JAPANESE AUTOMOBILE STANDARD

JASO Z 110-91

Transient response test procedures for passenger cars

1. Scope

This standard specifies transient response test
procedures for passenger cars.

Remarks: Applicable standards:

JISD 0102 Glossary of terms relating to auto-
mobiles—dimensions, masses, weights
and performances of automobiles

JASO Z 208 Glossary of terms relating to auto-
mobile stability and controllability

2. Definition

Definitions of major terms shall be as spe-
cified under JASO Z 208.

3. Test conditions
3.1 Conditions of test vehicles

3.1.1 Tires

The tires shall be those of specified in specifi-
cations, and the tread depth, at the comple-
tion of the test, shall be not less than 1.6 mm
over the whole circumference of the tire.

The tire inflation pressure shall be adjusted
to the value specified in the specification
document. The accuracy shall be +5 kPa when
the tire inflation pressure specified in the
specification document is up to 250 kPa,
and shall be +2% when the specified tire
inflation pressure exceeds 250 kPa.

For standard tire condition, it is recommend-
able to run in the tires on the test vehicle for
100 to 200 km without severe braking or
steering if the tires are new.

3.1.2 Loading condition

The test vehicle shall be tested under follow-
ing two conditions of (1) and (2).
Complete vehicle kerb mass and maximum
authorized freight mass shall be as specified
in JIS D 0102.
(1) Minimum loading condition
The total vehicle mass for the minimum
loading condition shall consist of the
complete vehicle kerb mass, plus the
masses of the driven and instrumenta-
tion,
(2) Maximum loading condition
For the maximum loading condition,
the total mass shall consist of the com-

plete vehicle kerb mass, plus passenger
masses for each seat and the maximum
authorized freight mass equally dis-
tributed over the luggage compartment.
The mass distribution ratio shall be the
value given in the specification docu-
ment.

3.1.3 Wheel alignment and backlash of
steering system

Wheel alignment and backlash of the steering
system which are vital in this standard in
relation to the maintenance and adjustment
of the vehicle shall be adjusted to the respec-
tive values specified in the specification
document.

3.2 Test track

For a standard test track, a flat and smooth
pavement of asphalt or concrete is recom-
mended. The gradient of the test track toward
the lateral direction and the longitudinal
direction of the minimum 50 m shall not
exceed 2%. The velocity of ambient wind
shall not exceed 7 m/s.

3.3 Selection of steering input

Transient response characteristics shall be
examined in both time and frequency do-
mains. The methods as given below are used
for respective domains.
Time domain
Step steering input
One period sinusQidal steering input
Frequency domain
Random steering input
Pulse steering input
Continuous sinusoidal steering input
It is recommendable to perform at least one
method for respective domains. The methods
used shall be written down in the data table
(Table 3) and the test result table (Table 4 ~
6).

3.4 Measuring items

Measuring items, required measuring ranges
and tolerances on a test shall be as listed on
Table 1. Necessary measuring items are steer-
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ing wheel angle, lateral acceleration, yaw
velocity, vehicle speed, vehicle roll angle and
steering wheel torque. However sideslip angle
should be measured during step steering
input.

And desirable measuring items are roll velo-
city, lateral velocity and sideslip angle, which
shall be selected according to the purpose of
each test. Every measured variables requires
time history recording by means of multi-
channel recorders.

Table 1 Measuring items, measuring ranges and
tolerances on transient response test

Item Range Tolerance

Steering wheel angle ° +360 izz', =J8potgr1n812re
Lateral acceleration m/s? 15 +0,15
Yaw velocity °fs +25 +0.25
Vehicle speed m/s 0~ 50 +0.25
Vehicle roll angle ° +15 +0,15
Steering wheel torque Nm +30 +0.3

Roll velocity °ls +20 +0.2
Lateral velocity m/s 10 0.1
Sideslip angle ° +15 0.5

Remark: Side acceleration can be used in place of lateral
acceleration according to the purpose of the test.

3.5 Measuring instruments

Measuring instruments, ranging from a meas-
uring transducer to recorder, should have
bandwidths of 5 Hz or greater.

4. Test procedure

4.1 Preparation for test

Appropriate measuring items shall be selected
from those given in 3.4 according to the pur-
porse of the test. Measuring instruments with
characteristics specified under 3.4 shall be
installed on the test vehicle. The test vehicle
shall be warmed up for 15 minutes including
measuring instrument warming at the vehicle
test speed specified thereof. The tire inflation
pressure should be recorded after the warm-
ing-up of the test vehicle.

