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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria neededfor
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Self-propelled agricultural machinery with a ride-on operator (driver) can be exposed to the hazard of
rolling or tipping over during the intended operation. A risk assessment is used to determine whether
this hazard is to be considered in case of a specific machine and the protective measures to be used in
order to avoid or minimize this hazard for the ride-on operator.

The risk assessment considers the operating conditions in which the machine is intended to be used,
the physical properties of the machine, and the required skills to operate the machine as well as any
other parameter which can have an impact on the risk for roll- or tip-over.

© ISO 2015 - All rights reserved v
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Self-propelled agricultural machinery — Assessment of
stability —

Part 2:
Determination of static stability and test procedures

1 (Scope

Thip part of ISO 16231 specifies a method to determine the centre of gravity of un-laden self-propelled
machines, a method to determine the centre of gravity of laden machines @nd combindtions with
attdchments, and methods to determine the static overturning angle.

NOTE Requirements related to self-protective structures and ROPS aré to be dealt with in| a separate
International Standard.

2 |Normative references

The following documents, in whole or in part, are normatively referenced in this documgnt and are
indispensable for its application. For dated references;-only the edition cited applies. For undated
refgrences, the latest edition of the referenced documént (including any amendments) appligs.

wn

[SO|789-6, Agricultural tractors — Test procedures;~— Part 6: Centre of gravity

[SO|16231-1, Self-propelled agricultural machinery — Assessment of stability — Part 1: Principles

3 |Terms and definitions
Forlthe purposes of this documerit, the terms and definitions given in ISO 16231-1 and the following apply.

3.1
makimum operating slope
MO‘F

valiie indicating, for‘each type of self-propelled machine and each direction, the maximum sjope in (%)
on yhich the machine is intended to work according to good agricultural practice

3.2
slope compensation system
system¢tq improve the functional performance of an agricultural machine working on slopgs, without
levglling’ the main body of the machine, such as a levelling of internal components, adjusting the

JNE O epdrating systeir O ad]u Ng alr r1Ow or pattern or potr

3.3

body levelling system

system to improve the function performance, drivers comfort, ability to work on slopes, and stability
of an agricultural machine working on slopes, by means of levelling the main body of the machine in a
longitudinal or transversal sense or a combination of both

© IS0 2015 - All rights reserved 1


https://standardsiso.com/api/?name=ed445128653155a824eb365545db4ff8

IS0 16231-2:2015(E)

4 Determination of the centre of gravity (COG) of a self-propelled machine

4.1 Method to determine and to calculate the centre of gravity of the un-laden machine

The centre of gravity of the un-laden machine is determined by means of scales and support stands (see
Tables 1 and 2 and Figures 1, 2, and 3).

4.2 Remarks and items to observe during this procedure

4.2.1 Fol
supporting

the increase

4.2.2
under cha

Any suspel
tires up to
radius of tl
1,5 % of th

4.2.3 En

4.2.4 WH
Therefore,
shall be in

4.2.5 Alt

[tis

axle when the other axle is lifted and supported on a certain height; the lifting ngle @
d load on the scale allow determination of the height of the COG.

recommended to use steel wheels in order to avoid deviations due to changing‘-Wheel ra
ging load conditions. For calculation of the COG with the actual tires, see 4.3.

sion system shall be locked. If locking the suspension system is not possible, then inflat
the maximum permissible pressure as specified by the tyre manufacturer. The differend
ie wheels on the fixed axle between horizontal and raised position-shall not be higher
e wheel radius.

ure that the plane of the scale is horizontal and flush wittuthe ground plane.

eels on the scale shall be free to rotate, in order to-éxclude tangential forces on the t
the parking brake shall not be applied and the gearbox shall be in neutral or the transmis
the position for towing the vehicle.

hough not required, lifting the side of the-swivelling axle is preferred; in most cases, this is

axle with the smallest diameter wheels.

4.2.6 Rai

4.2.7 For
wedges wh

When rest

4.2.8 Th
base and tH

sed wheels shall rest on wheel stainds before reading the weight on the scale.

easy installation of the (vheel stands, it can be necessary to lock the swivelling axle Y
en lifting the machine.

ng on the wheel stands, the wedges shall be removed.

e accuracy of this method depends on the height of wheel stand as a proportion of the w
e accuracy\of the scale.

