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1. INTRODUCTION

Robotics is a special engineering science whicHsdeéh designing, modeling, controlling and
robots' utilization. Nowadays robots accompany fedp everyday life and take over their daily rowti
procedures. The range of robots' utilization isyvesde, from toys through office and industrial oa®
finally to very sophisticated ones needed for spaqaoration.

A large family of manufacturing equipment among treiety, which exists, is the one which
supplies the motion required by a manufacturingcess, such as: arc-welding, spray painting, assgembl
pick and place, cutting, polishing, milling, dnilty etc. Of this class of equipment, an increasimggular
type is the industrial robot. Different manipulatoonfigurations are available as rectangular,cyioad,
spherical, revolute and horizontal jointed. A horial revolute configuration robot, 2-R Robot ha® t
degrees of freedom in which two horizontal, is gahg suited for small parts insertion tasks fosesbly
lines like electronic component insertion [2]. Adtigh the final aim is real robotics, it is ofterryweseful to
perform simulations prior to investigations withakeobots. This is because simulations are eagisetup,
less expensive, faster and more convenient toBiskling up new robot models and setting up experits
only takes a few hours. A simulated robotics sétuless expensive than real robots and real watldps,
thus allowing a better design exploration. Simolatioften runs faster than real robots while all the
parameters are easily displayed on screen [3].
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The possibility to perform real-time simulationbees particularly important in the later stages of
the design process. The final design can be vdrliefore one embarks on the costly and time corsyimi
process of building a prototype [4].

The need for accurate and computationally efficieranipulator dynamics has been extensively
emphasized in recent years. Modeling and simulatforobot systems by using various program softaare
will facilitate the process of designing, constimigtand inspecting the robots in the real worldn@ation is
important for robot programmers to evaluate, prettie behavior of robot, in addition to verify aogtimize
the path planning of the process [5]. Moreovesrs thill save time and money and play important inléhe
evaluation of manufacturing automation [6]. Beifideato simulate opens a wide range of options dbrisg
many problems creatively. You can investigate, glgsvisualize, and test an object or even if it<oet
exists [7].

In this work, two axis 2-R robot systems for opmatpick and place will be designed and
developed using Solidworks program as shown inréigl. The structure will be built depending on the
principles of solid bodies modeling with SD tectom} [8, 9].To emphasize the obtained results in
Solidworks program, simulation by using MATLAB/Sitmk software will be carried out. The Results of
both sofwares will be presented and discussechdmpaper, the equations of kinematics for 2-R rotith
the robot dynamics for each joint were developeth W-H formulation.

The paper is organized as follows: First, an inficithn to robotics, robot kinematics is presented i
section 2. In section 3, the inverse kinematicthefrobot is presented. Fourthly, the dynamicsaesgnted in
section 4. Sections 5 and 6, the simulation andltsesire presented followed by the conclusions thed
references.

m.SOLIDWRKS i OB B89 [Em & = - publication, SLDASM 19 -| P v = BB 32

Cm e
koM Z oW 8 B & G S ® B & B %=

Détection ‘erification  Alignement Mesurer Proprigtés Proprigtés Capteur Visualisation AssemblyXpert | Courbure Vérification | Comparer Ayl Assistant »
dinterférences  dujeu des de masse dela de dela les d'analyse
b pergages section [‘aszemblage symetrie  documents % SimulationXoress

Assembiage | Représentation schématique | Esquisse | Evaluer | Oufils de rendy | Produits Office | Simulation | Simulation ThermoFiuidique | A6 - & 52
: ] [ o &

) » BOFEHAULACHE-0-00- @ &-E-
(T~

ul
"

conception

@ publication {Défaut<<Défaut>_Apni
;ﬁ/ Capteurs
@ Annatations
\<§ Plan de face
& Plan de dessus
25 Plan de droite
I_. Origine
- W@ () PRce1000<1> (Defaut< <DEF
T () Piece 1000<2> (Défaut= <DEf]
% {f) Piece2< 1> (Defaut<<Défaut
@ (1 Pieced<3> (Défaut<<Defaut
4 @@ Contraintes -jJ
(©) Comigle {Pigce 1000 < 1> Pig
4| Distance 1 {Figc
(@fCoaialed (Piece 0001 Pi
| Distance3 (Pidce 21> Pice
R Paralelel (Piére 100013, Pie
{©) Coaxiales (Piece 1000<1> Pié

GsFECER]

