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Foreword

The objective of this Technical Report is to enhance the safety of personnel using industrial robot systems by presenting a task-based risk assessment methodology that has been demonstrated to provide appropriate mitigation guidance for hazards presented by robot system applications.  Risk assessment is an important requirement in the American National Standard ANSI/RIA R15.06-2012.  The standard, a national adoption of the International Standard ISO 10218 (parts 1 and 2), does not offer any methodologies; and many are available.
The Robotic Industries Association Subcommittee R15.06 on Safety has updated and tested this variation on the methodology originally presented in ANSI/RIA R15.06-1999.  Industrial safety must be a conscious effort on the part of everyone associated with automation and industrial robots.  Personnel skills, training, attitude, and corporate safety culture are extremely important factors in any successful safety program.  Each industrial robot system application is unique and presents hazards that must be assessed and mitigated.  This methodology is fully consistent with the task-based risk assessment requirements described in the new ANSI/RIA R15.06-2012.
This Technical Report is supplemental to the American National Standards ANSI/RIA R15.06-2012 and is not itself a standard.  Industry standards, including technical reports, are voluntary.  The Robotic Industries Association makes no determination with respect to whether any robot, associated safety devices, manufacturer, or user is in compliance with published standards.

Publication of this Technical Report that has been registered with ANSI has been approved by the Accredited Standards Developer Robotic Industries Association of Ann Arbor, Michigan.  This document is registered as a Technical Report according to the Procedures for the Registration of Technical Reports with ANSI.  This document is not an American National Standard and the material contained herein is not normative in nature.  Comments on the content of this document should be sent to:

Robotic Industries Association
Attn: Subcommittee on Safety
900 Victors Way, Suite 140
Ann Arbor, MI 48108
Committee members who participated in the preparation of this Technical Report included:

William Drotning, Chair, R15 Standards Approval Committee

Roberta Nelson Shea, Chair, R15.06 Safety Committee

Jeff Fryman, Committee Secretary

Participants:

Devin Barber

Michael Gerstenberger

Marvin Winrich
Technical Report

for Industrial Robots and Robot Systems – Safety Requirements –

Task-based Risk Assessment Methodology
0  Introduction

This technical report is supplemental to ANSI/RIA R15.06-2012 and provides a suggested risk assessment methodology suitable for identifying hazards, and mitigating risks associated with industrial robot system applications.

For simplicity in reading, reference to Part 2 is reference to ANSI/RIA R15.06-2012, Part 2.

1  Scope

The purpose of this technical report is to provide a suitable task-based risk assessment methodology which can successfully implement the requirements for risk assessment contained in ANSI/RIA R15.06-2012.

This entire document is informative in nature, and is not a standard.  The use of the word syntax “shall” and “should” in a particular statement indicates the relative importance of specific criteria or features in this technical report.

2  Normative references

The following standards contain provisions which, through reference in this text, constitute requirements of this technical report.  At the time of publication, the editions listed were valid.  All standards are subject to revision, and parties to agreements based on this technical report are encouraged to investigate applying the most recent editions of the standards.

ANSI/RIA R15.06-2012
ISO 13849-1:2006
3  Definitions and terms
3.1  hazard

Potential source of harm (physical injury or damage to health)
3.2  inherently safe design measure

Protective measure which either eliminates hazards or reduces the risks associated with hazards by changing the design or operating characteristics of the machine without the use of guards or protective devices
3.3  protective measure
Measure intended to achieve risk reduction, implemented by:
· the designer (inherently safe design, safeguarding and complementary protective measures, information for use) and/or

· the user (organization: safe work procedures, supervision, permit-to-work systems; provision and use of additional safeguards; use of personal protective equipment; training)

3.4  risk
combination of the probability of occurrence of harm and the severity of that harm
3.5  risk reduction measure
See 3.1 protective measure
4  Risk Assessment
4.1  General Requirements
ANSI/RIA R15.06-2012 Part 2 Clause 4 establishes the requirements for the integrator to perform a risk assessment on each unique robot system or robot cell to identify hazards and determine the necessary mitigation of the identified hazards to ensure a safe machine and work environment.  Additionally the user is strongly encouraged to participate in this risk assessment activity.  The earlier in the life-cycle development stage that this collective risk assessment can be performed, the more efficient it will be in reducing the causes of hazards as well as simplifying the possible mitigation requirements.

