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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
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ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria ‘negded for the
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rial 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 documérnt may be the subject of
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it rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

in explanation of the voluntary nature of standards;, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Téchnical Barriers to Trade (TBT), see www.iso
iso/foreword.html.
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complete listing of these bodies can e found at www.iso.org/members.html.

document was prepared by Technical Committee ISO/TC 22, Road vehicles, Subcomnjpittee SC 33,
le dynamics and chassis components.

feedback or questions on this document should be directed to the user’s national standprds body. A
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Introduction

Methods are presented for measuring the location of the centre of gravity of an individual vehicle unit
in the horizontal, lateral and vertical planes. Location of the longitudinal and lateral centre of gravity
positions are obtained through successive use of wheel or platform scales. Three different methods
are described for measurement of the vertical centre of gravity - the axle lift method, the tilt-table
method, and the stable pendulum method. The selection of the method to use depends on the facility
and resource availability, as well as constraints imposed by the vehicle design. Knowledge of a vehicle
unit’s centre of gravity supports vehicle modelling work, design validation and planning for other
dynamic tests yet to be performed.
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Heavy commercial vehicles and buses — Centre of gravity
measurements — Axle lift, tilt-table and stable pendulum
test methods
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3.1

scalg

Scope

document describes a standard method for measuring a vehicle’s longitudinal
zontal plane) centre of gravity (CG) positions and three methods for estimating avehi
osition, the axle lift, tilt-table, and stable pendulum methods. It applies to heavy v

e 3,5 tonnes and buses and articulated buses with maximum weight abové)5 tonnes,
hnd EC vehicle classification, categories M3, N2, N3, 03 and 04). CG measurements ar
Fately for each single unit.

Normative references

following documents are referred to in the text in suclyavway that some or all of t
[itutes requirements of this document. For dated refexences, only the edition cited
ted references, the latest edition of the referenced doctiment (including any amendme

12, Road vehicles — Dimensions of motor vehicles.and towed vehicles — Terms and defin
855, Road vehicles — Vehicle dynamics and xgad-holding ability — Vocabulary

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

Terms and definitions

he purposes of this docunent, the terms and definitions given in ISO 8855, ISO 1507
ving apply.

nd IEC maintainiterminological databases for use in standardization at the following g

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

IEC Electropedia: available at http://www.electropedia.org/

and lateral
rle’s vertical
chicles, that

mmercial vehicles and buses as defined in ISO 3833 (trucks and trailers with maximnum weight

hccording to
e performed

heir content
applies. For
hts) applies.

tions

s for heavy

7-2 and the

ddresses:

instrument or device used to measure total vehicle, axle, track or individual wheel weights

3.2

crane
device used to lift one end of the test vehicle, with sufficient lift capacity

3.3

load cell
device for measuring force along a single axis

3.4

axle hoist
device used to lift an individual axle with the crane (3.2) and safety provisions to prevent the axle from
leaving the hoist once lifted

© IS0 2019 - All rights reserved
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3.5

tilt-table

apparatus for supporting a vehicle on a nominally planar surface and for tilting the vehicle in roll by
rotating that surface about an axis nominally parallel to the x-axis of the vehicle

Note 1 to entry: A tilt-table is composed of (1) a single structure supporting all tyres of the vehicle on a contiguous
surface, or (2) multiple structures supporting one or more axles on separated, but nominally coplanar surfaces.

3.6
wheel dummy
surrogate solid wheel used to remove tyre compliance

3.7

trip rail
rail or kerb|fixed to the tilt-table (3.5) surface and oriented longitudinally beside the low-side wheel
dummies to[prevent the vehicle from sliding sideways

3.8
tilt angle
Pr
angle between the ground plane and a vector that is in the plane of the tilt-table (3.5) surface ajnd is
perpendicular to the tilt axis

3.9
tilt angle variance
differences petween the tilt angles (3.8) observed at each vehicléaxle due to tilt-table (3.5) complihnce,
twist or migalignment of multi-platform tilt-tables

3.10
critical wheel lift
first moment when one or more wheels lifts from the table surface, following which stablg roll
equilibrium|of the vehicle cannot be maintained

3.11
critical tiltpngle
d)Tc
tilt angle at fritical wheel lift (3.10)

3.12
tilt-table ratio
TTR

tan (®y.), as|shown in Fafhnidla (1)
TTR =tan(P,) (1)

Note 1 to entfy=It can also be expressed as tan (@) at the occurrence of critical wheel lift (3.10).

Note 2 to entry: See Figure 5.

