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This project focus on the further design and
investigation of hybrid platform proposed in
previous works. The number of configurations is
analyzed for a moving platform being supported by
three S-S legs and the position of an actuated point
on the platform being specified. This problem was
solved by using three different methods. The results
show that the concept of screw motion is the most
effective one for analyzing the configurations. The
maximum number of configurations is eight. The
occurrence of double configurations is investigated
on the basis of kinematics and geometry. A matrix is
thus derived and its determinant being zero
represents the occurrence. The map that shows the
number of configuration is also constructed for the
actuated point being on a specified plane. It is also
found that the configuration analysis of this hybrid
platform is closely related to that of spherical
mechanism. On the other hand, the actuated unit
being replaced by a cylindrical join with 2 DOF is
attempted. Although the maximum number of assigned



poses becomes eight, the S-S leg can only match at
most seven assigned poses. If seven poses are
assigned, the set of solutions should be several
curves and numerous points can be selected to design
the cylindrical join. A numerical example 1s given to
11lustrate the synthesis of cylindrical join with the
aid of optimization.

hybrid platform, configuration, double configuration,
poses
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Abstract (The design and study of 3D hybrid platform)

This project focus on the further design and investigation of hybrid platform proposed in
previous works. The number of configurations is analyzed for a moving platform being supported
by three S-S legs and the position of an actuated point on the platform being specified. This
problem was solved by using three different methods. The results show that the concept of screw
motion is the most effective one for analyzing the configurations. The maximum number of
configurations is eight. The occurrence of double configurations is investigated on the basis of
kinematics and geometry. A matrix is thus derived and its determinant being zero represents the
occurrence. The map that shows the number of configuration is also constructed for the actuated
point being on a specified plane. It is also found that the configuration analysis of this hybrid
platform is closely related to that of spherical mechanism. On the other hand, the actuated unit
being replaced by a cylindrical join with 2 DOF is attempted. Although the maximum number of
assigned poses becomes eight, the S-S leg can only match at most seven assigned poses. If seven
poses are assigned, the set of solutions should be several curves and numerous points can be
selected to design the cylindrical join. A numerical example is given to illustrate the synthesis of

cylindrical join with the aid of optimization.

Keywords: hybrid platform, configuration, double configuration, poses



- MG E 2 1;%5,:’;.

B E S ArRSES 2 PREIRER G R R ﬁﬁ%«ﬁé&&‘v iR R LD o REF
TR ESE T4 eng B > Tk 5 P BN Z T E N EHT L8 o Tk
LATHHER 2 Bk -

W e s B opd A 0/ ¢ [Beyer, 1963] - ﬁﬁf#ﬁﬂb = ¥ * 4 Bli# [Tao, 1964]
z ﬁi;m /% [Suh and Radcliffe 1978]” FEEE  BARR AR T bR E R
tho %4 5 T [# % %,2002] ~ 2k [Chiang, 1988] % = ¥ i 1% #% #£[Hunt, 1978] % - T & i {&
%}l@f#&iﬁ%«fﬂ%@' WiviaT o @ R HFAT 2 o* #3150 F R L ol gt g
3‘@3}% T B enpt s g 4 [Laribi, Mlika, Romdhane, and Zeghloul., 2004; Lin, 2010; Shiakolas,
Koladiya and Kebrle, 2005; Zhou, 2009; Yu, Tang and Wang, 2007; Zhou and Ting, 2002; Peng and
Sodhi, 2010; Zhou and Cheung, 2004] » 4r3% 3+ 16 o2 # 445 Fd 2 4p L in 8 2 = end R §
5| [Gatti and Mundo, 2007; Chen and Angeles, 2008; Myszka and Murray, 2010; Soh and McCarthy,
2008] > H i i * 4e [thx €, 2007; i+ 225 3R 48 4, %] 4 1€,2007; Dong and Wang, 2007; Soh and
McCarthy, 2007 ; Haulin, Lakis and Vinet, 2001; Xu , Lewis , Bronlund and Morgenstern, 2008;
Dado, 2005] » % *t %3 A i 4% » H B * 4o it 2 [Comsit and Visa, 2007] % #» 48 3 51 [Russel and
Sodhi, 2001; Russel and Sodhi, 2002; Russell, Lee and Sodhi, 2007; Shih and Yan, 2002] % ; & »%
PALETE PP GE e LB UuBEERIELZ AP A FA AR ERY S G o
AR 2 2P E U AR B el R 0 T G gk e e

BBV HRAER S Rt b4 A A > 24 PUMASG0 2 Fanuc S-900W % [Craig, 2005; Tsai,
1999] - /s *t4rit 2 W F A E i * 25 7 B2 Bpd R A [Tsai and Morgan,
1985]% 3 c 223 A% d e (G E > 4 5% 4o SCARA % m# b p d B e iAF
[Davis and Hofmeister, 1997; Genov G. et al., 2000] - # B\ AFee 2 2 pd B > A i R 7 &
g (Efed 2R S SRds Bebfe B o84 B S AT feehin gk A L R FR
i3 rl;}:;;gg_;u ﬂxfpg— s PSS FNFH SR s Foebgpud "Lﬁ BT o

