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Abstract. This paper presents generation kinematics andtateiof generating kinematic chains for reguldygonal
surfaces processing turned by cinematic or numegeaeration. The shape for those faces directsrghtained
cinematically as a trajectory of a point or trougiotions numerically controlled. Generation kinemsition
conventional or CNC, mono or multispindles lathesahalyzed. There are established correlationsdastwnotion
kinematical parameters and tool and machined seidanstruction parameters.
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1. Introduction 2. Cinematic generation
Surfaces having polygonal and curved The principle of polygonal milling on the
directory with linear and curved edges, from lathe is known and applied to multispindle automa-
different parts have functional role which demandstic lathes [7] or some specialized machine too]s [5
certain accuracy. Significant examples are par¥When machining with specialized lathes, workpiece
surfaces with polygonal directory that can be can b (P) is fixed in each main spindlé/§) of the lathe
found in shaft — hub assemblies. [1, 5, 9] Such(Figure 1) and driven with spee. Also, tool T
surfaces have to meet dimensional accuracy, shageide mill) located on the longitudinal slides is
and quality conditions [8]. Taking this into accoun driven through a device in rotary motion with the
and the type of production machine-tool androtation speedr [2]. The slideLS stands on the
technological processes are chosen. guiding rail from the central tool driving druri+
For the lathe processing of parts havingand it is driven into feed motion along part axithw
regular polygons guiding surfaces, are used t@ certain feed ratevf. To generate a regular
generate two variants: polygon on the workpiece with sides it is required
— stopping the part driving shaft, for each that part and tool speed ratio to be equal to akie r
polygonal surface component milling. The tool between the number of sides of workpiece regular
effects the main cutting motion and the longitutlina polygon z= and number of teeth from the tonl
feed motion, followed by the angular positioning of [5, 6, 7].
the spindle and repeat the cycle for each sidaeof t . _NeT _Zp
polygon. This alternative is non-productive. The "E‘? 1)
shape of the generated directory meets the accuracy Both ratio being int h cutt q ¢
conditions. It is applied on certain specialized or oth ratio being Integers, each cutling edge o
the tool describes an elongated epicycloid E1H32,
CNC lathes. three-edged tool) which, in the central portioritf
— without stopping the rotation motion (circular (. ge QO)W Ich, In the central portio
feed) of the part driving shaft, by cinematic piece, approximates two opposite sides of the

generation of multiple curves by milling with milt ponganO?en(;]aet(ra;jtigrrl] thtf]g'ecgo(::]geli:g;l’ clements
head type tools having 1 ... 6 teeth disposed en thnamel , disgtanc 4 between gtool axish and the '
peripheral surface. [5, 7] Certain portion of theve y: i

approximates each one a side of the regular polygonpéei(lea?)('gg:s lirzg(e\?vi tlhn g%ufvghfor:L}&ebgoz‘ ussi?j((is
For this approach, processing accuracy of €9 polyg

each side of the polygon is lower, but productivity(square’ hexagon, octagon, decagon, dodecagon),

is high and corresponds to the repetitive manufactu?é;{ig?]r?f)emed the generation possibilities based

ring requirements. Those surfaces have the functio-
nal role of manual driving of the piece for fasteni
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a. b. ‘c.
Figure 1. Milling generation of the polygonal ditexy: a — tool and workpiece positioning; b — ctated motions;
¢ — trajectories that define sides of the directory

AT
n=3n, .\
o
Ci=12/4
Figure 2. Manufacturing possibilities
For a specific number of sides of the piecerotation axes of main spindle.
there are two or even three solutions possiblénén Adjustment of main spindles speed is attained
case of the dodecagon). It is necessary to choosewdth change gears type mechaniski,).
tool with the number of cutting edges in order to In order to increase machining productivity

have the lowest speed of the tool. Thus, the maifior the multispindle automatic lathe, the speed of
milling spindle bearing wearinilS; is diminished. the control shaftAC is low during the working

