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Abstract

In this work, a procedure for synthesis of a 3-prismatic-revolute-spherical parallel manipulator for any number of pre-
scribed positions is presented. The procedure is based on a set of geometrical constraints of the manipulator and involves
determination of dimensions of the architectural parameters such that the mobile platform passes through a set of pre-
scribed positions. The synthesis procedure of a 3-PRS manipulator is based on least square technique to minimize the
functional errors in a set of obtained positions and orientations of a point on a mobile platform of 3-PRS manipulator.
The existing procedures have compatibility approach and exact method approach of synthesis of 3-revolute—prismatic-
spherical and 3-PRS manipulators respectively (Kim and Tsai in J ASME 125:92-97, 2003. https://doi.org/10.1115/1.15395
05; Pundru and Nalluri in J Inst Eng India Ser C, 2018. https://doi.org/10.1007/s40032-018-0499-6). But the above proce-
dures show only the limited number of prescribed positions and orientations of the mobile platform. The proposed work
is the synthesis of 3-PRS manipulator based on constraints of revolute joints and is solved by least square technique and
this synthesis procedure can be applied to any number of prescribed positions and orientations of the mobile platform
of 3-PRS manipulator. The synthesis procedure for nine positions is demonstrated through a numerical example. The
synthesis procedure lead to system of nonlinear equations which are very difficult to solve, therefore by using MATLAB
applications the nonlinear coupled algebraic equations are solved. The 3-PRS manipulator is suitable for alignment
applications like air craft simulation and robot manipulators where tip, tilt and position motions are significant.
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i Position displacement vector of prismatic

actuator w.r.t. fixed base vertex
aji Angle between the ith position of the moving
limb and ith actuation of actuator

1 Introduction

Parallel manipulators gained prominence because of their
large load carrying capacity, precision in position, high
speed and high stiffness. Several parallel manipulators with
6-degrees of freedom were developed for variety of appli-
cations like air craft simulation, robot manipulator etc. The
6-degrees of freedom parallel manipulator proposed by
Gough and Whitehall [1] for universal tyre test machine was
a six-linear jack system and built a platform with closed loop
kinematic structure in order to respond to the problems of
aero-landing loads. Stewart [2] described a platform with
6-degrees of freedom mechanism used in flight simulators.
Majid et al. [3] presented the workspace of 6-degrees of free-
dom 3-PPSR parallel manipulator and the effects of joint lim-
its were considered and the workspace is then investigated.
But the 6-degrees of freedom parallel manipulators suffer
due to laborious in kinematic analysis and complex mechani-
cal design. Moreover several applications require less than
6-degrees of freedom. Therefore parallel manipulators with
less than 6-degrees of freedom have been developed. Fang
and Tsai [4] and Fang et al. [5] have demonstrated the synthe-
sis of low degree of freedom symmetrical parallel manipula-
tors based on theory of reciprocal screws. Rao and Rao [6, 7]
discussed the kinematic synthesis of RPS manipulators based
on Newton-Raphson method and considered the limitations
on cone angles of ball joints. Kim and Tsai [8] have carried out
the synthesis of RPS manipulator to show that at the most six
positions and orientations of the mobile platform are consid-
ered. Zhao et al. [9] the forward-inverse displacement-singu-
larities of spatial parallel manipulator are discussed based on
numerical method and Newton-Raphson method. Liand Xu
[10, 11] proposed translational parallel manipulators which are
capable of moving in Cartesian coordinates. Tsai et al. [12] per-
formed solution to the direct kinematic problem of manipula-
tor based on Bezout's elimination method. Joshi and Tsai [13]
used triceps manipulator in which one of the legs is passive
and remaining legs is driven by a prismatic actuator. Carretero
et al. [14], presented kinematic analysis and optimisation of
an inclined PRS parallel manipulator in which prismatic joints
are the actuators. Liu and Cheng [15] presented a procedure
to obtain direct singularity position of RPS parallel manipu-
lator. Pond and Carretero [16] performed singularity analysis
and work space optimization of inclined parallel manipulator.
Gallardo et al. [17] presented the forward position kinematic
analysis of RPS parallel manipulator by means of screw theory
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and are carried out by Sylvester dialytic elimination method.
Li and Xu [18] introduced a 3-PRS parallel manipulator in
which the prismatic joints were actuated. Ji et al. [19] pre-
sented kinematic analysis and applications for 6-degrees of
freedom parallel manipulator of 3-RRPS type with three legs.
Tahmasebi [20] the kinematics of high precision manipulator
with inextensible limbs and base mounted actuators were dis-
cussed. Pundru and Nalluri [21] presented the exact method
of synthesis of manipulator in which the actuated prismatic
joints are attached to inclined base platform. The existing
procedures have compatibility approach and exact method
approach of synthesis of 3-RPS and 3-PRS manipulators
respectively [8, 21]. But the above procedures show only the
limited number of prescribed positions and orientations of the
mobile platform. Therefore, this study attempts the synthesis
procedure of 3-PRS manipulator for any number of prescribed
positions and is solved by using least square technique.

