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SPECIFICATION D'ESSAI DES ROUES AGRAIRES

1 - SCOPE AND FIELD OF APPLICATION

1.1 This specification defines laboratory test methods for evaluating certain
essential strength characteristics of disc wheels, fixed or adjustable track,
intended for off-road use on agricultural tractors, harvesters, trailers and
implements.

1.2 The test procedures are:
- Dynamic cornering fatigue test;
- Static bending fatigue test;
- Connection bracket between rim and disc bending fatigue test;
- Dynamic radial fatigue test;

- Connection bracket between rim and disc direct load fatigue test.

2 - GENERAL

2.1 Test wheels shall be fully processed wheels of an acceptable quality standard
with respect to material specifications, dimensions, and finish.

2.2 A wheel for test shall be previously unused for any purpose and no wheel
shall be used for more than one test.

2.3 A wheel if adjustable shall be assembled for test at the minimum track
position.

2.4 Each wheel on test shall be fitted to a simulated hub representative of an
appropriate agricultural hub using non-lubricated studs or bolts and nuts
representative of those used on an appropriate tractor.

2.5 All mating surfaces, studs or bolts and nuts shall be in good condition and
free from excessive build up of paint, dirt or foreign matter.

2.6 Wheel bolts or nuts may be re-tightened or replaced during a test.

Main changes compared to the last issue:
General updating; addition of chapters No. 6 and 7, tables A, B. C and drawing No. 5.
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3 - DYNAMIC CORNERING FATIGUE TEST

3.1 The dynamic disc bending test is intended to simulate the effect of cornering
loads on the wheel disc by rotating the wheel with respect to an applied
bending moment.

3.2 The test machine shall have a driven rotatable device whereby either the
wheel rotates under the influence of a stationary bending moment or the
wheel is stationary and is subjected to a rotating bending moment (see figure
No. 1).

3.3 The test bending moment "M" (force by moment arm) is maintained within 5
% of its prescribed value which is calculated from:

M=(R-p+d)-Fy-S[Nm] where:

R [m] is the static loaded radius of the largest tyre to be used on the wheel as
specified by the agricultural tyre manufacturer or the wheel manufacturer;

i [ - ]is the assumed coefficient of friction developed between tyre and soil which
generally is around 0,25 for agricultural tractors (40 km/h); 0,30 for fast tractors
(50 km/h) or 0,35 for agricultural trailers for speed 65-80 km/h;

d [m] is the inset or offset of the wheel;

Fyv [N] is the rated load specified by the wheel or vehicle manufacturer which

generally does not exceed one half of the maximum vertical static load on the
specified axle of the agricultural vehicle; for HLV condition ( where allowable-
see ANNEX A ) increase max 20%

S [ -] is the accelerated test factor, the value of which is included between 1.4
and 1.7 to achieve adequate wheel component life.

3.4 The applied load is calculated from the test bending moment and the moment
arm. The moment arm is the fixed distance, in metres, measured parallel to
the cantilever shaft from the wheel-hub interface to the load application point.
A moment arm of 1 metre is generally used.

3.5 Test Termination Definition

3.5.1 Inability of wheel to sustain the load;

3.5.2 A fatigue crack penetrating through a section of the wheel.
3.6 Required life

Required fatigue life is shown in Annex A.
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4 - STATIC BENDING TEST

4.1 The static disc bending test is intended to simulate the effect of the loads on
the wheel disc by applying one or several bending moments in one or more
different directions to the disc.

4.2 The test arrangement is a cantilever arm fixed to the nave by means of a
simulated hub. The wheel is clamped to a table and stationary.

The loads are applied alternatively and variously on the arm, following different
directions (see figure No. 2 and No. 3).

4.3 The test bending moments are:

"M1" [Nm] to simulate the torque applied on the wheel in use;

"M2" [Nm] to simulate the weight of the agricultural vehicle applied on the wheel
in use;

"M3" [Nm] to simulate the strengths generated by the gradient of the soil

The test bending moments (force by moment arm) are calculated from:
M1 =Tm - -Sq1[Nm]
Mo =Fv -d - So[Nm]

M3=(R-p+d):Fy-S3[Nm]where:

Tm [Nm] is the maximum torque of the engine applied on the wheel as specified
by the agricultural vehicle manufacturer;

U [ - ]is the assumed coefficient of friction developed between tyre and soill,
which value is shown in Table 1 in Annex A.

