis was higher than the 3*5 factor 

required by the conventional tire specification USAF Dwg. 60IC56U. Another 
tire with an average end count of 1244 yielded a burst factor of 3*70. On the 
basis of these tests, a 1230 + 30 end count was selected as standard. This 

provides a satisfactory margin of safety above the required 3*50 minimum burst 

factor. 

During the erare of a 49 x I7 prototype tire in the process development 
effort, a high buildup of cord and insulation on the inside of the carcass 
interferred with closing of the curing mold. It was, therefore, determined that 

a reduction in insulation thickness was required. Ibe thickness of insulation 
was reduced from 0.025 to 0.020 in. This reduction provided a weight reduction 
of 2.41 lb in the tire carcass. An additional 1.6 lb saving in weight resulted 

from a reduction from two layers to one layer of rubber covering the rim locking 

assembly. 



prototype the ^ ««.U. Par the k9 x 17 * n 

Construction 

Reinforcement 

Cord Type 

Number of plies 

Cord ends per inch, 
cured crown 

Total ends per ply 

Cured-crown angle 

Wrapped-crown angle 

I^ner thickness 

Insulation thickness 
Per ply 

Carcass thickness (side) 

b* Rim-Locking Assembly 

(l) Design 

bias ply 

nylon 6-6 

3360/2 

8 

14.5 

1230 + 30 

36.6° 

39-41° 

O.075 in. 

0.020 in. 

0.1*20 

performance of a filament^wound^^116 rlm“locking assembly (rm) to th 

~ Ä° “ÂÎ2 Ä“1' 
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TABLE VIII 

RIA DESIGN PARAMETERS 

Tire Size 
and 
Cord Bath 

30 X 8.8 bias 

Inflation 
Pressure 
Í£Si)_ 

Casing Load 
at Rima 
lib/in.) 

Maximum Allowable 
: 

30 X 8.8 geodesic 

3C X 8.8 radial 

X 17 bias 

295 (rated) 
IO35 (burst) 

295 (rated) 
IO35 (burst) 

295 (rated) 
1°35 (burst) 

ITC (rated) 
595 (burst) 

Hoop 
Tension 

1300 
4550 

Hoop Strain 
(in./in.) 

lito 
tooo 

17,300 
60,500 

Lateral 
Deflection 
Urn-) 

O.OO65 
0.0120 

15,500 
54,200 

I77O 
6200 

O.OO65 
0.0120 

O.O31 
0.094 

24,200 
84,500 

I29O 
4520 

O.OO65 
0.0120 

O.O31 
O.O94 

29,100 
102,000 

O.O31 
O.O94 

O.OO90 
O.OI70 

O.O31 
O.O94 

Bie casing load at the rim -fR i_ 

Itis derived from the Internal pres sur &t eaCh edge of the RIA. 
45 angle to the edge of the RLA. ÍS assumed to be applied at a 

accommodate the stresses and strains exerted on th^RifÍmenSÍOnt t0 
~°5 RIA irere considered together with var-in Several >'?ign concepts 
fabrication. Three imterials were “»texlais and methods of 
and a glass-fabric and roving/epoxy comnosit^ alundnuin» 4130 steel, 
concepts to arrive at a str^g, ShtSht l*™ !°ff 3tUdies were of the 
approaches were followed. On? assu^rS^tírôr^8 COmpcrient- design 
a bead strong enough to carry all the hoS RU COrilPosed of two parts: 
restrict the lateral co^re^ive forœs and & SPQCer that ^ 
unit and the en-Mvc. — —-. . obher assumed that the RIA was 

ß hnn-n a c? «.mwI i_ 

-----v-v. w.c iauerax compressive forree. muQ 4.I tnac would 
unit and the entire ring contributed &S31fled that the RIA was a 
The RLA is considered as a right circular^&S Wel1 03 the ^^ral strength 
its ends, external pressure, and latem i ^ inder subjected to shear loading on 
using weight as the criterion, the glass fabric^1?1' showed that, 
the most desirable materia. . 8 rlc and roving/epoxy composite was 

25 
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rÆof cord 
a'fi™r^» ^ Inoraisa In the radius of ’he KIA In thîTa™ îaT!îl^ïêd as 
a first step in tae inçrovement of dynamic performance. 

(2) Manufacturing Methods 

Cta the basis of the design studies, an 8-901 «lass/enoxv 

pS?eràíde"?õ ã^Ídf ^ ^ A ^ ^ frooea» »a =hoe«rX preference to a molding process because of the high tooling costs reauiiwi 
“‘ï04- LnitUa fabrication fócese cLíaS 

2 07 ^o!J?yerSH /68 n'inç>regnated ^ 101 gla88 cloth> res in-impregnated 
an gla8S r0vlng over the mandrel until the desired thSSs 

Compacting rings were placed over the entire nass and spaced 
q idistant from the RIA edges. Resin-inçregnated glass roving was wound in 

the cavity between the compacting rings and the edge of the RIA to form the 
hoop reinforcement. After curing, the RIA was sanãblasteT covered ^h îiner 

^ 8 8hOW8 the ^ * 8*8 RIA 

rM rthe 
deflection of 0.0246 in. A maximum casing lead of 6200 Ib/in at burst snd n 

and stiffness?*^ '' ““‘ruction appeared to have adequate strength 

^fLirnMn . .. íhe test Program on the 30 x 8.8 tires, however, a 
anness in the lateral compressive strength of the RIA became evident. A 

stress analysis of the RIA Indicated the need for more late^S reiSorœmint 
bam^rd6!*111 adeq^e safety. A configuration consisting of 
^fm cl^rUQ S2Í!JÍÍ\glaS8 fabric* tea a warp count of ^0 and 
nrP^dT thf 49, appeared to thiB requirement. Tests of laminates 
prepared in this manner showed the following values: 

Specimen 
Width(in.) 

1.031 

1.962 

1.025 

Thickness (in.) 

0.268 

0.278 

O.267 

Ultimate Compressive Strength 
gb/ln.)  tpsl) 

10,580 39,342 

10,560 37,866 

Tlexural Strength 
tpsl) 

70,765 

26 
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•Riese data Indicate that the use of Style 54l glass fabric 
provides additional coopressive and flexural strength for the RIA. The 

construction incorporating this glass fabric was, therefore, used in the fabrication 
of the RIA's for the 50 x 3.6 subscale and 49 x 17 prototype tires. 

Uie final RIA fabrication process consisted of wrapping a 
layer of preimpregnated Style 341 glass fabric around the mandrel to form 

the desired contour. layers of preimpregnated Style 34l glass fabric and glass 
roving were wrapped over tne first layer of prepreg until the desired thickness 
was obtained. 'Hie width of the glass fabric was reduced stepwise to provide a 
cavity on each edge for the hoop winding. Prepreg glass roving was wound 
at each edge of the RIA, the full thickness and over the glass fabric to 

provide adequate hoop strength. A stress analysis for the rim locking assembly, 
49 x 17 tire, is presented in Appendix I. 

The design for the rim lock assembly of the 50 x 8.8 tire is 
shown in Figure 9 leaving Ro. 1269154. Ae design for the rim lock assembly 
of the 49 x 17 tire is shown in Figure 10 as Drawing No. 1269203. 

c. Winding Mandrel 

(1) Material Studies 

Studies of various types of mandrel materials and moldfilling 
methods were made to determine optimum compositions and handling techniques. 
Hie two prime candidates were a sand/acrylic-resln mixt vire and a sand/sodium 

silicate mixture. These were compared for mold shrinkage, moldability, solubility, 
and strength. The effects of short cures and unique curing techniques on the 
mechanical and chemical properties of promising mandrel mteriala were also 
investigated. 

The most significant forces acting on the winding mandrel during 
processing are: 

Vacuum pressure cure of inner liner over the mandrel. 

Lifting of nandrel into and out of filament-winding machine. 

Pressure of 30 lb on crown roller during application of the 
tread and sidewall. 

The mandrel must be simply fabricated, relatively Inexpensive, and 
easily removable from the carcass after application of the tread and sidewall. 

A stress analysis that tool into account the above forces was made on a sand/resin 
mandrel material with a compressive strength of 4150 psi, a shear strength of 
oOO psi, and a modulus of elasticity of 0.6 x 105 psi. The results of this 

analysis showed that a mandrel material with these properties and O.375 in. 
thickness would withstand the forces applied during processing. 

28 
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volu.es ^ ^ 

Any undissolved reminder ms dried md «SedT 6« VSe sHl^íl: 

îiâîmïîL1^”^ ?lnutes' and 10°* °f the æ-6 dissolved în 35 secS 
bind“ ** 8° Ublllty of the "»«erial vith a sodium slUeate’ 

,, In the development of a mandrel material, it was found fha+ 
the addition of a fine-particle silica filler improved the moldiS^JÏîL».- 

sili^ fU^rdecíJs1^8^ sal^ilítTof ÏhTc^a^! T^fî^Toî 
content on washout characteristics was studied. resuÏÏs foîloî: 

Confound 

Identification 

SA-1 

SS-12 

SH-5 

SR-6 

SR-8 

lÿpe of 
Binder 

A-75-X 

Steinex C 

Steinex C 

Steinex C 

Steinex C 

Silica Filler 

- 

8.5 

0.0 

3.0 

6.0 
14.0 

Immersion Time in Washout 
lg) water (min) (wti) 

5*0 50.5 

1*5 100.0 

3.0 100.0 

5.0 97.3 

5.0 28.0 

Influenced by *rof°,"<11*' 

f ^ ^ - -"ved 

fine filler creatÄ^Su^^“!.™^^^ 
result is slov penetration by water and retarded dl““e2atlL ' 

,, A forinudation containing no silica filler (e.a 
would provide the fastest »shout time. A certa“ a^ oí limpíele 

- SrTÍÍs f?r nioldability and good^urface 
^3h;f a tldToS nf 8el?Cted as the standard formulation on the 

is of a trade-off of processing, surface-finish and washout properties. 

mfinrivoi mu = i ^ effe^t of cure time on th® compressive Strength of SR-6 
mandrel material was studied in order to select the optimum curing cycle 
Following are the results of this study: ^ 



Specimen Hours of Cure Compressive Strength (psi) 
Identification at 250 F (Ave, of TVo Specimens) 

SR-6-1 i 71*60 

SR-6-2 2 5560 

SR-6-4 4 7180 

SR-6-6 6 5780 

SR-6-16 16 3920 

The Results of this study indicate that cures of one hour 
to six hours at 25O F produce satisfactory congressive strength. A recheck 
of the two-hour cure produced 7642 psi compressive strength. On the basis 

of these tests, a two-hour cure at 25O F was selected for the SR-6 mndrel 

material. Following is the composition of SR-6, the compound used in the 
fabrication of all 30 x 8.8 and 49 x I7 mndrels: 

Material j by wt. 

7O-5O Wedron sand 8I.O 

Silica flour 6.0 

Steinex C resin I3.0 
100.0 

Source 

Wedron Silica. Sand Co., Wedron, Ill. 

Any local foundry supply company 

Carver Foundry Co., Muscatine, la. 

The compound is mixed by blending all ingredients in batches of 
200 lb in a Carver Muller Blender (Carver Foundry Co.) for 
eight minutes. 

(5) Manufacturing Methods 

The fabrication procedures considered for the mandrel were 
compression molding, and mechanical vibration in conjunction with hand tamping. 
The compression molding method would require a substantial tooling investment 
which could only be justified by a large-production operation. In the second 
method, the manarei halves are formed by vibration in. a mold into w Lch an 
insert is forced to produce the annular cavity. Hand tanping was also used to 

provide maximum compaction of the material. The mandrel half was given a preliminary 
set cure while still in the mold. It was then inverted and given a final cure. 
TVo halves of the mandrel were bonded together with an adhesive consisting 

of SR-6 diluted with a small amount of Steinex C. The bonded mandrel was then 
given an additional cure of one hour at 250°F. 
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subjecting smlfsp^'«L“S ^ 
was found that the nandrel naterial Md to S*8*01“ CO . It 
,ulte rapidly. Hoover, ToÄ*”™* 
it was concluded that this wie material was slew aSd 

silica filler. Also, long contact with the8^^1^^^* formulatlon containing 
insolubility in the ®terial Tn ^ 2* Produced a high degree of 
en .. nBTierxax. in a controlled production JT *. 
^ îrat,Dent may 1)6 useful i" surface hardeninTof^îe^^IÎ ^ íh? pr&vide rapid turnover of the molds. ^ ‘ie "»ndrel material to 

2. MATERIAIS EVALUATION 

a. Cord-Rubber Adhesion 

» the îa^t“138-621 

Se Ä^eceX^’seÄ^ S ^ ^ 
its axis fron a strip of Rubber iÕ^TÍÍ cari ^ «>• direction of 
data, representing bib lnSÏÏSaÎ°tlÜÎÎ 



TA RT .ff yy 

H-AIHEöION VAINES FOR TIRE CORES 

Material 

Nylon 

Nylon 

Nylon 

Fiber glass 

Fiber glass 

Bras s-pie.ted wire 

Brass-plated vire 

C°rd Itemp (°f) 

840/2^ 

1680/2 

3560/2(a) 

H-Adhesion, lb 
for Various Elastomers 

-à_ B c 

(b) 
5/3 

5/5(b) 

3-033^°^ 

S-004 
(c) 

RT 
200 

RT 
200 

RT 
200 
300 

RT 
200 
3OO 

RT 

RT 
200 
300 

RT 
200 

26.7 

19.9 

51.9 

39.5 

52.9 
1*2.3 
28.1 

60.2 

43.2 
29.2 

59.1 

27.6 

21.2 

47.1 

41.6 

52.3 
43.6 

32.5 

56.1 
41.8 

32.3 

60.8 

ibj «°- 

Bekaert st«l 

65.4 

62.9 
53.6 

63.I 
53.6 

breaker elastomer (nylon/glass); 

degr!e °f a<lh'810" ““ >« »»f in«l 
filament-wound tires. These was « f0*?? if8®'1 f°r reinforce“»nt in the 
good shear strength stm readied. dr0p in lesion at 300°F but reasonabl., 



fe. RIA-Ela0tomer Adhesion 

impregnated the Slaas-reinforced, resin- 

and shearing off during dynamic testing t°VaITVent 8eP®,ratlon during cure 
and adhesives were ev^aïT^ SterSe ^ 
of filament-wound tires. T-oeel test n the fabrl<»tion 
Feutrai Test Methods Standard nÍ. SÍ 80^ and te8ted to 
(averages for three tests) Íere^bSi^ 3 * f0llOWlng re3tllts 

TAJBIJg X 

RIA TO ELASTOMER AEHESIOH-TEBT RESULTS 

Specimen 

RLB-1 

RLB-2 

RLB-3 

RLB-U 

RLB-5 

RLB-6 

RLP-7 

Bonding Agents 

Chemlok 205 and 231 

Chemlok 305-I and 305-2 

IV-Ply T, Ty-Ply 

Chemlok 205 and 220 

Chemlok 2O5 and 217 

Chemlok 205, 220 and 233 

Chemlok 205, EXB-576-6 

T-Peel Adhesion 
lfe/in. of width 

58 

101 

101 

122 

22 

110 

29 

lype of Falliré 

Plastic to primer 

Plastic to adhesive 

In rubber 

In rubber 

Primer to rubber 

In rubber 

Primer to rubber 

(a) Product of R. T. Vanderbilt Co.. 
Chemical Co., Erie, Pa. 

Norwalk, Conn. All others made by Hughson 

more promising adhesive combinations occurred in th* 
mximum bond strength .as obtalnel ^ h t,lat 
Chemlok 205 primer and Chemlok 220 adhLÍÍe we seífctíd foí íhA00^ 0f 
Of the rubber covering to the RIA. 16 selected f°r the bonding 

c. Load versus Elongation of Tire Cords at Various Temperatures 

Load-elongation tests 
6-6 and wire) to determine their 
Figure 11 shows the- plotted data 
and 300°F. Similar data for 8: ie 

were conducted on two of the tire cords (nylon 
probable behavior under dynamic conditions, 
for nylon 6-6 cord at temperatures of 75, 200 
wire cord are presented in Figure 12. 
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Thô rôstiltô indicÄti© th© much flüröftteT* b+ä'Ki ^-p -^u 
cord as corred .ith th. wlo„ 6-6 cord over “e tÎe'tSr 

stirtTto aoÎ'LnBRt'^8îblï^"tTble “ th' ‘«"¡»'»t'»' 1> rdlsed^o 200°F, büt 

at high tangiera tures, the wireMíf . “a^eí ’ «Sho^íc6«^“1““8 

”ÄitSr*tUr“ 0f ahd^’r~.^»b— 

d. Cord Creep Properties 

the ^ricaSSÄ ïïr£? ^ZTu^ZT^TH * 
the^timatestrengtb of the materials. Tests were conducted at 75^200 fnd 

ECG fibJXÍ are PreSented ln feble8 XI throu«h XIII for nylon 6-6^ 

TABU XI 

CCRD CREEP DATA - NYLON 6.6 

Type Cord 
Test Temp (°f) 
Applied Load (lb) 

Time (min) 

0 

1 

2 

5 
k 

5 
10 

15 
50 

45 
6o 

120 

180 

240 
500 
560 

T&T 
-ÇregE (*) 

(a) Product of Monsanto Chemical 

1680/2 
ZL_ 
15.5 

0.000 0.000 

0.290 0.285 

0.410 0.565 

0.450 0.595 

0.455 0.420 

0.475 0.440 

O.5I5 O.5OO 

0.555 O.525 

O.575 O.55O 

0.645 0.605 

0.675 O.625 

0.780 0.675 

0.800 0.695 

0.810 O.710 
0.810 O.755 
0.810 O.755 

Co., St* Louis, 

59 

29.5 

.1160/2 
200 

0.000 

0.280 

0.550 

0.400 

0.450 

0.465 

0.510 

0.535 

0.585 
0.620 

0.650 

0.700 

0.735 

0.745 
0.765 
0.765 

Mo. 

29.5 

0.000 

0.510 

0.585 
0.420 

0.445 

0.465 

0.530 

0.565 

0.605 

0.650 

0.675 

0.720 

0.755 

0.765 
0.765 
0.765 

¿00_ 
29.5 

0.000 

0.550 

0.425 
0.465 

0.485 

0.520 

0.600 

0.650 

0.705 

0.740 

0.775 

0.920 

0.985 

1.055 
1.060 
1.090 



TABI£ XII 

CORD CREEP ùkTk ECO PREMIAS (a) 

Tÿpe Cord 
Test Temp (°F) 
Applied Load (lb) 

Time (min) 

0 
1 
2 
3 
4 
5 

10 

15 
30 

45 
60 
120 
100 
240 

S¡£S£ «> 

ill. 

$ To" 

0.000 
0.050 
O.O65 
O.O7O 
0.080 
0.080 

O.O95 

O.IO5 
0.125 
O.I5O 
O.135 
0.135 
0.135 
0.135 

0.000 
0.080 
0.085 
0.095 
0.105 
0.125 
0.135 
0.135 
0.145 
0.160 
0.180 
0.180 
0.180 
0.180 

(a) Product of Owens Corning Plbarglas Corp,, Ashton, Rhode Island 



TABU! XIII 

CORD CREEP DATA - BRASS-PIATED STEEL WIRE 

Type Cord 
Test Temp (°f) 
Applied Load (lb) 

Time (min) 

0 
1 
2 
3 
4 
5 

10 
15 
30 
45 
60 

120 
l8o 
240 
300 

-g-^p (*) 

0.000 

75 
57.0 

0.000 

0.000 0.000 

200 
57.0 

0.000 
0.010 
0.015 
0.020 
0.025 
0.025 
0.025 
0.025 
0.025 
0.030 
O.O3O 
O.O3O 
O.O3O 
O.O3O 

3OO 
57.0 

0.000 
0.025 
0.025 
0.025 
0.025 
0.025 
0.025 
O.Oto 
0.040 
0.050 
0.065 
0.075 
0.075 
0.075 
0.075 

(a) Product of Bekaert Steel wire Corp, Zweregem, Belgium 

after f«* hour?' ^e"“a ^^>^10’ 
U never achieved at any time period at^SV* ° ™*”lal< stablllty In creep 
after two hours at 75¾ S. H» fiber glass cord stabilized 
30 minutes at 200 T, orafter ^ol”' Ä° ln ^ ^ 

e. Tape Versus Cord Reinforcements 

woimH hi va USe °f rlnf0rceoents in ^P® form «»s considered for filament- 
Tbat is windinc^ime 1^6 in fabri<»tioQ time that could be realized, 
l^er V^oï1”^ “ ^7« fbbbbiom of the number of reinforcementl 

the tapes overlap and cross each otter of the'lteldelf'th* îoÎÏÏ’ ’'ST''"'’ 

^ï^^rtl^" TtnSiVe “b1<:h Introduces Interference^n 
uring of the tire, and the crossing of cords produces lower dynamic life. 

“r: = 
presented as Appendix li, shZ'T/^TentTf^le wherein ^ ’ 



occurs on a 30 X 7.7 

of 0*°^7 Inches assumed8 a ^P® width of 0.25 
, 5-127-ln. id, the overlapping starts •+ 1Jcîea.^r® 26»694-in. qd 

mately one-third of the iist^n^.^ taf?8 at ^.Sj-in. diameter vhifh 
IMs 1. a rather «« to thTcr^ 5 
croeelng of cord, .t tS. “tar»lpoint of djo^lcT^w 
buildup of cords Oh the ihîîdf o^îf«0“ lows dyS^'u®' _ 
approximately twice that ¿f the LÍÍ° ‘ f!. *î.th' “« »f tape windln« l. 

¿pre^t“ í: 

hoTeX^ 



SECTION IV 

TOOL AUD EQUIPMENT DESIGN AND FABRICATION (TASK B) 

and equipment for thef ^SaPR8" ü“1 fabrIcate ‘doling 
to utilize performance data from this^aílndf, enUbfa1' tirea’ “d (2) 
and equipment for the ‘9 * 17 26 FR protêt^ u«a! ^ °f tOOU"« 

1. SUBSCALE TOOLING AND EQUIPMENT 

a. Carcass-Winding Machine 

me carcass-winding machine for thp v ft « +4 
from earlier programs for 30 x 7 7 t+ x tires was available 
30 X 8.8 tire, although LterîJ;L! ! “ W&S adaPta^e to winding the 
bias nylon and modified geodesic nylortires0^^ ^ th6 Windine of the 
of the payoff mechanism and redes^n of ííe required edification 
problems were encountered in the winding of +h din® cams* No interference 
subscale tire program, an Wovemen* in ^ tireS‘ ^111¾ the 
accomplished by the addition^ in winding tension uniformity was 

nwchine. Th. íamz Æ^ÂÎni ^ thla 
developed in a computer study presented in tt ^L m formulas 
used for the 30 x 8.8 bias aíd geodesic tir^ri for the ca™ euiu geoaesic tires are shown in Appendix III. 

b. Handling and Curing Equipment 

requirements outli.^in^s^r'^tesien^n^^8!16^ln accordance with the 
were made of gIaas-reii?oíS íoivítef ^ S^“tl0;- 'n>e 
diameter of the mold was made of »nimn ' ndrT^he plUg for formine the inside 

~ ^ - - --a»-, ^^hStterlal. 

were made “ISlt^asf^TÎhe^î" lüCklnK Mee"bly 

and prototype tires"wa^a^eries^O^Amerr10^0^^^8 °n b°th subscale 
machine. Uiis machine was onerai-PH frican Machine and Foundry "Orbitread’' 

apply the strips of extruded^ £ 

a segmented curing ii^ to^'acilitat^mountin fiJ-anient"wound tire contained 
Appendix III. e mounting in the mold. This is shown in 

T 
California ' GyPßU“ ConiPany supplied by George Uiroop Company, Pasadena 



l i 1 

cf thc^'î f“brlC'’t;on' ««tout, hwidli^ and curing 
on me documented in the following'drawing^ *lch 

Tool Number 

T-I286078 (Aerojet) 
T-1208i*8 (Aerojet) 
T-120852-001 (Aerojet) 
T-120855 (Aerojet) 
T-120849 (Aerojet) 
T-I2085I (Aerojet) 
DK-4811 (General Tire) 
CK-8555 (General Tire) 
CK-4135-2 (General Tire) 
CK-86OO (General Tire) 
D021A-39 (General Tire) 
D221A-40 (General Tire) 
D-I7716 (General Tire) 

2. 49 X 17 TIRE TOOLING 

Description 

Mold, Sand Mandrel, 30 x 8.8 Bias 
Mandrel, RLA, 30 x 8.8 Bias 
Mold, Sand Mandrel, 30 x 8.8 Bias 
Mold, Sand Mandrel, 30 x 8.8 Geodesic 
Mandrel, RLA, 30 x 8.8 Geodesic 
Mold, Sand Mandrel, 30 x 8.8 Radial 
Tire Meld, 30 x 8.Ô F/w 
Bead Rings, 30 x 8.8 F/w 
Mold Stamping, 30 x 8.8 F/w 
Curing Assembly, 30 x 8.8 F/w 
Test Rim, 30 x 8.8 
Test Rim Side Plates, 30 x 8.8 
Building Mach, and Access., 30 x 8.8 F/w 

AND EQUIPMENT 

a. Carcass-Winding Machine (T-I20850) 

tire cercansItindí^mãcMM1««^1? «>e lenign of the 4ç x 17 prototree 

the operations, requiring (2) machini ver(«tn?t C?"PleXlty as ä«fl"ed by 
operation modifications for Vinous sizes and for 
reinforcements ^d ?“^« t0 Varl0Uß of ^lament 
machine size as flniiiv pll^lty of operation to minimize maintenance, ihe 

sizes of Íl iolo Ín ítlSÍ nní0^ ^ ^ ^ 8iZe of tire ^ ^eel 
a rim diameter of 28 in To include nn ^ VI1 tire> 'toich has 
some of the smaller sl«s Saî ha™ «~âLr Ûtiïît"1' ÏT8' 
however, if necessary to also wind the v ?AiJ'íty* machine can be modified 
winding ^machine are pre«SS ”"»1 n^t^s^"1”88 °f ^ C“C886 

winding machine Panolied^fth ^ operatlon of ^ subscale tire- 
machine. Ihe new windimz deBÍ6n of the Prototype tire winding 
ments and advances over the subscalp have the following improve- 

payoff assemblies^to mlnïmïze ^ïndïS tiL (l) 8lX dUal 
as cord. (3) a hvsteresis-t^e Tí (2) ablllty to ^nd tape as well 
control, (4) a mechanical d^ice fír ^d"teaalo"lne device to improve tension 
requiring carcass remnvRi * ^he aPP^lcation of insulation without 
radial winding by a sinrol^ ivih»nCapaïillty fo^ohanging from helical to 
mechanical) to correct machine drfv ° fqa^s, ^ a feedback system (electro- 

(T) an adlLnhirriÄt^^^rf^neTV^r. 13 
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shown the 49 x 17 prototype tire winding machine. Ihe cams for this winding 

machine were designed from formulas derived in a computer study program 

presented in Part II. Drawings for the cams used on the prototype tire-winding 
machine are shown in Appendix III. 

The carcase-winding machine contains a ratio-adjust control that 
regulates the speed of the winding head relative to the mandrel speed. This 

control can be operated either manually or automatically. The automatic 

feedback control is a combination electromechanical system in which a sensor 

device automatically adjusts the rotation of the winding head to return the 
end count to the specified value when variation develops because of mandrel 
slippage. 

Modifications were made to the automatic feedback control system 
to improve uniformity of cord spacing and end count. The *irst modification 

consisted of a zero-null device to synchronize the mandrel with the master 

position control disk. The second was an error-amplitude-detection system 

which provides automatic measuring of the mandrel position error amplitude 

with respect to true position. Each of these modifications accomplished its 
intended purpose. 

Examination of the winding machine during operation indicated 
that a very small but significant change in the mandrel speed occurs as 

covering of the rubber ply insulation by cord takes place. Traction 

improves as cord covers the tacky rubber surface. The cord spacing is 
reduced and the winding head speed must be increased when this occurs. 

