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M/ The "“all-to-typical approach”

e “Wow, that
looks
dangerous”

* “I should install
a guard or light
curtain to keep

people safe”

* “Looks good,
let’s roll! “
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Reasons for a Team/Task-Based

Risk Assessment :

* Considers all interaction/collaboration
with the machine

* Nearly 70% of safety incidents occur outside
normal production/operations

 Selection of the most optimal mitigation to
avoid:
e Mitigation that is insufficient or overdone
* False sense of “safety”
Productivity suffers
Safeguards bypassed
Investment is undermined

2. Safety Functional
Requirements
Specification

3. Design & Verification

Documented proof of “due diligence” towards the general duty clause




When Is a Risk Assessment Required?

ANSI B11.0 — 2020 Safety of Machinery

Table 1 — Requirements for new and existing machinery

Scenario and Description Requirement ‘
1. New Machinery / System Perform a risk assessment to confirm the risks are at an | Reconcile
(created utilizing new or used ccmpunents# acceptable level. Comply with current applicable standard(s). with the

2. Repair / Rebuild / Refurbish Machinery ' No risk assessment required. Comply with applicable
(utilizing comparable components) standard(s) existing at time of manufacture or initial
0 installation.

general
duty
clause...?

3. Rebuild / Refurbish Machinery J Perform a risk assessment to confirm the risks are at an

(utilizing non comparable components, acceptable level. Comply with current applicable standard(s)

changing the use of the machinery) on any new hazards.

4. Reconfigure / Relocate Machinery Perform a risk assessment on any hazards created by the

(existing machinery is relocated or layout is new layout or change in spatial configuration, and to confirm .
reconfigured) J the risks associated with the reconfigured machinery are at ’”k

United States Legislative Standard

an acceptable level. e - Stand
— '/ Accountability for safety in the in USA

Comply with current applicable standard(s) on any new

0 hazards associated with relocation. All other (pre-existing)
hazards comply with applicable standard(s) existing at time of

manufacture or initial installation.

5. Modify, Reconfigure, or # Perform a risk assessment to confirm the risks are at an
Remanufacture Machinery acceptable level.

(machinery or components are added to or
removed from an existing machinery system, | Comply with current applicable standard(s).
or are modified to introduce new features)

OSH Act of 1970 SEC.5. Duties:
(a) Each employer -

(1) 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 seri | harm to his employees;

(2) shall comply with occup: tety and health standards
promulgated under this Act,

(b) Each employee shall comply with occupational safety and health
standards and all rules, regulations, and orders issued pursuant to this Act
which are applicable to his own actions and conduct,




Risk Assessment

Process

1. Prepare for and Set Limits
of the Assessment

v

2. |dentify Tasks and Hazards

v

Task

3. Assess Initial Risk

Risk Scoring Systems

* IMS default process is ANSI B11.0-2020

ANSI B11.0

Figure 1 — lllustration of relationship between ISO 12100 and ANSI B11.0

* IMS will facilitate a team/task/hazard-

based risk assessments by a cross-
functional team of the customer
* operators, engineering, maintenance

staff, cleaners ,production supervisors
and EH&S

v

4. Reduce Risk

Hazard Control Hierarchy

v

5. Assess Residual Risk

Risk Scoring Systems

6. Residual Risk
Acceptable?

7. Validate Solutions

v

8. Results / Documentation

Assessment
Complete

The Risk
Assessment
Process

\/



Risk Assessment

Process ansisi1.02020

Re-evaluate
Task

1) Prepare for and set limits of the

assessment .

2) ldentify tasks and hazards
3) Assess Initial/existing risk
4) Reduce risk

5) Assess residual risk

6) Residual Risk Acceptable?
/) Validate solutions

8) Document the process

1. Prepare for and Set Limits
of the Assessment

v

2. ldentify Tasks and Hazards

'

3. Assess Initial Risk

[ Risk Scoring Systems
A o’

]

A

4. Reduce Risk

Hazard Control Hierarchy |

Y

5. Assess Residual Risk

Risk Scoring Systems

f‘ ______

No 6. Residual Risk >
—

Acceptable? >

.'/"

7. Validate Solutions

'

8. Results / Documentation

The Risk
Assessment
Process

Assassment

Complete '



| 1. Prepare for and Set Limits A
Risk Assessment —
———— 2. ldentify Tasks and Hazards
Process ;
= : 3. Assess Initial Risk
e-evaluate -
Task [ Risk Scoring Systems
* The information for risk assessment should - !
include; ; 4. Reduce Risk
(=== ‘
* machine life cycle phase(s) in scope i FAT Cotnl ey |
. . . | The Risk
e production rates, cycle times, speed, forces, material to be : i Assessment
used - : A Process
‘ 5. Assess Residual Risk
* identify all persons involved throughout the machine’s life { Risk Scoring Systems |
 anticipated preventative maintenance tasks, times and
intervals 1 . *
* environmental limits (temperature, humidity, moisture, noise, §
i i i i ; No " 6 Residual Risk ™\
location, Ilghtlng day &. night) | | | e < Accopatie?
* other machines or equipment integrated with the machine j A
* energy sources, auxiliary/remote command/control or i
_ !  [es ANSI
automation and LOTO procedures |y . New or Next Hazard? Attt i
* tooling wear, maintenance of mechanical, electrical, fluid |
devices 7. Validate Solutions
* space required for installation, maintenance, and operation i
8. Results / Documentation —>AZZ‘::;$$“ '




Machine characteristics
ex. - Stopping distance




Team-Based Risk Assessment

All affected people, all task and all steps of

those task

 Directly collaborating

operators
maintenance
electricians
mechanics
technicians
installers
uninstallers

* Indirectly collaborating

engineers
managers
supervisors
EHS

» By-standers or potential

collaborators/helpers

passers-by

HR

consultants

fork trucks/drivers
sales personnel
administrative
temporary employees
material handling
visitors

Consider the level of
training/experience

Operators
Helpers
Maintenance
Trainees

1, Prepare for and Set Limits
of the Assessment

e 2. ldentify Tasks and Hazards

‘ 3. Assess Initial Risk
Re-evaluate

Task Risk Scoring Systems

'

4. Reduce Risk

Hazard Control Hierarchy

'

5. Assess Residual Risk

Risk Scoring Systems

A

/
| No / 6. Residual Risk x
. Acceptable? ,

\. /"
\/

Yeos
New or Next Hazard?

