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A Design Methodology of Task Safety Scenario for the
Application of Collaborative Robots
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Abstract: This study is about a design method for deriving task safety scenarios for the application of
collaborative robots. A five-step process for deriving task safety scenarios for collaborative robots has
been proposed, which focuses on the type of collaboration between human and collaborative robot. The
three types of collaboration were classified according to the collaboration workspace and the worktime
of human and collaborative robot. Based on these three types of collaboration, task safety scenarios
include scenarios that predict risk from unintended use during work. Collaboration with collaborative
robot is a human-centered process because human actions can create dangerous situations. Besides, we
improved the understanding of this design methodology by presenting examples of the application of
task safety scenarios according to the process for each type of collaboration.
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Collaborative Robot task safety
scenario derivation process (5Step)

(1 Step) Analysis of task between

Application of usability

engineering to medical
devices(5.1-5.5)

51P ification s—>
R humans and cooperative robots

5.2 Identify user interface char/ (2 Step) Identify known or forese
teristics related to safety and p eable dangerous and hazardous

ential use error / situation
5.3 Identify known or foreseea

e hazard and hazardous situation (3 Step) Set collaboration type

(4 Step) Create scenarios based

5.4 Identify and describe hazard -

. on collaboration type with poten
-related use scenarios WP P

tial use error

5.5 Select the hazard-related use——— (5 Step) Task safety scenario
scenarios selection

[Fig. 6] Collaborative robot task safety scenario derivation process
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[Table 1] Co-Type 1’s safety function
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[Table 3] Co-Type 3’s safety function

Co-Type 1’s safety function

Co-Type 3’s safety function
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[Table 2] Co-Type 2’s safety function

Co-Type 2’s safety function

Required safety function Speed and separation monitoring

Selectable safety functions | Safety-rated monitored stop

Hand guiding

Power and force limiting
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[Table 4] Examples of Application of Safety Scenarios by Collaborative Type-1

Stage Appliance
Stage 1 * Human (Operator) Task: Moving the workpiece.
(Task configuration) | * Collaborative Robot Task: Apply chemicals to the workpiece.
,S tage 2 * Hazards Material: Chemicals containing hazardous substances.
(Identify dangerous . . .
. * Dangerous situation: 1 minute before the chemical evaporates.
materials or hazards)
Stage 3 * Co-Type 1 application
(Collaboration type | : Since there are many risks of applying harmful substances to the workpiece, the workspace should be separated and
setting) worktime should divided.

<For normal operations™>

1) The collaborative robot applies chemicals to the workpiece in the collaborative robot workspace.

2) Humans prepare and wait for the next workpiece in a human workspace.

3) The human stops the safety rating monitoring function of the collaborative robot after hearing the alarm sound that
harmful substances have evaporated from the workpiece applied by the collaborative robot. After entering the
collaborative workspace, inspecting the workpiece, replacing it with another workpiece, and operating the safety
monitoring rating function after exiting the collaborative workspace.

4) The collaborative robot performs above 1) task again.

Stage 4
(Create scenarios | <For operations involving unintentional human errors>
based on 1) The collaborative robot applies chemicals to the workpiece in the collaborative robot workspace.
collaboration type) [2) Humans prepare and wait for the next workpiece in a human workspace.

3) The human stops the safety rating monitoring function of the collaborative robot after hearing the alarm sound that
harmful substances have evaporated from the workpiece applied by the collaborative robot. After entering the
collaborative workspace, inspecting the workpiece, replacing it with another workpiece, and operating the safety
monitoring rating function after exiting the collaborative workspace.

4) The collaborative robot performs above 1) task again.

5) Humans caused an instantaneous error in the incoming call, stopping the safety rating monitoring function again, and
could not detect other workers approaching the collaborative robot. Eventually, other workers approaching the area
inhaled harmful substances.

1) The collaborative robot applies chemicals to the workpiece in the collaborative robot workspace.

2) Humans prepare and wait for the next workpiece in a human workspace.

3) The human stops the safety rating monitoring function of the collaborative robot after hearing the alarm sound that

Stage 5 harmful s1:1bstances have .evapor.ated from the. workpiece. app.lied. by the collaborat.ive robot. Aﬁer. entering the
(Scenario collaborative workspace, inspecting the workpiece, replacing it with another workpiece, and operating the safety
. monitoring rating function after exiting the collaborative workspace.
completion)

4) The collaborative robot performs above 1) task again.
5) When the safety rating monitoring function stopped after the collaboration worktime in the collaboration workspace,
an alarm sounded to warn the worker and other workers to prevent the case where the safety rating monitoring function

stops due to a mistake.
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[Table 5] Examples of Application of Safety Scenarios by Collaborative Type-2

Stage

Appliance

Stage 1
(Task configuration)

* Human (Operator) Task : Product container preparation and packaging.
* Collaborative Robot Task : Inject products containing small amounts of harmful ingredients into containers.

