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0.1 Reasdns for a Technical Report

This test method is one of several open-loop transient response test methods adopted by ISO/TC 22. Originally the intent
publish each of these as separate International Standards. It was then'decided to combine them in a single International
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on was to
Standard,

1SO 7401, an{ restrict each procedure to its most basic content.\lt'was, however, also agreed that some of the procedures in their
original form gontained technical information and additional interesting forms of data presentation that it was desirable to havg available.

Thus it was decided to have some of the test methods publishéd also as Technical Reports to be used as supplements to |

This docum:
response tes
ISO 7401, ar
described in

The transien

step/ramp, O

vehicle beha

method be s
during norm:
lateral accele

lateral accelgations used in the tésts, including those of the procedures mentioned above. Therefore, it is recommende!

50 7401.

t is one of these Technical Reports and it-presents an extension of, and gives further explanation to, th¢ transient

method with pseudo-random steering.input. The main additions made in this Technical Report, by comp
b amplification of the sections describing data analysis and interpretation. The test conditions are identic
SO 7401.

jour is assumed to be (inear. It enables a vehicle’s response to be calculated to any defined input within th

lected when the maximum amount of information is required over a limited range of lateral accelerations, as fd
| public road dfiving. Other procedures may be more suitable where specific inputs are of interest or where th
Fations of interest is large.

ison with
| to those

l open-loop response test methods described in ISO 7401 are based on five different steering-wheel ifputs, i.e.
he period sinusoidal, pseudo-random, pulse and continuous sinusoidal. The pseudo-random input method apglies where

e range of
H that this
r example
e range of

0.2 Genernal
See I1SO 740
0.3 Object of test

The primary object of the test is to determine the frequency response characteristics of a vehicle subjected to a pseudo-random steer-
ing input over a frequency range from the lowest possible (limited by vehicle speed and test track width) to the highest achievable.
The range normally achievable in practice lies between approximately 0,1 and 4,5 Hz.

Important cri

teria are

— the variation with frequency of the gain with respect to steering-wheel input of the lateral acceleration and yaw rate
responses;

— the variation with frequency of the phase angle with respect to steering-wheel input of the lateral acceleration and yaw rate
responses.
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These criteria are determined during nominally straight line travel at a constant forward speed and using a steering-wheel amplitude
which generates a lateral acceleration within the linear range of operation of the vehicle.

Steering-wheel torque 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;

— yapv-velocity;

— fo

fward velocity.

Itis desirTle to measure

— st

ering-wheel torque;

— vehicle roll angle or roll angle velocity.

The varialjles listed in this clause are not exhaustive.

1 Sco

e and field of application

This Techhical Report specifies a method for determining transient response behaviour at approximately constant spee)
to passenger cars as defined in ISO 3833. In a simplified form, this test method is also specified in ISO 7401 together with alternative

and comp

measures

ementary procedures.

The quasinen-loop manoeuvre used in this method is not representative of real driving conditions but is useful

not neces:
of the test
the statist

It is impor]
the whole
the range

ary to repeat the test if the response to a different input.is required. As long as the input can be quantified, a
results is all that is necessary. Repeatability is good sg-fong as the same test surface is used and provided the
cal tests of the data are observed (see clauses 6-and 8).

d and applies

in obtaining

f vehicle transient behaviour in terms that will enable the response to any deterministic input to be calculatTd. Thus, itis

reprocessing
limits put on

ant to remember that the method of data analysis is based on the assumption that the vehicle has a linear r

of the input to that over which linear ‘behaviour can be assumed, and, if necessary, to perform more th

different rgnges of inputs which together cover the total input range of interest.

There is h
input (whii
promise m
test track
Obviously

It can be
tained tes

ust be made depending-on.the extent of non-linearity of response in the range of behaviour under investig
smoothness. An indication of the former can be obtained by carrying out the steady-state circular test
the test track used.must be as smooth as possible.

surfaces,{nq 'problems of this sort are likely to arise.

2 Refﬁrences

ponse. Over

range of lateral accelerations this may notbe the case, and the classic method of dealing with such a situatiof is to restrict

one test at

bwever a limit to how small anr input range can be used because if the input amplitudes are too small, the levgl of spurious
ch is constant at a given test speed on a given surface) will become unacceptably significant. In practice thergfore, a com-

tion, and the
in 1SO 4138.

tated that from'modern vehicles, which if acceptable to the customer have generally good linearity, and with well main-

1SO 3833,
ISO 4138,

ISO 7401,

Road vehicles — Types — Terms and definitions.
Road vehicles — Steady-state circular test procedure.

