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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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Fig. 1 The 3-RPS parallel robot
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Fig. 2 Geometric parameters of the 3-RPS parallel robot
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Table 1. The results of Homotopy Continuation Method for Direct kinematics

Gy (S)
olej el sy G, ooliiul 350 bs, ) (4sB)s5le 4 Lo i ojled
dcwlo
: G; (T
—s+1 (21.469326991374611)
—p+25 plismg) =Sy ! (6.829633187542384) 0.021487
—t+5 (6.830135277539459)
78.012 s+ 150 (21.469327292470958) !
—p—90 el -Gise (6.829633732534094) 0.097723
t+ 195 (6.830134686071279)
s+5 (6.830635612960599)
—-p—16 pliswg) Sy ! (21.471527455560615) 0.002134
t+1 (6.830635562010444)
97.790 s +1000 (6.830635305128267) ?
—p—90 eliswg! - 05 (21.471529441385488) 0.096598
t+195 (6.830635427247805)
s+71 (6.830134309909616)
-p—98 pliswg) Sy ! (6.829634156907760) 0.003097
t+51 (21.469347241668533)
96.864 —s2 4220 (6.830134686912658) 3
p—55 el ~ios (6.829633764148901) 0.098781
—t+25 (21.469327300626365)
s+10 (61.475720443940510)
p+2 pliswg) Sy ! (61.474217555831579) 0.002126
t (61.475720444921649)
97.837 s (61.475720445357268) ‘
p plswa! ~Fos (61.474217556757154) 0.098307
(61.475720445357318)
—5 41000 (61.475433873897387) 0.002126
—p+220 pliswg! Sy ! (61.474756408727302)
—t+30 (46.835018139660860)
97.8%5 -s248 (61.475225183977365) °
—p —555 vl -es (61.474719820123063) 0.099078
t+31 (46.834560987030763)
—s+20 (61.4757204226884826)
—p2+1 pliswg) - Sy ! (46.836760444705014) 0.022019
t+10 (61.475720428887428)
71.986 s+4 (61.475720454116960) °
—p —100 plisvg! -Gise (46.836760436259397) 0.100026
—t+31 (61.475720442970037)
—s 4100 (46.834560071431113)
—p +220 el —(Sows el (61.474718603318145) 0.021785
—t + 300 (61.475219506776249)
77.282 s+5 (46.834560066530102) !
-p-1 plswa! e (61.474718608845535) 0.095895
t+1 (61.475219508850095)
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Bi bli oy 3,5 Slae 2 Jeoa
Table2. The (X, Y, Z) Coordinates Of Bi Points
B, B, By o)kes

7.8577339 22.50018311 22.50018311

4.53666482 1.443269949 1.443269949 1
19.45781823 6.190204788 6.190204788

2.5000000 22.500000 22.500000

1.4433756 1.44337566 1.44337566 2

6.1906582 6.19065820 6.19065820

17.1422586

2.49981652 17.1422586

Fig. 5 Graphical representation of the solution 2 1.443269744 453666910 453666910 3
2 puly (S5 il 5 Sl 6.19020391 19.45783658 19.45783658
22.499999 2.4999999 2.4999999

12.990381 12.9903810 12.9903810 4
55.7159241 55.7159241 55.7159241
22.499895 7.8584699 7.8584699
12.9903205 9.8966669 9.8966669 5
55.7156644 42.4469416 42.4469416
22.499999 2.500000 2.500000
12.9903810 12.990381 12.990381 6
55.7159241 55.7159241 55.7159241
17.14136237 2.50018334 2.50018334
9.896570183 12.9902752 12.9902752 7
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. 3 Comparison of Comutation time of Ostrowski-HCM and
Newton-HCM for Solutions of Table. 1
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f Fig. 4 Graphical representation of the solution 1

Fig. 8 Graphical representation of the solution 5 . L .
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ol o 45u~‘<5e,.ﬂ*3 Silge Dby puiinss Solodmw Julow llin opl o
ok adgl Guas 4 [23] g, 4 Cod ol &3] g, sl 00l plox]
7 a5 ans oo plis b Jdow abl oo [ Ken rwly 4 ojlgen ol ply conss
.Q)Lb S9>9 ulJ) uJ‘ W gS...uLa.u....' SYolre LS‘J" k5’3‘5 u‘9> Al
L b a1y Slinlons 5l [13] 55 0 soliinl g igas iz
2B K0 sy 5l a5 F55e Gy rl rlnly wesee ralS
oo p)l5 sly 4z )3 el pliomg! Jgons lahs; 5 Ggmdly (Fgs
Flas assle wyls oYL Cooal s, <o 5 J> ey aT 5,00

el dpde sl (SSS S 6 RTs by lse boysS 5 s RTsl>

Cawgw -6
o le A= 1,.,18) col,o
A= a? + b? + ¢?
Ay,= —2(ci¢, + aia, + byby)
Az= 2(ayuq — byv, + byvy — Wy — ajuy + cqwy)
A= c2 + a3 + b?
As= 2(—v1by + byvy — wicy + ayu, —uqia, + cawy)
Ag= —d?, + u? — 2ugu, + v — 20,0, + US + Wi+ w?
—2wyw, + v3
A,= a? + b? + ¢?
Ag= —2(aja3 + cyc3 + byb3)
Ag= 2(c1wy1 — aquz — ;w3 + byvy + ajuy — byvs)
Ayg=c?+b%+a}
A= 2(—uquz + azus — vibz + c3wy + v3b; — wycs)
A= —2uqug + uf — di + U + w? + vZ — 2wywy
—2v,v5 + V2 + W
Az=c3 +b%+a3
A= —2(b3b, + aza, + c3cy)
As= 2(azuz + c3w3 — azuy + b3vs — b3vy, — c3wy)
A= cZ+b%+a}
Ay;= 2(—uza, — v3b, + ayu, + byv, + cow, — wscy)
Ag= —d3; +uZ +us + v? + w? — 2ugu, + v
— 2waw, — 2U3v, + Wi
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