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Abstract: This paper presents some adjustment variants dicaétathes main kinematic chain that have
been used for more than 40 years and are still deised. These are presented comparatively by men-
tioning some values of adjustment ranges and tooqugple necessary for the main kinematic chain. Ini
tially, the gearboxes were built with sliding gearsd couplings and they were used to decreasectiae r
tional speeds in order to achieve the desired rgttipeed. The rotational speeds decrease led ittlire

to the amplification of the available torque. Aethresent moment, the vertical lathes CNC use moder
gearboxes with planetary systems and frequencyreféc converters which provide the decrease of ro-
tational speeds and a proper amplification of toequutput. At the same time, the number of stefizeof
gearboxes is reduced. The appearance of powerriiesgons with toothed belts had an important rale i
vertical lathes modernization. These improvemehtie adjustment of main kinematic chain are neces-
sary today, especially after numerical controls augnout, when the vertical lathes allow, beside®tu
ing, the machining of complex surfaces resultethfroilling and grinding operations. In the end oé th
paper, there is presented an example of dynamibenadtical model for fixing the features of powed an
torque specific to vertical lathes CNC.

Key words: vertical lathes, gearbox, adjustment of rotatiorspleeds, adjustment range, toothed belt
power transmission

1. INTRODUCTION Some considerations will be presented in this paper
terms of adjustment of the main kinematic chairbléa

h_The vertical Iathelsh (vert|caldturn|nﬁ and dbonng-ma rotation) mentioning that in some cases (machioiper-
chines) are universal heavy and very heavy utyhnac ations), this chain becomes a feed/positioning rkiztéc
tools on which can be made operations of externdl a chain [2]

internal turning, flat turning, taper turning, thdéng,
milling and even grinding [1]. These machines wieie
tially recommended for machining the parts withnaéa
ters much larger than their length by turning opens.

At the present moment, especially after numerical
controls coming out, the vertical lathes allow, ibes
turning, the machining of complex surfaces resuiteth
milling and grinding operations.

Out of the main characteristics of these machines w The first electric motors were used with only one

can mention the following ones: machining diameters speed and very rarely twBC motors used later and the
the range of 805 000 mm, height of the machined Ac speed adjustment by frequency, which monopolized
parts in the range 768 000 mm, weight of the ma- he puilding of machine tools currently have chahtje
chined parts 1 566100 000 kg approach of adjustment_

Depending on their size and features, the vertical Desired main spindle speeds can be often obtaiped b
lathes are a variant constantly agreed by the users glectric and electronic means, mechanical adjustmen
transports, defense and electric power field esfigci  mechanisms such as gearboxes, becoming torque
The manufacturers of such machines are among the we multipliers.
known ones, especially the manufacturers of langg a  |n recent times, along with the appearance of the
very large machines. production method called ‘“integrated system” the
manufacturers of machine tools increasingly turniog
the 2-speed gearboxes produced by specialized

Overview of the different variants are followingeth
evolution of vertical lathes building in Romaniadanot
only.

For a long time, the adjustment of the rotational
speeds using couplings and sliding gears reprabehée
only practical solution in the case of a complidate
adjustment of the speed of electric motors whiciwedr
the main kinematic chains.
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2. ROTATIONAL SPEED ADJUSTMENT OF In the relation above it was notew;g— gearbox out-
VERTICAL LATHES put rpm,ngy — rpm of driving electric motoiTgs— gear-

. . . box output torqueTgy — electric motor torque.

The value of the cutting speed for turning operatio . oo PHorau Tew I au

can be analytically calculated using the followireda- 3 ADJUSTMENT SYSTEM S OF ROTATIONAL

tion [1]: SPEEDS USED FOR VERTICAL LATHES
_ Cv : The vertical lathe 153 type, according to ENIMS
= T 8" K [m/min], @) (manufactured in conformity with projects createdlier

than 1960), has the main kinematic chain made doupr
where: Cv — is an experimentally determined constantto the simplified kinematic diagram illustrated Fig. 1
value depending on the pair “semi-finished product-[1].
tool”; my, xv, yv — experimentally determined exponents  The electric motoEM with a power ofP = 20 kW
depending on the cutting conditioris;,; — total coeffi-  and the sole rotational speegy = 1 470 rpm transmit
cient of cutting speed correction. the motion to the main spindMS by means of the belt