Road vehicles — Lateral transient response test methods.

3 Instrumentation

See ISO 7401.

NOTE — Vehicle roll angle data may be obtained by integration of a roll velocity signal. If roll velocity is measured, a transducer having a range
of + 20 s and a maximum error, when combined with the recorder system, of + 0,2 %'s is recommended.
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4 Test conditions

See ISO 7401.

b Test method

5.1 Tyre warm-up

See I1SO 7401.

5.2 Test speed

See I1SO 7401

5.3 Steering-wheel angle amplitude
The steering-yvheel angle amplitude may be determined either
a) by driying in steady-state on a circle the radius of which gives the preselected lateral acceleration at the required test

b} from 3 continuous read-out of instantaneous lateral acceleration during a run made at the required test speed an|
oscillatory |steering-wheel input at the lowest frequency possible.

The recommended value of lateral acceleration is + 2 m/s2 but the value used shall not normally exceed + 4 m/s2 be
analysis techrfique is based on an assumption of linear vehicle behaviour (see clause 1).

The value used and the corresponding steering-wheel angle shall be-recorded in the summary form as shown in annex Al.

The steering-yvheel angle amplitude shall be indicated to the driver by suitable marking of the steering-wheel. It is impo|
mechanical limit stops are not used because their action will"affect the harmonic content of the input (see 6.2).

Maintenance pf an exact steering-wheel angle amplitude.over the complete frequency range of input is not necessary, prov
the amplitudg is adequate (see 6.2) but does not exceed that which causes the vehicle to be operated outside its rangg
operation.

5.4 Rand input

speed; or

H with an

tause the

rtant that

ding that
of linear

bntinuous

available

oscillatory inplts up to predetermined limits of steering-wheel amplitude (see 5.3) over the frequency range of interest. The irequency

| minutes

D. |deally,

k may not

g e required mean lateral acceleration and, secondly, the computer
used to analyse the data may not have the capacity to handle all the data at one go. In either case, it is permissible to use a number of
shorter runs, and having calculated the power spectral densities for each run, they can then be averaged (see annex B, clause B.1).

The averaging function used shall be noted (see clause 7).

6 Data analysis

6.1 General

The data-processing requirements which follow can be carried out most rapidly using a multi-channel real time analyser, but if this is

not available, the data should be digitized and processed on a computer with the appropriate software (see annex B).
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6.2 Preliminary analysis

The recorded time history of forward velocity shall be displayed and examined visually to ensure that it is within 5 % of the nominal
value. If it is not, the results shall be discarded.

Good data shall be filtered to remove all information above 15 Hz and each time history digitized at a rate of not less than 40 samples
per second.

A Fourier analysis shall be made of the steering-wheel angle history, and the result shall be displayed as a graph of the steering-wheel
angle input level relative to that at the lowest frequency versus frequency as shown in annex C, figure 2.

: : : : e freque : e re : e-between-maximum and
minimum shall not be greater than 12 dB. If the dlfference is greater, the results may be discarded or, if used the.éxtent of the
difference ghall be noted in the general data (annex A).

6.3 Further processing
Digitized data which has passed the above tests shall be further processed as follows:

— If measured, the roll angular velocity data sequences shall be converted to roll angle sequences by integratior].

— I pecessary, the lateral acceleration data shall be corrected for vehicle roll angle (see,1SO 7401). Normally thig step will be
necessary unless the lateral accelerometer has been mounted on a stabilized platform.

The data shall then be processed using appropriate equipment (see 6.1 and annex B)«o produce the transfer function amnplitude and
phase infofmation together with the coherence function for the chosen combinations of input and output variables.

Combinatipns which have been found useful are

— latgral acceleration per unit of steering-wheel angle;

— yay rate per unit of steering-wheel angle;

— rol| angle or angular velocity per unit of steering-wheel angle;
— stdering-wheel torque per unit of steering-wheel angle;

— latgral acceleration per unit of steering-wheelangle;

— rol| angle or angular velocity per unit.of lateral acceleration.

7 Datal presentation

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

For each ghosen pair of input/and output variables, the frequency response functions (gain), phase angle function and coherence

in annex C flgure 4, The units for the frequency response function are degrees per metre per second squared for roII angle and
degrees per second per metre per second squared for roll angular velocity.