4.2 Test runs and steering input

4.2.1 Vehicle test speed

The standard test speed shall be 80 km/h, but
it is desirable to test at vehicle speeds of
60 km/h and 100 km/h also. The accuracy of
the vehicle speeds shall be within 5%.

During the test, the vehicle shall not be accel-
erated even If its speed slows down.

4.2.2 Steering input

The tolerance of lateral acceleration which
shall be induced by the respective steering
input mentioned in the following shall be
within £10%.
(1) Step steering input
The test vehicle shall run straight for-
ward for 3 to 5 seconds at the specified
test speed and a rapid steering wheel
angle (200 to 500°/s) shall be applied
and the steering wheel shall be kept until
the measuring items become steady
state. The magnitude of steering wheel
angle shall be such to generate 4 m/s®
lateral acceleration in its steady state
value.
Further it is desirable to perform the test
at such a steering wheel angle to generate
2 m/s® and 6 m/s? lateral acceleration.
(2) One period sinusoidal steering input
The test vehicle shall run straight for-
ward for 3 ~ 5 seconds at the specified
vehicle speed, and one period of 0.5 Hz
sinusoidal steering input shall be applied
Further it is desirable to perform the
test by one period of 1 Hz sinusoidal
steering. The magnitude of steering
wheel angle shall be such to generate
4 m/s® lateral acceleration. The toler-
ance between the first peak value and
the second peak value shall be within 5%
of the first peak value. Further it is
desirable to perform the test at such a
steering wheel angle to generate 2 m/s?
and 6 m/s? lateral acceleration.
(3) Random steering input
The test vehicle shall run straight for-
ward for 3 ~ b seconds at the specified
vehicle speed, and up to predetermined
limits of steering wheel angle amplitude,
an input of random frequency including
0.1 ~ 4 Hz shall be applied continuousty
for at least 30 seconds.
The limits of steering wheel angle shall
be such to generate 2 m/s? lateral accel-
eration when steady state turning is
performed at the specified vehicle speed.
(4) Pulse steering input
The test vehicle shall run straight for-
ward for 3 ~ 5 seconds at the specified
vehicle speed, and an input of triangle
waveform that will disappear within 1
second shall be applied. The pulse width
shall be 0.3 ~ 0.5 sec, and the magnitude
of steering wheel input shall be such to
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generate 4 m/s?> lateral acceleration.
The steering wheel input overshoot
should be avoided as much as possible,
and the steering wheel shall be kept at
neutral position for 3 ~ 5 seconds after
applying the steering input.
{5) Continuous sinusoidal steering input

The test vehicle shall run straight for-
ward for 3 ~ 5 seconds at the specified
vehicle speed, and at the fixed steering
wheel angle, an input of at least three
periods of sinewave shall be applied. The
magnitude of steering wheel angle shall
be such to generate 4 m/s? lateral accel-
eration when the steady-state turning is
made at the specified vehicle speed.
Further it is desirable to perform the test
at such steering wheel angle to generate
2 m/s? and 6 m/s?® lateral acceleration.
The test shall be performed with the fre-
quency of up to 4 Hz increasing stage by
stage.

4.3 Test frequency

For step one period sinusoidal and pulse
steering inputs, the test shall be repeated 3
times or more to the right and left steering
direction at each test speed, respectively. And
for random steering and continuous sinusoidal
steering inputs, the test shall be repeated 3
times or more at each test speed, respectively.

5. Data analysis method

5.1 Analyzers

Data of 6 Hz or higher should be eliminated
from the recorded data, using a low pass
filter. Data shall be digitalized with a sampling
frequency of 20 Hz or higher. Measured data
shall be analyzed with multi-channel real time
analyzer or with a digital computer provided
with appropriate softwares.

5.2 Data analysis

5.2,1 Step steering input

(1) Response time
The response time shall be indicated by
the time required to reach 90% of the
new steady-state value starting from the
time base point. In this case, the time
base point shall refer to the point at
which steering wheel angle reached 50%
of the total steering range.

(2) Peak response time
The peak response shall be represented

by the time required to reach the peak
value from the time base point given in
(1).

(3) Overshoot value
The overshoot value shall be represented
by the ratio between the difference
gained by subtracing the steady-state
value from the peak value and the
steady-state value.

