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 Hydrogen fuel cell systems offer promising pathways for sustainable heavy-duty vehicle 

applications. This study presents a thermodynamic modeling and thermal management 

strategy for a high-power hydrogen fuel cell powertrain employing dual three-phase 

permanent magnet synchronous motors (PMSMs). Unlike conventional configurations, the 

proposed system not only enhances electrical efficiency and fault tolerance but also 

incorporates real-time thermal analysis to manage heat generation across the fuel cell stack 

and motor components. A multi-domain model, developed using AVL Cruise and 

MATLAB/Simulink, couples energy flow and heat dissipation processes under various 

load scenarios including acceleration, gradeability, and cruising. Key thermodynamic 

variables such as stack temperature, waste heat recovery efficiency, and coolant loop 

dynamics are evaluated. Results demonstrate the impact of control strategies on both 

system efficiency and thermal stability, offering insights for the optimal integration of fuel 

cell thermal behavior in high-power mobility applications. This work advances the 

intersection of vehicle system design and thermodynamic management in the context of 

hydrogen-powered transportation. 
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1. INTRODUCTION 

 

With the advancement of the "dual-carbon" strategic goals, 

concepts such as energy conservation, emission reduction, and 

green efficiency have become dominant themes in 

contemporary industrial development. Among various 

industrial sectors, the transportation industry—particularly 

heavy-duty commercial vehicles—has become a focal point of 

the energy revolution [1].  

 

 
 

Figure 1. The share of oil consumption by different vehicle 

types 

 
As shown in Figure 1, medium and heavy-duty commercial 

vehicles account for approximately 47% of total carbon 

emissions within the transportation sector, despite occupying 

only 13% of the vehicle market share [2]. This discrepancy 

highlights their substantial contribution to CO₂ emissions. 

Given the relative route stability and centralized deployment 

of these vehicles, the construction of localized hydrogen 

refueling stations becomes highly feasible. Thus, promoting 

fuel cell-powered heavy-duty trucks is considered an essential 

strategy for decarbonizing road freight [3]. 

The performance and lifespan of a fuel cell vehicle (FCV) 

are closely tied to the quality of system parameter matching. 

Importantly, this matching also governs heat distribution, 

energy utilization efficiency, and the thermal durability of core 

components. Achieving a well-balanced power system that 

satisfies both dynamic performance and thermodynamic 

efficiency is key. Currently, mainstream architectures involve 

various auxiliary energy source configurations such as Fuel 

Cell + Power Battery (FC+B), Fuel Cell + Supercapacitor 

(FC+C), and Fuel Cell + Battery + Supercapacitor (FC+B+C), 

chosen based on different application scenarios and thermal 

response behavior [4]. 

As illustrated in Figure 2, a common powertrain 

configuration employs two DC-DC converters—typically one 

for the fuel cell and one for the secondary battery—both 

interfacing with a common DC bus. This structure provides 

modular voltage control, enables optimized thermal 
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management, and facilitates compatibility with mature high-

voltage components, as seen in the Toyota Mirai [5-8]. 

 

 
 

Figure 2. Dual DC-DC based fuel cell vehicle drive system 

 

A second configuration, shown in Figure 3, omits the 

unidirectional DC-DC converter and directly connects the fuel 

cell to the DC bus. While this design reduces system 

complexity and conduction losses, it demands high 

consistency between the fuel cell's voltage range and the motor 

controller, thus imposing more stringent thermal balancing 

and voltage stability requirements. This configuration is 

adopted by the Hyundai ix35 FCV and Toyota FCHV-adv [9, 

10]. 

 

 
 

Figure 3. Based on a bidirectional DC-DC fuel cell vehicle 

drive system 

 

 
 

Figure 4. A fuel cell vehicle drive system based on a 

unidirectional DC-DC converter 

 

The third structure, depicted in Figure 4, retains only a 

unidirectional DC-DC boost converter between the fuel cell 

and the DC bus, removing bidirectional components entirely. 

Used in the Honda FCX Clarity, this setup simplifies the 

system layout but requires precise control of thermal transients 

during load fluctuations [11]. 

