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In the determination of the process accuracy on computer numerical con-
trol (CNC) lathe [1] it is very important to know the thermal deformations.
This article presents a new solution to obtain the thermal deformations at
the principal arbor (the most important part of a principal actuation for a
CNC lathe) by using the element finite method. The first part of the theoreti-
cal aspect presents the steps of this method used especially for the principal
arbor. The experimental part presents how this method was used to measure
and process the signals. The experimental tests were applied in two different
situations: (a) when material was catch only in principal arbor, and (b)
when material was catch in principal arbor and chuck. The NASTRAN MSC
program was used, which has the possibility to determine the temperature
values in the whole mass of the principal arbor and later the deformation
temperature of every point of the ensemble was obtained.

In order to analyze the thermal strain influence on the main spindle, the fi-
nite element method, the veining structure of a body was used. This is a
method through which the “mother” (complex) structure was split in com-
posing parts considered as independent (substructures). The link between
different substructures in which the complex structure was split, is made on
the common contour of substructures. The substructure becomes this way
an independent structure with edge condition, constraint by assembly conti-
nuity of initial structure.

Key words: finite element, thermal deformation, main spindle

Introduction

The veining structure’s problem presented in this article, using the finite ele-
ment method, specifies that if eliminate the movements as a rigid body, the substructure’s
behavior is unique determined by the outline’s movements, representing the border be-
tween substructures, where we can find the so-called common node [2]. Using the dis-
placement method, the substructures behavior is described by rigidity matrix reduced
to the border’s nodes and as result the substructure can be considered as a complex
element.
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Methodology

The rigidity matrix assembly is made two-stage: (1) the rigidity matrices of
substructure elements are assembled, and reduced to common nodes, and (2) after
that the structure assembly in structure rigidity matrix is made [3].

Excepting the substructure’s border nodes, all other nodes can be deactivated
because for those can be written final equilibrium equations, thus the nodes on the sub-
structure edge are becoming information carriers towards the rest of the structure, and the
respective unknowns remains active. Those remaining active nodes are called master”.

In conclusion resolving complex structures by splitting them in substructures is
made two-stages: (1) the deformation state for every substructure, and (2) the connection
of substructures so that in the intersection zones the equilibrium and continuity of dis-
placement conditions to be observed.

In the veining structure the nodes on the common edges of neighbor substruc-
tures are defined as contact nodes ¢ and the others are called interior nodes i. After the
structure splitting in substructures, the contact nodes will be blocked using limiting de-
vices in order to prevent the displacements we want to analyze. In this way the substruc-
ture can be resolved by drawing out the equation system for the j order substructure [4]:

[M] ;1] =/} (1)
where

(M ll ;1 —structure rigidity matrix (with blocked interior nodes),
{p/} — column vector for the displacements of interior nodes, and
{Vl.f } —column vector for external loads applied in interior nodes.
By resolving this system results that the reactions vector in blocked nodes gener-
ated by reaction vectors from all substructures ; interfaces with other substructures.
The equilibrium condition of interfaces j > & will be:

R+ RGP+ =0 #)
where
{VAj k1 _ column vector for loads on interface j > .

After the substructures connection and contact nodes unblocking the displace-
ment continuity condition are written:

o t=lellT] (3)
where

{p.} — column vector of all contact nodes displacements for all substructure interfaces,
written in the local reference system (X, Y, Z),
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[e] —is obtained from the same nodes displacements written in the global reference
system (X, Y, Z), and
[T] — the transformation matrix for rotary axis displacements.

This way, in the continuity equation is unknown only the contact nodes dis-
placement, and makes necessary the rewriting of substructures rigidity matrix by elimi-
nating interior nodes displacements.