7. Validate Solutions

'

8. Results / Documentation

Assassment
Complete

The Risk
Assessment
Process

Y



' 1. Prepare for and Set Limits A
“ \ . of the Assessment
r--4-» 2 |dentify Tasks and Hazards
[\ | B11.18, RIA TR R15.306 ;
i 3. Assess Initial Risk
Re-evaluate
Task Risk Scoring Systems
Hazard Types Reasonably Foreseeable Scenarios ; ;
= Mechanical = Power failure i 4. Roduce Rsk
= Electrical = Falling/ejected objects or fluids ' Hazard Control Hierarchy
=  Thermal =  Structural stress/overload f ! Pk
' ‘ . Process
= Noise = Inadequate location of controls/display : i i
_ _ ) : Risk Scoring Systems
= Vibration = Control/software failure i
= Radiation =  Human error i /L\
= Inhalation = Unexpected influence on machine (ex. wind) i No % .
(e ¢
= Biological = Mismatch of human characteristic S
= Viral or bacterial = Breach of hazardous container/conduit : ™ -
_ : New or Next Hazard?
= Ergonomic = Lack/neglected PP VT
= Visual = Unexpected starts 7. Validate Solutions
= QOver/under speed 1
. umentsd __’Assessment
» Inadequate lighting e Compiete



| ldentify Hazards - During normal and

N1)) foreseeable malfunctions or abnormal operations

Machine Life Cycle

 packing and vansportaton Person.task.step.hazard

* unloading / unpacking; Operation (all modes):

» machine / system installation; - coil / plate handling;
« start-up / commissioning; - threading and re-threading;
- operation (all modes);j———— = - handling and servicing tooling; —
- planned maintenance: - eqw!oment cleaning; For each of the above tasks, there may be
« unplanned maintenance; - quality control checks; numerous hazards.
'? _ ’ - scrap handling; —a * Scrap handling:
* major repair, - monitoring / controlling machine operation; - sharp edges
- recovery from control failure; - handling finished product: - strip / scrap motion
9 P ! Strp 7-scrap . .
* recovery from process failure; - - ln-runnlng nip or pinch points
« troubleshooting; i ?r(i)pIIS:)?ng
) housekefep'f‘g;l - falling into open pit
« decommissioning; - uncontrolled scrap motion

» disposal,
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Risk Estimation/Score In three

Machine Task/Hazard-Based Risk Assessment

ST T AL e

Risk Assessment Team Titlesfioles:
Machine Info. Azsezzment Info.
Marne ! IC: Dalte of Azzessmant:
Plart: Revizion:
D JE— At Scope and limits: MHote: Walidahon 12 requared before EU 15 achieved |lest resulls requared].  Third party vahdshion
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Hazard = required Performance E 8lE S -

! ? Required E e g 3
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1. Prepare for and Set Limits
of the Assessment

1

2. ldentify Tasks and Hazards

3. Assess Initial Risk

Risk Scoring Systems

'

A clear and consistent means to determine a risk level

4. Reduce Risk

Hazard Control Hierarchy

Risk Level
MEDIUM LOW | NEGLIGIBLE

1

5. Assess Residual Risk

Risk Scoring Systems

4 People =Risk

/ \
N
p

N

>

No 6, Residual Risk ™\

° . . . — . \. Acceplable? /,/'\
Risk is the combination of the; | N A

» Severity of harm o= Probability of occurrence Nmmexmm??es

- Probability is frequency of exposure o avoid-ability =

7. Validate Solutions

'

8, Results / Documentation

Assessment
Complete

The Risk
Assessment
Process

Y



RIA 15.06 Risk Estimating System

RIA TR R15.306-2016

| Severity of Injury ‘ Exposure to the Hazard | Avoidance of the Hazard | Risk Level

EO - Prevented

e 3 factors of the rating NEGLIGIBLE

A1 - Likely
° Severity of |njury — —— A2/A3 - NotIikely/

Not possible
* Exposure to Hazard E2. Hih p Low

EO - Prevented

« EO only after mitigation =

* Avoidance of Hazard . 1 Lo
. . | A - Likely MEDIUM
. 5 rISk ratlngs Or Ievels — A2/A3 - Not likely/
Mot possible

EO - Prevented

°
i@ _aa™  Fmcma g
PRttt advancing VISIONsIMAGING
E1-Low
have converged into the $3 - Serious
A1/A2 - Likely/Not likely
E2 - High

ASSOCIATION FOR
ADVANCING AUTOMATION
jamay

A3 - Not possible




>

Risk estimation/rating determines the

recommended primary risk reduction measure

RIA TR R15.306-2016

Table 4 — Minimum risk reduction measures as a function of the risk level

ANSI B11.0 2020

AMERICAN NATIONAL STANDARD

B11.0 — 2020 (Annex - A)

Table 6 — Potential Effects/Additional Characteristics of Risk Reduction Measures

Risk Reduction
Measure

Risk Level
MEDIUM

Most
Freferred

Least
Freferred

Elimination

LOW | NEGLIGIELE

Substitution

Use of one or a combination of these

Limit Interaction

risk reduction measures are required
as a primary means to reduce risks.

Safequarding/
SRPICS

Complementary
Protective
Measures

Use of one or a combination of these

Warnings and
Awareness Means

risk reduction measures may be used
in conjunction with the above risk
reduction measures but shall not be

Administrative
Controls

used as the primary risk reduction
measure.