The work presents synthesis of 3-degrees of freedom
manipulator represented as 3-PRS, which consists of three kin-
ematic branches of identical configuration. Each branch con-
sist of an actuated prismatic-revolute—spherical linkages, the
actuated prismatic joints are attached to inclined base plat-
form via revolute joints. Each limb is connected from revolute
joint to moving platform by spherical joint. The design vari-
ables are dimensions of fixed and moving platforms and the
length of limb between corresponding revolute and spherical
joints. The manipulator is suitable for alignment applications
where tip, tilt and position motions are significant. The synthe-
sis of manipulator involves determination of the dimensions of
the manipulator such that a point on mobile platform passes
through a number of specified positions in space. The work
presents a procedure for the synthesis of manipulator based
on physical constraints of the manipulator. The constraint
equations for different prescribed positions in space are used
for the determination of the dimensions of the manipulator
through least square technique and the procedure is suitable
for any number of prescribed positions.

2 Geometry description of 3-PRS
manipulator

The 3-PRS parallel manipulator consists of a mobile platform
which is connected to a fixed base by three identical support-
ing limbs PRij with symmetrical kinematic structure as shown
in Fig. 1. In the selected closed loop structure the number of
limbs, number of joints, type of joints and number of actu-
ated joints are identical and equal to the mobility of the
mobile platform. The prismatic joints PR,- are actuated on all
the three limbs and the actuated prismatic joint of each limb
is inclined from the fixed limb of base platform by an angle
a; for ith position of limb. The prismatic joint is actuated on a
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(a)

Fig. 1 3-PRS manipulator, a Geometry, b position geometry

limb of fixed length via a revolute joint. Finally each limb is
connected to the mobile platform by a spherical joint S;. Thus
the mobile platform connects to the base platform by means
of three identical revolute, prismatic and spherical linkages.
The distance between corresponding vertices (Bj) of the fixed
platform and the location of the prismatic actuated joint
which_i§ on base platform is denoted bya; asin Fig. 1. Con-
sider d;; are the linear displacement vectors of the three actu-
ated input joint variables along the inclined fixed limbs at an

angle of &; with respect to ﬁj and a;; be the angle made by
the ith position of the limb PrS; with respect to ith actuation

along the inclined fixed limb ﬂ

3 Degree of freedom of 3-PRS manipulator

The manipulator consists of 8-links, 3-revolute joints,
3-prismatic joints and 3-spherical joints. The degree of
freedom of manipulator can be calculated by using spatial
Kutzbach criterion.

F=/1(n—j—1)+2f,=3 )

F degree of freedom of a manipulator, A degree of freedom
of space in which a mechanism is intended to function,
n number of links in a mechanism, including fixed link,
j number of joints in a mechanism, f; degree of relative
motion permitted by joint i.

It is demonstrated that the selected parallel manipula-
tor has 3-independent degree of freedom, may be defined
as a translation freedom along z-axis and two degrees of
rotational freedom about x and y-axis respectively.

