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Abstract

Conventional photoelectric sensors require reactive maintenance creating downtime in production areas with excessive paper dust in the atmosphere due to false triggering.
IOLink enabled sensors with integrated air blow off units provide the possibility of performing predictive maintenance in production areas with excessive paper dust.
Industry 4.0 technologies can be used to automatically detect the sensor surface for debris and clean it when required without stopping production thus reducing downtime in dusty production areas.

Introduction

Observations have been made at a customer facility which manufactures its own toilet paper products for most of the UK’s major retailers.
When paper is manufactured, airborne dusts are produced while the paper is being processed.
This is a daily ongoing problem that requires constant attention in order keep the work areas as clean as possible and to remove the risk of fire from both airborne and settled paper dust.
The production areas are cleaned down daily at 7am with a combination of air blowers, compressed air, industrial brushes, and pans.
The cleaners follow a pre-determined route for cleaning, starting at one end of the process working their way through to the other end of the process.
The daily result of blowing this dust around causes constant problems with false triggering of photo electric sensors used for detecting product moving around the production area conveyors.
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The control system for moving product around the conveyors trips out with a fault when the photoelectric sensors are covered with dust, causing a data tracking error (‘Inconsistent Pallet Occupancy’)
The system thinks that there is a pallet of product at a particular position due to the false triggering of the sensor and it cannot see any associated pallet tracking data.
Due to the layout of the large production areas and the number of machines this downtime fault can take some time before the operator realises that there is a problem that requires his attention.  It may also be the case that the operator is busy working on another machine and cannot get to the data tracking issues immediately this causes a backlog in the production system.
The operators need to blow down the sensors with compressed air, correct and reset the data tracking error at the local Human Machine Interface before the production line can be restarted.
As mentioned previously this is something that happens daily, predominantly in the mornings when the cleaning is taking place and has become an accepted issue caused by the dust being blown around the production hall.
The data in Appendix A, Figure 1 shows that during the time period there were 3,904 occurrences totalling 435.46 hours of false sensor triggering.  So, in a total of 183 production days there were 18.14 days of lost machine availability associated with dusty sensors i.e. 9.9%.

Aims and Objectives

The aim and objective of this written report is to highlight to the customer that with some financial investment it is possible to remove the machine availability hours lost associated with dusty sensors thus increasing production.  Gilchrist explains the development of new advanced sensors.

The latest advances in sensor technologies, for example, produce not just more data generated by a component but a different type of data, instead of just being precise (i.e., this temperature is 37.354 degrees). Sensors can have self-awareness and can even predict their remaining useful life.  Therefore, the sensor can produce data that is not just precise, but predictive.
(Gilchrist, 2016, p.4)

These self-aware sensors with air blow off units installed will reduce the operator time spent cleaning sensors and resetting the process control system on a daily basis.  A direct result of this would allow them to spend more time focussing on other pieces of equipment within the production hall.

Implementation Methodology

· Pre-Engineering visit required to verify if spare outputs available for energising the air blow off valves.
· Install Rockwell Automation IOLink master devices around the production area, communicating back to the Programmable Logic Controller (PLC) via Ethernet/IP.
· New IOLink sensors to be installed and wired back to the IOLink master devices.
· Configure the PLC to communicate with the new IOLink master/slave devices.
· Modify PLC logic to use and monitor the quality of the sensor signal and a predetermined setpoint value can be used to trigger a blast of air to the sensor’s air blow off unit when the sensing surface is covered in dust.
· Modify the area HMI to display a status screen for the new sensors along with adjustable setpoint parameters for triggering the dust blow off.







Background Research

Many manufacturers supply sensors with IOLink capability which are readily available to interface to existing and new PLCs via an IOLink master device.

An introduction video of Omron’s IOLink photoelectric sensor and how it monitors the performance of the sensor in unstable situations giving the functionality of predictive maintenance (Omron Industrial Automation EMEA, 2021a).

This type of IOLink photoelectric sensor with antifouling material coupled with Omron’s patented sensor blow off unit can be configured to automatically energise a valve to allow air to blow across the face of the sensor to remove any dust build up.

Current research has not found an alternative company that can supply the same specification sensors with both functional capabilities which are essential for configuring a predictive maintenance system.

In maintenance, there are four categories of occurrence: corrective, preventive, predictive, and prescriptive. In the corrective case, the maintenance occurs when the fault is detected, or there are signs. The preventive maintenance use schedules at specific times. On the other hand, predictive maintenance uses time-based information and knowledge to report a possible failure avoiding downtime. 

 (Zonta et al, 2020, p.2)

Industry 4.0 combines embedded production system technologies with intelligent production processes to pave the way for a new technological age that will fundamentally transform industry value chains, production value chains, and business models.
(Zhong et al, 2017, p.616)

Conclusion


The unique features of the Omron sensor with antifouling material (Patent pending) on the sensor face and the blow off unit (Patented) coupled with an IOLink enabled sensor will give a predictive maintenance feature to the production area instead of relying on daily reactive maintenance.

