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1. INTRODUCTION

a, This report covers the results of experiments directed toward
the design, development, and testing of a laboratory-model, rough-
terrain landing gear system using foldable high-flotation tires built by
a novel continuously-wound-cord method and using venting-hub shock
absorption. The contemplated end use of such a system is for STOL
aircraft operated from rough, unprepared fields. The tires, due to
their relatively light weight, low inflation pressures, and economical
methods of production, can also be ideally adapted to land vehicles for
off-road use, offering improved cross-country traificability with lessoned
tare weight. This prototype development project was preceded by ana-
lytical studies which indicated feasibility and which were reported upon
by Fairchild Aircraft Division Reports Number R245-0041, R245-00411,
and R245-00411I, entitled, "Analytical Study of High Flotation Tires for
Aircraft."

b. Early in this progran. it was recognized that development of
the capability of operating aircr~ it irom rough unpaved fields would re-
quire revolutionary advances in tire design and manufacturing technigues
in order to achieve low inflation pressures and to minimize weight penal-
ties. In addition, the size of low pressure tires posed problems of
stowage space; and the ability to envelop rigid obstacles, rather than
rolling over them, demanded higher deflections in the tires than was
available from tires built by conventional methods. This latter aspect
led to exploration of pneumatic shock absorption methods in order to
overcome the rebound inhe: “1* during landing from the undamped spring
c.ctic of low-pressure tires with high deflection. There were three
prub.em areas: weight, size, and rebound.

¢. Details of the work in these problem areas are presented in the
appendices to this report which are, in themselves, complete reports of
the work in question. The main boéy of the report summarizes the
findings and conclusions of the reports appended hereto, No extensive
discussions are contained in this main body.
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2. SUMMARIES

As would be concluded from a perusal of the appendices, workable
solutions have been found for the problems cited in the above inl.oduction.
Feasibility of the novel, continuously-wound-cord, high-flotation, fold-
able tires has been demonstrated. Considerable research must still be
conducted, however, before minimum weights and maximun: service life
are attained. Likewise, shock absorption and damping oi the rebound of
the high deflection, low pressure tires have been demonstrated. And,
finally, folding of these tires in a slipstream at 95 knotc was achieved,
Summaries of the results of the work in each problem area - tire build-
ing, shock absorption, and folding - are presented in the following
lettered sub-paragraphs:

a, Continuously-Wound-Cord Tires

(1) As reported in detail by Appendix 1, Development of Tech-
niques for Building High-Flotation Tires of Continuously-Wound-Cord,
R245-015, feasibility of production of foldable, high-flotation tires by
the novel, continuously-wound-cord process has been demonstrated and
a number of successful tires have been built by this method. The basic
process can be deduced from examination of Figure 1, a photograph of
the specially-built winding equipment. Briefly, tire cord, freshly
coated with green, uncured carcass-stock rubber is passed through the
hollow spindle of the winding arm, over fair leads on the arm and is
wound into position on the mandrel on which has been applied a sheet
of liner stock rubber. The winding arm rotates clockwise viewed from
the left side of Figure 1 and the mandrel rotates counterclockwise viewed
from the front of the figure. It may be noticed that the winding position
of the hubs is outboard on the spindle of the mandrel at the distance from
the mandrel which provides the desired tension in the cord when the
hubs are pushed into the curing position in the recesses on each side of
the mandrel. Varying the rotational velocities of the winding arm and
mandrel varies the cord pattern across the tread areas of the tire. By
varying these velocities, the shape of the mandrel, the size of the hubs)
and the clearance between the end of the winding arm and the mandrel,




Figure 1




2. SUMMARIES (Continued)

a. Continuously-Wound-Cord Tires (Continued)

any reasonable cord pattern can be achieved in the tire. Since the cord
pattern determines the inflated shape, and this in turn affects stress
distribution in the tire when in service, this basic method permits
remarkably close control of tire characteristics. In other words, the
method gives precise control of the density and direction of the tire
cord, throughout the carcass, in the cured tire.

(2) After the required amount of cord is wound into place on
the mandrel, another thin sheet of carcass stock rubber is applied
over the cord, the desired tread stock is applied over the tread area
of the tire, the mandrel is removed from its spindle, the hubs jacked
toward each other into the curing position, special curing flanges are
place concentric to each hub, the whole assembly is covered with a
pressure barrier of plastic film, and the assembly placed in an auto-
clave for cure., During the curing process, a vacuum is maintained on
the inside of the tire to assure that curing tank pressure is maintained
on the carcass. This positive pressure coupled with the vacuum assures
that air trapped in the carcass during winding is removed from the tire
during the cure and that any volatile material in the uncured rubber is
likewise removed. Figure 2 shows a 34-inch tire in the curing auto-
clave.

(3) Additional conclusions from Appendix 1 are as follows:

(a) The techniques presently available for the continuous-
cord tire-building need to be refined and the process simplified before
production of continuously-wound tires is programmed.

