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Abstract: During this brief presentation the authors try tcepent the state of the art of production of
heavy machine tools in Romania. The current tréndke design and manufacture of these machines are
presented. The opportunities of making moderniratmre refabrication of older machine tools forrisa
forming them into modern and competitive ones aseussed in technical and economical terms. The
cases in which refabrication is preferred are preeel with their advantages regarding simplified €on
struction and running in better conditions of vibom, heat transfer and machining accuracy. The au-
thors highlight some of the most representativeieaements in this area, insisting on a number of Ro
mania production companies, among which they cantiore TITAN HEAVY MACHINERY, GPM
INTERNATIONAL, TEHNOCOSULTINVEST, ANTONELLO, TTFANOMATION, OPEN SERVICE.
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1. PRODUCTION OF MACHINE TOOLSIN from others, such as: WALDRICH SIEGEN and
ROMANIA HOESCH.

After 1990, these machines have been the subject of

ee basic activities:

the refabrication (modernization) and their use in

factories in the country or abroad;

export in the condition in which they were or aféer

eventual modernization;

cassation and turning in scrap metal.

The evolution of industrial developments shows Veryi,
clearly that today the enterprise is under theauanice of
triplet: timelines-cost-performance.

Under the terms of the transition from a manufactur
ing economy to a market economy or, in other words,
form the "mass production” to "production requirgtlie
fabrication and refabrication are highly topical.

The school of machine tools (MT) from Romania,
developed during the years 198985, focused on the 2. DEFINITION OF THE RECONFIGURATION
requirements of the new machines in a relativelgda CONCEPT FOR MACHINE TOOL S
variety of sizes. Therefore, the industrial parkhefvy REFABRICATION
duty machine tools (HDMT) and specialized machine
tools (SMT) in the 1990s, consisted of outdatedhnet
ogy, many being considered non-performing in teohs
the equipment used in their construction (elemayits
fine mechanics, hydraulic system, electrical anec-l

tronic driving and control equipment). or even refabrication rose. These activities hawevgn

. Up in 1.990 Romar_na was among the top ten prOdUC'to be very close and most of the time confused.tiith
ing countries of machine tools and, especially, ltavy is that very often in an objective manner, it ischto find

machinery and even very heavy. These machines havt(ﬁ ; ; :
. ; o e line of demarcation between the two types tdrin
:oeedn produced on the bz;\15|s of the obtained liceinses vention in order to ensure a continuation of these
eading companies such as: WALDRICH COBURG, especi - : '
pecially under the conditions imposed to theerirr
MORANDO’ L.INE' PA_MA’ SCHIBAL.JRA' etc. By manufacturing- high productivity, increasing the usabil-
producing the first machine tools, a series of uaiqr of

. . : : . . ity, flexibility, etc.
different machine sizes were imported during theope ’ We beli)éve that it is considered the refabrication

1960-1980 from above presented companies, but aISqhe machine tool has been completely dismantleditand
has intervened on the structure components, such as
reprocessing or changing guides, changing bedowdy

Refabrication and reconfiguring of MT [4 and 8]
represents modern solutions applied on a larges duoal
the specialized companies in Europe and the U.S.

Where machine tools had found a place in produc-
tion, in the country or abroad, the issue of moiation
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Upgrading may be a freestanding activity or can be
applied together with refabrication. Typically, uading
affects:
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2) Banking and insurance systems compatible with

those world-wide.

3) In order to ensure the competitiveness of the ma

« the mechanical part, consisting of guide replacemen chines tools made they should contain up-to-datej-m
Changing lead screws, modification of gear boxesern constructive solutions aCCOI’dIng to users mregqu

[13] (for speed or feed);
» electrical drive or control, consisting of the raqg-

ments.

