
 

 

  
Abstract—This paper describes an underactuated robot hand 

operated by low-power actuators. It can grasp objects of various 
shapes using easy operations. This hand is suitable for use as a 
lightweight prosthetic hand that can grasp various objects using few 
input channels. To realize operations using a low-power actuator, a 
cross section deformation spring is proposed. The design procedure of 
the underactuated robot finger is proposed to realize an adaptive 
grasping movement. The validity of this mechanism and design 
procedure are confirmed through an object grasping experiment. 
Results demonstrate the effectiveness of across section deformation 
spring in reducing the actuator power. Moreover, adaptive grasping 
movement is realized by an easy operation. 
 

Keywords—Robot hand, Underactuated mechanism, Cross 
section deformation spring, Prosthetic hand. 

I. INTRODUCTION 
UR study goal is the development of a lightweight, 
dexterous prosthetic hand that can perform various tasks 

similarly to a human hand. The prosthetic hand must operate 
with few input signals because of its myoelectric interface. It 
must also be lightweight because it is installed at the tip of an 
arm [1]. Many prosthetic hands have been developed in 
previous studies [2], [3]. 

A robot hand with an underactuated mechanism for a robot 
finger has been proposed [4], [5] considering prosthetic hand 
specifications. The underactuated mechanism has more degrees 
of freedom than the number of input channels. Therefore, the 
underactuated mechanism satisfies the requested prosthetic 
hand specifications. The underactuated robot finger can 
determine an object grasping posture automatically according 
to a contact object using appropriate force balancing [6]. 

These underactuated robot fingers using a spring for 
expansion operations are divided roughly into a 
link-transmission type and a tendon-driven type. These differ in 
their resultant grasping force. The tendon-driven type is 
suitable for providing precise and sensitive movements such as 
a pinching operation [7]. 

For these, the underactuated robot hand is proposed, with an 
antagonistic mechanism consisting of a tendon and spring. 
Reportedly, such a robot hand can realize six fundamental 
grasping operations of a human hand [8]. 

However, grasping posture and grasping force are important 
to conduct an object grasping task. Especially, an appropriately 
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determined grasping force is an important factor to maintain a 
grasping posture. A conventional antagonistic driven 
mechanism consists of a tendon and a spring [9]. Its joint 
extension torque increases concomitantly with increasing 
flexion angle. For that reason, strong tension is necessary to 
maintain a grasping posture. It is difficult to produce a strong 
grasping force using this joint mechanism. Extension torque of 
the joint of this finger is necessary to extend the robot finger 
against gravity, and to be balanced with tension of the tendon. 

However, in dynamics, it is not necessary to make the 
extension torque increase concomitantly with the increase of 
the joint angle. Therefore, it is possible to improve the relation 
of the extension torque and the joint angle. A robot hand that 
can readily produce a strong grasping force while maintaining a 
grasping posture can be developed from generation of an 
extension torque that is as small as possible. 

For this reason, in this study, we propose a spring element of 
a new type, a cross section deformation spring (CSDS), from 
which extension torque is generated without being dependent 
on a joint angle. The CSDS effectiveness at decreasing tension 
of a flexional tendon was confirmed through evaluation of the 
prototype underactuated robot finger. Furthermore, we suggest 
the possibility of realizing a robot hand of reduced weight, like 
a prosthetic hand, through an object grasping experiment. 

II. CROSS SECTION DEFORMATION SPRING 
The CSDS proposed in this study, as presented in Fig. 1, is 

made of an elastic tube, a part of which is cut off to a triangle. 
This CSDS bends the cutoff part as a flexural center. Here, as 
presented in Fig. 2, the cross-section surface shape at the part of 
bending deformation changes from an arc shape to a flat shape. 
For this deformation, the moment of inertia of the area changes 
depending on the bending angle. Therefore, the CSDS has 
nonlinearity characteristic to a bending angle. 