Analysis of the presently available techniques points
clearly towards the path to follow during the evolution of satisfactory
manufacturing processes,
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2. SUMMARIES (Continued)

a. Continuously-Wound-Cord Tires (Continued)

(3) (c) Uncertainty in the stress distribution in a high-flotation
tire carcass when severely deformed under load indicates that it will be
necessary to use empirical methods in the refinement of the design of
continuously-wound-cord tires.

b. Characteristics of High-Flotation, Foldable Tires

(1) When the tire building experiments had progressed sufficiently
so that several successful laboratory-model tires had been produced and
future success could be logically predicted, it was decided to flight test
the system. Preliminary to design of the flight-test, venting hub system,
the test model tires were submitted to exhaustive tests to determine their
load carrying ability and their reaction to encountering rigid obstacles and
crossing pot-holes, Static tests on a specially design test rig produced
the load deflection curves of Figure 3. The test rig is shown by Figure 4,
These curves and other data obtained from the static tests are contained
in Appendix 2. These other data include side and drag loads developed
on the tire just prior to skidding for various vertical loads at several
inflation pressures,

(2) The static tests were followed by dynamic tests to determine
rolling resistance, cornering forces developed when the tire was steered
and the reactions to encountering rigid obstacles and crossing ditches, all
at several vertical loads and inflation pressures and at several speeds.
These rolling tests were made with the same rig (Figure 4) operated as a
semi-trailer. The dynamometer column on this rig was instrumented to
secure simultaneous readings of the three perpendicular forces along the
primary axes and the three moments about these axes. Typical results
of these tests are presented by Figures 5 through 9. Details of the dy-
namic, or rolling test program, are contained in Appendix 3.
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Figure 5

High Flotation Tire -

Obstacle Test

‘—Pg_e;k Loads Occuring at Obstacles
- ! Tire |Static |*Actual side | |
Recora |obatacie Srea|Veri, Vertiall Yery | Drag ploment | Whesl
L _ ~{(P.S.1.) | (Lbs.) |(Lbs.) | (Lbs)) (Iég%) (I:.bsgz___J;_(m_._p_._E._)
| 12192 AL 4 1500 | 2400 | 3800 | -895 | -5285 | 28.6
| 12195 | 2" | 4 | 1500 | 2800 | 4660 | g?ﬁ | -5285 | 40.1 |
_—,1.22‘.16___1__2" 4 ; 300Q,-.541Q_.;_£512_|_%LL =2610 4 30.5
| 12247 | 2n 413000 | 5470 | 8817 | "%%81 ;r__ZELlEL_}_JEL
12203 . _ | 2" g 1500 2870 | 5897 . -1036 | -
12204 ., 2" ~_12____1 1500.,-2200 | 5292 ; -ggg -7926 % 19.6
| 12206 | 2" | 12 1500___@391&._“_5055”4_-%38?_._.-m5m+43.0_.
| 12218 1 2 12 | 3000 . 5200 | 8392  -810 | -2610 | 19.1
12219 | 2" | 12 : 3600 | 5670 | 9148 ggg | =2610 ' 39.1
| 12207 | 2v 12 1500 . 2270 1 5445 . -924 1925 . 19.1 |
| 12208 2v 12 | 1500 3000 | 6274 . -g43. -13210 [ 43.0 |
12220 | 2" 2123000 . 5670|8921 - [ +2610 | 19,8 |
12201 i 2" . 4 1500 2670 | 5443 | -2%8 +2642 | 39 6
12209 oot 12 1500 2530 . 5821 . -644 . -18494 | 19.1
12210 3" L 12 1500 12170 4460 -313 ' -15852_{ 44 4
12248 . 2" . 12 3000 3330 . 5373  -T44_ ,,.__182.'10_ 19.1 |
| 12250 | or 12 . 4500 3070 6338 -14g5 | -23490 | 19.1
| 12249 } 2" | 12 3000 2270 5373 1080 -23490 | 38,7
| 12251 1‘ 2" 12| 4500 2600 5857 | -1115 | -26100 | 40.6
12283, 2" | 16 1500 | 270 4684 . -3225 __-36540 |33.9
. 12254 [ 2" . 24 11500...4930 . . 10540 . -831 _ . -41760 | 19.1
12255 2" 24 | 3000 | 8600 |14320 33 | _,iu60 205
12256 L2 1 24 4500 | 9130 | 15018 J__‘{gél 39150 | 21.5
*Just prior to impact. =9 -




