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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further—-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documérntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as wellvas information about ISO's aglherence to
the World Trade Organization (WTO) principles in‘the Technical Barriers to Trade| (TBT), see
www.iso.org/iso/foreword.html.

This|document was prepared by Technical Comnittee ISO/TC 22, Road vehicles, Subcomnjittee SC 33,
Vehidle dynamics and chassis components.

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Introduction

Methods are presented for determining the roll (I,,), pitch (/,,), and yaw (1,,) mass moments of inertia
(MOI) and roll-yaw (I,,) product of inertia (POI) of an indivicﬁjal vehicle unit about the vehicle unit axis
system and centre of gravity reference point. Iy, I\, I,,, and I, are fundamental mass properties that
provide information on a vehicle’s mass distribution and rotational acceleration responses to applied
forces. The I, and I, components of the inertia tensor are less significant to vehicle dynamics and are
not addresseg in this document. The MOIs are determined using a pendulum device with measurements
of oscillation period and reaction forces. The location of the vehicle unit’s centre of gravity (CG)
reference point is required beforehand. Knowledge of a vehicle unit’s mass moments of inertia supports

vehicle mod|

Performing [measurements for MOI determination of heavy commercial vehicles and buses 'mdy be
challenging|in practice due to the wide variety of vehicles that vary significantly in terms.of weight,
size, and number of axles. Adaptability of a heavy vehicle MOI facility’s layout is an important attribute.
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Road vehicles — Heavy commercial vehicles and buses -
Mass moment of inertia measurement

1

Scope

This document provides standard methods for determining a vehicle’s roll, pitch, and yaw mass

2
The

cons

und
ISO
ISO
ISO

vehid

3

For

folloy

ISO

3.1

stab

pen
and

3.2

com
35t
vehi(
perfy

ercial vehicles and buses as defined in ISO 3833 (trucks and trailers with maximum|w
bns and buses and articulated buses with maximum weight above 5 tons, according to
le classification, categories M3, N2, N3, 03 and 04). Mass moment of inertia’ measu
rmed separately for each single unit.

Normative references

following documents are referred to in the text in such a way‘that some or all of t
fitutes requirements of this document. For dated references, only the edition cited

dted references, the latest edition of the referenced documént (including any amendme

612, Road vehicles — Dimensions of motor vehicles and towed vehicles — Terms and defin

8855, Road vehicles — Vehicle dynamics and road-halding ability — Vocabulary

| 5037-2, Road vehicles — Vehicle dynamics tést methods — Part 2: General conditio
les and buses

Terms and definitions

the purposes of this document; the terms and definitions given in ISO 8855, ISO 1503

ving apply.

dnd IEC maintain terminology databases for use in standardization at the following add

ISO Online browsingplatform: available at https://www.iso.org/obp

IEC Electropediaj available at https://www.electropedia.org/

e pendulum

endulum CG height is below the pivot point

icles, that is
beight above
ECE and EC
rements are

heir content
applies. For
hts) applies.

tions

ns for heavy

p7-2 and the

Iresses:

ined vehicle

cq)ulum apparatus for supporting a vehicle on a nominally planar surface where the comh

unstable pendulum
pendulum apparatus for supporting a vehicle on a nominally planar surface where the combined vehicle

and

3.3

pendulum CG height is above the pivot point

torsional pendulum

pen

3.4

dulum apparatus where the restoring force is torsion

multi-filar torsional pendulum
torsional pendulum (3.3) with multiple vertical wires, cables or chains supporting the vehicle and test
platform (3.5) where the torsional restoring force is due to gravity and spring force in twisting cables
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3.5
platform
nominally planar surface of the pendulum on which the vehicle unit or trailer is parked

3.6
vehicle restraint
device used to restrain vehicle motion on the test platform (3.5)

