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G ravity Balnce Design for Cobot

LUO Yangyu LI Jirquan WANG Jamrmej YANG Xiang-dong CHEN Ken
(Instincte ' M anufa cturing Eng neering, D epartent ¢ Precision Instrum ents and M echanolagy, T singhua Unwersity, Beijing 100084 China)

Abstract To mprove the collaboration quality bei een hum an and robot a gravity balancem ethod for cobot ( collabora
tive wbot) is investigated to alkvite gravity burden on hum an operabbr A spring system is ntroduced to realize gravity bat
ance of an articulated robot in a moton range as large as possble The stiffness and original d stortbn are specifically de-
sined so that the spring systan canm odu hte appropritely the spring force abng w ih m otion of the wbot to realize selfbhat
ance within a laige range The design & tested i some pontsw thin the motbn range of the whot and the resdual gravity
manent is one to ten percent of he orghalmanent The result shows that thsmethod can realize gravity balance to sane
degree
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2 (Robot configuration)
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Fig 1 Robot configuration

3 (Gravity balancing metod)
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Fig 2 Gravity balancingm ethod
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Fig 3 Spring bracket and spring hook

(Gravity balance equation)



2006 9

fii=1 4 i STy fi
; G i , i ik,
l k ; G, ;e Gy
J 5 J J
23 :
f1r12=f2r22 (1)
Sfars = far (2)
23 ,
fzrzz +f3r32 + f4r42 = Garcn + Gairaan
+ Gurez + Gyrewr (3)
Jariz = Gairesis + Garess + Gy reys (4)
D J D J :
ki i=1 ., 4
xip =1 ,4
X1 = Xiot+ n 2 (5)
X2 = X0 + rz(z— 2) (6)
X3= X3+ 133 (7)
X4 = Xa0 + r3(3— 3) (8)
as 4 3 ,
3 3
4 3
rn = Iz = 12 (9)
s = I3 = 13 (10)
ro = —2 (11)
’4r3 + [
re = Jl§+ ai + 2hassin( + 3)cos( - )
(12)
(12)
. ascos( + 3) i
= arcs
Jl;+ ai+ 2bas sin( + 3 )
. assn( + ;) i
= arcs —
Jr3+ as— 2rsascos( + 3 )
L.
Fen = =8N (13)
d;
rcsiz = bsin z+_zsi1( 2+ 3) (14)

. . h
rc3n= lz sn >+ dgsm( 2+ 3)+_2COS( 2+ 3)

(15)

rewz= b sn o+ d}bll’l( 2+ 3)+ Z}COS( 2+ 3)

(16)
d
rcss = _235i11( 2+ 3) (17)
. b
ress = diasin( o+ 3)+_200‘5( 2+ 3) (13)
Tews = d3Si1’1(2+ 3)+ Z3COS(2+ 3) (19)
5 ( Param eter design of
the balancing systan )
i1
532
(1)
(2) (5) (6),
koxao + kar 2= kixio
2= kira + kor (20)
kaxvao + kars 3 — kaxso
T k3r3+ k47’3 (21)
(7) (8), (11)~ (19),
(20) (21) (3) (4) ki i= Lo,
4 (2 3)
pi=23 3 %
5 100 200
ki Xi0.
M atlab 200
, k; xio 1= 1 , 4
533
1 s > L=
400mmy n= 75mm; n = 45mmy as = 75mmy; =—5;
Go=50N; G; = 10N; Gz= 40N; G, = 10N 4 2
, k= 38 93N /mm,

210= 5 17mm; ky = 6 84N /mm, x0 = 6 97mm; k; =
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208N /mm, x3 = 722mm; k4 = 33 65N /mm, x4 =
4 9Imm

54
e
(2 3) (3) (4)
2 1 2
4 2 2
1~ 10%.
1
Table1 Evalation of gravity bakhnce
(2 3) 2 3
(495 615 ) - 065N m 084N m
(375 555) - 0IN m -26N m
(225 765 ) - 004N m - 225N m
(705 285 ) - 18N m 029N m
6 ( Conclusion)
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