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INTERNATIONAL STANDARD

1ISO 789-1 : 1990 (E)

Agricultural tractors — Test procedures —

Part 1:

Power tests for power take-off

1 Scope

This part ¢f ISO 789 specifies test procedures for determining
the powerlavailable at the power take-off (PTO), and at the belt
or pulley ghaft, on agricultural tractors of the wheeled, track-
laying or semi-track-laying type.

The statefnent of the power rating of the PTO is specified
in 6.3.

2 Normative reference

The following standard contains provisions which, through
reference [in this text, constitute provisions of this part of
ISO 789. At the time of publication, the edition indicated.was
valid. All |standards are subject to revision, and parties to
agreemenls based on this part of ISO 789 are encouraged to in-
vestigate the possibility of applying the most recent edition of
the standqrd indicated below. Members of IEC and ISO main-
tain registgrs of currently valid Internatiopal\Standards.

ISO 500 :| 1979, Agricultural tractors = Power take-off and
drawbar -t Specification.
3 Definitions

For the plirposes af this part of ISO 789, the following defi-
nitions apply.

3.1 ratedéngine speed: Engine speed specified by the trac-

4 Measurement units)and permjssible
tolerances

The following are used’in this part of ISO 789:

— rotatiénal frequency, in revolutions per

minute +05%
— \ime, in seconds +02s
£\ Odistance, in metres or millimetres + 0,5 %
~— force, in newtons +1%
— torque, in newton metres +1%
— mass, in kilograms + 0,5 %
— fuel consumption, in kilograms per

kilowatt hour +1%
— atmospheric pressure, in kilopascals + 0,2 kPa
— temperature of fuels, etc., in degrees

Celsius + 2°C
— wet and dry bulb thermometer

temperatures, in degrees Celsius + 05°C

5 General requirements

5.1 Specification

The tractor tested shall conform to the specification in the test
report (see annex A) and shall be used in actordance with the
manufacturer’s recommendations for normal operation.

tor manufacturer for continuous operation at full load.

3.2 power take-off power: Power measured at the
dynamometer coupled to any shaft (with the tractor stationary)
designed by the tractor manufacturer to be used as a power
take-off.

NOTE — Where more than one PTO shaft is incorporated, the par-
ticulars are identified (see 6.3).

3.3 Dbelt power: Power measured at the belt dynamometer.

3.4 specific fuel consumption: Mass of fuel consumed per
unit of work.

52 Ruull;llg-;ll atre p.climiua'ry-a-d'justments

The tractor shall be run-in prior to the test. For spark-ignition
engines fitted with a means for the operator to vary the ratio of
the fuel/air mixture, the tests shall be carried out with the set-
tings recommended for normal operation. The adjustment of
the carburettor or the injection pump shall conform to the
manufacturer’s specifications. Run-in shall be done with the
governor set at full throttle and with the engine operating at
rated speed.

5.3 Fuels and lubricants

The compression-ignition (diesel) fuel used for the test shall be
CEC reference fuel CEC RF-03-A-84. For spark-ignition engines,
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the test shall be carried out using CEC reference fuel
CEC RF-01-A-80 for premium leaded gasoline and
CEC RF-08-A-85 for premium unleaded gasoline. (See an-
nexes B, C and D respectively.)

The lubricants used for the test shall comply with the manufac-
turer’s specifications and be identified by trade-name, type and
viscosity class. If different lubricants are used, precise infor-
mation shall be given as to where they are used (engine, trans-
mission, etc.).