Correlation of tool speed and piece speed, acagrdinstrokes and is high in auxiliary strokes. Low speed
to relation (1) is assured using change gears oof the command shaft is also adjusted using the

numerical controlled axes. change gearsAE/Bs) The feed rate is determined
by the angle of working sector of the cam [6]. A
3. Polygonal surface milling on lathes complete rotation of control shaft corresponds to a
3.1. Cinematic structure of a multispindle lathe fully processed part.
Multispindle automatic lathes with automatic KC cylindrical cams and disc camikD

control systems through control shaft and cams havensure radial motion of the lathe longitudinal e$id
one electric motoke (Fig. 3) which drives [4, 10]: LSand radial slide®S (figure 1,a).

— main spindleMS (a number of 6 or 8) fixed in In figure 5, tool and part position in the case
rotating drumTMS very important assembly of of four side polygonal surface manufacturing is
lathe; presented. The director and generator curves are

— control shafts AC, on which are located rectilinear and have high precision conditions.Suc
cylindrical camsKC, disc camsKD and coupling machining can be made on the lathe whose structure
MCC of Maltese cross mechanisviC, for periodic  is presented in figure 4. The tool is placed into a
rotation and indexing of the main spindles drum;  seat of the turretRH; on his radial direction.

— rotary tools, among them the tool located in theéNecessary motions for the generation are supplied
polygonal milling device PMD (figure 1, a) by the cinematic couplesR{ — main cutting
mounted on one of the longitudinal slide§ with ~ motion, (Tr1) — transversal feed/positioning motion,
independent feed, of the polygonal drdi. This  (Tu) — longitudinal feed/positioning motion and
one has 6 respectively 8 flat surfaces, parallghéo (R — G axis (positioning motion).
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Figure 3. Mechanisms from an
automated multispindle lathe

Figure 4. Turret lathe with two coaxial symmetrical
main spindles

Figure 5. Polygonal milling

Polygonal milling device takes over the
rotating motion of the shaft, which motion is
strictly correlated with main spindles motion,
trough the reduceRy;, and transfers it to the main
spindle which drives the tool.

The tool used for polygonal milling has

milled teeth. The number of teeth of the tool is
chosen based on the number of sides of polygon
from the piece. Edges constructive geometry (angle
of clearance and angle of departure) is established
depending on piece and tool material, but there are
checked the active entrance/exit angles of the tool
to/from the contact with the part.

Z, 7,

Co
Figure 6. Parameters of milling generation for a
polygonal directory

Point M of each tool tooth edge describes a
closed trajectory (D). We consider the piece fixed
and machining made by cut-up milling (to increase
the angle®p). Circle Cr belonging to the tool, rolls
on circleCp belonging to the piece, so that:

_Re
@=-"¢, 2
R, (2)
which brings us to respecting the equality of
frequencies expressed in equation (1).

One point N, located & radius describes a
directory path lengthened (shortened) equations
whose parameters are reported in the paper. So that
the trajectory passes through point A it is neagssa
to make proper positioning of{@&nd Q centers, so
that radiusRt and Rp respect the condition (1),
those radius are expressed by relations:

Re + Ry
=Zp—————, 3
Re vz €)
respectively
Re + Ry
=z, ——. 4
Rr ey (4)

From the technological point of view, it is
important to know also the module of speed vector

Vp , Which is tangent to directoiy. In relation (5),
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the upper signs refer to cut-up milling, and the Accuracy for the generation of regular

lower signs to the cut-down millingv, variation  polygon sides that defines the surface of the part

depends also on angl@, as size and direction processed is lower. It results a maximum errohat t
P 9@ " middle of each side and a minimum error at its

Accordingly, the active geometry of tool cutting engs. processing productivity is much higher timan i
edge will be modified. [3] The non-straightnessne case when the main spindle stops.

