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The 120T Casting Bay Crane within the continuous casting plant is essential to the plant’s production requirements. Any downtime on this crane has financial implications to Tata steel. 
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[bookmark: _Toc164779590]1 introduction
[bookmark: _Toc164779591]1.1 Port Talbot Steelworks
Steel was first produced at Port Talbot in 1902. In 1950 the company Steel Company of Wales (SCOW) was founded. Later in 1967, when the company was nationalised, it was renamed as followed British Steel. As time progressed and further developments took place British Steel was privatised in 1988. As a result of privitisation it moved forward merging with a Dutch company, Koninlijike Hoogovens in 1999 to form Corus. Tata Steel then acquired the Company in 2007.
Tata steel has operations in 26 countries across the world, the Port Talbot plant is part of the Tata Steel Europe which has the capacity to produce five million tonnes of high-quality Steel per annum. To achieve this there are several complex processes that have to be met to transform raw materials such as, iron ore into cast slab then into a finished product of steel coil. [1] The Arrangements of these processes are illustrated in figure 1.
[image: ]
[bookmark: _Toc164631379]Figure 1 Port Talbot Steelworks overview of process [2]




[bookmark: _Toc164779592]1.2 Plant Process
[bookmark: _Toc164779593]1.2.1 Ironmaking Process
1.2.1.1 Harbour
The deep-water harbour is capable of mooring vessels up to 160kT. The Jetty can unload ships from either side, the north for vessels with the capability of self-unloading and the south side serviced by three unloaders as shown in figure 2.
1.2.1.2 Coke Ovens
The Coke ovens receives imported coal via the ships from the Harbour this coal is then turned into Coke to heat the Blast Furnaces. The battery where this process takes places houses 84 ovens and produces 950kT pa.
1.2.1.3 Sinter PLant
The Sinter plant also services the Blast Furnace where it combines a number of different imported raw materials to make a blend which is then transported to the Blast Furnace for use.
1.2.1.4 Blast Furnaces
There are two Blast Furnaces in operation at the plant. These produce molten Iron from raw materials which is then transported to the steel plant to be turned into steel by the basic oxygen process.
1.2.1.5 Power PLant
The power plant has the capability to produce electricity which reduces the need for the plant to pull from the grid. This provides major cost savings by using by-product process gases from the Blasts, BOS and Coke ovens to heat water where the resulting steam is used to power generators with the potential to produce approximately, 70MW. 
[bookmark: _Toc164779594]1.2.2 Steelmaking Process
1.2.2.1 Basic Oxygen Steelmaking Plant
The BOS plant is split into primary and secondary steelmaking. Primary is where the iron is treated firstly by the desulphurisation plant to remove excess sulphur then charged into one of two vessels where mixed with scrap and raw materials then oxygen is blown at high pressure to create steel.
Secondary steel is where extra raw materials are added and different impurities are removed from the steel, using one of four secondary units, dependant on which grade is required.  


1.2.2.3 Continous Casting Plant
The Con Cast Receives the steel from the BOS plant in molten form in ladles holding approximately 350T, these are cast into moulds which cools the molten steel to create solid slabs.
[image: ]
[bookmark: _Toc164631380]Figure 2 BOS Plant & con Cast aerial view [3]
[bookmark: _Toc164779595]1.2.3 Mill Process
1.2.3.1 HOt Mill
Slabs of steel from the Con Cast are rolled to reduce the thickness to enable the steel to be formed into a coil.
1.2.3.2 Cold Mill
The coils from the hot mill are further reduced in thickness and surface finished to different specifications for the customer. 


[bookmark: _Toc164779596]1.3 Types Of Cranes
An overhead crane is a machine or piece of equipment, which allows the lift and transport of materials to different locations in a controlled and managed way. They differentiate from basic hoists by having three planes of travel as appose of two. These provide many advantages to industry and allow processes to operate safely and efficiently. There are many different types of overhead cranes used within Steel & Slab, some of which are explained below.
[bookmark: _Toc164779597]1.3.1 Single Girder Rail Mounted EOT Crane
The single girder rail mounted crane in figure 3 travels along two gantries with the use of electric motors and the cross travel and hoist is mounted under the main girder where ether a rope or chain hoist is used to manoeuvre items in the bay. 

[image: ]
[bookmark: _Toc164631381]Figure 3 Single girder rail mounted EOT Crane  [4]
[bookmark: _Toc164779598]

1.3.2 Single Girder Underslung EOT Crane
The single girder underslung EOT crane in figure 4 is very similar in construction as the single girder rail mounted design, the main difference being the long travel wheels are mounted to the underside of the girders instead of running above on a track.
[image: ]
[bookmark: _Toc164631382]Figure 4 Single girder underslung EOT crane [5]
[bookmark: _Toc164779599]1.3.3 Double Girder EOT Crane
The Double girder EOT crane in figure 5 is constructed of two girders spanning the gantry with the hoist trolley mounted above both on tracks allowing the cross-travel movement. This design allows for a higher lifting capacity.
[image: ]
[bookmark: _Toc164631383]Figure 5 Double girder EOT crane [5]
[bookmark: _Toc164779600]1.3.4 Four Girder EOT Crane
Four girder EOT cranes as shown in figure 6 are much larger in size they allow the crane to be designed with two hoists working independently of one another. Usually, the main hoist operates two hooks and the auxiliary has one. This design allows the main hoist to pick a hot metal ladle up and the auxiliary hoist can engage with a single hook and tilt the ladle.
The main hoist is usually much larger than the auxiliary for example the main hoist is 500T and the auxiliary is 100T in the steel plant.
[image: ]
[bookmark: _Toc164631384]Figure 6 Four girder EOT crane [6]
[bookmark: _Toc164779601]1.3.5 Double Girder Goliath Crane
The crane shown in figure 7 allows the crane to be installed with no gantry tracks they are installed on tracks which are at floor level and the uprights travel with the crane when long travelling.
[image: ]
[bookmark: _Toc164631385]Figure 7 Double girder goliath crane [7]

[bookmark: _Toc164779602]1.3.6 Semi Portal Crane
The semi portal crane in figure 8 is somewhat of a hybrid between a gantry and goliath crane. These are used in applications where they need to manoeuvre around items of plant. 
[image: ]
[bookmark: _Toc164631386]Figure 8 Semi portal crane [4]
[bookmark: _Toc164779603]1.3.7 Wall Cranes
Wall cranes as shown in figure 9 are fixed on one side and are useful in workshops where light loads need to be transported around. They long travel up and down the bay with use of motors so still are able to service a large area.
[image: ]
[bookmark: _Toc164631387]Figure 9 Wall crane [5]

[bookmark: _Toc164779604]1.3.8 Jib Cranes – Wall Mounted
Wall mounted Jib cranes shown in figure 10 are mounted to a stationary vertical structure the arm can swing around in an arc instead of long travelling, whilst still being able to cross travel. These motions are sometimes done by hand, or the larger ones are connected to electric motors. 
[image: ]
[bookmark: _Toc164631388]Figure 10 Jib crane wall mounted [4]
[bookmark: _Toc164779605]1.3.9 Jib Cranes – Floor Mounted
The floor mounted Jib crane shown in figure 11 is very similar to the wall mounted, the difference being the supports are fixed to the ground these are usually more expensive than wall type but are useful when no sufficient structures are available. 
[image: ]
[bookmark: _Toc164631389]Figure 11 Jib crane floor mounted [8]
[bookmark: _Toc164779606]1.4 120T Casting Bay Crane
The 120T Casting Bay Crane is a double girder EOT crane situated at the north end of the Con Cast. It is an electrically operated overhead travel crane with four motions; main hoist capable of lifting 120T, auxiliary hoist capable of 10T. Both hoists are located on a single cross travel trolley so do not move independently, the crane also has long travel and cross travel motions. 
[image: ]
[bookmark: _Toc164631390]Figure 12 Photo of casting bay
It mainly services Caster 2 & 3 by carrying out a number of service lifts when in production or undergoing maintenance tasks, for example, Tundish, moulds and top zone changes, stopper mechanisms, floorplates, powders as well as various other items.
[image: ]
[bookmark: _Toc164631391]Figure 13 Photo of cater 3 in operation.
The crane was first built as an 85T crane in 1976 and was upgraded to 120T capacity in 2006 along with the main hoist drive. Its long travel drive was then also upgraded to thyristor control in 2018, leaving the auxiliary hoist and cross travel as the original contactor type control panels.
The general arrangement drawing of the crane in figure 14 highlights the areas of interest, red shows the location of the main hoist trolley where the main hoist, auxiliary hoist, cross travel motors and gearboxes are situated. The green is where the long travel motors and gearboxes are housed inside the end compartments of the girder and the yellow section, also inside the girder,is where the electrical equipment such as control panels, drives, transformers etc are located.
[image: ]
[bookmark: _Toc164631392]Figure 14 drawing of 120T casting crane.

[bookmark: _Toc164779607]1.5 Crane Maintenance TEam
The mobile task force (MTF) is a team made up of 30 employees whose function is to carry out crane maintenance within the steel and slab department. Within their yearly maintenance plan of these assets lies the 120T Casting Bay Crane. The frequency of maintenance consists of a physical inspection every eight weeks together with a one-hour visual inspection every eight weeks.


[bookmark: _Toc164779608]1.6 Aims and Objectives
[bookmark: _Toc148694027][bookmark: _Toc164779609]1.6.1 Project Aim
To carry out research on crane monitoring systems and what types of data can be collected, whilst interrogating previous failures to determine if the data being monitored can prevent or reduce future breakdowns. To design and construct a remotely accessible crane monitoring system controlled by a central programmable logic controller (PLC) that can monitor and carry out live plant condition monitoring. 
1.6.2 Objectives
1.6.2.1 one
Implement a system to record crane usage.
a) To be resettable after each planned maintenance to increase the duration in between PM’s.
b) To be resettable when motors are changed out to track life of the component.
1.6.2.2 Two
Create a system that can alert the maintenance team of crane issues.
a) 
 before catastrophic failure preventing breakdowns of expensive components causing downtime of the crane.
1.6.2.3 Three



[bookmark: _Toc164779610]1.7 Roles and responsibilities
Table one shows the people required for the project to be a success I will have the lead role in ensuring all operations runs smoothly. Communication with the plant production teams will be essential in meeting the deadlines of the project. The crane outages will need to be planned effectively to minimise the disruption to production. Meetings will be set up with the different stakeholders when required.
	Person/Department
	Role
	Responsibility

	S. Galsworthy
	Electrical Engineer
	Project manager, researcher, planner, designer and commissioning manager. Must oversee the project ensuring that it is completed safely, on time and within budget.

