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1. Your VERSABALL® Kit Configuration

PCM S/N: QC:
Head S/N: QC:
QC:

QC:

QC:

Base QC: Adapter plate QC:

Custom configuration notes:

3/8 NPT - BSPP/BSPT Thread Adapter:

M5 & M6 Machine screws:

Final inspection:

15" Tubing:

Date:

John Amend, CTO
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2. Overview

Thank you for purchasing a VERSABALL® Gripper from Empire
Robotics. VERSABALL® utilizes Empire’'s proprietary granular
jamming technology to achieve flexible and adaptive gripping through
rapid hardness modulation. For video demonstrations of the
capabilities of this technology visit empirerobotics.com/videos .

This product manual documents the specific VERSABALL® products
included in a typical Research Kit:

A. Pneumatic Control Module (PCM)

B. Gripper Base

C. Adapter Plate

D. 6.5-inch Head

E. 3.5-inch Head

Our Research Kit products are intended as an example embodiment
of our granular jamming technology, suitable for conveying operating
principals to the customer. Research Kits are not intended for full -
time deployment . Empire sells deployment-ready grippers by
tailoring product configuration and performance to a specific

customer’s needs. Customizable options include: Head size, Head
shape, durability, speed, air consumption, multi -gripper arrays, and
more. See Section 13 for more details. To discuss deployment
configurations, please contact info@empirerobotics.com.

This product manual contains important safety, installation, and
usage information to help you get the most out of your VERSABALL®
Gripper. Because your VERSABALL® represents a uniqgue new
technology, we recommend reading this manual thoroughly . If you
have additional questions, if you need help installing or operating your
gripper, or if your gripper is not performing as expected, ple ase don’t
hesitate to contact us at support@empirerobotics.com.

At Empire Robotics we continually strive to deliver the highest quality
products. Your feedback is appreciated and may be provided by
email at feedback@empirerobotics.com. Thank you for choosing
Empire Robotics!
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3. Quick Start Guide & Onsite Support

This section contains abbreviated instructions on how to get your
VERSABALL® Gripper up and running. Video tutorials are also
available at empirerobotics.com/support to help illustrate installation
procedures and best practices for gripping. This section does not
serve as a substitute for the important safety information in Section
4. Detailed installation instructions are provided in Section 8. Empire
Robotics also offers onsite installation, service, and application
evaluations to help you get the most out of your VERSABALL®
Gripper. See Section 14 for more details.

VERSABALL® Gripper Quick Start :

1 Remove the Head from the ——
Base by releasing the four |
over-center draw latches (see \A A/
Section 5 for clarification on ~ ’
component terminology .

2 Separate the Adapter Plate
from the Base by removing the
four radially located M5 x
10mm cap screws.

3 Align the Adapter Plate with
your robot's wrist and install
using the M5 or M6 flat head
screws provided.

4 Reattach the Base to the Adapter Plate using the four M5 x 10mm
socket head cap screws (see step 2).
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5 Reconnect the Head to the Base. Push the Head directly onto the
Base and close the four over-center draw latches (see step 1).

6 Use the provided mounting
holes to  secure your
Pneumatic Control Module
(PCM) to a surface located on
or near your robot arm. Do not
obstruct the ehxaust cylinders
(beneith the quick-disconnect
air input).

7 Supply 80 psi compressed air
to the PCM using the 3/8 NPT
quick-disconnect. A 3/8 NPT -
BSPP/BSPT adapter is
provided if needed.

8 Connect the PCM and the
Base with the provided ¥z inch
diameter air tubing, using the
push-to-connect fittings. Cut
tubing to a shorter length if
needed. Keep tubing length
under 20 ft.

9 Electrically connect the “GRIP”
and “RELEASE” solenoid
valves to your robot's digital
output panel. The PCM valves
will run on either 12vDC or
24VDC.

—

==

10 Congratulations, installation is now complete . Refer to Section 9 for
the required calibration procedure. Later, Section 11 gives
operating recommendations including example pseudocode. Visit
empirerobotics.com/support for video tutorials on best practices
for gripping different objects.
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4. Safety Information & MSDS
Specific safety risks associated with your VERSABALL® Gripper may
include but are not limited to the following. See Section 5 for
clarification on component terminology.

