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Abstract— Grippers using jamming of granular media grasp
a large range of objects by pushing against them (with an acti-
vation force) to conform the gripper to the object’s shape before
grasping them. This paper explores two modifications to jam-
ming gripper designs to enable grasping of objects with lower
activating forces: adding small fingers or nubs to the geometry
of the surrounding elastic envelope and fluidizing the granular
media. Design considerations are presented. Experiments on the
performance of this gripper show that fluidization does yield
significantly larger holding forces (typically 60% more) for a
given activation force over a range of geometric shapes and sizes
as compared to non-fluidized cases. Experiments also show that
the nubs enable the grasping of smaller objects in which the
gripper can engage interlocking forces in the granular media.

I. INTRODUCTION

The search for a gripper that can handle a large variety
of objects has been a goal for manipulation research for a
long time [1], [2], [3]. Recently, Brown et. al discovered that
an amorphous elastic bag filled with a granular media can
be used to grab a large variety of object sizes and shapes
[4]. They use a two step process for gripping objects. The
gripper is pressed down onto an object so that the elastic
bag that forms the bulk of the gripper deforms around the
object. A vacuum is formed inside the gripper that causes
the granular media to ”jam” against each other to form a
rigid shape. This process then often yields forces that grasp
the object.

This gripper has been shown to be useful for picking up
objects off of a table such as candies, pens, screw drivers
[4]. One issue with this process is that the downward force
applied to the object can be large (on the order of tens of
Newtons) depending on how deformed the gripper needs to
be to engage the object enough to lift it. In many cases of
robotic grasping, applying large forces on the object is not
possible, for example attempting to pick up a bottle on a table
from its side instead of from above will cause the bottle to
fall over or slide away. Delicate objects that could be crushed
with large forces also cannot be grasped in this manner.

This paper focuses on developing methods to reduce
the deforming force and increase the holding force of the
resulting grasp by reducing the forces required to conform
the gripper to the shape of the object. Changing the geometry
of the bag (e.g. a fingered bag) and fluidizing the granular
medium are two ways to achieve this. There are many ways
to form gripper shapes and fluidized beds. Many of them
result in overall poor performance. We present one design
that improves performance in some cases. While this paper
presents some theoretical background as to the sources of

forces for examination, the primary contribution is empirical
in nature.

II. THEORY OF OPERATION

A. Background

There are essentially two forces of concern in the jamming
gripper operation. The first, activation force is the force re-
quired to conform the gripper to the shape of the object. The
second, holding force, is a measure of how strong the gripper
holds an object - more specifically, the force required to pull
the object out of the gripper after a specified activation force
grasp. Both of these forces characterize the performance of
the jamming gripper. The holding force has obvious uses for
grasping objects and is endemic to grippers in general. The
activation force however, is unique to the jamming gripper.
This force is unavoidable in the jamming gripper since the
unique advantage of the jamming gripper comes from the
passive conformance of the gripper to arbitrary object shapes.
This work aims to minimize activation force and maximize
holding force.

Whereas the maximum activation force, FA in the context
of a conforming gripper has not been studied, the holding
force, FH has been studied by Brown et. al [4] and has three
parts:

FH = Fs + Ff + Fi (1)

where Fs is the suction force formed from an airtight seal
around the object (if any), Ff is the static frictional force, and
Fi is the force from geometrical interlocking mechanisms
between the object and gripper surfaces.

Brown et. al develop a model for FH as a function of
contact angle of the surface of a sphere object with the
gripper. Essentially the further around the gripper makes
contact with a sphere, the larger FH . The magnitude of FH

depends on which of the three force components (Fs, Ff or
Fi) dominate which depends on surface conditions and local
geometry of the sphere. Unfortunately, they present little on
the actual force required to achieve different contact angles.

B. Fingers and Fluidization

The effect of the interlocking on jamming materials is
not clear. If a bag is thought of as containing just spheres,
then each particulate can only apply a normal force to
their neighbors (no torques) and so fingers in a jamming
gripper might not be able to contribute to a holding force
as articulated fingers do by supplying torques at each joint



in a finger. Thus forces in the membrane may be the main
contributor to forces in interlocking.

