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COMPUTER AIDED ENGINEERING CRITICAL REVIEW

1. Assignment Introduction

	The following is a critical review of the application of Computer Aided Design (CAD) to the engineering industry, aka Computer Aided Engineering (CAE), exploring the advantages and disadvantages of engineers using CAE. The report will demonstrate a good understanding of CAE, with evidence of valuable CAD experience, demonstrated using a software package containing CAE tools.
2. Objective Scope and structure

	Research from credible sources will support assessment of the capabilities, values and limitations that CAD software provides the Engineering industry. (Task 1) 

Reflections will be made on personal applicability of CAD and how CAE tools affect the way that solutions to problems are delivered. Evidence of experience will be included with examples from using Solidworks™. (Task 2) 

A conclusion will briefly summarise the impact of CAE and the overall influence it has on industry.

3. Task 1

	Computer Aided Engineering (CAE) is the application of Computer Aided Design (CAD) software to design and simulate engineering models for analysis of the performance and behaviour of objects when subjected to varying levels of energy or force. Simulated within controlled laboratory conditions on a computer framework, CAE provides the ability to safely solve mathematical and practical problems of new and existing systems without stressing actual materials to their limit in the real world. 
	
	A CAE workstation requires IT hardware including a high-spec PC and CAD software. Engineering models can be stored on shared network servers, enabling engineers around the world to remotely work simultaneously together as a team, on the same project from a single database. Collaborations can easily be made between various fields such as the aviation, automotive, space, defence and shipbuilding industries, finding solutions sooner.

	During pre-processing, engineers create computerised designs of products or assemblies on a software platform by drawing and modifying 2d and 3d graphics using geometric shapes and development tools, representing intended features of parts or systems. Physical properties of components and their accompanying environments, applied loads and constraints can be set. It deems safer, quicker and more cost effective to build virtual models at this stage before implementing a device or going into manufacture of prototypes and the cutting of materials begins. Time and cost is saved by visualising and proving required outcomes beforehand. 
Once a model is defined, a visual simulation can be executed. An animation provides a visual for analysis that might not necessarily be obvious from graphical results.

	Powerful CAE tools incorporated within CAD packages are used to measure and record data specifics within systems during simulation. Supporting software includes the computer aided three-dimensional interactive application CATIA, HyperMesh, Solidworks™ and Siemens PLM Software NX [1]. Each provide tools that use numerical measuring techniques, functions and algorithms to mathematically approximate data of material and object properties. This allows the monitoring, controlling and analysis of statics, dynamics, tolerances and motion. Properties including linear and non-linear stress, strain, torques, contact forces, acceleration, displacement and thermal induction can all be calculated and displayed with consistency and speed during dynamic response simulations and system-level performance analysis. A process called Product Data Management (PDM) can store entire design and processing history for future reuse and model upgrading.

CAE tools are used to find solutions to issues within the following analytical studies:

· Computational Fluid Dynamics (CFD) - fluid flow (liquids and gases)
· Kinematics – modelling component motion (moving points, objects or bodies)
· Finite Element Analysis (FEA) - approximates solutions to boundary value problems of differential equations, subdividing large problems (surfaces) into smaller simpler parts - used in Factor of Safety (FOS) during analysis of stress and displacement due to forces or pressures etc.
· Multibody Dynamics (MBD) - behaviour of systems with multiple bodies
· Mechanical Event Simulation (MES) - interconnected moving parts 
· Thermal – temperature mapping, heat fluxes
· Noise, Vibration and Harshness (NVH) - stability (static and mobile)
· Computer Aided Manufacturing (CAM) - cutting, casting, moulding		[2]		
		
	An advanced tool of CAE is Predictive Engineering Analytics which is ‘the application of multidisciplinary engineering simulation and test with intelligent reporting and data analytics, to develop digital twins that can predict the real-world behaviour of products throughout the product lifecycle’ [3]. It uses the Simcenter™ software from Siemens PLM Software to combine 1D system simulation, 3D CAE, and test with multi-disciplinary design, integrating mechanical functions with electronics, software and controls. This allows models to adapt to changing scenarios and conditions and can extend product life, through appreciating product degradation. 

