o fHFo- C LS

— e T
R | | ""7%\%;-»,1 UNBY Y |
| .fZ' FUUTT| B, GWe 0333 i f
v’a"'?%@)‘:"’ o / %
¥ The Engmeermg 18 s 12l / A ’/ TK |
Resource For Mm:/ L |

IJ

Zaw“ IM Au/«fzfﬂ""
o 821266

|
Correlatlon of Truck Tlre ;
Romng Resistance as Derived |
From Fuel Ecommy and
Laboratory Tesfts_ ‘
| 1

k

l

_ R.E nght o
S (' e  Radial Truck Tire. Engineering .

- U. T .
T : The Goodyear Tire & Rubber Co. -
ﬂucumn\ 0K TECHKI G ‘ Akron, OH

f I
i -9.0EC 1982

% 157.159, Rue Lecayr b"

A 75018 pages _ 847.53.9u°

O BlBL.lOTHCCJU

T Truck & Bus Meeting & Exposition
o . Indianapolis, Indiana
‘November 8—11, 1882 |




PPENDIX A - ANALYSIS OF WIND EFFECTS

Initial attempts at correlating tire rolling resistance
derived from fuel economy tests with laboratory test
results were not very successfyl because wind effects on
vehicle aerodynamic sideslip angle and the correspanding
increases in vehicle drag coefficient were not cansidered,
Since the increase of vehicle drag ceefficient with
sideslip, or yaw, angle is so pronounced, it is of primary
" importance to include this effect in vehicle aerodynamic
analysis. In the subject study, it was assumed for simplic-
[ity that the tractor-trailers were operating on a circular

“track rather than on the actual L-shape of the 8-mile

track. Since wind direction was not recorded at the time
of the subject fuel economy: test, it would be of no vaiue
to assume an L-shaped track rather than z circular ore.
With a circular track, it could be assumed that a steady
. wind from any direction would cause the test vehicles to
ge through a cyclic variation of sideslip angle as they
- traversed the 360 degrees of the track. A "wind-
averaged! drag coefficient could then be cateulated as a
function of wind speed, since the magnitude of wind speed
-would define the sideslip angle variation through one
" complete traverse of the track at the constant vehicle
ground speed of 60'mph. - : - a 3
- The variation of tractor-trailer drag coefficient

. with aerodynamic sideslip angle was used from (14), in~ =

~ strumented vehicle coast-down tests in a windy environ- . -
ment, see Fig.. A-1. The drag coefficient is based on'a .~
- frontal area of 107 sq ft, measured from the road surface -~

to the top of the trailer,

. A vector solution of sideslip angle and resultant air’
- veloeity in the presence of winds is given in Fig. A-2. o
‘ The variation of vehicle sideslip angle and resulting -

drag coefficient through a 180 degree cycie from head-

" wind through tailwind was calculated for three wind.'-"
. speeds and is given in Fig. A-3, Integrating the areas

- under the Fig. A-3 curves and obtaining average values

i -gives the curve of Fig. A-4, where wind-averaged Cp for

the tractor-trailer is presented vs wind speed, -
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Figure A-1 — Tractor-Van Trailer Drag Coefficient Versus Sideslip Angle
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Strictly speaking,, wind s'h'c':uld be'meaéured at about .-

half -the beight of the truck because of wind gradient

effects; wind velocity increases speed and changes direc=
tion withs altitude in a fashion that depends on whether
laminar er turbulent {with vertical mlxmg) atrnospheric -

flow is present, .
.. Siwe the subject wind data were taken thh

' rﬁefeumiagxcal instruments’ mounted. at about 25 feet
‘above #ie ground, @ correction was applied to the
‘measured: winds using the method and gradient: parame- |

ters deseribed under *INational Wind Statistics” in (15),

The ceoeection facter was calculated to be 0.81. This. .

factor was-applied to the wind values measured at a 25-ft.
“. height £ abtain wind values at a truck half-height of 7 ft
above graund. These corrected wind values were used to

‘determing: vehicle wind-averaged Cpy, using Fig. A-4.
Muximum average corrected wind during a 24-hour
test period was 11.5 mph with a minimum average value

af 0.& mgh; maximum wmd-—averaged CD was 0.94, while’
- minimae was 0.77. Overall average wind speed for all’
test comditions was &.8 mph, while: overall average wind-

averaged drag coefficient was 0. 82..

