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Abstract 

In modern society of industrialization, there are more and more trucks 
running on the roads transporting raw material or finished goods. With the 
rise of traffic accidents between cars and trucks, we need to put more 
attention to the tail of the truck. 

The authors design a device which can be fixed on the rear beams of the 
truck chassis. It’s called anti-collision equipment to avoid the cars crash into 
the truck tail. Although there are many available anti-collision solutions on 
trucks, studies show that there are still areas for improvement. 

The truck we choose to study is the heavy-duty truck of Jiefang J6M which 
is one of the mainstream models in China. The rear space of the truck is about 
2400 mm (Width) × 2000 mm (Length) × 1050 mm (Height) and we design 
the device according to that size. 

 

Figure 1: Anti-collision Equipment Applied on Truck 
In other to achieve a better design, the authors study the literature and 

theses about energy absorption board, non-Newtonian fluid damper and 
thread shearing absorber. All of these three shock absorbers were combined 
together to make the design useful for different impact intensity. The height of 
the anti-collision is made adjustable for on-road and on-working site use. 

The authors design all the devices with Autodesk Inventor and validate 
material and dimensions by FEM Abaqus simulation. MATLAB simulation is 
used for calculating of fluid damper shock absorption. To make the best 
choice, the authors consider economic and reusability factors too. 

 
Keywords:  
Anti-collision equipment, Energy absorption board, Non-Newtonian fluid 

damper, Thread shearing absorber. 
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1 Introduction 
Accident happened everyday and it bring great loss. However China is one 

of the countries which has high death toll in accident. There are 210812 road 
traffic accident cases happened in 2011 in China and 62387 people died 
totally. There are 50296 cases including truck and passenger car leading to 
20648 deaths accounting for 33.1 %. [1] 

 

Figure 2: Number of deaths due to road accidents in China 

 

Figure 3: Contribution of truck accident in total deaths in China due to 
road accident 

The particular accident type addressed in this work can be seen in Figure 4. 
Nowadays, with the popularity and overuse of this kind of truck, more and 
more accidents happen. In these accidents, the small car behind the truck has 
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the frontend height smaller than the clearance between truck tail and road. As 
a result, the car sometimes totally gets inserted into the clearance. The impact 
between the car and the truck starts from the windshield in some cases which 
is more catastrophic. Because the truck body is higher, the car easily run into 
the truck and the front bumper of the car can hardly withstand the impact 
force from collision which causes serious damage to the vehicle, driver and 
passengers. The airbags and safety devices could not provide enough security; 
this is the phenomenon used to call Guillotine Effect. The research of truck 
rear-end collision prevention, essentially for passenger car accident protection 
technology research, is the study of anti-collision structure which can avoid 
the car running into the tail of truck. 

 

Figure 4: The car crashed into the truck [2] 
All countries in the world have its own regulations and standards, by 

contrast, the European regulations are more detailed and complete. 
FMVSS223, the regulation of the U.S., is more focused on the rear device 
security, so there is a specific requirement for the plastic deformation of 
energy absorption effect. 

From all countries truck collision protection is very simple. They Use iron 
and steel in order to narrow the space from the ground to the truck rear. When 
the car crash happens, the buffer part which is front of the car can be used, 
rather than directly to crush the cab. Although this method costs less, in 
Europe, after being used the accident survival rate have some improved. But 
this is not the way to solution. Obviously, this cannot satisfy people’s 
expectations of safety requirements. 
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Design a device like anti-collision equipment which can be installed on the 
rear beams of the truck chassis is becoming urgently. Although there are 
many anti-collision types of equipment applied on trucks, they are not good 
enough yet. We want to design a new device in order to avoid cars crash into 
the tail of the truck. 

 

Figure 5: A test for the anti-collision equipments [3] 
In a car rear-ended truck crash test held by Insurance Institute of Highway 

Safety (IIHS), it was shown that a good set of device can effectively prevent 
the car into the bottom of the truck. In the crash tests, rail car was 2010 
Chevrolet Malibu, the car won the IIHS Top Safety Pick (highest safety 
rating), has the very good safety performance, The rear-ended trucks were 
extracted in the United States and eight trucks sold located in the Top eight. 
But the test result is not satisfactory. 

Table 1: The result of a car rear-ended truck crash test [4] 
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The results depicting the association between the type of crash and the 
amount of vehicular damage were supported by the regression analysis. The 
results indicate that, relative to collisions involving the front-end crashes into 
the right or left side of the vehicle were significantly more costly. 

The laws and regulations about collision avoidance system in the rear of 
truck in USA are stricter than in China. We start to design according to the 
situation in China. 