“As Industry 4.0 continues to gain recognition, autonomous sensing, intelligent interconnecting, intelligent learning analysis, and intelligent decision-making will ultimately be realised.” (Zhong et al, 2017, p.618)








Recommendations

As can be seen in Appendix B, Figure 2 Omron provide specialist IOLink sensors for use in unpredictable production environments.

A dirty sensing surface can cause false detection due to the principle of photoelectric sensors. The E3AS Series has an industry-first antifouling coating on the sensing surface which prevents water droplets and paper dust from sticking to the sensing surface and keeps the lens from fogging as well. This reduces false detections.
(Omron Industrial Automation, 2021b, p. 10)
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Appendices

Appendix A: Downtime report

Figure 1:    Hall 2 Full Pallet Conveyor time period 01/05/22 – 31/10/22 
	
	
	
	

	Downtime Reason Codes
	Occurrences
	Duration
	D/T Hours

	Alarm:LogoPak Bottom Labeller Fault 
	937
	010 12:34:30
	252.58

	Alarm:#228-LASER SCANNERS ACTIVATED
	1082
	007 07:15:49
	175.26

	Alarm:LogoPak Top Labeller Fault
	709
	007 04:49:30
	172.83

	Alarm:#275-INCONSISTENT PALLET OCCUPANCYB390.06 CELL-POS. 426-2nd
	1511
	005 03:44:48
	123.75

	Alarm:#276-INCONSISTENT PALLET OCCUPANCYB390.04 CELL-POS. 428-1st
	1266
	003 16:57:01
	88.95

	Alarm:#233-OUTLINE CHECK PHOTOCELLS ACTIVATED
	231
	002 15:02:37
	63.04

	Alarm:#277-INCONSISTENT PALLET OCCUPANCYB390.07 CELL-POS. 428-2nd
	358
	002 05:26:05
	53.43

	Alarm:#780-INCONSISTENT PALLET OCCUPANCYB550.04 CELL-POS. 456
	80
	001 00:16:14
	24.27

	Alarm:#777-INCONSISTENT PALLET OCCUPANCYB535.01 CELL-POS. 450
	58
	001 00:06:31
	24.11

	Alarm:#779-INCONSISTENT PALLET OCCUPANCYB535.03 CELL-POS. 454
	44
	000 18:15:14
	18.25

	Alarm:#282-INCONSISTENT OCCUPANCY T1 CONVEYOR SHUTTLE 1
	176
	000 18:09:11
	18.15

	Alarm:#290-EMPTY PALLETS TRANSFER TIMEOUT FROM M020.01 TO M025.01-DOUBLE PALLET
	35
	000 15:48:02
	15.8

	Alarm:#273-Empty Pallet 1st position
	19
	000 15:39:24
	15.66

	Alarm:LogoPak Pec 4 Fault
	139
	000 15:28:42
	15.48

	Alarm:#16-ERROR IN COMMUNICATION WITH SHUTTLE
	56
	000 14:22:51
	14.38

	Alarm:#279-B390.05 CELL-SHUTTLE DETECTION SAFETY POS. 428-NOT ALIGNED
	25
	000 11:41:02
	11.68

	Alarm:#802-TRANSFER TIMEOUT FROM M080.01 (POS. 450) TO M080.02 (POS. 452-CHAINS)
	40
	000 10:44:51
	10.75

	Alarm:#519-INCONSISTENT OCCUPANCY-B470.05 CELL-2nd PALLET-POS. 440
	57
	000 08:40:30
	8.68

	Alarm:#778-INCONSISTENT PALLET OCCUPANCY B535.02 CELL-POS. 452
	38
	000 07:57:01
	7.95

	LINE GENERAL:Planned Shut Engineering
	2
	000 07:51:00
	7.85

	Alarm:#801-TRANSFER TIMEOUT FROM M050.03 (POS. 448) TO M080.01 (POS. 450)
	18
	000 06:49:31
	6.83

	Alarm:#93-DEVICENET NODE 28 FAULT-ARMOR BLOCK IN AREA POS. 490
	441
	000 05:48:05
	5.8

	Alarm:#520-INCONSISTENT PALLETS OCCUPANCY B470.03 CELL-POS. 438
	85
	000 04:52:32
	4.88

















Appendix B: Omron Sensor Information 

Figure 2:        Anti-fouling coating and air blow off unit
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A dirty sensing surface can cause false detection due to the principle of photoelectric sensors. The E3AS Series has an
industry-first antifouling coating on the sensing surface which prevents water droplets and paper dust from sticking to
the sensing surface and keeps the lens from fogging as well. This reduces false detections.
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Using an air blow unit greatly reduces the frequency of false detections since it prevents the sensing surface of sensors
installed in confined, difficult to clean locations from becoming contaminated. It can be mounted to any photoelectric
sensor with a 25.4 mm mounting hole pitch as well as the E3AS Sensors.
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