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 
Abstract—End effectors for robotic systems are becoming more 

and more advanced, resulting in a growing variety of gripping tasks. 
However, most grippers are application specific. This paper presents 
a gripper that interacts with an object’s surface rather than being 
dependent on a defined shape or size. For this purpose, ingressive and 
astrictive features are combined to achieve the desired gripping 
capabilities. The developed prototype is tested on a variety of 
surfaces with different hardness and roughness properties. The results 
show that the gripping mechanism works on all of the tested surfaces. 
The influence of the material properties on the amount of the 
supported load is also studied and the efficiency is discussed. 

 
Keywords—Claw, dry adhesion, insects, material properties. 

I. INTRODUCTION 

ICKING up a variety of objects is an easy task for 
humans, but remains a challenge for robotic systems. Most 

grippers are designed for a defined task. The different 
mechanisms of gripping can be classified into four categories 
[1], namely (1) “impactive” - jaws or pinchers grasping the 
object by enclosing or clamping; (2) “ingressive” - hooks or 
needles penetrate the surface; (3) “contigutive” - chemical or 
thermal adhesion in direct contact with object; and (4) 
“astrictive” - electrostatic/magnetic forces or vacuum suction 
is applied on object. 

Past research has focused on impactive systems imitating 
the grasping mechanism of human hands using two or more 
pinching fingers. A number of attempts have been made to 
develop a universal gripper [2]. A recent example is the 
universal gripper developed by Amend et al., which can grip 
all kinds of different shapes with the very simple and low-cost 
mechanism of jamming granular material, but it fails in 
picking up objects that are flat and bigger than the gripper [3], 
[4]. 

In addition to the shape grasping impactive grippers, 
astrictive grippers, particularly vacuum suction, are commonly 
used on flat surfaces, mainly in industry, because of the ability 
to continuously applying a holding force with precision and 
speed suitable for pick and place tasks [5]. One drawback of 
this mechanism is the limitation of the roughness and the 
shape of the surface interacting with the mechanism. Even 
though the mechanism can be altered to allow a certain extent 
of adjustment to the shape of the object [6], [7], close contact 
with the surface is still needed. Therefore, the surface is 
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required to be smooth and its use is limited to materials like 
glass and metal. 

Ingressive grippers on the other hand attach to an object by 
making use of its surface structures rather than adjusting to a 
form. NASA JPL developed a novel gripper that can lift and 
hold on to consolidated rock and rubble piles by using 
microspines [8]. Those were originally developed for the use 
on climbing robots, such as Spinybot, which could reliably 
climb a wide variety of rough surfaces with the micro-spines 
[9]. A similar mechanism, using claws, can also be observed 
in the RiSE robot [10].  

Grasping objects independently on their shape is a 
challenge for universal grippers. For this purpose, astrictive 
and ingressive features are combined. This dual mechanism 
can be widely observed in insects like the dock beetle [11]. On 
rough surfaces, insects mainly use small claws located on the 
tips of their legs, specifically on the tarsi. It is shown to be 
sufficient if the surface roughness is lower or comparable in 
size to the diameter of the tarsal claws [12]. Insects are able to 
walk on smooth surfaces by the use of an attachment pad of 
dry or wet adhesion, which can support a considerably high 
load [13], [14]. Therefore, insect feet combine claws with 
adhesive pads which allow them to walk on rough and smooth 
surfaces of any angle. 

In this paper, a simple system which combines the features 
of the ingressive and the features of the astrictive is presented. 
It uses dry adhesions inspired by geckos [15] as the astrictive 
and claws inspired by insects as the ingressive mechanisms. 
Combining the two mechanisms gives the ability to attach to 
surfaces with a wide roughness-range. A prototype of the 
designed gripper is manufactured and tested on different 
surfaces. 

II. MATERIAL AND METHOD 

A. Design 

The gripper is able to adhere to rough and smooth flat 
objects and be simple to use at the same time. Therefore, 
claws are combined with dry adhesion in a mechanism that 
requires no manual adjustment for the mechanism to choose 
the appropriate mechanism for each substrate. If the ingressive 
feature cannot adhere to the surface, then the adhesion should 
be used automatically. 