Control of cord spacing, and ultimately the ply end count, requires constant 
observation of the cord lay down. Immediate application of corrective 

measures is necessary to maintain uniformity of cord spacing. The automatic 

feedback control system is designed to providt cord spacing control by varying 
the speed of the winding head relative to the mandrel speed. Corrections 

can be made only twice during each mandrel revolution because only two sensing 
points are available. The addition of more pickup points such as metallic 
spots on the edge or inside of the RLA would improve the reaction rate of the 

automatic feedback control system. Perfection of this technique would require 
considerable study and additional cost. By use of manual control, the 

operator is able to make corrections rapidly when variable cord spacing appears. 



bet»«» the“ b 

=eLXie“»« ÄSr»^- 4« 
molded, adheelve-cohíeí Mtiîllp rSS“ to A- 5"*1* “f 
perpendicular to, the »ovemer.t of^Se L“ £« “d 

mc?ïo?«t«:„rtTtT ,KnSll,> 8Urf“' “* Ibbreane^he 'coefficient1of"* incLion between the tire carcass and the drive belt. or 

b- Handling and Curing Equipment 

prototype U?T '7^^ * 17 
resin laminate reinforced with steel ein»« f« Slass-fabric/polyester 

”tiM°phl«rd rr^ Îb Se^^rlcÄ4”1 h*u- 
the Llf 'Ítertte^iil^^luni5»^518;:'" '7 ln”rtin* 

The’^mandrel Í^U^Svi^r^r^te ‘J* "°ld “d “drln* bo^!° 
half of the mandreiedurinc bondi ' /f to support the top- 
top-half with respect to fh^^ír8' . Sf*cial Rusting screws locate the 
control. P the botto“-h^ to provide exact mandrel-width 

mandrel ís^ÍSToJ6^“ ‘“'fí,,^rel dieaeeetóled. The 
the chamber areas in tS RIA Vî rei“vable inserts used in forming 
in Appendix III. ‘ A drawlne of the ^ building mandrel is shown 

.,««d i«« a.1,16 carca88 handling truck is shown in Figure 17. This truck ie 

out of thercwi^town!and mandr*18 th® rubber-cover~d mandrel into and 

the 49 X li 8^ial,™hout device was designed to remove the mandrel from 

the aL iiíet tu¿e TsaXtST °f û 8yPh°n tUb€ that fitB lnalda 
«ter out or th, Ce'la. 

lb Bhown iVtl ^ 
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Figure 16. RI.A Riiil'iing-Kandrel, Disassembled

Figure 17. Carcass Flandling Truck
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VACUUM 
PUMP 1/2" 

VACUUM 
LINE 

STRAINEF 
1/4" OUTBOARD LIN| 

(22" Hg CAR) 

VACUUM 
GAUGE 

RINSE 

FORT 

VACUt M LINE 
TRAP TANK 

DRAIN PLUG 

SEDIMENT TANK DRAIN 

TIRE 
CARCASS 

MANDREL WASHOUT EQUIPMENT 

51 Figure 18 



Tool Number Description 

T-I286126 (Aerojet) 
1-1286127 (Aerojet) 
T-1286128 (Aerojet) 
T-1236129 (Aerojet) 
T-120802 (Aerojet) 
T-I20854 (Aerojet) 
T-1286141 (Aerojet) 
EIC-v6^6 (General Tire) 

DK-561+7 (General Tlr ) 
BK-l+251 (General Tire) 
BK-4255 (General Tire) 
221A215 (General Tire) 
221A216 (General Tire) 

Mold, Sand Mandrel - I+9 x 17 Tire 
Handling Tongs - 1+9 x 17 Tire 
Inverting Fixture -1+9x17 Tire 
Handling Harness - 1+9 x 17 Tire 
Handling Cart - 1+9 x 17 Tire 
Handling Fixture - I+9 x 17 Tire 
Test Mandrel 
Bottom Half Stamping Arrangement - 

1+9 x 17 Tire 
Top Half Stamping Arrangement - I+9 x 17 Tire 
Interchangeable Plate - 1+9 x 17 Tire 
Spacing Arrangement - 1+9 x 17 Tire 
Tire Test Rim - I+9 x 17 Tire 
Tire Test Rim Side Plates - 1+9 x 17 Tire 
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SECTION V 

PROCESS DEVELOPMENT (TASK C) 

those^manufacturing°andhprocessi^ ^ t0 lBOlate ^ 8o1- 
fabrication of various t^pes of filment in the 
ments by the fabrication and testiiTofluCfl^f^ "«Enforce, 
were evaluated: bias cord path radial mrri tires. Ihree constructions 
cord path. The bias and inodi fi éd-^es i et ! ’ n»dified-geo<iesic 
cords; the radiais were reinforced with reinforced ^th nylon 
addition to riylon. d With 6lass ^ steel wire cords in 

1. FABRICATION OF SUBSCALE TIRES - 30 x 8.8 TYPE VII 

a. Conventional Tires 

(1) Fabrication 

method, to provide^ontrols for HfTflcated ^ conventional 
3360/2 nylon, was used in the fabrication nr s?i“e cord» 
control tire, ,eleeled for un. ín^uhe^lfú^p^1“-“"«1' 

(2) Static Testing 

control tires. All requireLnts £f MIL t\oLi ^ ^ the conventional 
specification, are met ^fstat^c SfSoíJ?nVentional tire 
of the three tires. This is the percent definí? 5?) k ÍS Sn avera«e 
thp ^flection of this control tire at Îhe Seî ^ t0 descr^ 
curves taken during dynamic tests mafsl^w Tftertnt Í ' ^'^ction 
of changes in the method and equipé ^d^f^n^datT'"168 

Tires A-10 and A^f ^ for 
of a conventional cord tire The m« w A'13 1 re rePresentative 
are the effects of outside aia^ter diffeífnt^r"038^®^®®" thU tWD tires 
of the A-10 tire upon bottoming dlfiand of the rapid collapse 

(3) Dynamic Testing 

tests; five others were 6^^10/^1 ^take^ff1*^8 T®1*® subJected to endurance 
completed the requirements of'the ® UreS satisfactorily 
40 mph outboard ïo’-cmber ?IsÏ of thí fSt! ^ th€ 25 of the 
roll test, which was performed after th!? pJC t®?t method- In the constant- 
was necessary to reduce the speed to 3 2 mnhTn^^f í*1® caraber test, it 
temperature below 200°F. After data «ñfi Pí 1 maintain an average 
of 3.5 t 0.3 mph was established a fiaad speed-time curve 
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Filament-Wound Tires 

(l) Fabrication 

• 4.V Five constructions of filament-wound tires were 
in the process development phase of the program to evaluate different 11 
reinforcing materials and to obtain uneÆl frocessi^ data to 

£;£.uo? ¿Te.?trs to 
SCtíhtirenStrUCtÍOn features of the control,“or conventional SoTTs™ 

TABLE XV 

CONSTRUCTION FEATURES OF 30 x 8.8 22 PR TIRES 

Design 
Carcass 

S?. “f ^ Ko.of Cured Cured" type Wt. (ih) TVnp iype Cured Cnncd 
ÍJ2Ç- Pli£S_ m* Anglet0) Cord Plies EPI Anglef°) 

53 Conventional 
Bias 

F/W Bias 

3360/2 
nylon 

^9.2 3360/2 
nylon 

F/W Geodesic L9.8 3360/2 
nylon 

F/W Radial 
Nylon 

F/W Radial 
Glass 

F/W Radial 
Wire 

^9.6 3360/2 
nylon 

^9-3 5/3 
glass 

5^.6 7x3 
wire 

9 

8 

4 

k 

3 

16 33.5 

16 33.5 

6.2 62.8 5/3 6 16 30 
glass 

10 90.0 5/3 6 16 15 
glass 

12.4 90.0 5/3 6 16 15 
glass 

12 90.0 7X3 4 18 20 
wire 

* EPI = ends per inch 

eerh rnnct™ 4-4 Detailed instructions were prepared for the fabrication of 

^c“î™ttuoLbOTe- ^ Preßented ln APPendl* VI aE 
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the five types of'c^stríction °f 

•«on ofr lssss “x1^ r 
fila«eiit-w3und subacax; tire, “r!“ 0”^. ‘»'-‘y-tvo 
Of the bias nylon type, four were ¡ío ^ ?f thÍS nuiIlber> four were 
of the radial nylon^yie fíuTíere ne fv,®60 ? nyl°n type’ five were 
of the radial wire configuration Follow? radlal S1®®8 type, and five were 
for each of these types: * llowin« are the identifying symbols 

BN 
GN 
RN 
RG 
RW 

Bias nylon 
Geodesic nylon 
Radial nylon 
Radial glass 
Radial wire 

The winding data for these tires is summarized in Table XVI 

(a) End-Count Control 

in the bias-wound enJ:cfunt variation is greatest 

varlrtlcn sho.„ Urtf ^ 

Ä bSÄ S 3i*oifi=oot, .Up^ orlbfSS^rt*11' 

results in variation in^rd^lí^ÜÍ"? °f^he COrds on the 8idewall 
covered mandrel to a cord-covered mandrel grcdua^ chanße from a rubber- 
produces variable frictional re is+T^61 f°ntact th® driving belt 
ratio control are mSe Jo MjUatnienta ia ^he 
is not r pid enough however Íñ !-? 5 Í he8e condition8- The response 

i ugn, however, to maintain accurate end-count control? 

radial tires is due to^he^f!.-uniformity in end count for the 

on the belt. Winding of the cord^er^ndT111?111® Pa?S to better traction 
introduce any slippage or rollimr of^he01^01" ^ t?e does not 

rrs ¿S1 - 
in Figure 21 nhortng the wiedl^ à r^iaf '8 

cord, ae developed In ^ of mbber-cement-ooated 
»ould improve the Pr0®'“' 
Results have shown that le«*. ali 1 °n x subscale tires, 
cement-coated cord is used." ' ippage 011(1 of the cords result when 
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TABLE XVI 

Tire 

Ident. 

BN-1 

BN-2 

BN-3 

BN-4 

GN-1 

GN-2 

GN-3 

GN-4 

RN-1 

RN-2 

RN-3 

Æî-4 

RN-5 

RG-1 

RG-2 

RG-3 

RG-4 

RW-1 

RW-2 

RW-3 

RW-4 

RW-5 

WINDING DATA FOK 30 x 8.8 22 FR F/W TIRES 

Spec. Ends 

i)er P4y 

755 

755 

720 

720 

Actual Ends per Ply 
. 1^1 ■■ 

T 

Average 

Ply 
Ends 

6o8 648 655 

607 597 660 

460 4?6 688 

692 690 712 

694 691 670 

603 546 '05 

674 716 756 

660 660 711 

520 546 629 

733 638 

728 714 652 

716 662 688 

555 572 632 477 64o 

555 698 566 590 464 

555 621 596 590 568 

555 598 É28 6l4 624 

580 

578 

594 

6I6 

883 890 892 894 896 

<«3 898 882 884 900 

883 910 890 900 900 

883 884 886 885 890 

883 893 890 896 896 

893 

891 

900 

886 

894 

1091 1092 1098 1092 

1091 1066 1084 1094 

1091 1070 1082 1092 

1091 1076 1080 1090 

1094 

1081 

108]. 

1082 

1055 1051 1076 

1055 1060 1068 

1055 1070 1076 

1055 1056 1060 

1055 1066 1074 

1063 

1064 

1073 

1058 

1074 

% Strength 
Level(Ref. 
Min. Ends) 

81.9 

84.4 

90.O 

94.6 

9^.5 

92.8 

102.5 

104.5 

101.1 

100.9 

101.9 

100.3 

101.5 

100.3 

99.1 

99.1 

99.2 

100.7 

100.8 

101.7 

100.1 

101.4 
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(b) Cured Cord Angles 

... , . Urnamlc tests have shown that good performance is 
obtained -he cord angle is within a certain range. This range has 

been established for various stations around the tire for bias and ceodesic 
cord paths, and the winding cams were designed to produce cord angles 

within the specified range. The following stations were selected as points 
where cord angles were checked after cure of the tires. 

Station No. Location 

At the crown centerline 

1.5 in. from the crown centerline 
3.0 in. from the crown centerline 
*+•5 in. from the crown centerline 
6.0 in. from the crown centerline 
At the ID centerline 

and GN-1 

values. 

The cord angles were checked on BN-1 (bias nylon) 
(geodesic nylon) to determine how close they were to the target 
The results were: 

Tire 

Ident. 

Cured Cord Angles Along the Neutral Axis f) 

jtniion 1 Station 2 Station 3 Station 4 
T A 

Station 

BN-1 
GN-1 

33.8 4o.5 

65.7 65.5 
34.6 41.5 

65.4 65.5 
39.3 43.5 
64.3 64.0 

47.5 48.0 
60.3 62.0 

54.1 50.0 
55.4 62.0 

T = target angle, A » actual angle 

Station 6 
T_ A_ 

63.1 49.0 
46.4 58.5 

The cord angles 
desired cured cord angle were: 

(±) obtained on tire BN-1 versus the 

Crown 4t>° 

Upper sidewall 0° 
At maximum section -5® 

At flange -io# 
Along ID -14° 

p ^ ^ cured cord angles on tire BN-1 were obviously too 
iar from the target values to provide good dynamic performance. It was 

decided that a new mandrel profile and winding path were required to correct 
he cord angles. This necessitated a new mold for the mandrel and a new 
cam for the winding machine. 
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the target values exce^ fo^at^Tit*8^” îîire ver^ cloae to 
however, is not criticó fnLLí L ^le> 
The mandrel and cord path for the geodesic thÍS ai'ea 1101 riexe^ ■ 
Figure 22 shows a geodesic ^ilas.entw^d c^cass^ C°nSidered ^«ptable. 

of the bias nylon tire^atte^e^h^f f ^168 Were stained on two 
path was made: Change to a new “»drei profile and winding 

Station^I~§tarion~^~~gtarion ^ ZT5— ' —atlon Catión 4 Station 5 
Tire __ 
Ilent. 

BN~U vr’n """ 38.8- 46.2_ C-J C 
33.5 37.0 34.3 37.4 38.8 41.7 46.*2 49.7 53.^ ^.6 

Station 6 
T_ A_ 

62.O — 
62.0 53.0 

target angle, A * actual angle 

configuration were defSitelTL^ÍÍ obtained with t. j nodifled bias 
first tire although not « ‘Ï! on the 
fabrication of these tires and dete^L the IffTt ^ín'“ 
on dynamic performance. th effect of the cord angles 

(c) Tire Weights 

30 X 8.8 subscale tire^iníSdef^ the tire wei«hta for the 
the carcass weights for each. ° the contro1 tire weight and 

the geodesic nylon and the radial nvlo^tí11”* values sh°ws that 
for weight reduction of filament-w^Ld tirl«8 Potential 
reduction and RN-5 showed l8 f ' TÍre GN“2 ohowed 16.1^ 
30 X 8.8 tire. The radial wi« Ures show^6" Wlth & conventional 
conventional tires even though they were ^ lnCfease in weieht over the 
wound tires were approximSv I Z TS 1 ^ tires‘ bias- 
bias construction. lower in weight than the conventionaj 

(d) Winding time of Radial vs Bias Cord Paths 

less than the tine requî^d ír^d ÍS ír ^ a<radlal cord Patb is much 
radial winding time is dS to thXït^, . f! ^ pathe- '“‘b 

winding can, ^ ^ í? 'î"“1"8 head' ^ r“d 
approximate windl^-tlme r.ti^^i^p° igh^'' 
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(2) Test Results 

(a) Air Retention 

mine how well it compared “f" on tlre “-1 “> deter- parea vitn the air retention of conventional tires. 

This test was made according to MIL-T-504lD The snerH fMoo-n 
that the tire retain inflated for 24 hours durlL S^ÍÍ «quires 

invadí:" s:r 2rLsr8uSe1:iihin’adfsr “ - “-X 
pressure after adlustSnt^ollX'^the^eS ^tÄ îîr. 0»-l: 

Time 

Initial 
After one day 
After adjustment 
One day after adjustment 
Air loss - 0.6$ 

Iressure fpsi) 

295 
284 
295 
292 

Temperature (°F) 

78 
76 
76 
74 

The 0.6$ value, therefore indicater^ft^ín^ SPeCÍfÍCatÍ°n 18 
successful curé has exceil ent»? Í L ® filaffient'«ound ti: e, after a oiux cure, nas excellent air-retention characteristics. 

(b) Burst Strength 

tice i« i __ burst strength requirement of the 30 x 8 8 22 PR 
wh ov, d cJ^ P® • burst pressure attained by tire BN-2 was 1000 nei 

Which is ^UéfrtheemmÍílimUm requirements' Tire BN-4 burst at 930^si ’ 
b“aí iñ S ^ of «>' »laa nylon tl^ea 

break was in the care Jsat^hi bUrf ?trength of 710 Psi- 

;rr* tTire GN_2 bUrSt at 550 P8i duee tC°r' ^ÍS “Ht 
.11 ZZtT TOted ln this tire- nre «-* ^ ^ vT 

Z-Z’% ZTZi- -ID “ 

700 nsi ri™ nw c; T^e failecl in the hydrostatic burst test at 
L p , ‘ ,T^rf wouid not hold water pressure above 620 nsi Thl«; 
tire started leaking at a depression where cords are separated ¿or^íe 
air port. The cord structure in this tire was loose. 

filament-wound 10 x R ?! loW burst strength values of the 
in c Ü d 8,8 subscale bires were due to a variety of causes 

aitrteru^eSihe L^rcartrrtUre ““ tight "d ln the othe” !«>«. i„ either ease, the load-carrying capacity of the tire was not uni font and 



some cords -arried more of the load produced bv th«. 
others. The cure for this condition , inflation pressure thar 
Magnetic brohe tenalm devi^fü- , 
in the subs sale tire Droeram aaai..1184?^1^1 °n the machine late 
detennire theîr ^ * 

was due to a break in the RLA^^This s?t^«tf th6 subscale "tires on burst 
stronger RLA was incorporât^'recognized arid a 

of the RLA occurred after this change wm ^de.^111011' failures 

(c) Performance of Subscale Tires 

on the subs calf tires.^11 8hOWß & SUfflmary of the results obtained 

30 X 8.8 tires shows th^t^ií^íiÍ?6 gfneral of results on the 

high number of cure failures due toe aus 68^^6^1 lure’ there was a 
of cords, RLA breaks, and variable 'ord Ttightn®88 8,1(1 looseness 
wound carcass niust support the air-contafnl^ . In“rauch as the filament- 
during cure, the need ^racc^rate g,me,íer (the inner liner) 
obvious. if the cords are too loose in^S?^ bension ^ Placement is 
If they are too tight and nn+ Kon’ .’ n®uffioient support is provided, 
inner liner will be extruded w ^ UP by tread 811(1 sidewall rubber, the 

(O.otó in.) lUthb: Ä'b^nr^inhe-nt^-^T4" 
construction do not provide the he«* n inherent in a filament-wound 

the most obvious failure is that vrtiichUoP°r ^ inner liner* Although 
strength values and ¿Tali Íeten^on enn?^ CUrC’ the low burst 
inner liner. Smaller cords (0 02Q in i fttfibuted to 8 weakened 
7.7 tire program, would provider! i'/" diaaieter)> as ^d in the 30 x 

in future studies. A full molded inaer^inL^ild^^^oTc^Líd^ed'61'^ 

::™æ‘ ä£"2S;=?~ 
This occurred in spite of the fact that^he enf1 tbe current program, 
tires,as shown in Table XVT h d COUnt contr°l of these 
cure failures ca^ be attSut^d / 7 8ccilraba- The causes of these 

and lack of cord length control of the ?f thC 11710,1 during cure 
winding. Correction of the <ihfi nv 6 glafs 8,1(1 wire reinforcements during 
green carcass profile. Glass and'ilre^or^T requires chan«ing to a larger 
require very accurate control of the essentiaHy nonextensible, 

a wrap tha7is too loose t^ht ^ v,°f eaCh 7116 results oi* 
XVIII, which shows that cure^iliSs Sf6 ShOWn ^ the sumraary in Table 
under each condition! Intact í^ t J enC^bered in radial wire tires 

in tact, the tolerance limits in wire cord length 
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IABLE XV]~7| 

genebal suwmy of REEOETS 0» SUBSCALE 30 X 8.8 tibes 

Biag_jjylon (8 pUp^ 

S : SS ï' Er out of apeclfl=‘u-' 

- - ^ S: c—Ä 

GeodesicNylcn 
breakers ¡ 

rh 9 ~ ^,Ured Ti-ßht cords. Bead heel hn»-«»+ tm 
Si - 0K- Tight cords. Buist at S^n / nPSl' RLA break- 
S*l " Í°St durin« cure due to crimped fii?0!? ^ ^ hreak' 
GN-4 . cured OK. Burst at 675 pli LiÜ llne; 

n pal. Failed on air retention test. 
■gg^TJjylon DliPS? ^ ^lTr_T) 

RN-2 - I^st d^iri cure?U^Hidi c° ff*Ctive ^in valve. 
RW-3 - Lost during cure Hifh °Í stuinka«e during cure. 

^-4 - ^ hh^ r :¾ ss 
4 1 Cl *i rx n « / _i « % Æ jæ Baglai Glass (3 piles) If, 

“Ie I S SST SSÎ "“O- Short cord leo*«,. 
HG-:* - Cured OX. ”aP' ^ cord le^h. 

RG-B - Lost during cure due ¿o Sd^nu ^L?*1 “ air 

««a OK. Loose wrap. Burst at 620 psi « bead ledge. 

Badl.al Wire (g plles) fh hr..e...f 

Burst at 700 ps 

RW-1 - Blistered durin« cure __ 

m-:! - Oured OK except*foi^oñe 
in blister. blister. Loose wrap 

K £sî c^- CT^‘ "rap- cavity In shoulder area 
RW-5 - Cured OK L^ê'vr^ i ln aBo-J-der area. 

hooae wap. Burst at 650 psl at port area. 



faüSBd on the analysis of the loose- and tight-cord tires must be 
a 0 to 0.45% range in the overall tire assembly. It is doubtful 

close dimension control can be realized in commercial practice, 
results, however, ençhasize the need for "total assembly control" 
can only be achieved by an intensive study program. 

within 

if such 
These 

which 

(3) Nondestructive Test Methods 

(a) Visual Inspection 

.. . . inspection of conventional tires is a relativelv 
uncomplicated process because it is possible to use visual inspection with 
reasonable expectation of detecting flaws. This is because th^open 

tlre Permits viewing both the inside and 
outside of the tire. Other more sophisticated techniques such as fluoro¬ 
scopy radiography, ultrasonic, infrared, and microwave may be used on 
conventiona! tires if desired (Ref. l). Visual inspection; however, is 

still the most popular NDT method. The inspection techniques that cen be 
used in filament-wound tires are, however, somewhat limited because of the 
closed structure inherent in this type of tire. 

(b) Ultrasonics 

An ultrasonic technique was considered but was 
eliminated because of the need for a transmitting transducer on one 

side of the section being examined and a receiving transducer on the 

other side. This scanning procedure is not feasible for F/W tires. The 

b-“ ly limitedChniqUe ^ inSpection of filament-wound tires would 

(c) Infrared 

The infrared NDT technique has been used to detect 
-- delaminations and temperature buildup during dynamic operation 
(Ref. 2). A test method that can be used under static conditions, however, 
is needed for filament-wound tires. 

(d) Microwave 

Microwave inspection techniques have been proposed 
as NDT methods for tires (Ref. 3). A short study of microwave inspection 
was conducted at Aerojet's Sacramento facility on two tires (30 x 7.7) 
from a previous program. Visual inspection showed no defects. The tires 
were given a cursory examination to determine the optimum inspection band. 
The Ka band (26 to 4o GHz) and K band (18 to 26 GHz) were used. The Ka 

68 



I 

revealed1 n^defects^^A coXte' ^ investi«ati°n 
an extensive study of tires with built-in defects techni(3ue wo^ require 

(e) Holography 

defects in conventionafSSÄ^f“ “ed '^inentally to study 

for General Tire and Rubber Company bv Tf S Study 
structural features as tread li^ Lbís?^0"105’ InC' Showed that ß^h 
clearly revealed. CorrelatiAn ’ f b Í, ^ calen<iar splices were 
concentricity (particularly in the^0 radia1 "fo^ce variations and fringe 
nondestructive testing is based on tiTholSanh^ ^ °b®erved- Holographic 
object in a single photographic emul^inn C recor^nßs the same 
slightly displaced between record °bJeCt havln« been 
these two wavefronts, is reconstructed "thC JUCh & hologra,n> containing 
recreated. Variations occur in the «eómCtCv ^efrontE simultaneously 
to the deformation of the surface Phe h ^ fT'lnge> wHich relates 
on the significant structural strength of °f ^ °bJeCt 
the defects. Information abonttCIfl “atfrial properties as well as 

be directly obtained from the holographic^^lep ^ characteri3tics can 
technique could be considered rOT intefference Patterns. This 
wound tires. nß^ered for application to the inspection of filament- 

(f) Radiographic Inspection 

giving better than 0.7% sCnsitiCit^thCI, been rePorted as 
wound tire (Ref. l). ae authors í/th? sidewalls of a filsnent- 
of this technique is a metS ^ qCÎlUv cC^l aPPlication 
tire may be expensive but will 1 °onbro1 durin« Production of this 

periodic -inSnauce iâ^Sta “d 

(g) Fluoroscopic Inspection 

the current program becaus^th^fpChn? “ethod was ad°Pted for use in 

in use at General Tire and Rubber fCr^^frCl^e^s110^^8 be6n 
quite successful for detection tr na^rTr. r several years and has proven 
unit used is a Picker Fluoroscope a 100 inJ! Xf+ cffcass* 7116 Fluoroscopic 
power. It is adapted toXïïoïd'nW ^ unit with 500-watt peak 
instrument, it is possibirírdi+P^ g^P Capability- With this 
objects, blister or bubbles irme- linp ^ °f the C°rd path’ foreign 

the inside of the carcass. ^ densitTÄ^he^td^^ ^ 
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JiSlt Ihl ÍLi0!001 Pe7Í.Í detection of defects in this area and, therefore 
t.the ^ of fluoroscopic examination. A study of advanced ’ 

neededqfor coLÜP°í fil“nfnt-WOUIld tires provide the information 
needed for confíete inspection of the finished product. 

(4) Quality Assurance Plan 

_ , Quality assurance was considered of major inmortance in 
this manufacturing methods program. The primary objectives of aualitv 

au^r" WHr: t0 reCOrd ^ varlable/^cîaîéd »Uh Ur“ 

prooeaaea*^ ÍS'.’T!!“1“ °f these flndln«s t° i^rove mettods and 
the 1 the “»uufacturing processes produces a tire of 
the quality level designated by drawings and sneciflcationo 
quality assurance plan ccvered^ha Le« ' ,PPr0V'd 

(a) Procured Material Control 

j j Quality Engineering reviewed purchase reauisitinn.s 

and services f°r P^l-aed ra. „ateríais, aasemtlies. 
mí»! P111^086 of this review was to assure that specific 
n nc-pf r??u remen'ts> such as conç)llance with applicable specifications 

S dat;’ “d of rltLiLs lreL 
Of Characterises Í Inspection instructions listed the sequence 

Î 1 ^ t0 be insPected» inspection techniques, and tools or 

VihrinÄ^1^ ^ "aCCeptanCe «er- 

the greater oortinn °f ÎÏ® Pr°Prietary nature of this program, 
General n* Prod^tiv* materials were provided by 

a^ted ortS bSefne ^), Akron, Ohio. Materials were 
ccepted on the basis of an acceptable certificate of conformance. In 

accordance with accepted industry practice, the rubber compouxids were certified 

co“P°under and the textiles were certified by the textile engineer. In 

testing0 for exal’efífÍ?atÍOnB' laboratory evaluation work was performed (adhesive 
esting for exampAe) to insure conformance with the prescribed properties. All 

from Amat^rial (Rlass rovin«f glass fabric, valve parts, etc.) was purchased 
f supPlieJ B “h0 have consistently met standards of quality and 
reliabiiity estabüsaeä by the company and verified by Purvey and/or performance. 

. .e “uterials were accepted at Receiving Inspection on an acceptable certlfi- 

unless otherwise specified. Non-conforming materials 
detected dui.ng insyection were documented, identified, and segregated for 
nonconforming material action. e b ¿ux 

(b) Procured Sercies (GT&R) 

r j V /-, P16 ^naI lubrication and testing of filament-wound tires 
e performed by General Tire and Rubber Company in accordance with Aerojet's 

purchase order. This included the application of the tread, sidewall filler 
and chafer material, and final curing. Internal quality control methods 

presently being used in producing aircraft tires were employed in this program. 
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lhe areas of control vers In-process testing of rav materials, BurvelUanoe 

Inspection throughout the fabrication process, final visual inspection 
and fluoroscopic inspection. 

(c) Engineering Documents 

Quality Engineering reviewed engineering documents 
pertinent to the program to identify special controls, processes, test 
equipment, fixtures, and tooling to assure product quality. 

(d) Integrated Inspection Planning 

The in-process inspection planning was integrated 
with the Engineering Manufacturing Instruction (EMI) for each tire size 

and construction. These EMI's were used during the process development 

phase of the subscale and prototype tire fabrication. Quality Engineering 

reviewed these documents and set up fabrication inspection points to assure 
satisfactory product quality. 

(e) In-Process Control 

Quality Engineering performed in-process surveillance 
throughout the process development phase of the program to assure that 
variables associated with the tire quality were accurately measured, 

recorded and documented in the EMI. After fabrication of the tires was 

complete, Quality Engineering checked these for final workmanship and 
dimensional requirements. 

(f) Final Inspection 

Final product acceptance at Aerojet consisted of 
verification of complete documentation, visual inspection for good work¬ 
manship and dimensional checks as required to assure acceptability to 

GT&R tooling. Each tire shipped to GT&R was accompanied by an inspection 
acceptance sheet. Final acceptance at GT&R was in accordance with estab¬ 
lished standards presently being employed on military aircraft tires. 

These standards included visual inspection for workmanship and sample 

fluoroscopic inspection for carcass defects, tread blows, tears, blisters, 

etc. Qualification and final static and dynamic testing were in accordance 
with Specification MEL-T-504lD and USAF Drawing No. 6OD256I-J. 
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SECTION VI 

PROCESS AND EQUIPMENT DEMONSTRATION (TASK D) 

necessary, w^re modified +Í cr^ally analyzed and, where 

Static tests were conducted ac^ordii^ to^-Í^íií^SÍÍ!? 
were conducted according to USAF Dr^in^ Sd25¿i?j teSt8 

1. EQUIPMENT AND PROCESS CHECKOUT 

a. Filament-Winding Machine 

accordance “1th l"aimkoat ^^eea^SneclfleMfo °ULpre^')Ui to acceptance in 
Appendix IV). One of the ii^vedlSS^ £ thS » V1M1^ MachlM" 
applicator which provides for the apnlication nf* +h 18 the P1^ inaulation 
carcass while the carcas-; 1r -in +v, PP of the insulation to the 

perded satisfacto^^^the" sÍde^; c^ ^ftÏT 
the 49 X 17 prototype tire hnw»v»r. a tne carcass- The flat crown of 

applicator iS thie^ea beía^róf íhf díeSÍ ^ the of the 
roller and the crown of the tir*» a between the pressure 

which the applicator is ^Jed and °f the platfo™ on 
to permit the use of the mechani mi ni c°ntro1 cam would be required 
tire. During the curr^^ ^ 8t°Ck aPPlicat°r on this size of 

applied as a 12-in.-wide sheet^^is ® layer at the crown was 

ply insulation mechanical^applicator^rovided0^ 
over the hand technique as used^n +v,0 ï ^ substantial time saving 

tire-winding machine operat^n ia nr^ A detailed Procedure for 
for Toroidal-Winding Eine! " preßented in APPend^ V, "Instruction Manual 

b. Process Checkout 

for the fl^ent-ÂrxlÂ^^1"* Pr°CedUr' ™* »-P-ed 

(l) Materials and Conç>onents 

Rim-locking assembly (RLA): glass fabric 
roving reinforced plastic conç»osite 

and glass 

Winding mandrel: SR-6 sand composition 

Textile cord: Type 6-6 avion 3360/2 
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(b) 

screws 68 ^8^1011 with adjustable 

Cure the bonded mandrel one hour at 250°F. 

Rim Locking Assembly (rla) 

Unerth. mndrel «th Style 3hl gi^e fabrlc 

prepiegeCO“d °f Stirle eleee fabric 

Wird s-901 prepreg roving over fabric prepreg. 

' ScL^sdayerS °f fabrl° apecified 

■ =:ä?S.TSS7£%», s., ,: 
Xit.90edS*P”g OVer to 

cure shrink ^ ^ 

h 1^ «tl25-F *’ PlUa 2 1,1 at 250Pi™ 

Remove the tape and buff off resin flash. 

M^cut ^chaafer.apart ’ faca «» ^ange pad 

^ “PP^ “"«IPk P05 P er and Chemlok 220 cover coat. Prv 15 
minutes between coats. 5 

paste the bU8hing ^ nut witb Hughson B727-6 

íoaíytohShk 205 PrÍmer and Chemlok 220 cover 

tighten6 the bUShing ^ nut in «LA shell and 
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Drill holes and insert dowel pins. 

Wrap the RLA shell with one layer of XGP-192 liner 

* 0^0If ba* the assembly cure 60 minutes at 
¿o? F. 

(c) Mandrel-RLA Assembly 

• Insert the rubber-covered RLA into the mandrel. 

Apply one layer of XGP-I91 liner-rubber radially 
around the mandrel and RLA. 

Apply two layers of XGP-I9I circumfei entially 
from bead to bead. 

Apply one layer of XGP-192 along the RLA 
and stitch to the XGP-I91 

Vacuum bag cure the assembly 120 min. at 285°F. 

Cool the assembly slowly. 

. edge int& the mandrel contour 
with XGP-19^^ ply insulation. 

Wash the cured inner liner with toluene and buff 
lightly. 

Brush a layer of XK-985B liner dispersion over inner 
liner. 

NOTE: Dispersion to consist of 22% XK-QÔ'SB in 
toluene by weight. 

(d) Cord Treatment 

Make up a 25^ by weight dispersion of XK-984A 
Ply stock in white gas. Mix thoroughly. 

Place dispersion in dip tank and thread two 
cords through tank and Teflon wiper. 

Run dispersion-coated cords pas: two 7-ft-long 
Chromalox radiant heaters and ever spools for 
tv? passes. 

H' .MJIUUUilil lliiliiLi.il I MUUUUIUU 
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. Wind on two spools. Total l.ravel - 8o ft. 

. Control speed and heat to produce tacky but 
ary surface on cord. 

(e) Winding of Carcass 

• Install the mandrel-RLA assembly in the filament¬ 
winding machine and assemble winding head. 

Apply the starter layer by building up one ply 
of XGP-I94 from bead to bead and one layer of 
XGP-I93 along the ID. 

. Attach one cord to the starter layer and wind 

several revolutions. Adjust the ratio control 

to obtain the correct cord spacing (approximately 
O.OoO in.). 

. Remove the cord wrap and attach six cords. 

. Wind one ply of cord to produce: 
Crown angle - 4o° 
Total ends per ply - 1230 ± 30 
Ends per inch - 1^.14 ± 0.14 

Apply one layer of XGP-I94 from bead to bead. 

. Apply one layer of XGP-I93 along the ID. 

. Wind second ply of cord and continue applying 

insulation and cord until eight cord plies have 

been applied. NOTE: The winding direction is 
to be alternated from ply to ply. 

Apply layer of XGP-I93 and XGP-I94 over last 

ply of cord and remove carcass from machine. 

. Wrap the carcass in polyethylene film and place 
in shipping crate. 

(f) Component Assembly 

Cleanse outer carcass surface with white gas. 

Apply two 0.030-in. layers of XK-985B on carcass 
ID. 
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(g) 

! 1 m “ 111 ' uß 

Curing 

of heel. r sx;rlPs °n each side 

Chafer lrOUnd flUer 8trip 

APPly chafer over firat chafer. 

Äe1:'" SideW111 ^ to 33-0-in.- 

Se^t^i-^e? breai"r 0Ver Crow” 8° “--da 

»bunt carcass on Orbitread machine, 

apply treadcontro1 car'i in machine and 

S“ne^Se^ltread “d 8^‘ 

Äe'sl4°'F rat" ^ cavity and soah for 

Invert carcass and soak for 6o minutes. 

Hemove sand and water by vacuum .«ration. 

Insert segmented curing ring and inflate to 5 psi 

lubricate chafer area and exterior of tire. 

^“aîTîÎ.^s^f*11'1- to 0,°I0-in. 

Connect high-pressure lines tViAvmr, 
monitor, and pressure gage to or^““^ 
cure cycle. K ge CO Presa* Check 

lover carcass into mold and lMtall curlng ^ 

Close mold and start cure cycle. 

Open mold and remove ..ter in tire by vacuum. 
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Trim flash and vents. 

. Awl to depth of 0.25 in. every 4 in. between 

bead corrugations. 

. Visually inspect exterior of tire. 

. Inspect for blisters, separations, and cord 

path angle with fluoroscope. 

2. FABRICATION OF 49 X 1? FROTOT/FE TIRES 

a. Technical Review 

During the preliminary phases of the fabrication effort, several 
problem areas were reviewed by technical representatives of AFML, GT&R, and 

Aerojet. A summary of the discussion is presented here. 