Maximum: average effective aerodynamic sideslip
) angle encountered daring a given set of. test runs was
o 7.59, aad minimum. was 0.49, The overall ‘average value

- for all tests was 3.2¢,

Any effect of aerodynamxc sidefarce on the tires
that may exist due tothe sideslip angle, was neglected in .~

. this stedy. Such sideforces will affect tire operating slip
angle @ increase tie ralling resistance. However, the
actual tire slip angles are not known and theu‘ mathernatl-

- cal soluticn wauld be camplex. :

""Appemxx B.- ERROR STUDY

ot the pntentlai sources of errar’ in the sub;ect study,

some age: random and will average out aver a sufficient -

" number of samples, - Others are systematic and must be

w:thm the current: staze af the art..

- .the applicable tire’ rolhng Tesistam:

- had accrued mare miles of tread:
~ tread depth than the same tire:
- The effect of this difference in ¢
. resistance was considéred to be

o .. 'thanthat derived from fuel -
. . recognized- as such even if they cannat be corrected:' '

not known, it is estimated t:
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InFig. 9, a comparison of ti
the line of equal correlation st
values of rolling resistance derive.
data are on the average higher th:
laboratory data by 0.4 to 1.2 Ib. @ one to seven percent,
going from the highest to the :west rolling resistance
test point. This percentage difference is accounted ¢ by
four probable factars:

+ of regression with
that the absolute
m mile-per-gallon
hose derived from

1.  Inacurracy in basic data (r-andom)

2. Errors in methods and assumptions (random)
3.  Torque effects (éystematic)

4. Surface roughness effects (sysr;ematic)

INACCURACY IN BASIC DATA -The first item
abave consists of random errors, and it is believed that

.. sufficient data samples and test points are available to
.. make the averaging process valid. Data samples consisted
‘of two tractor-trailers for the fuel economy test points

and four tires for the laboratory rolling resistance test

B points. Data points available from the fuel eéconomy tests

consisted of 14 different tire designs or combinations

' thereof, with an additional 2 duplicated runs, for a tatai
~of 16 points for sach of the two vehicles, making a tota}
" of 32 points used in the correlation study.

‘Data points -available - from the laboratory rolling

resistance tests consisted of eight different types of
-“tires, with four tires tested of each type except for the . .
~-bias ply Super Hi-Miler rib sample of two tires, for a total -

of 30 tires tested. Three load points were tested for each

" tire and used for interpolation purposes, so a total of 90

test points entered into the determination cf laboratory
t1re rolling resistance values.

ERRORS IN METHODS AND ASSUMPTIONS -The

“.- second source of mostly random errors can certainly be
- present, particularly since the knowledge of methods to
- correct laboratory data to road conditions is rather lim- -
- -ited at this time. Wind effects in the fuel economy data
- are also of primary importance, and the techniques used

herein for ecorrection of vehicle drag coefficient for a-
time-averaged as well as a direction-averaged wind may

_not be completely adequate.

The basic curve of tractor-trailer drag coefficient

'vs sideslip angle as used from Ref. (14), while representa-

tive of the vehicles used in the subject test, is not pre-

B -_c1sely applicable. An. accuracy of + three to four percent
- is estimated. :

. The wind-caused side forces on the tractor-trallers
and resultant operation of tires at a slip angle were

neglected 'in analysis of the fuel-economy-derived tire
'rolhng resistance values due to lack of data. This effect.

is an unknown and must be considr red to be included in
: values,
ited in the laboratory -
r and hence had lower
% tested on the track.
id depth.on tire rolling
aall and was ignored. In
; existed, the laboratory
end to be sllghtiy lower
anomy tests.
the above error factors are
¢ in total they may be worth

In some cases, the tires as

the cases where these diffe
rolling. resistance value we -

- While the magnitudes




out #1.5 1b uf rolling resistance, or perhaps + four to
ight percent over the measured range of rolllng resist-
ance vaiues.

TORQUE EFFECTS - At steady highway speeds,
" torque effects can be estimated to systematically reduce
rolling resistance of the eight drive tires by 10 to 20 per-
- cent, based on Ref. 9-data. On an overall weighted aver-
age basis for the 18-wheel tractor-trailer, the torgue
effects may reduce values of the fuel-economy-derived
rolling resistance by four te nine percent (8/18 times 10

" to 20 percent).

