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Terms and Conditions Agreement

Warranties

a. Exclusive Warranty. Omron’s exclusive warranty is that the Products will be free from
defects in materials and workmanship for a period of twelve months from the date of
sale by Omron (or such other period expressed in writing by Omron). Omron disclaims
all other warranties, express or implied.

b. Limitations. OMRON MAKES NO WARRANTY OR REPRESENTATION, EXPRESS OR
IMPLIED, ABOUT NON-INFRINGEMENT, MERCHANTABILITY OR FITNESS FOR A
PARTICULAR PURPOSE OF THE PRODUCTS. BUYER ACKNOWLEDGES THAT IT
ALONE HAS DETERMINED THAT THE PRODUCTS WILL SUITABLY MEET THE
REQUIREMENTS OF THEIR INTENDED USE. Omron further disclaims all warranties
and responsibility of any type for claims or expenses based on infringement by the
Products or otherwise of any intellectual property right.

c. Buyer Remedy. Omron’s sole obligation hereunder shall be, at Omron’s election, to (i)
replace (in the form originally shipped with Buyer responsible for labor charges for
removal or replacement thereof) the non-complying Product, (ii) repair the non-com-
plying Product, or (iii) repay or credit Buyer an amount equal to the purchase price of
the non-complying Product; provided that in no event shall Omron be responsible for
warranty, repair, indemnity or any other claims or expenses regarding the Products
unless Omron’s analysis confirms that the Products were properly handled, stored,
installed and maintained and not subject to contamination, abuse, misuse or inap-
propriate modification. Return of any Products by Buyer must be approved in writing
by Omron before shipment. Omron Companies shall not be liable for the suitability or
unsuitability or the results from the use of Products in combination with any electrical
or electronic components, circuits, system assemblies or any other materials or sub-
stances or environments. Any advice, recommendations or information given orally or
in writing, are not to be construed as an amendment or addition to the above warranty.
See http://www.omron.com/global/ or contact your Omron representative for published
information.

Limitation on Liability; Etc.

OMRON COMPANIES SHALL NOT BE LIABLE FOR SPECIAL, INDIRECT, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, LOSS OF PROFITS OR PRODUCTION OR COMMERCIAL
LOSS IN ANY WAY CONNECTED WITH THE PRODUCTS, WHETHER SUCH CLAIM IS
BASED IN CONTRACT, WARRANTY, NEGLIGENCE OR STRICT LIABILITY.

Further, in no event shall liability of Omron Companies exceed the individual price of the
Product on which liability is asserted.
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Suitability of Use.

Omron Companies shall not be responsible for conformity with any standards, codes or reg-
ulations which apply to the combination of the Product in the Buyer’s application or use of the
Product. At Buyer’s request, Omron will provide applicable third party certification documents
identifying ratings and limitations of use which apply to the Product. This information by
itself is not sufficient for a complete determination of the suitability of the Product in com-
bination with the end product, machine, system, or other application or use. Buyer shall be
solely responsible for determining appropriateness of the particular Product with respect to
Buyer’s application, product or system. Buyer shall take application responsibility in all cases.
NEVER USE THE PRODUCT FOR AN APPLICATION INVOLVING SERIOUS RISK TO LIFE
OR PROPERTY WITHOUT ENSURING THAT THE SYSTEM AS A WHOLE HAS BEEN
DESIGNED TO ADDRESS THE RISKS, AND THAT THE OMRON PRODUCT(S) IS
PROPERLY RATED AND INSTALLED FOR THE INTENDED USE WITHIN THE OVERALL
EQUIPMENT OR SYSTEM.

Programmable Products

Omron Companies shall not be responsible for the user’s programming of a programmable
Product, or any consequence thereof.

Performance Data

Data presented in Omron Company websites, catalogs and other materials is provided as a
guide for the user in determining suitability and does not constitute a warranty. It may rep-
resent the result of Omron’s test conditions, and the user must correlate it to actual application
requirements. Actual performance is subject to the Omron’s Warranty and Limitations of Liab-
ility.

Change in Specifications

Product specifications and accessories may be changed at any time based on improvements
and other reasons. It is our practice to change part numbers when published ratings or fea-
tures are changed, or when significant construction changes are made. However, some spe-
cifications of the Product may be changed without any notice. When in doubt, special part
numbers may be assigned to fix or establish key specifications for your application. Please con-
sult with your Omron’s representative at any time to confirm actual specifications of pur-
chased Product.

Errors and Omissions

Information presented by Omron Companies has been checked and is believed to be accurate;
however, no responsibility is assumed for clerical, typographical or proofreading errors or
omissions.

