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Executive Summary

At this point of the project, the goal of UNIPI is to develop some in testers to check out the gripper
principles already analysed in the previous documents. Such a task could be difficult, since some of
the grippers can be not easy to build in real scale. This is the reason for why we agreed to realize,
where real scale is not feasible, in scale fingers and gripper prototypes.
The deliverable is organized as follows:
Section 1: Developed Grippers
In the first section is given an overview of the grippers developed till the present moment. Most of
them have been designed by UNIPI, but some of them have been developed and tested by the other
partners. A brief description of each gripper is given in the relative paragraphs, specifying the
functioning and the model from which the concept has been drawn on. Even some important
grippers from literature are here presented and analysed.
Section 2: Dexterous two-arms manipulator with underactuated variable friction grippers
In this section is explained how, a hardware system based on two arms with two active phalanxes
each, is able to carry out simultaneously concurrent or cooperative tasks. The variable friction
surfaces is used to increase the dexterity of the gripper without adding DOFs. Even the grasping
configurations for most of the goods of both the industrial and advanced scenario are presented.
Section 3: Sensing and control of the grippers
Here an overview of the sensors that should be implemented on the gripping system is presented.
Such session is only a preliminary draft.

RobLog

FP7-ICT-2009-6

Table of contents

0

Introduction ............................................................................................................................. 4

1

Developed Grippers................................................................................................................. 4

2

Dexterous two-arms manipulator with underactuated variable friction grippers ..................... 15
2.1

Underactuated hand with variable friction surfaces ........................................................ 16

2.1.1

Hand structure........................................................................................................ 16

2.1.2

Abilities of the proposed hand ................................................................................ 18

2.2

Use the proposed hardware at work in the scientific scenario ......................................... 21

3

Sensing and control of the grippers ........................................................................................ 27

4

References............................................................................................................................. 28

RobLog

FP7-ICT-2009-6

0 Introduction
RobLog aims at the development a cognitive system for the automation of logistic processes.
It is focussed on the unloading of random shaped mass goods from standardised carriers such as
containers, and pursues the optimisation of this process by automation. RobLog intends to improve
working conditions and establish new technologies in logistics.
In particular, the objective of WP2 is to investigate the specific issues involved in grasping of
large, deformable, weight objects of different shapes, materials, etc.. to conceive suitable grippers,
manufacture them at level of prototypes (in scale) and add the right sensors.
In such deliverable (to be considered a draft since new experiments will be performed in April and
May) we presented not only in scale gripper but many of them are 1:1 grippers able to exert the
right force to pull or lift also the heavy coffee sacks.

1 Developed Grippers
The developed grippers can be roughly organized into three classes: intrusive grippers, fingered
grippers and adaptable grippers. All the grippers described below have a card where the reader can
find more detailed information in Appendix 1.

Intrusive grippers
Needle gripper
This gripper has been inspired by the Schmalz: this type of gripper is used for the handling of
textiles. It is made of a main frame from which needles are extracted by using compressed air, in
order to grasp the fabric.
The Needle Gripper is a gripping system suitable for the handling of flexible, non-rigid components
or materials which are difficult to grip with vacuum. The gripping behavior is achieved by number
of needles, arranged in a piston pneumatically actuated, that penetrate the surface to be grasped with
an inclination that can be defined by the user.
Once the compressed air inlet is open, the piston extends the needles thus pierce the target. The
angle between the axes of the two grippers allows the needles to tight the surface. When air pressure
is removed, the needles are suddenly retracted by a spring.
Actuated Angle Needle gripper
The Actuated Angle Needle Gripper is the evolution of the standard Needle Gripper described
above. Compared to the latter, the new system provides the possibility of varying the angle between
the two part of the frame, in order to increase the tight of the surface. A double effect pneumatic
linear actuator is at the maximum length when the needles pierce the surface. Then, the actuator
begins to vary the angle between the axes of the two gripper until the surface is tighten optimally.
Sewer
As the name of the gripper suggests, the system has been inspired by a freight of common use, like
the sewer machine. A list of this sort of “gripper – not gripper” is reported in Deliverable D2.3.
This system is suitable for the grasping of deformable objects, whose surface can be damaged and
punched, such as textiles. When the micro motor is switched on, the driven axis starts rotating. Also
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the conducted axis and the spring (the real gripping part) are rotated thanks to a system that does not
allow rotary relative motion between the axes, but at the same time permit relative translation along
their axis. The coils engage both with the surface of the target object and with a driving support.
Due to this configuration, the spring advances, so that new coils engage with the object that has to
be grasped.

Figure 1: The Sewer gripper.

Frontal Rotatory Gripper
In some way such a gripper resembles the Kazerooni’s gripper. Kazerooni et al. [5] designed a
gripper to handle sacks (not completely filled).

Figure 2: Frontal Gripper scheme. The holes on the internal cylinder surface will host nails for the grasping of sacks.

Thanks to the low filling degree they are highly deformed. The authors exploit these characteristics
for designing a suitable gripper for such an application. The gripper consists of two rotating rollers
able to entangle the textile of the sack. The two rollers come into contact with each other and with
the sack to be grasped. The rollers start counter-rotating while the sack textile is dragged by the
friction forces and the sack moves into the end-effector. When a certain quantity of the sack is
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between the rollers, the sack can be lifted thanks to the forces exerted by the rollers. Unfortunately
it does not work properly in case of fully loaded sacks.
The system that has been developed is similar to the system that has been developed by Qubiqa,
where the lifting component is the belt itself. In order to carry out the task, the belts are more like
chains, whose links have a high friction upper surface. This system imposes the use of the chain
instead of common belts.

