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ABSTRACT

The article presents research findings on an energy harvesting system using speed bump
devices for motor vehicles while on the road. These speed bumps are installed at various traffic
points, specifically where vehicular traffic needs to slow down for safety. The paper successfully
introduces a system model that has been simulated using the Matlab-Simulink program. The results
also demonstrate the potential energy source that can be harnessed from this energy.
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TOM TAT

Bai bdo trinh bay két qud nghién ciru vé hé thong thu nang luong tur bang go gidm téc cudong
birc xe co giGi khi di chuyén trén dmmg Nhiing go giam téc nay dwoc lap dat tai cac diém giao
thong, noi cac phwong tién co gioi can phaz gidam toc dé dé dam bdo an toan giao théng. Bai bdo
gidi thiéu thanh céng mot mé hinh hé théng da dwoc mé phong bang chwong trinh Matlab-Simulink.
Két qua ciing chitng minh nguén nang lirong tiém néing cé thé dwoc tdn dung tir nguon nang lirong

nay.

Tir khéa: Go giam toc; Nang lwong tir go giam toc.

1. MAKE A PROBLEM

Transportation plays an indispensable role
in our daily lives, especially the use of vehicles.
Ensuring safety in traffic involves crucial speed
regulation, with numerous measures available,
among which speed bumps are widely employed
today. However, the commonly used speed bumps
lack the capacity to harness energy. Failing to
exploit this energy source represents a wastage.
Therefore, researching speed bumps capable
of harvesting energy from vehicular motion
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is a significantly meaningful endeavor. There
have been studies on the topic of speed bump
energy harvesting for vehicles, as evidenced by
works such as [1, 2, 3, 4, 5, 6, 7, 8]. However,
these studies predominantly employ mechanical
power transmission. Due to the advantages of
easy installation and operation, and there have
been studies utilizing hydraulic drive systems for
energy harvesting [9, 10]. Therefore, hydraulic
drive systems should be considered for research
and application in harvesting energy from speed

bumps.
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2. THE SYSTEM DESCRIPTION

The energy harvesting system, utilizing
speed humps to reduce the speed of a vehicle,
can be illustrated by the following diagram:

N B

Figure 1: Diagram of the energy harvesting system
using speed bump (EHSSB):

1 - Speed hump; 2 — Spring return;

3 — Transmission rod with ratio i, 4 — Hydraulic

cylinder assembly; 5 — Hydraulic oil reservoir,

6, 7 — One-way hydraulic valves; 8 — Hydraulic

accumulator tank for gravity load; 9 — High-pressure

hydraulic oil path; 10 — Hydraulic valve; 11— Hydraulic

motor; 12 - Generator,

13 — Mechanical transmission system with gear ratio i;

14 — Safety valve; 15 — Stroke switch;

F — Force exerted by the weight of the vehicle.

Based on the impact of the vehicle's
weight, the speed reducer 1is displaced
downward, compressing spring 2. After the
speed reducer is no longer affected by the
vehicle's weight, spring 2 releases, returning
the speed reducer to its initial position. As the
speed reducer moves downward, through the
drive system of connecting rod 3, the piston
of the hydraulic cylinder assembly 4 moves,
compressing hydraulic oil. The oil is then
pushed through one-way valve 7, through
the high-pressure hydraulic oil path 9, and is
loaded into the accumulator tank 8, where
energy is stored. This stored energy is retained
until reaching the position of operational valve

number 15. At this point, it activates hydraulic
valve 10 to open. Hydraulic oil is then pushed
to the hydraulic motor 11 for operation through
the mechanical transmission system 13, thereby
driving the generator 12 into operation.

3. THE SYSTEM MODELING

Based on the working principle of the
EHSSB shown in Figure 1, a mathematical model
is proposed to demonstrate the system dynamics.

