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Abstract: The paper presents a study on the heat generatatiebpearings of a certain type of main
spindle assembly, along with the influence of teeegated temperature on the Z-Y radial deformations
employing numerical simulations as per the finikeneent method. Moreover, the mentioned numerical
simulations have also been subsequently extendie tepindle assembly outfitted with a coolingeyst

on the ball bearing location under the housing. Tir@ximum temperature recorded by numerical simu-
lations on the rear bearing was 51.2 °C while tamperature on the front bearing was 48.7 °C. After
having inserted the cooling system, the on the bemring temperature decreased to 20.4°C and on the
front bearing the temperature decreased to 23.4B€sides, the radial deformation caused by the in-
crease of temperature was 3 pm at a maximum teryveraf 23.4 °C, and on the rear bearings it was

3.4 um at a maximum temperature of 2T4
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1. INTRODUCTION

ing the finite element method for the heat transfethe
main components of the spindle assembly (i.e. bgsri

Machine-tools are the main assemblies used on Qhaft, housing) as well as the assessment of tielra

large scale in industry for the fabrication of miaeh
components, industrial installations, gears. Fomctf
the product to be obtained, the machine tools fiféerd

deformation in bearings caused by the temperature
increase. Thermal deformations significantly afféuoe
characteristics (internal loads, stiffness) of ltiadl bear-

ent parameters which characterize them. The spindleIngS and that is why they need to be considerethén

bearing mechanical assembly in a machine toolbgesti
to several mechanical and thermal loads during asper
tion. The new developed technologies, the increased
mand for finite products obtained by machine-tduse
led to the design of some spindle assemblies ctearac
ized by high speeds, outfitted with new types airbvgs,
inverter systems, etc. The high cutting speeds rgéme
heat, especially in bearings. Moreover, the dinarsf
the spindle, the stiffness of the spindle and thialand
radial loading, all of them led to the distortiohtbe as-
sembly during operation, mainly by overheating &se
sembly. Among other design criteria and details, rtfa-
chine-tool building industry is particularly consiihg

predictive models of spindles [3, 4].

2. OBJECTIVE

The objective of this paper is represented a nwakri
model development for thermal behaviour concertiireg
evaluation of the internal clearance of the beaspip-
dle. Determining the optimal preload and the optima
radial and axial clearance provide a necessityrdtento
obtain a stable thermal behaviour of the spindleririy
the operation of the spindle and more than thatha
cutting process the thermal expansion of the amgula
bearing induce a decrease of the internal clearahtiee

the management of the thermal phenomena that may irbearing. Knowing the real value of the internabcince

duce errors in the machining process. It is vergdrtant
to have a thermo-mechanical behavior predictiomiar
chine-tool spindles in order to obtain a reliabte@tion
of high speed machine tools. The performance odethe
speed spindles is dependent on their thermal behavi
Research works report thermal characterizationifierd
ent type of spindle [1, 2]. The paper presentsntia¢he-
matical calculations performed by the authors foe t
determination of the heat generated in the bearirfigs
spindle-assembly and the numerical simulation egrplo
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is an important information for bearing mountingttwi
and preloading.

3. MODEL DESCRIPTION

The spindle assembly subjected to the thermal eval-
uation is presented in Fig. 1 as a main spindleiwithe
range of 86 000 RPM and 570 N preload, without a
cooling system, while Fig. 2 presents the main dipin
with helical water cooling circuits located insidee
housing, in front of the ball bearings. The modefs
spindle assembly under study with the two cases (i.
with and without cooling system) have been madagusi
the parametric program Inventor Professional 2013,
Autodesk.
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Fig. 1. Model 1 of a main spindle of a grinding machinedi® finite element simulation.

Water cooling

Fig. 2. Model 2 of a main spindle with helical water cablhannels.
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Fig. 3. Generated heat calculated depending on the opersieeds.