Even if it conforms to all instructions in this safety guide, it isn't possible to guarantee
that a robot system will be free from an accident resulting in injury or death or con-
siderable damage to property caused by the industrial robot. It is the customer's
responsibility to implement appropriate security measures based on their own risk
assessment.
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Revision History

Revision History

Revision Date Revised Content
code
01 January, | Original release
2017
02 January, « Changed upper battery storage temperature from 60°C to
2018 45°C.
« Added LD-90x (with LD-130CT) as being difficult to move with
brake released.
« Added Revision History. Revised definitions for Danger, Warning,
and Caution to align with Omron’s standards.
« Added Burn, Entanglement, and Explosion alerts, as well as Spe-
cial Information.
03 August, « Added Chapter: Safety Function Description.
2018 o Added Fire Hazard, Tip Hazard, and ESD Risk to Alerts and Spe-
cial Information chapter.
« Removed Explosion Risk.
« Replaced Explosion with Fire in Operational Safety chapter.
« Minor typo fixes.
04 February, « Added Enterprise Manager 2100 whenever the Enterprise Man-
2019 ager 1100 was mentioned.
« Replaced "AIV" with "AMR".
05 June, « Revised Fleet definition in Definitions section in Chapter 2.

2019 « Removed Enterprise Manager (1100 or 2100) from Definitions
section in Chapter 2.

o Added EM2100, FLOW Core, Fleet Operations Workspace
(FLOW), and Fleet Manager to Definitions section in Chapter 2.

« Replaced Enterprise Manager with Fleet Manager where applic-
able.

« Added laser emitter icon and meaning to Chapter 1: Alerts and
Special Information.

« Replaced all "Omron Adept Technologies, Inc." with "Omron
Robotics and Safety Technologies, Inc.", and where applicable
only mentioned Omron instead of full "Omron Robotics and
Safety Technologies, Inc.".

« Updated Techpubs email address to Techpubs@omron.com. It
was previously Techpubs@adept.com.

« Replaced "Omron Support" with "Omron Representative"
throughout the manual.

« Revised the IMPORTANT note in Avoidance section in Chapter 2.

« Replaced "LD Platform" with "AMR" in User’s Responsibility sec-
tion in Chapter 2.

« Replaced "LD Platform" with "AMR" in Qualification of Personnel
section in Chapter 2.

« Addedthe word "Robot" to Table 3-2, row SF5, column "what is
controlled".
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Revision

Date Revised Content
code
« Replaced Mobile Robot Software Suite with MobilePlanner in Con-
figurable Warning Buzzer section in Chapter 2.
06 October, « Added information about manually moving the LD-250 to

2019 Chapter 2.

« Added LD-250 to Definitions in Chapter 2.

« Changed laser detection height to 190 mm in Physical Barriers.

« Changed Platform Covers title to include LD-60, LD-90 and LD-
xxxCT Only in Chapter 2.

« Changed Configurable Warning Buzzer to apply to common
default behavior in Chapter 2.

« Corrected erroneous statement about laser interference in
Multi-AMR Avoidance in Chapter 2.

o Added LD-250 Rear Sensor to Avoidance in Chapter 2. Changed
wording to comply withobstacle detection by remote sensing,
instead of contact bumping.

« Modified the statement in Public Access in Chapter 2 to include
LD-250.

« Updated Chapter 3: Safety Function Description to include a
new graphic that includes LD-250 and to remove the bumpers,
which are not part of the safety system. Added LD-250 3 E-
Stops and rear sensors to the table.
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Chapter 1: Alerts and Special Information

Chapter 1: Alerts and Special Information

Alert Levels

There are three levels of alert notation used in our manuals. In descending order of import-
ance, they are:

DANGER: Identifies an imminently hazardous situation which, if not
avoided, is likely to result in serious injury, and might result in death or severe
property damage.

WARNING: Identifies a potentially hazardous situation which, if not avoided,
will result in minor or moderate injury, and might result in serious injury,
death, or significant property damage.

CAUTION: Identifies a potentially hazardous situation which, if not avoided,
might result in minor injury, moderate injury, or property damage.

> P B

Alert Icons

The icon that starts each alert can be used to indicate the type of hazard. These will be used
with the appropriate signal word - Danger, Warning, or Caution - to indicate the severity of the
hazard. The text following the signal word will specify what the risk is, and how to avoid it.

Icon Meaning Icon Meaning

This is a generic alert icon. Any
specifics on the risk will be in the
text following the signal word.

This identifies a hazardous burn
risk.

This identifies a hazardous elec-
trical situation.

This identifies an entanglement
risk.

This identifies a hazardous fire
risk.

This identifies an ESD risk.

This identifies a laser emitter
eye damage risk.

This identifies a tip hazard.

> P
B> > B
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Special Information

There are several types of notation used to call out special information.

