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Notranji hrup traktorjev je urejen s
Pravilnikom EEC 77/311 [1], ki predpis�
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In this study noise levels were measured in a
moving tractor. Measurements were made while all
openings of the tractor were closed, and also when all
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1 POGOJI ZA MERITEV

Pogoji za meritev notranjega hrupa [1]
morajo biti izpolnjeni glede traktorja, testne površine
in stanja okolice.

1.1 Traktor
− #	���%������	%��#��
��"����%��$��������
	&� �

	�	�
�"
− �����	����������#��#	��
	�%�������	��
����$�	�
�#"

���	&��	"� 	���	#"�#�$��	#"���#�&��	�#	ra
biti osnovno orodje in v njem voznik,

− predpisane morajo biti pnevmatike in tlak zraka
v njih,

− motor, prenos in preme morajo biti ogreti na
delovno temperaturo,

− ����$�
����������������	#�#	��
	�%����	�����"
− med meritvami ne smejo delovati: brisalci, gretje

- v�������	�
�"�	��$�#�#	&�"
− ���	�����#	��
	� �����#�;���������	��$�����
��
�

#	�	�
�"�&�������$���	�	�� 	��������#�$����

1.2 Preizkusna površina
− je na odprti in mirni lokaciji, brez ovir v krogu s

premerom 50 m,
− osrednja preizkusna površina je v kr	 �� �

���#��	#� <)�#� ����� ��� ������ ���� ����� ��
&����"

− površina mora biti brez dodatnega vzbujanja
hrupa.

1.3 Okolica
− vreme mora biti lepo, brez vetra ali s šibkim

vetrom,
− �����	�	�����#	���%����$���)��=>!?�#��
��	�
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1.4 Merjenje ravni hrupa
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openings were left open. The velocity of the tractor
had to be about 7.5 km/h, to provide the maximum
r.p.m. of the tractor’s engine.

1 CONDITIONS FOR MEASUREMENT

Measurements of cab interior noise level
[1] must be carried out under the following
conditions.

1.1 Tractor
− must be unloaded and without tractor’s tools,
− all  systems must be  filled up with oil, liquids,

fuel, lubricant, and the base tools and driver fixed
in place,

− pneumatic shape must be defined and
corresponding air pressure considered,

− engine, transmission and axles must be warmed
to the work temperature,

− cooling louvers in front of the radiator must be
opened,

− windscreen wipers, heating - ventilation and
power transfer are turned off,

− engine fan, fuel pumps and lubricant circulation
are operational.

1.2 Test area
− open and sufficiently silent location, open space

of  50 m radius,
− central part of tested area must be at least 20 m

which is practically level, solid and flat, clean
and dry,

− surface of the track must be such so as not to
cause excessive tire noise.

1.3 Environment
− the weather must be fine and dry, calm or with

little wind,
− ambient noise level must be at least 10 dB(A)

below the noise level of the tractor.

1.4 Noise level measurements

The microphone must be located 250 mm
to the side of the center plane of the seat, on the side
where the highest noise level is encountered. The
microphone diaphragm must face forward and the
center of the microphone must be 790 mm above
and 150 mm in front of the seat reference point (SRP).

Measurements of interior noise level are
carried out on a traveling tractor, three times when
first all openings of the tractor are closed, and again
when all openings are left open. The speed of the
tractor must be given by the gear ratio of the gearbox,
which gives a velocity close to 7.5 km/h with
maximum engine r.p.m. According to Annex II of
EEC regulation, measurements of interior noise levels
must be carried out on unloaded tractor.