The risk assessment shall be performed on all robot system(s) and robot cell(s) to determine minimum safety system strategy 
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Figure 1  Risk reduction flow chart
A number of methodologies are available to do a risk assessment.  The proven task-based methodology provided herein is an example of a risk assessment method which has been demonstrated to achieve the required results.  Any method is acceptable which prescribes risk reduction equivalent to or more stringent than the requirements which would be determined using this methodology.

a) The risk assessment is required to be performed by the integrator (with the assistance of information from the user) at the time of initial robot system or robot cell design to determine minimum safeguarding requirements and to develop an overall safety strategy.  This assessment is revised and updated as the design process matures prior to installation of the robot system or cell.

b) Using the results of the risk assessment, the user performs this risk assessment any time the robot system or robot cell configuration changes.  The user maintains the documentation of the most recent risk assessment(s).

c) This risk assessment methodology assumes that no hazard mitigation or installation of safeguarding has been accomplished.

NOTE 1 – Where this risk assessment methodology is used in an established system, the installed mitigation and safeguarding is to be ignored, and the results of the risk assessment will validate if the installed guarding is appropriate.
NOTE 2 – The production portion of the lifecycle includes while the equipment is in operation/ use (often called production), set-up, troubleshooting, maintenance, and repair.

NOTE 3 – The lifecycle includes design, commissioning, production, decommissioning, and disposal.

NOTE 4 – Additional risk assessments can be required for design, commissioning, decommissioning, and disposal.
NOTE 5 – The integrator should get information from the user about the specifics of where the robot system will be used, its environment, nearby equipment / processes that might affect the safety associated with the use of the robot system/cell, and the skills/ competence/ training of personnel who will perform specific tasks. 

4.2  Risk Assessment Process

Hazard identification/ risk assessment/ reduction is an iterative process, as shown in Figure 1.  The following steps shall be followed until acceptable risk is achieved.  Risk assessment requires understanding the hazards and determining what level of safeguarding and safety control system integration is needed to achieve acceptable risk 

The first iteration of the risk assessment shall be performed with the assumption that no protective measures (safeguarding and complementary measures) and no safety control system/ functions are integrated.

The limits of the robot system/ cell shall be determined, in accordance with Part 2, Clause 4.3.2.
Tasks and hazards shall be identified in accordance with Part 2, Clause 4.4.
Risk shall be estimated in accordance with the flow chart, Figure 1.

If hazard elimination or substitution is not practicable, then safeguarding and the safety system integration shall be selected and implemented in accordance with Part 2, Clause 4.5.

The hazard elimination/ substitution and risk control/ reduction measures shall be verified and validated in accordance with Part 2, Clause 6, to ensure that adequate risk reduction has been achieved.

These steps shall be repeated until the risks have been reduced to an acceptable level.  Residual risks shall be identified in the information for use.
4.2.1  Hazard identification, elimination, and risk reduction

Identify the hazards in accordance with Part 2, Clause 4.1, Measures for the reduction of risk are based upon the fundamental principles of the hierarchy of risk control (see Annex C), which requires:

· the elimination of hazards by design or the reduction of their risk by substitution;

· safeguarding to prevent operators coming into contact with hazards or to ensure the hazards are brought to a safe state before the operator can come into contact with them;

· the provision of supplementary protective measures such as information for use, training, signs, personal protective equipment, etc.

The integrator shall ensure that the risks identified in the risk assessment are adequately reduced by applying the requirements of Clause 5.  If risks are not adequately reduced

4.2.2  Task and hazard identification

Determine the characteristics of the application and the resulting need for specific tasks and the hazards that personnel could be exposed to.

a) Describe the application/process and a definition of the limits associated with its intended use;

b) Identify all reasonably foreseeable tasks associated with the robot and robot system for each applicable stage of development;

c) Identify hazards associated with each task, except the special requirements associated with teach.

4.2.3  Risk estimation

For each task and hazard combination, determine level of risk using severity, exposure, and avoidance per Table 1.  Where multiple criteria can apply, use the most restrictive criteria.