8 Data interpretation

The significance of the test results in terms of vehicle dynamic behaviour is explained in annex D but some remarks on the statistical
significance of the results need to be made here.

The most important parameter in this Technical Report is the coherence function which quantifies the amount of uncorrelated infor-
mation or noise present in the data. Where coherence is high, i.e. near unity, the output may be taken to be a response entirely due to
steering-wheel input. Lower values of coherence indicate that other factors, in addition to wheel input, are influencing the output
response. Low values of coherence are associated normally with inadequate wheel input or low vehicle response.
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Tables 1 and 2 in annex E show the 90 % confidence limits on amplitude and phase angle, in terms of the measured values and the
number of averages. Also shown are the 90 % confidence limits on the coherence function itself.

It can be seen that in order to obtain close limits it is necessary to have high coherence levels and/or a large number of averages.

It is recommended that the 90 % confidence limits for gain lie between + 1and — 1,5 dB and that those for phase angle lie between
+ 10°.

The number of averages needed to achieve this will depend on the coherence which in turn is related to the amount of uncorrelated
data and hence to the quality of the test condition.

9 Bibliography
[11  HorrmpN, E.R. Human control of road vehicles. Vehicle system dynamics, Vol. 5, Nos. 1-2, August 1975, 'pp. 105{106.

[21 Goop,|M.C. Sensitivity of driver vehicle performance characteristics revealed in open loop tests. Vehicle system pdynamics,
Vol. 6] No. 4, October 1977, pp. 245-277.
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Annex A

General data presentation

Test number: .....
Vehicle identification
Make, year, model, tyPe: ... ...ooii i e i A
Vehicle NUIMDEr: . ... e e N
LS =TT IR oY oY= - S
Suspensibntype: Front: ... ... e
2 =Y S
0o T - Y- N
Optional BQUIPMENT: . . . ettt ettt it e e N e
Tyresang ConNdition: .. ... ...ttt it e i
Tyre pregsures
— cpld: (T3 A (R bar1)
2 1= Tt [ bar
— hpt(if measured): Front: .............. oo tden e e bar
2 1= T 0 TN A I bar
22T R 7
Wheelbage: ......... ... e m
Track: FRONt: ... e e m
1= U D m
[0V L ==Y LYo T - 1T R
Other (injparticular, relevant suspensionsettings) :. . ........... it i e
Vehiclel loading
Loading ¢onditionand l0Cation: . ... ... ... ..t i e f i
Vehicle mass as tested: Leftfront: ................................ kg Rightfront: ............... ...t kg
Leftrear: .. ... .. . . . kg  Rightrear: ... .. .. ... ... e kg
TOT AL . it e kg
Vehicle mass distribution: ........... ... ... i front/ ... rear
Vehicle centre of gravity height: . ... ... e m [measured/estimated 2)]
1) 1bar = 105 Pa = 105 N/m2

2) Delete as applicable.
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Test conditions
T et SUMACE GBS CI DI ON . . ..ottt ittt ettt ettt e et e et e et e et e et e e e e e e e e e

Weather conditions:

BT 51101 o 11 £ 1 (1 (S PP °C

— WINA SPEEA . .o e e e e e e m/s
LI 8 o 1=T=T 1 m/s
Mean lateral acceleration and range . . . . ... ...ttt e °
Corresponding[steering-wheetangteamdrange ] ..... °
Difference betyveen maximum and minimum steering-wheelanglegain ........ ... ... .. ... . i) °
E0] L= LaTe . 1T J PP P I

Test personpel

ObSEIVEr . . . et e

Dataanalyst: | . ... T D

General comments
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Data processing

B.1 Symbols

The following symbols are used:

Cylf)
S
G\,
Gyl
|H(f)]
H(/)
N
Qu)
x(t)
y(z)
X,
Yy
Oxy\f)
o)

B.2 Pr

The rando
roll displad

To obtain

__ coincident spectral density function

G, ()

Y'(f)

ISO/TR 8726 : 1988 (E)

cyclical frequency

power spectral density functions
cross spectral density function
frequency response function
frequency response gain factor
extraneous input due to noise
quadrature spectral density function
time dependent input variable
time dependent output variable
Fourier transforms of x(¢), y(t)
coherence function

argument of G,,,(f)

system phase

pcedure

ing steps gre necessary):

1 Di

g

Tru

0o N o o A W N

tize data:

l d fit Eouri ‘ . a

M steering input test.i$\used to extract the frequency response function H (f) relating lateral acceleration, yaw|velocity, and
ement to steering-input for the vehicle operating within its linear range.

he frequency;response function of a constant parameter linear system excited by a stationary random functiop, the follow-

Using a Fourier transform routine, extract the complex Fourier coefficients.
Multiply by the window correction factor.

