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Abstract: Remote handling manipulators are widely used for performing hazardous tasks, and it is essential to ensure
the reliable performance of such systems. Toward this end, tendon-driven mechanisms are adopted in such systems to
reduce the weight of the distal parts of the manipulator while maintaining the handling performance. In this study,
several approaches for the design of a gripper system for a tendon-driven remote handling system are introduced.
Basically, this gripper has an underactuated spring mechanism that is combined with a slave manipulator triggered by a
master operator. Based on the requirements under the specified tendon-driven mechanism, the connecting position of
the spring system on the gripper mechanism and kinematic influence coefficient (KIC) analysis are performed. As a
result, a suitable combination of components for the proper design of the target system is presented and verified.
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Fig. 1 Considered master-slave system and the structure
of power transmission system

Fig. 2 Configuration of gripper mechanism



sfolo] FEWA QARAI G Telne] MAE S 2 A AL 98 22y gy B

aYHE e EEd AxE Egdd 2 9
oo} 7} FAXH 2 7je] FAlGaw)7t B A
st &3] =i, efololE FojFH 1 ¥ o
AXg 22y Bdeos deA Hrt. (Fig.2) A
=gk npe} ol AA aE FTE WA =
zZHol R8s vhee 3 A4A 7 U2 BA

2. O2|H MAHUES HA AKX =4

21 22 HAUE A4Z 72X MY
AN AANE 2= 4 A YA P2
XYool ANAY FRE A, Az oA

g i
e
-

Case #1

Case #3

Fig. 3 Spring connection candidates for dynamic
behavior simulation

k,
h

v Wyl

Fig. 4 Parameters and mechanical structure of the
considered gripper mechanism

1407
WAl whEhA] thekgl EYES FdE 4 Q)
B Ho e it A2y AAdTzE A ds)e]
Z}zke] Frzo] W& 1EH o] A 9 Hd€
HAg AsS A H A} $r} Fig. 3 2 Fig. 4 &
2 AFeA oo RE sk gy A 2E9
ANEHoIAS 93t 2=y dAZFd A TF
HAUSS 22t A8k itk
2ol e Ui AlEdeld =&
AztE ARZEA7] A A~Fo] RS AEjol A
A €S a8y FEAGH AR Q1Ulsh=
WAS Hsilom RHOA gzt AAH
AL Aolge FAE st 1kg 9
g AFS FHAGHo F7skglvh

22 J2lH HE &4

Fig. 3 2} %] Joint-to-Joint, Joint-to-Linkage (
712]), Joint-to-Linkage(® A #])e] ~3x7 A3t
o] thall A k= 400, 800, 1600 N/m 2] 3 7}A] %
MM 2P Anstel 2ol 3ol o

o 3

A

oL

o
)
LN
dN%
flo o
%
1%
ilnd o
3R
ox B
SN
)
[/
T 3
=X
i ol
g B
5w
o o

o
k
e
oL g
32 n
(o o il
o

¢

jus]

33
(.2
o N
T,
=2 °
oZ |
oo T,

sk
AAAZ HAND 55 2
QA7 QA ool
=

(5

N
29
o lr

)
o o
[ X
JiElE:)

2
[

_IE it

.

% |o
ox
o
=2
> i
!
°,

o 1M (4
N oo Bt e 2 AN Qo [ oo > rlo

o
o,
O_‘_“Ii
=
N o
i o
(o]

b
e o

2
oK

ol

Ir

4

E -
1o,
X
i)
i
4o

do o
ofs
ol
&
v}
oo
k)
iy
rlo
N
N
o
> o

o

2
ol
o
ol

ol

ol

e

oy

= 8
N
N
1o
o
ot

ﬂ:z%
o

ot
o
£

o & o
lo
& (B oX,

D)

N
olr
—?L
UL
x>
e
ol
lo
ﬂmm4ﬂ
% N Ay

lo
ol
2
!

er%
N
Nt
a

f
N g M0
AN o (B =

o i
ok
;L-:;.

