

Introduction	

Reason for and relevance
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Fig 1: Variations of Thermoforming Cutting tools, left image showing Dies /Matrix and Right-hand image depicting knife blades and star punches. (FSG, 2023)
From a tool making perspective manufactured cutting tools must provide the following during service:
· Reliability and repeatability that match production requirements, many tools need to attain millions of blows.
· Quality assurance of manufactured parts.
· Design requirements for the customer are met (tolerances of parts and for fitment in presses)
· Ease of interchangeable parts (cut edges, guide elements etc) fixings.
· Proven ability to cut materials used in production of food packing.
 The main concentration for this dissertation will be with use punch and die tooling in the cutting of plastics. The industry standard plastics vary from Polypropylene, polystyrene, Polylactic acid and Polyethylene Terephthalate within the food packaging industry (Guan, 2020). Unfortunately, some of the biggest packaging companies must adapt to an everchanging environment that require minimal wastage, and fully re – usable and recyclable materials whilst still being safe for use in food consumption. This requirement for change has created the need for change in tooling technologies and adaption to a material with different properties to that of the industry norm.

Reasons for project

The food packaging industry is being pressured into switching to PET plastics in guidelines with Government’s requirements to remove single use plastic items. Currently food manufacturing companies will be charged TAX if they use plastics that contain less than 30% recycled plastics (Gov.uk, 2021) This alternative material companies are switching to is PET as its 100% recyclable, however this material’s characteristics provide some challenges. PET is higher in strength, with increased rigidity and hardness and provides greater resistance to fracture (Omnexus, 2023). However, problems are found in the cutting process of PET in producing the end product.
The change of plastic has challenged design engineers and toolmakers to find ways to cut this plastic cleanly, and repetitively. Majority of concentration will be around cut edge geometry for optimal cutting along with stresses that occur. This work will highlight issues that arise from spillages and damaged components in the assembly lines. Depending on cleaning and preventative maintenance contact tooling can corrode adding to increased rate of wear, early failure of edges.
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Fig 2: Images of blade profiles used from side views, longitudinally and also a damaged blade from service (FSG, 2023).







This dissertation will surround the following.
· Research and consideration of new Packaging material, and characteristics.
· Research and consideration of knife angles, profiles, and material selection for service. 
· Research and consideration of coatings in prolonging service and reducing corrosion or pitting damage from spillage. 
· Simulation and analysis conducted on profiles.

Methods

Research will involve the following:
· Cut edge materials, and material their material properties for suited applications. Very typically cut edge materials differ from SV90, M390 to Carbide.
· Study of plastics, sealing materials.
· Clearances in cut edges, various forms of cutting, tool making terminology and history.
· Blade and punch study. Also, generic / current profiles used.
· Analysis and simulation of current profiles.
· Improvements to be applied and adapted and run with further simulations and analysis.
· Physical trials using dummy die set and materials for testing cuts. Including replication of temperature application on pots and sauce containers after forming and sealing. Using varied thicknesses and simulating scenarios of contamination from spilled product.  

Timescales

Weeks
Weeks 6-8:  beginning of project: Research and analysis of current technology.
Weeks 9-13: Simulation analysis of cut edge profiles and set ups used at this present time. Simulations for shear forces, force measurements with current clearance set ups and punch entry.
Weeks 14-18: Evaluation of simulations and implementation of upgrades to models in preparation for Simulation trial 2.
Weeks 19-23: Simulation 2 to be carried out and tuned to provide improvement in preparation for Alteration of dummy blade to be modified/manufactured for cutting trial at FSG. Further shear force testing, along with considerations for cutting clearances and the affects. Affects of position of material grains, varied materials of blades / punches.
Weeks 24-6: Modifications carried out and blades / punches trialled in press for trials.


Background Research and papers

Previous studies and design information:
FSG Tool and Die internal studies and information collated form R&D to date.
Tooling and punch and die research:
DIE MANUFACTURING PROCESS THE BEST FLOW FROM IDEA TO DELIVER (Donghao, 2018)
EXPERIMENTAL ANALYSIS OF DIE CLEARANCE DISTRIBUTION IN A PRESSTOOL ASSEMBLY (Ragu, 2014)
Cutting experiments with plastic edges (Wakamayia, 1978)
Cutting Edge Geometry Effect on Plastic Deformation of Titanium Alloy (Korovin, 2015)
Coatings increase the service life of cutting punches (Jakob, 2020)
Study of TiAlN PVD Coating on Stamping Dies Used in Tinplate Food Package Production (Liliana Fernandes, 2019)
PET Is Tough to Trim (KOESTER, 2010)


Facilities required and equipment use.
Experimental data will be collected from the following mediums:
· FEM Analysis and software
· Solidworks design package for modelling and further simulations.
· Material testing and data capture using QA and CMM departments.
· Physical tooling modified using CNC technologies.
· Trials to be carried out using Press facilities at workplace, using a variety of materials. 

Industry co-operative partners
Due to customer confidentiality I will be unable to disclose sensitive information.
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