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   Introduction
ArcelorMittal is the world’s leading steel and mining company with presence in sixty countries and has an industrial footprint in nineteen countries. ArcelorMittal has an annual production capacity of 115 million tons and operations in 60 countries. In 2014, ArcelorMittal’s crude steel production reached 91.3 million tons. ArcelorMittal is guided by a philosophy to produce safe and sustainable steel. ArcelorMittal also prides themselves in providing conducive and safe work environment for its employees. To further its commitment to the safety of its employees, ArcelorMittal is proud to be the sponsor of a Safety System Design at Michigan State University.
At ArcelorMittal, Electric Overhead Cranes (EOT) are used for transporting heavy products, parts, materials. They are operated remotely by a Remote Control Crane Operator (RCCO). Suspended steel coil loads hang from the overhead cranes and are potential safety risks to the operators. The operator can be distracted while performing work and accidentally swing the suspended load towards their body. The Safety System Design involves placing sensors around the hook of the crane and the controller which crane operator uses to control it. The sensors will create a “cone of safety” around the crane’s load with a small buffer zone to ensure absolute safety. If the operator comes in contact with this “cone” an alarm will sound warning the operator of the danger. Data showing near-miss accidents (when the alarm sounds) will be recorded so ArcelorMittal can constantly improve their safety and prevent future occurrences of these happenings. 
 	ArcelorMittal not only holds their steel to a high value, but the safety of their operators as well. The steel industry is not only a dangerous environment, but a necessary one. Keeping the manpower who drives the industry healthy and safe is the main concern for ArcelorMittal. Safety concerns must not only be addressed, but an action plan must be put in place to correct the problem. This is why seeing a safety hazard and making a change is undoubtedly evident in an environment such as ArcelorMittal’s. Team 5 is proposing to ArcelorMittal with a safety solution guaranteed to uphold their values and excellence for a long time to come. 
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Background
	Due to the hazardous conditions at ArcelorMittal, there is a need for safety precautions at the mill. Specifically, the crane systems lift heavy objects that can be fatal to operators near these sites. Previous accidents have motivated ArcelorMittal to implement a system that could help prevent future disasters. ArcelorMittal wants to implement a system that can sense an operator within a certain distance from the crane operating overhead. Furthermore, the system should sound an alarm to warn the operator is operating in the danger zone. 
	At a steel plant, electrical overhead cranes are used to move up to thousands tons of steel daily. Cranes are operated at 21 turns (24 hours a day, 7 days a week) and the cranes, although maintained, are usually older models.  As recorded, there were more than fifty incidents that caused death of steelworkers from 1989 to 2010 in Northwest Indiana. “On July 26, 2009, a women died of blunt force trauma while she was working in ArcelorMittal Indiana Harbor East's 80-inch hot strip mill. Smith was sorting slabs for line up in the No. 4 slab yard when she was struck by a gantry crane about 12:15 a.m., according to a document The Times obtained.” 
ArcelorMittal has put a lot effort in safety issue, such like modernizing and electromechanically upgrading their old cranes in order to guarantee more reliable and safe functions. The steel plant site in Genk(Belgium) had modernization including, “new crane controls for bridge- and trolley travelling and four new tongs, sensors, encoders, job generators, schedulers and sequencers for automatic crane operation.”
	Early research has shown that this project is one of a kind. Overhead trolley cranes that go back and forth the length of the mill have anti-collision sensing systems that prevent them from colliding with other trolley cranes, but research has shown none of these cranes are equipped with load sensing abilities. The industry standard for sensing capabilities in the steel mill is photoelectric sensors, or photoeyes. Photoeyes are used primarily on machines and sense when an object has appeared in front of the sensor by time of flight techniques. Many other sensors have been explored that are not commonly used in industry to ensure the safest and most reliable product is being produced. 
	Electrical power to machines in a steel mill is provided by running cables through conduits either under the floor or on the wall. Since the sensor will bolted to somewhere on the cranes arm or hook, providing the sensor with power without interfering without the operation of the crane is crucial. Recording each occurrence of entering the “cone of safety” is another important design goal. The industry standard for interfacing with electronic devices are programmable logic controllers, or PLCs. A PLC is programmed using ladder logic and is fed by wires in conduit to a PLC cabinet. 
	The steel industry has a very rich history and has literally been the backbone of the modern world for over a century. Research has given insight into the industry standards that steel mills across the world utilize when completing projects. As the world becomes more technologically advanced, industry slowly becomes more advanced as well. Research, design, and prototyping will give the opportunity to pick the best option to guarantee the safest environment, whether that option be the industry standards or a new device.