PPE

Any of the risk

reduction measures

that would reduce
risks to an

acceptable level may

be used.

3 P Possible Effect on Risk Possibly
Risk Reduction Measures Factons atgcaptibieto:
Probability (even when properly applied)
Hierarchy z i € =
BETEHEH Rl
Classification Type v (wal<s| 08
Limiting Interaction modify the process to eliminate/reduce human interaction . . .
~ replace task, increase clearance . .
Elimination
Inherently Safe energy magnitude reduction . . .
by Design ; -
(Redesign) automated material handling . . . . . .
Substitution use less hazardous chemicals . . .
reduce force, speed, etc. through selection of inherently safe components . .
Separation fixed guards, shields . . . .
N Detect / Control Access Interlock devices, presence sensing devices . . . .
Engineering
Controls : two-hand / single actuating controls . . . . .
(Guards Control Hazardous Motion o :
2 . . . . . . .
Devices and enabling devices, jog controls
Control Restricting Operation controlled selection of operating modes ° 9
Functions : S A T
unctions) Monitor / Limit Hazards speed / force monitoring and limiting . . . .
Emergency Action emergency stop devices . . . .
awareness barriers . . . .
Awareness Means (Warnings & : 2 7
Instructions) awareness signals (audible and/or visible) . . . .
awareness signs / markings . . .
Information for Use i
. ) (Training & Procedures) safe work procedures, training . . .
Administrative
Controls Administrative Methods safe-holding safeguarding method . . .
Supervision supervisory control of configurable elements . . .
Control of hazardous energy isolation of hazardous energy . . . .
Tools hand tools . . . . .
PPE safety glasses, hearing protection, gloves . . . . .




. . - 1. Prepare for and Set Limits A
» —~ | Risk Evaluation: | TR,
% I IS the rISk acceptable 5————-»-6 2ldentdyTas;sandHazards
’? | 3. Assess Initial Risk
O r - Re'?‘;;:‘a'e Risk Scoring Systems
* Any level of risk can be acceptable or il = !
bl f . k ‘ 4. Reduce Risk
unacceptable for a given task/step 7 S
- ¢ YOU dECIde v AsT::ssR:::nt
ﬁlSk Level 5. Assess Residual Risk Frocess
MED".’“ LOW "EGL'G'BLE Risk Scoring Systems .
,~""i‘\.
* Document the decision and rationale P e
_< Acceptable? /,./'3
» Corporate guidance/policy
e Continue adding layers of risk reduction
7. Validate Solutions
i
8. Results / Documentation e Aéi‘::;:fem '




Machine Task/Hazard-Based Risk Assessment

ST T AL e

Risk Assessment Team Titlesfioles:
Machine Info. Azsezzment Info.
Marne ! IC: Dalte of Azzessmant:
Plart: Revizion:
D JE— At Scope and limits: MHote: Walidahon 12 requared before EU 15 achieved |test resulls requared].  Third party vahdshion
- ng & [wilh exising SEaEo0t Future Estimate |wilh proposed Hisk
#hing Eshmate [wih exising Fisk 7 :
Reduction M 1 Existing Fisk Estimate Reduction Measures] Future Fisk Estimate
KR XX lsa ANSHRIA TH R15.306- A TR RS 306-201
Parsan Mini ==
ZonelArea | Task Persond Task Steps Potential Hazards Rof Control Functional e '5 EE - ) e
Step pic i g ] Circuit g £ E Existing Achions ! Measures g 2 I ; ‘I
Hazard = required Performance E 8lE S -
g |77 | Peaurd £95 g 3
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ager zenzor Failing bo debect process zhop rollz, awareness of impending
leadinglipstrean edge of plate ahornatic raticn with horrdight
—1 Person.Task.Steps.Hazards

. |
Existing Measures | uture Measures/
g
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Machine Guarding

Minor Servicing
Exception

Signs, lights,
horns, training

Boss, keys

Lockout/Tagout

Safety glasses,
hardhat, tools

AMERICAN NATIONAL STANDARD

B11.0 — 2020 (Annex — A)

Table 6 — Potential Effects/Additional Characteristics of Risk Reduction Measures

Risk Reduction Measures

Possible Effect on Risk

Possibly

Factors susceptible to:
Probability (even when properly applied)
Hierarchy ‘? . - Lo
Classification Type v |Wn|la<s| O2
Limiting Interaction modify the process to eliminate/reduce human interaction . . .
Most L replace task, increase clearance . .
Preferred Elimination : :
Inherently Safe energy magnitude reduction . . .
by Design _ -
(Redesign) automated material handling . . . . . .
Substitution use less hazardous chemicals . . .
reduce force, speed, etc. through selection of inherently safe components . .
Separation fixed guards, shields . . . .
) ) Detect / Control Access Interlock devices, presence sensing devices . . . .
Engineering
Controls ) two-hand / single actuating controls . . . . .
(Guards Control Hazardous Motion : . .
Devices ahd enabling devices, jog controls . . . .
Control Restricting Operation controlled selection of operating modes . .
Functions ] . L .
) Monitor / Limit Hazards speed / force monitoring and limiting . . . .
Emergency Action emergency stop devices . . . .
awareness bharriers . . . .
Awaren_ess Means (Warnings & awareness signals (audible and/or visible) . . . .
Instructions)
awareness signs / markings . . .
Inforlm.atlon for Use safe work procedures, training . . .
. i (Training & Procedures)
Administrative
Controls Administrative Methods safe-holding safeguarding method . . .
Supervision supervisory control of configurable elements . . .
Control of hazardous energy isolation of hazardous energy . . . .
Least Tools hand tools . . . . .
Praferred PPE safety glasses, hearing protection, gloves . . . . .