	C. Logan
	Electrical PC&A Engineer
	Assistance connecting the crane systems to the Con Cast WIFI 

	L. Duggan
	Area Production Manager
	Plan in additional crane outages, to allow the install and commissioning of the monitoring system causing minimum disruption to production

	Con Cast Shift Production
	Crane Driver
	Crane Movements & Commissioning

	MTF Engineering Team
	Electrical Tradesmen
	Assistance with crane isolations, de-commissioning, cable installs and commissioning on the multiple crane outages.

	L. Kelly
	MTF Planning Engineer
	Assistance with future planned maintenance dates and arranging extra downtime if required.


[bookmark: _Toc164631462]Table 1 Roles and Responsibilities






[bookmark: _Toc164779611]2 Planning
In order for the project to be a success and to meet financial and time expectations the planning stage is vitally important and builds the foundations of the project going forward.  
[bookmark: _Toc164779612]2.1 S.W.O.T. Analysis
Before completing the project, the strengths, weaknesses, opportunities and threats were assessed to see if the project would be viable to complete, and also highlight any challenges involved.

[bookmark: _Toc164631393]Figure 15 SWOT Analysis

[bookmark: _Toc164779613]2.2 Upcoming Crane Planned Maintenances
A meeting was initiated with the steel and slab planning engineer to discuss upcoming crane outages and their timescales. Table 2 shows there was four 1 hour inspections planned which could be used for measuring up cable runs, data collection, checking specifications of components, and locations to install equipment. There was also included four 8 hour planned maintenances which would be used to carry out the installation and commission. From this it was determined that this was not enough time to complete the task. This was due to other maintenance tasks which had to be completed by the MTF team at the same time causing manning restraints and also constrictions of working in the same locations around the crane. 

	[bookmark: _Hlk163729608]Date
	Maintenance Type
	Duration (hrs)

	19/09/2023
	Running Inspection
	1

	17/10/2023
	Planned Maintenance
	8

	14/11/2023
	Running Inspection
	1

	12/12/2023
	Planned Maintenance
	8

	09/01/2024
	Running Inspection
	1

	06/02/2024
	Planned Maintenance
	8

	05/03/2024
	Running Inspection
	1

	02/04/2024
	Planned Maintenance
	8


[bookmark: _Toc164631463]Table 2 Dates of planned maintenance

From these an extra two dates were requested from plant so that only the installation and commissioning could be completed on the crane which are shown in table 3.

	Date
	Maintenance Type
	Duration (hrs)

	04/01/2024
	Additional Outage
	12

	31/01/2024
	Additional Outage
	12


[bookmark: _Toc164631464]Table 3 Additional crane outages requested.

The graph in figure 16 shows that there is a total of 60 hours planned to complete the install and commissioning of the project made up of four 1-hour inspections, four 8 hour PM’s and two 12 hour additional crane outages.


[bookmark: _Toc164631394]Figure 16 Graph of total hours available on crane

[bookmark: _Toc164779614]2.3 GANTT Chart
[image: ]
[bookmark: _Toc164631395]Figure 17 Project Plan
From the Gantt chart in figure 17 it can be seen that the critical path analysis is the installation work on the crane mainly because of the availability of the crane being released on time from production.
[bookmark: _Toc164779615]2.4 Ammendments to PLan
Due to Tata’s major restructuring of the steelworks explained in more detail in section 5.2 the project has had to make some changes to the original plan.
1. The design and manufacture was due to be complete in the middle of January this went into the end of February.
2. The install stage was also pushed back from the middle of February to the end of March because of the delay in design and manufacture.
3. The time allocated for commissioning then was running late and was completed at the start of April as appose to the end of February. 


[bookmark: _Toc164779616]3 Prior Research & review 
Research in the following fields is to be carried out so that an understanding of what areas of data are required to maximise the crane’s availability and prevent health and safety incidents and costly breakdowns. Also, research will be carried out into other monitoring systems in operation.
[bookmark: _Toc164779617]3.1 Crane Failures
[bookmark: _Toc164779618]3.1.1 Motor Failures
One of the most expensive failures we experience in the MTF is a motor failure. The motors are AC wound rotor induction motors which are ideally suited to heavy industry but when they fail they incur large repair costs, therefore any improvement in reliability will have huge financial benefits.
	Failure Mode
	Possible Causes

	Worn slip rings
	· High operating temperature/currents
· Poor brush contact resistance
· Brush particulate debris
· Foreign material debris

	Rotor hub insulation breakdown
	· Thermal deterioration
· Age related deterioration
· Ingress of foreign material debris
· Mechanical stresses

	Rotor open circuit of electrical joint between winding and inner ring
	· Loose connection
· High current over short time finding weakest point

	Insulation failure causing shorted turns in winding ends
	· Incorrect manufacturers repair spec
· Thermal deterioration
· Age related deterioration


[bookmark: _Toc164631465]Table 4 Causes of previous motor failures

Below (figure 15) shows a failure of a wound rotor motor slip ring and internal rotor windings. This was caused by a jammed carbon brush in the brush box, caused by heat and build-up of carbon dust. This failure could have been prevented by knowing the motor running currents and acting when an increase was seen. Monitoring the motor temperature or vibration would have drawn attention to an abnormal working pattern and if the running hours was known then an inspection could have been carried out before failure occurred. 
[image: ]
[bookmark: _Toc164631396]Figure 18 Picture of previous motor failure
After reading an article [9] about increasing motor reliability by monitoring and reducing operating temperature it states ‘’High temperatures can harm electric motors. In fact, operating a three-phase induction motor at just 10°C above its rated temperature can shorten its life by half. Whether your facility has thousands of motors or just a few, regularly checking the operating temperature of critical motors will pay huge dividends—by preventing unexpected shutdowns and extending motor life’’. [9]
A thermal imaging gun was used to take readings on the crane of the main hoist motor, this being the largest motor on the crane which has a rating of class F for its winding insulation, meaning that the winding insulation is rated to 155 °C. The readings were taken at random intervals and times over a 3-week period. They were taken at the same two locations inside the motor (rotor brush gear and rotor windings) as shown in figure 16. This task was undertaken so an average reading could be obtained.
[image: ]
[bookmark: _Toc164631397]Figure 19 Thermal imaging of motor windings and rotor brush gear


	Reading
	Temperature at Brush Gear (°C)
	Temperature at Rotor Windings (°C)

	1
	74.80
	78.10

	2
	71.20
	74.50

	3
	64.80
	68.00

	4
	70.50
	73.80

	5
	59.90
	63.20

	6
	62.30
	65.80

	7
	70.50
	73.80

	8
	63.50
	66.80

	9
	66.80
	70.10

	10
	74.00
	77.30

	11
	73.20
	76.40

	12
	75.60
	78.90

	13
	71.80
	75.10

	14
	58.90
	62.20

	15
	64.10
	66.90

	16
	68.20
	71.00

	17
	73.20
	77.00

	18
	71.70
	75.00

	19
	69.40
	73.00

	20
	72.60
	74.00


[bookmark: _Toc164631466]Table 5 Thermal imaging temperature results

[bookmark: _Toc164631398]Figure 20 Graph of motor winding temperatures
The motor being a class F can operate up to 155°C and the temperatures recorded are considerably lower than this. Some external factors which might affect this is the temperature increase when recording in the summer months as opposed to those in the winter months. Also, the thermography camera is only taking a reading of the outer winding surface and the internal winding temperature will be a lot higher. The motor is fitted with an RTD which is wired into the stator windings This would be able to record a more accurate reading and would very likely be a lot higher.








[bookmark: _Toc164779619]3.1.2 Brake Failures
The crane has two hoist brakes situated on the main and auxiliary hoist motos respectively. The operation of these brakes is safety critical because if they are to fail then there is a risk of loss of load. An example of this is shown in figure 21. The root cause of this incident was a planned maintenance being missed on the crane, due to manning redeployment to a higher priority breakdown. If there was an indication of brake wear on this crane, then the failure could have been avoided.
[image: ]
[bookmark: _Toc164631399]Figure 21 Photo of hoist brake failure





[bookmark: _Toc164779620]3.1.3 Bearing Failures
There are a number of critical bearings on the crane due to the high number of rotating parts. An example of a failure occurred on a main hoist gearbox is shown in the corrective action report in figure 22 [10]. This bearing had no conditioning monitoring in place and this was only found when a visual inspection was completed. If monitoring was in place, then the failure could have been prevented before catastrophic failure. One of the actions for forward focus is to investigate the possibility and different avenues for plant condition monitoring.
[image: ]
[bookmark: _Toc164631400]Figure 22 Tata steel CAR report [10]
[bookmark: _Toc164779621]3.1.4 120T Casting Bay FAilures
Using Tata’s central maintenance management system (SAP), some analysis of priority one and two failures was carried out to determine the frequency of failures. Priority one (P1) means crane failure must be dealt with immediately with the issue being safety critical or having a negative impact to production throughput. Priority two (P2) meaning less severe identified issues can be dealt with within 24 hours. Priority four (P4) notifications where work can be completed within the next planned maintenance were discounted from the data due to being a non-breakdown condition. (note: priority three notification are no longer used and are disabled in the system).
The SAP search was for the last two years. The graphs in figures 23, 24 and table 6 shows the number of P1 & P2 notifications raised in between PM’s and also how many days the first breakdown occurred after the completed planned maintenance.
	PM Date
	Number P1 & P2 of failures between PM
	Failure in days after PM

	30/09/2021
	2
	22

	25/11/2021
	1
	26

	20/01/2022
	3
	26

	17/03/2022
	2
	33

	12/05/2022
	1
	35

	07/07/2022
	4
	37

	01/09/2022
	1
	24

	27/10/2022
	2
	6

	22/12/2022
	1
	36

	16/02/2023
	5
	36

	13/04/2023
	3
	40

	08/06/2023
	2
	48

	03/08/2023
	3
	14

	28/09/2023
	1
	22


[bookmark: _Toc164631467]Table 6 P1 & P2 failures
Over a 104-week period there was a total of 14 planned maintenances completed. The total number of failures was 31 and an average of 2.2 failures occurred in between PM’s. In July 2022 and February 2023, the two highest number of failures both occurred; these dates correlate with Caster 3 maintenance stops, meaning the crane was worked more during these periods.