The accomplished model is being exported in steping characteristics: 4 mm water channel diametgmsn
format and imported in ANSYS program to enable theaverage diameter of the propeller for circuit 15 ¢am
analysis by simulation employing the finite element the helical propeller step for circuit 1; 45 mm theerage
method. The cooling circuits are helical in shapd are  diameter of the propeller for circuit 2 and 8.5 ntine
located in the spindle assembly housing in fronthef  helical propeller step for circuit 2. The heat isinty
ball bearings with angular contact, and show tHievie generated at bearing raceways and balls due toithe
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Fig. 4. Model meshed with tetrahedrons method.

tion influenced by speed, preload and lubricarg;libar-
ing temperature distribution rises due to the lgeaierat-

ed by friction losses [8]. Figure 3 gives the heat gener- ¢

ated in the spindle bearings in function of therapien
speed. Heat generated in the main spindle asseombly
the two bearings installed in a "O” configuratien 163
W on the front bearing and 77.2 W, on the rearihgar

4. NUMERICAL SIMULATION
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The parametric models were used as input data and

meshing using the finite element method, also apgly
the tetrahedrons method as illustrated in the &iglo
obtain as accurate results as possible in resfdettieo
temperature distribution on the main componenth®f
assembly, a small size mesh was employed in tteaire
the bearings.

For the first thermal simulation the generated ligat
applied on the contact area between the balls hed t
inner-outer ring in function of the operation speétie
60 Wi/nf C forced convection is applied for the external
surfaces of the spindle housing and for the inlesoa
faces of the spindle. For the second simulatiorgddi-
tion to the first one, the following input data wealso
consideredV - cooling fluid flow velocity is 2 m/sect
— water temperature at cooling circuit intake i<C5P -
cooling fluid pressure at circuit outlet is 0 Pa& regards
the mechanical simulation to determine the radédbd
mations (onY andZ direction) and the stress in the rear
and front bearings, the input data consisted oftéime-
perature distribution on each ball bearing functdrihe
heat generated at a certain speed and the contfate
between bearings and shaft and the housing, resplgct
is fixed support.

5. RESULTS AND DISCUSSIONS

Fig. 6. Numerical simulation and experimental results.
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Fig. 7.Errors model between numerical simulations
and experimental results.

operation, corresponding four accuracy classeseaf-b
ings, so: PO, P6, P5, P4. The P4 bearing clasgheas
lower tolerances. The spindle is supported by woatf
bearing (B7211-C-T-P4S) and two rear bearings (B720
C-T-P4S) mounted in “O” configuration. The bearings
used in this study are P4 class, produced by FAG [9
Before calculating the internal clearance of tharbe
ings, the general model [8] is presented havingimam
11% residual errors (Fig. 7). The model is a lineae

The numerical model used in thermal simulation with and all tests were performed in test rig conditidiffer-
Ansys program in order to determining the tempeeatu ent from those on the grinder machine.
distribution on the housing in the right front ansar The results of the numerical thermal simulations re
bearings was comparing with the experimental datagarding the temperature distributions in the spniill
measured with two thermocouple, Figs. 5 and 6. Thebearing assembly with and without a cooling system

numerical simulation in order to perform the tenaere
distribution was made on a grinding spindle thguiees

presented in Fig.8 and Fig. 9 for a 4 500 RPM sp8ed
it is found that the rear bearings are affectea thigher

a high precision machining. Taking in to accoun¢ th temperature in comparison with the front bearingse

precision execution, which influences the accuieicy

maximum temperature recorded on the rearirfpat
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Fig. 8. Thermal distribution of the rear bearings (bacleszk
arrangement) for the spindle without cooling.
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Fig. 9. Thermal distribution of the rear bearings (basipack
arrangement) for the spindle with cooling.
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4 500 RPM of the main spindle is 51.2 °C, whiletbe
front bearing at the same 4 500 RPM speed, the-maxi
mum temperature is 48.7 °C. After having insertesl t
cooling system into the spindle housing, the resaring
temperature decreases down to 20.4 °C and ondahe fr
bearing, down to 23.4 °C. It is obvious that thelitg
system is more efficient on the rear bearing tham t
cooling system for the front bearing. The constamcof

the spindle assembly with cooling system provides a
more efficient transfer of the heat generated enréar
bearings. The numerical mechanical simulationshef t
radial deformations for the rear and front beariogs
tained with the thermal loads presented in Figan& 9
are presented in Figs. 10 and 11 for a water cospéat

dle assembly.