The gripper is designed and modeled using CAD software, 
specifically SolidWorks 2013 (Dassault Systèmes SolidWorks 
Corp.). A system with three legs is chosen so it can adapt to 
different inclines in the surface when the claws are in use. An 
adhesive pad is located at the center of the system and is 
connected to three surrounding legs using cords to move the 

Towards the Design of Gripper Independent of 
Substrate Surface Structures 

Annika Schmidt, Ausama Hadi Ahmed, Carlo Menon 

P



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:10, No:8, 2016

1377

leg
Ea
of

F
i

o
leg
g
th

ca

to 
in 
of
tu
1 
ba
th
wh
su
up
In
re
th

ac
th
in
ca
m

gs horizontall
ach leg has cl
f the gripper by

 

Fig. 1 (a) The d
indicates the ini

orange arrows pu
gs (3) (b) the fa
gripper and the o
he motor is attac
an be measured,

shows the f

 
The pad is de
 protect it from
 use. Pushing

f the orange a
rn move the le
(a), towards th

ands. The mov
e tips, to scrat
hen grabbing 

urface and adh
pwards, so all 
n order to detac
sults in the le
e legs snap ba
The model o

ctuator (L12 5
e adhesion p
ward, highlig

an provide a m
motor is also d

ly over the su
aws on the un
y the use of ru

designed CAD m
itialized movem
ushing down th

abricated grippe
on top mounted
ched to the com
, which is neede
fabricated gripp

impleme

esigned to be i
m unnecessary

g the adhesive 
arrow in Fig. 
egs, in the dir
he center, resu
vement of the 
tch over the su
a smooth surf
here to it. If t
of the preload
ch the gripper

egs pushing th
ack to the start
of the gripper 
50-210-12-P, F
pad downward
hted in yellow
maximum pow
designed in C

urface to be g
nderside and i
ubber bands. 

model of the gri
ment of the moto
he adhesive pad 
r (c) an assemb

d embedment fo
mpressive load c
ed to push down
per with the mou
ented load cell 

in a higher pos
y contact with
pad downwa
1 (a), pulls t

rection of the g
ulting in a stre
legs causes th

urface to attac
face, allowing 
that happens t
d force is appl
r, the adhesive
he surface dow
ting position b
is shown in 

Firgelli) is us
d, which in 
w color in Fig
wer of 45 N. 
CAD and fab

gripped, see F
is fixed at the 

ipper: The red a
or (1) resulting i
(2) and sliding 
led CAD mode

or the motor (yel
cell (red), so the
n the adhesive p
unted motor and

sition than the
h the substrate
ards, in the dir
the cords. Wh
green arrows i

etching of the r
he claws, attac
h. The claws l
the pad to rea
the legs are p
ied on the adh

e pad is raised 
wn, detaching 
by the rubber b
Fig. 1 (c). A 

sed in order to
turn pulls th
g. 1 (c). The 
The fixation 

bricated using 

Fig. 1. 
edges 

 

arrow 
in the 
of the 
l of the 
llow); 

e force 
pad, (d) 
d 

e claws 
e if not 
rection 
hich in 
in Fig. 
rubber 

ched at 
lift up, 
ach the 
pushed 
hesion. 
which 
it and 

bands. 
linear 

o push 
e legs 
motor 
of the 
a 3D 

prin
emb
mov
hori
cell 
push
subs
purp
bar 
The
indi
the 
indi
the 
surf
AB
prin

A
Eac
Mus
num
Fig.
2. T
flex
claw
sens
556
from
Inst

 

Fig
on th
cla
mo

B

V
to g
and 
claw
subs
on 
Smo
claw
mat
and 
hard
roug

nter, see the 
bedded positi
vement of th
izontal movem
(LLB350, FU

h down the 
strate, further 
pose, the load
that pushes do

e measuremen
icates the amo
surfaces. For

icates the prel
substrate, bec

face. The m
Splus-P430 a

nted gripper is 
A system of fo
ch claw is a
stard) and m

mbered 3 in Fig
. 2, the four cl
This gives so

xibility in orde
w to adapt to 
sors, the actu

6.56 g. Contro
m the load cel
truments). 

g. 2 Sketched (a)
he underside of

aw, (c) shows a 
ount the claws o
strap to keep th

B. Testing Surfa

Various materi
grasp. The test
d could be div
ws are able to
strate, claws s
the surface 

ooth and hard
ws. The conv
terial 2, are sel

d synthetic rub
der than mat
ghness, so th

blue part in 
ion sensor w
e adhesive p
ment of the l
UTEK) is used
adhesive pad
referred to as

d cell was pla
own the pad, s
nt of this sen
ount of the she
r smooth sur
load force use
cause the claw

model is 3D
as the materia

shown in Fig
our claws is a

a bent fishing
mounted on a

g. 2. Connecte
laws were alig
ome complian
er to enable th
the surfaces. T
uator and its
lling the actua
l is achieved u