TENERT S BT Sy B st e, 3d Hord o f4-d Stewart 7

p,[Stewart, 1963] > &3 » B A d BT RFVDEAHEREIRAELT c BT HEFFENLR
Mpd RenT FNEHT So40@ 2w Bad & [Jaime, Jose and Alici, 2006] = BT # p d &
r’ﬁDELTA T4 [Laribi Romdhane and Zeghloul, 2007] - 3% #f T 7 Vi@ & T 5 > g §IIE H >

ePERF <0 S 3 B E A gk I1[XI, Xuand Xiong, 2006] - ¥ ¢h > r 5 ¥ T G

ZFa g Eaie=zBpd R [Li, Gosselin and Rlchard 2006; Chung, 2005] = & p o };?.[Llu
Wang and Pritschow, 2006] T & o 2km T (78 @ d L o0 FlEG 5 BoREF 0 FRG kA
e~ A AFEIE P TR T FE

N

=]
%
LERTE

?ﬁiﬁ%ﬁ** SR T R ALG BT ¢ F L A AR S
e dnd g o R A ~a@@om4ﬁ%ﬁﬁ£§%i;’ﬁgz@ﬁ
BB pd Ezu«*%mz‘;r’u Boo few g RAUFRE S B A2 AER L o AWl LK
A N T Y S Gy R R S E
FiFEH T ) H ,%g‘;? _}wlm,b\g%‘mm,%gg\.—s E o a.jjira;fﬁggﬁq—s X, ?a%gﬁ?mg‘

FRFZ2RTFER o WHHFEHRE S - FAFE X AN LR8P EFENAT LT
s e R el ¢¢g§+ﬁnf§,%%o AR FLB L 2 Ak FH 2 F AT
mi’v 32 ﬁfﬁ“#mt&“ AL & 45428 chfi o & LB B o ¥ 0 0 K2R AR

\"1 SN }%?\i "l{rl%%%’fgp‘\‘ﬂg‘ﬁ d F;‘m,\ﬁ';\’ Tﬁﬁ‘uﬁ,‘lii'-;}f'zg‘l e u;%%g
i\lé"?*bﬁvJ%%‘“‘\l: hip T e

B R T

—AL R S S pd RS A[Tsai, 1999; Merlet, 2006] » @ T S ¥ iEH T F i i
BYE R TEFATVEARMFLNRER AAEEL - BAJ R[4 2009, 20100 %

. 7
-

—



2010c] » # & * T 5 45 5 Sed B <[4 F 2010a] - A E FENA A 0 - 5 F kA%
BRI R 0 A E ST LD S A TR MR T A 4 A )R
EAE A S R L i T - S E S EHD R 5 C B ERT 5T 5t
% S AERECD R R A G B AT 7 £ e R

1 A58 P chifsd:

F M AR ECR PIE G 0 b A feede Stewart-Gough T 5 HAFRe R B P F B iE 40 w2
[Raghavan, 1993; Tsai, 1999] - ** &_% 3¥ % #7 1 4% J1 4 w7 Stewart-Gough = & » g228 p d B+
fe T'E o (e g2y~ kg i [Chen and Song, 1994; Husain and Waldron, 1994; Lin, Crane and
Duffy, 1994; Tsai, Walsh and Stamper, 1996; Tavolieri, Ottaviano and Ceccarelli, 2006; Pierrot et al.,
2009] > 3% % 2 e i S AT LA EpFEOL & 3T -

doRl- rm 2 B - FRERT S A FRE R R e FRE G oA
B2 Crufshifsdt S48 » M2 40 A~ Bo % CofsU 4257 « 5 3 T o 2 =2 B 3F
iw BER R LR E URG AN BHAE e Bk 23 BB ETpd &
Pl: 6:4-3-3-3-4=3 5% > FT ot P B e BRIHELFC3BA
B *A@Ad ROBH D P T PERRR g 2 S ot AmPF ALY 0
ELTCRAREEABPHIIR(cHRTEEI )P FEW P BaERE - L i
ARG B F PRI TG B RIS T B R PR
- 2 B4R 7 5 ) AR A 450 T St o

x P D

Moving

Platform $2
$1
C Ao
$2 $2
$1 $1 2

Co
Bl- BT LB

Bl- ¢ chPELEE Tl e T senpd RS0 FI ANB2 CZ 28ei=% &

VRl e §BP A B frCoinm R s ¢ dv o A P-A-A T A
P-Al=L, 1)
A, —Al=L, (2)
B dolo, 2 @6 T 01 o 8P FIB A SRR o O N RRER T o SR B L, S ¢ A
I RV PRI Ly o5 e il S()ESQFARL S BRRG HL o Bt G
- B BEE VARG - AP ARNE C KN E - B e dake i L P-B-B,2 P-C-C, ¥
ERApRE I en™ 4258 o ¥ AN EHT L > ANB 2 CZ BhFenfEdpr L HE o FrT RS

|A—B|=L,g ©)
B—C|=Lg (4)
c-Al=Le, ©)

Fher > VEOB AN HY - Sen 2B BARS B LD Fpt k5 64 e

r b L i % Bezout number 4e i f245 o i * 3k 4 & fZ(product decomposition) & % &



=x > #2 Bezout #c (multihomogeneous Bezout number) [Wampler, 1996 ; 45 < 2 & f§ < =,
2006] » /AT H|H fR P o dot it 0 Arlics ASBZ C = Zherm o #5 (1)2 X Q)4 R
RS A,ﬂp;i#ﬂrm— XA K5 QY =0°F A BRI (Ax,Ay,AZ)%\W P BT @ AeT
- = AR

