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Topology Structure Design of Parallel Mechanisms
Based on Basic Kinematic Chains

Shen Huiping Sun Chiyu Zhu Xiaorong Meng Qingmei Li Ju
(Research Center for Advanced Mechanism Theory, Changzhou University, Changzhou 213016, China)

Abstract. The parallel mechanism composition theory and the design method for topology structure of the
parallel mechanisms were studied based on the basic kinematic chain ( BKC) units. Firstly, a new
expression for the parallel mechanism composition theory based on BKC was proposed, which had clear
physical meaning. Secondly, according to the composition theory and the formula for calculating the value
of the coupling degree k, 53 kinds of BKC with coupling degree £ =0 ~ 3, the basic loop v =1 ~5, as
well as their analytical expressions were presented. It was found that there were six mostly common types
of basic BKCs and these basic BKCs can constitute 40 kinds of BKC topology structure which are the
basic unit of parallel mechanism. A concept of virtual POC set of BKC topology structure was proposed
and 40 kinds of BKC topology structures were classified according to 13 kinds of virtual POC sets with the
coupling degree k, which provided the composition unit, i.e. , building block of a parallel mechanism,
for designing the topology structure of parallel mechanisms. Finally, a general and practical method for
topology structure design of parallel mechanism was presented with BKC as the composition units, and
meeting the position and orientation characteristics (POC) set as the design goal. Three examples were
illustrated. The method had only three steps and no need to synthesize the branch chains and their
topology structures between the base and the moving platform. Compared with the existing four main
methods for type synthesis, this new method has better usability and universality.
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Tab.1 BKC basic types and their classification based on coupling degree %
k
v
0 1 2

1

No. 1 BKC(0)

No.4 BKC(3, -3)

No.9 BKC(3,0, -3),

No.10 BKC(3, -1, -2)

No. 11 BKC(2,1, -3)

No.19 BKC(3,0,0, -3)
No.21 BKC(1,1,1, -3)
No.23 BKC(3, -1,0, -2)

No.20 BKC(2,1,0, -3),
No.22 BKC(3,0, -1, -2)

No.24 BKC(3, -1, -1, -1)

No.25 BKC(2,1, -1, -2)

2 No.2 BKC(1, -1) No.3 BKC(2, -2)
No.6 BKC(2,0, -2)

3 No.5 BKC(1,0, -1) No.7 BKC(2, -1, - 1)
No.8 BKC(1,1, -2)
No.13 BKC(2,0,0, -2)
No. 14 BKC(2,0, -1, -1)

4 No.12 BKC(1,0,0, —1) No.13 BKC(2, -1,0, =1)
No.16 BKC(1,0,1, -2)
No.17 BKC(1,1,0, -2)
No.18 BKC(1,1, -1, -1)
No.27 BKC(2,0,0,0, -2)
No.28 BKC(2,0,0, -1, -1)
No.29 BKC(2, -1,0,0, -1)
No.30 BKC(2,0, -1,0, -1)

5 No.26 BKC(1,0,0,0, 1) No.31 BKC(1,0,0,1, -2)

No.32 BKC(1,1,0,0, -2)
No.33 BKC(1,0,1,0, -2)
No.34 BKC(1,1,0, -1, -1)
No.35 BKC(1,1, -1,0, 1)

No.36 BKC(3,0,0,0, -3)
No.38 BKC(2,0,1,0, -3)
No.40 BKC(1,0,1,1, -3)
No.42 BKC(1,1,1,0, -3)
No.44 BKC(3,0, -1,0, -2)

No.37 BKC(2,1,0,0, -3)
No.39 BKC(2,0,0,1, -3)
No.41 BKC(1,1,0,1, -3)
No.43 BKC(3,0,0, -1, -2)
No.45 BKC(3, -1,0,0, -2)

No.46 BKC(3,0, -1, -1, -1) No.47 BKC(3, -1,0, -1, -1)
No.48 BKC(3, -1, -1,0, -1) No.49 BKC(2,0,1, -1, -2)
No.50 BKC(2,1,0, -1, -2) No.51 BKC(2,1, 1,0, -2)
No.52 BKC(2,1, -1, -1, -1) No.53 BKC(1,1,1, -1, -2)

*2 EHBKCHARXRR

Tab.2 Common BKC basic types

k BKC JEAKRI (£ 1) BKC #i4h&hithy (£ 3) #H it/ %
0 No. 1 BKC®(0) No.4 9.10 11,15 .18 .19 7 17.5
No.2 BKC' (1, - 1) No.1.2.3.5.6.7.8.12.13.16.20 .21 23 .24 27 28 29 30 31 .39 20
! No.5 BKC' (1,0, 1) No.22 32 38 3 57.5
No.7 BKC?(2, -1, -1) No. 1417 25 26 33 34 6
2 No. 14 BKC?(2,0, -1, - 1) No.35 1 17.5
3 Ne.52 BKC (2,1, -1,-1,-1) No. 36 .37 .40 3 7.5

(2) % FHFFBCHLA AY BKC JEA KRR > K %
BOWRME S L k=0 50 1 i) BKC, fi], th & 2 " A1
O CH I IF DL B — & & =0 /Y BKC (4
17.5% )85 k=1 #9 BKC( 5 57.5% ) ,FiERIHE S
T75% . QX Tv=56 A EIFHEI, L H—
Jic#) 6 — SPS HLAL {5 7. 5% .