CoaialeS (Piece 10002 i
| Distance4 (Pidce4<3> Pigce

el T = b
iuﬁq 1|'H|'>|j[ Modele Ié-tud-e de maouvement 1
puhﬁ;aﬁqn Sous-contraint Edition; Assemblage 11150 MMGS . E] v

" BHRL WY » Tl e raih S SolidWorks Premium 2... | 0] Document? - Mcosaft... LEEHREQR . « 0% 0 oo

Figure 1. 2-R robot using SolidWorks
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Figure 2. 2-R Robot modeled in MATLAB/Simulink

2. ROBOTKINEMATICS:
The Denavit-Hartenberg (D-H) parameters for 2-Rotapecified irfigure 3 are defined in table:
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Figure 3. D-H Parameters for two- joint 2-R Robot
Table 1. D-H parameters of 2-R Robot
Link a a q g
1 ., 0 0 g
2 [, 0 0 A
¢, -s 0 lg
S 0 |
Tlo - 1 C,l 1sl (1)
0O 0 1 O
0O 0 0 1
c, -s, 0 ILgc,
s, ¢ 0 Ls
T21 = 2 2 2%2 (2)
0O 0 1 O
0O 0 O 1

After multiplication and use of addition matricesie gets the total transformation matrix:

C, S, 0 |1C1+ I2012

=% G O lavhs, .
0 0O 1
0 0O O 1

Kinematic Modeling and Simulation of a 2-R Robotdsyng Solid Works and Verification... (B. Fernini)



82 a

ISSN: 2089-4856

3. INVERSE KINEMATICSOF THE ROBOT:
3.1 Inverse solution for position:
Desired location of the 2-R Robot:

nX OX aX pX

T R — ny Oy ay py
H

nZ OZ az pZ

O 0 0 1

Thejoint variabled, :

The final equation representing the robdtlig}:
TZO - THR
We get:

pX = Ilcl + IZClZ

P, = s, + 1,5,

From equation 8 and equation 9:

1
C,=——(p’+p° - -1
2],

6,=*a

tan2
G

Thejoint variable &, :

Rearranging equation (6) and equation (7) yields:
Px = (|1+|202)C1_ l D25
p, =18, +(l,+1£)s,

Solving equations (11) and (12) by Kramer's rule

A:|:|1+|§2 _I§2
lzsz |1+|§2

And we have:

e+ Py =(L+1g)’ +(15)°

AS - |1+|£’2 px
: lZSZ py

}=(ll+|§2)2+(|§2)2

(4)

®)

(6)
(7)

®)

9)

(10)

(11)

12)

(13)

(14)

(15)
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ol
Ac, = Py 252 (16)
py |1+IZCZ
As, _(I,+1£)p, —15,p,
s, = S\ {322 y 2zs’z (17)
A Px + Py
|, +1 +1
1:AC1=(1 pZZ)pX . ZSZpy (18)
A pX + py
S, =+1-¢]
[, +I +1
01 :atani - atan( 1 92)py 2 2Py (19)
C, (I,+lg)p £15,p,
The sign ¢ ) indicates the two postures elbow up and elbowrd
Equation of elbow up:
6, = —atani (20)
G
+p, s, +p, (I, +1
6 =atan P R, (l+1L£5) 21)
px(|1+|2C2)_(py|232)
Equation of elbow down:
6, =+atan§ (22)
G
-p, 1S, + l,+1
gl:atan px 22 py(l ZCZ) (23)

p, (I, +1£,)+(p,1.5)

elbow up

elbow down

/
Figure 4.The two postures of 2-R Robot
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4. ROBOT DYNAMICS:
4.1 Kinetic energy:

K, :%mﬂfgf (24)
K, :%mz|féf+—;m2|§(e'l+92)2+ m,l,| {8%+6 P )cosH . (25)

4.2 Potentialener gy:
V,=m,gl, sing, (26)
V,=m,gy,=m g Isinf, + |,sin@,+6,)] (27)

4.3 Joints Torque:

r,=ml2(8,+8,)+m)] £ (26,+8)

+(m+m) £6, - mllsgy-2mllsg g + mlges (m m, Lg

r,=mllch +mjl]sf*+mjgc+ mib +6) (29)

(28)

5. SIMULATION AND RESULTS:
5.1 Application:
This application will bear the energetic comparisdaring the movement of the 2-R Robot with

m = m, =16.92Kgandl, =1, =Im, for the two postures. From the study of movemeathe two

postures « elbow down» and « elbow up» for the saatere of the trajectory (path) , reaching the essam
desired position during the same interval of tihésas shown in the following diagram:

Mass parameters:
The mass is shown Figure 5.

