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A Study on the Derivation of Work Hazards in Cold-rolled Steel
Slitter Knife Machining Process using Collaborative Robot
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Abstract This study examined the work risk in the cold-rolled steel slitter knife processing process using
a cooperative robot through the JSA (work risk assessment). The work procedure and environment were
analyzed through work process analysis, and precautions and improvements were derived by performing
a risk assessment for each work step. This study found that accidents due to the overlap of work areas
posed the greatest risk. The work area should be separated and standard work procedures should be
derived to minimize this. In addition, it is necessary to respond to collisions between cooperative robots
and people. Thus far, functional analysis has been conducted, but the awareness of risk factors in the
actual work environment and countermeasures are insufficient. Therefore, more research is needed, and
this study can provide reference material for improving safety and smooth cooperation between workers

and cooperative robots.
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Fig. 1. Annual installations of industrial robots-World
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Fig. 2. Overview of the process to be evaluated
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Table 2. JSA sheet sample : JOB List, JSA analysis
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Place of business

/ process name JOB LIST

Classification number
Date of review

PSP-HGM-JS-01
June 07th, 2023

Revised order 1
[Target Task Name: Full Work 1]

JOB Work name / How to work in detail note
No. photo

#]-01]-01 Select a work instruction

#]-01]1-02 Storage of array information

#J-01]1-03 Click Add Arbor

#]-011-04 Transfer to cooperative to cooperative

#01 Aarray program

Protection tools
required protection

(Example) Safety shoes, safety helmets, gas masks,

air-breathing masks, etc

Equipment/Tools Required

(Example) Forklifts, chain blocks, etc

required data

(Example) Work plan, work permit, MSDS, drawings (P&ID,
electrical open circuit diagram, etc.)

Safety equipment required

(Example) Gas detectors, fire extinguishers, etc

Place of business

/ process name JSA Analysis Table

Classification PSP-HGM-J$-01

number
Date of review 2023
Revised order 1

Work name [#]-01] Array program

Job number

Revised date

Date of

Writer .
preparation

Department name

Protection tools
required protection

(Example) Safety shoes, safety helmets, gas masks, air-breathing masks, etc

Equipment/Tools Required

(Example) Forklifts, chain blocks, etc

required data

(Example) Work plan, work permit, MSDS, drawings (P&ID, electrical open circuit diagram, etc.)

Safety equipment required

(Example) Gas detectors, fire extinguishers, etc

Risk ratin i i
No Step HAZARD CONTROLS §_____{ Action | The person in
Frequency [Strength| Rating | schedule charge
-Worker education
Select a work -defective production !
1. ; . -Double check of worker
instruction caused by poor work K
and work instructor
-defective ducti
Save array . pr(.J uc. on -Worker training and
2. . . error information input . .
information reconfirmation procedures
error
, -Worker education
Click Insert -You can't work when L
3. . -You know the driver's
Arbor you are missing
manual
Send to . -Worker education
i -You can't work when L
4. Cooperative o -You know the driver's
you are missing
Robot manual
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Table 1. Summary: Total 3 NODE

Node No. Task Step Description

(Arrangement Program)
From task instructions to sending to cooperative
robots

(Knife Array)
From cooperative robot operation to manual
completion
(Knife discharge)
From knife & spacer holder to storage
operation
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Table 3. Hazardous Factors by NODE: Derived a

total of 64
Node No. 1 2 3 4 5 6 7 8 | Total
#01 il x| x]x]x]| 4
#02 1 5 7 6 5 7 2 1 34
#03 4 4 6 1 1 5 6 X 27
Total 6l1o|14] 8|6 |11| 8] 1] 64
E29 98 8094 Uehd 4= 9= 27 FH A
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Table 4. 64 hazard risks derived