Traditionally, the fuel cell and energy storage units are 

connected in parallel, with voltage matching achieved through 

appropriate DC/DC converter tuning. However, to meet the 

growing power and thermal demands of heavy-duty trucks, 

these systems often require high bus voltages. This increase 

leads to larger series battery packs and escalates the thermal 

load, complicating heat dissipation and increasing control 

complexity within the battery management system (BMS) [12, 

13]. 

To overcome these challenges, multi-phase motor drive 

systems have gained attention for their ability to improve 

torque output, speed control range, and thermal distribution. 

These systems leverage multiphase inverters and motors, and 

their inherent redundancy also enhances system reliability 

under thermal stress [14]. For instance, the NIO ES8 has 

adopted a dual three-phase PMSM system, offering insights 

into scalable solutions for thermal and performance 

optimization [15]. 

 

 
 

Figure 5. A fuel cell vehicle drive system based on a dual 

three-phase motor 

 

As shown in Figure 5, this study investigates a high-power 

hydrogen fuel cell truck employing a dual three-phase 

permanent magnet synchronous motor (PMSM), each 

powered by an isolated inverter with independent energy 

sources. This topology allows direct regulation of power 

distribution and heat generation via coordinated inverter 

control. It also enables thermal decoupling between 

subsystems, significantly enhancing system resilience and 

energy management flexibility [16]. 

However, systematic design and parameter matching 

studies specific to this topology remain limited, especially for 

heavy-duty applications. Therefore, this paper focuses on a 

fuel cell heavy-duty truck equipped with a 100 kW hydrogen 

fuel cell stack and a dual three-phase PMSM system. The 

research encompasses the selection and thermal evaluation of 

core components, dynamic modeling of the power system, and 

comprehensive thermal analysis using AVL Cruise software. 

Simulated driving conditions—such as acceleration, hill 

climbing, and steady-state cruising—are used to evaluate the 

vehicle's thermal behavior, energy transfer efficiency, and 

system stability. Through this framework, the study provides 

practical insights into integrating thermodynamic 

considerations into fuel cell vehicle powertrain design, 

offering valuable references for future high-power green 

mobility systems [17]. 

 

 

2. DESIGN OBJECTIVES  

 

The power system of a 100 kW high-power hydrogen fuel 

cell heavy truck is inherently complex. Consequently, the 

power matching design must be founded on a control strategy 

that prioritizes the protection of the high-power hydrogen fuel 

cell. Based on the overall vehicle performance indicators, the 

parameters of the primary power components—namely the 

hydrogen fuel cell, power battery, and motor—should be 

appropriately matched. 

 
2.1 Driving system configuration analysis 

 

The power system of fuel cell vehicles includes a main 

energy source battery and an auxiliary energy source battery, 

as well as an engine and a transmission. 
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2.2 Whole vehicle parameters and design objectives 

 

This study examines heavy trucks that utilize high-power 

hydrogen fuel cells, tailored for the sector of heavy freight 

transportation known for significant loads, predetermined 

routes, and extended distances. The fundamental parameters 

of the high-power hydrogen fuel cell heavy truck, aligned with 

its market positioning and design specifications, are presented 

in Table 1. 

 

Table 1. The basic parameters of the high-power hydrogen 

fuel cell heavy truck 

 
Parameters Values 

Curb weight of the entire vehicle 12000kg 

Gross vehicle weight 42000kg 

𝐶𝐷 ∗ 𝐴 0.65*9.45 

Vehicle efficiency η 0.9 

Minimum vehicle speed (climbing speed) 10km/h 

Rolling resistance coefficient f 0.012 

Rolling radius 0.512m 

Motor overload coefficient λ 2(4-5) 

Transmission ratio i 0.92 

Wheelbase 4200mm 

Center of gravity height of the vehicle 1205.9mm 

Maximum climbing gradient ≥20% 

Maximum vehicle speed 80km/h 

0-50km/h Acceleration time ≤50s 

 

 

3. PARAMETER MATCHING OF THE POWER 

SYSTEM  

 

3.1 Control strategy for power system parameter matching 

 

Compared to low-power hydrogen fuel cells, a 100 kW 

high-power hydrogen fuel cell can effectively meet the power 

demands of heavy-duty trucks under typical road conditions, 

thus serving as the primary power source. Due to the 

considerable payload, major fluctuations in load, and intricate 

road conditions linked to heavy-duty trucks, the entire 

vehicle's power needs frequently vary significantly. 

