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0 Introdugtion
0.1 Reasons for a Technical Report
This test method is one of several open-loop transient response test methods adopted by ISO/TC 22. Originally the intentiof was to
publish each of these as separate International Standards. It was_then decided to combine them in a single International Standard,
ISO 7401, and festrict each method to its most basic content. |tiwas, however, also agreed that some of the methods in theif original
form contained technical information and additional interesting forms of data presentation that it was desirable to have apvailable.
Thus it was defided to have some of the test methods published also as Technical Reports to be used as a supplement to 10 7401.
This document is one of these Technical Reports and-it presents an extension of, and gives further explanation to, the fransient
response test method with one period of sinusocidal input. The main additions made in this Technical Report, by comparigon with
ISO 7401, are the study of the transient characCteristics as functions of lateral acceleration up to the limit of adhesion and the intro-
duction of some new parameters in order fo €xpress the characteristics in a comprehensive and understandable form. A|detailed
description on|how to perform the data-analysis is also included. The test conditions are identical to those described in IO 7401
except for some details concerning thé-test track and loading conditions.
The transient ppen-loop response test methods described in ISO 7401 are based on three different steering-wheel inputs, i.e.
step/ramp, one period sinusaidalvand random/sinesweep. The one period sinusoidal input is preferable when the range 9f lateral

accelerations ¢

f interest is_wide, or when the linearity of the behaviour of the vehicle is to be determined.

0.2 Generar
See IS0 7401.
0.3 Object

of test

The primary object of the test is to determine the transient response behaviour of a vehicle subjected to one period of sinusoidal input
which is similar to what is used in real traffic during lane change manoeuvres.

Important crite

ria are

time lags between steering-wheel angle, lateral acceleration and yaw velocity;
response of lateral acceleration to steering-wheel angle;

response of yaw velocity to steering-wheel angle.
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These criteria are determined at different levels of acceleration, primarily at 0,5 Hz steering-wheel! input frequency. Higher and lower
frequencies may, however, also be of interest,

Steering-wheel torque, sideslip angle and roll angle are examples of other responses which are believed to be of importance but until
now have not been widely used.

It is necessary to measure

steering-wheel angle;

— lateral acceleration;

— yayv velocity;
— forward velocity.
It is desirable to measure

— steering-wheel torque;

— sideslip angle;
— latgral velocity;
~ vehicle roll angle.

The variables listed in this clause are not exhaustive.

1 Scope and field of application
This Technical Report specifies a method for determining transignt response behaviour at approximately constant speeq and applies
to passender cars as defined in 1SO 3833. In a simplified form;-this test method is also specified in ISO 7401 together with alternative
and complementary procedures.

A method [for measuring transient response behaviolur'due to braking in a turn is specified in SO 7975: the measuremept of steady-
state propgrties is given in ISO 4138.

The open-loop manceuvre specified in this test'method is useful to determine vehicle transient response to one period jof sinusoidal

steering input under closely controlled test conditions. It is not fully representative of real driving conditions but similar tdtane change
manceuvrgs in real traffic.

2 References
ISO 3833, |Road vehicles’= Types — Terms and definitions.

ISO 4138, |Road wvehicles — Steady state circular test procedure.

SO 7401, |Road vehicles — Lateral transient response test method.

ISO 7975, Road vehicles — Braking in a turn — Open loop test procedure.

3 Instrumentation

See I1SO 7401.

4 Test conditions

Generally the test conditions are identical to ISO 7401, with the additions given in 4.1 and 4.2,
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4.1 Test track

If tests are made up to the limit of adhesion, a wet test track with a maximum coefficient of adhesion of not more than 0,8 is

recommended in order to reduce the risk of overturning.

4.2 Minimum loading conditions

It is desirable that not only the load distribution but also the actual load is as close as possible to the mass of two occupants in the

front seats (i.e. 136 kg).

5 Test method

5.1 Tyre warm-up

See 1SO 7401.

5.2 Test speed

See ISO 7401,

5.3 Steering-wheel angle amplitude

The steering-wheel angle amplitude shall be increased in approximately constant steps. The step size shall be such that the fifst step
results in a latergl acceleration of 2 + 0,5 m/s2. The number of steps shall be such.that the limit of adhesion is reached (i.e. thg same

lateral acceleration is obtained for two successive amplitudes, or that the vehicle becomes unstable).