9, =PA+qA, +TA, +s=0 (6)
A e N (1) & (2o % BT B AR L

gz'hz =0 (7)
Hd g, h, 3§ 5 4ot (7)ih- =3 AR50 o

4R Q) EAAA, CAARAA E - ZE T ERESAQ@) ALY A B A2

g o et (8)#1 T

0:(A A, A,)h,(B,,B,,B,)=0 (8)

T S (4)2 S (B) A fE S

9,(8,,B,,B,)-h,(C,.C,,C,)=0 )
gs(Ax,Ay,Az)-hs(Cx,Cy,cz)=0 (10)
FI* KA RN 2 LR ZEREB- XA EPR Bl A ol e DlArpEH

9,=0-9,=0% g, =01 zﬁi A—J;Ii%ﬂ(AX,Ay,AZ) cCELAEET Y h, =0#fedrg, =0% 4o
$(N)hg,=08h,=0> 2533 @7 s c APl  BBEET D g9, =04#Fedrg, =02 438 (7)
g, =0 hz_o,frv,sa EF i o FPE 224467 i o

diE ARRRRRE VERY 9, =08 h, =0 FREH]Y =0 95—0 R A
F A odo b i B %é:cza‘% TR ﬁ&ta‘%”ﬁ*—&«Bi B C e Al Bt e b i 55 (1)~(5)
{ B8NS30 ’ﬁx;‘z}f&;_}i44 16 @ f%

drBl- PEH T Lo d 3 P BELHE s FP T S Ay = B p d R - 3T[Suh and
Radcliffe, 1978] 2 33 & ¢ » 2 - $ME - ¥ X - e Zufu,,u,u,]>e- £ & ¢ P
PR BT AT A
u Vo +Co u,u,Vo-u,Sd  u.u,Vo+u,So
[Ryo]=|uu,Vo+u,S6  uVo+Co u,u,Vo—u,Sé (11)
u,Vo-u,Sd  u,u,Vo+usSe  u,’Vé+Co

H ¢ Vo=1-cos¢ > Sp=sing 12 2 Ch=cosd ° %Kk s, =u,tan(9p/2) > s, =u, tan(¢/2) 1 2

s, = U, tan(§/2) ; & >+ cos = (L—tan?(¢/2))/(1+tan?(¢/2)) = sin ¢ = 2tan(¢/2)/(1+ tan?(¢/2)) 7]
AT R

1+s,7-s,” -s,” 2(s,s,—S5) 2(s,5, +5,)
[Rq) u]_ 2 2(5152 +53) 1_312 +322 '332 2(3253 _51) (12)
1+s +s2 +S, s o
2(s,55-5,) 2(s,85 +5,) 1-s,"-s,” +s,
KEHL S PG - i ANB-CZ2 Puw ZBhip 3% i kg ih s W W PA - PB
PP A A o tir BAR B AULIE S 1A 0 OB > °CE °P &7 0 B



°A=[R,,[PA-"PhP
°B=[R,,["B-"P}+°P 13)
°c=[R,,[PC-PP)°P
Mt 2 B e QIR RS AR R A A= Ly B b BT R S
(A, —AT (A, —A)=L, 2 14)
2@ o RuTRI - e
AP R, (A P)=Las -

UNLRE R S eldy o 207
(i=1~3) % A frdcens 3 42k o ¥ - &
Esﬁ:—‘j\ﬁ;’ﬁxg#" N I[}ﬁepo

2
°A,—°P

~[PA-PP[ (15)

= Zehs, (iS1~3)% = B A ol o Fp N (15) 5 s,
Foe o mE RS BAT AR o BSr 2 B RS

PlE- BET o3 ANBNC 2 Pwﬂé’*%}@%ff ﬁq A b ha e d o H R A -
7)o = 8 S-S A i enlicdpded = 5] - FP ,mﬁwﬁﬁv T °P:[2, 35, 75] » FArBl - #7171
s B T S

L-ABC2 PIEuop g &l taik

X y z
A 0 0 0
B 30 0 0
C 27 23 0
P 20 8 40
# =1 2 2 S-S i fF ety
RS Ve @ LR
@A -A °A,:[0.0,0.0,0.0] |A,A|=68
#1B,-B °B,:[50.0,0.0, 0] B,B|=86
#1:C,-C °C,: [70.0,30.0, 0] C,C|=81
f& d & - % %\_‘ EH By 0 T AT 2 BAoN(15)en At o BH B Kz XV @
fro P AR ACBE CZB s AR A h2 BT 22 - £
m&’@;‘” S7rs 3D KA EM A R B Wk B G TR - BPE
iz ik

A% a0 I BLG BRECEE o

AZIANBZ Cz s BHAUHRT AR R
°A °B °C

31.0931 44.1506 41.3272 |6.1627 60.8185 42.1355| -3.2034 41.8734 32.5773
-13.5077 -6.8062 66.2964 |14.0763 -5.1166 77.9699| 19.7222 0.3009 56.1348
-30.2281 42.3056 43.8235 |-20.839513.9603 46.7212| -3.0106 21.7498 34.0937
20.6254 52.7893 37.5750 |-9.2348 49.9036 37.3747| -4.0511 27.7738 32.7488
37.4852 32.1022 46.7794 |43.1931 43.1418 74.0841 33.9943 62.3697 64.9368
38.3502 19.2766 52.7416 |42.0585 24.5270 82.0449 43.7324 46.5055 74.8237

