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PREFACE

This report is a supplement to a report issued in December

1979, entitled ’’The Rolling Resistance of Pneumatic Tires,"*

written by S.K. Clark of the University of Michigan, under

sponsorship of the Department of Transportation, Transportation

Systems Center with Stephen Bobo acting as Technical Monitor. The

report is available through the National Technical Information

Service, Springfield VA 22151.

^Report Number DOT-TSC-NHTSA-79-28/DOT-HS- 804 523, December 1979.
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1. INTRODUCTION

This report represents an addendum to a previous report issued

by the University of Michigan entitled, "The Rolling Resistance

of Pneumatic Tires," completed under sponsorship of the Department

of Transportation, Transportation Systems Center, Cambridge MA.

In that earlier report, it was shown that the rolling resis-

tance of a pneumatic tire was sensitive to load, inflation pressure,

construction details, and size. Data representative of the U.S.

national population of passenger car tires were presented, and

some of the issues concerning measurement of this complex

phenomenon were discussed.

The data presented in the previous report were obtained on

the basis of capped air tests, that is, tests in which the tire

was inflated to its recommended cold inflation pressure and then

run until temperature and pressure equilibration were reached under

the particular test conditions in question. This is considered a

better test than one in which the pressure is regulated at some

predetermined value, since it allows the tire pressure to build

up in a fashion similar to what would occur in service.

Further reason for the use of capped air tests is that the

data obtained from them are well represented by simple analytical

relationships for conditions other than those measured by the tests,

so that prediction for off-design rolling resistance values can be

made with reasonable accuracy. The useful form of predictive

equation developed in the earlier report is given as equation (1)

below, where F^, is the tire rolling resistance at the load F^,

with inflation pressure p, while F , F_ and p are rolling^0^0 o
resistance, load, and inflation pressure, respectively, at some

baseline or standard conditions chosen by the experimenters. The

constant c^ is the pressure sensitivity of the tire, which must be

determined by at least two tests. The constant c is characteristic
P

for each tire, and methods for determining it were discussed in

1



the earlier report.

F
r ) [1 + c

P
( 1 )

All measurements were made on a 67-in. diameter indoor test drum,

which has become the industry standard for such measurements. A

method is presented for converting such values to flat roadway

conditions

.

2



2. LIGHT TRUCK TIRE ROLLING RESISTANCE

In the earlier report, light truck tires were not included

in the study. Since then, an increasing number of vehicles using

light truck tires have appeared on the American market so that

their characteristics have become important in assessing national

fuel conservation goals.

For the present study, a group of 19 light truck tires was

selected based on the following considerations:

(a) Frequency of occurrence of that size in current

original equipment production;

(b) Market share of a particular type of construction, i.e.,

radial vs. bias;

(c) Manufacturer’s probable market share.

The tires selected are given in Table 1.

One further complication associated with this type of testing

is the fact that for purposes of precision, convenience, and cost

it is necessary to conduct these experiments on an indoor test

wheel rather than on the highway. This introduces the error of

the curved surface upon which the tire runs. Our approach has

been to measure the rolling resistance of the tire at its proper

load and inflation pressure on the 67-in. drum and then to convert

this value of curved surface rolling resistance to a comparable

value on the highway using equation (4-29) of the earlier report.

Therefore, the data measured on the 67-in. drum was converted to

a flat surface equivalent by dividing each of the measured rolling

resistance values by the quantity:

( 2 )

where r = tire radius and Pv = drum radius. This conversion, while

approximate, has been subsequently substantiated by a considerable

amount of test data and has been accepted, at least for

3
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passenger car tires, as a reasonable approximation. All measure-

ments were made under fully equilibrated conditions at 50 mph

surface speed.

The thrust of the present addendum is to obtain data on a

variety of present-day light truck tires and to present this data

in such a way that fujel economy studies may be carried out with

realistic tire rolling resistance input information. Because of

limited resources, it was decided to utilize the previous analy-

tical framework represented by equation (1) in order to reduce the

cost of the test program substantially. This was done in a two-

part sequence, consisting of the following:

1) Two tires were tested at several combinations of load

and pressure in order to validate the concept of

equation (1) , again using capped air tests for all

test points . Two of the test points in each sequence

were used to obtain Cp ,
the pressure coefficient. The

predictions from equation (1) were compared with

measured points,

2) The remaining tires of the test program were tested

under a two -point test program designed to determine

the pressure coefficient and to give baseline values

so that equation (1) could be evaluated at a variety

of other load and pressure conditions. This is even

more necessary in light truck tires than passenger car

tires, since light truck tires tend to be operated under

a wider variety of load and pressure conditions than

passenger car tires.

The test data are presented in two groups. In the first

group, the data from the two test tires selected for multiple test

point studies are given. These tires are described in Table 2.

The comparisons between measured and predicted rolling

resistance are given in Table 3. These were made at combinations

of load and pressure, different from those used to obtain the

pressure coefficients in Table 2.