The truck we choose to study is the heavy-duty truck of Jiefang J6M which 
is one of the mainstream models in China. The rear space of the truck is about 
2400 mm (W) ×2000 mm (L) ×1050 mm (H). We determine the size of the 
equipment according to that space. 

Conditions Trailer Guard 
performance 

Under 
ride 

Max. 
longitudinal A-

pillar 

deformation 
[cm] 

56 km/h, 
full-width 

2007 
Hyundai 

Attachments 
failed 

Catastrop
hic 

80 

2011 
Wabash 

Good None 0 

40 km/h, 
50% overlap 

2007 
Vanguard 

Attachments 
failed 

Moderate 0 

56 km/h, 
50% overlap 

2007 
Vanguard 

Attachments 
failed 

Severe 27 

56 km/h, 
30% overlap 

2011 
Wabash 

End bent 
forward 

None 6 

2011 
Wabash 

End bent 
forward 

Catastrop
hic 

87 
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Figure 6: The heavy-duty truck of Jiefang (J6M) [5] 
Here is some details about the truck we choice. 

Table 2: The details of the truck [6] 

Type truck Driving form 6×2 

Height of the body 3.5 m Body width 2.5 m 

Total weight 9.3 T Body length 12 m 

Full load weight 25 T Maximum speed 102 km/h 

Hopper width 2.3 m Tyre size 11.00R20 
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2 Survey of related work 

 

Figure 7: One of the current device for avoiding collision [7] 
This device shown in the figure above uses a simple and settled steel 

structure in order to avoid truck tail collision.  

Features and advantages: settled triangle structure, popular used, easy to be 
installed and cost low. 

Disadvantages: sudden stop increase the damage to human's body and also 
after collision damage of the vehicle is irreparable. 

  



15 
 

 

Figure 8: Slider-crank mechanism and thread shearing energy absorption 
[8] 

1: corrugated plate     2: cross rod     3: the block     4: crank      

5: connecting rod     6: shear sliding blocks     7: absorbing thread 

8: positioning device     9: pin     10: frame 

This idea illustrated in Figure 8 uses slider-crank mechanism and thread 
shear energy absorption in order to design a new device of truck tail collision 
avoidance. 

Basic idea: Threads of the screw shaft fail due to shear force applied from 
the collision and causes energy absorption from structure and application. 
This innovation start a new type of energy absorption structure with some 
advantages like light weight, low cost and good collision safety, etc. 

Features and advantages: Ensure the process of thread shear energy 
absorption is smooth collision. This device is suitable for all vehicles, low 
cost and easy to be installed and replaced. 

This device not only can protect the safety of life, also can reduce the 
damage of the vehicle and reduce the maintenance costs after the collision. 
But when the accident is small, it requires changing the device always and 
that costs money and repair time. 
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Figure 9: Multilevel buffered anti-collision device 
Table 3: Details in Figure 9 [9] 

Number Object 

1 Beam 

2 Hinge pin 

3 Framework 

4 Fixed beam 

5 Rubber buffer  

6 Decompression 
buffer device 

7 Steel cable 
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8 Box 

9 Ejector 

10 Spring case 

11 Spring 

12 nut 

This solution relates to a truck front-ended multilevel buffer anti-collision 
device. The invention mainly solve the problem of the safety hidden danger of 
car collided with a truck. 

Technical scheme of the system is as follows: a truck front-ended 
multilevel buffer anti-collision device including collision avoidance 
framework, hanging fixed beam, rubber anti-collision beam, wire rope, spring 
and damping for decompression .All of these components is installed by hinge 
pin up to the hanging fixed beam and down to anti-collision beam. 

The present invention has the advantages of multilevel buffer and high 
security. 

Although there are many anti-collision equipments applying on trucks, 
they are not good enough yet. 
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3 Problem statement, objectives and 
main contribution 

The purpose of this thesis is to design a anti-collision equipment which can 
be fixed on the rear beam of the truck chassis in order to avoid cars crash into 
the tail of the truck. 

During the design process, the main problem arises as we intend to make 
the anti-collision device to absorb the energy piecewise. When the crash is at 
low speed, the energy absorption board and non-Newtonian fluid damper will 
absorb energy (the device is not damaged) so that user does not need to 
change the device and that will save your money, but when the accident 
impact is really high, the limit block will be cut and three parts will work 
together to save car driver’s life. The limit block is designed in a way that it 
remains intact before a certain magnitude of impact force. 

In recent years, the energy dissipation damping technology has been 
gradually applied in the construction field and highlighted their strengths. So 
developing a simple and practical new-type energy dissipation devices in 
order to meet the needs of the actual construction is an important practice. 
Viscous damper by the virtue of its simple structure and advantage of the 
none additional stiffness added to the construction sector has been more than 
50 years of history[10]. However no one applies this damper into anti-
collision device. We design two energy absorbers with non-Newtonian fluid 
to absorb the impact when the velocity of the car is under 30 km/s. 