Calculate G, (f), G, (f), Gy lf).

Calculate the averaged function G,(f), G,(f), G,,(f).

From the averaged functions calculate H(f), ¢ (f), y,,(f).

Taper the resulting data sequence using an appropriate window function, e.g. cosine or Hanning.

This process is summarized in the flow chart (see figure 1). Details of the theory underlying the process are given in clause B.4.
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Repeat test n times

Frequency response function:

H(f) = G
U = G
System gain:

(| =

In both cases,
Gylf) = ¢
and is based @

Either by averg
related linearly

Because G,(f

o = 6,

X
()

vl
G,(f)

G, (/) is a complex function:

() — § Q)

to the input is eliminated.(see clause B.3).

Q) ]

= -1
(/) = tan [ny(f)

The scalar gai||| | H{(fY| is given by

n the correlation between output'and input.

Figure 1 — Flow chart

is a real function,-system phase ¢(f) is the same as the argument of G,,(f):

Fourier Power '
Input x(¢) transform spec?ral I
Xn dGens(l;)y Frequency
an o | Average response
n l G\ function
| Gy(N |H (/]| Gain
Cross I ny(ﬂ ¢m Phase
! YT _Cohgrence
spectral I
density
Output y(¢) Y,(
put y n () anym |

ging as above or by use of aslong sample length, any part of the output such as extraneous noise, which chnnot be

le(f)lz =

G,
Gxlf)

The coherence function y,,(f) is given by

2 n _ lHOI
o =
_ |ny(f)|2 X G,/
Gyn G
_ Gy
G x G\

10
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Two cases of coherence function are possible:
—. ify,(f) = 1, then x(¢) and y(¢) are correlated at a particular frequency;

if 7xy(f) < 1, then x(z) and y(¢) are not correlated or there is noise in the output signal or there are multiple inputs.

B.3 Effect of extraneous input due to noise

Let
X = X(f) Gy = G,/
Y =Y\ G, = G,/
Y = rpf) Gy = Gyl
N = N(f) H = H(f)

Input power spectral density G, = XX
Output pgwer spectral density G, =YY"
Generally|Y = H(X + N)
where
X, Y gre the real components;
X, Y[ are the imaginary components of complex functions X, ¥.
Therefore
G,=HH"(X + N) (X + N)
= HH" (XX* + XN* + NX" + NN*)
Since XM and NX disappear in averaging:
G, = HH" (XX" + NN")
= HH" (G, + NN”) Lo (1)
Cross speftral density :
G, =|YX"

=|H(X +=N)X"

=|HXX" since NX" disappears in averaging

= HG, 2

Coherence function:

216yl
¥~ G,G,
|H|? G2
" G,|H|2(G, + NN*)
I
(G, + NN*)

1"


https://standardsiso.com/api/?name=7506f760e05a78bd769f5e58c8370008

ISO/TR 8726 : 1988 (E)

Scalar gain:
G
|H|2 = =~
£ Gx

_ |H|2 (G, + NN,
Gy

H|?

vy

and from equation (2) :

G,y

H=-2
Gy

Thus the noisd input N(f) is eliminated.

B.4 Bibliography

[B1] BENDAT,|J.S., and PiersoL, A.G. Random data analysis and measurement procedures, Wiley Interscience, New Yor

[B2] CHiLDERS, D., and DURLING, A. Digital filtering and signal processing, West Publishing Co. (1975).