10

IMPORTANT: Information to ensure safe use of the product.
NOTE: Information for more effective use of the product.

Additional Information: Offers helpful tips, recommendations, and best prac-
tices.

Version Information: Information on differences in specifications or com-
patibilities of different versions of hardware or software.

Mobile Robot LD Safety Guide
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Chapter 2: Operational Safety

Chapter 2: Operational Safety

2.1 What to Do in an Emergency or Abnormal Situation

Press any E-Stop button (a red push-button on a yellow background) and then follow the
internal procedures of your company or organization for an emergency or abnormal situation.
If a fire occurs, use a type D extinguisher: foam, dry chemical, or CO,.

Releasing the Brakes

In case of an emergency or abnormal situation, the LD Platform AMRs can be manually
moved. However, only qualified personnel who have read and understood this manual and
the AMR user’s guide should manually move the AMR. The brakes on the drive wheels can
be released with the brake release button. This requires battery power, and an E-Stop must be
pressed on the AMR.

NOTE: The LD-130CT, LD-90x and LD-250 are difficult to move, even with the
brakes released. The LD-250 has a lever to unlock the gearbox. making it easier
to move it manually.

Releasing an E-Stop

WARNING: INJURY OR PROPERTY DAMAGE RISK:

If the AMR’s E-Stop is triggered, ensure that the cause of the

E-Stop is resolved, and all surrounding areas are clear and safe before releasing
the E-Stop.

After the E-Stop button has been manually released, the AMR will wait until the motors are
manually enabled.

Once the motors are enabled, the AMR will wait two seconds and then resume commanded
motion, if there is adequate space to maneuver.

2.2 Definitions

Platform: The basic part of the robot, including the chassis, drive assemblies, suspension,
wheels, battery, lasers, sonar, a core with gyroscope, navigation software, connectors for inter-
facing with and powering the payload structure, and platform covers.

Payload Structure: Anything you attach to the platform. This could be as simple as a box for
holding parts or documents that you want transported, or as complicated as a robotic arm that
will be used to pick up parts to transport.

LD Platform OEM: Either the LD-60 or LD-90 (or LD-90x) platform for 60 or 90 kg payloads.
LD-250: Platform for 250 kg payloads.
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2.3 User's Responsibilities

LD Platform Cart Transporter: Either the LD-105CT or LD-130CT platform and cart. The plat-
form has the HMI post (including extended arms) and the coupling plate attached, set up to
transport a cart. This is also referred to as just a transporter.

AMR (Autonomous Mobile Robot): A platform with a payload structure attached to it. This is
your complete mobile robot, which will transport your products, parts, or data.

Fleet: Two or more AMRs operating in the same area, and managed by the same Fleet Man-
ager.

EM2100: Is a network appliance, with built-in processor, that runs the FLOW Core software.

FLOW Core: All of the software used by Fleet Operations Workspace. The software runs on a
combination of the EM appliance(s), the AMRs, and the user's PC.

Fleet Operations Workspace (FLOW): Consists of one or more EM appliance(s), and the Flow
Core.

Fleet Manager: The set of capabilities within the FLOW Core software that executes all fleet
management activities. These include the management of maps, AMR configuration, job queue
management, and traffic coordination. Fleet Manager runs on an EM2100 appliance.

2.3 User's Responsibilities
It is the end-user’s responsibility to ensure that the AMRs are used safely. This includes:

o Reading the installation and operation instructions, as well as this Safety Guide, before
using the equipment.

o Ensuring that the environment is suitable for safe operation of the AMR.

If a fleet of AMRSs (two or more) is installed, the a Fleet Manager must be used, unless
no two AMRs will ever operate in the same area.

o Ensuring that anyone working with or near an AMR has been adequately trained, and
is following the AMR user’s guide and this guide for safe AMR operation.

» Maintaining the AMRs so that their control and safety functions are working properly.

General Hazards
¢ Do not ride on the AMR.

e Do not exceed the maximum payload.

Payload decreases as slope increases. Refer to the user's guide. The LD Platform Cart
Transporter with a cart is not intended to operate on any slope.

e Do not exceed the maximum recommended speed, acceleration, deceleration, or rotation
limits. See Center of Gravity in the AMR user’s guide.

Rotational speed becomes more significant when the payload’s center of gravity is
farther away (vertically and/or horizontally) from the platform’s center of gravity.

« Do not drop the AMR, run it off a ledge, or otherwise operate it in an irresponsible man-
ner.

e Do not allow the AMR to drive through an opening that has an automatic gate/door
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Chapter 2: Operational Safety

unless the door and AMR are configured correctly with the Call/Door Box option.
Refer to the LD Platform Peripherals Guide for details on the Call/Door Box.

» Do not get the AMR wet, or expose the equipment to rain or moisture.

