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Integrated Mill Systems
Machine Safety Workshop handouts

• D+V+S>R notes

• Goals and business 
outcomes of an 
investment in machine 
safety solutions

• IMS Machine Safety

• Previous presentations 
(parts 1 & 2)

• Today’s presentation



5 part series on 
Manufacturing Safety

1. Societal Demands for Safety and 
Productivity - Sept. 1

2. Regulatory Compliance (laws and 
standards) and Risk Assessments - Sept 8

3. Risk Reduction Methods, Technologies and 
Techniques for Machinery Safety - Sept 15

4. Engineered Controls and Safety Circuits –
Sept 22

5. Installation, Validation and Post 
Commissioning Management of Change –
Sept 29



Portage County Safety Council
Machine Safety Workshop Part 3 or 5
Risk Reduction Methods and SFRS
Sept. 15, 2021 – Mark Eitzman

• Risk Reduction Methods & Technologies 
for Machine Safety

• What are the various means of mitigating 
the risk of injury on machines?

• Which are appropriate and most practical 
for your application based on the risk 
assessment?

• The Safety Functional Requirements 
Specification (SFRS).



IMS Risk Assessment Documentation



Risk Estimation/Score in three 
states

Person.Task.Steps.Hazards

Initial/No Risk Reduction Existing Measures Future Measures/Residual 



Risk Estimation/Score in three 
states

Person.Task.Steps.Hazards

Initial/No Risk Reduction Existing Measures Future Measures/Residual 



Risk Reduction Measures

“Hierarchy of Remediation” – “Hazard Control Hierarchy”



Keeping People Safe Around Machinery

Rule #1:
If access to the machine 

is needed, turn it off

Rule #2:
If the machine is running, 

keep people away

LOTO / Isolate Hazardous Energy Machine Guarding



• Fundamental question…
• Is this a maintenance or minor servicing task?

Risk Reduction Methods
Hierarchy of remediation

Person.task.step.hazard



Risk estimation/rating determines the 
recommended primary risk reduction measure

RIA TR R15.306-2016

ANSI B11.0 2020

Note - Early 2023 published update to 
RIA TR R15.306 with further harmonization of 
ISO 10218-1,2 and ANSI B11  



Recommended Voluntary Standards for 
Machine Safety Design and Integrations

• ANSI B11.0-2020 Safety of Machinery

• RIA TR R15.306-2016 – Safety Requirements – Task-based Risk Assessment 
Methodology

• ANSI B11.19-2019 Performance Requirements for Risk Reduction Measures

• ANSI/ASSE Z244.1 – 2016 The Control of Hazardous Energy Lockout, Tagout 
and Alternative Methods

• ANSI B11.20-2017  Safety Requirements for Integrated Manufacturing 
Systems

• ANSI/RIA15.06-2012 – Safety Requirements for Industrial Robots and Robot 
Systems

• NFPA79-2018 Electrical Standards for Industrial Machines

• NFPA70e-2021 Standard for Electrical Safety in the Workplace

• ANSI B11.26-2018 (Machines - Functional Safety For Equipment: General 
Principles For The Design Of Safety Control Systems Using ISO 13849-1)

• ISO 13849-1-2008 Safety of machinery — Safety-related parts of control 
systems Part 1: General principles for design 

• ISO 13849-2-2012 Safety of machinery — Safety-related parts of control 
systems Part 2: Validation

• IEC 62061-2005 Safety of machinery – Functional safety of safety-related 
electrical, electronic and programmable electronic control systems

• ISO 14120-2015 General Requirements for the design and Construction of Fix 
and Moveable Guards



Safety Functional Requirement 
Specification - SFRS



Safety Functional Requirement Specification -
SFRS

• Engineering study of the application before the 
design of the solution;

• Feasibility of the proposed measures

• Requirements to ensure compliance with;

• Regulatory requirements (laws)

• Voluntary standards for the designs

• Create a common bid to design document
• Integral to Ts & Cs of a contract

• Used in the validation plan/task following 
commissioning

• Documents decisions made with the information 
available at the time



Safety Functional Requirement 

Specification - SFRS

Details on a controls solution

• Triggering event

• Safe state

• Reaction/stop time

• Diagnostics

• Circuit performance

• Reset

• Standards followed



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop



When should safety be 
addressed?

