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Pneumatic polyurethane passenger car tire report
Executive summary

In November 2007, Amerityre reported successfully completing testing of its
245/45R17 polyurethane car tire to the requirements of FMVSS 139. 

Since then, Amerityre has been manufacturing tires on a prototype basis to
evaluate the properties of the tire in the laboratory and on the vehicle. 

In addition, Amerityre has moved forward to finalize the elements of the
manufacturing process that is intended to achieve a production rate of one tire
per minute. Test results and the status of the manufacturing project are pre-
sented here. 

By Gary N. Benninger
Amerityre Corp.

Amerityre Corp. has focused on devel-
oping polyurethane polymers that will
replace rubber in many tire applica-
tions. 

These polyurethane tire products in-
clude high-density foam tires for low-
duty cycle commercial applications, en-
vironmentally friendly tire fill to
“flatproof” tires, composite tire technolo-
gy where polyurethane tread material is
applied to either new or used rubber
casings, solid polyurethane tires, and
automotive car tires having internal ply,
bead and belt reinforcing structure. 

This paper will present the latest sta-
tus of our polyurethane passenger car
tire.

Background 
The tire manufacturing process devel-

oped by Amerityre to fabricate a
polyurethane tire differs significantly
from the manufacturing process used to
fabricate rubber tires. A rubber tire is

constructed by layering precut sheets of
“green,” uncured rubber having a soft
gum texture. 

The ply and belt reinforcing materi-
als are calendered into specific sheets
prior to being assembled into the
“green” tire. 

When all the layers are in place, the
tire assembly is put into a mold where
pressure from an internal bladder is
used to press the uncured material into
the mold cavity. 

The tire is allowed to “bake” in the
mold until the rubber is cured. Once the
vulcanization process is complete, the
mold is opened and the finished tire is
extracted. 

Initially Amerityre built some of its
first car tires this way by using partially
reacted polyurethane that was a semi-
solid material much like uncured rub-
ber. 

Approaching the tire fabrication prob-
lem in this way allowed the use of con-
ventional rubber tire manufacturing
techniques. 

However, it was soon concluded that
to process the material in this manner
introduced additional processing steps
and the associated costs that could be
eliminated if the tire were made
straight from the liquid state. 

Fabricating the tire in this fashion re-
quired that the ply, bead and belt rein-
forcement package be assembled and
inserted into the mold prior to introduc-
ing the liquid polyurethane into the
mold. 

Fig. 1 shows the ply, bead and belt
package assembled on the mold core pri-
or to being introduced into the mold.

Once the core with the reinforce-
ment package is in place, the mold is
closed and the liquid polyurethane is
poured. 

Because the polyurethane is poured in
one continuous shot, the tire is mono-
lithic in structure, having no internal
layered interfaces or entrapped air. 

During the pouring operation, the
mold is spun to pressurize the filling
process. Fig. 2 shows the plies, beads
and belts in the mold. 

For clarity, one tread segment and the
mold lid have been removed to expose
the reinforcement package in situ in the
mold.

When poured, the two-part polyure-
thane material mixes and commences a
chemical reaction which turns it into a sol-
id within minutes. 

This rapid-cure property of the

polyurethane material will allow for the
development of a high-volume, low-cost
manufacturing process when compared
to rubber. The process will be discussed
in more detail later in this paper.

Material 
The material that Amerityre has de-

veloped for this application is an MDI
prepolymer-based polyurethane mate-
rial. 

This material, as well as all Ameri-
tyre materials, is formulated in-house
and remains a closely held trade secret. 

The application of this material to
passenger car tires requires that the
physical properties of the material re-
flect high tear strength and good tem-

perature performance. 
These properties ensure that the ma-

terial is tough enough for the applica-
tion and will stand up under the heat
generated under braking. 

In the past, polyurethane tire initia-
tives conducted by others generally
failed because of the inability of the tires
to withstand the heat generated during
braking and resulted in tires that se-
verely “flat spotted.” 

The material developed by Amerityre
and currently in use in our passenger
car tire program has the characteristics
shown in Table I.