General hazards:

F.

Your VERSABALL® Gripperis typically safe to use in very
close proximity to human workers, providing safety
advantages when in its soft compliant state. However,
your VERSABALL® Gripper also contains hard metal
components and the gripper Heads become very hard
when vacuum-jammed. Therefore if misused, the gripper
is capable of causing significant bodily harm (e.g. if it
strikes a person when in use on a fast-moving robot arm).
It is recommended to operate the gripper only after
performing an appropriate risk assessment.

Your VERSABALL® Gripper is not rated for direct contact
with food products .

Your VERSABALL® Gripper should be treated as a piece
of industrial equipment. Because of the variety of
potential safety hazards described here, we do not
recommend that children use this device.

Balloon membrane hazards:

Your VERSABALL® Gripper contains mechanisms to
prevent overinflation of the balloon, however as
described in Section 9, you have the ability to override
the overinflate protection if needed. Exercise additional
caution whenever you override the overinflation
protection.

The outer balloon membrane of your VERSABALL®
Gripper consists of a proprietary blend of elastomeric
materials and may contain some natural rubber latex.
Those with latex allergies should avoid direct skin
contact with the balloon membrane.

Granular material hazards:
K. Your VERSABALL® Gripper contains redundant filtering

mechanisms to prevent dust particles from entering the
atmosphere. In normal use, the VERSABALL® Gripper

VERSABALL®



emits trace amounts of dust into the atmosphere. These
levels have been measured to be well below the OSHA
recommended limits for respirable dust and nuisance
dust, as documented in the material’'s MSDS .

L. If your gripper overinflates, violently collides with a sharp
object, is used beyond its intended service life, or
experiences some other unforeseen failure, the granular
material contained within the gripper could be released
into the environment. The grains are non-toxic and can
be cleaned up with a dustpan or vacuum cleaner. During
such a failure, some nuisance airborne dust may also be
released, which in turn could lead to the unlikely but
possible event of mechanical lung irritation (silicosis).
Dampening the granular material with water spray will
reduce the risk of lung irritation during cleanup.

M. If dust reaches your eyes, it could potentially cause
mechanical eye irritation. If eye irritation occurs, gently
rinse your eyes with water. It is advised to wear safety
glasses if you are working in very close proximity to the
gripper — especially if you choose to override your
overinflate protection .
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Material Safety Data S heet (MSDS)
VERSABALL® Granular Material

1. PRODUCT AND COMPANY IDENTIFICATION
Product Name: VERSABALL GRANULAR MATERIAL
Chemical Family: PROPRIETARY (ORGANIC)

Empire Robotics, Inc.
12 Channel Street
Suite 202

Boston, MA 02210

2. COMPOSITION/INFORMATIO N ON INGREDIENTS
Natural/Organic mixture of proprietary materials
Hazardous Ingredients: None

3. HAZARDS IDENTIFICATION

Material is granular and light brown with no odor.

Avoid creating airborne dust. Avoid ignition sources. Provide ventilation.
Avoid breathing dust. Spilled material can be slippery and cause falls if
walked on.

Potential Health Effects:

EYE: Solid or dusts may cause irritation or scratch the surface of the eye.
SKIN: N/A

INGESTION: N/A

INHALATION: Potential respiratory tract irritation.

CHRONIC HEALTH EFFECTS: None known.

SARA: This material is not considered hazardous

4. FIRST AID MEASURES

EYES: Flush with water.

SKIN: Wash with soap and water.

INGESTION: N/A

INHALATION: Remove to fresh air. Call physician if irritation persists.

5. FIRE FIGHTING MEASURES

Flammable Properties: Flash point is approximately 375 degrees Fahrenheit.
Flammable Limits: approximately 460 degrees Fahrenheit

Hazardous Combustion Products: None

Extinguishing Media: Water

Unusual Fire and Explosion Hazards: None. If improperly handled, stored,
and/or exposed to an ignition source, this material may burn.