3.1. Modeling of speed bump

Figure 2. Schematic of the translational motion
with speed bump

From the diagram in Figure 1, we have
the following schematic:

Applying Newton's Second Law, we
have: m.¥ = (F. + F¢) — Fit (1)

F, =Kx )

Where: m - Mass of the speed bump
(kg); F, - Force exerted by the vehicle load on
the speed bump (N); F, - Reaction force due to
the spring elasticity (N); K — Spring constant;
x - Displacement of the speed bump in the
vertical direction (m); F - Reaction force from
mechanical transmission rod (N).

3.2. Model of the hydraulic cylinder and
transmission rod

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 313, thang 3 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

Using hydraulic cylinder such as a pump
and ignoring the mass, the model of the hydraulic
cylinder is described by the following equations [11]:

F=p A + F. 3)
q=A.v(t) 4)
=~ v(t) (5)
V=V~ V, (6)
_ mDj;
= @

(x — xg)-Kp.v(1),ifX<xp,v <0 (8)
0 otherwise
X, = S-Xx, 9)
X, = =X (10)

R 0

{(x — xg)- K. v(t)ifx > xg,v > 0
FC =

Where: F is the force developed by
the cylinder; v(t) is the cylinder rod velocity;
V., and v, are the absolute velocities of the
cylinder rod and cylinder case, respectively;
A is the surface area of the piston; p_ is the
pressure in the compression chamber; q is the
flow rate through port A out of the cylinder; x
is the piston position; x, is the initial distance
between the piston and cap A; F . is the hard stop
force; x_ is the distance traveled by the piston
to fully extend from the initial position; x, is
the distance the piston can travel to fully retract
from the initial position; Kp is the penetration
coefficient; S is the piston stroke; and D_is the
diameter of the piston.

The relationship between Reaction
force from mechanical transmission rod (F,)
and the hydraulic cylinder force (F) is given by
the transmission ratio (i,).

F =Fi (11)

i, - The transmission ratio from speed
bump to the rod of the hydraulic cylinder.
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3.3. Model of the pipeline is written in the
form of pressure loss

Assuming that the fluid is in a laminar
flow state, the pressure drop can be expressed
as [11].

(L+L,) p
Ap=f—2 " g 12
p=f D, 2Aquql (12)
QR O Jor..R <=R_,
= ﬁ+%axc-kd) ................. for. R, <R.<R, (13)
el el
1
....... for...R,>=R;
69 /D >R
(—1-810%%10(Re Jr(T7H)1'“))2
R, = 4Du (14)
A v

Where: Ap - Pressure loss along the
pipe due to friction; q - Flow rate through the
pipe; R, - Reynolds number; R, - Maximum
Reynolds number at laminar flow; R -
Minimum Reynolds number at turbulent flow;
K, - Shape factor that characterizes the pipe
cross section; f - Friction factor at laminar
border; f, - Friction factor at turbulent border;
A, - Pipe cross-sectional area; D, - Pipe
hydraulic diameter; L - Pipe geometrical
length; L~ -Aggregate equivalent length of
local resistances; r - Height of the roughness on
the pipe internal surface; v - Fluid kinematic
viscosity.

3.4. Modeling of check valve

The valves in the piston valve or
base valve can lead to a decrease in the flow
pressure. The check valves above are regarded
as thin wall holes, and thus the pressure drop
can be expressed as [11]:
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2AP,;

Gvi = CaAy; pm (15)
qzip

and AP,; = o242 (16)
dovi

Apge-Tor . p<=pepy
Ayi(P) = { Atea +K-(P—Perae) 0T Porarse <P < Pnax (17)
A 10T P>= Dy

:Ef — Amax—Aleak (18)
Pmax— Perack

Where: Ap . - The pressure drop of
the check valve i; q, - The flow rate of the
check valve i; C, - The flow coefficient; p - The
kinetic density of oil; A , - The cross area of the
check valve i; A - Fully open valve passage
area; A - Closed valve leakage area; p__, -
Valve cracking pressure; p_ - Pressure needed
to fully open the valve.