IMS RiIsk Assessment Documentation

1. Hazard or Risk
1) 5. Maintain Assessment
& Improve " o

cover —

“Customer” “Asset” Risk Assessment

Date of the assessment

Customer/plant address

Safety
Life Cycle

Pic of asset

Risk Assessment author

IMS CYysas *  NFPAT9 - 2018 — Electrical stondord for industrial Machinery

+ 150 13850 - 2015 - Sofety of machinery — Emergency stop function — Principles for desian
*  RIATR R15.306 — 2016 - Technical Report for industrial fobots ond Robo »
Table of Contents 4 - Task-based Risk

A 4. Installation - -
To be Gdded once outline is finalized Risk was estimated based by the risk-calculation method of the severity and p & Validation \, . .
TR15.306 - 2016 (fig. 2). ll fforts wers mads, by those invalved with this risk assessment process, to identify all reasanably 2. Safety _Funcnonal
1.0 Requirements

pisk imated for each taskfhazard by the risk N foresseable tasks and hazards for all mades of operation, whather normal or sbnormal. Givan the Jireme
isk was estimated for each task/hazs & risk 3s3essment taam based o © . . o
¥ practical constraints of 3 finits amount of time and resources toward this risk asssssment effort within Specification

Risk Assessment facilitator/author

‘This task-based/hazard-based risk asszssment was conducted with the

of the machine safety life cycle (fig1.). The purpose was to identify ail fog 1) severity of injury a5 minor, moderate o serious the limits of its scope, it s reasonable to expect that not allscenarios were addressed. Thus, some task 3. Design & Verification
the risk encountered by all who interact with and are affectad by the mi 2] Exposure to the hazard s prevented, low ar high and hazards may not have been discovered and assessed during this risk assessment. In accordance
the scope of this assessment. 3} Avoidance of the hazard as ikely, not fikely/possible or not possil with the consensus machine safety standards, it is recommended that this risk assessment ffort be

repeated on 2 pariodic basis. The fraquancy of the cycle depicted in fig. 1 abov, is determinad by the

The estimation of the lavel of risk was datermined based on the RIA TR R1SS owner of the asset and the associated staff interacting with the machine as part of thg snterprize"

S safety program, policies and procedurss Machine Task/Hazard-Based Risk Assessment
+ oo ] fLR R S [A Team Member Names: | Titlestloles:
— N— > [Mark Eitzman, John Aockenberger =
Sep Frca Schutieia, s Goner e
p— - 2.0 5cope of this risk assessment including assets and ffectad personnel. The infer LTy Chie. Corey Cumome
' & blick is provided by the tesm with = high degres or certainty of being scourste. Horme 16 Eostorne Dot Arcessmert a2t Customee
Machine Safety red has been provided by the t2am a5 an 2stimate and should be verified by the Plak [roling il A Fision: i [Jobn. Misty Conmiot
| Life Cycle R et — e e T e
! 2.1 Description of the asset and it's function N ccduntion e propo o : o

« :-wnur:x: 3 2.11—Name Is ﬁf‘ﬂ-d- . i i -
e S H Existing Actions | Measurss H l i i = H
2.1.2 - Manufacturer roquired?|  Required 53 3 Fi ]
HE
+ Desion 8 Wifconen 2.1.3 - model (s scorraets o soche
g Operaor posicrod o o sofe astance o et e i waring
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14 = 5 | 0ms0 ki Gpmretrchrges [prosses PLATE LOADED on [pinevpeinfrem it Canial eerotor cerieing ads oo prevere
fg-2 table ! aplate HMI ops staion motion of centering guides and 45 B & | = e e | 4 |Relisie ¥ [starcers clear and operaior S| & % | % | corirols when peopie Geteciedin | = L
2.1.5 — Pictures, layout v ittt 1o o ersuring rea i los o pecsle azordocs rea. Audbishisud wrring
This assessment conductad in sccordance with the following consensus Risk far ech hazard was estimated from three perspectives; 1.5 - Pictures, fay oefee initing hazaros mabon. ing me celay o recending
o . . ) 2.2 summary of the machine’s function and description of its oparation o
*  ANSIB11.0-2020, Sofety of Mochinery 1) initial risk or no risk reduction messures regsrdless of an in e - g e PLATE LOMED o [ Mhiries - rshingiering Gisarce oz, Traning [
5 2. g | 0205 e chages |oreases PLATELOADED o [ o o of ceniering a5 si|e2|m N x| [andelicprocssesfor by- |6 x B &= s3 | e0 Low
©  ANSI/ISO 12100 - 2012 - Safety of machinery —General princip| 2} Existing risk with existing rick reduction measures 221 Mschines function e apioe i o saton 8 8 ok .ot o | i e e o e cheros el
and risk reduction | 3] Residual risk with propesed;future risk reduction mezsures . . —
*  ANSI/ASSE 2244.1 - 2016 - The Control of Hozardous Energy — L 2.2.2 Description of cperstion
Means . . vea scorners)vih pplid safe
2.2.3 Description of incoming material, expected alterations don distonce o detecl peogie in warmrg
" . . ; ; - Triningfo cerotr nciby- rcihscorcos reos. Chorge e
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the " .y is. Each rowl table s | e Feliabl areais clear of people before Very Hgt [ when pecple detected in hagardous
2 riating hatardass moior) rea. huxibiehioul wrring 6 ring
2.3 Modes of the machine being assessed A g i
may be encounter during task by those expected to interact with the machin = R
" 2.3.1 Start-up, Setup/adjustments, normal operation, foreseeab
Risk for ech hazard was then evaluated by the team and deemed to be accej P, Setupsac] ° PSR |z | g N s chaes s CHAPGE onrid o0 APl BEE o e o1 [E0| [Neighie
risk was zcceptable, it was documented a5 such in this assessment and no fur maintenance in lock out, maintenance in “minor servici mecharical - Entanglement
messures were proposed. If the risk was deemed unacceptsble, risk reduction ™ | D0 [JeneFokifGpestorchargos | oo e ek || E5 s|e2|m N % [fsed gusrel over e b =30 Low
proposed snd documented in this assessment Any residual risk fallowing the 2.4 Maching Lifa-cycl han and sproch
estimated and documented in this assessment. 2.4.1 Design, i 5 prodil A
s L FCaecharging | 40 , ctear s operator (ensuring ares I e
outage, reloc: dec el cany | 00 ot v andlbystanders |20 B uics andabe rameveen | 22 8= 5 ¥ [i et o pecplebefore vaing | <2 | €1 %] [wwindn g S| e Lo
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removal/demolition Farrace dowr openingTs small
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2.5.1 Environmental limits
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Safety Functional Requirement

