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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.
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Introduction

This document specifies test procedures for agricultural tractors. It deals with the centre of gravity.

Although there are many possible methods of determining the centre of gravity, the purpose of this
document is to specify a simple, practical method, which requires the use of a weighbridge and crane.
Alternative methods can be used if they locate the centre of gravity with respect to the specified
reference planes and within the specified tolerances.
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INTERNATIONAL STANDARD ISO 789-6:2019(E)

Agricultural tractors — Test procedures —

Part 6:
Centre of gravity

1 conea
JYEeope

This document specifies a method of determining the position of the centre of gravity of]
tractprs.

The method is applicable to agricultural tractors having at least two axles fitted’with wheg

2 ormative references

agricultural

Is or tracks.

The following documents are referred to in the text in such a waf’that some or all of their content

consfitutes requirements of this document. For dated referenees, only the edition cited

applies. For

undafed references, the latest edition of the referenced docuniént (including any amendmejnts) applies.

[SO 7|89-13:2018, Agricultural tractors — Test procedures <~Part 13: Vocabulary and specime

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 789-13 and the foll

ISO ajnd IEC maintain terminological databases for use in standardization at the following

— IBO Online browsing platform: available at https://www.iso.org/obp

]

FC Electropedia: available-athttp://www.electropedia.org/

31
agriqultural tractor

self-pgropelled agricultural vehicle having at least two axles and wheels, or endless tracks,
designed to pull agyicultural trailers and to pull, push, carry and operate impleme
agricultural work{including forestry work), which may be provided with detachable loadii

n test report

owing apply.

hddresses:

particularly
its used for
hg platform

Note [l to entry«/The agricultural vehicle has a maximum design speed of not less than 6 km/lh and may be

equipjped with one or more seats.

[SOURCE: ISO 12934:2013, 3.1]

3.2
wheelbase
L

horizontal distance between the two vertical planes passing through the rotational centrelines of the

wheels, where one plane is for the front wheels and the other for the rear wheels

Note 1 to entry: In the case of a tractor equipped with a rear tandem, it is the distance between two vertical
planes passing through the centres of the front wheel and the vertical plane midway between the wheel centres

of the two axles of the tandem.

[SOURCE: ISO 789-13, 3.2, modified]
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4 Apparatus

The following apparatus are required.

4.1 Weighbridge or load cells.

4.2 Crane.

4.3 Decking with knife edges.

4.4 Level.

4.5 Plumb rule.

4.6 Squar]

4.7 Scribi
to the tract
appropriate

4.8 Marking materials.

4.9 Tape measure.

5 Geners:

5.1 The ty
condition agj

5.2 The radiator, sump, hydraulic and.other reservoirs shall be filled to specified working levels.

fuel tank sh{

otherwise unballasted.

5.3 Tools,
in the norma

5.4 Any suyspensiofi system shall be locked in the normal height position. If locking the suspe

system is no
tyre manufa

cS.

ng board, shall be at least 600 mm high by 450 mm wide, rigidly constructed, and att3
br in a suitable position with a smooth face vertical and patallel to the side or
plane.

1l requirements

actor shall be clean and shall be tested in normal working conditions or in a spe
reed between the manufacturer and the testing authority.

11 be full and the driver réplaced by a weight of 75 kg on the driver’s seat, the tractor

Spare tyre, and loos€ accessories and equipment shall be complete as supplied and sh
| storage positions.

t possible, then inflate all tires up to the maximum permissible pressure as specified H
rturers The difference in radius of the wheels on the fixed axle between horizontal and 1

ched
bther

cified

The
being

qll be

nsion
y the
hised

position sha

1ot be higher than 1,5 % of the wheel radius.

5.5 Articulated tractors shall normally be tested locked in a straight line, but it may be necessary to
conduct the test with the joint set at the maximum or any intermediate angle.

5.6 Iftesting a sprung tractor, no special measures shall be taken to lock the suspension of the machine.

5.7 In conducting the test, the following measurement tolerances shall be observed:

a) distance: £0,5 %;

b) mass: £0,5 %;

© ISO 2019 - All rights reserved
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c) tyre pressure: =5 %.

Tyre pressure should be in accordance with the manufacturer’s recommendations.

6 Procedure

6.1

General principle

The centre of gravity is determined by the suspension and ground reaction method. This involves

meas

uring the ground reactions with the tractor:

a) i
b) t
c t
The d

6.2.1
Detel
Meas|

Movd
the fj
reactf

Meas|

The |

6.2.2

In th
meas
(usin

ih a horizontal position;

ilted with one end lifted;
ilted with the other end lifted.

alculated horizontal distance of the centre of gravity from a ground-contact point is
case and verticals are drawn on the scribing board (4.7) fixed tocthe’tractor. The in
erticals indicates the centre of gravity.

