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Definitions

Constrained Analysis—The vehicle’s frontal area and aerodynamic drag coefficient have beg
determined @and those Maltues will be used in the equation of motion.

Driveline—The rotating components of a vehicle mechanically connected to the driving wheels when the
propeller shaft,

transmissiorj
transmissiori

is imneutral gear. This includes the brake disks/drums, driveshafts, differential
oufput shaft_and some components within the transmission

Effective Vehicle Mass—The sum of the vehicle test mass and the effective mass of rotating components.

Effective Mass of Rotating Components—The rotational inertia of driveline and non-drive axle components
that rotate with the wheels expressed as additional “linear” mass. For passenger cars without dual drive tires,
if the actual effective mass of rotating components is unknown, the effective mass of all rotating components

may be estimated as 3.0% of the vehicle test mass.

Mechanical Drag—The force opposing vehicle movement due to tire-rolling resistance and friction in the

driveline and non-drive axle components.

n independently
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Road Load Force—The total force encountered by a vehicle by reason of motion on a level, smooth surface; it
includes aerodynamic and mechanical drag components and is expressed as a function of vehicle speed.

Test Mass—The mass of the vehicle at the conclusion of the test; including driver, instrument operator (if any),
and all instrumentation.

Symbols—See Table 1.

TABLE 1—SYMBOLS

Symbol  Units Description

A m2 frontal area

ap. ap deg™ coefficients for aerodynamic drag, as a function of yaw angle
An N coefficient of mechanical drag

Bm N/(km/h) coefficient of mechanical drag

Cn N/(km/n)2 coefficient of mechanical drag

Baro kPa barometric pressure

Cq4(Y) coefficient of aerodynamic drag at yaw angle.Y)

D N drag

Daero N aerodynamic drag

D¢ N front axle drag (including driveling)

Dgrav N gravitational drag

Dmech N mechanical drag

D, N rear axle drag (including driveline)

Diire N tire rolling resistance

(dv/dt) ms2 acceleration

g ms—2 gravitational constant

(dh/ds) sine-of slope

M kg mass-of vehicle

Me kg effective vehicle mass (including rotating components)

rrho)  kg/md air density

t S time

T (S temperature

Vv km/h vehicle speed

V, km/h apparent wind speed relative to vehicle

Y deg yaw angle of apparent wind relative to direction of vehicle travel
w N weight

Instrumentation
Calibration—All instrumentation shall be calibrated.

Time—(Elapsed) time shall be measured to an accuracy of £0.001 s and shall be recorded to a resolution of
0.01s.

Vehicle Speed—Vehicle speed shall be measured to an accuracy of 0.2 km/h (0.1 mph) and shall be recorded
to a resolution of 0.2 km/h (0.1 mph).
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5.4

5.5

551

5.6

5.7

5.8

59

6.1

6.2

Relative Wind Speed—Relative wind speed shall be measured at the approximate mid-point of the vehicle’s

frontal cross section and approximately 2 m in front of it.

accuracy of

Relative wind speed shall be measured to an
1 km/h (0.6 mph) and shall be recorded to a resolution of 1 km/h (0.6 mph). Calibration of the

anemometer shall include corrections for vehicle “blockage.”

Relative Wind Direction (Yaw)—Wind direction relative to the direction of vehicle travel shall be measured at
the approximate mid-point of the vehicle’s cross section and approximately 2 m in front of it. Relative wind
direction shall be measured to an accuracy of 3 degrees and shall be recorded to a resolution of 1 degree, the

“dead band”

of the instrument shall not exceed 10 degrees and shall be directed toward the rear of the vehicle.

Calibration of the instrument shall include corrections for vehicle “blockage.”

EXCEPTION
undergoin
(including
requireme
account fg
responds

Ambient Te
and track); t

Atmospher
station is ac

Tire Pressure—Tire pressure shall be measured to an aceguracy of +5 kPa (1 psi).

Vehicle Mag
4000 kg (88

Vehicle Pre

Break-In—T]
6500 km (4
under similg
remaining.

