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INTERNATIONAL

Standard Test Method for
Tires for Wet Traction in Straight-Ahead Braking, Using
Highway Vehicles *

This standard is issued under the fixed designation F 403; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3.4 braking force coefficient, peak—of a tire, the maxi-

1.1 This test method covers the accelerometer-based me&um value of tire braking force coefficient that occurs prior to
surement of braking traction of tires designed for and mounted’h€el lockup as the braking torque is progressively increased.
on cars or trucks without ABS equipped brakes traveling . _ . . F 538
straight ahead on a wet or dry paved surfaces, snow, or ice. 3.5 braking force coefficient, slide—of a tire, the value of

1.2 The values stated in S| units are to be regarded as tHaking force coefficient obtained on a locked wheel.

standard. The values given in parentheses are for information 3-6 braking torque, [ML/T?], n—of a vehicle, the negative

only. wheel torque. F 538
1.3 This standard does not purport to address all of the 3.7 longitudinal force, [F] n—of a tire, the component of a

safety concerns, if any, associated with its use. It is thdire force vector in thex' direction. F 538

responsibility of the user of this standard to establish appro- 3.8 normal force, [F] n—of a tire, the component of a tire

priate safety and health practices and determine the applicaforce vector in theZ’ direction. _ F 538

bility of regulatory limitations prior to use. 3.9 test run n—a single pass of a loaded tire over a given

test surface. F 538

2. Referenced Documents 3.10 tire-axis systenm—the origin of the tire-axis system is
2.1 ASTM Standards: the center of the tire contact. Th& axis is the intersection of
E 274 Test Method for Skid Resistance of Paved Surfacefie wheel plane and the road plane with a positive direction

Using a Full-Scale Tire forward. TheZ' axis is perpendicular to the road plane with a

F 457 Test Method for Speed and Distance Calibration of #0sitive direction downward. Th¢’ axis is in the road plane,
Fifth Wheel Equipped with Either Analog or Digital its direction being chosen to make the axis system orthogonal

Instrumentatiof and right-hand. .
F 538 Terminology Relating to the Characteristics and Per- 3.10.1 Discussior—See Fig. 1. - F3s38
formance of Tired 3.11 tire forces, [F], n—the external forces acting on a tire
F 811 Practice for Accelerometer Use In Vehicles for Tireby the road. F 538
Testing 3.12 torque, [FL], n—of a wheel, the external torque
F 1650 Practice for Evaluating Tire Traction Performance@pplied to a tire from a vehicle about the wheel spin axis.
Data Under Varying Test Conditiohs . _ F 538
3.13 vertical load n—the normal reaction of the tire on the
3. Terminology road which is equal to the negative of the normal force.
3.1 Definitions F538

3.2 braking force, [F], n—of a tire, the negative longitudi-

nal force resulting from braking torque application. F 538 4. Summary of Test Method _
3.3 braking force coefficientn—of a tire, the ratio of 4.1 The measurements are conducted on either two front

braking force to normal force. F538 tires or as an option, one front and one rear tire positioned
diagonally across the vehicle. Brakes are to be applied firmly

until both test tires are locked and then held locked for a period

* This test method is under the jurisdiction of ASTM Committee F-9 on Tires andof at least 1 s at speeds ranging from 20 mph (32 km/h) to 60

is the direct responsibility of Subcommittee F09.20 on Vehicular Testing. H
Current edition approved Nov. 10, 1998. Published January 1999. Originallymph (96 km/h)' The other wheels are free rolllng.
published as F 403 — 74. Last previous edition F 403 — 80.
2 Annual Book of ASTM Standardgol 04.03.
3 Annual Book of ASTM Standardgol 09.02.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 Tire-Axis System

4.2 Recommended vehicle test speeds are: 20, 40, and 606.2.1.1 Minimum frequency response: dc to 10 Hz.
mph (32, 64, and 96 km/h). The maximum test speed selected 6.2.1.2 Minimum full-scale range:1.0 g,
for a given road surface texture and water film thickness should 6.2.1.3 Accuracy of-0.01 g, and
be below hydroplaning speed. 6.2.1.4 Maximum cross-axis sensitivity of 0.002 g/g.

