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Collaborative Robots

‘Cageless Robots’
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Safe co-operation
between people and
robots
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Human / Robot Collaboration

e Safety

e Simple installation &
programming

o Affordability

Drivers

e Sensors

Enablers e Light Weight
e Safety Standards revised

e Reduce Floor Space

laglellTeERle]gf ] o Cost saving of installation
e More Flexibility

Source: Universal Robotics
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What is a Cobot?

Collaborative robots, or Cobots, are complex machines which work hand in
hand with human beings.
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Collaborative
Workspace

Robot
Workspace

Human
Workspace

Image source: Robotiq
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A collaborative robot is defined by ....

OO
Y

The task the robot is performing;
and

The space in which the task is

PeBOTS being performed ..
GOT
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Where can
you use
Cobots?
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Automotive Assembly

Packaging/Palletizing

Pharmaceutical

Glass Handling

Machine Tending

Automotive Inspection
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R eT h I n k Sa Wye r https://www.youtube.com/watch?v=7WtAoys5mNo
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4 Types of Collaboration




Safety Monitored e Robot stops when a human is in the
Stop collaborative workspace

e End-of-arm tooling (EOAT) is equipped
with an e-stop and an enabling device

Hand Guiding

Speed &

Separation and separation distance from the
Monitoring operator

e Robot maintains a determined speed

Power & Force e Robot limits dynamic power output,
Limiting static force and speed or energy
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e Safety
Monitored
Stop

Imagination at work Robot functions at normal speed 13
March 13, 2019



Safety Monitored STOP . mmmesecnmscn-omirsas

' Source: SICK, Inc.
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Hand
Guiding

Non-
collaborative

Robot
responds to
operators
commands

Safety Operator
Monitored grasps enabling
Stop device

operation
resumes when
operator leaves

“odid ".
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U n ive rS a I R O b Ot i CS https://www.youtube.com/watch?v=j51XCuQCR_8

Source: Robotiq
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Speed & Separation Monitoring

Detection zone )1
Robot '
Envelope curve

Pilz SafetyEYE
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Speed & Separation Monitoring

https://www.youtube.com/watch?v=03QgMzmg5H]I

Source: SICK Inc
o e —HHGHAG
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Robot exterior is designed

for human contact
Robot can respond to

contact forces while
performing work

\

Stop or Slow Down when
Touched

Robot can safely limit speed
and work area

Baxter by Rethink Robotics
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R eT h I n k B a Xt e r https://www.youtube.com/watch?v=Y-uyVF1kYyA
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Force Limited Robots

Inherently safe

Reduces pressure
applied

Padded surfaces

imagination at work

Force torque
sensors

No need for fencing
or other safety
devices

General Electric Company, Copyright 2018

Programmed with
hand guiding

Compact, light
weight design

Minimal impact on
production line
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Biomechanical Limit Criteria
ISO TS 15066 — Onset of Pain Study

Collaborative Collaborative Operation Not Allowed

i Applied force or energy

>o O O o O
T T T T

Touch Pain Sensation . . Reversible Irreversible
. Minor Injury . .
Sensation (Pain Onset) Injury Injury
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Onset of Pain Study

Study by University of Mainz

Force or T _
Pressure

Maximum actual
transient value

. Uﬁacceptable region for force or praésufé

~ Quasi-stafic imit for relevent body region

Fs Ps

i
Maximum actual V\/\/\

quasi-static value

1
: Sample force or pressure curve
1
1

Acceptable-: region for force or pressure

0.5sec Time

ISO TS 15066:2016 figure 3
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Biomechanical Limits
ISO TS 15066:2016 TableA.2