4) With what differ machine-tools produced after

ment of electric motors, gearboxes, electrical cabi 2 000 than those produced in the 1980s?

nets, control panels;
» hydraulic part, consisting of the old hydraulic ggu

Here are some answers:
1. Increasing the cutting speeds. So, in turning fo

ment rep|acement (eg Va|veS, pumps, directiona|SC14, Speeds of 1 700 m/min for aluminium has been

valves, etc.);

reached, and in SC33 of 700 m/min for steel. Thieek

« electronic part, consisting of CNC equipment re- VERTITURN having diameters of up to 2 8 200

placement, including transducers;

mm can machine parts of 25 t with speeds up to 110

- related plants: replacement of lubricating equiptnen rot/min.

pneumatic actuation, the use of modern accesspries
etc.

2. Overlapping the feed kinematic chain with the so

called positioning kinematic chains [1] in terms of

Heavy duty machine tools that were representativemaximum speed of H12 m/min in tables of 200 t. The
for Romanian industry are lathes, boring and ngllin increase compared to the machines of 80s is spdatac
machines, milling portal machines, some specializedThus, in MORANDO lathes the ram speed increased

machine tools used in the oil industry, metallurgyergy
and nuclear equipment, machine construction inghsstr
etc.

3. TECHNICAL AND ECONOMIC CRITERIA
FOR JUSTIFICATION OF THE
REFABRICATIONI AND RECONFIGURATION
OF MACHINE TOOLS

from 2 to 10 m/min.

3. Complex kinematic chains for threading, rolling,

etc. on rigid structures are replaced by CNC axes.

4. Automation of the supply of parts and tools. IToo

magazines are present more often.

5. Reduction of noise, pollution and warming.
6. Housing of machines.
7. New machine structures on the modularized vari-

1) How much is preserved and replaced in case-of regpts.

fabrication of a machine tool?

There are two criteria to determine this, namely: 4.

* customer requirements;
» the price of the product.

Typically, the customer has specific requiremerifts o
the destination of the machine that wants to bughsaas  °
overall dimensions, load, speed and feed rate snge®*
rapid traverse speeds, cutting parameters, tecpicalo
processes which may be applied on the machinegdegr
of automation, control system, etc. Depending ase¢h °
the basic machine tool is chosen and then it isdddc
what is preserved and what is changed from its csimp
tion. This analysis is based on the existing offersec-
ond hand parts, but also for the prices for pradacof
semi-finished products (castings, welding, and icg}t
and for processing.

In the case of machine tool refabrication, evenitfor
holder, another approach is required. Sometimes, th
machine is already at the customer, who is wantiieg,
pending on his requirements at a time, a "new" rim&ch
tool, more productive, more accurate and more bidia
The refabrication can be done by the owner or bpe  «
cialized company.

It was found that the performance of the refabeidat
SMT and HDMT are superior to new machine tools, the
price being lower. The refabrication is more pudjie by
2-3 times than manufacturing a new one. Althoughdarg
the MT needs to be very precise, geometric pratisio
being at the level of hundredths of millimetres.a{ita-
tively, a refabricated MU is better than a new olpe;
cause the technical characteristics are known aectan
propose solutions for improving them, the mechanics
being more stable.

MAJOR CHANGESIN THE WAY OF
MACHINE TOOLSPRODUCTION IN
ROMANIA

The design institutions practically disappeared.

The design is usually carried out through spedliz
companies. These are small companies, specialized
on design, technical assistance, commissioning.
Specific processes are carried out by specialized
firms also equipped with machines, equipment and
qualified personnel. Thus, many manufacturers of
moulded items provide them with preliminary proc-
essing completed. Other treatments are very expen-
sive, requiring very qualified personnel but who at
one company does not have a permanent loading
time. Such a case is the grinding of guides. Thus,
the south of the country, there are43companies
where the necessary grindings are executed. Before
the year 1989 only in the former IMUAB there were
6 grinding machines for guides with 12 employees.
Many machine tool companies are actually machine
integrators. They carried out the work contracting,
supply of the necessary components, design (pgssibl
through collaborations), installation and commissio
ing. Also, all these firms will provide warranty é&n
post-warranty maintenance interventions.

Qualified personnel, usually experienced workers
over the age of 40 years paid with sums comparable
to those in the West. Unfortunately, young quadifie
personnel under the age of 40 is very hard to fiod,
existing post-secondary or professional schootfién
field.
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5. REFABRICATION, HOW FAR?