Stage 2
(Identify dangerous
materials or hazards)

* Hazards Material: Products containing small amounts of harmful ingredients.
* Dangerous situation: Slight skin burns due to frequent contact with products containing harmful ingredients.

Stage 3
(Collaboration type
setting)

* Co-Type 2 application

: It contains small amounts of harmful ingredients, but the risk is not significant, but there is a risk of minor skin burns
when there is frequent contact. Hence, the collaboration workspace shared and the collaboration worktime divided
required.

Stage 4
(Create scenarios
based on
collaboration type)

<For normal operations™>

1) Humans move the collaborative workspace with product containers, as many as the number of product containers that
have been ordered. Put the container in the fixing frame, prepare it for the collaborative robot to work, and then move
out of the collaborative workspace.

2) The collaborative robot moves to the collaborative workspace and injects products containing harmful ingredients into
a container fixed to the frame.

3) When the collaborative robot's product injection work is finished, the human enters the collaborative workspace, and
the collaborative robot retreats to maintain the protection distance.

4) Humans put down the container frame after injection, put on safety gloves, and close the container's lid. After that, put
an empty container in the next container frame, and then move out of the collaborative workspace with the container
containing the closed container.

5) The collaborative robot performs above 2) task again.

6) Humans inspect and package the product.

<For operations involving unintentional human errors>

1) Humans move the collaborative workspace with product containers, as many as the number of product containers that
have been ordered. Put the container in the fixing frame, prepare it for the collaborative robot to work, and then move
out of the collaborative workspace.

2) The collaborative robot moves to the collaborative workspace and injects products containing harmful ingredients into
a container fixed to the frame.

3) When the collaborative robot's product injection work is finished, the human enters the collaborative workspace, and
the collaborative robot retreats to maintain the protection distance.

4) Humans forgot to wear safety gloves and closed the lid of the container, and next time they put an empty container in
the container frame and moved out of the collaborative workspace with a container with the lid closed.

5) The collaborative robot performs above 2) task again.

6) Humans thought to have cracks in one of the empty containers leftover from the previous work while packing the
human workspace. Just before the collaborative robot injects the product, and the collaborative robot suddenly stopped
the protection from maintaining the minimum protected distance.

7) Part of the product left on the collaborative robot's end- effector fell into a human's hands without safety gloves. This
created a sense of heat in the human hand, and the human stopped working,

Stage 5
(Scenario
completion)

1) Humans move the collaborative workspace with product containers, as many as the number of product containers that
have been ordered. Put the container in the fixing frame, prepare it for the collaborative robot to work, and then move
out of the collaborative workspace.

2) The collaborative robot moves to the collaborative workspace and injects products containing harmful ingredients into
a container fixed to the frame.

3) When the collaborative robot's product injection work is finished, the human enters the collaborative workspace, and
the collaborative robot retreats to maintain the protective separation distance. While the collaborative robot maintains
the separation distance, voice guidance for wearing safety gloves comes out.

4) Humans put down the container frame after injection, put on safety gloves, and close the container's lid. After, put an
empty container in the next container and move it out of the collaborative workspace with the container that was put
down.

5) The collaborative robot performs above 2) task again.

6) Humans inspect and package the product.
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[Table 6] Examples of Application of Safety Scenarios by Collaborative Type-3

Stage Appliance
Stage 1 * Human (Operator) Task : Fixing screws on top of product for assembly.
(Task configuration) | * Collaborative Robot Task : Assembly of screws.
Stage 2 .
(Identify igiangerous " Hazards Mat'enal.: None.
. * Dangerous situation: Hand trapped between end effector and product.
materials or hazards)
Stage 3 * Co-Type 3 application
(Collaboration type setting)| : There is no risk, and there is a slight risk of contact, so share the collaboration workspace and collaboration worktime.
<For normal operations™>
1) The human puts the product on the workbench and puts screws in.
2) The collaborative robot tightens the screws.
3) Humans visually confirm that the screw is tightened and put it on 1) repeat the operation.
Stage 4

(Create scenarios based
on collaboration type)

<For operations involving unintentional human errors>

1) Humans put the product on a workbench and screw it in.

2) As soon as the collaborative robot tried to tighten the screws, the human discovered that the screw position was
wrong and judged that the screw position correction was possible before the collaborative robot was screwed. The
moment the hand extends between the end effector and the product, the collaborative robot stops, and the hand gets
caught between the end effector and the product.

Stage 5
(Scenario completion)

1) It is designed to adjust the height of the worktable in case the hand is caught between the collaborative robot and the
product so that when a hand is caught between the collaborative robot and the work, the worktable lowered.
2) The human confirms that the screw is tightened.

3) Move it to the moving box and repeat the operation 1).
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