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Solving the Forward Kinematics of Planar Parallel Mechanisms Based on Interval
Analysis and Mean-Value Form

Payam Varshovi-Jaghargh'”, Alireza Masoumi?
1 Assist. Prof., Mech. Eng., Hamedan University of Technology, Hamedan, Iran.

2 Assist. Prof., Mech. Eng., Hamedan University of Technology, Hamedan, Iran.

Abstract

In this paper, a new method is presented for analyzing the forward kinematics problem of planar parallel
mechanisms based on a combination of interval analysis and a refinement process. In the first step, the
kinematic equations of each chain of parallel mechanism are derived by applying the relevant kinematic
constraints. Then, the forward kinematics problem is solved with the desired accuracy using a combination
of interval analysis and mean-value form. For validation purposes, the results of the proposed method are
compared with those obtained from the resultant method. The implementation of the proposed approach on
a 3-RRR planar parallel mechanism demonstrates its capability to accurately estimate the position and
orientation of the moving platform. The main advantage of this method is its high accuracy with reasonable
computational efficiency, which makes it a promising option for solving the forward kinematics problem
of planar parallel mechanisms.

Keywords: Forward kinematics; Planar parallel mechanism; Interval analysis; Mean-value form; Resultant
method.
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+11200(sy —V3¢y)/3
—100(XC93 + ysg3)
+7000(cq, +V3sg,)
-140(x + V3 y);
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£, = [~10 150]2 + [—20 140]? + (5200/9)

+4000 (cos[O 2] sing — sin[0 2m] cosg) /3
+80([—10 150] sin[0 27] — [—20 140] cos[0 27])/3
+2000 (sin[O 2m) sing + cos[0 2m] cosg)
—40([—10 150] cos[0 27] + [—20 140] sin[0 27])
~100 ([—10 150] cos + [~20 140] sing) ;

£, = [~10 150]2 + [—20 140]? + (181600/9)
+4000 (cos[O 2m) sins?" — sin[0 27] cos 5?”) /3
+80([—10 150] sin[0 27] — [—20 140] cos[0 27])/3
—2000 (sin[O 2m) sin%ﬂ + cos[0 27] cos 5?”)
+40([—10 150] cos[0 27] + [—20 140] sin[0 27]) )
-100 ([—10 150] cos " + [~20 140] sins?n)

—5600 cos[0 27] — (11200sin[0 27]) /3

+14000 cos = — 280[—10 150];

f5 = [-10150]% + [-20 140]? + (182800/9)
—8000 (cos[0 2] sin " — sin[0 27] cos ) /3
—160([—10 150] sin[0 27] — [—20 140] cos[0 27])/3
+11200(sin[0 27] — V3 cos[0 27]) /3

100 ([-10 150] cos  + [~20 140] sin %)

+7000 (cost—n +/3 sint—n)

—140([—10 150] + /3[—20 140]);
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fi = [-1.1856 1.2381] x 105;
f> = [-1.4849 1.5252] x 105; )
f3 = [-1.3297 1.3320] x 105;
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fiz(, t) = Resultant(fi, >, x);
fis(y, t) = Resultant(f, f3,x); *)
f(t) = Resultant(fi2, fi3,¥);
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f(y,t) = t° — 0.093366083¢5 )

— 1.435628702t* — 0.0904725157¢3

+0.092865918t% + 0.0028935669¢
—0.0005490649
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x = [48.788 48.788] x = [24.495 24.495]

y =[2.572 2.572] y = [15.664 15.664]

6 =[-11.07° —11.07"] 6 = [25.90° 25.90°]

6, =60 x = [65.474 65.474] x = [52.281 52.281]
6, = 150° y = [63.176 63.176] y = [37.451 37.451]
6, =240" | 6 =[-94.60"—94.60°"] | 6 =[102.71"102.71]
x = [65.101 65.101] x = [86.280 86.280]

y = [91.954 91.954] y = [84.301 84.301]

6 = [-30.55" —30.55'] 6 =761 761

x = [98.711 98.711] x = [55.154 55.154]

y = [12.169 12.169] y = [8.573 8.573]

6 =[-17.95" —17.95°] 6 =[33.29°33.29°]

6, = 45 x = [83.748 83.748] x = [64.894 64.894]
6, = 120° y = [45.554 45.554] y = [41.097 41.097]
6, =270" | 6=[-99.07"—99.07°] | 6 =[111.96"111.96']
x = [61.856 61.856] x = [77.310 77.310]

y = [94.847 94.847] y = [96.357 96.357]

6 =[-9.90" =9.90°] 6 = [21.40° 21.40°]

x = [45.140 45.140] x = [67.182 67.182]

9. = _30° y=1[9.314 9314] y = [29.784 29.784]
o — 180° |0 =1-63.40"—-63407] 6 = [87.72° 87.72°]
0. = 270° x = [26.094 26.094] x = [32.144 32.144]
37 y = [10.578 10.578] y = [39.918 39.918]
6 =[-18.84" —18.84°] 6 = [25.80° 25.80°]

6, =90 x = [59.545 59.545] x = [52.702 52.702]
6, = 120° y = [92.162 92.162] y = [27.493 27.493]

65 =300 6 =[-12.54" —12.54'] 6 =[3.56"3.56']
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6 = [3.55905532836860° 3.55931282043463"]

x = [59.54490661621092 59.54505920410158]
y = [92.16201782226561 92.16217041015626]
6 =[—12.54312515258800° —12.54278182983359°]
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