Vehicle Che
mechanical

a. Veh

vy Y H atiora ’ s atign on the vehicle
j the road load determination, and where such calibration occurs as part of\the test sequence
pre- and post-test operation) and without removing or installing the instrument, the accuracy
hts set forth in 5.5 do not apply. (Under these limitations, the calibration of the instrument to
r vehicle blockage makes an “accuracy” specification unnecessary; ‘as long a$ the instrument
he same way during calibration and testing, the needs of the procedure‘are satisfied.)

mperature—Resolution and accuracy of 1 °C (1.8 °F), true air.temperature (shielgled from the sun
bmperature shall be measured in front of the vehicle.

c Pressure—Resolution and accuracy to 0.3 kPa (0-1.in-hg), data from a centrg
Ceptable.

| facility weather

s—Vehicle (and axle) mass shall be measured to an accuracy of +10 kg (22 Ib). For vehicles over
|8 Ib), the accuracy requirement is £20'4kqg (44 Ib).

baration

he vehicle and tires shall(have accumulated a minimum of 3500 km (2175 mileg) and preferably

D39 miles) of road seryice prior to testing. Tires may be broken-in using a different vehicle but
r load conditions as_the' test vehicle. Tires shall have at least 50% of their original tread depth

ck-In—Theest vehicle shall be identified. Any differences from the normal con
malfunctions'shall be described. The following information shall be recorded prio

figuration or any
to the test:

cle description including make, model, model year, body style, VIN (or prototype mumber), engine,

and

transmission type.

Tire
avai

size;manufactorer,—constructionmcode,modet—tire—performance—code—(FPE)—or equivalent (if
lable), DOT identification number for each tire (if available), and the amount of tread on each tire.

Aerodynamic drag coefficient, measurement method, and where measured; only if “constrained

ysis” is to be used.

Frontal area and how determined; only if “constrained analysis” is to be used.
Vehicle ride or time heights measured using the procedure specified by the manufacturer or, if no such

procedure is specified, to top of the wheel well, or equivalent, for each wheel.

anal
d.
e.
f. Man
g.

ufacturer’s minimum recommended tire inflation pressure.

Wheel bearing and brake drag for abnormal conditions.

6.3 Vehicle Maintenance—If necessary, fluid levels shall be corrected to manufacturer’s specifications.
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6.4

6.5

6.6

6.7

6.8

6.8.1

7.1

7.2

7.3

7.4

8.1

8.2

8.3

9.1

9.2

Instrumentation—Any instrumentation shall be installed on the vehicle in such a manner as to minimize
effects on the operating characteristics of the vehicle.

Fuel—The vehicle fuel tank shall be filled. For multiple fuel tanks, only the main (largest) tank shall be filled.
Prototype vehicles may have the amount of fuel adjusted as necessary to meet the required test weight.

Prototype Vehicle Mass—~Prototype vehicles shall be ballasted (or have mass removed) to simulate the mass
and distribution of a production vehicle undergoing the test.

Light Truck Mass—When tested for compliance purposes, light trucks shall be ballasted to the appropriate
mass as required by regulation.

Tire PressuLe—The vehicle tires shall be inflated to the vehicle manufacturer's minimum recommended
inflation pregsure, adjusted for changes in temperature between the tire temperature at the time of inflation and
the test tragk ambient temperature. (For normal passenger vehicle tires this corregtion is japproximately a
1 kPa incredse for each degree Celsius that the tire temperature exceeds the track ambient tgmperature.)

OpPTION—\Vhere tire temperatures are not stable or when the test is not te\be run immediately after vehicle
preparatiop, the tires shall be inflated to the manufacturers minimum recommmended tire prgssure plus 10%.
The vehicle shall be parked near the test track area with the tires shielded from the sun for alminimum of 4 h.
Test Conditjons

Temperature—Ambient temperature shall be between 5 and.35 °C (41 to 95 °F).

Wind—Average wind speed shall not exceed 35 km/hs(21.7 mph) nor shall wind gusts excedd 50 km/h (31.1
mph).

Fog and Prgcipitation—Tests may not be run during fog or precipitation conditions.
Road Cond|tions—The test road must be dry, clean, straight, smooth, be hard surfaced, no{ have excessive
crown, and have a constant grade of no jmore than 0.5%. (There is no grade restriction if thg grade is known
as a functiof of position and vehicle‘position will be recorded, or calculated, on a real-time basis. The force
due to the gfade must then be fa¢tered into the data analysis.)

Pretest Opdrations

Tire Pressure—If not already adjusted for the track ambient temperature, the vehicle tire pressures shall be
bled down tq the manufacturer,s minimum recommended tire pressure.

Vehicle Mags==The vehicle shall be weighed to verify that it has been adjusted (if required) tq the correct total
mass and inthvidtataxtetoads:

Vehicle Preconditioning—A minimum of 30 min operation at 80 km/h (49.7 mph) is required to precondition
the vehicle and tires. This preconditioning period may be used to calibrate instrumentation.