6



TABLE 2. TIRES SELECTED FOR MULTIPLE TEST POINT STUDIES

9 .50R16.5LT

D

MICHELIN

ZUE869191

2190
65

17.9

0.239

TABLE 3. TIRE TEST COMPARISONS BETWEEN MEASURED AND PREDICTED
ROLLING RESISTANCE

TEST TIRE 7.50-16LT LR D FIRESTONE VAWYCMM309

LOAD 1460 2440

PRESSURE 50 60

PREDICTED F^**(Eq. 1) 18.85 29.34

MEASURED F^** 18.57 28.75

TEST TIRE 9.50R-16.5LT LR D MICHELIN ZUE869191

LOAD 1670 2780

PRESSURE 55 65

PREDICTED F^**CEq. 1) 14.24 22.72

MEASURED F^** 15.20 22.10

St

Measured on 67-in. drum but reduced to flat surface by use of
equation (2)

.

**Expressed as flat surface values by converting from 67-in. drum
data using equation (2) .

TEST TIRE

LOAD RANGE

MFGR

S/N

BASE LINE CONDITIONS
LOAD LBS
PRESSURE PSI

MEASURED F *

^0

MEASURED c

7 . 50-16LT

D

FIRESTONE

VALTCMM309

1930
60

23.21

USING TWO TEST POINTS 0.370

7



These test points are shown in Figures 1 and 2, along with

the linear maps predicted by use of equation (1)

.

Tables 1 and 2 demonstrate good agreement of predictions

using equation (1) with test data. Based on this, the remainder

of the test program was carried out by measuring two rolling

resistance values for each tire, both at a load of 80 percent of

the maximum recommended Tire and Rim Association load, but at two

different inflation pressures. From these measurements, the

pressure coefficient c^, used in equation (1), was found along with

the baseline values of load, inflation pressure, and rolling resis-

tance denoted respectively by F^
, p^^, and which are also used

in equation (1)

.

Having these values available for each tire, equation (1) was

used to prepare maps of tire rolling resistance as a function of

various loads and reciprocal pressures. These are presented in

Figures 3 through 19. In these figures the small circles represent

the actual test data, reduced to flat road conditions by use of

equation (2), while the lines represent predictions from equation

( 1 ).

Because of the general tendency of rolling resistance data to

be linear with load and to be linear with the reciprocal of inflation

pressure, those variables were chosen for plotting the data. The

subsequent maps presented show the rolling resistance in terms of

load and in terms of the reciprocal of inflation pressure, although

both scales are given on the abscissa of inflation pressure.

Because of the linear nature of the data, it now becomes quite

easy to interpolate between load and pressure points.

It is not possible to find a simple means to compare the

various tires tested since they are designed for different loads,

different inflation pressures, and even different service. Never-

theless, one interesting generalization can be obtained by plotting

the load carrying efficiency of the tire, defined at some base-

line condition, against its inflation pressure. These variables

are chosen because it is generally conceded that in the low to

medium pressure range the tire rolling resistance decreases, so

8



that load carrying efficiency should increase. The efficiency of

load carrying is arbitrarily defined as

where the load F is that at which the rolling resistance F is

measured. It was chosen to plot this against inflation pressure,

but in order to retain the dimensionless character of the plot, the

ratio of inflation pressure to atmospheric pressure is used. Data

for the tires studied are given in this form in Figure 20.

Note that rearrangement of equation Cl) results in a tire

load carrying efficiency which varies with pressure according to

the relationship

v/here Ap is the departure from p^, i.e., p = p^ + Ap . This is a

near-linear relationship for relatively modest values of Ap/p^.

Figure 20 displays the rolling resistance data in such a way

that two conclusions are available:

(1) For both bias and radial tires, there is a strong

correlation between tire efficiency and inflation

pressure

.

(2) Not all tires fall in a narrow band. Some are

markedly more efficient than others at the same

pressure. This strongly implies that design

influences can be substantial.

F^
= Efficiency

r

Efficiency = (Efficiency)

x

LINE

9
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FIGURE I. EQUILIBRIUM ROLLING RESISTANCE CFLAT SURFACE) VS.

LOAD AND INFLATION PRESSURE: FIRESTONE 7.50-16LT

LR D
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FIGURE 2. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS.
LOAD AND INFLATION PRESSURE: MICHELIN 9.50-R16.5
LT LR D

11



EQUILIBRIUM

ROLLING

RESISTANCE

(FLAT

SURFACE),

LBS

FORCE

FIGURE 3. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS.
LOAD AND INFLATION PRESSURE: GOODYEAR 7.50-16
LT LR D
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FIGURE 5. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS.
LOAD AND INFLATION PRESSURE: FIRESTONE 8.00-16. 5LT
LRD
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FIGURE 6. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS.

LOAD AND INFLATION PRESSURE: GOODYEAR 8.00-16.5 LT

LRD
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EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS. LOAD
AND INFLATION PRESSURE: FIRESTONE 5.75-16.5 LT LR E

16



EQUILIBRIUM

ROLLING

RESISTANCE

(FLAT

SURFACE).

LBS

FORCE

RECIPROCAL PRESSURE . IN^/ LB.

FIGURE 8. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS. LOAD
AND INFLATION PRESSURE: GOODYEAR 8.75-16.5 LT LR E
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AND INFLATION PRESSURE: FIRESTONE 9.50-16.5 LT LR E
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FIGURE 13. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS. LOAD
AND INFLATION PRESSURE: GOODYEAR 10-15 LT LRB
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FIGURE 14. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS. LOAD
AND INFLATION PRESSURE: FIRESTONE 8.75R16.5 LT LR E
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FIGURE 19. EQUILIBRIUM ROLLING RESISTANCE (FLAT SURFACE) VS. LOAD
AND INFLATION PRESSURE; GOODYEAR 7.50-16 LT LR E
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