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I. Introduction

This document presents, summarizes and analyzes the comments
received in vesponse to the EPA Draft Report, '"Determination of Tire
Energy Dissipation-Analysis and Recommended Practices'. These comments
were solicited by distributing the Draft Report at the April 26 meeting
of the SAE Tire Rolling Resistance Subcommittee and by distribution of
the report to MVMA, JAMA, and AIAA.

The distributed EPA report contained two recommended practices for
determination of tire energy dissipation. The first recommended prac-
tice determined the tire energy dissipation by driving an initially cold
~tire at steady speesds. As the tire approaches thermal equilibrium, the
force required to drive the tire decreases; therefore, this procedure
primarily considers the thermal transient behavior of the tire. This
procedure is consequently described as either the quasi-steady state
procedure or the thermally transient procedure. It is characterized by
steady state speeds and slow variations in the measured forces.

The second recommended practice determined the tire energy dis-
sipation as the tire was operated over the transient speed-time cycles
used for the EPA exhaust emission certification tests. 1In this practice,
the speed of the tire, the force required to drive the tire, and the
thermal characteristics of the tire are all transient. Consequently,
this procedure is referred to as the force transient procedure, or

. simply as the transient procedure.

The subsequent comments and the analysis of these comments are
divided according to the recommended practice which was addressed. That
is, either the full tramsient procedure or the simpler thermally tran-
sient procedure. In the first section of this report, a synopsis of
the comments received from each commentor is presented. These comments
are subdivided according to the major topics addressed. In the second
section, the summary of comments, a summary of the comments received in
each major topic is presented. The analysis section discusses and
. analyzes the summarized comments. The final section recommends courses
" of action in each of the areas.

Copies of the original comments, as received, are attached, as is
a copy of the material distributed for solicitation of comments. There-
fore, this document provides a complete record of the EPA and industry
interaction in this important area. ' '

IXI. Comments

Comments were received from Ford, Firestone, GM, MVMA and SAE.
These comments addressed the feasibility of the proposed thermally
transient test procedure, the feasibility of the proposed force tran-
sient test procedure, the desirability of either procedure, and rec-
ommendations suggested by the commentors.



A. Comments on the Practicality of the Proposed Temperature
Transient Procedure

Ford:

"The data handling equipment required for the procedure defined in
Appendix A (Temperature Transient) is generally not available on t1re
test machlnes. '

Firestone:

"No test equipment capable of running either of the proposed EPA
test procedures is currently available. Design and procurement of such
equipment seems unnecessary unless an improvement in results obtalned is
likely."

"The proposed quasi-steady state test would require precise speed
control, increased power to drive the test drum, rapid data sampling at
fixed time intervals and software for data processing. Such equipment
and software would have to be newly developed or acquired."

B. Comments on the Practicality of the Proposed Force Transient .
Procedure

GM:

"The energy dissipation factor would be.expected to have signifi-
cant variability since it is determined from the difference between two
large numbers."

MVMA:

"It (the recommended tranmsient practice) would also be expected to
have little resolution capability since it is derived from the dif-
. ference of two large numbers, both of which are subject to test vari-
ability".

Ford:

"The tire machine required for the procedure defined in Appendix B
- (Force Transient) does not exist. The highly regarded and very elab-
orate Calspan flat belt t1re machine does not have the capability to run
this procedure".

‘Firestone:

"To obtain necessary precision in the proposed EPA transient test,
1arge horizontal forces must be measured and subtracted from one another
with a precision of less than one pound. This is very difficult, if not
impossible, to obtain with any available measurement instruments'



Cc. Comments on the Desirability of Either EPA Test Procedure

"The preferred test, which 1ncorporates both the driven and un-
drlven wheel in combination with the EPA city and highway cycles would
require very expensive equipment and would be very time consuming to
conduct. There is no evidence that a test of this complex1ty is
technically justified at this time"

_ ~"This would be an additional test for industry since it does not
have the general utility needed by vehicle designers to accurately
assess effects of design related parameters (load and pressure)".

"The data resulting from such a test methodology seems to center
around the anticipated needs of the EPA and would be of little value to .
industry for the tire and vehicle design process. As pointed out, the
current methods routinely used for assessing rolling resistance seem to
be satisfactory for at least obtalnlng major de31gn improvements in tire
rolling resistance performance".

Ford:

"The EPA procedure looks at the tire at only one load/tire pressure
point. To adequately evaluate a tire, a range of expected load and
pressure conditions must be evaluated. If a range of pressures and
loads were evaluated, the proposed EPA test procedure would be very
time consuming.' '

MVMA:

"This recommended method would be of little value to industry since
it is too specific in nature (only one test load and inflation pressure).

Firestone:

"The EPA proposed quasi-steady state procedure requires about 45
minutes for each data point and therefore would require at least 225
minutes to provide the five data points covering three loads and three
pressures to produce the data provided by the currently proposed SAE
procedure whlch obtains the same tire data in just 70 minutes to test
time." -

"Any test of a product or machine operating in a transient condi-
tion is inherently likely to prove less repeatable than a test run w1th
the product or machine in equilibrium condition.”

D. Industry Recommendations

SAE'(letter from SAE Subcommitte Chairman, Tom Baker, of UniRoyal) -
"I am disturbed by the fact that the report implies.that existing test



methods are unacceptable and that new ones must be developed. Yet there
is no evidence that existing methods, especially the SAE one that Glenn
helped us develop, have even been tried by the EPA. How then have they
been found unacceptable? 1If there is evidence to that effect, why has
Glenn not brought it to our attention so that we could improve our SAE
approach? None of us on the Subcommittee wants a method which does not
produce meaningful results."

"It seems to me that the credibility of the information provided is
of paramount importance. The credibility of the data is enhanced by the
adoption of a standardized test procedure which has the public endorse-
ment of the technical community known to be knowledgeable on the subject.
Therefore for the good of the EPA program and for the greater probability
of its public acceptance and success, I recommend that the EPA adopt the
tried and proven technology of the SAE Recommended Practice rather than
attempt to invent new tests. I believe the EPA objective will be well
served by the SAE test and we will all be satisfied with the result'.

". . . General Motors recommends that a carefully structured

experiment be conducted to demonstrate the effectiveness of each pro-
cedure to properly rank order a wide range of tires for their effect on
fuel economy. A carefully controlled series of fuel economy tests
having repeated measurements on different road schedules and the two EPA
laboratory cycles can then be used to confirm the fuel economy-tire
energy dissipation/rolling resistance relationship. Analysis of these
data will indicate the degree of deficiency that may result from the
more 51mp11f1ed current 1ndustry practices for evaluating tire perfor—
mance'.

MVMA :

""Before any recommended procedure is adopted, the EPA should
conduct a program to demonstrate that the test method has the ability to
properly rank order a wide range of tires for their effect on fuel
economy. This should then be confirmed by a carefully controlled
series of road and laboratory fuel economy tests having a suitable
number of repeat measurements. This same group of tires should also be
quantified using the current industry practices which incorporate steady-
state rolling resistance and accurately measured vehicle fuel economy
could then be assessed".

Ford:

"It is suggested that the proposed SAE procedure with monitoring of
rolling resistance during warm-up be used for EPA's needs so that tire
rolling resistance in non-thermal and thermal equlllbrlum conditions can
be determined".



Firestone:

""We do have data available that show measurements which correlate
directly with flat surface measurements can be made on a drum as small
as 62.7 inches in diameter but we are not at all sure how far we can go
before drum curvature effects become significant. Further research is
required on this point, but for now we believe that a minimum test drum
diameter of 1.50 meters should be specified".

"Basically, there are known problems with the transient or quasi-
steady state test procedures and it seems logical that we should take on
these problems only if the transient tests have been proven to give tire
values which are either more repeatable or bear a more direct correlation
to actual in-use values than steady—state measurements. Neither of

these proofs exists'
"The fact that the cycle of operation proposed by EPA represents
some particular mode of consumer vehicle operation is not significant

with respect to either the question of repeatability or correlation".

I1I. Summary.of Comments

The following summary of comments is presented in the same subject
categories as were used for the presentation of the comments.

A. Pracficality of the-Proposed Temperature Transient Procedure.

Few comments were received on the feasibility of the proposed
thermally transient procedure. The two comments which were received
stated that equipment commonly available at the present time would not’
be adequate for this procedure. Both commentors on this aspect speci-
fically mentioned the data acquisition and process1ng requirements of
thlS proposed procedure. :

B. Practicality of the Proposed Force Transient Procedure

Many commentors noted that the proposed force transient procedure
would require the measurement and subtraction of the two relatively
large forces; the force into the tire, and the force transmitted by the
tire, to determine the residual dissipated force. Since the desired
quantity is the difference of two larger quantities, most commentors
noted that it is subject to greater variability than the determination
of the rolling resistance of a free—rolllng tire under steady—state
conditions. :

One commentor also noted that they did not believe that any exis-
ting tire test machine was capable of running this procedure.