If the lubricant conforms to other national or International

Standards, a spegifieteferenee-te-these—shatbe-givenr——6-1+-+—Generat

5.4 Ancillary

pquipment

For all tests, accessories such as the hydraulic lift pump or air

compressor may
operator to do sg
with the operator’
shall remain conn|

If the tractor is
parasitic power Id
intermittent hydrg
shall not be discd
practical for the d
by the operator’s
poses, in which ¢

Power variations
ceeding =+ 5 % s
percent variation

5.5 Operating

Make no correctio
for atmospheric

pressure shall not
because of altitud

nly be disconnected if it is practicable for the

as normal practice in work, in accordance
5 manual and without using tools. If not, they
ected and operate at minimum load.

pquipped with devices that create variable
sses such as a variable speed cooling fan,
ulic or electrical demands, etc., the device
nnected or altered for test purposes. If it is
perator to disconnect the device as outlined
Mmanual, it may be disconnected for test pur-
ase this shall be recorded in the test report.

during tests caused by these devices ex-
hall be recorded in the test report in terms of
from the mean.

conditions

ns to the measured values of torque.or power
conditions or other factors. ~Atmospheric
be less than 96,6 kPa. If this-is.not possible
b, a modified carburettor or fuel pump setting

may have to be uEed, details of which shall be included in the

report. The surro

Stable operating
load setting befor]

nding temperature shallbe 23 °C + 7 °C.

conditions shall<haye been attained at each
e beginning test.measurements.

5.6 Fuel consumption

Arrange the fuel

measurement apparatus so that the fuel

6 Test procedure

6.1 Power take-off test

Tests shall be carried out at one or more PTOs as specified by
the manufacturer on all tractors having a PTO as specified in
ISO 500. The tests shall include one on a power take-off
capable of transmitting the full power of the engine if such a
PTO is available.

The various tests shall normally be carried out)continuously.

The angle of the connection of the shaft connecting {he PTO to
the dynamometer shall not exceed 2%

If an exhaust gas discharge deyice for the test arealis used, it
shall not change the engine performance.

6.1.2 Power

6.1.2.1 Maximum power absolute
Operatethe tractor at the engine speed where maximum power
occurs for a period of 2 h subsequent to a warming-up period to
reach 'stabilized running conditions. Measure the power, torque
and fuel consumption.

The maximum power quoted in the test report sHall be the
average of at least six readings made at regular interVals during
the 2 h period. If the power varies by more than +(2 % from
the average, repeat the test. If the variation continyes, report
the deviation.

For a tractor not fitted with a PTO capable of transmitting the
full power of the engine, operate it for 2 h at a power specified
by the manufacturer. If possible, a 20 % increase in fJower shall
be applied every 5 min for a period of 1 min. If the ephgine can-
not develop the 20 % increase in power, carry out thle intermit-
tent test at full engine power. Omit the tests describpd in 6.1.3
and 6.1.4.

6.1.2.2 Maximum power at rated engine speeT
(optional)

pressure at the carburettor or the fuel injection pump is
equivalent to that which exists when the tractor fuel tank is half
full. The fuel temperature shall be comparable to that which
occurs during full load operation for 2 h of the tractor when fuel
is taken from the tractor fuel tank.

When consumption is measured by volume, calculate the mass
of fuel per unit of work using the density corresponding to the
appropriate fuel temperature. This value shall then be used to
calculate the volumetric data using the fuel density at 15 °C.

Alternatively, when the consumption is measured by mass,
calculate volumetric data using the fuel density (specific grav-
ity) value at 15 °C.

If maximum power does not occur at rated engine speed, an
optional additional 1 h test should be carried out using the pro-
cedure stated in 6.1.2.1.

6.1.3 Varying speed at full load

Measure the power, torque and fuel consumption as a function
of speed at full power at approximately 10 % speed in-
crements. The minimum speeds at which measurements are
made shall be at the speed of maximum torque and, if possible,
15 % below that speed.
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6.1.4 Maximum power at standard speed

Measure the power, speed and fuel consumption at the values
listed below of torque with the governor control set for maxi-
mum power, firstly, at the rated engine speed and, secondly, at
the standard speed appropriate to the design of the PTO (either
540 min " or 1 000 min ~': see ISO 500):

a) the torque corresponding to maximum power available
at rated engine speed and at standard PTO speed;

b) 85 % of the torque obtained in a);

ISO 789-1 : 1990 (E)

— relative air humidity;

— maximum coolant temperature (in the case of an air-
cooled engine, measure the temperature of the cylinder
block at representative points);

— the fuel temperature at the inlet to the carburettor or
injection pump;

— engine oil temperature.