The real cutting speed is achieved on the cuttingpulleys D, and D,, via the 12 speed gearbox, the bevel

movement trajectory during the cutting process querf gearZy,/ Zis and the pinion-crown mechanistig/ Z;-.

mance. The rotational speenl,s is achieved at main spindle level
Regardless of the type of machining, the real mgtti gnd the torqud@ysis reached.
speed is the resultant of movement speeds sumntion In Fig. 1 it was also noted:4 VII — shafts of kine-

the trajectories, whose combination determinesntae matic chainz, - Z;,— number of teeth of those gearbox-
trajectory,or the summation of these ones with the feedes_
movement.

The main component of the real speed is the mair‘{he
cutting speed.

The main kinematic chain is the generator kinematic
chain that provides the main cutting speed alorgnhs-
ter trajectory or along one of its components. Tian
cutting speed is the highest component of theaetting
speed.

The gearbox along with the belt drive makes possibl
achievement of twelve speeds in rang&5D rpm.
The maximum torque calculatedTigs < 22 000 Nm.

In the case of this conventional machine, the feed
kinematic chains receive the movement from the main
kinematic chain, which reduces in fact the valuahaf
torque calculated above.

In most machine-tools, the main function of the-kin A more recent solution, still used at the preseat m
ematic chain is thadjustmentunction, aiming at a real Ment is given by Morando Company. This company has

cutting speed whose value is as close as possibieet developed a 3-speed gearbox used for vertical datifie
technological cutting speed. SC 14 — SC 43 series. The drive motor has contislyou

The real cutting speed is expressed as: adjustable speed (DC or AC motor) and its powegean
from 37 to 80 kW, depending on the machine type.

D XN, ) In Fig. 2 is shown the kinematic diagram of the mai
Vg = TIX 1000 [m/min]. (2)  kinematic chain of a CNC vertical lathe that useshsa
solution.
In the relation (2) it was note@ — turning diameter, The electric motoEM has the adjustable speggl

nus— the rotary speed of the main spin& [rpm]. In ~ Within [Nin = Mhom— Nmad range [3]. Further on we shall
the case of vertical lathes, if there are highatans of ~ considerngy as instantaneous value of the rotational
diameteD, the producD x nysshall be constantly kept.  speed.

Currently, the most widely used systems of adjust- The main spindle achieves thgs speed and théys
ment for the main kinematic chains of vertical &ttare  torque is available.

the gearboxes and the frequency electronic comgerte In Fig. 2 it was also noted:H IV — shaft of kinematic
Initially, the gearboxes, when the driving motoeslh  chain,Z; - Z;,— number of teeth of those gears.
a single speed, were intended to decrease thigl spee The rotational speeds adjustment is continuously
order to achieve the desired rpm. The rpm decrieaslss ~ made through the agency of the motor and of thee®d
indirectly to the amplification of the availableqoe [3]. gearbox, according to the equations below:
At the present moment, the rotational speed diminu-
tion can be done in a much more simple way, elaétro n, -1 _Z " —é—lv —i—MS, (5)

cally, as the gearboxes provide a proper amplificabf

torque output. ' ¢ w0

Assuming that the transfer ratio of the gearlisR z z 7 z
driven by an electric motdgM, for a certain adjustment, Ny =1 —=-1 -—=-1ll -—=L-IV-—=-MS, (6)
isi (i <1), we can consider [2]: 2 Z, Zy 10
. — — Zl _ — ZS _ _ Z7 — — ZQ —
Ngg = Ny, Xi, (3) Ny | Z_ Il Z_ I Z_ \Y Z_ MS. (7)
2 6 8 10
T, =T, xi. @ The gearboxe&; — Zs provide the three ratios of

transfer: 1/1, 1/3 and 1/9 [4].