Accuracy of weighing during five consecutive measurements: all values shall fall within a range of 1,

of the max

mum measured load from the fixed axle in raised position.

g the

and

lius

b all
e in
han

res.
bion

the

vith

neel

0 %

4.2.9 Calculate the COG, using the + deviation of the accuracy of the scale and determine the deviation
of the height of the COG.

This deviation shall not exceed +4 %. In case the value exceeds +4 %, the height of the wheel stands
shall be increased in order to decrease the deviation.
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Table 1 — Input data for calculation of centre of gravity(COG)

Data description Symbol |Unit
Static load radius wheel fixed axle (see Figure 2) R mm
Static load radius wheel swivelling axle (raised axle) (see Figure 2) r mm
Wheel base (see Figure 1 top view) w mm
Load on left wheel fixed axle in horizontal position (see Figure 1 rear/front view) Fp daN
Load on right wheel fixed axle in horizontal position (see Figure 1 rear/front view) Ffr daN
Load an swivelling axle in harizantal position (see Figure 1 rear/front view) Eon daN
Lodd on fixed axle in raised position (swivelling axle supported on stand) (see Figure 3) Frax daN
Height of stand (see Figure 3) L mm
Distance between outer edges of tires on fixed axle (see Figure 1 top view) 0 mm
Width of tires on the fixed axle (see Figure 1 top view) p mm
Lat 3531 offset of the swivelling axle pivot point (to the right is positive) (see Figure 4-top a mm
view

Rear view

Figure 1 — Rear, top, and side view of the machine

© IS0 2015 - All rights reserved 3
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L T Q>

= w Fi + Fq

Figure 3 — Machine in raised position — Side view
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Table 2 — Calculation of centre of gravity(COG)

Data description Symbol |Unit |Calculation

Wheel track of fixed axle T mm o-p

Total weight of the machine F¢ daN Fer + Fr1 + Fsw

Lateral position of COG (versus centre of fixed axle) |y mm [(Fee*T) + (T/2 + @) * Fsw] / Fe - T/2
(positive number means right from centre of fixed

axle in Figure 1)

Longitudinal position of COG (versus centre line of  |x’ mm W * (Fgr + Fr) / Fe

Sw'vp”ing av]p)

Lor]gitudinal position of COG (versus centre line of  |x mm W-x’'

fixdd axle)

Lorjgitudinal distance between wheel centres w mm V((R-1)2+ W2

Vertical projection of wheel base in raised position |W’ mm V (w2 - (L 1> R)2)

Angle formed by the line between wheel centres a ° cos=1 (WAW)

and horizontal through the centre of the fixed axle

wheels

Angle formed by the line between wheel centres B ° tan-1 ((L+r-R) /W)

and horizontal through the centre of the fixed axle

wheels in raised position

Lifting angle W J a+f

Verftical projection of longitudinal distance between |c mm Frar *W’ / F¢

COG and the swivelling axle in raised position

Auyiliary line for calculation (see Figure 3) b mm r+ (c/sin w)

Height of COG v/ mm b-(x'/tan w)

NOTE An example of calculation of centre.6f)gravity is given in Annex A

4.3| Methods to determine the centre of gravity of a laden machine or a machine
with attachments

4.3]11 Graphical method

4.3]1.1 Because weighing a laden machine with attachments under an angle is not practicalland can be
unspfe, it is advisable’fo determine the COG of the laden machine by means of a graphical method.
[t isassumed that the weight and the COG of the load (e.g. grain) and the attachment(s) are known.
4.311.2, \The following example shows a combine harvester with full grain tank and a hepder in the
raised-pesition (worst case field condition).

