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ABSTRACT: The rapid electrification of road 

transport, accelerated in Vietnam by domestic 

manufacturers such as VinFast, has created an 

urgent demand for high-quality technician training, 

yet most vocational institutions still lack safe, 

interactive and diagnosable teaching platforms for 

high-voltage (HV) energy-management and electric-

powertrain systems. This paper presents the design 

methodology and physical implementation of a 

static training rig that faithfully reproduces the 

energy-management and traction-drive architecture 

of the VinFast VF3 electric vehicle. Four 

pedagogical–technical requirements are 

formulated—visibility/safety, measurability, 

standardized diagnostics, and fault-injection 

capability—and translated into an open, 

instrumented layout. The rig integrates a 358.4 V / 

18.64 kWh lithium-ion battery managed by a 

Battery Management System (BMS), a 2-in-1 power 

unit (On-Board Charger, DC/DC converter and 

Power Distribution Unit), an Electric Drive System 

(EDS) with a three-phase inverter and traction 

motor, and a dual Controller Area Network (CAN) 

backbone bridged by a central gateway and exposed 

through a standard OBD-II port. A fault-simulation 

module and breakout measurement points let 

learners acquire HV-safety, signal-measurement and 

systematic CAN fault-localization skills. The 

completed model supports eleven structured 

laboratory exercises and offers a low-cost, 

transparent alternative to commercial “black-box” 

trainers. Classroom use confirms that the platform 

enables concurrent, hands-on diagnostic practice 

that conventional theory-based teaching cannot 

provide. 

KEYWORDS: electric vehicle, energy 

management, battery management system, electric 

powertrain, CAN bus, OBD-II diagnostics, fault 

injection, engineering education, VinFast VF3. 

I. INTRODUCTION 

The Fourth Industrial Revolution is driving the 

global automotive engineering sector into a period 

of profound transformation, in which the 

electrification of transport has become an inevitable 

direction for addressing the challenges of energy 

security and climate change [1], [2]. According to 

the International Energy Agency, global electric-

vehicle sales continue to grow rapidly, generating a 

substantial demand for charging infrastructure and 

skilled technical manpower [1]. In Vietnam, the rise 

of the national automobile brand VinFast, with its 

strategic focus on electric vehicles—exemplified by 

the urban VinFast VF3 model—has accelerated the 

popularization of electric vehicles among consumers 

[3]. 

Unlike internal-combustion-engine vehicles, the 

core systems of electric vehicles—particularly the 

high-voltage energy-management system and the 

electric drive system—differ entirely in structure, 

operating principle and diagnostic procedure [4], 

[5]. A high-voltage lithium-ion battery requires a 

sophisticated Battery Management System (BMS) to 

monitor voltage, current, temperature and State of 

Charge (SOC) in real time [6], [7]; the powertrain 

employs an inverter and a three-phase electric motor 

in place of the conventional clutch–gearbox 

assembly [8], [9]. These differences impose an 

urgent requirement to renew teaching methods and 

training equipment. 

However, the reality at most vocational 

education institutions in Vietnam is a serious 

shortage of intuitive, modern and safe training 

models for electric-vehicle technology. Teaching is 

mainly based on theory, images or simulation 

software and does not equip learners with adequate 

practical skills in signal measurement, diagnostic-

data analysis and fault handling on complex 

electrical–electronic systems. The gap between 

academic knowledge and the practical requirements 

of industry remains a major barrier. 

Motivated by this reality, the authors 

researched, designed and fabricated a static training 

model that accurately reproduces the structure and 

operation of the energy-management and powertrain 

systems on the VinFast VF3 technology platform. 

The main contributions of this paper are as follows: 
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● Systematizing and concretizing the four core 

technical–pedagogical requirements for an 

electric-vehicle training model, forming the 

basis of the design methodology. 

● Proposing an open, integrated architecture with 

safe measurement points that fully reproduces 

the high-voltage energy chain (HV battery – 

BMS – 2-in-1 – EDS) and the CAN 

communication network of a real vehicle. 

● Integrating a fault-injection module and a 

standard OBD-II diagnostic port, enabling 

systematic training in fault localization and 

handling. 

