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INTERNATIONAL STANDARD

1SO 4138-1982 (E)

Road vehicles — Steady state circular test procedure

0 Introtliuction

0.1 General remarks

The road h
part of acti

blding ability of a road vehicle is a most important
be vehicle safety. Any given vehicle, together with

its driver arjd the prevailing environment, makes a closed-loop
system that is unique. The task of evaluating road holding
ability is therefore very difficult because of the significant inter-

action of th

bse driver-vehicle-road elements, each of which is in

itself complex. A complete and accurate description of the
behaviour gf the rcad vehicle must necessarily involve informa-
tion obtaingd from a number of tests of different types.

Because th

by quantify only one small part of the whole hand-

ling field, the results of this test can only be considered signifi-

cant for a

correspondingly small part of the overall vehicle

handling bghaviour.

test track facilities by selecting a circle or-pa
radius. Often a constant radius (in plane}roag
test facility.

angle as a function of lateral “acceleration an

h of appropriate
will suffice for a

to describe ve-

The primary object of this test.is'to measure t};e steering wheel

hicle steering (for example;-understeer/overst
left hand and right hand-turns.

Thus it is necessary to meastre :

— steering wheel angle;

er) behaviour for

— \lateral acceleration (alternatively, this may be deter-

mihed from other variables).

NOTE — Strictly speaking, test results based on
should not be used for comparison of the perfor
vehicles. This is because lateral acceleration, as p
measured at right angles to the vehicle x-axis* and

ateral acceleration
ance of different
recisely defined, is
not at right angles

Moreover, hothing is known about the relationship between
the results |of this test and accident avoidance. A vety large
amount of work is necessary to acquire sufficient(and reliable
data on the correlation between handling properties’in general
and accident avoidance.

In addition| up to now, no significant _correlation has been
found between the vehicle behaviour@nd-the driver’s subjective
evaluation dluring the test. Howevet,some correlation has been
found to exist between certain aspects of a skilled driver’s sub-
jective evaluation during road\dfiving and the resuits of the
steady state circular test.

Therefore it is not pessible to use this procedure and the test
results for regulation. purposes at the moment. The best that
can be expected is that the steady state circular test can be
used as ong among many other, mostly transient, tests which

to the tangent of the vehicle path.

To overcome this difficulty, lateral acceleration mgy be corrected for
vehicle sideslip angle, which gives the quantity “‘centripetai accelera-
tion"’.
However, the extent of this correction is not likely t¢ exceed a few per-
cent and can generally be neglected.

*

As referred to an axis system defined as followp :

o

A right-hand orthogonal axis system fixed in the vghicle such that its
origin is at the centre of gravity of the vehicle. The x-axis is in the
longitudinal direction, the y-axis is in the lateral diregtion and the z-axis
is vertical.

It is desirable to measure :

— sideslip angle. If the whole of the propedure described
in annex C is to be followed, the sideslip angle must be

together can cover the tield ot venicle dynamiC behaviour.

0.2 Object of the test

This procedure requires the test vehicle to be driven at several
constant! speeds on a path of known radius. The directional
control response characteristics are determined from data ob-
tained while driving the vehicle at successively higher speeds
on the constant radius path (or path of sufficient length to
attain steady state). This procedure can be conducted in a
relatively small area. The procedure can be tailored to existing

measured directly or calculated from other measured
variables (see 3.2.5).

The following variables can also be measured :
— yaw velocity;

— forward velocity;

steering wheel torque;

— vehicle roll angle.

1} This may depend on the test procedure to be used (see note in clause 5).
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1 Scope and field of application

This International Standard specifies a procedure for deter-
mining the steady state directional control response of passen-

- ger cars, as defined in ISO 3833, by measuring the steady state
cornering behaviour which is one of the factors composing
vehicle dynamics and road holding properties.

The definitions of the technical terms used in this document are
given in annex E.

3.2 Installation

Transducer installation and orientation will vary according to
the type of instrumentation used. However, if a transducer
does not measure directly the required variable, appropriate
corrections for linear and angular displacement shall be made
to its signals so as to obtain the required level of accuracy.

3.2.1 Steering wheel angle

2 ReferencL-s
ISO 1176, Road Vyehicles — Masses — Vocabulary.)
ISO 2416, Passenger cars — Load distribution.

ISO 3833, Road yehicles — Types — Terms and definitions.