There are many factors that will effect the FA and FH

including the shape and stiffness of granular media, the
bag characteristics (thickness, stiffness etc.), the ratio of bag
volume to media volume, the suction pressure among others.

Since FA is just the vertical force between the gripper and
the object, FA can be modeled as

FA = Fp + Fm (2)

where Fp is the force from the outward pressure of the bag on
the object and Fm is the force on the object from the granular
media as the medium conforms to the shape of the object. Fp

is a simple function of the contact area between the gripper
and the object (the horizontal cross-sectional area enclosed
by the contact line) A∗, and the internal pressure Pfluid in
the bag (assuming a positive pressure), Fp = A∗Pfluid. Note
that this is exactly the suction force in the holding force[4],
except that the pressure in this case is positive.

In the earlier work [4] Fp is likely 0 or some slightly
positive value to ensure the bag has separated from the
compacted granular media from a previous run.

C. Fluidizing granular media
Fm in Equation 2 can be thought of as the viscous

forces from the granular media [5]. Fluidizing the media can
significantly reduce Fm. Fluidization of granular media is
the process of making a set of solid particles act as a fluid,
usually with introducing a pressurized fluid into the bed.
The mechanics of this process has been studied for over 50
years in the physics and fluid mechanics community [6]. By
forcing a fluid into the bed, the particles separate and become
ballistic with small mean free path, in many ways resembling
molecules in a fluid at some effective temperature.

There is still an issue of how to implement fluidization
in a closed bag. Whereas fluidized beds usually are open to
the environment so fluids are continuously pumped into the
media, in our case, the medium is encapsulated in an airtight
bag.

Our solution to this is to utilize the pump already available
in the system. Rapidly alternate pumping air into and out
of the gripper at an even rate and even duty cycle so that
there is there is no continual growth in volume of media in
the bag. As a result, Fp actually alternates at the frequency
of this pumping however the effective force as seen by the
object can be considered the average Fp over time since the
damping and elasticity of the bag are large. This averaged
Fp is difficult to hold at exactly 0 pressure. To ensure proper
fluidization, it was empirically found that a positive averaged
Fp of up to 0.02kPa was required.

III. DESIGN
A. Description

The schematic shown in Figure 1 illustrates the compo-
nents of our system. The jamming gripper consists of a bag
filled with granular media, a bidirectional pump responsible
for generating and releasing the vacuum within this bag and
a control system.

Fig. 1: Schematic

1) Requirements and guidelines: An empirical explo-
ration for each of the elements in the schematic yielded
design recommendations as summarized below.

• Filler media should posses the following properties.
– Grains need to enable the conformation of the bag

to object features (e.g. smaller is better).
– Grains need to keep from clogging the vents (e.g.

larger than the vent filter holes).
– The filler media should pack tightly under suction

to enable rigid forms.
From these requirements the grain size should be mod-
erate size and rigid relative to the bag stiffness - harder
is better.

• The bag contains the filler media and its surface prop-
erties and material thickness affect the performance of
the gripper.

– The bag should be easily deformable to allow the
grains to easily form around the object.

– The bag should be able to withstand air pressure
without bursting.

– It should have a high coefficient of friction to
maximize holding forces.

– The bag needs to be tough and wear resistant.
A bag made up of material with moderate elasticity like
latex allows it to deform and conform against an object.
However, it was empirically determined that at 0.3mm
in thickness the bag is too elastic expanding too far
with a small change in pressure or vacuum and also
tear easily.

• A bidirectional pump allows us to pump and suck air
using a single device and primarily need to hold a large
enough vacuum. A smaller footprint and weight will
allow the gripper to be portable. The pump used here
had mass 1.3kg, length 112mm and is rated for 100kPa
and a max vacuum of -73 kPa.