(AY pmay Of generated polygonal surface directories, Choosing appropriate constructive parameters
defined byz, andR. parameters, depends @g, zr  for the tool ¢, R/R) one can obtain the imposed
and Rr. The deviation can be positive or negativevalue for the AY,n.x deviation. The condition
[5]. For z=<2z the directory of polygon sides results expressed by relation (1) is assured through precis

always convex, regardlessRf/R; ratio. correlation of the two rotation motions, with spged
R 2 2 R ne andny, using two horizontal C axes.
Vo =R [1+Rrj +[§P¥lj 1{1+RFI§P iljﬁtogzé}op (5) The trajectory and the module of speed vector
T T T

V, allow the definition of components and directory

cosine and the active angles of generative cutting
Most numerical control lathes allow edges of the tool. Coordinate systemg¥y, and
Y +OZ: can be assured by axes numerically controlled

correlation between rotation motion of the piece : L .- .
mounted in the main spindle (axis C) of the lathe®! (e lathe figured in fig. 4; origin points-@nd G

and rotation motion of the tool, mounted on milling Wil b situated on the same line form the plane.
main spindle from the turret. On this line, numatic Ref
control equipment has the following specialized ~& & €NCES .
f i f . 1. Catrina, D., Bogdan, TFErezarea poligonal pe strungul
unc 'On_s_ or prograrr_\mlng. . . automat multiaxe (Polygonal milling on automat makis

— auxiliary M functions for selection/cancellation lathe) Technologies, Quality, Machines, Materials,
of polygonal milling; Tehnica Publishing House, vol.21, 1994, p 233-238N

— preparatory G functions for selection/ =~ 973-31-0952-5, Bucuresti (in Romanian)
cancellation of polygonal miIIing' 2. Catrina, D., Mgala, |.: Eroarea de cglla prelucrarea pe

. . masinile - unelte cu comardnumeri@ (Angle error on
— addresses that allow the introduction of tool and  cNC lathe) Proceedings of the™National Conference on

piece speed ratio in integers and direction oftineda Machine-tools,  Polytechnic  Institute, p. 173-182,

rotation motion between the two shafts, the piece3 DCNMUZ’8T2: 23-24 Alprlll 1983_1 BUCU?C(IH_RomaF:Iang )

shaft and, respectively, the cutting tools shaft. - Duca, Z.:Teoria sculelor gchietoare (Cutting tools theory
Feed mgtion anyd radial ang axial positionin Tehncia Publishing House, Bucstie 1967 (in Romanian)

p 94, Ghionea, A., Zapciu, M., Vintilescu, A., Ghionea:
are usually programmed on the two CNC axes: Z calculus of an angular positioning kinematical chayith
axis - longitudinal and X axis - radial. electromechanical driveAnnals of the Oradea University,

Fascicle of Management and Technological Engingerin
; Vol. lll, May 2009, p. 266-273, ISSN 1583-0691, Gea
4. Conclusions . . . 5. M&ala, I., Predincea, N., Ghionea, A., Aurite, Ralygonal
_The paper presepts the' generation kmema’qcs, surface generating kinematics by millintylachine-tools
possible variants and cinematic structure of maehin manufacturing Journal, no. 3, 1995, p 40-46, ISSV39
tool, devices and tools used for polygonal milling. 7419, Editor: OID-ICM Bucurgi _
Regular polygonal milling with stopping and 6. Petriceanu, Gh., Gyenge, Cs., MorarPlraiectarea proceselor

R ; . . tehnologice si reglarea strungurilor automate (Design of
repeatgd positioning of th_e main shatft is aCh_'md technological processes and automat lathes contf@hnica
numerically controlled horizontal lathes. A minimum Publishing House, Bucuté 1979 (in Romanian)
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Polygonal milling using generation of o V'Y/'U”ﬁthe”'}jgizo ionslehre fir Maschineningen
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; ; ; ; Fundamental theorems).“Dunirea-de-Jos” University
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3.2. Basic aspects of machining on CNC lathe
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