C. Desirability of Either EPA Test Procedure
The comments received were of the following types.

1. The procedure is more complex than a steady state procedure
and is therefore not desirable.



2. The procedure does not address the effects of load and pres-
sure and is therefore inadequate for the tire industry. If these
“effects are investigated within the current procedure, the test time
required is excessive.

D. Industry Recommendations

The majority of the recommendations received from the commentors
can be summarized as: :

1. An extensive test program should be conducted to insure the
results of the proposed EPA test procedures are indicative of the in-—use
- effects of various tires. : :

2, The draft SAE Recommended Practice for determining tire roll-
ing resistance should be adopted until the results of the above recom-
mended test program are available. One commentor did recommend that the
SAE. procedure be modified to include data collection during the period
of tire warm-up.

In addition to the above general comments, one specific comment was
received, that the minimum roll diameter be specified as 1.5m rather

than the 1.0m currently in the EPA procedure.

IV. Analysis of Comments
A. Practicality of the Temperaturé Transient Procedure

No commentors questioned the feasibility of the temperature tran-

sient procedure; therefore, it is concluded that all commentors con-
. sidered the proposed procedure physically feasible. Several commentors
did, however, express beliefs that the commonly available tire test
equipment is not sufficient for this procedure. Insufficient drive
motors, imaccurate speed controls, and lack of the data acquisition
equipment required by the procedure were all mentioned. The question
about drive motor size and control are somewhat surprising since the
proposed procedure does not demand any higher speeds than current industry
procedures. If the equipment is satisfactory for current industry
procedures, then it should also be satisfactory for the EPA proposed

procedure. The only possible exception is the initial acceleration
" required by the EPA procedure. If this is a problem, the acceleration
rate could be decreased to at least reduce the problem. ’

A potential problem stated by several commentors was that the data
acquisition equipment required by the proposed EPA procedure was not
commonly available on most current tire test machines. Data acquisi-
tion equipment which would be adequate for the proposed test proacedure
has recently been both purchased and rented by EPA. This equipment is
generally available as standard, "off the shelf" hardware, costing
approximately $5 to $10K. This reviewer, therefore, concludes that the
possible current lack of this equipment does not pose a major problem
with the feasibility of the procedure. One tire manufacturer and one
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autoniobile manufacturer have both recently offered to conduct tire

energy dissipation measurements using this proposed EPA procedure.

These offers support the conclusion that the proposed procedure is

generally feasible with much of the current equipment or with minor
modifications to this equipment.

B. Practicality of the Force Transient Procedure.

Several commentors remarked that the force transient procedure was
impractical because the desired parameter, the tire energy dissipation,
is determined by the subtraction of the force transmitted by the tire
from the energy transmitted to the tire, both quantities being larger
than the subsequent difference. Several commentors stated that they did
not believe this procedure could be performed on any existing tire test
machine.

It is an intrinsic aspect of the force transient procedure that the
tire is required to transmit force. Consequently, the problem of
monitoring a small force in the presence of larger forces cannot be
avoided. This is, of course, more difficult than a steady ' state or
quasi-steady state measurement conditions. This does not, however, mean’
that the procedure is not feasible. ' ' '

EPA recently advertised a contract to obtain tire energy dissipa-
tion measurements using this force transient procedure. All proposers
for the contract believed the approach was feasible. The results of
‘this comntract, which was awarded to the Pennsylvania Transportation
Institute, will demonstrate the degree of practicality of this method.
All prospective contractors which responded to the EPA request for pro-
posals did anticipate modifications to existing equipment or construc-
tion of new test machines. This does support the comments that existing
equipment would require modifications or replacement to conduct this
test procedure.

C. Desirability of the Proposed EPA Procedures

. The commentors presented two major points in regard to the proposed
EPA procedures. With respect to the force transient procedure the com-
ment was made that this procedure would require expensive equipment, and
that there was no evidence that such a complex test procedure was
technically justified. This comment is technically correct since few,
if any tire tests have been conducted using the force transient proce-
dure. It does however ignore some available literature data which
indicate that tires may behave differently in force transient conditions
and that a procedure which includes these conditions may be necessary to
accurately reflect the consumer use of the tire. (1)

It has consistently been the position of EPA that the expense and
complexity of the proposed force transient test should be incurred only
if this test is necessary to accurately simulate the experience of the

(1) D.J. Schurlng,A"Rolling Resistance of Tires Measured Under Transient
and Equilibrium Conditions on Calspan's Tire Research Facility. DOT-TSC-
0ST-76-9, March 1976.
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tire in consumer use. Since these data are currently not available, but
should soon be developed as a result of a current EPA contract, it is
concluded that the decis’on about the necessity of a force transient '
. procedure be postponed wuntil the results from the current EPA contract
are available. ' '

Several commentors expressed the opinion that neither of the EPA
proposed test procedures were desirable since they did not address such
design parameters as load and pressure. These parameters were not '
considered in the EPA practice since they are considered to be of
primary interest to the vehicle designer and only of secondary interest
to the EPA question of the tire energy dissipation. While the EPA -
proposed. test does not provide this sensitivity information, it is not
in any direct conflict with procedures to determine these quantities.

D. ~Recommendations Received from the Industry

The most prevalent comment received was that EPA should adopt the
current draft SAE procedure. This simpler procedure only considers the
energy dissipation of a tire with regulated inflation pressure when
operated in thermal equilibrium at a steady speed of 50 mph. The
following comment was typical of those received:

‘ ."Basically, there are known problems with the transient or quasi-
steady state test procedures and it seems logical that we should take on
these problems only if the transient tests have been proven to give tire
values which are either more repeatable or bear a more direct correla-
tion to actual in—use values than steady-state measurements. Neither of
these proofs exists" :

~ Yet the same authors of this comment, D.J. Schuring et al, re~
sponded to the draft SAE procedure with a letter stating:

"The fundamental purpose of an SAE test procedure surely must be to
assess the performance of like products with respect to some aspect of
interest. The end result of running such tests must be to compare
_products one with another so a choice between them can be made or so
.that the uniformity of their performance can be evaluated'.

- "Particularly in this case, we need a test procedure which can be
used to measure the new ideas and products which are being developed and
will be developed over the next few years as part of our high-priority
search for ways to reduce fuel consumption of automobiles"

"The proposed (SAE) test procedure provides the pressure sensi-
tivity and load sensitivity of different tires but provideé no possibility of
measuring accurately whether one tire will fundamentally have a higher
or lower rolling resistance than another." (emphasis added)

There are several apparent significant conflicts expressed in the
above statements which typify the comments received in this area. The
commentors prefer the simpler tests and demand proof that the more com-
plex tests are representative of in-use results before they wish to ‘
experiment with these procedures. However, for the simpler SAE proposed
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procedure no "proof" of representativeness is demanded, even though the
above quotation demonstrates that some members of the SAE Rolling Resistance:
Committee recognize fundamental inadequacies in the current SAE approach.

In the presence of the known current problems of the SAE draft procedure,

it is illogical for EPA to adopt this approach. :

One commentor suggested that the proposed SAE procedure be adopted
with the additional monitoring of the tire energy dissipation during the
warm-up period. If the SAE procedure were modified to include the warm-
up phase of the tire under "capped air" conditions, this suggested
approach would be similar to the proposed EPA procedure. However, even
with this approach, some data manipulation would be required to evaluate
" the tire energy dissipation during periods of the tire warm-up. The
proposed EPA procedure accomplishes this relative weighting by requiring
-operation of the tire over two distinct low and high speed segments.

The average values of the tire energy dissipation may then be conveni-
ently analyzed for each test segment. It is concluded that the proposed
EPA procedure is preferred over either the current SAE procedure, or a
,modified SAE procedure, which would obtain data during tire warm-up. It
is noted that the EPA approach could easily be adopted as the warm-up
phase of the current SAE procedure. This would incure a slight addi-
"tional test time for each tire compared with the current SAE procedure,
but would provide both the desired thermally transient and pressure/load
sensitivity test results. This incorporation of the EPA proposed pro-
cedure as the warm~up phase for the SAE procedure is recommended.

In a different area, one commentor recommended that the minimum
roll diameter should be 1.5m instead of the current lm. It is the
opinion of this reviewer that tire testing techniques should be tending
toward flat bed test machines. The use of a cylindrical test surface
was provided to allow use of most of the current tire dynamometers. The
choice of the minimum diameter was also chosen for this reason. Since
there is no reason to encourage the use of lm test machines, a minimum
test machine diameter of at least 1.5m should be specified if this does
not prohibit the use of current test machines.