4 Synthesis of 3-PRS manipulator
for prescribed multi-positions

The constraint condition for the integrated prismatic and
revolute joint axis for ith position is

—_—

—_— - — T~.
[qji -L- gj] j=0 (3)
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r T
P+ 0y, By — 0, Tj—gf] j=0 forj=1,2,3andi=1,23,4etc.

(4)

=0 forj=1,2,3andi=2,3,4etc.
(5)

— = o . )
where oRPl_,oR;_,Pi,P- L, L ORPR ’ORLR ,j are given in
i i

i

“Appendix”.

In Eq. (5), the total no. of design variables were eight,
whichareh,;, h,, hzﬂjxj']yj' Lol 1. f the values ofhj,]', ldo
not satisfy the Eq. (5), then the left hand side of Eq. (5) will
yield a non-zero value. Consider the sum of squares of all

these non-zero values be the error E is given by

n 772
= 57 h— Tl 7
E= Zz’ “Pi +op b OR,’JRﬁ lj] J] (6)

The error E should be minimized, if the partial derivative
of error (E) with respect to hXj, hyj, hzj,jX],jy/, IX/, ly/, | should
be equated to zero. i.e.,

OE _OF _OFE _OE _OE _OE _OE_E

= = = — = = = == =0
(7)
That means
n
Z [ (P + uhy +vih +wihy =l — vl — Wu’lz])jxj
(Pf + u hyj +vy,hyj + W h Uv,lx, vw/y] WW/Z]>jyj
(P/ + UZIhX] + Vz:hyl + WZIhZJ uwt IX] Wllyl WWIIZ])]
(“faij + Uy + uzi>|f=1:2:3 =0
(8)
n
Z [(PI + U h + lehy/ + W h wIXJ Vuilyj WUIIZJ)-/Xj
i=2
<P vt uy/hXJ + Vy:hy/ + Wylhll Uyl = vyl = wyly )jy/'
(PI + U h + VZIhyl + W h qu/XJ W/IYJ WW/IZJ)]

<Vxej + vy + Vzi) li=125 =0

9)
n
Z P’ +u h +VX,hy] +W h mIX/ V[ulyj WLII/ZJ)ij
i=2
(Pl + U h + Vy,hyj + W h v,/)q V\;ilyj WVI/ZJ )jy}
(Pl + U h + VZ,hy] + W h uW’IX] Wllyj WWIIZI)]
( X,j,q +w, ]y, z,')lj=1,2,3 =0 (10)
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n

Z [(Py + Ughyg + vihy +wihy — ug by = vily = wily )
i=2
(P , + uy/ hXJ + vyl hYJ + Wyl th w IXJ V\,/i Iyl Ww IZ} )jyf
(PI + uzthX/ + Vzthyl + WZIhZ] uWIIXJ lelyl WWIIZ] )]
(P, + Ll h + VthyI + W h uuthJ U/Iyl WUIIZJ) |f=1:2r3 =0
(11)
n
[(P, + U h + thhyl + W h urIXf - Vuilyl Wutlll )ij
i=2
(P’ +uphg +vyhy +wihy —ugly — vl - lezj)jyj

(P’.+u.hx-+v.h-+w,h —ul b= vl W/)]

