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Sammanfattning  

 

Huvudskador som hjärnskakning är ett problem i fullkontaktssporter som ishockey, dessa 

skador leder oftast till någon form av rehabilitering och frånvaro som följd. Att man som 

idrottsutövare ska behöva ta denna risk i fullkontaktssporter är något man får räkna med, 

dock att skapa sig en bättre förståelse för problemet och minska antalet hjärnskakningar 

skulle göra stora framsteg.      

Denna rapport ska genom videoanalys i Skillspector ta fram hastigheter i 

tacklingsögonblicket därefter genom FEM analyser i programmet LS-Dyna undersöka när 

hjärnskakning kan förväntas uppkomma.  

Videosekvenserna hämtade från YouTube är främst NHL matcher men några övriga 

sekvenser finns. Inget speciellt urval har gjorts annat än HD-kvalitet och konstaterade 

hjärnskakningar. En liten referensgrupp utan hjärnskakningar har även inhämtats för att 

jämföra resultatet.  

Totalt utvärderades 31 fall av hjärnskakning och 7 fall där hjärnskakning inte uppkom. 

Medelvärden för islagshastigheten för de skadade spelarna blev 6.87m/s för attackerande 

spelare och 4.46m/s för de tacklade spelarna resulterande i en linjär acceleration på 657 

m/s2 och en rotationsacceleration på 6883 rad/s2 och ett HIC värde på 731. För de spelare 

som inte drabbades av hjärnskakning var medelvärdet på hastigheten för de attackerande 

spelarna 5.83m/s de tacklade spelarna 3.53m/s resulterande i en linjär acceleration på 

385m/s2 rotationsacceleration 5474rad/s2 och ett HIC värde på 309. 

     

 

 

 

 

 

 



 
 

 

 

 

Abstract 

Head injuries such as concussions is a major problem in full contact sports like ice hockey, 

these injuries usually leads to rehabilitation and absence from sports as result. This risk in 

full contact sport is something athletes in these sports must expect, however to gain a 

better understanding of these injuries and reduce the number concussions would be a great 

progress.  

This master thesis will investigate through video analysis in motion tracking software 

Skillspector velocities in moment of the body check. These velocities will form the basis of 

the LS-Dyna simulation to conduct when concussion may occur. 

The video footage was mostly from NHL but some others are present all collected from 

YouTube. No special selection was made other than HD quality and some statement where 

concussions had occurred, a small reference group of non-concussed players was also 

collected to compare some results.     

In total 31 concussions and 7 non concussion cases were evaluated. The average of these 

hits resulted in 6.87m/s for the attacking player, 4.46 for the concussed player, linear 

acceleration 657 m/s2, rotational acceleration 6883 rad/s2 and a HIC value of 731. For the 

players not receiving a concussion the average values were 5.83 m/s for the attacker, 

3.53m/s for the targeted players resulting in linear acceleration of 385 m/s2, rotational 

acceleration 5474 rad/s2 and a HIC of 309. 
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1. Introduction 

Concussion or Mild Traumatic Brain Injury (MTBI) is defined as a complex pathophysiological 

process affecting the brain, induced by traumatic biomechanical force1. 

Several different definition2 of how to categorize MTBI exist the most common are   

Glasgow coma scale3 (GCS) which measure the level of consciousness by a form where 

different levels of reaction are evaluated.                                                                                                             

Duration of post traumatic amnesia (PTA).                                                                                      

Loss of consciousness (LOC). 

These are usually divided in three categories depending on the severity of the brain injury 

Table 1 

 GCS PTA LOC 

Mild 13-15 <1 hour 0-30min 

Moderate 9-12 1 hour-24 hours >30min to <24 hours 

Severe 3-8 >1 day >24 hours 

Table 1. Classification of TBI 

In this report only the mild concussion is represented, but since there is a big secretiveness 

and all information for each case are not available there is hard to distinguish the true level 

of the MTBI since the teams cover up the injuries. However when stretcher is brought to the 

ice it’s possible to suspect a moderate TBI, in this report match 7, Hossa is the one suffered 

from the longest LOC judging from video footage.  

In sport related concussion there are also guidelines whenever a player should return to 

play after concussions.   

Cantu guidelines4 table 2 was the first to truly develop guidelines whenever return to play 

shall be conducted.   