So, it is found that the maximum radial deformation
onY, Z directions of the front bearing is 3 pm at a maxi-
mum temperature of 23.4 © C while for the rear ingar
the maximum radial deformation is 3.4 um at a maxi-
mum temperature of 20.4 °C. The maximum equivalent
(von-Mises) stress resulted from simulations onfthat
bearing is 90 MPa and on the rear bearing it is NIG&,
both results falling in the allowable resistanamiti of
450 MPa (Figs. 12 and 13). In the Fig. 14, the aladi
deformation is presented on the directidn which
represents half of the radial deformation. As sdha,
radial deformation increases exponential with thiedie
speed and temperature increasing. The maximumlradia
deformation reaches 3.28 um for the front bearind a
3.5 um for the rear bearings with a conventionaesp
4500 rpm being in accordance with the technicatibga
specification [9, 10 and [11]. For these bearings jam
to 11 um is the radial clearance obtained aftebtaring
mounting. Due to the thermal influence the internal
clearance of the bearings will be reduced in thmesa
way with the radial deformation generated by threnial
expansion of the bearing elements, thus obtainiogral
a 3 um minimum internal radial clearance of theringa
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Fig. 10.Radial deformatiory andZ of the front bearing of the
spindle with cooling.
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Fig. 11.Radial deformatiorY andZ of the rear bearings of the

spindle with cooling.
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the spindle with cooling.
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The interest of this study is to determine theuafice
of temperature on radial expansion, respectivetiiata
deformation. The high accuracy of the cutting pssce
and increase the bearing life requires thorough
knowledge of thermodynamic phenomena occurring
during technological processes.

Due to the thermal influence on the internal claaea
of the bearings required dynamic analysis of bearin
fault condition, Fig. 15. Due to the importance tbé
front bearing we are interested to checking itsadyic
behavior using the fault coefficients given by legs
manufacturer [9]. This will take into account the
following coefficients: BPFO (Ball Pass Frequency
Outer ring) — 9.2663, BPFI (Ball Pass Frequencyeinn
ring) -6.7337, BSF (Ball Spin Frequency) — 2.97BTF
(Fundamental Train Frequency) — 0.4209. Using the
Synchronous Envelope Analysis (SEA) [12] could
determine the fault condition of the front beariagd
validate that the reduction of the bearing internal
clearance has not led to early wear of the bearing.

6. CONCLUSIONS

The numerical simulations by the finite element
method allowed the assessment and prediction on the
heat generated by the balls as well as the haafénain
the spindle assembly, on one side, and the raefaird
mations onY and Z directions, on the other. Outfitting
the spindle assembly with a cooling system resnlthe
improvement of the heat transfer and further, ® die-
crease of the radial deformations. Given the nuraéri
results of the model concerning the radial defoiomadf
the bearing we can evidence that the internal aies
decreases with the speed. The residual internataree
can be determined after the thermal expansion ef th
bearing. Given the high accuracy of the cuttingcpes
and the bearing life the development to predict the
influence of temperature on the internal radiahdece
of the bearing becomes absolutely necessary.

The numerical simulation of the spindle using a
thermo-mechanical model aims at highlighting the
various phenomena that occur during different manbi
processes. Also the model is intended as a nunherica
instrument for advanced design solution on spindle
reconditioning.
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Fig. 14 Radial deformation foZ axis for spindle without cooled water.
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