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Abstrakt

Tento clanek pojednava o problematicergalepinani kuzZelikovych loZisek v lozZiskovych
jednotkach pouzivanych v zééiské technice. V natoych podminkach maji nepéi
uplatreni robustni a konstrukeé jednoduchéeseni loziskovych jednotek. TagSeni mnohdy
neumo#uji stanovit spravnousedepinaci silu. Menim pribehu teploty a pasivnich odpbr

v zavislosti na velikosti /pdpeti, byla urena velikost fedpeti, pA nichZz nedochézi k
nadnernému oltivani lozisek. Pro montadz byla dopoena velikost fedpeti, ktera bude
kontrolovana renim pasivnich odpgr
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1. Introduction

Technical progress and society places high demandthe technical advancement in all
sectors of industry including agriculture. Increagsthe value of the machines can be achieved
in several ways. For example it could be develogneémew technology or optimization of
current technology. Optimization of current teclogiés is considered in this work.
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Fig. 1. Disc cultivator

For intensive cultivation of crops such as wheat]dy, corn, etc. is required processing of
the soil. The historical development of agricultutachnology has brought some soll
processing technologies, which are effective armheical. These include shallow tillage
disc harrows (Fig. 1.). Disc harrow works on ths@ple of drawn disk that is about 5 to 10
centimeters in the soil, which has the axis oftrotaperpendicular to the direction of drive.
The achieved result is disrupted top of soil, mixedl with crop residues and interrupted



capillarity of the soil. Individual discs can bepaeately attached to the suspension design, or
about 10 pieces can be mounted on a common shaft(ly.

Fig. 2. Discs mounted on common shaft

This construction have shaft stored in 2 or 3 egatinits. Bearing units consist of a pair of
tapered roller bearings. This is the best combonato resist radial and axial load generated
by the weight of machine and by disks angle withdfrection of drive.
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Fig. 3. Life of tapered roller bearing

The correct bearing preload affects mainly his (fég. 3.). The other parameters such as
noise reduction, improved accuracy, etc. in thigliaption are not a big emphasis. The design
of this preloaded house bearing does not allow fuimeng and finding tensioning forces.
Furthermore, there are no precise operational IoBHasy are only available to the estimated
angular velocity. Proper tension will be determiméth thermocouples, which will record the
temperature in the generator bearings due todridtbrque. Friction torque (torque M) will be
recorded and this value will be the standard fetalhation. The friction torque is composed
of rolling friction, sliding friction (deformatiomt the contact surfaces of roller and ring leads
to the sliding surface itself), and the frictionusad by shaft seals and wading in grease
resistance. In the first phase, we measure théoima torque and the temperature of the
bearings without radial shaft seals. In the neagjstwe find an increase of frictional torque by



adding radial shaft seals. Size preload is adjusyechanging the number of seals under the
cover (Fig. 4.)

Bearing temperature is measured on its outer fiihg.temperature of the inner ring is by 5 to
15° C higher. This may cause dilatation of différeollow shaft and the bearing house, along
with a different coefficient of thermal expansidnboth parts. The result is an X arrangement
of tapered roller bearings reducing axial clearanegpectively increasing preload, which will
increase the frictional torque and generate moag. liethe system generated enough heat to
cool itself, there is a further increase of tempew and preload till the seizure. Standard
bearings are capable of operating at temperatyrés 120 ° C, used lubricant Mogul LV 2-3
is able to withstand a maximum temperature of 80 °

2. Goal of work:
The goal is to determine the torque of rotation Mhe hollow shaft house bearing assembly
for the optimum preload of tapered roller bearings.

Radial
shaft I}
seal

"1 o,

Hollow ] I ﬁm
shaft ~ /- ?il [/ ;—LI
Bearing Seal

Bearing housing
Fig. 4. Scheme of bearing unit

3. Design of test equipment

Diagram of test equipment (stand) is in Fig. 5. Bleaments were made in the laboratory of
Department of Designing and Machine ComponentsulBaof Mechanical Engineering,
CTU in Prague.

Electric motor is controlled with a frequency cortee. The electric motor is connected to the
torque sensor using bellows couplings. The secatidvis is connected to the clutch shatft,
which transmits torque to the hollow shaft beatogsing (Fig. 6.). Into the bearing housing
are drilled two holes with a diameter of 6 mm fiernmocouples, which measure the
temperature on the outer ring (Fig. 7.). Electrioton and bearing housing are attached with
clamps to the grid. Torque sensor and thermocoupiesonnected to a PC measuring card,
which records both quantities (Fig. 8.).
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Fig. 5. Scheme of stand

Fig. 6. Testing stand
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Fig. 8. PC with measuring card

4. Components of Test Stand

Electric motorMEZ Mohelnice 4AP100L-4s

Torque sensardBM T20WN

Thermocoupldartex TBX 68T

Thermocouple voltage convertor Rawet PXN24
Measuring cardPCIl — 6221 from firm National Instruments
PC software LabWiev 2009



5. Draft of angular velocity

Bearing speed for operation is given by diameterth& disk and the machine speed
v=15km/h.Diameter of new disk i®1=600 mm diameter of worned one 32=500 mmand
less. Speed from the perspective of the manufacturer is makiama in the actual operation
is lower.

__V
w=—- [rom (1)

a =1327 rpm
w, =1592 rpm

Maximum angular velocity in terms of the theorelticalculation based on approximatdl§0
rpm. To accelerate testing, we choose the speed ahigs@200rpm.