 First concussion Second concussion Third concussion  

Mild Return to play 

when 

asymptomatic. 

Return to play in 

two weeks when 

asymptomatic for 

one week. 

Terminate season. 
May return next 

season. 

Moderate Return to play 

when 

asymptomatic 

for one week. 

Return to play after 

one month if 

asymptomatic for 

one week. 

Terminate season. 
May return next 

season. 

Severe Return to play 

one month after 

injury if 

asymptomatic 

for one week. 

Terminate season  
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Table 2. Cantu guidelines for returning to play.  

For Colorado medical society5 the categorization is as table 3. 

Grade First concussion Second concussion Third concussion 

Mild Return to play 

when 

asymptomatic for 

20 minutes. 

Return to play when 

asymptomatic for one 

week. 

Terminate. May 

return in three 

months. 

Moderate Return to play 

when 

asymptomatic for 

one week. 

Return to play after 

asymptomatic for one 

month.  

Terminate season. 

May return next 

season. 

Severe Transport to 

hospital. Return 

to play one 

month after 

injury if 

asymptomatic for 

two weeks. 

Terminate season. 

Discourage return 
 

Table 3. Colorado medical society guidelines for returning to play. 

The American Academy of Neurology (AAN) 6 which is an improvement of the Colorado 

medical society categorized according to table 4 

 First concussion Second concussion Third concussion 

Mild Return to play when 

asymptomatic for 15 

minutes. 

Return to play when 

asymptomatic for 

one week. If second 

concussion in same 

day, activity should 

be terminated for 

that day. 

 

Moderate Return to play when 

asymptomatic for 

one week. 

Return to play after 

two weeks if 

asymptomatic. 

 

Severe Return to play if 

asymptomatic for 

two weeks. 

Return to play if 

asymptomatic for 

one month. 

 

Table 4 AAN guidelines for returning to play. 

AAN has also released another way to distinguish the way of return after a concussion 

where age, physical strength and probability of another concussion are taken into account. 

As one can see, the forecast of returning to play decreases dramatically when players 

suffers from additional concussions and those needed to be taken really seriously.   
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There are also suggested values regarding acceleration and HIC value when concussion may 

occur7. 

Probability of MTBI Translational 
acceleration (g) 

Rotational 
acceleration (rad/s2) 

HIC 

25% 62 4800 120 

50% 78 6200 240 

80% 92 7800 350 

Table 5. Threshold for the probability of a concussion to occur.    

Payne8 defined HIC levels and acceleration according to table 6 

Injury level Proposed tolerance level Equivalent acc (g) 

 HIC 15ms (For 3ms) 

1 
(no concussion) 

< 150 < 55 

2 
(mild concussion) 

150-500 55-90 

3 
(severe concussion) 

500-1800 90-150 

4 
(Life threatening) 

> 1800 > 150 

Table 6. Injury levels according to Payne 

Overall just in sport approximately 3.5 million MTBI occur in the United States every year9. 

Since a part of these concussions has devastating effects of the receiving participator it may 

be categorized as a major problem. None should be forced to quit his or her favorite sport 

due to concussions.    

In the National Hockey League (NHL) around 5-6% of players suffer from concussion during a 

full season10. Studies has been conducted that most concussions occur in the first period 

with majority in the defensive zone, 47% concussions in open ice and 53% in the perimeter. 

Age around 28 years old and the hitter were on average taller and heavier11. 88% of all 

concussions involve player to player contact, in some few cases due to fighting. Shoulder to 

head contact is around 42% of all cases, elbow to head 15%, gloves 5%, in this thesis 

shoulder to head is the main point of contact. In 65% of the cases the concussed player was 

in possession of the puck or had just released it, and in 35% there were no possession of the 

puck12.   

Since concussions have caused unintended absents from games and retirement of many 

players the NHL launched in association with NHLPA (National Hockey League Player 

Association) in 1997 a special concussion program to better understand this type of injury. 

Also checks delivered where the head is the main point of contact started to be penalized in 
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a greater way i.e. suspension and fines. The latest call in NHL was to establish a certain rule 

called Rule 48 that’s to reduce blind side checks which worked out well overall and some of 

concussions were reduced. Player to player contact is not surprisingly the most common 

reason for MTBI in ice hockey, many of these players may have a long rehabilitation time 

ahead and for some players the career is at end. Especially when receiving subsequent 

concussions the risk dramatically increases as seen in table 2, 3 and 4. 