Performance/characteristics
In April 2004 the Amerityre polyure-

thane passenger car tire successfully
passed the test requirements of Federal
Motor Vehicle Safety Standard 109 and
in November 2007 passed the more rig-
orous requirements of FMVSS 139. 

Rolling resistance testing has shown
that significant fuel savings opportunities
can be realized with the polyurethane car
tire. 

To be able to make the best compari-
son possible, rubber and polyurethane
tires of the same size and having the
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Fig. 1. Plies, beads and belts assem-
bled on core.

Fig. 2. Reinforcement package in mold
prior to pour. Mold segment has been
removed for clarity.

See Tire, page 30
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AKROCHEM PUTS 80 YEARS OF
EXPERIENCE INTO EVERY SOLUTION.

Since 1929, Akrochem has
provided the rubber and
plastics industries with chem-
icals used in compounding
and mixing. From simple
fillers to unique chemical
blends and dispersions, our
trusted sales and technical
support teams have the in-
dustry’s most extensive rub-
ber and plastics technical
and  app l i ca t ion  back -
grounds. Akrochem, Akron
Ohio. Tel. 330-535-2100,
or www.akrochem.com.

SIKORA, a worldwide oper-
ation, provides to the Amer-
icas service, support and a
variety of measuring, con-
trolling and testing equip-
ment. Products range from
X-RAY 2000 for reliable
measurements of wall thick-
ness, eccentricity, ovality,
and diameter; to ‘State-of-
the-Art’ diameter LASER
2000 series gauges that re-
quire no calibration. SIKORA
International Corporation,
215 Prospect Park, Ste C,
Peachtree City, GA 30269.

Tel. 770-486-1233 or visit www.sikora-usa.com.

X-RAY2000
Maintain your competitive
processing advantage and im-
prove your bottom line with
Internal Intensive Mixers, avail-
able from Kobelco Stewart
Bolling. An 8-page brochure
from this 100-year old lead-
ing supplier of quality rubber
and plastic mixing machinery
provides information on mix-
ers and rotors for virtually
every application. There’s even
an invitation to visit the com-
pany’s demonstration facility
and test the MIXTRON BB
Mixer. Kobelco also provides

rebuilding services, spare parts, comprehensive R&D and unpara-
lleled field assistance. Kobelco Stewart Bolling, tel. 330-655-3111,
email information@ksbi.com, or visit us at www.ksbiusa.com.

KOBELCO STEWART BOLLING, INC.
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same tread design were tested back to
back. The results of this testing are
shown in Table II. 

As can be seen, the polyurethane tire
exhibits significantly less rolling resist-
ance than the rubber tire. 

Because rolling resistance is direct-
ly related to fuel economy, a reduction
in rolling resistance implies a corre-
sponding improvement in fuel econo-
my. 

In the test results presented in
Table II, the rolling resistance im-
provement varies from 36 percent to 51

percent depending on the air pressure
and load. 

This would then imply an improve-
ment of between 5 percent and 10 per-
cent in fuel economy under the same
conditions. 

This characteristic is attributed to the
elastic nature of the polyurethane mate-
rial and its low hysteresis. 

This is further demonstrated in 50
mph endurance testing where the
polyurethane tire exhibited sidewall
temperatures between 109°F and 119°F. 

Under similar test conditions, the
rubber pneumatic tire normally runs be-
tween 150°F and 170°F. 

The lower operating temperatures of
the polyurethane tire will, no doubt,
contribute to extended tire life.

Traction Performing the Uniform Tire
Quality Grading Test for traction on the
polyurethane car tire has resulted in
test values of Cs and Bs. 

This traction result has been substan-
tiated by vehicle testing where the
polyurethane tire was tested side by
side with rubber tires under braking
and lateral loading. 

Amerityre’s objective is to achieve an
“A” rating for the tire and achieve brak-
ing and lateral loading performance
comparable to the rubber tire.

Ozone repeated testing of Amerityre

polyurethane material samples to ozone
exposure, according to ASTM D1149, in-
dicates that the polyurethane tire would
likely have an indefinite shelf life as in-
dicated by the absence of cracking of the
material in the highly oxidizing ozone
environment.

Recyclability: The polyurethane ma-
terial used in the construction of the tire
is a completely reacted chemical com-
pound. This means that the material is
quite stable as demonstrated by the
ozone test and other environmental test-

Tire
Continued from page 29

Table II. Rolling resistance comparison.

