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Abstract. This paper presents a synthesis of the most fgcgyes of parallel and revolver lathes in modular
conception. The basic constructive variants ardyaed and presented, pointing out their structuoenfthe point of
view of kinematic couples rotatiofR( and translationT), axesZ, X, Y, C, B and others, and motion axes numerically
controlled. On their basis each structure is gigestructural formula that contains the symbols hf NC axes
connected to the tool and workpiece motions. Thos,can distinguish between lathes with and wittioeitaxesC and

Y, with one ore two coaxial or parallel main spirsl@ith one or two turrets, with or without rad#ides, etc. The 2D
and 3D representations regarding the architect@irdhneo analysed lathes, lead to the establishing @bde that is
assigned to diverse constitutive modules (struatlgeents, slides, revolvers, tailstock, heads waitular positioning
adjustable o two axes, adaptable steady rest,syfte storing and transfer of workpieces and toolamping and
driving devices for workpieces and tools, chip cayers). The variants in modular conception enalbpal change of
the analyzed machine tool configuration, dependingtechnological necessities of the types and cexipl of
workpieces to be machined, specific requiremenheflexible fabrication.

Keywords: horizontal lathe, NC axes, generating/positiomimion, element, constructive assembly

1. Introduction in which the conceptual design of the milling
The analysis of the principles of modular machines with three axes is analysed. They are
conception of the CNC machine tools achieved in considered consisting of the basic modules, on
paper [1] points out exclusively for milling which support a lot of types of milling machine
machine tools and milling machining centres could be obtained. For the configuration of the
numerous (tens of thousands) of possible variants possible variants, the followings are taken in
resulted from he selective selection of minimum consideration: the models of the guiding long and
three of the eight basic modules, grouped in the short, library of parametric components,
machine structure in thealriving branch and structuring the diverse type of machines in four
workpiece setting branatespectively. classes depending on the fixing mode and design
It is noticeable the statistic analysis of the Space constraining. Thus, 56832 sub-variants
main technical characteristics of these machines resulted depending on the main spindle positions
achieved at that time considering 230 horizontal (horizontal or vertical), existence or absence of a
and 200 vertical machining centres. The data basesymmetry  plan, possibility/impossibility  of
constituted enabled the determination of tendencies mirrored machines.
in using the machining centre structures and also Also, the concept presents the generation
connections and interdependencies between theanalysis of machine variants on the basis of the
dimensional, functional, and structural mechanical model, static deformation analysis, and
characteristics. The paper proposes three complexdynamic analysis achieved by means of a computer
calculation programs for structure analysis, using the program ROBOTRAN and the analysis
synthesis, and draft representation of machining of clearance through which the possible
centre structures. Using them, ENIMS has interferences between components are removed for
developed a modular system of machining centres each position of the main spindle in the machine
to shorten the production time and lower the costs work space. For optimizing the machine variant
of the machine tools. generation, a genetic programme is proposed.

A similar approach is presented in paper [8], The paper [2] presents four groups of work
machines (for conventional and non-conventional
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processing) established on the basis of the the diameter, the bed guides are longitudinal and
translation and rotation couples of the structure. situated in horizontal, inclined (figure 3) or vea
For exemplification, some structures are analyzed, plane.
among them being milling machine structures for
which the structural formula is indicated. It
contains the NC axis notations: axes that supplies
the workpiece and tool motions.

In the work [3] a structural configuration
method for machine tools was described and

applied to vertical machining centres. The -ﬂ‘_‘* (\ :x “ .
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approach uses a graph representation of the
machine tool in which the nodes stand for joints
(motions) and the links for structural components. — :
The variants are generated as graphs and then some — d/
criteria of incompatibility and functionality of ¢h '
whole assembly are applied. To the remaining
graphs a set of optimization criteria is applied fo =
obtaining the most suitable configurations to the
functional and technological requirements.

Other approaches are presented in papers [9]
and [10].