Figure 6
High Flotation Tire - Obstacle Test
Peak Loads Occuring at Obstacles
Tire Static |*Actual Side [{
Record Obstacle| Pres- Vert. [Vertical! Vert. Drag | Moment! Wheel
No. Height | sure Load | Load Load Load In. | Speed
_— o ___lp,s.1.)l(Lbs,) |{Lbs,) | (Lbs) | (Lbs,)| (ibe,) (m.p.h,)
12274 4" 4 11500 | 1730 | 4800 -960 10440 i 20.5
12263 1 4"} 24 | 1500 | 4400 _Hlm.h_ré%ﬂ_ 23490 % 16.0
o 12282 | 6" 12 1500 1809,..4».&2{1{1*_,_45%5 18270 20.0.
12285 g" 24 | 1500 | 1930 11939 %iolflx__sssan_ 19.6
12280 6" 12 3000 3130 16800 -%38& 18270 20.2 .|
12281 o} 12| 4000 | a1s0_ | 11601 '§§§° 23490 | 10.6
12372 6" 4 1500 2130 6067 -1410 | 13050 27.9
12216 6 12 1500 ~1800 90617 -?ggl 15660 20,2
| a2am7 | e} 12 | 3000 | 3400 | 11467 gggo 15660 ) 19.3 |
| 12278 6" 12 4000 3330 i 10533 -éggg % 15660 | 18.8
12433 8" 3 1200 270 | 3067 =935 . 10760 6.9
L... 12436 8" 1200 ; 330 3000 -zggﬂ i 5380 ! 11.5
12428 4" deep 4 1200 1330 800 -935_ . 18830 10.5
| 12437 4" deep| 12 | 1500 | 3670 | 133 -E%ﬁ_'_&m_j_ 16.0 |
12431 |8"deep} 4 | 1500 | 1400 } 933 | -135 18830 . 16.0
12432 12''deep 4 1500 3670 1067 -1945 10760 ud
12440 12"'deep 24 1500 1530 400 -%g?g 5330 12.9
12241 12"'deep| 24 3000 | 2400 | 400 -170 | 8070 | 13.2
12442  |i2"deep 24 4500 3400 133 -5?8 64550 . 14,8
i

* Just prior to impact.

-10 -




Figare 7

High Flotation Tire - Rolling Tests
Drag versus Vertical Load at Various Tire Press.

e on

Record Vert. | Drag Tire
Number Load Load |Pressure

S -

o~ o

12198 | 2670# | 501# | 4 PSI
12245 | 5130# | 15124 4 PSI
| 12247 | 54704 | 1395#| 4PSI |
12204 | 2200# ; 639# | 12 PSI

12218 | 5200# | 1037# 12PSI| : -
12250 30704 1686#| 12 PSI

12254 | 4930# | 1512# 24 PSI|
12255 | 8600# | 1366# 24 PSI|
| 12256 | 9130# | 1221#| 24 PSI

Prragur ..o s e s .m—é.

v o s e

e !

NOTE: THESE READINGS WERE TAKEN
AT THE SAME POINT - JUST BE-
FORE THE TIRE HIT THE OBSTACLES
DURING ROUGH TERRAIN TESTS.
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Figure 8
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Figure 9
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2, SUMMARIES (Continued)

b. Characteristics of High-Flotation, Foldable Tires (Continued)

(3) The general conclusion drawn from these static and rolling
tests was that this model tire would carry successfully all loads which
could be improved upon them by landings and taxiing of an L-19 type
aircraft unless the structural limitations of the aircraft were exceeded.
Therefore, it was also concluded that this model tire was structurally
adequate for flight tests on the L-19 and four such tires were built for
this purpose.

c. Venting-Hub Shock Absorption

(1) Wwith the results of the preparatory analytical studies as a
starting point, a 750-pound, laboratory model, venting-hub, shcck
absorption system was built and tested. This work is described by
Appendix 4, The Design and Development of Laboratorg Models to Study
the Feasibility of High-Flotation Tires for Aircraft, R245-012, This
prototype system made touchdown at relatively high pressure, sensed
the vertical load, and opened the vent valve proportionally to the instan-
taneous load. At a programmed pressure at or near the optimum run-
out pressure, the valve actuating mechanism was disconnected and the
vent valve closed by spring action, The valves remained closed through-
out the remainder of the landing run. To preclude cocking and consequent
possibility of initiating an undesired venting upon encounter of an obstacle
while taxiing, the system was arranged to be re-cocked only (1) when
airborne i. e. there was no vertical load upon the tires and (2) when the
tires have been inflated to a pressure just short of that to which they are
normally inflated for touchdown, This, incidentally, permits a relatively
high taxiing pressure which minimizes rolling resistance and tire wear
on smooth pavements. Reliability of the mechanisms was established by
approximately 3000 drop tests without spin-up and some 350 additional
drop tests with spin-up to touchdown velocity, Landing gear efficiencies
comiparable to conventional oleo-shock struts were achieved,

- 14 -




2. SUMMARIES (Continued)

c. Venting-Hub Shock Absorption (Continued)