)
*

OO WIN|F




W
Bl= @ bAE- f2 0 ehs B

MG Ae e P geahadh o RET A8 BIEA) o d 2 E- it As g Y o P
Bhd o BAESRE 0 T T ERBER P B ¢ TR o HEP B2 1 TRE I RES
¥ ¥4 fcdic(batches) s 4o b A B2 A o AT R A G LB RE O FIREHN LA E B
BEORR B BP L BEHG AR L DR R R

AR B TR DR 2 b DB R S A AP
B,-B-P 2 C,-CPo& wispfF} chP B2 VI ZHFALITRELB L - B3 IRl o IS HRE
Ag-AP 5 bl Tk 5 A R LT L Loy +L, 0 R8T e g S
R eRE PR TR h BT S - PRIk o Kz e RS u i BE LB RIS
Petz vifeha (TR o

FHED A2 RO A FRLFERPME AL  FUFZ e m A ABB, 5
Blo At e B ARAIMI AR w1 B BFSS B o kg ERAe A
B 2B, ZB:*- ERPF - LESFlAp> > 3 BEE S €490 F 5913 &L= & (limiting
position) o 2. {473 FIif & L B> T e mE e s o

L Bz e Assur T ik et iR o B¢ CEL Aw i s m A ABB, ! gk gL
Mo R A C CHATA DL 0 A KB 5T A iR e e B2 ikt C o
I~ 2C zB3-3M-H¢ |gueidfreA ABB, A% > L8 aml ey v C2
g B M- P A RHERICEE > N F CBenig AV BEENERICe 2 C,C

o

LPA - LADA




frird enflsn g2 [0 o Flut iR g St 4pr o A 3 EAE N A H R R
%r&#gﬂsg o

Bl = :Assur T i {5 2 E 947 Ble: £ S-S i A5

AT G i ads o VORE T TR - 2 WO R o R - D
Co'C%trF‘?’:’ffr“f V@Rl it HY Py A~ 2 B Z B R F R ARG R A
B L L - BRI AR 2B A, MV, AT AL R B2 e B Py A R
A Z BT g & HRA 2 ré’if%*v?Ponﬁ( o Apfr 0 B BT AU B Gl b
Flt > HE R Vg T F30PB xPBed > P~A~ %2 B gk AfdT 2 3 plgpfl
T L d LEF - PR PO o AR Y hS, 0 P iE e o H I P P A2 e
FEV,EV, 5 Ed o v, % (A, xPAJ(PB, xPB) i+ -

P, F A= P mRs | B o FARE B - chC B A= ¢ hE R AR ehgE > T
w2 g R e Apre & L AT R0 o Ble T S EFEhAS, o r VD e S
%?(PAOXPA)X(PBOXPB)O-E d P~C,~% C=zgitair Vit p T ﬁ%?pcoxpc o F]
FERS o £ R EAHAF A 0L s $, W PCxPCLE - 7 % pRFEE £

T Ae T

) P ) w

bo
ok

PC, xPC
PA,xPA(=0 (17)
FB. «PB

UK g 1‘#1‘%"-41‘?%]— Sron o0 T LR ¥z S-S A R ehBicdh Ao B[R - # R o RUAE- ¥ P

B2 2275 et G L g RS Hﬁ’rﬁ’“ B A TEEUHEE SR o R AL T P g
y35$~275m5<ﬂl FhopE > BLRA T L ,}#_a—] A g .

[T S I MR S SO ’Eﬁ‘—éﬁﬁ*’ﬁ“"wimrﬁ] TR BH R BT o AP B
TP (ERE 0 N L BT

g-ﬁ;\p ﬁﬁlf?—q/&f)‘@o Fﬁ‘?pi*“"‘fl%,ﬁ’}]&ﬁ, *44,&75 >R A BN

B HP 5 246 % 8o ¥t EBATR A TP T Aeb AT 03 SN RE o & R
i“‘ﬁf* 2RB)RA7)F 2 s d R E R E L D NP EAERBES S F o ek
ﬁ?(optlmlzatlon)mgma Ao\ﬂlt’?;l. B, s REB L L B BB AW S o A
S AR AT E R 0 TR GRS R ER R T 27 e BB e B A

r a \ﬁ'-l\ pug

+
%
F"
i



W8P 5 20 Hepsgde o ¥ o> F PRI ZZT5 chT g b > X AL G 8 BHAIHF b

1000 — — = — =)= — — — — /-

Iy S| S

50 |

|
I
E 2 )

‘.3;\\\

[ y=35

‘.3;

B0 - — N — N ——— - —_—__ 4 ' __ Ly __]

00 = — = — - = = = = et e - —

. ﬁ&f?? Pl R P B+ : #ﬁi’]‘#_ﬁ"’]‘#_ﬂ/&ﬂ ¥ & B

W%l:éyﬂ&ﬁﬁﬁ“ﬁH%WLMQﬁﬁﬁ&%%°éﬂ@ﬁhﬁ@%ﬂ%’?éﬁ
U3 218 .’g*}; 2 g_f#ﬂ/ o Ef ,’é.ig“z'_j@m/,,\ﬁ s 5&_;&(17):* 2 BB EUE e BN~ Y

FAGHE TR T ARl gk o H Y AR FANEL R AR X B 5-200--208"
0.8-9.8+32.3+324+37.0 % 68.1 /i Pz.’x#108 9.8] 7 2 [32.3 - 3ZQﬁ&F2 pﬁﬁﬁ,
#[-29.0 » -20.8] % [37.0 > 68.1] 7 } ;rﬂﬁﬂ 30290 2 40 681 BIBHER 2 T AT