Main contribution is that we model the anti-collision equipment with NX 
Unigraphics [11] and Autodesk Inventor [12]. We put energy absorption 
board, non-Newtonian fluid damper and thread shearing absorber together. 
We validate material and dimensions by FEM simulation in Abaqus[13]. 
MATLAB [14] simulating is used for calculating of fluid damper shock 
absorption. To make the best choice, we also check the connect parts and 
consider economic and reusability factors. 
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4 Idea, concept and solution 
The main working parts of the device are divided into three parts: energy 

absorption board, non-Newtonian fluid damper and thread shearing absorber. 
They are all energy absorbing parts. 

 

Figure 10: The draft design 
1: Energy absorption board 

2: Non-Newtonian fluid damper 

3: Thread shearing absorber 

The energy absorbing process: We intend to make the anti-collision device 
can absorb the energy piecewise. When the relative speed of crash is under 
30 km/h, energy absorption board and non-Newtonian fluid damper will 
absorb the energy. The whole device is not damaged so that you do not need 
to change the device and that can help you to save your money. When the 
relative speed of crash is from 30 km/h to 60 km/h, the limit block will be cut 
and the whole device will work together to avoid the small car crash into the 
truck and save driver’s life. 
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To make the modelling go well we also need some hypothesis: We set the 
weight of the small crash car in the model is 1200 kg. 

We use equation (1) to calculate the collision energy of the small car: 

E = 1
2

mv2, （m=1.2e3 kg） (1) 

Table 4: Each part energy absorption data 

V 
[km/h] 

V 
[m/s] 

Impact 
Energy 
[J] 

Board 
[J] 

Damper 
[J] 

Security 
block [J] 

Thread 
[J] 

30 8.3 4.1 e4 0.7 e4 2×1.7 e4 / / 

60 16.7 1.7 e5 1.8 e4 2×1.7 e4 2×1.74 e3 10.86 e4 

The outstanding feature of a car crash is that the crash time is ultra short. 
The collision energy needs to be dissipated in a short distance. So the impact 
force is massive and proportional to the speed. Usually the time during the 
crash is 0.1 s-0.2 s [15]. 

So according to this we set the crash time is 0.1 s. 

We use equation (2) to calculate the impact force. 

Ft = mν1 − mν2, （t=0.1 s） (2) 

Then we can get the impact force now: 

When the speed is at 30 km/h F=1.0e5 N 

When the speed is at 60 km/h F=2.0e5 N 
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4.1 Modeling 

4.1.1.1 Part 1: Energy absorption board 

 

Figure 11: The original size of the energy absorption board 
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Figure 12: The 3D image of the original energy absorption board 
The material of energy absorption board is thin steel with good elasticity. It 

won't cause big damage when cars are in relatively low speed collisions. It 
can reduce the vehicle maintenance cost effectively. 

By increasing the collision area, the collision energy is transferred to the 
damper smoothly. 

The structure of the energy absorption board can absorb a part of collision 
energy by its deformation in relatively high speed collisions and help to 
protect the drivers at the same time. 

The common material is easy to get and machine. 

But in actual collision, the energy absorption board will be damaged at any 
speed. What we need is a kind of elastic material that can recover after 
deformation. We have a better solution: rubber. 

The rubber type used was EPDM. The ethylene– propylene– diene 
monomer rubber compound is being increasingly demanded in many 
engineering areas due to its excellent electrical property and oxidation-
resistance— e.g. automobile and electrical applications [16]. Since the EPDM 
has a viscoelastic nature as in other polymeric materials; it has a strong 
dependence of dynamic mechanical behaviour on temperature and frequency 
[17]. 
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Table 5: Details about EPDM [18] 

Material Young’s modulus (G Pa) Density (kg/m3) Impedance (Marl) 

EPDM 0.007 0.86 0.09 

 

Figure 13: The 3D image of the new energy absorption board 
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4.1.1.2 Part 2: Non-Newtonian fluid damper 

4.1.1.2.1 Shock absorber introduction 
At first we will introduce the shock absorber[19]. The shock absorber 

absorbs and dissipates energy. One design consideration, when designing or 
choosing a shock absorber, is where that energy will go. In most dashpots, 
energy is converted to heat inside the viscous fluid. In hydraulic cylinders, the 
hydraulic fluid heats up, while in air cylinders, the hot air is usually exhausted 
to the atmosphere. In other types of dashpots, such as electromagnetic types, 
the dissipated energy can be stored and used later. 