» Do not continue to run the AMR after hair, yarn, string, or any other items have become
wound around the platform’s axles, casters, or wheels.

» Do not use parts not authorized by Omron.

» Do not turn on the AMR without the antennas in place.

o Although the lasers used are Class 1 (eye-safe), we recommend that you not look into
them.
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2.3 User's Responsibilities

Falling Hazards

WARNING: INJURY OR PROPERTY DAMAGE RISK:
The AMR can cause serious injury to personnel or damage to itself or other
equipment if it drives off of a ledge, such as a loading dock, or down stairs.

Physical Barriers

The edge of a loading dock, the entrance to downward stairs, or any other substantial drop
that is within the AMR’s expected operating area should be physically marked so that the
AMR’s safety navigation laser will see the barrier, and stop before reaching it. The AMR is
designed to detect objects 190 mm tall, so the barrier must be at least that tall. However,
because of variations in floor flatness, we recommend a barrier that is 250 mm tall.

The barrier needs to be continuous at the site, so that the AMR can’t drive around or through
it to the dropoft.
Logical Barriers

You should also use forbidden areas, sectors, or lines with several feet of safety zone (padding)
before the actual dropoff, to ensure that the AMR will not try to drive there.

These need to be continuous at the site, so that the AMR can’t plan a path to drive around or
between them to the dropoff.

Electrical Hazards

WARNING: ELECTROCUTION RISK:
The charging dock has AC power inside. Its covers are not interlocked.

« Do not use power extension cords with the charging dock unless properly rated.
o Never access the interior of the platform with the charger attached.

o Immediately disconnect the battery pack when removing the access cover.
Avoid shorting the battery terminals.

» Do not use any charging dock not supplied by Omron Robotics and Safety Tech-
nologies, Inc.

 If any liquid is spilled on the AMR, power off the AMR, clean up all possible liquid,
and allow the AMR to air dry thoroughly before restoring power.
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Chapter 2: Operational Safety

Pinch Hazard

Platform Covers (LD-60, LD-90 and LD-xxxCT Only)

CAUTION: PINCH RISK:

The covers are held in place with strong magnets, which can pinch you if you
are not careful. Follow the instructions in the AMR user’s guide Maintenance
chapter for handling covers.

Magnetic Field Hazards

Platform Covers (LD-60, LD-90 and LD-xxxCT Only)

WARNING: MAGNETIC FIELD, PERSONAL INJURY RISK:

Magnetic fields can be hazardous to medical implant wearers. Medical
implant wearers stay back 30 cm (12 inches) from the platform covers, which
are held in place with strong magnets.

Docking Funnel (All Models)

WARNING: MAGNETIC FIELD, PERSONAL INJURY RISK:

Magnetic fields can be hazardous to medical implant wearers. Medical
implant wearers stay back 30 cm (12 inches) from the underside of the plat-
form, which is exposed during certain maintenance procedures for which the
platform is tipped on its side.

Other Hazards

NOTE: Hazards specific to maintenance are covered in Safety Aspects While
Performing Maintenance on page 22.

Qualification of Personnel

It is the end-user’s responsibility to ensure that all personnel who will work with or near
AMRs have attended an appropriate Omron training course and have a working knowledge of
the system. The user must provide additional training as needed.

As noted in this and the AMR user guides, certain procedures should be performed only by
skilled or instructed persons. For a description of the level of qualification, we use the stand-
ard terms:

« Skilled persons have technical knowledge or sufficient experience to enable them to
avoid the dangers, electrical and/or mechanical

« Instructed persons are adequately advised or supervised by skilled persons to enable
them to avoid the dangers, electrical and/or mechanical

All personnel must observe industry-prescribed safety practices during the installation, oper-
ation, maintenance, and testing of all electrically-powered equipment.
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2.3 User's Responsibilities

WARNING: Before working with the AMR, every entrusted person must con-
firm that they:

o Have the necessary qualifications

o Have received the guides (both this guide, and the AMR user’s guide)
o Have read the guides

o Understand the guides

« Will work in the manner specified by the guides

Payload Movement and Transfer

Monitoring and confirmation of the status of AMR payload movement and transfer to or from
facility equipment is the user’s responsibility.

Payload transfer problems must trigger an AMR E-Stop, preventing the AMR from moving
until an Operator has resolved the problem and confirmed that the system is safe to use. This
handling of payload transfer problems is the user’s responsibility.

Providing an interlock between the AMR and facility equipment is the user’s responsibility.

Configurable Warning Buzzer

The LD Platforms have a configurable warning buzzer. It is the user’s responsibility to con-
figure this buzzer as appropriate for the facility in which the AMR will be operating. By
default the buzzer sounds whenever the AMR is moving or turning at speeds under 300
m/sec.