wi'Xj wi'y wi'Z|

(P’+uh Vb 4 Wiy — U /,—w./.)l,-:1,z,s=0

yi''yi vi'j w Yl vi'Zj
(12)
n
! '
[(P + quhX] + VXIhy] + Wxt hZ] UIIX] vuiIYI WUIIZ] )ij
i=2
(Pf + u hy + vy,hyj + W g = ul by = vl —wil )jyj
'
(P + UZIhX] + Vz:hyl + WZIhZJ uwt IX] Wllyl WWIIZ])]
(Ui + Uy + Uiy iz 23 = 0
(13)
n
1 '
[(P + UXIhX] + VXIhy] + Wxt hZ] UIIX] vuiI)/] WUIIZJ )ij
i=2
(P Uy 4 vy 4 Wby = Ul = Vil = wil ),
1
(P + UZIhX] + Vz: hy/ + WZIhZJ WIIX] VWI Iy/ WWI IZ] )
(Viid + Vil + Vo) i125 =0
(14)
n
! '
[(P + UXIhX] + VXIhy] + Wxch] UIIX] vuiIYJ WUIIZJ )ij
i=2
, v
(P + u hy + vy,hy] + W gy =l = vl —w L >_/yj
'
+(PL + uhy +vih +whhy —ul L — vl L —wl )]

( uinj + in/yj + Wwi) I!':1:213 =0
(15)

But the constraint conditions of all revolute joints are
Lj =0, i.e. by least square technique the Eq. (7) can be
written as



SN Applied Sciences (2019) 1:1114 | https://doi.org/10.1007/542452-019-1085-0

Research Article

X1

-

Il
N

/ ! ! ! T / / ’ / T
[(Pxi +ughy +vihy +wihg)jg + (Pyi +Uyhg +vhy + WyihZJ')fyj

/ ! ! ! e e ! —
+(Py + uhyg +Vohy +wihy)] (”xiij T Uy + “zi>|j=1,2,3 =0

(16)

! !
Viihy; vyihy;

-

I
N

/ ! ! 7 / / / 7
[(PX,. +ulhy + +why)iy + (Py,. +ujhy + + Wy,.hzj)jyj

/ ! ! ! 17 7 ! _
+ (P + Ushy + vyhy + wihy)] (in/)q‘ T Vyily Vzi)|j=1.2.3 =0

(17)

-

Il
N

’ ’ ' ’ H / ! ! / H
[(P i F U +Vvihy + wihy )iy + (P yi ¥ Uy + Vyihy + wyihy )jyj

/ ! / / A A / —
+ (Pl + Uy + by +wihy)] (WxifXj T Wiy + Wzi>|j=1,2,3 =0

(18)

! !
v,;hy; v'.h

yi'yj

M:

/ ’ ’ ~ , ’ ’ ~
[(PX,. +ulhy+ + Wxihzj)jxj + (ny +ujhy + +w,h, );yj

Il
N

/ ! / ! / ’ ’ /
+(Ply + uyhy + Vhy + Wihy) | (P + ujhy +vihy +wihy )i 55 =0
(19)
n
/ ! / / T / / / / T
2 [(PXI. + ughy +vhy +wihy )]Xj + (Py,. + inhxj + Vy,hyj + Wyihzj >1yj

I
N

v.h

+(PL + uhy +Vihy, +wih,)] (P;,. +ulhy + Vb + w;,.hzj) 123 =0

(20)
By solving Egs. (16)-(20), the unknowns hy;, h,;, h,, j.. ],
can be determined. By substituting the values
of hy, hy hyjgj,; in Eq. (4) then the unknowns

Lirljs s 9y 9,50 G, can be determined.

le

5 Numerical example

The above procedures for synthesis are demonstrated
through the following numerical example. The positions
considered for the synthesis of the manipulator are given
in Table 1.

The sets of position (px,,py,,pz,.) and orientation
(w;, 6;, ¢;) of mobile platform of manipulator in Table 1 are

chosen arbitrarily. Using the least square technique proce-
dure the manipulator can be designed for any number of
arbitrary positions and orientations. From Eqgs. (16)
to (20) which contains the unknown parameters
(hgshyj g d,;) @and known parameters <P)’a' PP,

xi’

u}’ﬂ., u;,., v)’“., v;l.,v;., W)/q., Wy’,., Wz’i> (given in “Appendix”) are
determined by substituting the values of prescribed sets of
position (p,;, py;, ;) and orientation (y;, 6;, ¢;) of the
mobile platform of Table 1, then substituting the values

oo
vxi’ Vyi’ Vzi’

e W)//i’ Wé;) in Egs. (16)-(20) and solved using MATLAB and
the unknown parameters (h,;, h;, h,;,J,;.Jy,

and results in mobile platform design variable (h,;, h,;, h,)
and the direction of the revolute joint (j;, j,;) of the 3-PRS
manipulator. By substituting the values of(hxj, h,, hzj])g]y/)

of known parameters (P’.,P’4,P’.,u’4,u’.,u’4,
xi' " yi' " zi' Uxi’ Cyit Y zi
w'!