5. Significance and Use 6.2.2 Fifth Whee] to measure vehicle speed. The fifth wheel
' shall have the following specifications:

5.1 The measured values are traction properties of tires in g 2 2 1 Minimum full-scale range of 200 mph (160 Km/h),
operation on a passenger car or light truck representative of the g 5 5 5 The magnitude of the bias shall be less than or equal
type on which the test tires would be used. These are obtainggd q mph (1.609 Km/h), and
on a given road surface, under given environmental conditions 6.2.2.3 A 95 % repeatability interval &) = 2 mph (3.218
(ambient and road surface temperature, humidity, wind speeQm/h)_
and direction, purity, and film depth of water used to wet the
road surface) in accordance with the stated test procedures a|
reflect the performance of the total vehicle-environmentafn

. a
system. A change in any one of these factors may change the
measurements of a subsequent run of the test. 25 7 d

5.2 These test methods are suitable for research and devg‘l— 7 1ps), an . .
opment purposes, where tires are compared during a Single6.2.3.2 The magnitude of the bias shall4s& rpm (=0.105
series of tests. They may not be suitable for regulatory statute@s)' i , , .
or specification acceptance because the values obtained mayP-2-4 Multichannel Recorderhaving the following specifi-
not necessarily agree or correlate either in rank order ofétions:
absolute traction performance level with those obtained on 6-2:4.1 Minimum frequency response of dc flatl(%) to
other road surfaces (or the same surface after additional wead® Hz full scale, _ _ .
under other environmental conditions, or other test vehicles 6.2.4.2 Gain shall be sufficient to permit full-scale display
(especially if not representative of the normal usage of the ted@r full-scale input signal level,

.2.3 Tach-Generatgr to measure the revolutions per
nute of each test wheel, installed on the vehicle. The
ch-generator shall have the following specifications:
6.2.3.1 Minimum full-scale range of 0 to 1200 rpm (O to

tires) or with results obtained with other test procedures. 6.2.4.3 Input impedance shall be seven to ten times larger
than the output impedance of signal source,
6. Apparatus 6.2.4.4 Must be insensitive to vibrations, acceleration and

6.1 Test Vehicle-The test vehicle shall be a rear-wheel ambient temperature range. The error in reading shall not
drive, four-wheel passenger car or a light truck under 10 oo@xceed 1 % of full scale when subjected to vibrational accel-

Ibf (44.5 kN) GVW (gross vehicle weight), representative oferation of 5g's in the 0.5 to 40-Hz frequency range and
the type on which the test tires are used. operating temperature range from 32 to 110°F (0 to 43°C).

6.2 Instrumentation 6.2.4.5 Shall not be affected by storage temperature varia-
6.2.1 Accelerometgrto measure longitudinal deceleration tions between —20 and +160°F (-29 and +71°C), and
of the vehicle. The accelerometer shall have the following 6.2.4.6 Shall have a variable chart speed with at least 25
specifications: mm/s.
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6.2.5 Power Supplyfor transducers and recorder, meeting necessarily identical to test tires, on the wheels not undergoing
requirements specified by transducers and recorder manufaiest. Apply brakes only to test tires. The other tires remain free

turers. rolling.
] ) i 8.1.4 For front-braked vehicles, rear brakes shall be inop-
7. Selection and Preparation of Test Tires erative; for diagonally braked vehicles, the wheels not under-
7.1 All test tires should be approximately of the same ageyoing tests shall have inoperative brakes.
and shall be stored essentially at the same conditions. 8.2 Instrumentation