(1) Cord Placement 

Ençihasis was placed on the importance of accurate cord 

placement in obtaining cured tires for testing. If the cords are not 
accurately placed and do not have the proper spacing, the inner liner may 
blow out during the cure. The ultimate and most desirable condition is 
the parallelism of cords evenly spaced and completely surrounded by rubber 
as obtained in calendered cord fabric. This condition cannot be completely 
achieved in filament winding because of the large cord diameter (0.042 in.) 
and the simultaneous movement of the mandrel and the winding head. It is 
also impossible to stitch the ply insulation between the cords when they 
are close together. It is necessary, however, to approach this condition 
as closely as possible. 

The cord angle is also very critical and it is desirable 
that it be within the specified reuige to provide the calculated burst 
strength and good dynamic performance. The optimum cured crown angle 
was described as 35°. The crown angle as wound should be 39-4° to produce 
the above cured angle. The wound angle, however, is dependent on the cam 
design and is not subject to operator manipulation. The cured crown angle 
of 35° was selected to ensure tread retention during high-speed operation. 
Tests on conventional tires, however, showed that tread retention is main¬ 
tained with a cured crown angle of 36.5° ± Io. This angle was selected 
as the target for the 4g x 1? prototype tires. 

(2) Cord End-Count 

The control of end count is also considered very important . 
The target in the initial fabrication program was 1200 ends per ply for the 
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neuträl axis. For a tire with a cured crown axurle +hír 
would produce a tire with a hiiT*R+ **«»/>+.-.•» /v. > this end count 
of 4.0. The burstfactor hoover ^^L™“í .Pre,'fUre/í'perctin8 P™“««) 
as the end couTof °n CUred “ ™U 

d^r^^ÄÄ Tt^t 0f ^. ,0 
ends per ply was selected for the 4q x 17 tire to\ l ?3° 30 
of approximately 3.70. ^ tire to provide a burst factor 

(3) Stitching Rollers 

frame for use in^tî^hiüfdo^^he^oMfin^e shoíSe^^^it^J116 
assumed that stitching would hold the cords in place and nrev^ñt +v. 

tires!dSIfhfroUeOCOUrred.in "^“‘-«nling of the 30 x 8.8 eubs^î^ 

have to apply pressu^TlJlediately^fter thlcord wl Tid^6’ U UOUld 
require a set of two rollers on pL>, thf f° d laid down- vould 
til cord angle .as reused a??,r^ n ? °f ï"' to ^»lon .hen 
Installation of stitching rollers untdVthé .Í1““ to P°stpone the 
cord in main+aining cor^L't «fde^ned!'”^ °f th' 

(4) Inner-Liner Integrity 

and after mappiL^M^n^esÍ«?^8.*"16 intTity °f th' lnner 11“er befo” 

Sre ^.“‘oîTJÂlÂr Se6 ST* 

¿5 sSiHi“ z- 

successfully used in the prototype tire program. 

(5) Bleeder Cloth 

o- rz" 

?hT £“S ™ ÂÂTnnï uTtUir^ 
IrreX sC o^Z^Z^lTZ eLMZrtZH1" íh ^ To avoid winvisao . n x easüy distorted during the cure, 

of a fabric bag would be req^reS" ^ line^, taÍ1°rÍng 
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b. Processing Improvements 

During the fabrication effort, a number of processing problems 
were encountered. The following is a brief discussion of the processing 
improvements that were adopted to alleviate these problems. 

(1) Inner-Liner Fabrication 

The planned fabrication procedure for the inner liner was 
circumferential winding of two-inch-wide tape from bead to bead. Three 

layers of inner liner were selected for the buildup to avoid leaks. During 
the early fabrication of prototype tires, considerable bagginess in the 
liner occurred at the edge of the RLA. This resulted in an undesirable 
buildup in this area. The problem was solved by applying the initial 

wrap radially. The second and third layers were applied as circumferential 
wraps. 

(2) Bonding of Liner to Mandrel 

A problem encountered in the filament-winding of the first 
tire was the formation of a bubble between the mandrel and the inner liner 
at the contact point between the rubber-covered mandrel and the carrier 

belt in the winding machine. This bubble caused cord stretching and 
distortion in the crown area. Bubble formation was attributed to liner 

separation from the mandrel because of repeated rotation of this assembly 

during machine setup. Normally, the inner liner is slightly adhered to the 
mandrel. The problem of the bubble formation was solved by application of 

a layer of inner-liner dispersion on the sand mandrel before cure of the 
inner liner at the crown extending outward two inches from the bonding 

line. This dispersion preserved the bond of the inner liner to the sand 
mandrel long enough to prevent bubble formation. 

(3) Retention of Cords on Side of Carcass 

Two cord payoff heads were employed in the first winding 
trials. It was found, however, that the tack of the cord was not adequate 
to hold it in place on the sides of the carcass. More rolling and sliding 

of cords appeared to take place on the 49 x 1? tire than was observed on 
the 30 x 8.8 tire jecause of the larger radius of the side wall. Variations 
in tension and winding speed were tried without success. To alleviate 

this condition, the cord was coated with a cement made from the ply stock 
and dried by festooning it between rollers and conveying it past Chromalox 
heaters. Figure 23 is a schematic layout of this operation. The cement- 
coated cord had excellent tack and showed very little sliding or rolling 
on the carcass. Six payoff heads were used successfully on all of the 
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49 X 17 tires. Cord crossovers were not entirely eliminated, however, and 
were more prevalent on the side of the carcass where the cord is carried 

under the RLA and up the side of the carcass. Confíete elimination of cord 
crossovers in the winding pattern selected for this tire does not appear 

to be technically feasible. Ihis winding pattern is based on the path 

produced by calendered parallel cord fabric laid on a flat drum and inflated 
from tne inside preparatory to curing. This produces a reverse S curve 

in the cord path on one side, and the filament-winding process must duplicate 
it. In the winding of this path, the cord from the payoff head must cross 
over (xn space) the cord already in place and then clear this cord before 

it is affixed to the carcass. Hie cord being laid down does not always clear 

the cord in place and a crossover occurs. A modificatiob of the winding 
path or a lower end count, which would provide more space between cords, 
would reduce or eliminate crossovers. 

(4) Cord Bridging 

The cams for the T-I2085O toroidal winding machine Eire 
designed to produce a rather abrupt change in direction of the cord when 
it passes from the side of the toroid to the inside of the toroid in order 

^ produce the desired bias path on each side. In winding the 4g x 17 

tire, it would be desirable for the cord to be perpendicular to the inside 
center line of the carcass. This is impossible because of the simultaneous 
movement of the mandrel and winding head. As a result of this movement 
and the large width of the 4g x 17 tire, bridging of the cords takes place 
on the inside between the two contact points on the edge of the RLA. This 
produces an air gap of 1/4 to 3/4 in. between the inside surface of the 
RLA and the layer of cords. It was necessary to hand stitch the cords to 
the ply insulation on the preceding layer to reduce this air gap. The 

remaining air, which could not be entirely eliminated by hand stitching, 

las by the segCQented curin« rings. This procedure 
was satisfactory in eliminating any deleterious effect caused by cord-bridging 
across the rim-locking assembly's inner side. ^ 

(5) Orbitread Equipment 

.. A*®' Series Orbitread Machine operated satisfactorilv 

sat ¡Íf TllCati°n °f the tread °n the 49 X 17 tire* 11 was not entirely 
Í°Tv,Ín application of the sidewaUs of this tire because of 

g ugxng by the stitcher in the area of receding curvature on the carcass. 

S incSer6! tn>,the.e3CtrUded StriP WaS Started at a tire diameter of 
h ?■ the Start was at 2Í3-inches diameter or higher, no 

gouging took place. Because of this condition, the lower part of the 
sidewall was applied by hand using calendered stock. 

(6) Adhesion of Inner Liner Compound to Rim-Locking Assembly 

lhe purpose of covering the RLA with inner liner compound 
was to protect the composite's outside surface from the curing medium. Although 

excellent adhesion between these members was oMai ied in laboratory studies 
(see Table X on page 36), there occurred several instances of poor adhesion 
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on the inaide tire cavity after the final cure. While the blieter« V 
appeared between the rubber and the RLA presented an undesirable appearance 
they did not interfere with RLA functioning. Longer solv-nt drying time and 

;‘itChl,«,','re trled but “i*11 -oderat. auocaas. pStíer i^etl- 

le! ^1°8 hlgher Curlng »P«=lal tie cement. “ 
a lower fina^ curing temperature is indicated. * 

(7) Open Splices in Inner Liner 

i. °]P*n liner splices were observed in a sectioned part of the 
last tire cured. Ihe appearance was similar to that of an undercured condition 

°rAf 'O1'""*- tte liner h«i been aubjected tSl^w 

™ ïberelo« rofLT S ^ the ^ ÄJL P‘ 
was therefore, not indicated. A major design change in this snecific tin* 

iS^ri?nîw by ^681^ b°“ding of a cured liner flip to the 
inner liner s main body. Considerable solvent evaporation time was provided- 

mliri^w18 ^861^16 that re8ldual solvent still remained. Provision for' 
more complete solvent removal is indicated. 

(8) Adhesion Between Plies 

indliHrf, »1 id Separation between the inner liner and the plies and between 

thIt cI¡wiPlie? Wa! ob8erved for the tires that failed to cure and the tires 
lolLfSJ ? dynamlc besting. Hie tires that failed to cure properly 

tn pit d^nner dínev openin88* ^686 openings permitted the curing medium 
he CaV Í between llner “d plies before bonding was acc^plished 

.ÄS ÄSÄS"* ^bi 8““'“ 

.riî? SÄ 
tSS1s.Shin?:,r1trloä' b»uïup 

^ r the initial cure were followed in the fabrication effort to 

an lnte®rJL Jlner- Liner surface buffing and the use of a Neoprene tie 

IIÎIîL if °f the CUred llner to the “cured ply compound. Full 
°i’dlif the lnner liner was also considered. This technique however did 

not eliminate the difficult bonding of a cured Neoprene elastomer compound to 
an uncured compound of different elastomeric composition. c°“P°“d to 

testing was the SOlut.i°n to the separations produced during dynamic 
resting was the removal of inner liner from the area of cord abrasion. This was 

lanset tlrTtJtZ abj;a8108 Placed perforation to the outside of the RLA in tL 
Validity of thi8 Proposed solution was not determined 

recommended^11"6 CUrlne fai;Lure- Further investigation of this approach is 
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c. Fabrication Operations 

A detailed procedure for all fabrication operations for the 49 x 17 

tire is presented in Appendix VI, entitled "Engineering Manufacturing Instructions" 
(041). Figure 24 shows a process flow chart for tire-carcass buildup. Ihe 

following is a discussion of process modifications and the man-hour require¬ 
ments for these operations. 

(l) Mandrel 

The operations followed in the fabrication of mandrels are 
those shown in Paragraph (a) of Section IV, 1 - Equipment and Process 

Checkout. The tooling performed satisfactorily and no modifications were 
required. 

It was found after fabrication of the first 49 x 1? prototype 
tire that the section width of the cured tires was larger than desired* so a 
decision was made to reduce the mandrel width b>._ ting with tire This 

was accomplished by scraping out l/k in. of the mandrel material on each’side of 
the center plug before curing the mandrel. 

A study of the effect of compacting pressure and cure time 
on the sand mandrel washout time was made to establish optimum processing 

conditions. Two-inch diameter by four-inch long plugs were molded from SR- 6 
sand compound and subjected to varying cure times and conpacting pressures. 
The plugs were then immersed in 125°F water and the time for conplete 
disintegration was determined. The standard cure of 2-1/2 hr at 250°F 
in the mold and 3-1/2 hr at. 250°F out of the mold was used for the compacting 
test. The standard cure of 2-1/2 hr at 250°F in the mold plus varying 
cure times out of the mold on specimens compacted under 8 psi pressure 

was used in the investigation of cure time. The results of these studies 
were: 

Effect of Compacting Pressure 
Pressure (psi) Washout Time (min.) 

Effect of Cure Time 
Total Cure (hr) Washout Time (min■) 

4 
8 

16 

2 
3 
4 

6 2 
8.5 2 
14.5 4 

The test resv-Lts indicate that higher conpacting pressures 
and long curing times do increase the washout time. Hie increased washout 
time is moderate and would not produce any major difficulties in processing 
The results indicate that long cure times should be avoided to prevent low 
solubility and long washout time. 

The fabrication of the sand mandrel is a two-man operation, 
requiring ten hours for completion. 

10 

8t 
LBN - large bias nylon 
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(2) Rim Locking Assembly (RLA) 

, . was fabricated according to the procedures described 
in Paragraph (b) of Section IV, 1 - Equipment and Process Checkout. The 
only modification required for the tooling was the addition of inserts in 
each of the vent openings to improve the locating of the holes for the 
drilling operation. 

, . Figures 25 and 26 show the RLA shell before and after 
being covered with rubber. The rubber covering was reduced from two 

thicknesses to one on tire LBN-7 and all succeeding tires to provide less 
buildup on the inside of the carcass and easier insertion of the curing 
mold rings. A 1.6-lb weight saving resulted from this reduction. 

fb® fabrication of the RLA is p&rtially a two-man operation 
and partially a one-man operation. A total of 32 man-hours are required for 
this operation. 

U) Mandrel-RLA Assembly 

,,. , . . The fabrication procedure for the mandrel-RLA assembly, 

5 î P™61, 1Í“er fabrication» is Ascribed in Paragraph (c) 
of Section IV, 1 - Equipment and Process Checkout. Figure 2? shows a 

wrapped mandrel ready for vacuum cure. The inner liner was checked for 
leaks after cure by subjecting it to a vacuum of 15-in. of Hg for five 
minutes. Retention of vacuum was considered evidence of a leak-proof 

liner. The mandrel-RLA assembly fabrication is a one-man operation requiring 
ten man-hours « ^ 

(*0 Cord Treatment 

The procedure used for coating the cord with cement is 
described in Paragraph (d) of Section IV, 1 - Equipment and Process Checkout. 
Ihis is a one-man operation, requiring twenty man-hours per tire. 

The coating of the 3360/2 nylon cord with rubber cement to 
improve uncured adhesion during fabrication subjects the cord to a moderate 
amount of heat and tension. A study of the effect of this treatment on tensile 

and elongation was made to determine if any change in properties took place. 
Fourteen-inch le gthe of the uncoated and coated cord were wrapped around a 

capstan and pulled to produce tensile failure on the Instron test machine. The 
elongation was measured on a 10-in. measured length of the cord. The results 
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are tabulated below: 

Specimen 

Number 

1 
2 
3 
4 

5 
6 
7 

Treatment 
of Cord 

Uncoated 

Uncoated 
Uncoated 

Uncoated 

Coated 
Coated 
Coated 

Ultimate 
load fib) 

Elongation in 
10-in.7½) 

Average 117.5 

114 
112 
115.5 

Average II3.8 

16.5 

16 
l6 
16.5 

I6.2 

produce anv ma-ln^nh« indicate that coating of the cords does not 

tensile SeSh the cord. The nominal 
ThP f the 336°/2 cord has been listed as 120 lbq 
attributed«trength shown in the above data can be * 

bonSí^ mteriIíehÍrth /1Ven thÍ8 COrd in the application of the 
significant redurÎTnn î Pr+dUC!rv°f the COrü ^ is not consi<iered a 

coS^rÆeflbrlC lab0r*t0^ of Tire 

(5) Winding of Carcass 

described in P«, in of the tire carcass is 
Checkout Section IV, 1 - Equipment and Process 
i * V s • Figure 28 shows the filament winding of a 4g x 17 tire tm« 
is basically a one-man ooerabion Tn+ni + 4» * This 
however bv\n uaaaTt 0Pe^a;lon- Total time requirements can be reduced, 

• an aaaitional two man-hours are reniH 4 +.-11 4.» , . 
and RLA in the manbin^ *u , “re re<»uir®u to install the mandrel 
the MLhdrel ior shï^At -h-hom-e to remove, «..ore and prepare 

Table XIX lists the values for cord ends per ply of each tire, 

the filament vi nd^LPr06í?8BÍTe improvenent In operation and control of 
the filament-winding machine is shown by the trend of the average rnrd 

aütomític^edh'T1 ^ °f 1230‘ ^th manual control and 
automatic feedback control were used in the winding of tires Aithmurh 
the autcoatlc dan« provide, good control oftpS end co“i, 

9 
General Tire and Rubber Co. 
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(6) Orbitreading and Mandrel Removal 

., . , JT^e Procedures used in preparation of the tire for annlieatinn 
,the tread and for mandrel removal are described in Paragraph (f) ^liCatior 

Section IV, 1 - Equipment and Process Checkout. The application of th» 
filler strip and chafer strips is performed by one operator OrbUre^in« 
is a one-man operation as is the mandrel removal lí» urbitreading 
these operations is elKht man honr-R -n, e“cval* 1,16 time requirement for 

was userafter the f^ca^Ture 
is shown by the following values, Table XX.1’ ^ efficiency of this operation 

TABLE XX 

Tire No. 

LBN-1 

LBN-2 
LBN-3 
LBN-4 
LBN-5 
LBN-6 
LBN-7 

LBN-8 
LBN-9 

LBN-10 
LBN-11 

LBN-12 
LBN-13 

LBN-14 
LBN-15 

(7) 

MANDREL REMOVAL DATA - 4g X 17 F/V TIRES 

Mandrel Wt. (lb) Mandrel Weight Removed (iM 

353 
355 
307 
309 
312 
333 
314 

319 
325 
324 
332 
328 
330 
310 
308 

148 
351 
306.8 
308.2 
N/R 
316.8 
311.9 
319 
325 
324 
332 
318 
328.9 
N/R 

305.5 

Curing 

% Removal 

42 

98.9 
99.9 
99.7 
n/r 
95.1 
99.7 

100 
100 
10c 
100 
97.0 
99.7 
n/r 
99.4 

Paragraph (g) oí Sect US<1 ^ CUrÍng °f the tire is Ascribed in 

diameter^quich-disconnect^fill û^l^e CheCkOUt- A S"“U- 
by a large-diameter s+rni^ht th* Curing e9uiP®ent was replaced 
Which^íf losrîn ih! » 8 î‘thrOUfih line after the curin« °i* tire LBN-1 men was ^.ost in the cure because of sediment in +*** n«« a 
gage was also installed rn the drain line tn en!«„~hfs ¡í ’ A pressure 

Aeo^Är^r i", 
was inadvertently filled with 250 pfi’ai^inst^d tTh, Í" ^ CUrC il 

IhePmoldrOV^ed inUOUS monitoring of the inside tempe^t^ d^iíg^^“ 
The mold external temperature was also monitored. ^ CUrC* 



d. Estimated Production Fabrication Time 

Preparation, loading, unloading, 
requiring five man-hours. 

and curing are one-man operations 

. . The man-hour requirements for a full scale production oneratinn 

equipment ^ul^hÜ“1" f^lotfinß assumptions: (l) adequatf production 
the ^ be prov^di (2J the binding machine would be automated to 

he T'ee4.PO!Siblßi ^3) the v**1*™1 ««i rim-locking assembly would 
be fabricated by standard short-cycle procedures; and (4) the cord and mhha- ss SS“ 

Table XXI Man-Hour Requirements 

Operation 

Mandrel Fabrication 

RLA Fabrication 

RLA-Mandrel Mating 

Cord Cementing 

Mandrel Installation in Machine 

"inding of 8 plies 

Carcass Removal from Machine 

Filler, Chafer Strip Application 

Orbitreading 

Mandrel Washout 

Loading, Curing, Unloading, Finishing 

Total 

Low Volume 

Production 
(Actual) 

10 

32 

10 

20 

2 

20 

3 

2 

2 

4 

no 

High Volume 

Production 
(Estimated) 

1.00 

2.20 

2.50 

0 

1.25 

9.00 

1.25 

1.50 

1.50 

2.50 

-¿iP° 
25.70 

run ^ ^ wm be noted that the estimated man-hour requirements for a 

0pe™tlon for the X 17 26 FR filament-wound tire are 

estiSp^ï i0"®! n thOSe required for low production. These 
0n maximia utilization of men and equipment. A meaningful 

comparison with the man-hour requirements of conventional 49 x 17 26 Hi 
inrS^d^/h0^1011 iS n0t availAble because of variations in manufactur- 
ing procedures between producers. 
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Weight Reauction e . 

Potentin! weight saving is one of the advantages of filament- 

wound tires; so, a continuing study was made of areas where weight reductions 

could be made. The specified maximum weight of the 49 x 17 tire when 

manufactured to ÜSAF Drawing 6OD256I-J is 215 lb. In the "K" revision of 

this drawing, the nonskid depth was increased from O.30 to 0.40 in. A 

maximum weight for this tire has not yet been established, although it 

would probably be approximately 218 lb. A conventional tire fabricated 

to this latest revision by Genoral Tire was reported as weighing I89 lb. 
The estimated weight of the original design of the filament-wound 49 x 17 

tire was l82 lb. This repiesents a weight saving of 16.5¾ when coirçpared 

with the estimated specified maximum weight of 218 lb. The weight saving 

of the filament-wound tire, when conçared with the reported actual weight 

of a conventional tire, was 3-5¾. 

A weight of 196 lb for tire LBN-2 exceeded the target weight of 
182 lb. The following areas of weight reduction in tire LBN-3 and all 

succeeding tires are: 

Mandrel width and end count reduction 3.00 lb 
ID elastomer gage reductions 2.41 lb 

Tread shoulder reduction 3.34 lb 
Sidewall gage reduction 4.50 lb 

Total estimated weight reduction 13-25 lb 

The weight of tire LBN-4 was reported by GT&R as being l82 lb, 

sc the changes produced the desired reduction in total weight. An additional 

reduction in weight of 6.0 lb was produced by a reduction in the ply insula¬ 
tion thickness from 0.025 to 0.020 in. 

Table XXH. shows the component and total tire weights. 



TABLE XXII 

MATERIAL WEIGHTS (LB) - 4g X 17 F/W TIRES 

Tire RLA 

No. Shell 
F/W Tread and Total 
Carcasa Assembly Tire 

LBN-1 23.0 126 
LBN-2 23.5 124 

LBN-3 22.5 124 
LBN-4 22.0 123 

LBN-5 21.5 123 
LBN-6 22.6 123 

LBN-7 22.0 120 
LBN-8 21.8 123 
LBN-9 22.0 123 

LBN-10 20.8 126 
LBN-11 22.2 124 
LBN-12 20.0 115 
LBN-13 22.0 in 
LBN-14 20.0 HI 

LBN-15 127.5 233 

69.O 
72.0 
66.0 
65.1 
N/R 

53.0 
58.0 
65.2 
61.3 
63.4 

53.0 
60.I 
64.0 
N/R 
62.0 

I96 
I82 
I82 
184 

176 
178 
180 
180 
180 
184 

173 
174 
n/r 
296 

Di« J . dfta in Table Xni ®4ow that the reductions in weight of the 
RLA and in ply insulation thickness contributed very little to a reduction 
in total weight. The major contribution was made by a reduction in the 
tread and component assembly. Tires LBN-12, LBN-13 and IRN-15 contained 

modified RLA configurations. The lowest total tire weight of the remainder 
was shown by tire LBN-6 which also had the lowest tread and assembly weight, 
otential future reductions in this area could be the use of exact weight 

treads and sidewalls. B 

e. Testing and Analysis 

The purpose of this phase of the work was to remonstrate the 
performance characteristics of a filament-wound 49 x 17 26 FR lÿpe VII 
Aircraft Tire. As a basis of evaluation, the test criteria of MIL-T-504lD 
Tires, Pneumatic, Aircraft," and USAF Drawing No. 6OD256I-J were used. 

(l) Mounting 

The mounting of conventional tires relies on inflation to 
seat the beads. With filament-wound tires, It is necessary to force 
flanges inward to the tire bead heel. This mounting is accomplished by 
applying the load with a load machine. 

A specially designed 49 x 17 26 ?R aircraft wheel was used for 
static testing. A cast-aluminum test-wheel with a rim contour in accordance 
with the profile specified in Military Standard MS 24368(USAF) was used for 
dynamic testing. 



(2) Static Testing 

The static test data obtained on tires LBN-2 and LBN-U are 
summarized xn Table mil. The static testing of tires LBN-2 and LBN-4 

I?!^-Ï:0nfine,3 t0 measureinents a«0 hydrostatic burst testing. More extensive 
static tes xng was delayed pending the completion of dynamic testing. It 

i?f>b^Í?Hed th?Vîe anticiPated design changes for improvement of dynamic 

constru^îoÆSs6 te8t °btalned °n P«liMnary 

4 V Tire LBN“2 showed a hydrostatic burst-test pressure of 
waffed favDrf^ ^th that predicted. This produced a 
hZ l r^e of ÍToí ?re^e/0perating Pressure) of 3-94. Tire LBN-2 
bada to 1371 wraps per ply which indicated 104.3«É of the 
required strength level. This indicated that more leinforcement was 

factor^fh^sn11 this tire.than was required by the specified minimum burst 
in thL Íí3'50* “ Sï°Wn in Pruwiug 60D2561-J. The rupture location 
failure ^int^“ ” CrOWn &rea Which is normally considered a desirable 

¿otz *.4 X. Tire LBN-4 showed a hydrostatic burst test pressure of 
5 psx which was below the 655 pfii predicted value. This produced a 

’¡^tfactor °1 3 >67. Tire LBN-4 had a range of 1206 to 1272 wraps per 
?ly which should have produced 100.56* of the required strength level 

oTnonlf :+thaí th! 8trength °f the cor" was not aîfaîned because 
fír th^w^T^ ? en? COUnt ^ 8Pacin« uf cords. The value of 3.67 
for the burst factor, however, is safely above the 3.50 specification 
m n mum and indicates that the selected range of 1230 ± 30 end count 

airütentiiríaiabnÍT f ' Tire LBN“4 «hibited adequate 
nlLfîî H P ility in that the 1083 of ‘Mr was less than half that 

ïi specification. The 0D of tire LBN-4 was close to the 
aximum allowable although within the specification. The section width 

I l th '““l1"™» even though the winding mandrel for this 
t^the^ow66” Tlby °-405 in- hißh section wiath was attributed 
nliis ^ T0™ and excesslve cord length in the outer 

f' + increase the crown winding angle would have required the 
fabrication of new winding cams for the filament-winding machine This 

showed thHSec? bf the r6SUltS °f theVa^meter^ests showed the effect of a low crown winding angle on dynamic performance. 

(3) I)ynamic Testing 

n,. M testing w®3 conducted in accordance with USAF 
Drawing No. 6OD256I, Revision J. Each test was preceded by a two-mile 
3 -mph taxi roll at I70 psi uid 39>600-lb load. Five 49 x I? F/W tires 
were subjected to this test. I^ree of these tires were of the origin^ 



TABLE XXIII 

STATIC TEST DATA - 49 X 17 F/W TIRES 

Item 

Air Retention 

Inflated Dimensions 

Inflation (psi) 

Outside Diameter (in.) 

Section Width (in.) 

Shoulder Diameter (in.) 

Shoulder Width (in.) 

Hydrostatic Burst Pressure 

Burst Pressure (psi) 

Predicted 

Actual 

Burst Factor (Actual) 

Rupture Location 

Specified 

5y6 Maximum Loss 
12 Hr Minimum 

170 

47.70-48.75 

16.40-17.25 

43.00 

14.50 Maximum 

595 Minimum 

3*5 Minimum 

LBN-2 LBN-4 

»/B* 2.35¾ 

170 170 

N/H 48.72 

N/R 17.76 

N/R 42.93 

N/R 14.44 

680 680 

670 625 

3-94 3.67 

Carcass Carcass 
Crown Crown 

R - Not recorded because of safety procedures exercised. 
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Alm/o i _?ever: reinforcing inserts of 0.029-in.-thick rubber-covered 
M2 nylon cord were placed between the cord plies around the edge of the 

C^COrt ChaflD« “d lncre“e of the ruhWcoS composite. Biese are shown in Figure 32-. 

,., ,, „ ^ rubber filler strip was vul-ianized to the flange area of 
sides of the tires to increase the cured rim width dimension. 

(2) Testing and Analysis of ¡results 

Tires LBN-12 and LBN-13 were subjected to the dynamic test 
requirements specified on USAF Drawing 60E256U. Bie outside diameters of 

™sSÕ Î8rin ''Õver"1»híntíh!: llinit8- S'Ctl0n ^1^11 °f ‘1« LBN-J2 

are ^ f0r tlre8 ^ 

thA 00111 tlreS completed the break-in cycle, but fhiled during 
thft tÍOn 8egnient of the first taxi-takeoff cycle. It was reported 
that blisters appeared on the sidewall during the acceleration of 
acaMeatton shoved that the imier liner »s^h«^°“S 

1 n well-bonded inboard from the separation. Bie breaks 

íúaure^der^hé ^ ^1°° llr to M'r ^ »r«es^d Äe 
earlier t^í »nH ^ ^ COrds broken ln the same area as in 
earner tires and extended to the fourth and fifth plies. Biere was also 

0^0 ti^h r the,M*' eIther *“ rotation of the edge “ tS RIA 
absence of a glass fabric envelope around the }kl glass laminate. 

, failure of tires LBN-12 and LBN-15 during dynamic testing 

T6 3peed and tirae as tirerS-r^-7, aid 
ISN-8 showed that the design modifications did not produce any improvement in 
dynamic performance, -me chafing of the cords at the edge ^thfSI ^«ÍCed 

of ?a£ic0L^rtscrr °f =-°° ^SL. tS i^r^îîr 
25,0° fTS between the Piies did not reduce this chafing, and the increase 

in modulus produced by this construction obviously did not contribute to an 

Siin'oÆ^f6' ^thCr the Pressur“w«seedt0 “ 
'=^VÏL*%L? underside of the BM and by the filler strips 

^rSss S íhifãr^®^arf ther: stl11 uuuslderable distortion of the 
carcass in this area. Bie failure of the inner liner during the early staces 

A cross section^f^tire indlcated a eed for redesign of the liner, 
in Fl^re 3? 3 3h0m to ngure 33‘ ls s»o™ 

as tires LBB-ls^nd^™'??1"® “J ?uro of tlre '"'Ich »as of the same design 
mold LBN-W' “Uto Permit curing of this tire In the reçu? 
mold. Curing was acconçlished in the recut mold. Bie tire had an average 

î^250rin W Afte^Ure1^0^15*255 ln,, comp&Tea the design width of 
^ ^ 1"‘ tire LBN-14 was cured, a blown area between plies 7 and 8 in -he 

“l: bl°“ Wlthln Plï 8 ^3 “»ter»«!? 
of tS SnlM îf tÎêTïmei"?? t0 »»"fthe lnterMl1 cur1"« “odium. The location opening in the inner liner that permitted the leakage could not be determined. 





C
 
T
E
S
T
 
D
A
T
A
 
O
N
 
4
9
 
x
 
1
7
 
F
/
W
 
T
I
R
E
S
 
O
F
 
M
O
D
I
F
I
E
D
 
D
E
S
I
G
N
 



I

L

■■m

•flsrn. .
M..

m-M

r
Iv-

^mk4 m ^
■jtl

- ■ ■•► S

■ ' L ■!m

m

u
0)
t:<

g

o
ao
•H
•P
V

CO
COo
u

fO
fO

CO•H
Pu.

107



o
o

icc

P■ife:

J1 mf r|®
"^ip

w|
m

i , • ^ 

t v>:
^ ^ •

:!■ ■ ■■ ’■ ■ •.■ ^‘V-

OJ
rH

i

§
1-3

0^u

Vh
o
03
Ou<

D
r-i

r®

-3“
ro

Z
=5
tsO



The results of the tests on tires of modified design and 

construction were analyzed at a technical conference attended by representatives 
of USAFj Aerojet, and GT & R. It was concluded that the major cause of the 

failure of filament-wound tires during dynamic testing was the outboard deflection 
of the RIA örtlich permitte d lifting of the tire from the rim and excessive 

movement of the cords in this area. It was decided to fabricate an additional 
tire to determine the effect of increased RIA stiffness and the following 
recommended design modifications on dynamic performance: 

Rigidize the RIA by fabricating from steel and use brass 
plating for adhesion 

Incorporate a high-modulus rubber filler on the 
inside of the RIA to reduce cord chafing 

Relocate the inner liner to the outside diameter of the RIA 
to preserve tire inflation during dynamic operation 

Adhesively bond the inner liner to the carcass by a suitable 
cement to promote inq?roved tire integrity 

Recut the mold to a larger rim width and the bead ring to 

a smaller diameter to increase clamping pressure on the test 
wheel 

c. imbrication of Second Design Modification 

(l) Modification of RIA 

Type 4150 steel was selected for the RIA of the second modified 
design because of its high modulus and machineability. A stress analysis was 

made of four configurations using this steel; the design shown in Figure 35 was 
selected. Biis steel RIA weighed I27.5O 1¾ which is approximately IO5 lb more 
than the resin/glass-fabric composite RIA. Following is a comparison of the 
hoop strain of the steel RIA with those of the composite RIA's used on the 
various sizes of bias path filament wound tires. 
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Tire 

Size 

50 X 7.7 

JO X 8.8 

49 X 17 

49 X 17 

49 X I? 

Type 
RIA 

Composite 

Composite 

Composite 

Composite 

4130 Steel 

Inflation 

Pressure (psi) 

165 (rated) 
66O (burst) 

295 (rated) 
IO35 (burst) 

170 (rated) 

595 (burst) 

595 (burst) 

595 (burst) 

Hoop Strain (in./in.) 