V. Conclusions and Recommendations

A. It is concluded that:

1. The proposed force transient procedure is physically feasible,
it may have some variability problems which are not yet resolved, and it
could not be conducted using existing test equipment. It is therefore
concluded that this procedure is not practical at the present time..

2, The proposed temperature transient procedure is feasible, and
can be conducted on many existing test machines. However, addltlonal
data acquisition equlpment may be necessary in some cases.

3. The proposed EPA temperature transient procedure for deter-
mining tire energy dissipation is superior to the proposed SAE proce-
dure for comparing tires in a manrer which is more likely to reflect the
consumer experience of the tire.

4. The minimum roll diameter should be increased to at least 1.5m,
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B. It is recommended that:

1. Efforts be continued to demonstrate the practicality and
possible necessity of the force transient procedure. This work is
currently in progress by contract with the Pennsylvania Transportation
Institute. '

2. The proposed EPA temperature transient cycle should remain as
the recommended EPA practice at the present time. Efforts should be
made to compare the results of this procedure to that of the draft SAE
procedure if SAE retains their current procedure. One tire and one
automobile manufacturer have offered to assist in this comparison, and
these offers of assistance should be accepted.

3. The minimum diameter of the acceptable test surface should be
increased to at least 1.5m, and preferably it should be 1.7m (67 inches).
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Abstract

The vehicle tire has a very significant effect on the fuel cdnsumption~‘
of the vehicle. For example, during low speed operation the tire is the
-major source of external energy dissipation by the vehicie. Because of
the large éffects of the tires and_because significant variations have
been observed among tireé, it 'is important ‘that the vehicles'used for

EPA fuel eéonomy measurements be equipped with appropriate tires.

As an initial step to insure test vehicles are equipped with appropriate
tires, EPA issued Advisory Circular'AC—SSA to require fire information
for those vehiéles for which an alterngte dynamometer power absorption
was requested. This Advisory Circular stated that reqqifing such tire
information, as type, size, manufacturef, sidewali qord materials,'belt
Amaterial, and the number of sidewéllvand belt plies was an interim
approach until a standardized, acceptable test procedure for determining

tire energy dissipation was available.

This report analyzes the currently available methoas and test equipment
for determining tire energy dissipation. It is concluded that a fully
transient brocedure is preferred, however such~a-§rocedure could not be
conducted on equipment in current widespread use. It is however; feasible
to conduct thermally transient measurements on free rolling tires with

the prevailing equipment. Consequently, a Recommended Practicé.for the
Determination of Tire Energy Dissipation -Quasi Steady State Procedure

is provided as Appendix A of this report. In addition, a preferred, -



Recommended Practice{for Determination of Tire Energy Dissipation -

' Transient Procedure is provided as Appendix B.



Determination of Tire Energy Dissipation

I. Purpose

This report presents'test procedures for the determina;ion of tire

energy dissipation infofmation. The determination of tire energy dissipation
information will enable more appropriate, realistic testing of vehicles |

for both exhaust emissions and fuel economy measurements. The decisions

made in developing these test procédures for determination of tire

~energy dissipation are documented in this report.

II. Background

During low speed operation, the tire is the major source of enefgy
dissipation by the vehicle. Conseqﬁently,_the vehicle tire has a very
significant effect on the fuel consumption and emissions (especially

oxides of nitrogen) of the vehicle.

A recent experimental effort reported variations in tire rolling resistance
with respect to tire type, tire size, and tire manufacturer. (1)*-
Cbnsequently, to improve exhaqst emissions and fuel economy fests; EPA
iSSued Advisory Circular AC 55A to require:tire information for those
vehicles fof which an alternaﬁe dynamometer power ébsorption was requested.

This Advisory Circular stated that requesting such tire information as

* Numbers within parenthesis designate references given at the end
-of the paper.



‘type, size, manufacturer, sidewall cord materials, belt material, and
the number of sidewall and belt plies, was an interim approach until a
standardized, acceptable test procedure for determining tire energy

dissipation was available.
III. Discussion

The development of a laboratory test procedure to simulate the "‘real

world" experienée of some device always represents compromiseé between

the simulation accuracy and the fest expediency. The decisions in these
areas must, of course, depend on the purpose the user intends for the
resulting information. This section presents the questions which arose
during the development of-the EPA recommended practices for.tire eﬁergy
diésipatioﬁ determination and thé decisions which were made. The subsequent
sections present the actual recommended procedures for tire energy

dissipation determination.
A. Applications for Tire Energy Dissipation Information
Tire energy dissipation information is desired for the following reasons:

- Support of the EPA exhaust emission certificatiqﬁ'and fuel economy

measurement programs;

- To provide direction, incentive, and reward for the production of

low energy dissipation tires; and



To provide public information and guidance on the fuel economy

effects of tire selection.

The information necessary to suppor; the EPA exhaust emission and fuel
economy measurements is -the most important and immediate'need.for EPA.
During the EPA tests the vehicle tires dissipate approximately 30

éercent of the energy delivered to the vehicle wheels. Thé ghoice.of
tires installed on the EPA test veﬁicles and on the production vehicles
is presently virtually uncoﬁtrolled.* By comparison, test vehicle
inertia simulation and the»dynamometef power absorption each have approx-
imately the same effect on the vehicle energy.dissipétiOn over the.
composite of the two cygles as do the vehicle tires...Each of these two

parameters, however, is controlled to approximately + 3 percent.

EPA awareness or éontrol'of tire selection for tﬁe test vehicléé is only
_important if variations exist among tires. This has been investigated
and average differences of approximately 25 percent were observed between
tire types. Within tire types, significant variations by manufacturers

were observed as were variations by tire size. (2)

The second reason for EPA interest, to provide incentive and reward for
the use of low energy dissipation tires is of major importance, but not
quite the same immediate concern as the previous reason. This incentive,

_at least for OEM tires, already exists in the fuel economy standards.

* Some control does exist over tire selection in the case of vehicles
using requested alternate dynamometer power absorptions. However,
even this control is based on such parameters as tire type, size,
manufacturer, etc., and does not directly consider the tire energy
dissipation.



The important aspect is to focus the tire developmenﬁ efforts toward

improved tire performance for the consumer.

The third reason, to provide public information and guidance.on fhe fuel
ecénomy effects of various tires, is probably the‘most imﬁortant long
range goal. Thisbarea is extremely imbortant-for fuel conservation
becauée of the important role of the tire.on fuel consumption, and since
approximatelyv80 percent of all tires sold are aftermarket replacement
tires. Even with the potential national importance, this'goal-must be
considéred as secondary for EPA compafed to supporting current programs.
The important aspect is to avoid EPA actions or decisions which might

éompromise this long range objective.‘
B. Tire Test Approaches

Practices for tire testing range from energy dissipation measureﬁents

under steady state free rolling conditiopé to measurements uﬁder éonditioﬁs
which simulate the tire experience on the vehicle. The major difference

is that simulation of the tire experience on a vehicle mgsﬁ involve
transient conditions and transmitted forces which are noﬁ present in the
simpler s&eady state practices. The following chart outlines the transienﬁ

versus steady state differences.



Steady State

- Warmed up tire
Constant inflation pressure
Free rolling tire

Steady speed

. Vehicle Simulation

Initially cold tire, tire temperature increases
during the test '

Inflation pressure increases as the tire
temperature increases

Forces transmitted by the tire (driving
and braking) ' '

Transient speeds

In addition to the transient versus steady state question, the question

of a dynamometer roll or wheel versus a flat surface belt type test

machine must be considered.

following sectiomns.

Alltof these areas will be discussed in the

1. Initially Cold Tire vs. Warmed Up Tire

Tire energy dissipation significantly decreases as the tire warms up, as

shown in Figure 1. (3) This effect occurs for two reasons. As the tire

warms up, the temperature of the contained air increases, which results

in an increase in inflation pressure and a subsequent decrease in the

tire deflection.. In addition, the rubber hysteresis decreases with

increasing temperature, therefore the energy dissipation for a given

deflection also decreases with increasing tire temperature.

Any tire test which attempts to simulate vehicle use must start with a

cold tire. Depending on the length of the test period, a temperature

transient test procedure may have the advantage of requiring less total

test time than measurements on a tire at thermal equilibrium since
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light—dutyvvehicle tires require approximately 30 minutes to reach

thermal equilibrium.

The disadvantage of the thermally transient test is that multiple or
continuous data sampling is required during the test. Also, the thermal
experience of the tire prior to the test becomes a significant factor in

the test results.