_ 7.2 Test tires shall be trimmed to remove all protuberances g > 1 |nstall the accelerometer in accordance with the manu-
in the tread area caused by mold air vents or flashes at moldctyrer's specification and rigidly fix to the vehicle’s sprung

junctions. mass at or near its center of gravity such that it measures

7.3 Test tires shall be mounted on Tire and Rim Associationcceleration of the sprung mass in the direction parallel to the
(T & RA)*recommended rims by using conventional mountingyenicle longitudinal axis and parallel to the ground plane at
methods. Proper bead seating shall be assured by use flrq roll and pitch of the vehicle. It may be desirable to provide

suitable lubricant and the subsequent warm-up procedureg. hinge pivot in the mounting to permit a system calibration
Excessive use of lubricant should be avoided to preventpeck.

slipping of the tire on the wheel rim. 8.2.2 Install the fifth wheel in accordance with the manu-

;g PS: ttl_res S?]allll bhe balancgd. statlcalflyéo i 80 K facturer’s specifications and locate it as near as possible to the
-~ lestlres shall have a minimum o miles ( m)mid—track position on the vehicle. Record the output of the fifth

break-in at T & RA Ioac_JI and inflatior_1 at speeds of 60 to 70 wheel. Situate the output so that the test driver will be able to
mph (96 to 113 km/h) without excessive cornering, braking, or onitor the vehicle speed

acceleration to avoid uneven wear. The break-in is necessary to .
remove mold lubricant and mold sheen from tread surface,. 8.2.3 I.nstall the tach—genefators on the_ test wheels in accor-
Break-in mileage should be accumulated on the front and reaﬂance with the manufacturer's specifications (see 6.2.3).
axles equally for a given tire. New tire average wear prior to I
testing shall not exceed 10 % of the new tire tread depth. 9. Calibration

7.6 Mounted test tires shall be placed near the test site in 9.1 Conduct calibration of the accelerometer statically by
such a location that they all have the same ambient temperatutitting the accelerometer on the rotary table or another test
prior to testing. Test tires should be shielded from the sun tdixture to incrementally increased or decreased angles with

avoid excessive heating by solar radiation. respect to a true horizontal plane and record the accelerometer
7.7 Test tires shall be checked for specified pressure jusiutput values for each angle value by observing the chart trace
prior to testing. deflections on the recorder used in testing.

7.8 Itis recommended that the sample size of test tires be 2 9.1.1 Set the rotary table at zero inclination.

minimum of three sets (of wo each). 9.1.2 Mount the accelerometer on the rotary table according
8. Preparation of Apparatus to the manufacturer’s specifications and adjust the amplifier or
' paratl pparatu recorder setting, or both, until the chart trace reads zero.

8.1 Test Vehicle 9.1.3 Rotate the rotary table about horizontal axis to 10°

8.1.1 Check the front wheels of the test vehicle loaded to they 173 ) in a clockwise direction and record the chart table
test weight prior to testing. Set alignment in accordance W'”Hisplacement.

the manufacturer’s specifications. ; o o o
8.1.2 Weigh the test vehicle prior to testing with a half-full ﬁ)galn(j gcotznégl(Jleggl)S at30° (0dh, 45° (0.707), 60° (0.866

tank of gasoline, instrumentation, and test personnel seated h ble h o)
the same locations as that to be used during testing. Adjust 9-1-> Rotate the rotary table from the 90°'0(1.0 g)

vehicle static weight by ballasting to match static wheel loadP?Sition in a counterclockwise direction to 60° (0.8féangle
specified for test tires. In no case shall the static wheel loa@"d record the chart trace displacement in inches.

exceed the maximum wheel load capacity of the vehicle. The 9.1.6 Continue to rotate the rotary table in the counterclock-
load recommended by the T & RAYearbook for 26-psi Wise direction incrementally through the reverse sequence of
(180-kPa) inflation pressure for aP™type tire or 24-psi angles specified in 9.1.3 and 9.1.4 until the initial zero value is
(165-kPa) inflation pressure for an alphanumeric-type tirereached.

shall be regarded as standard. 9.1.7 Plot the values of longitudinal acceleration gis

. _ i versus chart trace displacement.