3 Instrumentation

3.1 Description

Those of the varjables listed in 0.2 which are selected for test
purposes shall monitored, using appropriate transducers,
and the data shall be recorded on a multi-channel recorder
having a time bdse. The normal operating ranges and recom-

mended maximum errors of the transducer/recording system
are as shown in fable 1.
Table 1
Recommendéd
. maximum error of'the
Variable Range combined transducer/ |-
recordeér system
) +,2%for angles
Steering wheel 02) < 180°
angle + 360 1 ‘4° for angles
> 180°
Lateral acceleratign + 15 m/s? + 0,15 m/s2
Yaw velocity + 50°7/s + 0,5°/s
Forward velocity 0 to 50~m/s + 0,5m/s
Sideslip angle + 15° + 0,5°
Steering wheel + 30 Nm £ 0,3 Nm
torque
Roll angle 150 + 0150

A transducer shall be installed, as specified by the manufac-
turer, to obtain steering wheel angle relative (to [the sprung
mass.

3.2.2 Lateral acceleration

An accelerometer shall be jnstalled as specified by the
manufacturer and mounted either :

al on the sprung mass at the whole vehicl¢ centre of
gravity and aligned with the vehicle y-axis. In thig case it will
measure “side<acceleration” and its output shall be cor-
rected for theccomponent of gravity on the acgelerometer
axis due both to the vehicle roll angle and any track surface
inclination:

b) *.en the sprung mass at any position and aligned parallel
to\ the vehicle y-axis.- In this case, its output shall be cor-
rected for its position relative to the centre of gr{vity, which
will give “side acceleration’”; which in turn shall be cor-
rected for the component of gravity on the acg¢elerometer
axis due both to vehicle roll angle and any track surface in-
clination.

¢} on a reference trolley such as may be used fto measure
vehicle roll angle and sideslip angle. In this case [corrections
shall be made both for its position relative to [the vehicle
centre of gravity and for any track surface inclipation.
3.2.3 Yaw velocity
A transducer shall be installed, as specified by the manufac-

turer, with its axis aligned with or parallel to the vehicle z-axis.

3.2.4 Forward velocity

NOTE — These values are tentative and provisional until more
experience is available. The minimum overall bandwidth of the entire
measurement system including transducers and recorder shall
be 3 Hz.

1) At present at the stage of draft. (Revision of SO 1176-1974.)

2) Assuming conventional steering system.

2

A velocity transducer shall be installed as specified by the
manufacturer. If it is not aligned so as to operate in the x-z
plane and parallel to the test track surface, its output shall be
corrected for any linear or angular displacement therefrom.



https://standardsiso.com/api/?name=e68c05f2af58f2b9eff55b92490ba9ad

3.25 Sideslip angle

A transducer shall be installed, as specified by the manufac-
turer, so as to measure sideslip angle. If it does not measure the
angle in the plane of the track suiface, an appropriate correc-
tion shall be made.

Sideslip angle can be calculated from coincident measurements
of other variables, for example, lateral and forward velocity at
any point on the vehicle.

The point

referred shall be |nd|cated in Annex Al

3.2.6 Steering wheel torque
A transdufer shall be installed, as specified by the manufac-

turer, so a to measure the torque applied to the steering wheel
about its gxis of rotation.

3.2.7 Rofl angle
A transduger shall be installed, as specified by the manufac-

turer, so 3s to measure the angle between the vehicle y-axis
and the track surface.

4 Test|conditions

4.1 Test track

All tests shall be carried out on a uniform hard surface which is
free of cohtaminants and which has a gradient, as-reasured
over a distance of 5 m up to 25 m in any direction] of-not more
than 2 %.| For a standard test condition, a smooth, dry pave-
ment of agphalt or cement concrete or a high-friction test sur-
face is regommended. A minimum radius ‘of 30 m is recom-
mended ahd the ambient wind speed shall not exceed 7 m/s.
For larger [radii where vehicle speeds-are higher, a lower max-
imum wing speed is desirable.

4.2 Tyres

The test may be perforrned with tyres in any state of wear so
long as, at the end-of‘the test, a minimum of 1,5 mm of tread
depth renfains over the whole circumference of the tyre (see
note).

1SO 4138-1982 (E)

NOTE — As in certain cases, the tread depth has a significant in-
fluence on test results, it is recommended that it should be taken into
account when making comparisons between vehicles or between
tyres.

The circumference is that part of the tyre which contacts the road sur-
face when the vehicle is stationary and the steered wheels are in the
straight-ahead position.

4.3 Operating components

All operatlng components likely to mﬂuence the results of this
5 and suspension
parts) shall be mspected to ensure that they eet the manufac-
turer’s specifications and are properly adjusted and secure.