The thermally transient cycle.is'considefed preferred,for thé EPA
recoﬁmended practice because of the improved simulation of the.normal
tire experience. For example, cohsidering the data of Figurq'l,Athe
tire energy dissipation at thermal equilibrium is about 20 percent lower
than the average tire energy dissipation over the first 20 minutes of

the tire operation.
2. Inflation Pressure Build vs. Constant Inflation Pressure

This question is strongly relatedAto the transient tempgrature_ﬁuestion
since the temﬁerature effect is primarily a temperature-pre;sure effect.
If simulation of the tire experiencé on the vehicle-is important, then
the effects of the'inflation pressure'in:reaée with increasing tem-
perature must be ;onsidered. "As in the previous case, no méjor dis-
advantages are incurred with a test>préctice-of this pature,-therefore
this is considered to be the preferred method.” Separation of this

effect into individual temperature and pressure effects is difficult and
is artificial since the separation does not océur dufing consumer vehicle

use.



3. Forces Transmitted by the Tire vs. the Free Rolling Tire

When the tire is used on a vehicle, all tires often transmit negative
(braking) forces. In addition, the drive tires must transmit the

positive drive forces.

Unfortunately, measuring the tire energy dissipation for a tire under
tractive effort is considerably.more difficult than measurements on a
free rolling tire. ‘This difficulty occurs because the transmitted
tractive forces are much greater than the tire energy dissipation forces.
In effect two largé quantities, the input force and the oufput force,
must both be measured and then'subtfécted to obtain the smail difference
whiéh is the fire énergy dissipation. For example, the forée_necessary
to maintain a vehicle at a steady 50 mph are typically 100 to 150 pounds
at the road-drive tire interface. During accelefations the forces may
approach 1000 pounds. By comparison the drive tire diséipation forces

would typically be 30 pounds.

Because of the greater difficulty in performing tire energy dissipation
measurements oﬁ tires trénsmitting forces, few facilitiés exist which
can conduct such tests. Consequently, the:e is Qery littie information
in the literature on tire energy dissipation during force transmission.
Héwever, limited data reported by Caispan for a single tire:indicates
that tiré energy dissipation increaseé.as the tractive effort of the
tire increases. (4) A plot of thése data is presented in Figure 2. 1In

general, this is to be expected since the tire undergoes greater deformation
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when transmitting high forces and this deformation must result in greater
tire energy dissipation.. Consequently, energy dissipétion measurements
on free rolling tires probably underestimate the tn—road tire energy
dissipation. In addition, there is reason to.believe that tires with
différent construction parameters, such as ply angle, or.different cord

métérials, may behave differently when transmitting force. (5)

In general, measurements of tire energy dissipation when the tire is
transmitting force would be the preferred test method. However, at the.

present time this is not considered practical for most test facilities.
4. Transient Speed vs. Steady Speed

In typical consumer use, vehicle tires are operated in speed traﬂsient
modes.-'Therefére, from the vehicle simulation standpoint, é speed
transient test is desired. The forces responsible for tire energy
dissipation ére, however, relatively speed independent, atAleast for
moderate speeds. .(6) Thérefore, theré is reduced need for a speed.
transient cytle to consider direct speed induced effects 6n the tiré
rolling resistaﬁce. The tire power dissipation however does increase’
with speed since the power is the product of the force and velocity.
Therefore the rate of energy dissipation and the rate at which heat is
generated in the tire does increase with vehicle speéd. .Consequently,
the thermal experience of the tire may be speed.dependéntvevén if the

forces are not. -



The speed transient experience of tires in coﬁsumer use is primarily
important because the drive tires are the vehicle mechanism for génerating
the transient thicle.speeds and this requires the tires to transmit

large forces. ‘Consequently,'for a tire test procedure, a speed transient
éydle is primarily important if this is used aé a method of requiring

the tire to transmit large.forces;' Therefore; the question of a speed
transient cycle for a tire test is really the same as tﬁe previous

question of tire force transmission.

A speed transient test,.with mechahical inerﬁia.simulation, does have

some advantages as an approach for generating transmitted forces. .The
primar§ advantage is that the inertia sygtem is basically.energy "conservative'.
That is, energy suppliéd by the tire to accelerate the flywheels will be
returned to the tire dufing deceleratién. Consequeﬁtly only the net
énergy supplied to the tire must be measuréd and the load forces supblied
to the test machine byvthe inertia simulation need not.bebmonitored. In |
éffect the flywheel approach eliminatés the need to measure fwo large
quantities and compute a diffefence.' Consequently only one transducer
need be calibrated with great precision. Even here somé reduc&ion in
fransducer precision may be toleréble as long as the response is symmetric
in traction and braking. The only diéadvgntage is that the flywheel
bearing losses must be known to compensate for the measufed energy

‘dissipation. '

The mechanical flywheel, speed transient approach is the preferred

approach since this method requires the tire to transmit tractive



force, correctly simulates the rate of energy dissipation during consumer

use and appears to have potential test machine advantages.
5. Flat Bed vs. Dynamometer Wheel

The final question is the advantages of a flat bed test machine versus a

cylindrical test wheel.

The flat bed has thekobvious advanéage of being the logicél eﬁu;valeﬁt
of the road surface. There are also significant eﬂgineering édvantages
to a flat belt test machine., The ﬁajor advantage is that the tirxe
energy'dissipation is different on a flat éurféce versus a cylindrical-
surface. Consequently; correction factors must be used to comﬁare data
from curved surface test machines to flat_surfaée resﬁlts. (7) Also;_-
éonversion factors must be used to compare data from curved surface
machines of different diameters or even to compare curved surface data
collected by different types of transducers, i.e.;-torque‘versus force
Sensors. These_corréc;ion factors are, on the avéfage, reasonably
accurate for a large collection of tires. However, théy may not be
precisely accurate for any given tire. Consequently, tires may rank
differently for different cylindrical surface test ﬁachines. >Conversely,
however,.all flat bed machines should, at least, rank tires in.the same

order.

The disadvantages of a flat bed machine are their cost and availability.

Only one sUch-device, the Calspan facility, is currently commercially



active. A smaller flat bed test facility, the prototype for the.Calspan
machine, exists at the University of Pennsylvania. In addition, General

Motors has a flat bed tire test facility currently under construction.

Even though the flat bed approach is the preferred method, the limited
availability of these test machines precludes extensive use of this type

of tire test apparatus in the near future.
IV. Conclusions

- The preferred tire test procedure should be thermally transient, require
the tire to transmit torque, and should be conducted on a flat test
surface. However, wide usage of such a procedure is not practical at

the current time because of test facility limitations.

Since EPA.has a definite, immediate need for tire energy dissipation
information, a recommended practice for obtaining this information on
available facilities is necessary. The capabilify limitations of those
facilities which are widely available at this time preclude measurements
~on tires which are transmitting force. Therefore a simpler proéedure
‘Vhich cén be pefformed in the majority ofbthe‘existing facilitieS'should
be coﬁsidered. This brocedure should be a thermally pransient, steady
state speed measurement of’free.folling tire energy dissipation on a
cylindrical test machine. It is concluded that such an.approach can
yield useful information, at least,.when_comparing tifes tested at one
facility. A recommended practice 6f.this nature is presénted as Appendix

A of this report.



It is also concluded that there'are pdtential~problems in any procedure’
which only considers free rolling tires on a cylindrical surface.l For
this reason data collection by more preferred procedures should be
'encduraged. Consequently, a récommended practicé for determinétion'of
tire energy'dissipation when the tires are transmitting forces to a flat
surface should be provided for eventual use; This fully transient test.

procedure is presented.as Appendix B of this report.
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Appendix A

‘Recommended Practice for Determination of Tire Energy

Dissipation — Quasi Steady State Procedure




This recommended practice provides a progedure to determine tire energy
dissipation for a free rolling tire at primarily steady state speed but
considering the thermally transient nature of the energy diséipation

during the tire warm up.
A. Test Dynamometer Requirements

The'fest dynamometer shall be a large diameter (greater than.1 m)
cylindrical surféce machine. The:test machine shall be capable of
suﬁplying a force on the tire perpendicular to the test éurface.and be
“able to measﬁre the torques required to rotateAthe-tire. Duriné this
process tﬁe machine must be éapable of maintaining a constant spéed,,and
capable of measuring tﬁis speed énd the peripheral distanée traveled by

the test surface.

1. Verticél force -~ The test macﬁine~shall be capable of imposing
constant forces.between 2000 nt and 8000 nt on the tire perpendicular to-
the test surface. The machine shall be capable'of‘maintaining the load
on tire constant te within + 40 nt and shall be.capable of measuring

this load to within + 10 nt.

2.. Tire Dissipation Forces‘f The test machine shall be capable of
measuring the torques required to rotate the test tire to within +

2 nt-m (1 ft-1b).