Figure 3: Device invented, manufactured and tested at Qubiqa.

Another concept has been studied at the BIBA, where a rotating stapled cylinder placed in front of
the conveyor system grasps the jute sacks and other deformable objects. Once the object is lifted, it
is placed onto the conveyor belts. The system has not tested yet, but it seems to have some possible
failures: in fact there is no sure disengagement between the nails of the cylinder and the object, so
the machine can damage the object at the end of the grasping phase.
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Figure 4: The first concept of the frontal gripper developed in BIBA (courtesy of BIBA).

Another system, with more controlled engagement/disengagement phases has been developed
thanks to a collaboration between BIBA and the UNIPI: the system is actuated by a belt that makes
the external cage rotating around the main axis of the gripper. Even the cylinders, that are stapled,
start rotating around the same axis of the exterior cage. However, due to a gear system, these
components rotate even around their own axis. The rotatory speed around their axis is lower than
the one around the main axis. By this way, the nails grasp the object for a certain period of the
revolution of the gripper, but they release the object without damaging it.
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Fingered grippers
The dislocated finger
The combination of several multi-DoF fingers with a high level of shape adaptability and force
compliance seems a way to solve some of the presented issues. This architecture has the advantage
of a wide workspace, inner and outer grasps, along with the capability of fine movement and
ruggedness. Such novel architecture privileges adaptability and independency of movements. Such
characteristics are interesting for performing complex tasks, for exploiting synergies among the
three fingers and for using its embodied intelligence.
The objective of the system is to realize a three-fingered robotic gripper for the handling of quite
big objects like tires. The main distinctive properties of this manipulator must be a high efficiency
and versatility, because the today’s grippers for this aim are too much bulky and with a low
versatility.
For the design of the manipulator we followed the idea of minimizing the torque at each joint in
some basic configurations; the idea is working on a same plane during the approaching phase to the
object. Indeed, if the manipulator is designed as shown in Figure 5, the forces applied along the
plane of the basic configuration are in part dissipated on the structure.

Figure 5: The Dislocated Finger gripper.

Conveying finger
The functioning principle of the conveying finger is based on the mechanisms of existing systems,
such as Qubiqa Empticon system and Denirug, a product of Denipro. In addition, Qubiqa has
developed a conveyor system based on a chain made of plastic links with a rubber surface.
The contact surface of the target slides directly over the rolling elements or carried by an interposed
layer of material. The device is located in front of the target, with the upper surface coplanar to the
lower surface of the object to be grasped. Then the system is advanced till it is in contact with the
target. The system is pushed toward the target while one of the pins, that is motorized, starts
rotating, pulling the object onto the conveyor system. The motion can be imposed, if present, to the
interposed layer of material instead of to the pin.
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Two fingers “velvet” hand
Velvet gripper is an underactuated hand with one d.o.a. composed by two identical fingers with two
phalanges for each one. On the inner side of each finger an actuated and controlled plane belt
acquires in contact with the grasped object; hence each finger has a plane belt with a d.o.a.
The kinematic model of each finger is a planar RR manipulator and its free closure is V-shaped.
When the first link is fixing by the contact forces of the body, the second one go on to rotate until
the object is completely grasped; thus the fingers tend to envelop themselves around the objects.
The actuated belts increase the manipulation capability of the gripper by varying the position of the
contact points with the object. Thus the object, by means the actuation of the belts, acquires better
mobility and can be translate and rotate around a controllable centre of rotation within the body,
independently from the hardware structure of the gripper. By rotating the belts in the same or in the
opposite sense, Velvet Gripper is able to suck into it or expel outside it the objects. Moreover, by
means the belt’s control, it is possible to simulate a variation of the friction coefficient (both static
and dynamic) and that allows to improve or, under the action of external forces, to worsen the
grasping stability.

Figure 6: The two fingers "velvet" hand.