Determination of horizontal fore-and-aft coordinate ( x)

Tracked tractors [see Figure 1 a)]
mine the mass (m) of the whole tractor on the wgighbridge.
ure the reaction (F1) under the knife edge due to its mass and part of the decking.

the tractor on to the decking, part supported by the weighbridge, and measure th
ront knife edge due to the mass of thé-tractor, the decking and knife edge (F1 + F?2). (
ion of the front knife edge due to-thetractor mass only (F7) by subtraction.

ure the distance (d) betweenthe knife edges.
orizontal fore-and-aft ceordinate is given by Formula (1):

_d-F,
B m

Wheeled-tractors [see Figure 1 b)]

e case Bf wheeled tractors, it is not necessary to use decking or knife edges. With th
ure‘thie axle loads and calculate x from the mass and the wheelbase of the tractor using
o'the wheelbase as the value for d).

measured in
fersection of

b reaction at
Lalculate the

1)

e brakes off,

Formula (1)

6.3

Determination of vertical coordinate (1) (see Figure 2)

6.3.1 Suspend the tractor from one end at an angle of 20° to 25° to the horizontal, the other end resting
on the weighbridge. For some tractors, it may not be practical or safe to use an angle this large. In this
case, a lesser angle may be used but shall not be less than 15° to the horizontal. (The method is applicable
either to wheeled or tracked tractors, the main difference being in establishing the exact location of the
point of application of the ground contact. In the case of wheeled tractors, which shall be unbraked, this
is vertically below the axle. In the case of tracked tractors, it is necessary to manoeuvre until the contact
grousers are in the line of ground contact BB’ on either side, or to make contact through a knife-edge on
the ground contact line BB'. In all cases, the suspension cable shall be vertical as tested by plumb rule.)

© ISO

2019 - All rights reserved
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6.3.2 Measure the reaction (F3) at the ground contact on the weighbridge.

6.3.3 Measure the horizontal distance (d) from the ground contact to the line of suspension.

6.3.4 Calculate the horizontal distance (c) from the centre of gravity to the line of suspension using

Formula (2):

ftractao

(2)

where mist
6.3.5 Dray

6.3.6 Repe
The suspens

6.3.7 The
gives the ver

NOTE1 Th
in drawing th
Figure 2), the|

NOTE2 Arg

6.3.8 Altel

Repeat the j
suspension 4§

Vertical coo
3 and 4)

NOTE Th
in drawing th
Figure 2), the|

6.4 Deter

Measure thg
centre of gr3

apxaacce of+rbha 4o oy
Te-HaSS ottt ractot:

U a vertical line on the scribing board at a distance c from the line of suspension,

ntersection of the two lines on the scribing board, determined as,specified in 6.3.5 and

tical coordinate of the centre of gravity ( h).

e tractor can be conveniently run on to the weighbridge, squaype,'using chalked lines. This will
e plan. If, in the case of tracked tractors, the grousers arexot in the ground contact line BH
tractor can be driven in varying circles until the required.'esult is attained at the last approa

alternative method is to use a tilting platform and loadcells respectively.

native determination of vertical coordinate (E) (See Figures 4 to12).

e tractor can be conveniently run on to the weighbridge, square, using chalked lines. This will
e plan. If, in the case.of tracked tractors, the grousers are not in the ground contact line BH
tractor can be driven-ih varying circles until the required result is attained at the last approa

mination of lateral coordinate in the horizontal plane ( y) (see Figure 3)

left-hahd/(F4) and right-hand (Fs5) wheel or track loadings. Calculate the offset (b)
vity Using track gauge or wheel track (d;) as the moment arm, i.e. Formula (3):

at the procedures specified in 6.3.1 to 6.3.5 with the tractor suspended frém the other
ion angle need not be the same for both ends.

rocedures specified in 6.3.1 to 6.3.4,with the tractor suspended from the other end.
ingle need not be the same for both@nds.

dinate (l_l) of the centre of gravity is determined by means of calculation (see Tables 1

end.

<

Assist
" (see
ch.

The

—
N

Assist
" (see
ch..

f the

p= 54!
m

The lateral c

dy

J’:Z

NOTE

oordinate in the horizontal plane is given by the Formula (4);

b

(3)

(4)

The right-hand and left-hand side loads usually do not exactly total the mass of the tractor due to

small differences in level between the weighbridge deck and the surround. Any error is minimized by equalizing
the overlap of the side being weighed in both cases.

