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INTRODUCT ION

The Robotic finger is an end effector
which is called as Grippers. The
gripper is the device mounted at the
distal end of a robot arm, enabling

it to pick up workpieces and hold,
manipulate, transfer, place and release
them accurately in a discrete position,
Thus the gripper is all important
mechanical interface between robot and
encironment without which, in many
circumstances, the robot can not
function effectively irrespective of
the degree of sophistication it may
otherwise possess.

The project consists of two parts
namely, a study of existing gripping
mechanisms and study of Biological
gripping mechanisms. The aim of the
work is to provide the designer with

a data base of various gripping mecha-
nisms and their related biological
mechanisms so as to provide a framework
in which the designer can link the
two approaches to solve specific
gripping problems. This is done by
givihg a rough classification based on
various parameters like type of



mechanism, scope of utility etc. of
available gripping mechanisms and
certain biological grippers. A study
of their functioning is provided to
enable the designer to grasp the funda-
mentals and also to evolve his own
classification methodology fitting to
his applications.



STUDY AND CLASSIFICATION OF

ROBOTIC GRIPPER

The grippers can be classified in many
ways but the broad classification can

be done by considering its mechanisms

and functions and the types of objects
in grips.

Based on gripping activity, it is classi=-
fied in to three categories:

1. Unilateral gripper,
2. Bilateral gripper,

égg 3. Multilateral gripper.

1. UNILATERAL GRIPPER

Vacuum pad The gripper of this category has only

one surface which comes into contact
with the object to be handled.

TYPES

1.1 Vacuum clamping/pad gripper

Vacuum clamping is the application of
negative pressure to components so
they 'adhere' to the gripper.

1.2 Pressure pad gripper

These are used for handling products

Patis wsed for wamsjlat obiects unsuited to vacuum pads (eg. card board,
wood, etc.). Since the depression in



action of piston
: —— :
separates gripper = action of

from work piece piston separates
=4 work pieces
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Magnetic pads: (a) permanent magnet gripping device with release
system; (b) magnetic gripping device combined with a piston preventing
more than one object being lifted at a time (thin sheet) (a similar
system can be devised for vacuum pad grippers)

Indexing mechanism

Adhesive tape roll Take-up roll

Tetior coated
pons =

Adhesive gripper

the pad is much less than that

obtained when using a vacuum, the area
of contact must be larger. The response
time is significant when the surface is
large.

1,3 Magnetic pad gripper

The magnetic pad gripper uses permanent
magnets or electromagnets and this
method is only valid for magnetic
materials.,

1.4 Adhesive grippers

The grippers make use of sticky tape
to pick up and hold the component.



(b)

(a) Expandable ring type gripper (b) Expanding mandrel type gripper

1.5 Expandable ring type gripper

In Fig.a the rubber ring, 1 is
expandable so that it will grip the
eXxterior surface of the circular shaped
container, 2, tightly. Fig.b shows an
expanding elastomer mandrel 1, which
fits into the bore of a projectile
cone, 2, for a straight vertical 1lift.
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Symmetrical - Transitional

Symmetrical - Rotational

2. BILATERAL GRIPPLR

At least two rigid fingers are necessary
to grip an object (as opposed to adher-
ing to it). Depending upon the charac-
teristics of the fingers and the object
and also on the state of the surfaces
(in which dry friction and local deform-
ability is an important factor during
operation), contact between the gripper
and the object occurs at two points,
along two lines or two areas on the
surface.,

2.1 Symmetrical gripper

This type of gripper involves symmetri-
cal movement of two fingers (claw, jaw,
etc.).
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Intrared light emitting diodes

Limit switch ————

TWO JAW WITH AIR JET

The air jet produces vibrations in the
thin top layer fabric material and the
tip of the lower jaw of the gripper
comes into contact with the vibrating
cloth.The robot searches downward
so that on continued incremental
movement the fabric ‘pops’ sbove
the lower jaw.