Note 1—In some cases it may not be possible to use static loads . . . .
recommended by the T & RAYearbook, particularly on high-friction 9.1.8 Determine the value of static calibration constant
surfaces. the slope of the curve longitudinal acceleration versus chart
frace displacement. Record calibration values, date of calibra-
{ion, and model and serial number of accelerometer.

9.2 Calibrate fifth wheel in accordance with Method F 457.

9.3 Tach-Generator Calibration

4 Current Issue; available from the Tire and Rim Assn., 175 Montrose West Ave., 9.3.1 Calibrate th'e' taqh-generator in accordance with the
Suite 150, Copley, OH 44321. manufacturer’s specifications.

8.1.3 Install the test tires on the front wheels or on one fron
and one rear wheel diagonally. Use a pair of similar tires, no
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9.3.2 For front-braked vehicles equipped with radial tires on 11.4 Record ambient temperature, surface temperature,
the rear, a tach-generator mounted in the transmission ansind velocity, and wind direction with respect to the path of
calibrated to a fifth wheel may be used for speed measurerehicle travel.

ments. 11.5 Approach the test site in a straight line at a speed of 4
- to 8 mph (6 to 13 km/h) above the nominal test speed.
10. General Test Conditions 11.6 Shift the transmission into neutral and turn on the

10.1 Conduct tests on a smooth and level surface. Thescorder.
surface shall have a uniform grade of not more than 2 % and 11.7 Apply the brakes after the nominal speed is reached.
shall not deviate more than 0.25 in. (6.35 mm) when tested he rate of brake application should be such as is necessary to
with a 10-ft (3-m) straightedge. produce an increase of initial deceleration at the rate of 1 to 3
10.2 The test surface shall be a pavement of uniform agey's/s. A brake applier, needle valve in the brake line, or any
composition, and wear (Note 3). The test surface shall be freether device can be used where necessary to improve consis-

of loose material or foreign deposits. tency of brake application and meet the requirements in
I . Section 11
Note 2—Uniformity of test surface, age, and composition shall be S .
estimated by visual inspection. 11.8 Continue to apply brakes until both test wheels (both

front wheels in case of front-wheel braking or one front and

10.3 Water the test surface at leasth prior to testing in o rear wheel in case of diagonal braking) are locked (Note 3)
order to equalize the surface temperature and water temperga 4 then hold locked for a period of at ledss atspeeds

ture. ;
f 20t h (32t km/h).
10.4 Measure the skid number of the test surface in accorr_angmg fom 20 to 60 mph (32 to 96 km/h)
dance with Test Method E 274 at 40 mph (64 km/h). Note 3—Locking of the test wheels is indicated on the tach-generator

10.5 Apply the minimum amount of water necessary to kee?" ©ther lockup indicators used in testing.
the test surface uniformly wet through testing. The amount of 11.9 Release brakes.
water shall be sufficient to keep the tops of protruding 11.10 Turn off recorder.

asperities wet and shall be the same depth for every test. 11.11 Repeat 11.5t0 11.10 ten times (five in each direction)
10.6 Do not conduct the test when wind conditions interfereat each test speed and each test surface.
with wetting of the test surface as specified in 10.5. 11.12 Test consecutive sets of tires by repeating 11.6 to
11.11 provided that the water is not turned off and the tests are
11. Procedure completed within 1 day.