In a vehicle, shock absorbers reduce the effect of travelling over rough 
ground, leading to improved ride quality and vehicle handling. While shock 
absorbers serve the purpose of limiting excessive suspension movement, their 
intended sole purpose is to dampen spring oscillations. Shock absorbers use 
valving of oil and gasses to absorb excess energy from the springs. Spring 
rates are chosen by the manufacturer based on the weight of the vehicle, 
loaded and unloaded. Some people use shocks to modify spring rates but this 
is not the correct use. Along with hysteresis in the tire itself, they dampen the 
energy stored in the motion of the unsprung weight up and down. Effective 
wheel bounce damping may require tuning shocks to an optimal resistance. 

Spring-based shock absorbers commonly use coil springs or leaf springs, 
though torsion bars are used in torsional shocks as well. Ideal springs alone, 
however, are not shock absorbers, as springs only store and do not dissipate or 
absorb energy. Vehicles typically employ both hydraulic shock absorbers and 
springs or torsion bars. In this combination, "shock absorber" refers 
specifically to the hydraulic piston that absorbs and dissipates vibration. 

So after learning this, we want to apply this to the energy absorb parts. 

http://en.wikipedia.org/wiki/Ride_quality
http://en.wikipedia.org/wiki/Automobile_handling
http://en.wikipedia.org/wiki/Hysteresis
http://en.wikipedia.org/wiki/Unsprung_weight
http://en.wikipedia.org/wiki/Spring_%28device%29
http://en.wikipedia.org/wiki/Coil_spring
http://en.wikipedia.org/wiki/Leaf_spring
http://en.wikipedia.org/wiki/Torsion_spring
http://en.wikipedia.org/wiki/Torsion_bar_suspension
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Figure 14: The original Non-Newtonian fluid damper 
1. Cylinder  2.Piston   3.Orifice  4.Fluid 

Now we have a shock absorber. The Piston can move freely but slowly in 
the cylinder because the fluid inside will go through the orifice. The character 
of the damper will be determined by the fluid inside  

4.1.1.2.2 The conception of non-Newtonian fluid damper 
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Figure 15: The different of power fluids families [20] 
In nature there are many fluids having the liner flow properties, like water, 

if you put double stress, the fluid flow will be double. However, there are 
non-liner fluids in the world as well. The one we read from the paper has 
some special effect which is called shear thinning effect. 

Pseudo plastic fluids like ketchup, blood and some lub oils show shear 
thinning effect. With increasing shear stress the viscosity reduces resulting 
higher flow rate. So flow rate and the pressure curve of this kind of fluid will 
exponentially increase. 

 

  

Figure 16: Flow rate vs. Pressure curve of Pseudo plastic fluid [21] 
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Figure 17: Energy dissipation rate [22] 
As you seen in Figure 14, if we choice the pseudo plastic fluid in the 

cylinder, we will have the damper that can absorb the energy like this: At the 
first the piston will go quick and easily because the pressure is very high but 
because the fluid is non-liner, the piston will go slower and harder so that it 
can absorb more and more energy. 

 

Figure 18: New design for the Non-Newtonian fluid damper 
1. Cylinder  2.Piston   3.Clearance  4.Fluid 
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This new piston can move smoother than the old one because we change 
the hole from orifices to clearance. This will improve the piston blocked 
problem. 

4.1.1.2.3 Damper calculation 
We design the damper according to these equations below: 

Now we deduce the damper formula according to one exist thesis: 

‘Research of Gap Hydraulic Stickiness Damper Performance 
Parameters’[23] 

The oil bulk modulus: 

Ke = − V
∆V
∆P (3)  

‘Ke’ is bulk modulus of elasticity. 

‘∆P’ is the change of the pressure. 
‘V’ is original volume. 

‘∆V’ is Variation of the volume. 
Considering the volume change of symbols, transformation: 

∆P V
Ke

= ∆V (4) 

Differential equation (4): 
d(∆P)
dt

V
Ke

= d(∆V)
dt

= Qoil (5) 

The rate of flow through annular clearance: 
πDh3

12µL
∆P − πDh

2
ν = Qclearance  , (6) 

‘D’ is the diameter of the piston rod. 

‘h’ is the clearance between piston and cylinder. 

‘ν’ is the speed of piston. 

‘µ’ is velocity of the fluid. 
‘A’ is working area of hydraulic cylinder. 

The rate of flow from piston movement is equal to the rate of flow caused 
by hydraulic pressure difference plus the rate of flow through clearance: 
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νA = Qoil + Qclearance (7) 
We put equation (5) and equation (6) in equation (7), so we will get 

equation (8): 

νA = d(∆P)
dt

V
Ke

+ πDh3

12µL
∆P − πDh

2
ν (8) 

The viscous resistance of the piston: 

Fτ = πDLτpiston (9) 

‘L’ is the length of the piston. 