Table A.2 — Biomechanical limits

Quasi-Static Contact Transient Contact
Maximum Maximum Maximum Maximum
Allowable Allowable Allowable Allowable
Pressure Force Pressure Force
pe [N/cm2] [N] Multiplier Py | Multiplier Fy
Body Region Specific Body Area (see NOTE 1) | (see NOTE2) | (see NOTE 3) | (see NOTE 3)
Skull and 1 | Middle of forehead 130 A N/A N/A
forehead \
2 [Tempe (CIRTTUCAYE ZOQNI[E[ ~a
Face 3 | Masticatory muscle 110 65 N/A N/A
Neck 4 | Neck muscle 140 150 2 2
S | Seventh neck muscle 210 2
Back and 6 | Shoulder joint 160 210 2 2
shoulders 7 | Fifth lumbar vertebra 210 2 2
Chest 8 | Stemum 120 140 2 2
9 | Pectoral muscle 170 2
Abdomen 10 | Abdominal muscle 140 110 2 P
Pelvis 11 | Pelvic bone 210 180 2 2
Upper ams and 12 | Deltoid muscle 190 150 2 5
elbow joints 13 | Humerus 220 2
14 | Radial bone 180 2
Lowerarms | eI o muscle 180 160 2 2
and wrist joints
16 | Arm nerve 180 2
17 | Forefinger pad D 300 2
18 | Forefinger pad ND 270 2
19 | Forefinger end joint D 280 2
20 | Forefinger end joint ND 220 2
Hands and 21 | Thenar eminence 200 140 2 2
fingers
22 | PaimD 260 2
23 | Paim ND 260 2
24 | Back ofthe hand D 200 2
25 | Back of the hand ND 190 2
Thighs and 26 | Thigh muscle 250 220 2 2
knees 27 | Kneecap 220 2
) L Lower legs 28 | Middle of shin 220 2
) imagination at work 29 | Calf muscle 210 130 3 2 24
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Power and force limits can be
affected or modified by:

1) Eliminating pinch points
2) Reducing inertia or mass
3) Reducing velocity

4) Modifying posture

5) Avoiding sensitive body areas

\ ) imagination at work
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Collaborative robots with Power & Force Limiting does
not mean:

 Remove fences without further considerations
e “Safe” robot will render entire application “safe”

* Requires a higher safety performance than standard industrial
robots

* Too slow for productive applications

) imagination at work
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Robot Safety Standards




ANSI/RIA R15.06 - 2012

* Update to ANSI/RIA R15.06-1999
* National adoption of ISO 10218-1&2

KEY ASPECTS:

Terminology

for Industrial Robots and Robot Systems —

Safety Requimmeﬂfs

Regulatory Compliance
Safety Rating Qualification

Floor Space optimization

Collaborative Operation

Global Acceptance

imagination at work NH General Industry Roundtable
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Terminology

Robot Does not include end effector

Robot System Robot and end effector and any task equipment
Robot Cell Robot System and safeguarding

Slow speed Reduced speed

Safety Stop Protective stop

Teach Mode = MANUAL reduced speed mode (teach is a task using manual
mode)

APV MANUAL high speed mode

Operator All personnel



Terminology
Know your verb usage:

Shall Normative or mandatory requirement
Should Recommendation or good practice
May Permissive or allowed

Can Possible or capable — statement of fact

NOTE — Notes appear throughout the document. All notes are
informative and are used to provide additional information or
explanation of concepts.
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Regulatory Compliance

® Occupational
‘) Safety and Health
Administration

imagination at work

NH General Industry Roundtable
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ANSI & OSHA Standards Comparison

Source: Matt Epperson, Compliance Safety and Health Officer, OSHA

OSHA General Duty Clause: “Each employer shall furnish to each of his employees
employment and a place of employment which are free from recognized hazards that are
causing or are likely to cause death or serious physical harm to his employees...”

ANSI OSHA
Standards Standards
Syl Voluntary Mandatory

Requirement:
* limited to mechanical

. «
Comprehensive: Yes No power presses, forging
Periodically machines, cooperage
Updated: Yes No machines, etc.

Compliance to ANSI standards can be used as a

* Means of complying with OSHA requirements of a safe workplace but NOT presumption of
conformity or compliance.

* Civil legal defense for providing a safe workplace based on current practices.

imagination at work General Electric Company, Copyright 2018 NH General Industry Roundtable
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Who do standards concern?

Source: Matt Epperson, Compliance Safety and Health Officer, OSHA

_ANSI | IS0 | OSHA_
X X

Manufacturer
Integrator X X
User X X

* ANSI standards typically provide guidance to Manufacturers,
Integrators and Users of industrial machinery.

* |ISO standards do not provide guidance to Users of industrial
machinery, under the assumption that each country will have
its own regulatory safety requirements.

* OSHA standards provide guidance only to Users of industrial
machinery.

