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Abstract: The article is presenting some aspects regardiegrésearch stages achieved for the general
purpose of retrofitting a machine tool of lathegypsed for profiling/re-profiling of railway wheels The
process of machine tool modernization is basicatye of changing the conventional feed drives with
drives corresponding to CNC equipment, reusingntiaehine tool structure. Therefore, for this purpose
the machine tool dynamic characterization was neagsto be done especially on Y and Z axes in order
to assess the machine rigidity, high and low fremyedomains and amplitude vibrations in idle opera-
tion and also during cutting. A specific testing sp was used for the measurements, the resultsiso
good behaviour of the conventional machine which later subject of feed drive replacement.
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1. INTRODUCTION assess the machine tool dynamic performances. The
experimental procedure was designed to highlighh bo
the static status by measuring geometric elementiseo
machine and the dynamic one during the rotational
movement and cutting process.

Measurable behavior of a machine tool is a combina-
tion of the geometric, thermal, static and dynabgbav-
iors. The dynamic behavior influences directly the-
chined part quality being observable through a dbt
effects, such as the tracking error, outrunnindf, ee-
cited vibrations, cross-talk, etc. In general, ¢here
some week pints (bottlenecks) belonging to mactooné
structure that influences the dynamic errors inaemine
tool. Their identification becomes an essentialdition

For acquiring the technical characteristics of pimd
tivity and quality in terms of cost saving, a sauatcon-
cerning the modernization of the machine-tool feed
drives was required of a lathe used for profilieg/r
profiling railway wheelsets. The movements suppligd
classical drives were subject of change in numbyica
controlled ones.

Retrofitting is the process of replacing convendion
drives of a machine tool by CNC servo and spingte s
tems to extend its useful life, precision, flexiyiland
reliability. Remanufacturing typically include a CN
retrofit with the new control elements for eachsapi].
Assuming the machine tool is generally in good me- o
chanical condition, for retrofitting the assessmeft for the desired |mprqvement. ) )
main dynamic characteristics is necessary. A comprehensive study of the dynamic behavior

Machine tools manufacturers must design machinesShould be achieved by different methods:
robust enough to withstand the high mechanical and Determination o the frequency answer (natural vibra

thermal stresses, while consuming the smallest atrafu tion mode respectively) of the machine tool streestu
material and energy [2]. Conventionally, the heavy- determined by the mass distribution, stiffness and
chines have been oversized to the detriment ofggner damping properties in guides and bearings, and also
and material consumption, with the aim of achievagg by the degree of structural elasticity (for large-f
much stiffness as possible [2]. quency ranges).

With the retrofitting solution concerning the nuirer - Experimental modal analysis regarding a set of
cal control chain integration on longitudinal amdns- principal forces, and the acceleration signal dis-
versal axis the dynamic parameters of the mactsne i tributed on the entire structure.
necessary to study. The main goal is to obtairstméar - Simulation models based on rigid bodies and
stiffness after the retrofitting operation. model with finite elements.

In order to implement this solution, a study of dy- « structure testing, including the control loop (coht
namic behavior has been achieved so that it cattyr coefficients, acceleration and jerk settings), feed
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 Stability measurements (process parameters): Nevada with sensitivity of 4mV/mm/s; uniaxial aczel

- on-line measurements on a running machine tool; ometers Monitran with sensitivity of 500 mV/g; caat-

- process model integration in a virtual structure.  less displacement sensor of thr type Sensonics seith

sitivity of 4 mV/um; laser speed sensor; analysift-s
2. RESEARCH DESCRIPRION ware Fastview; recording and processing of sigials
_ o real time; continuous synchronization of vibrations

By the literature study the most limiting modes for  \easuring system has the advantage of monitoring
vibration can be obtained studying the machinectiral and diagnosis in real time so that during the ogtti
components (3, 4] presented in low frequency domainprocess we can properly assess the quality of the
from the spindle-tool holder [5, 6] in high frequé#s  gynamics of the machine. Thus, the transducers and
domain, or from the workpiece, usually higher thangsensors are fixed for three-dimensional measurfrte
500Hz[2]. processing system (Fig. 2). They were positioneth@n

For highlighting the frequency ranges and alsader  {hree-dimesional configuration in XYZ axis on ttzelial
ducing the errors, the direct measurement withsteo-  gjide. The measurement on the radial slide hasnijer
ers or sensors is necessary in order to reducédhe-  jmportance because the machine rettrofiting reguine
reduced frequency range. Therefore, for high freque metrological system of measurement and controki h
cies, the acceleration is directly measured, aedldiv been chosen as a fixing solution the tool holdiglesby
frequency range is obtained either by direct meament  5chjeving a pocket in which it can be mounted.
of displacement synchronized with rotational speed. The conventional structure of the longitudinal feed

Dynamic stability of the machine is given by thgthi  grive contains more than one axis and few gearings
structural rigidity of the frame and also of thevement  {ransmitting the motion between an electric moted a
transmission elements. _ . lead screw-nut mechanism (Tr 808). Figure 3 shows

The importance of research _|s_that of highlightpae image of the lead screw and nut mounted in pestp
rameters before and after retrofitting. on the longitudinal slide. The final three axes awo

gearings are shown in Fig. 4.