Maximum Allowable Calculated 

0.008 0.0032 
0.015 0.0126 

O.OO65 

0.0120 0.0021 

0.0090 

O.OI7O O.OO7 

0.0170 0.011* 

O.OI7O 0.OO25 

* Based on modified RIA used in tires LBN-12, LBN-13, and LBN-14. 

comparison shows that the calculated hoop strain of the steel 
RIA is approximately one-third that of the standard design in a resin/glass- 

fabric composite and one-fourth that of the modified RIA used in tires LBN-12 
LBN-13, and LBN-14. * 

It was planned to use brass plate on the steel RIA to obtain 
maximum adhesion. The bonding of rubber to brass, however, requires relatively 
high molding pressures. A vacuum-bag curing pressure of 14.5 psi is used in 
the curing of rubber on the mandrel and RIA in the F/W tire process. The 

adhesion of rubber to brass plate under these low pressure conditions was 
questioned,,so a bonding study was conducted. Hie results of this study showed 
that a resin adhesive system, Chemlok 205 - Chemlok 220, produced seven times 

higher peel adhesion than brass plate under the same curing conditions. On the 
basis of this study, the resin adhesive system was selected for bonding the 

high-modulus rubber and the inner-liner rubber to the steel RIA. Degreasing and 
buffing were used to prepare the surface of the RIA for bonding. 

(2) High-Modulus Rubber on RIA 

In the standard construction of the F/W 49 x I7 tire, a 
low-modulus rubber compound was bonded to the RIA. Although a bonding system 
had been developed that produced failure in the rubber itself, shear failure 

occurred between the glass composite and the inner liner during dynamic testing. 
Diis indicates that extremely' high shearing forces are exerted at the interface. 
It was decided that a stepdown In modiolus from the RIA to the cord/rubber 

composite was desirable to accommodate these high shearing forces. Accordingly, 

Compound XBIO97, a high modulus compound of 300 was selected for 



Xold ÂVÆ ,811 »cuiub 

1°.VZV%^T*’hu a lw - fe Ä fZtuT 
(3) Reinforcing Inserta between Cord Plies 

used between plies. Althou^no^LÎoveœnt^fn1^ cofi"relnforced inserts were 
by these tires, the cause of earlv falln»*« ynamic performance was shown 
than tha Inseri,. 5 to »‘her fetors 

taquen heWn 

(4) Relocation of Inner liner 

RU to the out,®' Óf^u ».*Í^T'^!rhfrs0? ^ »f the 
outside diameter of this member then sni^ MrStJ!?ndlng a flap acros8 ihe 
of the inner liner. A Chemlok 205 220 ÍL * cured flaP to th® remainder 
the inner liner compound XK985B to the system ^8 for bondini 
was used for bondi^ the SSf^cured fllp of ^hesive 
wrap of this compound. P f ^90^0 to the uncured toroidal 

(5) Bonding of Inner Liner to Ply Insulation 

been marginal o^so^of?Xnt^?^n?T t0 ÎÏ® Ply ^«^tion has 
cured compound to an uncured compound (bï 6 of Ending a 
and (c) bonding late in tíTprSÂ (b) bonding of two dissimilar polymers, 

was tried but unbonded areas were still obaervJ?^^8 °í the CUred inner liner 
application of Anchorweld S0-152D nrod^S ^ combination of buffing and 
tire LBN-15. 3 Produced good peel adhesion and was used on 

(6) Recutting of Wre Mold 

13.250 to 13.1<06Ín!Imi?™ ÏÏSïïÎS* "‘ï!.*1” lhcr«.ed fro. 
0.056-in. interference with the rim when mounted Cht£g\WOVld produce approximat« 
from a diameter of 19.938 to 19.906 in rr^^* bead rings were recut 
from 4/64 to 6/64 in. or by 50*. ’ ^18 increa£,ed the ledge interference 

(7) Filament-Winding of Carcass 

rubber-covered Sndre^i^the usSl^nie" C°S V6re fllament-wound over the 
inserts at the radius in the heel are»nontacky surface of the K-70 
cords on the side of the carcass so a rollil1« of the carcass so a layer of ply stock dispersion was applied 
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to hold the cords in place. Ifce weight of the carcass, vhicn was 10S lb 

tín ajn0rnial carcass> Produced more wobbling and lateral movement on 
^ usually experienced. Cord spacing whs somewhat difficult 

í!cause °f,this conditl°o> lhe heavy carcass weight also caused 
tí he ^nSklî ^nelS ^00 the living belt. This was corrected by 

dusting the surface of the panel with zinc stearate. 

on tire LBN-15: 
The following. Table XXVI, is a tabulation of the winding data 

TABLE XXVI 

Ply 
No. 

1 

2 

3 
4 

5 
6 

7 
8 

Average 

Cord Enus 
Per Ply 

1296 

1200 

1248 

1256 

I26O 

1243 

1236 

1248 

1246 

WINDUC DATA FOR TTRE LBN-15 

Winding Data 

Crown Cord 

An&lg i ) 

40 

40 

40 

4o 

40 

40 

4o 

40 

Cord Ends per Inch 
Min Max 

10 

9 

9 
8 

9 

7 

7 
_8 

8 

1.4 

12 

14 

11 

14 

13 
14 

12 

13 

(8) Application of Components and Tread 

P16 breaker, filler, chafer strips, and ID liner were applied 
before Orbitreading. After the tread was applied, the remaining 

of tire ^ To11^ «» «W »f 

Steel RLA shell 127.5 It 

Cord and elastomer IO5.5 lb 

Breaker, sidewalls, filler, etc. 15.O lb 

Orbitread 48.0 lb 

Total weight of tire 296.0 lb 



(9) Curing 

lhe green tire was externally lubricated and the bead ledges 
were lightly lubricated with a silicone solution. It was awled at the top 

of the bead heel filler to a depth of 0.10 in. (through the two O.50 chafers). 

During the first insertion of the segmented curing-ring, some interference was 
noted. The ring was removed and the plies were thoroughly stiched down. The 
segmented curing-ring was then inserted without difficulty. No problems were 
encountered in the closing of the mold. 

Upon mold opening, it was noted that the tread was depressed 

the Presence of a separated segment. A small (l-in. 
diameter) blister with a 2-in.-long feeder along the cord path was noted 

directly above the upper bead corrugation. Water exuded rapidly from this blister 
when it was awled 90 hr after cure. 

d. Analysis of Results on Tire LBN-15 

A conçlete failure analysis was performed on tire LBN-15 to 
determine the cause of the large blister that occurred during ciare. Fluorosconic 
inspection confirmed the presence of the blister. A scentalator test using 
10 psi of Freon, a pressurization test of 50 psi nitrogen, and inflation to 
I70 psi operating pressure, however, failed to show any openings in the tire. 

* w*111® v&xy deposit found on the cords in the blown area was 
identified as depolymerized nylon which is produced by a combination of heat 
and moisture. Bie heat was supplied by the curing medium and the moisture must 
have been forced through the inner liner during the high pressure cure. 

The presence of water in tâie carcass was confirmed by the small blister under 
the sidewall. 

The opening in the liner through which wrter entered the carcass 
was either an open splice observed in the liner or a perforation found in the 
inner liner along the sidewall below the blister. This perforation must 
have occurred between vacuum testing of the liner and curing of the tire as it 

would not have held any vacuum. A possible cause suggested for the cut was the 
falling of a broken section of the sand mandrel during the turnover operation 
used in the washout. A second scuffed area found near the perforation tended 

0 confinn this explanation. The open splice in the liner appeared to be caused by 
solvent trapped from the bonding cement. 

Removal of the tread secticn over the blister showed the breaker, 
the 8th ply, and the 7th ply bonded to the tread. The condition of the renaInder 
of the plies was fair, but the carcass could have no more than 50¾ of its 
design strength. The inner four plies would be operating under twice the design 
stress if a dynamic test were performed. The defect was not repairable so the 
tire war not considered suitable for testing. 





TABLE XXVII 

GENERAL SUMMARY OP RESULTS ON 49 X 17 26 PR TIRES 

Tire 
Ident. 

LBN-1 

LBN-2 

LBN-3 

LBN-4 

LBN-5 

LBN-6 

LBN-7 

LBN-8 

LBN-9 

LBN-10 

LBN-11 

LBN-12 

LBN-13 

LBN-14 

Design Results 

Std Ihermocauple tire - Lost during cure due to sediment in 
pressx’xe fill line. 

Std Cured CK - Crown burst at 67O psi. 

Std Lost in cure due to inadvertent pressurization with air. 

Std Cured CK - Crown burst at 625 psi. Inflated dimensions (K 
except section width. 

Std Cured CK - Air retention CK, Inflated dimensions CK except 
section width, deflection OK, completed break-in cycle, failed 
on first taxi-takeoff cycle at 75 ngjh. 

Std Cured CK - Satisfactory for static testing. 

Std Cured CK - Air retention CK, inflated dimensions CK except 
section width, deflection CK, completed break-in cycle 
failed at 5550 ft of taxi-takeoff. f 

Std Cured CK - Air retention OK, inflated dimérisions CK except 

section width, deflection CK, failed during break-in cycle. 

Std Cured CK - Satisfactory for static testing. 

Std Cured CK - Satisfactory for static testing. 

Std Cured CK in recut mold. Satisfactory for testing. 

Modified Cured CK - Air retention CK, inflated dimensions CK except 

section width, deflection CK, completed break-in cycle, 
failed in taxi-takeoff at 95 mph. 

Modified Cured CK - Air retention CK, inflated dimensions OK except 
section width, deflection CK, completed brea it-in cycle, 
failed on taxi-takeoff at 90 mph. 

Modified Cured In recut mold - Blistered in crown during cure. 

LBN-15 Modified Cured in recut mold - Blistered In plies during cure. 



SECTION VII 

CONCLUSIONS AND RECOMMENDATIONS 

1. The feasibility of fabricating filament,-wound aircraft tires using nylon, 
glass and wire cord reinforcements in bias, geodesic and radial cord paths was 
successfully demonstrated in a study program on 30 x 8.8 subscale tires. The 

curing difficulties encountered in this program with radial wound tires indi¬ 
cate a possible requirement for a segmented type curing mold in place of the 
conventional clamshell type. Improved integrity uf these tires during cure 

may aiso ne provided by premolding the liner as an inner tube and splicing it 
on the sand mandrel. Additional studies of the geodesic cord path tire are 

recommended because of the weight-saving potential shown by this construction. 

2. Mechanization of the tire filament-winding process and the insulation- 
application process was demonstrated by the successful operation of the 
prototype tire winding machine and by production of large tires. Additional 

refinements contributing to tire fabrication mechanization include applying the 
tread and sidewalls to the filament-wound carcass while it is still in the 

winding-machine. The use of a calendered or extrusion-coated tire cord in the 
winding-machine should also be considered for providing more accurate cord 
spacing. 

3. Optimum operating procedures were established for prototype tire filament¬ 
winding equipment. The abrupt direction changes in the cord-laydown required 
by the bias design introduced cord crossovers are considered undesirable 
tor good dynamic performance. Investigation of improved cord tackifying 

‘eSnrDoint,r™°ZnS? t0 Î'T’ÜÎ thl‘ C0nditl0”- Corporation of addition»: 
sensing points on the filament-winding machine is required to improve automatic 
feedback control of cord-end count. 

Satisfactory strength, air retention and deflection characteristics were 
shown by all the 49 x 17 26 PR prototype tires tested to these requirements. 

5. Satisfactory dynamic performance was not achieved by the 49 x 17 prototype 
tire because of severe cord chafing at the underside of the rim-locking assembly, 
The chafing caused perforation of the inner liner, loss of pressure, breaking of 
the cord reinforcement, and unlanding of the tire before complet ion'if one taxi 
take-off cycle. Design modifications, which include stress-concentration 
reduction, an increased bead area modulus, and cord reinforcement, produced no 
improvement in dynamic life. The dynamic performance of the 49 x 17 tire was 

poor when compared to the performance of the 30 x 7.7 F/W tire. In a previous 
Air Force program the 30 x 7.7 F/W tire survived 50 high-speed landing cycles, 
nils dynamic performance disparity demonstrates the extremely difficult 

tCi^1^AU*iPCo0+Í.em8v,enCi0Unteíed in the current Program. Redesign of the 49 x 17 
tme and also the wheel may be required to produce a major performance improve¬ 
ment. The performance requirement is described in the military testing specifi¬ 
cation designated in USAF Drawing 6OD256U. 
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T mi " ... 

6. The manner and location of fai »» of* an e-n=„ 
dynamic testing for this and precedin programs Îr^ssenM^Ï dUrÍng 
results indicate the need for a hitrh^ e®sentially the same. The 
RLA and cord/rubbar cZo„l£ defection for the 
forces hsposid on f the 

“tÄ’t^fd“^ a” t“Xi. 

s'iiTr^“ rti^Sc.^“"8 ni^r 
â™iLSX\“^nS:“Æc^^]i^^t^^^^not‘alrb'. 
service performance. It is recommended that this lïî t^re\°fjsuPerior 
study of experimental tire designs The desuna ^ ï® utillzed ^ a 
the belted bias, the modified bias or «eodesif and _Urr'!¡í interest include 
and geodesic. An evaluation ofge^esic, and a combination of radial 
on the small winding machine which ha/r^»8^0^ profitab;i-y be conducted 
most of the features of the large winding bee"J'mFi'ov’ed by incorporating 
the optimum winding path forT™* Aner termination of 

results couldÄe^pSdT^Ä'ofT^eTtS.:“11 
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I. INTRODUCTION 

In order to continuouBly wind filament» at specified angles on a toroidal 

mandrel, three motions are required from a winding machine: 

A. Rotation of the mandrel about its own axis. 

B. Rotation of the filament payoff head about the mandrel. 

C. Displacement of the payoff head perpendicular to its plane of 
rotation. 

A cam is required to provide the proper relationship between the rotation 

and displacement of the payoff head for a specified angular position of the 

mandrel. The purpose of this computer program is to perform calculations 

for the design of these cams to be used in a filament-winding machine for the 

manufacture of filament-wound tires. Calculations are based on equations 

presented in Appendix VII and VIII. 

II. COMPUTER REQUIREMENTS 

This program was written in FORTRAN IV for the IBM 360/65 digital 

computer and was compiled under the 'G1 level compilers. Required tape 

specifications are: 

Input, Logical 5 (DONAME = FT05F001) 

Output 

Printed, Logical 6 (DONAME = FT06F001) 
Punched, Logical : (DONAME = FTO1F0O1) 
Plotted, PLOT TAPE (DONAME) 

Data set PLOT TAPE is subsequently processed by a utility program, which 

directs the plot information to a Calcomp plotter. A card listing of the 

FORTRAN IV source decks for the computer program is given in Appendix IX. 



m- WRAP PROGRAM OPERATIONAL PRnrt niTo fc 

A. PROGRAM DESCRIPTION 

The program i. compce of a main program and .even function 

•ubprograme. which appear a. external .tatemen., in the main program. A 

discussion of each of these components follows. 

^Program 

Thi. deck contain, the iteration .cheme necee.ary to e.tabli.h 

geometric continuity between the rotating mandrel ató the revolving payoff 

head. The library integrating .ubroutine ROMBRG i. called by thi. deck, a. 

required. 

a. Winding Path Table 

The program begins by establishing a table of ^rap 

angles vs. radii from data contained in the common BLOCK DATA subprogram. 

b. Hyperbolic/Circular Section Intersection 

Coordinates of the intersection of the hyperbola and 

adjacent circular eec.icn (R3P. AP) are e.tabli.h.d by mean. .!ope equality 

ba.ed on an iniKal guee. for the angle of advance aero., the hyperbola (DELTA). 

If convergence i. not obtained after KV iteration., calculation, will proceed 

using the last calculated values for R3P and AP. 

c. Total Angle of Advance and Arc Lengtn 

Angles of advance across the remaining geometric sections 

are established by calling the library Romberg integration subprogram. Each 

specific function to be integrated is established in the corresponding external 

FUNCTION subroutine, and the function together with calculated limits are then 

incorporated into the ROMBRG call statement. The total angle of advance (T) 

is the summation of the angles of advance across each geometric section 

(including the hyperbolic section). 
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Total arc length is calculated by the same techniques using 

the required FUNCTION subroutines. 

d. Rotational Balance 

The nuirtber of revolutions of the winding head (AN) is 

calculated and tested for an integer number. The purpose, here, is to obtain 

a practical gear ratio between the mandrel rotation and payoff head rotation. 

MAN is not n integer, the initial guess for DELTA is incremented by DT/2. 0 

and steps b. through d. are repeated, until an integer value for AN is obtained. 

If convergence is not obtained in JMAX iterations, the 

initial input value for the number of rotations of th* mandrel (AM) is incremented 

by 1.0 and steps b. through d. are rep sated. 

e. Geometry Table 

A table of points, spaced in equal angular increments 

(DELPHI), is generated for presentation as printed output and for use in the 

CAM program as punched card output. 

2. Subprogram FUNCTION FT2X (PHI) 

The purpose of this subroutine is to define a function of PHI 

for determination of the angle of advance ( TH2X) across each circular 

section (2X) by Romberg integration techniques. The function has the form: 

f (^ ) = b tan Qt 
r j4 bcosc 

3. Subprogram FUNCTION FS2X (PHI) 

The purpose of this subroutine is to define a function of PHI 

for determination of the arc length (S2X) across each circular section (2X) by 

Romberg integration techniques. The function has the form: 

One subroutine of this form is required for each of the three circular sections. 
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4‘ Subprogram FUNCTION ■ 4BL [R} 

Thi. subroutine is „..d interpolate for wrap an4les 

|AMI): at r.dUl point. |R ,„| whlch 1U in between the input value, of 

radii I RAD (I) 1 . 

B. INPUT INFORMATION 

Data are e dered into the main prosam through labeled COMMON 

by using a BLOCK DATA subprogram. A serie, of eleven DATA card, in the 

BLOCK DATA .ubprogram define all variable, required to execute the progran 

See Appendix X for a sample problem. 

1‘ Wrap Pattern for Circular Section« 

Three cards are required to describe wrap angles at up to 

30 designated radial stations. 

a. DATA DEGR/<— Enter the "degree" value of the wrap 

angle for each station in columns 17-71, as needed_> / 

b. DATA AMIN/«- Enter the "minute" value of the wrap 

angle for each station in col tmns 17-71, as needed _» / 

c. DATA RAD/f- 

16-71, as needed -->/ 
Enter the station diameter in columns 

2. Wrap Pattern for Outer Cylinder 

If the wrao angle varies across the outer cylindrical section 

Of the mandrel, thi. wrap angle varialion with increa.ing polar distance <YC) 

.s designated by three additional cards. The value the wrap angle recorded 

for the last station in thi, series of card, must agree with the value of the 

wrap angle recorded for the firs, station in the preceding series of card.. The 

maximum number of variation, in angle acros, the outer cylinder i. fixed at 10. 
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Card 4. DATA DGR/(- Enter the "degree" value of the 

wrap angle for each station in columns 16-71, as needed—) / 

Card 5. DATA AMM/<— Enter the "minute" value of the 

wrap angle for each station in columns 16-71, as needed —> / 

Card 6. DATA YC/ 

in columns 15-71, as needed -> / 
Enter the station polar distance 

If the wrap angle does not vary across the outer cylindrical 

section, enter 10*0. 0 between the slash marks on each card and set N4=l on 

Card 11. 

3. Circular Section Geometry 

A series of three cards is ui.ed to describe the parameters 

required to generate the three circular section, of the mandrel. Refer to 

Figure 1 for a pictorial representation of these values. 

Card 7. DATA D2, D3/f—Entei values—*/ 

CardS. DATA Rl, R2, R3/4— Enter values—>/ 

Card ?. DATA LI, L2, L3/4—Enter values —>/ 

4. Control Data 

The next two cards complete the series of da a required to 

single case. All parameters are defined in the nomenclature (Section V) 

Card 10. DATA S'il, ST3, RRHOl, DELPHI, ALMIN, 

ALMAX/ <-- Enter Values —> / 

Card 11. DATA NO, N4, AM, DELTA, DLO/<- Enter data--» 

It should be noted that N4=l, if the cylinder wrap angle 

variation option is not used. 
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c. OUTPUT INFORMATION 

1* Punched Card Output 

The primary output of the wrap program ia a aeriea of 

punched manila carda, the number of which (NPTS) i. calculated from the 

equation: 

NPTS = 180C 
+ (N4-1 ) + 1.5 DELPHI 

Each card contains values for PHI, R, Y, THETA, AL, and ARC at DELPHI 

increments along the mandrel surface. Two additional cards containing 

geometric data (LI, L3, R2, R3, SRI, YB, R3P, AP. DELTA) complete the 

series of punched output. This series of card, is used a. input to the CAM 

program. 

2. Printed Output 

Since the previously discussed punched output is not interpreted, 

the same data is represented as printed output for inspection. In addition, 

many of the calculated parameter, in the program are printed (seethe source 

listing, Appendix IX so that the nonconvergence of iteration schemes and non- 

practical solution, can be remedied by adjustment of data on input cards 10 

and 11. Appendix X contain, output for a sample problem. 

ADDITIONAL COMMENTS D. 

A few special situations were encountered during program 

' check our which may lead to unde.¡rabie cam deaign.. The.e ca.e. are 

discussed, and method, for controlling the situation, are presented in the 

following paragraphs. 

!• Nonconvergence of R3P/AP 

Convergence of the iteration scheme for determination of the 

coordinates of the hyperbola/circle itersection is represented by an equality 

Û 
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between AP and APP. Inspection of the printed output will sometime, reflect 

an inequality in these values, although the program proceeded to completion. 

In most cases, equality can be obtained by changing the iteration increment 

(DLO> by a POWer °f tcn‘ ^ Printed output will dictate whether an increase 

or decrease in DLO is required to force convergence. 

2‘ Impractical Gear Ratio (AN/AM^ 

Since the required gear ratio for controlling rotational motion 

“ hi*hly to th' ‘"P"' ««»P -f DELTA, ca.es may ari.e which con¬ 

verge on undesirable gear ratios, a. a result oi an improper e.timate of 

DELTA. Value, for DELTA will normally range from 5° to 40°, depending 

on the amount of bridging (depth of hyperbola) required to establish» wrap 

pattern. For most mandrel geometries, a value of 10° or 7° for DELTA will 

produce gear ratios of 3:1 or 4:1, respectively. 

In some instances, the relaxation of the limit. (ALMAX/ALMIN) 

o the wrap angle at the last contour point willproduce the additional range in 

parameters required to converge on a desirable gear ratio. 

3. Depth of Hyperbola 

In theory, a large number of hyperboU. will satisfy th. 

requirement, for a specific wrap pattern a^ mandrel geometry. A practical 

consideration is the interference of the bridged filament withth. revolving 

payoff head, a situation caused by a calculated hyperboU, which is too deep 

for the specified radius of travel of the payoff head. Since the depth of the hyper- 

bola ,. directly proportional to die value of DELTA, a decrease in DELTA will 

produce a more shallow hyperbola. 
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4* Control of Surface bein^ Wrapped 

Fop thin-walled toroid., the .urf.ce (mandrel, out.ide or 

neutral axi.) u.ed to e.tabli.h the required wrap pattern doe. no, irflueace 

the cam de.ign. A. more layer, are added, the thick»... of the wall incr.a... 

and tt may be n.ce...ry to e.tabli.h different cam de.ign. for control of the 

wrap pattern on the outer .urface,. Control of the .urf.ce being wrapped i. 

established by fixing ST1 at a value for the liner .hicknv and allowing ST5 to 

vary from zero to the maximum value of the thickne... Difference, m cam 

de.ign. should be noted, in order to e.tabli.h whether the required degree of 

wrap pattern accuracy is obuined at the outer surfaces. 

IV* CAM DESIGN PROGRAM OPERATIONAL PROCEDURES 

A. PROGRAM DESCRIPTION 

The program consists of a main program and one subprogram, 

CETST. both of which were written to be u.ed in conjunction with the pr.viou.ly- 

described WRAP program. A discussion of the primary function, of the progran 

is presented below. 

Main Program 

a. Basic Input 

The program begins by reading a title card, control 

paraameter cards and the data cards generated by the WRAP program. A sample 

input sheet is contained in Appendix X 

b. Initialize Plot Routine 

If graphical representatu n of output data is desired, the 

TOin program calls the library subroutine PLOTS to initialize the plating 

routines. 
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c. OMO "Do” Loop 

The angular displacement of the filament at zero time 

(OMO) is initialized and the subprograih GETST is called. The subprogram 

calculates a cam design for the given OMO and returns. OMO ii then in¬ 

cremented by DOMO, and the process repeated until NLOOP cam designs are 

produced. 

2. Subprogram GETST 

This deck controls che solution of all equations used to obtain 

a cam design and calls the CALCOMP plot routines, as required. 

a. Geometry Table 

The program begins by completing the data table for the 

othci- two quadrants of the mandrel cross section from mirror image data 

generated by the WRAP program. 

b. Calculation of EP 

The angular position of the payoff heat, at time equals 

zero (EP), is calculated from the quadratic equation as outlined in Appendix 

VII. 

c. Iteration for Time Variable 

The payoff head is assumed to have unit velocity (OM2=l. 0), 

and .he velocity of the mandrel is computed as: 

OM1 = 1-HETA<P> 
V 

Following the procedure outlined in Appendix VII the time variable j T(I) ] is 

computed by iteration techniques. If a solution is not found after JMAX 

iterations, 1(1) is set at T(I-l) and the program continues. 



A special option in the program (ILOC=l) allows the pay- 

o« he,d to follow the contou, of the mandrel, instead of rotating about a fixed 

coordinate ayetem. Thie option provides a separate set of equations for use 

in the iteration scheme for T(I) and in the later calculation of 5(1). If the 

option is used, a message: "pAyoirf. HEAD IS ON SURFACE OF MANDREL, 

is printed. 

d. Displacement of Payoff Head 

At this point in the program, the values of all variables 

are known, and the displacement of the payoff head 

as a function of its angular position: 
I s»>) is computed directly 

ZZ(I) = OM2 I T(I) J + EP 

These two variables, evaluated at equal angular increments around the contour 

are the data required for a specific cam design. 

e. Interference between Payoff Head and Mandrel 

A f.pecial test, outlined in Appendix VIII, determines whethe 

the payoff head has penetrated the space occupied by the toroid. If this situatioi 

has occurred, a message: ••*** CASE TERMINATED *** PAYOFF HEAD 

PENETRATED MANDREL, - is printed. 

f. CALCOMP Plot Routines 

If NPLOT is input as 0, an additional table 

-All) data is prepared for plot output. The CALCOMP sup-ort 

■o prepare the plot are then called. These routine., which are 

the 360 library, are: 

of S{I) versus 

routines required 

available from 
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Routine Name 

PLOT 

AXIS 

LINE 

NUMBER 

SYMBOL 

PAGE 

B. INPUT INFORMATION 

Function 

Moves pen from one point to another. 

Draws coordinate axis (X or Y). 

Draws a curve through a set of points. 

Draws a floating point number. 

Draws BCD information. 

Provides restart points on plot tape. 

The following sequence of punched cards numerically defines the 

case to be analyzed. 

1. Card 1 

Columns 1 to 20 may contain any title information and will 

head the printed and plotted output. 

2. Card 2 

This card contains option control parameters. A value must 

be entered for each parameter. 

Columns 1-12 

13 - 24 

25 - 36 

37 - 48 

No. of Data Cards - M 

Contour Follower Option - ILOO 

Debug Option - PRINT 

Plot Option - NPLOT 

The Debug and Contour Follower options are obtained by placing the integer, 1, 

in the appropriate column; if the options are not required, the character, 0, is 

used. If NPLOT is equal to the character, 0, selected printed data will also 

be plotted on graph paper, The integer, 1, is used if no plot is required. 
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3. Card 3 

Thi. card contain, additional control parameter information 

Columns 1-12 

13 - 24 

25 - 36 

37 - 48 

49 - 60 

The maximum number of increments, 

(i. e., NLOOP = 10). 

Radial Distance to Center of Rotation of 
Payoff Head - H 

Radius of Rotation of Payoff Head - K 

Angular Displacement of Filament 
from Plane of Payoff Head at Zero 
Time - OMO 

OM0 Increment - DOMO 

No. of Increments required - NLOOP 

which may be applied to OMO, i8 ten 

Cards 4 and 5 

Data contained 
These two cards are punched output from the WRAP program, 

on Card 4 are: 

Columns 1-12 

13 - 24 

25 - 36 

37 - 48 

49 - 60 

61 - 72 

Polar Distance to Generator of 
Circular Section III - LI 

Polar Distance to Generator of Circular 
Section IV - L3 

Radius of Circular Section IL - R2 

Radius of Circular Section IV - R3 

Radial DisUnce to Generator of 
Section III - SRI 

4 

Polar Distance to Intersection of 
Sections III and IV - YB 
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Data contained on Card 5 are: 

Columns 1-12 

13 - 24 

25 - 36 

Cards 6 through M 

Radial Coordinate of Hyperbola 
Intersection - R3P 

Polar Cordinate of Hyperbola 
Intersection - AP 

Angle of Advance across Hypberboia - 
DELTA 

This series of punched cards is obtained as output from the 

WRAP program and complete, the necessary input to run a given case. 

c. OUTPUT INFORMATION 

1. Printed Output 

Output for each cam design begins with the title and a brief 

listing of control parameters. 

a. Radial Distance to Center of Rotation of Payoff Head - H 

b. Radius of Rotation of Payoff Head - K 

c. Angular Displacement of Filament at Zero Time - OMO 

d. Angular Velocity of Mandrel - OM 1 

e. Angular Velocity of Payoff Head - OM2 

Following this data, a table of values for PHI, R, THETA, ALPHA, Y, TIME, S 

ZZ, and Z is printed out for 360° of the mandrel contour. Ii should be noted 

that the angular position of the payoff head as a function of time is: 

Z = THETA(I) - OMO - OMI [t(Iî! 

2* Plotted Output 

Stroke limit? tions of the payoff head make it desirable to have a 

pictorial representation of all cam designs for inspection. Ths plot option 

13 
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is';'1" thi* r"qU.lreme“ by *”P*'*ly representing NLOOP c,m d..i8ni 

V",U“ “''’I a* a °M0. U should be noted ,h.t both cam 
•hape and total stroke are quite sensitive to OM 0. 

V. nomencla ture 

Fortran 
Sy;-nbol 

almax 

ALMIN 

ALPHA, AL 

alpn 

alq 

AM 

AN 

AP, APP 

ARC 

DELPHI 

DELTA 

DLO 

DOMO 

DT 

D2 

D3 

EP 

I LOG 

Engineering 

——  Description 

Maximum value of ALPHA (NO) 

Minimum value of ALPHA (NO) 

Winding angle at point i 

a P Winding angle at point p 

a ‘l Winding angle at point q 

Number of rotations of mandrel 

N Number of revolutions of payoff head 

yp Polar coordinate of hyperbola 
intersection 

s Arc length to point i 

Increment of phi *i.ong filament path 

Angle of advance across hyperbola 

Increment for AP iteration scheme 

Increment of OMO 

ÛA Increment of DELTA 

Cross section center-to-center 
diameter 

Units 

degrees 

degrees 

degrees 

degrees 

degrees 

in. 

in. 

degrees 

degrees 

in. 

degrees 

degrees 

in. 

c 

h 

Minimum mandrel diameter 

Angular position of payoff head at 
t = 0 

Radial distance to center of rotation 
of payoff head 

Parameter controlling contour 
follower option 

in. 

radius 

in. 
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Fortran 
Symbol 

K 

L1 

L2 

L3 

M 

NPLOT 

NO 

N4 

OMO 

OMI 

OM2 

PHI 

PRINT 

R, RAD 

RB 

RRHOl 

RI + ST 

R2 + ST 

Engineering 

symbo* Description 

k Radius of Rotation of Payoff Head 

c Polar Distance to Generator of 
Circular Section III 

a Polar Distance to Generator of 
Circular Sectior II 

f Polar Distance to Generator of 
Circular Section IV 

Number of Geometry Data Cards 
for CAM Program 

Parameter Controlling Plot Option 

Number of Points in Input Table for 
Circular Sections 

Number of Points in Input Table for 
Cylindrical Section 

L/0 Angular Displacement of Filament 
at t = 0 r 

U/j Angular Velocity of Mandrel 

U/2 Angular Velocity of Payoff Head 

/[ Angle Between Normal and Plane 
Parallel and through Axis of 
Rotation at point i 

Parameter Controlling Debug Option 

Radial Distance from Mandrel Axis 
of Rotation to Point i 

rb Radius at Intersection of Sections 
III and IV 

Number of Cords per inch 

b Radius of Circular Section II 

d Radius of Circular Section III 

Units 

in. 

in. 

in. 

in. 

degrees 

rad/sec 

rad/sec 

degree s 

in. 

in. 