Theinitial position (home position):
The initial position was obtained from the matriktbe homogeneous transformation (3) W@FF 0°and

6, = 0° as it’s shown in the following Figure 6 and 7.
Starting from theinitial position:

px =2 py =0

Tothedesired position:

px =0.86p, =1.5

The equation of movement for (elbow down) for theinitial and desired position:
The equation of movement for the borrowed pathdwlldown" to reach the desired positions given tgy th
relation$11]:

6,=(10"+1a°+ 10° (30)
6,=(50t* +1a°y (31)
The equation of movement for (elbow up) for theinitial and desired position:

The equation of movement for the borrowed pathdwllup” to reach the desired position is given by th
relation$11]:

6, = (60 + 2a° + 1@% § (32)
6,=(-50"-1a°y (33)
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Kinematic Modeling and Simulation of a 2-R Robotsjng Solid Works and Verification... (B. Fernini)



86 a ISSN: 2089-4856

HDsoupworks | [~ 2B~ 5 - Rk - B (5 k] - pbkcaton suonshidon don.. @ Rechercherd T S T [ R
o fe
. & = @ |8 w3 S @» R & | B Lk
Etude de 2 i ~ B FSrl A e Verifier le A I
ot Détection  Verification  Alignement [Mesurer | Propristes. Propriétés Capteur Visuglisation  AssemblyXpert | Courbure Vérification | Comparer ‘o Assistant »
tonception | .. S i b docum.,.. g
dinterférences du jeu des de masse dela de dela ies danalyse
¥ percages section l'assemblage symétrie documents *: SimulationXpress
.A.ssammage | Représentafion schématique | Esquisse | Evaluer | Outils de randu | Produits Office | Simulation | Simulation ThermoFiuidiqus | _ e
| [T | HogFe+aqUdTH@B- F-6- @8- B-
=]
3 2000mm |58
4 ¥ Omm 2
3
=

P 1) Pece 2= 17 (Detaut= sUetaut > 6
B () Piced<3> (Défaut< <Défaut>_§
|

[ Contraintes

4| i | »
IR H]] _Modele [Ehide de mouvement 1
SolidyWorks Premium 2012 X: 2000mm ;- 0mm-Z: Omm Sous-contraint.  Edition: Assemblage MMES -~ 7] (

e o o . me  [EE— - = -
VE @ £ e B8 > " pblication.dock Mcr... || §W SolidWorks Premium 2... BEERY . Qwre%h 0 27

Figure 7. the home position of 2-R Robot (two possit Solidworks.

The choice of expressions of Hland 02 must satisfy the following conditiong[11]:
-In the meantime (interval) time must verify th&iad and the desired position.

- At every moment the two postures (elbow down apdmust have the same coordinaﬁ%‘and PY .

5.2 Checking of path:
Applying the relations (30), (31), (32) and (33)&) and (7) ,obtaining the following table

Table 2. The position of the two postures during 1s

. Elbow down Elbow up
time
(sec) Tital Tita2 Tital Tita2

0 0 0 2 0 0 0 2 0

0.1 0.11 0.015 1.99 0.004 0.126 -0.015 1.99 0.004
0.2 0.49 0.16 1.99 0.02 0.65 -0.16 1.99 0.02
0.3 1.25 0.67 2 0.05 1.92 -0.67 2 0.05
0.4 2.49 1.92 1.996 0.12 4.41 -1.92 1.996 0.12
0.5 4.37 4.37 1.98 0.21 8.75 -4.37 1.98 0.21
0.6 7.05 8.64 1.95 0.39 15.69 -8.67 1.95 0.39
0.7 10.73 15.43 1.88 0.62 26.16 - 15.43 1.88 0.62
0.8 15.61 25.6 1.71 0.927 41.21 -25.6 1.71 0.927
0.9 20 40.09 1.44 1.20 59.04 -40.09 1.44 1.20

1 30 60 0.86 1.5 90 -60 0.86 1.5
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5.3 Checking theresults of the table by using SolidWor ks andM atlab/Simulink
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PS: the joint variables expressed in Matlab/Sinkuéire in radians
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5.4 Arbitray change of the two links of the two posturesduring 1s:

TRy

)

H e et

W ' )

Figure 17. Elbow down Figure 18. Elbow up

The results obtained whether by using the softwobd Works or calculated by the software
MATLAB/Simulink are exactly the same. This similgriof results confirms the reliability of the kinaic
model.

