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Halogenated butyl rubber is the polymer of choice for a tire innerliner since
these tires have low inflation pressure loss
rates (IPLR) and low intracarcass pres-

sure (ICP) values that impact the tire’s
rolling resistance, treadwear, handling
and durability, leading to improved vehicle performance and passenger safety.

TECHNICAL NOTEBOOK
Edited by Harold Herzlich
Experiments comparing innerliner
compounds made with varying ratios of
bromobutyl rubber (BIIR) and natural
rubber (NR) to the performance of tires
made with these compounds show that

use of a 100-phr BIIR innerliner compound gives tires with the desirably lowest IPLR and ICP values, and the highest
durability as measured in hours to failure during laboratory roadwheel testing.
Analysis of failed tires by dissection
and characterization of internal components demonstrates the effectiveness of
the lowest IPLR values in protecting
other internal components of the tire1-5.
Tire inflation pressure loss rates
(IPLR) determined in a temperature
controlled laboratory at 21°C, according

to the ASTM F1112-06 procedures6 and
expressed as percent-loss per month, are
found to be dependent upon the tire
type, such as passenger car versus truck
tire, and on the tire manufacturer and
model. IPLR values have been measured
for more than 300 passenger car tires7-9,
with values ranging from a low of 0.86
percent-loss per month to a high of 4.4
percent-loss per month, which is a factor
of about five (Fig. 19).
IPLR values also have been found to
be dependent upon the temperature at
which it is measured10-11. For example
when measured at 70°C, IPLR values
are 10-19 times higher than when measured at room temperature10 (Fig. 2).
When measured for tires while being
run in-service on vehicles, IPLR values
differ again, ranging from 1.5 to 2.25
times higher than when measured at
room temperature (Fig. 312).
In order to examine the pressure loss
and resulting changes in the rolling resistance of tires under conditions that
more closely resemble tires when used in
service, a new multistep roadwheel test
procedure13 was investigated for six tires
with differing values of inflation pressure loss rates and rolling resistance.

Experimental
Twelve tires each of six brands were
purchased. Each set had the same DOT
plant codes; however, production date
codes varied by as much as 30 weeks.
Load index ratings were 87 for three
tires, 94 for two tires, and a 95 load index rating. Tire weights ranged from 8.5
to 10.5 kg, with weight variations of
about 1.4 percent.
The weight variation was highest for
tires with the greatest variation in production date codes.
Inflation pressure loss rate (IPLR)
See Tire, page 16

Executive summary
Studies of the relationship between
tire pressure and rolling resistance
have relied on static testing of inflation pressure loss rates (IPLR).
In order to examine the pressure
loss and resulting changes in the
rolling resistance of tires under conditions that more closely resemble
tires when used in service, a new
multistep roadwheel test procedure
was investigated.
Six tires with known ASTM F1112
IPLR (static) and ISO 28580 rolling
resistance coefficient (RRC) values
were selected in order to develop this
Dynamic IPLR test. Testing consisted of obtaining tire pressure values
during operation on a 1.707-meter
laboratory roadwheel.
After each incremental operation
on the smooth drum, the inflation
pressure and resulting RRC values
of the six tires were measured. Testing continued until 58,000 kilometers was completed on the roadwheel. Results are similar for all
tires, namely that inflation pressure
decreases and rolling resistance increases after each cycle after an initial break-in period that was dependent upon the tire brand.
Dynamic IPLR values were calculated and are higher than IPLR values measured under static conditions
at room temperature (ASTM F1112),
but not as high as when measured
under static conditions at 60°C.
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Continued from page 14
values were determined for tires in a
21°C temperature controlled laboratory.
Tires were inflated with 240 kPa of dry
air and checked for leaks. Pressure data
was collected hourly by using electronic
transducers, transferred into a computer and averaged daily. Measurements
were recorded over a 42-day period.
Data was analyzed from day 15 to day
42 in order to allow for a tire equilibration period of 14 days in account for the
intracarcass pressure (ICP) effect14.
Data analysis followed the ASTM F1112
protocol6. Testing was performed in duplicate; a third tire was studied if IPLR
values varied by less than 10 percent.
IPLR was also measured at 60°C by using these same tires. Tires were relaxed for
at least 72 hours by opening the stem of
the valve. Tires were purged with dry air,
equipped with a standard pressure gauge,

refilled to 240 kPa of dry air, rechecked for
leaks, placed on a tire rack, and the rack
rolled into a walk-in oven equilibrated at
60°C. Tire pressure was measured every
one or two days. Data analysis followed the
ASTM F1112 protocol6.
In order to determine Dynamic IPLR
values, a SmarTire sensor15 was installed
inside each tire, and the tire was inflated
and checked for leaks. Rolling resistance
force (RRF) was measured at Smithers
Rapra (Ravenna, Ohio) according to SAE
J1269 protocol16 but modified by determining rolling resistance at seven regulated pressures: 150, 165, 179, 193, 207,
220, and 234 kPa (22, 24, 26, 28, 30, 32,
and 34) and at 80 percent load.
Rolling resistance force was measured
at 210 kPa according to ISO 28580 protocol17. RRF was converted to rolling resistance coefficient (RRC) by dividing by
the test load and multiplying by 1,000.
Without re-inflating, tires were run on a
1.707-meter diameter roadwheel with
smooth surfaced drum at Smithers