Figure 1. Frontal lathe with one working unit

2. Structures of some lathes
2.1. Latheswith onemain spindle

a. Lathes with two NC axe%his category is
the most spread one, having possibilities of frionta
(axis X), cylindrical (axisZ), conical or profiled by

Figure 2. Example of workpiece

linear and/or circular interpolation and threading i

by cutter machining. Figure 1 emphasizes the i) x
rotary main motion (rotation coupk®, with speed ——— ST / 7
n. executed by the workpiede and feed motions EEPPEE AP 1) S
(translation couple$; andT,) executed by the tool 5 ; k

(cutters, tools for hole processing) in radial
direction (axis X) and longitudinal (axis Z) with
speedsvir and vy respectively. The be@, is the
structural element on which the head stock and the
two slides assembly (longitudinalSl) and
transversal $7T)) are disposed. Joining two
modular structures of this type leads to a new
frontal lathe architecture with two parallel main
spindle and two work supports (assemblies of
slidesSLandST).

For workpieces with length shorter than

T2} vy v

Figure 3. Turret lathe with one working unit

In many cases, the tool clamping is done
between centres: a centre in the main spindli® (
and tailstock PM). The tailstock guides are
- : . . parallel to those of the longitudinal slidsLf. On
their diameter (figure 2), the bed guides are fadia the guides of the longitudinal slide the transviersa

(transversal), in inclined or horizontal plane, the ¢jiqeq ©T) is moving, on which there is an assembly
lathe being named frontal lathe. On the bed guides et (not represented).
there is the radial slide and on its guides the b. Lathes with three NC axeZhe third NC
longitudinal slide is moving. In the majority of  axis (axisC) stands for the rotation motion of the
lathes, on this slide an assembly called turret is main spindle regarded as feed/angular positioning
mounted with the axis of the toolholder disk motion used for achieving drilling, milling, and
horizontal or vertical. grinding operation with rotary tools in the turret.

For workpieces with the length greater than Figures 4 and 5 show both the turning
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possibilities, which requires the movements: main axisC.

(n) and feed (axisX, Z), and also those of Another mode of obtaining four NC axes has
feed/positioning executed by the workpiece (axis on the basis the architecture of the three NC axis
C) for drilling, milling, and grinding in well lathes K, Z, C) enabled with a work support that

determined angular positions. Also, it is posstble  effectuates displacement in feed motion not only in
process cylindrical exterior and interior threags b  horizontal or inclined plane (axes Z), but also on
turning with cutter. vertical direction (axi¥). The structural formula is
ZXYC Thus, one ensures the increase of the
processing technological possibilities, e.g. for
helical groves with variable depth. The mif) (
(figure 7) processes surfaces of the workpiBce
fixed in the main spindl&P and in a live centre
(not represented). The tool is driven in rotary
motion by a kinematic chain situated in the
structure of the turrelQR) fixed on the transversal
slide, which together with the longitudinal sligé
forms a work support of the lathe. The toolhoder
Psis fixed on the toolhoder disk of the turret. It
results two variants of lathes with four axes:
Z1X1Z:X, andZXYC

Figure 5. Flange type workpiece

In some lathes having the axBsX andY,
the axisY is perpendicular to the plane generated
by the other two axes.

Therefore, there are two variants of lathe
architectures with three NC ax&sXC andZXY.

c. Lathes with four NC axesThese lathes
have two turrets, one situated above and the other
one below the mains spindd level (figure 6).

Figure 7. Turret assembly

d. Lathes with five NC axedhe fifth NC
axis stands for the circular feed or angular
positioning motion of the axis of the rotary tool i
the turret (for lathes with one work support) about
a horizontal axis, perpendicular to the main sgndl
axis.

Other lathes have the architecture with one

Figure 6. Lathe with two turrets work support and one of the structural formula:
ZXYCA ZXYCB ZXYAB The lathes with two

Each turret is mounted on a work support, Work supports correspond to one of the formulas:
constituted by the two slides, longitudin&L{,) VAVSA VLY CANIOVLY SO
and transversal ST, ;) that achieve the feed e. Lathes with six NC axesThese lathes
motions on the axeg((' Zl) and Q(21 ZZ) in regard have on the basis the formwXYCAB The turret
with the bedB. In these lathes, the assembly has two NC rotary axesA( B). For these lathes
situated at the right end of the bed is a tailstock With two work supports, the structural formula
enabled with broach and live centre (rotary). Most could be: ZX;YiZoX,Y,, in which each work
actual lathes with such architecture have also an Support has three translation axes numerically
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controlled orZ;X;Y:CZX, in the lathes that have
the rotary axisC of the main spindle. Other
formulas could be:Z;X;Y1Z,X:C,, Z:X1CiZoX5Yo,
Z:X,C1Z,X,C, (see figure 7 where on the bed, at
the right end, it is positioned a second tailstock
with main spindle), Z,X;C,B,Z,X, and others.
According to these formulas, one of the work

supports has three translation axes numerically

controlled, the other one only two.