	Post-processing involves creating reports of graphic and diagrammatic visualisation of the results calculated, for customers or designers to observe material and mechanical reactions of systems. This can provide solutions or necessary improvements needed to solve simple or complex physics-based engineering problems. Instant design refinements can safely be made to parameters of properties, such as material type and thickness (physical), geometry and motion settings (e.g. motor speeds) to accurately evaluate their impact on the model. System optimisation can therefore be realised and achieved quickly before being implemented in the real world. Virtually managing performance, design risks and eliminating errors from simulations, reduces possible injury or component destruction and saves wasting physical build and failure time. This helps to refine designs, ensuring products and systems are of high quality and durability, improving product life cycle management (PLM). 
	Verification involves evaluating a model of an object or system to confirm that it meets user requirements and specifications. Errors are measured and counted, then plotted on graphs to analyse how well the virtual model performs in respect with its intended use (solution). Problems are identified and any necessary tweaking is performed. Validation compares errors and uncertainties from the computational solution against results from real world experimental versions of the system, calculated by hand. This checks a simulation for accuracy and reliability. Both stages need to be fulfilled and completed satisfactorily before a CAE model can be guaranteed and certified as a validated representation. It can then be used as reference for final installation or manufacture. 	 

The use of CAE tools proactively achieves engineering analysis but has the following limitations;

· Carrying out accurate time-based CAE simulations over longer periods is difficult due to randomness of wear and erosion (natural environment) which can be overlooked. E.g. a bolt rusting quicker than expected due to unexpected rainfall, therefore corroding and failing sooner.
·  Modelling inaccuracies during design stage can affect results if gone unnoticed (e.g. over constraining assembly mates affects motion studies).
· Virtual platforms can result in the human element being easily ignored, the end user or purpose can be forgotten or the object or system is unproduceable. (Danger of accepting model results without verification)
· Unknown behaviours or properties of materials being used, can lead to unforeseen failures.
· CAE models are only as accurate and efficient as the input data that is used to create them. Although very accurate in later stages of design, precision is difficult to achieve especially as products, materials and systems become more complex. Physical testing is always required for final verification and validation.
· Hardware, software and its accompanying training is expensive, increasing start-up costs.

	The benefits of CAE however, outweigh the limitations and it continues to push the boundaries of innovation. 

4. Task 2

	Practical experience with Solidworks™, has proved CAEs capability to be applied to solve personal engineering project models. It is a very powerful and useful software, with many helpful CAE tools and report writing options for solving and investigating engineering issues. Below are examples of using and exploring Solidworks™ during this course.

Using Solidworks™ Motion for kinematic modelling of component motion to analyse forces of a spring and motor (Solidworks™ tutorials):

· Running the motion study – calculating the motion
· Plotting the results of contact forces between camshaft and rocker
· Duplication of motion study with amended simulation parameters
· Using the results to re-design model

Using the completed model (with its related mates), motion is calculated over a period of 5 seconds 

[image: ]

[image: ]

Results and Plots can be calculated using the motion calculator to create graphs for viewing reaction forces over time




[image: ][image: ]
As can be seen from the graph, contact is lost (Zero force) at some instances, this proves the spring is not strong enough to retain the motion at higher RPM. Motion manager allows motion parameters to be amended. 
Analysing the effects of increasing motor speed by duplicating the motion study and renaming it. Changing the parameters of the motor speed gives a new plot of contact forces (below):
[image: ]    [image: ]


Changing strength of spring then produces even better connection results (below):

[image: ]    [image: ]

Plot shows spring forcing a constant contact between rocker and cam. Thus, a suitable spring strength has been resolved for this RPM of the system. Models such as these are helpful at running simulations to test and analyse component reaction forces.

	Using CAE tools to investigate the impact on products during Drop Testing saves the destruction of many costly prototype models. This could be especially useful for testing the packaging reactions of highly sensitive of explosive products. 