● Fabricating and deploying the model at a 

reasonable material cost together with a system 

of eleven laboratory exercises, providing a low-

cost alternative to commercial “black-box” 

trainers. 

The remainder of this paper is organized as 

follows. Section II reviews related work and 

identifies the research gap. Section III presents the 

theoretical background of the core electric-vehicle 

systems. Section IV presents the design 

requirements and methodology. Sections V and VI 

describe the energy-management system and the 

drive system. Section VII presents the 

communication network and the diagnostic 

procedure. Section VIII evaluates the results and 

applicability; Section IX concludes. 

II. OVERVIEW AND RELATED WORK 

A. Simulation and Training Platforms Worldwide 

Hardware-in-the-Loop (HIL) simulation has 

become a standard tool in the automotive industry, 

allowing real electronic control units (ECUs) to be 

tested in a real-time virtual environment [10], [11]. 

Many studies have demonstrated the effectiveness 

of HIL in validating powertrain-control and BMS 

strategies before deployment on real vehicles, 

thereby shortening the development cycle and 

improving safety [12]. However, HIL targets 

product development rather than illustrating the 

physical structure for learners. 

On this basis, educational trainers have been 

commercialized by leading educational-equipment 

manufacturers such as Lucas-Nülle (Germany), 

ConsuLab (Canada) and AutoEDU [13]. These 

products integrate genuine (OEM) component 

assemblies, breakout boxes and fault boxes, and are 

compatible with standard diagnostic equipment. 

Nevertheless, they are usually very expensive and 

are designed as a “black box,” limiting in-depth 

study of their internal structure and algorithms. 

B. Domestic Research Status 

In Vietnam, research on electric vehicles has 

received strong attention, focusing on: (i) analysis of 

market and policy factors; (ii) simulation of 

subsystems such as the powertrain and regenerative 

braking for energy optimization; and (iii) the design 

of individual components such as control circuits, 

chargers or BMS algorithms [14], [15]. Notably, 

many student and lecturer projects have successfully 

fabricated electric-vehicle prototypes, demonstrating 

mastery of the technology [15]. However, these 

products are usually operational vehicles optimized 

for performance rather than for pedagogical 

purposes, and therefore lack key features of a 

dedicated training aid such as an intuitive layout, 

safe measurement points and diagnostic fault-

injection capability. 

C. Research Gap 

From the above analysis, a clear gap emerges: 

there is currently a lack of work oriented toward the 

design and fabrication of a comprehensively 

integrated training model that accurately reproduces 

a specific commercial vehicle in Vietnam at a 

reasonable cost with an “open” architecture for 

teaching. This paper aims to fill that gap on the 

VinFast VF3 platform. 

III. THEORETICAL BACKGROUND 

This section presents the theoretical background 

of the three core subsystems reproduced on the 

model—high-voltage electrical energy storage and 

management, the electric drive, and the 

communication–diagnostic network—providing the 

academic foundation for the design methodology 

presented in the following sections. 

A. Lithium-Ion Battery and Battery Management 

System 

The lithium-ion battery is the dominant energy-

storage source in electric vehicles owing to its high 

energy density and charge–discharge efficiency 

[16]. At the cell level, the electrical behavior is 

approximated by an equivalent-circuit model 

comprising an open-circuit voltage (OCV) in series 

with an internal resistance and one or more R–C 

branches representing the dynamic polarization 

process [17]. The State of Charge (SOC) reflects the 

remaining capacity of the battery pack and is 

commonly estimated using Coulomb counting: 

SOC(t) = SOC(t0) − (1/Cn)∫i(τ)dτ, where Cn is the 

nominal capacity and i(τ) is the charge/discharge 

current. Owing to the accumulated error and 

temperature dependence of the current-integration 

method, model-based algorithms combined with a 

Kalman filter are used to improve estimation 

accuracy [6], [7]. 

On the basis of the measured quantities, the 

Battery Management System (BMS) monitors the 

voltage, current and temperature of each cell; 
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estimates SOC and State of Health (SOH); balances 

the cells; and protects against overcharge, over-

discharge, overcurrent and overheating [18]. 

