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Introduction
This report discusses the use of computer aided engineering as it applies to designing and evaluating an assembly and its individual parts using a finite element analysis tool to see the effects of various mechanical and thermal loads on these components. This is used to gain a better understanding of why these tools exist and what they are capable of, and also explore the strengths and limitations of computer aided engineering and show what factors go into creating reasonable models that can accurately reflect real world scenarios. In order to gain confidence in the outputs generated by the finite element analysis software in question (this being Ansys), simple analytically verifiable cases are first checked to make sure the results generated by Ansys reflect what is verifiably known to be true, so that more complicated geometries and loadings can be relied on to be accurate, making sure no gross errors in the process are missed from the start.


Validation
In order to validate the function of Ansys, some simple validation examples were first modelled and the data generated was compared with hand calculations, and also with the outputs from another software package which were (Dlubal)

The first example used was of elastic bending of a cantilever beam with continuous loading on its top face. The maximum deflection occurring in its end was calculated to be 157.143 mm (Dlubal, 2016), and the Dlubal FE software output for the same case was 157.130 mm - 157.15 mm. The same beam with the same loading and constraints was modelled in Ansys and the deflection value obtained was 157.15 mm, which matched very closely with both the validation example results. 
Fig. 1: The initial validation example verified within Ansys. Deformation 157.15 mm.




The second validation example which was used was the deflection of a bimetallic strip subject to a given uniform temperature rise relative to its starting temperature, at which there was no deflection. The particular coefficients of thermal expansion of copper and invar were noted when building the FE model in Ansys, and a temperature load equal to the one given (100° C) was applied, taking into consideration the initial ambient temperature at which no deflection was present. The resultant deflection output by Ansys also matched very closely with the Validation example given provided by Dlubal (2016).

These two validation examples provided confidence to use Ansys for further modelling of more complicated geometry and loading.























CAD modelling and assembly
An assembly of 5 components was modelled in Solidworks which represents a boring head as would be used in a milling machine. The assembly consists of the boring head main body which includes the tapered shank, the sliding dovetail head, an adjusting screw, and a boring bar with a separate tungsten carbide tool bit attached (brazed) to its end.


















Fig. 2: The complete boring head assembly with all 5 components.


The boring bar is 12 mm in diameter and extends past the boring head by 40 mm. The brazed carbide bit is 6mm square cross section and shaped to represent a typical single point cutting tool, with clearance angles and a 0.2 mm nose radius. This particular assembly was chosen because it was suitable for a kinematic study being a rotating assembly which is inherently unbalanced due to its adjustable nature. This means the components will undergo forces due to acceleration purely as a result of the motion associated with the assembly, in addition to separate loads put on the assembly.

The area of interest in the assembly which was the subject of the kinematic study was the interface between the carbide tool bit and the steel boring bar. The forces generated at this point were fed into the static structural analysis which followed the kinematic study, making for a more realistic model than if the kinematic loads were ignored.

Fig. 3: Opposite side of boring head with adjustment dial visible. Close up view of the carbide tip showing the clearance angles on its end ending in a small land at the tip (0.2mm nose radius not visible).








Kinematic Simulation, Thermal Influence & Structural Analysis
In order to carry out the kinematic simulation, the solid works assembly was first saved as a STEP file in order to be used within Ansys. The first thing that was done was to bring in an ‘’engineering data’’ module into the Ansys Workbench environment. This allowed creating different materials and assigning them the important properties which the Rigid Dynamics module could call from in order to calculate forces generated in the kinematic study. The important material property for the kinematic study was density, as this allows Ansys to calculate the distribution of mass within the assembly in order to work out the kinematic loads due to the motion of the assembly. 
The material properties for grade C-2 tungsten carbide were obtained as follows (Carbide Properties Inc., 2019): 
Density: 15 g/cm^3
 Young’s modulus: 630 Gpa
Conductivity: 100 W/m°C
Linear expansion coefficient (20-400° C): 4.9 x10E-6 µm·m−1·K−1
The boring bar itself was modelled as structural steel. This is not an unrealistic assumption, as tool/work-holding fixtures are often purpose made to suit certain jobs within the machining industry and high hardness isn’t necessarily a requirement in many cases. The rest of the assembly was also modelled as structural steel within Ansys as the density and stiffness is very similar to other grades of hardened tool steels which are often used in these applications.
These simplifications were deemed acceptable as they have little effect on the kinematic study due to the similarities of the densities involved, with the exception of the carbide tool bit having a different density, stiffness and higher conductivity.
The boundary conditions in the kinematic study consisted of creating fixed “joints” between all the components which are supposed to stay together and move as one in the assembly. This included the dovetailed head relative to the main body, the adjusting screw, the boring bar within the bring head and the carbide tool-bit relative to the boring bar. The upper cylindrical portion above the tapered shank is concentric with the axis of rotation of the assembly, the outer surface of which was constrained using a “revolute” joint of body-ground within Ansys. This revolute joint constrained the assembly in translation and rotation in all axis except rotation about the main axis. This allowed the acceleration forces at the toolbit-boring bar junction to be calculated under a 1000 rpm rotation. The force obtained due to this (although small: 1.151 N) was overwhelmingly in the radial direction, with almost nothing in the axial and tangential directions. A further moment load of 2.68 N.mm was also experienced by the carbide bit. 
The kinematic results were then directly fed into a static structural study, which satisfied engineering data, geometry, and contributed to loads under the “static structural” tab in the design tree. This data which was introduced by the rigid dynamic study formed part of the overall loads and constraints which were all used together to obtain the final results within the static structural study. 
A steady state thermal study was also carried out, and fed into the static structural module in a similar way. This was to model the effect of temperatures seen at the cutting tip which were obtained from relevant research.
An example tool tip temperature with carbide, used as a heat load in the thermal study was 168°C, obtained from a study by Rathod et al (2014) published in the Journal of Modern Engineering Research.
This temperature was added to the Ansys ambient temperature of 22°C, and a 190 C  temperature was applied to the very tip of the tool. A mesh size of 0.5 mm was used. The rest of the tool surface was assumed to be in forced convection in air as a result of its rotation, with a film coefficient of 10 W/(m2⋅K). The cooling effect caused a temperature gradient decreasing form 190°C at the tool tip to 183.5°C away from the tip.
 Going to a 4mm mesh size gave a slightly higher minimum temperature of 183.68°C, so the thermal results were not sensitive to mesh size.

Fig. 4: The carbide tool bit shown with its temperature gradient using a 0.5mm mesh size.



[bookmark: _GoBack]Within the static structural study, separate forces simulating cutting forces at the tool tip were applied to the carbide cutting edge. These forces were obtained from a study by Pradeesh et  al (2016), where different cutting tool angles, depths of cut and feed rates were tested with their corresponding tool reaction forces measured. One of the cut settings using a 0° rake angle, similar to the geometry used here, generated forces of 294.3N (tangential), 235.44 N (feed force) and  215.82 N (radial) at the tool edge. These forces were separately applied to the cutting edge in their correct corresponding directions as part of the static structural study which contributed to the overall deformation resulting in the cutting tool.
Fig. 5: The tool bit with its deformation profile, using the same 0.5mm mesh size. The maximum deformation is 0.0096 mm. This is very small due to the stiffness of carbide and its small overhang from the boring bar.
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