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Abstract – This study presents a powertrain conversion solution 

based on the Thaco Frontier light truck. The electric hybrid 

architecture includes series HEV, parallel HEV, and series-

parallel HEV. The analyzed results show that the series HEV 

model is the best option to meet environmental and energy goals. 

It also meets the current technical requirements and resource 

limits of the Thaco Frontier truck. The KIA Frontier powertrain 

was converted into a series HEV powertrain for 4 basic operating 

modes, i.e., Battery-operated mode, Battery charging mode, and 

Hybrid driving mode. The electric motor is 80 kW. It matches 

the powertrain and the traction capacity of the original vehicle. 

The energy storage capacity is 67.5 kWh, which is suitable for a 

travel distance of 175 km. 

Key words – Powertrain; HEVs Architecture; Serial Hybrid 

Energy; Environment. 

1. Introduction 

Nowadays, the rapid increase in greenhouse gas 

emissions in recent decades has harmed the environment 

and climate. The result is the warming of the atmosphere, 

land, cryosphere, and ocean. The current extreme weather, 

like heavy rains and frequent heat, is clear evidence. 

According to the latest research data published in the 

journal Earth System Science Data, the amount of 

greenhouse gases emitted each year is a record, equivalent 

to 54 billion tons of carbon dioxide (CO2) released into the 

atmosphere. This leads to a rapid increase in the 

temperature of the Earth's surface. From 2013 to 2022, data 

showed a 0.2oC rise in average temperature every 10 years. 

It predicted global warming will hit 1.5oC by 2050 [1-2]. 

Countries face a major challenge: energy security. There 

are several issues. First, fossil energy use is rising. Second, 

fuel costs are high. Third, natural resources are depleted. 

Fourth, many countries depend on a few resource-rich 

nations for supplies. Finally, environmental impacts are 

causing global warming. 

In particular, transport contributes a large part to the total 

amount of CO2 emitted globally, equivalent to 24%. 

Transport is the leading cause of increased air pollution in 

large cities. It contributes up to 70% of the dust and 

emissions in the air [3]. The use of internal combustion 

engines is considered one of the main causes of 

environmental pollution and climate change. The Transport 

sector must quickly shift to sustainable practices to reduce 

greenhouse gases by 2050. This includes changing how we 

move, using low CO2 fuels, improving engine efficiency, 

and combining energy sources in vehicles. There is also a 

trend to electrify transport vehicles. 

 

Figure 1. Global surface air temperature [1] 

In Vietnam, the transport sector has made remarkable 

progress over the past 25 years. Freight demand grew at 

11% per year. So, the volume of goods transported in the 

country rose from 32 billion in 2000 to 111 billion in 2016. 

This is a 340% increase. The rapid growth of transport has 

boosted the Vietnamese economy. But, it has harmed the 

environment and energy. To join the global fight against 

climate change and ensure energy security, Vietnam has 

committed to cut greenhouse gas emissions by 9% by 2030 

under the Paris Agreement. It will also promote solutions 

to reduce reliance on fossil fuels. The Prime Minister of 

Vietnam committed to net zero emissions by 2050 at the 

COP26 Leaders' Summit [3]. 

To achieve that goal, the Prime Minister issued 

Decision No. 687/QD-TTg, dated July 6, 2022, and 

approved the Circular Economy Development Project in 

Vietnam. Its main goal is to reduce greenhouse gas 

emissions per GDP by 15% by 2030, compared to 2014. It 

aims for net "0" emissions by 2050 [3]. In recent decades, 

scientists and businesses in Transport have worked with the 

government. They have researched and applied solutions 

to reduce greenhouse gas emissions and dependence on 

fossil fuels in transport. Typical studies include research on 

fuels with lower CO2 emissions to replace traditional fossil 

fuels. They also look at: 1) increasing public transport use 

instead of personal vehicles, 2) partially electrifying 

transport by combining electric energy with traditional 

vehicles, and 3) encouraging electric and hybrid vehicles. 