Fabric
stack

Expenmental pin concept device (Note, the shaft was ixed to e left pin
hotder and was allowed to shide in the right pin holder)

PIN TYPE PARALLEL JAW

The two pins(jaws) involves inserting
the pins through only the top layer of

the fabric, then applying tension to the
fabric as the pins are allowed to separate
the ply.
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2,2 Asymmetrical gripper

The fingers are having the basic struc-
ture as shown in Fig. The shape of the
finger depends upon the object: it

| ]
grasps. These are further classified
according to the acWvating mechanism.
=4 =
7(-— .7——

Asymmetrical - Translational

Asymmetrical - Rotational

|l | ]

7 77




)

i

P.ONORORA]

3 MULTILATERAL GRIPPER

The principle common to all these
gripping devices 1is deformation of
the gripper according to Lhe shape of
the object so as to increase the areas
of contact between the gripper and the
object.

3.1 Simple Multilater gripper
3.1.1 Three fingered gripper

It has three fingers. It holds the
object radically inward/outward.

The fingers are moving symmetrically/
asymmetrically. This is similar type
of bilateral gripper with three finger.

3.2 Anthropomorphic Hand Gripper

These type of grippers follow the
anthropomorphic model as much as
possible.

3.2.1 Three fingered gripper

The end effector with three digits
(fingers) that is, a thump and two
fingers.
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View of finger system

tilting a case to one side

nut-turning




3.2.,2 Two finger and a palm type
gripper

It has the ability to pick up on

object and draw it into a nested

grip against the palm.

3.2,3 Four finger gripper

It has four fingers, assembled

will be approximately anthropomorphic
in geometry.
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3.3 CONTOUR ADAPTING GRIPPERS

MW/ Slide lever

: These type are universal grippers
3 p 9 / Spring
A0 a4 el which can hold the object by gripping
f o ) Vs 5 : over the odd shaped profile.

1. Mechanical'type gripper

(i) Solid finger gripper
(ii) Flexible finger gripper

2, Fluid gripper

3.3.1 Mechanical type gripper
3.3.1.1 Solid Finger gripper

l. Multiple joint manipulator

Its principle of motion consists of

a mechanism in which levers housed

by springs stretch against amorphous
runners in uniform tension by hauling
a belt.
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2, Multifinger gripper

The functioning principle of this
gripping system consists in applying
redundant number of constraints to the
object to be gripped and in the use of
constraints that can be adapted to the
shape of the object and locked in their
final position, enveloping the object
as a cage.

Handling of delicate products
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A-A section

3 Spring
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9. Frame 7. Fixed pulley 6. Mbvmg pulley

Rotary-type four-fingered gripper capable of gripping arbitrary shaped objects

with uniform pressure

3. Four fingered gripper

This type of gripper has four fingers
to grip the object. The fingers are
actuated by rope and pulley method.
This fingers make contact on the sur-
face of the object.



4, Independent finger with multi joint
manipulator
This comprises two parallel slightly
separated fingers as in many conven-
tional designs. 1In this case, however,
the fingers each consist of an array
of 8x16 closely spaced pins which can
ride vertically up and down independ-
ently of each other.,

A mechanism exists to ensure that all
pins can be forced out to the fully

extended position. Once all the pins
are fully extended, the gripper can be
lowered vertically over an object, so
| pushing some of the pins up out of the
ﬁThL ;_w I way and hence creating ‘customised’

e Omiigeiimer fingers which fit the upper surfaces

S of the part,
....m.lﬂ“lllli!lllnm To grasp objects, the slightly separa-
Iﬂll“\“‘“ml\\WHH ted ranks of pins can be brought

together.

b)

(al [
Only objects A and
C will be grasped
o

externally

1,
Cross section Flag

id) (e)

Principle of operation
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Three states of a rod unit

Lift

Allunused rods
are lifred

9. Surface adapting vacuum cup

To adapt to local variations in surface
angle, each unit was equipped with a
miniature ball-joined cup assembly as
shown in fig.l. To reduce the effect
of shifting which occured while adapt-
ing to a work piece surface, the dist-
ance between the joint and cup contact
surface was kept to a minimum. The
lower portion of the ball which contacts
the work piece surface during grasping
was machined to a dull point to guaran-
tee a consistant distance between the
rod and the contacted work piece surface
regardless of work piece surface angle.