Specification - SFRS
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Functional Safety — Safety Rated Part

of the Control System (SRP/CS)

* Functional Safety of machinery are those parts of the machine control system
that are specifically used to reduce risk, particularly with regard to human safety

* An example of Functional Safety is a simple interlock circuit.

Access Gate (Movable Guard)

* The Safety Function could be described as follows:

* The Safety Gate is opened, causing the gate monitoring sensor to turn off (input). The
I\/Ionitorin%S(erty Relay (logic) detects this change of state and de-energizes the contactors
(output), thus stopping the associated motor and hazardous motion.
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* Functional Safety of machinery are those parts of the machine control system
that are specifically used to reduce risk, particularly with regard to human safety

* An example of Functional Safety is a simple interlock circuit.
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Safety Functional Requirement

Specification - SFRS

Example of the details on a
controls solution

* Triggering event

Functional sequence

e Safe state

Control of hazardous energy
Reaction (function and time)
* Diagnostics

e Circuit performance

* Reset

* Standards compliance

BOM outline

SF1

Engineering Controls — Safety Control Function
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Performance Level (PL a-e) of Control Circuits

(electrical/electronic, pneumatic, hydraulic)

* ISO 13849-1 safety design
* Choose the most suitable combination of:

e Structure (Category), Diagnostic Coverage (DC),
and Reliability (MTTFd)

RIA TR R15.306-2016

Table 5 — Minimum functional safety performance Carpgony b 5 ‘ 2 i 3 3
PFHd DC none none 60 to <90% | 90to 99% | 60 to <90% | 90 to <99% 99%
Risk Level PL, gtructure
e i e ategory 1/10,000 o a
NEGLIGIBLE b 5
PECER 1/100,000 | = b 1227 30-36
LOW c 2 S - :
: - 7 : - - - -
MEDIUM d 2 1/333,333 g C >39 22-56 16-33 11-22 5-12
HIGH d 3 1/1,000,000 é d >62 >36 >24 13-56
VERY HIGH ] _ ‘ .
(see 6.5.3.2) e B 1/10,000,000 a e >62 >30
Ref: 13849-1 Table K.1 MTTFd (Years)




Calculated Probability

PFHd — Average PFHd — Average

Probability of a Probability of a Dangerous failures in a 20 Control
Dangerous Failure | Dangerous Failure | year mission time (as high as) | Reliable
per Hour per Hour
1in 10,000 to = 4
A na 100,000 >10~to <10 17.52
1in 100,000 to . =
B 3 in 1,000,000 >3 x10°to <10 1.752
3in 1,000,000 to e e
C 1in 1,000,000 >10°to<3x 10 0.5256
1in 1,000,000 to P P
D 2 10,000,000 >107 to <10 0.1752 V
1in 10,000,000 to e e
E 3 100,000,000 >108 to <10 0.01752 V



Control Reliable

* OSHA 1910.211 — Sub part O - Machinery and Machine Guarding

» A control system must be constructed in such a way that:

. | afault that occurs inside the system does not prevent the normal stop process from being activated
. another machine cycle cannot be executed before the fault has been removed
. the fault can be revealed by a simple test, or displayed by the control system

* ANSIB11.19-2019 Subpart 3.15 def/nes Contro/ Re//abll/ty as follows:

 The capability of the [machine

* ISO 13849-1 PLd, Category 3 comes relatlvely close to the OSHA/ANSI requirements:

* | Asingle fault in each of these parts does not cause the loss of the safety function
If a single fault occurs, the safety function is always maintained
Single faults are detected whenever this is reasonably possibly
Some but not all faults are detected.*
* An accumulation of undetected faults can lead to loss of the safety function.*

Basic Two Channel Safety Circuit =
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Machine Guarding

Minor Servicing
Exception

Signs, lights,
horns, training

Boss, keys

Lockout/Tagout

Safety glasses,
hardhat, tools

AMERICAN NATIONAL STANDARD

B11.0 — 2020 (Annex — A)

Table 6 — Potential Effects/Additional Characteristics of Risk Reduction Measures

Risk Reduction Measures

Possible Effect on Risk

Possibly

Factors susceptible to:
Probability (even when properly applied)
Hierarchy ‘? . - Lo
Classification Type v |Wn|la<s| O2
Limiting Interaction modify the process to eliminate/reduce human interaction . . .
Most L replace task, increase clearance . .
Preferred Elimination : :
Inherently Safe energy magnitude reduction . . .
by Design _ -
(Redesign) automated material handling . . . . . .
Substitution use less hazardous chemicals . . .
reduce force, speed, etc. through selection of inherently safe components . .
Separation fixed guards, shields . . . .
) ) Detect / Control Access Interlock devices, presence sensing devices . . . .
Engineering
Controls ) two-hand / single actuating controls . . . . .
(Guards Control Hazardous Motion : . .
Devices ahd enabling devices, jog controls . . . .
Control Restricting Operation controlled selection of operating modes . .
Functions ] . L .
) Monitor / Limit Hazards speed / force monitoring and limiting . . . .
Emergency Action emergency stop devices . . . .
awareness bharriers . . . .
Awaren_ess Means (Warnings & awareness signals (audible and/or visible) . . . .
Instructions)
awareness signs / markings . . .
Inforlm.atlon for Use safe work procedures, training . . .
. i (Training & Procedures)
Administrative
Controls Administrative Methods safe-holding safeguarding method . . .
Supervision supervisory control of configurable elements . . .
Control of hazardous energy isolation of hazardous energy . . . .
Least Tools hand tools . . . . .
Praferred PPE safety glasses, hearing protection, gloves . . . . .
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13849-1 Design & Verification