Fyv [N] is the rated load specified by the wheel or vehicle manufacturer which

generally does not exceed one half of the maximum vertical static load on the
specified axle of the agricultural vehicle;

S1,2,3 [-] are the accelerated test factors, the value of which are included
between 1.0 and 1.7 to achieve adequate wheel component life;

d [m] is the inset or offset of the wheel;

R [m] is the static loaded radius of the largest tyre to be used on the wheel as
specified by the agricultural tyre manufacturer.



©

ES-3.12 Test Requirements for Agricultural Wheels Page 4

4.4 One or several loads are applied simultaneously and variously at an
appropriate rate of cycles to achieve adequate wheel component life

4.5 The applied loads are calculated from the test bending moments and the
moment arms.

The moment arm for My and M3 is the fixed distance, in metres, measured
parallel to the cantilever shaft from the wheel-hub interface to the load application
point. A moment arm of 1 metre is generally used.

The moment arm M, is the distance, in metres, measured perpendicular to the
cantilever shaft from the wheel-hub interface to the axis of the cantilever shaft. A
short moment arm of 0.20 metre is generally used.

4.6 The failure criteria are:
- inability of wheel to sustain the charge;

- a fatigue crack penetrating through a section of the wheel.

5 - CONNECTION BRACKET BETWEEN RIM AND DISC BENDING FATIGUE
TEST

5.1 The static connection bracket test is intended to simulate the effect of the
loads on the wheel-rim attachment by applying one or two bending moments
in one or two different directions to the bracket.

5.2 The test arrangement is a cantilever arm fixed to the bracket by means of a
simulated disc. The wheel or the portion of rim is clamped to a table and
stationary. The loads are applied alternatively and variously on the arm
following different directions (see figure n° 4).

5.3 The bending test moments, M1 and M3 are similar as define for the wheel
static bending test.

5.4 The applied loads are calculated from the test bending moments and the
moments arms.

The moment arms for My is the fixed distance, in metres, measured parallel to
the bracket from the bracket-disc interface to the load application point.

A moment arm of less than 0.1 metre is generally used.

The moment arms for M3 is the fixed distance, in metres, measured
perpendicular to the bracket from the bracket-disc interface to the load
application point. A moment arm of less than 0.1 metre is generally used.

5.5 The failure criterion is:

- a fatigue crack penetrating through a section of the bracket, the rim or the weld.
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6 - DYNAMIC RADIAL FATIGUE TEST

6.1 Equipment

The test machine shall be equipped with a means of imparting a constant radial
load as the wheel rotates. There are many means of imparting radial load; the
suggested equipment incorporates a driven rotatable drum which presents a
smooth surface wider than the loaded test tyre section width.

Drums with a running surface on the internal diameter are also practicable.

The recommended minimum external diameter of the drum is 1.2 metres for
wheels with rolling radius of less than 0.5 meter and 2.4 metres for larger wheels.
The test wheel (single application) and tyre fixture shall provide loading normal to
the external surface of the drum and in line radially with the centre of the test
wheel and the drum. The axes of the drum and test wheel shall be parallel (see
figure No 5).

6.2 Procedure

Tyres selected for this wheel test shall be in agreement with the load rating (F) of
the wheel or shall be representative of the maximum load capacity tyre specified
by the vehicle or wheel manufacturer (whichever is greater).

The cold test inflation pressure shall be increased approximately 30% above that
recommended for the load rating of the wheel.

The selected cold test inflation pressure shall be maintained within 5 %. The
load system shall be maintain the specified load within 5 % of the calculated
value.

6.3 Radial Load Determination

The radial load Fy shall be determined from the formula:
Fr = Fy - K [N] where :

Fyv [N] is the load rating of the wheel/rim, as specified by the vehicle or wheel/rim
manufacturer

k [ - ]is the accelerated test load factor; use k = 1,43

6.4 Test Termination Definition (Tubed Tyres)

6.4.1 Inability of wheel / rim to sustain load



©

ES-3.12 Test Requirements for Agricultural Wheels Page 6

6.4.2 A fatigue crack penetrating through a section of the wheel between two
major features.

6.5 Test Termination Definition (Tubeless Tyres)

6.5.1 Inability of wheel / rim to sustain load.

6.5.2 Inability of wheel / rim to sustain tyre pressure.

6.6 Required Life

Required fatigue life is shown in annex B.