Concussion from ruthless body checks delivered directly to the head in high speed is the 

ones players need to reduce in order to keep the numbers of MTBI on a low level. 

Unfortunate circumstances where players fall into i.e. the board in retrieving the puck is one 

concussion type that is part of the game hard to get rid of, reducing the number of 

concussions to just those cases would be a great progress. The mentality among hockey 

players especially in youth hockey also need to be improved as 6% says they would consider 

injury an opponent in order to win a game13.    

This master thesis will be using motion analysis build a database with velocities in 

concussion body checks and investigate using LS-Dyna prepost14 whether a certain threshold 

regarding velocity at impact are contributing to concussion. 

Motion analysis of video footage was carried out using the free video motion software 

Skillspector15 which easily can be described as a frame by frame analyzer. The concept of 

the software is to mark certain point in the video from at least five frames, calibrate the 

setup and obtain results. The main use of this software is to record athletes in educational 

use with a measured calibration frame, this thesis will do the motion analysis from video 

footage collected from internet with no predefined calibration frame.   

As a video database YouTube was selected due to its great number of sequences and the 

ease to downloading those.  A number of video sequences where concussion was reported 

and some other hard hits not resulting in a concussion were selected as a reference source. 

No special selection other than the need for high quality i.e. HD clips and two good camera 

angles where at least two different angles were clearly visible for the 3D velocity analysis 

could be carried out. Following sequences seen in table 5 and 6 where analyzed the web 

addresses and at what time the impact occurred is find in appendix 1. 
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Concussion hits  

Match number Attacking player Concussed player League Date Injury 
level 

1 Justin Abdelkader Toni Lydman NHL 4th May 2013 2 

2 Abdelkader Vladímir Sobotka World cup 24th May 2014 2 

3 Matt Cooke Marc Savard NHL 7th Mar 2010 2 

4 David Steckel Sidney Crosby NHL 29th Mar 2012 2 

5 Deryk Engelland Justin Abdelkader NHL 14th Dec 2013 2 

6 Erik Johansson Erik Haula NHL 12th Oct 2014 2 

7 Raffi Torres Marian Hossa NHL 17th Apr 2012 2->3 

8 John Scott Loui Eriksson NHL 23rd Oct 2013 2 

9 Sebastian Karlsson Magnus Kahnberg SHL 5th Nov 2011 2 

10 Scott Stevens Eric Lindros NHL 27th May 2008 2 

11 Milan Lucic Ryan Miller NHL 13th Nov 2011 2 

12 Willie Mitchell Jonathan Toews NHL 21st Oct 2011 2->3 

13 John Moore Dale Weise NHL 27th May 2014 2 

14 Douglas Murray Mike Kosta NHL 1st Apr 2014 2 

15 Matt Niskanen Jeff Skinner NHL 5th Oct 2014 2 

16 Brook Orpik Loui Eriksson NHL 8th Dec 2013 2 

17 Richie Regehr Sebastian Karlsson SHL 13th Mar 2014 2 

18 Mike Richards David Booth NHL 7th Nov 2009 2->3 

19 Mike Rupp T.J Oshie NHL 10th Apr 2014 2 

20 Ryan Garbutt Dustin Penner  NHL 20th Oct 2013 2 

21 Vadimir Shipachyov Pekka Jormakka World Cup 11th May 2014 2->3 

22 Andy Sutton Jordan Leopold NHL 16th Apr 2010 2 

23 Joe Thornton  David Perron NHL 4th Nov 2010 2 

24 Ryan White Kent Huskins NHL 15th Apr 2013 2 

25 Johan Forsberg Daniel Fernholm SHL 20th Oct 2014 2 

26 Brian Mcgrattan Andrew Alberts NHL 29th Dec 2013 2 

27 Cody Mcleod  Niklas Kronwall NHL 17th Oct 2013 2 

28 Douglas Murray Kyle Chipchura NHL 1st Nov 2010 2 

29 Chris Neil Johnny Boychuk NHL 25th Feb 2012 2->3 

30 Aron Rome Nathan Horton NHL 6th Jun 2011 2->3 

31 Noah Welch Max Görtz SHL 6th Apr 2015 2 

Table 5 Concussion hits 
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Non concussion hits  