(2) Success with this laboratory model, 750-pound, capacity
gystem led to a decision to adapt a partially designed 1500-pound capacity
system to flight tests on an L-19 aircraft test bed. Details of the develop-
ment of these flight-test venting-hubs are presented by Appendix 5, FAMD
Report Number R245-014, "Design and Development of Laboratory and:
Flight-Test Models of Landing Gear for Aircraft to be Operated from
Rough Unprepared Fields.!" The purpose of the flight tests was to deter-
mine the behavior of the tires and venting-hubs under actual landing con-
ditions, These flight tests were made during the winter of 1959-1960
and the summer of 1360, Remarkably close agreement was obtained be-
tween the drop tests and the {light tests with respect to sinking speecs
versus landing load factors. Details of the flight test program are con-
tained in Appendix 6, FAMD Report Nuinber FT 245-1, Initial Flight
Tests, High Flotation Landing Gear. Figure 10 shows a plot of sinking
speed versus load factor for both drop and flight tests,

(3) In general, the flight tests confirmed the results of the drop
tests and demonstrated the feasibility of suppressing landing rebound of
highly deflectable, high-flotation tires by the venting hub technique. The
test bed used did not permit installation of a high-flotation tire on the tail
gear because of limitations of gross weight and funding. Thus it was not
practic. i to use this test bed for exploration of the capabilities of the
system by landings and take-offs from rough, unprepared fields. It was
considered that the small, high-pressure tail wheel, mounted on an un-
damped spring, would have presented a high probability of serious acci-
dent under these conditions,

- 15 -
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2. SUMMARIES (Continued)
d. Tire Folding in a Slip Stream

(1) With analytically predicted success, experiments were con-
ducted with a helical bellows tire-folding scheme. The carcass of a 43-
inch flight-test tire was stiffened by cemented-on V-belts in circles con-
centric to each hub and in a symmetric array across the tread area of
the tire between the circles. The path of these semi-circular stiffening
ribs can be seen from the long transverse scars on the surface of the
inflated tire shown by Figure 11. Their path was skewed to the axis of
the tire about 10 degrees. When a vacuum is applied to a thin-walled,
continuously-wound-cord tire stiffened in this manner, the tire creases
inwardly between the transverse stiffening ribs, developing a helical
pattern of folds. As these folds progress, they exert opposite torque on
the hubs, and one hub is permitted to rotate. This initial movement
causes a progressive reduction in diameter of the tire as the helical
bellows are formed. After about a quarter of a turn, the outward com-
ponent of force on the free hub is reduced relative to the rotating force
and atmospheric pressure forces the hub toward its mate. The tire is
now committed tc symmetric folding and, when completed, the effective
width is reduced to approximately three-eights or slightly less of the
inflated width and the diameter to slightly more than the inflated diameter.
With a tire of a cross-section represented by two circles tangent to each
other at the rolling axis, ten transverse stiffening ribs will permit a re-
duction in diameter to approximately one~half, With a greater number
of transverse stiffening ribs it may be deduced that the folded diameter
can be reduced to less than one-halif.

(2) When tested in a slip stream at about 100 knots, it was
found that cemented-on V-belts did not provide sufficient stiffening to
preclude collapse of the leading edge of the tire against the axle when a
vacuum was applied., In addition, study of moving pictures of the folding
sequence conducted in the laboratory led to the conclusion that the per-
manent stiffness provided by V-belts (or molded on ribs) would interfere
with folding to a minimum package. Accordingly, experiments were

- 17 -




2. SUMMARIES (Continued)

d. Tire Folding in a Slip Stream (Continued)

conducted with an array of pneumatically inflated tubes inside the tire in
the same pattern as described above for the cemented-on V-belts. Control
of the inflation pressure, and consequently of the stiffness of these in-
flatable stiffening devices, was independent of the inflation pressure of

the tire. This system was tested at approximately 95 knots extended

below the belly of a C-119 type aircraft and successful folding was achieved.
The folded package was of the same dimensions and symmetry as achieved
in the laboratory. Figures 11 through 14 are photographs of the first
airborne folding sequence with the stiffening tubes inflated initially to
approximately 25 pounds per square inch. Later tests at higher initial
pressure in the stiffening tubes resulted in less partial collapse of the tubes
on the forward side of the tire and slightly faster folding. It was deduced
that higher pressures in the stiffening tubes would permit symmetric fold-
ing at higher aircrait speeds and probably would reduce folding time., This
successful demonstration of airborne folding in a slip stream concluded

the testing,
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Figure 14




3. CONCLUSIONS AND RECOMMENDATIONS

It is concluded that rough field landing gear can be developed based
on foldable, low-pressure tires and it is recommended that the ex-
ploratory work reported upon herein be followed by experimental re-
search with a suitably large ilying test bed and preferably of operational
status,
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SUMMARY

Feasibility of production of high-flotation tires by the
continuously-wound-cord process has been demonstrated by the
work reported on herein,

The techniques presently available for the continuous-cord
tire-building need to be refined and the process simplified before
production of continuously-wound-tires is programmed.

Analysis of the presently available techniques points clearly
towards the path to follow during the evolution of satisfactory manu-
facturing processes.

Uncertainty in the stress distribution in a high-flotation tire
carcass when severely deformed under load, indicates that it will
be necessary to use empirical methods in the refinement of high-
flotation tire design.




