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ABSTRACT

Currently, many countries in the world are facing the risk of
fossil fuel depletion, in addition to environmental pollution and
greenhouse effect caused by the automobile industry. To solve
this problem, major automobile manufacturers in the world have
implemented the conversion of the automobile industrial
revolution to electric cars with the aim of using electric energy
to serve the automobile industry, solving the problem of
environmental resource depletion and emissions from cars into
the environment. In the face of the current serious
environmental pollution situation and the threat to human health
and life. In this article, the author proposes a solution to replace
fossil energy sources by equipping the car engine with two main
energy sources: internal combustion engine and electric motor,
also known as Hybrid engine, recovering renewable energy
during engine braking through a kinetic energy converter into
electricity that can charge the battery or provide load for the car.
Regenerative braking energy recovery is calculated based on
regenerative braking theory combined with simulink
simulation, and tested to calculate regenerative braking or
deceleration energy on a Toyota Prius Il. The results show that
with a vehicle mass of 1379Kkg, the initial speed is 72km/h, after
using regenerative braking, the speed is reduced to 32km/h and
the energy collected during braking is 221.3 KJ. From the
results of theoretical calculations and experimental simulations,
we can manufacture a regenerative braking system applicable to
popular cars in circulation in our country.

Hybrid wvehicles. Hybrid wvehicles are fully
equipped with traction control systems (ASR),

In conventional vehicles, there is only one
source of energy, which is the power and torque
generated by the internal combustion engine to
drive the wheels. However, vehicles with two or
more energy sources and converters are called

ABS brake control systems, and during braking
or deceleration, the Hybrid vehicle will recover
part of the vehicle's Kkinetic energy during
braking or deceleration of the vehicle's engine.
When the kinetic energy source is recovered
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during braking, when the vehicle is operating on
the road to generate electricity to supply the loads
and charge the battery, this helps the vehicle save
fuel and limit environmental pollution. With the
outstanding features of Hybrid cars, fully
equipped with safe braking systems that other
cars on the market do not have, Hybrid cars are
the priority choice for the current automobile
industry, meeting the needs and tastes of people
when using cars on the road while also meeting
emission standards set by the EU or EEA
members.

2. RESEARCH METHOD OF HYBRID
BRAKE THEORY

In the calculation of brake mechanisms,
many authors have written about the braking
process and maximum braking force in brake
types such as disc brakes, pneumatic brakes,
hydraulic-pneumatic brakes. However, no author
has mentioned the braking force during the
braking process reaching the maximum and
recovering energy during the braking process
into a useful energy source. In this article, the
author builds the theory of regenerative braking
and energy recovery during the braking process,
combining simulink simulation to produce
results close to the actual calculation of the
braking theory and recovering Kinetic energy
from the braking mechanism, converting kinetic
energy into electrical energy to charge the battery
or accumulator and supplying the loads during
vehicle operation. Therefore, the theory of
building a braking mechanism on the Hybrid
Prius 1l car was born. To better understand this
issue, we will calculate to get practical results: A
car with a mass of 1379 kg is moving at a speed
of 72 km/h, using regenerative braking to reduce
the speed of the car to 32 km/h, the value of
energy consumed is calculated according to the
formula.

Ek =2 mv2 will be 47.8 KJ.

Ex=Ex1 - Exo= % mV12 - b mVo 2= Y%
1379.20%- 4 1379.8.892 =221308J.

So Ex= % mv?would be 221,3 KJ.

Where Ek is the Kkinetic energy of the
vehicle; m is the mass of the car and V is the
speed of the car. Therefore, if this energy is
captured and stored, it can be reused for vehicle
acceleration instead of dissipating heat and noise
in the brake mechanism. Assuming we recover
25% of that energy (ie 25% of 221.3KJ =
55.3KJ), using this recovered energy will save
fuel.