)are determined

and known parameters <P’.,P’.,P’., uLu L u vl v vl
X/ yl zl X! yI V4l Xl yi Zl

W;.) in Eq. (4) then the unknowns (ng,gyj,gzj,/ :

!
w i

yi'
) are determined and results in location of revolute
joint (g,,9,,9,) and dimensions of limb (I,;, 1, 1,;) of
the 3-PRS manipulator. of

The three sets
(hxj, hyjs s dsjdyis Gxjs yjs Gajo g s | ) solutions are required

Z
to construct a 3-PRS manipulator.jThe results are given in
Table 2.

The position of spherical joints (q,;, g, q;) for ith
number of position of g are to be resolved by using

9;i =
“Appendix”. By substituting the values of prescribed sets
of position (P,;, P,;, P;) and orientation (y;, 6;, ¢;) of the
mobile platform of Table 1 and the mobile platform
design variable (hxj,hyj, hzj) of Table 2 in the spherical
joint position qT, which are given in “Appendix” then the
positions of each spherical joint g for ith number of

position are given below in the Table 3.

!
w!,
X

byl

— T . .
P +op, by = [Gyi 9, a5i] which are given in

Table 1 Prescribed sets of

position and orientation of the Setno Pxi Pyi Pai ¢ o i
mobile platform 1 0 0 1 0 0 0
2 -7.76x107° -6.97x107° 1.00325 4x107* 1.784 1.471
3 -223%x107* -1.24%x107° 1.01366 7.12x107* 2523 1.853
4 -3.84x107* -1.74%x07° 1.03209 9.99x107* 3.09 2.122
5 —554x107 -2.19%107° 1.05928 1.26x1073 3.568 2335
6 -7.3x107* -267x107° 1.09582 1.53x1073 3.989 2515
7 -9.1x107* -3.1x107° 1.14208 1.78x1073 437 2673
8 -1.09%1073 —-3.53%107° 1.19827 2.02x1073 472 2.814
9 -1.28x1073 -3.94%107° 1.26435 2.26%x1073 5.046 2.942
Pyis Pyir Pz @re in metres and ¢, 0, y; are in degrees
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6 Inverse kinematic analysis

The position displacement vector of the three prismatic
actuated joint variables for ith number of positions of
dT.,- are to be resolved by inverse kinematic analysis. The
prismatic actuators are actuated along the inclined
fixed limbs. The fixed limbs chosen at an angle of 120°is
arbitrary because the displacement positions occupied
by the prismatic actuators dT, with respect to fixed trian-
gular base platform vertices of the manipulator along
the position of the inclined fixed limb were determined,
so the fixed limbs are atan angle of &(120°) is consid-
ered with respect to OB, then the value of d; can be
calculated as

(pyi + (siny; sin 6 sin ¢; + cos 0, cos ¢; ) h,;
+(siny; sin 6; cos ¢; — cos 0, sin ¢; ) h,; + (sin§; cosy; ) h,; — ng)2

. . 2
+ (pyi + (cosy; sin ;) hy; + (cosy; cos ;) hy; — siny;h, — g
+ (g + (siny; cos 6 sin ¢; — sin 6, cos ¢; ) h,;
+(siny; cos 0 cos ¢; + sin 6, sin ¢; ) h,; + (cos 6, cos ;) h; — gzj)2
— 2d;;(cos B, cos &) (p,; + (sin ; sin 6 sin ¢; + cos 6; cos ;) h;
+(siny; sin 6; cos ¢; — cos 6, sin ¢; ) h,; + (sin§; cosy; ) h,; — gy;)
= Ly = Ly — L2, — 2dj(sin § cos &)
(pyi + (cosy; sin ;) hy; + (cosy; cos ;) hy; — siny;hy,; — g,
— 2d;(sin &) (p,; + (sin y; cos §; sin ¢; — sin 6; cos ;) h,;
+(siny; cos §; cos ¢; + sin 6 sin ¢; ) h; + (cos 6, cos ;) h,; — g,;)
2 _