• Directional control valves regulate the pressure and
vacuum in the gripper and need to be small to allow the
gripper to be portable and function with the low pres-
sures used (appropriate minimum working pressure).
In addition, valves that have fast switching times may
allow for smaller Fp. Dry actuator type Sirai R©plastic
micro-solenoid valves performed adequately in our



tests.
• Integrity against leaks is not a specific component, but

a systemic requirement.
The gripper performance is related to the vacuum that
it can sustain. Fluidization also requires that the bag be
able to withstand positive pressures of up to 0.02kPa.
This requirement demands that a good sealing is main-
tained at all the openings and interfaces. Along with
these requirements it would be advantageous to be able
to swap the bags and the filler material easily, cheaply
and quickly yet still maintain reliable seals.
Leaks can be countered by a high flow rate pump,
however the size and power consumption of this pump
are directly proportional to the flow rate. The pump used
in this work has a small flow rate of 52 ml/s.

B. Gripper Fabrication

1) Bag: The tests involved two bags, a fingered gripper
called the nubbed gripper shown in Figure 2 and a spherical
bag as a control reference called the balloon gripper shown
in Figure 4.

The fabrication of the balloon gripper is straight forward.
The balloon membrane is made of latex and, when not
inflated is 0.3mm thick an approximately 7cm in diameter.

The nubbed gripper on the other hand, is much more
complicated. A naive approach would be to get a latex
surgical glove, fill it with coffee grounds and use that as
a gripper. The authors were indeed naive enough to try this
and found that the principles described in Section II-B are
applicable. Long fingers do not support large torques. Long
fingers do not naturally shape around objects in consistent
or necessarily useful ways, and surgical glove material is too
thin.

So a shorter-fingered “nubbed” gripper was fabricated
using Castin’ Craft’s Mold Builder Liquid Latex Rubber. The
liquid Latex Rubber is 100% latex thinned with ammonia and
water. Exposing it to the atmosphere leads to the evaporation
of ammonia and water and leaves off a rubbery impermeable
membrane.

A 3D printed model of the desired shape (shown in
Figure 3) of the bag forms a negative mold of the inside
of the bag. Important properties of the shape include main-
taining relatively high draft angles to allow easy release,
and smooth transitions between positive curved surfaces to
prevent pooling of latex (forming thicker regions which
prevents proper deformation of the bag).

Dipping this mold in the Liquid Latex Rubber and allow-
ing it to dry off (4 hours) gives a rubbery bag of the same
shape as the mold. However allowing it to simply stand still
while the liquid latex rubber is drying leads to the following
critical defects:

• Air Bubbles: Pockets of air that form areas thinner than
the rest of the bag. This results in weak spots in the bag
which are susceptible to tearing.

• Material buildup: Variance in thickness during drying
occurs due to gravity and surface tension depending on
the state of the latex when released from the mold. The

Fig. 2: Nubbed gripper bag and base.
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Fig. 3: Nubbed gripper dimensions.

thicker layer also takes a longer time to dry and results
in residual stresses that warp the final bag.

To prevent this from happening we developed a setting fix-
ture that continuously shakes the mold over a large excursion
angle after dipping it in the liquid. Two coatings of liquid
latex on the mold, set in this shaking fixture yield a bag
about 0.6mm thick. This thickness has consistently had no
holes and is more resistant to tears though it is less flexible.

2) Filler: Many filler materials were empirically tested
included various grit sand, steel and teflon beads of varying
sizes. Coffee grounds meet each of the design requirements
above and was found to be the most effective filler media.
Coffee grounds has been noted in other work as working
well [7].

3) Base: The gripper base provides a way of attaching the
gripper to a manipulator or a test jig and houses filters and
tubing for the air fittings. It also needs to have an opening
to add the filler media to the bag without leaks which was
the primary difficulty.

The final design includes a base laser cut out of ABS plas-
tic with two clamps that have the same inner circumference
as the rigid gripper base. Two clamps with open ends in
opposite directions minimize the air leaks through a pinch
point.

4) Filters: Connecting the vacuum line directly to the
gripper will cause filler material to be sucked into the tubes
and the pump and impair functionality. A filter at the suction



Fig. 4: Balloon gripper bag (no nubs) and base.

lines prevents this. If the filter holes are too fine particles may
clog the filters after repeated use. Holes that are too large
will let particles pass. In addition the vacuum produced and
the rate of air flow can be effected by the filter’s resistance to
the flow. Off the shelf breather vents with a filtration rating
of 80-90 microns offer a good trade off between air flow and
filtration. They can be also be easily cleaned by cycling the
direction of flow in the lines.

