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THE DYNAMIC MODEL OF TRTTR1 MODULAR SERIAL ROBOT
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Abstract: A dynamic study of TRTTRI modular serial robot with five degrees of freedom is performed in
this paper. The authors use Newton-Euler formulation. Some general considerations on the Newton-Euler
iterative method are presented first, and then they are applied for determining the dynamic equations of
TRTTRI robot. The dynamic modelling is performed using the symbolic modelling program, called
Robot _Symbolic, the module Robot Dynamics. The program assumes that the mass distribution
parameters and the geometric and kinematic parameters from the robot geometric and kinematic
modelling are known. The robot mechanical structure is passed by outwards iterations from the
beginning, obtaining the torsor of the external forces. Then, the mechanical structure is passed by
inwards iterations, in order to determine the torsor of contact forces and the generalized driving forces
from robot’s joints. The expressions of these generalized forces are the system of motion differential

equations of the robot.

Key words: serial robot, dynamics, Newton-Euler formulation.

1. THEORETICAL APPROACH

1.1 Newton-Euler Dynamic Equations

The general motion of a rigid body can be
considered at a given time to have in its
composition two simultaneous motions: a
translation with the wvelocity v, and the

acceleration a, of its mass centre and a

spherical motion about the mass centre with the
angular velocity ® and angular acceleration €.

The mass centre motion theorem is applied
for the dynamic study of a rigid body in a
general motion. For this purpose, Newton
equation and the kinetic moment theorem
applied with respect to the mass centre (Euler
dynamic equation) are to be used [l].
According to this method, for the dynamic
equations determination, d’Alembert principle
has to be applied for each element from the
robot’s mechanical structure.

Fig. 1. The element i separated from the adjoining elements
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From the dynamic equations written for the
element 7 (fig. 1), considering that:
Fji,. =-M iaci-
and
sz :_I?Lf. :_Ji*gi - XJi*ai:
the vector expressions of F/, ]\71’0 can be

obtained, yielding:

F'+F/+F +F =0
ME,JFML*M' +Fcfx17ii+ (1)

101+1
—i Ui gl L LT

The generalized driving forces Q' ,i=1+n,
from the joint i are obtained projecting the
vectors £}, M, on the joint axis, of versor &/ .

Therefore,

F k!, for translation joints,

0, = 2)

M -k, for rotation joints.

1.2 The Iterative Method

Using the iterative method presented below,
the dynamic equations of a robot are
determined, which emphasize the generalized
variables, the generalized driving forces and the

element 1
M, T) \z"

contact forces appearing between the robot
parts. The computation algorithm is based on
Luh-Walker-Paul method [2] and it has two
stages:

1. Iterations outwards the end of the robot
structure.  Using Newton-Euler dynamic
equations, the wvelocities and accelerations,
linear and angular and the external forces and
moments are determined for each element i,
(i=1+n), from the robot’s structure.

2. Iterations inwards the mechanical
structure of the robot. According to this stage,
the torsor of the contact forces between the
elements 7, i+1, i.e. the generalized driving
forces from the kinematic axes are determined
for each element 7, (i=1+n), of the robot.

According to the kinematic structure of a
robot with n degrees of freedom (fig. 2), [2],
[4], the dynamic equations of a robot can be
established. The kinematic structure of the

robot is previously modelled from the
geometric point of view.
Passing those iterations, outwards and

inwards the robot’s mechanical structure and
considering the relation (2), the generalized

driving forces Q! are determined, representing
the dynamic model of the robot:

0, =ap [ E+(-a)FT-E+0. ®

. Zit]
i+1

M
10i+/6i+1
m

(Tis1)

Xn+1

Fig. 2. The kinematic structure of a robot with n degrees of freedom



where Q} is, according to [3], the generalized

force due to frictions and it has the expression:

Q} =bg, + Q}( . 4)
The parameters b; and Qj‘; from (4) are:
b; — the viscous friction coefficient;
Q, ~— the generalized force due to dry

frictions (Coulomb frictions) and it has the
expression:

Qlf =Ag, %‘E X Flf‘sgn g, +

)
+(1- A,-)Ci‘lgti % E;‘sgn 6

In the above relations, ¢; represents the dry
friction coefficient, and d; is the spindle
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diameter from the rotation joint.
The system (3) of dynamic equations can be
written as:

0,0)=10.()= (g, j=1+n)i=1=n] (6)

and it represents the dynamic model of the
robot having n degrees of freedom.