The COG of the empty machine is known (e.g. by the procedure 4.1) and marked on the scaled drawing
of the machine as cog, (see Figure 4). The COG of the grain in the tank can be defined graphically as
cogp. The mass of the grain represents, for instance 50% of the empty weight of the machine. The COG of
the combination empty machine and grain load is marked as cogq and falls on the line between cog, and
cogp at 1/3 from cog,. The mass of the header is, for instance, 20% of the empty mass of the machine.
The COG of the attachment marked as cog. is known (e.g. by weighing on a hoist under two angles). The
COG of the combination empty machine and attachment falls on the line between cog, and cogc at 1/6
from cog,. The COG of the combination loaded machine and attachment can be determined in a similar
way. The height and the longitudinal position of the new COG can now be measured on the drawing. The
same principles apply to determine the new lateral position (y) of the COG.

Exa

mple:

© ISO 2015 - All rights reserved
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Table 3 — Input data for calculation of centre of gravity

Data description Symbol Unit Example
Weight of the empty machine m, daN 12 000
Weight of the grain my, daN 6000
Weight of the header me daN 2400
Centre of gravity of the empty machine coga mm (X, z) ---
Centre of gravity of the grain cogp mm (x,z) |---
Centre ofg ravitv of the header cog mm (Y 7) - -
Common cgntre of gravity of empty machine and grain cogq mm (X, z) ---
Common cqntre of gravity of empty machine and header coge mm (x, z) -6}
Common cqntre of gravity of empty machine, header, and grain cogs mm (X,z), -
Distance bgtween cog, and cogp k mm 1500
Distance bgtween cog, and cogc n mm 3600

Figure 4 =—Machine with attachment — Side view

Thble 4 — Determination of the common centre of gravity — Graphical method

Data descrjiption Symbol |Unit |Determination Example

Weight exefted by common COG of empty machine and Ma+h daN |[m,+mp 18 000

grain

Distance bgtween cog, and cogq k’ mm (mp*K)/(ma+mp) 500

Weight exertet ‘u_y commor CO6of CITIp LY TITachiearrd T+ C dai TITy T 111 46

header

Distance between cog, and coge n’ mm (m¢*n) / (mg +m¢) 600

Weight exerted by common COG of empty machine, grain Ma+b+c  |daN ms + myp + M¢ 20400

and header

Distance between coge and cogy, t mm  |measured on the 1374
drawing

Distance between coge and cogg t’ mm (mp *t) / (Mgsc + 404
mp)

6 © IS0 2015 - All rights reserved
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NOTE

2 Mathematical method

IS0 16231-2:2015(E)

A calculation sheet for determination of the common centre of gravity (COG), the static

overturning angle (SOA) and the required static stability angle (RSSA) can be found at http://standards.iso.

r

iso/16231-2/ed-1/.

1
X ” Z m; *X, D
i=1
V4 l Vn\ m._ kv (2)
4 M 7 2 1 A
i=1
1 n
vA ” m; *z, 3)
i=1
Table 5 — Determination of the common centre of gravity —By calculation
Degcription Symbol [Unit |Calculation Example
Welght of the empty machine m, daN 12000
Welght of the grain my, daN 6000
Welght of the header me daN 2500
Horizontal distance from front axle centre to
Xa M 1250
Cogh
Hotfizontal distance from front axle centre to
Xb mm 1000
cogp
Hoiizontal distance from front axle centre to
% mm -1 500
cog}-
Verftical distance from front axle centre to cog, |z, mm 1500
Verftical distance from front axle centr€to'cogy |zp mm 2500
Verftical distance from front axle centre to cog: |zc mm 1000
Tothl weight of the combination M daN |m, +mp +m¢ 20500
Hoifizontal distance fromfront axle centre to X mm ((mg * xa) + (mp * xp) + (Mc * xc)) 841
cogf /M
* * *
Vertical distance\from front axle centre to cogs |z¢ mm S(Il\r/[la Xa) + (mp * Xp) + (mc * Xc)) 1692
© IS0 2015 - All rights reserved 7
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5 Statig

5.1 Gen

The machij
on which c

Figure 5 — Combined COG - by calculation

overturning angle (SOA)

bral

1e shall be equipped and adjusted for wark and can be evaluated laden or unladen, depenc
bndition provides the highest centre.of gravity, in any operating configuration.