D. Prodan, E. Balan and A. Bucuresteanu / Proaggslin Manufacturing Systems, Vol. 8, Iss. 1, 2340

P
D: [ | Nem Nus
No EM Twus
T MS
Z X X
i E Z1s‘ | ‘Z”
r {1 It
| H26 Vil
1] « L
VAT
Zo Zio VI
le L
o X
Il V M Zu « Z1s
Zis
Fig. 1. Kinematic diagram of main kinematic chain of tteatical lathe 153.
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Fig. 2. Kinematic diagram of the main chain of a vertiedhe with 3-speed gearbox.
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Fig. 3. Kinematic diagram of the main chain of a vertiedhe with 2-speed gearbox.
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In the case of a lathe SC 17, with a motor of 60 kW  Toothed belts are now characterized by kinematic ac
the three speeds are ensured by a continuous mejuist curacy (negligible backlashes) and by the capaicity

of the speeds below: transmit high powers (> 100 kW). The 2-speed geabo
with low backlashes are usually manufactured witb t
i = 1/1,nys0 [20-200] [rpm], transfer ratios; = 1/1 and,= 1/3 (1/4) [5].
At the present moment, these solutions are widely
i = 1/3,nys [6.48—648] [rpm], used by different manufacturers [4, 8h the case of
small size vertical lathes (SC 14 and SC 17) iéven
i =1/9,nys0 [2.22-22] [rpm]. possible to eliminate the final mechanism pinioaven

. . i [4]. Figure 4shows the kinematic diagram of the main
The maximum torque that is developedTiss max=  kinematic chain of a lathe of this type.

43 000 Nm. The gearbox is greatly simplified conepar The speeds are continuously adjusted by a motor or

to the previous one as it has only three speedsfal®.  agjysted in two steps by means of the gearboxpin ¢
In the case of this NC machine, the kinematic chéim  formity with the following equations:

feed are driven by independent motors [3]. Becaafse
the backlashes created inside the gearbox andrfonp Z

crown mechanism, a separate kinematic chain skell b Mgy =1, ~ I _Z_l_MS' (10)
used for taking over this backlash [2]. :

Due to the development of electronic adjustment sys 7
tems of the speed, the gearboxes are becomingasicre ng, —i, - Il ——~-MS. (11)
ingly simple. Thus, the gearbox used by Pietro &ginn Z,

Company has two speeds only. Its construction esabl
the elimination of the bevel gears (elements thabi
duce considerable backlashes).

The kinematic diagram of a kinematic chain used for
a vertical lathe with table diameter larger thamdis

Due to the low backlashes, the main kinematic chain
can be also used as kinematic chain for circulad fia
case of CNC milling operations.

shown in Fig. 3.

The motor has a power &= 100 kW, a rated speed EM
Nhom= 1 500 rpm, a maximum spebg.= 4 500 rpm and P New
a rated torqudy= 636 Nm [4].

The adjustment of speeds is performed either contin
uously through the agency of a motor or in two step H—‘no

means of the gearbox, according to the equatiolosvbe Nus
ih=1/1 Tws
-2 Lo -Zoy-%ov-Z_ys, (8 i X ms |
D, Z, Z, z, Z, . -
D z z z z | |
Ny ——2 =l == Il =Z2 -V -£2 -V -Z2 - MS . (9) N Z -z
D, Z, Z, z, Z,
The gearsZ; - Zg provide two transfer ratios: 1/2.47
and 1/10.37 [4]. Fig. 4. The kinematic chain of the main chain of a vettiathe
In the case of this lathe, the main spindle gegsfol with 2-speed gearbox and toothed belt,
lowing speeds: without pinion-crown mechanism.

i =1/2.47 hysOd [1 — 100] [rpm],
i =1/10.37nys0 [0.27 — 24.09] [rpm].

The maximum torque developedTigs max= 118 000
Nm. It is worth mentioning that the minimum torqok
the motor igmi,= 50 rpm.

The construction of accuracy gears allows the tdise o
the main kinematic chain for turning as a kinemahain
for feed too in the case of milling and drillingeyptions.
The machine is in fact a CNC machining centre, with
feed kinematic chains driven independently and st di
typetool magazine [4].

The appearance of power transmissions with toothed
pulley belts and of the 2-speed gearboxes, manufstt

by specialized companies (ZF, REDEX) [5, 6, 8] sad  Fig. 5. Vertical lathe with 2-speed gearbox with toothedt,b
important role in vertical lathes modernization. without pinion/crown mechanism.
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Figure 5 shows such a lathe manufactured by the
company GPM Titan International. EM Nus
Out of the basic features of this machine, we can P Tus
mention the following ones: New
e maximum machining diameter — 1 450 mm; ‘ & MS
» power of the main electric motor — 37/45 kW; H—‘no (X ] ! |
» speed range of main spindle (partially overlapped) 7, N 7.
0.1-400 rpm; i=1/1
* maximum torque — 61 200 Nm. i=1/4 "
For the lathes larger than SC 17 it is necessary to
keep the pinion-crown final mechanism because lsigita h‘j
gears for the toothed belts do not exist. wan I — —
Figure 6 shows the schematic diagram of the main Iz Z
kinematic chain for such a lathe.