6.2 Belt or pulley shaft tests (optional)

c) 75 b of the torque obtained in b);

d) 50 [% of the torque obtained in b);

e) 25 Pb of the torque obtained b);

f) unlpaded [with the dynamometer disconnected if the

residual torque is greater than 5 % of the torque defined
in b)].

6.1.5 Prdsentation of results

The data ih 6.1.1 to 6.1.4 shall be reported in tabular form for
each test dondition. If also presented in graphical form (which
is optional), the following, covering the full range of engine
speeds tested, shall be included:

— pojver as a function of speed;
— torque as a function of speed;

— fugl consumption (mass) and specific fuel consumption
(mass) jas a function of speed;

— spegcific fuel consumption (mass)«as-a function of
power.

Report thg no-load maximum engine speed.

6.1.6 Adfitional measurements

In addition| to the performance measurements specified above,
report the [following:

— anlbient air"temperature at a representative point: this
is taken| to’be*approximately 2 m in front or to the side of the
tractor,ldependi o g—locati . e—sucti
blower device on the tractor, and approximately 1,5 m
above the ground. For a tractor fitted with a pusher fan, the
point is approximately 2 m behind the tractor and approxi-
mately 1,5 m above the ground;

— air temperature at the engine air intake;

— atmospheric pressure;

At the manufacturer’s request, the power)available at the belt
or pulley shaft of tractors, if fitted, may’be measured.

Connect the tractor pulley to(that of the dynamometer by a
flexible belt having appropriatepower and tofque transmission
characteristics. Belt slip,.when calculated from the following
formula, shall not exceed’'2 % and the tengion necessary to
prevent this shall beas-small as possible.

Belt slip shall be determined by the following formula:

100 (’10 — n1)

o
where

ng is the number of revolutions per mifute of the driven
pulley without slip;

ny is the number of revolutions per mifjute of the driven
pulley under load.

All the provisions for tests at the main PTO with the exception
of those at standard PTO speed and for tfactors unable to
transmit the full engine power at the PTO shajl apply to the belt
or pulley shaft.

If the rated engine speed does not correspgnd to a standard
belt speed, measure the performance of the engine at the speed
corresponding to the standard belt spe¢d of 15,75 m/s
+ 0,25 m/s.

6.3 Statement of power rating

The power rating of the tractor shall be stated as the maximum

ver-Feasy 3 carP insmitting the full
power of the engine. If the tractor is not fitted with a rear PTO
capable of transmitting the full power of the engine, the power
measured at other PTO points may be used, but shall be clearly
identified in the test report.

NOTE — If there are no PTO points capable of transmitting the full
power of the engine, the power rating of the tractor is stated as the
power measured at the drawbar (see 1ISO 789-9).
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A.1 Locatio

Annex A
(normative)

Specimen test report for power take-off

ns

Tractor manufacturer's name and address: .. ...ttt

Place of umnigjpbbibiicn o0D0DoA0—00H0—— 0omm—mmmnnmmm—+/ """ (""" "V VW

Duration of ru

A.2 Specifi¢ation of tractor

Tractor

Rated speed:

Cylinders
Number: .. ..
Stroke: .....

Fuel and injectiq
Capacity of fu
Make, type an
Manufacturer’
Make, type an
Make, type an
Make, type an

Ignition or inje

Air cleaner

Make and moq

Precleaner (if fi

DN system

ted)

NING N L. i e i

bltank: ... ... e
H model of injection pump: ........:..7........
5 production setting: ........ S
H model of injectors: . ..... (.7 ... ...........

H model of magneto, coil and distributor: ........

Makeand model: . .. .. .. .. .. ... .. .. ... .. ... ...

Cooling system

Type: constant/intermittent (delete)

Power take-off

Location: ...