1/in. 

in. 

in. 
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Fortran 
Symbol 

R3 + ST 

R3P 

SD EL 

S 

SI 

SRI 

SR2 

ST 

STI 

ST3 

S2A 

S2B 

S2C 

T 

THETA 

THI 

TIME, T(I) 

TH 2 A 

TH 2 B 

TH2C 

Y, YC 

Z 

Z Z 

Engineering 
Symbol Description Units 

g 

r 
P 

V 
S(ô) 

s 

r 
I 

1 

r 
2 

S II 

t 
6 

0 
I 

t 

0 

0 

0 

II 

III 

IV 

y 

6 

Radius of Circular Section IV in. 

Radius Coordinate of Hyperbola in. 
Intersection 

Filament Arc Length across Hyperbola in. 

Displacement of Payoff Head in. 

Filament Arc Length across Section I in. 

Radial Distance to Generator of in. 
Section III 

Radial Distance to Ge icrator of in. 
Section IV 

Normal Distance from Mandrel in. 
Surface to Surface used for 
Calculations 

Thickness of Liner in. 

Thickness of Wrap in. 

Filament Arc Length across in. 
Section II 

Filament Arc Length across in. 
Section III 

Filament Arc length across Section IV in. 

Total Angle of Advance degrees 

Angle of Advance to Point i degrees 

Angle of Advance across Section I degrees 

Time to Arrive at Point i sec. 

Angie of Advance across Section II degrees 

Angle of Advance across Section III degrees 

Angle of Advance across Section IV degrees 

Polar Distance to Point i in. 

Angular Displacement of Filament radius 

Angular Position of Payoff Head degrees 
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MANDREL GEOMETRY REQUIRED FOR WRAP PROGRAM INPUT 

Figure 1 
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APPENDIX I 

STRESS ANALYSIS RIM-LOCKING ASSEMBLY 

49 X 17 TIRE 
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I. OBJECTIVE 

The purpose of this appendix is to provide j stress analysis of the 

49 X 17 Rim-rocking assembly (RLA) to establish the design validity and to 

determine the expected safety margins. 
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II. SUMMARY 

This stress analysis was conducted for the design shown in Aerojet 

Drawing 1269207. The basic design criteria considered were 

. Design burst pressure, 595 psi 

. Casing load at rim, 4520 lb/in. 

. Allowable hoop strain, 0.017 in/in. 

. Allowable lateral deflection, 0.094 in. 

The calculated safety margins were based on minimum allowable ultimate 

strengths of composite materials. They Indicate that the RLA is adequate 

for the specified load conditions. 



III. DISCUSSION 

A. DESCRIPTION 

The schematic below shows the relationship between the RLA, tire 

carcass, and rim in addition to the location of imposed loads. 

4SiOUt>|i^. 4-SlO lb/»*>• 

T.D. 

The cylindrical portion of the RLA is constructed from interspersed layers 

of laterally-oriented 34l-Glass cloth and hoop-directed S-901 Glass filaments 

encased in an epoxy matrix. The end rings are sections built up from addi¬ 

tional hoop-directed glass roving/epoxy. Two additional layers of l8l-Glass 

Cloth, biased at agrees, cover the entire inside diameter and the edges 

of the ringi . 

The rim is assumed to offer rigid support for the RLA, both 

laterally in tension and circumferentially in compression. Because of this 

rigid support along the inside diameter and the opposing external pressure 

along the outside diameter of the RLA, structural instability is not expected. 



T 

V 

B. MATERIAL PROPERTIES 

The following material properties were taken from MIL-HHDBK-l? 
(Reference I-l): 

1. 3^1-Glass Fabric/Epoxy 

a. Compression 

EL = 5.12 X 106 psi, Fcu * 60,000 psi 

Ejj = 2.08 X 106 psi, Fcu - 26,300 psi 

b. Tension 

= 4.58 X 106 psi, F^y = 05,000 psi 

Eh = I.82 X 106 psi, F^ = 10,200 psi 

c. Flexure 

EL = 5.00 X 106 psi, Fß = 110,000 psi 

Eh = 1.93 X 106 psi, F0 * 21,700 psi 

2. l8l-Glass Fabric/Epoocy 

Eg = Eg = 2.2 X 106 psi 

FTU = Fcu a 26»600 Psi 

The allowable ultimate tensile strength of the S-90I Glass/epoxy 

hoop composite was determined from the Aerojet Structural Materials Handbook 
(Reference 1-2) as follows: 

FTU = ^ PVG CTF, MIN 

where 

CTF, MIN = 1+15»000 Psi ultimate filament strength 

PVG = ° •873 percent glass by volume 

= O.85 correction for diameter 

Ftu = 0.85 (.673) (415,000) = 235,000 psi 
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The directional moduli of the hoop composite are 

^ = 0.673 (12.4 X 106) = 8.35 X 106 psi 

g 
El = 0.5 X 10 psi (matrix only) 

Additional allowable strengths of the total interspersed 

cylindrical section of the RLA were determined by testing actual specimens. 

The results were 

FCU, MIN = 34»900 psl 

FB, MIN = 68,400 psi 

It is assumed that Poisson's Ratio is negligible for all composite 

materials used in the analysis. 
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IV. ANALYSIS 

A. COMPOSITE CYLINDRICAL SECTION 

At a distance from the ring section, the RLA may be treated as a 

right circular cylinder subjected only to an end load. The resulting compres- 

sive stress is 

C TC, 

where 

P0 = 4520 lb/in. 

tp = O.25 in. 

- ÍÍ520 
■ 0.25 18,100 psi 

The margin of safety is 

M.S. 
rcu 

- 1 

M.S. * - 1 , 40 0¾ 
* * 10,100 1 

B. DISCONTINUITY ANALYSIS 

At the discontinuity, the RLA is separated into two circular 

free bodies (ring and cylinder) subjected to the loads and bending moments 

shown in Figure 1-1. Section properties are calculated, rotations and 

deflections of each free body are equated, and the discontinuity stresses 

at the juncture are established, 

1. Cylinder - Composite Beam Properties 

The thickness of each composite layer is 0.010 in., and 

from View A of Figure 1-1 the total material thicknesses are 

t^i^ = O.26O in. 

ti8i = 0.020 in. 

*901 = 0,070 in* 

t = O.35O in. 
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» 7 —. - ^ i » 

Xc = 0.177 in. 

c. Flexural Rigidity 

The flexural rigidity per inch of circumference is 

calculated from 

DC “ Vc ■ V“ [(ElcA tCA^'CA + 'EICB 

+ ^elca tca^ (Vx‘c) + ^elcb TCB^ 
2 2 

Dc = 106 .:l4i|^ •04) + 1.235(.018) + 0.144(.157) 

Dc * 13,86o lb-in. 

d. Stiffness 

The modulus of the beam foundation (stiffness) is 

with 

Rc = R2o + Xc = 10.375 + 0.177 = 10.552 in. 

k _ 3.23 » io6 (.350) 

C (10.552)2 

kc * 10,150 lb/in.3 

e. Beam Characteristic (X) 

The beam characteristic is defined to be 
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and it follows that 

V = 0.208 in.^^=0.428 in.'2, ^-0.654 in. 

2. Ring - Composite Properties 

The required ring dimensions sure: 

A = 0.4 in., tCA = 0.31 in., tCB = 0.04 in., iCA = 0.626 in. 

*R = 1’126 in*» \ = °*75 in. 

a. Centroid 

The lateral distance to the centroid of the ring is 
n 0 

= 1 ^2° V V 
R L E^. A2o 

Again using the 'a' and 'b' sections for the extension of the cylinder into 
the ring: 

YR = {^CA W£CAYA + ^08*06^ râ 

+ BHCD [^R2/2 + ^CA ^R^CA2)/^^ 

(j^CA ^A^CA + ^CB *08^ + + ^CA ^R'ACA^J 

Yr - ^18.35(.07) + 1.93(.24)] (.626)(.313) 

+ [2.2(.02) + 1.93(.02)] (1.126)(.563) 

+ 8.35 [.4 (l.l26)2/2 + .31 (i.1262-0.6262)/2]}/ 

|[8.35(.07) + 1.93(.24)] (.626) + [2.2(.02) +1.93(.02)] (1.126) 

+ 8.35 [.4 (1.126) + .31 (1.126-0.626)]^ 

YR * = O.605 in. 

-3 -2 -1 

1-11 



The radial distance to the centroid of the riinj is 

3 E ^2° A2° X?° 
n 

° 0 

^ = 5.0ol¿ ^1.048(.626)(.195) + 0.083(1.126)(.02) 

+ 8.35[ .4(1.126)(.55) + .31(.5)(.195)]] 

^ = = 0.422 in. 

h. Flexural Rigidity 

The flexural rigidity of the ring is calculated from 

DR ~ (EI)r “ S ^02° I2° 

DR " E (EHC TC^2*4# /12 + (½ 

Dr = lt>6 { * 0.063(1.126)3 . ,,3l 

+ 1.046(.626)(.292)2 + 0.083(1.126)(.042)2 

+ 8.35C.4(1.126)(.042)2 + .31(.5)(.27l)£]J 

\ = 6.134 X 106 lb-in.2 

3. Ring Distortion 

The ring is assumed to be subjected to a unifojmJy 

distributed twisting couple of ^ in-lb per linear inch, which causes the 

ring to rotate about its centroid through an angle. 

Hr*/ 
0R = "D~ (Reference 1-3, page 225) 

R 



The bending moment is 

VSi ~ P0e0R2° + V1^RRC”^P0_P1 ^eORC 

-pa (h-hK + r-V2)ro 

The load (P^ is calculated from a force balance on the ring in the lateral 

direction: 

EF = (P0-P1)2nRc-pa(2nRA) = 0 

Solution of the equation yields 

with 

ra = r2o + y a/2 

Ra = 10.375 + 0.350 + 0.200 = IO.925 in. 

P1 = 4520-595(.4)(10.925)/10.552 

P-L = 4520-2½ - 4274 Ib/in. 

and with 

e0 = = °»422-0.177 - 0.245 in. 

Rj^ = R2o +^= 10.375 + 0.422 » 10.797 in. 

R0 = R2° + tR = 10*375 + 0,75° = 11.125 in. 

the bending moment is 

^ * 4520(.245)(10.375) + V1(.605)(10.552) 

- 246(.245)(10.552)-595(.4)(.128)(10.925) 

+ 595(1.126)(.042)(11.125)^(10.552) 

ti 
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= 10,833 + 6.384 7^-10.552 M1 

The rotation bee ernes 

9 = - 1°«797 
6.134 X 10 

R 

z ^lo833 + 6.384 V1-10.552M^J 

= £90.7 + 0.1124 V1-o.l857M1j xio'3 

is given by 
The radial deflection of the ring at the discontinuity 

n 

*R ~ ñ -- - Yp6 R R 

6r = 10.79714520(10.375)-595(1.126)(11.125)-10.552 x 106 

- 0.605[190.7 + 0.1124 Vx-0.1857 M1] x 10‘3 

^0.1122 M1-0.0876 V1-42.oJ 'R _ ^.J-xcc ^-U.UOYO Vt-42.0) xio 

Cylinder Distortion 

The cylinder is subjected to uniformly distributed 

discontinuity forces (Vj) and bending monents (Mj). The rotation 

(Reference 1-3), Oases It and 15, p. 302) of the neutral axis is 

9c * 
2D„1 

ii- + M1 
Dcxc C c 

= 
V1 \ 

^ri3öfc0M.428) + 13860( .¿54) 

|o.o843v1 + o.nosM^ xio'3 
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The radial deflection of the cylinder (Reference 1-3, 
Cases 14 and 15, p. 302) iS 

» - V + "i 

C W 

8c - Yi + «1 
^(13060)( .280) ÜUÍiéoK .).28) 

6C, ' O'1288 V1 t 0.081.3 M1 X IO'3 

Discontinuity Forces & Mn«m»rw--g 

Equating the rotation (Equation 2) and the deflection 

Equation 3) of the cylinder to the rotation (Equation k) and the deflection 

(Equation 5) of the ring, respectively, yields the folloving relations: 
¡ 

M-l = 1505 + 7.756 v1 

= -6S35 + 10.609 Mx 

Simultaneous solution of Equations 6 & 7 yiilds 

\ = 634 in.-lb/in. 

V1 = 109 lb/in. 

C. HOOP STRAIN 

The maximum tensile strain in the hoop direction occurs at 

the extreme end of the ring section of the HI* and is given by the equation 

6 ■ »R * ( WeH 
emax R20 

where, from Equation 3, the deflection is 

6r = |o.1122(634) + 0.0876(109)-42.oj * 10"^ 

6r = 0.039 in. 

r-15 
* i i; 

♦ 
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and the rotation, from Equation 2, is 

0, 3r = |l9O.7-0.1124(lO9)-0.l857(634)J x io"3 

0R = O.061 radian 

The maximum tensile strain is 

= 0.039 ^0.321(.061) = 0 007 ^ /m 
0max 10.375 0.007 ln./m. 

and the margin of safety is 

+1.43 
M c = 0.017 , 
M,S* " ÕTÕÕ7 ’ 1 

D . LATERAL DEFLECTION 

Assuming no lateral deflection occurs across the ring and the 

cylinder is of minimum thickness (tci), then the lateral deflection is 

AL. Vci 

where 

¿Ci = 9.624 in. 

ELC1 tCl = t°.5(.05) + 5.0(.180) + 2.2(.02)] x 106 

=> 0.97 x 10 

Thus, 

- O-Otó In. 

and the margin of safety is 

O.O94 
5¾ ‘ 1 = --1 

M.S. 



ü. MAXIMUM STRESSES 

1. Lateral Stress in HyUndrlcal Sect.lor, 

a. Tensile Stress 

-— uuuurs xn tne inside 
fibers of the l8l-Glass Fabric Thf» j j _ 

_ ' coined, membrane and bending, stress is 
MR X, « M1 ET 
1 Ll8l C piel 

rl8l 

li8i 

'181 
"Ê ï“ 

LC C 

‘tgTMe.a » in6', 
X 100(.35) 

181 

The margin of safety is 

M.S. = _ i _ 
11,000 1 

17,800 - 68OO = 11,000 psi 

+1.42 

h. Compressive Stress 

, ^ v ,, mximm compressive stress due to the lateral 

and bending moment occurs_in the outside fibers of the 34l-Glass Fabric: 

Ml EL34i^Xinax ~ P1 EL, 

C34l ^ 

CT + 4274(^.0 X 106] 
"341 

3.94 X 10õ(.35) 

aC34l = 37,300 + 15,500 = 52,800 psi 

The margin of safety is 

M.S. = fo»9°0 _ i _ 
52,800 1 - + 0.14 
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and the hoop stress is 

CT 3450(8.35 
T O.6134 : 106 

24,500 psi 

The margin of safety is 
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TAPE WINDING OF 6-PLY TOROIDAL TIRE 



APPENDIX II 

TAPE WINDING OF 6-PLY TQROIML TIRE 

1. REFERENCES 

by ^ WT, 

Bln« ^-30^ ÏLSL^,1 T"^ ^ C— 

2. GENERAL DESCRIPTION 

A water-soluble mandrel and Inserted rim-locking ring are wraooed „n-v, 

™sr“^tS:-^S'^er«^;^fedar,i ^1,1250 f- 

^lonf PrOVld" thr« ^ 

axis of the^tOTOid? ^ °“ “ 1!0°8t“t “guí*r v'lMlty tn, 

aronnH13- n °f the figment-payoff head at instant angular velocity around a portion of the toroid. vexoci^y 

c. Incremental movement of the filajní»n+-n«ivr.*M» _,. . 
filament path during rotation of the windi^head! accomplish an accurate 

Af AO ^16 wappad tape edges are adj-^ent to each other on the crown 
f each plyy and begin to overlap on both sloes of the carcass. This overinn 

increases toward the inside of the torus where it is uniformly distributed ? 
because of the cylindrical shape. y riDuted 

The tape is 0.0¿i7-in. thick and 0.25-in. wide. 

3. WINDING PATH AT NEUTRAL CARCASS AXIS 

the SUrf*Ce bet“M" Pl1'- 5 “■> 4 1« «>• »r„ss 
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MOT E. ; BLL OtW>E.t'A^\OH& HRE PRtOR TO CURiHb. (sTHRT Of OVER\.RPPtH6^ 
CJRRCPl'bb va S>T\\_L OVA THt WVBHORtCi

JZZJS
ix-h

y
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y
u
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u

u
ij

y
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) ^UHUWE-L ConF<GüHV-;T>QH FOR >ST PL / 
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a -VflHDiNÄ BM&Lt ON CROWN O.D. 
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PV-V 

MMMIinMIMMHMMHHHi 

g-0>-ACLUStO^^ 

TUF TtCMH^OE POR 2.RCH CONStCUTVvt 
twe sr»ae vn or Tvxe cwaK<ivn<& u«.vT p,nd 
m&HT HRRD >N»HD\MG D»Í?£CT\0H&. 

^ ^f^PLy &E-G'N^'HC» Of OVERLOPP'.MÖ IS ESTfcB- 
oe ? TWt Ü\PMtTE.R »5.Ç.5 ÍNCWE5.TMIS 'NWV. ERCH WCV <LOHSVSl& 
OP »«Gut «HÛ DOUBLE. Th,C«KE«,E& BElRT.,¿ To ^WE 
MtMTiOHEO D\nMt-T£R. ” »&OV/6.- 

^u,, m -rTiK,Nt BLL fe PU^ ‘N COH^oeHimOR, >NE BUILD UP Æ PUPS 

NN»L>TTTrJS 'MqK'H& ^‘D- * WCHlK.W'NIMUM. 

T nos mcv^s tL n C^CRbS ToRu^ correspond t0 t."OB mCH€^ RMD The CROWh 0\w. TO Efe.634 »MCHES. 

^SOTE- -. THESE WMENbVONS RRE p^oR TO CORmfe ( WH\l_E 
CORCRî>6 \S STILE OH THE HRHDRtLV ^ 
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Engineering Drawings 



Appendix III 

Engineering Drawings 

30 X 8.8 22 PR Subscale Tire and I+9 x I7 26 FR Prototype Tire 

Reproduced on succeeding r*ges are the following drawings of tooling for 
the 30 x 8.8 and 49 x 17 tires 

Drawing No. 

T-120850, Shefts 1-14 

T-I20853-I 

T-120853-2 

T-12O853-3 

T-I20853-4 

T-I286IO8-I 

T-I286IO8-2 

T-I286125 

DK 4784 

DK 5619-2 

DK 5620-I 

DK 562I-I 

DK 5622 

DK 5623 

DK 5649 

Title 

Tire Winding Machine 49 x 17 

Cam-layoff Head 30 x 8.8 Bias Tire 

Cam-Pressure Roller 30 x 8.8 Bias Tire 

Cam-Payoff Head 30 x 8.8 Geodesic Tire 

Cam-Payoff Head 30 x 8.8 Bias Tire 

Cam-Payoff Head 49 x 17 Bias Tire 

Cam-Pressure Roller 49 x 17 Bias Tire 

Mandrel-Rim Lock Assy - 49 x 17 Tire 

Segmented Curing Ring - 30 x 8.8 F/W Tire 

Cavity Profile and Tread - 49 x 17 Tire 

Tire Mold Details - 49 x 17 Tire 

Bead Rings - 49 x 17 Tire Mold 

Segmented Curing Ring - 49 x I7 Tire 

Items Detail Segmented Curing Ring - 49 x 17 Tire 

Curing Ring Assembly Detail - 49 x 17 Tire Mold 
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APPENDIX IV 

CHECKOUT PROCESS SPECIFICATION, 49 x 17 TIRE-WINDINO MACHINE 

1. SCOPE 

a. Hits document establishes the procedure to be followed in checking 

the winding nachine that will be used to fabricate the filament-wound carcass 

for 49 X 17 tires. 

b. Carcass fabrication consists of applying alternate layers of reinforce 

ment-cord and rubber-squeegee plies. Ifre cord will be applied to the mandrel 

in alternate right- and left-hand patterns using a prescribed tension. The 

insulation-squeegee plies will be positioned over each layer of cord. 

c. The manufacturing techniques and equipment developed for the program 

will be verified with the fabrication and testing of 49 x 17, 26-ply rated, 
Type VII, aircraft tires. 

2. MACHINE CAPABILITIES 

a. Capacity - 38-in. OD minimum to 50-in. OD maximum, with maximum cross 
section of 18 in. (diameter) 

b. Winding patterns - radial and helical 

c. Payoff system - six payoff assemblies and six pressure-roller 

assemblies (cam-controlled) 

d. Tension system - 12 adjustable hysteresis tension devices, range 

0 to 6 in.-os 

e. Winding-head speed range - 2 to 40 rpm 

f. Rubber applicator - cam-controlled. 

3. MECHANICAL SYSTEMS CHECK PRICK TO OPERATION 

a. Check the oil level in the variable-speed transmission and all speed 

reducers. 

b. Check all transmissions for freedom of movement. 

c. Check the alignment of all shaft couplings. 

d. Check the alignment of all jack shafts and bearings. 

e. Check all timing belts, chains, and sprockets for alignment and 

proper tension. 
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f. Check the backlash, alignment, and lubrication of all gears. 

g. Check alL. elides for alignment and freedom of movement. 

h. Check all payoff assemblies and pressure-roller assemblies for 
alignment and freedom of movement. 

i. Check the tension range of all tension devices. 

b. EI£CTRIGAL SYSTEMS CHECK 

a. Visually inspect all wiring an** terminal connections. 

b. With power on, check the operation of the mandrel and carriage drive 
motor as follows: 

(1) Check the direction of rotation. 

(2) Check the forward and reverse operation of the 

(3) Depress the machine-run button, and check the speed range with 
the speed control. 

c. With the pc «rer on, check the operation of the ratio-adjust actuator 
as follows: 

(1) Set the ratio-adjust selector switch in the manual position and 
check the range of the actuator with the ratio-adjust control. 

(2) Set the motor-selector switch in the forward position and start 
the motor. 

(3) Set the ratio-adjust control to the approximate ratio required. 

(4) Depress the run button and adjust the machine speed. 

(5) Check the actuation of the automatic control by observing the 
ratio indicator. The mandrel and carriage are synchronized when readings on the 
indicator stabilize. 

d. With the power on, check the operation of the rubber applicator as 
follows : 

(1) Set the motor-selector switch in the reverse position and start 
the motor; set the rubber-applicator selector switch In the manual position and 
check the limits of rotation of the rubber-applicator head by adjusting the 
manual position control 

(2) Set the rubber-applicator selector switch In the "auto" position 
and check the automatic control as follows: 
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(a) Set the motor-selector switch in the reverse position 

and start the motor. 

(b) Depress the run button and adjust the machine speed. 

'c) Visually check the rubber-applicator rotation as the mandrel 

rotates. (Rotational feed is controlled by a cam coupled to the mandrel drive.) 

5. OPERATIONAL CHECK 

a. Winding-Operation Check 

(1) Install the test mandrel in the machine. 

(2) Install the change gears and cams required for bias winding. 

(3) Install spools of cord on the tension devices. 

(4) Select the direction of the winding head (carriage). 

(5) Thread the cord through the payoff system, anchor it to the 

mandrel, and set the tension. 

(6) Engage the pressure roller with the mandrel. 

(7) Set the motor-selector switch in the forward position and 

start the motor. 

(8) Set the ratio-adjust selector switch in the "auto position 

and set the ratio-adjust control to the approximate ratio required. 

(9) Depress the run button and adjust the machine speed. 

(10) Wind the test pattern. 

(11) Stop the machine, and check the cord angles, 

b. Rubber-Application Check 

(1) Disengage the winding head and pressure rollers, and cut the 

cords. 

(2) Set the motor-selector switch in the reverse position and 

start the motor. 

(3) Set the rubber-applicator selector switch in the "auto" position. 

(4) Depress the run button and adjust the machine speed. 

(5) Run the machine until the rubber strip reaches the starting position. 
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(6) stop the machine, 
anchor the strip to the mandrel. 

thread the rubber through the system, and 

(7) Engage the rubber-stitching roller vith the nandrel. 

(8) start the machine to apply rubber and check the lead. 

(9) Stop the machine. 

6. REFERENCES 

T. R. Henderson, J. A. Holloway, M/Sgt. H. 

Techniques for Examining the Filament-Wound 
November 19f8. 

P. McMakin, "Radiographic 
Tire," AFML TR-68-275, 

Heinrich, R. H. "Simulated Service Testing," Rubber World. May 1968 
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I. INTRODUCTION 

The/iDdi°? machlne described in this manual is desi¿ned to produce fila¬ 
ment-wound toroidal shapes on a toroidal mandrel. The macSne possess a hí¡^ 

f“a °r cnlb. uKiiiurex xn oías, geodesic, radial, or other cord path combinations Thin m«n 

¡£»p~tS? proceaures for ™n8 ^ 

H. CAPABILITIES 

The toroidal winding machine will wind predetermined helical natterns nr, 

‘s in size fr°"58 ™ (o«s^ eter^ with a cross section diameter rancinc from in inr>v,oo +n ift •» v 
o^r Of helical circuits (vindlhg-K^loL 

‘T” =:1 2000:1 determined by f™r 

tlons) Le ^rht^ K ^ of ‘»-= (vlndCSafSvoîu- 
ons) are indicated by an electrical counter located on the control panel 

bí rlS^ïha?geS/eqUired t0 produce the desired number of cords-per-Sch can 
be determined using the formuli given in Section VB. Change-SLfL nrod,^ 
the cord-per-inch shown in Section 5b are provided ¿o Will^ Jdmo^í 

SesrLLsÎU^mbfS- ^T'8^8 rangl,le ^ ‘o 120 Se^ ^tod. 
distributors through tne Unitefst^es"8^Ca^a! fi‘0m tran8mÍ83lon product 

III. DESCRIPTION 

A. DRIVES 

compensate ^ ^inding-head are driven by one prime mover. To 
p changing drive ratio between the prime mover and mandrel 

èdlEírS p?iLrs = ^ 
ri~„7£^Ff“ M speed is controlled by the variable-speed prime mover. To wind rlaht- or 

cliciwiL TheSdliett'rn8’fth! Tndlne">>ead 18 rotated clockwise or c^nter- 
versl^Lar^x^801108 °f ^tlon Is selected through s re- 

B. MANDREL SUPPORT 

concept The^mandrpinf'-maCh^n^- u^ilizes the rotating-mandrel, friction-drive 
Sd four rníle kÍ! supported by three "endless" timing-belt assemblies 

“er cwle tn ne886“1?! r,mOUnted °n fOUr CroSS 8lides‘ Adjustment for diam¬ 
are similar in anneal-1 ^ 7 8dJustine the cross slides. The cross slides 
Unn aH wí ln appearance to a four-jaw lathe chuck. A change in cross sec- 

assembÍfcon^stÍLaCr?PlÍSh^ by adJusting the rolle Assemblies, each 
the Wer Mmín Af self-centering rollers. The mandrel is driven by 
iÎg drive snîmJTand , Î contacts °f the mandrel's O.D., minimiz- 

8 slippage and reducing local pressure due to mandrel weight. 
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c. WINDING-HEAD 

1. The winding-head rotating abort the tire's cross section car¬ 

ries spools of cord, hysteresis brakes, payoff-head assemblies, and pressure- 

roller assemblies. The cord is dispensed from a spool, tensioned by a hystere¬ 

sis brake. It is passed over intermediate guide-rollers and is applied to the 

mandrel surface by a cam-controlled payoff-roller. To minimize the machine 

setup time required for changing from right- to left-hand helical patterns, 
right - and left-hand tension brakes, payoff rollers, and pressure rollers are 

provided. 

2. The winding-head consists of a geai’-driven ring-assembly sup¬ 

ported by four bearing-assemblies. A quadrant of the ring assembly is remov¬ 
able to provide an opening for mandrel Installation and removal. The quadrant 

is positioned for removal by rotating the winding-head manually until the wind¬ 

ing-head lock-pin can be inserted in the index hole provided in the ring assem¬ 

bly. As a safety feature the lock pin can not be inserted until the cam ad- 

sembly is removed. The cam assemblies mounted on the winding-head support- 
bracket consist of two sections. When changing winding-pattern the cams are 
removed and replaced by removing four thumb-screws. 

3. The payoff roller, supported by the winding-head, is adjust¬ 
able in directions parallel and perpendicular to the winding head's axis of ro¬ 
tation and radially about the perpendicular adjustment. The parallel and radial 

adjustments are used to align the payoff-roller with the predetermined winding 
path. The payoff roller's circular path about the tire cross-section is set 

with the perpendiculeu- adjustment. 

4. In operation the payoff head, supported by the winding head, 
rotates in a circular path about the tire's cross section. While traveling in 
a circular path, the payoff head is also capable of reciprocating parallel to 

the winding head's rotation axis. This reciprocating motion is controlled by 
a cam mounted on the winding-head support. The cam provides a means of modi¬ 
fying the basic path of the payoff head generated by the change-gears. Two 

cams are provided to minimize machine setup time when changing from right- to 
left-hand helical patterns. The right- or left-hand cam is selected by loosen¬ 

ing a lock screw, positioning the cam-follower over the required cam and tight¬ 
ening the lock screw. 

D. PRESSURE ROLLER 

A pressure roller is provided for use for winding-patterns which 
are on a slip path. This roller assembly, supported by the winding-head, is 
spring-loaded against the mandrel surface, rolling on the cord as the cord is 
applied. The pressure roller's radial position in relation to the tire's 

cross section is controlled by a non-rotating cam mounted on the winding-head 
support. A radial adjustment is provided for setting the winding-head's initi¬ 
al pressure. 

E. RUBBER APPLICATOR 

The rubber-applicator assembly, mounted on the aachine's left side, 
consists of a gear-driven ring-assembly suppor ed by four bearing-assemblies. 
The ring-assembly, rotating through a 270 degree arc about the tire's cross 
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-SU“r • ^-PPlictor heaa 8up. 
stitches the rubber to the mandrel surface to the and 
bly is centered about the tire's cross sectio^hv ^rr?PPlÍCat°r ring-aBse“- 
Change in cross section adjustment is acconrolish^ the Cr°BB 8lide- 
roller assembly which is slide-mounted ¿ by adJu8tlnS the stitching- 
roller assembly is spring-Wed Sinst tíe mSdrer86“1^' atit^ing-g 
ing roller is not in use, it is manually rP+8ufface* When the stitch- 
position with a lock which is nrovinS^ 011(1 locked 1q retracted 

a circular path about the tirets cross’sectio^a^th^î'100’1101’ head rotates iQ 
center. The rubber-anDlicatnr ®®ction as the tire rotates about its 

which is driven by theï drf^! ^1°0 rüte ÍB tolled by a ca^ 

■N' MACHIHE IJJSTAr.T.flTTnM 

over ^ ^ Wight ls 
Six-foot area and is approximate^ seven ?íet S hefhf SÍX -foot-by- 

The machine may be put into oneratíon ^ height (a^er leveling). 

