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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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INTERNATIONAL STANDARD ISO 789-9:2018(E)

Agricultural tractors — Test procedures —

Part 9:
Power tests for drawbar

1 CScaona

COUPpPT

This |[document specifies test procedures for determining the power available at~the
agricultural tractors of the wheeled, track-laying or semi-track-laying type.

2 ormative references

The following documents are referred to in the text in such a way that some or all of
constitutes requirements of this document. For dated references, duly the edition cited
undafed references, the latest edition of the referenced document/(in€luding any amendme

[SO 7|89-13:2018, Agricultural tractors — Test procedures — Pdapt'13: Vocabulary and specime

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 789-13 apply.
ISO ajnd IEC maintain terminological databasesfor use in standardization at the following

— IS0 Online browsing platform: available at https://www.iso.org/obp

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

4 Measurement unitsand tolerances

The fpllowing units andtolerances apply to the maximum value measured:
— rotational frequeney, in revolutions per minute (r/min): = 0,5 %;

— tiime, in secands (s): £ 0,2 s;

— distancg; in metres or millimetres (m or mm): + 0,5 %;

drawbar on

heir content
applies. For
nts) applies.

n test report

hddresses:

— fpree,in newtons (N): £ 1 %;

— mass, in kilograms (kg): + 0,5 %;

— fuel consumption, in kilograms per kilowatt hour (kg/kWh): £ 1 %;
— atmospheric pressure, in kilopascals (kPa): + 0,2 kPa;

— tyre pressure (gauge), in kilopascals (kPa): + 5 %;

— temperature of fuels, etc., in degrees Celsius: + 2 °C;

— wet and dry bulb thermometer temperature, in degrees Celsius: + 0,5 °C.
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5 General requirements

5.1 Selection

In the case of a third party performing the assessment, the tractor manufacturer and the third party
shall work together to select a tractor to be submitted for testing. The tractor submitted for the test
shall require a serial number, shall comply with the manufacturer’s product specification, and shall
be operated in accordance with the manufacturer’s instructions. The manufacturer shall provide a

representati

ve to be present throughout the entire testing of the tractor.
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These technlical specifications shall be validated as thoroughly as possible by the entity perfor
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I.information ofthe tractor consisting of the items listed in the ISO 789-13 specimej
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tractor shall be new and run-in prior to the test in accordance with the manufact
ctions. If a third party is responsible for the testing, the third party itself may run-i
ded an authority of the manufacturer or the manufacturer’s representativefwho will re

for the running-in, is obtained.

brt shall state the place and duration of running in.

hdjustment of the carburettor or injection pump as well as the sétting of the governor
he specifications provided by the manufacturer. The manufdcturer may make adjustme
vith these specifications prior to testing, but adjustments‘shall not be made during the

facturer's instructions

t has started, the tractor shall never be operdted in a way that is not in accordance
turer's published instructions in the form‘f an operating handbook unless specif]
test criteria and then only by arrangement'with the manufacturer.

rs

ade during the tests shall bé noted in the test report, together with comments o}
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5.6 Fuels

5.6.1 Sele

and lubricants

ction

Fuels and lubricants shall be selected from the range of products commercially available in the country
where the equipment is tested, but shall conform to the minimum standards approved by the tractor
manufacturer. If the fuel or lubricant conforms to a national or international standard, it shall be

mentioned a

nd the standard stated.

5.6.2 Measuring consumption

Measurement of fuel consumption during drawbar testing is required.
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The fuel measurement apparatus shall be arranged so the fuel pressure at the carburettor or the fuel
injection pump is equivalent to that which exists when the tractor's fuel tank is half full. The fuel
temperature shall be comparable to that which is found during full load operation for 2 h, when the fuel
is taken from the tractor fuel tank.

5.6.3 Tractors equipped with diesel particulate filters

In the case of a tractor equipped with a diesel particulate filter, a regeneration of the diesel particulate
filter may be performed before starting the drawbar test. If the tractor initiates a regeneration of the
diesel particulate filter during the test, the current test should be suspended and the regeneration
should be allowed to complete before continuing the test.

