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Abstract 
 
Using the model developed by the authors in a previous paper, this article purposes a study of 
the human body’s motion in car crashes. We realized numerical simulations for the main 
parameters of the human body system using realistic values. The most important diagrams 
were captured and discussed. Finally we presented a few conclusions. 

1. INTRODUCTION 

The mechanical model we shall use in our study is presented in figure 1. 

 
Figure 1. Mechanical model. 
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 Our model was presented in a previous work [9], it has our degrees of freedom, and the 
equations of motion read 
 

1414313212111 BAAxAxA =θ+θ++ &&&&&&&&

3434333232131 BAAxAxA =θ+θ++ &&&&&&&&

; ; 

; , 
2424323222121 BAAxAxA =θ+θ++ &&&&&&&&

4444343242141 BAAxAxA =θ+θ++ &&&&&&&&
(1)

 
where 
 

44411 cos θ= lmA ; 44412 cos θ= lmA ; 
( )34433413 coscos θ−4443 sinsin34443 cos θ=θθ+θ Lml

4
22

444 coslmJ
θ= lLLmA

2
4414 lmA

ml

44
22

44 sin Jlm
; 

+=θ+θ+= , 
(2)

 
( ) ( ) 3334334321 coscos θ′−+θ′+= lLmlmmA

( ) ( ) 3334334 coscos

; 

322 θ′−+θ′+= mmA lLml ; ( ) 2
34

2
33 Lml +′323 mJA +=

( )
; 

( ) ( )34334434344 coscos24 θ−θ′−+θ−θ′= lLlmllmA , 
(3)

4331 mmA += ; 43232 mmmA ++= ; 

3343333 sin3333 sin343 coscos θµ−θ′µ−θ+θ′= LmlmA lm

4444 sin
Lm

4434 cos
; 

θµ−θ= lmA lm , 
(4)

 
43141 mmmA ++= ; 43242 mmmA ++= ; 33433343 coscos θ+θ′= LmlmA

4

; 

4444 cos θ= lmA , 
(5)

 
( ) ( )4344443

2
34341 34

sinsin θ−θ−θ+θ−θθ= eMglmlLmB &

( )
; 

( )
( ) ( ; sinsin

cossinsin

334334333

3333234
2
43442

2334

13

θ−θ−θ+θ+θ′+

+θ′′θ′′+−θ−θθ=

ee

e

MMgLmlgm

llxFLlmB &

( )
)

 

( )
( ) (

( ) ( ); 
sincossin

cossincossin

2432

33244
2
444

33
2
33433

2
3333

12

13

xFgmmm

lxFlm

LmlmB

e

e

−++µ−

−θ′′+−θµ+θθ+

+θµ+θθ+θµ−θθ′=
&

&&

)  

( )1014
2
4443

2
3343

2
3334 sinsinsin xFlmLmlmB −θθ+θθ+θθ′= &&& ; 

(6)

 
hence ( )43214321  , , , , , , , θθθθ= &&&& xxxxAA jiij , ( )43214321  , , , , , , , θθθθ= &&&& xxxxBB ii , 4 ,1=i , 

4 ,1=j . 
 At this relations we add another one, name it: if 1̀2 xx <  then 12 xx =  and . 12 xx && =

2. PARTICULAR CASES 

First case is characterized by  (no friction). We modify 0=µ
 

33433333 coscos θ+θ′= LmlmA ; 44434 cos θ= lmA ; 

( ) ( 23
2
3333 12

sin xFlmB e−θθ′= & )324 13
sinlxFe ′′+−θ2

4443
2
3343 sinsin lmLm θ+θθ+θ &&  

(7)
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 The second case is characterized by l 33 l ′′=′  it means that  is applied in the weight 
center of the third body. The following parameters modify 

13eF

 
( ) ( )

( ) ( ; sinsin

cossinsin

334334333

3333234
2
43442

2334

13

θ−θ−θ+θ+θ′+

+θ′θ′+−θ−θθ=

ee

e

MMgLmlgm

llxFLlmB &

( )
)
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( ) ( ) (sincossin

cossincossin

43233244

33
2
33433

2
3

13
gmmmlxF
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+θµ+θθ+θµ+θθ &&

) . 2
2
444

333

12
xFlm

lmB

e−θ+

′=
& ( )

 

(8)

 
The elastic forces and moments are linear. Now we can write 
 

( ) 212212
xkxFe = ; ( ) ( )33213332 sinsin

13
θ′′+=θ′′+ lxklxFe ; 

( ) ( )34343434
θ−θ= kθ−θMe ; ( ) ( )323323

θ=θ kMe . 
(9)

 
The forces and the moments are linear on domains. We can write 
 



 ≥

=
otherwise 0

0for  2212
12

xxk
Fe ; 

( )


 ≥θ′′+θ′′+

=
otherwise 0

0sinfor  sin 33233213
13

lxlxk
Fe

( )θ
≥θ−θ

otherwise 
0for 

4

34 ( )

; 

; 
( ) ( )

( )




−θ−
θ−θ

=
 

3
2

34

34
1

34
34 k

k
M e

( )

( )




θ
≥θθ

=θ
otherwise 

0for  

3
2

23

33
1

23
323 k

k
M e . 