By ow A o ¥ b e A-Ao £ F Rk #E,L ke Z phF ehd A TA YT > ® ,arm/\mfg
Fotled " T TR ERFES T R A T ETHER S P FAES RN
BXER2IPEHE -

Determinant

angle Z-Ao-A

B~ 2 AA0E ZF o &

VohoRle #tfyid P 5 B8 ABZ BEOT st &% 5 - B> Flet 7 SR
B2 213k 6 B H[Chiang, 1988]F % *7 B 1% o deBl4 #77 > % it P BV Aok ke o F
#-A, A B2 B &P RauswERg 23ta, ~a b2 b, BT E- BEEE D
ke ow s lraabb, c MERAEC -C A rF g ¥ F4cB L eac, ¥ c; F] A - g en
Assur k& T {5 o Fdthdo bR - i B AT S 4P 0 F R c BRAR G w i 4% W a abb,
SRR RE > R F T AL EME LY Mo gt Cc BRA - BRI o B AIIERIE i g4E BEY M
LB VD REAHRE - hE Z 2% o R L ERHcP hk L o TR Z\T#ﬂ/&g 1k
< B f4rE = m@‘s]:ﬂ&\,]{,?,%«wﬂet KEOL M o TRs P s a, % a T - ik B P.pz b
A {IAR L3P, 5 M BRI B2 etk P BE o @ Ble cndh R $, BT HREE S TP, fﬂs
< P e £ AesS(16) 2 (17) 97 1 4 ehgdi > F | ehrk g W HEER O Rl A c 2 c &Py
Z Bhae e - '[?“‘Jﬁ],} °



IRASES S I8 - A g o) L

2. P d RAYRRAE

eBl- TR AR AN T S AR A5 SU R SSe gt S ERR- hA 2 B, ¥
BBt - HCRE N EIFERT L RSV AT BRI APMPE SRR o e
LA HE - SO 0 AR SEFF THETRER  ABEES ST I8
b BAT O BREAT R - BIE G BB sk BEE IRL T o TR
LSS B RFHE B AIE VRO A DR B B3 A T
BEEPE S B AR B BRI R $N R - B SR

; N o

=N 5
FROBEBELT B T FEF LY ST Ay LR B PR i

0O $2~$4
c $1
B+ -:S-Caaw (a) (b)

B+ - @7 BAT G kB,

POSEFRE L AAAY LA TS B S AN R L HAFRAE -
ATy ¢ o FHF P g L o UE RIS G~ b AN EE o ARV PEA T A
.

SN

tm b oo ﬂkpiwx};gt}a*kﬁﬁ?_‘é.mlm TG B G R ELE  F HE
d & BaoS R ¥ EUfev &7 0 Bl4oT B2

v, =[-cos(u)sin(v) -sin(u)sin(v) cos(v)] (18)

BT e bV L E&A ey 8 H = £ [cos(ucos(v) sin(u)cos(v) sin(v)] *
[sin(u) -cos(u) 0] o B3k A BehifE s ¢ 4vr TP BT 3%T 6 o oBlL = @)“7F » T B
F8ria kom0 2 REET AR B 40i=1-3 2 =145 o = Ml £ 8 0 Bl
YeBl - = (0) ¢ AT 0T B BRI o ppEd SN(18)A T cnH e £ W 3 C RF chhnd
w o @Al R 5 CIEEpdhi |t o- B o

I fRR 5{%’23&:? BEEI EoL Y R Vfrg‘b,Aiﬁﬁ?ﬁ;_I 5 Pﬁb%ﬁ(xA!yA! );
EB R HNH R E- 2T PR EL T Tl - QEHEBEE B
Ea Ak ag il WG Cpy s TR a2, % ag il 0 G Cuyp o B RSERR] A
e EEAE > P RSB SRR WA F AT G phAE AP M Bcdy o Fdp WPE

’



%ﬁ.igf 4y ;‘fll

E DS E S R R A BRI o d

= @R PR

f(U,V,Xp, YarZ4) = |C123C145|2 + |C1230167|2

*g“:}'ﬁi:m Lﬁ \2%

#a, (i=1~7)% [

'I; ]-'Fﬂ rb &'

(19)

E\!-"a- ’ HT"J = 'E;[F]m"‘/{a_

bR = :fﬂ TLER - BEFAhod w277 FEHT L P EHE - B A ZEH RS BE
FA (| ~T)E te— B o
Fow < B EFE B By
E i
% X y z R, (deg) | R, (deg) R, (deg)

1 -1 5 3 -94 -20 5

2 -1.5 5.2 3 -98 -17 8

3 -2.5 5.5 3 -102 -14 15

4 -3.5 5.8 3 -106 -11 22

5 -4 6 3 -110 -8 25

6 -4.5 6.1 3 -114 -5 28

7 -5 6.3 3 -118 -2 31

f3:. 1 A m&”ﬁp
2. p ﬁi’i“j'ﬁiv% JE 7
f(u ViXar Yao A) = |C123(:145|2 +|C123C167|2 "'|C145Cm7|2
wod B ER RN HEE S > T BB (-4.47833, 6.66472, -6.03396, 29.26567, 19.63859)
4. w *t 5 (3.45068, 6.44150, 2.19788) % F4i ¥ « b F eh— Bh o ¥ o g E o £ 4
(-0.29319, -0.16430, 0.94183) ; Flreh jo 4 1.1947 -
5. 2t A:(-6.03396, 29.26567, 19.63859)*" = 1 % 1 pF » $F T A A &
BT o