1 Radko Gudas Scottie Upshall NHL 9th Oct 2014 Injury 
level 

2 Alex Killorn Paul Ranger NHL 19th Mar 2014 1 

3 Douglas Murray Johan Sundström NHL 10th Apr 2014 1 

4 Tyler Myers Dainius Zubrus NHL 16th Nov 2011 1 

5 Dion Phaneuf Tuomo Ruutu NHL 24th Jan 2011 1 

6 John Scott Mikhail Grabovski NHL 16th Oct 2014 1 

7 Brent Seabrook David Backes NHL 19th Apr 2014 1 

Table 6 Non concussion hits 

 

2. Video elaboration and analysis  

In order to analyze the video some steps were required to perform in order to get the video 

footage from internet to the computer and further in to the analysis software. 

Using the YTD video downloader16 the YouTube clips where easily downloaded to the 

computer keeping the original quality of the footage. 

Converting the YouTube MP4 format to the more generally AVI format using a video 

converter17 this software were also used to roughly cut out just the hit from different angles 

in the video, the main camera and the replay camera respectively used for the 3D analysis. 

Since Skillspector require raw data AVI files the software Virtual Dub18 was used to further 

convert the video, this software were also used to extract just the few frames needed for 

the analyze minimum for the analyze to work out were five but up to twelve were used to 

get a better accuracy. This software was also used to sample the replay camera to match 

the first camera where the framerate of 29.97 frames per seconds (fps) was known. All of 

these converting steps reduced the quality of the video footage why initially HD quality was 

required.  

 

 

2.1 Video sample technique  

Since only the original cameras frame rate was known the replay cameras frame rate was to 

be determined, it was found to be 2x or 3x times the original camera. Some deviation was 

found in some replays but it was only in some very few cases and was accounted for when 

needed. A sampling technique to match the replay camera to the original camera was 
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carried out by removing every second or third frame depending on the replay cameras 

frame rate. This was done to have the exact number of frames from both cameras so the 

sequences would match as seen in figure 1 and 2. 

 

Figure 1 Original video footage of the hit 

 

Figure 2 Replay cameras frame rate sampled to origin number of frames by removing every 

other frame. 

This was done to have the exact same frames so the body check were delivered in the same 

time i.e. same frame for both sequences, after this step the skillspector motion analysis 

could be set up. 

To carry out the analysis in Skillspector first a model wizard was set containing number of 

point to be digitized in this case four points were selected. Some pre-defined models existed 

but non that was suitable for this analysis so one new was created as seen in figure 3a-d.  
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Figure 3a Model wizard for the Skillspector analyze. 

Next step the points were set figure 3b, in this analysis the head of the targeted player and 

the shoulder and elbow of the attacking player were used. It was found to be sufficient with 

this number of points but any number of points may be selected but more points selected 

gives more time consuming analysis since more points needed to be selected and greater 

uncertainly because the motion points could be misplaced.   
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Figure 3b Defining the points needed in analyze  
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Defining the segment of players head and players upper arm figure 3c

 

Figure 3c Defining segments 

 

Set the calibration frame and calibration points seen in figure 3d, in this analysis a 3-D frame 

was selected so the 3-D velocities could be obtained. Positions seen in table 7 was chosen so 

ears, chin and forehead could be used as reference since all length around the head is 

approximately 0,2m with help from sketchup the length could be set.   

X Y Z 

0 0 0 

0 0 0.2 

0.2 0 0 

0 0.2 0 

0 0.2 0.2 

0.2 0.2 0 

                                  Table 7 Calibration points seen in figure 3d 
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Figure 3d Setting the calibration frame and points   

When these steps where done the motion analysis could take place by marking the point of 

interest as seen in figure 4 in this case the head of targeted player and the shoulder and 

elbow of striking player. This was done for each different frame and each different point on 

head and shoulder prior to the check, when selecting the point one must be very careful 

placing the point at around the same pixel each frame. Otherwise the result from one point 

to another deviates in and results in errors. 
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Figure 4 A schematic view of skillspector 

The calibration of the video was the tricky part of the motion analysis since no good fixed 

reference points was located in every sequence. Several different calibration techniques 

were tried out but the one most effective was a calibration around the head of targeted 

player prior to impact.  To carry out the distance and location of the points needed to 

calibrate a 3D editing software19 were used. Since length and width of certain lines i.e. blue 

and red line in the play was known and visible the calibration frame could be carried out by 

put them on a coordinate system form in the 3D software and then find the equivalent 

position in skillspector. Some approximation had to be done though since it was hard to 

distinguish the exact position of each calibration point.   
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A schematic view of the calibration frame can be seen in picture 5

 

Picture 5 Calibration in Skillspector 

 

When all this was done Skillspector could calculate the 3D velocities for each corresponding 

hit and the graph is presented as seen in picture 6. Just the moment of impact was taken 

into account and the first half of the result graph was considered as measurement noise.  