3.7
tare MOI
MOI determined for the test fixture only, with no test vehicle

3.8

vehicle MO
I

l\‘/][OI determjined for the vehicle only

39
platform MOI
I
MOI determjined for the platform (3.5) only

3.10
roll MOI
IXX

mass MOI about the vehicle Xy, axis

3.11
pitch MOI
lyy

mass MOI about the vehicle Yy, axis

3.12

yaw MOI
IZZ
mass MOI about the vehicle Zy axis

3.13
roll-yaw P(
I

XZ
mass produgt of inertia coupling between the Xy, and Zy, axes

I

3.14
radius of gyration

r
distance from-the'axis of rotation to a point where the total mass of the body may be concentrated, so
that the MOLabout the axis remains the same

4 Principles

This document specifies methods to determine the vehicle’s roll, pitch, and yaw MOIs and roll-yaw POI
about the vehicle axis system originating from the vehicle CG reference point. Based on the vehicle axis

system defined in ISO 8855, the MOI determinations described in this document include I, Iyy, 1,,, and
I

Xz*

The I, and I, MOIs are determined using a stable or unstable pendulum fixture, where the period of
oscillation of the fixture and fixture with the vehicle are measured to calculate the MOIs. The I, MOl is
determined using a torsional or multi-filar torsional pendulum, where again the period of oscillation is
measured. The I, POl is determined using a torsional pendulum with an integrated roll axis, where the
roll axis is constrained and the roll reaction moment is measured.

2 © IS0 2022 - All rights reserved
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The accuracy of MOI measurements is dependent on vehicle condition during measurement,
measurement equipment accuracy, potential movement of heavy sprung or unsprung masses within
the vehicle, such as engine and transmission assemblies and suspensions, and movement of the vehicle
on the platform during the measurement process. Potential movement of fuel, coolants, and oils will
also affect measurement accuracy.

5 Variables

5.1 Reference system

The reference system specified in ISO 15037-2 shall apply.

5.2 | Variables to be measured

With| the vehicle at the load condition specified for the test, measure and eeord the following in
accordance with the dimensions given in ISO 612 and ISO 8855:

— W, total vehicle load (or weight);
— W, load of the platform including the restraint components;
— h pivot height from the platform surface;

— platform plus restraints vertical CG distance below-{or above) the pivot axis, inclufling the roll
1vot axis for I, measurement;

— h, vehicle vertical CG distance below (or above) the pivot axis, including the roll pivof axis for I,
easurement;

— h, system (platform, restraints, and vehicle) vertical CG distance below (or above) the pivot axis;

— pitch angle of the platform relative to the gravity vector (positive for the front of the vehicle
itched down);

— @, searic Static pitch angle of<¢he platform relative to the gravity vector (positive for thq front of the
pfatform pitched down);

— @y, static Static roll arigle of the platform relative to the gravity vector (positive for ghe platform
folled to the left);

— T}, platform (plus'restraints) undamped period of oscillation;
— T, total system (platform, restraints and vehicle) undamped period of oscillation;

Y

— Xlongitudinal offset displacement of the vehicle CG relative to the platform centreline [positive for
I]orward vehicle displacement);

— Ylateral offset displacement of the vehicle CG relative to the platform centreline;

— nnumber of oscillations of the platform;

— Rradial distance on a multi-filar pendulum from the yaw axis centroid to the vertical support cables;
— L length of the multi-filar pendulum vertical support cables;

— 1, platform yaw angle amplitude;

— 1), vehicle yaw angle amplitude;

— L, unstable pendulum moment arm length from reaction spring to pivot;

— K, unstable pendulum reaction spring stiffness (force/displacement);

©1S0 2022 - All rights reserved 3
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— K, torsional pendulum reaction spring stiffness (moment/angle);
— M, roll reaction moment for the torsional pendulum used for I, determination;

M

neas measured roll reaction moment for the torsional pendulum used for /,, determination.

6 Measuring equipment

The measuring equipment, transducer installation, data processing, and typical operating ranges shall
be in accordance with ISO 15037-2.