% (U, V,X,, Y, 2,) =(-5.0 -2.0 1.0 10.0 20.0) -

LA,

f e e £ T

%7 BRA - BE AP
B

(6.31180, 6.84549, -3.63434)
(6.25786, 6.94414, -3.13647)
(6.02157, 7.11619, -2.06492)
(5.66163, 7.13122, -0.89553)
(5.46283, 6.88240, -0.24945)
(5.20034, 6.45485, 0.41928)
(4.86071, 6.05715, 1.10524)

%

N O O B W N -

FUEPANE ;}Fl ZHE X ET L AR -Qr’m]%\ a‘}:—l T_Z B
1530?‘;3;—‘:;} ’%,\E‘ﬁ?#ﬁ’?ﬁ" ]? L__"g—l'—t—fi\‘%l' dlﬁ '_t'_ I'ml_
AR AERA SRR TS

= BPE o HiRadp 7
LR-U5 50 AAE RS E S A
FOURP OBV B ER L

% o
5
- PRV - BRI
*grl“:l %mﬁgﬂ F% f{ - '&‘7
2 2 2
f(uv, XarYa ZA) = |C123C145| + |C123C167| + |C123Cl78|

-1
3

\N

d

ﬂ
PN
r+*n

(20)



= @
AP EHADR DA ENT DR EA TR o G M 3 e S8 A penEde T
co R R - BmE BRI AN A AR Bl H P R L E
%mﬁiﬁni FRU R AL R WA HR ko 5 8 B o HEFHA M FEHE
EhF R e AP 2 ARG o g0 TS H P ESRE B R T G PR WP R
BH R VHEISSBERCT IR GAF SN T Skl o V- 36 0 g
R EFT SR B o4 kG BT R Ol o
%ﬁW%%+ﬂia%ﬁ%%%% ROTE TG BT BT S kS WA R
E%@°?”Bﬁ@5ﬂ&muﬁ@;ﬁ%¢“’E*Fﬁaﬁﬁw,%wiﬁm@
=B ARA R TR NS B *";;{“J-j A% LS “ﬁgﬁq_ﬁ"* o F|pL
%%‘r% HE R LA B S Bl A BLE ﬁrj\”‘é LAt L
%—E‘FT » Eg—é%‘“miﬁ ’iﬁii‘aé N EEP A Al BB T 0 v st L fz
P BRBCBEITVE ONRCIEY R P IFER > APV EHERFTEZ LK REDELS

_w‘:f:

o

% -\ﬁ ?:H‘ % <
) \jg" = \-ﬂ

(w

%’v%
Beyer, R, 1963, Kinematic Synthesis of Mechanism, Chapman & Hall.

2. Chen, C. and Angeles, J., 2008, "A novel family of linkages for advanced motion synthesis,"
Mechanism and Machine Theory, Vol. 43, pp. 882-890.

3. Chen, N. X. and Song, S. M., 1994, "Direct Position Analysis of the 4-6 Stewart Platforms,"”
ASME J. Mech. Design, Vol. 116, pp. 61-66.

4. Chiang, C. H., 1988, Kinematics of Spherical Mechanisms, Cambridge University

5. Chung, W. Y., 2005, "The Position Analysis of Assur Kinematic Chain with Five Links,"
Mechanism and Machine Theory, Vol. 40, No. 9, pp. 1015-1029.

6. Comsit M., Visa I., 2007, "Design of the linkages type tracking mechanisms of the solar energy
conversion systems by using Multi Body Systems Method", 12th IFToMM world congress,
A582.

7. Craig J. J., 2005, Introduction to Robotics, 3rd , Prentice Hall.

8. Dado, H.F., 2005, "Limit position synthesis and analysis of compliant 4-bar mechanisms with
specified energy levels using variable parametric pseudo-rigid-body model,” Mechanism and
Machine Theory, Vol. 40, pp.977-992.

9. Davis J. C. and Hofmeister C. A., 1997, Substrate Transport Apparatus with Dual Substrate
Holders, US patent 5647724.

10. Dong, H. and Wang, D., 2007, "New Approach for Optimum Synthesis of Six-bar dwell”, 12th
IFToMM world congress, A898.

11. Gatti, G. and Mundo, D., 2007, "Optimal synthesis of six-bar cammed-linkages for exact
rigid-body guidance,” Mechanism and Machine Theory, Vol. 42, pp. 1069-1081.

12. Genov G. et al., 2000, Robot Having Multiple Degrees of Freedom, US patent 6037733.

13. Haulin, E. N., Lakis A. A. and Vinet, R., 2001, "Optimal synthesis of a planar four-link
mechanism used in a hand prosthesis,” Mechanism and Machine Theory, Vol. 36, pp.
1203-1214.

14. Hunt, K. H., 1978, Kinematic Geometry of Mechanisms, Oxford University.

15. Husain, M. and Waldron, K. J., 1994, "Direct Position Kinematics of the 3-1-1-1 Stewart
Platform,"” ASME J. Mech. Design, Vol. 116, pp. 1102-1107.

16. Jaime G, Jose M. and Alici G, 2006, "Kinematics and singularity analyses of a 4-dof parallel
manipulator using screw theory," Mechanism and Machine Theory, pp. 1048-1061.