6. The measurement procedure
a) Assembling of bearing house assembly, filling tkearing by lubricant Mogul LV 2 —
3.
b) Setting the alignment of electric motor and bearirayuse, connecting the torque
sensor.
c) Setting preload with a seal and tighten screwpéziied torque.
d) Insertion of thermocouples into the bearing house.
e) Turn on recording of the moment M and temperatfraa thermocouples.
f) Set electric motor speed on drive.
g) Starting electric motor.
h) After stabilizing the temperature in the bearing®ing off the electric motor
i) Turning off the recording of torque and temperature
In other changes preload, respectively change efsttal was not necessary to release the
bearing housing from the grate, and analyze theaseasonnection moment. It was possible to
go from point 3.

7. Results
The results of warming of the bearing unit areim %
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Fig. 9. Behavior of the temperature for each preload



Table 1.- List of individual measurements

Number | Radial | Color Screw |[Angular |Starting | Ending | Ending
. Number )
of shaft |in of seals torque |velocity |[torque [torque |[temp
measur. [seal |graph [Nm] [rpm] M [Nm] |M [Nm] |[°C]
1 No yellow 2 50 200 1,5 1 22
2 No green 1 17 200 4,5 3,3 42
3 No red 1 30 200 11 5,5 62
4 No blue 1 50 200 11 6,5 64
5 No pink 0 30 200 15 7 81
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Fig. 10. Torque behavior of measurement No.1, No.2, an8.No.
Measurement No.1 (2 seals, without radial shafisyedid not show any increase in
temperature. After two hours bearing was heate@raperature from 16° C to 22° C. The
temperature increase is minimal and can be coresides the lower value of preload. The
values of torques are enlarged for clarity 10 times
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Fig. 11. Temperature (yellow) and torque (black) behavibmeasurement No.1

Measurement No. 2 (1 seal, without radial shafts3eshowed quiet operation and after 1 h
and 50 minutes, the bearing heated from 16 ° C2¢ €. This preload can be set as a
maximum. The operation will increase the load beareactions and thus greater heating of
bearings. On the other hand, we can expect rurvéaging and thus reduce preload, and
reduce heat in the loaded condition.
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Fig. 12. Temperature (green) and torque (black) behavianefisurement No.2

Measurement No.3 and No.4 (1 seals, without raghaft seals) and No.5 (no seals, without
radial shaft seals) showed a faster increase gbdesture and equilibrate at 62 ° C, the other
more. This setting is no longer appropriate, gitteat operation will increase in the bearing
reactions due to external loading.
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Fig. 13. Temperature (red) and torque (black) behavior oasugement No.3
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Fig. 14. Temperature (blue) and torque (black) behavior ehsurement No.4

Radial shaft seals were added to the bearing hgudsinmeasurement No. 6 (1 seal, with
radial shaft seals) and the measurement had thee satue of bearing preload as
measurement No. 2. Seal blades are lubricated gvghase. The increase of torque M by
adding seals is about 10 Nm. Measurement No. 6 golgsfew minutes and it is not plotted.
Measurement No. 7 continues the measurement N&ft€&. one hour of measuring bearing
house was heated from 18 °C to 58° C. Increasenhingris caused by a bearing house larger
friction from the seals.

Measurement No.8 (1 seal, with radial shaft sd¢wdsd)the same value as the No.2 preload was
used new radial shaft seals. The temperature isensacomparable with the measurement of
No.7. In Fig. 15 is a noticeable decrease in tolduzaused by running-in of seals.



Table 2.- List of individual measurements

Number | Radial | Color Screw |[Angular |Starting | Ending | Ending
. Number )

of shaft |in of seals torque |velocity [torque |[torque |temp

measur. |seal |graph [Nm] [rpm] M [Nm] |M [Nm] |[°C]
2 No green 1 17 200 4,5 3,3 42
6 Yes | no plot 1 17 200 15 11 -
7 Yes purple 1 17 200 11 6,5 58
8 Yes | orange 1 17 200 14 7,5 53
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Fig. 15. Temperature behavior of measurement No. 2, Noo78N
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8. Recommendations for installation

a) During assembly of bearing house lubricate bearaig$ edges of radial shaft seals
with grease.

b) Assemble a house without a seal.

c) Try if the hollow shaft rotates after tightening.

d) In case of excessive force, or if you cannot tuoholw shaft, it is necessary to add
another sealing under cover.

e) Turn prepared crank up 10x or 15x hollow shaftroming seals.

f) Check with torque wrench torque M of hollow shdtftshould be between 10 to 15
Nm.

g) If no torque M in the desired range, it is necegdar increase the seal to lose
momentum M or add additional sealing to reducedhgue M.

h) Fill the bearing unit with grease.

9. Conclusion

During the measuring temperature rise bearing héosged only by its own preload, we
found the value of torque M (frictional torque) ahe values increase in temperature for each
fitting setting. Used seals, which set the levelpoéload tapered roller bearings, are not
suitable for fine tuning optimal preload. The FB. shows big differences between the
settings of 1, 2, or without seals. For measurerient2 was achieved starting torque 4.5 Nm
only because they were cramping screws and capmgdeusing only tightening torque 17
Nm. This value is not suitable for running as therpermission and disgruntled by preload or
loss of some element bearing house during operakon better tune preload recommend
using a thinner seal.

Adding radial shaft seals torque M increased byNbh@) Seals will be important in spreading
the blades, which reduces the frictional torque.

The values of moment M should be in the preloasvbeh 10 Nm to 15 Nm. At the moment
there is a lower value of play in the bearings,ahinay not be noticeable because the shaft
seals Cup. A higher value can cause overheatindp@adng seizure.

List OF symbols

v machine speed [km/h]
D diameter of disk [mm]
@  angular velocity [rpm]
7 temperature [°C]
M  torque [Nm]
t time [min]
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