The buzzer is configured with MobilePlanner, using the following parameters:

Version Information: These parameters are only available with the MobilePlan-
ner 5.0 and later.

o DriveWarningEnable

NOTE: If this parameter is set to False, the remaining parameters will not
be displayed.

WARNING: Disabling the DriveWarningEnable parameter violates the
JIS D 6802 standard. It is strongly recommended that you leave this set
to True.

o DoNotWarnDrivingForwards
Default: False
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Chapter 2: Operational Safety

o DoNotWarnTurningInPlace

Default: False
« DriveWarningl.oudMilliseconds

Default: 500. If DriveWarningQuietMilliseconds is 0, this parameter is irrelevant.
 DriveWarningQuietMilliseconds

Default: 500. This is the length of time between warnings that the buzzer is silent. Set-
ting this to 0 will cause a continuous warning,.

Multi-AMR Avoidance

When multiple AMRs are operating in the same operating space, they must be connected to a
Fleet Manager via WiFi. The Fleet Manager helps prevent collisions by sharing AMRs’
dynamic X, Y, Theta, size, and path-planning information with each other. AMRs then factor
this data into their obstacle avoidance. This is not an interlocked method of preventing col-
lisions. Ultimately, it is the end-user/integrator's responsibility to provide an interlocked
method of preventing collisions.

NOTE: When two AMRs approach each other directly, neither can properly
determine each other's physical size. Their lasers scan several inches into each
other's laser slot, returning an incorrect distance estimate. Because of this, any
installation that has two or more AMRs working in the same operating space
must be managed by the same Fleet Manager.

Traffic Control

Use a switchable forbidden area on the map to prevent the AMR from entering an area based on
the state of a discrete input. If this input is set from another vehicle, such as a forklift, while it
is in that area, then the AMR will not be allowed to enter that area.

Passing Lanes

Since the LD Platform technology does not use fixed tracks to guide the AMRs, the concepts of
passing lanes and human safety areas are not relevant.

2.4 Risk Assessment

Safety standards in many countries require appropriate safety equipment to be installed as
part of the system. Safeguards must comply with all applicable local and national standards
for the location where the AMR is installed.

We have performed a Risk Assessment for Omron Robotics and Safety Technologies, Inc.
AMRs, based on the intended applications of the AMR. The conclusions are summarized in
this section.

PL and PFH

The Performance Level (PL) calculation for safety functions of the Omron mobile robot
products are based on the ISO 13849 standard. PL evaluation has been performed for the LD
models, including the supplied joystick.
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2.4 Risk Assessment

The PL achieved and the Probability of Dangerous Failure per Hour (PFH) are calculated using
SISTEMA as per ISO 13849-1, based on requirements of EN 1525 and UL 3100, for the fol-
lowing Safety Functions:

No. LD-60, LD-90 and CT-xxx Function AchPiIe-ved [T;I;]

1 ESTOP Logic - Speed Control. Forward and reverse con- d 3.7E-7
trol.

2 Charge Contact Shutoff Circuit C 1.1E-6

3 ESTOP Logic - Emergency Stop (HMI Front Panel) e 3.4E-8

4 ESTOP Logic - User Emergency Stop (ESTOP)* e 3.6E-8

*The ESTOP pins on the User Interface connector are provided for use with a user-
supplied external E-Stop. The user is responsible for calculating the overall PL and
PFH, inclusive of user-supplied components, and performing a final risk assessment.

5 LIDAR Velocity-Based Field Zone (Object Detection) d 1.7E-7

6 ESTOP Logic - Manual (Joystick) Override e 4.6E-8

The following safety function is applicable only to the Cart of the LD Platform Cart Transporter

7 Cart Transporter Brakes* C 1.1E-6
*Cart Transporter brakes safety function not evaluated per UL 3100, only per EN
1525.
No. LD-250 Function AchF;Ie-ved [PII;:]
1 ESTOP Logic - Speed Control. Forward and reverse con- e 3.9E-8
trol.
2 Charge Contact Shutoff Circuit C 1.1E-6
3 ESTOP Logic - Emergency Stop (E-Stop buttons e 2.9E-8
4 ESTOP Logic - User Emergency Stop (ESTOP)* e 3.6E-8

*The ESTOP pins on the User Interface connector are provided for use with a user-
supplied external E-Stop. The user is responsible for calculating the overall PL and
PFH, inclusive of user-supplied components, and performing a final risk assessment.

5 LIDAR Velocity-Based Field Zone (Object Detection) d 1.2E-7
6 ESTOP Logic - Manual (Joystick) Override e 5.8E-8
Exposure

Based on the risk assessment performed by Omron Robotics and Safety Technologies, Inc., the
hazards associated with exposure to the AMR are minimal. However, these significantly rely
on the awareness and training of the personnel around the AMR. Along with common sense,
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Chapter 2: Operational Safety

the following should be observed and practiced in order to avoid the minimal risks associated
with exposure to the AMR.