In the early stages, domestic researchers were 

interested in "cleaner" alternative fuels. They saw great 

potential in them. They hoped to reduce emissions and 

ensure energy security. Specifically, energy carriers such 

as CNG, LPG, Biogas, Ethanol, and Butanol started to be 

studied early in the early 1990s. Now, research is shifting 

to electric and hybrid power systems. Their CO2 emissions 

are much lower than current levels. The goal is to improve 
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vehicle fuel efficiency for a safe, sustainable transport 

future. Vietnam sees great potential in electric vehicles. So, 

it aims for 30% of two-wheeled electric vehicles by 2030. 

It also targets a 5% market share for electric vehicles by 

2025, and 30% by 2030. Lastly, it aims for electric buses 

to make up 10% of total bus sales from 2020 to 2030. Also, 

stricter emission regulations are being implemented to 

reduce vehicles' environmental impact. In that context, 

large domestic auto manufacturers have begun to adjust 

their car development strategies. They are following a 

suitable roadmap. It aims to apply advanced technologies 

to reduce gasoline and oil use. They must also increase the 

number of electric, hybrid, and clean-energy cars. This is 

to meet strict emissions regulations and build a sustainable, 

safe, and friendly transport industry [4-6]. 

KIA Frontier light trucks are one of the light truck lines 

manufactured and assembled at Thaco with a high density 

of use in transporting goods. Thaco's stats show KIA 

Frontier truck sales in Vietnam hit nearly 6,000 a year. This 

is almost 30% of the light truck market [7]. However, KIA 

Frontier vehicles use traditional internal combustion 

engines. They are greatly contributing to CO2 emissions 

that pollute the environment. Given Vietnam's emissions 

goals, we must convert the current vehicles. Switching 

from a traditional power system with an internal 

combustion engine to a hybrid one improves Frontier 

trucks. It helps the environment and boosts their 

performance and fuel economy. Also, with the Hybrid 

power system, Frontier trucks can operate more efficiently 

in urban traffic, where they stop and start frequently. The 

current power system is suitable for the economy. It uses 

the Enterprise's available resources. 

2. Analysis and selection of powertrain 

To achieve the dual goal of reducing emissions and 

ensuring energy security, the most feasible solution at 

present is to electrify transportation. Full electrification is 

characterized by pure electric vehicles (BEV), or fuel cell 

vehicles (PEV); partial electrification is characterized by 

hybrid vehicles between traditional internal combustion 

engines and electric motors (HEV). The rate of full or 

partial electrification depends on many factors, of which 

the ability to respond to infrastructure, and the ability to 

apply modern technology and internal resources are 

decisive factors [8-10]. 

BEVs are the most promising in terms of reducing 

emissions at the point of use. With that advantage, and at 

the same time convenient for short-distance travel, small 

BEV passenger cars have been on the rise in recent years. 

The basic limitation of BEV vehicles is the battery. Low 

energy density, and charging time do not meet 

transportation requirements and high initial investment 

costs, so the application of pure electric vehicles to high-

load and long-distance vehicles is still limited. Charging 

infrastructure is currently a difficult barrier to access at 

present for vehicles with larger loads such as the KIA 

Frontier light truck. FCEVs have the potential to reduce 

emissions at the point of use similar to BEV vehicles. 

However, FCEV vehicles are currently not highly mature 

in terms of technology, especially the technology of 

converting energy carriers into hydrogen. The 

underdeveloped fueling system is a challenge for the 

implementation of FCEV vehicle applications. Therefore, 

it is difficult to ensure the effectiveness of research and 

feasibility of application after the study of FCEV 

powertrain conversion on the KIA Frontier light truck [10]. 

Hybrid powertrains are considered suitable for the 

current context, ensuring the dual goals of emission 

reduction and energy security while solving the basic 

disadvantages related to infrastructure, technology, cost, 

and travel distance of BEV and FCEV powertrains. Hybrid 

powertrains are a combination of internal combustion 

engine and electric motor power sources. The advantage of 

converting from a traditional powertrain to a Hybrid 

powertrain is that only part of the powertrain architecture 

is changed. Vehicles with Hybrid powertrains have low 

operating costs, little change in driving habits, and have 

become popular, above all, Hybrid has been accepted as an 

effective solution to urgent problems related to energy and 

the environment. There are three hybrid powertrain 

architectures including Series Hybrid, Parallel Hybrid, and 

Series-Parallel Hybrid. 