17. Laribi, M. A., Mlika, A., Romdhane, L., Zeghloul, S., 2004, "A combined genetic



18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.

algorithm-fuzzy logic method (GA-FL) in mechanisms synthesis”, Mechanism and Machine
Theory, pp. 717-735.

Laribi M.A., Romdhane L., and Zeghloul S., 2007, "Analysis and dimensional synthesis of the
DELTA robot for a prescribed workspace," Mechanism and Machine Theory, pp 859-870.

Li H., Gosselin C. and Richard M., 2006, "Determination of maximal singularity-free zones in
the workspace of planar three-degree-of-freedom parallel mechanisms,” Mechanism and
Machine Theory, pp. 1157-1167.

Lin, W. Y. 2010, "A GA-DE hybrid evolutionary algorithm for path synthesis of four-bar
linkage," Mechanism and Machine Theory, Vol. 45, pp. 1096-1107.

Lin, W,, Crane, C. D., and Duffy, J., 1994, "Closed Form Forward Displacement Analysis of
the 4-5 In-Parallel Platforms,” ASME J. Mech. Design, \Vol. 116, pp. 47-53.

Liu X., Wang J. and Pritschow G, 2006, "On the optimal kinematic design of the PRRRP
2-DoF parallel mechanism," Mechanism and Machine Theory, pp. 1111-1130.

Merlet J. P., 2006, Parallel Robots, Springer.

Myszka, D. H. and Murray, A. P., 2010, "Pole arrangements that introduce prismatic joints into
the design space of four- and five-position rigid-body synthesis,” Mechanism and Machine
Theory, Vol. 45, pp. 1314-1325.

Peng, C. and Sodhi, R. S. 2010, "Optimal synthesis of adjustable mechanisms generating
multi-phase approximate paths,” Mechanism and Machine Theory, Vol. 45, pp. 989-996.
Pierrot, F., Nabat, V., Company, O., Krut, S. and Poignet P., 2009, "Optimal Design of a 4-dof
Parallel Manipulator: From Academia to Industry,” IEEE Transactions on Robotics , Vol. 25,
pp. 213-224.

Raghavan, M., 1993, "The Stewart Platform of General Geometry Has 40 Configurations,”
ASME Journal of Mechanical Design, Vol. 115, pp.277-282.

Russel K. and Sodhi R. S., 2001, "Kinematic synthesis of adjustable RRSS mechanisms for
multi-phase motion generation”, Mechanism and Machine Theory, pp. 939-952.

Russel K. and Sodhi R. S., 2002, "Kinematic synthesis of RRSS mechanisms for multi-phase
motion generation with tolerances™, Mechanism and Machine Theory, pp. 279-294.

Russell, Kevin., Lee, W.-T. and Sodhi, R. S., 2007, "On the application of CAD technology for
the synthesis of spatial revolute-revolute dyads”, Computer-Aided Design, Vol. 39, pp.
1075-1080.

Shih, A. J. and Yan, H.-S., 2002, "Synthesis of a single-loop, overconstrained six revolute joint
spatial mechanism for two-position cylindrical rigid body guidance”, Mechanism and Machine
Theory, Vol. 37, pp. 61-73.

Shiakolas, P.S., Koladiya, and Kebrle, D. J., 2005, "On the optimum synthesis of six-bar
linkages using differential evolution and the geometric centroid of precision positions
technique," Mechanism and Machine Theory, Vol. 40, pp. 319-335.

Soh G. and McCarthy J, 2007, "Synthesis of Eight-Bar Linkages as Mechanically Constrained
Parallel Robots", 12th IFToMM world congress, A653.

Soh, G. S. and McCarthy, J. M., 2008, "The synthesis of six-bar linkages as constrained planar
3R chains," Mechanism and Machine Theory, Vol. 45, pp. 160-170.

Stewart D. 1963, "A Platform with Six Degrees of Freedom," Proc. Inst. Mech. Eng., London,
\ol. 180, pp. 371-386.

Suh, C. S. and Radcliffe, C. W. 1978, Kinematics and Mechanisms Design
Tao, D. C., 1964, Applied Linkage Synthesis, Addison-Wesley.

Tavolieri, C., Ottaviano, E. and Ceccarelli M., 2006, "Pose Determination for a Rigid Body by
Means of CaTraSys Il (Cassino Tracking System),” the first European Conference on
Mechanism Science.



39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

ol.
92.

53.

54.

55.

56.

Tsai L. and Morgan A., 1985, "Solving the Kinematics of the Most General Six- and
Five-Degree-of-Freedom Manipulators by Continuation Methods,” ASME J. Mech. Transm.
Autom. Des., Vol, 107, pp. 189-200.

Tsai, L. W., Walsh, G. C., and Stamper, R., 1996, "Kinematics of a Novel Three-DOF
Translational Platform,” Proc. IEEE 1996 International Conference on Robotics and
Automation, pp. 3446-3451.

Tsai, L-W, 1999, Robot Analysis, John Wiley & Sons

Wampler, C.W., 1996, “lIsotropic coordinates, circularity, and Bezout numbers: planar
kinematics from a new perspective” ASME, DETC/MECH-1210.

Xi F., Xu Y. and Xiong G., 2006, "Design and analysis of a re-configurable parallel robot,"
Mechanism and Machine Theory, pp. 191-211.

Xu, W.L., Lewis, D., Bronlund, J.E. and Morgenstern, M.P., 2008, "Mechanism, design and
motion control of a linkage chewing device for food evaluation,” Mechanism and Machine
Theory, Vol. 43, pp. 376-389.