\ imagination at work General Electric Company, Copyright 2018 NH General Industry Roundtable
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OSHA and Robots

Source: https://www.osha.gov/SLTC/robotics/

“There are currently no specific {OSHA} standards for the
robotics industry.”

Several General Industry (29 CFR 1910) requirements do apply

* 1910 SubpartJ, General environmental controls
* 1910.147, The control of hazardous energy

* 1910 Subpart O, Machinery and machine guarding
* 1910 Subpart S, Electrical

Several national consensus standards (ANSI, ISO, CSA) are
recognized as providing guidance related to worker protection

» (References are out of date)

Source: Matt Epperson, Compliance Safety and Health Officer, OSHA
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What to Provide to OSHA
if Inspected

Risk Assessments

Job Hazard Analysis/Job Safety Analysis
Drawings & Schematics

Safety device specifics

Minor servicing task list and justification
Lock out tag out program and procedures

The employer needs to know their system and
know how to explain to OSHA and the compliance
officers.

The employer needs to know with confidence how
their system functions and why it is safe.

®  Qccupational
Source: Matt Epperson, Compliance Safety and Health Officer, OSHA C Safety and Healthb
Administration



Safety Rating Qualification

Severity of Injury Frequency/ Avoidance Performance Level Rating
Exposure to Hazard of the Hazard PL
Low risk
Pl
F1
t =
s1 . P2
= P1
e
-
P2
P1
F1
-
P2
S2
- Pl
F2
S: Severity of injury p2
S1: Slight (normal reversible injury)
S2: Serious (normally irreversible injury or death)
F: Frequency and/or exposure to hazard High Risk

F1: Seldom to less often and/or exposure time is short
F2: Frequent to continuous and/or exposure time is long
P: Possibility or avoiding hazard or limiting harm
. . . NH General Industry Roundtable
P1: Possible under specific conditions March 12, 2019
. , Copyright 2018
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Safety Rating Qualification

* |SO 13849-1:2006 and IEC 62061 provide performance metrics
for Functional Safety

— Can quantify performance, determine requirements, and validate
compliance

* “Control Reliable” is a concept written in the 1999 standard

« A controls system meeting a PL=d and structure category
3 meets the requirements set forth in the prior control
reliability language:

1. Asingle fault does not lead to the loss of the safety function;

2. The fault shall be detected before the next safety function
demand;

3. When the fault occurs, the safety function is performed and
a safe state shall be maintained until the detected fault is
corrected;

4. Reasonably foreseeable faults shall be detected.

imagination at work NH General Industry Roundtable
March 12, 2019
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Floor Space Optimization

The Robot Cell Footprint can be reduced bb following these steps:

1. Conducting a risk assessment to identify tasks & hazards with all phases of
operation and to identify protective measures

Set use limits for robot

Severity of Exposure to Avoidance of .
system (5.1) Injury the Hazard the Hazard Risk Level
- Likel
— ) AULEEY | NEGUIGIBLE
Plobablhty Task/hazard identification
5 (5.2) E1-Low A2 - Mot Likely
Severity A B C l, §1 - Minor
4 A3 - Mol Possible Low
Initial risk estimation E2 - High
(5.3)
3
2 L E1-Low
Risk reduction B BT MEDIUM
1 determination (5.4) 52 - Moderate A1 - Likely
L E2-High | A2- NotLikely
ISO 12100/ANSI B11.0 \mplement risk reduction
measures (5.5 & 5.6) A3 - NotPossible
E1-Low
53 - Serious A1 - Likely
Verification
of Risk E2 - High A2 - Not Likely

Reduction
Not (5.7)

Achieved

A3 - NotPossible

Achieved

RIA TR R15.306

(based on
ISO 13849-1:2006)

Document and finish (6)

Typical flow chart

1 . . . NH General Industry Roundtable
) imagination at work

) ) March 12, 2019
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Floor Space Optimization

2. Use ‘safety-rated soft axis and space limiting’ to reduce the size of your
restricted space

Restricted space
for robot with

/ end-effector
VL & workpiece

\ ) imagination at work NH General Industry Roundtable
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Floor Space Optimization

3. Apply safeguarding, providing operator clearance only where tasks inside
the safeguarded space occur

* No Task = no need for clearance
e 2012: 20 inch clearance required for high speed manual

e 1999: 18 inch clearance form the operating space was required.