Table I. Pneumatic car tire material.

The author
Gary N. Benninger recently stepped down as the president and CEO of

Amerityre Corp., a developer of specialized polyurethane products.  
Before joining Amerityre in 2005 he worked for Magna International Inc. for

more than 20 years, where he worked as division general manager and execu-
tive vice president of engineering and R&D. He also worked for Ford Motor Co.
as an engineering manager and the National Aeronautics and Space Adminis-
tration as a research scientist. 

He holds patents on disc brakes, radiators, air conditioning compressor
clutches and tires.

See Tire, page 31

Fig. 3. Volume production polyurethane car tire manufacturing process.
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ing. 
This relative inertness means that the

tire can be ground into powder or small
particles or crumbs and used as an inert
filler material or in applications where
rubber crumb might be used today. 

On the other hand, the polyurethane
could be buried in a landfill without fear
of ground water contamination.

Production manufacturing: Today
Amerityre produces prototype polyure-
thane car tires at the rate of about one
every two days. 

This slow rate of production is princi-
pally the result of the labor-intensive
process of building the reinforcing pack-
age consisting of the plies, beads and
belts onto the core/mandrel prior to plac-
ing them into the mold. 

In addition, because only one mold is
available to make the prototypes, the
tire building process is sequential, thus
further limiting prototype production
capacity. 

The polyurethane car tire will go into
volume production using a manufactur-
ing process that has been employed in
the manufacture of polyurethane auto-
motive components for many years and is
used today by Amerityre in the produc-
tion of their low-duty cycle polyurethane
foam utility tires. 

The backbone of this process is a mul-
tiple mold, interconnected production
line. Fourteen self-contained mold sta-
tions would index every minute around
an oval in a so-called “race track” config-

uration. 
The molds would complete one revolu-

tion of the “race track” in 14 minutes,
producing a tire every minute. The fab-
rication of the plies, beads and belts
onto the mold core/mandrel would be
done off the “race track” line in separate
parallel stations. 

The number of build stations is de-
pendent upon the cycle time of that par-
ticular operation relative to the one
minute index time of the “race track.”
Fig. 3 is a schematic of the high-volume
polyurethane car tire manufacturing
process.

Amerityre is planning to build a pilot
production facility incorporating this
manufacturing process. This program
is expected to be initiated early next
year. 

Selling Price: The selling price of
the polyurethane car tire, when pro-

Tire
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Table III. Rubber tire cost comparison.

duced in high volumes as discussed in
the section above, is estimated to be
equal to or less than a rubber car tire of
the same size. 

This estimate is based on the num-
bers generated by a numerical model
that has considered the cost elements
outlined in Table III.

Summary 
The polyurethane car tire under de-

velopment at Amerityre has successfully
passed the performance requirements of
FMVSS 139, the only polyurethane tire
to do so. 

In addition, rolling resistance test-
ing indicates that fuel economy sav-
ings of between 5 percent and 10 per-
cent may be achievable with polyurethane
tires. 

Currently the polyurethane car tire to
date has not achieved the traction level

of performance rubber tires. However,
Amerityre is revising the chemical for-
mulation of its car tire polyurethane
material and expects to have a solution
in the near future. 

Pricing of the polyurethane tire in vol-
ume production is expected to be equal
to or less than the equivalent rubber
tire. 

The energy savings potential and
the recyclability of the product make
the polyurethane tire truly a “green”
tire.

ing sites in Fort Wayne, Ind., and Tus-
caloosa, Ala., ratified their three-year
pact with the company Aug. 21. A third
USW-represented BFG plant in Opeli-
ka, Ala., is slated to close Oct. 31.

Done deal
The Michelin/USW pact is effective

back to Aug. 9 and extends to July 21,
2012. Like the original Goodyear and
Bridgestone Americas Inc. contracts, the
BFG deal lapsed July 18. It was extend-
ed to Aug. 15 before the agreement was

reached.
The contract, in addition to providing

plant protection, also maintains current
wages, health care and cost-of-living al-
lowances and guarantees 90-percent job
security for 2,500 workers between the
two facilities. 

