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Risk Estimation/Score in three states

Person.Task.Steps.Hazards
Initial/No Risk Reduction

Existing Measures

Cross-functional team

Future Measures/Residual 



Definition

Safety is….  Freedom from unacceptable Risk

Risk is… a combination of Severity and Probability

Acceptable Risk is…  Up to you!





Risk Estimation & Risk Reduction 
Methods

Hazard People Risk

Risk Estimation is the combination of the;
• Severity of harm     Probability of occurrence

• Probability is frequency of exposure avoid-ability

A clear and consistent means to determine a risk level

=



Redesign 
the machine 
or change the 
process 

Guarding, gates, 
sensors, controls

Lights, signs, rules,
training, LOTO, PPE



Risk estimation/rating determines the 
recommended primary risk reduction measure



Redesign 
the machine 
or change the 
process 



• Eliminate human interaction or exposure
• Eliminate the task

• Relocate the operator

• Mechanical or process alteration
• Automate material handling, robotics

• Modify the machine
• Elimination of shear points or offset edges

• Product substitution
• raw material or “support product” like lubricant

• Reducing the energy available/accumulated
• Kinetic, potential, electrical

Inherently Safe by Design or Redesign
Elimination of the hazard



For new machines

• Inherently Safe by Design

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

• Infuse risk assessments and mitigation 
into the process/contract

• Collaboration of Supplier/User of 
Equipment/Machine

• Risk assessed & mitigated at each 
stage

• Specify standards
• ANSI B11.0-2020 (Risk Assessment)

• ANSI B11.19-2019 (Mitigation)



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

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

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



Redesign 
the machine 
or change the 
process 

Guarding, gates, 
sensors, controls



Engineering Controls

Machine Guarding



US Law = Requirements

• OSHA defines the requirements in CFR29 part 1910 
(“OSHA Standards”)

• https://www.osha.gov/laws-regs/regulations/standardnumber/1910/

• Subpart O – Machinery and Machine Guarding
• 1910.212 – General requirements for all machinery

• 1910.219 – Mechanical power-transmission apparatus

1910.212(a)Machine guarding.

1910.212(a)(1)Types of guarding. One or more methods of machine 

guarding shall be provided to protect the operator and other employees 

in the machine area from hazards such as those created by point of 

operation, ingoing nip points, rotating parts, flying chips and sparks. 

Examples of guarding methods are-barrier guards, two-hand tripping 

devices, electronic safety devices, etc.

1910.212(a)(2)General requirements for machine guards. Guards shall 

be affixed to the machine where possible and secured elsewhere if for 

any reason attachment to the machine is not possible. The guard shall 

be such that it does not offer an accident hazard in itself.

https://www.osha.gov/laws-regs/regulations/standardnumber/1910/
https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910SubpartO
https://www.osha.gov/laws-regs/interlinking/standards/1910.212(a)
https://www.osha.gov/laws-regs/interlinking/standards/1910.212(a)(1)
https://www.osha.gov/laws-regs/interlinking/standards/1910.212(a)(2)


Machine Guarding Requirements

• 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

ANSI B11.19

ISO 14120



Fixed Guards

• On-machine or perimeter

• Welded or fasteners that require a tool 

• Withstand impact forces

• Reasonably foreseeable misuse 

• Maintain visibility 

• AUTO test, Around, Under, Through or Over 
the guard to access a hazard 

• Depth of Penetration Test (gotcha stick)



Movable Guards

• On machine or perimeter
• Gates and Panels

• Most of the same requirements as fixed guards

• Switches & Interlocking Devices & Control Functions

• Safety Distance & Stop Time Calculations
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Detect/Control Access

Minor Servicing

Exception

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 

Machine Guarding



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

https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.147

1. The task is performed during normal operations

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

3. Alternative measures are just as effective – does not 
increase risk

4. * Shall provide justification and a team/task-based risk 
assessment (documentation).

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).

*

https://www.osha.gov/laws-regs/regulations/standardnumber/1910/1910.147


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.

• The Safety Function could be described as follows:
• The Safety Gate is opened, causing the gate monitoring sensor to turn off (input).  The 

Monitoring Safety Relay (logic) detects this change of state and de-energizes the contactors 
(output), thus stopping the associated motor and hazardous motion.

SRP/CS

Input Logic Output
Access Gate (Movable Guard)



• 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.

• The Safety Function could be described as follows:
• The Safety Gate is opened, causing the gate monitoring sensor to turn off (input).  The 

Monitoring Safety Relay (logic) detects this change of state and de-energizes the contactors 
(output), thus stopping the associated motor and hazardous motion.

Fluid Power!

Functional Safety – Safety Rated Part 
of the Control System (SRP/CS)

SRP/CS

Input Logic Output
Hydraulic Actuator

Access Gate (Movable Guard)

• The Safety Gate is opened, causing the gate monitoring sensor to turn off (input).  
The Monitoring Safety Relay (logic) detects this change of state and commanding 
the safety valve to the block and dump position (output), thus stopping the 
hydraulic actuator and hazardous motion.



