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Introduction

The goal of this project is to study how a helical anchor behaves as it penetrates different
types of granular material. The first step of this project was to determine whether the
simulation framework is capable of providing acceptable results for the torque required to
rotate the anchor at a constant rate. Comparisons against experimental data still need to be
performed to determine how different the results are from the actual data and what types
of modifications need to be made to the simulation to get better results.
For this project all simulations were done with the y-axis as the up direction and a unit
system in grams and millimeters.
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Helical Anchor

The anchor was generated using primitive sphere, cylinder and box geometries. A sphere
with a diameter of 35 mm was used for the anchor tip; a cylinder with a diameter of 35 mm
and a length of 200 mm was used for the shaft. The blade of the anchor was made using 30
rectangular plates that were swept along a helical path, making one full rotation around the
anchor shaft. Each plate was 16 mm x 6 mm x 75 mm and was rotated 12◦ so that each plate
met up with the next without any gaps. All of these parts were joined together to create
one rigid object with a mass of 6208 g and a principle moment of inertia of [12668786.72,
5637598.31, 12682519.69]. The full moment of inertia was computed in SolidWorks from
which the principle moment was computed.
For this simulation only the rotational degrees of freedom for the anchor were constrained,
the anchor was free to move vertically. A prismatic engine constraint with a constant speed
was created so that the shaft could slide vertically and the rotational rate of the anchor
could be specified. The anchor was driven at a rate of 30 RPM throughout the simulation.
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Granular Material

The granular material was generated in a container that was 150 mm x 300 mm x 150 mm
and a thickness of 10 mm with a coefficient of friction of µ = 0.1. The granular material
comprised of spheres with an average radius of 3.0 mm and a standard deviation of 1.0 mm.
The density of the granular material was 0.002 65 g/mm3 with a friction value of µ=0.3. The
initial settled set of granular material was created by layering 32 x 32 grid of spheres, 130
times until the container was filled, this created a total of 133 120 spheres in the container.
The settled set was stored and loaded at the beginning of the simulation to provide a constant
initial set of conditions.
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Simulation Parameters

2

Figure 1: Cutaway of anchoring simulation, notice the rough edges on the anchor blade.

Gravity −9806.65 mm/s2

Tolerance 1e-8

Step Size 0.0005 s

Contact Recovery Speed 100 m/s

Simulation length 5 s

Normal iterations 40

Threads 8

Sliding iterations 80

Solver APGD

Bilateral iterations 40
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Challenges

Simulating the granular material separate from the anchor was a straightforward process
and initial work showed that we could control the density based on the friction value and
the amount of vibration during the settling process. As the only important value was the
bulk density, the convergence of the simulation was less important.
Once the anchor was added and driven dynamically, the challenge was to converge to
a solution where the constraint driving the anchor was not violated. To this end a prestabilization step was used to solve for an initial solution for the anchor velocities. With this
solution the full problem was solved until a satisfactory tolerance was achieved. Without
this stabilization the torques output from the simulation were extremely noisy and more
importantly, the rotational speed of the anchor was being violated, causing the anchor to
slow down as it came into contact with more material. By increasing the iterations on the
bilateral constraints to 40 and increasing the overall iteration count to 120 the solver was
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Figure 2: Plots showing the vertical anchor position, vertical velocity and the torque applied
to the anchor

able to enforce the bilateral constraints better and provide results for the forces, and velocity
of the anchor.
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Results

The results showed that at the position level the solution was very smooth but at the velocity
and torque levels, the force was very inconsistent and there was a lot of noise in the data.
There are a few reasons for this, namely the geometry of the anchor and the convergence
of the solver. First, the geometry of the anchor was made using primitive shapes, this has
the advantage of easily being able to tell if an object in inside of outside of another shape,
improving the collision detection procedure. However, using these primitive shapes creates
small edges on the anchor blade that when in contact with the granular material would cause
sharp increases in the anchor torque. Using triangle meshes for the anchor would provide
a smoother geometry but it is difficult to determine whether an object is inside or outside
of a mesh, this can cause granular material to get stuck inside of the mesh if the step size
is too large. Triangular meshes also complicate the collision detection process because there
are many triangles to process.
Removing all of the noise would not be possible due to the way that the granular material
is simulated. Because of its discrete nature, the number of spheres in contact with the anchor
varies greatly between simulation steps; the rough nature of the material will cause noise
in the results. The only way to improve upon this would be to use a continuum approach
that treats the granular material as a bulk material; the forces between the anchor and the
material would be more consistent with this approach.
The second way to improve the simulation results would be to improve the solution
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procedure, namely the bilateral constraint formulation. By improving the constraint formulation, the bilateral constraints would be better enforced, providing results that are more
accurate. Decreasing the step size and increasing the total iterations would also improve the
simulations quality at the cost of time taken to simulate the anchoring.
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Future Work

There are several areas where work needs to be done to improve the simulation results.
First is the granular material, the size of the granular material is larger than that of the
material being simulated, additionally the volume of material is less and the bulk density
does not match the actual material. These differences in material parameters were necessary
to reduce the problem size and improve the convergence of the solver, which in turn provided
better results for the anchor torque. Making the material parameters consistent with the
real material would be the first step after which tuning to get the simulation to converge
would be necessary.
Next the geometry of the anchor needs to be improved so that it has a smoother surface.
One option that should be explored is using a triangular mesh rather than primitives; the
step size might need to be modified to maintain stability with this type of setup. One
alternative is to increase the number of plates in the anchor blade so that it is smoother, or
use several plate segments along the radius rather than one long segment. The goal would
be to get rid of the small edge between each plate so that surface is smooth.
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