3.13
central axis
axis defined as the intersection of the longitudinal median plane of the vehicle, Xv-Zv, and the ground plane

3.14

stable pendulum

pendulum apparatus for supporting a vehicle on a nominally planar surface where the combined vehicle
and pendulum centre of gravity is below the pivot point

2 © IS0 2019 - All rights reserved
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unstable pendulum
pendulum apparatus for supporting a vehicle on a nominally planar surface where the combined vehicle
and pendulum centre of gravity is above the pivot point

3.16

platform
nominally planar surface of the pendulum on which the vehicle unit or trailer is parked

3.17

vehicle restraint
meanstoeonstrain
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5.2.1
hori

With|

Principles

document specifies a method to determine the longitudinal and lateral centteof gravity
e horizontal plane and three common methods to determine the jvertical centrg
linate. The longitudinal and lateral centre of gravity coordinates, xc3 and y¢, are dg
orizontal plane using scales. Individual scales can be used at eachhwheel or axle loc
le wheels or axles can be moved across a single scale successively. The vertical centi

hccuracy of the vertical centre of gravity measurements'is dependent on the vehid
g measurement, measurement equipment accuracy and potential movement of heay

ring the measurement process. Methods involving’ tilting the vehicle or lifting the v
rone to movement of suspended components. Consequently, the required accuracy of

endulum method results in less movemerit of suspended components, and does not
uspension be locked-out vertically.

Jariables

Reference system

eference system specified in ISO 15037-2 shall apply.
Variables tobe measured

Variables to be measured for location of x; and y. coordinates of centre of g
vontalplane

the vehicle at rest on the ground plane and prepared with the load condition specified

shqtform (3.16)

coordinates
e of gravity
termined in
htion, or the
e of gravity

linate (z() is determined using either the axle lift, tilt-table,or'stable pendulum methgd.

le condition
y sprung or
suspensions
ehicle axles
the vertical

e of gravity measurement should be considered when selecting a measurement methodl. In general,

require that

avity in

for the test,

the f

1 : 1111 1 h] h T h] [ TP | 1 : - :
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[SO 8855.
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F.
n
F.
F.
F.
F.

the total vehicle load (or weight);

Z

a number of axles;

i ith axle load (F,, is the front axle load);

ith axle, left wheel track load;

zi,left

ith axle, right wheel track load;

zi,right

total left track load;

z,left

2019 - All rights reserved
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h the

o the

— F, right total right track load;
— 1 vehicle average wheelbase of 2-axle vehicle;
— Light right track wheelbase of 2-axle vehicle;
— gt left track wheelbase of 2-axle vehicle;
— 4 average axle distance (left and right track) from front axle to axle i;
i ith axle track (b, is at the front axle).
5.2.2 Varjables to be measured using the axle lift method for location of z.; coordinates
In addition fo the relevant variables listed above, measure and record the following.
— F,/ ith axle load after lifting is initiated;
7i left left track axle load on the ith axle after lifting is initiated;
21 right right track axle load on the ith axle after lifting is initiated;
— 0 vehicle pitch angle change in the X Z plane, relative to'the initial orientation o
ground plane before lifting occurs;
— Tgtat average static loaded radius of all tyres; see Annex A;
— Tgtati the average static loaded radius on the ith axle; see Annex A.
5.2.3 Varjables to be measured using the tilt-table method for location of z; coordinates
In addition fo the relevant variables listed aboveyimeasure and record the following.
— 1. longitudinal distance between the contact centres of the two axles contactin
trip rail;
— Vmi half-width across‘wheel dummy trip edges on ith axle;
— Tstat,dumpy  average staticvadius of the wheel dummies;
— Dp, critical{ilf angle;
— Z height of the centre of gravity with the wheel dummies.
NOTE Sqge Figure 7 for a description.
5.2.4 Variablesto be measured using the stable pendulum method for Tocation of z
coordinates

In addition to the relevant variables listed above, measure and record the following.

— h

pivot height from the platform surface;
platform's CG distance below the pivot axis;
load of the platform including the restraint components;

applied load;

© ISO 2019 - All rights reserved
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tilt angle of the platform relative to the gravity vector (positive for the front of the
vehicle pitched down);

longitudinal displacement of the vehicle relative to the platform (positive for forward
vehicle displacement);

vertical distance from the pivot axis to the location of the applied load;

horizontal distance from the pivot axis to the location of the applied load.

See Figure 8 for a description.

6 Measuring equipment

The

ISO 15037-2.