[bookmark: _Toc164631401]Figure 23 Graph showing number of failures between planned maintenance.

[bookmark: _Toc164631402]Figure 24 Graph showing number of days failure occurs.







The mean time between failure MTBF was calculated using the following equation.



[bookmark: _Toc164779333]Equation 1 Mean time between failure.

	Total number of failures
	31

	Count of PM dates
	14

	Average number of failures between PM
	2.2

	Total operating hours
	17472

	MTBF (hours)
	564

	MTBF (Days)
	23

	Average time completion of work Hrs
	7

	Average time completion of work minutes
	420


[bookmark: _Toc164631468]Table 7 Mean time between failure of 120T casting crane.
Table 7 captures the failure data and shows that the crane has a MTBF of 23 days, the SAP data also shows the average time to complete the work after the breakdown. 


[bookmark: _Toc164779622]3.2 Vibration Monitoring
Vibration monitoring is a very useful tool and can help to reduce downtime and costly breakdowns to critical equipment.  The system works by the evaluation of different parameters such as, velocity, displacement and acceleration. This is because when things move, they give off frequencies which can be observed and measured. Sensors are attached to the equipment and these evaluate the change created by the movement of the equipment, when a signal is transmitted to an acquisition system. The data is then examined to see if any faults are present. Some faults that can be identified are bearing damage, coupling damage, motor armature damage and motor stator damage and the different waveforms that are created by these different irregularities are shown in figure 25.
[image: ]
[bookmark: _Toc164631403]Figure 25 Types of motor vibration faults [10]
When the item of plant being monitored is in normal operation the trend will be within certain set points which can be learned after some time of use. When an issue occurs, even at the preliminary stages of an issue the trend will deviate slightly. It is these changes in trends which flag up an issue and in most monitoring systems warning, and alarm set points can be specified which can be used to notify or even stop the system when they are met. An example of the changes to the signal is demonstrated in figure 26.
[image: ]
[bookmark: _Toc164631404]Figure 26 Indication of alarm and warning set points [10]
Figure 27 presents an example of a damaged bearing outer race and the different envelope curves of them both in operation. The left showing the expected signal and the right showing the abnormal feedback caused by the damage.
[image: ]
[bookmark: _Toc164631405]Figure 27 Bearing envelope curve compare [10]


[bookmark: _Toc164779623]3.3 Temperature Monitoring
Molecular movement causes changes in temperature, when heat increases the more molecular movement occurs which in turn raises temperature, and the task of directly monitoring the energy change of this movement is difficult. Temperature sensors when calibrated to conventional temperature ranges provide a way to measure the properties of a material and its changes when exposed to different temperatures. [11]
[bookmark: _Toc164779624]3.3.1 Types of Temperature Sensors
There are many sensors that can be used, and some are investigated below.
3.3.1.1 Resistor Temperature Detectors (RTD)
RTD’s are used for precision, and they use high purity conducting metals where their resistance changes in relation to temperature such as, copper, nickel or platinum. Their variations in relation to temperature is shown in figure 28. A current is passed through the sensor and the resistance is used to calculate the voltage drop, any temperature change will change the resistance of the metal changing the measured reading. [12]
[image: ]
[bookmark: _Toc164631406]Figure 28 Variation of temperature for different materials [12]
3.3.1.2 Thermistors
A thermistor works by measuring the change in resistance in a material cause by the change in temperature and there are two types, Positive temperature coefficient (PTC) and negative temperature coefficient (NTC). The resistance rises when the temperature rises with the PTC and as the temperature increase the resistance decreases with the NTC.  These devices have a non-linear relationship and very limited working range. [12]


3.3.1.3 Thermocouple
A thermocouple is a sensor made up of two junctions of dissimilar metals joined together as demonstrated in figure 29. The cold junction is kept at a cold constant and the hot junction measures the temperature. A voltage is created when the two junctions are at different temperatures called the ‘’Seebeck effect’’. The resulting EMF changes when there is a variation in temperature. [13]
[image: ]
[bookmark: _Toc164631407]Figure 29 Thermocouple construction [13]

3.3.1.4 Infrared
Infrared sensors detect black body radiation and work on the principle that any temperature above absolute zero will have molecules moving within and they will emit more infrared radiation the faster they move. So, the higher the temperature the more vibrations will be caused by the molecules. [11]


[bookmark: _Toc164779625]3.3.2 Advantages and Disadvantages of Temperature Sensors

	Sensor
	Advantages
	Disadvantages

	RTD
	· Linear reading
· Wide operating range
· High operating temperature
· Stable at high temperatures
· Repeatability
	· Expensive
· Affected by vibration and impact.
· Low sensitivity
· Required 3 and 4 wire operation

	Thermistor
	· Fast response
· Stable
· Inexpensive
· Interchangeable
· High resistance change with temperature
	· Limited temperature range
· Non-Linear
· Current source required.
· Overheating causes inaccuracy

	Thermocouple
	· Low cost
· Wide temperature range
· Quick response
· Reliable
	· Susceptible to electrical noise
· Not as stable as RTD
· Not as accurate as RTD
· Difficult to calibrate

	Infrared
	· Non – Contact
· Measured from distance.
· Compact
· Lightweight
· Simplistic
· Measure moving components
	· Not work on gas or liquids
· Expensive
· Clean working environment
· Low accuracy





[bookmark: _Toc164779626]3.4 Other monitoring systems
Other monitoring systems were investigated to gain some ideas and learn what types of data they collect and how they present it.
[bookmark: _Toc164779627]3.4.1 Konecranes Truconnect
The Truconnect monitoring system by Kone has been designed to gather various data and information from different areas of the crane. Their system monitors the crane in between the inspections and maintenance and highlights any critical issues that can impair safety and performance. Their system also displays the gathered information in a usable format so that the user can identify problems easily.
[image: ]
[bookmark: _Toc164631408]Figure 30 Kone Truconnect homepage [14]
Figure 28 shows the homepage setup where an overview of the asset health is shown different tabs can be selected to enter into the different areas they monitor, thus holding different information. The overview is very simple in design, uses mainly plain colours but adopts a red, amber, green (RAG) system for certain information, making them stand out and drawing the attention to areas of concern. Figure 29 shows the brake service life this is calculated by the amount of operations and the amount of emergency stops, giving a simple reading of the expected end of life so plans can be made to ensure that the brake can be changed out before failure. This reduces the amount of visual inspections and the risk of working a crane unsafely.
[image: ]
[bookmark: _Toc164631409]Figure 31 Kone Truconnect hoist brake service life [14]
Another area the monitoring system measures is the crane utilization in the form of running hours. By monitoring running hours the overall usage can be tracked, the daily use or even the amount of use to be set as alarm to trigger an inspection or maintenance. An example is shown in figure 30. 
[image: ]
[bookmark: _Toc164631410]Figure 32 Kone Truconnect utilisation rate [14]

The acquired data can then be used to set up different warnings or alarms and also the yearly use can be illustrated in the form of a graph as in figure 33.

[image: ]
[bookmark: _Toc164631411]Figure 33 Kone Truconnect running hours. [14]
[bookmark: _Toc164779628]3.4.2 Eriks Smart asset management
Eriks who are the contracted motor repairers on site supplied some information of the system they operate. Although not strictly a crane monitoring system it does have the capability to monitor some of the equipment used on cranes for example motors, bearing and gearboxes but they are mainly focused on the monitoring of pumps, valves and fans which are not required on this crane.  
[image: ]
[bookmark: _Toc164631412]Figure 34 Eriks monitor system. [15]
The different types of data acquisition can be seen in figure 33 & 34, Eriks also use simplistic approach when presenting their data colour coding items so they stand out and alert the end user when issues arise. 
 [image: ]
[bookmark: _Toc164631413]Figure 35 Types of equipment Eriks monitor [15]
[bookmark: _Toc164779629]3.5 Evaluation of Research
From the research carried out there are a number of areas that would be beneficial to monitor, the first importantly being the usage of each motor of the crane. This would provide accurate times of when the crane is required to have an inspection or maintenance related to usage rather than a set time of 8 weeks when the usage could differ considerably. This would reduce the number of breakdowns incurred and improve the cranes current MTBF of 23 days. Secondly, would be to monitor motor currents so that any change from normal operation would be acted on immediately preventing the large cost and downtime of changing out such a large component. Thirdly where failures could have serious safety implications is hoist brake run through or failure, so by monitoring the operations of each brake would make the crane safer and also free up man power by reducing the amount of inspections needed. Lastly vibration and temperature monitoring on the motors and gearboxes could also prevent much greater complications if found early for example in the case study in figure 22 if condition monitoring was present then the maintenance team would have been alerted and a simple task of adding more lubrication could have prevented a substantial failure.


[bookmark: _Toc164779630]4 design and implementation
Now the decision has been made on what areas of the crane would be beneficial to monitor, the design of the system can proceed and the following sections demonstrate how each different function will operate.
[bookmark: _Toc164779631]4.1 Motor Currents
To monitor the current of each motor of the crane it has been decided that a current transformer (CT) will be used. These are a device which is constructed of windings wound around a core known as the secondary winding which is mounted around the primary conductor and when current flows through this conductor it induces an alternating current in the secondary winding which will be proportional to the primary dependant on how many turns it is constructed from.
[image: ]
[bookmark: _Toc164631414]Figure 36 Current Transformer [16]
[bookmark: _Toc164779632]4.1.1 Motor Full Load Current
Due to the motors being rated differently for each motion, in order to select the correct current transformers for each motor the firstly the full load current will have to be calculated.
The following formula will be used and populated from the data of each motor’ nameplate.







