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Summary. The paper deals with the mathematical model development of shape forming of lathes with
two carriage tool systems. According to the examining of shape forming system parallel as well as shape
forming codes ompumano the shape forming function model is developed regarding to the single-spindle two-
carriage CNC lathe for performing different combinations of parallel surfaces turning. The estimation is given
towards the shape forming possibilities spectrum of the single-spindle two-carriage CNC lathes. The developed
shape forming function model is a basic one in the model structure of the output accuracy of modern CNC lathes
for multitool machining.
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Problem setting. The present-day stage of machine manufacturing development is
characterized by wide use of CNC machine tools and machine tool complexes. The
productivity efficiency improving problem of modern CNC lathes and machine tool
complexes on their base in conditions of high-variety manufacturing and high precision parts
machining is of actual priority for the majority of production enterprises.

Multi tool simultaneous machining of a single or several surfaces is among the
effective methods of turning machining productivity improving, in particular — the parallel
double tool turning machining [1]. Such machining efficiency enhancement potential from
two carriage systems with independent control is in a rational correspondence of work piece
surface (surfaces) machining with mutual spindle rotation speed. This rational combination of
simultaneous turning machining is strongly influenced by the errors occurring in the process
of such machining. And the errors depend on the tools space location and simultaneous
influence of all cutting forces components from all the tools operating in the machining as
well the elastic displacements of lathe shape forming system with respect to all the
coordinates, machine geometric accuracy, etc. In this way the model development of the
modern CNC lathes result accuracy with shape forming system model in its structure is a
scientific problem of high actuality.

The paper is concerned with the scientific topics dealing with design theory
development and research of highly efficient and resource saving methods of automized
turning machining and new high speed manufacturing equipment.
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Analysis of the known research results. Numerous scientific papers using different
scientific approaches deal with the accuracy calculation problems of the technological
machining system. This task is of advanced actuality in solving problems of the accuracy
control, evaluation of machine tool accuracy at the design stage, as well as defining several
parameters of the machining accuracy, etc. Of these the calculating method of resulting
machining error can be distinguished. This method is based on the development of the
equivalent diagram of the technological machining system with next reduction of the tool
cutting edge points coordinates to the coordinate system developed according to the work
piece technological bases [2].

Variation method is principally another one allowing to develop the machine accuracy
balance taking into account numerous errors sources [3, 4], Using in it the fundamental error
quality that is its especially small value in comparison with the nominal dimension — allows to
determine the analytic expressions correlating in an explicit form and implicitly the input and
the output accuracy characteristics of technological machining system. This method enables
evaluation of the machining part surface error even at the design process stage. According to
[3] the model of machine tool shape forming system is a structural part of the machine
resulting accuracy model. So the shape forming system model represents the connection
between the coordinates of the tool cutting edge points in the cutting tool system and the
coordinates of the same points in the machining work piece system of axes.

This method was taken further in the paper [5] in the methodology developing of
metal cutting machine tools structural and parametric synthesis and in the paper [6] in
developing the methodic complex providing parametric reliability of technological
equipment. It also served as a base in machining accuracy evaluation of parts using machine
tools with block-to-block structural configuration types [7 — 9].

Paper objective. It is basing on the analysis of the shape forming processes as well as
mathematical coordinates transforming techniques to develop the shape forming model of the
two carriage single spindle CNC lathes to provide the parallel turning machining. The
mentioned model is a part of the model of their resulting accuracy. It is also necessary to
evaluate the shape forming possibilities of such lathes.

Task setting. The model of shape forming system. Surfaces shape forming along
with cutting is the main work process in the metal cutting machine tools. The model of shape
forming system composes according to the structure of machine units as well as their motions
description and mathematically represents in a form of shape forming function [3, 4]. The
important elements of the shape forming system appears as forming segments each of them
having a local system of axes and connections between adjacent segments. The segment of
the shape forming system arises as a conjunction of machine units and other elements of
technological system. Their displacements out of each other in the operating process of the
machine tool are nominally non-existent [3]. The machining work part and the cutting tool
serves as the end segments of the shape forming system. According to the mark of presence or
non-existence of kinematic links between the segments it is possible to differentiate the chain
(block-to-block) structure of the shape forming system as well as parallel shape forming
system structure which presents as conjunction of chains with even a single mutual segment
[10]. Modern CNC lathes with double carriage tool systems have a parallel structure of shape
forming system. Fig. 1 shows configuration structures and the parallel structure of shape
forming systems of main types of single spindle double carriage CNC lathes for chuck
machining with two independently controlled tool carriages.

