[ Downloaded from mme.modares.ac.ir on 2025-04-07 ]

[ DOR: 20.1001.1.10275940.1396.17.6.50.0 ]

310-303 yoyo 6 oo 17 093 1396 Hga jels (Y930 S0 (wIigo Adxo

9y el dolinle ==

: . z &

oy Sl (wigo = &
mme.modares.ac.ir ;’7,«/\."__:{;%1

doss w9y <O I oolil b ol 25T-3 (Gilgn Dby maiien iloipw <S80 o
S god Sl

Y58 uols ie e F 5 gLES (paeen PlaS gheu g e F LT asdil Sse

Ot oy oy (Sl pawino iyl ool S gozeiils ~1
O el ol (SlSe wdige bl =2

OIS ey i imiao ol (SlSo wdige (5S> (gemmiil> —3
9,0l gyl ris sl «SolSe wiige bl -4
aykoma@ut.ac.ir. 11155-4563 iy Gosio )l 05 #

oSy Al wleWb!

59 5 (Swg il hgy) o33 bay Sy S 5 oalizl bk gl glp ol 3 silge Sl s Silats o elio pl o Sl sy “]L“"
Sy3h o Cabl o 15l e YU o Keb ety s3liishr gy kol g sl 0 Pl (ygstaBlS gigagn Lo des 1396 sbs 04 el

] _ A ] 1396 sbs 115k
e Slosaw doles 5l Syzo g3k yo )0 Jlygd Juolae laisyge @by 5o 35l go pds el 1y il padine Siloipw dline 1396 s 5 25 iculs <)

Slr OBl (gigegn Swgytl g, 5l (g ol 3 Dgde (oSt Sad 4y Jorome du g Adlas A i S 4 ke by Ol 4l
Jae & plgicee b sy oMo ) (nl sblje ) icanl 003 o3lisal (glge D) riins Siiloiw SVolao Jo (sl 5k 0yl positans Slodzes
dnd g 338 Jle 35 0)L3l (9igegm @i (1S sabgs (al)Sly (g ©Yole aguly plod (8L g Adgl s Sl I g, il mle ssil
Comd b9 ol o5 3830 (5 gl 29 s (il gl 7 4 gt ol)l3 (slge Sl it Slati Yoleo S el (53l olah-3 el
7797 o ) lowlns ploj & (glaigSey 2l oo S sl (D9l (3309001598 Ubgy Ao Sl (99900m slaghy) 5N03 & A9 s ggngn Sl

b398 5l 6 S gl Jiluwe diile )l (o VL Cunonl 29y €83 5 o sy 45 S5 God )l (sl o )3 dm3 0 RS 0>
ol S s (S5l 55 glr b g Bl

Real Time Direct Kinematics Solution of 3-RPS Parallel Robot Using a Semi-
Analytical Homotopy Method

Milad Shafiee-Ashtiani?, Aghil Yousefi-Koma'®, Hossein Keshavarz?, Seyed Mojtaba Varedi-Koulaei®

1- Department of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran

2- Department of Mechanical Engineering, College of Engineering, Sharif University of Technology, Tehran, Iran
3- Department of Mechanical Engineering, Shahrood University of Technology, Shahrood, Iran

* P.0.B. 11155-4563, Tehran, Iran, aykoma@ut.ac.ir

ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the forward kinematics of a parallel manipulator with three revolute-prismatic-spherical
Received 25 May 2017 (3RPS), is analyzed using a combination of a numerical method with semi-analytical Homotopy
Accepted 01 June 2017 Continuation Method (HCM) that due to its fast convergence, permits to solve forward kinematics of

Available Online 15 June 2017 robots in real-time applications. The revolute joints of the proposed robot are actuated and direct

kinematics equations of the manipulator leads to a system of three nonlinear equations with three

gff:gf rKdif]"ematics unknowns that need to be solved. In this paper a fast and efficient Method, called the Ostrowski-HCM
Parallel manipulators has been used to solve the direct kinematics equations of this parallel manipulator. This method has
3-RPS Robot some advantages over conventional numerical iteration methods. Firstly, it is the independency in
Ostrowski-Homotopy Continuation choosing the initial values and secondly, it can find all solutions of equations without divergence just by

changing auxiliary Homotopy functions. Numerical example and simulation that has been done to solve
the direct kinematic equations of the 3-RPS parallel manipulator leads to 7 real solutions. Results
indicate that this method is more effective than other conventional Homotopy Continuation Methods
such as Newton-HCM and reduces computation time by 77-97 % with more accuracy in solution in
comparison with the Newton-HCM. Thus, it is appropriate for real-time applications.
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Table 1. The results of Homotopy Continuation Method for Direct kinematics
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Table2. The (X, Y, Z) Coordinates Of Bi Points
Bj B, B,
7.8577339 22.50018311 22.50018311
4.53666482 1.443269949 1.443269949
19.45781823 6.190204788 6.190204788
2.5000000 22.500000 22.500000
1.4433756 1.44337566 1.44337566
6.1906582 6.19065820 6.19065820
2.49981652 17.1422586 17.1422586
Fig. 5 Graphical representation of the solution 2 1.443269744 453666910 453666910
2 guly (S5 il 5 Sl 6.19020391 19.45783658 19.45783658
22.499999 2.4999999 2.4999999
12.990381 12.9903810 12.9903810
55.7159241 55.7159241 55.7159241
22.499895 7.8584699 7.8584699
12.9903205 9.8966669 9.8966669
55.7156644 42.4469416 42.4469416
22.499999 2.500000 2.500000
12.9903810 12.990381 12.990381
55.7159241 55.7159241 55.7159241
17.14136237 2.50018334 2.50018334
9.896570183 12.9902752 12.9902752
42.44652649 55.7154701 55.7154701

Fig. 6 Graphical representation of the solution 3
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Fig. 7 Graphical representation of the solution 4
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Fig. 8 Graphical representation of the solution 5
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Fig. 3 Comparison of Comutation time of Ostrowski-HCM and
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Fig. 4 Graphical representation of the solution 1
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A= a? + b? + ¢?
Ay,= —2(ci¢, + aia, + by by)
Az= 2(a,uq — byv, + byvy — cywy — ajuy + cqwy)
Ay= c2 + a3 + b?
As= 2(—v1by + byvy —wicy + ayu, —uqia, + cawy)
Ag= —d?, + u? — 2ugu, + v — 20,0, + US + Wi+ w?

— 2wy w, + v3
A,= a? + b? + ¢?
Ag= —2(aja3 + cyc3 + byb3)
Ag= 2(c1w1 — aquz — ;w3 + byvy + ajuy — byv3)
Ayg=c?+bZ+a}
A= 2(—uquz + azug — vibz + cswy + v3b; — wycs)
A= —2uqug + uf — di + U + w? + vZ — 2wywy

— 2v,v5 + V2 + Wi
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