2.1 Theoretical basis of regenerative braking

The task of the brake system is to eliminate
the kinetic energy of the vehicle: E= “..mV2. On
a hybrid vehicle, the braking system is a
combination of mechanical and electric brakes to
suppress the vehicle's kinetic energy. Mechanical
Brake: Generates braking force at the wheel. The
braking force Fp is generated by the brake
mechanism. When the brake force value reaches
the maximum value, Then Fpmax= Fpmaxx +
Fpmaxe= G.¢ then the car skidded completely (this
time slip 8p=1). With slip §p= "V~ ®™ In there V:
Realistic car speed(m/s); Rw: Theoretical speed
(m/s) R: Wheelradius (m); o: Wheel angular
speed (rad/s)

N
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Figure 1. Graph depicting the relationship between
adhesion coefficients ¢y, @yand slippage o, and dark
working area

To avoid slippage, on Hybrid vehicles, ABS
brakes are used to reduce Fp to maintain slippage
dp= (0.2-0.3) to avoid complete skidding.
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Advantages of ABS (Nguyen, 2005)

The regenerative braking system on the
Hybrid is electronically controlled ABS

Electric brake: Use Motor MG2 in generator
mode to create the internal magnetic field of the
generator to suppress the moment of inertia at the
driving wheel:

We analyze the following diagram:

Figure 2. Forces and moments acting on the vehicle
during braking (Hsu, 2013)

When the vehicle is traveling on a level
road, the equation of motion when braking can
be written as follows:

M*a= -( Fy+ Fp+Fo)
M*(dv/dt) = -( Fr+ Fp+ Fo)

Where M: is the mass of the vehicle (kg); a:
Acceleration of the vehicle (m/s); Fp: Braking
force (N); Fo: Wind resistance (N); Fo =
0.625*Cx*S*V2; Cx: Air drag coefficient
(Ns2/N); S: Area of front bumper of the car; V:
Relative speed between car and air. If we reduce
the Kinetic energy of the entire car to the wheels,
we have the following simplified diagram:

Figure 3. The diagram of the reduction of the
kinetic energy of the whole car to the wheels

o.k(t): The speed of the wheel changes with
time

Mmp:Electromagnetic moment generated
by MG2 motor.

Jk: Moment of inertia of the vehicle mass
relative to the wheel.

Ms: Rolling resistance moment.

From the reduced diagram, we have the
moment equilibrium equationas follows:

Jc*ok =Mg=Mp= Mmp + M¢

When the car brakes we have Fq=F; and
Fqt= Mig*6j*]

We have

Mp= r*Fp=r*m *§;*j= r*m *&;*(dv/dt)

We have wk= Vv deduce v =woi*r infer
(dv/dt)=(do k.r)dt

Therefore :

Mp=Mgt= r*m*&j* ok *r=m*r2*j* ok

Where Jk the reduced moment of inertia of
the car to the wheel

Ms: Rolling resistance moment (N.m) ;

Mmp: electromagnetic moment of
generator (N.m);

r: wheel wheel (m) ;

dj: Factor taking into account the mass
influence of rotating parts of the car.

We have the generator torque as a function
of the time-dependent current |

Mmp= T (1)
Ivlmp: Mdt + MO

In there Mo: The no-load moment is
braking. Mo= (Po/w)

Po= AP+ APre : NoO - load loss power.
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APco = (2 - 4%)*Pam: Mechanical power
loss.

APre= K*P.(1/50)*(f/50)P*B2*G, :
Magnetic conserved power.
Where: f current frequency

Mmp: Mechanical torque applied to the
generator shaft.

Mgt =Cm > Og* It

Electromagnetic moment emitted by the
generator. Cm: Structural coefficient of the
generator. ®g: Magnetic flux under each
magnetic pole in the air gap ;lu: Armature current
(A) o: Angular speed of the rotor. Because the
MG2 motor is connected to the active bridge. So
when braking, the motor controller MG2 acts as
a generator. The moment generated in the
generator will cancel the moment of inertia of the
driving wheel.

Mmp: (pO/(D) + CM * (Dg *Iu

We have the equation of torque balance
when braking with electric brake as follows:

Mp=Mup + 0.625Cx*S*\/2

= m* 2 F §* o= F0 + G *® *1, + 0.625C,*5* V2
Lad

= L= (m** §j* @ - PO- 0.625C,*S*VY). 1
b CMadg

So we have exploited and taken advantage of
the electromagnetic torque of the Mmp generator
to eliminate Mg (moment of inertia of the
vehicle). At the same time, we get the generator's
power with the corresponding current lu. In case
the required braking torque is larger than the
electromagnetic torque generated by the
machine, then the control unit will control the
mechanical brake assist.