When the refabrication of a machine tool is ins-
tion and when not? It is a question whose ansve-
pends on a number of factors, such as:

* machine tool type,

* its size,

» existing offer of such new maictes (technical an
commercial).

* not every mchine tool can be refabricat there is a
maximum age of the machine to which their reca-
tion is in questionfigure 1 shows the case of sir
vertical lathes [1 an@] (the plateau of up to 2 0O(
mm).

Notice that the "architectural" structure of mae
tools manufactured before the 1970s, as well aB
kinematics, make them devoid of interest refabrica-
tion.

In reality, when a heavy machine tool achieved
(especially in unique), manufacturerf such machines
search for similar ones, which can adapt to the re-
quirements. In some cases, it recovers only cesle-
ments of the structure. Thus, in case o vertictiel
beds and columns are searched, and in the casa-
chine tools of boringand milling machine typ~ beds,
columnsand housings. Recovered items are used as
are, but as we shall see further, they will undesgecific
processing.

6. FABRICATION AND REFABRICATION OF
GENERATION KINEMATIC CHAINS

In machine tool constructigrthe function of tras-
mission the translation and rotation movementsro-
vided by the kinematic chains. Depending on the of
movement, of technological and productivity ree-
ments and the degree of specialization of the rax

Fig. 1. Changes in machine toll design over ti
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the kinematic chains have to include mechanisms
adjusting systems of variables such as speed (leed
rotational), force and torque. In case of univensa-
chine tools, the adjustment rangee great while in
specialized machine tools like the aggregated nmax
tools, it is possible that th@ocessin to be done without
adjustment. Still,the object of this article will be tt
family of heavy duty machine tools of universal ¢
CNC type.

7. MECHANICAL SYSTEMSFOR ADJUSTING
MAIN KINEMATIC CHAINS

Thes systems, commonly called gboxes, vary de-
pending on the machine size, its field of use aspletd-
ing on the manufacturer. Glboxes in these machines
can be with horizontal or vertical maipindles. Those
with horizontal spindles are older solutions, sienpgines
that do not affect the working area. Because thats
are horizontal, in some casdike in vertical lathes for
driving the main spindlea group of bevel gears
needed. They inoduce specific noise and uncontrolla
backlash.

Gearboxes with vertical spindles are more cd-
cated, involvinghe use of systems to sure the vertical
sliding gearsare found close to the work arédHowever,
they remove conical groups and there the backlash
and noise.

Figure 2 shows the kinematic scheme of an c
lathe with horizontal gebox. The AC electric motor El
has a single speed. Note that for adjusting, theebge
has a three position sliding gear and two ones With
positions which insuring 12 adjusting steps. To th
the reduction belt (8235 / @385) and the final qi-
crown mechanism (18 / 113) are added. At the le
the gearbox the are five spindles. This gdbox was
used by Russiamanufacturers in the smallest vcal
lathes.

A gear box used in a vertical lathe wittplateau of
6 000 mm, manufactured before 1960, is presente
Fig. 3 at kinematic scheme le\

The electric motor is mounted vertically withouttt
transmissionThe gearbox has four steps supplied

Fig. 2. Horizontal gear boxEM - electric motoriTy, ny —
torque and speeds in motdf;s, Nus — torque and speed in
main spindle’
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Fig. 3. Vertical gear boXEM - electric motoriTy, ny — torque
and spees in motofys, Nys — torque and speed in main spin-
dle).

two double couplings in shafts-lll and IV-V. In con-
structive terms, the solution with couplings is gier,
the speed adjustment being easier, the slidingsgeetr
being demarcated. In heavy machines having pladéau
6 000 mm, some firms producing vertical lathes dor

suring power required use two motors each havisg it
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Fig. 5. Variant of gearbox used in SCEN — electric motor;
Twu, Ny — torque and speeds in motdy;s, hys — torque and
speed in main spindle)..

ding to the motor speed rangg, = 50-1 500 RPM.
These adjustments are in the range of constanti¢oiq
the range of constant power the maximum speed ean b
nus = 100 RPM. On this vertical lathe, there is alse t
possibility of milling, the main kinematic chainrting
into a circular feed kinematic chain.