The column vector of the generalized
driving forces within the direct problem of the
robot dynamics is known. The following
functions are determined:

70)= 0, 0f=la.)ri=1+n], (@

representing the motion law of the robot in the
configurative space of states.

Fig. 3. The kinematic structure of TRTTR1 modular serial industrial robot
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Within the inverse problem of the robot
dynamics, called the inverse dynamic model,
the functions q(t) are known and using the

relation (3), the generalized driving forces
Q,l (t) are determined.

Using Newton-Euler iterative method, the
elements of torsor of contact forces between the
robot elements can be determined.

2. THE DYNAMIC EQUATIONS OF THE
TRTTR1 ROBOT USING NEWTON-
EULER FORMULATION

The dynamic model of the TRTTR1 robot,
whose kinematic scheme is presented in fig. 3,
will be determined according to [5], [6], [7] and
[8], using the symbolic modelling program
Robot Symbolic, the module Robot Dynamics.

In order to apply the formulation, the
geometric and kinematic model have to be
completed, the mass distribution parameters
have to be well established and the following
simplifying hypotheses are enrolled:

- the mass centres C; are chosen into the
origins O; of the frames Oxyiz;, i = 1+5, the
mass centres position vectors being therefore
cancelled;

- choosing the mobile frames such that their
axes coincide with the principal inertia
directions, corresponding to these frames
origins, resulting in the cancelled centrifugal
mechanical inertia moments.

According to [9], in the table 1, the mass
distribution parameters are presented: the
element i, the mass of the element i, the mass
centres and the inertia tensors.

Inthe table 1, J., J), J.',i=1,2,3,4,5,

are the axial mechanical moments of inertia,
with respect to the frame i, with the origin in
the mass centre C; and having the same
orientation as the frame attached to each robot
element.

The acceleration corresponding to the mass
centres are determined with the following
relations:

Table 1
Mass distribution parameters of TRTTRI1 robot
Elel_nent Mass Mass | Inertial tensor, J ,«*i
' Mi | centre, .
J 0 0]
1 M, [00 0] J 0
0 J'|
[J? 0 0]
2 M, [00 0] 0 J? 0
0o 0 J?
J2 0 0]
3 M; | [00 0] 0 J} 0
o o J’
JY 0 0
4 My | [00 0] 0o J' o0
o o J*
J2 0 0
5 Ms | [00 0] 0 J7 0
o o J’°

l.]i=

)

0
4,
g

54,4,

[C_lc ]3: cq2QI ;

3

g

54,4,

[ac ];: cq2QI ;

g+4q;

=2 _ =2 52,2 =<2 —2
a, =a, +& XTI + 0, x(wz

=1 =l o= —1 =1 =1
a —a1+81><rcl+ml><(ml><rcl)

(8)

=2
x72)

)

—3 =3 =33, =3 _[=3_=3
ac3—a3+s3xr63+033><(0)3xr63}

(10)




gt =ai+eixrt +o! x (o x7t)
(11)
54,9, _qzzq4 —q'§l4 +4,
[Ec]j: cq,q, + 4,9, + 4,1, +24,4, |;
g+4;

@’ =a+exi v o x(@ i) (12)
€q554,4, _Cqsq.zz% -
_095Q§l4 +¢qsq4, —

_c%q.zzls — 5958 — 59545

= L (13)

545562, = 5454594 —
_Squ.2214 +s%é4 -
|~ S‘]z‘?zzls +cqsg + C%‘L_

According to Newton-Euler formulation, for
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the beginning, the mechanical structure is

passed by outwards iterations, resulting
system of external forces:

0
Fl=m[a], F'=|Mq /|
Mlg

M2SQz221_
Fz2 :MZ[('TC ;: [F];: M ,cq,q,
M,g

B M 39,4,
F]i: Ms[ac]ga [F]g: Mcq,g,

Mi(g+43)

_ _M4(_quql+‘222%+q'2zl4_54)
[F]i: M4[ac]jﬂ [F]i: M4(Cq2% +4,9, + 4,1, +2q‘4q'z) 5

M4(g+('j3)