τpiston = �∆ph
2L

+ ∆pλ
L

+ µ V
h
� + �∆ph

2L
− ∆pλ

L
− µ V

h
�
e
h
λ

 (10) 

Because the clearance is so small, we can regard e
h
λ ≈ 1  

Fτ = πD∆ph (11) 

The force balance equation of the piston: 

F = ∆pA + m dv
dt

+ Fτ (12) 

We make a simulation model in MATLAB with combining equation (8) 
and equation (12). 

 

Figure 19: simulation model in MATLAB 
We get the size of the damper in Table 5 according to the rear space of the 

truck. 
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Table 6: Design data 

F[N] D[mm] d[mm] h[mm] L[mm] L1[mm] m[kg] Ke[Pa] μ 

10e5 100 60 0.5 50 400 15 5 e8 0.03 

 

Figure 20: Design data 

‘μ’ is dynamic viscosity. 

We put these data into MATLAB then we get this Figure 17: 

 

Figure 21: The resulting curve from the MATLAB simulating 

The energy is the area of the curve in Figure 21 

Table 7: The detail data about Figure 21 

Force (1e4[N]) Displacement[m] 

5.2 0.22 
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5.45 0.28 

3.2 0.31 

2.8 0.33 

3.4 0.4 

4.2 0.5 

According to Table 6 we can calculate the absorb energy: 

Edamper = �
5.2 × 2.2

2
+

0.06 × 0.2
2

+ 0.06 × 5.2 +
0.05 × 2.4

2
+ 0.05

× 2.8 +
0.07 × 0.6

2
+ 0.07 × 2.8 +

0.1 × 0.8
2

+ 0.1 × 3.4�

× 104 = 1.7 × 104  J 
Because we have two dampers so the total absorb energy is: 

Etotal = 2 × Edamper = 2 × 1.7e4 = 3.4e4  J 

It terms out our design is reasonable and reliable. 

4.1.1.2.4 Non-Newtonian fluid damper modeling 

 

Figure 22: Design a cylinder in NX Unigraphics 



32 
 

 

Figure 23: Design a piston in NX Unigraphics 

 

Figure 24: The cutaway view of the Non-Newtonian fluid damper 
1. Cylinder  2.Piston   3.Clearance  4.Fluid 

 

Figure 25: The Non-Newtonian fluid damper with spring 



33 
 

We also put a spring in the end of the damper so that after minor impacts 
the damper can return back. 

About detailed drawings, please see the appendix. 
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4.1.1.3 Part 3: Thread shearing absorber 

4.1.1.3.1 Thread shearing absorber introduction 

 

Figure 26: The cutaway view of original thread shearing absorber 
Thread shearing energy absorption is aimed at breaking the limitations of 

crushing type energy absorption structure and application. This innovation 
start a new type of energy absorption structure with some advantages like 
light weight, low cost and good collision safety, etc. 

We want to use this to achieve two functions:  

1. At relatively low-speed: The first portion and the second portion absorb 
energy. Because of the limit block the device is not damaged. 

2. At relatively high-speed: The limit block is cut and the three parts works 
together to safe the driver’s life. 

4.1.1.3.2 Thread shearing absorber calculation 
Now we deduce the static thread shearing force formula according to one 

existing thesis: 

‘Research in the impacting factors of rectangular thread shear energy 
absorption’[24] 

In Figure 27 you can see the thread cutting process: 
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Figure 27: Thread shear diagram [24] 
In order to have an easy analysis we divided the process into two steps: 

In Figure 28 we first spread the spiral line along the axis of thread. We set 
the y-axis as the axis of thread. So we can get the shearing process below: 

 

Figure 28: The first step 
‘a’ is the distance between expand the helix to the Y axis. 

‘b’ is the length of the side in cutting section. 

Then we can calculate the energy easily. Now the Area in Figure 29 is the 
thread cutting energy. 
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Figure 29: The second step [24] 
Thread Angle formula: 

α = tan−1 np
πd2

 (13) 

‘n’ is the number of the threads. 

‘d2’ is the diameter of pitch. 
Shear force formula of metal 

F = τ × S (14) 
‘S’ is shear area. 

‘τ’ is the shear in unit shear area. 
Geometric similarity relations in the Coordinate system 

dF(S) = τ a
b

ydy (15) 

Maximum shear force along the y-axis integral 

Fmax = ∫ τ a
b

ydyb
0 = τa b

2
 (16) 

R1 is minimum radius of thread: 

a = 2πR b
s

= 2π �R1 + P
4
� b
s
 (17) 

‘p’ is pitch. 