) side view and 
f each leg to allo
realized prototy
on, 4 rubber ban
he claws in plan

inclinati

faces 

ials are used to
ted materials d
ided into thre
o penetrate th
stick to the su
or slightly p
d substrate, w
ventional Styr
lected as the s

bber with a str
terials 1 and

he hooks are 

Fig. 1 (d). T
which is used

ad which is 
egs. A compr

d to measure th
d and move 
s the attachm

aced between 
shown in red 

nsor on rough
ear force applie
rfaces, this fo
ed to attach th
ws are not in

D-printed usi
al and the ass
. 1 (d).  
attached under
g hook (R50
a 5 mm wide
ed by rubber b
gned and fixed
ncy of horizo
he individual m
The complete
s mounting h
ator and the a
using LabVIE

(b) front view 
ow an individua
ype: 1 leg, 2 cla
nd, 5 wire to ali
ne, 7 spacer to h
ion angle 

o test the nove
differ in rough
ee categories: 
he surface; (2)
urface by catc
penetrate the 
which do not 
rofoam, mate
soft materials. 
rengthening gr
d 2 but also

able to sligh

The motor ha
d to measure

equivalent to
ression force 
he force applie
the feet over
ent force. For
the motor and
color in Fig. 1
h surfaces is 
ed by the claw
orce measurem
he adhesion pa
n contact with
ing thermopl
sembly of the

r each foot Fi
0-94840, size
e strip of pla
bands, number
d as shown in
ontal and ver
movement of 

e gripper inclu
had a weigh
acquisition of 

EW 2013 (Nati

of the claws sys
al movement of 
aw, 3 plastic stri
ign claws, 6 pla
hold appropriate

el gripper’s ab
hness and hard
(1) Soft subst
) Rough and 
hing on struct
surface; and
interact with

erial 1, and c
Wood, materi

rid, material 4
o have a ce
htly penetrate

as an 
e the 
o the 

load 
ed to 
r the 
r this 
d the 
1 (c). 

also 
ws on 
ment 
ad to 
h the 
lastic 
e 3D 

ig. 2. 
 16, 
astic, 
r 4 in 

n Fig. 
rtical 
each 

uding 
ht of 

data 
ional 

 

stem 
f each 
ip to 
astic 
e 

bility 
dness 
trate, 
hard 
tures 

d (3) 
h the 
cork, 
ial 3, 

4, are 
ertain 
e the 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:10, No:8, 2016

1378

surface and hook into minor surface irregularities. Also, 
sandpaper, material 5, and porous conglomerate rock, material 
6, are tested to investigate the ability to catch on to surfaces 
with major surface irregularities. The tested smooth surfaces, 
materials 7 to 9, which are Plexiglas, aluminum and lacquered 
wood, vary marginally in their surface roughness. 

The hardness and roughness of the materials are tested to 
identify the properties of the materials. The hardness of the 
materials is examined with the hardness tester REED HAT-
6510A (FUTEK) while the roughness is examined by using a 
portable Surface Roughness Tester Surftest SJ-400 
(Mitutoyo). Only the shore test is used to measure the 
hardness of the soft materials. The hardness of the hard 
materials, i.e. materials 5, 6, 7 and 8, are not measured, 
because the claws are not able to dig/cling into hard surfaces, 
rather it depends only on the irregularities of the surfaces. The 
roughness and the hardness for the different materials are 
measured and listed in Table I. 

C. Experiment 

A flat piece of each material is used to test the gripper’s 
performance. Five test cycles are used to perform the test on 
the nine substrates. One test cycle represents testing of all 
surfaces once. New claws are used for each test cycle to 
guarantee their sharpness. 

The gripper is positioned on the testing surface, which is 
clamped to the ground. A load of 1.1 kg on the top of the 
gripper is used to apply a pre-defined load on the tested 
surfaces. The motor is then initialized to pull the legs inward 
to cling to the rough surface. The legs’ movement is stopped 
once the force required to pull the legs exceeds the motor’s 
maximal force. The legs stop moving because they either cling 
to the surface or reach the end of their range of motion. 