6. ACCIDENTAL RELEASE MEASURES

Sweep up and place in appropriate disposal container. Spilled material can
be a slipping hazard. Eliminate flames, sparks, and/or excessive
temperatures.
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7. HANDLING AND STORAGE

HANDLING: Avoid contact with eyes. Use in a well-ventilated area.
STORAGE: Store in closed, properly labeled containers in a cool, ventilated
area. Keep away from heat and open flames.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION
ENGINEERING CONTROLS: Local exhaust- nuisance dust levels
RESPIRATORY PROTECTION: N/A

SKIN PROTECTION: N/A

EYE PROTECTION: Safety glasses, goggles and/or a face shield
OTHER PROTECTIVE EQUIPMENT: None necessary.

9. PHYSICAL AND CHEMICAL PROPERTIES
BOILING POINT: N/A

MELTING POINT: N/A

VAPOR PRESSURE: N/A

VAPOR DENSITY: N/A

SOLUBILITY IN WATER: N/A

EVAPORATION RATE: N/A

SPECIFIC GRAVITY: (H20=1): 1.2-1.35

pH: 4to 5 @ 25 degrees C

APPEARANCE: Granular or powdery, light brown.

10. STABILTY AND REACTIVITY

CHEMICAL STABILITY: (Conditions to avoid) Excessive heat and/or ignition
sources.

INCOMPATIBILITY: None known

HAZARDOUS POLYMERIZATION: Will not occur.

STABILITY: Stable

11. TOXICOLOGICAL INFORMATION
Toxic Substance Control Act (TSCA): VERSABALL® Granular Material is an
organic product and not subject to TSCA requirements.

12. ECOLOGICAL INFORMATION
Non-hazardous. Always comply with federal, state, and local environmental
regulations.

13. DISPOSAL CONSIDERATIONS
Dispose as solid waste in sanitary landfill according to federal, state, and
local regulations.

14. TRANSPORT INFORMATION
DOT: Not regulated.

15. REGULATORY INFORMATION
N/A
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16. OTHER INFORMATION

The information in this MSDS was obtained from sources we believe are
reliable. However, it is provided without any representation or warranty,

expressed or implied, regarding accuracy or correctness. The conditions or

methods of handling, storage, use and disposal of the product are beyond

our control and may be beyond our know ledge. For this and other reasons,
we do not assume responsibility and expressly disclaim liability for loss,

damage or expense arising out of or in any way connected with the handling,
storage, use, or disposal of the product.

£ 10 VERSABALL®



5. Products and Terminology

VERSABALL® Grippers utilize a modular design to enable different
Heads to be coupled to a common Base. The Adapter Plate enables
the Base to be mounted to a variety of robots, and the Pneumatic
Control Module (PCM) manages the airflow. Figure 1 depicts the
VERSABALL® components included with a typical Research Kit
purchase.

Additional VERSABALL® products are also available. Please refer to
empirerobotics.com/products for the latest product informatio n.

Figure 1

Adapter Plate

<4—  Gripper Base

/ 6.5-inch Head
/

) \\ 3.5-inch Head
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6. Technical Specifications

Technical specifications for the VERSABALL® Gripper Research Kit
are detailed in the following tables. For best practices on how to
achieve maximum performance, see  Section 11.

These specifications do not represent the full range of customizable
options available from Empire Robotics. Customizable options
include: Head size, Head shape, durability, speed, air consumption,
multi-gripper arrays, and more. Contact info@empirerobotics.com for
more information about these options.

Pneumatic Control Module (PCM) Specifications:

two 12/24 VDC solenoid valves @
250 mA each

compressed air supplied at 80 psi
(550 kPa)and at least 20 SCFM (566
SLPM); ensure all upstream internal
diameters are at least 3/8 in (9.5 mm)

Electrical connection

Pneumatic connection

. 511b
Weight 2.3 kg)
. 8.5x9.0x 3.5in
Overall size

(21.6 x 22.9 x 8.9 cm)
~85 dB

@ 3 ft(1 m)away
~33°Fto 160° F
(~1°Cto 71°C)

Volume (noise)

Operating temperature

Gripper Base & Adapter Plate Specifications:
Weight 1.1 1b (0.5 kg)