Design Specifications
	The team has completed preliminary research and have proposed a sensor system that can communicate with a central microcontroller. This microcontroller can store, edit, and transmit the data as required by ArcelorMittal. Further details must be confirmed before selecting a sensor and microcontroller. 

The sensor will be selected on a range of criteria:
1. Cost
2. Interference with any work environment signals
3. Safety of employees 
4. Specific sensor device limitation
a. e.g. maximum range of sensor signals

Likewise, the microcontroller will be selected on a range of criteria:
1. Cost
2. Data collecting requirements
3. Data storing requirements
4. Device Limitations

Before selecting a sensor the micro controller, the team must consider some of ArcelorMittal requirements:
1. Device must be able to collect data to show details from any at-risk situation to a serious incident  
2. Device must only turn on when the crane is 8 ft. or closer to the ground. 
a. Without this, the sensing range’s diameter would continue to grow as the crane moved towards the ceiling. The alarm would constantly be going off. 
3. The device must create a zone, or a radius, that grows linearly to how high the crane is operating.
4. The device must not use lasers due to hazards that can caused blindness. 


















Conceptual Design Descriptions
	Device with sensor and encoder will be attached to the Crane’s hook or arm and the sensor will turn on the crane’s hook reaches a height of 8 ft. above ground level or lower. The sensor (or sensors) will make a cone shape around the suspended load from the crane and an alarm will sound if anything enters that cone. A conceptual design of this can be seen in Figure 1.
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Figure 1: Sensing Cone around Load
If the operator in Figure 1 were to take a step to the left, a warning alarm would sound alerting the operator that they are much too close to the suspended load. If the crane were to move upwards to greater than 8 ft., the cone sensing area would turn off. A “buffer zone” of 20” on each side of the coil has been given to the sensing radius to ensure complete safety. If the operator were to enter the “cone of safety” a microcontroller would be integrated into the system to record the time of the near-miss accident and save this data for future revision. 

























Project Management Plan
Personnel Tasks
	Personnel 
	Job Description/Tasks

	Szink, Richard
	Team management, sensor research and design

	Nguyen, Charlie
	Web designer, microcontroller research and integration

	Falabi, Samuel
	Document preparer, power source research and design

	Cheng, Xue
	Presentation preparer, alarm research, design, and integration

	Williamson, Lanea
	Lab director, near-miss accident recording capability design


	Each member of the design team will be assigned essential tasks to complete the project in a well-organized fashion. These tasks are shown below in Figure 2. 
Figure 2: Personnel and Individual Tasks
In addition to the individual tasks each team personnel is assigned to, each team member will be responsible for lending expertise when another member requires assistance with their work. 
Resources
	A variety of hardware and software must be utilized to complete the project successfully and accomplish the goal of greatly improving safety conditions in the ArcelorMittal Finishing Department. A detailed list of these items are described in Figure 3. 

	Resource
	How Resource will be Obtained

	Sensor/Mounting Bracket
	Verified Web Vendor

	Power Supply/Mounting Equipment
	Verified Web Vendor

	Microcontroller/Code Composer Software
	ECE 480 Box or Verified Web Vendor

	Alarm/Mounting Equipment
	Verified Web Vendor

	Microsoft Project
	Dream Sparks

	Misc. Circuit Equipment
	ECE Shop

	
	


Figure 3: Detailed List of Resources
Budget
A detailed budget is shown in Figure 4. 
	Item
	Cost

	Sensor/Mounting Bracket
	$150.00

	Power Supply/Mounting Equipment
	$100.00

	Microcontroller/Code Composer Software
	$50.00

	Alarm/Mounting Equipment/Recording System
	$150.00

	Microsoft Project
	$0.00

	Misc. Circuit Equipment
	$50.00


Figure 4: Detailed Budget


Summary
	The safety and protection of operators working in industry is an extremely important task that should never be taken for granted. ArcelorMittal is committed to going above and beyond the required safety standards to ensure that their operators are able to go home to their families each and every time after they clock out in the exact physical condition they clocked in that day. The proposed project will further these exact safety values ArcelorMittal has instilled in their work environment. Crane operators will no longer be in a safety hazard zone every time they arrive at work to do their job. A cone of safety around the crane hooks will allow these operators to focus more on providing a quality product, rather than periodically warning about the crane’s load striking them. Detailed research, careful design, and attention to detail will allow our team to successfully guarantee safety for crane operators at ArcelorMittal’s facility.  
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