Ty
\ ) imagination at work NH General Industry Roundtable
March 12, 2019

General Electric Company, Copyright 2018



Collaborative Robot System

https://www.youtube.com/watch?v=B6SwSPa0lQ4

Applying Urethane to Automotive Glass — Esys Automation

\ ) imagination at work
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Risk Assessment




&
N

-

How Bad?
e

\ CONCSEQUENCES /

i)

/ How Often? \

\-

FREQUENCY

J

W
/ How Likely? \

g

\ AVOIDANCE /

There are MANY risk assessment methodologies!

imagination at work

Electric Company, Co

yright 2018
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S5et u=e limits for robot
system [5.1)

b

Taskl/hazard identification
[5.2)

W

)

Initial rizk estimation
[5.3)

)

Rizsk reduction
determination [5.4)

L

Implement rizsk reduction
measures (5.5 & 5.6)

Verification
of Risk
Reduction
[5.T)

Not
Achieved

Achieved

Document and finizsh [6)

imagination at work

Anticipates tasks and hazards
then applies risk reduction
measures

Allows for safeguard

customization
Uses iterative process

Avoids ‘one size fits all’
prescriptive measures

General Electric Company, Copyright 2018 44
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Risk Matrix

TR R15.306 - Risk Level Decision Matrix

Sevetrlty of Exposure to Avoidance of the Hazard Risk Level
Injury the Hazard
Al Lk NEGLIGIBLE
E1 - Low A2 - Mot Likel
51 - Minor
A3 - Not Possible LoOow
E2 - High
E1 - Low
MEDIUM
52 - Moderate A1 - Likely
E2 - High A2 - Mot Likel
A3 - Not Possible
E1 - Low
53 - Serious A1 - Likel
E2 - High A2 - Not Likely

imagination at work

A3 - Not Possible

General Electric Company, Copyright 2018

VERY HIGH
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Risk Reduction Measures

Most preferred

>

Least preferred

Inherently Safe Design

Safeguarding & Complementary
Protective Measures

Information for Use

Space Entry

Complimentary Warnings & Personal
S o Limit Safeguarding & . Awareness Administrative .
Elimination Substitution . . Protective Protective
interaction SRP/CS Means Controls .
Measures Equipment
*Process * Less * Eliminate * Guards * Emergency Stop | Lights * Training and Clothing &
design hazardous or reduce * Interlocks Devices and Beacons and safe job Footwear for
*Redesign or materials human * SPE functions strobes procedures specific
* Modifi- * Intrinsically interaction * Two-hand controls * Platforms and Audible alarms * Safety safety
cation safe ¢ Automate devices guard railing & Signs, labels or equipment purposes
e Reduced tasks * Safety controls and Safe Access markings inspections
energy logic * Measures for * Job rotation
levels * Safety-related escape & * Changing
« Reduced functions and safety Rescue, work
volumes parameters isolation & schedule
* Integration of energy control, * LOTO
protective devices handling heavy * HazCom
parts Confined

imagination at work

General Electric Company, Copyright 2018
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Risk Assessments

EHS Tool No, G2011_T1
Tool Reviskon Ne. 2.1
Tool Date: 3/4/2015
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Standards

Normative References

Robots and robotic devices — Safety requirements for industrial
robots — Part 1: Robots

1ISO 10218-1:2011

ISO 10218-2:2011 Robots and robotic devices — Safety requirements for industrial
robots — Part 2: Robot systems and integration

ISO/TS 15066 Robots and Robotic Devices — Collaborative Robots

ANSI/RIA R15.06-2012 American National Standard for Industrial Robots and Robot Systems —
Safety Requirements (adopts I1SO 10218-1 and ISO 10218-2 entirely)

RIA TR R15.306-2014 American National Standard for Industrial Robots and Robot Systems -
Task Based Risk Assessment Methodology

RIA TR R15.406-2014 American National Standard for Industrial Robots and Robot Systems —
Safeguarding

\ ) imagination at work
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Resources

RIA Technical Reports

 RIA TR R15.306, Task-Based Risk Assessment
— Updates guidance in ANSI/RIA R15.06-1999, Clause 9

* RIA TR R15.406, Safeguarding

— Updates guidance in ANSI/RIA R15.06-1999, Clauses
10 and 11

* RIA TR R15.506, Existing Systems

— Provides guidance as to when the guidance outlined in
ANSI/RIA R15.06-2012 would apply for robot cells
built to ANSI/RIA R15.06-1999 requirements

| imagination at work NH General Industry Roundtable
) ) March 12, 2019
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Robotics.org