Three fingers hand
This is a device used to manipulate and convey objects. The system is moved close to the target
object. Then the two single-phalanx fingers rotate, in order that the idle rollers get closer to the
lower surface of the object to be grasped. The active rollers of the two fingers are actuated and the
object is lifted on their phalanxes. The two-phalanx finger is adapted to the shape of the object
thanks to the joint between the phalanxes. By actuating all the active rollers of the three fingers, the
grasped object can be translated, rotated or even spun.
The system is composed by a Frame, two single-phalanx Fingers and one double-phalanx Finger.
The Frame is an already existing part of the Empticon; actuators move the phalanxes enabling the
rotation around their axis. The central Finger is composed of two smaller phalanxes jointed together
by Joint. All the phalanxes, both of the simple fingers and of the articulated one, are composed by
roller. Some of them idle, but one of them is instead actuated by a dedicated drive being therefore
able to move the belt. Lateral covers prevent dirt and dust to enter, guaranteeing the correct working
of the system. In the single-phalanx fingers rollers in the front are positioned in a particular path;
tests demonstrated that this enables a more efficient grasping.
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Pneumatic contractile finger
For what concern subactuated articulated fingers we moved from the UB Hand. Even the
compliance has been inspired by the same model.
The biological model of the human hand appears as a structure endoskeleton, in which an
articulated chain inside (the bones connected by ligaments) is actuated by bodies willing around
(muscles and tendons), the all enclosed by a highly deformable structure.
Endoskeleton achieve this goal by adopting the concept of "compliant mechanism", creating a serial
chain of rigid movable members together with the presence of yielding traits (hinges) and not for
the presence of kinematic pairs, resulting in the actuation of these organs through flexible joints
guided inside the structure itself.
We used nearly the same design but change the actuation principle and the control system: in fact
when the balloons inside the structure are inflated, the pressure against the surfaces of knucklebones
generates a momentum that causes the rotation of the phalanxes. The adaptation of the finger is due
to the compliant behaviour of its actuators and of its compliant connection. The connection is built
with a rigid beam that is connected with the knucklebones with two elastomeric hinges. When the
grasping is finished elastomeric hinge momentum relocate the finger in the starting position.
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Three fingers
This is a device used to manipulate and convey
objects. The system is moved close to the target
object. Then the two single-phalanx fingers rotate,
in order that the idle rollers (8) get closer to the
lower surface of the object to be grasped. The
active rollers of the two fingers are actuated and
the object is lifted on their phalanxes. The twophalanx finger is adapted to the shape of the
object thanks to the joint (6). Actuating all the
active rollers of the three fingers, the grasped
object can be translated, rotated or spun.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
Structural description:
1. Frame: is the object on which the head is
mounted
2. Single-phalanx Fingers: support the grasped
object
3. Double-phalanx finger: fasten the grasped
object in a more secure way allowing also its
manipulation
4. Axis of the fingers: is the axis of rotation of
the fingers; can be the same for all of them, or
there can be two or more different axis
5. Phalanxes: can rotate independently each one
from the other
6. Joint: joints together the phalanxes (5)
7. Axis of the second phalanx
8. Idle rollers: support the chain (10)
9. Active roller: moves the chain (10)
10. Chain: supports the objects and moves it both
for grasping and manipulation
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Figure 7: Scheme of the pneumatic finger. The three valves are used to inflate the air chembers that cause the motion of
the phalanxes.

Figure 8: Skeleton of the finger (rapid prototyping modelling).
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Adaptable grippers
There are two main grippers that are the state of the art for what concern the adapting surfaces. Both
ensure the grasping for different shape of objects, even (within limits) having curved surfaces. The
systems are described more in detail in the following paragraphs.
Omnigripper
The Omnigripper is a universal gripper that comprises two slightly separated fingers, each
consisting of an array of 8 by 16 closely spaced pins which can lift vertically up and down
independently of each other. Translating the gripper over an object pushes some pins out of the
way, so creating ‘customized’ fingers which mold round and fit the part. To grasp object, either the
two (slightly separated) fingers can be brought together to grip an object externally, or else they can
be moved slightly apart for an internal grip. In addition, feedback from each pin of the gripper can
provide tactile information about an object.
An interesting aspect is that it can be made to pick up more than one object simultaneously, simply
by ensuring that those objects to be grasped are surrounded by pins partly from both ranks.

Figure 9: The Omnigripper.

Jamming Gripper
The Jamming Gripper includes some granular material contained in a flexible membrane in order to
achieve its gripping behavior. The latex balloon membrane is connected to the base thank to the
collar, producing an airtight seal. The membrane is filled with granular material. Vacuum is
provided with an off-board vacuum pump. The properties of the jamming gripper derive from the
fact that loose grains in a bag steady at the threshold between flowing and rigid states. This
behavior enables the gripper to deform around the target in the unjammed, malleable configuration,
then convert into the hard configuration when jamming is initiated. Thus, increasing the particle
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confinement slightly by turning-on the vacuum pump, enables the gripper to amplify the rigidity
while almost completely maintain its shape around the target.
To release or to reset the gripper, the pressure inside can be delayed with the atmosphere or by
providing a positive pressure using the high-pressure port.
We hope of being able to modify such concept to exploits its interesting features.

Figure 10: The Jamming gripper.

Omnivacuum
This gripper uses the vacuum effect to lift objects. First approaches the head of the gripper,
composed of pin wrapped in a membrane, to the gripping surface in this way the pins conform to
the surface ensuring the contact between the membrane and the workpiece on a circular area. Then
lock the pin in their present position, turning the upper part of the gripper around the central axis of
the gripper, so that misaligned holes in which the oil flows isolate the pins between them. In this
way the system is stiffened, to control with good precision the movement and placement of the
pieces in the working space.
At this point vacuum is created in the inner part, ensuring the piece to the gripper. To release the
pieces is sufficient to stop the vacuum. An important feature of this gripper is its good ability to
conform even to complicated target surfaces, increasing the ability of grasping. Also the membrane,
characterized by a good deformability, allows to obtain a good sealing ensuring the gripping even
on surfaces with low surface finish. Another important aspect is that it looks like a passive system,
which then became active with the locking pin linking the grasped object.
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Figure 11: The Omnivacuum section: it is possible to see how the vacuum channel is independent from the contour
adapting part.