» Do not ride on the AMR. Riding on the AMR or staying in the vicinity of the AMR for
long periods (when ON or while charging) will expose you to the magnetic fields gen-
erated by the AMR.

» When the AMR is turning in place, while not moving forward, personnel must stay
away from the AMR.

Severity of Injury

The severity of injury depends on the type of payload and how the payload is integrated with
the AMR. The severity of injury increases with the mass of the payload. Follow all industrial
safety practices, such as use of steel-toe shoes around the AMR, and adding additional pro-
tection like side lasers, etc. depending on how the AMR is configured, to reduce any work-
related injuries.

Obstacle Avoidance

The AMR will avoid obstacles unless modified or the safety systems are intentionally defeated.
The AMR has a dual-channel, safety-rated laser to avoid obstacles.

IMPORTANT: The AMR observes safety navigation laser protection fields only
at speeds greater than 300 mm/s (225 mm/s for LD-90, LD-105CT and LD-250
models). Below this speed, the AMR still uses scanner data to detect and avoid
obstacles. LD platforms have either a bumper or a rear sensor that is active at all
speeds. The bumper and rear sensor are not safety-rated.

IMPORTANT: When the joystick is connected to the AMR, the operator must
maintain control of the joystick and AMR at all times.

In addition, there are side lasers (standard on the LD Platform Cart Transporter and optional
for the LD Platform OEM), bumpers and SONAR on the LD Platform OEM, and rear sensors
on the LD-250 that enable the AMR to avoid obstacles and persons.

The LD-250, LD Platform OEM and LD Platform Cart Transporter are fully-autonomous AMRs
that, once configured, work around people in industrial settings with no intervention needed.
Risks associated with integrating the AMR in the industry can be avoided, with a few basic
steps.

o Only trained personnel, who understand what the AMR does, should be in the vicinity
of the AMR.

» Audio and visual alarms are built into the AMR. Do not modify these unless necessary.

» Additional safety measures may be implemented as deemed necessary by the integrator
after risk assessment is completed.

The AMR comes to a complete stop when the bumpers are hit with a force of at least 67 N.

Safety System Behavior

The standard control system is fully-hardened to all EMI influences. In addition, software mon-
itors and controls all dual redundancy safety-rated features for certainty.
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2.5 Environment

2.5 Environment

It is the end-user’s responsibility to ensure that the operating environment of the AMR

remains safe for the AMR. If there are areas that are not safe for the AMR to travel in, those
areas should be physically blocked off so that the AMR’s scanning laser will detect the bar-
riers, and the AMR will not attempt to drive there. These areas can also be blocked off with for-
bidden zones in the MobilePlanner software, but that should be in addition to physical
barriers.

Public Access

All Omron Robotics and Safety Technologies, Inc. LD models are is designed to operate in
indoor industrial or professional environments. They must be deployed in a manner that takes
into account potential risks to personnel and equipment. The product is not intended for use in
uncontrolled areas without risk analysis, for example, areas open to general public access. Use
in such areas may require deployment of additional safety measures.

Clearance

The LD Platform is designed to operate in an environment that is generally level and has no
narrow doors or other restricted areas that are too narrow for the AMR to pass through. It is
the user’s responsibility to ensure that adequate clearance is maintained on each side of the
AMR, so that a person cannot get trapped between the AMR and a wall or other fixed object.
You should consult the applicable standards for your area. An exception to side clearance can
exist at pickup and dropoff locations where the AMR must get close to conveyors or other
fixed facility objects.

The primary direction of travel of the LD Platform is forward. When the AMR is turning in
place, with no forward movement, the detection of an obstacle in its path of rotation will not
trigger an E-Stop.

WARNING: IMPACT INJURY RISK:
Personnel who work with or around the AMR should not stand close to the
AMR when it is turning in place (with no forward motion).

Obstacles

If the AMR will be entering high-traffic areas, the user must take appropriate precautions to
alert people in those areas that an AMR might enter. If the traffic consists of other machines,
the user must adjust the AMR’s and/or the other machine’s parameters to reduce the risk of a
collision.

2.6 Intended Use

The LD Platform is not intended for use in any of the following situations:

o In hazardous (explosive) atmospheres

o Uncontrolled areas, for example, areas open to general public access

Use in such areas may require additional safety measures, and a risk analysis
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The LD Platform is designed for operating in industrial or professional environments.
They must be deployed in a manner that takes into account potential risks to personnel
and equipment.

e In the presence of ionizing or non-ionizing radiation

o In life-support systems

» In residential installations

o Where the equipment will be subject to extremes of heat or humidity

» In mobile, portable, marine, or aircraft systems

NOTE: The gyroscope used to assist in navigation in LD Platforms
requires a stationary environment for optimum accuracy. Therefore, we do
not recommend the LD Platform for use on a ship, train, aircraft, or other
moving environment.