5.2 Latﬂ:'al roll-over: Machines with'ene fixed and one swivelling axle (without axle

swivel li

5.2.1 Ge

5.2.1.1
machines H

This conce
ISO 16231
defined at

iting device)

neral

In order to keep ¢emtinuous contact between the wheels and the ground, many self-prope

ave one swivelling and one fixed axle.

pt shall be‘taken into account when determining the SOA. For the purpose of this par
it is_ assumed that the rolling line of the tyres on the fixed axle, when rolling laterall
/'5 % of the tire width.

ling

lled

t of
y, is

5.2.1.2 The stability triangle is formed by the lines AB, BC, and AC (Figure 6).

When placed on a tilt platform, the machine reaches, then exceeds the static overturning angle SOA,
and rolls over when the vertical projection of the centre of gravity COG falls outside the surface formed
by triangle ABC, where:

— A and C are the rolling points under the tires on the fixed axle, defined by the intersection of the
lines AB and BC and the vertical projection of the fixed axle centreline,

B is the intersection of the line through the COG and the pivot point of the swivelling axle and the

ground surface. The worst case orientation of a machine for rolling over on a tilt platform is the
orientation with the minimal distance between the COG and line AB. This is a plane perpendicular
to line AB in which the COG moves during tilting. This means that the machine on the tilt platform
shall be installed in a position where the line AB is parallel with the articulation of the tilt platform.

© ISO 2015 - All rights reserved
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In a field condition, this means that the machine is running not parallel with the slope but slightly
hill up. The height of the COG and the height of the pivot point of the swivelling axle are defining
point B. The stability triangle is getting better with increased height of the pivot point or lower and
more forward COG.

E In the hypothetical case, where this pivot point could be designed at the height of the COG, the triangle

would become a rectangle, and the vehicle would roll over only when the projection of the COG would exceed the
line formed by the contact points of the front and the rear tire.

5.2.2 Graphical determination of the stability

5.2

2.1 A graphical method can be used to determine the SOA. The worst case side shall be.gonsidered.

In dase of doubt, both left hand (LH) and right hand (RH) rolling shall be evaluated. Eiguid 6 shows a
topland lateral view of a vehicle with both the COG and the pivot point of the swivellitig-axld not in line

with the centre line of the vehicle (values a and y # 0)

Top view \

Side view

Figure 6 — Graphical determination of the stability triangle

5.2.

2.2 The graphical determination of the stability triangle on a scaled drawing can be done by the

following steps (see Figures 6 and 7):

a)

b)

‘)
d)

©IS

draw line QS defined by the COG Q and the pivot point of the swivelling axle S in the side view and
find the intersection with the ground line which defines point B;

draw a line of undefined length through point B and parallel with the centre lines of the axles
in side view;

draw line QS in the top view;

the intersection of line QS in the top view and the line through point B in the side view, parallel to
the centre lines of the axles, defines point B in the top view, which is the top of the stability triangle.

0 2015 - All rights reserved 9
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5.2.2.3 The graphical determination of the static overturning angle SOA on a scaled drawing can be
done by the following steps (see Figure 7):

a) draw line BA;

b) find line DF in the top view by drawing a line through COG Q and perpendicular to line AB. The
vertical plane defined by line DF is the plane in which the COG is moving when the vehicle is on the
tilting platform, with line AB parallel to the articulation of the platform;

c) find line QD in the top view by drawing a line of undefined length, starting from COG Q, running
parallel to line AB and define a position D on that new line;

d) find lillle AD in the view perpendicular to line AB by drawing a line through D parallel to line D|F in
the top view (this is the ground surface line);

e) find p¢int QD in the view perpendicular to line AB by drawing a line parallel to line [AB through
point ) with a length equal to z, the height of the COG;

f) rotatelAQ and find intersection F with line AB;