2 Dexterous two-arms manipulator with underactuated variable
friction grippers
In order to work out the scientific scenario we propose a hardware system based on:
 two arms able to carry out simultaneously concurrent or cooperative tasks. Such solution
permits the use lighter and speeder arms and grippers to manipulate objects of same weight
and size as well as to warrant a more stable grasp with more support point.
 each arm will be equipped with one simple and robust gripper using variable friction
surfaces to increase its dexterity without adding DOFs.
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2.1 Underactuated hand with variable friction surfaces
2.1.1 Hand structure
The solution we propose is a simple and robust underactuated hand composed of two fingers with
two phalanges each. Some of the surfaces of hand will be able to change their friction; in particular
four surfaces (shown with different colors in the pictures) will be able to change their friction
independently.
In this section we illustrate four possible structures to implement such hands: all the hands use
tendons for closure and springs for opening.

Figure 12: Parallel fingers hand. Two tendons connected in parallel to the same motor actuate the two fingers in a
symmetric way.
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Figure 13: Coupled fingers hand. One closed tendon wired from one finger to the other is actuated by moving a flying
pulley with a motor. This allows for adaptive (yet uncontrolled) non-symmetric closure of the fingers around
an object.

Figure 14: Controlled fingers coupling hand. Two tendons coupled by a differential gear actuate the closure of the
fingers. The differential gear is actuated by a motor on the input and a brake on one of the outputs, allowing
for both controlled and uncontrolled adaptive asymmetric fingers closure
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Figure 15: Independent fingers hand. Two tendons are actuated by two independent motors realized independent
motion of the two underactuated fingers.

2.1.2 Abilities of the proposed hand
Variable friction coefficient allows increased dexterity also for underactuated hands, therefore
combining the typical robustness of low DOFs grippers with the dexterity typical of an high DOFs
hand. Variable friction coefficient on the inner surfaces of the fingers allows for increased grasping
stability (see Figure 16 ) in hand manipulation and regrasping (see Figure 16, Figure 17, Figure 18,
Figure 19).
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a)

b)

Figure 16: Increased grasping stability: thanks to the high value of the friction cones’ amplitude, even two contact
points can result in a stable grasp.

a)

b)

Figure 17: In hand grasp reconfiguration (1). The grasp of Figure 16 can be changed modifying the fingers friction and
allowing controlled object rotation toward a more stable configuration.

a)

b)

c)

Figure 18: In hand grasp reconfiguration (2). The combined use of controlled friction surfaces and external forces (in
this example gravity) allows to go back from the grasp configuration of Figure 17 b) to the original
configuration of Figure 16 a).
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a)

b)

Figure 19: In hand grasp reconfiguration (3). Low friction allows object translation from a configuration with two
contact points to a configuration with four contact points.

The variable friction surfaces on the internal and external sides of the fingers are useful also to
grasp palletized goods as flour sacks, handkerchiefs packets and other slightly deformable objects.
Referring to Figure 20, the hand approaches to the stack ( a)) and closes its fingers (b)) to enter
between parcels. A low friction coefficient on all the surfaces of the hand allows for the fingers to
slide between the packets (c)). An high value of the friction coefficient on the internal surfaces
results, then, into a strong grasp on the object, whereas low friction on the external surfaces allows
for the extraction of the hand, reducing the risk to topple the stack (d)).

Figure 20: Grasping an object from a stack. The variable friction aids in achieving a stable grasp while avoiding to
topple the stack.

With two hands heavy stacked and deformable objects like coffee sacks can be lifted (as in Figure
21).Low friction can be used on the surfaces in contact with the sacks in order to insert fingers
under a sack. A combination of low friction on the surface in contact with the second sack and high
friction on the surfaces in contact with the first sack allows the gripper to pick it up without
knocking the stack down.
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Figure 21: Lifting of a sack from a pile

2.2 Use the proposed hardware at work in the scientific scenario
This kind of under-actuated hands can be successfully employed in the scientific scenario described
in the “Scientific scenario sketch”. Low friction surfaces allows to acquire contact with the objects
with minimal tangential forces and hence to reduce the possibility to modify the goods disposition.
Whereas in the lifting phase, an high friction on the internal surfaces reduces the intensity of the
contact forces.
In the following some grasping and manipulation strategies are applied to the scientific scenario.
1. Grasping and manipulation of coffee sack:
The coffee sack is supported by the keg, so we can adopt two kind of grasping strategy:
1. A) Acting on the lower side of the sack (Figure 22):

Figure 22: Lifting the coffee sack using two hands from the lower side

1. B) Gripping, like a pliers, from the sides (Figure 23):
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Figure 23: Grasping the sack from the sides with two hands

2. Grasping and manipulation of the bigger box:
We propose two similar manipulating strategy using two hands and lifting the object via friction.
2

A) Acting on the opposite corners (Figure 24).

Figure 24: Manipulation of the bigger box acting on the opposite corners

2. B) Acting on the opposite sides (Figure 25)
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Figure 25: Manipulation of the biggerbox with the two hands on opposite sides

3. Grasping and manipulation of the smaller box:

3. A) The little box can be grasped acting on the lateral sides and lifted via friction (Figure 26)

Figure 26: Grasping of the smaller box acting from the sides

4. Grasping and manipulation of the Teddy Bear:
4. A) Teddy Bear can be grasped adapting the fingers around it (Figure 27)
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Figure 27: Grasping of the Teddy Bear

Note that the little box and the Teddy Bear can be grasped at the same time by the two hands.
5. Grasping and manipulation of the beer keg:
Two hands are needed to grasp and manipulate the beer keg. Three grasping strategies are proposed.
5. A) Acting on the circular profile of the cylinder (Figure 28)

Figure 28: Grasping the keg adapting to the circular profile

5. B) Grasping the handles (Figure 29)
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Figure 29: Lift and manipulation of the keg using its handles