The machine is placed on the steel leveling oadf/011^08 taSkS 3X6 Performe<l: 
justing the four leveling screws in ^!l gv.? \pr0Vlded' ^ leveled by ad- 
then installed into the WtO volt 60 A circuit breaker is 

machine as shown on the wiring diag^ (^-101523^Sheet^^ COnneCted to the 

V. MACHIME setup 

A. MACHINE PREPARATION 

The machine should be ken+ T4. j 
no rubber cement is allowed to accumulate which^n^6^!2^^ important that 
the machine's motions. Before ^ ? would interfere with any of 

sections 8hould b. made by rotatif th! vl^dÍñl-bSTÍy“^!? ^ °b' 

B. CHANGE-GEAR SELECTION 

one mandrel nevolution^rcoíds-Jer^in^r^Hi (wiadin«'head revolutions per 
drei revolution) are selected bv nr! / Í (winding head advance in one man- 

lllH ^responding shafts in Se changf-g!S bof6^1“!! °n 
cated in the right side of the machine! g box' 11x6 change-gear box is lo- 

unlocking the2‘'-porf!h!p"LrLeb%íSd °ff the retainixxg ^obs, 
mined gears are then placed on th,* * 8 ^ shaft-housing. The predeter- 
shaft-housing is a’lusted until °rresponding shafts. The cluster-gear 
?>- between d "B" gears and lock. The "nnnt rs oi 

backlash is obtained between "c" a^d »n,,r0tated ab°Ut "A" gear “inimuilí 

Preloaded; i.e., a slight backlash is preSSbl^o pre'ioaSS! 8hOUld DOt be 

block are supplied^it^thf^hine^^lti^1?8 1ÍSted in the Allowing tab 
for future patterns can be determined by the'^^rmSa'give^n^* 
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Change Gear (gd) 

12 Pitch 3A Face 
A B C D 

4. Change-gear formula 

A = Input-gear teeth 

B&C = Cluster-gear teeth 

D = Output-gear teeth 

P = Carriage revolutions 

M = Mandrel revolutions 

A Ç _ 2P - 4M 
B ‘ D P 

C. CONTROL OF CAM-PAYOFF HEAD 

To program a cord path about the toroid, a revolution ratio for 

the mandrel and the winding-head is selected. Based on this ratio, payoff 

head positions are programmed in relation to the angular rotation of the wind¬ 

ing-head about the toroid’s cross section. Equations for digital computer 

solutions, required when programming the machine's motions, may be obtained 

from the following: Computer Program for the Design of Cams to Filament-Wind 

Tires, Contract F33615-67-C-I726, Project 36O-7. 

VI. MACHINE OPERATION 

A. MANDREL INSTALLATION DIRECTIONS 

1. Place the winding-head gear-shift lever in neutral position. 

2. Remove the cam assembly's front section by removing upper 
and lower thumb-screws. 

3. Rotate the winding-head manually until the winding-head Dock- 
pin can be inserted in the index hole. 

4. Remove the four bolts which attach the removable quadrant to 
the winding-head ring-assembly. 
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j). Remove the winding-head quadrant by swinging it out on the 
upper hinge; hoist. 

6. Adjust the four mandrel-support cross-slides to clear the 
mandrel which is to be installed. 

7- Adjust fou*" cross-section guide-roller assemblies to clea" 
the mandrel. 

^ 8* OP60 the four front cross-section guide-rollers by hingin« 
them outwardly to clear the mandrel outside diameter. 

9* Attach the slings to the mandrel and hoist in the machine. 
As the mandrel is lowered into the machine, release the lower belt-tensioner. 

10. Adjust the lower two mandrel-support slides and the two 
lower cross-section guide-rollers in order to raise ind center the mandrel. 

^ Adjust the upper two mandrel-support slides within one inch 
of the mandrel, and adjust the upper two cross-section rollers to center the 
mandrel. 

12. Remove the slings from the mandrel. 

IJ. IxDck the lower be It-tensioner. 

Install the quadrant in the winding-head ring-assembly by 
hanging it onto the upper hinge. Dawer it slowly until it engages with the 
main ring-assembly. There must be no mismatch of the outer bearing surface at 
either joint. Install four bolts into the quadrant and tighten. 

15- Disengage the winding-head lock-pin. 

18' Install the cam assembly and attach it with upper and lower 
thumb screws. 

B. RUBBER-APPLICATOR 0H5RATI0N 

1. Set the "FOR.-REV." selector to "REV." 

2. Set the speed adjustment control to "ZERO." 

3* Set the rubber-applicator selector to "AUTO." 

Remove the Number 12 tension device from the winding-head. 
Rotate the head so that the head's open space is at the lower in-board side. 
This is done to permit full travel of the rubber-applicator head in the bead 
area. 

5- Depress "FOR.-REV." button to start motor. 

6. Depress "RUN" button. 
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adjusting the'¿Lides?'6" ^ ^"^^tor head about the n^drel by 

be positioned at the Íar^position^y^aUoSn^tte8 1)68x3 “V 
be positioned by resetting Se cam. ïhe cSTîf Sated ÎTtS “ ““ 
compartment located below the control pane“ the cha^"gear 

and tacking it to tSLSeS^1* StrlP ^ fchreading it; over the guide roller 

the lock. 

control. 

10. Engase the etltchlng-roller with the mnlrel by releasing 

n. start rotating the mndrel by Increasing tbe speed-adjustment 

positioned application the applicator head may be 
positioned in the rear by selecting "WUraAL" and adjusting the ZuS-control pot. 

(letting the1m4orI^nr' ^ ^ ",rgeIK3r stoP- a'Pre“ "STOP" button 

ami set the ÜlibeAXSTs.teÂ'ih.^ ^ ^ 

c. HELICAL- (BIAS-) WINLING 0IÏRATI0N - MANUAL CONTROL 

1. Install the change-gears selected for winding operation. 

tighten collet by £££ tt * te“1°D “d 

3. Set tension by rotating the tension-device housing. 

the lock screw, PoSSonCtL'^So^r^ïl10^8: f ^ l0°flenlng 
tightening the lock screw/ follower over the selected cam, and 

the winding-head gS-shift6!^1??'^8? °f ^ shifting 
8 Shirt level to 8 clockwise or a counterclockwise position. 

pressure on Ldref^UfS Sín^.^”1'8^ SlldeS t0 ^ 
equally to compensate for the dimmer“00^!) 811388 

allowing 0.03'to 0^! tïî fOUr cr°EB_8ec^°n guide-roller assemblies, 

(after winding eac¿ laye^r^rSearance) .raaIld^el, ^ Cranks 

momentarily, ^ánd ti^nl^af1^''.^^^1 ^ l0O8enin8 ‘te —* 
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9. Set "FOK.-KEV." selector to "FOR." 

10. Set the speed-adjustment control to "ZERO." 

11. Depress the "FOR.-REV." button to start the motor. 

12. Attach one cord to the mt drel’s surface. 

IJ. Set the ratio-adjust control to approximate the ratio 

required. 

1^. Depress the "RUN" button. 

15. Start the mandrel rotation by increasing the speed-adjustment 

control. 

16. Hold the ratio-adjust selector in the manual position 

(approximately 30 seconds) and release. 

IT. Wind test pattern and reset ratio-adjust control; hold 

ratio-adjust selector in manual position after each setting until required 

cord spacing is obtained. 

18. Stop mandrel rotation by setting the speed-adjustment 

control on "Zero." 

19. Remove the cord test-pattern. 

20. Set the revolution counter to "ZERO." 

21. Thread each of the six cords through the guide rollers and 

attach to the mandrel surface. While threading each cord, the winding head 
can be rotated and stopped for access by using the speed-adjustment control. 

22. After threading, increase the speed with the spe«.i-adjustment 

control and reset the ratio-adjustment control. Hold the ratio-adjust 

selector in the manual position after each setting, as required to maintain 

proper cord spacing. 

23. After the wind is completed, set the speed-adjust control 

on "ZERO." 

24. For normal or emergency stop, depress the "STOP" button 

(letting the motor run). 

25. To shut down the machine, depress the "MOTOR STOP" button. 

26. Place the winding-head gear-shift level in the neutral 

position. 

D. HELICAL- (BIAS-) WINDING OPERATION - AUTOMATIC CONTROL 

The use of this control requires a minimum ox’ eight three-quarter 

inch diameter metallic discs or plugs which are equally spaced on the toroid 

inside diameter. 

v-8 



1. Follow the manual control steps "1" through "11." 

2* loosen the hand knob and set the mandrel-position sensor 
three-eighths of an Inch from the metallic disc, or plug on the mandrel's inner 
diameter (using the plastic feeler-gage). 

3* Depress the "RUN" button. 

Thread each of the six cords through the guide rollers and 
attach the cords to the mandrel surface. While threading each cord, the 

winding-head can be rotated and stopped using the speed-adjust control. 

required, 
5* Set the ratio-adjust control to approximate the ratio 

6. 

7. 

8. 
fcdjust control. 

Set the ratio-adjust selector to "AUTO.” 

Set the revolution-counter to "ZERO." 

Start mandrel rotation and increase speed with the speed- 

to "ZERO." 
9- After the wind is completed, set the speed-adjust control 

10, For a normal or emergency stop, depress the "STOP" button 
(letting the motor run). 

11. To shut down the machine, depress the "MOTOR STOP" button. 

12. Place the winding-head gear-shift lever in neutral position. 

„ 3^* 1x308611 the han<i knob and retract the mandrel position-sensor 
before removing the mandrel from the machine. 

E. RADIAL-WINDING OPERATION 

1. 
manual control, 

2. 

3. 

Steps "1" through "3" and "5" through "11" are the su» as 
For Step "V* remove all the cam followers. 

Set the ratio-adjust control on "500." 

Depress the "RUN" button. 

4. Thread each of the six cords through the guide-rollers and 
attach to the mandrel surface. While threading each cord, the winding-head 
can be rotated and stopped by using the speed-adjust control. 

5. 

6. 

Set the revolution-counter to "ZERO." 

Start the mandrel with the speed-adjust control. 

7- Hold the ratio-adjust selector in the manual position (for 
approximately 30 seconds); then return to the "OFF" position. 
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Steps "24/' "25” ^ ls the saflie as for the control 
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E.M.I. (ENGINEERING MANUFACTURING INSTRUCTIONS) 



Appendix VI 

E.M.I. Engineering Manufacturing Instructions 

% 

Reproduced on succeeding pages are the following E.M.I. Engineering 
Manufacturing Instructions for the 30 x 8.8 22 PR and 49 x 17 26 PR Filament- 
Wound Tires . 

EMI - 30 x 8.8 Bias Nylon Tire 

EMI - 30 x 8.8 Geodesic Nylon Tire 

J'MI - 30 x 8.8 Radial Nylon Tire 

EMI - 30 x 8.8 Radial Glass Tire 
EMI - 30 x 8.8 Radial Wire Tire 

EMI - 49 x 17 Bias Nylon Tire 

I 
1 
I 

il 

SI 
0 

II 

u 
I! 

y 
S! 

¡1 

VI-2 

ö 



ENGINEERING 

MANUFACTURING 
INSTRUCTION 

crzji 

Carcass FW 30x8.8 22 FR 
PART NAME _ Bias Nylon 

PART NUMBER 1269159 

PRELIMINARY 
/design// 

•NEXT ASSEMBLY 

EFFECTIVE TIRE 
SERIAL NUMBER 1W+ QZZjA-L 

ACROJKT-EEHIRAL COCRORATIRH 

AZUSA CALIFORNIA 

vi-3 



r—* 



1 
l 

1 

taâm ÉaatM* ÉM 



jmmm T 

l/> 

< 

OC 

> 

G 
O 

Q_ 

3 S 3 á'1 á 

o8 >8 

I \ 

i I 
ê&ãnílsÀ 
«8 o8 «8 fi O H H 

!J:fleeâcS£Rsj!;| U 
w 'á S g ^ í/â 'à 'd ®' w 

>• 

> 

I 
I 

U 

y 
,. ! 

I 

-L -~- 



T 

oc 
& 

o 
3 
ac 

<S) 

o 

QC X 
IS) 

c_> 
< 

3 

< 

O 
3 
QC 
»— 
IS) 

O 

o; 

O 

o 
o 
QC 
a. 
i 

CU ¿3 

3 9 
m 

Sg 

I® 
00 

OCX) 

1 

OS 
ITv 

O os 

3 
K 

> 
Ul 
<r 

a 

S! 

i i 

i ' 

i i 
.. 

i 

! ! 
¡ ¡ 

i » 

i ! 
I í 

i 
X\ H 
„ CVJ¡ O' Cb, 
^ «: 

3 tí 
p! ° 

•í8¡ 

H 

-P rl 

vrrr 

¡ i 

ui 

a 

<=4 

O* 

■_- * - ■teta J 



E
N

G
IN

E
E

R
IN

G
 

M
A

N
U

F
A

C
T

U
R

IN
G
 

IN
S

T
R

U
C

T
IO

N
 

_
_

IN
S

TR
U

C
TI

O
N
 

SH
EE

T_
 

O
PE

R 
NO

o
i 

I 
PA

R
T 

NO
 

1
2

6
9

1
5

9
 

PA
R

T 
N

AM
E 

c
a
re

ts
 

FW
 

3
0
x
8

.8
 

2
2
 

P
R
 
li
a

 

r—* 



r 

CW 
« 

o 
« 

O 

o: 

H— 

OO 

O 

z 

— UJ 
OC UJ 

o 
< 

o 
z 

QC 
UJ 
UJ 

z 

o 

un 

=> 
ce 
►— 
un 

Ê 

Si 
CO 

có 

QC 
C 
Q- 

<T> 
m 

i§ 

ce 
< 
Q_ 

Q 
O 

Q- 
O 

« 
H 

a 

I 
o 

1 

0) 
•e 

rQ 
•H 

-P 
03 

>> 
-P 

vo 
■ 

IS 
w 

c 

.2 

<2 

o 

H 
XI 

OI 
cw| 

s 
5 

a 
o 
■Q 

Ji £¡ 

a 
o 
UJ 

•p 

‘3 

1 
03 

+> 

ái 

O 
■P 

•d 

I 

'ä 

a 

i 
03 

43 
■p 

s 
O 

d s 
& 

ir\ SsC 

0 
O 

2 

•P 
■P 
4) 

S 

a 
I 

fe 
£ 
<D 
O 

U 

I 
o 
o o 

i 

d 

s 
o 
o 

r-< 

U 
4) 
d 
♦H 
P< 
10 

13 
O 

00 

& 

O 

♦Jl «H 

a a 
M « 

■P 

â 

§ 
a 

i i 

o ■d 
c 2 

si 

o « 
■p 3 

h « 
V a 
•tí V 
•H M 
a ■o 
M 0> 

u d ° s 
•3 m 
ß V 
(U H 

O 

t ä 
^a 

-p OI 
n 

R 
cw 

'S 
$ 

i 
a 
o 
'S 

o 
o 

1 
a 

43 
■P 

■5Î 

CVJ 
m 

& 

32 
O En 

hO w 

"S^ O 
O ® *H 
O « +> 

O 

JO S 

% £ t-M -H 

“fe “ 4) O 
4) C 
-PC 4) Oj-H y 
-P _ 3 

(3-2 Ö 

3 

ï 
o s 

I 
•P 
CQ 

•P 

«0 
4) 

S 
U 

fe 
03 

1 
1# 

8-d O cd 

r§ 

i 
z 

s 
fe 

o 
IA 
CM 

d 
4) 

té 

4> 

P. 

a 
H 

4) 

S 
Ö 

p 43 

03 

03 
4) 
P 

P 

1 
P 
4) 

fe 
a 

2 

$ K 

0O O' 3 3 

C0 
0) 

S 
4h 

a 
i 
03 

tí 
4) 

3 
•O 

3 
43 
•p 

43 

3 

<a 
4) 

•tí 
c 
o 

43 

Vi 

'S 
ü 
03 

8 
O 

tí 
4? 

en íí\ vo b- oo 

üí 
< 

ce 
o 

o 
UJ 

O 
ce 
Ql 

O 
O 

>- 
OC 

QC 
O 

O 
O 
O 

>- 
CQ 

£ £ 
O 

X 
o 

VI-9 



PO 
I 

H 
O 

O 

OC 
rs 

o 
3 
OC 
*— 
1/¾ 

X 
1/¾ 

o 
< 

o 
X 
IX 

1/¾ 

o 

o 

o 

X 
< 

CTS 
»o 
C. 

3 

X 
« 
X 

o 
o 
X 

X 
o 

*4j 
£ 

! , 

1: 

« 
m 

I 

4..Î 

O 
(U 
S 

£ 3c 

? 

i 

î 
1A 
OJ 

•P 

'S) 
O 
o 

1 

» o 

+4 

i 
o 

Pt 
•H 
Ü 

• +Î 
•S. « 

! 

t>* 
» 

s 

! 
X3 

'S § 
+> 

.¾ 

vi-10 

< 
O 

o 

o 
X 
X 

X 
o 

o 
8 

>- eo 
o 

O 

U 

u 

.1 

I 
I 
I 
I 







IN
ST

RU
CT

IO
N
 

SH
EE

T 
! 
li 

I 
en 

i 
<M 
O 

O 
o: 
►— 
oo 
Z 

O 

oc 

o 
Z 

< 
Z 

ce 
< 
CL 

CT\ 
li> 

as 

5 

oc 
< 
Û- 

QC 
LU 
CL 
O 

r—» 

I 
O 

L 
(U 

I 
O 

0) 

'S 
O 
O 

5 q 
•H -P 6 
w 0) 

tS 
rH *H 
H W 
rH 1 ë 
on o 

’S S 
§°< 

I o 

on«-s 

•H «P 

as 

0> 
w ûi 3 i 
T> ï 
âw 

rO 
CO^-N 

1 x: 

P« V 

% 
'S 
Í 
I 
ta 

+ï 

1 

1 
a 
<u 

-P V 
<U h ^ -g 
si 
1¾ 
ä o 
(3 S 

-H V. 

« 9 
03 03 

cô « 
43 O 
•d ^ 
S;d ’S 5 
-P 43 
•P 03 

m Í» 
31 

1 

c 

§ 
•H 
ta a 

0) 

■d co ß 
S| 

1 . 

-P g 
a» g 

CO G 

OJ 

KJ 

03 I 
U 
a 
ta 
V 
u 

S Pi 

h 
V 

"9 o 

•S 

•P <D 
Xî -P 
«0 »P 

C0 

& I o 

"d 0) T) O 

0 ^ S-'i 
M 
Pi 

3 
O 

c- 

I 

L 
F Sh 

43 
■P 

43 

I 
•H 
U 
Q) 
-P 

M 1 

ß a» 
•H P 

£ i 

en 
rH 

5 á 
CvJ J- 

IL IL 

‘•P 

5 
P 
•P 

I 
U 

<u 
P 

o 
■P 

A) 
03 

h 
0) ■ 

O 

o 

! I 
z 

V 

■9 o 
§ 

03 

O 

<3 

U 

•d 
Z i 
s 

s. 

n 

is 
en 1 

1S 
X) 

<U 

Q (0 

§ O 
03 P 

<H 

V > 

03 

I 

03 ta 

2 
1 

L 

ë. P P 

S I 
§■ 

S 
91 
(U 

rH 

X2 

P 
<U 

¿ 1 
s ! “■i s 
<u c 

11 
P P 

¿i 3 

£ 2 
C- 00 

• • 
LT\ tr\ 

XJ 
• P 

Q TJ 
• • • «H 
P H » 

VI4-3 

PR
EP

AR
ED
 

BY
 
_
 

TO
OL
 

EN
GR

._
PR

O
JE

CT
 

EN
GR

. 
DA

TE
 

CH
EC

KE
D 

BY
 

CO
GN

. 
EN

GR
. 



L 









¥ 

S 
QJ 

O 

O 

< 

O 

ce 

o 

Z 

O 

Z3 
ce 

co 

X 
un 

O 
3 
ce 
CO 

ta 

<r 

OS 
IA 

O 

3 

ce 
« 
X 

IA 
O 
O 

ce 
X 
O 

: 

3 

s 
3 
O 

3 
N) 

V 
-P 

S 
21 
A. 

S 
g, 

5 

a 
O 
a 

xt 
•P 

A 
I I 

h 
S! 

Vi • 
o n 

V V P 
3 3 CD d 

8 

-g T) 
ai a 
P 13 
Œ 
O o 
O P 

» TJ 

OJ 

¡ggï R 
•• n «ï •» 
O U fi < 

ï 

ï 
V 

S 

CO 
IA 

'i 
îi 

J3 
P 

0\ 
H 

S 

U 

CM 

§ 

1 
U 

» 

> 
J3 
■P 

2 

•ÿ 

§■ 

» 

■Í2 
Œ P S p >; O S W s O) a (5 

CO 

? I 
g 

g 
0) 

I 
h 

! 

h 
•I 

il 
2 

§ 

fc 
O 

en 

I! 
£ .S 
w 3 

*p 
a 

0) 03 
S’ 

B 
? I 

g 

tr\ ‘X> 

* 
> 

U 
0) 

1 
o 

s 
«I 

1 
2 

-S 
H 
O 

P 
3 

I 
r-4 

I 

p 

2 

ï 

1 

VI-18 

£ 

ce 
o 

CJ 

o 
ce 

ae 
o 
i j 

O 
o 

Z 
o 
o o 

ce 
< 
X 

oc 
X 

CD 

o 
X 
o 

J 

] 









ENGINEERING 

MANUFACTURING 
INSTRUCTION 

crzi 

Carea«*, F.W. Tira 
' PART NAME 30«8-8g2p*- Geodesic fí/loil 

PRELIMINARY 
’/DESIGN 
y 

•PART NUMBER_L*4!1®_ 

•NEXT ASSEMBLY _ 

•EFFECTIVE TIRE 
SERIAL NUMBER »93>>W/b,i 

AllOJIT IEMKIAi CSRfIIATI9I 
AZUSA. CAUrOIMA 







T 7 

to —i 
< 
oc 

o 
ZD 
OC 
►— 
to 

o 

ac X 
to 

O 
< 

2T 
O 

O 

3 
O 
O 
oc 
ÛL 

I 
ï! 
ï s 

< 
Ck: 

10 

o 

a: 

o 
«¿r 

ai uj r 
2 <M 

iM 

o: ® 
S o - ra 

oS 
2 Sí 
K íM 
a: 
< a 

i 
> Lü 
QC 

O 
2 

2 U 
a. 
o 

... 

Ö 
QC 
=) 
O 
un 

>- 
h— 
o lA 

OC 
o 
to 

>0 
I 

oí 
(0 

i 
(0 

«i 
o 

a 
o k 
3 

! “ ! r r i i. 'f ¿..1 .,i. 

„ m\L 

s X 

n-?sa3i5í ààlcSïlïii 

â 

g® 

U «ã 
T U 
M J! 

■ IJ 
w ü 

il 

< O M N 
(M <-H 
-< • I 

¿éSs~H-- 

> 

-< Û. 
jllilfíísi 
oío¿a¡2Biüaiot!2aQ 

VI-05 





I 

1 
e 
& 
£ 

z 
o 
►— 
o 
n 
oc 
h— 
on 
Z 

o 

CE 
3 
►— 
O 
< 

. ö 

M^l 

^ V 
u-S 

X 
on 

SS 
üíá 

Z 3 
<• CE Zr i— 
5 on 

Z 

o 
z 

z 
o 

o 
z 

ac 
< 
Q- 

O 
O 
z 
CE 

P 
s 
? 
L 
oí 
0, 
J 
W 
a 
i 
3 

8 
1 

8 3 t 

• 0 

3 

5 

X 
Ü 

Ö 
s 

CE 
O 

CJ 
LU 

o 
CE 

TFW 

PR
EP

AR
ED
 

BY
_

TO
O

L 
EN

G
R 

C
H

EC
KE

D
 

BY
 

CO
G

N.
 

EN
G

R
. 











! 
1 



P
A

P
A

R
LO
 

B>
_

TO
C1
 

EN
G

R_
PR

O
JE

CT
 

EN
G

R.
 

i D
A

TI
 

CH
EC

KE
D 

BY
 

CO
G

N.
 

EN
G

R 







i 

¿2 

O 

<_> 

ZD 
oc 

-2 

O 

cc 

o 
c 

o 
-2 

O 

V". 

o 

c 
ZD 
DC 
^- 
Vi 

¿2 

s 
Ri 
00 

c 

«r 
< 

Oer 
< 

CO 
u\ 

CTv 5 

DZ 
C 
c* 

a: 
W*J 

I i 
a I 

s 
9 

If 
ÍÍ 

3 

|ï 
1! 

8 S' 

! i 

■3 

S 

1 
5 

«A 
I 

> 

5 
S5 
si 

5 
ï 

I: ! 
3 
V 

N n 

a! 2 
^ p. s 

1 

i! 
Ï8 
Is 
'3 

la 

II S 
h 
° Ä 

9" if 
~Ïl 
i*? , 

Í I5 »? 

CM m 

Î5ÎS 
H M H •' Q U (O < 

ï -t 

f- 

VI-36 

tAm^m 

IA VO 

I 

£ 
o 

QC 

O 

o 
a: 

Q_ 

J 
1 

O 
o 
0 

co 

O 

CJ 

0 

I 
Í 

U 

. 

II 

; i 1 

11 

u 

I 
I 
I 

1 

■É^i 2 



I 

» 

I 2 

o 

o 
Z3 
or 

<yi 

o 
2T 

rv uJ 
—, X 

O g 
< o 

s> 

< ^ 
«r un 

O 

o 

è- 
o 

i 3 
3 ! 
3 
5 

OO 

E 
« 

Ü i 
4* 

0 

1 c 
« 

lí 
It 

sl 
« 

s 
$ 
s 

t 
3 

a? 
\l 
IE 
m t 

3C C 
a. 

I 
3 
ï 

3 
•P 

3 

9 • 

w 5 » t*ix 

5 

00 
UA 

ï 
E 
■H 
4» 

i 

I ? 

*1 “ p s P •a a 
h ïî* 
i* *!i 

■i ill 
5! 3s: 

ÍÜ 

n 
^t 
w 

Í 3 
3 

*s . 
S \h t 
l «1. 

3 

? 
o 

%4 

? 

Kt r*i * a 

ï 
i 

« 
a V >c Is 

3 

!l| ! ^ ii; ? ^3 

Ii ¡f! 
3li 

S it ! f ï 

« 
N 

o: 
<t 
c>. 

o O 

a O 

! P 

e 
•H 
4» 

S4* 5-2- 

I! -ll 

° 'S 
K 5 

si 

;r 
^ « • 

ii! ^ i ! 
Li i 11 

4* CO 

vo 

8 

§ 
E 

vi o Í l " 
JC % 

li t :, 
fil I I I I a 

00 ON a ro ^ ¿ 'á ¿ h 2i 8 Îd 
VI-3T 

£ 
< 
o 

CK 
O 
2¾ 
.•j 

. 

O 
«X 

ou 

o 
o 

v: 
o 

c_> 

J 





.I. 

I 

VI-39 

— - *■- j 



vi -4a 



I 
ENGINEERING MANUFACTURING INSTRUCTION 

TABLE OF CONTENTS 

PART NUMBER *269i5ä PART NAM 
r Carcass. FW 
i Radial Nylon 

irnr 8.Ö TTFR 

OPEF 
NO. OPERATION TITLE 

OPtffl 
NO. OPERATION TITLE 

ôi Mandrel Fabrication 

02 RLA FabrififttiOP_ 

03 „ jiLiA Joiner Application__ 

04 Inner Liner Fabrication 

05 -SMmiJ Winding_ 

_06 Inspection — - -- - • 

07 . Packaging 

- - 

— - - 

__ 

— 
.. - — — .. .- — 

.... — 

__ , _ 

- - 

-- -- - 

- - - - 
- 

— - —. — 

■.. - - — - - - ■ --- — 

—- -- ...... .... .... . — - 

.... 

VI-4l 

l 





I 

lí 

o 
Z3 
oc 

m 

O 

OC X 

o 
o 
oc 
Q_ 

=3 OO 

a 

U. 2 

O 
< 

o 

< ►- 
oc 
1/3 

O 

o 

5-3 
8 xi 

5.2 
U ai 

* o, 
ÍNJ 
(M 
00 

* * 

o 
vO 

H M 

> 
Ui 

O 
co 

o 
í 

5 
u 
i« 
k. 

>- 

O 

oc 
o 
<y3 
LU 
O 

o o o o 
1 U U O Ü 

n n M H ■ « 

ssssSi 
■5 ■§ ^ ■§ £ ¿ 0- a- 
«OiQÍDtiS 

£ £ 
H H H H 

•*33-3■; . - « ^ J 3 8 r r 
11 * ' 

HHHt“4¿*S'ó'S 
-3-3-3-Süüg^aící 

1h4 1_> t_l 

» a a > 
2 n 2 5 Ã ¿ 'n *9 ^ 
ÕcSüõãSfgcgwW 

nO 
in o 

X 
§ 
>> 
*-* 
w 

s 
(M 

00 PH 
—• I 

5° X 
.- > 

1 

o -2 Y o 
x « 
ë » 
5.JS 

iñ O oí < Ó, (5 ¿ 

ii -S 
« 

X) « 

•°=§ 

~ ^ (SJ 
N O (Sj 

(M 
«fc. I 

• ft, 

lèg 
j x 

M ^ «i »T 
U 

2 -s ^ 

m 
rsj N 

# 0 

g ^ a ^ 
o íí ^ ^ ^ 
^ 7 h 5 » s 
„ >< 2 -® 
e 

l^o j r s 5 a 
Oí 2 OS O oí oí 2 P3 

^><5- 
i ai $ í í 

üsa 
i 

.—i i 

vi-í*3 

4 
J 

“3 
<=t 

"sí 

OD » 

s 
z o 
Ui Z 

o _ o o ;? 
Ui O O o o 
q; Ui »_ O “ 
<| X 0- 
0. U C K K 
Ui Ui a O. n 
* x a a £ 
a o ' ^ - 

-k» J 









i 

rvj 
i 

V 
60 
n) 

o 

o 

o 
Z3 
OC 
t— 
’y) 
7Z 

O 

z t— 
- LU 
OC UJ 

®. C «o 
X ^ 7} o 

co »2 

^<2 

3¾ 
¡¡ IM .1 M 

CJ 

< 

LO 

z 
o 

o 
Z3 
Q£ 
h— 
LO 

OC 
< 
Q- 

in 
in 
O' 
'O 
(M 

OC 
< 
o_ 

o 
O 

OC 
UJ 
Ql 

O 

JS 
5 
« 

o. 

It 

I 
u 
o 

S3 

<0 
<t 

> 
(t 
ü 

vO 
9 
tí 
w 
c 
o 

b 
M 

'S 
It (0 

(0 

SI 
T3 
T3 
C 

Q 

Ö 

Q 
,4 

5 
c 
o 
■ 
a 
4 
» 

4 
60 
4 

4 
« 

L ^ 
4-1 *” 

'5 3 

i 
a 

V T) V 

a « d 

•o « 
u •9* 
3 
o* 
V 
L 

a 
0 
X 

00 

a •U 
» 
a 
B 
i3 

f 
4 

a 
« 
V 

I 

a 
V 
u 
h 

I 
<*> 
O 

m 
oo 
o 
IM 
•m 
I 

H 

« 
M 
8 

■o 
3 
4 
y 
o 

M 
« 
t) 
■H a « 
a 
o 

o 
(U 

vO 

a 
o 
• a 
o 

*0 
3 

5 

? •H 
N 
a 

M 
O 

«h 
« 
« +* 
a 
.2 
B 

L 
3 

S 
It 
N 

3 

'S 
4 

« 

E 
4 

E g 

:s ^ 
C L 

«i 4 ► 
m ä 
o o 44 
4 fl 

JO ^ 
> ^ 

2 • o L 
c « 
L “ 
3 

3 8 

•r4 
0« 

00 

« U 

53 

O -t 

I 

J s 

« -13 ’S 
4_t 

S fl 

S 2 S a 

£ 3 3 « 
U « 

4 
h 

fl % 
V a 

° § 
0 U 

ï a 
1 I 
4 u 

£ " 
2 « 
2 -a « 2 
a 3 

JQ 
* 09 

2 S 
o ñ 
B « Æ 
V • 
> 4 

H 
* » L ? 

^ £ 
4 -o 

3 0 

3 
L 

tî « 
á o 
o y 

0 et 
44 

»4 S 

44 X 
5 E 5 
> O « 

ÎS 

il 
« s 

O 
h 

£ s - 

O « 4! 
E 2 £ 
« 2 2 
oí E o 

X 
4 
» 
V 
h 

'S 
It 

U 
« 
44 

It 
» 

B 
u 
It 

» 
a 

IM 

* ■“* 
« 

ï 

£ “ tí M o 

S. a 
J 
»4 
« 
3 
0 

o 
jd 
4 
E 

f\j 
•-4 

JS 
60 
3 
O 
i 

- 5 
a N 

3 
« 

TJ 

2 
o 
Ë 
a 
4 

A 
« 
4 
!* 

e 
o 

«r4 
44 

4 
h 
« 

X 
s 
£ 
(fl 

m 
« 
y 
3 V4 
H 
3 
10 

60 

3 

8 
ü 

« 
3 

■ç 

V 
h 

ï 
4 

'S 
4 
o 

2 o 
8 o 

° d 

=3¾ 

3 « 
0-3 

l’C 
3 c 
■û * 

* fl TJ o 
O o r-4 v 
8.2 
y JJ 

OB 
V • 
> OB 

'S u 
^ 3 

§ lí 

4 
« 
a 
« 

oí 

h 
3 
0 
X 

il >4 .»n 
V _ 
« 1 
4; 4 

L 
O D 
fl 
V 
> 
0 

o 
n 

lM 

T) 
y u 
4 
« 
A 
V 
U a 

y 
L 

y 
y 
4 r-4 

CL 

■A 

tf 
< 

OC 
o 

o 
LU 

O 
oc 
O. 