[
ria | eenes

Paboby budusires Assncator |

Parallel and Angular Grippers,
Tool Changers, Linear Rails,
Complience Devices, & more...

p =N

Seplember 30, 2014

sak on th Te skt
pear « bot

INTERNATIONAL % )
COLLABORAﬂVE' A

"’%inq,agzr A\

San Jose Cormvention Cenler

San Jose Calformia LISA

RIA Launches Redesigned Website and New Logo

The Robonic industnes Assoosnon (FlA) i exoted 1 rtroduce our new look!

f irdyItrial rodones Rad bedn

Rebote: Oniing, your andre ress

-ria

sTglerely overtauled. Ard o SNE WiTh Ul P webl

BiAz rew loge’ BEAD MORE

t#, Al Bre Irod

Robotic Industries Association

COFaQ sen wepue

—
@ D
I,I

Multi-Axis Force/Torque
Sensors

..
s
-
i B
3
3
-
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Cobotsguide.com

COBOT COMPARISON CHART

Over 20 Cobots compared by payload,
reach, weight & accuracy!

B MyGE X & CobotsGuide | Making Sense of - X =+ -
&« c O @ https;//cobotsguide.com b g
i Apps 4 Online Video Down Imported From [E @ EVENTS |Pipeta Pip. §F MyGE
. Home The Cobots Accessories InUse News Library Contact You
f.:obOtsgunde f m

)

L IO ﬁ'
.I.' L‘J q \{

=

/4

Guide to Making Sense of Collaborative Robots :;.‘__" 0‘

Watch Video: History of Cobots N 3

)

MEET THE COBOTS COBOTS AT WORK

Discover the Collaborative Robotic Learn the best Applications for
Manufacturers and their Products Collaborative Robots

imagination at work
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Robotig.com

ZROBOTIQ

HOW TO PERFORM A RISK ASSESSMENT

FOR COLLABORATIVE ROBOTS

Q R oo

LEAN ="
ROBOTICS

e ]

E.ROBOTIQ

o/ﬁ\o

LEAN =

Tha World's First Specifications of Safety ROBOTICS

O BOTS 1066 [rplaned robatiqeem | leanrabotics arg

1. DOCUMENT IDENTIFICATION
= u 5 o ]
| vensien | o Dane 047112006 |
[p— [ — ¥ o818/2008
|m!’| Joan Burier | x I BESTEM00E
1 it G 5. Gavmer o51r2018

2.1 PROJECT INFORMATION

Cate T MM-DDYY

[CE or oorer cenification]

[Nasne: Pharic Turgeon

Funcliony Job Title: At Engineer

2.2 MOTIVATION

Robotia Ind. wants risk Bon Gl
reazEn, Bobari Ind. Tk Ardoemanion in o PIlT® deumentaen formet 10 condus @ farmal sk
AssessMEn S their LSS sema cell The cell 15 a fore |imies col aBoratre o |

users. Fix This

Tits pisk 1 .
Section 1 &2 Section 3

ahle smndsedsl in addicion the
Appendix 1 ()

imagination at work
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Introduction: Collaborative Robot
Safety: Desigh & Deployment

he Collaborative Robot Safety: Design & Deployment Cou

: “HAND GUIDING
FREE Online ISO 10218-1 CLAUSE 5.10.3

collaborative robot
safety course
available to public

coursera .. B

University at Buffalo
The State University of New York

imaginationatwork ~ Genera | Electric Company, Copyright 2018 NH General Industry Roundtable
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Ride the I\/onies ... on a Robot

THEWZF@RDING

WG“RLD oF

HARRY POTTER 2

FORBIDDEN JOURNEYS

Ardstic deplcion of ride veihicie.
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Harry Potter Ride Behind the Scenes https.//www.youtube.com/watch?v=kz2zsdcacee
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Harry Potter Ride Behind the Scenes hitps://www.youtube.com/watchv=rsGpkxhnpia

NH General Industry Roundtable
March 12, 2019

imagination at work



Jim Biaglow
GE Global Research
Niskayuna, NY

biaglow@ge.com
518-387-7561