A tension and compression load cell (LCM300, FUTEK) is 
attached to the shaft holding the adhesive pad to measure the 
detachment force, which represents the maximum load the 
gripper is able to lift. The acquisition of data from this load 
cell is also achieved using LabVIEW 2013 (National 
Instruments). 

If the legs do not cling to the surface, i.e. the surface is 
smooth, then the legs are moved inward until the adhesion 
plate’s level becomes lower than the claws and the adhesion is 
automatically applied to the surface. The gripper is then pulled 
up until it detaches from the surface. Over the course of 
testing, the occurring responses of the two force sensors and 
the motor positions over time are measured. 

The load force measurements are analyzed statistically 
using one-way ANOVAs and are used to determine the 
difference in the considered characteristics. The force needed 
to attach to the surface, the maximum load and the leg 
movement of the five tests (n = 5) are analyzed for the tested 
materials. The materials are separated into two groups, 
materials 1-6 as group 1 and materials 7-9 as group 2, and 
each group is analyzed separately. Furthermore, the influence 
of hardness and roughness, on the maximum load the gripper 
could lift is also examined via multiple regression for the first 
four materials. 

It is observed that the hard surfaces of the plexiglass, 
aluminum and the lacquered wood showed scratch marks 
formed by the claws. Concerning the rough surfaces, as 
mentioned, only the soft substrates of Styrofoam and cork 
showed some damage on their surface structures, while on all 
other surfaces hardly any scratch marks could be seen on 
them. In addition to the successful attachment to the different 
tested materials, the gripper is also successful in detaching 
from all materials. 

 
TABLE I 

THE DIFFERENT TESTED MATERIALS WITH THEIR CHARACTERISTICS AND THE 

MAXIMUM SUPPORTED LOAD 

Material Hardness ܴ௔	ሾ݉ߤሿ ܴ௭	ሾ݉ߤሿ Max. load [N] 

1 Styrofoam 23.34 7.77 45 3.59 ሺേ1.82ሻ 
2 Cork 55.4 17.15 4.98 4.98 ሺേ2.43ሻ 
3 Wood 91 7.44 5.46 5.46 ሺേ3.14ሻ 
4 Rubber 83.32 9.33 5.82 5.82 ሺേ0.98ሻ 

5 Sandpaper െ 111.87 1.69 1.69 ሺേ1.1ሻ 
6 Stone െ 36 2.29 2.29 ሺേ2.56ሻ 

7 Plexiglass െ 0.06 17.36 17.36 ሺേ3.76ሻ 
8 Aluminium െ 0.21 5.64 5.64 ሺേ3.71ሻ 
9 Lac. wood െ 5.17 2.14 2.14 ሺേ1.32ሻ 
Listed are the test surfaces, identifiable by their material and an associated 

number from 1-9. Materials 1-6 represent rough surfaces and 7-9 are 
considered smooth substrates. The hardness was measured in Shore A and the 
surface roughness was determined by Ra, which is the arithmetic mean of the 
absolute values of the peaks and valleys and Rz, the ten-point averaged 
overall height of the irregularities in µm. Descriptive statistics of all tested 
materials is in the last column of the table, giving the averaged values and its 
standard deviation (m ± sd) for n = 5 for the maximum supported load. 

III. RESULTS 

The process of each gripping test is divided into five steps. 
Fig. 3 shows the steps for one of the tests performed on the 
wood as an example. In the first step in Fig. 3, the legs of the 
gripper are kept at their initial position. During step 2, in Fig. 
3, the motor is activated to push the adhesion pad downward; 
consequently, the legs are moved horizontally over the tested 
surface. The increase in the compressive load cell force 
reading is due to the friction between the claws and the surface 
and the counteracting force of the rubber bands on the legs. 
The motor is turned off in step 3, which shows a small 
decrease in the force due to a backlash in the motor. 