The method consists in splitting the matrix by the degree of freedom of interior
contact nodes:

[Mj ]= [Mt{i ][ktj,c]
k] 11k,

J
[pf']={{p'ﬂ}} 5)
{pl}

After unblocking, in the contact nodes are appearing final reactions and external
loads applied directly in these nodes {F/ }; the equation system can be written as:

4)

and

(M} Hp/}+[M] Mpl}=1{F/}

: 4 : 4 . . (6)
(M o] b +IM Dl b ={F] +{R
From here results the displacement matrix of interior nodes:
] y=IM VHE - H] 10 )

where

{p l] } — the column vector of interior nodes displacements when the contact nodes are

blocked:

H] 1=—M ] 1 M ®)
It results:

[p! 1={p] }+[H! 1ip!} ©)
Obtaining:

(ML +IMH] Diply=F 3+ Ry =M QM THF Y (10)
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For the development of this process we have to use the coordinates transforma-

tion of rotary axis.

(1)
2
)
“)
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The algorithm of this method is presented below.

division of the mother structure in substructures,

defining the structure topology, defining structure and substructure nodes,
defining interfaces and marking out the contact nodes, and A
calculating transfer matrix from the local axis system to global axis system[p/ ]
and [k] ],

where [p/ ] selects from the displacements vectors the one who matches with
Boolean type;j substructures nodes which reflects the topological proprieties of
the structure that is the rotation mode of nodes in the structures, and substructures.
Noting with [y ]the directors cosine matrix of axes according to the global axis X,
Y, Z:

Yxx¥Vxy¥xz

1=|7yx 7 vy 7 vz (11)
VzxVzy 77z
Or, for nodes with tree degrees of freedom with planar axis rotation:
cosf —sinf 0
[y]=|sin@ cosf O (12)
0 0 1
where 6 is the rotation angle in the XY plane.
The transforming matrix for a node is:
[71[0]
[S]= (13)
[01[y ]

From which results the structure transfer matrix referring to a number of # contact
nodes:

[S) o0 0 0
(O Y 0
T, = type (6n x 6n) (14)
0 o [sI” 0
0 0 0 [s1" |
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(5) - calculus for every substructure, referring to local reference system of rigidity
matrix:

(6) — calculus for every substructure, referring to global reference system of rigidity
matrix,

(7) — defining every substructure of reactions in blocked contact nodes, at every
interface, j — k,[R /" | and additional loads {F},

(8) — calculus of load matrix according to global reference system:

(FDyxvz =T 1F D xyz (15)

(9) - calculus of condensed matrix,
(10) —assembly of structure rigidity matrix and equivalent load vector [5]:

[MCCJ=TZ[WJ ML aw/ 1 (16)
and

Fc=$[w][Mg;]+{Fc,A} (17)

(11) — solving the equation system and determine nodes displacement in every
substructure.

Thermal strain test on the main spindle

Regarding the classical procedure which lies in displacement method (presented
above) we will present a methodology based on the following considerations:

[p{1=le/ 1le] (18)
and

[M.. e} =[F.] (19)

Supposing it can be made a digitization of the whole structure limited by the
maximum memory of a computer, from which we can obtain a displacement field in the
substructures splitting zone, we obtain a prototype on which we can make test measure-
ments. Measurements will be focused on the temperature measurements in the desired
zones; results with which we will correct the values obtained using the finite element
method.

The main spindle can be considered as a special case of space structure formed
by plates so that every plate can be considered as a finite element. In order to obtain dis-
placements results were used a calculus program assisted by finite elements NASTRAN.
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Such a program contains the following sequences:
— data preprocessing:

e bi-dimensional or three-dimensional design drawing,

e simulation (digitization, material choosing, border conditions, calculus analyze),

e drawing import/export [6] — model finite element, and

e special calculus as: signals processing, fatigue calculus, dynamic and contact
analysis, temperatures, efc.;

— data processing:

o cffective interactive calculus or directly by post processing data,
e the evaluation of analysis results,

e the results processing (graphical, tabular), and

e displaying results or printing results.

Next will be presented the steps followed in using NASTRAN program in order
to obtain the calculus model with the logical scheme for solving the problem as specified
in fig. 1 [2].

