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Aircraft Tire History

1. SCOPE:

This SAE Aerospace Information Report (AIR), is intended to provide a continuum ¢n historical
development of gircraft tires.

2. INTRODUCTION:

The need for pngumatic tires has existed, almost since the dawn of powered flight. | Although the
ability to operate|from skids, skis and floats had been seen.as methods of coping wfith unique
situations, universal mobility demanded wheels with somé sort of pneumatic tire forf optimization.
Information concgrning aircraft tires, as an historical subject, has always existed in disconnected
sources. Itis hoped that by collating from these soufrces and presenting them in the format of an AIR,
we will have proyided a more ready reference for.those interested in this subject.

2.1 Background:

This panel was| formed within A5-C to utilize the archives of extant tire producers and users so as to
provide as large an archival base as possible, while such documentation still exis}s.

2.2 Approach:

The panel actiyity has-concentrated on searches for relevant tables, drawings and photos that will
augment the historical narrative.

2.3 Applicable Documents:

The Tire and Rim Association Yearbooks; military specifications; ETRTO yearbooks; various user
manuals produced by tire manufacturers; the book “TIRE BEADS AND TIRES “ [published by
National Standard Co.]. Also certain artifacts residing in museums have been used for
authentication.
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3. HISTORICAL PERSPECTIVE:

4.1

4.2

4.3

The aircraft tire was, and is utilized as an efficient interface between the wheel rim and the supporting
surface. An interface, that provided flotation, traction, shock absorption, and torque transmission, with
a minimum of maintenance. Since the application of tires to aeronautical machines was preceded by
their usage on various surface vehicles, the early airplane tire usually reflected what was “state of the
art” for earthbound tires. As the product has matured, aircraft tires have occasionally led in this
process. Due to the intermittent nature of their duty cycles, aircraft tires have acquired much higher
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Single Tube Tires:

An early concept that avoided the use of a separate innertube was the “single tube”. A complete
innertube was built into the interior of these tires. Inflation caused the fabric carcass to expand in all
directions. The downward force, reacting against the rim base, made beads unnecessary. Where
concerns about torque (with the possibility of shearing the valve) existed, raised patterns were
molded on the base of the tire where it would be in contact with the rim. Rims were manufactured
with matching recesses. Single tube tires saw some application as low-pressure, tail wheel tires into

the 1930’s.
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4.4 Bead Seat Angles:

4.5

5.

5.1

5.2

Rim bead seat angles for straight sided tires have usually been about 5 degrees, although some
have utilized an angle of 15 degrees. The tire bead has been engineered to appropriately seat on its
rim. Changes in tire constructions such as from tube type to tubeless, or bias to radial, may have
changed the amount of bead seat interference that was required.
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an avenue for reducing costs and improving uniformity. By incorporating ever stronger cord
materials, - cotton - rayon - nylon - (as well as others), bias tires have become the longest-lived
“species” to date.
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5.3 Radial Tires:

6.

6.1

7.

The radial tire competes with the bias tire by providing a more efficient, cooler-operating carcass with
a longer wearing tread surface. With its fewer body cords (displaced at approximately 90 degrees to
the circumferential centerline), and its relatively inextensible belting (disposed more nearly parallel to
the circumferential centerline), a radial tire, with its reduced hysteresis, is more tolerant of
overloading conditions. In order to compensate for the reduction in vertical spring rate, radial tires
are designed to match the static loaded radius of a bias tire of the same load rating. The result is that
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From the days of the base-line cotton reinforcement, tires have carried a message either listing the
actual number of structural layers (plies), or a number related to what would have been necessary had
the earlier material continued in use. This system relates to the load carrying capacity of the tire.

From early in their conception, it has been thought that a safety factor of about “four” (bursting
strength/inflation pressure), should be required for aircraft tires, seemingly, this requirement has

worked well.
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9. SIZE MARKINGS:

10.

11.

12.

12.1 Tires Marked W

Aircraft tire producers have left a unique history regarding the way tires have been size marked. The
earliest system reflected the then current, surface-vehicle practice and involved specifying the outside
diameter, and the width of the cross-section. These dimensions were expressed in inch or metric
units. From that time, many alternative systems have been used.