Coastdown Test
Vehicle Condition—Vehicle windows and vents must be closed. Headlights shall be turned on. Accessories
may be used. Use of accessories which affect engine speed shall be noted; such use shall be duplicated

during any subsequent dynamometer adjustments.

Test Runs—A minimum of 10 runs are made in alternating directions; 5 runs in each direction.
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9.3

9.3.1

9.4

10.

10.1

10.2

10.3

10.4

11.

111

11.2

Procedure—The test shall begin immediately following preconditioning. At the start of each run, accelerate
the vehicle to 125 km/h (77.7 mph), or (higher if necessary to gather stabilized data) which is 10 km/h (6.2
mph) above the highest speed in the coastdown range. Stabilize at the required speed, let the accelerator
pedal return to the idle position, shift the transmission into neutral, re-engage the manual transmission clutch
(if so equipped), and start the recording equipment. At a speed below 15 km/h (9.3 mph) which is the lowest
speed in the coastdown range, stop the recording equipment, engage the transmission and prepare for the
next run which shall be in the opposite direction. The test shall be conducted so that the time between runs is
minimized to reduce the effect of changes in tire and lubricant temperatures.

SPLIT RUN OPTION—If data cannot be collected in a continuous fashion for the entire speed range (due to
insufficient track length) “split” runs are permitted. In a split run, data is first collected for the high-speed
portion, 125+te—X—kmth—r-each-directon—thentow-speed-data-is-colected—x——35-4anhto the lower limit

The procegs is then repeated until 5 complete 125 to 15 km/h run pairs have been completdd.

Lane Changes—While collecting data, lane changes should be avoided, if possibley“Gradyal lane changes
over a distapce of 500 m are permissible.

Data

Test Run Information—Actual time at the start of the test shall be recorded, elapsed time sHall be measured
(or calculatgd) from that time. The following information shall be recorded at the start of ea¢h run, including
aborted rung. Items may be recorded manually or by the data logging system:

Run|number (method of identifying each run)
Elapsed time

Ambient temperature

Ambient pressure

Ambient humidity

Run|direction

Tradk temperature

@~0aooy

Test Run Data—The following data shall be measured and recorded at 0.2 or 1.0 s intervals during the
procedure. Pata for the various parameters shall be synchronized, i.e., measured over and gssociated with a
given time interval.

Elapsed time

Veh|cle speed

Air Jelocity (speed, direction) relative to the vehicle
Ambient temperature

coow

End of Test|@ata—Upon conclusion of the test, weigh the vehicle to determine the total mass including the
driver, fifth wheettup)ifused,and—attother-mstromentatiom—Record—Determime—average-wind, peak wind
speeds, and average barometer pressure during the test portion. Record.

Data Recording Option—Data may be recorded continuously, e.g., from the beginning of preconditioning
through the completion of the test as long as the beginning and end of each test run can be identified.

Equation of Motion
Assumptions—The assumptions behind the following equations can be found in Appendix A.
General Form—The general form of the equation of motion can be written as shown in Equation 1:

Mo (dV/dt) = Dyacn ¥ Daero + Dgrav (Eq. 1)

-6-



https://saenorm.com/api/?name=7f62cec10df9b9e424e53757d4643076

SAE J2263 Issued OCT96

where:

Dmech = Dtire + Ds + Dy
Daero = (1/2) rCD(Y)Avr2
Dgrav = W(dh/ds)

M, = Effective vehicle mass

11.3 Mechanical Drag—Although mechanical drag consists of separate components representing tire (Dy;e), front
and rear axle frictional losses (Dg and Dg, including transmission losses), it can be modeled as a three-term
polynomial with respect to speed (V). See Equation 2;

11.4

115

11.6

12.