5. C) Acting sideways on the opposite generatrices of the cylinder (Figure 30)

Figure 30: Grasp of the keg along on the generatrices of the cylinder

6. Grasping and manipulation of the tire:
Two grasping strategy are below presented to manipulate the tire using two hands
6. A) Acting on the external side (Figure 31)
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Figure 31: Grasping of the tire on the external surface

6. B) Acting on the inner side (Figure 32)

Figure 32: Grasping of the tire exploiting the inner profile

The concept described above has been implemented (conceptually speaking) into two versions:
 The first one is a symmetric dual fingers dual phalanges actuated hands with variable
friction characteristics. Such design has been implemented in a 4+2 dof system described in
Tincani V., Catalano, M. G., Farnioli, E., Garabini, M., Grioli, G., Fantoni, G., Bicchi, A.,
2012, Velvet Fingers: A Dexterous Gripper with Active Surfaces, submitted to IROS.
 The second one is a three fingers grippers with 4+3 dof conceived in Pisa but whose design
and morphology of the finger has been designed in Qubiqa
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3 Sensing and control of the grippers

(this section is a preliminary draft with some ideas and hypotheses
to be tested in the month 14 and 15)
The sensor and control systems to be used on the above described grippers depend on the
information we want to acquire and on the ability we want to confer to them. The most simple
grippers described, such as intrusive and adaptable ones, require rather simple control systems and
sensors, because they establish a temporary linkage with the object, whereas the manipulation tasks
are entrusted to the manipulator . Jamming gripper, the sewer, needle gripper and the expanding
gripper require rather simple control and sensing system because they are little more than an
accessory of the manipulator that provides to bring the gripper in the right position with the right
orientation (depending on the kind of the gripper) to carry out their tasks. The only information the
manipulator needs is an on/off input: the gripper is, or is not, in the grasping phase. The sewer, the
needle gripper and the expanding gripper need an end stroke sensor (for example a simple switch
for the first one and a Reed sensor for the other ones), whereas the jamming gripper needs a
pressure or flow sensor. Furthermore adding a force or torque sensor before the gripper it’s possible
to obtain information if the object has been grasped or not.
Fingered grippers are a sort of small manipulators mounted on the hardware structure and their
movements are integrated together. Their sensing and control systems are more complex because of
their higher dexterity and the information that can be obtained are more interesting and complex;
they concern information about position and orientation of each link, about position and orientation
of the object with respect to the hand, about the position of the contact points, and about the
grasping forces.
In order to get information about the value of the joint variables, simple magnetic encoders can be
mounted on the shafts of the joints. Contact points and grasping forces can be pointed out using
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simple and small resistive pressure sensor which can be mounted under the chain in the three
fingers gripper and under the rollers in the velvet gripper.

The sensing and control system of the velvet gripper is a little more complex in order to simulate
variable friction on the plane belts surfaces; a torque sensor on the belt’s motor is required and the
controller must be able to varying the torque depending to the tangential forces between the object
and the belts. In this way the velvet gripper can acquire a very high manipulability and dexterity
with a rather simple and robust hardware.
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APPENDIX

Needle gripper

The Needle Gripper is a gripping system suitable
to handling flexible, non-rigid components or
materials which are difficult to grip with vacuum,
such as composite textiles, fleece, felt, carpets,
metal foam, insulating mats, foam materials, etc..
Its gripping behavior is achieved by number of
Needles that penetrate the surface to be grasped
with a certain angle.
Needles are arranged into a Piston pneumatically
actuated.
Once the compressed air inlet is open, the Piston
extends the Needles thus piercing the object
surface. The angle between the axes of the two
grippers allows the Needles to tight the surface.
When air pressure is removed, the Needles are
suddenly retracted by a Spring.
The Piston (1) is connected by a drilled plate to
the Chassis. The Chassis joint allows to vary the
angle between Needles. Air is compressed by an
external compressor and, when it flows inlet, the
Needles translate along the Cylinder Axis,
grasping the target. The grasped object can be
translated since the Needles are locked into the
surface. To release the object, the compressed air
streams out and so the Needles are brought at rest
point by the return Spring.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
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Structural description of the gripper:
1. Cylinder: is the interface with the
compressed air line;
2. Piston: translates into the Cylinder (1);
3. Needles: fixed on the Piston (2) by the
Needle stopper cap (4);
4. Needle stopper cap;
5. Return Springs: interfaced between the
Piston (2) and the Bottom rail cap (6);
6. Bottom rail cap: guides the Needles
motion and has an air gasket
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Actuated Angle Needle gripper