[F]g: M; [‘7(]2

_Ms(_ 4559, +CQSq.2ZQ4 +CQSq.2214 —Cqs4, +Cqsq§ls +59s8 +Sq5q3)
[F]:g: M; (C%% +G,q,+ Gyl 24,4, + %15)
_Ms(_ 5955¢,4, +S‘]5q.22% +S‘]5q.§l4 — 5954, +S‘]5‘..]§ls —Cqsg _C‘]5q3)

In the same way, the moments of the external forces are obtained:

T A

Tr2 =2 | —2 ¥—2 = 2 .
M = e xJyer, (M= o |

in the

(14)

;(15)

;(16)

(17)

(18)

(19)

(20)

21

(22)



372

0
M=oy, M= 0 |; (23)
s
- J:SSq562 - J:SC}SCQSq.2 - chq2J;SQ5 + 6}5‘]:50%6}2
M =Jg+ o xJe;, [M, = I s = cqsq3J sqs + 59545 eq (24
JZSC‘IS% - J:SC}SSQSQZ + QSJ;SSquz - S‘]S%J;qu

In the second part of Newton-Euler method, The contact forces have these expressions:
the mechanical structure is passed by iterations
inwards the robot’s mechanical structure. The F’= [R]Zflé +F; (26)
torsor of the contact forces and moments is : ’
determined, namely the generalized driving —, 4 =5 =4
forces from the robot’s joints [4]. F, = [R]S'Fls +E 27)
The elements of the payload torsor are
expressed by the relations: ]7133 — [ R]i . ]7144 +F2; (28)
£ M., FR=REE+F; @9
Fo=|F' s Mg =|M;]|. (25 ’
Fy M F' =Rl F+F'; (30)

F}G +Mscqs59,4, _Msc%qg q4 _Msc%qg& +Mscqsq, _MSCQS%ZZS -
_MSSng_MSSq5q3

[F,]g= Fl)6 +Mcqygy + MGy q, + Myl +2Mq,q, + Mg, s ) (31

F}f +MssCI55‘]2ijl _MSSqu.ZZ 4, _Mss%q;l4 +M5SQSQ4 _MSSqSL}§ Zs +

+Mcqsg + Meqsq,

C%Flf +SQ5F};6 +Msq,q, _qu.zz% _quzzl4 +Mq, _qu.zzls +

Rl F+Mcqygy + My, gy + My, L, +2M G4, + Mol + | )
v ] o .. .o s
+M,cq,G, + M ,G,q, + M ,G,l, +2M 4,4,

[F]3_ F;)é +Mscqygy +MsG,q,+MsG, 1, +2Mq,q, + MG, 15 + . .
e ot ~ .. .. .. 5
+ M ,cq,qy + M ,Ghq, + M Gol, +2M 4,4, + Mscq, 4,

_S%Flf +Msg+ Mg, +C%F: +M,g+M,G,+M,g+ Mg,
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C%F;f +S%FZ) +M 59,4, _M54594 _qu.zzl4 +Mq, _M542215 +
+M 59,4, —M4(]22q4 _M4q.zzl4 +M,q, + M;sq,4, + M ,5q,4,

[F]z— F;f +Mcq,q, + MG,q, + Mg, +2Mq,q, + MG, 15 + ) (34)
12— . . . .o . . ’
+ M ,cq,G, + M ,G,q, + MGyl +2M 4,4, + Mscq,g, + M,cq,q,

_S%Ef +Msg+ Mg, +CQSF}26 +M,g+M,G,+ Mg+ MG, +M,g

_CQ2MSQ§Z4 +cq,Mq, _C%Ms%z% + C%C%Flf +CQ2S‘15E:6 +eq,M G, -
_S%F}f _CQ2qu§ls _CQ2M4Q§Q4 _092M4Q§l4 —sq,MsG,q, -
—5q,M Gyl —25q,M 5G,G, — sq,M sG,1s — sq,M 14, q, —

MG, + M g, + Mg, +sq,M g, +S‘12“]5F126 +qucq5F;f +M,q, _S%qug% -

|F |1_ ququ-224 SqZMSQ.ZIS qul ly qul Cq M qzl ¢72M4q..ZQ4 . (35)
11 2 5 5 +C
22M4 .2‘2 4 2“]2M4q.4q'2 + 2cq2M5q4q2 —Sq2M4q2q4 —quMlqlzll +