Keeping the battery pack within a safe electrical and 

thermal operating region is a prerequisite for 

ensuring the lifetime and safety of the entire high-

voltage drive system [6]. 

B. Electric Drive and Power Electronics 

Unlike the clutch–gearbox assembly of internal-

combustion-engine vehicles, the powertrain of 

electric vehicles uses a three-phase AC electric 

motor—commonly a permanent-magnet 

synchronous motor (PMSM) or an induction 

motor—supplied from the high-voltage bus through 

an inverter [8], [9]. The inverter adjusts the 

amplitude and frequency of the three-phase voltage 

to control torque and speed; the Field-Oriented 

Control (FOC) technique decomposes the stator 

current into a flux-producing component and a 

torque-producing component, enabling fast and 

accurate torque response [9]. The characteristic 

traction profile comprises a constant-torque region 

at low speed and a constant-power (field-

weakening) region at high speed [4], [5], [19]. 

Owing to the reversibility of the electric machine 

and the inverter, the drive system also performs 

regenerative braking: during deceleration the 

machine operates as a generator, converting kinetic 

energy into electrical energy returned to the battery, 

thereby improving energy efficiency and driving 

range [20]. 

C. CAN Communication Network and Standard 

Diagnostics 

The electronic control units (ECUs) on a 

vehicle exchange data over the CAN (Controller 

Area Network)—a multi-master serial bus 

standardized in ISO 11898 [21], [22]. CAN uses 

non-destructive bit-wise arbitration based on 

message identifiers: when several nodes transmit 

simultaneously, the higher-priority frame wins the 

bus without corrupting the data, ensuring time 

determinism for critical messages [23]. On this 

physical basis, diagnostic services are standardized 

through Diagnostics over CAN (DoCAN – ISO 

15765-4) and the OBD-II diagnostic mode set per 

SAE J1979, allowing diagnostic trouble codes 

(DTCs), current parameters and freeze-frame data to 

be read for fault localization [24], [25]. These 

principles form the academic basis for the fault-

injection module and the diagnostic procedure 

implemented on the model. 

IV. DESIGN REQUIREMENTS AND 

METHODOLOGY 

A. Four Technical–Pedagogical Requirements 

An effective electric-vehicle training aid is not 

merely the assembly of components onto a frame, 

but must be a purposefully designed pedagogical 

system that satisfies four core requirements: 

R1 – Visibility and Safety. The structure is laid 

out openly and systematically, allowing easy 

observation and tracing of the high-voltage power 

cables, control cables and cooling lines. The high-

voltage zones are shielded with transparent material, 

marked with standardized warning colors and 

equipped with an emergency safety-disconnect 

mechanism, complying with electrical-safety 

principles for electrified vehicles [26], [27]. 

R2 – Interactivity and Measurement. The model 

operates in different modes (ready, running, 

charging) and brings test points out through 

dedicated connectors, allowing a multimeter (VOM) 

and an oscilloscope to be used to analyze voltage, 

current, PWM signals, sensor signals and CAN-

network signals [23]. 

R3 – Diagnostic Capability. The model is 

equipped with a standard OBD-II diagnostic port, 

connected to the CAN network and compatible with 

common diagnostic scanners, enabling practice in 

reading/clearing DTCs, viewing live data and 

actuating components through the diagnostics-over-

CAN protocol [24], [25]. 

R4 – Fault-Simulation Capability. This is the 

advanced requirement that distinguishes a high-

quality model. The model integrates a fault-injection 

unit that allows the instructor to actively create 

common faults (loss of CAN connection, sensor 

short/open circuit, contactor-control circuit faults, 

etc.), helping learners develop logical thinking and 

systematic fault-localization skills. 

B. Methodology and Overall Architecture 

The approach combines analysis of the VF3 

technical documentation, expert interviews and 

fabrication experiments. On the basis of the four 

requirements R1–R4, the model is decomposed into 

three functional subsystems (Fig. 1): 

1. Energy-management subsystem: high-voltage 

battery, BMS, 2-in-1 module, circuit boards, 

IoT board, breakout connectors, measurement 

panel and the battery-control ECU box. 