	Factor
	Rating
	Criteria (Examples) - choose  most restrictive
The decision process starts at the top 

	Injury
Severity
	Serious
S3
	Normally non-reversible:

· fatality

· limb amputation

· long term disability

· chronic illness

· permanent health change
If any of the above are applicable, the rating is SERIOUS 

	
	Moderate
S2
	Normally reversible:

· broken bones

· severe laceration

· short hospitalization

· short term disability

· loss time (multi-day)

· finger tip amputation (not thumb)
If any of the above are applicable, the rating is MODERATE

	
	Minor
S1
	First aid:

· bruising

· small cuts

· no loss time (multi-day)

· does not require attention by a medical doctor
If any of the above are applicable, the rating is MINOR

	Exposure
	High

E2
	· Typically more than once per hour

· Frequent or multiple short duration

· durations longer than 5 minutes* (to prevent task creep and does not include teach)

*LOTO should be considered for interventions lasting longer than 5 minutes 

If any of the above are applicable, the rating is HIGH

	
	Low

E1
	· Typically less than once per day or shift

· Occasional short durations 
If either of the above are applicable, the rating is LOW

	Avoidance
	Not likely
A2
	· insufficient clearance to move out of the way

· inadequate warning/reaction time

· hazard is moving faster than reduced speed (250mm/s)

· may not perceive the hazard exists

If any of the above are applicable, the rating is NOT LIKELY

	
	Likely
A1
	· sufficient clearance to move out of the way

· adequate warning/reaction time

· hazard is moving at or less than reduced speed (250mm/s)
If any of the above are applicable, the rating is LIKELY


Table 1  –  Hazard Severity/Exposure/Avoidance Categories

NOTE 1 – Exposure can be affected by either a change in the frequency that the task is performed or by the application of lockout to control the hazard by isolating the energy source that reduces exposure to the hazard.  Determining frequency of access can require judgment decisions by the person(s) performing the risk assessment.  Access can range from cyclical production to maintenance tasks associated with periodic maintenance.  When determining proper safeguards, it should be noted that serious injuries have resulted from infrequent tasks.

NOTE 2 – The rating for frequency is the frequency an individual is exposed to the hazard; not the frequency which the task is performed on a single piece of equipment.
NOTE 3 – Avoidance can be affected by: a) reducing the speed of the hazard to give sufficient warning/reaction time, or b) through a design that provides adequate clearance to allow the task to be safely and easily performed without exposure to pinch hazards.

NOTE 4 – The extent to how the above Factors may be affected is determined during the verification step of the Risk Assessment process.
4.2.4  Avoidance / ability of Avoiding the Hazardous Event 

The likelihood of a Hazardous Event occurring is related to how likely the person is to come into contact with the hazard.  Consider each person’s activities, how that relates to the identified hazard, and the following:
A hazard may be considered as avoidable if the following conditions are met:

(a)
the nature of the hazard and its propagation speed are such that the hazard can be detected and avoided in time by a person, based on ergonomic characteristics (for instance, speed of less than 250 mm/s (10 in/s) for a moving part toward the exposed person);


(b)
clearance distance is 0.5 m (20 in) or more; and


(c)
the exposed person has been trained to identify the hazard.

Avoidance can be affected by:

(a)
reducing the speed of the hazard to give sufficient warning/reaction time;


(b)
the application of an index R2 or PL d risk reduction safeguarding; or


(c)
installation of awareness means.

Example Avoidance Likelihood Judgments <*modified from CSA Z1002 to remove robot reference>
	Avoidance Likelihood
	Work Environment
	Speed of hazard(s) appearance
	Min info needed to recognize risk(s)
	Possibility of avoiding the harm
	Practical experience & knowledge

	LIKELY

UNLIKELY
	Well lit, room temperature, air & floor clean
	Slow
	By inherent information
	Possible at all times
	Trained on the same machine

	
	Lighting is adequate but could be improved, temperature above or below normal, air or floor has some contamination of oil, dirt, etc.
	Medium
	By direct observation
	Possible to avoid under certain conditions
	Trained on similar machines

	
	Dim lighting, temperature is very hot or cold, air or floor is oily, dirty, or has some other contaminant 
	Fast*
	Through warning signs and indicating devices
	Impossible to avoid
	No experience


Table 2 – Avoidance likelihood

In addition to the aspects listed above, consider the machine’s reliability (statistical data), record of the past accident(s), near miss(es), and the risk assessment results of comparable machines in making a judgment.

4.2.5  Risk reduction determination

Using the Severity Exposure, and Avoidance criteria for each task and hazard combination obtained from Table 1, follow across Table 3 to determine the risk reduction index.