2.1. Characteristics of Series hybrid powertrains 

The series hybrid combines the best attributes of the 

ICE and BEV, aiming to extend the range of the BEV, and 

can be considered a pure electric drive architecture with an 

additional power path from the ICE. The HEV structure 

consists of an ICE, a generator, and an electric motor. The 

electric motor is responsible for transmitting torque to the 

vehicle's driving wheels, while the smaller ICE acts as a 

generator to generate electricity to charge the battery or 

supply the electric motor [10]. In which, only the electric 

motor needs to have a capacity that meets the maximum 

capacity of the vehicle. The HEV structure is described in 

Figure 2. The generated current is divided into two parts, 

one to charge the battery and one to run the electric motor. 

 

Figure 2. Powertrain of a series hybrid 

As shown in Figure 2, the internal combustion engine 

is designed to be independent of the vehicle's operating 

mode, easily implementing control of the operating point 

to optimize energy and emissions. Therefore, the operating 

efficiency of the ICE engine can be up to 30% to 40%. On 

the other hand, the ICE engine only operates if the car 

travels a distance exceeding the specified distance for the 

battery. In addition, the mechanical connection between 

the ICE engine and the driving shaft is eliminated, so 

theoretically the gearbox in this case can be eliminated. 
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However, the series combination requires a battery with a 

larger storage capacity than the parallel and hybrid HEV 

architecture, which increases the mass and is not optimal 

for the layout space. 

2.2. Characteristics of Parallel hybrid powertrains 

In Parallel Hybrid, the energy flow to the driving 

wheels is a combination of the internal combustion engine 

and the electric motor or an independent operating state 

between the two power sources. The combined mode is 

controlled depending on the different operating modes of 

the vehicle, bringing significant benefits in terms of useful 

energy coordination. This architecture provides additional 

degrees of freedom in meeting the vehicle's energy 

requirements, optimizing the power distribution path 

between the two power paths brings great efficiency in the 

goal of fuel economy and reducing greenhouse gas 

emissions, usually, the ICE engine plays a major role in the 

stable operating mode of the vehicle, the electric motor 

plays a supporting role in high load modes such as 

acceleration or climbing slopes. 

 

Figure 3. Powertrain of a parallel hybrid 

In this hybrid system, the electric motor is designed to 

have dual-purpose commutation, meaning that it has both 

the function of an electric motor and the function of a 

generator, thus significantly increasing the efficiency of 

the power transmission line. In principle, the required 

power of the vehicle is equal to the total power of the 

electric motor and the internal combustion engine, which 

contributes to making the structure compact and reducing 

the amount of electricity stored in the battery, thereby 

contributing to reducing the vehicle's weight. This is 

considered an outstanding advantage of parallel HEV 

compared to other architectures. However, the 

coordination of two energy sources is relatively 

complicated. The components in the architectural system 

such as the electric motor (electric machine) as well as the 

electric motor control unit have a complex structure and are 

expensive. The ICE engine must be designed with a larger 

capacity than the series hybrid type. Environmental 

pollution as well as fuel economy are not high. 

2.3. Characteristics of Series-Parallel powertrains 

The hybrid HEV architecture is an intermediate 

configuration between the series HEV and parallel HEV 

systems to maximize the benefits generated. This hybrid 

system has a component called a "power split device" that 

transfers a continuously variable ratio of the power of the 

heat engine and the electric motor to the driving wheels. 

Therefore, the control of the power split is a challenge in 

hybrid HEV. This type of hybrid is depicted in Figure 4. 

