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Preface

This is the English version of the book of the same name previously published in German.
However, it is not simply a translation but largely a new work as a comparison with the
original will reveal. Much of the former content remains as it were but the organisation
has been altered in line with Anglo-Saxon literary tradition.

Exactly at whom this book is aimed is a little difficult to summarise in a single state-
ment. The work acknowledges the maturity of the robotics field and consequently its con-
tent is aimed largely at industrial users. Nevertheless, it will certainly also be of value to
both undergraduate students in Mechatronics, mechanical and electrical engineering and
post graduate researchers working in the field of robotic prehension.

References are given per chapter and, where particularly relevant, are sometimes re-
peated. Many refer to the original works in English, French, German and Russian, though
where possible additional texts from the same author(s) are given in a second language
(where available).

The Authors
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1
Introduction to Prehension Technology

Human labour has always been associated with the acquisition of specific skills, methods,
and tools making the work and its environment easier and more effective. Increasing com-
petition from industrial robots for tasks normally carried out by human hands has led to
the need for more effective handling equipment, especially prehension tools (more com-
monly called “grippers”). However, industrial robots are not simply a substitute for people.
Their relevance is more often in applications beyond the normal ability (physical or tem-
poral) of conventional manpower. Examples include, dirty, hazardous and repetitive work.
Just as human hands are the organs of human manipulation, so are robot grippers usually
the only parts in direct contact with the workpiece. For this reason they deserve special
attention — to which this book is dedicated.

1.1
Grippers for Mechanization and Automation

Grippers are active links between the handling equipment and the workpiece or in a more

general sense between the grasping organ (normally the gripper fingers) and the object to

be acquired. Their functions depend on specific applications and include:

» Temporary maintenance of a definite position and orientation of the workpiece
relative to the gripper and the handling equipment.

* Retaining of static (weight), dynamic (motion, acceleration or deceleration) or process
specific forces and moments.

» Determination and change of position and orientation of the object relative to the
handling equipment by means of wrist axes.

* Specific technical operations performed with, or in conjunction with, the gripper.

Grippers are not only required for use with industrial robots: they are a universal com-
ponent in automation. Grippers operate with:

e Industrial robots (handling and manipulation of objects).

 Hard automation (assembling, microassembling, machining, and packaging).

» NC machines (tool change) and special purpose machines.

« Hand-guided manipulators (remote prehension, medical, aerospace, nautical).
Workpiece turret devices in manufacturing technology.
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1 Introduction to Prehension Technology

e Rope and chain lifting tools (load-carrying equipment).
« Service robots (prehension tools potentially similar to prosthetic hands).

In robotics technology grippers belong to the functional units having the greatest variety
of designs. This is due to the fact that, although the robot is a flexible machine, the gripper
performs a much more specific task. Nevertheless, these tasks are not limited to prehen-
sion alone which is why the more generic term “end-effector” is often used.

The great number of different requirements, diverse workpieces and the desire for well
adapted and reliable systems will continue to stimulate further developments in future
gripper design. Many experts consider the capabilities of the gripper as an essential factor
for the economic effectiveness of automatic assembly systems. Experience indicates that
in the future it will only be possible to respond to practical demands if flexible designs for
assembly equipment are available. Consequently, grippers must become ever more flex-
ible. Assembly relates not only to prehension and manipulation of objects but also to
pressing, fitting and joining operations. Many grippers are employed for the loading of
manufacturing lines, in packaging and storage as well as the handling of objects in labora-
tory test and inspection systems.

More recently, miniaturized grippers have been developed in order to handle delicate
components in microtechnology. This has gone hand in hand with the emergence of many
novel prehension methods. The number of grippers used in nonindustrial areas, e.g. in
civil engineering, space research, handicraft, medical and pharaceutical engineering is
steadily increasing. Hand-guided (teleoperation) or automatic manipulators are used in
these areas primarily as handling machines. In addition to conventional grippers, for
which the gripper jaws are shaped according to the workpiece profile, there exist numer-
ous application specific grippers. This explains why an overwhelming proportion of corre-
sponding patent literature is devoted to prehension concepts of unconventional design. In
general, end-effectors are not normally within the delivery remit of robot manufacturers.
Depending on the specific requirements, they are selected as accessories from tooling
manufacturers or specially designed for the given purpose.