(10)

 
all k  being non-negative. ij

The elastic forces and moments are non-linear on domains. We have 
 

( ) ( )



 ≥+

=
otherwise 0

0for  x 2
3
2

3
122

1
12

12

xkxk
Fe

( ) ( )

; 

( ) ( )θ′′++θ′′

otherwise 0
for  sinsin 3

332
3

1333 lxk

( ) ( ) ( )


 ≥θ′′++

=
0sin 3322

1
13

13

lxlxkFe ; 

( )
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θθ−θ+θ−θ
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23

3443
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34

3
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13
3434
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34

kk
k

( )



 ≥θ−

=
otherwise

034
34

kM e ; 

( ) ( )
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θ+θ
≥θθ+θ
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otherwise 
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3
3

23
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21
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3
3
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e
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(11)

 
in which , ) , ( )1

12k (1
13k ( )11

34k , ,  and ( )21
34k ( )11

23k ( )21
23k  are strict positive, and , , ) , and 

 can be positive if we have a hard characteristic or negative for a soft one. 

( )13
34k (23

34k ) (13
23k

( )23
23k

 Everywhere F = . 10101
xke

3. NUMERICAL SIMULATION 

 
We selected the following values: 
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[ ]kg10001 =m ; ; [ ]kg68.262 =m kg][06.463 =m ; [ ]kg52.54 =m ; ; 

; ; 

7.0=µ

[427.03 =L ] [m24.04 =Lm ] ( ) [ ]rad
( )Nm18011

34 =k ; [ ]3ra
13

34 d
Nm0=k ; 

( ) [ ]rad
Nm30021

34 =k ; ( ) [ ]3ra
23

34 d
Nm0=k ; ( ) [ ]rad

Nm ( )35011
23 =k ; [ ]3

13
23 rad

Nm0=k ; 
( ) [ ]rad

( )Nm1000=21
23k ; [ ]3ra

23
23 d

Nm ( )350=k ; [ ]m
( )N6000001

13 =k ; [ ]3
3

13 m
N0=k ; 

( ) [ ]m
N6000001

12 =k ; ( ) [ ]3
3

12 m
N0=k ; [ ]m

N80000001 =k ,  

(12)

 
the bodies are homogeneous and the elastic force  is applied in the mass center of the 
third body for the linear case, and the same assumptions but the values  

13eF

 
[ ]kg10001 =m ; ; [ ]kg68.262 =m kg][06.463 =m ; [ ]kg52.54 =m ; ; 

; ; 

7.0=µ

[427.03 =L ] [m24.04 =Lm ] ( ) [ ]rad
( )Nm18011

34 =k ; [ ]3ra
13

34 d
Nm5=k ; 

( ) [ ]rad
Nm30021 =34k ; ( ) [ ]3

23
34 rad

Nm7=k ; ( ) [ ]rad
Nm ( )35011

23 =k ; [ ]3
13

23 rad
Nm20=k ; 

( ) [ ]rad
( )Nm1000=21

23k ; [ ]3ra
23

23 d
Nm50=k ; ( ) [ ]m

( )N6000001
13 =k ; [ ]3

1
13 m

N70=k ; 
( ) [ ]m

N6000001
12 =k ; ( ) [ ]3

3
12 m

N70=k ; [ ]m
N80000001 =k ,  

(13)

 
for the non-linear case. 
 

The step time is [ ]s001.0=∆t , and the initial values are  
 

[ ]m00
1 =x ; ; [ ]m00

2 =x [ ]rad
10

0
3

π
−=θ ; [ ]rad

180
110

4
π

=θ ; [ ]s
m151 =x& ; 

[ ]s
m01 =x& ; [ ]s

rad00
3 =θ& ; [ ]s

rad00
4 =&θ . 

(14)
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Figure 2. Time history for  in the linear case. 1x
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Figure 3. Time history for  in the linear case. 3x
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Figure 4. Time history for  in the linear case. 4x
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Figure 5. Time history for  in the non-linear case. 1x
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Figure 6. Time history for  in the non-linear case. 3x
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Figure 7. Time history for  in the non-linear case. 4x

 
 The graphics were plotted in the figures 2, 3, 4, 5, 6, and 7. 
 

4. CONCLUSIONS 

Based on a model presented in a previous paper, we realized realistic simulation for the 
behavior of a human body in a car crash. The elastic forces and moments are considered both 
in a linear case an also in a non-linear case. It is easy to observe tat the non-linear case leads 
to a diminution in amplitude for the motions of the bodies. In fact, the security belts are 
almost non-linear so the non-linear model is closer to the reality. 
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