The Actuated Angle Needle Gripper is an
evolution of the standard Needle Gripper.
Compared to the latter, it actuates the rotation of
the joint. The double effect pneumatic linear
actuator is at the maximum length when the
Needles extend from the gripper to pierce the
surface. Then, the actuator begins to vary the
angle between the axes of the two gripper until
the surface is tighten optimally.
The Piston (1) is connected by a drilled plate to
the Chassis. The Chassis joint allows to vary the
angle between Needles. Air is compressed by an
external compressor and, when it flows inlet, the
Needles translate along the Cylinder Axis,
grasping the target. The grasped object can be
translated since the Needles are locked into the
surface. To release the object, the compressed air
streams out and so the Needles are brought at rest
point by the return Spring.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
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Structural description of the gripper:
1. Cylinder: is the interface with the
compressed air line;
2. Piston: translates into the Cylinder (1);
3. Needles: fixed on the Piston (2) by the
Needle stopper cap (4);
4. Needle stopper cap;
5. Return Springs: interfaced between the
Piston (2) and the Bottom rail cap (6);
6. Bottom rail cap: guides the Needles
motion and has an air gasket
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Conveyor
This is a device used to convey objects. The
contact surface of the target slides directly over
the rolling elements or carried by an interposed
layer of material. The device is located in front
of the target, with the upper surface coplanar to
the lower surface of the object to be grasped.
Then the system is advanced till it is in contact
with the target. The system is pushed toward the
target while one of the pins, that is motorized,
starts rotating, pulling the object onto the
conveyor system. The motion can be imposed, if
present, to the interposed layer of material
instead of to the pin.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
Structural description:
1. Whole conveyor device
2. Splined Pin: rotating along its axis (14),
thanks to the hollows (13), it make the rolling
elements (3) to translate
3. Rolling element: supports the object to be
grasped or the interface between the device
and the target surface
4. Support: supports the rolling elements (3)
5. Spacer belt: spaces the rolling elements (3)
making them to translate at the same speed
and of the same quantity
6. Guide: path followed by the spacer belt (5)
7. Right lateral wall
8. Left lateral wall
9. Body of the splined pin
10. Lateral walls of the pin: support the spacer
belt (5)
11. Axis
12. Hollows
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Hook staples tissue
The Hook Staples (1) are connected to the
Rubber Band (2), which is linked to the Tissue
Strip (3). These three elements are moved by the
Support (4) which make them turn like a
conveyor belt. Thanks to their shape, the Hook
Staples (1) are able to grasp the jute bags, by
penetrating the fabric, when they have relative
motion with respect to the bag; if they move in
the opposite relative motion direction, they can
release the jute bag.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

1

Structural description:

2
3

4

1. Hook Staples
2. Rubber Band: it links the Hooks Staples (1)
and the Tissue Strip (3)
3. Tissue Strip
4. Support
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Expanding gripper
The Expanding Gripper is a very compact
gripping system.
Its gripping behavior is achieved by the expansion
of an elastic membrane due to the air pressure on
its inner side.
At one side of the Chassis (1) there is a rostrum
that allows easy penetration into the object to be
grasped. In the insertion/extraction configuration,
the Elastic Membrane is perfectly fitting the
Chassis. On the other side, the Chassis is
connected to the Compressed air line. The inner
duct of the Chassis distributes the compressed air
to the inflating/deflating holes. Air is compressed
by an external compressor and, when it flows
inlet, the Elastic Membrane expands inside the
target. The grasped object can be translated since
the Elastic Membrane e is expanded under the
effect of Air Pressure. To release the object, the
compressed air streams out and so the elastic
membrane contracts up to adhere completely to
the chassis.
Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

Structural description of the gripper:
1. Chassis: supporting structure. It is the
compressed air line housing and provides the
location of the gaskets (2);
2. Gasket: prevents air leakage;
3. Polymeric membrane: its deformation is the
main responsible of the grasping;
4. Holding journal box: ensures the performance
of the gaskets (2).

RobLog

FP7-ICT-2009-6

Sewer
The system is suitable for the grasping of
deformable objects, whose surface can be
damaged and punched, such as textiles.
When the micro motor is switched on, the driven
axis (6) starts rotating. Also the conducted axis (8)
and the spring (1) are rotated, because of the
contact between the groove and the pin (7). The
coils engage both with the surface of the target
object and with the driving support (2). Due to this
configuration, the spring advances and the
conducted axis translates of the conducted axis. In
this way, new coils engage with the object that has
to be grasped.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

Structural description:
1. Spring: fixed on the conducted axis (8)
2. Driving Support: supports the coils of the
spring when the gripper is pulled away from
the object
3. Micro motor
4. Support of the micro motor
5. Bearings
6. Driven axis: linked to the micro motor (3)
7. Pin: is fixed on the driven axis (6)
8. Conducted axis: rotation due to the contact
between its groove (that allows also its
translation) and the pin (7)
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Three fingers
This is a device used to manipulate and convey
objects. The system is moved close to the target
object. Then the two single-phalanx fingers rotate,
in order that the idle rollers (8) get closer to the
lower surface of the object to be grasped. The
active rollers of the two fingers are actuated and
the object is lifted on their phalanxes. The twophalanx finger is adapted to the shape of the
object thanks to the joint (6). Actuating all the
active rollers of the three fingers, the grasped
object can be translated, rotated or spun.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
Structural description:
1. Frame: is the object on which the head is
mounted
2. Single-phalanx Fingers: support the grasped
object
3. Double-phalanx finger: fasten the grasped
object in a more secure way allowing also its
manipulation
4. Axis of the fingers: is the axis of rotation of
the fingers; can be the same for all of them, or
there can be two or more different axis
5. Phalanxes: can rotate independently each one
from the other
6. Joint: joints together the phalanxes (5)
7. Axis of the second phalanx
8. Idle rollers: support the chain (10)
9. Active roller: moves the chain (10)
10. Chain: supports the objects and moves it both
for grasping and manipulation