Typi¢al operating ranges of the variables to be determined for this document are shown in |

2 and in [SO 15037-2.

measuring equipment, transducer installation and data processing shall be in acco

rdance with

Fables 1 and

Table 1 — Variables, typical operating ranges and recommended maximum errors of variables

not listed in ISO 15037-2 for the longitudinal and lateral centre of gravity measurnements
Recommended maximum
Variable Typical operating range errors of the combined
transducer and recorder
system
Vehifle, axle or track load: Up to 40 000 kg (392 400 N) 0,2%
<2000 mm +1 mm
Distance:
>2 000 mm +0,05 %

Table 2 — Variables, typical operating ranges and recommended maximum errors of variables

not listed in ISO 15037-2 for the vertical centre of gravity measurement

Recommended maximum
Mgthod Vdriable Typical operating range ts;;zazgg:l;ig)gg?ggr
systen
All Suspension air-spring inflation 500-1 000 kPa 15 kP4
pressudre:
Vehicle, axle or track load: Up to 40 000 kg (392 400 N) 0,2%
Distance: <2 000 mm +1 mm
>2 000 mm +0,02 %
Axle Tift Angles: 30 ¥0,05
Tilt-table Angles: +60° +0,1°
Tilt angle variance: +0,2° +0,05°
Heading angle error: +1,0° +0,05°
Tilt rate: Up to 0,1°/s 0,2 %
Lateral deflections: +50 mm +1 mm
Stable Angles: +7° +0,01°
Pendulum 164 mass (weight): Up to 2 500 kg +0,2 %
(24 525N)
Distance X: +20 mm +1,0 mm
© IS0 2019 - All rights reserved 5
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7 Test conditions

7.1 General

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

7.2 Ambient conditions

The surface shall be clean and dry, especially 1f the test is performed outdoors, and the ambient
wind speedpsrecommendedtobetessthantmfs—Sinceiecertaireasesthetemperatareeofvghicle

componentd may influence test results, the ambient temperature shall be reported.

7.3 Test surface

The test surfface, when applicable, should be in accordance with ISO 15037-2 and the surface shoulld be
hard 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. Tyrepressures and the suspension
setting (if applicable) shall be recorded.

On vehicles|with multiple adjustable seats or other device such’as beds, adjust the items to a|mid-
travel positjon (longitudinal and vertical) and adjust the seatyback torso angle to the manufactyrers’
designated gpecification or as close as possible to 15°. The pesitions shall be reported.

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

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 cap have an adverse effect on the.results. If the displacement of other liquids carried oh the
vehicle (operating and otherwise), suchias 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 fyll) and locations shall-beteported. Occurrences of leaking fluid when the vehicle is inclined
should be n¢ted.

7.6 Loading conditiens, suspension and mechanical parts
Vehicle paylpad shallbe held in place to avoid displacement due to inclination of the vehicle.

If the vehiclg has @’suspended cab or semi-suspended cab, the cab shall be locked at its standard height
when the veliele is in a horizontal plane with no driver in the cab. Once the vehicle payload i$ set,
the wheel stspension stattbetocked or constrained toavoid deftection during vehicte inctimation or
pitching. Other components with flexible mounting may need to be constrained as well, if deflection
will adversely influence the results. It may not be necessary to lock out these components if the stable
pendulum method is used to measure the vertical centre of gravity.

Immediately prior to each test event, all self-regulating suspensions shall be adjusted such that they are
at the proper ride height or, in the case of the suspensions for certain auxiliary axles, at the prescribed
inflation pressure. The initial ride height of each suspension shall be reported.

When lifting or inclining the vehicle during the axle lift method test, the gearbox shall be in neutral,
any lockable differential shall be released, and the parking-brake shall be released with no longitudinal
constraints applied. Any steerable wheel shall be steered straight ahead.

6 © IS0 2019 - All rights reserved
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Tyre condition and pressure shall be in accordance with the vehicle manufacturer’s recommendations
and ISO 15037-2. In case a range is specified for tyre pressure, the highest pressure value should be
selected to minimize tyre deflection.

Suspended components such as the engine, gearbox and axles can move laterally and/or longitudinally
when lifting or tilting the vehicle. Such displacements can influence measurement accuracy and should
be noted accordingly.

8 Determination of the centre of gravity in the horizontal plane

e scales are
the vehicle.
dgement to

n should be

gravity, Xcq,

(2)

3

(4)

8.1 [ General
Wheh using scales for wheel and axle load measurements, care should be taken te\ensur
used|in a common plane with an inclination less than 1 % grade within the wheelbdse of
Pernjissible deviation of any scale from the common plane is based on engineering ju
minimize measurement error. Considerations include tyre and suspension spring rates. Tite vehicle or
axleq should be parked over the scales with light brake application, the vehicle transmissi
shiftpd to neutral, and the brakes shall be released before measurements‘are recorded.
8.2 | xc¢ position of the centre of gravity in the horizontal plane
8.2.1 Two axle vehicles
The horizontal distance between the centre of the front.axle and the longitudinal centre of
in millimetres, is determined by Formulae (2) to (4):
F.
Z

whertte

I, is the rear axle load;

I, is the total vehicle load;

]  isthe average wheelbase.