Table 1 — Variables, typical operating ranges and recommended maximum errors of variaples
not listed in ISO 15037-2 for MOI measurement

Variable Typical operating range Recommended maximum erfors
of the combinedtransducerfand
recorder'system
Suspension gir-spring inflation pressure (500-1 000) kPa 15 kPa
Vehicle, axlefor track load Up to 40 000 kg (392 400 N) 0,2%
Distance <2000 mm +2 mm
>2 000 mm *0,05 %
Angles +5° +0,05°
Static distanke X, Y +20 mm +3,0 mm
Dynamic Digtance X(t), Y(t) +10 mm 0,5 mm
Time period 2 min +1,0 ms
Roll moment (0-1 500 N-m 0,5%

7 Test conditions

7.1 Genefal

The limits ajnd specifications indicated below shall be maintained during the test. Any deviations|shall
be identified in the test report.

7.2 Ambient conditions

The surfacq shall be clean and dry. If the test is conducted outdoors, the ambient wind spepd is
recommended to bedess than 1 m/s. Ambient temperature shall be recorded if the test is conduycted
outdoors.

7.3 Test surface

The test surface, when applicable, should be in accordance with ISO 15037-2 and the surface should be
stiff enough to avoid surface deformation when measuring the vehicle.

7.4 Test vehicle

The load condition shall be reported as described in ISO 15037-2. Tyre pressures, suspension setting (if
applicable) and load condition shall be recorded.

On vehicles with multiple adjustable seats or other devices such as beds, adjust the items to a mid-
travel position (longitudinal and vertical) and adjust the seat back torso angle to the manufacturers
designated specification or as close as possible to 15°. The positions shall be reported.

On vehicles with steering wheel reach and rake, the position shall be reported.

4 © IS0 2022 - All rights reserved
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7.5 Operating and other liquids

The fuel tanks shall be completely full or empty, including the urea tanks. Fuel motion within an unfilled
fuel tank can have an adverse effect on the results. If the displacement of other liquids carried on the
vehicle (operating and otherwise), such as engine oil, is expected to influence the results, precautions
should be taken to fill the fluid tanks, drain the fluids, or note the potential issue. Tank conditions

(empty or full) and locations shall be reported.

Note

7.6

any leaking fluids during vehicle inclination.

Loading conditions, suspension and mechanical parts

Vehi
If thd

'le payload shall be held in place to avoid displacement due to inclination or yawing)of

vehicle has a suspended cab or semi-suspended cab, the cab shall be locked at its sta

when the vehicle is in a horizontal plane with no driver in the cab. Other components v

mou

Imm
at th
infla

Tyre
ISO 1
tom

Susp

1ting may need to be constrained as well, if deflection will adversely influence the resy

ediately prior to each test event, all self-regulating suspensions shall(be adjusted such {
e proper ride height or, in the case of the suspensions for certain auxiliary axles, at th
Fion pressure. Initial ride height of each suspension shall be repadxted.

condition and pressure shall be in accordance with vehiele;manufacturer recommen
5037-2.In case arange is specified for tyre pressure, the'highest-pressure value shoulc
nimize tyre deflection.

ended components such as the engine, gearbox, and‘axles may move laterally and /or lo

when tilting or yawing the vehicle. Such displaceménts may influence measurement a

shou

Id be noted accordingly.

the vehicle.

idard height
vith flexible
11ts.

hat they are

e prescribed

dations and
| be selected

ngitudinally
ccuracy and

8 Determination of the I, I, I,, and /,, mass moments of inertia
8.1 | General
Two methods are presented formeasuring the parameters needed to calculate each of the I, Iyy, and

I,, MOIs. The methods vary by the type of pendulum device used. A single method is p

detel
mea
platf]
pivof

8.1.1
The

'mining the I, POI. In"general, the pendulum fixtures are mechanically re-configural
urement of various’MOIs. Reconfiguration might include simply repositioning the vsg
prm to align the yehicle longitudinal or lateral axis with the pendulum rotational axis a
and spring hardware to facilitate different MOI and POl measurements.

Platform levelness

incli

resented for
le to enable
hicle on the
nd adjusting

thecked via

pldatform'’s empty, static equilibr'ium position, 6, e and @) atic shpuld be

best results and no more than 0,5°.