Some lathes from this category have on the
main work support (with transversal slide), instead
a turret an assembly (figure 8) with NC angular
positioning UPa) and milling unit (UM). The
tools are automatic fed in toolholder seats (fat to
of cutter and rotary types) from a tool magazine
adapted on the bed in the rear part of the
headstock.

Figure 8. Work unit with angular positioning

f. Lathes with seven NC axekhey could
be:

- with four axes on the first work support
and three on the second one:

Z1 X0 Y1CiZX5C,; 21X Y1CiZoXoYo;

Z1 X1 Y1AZoXoCo, Z3 X1 Y 1A Z5X0Y o,

Z1X1Y1B1ZoXoCo) Z3X1Y1B1Z5X0Y;

- with five axes on the first work support
and two on the other one:

Z1X1Y1C1AZoXs, Z3X1Y1C1B1ZoXs;

Z1X1Y1A1B1Z5X5; Z1X1C1AB1ZoXo.

g. Lathes with eight NC axe$hey could
be:

- with four axes at each work support:

Z1X0Y1C1ZoXoYoCh; 20 Xa Y1C1Zo X0 Yo A,

ZX5Y1C1ZoX0Y5 B, Z:X1C1ALZoX5Y5Cy;

Z1X1C1AZo X5 Y5, Z1 X1 CiAZoX5Y5By;

Z1X1C1AZoXCoRy; 23X CrALZoXoCoBy;

- with five axes on the first work support
and three on the other one:

Z1X1Y1C1AZoX0Pg; Z1 X1 Y1C1AZoXK0Y o,

Z:1X1Y1C1B1ZoXoCo; Z1 X0 Y1C1B1ZoXoAy;

Z:X1Y1C1B1ZoXoBy; Z:X1 Y1AIB1ZoXoY o,

Z1X1Y1A1B1Z5,X5C5; Z1 X1 Y1AB1ZoXoAs;

Z1X1Z1A1B1Z5X;Bs.

- with six axes on the first work support
and two on the other one:

Z:X1Y1C1AIB1ZoXo.

h. Lathes with nine NC axesuld be:

- with five axes on the first work support
and four on the second one:

Z:X1Y1C1 A ZX0Y2Cs;

Z1 X1 Y1C1AZX0YoA,

21X Y1C1AZXoYoB,,

- with six axes on the first work support
and three on the second one:

Z:X1Y1C1AIB1ZoX5 Yo, 21X, Y1C1AB1ZoXoCs;

Z1X1Y1C1AIB1ZoX0A0; Z1X1Y1C1AB1ZoXoBs.

i. Lathes with ten NC axesuld be:

- with five axes on each work support:

Z1X1Y1C1AZoX5C0A;

Z1X1Y1C1AZoX5Y5C,0By;

Z]_X]_Y]_ClA]_szng A2 Bg .

- with six axes on the first work support
and four on the other one:

Z1X1Y1C1A1B1ZoX5Y5Co;

Z1X1Y1C1AIB1ZoX5 YA,

Z;X1Y1C1AIBIZoXoYoB,,

Z3X1Y1C1A1B1Z:X5CoA,,

Z3X1Y1C1A1B1Z,X5C,By,

Z1X1Y1C1AIB1ZoX0A0B;.

J. Lathes with eleven NC axesuld be:

- with six axes on the first work support
and five on the other one:

Z1X1Y1C1A1B1Z:X5Y,CoA,;

Z:X1Y1C1A1B1ZoXY,C0By;

Z:X1Y1C1A1B1ZoXYoA0B,;

Z:1X1Y1C1AIB1ZoX,CoABs.

k. Lathes with twelve NC axeShese
could have the structural formula:

Z1X1Y1C1AB1ZoX0Y,CoA B,

It is possible to machine the workpiece in
the same clamping, at both ends removing taking it
of the main spindle, rotation with 180and
clamping for machining at the other hand. The
assembly of the second main spindle (coaxial to
the first one), situated on the right side of tleel b
can move axially to the main spindle of the left
side in order to clamp the workpiece machined al
the first end and bring it to the right (the second
clamping), in order to machine the other end.