+cq,M G,q, +cq,Msq,l, +5q9,M g,

—sqSFlf +M,g+M.q, Jrcqulf6 +M,g+M,G,+ Mg+ MG, +M,g+Mg

According to [5] and [2], the moments of the contact forces have the following expressions:
M} =Rl M} +70 < FP +70 x[RE - FS + M ; (36)
le - Jf“]s‘iz - stq.sc%% - c%‘?z*];sq.s + C?SJ:SC%%
M, J5,= M ~1F + 07— cqsq20 2545 + 545430 cq : (37)
le + léEf + J:SCQqu - stq'ss%q'z + QSJ:SSqSQZ - quq'z‘])tsq‘s
M, =[Rl: M} +7ixFl+ 5 x[RE-F+ M (38)
M} —cqsJ ’sqsii, — 2004507 qsd, + 2457 g4 M} +sqil Ff
cqsM, —cqsJ . 5454, 2 45C 454, +245J . C qsq, +5qsM | +5qslgly +
+ SQSJ:SCQS% - J?Qséz + QSJ:SQ2 - q.ZJ;SC.IS
77, ],= . (39)
- SQSMZ + J;S‘.jz - J;Séjzcz% + ZSQSJ;SL?SC‘]S% - 2SQ5QSJ:SC‘]5‘?2 + Cqu,f +
+ CqSI6Ef +J7c g5, + lsEf +IsMscqygy + 15M sGrq, + M ol +

+ 215M5q.4q.2 + MSQ2152 + J:4c.12
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Given the high complexity of the vectors: M, Z) , ]\75) and Z\Zlo , they will be expressed by their

Cartesian components:

M;, =[R];- M;

lo, lo,

+;7Cj><l7‘33+1§3><[R]i-F‘,44+A733; (40)

M_ —C%M chJ 545G, — 2J QSC 959, +2QSJ ¢’ 959, +SQ5M + 595l F6
+5q)70q5G, = I GsGs + 450 04, = 42T ds = L F) — LM seqyd - (41)

=M G,q, — MGyl —2LM sq,q, — LM 5G,ls — LM ,cq,G, —
1M G,q,~M ,G,l,—21:M 4.4, ;

MZ =LMG, +M G, —q,Mg —q,MG, —q,M, g —q,M,G,—I,M;g—1,M, -
-1 M4g [ M4q3 +1 chF +/ SqSF +q4sq5F q4cq5F +
+1,5q5F, —1,cqsF, CQS%J /B +SQ5Q2J cqs +M —IMg, + (42)
+1 S%F IC%F +J 4s— leFlZ _lsMsg_l3MS%Q4 -

_13M5‘I2Z Z3MSCI215 _Z3M442ZQ4 _Z3M4QZ214 + 1M 5q,G, + LM 459,

M} =J2G, = J 04,2 qs + 2UM G g, + 21M (oL, + 2LM (G, + LM seq Gy +
+ J:3éj2 + 2sq5J:5qscq5q2 - 2sq5q'5J:50q5q'2 + ZSF}j _S%Mzi + chMZ +
+ cqsléFlj +J°CqsGy + MG 12 +2q,M Gl +2q,M G,q, +2q,M ,G,1, + @3)
+2q,M ,q,9, +2[,Mq,q, +21,M,q,q, +9,Mcq,G, +q,M ,cq,G, +
+1,M cq,G, +1,M ,cq,d, + MG,q; + M,G,q; + MG,l; + M ,G,l; +
+J G, + Q4sz + Z4Flj :
M =[RE-M; +72 < F +7 < [RE - F + M ; (44)
M} = 5q0eF =430 745 + 45776, = I 044y — LM eqyd — g:Meqy g — LM seqyd, —
-ILM ,cq,4, —q:M cq,G, — g;M ,cq,q, — l3Flf + sqSle + chMZ -
~LF = q:MG,q, — ;M 429, — M 4oy — 4:M 56,1, — 2q:M 6., ~
—q,M Gl —2q,M ,G,G, — LM G, 1, — 1,M ,G,q, — 1,M G,q, —1,M g1, — 43)
—20L,M G,G, —2J. G4, qsq, — cqJ. sqsd, — 1M cq i +5qsJ . cqsi, +
+24.J.°cqsq, — 2LM oG, — LM G, — LM Gog, — LM g1, —
—20,M 4,4, — M 5,15 — g F° = LM Gj,q, — LM jeqyGy = 2LM 44,4, —
-LM,qG,l, ;
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M} =—IM,g+1,M G, + 1M G, —q,Mg —q,M,g —q,MsG, —q,M G, —,Mg -
—Z4M5q3 LM,g - lM4q3 +1 chF +1 SqSF +q4sq5F q4cq5F +
+1,8qF, —l,cqF,” —IM G, +1;sqF, lchF +J qs — lSF,__ﬁ +
+ q3M5sq2q1 + q3M4sq2ql + q3M3sq2q1 +1,M sq,G, +1,M ;5q,qG, +
+1,M 54,4, +MZ —cqsq'fstqS + quéfJqus —13M4q'§q4 _Z3M442214 - (40)
— LM g3l — LM o1, + LM ,5q,G, — 1M Gaq, + M 5,4, + M G, +
+qM,G,+L,MG, +1,M,G, + q3cq5F}f + q3sq5FlZ6 + ZzC%sz + lzsqSE6 -
—4sM 3459, — M 5451, — 4:M 54515 = a:M 4434, — 45M 4451, — 1, M sdyq, —
—L,M Gyl —1L,M Gyl —1,M ,G5q, —,M 431, ;
MZ =-25q5GsJ . cqsq, +25qT . Gscqsq, —J . G,c qs + cqsléF,f +JCPqgg, + MG, 12 +
+MG,qi + M ,Go,qs + MG, 10+ M ,G,017 +2q,M G, +J. G, +
+J G, +LE —sqM] +eqsM | +q,F +1F +2q,M 4,4, +