ROAD SURFACE ROUGHNESS - When changed
from the sormetimes warn medium grit af the laboratory

‘test wheel to an actual road surface, roughness effects }
~may systematically increase tire rolling resistance by
_zero to about three. percent for typical asphalt/mixed -
aggregate surfaces, and by up ta 27 percent for a newly .

- ' applied chip-and-seal surface, as given in Ref. (11}, The
* Ref,{11) paper tested radial passenger car tires, but the

results are believed to be generally applicable to truck

. tires:as well. For.a warn chip-and-seal surface representa-

tive of average conditions that existed during the fuel

economy tests reported herein, an estimate might be -

midway between the three and 27 percent values, or a 15 .~
 percent increase in roiling. resnstance going from labora-

~ tory to track conditions,

ger cars. A general conclusion from Ref. (12) is that

rolling losses as large as 20 percent may be sustained by " :
traveling on rough roads, with additional losses resulting
from increased aerodynamic drag due to vehicle pitch and

yaw activity.’

COMBINED TOR‘GUE AND SURFACE ROUGHNESS

EFFECTS - Given certain randem inaccuracies in basic

data and errors in methods and assumptions that might
cause errors in either a plus or minus direc r.mn, the drive-
tire torque may cause a systematic reduction in average -
tractor-trailer tire rolling resistance of four to nine per- -
-cent, while the track surface roughness may cause a sys-:
_ tematic increase in tire rolling resistance of about 15
These two factors tend to cancel each other, - -

- percent,
" and a net increase in rolling resistance of six ta 11 per-
- cent might be expected for the fuel economy test results

. as compared to the laboratory results. These values show -
fair agreement with the corresponding values found in- -

© this study of one to seven percent. :
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APPENDIX C - DIFFERENCES WITHIN TEST SAMPLES

During the correlation process, average per-tire rolling
resistance was calculated independently for a given set of
tires as mounted on each of the two trucks used in the
fuel economy tests, and the results were averaged as
shown in Table 1. A study was made of the differences in
calculated tire rolling resistance between trucks, with the

. result that Truck 845 gererally indicated higher values of

tire rolling resistance than Truck 844, Of the 16 test runs
considered valid, Truck 845 showed average per-tire
rolling resistance values ranging from 8.6 pounds greater
to 3.0 pounds less than truck 844, The average value was
2.8 pounds or 10 percent.

This difference is due to the individual characteris-
tics of engine, vehicle, and drivers, and can reflect such
ifactors as slightly different engine tuneup conditions
‘including fuel pump adjustments, brake adjustments,
; alignment of all axles, and. driver techniques (a given
1 driver stayed with a given truck) in otherwise identical
- vehicles. This shows the need to average.the test data
fram at least two "identical” vehicle-driver combinations
in order to separate tire rolling resistance from aerody-
. namic drag by means of detailed performance analysis.

Laboratory rolhng resistance was measured on each
. of four tires of a given type except for the Super Hi-Miler

f

. bias ply tire, which used a two-tire sarmpie. The rolling
With regard to contour lrregulanues, the test track - '

had a newly paved, smooth.surface. When truck travel is .
over roads with appreciable contour roughness {aside from .-
surface texture effects), additional rolling resistance wili:
cccur, as reported in Ref. (12) based on tests with passen-

resistance measurements for all tires in a given sample

“were averaged for use in the subject correlation study.’ o
-However, areview was made of the individual tire rolling .-

resistance measyrements within a given sample (all
.corrected to the same ambient temperatures) to deter-
imine differences between otherwise identical tires. -
‘ Of the seven different four-tire sample sets tested,
‘an experimental radial rib tire {test combinations No. 10

. ‘and 10R) showed the greatest range of values within the
“sample, amounting to 7.5 percent, while the lowest range

of values was found far the production Custom Cross Rib

- bias ply drive tire-at 0.8 percent. The average range of

values existing in all four-tire samples was 3.5 percent.

Differences in rolling resistance measurements of

individual tires can be attributed .to variatiods. in

- measurable also as radial and latera! runouts and fcrce
variations.

Because of these d;fferences in umforrmty between

otherwise identical tires, it is necessary to measure the -

rolling resistance of more than one tire of the same de-

sign and average the results. A minimum of two tires is -
- evident, and it is recommended that a sample size of four -

tires be tested and results averaged for better aceuracy.

uniformity of construction and compounding that are -