(S I STE MA = Safety Integrity Software Tool for the Evaluation of Machine Applications)

Project — machine or zone being analyzed ﬁ:e = Project \
Safety Function — function of the machine whose @: = Safety Function \
failure can result in an immediate increase of the SB = Subsystem \
risk(s) ( CH = Channel
_ _ BL = Block
Subsystem — largest unit of components which (EL = Element
executes the safety function N /
Ex: Inout. Logic. Outout (CH=CcChannel ) ( TE = Test Channel
X- Input, Logic, Yutpu BL = Block (Category 2 Only)
— i ' EL = Element |
Channel chalns of cgmponents which execute the \& ) /
safety function. Ex: Single or Dual SB
Test channel — part of a subsystem that determines BL — - —
. . npu ogic utpu
whether the functional channel is executed Channel
Block — individual component of a channel Relay

Channel 2 i Contacts I Contactor 2

Element — lowest hierarchical level, used to further
subdivide a block
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Validation

Have we attained an acceptable level of risk per the
Risk Assessment and SFRS?

* |tems to be considered for validation include but not limited to:

* Normal Operation - Output Devices . LOTO
* Abnormal Operation

- Actuators .
* Reasonable/foreseeable defeats _ SOPs
* |nstallation & Wiring » Guards/barriers - Training
e Safety Devices & Circuits - Complimentary Devices . Manuals
* Fail to safe .
* Monitoring and fault detection - All stops - Warning labels
* Redundancy - Stop times/distances . :
* Controller & Network Environment
* Software Program - Ergonomics
* Access & Cybersecurity - No new hazards
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Validation Report

Validation Plan
Validation Check Lists
Changes/Modifications
Re-Validate

Report

5 Mointoin @ Assessment

Safety I

*\ _@ Life Cycle é{i

4« instoliation - v

Siidoton ey

1 Design & Verificotion

Machine Safety Validation (Post Installation/Commissioning Functional Safety Test)

Customer - City, State/Province Customer
Project Name - C22xxx Logo
Validators :
Risk 10.10.10.14-15, 10.10.10.17, 10.10.25.11-12, 10.10.25.14, 10.10.35.10-12,
Area FCZ/charging table west Reduction SF5 SFRS & RA ##.## # ## 10.10.40.10, 40.10.10.11, 40.10.10.14-15, 40.10.10.17, 40.10.10.18-19,
Item 40.15.10.11, 40.15.10.13-14, 40.15.10.15-19
. Area scanner detects persons/equipment inside the hazard area and prevents the start of hazardous motion. It will also stop
Summary Description - . - L . .
motion, but will require additional risk reduction measures (A5,A6)
Validati — Pass/ .
atdation Step Description . Changes/Modification Name/date
Step Fail
With system in normal/automatic production mode, enter the area scanner's
warning zone, separately penetrating all three perimeter boarders and observe
that the hazardous motion does not stop and the illuminated awareness lights
1 turns from green to yellow.
With system in normal/automatic production mode, leave the warning zone and
5 observe that the illumination awareness lights change from yellow to green.
With system in normal/automatic production mode, enter the area scanner in
the hazard/trip zone, by penetrating all three perimeter boarders and observe
that the hazardous motion stops and the awareness lights turn red. Check the
system status to ensure the drives are in STO and the hydraulics are in block and
3 bleed.

Attempt to stand between the area scanner’s hazard/trip zone and the edge of
the charge table and observe that there is no place that does not trip the safety
function.

Dy nraccimaea A ralascina +ha WlitAa illiimainmnatrad racatr ity +Aarnm Am +hAa Arnve c+batianm




| Validation Report

Validation Plan
Validation Check Lists
Changes/Modifications
Re-Validate

Report
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SF1

Engineering Controls — Safety Control Function

Description of safety

function

With an area safety scanner with two heads, detect a person(s) in proximity to the hazards in
the defined area between the blocker rolls, around the sides of the coil on the blocker rolls,

the coil peeler and puts all hazardous motion from the blocker rolls, holddown and coil peeler
into a safe stop state.

Span of Control

Coil prep area of the pickle line

Risk
Assessment
reference

Risk assessment Matals IMS ANSI-RIA-Risk-Assessmant-Pickle coil prep rev 0 5 25

22, tab 4_Assessment - R15.308-2016, line items; i
Task(s) person.task.step.hazard | Hazard Risk
55102, 55.15.1, Crushing/pinching between the
o Transfercoil | 55.15.3, 55.20.1, traversing coil & coil car (with or
from "hot 5.5.25.1-3,55.30.1-2, | without a coil on if) and the
band 510.5.2-3, 5.10.10.1-2, | stationary saddles, pit
saddles” to 510.151-3, 5.155.1-4, | edges/wallsffoor and the stationary
the blocker 5.16.10.1,5.15.15.1-5, | coil on the saddle
roll 5.15.20.1-2, 5.15.25.1- | In running nip of the coil rotating on
* Deband 4,5206.1,520102, | the blocker rolls
s Bendthecoil | 535524 5351027, | Crushing, severing due to
tail up 5.35.251-4, 5.35.35.1- | unexpected movement of the coil
»  Move coil 4,635357,56.35.401, | peeler
from the 5.50.5.2-3, 5.60.5.1, Struck or cut by a broken band or tail
blocker rolls 10,651, 10.5.10.1-2, {when tail is freed when the coil
1o the entry 10.6.16.1-3, 10.5.25.1- | rotates)
#2 saddle 3, 10.5.30.1-3, Pinching between the lowering coil
e Move coil 10.10.5.2-3, and the #2 position saddle
from the 10.10.10.1-2, Crushing under coil that may fall off
entry #2 10.10.15.1-3, of the moving coil car
saddleto#1 | 10.15.5.1-4, Struck by the coil tail "clock-
+  Move coil 10.18.10.1, 10.18.15.1- | =pringing” once freed from
from the 5,10.15.20.1-2, undemeath the coil
entry #1 10.15.25.1-4, Crushing under coil that may fall off
10.20.5.1,10.20.10.2, | of the blocker rolls dus to a coil
U U