7 - CONNECTION BRACKET BETWEEN RIM AND DISC DIRECT LOAD
FATIGUE TEST

7.1 The direct load bracket test is intended to simulate the effect of the loads on
the wheel-rim attachment by applying loads in two directions to the bracket.

7.2 The test arrangement is a fixture to apply combined axial and tangential load
to the bracket where the disc would be mounted. The rim is clamped to a
table and stationary. Alternating axial and tangential loads are applied
simultaneously (see figure No 4).

7.3 The applied tangential load is 7000/n [daN] and the applied axial load is
6000/n [daN] where n is the number of brackets connecting the disc to the
rim. Each load is maintained within 5 % of its prescribed value. A load
application frequency of approximately 1 Hz is used.

7.4 Test Termination Definition

A fatigue crack penetrating through a section of the bracket, the rim or the
weld.

7.5 Required Life

The required fatigue life is shown in Annex C.

Consult the rim and manufacturers for confirmation of the use of liquid
ballasting inside Tubeless Tyres.
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ANNEX'A' - TEST FACTORS FOR DYNAMIC CORNERING FATIGUE
Table 1
Valid only for ferrous wheels, all rim sizes
Application Friction Test Factor Bending | Cycles
Coefficient Moment
Adjustable Track Agricultural 0.25 1,43 100 % | 7,5 x 10*
Tractor wheels (40 km/h)
Welded (fixed offset) 0.25 1,43 100 % | 1,0 x 10°
Agricultural Tractor wheels
(40 km/h)
Fast Tractors (50 km/h) 0.30 1,43 100 % | 3,0 x 10°
wheels
Agricultural Trailer wheels 0.25 1,43 100 % | 1,0 x 10°
(40 km/h — HLV?)
Agricultural Trailer wheels 0.25 1,43 100 % | 2,0 x 10°
(40 km/h — LLV*)
Agricultural Trailer wheels 0.35 1,43 100 % | 3,0 x 10°
(65-80 km/h LLV*)

* HLV, High Load Variation, condition is intended where wheel load varies by a
factor of “2” or more between loaded and unloaded condition and when the duty
cycle is 50% loaded and 50% unloaded. In any other case the application is

called LLV condition, Low Load Variation.
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ANNEX 'B' - TEST FACTORS FOR DYNAMIC RADIAL FATIGUE TEST

Table 1 Valid only for ferrous wheels, all rim sizes
Application Test Vertical Cycles
Factor Force
Adjustable track Agricultural Tractor 1,43 100 % 4,0 x 10°
wheels ( 40 km/h)
Welded ( fixed offset ) Agricultural 1,43 100 % 4,0 x 10°
Tractor Wheels (40 km/h )
Wheels For Fast Tractors (50 km/h ) 1,43 100 % 4,0 x 10°
Agricultural Trailer Wheels 1,43 100 % 3,0x10°
(40 km/h — HLV*)
Agricultural Trailer Wheels 1,43 100 % 4,0 x 10°
(40 km/h - LLV?*)
Agricultural Trailer Wheels 1,43 100 % 2,0 x 10°
(65-80 km/h — LLV*¥)

* HLV, High Load Variation, condition is intended where wheel load varies by a
factor of “2” or more between loaded and unloaded condition and when the duty
cycle is 50% loaded and 50% unloaded. In any other case the application is

called LLV condition, Low Load Variation.

ANNEX'C' - TEST LIFE FOR CONNECTION BRACKET BETWEEN RIM AND

DISC DIRECT LOAD FATIGUE TEST

ADJUSTABLE TRACK AGRICULTURAL TRACTOR WHEELS

Material Rim No of Tangential | Axial Load Cycles
Diameter Brackets Load [daN] [daN]
4 1750 1500
Ferrous All sizes 6 1167 1000 4,0 x 10°
8 875 750
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Figure 1 DYNAMIC CORNERING FATIGUE TEST
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Figure 2 STATIC BENDING FATIGUE TEST WITH ONE LOAD
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Figure 3 STATIC BENDING FATIGUE TEST WITH THREE LOADS
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Figure 4 ATTACHMENT STATIC BENDING FATIGUE TEST WITH TWO
LOADS
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Figure 5 THE RIM ROLLING (DRUM) TEST
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