It is preferable to use the total right-hand side and left-hand side wheel (track) loadings to determine
the mass of the tractor (m).

© ISO 2019 - All rights reserved
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Figure 1 — Determination of horizontal fore-and-aft coordinate ( x)
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a) Tracked tractor b) “Wheeled tractor
Key
1 suspensipn cable
2 centre of|gravity
3 knife edges
4  weighbridge

Figure 2 — Determination of vertical coordinate (i_z)
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(d)

e
2

F4 F5

Key
1  weighbridge
2 track

Figure’3 — Determination of lateral coordinate in the horizontal plane ( )))
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Key
1  centre off
2 weighbri

Figure 4 —

gravity
dge

A

Alternative determination of vertical coordinate (E) — Wheeled tractor — Rear on

weighbridge, horizontal
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Key

(%)

uspension cable

(@)

entre of gravity

=

Feighbridge

Figure 5 — Alternative determination of vertical coordinate (}_1) — Wheeled tractgr — Rear
raised
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Key

1 centre of|gravity

2 weighbridge

Figure 6 —

10

N

TN )
8 wll

)

)

N
’

N —

A

L

weighbridge, horizontal

_Y

Alternative determination of vertical coordinate (I;) — Wheeled tractor — Front on
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20“~25n

Key

(@]

entre of gravity

suspension cable

=

Feighbridge

Figure 7 — Alternative determination of vertical coordinate (}_1) — Wheeled tractor — Front

raised
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/
y

Key
1  knife edg
2 weighbri

Figure 8 —

A
Y

f1

—_—
w —

Alternative determination of yvertical coordinate (i_l) — Tracked tractor — Front on

weighbridge, horizontal

12
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7

- -

-¢

dp,

1 suspension cable
2 Weighbridge

Figure 9 — Alternative determination of vertical coordinate (}_1) — Tracked tractor — [Rear raised

© IS0 2019 - All rights reserved 13


https://standardsiso.com/api/?name=8ffa611ac81cf5b0aa9af8d799b74ef1

14

Key
1

Figure 10 -

ISO 789-6:2019(E)

weighbridge

- Alternative determination of vertical coordinate (i_l) — Tracked tractor — Redr on
weighbridge, horizontal
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\\ A\

Key
1 suspension cable
2 Weighbridge

Figure 11 — Alternative determination.of vertical coordinate (E] — Tracked tfactor —
Front raised
YA A (Xa’ Xa) (I(d ’ Xd)
P
6 (X, X,)
] > >
0 .
.............. — X

b) Rectangular coordinates of rotated

a) Polar coordinates
vertical line

Figure 12 — Polar coordinates of rotated vertical line on the centre of gravity when each axle is
in raised position
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Table 1 — Input data for calculation of the centre of gravity with wheeled tractors

Data description Symbol Unit
The mass of tractor with full fuel tank and the driver replaced by a weight 75 kg on the m K
Driver seat, the tractor being otherwise unballasted (See 5.2) &
Wheelbase (see Figure 4) L mm
Static load radius of front wheel (see Figure 4) Rey mm
Static load radius of rear wheel (see Figure 4) Rr1 mm
Height of front wheel centre from ground when rear axle is in raised position (see Figure 5) Rz mm
Height of rear axle centre from ground when rear axle is in raised position (see Figure 5) By mm
Load on fronf wheel in rear wheel raised with full fuel tank and the driver replaced by a F b
weight 75 kg|on the driver seat, the tractor being otherwise unballasted (see Figure 5) f i
Height of front axle centre from the ground in raised position (see Figure 7) B mm
Height of reqr wheel centre from the ground when front axle is in raised position (see A
: w2 mm
Figure 7)
Load on rear|wheel in front wheel raised with full fuel tank and the driver replaced by a F kb
weight 75 kglon the driver seat, the tractor being otherwise unballasted (see Figure Z) r P
Angle formed by the line between wheel centres and horizontal through the centre gfthe 0 rdd
front axle when rear axle is in raised position (see Figure 5) r3
Angle formed by the line between wheel centres and horizontal through the eentre of the P
[ N . o : )2 rad
rear axle when front axle is in raised position (see Figure 7)

[able 2 — Calculation of the centre of gravity (COG) with wheeled tractors

Data dd

scription Symbol Unit Calculation

Height differ]
front and reg
in horizontal

Figure 4)

ence between
r wheel centre

Iy Ar mm
position (see

Rr - Rfl

Longitudinal
between the
front and reg
in horizontall

Figure 4)

distance

centres of
r wheel centre L1 mm
position (see

\/Arz +12

between whg
horizontal th
tre of the fro

(see Figure 4

Angle formedl by the line

el centres and
rough the cen-
ht axle wheel
or 6)