• ANSI B11.0-2020 (Safety of Machinery )

• Collaboration of Supplier/User of 
Equipment/Machine

• Risk assessed & mitigated at each 
stage

• Inherently by design

• Suggest that this in contractual 
layout (Ts & Cs)



Safety by Design/Redesign
Elimination of the hazard or risk

• often a mechanical or process alteration
• modify the machine, ex. – location of lube line and zerk fittings

• use a robot/automation

• product substitution
• raw direct material or secondary product like lubricant



Safety by Design/Redesign
Elimination of the hazard or risk 
- ANSI B11.19-2019

• Location of where personnel perform work

• Modifying, containing or redirecting how and/or where energy is 
released (pressure/steam safety relief valve)

• Reducing the energy available/accumulated
• kinetic
• potential
• electrical

• Rerouting processes or hazards

• Locating inside an inaccessible, permanent and substantial section of 
the machine; locating in an elevated area or on an inaccessible balcony.

• Combining risk reduction measures to achieve acceptable risk for a 
given task;

• redesigning or automating of tasks to eliminate human interaction or direct 
handling;

• Re-configuring or modifying machinery or equipment:
• elimination of pinch or nip points by increasing clearances

• Elimination of shear points or offset edges



Inherently Safety by Design 
ANSI B11.19-2019

• Inherently safe by design: A design measure that reduces risk, which is not 
susceptible to a malfunction that will increase the risk of harm.

• Prevention though design
• Safe-opening safeguarding method

• When work piece is in place, no room for human (in part or whole)
• Typically includes an engineered control (guard)

• Safe-location safeguarding method
• Put hazard out of normal reach (horizontal/vertical)
• Separate area/room/vault

• Minimum gaps to avoid crushing of parts of the human body
• ANSI B11.19-2019 Table 1

• Maximum gaps to avoid exposure to hazards 
• ANSI - US = 1/4” (~6mm)
• ISO – EU = 4mm (~5/32”)



When should safety be 
addressed?

• ANSI B11.0-2020 (Safety of Machinery )

• Collaboration of Supplier/User of 
Equipment/Machine

• Risk assessed & mitigated at each 
stage

• Inherently by design

• Suggest that this in contractual 
layout (Ts & Cs)



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop

Eliminated the hazard or 
reduced the severity of 
consequences



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop



Keeping People Safe Around Machinery

Rule #1:
If access to the machine 

is needed, turn it off

Rule #2:
If the machine is running, 

keep people away

LOTO / Isolate Hazardous Energy Machine Guarding



Engineering Controls

Machine Guarding



Machine Guarding (separating)

• Fixed Guards

• Movable Guards
• Switches & 

Interlocking Devices

• Control Functions

• Safety Distance & Stop 
Time Calculations



• Prevent contact – the safeguard must prevent bodily parts from coming in contact 
with moving parts

• Secure – safeguards must not be easily removed or tampered with to prevent 
bypassing (tool required to remove)

• Protect from falling or discharged objects – must ensure that objects do not fall into 
or be discharged from the machine

• Create no new hazard – any safeguard that impedes the worker from performing  
their job quickly and comfortably may soon be overridden or removed.

• Maintain visibility – The guard shall not obscure necessary view of work area
AND

• Allow safe operation of the machine – all workers on the machine should be able to 
perform their assigned task quickly and safely without the need to remove, modify 
or bypass the safeguarding functions.

Purpose of a fixed guard/shield
(separating guard)



Fixed Guards / Shields

• Permanent part of the machine

• Perimeter (distance guard) or on-machine

• ANSI B11.19 – 2019 -Performance Requirements for Risk 
Reduction Measures

• ISO 14120-2015 General requirements for the design and 
construction of fixed and movable guards

• Captive fastener's that require a tool to operate
• Must be able to withstand calculated impact forces
• Must comply with the Depth of Penetration Test (gotcha stick)
• Must meet the AUTO test

• Must not be able to reach the hazard by reaching Around, Under, 
Through or Over

• Not only for fixed guarding but all safety functions

• Take into account reasonably foreseeable misuse (removing 
the guard and allowing the machine to be run)

• Maintain visibility



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop



Keeping People Safe Around Machinery

Rule #1:
If access to the machine 

is needed, turn it off

Rule #2:
If the machine is running, 

keep people away

LOTO / Isolate Hazardous Energy Machine Guarding



Administrative Controls

Lockout/Tagout

The rest

The rest



ANSI/ASSE Z244.1-2016
The Control of Hazardous Energy Lockout, Tagout and Alternative Methods

• March 1973 First meeting of Accredited 
Standards Committee Z244.  First published 
March 1982

• Sept. 1989 OSHA promulgated 29 CFR1910.147 
and used Z244.1 as a principle reference

• Alternative methods and risk assessment have 
received additional attention to emphasize 
their importance in the energy control process



Requirements of a Lockout/Tagout Program

Audit
Program

Proper LOTO DevicesOverall LOTO PolicyMachine-Specific 
Procedures

Employee Training



OSHA’s Control of Hazardous Energy
regulation mandates:

• A machine must be locked out any time one of the following 
conditions occur: 

• An employee must remove machine guarding.
• An employee bypasses a guard, interlock, or other safety device.
• An employee places part of their body in harm’s way.