 

Figure 4. Powertrain of a Series-Parallel hybrid 

3. Evaluation and solutions 

3.1. Conversion methods 

Over the past decades, our knowledge of HEV 

architecture has grown from a small seed to a mature tree 

with many branches. Since its inception in 1899, HEV 

technology has made great progress and proven its 

effectiveness in bringing many practical benefits to the 

environment and energy. Today, the focus of HEVs 

research on the interconnected architecture and control 

solutions for ICE engine operating modes is attracting 

increasing attention from scientists. Scientists in the fields 

of motors, electricity, and electronic control are deeply 

involved in developing control solutions for ICE engine 

operating modes and developing optimal control 

algorithms for the combination of ICE and electric motors. 

With previous research achievements and practical 

production results, we can draw clear conclusions about the 

advantages and limitations of HEVs architectures and the 

specific applications of each HEVs architecture [10]. 

Parallel HEVs offer significant benefits in terms of 

energy loss and can operate at zero emission. However, in 

terms of powertrain layout, the ICE engine is larger than 

that of series HEVs with the same driving power required, 

and power flow control needs to be considered 

appropriately in driving modes. In terms of application, 

parallel HEVs are often considered for vehicles that rarely 

operate at stops. Hybrid HEVs are a combination of series 

HEVs and parallel HEVs. Therefore, this architecture is 

still complex in terms of powertrain control features and 

high design costs, making it difficult to meet the 

conversion requirements for existing vehicles. Power flow 

control is considered a major obstacle. Hybrid HEVs are 

often applied to passenger cars and light vehicles. 

With serial HEVs, the reduction of the direct driveline 

from the internal combustion engine allows for a smaller 

internal combustion engine design. The life of the internal 

combustion engine and the entire powertrain is significantly 

increased, and the internal combustion engine can be 

operated at zero emissions. The powertrain layout space is 

simpler than other HEV architectures, which is a prominent 

advantage when considering the use of the powertrain 

transition step. At the same time, serial HEVs use additional 

energy from the battery directly based on the internal 

combustion engine, which can allow the vehicle to operate 

continuously, without changing current driving habits. Serial 
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HEVs have also been considered for application on large 

vehicles such as large buses and trucks. 

To convert a traditional powertrain on a vehicle carrying a 

load and operating at high frequency, many aspects and 

different levels of efficiency need to be considered. The 

choice of the powertrain architecture should be based on the 

transport task, load, terrain, and frequency of operation. 

Technological factors and corresponding hybrid components 

including energy storage systems, batteries, and energy 

converters are considered when selecting the architecture. The 

objective function of converting the powertrain on a vehicle 

includes environmental and energy efficiency while meeting 

the technological factors of the manufacturing plant and being 

suitable for the mass production stage. Therefore, the overall 

efficiency of the conversion on a micro level is a problem 

combining technological factors, human resources, and social 

impacts (including environment and energy). To do that, it is 

necessary to analyze, select, and be precise in the design 

process, taking into account the characteristics of each locality 

and operating conditions. Therefore, the serial HEVs 

architecture is a suitable approach for the KIA Frontier light 

truck in the current phase to deliver the desired environmental 

and energy benefits while being consistent with the internal 

technology and resources. 

With the series HEVs architecture designed for 

conversion on the Frontier truck, the ICE engine and the 

battery are connected by electrical paths. The battery output 

voltage is supplied to the electric motor. The overall layout of 

the series HEVs powertrain architecture is shown in Figure 5. 

 

Figure 5. The general layout of a designed powertrain system 

1. ICE; 2. Electric motor; 3. Generator; 4. Axes; 5. Joint; 

6. Cardan; 7. Battery pack; 8. Original battery 

3.2. Strategies for operation 

The design of converting the traditional powertrain into 

a series HEVs powertrain for the KIA Frontier vehicle has 

4 basic operating modes as follows: 

Battery-operated mode: When the battery is fully 

charged, this mode is considered a pure electric, zero-

emission driving mode, as shown in Figure 6. 

 

Figure 6. Description of battery operation mode on KIA 

Frontier vehicle after powertrain conversion 

Battery charging mode: When the battery charge level 

is very low, the internal combustion engine is activated (the 

operation of the internal combustion engine is set at the 

operating point with maximum efficiency). The power 

generated by the difference between the internal 

combustion engine power and the power at the link is used 

to charge the battery via the generator; Such a combination 

of charging and discharging the battery represents cyclic 

operation, which is a characteristic mode of serial hybrid 

vehicles, as shown in Figure 7. 