+d2=0

(21)

The displacement positions occupied by the prismatic
actuators dT, with respect to fixed triangular base platform
vertices of the manipulator along the inclined fixed limb
are determined by substituting the values of prescribed
sets of position (P, P,;, P,) and orientation (;, 6;, ¢;) of
the mobile platform of Table 1 and the synthesized mobile
platform design variable (hxj, hyj, hzj), location of revolute
joints (g,;, 9, 9,) and dimensions of limbs (I,;, ,;,1,;) of
Table 2 in Eq. (21) and solved by using inverse kinemat-
ics and the results of positions occupied by the prismatic

actuators dT, are shown in Table 4.

7 The positions of 3-PRS manipulator

The synthesis of 3-PRS manipulator for 1st to 9th position
of prescribed sets of Table 1 of position (p,;, p,;, p,;) and
orientation (y;, 6;, ([)i) of mobile platform obtained with
the three sets of solutions of Tables 2, 3, and 4 (the three
sets of solutions are required to construct a 3-PRS manip-
ulator). i.e. solutions of the synthesized mobile platform
design variable (hxj, hyj,hzj), direction of revolute joints
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Table 2 Location of mobile platform design variable, direction and
location of the revolute joint and limb length of 3-PRS manipulator

Design variables  Solution 1 Solution 2 Solution 3
[ h,; [ 2.9658 [ 2.9288 [ 3.8398
hy; 2.3471 1.5677 2.7571
hy 0.2434 0.1646 0.2912
[ Jy [ -0.6206 [ 04719 [ 0.5832
b 0.7842 -0.8816 -0.8123
Iy 1 1 1
[ g, [ 2.9658 [ 2.9288 [ 3.8398
9, 2.3471 1.5677 2.7571
95 0 0 0
[ 1, [1.19%x10°6] [126x10°6] [1.28x%x10°¢
I 9.45x 1077 6.73x 1077 9.22x 1077
I, 1.2434 1.1646 12912
h, h, h L1 1 arein metres

le

yir Nj1 Gxjr Dyjr Gajr yjr Ly 12

Table 3 Position of spherical joints gj; of 3-PRS manipulator

3-PRS @ @ T
Position 1 [ 2.9658 [ 2.9288 [ 3.8398
2.3471 1.5677 2.7571
1.2434 1.1646 1.2912
Position 2 [ 297372 [ 293367 [3.84911 ]
2.34009 1562978 2.74874
121434 1.11676 1.24541
Position 3 [ 2.97672 ] [ 2.93519 ] [ 3.85256 |
2.33802 156158 2.74628
1.20197 1.09973 1.22447
Position 4 [ 2.97886 | [2.93613 ] [ 3.85497 ]
2.33651 1.56057 2.74448
1.20185 1.0964 1.21759
Position 5 [ 2.98053 ] [2.93675 ] [ 3.85684 |
2.33528 1.55973 2.74301
1.21287 1.1049 1.22282
Position 6 [ 2.98191 ] [ 2.93716 | [ 3.85835 ]
2.33421 1.55902 2.74174
1.23482 1.12474 1.23961
Position 7 [ 2.98306 | [ 2.93743 ] [ 3.8596 |
2.33326 1.55838 2.74061
1.26767 1.15576 1.26775
Position 8 [ 2.98405 | [ 2.93758 ] [ 3.86066 |
2.33239 15578 2.73958
131134 1.19781 1.30706
Position 9 [ 2.98491 ] [ 2.93764 [ 3.86156 |
2.33159 1.55726 2.73863
1.36562 1.25064 1.35726