RobLog

FP7-ICT-2009-6

Velvet gripper
Velvet gripper is an underactuated hand with one
d.o.a. composed by two identical fingers with two
phalanges for each one.
On the inner side of each finger an actuated and
controlled plane belt acquires in contact with the
grasped object; hence each finger has a plane belt
with a d.o.a.
The kinematic model of each finger is a planar RR
manipulator and its free closure is V-shaped.
When the first link is fixing by the contact forces
of the body, the second one go on to rotate until
the object is completely grasped; thus the fingers
tend to envelop themselves around the objects.
The actuated belts increase the manipulation
capability of the gripper by varying the position of
the contact points with the object. Thus the object,
by means the actuation of the belts, acquires better
mobility and can be translate and rotate around a
controllable centre of rotation within the body,
independently from the hardware structure of the
gripper.
By rotating the belts in the same or in the opposite
sense, Velvet Gripper is able to suck into it or
expel outside it the objects.
Moreover, by means the belt’s control, it is
possible to simulate a variation of the friction
coefficient (both static and dynamic) and that
allows to improve or, under the action of external
forces, to worsen the grasping stability.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
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Structural description:
-

-

-

-

4→DC brushed motor actuating both the
fingers
B1, B2→ timing belts that transmit the motion
from the motor shafts 8 and 11 to the idle
pulleys 20 and 21 on the first joint of the
fingers
B3→ timing belt moving the pulley 32 fixed
on the second link
27→tension spring that keep the second link in
end stroke position in absence of external
forces.
38→ DC brushed motor actuating the plane
belts PB1 and PB2
36→ motor shaft of the plane belt PB2 on the
distal phalanx
B4, B5 → timing belts which transmit the
motion from the distal phalanx to the proximal
one of the plane belt PB1
33→ idle rolls on which the plane belts run
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Generality and Simple Hands
The aim of this project is develop robot grippers
that are simple, yet also general and practical. The
main problem in classic robotic manipulation is
picking a single part from a bin full of randomly
placed parts rather than attempting to choose a
part, estimate its pose, and calculate a stable
grasp, we propose to execute a blind grasp, let the
gripper and object(s) settle into a stable
configuration, and only then address the problem
of determining whether a single object was
captured and estimating the object pose.
We propose to use machine learning techniques
to recognize the presence of a single object, and
to estimate its pose, from joint encoder values.
Lifting the object clear of the clutter is still an
issue, but the idea does suggest a practical
compromise to address the problem of grasping in
clutter: use very thin fingers, approaching the
object along their lengths. We can train a system
for recognizing the number of markers grasped by
the hand, based on the position of the fingers after
the grasp. If accurate enough, it could be easily
turned into a system able to singulate objects
from a bin by retrying when failed.
However, the intention of this experiment is not
to get higher percentage in singular grasping, but
to be able to identify that situation. The actual
designed policy is based on an helicoidal motion
of the hand when approaching the bin, combined
with some vibration for dealing with clutter once
inside it.
1. Circular low-friction palm and fingers so that
for irregular objects there are only a few
stable grasp configuration
2. Three thin cylindrical fingers arranged
symmetrically about the palm with joint
encoder for pose estimation
3. The large offsets option: each finger coupled
to the actuator through a soft, large deflection
spring.
4. Dc motor that thought a series of gears,
transmit the power to the three fingers
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UB Hand
The high-dexterous robotic now developed
compared to functional results at times
surprising, there are still many critical aspects,
including the extreme complexity of
construction and assembly, low integrability
sensory systems,
The biological model of the human hand
appears, however, as a structure endoskeleton,
in which an articulated chain inside (the bones
connected by ligaments) is actuated by bodies
willing around (muscles and tendons), the all
enclosed by a peripheral structure highly
deformable
1. With the aim of developing a new
generation of robotic hand have set the
following
project
objectives:
Develop a structure of type endo-skeletal
system, to permit the provision of external
layers of suitable thickness yielding, able to
mimic the functionality of the soft tissues
of the human hand, as well as sensors
distributed around the structure;
2. Endoskeleton achieve this by adopting the
concept of "compliant mechanism",
creating a serial chain of rigid movable
members together with the presence of
yielding traits (hinges) and not for the
presence of kinematic pairs, resulting in the
actuation of these organs through flexible
joints guided inside the structure itself.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

1. Hinges
2. Tendon
3. Phalanx: can be built for example all in
Teflon or with three distinct material
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Pneumatic contractile finger
The system is suitable for the grasping of many
different objects, adapting to the shape of the
object taken.
When the balloons inside the structure are
inflated, the pressure against surfaces A of
knucklebones generates a momentum that causes
the rotation of knucklebones. The adaptation of
the finger is due to the compliant behaviour of its
actuators and of its compliant connection. The
connection is built with a rigid beam that is
connected with the knucklebones with two
elastomeric hinges. When the grasping is finished
elastomeric hinge momentum relocate the finger
in the starting position.
Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

Structural description of one element:
1.
2.
3.
4.
5.