8.1.2 Platform weight and stiffness

thin 0,1° for

It is recommended that the platform be as light as possible compared to the weight of the vehicle under
test, while providing sufficient stiffness to avoid measurement errors due to deflection. When loaded
with the test vehicle, it is recommended that the platform deflection is less than 2,5 mm at the vehicle’s
CG (as measured from the pivot when compared to the unloaded platform). Significant measurement
errors are introduced when the deflection is greater than this, although corrections for deflection can
be made. In general, a stiff platform is more important than a light platform.
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8.1.3 Pivotlocation

The MOI platform’s pivot height whether for a stable or unstable (inverted) compound pendulum is
very important for measurement accuracy. For any given vehicle, an optimal pivot height exists that
minimizes the MOI measurement error. Except for yaw pivots, the pivot height should be adjusted so
that it is located at a height between the test vehicle’s CG height and the vehicle’s radius of gyration, k,,
about the axis in question (approximately half the wheelbase for typical trucks)2l [3]. Measurement
error is reduced by increasing the amplitude of the platform pitch angle (remaining less than 5°) while
simultaneously reducing the period[2l. Trade-offs between pitch angle and period are achieved by
adjusting the pivot height, and experimentation will likely be required to produce the desired results.
For test fixtures intended to measure a wide range of vehicle sizes and weights, the pivot height should
be adjustable.

For stable p
on the orde
height is tod
are increass

8.1.4 Veh

In practice,
This limitat

8.1.5 Veh

The vehicle’
accuracy is
interest. A c

8.1.6 Veh

Position the
platform cel
and to avoid
that the sta
vehicle posi

8.1.7 Veh

Vehicle rest

endulum measurements, experience has indicated satisfactory pivot heights, h.,\for ty
F of 635 mml2l. It is recommended that h, is not smaller than 20 % of the h.: If the

small, period measurement error and vehicle acceleration motion relative'te the plat
d.

licle weight

t is recommended that the test vehicle weighs at least 50 % of the*carrier platform’s wg
on is due to the influence of the platform’s weight on overalluheasurement error.

icle/platform MOI comparison

5 anticipated moment of inertia values shall be within the capabilities of the facility.
reduced when the vehicle’s MOI is less than that'ef the platform (tare) MOI about the a
pmparison should be made after the vehicle MOI determination to verify.

icle location on the platform

itrelines. The platform shall be stabilized during the vehicle positioning process for s
| damage to the fixture and measurement equipment. For best results, it is recomme

fion, X(t) and Y(t), are measured dynamically when MOI measurements are conducted.

icle restraints

raints shall be\dsed to avoid vehicle pitch, roll and heave motion during testing rel

ucks
pivot
form

ight.

MOI
Kis of

vehicle on the platform with the-vehicle longitudinal and lateral CG aligned with the

hfety
nded

bic offset distances X and ¥'are smaller than 13 mm. It is further recommended that the

ative

[raps
linal,
ulate

to the platform. The restraints may be in the form of adjustable-height blocks or stands with s
constraining the vehicle against the blocks (or stands). Straps may also be used to restrain longitug
lateral, and yaw motion. Consideration of restraint selection should be given to make it easier to calc
the tare MQI with the restraints in their proper positions. Any restraint equipment utilised shgll be
weighed and the position on the platform recorded. Error contributions to the MOI determination gbout
the pitch and roll axes for unrestrained heavy-class vehicles have been shown to be dominated by the
motion of the vehicle in relation to the moving platforml(4l,

8.1.8 Platform oscillation amplitude

For best results, it is recommended that the maximum platform oscillation amplitude is in the range of
3°to 4°. Above this range, sin 6, does not equal 6, well enough for accurate measurement. The maximum
angle should be less than four degrees, but large enough to produce sufficient cycles for proper period
measurement. As a check of the measurements, tests may be performed at different amplitudes. If the
results are affected by amplitude, the amplitude and/or apparatus are not working well. The use of a
stationary indicator of the platform's initial amplitude (or a physical stop which can swing out of the
way once platform motion has started) is recommended to achieve repeatable oscillation amplitudes.
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8.1.9 Pivot bearing damping