47)
+2q,M g1, +2IM 5,4, + J:Z% +2[MsG,q, +2IM G, +
+q,Mcq,qg, + 1M cq,G, + g .M cq,G, + M cq,q, +1,M ,cq,q, +
+ J:Wz +20,M 4,9, +2L,M sq,4, +2q,M ,4,9, ;
M, =[R]-M] +7 xF'+7'x[R],-F +M_, (48)

where from the following scalar components are obtained:

Mll = 2CQ2QSJ:502QSQ2 —cq,lsM 4Gl, — cq,9:M sG,9, —2¢q,q:M 4,9, + 59,9,M , g +
+ c‘]zés‘]:s% _C%J:S‘jsq'z + CQ2SQS16F6 +5q,IM g —sq,lsM G, — sq,1sM g, +
+5q,9,M ;g —2l,cq,M 5,4, —cq,1; F —cq,l, F + C‘]zc%M C%%F +

+ cqzsqSM quJ gs+5q,l, F lcq2 —licqg,M G, —l.cqg,M ,G,q, —
—lcqg,M ,G,l, —2l,cq,M 4,9, — ;M ,q, —13M5ql —q;M G, —g;M G, — LM .G, —
= ;MG — LM G, — LM G, + 54,1M 4G50, + 56,9.M Gy + 5G,9,M ,Gis +
+8q,[,M g +sq,[,M .G, + qul M,g+sq,I,M,G, +sq,I MG, + sq2q4cq5F,f +
+ 59,1, chF +8q,lscq,F, sq2q3cq5F sq2q3sq5F —8q,9:M G, —
—Sq2q3M4q4 sq,l,cqF,” —sq,l,sqF, sqzl qu4 5q,1,M G, — sq,1scq5F)
- 5q,1,5q,F, sq2q4sq5F —5q,1,5q.F" — 5q,1,5q,F° —1,sq,cqF’ lsqzsqSF
—lsq,M g, —Ilsq2 24y — 1M G, —11M4ql -1 Mg, —Ileql - cq2q3M4q2q4 -
-cq,9:M ,q,l, — cq,q;M ;G,l, —2¢cq,q9;M ,q,9, — cq,[,M G, — cq,l,M ,4,q, —
-cq,l,M4,q, —cq,[,M.G,l, —2cq,l,M q,q, —2cq,l;M .q,q, —cq,l;M G,l, —
—cq,l,M G,q, — cq,l,M i1, —2¢cq,1,M ,q,q, +cq,5q5J . cqsi, — cq,l,M G, —
= 2¢q,J.°4s¢*qsd; — €M 4G,q, — 24,1 M 14,4, — €q,¢457 545G, +
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+5q,1M 631, + 5q,1,M G5 1 + sq, 1M (G31, — 54,5943 J. cqs + 5q,¢q545J. 5qs +
+5q,1M 5434, + 54,0:M sd5 1, + 54,0:M 5515 + 5G,0,M 1454, + 54,1,M 545, +
+5q,1,M @21, +sq, LM g3l +sq, LM ,g3q, +sq,l,M ,g31, +1.sq,MG5q, +
+1,5q,M §31, +1,5q,M G51; +1,sq,M ,G3q, +1,sq,M ,§51, —l,cq,M G,q, —
—licq,Mg,l, — ssz,f +5¢,4:M G539, — cq,q;M (G, 1 + sq,q M ,G31, —
RN