• An employee performs any servicing or maintenance work
• Repairing a machine
• Lubricating parts inside the machine
• Making machine adjustments or major tool changes
• Inspecting and addressing  a machine for

errors, jams, or other problems



When LOTO is NOT required

• Cord and plug equipment where all of the following are true
• Electrical energy is the only hazardous source
• Electrical energy is under the exclusive control of the employee performing the 

work. 
• Disconnect must be a plug

• located near enough to the equipment that it cannot be energized without 
the authorized employees knowledge.

• LOTO is not needed for minor servicing activities if:
• The activity must be conducted during the equipment’s normal operations 
• The activity must be routine, repetitive, and integral
• Alternative measures must be used to provide effective protection equal to or 

beyond LOTO
• Shall provide justification and team-based risk assessment



What is hazardous energy?

• Any source of energy associated with a hazard identified by a cross-
functional team-based audit

• Electrical

• Mechanical

• Hydraulic

• Pneumatic

• Chemical

• Thermal

• Other energy

Lockable and non-lockable



Lockable Energy Sources

• Electrical

• Pneumatic

• Water

• Gas

• Steam

• Other liquids (fuels, chemicals, product)

(WAGES)



Non-Lockable Energy Sources

• Documented for employee to dissipate and control – awareness and 
administrative controls



Written LOTO Procedure
Sequence of Lockout (8 steps)

1. Notify all affected employees that servicing or maintenance is 
required on a machine or equipment and that the machine or 
equipment must be shut down and locked out.

2. The authorized employee shall refer to and understand [the 
LOTO procedure]

3. If the machine or equipment is operating, shut it down by the 
normal stopping procedure

4. De-activate the energy isolating device(s) so that the machine 
or equipment is isolated from ALL of the energy source(s). 



Written LOTO Procedure
Sequence of Lockout (8 steps)

1. A

2. B

3. C

4. b

5. Lock out the energy isolating device(s) with assigned 
individual lock(s) & devices. 

6. Stored or residual energy must be dissipated or restrained by 
methods such as grounding, repositioning, blocking, bleeding 
down, etc. 

7. Test to ensure that the equipment is disconnected from the 
energy source(s).

8. Return operating control(s) to neutral or "off" position after 
verifying the isolation of the equipment.

The machine or equipment is now locked out 



Written LOTO Procedure Sequence for 
Restoring Equipment to Service (5 steps)

1. Check the machine or equipment and the immediate area around the 
machine to ensure that nonessential items have been removed and that 
the machine or equipment components are operationally intact.

2. Check the work area to ensure that all employees have been safely 
positioned or removed from the area.

3. Verify that the controls are in neutral.

4. Remove the lockout and/or blocking devices and reenergize the machine 
or equipment.

5. Notify affected employees that the servicing or maintenance is 
completed and the machine or equipment is ready for use.

• Return LOTO devices to their authorized storage location



ANSI/ASSE Z244.1-2016
The Control of Hazardous Energy 
Lockout, Tagout and Alternative Methods

• An established LOTO program?

• Does task require access to machine?

• Is energy required during the task?

• If yes to all document the thought 
process and justification.

Alternative Methods = minor servicing exception



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop



• The purpose is to avert actual or impending emergency situations 
arising from the behavior of persons or from an unexpected 
hazardous event.

• Is to be initiated by a single human action.
• does not require the consideration of the resultant effects

• Shall be available and operational at all times. 
• Shall override all other functions and operations in all operating modes of the 

machine without impairing other protective functions

• It shall be maintained until it is manually reset
• Hazardous movements and operations of the machine are stopped in 

an appropriate manner
• Can initiate other functions other than stopping to minimize the risk of harm

• Reversal or limitation of motion, rate of braking, etc

• Actuation shall not create any new hazards

Emergency Stop Function –
General Requirements
ISO 13850:2015(E) 4.1.1



Emergency Stop - locations

• ISO 13850:2015(E) 4.3.2   An emergency stop device shall be 
located:

• at each operator control station
• except where the risk assessment indicates that this is not necessary;

• at other locations, as determined by the risk assessment, e.g.:
• at entrance and exit locations;

• at locations where intervention to the machinery is needed, e.g. operations 
with a hold-to-run control function;

• at all places where a man / machine interaction is expected by design 
(loading / unloading zone for example).