Phalanx
Rigid beam that connected knucklebones
Elastomeric hinges
Balloon
Iron rings that limit the expansion of the
balloon.
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Contour-Adapting Vacuum Gripper (CAVG)
First lower the gripper on the object with the
rods free to moving. When are in position on
the part there is a system that starts the vacuum
into the rods that are in contact with the surface,
whereas all the bars that not generate the
vacuum are retracted. There are many contact
sensor for recognizing the acquisition of the
piece. At the end the rods whit the object linked
are lifted. For unlocking the system, the vacuum
is reset.
This system is suited for the grasping of even
curved surfaces. It is important that the suction
cups are able to generate a sealant perimeter
optimally. In order to achieve this result, the
roughness must be not excessive and the
material must be not porous.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
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Omnivacuum

Fig. 1 (aspiration duct)

Fig. 2 (system of locking
pin)

Fig. 3 (oil communication
holes)

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

This gripper uses the vacuum effect to lift
objects.
First approaches the head of the gripper,
composed of pins wrapped in a membrane, to
the gripping surface. In this way the pins
conform to the surface ensuring the contact
between the membrane and the work piece on a
circular area.
Then lock the pin in their present position,
turning the upper part of the gripper around the
central axis of the gripper, so that misaligned
holes in which the oil flows isolate the pins oil
flow. In this way the system is stiffened, and is
possible to control with good precision the
movement and placement of the pieces in the
working space.
At this point vacuum is created, ensuring the
piece to the gripper. To release the pieces is
sufficient to stop the vacuum.
Important feature of this gripper is its ability to
conform to the surface, increasing the ability of
grasping. Also the membrane, characterized by a
good deformability, allows to obtain a good
sealing ensuring the gripping even on surfaces
with low surface finish.
Another important aspect is that the system is
passive at the beginning, and then became active
with the pins linked to the grasped object.
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1.
2.
3.
4.
5.
6.
7.

Gasket
rotary-body: is used to lock the pins
body guide pin
gasket
sheet of head
cover: provides some of the interfaces
pins: press the membrane (12) against the
target
8. drilled screw: makes possible the air
suction from the head of the gripper
9. washer
10. screw
11. reference pins
12. membrane: made of impermeable,
transpiring material
13. wrapper
14. referring pins

not

15. reference pin for the rotation of body (2)
16. air connection
17. pipe
18. air connection
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Omnigripper
Universal gripper comprising two slightly
separated fingers, each consisting of an array of
8 by 16 closely spaced pins which can lift
vertically up end down independently of each
other. By translating the gripper over an object,
some pins are pushed out of the way, so
creating ‘customized’ fingers which mould
round and fit the part. To grasp object, either the
two (slightly separated) fingers can be brought
together to grip an object externally, or else they
can be moved slightly apart for an internal grip.
In addition, feedback from each pin of the
gripper can provide tactile information about an
object. It's possible attach two or more grippers
onto the one wrist, so that by rotation any of the
grippers can be brought into play. A mechanism
exist to ensure that all the pins are totally out to
the fully extended position. An interesting
aspect is that it can be made to pick up more
than one object simultaneously.
Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

1. Base: it is the backbone of the gripper which

connects the wrist.
2. Finger: there are 2 and are arranged in linear
motion for the translational grasping pieces.
3. Pin: there are 8x16 for each finger.
Electrical controls are arranged in a
feedback to indicate the position of the rods,
so that the outer contour of the object can be
rebuilt by a computer.
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Surface-Adapting Gripper (SAVG)
It was designed to handle work pieces
possessing single-surface hold-sites. The
manipulator locates the SAVG so that the cup
assembly is above the attempted hold-site. The
SAVG cup assembly is unlocked and translated
until contact is sensed. Upon contact the
vacuum cup is actuated. Descent continues until
the cup assembly adapts to the holdsite, thereby
limiting airflow to the cup. The acquired
workpiece is removed from the bin. When the
workpiece is a sufficient distance from the bin
the locking feature is activated. A final check
for gripping is made to ensure that the
workpiece is not lost in the removal and locking
process.

Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component

Components:
1.
2.
3.
4.

Gripping and surface adapting mechanism
Contact sensing
Locking mechanism
Control units with grip and lock sensing

The surface adapting mechanism was a silicone
vacuum feed tube surrounded by a compression
spring.
There is a support ring to insure a consistent
pose of the workpiece relative to the hand.
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Jamming Gripper
The Jamming Gripper includes some granular
material contained in a flexible membrane in order
to achieve its gripping behavior.
The latex balloon membrane is connected to the
base thank to the collar, producing an airtight seal.
The collar is an important element of the design
because it helps guide the gripper as it conforms
to the target. The membrane is filled with granular
material. Vacuum is provided with an off-board
vacuum pump. The properties of the jamming
gripper derive from the fact that loose grains in a
bag steady at the threshold between flowing and
rigid states. This behavior enables the gripper to
deform around the target in the unjammed,
malleable configuration, then convert into the hard
configuration when jamming is initiated. Thus,
increasing the particle confinement slightly by
turning-on the vacuum pump, enables the gripper
to amplify the rigidity while almost completely
maintain its shape around the target.
To release or to reset the gripper, the pressure
inside can be delayed with the atmosphere or by
providing a positive pressure using the highpressure port.
Object can also be ejected by using the positive
pressure.
Blue = functional verbs
Underlined = key components
Crossed = not considered functions/component
Structural description:
1. Interface with the robot; inlet and outlet air
regulation systems are integrated in this part
2. Holds the Latex Balloon (3) and improves the
grasping performances. Helps guide the
gripper as it conforms to an object
3. Contains the material (4), and is the interface
with the grasped object
4. Is the main adaptable part of the system. Once
that air is evacuated material inside becomes
stiff, thanks also to the Balloon (3)
5. The Air Filter avoids the suction of the
material grains (4) from the balloon (3)
6. Vacuum line port evacuates air from the inside
of the balloon
7. High-pressure port is used to reset the gripper
shape