ley = —5¢,4M {1y —25G,4:M 54,4 — 54,0, M sG55 — cq,1,M (G31 — C%J;S% - C%leFlf -

(49)

_llSqZF;f +qus%MZ +SQ2CQSMZ _S%lelf _S%%Flf +eq,,M G, — cq,lsM g3l ~

—25q,4:M 4,49, — 59,1,M ,4,q, — 25%']:5?502%‘?2 - ngcQSJ:SS%qz +
+ 25%45']:502%42 = 25q,1sM sq,q, — 5q,1,M 5G,q, — sq,1,M sG,1, — sq,1,M G, 15 —

—2sq,,M 4,4, + llc%S%Ef +heq,Msq, +lcq,M g, +cq,;M G, —sq,1sM g1, —

—sq,l,\M 4,q, —sq,l,M ,G,l, —2sq,l,M 4,4, — sq,l,M ,G,l, —2sq,l,M ,q4,q, —
= 5q, 1M 3Gl — 5q,1,M 4,4, — ¢4,0:M 54,9, — ¢4,0:M sd51, — c4,q:M 54515
—cqyl Mg —cqyq,M g — cq,q,M ,8 — cq,q,M G5 — cq,q,M G5 + cq, ;M <G, —
—cq,l Mg —cq,l M G, —cq,l,M,g —cq,l MG, —cq,l MG, + llcqchSF,f -
- cqzlschF,f —cq,l 4cq5F,Z6 + cqzlzsqu,f + cqzlchSF,f +cq,M 16 + cq2q3sq5Flf +

+¢qyq5cqsF + cqylisqsF +¢q,q,5q5F] +cqylysqs FyY +cqylieqs B +cqylisqsFY —

- C%‘]4C%F}f —cq:b,M 31, — e, M 451, ~ e, M drq, — SQ2Z3Ef +

+4,545457 ¢ds = c4,4:M 1434, — 4,4 M (451, — a1, M 5659, + cq,4,M G, +
+cq,q:M 4, — €4,¢45457 . 5qs — g lsM 145, — el M g5l — equl,M (Gl ~
—cq,LM ,4aq, —lLeqg,M 651, —1.sq,M G,q, —1,sq,M (G,1, +59,G:J. G, —
~leq,M 21, —Lcq,M G51 —l.cq,M ,G5q, — sq,J. G54, — 2L,5q,M (G,G, —
—1lsq,M G ls —1,sq,M ,4,q, — quq'zJ:Sc}S -lsq,M ,q,l, —2l,sq,M ,q4,q9, +
+5¢,5G5J . ¢qsG + 36,595l F = 56,05M 5G2q, = 56,05M 4G4, — 5G,q5M Gl +
+cq,l,MqG, s

le = _2S%q.5J:SCQSQ‘2 + 25%']:5%0%% - J:5q202q5 + CCISlsF}f + stczqséjz + quzlsz +

+M5&2q4% +M4ézq§ +M56']'le +M4ézlf +2q,M 4,1, +J:5‘.].2 +
+ J?éz +15Ef _SC]5MZ + C%MZ + %Ef +I4Ef +29,Mq,q, +
+2q,Mqg,l, +2IMq,q, +J:252 +2I,M 5G,q, + 21M 5G,1, +

+q,Mcq,g, +IMscq,g, + q,M ,cq,q, + 1 ,Mcq,qg, + 1M ,cq,G, +

+ J:4éz +2I,M 4,9, +21,Mq,q, +2q,M 4,9, -

The generalized driving forces have the following expressions:

(50)

(1)



2
Qm =

Qlln = MG, +M,q, + Mg, +sq,M q, +qusquzz6 +SQ2CQ5F1X6 +M,q, _ququzzq4 -
_SQ2qu§l4