Consequently, the hydrogen fuel cell frequently experiences 

considerable power fluctuations, operates continuously under 

high load with low efficiency, and undergoes rapid load 

changes, resulting in suboptimal chemical conditions and 

reduced system efficiency. While the lifespan of hydrogen fuel 

cells is relatively long under steady-state conditions, it 

diminishes rapidly under high-frequency variable-load 

scenarios. Additionally, due to technological constraints, 

hydrogen fuel cells tend to be relatively expensive. Therefore, 

implementing a hydrogen fuel cell protection priority control 

strategy can lower the overall vehicle cost and enhance 

economic efficiency. In conclusion, when designing the power 

system for heavy-duty trucks, it is essential to adopt a control 

strategy that prioritizes the protection of the high-power 

hydrogen fuel cell, ensuring its operation within an efficient 

range from startup to shutdown. The overall operational 

procedure ought to focus on reducing the likelihood of 

unfavorable chemical conditions in order to enhance the 

effectiveness of the power system and prolong the lifespan of 

the hydrogen fuel cell [18]. 

 
3.2 Motor parameter matching 

 

The design of a power system for heavy-duty trucks that 

employs high-power hydrogen fuel cells should begin by 

identifying the parameters related to the electric motor. This 

motor's power includes the requirements for maximum speed, 

the power needed for maintaining speed while climbing, and 

the energy essential for acceleration on flat terrain. The peak 

power value from these three situations indicates the rated 

power of the propulsion motor [19]. 

(1) The required power at the maximum speed of 80 km/h 

on a 0% gradient (considering only rolling resistance and air 

resistance). 

 

𝑃𝑣𝑚𝑎𝑥 =
1

𝜂𝑡𝜂𝑚𝑜𝑡

(
𝑚𝑔𝑓

3600
𝑣𝑚𝑎𝑥 +

𝐶𝐷𝐴

76140
𝑣𝑚𝑎𝑥

3) = 120𝑘𝑊 

 

𝜂𝑡 -Transmission system efficiency is taken as 0.92, and 

motor efficiency is taken as 0.96. 

(2) Maximum climbing power 

Based on the performance metrics for heavy-duty trucks 

powered by fuel cells, these vehicles should be able to climb a 

gradient of 20% while ensuring a steady speed of 10 km/h 

when fully loaded. In the process of climbing, the influence of 

acceleration resistance can be ignored. The equation used to 

determine the power necessary for the motor is outlined below: 

 

𝑃𝑖𝑚𝑎𝑥 =
1

𝜂𝑡𝜂𝑚𝑜𝑡

(
𝑚𝑔𝑓

3600
𝑣𝑖 cos 𝛼𝑚𝑎𝑥 +

𝐶𝐷𝐴

76140
𝑣𝑖

3 

+
𝑚𝑔𝑣𝑖

3600
sin 𝛼𝑚𝑎𝑥) = 145𝑘𝑊 

 

𝑣𝑖-The driving speed of the truck when fully loaded. 

𝛼𝑚𝑎𝑥 -The degree of the maximum gradient at a specific 

driving speed. 

(3) 0-50 km/h acceleration power 

To determine the power needed for a heavy truck powered 

by a fuel cell to accelerate uniformly to a speed v on a level 

road within a time period t, the formula is: 

 

𝑃𝑎𝑚𝑎𝑥 =
1

𝜂𝑡𝜂𝑚𝑜𝑡

(
𝑚𝑔𝑓

3600
𝑣𝑎 +

𝐶𝐷𝐴

76140
𝑣𝑎

3 +
𝛿𝑚𝑣𝑎

3600

𝑑𝑣

𝑑𝑡
) = 150𝑘𝑊 

 

t-The minimum time required to accelerate from 0 to 50 

km/h, with a stipulation of not less than 50 seconds, and here 

25 seconds is chosen. 

𝛿-The conversion coefficient for the rotating mass of the 

heavy truck is taken as 1.02. 

