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Development of 6 DOF Positioning Manipulator Using Closed Loop
Structure and Its Kinematic Analysis
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ABSTRACT

Parallel link manipulators have an ability of more precise positioning than serial open-loop manipulators.
However, general parallel link manipulators have been restricted to the real applications since they have
limited workspace due to interference among actuators. In this study, we suggest a closed-loop manipulator
with 6 degrees-of-freedom and with enlarged workspace. It consists of two parts for minimizing the inter-
ference among actuators. One part is lower structure with planar 3 degrees-of-freedom and the other is
upper one with spatial 3 degrees-of-freedom. Forward kinematics and inverse kinematics are solved,
research about singularity points are carried out , and workspace is evaluated. The comparison of work-
space between Stewart platform, which is the typical parallel link manipulator, and the suggested manipu-
lator shows that the workspace of the latter is wider than that of the former. Especially, simulation results
also show that the suggested manipulator is more suitable when there needs rotation in the end-effector.
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a;= % {(\/SBmls, - Bmc, — Bm,s, - «ﬁBnyc, +2A4Bs,)

o= %(Zml +434- s/SBc, +Bs,), a,= %(2»12 + A=~ Be,—3Bs,)
2 51
a4 =l{(~/§Bm,:, + Bmycy + Bmys, —\/§Bmzc,, +2ABs,)
a=4B*(A+B) (4A'B* -3 (A+B) + 32 -4AB{, +1}) 2
b=16B*(A’ + AB + B*)(4C2 +(2)~16B* (A’ + B')x (3 (A+ BY +2B(,)-64 A°B’ qErec+rst +é(c,, ~1c]~s2)-R, gy =-rs,c,+Z,

c=8BY (A’ + B )3, -4A'B +90])-24B2 (34 +2A'B? +3BY) + 2B LH(A” + BY)
g= L(«/i:,ck (e, -D-cst-¢) +£, 4= 1:,(:, -V35)+2,
d=16B"(A* - AB + BY)(3G +03) +16B7 (A" + B)(ABL, -3 (A- B)) + 644’8 2 2 2

e=4B*(A- B)' (44" -3 (A~ BY + 3 +44BL, - 1) 4s =%(—~/§:kck(ch -D-cs —cf)+—§, s =%s"(c, 35 )+ 2,

P o2 a2
p==50~3), p,=4rgs(l-c,)
.'.f_ £ 2. 1 =0T ) P EAGSUG
Py="T0L . Pa= 55

=A,(2D,y,) +2D,B,y,(B,+ Dx,)+C,(B, + Dyx,)*
AS Al 371 i PAR T ™ 4\ 3% p5=§5,,-"(5'“‘/5€‘), pé=%(c,—l)(~/§(c:—s,1)-2qsl)
B,=—4AD,y,(A +Bx,)- B,(A,+Bx,)(B,+Dx))

)
2D (B, + Dyx)+ E(8,+ Do) h= %"A(‘} ‘\/g-‘}) s = _ésﬁ.(ﬁﬁ ts)

Cy=A(A+Bx) - D (A, +Bx)(B,+ Dyx,) + F,(B,+ D;x,)’

=L =T - 2_ 2
A=(B,+Dx) +(2Dyy,)} p,—zs,xA(sA+~/§ck), Po= 2(cn D3 -5 +25,¢,)

B,=-4D,y,{(A,+Bx,)
‘ AT Pn=%cn(ck+ 35), pn:%-‘n(_sk"'ﬁck)

C,=(A,+Bx,)' —(B,+ Dyx,)!

T = .
5 23
T 22 [_3_
A=4BDY) +(BD;-BD)x+ AD, - BB -4(D Dy, 4=~ Doula -a)eaa) ol

B,=-8(A D, +B,D,x,)8,Dy, +8(D,Dyx, + D,B,}D Dy, dy = r(c, ~ D(~26,8,6, + 15y — 515,) - 85,5,

C,=4(AD, +B,D,x,Y* ~4(D,D,x, + D,B,)* v
d,= ge,6, 'Esnca(cx - 5) = 1586
D,=8(A,B,D}y?)+2(B,D, - B,D))x, + AD, - B,B,)

X((B.B, - A,D,)x,+ B,A - B,A,)~8DB,D,y} V3
(BB~ AD)x + B,A - Brdy el dA=%(¢n’l)(fo(ci"5:)"’2%5:50)'?8"9

E,=~8(AD,+B,D,x)A,D,y, +8(D,Dyx, + D,B,) DBy,

dy==r(c, ~ Ve, (€} - 57)+28,5,6,) + 86,5
E=4(AZDIy1)Z+((Ble‘A2DJ)11+B1A1‘BzA2)2‘4(D|Bzyl)2 s " (R 07"k (]

r 2_2 _
dy =856~ E’A-‘a(ck = 5) 415866, d=-gs5,
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