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Summary
Finite element analysis contains assumptions and uncertainty from a number of sources, which can impact the
fidelity of the simulation. This uncertainty is often left untested up to prototyping stages. DatapointLabs’
CAETestbench Validation service was developed to add a mid-stage validation step to a designer’s workflow, to
test these simulations before parts are made, in order to build confidence in an engineer’s model beforehand.
This validation step is illustrated in a 3D printing application.

Introduction
Direct metal laser sintering (DMLS) and other 3D printing processes have an increased use in the aerospace
industry in the last few years. There are many benefits to 3D printing over conventional manufacturing
processes: the ability to produce complex geometries that allow weight reduction and part consolidation; the
reduction in lead time due to interchangeable tooling between production lines; the comparatively short time
from creating the CAD file to producing a production part. These factors make the process commercially viable
for one-off and short production runs.
Unlike conventional production processes, the ability to simulate the durability and performance of 3D printed
parts is a vital step prior to production, to ensure that parts made using this comparatively expensive process
do actually perform as expected. Accurate simulation capability also offers a linear path from CAD to
production, where the part can be virtually proven before it is made. All this relies on the ability to accurately
simulate the performance of parts manufactured with these processes. Often, properties from a similar
material produced by conventional manufacturing processes are used, adding uncertainty to the simulation.
Part performance can only be validated once a prototype is made and tested.
In this novel approach, prior to designing the real-life component, a standardized validation step is performed
to quantify the accuracy of the simulation using a standardized part. The effects of manufacturing processes,
solvers, and materials can all be quantified in this way. With this knowledge, the simulation can now be used
during design, and the final part can be printed with a great degree of confidence, thus managing performance
risk and production risk (and cost).

In this paper, we are demonstrating this workflow through the
validation of DMLS EOS AlSi10Mg. Validation is comprised of a
comparison between measured and simulated elastic strains in
bending on the face of a standardized “bike crank” part and
progressing onward to the simulation of failure. Simulation models are
created using Altair HyperMesh and analyses are performed with Altair
OptiStruct and RADIOSS. The material characterization and validation
testing were performed by DatapointLabs, LLC.

Selecting Models
Choosing the deformation modes for the benchmark case is based on
the product specifications. These specifications may include actual
modes of stress the part sees, the environment in which it is installed,
and other significant variables. This particular case would be for
bending under normal conditions. Choosing a material model has a
similar process behind its selection; for example, in an impact
application, a rate dependent material card would need to be developed. In this case, a quasi-static curve is
adequate. Material testing is performed to characterize a material under the desired set of conditions and
applying the data to an appropriate a material model.
In the case of DMLS Aluminum, it was suspected that the DMLS process of building a part layer by layer would
create a product with different directional material properties as compared to a part made by a traditional
manufactured process. Concerns also exist about density variation and void formation, all of which could impact
simulation accuracy, as well as real world performance. The validation step sought to quantify errors from these
uncertainties, as as well as potential limitations in the simulation and material models.

Develop Material Model with Matereality
After tensile testing for stress-strain curves to extract the material
properties for both the simple elastic model and the tabulated plasticity
model, the curves and values are uploaded to Matereality. Both the
material models are created using the CAEModeler. CAEModeler gives
the user control to define the stress-strain points used in the table and
to define variables, such as modulus and ultimate strength, for the
material model. These models are then stored in the user’s Workgroup
Material DatabasePro, from where they can be exported to the
HyperMesh library using the Matereality-HyperWorks Connectivity.

Elastic Simulation with Altair HyperMesh and OptiStruct
The simulation for elastic strain was created in HyperMesh with a
solid map mesh at an average mesh size of 0.5 mm creating solid
elements. The boundary conditions include fixing the surfaces of
the rectangular mounting holes. The pin hole is loaded at the
center with a force of 650N. This case used the MAT1 elastic model
with Young’s modulus, Poisson’s ratio, and density.
The elastic simulation uses a linear analysis for the OptiStruct
solver with the small strain option enabled. As a robust solver,
OptiStruct is useful for many linear and nonlinear load cases. In our
case, the recorded results are simulation images for the normal
elastic strains along the length of the crank. These are uploaded to
PicSci, an Electronic Lab Notebook that allows easy, cross-platform
comparison.

Validation of Simulation by Crank Testing
Running parallel to the simulation is the measurement of the
elastic normal strains along the length of the crank. The
rectangular holes are mounted in a fixture and the crank is bent
using a 650N force on the pin hole through lifting the pin with a
Universal Testing Machine. Strains are measured on the face of the
crank using Digital Image Correlation, which analyzes the change
between stereoscopic images of an applied speckle pattern on the
face at each time step during testing.

Results Comparison for Elastic Validation
The legends from each strain field are bounded to allow for
comparison of equivalent contour colors for the range of strain.
Both DIC experiment and simulation show the obvious: generally,
compression is on the top and tension on the bottom when the
crank is pulled upward. As a quantitative comparison, the contours
match between images. A side-by-side comparison is shown in
PicSci.

Crank Testing Failure
The crank is mounted and bent into complete failure on a
Universal Testing Machine, with force v. extension measured. In
this case, the crank sustains an 1800N load before brittle failure
occurs first in the bottom left hand corner, followed by the upper
right corner of that hole. The image of where the crank fractures is
uploaded to PicSci for comparison.

Failure Simulation with Altair HyperMesh and RADIOSS
The failure model is also created in HyperMesh, with a refined
mesh on the front third by the pin; the refinement is to 0.5 mm,
with the rest a coarser mesh. The mounting holes are still fixed, and
the load has been increased to 1800N based on the failure testing.
The pin is added to the model, requiring a Type 24 contact setting
between the pin and the crank. This case uses a tabulated plasticity
model to account for the plasticity. Element deletion is enabled
based on the failure strains.
The failure simulation uses a nonlinear analysis, the RADIOSS solver. As a robust solver, RADIOSS is useful for
many nonlinear load cases handing contact and complex material models. In our case, the simulation images
are recorded, demonstrating the where failure occurs. These are uploaded to PicSci.

Results Comparison for Failure Validation
Both a picture of the broken crank and the simulation image are
compared. At the applied experimental failure load of 1800N, the
RADIOSS simulation also shows failure. The failure occurs at the
same locations in simulation and the real-life test. This
demonstrates the ability of the solver to correctly predict
performance all the way from initial stiffness computations
through failure for DMLS parts.

Conclusions
Altair’s HyperWorks solvers accurately predict Aluminum DMLS parts when simulated the same way as
conventionally made aluminum parts. Specifically, OptiStruct can simulate the elastic strains for AlSi10Mg, while
RADIOSS accurately predicts failure.
Beyond this limited condition, this paper explains how validation can give confidence in simulating for the
design process. Validating can confirm the ability of the finite element analysis to capture different variables,
such as printing anisotropy, FEA solver accuracy, and other material behavior like elasticity, plasticity, and
failure. A standardized geometry and load case must be used for quantifying simulation accuracy in these cases.
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