I :FZZ,left +F22,right

[=0,5%(1jag +Iright )
8.2 More than two axles

The horizontal distance between the centre of the front axle and the longitudinal centre of gravity, x¢,

in mi

llimetres, is determined by Formulae (5) and (6):

Na
Y Fyixlig
i=2

XcG =

Il

F.

Z

i-1 =0,5%(li_1, left +1i—1,right )

where n, is the number of axles as defined in 5.2.

© ISO
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With mutli-axle vehicles, a single large platform scale is often used. Each axle or track is successively
rolled onto the platform and the combined axle loads are recorded. Continue until the entire vehicle is
on the platform scale. Repeat measurements in the reverse directions. To determine individual axle
loads, successively subtract the first axle load from the combined first and second axle load, and so on.
Then apply the above equations to determine the x.

8.3 y¢ position of the centre of gravity in the horizontal plane

8.3.1 Two axle vehicles

The horizontat-distanecebetween-thelongitudinal-medianplane-of- the-vehicle-and-thecentre-efgravity
(positive when centre of gravity is to the left of the Xv-Zv plane), y., in millimetres, is determfingd by
Formula (7))

bl X(le,left — Tzl right )+ b2 ><(FZZ,left — Tz2,right )
2XF.

Z

Yee =
where all symbols are as defined in 5.2.

8.3.2 Morte than two axles

The horizontal distance between the longitudinal median plane of the vehicle and the centre of grpvity
(positive when the centre or gravity is to the left of the longitudinal. median plane), y, in millimgtres,

is determing¢d by Formula (8):

bix(in,left - Zi,right)

TRAS

[y P kY

(8)

Ycg = X F

VA

where all symbols are as defined in 5.2.

9 Determination of the centre.of gravity height

9.1 Genefal
Three methpds are presented’to determine the centre of gravity height in the vertical plane, the axle

lift method,|the tilt-tablesmhethod, and the stable pendulum method. Prior to performing any of these
methods, the vehicle shall be prepared as described in Clause 7.

9.2 Axle lift method

9.2.1 General guidance

The vehicle is lifted by either the front axle or the rearmost axle, as shown in Figures 1 and 2, while
the axle farthest away from the lifted axle remains in contact with the ground plane. One of two
measurement configurations may be used to perform this test:

— Configuration 1. The vehicle is lifted by a crane with a load cell between the crane hook and the axle
hoist (Figure 3). The load cell measures the lifted axle load at several inclination angles. The hoist
shall be designed to ensure that the vehicle is stable during the lift and that the axle cannot roll off
the hoist (or other supporting platform). The load of the hoist (or other platform) and the cables and
clevis shall be subtracted from the load cell measurement.

8 © IS0 2019 - All rights reserved
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— Configuration 2. The vehicle is lifted by some other means and the load on the axle remaining on the
ground plane is measured with a scale. The means used to lift the vehicle shall be applied to ensure
that the vehicle is stable during lifting.

To enable a sufficiently large inclination angle for accurate results, while avoiding any contact of the
vehicle extremities with the ground, it may be necessary to utilize a spacer block, as shown in Figure 4,
under the tyres of the non-lifted axle. The spacer shall be dimensioned such that the tyres of the non-
lifted axle cannot roll off during lifting. Any steering linkages shall be locked to avoid steer motion
during lifting.

Measurements are made at multi

If a d
centl
plang
meas

surements, increa

 of 30° is normally

7

se the inclination angle in steps (no more than 5° per
maximum inclination angle depends on the vehicle geometry, lifting apparatus limita
derations, fluid spillage and the range of the scale used at the ground plane. A makimun

adequate.

NIAL - - 7

VA
'////////////////////,?

FZZ’
Figure 1 — Two-axle truck lifted at the front axle

le'
A

ple vehicle inclinations. Begin measurements when

step is reo

cale is used, the crane position shall be adjusted during the lifts to keep the axle oy
e. The orientation of the crane and hoist cabling shall be vertical{perpendicular to
, at each lifting step. At each step, ensure that the vehicle is fr'ee of motion and t
urement from the load cell or scale is steady.

the vehicle

1 subsequent

bmmended).
tions, safety
h inclination

er the scale
the ground
hat the load

2l

YVLLLLL L LS LSS LSS LSS LSS LSS LSS ?
F
Z

3

Figure 2 — Three-axle truck lifted at the front axle
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Figure 3 — Axle hoist example

Key
X  overhang
Z  height

Figure 4 — Example of spacer placement

9.2.2 Progedure

9.2.2.1 WIth.the vehicle at rest on the ground plane, prior to any lifting, measure and record the
average statictoaded radius at each axle (rg.,,;), the total vehicle load (F,), the axle loads (F;) anfl the
axle spacing from the front to rearmost axle (7;_{]J.