(3) R # BKC #i#M 454 57 4, BE £ 45 th i 2
POC WY BT A JF B HLA , X B, B3 i x5 i T i POC
L1 BKC #5202 W % 05 ik 2B AT S F M 45 40 3
THAY G

X 40 FH ] BKC 3 M 4544, % H i POC 4R 3
177026, 3 o kit =% .

3 #RE POC HE T BKC Wy#l#yn b 544

&t

3.1 BKC ##bE#HHE POC &
FEBRALR 18 A T Rl 2 H 37 & BTS20 B

18 S ZERIANECH B 5 AR AR o

Hi T BKC $REMNEM 0 A i B2 %, AR B 920
—/HIAE, KL, BKC $ 4P &5 H A A7 7E POC 4 A
&o (B —A> BKC ¥ 25 H PR A o 4 2% SO Bk
Jei o FLAg: 2% SCHE 0 A S K 1 AR AT AE — D571 POC
B KR A5 SCBE 8] 1) 29 SR A, 68 3K 280 57 S BE AR g
1) POC AT 3B 5, LIS 3] — A J7 ARk 4R
PRz Jyiz BKC #i b4t 9 e POC 4R7 A My
HMH R

e BKC 6 FM 25K 19 8% B2 A4S U8 in 9K gl
ZJa & H W BKC {8 5728 O Al iz 3 1 I BR AL
¥y Z IR B POC SRR i M, , HAIL 13
/N, E W BKC M H g E POC SETRZ T —
NTCR /M, 2 M s BVULZR S DL Y J7 AL 45 AE 4R

o[]St 0 BRC g R LA 0
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Tab.3 Classification of BKC topological structures based on virtual POC set
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*4 AT BKCHE POCERETANMME POC ErIR 31 &7 nE N
Tab.4 Principle for adding input joints to translate virtual POC of a BKC into real POC of PKM

BKC 1y} POC e 38 3 ) K 2y il £ 114 A7 B 1y POC
{t‘} R 5 BKC 356 b (1 — 5% sh BV A7, BLH P BERS sh %A R 2 °F & 3 &
Jr A, 1% HITH,
P 5 BKC ZHEP iy —# 8w R P17,
{t“"} R 5 BKC 3C5E (19— 5% gh BV 47 , B 1 BE RS )y 2 °F & 38 m— A il [t]
S A, r BT, r’
p 55 BKC 3C8E P ) BT A % 3h B A4 7 10 B AT .
{ t } R 55 BKC 4 o i ir A % 3l R 0 1 8547 , PR s 0E k3 - &
JE Ay P! HmF B TE.
p L5 BKC 86— sh Bl 4 P17 .
SO L8 I (ot I S I 454 E B M— k =0 {5 BKC, A REf# n, = DOF, 4
ﬁL}{H}ﬂL”} Rt J  FEAE T AT 45 45 301 A IR Sl al

3.2 ETE POC &£ BKC RN E#I 4 2

W 2.2 T RTIR Y 40 B BKC R 4S5 K, 4 A B,
C.- M % 13 K5 POC BEHAT 4026, 3R 3 FiR.
B —Fh g POC 4 XF i — > S 54 32 R i BKC 4R 4b
GER X A BT BKC B IFBEMLAG 3 F 5 M i i a2
THEA RELE A 2 ~6 B H B 13 IR .
3.3 #2 POC BHE T BKC W#l ¥ Mgt

A SCHR R I POC HL3EF BKC AL 4 45
BER VTR AUALEE 3 A F B IR

(1) MG 45 2 1 POC £, 15 2 AH B A9 T4 1
POC %,

(2) X5 E W B — 4l POC 45 7636 3 h k3
FH R 1) BKC $H N5 o

(3) ¥ LAN 45 th 19 3K 2l & %l 2 05 47 X 5 H
AN 78 B > BKC 45 FM 25 0 10 52 8% (00 35 %
Jniy BKC g 32 48 ) b %8 I 3K 3l |, 5 26453 2R [R]
LR HE TR 30 P & — & il 2 3B 1
POC 4,
3.3.1 KGRI R Ty ) i E a0