5.4 Sinusoidal input

The vehicle shall be driven at the test speed (see 5.2), in a straightlline. Starting from 0 + 0,5 °/s yaw velocity equilibrium corjdition,
one full period of sinusoidal steering-wheel input shall be applied with a steering frequency of 0,5 Hz. Optional steering frequerjcies of

0,3, 0,7 and 1 Hgz are recommended. The allowable amplifude error compared to the true sine wave is £ 5 % of the first peak

No change in tHrottle position shall be made, even though speed may decrease.

Data shall be ta

direction. Alterrjatively, data may be taken suctessively in one direction and then the other for each lateral acceleration leve
from the lowest to the highest. The method chosen shall be noted in the general data (see annex A).

All test runs shall be performed at least three times in order to obtain mean values and standard deviations.

6 Data andlysis

6.1 General

en for both initial left and right\turns. All the data may be taken in one direction followed by all the data in th

value.

e other
| going

By comparison with ISO 7401, data analysis in this Technical Report is somewhat more extended. In addition to the evaluation of
values for left and right initial turn directions, mean values of left and right initial turn and asymmetry factors are deduced. If data are
digitized, a minimum sampling frequency of 200 Hz shall be used to get the desired time resolution. Peak values shall be taken from
data filtered according to annex C.

6.2 Lateral acceleration

Unless otherwise specified lateral acceleration is measured as the first peak value of the lateral acceleration at the vehicle centre of
gravity corrected for roll angle.

6.3 Yaw velocity

Unless otherwis

e specified yaw velocity is measured as the first peak value of the yaw velocity.
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6.4 Time lag and sine time lag

The time lags between the variables steering-wheel angle, yaw velocity, lateral acceleration, etc. are calculated for the first and
second peak by cross-correlation of the first and second halfwaves respectively (of the positive and negative parts of the time history)
(see annex C).

The mean value of the time lag for initial left and initial right turns for the second peak is used as a reference value named “‘sine
time lag”’.

6.5 Lateral acceleration gain

See I1SO 7401.

6.6 Yaw velocity gain

See ISO 7401.

6.7 Timgp lag ratio, R+

This is the|ratio between the time lag at the second peak and the time lag at the first peaks

6.8 Yaw velocity ratio, Ry

This is the|ratio between the second peak value and the first peak value of the-yaw velocity.

6.9 Latgral acceleration ratio, R,,

This is the|ratio between the second peak value and the first peak value of the lateral acceleration.

6.10 Asymmetry factor

The asymmetry factor for a variable is calculated as ten times the logarithm (to the base 10) of the ratio between result§ obtained in
tests with |nitial right turn and initial left turn. Equal results then give the asymmetry factor zero. Positive values indicafe that larger
values are [obtained in tests with initial right turns:

6.11 Test data analysis
The following data shall be calculated:

a) time lag between steering-wheel angle and yaw velocity;

b) time lag between ste€ring-wheel angle and lateral acceleration;
¢} latgral acceleratiop.gain per unit of steering-wheel angle;

d) vyaW velocity-gain per unit of steering-wheel angle;

e) time lag\ratio for the variables listed;

f) lateral acceferation ratio,
g) yaw velocity ratio;

h) asymmetry factors for the variables and ratios listed.

7 Data presentation
General data shall be presented on the summary form as shown in annex A.
Time histories of measured variables shall be plotted (see ISO 7401).

If a curve is fitted to any set of data, the method of curve fitting shall be described in the results.
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Test data shall be presented on the summary form shown in annex B, as mean values and standard deviations of initial left and initial
right turns, respectively. One column for the mean of the values for initial left and initial right turns is also given. Values shall be
presented for a lateral acceleration level of 4 m/s2 and additional levels of 2 and 6 m/s2 are recommended.

Sine time lag data as a function of lateral acceleration shall be plotted according to figure 1 (see annex B).

Lateral acceleration ratio, lateral acceleration gain and time lag ratio for steering-wheel angle to lateral acceleration as functions of
lateral acceleration shall be plotted according to figure 2.

The asymmetry factors of lateral acceleration ratio, lateral acceleration gain and time lag for steering-wheel angle to lateral acceler-
ation as functions of lateral acceleration shall be plotted according to figure 3.

Yaw velocity ratio, yaw velocity gain and time lag ratio for steering-wheel angle to yaw velocity as functions of lateral accelgration
shall be plotted according to figure 4.