DATA PREPROCESSING DATA PROCESSING DATA
Main spindle resistance » Model calculus with finite » POSTPROCESSING
structure element Deformation calculus
A Y A
CAD of the main Element model Analysis results
Spindel model Selection evaluation

A 4 Y Y

The model’'s geometry
optimization

Displaying results on the

Effective calculus computer's monitor

A 4

Digitization of the model using
finite elements

Y

Choosing calculus solution
creating solutions sets

Figure 1. The logical scheme for solving the analysis with element finite method
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Data preprocessing

(1) Starting from the main spindle shop drawings for the SP 630 NC lathe de-
signed in AUTOCAD, after it was made data import from AUTOCAD into the
NASTRAN design program. It was created the source project with the suitable folder.
This project and this folder will be found during the experiment.

(2) The dates are imported in 2D — information that through cutting and recom-
bining led to 3D structure. Every part of the structure has been separately designed and
introduced into the program part catalog. When all the parts are designed the final assem-
bly is made, obtaining the 3D structure [7].

(3) In the defined structure were introduced the real material’s characteristics
(OLC 45).

(4) The finite element model was designed, using as support the structure real-
ized in 3D.

Using the program’s facilities in digitizing, by choosing some sections through
the spindle which were first multiplied, and after that joined, so that at the end the finite
element model was obtained. The structure presents 4813 nodes.

(5) The digitizing quality verification was made, for large structures. It is abso-
lutely necessary nodes overwriting verification, and free edges verification, resulting af-
ter the digitization which means undesired network discontinuities.

After the verifications is made a renumbering of nodes and an optimization of
the matrix elements.

Data processing

After creating the finite element model, defining the deformation and the analy-
sis we will pass to data processing in interactive direct or indirect system.

Data postprocessing

A solution analysis is made. Those results can be represented with their value in
nodes, on elements or on the whole structure. The model deformation evolution, or the
model deformation evolution in successive, steps can be selected.

The purpose of the research is the thermal deformations test of the product fixed
between the chuck and the tailstock spindle sleeve vertically and horizontally. The mea-
surements have been made at the spindle head stock, spindle sleeve and tailstock. There
were installed four dial gauges, two in a vertical plane (1 and 2) and other two in horizon-
tal plane (3 and 4), which indicates the deformations along the two planes (fig.2). The
spindle drive speed n = 2000 rot./min., during 180 minutes (fig. 3), period in which were
measured the temperatures and deformations every 30 minutes (fig. 4).
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Figure 2. Measurement modes for the product fixed between the chuck and
the tailstock spindle sleeve

Figure 3. Gear box for a CNC lathe
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Figure 4. Measure mode

Conclusions

After the thermal deformation test for the product fixed between the chuck and
the tailstock spindle sleeve it was found that after the deformations stabilization the prod-
uct moved vertically for —0.014 mm at the end towards the spindle head stock and for
—0.011 mm at the end towards spindle sleeve. Horizontally the product was deformed for
0.025 mm at the end towards the spindle head stock and for 0.03 mm at the end towards
spindle sleeve (fig. 5 and 6).
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Qutput set: case 5 time 2406.875000 24.
Contour: temperature

Figure 5. Temperature values in all nodes of the principal arbor at
2406 seconds from measuring start
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Output set: case 8 time 7206.875000 24.
Contour: temperature

Figure 6. Temperature values in all nodes of the principal arbor at 7206
seconds from measuring start

The temperatures were stabilized after 180 minutes of functioning: at the main
spindle at 48 °C, at the fix top at 44 °C, at the spindle head stock at 44 °C, and at the spindle
sleeve at 50 °C (fig. 7 and 8).
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0
QOutput set MSC/NASTRAN case 1
Contour: T2 translation

Figure 7. Deformations values in horizontal plane of the principal arbor
after 180 minutes
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Contour: total translation

Figure 8. Temperature deformations values in all the mass of the
principal arbor after 180 minutes

The maximum temperature emitted in main spindle gear is 70 °C much more like

the temperature indicates in technical literature [7] .

The results that was obtained experimental and the methodology who used the

element finite, to obtain the thermal deformations, helped to determined the total defor-
mations of the axis of principal arbor at the CNC lathe [2].
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