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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 kinematics 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. In this paper there is the direct kinematics modeling and this is the continuing of the

geometric modeling of the TRTRR robot.
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1. INTRODUCTION

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.

2. DIRECT KINEMATICS MODELING

After shaping the robot direct geometric
TRTRR as shown in Figure 1, has been
obtained from the vector column of the
operational coordinates.

Homogeneous transformation matrixes
can be determined using the rotation matrixes
and of position vectors obtained in geometric
modeling. These matrixes of homogeneous
transformation are set out below, in accordance
with [Pop78], [GuilOe] and [ISP04]:
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Fig.1. Structural Scheme of Kinematics for the
Industrial Modular Serial Robot TRTRR

(14 +15 +14 +Q3)SCI2
I +15+14 +CI3)°CI2

€q,Cqy —8(,C(s5 +C(Q,8(458(qs  S(,8(5 +€(q,504Cq5
[T]O (t): 8q,Cqs  €qQ,CQs +5(,8048qs  —C(q,8(5 +5(,5(4C(;

—_ |

TS Cusds s 4 hrbtlita
| =y +15+1g+qs)sq, + ]
CqCqy  —8q5€qs +Cq,8q48qs  Sq,8qs +Cq,8q4Cq5 |
___________________________________________ |+ 17 (= 59,095 +09,50,595)
0 po 0y +15+1g +q5)cq, +
[T]()(t): 8q,Cqs  €q,€qs +8(,8045qs  —Cq,8(5 +50,8q4Cq5 | T e
___________________________________________ |+ 17(ca,0qs +505504895).
e “Aadds % il *l gt lhedasas
|0 0 0 : 1 I o
Homogeneous transformation matrixes  Then, result:
established following geometric modeling is 10 0 cq, sq, O
usgd to detgrmine the kinematics parameters [R]i):[la]{o 1 0];[R]f =|-sq, cq, Of;
®;, Vi, g,a;.Using the relationship below is 00 1 0 0 1
likely to determine the inverse of rotation 100
matrixes: R =[1;]={0 1 0f;
; T . 0 0 1
R], =[R; 1] =[R; T. ®) )



cqy 0 —sqy] 1 0 0
RE=| 0 1 0 [[RE=|0 cqs sqs:

sq; 0 cqy | 0 -sq5 cq;s

[R]; = [13]{

S O
S = O

o
0.
& (10)

The unit vectors of kinematics axes (Fig.
1), are shown with matrix as follows:
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Kinematics elements expressions,
transposed with matrix, corresponding robot
base, are the following:
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Operational ~ rotation  speeds  are

determined by inverse matrixes and with the
kinematics parameters. So:
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1 — 5449, + 45
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~4,5G +q,cq:¢4,

In accordance with [Ber93], [Neg01] and
[Neg08], with opposite symmetric matrix 3x3
of the type {6 x}, in which ® represents the

vector angular speed, it is of the form:

0 -0, o
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-0, O, 0 (19)
Vector products and double-vector

products which still appear shall be expressed
in accordance with the relationship (19).
Linear speeds expressions transformed into
operational matrix are the following:
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1 0 010 0 q2 q,
el Rl { 1 } HH %)
0 0 110 0
(26) [cq 0 —sq|[0]
e e O B iiE 0 1 0 flo
(R R @iy B+ R eA —sq cq OO sg 0 cq|&]
L0 0 1[0 cg 0 —=s¢|[0 —¢ O][0] [0 [~dsg—ddcq]
cqg sg 0[[0 00| [0 ol [0 01 0 g O OFHqgHaq|= 7
~s¢ cg 010 0 0}¢{Opg 0= 0 s¢ 0 cq |0 0 OfjO0] [O]f | ¢cq—44sg |
0 0 I{[000] |1 1 |4 (29)

(27)

S e




251

[B13=[RI3-[eli+ RIS @ % ds 35 + s -1 )
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+ [q45% —q;5(G,0a, — 4204594 )— 45 (- d,5q5cq, —q4cq5)]17 +
o+ laueas +dpsaseay) (Cdpsatdy
CQ?f— Q51 +15+a5)+ ;5 +-c’q,q5 —sq,43 )16 +
+58q;5 {SCI4 [_ o (1 +15 +95)-24,4; ]"‘ cq,(d, +g)+
+(= 6,594 — 4244694 )16 +dod416cq, §+[(- d0q4cq5 +dusqs)-
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Kinematics operational parameters in the system OgX¢yszs may be written, in accordance with
(ISP04), following form:
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cq, [_ q, (14 +15+q; )_ 29,4, ] —Sqy4 (th + g)+ ('Cizc% +059459, )16 — 444139, +]
+ [q4SQ5 —cq;5(G,cq, — 4,459, )~ q5(—d,5q5cq, — C.140(15)]17 +
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L — {4895 "‘CCIS(%C% _Q2Q4SQ4)+Q5(_ q,895¢q —q4cq5) i (39)

fixed system operational Ogxpy,z, at the base
Using relations of processing, the  robot. Those relations are:

kinematics parameters can be determined of the  []0=[R]%[V]¢, (40)
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[a]s=[R]6-[al5.

| G359, — 45175959554 —24,441759,595¢q, +dsl56q,5q4¢qs +dsl;5q,5qs + |
+2q,9;51,¢q,5q5 +c';[§l7sq2cq5 +c'1§155q2 —i—q3c';[§sq2 +q§14sq2 -
—q,lgeq, —q,l5cq,0q5 —q39,¢q, —drl4eq, _(.lzle7CCI2S(]4qu -
—Q§17CQ2Sq4SQS —2q,4;¢q, —qslscq, +q%17sqch5 +qg165Q2 -