[bookmark: _Toc164779334]Equation 2 Full load current of motor
Details of a long travel motor nameplate is shown in figure 35, this was used along with the drawing in appendix iii to calculate the full load current and then recorded for each motion in table 8, This can then be used to select the correct CT for each motor. 
[image: ]
[bookmark: _Toc164631415]Figure 37 Example of motor nameplate on crane

	Motor
	Power (KW)
	Voltage (V)
	Full Load Current (A)

	Main Hoist
	112
	415
	216

	Aux Hoist
	58
	415
	 112

	Long Travel 1
	26
	415
	 50

	Long Travel 2
	26
	415
	 50

	Long Travel 3
	26
	415
	 50

	Long Travel 4
	26
	415
	 50

	Cross Travel
	12
	415
	 23

	Hook Rotate
	0.25
	415
	 0.5


[bookmark: _Toc164631469]Table 8 120T crane motor full load currents

[bookmark: _Toc164779633]4.1.2 Selection of Current Transformers
After researching different types of CT’s, it was decided that the RS Pro OMEGA XMER CT shown in figure 37 would be used. This model offers a current output of either 5 or 1A which will be inputted into the signal conditioner to create an output for the analogue input PLC card to accept.
[image: ]
[bookmark: _Toc164631416]Figure 38 Current transformer selected [17]
Each CT was selected using the full load current values in table 8 an example of the selection table from the datasheet is shown in figure 38.
[image: ]
[bookmark: _Toc164631417]Figure 39 Current transformer technical specifications [17]
	Motor
	CT 
	Ratio
	RS Pro Number

	Main Hoist
	LCTR 45/21
	250/5A
	1718761

	Aux Hoist
	LCTR 45/21
	125/5A
	 1718756

	Long Travel 1
	LCTR 45/21
	60/5A
	 1718751

	Long Travel 2
	LCTR 45/21
	60/5A
	 1718751

	Long Travel 3
	LCTR 45/21
	60/5A
	 1718751

	Long Travel 4
	LCTR 45/21
	60/5A
	 1718751

	Cross Travel
	LCTM 62/W
	30/5A
	 1718859

	Hook Rotate
	LCTM 62/W
	5/5A
	 1718855


[bookmark: _Toc164631470]Table 9 Details of selected current transformers


[bookmark: _Toc164779634]4.1.3 Signal Conditioning
In order for the current measurement to be measured, firstly a way of transmitting the analogue signal from the current transformer to the PLC must be achieved. This can be achieved by using voltage or current.
An example of a voltage signal will be 0-10V DC or the 0-5V DC ranges. This signal has some disadvantages for instance if there was a fault with the sensor the 0V emitted would be the same 0V that would be sent for the minimum value if it was operating correctly. It is susceptible to voltage drop over long distances and can incur interference from electrical noise. Normally the sensor would require 3 wires as appose to two for the need of a power supply.
With current loops it provides a more robust signal for example the 4-20mA signal and has some advantages over the voltage signal. Where the voltage signal cannot differentiate from a damaged sensor and lowest signal value, the current signal can, this is because the lower value is 4mA not zero. It usually only requires two cores to transmit as it can be powered by the same cable it transmits on and also not susceptible to electrical noise.   
[image: ]
[bookmark: _Toc164631418]Figure 40 Example of 4-20mA circuit [18]
After researching a number of signal conditioning units, the one selected is the P R electronics 4179 shown in figure 39. The reason being it has a 0-5A AC RMS range for input signal, so the current transformer selected is compatible and also gives a range of selectable outputs, one being the required 4-20mA.
[image: ]
[bookmark: _Toc164631419]Figure 41 PR Electric signal conditioner [17]
[bookmark: _Toc164779635]4.2 Running Hours
Currently the MTF complete an eight-hour planned maintenance on this asset every 8 weeks and an hourly inspection every 8 weeks which is staggered so that the crane would be in service for a maximum of 4 weeks without any checks being complete. This regular maintenance although satisfies the Lifting Operations and Lifting Equipment Regulations (LOLER) isn’t the most efficient. The reason being that the crane usage through the year is not linear and may be operated a lot more during different periods. There are many reasons for this such as, plant requirements of maintenance days, breakdowns or even different customer order books.
We currently have an average of the crane’s mean time between failure (MTBF) which is 23 days, but the spread is from 6 to 40 days caused by its capricious usage. By recording its actual running hours, we will be able to more accurately track its actual usage and perform the maintenance or specific component change out before failure which will increase the MTBF. 
To achieve the running hours of the crane an overall time of each motion will be recorded and also in both directions. The readings will have two sets, one which will be reset once the maintenance has been complete and the other longer-term counter will be reset when the motor is changed. 
In order to calculate this time a normally open auxiliary contact will be used off the directional contactors as shown in fig 40 for the Thyromat thyristor control, using auxiliary contacts on the Schneider LC2 range contactor and in fig 41 for the Cutler Hammer contactor control the auxiliary block attached to the CHE 954 double pole contactors will be used. The auxiliary contacts will switch the 24VDC from the PLC and input the signal into the digital input card which will be used in the software.
[image: ]
[bookmark: _Toc164631420]Figure 42 Thyromat directional contactors drawing section of appendix ??

[image: ]
[bookmark: _Toc164631421]Figure 43 Cutler Hammer directional contactors drawing section of appendix ??





[bookmark: _Toc164779636]4.3 Brake Operations
All motions of the crane have electromagnetic thruster brakes attached to the motor shaft the long travel and cross travel are timed brakes that come on when the crane is stationary and act as parking brakes. The main and auxiliary hoist brakes have working brakes that are applied immediately once the drive has stopped to prevent the load from falling. The set up of the main hoist brakes in conjunction with the  motor can be seen in in figure 43, the brake shoe lining is a wearing component that needs regular visual inspections for safety reasons. Frequently on inspection the lining shows very little wear so if data can be recorded on how much this brake is used then it will reduce the amount of inspections carried out.
[image: ]
[bookmark: _Toc164631422]Figure 44 Motor braking system


The thruster brakes are energised by brake contactors shown in figure 45 which will be utilised similar to the running hours set up to give an input into the PLC.
[image: ]
[bookmark: _Toc164631423]Figure 45 Thyromat drawing of main hoist brakes


[bookmark: _Toc164779637]4.4 Temperature & Vibration
From the research carried out to monitor temperature and vibration of the motors and gearboxes, the design would entail using an RTD for temperature and an accelerometer sensor for vibration. The signals would be wired into an analogue input card for vibration and a specific RTD card to enable the larger range of resistance to be collected. The program would then contain a way to display the data in the form of a graph with alarms set up for when operating outside the preferred ranges.
When discussing the project with my works engineer I have been advised to use a system to monitor vibration and temperature called SKF. The SKF system has successfully been trialled in the coke, sinter and iron department which is being rolled out as a Tata standard for PCM going forward.
[bookmark: _Toc164779638]4.4.1 SKF System
‘’SKF Multilog devices provide a complete system for early fault detection. Improve the reliability, availability and performance of your rotating equipment with automatic advice for correcting existing or impending conditions. These compact devices offer analogue and digital channels, with connectivity to mobile devices and networks for easy configuration and monitoring’’ [19]. 
After carrying out research it was found there are two different systems on offer and certain sensors available depending on what system is used, these are compared in table 10 and 11.
	Type
	SKF Multilog On-line systemIMx-16Plus
	SKF Enlight collect IMx-1 System

	Image
	[image: ]
	[image: ]

	Power input
	24–48 V DC nominal (22 to 50 V DC), supply fuse rating: T2AL 10 W or less typical, 13 W maximum
	V DC input: 24 V DC (9-36 V DC); 7.5 W

	Power over Ethernet
	PoE nominal voltage 48 V, 13 W maximum Available as the main or as a redundant supply source
	PoE input: 48 V DC (44-57 V DC); 7.5 W

	IP Rating
	IP69K
	IP65

	Operating temperature range
	-40°to +65°C
	-40°to +85°C

	Max number of sensors per gateway
	8 
	100

	Sensor connection
	Wired
	Wireless


[bookmark: _Toc164631471]Table 10 SKF systems
	Type
	HS-100ST Accelerometer
	IMx-1 Sensor

	Image
	[image: ]
	[image: ]

	Dimensions
	[image: ]
	[image: ]

	Power Source
	18-30V DC
	Non-replaceable lithium battery

	Typical lifetime
	>10 years
	4 to 8 years

	IP Rating
	IP67
	IP69K

	Operating temperature range
	-55°to +140°C
	-20°to +60°C

	Connection type
	Wired
	Wireless

	Acceleration
	2-wire: Constant current accelerometers Voltage signals (4-20 mA requires external load resistor to be fitted)
	10 Hz to 10 kHz, overall true pk-pk and dynamic, up to 50 g

	Velocity
	2-wire: Constant current accelerometers Voltage signals (4-20 mA requires external load resistor to be fitted)
	10–1 000 Hz, overall RMS and dynamic, up to 100 mm/s

	Temperature measurement range
	–50 to +100 °C
	–40 to +85 °C 

	Temperature measurement accuracy
	±4 °C (excluding cable influence)
	±4 °C


[bookmark: _Toc164631472]Table 11 Vibration & Temperature sensors
The Multilog IMx-16 and the Gateway IMx-1 both offer many advantages and score similar in many areas. When comparing IP ratings and operating temperatures both would be suitable for the environment they will be installed. Whilst the IMx-16 offer a greater range of measurement the Imx-1 is still within scope. The IMx-1 will be the chosen system mainly because of the wireless capability for sensor connection and also the ability to connect up to 100 sensors where the IMx-16 is limited to 8. This would be enough to install the desired monitoring to the main hoist trolley as shown in figure 46 but would not allow for future developments if more components need to be monitored. Another factor is there is limited space on the main hoist trolley thus no cables would be needed to be run from the different positions of the main hoist trolley back to the junction box; making it easier to change out sensors and remove the risk of damage from foot traffic in the area on down days.
[image: ]
[bookmark: _Toc164631424]Figure 46 Locations of SKF Sensors on main hoist trolley


[bookmark: _Toc164779639]4.5 Overall circuit design
Once all of the different fields had been designed an overall circuit layout was produced to explain how the different sections come together.
[image: ]
[bookmark: _Toc164631425]Figure 47 Overall circuit layout

[bookmark: _Toc164779640]4.6 Standards
To ensure the project is produced safely, to the highest quality and is compliant it is vitally important that following standards are adhered to. 
[bookmark: _Toc164779641]4.6.1 Low-Voltage Directive 2006
To ensure the protection of electrical equipment between 50 and 1000 Volts AC and 75 and 1500 Volts DC.
[bookmark: _Toc164779642]4.6.2 The Machinery Directive 2006
Mainly for products (a) machinery, (d) lifting components and (e) chains, ropes and webbing.
[bookmark: _Toc164779643]4.6.3 The EMC Directive 2004
To ensure prevention of electrical equipment does not generate or is affected by electromagnetic disturbance.
[bookmark: _Toc164779644]4.6.4 BS466 – British standard specification for overhead travelling cranes
Ensures the correct specification for power driven overhead traveling cranes, semi-goliath and goliath cranes for general use.
[bookmark: _Toc164779645]4.6.5 BSEN60204-1 (2006)– Safety of machinery – Electrical equipment for machines
The standard contains sub items regarding Incoming supply requirements, over current/voltage protection, short circuit protection, testing requirements and protection against electric shock. 
[bookmark: _Toc164779646]4.6.6 BSEN60529 (1992) – Degrees of protection provided by enclosures (IP Code)
To ensure all junction boxes etc have the correct ingress protection rating.