	Severity
	Exposure
	Avoidance
	Risk Reduction Index

	
	
	
	R1A

	
	E2 – High
	
	

	
	
	
	

	
	
	A2 – Not Likely
	

	S3 – Serious
	
	
	R1B

	
	E1 – Low
	
	

	
	
	A1 – Likely
	

	
	
	
	

	
	
	
	R2A

	
	
	
	

	
	
	A2 – Not Likely
	

	
	
	
	

	
	E2 – High
	
	R2B

	
	
	
	

	
	
	A1 – Likely
	

	
	
	
	

	S2 – Moderate
	
	
	R2C

	
	
	
	

	
	
	A2 – Not Likely
	

	
	
	
	

	
	E1 – Low
	
	R3A

	
	
	
	

	
	
	A1 – Likely
	

	
	
	
	

	
	
	
	R3B

	
	E2 – High
	
	

	S1 – Minor
	
	
	

	
	
	A2 – Not Likely
	

	
	
	
	R4

	
	E1 – Low
	
	

	
	
	A1 – Likely
	

	
	
	
	


Table 3 – Risk reduction decision matrix prior to safeguarding and safety integration.

NOTE – This table assumes that no safeguards are installed or other protection measures taken.

4.3  Required Safeguard and Functional Safety Performance

Using the Avoidance, Severity and Exposure criteria for each task and hazard combination obtained from Table 1, follow across Table 3 to determine the Risk Reduction Index for each task and hazard combination.

	Safeguard Performance Requirement
	Risk Reduction Index
	Functional Safety Performance Requirement for Safeguards Utilizing SRP/CS

	
	
	PL
	Structure
	DCAVG
	MTTFd

	Risk reduction by safeguarding
	Fixed guarding preventing access; engineering controls preventing access to the hazard, or stopping the hazard,
 e.g. interlocked barrier guards, light curtains, safety mats, or other presence sensitive protection devices implemented to meet a functional safety performance
	Inherently safe design measures 

Hazard elimination or hazard substitution
	R1A
	d
	3
	Med
	High

	
	
	
	R1B
	d
	3
	Low
	High

	
	
	
	R2A
	d
	3
	Med
	Med

	
	
	
	R2B
	d
	2
	Med
	High

	
	
	
	R2C
	c
	2
	Low
	High

	Complimentary protective measures
	Non-interlocked barriers, clearance, procedures and equipments
	
	R3A
	c
	2
	Med
	Med

	
	
	
	R3B
	c
	1
	None
	High

	
	Awareness Means
	
	R4
	b
	1
	None
	Med


Table 4 – Safeguard and Functional Safety Performance
NOTE 1 – Control measures described in ISO 13849-1 as PL=e and Structure 4 are significantly more stringent than expected for a normal robot application unless that application process itself presents the greater hazard of catastrophic events.  Catastrophic events such as multiple serious injuries due to explosion, toxic exposure, fire, and other process related failures which would require a PL=e; structure 4 performance need to be considered outside of this chart.  Typical industrial robots and industrial robot systems do not present hazards greater than addressed by controls meeting a PL=d; Structure 3.
NOTE 2 – The selection of an Engineering Control utilizing SRP/CS requires the Functional Safety Performance of the safeguard to meet the corresponding level in the table.
4.3.1  Index R1 risk reduction measures

Risk reduction or hazard mitigation is accomplished first by determining if the identified hazard can be eliminated by a redesign or change in process.  If not practicable, the possibility of substitution can be evaluated.  Substitution is allowed if the different hazard does not create an equal or greater hazard.  When hazard elimination or substitution is not practical, R1 risk reduction measures shall be applied to control the identified hazard and provisions of index R2, R3 and R4 risk reduction measures shall be applied to reduce residual risks to an acceptable level.  The Functional Safety performance will be as required by the risk reduction index.

4.3.2  Index R2 risk reduction measures

The possibility of eliminating the identified hazard should be explored.  When elimination is not practicable, then R2 risk reduction measures shall be applied to control the identified hazards and R3 and R4 risk reduction measures shall be applied to reduce residual risks to an acceptable level.  The Functional Safety performance will be as required by the risk reduction index

4.3.3  Index R3 risk reduction measures

The possibility of eliminating the identified hazard should be explored.  When elimination is not practicable, then measures to reduce the risk can be by means of non-interlocked barriers, clearance from the hazard, written procedures, and personal protective equipment if applicable.  Additionally index R4 risk reduction measures should be used for safeguarding any residual risk.  The Functional Safety performance, if appropriate, will be as required by the risk reduction index

4.3.4  Index R4 risk reduction measures

The possibility of eliminating the identified hazard should be explored.  When elimination is not practicable, then measures to reduce the risk can be administrative means, awareness means including audio/visual warnings and training.  The Functional Safety performance, if appropriate, will be as required by the risk reduction index

4.4  Selection validation

Once the risk reduction measures are determined based on Table 4 requirements and implemented in accordance with Part 2 Clause 5 requirements, the process in 4.2 must be repeated using Table 5 to determine if each identified task/hazard combination has been mitigated so that the remaining risk is tolerable.  Re-evaluate the Avoidance, Severity and Exposure criteria for each task and hazard combination using Table 1.  Then follow across Table 5 to determine the new risk reduction index with the risk reduction measure from 4.3 implemented.  Apply the appropriate additional risk reduction measures to control residual risk.  If the risk reduction index is now an R3 or R4, the risk reduction measure required for that task and hazard combination is complete.  If the risk reduction index is not an R3 or R4, install appropriate risk reduction measures indicated by Table 4 and repeat this step.