 

 
Fig. 1 Cross section deformation spring (CSDS) 

 
In this study, the nonlinear characteristic is confirmed 

experimentally. Here, the elastic tube material, the cut off part 
size, outer diameter, and the elastic tube thickness are regarded 
as design parameters. We discuss CSDS spring characteristics 
when the parameters are changed. As depicted in Fig. 3, the 
cutoff part size is defined as the percentage of the cutoff depth: 

Naoki Saito, Daisuke Kon, Toshiyuki Sato 

Development of Underactuated Robot Hand Using 
Cross Section Deformation Spring 

O

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2431International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df



 

th
ve
of

 

at
po
te
G
cu

C
ex
an
de
ne
th
m
qu
it 
ex

an
ob
di
ch

co
qu
th
w
Th
th

cu
fle
cr
m
to

he distance fro
ertical angle o
f the elastic tu

 

Fig. 2 

First, we dis
ttributable to 
olyurethane (P
sted. Their Yo

GPa. The CSDS
utoff part size 

The relation 
SDS is portr
xtension torqu
ngle until it re
ecreases gentl
ear 120 deg. F
he PU result.

modulus of PP 
ualitative tend
turns out that

xtension torqu
Next, we dis

nd the cutoff
btained when
iameter is 6m
hanged from 3

This result c
oncomitantly w
ualitative tend
he cutoff part 

when the ben
hereafter, it in

hen the tenden
That tendenc

utoff part size 
exural center.
ross section s

moment of iner
orque is genera

Soft tube

om the outer 
of the triangula
ube. 

Deformation o

Fig. 3 Line 

scuss the diff
the elastic 

PU) tube and
oung's moduli
S made of PP i
is 30%. 
of extension 

rayed in Fig
ue increases 
eaches 40 deg
ly or remains 

Furthermore, o
 This is pro
is greater tha

dency is almos
t the elastic tu

ue. 
scuss the relat
f part size. H
n the experim

mm, a material
30% to 70%, a
confirmed tha
with increasin

dency changes
is small, the

nding angle 
ncreases again
ncy of extensio
cy is believed 
and the form 

. If the cutoff
surface before
rtia of the area
ated. Subsequ

e 

Cu

Cu

surface of th
ar cutoff part 

of the CSDS dur

drawing of CSD
 

fferences of s
tube materia

d a polypropy
i were, respect
is slightly hard

torque and be
. 4. Both re
linearly with

g. Thereafter, 
constant. It i

overall, the PP
obably true b
an that of othe
st identical. Ba
ube material a

tion between 
Here, the exte
mental conditi
l is PU, and th
as presented in
at the extensi
ng cut off part 
 by changing t

en the extensi
becomes gre

n. However, if 
on torque redu
 to derive fro
of the cross s

f part is small
e bending is 
a becomes high
ently the part 

Inner diameter
Outer diam

ut depth 

ut length 

he elastic tube
to the outer d

 
ring bending 

DS 

spring charact
al. In this st
ylene (PP) tub
tively0.7 GPa
der than the PU

ending angle 
sults show th

h increasing b
the extension
increases agai

P result is grea
because the Y
er one. Howev
ased on these 
affects the am

the extension
ension torque
ion is that an
he cutoff part
n Fig. 5. 
ion torque de
size. Moreove
the cutoff part
ion torque de
eater than 4
the cutoff par

uction disappe
m the relation
section surfac
l, then the arc
long. Therefo
h, and high ex
of the flexura

r 
meter 

 

e to the 
iameter 

 

teristics 
tudy, a 
be were 
and 1.1 
Us. The 

of each 
hat the 
bending 
n torque 
in from 
ter than 

Young's 
ver, the 
results, 

mount of 

n torque 
e result 
n outer 
t size is 

ecreases 
er, it the 
t size. If 
ecreases 
40 deg. 
rt is big, 
ears. 
n of the 
e of the 
c in the 
ore, the 
xtension 
al center 