9.2.2.2 Lift the front or rearmost axle in steps (at least three steps are recommended), starting at
no less than 10° with no more than 5° between steps. After lifting is initiated, the load cell or scale
measurement (F,;") and inclination angle (6) are recorded for each step when the vehicle is in a stable
position. If a load cell is used, the load of the axle remaining on the ground during lifting is calculated by
subtracting the load cell reading from the total vehicle load.

9.2.2.3 To account for hysteresis the vehicle shall be lowered in steps and the measurements of
inclination angle and axle load recorded as described in 9.2.2.2.

9.2.2.4 It is recommended that the procedure is repeated, lifting the axle on the opposite end of the
vehicle.

10 © IS0 2019 - All rights reserved
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9.2.3 Determination of the axle load and inclination angle

9.2.3.1 General

Calculate the load transfer for each inclination step, and plot load transfer versus tan 6. Perform a
linear curve fit of the results to obtain an averaged constant slope of the axle load transfer versus the
inclination angle. The averaged constant slope, (load transfer)/tan 6, is used in Formulae (11) and (12).

9.2.3.2 Two-axle vehicle

Ifal

oad cell and hoist are used at the front axle, the load transfer is determined by (F,

-F,). Ifa

scale
corrg

9.2.3

Dete
inter
cont

the f

—

Simi
stati
Forn

—

9.2.4

9.2.4

If thd
is de

Altet]
abov]

Zcg =

where [, F,

is used at the axle remaining on the ground, the load transfer is determined by (F,{
bsponds to the axle on the ground.

.3 More than two axles

Fmination of the load transfer for vehicles with more than two axles~is complica

mediate axle loads are initially transferred to the axle being liftédyand the axle r

hct with the ground. If a load cell and hoist are used at the front axle, the initial static

ront axle (F,;) as used for the load transfer calculation in
XcG

. =F X|1-
z1 Z[ I}

arly, if the front axle is lifted and a scale is used at the axle remaining on the groun
c axle load on the scale (F,;) as used for the load transfer calculation in 9.2.3.2 is rq

jula (10).
CG J

x[x_

liq

i-1

L

Zi

=F

Z

.1 Two axle vehicle

front axle is lifted;the height of the centre of gravity above the ground plane, z., in

fermined by Formaila (11):

_IX(FpaF,q")

= +r
G FyXtan@ stat

natively, if a scale is used with the axle remaining on the ground, the height of the cent

Location of the centre of gravity above the ground plane with loaded tyre radiys

F,.), where i

ted because
epmaining in
axle load on

9.2.3.2%s replaced with Formjula (9).

9

1, the initial
placed with

(10)

millimetres,

(11)

re of gravity

e the ground plane, z-., in millimetres, is determined by Formula (12):

IX(F;'=Fy)

————+
F, xtan® stat

]

F

o F,i F,i', 0, and g, are as defined in 5.2.

9.2.4.2 More than two axles

(12)

Formulae (11) and (12) are again used to determine the height of the centre of gravity above the ground

plane, provided the substitutions given in Formulae (9) and (10) are utilized and I is replaced with /;_;.
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9.2.4.3 Data presentation

Measured data and test results shall be presented in a test report. An example report is shown in
Annex B.

9.3 Tilt-table method

9.3.1 General guidance

The vehicle is positioned on a tilt-table and tilted until the upside wheels lift from the tilt-table platform.
The processisillustrated in Figure 5. The critical tilt ;mglp isrecorded and used to calculate the vertical

centre of gravity, z..

Key
1  trip trail

Figure 5— Tilt-table method

It is recomnjended that solid wheeldummies (see Figure 6) be used on the down slope track to rejnove
vertical and lateral tyre compliafice and improve measurement accuracy. The wheel dummies cqn be
driveable ornon-drivable (as shown in Figure 6). It is also recommended that the wheel dummy radius,
Fstat, dummy |S the same as rigy (see Annex A) and that standard wheels be kept on the upslope frack
to minimizg mass propesty’ differences. If wheel dummies are used on the upslope track, the mass
properties ¢f the wheeb.-dummies shall be consistent with the standard wheels. The wheel dummies
shall be sufficiently.stiff in bending to avoid deflections that would affect the CG height measurement
accuracy.

The lower outboard edge of the wheel dummy is referred to as the trip edge. The trip edges are placed
in contact with the tilt-table trip rail during tilting. It 1s recommended that the wheel dummies are
fabricated such that the contact area between the trip edges and trip rail is as close to the table surface
as practical. It is further recommended that the wheel dummies be fabricated such that the half-width
across the wheel dummy trip edges, y,,; (see Figure 7), is consistent between axles when the wheel
dummies are installed. If y; at one axle is wider than at other axles, solid spacers may be used between
the narrower axle dummy wheels and the tilt-table trip rail during testing.