3.5x4.7x15in
(8.9x11.9x 3.8 cm)
~33°Fto 160° F
(~1°Cto 71°C)

Overall size

Operating temperature
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Gripper Head Specifications:

(Base + Head)

Small Head Large Head
Head diameter 3.5in (9 cm) 6.5in (16.5 cm)
Head weight 1.3 1b (0.6 kg) 5.3 b (2.4 kg)
Total EOAT weight 2.41b (1.1 kg) 6.4 Ib (2.9 kg)

Head size (standalone)

3.5x3.5x3.8in
(8.9x8.9x 9.7 cm)

6.5x6.5x 6.5in
(16.5x 16.5 X 16.5

cm)
3.5x4.7x5.3in 6.5x6.5x8.0
Total size (Base + Head) (8.9x11.9x 13.5 (16.5x 16.5x 20.3
cm) cm)
. - ~ 0.02 ft3/grip ~ 0.1 ft3/grip
Alr use per grip (~ 0.6 L/grip) (~2.8 L/ grip)

Head life cycle*

20,000 - 60,000 grips

Operating temperature

~33°Fto0 160° F (~ 1° Cto 71 °C)

Max tangential payload * ~201b (89 N) ~401b (178 N)
. " ~0-101b ~0-201b
Retention (pull-out) force (~0—44 N) (~0—89 N)
Required contact ~5-151Ib ~10-201b
(deformation) force* (=22 N -66 N) (~44 N -89 N)

Pinching pressure on
object*

~ 5 psi (35 kPa)

~ 7 psi (48 kPa)

Grip time
(evacuation to 20 inHg)

0.1s

0.7s

Sealed vacuum hold time

greater than 3 minutes

Release time*

~0.15s

~1s

Placement precision
(lineary

~+0.03in (0.7 mm)

Placement precision
(angulary

~+ 2° (0.03 rad)

Target object size range*

~ 50% Head diameter +/- 20%

Shelf life

Heads are marked with a use-by date.
Typical shelf life is 12 months

* Depends heavily on object geometry, surface properties, and programming practices.

See Section 11 for details.

Model CV2-1

139




214 VERSABALL®



7. Air Supply Requirement s

The most critical aspect of the installation process is ensuring
adequate air supply. Without proper air supply, your VERSABALL®
Gripper’s performance will be significantly reduced .

Your VERSABALL® Gripper requires just one pressurized air input at
the PCM, as shown in Figure 2. Note: the gripper will generate the
required vacuum from the pressurized air. Do not supply a vacuum
line at this port; the gripper accepts pressurized air only

Figure 2
==
Release Valve ——p — | gﬂl <— Air Output to Base
Air Input
3/8NPT T

(3/8 BSPP/BSPT
adapter included)

L]

Grip Valve ——p —{ |

The PCM comes with a quick-disconnect fitting installed at the valve
input. The female quick-disconnect is shipped with 3/8 NPT female
threads. Your Kit also contains an adapter so that you may
convert to 3/8 BSPP/BSPT threads if desired . Thread your supply
hose into the female connector to pr ovide the PCM with air.

The PCM and Base modules should be connected with the Y2-inch
outer-diameter tubing that has been provided with your Kit (See
Figure 3). A length of appropriate tubing has been included in your
shipment. This tubing should not exceed a length of 20 ft.
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Figure 3

% in OD tubing
max length 20 ft

Upstream air supply requirements:

For optimal performance, pressurized air should be supplied at 80
psi. The pressure must not exceed 90 psi. All pneumatic components
(couplings, fittings, regulators, etc.) located upstream of the gripper
should be rated for flow rates in excess of 25 SCFM, and should have
a minimum internal diameter of 3/8 in. Long distances and large
numbers of pneumatic components increase the resistance to flow in

an additive manner, and should be avoided.