2. Drive subsystem: electric motor, inverter 

(motor controller), driveline, suspension and 

electric braking system. 

3. Communication-network diagnostic subsystem: 

fault-injection unit with display, OBD 

diagnostic connector, diagnostic scanner and 

oscilloscope. 
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Fig. 1. Overall model of the fabricated electric-vehicle 

energy-management and drive system, with the flat high-

voltage battery placed centrally and an open layout for 

observation and measurement. 

V. ENERGY-MANAGEMENT SYSTEM 

A. Power States and Control Power Supply 

As on a real vehicle, the main starting source is 

a smart key combined with an immobilizer antenna; 

the power system has ACC, ON IG (high-voltage 

supply), ON IG (electric-motor running) and OFF 

modes. The 12 V control power supply comprises 

the terminals: GND (chassis ground connected to 

the negative terminal of the battery), 30A/30B 

(direct positive supply to the engine-compartment 

and cabin fuse boxes), and ACC and IG (supplying 

the BCM, XGW, MHU, etc., modules through 

relays controlled by the BCM). Because the entire 

system stops operating as soon as the control power 

is lost, the reliability and redundancy of the 12 V 

supply are prerequisites for stable model operation. 

B. High-Voltage Battery and BMS 

The high-voltage lithium-ion (Li-ion) battery is 

the main energy source; it is charged externally, 

supplies the electric motor, the PTC heater and the 

air-conditioning compressor directly, and also 

charges the 12 V battery through the DC/DC 

converter. The battery pack has a 1P112S 

configuration (112 cells in series), a nominal voltage 

of 358.4 V and a capacity of 52 Ah corresponding to 

an energy of 18.64 kWh; the main parameters are 

summarized in Table I. When the State of Health 

(SOH) drops below 70%, battery replacement is 

recommended. The pack is mounted to the body 

through eight M12 bolts and placed flat at the center 

beneath the cabin to lower the center of gravity and 

improve handling stability. 

TABLE I. Main technical specifications of the high-voltage 

battery pack 

Parameter Value 

Operating voltage range 208 – 408.8 V 

Nominal voltage / capacity 358.4 V / 52 Ah 

Nominal energy 18.64 kWh 

Cell configuration 1P112S 

Inter-cell voltage deviation ≤ 200 mV 

Standard discharge current (25 

°C) 

17 A (1/3 C) 

Operating SOC range 2% – 100% 

Insulation resistance > 500 Ω/V 

Protection rating (IP) IP67 & IP6K9K 

Factory-shipment SOC 50% 

The Battery Management System (BMS) is the 

core component, the “heart” of the energy system. 

The BMS monitors in real time the voltage, current, 

temperature, SOC and insulation state of the battery 

pack, evaluates the operating state and issues timely 

fault warnings [6], [7], [18]. The BMS has a self-

protection function that opens the high-voltage 

circuit to stop charging/discharging when a fault is 

detected, thereby limiting damage caused by 

overcharge, overheating and excessive discharge 

[16]; it also estimates the remaining energy (SOC) 

and balances the cells. SOC-estimation methods and 

equivalent-circuit models of the Li-ion battery have 

been extensively surveyed in the literature [17], 

providing the theoretical basis for explaining the 

operation of the BMS on the model. 

C. 2-in-1 Module and High-Voltage Architecture 

The 2-in-1 module integrates three blocks: the 

On-Board Charger (OBC), which converts 

alternating current (AC) to direct current (DC) 

during charging; the step-down DC/DC converter, 

which charges the 12 V battery; and the Power 

Distribution Unit (PDU), which receives high-

voltage DC from the battery and distributes it to the 

front EDS together with the heater and the 

compressor. The overall high-voltage architecture—

from the CCS2 charging port, the battery pack with 

its Battery Disconnect Unit (BDU), and the 2-in-1 

module, to the high-voltage loads—is illustrated in 

Fig. 2. This structure is similar to the typical drive 

and power-electronics architecture of modern 

electric vehicles [9], [19]. 

 
Fig. 2. Architecture of the high-voltage system: CCS2 

charging port, battery pack (BMS/BDU), 2-in-1 module 

(OBC + DC/DC + PDU) and the high-voltage loads (EDS, 

E-AC, PTC), central controller and 12 V battery. 