INTRODUCTION -

This report presents tiae results of experiments to date
directed towards development of teciniques for the building of
high-flotation tires of continuously-wound-cord. The contemplated
end use of such tires is for STOL aircraft intended to be operated
from rough unprepared fields, thus minimum tire weight is of great
significance. Feasibility of tne continuously-wound-cord method
was predicted by the referenced reports of the Battelle Memorial
Institute. At the writing a total of 24 tires have been built by the
continuously-wound-cord method.

The main body of this report will be focused on the techniques
used for the production of high-flotation tires No. 9 through 24, This
main body presents the present state-of-the-art. It consists of a
chart showing the sequence of steps in the tire-building operation
followed by a series of photographs of the specially-developed equip-
ment and descriptions of its use. During the production of these
last 16 tires substantially no changes were made in the techniques
employed.

Appendix A contains a description of the experimental work
of building tires 1 through 8. This work resulted in the techniques
employed for building the last 16 tires. During the building of
~tires 1 through 8, the major problems of techniques were recognized
and interim, workable solutions found to overcome them. These
solutions are considered interim because they are based on minimum
equipment and require maximum hand work and thus tires built by
these methods are relatively expensive., Analysis of these methods
indicates that the bulk of tie hand work could be eliminated by use
of more refined equipment and techniques and that production costs
using such methods would be equivalent to, or less than, costs of
conventional tires of comparable size, Besides demonstrating that
it is possible to build light-weight, foldable tires by the continuous-
cord method, the work to date has also resulted in guidance for the
development of more economical techniques.

The primary purpose of temiporarily {reezing technique
development with tire No, 8 was to produce test lots of tires, At
no time has it been concluded that the interim techniques would be
suitable for production since the unit cost of tires built by these
laboratory methods are too great. During the evolution of these
interim techniques, and during building of tires No. 9 through 24,
however, considerable thought was given to simplification and
streamlining of the processes with view of reduction of manhours




Introduction

and other costs of the continuously-wound-cord, tire-building
process. The results of this thought are summarized at the end of
Appendix A.

Appendix B is a summary of background information and dis -
cussion of present criteria for design ¢f continuously-wound tires. Due
to the uncertainty of the tensile stresses in a high-flotation tire carcass
when deformed severely during service, the most significant conclusion
which may be drawn concerning the continuously-wound-cord tire
design at this writing is that the optimum design can be determined
only by extensive testing of the tires under service conditions.

Appendix C is a tabulation of the design features of tires No. 10
through 24, included here for guidance of future tire-building tech-
nique development.

Appendix D tabulates the references. In general, material
contained in the references is not repeated in this report so that
fullest understanding of this report is enhanced by prior reading of
the references.
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SCHEMATIC TIRE-BUILDING

The arrows on the chart on the facing page trace the path
of tire cord from the supply cone, through the various steps in the
continuously-wound-cord, tire-building process, to the cured tire,
At the bottom is the box representing the pressure testing conducted
on the cured tires as the first step in proving tire worth and included
here as a matter of convenience.

The numbers at the bottom of each box refer to the like-
numbered photographs which follow in the same sequence,




Photo No., 1

Tire Cord Supply




35-761

TIRE CORD SUPPLY

This photograph shows a cone of nylon tire cord as supplied
by the textile industry. The supplier has coated the cord with a
resin which promotes adhesion of the nylon to natural rubber,
The cone is supported in its uprigint position by a tightly-fitting
metal rod passing axially through the stiff cardboard reel upon
which the cord is wound. The base of the cone fits snugly against
a sheet of lamb's wool to prevent the cord from being drawn
under the base of the cone as it pays off the upper end of the cone
and out through the loose-{itting bushing at the top of the sheet-
metal cover. The base is an off-the-shelf deep-fat-fryer used to
control the temperature of the cord.
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Photo No, 2

De-Kinker




29-839

DE-KINKER

In this view the sheet-metal cover has been replaced over
the cone of tire cord. The cord passes upward through the bushing
in the top of the cover, through the eye supported by the bracket,
thence to the right and through the de-kinker and finally out of the
picture to the left, The de-kinker is a device which smoothes out
any kinks which may form in the cord as it pays off the cone at a
rate up to 500 feet per minute. In the de-kinker the cord passes
alternately around two vertical, hardened steel pins and between
two, polished, rounded-edged bushings supported by each pin.
These bushings can be loaded with washers to control the minimum
tension in the cord between the de-kinker and the supply cone.




Photo No.

o

- 10 -

Pre-~-Tuber Festooner




PRE-TUBER FESTOONER

This device, shown with the front cover removed, performs two
functions. Primarily, it heats the tire cord just prior to its pass-
age through the extruder (hereafter called "tuber" in consonance
with jargon of the rubber industry) in order to secure maximum
adhesion of the rubber to the cord. The heat is provided by
resistance elements a! the bottom of the cabinet. The temperature
is controlled by a thermostat at the top. The cord is further ex-
posed to the heated air after it leaves the cabinet by the draft {rom
a blower with intake at lower right. The heated air exhausts through
the tube at the left which leads to a point near the entrance die of
the tuber.