12.1

Doen = A +B_V+C _V (Eq. 2)
where:
A, Bm, and C,,, are determined in the data analysis. These constants refleet the combined driveline
and tire drag.
Aerodynamijic Drag Modeling—The aerodynamic drag coefficient, Cy(Y),,is modeled Jas a four-term
polynomial With respect to Yaw angle (Y, Deg) (see Equation 3):
C4(Y) = ag+a,Y +a,Y’ +a,Y> +agy’ (Eq. 3)
where:
ap t¢ a4 are constant coefficients whose values are>determined in the data analysis. The aerodynamic
drag coefficient is combined with the vehicle’\frontal area (A) and relative wind|velocity (V,) to
detgrmine the aerodynamic drag (Daero)- Se€Equations 4 and 5.
2
Daero =ALR2)rAV, C4(Y) (Eq. 4)
_ 2 2 3 4
Daero = (1 R2)rAV (ag+a Y +a,Y +azY +a,Y ") (Eg. 5)
Grade Correction—For test tracks which are not level, the force contribution due to gravjty (Dgyay) is the
component ¢f the vehicle weight@acting in the “horizontal” direction of vehicle travel. The for¢e is determined
from the grade, i.e., the change.in elevation per distance along the track (dh/ds), and the vehicle mass. The
sign is a fungtion of the direction, “up” or “down” hill (+ is up). See Equation 6.
Dgrav = +Mg(dh/ds) (Eq. 6)
Final Form pf thedequation of Motion—See Equation 7.
M, (dV/dt) = A, + B,V +C, V' + (LI2)IAV.(ag + a,¥ + a,Y  +agy +a,Y ) £ Mg(dh/ds) 0.7

Data Reduction—This section describes a technique for analyzing a set of coastdown data employed in the
determination of the coefficients used to describe the road load force. The end result is a three term equation
describing the road load force as a function of velocity F = A + BV + CV?2 corrected to 20 °C (68 °F), 98.21 kPa
(29.00 in-hg) and still air.

Determine Calibration Coefficients—If not previously determined, calibration factors (to correct for vehicle
“blockage”) must be determined for relative wind speed and yaw angle. One technique which may be used
involves taking vehicle speed (V), relative wind velocity (V,) and yaw (Y) measurements during the warm-up
phase of the test procedure. Paired runs in alternate directions at a constant 80 km/h are made on the test
track; average values for V, V, and Y are determined for each run. By assuming that the wind during each pair
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12.2

12.3

12.4

12.5

12.6

12.7

12.8

12.9

of runs is constant, calibration factors can be selected which minimize the total errors in head and cross winds
over all the run pairs; i.e., the sum of (head; — head ; +1)2, etc. The user must select calibration techniques
appropriate for the wind conditions encountered as well as the instruments used.

Derive Second by Second Observations—From the periodic data collected during the coastdown runs,
determine values for V, (dV/dt), Vrz, Y and (dh/ds) by applying calibration factors and data filtering as

appropriate.

Preliminary Analysis—Using a linear regression technique, analyze all data points at once. Determine A,

Bm! C:m! ap,

Identify “ Oy

aq, ay, ag, and ay given Mg, dV/dt, V, V,, dh/ds, and air density.

thaore!” oy aooch ot alo | fak L\LLAE) and

observed. *“

data_naoint o wlata A v lintadl oo W] -
TS O Ccati oottt PUmG— carctotC— o PretiCtCU— TOTCC T IVig(OU v Ot oo o g

Flag” data points with excessive deviations, e.g., over three standard deviations.

ompare to that

Data Filtering—If desired, appropriate data “filtering” techniques may be employedcySmooth remaining data

points.

Eliminate E
direction of
conditions),

Final Data A
Determine A

xtreme Data Points—"Flag” data points with yaw angles greater than +20 d
vehicle travel; also “flag” data points with relative winds less_than +5 km/h (to
Festrict data analysis to vehicle speeds form 115 to 15 km/h-

nalysis—Using a linear regression technique, analyze all data which has not
m» Bm» Cm» g, 81, 89, 83, and a4 given Mg, dV/dt, \, V,, dh/ds, and air density.

Constrained Analysis Option—In a constrained analysis; the vehicle frontal area (A) and ¢

(Cy) are fixe
technique n
permitting a

Corrections
and pressur
0.0081 (T -
293] * [98.21

d at values which have been previously determined; for example in a wind tunn
more accurate application of ambient.cofrection factors.

—Correct the final results for instrument drag (if known), correct to standard amb
e conditions; 20 °C, 98.21 kPa: , Mechanical drag terms (An, + B,V + CyV?) are

/Baro].

20)]; aerodynamic drag (D,ero) iS corrected to a standard air density by multiplyi’rrg

pgrees from the
avoid backwind

been “flagged.”

pefficient of drag
b, This optional

ay allow for a more accurate separation of vehicle aerodynamic and mechanical drag; thus

ent temperature
ultiplied by [1 +
by [(273 + T)/

PREPARED BY THE SAE LIGHT-DUTY VEHICLE PERFORMANCE AND
ECONOMY MEASURES COMMITTEE
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