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Abstract. In transportation, the road is rough, the engine operation, the instability of the transmission system, and 
large vibration of the vibration system is to collect the vibration energy, and transformed into stable electricity, 
provide extra energy for transportation. Experiment device of the system is composed of three parts: simulate 
vibration test rig, vibration generating device, rectifier voltage regulator circuit. Vibration table is to simulate vehicle 
vibration in the road, cars, for example, through the check information that cars drive in ordinary road driving axle of 
some vibration data, thus to calculate all parameters of the vibration table. Vibration generating device is placed on 
the simulation vibration table, it can convert vibration energy into cars can use electricity. Rectifier voltage regulator 
circuit is generated by power generation device with a range of random variation of amplitude of electric energy 
through the rectifier voltage into a stable power output, for car use. The final design and making the vibration system, 
obtained by the method of experiment proved that the vibration of system feasible. 

1 The background and significance 

Vibration is ubiquitous in the transportation, it not only 
consume much energy, and bring the noise and vibration, 
reducing the comfort and stability. But the vibration is 
hard to avoid in the transportation, usually in order to 
reduce the loss of the vibration and the vibration will 
install some shock absorption on the mechanical design. 
In this paper, we study and design on the vibration of the 
vehicles produced in the process of driving the recovery 
and utilization system, through this system, the vibration 
in the vehicle running hard to eliminate forms of energy 
conversion, reasonably be can use energy. Compared with 
ordinary suspension mechanism, vibration system can be 
used to collect and convert vibration energy and can 
improve the efficiency of energy utilization if efficient 
use of the energy. 

Because our country most of the pavement is class B 
(cement and asphalt) or C level road, therefore assume 
that car is in grade B road on GB7031 according to the 
road pavement power spectral density according to the 
rough degree is divided into 8, also stipulates that the 
scope of all levels of road roughness coefficient and the 
geometric average, the frequency of the grading road 
roughness index to 2, shown in the following table. Cars 
in the driving process, and different speed, different 
grades of road surface pavement roughness incentives are 
different. Road surface model is road roughness on the 
road grade and the mathematical description of the car 
speed variation. Table 2 as a vehicle for a domestic car 
technical parameters, using the simulation toolkit 
(Simulink), can be obtained under the system parameters 

and the road excitation Angle of sprung mass and the 
output of the sprung mass center displacement curve. 
Combining general speed is within the scope of the 36 ~ 
108 km/h, the corresponding wheel input time between 
0.1 ~ 75 hz frequency range, the inherent frequency of the 
suspension system in 1 ~ 2 hz, part of the suspension 
system inherent frequency in 10 ~ 16 hz. Shock absorber 
in the 10 ~ 16 hz frequency range when it sprung mass 
center displacement amplitude on - 40 db. After the 
suspension system is calculated the frame vibration 
amplitude is about 2 cm. So magnetoelectric vibration 
generator design work environment is: the automobile 
speed in the 36-108 km/h, on B road, vibration generated 
by the road and vehicle itself incentive the rear axle, 
produced by the vibration frequency range for 10 to 16 hz, 
vibration amplitude around 2 cm. 

 
Table 1. The power spectral density coefficient of road surface 
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Table 2. A domestic car vehicle technical parameters

parameter The 
numerical 

parameter The 
numerical 

M kg  975.37 
 

2546.5 

98 2480.6 

 
98 

 
604684.5 

 
45482.2 

 
985865 

 
52288.2 a m  1.1135 

b(m) 1.5415 J(Kg ) 863.2 

2 The design of the system vibration

Vehicle vibration system is shown in figure 1, includes 
the following parts: electromagnetic vibration generating 
device, rectifier voltage regulator circuit, simulation 
vibration table.  

Figure 1. Vibration system. 

3 Electromagnetic vibration generating 
device

Cars on the vibration of each part has its different 
directions, with similar principle to design the 
magnetoelectric sensor vibration collection and 
conversion of power generation equipment, through the 
different parts of the car, different directions, to install the 
device, to a certain direction vibration is converted into 
mechanical energy through the power of the device can 
use of electricity. Electromagnetic vibration generating 
device with the method of permanent magnet in place, it 
is composed of permanent magnet, spindle, coils, springs, 
linear bearing and the shell, etc. Permanent magnet is 
installed on the spindle, spindle on both ends of the spring 
end respectively fixed on the end cover shell, the other 
end, respectively, to resist the spindle, it plays the role 
balance reset, coil is fixed on the outside of the permanent 
magnet. Work in the process of permanent magnet 
reciprocating motion in the coil, an electrical current to 
cutting magnetic induction line. Because the car axle is 
directly from under such as uneven ground, engine 
running, the vibration incentives, such as transmission 
system is not smooth, so in the actual application can 
install multiple vibration generating device to the car's 
axle parts, so that it can be larger to collect vehicle 
vibration energy and convert it into electrical energy can 
be used. Vibration generating device of the 
three-dimensional figure as shown in figure 2, figure 3 for 
the real figure.