gra
Th

sec
Th
ten
sec

inf

the
ten

on
of 
dia
tub
1.5
wi
ex
Fig

tor
In 
in 
tha
rem
de
ten
tub

adually becom
herefore, it is c
 

Fig. 4 R
 

Fig. 5 Ch
 
When the cu
ction surface i
herefore, the o
ndency resem
ction surface d
In the case o
ferred that this
This result co
e amount of e
ndency of outp
Here, we disc

n the elastic tub
f an experime
ameters of 6m
be thickness is
5mm, and 1.7
ith each diame
tension torque
g. 6. 
This result d
rque increases
addition, the 
the elastic tu

an 40 deg. Fo
mains constan
creases first 
ndency does n
be outer diame

mes a flat p
considered tha

Relation betwee

haracteristic of 

utoff part bec
is short. It is an
output torque

mbling that of 
does not defor

of a tube of PP
s tendency is s

onfirmed that t
extension torq
put characteri
cuss the chang
be outer diam
ental conditio

mm, 8mm, and
s decided by th
75mm. The cu
eter. The relati
e in this exper

demonstrates
s concomitant
characteristic

ube material w
or PU, the ext
nt, but in the 

and increas
not change to 
eter is change

plate. It beco
at the extensio

en bending angl

f CSDS made of

omes large, t
n almost flat p

e is small. It 
a linear sprin
rm to any grea
P, the tendenc
similar for oth
the cutoff part 

que; it also aff
stics. 
ge of extensio

meter and thick
on, the PU 
d 10mm were
he standard re
utoff part size
ion between th
rimental cond

that the ten
ly with increa
c changes bec
when the bend
tension torque
case of PP, t
ses gradually
a great degre

ed, but it depen

omes easy to 
on torque decr

le and torque 

f PU d=6 mm 

the arc in the
plate before be
shows a qua

ng because the
at extent. 
cy is the sam
her materials.
t size affects n
fects the quant

on torque dep
kness. As an ex

material and
e chosen. The 
espectively as 
e is unified a
he bending ang
dition is portra

dency of ext
asing outer dia
cause of a diff
ding angle is 
e increases ge
the extension 
y. This qua
ee even if the 
nds on the ma

 bend. 
reases. 

 

 

e cross 
ending. 
litative 
e cross 

me. It is 

ot only 
titative 

ending 
xample 
d outer 

elastic 
1.0mm, 

as 50% 
gle and 
ayed in 

tension 
ameter. 
ference 
greater 

ently or 
torque 
litative 
elastic 

aterial. 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2432International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df



 

 

no
ex
Y
de

po
fin

un
Fu
al

as
fle
jo
in
m
pr
de

A
ro
ea
el
an
de
id

Fig. 6 Cha

Based on th
onlinear torqu
xtension torq

Young's modu
ecreasing size

III. DESIGN

A. Outline of 
An outline 

ortrayed in Fi
nger, with eac
This finger 

nderactuated 
urthermore, th
long an object

For this study
s follows. First
exed complete

oint) is flexed. 
nterphalangeal

movement as 
rocedure of a
escribed in the

B. Robot Fing
An adaptive gr
obot finger str
ach joint. For 
lastic element
nd gravity, an
enoted respec
dentifier of eac

 

Fig. 7 B

aracteristics of C

his result, the 
ue characteris
que increases
ulus, outer d
 of the cutoff 

N OF A ROBOT 

f the Robot Fin
of a propose
ig. 7. This ro
ch joint extend

has one flex
finger is f

he angle of ea
t shape. 
y, the robot fin
t, only a metac
ely. Next, a p
After the PIP

l joint (DIP jo
an adaptive 
a robot finge
e following se

ger Design for
rasping movem
ructure consid
each joint, the

t, torque gene
nd flexion tor
ctively as ,
ch joint, such 

asic mechanism

DIP Jo

Spring 

CSDS made of 

CSDS was c
stic as a main
 concomitan

diameter or t
part. 