Countermeasures/Safety

Node Hazardous Risk Factors Work Methods
1. Select a work instruction: Defective products due to incorrect work instruction Human error
#01 2. Storage of array information: Error entering array information, resulting in defective product Human error
3. Click Insert Arbor: Inactivated if missing task Human error
4. Send to cooperative robot: inactivated if missing work Human error
1. Cooperative Robot Operation Click: Unable to operate when missing work Human error
2. Robots moving to the changer: immovable and faulty due to the inflow of foreign matter into
i X Robot error
the rail (chained)
. - L Human& & Robot
Risk of collision when a person enters a driving area .
Overlapping Error
3. Life damage caused by the rail gap between rail gap Human error
collision with the surrounding devices and workers Human& ,& Robot
Overlapping Error
damage to the load in the driving zone Human error
damage/discharging due to insufficient grip and payment due to insufficient grip Robot error
Job defect caused by a chain Human error
damage/she shall be damaged due to excessive supply of age of age and Pay Human error
damage caused by the robot Jung-dong, the collision caused by the collision of robot
Jung-dong Human error
Move wrong chain to the wrong chain Human error
collision/ cooperation with robot and attachment in the operator driver's driving zone Fuman& .& Robot
Overlapping Error
4. Mount in buffer: chained and broken changer conduction due to jamming Robot error
Knives & Spacers Fall Off Due to Lockdown Robot error
It's a knife and spacer rain because of the robot's poor speed Robot error
Work failure due to power failure Human error
#02 5. Robot moves to front of Slitter Cap: Bad work due to other buffer position moves Human error
Damage due to buffer position error Robot error
Unable to move and failure due to inflow of foreign substances into the rail (chain break) Human error
Risk of collision when a person enters a driving area Human error
Lives lost due to footfall in rail gap Human error
Collisions with peripherals and workers due to robot out of position Human& ,& Robor
Overlapping Error
Damage when the load is left unattended in the driving area Human error
6. Mounted on knife & spacer slitter cap in buffer: Unable to mount knife & spacer due to robot
» e . Robot error
out of position and falling off
Drop due to lack of grip Robot error
Risk of collision when a person enters a driving area Human& ,& Robot
Overlapping Error
Unable to work due to poor grip position Robot error
Defective products due to knife & spacer order error Human error
Risk of collision when activated before manual worker operation is completed Human error
Damage due to collision between knives and spacers when operator knife & spacer Human& & Robot
movement work is omitted Overlapping Error
7. Manual mounting of worker: Defective product due to worker mistake Human error
Click on the "Manual" button: Spacer and robot damage due to operator error Human error
8. Click on the manual operation completion button: Operation delay due to missing operation Human error
1. ‘()‘)]Srel:ator puts knife & spacer on cap in slitter equipment: cannot be recovered if missing Human error
Knives & Spacers Fall Off Due to Excessive Force Robot error
Poor grip due to knife & spacer shaking Robot error
Work failure due to two or more knives & spacers mounting due to worker error Human error
2. Robotic Knife & Spacer Grip from Slitter Cap : Knife & Spacer Grip Not Possible and Fall
#03 Off Due to Robot Out of Position Robot error
Unable to work due to poor grip position Robot error
Damage/damage/work failure due to knife & spacer fall due to insufficient grip Robot error
Collision/collusion/collusion with the robot due to entry into the operator's driving area Human error
3. Mount in buffer: Slitter damage due to malfunction Robot error
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Node

Hazardous Risk Factors

Countermeasures/Safety
Work Methods

Knives & Spacers Fall Off Due to Lockdown

Robot error

It's a knife and spacer rain because of the robot's poor speed

Human error

Work failure due to power failure

Human error

Bad job due to another buffer location movement

Robot error

Damage due to buffer position error

Robot error

4. Operator manual knife & spacer removal: spacer drop due to operator mistake damage to Human& & Robot
spacer and robot Overlapping Error
5. Click on the manual operation completion button: Operation delay due to missing operation Human error

the rail (chained)

. Robots moving to the changer: immovable and faulty due to the inflow of foreign matter into

Human& & Robot
Overlapping Error

Risk of collision when a person enters a driving area

Human error

Lives lost due to footfall in rail gap

Human error

Collisions with peripherals and workers due to robot out of position

Human& & Robot
Overlapping Error

Damage when the load is left unattended in the driving area

Human error

to insufficient grip

. Store from buffer to changer: Damage/injury/work failure due to knife & spacer drop due

Robot error

Damage due to collision with the changer due to robot out of position (overmovement)

Robot error

Failed and fallen knife & spacer storage due to robot out of position (lack of movement)

Robot error

Bad follow-up due to storage in the wrong changer

Robot error

Failure to follow up due to archive error when gripping in the wrong buffer position

Robot error

Collision/collusion/collusion with the robot due to entry into the operator's driving area

Human& & Robot
Overlapping Error

Table 5. Distribution by Error

Error type Distribution quantity
Human error 31
Robot error 23
Human & Robot error 10
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