WARNING: The instructions for operation, installation, and main-
tenance given in this guide and the AMR user’s guide must be strictly
observed.

Non-intended Use
Non-intended use of LD Platform AMRs can:

» Cause injury to personnel
o Damage the AMR or other equipment
» Reduce system reliability and performance

LD Platforms are intended for use on generally level floors, in wheelchair-accessible areas.
Some LD Platforms, and any LD Platform Cart Transporter, will not fit through a standard-
width ADA door or opening.

The body of the AMR must not come into contact with liquids. The drive wheels can tolerate
damp floors, but the body of the AMR must remain dry.

If there is any doubt concerning the application, ask your local Omron Representative to
determine if it is an intended use or not.

AMR Modifications

WARNING: INJURY OR PROPERTY DAMAGE RISK:

Any change to the AMR can lead to loss in safety or functionality. It is the
user’s responsibility to perform a risk assessment for the whole (modified)
AMR after any such changes and to confirm that all safety features of the AMR
are operational.
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2.7 Safety Aspects While Performing Maintenance

Payload Structure

Attaching a payload that is larger than the footprint of the top of the platform or is outside the
recommended CG may impact safety and functionality. It is the user’s responsibility to per-
form a risk assessment and declare compliance for the whole (modified) AMR.

Reprogramming or Reconfiguration

Reprogramming or reconfiguration of the AMR safety components or parameters may impact
safety and functionality. It is the user’s responsibility to perform a risk assessment and declare
compliance for the whole (modified) AMR.

Sharp Edges, Protrusions

Adding a payload can introduce sharp edges, corners, or protrusions to the AMR. It is the
user’s responsibility to perform a risk assessment and declare compliance for the whole (mod-
ified) AMR.

Manufacturer’s Declaration

The manufacturer’s declaration applies to the AMR as it was placed on the market. It is the
responsibility of the end user to verify compliance of the system in the final application inclus-
ive of any modifications or additions.

2.7 Safety Aspects While Performing Maintenance
Electrical Safety

DANGER: ELECTROCUTION RISK:
During maintenance of the charging dock, disconnect the AC power cord to the
charging dock. Keep it locked up until you are done with maintenance.

WARNING: SHOCK RISK:
During maintenance and repair, disconnect the battery of the AMR as soon as
possible. Avoid shorting the terminals of the battery.

> P

Other Risks

WARNING: BURN RISK:
Parts of the drivetrain can get hot during operation. Allow the platform to cool
down before servicing.

CAUTION: ENTANGLEMENT RISK:
Keep all body parts and clothing away from moving parts. E-Stop and power-
down the robot before maintenance.

> P
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Battery Safety Information

WARNING: FIRE RISK:
The mobile robots use lithium ion batteries. If a battery is ruptured and
exposed to water, it may ignite or explode.

If the battery is found to be leaking, do not expose to water. If possible, sub-
merge in mineral oil and contact your local Omron Representative.

Effective April 1, 2016, IATA regulations (UN 3480, PI 965) require that air-shipped lithium ion
batteries must be transported at a state of charge not exceeding 30%. To avoid total discharge,
fully charge the battery immediately upon receipt.
Safety Precautions
 Store batteries upright at 5 to 45°C (41 to 113°F) for up to one month.
Store at 20 to 25°C (68 to 77°F) for up to one year.

» Do not expose to water.

o In case of fire, use a type D extinguisher: foam, dry chemical, or CO,.

Maintenance
Every six months:

» Inspect battery for damage or leaks.

o Place battery on a charger and allow to fully charge.
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Figure 3-1. E-Stop Circuit

Callout Description Callout Description

A Standard Circuits H User E-STOP?
B User-Supplied Circuits I User Interface Connector
C E-STOP Source ] E-STOP Relay Control Logic
D Ground K Voltage of the Battery
E Operator Panel E-STOP L High Power to Amplifiers
F Right E-STOP (LD-250 only) M HMI Connector
G Left E-STOP (LD-250 only) N Factory E-STOP

a Close with a jumper if unused. Both channels must open independently when used.
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Table 3-1. Compliance, UL 3100, and ISO 13849-1 Functional Safety Information