Rapra under 100 percent load and at
120 km/h until 4,838 km was reached.
Rolling resistance was re-measured according to ISO 28580, but without re-inflating to 210 kPa.
This cycle was repeated until a total of
almost 58,000 km had been reached. The
time interval between roadwheel and
rolling resistance experiments was not a
constant due to the differing work backlogs on each machine over the six-month
period to complete all measurements.
At the end of these experiments, tires
were re-inflated to 210 kPa by topping off
with dry air, and rolling resistance was remeasured according to ISO 28580 proto-

col. Tire inflation pressures during roadwheel conditioning and rolling resistance
measurements, along with the daily pressures were downloaded from the SmarTire sensor directly into the computer.

Results and discussion
Six tires previously studied as part of
the ExxonMobil Chemical Co.’s 11th
Worldwide Tire Survey18 were selected for
this study because of their differing values
of inflation pressure loss rate (IPLR).
Tire N was selected due to having a
low IPLR = 1.4 percent-loss per month,
and Tire AI had a high IPLR = 3.2 percent-loss per month. Tires selected from

Fig. 1. IPLR values for less than 300 tires purchased globally and determined according to ASTM F1112.

Fig. 4. IPLR and RRC values of the six tires selected for study.

Fig. 2. Tire IPLR when measured at 21°C and 70°C for six tire models.

Fig. 3. Tire IPLR values measured in-service for four tire models on different vehicles.
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different manufacturers have IPLR =
2.2 percent-loss per month (Tires A and
B) and IPLR ~ 2.7 percent-loss per
month (Tires E and O). These tires also
had differing ISO 28580 rolling resistance coefficient (RRC) values (Fig. 4).

Dynamic tire inflation
pressure loss rates
Tire pressure data from the SmarTire
sensors15 were downloaded directly into
the computer. The loss of pressure versus
time was nonlinear over the six-month
period required to complete all experiments because the intervals between the
roadwheel conditioning and the rolling resistance testing were not constant, thus
tires equilibrated at ambient temperatures for different lengths of times (days).
The loss of pressure versus roadwheel
distance (time running at 120 km/h) was

linear, probably due to the constant 100
percent load being applied to each tire
during these roadwheel conditioning cycles. Fig. 5 shows the pressure data collected for Tire A, which is representative; tire sets were run in duplicate.
Using a combination of 21°C and 60°C
data (see red line) does not predict the
actual measured data for these dynamic
experiments (see blue and orange lines).
This difference is thought to be a result of the intracarcass pressure (ICP)
effect14 where air is lost from the tire cavity but does not escape the tire. Instead,
air fills up the void volumes within the
carcass cord bundles until equilibrium is
attained, then air escapes the tire cavity
at a different rate as seen in Fig. 5. This
ICP effect can differ for each of the six
different brands of tires since IPLR values of these tires also differ. IPLR and

Fig. 5. Pressure data for Tire A run in duplicate, and modeled (red line).

ICP have been shown to correlate1-4.
IPLR values determined for static
tires at 21°C (ASTM F1112) and at
60°C, and measured during dynamic experiments are summarized in Table I.
IPLR values measured at room temperature range from 1.4 to 3.2 percent-loss
per month, and from 12.6 to 20.0 percent-loss per month at 60°C.
Dynamic IPLR values range from 4.5
to 8.3 percent-loss per month, values intermediate the 21°C and the 60°C values, for example see Fig. 6 and Fig. 7.
Dynamic IPLR values range from being
2.2 to 3.2 times higher than values
measured under ASTM F1112 conditions, an average of 2.6 times. Tire N
has the lowest IPLR values regardless of
method of determination, while Tire AI
has the highest IPLR values measured.
Note that Tires A and B have similar
IPLR values when measured at room
temperature by ASTM F1112, but have
different values at 6°C or for Dynamic
IPLR. This result may show that the

temperature response of the materials
used in the innerliner also can be an important consideration for in-service inflation pressure retention. See the contour plot in Fig. 7.

Effect of tire inflation
pressure on rolling resistance
Rolling resistance force (RRF) values
for the six tire sets were measured in
duplicate according to SAE J1269 multipoint protocol and at seven regulated inflation pressures.
RRF data is converted into rolling resistance coefficient (RRC) by dividing the
by the test load and multiplying by 1,000,
and the ISO 28580 RRC values were then
calculated. RRC is clearly dependent
upon the pressure at which the RRF value is measured (Table II, Fig. 8).
The European Union19, Japan19 and
Korea21 already have established mandatory tire labeling based on RRC values
measured by ISO 28580. Brazil22 and
China23 are expected to adopt similar laSee Tire, page 18

Table I. IPLR values at 21°C and 60°C and dynamic IPLR.

