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Abstract: Cobots are industrial robots with greatly enhanced safety functions that enable them to work
in the same space with workers without protector. Cobots are regulated by the Industrial Safety and
Health Act and must be certified according to the manufacturing stage, installation stage and usage
stage. The ISO 10218-2 standard applied in the installation phase is difficult to apply in the field.
Therefore, it is necessary to develop a risk assessment method based on ISO 12100 standard. This
paper proposes a new methodology that combines ‘JSA’ and ‘What-if’, which reflects the human error
and the lack of known risk factors. Accordingly, a new risk assessment template was proposed and the
effectiveness of the developed new template was examined. The current cobot safety regulations need
to be unified with safety inspections scheme, and robot safety experts and infrastructures need to be
expanded and Robot safety regulations should be unified to ‘Robot Act’. Based on this research, risk
assessment methods suitable for the field need to be developed additionally, and robot safety
regulation needs to be transformed to promote the industry.
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[Fig. 1] Obligations of Cobot Manufacturers and Work-Cell
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Risk Assessment

[Fig. 2] Concept Diagram for Risk Assessment"!
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[Fig. 3] Concept Diagram for Hazard & Risk
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[Table 1] Terms of Risk Assessment

Terms Standard Definition (ISO 12100)
harm physical injury or damage to health
hazard potential source of harm

hazardous event

event that can cause harm

hazardous |circumstance in which a person is exposed to at
situation least one hazard
hazard zone danger zone, any space within and/or around machinery
in which a person can be exposed to a hazard
risk combination of thc? probability of occurrence of
harm and the severity of that harm
residual risk risk femaining after protective measures have
been implemented
risk estimation fleﬁning likely severity of harm and probability of
its occurrence
risk evaluation judgment, on the basis of risk analysis, of whether

the risk reduction objectives have been achieved

risk assessment

overall process comprising a risk analysis and a
risk evaluation

risk reduction that is at least in accordance with

risk reduction |legal requirements, taking into consideration the
current state of the art
protective  |measure intended to achieve risk reduction,
measure implemented
physical barrier, designed as part of the machine
guard to provide protection
p rg;i(i:;;ve safeguard other than a guard
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[Fig. 4] Process of Risk Assessment
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[Fig. 5] Development Direction of New Risk Assessment
Method for Cobot Workplace.
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Potential | __Risk
Frequ | Severi | Risk | sk

ency | —tv | Level

Work Step | No. Hazardous Situation

Result

1 step (b) by What-IF method

2 step

3 step

4 step

5 step

(a) by JSA method

[Fig. 6] New Risk Assessment Template Scheme
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i Risk Estimation .
Potential =5 ==>"enr
Work Step | No. Hazardous Situation Frequ | Severi | Risk E\:'sk
Result —ency | -y | Level uatior
The fingers holding the box are
Pinchy
1 |inside the box and the shampoo c:: ZZ’ 3 2 6 UT:S::D
bottle and hand get caught. P
Shampoo falls on human hands
o |before co-bot puts shampoo into Minor 1 2 5 | Accepta
the box due to problems with collision ble
controller and end effector.
When the robot body collides with
the head due to the operator's Unaccep
Il
s positioning error and inadvertent colison 8 8 9 table
worker posture,
In case of colision with the robot
body and the upper body by
4 invading the cooperative ’dr\vmg collision 3 5 6 Unaccep
The worker area due to the operator's table
grabs the box positioning error and inadvertent
and the worker posture.
cooperative If the head collides with the
robot(1) puts moving end effector by violating stin Unacce
the shampoo | 5 |the cooperalive driving zone due 1o co\hs%n 3 3 9 lable P
into the box of the operator's positioning error and
the conveyor Inadvertent operator posture.
4).
@ When the upper part collides with
the moving end effector due to the
operator's positioning error and Unaccep
Il 2
6 inadvertent worker's position, collson |3 6 teble
invading the cooperative driving
area.
When the head of the shampoo
bottle collides with the moving cab
7 by violating the cooperavl\ve driving collision 3 | 3 Accepla
area due to the worker's ble
positioning error and inadvertent
worker _posture.
When the shampoo bottle and the
Il hy
upper body collide by moving the Minor Accepta
8 |cooperative dnving area due to the 3 1 3
. collision ble
worker's positioning error and
inadvertent worker posture.

