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Abstract

The goal of this project is to design, develop, and produce a semi automated punching press used for the creation of ASTM standard testing samples that are required by the customers of DSM Thermoplastic Elastomers Inc.  These pieces are composed of thermoplastic vulcanized materials produced by DSM.  Currently, this entire process is done manually, which is very strenuous for the operator and is very time consuming.  The automation of this process would greatly increase productivity of the lab, allowing for more accurate samples to be created in a shorter amount of time.  Given the requirements set forth by DSM, the task is to develop the most efficient system that will perform this task.  After calculating forces up to 3000lbs required to cut through the plastics samples, and using a design matrix as a guideline, it was determined that a pneumatically powered machine would be the most feasible solution.  Using a combination of pneumatics and electronics, it is estimated that the entire process will be 50% faster.
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The Need for Project 

	A more efficient method is needed for the creation of ASTM standard testing samples, reducing strain on operator.
	The present method used by DSM Thermoplastics to create ASTM standard testing samples is physically straining on the operator and is time consuming. ASTM requires that each lot of plastic manufactured be tested to comply with standard material properties. This time consuming process decreases productivity of the testing laboratory, which increases cost for a company trying to fulfill the demanding needs of its buyers.  Automation of this process will not only improve speed, consistency, and ease of performance, it will also be safer than the current method used and will be less strenuous for the operator.  


The Design Project Objectives and Requirements 

	The objective of this Capstone project is to design, develop, and produce an automated system for the creation of ASTM standard testing samples.
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	Design Objectives
The objective of this project is to provide DSM with an easy, safe, and efficient automated machine to create five different ASTM standard testing samples.   The design must be easy to load and unload, and be started and stopped with the push of a single button.  The operator must be protected from any injury during the cutting process.  The automation of this process must also provide a 50% increase in productivity from the current method.
Design Requirements

The most important requirements include power input, specimen production, and industry regulations.  The machine must be compatible with laboratory capabilities, including being powered by 125psi and 120/240VAC.  It must be able to handle different plaque sizes, produce a minimum of 3750lbf, and prevent test specimen deformation during cutting.  This machine must be easily controlled by an operator and comply with all relevant ASTM and OSHA standards.


Design Concepts considered 
	Several concepts were considered for each system within the machine, including electric, pneumatic, and hydraulic designs.
	The machine has two major systems, delivery and punching, each of which were examined separately with a variety of different concepts.  
Conveyor Delivery System

Two conveyor designs were considered to deliver the plaques to the desired location.  One design used a solid conveyer belt, controlled by an electric motor, to deliver the plastic plaques to their required location.  The belt would run over a solid surface, providing a cutting surface for the plaque.  The second design used a side track system comprised of two separate belts, also controlled by a motor, which straddled a solid cutting surface.  
[image: image3.emf]Slide Delivery System

Two separate slide designs were considered for the second delivery concept.  The first included a platform on two side guide rails with a worm gear in the center for single axis motion. An electric motor would be connected to the worm gear for precise control and positioning of the platform. The second design also included a platform on guide rails, but was a pneumatically controlled through two inputs for forward and backward motion. 

Electric Punching System

One design for the punching system included a disk capable of holding all the dies at once and selects the appropriate die.  Rotation of the disk to the appropriate die would be controlled by an electric motor, and the punching force would be provided through an electric cylinder.  A second design used single electric cylinder connected to a die, but did not use a motor for rotary motion. This would require that the operator manually change the die for the separate tests. 
Pneumatic Punching System

One specific design for a punching system held all the dies in a line and would punch the plaque, using a pneumatic cylinder, once the delivery system placed it underneath the die. A second design used single pneumatic cylinder connected to a die. This would require that the operator manually change the die for the separate tests.


Recommended Design Concept 

	The recommended design concept includes an electronic delivery system driven by a stepper motor, a pressure regulated pneumatic punching system, and a PLC to integrate the two.

	Once the designs were chosen for the delivery and punching system, a control system was integrated into the machine to allow functionality between the two systems.
Design Description 
The recommended design consists of pneumatic punching system, an electronic delivery system, and a control system using a Programmable Logic Controller (PLC). 
The pneumatic punching system consists of a single 8” cylinder capable of delivering 6283lbf at 125psi.  A fixture will be connected to the rod of the cylinder so that a cutting die can be attached.  Airflow to this cylinder will controlled by a 2-position, 4-way electronic solenoid valve, and the air pressure of the system will be adjusted by an electronic air pressure regulator.  Also, a ball valve will be integrated into the air line at the beginning of the system. 

[image: image4.emf]The delivery system will contain a punching tray, a tray base, and a gear and stepper motor system to drive the tray.  The punching tray, which holds the plaques in a template, has a gear rack connected to the bottom.  The tray base supports the punching tray and also allows it to slide on a single linear axis.  This base also supports a spur gear driven by a motor which interlocks with the gear rack to provide the linear motion of the tray.   
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Finally, a PLC controls the functions of each component within their respective systems.  It will control the stepper motor to move the punching tray to its pre-determined location.  The PLC will provide an analog signal to the pressure regulator in order to deliver the proper pressure to the pneumatic punch, and provides a digital signal that will control the position of the solenoid valve.     
Experimental Investigations 
Testing using an Instron machine was performed to measure the force required to punch through plaques of different hardness, and also to determine the maximum cutting force.  It was found that a cutting force of at least 2,500lbf was needed to cut through the hardest material and that variable cutting speed would not change cutting force or specimen deformation.    
Analytical Investigations

[image: image6.emf]Based on calculations using test data, it was determined that the cylinder must be capable of producing a maximum force of 3,750lbs.  In turn, the frame of the machine is required to handle the stress produced from this large force.  Bending and tensile stress calculations were performed on 80/20 T-slot beams to determine the 1.5” frame size and 6105-T5 aluminum material that were selected.  Finally, based on punching tray weight and friction between the tray and base, the maximum torque of the motor was determined to be 90 oz-in, and the appropriate motor was selected.
Key Advantages of Recommended Concept
Using the separate systems, and integrating them together with a control system, will provide the required results for a semi automated punching machine.  The single pneumatic actuator provides a cost effective alternative while still minimizing overall process time.  Also, the pneumatic system allows for a variable pressure, and in turn a variable cutting force, minimizing cupping of the softer plastic samples.

The delivery system will precisely deliver the desired plaques under the cutter head where they will be punched.  The tray and base provide a sturdy cutting surface for the die and are able to hold multiple plaques at once.  

The PLC allows for stand alone functionality, and can accommodate for the different geometry and hardness of the plaques.


Financial Issues 
	Despite saving money by choosing a pneumatic actuator and designing a custom delivery system, the initial budget of $2,500 was surpassed.
	The automation of this process will be a cost effective solution for the sponsor company, DSM.  The time saved and increased productivity by the operator from this new system will in time pay for the machine, eventually lowering their costs.

The initial budget of $2,500 provided by DSM was surpassed during the manufacturing phase of project.  It was not possible to stay within the budget while meeting all of the project requirements.

Throughout the design process it was important to minimize the prototyping costs, to stay within a reasonable budget.  This was accomplished by choosing standard parts, cost-effective components, and by designing the individual systems.


Recommended Improvements 
	Future improvements could include an LCD input panel and a template recognition system.  
	There are several components that could be added or improved upon for this project.  First would be an LCD control panel integrated with the PLC so the operator could easily input the desired program.    A template recognition system would automatically determine which program would be run based upon the template geometry.  This would eliminate the need for manual inputs.
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