Moisture and other contaminates in the air can negatively
influence the performance  of your gripper, so filtering and
dehumidifying your air supply is recommended. We recommend
Clippard p/n MMF -4W-F5 as an inexpensive option if you have no
other filtering or moisture -separation equipment in place.
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Testing your air supply:

Test your air supply to ensure that proper pressure and flow rate are
available for the gripper. Simply checking the rating on your
compressor is insufficient due to restrictions, distance, and other

losses as mentioned previously. Utilizing a pressure gauge and flow
meter is recommended. You can also directly confirm the adequacy
of your air supply testing with your VERSABALL® Gripper. See the
calibration procedure in Section 9 for more information.

At the PCM input, your air supply should be capable of providing 80

psi with a flow rate of at least 20 SCFM. Measure these when the
hose is disconnected from the gripper. Most shop air supplies will
easily meet these requirements at the nearest pipe. Supplying your
gripper with adequate airflow is simply a matter of ensuring that
appropriate fittings and tubing are used between the pipe and the

PCM. If it is not possible for you to provide adequate air supply,
contact support@empirerobotics.com to discuss possible options for
reconfiguring the gripper.
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8. Detailed Installation Instructions

Make sure that your robot is powered down and in a safe position
before installing your gripper. Turn off the air supply at an upstream
shut-off valve during installation. Installation is easiest if the robot’s
wrist is oriented upward.

VERSABALL® Head Removal

Your VERSABALL® Gripper comes shipped with the 3.5 -inch Head
attached to the Base. In order to install the gripper, you'll first need
to remove the Head from the Base. Simply release the four over-
center draw latches and remove the Head, as shown in Figure 4.

Figure 4

VERSABALL® Base Installation

Your VERSABALL® Gripper comes with an Adapter Plate and
mounting screws in order to i nterface with a variety of industrial robot
arms. During shipping, the Adapter Plate is attached to the Base.
Remove the Adapter Plate from Base by removing the four radially
located M5 x 10 mm socket head cap screws as shown in Figure 5.

Figure 5
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Next, determine which set of slots in the Adapter Plate match the bolt
pattern on your robot’s wrist (generally 4 mounting screws will be
needed). A drawing and associated table of the bolt patterns provided
on the Adapter Plate is shown in Figure 6.

Figure 6
REFERENCE HOLE PATTERN DETAIL

A COUNTERSUNK CLEARANCE SLOTS:
4X M5 ON A 31.5-70mm DIAMETER

B COUNTERSUNK CLEARANCE SLOTS:

4X M6 ON A 32-50mm DIAMETER

c TAPPED HOLES(FOR VERSABALL BASE)

4X M5 ¥ 7.5 ON A 56mm DIAMETER

Align the Adapter Plate with your robot’s wrist and install using the
M5 or M6 flat head screws provided (see Figure 7).

Figure 7
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Although the Adapter Plate is compatible with many industrial robots,
you may find that it is incompatible with your system. In this case,
we can provide you with a blank or custom Adapter Plate to suit your
needs. Contact support@empirerobotics.com and we will be happy
to assist you.

Next, reattach the Base to the Adapter Plate using the four M5 x 10
mm socket head cap screws (again see Figure 5). Be sure to align the
Base so that the pneumatic port is well situated for easy access.

VERSABALL® Head Installation

To reconnect a VERSABALL® Head to the installed Base, push the
Head directly onto the Base and close the four over -center draw
latches (again, see Figure 4). This process is identical regardless of
Head size.

If you wish to mount a VERSABALL® Gripper Head separately from
the Base (for example in an array of Heads), mechanical and
pneumatic mounting provisions are provided in Figure 8. These
provisions are identical regardless of Head size. When mounting
Heads without the provided Base, you must still use the provided
Pneumatic Control Module (PCM) to regulate airflow to your
gripper and ensure proper performance. Use of VERSABALL®
Heads without the PCM is prohibited by our Terms and Conditions
(Section 15).

Figure 8
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VERSABALL® Pneu matic Control Module (PCM) Install ation
Pneumatic control and vacuum generation for your VERSABALL®
Gripper is handled by the Pneumatic Control Module (PCM). This
module is designed to be mounted separately from the end -of-arm
tool, and connect ed to the gripper Base with a length of provid ed air
tubing no longer than 20 ft. The mounting hole pattern for your PCM
is shown in Figure 9, and we recommend securing the PCM to a
surface located on or near your robot arm. Do not obstruct the
exhaust cylinders or gripping performance may be reduced.