[Fig. 7] Example of using new development template
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® Result of Implementing Risk Reduction T o
according to Risk Evaluation -
Risk re-estimation Risk
Ha.zard‘ous No. Risk Reduction Frequ | Severi | Risk | re-Evalu elc
Eiuation —ency | -ly |level | aion
The maxmum speed of the robol's
movement is reduced so that a 1 5 5 Accepta
person can recognize the colision in ble
advance and avod .
Resize the box so that the person’s Accepla
The fingers fingers are not jammed even when| 1 2 2 ol
holding the box they are inward. ¢
are inside the Wear gloves 1o reduce the severly | o 1 3 | Accepla
box and the 1 | of injunes even if they are caught. ble
shampoo bottle Use vision systems to check your Accepta
and hand get posture and reduce the likelihood of | 1 2 2 ble
caught. injury.
The PFL function of the cooperative
robot is used to increase the Accepta
senstivity of jam detection so that| 8 1 3
ble
the protection stop function is
activated.
When the robot The maximum speed of the robol's
body colides movement is reduced so that a 1 3 3 Accepta
with the head person can recognize the collision in ble
due to the 3 advance and avod .
operator's A ligt curan (aser scanner, vison, Light curtain
positioning eror elc) that meets the PL d level is 1 3 3 Accepta | specification
and inadvertent insialled o defedt the head entering the ble and PL d
worker_posture, oco-working space and pause the robdt. certificate
The maximum speed of the robol's
movement is reduced so that a | 5 5 Accepta
person can recognize the colision in ble
advance and avod .
In case of The meximum speed of the robot 15O TS
collision with the: movement is reduced so thet the 15066
robot body and force and pressure generated on the 3 1 3 Accepta Threshold
the upper body upper body in the event of a ble
Measurement
by invading the colision are below the threshold of Data
cooperative 4 [1SO TS 15066.
dnving area due A ligt curtan (aser scanner, vison, Light curtain
10 the operator's ec) that meets the PL d level is 1 P P Accepla | specification
positioning eror installed o detedt the head entering the ble and PL d
and inadvertent co-working space and pause the robdt, certificate
worker posture. Put a shock-absorbing cover on the ISO TS
body of the robot so that the forces 15066
Accepta
and pressures generated durng a| 3 1 3 ble Threshold
collision are below the threshold of Measurement
1SO TS 15066. Data
Put & shock-absorbing cover on the 1O TS
body of the robot and reduce the
15066
robot's movement speed so that the 1 1 | |Accepta |
force and pressure generated in the ble
Measurement
event of a collision are below the Data

threshold of ISO TS 15066.
If the head By reducing the maximum speed of
collides with the robot movement, humans can

maving end recognize and avoid collisions in 1 1 1 Accepta | End-Effector
effector by advance, and reduce the severity of ble Drawing
violating the injuries by changing the shape and

cooperative 5 |material of the end effector.

drving zone due
o the operator's
positioning emor
and inadvertent

A light curtain (laser scanner, vision,
elc) that meets the PL d level is

ingtalled to detect the head entering 1 2 1
the co-working space and pause the

Light curtain
Accepta | specification
ble and PL d

certfficate
| operator posiure. robot,
The maxmum speed of the robot's
movement is reduced $o that a 1 5 5 | Accepta
person can recognize the collision in ble
advance and avod it
The maxmum speed of the robot 1SO TS
movement is reduced so thet the 15066
force and pressure generated on the Accepta
3 1 3 Threshold
upper body in the event of a ble
Measurement
collision are below the threshold of Data
When the upper 1ISO TS 15066.
part collides with A light curtain (laser scanner, vision, Light curtain
the moving end elc) that mees the PL d level is Acoenta sgecwf\f:ualgn
effector due to installed to detect the head entering 1 2 2 bIeD znd PL d
the operator's the co-working space and pause the certficate
postioning eror | 6 | robot.
and inadvertent Put @ shock-absorbing cover on the ISO TS
worker's position, body of the robot to ensure that the Accepta 15066
invading the forces and pressures generated in 3 1 3 ble Threshold
cooperative the event of a collision are below Measurement
dnving area. the threshold of ISO TS 15066. Data
Put a shock-absorbing cover on the
I T
body of the robot and reduce the S0 15
. 15066
robot’s movement speed so that the Accepta
1 1 1 Threshold
force and pressure generated in the ble
Measurement
event of a collison are below the Data

threshold of ISO TS 15066.

Change the shape and metenal of
the end effector to reduce the 3 1 3
severity of the injury.

Accepta | End-Effector
ble Drawing

[Fig. 7] Example of using new development template (Continued)
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