The motion is brought by the electric motor through

own gearbox. The motion transmission synchronimatio three poly V belts [2]. Having only two speed steps

is done electronically.

(1/2.5 and 1/11), the gear box built in a weldedsdiiog

The kinematic scheme of a vertical gearbox curyentl has a reduced size and is simple driven.

produced by and European company [6] is presemted i

For the vertical lathes with plateau in the rangz0Q

Fig. 4a. The unfolded section o the gear box is shown inmm - 4 000 mm produced in Romania in the last two

Fig. 4b.
A DC electric motor with frequency converter is dise

decades, it has been widely used a three stepbgear
(1:1, 1:3 and 1:9) whose kinematic scheme is shiown

having a rated power of 100 kW and a rated tordfue OFig. 5 [3] that presents the variant used for S@ith
636 Nm for a rated speed of 1 500 RPM. The maximumpinion-rack mechanism having a transfer ration 20/2

speed is 4 500 RPM. At the main spindle axis, the s
plied speed range igs = 0.27-33.65 RPM, correspon-

s

240 Tws 20
44]

23 |

581\/‘

Fig. 4. Vertical gearboxEM - electric motorTy, ny, — torque
and speed of the motdrF;,s, nys— torque and speed of the main
spindle).

It is a compact gearbox having only three shatis, of
them being coaxial. The driving of the sliding geath
three positions is done hydraulically.

The motor is coupled directly to the gear box, ki
being on the same direction.

A modern solution used in new refabricated vertical
lathes is the two step gear boxes produced for mash
tool by specialized companies [3 and 6]. These lave
series of advantages such as:

« low backlash in reversing that enables their use in
vertical lathes that perform milling operations mm
ing the gearboxes for circular feed;

» separated lubricating circuit from the rest of tha-
chine, which reduces the transmission of heat ¢o th
main shaft;

* itis coupled to the main spindle through toothetts
preventing transmission of vibration;

* low noise;

e simple and compact construction with direct couplin
to the drive motor;

« high efficiency, over 95%;

e changing the range is done by using an integrated
device with the gearbox and being operated electri-
cally, pneumatically or hydraulically.

The kinematic scheme for such gearbox having the
transfer ratios 1/1 and 1/4 is shown in Figx &nd a view
of such boxes in Fig. B,

The electric motor 1 is mounted directly on thergea
box 2. The motor shatft is driving the gear 3. & #iding
coupling 4 is on position | (in holes), the motion is
transmitted to the satellites 6 and then to thé haft 7.
The wheel with inner teeth 9 is blocked. This sép
ables the ratio 1/4 [6].
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Fig. 6. Two step gearboxes produced for machines tool by
specialized companies (1 — electric motor (EM); gar box
(GB); 3- gear; 4 sliding coupling; 5 bearings; 6- satellite
pinions;, 7- exit shaft; 8- bearings; 9- inner toothed gear).

If the sliding coupling is on position Il (in holés,
the satellites 6 and gear 9 supplies the ratio THe
bearings are denoted by 5 and 8, respectively.

The motion is transmitted usually from the exitfsha
of the gear box to the main spindle by means obpin

crown mechanism or belt transmission. This solution TMS‘

eliminates the heat transfer and any vibratiorhorhain
spindle.

Due to their design, these gear boxes are considere

as an extension of the electric motors. They carkwo
any position, provided that the lubrication to beleed
as recommended by the producing company.
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For SC14 and SC17 lathes, the use of these twalspee
gearboxes with two steps became usual in the \arian
with preservation of the secondary shaft, accortingpe
kinematic diagram in Fig. 7.

The electric motor is mounted vertically coaxial to
the gearbox. The movement is transmitted from #er-g
box by means of special toothed belts (usuallyasbon
fibre) to the secondary shaft, but without using bievel
gearing. From the secondary shaft it is preserved t
pinion that rotates the main spindle crown. Frora th
electric motor to the secondary shaft the motiotraas-
mitted without backlash, but the classical pinioaven
mechanism has backlash with unacceptable valugbdor
feed kinematic chains.