s
E
<k

)
R
w e
o,
rot

)
ofX rir
1B
flo
3!
[4)°]
N
il
N
HN
o
i
N
1)
Lo
o
N\
T

e o

o &
f

=

~

[kl ot
o TS.E

i
[ (-
X oox

L)

1o,
(Gl
o, fo
g
s "
_0|L
N
o

O oo &

[o rlr

K
o
Hz
=2
>
il
N
X
ol
K
3o,

)
JE
flo
B
i)
o

-~
olr

ol
on



1408 fr &
o Agstal St (Fig. 6 ol AAE =
TAE 7ITo R 7t B Y58 EA
5783

@ zE¥e] gAe] oste] F, =0 o2
rdaasia=

Fle] 7Hel wep 2y 222 A S A
A AEHE B HS HAdA o]sAZIA, 1
g sAAle] BdEs skl

Fig. 5 © 7] AAl(@= 37 Hdz2 doxl 4
el A 0.03 ~ 0.5 kef B 9 F FeS 12y
of 7tgk & St o R sfAste] el ApA €
2329 HAHE ol&ste VEAAMRE L=
AlE S g Aot A-B He] A7t
7W7h 78 F-(case#1)2} olell H]Ste] A-B o] 7
217} 7 $-(case#2, case#3)e] HUHS ZHzb A
skl o™ FU Case WHellA 1ol 2H&-5h=
N S WIAIATIAA ZH7te] Ao digh
aEH e BdYs FA5H . Case#l © 1]

gl
KR
=

ss AHEY, Yo 7tetar = dH ol
ABTT oY AF Hdeol E7silow,
Case#2 ©| ¢ =39 Aol AT dstolA
o 2 5995 w3l
AEold A3, A-B 3He] HA0] 71 HolA
joint-to-joint 9172 W2 (Case#3)o] TY AT
4 delA 7Hg 2 . Thwk

_ (e} = > T

o] %o thAizke]l = <) (Fluctuation)©] HHAY s}k
o A=, @A RN AXY AAAYE
A7 o 2 BdEs 28 ooy =
B 2EY s AT A, A e 2
ol FASA AATE FAdH AL 2 H e 2

BA&Ee] WAk AsAE B Hels)
|
=

2
Y
rlr
=)
2

cl
=)
=
(o,
[
(&
o,
rO
iy
4
BN

el
O
dlo

g »—F <

=11}

g ! \ === casefl, Ks=1600,0.5kg
o 'k \ — -case0l, Ks=1600,0.3kg
< ——-case0l, Ks=800, 0.1kg
§ \ case02, Ks=1600, 1kg
& 1041 - casen?, Ks=800, 0.2kg
£ } \ ease02, Ks=400, 0.03kg
1] Y g

g s \

Ellapsed time (sec.)

Fig. 5 Performance analysis of the gripper mechanism for
the three kinds of spring connection structures

.o]%_iﬂ-

o

2 e ey WAUZe] o SEeE da
S5 BAele] B QoA ANE 228 ddTE 4

ofre] A4 e P mAS wad gk

B OAoAME agHe RE Ez7E ok
dHgEel Ty A wERe 4187 s
2~3x8o] Zo] W3l daiA aEHE GU|E
Faglel Hakgo] 0 o] He 22 A k& 3=
AS ZHHEE FTL Fig 6 oA sefrle 2 HA%AS
ol-g-ste] 9] AAE EHIY,

x=1,c08(90-0) +r,sin(-180+0,, +0)
=rsin@+r,(sind, cos@+cosb, sinb)
y=rsin(90-6)+r, cos(-180+ 6, +09)

=7,c0s0+r,(cosd, cosd—sind, sinfb)

L, B4 A ®ae] 7 e dojojn, 0= 1

Ao ofal] MFE= 4 A HAR0] <1y F o 11

2t Wsh 0, & 4 d P39 AETEh e

HE ADelTE bar o G HREA 4 F F9

| A=) AE bar o] AEE oJvlshE

dareleh A (), @)l AR MA S ARst] A4S
25

(D

2)

AeshH olgjje} o] T AFTE
2 2 o)

sing=|1-| 2" 7h ||y (3)
—=2nr,
2 2

cosf=10"1L7h _p “4)

=2nr,
i 5

...........