1.2
Definitions and Conceptual Basics

Grasping organs or tools constitute the end of the kinematic chain in the joint system of an
industrial robot and facilitate interaction with the work environment. Although universal
grippers with wide clamping ranges can be used for diverse object shapes, in many cases
they must be adapted to the specific workpiece shape.

Grippers are subsystems of handling mechanisms which provide temporary contact with
the object to be grasped. They ensure the position and orientation when carrying and
mating the object to the handling equipment. Prehension is achieved by force producing
and form matching elements. The term “gripper” is also used in cases where no actual
grasping, but rather holding of the object as e.g. in vacuum suction where the retention
force can act on a point, line or surface.
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K /] 1 pure enclosing without clamping
I—-[:J—L T 1 2 partial form fit combined with clamping
I ” t o o force

3 pure force closure
1] ijj 4 holding with vacuum air
E % (pneumatic force closure)
5 retention using magnetic field
=1 (force field)
1 2 3 6 retention using adhesive media

M

(r

j Fig. 1.1: Possibilities for prehension of a
spherical object

Three of the most usual forms (impactive, astrictive and contigutive) of object prehension
are depicted in six different examples in Figure 1.1.

One should differentiate between grasping (prehension) and holding (retention) forces.
While the grasping force is applied at the initial point of prehension (during the grasping
process), the holding force maintains the grip thereafter (until object release). In the many
cases the retention force may be weaker than the prehension force. The grasping force is
determined by the energy required for the mechanical motion leading to a static prehen-
sion force. The functional chain drive — kinematics — holding system is given, however,
only for mechanical grippers. Astrictive vacuum suction grippers require no such kine-
matics [1-1].

There are some characteristic terms that are often used in prehension technology. Grip-
pers consist mostly of several modules and components. In the following, the most essen-
tial terms used will be explained considering as an example a mechanical gripper such as
the one shown in Figure 1.2.

A short glossary of further important terms used in gripper technology is briefly ex-
plained below.

Astrictive gripper: A binding force produced by a field is astrictive. This field may take the
form of air movement (vacuum suction), magnetism or electrostatic charge displace-
ment.

Basic jaw (universal jaw): The part of an impactive gripper subjected to movement. An inte-
gral part of the gripper mechanics, the basic jaw is not usually replaceable. However, the
basic jaws may be fitted with additional fingers in accordance with specific require-
ments.

3



4

1 Introduction to Prehension Technology

Eantol hanical carrier sensors
system mechanical ca
< P

)

1 // 5
- \\

N N Zzzzz7— T

NHtH - O

N vy 77720 1

&
3 4

;g{giit(i):n changer/ drive system kinematic system gripping
system mounting (gear) points

Fig. 1.2: Subsystems of a mechanical gripper
1 remote centre compliance, 2 carrier, 3 gripper finger, 4 basic jaw, 5 extended jaw, 6 flange

Basic unit: Basic module containing all gripper components which is equipped for con-
necting (flange, hole pattern) the gripper to the manipulator. The connecting capability
implies a mechanical, power, and information interface. Figure 1.3 shows a flange design
in accordance with DIN ISO 9409. This German industrial standard and its subsequent
amendments contain design requirements concerning the different overall size, pitch
circle diameter, centring cylinder dimensions, number of threaded holes and respective
thread pitch as well as some position tolerances. The flange can also be drilled to allow
feeding of power and control cables.

Chemoadhesion: Contigutive prehension force by means of chemical effects. Usually in
the form of an adhesive (permatack or single use).

1 mating hole for locating pin
2 threaded securing hole

3 centring cylinder

4 flange body

5 flange rotation

dA pitch circle diameter
dB centring cylinder diameter
dC inner cylinder diameter

Fig. 1.3: Example of flange
design and mounting in
accordance with German
standard DIN ISO 9409




1.2 Definitions and Conceptual Basics

Contigutive gripper: Contigutive means touching. Grippers whose surface must make
direct contact with the objects surface in order to produce prehension are termed contigu-
tive. Examples include chemical and thermal adhesion.

Control system: In most of the cases a relatively simple control component for analysing or
pre-processing sensor information for regulation and/or automatic adjustment of prehen-
sion forces.