IV. EXPERIMENTS

The goal of these experiments is to evaluate design pa-
rameters that can improve the performance of the jamming
gripper. The activation force and the holding force are the
most important metrics in measuring the performance of the
jamming gripper as they measure the acquisition and stability
of grasping an object.

The variables that effect these forces can be divided into
those that are based on the object being grasped and those
based on the gripper and the way it grasps.

On the gripper side, bag geometry and fluidizing the gran-
ular medium are two controls. The gripper moves only in a
vertical, straight motion with objects centered on the gripper.
The properties of the gripper (bag material characteristics,
filler material, vacuum pressures, etc. have been chosen to
be parameters that are already effective and those values are
held constant across all experiments. Those chosen values
and other values that were tested, but found to have inferior
holding force are shown in Table I. The nub parameters cho-
sen were primarily due to manufacturability (no tearing and
even distribution of material) where as the other parameters
were chosen primarily to maximize performance.

On the object side, there are a wide variety of parameters
that could be tested including size, shape, convexity, surface
properties, stiffness, etc. While this gripper is intended to be
as universal as possible, due to time and resource constraints
this paper focuses on just geometric properties, size and
shape. The other properties held constant are shown in
Table II

A set of identical activation force values (10, 15, 20 and
25N) were applied for a variety of objects in grasping tests.
Three basic convex geometric primitives (sphere, cylinder
and rectangular parallelepiped) and three sizes for each are
shown in Figure 5 and listed in Table III. The sizes were

TABLE I: GRIPPER CONSTANT PARAMETERS

Property Chosen Value Tested Values
Vacuum pressure -50KPa -33KPa
Vacuum flow rate 52 ml/s
Speed of motion 5mm/sec
Balloon diameter 7cm 16cm
Balloon material Latex
Balloon thickness 0.3mm 0.6mm
Fluidization PWM 50% @ 10Hz 5Hz, 2Hz, 1Hz
Number of nubs 3 4
Nub length 15mm 23mm
Nub gripper thickness 0.6mm 0.3mm
Nub gripper material latex Nitrile, PVC

TABLE II: OBJECT CONSTANT PARAMETERS

Property Chosen Value
Surface Painted with enamel
Surface finish Smooth (painted)
Mass ∞ Held rigidly to base
Convexity Only convex
Stiffness ≈ 2GPa (hard plastic)
Moisture Dry*

* exception of one separate test run with water coating

limited to span a range of values smaller than the nominal
diameter of the grippers. Seventeen experiments were per-
formed with these objects (some in different orientations)
each with four different activation forces. Each of these
seventeen experiments with four forces had eight tests: with
and without fluidization, each with the balloon gripper and
with the nubbed gripper. Each of these eight tests had three
runs for a total of 17 × 4 × 8 × 3 = 1632 runs. This
is summarized in Figure 6. Here “Lateral” means cylinder
and parallelepiped are held with their longest dimension
horizontal while grasping them from above. “Upright” means
the object is longwise vertical. In the “Floor” test case, the
objects are held in a different manner (Figure 8)which is a
more realistic situation for an object being picked up by the
gripper.

TABLE III: OBJECT DIMENSIONS IN MM

Small Medium Large
Shape H W L H W L H W L
Sphere Diam = 6 Diam = 12 Diam = 19
Cylinder 6 6 51 12 12 51 19 19 51
Parallelepiped 6 6 51 12 12 51 19 19 51

Fig. 5: Test Objects: three classes spheres, cylinders, rectan-
gular prisms in three different sizes each.A US Quarter on
the far left is shown for reference. Each object is painted
with a black enamel to ensure uniform surface condition.
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Fig. 6: List of experiments

A. Experimental setup

The test setup is shown in Figure 7 and is essentially a
materials testing machine that records force and displacement
as it applies forces between the gripper and test object.