O 
O 

>- 
00 

OC 
CL 

OC 
O 

O 
O 
O 

X 
o 

VI-47 



« 
PJ 
o 
« 
BC 
ft. 

Ok 

O 

3 

OC 
b- 
CO 

O 

Z 

oc 

O 

< 

O 

Z 

or 

LU 
LU 

O 

VI-1*8 



PR
E-

PA
RE

D 
BY
_

TO
O

L 
EN

G
R_

PR
O

JE
CT
 

EN
G

R.
 

DA
TE

 
CH

EC
KE

D 
BY
 

CO
G

N.
 

EN
G

R.
 



rsl 
O 

« 
ac 
ni 
b 

O 

OC 

o 

< 

Z 
< 

O 

oc 

O 

Z 

(_> 

3 
ex 
*— 
oo 

X 
CO 

00 
d 

00 c 
X > 

o 
ï— 

U, 'S 
oc 

o & 

u ^ 

oc 

CO 

ex 
< 
CL 

tfl 
in 

O' 
vO 
(M 

OC 
< 
CL 

ÛC 

CL 

O 

« 
h 

T3 
Ci 

C* 
« 

T) 

X) 

M 

S a 
V 
U 

5 
b 
0 

S 

ex 
« 
H 

!* 

•8 
ni 

(0 
u 
0 

’S 
(0 

’S 
s 

6 
O 
b 

V 

S 
O 

a 
« 
« 

I 
V 

J3 

« 
9 

'S 

■ 
V 
b 

a 
o 

M 
a 

9 

*3 

I j 
m « 

û5 nj 

5 E 

’S 
rsl 

V u 
H 
« 

^ f 

8 
ni 

8 

2 
QO 
Pi 

co 
O 

U <M 

r- o 
^ x> 

nO 

oi 'S 

^ • 
J3 U 

!- 
Is QB 

1 

8 4) 
U 
m 

2 3 

b 

Ä 
9 
O 

<0 ao 
n! 

h 
« « 
» 9 
- ° 

° -3 

o 

o 
« 
b 

8 

2 » 

S1 Cü 
>> xi 

V 
b 
(0 

O' 

' 1 (0 
m J3 

•H 3 

E 
•H 
X 

j0 V 

£ H 
« s 

“ w 
CB 

^ 8 V -2 

8- 
(V 

ã 
aí 

a * V -* 

i 

8 
(0 

5 
•r4 

» 

d 

8 

« 
9 

ff» J8 
O H 

i 
o . 
cm a 
-M O V ■* 
c; « 
f « 
* » 

■ 
o. 

.3 
b 
« 

J8 
X« 

a *» 

îr> 

-G 
a 
d 

0, 

8 • 
<0 £ 

b 
9 
O 

J3 

S. 

O 
m 

« ■ 
b 

VI 
O 

<0 
b 

10 
V 

3 
O 

9 
O 
9 

8 
10 
a 
o 
î* 
o 

a 
o 
O 
b 
0 

X rHI 
XI 

E 
« 
« 
<0 
(0 

V 
b • • I 

b 
0 

a 00 
V 

d) ® 
w D 

a 
<0 
b 
H 

8 j 

S .3 
U 

8 

JS 
M 
H 

(NJ CO 

J 
8 

8 

X x> 

8 
O 

•o 
V 

•S 
9 
O1 
« 
b 

.3 
U1 
X 
»fi 

« 
vO 

« 
a« 
•a 
« 

ce 
CL 

I 
b 
S 
9 
O 

b 
V 
as 
b 

* 

u O 

a 
o 

m o 

9 
9 « .3 
Í sv 

^ « J 
(b S'” 

°o 8 

8 
O 

O 

V 
« 
b 

m 

9 
o* 
« 
b 

I 
5k CL Ó 

r-< «H 4) 
il 'S ^ 

I* 
X 

ï 
10 
b 

•O 

é i 
à i 

M 
o 

•H ^ 
I M* 

b •g ^ 

â S- 
rt ■ , 
0 J en 
« Æ X 
2 ■ *n 
41 
^ —is£> 

4) 

o 

E 
« 

0Í 

b 

S. 
9Í 

O o 
00 

4) 
>4 

« 
4) 

r-a r-a 

3 3 

«■ o • 
b b b 
9 9 9 
OOO .d ¿3 .a 

-1 'b -rt 

-13 

i ' 2 ? Ä 

o u 
< < 

CM -S' M* 

O • .3 
o 2 • 
y O 

m Ib (b (b 
2000 
2 2 9 2 O en O 
4) (M (M CO 
ü 
<4 

«72 
2 - 

s s J 
> 

E 
0 
b 

b 

13 b 

S 

1 

8 

î 
nt 

CM 
X) 
o 

tn 
ZÍ MJ 

0 
0 a 

c a 

l-2 05 « 

M 

1 

® ci 
o .S ^ 

£ 8 =3 
2 S ¿ 

¿3 
O 
« 
ex 

2 

.2 

ao O' o 
-i CM 

exiex 
o O 
Z “ 

O o 

>-. 
CO >- 

CO 
o' 
ex 
c 2 

CJ 

ex 

Vl-50 

1 

u 

■Ma 



PR
EP

AR
ED
 

BY
_

_
_

TO
O

L 
EN

G
R_

PR
O

JE
CT
 

EN
G

R.
 

DA
TE

 
CH

EC
KE

D 
BY
 

CO
G

N.
 E

NG
R.

 









I 

[ 

rg 
i 

in 
o 
« 
BO 
rfl 
a. 

o 

z 

oc 

o 

O 

=3 

ac 

»— 
</> 

o 

oc 
</> 

o 

< o 
d 

QC 

on 

00 

®5 o 

22 

£.3 
ivo 

moí 
S 

uS 

oc 
< 
Ql 

a: 
< 
Cl. 

Q. 
O 

JS 
o 

V 

J 

a a 
n) 
2 

jC 
» 

u 
3 
u) 

« 
a 

QC 

0) 

xs 

■* 

a 
M 
3 

ÍT 
V 
u ■H 
I« 
0 

00 

-S 
»4 

QC 

I 

3 
(0 
u 

« 
5 

¡a o 
n) > 
oo « 

h 
4 
« 
00 

00 
c 
> 
o 
Ê 

JO 

00 

.s 
00 
c 

■§ 
•r4 

ï 

<0 
QC ^ 
c V 

3 « 
° * u r 

2 « 
»H 

§ 
? u 

oo 
.s 
>4 

Ö 

•§ 

a 
o 

« 
« 
h 

00 
.s 
'S 

3 
(0 

QC 

.5 
M 

'S 

9) 
■S 

V *4 

4 ß 
M O 
4 co 
a a, 

" s •fl h 
V4 0. 

0-g 

« • 
00 X 
4 « 
00 
C ^ 
® Ja 

cl' 4 
CU o, 
« M 

« S J2 
•7.’ "Tj f—4 

o 
V »4 
»4 
3 J3 

2P 
0 
M 

5 

c 7 

£ ’S 
a S o H 

a 
o 

U) 
u 
ci • 

QC ® TJI 
* ** •-4 Q 

■1 « 
4 « 

" ¿ 00 

J Î 

3 I 
Ü 

£S. 
00 * 
c « 

o 5 J5 
4 g U 

S-l-S 
Tl *4 »4 
14 W * 

*£ a o H 
° ^ ^ 

2 u £ 
.2, » ® 
•o'S o 
< 2 - 

è 

tJ 
14 
O 
u 

m 
« 

a 

■S M* •r4 V 

^ s 
3 

0 V 

•o 

s 
2 3 § <•4 ■r ■O 4 tJ 

m « 4 

■g 
c » 

4 
!? rt « c oo J; 

ïlü 
3 ï J 
w - 

° £ 3 ï 3 w h w » E 

o -• 

« 
.3 
J3 
u 

4-» 

S. ® “ 
“ .3 oo 
® « 3 
• ” O Ü 

»|S. S 
5 E « - 
3 3¾ 

ß »4 

2 .s “ 

'3 « S. 

a h 2 U £V 

fl’ »5 ß 

.2 

3-2 » 
O h ß 
*4 *!í O 3 »ro 

r-4 rr* 4-* 

£ « 3 
M »» o 

>4 

JS 

ÍI 
4 J3 
> O 
2 g 

*4 O 

3 o 
* *4 

2 £ 
U 

« ã 
B o 
; s 
4 3 

3 ► 
B ® 

?ï 
to ^4 -*4 
3 VM 

T3 
« 2 

i * 

i 

o 
B 
V 
N 

B 
« 

¾ ° 
B ¾ 
O B 
U 0 

'S u 
0 ß 

H s D M 

u 

C 
4) 

<0 
Ü 

<L 
U 

E 
O 
M 

"O 
u 
o 
u 

9 

o .3 

3 
u 

oo 4 ® ® 41 '44 
A ee O 

B 
¾ 
O 

3 
3 

.3 

E 

B 
o 

« 
u 
a fl 

o 

B 
» 
» 
B 

3 
o 

m 
oo 
oo 

3 
® 2 

Ê'S ® 

3^2 

° 2 B 
4 ,, V 

5 5» 

*! g1 

■§§ > 
4 ß O 

ß 4 ^ 
0 rt X 
5 .3 æ 

3 
o 
B 

V 

c 
•3 
ß 
o 
U 

fM 

t 
a. o 
X 

3 
ß 
o 
N 

ss 
.2P 
B 

(M 
X 

B 
e 
-S 

’S 

O 
2 

o 
ß 
o 

a 
o 

5 

B 
« 
a 

V 
u 

Ã 
P4 

n 
> 
3 

E 

2 =3 «• 

5 5 -¾ 

4) 

i ï 
_ 2 C 
® „ 00 

■q ß-S 

.3 
4 
a 

’S 
4 

« 
> 
0 
E 
« 
B 

J3 
.9> 
B 

m . j 
“• O' .5 
4= -I S 

B 
O 

X 
00 
3 
O 

B 
V 

x> 

4 

V O « 
b -r; oo 

4 ® 
B 00 

ß * fl 
B V 

B 

4 

m 

+ 3 
. ** 

2* oo 

6 
o 

B 

4 

a 
4 

s i 
^ * 
o o 
« « 
B - 

• ¾ 
« « 
h a 
* ? 
X 4 

•S 
4 

¾ 
« 
X 
u 

m 

1» 4 

Ji ^ 
a > 
a ^ 
_. B 
ï « B n 
0 X 
® 3 

«M *4 

O O 
i«i B 
a « 

21 

4 X 
*4 U 

=* « 
X ^ 
00 *J 
3 £ 

d ^ 

m ^ 
» 4 

a 
« 

¾ 
B 
o 
u 
V 

OÍ 

Ë « 

a 
2 
CO 

a 
« 

a « 

« 
3 

^ o 
« 

X B 

« 
00 

as* 

^ B B 
O a 
O 4 

B 

! 
U 

£«• I g 
• B 

B ° 

11 
0-3 
1-4 W 
•— o 

a a 
4 4 

^ 2 s s 
.’S- 

■ ï 
fl 4 
O B 
t. o 

X 
oo 

3 2 
is 3 

£g 

3 -9 

S. 

co 

3 
o 
a 

4 
® 
a 
» 
a 

4 
« 
a 
® a 

V 
00 
4 
00 
fl 

M 

4 
V 
a 
® a 

CO ® 

4 3 

B . 
« « 
> a 
a o « — 

« B 
a « 

4 S 

d 2 

a « ^ 

in «o o — r\j <M 

VI-55 

< 

OC 
o 

u 

o 
oc 

O 
o 

QC 
o 

O 
o 
o 

>- 
oo 

iC 
o 

o 

J] 



e
n

g
in

e
e

ri
n

g
 

m
a
n
u
fa

ct
u
ri
n
g
 

in
s
tr

u
c
ti
o

n
 

i_
_

IN
ST

RU
CT

IO
N 

sh
ee

t 
_

 
OP

ER
NO

.oé
l 

PA
R

T 
NO

. 
12

69
15

¾ 
| 

pA
R

]- 
N

A
M

t 
11 

| 



r 



ENGINEERING 

MANUFACTURING 
INSTRUCTION 

PRELIMINARY 
;i/DESIGN 7 

Carcass FW 30x8. C! 22 PR 
• RAPT NAME Radial Glass_ 

•par; number. 1269156 

•NEXT ASSEMBLY a-5068A4 

•EFFECTIVE VIRE 
SERIAL NUMBER 

AEROJIT-6ENIIAL CORPORATION 
AZUSA. CAUFOiNIA 



ENGINEERING MANUFACTURING INSTRUCTION 

TABLE 0 F CONTENTS 

P AR r N UMBER 1269156 DADT MAJUir Carcass, FW 30x8.8 22 PR 
_r**!™-_Radial Glass__ 

OPÏÏ 
NO. OPERATION TITLE N0. OPERATION TITLE 

PI Mandrel Fabrication 

02 R LA Fabrication 
03 RLA Liner Application 
04 Inner Liner Fabrication 

05 Carcase Winding 

06 Inspection 

- 
Õ7 Packaging 

... .. 

- —. 
•- -.. 

- .-. ... .. 

_. ... .. 

- ■ ... ~ 

— — - — -.- - — — ■■ -.— - - — • — - 

-.- 

- - - - 
— _. 

—- 

— 

. ..— — --- 

.- * — 

. ».... — —. 
— 

-. 
- 

- — 







ill 

o 
ZD 
Oí 
t— 
to 
2 

O 

2 

oc 
ft 
X 
(/) 

c_> 

< 
u_ 
ZD 
2 
< 

C_> 
ZD 
OC 
►— 
to 

o 

oc 

o 

0 

a <d 

S oá 

(M 
(M 

00 

oo 
OC 
í o 

ro 

«O 
in 

• ^ 
O O' 
X ^ * fM 

<r 
Ul 
a 
o 

> 

5 

oc 
o 
to 
UJ 
Q 

II 
0 

U( 

äi 
u 

3 
u 

ul 
0 

I 

o 

' M 
hi 

1 M 

s 

j I i 
0*1 0* o 
O^UiU 

£j 

1 • 

c 

<5 

I ! 

ë 

J| 
¡ g1 gioi; Oil oí aj 

H *< 

||j§ 

J 

•: J 

•Si .9 
1 ., « 

515(31(3' 

5'5¡£ £ • J3 jO'iî1 S ij' ^ 3 «I ‘SItSI 

äi 
o S ' rí1 rS ^ o « jí * * 

•Ä-S. 8 S S S op oo a c a a 
3 3 « • « « 
X s o o o a 

UU: 

».j 

1 
i i 

»< »* _- — ^ 
a ® X a > 

c s: II w w, i i 

1 ! i 

i i 
■—h 

¡ 1 ! 1 i i 

I i ! I 

-- 

! j 
i I 

I 1 

• : 

oil 

U 
i 
H 

I 
(0 

•8 

C 
0. 
h 

3 
« 

I I ! 
: ¡ 

1 I 

< < CO 
o -. 
nj (M M 

00 

5 VÔ 
X m 
g ï 
>-3 
« G 

M, 
O' 

Í fM 

N 
0 

IM 

fo in i 
V 1 ■ 
« 

J3 
V 
< 

ril , ' H m *' » *• » ^ I °® 

• i i 
(VA 0i 
G G G ^ 
X X X ^ 

, i 
»* I.1 Il ** 
£<«««„ 
b,X> J3 JO ¿ . 

¿¡■Z o a 3 o J «! s 
Ct oi oí g oí ' O o¿ ai 

i ! ' ! 
1 1 1 ■ 1 i 

i ¡ 
> i 

i_L 

t 

! ! 

i i 
i i 

VI-62 

u 
Ü 

u 
0 
u 
{J 
II 
u 
u 
Ü 
Ü 

II 
Ö 
Ö 

u 
ÍI 
a 
i 











í 

í! 
0 
1.1 

u 

II 

!I 

(M 
I 

(M O 
O 
00 4 
fc 

O 
ZJ 
QC 
h™ 
OO 
Z 

O 

a: 

o 
< 

< 
5 

o 
z 

a: 

O 

M 
I 

41 
oo 
o 
IM 

< 

s 5 
a 

í 
Q 
S 

te 
< 
O 

o 

CJ 
uJ 
o 
a: 
Q. 

O 
O 
O 

>- ao 

O 
LU 

X 
o 

vi-67 









r 

F 

« 
ne 

O 
Z) 
QC 

oo 

00 0 

oo' 3 

O ^ 
^ a 

O 

Zoi 
gfc 
h (M 

Ô” 

X 
(yo 

C_> 
< 

C_) 
Z) 
oc 
oo 

O 

O 

O 
Z 

oc 
< 
CL 

T 
O 

O 

oc 
CL 
O 

>> 
h 

■O 

a 
< 

T) 
0 
L 

O* 
0 
U 

0 

5 
A 

■3 •H 
? 

3 
U 

•o 
0 
L 
9 
O* 
0 
h 

0 
«M0 
0 

U 
H 

« 
u 

1 

2 
.S 

o 
>0 
C4 

5 
ai 

à 
.2 

•o 
h 

Z 

U 

3 •«4 
» 

a 
Qi -’S 
^ 9 
's S' 

. M 
Q « 
ï ^ 

-5 

s 
3 

0 ^ 
L r-< 
9 0 
■ h 

.B ^ 
Vf H 

S S o 

9* ---1 
S ^ 

0 

SS 
- 2 
0 r* 

j! 

E • 
S 2 
a 9 
* .2 
2 E 

5° 

N 
• 'd 

0) u 
U ^ 0rî (tí 

ra ^ ^ 
0-0 ® o 

" * 

>. 
L 
Q 

2 î 

-0 IM 

OU 

A 
h 

g 

â> 

h 
0 
jj 

h 
0 
¡K 
A 
a 
c 
O 

3 

TJ 
0 
h 
0 

O 
U 

9 
L 
3 

9 
§ 

h 
o 
jj 

< o 
M 

I 

A 
O 
X 

G. 
0 
U 
» 

a 
.3 
-o 
0 
L 

0 
•B 

d 

5 a 
> M 

1 So 

0« "H •rT 00» 
L ^ 
a O 

0 
T3 Q 

•4 

<M 

- B o a 
oí w 

? 
i 
ü 
O 
< 

a 

a 
h 
9 

a 
d 
o 
N 
N 
0 

J3 

g ’S 
fM 

0 
0 
JJ 

d 
0 
0 

jj 
o 

S 

i 
L 
0 

I 
! 
Ü 

0 

I 
0 
h 

M 
0 

JS 
U 

.0 

•3 
•a 
CO 

S . 
y >S 

n' ^ 
A TJ 
ü B 
X N 
'S ’S 
a - 
a a 

5 
a¡ 

o 
0 

•d 
0 

M -« J 04 
— « g 

•S S II 
= 5 

i 
N 

N 0 JS' 
A 3 
0 

ï! 
f! 
.3 •- 
d 3 « « 

v ^ 
•9 3 

s 
•51 

M 
O 
L 
A 
A 
0 

5 

F-i 
JJ 
Ë 
0 
a 
a 
0 

- 3 © 2 
0 

i 

-0 « 
d n 

í I 5 II 

•o 
4 . 
2 « 

0 * 

2 

A a g; 
CO 

«’S 
A S 

9 
U 

g 
>* 

I 

I 

a 
o 

0 
U 

1 
« 

s 
0 
h 
0 
h 
A 

3 
•04 
* 

9 

2 

0 
A 
a 
0 

A 
0 
U 
* 

I 
JJ 
a 
9 

JJ 
O 

a 

0 M 

A ¿ 
2 •« 
w A 
- ? 

_ 0 
“ 0 OS 

L 
d o 
a - 

S* •“ O o 
*. 0 

a 
d 

I 
3 
L 

i 4 
3 
2 
U 

2 
0 
h 

1 

L 
0 

TJ 

N 
0 
A 
0 

3 
U 

’S 
0 
fl 

0 

.9 

0 

1 
0 
h 

« *0 
h 

g. 
a 
a 

<36 

O' 

s 
0 

£ 
jj 

9 
A 

IM 

h 
0 

£ 
0 
0 

.9 
0 

1 1 
0 *■4 

OÙ 
•d s 
Ul 

Z 

TJ 
0 

■§ 
O* 
0 
U 

O 
M 
U 

A 
’S 
0 

I 
<0 
U 

2 

3 - 

0 
0 o 

0 
h 

I 

« 

3 
ü 

M 
O 

N 

_ 2 
3 5 

h 

S 
U 

S. 
h 
H 

-h <M 

VI-71 

Mi 

C 
O 

üc 
O 

o 

o 
oc 
Q- 

O 

J 





wmf 

I 
I 
II 

ilj 

I 

ro 

in o 
« 
M 

z 

o 

o 

3 
oc 
H- 

o 

z 

oc 

o 

< 

o 

z 

ce 
UJ 
UJ 

Z 

O 

on 

Z 
o 
H- 
o 

ce 
i— 
on 

oo " 

‘S'2 
¿o 
<■0 (—4 

.¡a 
X) 

3* 
u 0« 

(3^ 

oc 
< 
O- 

>o 
m 
•HI 
O' 
o 
M 

OC 
< 
a. 

m o 
O 
z 
ce 
UJ 
a 

l_o 

h 
XJ 

.¾ 
« 

S 

o 
h 

« 
U 

.3 

.3 

3 

<4 
Ml 

5 •H 
X 
» 

a •H 
» 
u 
»4 

« 
u 4S 
u 
3 

« 

fl 
a 
6 

s 
3“ 
A 
U 
« 
i 
3 

3 
? “ 

CM) 

1 
3 

« 

X 

oo 

X 
h 

J 

I 

> 
« 
b 
(4 
« 
Ml 

Ml 

.3 
► 
0 

£ 
¡K 
X 

f •W4 
u 

s 
L 
>5 
V o 
es X 

** aç <m 
fl « 
« ci 

il 
si 
0 o 
b 

.2 2 
s ! 
« « 
a o 
-0 b 
^ 2 

b 

i 
b 

fl 
0 

« 
b 
(X 

î 

b 
O 

0 
b 

3 
0 
b 

X) 
b 
0 
u 

x> 
•4 
« 
b 
X 
H 

i 
M 

J 
18 ;í ° 2 
• - 
• • 
« ± Ls 

a 

IS 
13 
» • 

a « 

21 
>4 

4) 
N 
d 

3 

I 
X o b 

a 
b 
« 

-“J 

2f 
»W 
« 
X -4 

•S 5 
b ï 
2 o 
► o 

? fl .3 • 
a • 
b i 
2J 
X Ml 

1 = 
5?1 
X) 8 h 
!| s- 
Si. 

3 u « 

fl 
*< o - 

S 1 8 ä® a 

s - 

n :-3 
. 3 

fl «• - 
« b a 

« .3 "és 
« . .3 
* b O 

ill 
lb 

• • « 

a I 
« s 
3 2 a 2 

a 
d* 

A 
0 

•HI 
V 

i . 

I* 

M 

I 
b 
a 
a 
« 

. X •o ¡t « 9 
b fl 
'S 0 3 -f« 

g*2 ^ 0 
u 

I 
b u 

3 X m « 

® 
b 

1 

1 
«s •! 

&4 a •4«* 

M cfi 

a 
i 
b 
U 
u 
fl 

JR 
? 

<M 
X 

0 
Z 
b 

i 
0 
U 

'S 
b 

O 
O' o 

0 
u 

b 
« 
X 

fl 
b 
0 
U 

a! 

>s 
b 
« 

3 
I 

»4 

fl 
.2 
+* 

A 
o 
b 

I i rt 
a 
0 
Ü 

N 
<w4 
I 

fc 
O 
X 

fl 
o 

2 
2 
o 
o6 

m 

** ■ n w 
5 S? fl* r! 

fl 
fl 
o 
H ■•4 
b 
0 
X 

fl 
0 

u 

Ã 
Û, 

XJ . 

3 -ä 

X 
es 
'S 

S 

« 
4«4 

5 

I 
E 

« 
X 

3 
S. 

1 
a 

V 
b 

1 

« 

S 
E 
9 
U 

1 

m 
4fc 

a 
2 
w 
4-» 
« 

a 

cS 

oo 

X 

IM 

a 

3 
H» 
«4 

S. 

X 2 
Mil 

3 

I 
ï 

•r. 

1 
» 
• 
as 
fl 

I 

X 
M) 
3 
O 
h 

3 

a 
fl 
m 
4a> 

i 
(5 

< 
o 

a 
o 
zl 

o 
a 
a 

>- 
co 

o 
uJ 

o 
UJ 
X 
C_) 

VI-73 









ENGINEERING 

MANUFACTURING 
INSTRUCTION 

í? 

/ , '■ 
Carcasa FW 30x8.8 22 PR 

•PART NAME RadUl Wire 

V 
\\ 

PRELIMINARY 
¡'/design// 

PART NUMBER ^69157 

, / 
• f 
/ 

•NEXT ASSFMBIY a.5068A-s 

•EFFECTIVE TIRE 
SERIAL NUMBER 15955, 022/E.1 

/ 
AEROJiT-BINERAL CRRPRRATL1R 

AZUSA, CALIFORNIA 

VI-77 



TABLE OF CONTENTS 
PART NUMBER 

Mir 
NO 

12o9157 

VI-78 

u 

IJ 
name|| 

LI 

u 

tj 

y 
u 

y 
h 





F 

o 
ZD 
ce 
►— 
oo 
Z 

O 

QC X 
ZD 
h- _ 
O g 
< — 

O 

< t— 
t/) 

O 

ce 

O 

SJ 
h K 

(3 oí 
û. 

Is» 
Z oo 
»- oo* 
a X 
< o 
a <*> 

io 

og 
fM 

CK 

a 

>1 I 
O 
h,» 

W 

il 
D h 
O O w 2 

U 

•ï 
ü 
ü' 
<! 

>~ 

& 

OC 
CJ 
t/1 

T~r 

J3 

ôi 

• i 
aî 

VI 
X 
s 
5* 
to 

a 
0 

T) 
« 

J 

-ï—r T- 

I ! 

I 

i 1 

! I 

1 i I 

i I 

o 
Ö 
M 
Kl 

T3 « 

1 g 
0* >• 
b, « 
hl « 

to: 

¡'3áôá! 
M M h „ a 

“ - .s .s 

h 
V « 

XI X» 

<5 JJ otî oÿ oí OÍ 

■g '? -¾ *8 J) 
¿»MHKiKiUIIB 
uSShhh: : 

M N M M #, I. 
s s Sfl! 

ac X o a oo (u fe 

33 a s u u 

Il «ï s sí1- 

ïlii.j 
iiáá 
U U 
s a > >' 

to I H 4 

i i 

i « i ¡ 

f 

00 
o 
M 

CO 

to 
* 

V 
Ü\ 
* 

OQ - 
io V 
N V N 

O 
.'« S «M 

IM CU ¿j (i T) 
o a a « ^ h' 
XXX_i3h-^0" 

O > M J H* H0, 5 s 

S«ajo^xi®r¡2.S 
2 O J Z *§¡0 

(OÜ<fcoíc2aí(Oa¡0«oíi2« 

Vo 
X s áásS 

,-i. i j_L. 
Ví -80 

i >■ AD CD 
O O 

° O O 
tal I- U 
X 1 
o OT uc 
tai o. a 
Z| fluía 

I 







<M 

V 
OC 
I« 
0, 

O 
ZD 
OC 
h- 
on 

O 

OC 

O 
< 

< 
s 

O 
Z 

QC 

O 

X 
on 

û£ 
►— 
(/) 

T 

iM 
<M 

00 

00 
X 

.¡3 

k « 4S 
X 

u « 

tí K 
U 0, 

< 
Z 

QC 
< 
0l 

QC 
C 
Q. 

QC 
LU 
CL 
o 

£ 
5 
a 
a> 

SL 
«0 
ni 
>S 

1 
U 
O 
ÏJ 

'S 
n3 
(0 

d 

2 ® 
o S 

• I 
* î 
<i o 
0 u 
a 

• r* 
O 
I 

ai 
in 
c 
o 

•H ■W 

3 
E 
tn 

ni 

ao 

£ 

SI 
X 
X 
« 

0 
U 

■'J* 

0 

.2 

'S 
rt 
« 

-X) 
I 

Di 
V) 

<M 

3 
O 
A 
QC 

I« 

Q 

Ó 

'S 
rt 

5 

0 
O 

ni 
ï 

K 
H) 
4 

'S 

U 

£ 
E 
o 
U 

X 
« 
U 

3 er 
« 
h 

S 
n) 
O, 
0 

jC 
n 

•H 

E 
a 

’S 
m 
a 
u 
V 
* 
w 

in 

a 

h 
V 
E 
« 
U 

M 
« 

O 

fl 
O 

fl 
0 
• 
a 
o 

X 

4«* 
« 
« 

I 

h 
O 

i I 

rM u 
—I -Ci 

I 
H 

»4 
O u 

X 
s 
ta 
o 
o n*4 
M 
V 
3 
a 
m 

C 
O 

■ 
O 

04 

Í 
U 

I 
0 
u 

'S 
I« 

2 

a 
4 

ê* 

S 
JS I 
»4 
U 
to 

h 
« 
3 
a ■ 
a 
o 

« 
« 

'S 
4 

I 
« 
d 

a 
o 
E 
E 
o 
o 

V 
o 
o u 
44 
S3 
J 

o • 
y « 

fl M 

« "h 
® 2- O ^ 
O « ^4 h 
o « 

I« 

« • 
*} « 
a o® 

's 'S 
- 4 

<o 
« 

« U 

S’« d s 
>« a 

1 

xi 
QC 

1 

s 

a 

3 
U 

a 
h 
S 
c « u 
E 
o 
h 

I 
VH 
« 
h 

I 
4 

«n oo 
o 
(M 

Ï •* £1 Ch 
O 

0) U 

S-S ü S c « 

^ ï 
2-s 

»«ï G 

il 
Jî a « 

S 
o 
X3 

Ch 

a 
O 
5 
u 

'S 
«d 

« 
Ch 
a 

4—4 Q 

€ 
U 
S 

5 • H 
» 

° S 
a o 3 

-, U 
•2 44 

3 g 

^ > 

S O. 

fl g 
s - 

V4 j 

« a® 
Sá 
a o w 
s - 
o 2 u S 
et ß P O o 
2 V a >4 

? rt a 
33 

E S 
44 

J) « 

S3 
E S 
M a * *s 
a ^ 
a 3 
a Ch 

•M ’S 

3 
Q 
d « 
° ï 44 Q 

h o 
3 

4-C 
M <ü 

I 

3 
B g 
a •« 

~ ES c .oc b M 

I ^ 
oE ÊP 
£ à 

i 0H*l 

P" 

»■4 <N| 

-. S 

d 

M 

§. 

4 
* 
II 
M 

3 
id 
Ch 
U 
44 

ri 
» 

E 
Ch 
id 
» 

d 

a 
V 
X 

3 
o 

E 

£ •d 
XJ 
■ 
id 
* 

3 

a 

3 
M 
I» 

a 
o 

3 

(V 

X 

? 
o 
H a 

rM 

tu 

§ 

J i 
id 
V 
a « 
ci 

< 

O 

O 
LU 

Ö 
QC 
CX. 

O 
O 

>~ 
oo 

QC 
< 
Q_ 

"vT^T 

> 
CD 

O 

CJ 



r » -.. - "n ^ ; 
^ i» 







I 

ro 
I 

N 
O 
(I 
« 
<S 

CU 

o 
=3 
oc 

IS) 

o 

on 

o 
< o 

t3 
c OC 

Îî on 

O 

o 

/: 

Ï3 
•o a 

» o' 
« 
? « 

(X 

in 

QC 
LU 
a. 
o 

’S 

»< 
o 
0 
« 
u 

•§ 

ä 
3 
0 

V 
3 
® 

s 
0 
c 
0 
« 
(X * r-4 ® 
Ü ^ -4 

r*" 2 —• Xr 

i ■>»• 

(»1 ja 

MA 
^ 5 
" ’S 3 s 
>> Jî 

XI « 

£ 3 
2 « 

2- 

’S 
ÍNJ 

fO 
O 

• JS 
>, W 

>. 
X) 

T3 
Ä 
h 
0 
O. 

s 

1 

a 
« 
« 
I »' 
« ï 

-¾ 
s g 
3 £ 
fl >« 
c o 
Al d 

.S 2 

« 2 
vO “ 

* »4 oo 
in Z 
* 3 •5 o 

55 
•o » 
« * 
S i 
«I 

—« > S 

W ^ 

I fl 
> O 
0 « o 11 

fl 
TJ U 
fl " 

¿5 
>M 00 
*§ « 
■ S 10 

í D 

’S c * 
« t 
o. 

1 
* 

■§ 

V 

3 

o 
a 
a 
o 

£ "P* 
A 

I 
itf 
« 
a 

M 
01 •m 
« 
fl 
fl) 
M 
H 

a 
« 
h 

■* 

•4 
« 

1 
? 