 

Figure 7. Description of battery charging mode on  

KIA Frontier vehicle after powertrain conversion 

Hybrid drive mode: When the internal combustion 

engine power (at the fuel optimum point) is lower than the 

power at the link, the missing power is supplied by the 

battery, as shown in Figure 8. 

 

Figure 8. Description of the combined operating mode on  

the KIA Frontier vehicle after powertrain conversion. 

Energy recovery mode: During braking and 

deceleration, energy is recovered by the electric motor, as 

shown in Figure 9. 

 

Figure 9. Description of energy recovery mode on 

KIA Frontier vehicle after powertrain conversion. 

3.3. Basic parameters of Hybrid powertrain 

In the basic understanding, it is recognized that the 

hardware of an HEVs structure consists of three main parts, 

including the ICE engine, the electric motor, and the 

energy storage device. In the powertrain conversion 

solution, the internal combustion engine is an available 

component, and in the serial HEV architecture, the internal 

combustion engine only needs to have a power smaller than 

the required power of the vehicle. Therefore, the existing 

internal combustion engine already meets the technical 

requirements well. In the basic parameter calculation, we 

perform the electric motor selection calculation, then 

confirm the suitability of the electric motor calculation 

parameters, and at the same time, add the calculation 

related to the energy storage system. Fuel consumption and 

emission levels are considered to evaluate the effectiveness 

of the conversion solution. 

a. Electric motor selection 

The operating conditions of the KIA FRONTIER truck 

were surveyed by the research team with measurements of 

mass, size, speed, and operating condition indicators. Some 
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of the main input parameters of the vehicle are described 

in Table 1. 

Table 1. Specifications of Thaco Frontier K200S 

Parameter Unit Value 

Vehicle weight (no load) Kg 1430 

Payload Kg 1490 

Full load weight Kg 3600 

Overall dimensions 

(LWH) 
mm 

4730 x 1750 

x 2000 

Wheelbase mm 2415 

Wheel radius (Rw) mm 3210 

Maximum speed km/h 110 

Ground clearance mm 185 

Hill-climbing capability % ≥ 39.14 

The vehicle powertrain generates mechanical energy that 

is stored instantly in the vehicle. The driving resistance 

forces are assumed to be used to dissipate energy from the 

stored energy. The energy in the vehicle is stored in the form 

of kinetic energy when the vehicle accelerates and potential 

energy when the vehicle is at a high altitude. The mechanical 

energy stored in the vehicle is intended to meet the regular 

operating modes of a vehicle, and the energy is dissipated 

through the loss force components including aerodynamic 

resistance, rolling resistance, and braking energy loss. For 

the KIA Frontier truck, the case of the vehicle going uphill 

with the largest load is analyzed to calculate the required 

traction parameters. The scheme of the vehicle longitudinal 

dynamics is described in Figure 10. 

 

Figure 10. Scheme of the vehicle longitudinal dynamics 

The required power of the engine must overcome the 

resistance during movement, including road resistance, Pf, 

uphill resistance, Pi, air resistance, Pw, and inertia force 

when accelerating, Pj. 

Total resistance force when the truck is moving is 

described as follows [11-13]: 

Pc = Pf + Pw + Pi + Pj    (1) 

However, in actual operating conditions, the truck is 

not operated in a mode where all four resistance forces 

occurred at the same time. When the vehicle is going 

uphill, we only allow the vehicle to run at a steady speed 

and low speed, so the inertia force and wind resistance are 

ignored (i.e., Case 1). When the vehicle is running at 

maximum speed, the uphill resistance force and inertia 

force are omitted (i.e., Case 2). Thus, the required force of 

the electric motor in these two cases is recalculated, 

respectively, as follows: 

Case 1: Pc1 = 504 + 7,200 = 7704 [N]  (2) 

Case 2: Pc2 = 504 + 1845 = 2349 [N]  (3) 

Both of these cases have a lower overall resistance than 

the general case and are consistent with the actual 

operating mode of the vehicle. In this study, the case of the 

vehicle climbing a slope is considered to determine the 

required torque at the wheel and running at maximum 

speed to determine the power balance for the electric 

motor. 