[bookmark: _Toc164779647]4.7 Selection of PLC, HMI & Components
After meeting with the works engineer and discussing the points of the project it was agreed that a Siemens PLC was to be used. The reason given is the company is trying to standardise where possible a PLC across the department. This will have a number of advantages going forward such as, commonality of spares, training for technicians and experience in fault finding/working on the systems.
Three Siemens PLCs were selected and their specifications were logged in table 12. 
	
	Siemens Simatic S7-1500
	Siemens Simatic S7-1200
	Siemens LOGO PLC
	Siemens S7-300

	
	[image: ]
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	[image: ]
	[image: ]

	Supply Voltage
	24V (19.2V-28.8V)
	120V-240V AC (85V-264V)
	12V – 24V DC (10.8V-28.8V)
	24V DC (19.2V-28.8V)

	Display
	Yes 6.1cm
	No
	Yes
	No

	TIA Portal Compatible
	Yes
	Yes
	No
	Yes

	Current Consumption
	1.55 A
	60 mA at 120 V AC; 30 mA at 240 V AC
	0.3A
	90mA

	Work Memory
	2 Mbyte
	50Kbyte
	No data
	64 Kbyte

	Load Memory
	32 Gbyte
	1 Mbyte
	n/a
	8 Mbyte (Plug in)

	Plug in Memory
	Yes (SIMATIC memory card)
	Yes (SIMATIC memory card)
	Yes (Micro SD Card)
	Yes

	Integrated DI 
	n/a
	6
	8
	10

	Integrated DO
	n/a
	4
	4
	6

	Integrated AI
	n/a
	2
	4
	0

	Plug in / remote I/O
	Remote - DI / DO / AI
	Plug in - DI / DO / AI
	Plug in - DI / DO / AI
	Plug in - DI / DO / AI

	Interface
	PROFINET & PROFIBUS
	PROFINET
	Ethernet
	RS485

	Interface Ports
	3
	1
	1
	1

	Class of protection
	IP20
	IP20
	Ip20
	Ip20

	Ambient temperature during operation
	0°C to 60°C
	-20°C to 60°C
	-20°C to 55°C
	0°C to 60°C

	Programming language
	LAD / FBD / STL / SCL / CFC / GRAPH
	LAD / FBD / SCL
	n/a
	LAD / FBD / STL / SCL / CFC / GRAPH / HiGraph

	Dimensions
	175mm x 147mm x 129mm
	90mm x 100mm x 75mm 
	90mm x 71.5mm x 60mm 
	80mm x 125mm x 130mm

	Cost
	£6379
	£252
	£156
	£800


[bookmark: _Toc164631473]Table 12 Selection of Siemens PLC's
After consideration of the four PLC’s the Siemens Simatic S7-1200 was selected, the reasoning for this is the S7-1500 specification is more advanced for what is needed in regard to memory, programming languages and interface ports which is reflected in the cost. The LOGO PLC is a bit simplistic and does not have TIA Portal compatibility and slightly lower operating temperature which could prove problematic in the warmer months in a steel plant. The S7-300 does not have the required ethernet connection, like the S7-1200 it would also require purchasing extra I/O cards to achieve the desired digital and analogue inputs for the project, so cannot justify the extra cost for this component.
	
	KTP 400 Basic
	KTP 700 Basic
	KTP 900 Basic
	KTP 1200 Basic
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	[image: ]

	Display
	Wide-screen TFT, 65k colours, LED backlight
	Wide-screen TFT, 65k colours, LED backlight
	Wide-screen TFT, 65k colours, LED backlight
	Wide-screen TFT, 65k colours, LED backlight

	Screen size
	4.3’’
	7’’
	9’’
	12.1’’

	Resolution
	480 x 272
	800 x 480 
	800 x 480 
	1280 x 800

	Interfaces
	PROFINET (Ethernet)
	MPI / PROFIBUS DP / PROFINET (Ethernet)
	PROFINET (Ethernet)
	MPI / PROFIBUS DP / PROFINET (Ethernet)

	Process Screens
	100
	100
	100
	100

	Tags
	800
	800
	800
	800

	Controller connection
	SIMATIC S7 / SIMATIC WinAC
	SIMATIC S7 / SIMATIC WinAC
	SIMATIC S7 / SIMATIC WinAC
	SIMATIC S7 / SIMATIC WinAC

	Alarm Logging (number of alarms / alarm classes)
	1,000 / 32
	1,000 / 32
	1,000 / 32
	1,000 / 32

	User Memory
	10MByte
	10MByte
	10MByte
	10MByte

	Front Dimensions (mm)
	141 x 116
	214 x 158
	267 x 182
	330 x 245

	Function keys
	4
	8
	8
	10

	Cost
	£506.40
	£921.60
	£1614
	£2304


[bookmark: _Toc164631474]Table 13 Selection of Siemens HMI
Table 13 research four Siemens Human machine interface screens, they all have very similar specifications with screen size, resolution and function keys having the most variation between them. The KTP was ruled out due to the size and only having four function keys, the KTP 1200 having the same spec only a larger screen size and two more function buttons was deemed too expensive. After ruling two out, finally the KTP 700 was selected over the KTP 900 because of again similar spec but variation in approximately £700 for two inches difference in size was not efficient.
(The HMI’s shown in table 13 were all 2nd generation screens, when funding for the project became more restricted a screen was sourced locally within the department which was not used in a previous installation. This was the KTP 1000 Basic 1st generation it was similar to the KTP 700 but included a larger 10’’ screen. This was not ideal because the component is now obsolete so the housing panel will need to be adapted in the future if it was to fail in service).  
The PLC selected only had the provision for six digital inputs, four digital outs and 2 analogue inputs so there would be a requirement to install add on I/O cards. To calculate the required amount cards needed the following tables 15,16 & 17 are constructed.
	Motor Current
	Analogue Inputs
	Location
	Address
	Tags

	Main Hoist U
	1
	AI Input Card 1
	IW112
	MH_CT1

	Main Hoist V
	2
	AI Input Card 1
	IW114
	MH_CT2

	Main Hoist W
	3
	AI Input Card 1
	IW116
	MH_CT3

	Aux Hoist U
	4
	AI Input Card 1
	IW118
	AH_CT1

	Aux Hoist V
	5
	AI Input Card 1
	IW120
	AH_CT2

	Aux Hoist W
	6
	AI Input Card 1
	IW122
	AH_CT3

	Long Travel 1 U
	7
	AI Input Card 1
	IW124
	LT1_CT1

	Long Travel 1 V
	8
	AI Input Card 1
	IW126
	LT1_CT2

	Long Travel 1 W
	9
	AI Input Card 2
	IW128
	LT1_CT3

	Long Travel 2 U
	10
	AI Input Card 2
	IW130
	LT2_CT1

	Long Travel 2 V
	11
	AI Input Card 2
	IW132
	LT2_CT2

	Long Travel 2 W
	12
	AI Input Card 2
	IW134
	LT2_CT3

	Long Travel 3 U
	13
	AI Input Card 2
	IW136
	LT3_CT1

	Long Travel 3 V
	14
	AI Input Card 2
	IW138
	LT3_CT2

	Long Travel 3 W
	15
	AI Input Card 2
	IW140
	LT3_CT3

	Long Travel 4 U
	16
	AI Input Card 2
	IW142
	LT4_CT1

	Long Travel 4 V
	17
	AI Input Card 3
	IW144
	LT4_CT2

	Long Travel 4 W
	18
	AI Input Card 3
	IW146
	LT4_CT3

	Cross Travel U
	19
	AI Input Card 3
	IW148
	XT_CT1

	Cross Travel V
	20
	AI Input Card 3
	IW150
	XT_CT2

	Cross Travel W
	21
	AI Input Card 3
	IW152
	XT_CT3

	Hook Rotate U
	22
	AI Input Card 3
	IW154
	HR_CT1

	Hook Rotate V
	23
	AI Input Card 3
	IW156
	HR_CT2

	Hook Rotate W
	24
	AI Input Card 3
	IW158
	HR_CT3


[bookmark: _Toc164631476]Table 14 PLC Analogue inputs design for current monitoring



	Running Hours
	Digital inputs
	Location
	Address
	Tags

	Main Hoist Raise
	1
	DI Input Card 1
	I8.0
	MH_Raise

	MH Lower
	2
	DI Input Card 1
	I8.1
	MH_Lower

	Auxiliary Hoist Raise
	3
	DI Input Card 1
	I8.2
	AH_Raise

	Auxiliary Hoist Lower
	4
	DI Input Card 1
	I8.3
	AH_Lower

	Long Travel North
	5
	DI Input Card 1
	I8.4
	LT_North

	Long Travel South
	6
	DI Input Card 1
	I8.5
	LT_South

	Cross Travel East
	7
	DI Input Card 1
	I8.6
	XT_East

	Cross Travel West
	8
	DI Input Card 1
	I8.7
	XT_West

	Hook Rotate Clockwise
	9
	DI Input Card 1
	I9.0
	HR_ClockWise

	Hook Rotate Anti-Clockwise
	10
	DI Input Card 1
	I9.1
	HR_AntiClockWise


[bookmark: _Toc164631477]Table 15 PLC Digital inputs design for running hours.
	Brake operations
	Digital inputs
	Location
	Address
	Tags

	Main Hoist Service
	11
	DI Input Card 1
	I9.2
	MH_SV_Brake

	Main Hoist Emergency
	12
	DI Input Card 1
	I9.3
	MH_EM_Brake

	Auxiliary Hoist
	13
	DI Input Card 1
	I9.4
	AH_Brake

	Long Travel
	14
	DI Input Card 1
	I9.5
	LT_Brake

	Cross Travel
	15
	DI Input Card 1
	I9.6
	XT_Brake

	Hook Rotate
	16
	DI Input Card 1
	I9.7
	HR_Brake


[bookmark: _Toc164631478]Table 16 PLC Digital inputs design for brake operations
From the tables it was shown that there would be 24 analogue inputs required, the S7-1200 only has 2 AI so external I/O would be required after research was carried out three 6ES7231-4HF32-0XB0 cards (shown in ports 3,4 and 5 in figure 49) were required containing eight inputs each. An example of some sections used form the relevant datasheet is shown in figure 48.
[image: ]
Figure 48 Section of Siemens product datasheet [20]

The process was then repeated for the sixteen digital inputs that were required. Due to the PLC only having six available inputs one 6ES7221-1BH32-0XB0 card with sixteen inputs would be sufficient (shown in port 2 in figure 49).