FINGER INCOR

nger 
ed underactua
bot finger ha
ded by a sprin
xural tendon.
flexed by pu
ach joint is d

nger flexing m
carpophalange
roximal interp

P joint is flexed
oint) is flexed
grasping mov
er to achieve
ection. 

r an Adaptive 
ment is achiev
dering these q
e extension to
erated by mas
rque generated
, , and .
as MP, PIP, a

m of the propose

PIP Joint 

oint 

Tendon 

PU (Depth 50%

confirmed to 
n characterist

ntly with inc
thickness, an

RPORATING C

ated robot fin
as three joints
ng. 
. Each joint 
ulling this 
ecided autom

movement is de
eal joint (MP j
phalangeal joi
d completely, 
d. We design
vement. The 
e this movem

Grasping Mo
ved by design
quence of fle
rque generate
s of the robot
d by an actua
 Here, index 

and DIP. 

ed robot finger

MP Joint 

Tendon 

 

 
%) 

have a 
tic. The 
creasing 
nd with 

SDS 

nger is 
 in one 

of the 
tendon. 

matically 

esigned 
joint) is 
int (PIP 
a distal 
ate this 
design 

ment is 

ovement 
ning the 
xion of 

ed by an 
t finger 
ator are 
i is an 

 

 

as 
ma
gre
ach
ne
no
the

ma
gra
eac
mo

ch
ge
wh
pa
joi
fle
ten

an 
att
on
fro

tha
mN

tor
am

Fig. 8 Ge

If an extensio
a spring, th

aintained hor
eatest torque.
hieved irrespe
cessary to con

ot only from th
e horizontal di
These condit

agnitude of 
avity, and flex
ch joint cons
ovement is ex
 

 
Next, we de

hanges becaus
nerated by an
hich includes 
arameters of th
int is derived
exural torque
nsion of flexur
 

 
In (2) and (3)

n identifier is 
tached to tensi
ne flexural ten
om geometrica
Results of pr
at the torque r
Nm. 
Fig. 9 presen
rque of the C

mount of torqu

h1

eometrical mod

on torque is ge
hen the postu
rizontally are
. Moreover, t
ective of the ro
nsider the flex
he horizontal d
irection upwa
tions can be
extension tor

xural torque. T
idering achie

xpressed as  

rive the flexu
se of the jo

n actuator. Fig
flexion torqu

hese torques. 
by application
of each joint
ral tendon, wh

 

), index i is an
attached to a

ion because ea
ndon. Angles
al relations. 
rototyping an 
resulting from

nts the relati
CSDS adopte
ue of MP join

l1 

θ 

φ 

rex

del of joint of th

nerated by an 
ures in which
e the condit
the grasping 
obot hand pos
xural direction
direction down
ard. 

expressed by
rque, the tor
The relation of
vement of th

ural torque. T
oint flexural 
g. 8 shows the
ue, extension t

Here, the flex
n of this mod
t is expressed
hich is denote

   

sin

n identifier of e
a joint angle, 
ach joint is flex

and are d

underactuated
m gravity of M

on between t
ed as each jo
nt. The CSDS

l2 

R(θ ) 
τ 

τ' 

T 

ϕ 

B 

L 

Tendon g

he robot finger

elastic elemen
h a robot fin
tions requirin
movement m

sture. Therefo
n of the robot
nward, but als

y the directio
rque resulting
f extension tor

he adaptive gr

    

The flexural 
angle and t

e joint torque 
torque, and re
xural torque o
el to each join

d as follows u
d as : 

    

 

each joint. Alt
an identifier 

xed by the ten
derived respe

d robot finger
MP joint 

the joint ang
oint consideri
 was built int

h2 
T

A 

guide 
 

nt such 
nger is 
ng the 

must be 
re, it is 
t finger 
so from 

on and 
g from 
rque on 
rasping 

      (1) 

torque 
tension 
model, 
elevant 
of each 
nt. The 
using a 

   (2) 
 