3. Test Speed - The machine shall be.capable of maintaining the desired -

test speed to within + 1 m/sec (2 mi/hr) and shall be capable of measuring



this speed to within + 0.1 m/sec. (0.2 mi/hr)

4.  Loaded Radius - The test machine shall have a method of measuring
the loaded radius of the tire; that is, the perpendicular distance from
the axis of rotation of the tire to the test surface. This distanée

measurement shall be accurate to within + i mm (+ 0.05 in.)

5. The Test Surface - The test surface of the machine shall be a

bonded abrasive aggregate of approximately number 80 grit.
B.  The Test Cell Requirements

The requirements for the test cell, is that the ambient temperature be
well controlled. In addition, the support services of compressed air
should be available for tire inflation as should the necessary gauges to

measure tire inflation.

1. Temperature ~ The temperature in the test cell and in any area used
to store the tire within four hours prior to testing shall be maintained

at 20°C + 2°C (68°F + 4°F).

2. Tire Inflation Pressure Gauges - The gauges .used to measure the
tire inflation pressures shall be accurate to within + 0.5 kPaG (+ 0.07

psi).



C. TesﬁlProcedure

The test procedure consists of the foilowing‘steps:

- Tire break-in

2 Equilibration of Fhe tire to'thé test ambient temperature
- Installation of the tire on the test machine

- Operation of the tire over the test cycle

1. Tire Break—In»— The test fires shall be mounted on appropriate rims
and shall be operated for a minimum of.100 km and a maximum of 500 km
prior.to testing.  An appropriate rim is one of an approved contour and
width as specified for the test tire in the current yearbook of the Tire
and Rim Associétidn Inc. The tire break-in may be conducted with a
vehicle on a road or track surface, or may be.accumulated on the tire
"test machine. During the break-in period, tﬁe compressive load on the

tire shall be at least 807% of the maximum design load of the tire.

2. Eqdilibration to the Test Temperature —lAftef tire break-in the

tire shall be stored in an environment of 20°C + 2°C for a minimum of

four hours preceeding the test. During tﬁis period the tire inflation
pressure should be checked and adjusted if necessary to the cold inflation
pressure for the teét. ' The test inflation pressures shall be the |

appropriate design cold inflation pressures specified in the current



Yearbook of the Tire and Rim Association Inc. for the tire size and
load. Any adjustment of the inflation pressure should occur apfrox—
imately one hour before the test period to provide adéquate time for any

air introduced into the tire to reach the equilibrium temperature.

3. Installation on the Test Machine -~ The tire shall be installed on
the test machine and the load on the tire perpendicular to the test
surface shall be adjusted to 80%Z of the maximum design load of the tire,

lfor the test-pressure. The élignment of the loaded tire shall be:
- Perpendicular tb‘the test surface + 1°

- | Slip angie 0+ 0.25°

- Cambef angle 0° ii0.50°

At this time the inflation pressure of_the tire‘shall be checked and
recorded. The tire inflation pressure may be adjusted, up to a maximum
- adjustment of 10 kPa (1.5 psi) at this time. Tire inflation shall be

correct to within + 1 kPa (0.15 psi)

4. ‘ Oﬁeration Over the Teét Cycles.— The test machine shallibe accelerated
from rest to ghe test speed of 10 m/sec at fhe approximate rate of 1

m/secz.‘ The test speed of 10 m/sec shall be maintained for 1,200 seconds

(20 min.), ;fter whichvthe tire shall be brought to a stop with a deceleratién

rate of approximately 1 m/secz. A graphical representatibn of this test

cycle is given in the attachment of this appendix.



The tire shall then be allowed to remain at rest on the test machine for

600 seconds (10 minutes).

After completion‘of the 10 minute stationary phase the tire shall be
accelerated from rest to a speéd of 20 m/sec at the rate-of'i m/secz.

The test speed of 20 m/sec shall be maintained for 800 seconds (13.33
lminutes) after which the tire shall be brought to a stop with a deceleration
rate of 1 m/sec. A graphical representation of this test c&cle is

included in the attachmeh; of this Appendix.

During all steady spéed test phases the torques necessary to rotate the
tire and the velocities of the test surface shall be measured. . These
data shall be recorded, preferably each second, but a minimum frequency

of once every five seconds is acceptable.
D. Data Analysis

The data analysis consists of tﬁree steps, computation of the total

~ energy required for each cycle, subtraction of the energy dissipation
from the residual frictién of the test macﬁiﬁe to determine.the net tife
energy dissipation and finally.the computation of an energy dissipation :

coefficient.

1. Computation of the Total Energy Dissipation - The torque necessary
to drive the tire shall be multiplied by the angﬁlar velocity of this
shaft transmitting the drive torque to determine the instantaneous

power. That is:



the power dissipated during the ith time interval

where: P, =
. ,th . . :
Ti = the torque measured during the i~ time interval
: . th . .
w; = the angular.velocity during the i time interval

The instantaneous powers'shall then be multiplied by the sample time

period and summed to give the total energy dissipation over each test

cycle:
Es =.§ pitl
i
-where:
~Es = the total system energy dissipation
ti = the length of the ith time interval

2. The Tire Energy Dissipation - The tire energy dissipation shall be
calculated from the total system energy by subtraction of the energy

dissipation caused by the mechanical friction of the system. That is:

where:
Et = the tire energy dissipation
E, = the énergy dissipation caused by friction in the test machine



The methods used to determine Ef

will depend or: the specific design of
the test machine. The quantity Ef should, of course, only include those -
friction 1035eé which were included in the measurement of‘ES. If the

quanity E_ varies with time during the test cycle this variation must be

f

_considered.
A specific energy dissipation coefficient can now be computed from the
tire energy dissipation of each cycle by dividing this quantity by the
total distance the test surface traveled and by the load on-.the tire
perpendicular to this surface.

e = Et/LD

where:

o
i

specific energy dissipation coefficient

the load on the tire normal to the test surface

(ol
I

"D = the distance traveled by the test surface

It should be noted that e is a dimensionless coefficient‘and is equivalent

to the average rolling resistance coefficient over the test cycle.
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Appendix B

Recommended Practice for Determipation of. Tire

Energy Dissipation -~ Transient Procedure



This recommended practice provides a procedure to determine tire enerxgy
dissipation under transient conditions. This recdmmgnded practice
closely simulates the tire experience on consumer vehicles. Coﬁse—_
quently it considers both driving tires exerting tractive forceé and
ﬁon—driving orlfrge rolling tires. The EPA driving cycles are chosen as

test .cycles representative of consumer vehicle use..
A. Test Dynamometer Requirements

.The tire test machine (dynamometer) should be a flat belt machine which
can accommodateltwo tires, one tire representing the vehicle driving
tire and one representing-the non-driving tire. Each tire'shallireceive'
a force normal to the test surface which is. equivalent to 80% of its
load rating. The system should be driven by driving one tire, the
"driving tire'" such that the peripﬁeral velocitykbf the test surface
corrésponds to thg EPA -driving schedules. Graphical plots and speed
versus time iistings for each of the driving schedules are provided as
an attachment to.this recommended practice. The torque or force requirement
of the driving tire shall be measured during each second of the driving
schedules. The tire forces and the instantaneoué veldcity of the test

surface shall be recorded throughout the cycle.

1. Vertical force - The.test méchine shall be capable of imposing
constant forcés between 2000 nt and 8000 nt on the tire perpendicular to
the test surface. The machine shall be capable of maintaining the load
on tire constant to.within + 40 nt and shall be capable of measuring

this load to + 10 nt.



2.. Tire Dissipation Forces — The test machine shall be capable of

measuring the forces required to drive the test tire to within + 1 nt.

3. Test Speed - The machine shall be capable of maintaining the
desired test schedule speed to within + 1 m/sec (2 mi/hr) and shall be

capable of measuring this speed to within + 0.1 m/sec. (0.2 mi/hr)

4. Inertia Simulation - The tire.test dynamometer shall be adjusted to
apply an inertia simulation appropriate for a vehicle with a mass equivalent
-to the total normal load upon fhe test tires. That is, of the available
increments of simulated inertial mass, that simulated'inertia which is
nearest to fhe total normal load force-on the tires divided_by'the

~gravitational constant (9.80m/sec2) shall be selected.

The inertia increments shall be 50 kg or less and the acéuracy of the

inertial simulation shall be within + 1 kg of the selected inertia:

5. Loaded Radius - The test machine shall have a method of measuring
the loaded radius of the tire; that is, the perpendicular distance from
the axis of rotation of the tire to the test surface. This distance

measurement shall be accurate to within + 1 mm (+ 0.05 in.)

6. The Test Surface - The test surface of the machine shall be a

bonded abrasive aggregate of approximately number 80 gfit;



B. The Test Cell Requirements

The requirements for the test cell, is that the ambient temperature be
well controlled. In addition, the support services of compressed air
should be available for tire inflation as should and the necessary
gauges to measure tire inflation.