Tilt-angle variance at each vehicle axle during measurements shall not exceed +0,1°.

It is recommended that safety straps be inspected regularly and replaced if any wear or damage is
observed.
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If the vehicle has a trailing axle, the axle can be raised and bound above the ground during testing,
unless the centre of gravity height with the axle completely lowered on the ground is required. Less
wheel dummies are necessary if the trailing axle is raised.

Some test units require auxiliary vertical support at the coupling joint. For example, a semitrailer
coupled to a converter dolly requires support of the dolly drawbar at the pintle hitch. In such cases, a
mechanism shall be provided that

a) provides the necessary vertical support in a manner representative of normal use;

b) maintains the lateral position necessary to achieve *#1° alignment of the vehicle unit and the tilt-

table axis:
N

c) provides no significant roll coupling at the support point. Q

1 tjilt-table trip rai %

2 heel dumr@fp edge

% Figure 6 — Wheel dummy and tilt-table examples

?\
S
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\ Y1

yCG

|

Key
1  spacer

Figure 7 — Tilt-table horizontal plane measurements

9.3.2 Tiltjtable procedures

9.3.2.1 WIth the vehicle at rest on the ground plane, priox(to any tilting or installation of the Wheel
dummies, measure and record the average static loaded radius at each axle (rg,;) and the longitudinal
and lateral dentre of gravity results from Clause 8, x; an@y .

9.3.2.2 Popition the vehicle (preferably with wheelMdummies) on the tilt-table with the wheel trip gdges
against the tilt-table trip rail and the vehicle heading aligned to the tilt axis within +1°. If a longitudinal
constraint i required, it shall be applied to only one axle to avoid over-constraining the vehicle.

9.3.2.3 Record the longitudinal distances between axles equipped with wheel dummies, [, the $tatic
radius of the wheel dummies, r,,, dummy, and the half-widths across the wheel dummy trip edges at

each axle, y ;.

9.3.2.4 Install an appropriate number of safety cables or straps between the vehicle and the tilt-table
on the upslgpe side to prevent rollover. The vehicle straps are positioned and oriented to optimize [their
effectiveness.

9.3.2.5 Slgwly afid continuously raise the tilt-table from zero tilt angle until the vehicle is unsfable
and all upslppe,dummy or standard wheels lift from the platform. Record the critical tilt angle @54 The
vehicle tips upastire gravitatiomat force vector moves outside the tower wheel track- A Towertemtre of
gravity height will result in a higher tilt angle at the point of tip-up. The tilt rate near the expected tipping
point should not exceed 0,05°/s. During a lift it is permissible to stop periodically to adjust safety cables
or straps and to allow the vehicle to settle. However, once stopped do not decrease the tilt angle. Tilting
should be stopped as quickly as possible following the critical wheel lift.

Some vehicle frames are more compliant than others, and the upslope tyres on different axles may lift
from the platform at different angles. It is recommended to stop tilting momentarily when one axle
lifts from the platform to inspect the safety straps. Restart tilting slowly until the critical tilt angle is
reached. Measurement accuracy may be affected by twisting of the chassis.

A series of trial tilts are recommended prior to the measurement tilt to ensure proper adjustment of the
safety restraints, establish the test sequence, determine when wheel lift and other significant events
may occur, and test wheel lift indicator devices if used. A preliminary tilt shall be initiated with a very
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conservative safety restraint configuration, for example, one that shall not allow the full vehicle roll
freedom required of the actual measurement tilt. The tilt shall be proceeded cautiously with several
pauses, typically at wheel lift points for readjustment of safety restraints.

A simple method to indicate wheel lift utilizes thin sheets of metal placed between the upslope tires
and the table surface. Elastic cords are attached to the plates so that the plates are pulled out from
under the tyres when the tire normal force reaches zero.

9.3.2.6 The measurement tilt shall be repeated at least three times in each vehicle tilt direction.

The tilt-table ratio (TTR), equal to tan @, shall be calculated for each measurement tjlt. For each
diregtion of tilt, the mean value of TTR and the 90 % confidence interval of the mean value shall be
detefmined and reported.

For dach tilt orientation of the vehicle, calculate the lateral offset of the CG frém the trip rail, y,, based
on Formula (13) and Figure 7. Though the formula and diagram refer to astwo-axle truck with y . and
Ymr Unequal, they apply equally well when all y,; are equivalent or with multiple axle yehicle units
(somle engineering judgement may be required to adjust the formula¢o'suit unique situatiops).

:ymZ_.yml

Ys ; “Xeg tYm1—Yee (13)

C

¥m1 s the distance between the central axis and the tilting edge at the front axle;
¥ is the distance between the central axis and the tilting edge at the second axle;

is the longitudinal distance betizeen the contact centres of the two axles contacfing the trip
rail, as defined in 5.2.

