HITT-PG
Impact simulation

Project: helmet

Title of Project: Advanced helmet protection
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Abstract:

In real life a race car driver, motorcyclist, hockey player, football player in fact any

sports a player can suffer two types of impacts-direct (linear) and rotational. The
helmet was the first solution and does a decent level of protection. However, in
today's game the helmet is too stiff and can not dissipate the impact energy. To
improve dissipation of the impact energy and reduce brain injuries we developed a
material that is more flexible and has the capability to absorb the energy resulting
from impacts. This product is a dilatant fluid and its commercial name is HITT-PG.
(High Impact Transfer Technology). To evaluate the amount of energy absorbed, we
used the latest computer software. Finite Element Analysis (FEA) is a computerized
method for predicting how a product reacts to real-world forces, vibrations, heat,
fluid flow, and other physical effects. Finite element analysis shows whether a
product will break, wear out, or work in the way it was designed. It is called
analysis, but in the product development process, it is used to predict what is going
to happen when the product is used. The tests showed excellent dissipation of the
impact energy. Our material is capable of dissipating at least 85% of the
energy/force created by both linear and rotational impact.
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Direct impact

Introduction

In this report we present the simulations that were made to evaluate the dissipation of
the impact/force energy. The protection is our own patented dilatant fluid. The
simulations were made using Finite Element Software. The impact simulations were
made according the European Standard EN 1078:2008 guidelines for safety (similar to
the US NOCSAE test specifications). According with the standard guidelines, it is
mandatory to use an anvil with a diameter of 130 mm and a velocity of impact of 5.32
m/s. In these tests we made two comparable simulations, one without the protection and
another with our HITT-Pg protection. Between the protection and the anvil was a
friction coefficient of .02. The test procedure is presented in the following figure.

Figure 1 impact simulation

In this study we analyzed the dilatants material. It shows the reduction of energy from
an impact. The exo-protection (HITT-PG Head Gear) used is this study is presented in
the following figure.

Figure 2 protection with a dilatant fluid
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Materials

In the simulations we used three materials, steel in the anvil, bone in the dummy and

dilatant fluid material.

The steel properties used in the simulation are presented in the following table.

Table 1 material properties of the steel

Density 7850 Kg/m3
Elastic properties

Young’s Modulus 140000 MPa
Plastic properties

yield strength 776 MPa
Stress at Break 922 MPa
Strain at break 40 %
Break energy 500 J

The bone properties used in the simulation are presented in the following table.

Table 2 material properties of the bone

Density 1440 Kg/m3
Elastic properties

Young’s Modulus 19300 MPa
Plastic properties

yield strength 139 MPa
Stress at Break 140 MPa
Stress at Break 0.719 %
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The fluid properties used in the simulation are presented in the following table.

Table 3 dilatant fluid properties

Density 1300 Kg/m3
Viscosity 300 Pa.s
Results

The initial results obtained in the simulation were made without any protection. The
results in the beginning of the impact are as follows.

Figure 3 results after impact

The simulation showed stresses near the 4.05 MPa. This stress is due to the
distribution of the impact between the head and the steel disc.

In the following figure is presented the variation of the stresses along the head,
in the half of the time that the head was in contact with the anvil.

S, Mises
(Avg: 75%)
+5.826e+02
bt +5.341e402
+4.855e+02
+4.370e+02
+3.885e+02
+3.39%+02
+2.914e+02
+2.428e+02
+1.943e+02
+1.458e+02
+9.723e+01
+ +4.86%e+01

+1.481e-01

Figure 4 higher stresses obtained in the impact

The higher stresses were measured on the top of the head. In the simulation we
measured stresses in the head of 390 MPa.

In the following image is showed the remaining stresses that were maintain in head after
the impact.
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S, Mises
(Avg: 75%)
+1.197e+01
o +1.098e+01

+9.98%e+00
+8.998e+00
+8.007e+00
+7.015e+00
+6.024e+00
+5.033e+00
+4.042e+00
+3.050e+00
+2.05%+00
+ +1.068e+00
+7.644e-02

Figure 5 after the impact

It was measured stresses of 3 MPa around the area of the brain, in the neck and in the
area of the eyes.

In the following paragraphs will show the results obtained with the use of the our
protection. The following image is related to the first moment, when the dummy
crashed against the steel disc.

S, Mises

(Avg: 75%)
+4.651e+00
+4,264e+00
+3.876e+00
+3.489%+00
+3.101e+00
+2.713e400
+2,326e+00
+1,938e+00
+1,550e+-00
+1.163e+00
+7.753e-01
+3.876e-01

+2.146e-05

Figure 6 first moment of the accident

During the simulation we measured higher stresses on the disc than at the head. When
the dummy crashed into the disc, we measured a stress of 4.5 MPa. In the head the
higher stress measured was 2.71 MPa. With our HITT-PG protection it is possible to
reduce the stress to 1.79 MPa.

In following picture we will present the stresses measured in the middle of the impact.
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S, Mises

(Avg: 75%)
+9.429e+01
+8.643e+01
+7.858e+01
+7.072e+01
+6.286e+01
+5,500e+01
+4.715e+01
+3.929e+01
+3.143e+01
+2.358e+01
+1,572e+01
+7.864e+00
+7.406e-03

Figure 7 stress measure at the middle of the crash

The stresses measured in the steel disc were higher when compared to the stress
measured in the head. During the impact we measured the head stress level of 61 MPa.