0F1 or 6r1 rad L

between why
horizontal th

Angle formedl by thedine

el centres and
rough the cen- 0,3 rad

tre of the fro
in raised pos

rear axle (see Figure 5)

s 1 1. 1
TCAdATCTVWITCTT T

ition of the

Height of rea

from the ground when rear
axle is in raised position

r axle centre

L1 sin 6,3 + Rp2

(see Figure 5)

Lifting angle of rear axle
centre (see Figure 5)

0r3-0r1

Vertical projection of wheel
base in raised position of
the rear axle (see Figure 5)

Ly

L1 cos 6,3

16
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Data description

Symbol

Unit

Calculation

Vertical projection of lon-
gitudinal distance between
the centre of gravity and
the rear wheel centre in
raised position of the rear

axle (see Figure 5)

Cr2

Ff xL,,

m

Vertical projection of lon-
gitudinal distance between

antra of gravitys and
the cprtre-efgravity and
the ffont wheel centre in
raise{d position of the rear

axle [see Figure 5)

tr2

L2 - cr2

Height of front axle centre
from|the ground when
frontaxle is in front posi-

tion (see Figure 7)

Ly sin Oy ©IRr

Angle formed by the line
between wheel centres and
horigontal through the cen-
tre of the rear axle wheels
in ralsed position of the

frontaxle (see Figure 7)

rad

Sin
L1

. —1[31‘ _RrZ

|

Lifting angle of front axle

(see Figure 7)

rad

Or1 + 02

Vertical projection of wheel
basefin raised position of

the front axle (see Figure 7)

L1 cos 6p

Vertical projection of lon-
gitudinal distance between
the cpntre of gravity and
fronfwheel centre in raised
positfion of the front axle

(see Figure 7)

r2

FrfoZ

Vertical projection of lon-
gitudinal distance between
the cpntre of gravity and
rear wheel centre ingajsed
positfion of the front‘axle

(see Figure 7)

tr2

L - cp2

Seledting twe-pdints on
Line B whenrrear axle is
raiseld{rectangular coordi-

nates,see Eigure 12)

(XC 1] YC)
(Xa, Ya)

Polar coordinates angle of
Line B

Ocd

© IS0 2019 - All rights reserved
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Table 2 (continued)

Data description Symbol Unit Calculation
X JEro? + 1% xcos(0,4)
. . . —\/t 2117 xsin(0
Two points on Line B in Ye r2- + L7 xsin(6.,)
raised position of rear axle
(polar coordinates trans-
formation) Xy \/trzz +12 x cos(0,.4)
i 2 2
X \t "+ L xcos(0,4 46,5)
1 2 2 .
Ye [t  + L 80, +0,,)
Two points with rotating
Line B by 6,7
X4 \/trzz 41 xcos(0,.4—0,,)
’ 2 2 .
Yq \tpp" +L° xsin(0,4 —06,,)
Selecting tw¢ points on
Line A in raied position (Xa, Ya) (tr2, L)
of rear axle (fectangular (Xp, Y1) (tr2, L)
coordinates, [see Figure 12)
4 L
polar coordinates angle of 0 tan = | —
Line A ab trr
2, 2
X, —\tr2 +L" xcos(0,,)
Y, At 2412 xsin(6 ;)
Two points o Line A-n a f2 ab
raised positipn of rear axle
(polar coordinates trans-
formation) x5 _thzz L2 cost5)
Yb - tf22+L2 XSin(Qab)
18 © IS0 2019 - All rights reserved
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(Xa", Ya'")

Data description Symbol Unit Calculation
, 2, 2
Xq —«/tfz +L" xcos(6,, —053)
1 ’ 2 2 .
YCI tfz +L XSIn(Qab—9f3)
Two points with rotating
Line A by 63
X! —4V/tf;._2 +12 % cos(0 , + 9f3 )
’ 2 2 .
Yp —,/tfz + L7 xsin(0gp +0%3)
Rearfanging to rectangular| (X;", Y5'") (Xd + L, Y@ R)
coordlinates, moving llpe B X", Yp'") X + 0y + Rr)
up by Rr; and moving line "o =,
Auppy Ry1 and to the right | (Xc' Yc™) (X7 Y + Rr1)
by L match the origin of

(Xd', Ya' + Re1)

each|line
Ybu_Y "
Line3r equation of line A Line A ”—a”X +a
(see Figure 12) Xp"' =X,
AR DX
Xb _Xa
Consfant a or
Ya”_ Yl?! _Ya,, Xa”
Xb _Xa
Yd " __ YC n ﬁ
X+
Lineqr equation of lie\B Line B X,"-X"
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Table 2 (continued)