Experience has shown that damping is approximately linear and proportional to velocity. The use of
low friction pivot bearings, whether heavy-duty roller bearings for stable pendulums or high-capacity
hydrostatic or air bearings for inverted or torsional pendulums, is recommended. Acceptable levels of
damping may vary depending on the facility’s desired measurement uncertainty. As a general rule, the
damping error is insignificant if it takes more than 20 oscillations for the platform’s swing amplitude to

)

(2)

decay by a factor of 10.
The log decrement method may be used to estimate the damping ratio, as shown in Formulae (1) and
@).
q= 11n(a—°]
n \a,
—-0,5
2 ”
13a)
d
whertte
d isthelog decrement (unitless);
4, is the initial 6, amplitude;
4, isthe final 6, amplitude after n periods;
¢ isthe damping ratio (unitless).
8.1.10 Oscillation period measurement

To excite the platform or platform/vehicle-combination, manually apply an even force to f{
to st
orth
moti
as tejst condition variances odcur, such as changes in fixturing/restraining devices, pivot
envil
50 p¢riods per test run, when possible, but no less than 10 periods. Allow the platform to sef
the
varid

The following methods may be used for determining the oscillation period.

1y

hrt the excitation motion about thevdesired pivot axis without causing platform moti
gonal axes. Allow a few oscillations to occur before recording data to allow any platfoj
bn to steady out. Always perform a platform MOI tare. Do not assume past tares ar

onmental conditions (tenmiperature, air pressure). It is recommended to perform 10 teg

lectronic instrumentation between runs. This method allows observation of oscill
bility. Also, averaging the period measurements improves the mean period’s effective

Discrete~timing: discrete oscillation period measurements are averaged for thd

he platform
n about the
'm transient
e applicable,
height, and
t trials with
tle and zero
hition period
resolution.

test trials

erformed. Ensure that full periods are measured.
2) Immmmmﬁmﬂmmmcorded, the

oscillation period can be determined analytically. Some common methods are describe

a) Damped-sine curve fit: the platform oscillation angle data are fit to a curve given by
to determine the damped natural frequency. Of the methods described, this
perhaps the most accurate.

0, (t):Gplstatic +a, et -sin(wt—9)

where

0,(¢) is the time-varying platform pitch angle (rad);
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the damped natural frequency (rad/s);
time (s);

the phase angle (rad).

b) Fourier analysis: a Fast Fourier Transform (FFT) analysis of the results may be used to
estimate the oscillation period. However, this approach may not provide sufficient frequen-
cy resolution to produce an accurate result due to limitations on sampling rates and FFT
block size. The resolution of the FFT may be improved in the frequency range of interest via
filtering and decimating the data. This method also produces good repeatability and is good

fd

) Z
)
c4

r processing noisy data.

bro-crossings: the period of oscillation can also be determined by observing zere-cros
" the angle or rate data. Data interpolation is used to establish the crossing timés? This
bdure may be problematic with noisy data signals or improperly filtered data:

The undamped period of oscillation, T, gampeq- is computed using Formula (4).

T,

undamp

8.2 Deterl

8.2.1 Gen

Figure 1 illy

_2n
pd =
wo\1-¢2
'mination of /,, and /,, using a stable pendulum

eral guidance

strates a typical stable pendulum used to determine /., and /.. The fixture consist;

support strificture (not shown in Figure 1), low friction bearings at the pivot axis, links from the

points to th
plus test vel

e vehicle platform, and a vehicle platform=Oscillation periods of the platform and pla]
icle are measured to compute the I, and’ I, MOIs.

5ings
pro-

(4)

of a
pivot
form

Key
1 centreline
2 pivot poi

nt

Figure 1 — Stable pendulum test fixture moving components for /,, measurement orientation

8
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8.2.2 Procedure

a)

b)

d)

Formulae (5) and (6) are used to compute the vehicle’s roll (I,,) and pitch (I;,,) MOIs, b
orientation of the vehicle on the platform.. Formula (6) includes corrections for the vehi
displacement motionl2l. [],

From preliminary testing results, record all pertinent physical dimensions and weights of the test

vehicle and platform, including any restraints, and vehicle CG locations. ISO 19380 may
guide.