[image: ]
[bookmark: _Toc164631426]Figure 49 PLC device configuration
Once the cards and PLC were assembled, the 24VDC supply was connected and ethernet connections were made to the HMI and the TIA portal software an IP address (shown in figure 50) was given and the network was set up. This is shown in figures 48 and 49 where the green ticks show it is in a healthy state. When communication is lost these icons turn red to indicate a problem.

 [image: ]
[bookmark: _Toc164631427]Figure 50 PLC Network connection
[image: ]
[bookmark: _Toc164631428]Figure 51 Ethernet addresses
The completed bill of materials with relevant detail is shown in table 14. 
	Item
	Component
	Description
	Qty
	Supplier
	Cost
	Total

	1
	Siemens PLC
	Simatic S7-1200
	1
	Tata Stores
	£535.00
	£535.00

	2
	Siemens Digital Input card
	6ES7221-1BH32-0XB0
	1
	RS Components
	£235.20
	£235.20

	3
	Siemens Analogue Input card
	6ES7231-4HF32-0XB0
	3
	RS Components
	£493.20
	£1,479.60

	4
	WIFI Access point
	Ubiquiti Dual Band Bullet
	1
	Tata Stores
	£124.27
	£124.27

	5
	Enclosure
	430 x 330 x200mm IP66
	2
	Tata Stores
	£141.81
	£283.62

	6
	Vibration/Temperature Sensor
	SKF Imx-1
	14
	Tata Stores
	£169.50
	£2,373.00

	7
	SKF Gateway
	Imx-1 wireless
	1
	Tata Stores
	£1,829.35
	£1,829.35

	8
	Power Supply
	24VDC 1.3A
	1
	Tata Stores
	£46.41
	£46.41

	9
	Ethernet switch
	4 Port 24VDC 150mA
	1
	Tata Stores
	£159.75
	£159.75

	10
	Din Rail Top Hat
	2m x 35mm x 7.5mm
	4
	RS Components
	£7.27
	£29.08

	11
	Enclosure
	500mm x 400mm 210mm IP66
	2
	RS Components
	£78.40
	£156.80

	12
	Power Supply
	24VDC 1.5A
	1
	RS Components
	£51.75
	£51.75

	13
	Panel Trunking
	Slotted 40mm x 40mm x 1m PVC
	4
	RS Components
	£7.29
	£29.16

	14
	Power Supply
	Tracopower 24VDC 1A
	1
	RS Components
	£82.38
	£82.38

	15
	Miniature Circuit Breaker 2A
	2A Double Pole MCB C60HC202
	2
	Tata Stores
	£18.28
	£36.56

	16
	Miniature Circuit Breaker 4A
	4A Double Pole MCB 2CDS252001R0041 S202-D4
	1
	RS Components
	£45.39
	£45.39

	17
	DIN Rail Terminal Block
	RS PRO Beige DIN Rail Terminal Block, 0.2 → 4mm², Screw Termination
	5
	RS Components
	£6.78
	£33.90

	18
	Siemens Power Supply Unit
	6CP133-2BA20, 240V AC - 24V DC
	1
	RS Components
	£157.20
	£157.20

	19
	Siemens Ethernet Switch
	6GK5005-0BA00-1AB2
	1
	RS Components
	£101.33
	£101.33

	20
	Siemens HMI Display
	KTP1000 Basic PN Display
	1
	Tata Stores
	£1,633.00
	£1,633.00

	21
	Cat 5E Ethernet Cable
	CAT5E/FTP,4PR,24AWG, SHIELDED
	50
	Tata Stores
	£1.20
	£60.00

	22
	Universal AC/DC Transmitter
	PR4179
	21
	Tata Stores
	£204.85
	£4,301.85

	23
	PR Electronics Programming Display
	4510
	1
	RS Components
	£59.40
	£59.40

	24
	Flexible Power Cable
	4 Core, 2.5MM Dia
	100
	Tata Stores
	£2.60
	£260.00

	25
	Transformer 415V / 240V
	415v to 240V, 1.5KVA Transformer
	1
	Tata Stores
	£184.94
	£184.94


Table 17 Component list





[bookmark: _Toc164779648]4.8 PLC Program
The full PLC program has been uploaded as a supplementary file on Moodle but sections of the program are displayed below explaining the code for different networks that were created. 
[bookmark: _Toc164779649]4.8.1 Tag Table
Firstly, different tags were created for each address, a section of this is shown in figure 51.
[image: ]
[bookmark: _Toc164631429]Figure 52 PLC Tag table


[bookmark: _Toc164779650]4.8.2 Code for motor Currents
Network one in figure 48 shows the main hoist motor’s 3 phases and gives a brief overview of the process the code completes.
[image: ]
[bookmark: _Toc164631430]Figure 53 Motor current scaling PLC Code
The tags MH_CT_Actual 1,2 &3 can then be used in the HMI to create a graph and give a visual output on the screen. They are also used in network two shown in figure 49 to determine when a motor current imbalance is present this is achieved by subtracting phase U to V, U to W and V to W. If any of these do not equal the pre-determined range shown in figure 50 then it will energise M2.6 which also can be used in the HMI to create warnings, alarms etc..
[image: ]
[bookmark: _Toc164631431]Figure 54 Phase imbalance calculation PLC Code
[image: ]
[bookmark: _Toc164631432]Figure 55 Phase imbalance alarm PLC Code
Figure 51 and 52 explains how the overcurrent alarms operate, the code produced was then copied and adapted for the other two main hoist phases, and also used for the motors on all other crane motions.
[image: ]
[bookmark: _Toc164631433]Figure 56 Phase over currents PLC Code
[image: ]
[bookmark: _Toc164631434]Figure 57 Over current alarm PLC Code




[bookmark: _Toc164779651]4.8.3 Code for running Hours
To calculate the running hours of each motor an input was used from the directional contactors into a digital input PLC card. Difficulties were encountered finding a counter to give the required days, hours and minutes so the code shown in figure 53 was created. Once the code in networks 1,2&3 was proven to work it was converted into a function block (FB1) so that it could be used multiple times when coding other motion’s running hours. 
[image: ]
[bookmark: _Toc164631435]Figure 58 Timing formula PLC Code


Figure 56 shows the completed code for the main hoist running hours, again this was copied and adapted for all other motions.
[image: ]
[bookmark: _Toc164631436]Figure 59 Running hours PLC Code







[bookmark: _Toc164779652]4.8.4 Code for brake operations
Network one in figure 57 shows the digital input (I9.3) from the brake contactor when energised will count up every time the brake operates, again once the code was designed it could be modified used for all other motions.
[image: ]
[bookmark: _Toc164631437]Figure 60 Brake operations PLC Code
Once all the ladder logic was complete for the brake counters Siemens control language (SCL) shown in figure 58 was used for the brake operation alarms.

[image: ]
[bookmark: _Toc164631438]Figure 61 brake operations warnings and alarms PLC Code



[bookmark: _Toc164779653]4.8.5 Code for HMI time
Finally, the HMI home screen was showing the incorrect time and date the following code was created.
[image: ]
[bookmark: _Toc164631439]Figure 62 HMI time PLC Code




[bookmark: _Toc164779654]4.9 Human Machine Interface
The HMI system was created and the theme of keeping to plain colours and a basic design was adhered to which would remain the case for normal working practice. When warnings and alarms then occur, they will draw attention to the operator.
[bookmark: _Toc164779655]4.9.1 HMI Tag Table
A section of the HMI tags is shown below in figure 62.
[image: ]
[bookmark: _Toc164631440]Figure 63 HMI Tag table
[bookmark: _Toc164779656]4.9.2 Home Page
The home page in figure 59 is set up with labelled push buttons to create simplistic navigation to the required page, there is also 8 fixed buttons located at the bottom of page these have been set up as:
Button 1 - Home button to return to start page.
Button 2 – Fault notification page.
Button 3,4,5 – Spare for future upgrades.
Button 6 – Log on page which bring pop up box for username and password.
Button 7 – Logs user off
Button 8 – Shuts down the HMI screen.
[image: ]
[bookmark: _Toc164631441]Figure 64 HMI home screen page design




[bookmark: _Toc164779657]4.9.3 Running Hours Page
The running hours is split into 2 sections, the first section on the left in figure 59 shows each motion in both directions which can be reset by the maintenance team. This will be used to track the amount of usage of the crane and create alerts so that a maintenance can be planned. The right hand section is the combined total of both directions, this will be reset when the motor gets changed out, giving a motor service life. Both resets will require a password for the maintenance team to prevent operator access.
  
[image: ]
[bookmark: _Toc164631442]Figure 65  HMI running hours page design.