—2q4,451789,¢958q,4 +q41;,¢q,¢q,48q5 +24,4451,¢q,¢q,4¢q5 — Q§I7CQ2SC14SC15

—q,lesq, - qglﬁ‘lzc% — 430,89, — C'142;17quSQ4Sq5 +24,9517,59589;5 —

—q§l7sqzsq4sq5 _CI§16C(312 — 24503592 —d2l4s0; _Q§14CCI2 —qslssq, -
[5]2: —{sly5q,0q5 — q%150q2 - ‘313613“12 +03¢q; — qgl7¢‘lz¢¢ls —(sl;cq,8qs + )
+341759,09,595 +20,4051,50,¢q4¢q5 +24,451,¢9,¢q550, —q51;59,3q,5qs +
+,1,69559559, +29,941,69,895¢94 +q51759,894¢9;s

q;tg- qil7cq4sq5 —q4l;8q,895 — qgl7¢‘l4sq5 —24445178q4¢q5 +qsl,cq4eq;s

- - (43)

05C0,C0, —0204Cd, —G405C0,S0, — 0450, —20550,C04

[E]g: [R]g' [E]g 1[5]22 0550,C04 — 020450, — 040550,S04 +04C0, +3,05C0,C0, |- (44)

d, —GsS04 — 0405C0y
In accordance with [Isp04], relations (41),  operational speed and acceleration in fixed
(42), (43) and (44), may be expressed system OgXoyozo. So:

_Q417CQ2CQ4SQ5 =389, —q,178q,8q,48q5 +q5178q,8q5 —q,q3¢q, —149,¢q; —15q,¢q, ]
—ls9,¢q, +451,¢q,8q,¢95 —q,1,¢9,¢q;s

456, —45l,0q,805 — 4,580, — 144,80, — 150,50, —160,5q, +d,l58q,0q,595 +
[; +q,1,¢9,5q,45q; TQS17SQ2SQ4C% _9217SQ2CQS
q; —941,8q,4895 +45l;cq5cq,
q5€q,¢d, — 4489,

(58q,¢q4 + 449,

L q2 —q55q4 1 (45)
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— {389, —q51759,59 5594 —29,9,41,8q9,5q5¢q 4 +dsl;¢q,8q 4695 + 517895595 +
+24,451,cq,5q5 +G31,59,6q5 + 51559, + 934559, + 31,89, —
—q,lecq, —d,lseq50q5 —q3G,09, —G,lsueq, _qut17qusQ4SQS -
_51217“125(145(15 —2q,43¢q; —qslseq, +qg17SQzCQS +q;165Qz -
—24,q51759,6q559 4 + d41769,64,459 5 +2d4451,69,¢9,46q 5 — 451,69,59,459 5

— 51650, —431700,05 — 458,50, —431,50,50,50 5 + 24,050 80895 -

X]O _ —q§17sqzsq4sq5 —q%l6cq2 — 24,4359, — G,l4sq, —q§14cq2 —Gslssq; —
—d,1,59,¢q5 — 31569, —q3q5eq, +§5¢q, —q3leq,eqs —Gslyeqysqs +
+41750,69 4595 +2d4q51,59 50,4645 +2d,451,6q,69 539 4 — 31759 ,5q 43q 5 +

________ 4217045595594 +245441745595090 + 4517892590095

q +g—qil7cq4sq5 — {41789 4895 _Q§17CCI4SC15 —2Q44951,8q4¢q5 + qsl;eq eqs
45€9,694 — 4,949, — 4445692594 — G489 —q24559,¢q 4

L 4> — 45594 —4495¢q, 1 (46)
[Det07]. Detesan, O.A., “Cercetari privind modelarea,
3. CONCLUSIONS simularea si constructia  minirobotilor”, Teza de
doctorat, Universitatea Tehnica din Cluj-Napoca,

Equations (39), (40), (45) and (46) are 2007.

dlrect klnematlcs model equatlons Wlth Wthh [ISpO4] Ispas, V, ,Manipulatoare §l }"ObOﬂ lndustrlall”,

can be determined the kinematics operational Fsdéﬁraggli%:_tgi;_lgPedagOglcﬁ’ Bucuresti, 2004,
parameters of the prehensiune device in relation [Kha02]. Khalil, W. "Dombre. E. “Mo deling

to the reference systems (Te) and (To). identification and control of robots” Taylor &
Francis, Inc. Bristol, PA, USA, 2002.
REFERENCES [Pop78]. Popescu, P., “Mecanica. Cinematica” Atelierul

de multiplicare al [.P. Cluj-Napoca, 1978.

MODELUL CINEMATIC DIRECT AL ROBOTULUI SERIAL MODULAR TRTRR

Rezumat: Lucrarea prezintda modelarea cinematicd a unui robot serial modular cu cinci grade de mobilitate, care
este compus din trei module de rotatie si doua de translatie. Robotul, astfel conceput, face parte dintr-o celuld de
fabricatie, pentru care structura este impusa de miscarile necesare din punct de vedere functional, pentru incadrarea in
structura propusd. in aceastd lucrare se propune modelarea cinematici a robotului TRTRR, care este continuarea
fireascd a modelarii geometrice.
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