1. Temperature — The temperature in the test cell and in any area used
to store the tire within four hours prior to testing shall be maintained

at 20°C + 2°C (68°F + 4°F).

2. Tire Inflation Pressure Gauges - The gauges used to measure the

tire inflgtion'presgures shall be accurate to with + 0.5 kPa (0.07 psi).
C.  Test Procedure

The test précedurg consists of thé'following steps:.

- 'Tire.break-in

- Equilibration of the tire to the test ambient temperature

- Installation of fhe tire on the test machine

- Operation of the tire over the test cycle



1. Tire Break-In - The test tires shall be mounted on appropriate rims
and shall be operéted for a minimum §f 100.km and a maximum of 500 km
p;ior to testihg. An.appropriate rim is one of an approved contour and
‘width as specified fﬁr the test tire in the current yearbook of the Tire
and Rim Association, Inc. ‘The tire break-in many be conductéd with>a
vehicle on a road or track surface, or may be accumulated on the tire
test machiné. During the bréak—iﬁ period, the vertical load on the tire

shall be at least 80% of the maximum design load of the tire.

2. Equilibration to the Test Temperature - After tire break-in the

tire shall be stored in an environment of 20°C‘i.é°C‘for a minimum of

four hours preceeding the test. -During this period the.tire inflation :
pressure should be checked and adjusted if necessary to the cold inflation
pressure for the.test. The test. inflation pressures shall be the appropriate
design cold inflation pressure specified in the current Yearbook of the

Tire and Rim Associatioh, Inc. for the test tire size and load. Any .
adjustﬁent of the inflation pressure should occur prior.to the last hour

of the temperature equilibration period to provide adequate time for any

air introduced into the tire to reach the equilibrium temperature.

3. Installation on the Test Machine - The tire shall be installed on
the test machine and the load on the tire perpendicular to the test
surface shall be adjusted to 80% of the maximum design load of the tire.
The alignment of the loadéd‘tire shall be:

Perpendicular to the test surface + 0.30°

- _Slip angle 0 + 0.25°



Camber angle 0° + 0.50°

At this time the inflation pressure of the tire shall be finally checked

and recorded. The tire inflation pressure may be adjusted up to a

maximum of 10 kPa (1.5 psi) at this time. . Tire inflation pressure shall

be correct to within + 1 kPa (0.15 psi)

4.

Operation Over the Test Cycles -

a. The tires shall be operated over the cold transient portion of

the EPA urban driving schedule (the first 505 seconds).

b. »The tire shall be operated over the hot stabilized portion of
the EPA urban.driving schedule (from the 505 to the 1371 second

points).'

c. The tires shall be allowed to '"rest" on the test machine for
10 minutes and then the first 505 seconds of the EPA urban cycle

shall be repeated. This is the hot transient segment of the test.

d. After completion of the second 505 seconds of the EPA urban
cycle the tires shall be immediately operated over the EPA Highway

Fuel Economy Cycle.

During all dynamic test phases the force necessary to drive the tire

shall be monitored as shall the velocities of the test surface. These

data shall be recorded, each second.



D. Data Analysis

Tﬁevdata anaiysis consists of three steps, computation of the total
energy required for each cyle, substraction of the enérgy.dissipatiOn
from the residual friction of the fest machine to determine the net tire
‘ene;gy diésipation an& finally the compﬁtation of an eﬁergy dissipation

coefficient.

1. Computation of the Total Energy Dissipation — The force necessary
to drive the tire sﬁall be multiplied by the test surface velocity to

determine the instantaneous power. This is:
= f v,
‘pi ii

where:

. . .th |
" the power required during the i~ interval

Pi =
- . - .th
fi = the force measured during the i~ interval .
: . .th |
v, = the velocity of the i interval

The instantaneous powers shall then be multiplied by the sample time
period and summed to give the total energy dissipation over each test

cycle:



where:

Es = the total system energy dissipation
' .th . .

t., = the length of the 1 time interval

2. The Tire Energy Dissipation - The tire energy dissipation shall be
" calculated from fhe total system energy by subtraction of the energy

dissipation caused by the mechanical friction of the system. That is:

where:
Et = the tire energy dissipation
£ the energy dissipation caused by friction in the test machine

during the test cycle.

The methods used to determine E_ will depend on the specific design of

f

“the test machine. The quantity E_ should, of course, only include those

f

friction losses which were included in the measurement of Eé. If the -

f,varies with time during the test cycle, this variation must

be considered.

quantity E



A weighted average energy diséipétion coefficient cén now be'computed
for the urban cycle by dividing the total tire energy dissipation by
the total diéténce the fest surfacé traveled and by the total loadlon
the tires perpendicularvto this surface;

e, = 0.43 [(E

ct + Est)/(Dct + Dst)L]

+ 0.57 [(Eht + Est)/(Dht + Dst)L]
where:
e, specific energy dissipation coefficent for the urban cycle

'Ect = "~ the tire énergy dissipated over the initial segment of the

urban test cycle (4a)

ESt = the tire energy dissipated over the second test segment of the
urban cycle (4b)

DCt = the distance traveled during the initial segment of the urban
test cycie (4d)

Dét = the distance traveled during the second segment of the urban

cycle. (4b)

L = - the total load on both. tires normal to the test surface



the tire energy dissipated over the repeat of the first urban

Fne

test segment (4c)

Dht = -the distance traveled over the repeat of the first urban test

~segment (4¢c)

0.43 and 0.57 are the weighting factors representing 43 percent of all
urban trips as starting with initially cold tires and 57 percent of

urban trips starting with warm tires.

It should be noted that e, is a dimensionless coefficient and is equivalent
" to the average rolling resistance coefficient over the urban test

cycle.
An average energy dissipation coefficient can be computed for the

highway cycle in a similar, but simpler manner. This energy dissipation

coefficient is:

eh = Ehw/thL

where:
eh'= the energy dissipation coefficient for the highway cycle
Ehw = fhe energy dissipation over the EPA highway cycle

D = the distance traveled over the highway cycle



L= the total load on both tires normal to the test surface

The energy dissipation coefficients for the two cycles can be harmonically
averaged to yield a composite energy dissipation coefficient. The

composite energy dissipation coefficient is given by:

¢ 0.55 0.45

where:

the composite energy dissipation coefficient

o
]

0.55 and 0.45 are thelweighting factors based on 55 percentvof all
mileage represented by the urban cycle and 45 percent of all mileage

represented by the highway cycle.
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Attachment II

Comments Received in Response

to the EPA TECHNICAL REPORT

"Determination of Tire Energy
Dissipation Analysis and '
‘Recommended Practice"
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Socie'ty of Automotive Engineers, Inc.

Committee: Rolling Resistance Subcommittee Reply To: ‘C«P. Baker
6600 E. Jefferson
Detroit, Michigan

June 7, 1978

Mr. Charles L. Gray

Acting Director,

. ‘Emission Control Technology Division

United States Environmental Protection Agency
" Ann Arbor, Michigan 48105

Dear Mr. Gray,

I have reviewed the technical report entitled "Determination of Tire

" Energy Dissipation-Analysis and Recommended Practices" by Messrs Burgeson

 and Thompson, which was distributed to the members of the SAE Rolling Re=-
sistance Subcommittee at its last meeting, April 26 by Mr. Thompson and
yourself. My observations are as follows:

As you know, the SAE has developed a rolling res:.stance test procedure
which is now at the balloting stage in the Highway Tire Committee. It will
become an official SAE Recommended Practice within a few months. Glenn
Thompson is a member of the Rolling Resistance Subcommittee and as such has
helped us develop our procedure.

I am sure that Glemn is avware that the objectives of the technical people
who have participated in this endeavor are identical with those stated in the
report as EPA objectives, i.e. to obtain test results which are meaningful and
valid in what Glenn calls the “real world". Unfortunately, Glenn assumes that .
the ideal way to achieve these objectives must be "the development of a
. laboratory test procedure to simulate the *real world' experience” of the tire.
In this respect I think that he is at odds with the rest of the technical
community. Simulation is often a good approach, but not necessarily the best
one. . : . '

I am disturbed by the fact that the report implies that existing test
methods are unacceptable and that new ones must be developed. Yet there is
no evidence that existing methods, especially the SAE one that Glenn helped
us develop, have even been tried by the EPA. How then have they been found



Unacceptablet? If there is evidence to that effect, why has Glenn not brought
it to our attention so that we could improve our SAE approach? None of us on
. the subcommittee wants a method which does not produce meaningful results.