26

Function # LD-60, LD-90, and CT-xxx Safety Function PL | Cat | PFHd
SFO ESTOP Logic - Emergency Stop e 3 | 3.4E-8
SF1 LIDAR Velocity-Based Field Zone (Object Detection) d 3 1.7E7
SF2 ESTOP Logic - User ESTOP e | 3 |3.6E-8
SF3 ESTOP Logic - Speed control. Forward and reverse control. | d 3 [3.7E-7
SF4 ESTOP Logic - Manual (Joystick) Override e 3 | 4.6E-8

Function # LD -250 Safety Function PL | Cat| PFHd
SFO ESTOP Logic - Emergency Stop e 3 | 2.9E-8
SF1 LIDAR Velocity-Based Field Zone (Object Detection) d 3 |1.2E-7
SF2 ESTOP Logic - User ESTOP e | 3 |3.6E-8
SF3 ESTOP Logic - Speed control. Forward and reverse control. | e 3 | 3.9E-8
SF4 ESTOP Logic - Manual (Joystick) Override e 3 | 5.8E-8

NOTE: SE3 is internal to the core, and is not shown in the preceding figure.

Mobile Robot LD Safety Guide
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Table 3-2. Safety Function (SF) Descriptions

Function
#

Safety Function

Description

Whatis
controlled

SFO

Emergency Stop
(One on LD-60, LD-
90 and LD-xxxCT,
three on the LD-250

Pressing any E-Stop button resultsin Cat 1
stop according to IEC 60204-1(NFPA 79)*1,
The vehicle will decelerate at a constant rate

to complete stop, power will be removed from
the left/right motor after a time delay and hold-
ing brakes will be engaged. SF0 has functional
safety rating of Ple Category 3*2.

Robot

SF1

LIDAR Velocity-
Based Field Zone

The safety LIDAR has a total of 8 field sets.
The field sets™3 correspond to field zones con-
sisting of protective fields and warning fields. If
the robot is driving faster than 300 mm/s with
an active field set and an obstacle (like a per-
son) intrudes into that field set, the LIDAR will
trigger the LD E-STOP circuitry. This mech-
anism starts a controlled ESTOP event on the
LD robot. SF1 has functional safety rating of
Pld Category 3*2.

Robot

SF2

User
E-Stop*>

(Internal logic and
output)

User supplied E-STOP button can be attached
to the USER interface connector robot con-
troller. Pressing the USER connected ESTOP
results in Cat 1 stop according to IEC 60204-1
(NFPA 79)*1. The vehicle will decelerate at a
constant rate to complete stop, power will be
removed from the left/right motor after a time
delay and holding brakes will be engaged. SF2
has functional safety rating of Ple Category
3*2, If no user ESTOP is wired to the core then
an ESTOP jumper must be attached to the con-
nector. See user guide for specific information.

Robot

SF3

Speed

control.

Forward and reverse
control.

The LD robot core™ calculates robot speed
from redundant wheel sensors (rotary
encoders). Robot reverse speed is limited to
300 mm/s and forward speed is limited to
2100 mm/s. If the calculated speed exceeds
the forward or reverse speed limits, the LD E-
STOP circuitry is triggered. SF3 has functional
safety rating of PId for the LD-60, LD-90 and
CT-xxx and Ple for the LD-250, Category 3*2,

Robot

SF4

Manual (Joystick)
Bypass Detection

An external joystick is used in manual mode to
drive the robot under operator control. A dual-
channel trigger on the joystick bypasses the
LIDAR safety zone detection allowing oper-

ation at speed under operator control. SF4 has
functional safety rating of Ple Category 3*2.

Robot

“1 Stop Categories according to IEC 60204-1 (NFPA79)
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o Category 0 and 1 result in the removal of drive power, with Cat 0 being IMMEDIATE
and Cat 1 being a controlled stop (decelerate, then removal of power). E-Stop is either
Cat 0 or Cat 1.

*2 The PL achieved and the Probability of Dangerous Failure per Hour (PFH) are calculated
using SISTEMA as per ISO 13849-1, based on requirements of EN 1525 and UL 3100, for the
Safety Functions listed in Table 3-1. .

*3 According to EN 1525, the field sets only need to be active when the robot is driving faster
than 300 mm/s.

*4 Robot core is a safety logic core designed per ISO 13849-1 recommendations for SRESW
(Safety Rated Embedded Software, Clause 4.6.2).

*5 The ESTOP pins on the User Interface connector are provided for use with a user-supplied
external E-Stop. The user is responsible for calculating the overall PL and PFH, inclusive of
user-supplied components, and performing a final risk assessment.

NOTE: According to EN 1525, personnel detection means (example LIDARs) are
not required or may be deactivated when a truck is working in a restricted zone
or in the manual mode operation.

NOTE: According to EN 1525, when the truck is removed from the charging
points, the charging connections shall be deactivated. The safety related parts of
these systems shall be in accordance with EN 954-1 category 1.
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