Notranji hrup - Interior Noise Level
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Štud�
�����������
����	%��#	����	��������
$�&�����	�	%���������	��������%������$�&��"��	��	;
− �	��
���� ����	����� �	��������
�� �����	����

��%�����	���$�	��&��$��� ����
	���	��������
$�&���"

− �	�	&���������&��������#�	%������%����������
	"
− �	�	&��a in sprejeta poglavitna zamisel notranje

opreme kabine glede ergonomskih in
oblikovnih parametrov,

− �$%����������$�����	���������#���������$��$�	&�	
�$	����
	��	����
	������%���"

− ��� �� �$�	��&��  ����� �&���	����� ��	��������
$�&����

2.1 Varnostna konstrukcija kabine

+�&���������
����	���������$�&������%���

��$��	�	�������	���	�&����$���%����$��&��������	����
�	��������
����%�����/����$�	�������	������	��������
�
��%����	$��	#������	����
��� ��	 �	�
��
��������
���
���������&��
���	�D�����������EC 88/413 [2].

<��'!,'*+E�D-*+'�

Studying and solving problems of noise
protection in modern tractor cabs starts when there is/are:
− ���	����#��������2�����������	�����������	����%���

��������� 6�	�����	��%������ ��	������	�����	�"
− �������������������2���#�	����������	��%��1���

���������	�7����������������%"
− �����������������������%�����	������	����������6

��	���8���#����	��������%"����������	���� 	�	#6
������������������#�����"

− ��������������%�������6�	����#����������	���	���
��	����	���������������	��	��������%"

− 	������	�����	�������������	�������������	������	6
�����	��

2.1 Safety structure of a cab

'���1�2�	���	���� ��	������	%��#��	������%
���#	���2�������������	�����������2�����������	�����
��%��'��������%����2�	���������2�����������	������%�	�
��������� ���	����������	�������������%2��	��6	������6
�	���� ��	������� �����	����0�FF4G�5�[<]�

�������-�������������
���������
H� ������.�!��(�����������!����
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2.2 Proportion of cab interior

'���������	��#���#�#���#����	���	��������%
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2.2 Razmerje v notranjosti kabine

+	����
�� #���#����� �$#���� ��%���� �	
�	�	&����  ����� ��� ������&��
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2.3 Obes kabine
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���$���������	��%��#�
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���	���#��
����$�
��	��%	� �� ���	#	%������ ��������
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2.4 Protihrupni izolacijski/absorpcijski materiali

A����	�������	��$	����
	��	���	��%�
���������
���������������%�	����
����#���������H!*�'����3�<
>���G?���%������<)�����G)�##"����������$	����
����#���6
�����H!*�'���35:�>���:?����%������	��5��	��<�##���
�������	��
����%������5�##��E�����$������
��	������
��������	�
�;������"�����	%�����	������	"���� ��������
�����������	��$%�����#�������������;���	&�����"��	�������

2.3 Suspension between tractor’s chassis and cab

'���#	�������������	��%��1�����������	�7�
��������������%�����	�#���1�������������	������������%6
%��� %����� �� 	�� �2��	6�������� %����� �"� ����%��� 	�
��#����� �#	������8����2��������#��	����%����	���
�	�������	#�����#	�	�"������#����	������1�������'����
��������%����� ��>H� �5?"�1����������	����#	�����"�����
��%����	�����	�������	#������������������	����'����������
	��%����� ���������� �����	����������������� �������2
���������2��	��%������ �����%�	������������

2.4 Anti-noise isolation/absorption materials

The standard absorption material for anti-
noise isolation FAIST M1792 (thickness 20 or 40
mm) is used like the isolation material FAIST M1735
(thickness from 3 to 12 mm) and heavy foil (thickness
3 mm) (see Fig. 4 and 5). As for closings opening
like the doors, and windscreen, other glasses and roof
materials are chosen such as sheet metal, polyester

Sl. 2. Varnostni prostor v notranjosti kabine
Fig. 2. Safety place interior of cab
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��	���	#��'��&��������#���	 �	�
�#���%��������������	
 �#	�
�������
�#	&��"���&�#����#	�	�����������%����
�
���������
�����	�"�����
��%����	 	��	��$�	��$��������	�	
������������

and glasses suitable thickness (sheet metal from 1.5
to 2.0 mm, glass thickness of 5.0 mm). Sealing of
doors and windows is achieved through a special
profile. The pressure force between the skeleton of
the cab and the rubber on the profile is sufficiently
strong to prevent vibrations, which was previously a
frequent cause of high noise levels.