Data description Symbol Unit Calculation
vy
Yc”_ Lf" Cu Xc”
Xd - Xc
Constant B or
vy
Ya' " ‘{ Cu Xd "
X,.] —
Y,"—-Y " Y, -Yy. "
( bl' al'_ dl! CHJX-'_G_B:O
Xb - Xa Xd - Xc
X= fra
Line A - Line|B [Yb”_ya” NG J
Xbu_Xa// Xd”_XC”
Y H__Y 1 _
b a v B-a g
Xb”_Xa n Yb!!_Ya n YdI!_YC 1
Xbrr_Xau Xd/r_XCn
or
The vertical foordinate of - -
the centre of|gravity h Y,"-v." B-a 5
x +
XdH_XC” YbI(_YaH Yd”_yc’,
Xbu_XaN Xdu_XCN
NOTE A1} example of.calculation of the centre of gravity is given in Annex A.
Table 3 —Input data for calculation of the centre of gravity with tracked tractor
Data description Symbol Unit
Wheelbase (see Figure 8) L mm
Static load of front knife edge (see Figure 8) Fp1 kg
Static load of rear knife edge (see Figure 8) Frq kg
The mass of tractor with full fuel tank and the driver replaced by a weight 75 kg on m K
the driver seat, the tractor being otherwise unballasted (see 5.2) &
Height of suspension point(rear) from knife edge line (see Figure 8) Ay mm
Height of rear axle centre from knife edge line (line formed by connecting the end a mm
point of each knife edge) (see Figure 8) r
Horizontal distance between front axle centre and rear suspension point (see d mm
Figure 8) f1
Height of suspension point from knife edge line in rear axle raised (see Figure 9) By mm
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Table 3 (continued)

Data description Symbol Unit
Horizontal distance between front axle centre and suspension point in rear axle d
. . If2 mm
raised (see Figure 9)
Load on front axle in rear axle raised with full fuel tank and the driver replaced
by a weight 75 kg on the driver seat, the tractor being otherwise unballasted (see Fr, kg
Figure 9)
Height of suspension point(front) from knife edge line (see Figure 10) Af mm
Height of front axle centre from knife edge line (see Figure 10) ar mm
HOI‘L Ulltcl} dibtdllLC llJCtVVCCll ITdl dA}C LClltl < dlld auaycuaiuu PUillt (DCC Fls Ul 10) drl mm
Height of suspension point from knife edge line in front axle raised (see Figure 11) By mm
Horizontal distance between rear axle centre and suspension point in front axle g
. . r2 mm
raised (see Figure 11)
Load|on rear axle in front axle raised with full fuel tank and the driver replaced
by a weight 75 kg on the driver seat, the tractor being otherwise unballasted (see Fr kg
Figute 11)
Table 4 — Calculation of the centre of gravity (COG) with tracked tractors
Data description Symbol Unijt Calculation
Angle formed by the line connecting rear 1A —q
1 i - r r
suspension point and front axle centre and 0 rad tan T_
hori4ontal line through the centre of the front rl f1
axle [see Figure 8)
Vertical projection of longitudinal distance be- Fgy 'dfz
tweepn the centre of gravity and the suspension cr2 mm T

point when rear axle is raised (see Figure 9)

Vertikcal projection of longitudinal distahce
betwleen the centre of gravity and the front axle tr mm df2 - cr2
centile when rear axle is raised (seé&Figure 9)

suspension point and front axle centre and -
horizontal line through the-centre of the front
axle when rear axle is-taised (see Figure 9)

Angle formed by the line conneeting rear 1| B, -4,
tan | ——
0,3 rad

Lifting angle of rearsuspension point (see

Figute 9) Or2 rad 63 - 611

suspension point and rear axle centre and hori-
zontallifhe fhrnngh the centre ofthe rear axle dr1

01 rad

Angle formed by the line connecting front 1 Ar 4y
tan~

(see Figure 10)

Vertical projection of longitudinal distance F.,-d.,
between the centre of gravity and suspension cf2 mm
point when front axle is raised (see Figure 11)

Vertical projection of longitudinal distance
between the centre of gravity and the rear axle tf mm dr2 - cf2
centre when front axle is raised (see Figure 11)

Angle formed by the line connecting front sus- B;—a

: . . -1\ Zf 7f
pension point and rear axle centre and horizon- P rad tan © | ——
tal line through the centre of the rear axle when 13 dpy

front axle is raised (see Figure 11)
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