Yu, H., Tang, D. and Wang Z., 2007, "Study on a new computer path synthesis method of a
four-bar linkage," Mechanism and Machine Theory, Vol. 42, pp. 383-392.

Zhou, H. 2009, "Dimensional synthesis of adjustable path generation linkages using the
optimal slider adjustment,” Mechanism and Machine Theory, Vol. 44, pp. 1866-1876.

Zhou, H. and Ting, K.-L., 2002, "Adjustable slider-crank linkages for multiple path
generation," Mechanism and Machine Theory, Vol. 37, pp. 499-5009.

Zhou, H. and Cheung, H.M., 2004, "Adjustable four-bar linkages for multi-phase motion
generation,” Mechanism and Machine Theory, Vol. 39, pp. 261-279.

REZF o A FIEA 2007 R g AR A RS LR B S B
248 R eET 3t 6 0 BOS -

g o MBI 0 2007 » "HRHE p B0 MO L TR B BB 8 B e
¢ > BO7 -

B2 20020 Lo iz EHFER 0§ 2 o

482 3%~ f % =, 2006, "Assur Fde4a2 A HCP B R F Y 2 B 2R R R
Rt ¢ 0 C1-019.

483202009 H pd RAFE T Lokt &2 W ¢ 7 7 4R 4 > NSC 97-2221-E-034
-009 -

4~ %> 20102 ™ M ESRE oz BEH T o W g7 3 44 0 NSC 98-2221-E-034
-006 -
4832 > 2010b > " EH pd BAF AT ST MERISFA > "ER AR F 0 Vol 26

pp. 51-57 -
4% i > 2010c," M H fd RAF &SN T SRFZAFHES 2 B 2R HE P ER
3-8 RT3 ¢, 260018 -



nﬁi g Z‘d— E'l,r"«L

ZTAFPE SRR T

\«- z\
p#p:2012/10/19

P e A

b

2 E R LA R

AL

8 ik

%L %. %%}{

100-2221-E-034-008-

gr

R i B

ARG SRR TR




100 # R EREFm T 32T %2

T 3

g3

:ﬁ_@gﬁ

33 Y5 0 100-2221-E-034-008-

=iy A I

T [ R

£ 0 B (F o
. e g 3t &
& 5 Fp FREES gt | RERT | o #Ff%%‘*%
B (s (27 % gt | A % oM 2
fegi) | 2K ol T S
F)
B 0 0 100%
o [PEEEBEARL |0 0 100%
¥ E T
i g2 0 1 100%
P 0 0 100%
o1 ; i—v‘ i % 0 0 100% .
Wk 0 0 100%
Hr ¢ ¥ 0 0 100% s
B
#1 4 0 0 100% RS
4 0 0 100%
T R ) 0 0 100% o
=X
(*®HE) [BELeEgE |0 0 100%
L 0 0 100%
By 2 0 1 100%
o e PALARRBATED |0 0 100% =
¥~ EE
it g 0 0 100%
L1 0 0 100% 2 /&
%11 v ‘;i—ﬂ % ¥ 0 0 100% "
W 0 0 100%
BN (,l\
" i 0 0 100% 2
HoAS
#1 4 0 0 100% e
A 0 0 100%
fprsid A4 (P1a 0 0 100%
A =
(hEE) [BLeETE |0 0 100% '
L iEmm 0 0 100%




H A%
(miz gz
5 hoyE B s d S
HREE S ERREE
V=g g NP LB T
SR R D B
Vicne S TSN | 2
EE G F A

}ljo)

g

’i X538 P

frebs

—

#R%EL S(7 FRredn)

/e

Re|grga epe A1 8

21

Fi

B ye s IR

T e

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ 2 (BR) Ak

OO O OO O o (o




S EERE s SRt I e

FRETNFERGENARE XTI DR S L BN R
fJ- (?P-Q i}i‘%\'%’ﬂ-r])u%_»lha \T'E’;\%E@KE\‘x

A FhE-AHFELT ) LT
Eagi gAY R AL FRAACFHBES - F- FEFR o

: F”HEH FBERIFEApPARR S E I EFIRIT- KL
lé$5ﬂ

(A= p % (G#p » 12100 F 5 ')

(15 =% 4 px

(1%t % @ ¥t

[J& & & 5]

3l-

s m
2. P Ak g IE AR Y R AIE )

Hme e gd agd2~4 BEERY &

3;‘}' s EE []Y 3 %ﬂ—:‘ ._ﬂ

g D 2 13 Dzmu’ 4

Hu (11100 % 59)
3. gﬁ ;2:?,{1&‘1;\)7% CHERIRT AAERTE e o FHAY

(@Q&ﬁ#%%@%iii‘@%~%$ﬁé*ﬁ

500 ')
W EHE RRGE o a f SR IRE S 5 %% i
BEH F 0§ 02 F R
Z O A HuE R R o

>

$r B4R d AP M 2 g0 Stewart-Gough T 5 2 B Ragfs e o
ETIIEAT Y R G ORI o VR IRRHEARR Y A 2 0 X2 TG B IR B 0 e Y
<&/,>+fr’f”§mbk’ EbF OBl o BT LR ERE P L s g o

EG R D ROFIRE S RE LY VEI R RIS B F P G-
P el BT 0 10 AR UB R T 2 0 BB B T NI R R RP T
ERRFEST L FrRENEE o