Secondarily, this machine avoids a prolonged suspension of
tire-winding caused by knots or kinks attempting to pass through
the entrance die of the tuber and a consequent breaking and unreev-
-ing of the cord. This is achieved as follows. The cord enters the
cabinet after passing through a slot bushing at the right side and
around a vertical-axis pulley; thence it passes under the fixed pulley
at mid-height on the right; over the fixed pulley at upper right; then
down and under the weighted, moveable pulley at the bottom, thence
over the fixed pulley at upper leit; and finally, after passing under
the fixed pulley at mid-height on the left, passes to the tuber
through the tube extending to the left of the cabinet, When a knot or
kink is caught by the slot bushing, the weighted, moveable pulley at
the bottom is caused to rise upward on its guide wires., When this
moveable pulley lifts the weight shown suspended on one of the guide
wires near the top of the cabinet,a micro-switch opens and all '
power i3 shut off, stopping the movement of the ¢ord and preventing
a break, A simple kink can then be straightened out and winding
resumed, A knot can be cut out of the cord and the cord rethreaded
through the tuber without unreeving any of the pulleys, -

9-848 -11 -




Photo No. 4 -12 - Tuber




29-840

TUBER

This view shows both the tuber (identified by the NRM name-
plate) and its temperature control unit to the right. This equipment
coats the tire cord with fresh, green, tacky, uncured, carcass-stock
rubber, Prior to operation, the temperature of the barrel of the
tuber must be raised to approx1mate1y 850F,. in order to prevent
overloading of the masticating worm in the barrel. Rubber stock
of about one inch of cross section area can then be fed into the barrel
through the loading port just to the left of the lifting eye of the top
of the tuber. When the tuber starts grinding the rubber, considerable
heat is produced and the temperature control unit maintains the pre-
set barrel temperature by cooling the barrel with cold water from the
domestic service mains, wasting a small trickle of heated water,
Simultaneously the temperature of the cross-head of the tuber is
maintained at a pre-set temperature, A cross-head temperature
of 200 - 210°F was found to be optimum with the natural-rubber
carcass stock used in these experiments, The geometry and oper-
ation of the cross-head will be described in the next view, The tuber
must be tended continuously during tire winding.
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Photo No, 5
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Tuber Cross-Head




)-8417

TUBER CROSS-HEAD

This view shows the cross-head of the tuber. In it the pre-
heated tire cord is coated with carcass-stock rubber. The cord is
shown entering from the end of the tube at the left uncoated and
departing coated at the rigiit. The maximum cord velocity success-
fully coated and wound into a tire was approximately 450 feet per
minute, The entrance die of the tuber is cone shaped on its outer
surface, the apex of the cone pointing toward the direction of cord
movement, The diameter of the axial hole in the entrance die
should not be more than 10 or 12 thousandtis of an inch greater
than the nominal diameter of the cord, otherwise there may be a
slow rearward flow of rubber through the die and this may cause the
cord to jam in the die, breaking the cord. The exit die has a conical
recess matching the cone of the entrance die. An axial distance
between the two dies of approximately 3/16th of an inch gives optiinum
coating. Uicured rubber must be fed to the tuber at much greater
rate than is actually coated to the cord; otherwise the rubber will
remain at the elevated temperature of the cross-head long enough for
partial cure. Therefore, provision is made for continuous passage
of the semi-liquid rubber through the cross-head perpendicular to the
cord movement. This flow is regulated by the pressure exerted by
the worm in the barrel and by a valve at the over-flow port. The
highest pressure attainable, consistent with uniform cord coating,
is desired in order to secure thorough impregnation of the cord.

The rubber which passes through the over-flow port may be
cooled down and re-fed to the tuber, thus eventually all being coated
on the cord., Since the normal distance between the dies is only about
one tenth of an inch, due to the conical shape of the space, there is
a very rapid flow of rubber toward the cord at the small end of this
conical shaped space. Any foreign matter, such as particles of sand,
tend to collect at the exit die and if too large to pass through between
the cord and the die, either prevents symmetrical coating or causes
the cord to break. Since natural rubber is more likely to have foreign
bodies present than synthetic rubber, it may be concluded that synthetic
rubbers are more appropriate for use in a tuber than is natural
rubber. The cross-section of the rubber coated to the cord should be
equal to, or slightly less than, the nominal cross-section of the
cord. This amount is probably the minimum necessary for complete
impregnation of a tire and thus will minimize weight and thickness
of the tire. In the limited number of continuous-cord tire-building
experiments conducted to date, precise control of the rubber coated
to the cord was never achieved. The amount coated was always
greater than desired. A more rapid winding rate or a smaller exit
bushing or both might have achieved a thinner coating. The experi-
ments were suspended before these possibilities could be fully
explored.

