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STATIC STIFFNESS CALCULATION OF A LATHE HEADSTOCK

T. Keckstein', S. Pusman, M. Hynek

Abstract: Checking and calculation of the headstock static stiffness for every machine tool is important
because it directly influences the machine accuracy, which is one of the most important factors. This paper
describes the calculation and results of the static stiffness of a bearing housing in different areas of the
headstock of a universal centre lathe. To determine the stiffness, we performed a calculation using the finite
element method (FEM). The computational model was loaded by maximum forces that were calculated via
analytic calculations. Displacement of several important areas of the headstock was found by using this FEM
calculation. Siffness was calculated from displacements and loading forces by using well known formula.
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1. Introduction

Modern machining processes require machine toolot# accurately and dynamically. This leads to the
necessity for a method which can analyse the stffrof machine tools. (Lianging and Liping, 20088 T
aim of this calculation is to examine the statiffretss of the spindle bearing housing in the hemas
(Fig. 1) of a universal centre lathe via calculatioy finite element method (FEM). The headstock
stiffness is one of several values of stiffness #ina necessary for calculation of the overalicttiffness

of a spindle bearing. This stiffness has a cruimfluence on the machining accuracy of the lathe.
Decisive criteria of machine tools quality are fductivity and working accuracy. (So08, 2008) In
addition to these structural parameters the acgushthe machining process is also influenced & th
diameter and the geometry of the workpiece. (Ciési,and Tsai, 1999)

Central strut

Headstock

Fig. 1. Headstock of the universal centre lathe.
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Only the headstock and pliable central strut wasletied volumetrically, other parts were simplified
for this calculation (Fig. 1). Stiffness was exaedrin three mutually orthogonal directions by |loadof
places where spindle bearings are in the real macfihe calculations were made in the FEM system
MSC Marc 2011. Only small deformations were congden this calculation.

2. Calculation settings

Pliable parts of the model — the headstock ana¢méral strut were meshed using linear volume etdsne
with 8 (hex8) or 6 (penta6) nodes. The bed of #tled was discretized as a non-deformable surfdee. T
spindle bearings were considered as absolutelg Fgcontact surfaces between every bearing and the
headstock were linked with an imaginary point oa &ixis of the bearing by using absolutely rigidksin
(Rigid Link in MSC Marc). Contact surfaces of thalttheads with the headstock were also replacea wit
absolutely rigid links. Bolts were replaced by Enkith a possibility of preload (Overclosure limkMSC
Marc). One end of the preloaded link was placedherrigid links that connect the contact surfacéhef
bolt head, and the second end of the preloadedwiak connected to one internal node of the non-
deformable surface, where there is actually a thiedahe bed of the lathe (threaded holes havéaen
simulated). Overclosure ties were loaded with #ts@mmended preloading force specified by the bolt
manufacturer.

The validity of Hook's law (i.e. linear stress distition on deformation) was considered for all the
materials used. Their parameters are listed in TaBhe headstock is made of cast iron (EN-GJL-300)
and the central strut is made of steel (S235JRG2).

Tab. 1: Mechanical properties of used materials.

Material Density Young's Poisson's | Compressive Tensile Yield
[kgm™] modulus ratio strength strength strength
[GPa] [-] [MPa] [MPa] [MPa]
EN-GJL-300 7350 130 0.26 860 300 -
S235JRG2 7800 210 0.3 340 235

The contact with friction was defined between pafidhe model (between the headstock and the
central strut and between the headstock and thetbg lathe). This contact does not allow transfe
tensile normal forces, but it transfers all oth@ncés (contact touching in MSC Marc). The coeffitief
friction between all contact surfaces was specified.15. The size of the transmitted tangentiaef®
was derived from this coefficient.

The computational model was used to investigatestiffaess, and for this task it was necessaneto s
the geometric and static boundary conditions.

Forbidding all displacements and rotations has Ipeescribed for the solid surface that represdmgs t
bed. All displacements and rotations were alsoidioidn for the selected nodes of the headstock land t
central strut, but only in the first calculatiomgtin which the model has not been loaded with saatic
boundary conditions. In the second and next cdicmateps these geometric boundary conditions have
been released.

