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Abstract : This paper studies a class of in-parallel manipulators with special geometry where the forward displacement analysis problem can
be solved easier than the fully parallel manipulators. Three horizontal links of this mechanism provide 3DOFs(Degrees of Freedom), which are
one degree of orientational freedom and two degrees of translatory freedom. Three vertical links of this mechanism provide 3DOFs, which are two

degrees of orientational freedom and one degree of translatory freedom. The main advantages of this manipulator, compared with the Stewart

platform type, are the capability to produce pure rotation and to predict the motion of the moving platform easily. Since this manipulator has

simple kinematic characteristics compared with the Stewart platform, controlling in real-time is possible due to less computational burden. The

purpose of this investigation is to develope an analytical method and systematic method to analyze the basic kinematics of the manipulator. The

basic kinematic equations of the manipulator are derived and simulation is carred out to show the performance of the mechanism .
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Fig.3. Existance range of the forward kinematic solution

5
5
4
5
3
s
?
5
1
5
0

215

ditxlor Hd dEHH B s HE Y

i EdelE o del fFY93}A Foo, vhF 3 multiple
solution)& Zt=vh B A9 wjyBdiolsy He 454 &4
A 271N E AR HE FHE AR , v TR
s G 7148 sk EAFGE GAsArt.
R= 50 (mm) , r= 50 (mm) ,L =L1,=L,=100 (mm) ,
8, =8, =8; =0(mm% BeE 2@l o5l sk,
-180" < 8, <180° (fori=123) olddd £ .f .48 +&
2Ax%E ™49 @bl  YWERAT 2 404
[1(8:8,)=0, f£,($,9)=0, [fi($.9)=08 @Fs§+=
%), (9,9, (9,909 &S 7 AHF oj(band)E
PR L AL ¢ F AL, GFA @S A HEE
s g EAFS G 5 dey, =3 ;MY Wy
& B8 g 1d s golsd 9 d¥ez A sy
#7k FESFT UASE FAFAG.

U oAde 10 Seqrae, 10 M aneeans |

"y P
LS AuesZieundy

® £1(5,9,)=0 (b)

A0 00 10 Segrew 10 (ke R2 @ na)

J2(9,,95)=0

© f;(9,%)=0
A€ 4 A V7% He Iy EAL
Fig.4. Analysis graphs of the forward kinematic multiple solution

0
THETA1=90 »
0

H
H
B
xe
THETAZS0 olte
THE TA3:90 7l
60 foe HETAZ- 80
. B areo e %
b, -
E o
e (A, 1
50 0 A —— s0
— 7 i
o

T
1004 (3= 1
£
00750 THETA =16 26
g odx= 32 THETA20
¥ =% THETA3:60
N o Siope
£ Jopos
g .
Br2enenm
o . - ..
100 S~ NS
R T
- -0
50 T 50
Vi) 100 100 X




Ity
WS

42

Tar WY

A | nETarso
THETAZ=16 26
THETAI=0

LN

@ M)
a¥s 8749 A V% HY 3

Fig.5. 8 configurations of the forward kinematic solution

AMAME Be FAE £3/44 A9 A2 A
A7 S Y EREFY FHANYG BFS AALA
A3 AL dUEGCHE HA Ao s
wreA gesch Wy ojUEdely A A J7E e
closed form &2 T8 4 glero g FAHYE Fdao AL
A Aok wEbA FAalMo] dele AR A AT
o HE AADA FE F U ddo "k B AF9 9
g duEdely A¢ o2 Zojofd uHY AY
3] 2 (4)7} Y¥rA Q) Stewart Platform 2] 73 $-o) w3 3}
gstx, AN BUF: s dd FIEEL dE
Newton-Raphson 38§ A &2 A7 78 & HAA
o ¢ F USS FAFHYUY. ( 486-DX2 7| & MATLAB %
o] A} CPU time Smsec °]3})