5.7 |Auxiliary equipment

For all tests, accessories such as the hydraulic lift pump or air compressor may ohly be digconnected if
it is gllowed in the operator's manual and is practicable for the operator to dg,s0 as normgl practice in
work] The accessories shall be disconnected without using tools and in accordance with the operator’s
manyal. If not, they shall remain connected and operate at minimum load(

If thq tractor is equipped with devices that create variable parasiti¢ power losses, such as a variable
speed cooling fan, intermittent hydraulic or electrical demands, ete,, the device shall not be disconnected
or altlered for test purposes. If it is practical for the operator to disconnect the device as ouflined by the
operator’s manual, it may be disconnected for test purposes, in which case this shall be redorded in the
test report.

Powdr variations during tests caused by these deviceséexceeding + 5 % shall be recorded in the test
report in terms of percent variation from the mean.

5.8 | Ambient conditions

5.8.1| No corrections shall be made to.the test results for the atmospheric conditions or qther factors.
Atmaspheric pressure shall not be less(than 96,6 kPa. [f this is not possible because of conditions of altitude,
a modlified injection pump setting mdy have to be used, details of which will be included in the report.

5.8.2| The atmospheric température at the test track shall be 20 °C £+ 15 °C.
5.9 [Tractor conditions

5.9.1 Tyres

At the beginning of the drawbar tests, the height of the tyre or rubber track tread bars, measured at
the centreline of the tyres or tracks, shall be at least 65 % of their height when new. This hgight shall be
meagured using the technique and equipment specified in Annex A.

Tests may be carried out on one or more sets of different sized tyres, and the additional results may
be included in the test report. However, only one of the tests may be selected for inclusion in the
compulsory section of the test report.

5.9.2 Ballast

Ballast that is commercially available and approved by the manufacturer for use in agriculture may be
fitted on the tractor. If the tractor has pneumatic tyres, liquid ballast in the tyres may also be used. The
overall static weight on each tyre (including liquid ballast in the tyres and a 75 kg weight representing
the driver) as well as the inflation pressure shall be within the limits specified by the tyre manufacturer.

© ISO 2018 - All rights reserved 3
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5.10 Slip
Slip is determined using Formula (1):
N,—N,
S= 100M (1)
1

where

S is the wheel or track slip, in per cent (%);

h slip;
Np is the sum of the revolutions of a driving wheel or driving track pulley for the samg¢)distance
without slip.

For track-laying tractors, the slip between the track and the driving pulley is included in thif slip
calculation.
5.11 Testing rules
5.11.1 The fest shall be carried out on a clean, horizontal, and dry ¢oncrete or tarmacadam syrface
containing alminimum number of joints. The type of test track shall beclearly stated in the report.
5.11.2 During all tests, the throttle lever shall be set fully open ainless specified otherwise.
5.11.3 Do npt test in gears where the forward speed exceeds the safety limits of the test equipment.
5.11.4 The $lip of the driving wheels or rubber tracks during testing shall not exceed 15 %. In thg case
of tractors having driving wheels or rubber tracks-not mechanically linked together, the revolutigns of
each wheel gqr rubber tracks shall be separately técorded and the slip calculated for each wheel or rybber
tracks. If thq results for each wheel or rubber’tracks differ by more than 5 %, they should be Ch%Cked
and separatgly reported. For track-laying\tractors, the slip between the track and the driving pulley is
included in the slip calculation given in 5.10.
5.11.5 The line of pull shall be/horizontal. The drawbar may swing horizontally, but shall be parallel to
the centre lojngitudinal planesofithe tractor when collecting data. The vertical height of the drawbar]shall
be chosen per the manufaCturer's specifications in such a way that the direction of the tractor cgn be
controlled when it develops maximum drawbar pull.
To maintain| steering capability during the test for tractors without rear axle steering, Formula (2)
applies. It can be Visualized in Figure 1.