   (3) 

though 
is not 

nsion of 
ectively 

r show 
is 23.0 

gle and 
ing the 
to each 

T 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2433International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df



 

jo
w
C
to
43
to
ex
Th
in
be
ex
th
co
el

F

 

of
jo
It 
jo
Th
re
re
th

Th
pr

co
Th
co
to

oint of the com
was flexed to 

SDS is from 
orque generate
3 mNm, it is a
orque of the P
xtended comp
he torque of 

ncreasing joint
ecause the ex
xceeds the ma
he flexural po
ompared with 
lastic element 

 

Fig. 9 Charact

 

Fig. 10 Simulati

Fig. 10 prese
f a tendon in t
oint. The MP jo

flexes compl
oint does not f
herefore, the 

eaches 90 deg
eaches 90 deg
han 6N. 

The DIP join
he result of th
rocedure can p

In the next s
onfirmed expe
he underactua
omparison wit
orsion spring b

mpletely exte
40 deg. Ther
40 deg to 13

ed by the CSD
assumed to be 
PIP joint and 
pletely are, res

these joints d
t flexural angl
xtension torqu
aximum extens
osture of the 

the mechanis
such as a tors

eristic of CSDS

ion result of the
each 

ents calculatio
the designed r
oint begins fle
letely when th
flex when the 

PIP joint do
. Subsequently
 immediately 

nt begins flexin
his pattern of 
produce an ad
section, the va
erimentally us
ated joint mech
th the extensio
built into anoth

ended prototyp
refore, the fle
30 deg. By t

DS of MP join
constant. Mo
the DIP join

spectively, 70 
decreases to a
le. For the PIP
ue decreases 
sion torque, it
finger by sm
sm that is ext
sion spring. 

Ss actually inco
finger 

e relation betwe
joint angle 

on results of th
robot finger a
exion when th
he tension rea
tension becom

oes not flex b
y, the PIP join
after the tens

ng when the te
movement sh

daptive graspin
alidity of this
ing the undera
hanism using C
on mechanism
her underactu

pe robot fing
exural range o
his usage, ex

nt is from 40 m
reover, the ex

nt when the fi
mNm and 77

about 55 mN
P joint and DI
after flexural 

t is possible to
maller flexural

tending with a

orporated in the 

een pulling tens

he relation of 
and the angle 
e tension exce
aches 3.8N. T
mes greater th
before the M
nt flexes quic
sion becomes 

ension exceed
hows that this
ng movement.
s design proce
actuated robot
CSDS is evalu

m using a com
uated robot fin

 

ger as it 
of each 

xtension 
mNm to 
xtension 
inger is 
7 mNm. 

Nm with 
IP joint, 

torque 
o reduce 
 torque 
a linear 

 
robot 

 

ion and 

tension 
of each 
eeds 3N. 
The PIP 
han 6N. 

MP joint 
kly and 
greater 

ds 9.5N. 
s design 
. 
edure is 
t finger. 
uated in 

mmercial 
nger. 

is 
tha
tha
by
ma
tes

ch
tim
Ea
pro
ho
up
rob

Fig

IV.
The prototype
presented in F
at of an adult 
at of an adult 

y an air cylind
aking adaptive
st was confirm

A. Flexing Ac
First, adaptiv

hecked. In the e
me is added to
ach joint angl
ocessing prog

orizontal direc
pward in a ve
bot hand postu

Fig. 11 Pro

g. 12 Experime

Fig. 13 Exper

EVALUATION 

e robot finger,
Fig. 11. The f
male, with le
male. Tension
der. The vali
e grasping mo

med by this pro

ction Test 
ve grasping b
experiment, th
o the flexural 
le at that tim

gram. The robo
ction, upward
ertical directio
ure are, presen

totype of the ro

ental result of fi

imental result o

OF THE ROBO

, produced ma
finger width i
ength that is 1
n to a flexural
dity of the d
ovement throu
ototype robot 