 

Figure 6. Skillspector results 
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3. FEM simulation 

For the FEM software analysis in Ls-Dyna two simple upper bodies were studied, they were 

both equipped with helmets consisting of a plastic shell and an inner layer of foam, the body 

neck and head consists of several different parts, seen in appendix 2, joint together to build 

up the entire interface. The attacking player was equipped with an upper body shoulder 

protection corresponding to the one carried by hockey players, some material properties 

can be seen in appendix 3. Since the attacker in these sequences usually targets the head as 

a major point of contact there was no need to model the upper body protection of the 

targeted player. These players were aligned in a way corresponding prior to the hit for each 

case. Figure 7. Some approximation regarding impact angels were carried out since angle 

data from skillspector was not to be extracted. So the angles was found by using the 

sketchup software and thereafter the dummies were positioned in the best way possible 

corresponding to the hit.  

 

Figure 7. A view of the Ls-dyna simulation  

Velocities from Skillspector analysis were to be set for each case as best way possible, 

approximation had to be done since 3D velocities from Skillspector was not to be 

transformed into LS-Dyna. Simulation was performed using the Linux based SSH and telnet 

software Putty20 connecting the computer to server and the result could be carried out.  

However the mesh of the model studied was unfortunately not good enough and needed to 

be customized regarding error due to negative volume in certain elements during the 

simulation. This error called Hourglass occurs when some elements is deformed more than 

others due to mesh quality and can be described as a nonphysical zero energy mode of 
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deformation that produces no stress or strain21. Refining the mesh is the right way to 

preventing this error the other faster way is to apply an hourglass filter, in this case a 

stiffness based LS-Dyna numbering four were used. This action permits deformation in a 

greater way due to extra modes and the simulation could be carried out. The drawbacks is 

of course contribution to the result from these extra modes as they absorb energy however 

it’s difficult to say exactly what contribution this hourglassing has on the result.      

Hourglassing require an energy threshold < ~10% of total internal energy for reliable result 

which were checked in energy plot and holds in this analysis.  

The outcome of the simulation was to investigate linear acceleration rotational acceleration 

and HIC value, defined as   

𝐻𝐼𝐶 = {[
1

𝑡2 − 𝑡1
∫
𝑡1

𝑡2
𝑎(𝑡)𝑑𝑡]

2.5

(𝑡2 − 𝑡1)}
𝑚𝑎𝑥

 

Were t2 is final time and t1 is initial time in an interval where HIC is measured g is head 

acceleration chosen to maximize the HIC value.  This means that both the acceleration and 

the duration of impact is at great matter for the HIC value. And therefore a greater 

acceleration in less time may be accepted regarding HIC value threshold.  

      

 

  

For the FEM simulations the outcome where according to the graph in figure 8. These curves 

values could be extracted and plotted in different software i.e. MATLAB but since just the 

peak values was read off there was no use for this action. 

 

Figure 8. FEM results in a graph  
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4. Results   

The data collected as seen in previously displayed graphs were read of for velocities; 

acceleration and HIC value respectively and are presented in table 8 the result here are 

presented as the resultant velocity and acceleration.   

There are some results marked with an * where the targeted player was hit towards the 

boards and needed to be model with this extra addition which was not done in this thesis. 

