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Abstract. The granular gripper is an innovative device designed to grasp objects using
the jamming properties of granular materials. However, these properties that influence its
performance is still poorly understood. Moreover, to date, there is no numerical model for
the granular gripper. In this paper, we combine numerical and experimental approaches
to examine the effects of the mechanical properties of the grains on the grip force, with
the goal to gain better insight on the influence of these properties and to improve the
performance of the granular gripper.
On the numerical side, a model based on Discrete Elements Method (DEM) is developed
to predict the effect of the granular properties, such as the roughness, on the holding
force. Two different ways of modelling the gripper system are presented and compared.
The DEM model is tested for different pressures around the jamming pressure. On the
experiment side, a granular gripper apparatus is mounted and used to find the relation-
ship between the grains properties and the holding force. The experimental apparatus is
also used to validate the DEM model.
We found that grains with higher surface roughness result in a higher holding force on a
cubical aluminium object. We also found agreements between the results of the exper-
iments and the DEM models. Lastly, advice is given about approximating the holding
force for a given gripper system and about further optimizing this system in terms of
holding force, pressure and particle roughness.
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Figure 1: Functioning of the granular gripper [1].

1 Introduction

Gripping, holding and moving parts in industrial applications are tasks done by robotic
grippers. Often these tasks are done by complex robotic hands which require a lot of
processing power and optimization [1, 2]. However, a new and more universal way of
gripping objects has come to light. A lot of complexity and therefore costs can be avoided
by gripping objects using a granular gripper [1, 2, 3]. The functioning of the granular
gripper consists of four phases which are shown in figure 1. The holding force that
is exerted on the object has three contributions, static friction from surface contact,
geometrical interlocking and vacuum suction from an airtight seal [2]. This research will
mainly focus on the static friction contribution. The holding force at jamming pressure
can be used to determine the performance of a granular gripper. The jamming point,
the jamming transition from a fluid-like state of the granular material to a solid-like
state occurs at this jamming pressure [4]. Optimization of the granular gripper will help
improving its performance and therefore its usability. Discrete element method modelling
is a useful tool for this optimization problem. In DEM modelling deformations of particles
are simplified to the overlap, δ, of two particles which corresponds to an interaction force
[5].

So far ground coffee is found to have the best properties for a high strength-to-weight
ratio. A property that is used to measure the performance of systems containing granular
material [3], like the gripper. A hypothesis for this is the influence of the surface rough-
ness and irregularities [3], because ground coffee is relatively rough and non-spherical
compared to other granular media such as glass beads for example. In order to explore
the influence of roughness on the gripper performance, the problem is studied by com-
bining gripper experiments, microscope image analysis on single particles roughness and
numerical simulations. A roughness experiment is first conducted to identify the rough-
ness of different batches of particles by taking samples. Also from the other batches of
particles containers are filled and tested in the granular gripper set-up. Then, the rough-
ness is examined against the holding force in the granular gripper and an implementation
of the roughness in the simulation is established.
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2 Roughness experiment

2.1 Method

Samples of Silibeads® Type M Borosilicate glass beads with a diameter of 2.5±0.2 mm
are tested. Both a matte as well as a polished type is used in the experiments. The exper-
iment is conducted using the Keyence VK-9700 series Color 3D Laser Scanning Confocal
Microscope. The microscope is used with the laser shutter as well as the aperture shutter
opened. The lens with 100x magnification was used for making surface measurements
of the centre of the particle surface. Afterwards the results are processed by the VK
Analyser software that comes with the microscope. In this software, the scanned surface
is flattened using the ”sec curved surf.(auto)” correction method. The value for RMSf

is then found by taking the root mean squared roughness of the whole measured surface
which is about 105 µm x 140 µm. After each experiment, it is made sure that the same
bead is not used again in any later experiment. By linear fitting measurement data from
[6] the following approximation is found for the mean RMSf value in micrometers and
the static coefficient of friction µs:

µs = 2.012 ·RMSf − 0.0026 (1)

2.2 Results

Type Mean RMSf [µm] St. dev. [µm]
polished 2.5 mm 0.060 0.016
polished 4 mm 0.152 0.028
matte 2.5 mm 0.458 0.018
matte 4 mm 1.063 0.122

Table 1: Surface roughness results for the flattened plane RMS roughness, RMSf for a surface of 105 µm
x 140 µm.

Type Mean coefficient
polished 2.5 mm 0.12
polished 4 mm 0.3
matte 2.5 mm 0.92
matte 4 mm 2.14

Table 2: Mean static friction coefficient, µs, approximation using equation (1).

In table 1 the average flattened RMS surface roughness values can be found. For each
type 6 experiments are conducted. The standard deviation from the mean is also shown
as a measure of accuracy. In figure 2 examples of typical tested surfaces for the respective
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Figure 2: Microscopical view of the surface of the samples. A: polished 2.5 mm, B: polished 4 mm, C:
matte 2.5 mm, D: matte 4 mm.

types are shown which consists of two layers. The first layer is the coloured view from the
microscope and the second view is the laser view. The flattened RMS surface roughness
values are filled into equation (1) to approximate the static friction, µs. The result can be
found in table 2. Since the friction values in [6] did deviate much at the same roughness,
this friction value is only an indication.

2.3 Conclusions & discussion

In table 1 it can be seen that the matte Silibeads® Type M Borosilicate glass beads
have a higher RMSf value than the polished ones. This difference is also expected for the
static friction, µs, values. A bigger diameter results in a higher RMSf value and therefore
also a higher static friction, µ is expected.

3 Model validation

3.1 Method

A model of the granular gripper set-up is made to simulate the holding force. Firstly,
some experiments are conducted using the experimental set-up. Then in the simulation
the same experiment is conducted. Afterwards the results are compared. The DEM
software that is used for doing the simulations is LIGGGHTS®-PUBLIC version 3.5 [7].
The contact model that is used for all contacts is the Hertz model combined with the
tangential history model. For the contact between the aluminium cube and the particles,
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a function ”limitForce” was used to prevent attractive forces which is unwanted behaviour
[8]. Both models and the function are included in the software. In both the experiment
and the simulation, the holding force is determined by taking the highest force value that
occurred while being in the upward motion. The residuary settings of both the set-up
and the model will now be discussed.

The polished & matte Type M borosilicate 2.5 mm particle types from section 2 are
used for model verification. For every particle type one or two containers are utilized in
the experimental set-up. The weight for every container filled with particles is tested not
to differ more than 10 grams from the measured average of 310 grams. It is chosen to do
this for a more accurate performance comparison between the types. In the simulation,
the friction coefficient values from table 2 are used for the holding force comparison.

3.1.1 Experimental set-up

Figure 3: On the left: total set-up, on the right: mechanical part of the set-up.

Property Value Unit
Particle diameter 0.0025 m
Bellow radius 0.025 m
Total mass particles 0.310± 0.010 kg

Table 3: Properties used in the experiment.
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