D. High-Voltage Safety Control 

High-voltage safety is the top priority of the 

model. The authors apply a three-layer “TOP” 

control principle (Fig. 3): Technical measures, 
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Organizational measures and Personal Protective 

Equipment (PPE). The technical layer comprises 

voltage equalization/equipotential bonding 

(grounding), continuous insulation monitoring, the 

High-Voltage Interlock Loop (HVIL), the Manual 

Service Disconnect (MSD) and protective fuses. The 

organizational layer specifies restricted work areas, 

schedules, training and risk assessment. The PPE 

layer includes insulated tools, measuring 

instruments and protective equipment. This 

approach is consistent with the electrical-safety 

requirements of the ISO 6469 standard and the 

UNECE R100 regulation [26], [27]. 

 
Fig. 3. Three-layer “TOP” high-voltage safety-control 

model (Technical – Organizational – PPE) aimed at 

preventing electrical accidents. 

VI. ELECTRIC DRIVE SYSTEM 

A. Electric Drive System (EDS) 

The Electric Drive System (EDS) comprises the 

inverter (electronic motor controller), the electric 

motor, the high-voltage cables and the terminal box 

(Fig. 4). The EDS receives high-voltage DC from 

the HV battery through the 2-in-1 module 

(PDU/DC-DC) and generates the rotational torque 

that drives the rear axle. The inverter converts DC 

into three-phase AC for the motor; electrical energy 

is converted into mechanical energy through the 

rotor/stator assembly, in which a resolver position 

sensor provides rotor-angle information for control. 

When reversing, the motor’s direction of rotation is 

reversed by swapping the phase order. The control 

principles of the inverter–three-phase motor and the 

electric-drive configurations have been thoroughly 

presented in the specialized literature [8], [9], [19]. 

 
Fig. 4. Construction of the Electric Drive System (EDS): 

cover, stator housing and core, rotor, low-/high-voltage 

wiring, resolver sensor and terminal box. 

B. Suspension, Braking and ABS 

The model reproduces the front suspension 

(shock absorbers, stabilizer link, 20 mm anti-roll 

bar, subframe, control arms) and the rear suspension 

(coil springs, dampers, rear axle, trailing arms). The 

braking system comprises the master-cylinder 

assembly, an electric vacuum pump, the ABS 

module, an electronic parking brake (EPB) 

integrated into the rear-brake assembly, and 

magnetic-type wheel-speed sensors mounted at each 

wheel. The wheel-speed signals are analyzed by the 

controller to implement anti-lock braking (ABS). On 

the electric-drive platform, the braking torque can 

also be exploited for regenerative braking to recover 

energy—a topic widely studied to extend the driving 

range of electric vehicles [20]. The hydraulic 

diagram of the braking system is shown in Fig. 5. 

 
Fig. 5. Layout of the braking system: master cylinder, 

hydraulic lines, ABS module, electronic parking brake 

and wheel-speed sensors. 

VII. COMMUNICATION NETWORK 

AND DIAGNOSTICS 

A. CAN Network Architecture 

The communication network on the model 

reproduces the architecture of the VF3 vehicle, 

comprising two high-speed CAN lines (Power_CAN 

and Body_CAN, 500 kbit/s), a diagnostic CAN bus 

(Diag_CAN), a LIN line and a central-gateway 

module (XGW) bridging the sub-networks (Fig. 6). 

Representative network nodes include the VCU 

(Vehicle Control Unit), BMS, EDS, BCM, EPS, 

ABS, ACM (airbag), MHU and T-Box. 

Communication follows the CAN standard of ISO 

11898 [21], [22]; termination resistors of 120 Ω/60 

Ω are placed at the terminal nodes to ensure signal 

integrity. The OBD-II diagnostic port is connected 

to Diag_CAN through the gateway, enabling 

Diagnostics over CAN (DoCAN) per ISO 15765 

and the diagnostic service modes per SAE J1979 

[24], [25]. 
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Fig. 6. Communication-network architecture: two high-

speed CAN buses, a diagnostic bus, a LIN line and the 

central XGW gateway; the OBD-II port is brought out for 

diagnostics. 