Step 4 shows the forces behavior for the gripper while it is 
pulled up until it detaches from the surface. The force peak, 
which represents the force right before the claws detach from 
the surface, is the maximum force the gripper can hold. The 
force measured by the compressive load cell is decreased 
simultaneously because the forces counteracting the claws' 
movement are removed. Finally, the gripper is detached from 
the surface, see step 5 in Fig. 3. The compressive force did not 
return to its zero value because, the rubber bands are still 
pulling the legs to their original position. The maximum load 
value is detected by taking the highest value of the data and 
the maximum attachment force is determined by averaging 
four points of the force plateau seen in the compression force 
measurements in Fig. 3. The mean values (n = 5) of all tested 
characteristics are shown in Table I and the results of the 
ANOVAs are listed in Table II. 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:10, No:8, 2016

1379

Fi
m

di

su

in 
4 
su
fo
on
sa
th
Th
m
fo
th
th

be
m
of
m
re
ho
ha
up
ca
no
de
of
hi

ig. 3 Signals pic
max load (blue) a

The signals o
istance travelled

steps: 1 lowe
urface), 2 loweri

up the gripper
 
The detachm
 a range betwe
shows that t

upport the hi
ollowed by the
nly a very sm
andpaper. How
e tests sugges
he reasons o

materials. Mate
orce. Because o
e surface, but
e hooks, resul
Lifting mate

ecause the cla
materials are str
f the substrate.

minor, the hook
ason of failur

ooks’ slippage
ave high roug
p. The friction
ausing the hoo
ot hold on to t
etachment of t
f the smooth su
gher the suppo

cked up during 
and position of 
f the load cells 
d is shown in m
ering the gripper
ing the adhesive
r to detach and 5

ment forces me
een 1 N to 10 
the layered w
ighest loads 
e soft materia
mall load is s
wever, the hig
st that the eff
of gripper d
erials 1 and 2
of their softne
t the materials
lting in the det
erials 3 and 4
aws did penet
ronger, they w
. However, sin
ks slipped off
re while gripp

e at higher load
hness, the gri
n on those su

oks to get stuck
the irregulariti
the gripper. T
urfaced mater
orted load. 

a test on the wo
the legs (green)
have been conv

mm. The process
r (to get in cont
e pad, 3 stoppin
5 when the end 

easured on the
N, depending

wood and syn
amongst the

als of cork an
supported for

gh standard de
ficiency varied
detachment d
2 could not w
ess, the claws 
s broke up an
tachment of th
4 seemed to 
trate the subs

were able to w
nce the surface
f with the inc
ping to mater
ds. Even thoug
ipper is hardly
urfaces lead to
k quite easily,
ies after lifting
The adhesion w
rials. The lowe

ood. Shear force
) are shown ove
verted to N and 
s can be divided
tact with the wo
ng the motor, 4 p
position is reac

e rough surfac
g on the surfac
nthetic rubber 
e rough mat

nd Styrofoam, 
r the stone an
eviations throu
d between the
differ betwee

withstand the p
are able to gri

nd could not su
he hooks. 

be more effe
strate, but sin

withstand the r
e structures ar

crease in load
rials 3 and 4 
gh materials 5
y able to pick
o high shear 
 but the claws

g which result
was able to p
er the roughne

 

e (red), 
er time. 
the 

d into 5 
ood 
pulling 

ched 

ces are 
ce. Fig. 

could 
terials, 
while 

nd the 
ughout 
e tests. 
en the 
pulling 
ip into 
upport 

fective, 
nce the 
rupture 
re only 
s. The 
is the 

5 and 6 
k them 
forces 

s could 
t in the 
ick all 

ess, the 

Att

M

In
force
df sh

 
A

surf
lift 
(F (
cou
stru
the 
the 
surf

T
mat
claw
not 
mea
influ
hard

T
lifte
equ

 

 
whe
the 
roug
the 

A
surf
mat
simp
suit
only
grip
imp
stop

T
and 
grip
utili

T
(Fig
I, th
is u
sma
con

ANOV

 
Ro

݂݀ er
tachment 
force 5

Max. load 5
nferential statistic
e, maximum load
howing the degree

ANOVA show
faces, which i
a plane is d

(5, 24) = 5.56, 
ld be seen bet

uctures (F (2, 1
surface had, t
high roughnes

face. 
The analysis 
terials, materia
ws, showed a 

included in 
asured. The 
uence of the 
dness ( 0.0321

The resulting r
ed through the
ation: 

	ݕ ൌ 	2.4956

ere, ݕ is the p
value of the S
ghness in mm
real experime

As seen in the 
faces, even th
terials with hig

mplicity of the 
table attachme
y a simple up 
pper is easy 
plemented, if t
ps its moveme
The gripper is 
d soft, as the c
p to the irreg
izes the adhes