Concussion hits 

 
Match 

Attacker velocity 
(m/s) 

Targeted player 
velocity (m/s) 

Linear 
acceleration(m/s2) 

Rotational 
acc (rad/s2) 

HIC 
value 

1 5.39 3.03 506 8790 300 

2 5,24 4,10 735 7780 433 

3 6,5 5,1 574 6850 374 

4 4.75 2.7 491 4820 258 

5 5.20 3.60 482 6270 314 

6 9,84 8 590 8380 1000 

7 7.77 4,52 802 7670 414 

8 7,10 6,10 467 9150 602 

9 5,4 1,65 650 4980 249 

10 6,39 7.4 1200 9770 675 

11 7,10 1,30 1000 6390 401 

12 12,68 9,54 1240 10200 9130 

13 7,82 4,29 392 3310 341 

14 8,17 6,19 676 8550 524 

15 3,48 2,42 297 3520 160 

16 5,47 1,74 516 4200 194 

17 5,06 4,28 471 5900 285 

18 8,77 7,68 763 8830 607 

19 5,64 3,84 675 5750 277 

20 5,95 3,53 777 5640 284 

21 7,35 5,75 571 7710 478 

22 7,06 4,13 862 6700 378 

23 3,08 3,43 343 4070 175 

24 8,03 2,44 * * * 

25 5.08 2,58 * * * 

26 6,55 4,60 * * * 

27 5,70 2,84 * * * 

28 7,18 6,58 638 8240 543 

29 6,01 6,10 545 7750 476 

30 9,42 5,60 835 9280 550 

31 7,53 2,12 661 5340 319 

Average 6.87 4.46 657 6883 731 
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Non concussion hits 

1 6,11 2,57 429 4010 251 

2 4,87 4,23 *  * 

3 3,67 2,43 *  * 

4 5,63 5,20 302 6510 442 

5 5,19 5,30 305 6950 350 

6 5,17 2,73 314 4670 209 

7 7,05 2,28 578 5230 296 

Average 5.38 3.53 385 5474 309 
Table 8 Result of all the corresponding cases  
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5. Discussion and Future work 

Several different situations in professional ice hockey have been evaluated both in velocity 

and in FEM simulations. The work was found to be far more time consuming than originally 

thought and not all simulations was controlled in reliability of velocities or by energy plots 

but samples was collected. Therefore errors may occur but the method used for motion 

analysis was found to work well and the velocities presented in the motion analysis are 

reliable from the known velocities of players during a game.    

The velocity threshold was not found but there is an overwhelming risk of concussion for a 6 

m/s check where the head is picked as a major point of contact resulting in a rotation 

acceleration of the head around 6000 rad/s2. For hits more straight forward higher velocities 

around 8 m/s with translational acceleration 600 m/s2 can be tolerated, these values found 

by interpolation of corresponding cases. However there is hard to distinguish a threshold 

with this analysis. The average values were found to be 6.45m/s for attacker velocity, 4.45 

m/s for the concussed player. Linear acceleration 657 m/s2, rotational acceleration 6883 

rad/s2 and HIC value 731. These values corresponds to around 25% risk of concussion for 

linear acceleration between 50-80% for rotational acceleration and over 80% in HIC values. 

This states that rotational acceleration is the most dominant acceleration type and also the 

one causes most concussions.  

For non-injury the values were 5.38 m/s for attacking player, 3.53 m/s for the targeted 

player, linear acceleration 385m/s2, rotational acceleration 5474 rad/s2 and HIC value 309. 

The risk in these few samples are less than 25% for linear acceleration, between 25-50% in 

rotational acceleration and between 50-80% for HIC value according to Newman7. A 

fundamental likelihood analysis needs to be performed to draw some statistical conclusions 

of the results, was not done in this evaluation also additional non injury simulations needed 

in order to conclude a threshold for concussions.   

The accuracy in the motion analysis in some simulations might be questioned but it works 

overall good, reasonable velocities have been obtained and a deviation from a real value is 

not expected to be large. The results in the motion analysis could roughly be controlled by 

measuring distance and calculate time from frame rate to obtain the velocities as distance 

over time, same software as for the calibration were used for the distance measurement. 

This was done for some simulations and stated that the motion analysis with Skillspector 

may be used to obtain velocities from video footage downloaded from internet. The 

calibration is in the motion analysis simulations the largest cause of uncertainty since 

transformation of the calibration points from different software is not accurate when one 

needs to select them manually. Especially those cases were the quality of the video was 

reduced in some way and blurred when zoomed or some cases due to a sudden camera 

movement that could not be accounted for. An analysis with sensors on the players would 

be the most effective way to analyze but nearly impossible to implement.     
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The LS-Dyna results are as expected compared to the values from articles, the deviation is in 

somewhat quite large which can be derived to the simplified models used. More accurate 

evaluation requires more refined models with fully integrated element. And in some way 

more accurate ways to model the hit regarding impact angle and velocity, in this analysis the 

angle and velocity was approximated from video and Skillspector then transferred into FEM 

software. Modelling of the hits towards the boards may also be interesting to investigate 

since there is additional impact when the head hits the board or Plexiglas.    
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7.  Appendix 1 

