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Abstract; Position and orientation characteristics (POC) of parallel mechanism describes the relative
motion properties between arbitrary two links of parallel mechanism. POC has close relationship with
topological characteristics of parallel mechanism. Whereas, POC of general parallel mechanism cannot be
obtained easily sometimes. So it is important for topological structural analysis or design to program the
POC calculation. Some important concepts were analyzed systematically such as the topological
polynomial expression, the orientation group and POC, etc. The aligning structures of limbs and pairs of
parallel mechanism were expressed by the topological polynomial expression. The orientation group
provides the orientation relationships shared by axes of all pairs and limbs of parallel mechanism. With
the motion characteristics of movable platform of parallel mechanism considered, a conception of motion
characteristic space was proposed. Based on the correlation among motion characteristic spaces, two
elimination principles were constructed ; serial elimination and parallel one. These elimination principles
build the quotient relationships between topological polynomial expression and orientation group,
supporting for iteration calculations with the POC of parallel mechanism and returned as the result. Based

on the string description, POCs of some parallel mechanism were derived with symbolic fashion and the
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results validated the proposed method. The results of this paper lay some necessary theory and

methodology foundations for the computer aided analysis of topological structural characteristics and

prototype synthesis of parallel mechanism.

Key words: parallel mechanism; position and orientation characteristics; topological polynomial

expression; position and orientation group
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“R11//R12//C13” =“t(RI1, X FEFE FRAE A5 (B (< A7 B B i e S
R12) t( L C13) L1 L2 Z[a] ) F1 7 rl2
t(//C13)" / “C13” = 112 = (1] +12)/012 =
“t(R11, R12) t( //C13)" =“¢[3]” “r(R11) +r(R21)"/“R11 AR21” =“1[0]”
PLEHMES R R 5 2 BT 2% B3] o LC13) TR B — 2B S g R o2 595 3 L3 [ E
S TS C13 [ A S E B ShARAE, )L R12// Hzs ja) s
C13,# t(RI1,R12) // t( LCI3), Pk, “t(RII, (r12 +13)/013023 =
R12) t( LC13)"#Hoc k“t(R11, R12)7, “r[0] +r(R31)7/013023 =“¢[0]”
rl =r(L1)/01 =“r(R11)r(R12)r(CI13)" / HM, HBEHLH 3 — RRC B POC = “t[3],
“RIL/R12//C13" = r[O]7, BILEAT 3 P8 O B8l 1977 (LR 4E .

“r(RI1)r(C13)” / “R11//C13” 3.2 FEEHI#I2 - PRRR -2 - PSS ) POC &%=
“r(R11)” / “R11” =“r(R11)” S
[F] FEAS 3 5 B% 12 (13 (1938 SR AR T HL A 2 A R X AR S 8%, o 3% L1, 12
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FELHL#H POC FESHSE G

Tab.2 POC symbolic derivation examples of PM

FH WAL 745 il ik POC 5 73 #7 45 1

Top = L1

Orients =

+12+13 =

“RI1R12C13 + R21R22C23 + R31R32C33”

%

01 =“R11//R12//C13",
02 =“R21//R22//C23",
03 =“R31//R32//C33",
012 =“RI1 AR21”7, O13 = “R11 AR31", 023 =

“R21 AR31” }

Top= L1 +12+13 +14 =

“PI1R12RI3R14 + P21R22R23R24 + P31532833 +

P41542543”

Orients = |

01 =“P11 L R12//R13 L R14” |

02 = “P21 1 R22//R23 1 R24", “31, x(R12, R14)”
03 =“P31 AS32 A S33”,

04 = “P41 \S42 \ 43",

012 =“PI1 /P21 LRI2//R22 L R14/R24”, 034 =
“P31//P41”, 023 = “P21//P31” |

(b) 3-RPRR

Top =L1 +12 + L3 = “R11PI2R13R14 + R21P22R23R24 +

R31P32R33R34”

Oirents = {
01 =“PI12#R11//R13 //R14",
02 =“P22#R21//R23 //R24",
03 =“P32#R31//R33 //R34",
012 =“RI1I AR21I AP11 AP227,
023 =“R21 AR31 AP22 AP327,
013 =“RI1 AR3IAPILAP32”}

i PRRR JE X, 1 32 8% 13 (14 g PSS JE a0, 7% ik
BRIV E FAEE S Q, 5k 2 iR,

(1) NItz B

S AR F AL 22 0 R T G R AR AN R 2 4

2455 2 BT R, H G R OB LI 908 SRR AL,
L1 = “PI1RI2RI3RI4”, J5 fii 2 & B Ol = “P1l L
RI12//RI13 LRI4” , ZSCBE B S ARAE o] Jie 6 4
ik 1 2535
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W 2016 4

tl =t(L1)/01 =“t(P11)t(R12)t(R13)
t(R14)”/ “P11 LRI2/RI3 LR14” =
“t(P11, R12)t(R13)t(R14)” /
“RI12//R13 LR14” =
“t(P11, R12)t(R14)” / “R12 LR14” =
“t(P11, R12, R14)” =“t[3]”
rl =r(L1)/01 =“r(P11)r(RI2)r(RI3)
r(R14)” / “P11 L R12/R13 L R14” =
“r(R12)r(R13)r(R14)” / “R12//R13 L
R14” =“r(R12)r(R14)” / “R12 L R14” =
“r(RI2, R14)”