11.1 Mark with pylons or other identification marks a point 11.13 One set of test tires shall be designated as a control
on the course at which the transmission should be set in neutraét. Test the control tires adjacent to each set of test tires for
prior to brake application. example in the sequence CTTCTTC.... etc., where C = control

11.2 Water the test surface at ledsth prior to testing. and T = test tire.

Apply the minimum amount of water necessary to keep the test

surface uniformly wet. 12. Calculations and Interpretations of Test Results
11.3 Condition the test surface by making a minimum of 20 12.1 Read from the oscillograph record the following values
test runs at the test speed to stabilize the surface. of vehicle responses shown in Fig. 2; peak deceleration, slide
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FIG. 2 Tire Traction-Braking
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deceleration, deceleration due to drag, speed corresponding Beviations may result because the values of circumferential
peak, and slide values of vehicle deceleration. The slide valudeformation of each test tire, at which the peak values are
of vehicle deceleration is determined as an average value readached, may not necessarily occur at the same time. This will
from oscillographic trace during the time interval¥fto ¥2s  tend to lower the peak values of vehicle deceleration. In the
after peak traction has been attained. When a digital peak arghse of diagonal braking, additional discrepancies in peak
slide deceleration indicator is used, read the peak and slidgalues may be caused by the difference between front and rear

deceleration values directly from the indicator. brakes (disk versus drum).
12.2 When front-wheel braking is used, compute the peak or 13 2 > Furthermore, peak and slide values of braking coef-
slide values of braking coefficient as follows: ficient computed from vehicle deceleration values obtained
B a— ay from diagonal braking may be influenced by poorly controlled
H = Ww + @— a)(h D \water depths on the rear tire and the effects of anti-dive and
where anti-lift suspension properties. These suspension properties

may produce a deviation of dynamic wheel loads from static

upp _ greaflilﬂnvgaltl:f)ee,fﬁment peak or slide, respectively, loads used in computation of traction coefficients. Thus,

L = slide value, front-wheel braking is preferred to diagonal braking and the

a = either vehicle deceleration at peak or during slide, g, latter shall be considered an optional procedure.

ay = drag deceleration, g, 12.3 Calculate the average peak valugsand I} of peak

W = total vehicle weight, Ib, braking coefficient for ten repeated runs for each set of test and
W; = static front vehicle weight, Ib, control tires for each test condition.

h = vehicle’s center of gravity height, in., and

12.4 The values of peak braking coefficient tend to show a
ecline in time when testing proceeds over a period of several
ours or days. The most common reason for this is test
Qavement | polishing. To offset this trend in test tire perfor-

mance, it is recommended that the values of peak braking

vehicle’s wheel base, in.

When diagonal-wheel braking is used, determine the peaE
and slide values of braking coefficient directly from the
measured peak and slide values of vehicle deceleration

follows:
coefficient of test tires shall be adjusted by comparing them to
H=2@a-ay @ the corresponding values of control tires. Procedure for adjust-
where: ment of values of peak braking coefficient due to time trends is

a = vehicle deceleration peak or slide, respectivgand ~ shown in 12.5 through 12.10 as follows.

ay = drag deceleration. 12.5 Plot the average values,jand . of peak braking
12.2.1 The peak values of braking coefficient computedcoefficient calculated in 12.3 for each set of test and control

from vehicle deceleration frequently may deviate from theirtires versus their consecutive order of testing for each day

true value, that is, the value actually existing at the tire.separately as shown in Fig. 3.

A TEST TIRE
/— PEAK BRAKING COEFFICIENT

a O CONTROL TIRE

ZSLIDE BRAKING COEFFICIENT

[ 28 oo

0

BRAKING 05 —
TRACTION
COEFFICIENT

04 |-

| | { i { | — § 1 1L i

1 2 3 4 5 [-] 7 8 9 10 1 12
CONSECUTIVE ORDER OF TESTING

FIG. 3 Effect of Environmental Factors on Braking Traction
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12.6 Perform linear regression analysis of each day’s data 12.12.1 Calculate the values of coefficiersts and b, for
points for control tires only and plot regression line throughregression equation:

these points. ' M., = a + bym @
12.6.1 Calculate the values of coefficierds and by, for

regression equation: where: _ ' _ '