	The following example could be employed at the workplace to provide an initial computerised model displaying potential impact damage to packaging before going ahead with a trial. This would enable the analysis and selection of specifics including appropriate drop test heights and angles or packaging material and surface parameters to be chosen and resourced before a trial is physically implemented. This would save delay time and cost of test materials, also ensuring a higher level of safety during physical testing. 

Dropping a steel alloy H83 ammunition box from 1m onto a flat rigid surface (Personal experiment) to record and observe box stress yields:
[image: ][image: ]

Animating the simulation after the run to visually obtain yeild strength results and observe moment of impact at different time intervals (Flat surface).

[image: ][image: ]

Observing the spread of force (Von Mises Stress) over the box surface at different time instances, within microseconds of impact. Slowing the frame rate of simulations down allows for visualisation and identification of hidden issues.
Changing the angle of impact plane for alternative impact angle results

[image: ][image: ]
View 1					      View 2

Time History Graph (Results showing stress failures)

[image: ][image: ]

	Impact, drop and acceleration tests are all possible and enable FOS of items to be adhered to. The only drawback to such simulations is that products fall within a vacuum and there is no air resistance to turn the product as it falls. Clones of the studies can be made however to simulate the impacts at various angles to gain results of all possibilities and the harshest impact can then be used for determining product tolerances.

	Importing motion loads (Below): Allows exporting of defined load bearing faces of specific components (after a run) from Solidworks™ Motion to Solidworks™ Simulation for multiple time frames. Specific designs scenarios created from motion frames can be ran, enabling only these specific results to be plotted. Provides easier identification of issues of individual components at critical time instants.

[image: ]
Imported surface connecting forces on a link belonging to a Punch mechanism (study from Solidworks™ tutorials).

Stress Analysis of a fixed steel part & assessing the safety of the design (Solidworks™ tutorials):

	Solidworks™ can be used to analyse the factor of safety (FOS) of parts. By changing component materials or thickness properties (to meet FOS specifications) it is possible to achieve component results that withstand applied forces, enabling products to be deemed safe. This also enables materials to be saved where they can be used more thinly. 

[image: ] [image: ]
Creating a static study			   Fixing the part[image: ]
[image: ][image: ]
Applying the pressure to the (meshed) part

[image: ][image: ]
Viewing the Strain				Viewing the Stress

[image: ]
Viewing the Displacement

Factor of safety below 1 (Red)
[image: ]    [image: ] 
Generating a report of results for customer records showing where the product currently fails (highlighted in red). Results can be used to redesign the model or to re-run the simulation with less pressure applied to the part.

[image: ]


	This software could also be used to predict the stress and strain involved in metals on a gun barrel or during shell case expansion when a projectile round is fired or the stress and strain of materials during an explosion, if specific forces are known. Other CAD packages could be used to predict motion and trajectory of a missiles. The possibilities are endless so long as the fundamental parameters are known.

	CAE is an ideal method for simulating eventualities on the Test Ranges and could be used to predetermine potential dangers to test range engineers, end users or environment. Running test item through a computerised simulation beforehand enables engineers to safely foresee the possible expected outcomes that could or should occur during live trials. CAD will continue to play an important role within weapon development and defence solutions, providing an initial platform for virtual product design and material selection before production and the physical testing of items on Range. 
 

5. Conclusion

	To conclude my findings, CAE has had a huge impact on engineering and is an excellent method for predicting how a part will perform under load. It is a very efficient and economical way to compliment and support the engineering industry. Model verification and validation, ensure a safer and accurate way to adhere to the specification and factor of safety (FOS) for products. Although physical testing is still necessary, CAE satisfyingly provides a virtual facility to fully trial, test, and find faults on technically and mechanically engineered equipment and machinery. Solutions for larger and more complex system can be resolved almost instantly, before being implemented. Engineers can be confident that the relationship they have with CAE will successfully continue to provide solutions to technological developments. 
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