If the machine performs milling operations, pinions
with backlash removing or a kinematic scheme aype
presented in Fig. 8 can be used.

The secondary shaft is replaced by a toothed belt
transmission, which eliminates all backlashes wergs-
ing, the main kinematic chain being able to takerov
specific functions of the circular feed kinematimmns.

In machines with plateaus of over 2 000 mm, thés la
solution still cannot be applied as there are rathted
belts that can replace the pinion-crown mechanism.

Mechanisms and adjusting systems of the main kine-
matic chains of vertical lathes have simplifiednfrahe
mechanical point of view due to the development of
electronic adjusting systems by means of frequeocy
verters. The adjustment in the main kinematic chasn
done by technological considerations: cutting spaed
torque. Interms of speed adjustment, thealyithe
gear boxes are no longer needed. Howevethei§e

EM
Y
Tu
FIMs cl/ - = ‘80 IJ;
\ =1
TV h=1:1
=14 2P
[ o< 1 T“£4*
LAAATAAAJ L, L]
[11 I1

These gearboxes are characterized by low noise and

low backlash, so that they can be integrated infélee
kinematic chains.

At the same asynchronous electric motor with fre-
guency converter, in terms of speed adjustmentthes
no differences, the two-speed gearbox being pederr
Problems can occur in terms of torque developediden
ering that the maximum reduction of the gearboxhwit
two steps is 1/4 and in that with three steps 1t/

Depending on the machine kinematics and machining

necessities, we can distinguish between the foligwi
variants:

the developed torque is enough (there are no ragghi
processes in hard materials);

new speed reducing mechanisms are considered;
choosing a higher power or torque motor.

Fig. 7. Two speed gearbox for SC14 and SC17 lathes.

N

ims
Ts

11T I

Fig. 8. Two speed gearbox without backlash in transmission.
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Fig. 9. Kinematic scheme with toothed belts
instead of gearboxes.
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Fig. 10. Kinematic scheme with planetary gear
coaxial to the electric motor and lead screw.

gearboxes would not be used, the drive motors weraccuracy. Gearboxes for the two axes are presented
oversized and very expensive. order in Fig. 11.
Such solutions have been successfully used in dgporin

and milling machines, boring and milling machingshw ¢ ~SNTROL MECHANICAL SYSTEM S OF
portal and also in lathes e machines. ' FEED KINEMATIC CHAINS

It is recommended that for achieving the final sran
missions in the gearbox to the main spindle to edu For the new CNC machine tools or for refabrication
toothed belts. This eliminates transmission of afiimn of old ones, the gearboxes are abandoned in fabur
and heat and provides the possibility of corretattbthe  reducers coupled to electric motors with adjustable
feed movements with that of main spindle rotatideal speed.
for CNC machines. Regardless of the work axis, presently two types of
In the case of vertical drive, the brake is incogbed  actuation are used. The first version having timekiatic
into the electric motor. Gearboxes with ratie 1/5, have  scheme shown in Fig. 9 is using reducers with wth
lower backlash in reversing that do not affect fiosing belts.
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In case of horizontal axis (Fig.&, the table of mass
My is maintained on position through the motor loop o
eventually after removing form axis, with hydraulic
blocking systems. For the vertical case (Fidp),9it is
recommended the use of an electromagnetic Bakad
balancing system [8] and, if applicable, a blocksyg-
tem to be used after removing from axis. In Figt %as
also noted:LCA - feed kinematic chainR - reducer,
EMX andEMZ - electric motorsS— lead screwp — lead
screw pitch;Mxg — weight of slide and raniylzg — ram
weight, F; — inertia force F; — friction force,vx —velocity
on axisX, vz - velocity on axisY andi - reducer transfer
ratio.

For vertical operation, Fig. 9,the mas$; is of ram
with all that is on it. For the slide displacementX, the
slide mass is added yieldihdy.

