W

631

TECHNICAL UNIVERSITY OF CLUJ-NAPOCA

ACTA TECHNICA NAPOCENSIS

Series: Applied Mathematics and Mechanics

Vol. 54, Issue 1V, 2011

THE GEOMETRIC EQUATIONS OF TWO MACHINE TOOL TYPE 3T3R
IN COOPERATION

Ancuta MIRCEA, Kalman KACSO, Iuliu NEGREAN, Ioan VUSCAN,
Radu MORARIU-GLIGOR

Abstract: In this paper are presented the geometric equations for the most and complex structure type 3T3R
— 3T3R. The structure is compound from a positioning and orientating structure of the TOOL and the other is
afferent of the PIECE. Both structures are in cooperation on a platform commune. Starting from the general
cooperating model type 3T3R — 3T3R the equations can be applied for any type of kinematic structure.
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1. INTRODUCTION

The cooperating and general structure type
3T3R-3T3R is compound from a positioning
and orientating structure of the TOOL and the
other is positioning and orientating structure of
the PIECE (fig. 1).

Cooperating

3T3R-3T3R

Tool
3T3R -
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Fig. 1. The cooperation of the positioning and orientating
structure of the TOOL and of the PIECE

1.1 The direct geometry equations

To achieve the equations of the cooperating
general model of structure type 3T3R-3T3R
are facilitated by the fact, for both structures, of
the TOOL and the PIECE was determinate
independently the direct and inverse geometry
equations (see Acta Technica Napocenis no. 54,
vol. 111, 2011).

Having for both structures the equations, it
can be determinate the direct geometry
equations for the structures type 3T3R—3T3R.
For that, are necessary the equations of the last

system of the positioning and orientating structure
of the TOOL and of the PIECE.

In the action of cooperating of both structures, it
follows that, the workpiece, represented by system
OpXpYpZp ={P} symbolized according to figure 2,
to be machined by the tool represented by system
OXsYsZs ={S}after a certain technological
process. By a series of homogeny transformations,
as follows, the cooperating tool-piece noted with
T, can be expressed with relation:

TSP = (TPO )_1 'Tso (1)
where
T,— represent the
OgXsYsZs ={S} in rapport with the system of the

system of the tool

piece, OpXpYpZp ={P};
(T.o) ' — represent the transposed matrix of the
system of the piece O.x,y,z, ={P}in rapport
with the fixed systemO,x,Y,z, = {0} ;
Tso™
OxsYsZs ={S} in
system O, X, Y, 2, = {0}.

The cooperation of the tool and of the piece
can be expressed by the next relation:

represent the system of the tool

rapport with the fixed

TSPoo T5P01 Tspoz TSPos
T _ TSPm TSPM TSP12 TSP13 2
T, T T T @
SPy SP,; SPyy SPy3
Tspso T5P31 T5P32 T5P33
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Fig. 2. The kinematical structure type 3T3R — 3T3R in the zero configuration (the cooperation of the structures
3T3R - 0 type portal and 0 — 3T3R type table)

The components of the equation (2) are
obtained with the aid of orientating matrix
Re» which express the orientating of the tool

system {S}from system{P}. In this way it is

use the relation: Ry, = R("es; *Bss "7ys )

R ER( "o B P?’ys):

=80 *SPs *SVys +COs Clys  —SUs *CPs SO SPs *Cys +Cls Sy s
=| Clt -SBs SVys +50s 'CYys  ClsCls  —Clls ~SPs "Clys +50s "Cr s
—fs 57, vs $Bs s -Cy. VS
3)
From relation (5) result the column vector
of the positioning and orientating parameters,
define with the next calculus expression:
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Having all parameters, the positioning

pP— P P P s
pz pX p -
. Psp ( sP u ysp) vectors P> can be wrote as:
Xsp =| oo = 4)

by ¢ (0o )5 (z ) =B, € (g ) (0 ) + 2 -5 (o ) S(0hiz )~ s S ( 0l )5 (hz )~
~dy5(0ho )5 (Ao ) s 5 (o ) (G )~ 7 +5(ho )5 (Ao )+ (0 ) -
~C(0lyy ) C(0z ) Us +€ (o ) S (Ghz ) G =€ (0o )+ (z )+ Ty + (o )-
=5(g ) $(h ) Gs —dy +C (0o ) -€(0hp ) S (s ) + 5 (0l )-
+0, € (o )-C(0lz )5 (lyy ) + g € (g ) -¢(0p ) S (0l
Posp =9 =C(tho)-€(iz)5(s ) Ay +C(0yo )€ (T )-8 ( 0y )-
~C(0z )+ S (0o )+ (s ) G +by € (02 ) S (Go )+
~ds-c(d, )c(ay)-c(0 ) 5(0 ) —ds -c(ds
~ds -C(0l )-5(0l )-5(0 )5 (0, ) —ds (05 ) -C
—ds -c(d)-¢(0s )¢ (0l )-5(ds )5 (0l )+ s - (
~ds -c(0y, )-s $(0s ) s(0ho ) s(h)+ds -C