	EXPOSURE
	AVOIDANCE
	SEVERITY OF INJURY
	RISK REDUCTION INDEX

	High

E2
	Not likely
A2
	Serious S3
	R1A

	
	
	Moderate S2
	R1B

	
	
	Minor S1
	R2C

	
	Likely
A1
	Serious S3
	R2A

	
	
	Moderate S2
	R2B

	
	
	Minor S1
	R3A

	Low

E1
	Not likely
A2
	Serious S3
	R2B

	
	
	Moderate S2
	R2C

	
	
	Minor S1
	R3B

	
	Likely
A1
	Serious S3
	R3A

	
	
	Moderate S2
	R3B

	
	
	Minor S1
	R4


Table 5 – Safeguarding Strategy validation matrix with safeguards installed

4.5  Documentation

The risk assessment shall be documented at each stage of system development.  The user shall maintain a file documenting the most recent risk assessment(s) for each robot or robot system in use (see xx for sample formats).  At a minimum the file must contain lists of tasks, hazards, risk reduction index, and risk reduction measures selected, to validate and record the risk assessment requirements of 4.1 through 4.4.  This assessment shall be passed on to the successor level responsible for installation/integration; and be incorporated in the risk assessment accomplished at the next stage.

NOTE 1 – Application of the Safeguard Selection Matrix (Table 4) and Safeguard Selection Validation Matrix (Table 5) are primarily intended for machinery and equipment related task and hazard combinations.  Certain task and hazard combinations such as material related tasks that include exposure to sharp parts, thermal and ergonomic hazards require the application of the highest level of feasible safeguarding based on the hierarchy of controls (Annex C) and fall outside the scope of Tables 4 and 5.  ANSI/ISO 12100 has information on general considerations for safeguarding hazards.

Annex A

Risk Assessment Process Flow

This annex was developed by the Robotics Industry Association to provide an example of the methodology described in this Technical Report.  The process described herein has been validated and has been found to provide an acceptable means to conduct a risk assessment for robot system applications and other automated equipment installations.  Other validated methodologies are also available.

General Considerations:

One of the main keys to performing a successful risk assessment that captures all of the tasks and hazards associated with the equipment, is the participation of those individuals that work with and on the equipment.  As a minimum this should include the following types of personnel:

· Operator

· Maintenance personnel (electricians, pipefitter, toolmaker, set-up, programmer)

· Process Engineer, System Engineer and or Design Engineer

NOTE– As a minimum, this selection can include those individuals who routinely work with and on the equipment; operators and their representatives; maintenance and technical personnel such as skilled trades, e.g., electrician, rigger, toolmaker, computer (set-up and programming); engineering, e.g., process, design, and system; and management, e.g., supervision, safety, and human resources.

Typical group size would be 4-8 of the above types of personnel.

The other key player is the person performing the risk assessment.  This individual should have experience in working with groups and have a familiarity with the equipment process.

The process used to solicit input on the tasks and hazards is best conducted in a team brainstorming format.

Equipment suggested to assist in performing a risk assessment is a flip chart or white board and associated markers.  A risk assessment form in either hard copy or in electronic form will be needed to capture and document the information once collected.  See example forms in Annex B.

Step 1:
· Using the brainstorming technique, develop a list of all tasks performed on the equipment.  Include all operator, maintenance, clean-up and quality tasks.  Include all tasks done daily, weekly, monthly, quarterly, semi-annually, annually, bi-annually, etc.  Include both planned and unplanned tasks.  See example list ANSI/RIA R15.06-2012, Part 2, Annex A and format example in Annex B.  Once developed, sequentially number each task and place this up for viewing as reference during the remaining steps in the process.

· Using the same brainstorming technique, select each task off the task list and develop a list of all hazards associated with that task.  Sequentially number each hazard.  See example format in Annex B.