[B3] RaBINER] L.R., and GoLb, B. Theory and application of digital signal processing, Prentice-Hall (1975).

k (1971).
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Annex C

Presentation of results
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Testnumber: ... ...
Vehiclespeed: ... 0 ... ...t
Nominal lateral acceleration: .......... ... ... ...,
Variable: ....... ... o]
Number of datasequences: ...........................Q\Y.|.....
Lengthofdatasequences:........................Gweeennn]onnn
Averagingfunction: ............. ... ... Wl
Windowingfunction: .................... . ... ]
Digitizationrate: ..............ccoi N
o (24
)
c
(]
3
g
3 |18
H
o
£
®
£ |12+
3]
2
©
[
261
5
Q
£
o
2
@
s |0
2
3
o
£
g
» 46—
4474
-18-
- 24 T T T T Y 1
0,1 0,2 0.3 0,5 1 3 b

Figure 2 — Harmonic content of steering-wheel angle

Frequency, Hz

13
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Testnumber: ... ... e e
Vehiclespeed: ......... ...
Nominal lateral acceleration: ....................... ... ... .......
Variable: . ...
Numberofdatasequences: ............. ... i,

Averaging function: ....... ... ... ...

AA Lo sl - £ "
VVITTUUWHTY TUTTICUUNT . . e e i i e e e e s s s s st s e e s e e s oaoeaad ..

Digitizationrate: ............ ... ... . . i SST ..

19 1804 0,51
3 A
Sl 04
0,3
05 — 0 -
0,2 -
0,1

0 - ‘180 - 0 T T T 1 1
0,1 0.2 0.3 0,5 1 2 3 4

Frequency, Hz

=
-

Figure 3 — Transient response to steering-wheel input

1) For units, see clause 7.

14
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TestnUMbEr: ... e
Vehiclespeed: ...... ... it e
Nominal lateral acceleration: .......... ... ... .. i,
Vaniable: .. ... e

Number of datasequences: ...t iiinnn...

Averaging function: ........... ... ..

Windowingfarctionr——————————

Digitizationrate: .......... ..ottt

19 1804 0,51
2l 04
0,3 1
05 - 0 -
0,21
0,14
0 - '180 - 0 T T T T 1 T 1
0,1 0,2 0.3 0,5 1 2 3 L

1)

For units, see clause 7.

Frequency, Hz

Figure 4 — Transient roll response to lateral acceleration

15


https://standardsiso.com/api/?name=7506f760e05a78bd769f5e58c8370008

ISO/TR 8726 : 1988 (E)

D.0

Annex D

Discussion and interpretation

Introduction

It is not an object of the transient response test method to describe the quality of vehicle transient response. In the same way that
ISO 4138 simply enables the principal steady-state responses to be quantified and avoids recommending any particular properties,
so the transient method merely describes a way of quantifying the principal transient response characteristics, without comment or

interpretation.

The explanatid
cedure is an a

limitad ta tha
HNIHNLCU W uic

Classic control
a function of f|
range over wh

A visual prese

The horizontal

t

D.1 History

n and interpretation given here are not intended as justification of the basic method; this is not needed_Since
plication of a classic, established technique for data collection, analysis and presentation, the following disq

H 1 A hinl
pplication of the method to road vehicles.

system theory describes the transient properties of any system in terms of a transfef function. The transfer fi
fequency, and it quantifies the magnitude and phase of the system output relativé-te its input at each frequer
ich the function applies.

ptation of the transfer function is known as the Bode diagram, and an example is shown in figure 5.

axis is frequency in hertz and the vertical axes show gain and phase réspectively relative to input. The units of

the pro-
ussion is

nction is
cy in the

gain can

be those of output divided by input, or the gain can be expressed in decibels relative to a convenient reference level, which m
gain at zero frequency.

ay be the

Until the advent of high-speed computing ability, or more recently real time signal analysers, the evaluation of the transfer function of
all but the mogt simple system was very laborious. Often it was necessary ‘to excite the system at each frequency in turn andl to build
up the transfef function bit by bit. An example of this technique applied to motor vehicles is given in the bibliography [Dfl].

The amount of testing involved in this technique can be considerable and may need very wide test tracks, but whilst it is relatively easy
to plot Bode diagrams from the experimental data, it is very‘laborious to fit curves to the results to obtain a transfer fuhction as
described in [D1].
Long before the work described in [D1], vehicle dynamics engineers had been making use of tests based on standatd inputs
representing bpsic driving manceuvres. In these tests,. the vehicle performance was measured quite simply, sometimes subjectively in
response to a given input. These methods have evolved with time and now use very sophisticated data analysis techniques find even
machines to nfake the required inputs. Examples of this type of test are the step and sine input methods also described in I$0 7401.
These tests gije repeatable results but may neéd a large test area. However, their most serious limitation is the fact that the r¢sponses
ms to be
e results
niques is
that any

complex waveform can be expressed as the sum of a series of sine waves the frequenmes of which are the harmomcs of the fun-
damental of the original waveform, and each of which has a particular phase relationship to the fundamental. Fourier analysis reduces
any complex waveform or time history to coefficients which quantify the amplitude and phase of each harmonic relative to the fun-
damental.

