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Abstract: There is a modular serial robot noted TRTRR with two translation modules and three rotational
modules, and that is inside the manufacturing cell. In this paper is presented the geometric modeling using
matrix study. For the five modules are given step by step the position matrix and the final result if they work

as an assembly.
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1. MECHANICAL
DESCRIPTION  OF
MODULAR ROBOT

STRUCTURE
THE  SERIAL

The robot kinematics diagram type
industrial TRTRR, is shown in figure 1. This is
made up of the following: The vertical
translation module 1 (MTV), module 2 of robot
arm rotation (MRB), the module 3 for
translation in the horizontal direction (MT),
module 4 for the horizontal rotation (MR), the
guidance module 5 (MO) of the prehensiune
tool noted 6.

In figure 1 are highlighted following
notations: l; — the constructive parameters of the
robot, i=1+7; qx — generalized coordinates,
k=1+5.

2. GEOMETRIC MODEL DIRECTLY
FROM THE TRTRR SERIAL MODULAR
ROBOT ARRAY USING THE METHOD
OF ROTATION

In the center of gravity of each module
(1), i=1+6, is attached Cartesian reference system
Oxiyizi. Mechanical structure of the robot is not
in a known configuration, in accordance with
[Isp04] and [Det07], represented by the vector

column of the coordinates generalized, writing
with matrix as follows:

[a]=[q;k=1+5]". (1)
The rotation matrix [R]g is defined by

Oy Ogy O
[R]2= [is Y6 Z6]= Box [36y Bs,
Yex Y6y Y6z (2)

X z

is the next step in determining the geometric
model directly.

The point of the prehensiune in relation to
fixed reference system associated at the robot
base AoXoyoZo, 1s determined in accordance with
[Kha02], using the following relationship of

3 25 0

Matrixes that expressed the orientation of
the Oxjyiz; system in relation to the O x,yi.iz.
system have the following form:

’ (4)
¢4, —sq, 0
[R]lzz [Ez;CIZ]: sq, c¢q, Of
0 0 1
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Fig.1. Structural Scheme of Kinematics for the
Industrial Modular Serial Robot TRTRR

100 cq; 0 sq,]

[R]§2[13]: 0 1 0;[R]i:|-)74;q4]: 0 I 0|

0 0 1 -sq, 0 cq,]

()

1 0 0 1 0 0]

[Ri=[%5:95]=]0 cqs —sqs | [R]=[1,]=|0 1 0.

0 sqs  cqs 00 1]

(6)

Having regard to the written above can be
determined  following  relations,  which

expresses each axis orientation Ox;y;z; system in
relation to the system Ogxgyozo:

1 0 0f|cq, —sq, O
[RE=[RIM[Rl=]0 1 Of|sq, cq, 0=
0 1]]0 0 1
cq, —sq, 0
=|sq, cq, Of (7
0 0 1

cq, —sq, O0[|1 O O
[RI:=[R]3-[R]=|sq,  cq, OO0 1 0|=
0 0 110 0 1
cq, —sq, 0
=sq, cq, Of ®)
0 0 1
cq, —sq, O
[Rli=[R]: [R]i= |59, cq, O
0 0 1
cq, 0 sq, €44, —84, €459,
0 10 |=|sq.cq, cq, 59,59,
—-sq, 0 cq, — 54, 0 4,
)
cqgeq —sq cgsq (|1 O O
[RI=R[Rls= sqeq cq sasq [0 cg —sq |=
=g 0 cq [|0sqg cq
CqCq —SGCG+CGSqsG  SGSG+CGSGCG
=SqCq CGCG+SqSqsG —CqSq+SGsqcs |;
—SG CqsG cqcq

(10)
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Cq,0q 4  —Sq2Cqs +Cq,59,59s  S5q,59 5 +Cq,59 4¢q 10 0
[RIe=[R]:[R]i= | sarcqy  cqrcqas +5q,59,505 —cq,sq5+5q,59,¢q5 |-|0 1 0=
T 8q €q 459 s €q 4¢q s 0 0 1
€q,¢q,4 — 84,645+ Cq,59,59 s 84,59 s ¢4 ,59 4¢4 5
=189:¢9,  €42Cq 5 +59,59,595 = Cq,59 5+ 5G,5G 4¢G5 | - (11)
—5q 4 €q 459 5 €q 4¢q 5
In accordance with [Neg08], may be cqcq, —sq cqsq, |[0] [~lsq]
determined ~ the  orientation independent [ =[R[Fl=|sqcq cq  sgsq |1 |=| Leg |(19)

parameters, based on this equation matrix:
[Rli=Rla.-p,-7.)
in which the matrix & B is:
caci, coasfisy.—sacy, caspey tsasy,
Roc—f 3= s, sasfisy,+acy. sasBer,—casy,
-3, By, Ber,
(13)
By identifying matrix elements (11) with
matrix elements (13), the consequence of
independent parameters results the orientation
vector, in accordance with [Mar93] and
[Ghi04]:
[or, By N L PR PR (14)
Position vectors of each front couplers of

the system above, are shown with matrix as
follows:

0 0
w{ ! ]; [r];{o
L +q, Ly

1

0 0
[’T]j: |:15‘|; [7]:: { 6
0 0 (15)

By determining Cartesian components of
the translation vectors relative position can be
calculated Oixyz system in relation to the
system Ogxgyozo. SO:

0 1 0 0[]0 0
[ﬁ]m = [r][l}={ 0 ]; [5]21 = [R]?[f]lzz |:0 1 0}'|:0] = |:0
I +q, 0 0 1](L 1,

(16)
cq —-sq O 0 —(1, +93 )5,
[Pho=RI>[T3=|se cq Of|L+as |=| (L +as)

(12)

s[7l=

0
> [7]2: {17

0

0 0 1 1, 1
(17)
cq, —sq, 0]]0 —lssq,
[15]43 :[R]g'[f]i: sq, cq, O |l |=]| lseq, |
0 0 1 0 0
(18)

_S% 0 C% 0 O
[Pls=[R:lr=
cqeq —sqeq+eqsgsq  sqsq+egsqeg [0
SGCG  CAeGHSGSGSG  —CqsG+sgsqeq | |=
—sq, cqsq cq4cq 110
1, (— $q,Cq5 +Cq,5045q;5 )
=| 1,(cqcqs +59,5q45q;5)
17094895 (20)

In the end, determine the translation
vectors absolute in relation to fixed system
Ogxoyozo. Expression of their matrix is:

0
[ﬁ]lz[ﬁ]w: 0 5
I +4q,
0 0 21
ol =[]+ [li=| o [+]o|<| o | @D
I, +4q, L L +1,+q,

i 0
(7], = [7L + [7].= 0 ]+
L4+ 1, + g,
_(l4+q3)S6I2 __(14+q3)542 (22)
| CGrada, |=| (U +4q5)q,

/5 L+, +1 +q,

_(14 + 1 +Q3)Sq2
(L, +15+q5)eq, |+
L +1,+1+¢q,

[ﬁ]s = [17]4 +[17]54 =

—1lssq, _(l4+ls+ls+43)SQ2
| leeq, |=| (U +15+1,+q5)q, |; (23)
0 L +1,+1, +q,
_(l4+15+‘I3)S‘12
[17]5=[]7]4+[ﬁ]54= (14+15+Q3)CQ2 +
L +1,+1 +q,
—lgsq, _(l4+15+16+93)SQ2
(24)
+| leeq, | = (l4+15+16+‘13)c‘h ’

0 L +1,+1 +q,
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1,5+, +qp)sq | [1{-sqeq+cgsqsq)
[pl =[0ls HPlos| (LiHsHs+asleq 1 Licgeg +sqsqsq) |=
1+, +5+q lcgsq

1, +5+H+)sq +(-sgeg +cgsqsg)
(I 5+ +g5)cq +(cgeg +sgsqsq)
1+, +;+q +Hegsg
(25)
As a result of results obtained with
relations (14) and (25), obtain the vector

column of the coordinates operational, whose
expression matrix is as follows:

P | [+l +1+q)sq +L(-sqeq +casqsq))

Py | | LHl+l+q)eq +1(cgeq +sgsqsq)
P L+L+1+q +Legsg, (26)
XP= oo o

(24 %2

ﬂy q,

L 7] L s i
3. CONCLUSIONS

In accordance with [Isp06], [Isp04],
[Kha02] and [Det07], have been obtained
equations geometric model direct relationship
(26 ) for the robot TRTRR, which expresses the
position of the tool prehensiune 6 through a

point and orientation matrix elements by its
guidance.
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MODELAREA GEOMETRICA A ROBOTULUI SERIAL MODULAR TRTRR

Rezumat: Lucrarea prezintd modelarea geometrica a unui robot serial modular cu cinci grade de
mobilitate, care este compus din trei module de rotatie si doud de translatie. Robotul, astfel conceput,
face parte dintr-o celula de fabricatie, pentru care structura este impusa de miscérile necesare din punct
de vedere functional, pentru incadrarea in structura propusa.
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