by the protot
he tension whi
tendon by a 

e was measu
ot finger postu
d in a horizo
on. Experime
nted respectiv

 

obot finger inco
 

nger flexion (G
 

of finger flexion
 

OT FINGER 
ainly from AB
s almost ident
.2 times longe

l tendon is gen
design procedu
ugh a flexing 
finger using C

type robot fin
ich increases 
pneumatic cy

ured using an 
ure is downwa
ontal directio
ental results o
vely in Figs. 12

 
orporating CSD

Gravitational dir

n (Upper directi

S resin, 
tical to 
er than 
nerated 
ure for 
action 

CSDS. 

nger is 
1N at a 
ylinder. 

image 
ard in a 
n, and 

of each 
2-14. 

S 

 

rection) 

 
ion) 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2434International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df



 

F

F

th
tim
fle
Th
m
B
co
m

w
co
ad
fin
ro
ad
ea
Th
th
te
th
re

th
H
sp
fle
te
th
ge
re

Fig. 14 Experim

Fig. 15 Relation
finge

Although the
hese results sho
ming of flexi
exing after the
herefore, res

movement is a
ased on these
onsidering the

model was conf

B. Advantage
In this secti

with CSDS an
ommercial tor
dvantages of C
nger with spe

obot finger ar
daptive graspin
ach joint and
herefore, the t

he flexural torq
nsion areas sh

hese condition
esult for Fig. 1

This result d
he CSDS is 

However, tensi
pring is incorp
exural tendon
ndon tension 

he grasping po
enerate a grea
esults, CSDS 

mental result of 

n between pullin
er using torsion

e tension at wh
ow that the tur
ion of these 
e next joint fle
sults confirm
achieved with
e results, the 
e balance of e
firmed. 

e of the CSDS 
on, tension m
nd the tensio
rsion spring [
CSDS. Here, a
ecifications th
re selected co
ng movement

d tension of 
torque resultin
que of all joint
hown in Fig. 

ns are presente
10 for compari
demonstrates t
flexed compl
ion of about 
porated. There
n is decreasing
is transformed
osture and a 
at grasping fo
is effective a

f finger flexion (
 

ng tension and 
nal spring and u

 
hich the joint b
rn of flexion o
joints at whi
exes complete

med that the 
h any posture 

validity of th
each joint tor

S
measurements
on in the m
[8] are compa
adequate torsi
hat are the sa
onsidering the
t. The relation 

a flexural te
ng from gravity
ts generated b
10. Simulatio

ed in Fig. 15, w
ison. 
that the robot 
letely by ten
56N is neces
efore, about 4
g. If it is con
d into both a f
grasping forc

orce using CS
as an extensio

(Horizontal dire

each joint angle
sing CSDS 

begins flexing
of three joints 
ich one joint 
ely are synchr

adaptive g
of the robot 

he design pro
que and joint

 for the mec
mechanism w
ared to exam
ion springs to 
ame as the pr
e achievemen
between the a
endon is sim
y on the MP jo

by the flexural
n results cons
which also sho

finger incorp
nsion of abou
ssary when a 
46N of tension
nsidered that f
force for main
ce, then it is 
SDS. Based o
on mechanism

 

 
ection) 

 
e of the 

g differs, 
and the 
begins 

ronized. 
grasping 

finger. 
ocedure 
t torque 

chanism 
with the 
mine the 

a robot 
rototype 
nt of an 
angle of 

mulated. 
oint and 
l tendon 
sidering 
ows the 

porating 
ut 10N. 

torsion 
n of the 
flexural 
ntaining 
easy to 

on these 
m of an 

un

co
gra
fin
co
is 
lon
app
wi
usi
app
ad
pro
the
Th
obj

mo
are
sup
can
tha
obj

nderactuated ro

V
The robot ha
nfirm the usa
asping task. T
nger manufact
mprising a pa
100×270×27m

nger than tha
plication of p
ith a flexion te
ing a simple
plied simultan

daptive graspi
oposed robot h
e grasping pr
hese results co
bject grasping 

Fig. 