A second version, shown in Fig. 10, uses a plapetar
gear coaxial to the electric motor and lead screw.

The notations are the same as in the first case.

In the case of vertical drive, the brake is incogped
into the electric motor. Gearboxes with rate 1/5 have
lower backlash in reversing that do not affect fiosing
accuracy. Gearboxes for the two axes are presantbd
order in Fig. 11.

Linear motors [3, 6 and 14] can be used in machine

tools primarily in feed kinematic chains drive. Antp
the advantages of linear motors we can mentioratgre
positioning and feed rates, high efficiency, reducem-
plexity, rigidity. Existing linear motors can dewel
forces over 20,000 N and speeds greater than 4@@nm/

In case of the older structure (with rotary motong
characteristics of the motor are known, being eftipe
shown in Fig. 12.

Fig. 11. .Gearboxes with ratio= 1/5, and lower backlash.
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Fig. 12. Torque characteristic in rotary motors.
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Fig. 13. Force characteristic in linear motors.

The characteristics of linear motors used for fkied
nematic chains of machine tools are of the typevshio
Fig. 13.

In Fig. 13 it was notedEFyax “maximum force [N],
Fn — rated force [N],vmaxs ~maximum speed for maxi-
mum force Vyaxe — maximum speed.

A linear electric motor (or more) will be chosen so
that the following relations are verified:

Vivaxt = Vumax: (1)
FN 2 FMAX' (2)

Linear electric motors represent a modern solutibn
the feed kinematic chain drive in new machine teold
also in those refabricated [14]. By using them, fibed
system construction simplifies, disappearing trexteic
motor, couplings, transformation mechanisms of aroti
(usually lead screw-nut) and any gears. Curretiigre
are motors covering a wide range of speeds, but e
limitations in terms of the forces developed. Thisrthe
recommendation of their use in small and medium ma-
chines with the perspective of using them in heaay
chine tools.

9. SSIMPLIFICATION OSKINEMATIC CHAINS
INHEAVY MACHINE TOOLS

Among modern mechanical transmissions, which
largely removed the gear systems, the most spdatacu
evolution in was that of toothed belt transmissi¢8is
Used initially only in feed kinematic chains duetheir
reduced capacity of power transmission, currertilgyt
are used in the main kinematic chains, engbthe
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Fig. 14. Kinematic scheme of the lathe
SC14CNC with gear transmissions.

transmission of powers of the order of 100 kW. Agion Fig. 14. It is a modern machine at the level of20€0s,
the obvious advantages they have over the geaamian  which already uses toothed belt drives in the fkied-
sions, we can mention: matic chains [5].

» lower cost; In Fig. 14 the following notation were made:-1
» they are made by specialized manufacturers; electric motor for the main kinematic chain; 2;-3no-
» reduced noise operation; tors for driving the feed kinematic chain$ énd2); 4 -
« they transmit motion at distances greater than thaelectric motor for driving the main kinematic cham

between the axes of gear;
» they do not require lubrication;
» operating with no backlash in reversing.

milling; 5 — electric motor for driving the circular fee
kinematic chain; 6- drive motor or positioning kine-
matic chain Y); 7 — speed gearbox with three steps for

This last advantage imposes them in CNC machingurning; 8 — bevel transmission; 9- pinion-crown

tools. _ mechanism; 10- two-speed gearbox for milling; 1%
Where necessary, the gearboxes usually with twagearbox for circular feed and mechanism for elirtioma

steps and provided by specialized companies can bge backlash in reversing;andC - control axes (thread-

used. They are selected from catalogues [4 ande6] d

pending on the power to be transmitted and transfer

tios required.

They have a number of advantages such as:

» low backlash in reversing [2 and 3] enabling these
in vertical lathes that perform milling operatioasd
removing gearboxes in circular feed,;

» separated lubricating circuit from the rest of the-

ing).

In newer machine tools of the late generations, the
following are abandoned: gearbox 7, bevel trandoniss
8, pinion-crown mechanism 9, gearbox with slidiregig
10, feed drive motor and circular feed gearbox 11.