Figure 9

A quick-disconnect is provided for the air input to the PCM. This
fitting has a 3/8 NPT female connection. A 3/8 NPT — BSPP/BSPT
adapter is provided with your Kit if needed. See Section 7 for the air
supply requirements that must be provided at the PCM input.

Connect the PCM and the Base with the provided ¥%:-inch diameter
air tubing, by using the push-to-connect fittings (see Figure 3). Cut
the provided tubing to an appropriate length, making sure to leave
enough length to allow for full range of motion of the robot. Double
check that the hose is seated deeply in the push -to-connect fittings.
An improperly installed hose is a common source of air leakage.
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The solenoid valves on the PCM are labeled “GRIP” and “RELEASE”
(see Figure 2). Connect the wires from each valve to your robot’s
digital output panel. The PCM valves will run on either 12VDC or
24VDC at 250 mA. Make a note indicating which output each valve is
connected to. A space for notes is provided in Section 17 of this
manual.
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9. Required Calibration

Your VERSABALL® Gripper comes with a diagnostic vacuum gauge
installed on the PCM. We recommend the following procedure to
confirm your grippers performance immediately following
installation. Use the large 6.5-inch Head for this test.

1. Carefully turn on your air supply to the PCM and listen for air leaks.

2. The flow-control valve (see Figure 2) installed on the PCM is
shipped fully closed. Confirm that the valve is closed by turning
clockwise. The number “0” should be visible on the dial.

3. Find the blue push buttons located on the PCM'’s solenoid valve
pack (located near the “GRIP” and “RELEASE” labels). These buttons
enable manual operation of the valves by bypassing the electrical
connection.

4. Press and hold the blue button fo r the valve labeled “RELEASE”.
No air should flow because the flow -control valve is fully closed. With
the blue button depressed, unlock the flow -control valve by pulling
outward on the knob, then slowly turn counter-clockwise so that air
can begin flowing into the Base/Head. Mechanisms within the PCM
will limit the expansion of the Head and prevent overinflation.
Continue opening the flow -control valve until the Head reaches a
steady-state enlargement of about 15%. Typically this will take 5 to 7
full rotations of the valve screw. You can squeeze the Head during
this process and it should be very soft. Press inward on the flow-
control knob to lock it in position. Release the blue push button.

5. While watching the included vacuum gauge installed on the PCM,
press and hold the blue button for the valve labeled “GRIP” for about
2 seconds. After you release the blue button, the vacuum gauge
needle should hold steady in the green section of the dial (higher than
20 inHg).

If the gauge does not reach the green sectio n, there is most likely an
upstream restriction in your air supply. If the gauge needle drops
quickly back to zero instead of holding steady, the hose between the
PCM and the Base has most likely been connected improperly.
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6. Switch back and forth between op ening the GRIP and RELEASE
valves several times to make sure performance similar to Figure 10 is
achieved. Detailed measurements are not necessary. Simply
confirming that the gripper exceeds 20 inHg vacuum in under 1
second is sufficient.

Figure 10

7. Adjusting the flow-control valve on the release port will require
some iterative tuning because a tradeoff exists between inflation
speed (object release/ejection time) and overinflation protection. You
can override your overinflate protection t o achieve the fastest ejection
speeds when you open the flow control valve beyond about 7 turns.
This is a fine way to use your gripper, but comes with obvious
additional risk. See Section 11 for additional operation
recommendations.

If you are achieving performance similar to Figure 10 with your
gripper, then the calibration is complete and the gripper has been
installed successfully. If you are unable to achieve performance
similar to Figure 10, contact support@empirerobotics.com and we
will be happy to assist you.
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10. Principals of Operation

VERSABALL® Grippers utilize a technology known as granular
jamming to grip and release objects through rapid hardness

modulation as shown in Figure 11. You can see this same effect if you
buy vacuum-packed coffee at the grocery store —hard as a brick until
you release the seal, whereupon the particles will flow more like a
fluid. It is useful to keep this concept in mind when you are working

with your gripper (vacuum-pack the gripper so that it will become rigid
and grip onto an object, inflate the gripper to release the object and
then again to soften for contact with the next object ).