The height of the centre of gravitywith the wheel dummies is calculated using Formula (14)).

Ys

=—=-5 14
* tan®qg, (14)

The height of the centfe of gravity based on the static radius of the original wheels is calcfilated using

Formula (15).

ZcG =254 lstat ~'stat, dummy (15)

The yesylts from testing both sides of the vehicle unit upslope shall be averaged to give the final result
of z WITh Televant StatisTics Teports (€.g. mean, standard deviation).

9.3.4 Data presentation

Measured data and test results shall be presented in a test report. An example report is shown in
Annex C.

9.4 Stable pendulum method

9.4.1 General guidance

The vehicle is positioned longitudinally on a pendulum platform, as illustrated in Figure 8, where the
pendulum pivot point is above the combined centre of gravity of the vehicle, platform and any vehicle
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restraints used. The stable pendulum method can also be performed using a vehicle roll configuration,
where the vehicle longitudinal axis is aligned with the pendulum pivot axis.

The vehicle longitudinal CG is initially aligned with the platform longitudinal CG location. The vehicle
parking brakes and parking pawl (if present) are enabled to restrain the vehicle. Additional restraint
hardware may be installed at the discretion of the tester. A static disturbance torque is applied to the
system to induce a steady-state inclination of the platform. A common means to apply the disturbance
torque is by hanging known weights from the platform at a known distance from the pivot axis. Once
the platform is stable, the inclination angle of the platform is measured and the CG height is determined
as described below.

; e nimr-inchinationangte-shalnotexeeed 535 thusminimizing-the-wetghttransfer
across the ailes. Because of this constraint, it may not be necessary to lockout the vehicle’s suspension,

the cab or any other suspended component prior to testing.

1

Key
1 centerline
2 pivot point

Figure 8 — Side view of stable pendulum method configuration

An unstable pendulum may also be used, where the pivot point is below the combined centre of gravity
of the system. In this case, a static restoring force is applied throughout the test at a known distance
from the pivot access to maintain system stability. The restoring force is measured with load cells or
scales. The formulation of the equations for the unstable pendulum method is similar to the formulation
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presented below for the stable pendulum method and is omitted for brevity. Provided similar levels of
accuracy are used for the required measurements and equipment specifications, the overall accuracy of

the unstable pendulum method is similar to that of the stable pendulum method.

The platform structure shall be sufficiently stiff to support the test vehicle without significant vertical

deflection. However, it is also recommended that the platform load (weight) be as light as

possible for

the intended vehicle class usage. Furthermore, for the stable pendulum method it is recommended that
the pivot axis be as low as practical without sacrificing platform stability or the ability to test different
vehicle classes. Measurement accuracy is generally improved with light platforms and low pivot heights,
both of which enable the use of lighter ballast weights. It is recommended that the pivot height be no

higher above the platform than the height of the vehicle.

9.4.2 Stable pendulum procedure

Posiffion the vehicle, configured at the desired payload condition, on the pendulum platfory
the viehicle system longitudinal CG is aligned as closely as possible with the platforim longitu

m such that
dinal centre

of gravity location. The vehicle is restrained by the parking brakes, parking pawl or externgl restraints
as rgquired. The inclination angle of the platform and restrained vehicle should be less than 0,5° to

start the test. Record the initial offset of the vehicle longitudinal CG with'the platform long
and glesignate this offset X, ... Measure and record the initial inclinatiosiangle of the platfoj

ero”

Apply a known load, W,, near the fore end of the platform at a&known location defined
(see Figure 8). The applied load should be such as to cause the\platform to incline betwee
five flegrees. Repeat the procedure with a different applied load to cause the platform to
different angle, but still no more than five degrees. Repeat this procedure for rearward
anglés by applying loads near the aft end of the platform. Before any measurements are
allow any platform motion caused by the load application to stop. Record 6, X, Wy, ,, and h
condjitions.

9.4.3 Determination of platform properties

The yestraint components, if used, are.considered part of the platform. The total platform

itudinal CG,

rm, 0,

by I, and hy
n three and
incline to a
| inclination
conducted,
,, for all test

load Wp and
6) and (17):

the tptal platform CG height h, are adjusted for the restraint components using Formulae (1

+W,

res

Wy = Wp(Empty)

w

res

w

= hp(Empty) "7 p(Empty)

res )

h—h
|

p Wp

where

| 4

eg Ws-the restraint hardware load;

(16)

(17)

1 s isthe restraint CG distance above the p]affnrm surface

9.4.4 Determination of the applied torque

The torque, T}, applied to the system by the load, W,, is:

Ty=W, (IA cosOp, —hy sinep)

© IS0 2019 - All rights reserved
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sideration of platform deflection

Since the platform may deflect under the weight of the test vehicle, the height of the platform centre of
gravity can be adjusted using Formula (19).

hy'=hy,

+ Ahp

The term Ah, will normally have to be determined analytically.