PH < 0,8[WZ (2)
where

P is the maximum drawbar pull, in newtons;

H is the static height of the line of pull above the ground, in millimetres;

W is the static load exerted by the front wheels on the ground, in newtons;

Z isthe wheelbase, in millimetres.
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skatic height of the line of pull above the ground, in millimetres
skatic load exerted by the front wheels on the ground, in newtons

wheelbase, in millimetres

Figure 1 & Line of pull

5.12| Required measurements

the fgllowing items shall be reported in a format recommended in ISO 789-13:2018, Annex

gngine speed;

Qower;

drawbar pull;

gpeed;

dlip ofiwheels or tracks;

fuel’consumption;

hch gear or speed setting at the speed and pull giving maximum power in that gear/speed setting,

A:

temperature of fuel, coolant and lubricating oil;

atmospheric conditions.

5.13 Warm-up

Prior to taking any measurements, the tractor shall be run for a sufficiently long warm-up period for
power to become stabilized.
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6 Test procedure

6.1 Maximum power

6.1.1 General

The maximum power tests will determine the power available at the drawbar of the unballasted tractor

over arange

of different gears/speed settings.

6.1.2 Geared transmissions

Measure thi

measureme
maximum p
which the gj

Any noticea
occurred.

6.1.3 Con

In the case

record the maximum power in different gears with fixed gear ratios.'Instead, measure and recor

maximum d

The speeds

power outplit at additional forward speeds may*be measured and reported at the discretion (

testing entit
6.2 Fuel ¢

6.2.1 Gen

Fuel consun
to provide iy

maximum drawbar power of the unballasted tractor over a range of gears.'R
ts starting in the gear giving a travel speed immediately slower than the gedriat v
ull is produced, up to the gear giving a travel speed immediately faster than the gg
eatest maximum power is produced.

finuously variable transmissions

of tractors with continuously variable transmissions (€VTs), it may not be possik

rawbar power of the unballasted tractor at the speedsJisted in Table 1.

Table 1 — CVT testing speeds

[kmm | 5 [ 6 [ 75 | 92| 11 | 13 | 16 |

Y.
onsumption

eral

ption shall be mi€asured in two gears/speed settings typically used for fieldwork in
formation omoperational efficiency at partial loads.

6.2.2 No
Measureme
speed of 7,5
a)

b) ap
c) ap
d)

inal speed of 7,5 km/h

bcord
vhich
ar at

ble wheel hop should be noted in the report with corresponding slip‘\values at whiich it

le to
d the

isted in Table 1 are required measuring points for tractors with CVTs; however, drawbar

f the

brder

ts’shall be mad

e on an unballasted tractor in a gear/speed setting that delivers a no

ull equal to 75 % of the pull made in a) in the selected gear/speed setting;

ull equal to 50 % of the pull made in a) in the selected gear/speed setting;

able to produce the same pull and travelling speed as in b);

e)

same pull an

6

d travelling speed as in c).

maximum drawbar power available in the selected gear/speed setting at rated engine speed;

reduced engine speed in higher gears/speed settings (as chosen by the manufacturer) that are

reduced engine speed in the same gears/speed settings used in d) that are able to produce the
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6.2.3 Nominal speed between 7 and 10 km/h

Measurements shall be made on an unballasted tractor in a gear/speed setting, chosen by the
manufacturer, which delivers a nominal speed between 7 km/h and 10 km/h. If such a gear/speed
setting is not available, the nearest available gear/speed setting shall be chosen even though the
speed may be less than 7 km/h or more than 10 km/h. Measurements shall be made at the following
conditions:

a) maximum drawbar power available in the selected gear/speed setting at rated engine speed;
b) apull equal to 75 % of the pull made in a) in the selected gear/speed setting;

c) a pull equal to 50 % of the pull made in a) in the selected gear/speed setting}

d) reduced engine speed in higher gears/speed settings (as chosen by thexmanufactyrer) that are

able to produce the same pull and travelling speed as in b);

e) reduced engine speed in the same gears/speed settings used in‘d) that are able to|produce the
same| pull and travelling speed as in c).