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.



Reset and Restart

• Reset – rearms the estop or 
protective stop function – allows the 
potential to return to normal 
production

• Restart – return to normal 
operation/production



Detect/Control Access

Minor Servicing

Exception

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 



Detect - interlocked
(formally “non-separating safeguarding”)

• Detection device must:
• Prevent contact with the hazard

• Secure – tamper-proof, not easily by-passed

• Create no new hazard

• Not impede worker’s task

• Allow safe operation of the machine without 
the need to:

• Remove

• Modify

• Bypass



Access Control
(formally “separating safeguarding”)

• Movable physical gates, panels or shields

• Switches & interlocking control functions
• Interlock or guard lock

• Safety Distance & Stop Time Calculations



Interlocked access control

• Opening/removing the guard triggers the safety function

• Unique RFID code and/or uncommon key



Interlocked guard

• Hinge switch
• Electric or pneumatic

pneumatic



Guard locked (also interlocked)

• Guard door remains locked until safe state is attained

• Controlled by the safety logic device (PLC or relay)
• Actual safe state via feedback or timer (assumption)

• Mechanical or magnetic locks



Guard locked (also interlocked)

• Multifunction Gate Access Control
• Typically networked vs hard wired 

Guard locked (also 
interlocked)



Band Saw – interlock or guard lock?



Safety Distance Calculation
ex. ANSI B11.19-2019, Annex H

Ds = [K x (Ts + Tc + Tr)] + Dpf + Z

• Ds = the minimum safe distance between 
safeguarding device and the hazard

• K= speed constant; 1.6 m/sec (63”/sec) walking

2m/sec (78 ¾”/sec) hand, reaching

• Ts = machine/equipment stopping time

• Tc = control system stopping time

• Tr = detecting device response time

• Dpf = maximum travel towards the hazard within the presence 
sensing safeguarding devices (PSSD) field that may occur 
before a stop is signaled

• Z = Supplemental distance factor

ex.  [K x (Ts + Tc + Tr)] + Dpf + Z = Ds
[1600mm x (.3sec + .01sec + .080sec)] + 23.8mm + 10mm = 657.8mm



Detect/Control Access

Minor Servicing

Exception

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 



Control Hazardous Motion

Two hand/single actuating
• Simultaneous actuation
• Repositions the operator

• All or part (hands)
• Stop time/safe distance

• Ds = [K x (Ts + Tc + Tr)] + Dpf + Z

• Anti tie down buttons



Control Hazardous Motion

Enabling Device – Jog Controls
• 3-position – center on
• Exclusive control of hazardous motion
• Enable the machine to operate 

while within parameters
• safety speed/torque/direction
• typically within the hazard area

• In proximity to the hazard



Detect/Control Access

Minor Servicing

Exception

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 



Restricting Operation (typically associated with 
access control – interlocked or guard locking)



Trapped-key (captive-key)

• Access Key – triggers 
the safety function

• Safety and/or  
Enabling Key

• “Exclusive control”



Speed/force limiting (monitored)

Minor Servicing

Exception

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 



Speed/Force Monitoring and Limiting
(+ access control and control of hazardous motion)

• Usually not actually stopped
• Category 2 “stop”

• Reduce the severity

• Sophisticated controls/safety 
function

• Minimum PLd

• Many variations
• Threading as slow speed

• Suspended load

• Safe direction



11.19–2019  Annex L – Safety Functions for Power 
Drive Systems - Speed/Force Monitoring and Limiting



Speed/Force Monitoring and Limiting
(+ access control and control of hazardous motion)

Direction / Speed of Rolls
• Input – Speed / Direction Sensors

• Input – Enable switch

• Logic – Speed / direction

• Output – Advanced Drive



Speed/force limiting (monitored)

Minor Servicing

Exception

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 

E-stop



• Immediate succession of hazard (motion)

• Is to be initiated by a single human action

• Shall be available and operational at all times

• It shall be maintained until it is manually reset

• Hazardous movements and operations of the 
machine are stopped in an appropriate manner

• Cat 0, 1

• 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

• At each operator control station

• 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).

• could also be portable and wireless a 
device on a person 

Cable-pull estop

Wireless, 
on-person estop



Estop – shrouds or covers?



Estop covers, locking accessories?
Substitute for LOTO?



Speed/force limiting (monitored)

Alternative Methods/Measures
routine, repetitive and integral to the operation of the machine 

E-stop



Lockout/Tagout

Signs, lights, 
horns, training

Boss, keys, cameras

Safety glasses,
hardhat, tools

Training/Awareness
No actual risk 

reduction in the 
RIA standard

Administrative 
Controls



Lockout/Tagout

Machine Guarding

Minor Servicing
Exception

E-stop

Redesign 
the machine 
or change the 
process 

Signs, lights, 
horns, training

Boss, keys

Safety glasses,
hardhat, tools

Lockout/Tagout

Signs, lights, 
horns, training

Boss, keys, cameras

Safety glasses,
hardhat, tools

Training/Awareness
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