, ' The EPA's primary objective as stated in the report is "to provide public
information and guidance on the fuel economy effects of variocus tires". It
seems to me that the credibility of the information provided is of paramount
importance. The credibility of the data is enhanced by the adoption of a
standardized test procedure which has the public endorsement of the technical
community known to be knowledgable an the subject. Therefore for the good of
the EPA program and for the greater probability of its public acceptance and
.success, I reccmmend that the EPA adopt the tried and proven technology of the
SAE Recommended Practice rather than attempt to invent new tests. I believe
the EPA objective will be well served by the SAE test and we will all be
satisfied with the result,

If on the: other hand the EPA uses the SAE method and discovers that the
test results do not adequately rank tires for their fuel economy effects, then
the EPA will have performed a valuable public service by showing us all that
we are on the wrong track and that a better method is needed.

As for the two test procedures described in the appendices of the report,
they are innovative and intriguing. I would like to see them used experimentally

so that they could be evaluated against existing methods. Further discussion
- in the absence of data can be little more than speculative comment.

T.P. Baker
Chairman

[mib

cc: Rolling Resistance Subcommittee



Engineering Staff
Current Product Engineering
General Motors Corporatinn

June 6, 1978

"Mr. Charles L. Gray
. Acting Director _
Emission Control Technology Division
U.S. Environmental Protection Agency
Ann Arbor, MI 48105

Dear Mr. Gray:

Attached are my comments you requested on the proposed draft on the
"Determination of Tire Energy Dissipation - Analysis and Recommended
Practices." We would be pleased to meet with your staff to discuss
this in more detail if you should find this desirable.

Sincerely,

%-/K%LG . ([: 24{:90—4&\'

Richard C. Moore
Tire-Wheel Systems

/kv

attachment

cc: K. G. Peterson
F. D. Smithson _
G. J. Barnes - Environmental Activities Staff
T. Baker - Uniroyal -



GENERAL MOTORS RESPONSE TO EPA DRAFT ON "DSTERMINATION OF TIRE
ENERGY DISSIPATION - ANALYSIS AND RECOMMENDED PRACTICE"

" General Motors agrees with the EPA that tire development should be focused
toward improved fuel economy for the consumer. ‘We also recognize that in the

. real world, tires are continually operating in a complex domain of transient
conditions. Some of these are temperature, pressure, speed, load, driving,
braking, steering, road surface irregularities, and tire wear. The technical-
challenge upon industry is to improve vehicle fuel economy in general and to
meet federal fuel economy standards in particular. Recognizing that tires
play a significant role in vehicle fuel economy, then it becomes imperative
that test methodologies be established that can effectively assess the principal
performance characteristics of tires that relate to vehicle fuel consumption.
We don't think that there is a practical way at this time to address all of
the real world transient conditions that tires experience. However, steady
state tests utilizing free rolling tires have been developed and the resulting
data provides good correlation with vehicle fuel economy tests. The success
of these correlations lead us to believe that a relatively simple steady state
test would provide more meaningful results in the near future than a more
complex test procedure.

There are several concerns regarding the proposed EPA tire energy dissipation
test procedure. The data resulting from such a test methodology seems to center
around the anticipated needs of the EPA and would be of little value to industry
for the tire and vehicle design process. As pointed out, the current methods
routinely used for assessing rolling resistance seem to be satisfactory for

at least obtaining major design improvements in tire rolling resistance perfor-
mance. The improvements in drive torgque and transient effects which are not
already suitable reflected from improvements in steady state performance will
‘be addressed when suitable laboratory facilities become available. We are
unaware of any instance today where tire improvements based on steady state
measuring techniques would be misleading as it relates‘to road fuel economy .

Some of the additional concerns regarding the proposed procedure are summarized
as follows:

e The energy dissipation factor would be expected to have significant varia-
bility since it is determined from the difference between two large numbers.

. ® This would be an additional test for industry since it does not have the
general utility needed by vehicle designers to accurately assess effects
of design related parameters (load and pressure).

e The preferred test which incorporates both the driven and undriven wheel
in combination with the EPA city and highway cycles would require very
expensive equipment and would be very time consuming to conduct. There
is no evidence that a test of this complexity is technically justified

~at this time. '

e Transient type testing as proposed has many unresolved concerns that need
careful investigation. For example, what are test variabilities, data
resolution, effect of finned aluminum wheels (high heat transfer), drum
and wheel inertias, and speed tolerances.



The last and principal concern is the implication that steady state measure-
ment methodology will result in misleading information that is directionally
wrong for improved fuel economy for the consumer. Since the ability of the
proposed procedure to accurately and repeatably rank order tires for their
relationship to vehicle fuel economy is unknown, then General Motors rec-
ommends that a carefully structured experiment be conducted toc demonstrate
the effectiveness of each procedure to properly rank order a wide range of
tires for their effect on fuel economy. A carefully controlled series of

. fuel economy tests having repeated measurements on different. road schedules
and the two EPA laboratory cycles can then be used to confirm the fuel
economy - tire energy dissipation/rolling resistance relationship. BAnalysis
of these data will indicate the degree of deficiency that may result from
the more simplified current industry practices for evaluating tire performance.



WASHINGTON © NEW YORK
1909 K STREET, NW.. SUITE 300 366 MADISON AVENUE

MOTOR VEHICLE MANUFACTURERS ASSOCIATION

of the United States, Inc.
.300 NEW CENTER BUILDING e DETROIT, MICHIGAN 48202 o AREA 313-872-4311

S. E. KNUDSEN, Chairman
V. J. ADDUCI, President and Chief Executive Officer
THOMAS H. HANNA, Vice President

May 31, 1978

Mr. Charles L. Gray

Acting Director :

Emissionh Control Technology
Division :

U.S. Environmental Protection
Agency :

Ann Arbor, Michigan 48105

Dear Mr. Gray:

The MVMA Ad Hoc Subcommittee on Tire Energy Dissipation
has reviewed the draft EPA report entitled "Determination of
Tire Energy Dissipation -- Analysis and Recommended Practices".
-Pursuant to that rev1ew, we submit the following comments for
your consideration.

MVMA is in general agreement with EPA that tires play a
significant role on a vehicle's fuel economy. Also recognized
is the importance of focusing future tire development toward

- improved fuel economy for the consumer. EPA must establish
procedures and methodology for determining vehicle fuel economy,
and, if these determinations are to be of value, a method of
assuring that test components are representative of actual
production is important. The industry's role is to furnish
test vehicles having components that represent design intent
since many components are not yet in full production.

The new concept pursued by EPA, as evidenced by the
‘subject draft, is to quantify certain tires utilized during
the vehicle certification process. These data are intended-
to support the emission certification and fuel economy programs.
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It could be used by EPA in two ways: 1) by selecting tires

to be used in laboratory fuel economy measurements, or 2) to
be used for future reference when vehicle audits are conducted
and energy dissipation data are obtained for compllance -on
productlon tires. :

As stated in the discussion of the subject draft, the
reasoning by EPA to have a method "to provide direction,
incentive and reward for the production of low enexgy dlSSlpatlon
- tires" has been previously recognized by industry, and a
relatively uniform cost effective procedure has been developed
by SAE and is out on ballot for approval at the present time.

The approach proposed by EPA to determine a tire's energy -
dissipation characteristics includes the transient behavior
of tires for an arbltrariT§TSe1ected test cycle. This
recommended method would be of little value to industry since
it is too specific in nature (only one test load and inflation
pressure). It would also be expected to have little resolution
‘capability since it is derived from the difference of two large
numbers, both of which are subject to test variability. The
approach being pursued by SAE is to initially establish an
objective method of quantifying a tire's steady-state
performance. The analyzed data thus obtained can readily be
interpreted to meet the needs of both vehicle chassis engineers
and tire designers. It 1is believed that the principal tire
design changes and vehicle modifications which reduce the
steady—-state rolling resistance will also result in reductions
of energy dissipation during transient conditions. The influence
of transient behavior and power transmission can only be properly
assessed when suitable laboratory facilities are developed.
The EPA has implied, merely by the generation of the subject
draft, that current industry practices utilizing steady-state
measurement techniques could be misleading. The MVMA is unaware
of any instance where the currently obtained steady-state rolling
resistance would be misleading as it relates to vehicle fuel
economy measurements made on flat roads. One of our principal
concerns, however, is the reversal in tire rank order performance
that can occur between the flat roadway and the laboratory twin .
- roll facilities where EPA fuel economy is evaluated.

The ability of the proposed procedures to accurately and
repeatably rank order tires for their relationship to vehicle
fuel economy is unknown. Before any recommended procedure is
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adopted, the EPA should conduct a program to demonstrate that
the test method has the ability to properly rank order

a wide range of tires for their effect on fuel economy. This
should then be confirmed by a carefully controlled series of
road and laboratory fuel economy tests having a suitable number
of repeat measurements. This same group of tires should also
be quantified using the current industry practices which
incorporate steady-state rolling resistance and accurately
measured vehicle fuel economy could then be assessed.