g) the angle ais the static overturning angle SOA and equals DA/QD (%).

~~~~~

/' View perpendicular to

Top view line AB

Side view

rigure / — Grapnical determindation or static overturning dangie SUA

5.2.3 Determination of the stability by calculation

The SOA can be calculated by means of the formulae in Table 7 and Figure 7.

10 © IS0 2015 - All rights reserved
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Table 6 — Input data for static overturning angle

Data description Symbol |Unit
Wheel base w mm
Height of the pivot point of the swivelling axle u mm
Overall width on tires on the fixed axle 0 mm
Width of tires on fixed axle p mm
Overall width on tires on the swivelling axle o mm
Width of tires on swivelling axle p’ mm
Makimum angle of the swivelling axle, between horizontal and end of 1) °
stroke

Lorgitudinal position of COG (versus fixed axle) X mm
Latpral position of COG (RH side = +) y mm
Height of COG zZ mm
Off: e)t of the swivelling axle pivot point (for simplicity, a = 0 in all calcula- |a =0 mm
tions

Table 7 — Calculations for static overturning angle

Dafla description: calculation of angle a with machine ona _ {Symbol |Unit Calculation

tiltjplatform

Distance between inner edge and rolling point of the fixed axle |s mm 0,75*p

tird

Distance between inner edge and rolling point of the-sswivelling |s’ mm 0.75*p’

axl¢ tire

Bage line of stability triangle AA mm (o-2*(p-9))|/ 2

Sid¢ view distance between point B and the vertical projection |BM mm u*(W-x)/(zl-u

of the swivelling axle pivot point

Seeldrawing HM mm (BM *y) / (W {x)

Seeldrawing BH mm v (BM2 + HM2)

Wofst case side of the stability-angle when rolling over AB mm V(W +BM)2 4 (AA’ +
HM)2)

Seeldrawing HD mm V((W-x)2+yh)

Disfance betweenpoint B and the vertical projection of the COG |BD mm BH + HD

Angle formed-by the side AB and BM B ° cos™1 (W +BM) / AB)

See|drawing Yy ° tan-1 (HM / BM()

Seeldrawing € ° B-v

Shortestdistaneebetweenthevertical-projectonefthe€06 BE H Bb-tsin-e

and the side AB

Static overturning angle SOA without stroke limiting device on |« ° tan-1 (DF / z)

swivelling axle

Static overturning angle SOA without stroke limiting device on |a % DF*100/z

swivelling axle

5.3 Lateral roll-over: Machines with one fixed and one swivelling axle with swivelling
angle limiting device

Most self-propelled machines are equipped with a swivel angle limiting device on the swivelling axle,
which, when hit during lateral rollover, restricts further swivelling of the axle prior to the complete
overturn of the machine. The wheel of the fixed axle, opposite to line AB (see Figure 6), loses contact

© IS0 2015 - All rights reserved 11
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with the ground and lifts up. The body of the machine rolls around line AS and stops when the swivelling
axle hits the stroke limiting device. At that point, the stability line is formed by the contact points of a
front and a rear tire. The stroke limiting device is effective only when the angle of the swivelling axle
keeps the vertical projection on the inside of the stability line formed by the tires, in order to absorb the

dynamic effects of rolling around line AS.

The state of the art does not allow one to assess whether the inertia of the machine, caused by rolling
around line AS, is reaching a level which results in a complete tip-over, despite of the new stability line.
Each manufacturer shall assess whether the stroke limiting device is effective to stop the roll-over.

In this example, it is assumed that there is a margin of 1,25 or, in other words, the stroke limiting device

is reached pt less than 80 % from the stability line formed by the tires, else the SOA equals a. Figufe 8
illustrates p simplified configuration of the angles «, o, and § (all angles in the same transversal'plahe).

NOTE1 The next edition of this part of ISO 16231 is expected to include a more accurate method in“whicH the

angles are Vlisualized in their respective plane by means of a 3D representation.

Front view

Figure 8 — Shift of centre of gravity COG during roll-over around line AS — 2D view

Table 8 — Calculations for static overturning angle (value o)

Data description Symbol |Unit |Calculation

Difference in track width between front and rear tire Ao mm |[(o/2-(p-5))-(0/2-(p' -5"))
SOA when rolling around the stability line formed by the |o % (AN -y-(Ao*x/W))*100/z
tires

SOA when rolling around the stability line formed by the |o ° tan-1 (o) (%)

tires

Margin ° o- ° o-a

Margin % o- % o-a