_S%quzzls +

0

-l i=lm B R|=r

0

C%sz + MG, +cq,MG,ls + cq,M G, q, +

+ceq,M G,1, +2¢q,M 4,9, + 2¢q,M 4,4, _SQ2M4‘72ZQ4 -39, 4‘121 +

+cq,Mq4,q, +cq,M

- [M,iz ]T'Ezz = [M

_zs%q's‘]:SC%% + 2S‘]5J:5q.5c%q'2 - J;quc

sdoly +5q,M 4, ;

,f M,j le]~ 0 =MZ;
1

g5 + gl F + g5, + MGolS +

+M5dz‘]§ +M4ézq: +quzlj +M4‘.].2[j +2q,M 4,1, +Jx g, +
+J7G, + lsF}f _SQSMZ

+ CQSMZ + %F}f +I4F}f +2q,M:q,q, +

+2q,MG,l, +21M 54,4, + J?iiz +2[ M sG,q, + 21 M sGol, +

+q,Mcq,g, + M cq,g, + q,M ,cq,G, + 1M cq,g, +1,M ,cq,q, +

+J:4q2 +2[,M,q,9, +21,M q,q, +2q,M 4,4, ;

0

=Er el BBl ol=F

1

Q; :—Sq5le6+M5g+M5q3+Cq5F}f+M4g+M4éj3+M3g+M3éj3;

o ol

1

C R R ol=F

0

Q:z = cqulx6 +Sq5F}:6 +Msq,q, _quzz% _quzzl4 +Mq, _qu.gls +M 59,4, —

_M4Q2294 -

M4Q§l4 +M,q,;

o [M ] Ji= [M5 M5 Mf‘]- 1 —Mf;

O, =

MZ - lsFlj + J;qu

0

_CQSQ§J;SSQS +sq5q'§J;50q5 .
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(52)

(53)

(54)

(35)

(56)

(57)

(58)

(59)

(60)

(61)
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3. CONCLUSION

The expressions of these generalized driving
forces (53), (55), (57), (59), (61), represent the
system of dynamic differential equations,
describing the dynamic model of the TRTTR1
modular serial robot.
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MODELAREA DINAMICA A ROBOTULUI SERIAL MODULAR TRTTR1

Rezumat: In lucrare, autorii efectueaza un studiu dinamic al unui robot serial modular cu cinci grade de
libertate de tip TRTTRI1. Metoda folosita este formalismul Newton-Euler. La inceput sunt prezentate
cateva consideratii generale asupra metodei iterative Newton-Euler, care apoi sunt aplicate pentru
deducerea ecuatiilor dinamice ale robotului TRTTR1. Modelarea dinamica a robotului s-a facut cu un
program de modelare simbolica, Robot Symbolic, modulul Robot Dynamics. Acest program presupune
cunoagsterea parametrilor de distributie a maselor si a parametrilor geometrici §i cinematici obtinuti prin
modeldrile geometrica si cinematicd ale robotului. Pentru Inceput se parcurge structura mecanicd a
robotului prin iteratii spre exterior, obtinand astfel torsorul fortelor exterioare. Apoi, se parcurge structura
mecanica a robotului prin iteratii spre interior, pentru a determina torsorul fortelor de legatura, respectiv
fortele generalizate motoare din cuplele robotului. Expresiile acestor forte generalizate constituie sistemul

de ecuatii diferentiale de miscare a robotului.

Ovidiu-Aurelian DETESAN, Ph.D., Assoc. Prof., Eng., Technical University of Cluj-Napoca,
Department of Mechanical System Engineering, Ovidiu.Detesan@mep.utcluj.ro, +40-64-

401667, Cluj-Napoca, Romania.

Ramona-Maria GUI (LUNG), Ph.D., Eng., Tehnomat Inginerie Industriala SRL, e-mail:
guiramona@yahoo.com, phone: +40751884789, P-ta 1 Mai, No. 1-3, Cluj-Napoca.

Virgil ISPAS, Ph.D., Assoc. Prof., Eng., Technical University of Cluj-Napoca, Department of
Design Engineering and Robotics, B-dul Muncii, No.103-105, Cluj-Napoca.

Viorel ISPAS, Ph.D., Prof., Eng., Technical University of Cluj-Napoca, Department of Mechanical
System Engineering, e-mail: ispasviorel@yahoo.com, phone: +40264428506, B-dul Muncii,

No.103-105, Cluj-Napoca.