- 15 -




ST TR AL,
I R

Photo No. 6 - 16 - Capstan




29-836

CAPSTAN

The coated cord is pulled through the tuber at a tension of up
to 8 or 10 pounds by this capstan, passing clockwise around the
left drum, down between them and counter-clockwise around the right
drum. The drums are grooved to prevent the cord from running off
and are driven by the direct current motor mounted above and to
the left through a non-slip, toothed, rubber belt, a so-called timing
belt. The speed of the motor is controlled by the demand at the
winding machine in a manner explained opposite the next photograph.
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Photo No., 7
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29-841

FESTOONER

This device provides for synciaronization of the winding maciiine
with the capstan, allowing sufficient dynamic storage to permit
smooth acceleration of the speed of the winding operation. The
cord passes under the pulley at the lower right, thence over the
upper pulleys and under the three gang pulleys of the floating array,
alternately, and finally down and out of the picture to the left.

When the winding machine is speeded up the increased demand causes
the floating array to be drawn upward. This causes the rotation of

a master selsyn motor and in turn a slave selsyn operates to increase
the speed of the direct current motor which drives the capstan and
vise-versa. The floating gang pulleys travel up and down on piano
wire with negligible friction. This device could be improved by the
addition of fair leads for each stationary pulley and by deeper grooves
on the sheaves, both improvements tending to inhibit accidental
unreeving.
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Photo No. 8

- 20 -

Master Selsyn Motor




MASTER SELSYN MOTOR

Cord tension in the festoouer is controlled by the weights
attached to the single floating pulley shown at the right. The heavy
black cord which passes under this pulley passes over an idler
pulley at the top of the frame, thence down and around the pulley
on the shaft of the master selsyn motor and then over the lower
pulley on the floating gang. Thus an upward or downward movement
of the gang pulley causes a rotation of the selsyn motor,




Photo No. 9 - 22 - Final Tensioning Device




oJ-4178

FINAL TENSIONING DEVICE

In the winding plane, the surfaces upon which the cord is wound
are non-circular. Therefore, with uniform speed of rotation of
the winding arm, there is varying velocity in the speed of the cord
as it passes the fair loads at the end of the winding arm. If allowed
to be transmitted back to the festooner, this varying velocity of the
cord causes a cyclic up and down motion of the floating gang pulley
and this limits the winding-arm rotational speed to an unacceptably
low value, The device shown here smooths out the changes of
velocity of the cord at the festooner and maintains a suitably low
tension in the cord at the tire, The cord coming from the festooner
passes around the vertical-axis pulley at the right, thence around
the small, very light-weight, floating pulley in the center, and thence

-around another vertical-axis pulley and into the hollow axle of the

winding arm,. The floating pulley is held to the left by a long strand
of rubber of the sort used to power model airplanes. Thus the six to
ten inch travel of this pulley to and fro, twice for each revolution of
the winding arm, causes a negligible change in tension of the cord.
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Photo No, 10




0-4717

WINDING MACHINE -1

From this view the set-out position of the tire hubs during
winding can be observed as well as the shape of the non-circular
surface upon which the tire cord is wound. Note also that the
angle between the axis of the mandrel and the axis of the winding
arm can be varied to accominodate variation in mandrel cross-
section, hub diameter or relative speeds of rotation of winding
arm and mandrel, all of which will cause a ci-ange in the angle
between the plane swept oy the winding arm and the axis of the
mandrel. The correct angle between the axis of the maudrel
and the axis of the winding arm can most easily be fcund oy trial.
In general, the winding plane should be set so that the cord is
tangent to the axle at the hub during winding.
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Photo No, 11 - 26 ~

Winding Machine -2




[

29-845

WINDING MACHINE -2

This view of the winding machine shows a tire with only a few
dozen turns of cord wound into place. A thin sheet of rubber called
a liner has been placed on the mandrel. The liner stock is compound-
ed for minimum permeability to flow of gasses. Notice the set-out
position of the hub and the recess in the mandrel which receives
the hub prior to cure of the tire. The curved path of the tire cord
across the tread area of the tire can also be observed in the upper
portion of the tire., This curve can be varied in shape by increasing
the clearance of the winding arm above and below the center-line
of the tread of the tire, by varying the relative speed of rotation of
the mandrel and winding armn, and by varying the angle between the
axis of the mandrel and the winding plane. The shape of the curve
of the tire cord on the mandrel surface will affect the inflated shape
of the cured tire.