The gripper’s a
g. 4). The grea
he less the loa
sed. The used

all posts shap
tact with othe

TAB
VA TEST FOR THE

ough surfaces (1 -

rror ݂݀ ܨ 

24 2.22 0

24 5.56 0
cs of the ANOV

d and leg moveme
es of freedom. 

ws a significan
indicates that 
dependent on 

p = .002). Sim
tween the max
12) = 46.36; p 
the smaller th
ss, not all of t

of the multi
als 1 to 4, wh
significant co
the regressi
regression c

roughness ( -
1 ) on the max
regression fun
e use of claws 

൅ 	0.0321 ∙ ௛ݔ

predicted maxi
Shore hardness

m. The error be
ent values has 

IV. DIS

results, the pr
hough only a 
gh roughness.
system. No s

ent method fo
and down mo
to control. A
the system is 

ent if a certain 
able to grip t

claws either p
gularities in 
ion pad to pic
adhesion is ef
ater the roughn
ad the gripper 
d single layer a
ped like mush
er materials fo

BLE II 
E DIFFERENT MAT

 6) Smoo

erro ݂݀ ݌

0.086	 2	 1

0.002	 2	 1
VAs for the char
ent between the d

nt difference a
the efficiency
the roughne

milarly, a sign
ximal support
< .001). The m

he load it coul
the hooks are 

iple regressio
hich are picke
orrelation. Ma
ion, as their 
coefficients s
0.0369 ) and 
imum load. 

nctions for the
could be given

௛௔௥ௗ െ 	0.0369

imum load in 
s and ݔ௥௢௨௚௛ i

etween the reg
a maximum er

SCUSSION 

roposed grippe
small load is 
 The great adv
sensors are ne

or the surface 
otion is requir

A self-stop m
programmed 
force is excee

to the rough s
artially penetr
the surface. 
k up the hard 

fficient for ver
ness of the su
can support w

adhesion pad i
hroom of PD
form intermole

TERIALS 

oth surfaces (7 - 9)

or ݂݀ ܨ 

12	 23.47 0.

12	 46.35 0.
racteristics attach

different materials

amongst the ro
y of the gripp
ss of the sur
nificant differ
ted load of sm
more irregular
ld lift. Becaus
able to hold to

on for the ro
ed up by using
aterials 5 to 8

hardness is 
show a neg
a positive on

e materials tha
n by the follow

∙           ௥௢௨௚௛ݔ

Newton, ݔ௛௔
is the value fo

gression model
rror of 5%. 

er is able to li
supported for

vantage lies in
eeded to choo
to be gripped

red. Therefore
mechanism can

so that the m
eded.  
urfaces, both 
rate the surfac
The gripper 
smooth surfac

ry smooth surf
urface is, see T
when the adhe
is made up of 
MS. Which u
ecular interact

) 

 ݌

000

000
hment 
s with 

ough 
er to 
rface 
rence 

mooth 
rities 
se of 
o the 

ough 
g the 
8 are 

not 
ative 
ne of 

at are 
wing 

   (1) 

௔௥ௗ is 
or the 
l and 

ft all 
r the 
n the 
ose a 
d and 
e, the 
n be 

motor 

hard 
ce or 
also 

ces. 
faces 
Table 
esion 
very 
upon 
tions 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:10, No:8, 2016

1380

wi
ar
to 
co

 

en
I, 
pi
on
th
[8
ho
Us
pi
sta
ap
su
th
tes
sh

on
co
On
m
pr
th
de
m

pr
en
fu
ab
th
im
of
su

ith the surface
rea is, the mor
 stronger adh

ontact area be

Fig. 4 Graphica
material. Th

Very rough s
ngage all of th

the supported
cked up witho

n	ܴ௭. If a high 
e surface, the

8]. In fact, NA
ooks, on their 
sing more claw
ck rough sur
andard deviat
ppropriate irre
upported than 
e variation in
sting cycles. 

hould be used. 
Even though

n the soft surfa
onsidered min
n all other ro

minor scratches
reload is appli
e gripper cou

etects the ro
mechanism is al

Even though 
roves that the 
nhanced by ad
uture goal for
bility to pick u
e substrate. 

mpactive syste
f interacting w
urfaces and sha

e in contact [
re intermolecu
hesion force. R
ecause of the 

al comparison o
e standard devia

surfaces are ha
he hooks on th
d load for th
out the claws 
number of ho

en the gripper 
ASA JPL show

gripper, are ac
ws will increa
rfaces. This 
tion Fig. 4. I
egularities the
in other tests 
n the maxim
Therefore, a 

h the detachm
aces, like Styr
nor due to the
ough materials
s on smooth 
ed after the cl
uld be equipp
oughness of 
ltered accordin
the introduce
newly design

dding sensors 
r a novel un
up planar objec

This could 
m, resulting in
with a wide v
apes. 