G;; are in metres
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Table 4 Position displacement vectors of three prismatic actuators position 4 obtained with solutions 1,2&3
{ obtained W

of 3-PRS manipulator
1.4

3-PRS - —

djilj:solution],z&3andi=1 to9] = [dl dz d3] 1.2
Position 1 [O 0 O]T E 10
Position 2 [0.0334 —0.0549 —0.05255 " 08
Position 3 [ 004755 —0.07428 —0.07641]" e 0o
Position 4 [-0.04766 —0.07806 —0.08421]" o' 04
Position 5 [-0.03501 —0.0684 —0.07825]" o 02
Position 6 [-0.00972 ~0.04577 —0.05909 |" 0.0
Position 7 [0.02841 —0.01013 —0.02678 | -02 4
Position 8 [0.07963 0.03868 0.01874]"
Position 9 [0.14419 0.10084 0.07756 ]" Y ang 3

9 7 4 0 ‘6\\

d;; are in metres - 5 Oy

5 . - . Fig. 3 Design of 3-PRS manipulator for 4th position
(Jug+Jy;)» location of revolute joints (g,;, g, g,;) and dimen- g J P P

sions of limbs (Ixj, o lzj) are given in the Table 2 and the
position of spherical joints (g, ,;, q,;) of mobile plat-
form are given in the Table 3 and the position displace-
ment vectors of three prismatic actuators (E ?, d?) w.r.t.

positions 4 and 9 and positions 1, 4 and 9 of the 3-PRS
parallel manipulator.

fixed base vertex are given in the Table 4. The positions

of the manipulator constructed using three sets of solu- 8 Summary

tions of the Tables 2, 3 and 4 are shown in Figs. 2, 3,4, 5

and 6. Figure 2 represents position 1 and position 2, Fig.3  Inthis work, a procedure for synthesis of a 3-PRS manipulator
represents position 4, Fig. 4 represents position 7 and  forany number of prescribed positions is presented. The pro-
position 8, Fig. 5 represents position 9 and combination  cedure overcomes the problem of limited number of posi-
of positions 1 and 4, Fig. 6 represents combination of  tions of the synthesis procedures presented in the literature.

ni obtained with Solutions 1, 2 g 3 on?2 obtaw Solutions 1, 2 g 3

Positio Positi
14 14
12 1.2
10 1.0
E E s
o 0.8 o
ke T 0.6
& 06 ]
o - 04
o 04 o 0.2
0.2 0.0 -
0.0 4 0.2 4

2
X Q 3
X a,,o, P\ X 6/70,
9 4 0 Oy % 4 0 9
s ey s ey
Fig.2 Design of 3-PRS manipulator for 1st and 2nd position
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Fig.4 Design of 3-PRS manipulator for 7th and 8th position
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Fig.5 Design of 3-PRS manipulator for 9th and 1st and 4th position

The procedure is based on a set of geometrical constraints  synthesis procedure used is based on least square technique
of the manipulator and involves determination of dimen-  for nine positions is demonstrated through a numerical
sions of the architectural parameters such that the mobile ~ example and it can be applied for the synthesis of similar
platform passes through a set of prescribed positions. The  spatial 3-degrees of freedom parallel manipulators.

SN Applied Sciences

A SPRINGERNATURE journal



SN Applied Sciences (2019) 1:1114 | https://doi.org/10.1007/542452-019-1085-0 Research Article

4.9 obtained with Solutions 1, 2 &3 ition 1,4, 9 obtained With solutions 1,283

Position Posi 3
14 19
12 1.2
1.0 10
i~ £
B o5 =08
o o
©
-‘% 0.6 g 0.6
- 04 - 04
> 0.2 © 02
0.0 0.0 3
0.2 J 4 02 4

an
X al;d " dQ [}
9 4 0o o " (my) 4 0 -
() 5 oy ) ) 5 he
Fig. 6 Design of 3-PRS manipulator for 4th and 9th and 1st, 4th and 9th position
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