THE TIRE AND RIM ASSOCIATION:
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Fam was once used to describe tires. The word “Type” followed by
was molded on the sidewalls of most tires. It attempted to catego
bhilosophy. This military system began with “Type I” and eventually
ption, it dominated the commercial arena as well.

ith “Type” Besignations:

pe wassmade in the way that tires would be classified. They would

ires for assurance

valve manufacturers would produce designs that provided utility and

, as well as the

ressure tires” such
ressure tires”. The
b different method

referred to the section width and the-xim diameter (see Figures 5 and 6).

a marking in
ize tires by either
ended with “Type

be sorted by “Type

TYPE | collected the S.C. (smooth contour) tires. These tires displayed only their outside diameter as
a size. (e.g., 56 inch). Their widest dimension would be at the rim flange. The aspect ratios were in
the low 70% range, and the pressures were as high as 95 psi, the deflection was 37% (used on B-17

and B-24).

TYPE Il tires replaced the former “high pressure tires” such as the 30X7. The numbers referred
nominally to the outside diameter and the section width. The aspect ratio was about 85%, inflation
pressures were less than 90 psi, and the deflections about 27.5% (used on SBD Dauntless).

TYPE lll replaced the “low pressure” category. The 17.00-16 was a representative size. The section
widths and rim diameters were called out in the sizing. The aspect ratio was about 84%; pressures
ranged up to 75 psi; and the deflection was about 25% (used on the Douglas DC-3 [C-47/R4D]).
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12.1.2

12.1 (Continued):

TYPE IV collected the extra low pressure tail wheel tires which, in some cases had been called
“airwheels”. An example would be the 12X5-3. The diameter was 12 inches, the section was 5
inches and the rim diameter was 3 inches; the aspect ratio was 90%; the deflection was 35%; and

the inflation as

30 psi or less.

TYPE V catalogued what had been formerly called “Streamline” tires. These tires were identified by
single dimension numbers such as 15.50 and 18.00. The aspect ratios were about 70%, and the
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of the equipn
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ndard application.
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necessary that all
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s a result, several

Type VII, Type lll, and even a few Type I's soldier on.

Additional Sub-Types: As specialization has necessarily increased, so have specialized tire

categories. There was once a “Beaching Gear” genre that, when temporarily fitted, allowed “flying
boat” aircraft to be winched ashore (see Figure 12). “Chine” tires provided water dispersion for
nose tires on aircraft with aft-mounted jet engines. Some military tires were designated “lce Grip”
and contained coil springs below the surface of their treads or shredded wire within the tread.
(More successful as a concept, than as a practical item.) Tires, not designed in the U.S. were
grouped by country of origin. “C” and “B” and “H” type tires represented different rim to section
ratios and the first named two, utilized 15 degree bead tapers.
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12.1.2 (Continued):

13.

14.

15.

Due to the load transfers that occasion brake applications, it has been accepted that nose wheel

tires may be briefly loaded up to 50% more than the static rating that would have
main wheel application.

MULTIPLE WHEEL LAYOUTS:
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TUBELESS TIRES:

Although the tubgless concept was well established in all othenareas of tire usage,
slow to move intg the aircraft tire arena. This was due to multiple piece wheels, and
reliable sealing. (|t would also be necessary to re-certify each wheel design). With tf
propelled aircraft] and the loss of aerodynamic braking:from propellers, the amount
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pressure through the use of relief plugs.
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16.

17.

18.