saddle to the | 10.35.5.1-4, collapse or unexpected motion of the
unwinder 10.35.10.2-5 blocker roll
»  Shearcoiltail | 10.35.25.1-4 Crushing between the moving hokd
10.35.35.1-4 down amm’s roller and the coil as the
10.35.35.7, 1035401, | rmotion is continuous once initiated
10.60.5.2:3, 106051, | gng stops only upon reaching a hard
155535 155588, sfop such as the coil or the end of
15.5.5.11 travel
- Normal | Abnormal |\ iztion | Commissioning | Setup | Adjustment Decommissionin
Use in modes of | pperation | Operation - =l - <
operation yes yes no na yes yes yes na
Associated Sa.Fety e1, 552
Contrel Functions
. Stop Time
Input Safety Device aty Re:uire'-‘
ity Test) (i are Area Scanner (two sensing heads) 1 yes
Safety Logic
Safety PLC 1 es
Hardware v v
Device PLr/Cat | Stop Cat.
PREP COIL CAR TRAVERSE REV. (CW/CCW) BLOCK & DUMP PLAICat3 1
PREP COIL CAR LIFT/DOWN, BLOCK & HOLD PLAICALS 1
PREP BLOCKER ROLL REV. HYD. DRIVE, BLOCK & DUMP PLAICat3 0
PREP HOLDDOWN ROLL LIFT/LOWER, BLOCK & HOLD PLAICat3 1
Output Safety
# ## ## ## Hardware PREP HOLDDOWN REVERSING ROLL DRIVE, BLOCK & DUMP PLd/Cat3 o
PREP PEELER TABELE RAISE/LOWER, BLOCK & HOLD PLAICat3 1
PRFP PFFI FR TARI F EXTFNN/RFTRACT BIOCK & HOILD Pl AiCata 1
Control Guards This is based on an estimated stop time of the machine. The safety distance cannctbe | |
q q . met, so this SF will prevent the start of motion.
and Devices Calculation of Reaction : P _ ]
Time and Safety gy [Kx(Ts +Tc+ Ip) + Opi+ Z=Ds
distance “Ds” [Gdinfsecx (Ts+ Tc+ )] +47.24in+ 4 in=Ds —
Current estimates... |
Ts, Tc and Tr.are best estimates. Efforts to make them more accurate are deems
Reaction Time Notes unnecessary since the resulting safety distance calculation would still be farther away
than current location of the ops. siation. ]
Ds=[Kx(Ts+Tc+In]+Dpf+Z
. Ds = the minimum safe distance between safeguarding device and the hazard a
. K= speed constant; 1.6 m/sec (53 inches/sec) minimum based on the
Safety Distance movement being the handfarm only and the body being stationary 7 |
l?. . Ts = machine/equipment stopping time 3
Definitions per ANSI o =
B11.10.2019 . Tc = control system stopping time
: . Tr.= detecting device response time
. Dipf = maximum travel towards the hazard within the presence sensing
safeguarding devices (P35D) field that may occur before a stop is signaled [|
. Z = Supplemental distance factor
This safety function will adequately prevent the start of motion, but the stop time and
c safety distance calculation make is impractical to use this safety function to stop existing
Safety Distance Notes ) " - . ;
ty motion. Additional layer(s) of administrate control (A1) is required to meet an acceptable
level of risk as determined by Metals.

Means of reset

Blue, illuminated reset button on the prep area ops station

Conditions to
Permit Reset

Mothing being sensed by the area scanner in the hazard zone

Description of
functional safety
sequence from
trigger to safety
state to reset

Access sequence;

* A person or objectis detected by the area scanner

*  The safety PLC puts all actuators info their safe positions {block & dump/mold) stopping all hazardous motion
and turns the blue illuminated push button from on to off.

»  Toreset, all peoplefobjects are clear of the area scanner's hazard tip zones. The blue illuminated reset button
goes from off to flashing.

*  The operator presses and releases the blue illuminated reset button allowing operations to be restarted with a
separate restart action. The blue button goes from fiashing to solid on.

Notes

Reset button will be a physical button added to the ops station, rather than a button in the HMI. There is a separate
reset button for the cat walk reset.
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ISO, IEC, ANSI, RIA, etc.
Functional Safety Life Cycle

1. Hazard or Risk
5. Maintain _ Assessment
& Improve : 2

Safety o V-

4. Installatlon

& Validation '\/

2. Safety Functional
Requirements
E Specification

3. Design & Verification




Management of Change

ANSI| Z2244.1-2016 Annex E

Part of existing corp. policy

Changes to the limits of the machine
Changes to the process, materials
Refinements of ops. from run-time
Actual vs Engineered by assumption

Manual or Automated tracking
* Industry 4.0?

of the Assessmont

"\ 2| Risk Assessment
‘ \1)) Process

5 | Rk Sconng Sysiems
* The information for risk assessment should i ()
mclude, 4 Roca vk
Machine life cycle phase(s) in scope ' | |asaes oo Hearareny
* production rates, cycle times, speed, forces, material to be T Avsaama
used g