Shear force: 
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F = τπ �R1 + P
4
� b

2

p
,τ = k2 ∙ σb, k2 = 0.6 (18) 

We design the dimensions according to the calculation above. 

Table 8: Design data for thread shearing absorber 

R1[mm] Pitch[mm] b[mm] n 

60 16 10 1 

 

Figure 30: The size of thread according to Table 7 
Now we can calculate the energy that the thread shearing absorber can 

absorb: 

F = τπ �R1 +
P
4
�

b2

p
= 1.44 × 108 × 3.14(60 × 10−3 + 4 × 10−3)

×
100 × 10−6

16 × 10−3
= 1.81 × 105N 

E = F ∙ s = 1.81 × 105 × 0.3 = 5.43 × 104J 
Because we have two threads so the total absorb energy is 2E=10.86×

104J. 
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Figure 31: Design a thread in NX Unigraphics 

 

Figure 32: Thread cutting block 
We also consider the limit block. If we put them together, now you can see 

the thread cutting block contact the limit block first. 
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Figure 33: thread shearing absorber assembling 
1: Thread cutting block 

2: Limit block 

3: Thread 

 

Figure 34: The partial enlarged drawing of limit block 
We also calculate the energy absorption of cutting this limit block: 

Mechanical parameters of limit block: 

F = S ∙ τ 
τ = K ∙ [σ], K = 0.6, [σ] = 240MPa 

F = 60 × 10−3 × 3.14 × 8 × 10−3 × 144 × 106 = 2.2 × 105N 
E = F ∙ s = 1.74 × 103J 

app:ds:partial
app:ds:enlarged
app:ds:drawing
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When the speed of crash is above 30 km/h: The limit block will be cut first 
and then the thread cutting block can continually cut the thread to achieve 
thread shearing absorbing function. 

About detailed drawings, please see the appendix. 
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4.1.1.4 Part 4: Tighten rope device 

 

Figure 35: Tight rope device 
Ratchet (device)[25], a mechanical device that allows movement in only 

one direction 

http://en.wikipedia.org/wiki/Ratchet_%28device%29
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Figure 36: Ratchet device can achieve tighten rope function 
We use ratchet device to achieve tighten rope function. This device can 

take back the steel cable to lift up energy absorption board and non-
Newtonian fluid damper when the road condition is bad. 

 

Figure 37: Use steel cable to lift up device 
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When the truck is on the highway, the normal form will like this:

 

Figure 38: The normal working state 

 

Figure 39: The locking hinge 
We also consider the locking hinge. In Figure 34, when it is at the normal 

state we put one more hinge to lock it in order to avoid the device rotating up 
and down. 

When we need to rotate it we pull out the hinge and then we can use 
tightening rope device to take back the steel cable to lift up energy absorption 
board and non-Newtonian fluid damper. 
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Figure 40: Rotating statement 
The cable we use is wire rope. The diameter of the cable is 6 mm 

 

Figure 41: The wire rope [26] 
About detailed drawings, please see the appendix. 
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4.2 Implementation or Application 

After we design each part, now it’s time to put them together. But we 
notice some small problem. The first one is the energy absorption board. 
During our simulation we found no matter how small the force impact on the 
energy absorption board, the board will be cracked up. This means we cannot 
achieve the proposal that we don’t want to change the components when the 
crash speed is under 30 km/h. 

So after our group’s discussing, we came up with this new idea: 

 

Figure 42: The new anti-collision equipment 
We use two steel boards with a big rubber substitute the energy absorption 

board. So now if a car crashed on it at low speed, the rubber will absorb the 
energy and the piston will move into the cylinder to absorb the energy, too. 
But after that we don’t need to change the device because the components are 
not damaged. 



46 
 

 

Figure 43: The lift-up status 
To make it assemble well we also need to check the connecting parts: 

 

Figure 44: Hex Head bolt 
The bolt we choose is called Hex Head M20. 

The length is 130 mm and the diameter is 20 mm. 

The allowable shear stress of bolt: 

[τ] =
σs
S

=
320
1.5

= 213.3MPa 

The shearing stress of bolt on the device structure: 
F
4

π �20 × 10−3
2 � ²

=
2 × 109

4 × π
= 159.2MPa < [τ] 

The bolts are safe. 
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The shearing stress of bolt on the chassis: 

F × cos 38.5°

π �20 × 10−3
2 � ²

=
1.57 × 109

4 × π
= 125MPa < [τ] 

The bolts are also safe. 