As winding progresses there will be a build-up of tire cord on
the hub due to its wrapping around the hub while the winding arm
rotates with the cord in contact with the hub but not in contact with
the mandrel. This build-up will cause a change in tension of the
cords of the completed tire unless accommodated for by a small
movement of the hubs inward as winding progresses, The amount
of movement inward required is determined by tire-cord diameter,
total number of turns wound, depth of rubber coated on the cord,
and the amount of wrap around on each hub for each turn, While
winding a tire, all rotary power is furnished by the electric motor
and variable speed drive mounted above the winding arm support.
The rotation of the winding arm is carried through idler gears to
the shaft of the variable speed drive mechanism shown mounted |
directly under the hollow axle of the winding arm. From here the
power is carried by shafting downward to spur gears, thence
parallel to the winding arm axis to a point directly under the center
of symmetry of the mandrel where it changes direction to parallel
the mandrel axis and thence upward through idlers to the mandrel
axis. Once a tire design is standardized, the speed variator mounted
under the axle of the winding arm could be changed for fixed gearing,
thus removing one possible cause of trouble due to slippage in the
friction drive of the speed variator.
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Photo No. 12
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Cover Sheet Application




29-834

COVER SHEET APPLICATION

To provide protection against abrasion a cover sheet of carcass
stock rubber, approximately 0.020 inches thick, is applied over
the entire surface of the tire after winding is complete. This
completes the structure of tiie tire, Wearing surface or tread is
then applied as required by the service life desired.
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Photo No. 13
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Jacking In The Hubs




32-659

JACKING IN THE HUBS

In this tire, winding and cover sheet application have been
completed and the tire dusted with talc to prevent adhesion of the
tire to the sling. The hubs are being jacked into curing position
by a hydraulic jack inside the hollow axle.

= 3l -




Hub Detail
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Photo No,




12-660

HUB DETAIL

This close-up of a hub being jacked into curing position shows
the ends of the pointed rods which form the ring of flange bolt holes
concentric to each hub. In the winding position the ends of these
rods project just far enough into each hub to prevent the hubs from
rotating on the mandrel spindle but not far enough to interfere with
symmetric placement of the cord. Notice also that the curing
flange has a metal center and a concentric rubber extension which
fairs to zero at the shoulder, the widest part of the tire. The inside
of the central metal portion of the curing flange is machined on the
inside to the contours of the outside of the bead of the tire. Consid-
erable force is needed to squeeze all the air out of the tire near the
hub and to compress this bead area into the desired shape. This
compression is begun during the preparation for cure and completed
while the rubber is softened during the curing process. After the
hubs are jacked in as far as practical at this stage, the pointed
ends of the rods are unscrewed and replaced by nuts and washers
holding the hubs in the jacked-in position.
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Photo No. 15 - 34 - Curing Tape, Preparation for Use




CURING TAPE, PREPARATION FOR USE

This view shows the machine developed for re-winding nylon
curing tape after it has been pulled at high tension through a
series of rollers submerged in hot water containing a silicone,
mold-release compound. After use the nylon tape is set to a
serpentine shape and must be softened by heat and stretched and
moistened before re-use. A roll of tape ready for use is shown
lying on the top of the re-winding machine,
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Photo No, 16
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Nylon Tape Wrapping




32-658

NYLON TAPE WRAPPING

After the hubs are jacked-in, and secured by nuts set up on
the flange-bolt-hole-forming rods, the assembly is remounted on
the winding machine. Flat,flexible, copper washers are placed
over the curing flanges concentric to the spindle. These washers
cover the inner, metal portion of the curing flanges and extend
outward in steps partially covering the flexible, rubber portion.
These washers assist in securing a uniform pressure on the tire in
the region of the hub during cure. A short length of steel cylinder
is shown wedged by wooden blocks concentric to each hub with the
inner end bearing against the metal portion of the curing flange.
The angle between this stubby cylinder and the curing flange is
filleted by an aluminum casting. The assembly is now wrapped with
several hundred turns of thin nylon tape about three inches wide and
moistened to reduce slipperiness. During this wrapping, the mandrel
spindle and winding arm are driven independently at relative speeds
which cause about a two thirds overlap of successive layers of tape.
This tape, as with all nylon, has the property of shrinking with
rising temperature up to the melting point of the nylon and this
assures high pressure between the shoulders over the tread area of
the tire during cure. The result is sound, dense rubber in this
region after cure.
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Photc No, 17 - 38 - Nylon Tape Wrapping,
General Arrangement




2-656

NYLON TAPE WRAPPING, GENERAL ARRANGEMENT

This view shows the general arrangement of the winding
machine adapted for tape wrapping. Notice that the reel of tape
rotates with the axle of the winding arm avoiding twisting (or
cabling) during wrapping and that the tension on the tape can be
controlled by varying the load on the wooden slat which bears
against the tape in the reel, In this view, the first complete layer
of overlapping tape is almost wound into place,
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Photo No, 18

- 40 - Plastic Film Pressure Barrier




: -661

PLASTIC FILM PRESSURE BARRIER

After all the curing tape is wrapped into place, the stubby
cylinders concentric to each hub are extended by capped cylinders
held in place by a spring loaded rod passing through the hollow axle
of the mandrel. An open ended sleeve of heat resistant plastic film
is shown being sealed about the upper of the two capped cylinders.
The bead area of the tire is further compressed during cure by
inward movement of the capped cylinders caused by the curing tank
pressure. This pressure is augmented by a partial vacuum maintained
inside the pressure barr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>