In the following figure it shows the stresses that remained in the head after the end of
the impact.

S, Mises
(Avg: 75%)
+7.394e+00
+6.778e+00
+6.162e+00
+5.546e+00
+4.930e+00
+4.313e+00
+3.697e+00
+3.081e+00
+2.465e+00
+1.84%e+00
+1.233e+00
+ +6.167e-01

+5.258e-04

Figure 8 Stresses measured after the impact

After the impact the stresses measured in the head were localized. In this case on the
center of the head and the neck. In the neck after the crash we measured stresses near
2.6 MPa

Following will be presented an image with the stresses obtained in the helmet.
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Figure 9 helmet

At the middle of the crash zone was seen a uniform distribution of the stresses, along
the protection. This means that the load that will arrive to the head will be less when
compared to the head without protection.

Conclusion

It is possible to conclude that:

The stresses obtained in the simulation without the helmet were lower compared to the
simulation with the helmet, because the load was divided between the head and the steel
disc. In the simulation of the dummy with our protection the loads were higher in the
steel disc because the load didn’t pass to the dummy’s head.

After the impact, the load distribution was higher in the dummy without protection than
the dummy with our protection.

The HITT-PG presented a good load distribution. This means that when the dummy
receives the impact, the load will be distributed to a larger area which will d=reduce the
stress concentration.

Rotational impact

Introduction

In the previous section we analyzed the direct (linear) impact of a dummy’s head into an
anvil. Due to requirements of the market, the rotational impact was also analyzed. To
evaluate the rotational impact we used the scientific paper “Head impact biomechanics
in ski related accident”, from Svein Kleiven, Peter Halldin [1]. This was published in
the British Journal of Sports Medicine. According to them, the rotational impact anvil
has a slope of 20° and it is necessary to use an impact velocity of 5.4 m/s. In these new
tests we made two simulations, one without the protection and another with our
protection. Between the dummy and the anvil we used a friction coefficient of 0.2.
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The size of the anvil used in these tests was equal to the previous study. The test
procedure used is presented in the following figure 10.

Figure 10 rotational impact

The materials properties used in these simulations were the same used in the direct
impact.

Results

The exo-protection (HITT-PG) presented above was evaluated, according to the
parameters of the rotational impact that are present in the document “Head impact
biomechanics in ski related accident”. Following will be presented the results from
rotational impact to a head that has our protection and in a head without protection.
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Figure 11 impact with and without the helmet

The simulation showed equal stresses to the dummy’s head that have the protection and
in the head that doesn't have the protection. Were observed stress level high enough to
fracture or break bones. Which is 140 MPa.

Due to this we needed to re-design the exo-protection (HITT-PG Head Strap). In this
case, we designed an exo-protection capable to absorb rotational impacts. In the
following figure is presented the new exo-protection (HITT-PG Head Strap).

Figure 12 new HITT-PG Head Strap
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In this new exo-protection we added more material in the lateral zone so it can absorb
the energy from lateral impacts.

In the following image we show the stress levels measured at the beginning of the
impact.

S, Mises
(Avg: 75%)
~ +2.053e+00
+1.882e+00
+1.711e+00
+1.540e+00
+1.369e+00
+1.198e+00
+1.027e+00
+8.555e-01
+6.844e-01
+5.134e-01
+3.423e-01
+1.712e-01
+1.374e-04

Figure 13 begining of the impact

When the head touches the anvil we measured stresses of 2.0 MPa at the zone of the
impact.

In the following image is shown the higher stress measure in the impact.

S, Mises
(Avg: 75%)
~ +7.119e+01
+6.526e+01
+5.933e+01
+5.33%9e+01
+4.746e+01
+4.,153e+01
+3.560e+01

+2.966e+01
+2.373e+01
+1.780e+01
+1.187e+01

- +5.934e+00
-~ +1.952e-03

Figure 14 higher stress measure in the impact

During the impact, the higher stress measured was 71 MPA which is half of the stress of
breaking bone. The stress to break the bone is 140 MPA.

In the following image is shown the same impact without the helmet.
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S, Mises

(Avg: 75%)

[ +4.371e+02

— +4.007e+02
+3.642e+02
+3.278e+02
+2.914e+02
+2.550e+02
+2.186e+02
+1.821e+02
+1.457e+02
+1.093e+02
+7.288e+01

L +3.646e+01
L +3.965e-02 |

Figure 15 stresses measured during impact

Without the helmet were measured stresses near 4 times higher than the stress to break
bone.

In the following figure is shown the stresses measured of the exo-protection.

S, Mises

(Avg: 75%)
+3.657e-01
+3.352e-01
+3.047e-01
+2.743e-01
+2.438e-01
+2.133e-01
+1.829e-01

+1.524e-01

+é.228e-8;
+9.149e-

B 16.103e-02

L +3.056e-02

| L[ 19/906e-05 |

Figure 16 stresses measured in the anvil and in the protection

At the same time we measured stresses of 71 MPa to the head. In our protection we
measured stresses smaller than 0.2 MPA.

Conclusion

With these result it’s possible to conclude that:

With the protection, the person will not fracture the skull and will not suffer a serious
injury. The stress levels measured during the impact are half of the stress to break
bones.
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Without our HITT-PG protection the person will suffer serious injuries. We measured
stresses four times higher of stress levels that bones break.

The HITT-PG material is capable to dissipate at least 85% of the energy of the impact.
In the case of rotational impact the stress measured was 50% lower;
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