The kinematic scheme of such a machine is shown in
Fig. 15. The operations that can be made are the bat
a dramatic simplification of the whole assembly ¢en

chine, which reduces the heat transmission to theeen.

main spindle;

Notation on Fig. 15 are: % electric motor of main

* they are connected to the main spindle throughkinematic chain; 2, 3- drive motors of the feed kine-
toothed belts, preventing the transmission of vibra matic chains X andz); 4 - drive motor of the main ki-

tion;
* low noise;

nematic chain for milling; 6 electric motor of the posi-
tioning kinematic chainY); 12 — toothed belt transmis-

* simple and compact construction and direct conneczjon made of carbon fibres: +3gearbox with two steps

tion to the driving motor;
» high efficiency, over 95%;

and electric switching in main kinematic chain aisio
circular feed one; 14 gearbox with two steps and elec-

* changing a range is done using a device integrategic switching in main kinematic chain for millingnd
with a gearbox and operated electrically, pneumat"drilling; A and C- controlled axes (threading).

cally or hydraulically.

Comparing Figs. 14 and 15, it can be seen the disap

The kinematic scheme of a vertical lathe SC 14 CNCpearance of the positions 5, 7, 8, 9, 10 and 11oaodr-

with classic support for turning-milling is showm i

rence of the position 12 (toothed belt driveafbon
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Fig. 15. The kinematic scheme of the lathe
SC14CNC with toothed belt transmissions.

fibres), 13- two-speed gearbox and electric switching ANTONELLO, TITAN AUTOMATION, OPEN
for main kinematic chain [9] and circular feed abti- SERVICE (Figs. 1631).

two speed gearbox and electric switching [6] in rtiegn
kinematic chain for milling and drilling. For vectl axes
(2) it is recommended the hydraulic balancing afnth
[8]. It is noted the removal of an electric motodagear-
boxe for circular feed 11. Classical gearboxes @ &
are replaced with modern gearboxes 13 and 14, uiitho
backlash in reversing and mechanisms of gear tyqed8

9 are replaced by the belt drive for the main kiagm
chain that becomes also circular feed kinematiénchra
milling and drilling operations. The costs of these
changes are acceptable taking into account that onl
circular feed gearbox 11 can reach $ 20;2®)000
without hydraulic system.

In the construction of heavy and very heavy machine
tools, mainly in CNC machine tools, it is possitite
reduce the number of gears that must be proce$besi.
eliminates the processing of different types of elhe
toothing: cylindrical, bevel, worm, worm wheel [Z,
and 10]. They can be replaced by precision systems,
reducers or even gearboxes produced by specialized
companies. The reversing backlashes are thus eliedn
and the noise is reduced considerably. New toobedd
drives of carbon fibre allow the transmission ofhi
power without play and at distances that classicad}
quire long trains of gears. The example shown @ Eb
presents a CNC machine tool for which the manufactu
did not machined any gear. The reducers and geasbox
were purchased from specialized manufacturers. This
solution is successfully applied to new heavy nmehi
tools (over 10t) and also refabricated.

e 7+ SO

\F I
s

10.HEAVY DUTY MACHINE TOOLS
MANUFACTURED AND REFABRICATED IN
ROMANIA

The authors highlight some of the most represesati
achievements in the area of refabrication, ingistin a
number of Romania production companies, among which
they can mention TITAN HEAVY MACHINERY, GPM
INTERNATIONAL, TEHNOCOSULTINVEST, Fig. 17. AF 105 for US ARMY (now 6 pieces are in execution).
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Fig. 18. SC 33 CNC Turning and milling, TMG.

Fig. 19. FLP 2000 produced at POPECI for the railway industry
in Hungary.