[bookmark: _Toc164779658]4.9.4 Brake operations page
This page will display the counts for each motion’s brake count, with warning and alarms set for different ranges. When met it will indicate that a brake change will need to take place. Once the brake shoes have been changed the counter will be reset by the maintenance team, this is password protected also.
[image: ]
[bookmark: _Toc164631443]Figure 66 HMI brake operations page design
[bookmark: _Toc164779659]4.9.5 Current Monitoring PAge
This page displays real time data of the three phase motor currents, the graph will populate with 3 different colours to aid fault fining and each current transformer will give an output in the form of a bar graph read out.
[image: ]
[bookmark: _Toc164631444]Figure 67 HMI current monitoring page design


[bookmark: _Toc164779660]4.9.6 Motor Current activation page
This page has been set up to record the number of times a phase of the motor exceeds the range programmed into the code. This will give the user an indication of issues and alarms can be sent out when activated.
[image: ]
[bookmark: _Toc164631445]Figure 68 HMI current limit activations page design



[bookmark: _Toc164779661]4.10 SKF IMx-1 System
To enable the SKF IMX-1 gateway to receive data from the sensors a hole needs to be drilled in the motor or gearbox casing and tapped with a 6mm tap for the sensors to thread onto as shown in figure 68. Once set up with the SKF software application, these will send information back to the gateway, which will be able to be remotely accessed providing the opportunity for the measured data to be analysed. 
[image: ]
[bookmark: _Toc164631446]Figure 69 SKF sensor fitted to motor [19]
The sensors create a mesh network shown in figure 69 allowing the WIFI signal to reach the 100m specification of the gateway.
[image: ]
[bookmark: _Toc164631447]Figure 70 SKF System mesh network [19]



[bookmark: _Toc164779662]5 WORKS Completed
[bookmark: _Toc164779663]5.1 Installation on Crane
The first crane outage scaffolding was erected (figure 66) to gain access to the cable festoon which is a system that allows the supply cables for the equipment on the main hoist trolley to travel in both directions without getting snagged. The required cables were installed. 
[image: ]
[bookmark: _Toc164631448]Figure 71 Installation of cables through festoon system
The required cables and junction box were installed to house the SKF equipment shown in figure 67.
[image: ]
[bookmark: _Toc164631449]Figure 72 Installation of SKF junction box
Figure 73 (left) shows the area selected in the E/room to mount the control panel and (right) shows the panel in place with cables installed to the required drives ready to be terminated. The control panel was still being developed in the workshop at this stage and along with the HMI will be installed once fully tested. 
[image: ]
[bookmark: _Toc164631450]Figure 73 Control panel install in E room.
The 415V/240V transformer installed ready to be terminated into the panel to supply the system shown in figure 74. 
[image: ]
[bookmark: _Toc164631451]Figure 74 Transformer install in E room.
[image: ]The WIFI panel was constructed as shown in figure 75, a 240V supply is connected to the power supply which feeds the ethernet switch with 24VDC. There will be an ethernet cable from the SKF system on the main trolley and an ethernet cable from the control panel in the E/room sending information through the WIFI access point, (the one used is a Ubiquiti Dual Band Bullet).
This panel will be fitted to the installed WIFI junction box located at the start of the festoon. The location was chosen so that the aerial can be fixed away from any structures and on the south side of the crane to ensure good connectivity with the WIFI in the bay. 




[bookmark: _Toc164631452]Figure 75 WIFI Panel





[bookmark: _Toc164779664]5.2 Problems Encountered
The project was progressing well and although slightly behind the original plan, there was no concern of not finishing the install and commissioning on time. A major threat then arose when Tata steel announced plans of their intention to build an electric arc furnace (EAF) to produce greener steel which would replace the current two blast furnace operation. The workforce believed the plant would remain operational until the new EAF was commissioned. Tata later made a second announcement stating that the plant would cease production by the end of 2024 at the cost of 2800 jobs.
[image: ][bookmark: _Toc164631453]Figure 76 Tata announcement [22]


The project was now at a danger of not being completed due to a number of reasons, firstly all spend was stopped other than for essential safety concerns or production issues that will impact the annual plan. Secondly, being I was seconded to a different department to work with a decommissioning team for when the plant is shut down in September 2024 and lastly all non-essential maintenance was stopped to ensure plant availability so that order books would be met with costs reduced. The 120T Casting Bay Crane would not be needed in the new EAF plant so the system would not be allowed to be completed.
[bookmark: _Toc164779665]5.3 Simulation test rig
To overcome the challenges encountered, a final visit to the was set up so the installed equipment could be removed from the crane. An arrangement was agreed with my manager to access my old department on the weekends and after hours where possible. I then created the simulation test rig in figure 77 with the following components.
[image: ]
[bookmark: _Toc164631454]Figure 77 Test rig
1. Push buttons were set up to simulate the digital inputs required from the contactors on the crane to create the running hours and brake operations.
2. The junction box from the crane was mounted to Unistrut so the control panel and HMI be safely installed, and relevant cables terminated.
3. Push buttons to control the drive and induction motor.
4. Laptop with TIA portal software connected to the PLC with ethernet for modification changes.
5. ABB ACS880 variable frequency drive to control the induction motor.
6. ABB 3 phase 2.2KW induction motor to simulate a crane motor so current measurement can be taken.
7. Current transformers installed to measure the motor’s current.
Figure 78 shows inside the control panel (2) and the components explained below.
8. Connectors for the incoming 240V AC supply.
9. MCB for the power supply (10).
10. 240VAC/24VDC power supply feeding the PLC and HMI.
11. MCB for power supply (11).
12. 240VAC/24VDC power supply feeding the signal conditioners (18)
13. Network switch to connect the PLC, HMI and Laptop.
14. S7-1200 PLC.
15. Digital input card 6ES7221-1BH32-0XB0.
16. Analogue input cards 6ES7231-4HF32-0XB0.
17. Terminal blocks to allow internal panel wiring to be connected to external cables.
18. Signal conditioners for current transformers (7). These would have been installed in a separate enclosure with (11) & (12) if installed on the crane. Three are required for each motor so a total of 24 would have to be purchased. Project constraints only allowed the purchase of three so installed here for ease of simulation.
[image: ]
[bookmark: _Toc164631455]Figure 78 Completed control Panel.
[bookmark: _Toc164779666]5.3.1 Results
The home screen shown in figure 79 with navigation push buttons all operational.
[image: ]
[bookmark: _Toc164631456]Figure 79 HMI home screen
Current monitoring screen shown in figure80 with a live trend on the graph of the motor performing some stop starts, ramping up and down speed and normal running. The scaling had to be modified because the simulation motor is much smaller than the ones located on the cranes. The current showed the same on the ABB variable frequency drive screen, on the signal conditioner and also in the TIA portal when monitoring the program live.
[image: ]
[bookmark: _Toc164631457]Figure 80 Current monitoring screen

The home screen shown again in figure 81 where the top two screens show the brake operation button flashing from grey with yellow writing to yellow with white writing to indicate it has reached the warning level. The bottom two screens then showed that an alarm has been activated and toggles between yellow with red writing to red with yellow writing. This state remains the same until a reset is performed. 
[image: ]
[bookmark: _Toc164631458]Figure 81 HMI home screen displaying warning and alarm.
Figure 82 showing the reset function, when the HMI touch screen button is pressed a pop up appears prompting the user for a password once entered correctly it allows a reset to be performed.
[image: ]
[bookmark: _Toc164631459]Figure 82 HMI password protection
Figures 83 and 84 showing the reset buttons being pressed, the button changing text and the counters going back to zero on the running hour and brake operation pages.
[image: ]
[bookmark: _Toc164631460]Figure 83 HMI Resettable running hour pushbuttons
[image: ]
[bookmark: _Toc164631461]Figure 84 Resettable brake operations pushbuttons    
[bookmark: _Toc164779667]6 analysis
After testing the monitoring system on the simulation test rig set up in the workshop, the system was proved to be a success where all function were working as designed. There were a number of small issues found when commissioning the system such as the running  hours inputs were working intermittently this was looked into and a loose connection was found on the 24VDC connection from the output of the PLC to the switches once this was rectified the issue was removed. Also the current monitoring page was not displaying any feedback from the CT’s this was caused by the signal conditioner range and output being set up incorrectly, the current range of the motor was set to high and also an issue with the range set in the PLC code. Once these problems were rectified the current feedback page was operating correctly.
Although the aims and objectives of the project haven’t strictly been met, due to external factors out of our control preventing the system being installed on the 120T Casting Bay crane, when the system is eventually installed on one of the cranes in Steel and Slab it will provide many benefits to the crane maintenance team department. It will provide reliable data to track usage to increase the duration in between planned maintenances this will enable smarter maintenance based on crane usage as appose to maintenance frequency based upon time, this will allow the frequency in between planned maintenance to increase. This will free up manning and provide financial benefits. Another would be met if installed on the crane because it has been proved that the system has the capability of alerting the maintenance team of motor imbalance, motor overcurrent, crane over usage and when the brake shoe wear has reached its limit and when installed on the crane will be able to prevent breakdowns of expensive components causing downtime of the crane.









[bookmark: _Toc164779668]6.1 conclusions and recommendations
The project has come in on time and under budget mainly because the funding was reduced during the project, to get it finished some components were borrowed or salvaged from surplus stock to get the project completed and the concept proven.
Once the system is installed onto a crane, it will help to reduce the amount of maintenance if the system is used for the 120T Casting Bay crane then if the mean time between failure is improved from the current 23 to 46  days it would produce a cost saving to the business of tens of thousands of pounds when taking into account that this crane costs production £5800 an hour when out of service. If it was to be installed on the most vital crane in the fleet then savings of £40,000 an hour could be saved. Also if the maintenance frequency was increased from the current 8 week cycle to a 26 weeks reducing the annual planned maintenances from 6.5 down to two with each one costing approximately £7300 when manning and consumables are accounted for, an approximate saving is £32,850 which is quite a considerable saving, couple this with the potential of installing on the other 27 cranes in the department some with much more expensive PM costs and there is a huge saving to be made.
After working on the system some more ideas for improvements have come to mind for example, in the future an automatic lubrication system could be added and if tied in with the vibration monitoring then could auto feed the bearings with grease when a certain level is reached this would reduce the need for further downtime of the crane.
If a load pin was added to the crane then the weight of lifts could also be tracked and overtime could indicate the percentage of the crane’s duty that is being used, this would help predict the overall service life of the crane allowing future planning for capex projects.
Thermography cameras could be set up on drives or motors or other items this would give real time data and allow more monitoring with the maintenance team being drawn to arising issues at the earliest step change.
The running hours could be adapted to monitor more items for example, drives or something as simple contactors so every time a component is changed a counter will be reset and items can be changed out at a specified value on the planned maintenance before failures occur in service.
To make the brake shoe lining wear a more accurate system, other external factors could be written into the code such as, emergency stops or drive trips when the motor is above a certain speed which all cause added lining wear. 
Another improvement for the alarms and warnings produced would be to send out emails or text messages to people responsible to act on. In addition to this a weekly report could be generated with information of crane usage, faults etc.
I believe that this is just the start if we get the opportunity to install to the fleet of cranes in the department, the benefits this will bring will outweigh the cost of setting up and will repay itself very quickly in the savings it can generate.



