It includes a load cell which is mounted between the
gripper and a top plate driven by a motor and lead screw.
The object to be grasped via a support pole (Figure 8) rigidly
clamped in a vice at the bottom of the setup. The gripper
has an air-in and an air-out port controlled by two solenoid
valves. Forces from the load cell are recorded through a data
acquisition board that also controls the pump for the gripper,
the solenoid valves to regulate the vacuum and fluidization
as well as the lead screw motor which drives the gripper
into the object. It also re-calibrates the gripper position after
every test to ensure consistency between measurements.

Fig. 7: Automated custom test fixture with integrated air
control, force and displacement transducers.

B. Test Procedure

The test procedure is summarized by the following steps:

1) Recalibrate the gripper position from limit switch
2) Activate the lead screw while monitoring forces
3) (If fluidization) fluidize the medium by applying with

pulse width modulation to the solenoid valves

Fig. 8: Holding conditions. Normally objects were supported
above the vice via a small rod (as in the right figure). For two
cases labeled “floor” the objects were held against a plane
as if the object were being picked up off the floor.

4) Stop the lead screw when desired activation force or
displacement against the clamped object is reached

5) Pause for the bag pressure to reach neutral state after
fluidization (if any)

6) Apply vacuum until the medium has rigidized
7) Activate the lead screw and pull up to measure holding

force until the object is pulled out of the gripper
The load cell measures both the activation force (when

pushing down into the object) and the holding force when
the gripper is pulled up. The object is held rigidly by a vice.
Measuring these forces allows us to analyze the effects of the
various parameters and study the interplay between them.

C. Results

Figure 9 shows typical output force measurements from
the test procedure over time. Note that all motions of the
gripper are at a constant speed. The key features from this
graph include the maximum activation force FA (point 2 in
the figure) and the maximum holding force FH (point 5 in the
figure). Another point of interest is the minimum activation
force (point 4 in the figure). This is the point where the
pressure in the bag as gone negative to Pmax.

Figure 10 shows the average holding forces over all four
activation force tests and three runs for each case. The effects
of fluidization over different geometries and the effects
of nubs versus no nubs over different geometries can be
compared. There is a margin of error of roughly 20% for
each value due to differing geometries and represents the
observed variance between runs.

Figure 10 also shows all tests for which identical con-
ditions exist except for fluidization to see the effect of
fluidization on holding force. To indicate in which cases
fluidization had significantly higher holding force (higher
than the margin of error), than the identical non-fluidized
case, the values are bolded in the table. Similarly, the effect



test # 1 2 3 10 11 12 13 14 15 4 5 6 7 8 9 16 17
object

no fluid balloon -0.44 -4.30 -9.93 -0.90 -8.43 -11.44 -1.04 -6.71 -16.84 -27.12 -9.11 -5.81 -15.89 -13.69 -10.32 -13.25 -15.96
no fluid nubs -31.48 -7.26 -4.24 -11.91 -8.81 -8.20 -11.80 -7.83 -11.59 -25.85 -9.29 -1.22 -13.68 -11.95 -4.07 -2.26 -3.90
fluidized balloon -0.03 -3.00 -17.26 -0.82 -27.76 -87.48 -0.76 -12.34 -28.08 -30.26 -15.73 -10.74 -21.02 -25.24 -21.64 -17.46 -24.54
fluidized nubs -32.65 -11.09 -7.44 -11.56 -12.54 -9.05 -11.72 -12.26 -14.60 -28.97 -13.34 -2.96 -17.19 -15.19 -8.64 -0.59 -3.19

Upright orientation Lateral orientation Floor

Fig. 10: Holding force in Newtons. Each value is the average of four activation forces values and three runs for each value.
Bolded values compare the fluidized to non-fluidized tests, highlighted/italicized values compare nubbed to balloon tests.

Fig. 9: This graph shows the measured force vs time. Points
of interest are numbered. (1) Gripper moves down and
contacts the object (2) Max Activation Force, gripper stops
(3) Vacuum pump turned on until a pressure of -50KPa is
reached (4) Minimum Activation force, the gripper starts
moving upwards (5) Maximum Holding Force

of geometry (i.e. nubs) can be analyzed. The cases in which
the nubbed gripper has significantly higher holding force than
the balloon gripper the values are highlighted and italicized.