Stops - cessation 
of machine motion

• Normal stop - The stopping of a 
machine, initiated by the control system, at the 
completion of a cycle.

• Emergency stop - The stopping of a 
machine, manually initiated, for emergency 
purposes.

• Protective or safety stop - The 
stopping of a machine initiated by an 
engineering controls device for risk 
reduction purposes. 

• These definitions are harmonized across all 
of the standards

B11.19–2019



Stop Categories

• Category 0 - an uncontrolled stop by immediately removing power to the machine 
actuators. (Additional braking can be necessary)

• Category 1 - a controlled stop with power to the machine actuators available to 
achieve the stop then power is removed when the stop is achieved.

• Category 2 - a controlled stop with power left available to the machine actuators.

• These definitions are harmonized across all of the standards.

• Applies to all controllable power sources electric, hydraulic and 
pneumatic that produce motion.

• Type and category applied is determined by the risk assessment.



Stops

• Normal stop function (cat 0, 1, 2)

• Emergency stop function (cat 0, 1)

• Protective stop functions (cat 0, 1, 2)

• Categories of stops
• Category 0 - uncontrolled stop by immediately removing power 

to the machine actuators.

• Category 1 - controlled stop with power to the machine 
actuators available to achieve the stop then power is removed 
when the stop is achieved.

• Category 2 - controlled stop with power left available to the 
machine actuators.

• Reference the risk assessment and machine 
operation

See also, NFPA 79, ANSI B11.26, 

ANSI B11.TR4, IEC 61508, IEC 

62061, and ISO 13849 Parts 1 

and 2 for guidance regarding how 

to design safety functions. 



• The assignment of estop spans of 
control shall be determined taking 
into account the following:

a) the physical layout of the machine, 
based on the visible area of the machine;

b) the possibility to recognize hazardous 
situations (e.g. visibility, noise, odor);

c) any safety implications relating to the 
production process;

d) the foreseeable exposure to hazards;

e) the possible adjacent hazards.

Span of Control – determined by a layout 
analysis B11.0 – 2020 (Annex – J)



Span of Control – determined by a layout 
analysis – ANSI B11.0 Annex J, ISO 13850

• Task/hazard identification

• Task zone
• Physical area where people will do a task

• Control zone (for engineered controls)
• interlock devices
• presence-sensing devices
• emergency stops
• enabling devices
• hold-to-run controls
• resets

• Each span of control can cover section(s) of a 
machine, an entire machine or a group of 
machines

• Spans of control may overlap

• Estops must be clearly depicted by graphics not 
text



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop



• Tasks/Hazards in all modes of operation

• Fundamental question…
• Is this a maintenance or minor servicing task?

Risk Reduction Methods
Hierarchy of remediation



Minor Servicing Exception
1910.147 (a)(2)(ii)(B)

1. Performed during normal operations

2. Is routine, repetitive and integral to the    
use of the equipment for production

3. Just as effective – does not increase risk

Note: Exception to paragraph (a)(2)(ii): Minor tool changes and adjustments, and other minor servicing 

activities, which take place during normal production operations, are not covered by this standard if they are 

routine, repetitive, and integral to the use of the equipment for production, provided that the work is performed 

using alternative measures which provide effective protection (See Subpart O of this Part).



Minor Servicing Exception
1910.147 (a)(2)(ii)(B)

https://www.osha.gov/dts/osta/lototraining/tutorial/tu-overvw.html

https://www.osha.gov/dts/osta/lototraining/tutorial/tu-overvw.html


Practicability/Justification 
of alternative methods

• IMS Practicability/Justification 
Evaluation documentation 

• based on ANSI Z244.1 2016 Annex L –
Sample Alternative Methods 
Practicability/Justification Evaluation

• Elements of 
justification/practicability

• Details on the task/people
• Routine, repetitive, integral to operation
• LOTO’s impact to normal production
• LOTO procedure or list of hazards 

• Best is a risk assessment

• Efficacy of proposed alternative method
• Elimination of other options
• Those responsible



Lockout/Tagout

Machine Guarding

Minor Servicing

Exception

E-stop



Safety Functional Requirement 
Specification - SFRS



5 part series on 
Manufacturing Safety

1. Societal Demands for Safety and 
Productivity - Sept. 1

2. Regulatory Compliance (laws and 
standards) and Risk Assessments - Sept 8

3. Risk Reduction Methods, Technologies and 
Techniques for Machinery Safety - Sept 15

4. Engineered Controls and Safety Circuits –
Sept 22

5. Installation, Validation and Post 
Commissioning Management of Change –
Sept 29
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