6. AAF ;A

AutA 0 2 Stewart Platform H H 2] WA U FEYojg 9
g L Fold wE FY FNY @A A7) AR
A% agolth o)A dYBEHoHE YEHOE A S
Sed Add Adxzdo dv. B A9 6AFE HE
qu EeolE & Fold B2 APF e 9w WAjs
£ AT 9@ 3-PRPS(P:Prismatic, R:revolute, S:Speherical) ¢ E
e g AAHAL, FY T 3 1@6% o)
p=riR Y FA3A FF AR 75 Fa g 7
A71A oldl 1969 AT BHE EHAEF WAL
R=50(mm), ¥A Y32 AolE 0<L,S12R, ¥8 B39
do]E -0IR<S <0IRZE HG Agold. =¢ Fa9 &
d TH5 AEZAstroke)o] Wt p=r/R ] g2 2z}
Fe B9 A3 A8 2279 YUY, Agyo=
B A7 g3 suEdelee] AL AA FAQ] AL A
A &g 937 ds FhA dadge A5® p 7t AA
H5s 4R syo ZHRE WAL AAFHoor F4,

TOTAL WORK-SPACEFOR  /R=10 0y o ANOUPAEFR
150 )
08
0.9 0\1\ N e FA/‘}'DZ
YR 02 02 Xe/R 037707 B 9% 0 0% 01 08 02
xR

296 p=r/R=1 3%9 fiyEdcolgg AT
Fig.6. Workspace of the manipulator in case of p=r/R =1

216

WORK-SPACE VOLUME VARIATION TREND

Vidmax*3 (WORK-SPACE VOLUME
o o o e o
B ©® @ ©° L. .
- 6 @ e N
3%

o
o
~
»

[

0.05 0.1 0.15 0.2
d/R (DRIVING STROKE RATIO)

aHT pofl A FY T3 F s

Fig.7, Workspace volume variation trend w.r.t. ,

7. A&

AFolxe FF AxAoj7t 7led 6AFE WA v
dolg & AL, 717 A& S en, G&
e BEs e F AUt

AA, ¢ 717 = F48A ARAHAY, F 717 )
FAHN Pgos T, FL8A ARHA G2
5 EHEF JIE AN-B0 40 dRH A 477 EA
ok gaAM g3te A J1FaAE AARS] A w8
Mol 271x MAol F2ET. vjBo] F3A A (Newton
Raphson Method)S % & A 7178 s 2AF Aike] 7
stk €A, A V17 #rt EAsE 2 F3 vy Ao
o] 3% #AAE FHHAE. o] AANL A5 ZRE W
A 3azie vig o7 BAHARE W F 29 AolE A
e dAVIEScE AHE & F Atk AA, B AF79 64
= B3 dyEdelgs wold BE @4 WIds d=
A& 7159 Ao AYIRHE AAH, AT 2
d & 4% & F& AAIAE peoidt. matA sy EY
olel HAAN FHAAY AYPFT R 5AA wnes pg 2
A& ojop @},

rlr

o

153

1) D.Stewart,”A Platform with Six Degree of Freedom “, Proc. Inst.
Mech. Eng. , Vol. 180, PP. 1, No. 15, pp. 371-386, 1965/1966

{2] K.Cleary and T.Brooks, “Kinematic Analysis of a Novel 6-DOF
Parallel Manipulator”, IEEE Inst. Conf. Robotics and
Automation, pp. 708-713, 1993

[3] E.F.Ficher,”A Stewart Platform-Based Manipulator : General
Theory and Pratical Construction”, The International Journal of
Robotics Research,Vol. §, No. 2, 1986

4] Pkabjot Nanua, Kenneth J. Waldron and Vasudeva
Murthy,”Direct Kinematics Solution of a Stewart Platform “, IEEE
Transactions on Robotics and Automation, Vol. 6, pp. 438-444,1990
[S] Carlo Innocenti and Vincenzo Parenti-Castelli , “Direct Position
Analysis of the Stewart Platform Mechanism , Mech. Mach.
Theory,Vol. 4.4, No. 5, pp. 561-565, 1988

[6] Fariborzo Behi,” Kinematic Analysis for a 6-Degree-of-Freedom
3-PRPS Parallel Mechanism”, IEEE J. Robotics and Automation ,
Vol. 4.4, No. §, pp. 561-565,1988

Proc.