The mutual segments presence in the shape forming system of parallel action of two
carriage single spindle CNC lathes leads to the interaction of the shape forming system
segments. This can be definitely expressed in the mutual influence of the processes
performing in the different cutting zones. Let us consider the process of shape forming
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function construction as a formal operation of making correlation between the work piece and
tools systems of axes.
For multi tool machining the shape forming function is a set of functions [10, 11]

o _
o = 11 Aik—il,i N 1)

in which 1, =(x,,y,,2.1)" is a radius-vector of cutting tool points; r, = (X, Y.z 1)" — radius-
vector of cutting tool points in the work piece system of axes; | — number of segments of

|
shape forming system; ] Aikjl,i — general matrix of coordinates transforming; k; — coordinate
i=1
code of the i segment of the shape forming system.
This set of functions makes a correlation between any end segments of shape forming
system parallel structure of single spindle double carriage CNC lathes (Fig. 1).

T1

:
:

T2

:
;

>

c)

Figure 1. Configuration structures (a, b) and shape forming systems parallel structure (c) of main types of two
carriage single spindle CNC lathes: 1 — spindle box with spindle unit and work piece; 2 — lathe bed; 3,5 —
longitudinal bottom and top carriages correspondingly; T1 and T2 — turning cutting tools for bottom and top
carriages correspondingly; W — work piece to be machined

Let us consider the shape forming structure of single spindle two carriage CNC lathe
(Fig. 2). Both surfaces that are being machined are located on the same work piece that serves
as a zero segment of the shape forming system. Then the coordinate code of the shape
forming system for both of its branches is a codes composition of displacement matrix and
rotation matrix, K1 = K> = 631 [3].
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Figure 2. Shape forming system of single spindle two carriage CNC lathe

According to the discussed description of the shape forming process as well as
coordinate code of the shape forming system for its both branches the shape forming function
for the shape forming system of parallel action looks like

1 (1) —
'A23X)'r31

E: Agl((”)' Aigz(zl 31 @)
- Agsx?) 1y

r0_2: Agl((”)' Afz(z2

in which ry, , r,, — radius-vectors of first and second tools points correspondingly; ry, , o, —
radius-vectors of first and second tools points in the work piece system of axes; A% (p) —
matrix of rotation about axis Z ; A, (zl), AY, (zz) — matrixes of displacements along an axis
Z : AlL(xt), AL(x?) — matrixes of displacements along an axis X .

Assuming both tools as single point cutting tools E:e_“z(o,o,o,l)T ,

r3_2 = e_4 = (0,0,0,1)T and plugging matrixes of coordinate transforming in (2) we shall have as
result
{ Ty = [xl cos(p),x* sin(p), 2 ;L]T )

Iy = [x2 cos(¢),x? sin(p),z* ;L]r

Analysis of machine tool shape forming capabilities. The received shape forming
system function (3) gives also a possibility to evaluate the machine tool shape forming
capabilities that are the technological machining schemes possible to realize. The shape
forming system function (3) shows that in single spindle two carriage CNC lathes five shape

forming motions are outlined: spindle rotation (coordinate ¢ ); longitudinal (z') and cross
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(x') movements of bottom tool system; longitudinal (z?) and cross x> movements of top
tool system.
Let us discuss the external turning with single point cutting tools when the rounding

connections (L,,) and hidden connections (L,,) are of nonexistence [3], thatis L,, =L,, =0.

The number of segments performing the shape forming for both of parallel branches of shape
forming system is equal to n =3, and the number of independent variables in the point shape
forming is equal to m=0. Then the number of functional links for each parallel branch can
be defined from the dependence [3]

L,=n+m-2-(L, +L,,)=3+2-2-(0+0)=1 (4)

So asingle link is imposed on the shape forming motions of either parallel branches of
the shape forming system. According to [3] the maximum number of links for either of

branches is equal to a.,, =7, and the number of no permitted links is a, =1, because it is

forbidden to stop spindle in the machine tool. In this way the number of schemes of external
turning machining with first and second single point cutting tools can be derived as:
& =qy—a,=7/-1=6,a,=a,,, —a,=7/-1=6.

Having regard to the above the schemes combinations are obtained for different
surfaces external turning machining with two point tools using single spindle double carriage
CNC lathes. These combinations are represented in the Table 1.