Fig. 1

First, we conf
ovement for a
e presented i
pplied pressur
n grasp vario
at that the ada

bjects of variou

(a) Cy

(c) S

obot finger. 

V. OBJECT GRA

and presented 
ability of the p
These five fin
tured in previo
alm and four fi
mm. This pro

at of an adult
pressure to th
endon. This rob
e operation. T
neously to fiv
ing movemen
hand. Moreov
essure when 
onfirmed the u
task. 

16 Appearance

7 Experimenta

firmed the ach
a various shap
in Fig. 17. I
re of the robot
ously shaped 
aptive graspin
us shapes. 

ylinder 

Sphere 

ASPING EXPERI

in Fig. 16 w
proposed robo
ngers are the
ous chapter. T
fingers except 
ototype robot
t male. Each 
he pneumatic 
bot hand can g
Therefore, th
ve cylinders. 
nt by simple

ver, we evalua
the robot han
usability of th

 

 of the CSDS ro
 

al result of objec
 

hievement of th
ped objects. E
In all graspin
t hand is 0.1 M
objects adapt

ng movement 

(b) S

(d

IMENT 
was manufactu
ot finger in an
e same as the
The size of the

the thumb an
t hand is 1.2
finger is flex
cylinder con

grasp various o
e same press
We demonstr

e operation 
ate the distribu
nd grasps an 
he robot hand

 

obot hand 

ct grasping 

he adaptive gr
Experimental 
ng movemen

MPa. This robo
tively. Results
is effective to

Square pole 

d) Plate 

ured to 
n object 
e robot 
e hand, 
d palm 

2 times 
xed by 
nnected 
objects 
sure is 
rate an 
of the 

ution of 
object. 

d in the 

 

rasping 
results 

nts, the 
ot hand 
s show 
o grasp 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2435International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df



 

 

Next, we assessed the grasping pressure distribution. For this 
experiment, we used a sheet sensor: a pressure-sensitive 
conductive coating material applied to the PET film (I-SCAN; 
Nitta Corp.) for measurement of grasping pressure distribution. 
This sheet sensor was fixed on the grasping object surface 
because of the influence on the robot hand joint torque by fixing 
the sheet sensor on the robot hand surface. In this experiment, 
the robot hand grasped a 93-mm-diameter cylinder. Flexion 
tendon tension of 18N was applied simultaneously to all fingers. 
Next, we discuss the pressure distribution results. 

Object grasping and the pressure distribution results of this 
experiment are presented respectively in Figs. 18 and 19. 

 

 
Fig. 18 Appearance of object grasping 

 

 
Fig. 19 Distribution of tactile pressure 

 
Contact occurred in all parts of almost all fingers. Each 

finger link has even contact with the cylindrical object. A 
tendency was visible by which the contact pressure at the palm 
and proximal phalanx of the thumb and distal phalanx of all 
fingers are increasing. The contact pressure at distal phalanx of 
all fingers increases because the underactuated mechanism of 
this robot finger generates grasping force by restraining a distal 
phalanx. Therefore, in a grasping movement, the posture of the 
middle phalanx and proximal phalanx of the robot finger are 
decided mostly without generating force. 

The contact pressure at the palm and the distal phalanx of 
index finger and thumb are increased remarkably because the 
grasping force is generated at the distal phalanx of all fingers. 
These are balanced by receiving the force at the palm. 

Moreover, contact pressure on the proximal phalanx of the 
thumb increased because this part received contact pressure of 
the distal phalanx, middle phalanx, and proximal phalanx of the 
index finger. Originally, the proximal phalanx of the thumb 
does not generate contact force in adaptive grasping movement. 
However, contact pressure becomes high. Results suggest that 
the finger maintains its own posture against the force from the 
outside. 