Figure 2. Vibration generator for three dimensional figure. 

 
Figure 3. Vibration generator for real figure. 

4 Voltage regulator rectifier device

Due to the different parts of the vibration amplitude is 
different, the resulting current size are different, the car 
can use voltage have special requirements, it is necessary 
to design a voltage regulator rectifier device, a voltage to 
integration of the magneto electric generator for 
producing, in order to meet specific application 
requirements. According to the design requirements of 
electromagnetic vibration generating device, you need to 
generator output alternating current (amplitude of 16 v) 
could satisfy the requirement of storage battery is 
converted into direct current (12 v).Thus we design a 
simple dc voltage system. Figure 4 is to convert 
alternating current (ac) to conform to the conditions of 
direct current (dc) diagram.

 
Figure 4. Circuit diagram. 

5 simulation vibration table

Design the device in the product development phase, the 
purpose is approximately simulated vibration in the 
process of driving vehicle situation, it would not have to 
for real vehicle experiment, with the real vehicle 
experiment is very complex, and it is time consuming, 
high cost, bad for the project. As the automobile rear axle 
initial pavement displacement, encouragement is affected 
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by the surface roughness, and uneven road surface is a 
random process, with irregularity and self-similarity, 
showed obvious fractal characters, so the surface 
roughness have the fractal characteristics of chaos, so the 
simulation vibration table using chaotic vibration 
principle, the connecting rod slide block mechanism, the 
number of freedom degree is greater than the original 
dynamic mechanism of, by the mechanical principles 
known even move a deterministic input, output can still 
irregular vibration. Structure principle as shown in figure 
5, Figure zhongyuan moving crank for uniform rotation 
driven by a motor. Uniform rotation, although a crank and 
connecting rod slider mechanism for no clearance, but the 
freedom degree is greater than the original number, 
Freedom degree of the 

organization 3 2 2 3
L h

F n P P� � � � , The number of 

components is n , Low number of vice is L
P ,High 

number of vice is h
P . So, the design of the connecting 

rod slider vibrator, should be able to make the movement 
of the workbench has chaotic characteristics, to better 
simulate complex vibration when the car driving on the 
road.

 
Figure 5. Vibration platform agencies diagram. 

Frequency: 10 ~ 16f Hz�

The amplitude: mm20~0A �

Under the above conditions by the calculation and 
simulation with given size parameters of the mechanism 
motion: OA=18mm, AB=3mm, BC=111.5mm, DE=3mm,
EO=167mm, DC=180mm, CG=100mm.

Using Pro/E software to simulate the vibration 
test-bed for 3 d modeling, obtained by mechanism motion 
simulation vibration table of displacement, velocity and 
acceleration curve. As shown in figure 6-7. 

By the simulation of displacement, velocity and 
acceleration curve, the average amplitude of vibration 
platform is mm5.14 , the maximum amplitude of
vibration platform is mm20 , the minimum amplitude of 
vibration platform is mm7.0 , the maximum speed of 
vibration platform is smm /771 , the maximum 

acceleration of vibration platform is 
2/330709 smm . 

 
Figure 6. The amplitude of vibration platform. 

Figure 7. Vibration platform speed curve. 

6 The experiment and analysis

Due to the different parts of the vibration amplitude is 
different, the resulting current size are different, the car 
can use voltage have special requirements, it is necessary 
to design a voltage regulator rectifier device, a voltage to 
integration of the magnetoelectric generator for producing, 
in order to meet specific application requirements.
According to the design requirements of electromagnetic 
vibration generating device, you need to generator output 
alternating current (amplitude of 16 v) could satisfy the 
requirement of storage battery is converted into direct
current (12 v).Thus we design a simple dc voltage system.