3.5. Model of the weight-loaded accumulator

Figure 3. The diagram of the weight-loaded
accumulator

Applying Newton's Second Law, we have:

D
My=" P~ (Mg +F,) (19)

O —¥e)-Kpae-v(@)ify > y,v > 0
FC(IC =

O = ¥)- Kpac v(D),if y<ypv <0 (20)

0 otherwise
yE = Sac - yO (21)
Yo = Y, (22)

Where: g - Acceleration due to gravity
(m/s?); M - Mass of the weight-loaded
accumulator (kg); D, - The diameter of piston
of the weight-loaded accumulator (m); F__
— The frictional force between the piston and
the cylinder in the weight-loaded accumulator;
y is the piston position of accumulator; y, is
the initial distance between the piston and cap
A; vy, is the distance traveled by the piston
to fully extend from the initial position; y,
is the distance the piston can travel to fully
retract from the initial position; K . is the
penetration coefficient; S_ is the piston stroke
of accumulator.

The energy of the hydraulic accumulator
can be determined:

E,. = pOudi (23)

Where: Q- The hydraulic oil flow pushed
into the weight-loaded accumulator (m?/s).

Q.=q-q, (24)
p,.=p.-Ap-Ap, (25)

3.6. Model of a vehicle passing over a speed
bump

Assuming that the load force exerted on
the speed bump, F,, remains constant during
the time the wheel is in contact with the speed
bump; assuming the vehicle speed is constant
and the wheel maintains continuous contact
with the speed bump, the dwell time of the
wheel on the speed bump can be determined by
the following expression:

T, = i (s) (26)

Where: T - Time for the wheel to pass
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over the speed bump (s); B - Width of the speed
bump (m); v __ - Velocity of the vehicle (m/s)

4. RESULTS AND DISCUSSION

From equations 1 to 25, using the Matlab-
Simulink program, the EHSSB is modeled.

Table 1. Parameters of the EHSSB:

Parameter of the EHSSB Value
m - Mass of the speed bump (kg) 80
K — Spring constant (N/m) 10000
B - Width of the speed bump (m) 0,35
v, - Velocity of the vehicle (m/s) 5 7[;349’1 5]

i, - The transmission ratio from
the speed bump to the rod of the 0.2
hydraulic cylinder

D - Piston diameter (m) 0.05
D,, - Pipe hydraulic diameter 0.0381
(m)

L - Pipe geometrical length (m) 3

v i - Fluid kinematic viscosity 1 86-05
(m?%s)

p - Fluid density (kg/m?) 850
D, - The diameter of piston of

the weight-loaded accumulator 0.3
(m)

M - Mass of the weight-loaded 98125

accumulator (kg)

The input parameters for the calculation
program are in accordance with Table 1. After
entering the parameters into the Matlab-
Simulink program, some results are presented
in various figures, as shown in Figure 4:

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 313, thang 3 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn

Energy received into the hydraulic accumulator
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Figure 4. The energy graphs obtained in three

cases of vehicle movement
(V.= 15km/h; 10km/h; Skm/h).

Figure 4 illustrates the energy obtained
by the weight-loaded accumulator after
applying force to a speed bump 50 times in three
cases of vehicle movement with corresponding
speeds of (15 km/h, 10 km/h, and 5 km/h). The
respective elevations of the obtained energies
are 2418 J; 4881 J; and 8220 J. Comparing the
three cases and considering the same number
of vehicle passes reveals that at slower speeds,
the obtained energy is greater.

5. CONCLUSION

The article has successfully developed
a model for an energy harvesting system from
the speed bump, using a hydraulic accumulator
of the gravitational type. Through this model,
we can employ it for researching, investigating,
and assessing the energy harvesting potential
of the speed bump.

The results have demonstrated the
energy harvesting capability of the EHSSB
system, providing a foundation for the design
and fabrication of the EHSSB system in

practical applications.
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