The speeds are continuously adjusted by a motor or ¢y g kinematic diagram of the main chain of a vertical

adjusted in two steps by means of the gearboxeathp lathe with 2-speed gearbox and toothed belt,
equations below: with pinion-crown mechanism.
. Z Z
Ny, —i, — Il =211l =£2 - Ms, (12)
2 Z4
. Z Z
n, —i,= Il —==-1ll —==-MS. 13
EM 2 Z2 Z4 ( )

If these machines are also intended for mill-
ing/drilling operations it is necessary to make iade-
pendent kinematic chain for the circular feed.

Figure 7 shows the toothed belt transmission baiwee
the gearbox output shaft (II) and the intermeditaft
(1) of a SC 43 CNC lathe [4].

In Fig. 7 the following notations have been made:

2-speed gearbox (ZF), 2 — belt pulleg)( 3 — toothed Fig. 7. Transmission with toothed belt between shafts d an
belt. ' 1l in Fig. 6.
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Fig. 8. Calculation diagram for the case shown in Fig. 6.

TEM :TMS—'-dd(kt):l ><(‘]1+J2xi12+‘]3><i12><i22—'-‘]4><i2|.2><i22Xis'z)-‘-(k)jlx(fl-i- f2xi12+ f3xi12xi22+ f4x|12x|22x|32) [Nm]7 (14)

K= 1 -z [(rad/s) / Nm], (15)

- 2 i2 2 i2 2
f,+ f,xi] + £ xi7 xiJ + f, xi’ xi; x

3

2

= 3 [s]. 16
o+ f,xiZ + fxiZxiZ + f, xi?xi’ xiZ [s] (16)

P2 $2 .52 12012 i
_J I xis 3 xi; xi) + 3, x0T X, X
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4. ASPECTSOF MAIN KINEMATIC CHAINS
DYNAMICSIN VERTICAL LATHES

We take into account the kinematic chain in Fign6.
this case, the connections are ‘undone’ as in &in
order to perform the dynamic study.

In Fig. 6 the following notations have been made:
W — Wy —rotational speeds of shafts IV [ rad/s],
Tem — torque at electric motor [Nm],

Tus — resistant torque at main spindle [Nm],
Ton,T12, T30, 123, Taz, Taa— torques at shafts ends-1IV
[Nm],

J;— J4— reduced torques of inertia at shafts [Kg, m
f, — f, — viscous friction coefficient (friction propor-
tional to speed) [Nms/rad],

i1 — is— transfer ratios [-].

After writing the balance relations, we obtain féla-
tion (14).

Out of relation (14) one can determine the amglific
tion K and its response time[7] with relation (15) and
(16).

It is recommended that the real time of accelendajjo
verifies the relation:

t,>3-51. a7)

5. CONCLUSIONS

Vertical lathes were and still are some of the most
popular universal machine-tools. The development of

electric drives and the appearance of adjustmesies)s
by means of frequency have led to the diminutiomaf
justment steps number of the gearboxes. In a pecti
way, speed adjustment can be made simply eledsical
on the entire range of the motor; at the presemnem,
gearboxes have the role of torque amplifiers.

Gear transmissions are losing ground against tdothe
belt transmissions that became essential for sevesa
sons out of which we can mention:
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lower price,

reduced noise during operation,

possibility to purchase them from specialized compa
nies that ensure the desired kinematics accurady an
powers.

2-speed gearboxes (1/1 and usually 1/4) are tadse p
ferred against specific gearboxes. They are cheniaet

by:
e simplicity,

various assembling possibilities,

low backlash.

In the case of small lathes, the final pinion-crown
mechanism can be even eliminated. In this casanttie
ing operations can be performed using the mainrkate

ic chain for turning as kinematic chain for ciraufeed
for milling operations.
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