The cylindrical pin we choose is in the same material: 

The allowable shear stress of pin: 

[τ] =
σs
S

=
320
1.5

= 213.3MPa 

The shearing stress of pin on the device structure: 
F
2

π �30 × 10−3
2 � ²

=
1011

225 × π
= 141.6MPa < [τ] 

The pins are safe. 
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4.3 Validation or Verification 

We use Solid Works [27] to verification whether the components are 
qualified. We first check them in the condition that the speed is at 30 km/h. 
We want to know whether the components can absorb the energy but not 
damage. 

4.3.1.1 Part 1: The steel boards with rubber 

 

Figure 45: Simulate the steel boards with rubber in FEM 
The energy is the area of the curve in Figure 45. 

Table 9: The detail data about the simulation 

Force(e5J) Displacement/mm 

0 0 

3.3 36.6 

3.1 45.0 

4.5 53.40 

So we calculate the absorb energy according to Table 8: 

E = �36.6 × 3.3 +
3 × 8.4

2
+ 3 × 8.4 +

1.5 × 8.4
2

+ 3 × 8.4� × 102

= 1.8 × 104J 
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Figure 46: Simulation result in FEM 

As you can see the rubber can assimilate force but not be destroyed. 

So the rubber is qualified. 
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4.3.1.2 Part 2: Non-Newtonian fluid damper 

 

Figure 47: Simulated stress distribution piston in Inventor (safe) 
When the speed is at 30 km/h, we simulate the force on piston in Inventor. 

In Figure 47, the result turns out that the piston won’t break off when faces 
such a big force. It will go into the cylinder smoothly and the whole process 
will absorb energy. 

The material of piston is steel. The [τ] is 240 MPa. According to the 
stress distribution in Figure 47, the max stress is 201.3 MPa. Because 201.3 is 
smaller than 240, the piston is safe and it will not break. 

 

Figure 48: Simulated stress distribution piston in Inventor (not safe) 
But when the speed is over 30 km/h, it’s clear in Figure 48 the damper 

cannot absorb the energy totally. So we need to add the thread shearing 
absorber to help absorbing the rest energy. 
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4.3.1.3 Part 3: Thread shearing absorber 

 

Figure 49: Simulated stress distribution piston in Inventor (safe) 
In Figure 49, we put the force which we calculate when the crash speed is 

at 30 km/h. The result is very pleased. 

The max stress in Figure 49 is less than the [τ] of the limit block. 

In such a force the limit block will not be cut so that this thread shearing 
absorber is undamaged. We do not need to change it and this can save our 
money. 

  

Figure 50: Simulated stress distribution piston in Inventor (not safe)  

When the speed is over 30 km/h, the stress is bigger than the [τ] of the 
limit block. 
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Figure 51: Simulate piston in Inventor (not safe) 
In Figure 51, the stress is focus around the limit block so it turns out the 

limit block will be cut at this circle as design. 

The thread cutting block can continually cut the thread to dissipate energy. 

 

4.3.1.4 Part 4: Simulate the main structure in Inventor 

 
Figure 52: Simulate structure in Inventor 

The result shows that stress suffered much smaller than allowable stress so 
the structure will not bend or break during crash. The impact energy can be 
absorbed as design. 
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Figure 53: Simulate structure in Inventor 
The safety number is around 8 to 15. It turns out our design will work as 

what we design. 
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5 Conclusion and future work 
We’ve done all the calculation, modelling and simulation. It turns out our 

device will work as it was intended during the start of this thesis. Detailed 
calculation and drawing will help to manufacture this device. Simulation 
result has shown the validity of the model.  

The non-Newtonian behaviour has been described as second order 
function; studies are required to find a fluid with similar properties. A full 
dynamic simulation in comsol multi-physics software will be interesting for 
further validation of the proposed design’s effectiveness.  

Rugged mountain road and the construction site have higher requirements 
about the height of vehicle chassis. The device is adjustable in our design, but 
it has to be adjusted by hands. So in future work, there is an idea about it. We 
add an electric system to run the tighten rope device. It is more convenient for 
adjusting the dampers in different environment. 

 

Figure 54: The motor of an electric system to run the tighten rope 
device[28] 



55 
 

  



56 
 

6 Reference 
[1] Baidu, 'traffic accident death toll in China' [Online]. Available: 
 http://wenku.baidu.com/view/d9bdf7e85ef7ba0d4a733b30.html 

[Accessed: 2013.05.25] 
[2] Baidu, 'Truck crash' [Online]. Available: 
 http://www.iqcyp.com/10/6306/ [Accessed: 2013.04.25] 
[3] Google, 'crash test preformance of large truck rear underride guards' 

[Online]. Available: 
 http://bbs.qichelian.com/post_5940398_1.html [Accessed: 2013.04.27] 
[4] 'CRASH TEST PERFORMANCE OF LARGE TRUCK REAR 

UNDERRIDE GUARDS' Matthew L. Brumbelow, Insurance Institute for 
Highway Safety, United States, Paper No. 11-0074. 