[vi) AT 75 21 S % 12 W9 RS Sl R AE 45 TH) 2 K i

FRAE 25 [H] 12
2 =t(12)/02 =“t(P21, R22, R24)” =“t[3]”
2 =r(12)/02 = “r(R22, R24)”

4 S.ALS A2 4350 S R 2 A% RH LM ST Y
TEFERhE . % 13 1A BA MR A 3R $h &5 4, S %
SO L3 BEATIE JT s B, H RS S R AR S 1] 3 K e e
FRAE =S 8] 13 233155

3=t(L3)/03 = “t(P31)t(S32)t(S33)"/

“P31 AS32 AS33” =

“t(P31)t(S32. A1)t(S32.A2)t(S33)” /

“P31 ANS32 AS33” =

“t(P31, S32. A1, S32. A2)t(S33)” / “S32

AS33” =“t[3]” / “S32 AS33” =“t[3]”
3=1r(L3)/03 =“r(P31)r(S32)r(S33)” /

“P31 ANS32 AS33” =

“r(S32)r(S33)” / “S32 AS33” =

“r[3]r(S33)” / “S33” =“r[3]”

(i) PRS2 S 4 B9 RS SRR AE 25 ) o4 B2 e 5% Ry
fiE=S (8] o4 43550 K 4 = “t[3]7 4 =*2[3]7

(2) 3Bt Z 1) A Tz 55

AR 10T T AL, Hy T 4% S 09 78 Bl R AL 23
)35 2 3 4, WOz I B ALY /Y 3% 3h 45 AE 1 T iz 53 0]
HERR N

(11 +22 +13 +14) / 012023034013014024 =

“t[3] + t[3] + t[3] + t[3]"/
012023034013014024 =“t[3]”

IR 1Y Jie e e 1L 2 18] 1T Jc iz 35k

(rl1 +12 +13 +r4) / 012013034 =“rl +12 +
r[3] +r[3]7 / 012023034013014024 = “1l + 12”7 /
012

% &% 012 =“P11 /P21 L R12//R22 L R14 //
R24” , Gy 4 M e % R AE 25 (8] v (R12,R14) // r(R22,
R24) B vl //x2 , iy =X AT 4k 2 4 5

“rl +127 / 012 =“r(R12, R14) + r(R22,
R24)” / “P11//P21#R14 //R24” = “r(R12, R14)”
B, 3 BEHL# 2 — PRRR — 2PSS fi§ POC =
“t[3], r(RI12, R14)” iz H- LA H A “3 F
B 2 55807 (9 5 L RAE .
3.3 FEEHIHM3 - RP,RR iy POC £35S
ZITERHLAY Y S % HSOC 2K AL, 5 2% 32 i
3AREINK 1A PL4R] (B 4 A~F47 R EIJFHC)
MR TTH . BT PLAR] HARIRME TR iz 3, ik
AR A — ) PR, S & POC 4T R 37 )
SR, PR AT 4% BE AT AL T B BLAG 17 POC B4R,
nak2 5 3175 1 511 3 — RPRR,
(1) N BIH eI 5
T L1 RS )RR AE 2 R B T R R R
t1 =t(L1)/01 = “t(R11)t(P12)t(R13)
t(R14)” / “P12#R11 /R13 //R14” =
“t(P12)t(R11)t(R13)t(R14)” /
“P12#R11//R13 //R14” =
“t(P12)t(R11, R13)” / “P12#R11” =
t(P12, R11, RI3)” =“[3]”
L1 T SRR AE 2 R B T R R R
rl =r(L1)/01 = “r(R11)r(P12)r(RI3)
r(R14)” / “P12 AR11//R13 //R14" =
“r(R11)r(R13)r(R14)” / “R11//RI3//R14” =
“r(R11)r(R13)” / “R11 /R13” =
“r(R11)” / “RI1” =“r(R11)”
[ B 2] 3 #% L2 L3 {138 gl FRAE 25 (8] 431 o
2 = “t(P22,R21,P23)” =“{[3]”

2 =“r(R21)”

t3 = “t(P32,R31,P33)” =“t[3]”
3 =“r(R31)”

(2) XX B Z [ 1) E Tz B

B B FRAE 25 (8] 1 TH iz 5k
(t1 +12 +t3) / 012023013 =
“t[3] +t[3] +t[3]” /012023013 =“t[3]”

Xf T e AR AE A5 18], Al SEHEAT ol + 02, FE 5 13
TG, ZREF 012 =“R11 AR21 APL1 AP227,
G L)/ 2 A

rl2=(r1 +12) / 012 =“r(R11) +r(R21)” /

012 =“r[0]”

K r12 5 03 PEATIH T
(r12 +13) =“r[0] + r(R31)” 7/ 013023 =“r[0]”

WL, iZIF ALk ) POC =“t[3], x[0]" , BA
“3 8% 0 B2l 7 RLARAE o
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PG bz Sl 2 18] 9 3l 207 10 6 &, th 24005 i %
FR AL A 7 A5G 5 4L AT X S B PN 5 6 O AR N

S Z B9 5 A2 5 R AR MO8 s iR o K T RALA Y
Jr AR RS A IR A5 O 2 R DGR o 3 7E JC R
BE A F 45 22 35 R 5 67 56 2 4 22 ) B — Fif
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