[bookmark: _Toc164779669]7 reflection
On the whole I have thoroughly enjoyed going back into further education at this stage in my life and I am truly grateful of the opportunity I have been given, that is not to say that it has come with its challenges of balancing it with a busy work schedule and family life.
The project had a good start, with buy in and enthusiasm from plant and the maintenance team to have this installed on the crane because both could see the benefits this would bring. The concept once proved to be a success on the 120T Casting Bay crane, would be rolled out across all other cranes in the department. Since the announcement was made about the proposed closure of most of the site and the plan to produce steel in a more greener way there has been a huge transformation to how the plant has been run and especially to my role. 
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Appendix viii Cross travel trolley arrangement drawing
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Strengths


Weaknesses


Opportunities


Threats


MTF support


Improve reliabilty


Over 20 years experience in Department


Funding Agreed


Sponsorship from higher management


Retro fitting to old crane


Availabilty of crane for outages


Installing to different technologies


Reduce component failures


Increase Knowledge


Remote analysis of faults


Less Crane Downtime


Compliance with standards and legislation


Other plant issues reducing time spent on project


Lead times of components


Component prices


Financial benefits


Total Hours of crane outages 


Running Inspections (1Hr)	Planned Maintenance (8Hr)	Additional Outage (16Hr)	4	32	24	

Average motor brush gear and rotor windings of main hoist motor

Temperature at Brush Gear (°C)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	74.8	71.2	64.8	70.5	59.9	62.3	70.5	63.5	66.8	74	73.2	75.599999999999994	71.8	58.9	64.099999999999994	68.2	73.2	71.7	69.400000000000006	72.599999999999994	Temperature at Rotor Windings (°C)	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	78.099999999999994	74.5	68	73.8	63.199999999999996	65.8	73.8	66.8	70.099999999999994	77.3	76.400000000000006	78.899999999999991	75.099999999999994	62.199999999999996	66.900000000000006	71	77	75	73	74	Average Brush gear	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	68.849999999999994	Average Rotor Windings	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	72.05	Reading


Tempurature °C




Number of failures between Planned Maintenance

Number P1 	&	 P2 of failures between PM	
44469	44525	44581	44637	44693	44749	44805	44861	44917	44973	45029	45085	45141	45197	2	1	3	2	1	4	1	2	1	5	3	2	3	1	Dates of Planned Maintenance


Number of P1 & P2 notficcations raised



Failure occured in days after Planned Maintenance

Failures in days after PM	44469	44525	44581	44637	44693	44749	44805	44861	44917	44973	45029	45085	45141	45197	22	26	26	33	35	37	24	6	36	36	40	48	14	22	Dates of PLanned Maintenance


Days
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Sensitivity: general
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Motor Currents

Network 1: MH Current Scaling
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lance Calculation
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Network 3: MH Phase Inbalance Alarm

Any of the phases that are out of balance
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produce an output which will be used in the
HMI to produce alams.
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Network 4: MH Phase Overcurrents
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%842 inputted into a timer this eradicates any false
o alarms when a current spike occurs from
Tmer inrush current on motor start up.
AMDE0 TOoN
i =
= ™ g
e — -
MH_CTI_
Overcurrént_

£ — Timer_Value™

%DB43
MH_CTI_ I
Overcurrert_ The Q output from the timer is used to count
“MH_CT1,
o - up the amoqnt of overcurrent events. The
Timer'-Q nt count value is then used to create an over
— l—va E_‘:’ o‘:—_'” current alarm.





image68.png
e g
ovesciRgET
Ea v

When an over current event occurs on any of
the three phases a overcurrent alarm is
qenerated which is used in the HMI
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Network 1: Conversion of timer output millseconds (default) o days and hours. Using TRUNC to formulate whole numbers, rather than a decimal
representation.

conv o
Ot o et R
o o——— & Bo—
our—#Temp 1 FTemp—M1 oUT—#Temp 2
a6se7
TmC con
Res 10 It it Rt
o—————————————————en Bo—
pra— “on— P
o o s
Ao ) o o) Auto (s
o e o e o™ oo
TempT—m1 oUT—sHeToul [ R R [ R ——
o—mea 20—mea e O — 2
TN
o 1o It
o no— =
pro——- i Calculation used to convert
milliseconds to days and hours.

TRUNC is used to create whole
numbers for the display.

Network 2: Conversion of timer output millsoconds (default) to minutes. Subtrating the hours aready calculated previously In minutes from the
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Running Hours

Network 1: MH

68O
“MH_Raise” #MH_Raise_Temp

_{

%088
M o Input from directional contactor
Timer_0_DF
in main hoist control panel.
TonR
M Raize_Temp Time
—n o—
Temp contact used to give total
EM100 mpis running hours. Function block 1
o MH_Raize_
i Bz PRIl s to give output of seconds,
U minutes, hours and days.
Te24d_20h_
31m. 23 —pr
%0821
“MH_Raise_Timer"
%FB1
“Block_1°
e ENo—t
Amw3se
Days Output — "MH_Raize_Day="
RunniAg.Hr — Timer_input -
Hours Output — "MH_Reise_Hrs"
Amw3ss

Minutes Output — "MH_Raise_Mins™

Seconds  %MW370
Output — "MH_Raize_Secs™




image2.png




image71.png
Brake Operations [FC1]
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Network 1:

The HMI time would not

update on the front screen, so
the following code was written oneart.

9 Rer L — T R
and then synced using TIA .

portal to give the correct time Tine:
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and date.
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1207 Cr, [KTP1000 Basic color PN] » HMI » Default tag table [277]

=

Default tag table

Name Data type Connection | PLCname. PLCg Address Access mode Acaquisition cycle
@ miseke Bool HM_Conne. | [ PLC_T A Brake = [~]=ymbolc sccess>_[~]100ms __ [] ||
@ AH_Brake_Operations nt HMI_Connectio... PLC_1 AH_Brake_Operations ymbolic access> 100 ms
@AM CTinbalance_P172 Real HMI_Connectio... PLC_1 “AH_CTInbalance_P1-2" ymbolic access> 100ms
@AM CTimbalance P13 Real HMI_Connectio... PLC_1 “AH_CTInbalance_P1-+3" ymbolic access> 100ms
@AM CTimbalance 273 Real HMI_Connectio... PLC_1 “AH_CTInbalance_P293" ymbolic access> 100ms
a int HMI_Connectio... PLC_1 Acn ymbolic access> 100ms
@ AT Acual Real HMI_Connectio... PLC_1 AHLCTI_Actual ymbolic access> 100ms
@ AH_CTI_Overcurrent_Counter....Int HMI_Connectio... PLC_1 AH_CTI_Overcurrent_Co. <symbolic access> 100ms
@ AH_CTI Overcurent_Counter R Bool HMI_Connectio... PLC_1 AH_CTI_Overcurrent_Co. <symbolic access> 100ms
@ AH_CTI Overcurent Timer @  Bool HMI_Connectio... PLC_1 AH_CTI_Overcurrent i <symbolic access> 100ms
@ AH_CTI Overcurent Timer Q... Bool HMI_Connectio... PLC_1 AH_CTI_Overcurrent i <symbolic access> 100ms
a mm int HMI_Connectio... PLC_1 acn symbolic access> 100ms
@ AHCT Acual Real HMI_Connectio... PLC_1 AHLCT2_Actual ymbolic access> 100ms
@ AH_CT2_Overcurrent_Counter_...Int HMI_Connectio... PLC_1 AHCT2_Overcurrent_Co. <symbolic access> 100ms
@ AH_CT2_Overcurent_Counter R Bool HMI_Connectio... PLC_1 AHCT2_Overcurrent_Co. <symbolic access> 100ms
@ AH_CT2_Overcurent Timer @ Bool HMI_Connectio... PLC_1 AH_CT2_Overcurrent i <symbolic access> 100ms
@ AH_CT2_Overcurrent Timer Q... Bool HMI_Connectio... PLC_1 AH_CT2_Overcurrent i <symbolic access> 100ms
a int HMI_Connectio... PLC_1 AHcn symbolic access> 100ms
@ AHCTs_Actual Real HMI_Connectio... PLC_1 AH_CT3_Actual ymbolic access> 100ms
@ AH_CT3_Overcurrent_Counter_...Int HMI_Connectio... PLC_1 AH_CT3_Overcurrent_Co. <symbolic access> 100ms
@ AH_CT3_Overcurrent_Counter R Bool HMI_Connectio... PLC_1 AH_CT3_Overcurrent_Co. <symbolic access> 100ms
@ AH_CT3 Overcurent Timer Q  Bool HMI_Connectio... PLC_1 AH_CT3_Overcurrent i <symbolic access> 100ms
@ AHLower Bool HMI_Connectio... PLC_1 AH_Lower symbolic access> 100ms
@ AHLower Days int HMI_Connectio... PLC_1 AH_Lower Day: ymbolic access> 100ms
@ AHLower s int HMI_Connectio... PLC_1 AH_Lower_Hrs ymbolic access> 100ms
@ AH_Lower Min: int HMI_Connectio... PLC_1 AH_Lower_Wins ymbolic access> 100ms
@ AH_Lower Running s Dint HMI_Connectio... PLC_1 AH_Lower_Running_Hrs ymbolic access> 100ms
@ AH_Lower Running_Hrs Reset  Bool HMI_Connectio... PLC_1 AH_Lower_Running_Hrs_. ymbolic access> 100ms
@ AHLower Secs int HMI_Connectio... PLC_1 AH_Lower_secs ymbolic access> 100ms
@ AH_Motor_Phae_Inbalance AL.. Bool HMI_Connectio... PLC_1 AH_Motor_Phase_inbala. ymbolic access> 100ms
@ A Reise Bool HMI_Connectio... PLC_1 A Raise ymbolic access> 100ms
@ AH Reise Days int HMI_Connectio... PLC_1 A Raise_Days ymbolic access> 100ms
@ AHRaize_trs int HMI_Connectio... PLC_1 A Raise_rs ymbolic access> 100ms
@ AHReise_Mins int HMI_Connectio... PLC_1 AH Raise_Mins ymbolic access> 100ms
@ AH_Raize_Running Hrs Time HMI_Connectio... PLC_1 AH_Raise_Running_Hrs ymbolic access> 100ms
@AM Reise_Running Hrs Reset  Bool HMI_Connectio... PLC_1 AH_Raise_Running_Hrs_R. ymbolic access> 100ms
@ AHRaise_Secs int HMI_Connectio... PLC_1 A Raise_Secs ymbolic access> 100ms
@ alweys of Bool HMI_Connectio... PLC_1 slways off ymbolic access> 100ms

e
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120T Crane Monitoring / HMI_1 [KTP1000 Basic color PN]/ Screens
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120T Crane Monitoring / HMI_1 [KTP1000 Basic color PN] / Screens
Running Hours
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120T Crane Monitoring / HMI_1 [KTP1000 Basic color PN] / Screens
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120T Crane Monitoring / HMI_1 [KTP1000 Basic color PN] / Screens
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