Finally, as a general comment, MVMA suggests that, before
~embarking on an additional complex recommended practice, the
need and feasibility for such practice- should be clearly
demonstrated. : '

MVMA is grateful for the opportunity to respond to these
proposed recommended practices. If you desire to discuss
these comments in further detail, please contact me.

Slncerely,

i
\\;/%;4,£¢/ /Ab{ «4@¢,

Harry B. Weaver, Manager
" Environmental Activities Department

HBW/srd



“June 20, 1973

Mr, T, P. BaXer

.Uniroyal Tire Co.
6600 B, Jefferson
Detroit, MI 48232

Dsar Tom:

We are writing to you on behall of Firssbons tecuni garsonne; in’
respyonss to ths request from EPA for comments on thelr pronosad
recommendations for tirs energy dissipation tests.

Dr. Schuring has studied the technical content of this EPA report
carefully and bhas no particular quarrels with the explanation of the
bagic mabture of tire loszas.

Howavar, we are gll in strong dlsagraament with the proposed test
procedures which mea"u*e tire properties at other than eguilibrium
coenditions., ,

Basically, “thers are known problens with the travsient or quasi-stsady
otate test p*ocndares and it ssems logical that we should take ca thes
problems oanly if the transient tests have bean ETOVVH To give virs val
waieh ars ex:har mere Tapeatable or bear a more direct corrmlaulon to
actual in-uge values than stezady-state measuremantso Heither of thess
prools exisis. ‘

Tha fzet that the cycle of operation proposaed by EPA represents soume
partlcular mode of consumer vehicle operation is not significant Wloh
respect to either the qu°s+1on of repeatadility or corrslation.

TLacking any proven relatior with flat road im-use valuss, neither of
the two nrcposed uests saould be accepted ln face of their obvious
difficulties:

1. Any test of a product or machine 6perating in a transient conditio
is inhsrertly likely to prove less repeatabdle than a test rua with the
product oxr machine in equilibrium condition. :

2. Limited data obtaired by our company on both a flat-bed testsr and
on a 62.7" diameter drum indicate a very good corrslation betwsen
equilibrium and transient tirs performance on a rslative basigs. We
xnow of no data that show that other than equilipbrium condition tests
show batter correlation with the real world. Lacking such proof,
there is ro satisfactory reason for choosgiagz conditions which axrs
inherently likely to produce less repeatadle rssulis.
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3. To obtain necessary precision ia the proposed EPA transient test,
large horizontal forces must be measured and subtracted from one anot!
with a precision of less than one pound. This is very difficult, if

not impossible, to obtain with any available maasurement instruments.

4, The proposed quaal—steady state test would require precise speed
control, increased powexr to drive the test drum, rapid data sampling
at fwxnd time intervals and software for data processing. Such

equipment and software would have to be newly developed or acguired.

5. Tha EPA proposed quasi-steady state prodedure rasquires about 45
minutes for each data point and therefore would require at least 225
ninutes to provide the five data points coverlng three loads and thre:
pressures to procduce the data provided by ths currently proposed SAE
procedure whlch obtains the same tlre data in just 70 minutes of’ test
time, : -

6. No test equipment capable of running either of the pr0posed EPA
test procedures is currently available. Design and procurement of
such eqalnmen Seems unnecessary unless an improvement in results
obtained is likely.

‘W& are concernad about the proposed minimum test drum diameter of one
meter. It is w2ll known that test drums of very small diameter cause
umnatural distortions in the tire tread/bslt region which sxgnlflcantT
affect tire rolling loss measurements. :

He do bave data available that show measuremsnts which correlate
directly with flat surface measurements can be mads on a drum as small
as 62.7 inches in diameter but we are not at all sure how far we can
go before drum curvature effects become significant. Further ressarcl
is required on this point, but for now we believe that a minimum test
drum diameter of 1.50 mesters should be spacified.

We have a minor objection to the statement in the EPA discussion that
*dquring low speed operation the tire is the major source of energy

. d1531nat10n by the vehiels." The litsrature supports a conclusion the
tives represent only 5% - 10% of vehicle energy dissipation. The vehi
engine dissipatés something like 80% of the total ensrgy available in
the fusl.

We believe the gsnerally sound theoretical reasoning in the EPA pre-
sentation does not lead to their conclusions about the proper tiras
tost procedures. We feel wa should offer to work with EPA to obtain
a data base to prove or disprove the claimed advantages of their two
test cycle;r0posals over tha more practlcal equilibrium test conditiorx
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Since lMr. 'mompson quotes Dr. Schuring as an authority in his pre-
sentation, we would be glad to have Dr. Schuring's name used in
rebuttal. Please work with Dr. Schuring directly if you choose to
guote him. We would suggest that he night best bz usad to provide
short technical discussions on specific points which could be sub-
nitted as appendices to your committes responsa.

Very truly yours,

D. J. Schuring L. T. Dorsch K. L. Campbell
SAB Tire Roll. Resist. SAE Tire Roll. SAE Higahway
Subcormittee Resigt, Subconm. Tire Cqmmittea

KIC:np
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Society of Automotive Engineers, Inc.

Committee: Rolling Resistance Subcommittee Reply To: 5, s, Myint

Ford Motor Company
Room 208, Dynamometer
P. 0. Box 2053
Dearborn, Mich., 4812

Mr. Charles L. -Gréy,@rector
Emission Control Techiiclogy Division

. U. S. Environmental Protection Agency
Ann Arbor, Michigan 48105

Dear Sir:
I have reviewed the draft of an EPA report "Determination of Tire Energy
Digsipation -- Analysis and Recommended Practices" submitted to the sub-

committee at the April 26, 1978 meeting and my comments are attached.

Youxs truly,

| —
: .
-—

re

ce: T. P. Baker:
T. Northrop

Attach.



COMMTNTS ON PPA TIPE HOILTNG RES TuTANFE PROCETATIE

The EPA procedures are intended to give some sort of tire rolling index thot
in rclatable to use in the FTP trancicnt situations. A major question of how
this way relate to actual customcr use cannot be ancwercd. As the tire warmo
“up, the tire pressure increases (with captive air pressure) and the rolling
reasistance decreagses. This pressurc increase is a funcltion of the tiro's
ablllty to dissipate heat gencratcd due to rolllng lossces. Some of the hent
- 1t transferred to the road surface and in turn is transferred from the road to
the surrounding atmosphere. It is expected that the heat transfer charac-
tcristices of a concrete or asphalt highway is different from a small drum in
the laboratory. And, again, a flat belt tire machine. w1th a water bearing will
have different heat transfer than a steel drum.

This all results in different. pressure build-ups (and, therefore, different

. rolling resistances) for a given tire on different surfaces. This creates the
posoibility that a tire ranking in the laboratory may not be the same as what
it could be if it could be measured on the road under non-equlllbrlum thcrmal
condition, - ~

The proposed SAE tire rolling resistance procedure is conducted at three
different constant pressure levels. These can be related to gtabilized road
operation since the tire pressurcs can be measured on the road. The road '
tire pressure then can be related to rolling resistance that was measured in the
laboratory through the pressure/rolling resistance relationship.

The FPA procedure looks at the tire at only one load/tirc pressure point. To
aderquately evaluate a tire, a range of expected load and pressure conditions
must be evaluated. If a range of pressures and loads were evaluated, the pro-
posed EPA test procedure would bc very time consuming. This is because the tire
would have to be "cold soaked" botween each load/tire pressure test point. If a
test were conducted at 5 load/tirc pressure points, the test including soak time
would require nearly 24 hours. The time on the tire machine alone would be over
3-1/2 hours. :

Tho data handling equipment required for the procedure defined in Appendix A

in generally not availuble on tire test machines. Some sort of data logger and/
or computer gystem would be required to record data at the specified interval .
rate betwceon one to five seconds. Also, the system would have to calculagte the
tiro rolling recsistance energy requirements.

 Tho tire machine required for the procedure defined in Appendix B does not oxipt
‘Tho highly regarded and very elaborantc Calspan flat belt tiro machine doos not
have tho capability to run this procedure.

Thn SAE propogod tire rolling rosislance procedure evnluatos at five load/tira
prespure hot stabilized conditions, This procedure con be started with a cold
Live, The rolling resistance of the tire could bo obinerved during warm-up in
“Uhe SAER procedure with no additional test time and this would provide some iu-
~pdght into "ecold" tire rolling resistance,



In summary, the proposed EPA test procedures are overly complex and in the _
" long run may not adequately meet the goals of the EPA., It is suggested that
the proposed SAE procedure with monitoring of rolling resistance during warm-
up be uséd for EPA's needs so that tire rolling resistance in non-thormal and
thermal equilibrium conditions can be determined.. From this learning procees
future direction for tire rolling resistance testing can be determined in- _

telligently. , _—

////Jl \
- » i