4.4 Vehicle loading conditions

4.4.1 General conditions

In no case shall the maximum manufacturel's total mass and
the maximum manufacturer's axle load, bpth as defined in
1ISO 1176, be_‘exceeded. The complete vehjcle kerb mass as
defined inAS0/1176, shall be regarded as thg minimum mass.

4.4 2.~ Minimum loading condition

The total vehicle mass for the minimum load|ng condition shall
consist of the complete vehicle kerb mass (spe 4.4.1), plus the
masses of the driver and instrumentation.

4.4.3 Maximum loading condition

For the maximum {oading condition, the tofal mass of a fully
laden vehicle shall consist of the complete yehicle kerb mass,
(see 4.4.1) plus 68 kg for each seat in the pgssenger compart-
ment, and the maximum luggage mass equally distributed over
the luggage compartment according to 1SQ 2416. Loading of
the passenger compartment shall be such th3t the actual wheel
loads are equal to those obtained by loading each seat with
68 kg according to ISO 2416. The mass of in§trumentation shall
be included in the vehicle mass. Care shall be taken to give
minimum error in the location of the centre of gravity and in the
values of the moments of inertia as compafed to the loading
conditions of the vehicle in normal use.

However, for a standard tyre condition, new tyres shall be used
after being run-in for 150 to 200 km in the appropriate position
on the test car without excessive harsh use, for example
braking, accelerating, cornering, kerbing etc.

Tyres shall be inflated to the pressure specified by the vehicle
manufacturer for the test vehicle configuration. The tolerance
for setting the cold pressure is = 0,05 bar for pressures up to
2,5 bar and *+ 2 % for pressures above 2,5 bar.

5 Test procedure

The tyres shall be warmed up by a procedure equivalent to
driving 500 m at a lateral acceleration of 3 m/s2 on the radius to
be used for the tests and the pressures may be recorded.

The vehicle shall be driven on the desired circle at the lowest
possible speed. Data shall be recorded with the steering wheel
position and throttle position fixed.

1) It is recommended that the centre of gravity or the point of intersection between a line connecting the rear wheel centres and the vehicle’s

longitudinal median plane are used as reference points.
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The vehicle shall then be driven at the next speed at which data
are to be taken. However, if the instrumentation requires to be
reset between the tests, the vehicle may be stopped for this
purpose. Data shall be taken in increments on not more than
0,5 m/s2. Where the data vary rapidly with lateral acceleration,
it may be useful to take data in smaller increments.

At each lateral acceleration level, the steering wheel position
and throttle position shall be maintained as constant as possible
while data are taken. Whatever radius is chosen, the path shall
be followed to within 0,3 m of either side. Data shall be taken

6.2 Steering wheel angle

If the steering wheel angle varies by more than 10° from the
average value, the data, if used, shall be so labelled.

6.3 Lateral acceleration

Steady state levels of lateral acceleration may be obtained by
any one of the following four methods :

a) The corrected output of an accelerometer (see 3.2.2).

foratleast3 s arwmwwm@ Itis
recommended that the highest gear compatible with the condi-

tions of the test]

shouid be used.

NOTE — It may ble possible to carry out the test by accelerating very

slowly through ti
tinuously. Further|
alternative proced|

The value of the

e speed range and recording the variables con-
work is required before this can be specified as an
Lire.

lateral acceleration shall be increased and data

shall be taken u
state conditions|

ntil it is no longer possible to maintain steady

Data shall be taken for both left and right turns. All the data

may be taken i
other direction.

one direction followed by all the data in the
Iternatively, data may be taken successively in

one direction anfd in the other for each acceleration level, going
from the lowest to the highest. The method chosen shall be

noted in the ge

eral data.

6 Data anglysis

6.1 General

When analysing
measured varialy

the data, the steady state values™\for all the

these variables
state was main

If vehicle speed
measured by tin{
interval used fo
measure speed

les shall be established as the average values of
in the elapsed time during which the steady
ined.

s used to compute lateral acceleration and itis
ing the vehicle overa-known distance, the time

estimating speed'shall be sufficiently long to
o + 2 % (i.elateral acceleration + 4 %). For

example, if a 4% m radius‘circle is tracked at 13 m/s and the

strip chart is cd
timing length sH

nsidered to read time to 0,1 s accuracy, the
all be rot less than 65 m, i.e.

b) The product of the yaw velogity, correcteli for vehicle
roll angle, and the forward velocity corrected| for sideslip
angle.

¢} The square of the forward wvelocity, corrected for
sideslip angle, divided by the path radius.

d) The product of thelsquare of the yaw vglocity, cor-
rected for vehicle roll‘angle, and the path radiys.