6.2.4 Continuously variable transmissions

Somg tractors with continuously variable transmissions majincorporate a control mode with automatic
comrpon engine speed and transmission control. All thetests in 6.2.2 and 6.2.3 shall first be performed
in th¢ most manual transmission mode offered by the'tractor; afterwards, the tests may b¢ repeated in
the afitomatic mode.

In the case of a tractor with a continuously variable transmission, a transmission ratio or speed setting
chosén for tests 6.2.2 d), 6.2.2 e), 6.2.3 d) and 6.2.3 e) shall be about 20 % higher than [the selected
speedl setting.

6.2.5 Alternative tractor configuration

A sedond test series may optiondlly be performed on the tractor configured in a different manner, for
example ballasted or with-different tyres, in accordance with the manufacturer's specifidations while
folloying the exact instruetions presented in 6.2.2 and 6.2.3. The number of such optional tests is not
limited.

It is ot necessary to'record fuel consumption or to measure part loads when a full unballapted test has
already been carried out.

6.3 | Tractors without PTO capable of transmitting full engine power

6.3.1 General

In those cases when a tractor is not equipped with a power take-off, or when the power take-off is
not permitted to transmit the full power of the engine, two additional drawbar tests under either
unballasted or ballasted conditions shall be performed.

A gear/speed setting for these two tests shall be chosen by the manufacturer. The selected gear/speed
setting shall be within the range of the lowest gear/speed setting that allows the maximum power of the
engine to be utilized, to the highest gear/speed setting that allows a controllable test to be performed
by the testing entity. The gear/speed setting selected shall allow the tests to be carried out down to a
speed where maximum drawbar pull occurs at less than 15 % wheel or track slip.
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6.3.2 Varying drawbar pull and speed at full load

A series of test runs shall be made in the selected gear/speed setting starting at maximum power
at rated engine speed. The drawbar load shall then be stepwise increased resulting in a decrease of
engine speed at approximately 100 min-1 (rev/min) speed increments. The test shall continue until
either the drawbar pull reaches its maximum value or some other limiting condition specified by the
manufacturer is reached.

6.3.3 Continuous one hour test at maximum power

A continuous one hour test shall be performed in the selected gear/speed setting at the engine speed

where maxili
10 min. The
period. If th
variation co

6.4 Statel

The power T
is not fitted
tractor shall

7 Testrd

The test rep
speeds avail

drawba
drawba
ground
fan spee
slip of W
hourly a
specific
hourly a

tempersg

MU pOWET OCCUrs (as determined 1n 6.2.2). Measurements snall be recorded at least
maximum drawbar power shall be the average of the readings made during the ene
e power deviates by more than = 2 % from the average, the tests shall be repeated.
htinues, the deviation shall be stated in the report.

ment of power rating
ating of the tractor is usually stated as PTO power (see ISO 789-1£2018, 6.5). If the tr

be stated as the power measured at the drawbar.

port

ort shall include presentation of the following cibves made for the full range of e
able:

gear nuinber and range;

" power as a function of engine speed;

" pull as a function of engine speed;

speed;

d;

heels or tracks in geference to the ground;

nd specific fuel*censumption as a function of engine speed;

fuel consufmption as a function of power;

nd specific reagent consumption as a function of engine speed (if applicable)

tGre of fuel, coolant and lubricating oil;

bvery
hour
If the

actor

with a PTO capable of transmitting the full power of the engifie, the power rating ¢f the

hgine

— atmospheric conditions (temperature, relative humidity, and pressure).

In

ISO 789-13:2018, Annex A:

a)
b)

<)

maximum power over a range of different gears and speed settings;

maximum drawbar power at rated engine speed in the gear nearest 7,5 km/h;

achieved maximum drawbar power;

d)

achieved maximum drawbar power;

the following conditions, the drawbar power shall be reported in the recommended format of

drawbar power 75 % of the maximum drawbar pull at rated engine speed in the same gear that

drawbar power 50 % of the maximum drawbar pull at rated engine speed in the same gear that
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