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Synthesis of Eight-bar Linkage for Specified 6R Loop through Four Positions

Han Jianyou Cao Yanping Cui Guangzhen
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; There are 32 ways in which the two RR constraints are added to the 6R loop to form 1-DOF
eight-bar linkage. First, the solution curve was obtained based on expanding burmester curve theory.
Then the eight-bar linkage can be synthesized by adding two RR constraints on the solution curves. Each
point on the solution curve can be viewed as the added RR constraint, so infinitely many solutions can be
got. The solution curve can be converted into the solution plane which presents infinitely many solutions.
The solution plane was called solution region. The solution region was divided into two categories
according to whether the two added RR constraints were related. The linkages were classified by the
method of Assur group. The motion of eight-bar linkage was analyzed by the iterative position analysis
method which relegated the four-bar Assur groups or six-bar Assur groups to several two-bar Assur
groups. Whether a linkage could be defected depends on if it can sequently move through the four
positions of 6R loop. After the defect linkages were removed, the feasible solution region can be got. In
the solution region, the feasible linkage can be classified into two types, the crank and the non-crank,
according to the rotatable angle range of the driving link. The solution region synthesis theory makes
designers choose the feasible linkage directly and accurately, so the design efficiency was improved. In
addition, eight-bar linkage can achieve more movement function compared with six-bar linkage and four-
bar linkage. The synthesis of eight-bar linkage for 6R loop through four positions makes the solution
region synthesis theory more perfectly, provides more choices for designer and lays the foundation for the
application of eight-bar linkage in practice. Finally, an example of eight-bar linkage specifies the four
positions synthesis.
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Tab.1 Four positional parameters of 6R loop
FEA
op Pq qr m ne
L/mm 150 308 215 112 180
P /(°) 90 35.8 338.2 63.4 56.3
P,/ (°) 120 36.2 351.2 74. 4 71.7
Py/(°) 150 38.1 6.7 79.5 88.0
P/(°) 180 41.6 22.3 80.6 102. 4

W

X

F2 KER a,b,c,d WRETLE
Tab.2 Ranges of joints a,b,c,d

A, B, c, D,
(0,0) (150,100)  ( -80, - 10) (200,30)
A, B, C, D,
(80,140)

(400,320) (200,140) (400,340)

o[ iEeREEIGE — WS
- MR SENE —- MRTE S E
o =
250 s =T 5
\é 200 |- - g
=
150 |
100 |
50 4l
"

nnnnnnnnnnnnnn

| —-O~—_

o)

POSE=——-——-0-__

9 MR 4 DME
Fig.9  Four positions of 6R loop

400 -

— TR — AR

30 B,(400,320)

300
ab—a ab—b
250 ;y
é 200 - by~ ’/
ol A(80,140) — yd
A bn,ﬂ

100 QQV/

a B,(150,100)
50 ‘
0

4,(0,0)

1 | 1 1 1 1 1 1

—50
=40 0 50 100 150 200 250 300 350 400450
x/mm

10 fipphsk ab—a fl ab—10

Fig. 10  Solution curves of ab —a and ab—b

BRI 2R ab —a Ml ed — ¢ EARIXELT 11 [A
BN AL AR BN B R, S e, AR S 3 RS i A
PUREAT 32 Bl B BE 2 B0, i F & 8 Fros /AT ALK
3 AR AL, BT LAAT LLJE S R R A2 O
7 AN HEAT BB 3T o

T2 BB A 12 s B P o e R S
— SR AT LA B — A NAF LR o 7 A S8 A AT BB
K, (10.0,44.8) , AT 45 5 Z X WL @ ALH, an & 13a Pir
N UK, (50.2,40.8) Al A3 A0 [E 13b Bt /i (9 46 B2
LA o s Ky KRR B EBE A a b e od WNEE 3 FIR o




%91 A GF: 450 OR MEERY KT ALKY DU E LR A 387

i — TR — AR
400 - Gl
m D, (400,340)
oy cd —¢ P
é 200 -x\ a
£ ~ C,(200]40)
100\ Lo dy
& D, (200,30)
0OF
| C,(—80,-10)
Aqpot—m——

-150 —50 50 150 250 350 450
x/mm

K11 fi#ihZk cd—c fl ed—d

Fig. 11 Solution curves of ¢d — ¢ and ¢d —d

49.8

FtFed

18.8
49.8
458

02 114 416 70.6
#ab

W VRS m AL RS N d A

W TR BB KB

B 12 i A
Fig. 12 Solution region

40 s e - AR
400 ——(EETE I E —— M HUE FA0LE

y/mm

(a) Ky % Bz AL

BOr __pamTEEIeE - R s
400F ——HBEFEEINE — HEFE ST

0050 50 50 150 250 350 450
X/mm
(b) K, X I

B 13 LR B R HLA
Fig. 13 Synthesized linkages

x£3 K.KAEHEERSH

Tab.3 Parameters of joints corresponding to K, and K,

BERE R K, K,
a (10.0,95.918) (50.2,75.765)
b (167.102,169. 510) (371.242,159. 892)
¢ (44.8,63.401) (40.8,50.728)
d (361.830,131.931) (361.672,107. 134)
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