We can take advantages from this analysis usingdftevare Solid works to study the behavior of
the robot in the two postures to establish an extergalance comparative to these postures.

5.5 The displacement of center of gravity of two postures:

82 —
- — 1501
£ E
= %1 2
o2 = 95
= g 2 69
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Figure 21. Link 1(x) elbow up Figure 22. Link®elbow up
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Figure 25. Link 1(x) elbow down

Figure 26. Link® elbow down
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Figure 27; Link 1(y) elbow down
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5.6 Conclusion:

According to the results, we notice that the disptaent and velocity of the links 1 and 2etifow
up are higher than the displacement velocity of thiesl 1 and 2 oélbow down, this difference can induce a
difference in the consumed energy at the two pestuor the same trajectory and the same desirgitiqpo

5.7 Simulation of dynamic model:

0 — — £ ; !

—elhow down

mE .....

B0 | —lbowup |- T e —elbaw down
: i —elhw up

Al

o
=
=

ey

o
=
=

T
=]
T

o
1=}
=
1=
T

Kenetic energy(l)
potentiel energy(l)

P
1=}
=

T

100

=
=

I 1 i | i | i
I oo02o03 04 08 e 07T 08 09 1 i
fime(sec) firmesec)

Figure 29: Kinetic energy Figure 30: Potentiaérgy

] , ”

w

=

=
T

bed [T RN S
—elbowup

1200 el —elbow down
—ehawup

)

=

=
T

000 ovovevee

=

=

=
T

=
=
T

targque joint1 (M. m)
=
=
=

z3
=
T

torgue joint 2(M. m)
=
=

=

=

=
T

-

il | | | | I | | | | | i i i

1 | | | |
0o 0203 04 05 06 07 08 09 ! 'mu 0102 03 04 05 06 07 08 09 1

tirng(sec)

time(sec)

Figure 31: joint torque (1) Figure 32: jointdoe (2)

5.8 Comparison between the two postures:
We notice from the simulation results that:
- The variation of the total kinetic energy caldath according the postustbow up is higher than the

variation of the total kinetic energy calculated@aing the posturelbow down with:AK =243.02
- The variation of the total potential energy c#ted according the postustbow up is higher than the

variation of the total potential energy calculatetording the postusbow down with: AV = 82.95J
This difference in the variation of energies kineind potential is due to the differences notedhim
conclusion ottonclusion 5.6

We notice also that the torque of tf@nt 1 calculated according the postwidow up at t=1s isT; =
446.33N m with a a maxt; =900N m ,on the other side the torquethod joint 1 calculated according the
postureelbow down is T; = 395.18N m with a ma¥X; =820N m .

Otherwise the torque of theint 2 calculated according the post@bow up at t=1s i§; = 127N m with a
max T, = 300N ,while the torque of thpint 2 calculated according the postuedbow down is T;=
319.65Nm with a maf;=330N m.
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Thisstudy revealsthat:

*The robot is brought to consume much more enerfgnnit is requested to work accordingetbow up,
comparatively to its use, for the same trajectony the same desired position according/bmw down
*The choice of posture is designed in the evertyali power saving [10-12]

6. CONCLUSION

In this paper we used both software SolidWoks aradl&h/Simulink to verify the theory and the
simulation of the robot motion performed by thetsafes above. The checking of the results obtalyeithe
two softwaresSolidWorks and Matlab/Simulink perpdttus to qualitatively develop and highlight the
relevance of the studied model. In our case, we amarclude depending on the obtained results by the
comparative analysis of the two postures, thatdissipated energies during the movement of thetrobo
according to the first posturellbow down) are very lower than those which would be disggat the robot
performs the movement according to the second pogibow up), and this is for the same trajectory and
the same duration according to the presentatistedliabove. So during the work of the robot, thaiash of
posture is designed in the eventuality of poweirgawhich is always recommended.
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APPENDIX:

2-R Robot trajectory
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Some trajectories obtained in the displacements of the two posturesfor the same desired
positionduring 1s:
Elbow up:[11] elbow down:[11]

6?1=(18(1— 20% - 70° ? 6?1=(9C110—602)0
6?2 =(-18Q + 20%+ 100° 3 6?2 = (—90tlO +15Q0°2 )O
l,=1,=1m l,=1,=1m
Simulation of the motion:
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