The asymmetry factors of yaw velocity ratio, yaw velocity gain and time lag for steering-wheel angie to yaw veloeity)as functions of

lateral acceleratipn shall be plotted according to figure 5.

8 Optional data analysis and presentation

If measured,
a) steering-wheel torque,
b} roll angld,
¢c) sideslip gngle,
d) lateral vdiocity

shall be plotted gs functions of time. Similarly,
e) time lagg,
f) time gail,
g) ratios,
h) asymmefry factors

shall be calculatpd and plotted in the same way, as for lateral acceleration and yaw velocity.



https://standardsiso.com/api/?name=a957db1a7f323ffa61a9a30990eadc6a

ISO/TR 8725 : 1988 (E)

Annex A

General data presentation

Test number: .....

Vehicle identification

Make, year, MOdel, tYPe: .. O

Vehicle number :

Steering type:

SUSPENSIOM tYPE : POt Lt i e e D

REaI: o I

BNgING Iz . o R

OptioNal EQUIDMIEBNT . oo e e R e

Tyres and gondition :

Tyre pressfires

— colf: Front: . ..o D e bar*
Rar . A e bar

— hofl{if measured): Front: ..... ... ... . . . N e bar
Rear: ... e bar

RIMIS T e e b
Wheelbasd: ... ... AL e Y I m
Track . Frgnt s oo e e e e e e m
REBr L L TN e e m

Overall SteBriNg Fatio : . .. o e e e e e e e

Other (in phrticular, relevant suSPension SEHINGS) 1. . .. ...ttt e e

Vehicle lpading

Loading cqnditionand location: ... ... ... .. . e
Vehicle m3sg-as'tested: Leftfront: .......... . ... . ... .. oL kg Rightfront: ............................ .. kg
Leftrear: ... ... ... .. . .. .. kg Rightrear: ... .. ... ... . ... kg
TO T AL L ot e kg
Vehicle centre of gravity Beight . .. ... o i i i i e e e e e e e m

®* 1bar = 105 Pa = 105 N/m?
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Test conditions
Test surface description: T R R EEET R
Weather conditions :
B =211 o 1= 2= 1411 £ 1 °C
B2 1 I == m/s
Reference point for sideslip angle and lateral velocity {see ISO 7401} :

Test method chosen for evaluation: Sinusoidal input (one period)

Test personnLI

OSBIVEI . ... e e e e e e )

Data analyst: . |, . oo e e e e T

General comments
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Test number: .....

Presentation of test results

Annex B

Response data summary

ISO/TR 8725 : 1988 (E)

Vehicletype: ... ... o Test speed: ... km/h
Loadingcondition:........ ... i Lateral accelerationt ) .. .. m/s2
Test vehicle data: {see annex A) Frequency: ,~)  ..... Hz
Left turn Right turn
Parameter Symbol Unit Mean Standard Mean Standard Mlean value
value deviation valué deviation
Time lag stgering-wheel angle to latera!
acceleratior]
Peak 1 T(d-u,) ms
Peak 2 T{d-u,), ms
Sine tinfe lag T(6-a,) ms — - —
Asymmetry factor - - -
Time lag ratio
Time lag stpering-wheel angle to yaw
velocity
Peak 1 T(5-%), ms
Peak 2 T((S—‘i’)z ms
Sine time lag T6-9) ms — - —
Asymmetry factor — - —
Time lag ratio
Lateral accgleration gain ] (m/s2)/°
Asymmetry factor - — -
Yaw velocily gain w/5 s-1
Asymmetry factor — - -
Lateral accgleration ratio R“y
Asymmetry factor — — -
Yaw velocily ratio Ry
Asymmegtry factor - - —



https://standardsiso.com/api/?name=a957db1a7f323ffa61a9a30990eadc6a

ISO/TR 8725 : 1988 (E)