Configure the stable pendulum for the intended MOI measurement (/,, or I,y).

be used as a

Record the oscillation period, T;,, and dynamic pitch angle, 6,(t), (or dynamic pitch rate if desired) of
the empty platform (tare), with any necessary vehicle restraints in position, following the guidance

provided in 8.1.

osition the test vehicle on the stable pendulum platform in the intended orientationsto|

measure [,

r I,.. with the vehicle CG (longitudinal and lateral) aligned as closely as possible{{with reasonable

ffort) with the platform centrelines (within 13 mm is recommended). Record the vehi
nd Y position from the longitudinal and lateral axes of the fixture.

Cle’s initial X

estrain the test vehicle’s sprung mass to the test platform to minimize vehicle dynamic movement

uring testing, as described in 8.1.7.

ecord the oscillation period of the platform and vehicle sSystem (T) based
easurements, as well as the platform dynamic pitch angle, @3(t), (or dynamic pitch

n platform
rate, Op, if

esired) with vehicle restraints in position as describedyin 8.1. Simultaneously measure the

ynamic position of the vehicle relative to the platform/X(¢t) or Y(t) as appropriate,
easurement of interest.

Repeat the procedure for measurements associatedwith the other MOI (1, or I,,,).

Determination of I, and /,,

for the MOI

ased on the
'le’s relative

T2
L= wn (5)
P ™ yp2 PP
T? 74 74
1v:%[(WerWv)ht_Rva:|+Rp_th_1p__vh‘2' (6)
4T g g
where

I, isithe platform inertia about the pivot (not about the platform CG) including the vel

hicle re-

from Formula (5) with all restraints in their test positions, or . may be derived frgm an

straints. The restraint inertias may be accounted for in two ways. [, may be measzlred directly

empty platform measurement with no restraints and with the inertias of the restraints (about
the pivot) added analytically. If the restraints are more than 10 % of the platform weight or if
the restraints have significant inertias about their own CGs, the first method is preferred.

R
p
0,(¢) (distance unit/rad) during the measurement interval.

is the ratio of vehicle longitudinal motion on the platform, X(¢) or Y(t), to the platform angle,

If corrections for the vehicle relative motion are not practical and R, is believed to be very small,
Formula (6) can be simplified accordingly by setting R, to zero.
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8.2.4 Data presentation

It is recommended that test results are presented in tabular form to include as a minimum the vehicle
identification, configuration, mass/weight and CG position, platform identification, pivot heights h,, h,,
and h,, damping ratio, undamped period, and number of trials and periods measured.

8.3 Determination of /, and /,, using an unstable pendulum

8.3.1 General guidance

Conceptually, this type of pendulum consists of a platform with the pivot axis helow the platform and
with a linear spring providing the restoring (stabilizing) force, as shown in Figure 2. It is recommended
that the reagtion springs’ rate is selected to achieve a platform/vehicle system oscillation frequency of
approximate¢ly 0,5 Hz3, based on the vehicle orientation.

—
K, %
\\\\{\\\\\\\\\\\\\\\\\\\\\\\\\1 3
W,
v
W

Key
1 centreline

2 pivot point

Figure 2 — Schematic of unstable pendulum test fixture for I,, measurement orientation

8.3.2 Protedure

a) From preliminary testing results, record all pertinent physical dimensions and weights of the test
vehicle and platform, including any restraints, and vehicle CG locations. ISO 19380 may be used as a
guide.

b)  Configure the unstable pendulum for the intended MOl measurement (I, or I,).