The given schemes were obtained in the next way: combination of under run stops of
two among four carriages in the given positions (4 schemes); combination of under run stops
of one among four carriages in the given positions and links combination between two
movements in the first and in the second branches of shape forming (12 schemes);
combination of under run stops of one among four carriages in the given positions and links
combination of all of three movements in the first and in the second branches of shape
forming (4 schemes); links combination between two among three movements in the first and
in the second branches of shape forming (9 schemes); links combination between two
movements in the first and in the second branches of shape forming and links combination
between three movements in the first and in the second branches of shape forming (6
schemes); links combination between three movements in the first and in the second branches
of shape forming (1 scheme).

Table 1

Schemes combinations of simultaneous external chuck turning machining of different surfaces using single point
double carriage CNC lathes

Relation
between
variables | X, =05D; | z,=C;, | X, = t(zy) | X=plp) | ,=2(p) |2, =2,(x;.0)
In equation
@)
1 2 3 4 5 6 7
Machining
Machining | Machining | Machining | cylindrical | Machining | Machining
« =05D two cylindrical | cylindrical | surface and | cylindrical | cylindrical
172771 1 cylindrical | surface and |and profiled | a cam with | and helical | and free-
surfaces face surfaces | generating | surfaces |form surfaces
line
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(to be continued)

1 2 3 4 5 6 7
Machining Machining I;gigh;r?:jng Machining | Machining
face and | Machining | face and . face and face and
2, =C P , cam with :
cylindrical | two face profiled . helical free-form
generating
surface surfaces line surface surfaces
Machining
Machining | Machining | Machining | profiled | Machining | Machining
‘= f(z ) profiled and | profiled two surface and | profiled and | profiled and
1= "Y1 ceylindrical | surface and | profiled | a cam with helical free-form
surfaces a face surfaces | generating | surfaces surfaces
line
Machlnl_ng a Machining Machlnl_ng Machining Machlm_ng Machining a
cam with ..© | acam with a cam with .
. a cam with . two cams . cam with
‘= ( ) generating eneratin generating with generating eneratin
1= A1 lineand | & 9| “line and . lineand |2 g
o line and a . generating : line and free-
cylindrical profiled . helical
face line form surface
surface surface surface
Machining
Machining | Machining | Machining helical Machinin Machining
a helical and helical helical and | surface and N9 | helical and
7,=17(p) o : . | two helical
cylindrical | surface and | profiled | a cam with free-form
. surfaces
surfaces a face surfaces | generating surfaces
line
Machinin Machining
g Machining | Machining | free-form | Machining -
free-form Machining
free-form | free-form | surface and | free-form
n,=1(0.0)| and : ; : two free-
R surface and | and profiled | a cam with | and helical
cylindrical . form surfaces
a face surfaces | generating | surfaces
surfaces line

Symbols: D,, D, —cylinder diameters; C,, C, k — distances from faces to the beginning of
the axis system; f(z,), f(z,) — current radiuses of rotation surfaces in distances z, i z,
from the beginning of the axis system; p, (@), p,(@) — cams polar radiuses; z,(¢)= p,@,

z,(p)= p,p, ne p, i p, — parameters of helical lines

Thus in general we have 36 schemes of different surfaces turning machining with two
point cutting tools using single spindle double carriage CNC lathes. For another thing in
machining one and the same surface with two point tools (for example cylindrical,
% =X, =0,5D) using single spindle double carriage CNC lathes the 6 schemes of simultaneous

turning machining exist additionally.

By applying the given principle the scheme combinations of internal machining were
received as well as the schemes of internal and external different surfaces machining by two
point tools using single spindle double carriage CNC lathes.

Conclusions. It have determined that for performing the simultaneous turning
machining work piece surfaces with a few cutting tools the shape forming system of the
double carriage CNC lathes has a parallel structure with mutual segments. The basic units
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with a spindle and work piece act as these segments. On the ground of considering of the
shape forming system parallel structure as well as shape forming coordinate codes the shape
forming function model was developed regarding a single spindle double carriage CNC lathe
for performing parallel surfaces turning machining. The received of machine tool shape
forming system as well as the links system analysis allowed obtaining the list of all possible
surfaces combinations to be machined. In this way it comes possible to evaluate the spectrum
of shape forming capabilities of single spindle double carriage CNC lathes. The given shape
forming function is a basic one in the resulting accuracy structure model of modern single
spindle double carriage CNC lathes and enables to determine their shape forming possibilities.