· For each task/hazard pair have the group, using consensus, identify the severity, exposure and avoidance, based on the criteria in table 3 of this Technical Report.
Step 2:

· For each task and hazard combination, and prior to applying any safeguards, follow the matrix in table 3 for the risk reduction index and table 4 to determine the safeguard and functional safety performance required based on the evaluated severity, exposure and avoidance criteria

· Repeat this process until all tasks and hazards are listed.  Add any additional hazards in a sequential order.  Be aware that the exposure and avoidance may change for the same hazard based on the different tasks.

Step 3:

· Select an appropriate safeguard for each task and hazard combination.  Select safeguards as described in Clause 5.10 of the R15.06 standard.

· Select overall safeguarding for the robot cell based on the highest risk category of task and hazard combinations.

Step 4:
· After all safeguards are identified repeat steps 1-3 using table 4 to ensure all hazards have been addressed, and that any remaining hazards are at a “tolerable” level, that is within a reasonable level of risk that a person would normally expect to take (e.g. drive a vehicle).  This is considered residual risk, risks that you may identify with warning signs, but would not install an active safeguard to prevent access or interaction.

Step 5:
· Once safeguards are installed verify their functional operation.  Keep completed risk assessment on file during the life of the robot system.  Use these files to feedback safeguarding selections into the design-in process for future equipment.
Annex B

Sample Risk Assessment Report Forms
This is a collection of forms that can be used to collect data, and report a risk assessment as outlined in this Technical report.  The forms are simple creations using a commercial word processing program.

Multiple commercial risk assessment programs also have reporting features that allow you to capture the data and format and print reports.

RISK ASSESSMENT

TASK LIST

	
	TASKS
	HAZARDS
	NOTES

	1
	
	
	

	2
	
	
	

	3
	
	
	

	4
	
	
	

	5
	
	
	

	6
	
	
	

	7
	
	
	

	8
	
	
	

	9
	
	
	

	10
	
	
	

	11
	
	
	

	12
	
	
	

	13
	
	
	

	14
	
	
	

	15
	
	
	

	16
	
	
	

	17
	
	
	

	18
	
	
	

	19
	
	
	

	20
	
	
	

	21
	
	
	

	22
	
	
	

	23
	
	
	


RISK ASSESSMENT

HAZARD LIST

	SEQ
	HAZARD
	SEVERITY
	EXPOSURE
	AVOIDANCE
	INDEX

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	

	17
	
	
	
	
	

	18
	
	
	
	
	

	19
	
	
	
	
	

	20
	
	
	
	
	

	21
	
	
	
	
	

	22
	
	
	
	
	

	23
	
	
	
	
	

	24
	
	
	
	
	


SHEET ___1____ OF _________

	RISK ASSESSMENT REPORT

	Company:


	Location:
	Date:

	Robot/Cell Identification:

	Accomplished by:

	Robot Manufacturer and Model Number


	Date of Manufacture

	Approved by:                                                                                     Date:

	Review/revision dates:

	General description of application (Narrative):



	General comments:




To be accomplished in accordance with ANSI/RIA R15.06-2012
	     Sequence No.
	Task Description


	Hazards


	Prior to safeguard selection
	Solution


	After safeguard installation

	
	
	
	Severity
	Exposure
	Avoidance
	Risk Reduction Index
	
	Exposure
	Avoidance
	Severity
	Risk Reduction Index

	
	
	
	S1 - S3
	E1 or E2
	A1 or A2
	Tbl 3
	
	E1 or E2
	A1 or A2
	S1 - S3
	Tbl 5

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	


Annex C

Hierarchy of Safeguarding Controls

	Most Effective
	1)  Elimination or Substitution 
	·  change the process to eliminate human interaction 

·  elimination of pinch points (increase clearances) 

·  automated material handling 

	
	2)  Engineering Controls 

        (Safeguarding Technology) 
	·  mechanical hard stops 

·  barriers 

·  Interlocks 

·  presence sensing devices 

·  two  hand controls 

	
	3)  Awareness Means 
	·  lights, beacons and strobes 

·  computer warnings 

·  signs 

·  painted marking of the restricted space on floor 

·  beepers 

·  horns 

·  Labels 

	
	4)  Training and Procedures 

        (Administrative Controls) 
	·  safe job procedures 

·  safety equipment inspections 

·  Training 

·  Lockout 

	
	5)  Personal Protective
     Equipment 
	·  safety glasses 

·  ear plugs 

·  face shields 

·  gloves 

·  hard hats 

	Least
Effective
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