Contact pressure is acting on the cylindrical object from 
many directions. These are mutually balanced. This result 
demonstrates that stable grasping was realized. 

These results showed that this robot hand can grasp objects 
of various shapes stably by easy operation such as application 
of equal tension to all fingers simultaneously. 

VI. CONCLUSION 
As described in this paper, we proposed the underactuated 

robot hand using a cross section deformation spring for 
purposes of using the force of an actuator efficiently and 
grasping various objects through easy operation. The salient 
results obtained in this study are described below. 
1. A cross section deformation spring (CSDS) is proposed as 

a new spring mechanism. The CSDS has a constant torque 
characteristic and a torque reduction characteristic. These 
characteristics depend on the shape of the CSDS cutoff 
part. 

2. Design procedures of the underactuated robot finger using 
the CSDS were presented. The validity of this design 
procedure was confirmed experimentally. 

3. The CSDS effects were confirmed in simulations. Results 
show that the tension applied to a flexion tendon of the 
robot finger using cross section deformation spring is only 
18% of the robot finger tension using the torsion spring. 

4. The robot hand grasping movement was confirmed 
experimentally. 

The experimentally obtained results and related discussion 
clarified that this robot hand can grasp objects of various shapes 
stably through easy operation, giving slight tension to all the 
robot fingers. 

REFERENCES 
[1] R. Crowder, “An anthropomorphic robotic end effector,” Robotics and 

Autonomous Sys.vol. 7, pp. 253-268, 1991. 
[2] N. Dechev and W. Cleghorn,“Multiple finger, passive adaptive grasp 

prosthetic hand,” Mech. and Machine Theory. vol. 36, pp.1157-1173, 
2001. 

[3] C. Light and P. Chappell, “Development of a lightweight and adaptable 
multiple-axis hand prosthesis,” Med. Eng. & Phys. vol. 22, no. 10, 
pp.679-684, 2000. 

[4] H. Yokoi, A. H. Arieta, R. Katoh, W. Yu, I. Watanabe, and M. Maruishi, 
“Mutual Adaptation in a Prosthetics Application,” Embodied Artificial 
Intelligence, pp. 146-159, 2004. 

[5] Y. Kamikawa and T. Maeno, “Underactuated Five-Finger Prosthetic 
Hand Inspired by Grasping Force Distribution of Humans,” Proc. of 
IEEE/RSJ Int. Conf. on Intel. Rob. and Sys. pp. 717-722, 2008. 

[6] S. Hirose and Y. Umetami, “The development of soft gripper for the 
versatile robot hand,” Mech. and Machine Theory. vol. 13, pp. 351-359, 
1997. 

[7] M.R. Cutkosky, “On grasp choice, grasp models, and the design of hands 
for manufacturing tasks,” IEEE, Trans. on Rob. and Auto. vol. 5, no. 3: 
pp. 269-279, 1989. 

MPa

Thumb
Palm

Middle

Distal
Phalanx

Phalanx

Phalanx
Proximal

0.00 0.040.030.020.01

Little Ring Middle Index

● ● ●

● ● ●

● ● ●

● ● ●

●

●

●

●

●

●

●

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2436International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df



 

 

[8] S. A. Dally, T. E. Wiste, T. J. Withrow, and M. Goldfarb, “Design of a 
Multifunctional Anthropomorphic Prosthetic Hand With Extrinsic 
Actuation,” IEEE/ASME Trans. on Mech. vol. 14, no. 6, pp. 699-706, 
2009. 

[9] H. de Visser and J. L. Herder, “Force-directed design of a voluntary 
closing hand prosthesis,” J. of Rehabili. Res. and Dev. vol. 37, no. 3, pp. 
261-271, 2000. 

 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:7, No:12, 2013 

2437International Scholarly and Scientific Research & Innovation 7(12) 2013 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:7
, N

o:
12

, 2
01

3 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

66
90

.p
df