3. CALCULATION RESULTS OF HYBRID
BRAKING

Parameters of the Hybrid Prius II:

M =1379 kg: vehicle weight; r=0.295m:
wheel radius; Cx=0.35: coefficient of air
resistance; S=2.1 m2: frontal wind resistance
area; CM=1.1: structural coefficient of generator;
$¢=0.45: magnetic flux through each pair of
poles; V: vehicle speed (m/s); ® = 4.113. wk. wk.
(35.5 + 13.5) rad/s o = (146 + 55.7) rad/s; Po=
200 W: No-load loss power of motor.; HTTL
gear ratio: 4.113.

B truyén hanh tinh
S4n v Banh rang adin dOng xich
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adng cubi cing

Figure 4. Transmission on Toyota Prius I
(Straubel, 2008)

I= (M*r*§*» — Py /w —0.625*C *S V?) *1/(C *¢
) using Matlab software

4. DISCUSS THE PROCESS OF HYBRID
BRAKING

CURRENT INTENSITY

4 CHARACTERISTIC CURVE VERSUS

1(A)

-
>

w (rad/s)

Figure 5. Graph of curent intensity characteristic
curverus angular velocity
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Through the graph in Figure 5, we can see
that the torque supplied to the generator
gradually decreases over time. The current
intensity (1) of the MG2 engine in generator
mode is proportional to the angular speed ® of
the engine. To obtain a large enough voltage and
store it for the battery, the system needs a
converter and corresponding sensors to
determine the battery status and the braking
speed of the vehicle.

5. CONCLUSION

4] Vehicle speed (km/h) -
EFECRELTIERE .

B L A 1| N | i1

Figure 6. regenerative braking simulation results

From the graphs in Figure 5 and Figure 6, we
get the results obtained when using Matlab
simulation  software, calculating specific
parameters on the Hybrid Prius Il vehicle,
helping us to understand more deeply about the
regenerative braking system, clearly seeing the
advantages of regenerative braking when used.
From the theoretical basis and calculations to
give practical results, we can go to the design and
manufacture of a regenerative braking system
that can be applied to conventional cars currently
in circulation in our country. Thus, Hybrid

vehicles are the top optimal choice for customers
and are widely and safely experienced on the
roads of our country.
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Ngay nhan bai: 10/01/2025 Hién nay, nhiéu quc gia trén thé giéi dang phai dbi mat \fc’ri
nguy co can Kiét nhién liéu hoa thach, bén canh do6 la 6 nhiém
moi trrong va hiéu tmg nha kinh do nganh céng nghiép 6 té
Ngay duyét dang: 03/07/2025 gdy ra. Dé giai quyét vin dé nay, cac nha san xuét 6 to 16n trén

thé gi6i da thuc hién chuyén doi cudc cach mang cong nghiép

0 10 sang 0 t6 dién vai muc tiéu sir dung nang luong dién phuc
TU KHOA vu nganh cong nghiép 6 to, giai quyét van dé can kiét tai
nguyén moi truong va lugng khi thai tir 6 t6 ra moi truong.
Trude tinh hinh 6 nhiém moi truong nghiém trong hién nay,

Ngay nhan bai stra: 28/04/2025

Polyethylene ty trong cao (HDPE);

Ep phun; gay ra mdi de doa dén stic khoe va tinh mang con ngudi. Trong
Théng s6 qud trinh; bai viét ndy, tic gia dé xuit giai phap thay thé ngudn ning
D6 co ngét; lugng hoa thach bang cach trang bi cho dong co 6 t6 hai nguon

nang luong chinh: dong co d6t trong va dong co dién, hay con
goi 1a dong co Hybrid, thu hoi ning luong tai tao trong qua
trinh phanh dong co thong qua bd chuyén doi dong ning thanh
dién nang c6 thé sac pin hoic cung cap tai cho 6 t6. Ning lwong
thu hdi tir phanh tai tao duoc tinh toan dia trén Iy thuyét phanh
tai tao két hop vai mo phong simulink, va dwoc thir nghiém dé
tinh toan nang luong phanh tai tao hoic ning luong giam téc
trén xe Toyota Prius II. Két qua cho thay, véi khdi luong xe
1379Kkg, téc d6 ban dau 1a 72km/h, sau khi st dung phanh tai
tao, toc do giam xudng con 32km/h va ning lugng thu duwgc
trong qué trinh phanh 1a 221,3 KJ. Tir két qua tinh toan 1y
thuyét va mo phong thuc nghiém, ching t6i c6 thé ché tao
dugc hé thong phanh tai tao ap dung cho cac loai 6 t6 luu thong
ph bién & nudc ta.

Phwong phdap Taguchi.