Table II. Rolling resistance coefficient values measured by SAE J1269 protocol as a
function of regulated inflation pressure.
Fig. 6. IPLR values for Tire A measured under three different conditions.

Fig. 7. Dynamic IPLR as a function of IPLR measured at 21°C and 60°C.
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Continued from page 17
beling regulations as have the EU.
Fig. 9 shows how the tire inflation
pressure may affect the EU regulations.
Using these calculated ISO 28580 RRC
results at 210 kPa, the EU Class for
rolling resistance is established19. As
they become underinflated, RRC increases, and the EU Class changes for
all tires. For example, Tire E is a Class
C tire; however, at about 15 percent underinflation, it becomes a Class E tire as
RRC is greater than 9.0. Continued underinflation potentially can lead to a
Class F ranking.
Fig. 10 shows the ISO 28580 RRC
values measured during these sixmonth, ~58,000-km experiments. As inflation pressure is continually lost, RRC
increases. Normalizing the RRC values
to 100 at 210 kPa shows similar behavior for all six tire brands, but tires can
have a different initial break-in period
wherein RRC is decreased because tires
lose air at different rates (Fig. 11).
At the end of the six-month, ~58,000-

km experiment, tires were re-inflated to
the starting inflation pressure of 210
kPa. After 58,000 km, the RRC values
of all tires revert to their original values
less the change during the break-in period. RRC values are approximately 5
percent lower than initial values (Fig.
12). The widening range (see error
bars) in the average RRC values at the
end of each cycle reflect the different
rates of inflation pressure loss from the
six tires.
Fig. 13 shows the individual data
points measured for all 12 tires that represents two each of the six different
brands. From these data, it is calculated
that after the initial break-in period, on
average for each 10 kPa decrease in tire
inflation pressure, RRC increases by 2.5
percent.
Thus, a 40 kPa or 20-percent pressure
drop results in a 10 percent increase in tire
rolling resistance. A 10-percent improvement in tire rolling resistance has been estimated to result in a 4-percent reduction in
diesel fuel consumption for a long-distance
tractor trailer truck, and a 1.6-percent reduction in fuel consumption for a car24.
It has been estimated that only for the
tires with IPLR values less than 2.5 per-

Fig. 8. ISO 28580 RRC Calculated from SAE J1269 RRC data measured as a function of regulated tire inflation pressure.

cent-loss per month, more than 1.2 billion liters of gasoline are wasted in the
U.S. each year even when tires are reinflated on a regular three-month basis25, which is not thought to the case26.
Globally, more than 3.75 billion liters
of fuel are wasted due to tire underinfla-

tion, leading to 8.66 million metric tons
of CO2 emissions25. If tires were maintained at their proper inflation pressure,
it is estimated that more than 900 million gallons (3.4 billion liters) of fuel
could be saved in just the U.S. each
year27.

Fig. 9. Calculated ISO 28580 RRC as a function of tire inflation pressure showing
EU Class labeling.

Fig. 10. ISO 28580 RRC values measured during these six-month, ~58,000-km experiments.
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Fig. 11. ISO 28580 RRC values normalized to 100 at a pressure of 210 kPa.

Fig. 12. Normalized ISO 28580 RRC values measured during the ~58,000-km experiment, and after re-inflating to 210 kPa at the end of the test period.

Summary

28580, INTERNATIONAL STANDARD, First edition, 2009-07-01
18. W. H. Waddell, R. C. Napier, and D. F. Rouckhout
“11th Worldwide Tire Survey: Tire Rolling Resistance”, presented at the 17th China Tire Technology
Symposium, Zhangjiajie, China, September 22-24;
and the 2012 Tire Label Legislation & Marketing
Conference Brussels, Belgium, 3-4 October 2012
19. Official Journal of the European Union, C 298 E,
Vol 52, 8 December 2009
20. “Guideline for tyre labeling to promote the use of
fuel efficient tyres (labeling system)”; www.jatma.or.jp/english/labeling/pdf/labelingsystemE.pdf
21. “Socio-Economic Effects as a Result of the Enactment

Six tire brands with known ASTM
F1112 IPLR (static) and ISO 28580
rolling resistance coefficient (RRC) values were studied in duplicate.
Testing consisted of measuring tire
pressure values using a SmarTire sensors during operation on a 1.707-meter
laboratory roadwheel with smooth drum
and stopping every 4,838 km to measure

Technical
the ISO 28580 RRC values without reinflating the tire to the specified 210
kPa pressure.
Testing continued until approximately 58,000 kilometers were completed on
the roadwheel. Results are similar for
all six tire brands, namely that inflation
pressure decreases and rolling resistance increases after each cycle beyond
an initial break-in period that was dependent upon the tire brand.
Dynamic IPLR values were calculated and are 2.6 times higher than IPLR
values measured under static conditions at room temperature (ASTM
F1112), but not as high as when measured under static conditions at 60°C.
For each 10 kPa of inflation pressure
loss, RRC values increase 2.5 percent.
Unless tires are regularly re-inflated,
the Class ranking based on the EU labeling system may not be an accurate
estimation since tires lose air pressure
at different rates and the class ranking
will change.
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