For this calculation, a static load of the modebkwansidered and the model was loaded with forces
transmitted through the bearings and bolted coioext Forces transmitted through the bearings were
always prescribed in one central node for eachifigpaiSee Fig. 2) The position of this central nodes
tied to nodes corresponding with their positionh® position of the contact points between the sttt
with the bearings. Similarly, the preloading foafethe bolt connections was always applied to theen
located on the axis of the screw, while the re@pwsition of the central node was linked with rotlet
correspond with their position to the points of b between the headstock and the bolt head. Other
possibilities of numerical modelling of preloadealtbd joints are described in LaSova & Kosnar (9006

Loading was done in three basic steps:
- Geometric boundary conditions were activatedsitmmns of all elements of the model were defined.
- Bolt connections were preloaded.
- Loading forces to the bearings points were agplie
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During investigation of the stiffness, the lastibagep of the calculation (loading forces to tleating
points) was conducted with five different settingsr each of these five different calculations alsva
only one bearing was loaded with a simple forcerme coordinate direction (see Tab. 2). For all five
calculations always the maximum value of the logdarce in particular bearings was chosen. Theevalu
of the loading forces was calculated via analyti@dtulations from the load spectrum of the lathe.

Tab. 2: Individual loading forces.

Calculation - n 1 2 3 4 5
Bearing designation NN 3936/ NN 3936 NN 3932 NN 3932180 TAC
Type of bearing radial radial radial radial axial
Force in the X direction [N]-Fxn -30 000 0 30 000 0 0
Force in the Y direction [N]-Fy, 0 30 000 0 -30 000 0
Force in the Z direction [N]-Fz,, 0 0 0 0 30 000

Fig. 2: Satic boundary conditions.

3. Stiffness evaluation

The stiffness was examined in the directions ofdberdinate axes on the basis of the specifiedcstat
boundary conditions and the discovered displacesnaintne nodes where the loading forces was placed
(node in the middle of bearings), according todfeation:
Fin
ki,n = a (1)
while F;,, is loading force from Tab. 2, where the index cardinate X, Y or Z and the index n is
the number of calculation (1-5) from the same table

The discovered values of the displacement of théregoints of bearings; ,, are given in Tab. 3 and
values of stiffness calculated according to equafib are stated in Tab. 4. In Fig. 3 you can see a
example of the calculated displacement of all nddethe direction of the loading force (loading der
ux,l)-

Tab. 3: Displacement of centre points of bearings.

Calculation - n 1 2 3 4 5
Bearing designation NN 3936) NN 3936 NN 3932 NN 3932180 TAC
Type of bearing radial radial radial radial axial
Displacem. in the X direction [mm]-ux» -0.016 0 0.018 0 0
Displacem. in the Y direction [mm]-Uy,, 0 0.011 0 -0.005 0
Displacem. in the Z direction [mm]Uz, 0 0 0 0 0.021
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Tab. 4: Calculated stiffness of the headstock in coordinate directions.

Calculation - n 1 2 3 4 5

Bearing designation NN 3936) NN 3936 NN 3932 NN 3932180 TAC

Type of bearing radial radial radial radial axial

Stiffness in the X direction [KN/mm]-Kkx 1875 0 1667 0 0

Stiffness in the Y direction [KN/mm]Kyn 0 2727 0 6000 0

Stiffness in the Z direction [KN/mm]-kz, 0 0 0 0 1429
Inc: 10

Time: 1.000e+000

|| 2.496e-003

L 1.797¢-004

L 1-2.137e-003

-4.453e-003
-6.770e-003
-9.086e-003
-1.140e-002
-1.372e-002
u,, =-0,016

1.604e-002 —

-1.835e-002

-2.067e-002 v

3

Fig. 3: Displacement in the direction of loading force [mm], calculation n=1.

Icase_vretenik_Fx_NN3936
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4. Conclusions

The goal of this calculation was to discover thaiststiffness of bearing housing areas in the
headstock of a universal centre lathe via calcutaby FEM. The stiffness was examined in
three orthogonal directions by loading the spinoldarings. From the values gained from this
calculation, it is possible to calculate the oveséffness of the spindle bearing, which is very
important for the accuracy of the designed machiie. calculated values show that the lowest
stiffness of the headstock was observed in thedfgpaxis direction.
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