Sl. 4. Karakteristika protihrupne obloge FAIST M1792/20
Fig. 4. Characteristic of anti-noise material FAIST M1792/20

����:��0���������������������������������1)2.%��345675
H� ��:������������������!�����*���������������1)2.%��345675

$�
	&
��
��
%�
	�
��
�

��
��
�	

��
��
��
��
�α

�	
��

��
�%
�	
��
��
	�

��
	�
��
��
��
��
�α

������������($
���8����2����($

$�
	&
��
��
$	
��
��

�
��
��
=

��
	�
��
��
���

��
��
��
	�
���

��
=

������������($
���8����2����($

B. Harl - M. Lazovi~

Lazovic-1.p65 5.5.99, 12:30158



99-4
stran 159

3 MEASUREMENT OF INTERIOR NOISE LEVEL

3.1 Interior noise level without noise protection

The cab was developed as a prototype for
installation on tractor’s chassis of 34 to 52 kW. It was
constructed by taking into consideration all of the
requirements which were defined by the cab’s design. In
the first phase of development, the relationships between
the opening cab parts and the skeleton of the cab did not
finally harmonize. The reason was that we expected a
high level of interior noise relative to the required limits
of noise level.  An especially critical place on tractors is
the connection between the front panel of the cab, housing
the instrument and the tractor’s engine and transmission.
It was very clear that the measured noise level in that part
of the cab had the maximum level with regard to engine
noise. It means we must have especially effective means
for noise protection in this part of the cab.

3.2 Anti-noise measures

Reduction of the interior noise level in the
tractor’s cab was achieved with the use of special
sound-absorbing and isolation material on the
interior mudguards and floor of the cab, with the
addition of heavy foil on the instrument panel
housing on the roof, and additional isolation of doors
and windows.

Position of microphone: The microphone
was located as described in section 1.4. The
microphone used was CSL - 328/3 [3].

Measurement condition:
- environmental temperature 19 °C,
- humidity 85 %,
- wind speed 1.3 m/s,
- environmental noise level 53.4 dB(A).

3.3 Noise level for tractor in stationary condition

The noise level for the tractor in its
stationary condition is shown in Table 1 and Diagram
1. During measuring only the engine and engine fan
were running.

3.4 Noise of traveling tractor

Noise of traveling tractor is shown in Table
2 and Diagram 2. The measurements were made for
speeds 7.2 to 7.8 km/h and 2490 to 2520 r.p.m.

The limit of interior noise level is 86.0
dB(A) in the case when the tractor travels in the gear
ratio which provides speed nearest 7.5 km/h by
maximum engine r.p.m.

3 MERITEV NOTRANJEGA HRUPA

3.1 Hrup brez posebne priprave kabine
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vrsta odprtine
type of opening

brez protihrupnih oblog
without noise protection

s protihrupno zaš����
with noise protection

a) vse odprtine zaprte
    all openings closed

94,1 84,7

b) vse odprtine odprte
    all openings opened

91,4 85,7

c) odprto le zadnje steklo
    rear window opened only

91,3 85,1

d) odprta oboja vrata
    both doors opened

95,1 90,2

e) odprta le leva vrata
    the left door opened only

93,2 89,5

,�$�������������� ��������������������������
89):
Table 1. Noise level for tractor in stationary condition dB(A)
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89):

vrsta odprtine
type of opening

brez protihrupnih oblog
without noise protection

s protihrupno zaš����
with noise protection

a) vse odprtine zaprte
    all openings closed

90,0 85,1

b) vse odprtine odprte (vrata ne)
    all openings opened (doors not)