16], [17]. The
ular interaction
Rougher surfa
irregularities 

of the averaged (
ation1is indicat

arder to grip b
ose surfaces. B

he rough mate
penetrating th

ooks are guara
would easily

wed that only 1
ctually able to

ase the efficien
is also supp
f enough claw

en a much hi
on this mater

mum load bet
much higher

ent process c
ofoam and cor

e small dimen
s no damage 
surfaces could
laws are lifted
ped with a s

the surface 
ngly. 
d gripper is a 

ned mechanism
 and optimizi
iversal grippe
cts by adherin
later on be 
n a very comp
variety of obj

e bigger the c
ns there are, le
aces result in 
on the surfac

(n = 5) force me
ted in error bars

alumi

because it is h
By looking to
erials 3 to 6 
he surface, de

anteed to interl
y support high
10 % to 30 % 
o grip to the su
ncy of the grip
ported by the
ws did interlo
gher load cou
rial, which ex
tween the dif
r number of 

aused little da
rk, the marks 

nsions of the h
could be seen
d be avoided 

d. In order to d
sensory system

and the p

primitive syst
m works and c
ing the design
er should hav
ng to the struct

transferred 
plex gripper c

bjects with dif

contact 
eading 
small 

ce and 

con
hier
surf
roug
 

easurement con
s. 1 Styrofoam, 2
inum, 9 lacquer

hard to 
 Table 
which 

epends 
lock to 
h loads 

of the 
urface. 
pper to 
e high 
ock in 
uld be 
xplains 
fferent 
hooks 

amage 
can be 
hooks. 
n. The 
if the 

do this 
m that 
picking 

tem, it 
can be 
n. The 
ve the 
ture of 
to an 
apable 
fferent 

T
surf
app
Suc
deal

O
whe
to b
field
cou
This
surf

T
and 
Can

[1]

[2]

[3]

[4]

[5]

[6]

[7]

sequently we
rarchical stru
faces, should 
gher surfaces t

nverted into New
2 cork, 3 wood,

red wood 

The novel gri
faces and ther
roach toward

ch a gripper c
ling with obje

One applicatio
ere stone and 
be handled. A
d of climbing 
ld be impleme
s would enab
faces without r

The author tha
d the Natural S
nada for provid

G. J. Monkma
Grippers. 2007.
D. T. Pham and
in robotic assem
J. R. Amend, S
“A Positive Pr
Granular Materi
E. Brown, N. Ro
H. Lipson, and 
jamming of gran
pp. 18809–1881
G. J. Monkman
Res., vol. 16, no
N. Tsourveloud
“Position and S
vol. 1, no. 2, pp.
T. Takahashi, K
gripper with 

eaker contact 
ucture, which 

increase the 
than the dry a

wton, of the max
, 4 rubber, 5 san

V. CONC

ipper is able 
refore the hyb

ds the develo
could be usef

ects of differen
on could ther
wood as well

Another possib
robots. An ab
ented at the tip

ble the robot t
requiring furth

ACKNOWL

anks the Germ
Sciences and E
ding financial 

REFER

an, S. Hesse, R

d S. H. Yeo, “Stra
mbly,” Int. J. Prod

. Member, E. Bro
ressure Universal
ial,” vol. 28, no. 2
odenberg, J. Ame
H. M. Jaeger, “U

nular material,” P
4, Oct. 2010. 

n, “An Analysis 
o. 1, pp. 1–10, Feb
dis, K. P. Valav
Suction Control o
. 53–62, 1999. 

K. Nagato, M. Su
autonomous sw

force. Using
can adapt 

lifting force a
dhesion pads 

 

x that could be 
ndpaper, 6 stone

CLUSION 

to attach to 
brid mechanis
pment of a 
ful in applica
nt material pro
refore be in c
l as window g
ble application
bstracted form 
ps of the legs 
to overcome 
her changes in

LEDGMENT 

man Academic 
Engineering Re

support. 