On the assumption of received shape forming function model with regard to single
spindle double carriage CNC lathe in the near future it is planned to take an evaluation of its
output accuracy in the machining process of internal and external rotation surfaces taking
account to scheme combinations of parallel turning machining.
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MOJEJb ®OPMOYTBOPIOIOYOI CUCTEMHU TOKAPHUX
BEPCTATIB I3 IBOCYIIOPTHUMU IHCTPYMEHTAJIbBHUMH
CUCTEMAMMA

Irop Jlyuis; Biramiit Bosiomun; Banepiii Byxoseusb

Teproninbcokutl HayioHaIbHULU MeXHIYHUU YHigepcumem imeni leana Ilynios,
Tepnoninw, Yrpaina

Peztome. Cmamms npucésuena po3poOseHHI0 MAmemMamuinoi mMooeni Gopmoymeoproiouoi cucmemu
MOKAPHUX 6ePCTNAMIE 31 O80CYNOPMHUMY THCIPYMEHMATbHUMY cucmemami. Bcmanoeneno, wo 0aa 30iicHens
O0HOYACHOI  MOKApHOI  0OPOOKU  NOBEPXOHbL  3A20MOBKU  KIIbKOMA  DI3ANbHUMU  THCHPYMEHmamu
@opmoymeopioioua cucmema 080cynopmuux moxaprux eepcmamis 3 YIIK mae napanenvny cmpykmypy 3i
CRINbHUMU NAHKAMU, AKUMU € 6a306i 6y3nu i3 wnunoeirem ma obpobmosanoro demanno. Ilokazano, wo
HasBHICMb Y MAaKil (hopMOymeopIooUil CUCeMi 3a2allbHUX eleMeHmié Npu3sooums 00 63a€EMO0il NAHOK
dopmoymeopiorouoi cucmemu. Bona supasxcaemocs y enauei npoyecie, AKi npoxoosams y pi3HUX 30HAX PI3AHHS
00un Ha 00no20. [106y008y ByHKYIl POPMOYMEOPEHHS PO3ISHYMO 5K (DOPMALbHY ONepayilo 6CMAHOGICHHS
36’A3KY MIDIC CUCMeMaMy KOOPOUHAm 3a2omoeKku i incmpymenmis. Ha ocnoei yboco ma posenady napanenvHoi
CmMpYKmypu  (popmoymeopiorouoi cucmemu i KOOPOUHAMHUX KOOI8 (HOPMOYMBOPEHHS OMPUMAHO MOOElb
@dyHKYTT hopmoymBopeHHs 0OHOWNUHOETbHO2O 080CYROPMHO20 moKkapHozo eepcmama 3 YIIK Ons 30iticHenns
PI3HUX KOMOIHayill napanenvhoi mokaphoi o6poodKu nosepxots. Lli komoOinayii cmocylomvcs cxem HympiuiHbOi,
a maxkoxc 6HYmMpiwHbOI mMa 306HIWHLOI MOKAPHOI O0OPOOKU PI3HUX NOBEPXOHb 080MA MOUYKOBUMU
iHCmpymenmamu Ha OOHOWNUHOETbHUX 080CYROpMHUX mokapHuux eepcmamax 3 YIIK. Oyineno cnexkmp
DOPMOYMBOPIOIOUUX  MONCIUBOCEL  OOHOWNUHOETLHUX —080CYNOpMHUX moKapHux eepcmamie 3 HIIK.
Ioxasano, wo pi3Ho6uOU cxem 00OpOOKU NpU GUKOPUCIAHHI MOYKOB020 IHCMPYMEHMY 3anedicams 6io
KomOinayii  pisnux  pyxie  gopmoymeopiwiouoi cucmemu  gepcmama. Ompumana mooenb — QYHKYIP
@opmoymeopenHs € 0cHO80I0 8 CIMPYKMYpi Moodeni uxioHoi moynocmi cyyacHux moxapuux eepcmamie 3 411K
07151 6ba2amoincmpymeHmanibHoi 00pooKu.

Kniwouosi cnosa: moxapuuii eepcmam, Hopmoymeopenns, QYHKYis GOpMOYmMEopenHs, MOoUiHMHs,
MaAMeMamuyHa Mooeib, IHCHMPYMEHMANbHA CUCHEMA, O80CYNOPMHA CUCMEMA.
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