90,9 85,7

c) najve�������	
����������	�
������������������������
���

1. prestava
              1st gear ratio

92,9 84,7

2. prestava
              2nd gear ratio

92,3 85,3

3. prestava
              3rd gear ratio

94,1 86,5

4. prestava
              4th gear ratio

94,5 86,9

d) najve��� hitrost: vse odprto / maximum speed: all opened
1. prestava

              1st gear ratio
– 85,0

2. prestava
              2nd gear ratio

– 85,2

3. prestava
              3rd gear ratio

– 86,4

4. prestava
              4th gear ratio

– 86,6
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3.5 Measurement of interior noise level of a
loaded tractor

Interior noise levels were measured at the
load corresponding to the maximum noise level in
any gear other then in the case of the noise level at
7.5 km/h in which the noise level recorded is at 1
dB(A) above that recorded before (7.5 km/h). The
results of the measurements are showed in Table 3:

Razpredelnica 3. Meritve hrupa
Table 3. Measurement of noise

3.5 Meritve notranjega hrupa pri
obremenjenem traktorju
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The results of our measurements confirm
that an effective solution for cab interior noise
protection has been found because all measured data
were within allowed limits. Interior noise
measurements of the unloaded tractor were made by
[1] Annex II. The limit of noise level in the case of a
loaded tractor is 90 dB(A).

prestava
gear ratio

sila na kljuki
force on hook

kN

hitrost
speed
km/h

vrt. frek.
r.p.m.
min-1

št. pog. osi
drive axles

raven dB(A)
vse odprto

dB(A)
all opened

raven dB(A)
vse zaprto

dB(A)
all closed

1 I 17,3 0,84 2528 2 86,0 88,0
1 I 24,2 0,83 2526 4 86,0 87,5
2 I 24,0 1,25 2520 4 86,0 88,0
3 I 24,3 1,83 2513 4 86,0 87,5
4 I 24,3 2,34 2507 4 85,5 87,5
1 II 24,1 2,56 2506 4 85,5 87,5
2 II 24,2 3,79 2496 4 86,0 89,0
3 II 16,7 5,69 2495 2 86,0 89,0
4 II 14,0 4,47 2401 2 85,0 89,5
4 II 13,3 7,83 2403 4 84,5 88,0
1 III 11,1 9,56 2398 4 85,0 89,5
2 III  6,7 15,27 2395 4 85,0 89,5
3 III  3,8 23,1 2435 4 85,5 90,0
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4 SKLEPI

Notranji hrup kabine je predvsem odv����
	���$���%�������
����������%������	%#	&
��	krova
��#���������	&�"����
�������	��������	��$���������
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���+�
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��%�������,2 mm so bili dovolj za dosego zahtevane
ravni hrupa.

Protihrupne absorpcijske obloge
blatnikov (M1792/20 – 40 mm) in izolacijska
obloga poda (M173:45� O� �<�##?� �	� �����
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4 CONCLUSION

The interior noise level of a cab is most
dependent upon the position of the front panel in the
location of the instrument panel housing which is in
direct connection with the tractor’s chassis. The
highest noise level is transmitted from the engine to
the interior of the cab over the instrument panel
housing, and there is the need for special care at noise
protecting. A steel plate with thickness of 1.25 mm,
heavy foil of thickness 3 mm, absorption material M
1792/20 and artificial leather of thickness 1.2 mm
were enough for achieving the required noise level.

Anti-noise absorption foam glued inside
mudguards (M1792/20 - 40 mm) and isolation floor
coats (M1735/3 - 12 mm) were used for additionally
reducing the interior noise level.

Elastic connections between the cab and the
tractor’s chassis were done with rubber bearings.
Those solutions also helped to reduce the interior
noise level.

With regard to a tractor’s chassis and
transmission, some modifications around and on the
tractor’s engine, gearbox, transfer cases and axles with
the aim to reduce the noise levels should be expected.
In the future it may be possible to offer some new
solutions by installing silent components in the tractor’s
assembly, building with material of high noise
absorption and insulation, making housing of greater
stiffness, installing absorbers of torsion vibration, etc.
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