V. DISCUSSION

The primary conclusions from the experiments are that
fluidization yields higher holding forces under a range of
geometry, and that the nubbed gripper yields higher holding
forces for objects whose convexity is in the range of the nubs
(e.g. small objects) likely because of interlocking forces. This
section will explain the reasoning for these conclusions.

A. Fluidization yields higher holding force

Figure 10 shows that most fluidized cases (23 out of 34) in
both the nubbed and balloon case have a significantly higher
holding force than the non-fluidized control cases. There are
only 2 cases that show the reverse, with the balance being
inconclusive within errors of margin.

If the relationship between FH and FA is linear, then
it would be reasonable to say the data also implies that
fluidization would also lead to a decrease in activation force.
However the data is not conclusive about FH and FA.

Intuitively, the gripper encompassing a larger area of the
object will yield a higher FH . From Equation 1 the Fs is
linear with A∗. Fi and Ff are probably not linearly related
with A∗, but Brown et. al show they increase monotonically

with contact angle for a sphere (an indication of how far
around a sphere the gripper has conformed). Assuming
increasing FA should increase the contact angle, one would
expect at least a monotonic relationship in the FH vs FA

graphs. Figure 13 shows 62 out of 68 data points being
monotonic, however, in the other three FH vs FA graphs,
that monotonic relationship is not as apparent. From this
data it is hard to conclusively claim that fluidization leads to
lower activation force though it is likely true for the nubbed
gripper when fluidized.

B. Nubs yield higher holding forces for certain sized objects

Figure 10 shows that the nubbed gripper has holding forces
larger than the balloon gripper (fluidized or not) for Experi-
ments 1, 2, 10, 13 (corresponding to the small and medium
sphere and the lateral small cylinder and parallelepiped) and
smaller holding force for Experiments 3, 15, 6, 9, 16 and 17
(the large objects in all cases and the two floor cases for the
small objects).

The observed effect for having larger holding force for
the smaller objects is that the concave portions of the
gripper lead to greater engagement of the object. A larger
angle of overlap increases the interlocking forces. In fact,
for Experiments 1, 10, and 13 (the small sphere, and the
small lateral cylinder and parallelepiped), Figure 10 shows
the nubbed gripper had a holding force several orders of
magnitude more than the balloon where the balloon gripper
would likely fail to hold the objects at all. In these cases
the nubs on the gripper could reach around the objects thus
leading to much larger interlocking forces. The data in Figure
10 show that the small sphere and small lateral cylinder also
had significantly stronger holding force in the nubbed gripper
than any of the other objects for the nubbed gripper cases.

The reasoning for the large objects having typically half
the FH relative to the balloon gripper is fairly straight
forward. Objects larger than the distance between the tips
of the gripper fingers (≈30mm) engaged nub tips instead
of between them. This reduced the contact surface area
as compared to the balloon gripper. That the two floor
experiments (16, 17) resulted in significantly lower holding
force versus experiments (10, 13) the same conditions, but
without the floor is a strong indication that the interlocking
forces are the primary reason for the larger holding force for
the nubbed gripper.

From this one might conclude that the large FH cases for
the nubbed gripper is not so much that the objects are small
as much as those objects fit well into the gap between the
nubs. Future work would include testing the nubbed gripper
on objects significantly smaller than this gap.



C. Surface area correlations

Consider the relationship of A∗ with FH for the different
cases in Figures 11 and 12. It is apparent that the non-
fluidized balloon case has a linear relationship between A∗

with FH , and that the nubbed cases do not. We conjecture
that Fs is the dominant component for the holding force of
the balloon gripper. An extra experiment used the medium
sized sphere coated with water to aid any seal formed
between the gripper and object. In this case, the balloon
gripper yielded twice the holding force as when the object
was dry. The nubbed gripper showed no significant change
in holding force with the wet object. This further supports
the idea that interlocking forces are the dominant force in
the nubbed gripper Experiments 1, 10 and 13.