¢) Record the oscillation period, T;, and dynamic pitch angle, 6,,(t), (or dynamic pitch rate if desired) of
the empty platform (tare), with any necessary vehicle restraints in position, following the guidance
provided in 8.1.

d) Position the test vehicle on the unstable pendulum platform in the intended orientation to
measure I, or I, .. with the vehicle CG (longitudinal and lateral) aligned as closely as possible (with

10 © IS0 2022 - All rights reserved
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reasonable effort) with the platform centrelines. Record the vehicle’s initial X and Y position from

the longitudinal and lateral axes of the fixture.

Restrain the test vehicle’s sprung mass to the test platform to minimize vehicle dynamic movement

during testing, as described in 8.1.7.

Record the oscillation period of the platform and vehicle system (7) based on platform
measurements, as well as the platform dynamic pitch angle, 6,(t), (or dynamic pitch rate, 6,, if

desired) with vehicle restraints in position as described in 8.1. Simultaneously measure the

dynamic position of the vehicle relative to the platform, X(¢) or Y(t), as appropriate,
measurement of interest.

for the MOI

lliepeat the procedure for measurements associated with the other MOI (I, or I, \).

Calculation of I, and /,,

ulae (7) and (8) are used to compute the vehicle’s roll (I,,) and pitch ({1, ) inertias

pn are not practical and R, is believed to be very small, Formula (8) ean be simplified
tting R, to zero.

2

- [KUL%l —thp}

P

_%hz
\%

W
+R, —~hy-
9

2
[KuLi ~(W,h, +thv)—RpWV] 5

—__t
[V
47[2

p

aints. The inertia of the restraints can be calculated or accounted for as with the stab
ibed previously.

get of springs can be used atithe same or different L, values. In all cases the force of the
h a line perpendicular to-the lever arm about the pivot. Alternatively, one or more torsi
Ibe used. The total spring’stiffness is the most important factor. The springs must b

point.

tha

e I, is the platform inertia about the pivdt (not about the platform CG) including

rmulae (7) and (8), the K, L ? tefnrrepresents the rotational spring stiffness about th
for this term are N-m/radian. A single extension or compression spring can be used at

Fotational spring stiffness can be determined in two ways. First, the stiffness can b
tly by applying known torques (from actuators or weights) to the platform and me
brm rotational displacement. Alternatively, the stiffness can be determined by mg¢
d of the'empty platform and then measuring the period of the platform with a rigid obijg
ia~(about its own CG), weight, and CG location on the platform (fixedly attached to th

and contain

bctions for the vehicle’s relative displacement motionlél. If corrections for the vehjicle relative

accordingly

(7)

(8)

the vehicle
e pendulum

e pivot. The
distance L,
spring must
pnal springs
e linear (i.e.
he platform

e measured
asuring the
asuring the
bct of known
e platform).

T iroreo—ttricc T T—cTror

the period

with no object and that the tests are repeated with at least two different objects to verify results.
Formula (9) is then used to compute the rotational spring stiffness (K, L,?) for the second method.

1 |74
K,L,* :ﬁ[zmz [Ib +—L2pn? }r thth2}+thp
(r*-1,%) g
where
b  subscripts relate to the object;
p subscripts relate to the platform;
t subscripts relate to the system of the platform and object.
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8.3.4 Data presentation

It is recommended that test results are presented in tabular form to include as a minimum the vehicle
identification, configuration, mass/weight and CG position, platform identification, pendulum spring
rates, pivot heights hy, h,, and h,, damping ratio, undamped period, and number of trials and periods
measured.

8.4 Determination of /,, using a torsional pendulum

8.4.1 General guidance

pendulum consists of a platform with the pivot axis oriented vertically and centréed

dimensions. A linear torsional spring system, generally beneath the platform, provide
Fabilizing) force. It is recommended that the reaction springs’ rate is selected.to-achi
hicle system oscillation frequency of approximately 0,17 (1/6) to 0,5 Hzl4l.

cedure

eliminary testing results, record all pertinent physical dimensionis’and weights of th¢

Configure the torsional pendulum and instrumentation for the 5/ measurement.