When the truck climbs a slope, the required torque at the 

wheel is calculated as: 

Mbx = Pc1 x Rw = 7,704 x 0.26= 2003 [Nm]  (4) 

The power resistance when running at maximum speed 

is as: 

N = Pc.v = 2349 x 27.78 = 65255 [W]  (5) 

Then the engine power is as: 

Ne = N/η = 65255/0.92 = 70929 [W]  (6) 

where η is the efficiency of the powertrain, η = 0.92. 

Selection of the engine mounted on the vehicle 

corresponding to the overload capacity is as follows: 

Nemax > 1.1  Ne >1.1  70929 = 78021 [W] 

This is the engine power required for the car to operate 

properly under the conditions selected above. 

With the same capacity, if the voltage of the electric 

motor is increased, the current running in the circuit and 

the mass of the electric motor will decrease. However, the 

number of batteries will increase accordingly to ensure the 

necessary voltage and at the same time require better 

electrical safety. According to actual statistics, the mass of 

the battery is proportional to its capacity. Therefore, the 

total mass of the battery pack does not depend on the 

voltage of the system but only on the power required to 

supply. 

From the above constraints, and based on the statistics 

of the voltage levels of the types of electric motors 

available on the market, the following DC motor was 

chosen, with its specifications as follows: 

- Model: TZ-280-X-G-GA05; 

- Engine power: 55/80 kW; 

- Torque: 240 Nm; 

- Maximum engine speed: 4400/6000rpm; 

- Weight: 62 kg; 

- Voltage: 350/750V; 

- Dimensions (L x D): 357 cm x 280 cm; 

- Weight: 61 kg. 

b. DC motor 

The characteristics of electric motors are usually 

obtained through experimental measurements. However, 

for the calculations at the initial design stage, a theoretical 

solution is considered [9]: 

𝑀DC =
𝑁DCmax

ω.(1+1.λ−1.λ2)
    (7) 
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where: MDC: DC torque (Nm); NDCmax: DC motor power 

(kW); : angular speed (rad/s); λ = (0.1-1.0) [9]. 

A characteristic graph of the electric motor is shown in 

Figure 11, as follows: 
 

 

Figure 11. Characteristic of DC motor 

c. Characteristics of ICE 

To verify the calculated indexes of the electric motor, 

and evaluate the suitability of the electric motor designed 

for the current vehicle in terms of torque and power index, 

an analysis and comparison of the indexes of the electric 

motor and the internal combustion engine is necessary. to 

obtain the traction capacity of the available vehicle. 

THACO FRONTIER is equipped with HYUNDAI  

4-stroke diesel engine model D4CB-CRDi [11]. The basic 

technical parameters are shown in Table 2. 

Table 2. Specifications of D4CB Engine 

Parameter Unit Value 

Maximum Power kW 95.6 

Engine speed @Maximum Engine Power rpm 3800 

Maximum Torque N.m 255 

Engine speed @Maximum Torque rpm 1500÷3500 
 

The empirical formula of S.R. Lay Decman has been 

proven to be valid in theoretical research to determine the 

torque and power of internal combustion engines [12-14]. 

The formula of S.R. Lay Decman is as follows: 

𝑁𝑒 = 𝑁𝑚𝑎𝑥[𝑎
𝑛𝑒

𝑛𝑁
+ 𝑏 (

𝑛𝑒

𝑛𝑁
)
2

− 𝑐 (
𝑛𝑒

𝑛𝑁
)
3

]  (8) 

where: 

Ne, ne: Engine power (kW) and crankshaft revolutions (rpm); 

Nmax, nN: Maximum power of the engine (kW) and the 

revolutions corresponding to the above power; 

a, b, c: Experimental parameters. 