9.4.6 Determination of the centre of gravity height, z.

The vehicle
pivot axis (H

(19)

CG distance below the pivot axis, h,, is computed by summing the moments acting aboy
igure 8) following Formulae (20) to (22):

D Mprvpr =0
0=Ty —W, by -sin(6), —O,er, ) -
—F, [ h, -sin(@p 0,610 )—(X—Xzem )-c08(6), ~Bero )J
Calculating h, with Formula (21):
A _TA_Wp'hp ‘Sin(ep_ezero) X=X yero
v .
F, -sm(0p —Gzero) tan(ep —Ozero)
The vehicle rentre of gravity above the ground plang/z.; can now be calculated using Formula (23
ZCG :h_}—DZ _hV
where D, is the deflection of the platformrunder the vehicle unit weight.
Once the cejntre of gravity heights from individual measurements are calculated, the results cg

averaged to

9.4.7 Dat

Measured d|
Annex D.

yield a final value ofzx.

h Presentation

ata and {est results shall be presented in a test report. An example report is shov

t the

(20)

(21)

(22)
)

(23)

n be

/n in
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Annex A
(informative)

Determination of static loaded radius, r,;

The static loaded radius of an individual tyre ry, , may be determined as shown in Figure A.1.
Formula (A.1) is sufficiently accurate for the test procedure described in this document.

- & dlw
rstat,tyre

L T

Key

d, wheel diameter

d’, loaded wheel diameter

re static free radius

T'stat, gre Static loaded radius of an individual tyre

Istaci| average static loaded radius of all tyres @n.axle i

Ttat average static loaded radius of all tyres

Figure A.1 «— Determination of static loaded radius, rg,,

d
d, -2 (A1)

stat, tyre — Yw )
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B.1

B.1.1
B.1.2
B.1.3

B.1.4

B.1.5

B.2

B.2.1

B.2.2

B.2.3

Total vehicle:

Annex B
(informative)

Test report — Axle lift method

Vehicle identification

Malke:

Mol

del:

Tyj

)[CH

Ty]
Siz

es

p, first axle:

Size, second axle:

Siz

e, third axle (if existing):

Size, fourth axle (if existing):

Prd

ssure, first axle: bar

Pressure, se€cond axle:

bar

Prd

ssure, third axle (if existing): bar

Pressure, fourth axle (if existing):

bar

Suj

pension setting (if applicable):

Me

An

asurement data

bient conditions

Airf

temperature:

°C

Rel

ative humidity:

%

Wi

hd speed:

VA

Lod
fue
in{

ding conditions (description of the seating positions, steering wheel reach and rake pos
| tank cofidition, and loads, for example, dummies, luggage, etc., and their X, ¥, and Zloca
he veliicle; if relevant, include cargo area dimensions):

tion,
kions

Axle loads (vehicle)

First axle left:

First axle right:

Second axle left:

Second axle right:

Third axle left (if existing):

Third axle right (if existing):

Fourth axle left (if existing):

Fourth axle right (if existing):

Zz|l 2| 2| 2

Z| 2| 2| 2| Z2

20
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B.2.4  Track, first axle: mm
Track, second axle: mm
Track, third axle (if existing): mm
Track, fourth axle (if existing): mm
B.2.5 Wheelbase, first to second axle: mm
Wheelbase, second to third axle (if existing): mm
Wheelbase, third to fourth axle (if existing): mm
Theoretical wheelbase: mm
B.2.6  Staticload radii
First axle left: mm  First axle right: mm
Second axle left: mm  Second@xle right: mm
Third axle left (if existing): mm  Third axle right (if existing): mm
Fourth axle left (if existing): mm -, Fourth axle right (if existing): mm
Averjage static load radius: mm
B.2.7 Tyre
Tyre offset: mm
Width of the rim: mm
B.3 Test results
B.3.1  Longitudinal-displacement between centre of front axle and CG, x¢;: mm
B.3.2 Distancerbetween the longitudinal median plan of the vehicle and the CG
(positiveto the left), yq: mm
B.3.3  Height of the centre of gravity above the ground plane
B.3.3.1) Test with lifted front axle
Lifting angle: deg
Axle in contact with the ground (axle number): —
Axle in contact with the ground load (vehicle inclined): N
Height of CG, front axle lifted: mm
© IS0 2019 - All rights reserved 21
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B.3.3.2 Test with lifted i axle
Lifting: deg

Axle lifted (axle number): —

Axle in contact with the ground load (vehicle inclined): N

Height of CG, front axle lifted: mm
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