Test No.: ..... Loadcondition: ... ... i e
Vehicletype:........... e Test speed: ...... km/h
Vehicle data: (see annex A) Frequency: ...... Hz
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Figure 1 — Sine time lag as function of lateral acceleration
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Test No.: ..... Loadcondition: ... .. i
Vehicletype: . oo Test speed: ...... km/h
Vehicle data: (see annex A) Frequency: ...... Hz
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Figure 2 — Lateral acceleration ratio, R, , lateral acceleration gain, a,/J, and time lag ratio, Ry,
as functions of lateral acceleration '
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Test No.: ..... Loadcondition: ... ... . i
VehiCletype: ..o Test speed: ...... km/h
Vehicle data: {see annex A) - Frequency: ...... Hz
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Figure 3 — Asymimetry factors for Ra_v, a,/é and T(J-a,) as functions of lateral acceleration
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Test No.: ..... Loadcondition: ... ... i
VNI B tYPE: .. ot Test speed: ...... km/h
Vehicle data: (see annex A) Frequency: ...... Hz
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Figure 4 — Yaw velocity ratio, Ry, yaw velocity gain, ¥ /5, and time lag ratio, Ry(s. ).
as functions of lateral acceleration
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Test No.:..... Load condition: ... ... i
Vehicletype:............ e Test speed: ...... km/h
Vehicle data: (see annex A) Frequency: ...... Hz
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Annex C

Processing of test data

C.1 General

: 1988 (E)

The primary purpose of further processing of the acquired data is to derive parameters which can be used when comparing different

vehicles.

C.2 Filt

The data sh
that the sa

C.3 Ms

C.3.1 Tg
function R

R,.(1}

The maxim
The length

a) the
Zero crq

b) the
frequen

ering of data

all be filtered in an analogue or digital manner according to a 5 Hz low-pass second-order Butterworth filter. It

me type of filter is used for all signals.

find the time displacement (time lag), 7g, between the two signals x{r) and y (¢}, ~the maximum of the cros
. has to be found. This function shall be calculated as follows:

(=T
5 x{)eyle+7)dr

um of R (1) is found by moving the delayed signal y{r) stepwise*towards the signal x{r) by increasing 7 (se
of the output signal, y{7), varies with two cases:

e is a second zero crossing (see figure 6) and the sigoallength, 7|, is equal to the difference between the tim
ssing and the time of start;

re is N0 second zero crossing (see figure 7).and the signal length is then set to T = 1,5/f, where f. is the
Cy.

is important

thematical method for calculation of time lags by cross-correlation between twpo signals

5-correlation

b figure 6).

e for second

input signal

Bega uy —
g fa e fr e

ro crossing 4

RESRS DRy

risss:

-+

: E

i
+
1

ot

pagd

! SR
e nysgs saty s

Figure 6 — Two signals x(s) and y(¢) with time displacement 73 and two zero crossings
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The time displacement (time lag}, 7p, is equal to the time t at which R,,{7) reaches its first maximum.

R,(t) =R — TR

X¥1, max

Furthermore, the cross-correlation function R (7} can be normalized using the root mean square values R, = R,{0}and R,, = R (0)

of the signals x(r} and y(¢):

Ry, (1)
rglt) = ———
VRm”Rw
where
1 t=T
Ry = RO)|= — 5 x2(1)dt
T t=0
1 =T
Ry = Ry0)|= — S,:(Jy (01t

Also here the tifne displacement {time lag), 7, is equal to the time at which r,,(7) reaches its first maximium.

rxy(r) = Ty |oax — TR

C.3.2 For computer treatment of digitized data, a numerical method is necessary for the calculation of the time displacemen

lag), 7R.
The cross-correlation function R, shall be calculated as follows:

n=N-p
1

Rolp) = | D %ndnep

n=1
where
N is the nymber of samples;

p is the nUmber of displacement steps.

et

t (time

T
i <
;
-
T
123832350300 -
n= 1* :
-
: ‘ T
ot
! T -+ +
H N 3 !
T+ 4
1 T 1T I It -
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T T - -
+ oY 1
T syuw: o T
: 1 + " T T
X r—r— H H
" H - :
T - +
+ ) ’t 1t L t X = :
aan nen 1 11 —# 8
= =S=Ssmsa ?EIIEEI 4 + =+ ity 3 4y
T T : T
e o 1 e emna; t oenanda:
: t 1 T
T ’: T T
T THHEH 1 1 T
11 T +
1 1 e T
T 1 yugmas o
e T
T I i T
T 1 :
i t co 3 1 1 t )
r 1 1 1 Ios T Tt T
i T T + oy s sas: 1
f T I T bibudbi m el it + + +H
H+ t Frettt : : T T + Ty T

Figure 7 — Two signals x(r) and y{¢) with time displacement 7z and no second zero crossing
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