8, ,+0-180-"1 &
Cxy)

x

Fig. 6 Considered coordinate system and variations for
KIC analysis of gripper system



sfolo] FEWA QARAI G Telne] MAE S 2 A AL 98 22y gy B

};]' (1)7 (2)9] C(X,y) SH j] %}:% }\] Z_]—oﬂ EH TS—H /\1

o 25w

5\-05

P2t I B

x=05%|1-4+—~1 2 kx| 41 "2
=2nn =2nn,

r. . . r, .
*l——2—|*F +rysin@, *¥| ——— ¥,
2nr, nr

X=g., %7 ©)

g, 1 2 £54 J3FA(Ist order kinematic

influence coefficient)o]™ o]& T3] 18y £ o

o x & $F WeIsh, P2 Aolo] HAH 2xY
Aole] ARAA BAANE £EF 4 Ak B,
a8 2 el A8ee FEES £, avad
2 F, 223 AL K, 2299 2] dolg

w2 34 Apolel BARL A B gn 9l r, ol
dek v gl g s AMEEel A4 ©)3 2ol &
=g v
Fp:F;+g:4Er+gf4F;’ (7
oF,  OF

b=—"+h F +h,F, (8)
or, or,
h*, = 1st order Kinematic influence Coefficient &

r4

"] £3l 2nd order Kinematic influence Coefficient ©] T}

b= 2Ok el e

hy=(+rcosb,)*(-0.5)* (1 -

s . e
(”4 —hn J
-2nr,
2 2 2 2 2 2
2*(”4 —n _’"2] *(_ I ]*(’”4 —h _sz
—2nr, 2nr, —-2nr,
_p2_ ] )

*

1 7

k| |k 1 __'4
7, +1,8in0,

nr, hr,

®

A, 4 @9 Pl 3%, 9 L 13 B A

Agel EAAs) AadANE ol x|

g s ofof g},

1_{1”42—112—1’22} >0 (10)
—-2nr,

webd, $19) A4S Bl olush e 2AL

= = A~
EE 4 Ak

r, >0.036 (11)

HAFAom ~xygo W] we Ty 2 o
Cooyel  Aget= fFad F,oo  wskEo
dAgsfoF = A (8)¢] W2 0 ©] Hojof
gt

oF
» _ OF, +h F, +h),F, =0 (12)
or, 0Or,
1714
F =k (r,—ry) (13)

olmE 4 (12)F Aelshd,

0 i
7(_](3 (7"4 _r40))+hr4Fx +h3)4Fy = 0
or,

K, = hLF,+F,

(14)

)

>,
2~ N
i o

Se

[H
1L}
N
)

£

for

Rl

o

v}

o
Z

bl

fo 1z

>
it
&
o,
x
o |
e
ro
10
v}
&
lo
o\
N
ot 1.
o &
BN
o v HE
oft °

4
°

FN

O g
18 T o Y
o o o o

"+

> ¢

- 2

>, o
o ©
kY

o E

ofr
=

ACh

g @
[ ol

e

-

o

2,

=

2

S~

> %
>
o xo of

RO oo R 4

A
ﬁ%&r&ﬂ

EHU»LH

ol



o
T

1410

2=
o

Table 1 Experimental setup for gripper parameters

Values Remarks
7 52 mm Fixed size of gripper
7, 16 mm Fixed size of gripper
7 42.7 mm Fixed size of gripper
r, 36 ~61.4 mm Variable spring length
0, 98 deg Fixed size of gripper
F, 700 N Input force for grasping

(Input) F, =700N.F, =0
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Fig. 7 Variation of spring stiffness for the variation of
spring length in the joint-to-joint spring
mechanism
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