5 Asseds Resdus Risk
* identify all persons involved throughout the machine's life Risk Sooring Syaters
+ anticipated prevenmtative maintenance tasks, times and
Intervals [
* environmental limits (temperature, humidity, moisture, noise,
location, lighting day & night)
+ other machines or equipment integrated with the machine

ge

[ofetes this secilion)

Date
Impleted

Document reference

* energy sources, auxiliary/remote command/control or il @
automation and LOTO procedures g 0 07 Mg Hazend? |

* tooling wear, maintenance of mechanical, electrical, fluid T
devices widate Sokution

« space required for installation, maintenance, and operation i ¥

.| Docu LG

Machine characteristics
ex. - Stopping distance

M

Im act of Change on §
I:l Machine guarding

[] Personal Protective Gei

Technical Review and |

Does the proposed changefs
of the company LOTO comg
P BGE‘dU res and dust Ty be!
the release of sources of hai

Safety Management or Piant
recommendations resalved.

Title and Signature

000000




Safety Testing Procedures and Frequency

* ANSIB11.0- 2020, 7.2.1 - The user shall test the SRP/CS periodically to verify that it
is functioning according to the manufacturer’s specifications as determined by the risk
assessment

* Primary risk level reduction by an engineered control

Risk Level
MEDIUM LOW NEGLIGIBLE
-m_:req uency Less >

* Most important - SRP/CS that depends on “limit values”

* Time, speed, acceleration, incremental motion, direction, distance, force, kinetic or
thermal energy, contact pressure with an individual

 Example — stop time calculation Ds=[Kx (Ts+ Tc+ Tr)] + Dpf + Z




Safety In 14.0 Smarter, Safer Machines

A .
Bevcorp E5382 Filler Safety Status

Product: Orange Cola
Target: 86400 Target PPM: 120 UpTime: 2:39:14

Actual: 11460 Actual PPM: 101 DownTime: 0:10:23
. Running [ esiop 21 |
Real-time Data ,
Running Time,
E-stops, Guard Status Em———————
[
[
[
[
[
[
I
Information =——> Knowledge =—— Wisdom/Action
CONTEXTUALIZATION ANALYTICS OPTIMIZE
Quality, OEE, Safety Safety System use/abuse More safe & efficient process workflows




5.

IMS Machine Safety Workshop

For a Cross-Functional Audience

Safety and Productivity
Societal & Industry Demands
Safety RIO
Aspects of Manufacturing Safety Maturity

Regulatory Compliance
Laws and Regulations
Machine Safety Standards
Risk Assessments

Contemporary Risk Reduction
Method Hierarchy
The Latest Technologies and Techniques
Compliance Machinery Safety

Risk Reduction with Engineered Controls
Minor Servicing Exception
Electric/Hydraulic/Pneumatic Safety Circuits

Design Verification

Installation and Validation
Post Commissioning Management of Change
Safety Management Systems
Integrated Safety Solutions with Industry 4.0 (Digital Transformation)

1. Hazard or Risk
5. Maintain Assessment

& Improve

Safety
Life Cycle

4. Installation

& Validation 2. Safety Functional

Requirements
Specification

3. Design & Verification






P

Machine/Equipment Risk Audit

* Prioritize the plant/enterprise-wide effort

e Simple risk rating

Severity of harm

Probability of Catastrophic Serious
Occurrence of Harm
Very Likely
Likely 0 g
Unlikely
Remote Low Low
Priority

Moderate

= Low Medium

= High

Minor

@

Low

Manufacturing Plant Niles, IL B11 TR3 Risk Rating Priority
Plant/Dept. Asset # Asset/Machine Name Probability | Severity | Rating Low Med. High
1 3 3
Aquamaster Tray Washer CB1200D /

Chemical processing 9121 No. 711-0714 X

Chemical processing 9124 Deoxidizer 1 1 1 X
2 2 4

Chemical processing 9128 Aqueous Ultrasonic Cleaner X

3 4
Production 1405 Myford MG12-CNC O.D. Grinder X
3 4
Production 1905 Overbeck lathe & Dayton polisher X
Star INC-16 Swiss Screw Machine 3 a
Production 1904 w/Spego Turnamic Bar Feeder X
2 3
Production 1914 Affolter Gear Hobbing X
. 3 4
Production 2719 HARDINGE LATHE X
2 4
Production 2720 OTEC parts tumbler X
. . 3 4
Production 2721 Baldor grinder X
. 3 4
Production 2708 HARDINGE SPEED LATHE X
3 4
Production 2204 LNS America lathe X
Production 9079 Tsugami BH20 / No. 622 1 4 X
Tornos Deco20a CNC Swiss Screw 1 a 4
Production 2728 Machine w/LNS Hydrobar Bar Feeder X
Production 9156 Tsugami BO205-11 / No. 3535 1 4 4 X

AN




1ISO, IEC,
ANSI, RIA, etc.

P il —~
Functional - -

S afety Life / o, i —
Cycle [.c....::r.:::,.,. J ST

R

/

Safety
Life Cycle

* Industry 4.0/digitization
* VPN/remote monitoring

2. Safety Functional
Requirements
Specification

« Start-up & documentation
* Safety system validation
* Operator training

3. Des:gn & Verification

=

= k2

4. Installation g ir

& Validation %
EO“HSSIONNG AND VAUDAT'ONJ g




Integrated Mill Systems
Machine Safety Process

et gadioge -

. . , -
| % . pi v 0N L
e i A "“:L P

iy
v J
-. A3 o -

1. Hazard or Risk

Standards-Based s paman e
Risk Assessment &

Safety

Mitigation Process Life Cycle

4. Installation ‘ -

& Validation \./ o * ( / 2. Safety Functional
. bt | Requirements
% | M d rk E |tZ Man S Specification

216-339-2583, meitzman@integratedmillsystems.com 3. Design & Verification