3. Experimental setu
: P 4. RESULTS AND DISCUSIONS

The dynamic characterization of the machine to8ls | i . ) )
a prerequisite in choosing and substantiation dfnial The importance of dynamic analysis of machine op-
solution which involves replacing existing parts e  €ration is essential for evaluating vibration bebewf
machine with those components that lead to inctkasetn® machine during the cutting process.
productivity and quality of the machined parts. isgs ~ 1he emergence of dynamic vibratory phenomena dur-
of dynamic characteristics of machine tools enalies N9 cutting is caused by excitation of the elasystem:
stiffness evaluation and determination the new gresi Machine toolfixtures-cutting tool-workpiece. These
solutions of the drives and control systems to rite-i Phenomena are inevitable. When the vibration ampli-
grated in the machine-tool. tudes exceed certain limits, they are responsietie

To analyze the dynamic behavior of the lathe fer re Part quality, premature wear of the cutting tool ede-
profiling railway wheelset, an experimental protowas ~ Ments of the machine tool.

designed in order to characterize the machinetiotsi in Considering that the speeds are low-{I® rev/min),

idle operation and during the cutting process (E)g. the frequency range is also a reduced one having lo
Experimental tests were made using some equipmerit€dquencies requiring the use of relative displagsm

for measuring and processing signals in real timat- sensors of proximitor type with the sensitivity of

tichannel system CRIO9076 National Instruments with4 mV/mm, and measurement range of 2 mm.

24 bite resolution, sampling rate 100 kS/s/ch; ition Synchronization of the vibration parameters is done
module National Instruments USB 4431, resolutio@4f USing a speed signal provided by a laser speedrgens
bits sampling rate of 102 kS/s/ch; accelerometenstlp ~ type.
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Fig. 1. Research synopsis.



C. Bku et al. / Proceedings in Manufacturing Systems, 34 Iss. 4, 2016 / 22228 225

“

Fig. 2. Experimental set up.

Longitudinal slide

Fig. 4. Detail of the gears used in motion transmissiolomgitudinal feed drive.
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Dynamic assesing fo the machine tool is one of the The stability is confirmed both by the relative
prerequisites for the subsequeant mechanicabisplacement in the cutting process with a maxinafm
interventions to modernize for increasing the 15pum and the speed of vibration reaching a maximum of
productivity and quality of processing. In Fig. 6is$ 0.13 mm/s rms. On the evolution chart of the mesur
presented the trend diagram and evolution of theparameters one can notice the existence of some
measured parameters in idele operation and duringmplitude variations in travel that reach up to 2%
cutting. being generated by the degree of error of the mechia

It can be noticed the reduced variation of thedriving system and also of the electrical and hytica
amplitude between the two situations, highlightitg ones. Also, these variations can be observed on the
stable behavior of the machine tool in machiningaat waveform of the measured signals where the impafcts
dept of cuta, = 7 mm. the gears in the gearbox are present.

Teat i Frmit Pasiaseriale  MDUE Achieme apE B (TS 124211

Dunng ‘the cumng process-

HA;_HJ__——;—_____\__,_M_,W

s A ihw g d i LAL L

i | Il L

weeBbi-enay § 63 o ol

Fig. 5. Experimental results — waveform signal-time domaity,— parameters trend;— frequency domain.
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Fig. 6. Vibration displacement o andY axis during the cutting process.

The spectral components of vibration speed highligh shows good dynamic stability given by the bed itgid
this behavior. The required mechanical intervergion and existing kinematic couplings. After evaluatithgir
with planned actions for the machine modernizationdynamic behavior it was concluded that the new ele-

imply: assessing the gear state, existing backldsmge

of bearings and lubrication system verification.

ments will be implemented to ensure the same dynmami
condition of rigidity and precision. This means ngsi

After analyzing the dynamics of the measured pa-coupling and power transmission elements with high
rameters one can conclude that the machine has goqutecision and having the possibility of adjustingda

dynamic stability with high rigidity given by theverall

compensating for the axial and radial plays thailato

machine construction. The amplitudes measured theve arise during machine operation. Therefore, soméhef

following quantities (Fig. 6):
¢ in idle operation the displacements drandY are in
the range 37 um;

¢ during the cutting process with constant radialtdep
of cut the amplitudes are situated in the range

5-20 pm.

redesign tasks were the followings (Fig. 7):

* Change of electric motor with an synchronmotor
electric motor with speed adjustable in the range
0- 3000 rpmpP = 3.3 kW,M = 16 Nm, with incorpo-
rated gear 1:7.

The arrangement motor-support-plate is mounted on

The absolute vibration parameter measured through the front wall of the longitudinal slide.

speed vibration and acceleration transducers werend

e Short feed drive with mechanisms placed on the same

values 0.30.8 mm/s for a stable cutting regime. Both  @xis, with elimination of gears. _
movements and speed vibration show that the ardglitu * Insertion of a coupling between motor and spindle.

is heavily influenced by the variation in depth aft.

+ Use of a mechanism ball screw-nut 50x10 mm with

Machining on the machine tool in regime of dynamic  double nut for eliminating the backlash.

instability leads to a high increase of the ampisi
reaching up to 5am.

» Front bearing arrangement with a pair of anguldr ba
bearings working in "O" with possibility of preload

Considering the remanufacturing stage by replacing ing for ensuring a better rigidity.
conventional components and assemblies of the feed Smulation and optimisation of the feed drive [7].

drives with some appropriate to CNC solutions, onst
take into account of the machine stiffness. Thehimac

Housing

* Adapting a CNC equipment for controling the axes in
the profiling process [8].

Electric Gear Support  Coupling

Réar Double nut Nut Front

motor bearing Spindle support  bearing

Fig. 7.3D model of the assembly of feed drive in the Itundjinal direction.
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4. CONCLUSIONS the project PN II-PT-PCCA-2013-4-168Mechatronic
system for measuring the wheel profile of the ttaihs-
port vehicles, in order to optimize the reshapimg@NC
machine tools and increase the traffic safety

The analysis of dynamic parameters in a machinke too
is a basic element in knowing the stiffness charéstics
of machines and in determining the limits of stipiin
the cutting process. A machine tool which is underg
a process of modernization needs the confirmatibn o
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