Dextrous hand: Anthropoidal artificial hand (rarely for industrial use), which is equipped
with three or more jointed fingers and may be capable of sophisticated, programmed or re-
mote controlled operations.

Double grippers: Two grippers mounted on the same substrate, intended for the temporal
and functional prehension of two objects independently.

Drive system: A component assembly which transforms the applied (electrical, pneu-
matic, hydraulic) energy into rotary or translational motion in a given kinematic system.

Dual grippers: Two grippers mounted on the same substrate, intended for the simul-
taneously prehension of two objects.

Electroadhesion: Prehension force by means of an electrostatic field.

End effector (end-of-arm tooling): Generic term for all functional units involved in direct in-
teraction of the robot system with the environment or with a given object. These include
grippers, robot tools, inspection equipment and other parts at the end of a kinematic
chain.

Extended jaw: An (optional) additional jaw situated at the end of an impactive gripper fin-
ger. It may, in preference to the finger itself, be modified to fit the profile of the object and it
may be replaceable.

Gripper: The generic term for all prehension devices whether robotic or otherwise. Loosely
defined in four categories: Impactive, Astrictive, Ingressive and Contigutive.

Gripper axis: A frame with its origin in the TCP (Tool Centre Point). This coordinate sys-
tem is used to specify the gripper orientation. Figure 1.4 shows a gripper with three trans-
lational and three rotational degrees of freedom. The gripper frame is normally defined
relative to the flange frame of the industrial robot.

Gripper changing system: A module for rapid manual, but in most cases automatic, ex-
change of an end-effector using a standard mechanical interface. In doing so, all power
and control cables must be disconnected and reconnected.

5
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gripper frame +A +X Fig. 1.4: Gripper frame

Gripper finger: Rigid, elastic, or multi-link grasping organ to enclose or clasp the object to
be handled. Fingers are often equipped with extended gripper jaws at their ends. The grip-
per finger is usually (though not always) the active part making contact between the grip-
per and the object.

Gripper hand (hand unit): Grippers with multiple jointed fingers, each of them repre-
senting an open kinematic chain and possessing a high degree of freedom with f joints,
eg. f=9.

Gripper jaw: The part of the gripper to which the fingers are normally attached. The jaw
does not necessarily come into contact with the object to be gripped. Note: in some cases
gripper fingers may be fitted with an additional small (extended) jaws at their ends.

Gripping area: Area of the prehension (gripper jaw) across which force is transmitted to
the object surface. The larger the contact surface area of an impactive gripper, the smaller
the pressure on the object surface.

Gripping surface: The passive contact surface between object and gripper, i.e. the surface
which is subjected to prehension forces.

Holding system: A term often used for an active prehension system including gripper,
jaws and fingers. It may also apply to a passive temporary retaining device.

Impactive gripper: A mechanical gripper whereby prehension is achieved by impactive
forces, i.e. forces which impact against the surface of the object to be acquired.

Ingressive gripper: Ingression refers to the permeation of an objects surface by the prehen-
sion means. Ingression can be intrusive (pins) or non intrusive (e.g. hook and loop).



1.2 Definitions and Conceptual Basics

Kinematic system: Mechanical unit (gear) converting drive motion of the prime mover into
prehension action (jaw motion) with characteristic transmission rates for velocities and
forces. The most often used kinematic components are lever, screw, and toggle lever gears.
The gear determines the final velocity of the jaw movement, and the gripping force charac-
teristics. Grippers without moving elements require no kinematics. Some examples of
gears are shown in Figure 1.5.

1 basic jaw or finger

2 pneumatic cylinder
| 3 straight guideway
i % w

|

4 cam disk

H
¥
|

i il
S)
] 1_ S )
== i B
o]
= l— d
. i

Fig. 1.5: Pneumatically driven

gripper with kinematic system

for transmission of motion

(Sommer-automatic)

a) angle gripper with toggle
lever mechanics

b) parallel gripper with roller
link

c) parallel gripper with two
pneumatic cylinders

d) parallel gripper with cam
disk

Magnetoadhesion: Prehension force by means of a magnetic field (permanent or electri-
cally generated).

Multiple grippers: Several grippers mounted on the same substrate, intended for the
simultaneously prehension of more than two objects.
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