TESTING:

In addition to the proofs of strength from static burst tests, it became beneficial to perform some
dynamic testing. The variable mass dynamometer became a standard for the industry. Here, a system
of plates of known mass could be bolted to the flywheel. With the flywheel revolving at a pre-
determined speed, the tire would, at rated load, be landed against the wheel, and allowed to coast until
it had absorbed a specific amount of energy. Two different speed ranges were usually involved. These

tests were capable of determining carcass weaknesses for tires required for propeller airplanes, but

with the advent
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military customers.

ctance to edit, and
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be a goal of all

when placed in
bly by virtue of
on the “merits” of

The tire industry is a “mature industry”. The basic technology is not of recent discovery. Mechanization
has come slowly to this workplace, and when it has appeared it has been expensive to acquire. Aircraft
tires require the most expensive materials and quality controls of any product offered by a tire
manufacturer. He must have qualified it to a more rigorous testing regime than any other product that
he offers. The liability insurance to protect against a possible failure in service becomes a significant
item in the decision of whether to continue offering the line. Normally the economics of volume
provides a cushion for most product line-ups. This is not the case for aircraft tires. They represent a
tiny fraction of the production schedule. At one time almost every manufacturer of tires also offered
aircraft tires. This is no longer the case. The small list, that represents current manufacturers, reflects
the economic realities that exist.
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19.

20.

RETREADING:

This procedure, whereby the wearing surface of the tire is removed and replaced, began as a rubber
saving experiment, and has grown to be a significant economic factor for the airline industry. As the
industry has progressed, it has implemented inspection techniques and standards that have benefited
the new tire manufacturer as well as the users. The fact that a very high percentage of the airline fleet

is, at any given moment, equipped with retreaded tires is mute testimony to the success of the
process. It is also probable that the ability to accept multiple retreadings will determine the long-term

success of new [
ADDENDUM:
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removal.

Fabric tread reinforcements: There have been constructions where cords (nylon or

incorporated with

The fabric materi

in surface tires. Qotton, rayon and’nylon have been used. Nylon entered the overa
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below the shoulder diameter. The proximity of this ring to the groun
ad/pressure relationship (at least for a new tire),

Some tires were manufactured with holes intread ribs. The remair
bd to estimate when a tire should be remoyed.

that has seen use is the provision of alfayer of rubber or fabric of a
t is positioned below the tread, (when exposed by wear), provides

in the tread itself to improve certain service requirements.

als used in aircraft fires have progressed in much the same way a

and heatresistance has made it the body fabric of choice. It is a th
Esesses a “memory”. When warm nylon tires are allowed to cool w|

ubber molded at a
H provided a rough

ing depth of the

color different from
a signal for tire

wire) have been

5 have those used
| tire market

ermo plastic
hile supporting a

[ area shrinks and preserves a temporary out-of-round condition. T

his distortion is

the tire is caused to re-warm by rolling during its next duty cycle.

Tire cords, of whatever make-up consist of filaments of specific deniers twisted into discrete string-like
structures, and these in turn are twisted into more definite rope-like units which are dependent on the
thickness and strength that is desired. Aramid and some steel cord have been employed in radial belt
applications. Glass-fiber, and polyester have had little success in the aircraft arena.

There have been attempts made to reduce the cloud of smoke that erupts from tires when they spin-up
on landing. These have usually taken the form of vanes molded on the sidewalls. Although they were
able to produce in-flight rotation prior to landing, the weight, dimensional differences, inability to match
ground-speeds, and questionable effectiveness in reducing treadwear, have kept these efforts on the
sidelines.
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20. (Continued):

21.

Mathematical characterizations: Due to the complex constructions employed in tires (especially bias
tires), it has been difficult to accurately simulate tires on computers. Programmers have to make
approximations of intricate, non-linear relationships involving many degrees of freedom. The radial tire,
having fewer components, has been more thoroughly studied. These characterizations have provided
some helpful insights into the optimization of components and constructions.
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In mounting
tire bead 15
streched to

pass over rm
flange

Bead heel
hooked under Bead filler
rim flange

FIGURE 1 - The clincher tire had soft, stretchable beads containi
no wire or other formi of metal. Beads were shaped to fit
inward-curving flanges.

-11 -
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Pierce tape
bead wire

Bead
qum neck
or filler

Bead wire
insulating

Tape g

pick wire

FIGURE 2 - The straight=side tire has nonstretchable beads contai
wire which holds beads tightly against rim. Fabric flap
protects tube from damage.

ning

-12-



https://saenorm.com/api/?name=6c44027b42069d1d4878add41eaa0255

SAE AIR5487

FIGURE 3
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