B. Fault-Diagnosis Basis and Procedure 

Diagnosis of CAN-network faults is based on 

three sources: (i) the diagnostic trouble codes 

(DTCs) read from the scanner; (ii) the vehicle’s 

power state; and (iii) analysis of the communication-

network architecture. The typical fault types that the 

model’s fault-injection unit can reproduce include: 

an open circuit of one or both CAN wires to 

one/several nodes; a short circuit of one bus wire to 

ground; a short circuit of one wire to a powered 

wire; a short circuit between the two signal wires; 

insufficient supply voltage at a node; and a software 

fault or hardware failure at a network node. 

The testing method combines physical-

connection checks (ground contact, positive contact, 

open circuit) and measurement of the line signal 

with a VOM or observation of the signal 

characteristics with an oscilloscope [23]. On this 

basis, the authors propose a four-step fault-

localization procedure, applied consistently across 

the laboratory exercises: 

1. Select an easily accessible location on the 

harness to begin the investigation. 

2. Check the physical-connection status to 

preliminarily determine the cause of the fault. 

3. Disconnect the connectors between wire 

segments to subdivide and localize the 

suspected segment. 

4. Re-check under specific operating conditions to 

confirm and isolate the fault point. 

This procedure trains learners in systematic 

diagnostic thinking and in the use of standard 

measuring instruments, rather than undirected trial 

and error. 

 

 

VIII. RESULTS AND APPLICABILITY 

A. Product and Teaching Deployment 

The completed model allows intuitive 

observation and easy manipulation thanks to its 

open layout and movable wheels. The measurement 

connectors on the CAN network, the electronic 

fault-injection unit and the OBD-II port enable the 

instructor to actively create hypothetical faults, 

while learners perform the full cycle of 

measurement – fault-code reading – localization – 

handling. The model is used to teach electric/hybrid-

vehicle theory and electric-vehicle practice at the 

Faculty of Automotive Engineering, and it allows 

several groups of students to practice 

simultaneously instead of waiting in turn as with 

traditional models. 

The system of eleven laboratory exercises is 

built in an increasingly progressive pedagogical 

sequence, covering: safety principles; an overview 

of electric-vehicle technology; the energy supply 

and charging system; the motor-control system; the 

EDS drive system; the high-voltage battery; high-

voltage safety control; identification of the 

electrical–electronic system; the 12 V supply; and 

CAN-network testing methods. The exercises are 

closely linked to the fundamental knowledge in the 

specialized literature [14], [28], thereby narrowing 

the gap between theory and practice. 

B. Cost and Comparison 

The total material cost of the model is 

reasonable, considerably lower than that of 

equivalent commercial training equipment [13], 

while still ensuring visibility, measurability and 

diagnostic capability. More importantly, because it 

is self-designed, the model’s architecture is “open”: 

instructors and students can intervene in, extend and 

study its internal structure in depth—something that 

commercial “black-box” products do not allow. 

IX. CONCLUSION AND FUTURE WORK 

This paper has presented the design 

methodology and fabrication process of an electric-

vehicle training model on the VinFast VF3 platform, 

fully reproducing the high-voltage energy-

management system (HV battery – BMS – 2-in-1) 

and the electric drive system (EDS), and integrating 

a dual CAN network together with an OBD-II 

diagnostic port and a fault-injection module. The 

four technical–pedagogical requirements 

(visibility/safety, measurement, diagnostics, fault 

injection) have been concretized into an open, safe 

and reasonably priced architecture. Together with 

the system of eleven laboratory exercises, the model 

provides a low-cost, structurally transparent 

alternative to commercial “black-box” equipment, 
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and has proven effective in allowing several groups 

of students to simultaneously train their skills in 

measurement, schematic reading and fault diagnosis. 

Future development includes adding wireless 

monitoring and diagnostic functions via smartphone 

based on the IoT board; expanding the fault-

injection unit to other vehicle systems; and 

integrating a digital-simulation layer (lightweight 

HIL) to combine virtual and physical practice, 

progressively approaching Education 4.0 

technology. 
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