Figure 11

When gripping a target object, VERSABALL® Grippers may achieve
retention forces by three independent mechanisms, as shown in
Figure 12. On the left, friction forces from pinching are the most
common, and these forces develop during the small volume
contraction that occurs when the gripper is vacuum-hardened. In the
center, entrapment of the object can occur if the gripper ca n wrap
around some geometric feature. Finally on the right, a vacuum -
suction force can develop in the sealed gap that forms between the
gripper and a smooth object.

Figure 12
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11. Programming and Operation Recommendations

The following guidelines are meant to help you maximize the
performance of your VERSABALL® Gripper. These guidelines can be
applied toward many types of target objects, though gripping
performance is highly dependent on the specific characteristics of
each target object. These characteristics primarily include: size,
shape, weight, hardness, and surface texture. In general, the
performance of your VERSABALL® Gripper will correlate with how
well the gripper can conform to the target object.

The gripper’s versatility does allow it to oper ate well outside these
optimum guidelines, however the farther from optimum any operation

is, the less predictable the performance will be. Be careful not to

sacrifice opti mal performance by forgoing careful programming.

It is worthwhile to take the time t o program your gripping routine a bit
more carefully in order to get the best results from your gripper.

When programming you should either always use a “pulse” command
to activate your gripper’s control valves, or set interrupts so that both
valves will default to off whenever the robot encounters an emergency
stop signal (or both). A pulse command will normally return even in
the event of an emergency-stop (as opposed to a “wait” command,
which will typically hang in the event of an emergency stop).

Using pulse commands should greatly reduce the risk of overinflating
your gripper. Nevertheless, we highly recommend that you do not

open the positive pressure flow -control valve far enough to override
your overinflation protection until programming is mostly complete (or
preferably never). The risk of overinflating your gripper is highest
during programming. In the event that you do make a programming

mistake and begin overinflating the Head, a quick way to rescue it is
to first e-stop your robot , and then quickly remove the air supply from
the PCM using the quick -disconnect.

A step-by-step guide through the gripping sequence follows next.
Example pseudocode is provided at the end of this section.
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Approaching the target object

If possible, the target object should be presented on a flat rigid
surface. VERSABALL® Grippers can reliably grip objects of varying
size, however the optimal width of the target object (or the feature on
the target object that the gripper interfa ces with) that results in the
highest payload capacity is approximately one half of the diameter

of the gripper , as shown in Figure 13.

Figure 13

Note that the height of the target object is also a crucial factor; taller
objects typically have more available surface area on which the
VERSABALL® Gripper can generate side-pinching forces, as shown
in Figure 14.

Figure 14

Approach the target object from above as shown in Figure 15. The
gripper should be oriented vertically downward as depicted.
Whenever possible, a pproach in the direction perpendicular to
the work surface. Not only does this prevent unintentional
movement of the target object, but it also minimizes the force
required to deform the gripper.
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Figure 15

Greater retention forces are generally achieved when the target
objectis aligned with the gripper’s central axis , as shown in Figure
16. Careful alignment enables more symmetrical generation of grip
forces, which typically translates to higher retention forces.

Figure 16

For more complex target objects, as shown in Figure 17, the optimal
alignment may be away from the object's center. |f there are
prominent features on the target object that are conducive to good
grips, then it may be preferable to center the gripper on these features

instead.
Figure 17
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When objects extend outside of the gripper’s diameter in at least one
dimension, as shown in Figure 18, it is typically preferable to align
the center of the gripper with the center of mass (CoM) of the
target object . This strategy minimizes rotational moments that can

weaken the grip.
Figure 18

Conforming to the target object :

Just before the gripper makes contact with the target object , begin
applying positive pressure in orde r to soften the gripper (i.e. pulse the
RELEASE valvg. The pulse can, for example, last approximately 1
second and can occur while the gripper is moving. In most, it is
advantageous to continue applying positive pressure as the gripper
is pressed onto the target object to aid in gripper deformation.

When ideally u