7 Data presentation

General data_shall be presented on a summary form as shown
in annex-A.

Measured data shall be plotted on figures of |annex B as
follows : ‘

— vehicle steering wheel angle data points op figure 1;

— vehicle sideslip angle data points it measured, on
figure 2;

— vehicle roll angle data points if measured, [on figure 3;

— steering wheel torque data points if measured, on
figure 4.

NOTE — There are a number of ways of further procegsing the data
presented in this clause. These ways have been developgd as conven-
tions over many years and each can be justified in its owh way; for ex-
ample the division of steering wheel angle data by a npminal overall
steering ratio.

This is particularly true where the process involves fjtting smooth
curves to experimental data for the purpose of evalugting the gra-
dients. The type of curve and the method of fitting willl influence the

13m/s x 0,

L} 1.7
TS5 — Lo

1.3m = 0,02 x x

1,3

X =—=

’

65 m

and 65 m represents about one quarter revolution on a 45.m

radius circle.

1) See note under clause 5.

e been used.

Within the context of an International Standard it is not possible to
recommend any one way as being better than any other.

Therefore, a number of ways of processing the test data, to produce
new variables which describe vehicle steady state behaviour, are
described in annex C. Any one of those ways may be used at the
option of the user. If the processing described in annex C is carried
out, it will be necessary to determine the overall steering ratio as
described in annex D.
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Annex A

General data

Vehicle identification :
Make, year, model, type :

Vehicle number :

.....................................................................................

Steering type—

Suspensiop type — Front: el e
Rear: e s i T e
Engine sizg, optional equipment : e st e
Tyres andjcondition : - el e e e
Tyre pressjires
— Cold Front......c.covevvnipen b, Rear......co.eovineeiiinenniniiinnn, bar
i mosscfred " Hot — after vt Fromt T e
2 {162 T S
Wheelbasg : N e e s e e s e e m
LI 5T S T2 e g PPN m
Rear: AN e sirresern e s s m
Other : T U PR m
{In particular, relevant suspension settings)
Vehicle lgading :
Loading condition and location : (7 s sen s raeen e fe e
Vehicle mass as tested : LR s RF e kg
I 21 PN kg
TOTAL...oovciiirinivnniiinnin v kg
Test conditions
Test surfaLdESLriptiun .....................................................................................
Weather CONdIIONS e e e e en e e s s e s ea s v e ra e v ran e
JLIC=007oT=1 £ (V= PN °C
WINA SPEEA i terireretareraareeraser b et ettt se s s s saras m/s
Reference point for sideslip angle (SE8 3.2.5) i tr e e e varar et e et ras s e et an et r s s st ananns
Test path radius st s s s a s r s ares m

Sequence of test runs
(see clause 5)

.....................................................................................
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Test personnel|:

Driver
Observer

Data analyst

General comm

Annex A (continued)

General data

PNts ©

......................................................................
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Vehicle :
Radius :

For test con

Annex B

Presentation of results

200 |-

1ISO 4138-1982 (E)

ditions see annex A

160 |-

120 |-

0]
[=]
|

Steering wheel angle, ©

40 |-

- 10

Left turn

- 80|

- 120 |~

Right turn

6

Steady state lateral acceleration, m/s

Figure 1 — Steering wheel angle characteristic

— 160 |-

— 200 |-


https://standardsiso.com/api/?name=e68c05f2af58f2b9eff55b92490ba9ad

1SO 4138-1982 (E)

10

Vehicle :
Radius : -
For test conditions see annex A 8-

Sideslip angle] °

! I i 1 | % ! [ ! |
—10 _4d —6 —a —2 2 4 6 8 10

Steady state lateral acceleration, m/s2

Left turn Right turn

— 10 |~

Figure 2 — Sideslip characteristic
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Vehicle :
Radius :
For test conditions see annex A 8

Rol! angle, 9

] ] 1 ] ] ] | | ] 1
- 10 -8 -6 -4 -2 2 4 6 8 10

Steady state lateral acceleration, m/ 42
Left turn Right turn

— 10 |-

Figure 3 — Vehicle roll characteristic
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Vehicle :
Radius :
For test conditions see annex A 8L

Steering wheel torqpe, N-m

] ] ] ] ] . | | L ] |
- 10 -8 -6 — 4 -2 2 4 6 8 10

Steady state lateral acceleration, m/s?
Left turn ' Right turn

—10 |-

Figure 4 — Steering wheel torque characteristic

10
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