(4) 7B factor
7B factor sahli be represented by the
product of the peak response time of
yaw velocity and sideslip angle in steady-
state.

5.2.2 One period sinusoidal steering input

(1) Lateral acceleration
Lateral acceleration shall be represented
by the first peak value.

(2) Yaw velocity
Yaw velocity shall be represented by the
first peak value.

(3) Delay time
Delay time between steering wheel angle
and lateral acceleration and yaw velocity
shall be represented by the time lag of
the first peak and the second peak re-
spectively,

(4) Gain of lateral acceleration
Gain of lateral acceleration shall be
represented by the value gained by
dividing lateral acceleration in (1) by
corresponding maximum steering wheel
angle.

(5) Gain of yaw velocity
Gain of yaw velocity shall be represented
by the value gained by dividing yaw
velocity in (2) by corresponding maxi-
mum steering wheel angle,

5.2,3 Random steering input

(1) Preliminary analysis
Fourier analysis as preliminary analysis
shall be calculated using time history
data of steering wheel angle. During this
test, steering shall be made so as to the
ratio between the maximum and mini-
mum steering wheel angles to be 4 and
less. If the ratio exceeds 4, this results
can be used as data by making such a
remark.

(2) Data analysis
Data shall be denoted by transfer func-
tion between input and output variables,
and the combination of them shall be as
shown in Table 2.
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Table 2 The combination of input and output

Input Output

Yaw velocity

Lateral acceleration

Steering wheel angie Steering wheel torque

Vehicle roll angle

Roll velocity

Yaw velocity

Steering wheel torque -
Lateral acceleration

Vehicle roll angle

Lateral acceleration

Roll velocity

5.2.4 Polse steering input

(1) Preliminary analysis
Fourier analysis as preliminary analysis
shall be calculated using time history
data of steering wheel angle. In this case,
for the O-reference of steering wheel
angle, it is desirable that the difference
between the O-reference before steering
operation and the O-reference after
steering operation is within 5% of the
peak value of steering wheel angle. If not
so, data should be corrected using the
line connecting the initiation point and
the termination point of steering as the
O-reference.

(2) Data analysis
Data shall be denoted by transfer func-
tion between input and output variables,
and the combination of them shall be as
shown in Table 2.

5.2.5 Continuous sinusoidal steering input

(1) The magnitude of steering wheel angle
The magnitude of steering wheel angle is
represented by the mean value of the
peak value of steering wheel angle in the
area after the initial period.

(2) The magnitude of lateral acceleration
The magnitude of lateral acceleration
shall be represented by the mean value
of the peak value of lateral acceleration
in the area after initial period.

{3} The magnitude of yaw velocity
The magnitude of yaw velocity shall be
represented by the mean value of the
peak value of yaw velocity in the area
after initial period.

(4) Gain of lateral acceleration
Gain of lateral acceleration shali be re-
represented by the value gained by divid-
ing lateral acceleration in (2) by steering
wheel angle in (1).
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{5) Gain of velocity
Gain of yaw velocity shall be represented
by the value gained by dividing yaw
velocity in (3) by steering wheel angle in
(1).

(6) Phase angle
Phase angle between steering wheel angle
and lateral acceleration and yaw velocity
shall be obtained by the time history in
the area after initial period.

6. Test data summarization and recording

6.1 Recording of test condition

The recording form shall be as shown in
Table 3.

6.2 Summarization of data in the time
domain

6.2.1 Step steering input

(1) Time histories
Waveforms of steering wheel angle,
lateral acceleration, yaw velocity and
sideslip angle shall be recorded as time
history.
(2) Response characteristics
The items as listed below shall be re-
corded in Table 4.
(a) Steady-state gain of yaw velocity
(b) Response time of lateral acceleration
(c) Response time of yaw velocity
(d) Peak response time of lateral acceler-
ation
(e) Peak response time of yaw velocity
(f) Overshoot value of lateral acceler-
ation
(g) Overshoot value of yaw velocity
(h) 7B factor

6.2.2 One period sinusoidal steering input

(1) Time histories
Measured waveforms of steering wheel
angle, lateral acceleration and yaw velo-
city shall be recorded as time history.

(2) Response characteristics
ltems as listed below shall be recorded in
Table 5.
(a) Delay time
(b} Gain of lateral acceleration
(¢) Gain of yaw velocity

(3) Data as function of lateral acceleration
When tested by varying lateral accelera-
tion, it is useful to present the data as
the function of lateral acceleration.
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