The engine torque is then estimated as follows: 

𝑀𝑒 =
104∗𝑁𝑒

1,074∗𝑛𝑒
     (9) 

The characteristics of the ICE of the KIA frontier truck 

are shown in Figure 12. 

Based on the external characteristic curve of electric 

motors and internal combustion engines, some following 

observations are drawn: Trucks using internal combustion 

engine need a certain amount of time to achieve the 

maximum torque for acceleration. Meanwhile, as soon as 

the driver steps on the gas pedal, the entire traction of the 

electric motor is utilized to propel the truck forward. As a 

result, the acceleration when starting of electric vehicle 

(i.e., truck) will be better than that of a truck using internal 

combustion engines. 

 

Figure 12. Characteristics of ICE 

3.4. Battery selection 

A battery is a component that converts chemical energy 

into electrical energy and vice versa, representing a 

reversible energy storage system [15-18]. The desirable 

properties of batteries in HEVs are high specific power, high 

specific energy, long cycle life, low initial and replacement 

costs, high durability, and reliability. Over the past decade, 

battery technology has advanced significantly, For instance, 

Li-ion batteries have an energy density of three to five times 

higher than lead-acid batteries (Figure 13). 

 

Figure 13. Energy storage density of batteries [19] 

The choice of energy storage system is very important, 

it has a decisive factor in the technical and economic 

aspects of the vehicle. The choice of energy storage in 

HEVs depends on many factors. These include the 

charging rate, energy density, life, cost, weight, and size 

[16]. All loads on the vehicle use electricity from the 

battery available on the car, so the battery is only used for 

the electric motor. The battery capacity is standard. So, an 

18650 LISHEN Li-ion battery was chosen. The technical 

parameters of a cell are given in Table 3. 

Table 3. Specifications of 18650 LISHEN Li-ion 

No. Parameter Unit Value 

1 Votage  V 3.6 

2 Capacity A.h 2.5 

3 Weight  Kg 0.045 

4 Length  m 0.065 

5 Diameter  m 0.018 
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Figure 14. Battery connection arrangement 

The battery specifications are shown in Table 4. 

Table 4. Battery specifications 
 

No. Parameter Unit Value 

1 Number of cells Cell 7300 

2 
Number of modules 

connected in series 
Module 146 

3 
Number of modules 

connected in parallel 
Module 50 

4 Voltage V 540 

5 Battery capacity kWh 67.5 

6 
Maximum discharge current 

of the battery system 
Ah 1250 

4. Conclusions 

In this study, we have analyzed the feasibility of 

converting the traditional powertrain on the KIA Frontier 

truck from an environmental and energy perspective, while 

also being used with the original engine and components of 

the manufacturer. The HEVs series powertrain is considered 

for conversion with the best response level in terms of 

technical and cost goals. The conversion plan implements 

the addition of an electric motor with a maximum capacity 

of 80 kW, which is responsible for creating traction for the 

original vehicle. The internal combustion engine now acts as 

an energy source, which is responsible for charging the 

energy storage system. The optimal operating mode in terms 

of energy and fuel is the outstanding advantage of the 

conversion. An energy storage system with a capacity of 

67.5 kWh has been estimated theoretically. The response 

level meets the expectation of continuous travel for 175 km 

when fully charged. 

This article is part of a series of works to convert light 

trucks to use batteries combined with diesel engines (i.e., 

hybrid series). Generally, in this project, the idea is to bring 

hybrid series vehicles back to the automobile market with a 

very special role: using the main energy source as batteries 

while the diesel engine plays the main role of charging the 

battery. In this current article, the authors present Part 1: The 

classifications of hybrid powertrain and choosing the most 

suitable method for light trucks, one of the types of freight 

vehicles that currently account for a very large market share 

in Vietnam. Part 2 of the project will focus on designing 

battery packs, simulating and evaluating battery pack 

cooling solutions. Part 3 of the project will be to design and 

modify the light truck chassis system to suit the arrangement 

of the hybrid series powertrain. Finally, Part 4 of the project 

will be to evaluate the working parameters of the diesel-

battery hybrid series powertrain. 
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