RENCES  
R. Steinmann, an

ategies for grippe
d. Res., vol. 29, pp
own, N. Rodenbe
l Gripper Based
2, pp. 341–350, 20
end, a. Mozeika, 
Universal robotic
Proc. Natl. Acad.

of Astrictive Pre
b. 1997. 
vanis, R. Kolluru
of a Reconfigurab

uzuki, and S. Aoy
witchable valve

g adhesions 
better to un
and help gras
do [18]. 

supported by ea
e, 7 Plexiglas, 8

all of the te
sm is a promi
universal grip

ations that req
operties. 
construction s
glasses are ne
n might be in
of the mechan
and use it as
a wide variet

n its design. 

Exchange Ser
esearch Counc

nd H. Schunk, R

er design and sele
p. 306–316, 1991
erg, and H. M. J

d on the Jammin
012. 
E. Steltz, M. R. Z
c gripper based o
 Sci., vol. 107, n

ehension,” Int. J.

u, and I. K. Nik
ble Robotic Gripp

yagi, “Flexible va
es,” in 2013 

with 
neven 
sping 

ach 
8 

ested 
ising 
pper. 
quire 

sites, 
eeded 
n the 
nism 
feet. 

ty of 

rvice 
cil of 

Robot 

ection 
. 
aeger, 
ng of 

Zakin, 
on the 
no. 44, 

 Rob. 

kolos, 
per*,” 

acuum 
IEEE 



International Journal of Mechanical, Industrial and Aerospace Sciences

ISSN: 2517-9950

Vol:10, No:8, 2016

1381

International Conference on Robotics and Automation, 2013, pp. 364–
369. 

[8] A. Parness, “Anchoring foot mechanisms for sampling and mobility in 
microgravity,” 2011 IEEE Int. Conf. Robot. Autom., pp. 6596–6599, 
May 2011. 

[9] A. T. Asbeck, M. R. Cutkosky, and W. R. Provancher, “SpinybotII: 
climbing hard walls with compliant microspines,” in ICAR ’05. 
Proceedings., 12th International Conference on Advanced Robotics, 
2005., 2005, pp. 601–606. 

[10] A. Saunders, D. I. Goldman, R. J. Full, and M. Buehler, “The RiSE 
Climbing Robot: Body and Leg Design,” vol. 6230, pp. 623017–
623017–13, May 2006. 

[11] J. M. R. Bullock and W. Federle, “The effect of surface roughness on 
claw and adhesive hair performance in the dock beetle Gastrophysa 
viridula,” Insect Sci., vol. 18, no. 3, pp. 298–304, Jun. 2011. 

[12] Z. Dai, S. Gorb, and U. Schwarz, “Roughness-dependent friction force 
of the tarsal claw system in the beetle Pachnoda marginata (Coleoptera, 
Scarabaeidae),” J. Exp. Biol., vol. 2488, pp. 2479–2488, 2002. 

[13] W. Federle and T. Endlein, “Locomotion and adhesion: dynamic control 
of adhesive surface contact in ants.,” Arthropod Struct. Dev., vol. 33, no. 
1, pp. 67–75, Jan. 2004. 

[14] S. N. Gorb, M. Sinha, A. Peressadko, K. a Daltorio, and R. D. Quinn, 
“Insects did it first: a micropatterned adhesive tape for robotic 
applications.,” Bioinspir. Biomim., vol. 2, no. 4, pp. S117–25, Dec. 
2007. 

[15] C. Menon and M. Sitti, “A Biomimetic Climbing Robot Based on the 
Gecko,” J. Bionic Eng., vol. 3, no. 3, pp. 115–125, 2006. 

[16] J. Israelichvili, “Intermolecular and surface forces,” Acad. Press. New 
York, pp. 1–18, 1995. 

[17] B. N. J. Persson, “Adhesion between an elastic body and a randomly 
rough hard surface.,” Eur. Phys. J. E. Soft Matter, vol. 8, no. 4, pp. 385–
401, Jul. 2002. 

[18] T. W. Kim and B. Bhushan, “Adhesion analysis of multi-level 
hierarchical attachment system contacting with a rough surface,” J. 
Adhes. Sci. Technol., vol. 21, no. 1, pp. 1–20, Jan. 2007. 