D. The Chinese Finger Trap conjecture

The largest holding force of any of the experiments was
obtained with the balloon fluidized gripper Experiment 12
(average 87N) holding the largest cylinder in an upright ori-
entation. Examining this case can be helpful in understanding
the component forces (Fs, Fi and Ff ) of FH . The upright
cylinder has no undercuts, so there is no opportunity for
interlocking and Fi12 = 0. The surface area A∗

12 = 285
mm2 is large so Fs12 should be larger, but A∗

12 < A∗
6, A

∗
9

the lateral cases where A∗
6,9 = 971mm2. Even if it had a

perfect vacuum at 1 Atm, Fs12 = 28N at its largest. As
well, A∗

12 = A∗
3, the large sphere case which that would

have Fi3 > 0, yet the sphere case has FH = −17N.
The only remaining component is Ff to account for more

than 75% of the holding force. How can the Ff be so large?
One possible explanation is that the normal force of the
gripper around the sides of the cylinder is coupled with FH .
That is as the gripper pulls up, the large surface contact on
the sides of the cylinder pulls the bag material that causes it
to squeeze tighter increasing Ff . In one sense it is like the
Chinese finger trap toy in which fingers get stuck in a tube
that expand with friction of cylinders (like fingers) going in,
but shrink with friction of cylinders go out.

That this only happens with the fluidized case and not
the non-fluidized case maybe because of the much larger
engagement around the sides of the cylinder in the fluidized
case. That this doesn’t happen with the upright parallelepiped
or nubbed gripper would be due to the requirement for a large
uniform surface interaction.

Fig. 11: A∗ vs HF for non-lateral fluidized gripper cases

Fig. 12: A∗ vs HF for non-lateral not fluidized gripper cases

VI. CONCLUSION
The data in this paper clearly shows that fluidization

increases the maximum holding force for various object
geometry and given activation force. We suggest that this
increase is due to greater engagement of the object by the
gripper. The data also shows that bags with protrusions can
increase the interlocking features and enable several orders
of magnitude increase in holding force for some objects.

Fabricating a pulsing fluidization gripper is straight for-
ward and can utilize existing jamming gripper architecture.
Fabricating a nubbed gripper is harder to prototype, but mass
producing them should be similar to making latex gloves.

Much of the work in this paper confirms the results from
Brown et. al [4]. However, there are some areas which don’t
match. In particular, whether this new design can be used
to reduce the activation force in most cases is not as clear
from the data. Based on the holding force model from Brown
et. al, increasing the contact angle (which should happen with
increasing activation force) should yield increasing holding
force. This was not observed in most cases (Figures 13-16)
and deserves further investigation.

That a fingered geometry can be fabricated and has
significant improvements in some cases is a good first
step. It is a good indication that a characterizing objects
with a parametric model for finger/nub lengths would be
an important direction for future work. Other future work
includes verification of lower activation forces, (ideally much
lower than 10N) to enable the grasping of objects without
requiring a table or floor opposing the object. It is possible
that a Chinese Finger trap style self-locking holding force
was created accidentally with the proper conditions of one
of the experiments (number 12). It is intriguing to consider
this as a grasping modality more generally.

APPENDIX
The graphs in Figures 13-16 show how FH varies with

FA for each case. Each data point in the graph represents
the average of 3 runs. Note FH is shown negative since it is
measured in the opposite direction from FA. In the legend
of each figure, each experiment is labeled ’series n’ where
n is the test number listed in Figure 6.

Figure 15 includes Experiment 12 added separately as the
holding force was so large, plotting on the same scale would
make it difficult to observe any trends in the other data.



Fig. 13: Holding force for the nubbed gripper with fluidized
medium each of 4 activation forces (10, 15, 20, 25N) plotted
for the 17 geometric cases

Fig. 14: Holding force for the nubbed gripper without
fluidized medium
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Fig. 15: Holding force for the balloon gripper with fluidized
medium

Fig. 16: Holding force for the balloon gripper without
fluidized medium