The determination of rectifier voltage part parameters:
Rectification: the bridge type single-phase rectifier circuit.
Known input maximum voltage = 16 v, maximum current 
input.IN4007 acuity 50 v st13, reverse breakdown voltage 
of the rated working current = 800 ma, reason of selecting 
IN4007 diode rectifier bridge. Filtering: because small 
output current in the circuit, capacitor filter circuit can be 
used. Capacitor filter on engineering application in 
general have formula or greater (3 ~ 5) / 2. We make = 5 
x / 2 = 2.5 x = 2.5 / + = 2. 5 / (x) = 2.5 / (x) = 2083 uF, 
voltage = 1.2 = 13.6 V.So choose = 2200 uf, 50 v 
electrolytic capacitor. For load resistance, capacitor for ac 
voltage cycles, as ac voltage and frequency as the input 
voltage, input current. Voltage regulation: the adjustable 
voltage regulator integrated three-terminal voltage 
regulator LM317.LM317 output voltage can be adjusted 
through the potentiometer, approximation is expressed as:
= 1.25 x (1 + /). = 12 v dc output voltage according to 
��������	 �
��	 �	 ��	 ��	 ���������	 
�
��
���	 �	 ���	 ��	
�
��	�
���	���	
	�	�	�	�����	������
�	�
�	����! Is produced 
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to prevent self-excited oscillation, its values range 
between 0.1 ~ 1 u F, take in the design of the 0.1 u F; And, 
protection, which typically take 100 u F;Through the 
simple dc voltage system, we can get that could satisfy 
the requirement of automobile storage battery dc 12 v 
voltage, in order to realize to the battery charging process. 
In addition we will install a reserve battery, when the car 
battery charged to reserve battery recharged, make full 
use of so as to realize the electrical energy. For the 
diode).Through the simple dc voltage system, we can get 
that could satisfy the requirement of automobile storage
battery dc 12 v voltage, in order to realize to the battery 
charging process. In addition we will install a reserve 
battery, when the car battery charged to reserve battery 
recharged, make full use of so as to realize the electrical 
energy.

7 Frequency domain characteristics 
analysis of generator

By the structure of the magnetoelectric vibration 
generator, the permanent magnet on receipt of the 
external random vibration frequency response can be used 
when the quality - spring - damper model, model diagram 
as shown in Figure 8. 

X(t)

F(t)

Figure 8. Quality - spring - damper model. 

By Newton's laws of motion can be obtained under 
arbitrary excitation system of forced vibration differential 
equation for:

)()()()( 2

2

tkx

dt

tdx
c

dt

txd
mtf ���  (1)

Type of axial displacement function for permanent 
magnets, sum of permanent magnet and the quality of the 
spindle, for the system damping coefficient, the elastic 
coefficient of spring. In the initial conditions to zero, to 
pull its transformation, the transfer function of system is:

kcsmssF
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sG

��
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1
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And by the principle of voltage available:
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L

c
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Type of coil inductance, as induced current changing 
with the time function, load resistance to vibration 
generator is connected, for the coil resistance, as the 
remanence intensity, the length of the coil. To pull 
transformation type (3): 

c
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Because the voltage � , so permanent 
magnet displacement and the output voltage of the 
transfer function for:

c
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�
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 (5) 

Due to the induced current in coil will give a negative 
feedback system, for its transfer function

R

Bl
sG �)(3            (6) 

By type (2) and (4) (6) the system must transfer 
function is:
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Due to the small and can be ignored, after finishing 
the system overall transfer function is:

])()([)(
)()( 22
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According to the calculation formula of permanent
magnet in the permanent magnet motor:

39

maxu

dF0
m mm10*
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V
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�

�
�

Automotive vibration is inevitable in the process of 
driving, and makes a considerable part of the energy loss, 
also has brought the noise and vibration at the same time, 
lower the car's comfort and stability. These can cause the 
vibration of the car, and are hard to use technical means 
to eliminate the vibration for the car run has brought 
many unfavorable factors such as inadequate performance 
play, economy becomes bad, through natural bad 
handling stability, peace, damaged parts, shorten service 
life and so on. So imagine a car that can collect the 
vibration of generating unit, the vibration of mechanical 
energy into electricity, as part of the car electrical system 
provides additional power, so as to achieve the aim of 
improve the efficiency of the automotive fuel use.
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8 Conclusion

Automotive vibration is inevitable in the process of 
driving, and makes a considerable part of the energy loss, 
also has brought the noise and vibration at the same time, 
lower the car's comfort and stability. With the popularity 
of cars, the vibration energy losses have reached a certain 
proportion, in global energy increasingly scarce, and 
China is mainly under the background of construction of 
economical society, make full use of energy to become a 
problem we must solve. The vibration of the vehicle from 
several aspects such as the road is rough, the change of 
the speed and direction, wheels, the engine and 
transmission system is not smooth, the impact of the gear,
etc. These can cause the vibration of the car, and are hard 
to use technical means to eliminate the vibration for the 
car run has brought many unfavorable factors such as 
inadequate performance play, economy becomes bad, 
through natural bad handling stability, peace, damaged 
parts, shorten service life and so on. So imagine a car that 
can collect the vibration of generating unit, the vibration 
of mechanical energy into electricity, as part of the car 
electrical system provides additional power, so as to 
achieve the aim of improve the efficiency of the 
automotive fuel use.

Vibration generating device could be common in the 
transportation of vibrations into usable energy Using the 
built-in permanent magnet generating set to a larger 
extent realize energy conversion, also has a shaking table 
and adjustable rectifier voltage regulator circuits. Not 
only that it has a simple structure easy manufacturing, 
polluting the environment, changing volume, sustainable 
power and high efficiency etc., can be applied to a variety 
of mechanical vibration, the application prospect is broad.
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