B M. = predicted value of slide braking coefficient for con-

My = &, + bm 3) se .
pe P trol tire,
where: a, = intercept,
M, = predicted value of peak braking coefficient for bs = slope, and _
control tire, m = consecutive run numbers of data points for test or

a, = intercept, control tires (n=1, 4, 7, 10, 13...for control tires
b, = slope, and andm=2, 3,5, 6, 8, 9, 11, 12...for test tires).
m = consecutive run numbers of data points for test or The values ofa, andbg are computed as follows:

control tires (n=1, 4, 7, 10, 13...for control tire and 1 o M
m=2,3,5,6,8,9, 11, 12...for test tire). as=g( EH Hsem = bs ZM m) (8)
12.6.1.1 The values of andb are computed as follows: e e

1 T Mhnax Moax Mhnax Moo

ap B ﬁ (m ;];,4“}1 pom bp m :21,4.“) (4) b n m :214 Mikem — m:EI,A.._ m m ;;4 Hsem (9)
s = M M
n > mi—( > m?
Mmax Mhax Mmax £ £
— — m=14.. m=14..
r]m=214 mppcm_m=214 mm=214 upcm ( )
b = 4. 4. 4. 5
p Mmax Mmax — H H
n 21:4 m2 — ( 21:4 m)? wheren = number of data points for control tire only.
m=14.. m=14..

12.12.2 Calculate the grand mean valygaf the average
value 4. of slide braking coefficient determined in 12.9 for
wheren = total number of data points for control tire only. control tire by averaging the values of over the whole test
12.6.2 Calculate the grand mean peak valye @f the (several days).
average value g4 of peak braking coefficient, determined in 12,13 Calculate from regression equation shown in 12.12.1
12.3 for control tire, by averaging the values qf over the  the predicted value of each day’s slide braking coefficient for
whole test (several days). control tires for the data points of test tires.
12.7 Calculate from regression equation shown in 12.6.1 the m=2 35689, 11, 12. (10)
predicted value ji of each day’s peak braking coefficient for

control tires for the data points of test tires. 12.14 Correct the average valueg @f braking coefficient
m=23568,911,12. ®)  for the test tires determined in 12.9 for environmental changes
12.8 Correct the average valugg of peak braking coeffi- by multiplying their values by the following ratio:
cient for the test tire determined in 12.3 for environmental b (11)
changes by multiplying these values by the ratjp/uy,. by
using the values gt and | calculated in 12.6.2 and 12.7, 13 Report
reslge.zgtl(\;eallyc.mate the average valugs, jand i, of slide 13.1 State that the test was performed in accordance with

braking coefficient for 10 repeated runs, for each set of test andeSt Method F 403. _
control tires for each test condition. 13.2 Tabulate the corrected average peak and slide values of

12.10 The values of slide braking coefficient tend to show &raking coefiicient following the format shown in Fig. 4.
decline in time when testing proceeds over a period of several o )
hours or days. This time trend is similar to that shown in 12.414. Precision and Bias
for peak braking coefficient. Procedure for adjustment of 14.1 Precision—Data are not yet available for making a
values of slide braking coefficient due to time trends is showrstatement on the repeatability or reproducibility of this test
in 12.11 through 12.14. method.

12.11 Plot the average values.land |4 of slide braking 14.2 Bias—There are no standards or reference values with
coefficient calculated in 12.9 for each set of test and controlvhich the results of this test method can be compared. The
tires for each day separately in a manner similar to that showfunction of the test method as indicated in 14.1 is to be able to
in Fig. 3 for peak braking coefficient. make comparisons among types of tires tested within the same

12.12 Perform linear regression analysis of each day’s dat#st program. It is believed that the results of the test method
points for control tires only and plot regression line throughare adequate for making such comparisons without external
these points. reference to assessing bias.
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