£ 
o 
o 

.S 
3 »NI 

I 
(« 

ï 
IM 

«I 
U 

« 
O 
X 
0) 

.1 
> 

« 
O 
m 
ï 
3 

h 
« 4* 
3 
O 

01 
04 

O >0 « e 

>4 & 
-fl 
* 
3 
a 

•2 3 
5 « 

1? 
2 * 

S ^ 2 *> ** t) 
a? JS 

£" •S S 
u z 
H ÿ 

a 
o 
X 

J 
X 
o 

S 

ï 
« 

.3 
V 
ui 

»4 
3 
0 
X 

ui 
NÛ 

ã 
I 

§ 

o 
ui 

0» 
M 

04 
3 
0 
X 

04 
0) 
00 
04 

3 

X. 

fl 
01 

3 
U 

s 
fl 
Ol 

b 
0 o 
l/l 

Q 
* 

O 

? 
fl 

3 

! 
+j 

1 
V 
04 
3 

fl 
01 
► 
O 

fl 
0 
o 

X 
o 
04 

a 
fl 

3 
z 

h 
O 

« fl* 
.e- »r» 

.3 
>. 

0—1 

jO 

E 

a 
« 
04 

O • 
sO 

«I 
» 

M 
3 

ï 
N 
3 
O 

¿3 X3 

5 g 
2 8 

• IO 
Tl ^ 
C ^ 
(t) • 
" sO 

fO 0—« 
O ^ 

i) 
M 

’S 

rM 

« 

* « 

• Ö 

9) 
U 

JS 
Oi 

ht 
o o 
o 
rg 

t«4 1«4 > 

■X 

« 
X 

O O 0 o o 

« o 
X “ 

m o 2 
im m H 

51 
0 04 

e r 
® s 
ûî «2 

m 

■o « 
04 

3 
O* 
V 
04 

« 
00 

•3 
0) 

O 

O 

04 
0) 

3 
O 

fl 
O 

ai 
m o 

« 
fl 
0» 
ü 

TJ 
0) 
04 

3 
o* 
01 
04 

1 
«0 
«I 

* 
m 
M 

TJ 

M 

2. 

i.s 

> 
o 

« £ 

04 

S. 
fl 

0) 
a¡ 

o o 
oo 

g g 

0 
X 

o o 
•< < 

IM 

£ 
2 <ÿ 

*4 a 

5 « 
S. 2 

h 

ja 
U 

^ rvj 
^ —i 
m m 

• • 
oT» nO 

I 

fl 
’S 
fl 

K j} 

d 
04 

Q 

4 
u 
01 
a 

• 5 
Q V 

X 00 

TTW 

QC 
o» 

QC 

o 

>- 
OQ 

oc 
Q. 

O 

S 

Q 

2 
O 

o 

^*1 j 





r 

! 

(M 
I 

cO 
O 

« 
Bd 

£ 

CM 
(M 

o 

oc 

CO 

oo 
oo 
X 

O 

z 

oc 
1/1 

o 

<: o 
o 

oc 
t— 
co 

o 

QC 

Z 

o 

o V 
PO h 

JS 
a T3 

Sá 
N 
*Cá 
ua 

m 

g 
0 
b 

00 
<M 

5 
o. 
» 

■o 

a. 
O 

rt 
0 1 
jj 
■o 

3 
-O 

o IM 
« 
u 
It 

3 
h 

TJ I 
<*» 
=«= 

oc 
hi 
0 

3 

3 
oe J 

/3 

n 
o 

3 
-Û 

o 
/3 

T3 
I« 
V 

J3 

O +-1 
.2 

a 
V • 
3 ■ 
/3 y 

Oí 'S 

V 

» 
O ■o 

ï 

¿ O. 

m 
rvi 

« 

3 

ï 

s 
IM 

« oe 
js 3 
oe jC 
3 <0 
O 3 
Ci JÛ 

.3 
•o 
in 
<M 

< o 
(M 

¡ 'S 
3 « 
t ¡¿ 
Q «2 

i 
o, 

o 
X 

e 
u 
0. w 

I* 2 w 
S 2. 
S *1 

í 

S- 
3 
w 

. § 
.2 «3 
o 
* h *• « 

3 ►. 

^ JS 

si o 
o I 

51 
i ^ •-J Cu Pu 
* s- 

2 l 
C 2 ï 

C. •§ «I 

42 o 
g y C 

O ® 2 3 g, V 

lïl 
U lí J3 

00 
5 

5 £ 

7II 
(X “í -s 
o o 3 
X ** -o 

S 's 

: j 3 « « 2P 

*éé 
m 
ft3 o 
2 m 5 
- ü * 

3 
u 

3 
o 

I 
c 

J3 

d 
2 

3 

o 
o 

u 
3 

•a 
« 

V u 
«I 

H 
5 

« k 

3 i! 

a 
it M 

« U 
3 

O 

OJ 

M 

U 

u 
H d 

o 

k i 
ir 
e 
k 

I I 
3 
0 

•o 

r 
s 

«—• 
ü 

« 
4-» 
« 

»4 
<U 
I 
JS 
J3 

3 
13 
>4 

JS 
■3 0 

k 
3 ü 
k 
O 

* O 
2 

<2 

u 
0 
a. 

TrsT 

& 
< 

Q£ 
O 

O 

O) 
OC 
a. 

>- 
0j 

tr 
< 

o 
8 

>- 
ao 

a 

i 

f 

-j 





o 
« 
BO 
I« 
b 

Z 

O 

►“ 
O 

3 
OC 
t— 
üO 
Z 

O 

Z H- 
— UJ 
OC UJ 

3 X 

^ Z 
< O 

= t3 
Z 3 

Í - S oo 

O — 

oc 

O 

co 
K 
O _ 

^ £ 

'm* 
•*< 

« ¡3 

S3 
3Ï. 

OC 
< 
CL 

O' 
-O 
(M 

(X 
< 
CL 

u-l 
O 

CL 
O 

O 
• 
I« 
00 

JG 
» 

■§ 

< 
in 
(M 

• 
O, 
O 
X 

o 

d 
o •h 
a 
M 

S. 

3 

o 
m 

(M 

(Û 

•r* 

» 
L 
« 
d 

^ -S 
o g 
® O 

(NJ 

'E P* 
S ^ 
a -O 

« .H 
M n) 

•fl 
d 2 

il 
U < 

m 
m 
oo 
o 
(M 
•■H 
I 

H 

■ 
E 
S 

5 
•H 

w i 
o» 

1 
U 
ü 

< l |l 
2 o o •« 

g? 
Si 

'î d 
a& 

« £ 
(Ã D 

d xi 

B 

e- 

1 i » i 
< 00 uo 

ja 
u 

L 
d 
« 
H 

M 
0 

xs 
N 
d « 
oo 

% 
>N 
»4 
.a 
8 

M 
in 

« 
m 

« 
u 

m 
m 
o 
i 

<0 

•H 
* 

3 3 

I I 
1 O 

Ü 

d 
ht 

■S 
h 

•ri 

0 
cr 
V 
M 

L 

â 
0 
L 

M 

S a 
o 

« 

i 
« 
L 

? 
d 

M 

I 
h 

d 
o 
U 

o 
M 
U 
d 
® 

J3 
O 

d 
« 
E 
00 
« 

00 
d 

$ 
•dd 

’S 

« 
> 
o 
E 

tn 

V 
3 

>> 2 

ö ® 
o ^ 

Z? m V 
a < 
£ 

d .. r-d 

3 fi 
2 « ^ JS 

00 

n « 
h d 
3 £ 
Õ 5 
L . 

■si d ï 
«M «0 

S o 
e : 

«s 09 

ïi 
••>4 «m| • 
Id 09 

5< ® 
JS ¿ X 
o, 5 d 

¿ S « 
■3 5 

V 3 Xi 

•S £ ? 
*d m ^ 
w -a « 

Ü5 
Û0 Ü tí 

Ö Él 0 - V u »-d W 

^ I 1 
d d 

■* Q O 
>» ‘S »-d ® 

jo d “ 
E - « 

• 00 M 4U 

•* S 0 
* g- eu 
« ® eu SÉH d 

S 2 L 
ü OC ü 

5 d ° 

!? S c Ht ÿ o 

- 'S! «M -HS 

£ 
< 

OC 
o 

ol 
oc 
CL 

o 
o 

oc 
o 

Z 
o 
8 

>- 
oo 

o 

o 

VI-91 









I 
E 

o 
« ae 
I« a. 

o 

oc 

uo 
z 

o 

ac 
=) 

C/1 

<_) 
< 

3 < 

i ^ 
o 

oo 
X u 
o H 

^.2 
"’S 

ï,oi 
¿A 

< 
Z 

OC 
< 
a. 

oc 
< 
Q- 

— 
O 
O 

û. 
¢13 

O if) 

? 

(Q 

£ 
M 

4-1 « 

c 
V 

N 

5 
a 

«5 

§• 
JS 

0 
i 
fl 

X 
U 
0 
* fl 

« 
>» 

•5 
» A 

o 
A 

■a •H 
» 

u 
8 

S 
a 
.s* JS 

J3 
i 
A 

'S 0 i 2 2 « 
« a 

h 
O 

h i 

I 

5 ï I sliï^ 

G 

Ü 

1 
U 
< 
A 

.2 .9 ** 

3 
CÛ 

« 
O 

_ N fl 

•2^ Ss V -i» o 
, ^ <*> 

I s s 5 s , JJ JS 
u « 1 

_s«3. 
u • 00 ° 
> £ ° h « « r- a < - < 

w 

s 
2 
o 
0 

U 
0 
•o 

A 
rt M 

0 
U 

2 
A 

1 g 

-H (M 

VT-QS 

PR
EP

A
RE

D
 

BY
 

P
A

/r
io
 

1/
-^

 ^
gl

l 
TO

OL
 

EN
GR
 

j| 
PR

O
JE

CT
 

EN
G

R.
 

I D
A

H
J 

CH
EC

IC
ED
 

BY
 

1 
||C

0G
N

. 
EN

G
R.
 

1
1
^
4
»
^
_

l
(
i
í
^

 



ENGINEERING 
MANUFACTURING 
INSTRUCTIONS 

PART NAME;_CARCASS FW 49X 17 26 PR TYPE SH 
AIRCRAFT TIRE, BIAS NYLON 

PART NUMBER : 126920? 

AIlOJIT-IIMilAl CIIMRATIOR 
AZUSA, CALIFORNIA 



I 

n 

I ! 

o 

Z3 
ce 
t— 
i/) 

z- 

o 
z 

Cl 
3 

o 
< 

< ►- 

o 

X 
l/i 

QC 
h- 

2 
C 

5 
w 
H 

—T- 
0 

to T'i 
ai 
nj £5 
Ü » 
¡3.2 

UCQ 

a ^ 
2 u< 

fM 
. O 

O ^ 
* ^ sO 
H ^ 
It ”■ 
2 

o: 
Ui 
a. 
o 

>- 

& 

1 
ï 
Jt 

a ^ V, -, m . 

u o 1 « 
- ^ W i w 

V u 

2 Í-*.-,0 . 
. O S - 2 a 1 
• H > O' rg -3 -• 

0- 0 >5(1 ».«an - u 
o . . 

,5 “ e 
ri O <4 C 
u 'S. »> -< 
-1 e ï-15 <* 
5, £ 0 o c 

o i j= D g £ 
O Je0: ° S s g 
^ .2 2 E « ■& 5 
0 3 c • it fi 3 0 
Qfflas «Pac o 

u - o 
2$¿' So 

’'tf >■ 
fci 2 ; 
0 

i 4! 
0*1 

5 i I 

i! ' I 
» I I 
o 

0, 

> 
»««1' 
Q 
•Mi 
4 
o 

■3 " 
.2 -ö 
G o 

e « 
E >* 
C « 
c e 
o « 

Ü Ü 

i I 

! i 

X 
4 

4, 

4 
c 
1 

c 
> 
a, 

o 
r- 

o 
>n 

oc 
4 

CO <0 
w 4 
EO 

V 
•o 

J 
•o 
'5 

£ 
C 
rtí 
4) 

i«4. 
a 

m 
• ^ 

C J2 04i 0 
*-* r 0 
*-» 0 -4 

Z J¡ ru 
« « f- 

V t) V , a a V 
4 4 
H H 
* X 

CQ 

CQ 

S' 0i 

^ 11 S i; 2 i r. -M •«*» w m 
o ¿ ¿^3 J S o 
a>?o5inOM-<H 

o 

Ö 
4 

Ü 

(** 

0* 

3 o 
4 

4 > 
a 
« d 
3 O 

o ». 
H Z 

I I 

J_L 

I I ! I 
« o O o o o 
UI ° O Í K . O- 
o (t (t 

a a 
o. a 

U|<!< 

VI-97 









ro 
u 
O 

en 

i 

o 
ZD 
OC 
b- 
l/ï 

Z 

O 

O 
< 

O 

oc 

O 

VI-101 



E
N

G
IN

E
cR

IN
G
 

M
A

N
U

F
A

C
T

U
R

IN
G
 

IN
S

T
R

U
C

T
IO

N
 

_
_

 
IN

ST
R

U
C

TI
O

N
 

SH
EE

T_
 

[O
PE

RN
O

. 
1 

PA
RT
 

NO
. 

1
2
6
9
2
0
7
 

I 
PA

R
T 

N
A

M
f 

T
 

VI-102 













! 

oc 
í~ 
*/> 

o 

os 
3 

un 

o 
< 

d 
3 

e 
oo 

o 

oc 

o 

la O' 
o^r 

OC 

Ol 

cvj 

S 

OC 

O. 

os 
tu 
o. 

PC 

w 

4) 
01 

4J 
> 

31 

i 
<ü 
1 
? 
0) 
W 
a 

nn, 

b 
O 
-p 
ü 
(V 

V 
Ö0 

3* 

Q.XI 

CVJ 

Ih h 
-«i m ai aS 

1 
0) 

c 

J3 
o 

■p 

q ■p 
(8 
o 

8* 
& 
•p 
0) 
M 

5 

£ 
-M 
CQ 

a 
o 

8. 
0) 
0} 
<v 
> 

4) 
x¡ 
«p 

J3 o 
? 
to 

b 
o 
o 
QJ 
(Ü 
W 

O •p 

<u 
x: 
p 
p a 
0) o 

(73 -H 
P 

=»• R 

I Vt <M 

1 

IA 

NP 
é* 

<s 

5 
•p 

31’ 

1.332 
3*9 ^ 

4-1 ^ 
O -Ü -P 

1 3 ■ 
4» *ni t¿) 
0^1 
W P, 

I 
3 

« 
« 

» í» O 
4h U t. 
O W a) t) 

<u d S ’ S 

fk 
p p • G 

ÍS o> 

¿5' 

: 2^ÍC 

¿ 
g 

a m 
•H >, 

Í3 H 

T) 

&+í ^ a 
P<-H 

«i. 

^5 

00 

<p 
o 
a 
P. 

|1' , i'S 

2,<?RJë 

p 
+f (0 

^ fc O 1) o) O 
i» « 

p a a 
2 0 ^ <0 • -H 03 
fe 41 +> 

P <8 P> 
•H o g 

.31¾ %% 

2 ai 01 
g c p • 
Issi 
Ö P +» Æ 

*H 41 (0 oa 
+0 <8 
a r-l 41 

I 41 41 H 
U A 

A U « 
P. O O P 

TJ P P 2 
«tí H aß ta 
(Ü 4) 'U 

3 

Ü 
P 

S 
P 
CO 

i? 

5 
P 

i|| 3 

1.°¾ 
.P 41 3 

31 
O 
2 

§ 

CVJ 
x: 

p p 4) 

§ 
JB 4) 
■P P 

•H P 2 s 
■y y >> ■H (8 M 41 Ä01 4-< 41 £ 

TJ P 
41 P 
P O H 
g C -H 
3 -H p 
J? 0 9 tv m o 3 ■I 00 TJ 

I CD 

OS 

y 
ü 
y 
ü 

y 

U 
U 

I 
fl 
II 

II 
y 

i 
i 

'J 

I 

VI-108 









E
N

G
IN

E
E

R
IN

G
 

M
A

N
U

FA
C

T
U

R
IN

G
 

IN
ST

R
U

C
T

IO
N

 

IN
ST

RU
CT

IO
N 

SH
EE

T 
Pa

ge
 i

 o
f 
i 













r 

o 
=) 
oc 
h- 
uo 

O 

O 
<: 

o 

oc 

CD 
Z 

y 
u 

y 
u 

y 
i 
ï 

i 
i 
i 
i 
i 



r-» 



APPENDIX VII 

ANALYSIS OF A WINDING MACHINE DESIGN FOR A FILAMENT-WOUND TIRE 
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APPENDIX VII 

ANALYSIS OF A WINDING MACHINE DESIGN FOR A FILAMENT-WDUND TIRE 

by M. Claire Zethraeus, Computing Sciences Division 

Equations are derived in a form suitable for digital computer solution to 

solve the following design problem: A filament payoff head is rotating at con¬ 

stant velocity around a portion of a toroidal mandrel. The mandrel is also 

rotating at constant velocity about the axis of the toroid. It is desired to 

so design a cam to provide a t.hird motion to the payoff head (perpendicular to 

a plane which contains the toroid axis and the plane of rotation of the payoff 

head) that filaments will be deposited on a specified path on the mandrel. 

The winding machine has been designed to wind a tire of a specified shape. 

The shape considered has an outer cylindrical section, three circular toroidal 

sections, and an inner cylindrical section (see Figure VII-l). The filament is fed 

from a payoff head rotating at a constant angular velocity on a cylindrical sur¬ 

face with axis of rotation in the plane of symmetry and tangent to a circle of 

given radius (see FigureVII-2) .The filament will be continuously wound while the 

mandrel also rotates at a different constant velocity. The winding angles are 

specified in a t-ible as a function of radial distance from the mandrel axis of 

rotation (Table VII-l). The payoff head is displaced parallel to the axis of the 

cylinder in addition to the uniform angular motion in order to lay the filament 

at the specified angle. 

The total angle of advance, 0T, of the winding mandrel required for one 

revolution of the payoff head will be determined first(see Figure VII-3). iß 

used to determine the relative angular velocities of the mandrel and the payoff 

head. 

Next a series of points, J^, along the filament path spaced in equal in¬ 

crements of 0 are selected. is the orientation of an outward normal to the 

surface of the mandrel. 

The displacement, S(ô), of the payoff head is then determined for each of 

these points. S(fi)i is the value of the z-coordinate of the position, H^, of 

the payoff head while filament is laid on the point Jp. Hp is the point of 



/1 

Figure VII-1. Geometry of Filament-Wound 

Tire Winding Mandrel 
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Figure VII-2 . Tire Mandrel and Filament Head 

Figure VII-3. Mandrel and Filament Path 
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TABLE VII-I 

CORD WINDING PATH FOR >0 x 7*7 12PR FIIAMENT-WOUND TIRE 

Reference: Mandrel Profile - DK-22T7-1 

(The winding angle is that angle made between the cord and a plane through the 

axis of tire rotation measured in the plane tangent to the mandrel.) 

The winding angle shown is that at a g Lven station on the periphery of the man¬ 

drel. The angle at a given station shall be maintained In successive plies on 

a plane passing through the normal to the mandrel surface station. 

Mandrel 

Station 

Station 

Radius 

_Winding Path 

Degrees Minutes 

1 (OD) 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 (ID) 

12.9375 

12.930 

12.840 

12.650 

12.375 

12.015 

II.60 

11.13 

10.635 

10.14 

9.65 

9.175 

8.75 

8.4375 

51 

51 

51 

50 

48 

46 

44 

42 

40 

37 

35 

33 

32 

30 

38 

35 

5 

3 

35 

44 

40 

25 

7 

55 

47 

47 
1 

45 
(+5° ID only) 
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intersection with the payoff head cylinder of a line tangent to the filament 

at (see Figures VII-4 and VII-5). 

The Total Angle of Advance, 0^: 

Since the mandrel is divided into five geometric sections, it is neces¬ 

sary to determine s.parately the angle of advance across each. Because of the 

toroidal shape, filament bridging occurs across the inner sections of the 

mandrel, The equations of the surface are as follows: 

Section I, Outer Cylindrical Portion 

r = ^ + b 

where 

rl “ th« radial distance from the mandrel axis of rotation to the 
center of the circle of Section II. 

b « the thickness of previous layers plus the ra’ius of the 
circle in Section II. 

Section II, Circular Toroidal Portion 

2 2 2 
(r - r^) + (y-a) *b, for y > a and rj. < r < ^ + 

Section III, Circular Toroidal Portion 

2 2 2 
(r - r] ) + (y - c) » d , for y > a and rb < r < where rb is 

the radius at the intersection of Sections III and IV. 

Section IV, Circular Toroidal Portion 

2 2 2 
(r - r2) + (y - f ) * g , for y > f and rp < r < rb, where rp is (l) 

the radius at the intersection P of the bridged portion and Section IV. 

Section V, Bridged Portion 

Using Figures VII-6 and VII-7, the minimum point of filament bridging occurs at 



Figure VïI-4 . Displacement, S(<5), of Payoff Head 

Figure Geometric Relationshipe, Diaplaceaent of Head 
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figure VII-6 . Minimum Point Q of Filament on Hyperbola 
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where 

— m 

A la the auigle of admnce across Section V. 

For a point M on the bridged filament, 

r cos Ç - r_ cos A 
m V 

where Ç is the argle between chords from the origin to M and to Q, the minimum 

point of the hyperbola. 

Then, using Figure VII-8 

r sin ç y 
ni m 

r sin A y 
P P 

and 

2 2 2 ym\ 2 .2 r- * r- c0B û + hr rr> *la û » p U, p 
or 

fc) ' ‘ “■*û 

and In general 

r\ ■ l^f ■ -2 - 
(2) 

Equation (2) describes a hyperbola. It is necessary to develop equations 

for only l/2 of the mandrel surface, since the mandrel is symmetric about the 

horizontal plane y ■ 0. 

Equation (l) at the point P becomes 

f + \/g2 - (rp - r2)‘ (3) 

VII-9 
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Figure VII-8. Winding Angle at Q 



The slope of the hyperbola [Équation (2)] and the slope of Section IV 

[Équation (l)] are equal at the point P. 

The slope of Section IV at any point is 

SLt„ = 
rg - r 

IV y - f 

and at F is 

or r2 “ rD 

^V “ y - f 
P P 

The slope of the hyperbolic section at any point Is 

ry. 

yr sin Ù 
J p 

and at F Is 

SLv 
p r sin A 

P 

Since SLjy * SLy 
P 

r0 - r 
£,, - = J.-£ 

2" yT-f r sin A •'p 
P 

and it follows that 

f + v/f2 + sin2 A (r2 - r ) 
-’...ifI Mpi.. mJm mmmMm (4) 
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The angle between the positive y-axls and an outward noiml to the surface at P is 

0 « tan”1 I~ 1 P 
P - t (5) 

The winding angle at Q, the minimum point of the hyperbola, is (see Figure VII-8) 

, Jr sin A] 
a * tan I (6) 

Using Figure VII-9, the winding angle ctp at the point P on the hyperbola is 

a - cor1 / + ¿ ^) ■> *2 ^ B2 
P 1 2AB (7) 

where 

A - 
cos a 

C * r 

D = r - -— P j 
p tan 0 

The arc length across the hyperbolic portion is 

r sin A 
J2_ 
sin Of 
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The arc length of the filament across Section I Is 

S * —S__ 
I COS CL. 

where Oj is the winding angle across the outer cylinder obtained from Ifcble VII-i 

Then the angle of advance across Section I is 

S_ sin a 

0I “ r, + b (8) 

Using Figure VII-10, on the circular sections 

dS cos a » ^dr^ + dy^ 

dS sin a = rdO 

where 0 is the angle of advance, S is the arc length, and O is the wlndii« angle 
obtained from Table VII-I. 

It follows that 

rdO » tan a \/dr2 + dy2 

Using the polar angle 0 

Vdr2 + dy2 * r d0 c 

where rc is the radius of the circular portion 

and 

r • r0 + rc cos 0 

VTT-13 



Figure VII-IO. Angle of Advance, e, and Arc Length^ 

Aeróse Circular Sections 
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where rQ is the r-coordinate of the center of the circle. 

Then 

rd© * rc tan a d0 = (r0 + rc cos ¢) d© 

and 

r tan a d0 

d© - - cos $ 
o c 

Since 

dS 
cos a 

dS 
rcd0 

cos a 

Then integrate 

© 
II 

*11 

Í 
b tan o<d0 

t1 + b cos 4 * 

where 

Í! =° 

till 
, d tan 060 

eiII “I r, + d cos 

( " til 

Vi 1-15 
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where 

im 

im 

g tan aáÚ 
S 
IV (11) 

where 

Then the total angle of advance for one revolution of the payoff heal ie 

(12) 

After N revolutions of the payoff head and X rotations of the mandrel, 

the filament must be laid on the mandrel at a fractional angular displacement 

p from the filament initially wound on the mandrel. 

For specified X and p 

n eT = 2*X + p (ir ) 

Method of Computer Solution for eT, the Total Angle of Advance: 

Initially the desired value for X is chosen and a first guess for A is made. 

For design parameters of the configuration, see Table VII-II, 

(i) 0j is computed using Equation (8) 

(11) 0JJ is computed using Equation (9) 



TABLE VII-II 

FIIAMENT-WOUND TIRE DESIGN VALUES USED 

a 

b 

c 

d 

f 

g 

rl 

r2 
h 

k 

P 

X 

Valuej In. 

0.531 

2.760 

0.156 

3.135 

2.051 

0.655 

10.1*575 
8.625 

10.591* 

3.75 
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Then 

I T---7 

^ * 0^2 

The cylinder on which the payoff head rotate« 1» 

t . »2 2 ,2 
(r - h) + y = k 

The position of the payoff head on the cylinder is (see Figure Vll-k) 

r * h - k cob 6 

y = k sin Ô 

z * S(ô ) 

where 

6 = u>2^ + ^ 

t » time 

C = angular position of the payoff head at time t * 0. 

Let L be a straight line drawn tangent to 'the filament at the point J and 

intersecting the payoff head cylinder. Construct the coordinate system 0 such 

that the origin is at J and the coordinate axis rQ coincides with L (Figure VII-5). 

The equations of L are 

y0 = 0 

z = 0 
o 

Rotate the y axis through the winding angle, -Ot, to form system 1 for which 
o 
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81 “ Z0 C08 a + ro 8ln a 

rl “ r0 COB a " z0 Ain a 

«' -t. the 2l .,), through th. .ngle 0 to fon. .„t«. 2 for which 

y2 “ yi C°8 ^ - rx «in 0 

z2 = zi 

r2 = ri cos ^ + yx sin 0 

Rotate the y2 axis through the angular displacement 

mandrel at time t, to form system 3. 
of the filament on the 

* * 0 - u>0 - tu^t 

the lne“Ur dl,PUC*"Bt °f the « t - O .„) « i. the 

Then 

yJ ‘ y2 

Zj * Zg cos ♦ + r2 ein t 

r3 = r2 C08 * - z2 8ln * 

Translate the origin of system 3 to the mandrel origin 

y = y3 ’ yj 

* * Z3 + rJ 8in ^ 

r “ r3 + r, cos ^ 

i 11,1 

u 
II 

IJ 
u 
u 
II 

I! 

II j 
II 

I 

i 
VTI-20 



"-T 

where rj Is the distance of J from the mandrel axis of rotation and yj 

distance in the polar direction. 

is the 

After the rotations and the translation» the equations of L may be repre¬ 

sented as follows: 

y ■ -r cos a sin 0 + y4 
o J 

z = rQ sin a cos ♦ + r0 c°® a sin f cos 0 + sln ♦ 

r ■ r cos a cos 0 cos ♦ - r sin a sin ♦ ♦ r. cos f 
o ® J 

Eliminate ro and substitute in (lU) for r» y» and z. 

Then 

k sin 6 - y 

-cos 

i o - h - k cos 6 ” co® ♦ 

a sin 0 " cos a cos 0 cos t -sin a sinf (15) 

k sin 6 - y. 

a sin 0 -cos 

S(ft) - r^ sin « 

sin a cos f -t- cos o sin f cos 0 
(16) 

cos 

h - k cos 6 - cos f S(6) - r^ sin f 

a cos 0 cos V - Bln a sin ÿ " sin a cos ÿ * cos a cos 0 sin f (IT) 

At time t «= 0, e « 0, a « o^, yj - 0, rj « rq since winding is assumed to begin 
at the point Q, the minimum point of the hyperbola. 

At t »0, Equation (15) becomes 

h - k cos e - r cos m . „ 
q o k sin e 

sin a,, sin tu “ cos a,, 
q o q 

(18) 
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Solve (l?) for t 

~ r cos uu - K cob e * k tan o sin uj y \ - cos*^ c 
q. o <lo 

2 2 2 
(h - r cos <« ) - k cos « - 2k (h - r cos <u ) cos c 

* w Q,, O 

2 2 2 2 
* k tan a sin uj (l - cos «) 

«L ^ 

The quadratic equation for cos « is 

2 2 2 2 
k (l + tan aq sin u>o) cos e - 2k (h - r^ cos u^) cos e 

+ (h - r^ cos <uo)2 - k2 u.n2 sin2 <«0 » O (19) 

Cos c is the larger in magnitude of the roots of Equation (19). 

Method of Computer Solution for S(6), the Displacement of the Payoff Head: 

First a table of points spaced in equal increments of 0 along the filament 

path on the mandrel is constructed. For each point on the mandrel, the table 

contains values for 0, 9, a, r, and y 

where 

0A is the angle an outward normal to the point i makes with a plane 
parallel and through the mandrel axis of rotation. 

is the angle of advance at the point i. 

is the winding angle at i. 

r^ is the radial distance of i from the mandrel axis of rotation, 

yi is the distance of i i.-» the polar direction. 

Then c is computed using Equation (19). 
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T T 7 

The payoff head is assumed to have unit velocity and the velocity of the mandrel 

is computed as 

\ = V2" 

Then for each point i, using an iterative solution, ti is confuted using Equation 

(15). 

For each point i, S(6) is computed directly using Equation (l6) or (l?). 

Values of 8(0^, the displacement of the payoff head, are tabulated for each 

where ^ is the angular position of the payoff head at time t±. The results of 

one of the calculations Etre shown in Figure VII-ll, 
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APPENDIX VIII 

SUPPLEMENT TO THE WINDING-MACHINE DESIGN ANALYSIS 

To generate equations for checking interference between payoff head and mandrel 
assume firiat fka* _a .. • ^ 

- ucc&u. aiiu fflaut 

assume fxrst that rp and Yp in the program are the values of r and y at the 
r y — - y at me 

intersection oí the hyperbole to the circle on the ■'surface for c,lcuh,Ho„. 

U they are not on this surface, then they must be corrected for it before the 

formulae below are used. 

Next, check if r.v. D^Z. if not, no intersection is possible (and formulae 

below are not valid). 

^ ri < D^/2, then calculate: 

= Vs2 rc = VS + (h - k cos6 ) 

yc = k sinô 

These are polar coordinates of the payoff head at 

a particular value of S = cam stroke 

h = cylinder center radial distance 

k = cylinder radius 
c 

angular displacement of payoff head 

We now must find which range y is in. 

According to the ronge, different tests apply. „ the an8wer to th, test .8 ygg 

t ere .. no interference. If the answer is NO. there is interference between 

payoff head and mandrel. 

*• 011 ycl - yp 

is rc< rp íct,,¿4 + (j Vc I *¡n¿/yp ) 
1/2 

Calculate limit for range of second test. 

g-d 
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H>i. ií th« value oí 'y' at the int.r.ection oí circular region, m and IV. 

2- V I < Yb 

ia rc<D2/2 - (i-g)2 - (i-c)2 j1/2 . .J, 

3- yb <l'rc ¡ 5 I d + c) 

is r < D /2 - 
c 2 d -(|yci-c)4 

1/2 

4- I yc ! > (d + c) 

All symbols conform to those used in the analysis contained in Appendix VII, 

except as defined above. 

Hi 
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APPENDIX IX 

í OR TRAN IV COMPUTER LISTING 

and th QAM8eCtÍOn COntain* the '-ting for both the WRAP program 

nd th. CAM program. The BLOCK DATA anbprogram ia iiated in Appendix 

Xas input for the sa;nple problem. 
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APPENDIX X 

SAMPLE PROBLEM 

This appendi*: is included to demonstrate the use of the computer 

program to obtain a specific cam design. The sample problem is based on 

data listed in Appendix A and includes the folio ving: 

1. Wrap Program - 703A 

a. Input Block Data 

b. Output Data 

2. Cam Program - 703B 

a. Input Sheet 

b. Output Data 

c. Plotted Cam Design 

The approximate runniug time is 2.5 minutes and 1.0 minutes for the WRAP 

Program and CAM Program» respectively. 
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