Rod lifting and grip sensing scheme

Rod

s i

—

Feed port —

Hollow threaded
shaft

Chrome ball
Nylon ring . /

Vacuum cup

Surface adapting cup assembly
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Release wire

I T N \
Grip wire S

flexible
gripping system

3.3.1.2 Flexible finger gripper
1. Flexible Linkage gripper

These type multiple linkages which are
actuated by rope and pulley arrangement.
The basic mechanism of this adapted
from snake movement. The links follow

the contours of the object and firmly
hold it.
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inflatable

pump
envelope

inflatable envelope
expands to required
shape

3.3.2 Fluid gripper
l., Inflatable flexible gripper

These generally take the form of a
flexible but resistant envelope into
which fluid is injected under pressure.
The flexibility of the‘envelope means
that the object can be grasped due to
the elastic deformation of the envelope,
which moulds itself to shape. The
clamping force proportional to the
pressure of the fluid inside the enve-
lope and can be easily controlled
according to the fragility of the
object.



Bellows

Vacuum
hoses

Levers
Perforated holes

Loose medium

Bags made of
thin rubber

Object

2, Moulding pad gripper

These type of grippers are having
flexible bags contains of free flow-
ing (loose) material that consists
of particles of different shapes.
These bags will take the shape of
the object and the loose materials
are tightened by pressure. The
tightened particle grips the object.

Moulding pads



BIOLOGICAL GRIPPING MECHANISM
l. Unilateral gripper
l.1 Chameleon

A Chameleon's tongue tip is sticky
and partly prehensile, giving the
insect victim no chance. This is
of the adhesive type.



2, Bilateral gripping mechanism

All of the following mechanisms are
basically of the Bilateral rotational
type with the form of the finger (jaw,
claw, beak) dependent upon the object
to be gripped.

2.1 Wood Cock

Most manipulations are performed by
the bill. The Wood Cock shows how
complex such procedures can be when
it plunges its bill deep in to mud

to take a worm., When it has reached
its prey, the bill tip is opened by
the quadrate bones (2) rocking for-
wards in their seating (3) when
muscles (1) contract. This pushes
forwards on the jugal bones (4), these
in turn push the tip of the upper beak
open beyond a thin, hinge like area

(5).
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3. Multilateral grippers in Nature
1. Chameleon

The tail of the Chameleon is not
basically used for gripping. But the
mechanism can be adapted for grippers.
It rolls its tail like a spiral.

This mechanism can be utilised for a
gripper which should follow the
contour for surface gripping.

2., Snake

The snakes generally wrap arround the
object with a helical meeting with the
object surface. It generates the
gripping force radially inward.

Snakes and Chameleon are of contour
adapting flexible type.
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3. Birds Leg

This is of the multifingered flexible
type gripper with a hook at the end.



9 Vacvum paot

= Flexible
a tentacle

4, Octopus

This is of the multifinger flexible
type.

The tentacles that surround the mouth,
armed with suckers on mascular stalks,
help to seize the victim and thrust

it between the horny jaws.
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RADIAL CANAL

5. Star Fish

This is also of the multifinger flexi-
ble type.

Water powers the movement of the star
fish's tube feet., It is drawn through
a series of tubes into a radical canal
supplying each arm, The radial canal
divides into two lateral canals, each
with a valve and ending in a bulb-like
ampulla and a foot. During movement

the ampulla contracts, the lateral canal
value closes and water is forced into
the foot which elongates (A), swings
forwards and adheres to the substrate.
Longitudinal muscles then contract,
shortening the foot (B) and forcing
fluid back into the ampulla. Each foot
is controlled by an intricate system

of nerve fibres and works independently,
but during forward movement all the
feet in leading arm or arms move in

the same direction,
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To prise open ashellfish,
the stariish makes use

oI _.he adhssive Zorce

of itz tube-ziest,firmly
attached to the two Zh=1l
valves 8y apulying &
strong steady pressure
the starfish opens the
twecsnells tfar. ’
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ATTTOR

IMULATION

18]

The simulation of the 'Robotir

finger movements' has been done
in 3D model, The'wood cock' beak
gripping mechanism was adopted.
The function and the biological
mechanism was explained in the

tBiological gripping mechanism!
section, under Zilateral gripping

mecnanisme.

he basic mechanical structure

i
of the beak movement was develo-
P

el —9 : sm can be modified to suat the
mnge a .
A - specizic need,
Flexible This gripper hes a good potential

Jaw

0,
s
J
5
o)
0
=

in medical application an

i
picking of objects.
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CLASSIFICATION CHART

Type of contact

Force between gripper and
object

shape of object
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