This type of

the platforn

restoring (s

platform/ve

84.2 Pro

a) From pi
vehicle
guide.

b)

c) Record
the emp
guidand

d) Positior
lateral)
the vehi

e) Restrail
during {

f) Record
measur
with ve
angle of]

8.4.3 Calg

Formulae (1

the oscillation period and dynamic yaw angle, i (8);-(or dynamic yaw rate if desire
ty platform (tare), with any necessary vehicle restraints in position, following the ge
e provided in 8.1.

aligned as closely as possible (with reasonable effort) with the platform centrelines. Re
cle’s initial X and Y position from the longitudinal and lateral axes of the fixture.

1 the test vehicle’s sprung mass to the test platform to minimize vehicle dynamic move
esting, as described in 8.1.7.

the oscillation period.of) the platform and vehicle system (7,) based on plaf]
pments, as well as the platform dynamic yaw angle, 1,,(¢), (or dynamic yaw rate if des
hicle restraints in position as described in 8.1. Simultaneously measure the dynamid

ulation of [y

0) and[1¥) are used to compute the vehicle’s yaw (I,,) inertia and contain a correctig

the vehicle’s

relative motion(3].

the vehicle, Y, (8),'orthe relative angle between the platform and vehicle, (¥, (6)- ¥, ()

with
s the
bve a

e test

hnd platform, including any restraints, and vehicle CG locations ASO 19380 may be used as a

d) of
neral

the test vehicle on the torsional pendulumplatform with the vehicle CG (longitudinal and

cord

ment

form
ired)
yaw

n for

T2k
[ —_P7P (10)
p 41I2
TZK,
Vo > Ip
4
I, = (11)

(vp +(vp-vy))

where [ is the platform inertia about the pivot including the vehicle restraints. The inertia of the
restraints can be calculated or accounted for as with the stable pendulum described previously.

12
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In Formulae (10) and (11), the K, term represents the total rotational spring stiffness about the pivot.
The units for this term are N-m/radian. The springs used must be linear (i.e. torque is proportional to
the angular displacement) in both rotational directions about the platform zero point.

The rotational spring stiffness can be determined in two ways. First, the stiffness can be measured
directly by applying known torques to the platform and measuring the platform rotational displacement.
Alternatively, the stiffness can be determined by measuring the period of the empty platform and then
measuring the period of the platform with a rigid object of known inertia (about the pivot and fixedly
attached to the platform). It is recommended that the period of oscillation with the object is a least
50 % greater than the period with no object and that the tests are repeated with at least two different
objects to verify results. Formula (12) is then used to compute the rotational spring stiffness K, for the
secofid method.

| anty,
P T
’ (th _sz)

whete the b subscript relates to the object, the p subscript relates to the platform, and the ¢ subscript
relates to the system of the platform and object.

L=

(12)

8.4.4 Data presentation

It is fecommended that test results are presented in tabular fornrto include as a minimunp the vehicle
identification, configuration, mass/weight and CG position,‘platform identification and ipertia (with
restifaints), torsional spring stiffness, damping ratio, undamped period, and number df trials and
perigds measured.

8.5 | Determination of /,, using a torsional pendulum

8.5.1 General guidance

Meagure the product of inertia I, usifig a torsional pendulum fixture (described in §.4) with an
integrated, constrained roll axis (reférsing to the fixture). The roll constraint shall be stiff and includes
a load cell(s) to measure the roll ,couple induced during yaw motion. This test is generally performed
simulltaneously with the yaw MOQEmeasurement (8.4).

8.5.2 Procedure

The §ame general pracedures as 8.4 are followed, except that the dynamic roll moment, M, |, (£), is also
meagured during the)test.

8.5.3 Calculation of I,

Assuming that the platform and restraints POI are zero, Formulae (13) and (14) are used| to compute
the viehiele’s roll-yaw (I,,) product of inertial4] [5].

Iy, = _1/'/'_: (13)
(Wyh, X, +W,h X, )
My =M eas, max — PP pg T Yo (14)
where
vy is the platform yaw angular acceleration at maximum displacement (rad/s2);

Mpeas,max 1S the measured reaction moment at maximum displacement;
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