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here  v1
’ – primary speed after a stroke, m/s,

1 2 1 2 

S m 
m 1 m 2 
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Sm – path of cars after a stroke, m,
ψm – coefficient of resistance to motion.
��
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ψr – road resistance coefficient;
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Here W – stream line of a car Ns2/m2;
va – car speed m/s. Pt -  force of transmision resistance.
Determined according to the formula:

310)009.02( −⋅+= aat GvP � �H�

Ga – net weigth of a car , N; G – real weigth of a car, N;
δm – coefficient of spinning masses;

G

Gi ab
m

)05.003.0(
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+=δ (

Here  i
b
 – number of transmision evaluation of gear

box;
Speed v

1
’ in formula (1) is counted up:
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The speed of a car before the stroke is:

1

1
'

21
1

)(

m

Vmm
V

+
= ( �)�

2. Both cars are braked and after the stroke moved
separately along distance Sm (Fig 2 ) with primary speed
v1

’. The speed after the stroke is determined using the the
formula:

3������%�"�3��?��%��%��2��+34#�5+��6�())("��
��7�88"�4
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ϕx – coficient of tyre adhesion with a road,
ϕx values are presented in the table.
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4. The unmoving car is not stopped. The first car is
stopped before the collision and the distance of its brak-
ing Ss1. After the crash the first car moves along distance
Sm1. and the second one – by Sm2 (Fig 4).
In this case speed V’  

1 will be:

)(

)(2

21

21
1
' 21

mm

SmSmg
V

mmmx

+
ψ+ϕ

= ( �8��

��
���������������'������
��
�����������������
�
����@��B������
���
�����--����
�������
�������'����������
@�
��!������
��������
(���
��
������
��
�����!�

�����-

����������������������
������
��������������
��
��@�
����
��-

�������
������
����������
����
�
��
���
��!��K�
�������'�@���
��
���������
��(���
��
�������
���@���
��
�����!
���!5
����
(�=�������
����
���������
�����
I-
��������'���
����!5
����
����
���'������
�����
���'
���
�
������!5
����
���������
��
���������
-�
��
���
�����!
���
�(

2+�(+����* ��)��������3$)$����1����$*)���/$�������

����

<����
���
�������
��������������������������������
I��������
���@
�'����
��
���C�'�H�(���
�@
�'����
��
���-��
���������
�������������!�����
��'�
(

%����!�
��������������
�����������J
Direct side collision

If the drivers of both cars stop, the scheme presents

and fixes the braking distances Ss1 and Ss2.
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135.0 axa VgtV +ϕ= � �3��

t3 – time of increasing slacken.
3. The unmoving car 2 is stopped, the first car – is not

stopped. Aften the stroke both cars move together along
distance Sm at the initial speed v1

’  (Fig 3).

mxm gSmm
Vmm
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V’
1 is found using the formula:
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After the accident the weight center of the first car
moves by S1, of the second – by S2 turning angle φ1 and
φ2.

The direction of the movement does not change, so
it is possible to write the equation of movement amount:

22
'

211
'

111 coscos φ+φ= VmVmVm � �89�

2
'

2211
'

122 sinsin φ+φ= VmVmVm ( �8+�

Here V1
’  and V2

’  – speed of cars after the crash.
Both V1

’  and V2
’  are determined taking into account

that kinetic energy of each car is transformed into the
work of car tyres rub. In this case cars move along dis-
tance Sm1 and Sm2 and turn around their weight centers by
angles ε1 and ε2.

Work is performed when a car moves:

xmgSmA ϕ= 11
' � �8H�

m1 – mass of car;
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Sm – car movement after a crash;

ϕx – rub coeficient.
Work is performed when a car turns round:

xzxz bRaRA ϕε+ϕε= 1111
''

21
� �8:�

a1 and b1 – distance from cars front and rear ends to the
weight center;
Rz1 and Rz2 – normal reaction of a road affecting front and
rear cars ends;
ε1 – angle of first cars rotation, rad.

Reaction ise determined:
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gbm
Rz ≈ P�
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11

2 L

gam
Rz ≈ � �8)�

L’  – basis of a car.
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L
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V

mx ε+ϕ
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Analogically the speed of the second car V2
’ is de-

termined:

''

222
1
' )2(2

2

L

baSg
V

mx ε+ϕ
= " ����

L’’  – basis of the second car;
ε2 – angle of the second car rotation;
a2 and b2 – distance from car front and rear ends to the
weight center of the second car.

These values (19) and (20) could be put into the equa-
tions (13) and (14) and work for calculation of the car speed
before the crash:
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When V1 and V2 are known using (9) and (9 a) equa-
tions it is possible to determine the speed of cars before
and at the beginning of braking. The determination of these
parameters usually is the main task of road accident re-
construction experts.

2+�2+����/��!���/$����������

In case of sliding side collision the angle of a stroke
α is not 90° degrees (Fig 6).

In these cases the same methodics (as in the case of
direct side stroke) is used. The movement amount equa-
tion is being changed now:

22211
'

12211 'coscos φ+φ=α+ vmvmvmvm � ��9�

)cos('

')cos('cos

222

221112211

φ−α

++φ−α=+α

vm

vmvmvmvm
��+�

Speeds V
1

’ and V
2

’ after the crash are calculated ac-
cording to equations (19) and (20).

Marking both right sides of (23) and (24) equations
quantitys A

1
 and A

2
 it is possible to calculate the speeds

before a stroke:

α
α−=

2
1

11
1

sin

cos

m

BA
V � ��H�

α
α−=

2
2

11
2

sin

cos

m

AB
V ( ��:�

The speed rated by this method is not very precise
because the losses of energy during car rotation are not
evaluated. The speeds values are approximate.

The real speed of cars before the collision according
to literature [6] is 10 –20 per cent higher than the rated one.
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3. Distances 1mS and 2mS and also angles 1φ and

2φ presented in the equations (21) and (22) define the
movement of car centers of gravity and their rotation. The
parameters may differ a lot from the real braking trace in
the place of a crash. For this reason it is very important to
evaluate possible divergence in the process of the deter-
mination of the parameters.

4. The methods presented in the article for the evalu-
ation of carscrash parameters are not absolutcly accurate.
However, despite all mentioned shortages they could be
succesfuly used in special cases.
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