[5] Baidu, 'Jiefang J6M' [Online]. Available: 
 http://product.360che.com/Pic/113900.html [Accessed: 2013.04.28] 
[6] Baidu, 'Jiefang J6M heavy truck' [Online]. Available: 
 http://product.360che.com/m8/2217_para.html [Accessed: 2013.04.28] 
[7] Baidu, ' Clamp the head down' [Online]. Available: 
 http://www.360che.com/tech/120530/21009.html [Accessed: 2013.04.28] 
[8] Baidu, 'Anti-collision Equipment Applied on Truck' [Online]. Available: 
 http://www.tiaozhanbei.net/project/298/ [Accessed: 2013.05.01] 
[9] Wei Liu, 'A truck rear-ended multilevel buffer collision prevention 

device.' CN, 102582553 A, 2012.07.18 
[10] Doc88, 'Viscous dampers speed index and the engineering application 

research' [Online]. Available: 
 http://www.doc88.com/p-0002957245402.html [Accessed: 2013.05.01] 
[11] Wikipedia, 'NX Unigraphics' [Online]. Available: 
 http://en.wikipedia.org/wiki/NX_Unigraphics [Accessed: 2013.05.16] 
[12] Wikipedia, 'Autodesk Inventor' [Online]. Available: 
 http://en.wikipedia.org/wiki/Autodesk_Inventor [Accessed: 2013.05.16] 
[13] Wikipedia, 'Finite element method' [Online]. Available: 
 http://en.wikipedia.org/wiki/Finite_element_method [Accessed: 

2013.05.16] 
[14] Wikipedia, 'MATLAB' [Online]. Available: 
 http://en.wikipedia.org/wiki/MATLAB [Accessed: 2013.05.26] 
[15] Doc88, 'Automotive collision characteristic parameters study collision 

car collision characteristic parameters' [Online]. Available: 
 http://www.doc88.com/p-901565895806.html [Accessed: 2013.05.01] 
[16] http://composite.kaist.ac.kr/public/NPE68.pdf [Accessed: 2013.05.26] 
[17] Kim, J. K.; Kim, I. J Appl Polym Sci 2001, 79, 2251. 

http://composite.kaist.ac.kr/public/NPE68.pdf


57 
 

[18] Murayama, T. Dynamic Mechanical Analysis of Polymeric 
Material;Elsevier: New York,1978. 

[19] Wikipedia, 'Shock absorber' [Online]. Available: 
 http://en.wikipedia.org/wiki/Shock_absorber [Accessed: 2013.05.16] 
[20] Wikipedia, 'The different of power fluids families' [Online]. Available: 
 http://en.wikipedia.org/wiki/Non-Newtonian_fluid [Accessed: 

2013.05.25] 
[21] google, 'Flow rate vs. Pressure curve of Pseudo plastic fluid' [Online]. 

Available: 
 http://www.coleparmer.com/TechLibraryArticle/933 [Accessed: 

2013.05.23] 
[22] Baidu, 'Energy dissipation rate' [Online]. Available: 
 http://www.scielo.org.ar/scielo.php?pid=S0327-

07932010000100009&script=sci_arttext [Accessed: 2013.05.25] 
[23] Docin, 'Research of Gap Hydraulic Stickiness Damper Performance 

Parameters' [Online]. Available: 
 http://www.docin.com/p-230589508.html [Accessed: 2013.05.03] 
[24] Docin, 'Research in the impacting factors of rectangular thread shear 

energy absorption' [Online]. Available: 
 http://www.docin.com/p-102042253.html [Accessed: 2013.05.03] 
[25] Wikipedia, 'Ratchet' [Online]. Available: 
 http://en.wikipedia.org/wiki/Ratchet [Accessed: 2013.05.16] 
[26] Baidu, 'steel wire rope' [Online]. Available: 
 http://www.9327.com/w-454383.html [Accessed: 2013.05.16] 
[27] Wikipedia, 'SolidWorks' [Online]. Available: 
 http://en.wikipedia.org/wiki/Solidworks [Accessed: 2013.05.16] 
[28] Baidu, 'Stepper motor' [Online]. Available: 
 http://baike.baidu.com/view/13608.htm [Accessed: 2013.05.16] 
  



58 
 

7 Appendix 
7.1 Block-1 
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7.2 Block-3 
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7.3 Damper 
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7.4 Middle beam 
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7.5 Piston 
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7.6 Thread 
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7.7 V-Block 
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