WBE R H R B 0 g [ ]

x-1

ps e poc el I ] T b ae mc
IS H, ELAM I 2 4 7o 0 3 2 4 5 T

AR S 4] 0oLt

3.3.2  SRFEIEH s N

e BKC 5 )5 , AR 45 H S B 8k n, 5 DOF
(56 7, 9K 2l & sy =X 3 Bl

(1)J50 B, :n, = DOF B, 7€ BKC i fh &5
A 11 55 2% S 6 1 S 9k h &l o

(2) 50 B, :n, < DOF B, 75 % 7£ 1% BKC #i b

3,k =01y BKC Mgty 3L 11 Ffr, 121
No.4  No. 9, No. 10, No. 11 ,No. 15, No. 18, No. 19,
Hor,No. 9 BKC HFME5 MY 3 A5 45 A, (B, . C 4b
iz gl El, vl 2 e shEl R O ATE] U KA S,
B, BKC #ifh &5 44 1y 41 5 9 S0 al 4 : RRR (RSU
USU \RRS) ;1fi No. 10 BKC #9715 s A, 4b #9328 2 &) nf
M SR

MR k=0 () BKC i 7 X — e 2 Fh: OFE
RS % 37 % |, & i UUS % No. 9 BKC #i $h 45 14 .
Q@FERS B % F, &l RRR %! No. 9 BKC PP !
No.4 BKC .5R % No. 18 BKC #i$M&544

(3) L0 By:n, > DOF: i B & B H N (n, -
DOF) 7% S g 90 S JF A ot 4 2% SOk B s
R A
3.4 24
3.4.1 2°F8 | HapF U R 255

%uﬁw%émm%wa%#ﬁMWJK

2 1 2

%3¢ﬂﬁﬂ%£ﬂm%ﬁ%ﬁr}{W{2}

852 4, X — A POC £ R F A1 ) 1 BKC
W AhEEH B E3k 3 A POC FEXF I A IER 3 HF E|
C 8 A 17 Fr7E R BKC #iFh45 A

553 4 EREA BKC ¥R FMA5H Y S8k B oS ok
A, e 2 AT 2 P 2L . B R AR

<nmﬁﬁ@mm%ﬁr}mmmﬁr%é

OFEE 3 1 E 179, {E % No. 16 BKC, U [&] 3a
fin . @QEPreE A AL 1 POC 4 5 f ik BKC 11 1
POC B[R], HALM B 5 BKC 1 3 B 5 in A
3. DR, 4 REOK S S 0 AL B JE B BT R Ty
2,7 BKC R4 L& RIN—1 52 A58l
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iﬂﬂ%ﬁ ( [El 3a EF‘ Rnﬁﬁﬂ)*ﬁﬂ?ﬁﬁ’ﬂ R EIJ ,ﬂu Rll \R21 N
Ry IR 3 SRS Rl, BIAR 5] 3b By 3 A i
3 — RRR JFIRHLA (R RIZ K@, T ) .

(a)
B3 3-RRR BN LGS
Fig.3  Synthesis for 3 - RRR PKM

(a) No.16 BKC (b) HARHLK

TEW 3b FFR BLM B 4 1, BT — 2 0
S A BT, S 3 & AT — 2, TR,
U755 36 BEBL ) POC 4
{tz( J_Rlz)} {tz( J_Rzz)}
M,, = N N
POIRD ] LRy
*( LRy,) 2
L'( || Rn)} H
L, ML R 2 A% 1 sl i
[Al#E , A 1T L No. 17 .No. 18 No. 19 BKC ¥ Fh 4%
H g 4R TE TR RE 25 4 th A 2 RS 1 5 B o
FOIEBEHLE . (R, 0% 6 POC 45— BKC
31PN 1 LA 3 )
(2) L ELAT i POC %ﬁ{t }E@ BKC #7454
@ 44 3 1 C fi [T 3% No. 7 BKC, [ 4a
Jiis . QB A& AL I POC 4 L it i BKC 1 K
POC 4% — M ENCZ , ELHLI 5 BKC 5%
BRI S 3. e I 2 0V I 50 A, %5 B,
Ry P, 15U 4a BRI BKC #9454 B8 45
fi— /15 558 % 07 14T B9 R LB R, R, |
Ry, LA 3 AR S &1, 00453 50 0P 4b B3 19 3 G
i IF I BLHG

B4 R/P(4R) -R/R+R//R-S+RSSHLIHLA
Fig.4 Synthesis for R/P(4R) -R//R +
R//R -S+RSS PKM
(b) ERbLE
WML 27 & 1 SERG O S35, 75 I 1k
PLH Y POC 424

(a) No.16 BKC (3 —RR)

ety e
S L I LIAE W

AL, ML H o 2 A2 1 e sl .

2

(3) L ELAT i POC %ﬁ{to}a@ BKC #7554
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