0y — )

)
s(d
)

q
(a.)-

b1~c(q10) ¢ 12) bz'c(qlo) (Q12)+d C(Chz) 5(
_de'c(qlz) S(qm) dA'C(qlz) (qlo) C( °S
;¢ (0z )+ (to ) + € (0o )€ (0l )0 (qlo) ¢
+C (0o )€ (02 )+ —€ (s ) $(0h ) G + (0l )-
~C(2 ) S(ho ) Gg +; -C (00 )-S( iy )-5(s2 ) -
. ~0; () S(hy ) S( sz )+ € (o )-5(0y)-5(2 )~ s c(ql
Py =1—07 C(th ) -S(0)-s

):

)5tz )+ € (o) 5(0hs)5(0hz ) 8> =€ (o)
=5 () 5(0h)-s(a

q

):

q 0
)+ +5(0 ) S (G ) S(0h )G by - S(
5+C(0s )-c (0
+dg-c(q,)-c
):
):

( ) 5(q12)-qg— (6)
2 q
+b, -5(0ho ) 5(0t )-5(0, ) - d
5 ¢ (o )¢ (0 ) 5(0s )-5(0%)
~ds ¢(0,)+¢(0 ) C(0ho )€tz )-5(0ls )~ s -
+ds¢(0g )€ (0t )5(0s )-5(0s ) 5(0z ) + s -5 (gl
+ds ¢ (a, )¢ (0 )-5(0s )5 (ho )

-5y ) +
—d, - (qlo).c(qll)_
- C(qlo) (q11)~q9—C(qll)-s(q10)~ql+
A —ds ¢ (0 )5(0s ) (0 )~ ds -¢(dls )€ (0l )-C (0l )-C (s ) -
5) () 5(0s) 5 (0u ) +dsC (0 )-5(0s)-5(0s)5(0ho ) -
(
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1.2 The inverse geometry equations the system of the tool. Are wrote a series of
equations between the systems{0} - {S} - {P},
In this'case'the input dgta are the positipn system noted withT,,, and meaning:
and the orientation of the piece in rapport with
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s s s P
Ap  Pox Ve Pysp

R o0 e, B © P Having the final results of the positioning
T.. =| s Psp - Py Py Vry Pysp . . . .

000 1 S, Py Ve Pase and orientating coordinates relations (10) and

0 0 0 1 (11) in the case of the tool-piece cooperating,

®) these through particularization can be applied
to any type of kinematic structure.

The positioning vectors PE(S(;) are explained 5 CONCLUSIONS
with the relation:

~Pp €08 (atp, )+ (b, — Py )-COS( By, ) + Mathematical modeling of the structure
. +(dy +d, —d, —d, —ds — p,p )-€0S (75 ) type 3T3R-3T3R represent an important
e realization, because starting from this it can be
o —Pye €0 (tpy )+ (0= Pye )-c0s(Bpy )+ | (9) determinate the generalized coordinates for any
"= P =] (0,40, —dy—d, ~d, — pp)-cos (7, ) type of kinematic structure. Also open new
JSd I research directions about the modeling and
Pse || —p,, -cOS(cpy )+ (B, — Py )-cOS (s, ) + simulation of machine tools by applying on that
+(d; +d, —dy —d, —dg — pyp )- €08 (75, of locating matrix, usually apply on robots.
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P P

Tep,, =—COS "fyg-SIN "y

b b = 0Gqs (11)
Tps,, =C0S "S5 -COS "y,s
T =-sinFa, -cos"p

SRy S xS

b b = Uiz

Tsp, =COS "ty COS " Syg

Ecuatiile geometrice a doua masini — unelte de tip 3T3R in cooperare

Rezumat: In aceasta lucrare sunt prezentate ecuatiile geometriei directe si inverse pentru cea mai complexa structurd de
tip 3T3R —3T3R. Aceasta este compusa din o structura de pozitionare si orienatare a SCULEI, cealalta fiind aferenta
PIESEI. Ambele structuri sunt in cooperare pe o platform comuna. Pornind de la acest model general de cooperare de
tip 3T3R — 3T3R ecuatiile geometriei directe [ 11 inverse pot fi aplicate pentru oricare tip de structura cinematica.
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