Tuscaloosa plant workers are repre-
sented by USW Local 351L and Fort
Wayne employees by Local 715L. The to-
tal vote among members at the two sites
was 1,297 for the deal and 264 against
it.

Greenville-based Michelin and the
Steelworkers reached a closure agree-
ment for members of Local 753L in Ope-
lika several months ago.

Dave Lowe, vice president of employee
and labor relations for Michelin, said
the agreement is geared toward improv-
ing flexibility and reducing operating
costs significantly over the life of the
contract, giving the plants the chance
they need to compete in a highly com-
petitive market.

“Maintaining a competitive edge is
difficult under the tough economic and
market conditions we face today,”
Lowe said. “It is critical that the com-
pany work together with our BF-
Goodrich employees and the USW to
improve the competitiveness of these
plants for the mutual benefit of the
employees, the company and the com-
munities.”

Pension, COLA changes
The agreement guarantees the Tusca-

loosa and Fort Wayne plants will remain
open during the life of the contract, and
also stipulates that the work force level
at the sites as of July 1 cannot be reduced
below 90 percent for wage and technical
maintenance employees.

The pact also establishes a defined
contribution pension plan—based on
company contributions—for USW mem-
bers hired after July 26, 2006. That
plan’s contributions will be made ac-
cording to a formula of age plus years of
service.

For workers hired before July 26,

2006, the defined benefit pension—
based on years of service—will stay in-
tact but will be negotiable in future con-
tracts, said Larry Jackson, the union’s
USW/BFG coordinator. The pension
multiplier for the benefit remained at
$57 for every year worked paid per
month.

For comparison, the new defined con-
tribution plan was set up to theoretical-
ly target a 32-year-old new hire who will
work 30 years at his or her job and re-
ceive the benefits equivalent to a $54
multiplier, Jackson said.  

There will be no pay raises, but cur-
rent wage rates are maintained and
workers also will receive COLA under
the agreement, he said. 

During the first two years, any COLA
payments will be incorporated into wages,
while in the third year, any “grandfa-
thered” employees—those hired before
July 26, 2006—will be paid COLA in a
lump sum.

The remaining employees, who are
paid on the five-level wage system es-
tablished in the previous contract, will
receive COLA in their wages. The union
pushed for this to help increase the
wage rate for younger and newly hired
employees, Jackson said.

Workers also agreed to continue to
divert $1 from their COLA toward a
retiree trust fund, also set up in 2006.
Because of the Opelika closure, how-

ever, the amount will be reduced to
$85 per month from $116 for each re-
tiree.

A Michelin spokeswoman said hav-
ing no general wage increases, mak-
ing the switch to the defined contribu-
tion pension plan, and changing to a
managed prescription drug plan with
duration and quantity limits were im-
portant cost-cutting areas for the com-
pany.

Goodyear next 
Ratification votes for members at sev-

en Goodyear tire plants had yet to be
scheduled as of press time but likely will
be conducted during the week of Sept. 7.
The union represents about 11,500
workers at the sites: Akron; Buffalo,
N.Y.; Danville, Va.; Fayetteville, N.C.;
Gadsden, Ala.; Topeka, Kan.; and Union
City, Tenn.

If approved by membership, the
contract would run through July 27,
2013. 

Jim Allen, Goodyear’s chief negotiator
in the talks, said the company is pleased
to have reached an agreement that
meets the company’s bargaining goals
and helps secure the future for its U.S.
factories.

Details of the agreement—including
whether or not the contract agree-
ment includes a plant closing—will be
released after information and ratifi-
cation meetings are held, the union
said.

More than 12,000 workers at 12 North
American plants went on strike in Octo-
ber 2006 in the middle of the contract
negotiations season. The walkout lasted
86 days.

Bridgestone continues to negotiate
with the Steelworkers in Louisville, Ky.
About 4,500 unionized employees at the
company’s seven tire and rubber prod-
uct plants are working on a day-to-day
extension.  

USW
Continued from page 1

“It is critical that the company work together with our
BFGoodrich employees and the USW to improve the
competitiveness of these plants for the mutual benefit 
of the employees, the company and the communities.”

Dave Lowe
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