Fig. 20. Deep drilling machine for Romanian Fig. 23. SC 22 CNC for turning and milling, U.S. Client, com-
energetic industry. pletely new machine.
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Fig. 25. Vertical lathe (5 6066 000 mm) manufactured by a Romanian-Italian comprai@anada.
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il i DIAMETRUL MAYM O RELUCRARE PRNSTRUNJRE 12000 MM

{ ;g 1 ] DEPLASAREA PORTALULULWASINI FE 342 FUNCTEIGANTRY)
230000ke
£30.000M
IME MAXIVA A PIESE] PRELUCRATE PRINFREZARE 10,000 MM

i TURATE MAIHA A FRELARE 8000ReM
| HONBTIL 0% Pzt 1000

NARIELECTRICE S HIDRAULICE DE ULTIVA GENERATIE
TATEATOTALA A MASIVI 3B0000Ks

Fig. 28. Vertical lathe of 12 m, completely new machine mag TMG for a partner from India,
the largest machine tool made after 1989.
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Fig. 31. SC14 lathenade for Germar: a — before refabricatiorty — after refabrication in the tésg phase (SC14 CNC
¢ — machine installed at the cli¢ (bed,positioning kinematic chain and traverse were, the rest is new).



188

New requirements for machine tool producers:
1. Increased cutting speeds for vertical latheskamel

D.Prodan, G. Constantin, A. Bucyteanu and E. Blan / Proceedings in Manufacturing Systems, Vols$, 3, 2014 / 175188

part, with several kinematic chains, several geard
couplings and other transmission systems have c@anpa

ing and milling machines; speeds above 2 000 rpm irble prices with those of the second hand CNC mashin

boring and milling machines with portal AFP +300.
2. Increased feed rates overl® m/min.

These, due to the simplifications introduced by ritned-
ern drives and controls, allow that using a simple-

3. Increase of workpiece weight that can be prezkss chanical part to machine complex surfaces in teofns

with direct influences on vertical lathes, grindinga-
chines and GANTRY machines.

4. Using heads with independent axes.

5. New systems tools; magazines with multiple tools

precision and high productivity. On mechanical stru

tures of 1615 years old, high performance machine
tools can be build.

and high precision; the operation of magazines fromREFERENCES

CNC; magazines purchased from specialized companiesfl]
more efficient cutting tool cooling systems; cogligys-
tems with emulsion at high pressure (100 bar)caol-
ing systems of VORTEX type.

6. Improved aesthetics of machine tools; modern

(2]

housing systems. (3]
7. Noise, warming and pollution reduction,
8. Major components modularization. [4]

9. Bold design solutions: linear motors, efficidmyt
drostatic guides, guides without lubrication, magne
sustentation, lubrication and cooling systems nooed.

10. Implementation of new solutions due to modern
information management.

11. “Free” zones establishing, where the manufactur
ers of machine tools can extend: new structuredrauy
lic, lubrication and cooling systems, modernization

(5]

10. CONCLUSIONS [6]

In the construction of heavy and very heavy machine
tools and especially in CNC ones it is possibleeiuce
the number of gears that must be processed. Tinié- el (7]
nates the toothing processing for different typds o (8]
wheels: cylindrical, conical, worm-worm wheel. They
can be replaced by precision systems, reducergar g
boxes produced by specialized companies. Reverde ba [9]
lash are thus eliminated and the noise is reduoedid-
erably. New toothed belt drives of carbon fibreailthe
transmission of high power with no play and atatises
that classically require long trains of gears. Redls and
gearboxes can be purchased from specialized manufac
turers. These solutions are successfully appliedew
heavy machine tools (over 10t) and also in refaiion
0 machine tools.

Vertical lathes and boring and milling machineséav
been and remain some of the most popular universal
machine tools. The development of electric drived a
occurrence of adjusting systems through frequeray h
reduced the number of adjustment steps in gearboxes
Basically, the speed adjustment can be pure etecter
the entire engine range, now the gearboxes haviag t
role of torque amplifiers.

In case of small lathes (SC14 and SC17) even the fi
nal mechanism pinion-crown can be removed. In this
case, milling operations can be performed usingrhin
kinematic chain used for turning as circular feaedek
matic chain in milling.

Choosing the type of machine to be acquired depends
on a number of factors linked to the productionurest
ments, not only on the machine price. Lately, theven-
tional machine tools equipped with complex mechanic
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