Speedat: ...
(Repeat for each

................................... min !

power take-off if more than one)

SerialNo.: .............CaT . ...
Model:........ N
SerialNo.: ... .. ...
Bore: ... . mm
Capacity: ...........o |
....................................................... |
..................................................... I/h
TYPE: ot
TYPe .
Dimensions: . ...... ... mm
Numberofsplines: .......... ... ... ... . .. ... ... .......
Correspondingenginespeed: ...................... min 1
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Belt pulley

LOCatioN: .. e Dimensions: ................... mm (diameter and width)
TYPE Of AIIVE T . oo e
Linearspeedofpulley: ....... ... ... .. .. ... ... m/s Corresponding enginespeed: ...................... min "
Heightaboveground:......... ... ... ... ... ... ... mm Location from tractor centreline:..................... mm

A.3 Fuel and lubricant specifications — Laboratory tests

Fuel
Trade-Name: . . ...t Octane (RONT)NO. 2. . oot
Octang number orcetaneindex: ......................... Densityat15°C: ... ...
I8/ o 1= 3 S

Engine ofl

Trade-Name: . .. ... Type:. .o e
Viscolw class:. ... ..

Transmission oil
Trade-pame: . . ... .. . Type: o e
Viscosftyclass:. ...

A.4 Data tests

Dateahd location of test: ... ... .. i N e
Typedfdynamometer: ......... .. i N
Power Speed, (min-1 Fuel consumptiop

kW Engine PTO I/h kg/h kg/kWh KWh/I

Maximum| power absolute (6.1.2.1)

Rated engine speed with varying loads [6.1.2.2,'6.1.4 a)] (optional)

a)

b)

c)

d)

e)

f)

Varying speed at full load (6.1.3)

Standard speed with varying foads (6- 147

a)

b)

c)

d)

e)

f)

1)

RON: Research octane number.


https://standardsiso.com/api/?name=ec4728d260b09fa13c82c63f8b964152

ISO 789-1 : 1990 (E)

No-load maximum engine SPEEA: . . . ... ... ...ttt e e min ~1
Equivalent crankshaft torque . . . ... ... N-m
Maximum equivalent crankshaft torque .......................... Nem;at ... min -1 engine speed

Mean atmospheric conditions:

Temperature atairintake: ........................... °C Ambienttemperature: .......... .. ... . i °C
Relative humidity: ......... ... ... ... ... ... .. ... % Pressure: . ..... ... kPa
Maximum temperature Of COOlaNt: . . .. ... °C
ENgine Ol temperature : . . . .o e e e e e °C

NOTE — The table ih A.4 may also be used with appropriate modifications to report the results of belt and belt pulley tests.



https://standardsiso.com/api/?name=ec4728d260b09fa13c82c63f8b964152

1ISO 789-1 : 1990 (E)

Annex B
(informative)

Reference fuel CEC RF-01-A-80 for spark-ignition engines — Specifications —
Premium gasoline leaded

Characteristic Limits and units Test method
Researgh octane number (RON) 98 min. ISQ 5164
Relativg density 15 °C/4 °C
(specific gravity) 0,748 + 0,007 1ISO 3675
Reid vdpour pressure 60 kPa + 4 kPa (600 mbar + 40 mbar) IS® 3007
Distillafion 1ISQ 3405
Initigl boiling point 32°C £ 8°C
10| % (volume) 50 °C £ 8 °C
50| % (volume) 100 °C £10 °C
90 % (volume) 160 °C £ 10 °C
Final boiling point 195 °C £ @0°C
Rgsidue 2 %, W/ V) max.
Hydrodarbon analysis ISQ 3837
— [Olefins 20 % (V/V) max.
— |Aromatics 45 % (V/ V) max.
— [Saturates balance
Oxidation stability 480 minutes min. ISO 7536
Exister{t gum 4 mg/100 mm3, max. ISQ 6246
Sulfur [content 0,04 % (m/m) max. ISP 2192
Lead cpntént 0,25 g/dm3 + 0,015 g/dm3 ISQ 3830
— Nature of scavenger motor mix
— Nature of lead alkyl not specified
Carbon/hydrogen ratio to be reported

NOTE — The blending of CEC RF-01-A-80 shall only use conventional European base materials, and exclude unconventional components such as
pyrolysis gasoline, thermally cracked material and motor benzole.
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