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Summary:

o-a=2125*6:S0A=0

o-a<1,25*68:SO0A =«

(4)

(5)

In case the margin o - a meets or exceeds 1,25 times the angle of the swivelling axle, o can be used as
SOA value; otherwise a shall be used.

NOTE 2

The margin value of 1,25 is indicative only and shall be assessed for each model of machine

5.4

5.4

The
trad
of t
the
fall

whe
edg

5.4

Mad
affe
angj

valye o can potentially be used as SOA (see 5.3).

5.4

For

5.5

5.5

Thd
the

Lateral roll—over: machines without swivelling axle

1 Machines on tracks

stability triangle is not relevant for machines on tracks, because the pivot line is the
k rollers. In this case, the static overturning angle SOA (%) is the ratio between the latej
he centre of gravity COG (o/2 - y) and the height of the centre of gravity z. The machi
I exceeds the static overturning angle SOA when the vertical projection of centre of g
b outside the pivot line.

SOA (%) = (0/2-y) / 2 (%)

re “0” for steel tracks is the outer edge of the track sheées and “0” for rubber track belts i
e of the rollers.

2 Machines with devices to lock the swivelling axle or to modify the stability trian

hines can have devices to modify the Stability triangle as a function of the slope. Thg
ct the static overturning angle SOA\Rh a positive way. The determination of the static o
[e SOA shall consider the positiveiimpact of these solutions, according to the system appli

3 Machines with individual wheel suspension

machines with individual wheel suspension, 5.7 apply.

Tip forwardyand tip rearward

1 Tipforward

machdne tips forward when the vertical projection of the COG crosses the line of the cont
front wheels with the ground. In this case, the SOA (%) is the ratio between the horizonf

pdge of the
al position
e reaches,
Favity COG

(6)

s the outer

gle

se devices
verturning
ed, and the

hct point of
al position

of t

5.5.

T COG(x)amnd the heightof the centre of gravity (Z)-

SOA (%) =x / z (%)

2 Tiprearward

(7)

The machine tips rearward when the vertical projection of the COG crosses the axle line of the rear
wheels. In this case, the SOA (%) is the ratio between the horizontal position of the COG (W - x) and the
height of the centre of gravity (z).

©IS

SOA (%) = (W -x) / z (%)

02015 - All rights reserved
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5.6 Body levelling systems

When a machine is equipped with a body levelling system, whether activated manually or automatically,
then the capability of that system (its maximum levelling angle in %) for a particular direction shall be
considered and added during determination of the SOA.

NOTE 1

the next revision of this part of ISO 16231.

NOTE 2
ISO 16231.

A more refined method to determine the SOA on machines with body levelling systems is expected in

The reliability of the control system for automatic body levelling systems is not part of this part of

5.7 Alte

5.7.1 WH

available, gther methods are allowed to determine the SOA. Examples of other methods are'the follow

the m4
rolling

the m3
rolling

virtua

5.7.2 Th
SOA reachgq

6 Comp

6.1 Thel

The RSSA
determine
(SF) can b¢

RSSA S

6.2 Com

and no further roll-over‘protection is needed.

6.3 The

Fnative methods

en there are not enough reliable data available or when there are appropriate facil

chine is lifted respectively in the four directions by means of a hoist te ‘ahgles equal to
over angle;

chine is placed on a tilting platform respectively in the four directions to angles equal to
over angle;

simulation models.

b test shall be stopped when the SOA is reached (whén-tip over is about to start) or when|
s a slope equal to 100 %.

arison of SOA and RSSA

RSSA shall be determined for each type-of machine.

provides the calculated slope on-which the machine is required to be stable. The RSS
1 by using the MOS and SF yalues in Annex C, Table C.1. Information about the Safety Fa
found in informative AngexD.

MOS * SF

bare SOA and-RSSA. In case SOA is higher than the RSSA, the risk for roll-over or tip-over is

ties
ing:

the

the

the

A is
Ctor

(9)

low

pperater station of machines with a body levelling system shall be equipped with the followjing:

anaco

1stic or visual warning device which indicates to the operator when the machine is movin

b on

a lateral or up-and-down slope greater than the 80 % of MOS. The warning shall activate when the
slope reference value has been reached or exceeded for 3 s;

14

a device continuously indicating the value of the slope.
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