Web address and tine of hit for all the corresponding cases simulated 

1. https://www.youtube.com/watch?v=KXsLg3QXR8Q   0:02 

2. https://www.youtube.com/watch?v=YkOQKNh_WsI  0:39 

3. https://www.youtube.com/watch?v=b41ufiDRwc4 0:15 

4. https://www.youtube.com/watch?v=J-vGuHLIPoc 0:11 

5. https://www.youtube.com/watch?v=WUMBf5B5XcY 0:12 

6. https://www.youtube.com/watch?v=ppRAe3wFh5s 0:03 

7. https://www.youtube.com/watch?v=W2mX7LqBGo4 0:06 

8. https://www.youtube.com/watch?v=Ni0aYmQJJqg 0:05 

9. https://www.youtube.com/watch?v=EbGEHvkOSrU 0:09 

10. https://www.youtube.com/watch?v=WVeqzYgTELk 0:13 

11. https://www.youtube.com/watch?v=TERA-GY2K1o 0:07 

12. https://www.youtube.com/watch?v=RLbLiGXqHIA 0:10 

13. https://www.youtube.com/watch?v=Wsui2GgPM24 0:12 

14. https://www.youtube.com/watch?v=nel_cWpJ5fo 0:03 

15. https://www.youtube.com/watch?v=TFpdlDZW5s8 0:02  

16. https://www.youtube.com/watch?v=8VEz9p8-L3s 0:02 

17. https://www.youtube.com/watch?v=YV2BsTU0HWA 0:06 

18. https://www.youtube.com/watch?v=qeN3QTw8iz4 0:07 

19. https://www.youtube.com/watch?v=dyRMZKhKoAY 0:06 

20. http://video.nhl.com/videocenter/console?id=466419 0:12 

21. https://www.youtube.com/watch?v=6WDTcO0NJNQ 0:01 

22. https://www.youtube.com/watch?v=CgMG9iLx4Qc 0:07 

23. https://www.youtube.com/watch?v=vJr33aaE_MM 0:01 

24. https://www.youtube.com/watch?v=uoLdmLTafVo 0:02 

25. https://www.youtube.com/watch?v=jbKB0lpXesQ 0:07 

26. https://www.youtube.com/watch?v=AVSUVzlfUyU 0:10 

27. https://www.youtube.com/watch?v=5GmG3hLI2gg 0:05 

28. https://www.youtube.com/watch?v=9IxOhGLr7ag 0:05 

29. https://www.youtube.com/watch?v=aUB47gp0yow 0:13 

30. https://www.youtube.com/watch?v=pUYqTE3cnuQ 0:03 

31. https://www.youtube.com/watch?v=uewCuk2pWb0 0:38 

32. https://www.youtube.com/watch?v=9u5b6xYqBOc 0:05 

33. https://www.youtube.com/watch?v=uWDKWP2a-JA 0:08 

34. https://www.youtube.com/watch?v=SU_nKXE42aE 0:08 

35. https://www.youtube.com/watch?v=EExZcWjpVnM 0:09 

36. https://www.youtube.com/watch?v=HNPqFM48cKY 0:05 

37. https://www.youtube.com/watch?v=d7Qu8qQzZmo 0:04 

38. https://www.youtube.com/watch?v=vFCiYri04Oo 0:06 
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8.  Appendix 2 

 

 

List of parts used in LS-Dyna evaluation 
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9.  Appendix 3 

 

 

Material properties for some different parts  

 Rho kg/m3 Yong’s modulus (Pa) Poisson’s Ratio  

Head 3546.8 2.05e+011 0.31 

Helmet outer 1161.81 1.64e+009 0.45 

Helmet inner 40.0 8.0e+006 0 

Brain 1040.0  0.50 

Neck 2700.0 7.0e+010 0.31 

Rigid body, Thorax 9.819e+004 2.05e+011 0.31 

Chest protection 40.0 8.0e+006 0 

Chest protection shell 40.0 8.0e+008 0.30 