If the input and output of a system can each be described as a complex waveform, both can be analysed in this way, and the resulting
coefficients can be related to each other to obtain the transfer function between input and output as a function of frequency.

This technique can be used in reverse. Once the transfer function has been evaluated for a given system, the system response to any
input capable of being described as a waveform can be calculated, for instance the step/ramp input and sine input of 1ISO 7401.
However the accuracy with which this can be done depends on the accuracy with which the transfer function has been evaluated,
which in turn depends on the quality of the original data used in the Fourier analysis. Good data is data available in sufficient quantity
with even coverage of the desired frequency range, and free from spurious inputs, from whatever source.
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As mentioned before, mathematical checks can be made to identify and eliminate spurious input. These are done by making the
assumption that the system behaves linearly. Over their total performance range, motor vehicles are not linear, but provided the input
amplitude is kept small, linearity can generally be assumed. However, too small an input amplitude will result in the spurious inputs
being a considerable proportion of the total and it follows that a balance must be achieved.

It has been found that on moderately smooth test surfaces in reasonably calm air, a random steering input of several minutes
duration, and of an amplitude which would generate a lateral acceleration of + 2 m/s2 in steady-state, can give a result with a high
level of confidence. On very smooth tracks, data will be less satisfactory. Tables 1 and 2 in annex E quantify this matter precisely. (It
has also been found that satisfactory results can be obtained by substituting for the random steering input a more uniformly
oscillating steering-wheel input in which the frequency is systematically changed, or swept, from a very low frequency through to the
highest frequency it is possible for the driver to apply.)

It is not pdssible to use the data from deterministic input tests such as the step and double lane-change manoeuvres for.gvaluating the
transfer fynction, because the frequency content is inadequate (usually no low frequencies) and the total .quantity of data is
inadequaté unless the test is repeated a very large number of times.

D.3 Results

Vehicle spged has some effect on the results, but general remarks can be made assuming speed is’maintained constant, and the effect
noted separately.

Sample repults using the procedure are shown in figures 5 to 8.
Figure 5 shows lateral acceleration gain and phase information for three different cars. Lateral acceleration gain is typidally flat up to

the frequency where the response changes phase markedly, when it falls considerably and then rises again as the phase lag returns
to 0. This|“dip’’ is not much affected by speed.

Figure 6 shows yaw rate information for the same vehicles. Yaw rate gain'is usually flat at lower frequencies (sometinjes rising to a
small peak]) up to the yaw rate ‘“corner’’ frequency, above which the yaw. rate response falls. More pronounced development of a peak
is associated with increased understeer. Increasing vehicle and tyre cornering stiffnesses can lead to an increase in tihe corner fre-
quency. The gain level is influenced by vehicle forward velocity. Fhe phase lag increases continuously, slowly at first and then more
rapidly. The yaw rate corner frequency is always slightly lowerthan the lateral acceleration ‘‘dip”’ frequency and is not much affected
by forwardl velocity.

Figure 7 shows roll response data. Once more, gain at1ow frequencies is fairly constant. A reduction of gain and an indreased phase
lag coincides with the lateral acceleration ““dip”’ frequency, whilst the resonant frequency in roll is more or less evident flepending on
the dampihg levels.

Figure 8 shows typical lateral acceleration and yaw rate gains for a wide range of vehicles. Note that the gain scale id calibrated in
decibels, ern increase of 6 dB representing-a doubling of gain. It can be seen that “‘good”’ cars are characterized by haying fairly flat
gains for Hoth variables up to above A~Hz, with the yaw rate corner and the lateral acceleration dip occurring at 2 Hz or apove. Further
discussion of results obtained on-a.variety of cars is given in [D3].

NOTE — Ir] all cases in figures/5'to-8, the gains at the lowest frequency should correspond approximately to those that would be measured by the
steady-state circular test (150 4138). The transfer functions obtained will be influenced not only by the vehicle chassis dynamics but also by the
characterisfics of the steeting'system.
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Figure 5 — Typical lateral acceleration responses to steering-wheel input at 80 km/h
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Figure 6 — Typical yaw rate responses to steering-wheel input at 80 km/h
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