The two main spindle, driven independently,
have NC rotary motion (axe€; and C,); each
turret has twoXy, Zy), (X2, Zo) or three Xy, Y1, Zy),
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(X2, Yo, Zo) NC translation axes. Eventually, one

has two translation axes, the other one threeyrotar

axes numerically controlled.
By bringing in a device for clamping with

large diameter both in the front part and rear part
of the main spindle, it becomes possible the

machining of long individual blanks or from bar.
By inserting a NC rotary axisCf, it
becomes possible the synchronization of the Xxes
and C, e.g. for polygonal milling, and also
synchronization of axeg andC, e.g. for milling

-

S
"

\"&_‘ ___J\

threaded grooves. In both cases, a rotary tool is  rigyre 9. Turret lathe with two coaxial main spesll

used (see figures 7 and 8).

2.2. Latheswith two main coaxial spindles
2.2.1. Lathes with two coaxial main spindlesin
opposition and stationary. The effectuated study
has lead to the identification of the following
structures:

a. with four axestwo translation axes on
each support, with the formulaX,2,X;;

b. with five axesthree in the first support
and two on the second one, having the formulas

Z1X1Y1Z,X5 or lelclzzxg_

2.2.2. Lathes with two coaxial main spindlesin
opposition and axial movable. If the main spindle
from the left can move axially, by means of a
broach or slide (figure 9), then the variants taat
be obtained are of the typesi,Z;, in whicha,, is
any of the previous lathe with two main spindles
and two work supports, ana,,Z; represents the
results of the concatenation of one of these vexian
with the axis Z; representing the axis of the
translation motion of the second main spindle.
Certainly, the number of degrees of freedom
is with one unit grater than the number of the
degrees of freedom of the varianmt,. For
generalization, it is considerex the assemblage
of variants of lathes withmain spindles [ [1, 2]
andj - number of work supportg[][1, 2, 3].

2.2.3. Lathes with two coaxial main spindlesin
opposition and threework supports. In principle,

the third work support can have up to six NC axes:

The assemblage of lathes solutions of this
type has as formula the result of concatenation of
any formula of lathe with two coaxial main
spindles in opposition and stationary and twork
supportsa,,, with any structural formula of lathe
with one main spindle and one work suppmost

Mz = 02,0011

2.2.4. Lathes with two parallel main spindle in
opposition and two work supports. For passing
the workpiece between the two main spindles, one
situated on the left side and the other one on the
right side of the bed, it is necessary a radial
displacement (axi¥s) for bringing the two main
spindles in coaxial position and then a longitutina
displacement (axigs) for achieving the workpiece
transfer machined at one end form the left main
spindle to the right one, in order to machine the
other end of the workpiece.

The assemblage of solutions of the lathes of
this type ahs as structural formula the result of
concatenation of any structural formula of lathe
with two main spindles in opposition and
stationary with the assembly of motions on the two
NC axesX; andZs;

M22p = M2ZsXs,
The number of NC axes could reach 14.

2.3. Automatic mono axisor multi axislathes

These lathe categories are designated
especially for machining the workpieces in
production of short or middle series. The long

three translations and three rotations. These areindividual blanks or long blanks from bar are used

added to the other maximum twelve NC axes of

the lathe with two coaxial main spindles in
opposition and two work supports.

The general structural formula has the form

21Z5..Zn X1 X0.. . Xp.

In which m represents the number of slides
with independent axial feed, anmd - number of
slides with independent radial feed. For
exemplification, in figure 10 an automatic mono
axis turret lathe enabled with four radial slides

RECENT, Vol. 8, nr. 3a(21a), November, 2007
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(STi234 and a work unit with turretGR) movable future, others of the typ&y..., in which the

on the axe& and X. For workpiece processing at vertical slide (axisy) is placed on the longitudinal

the other end after cutback, the tools clamped and one (axisZ), are less probable.

driven by the spindlesP; and AP, are used. The

two spindles are moving axially (other aXjs References
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