𝑣𝑎-The final velocity of the vehicle during acceleration, 50 

km/h. 

To achieve the best performance of the complete vehicle, 

the drive motor's rated power in fuel cell heavy trucks needs 

to fulfill the demands for top speed, steep gradient capability, 

and acceleration duration. In particular, the rated power of the 

drive motor must comply with these specified criteria: 

 
𝑃𝑒≥{𝑃vmax, 𝑃𝑖𝑚𝑎𝑥 , 𝑃𝑎𝑚𝑎𝑥} 

 

Taking into account the efficiency and power needs of 

heavy trucks, this vehicle design has chosen a motor that 

delivers a rated power of 150 kW, can reach a peak power of 

250 kW, and features an overload coefficient of 1.67, in 

combination with current motor models offered by suppliers 

in the market. 

The connection between the highest driving speed of the 

complete vehicle and the peak rotational speed of the electric 

motor is: 
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𝑛𝑚𝑎𝑥 =
𝑣𝑚𝑎𝑥𝑙

0.377𝑟
= 3500 

 

The rated rotational speed of the electric motor is: 

 

𝑛𝑒 =
𝑛𝑚𝑎𝑥

𝜇
= 1800 

 

The coefficient for expanding the constant power range of 

the electric motor is crucial. A larger value results in a lower 

rated speed and a corresponding increase in torque, which 

enhances the vehicle's acceleration and climbing capabilities. 

It is crucial to recognize that the rise in torque requires a more 

substantial power converter. For this analysis, we have chosen 

a coefficient value in the typical range of 2 to 3, specifically 

selecting 2. 

Using the initial two steps, it is possible to determine rated 

power and rotational speed of the motor. Additionally, 

utilizing the formula provided earlier allows for the calculation 

of the motor's rated torque. 

 

𝑇𝑒 =
9550 ∗ 150

1800
= 796 Nm 800 Nm 

 

The peak torque of the electric motor is: 

 

𝑇𝑚𝑎𝑥 =
9550𝑃𝑚𝑎𝑥

𝑛𝑒

= 1326 Nm 1400 Nm 

 

The main parameters of the electric motor are shown in the 

Table 2. 

 

Table 2. The main parameters of the electric motor 

 
Parameters Values 

Motor type 
Permanent Magnet 

Synchronous Motor 

Rated/Peak Power (kW) 150/250 

Rated/Peak Torque (Nm) 800/1400 

Rated/Peak Speed (rpm) 1800/3500 

 

3.3 Determination of transmission ratio 

 

The power system of a high-power fuel cell heavy truck can 

determine the necessary power source capacity based on the 

motor power and transmission ratio. The transmission ratio is 

calculated according to dynamic design objectives, including 

maximum speed and maximum gradient. 

(1) Determination of the minimum transmission ratio 

The minimum transmission ratio is determined by the 

maximum motor speed and the maximum vehicle speed. The 

calculation formula is as follows: 
 

𝑖𝑚𝑖𝑛 =
0.377𝑛𝑚𝑎𝑥𝑟

𝑢𝑚𝑎𝑥

 

 

(2) Determination of the maximum transmission ratio [20] 

The highest transmission ratio can be determined using the 

driving resistance at the steepest gradient along with the 

motor's maximum output torque. The calculation for this is 

provided in the formula below: 

 

𝑖𝑚𝑎𝑥 ≥
𝐹𝑖𝑚𝑎𝑥𝑟

𝜂𝑡𝑇𝑚𝑎𝑥
⁄  

𝑖𝑚𝑎𝑥 ≤
0.377𝑛𝑚𝑖𝑛𝑟

𝑢𝑚𝑖𝑛
⁄  

The driving resistance at the maximum gradient is 

represented by 𝐹𝑖𝑚𝑎𝑥 ; 𝑛𝑚𝑖𝑛  denotes the motor's minimum 

steady-state rotation speed; and 𝑢𝑚𝑖𝑛 signifies the heavy-duty 

truck's minimum steady-state vehicle speed. The parameters 

for the transmission ratio chosen for this design are listed in 

Table 3. 

 

Table 3. The transmission ratio parameters 

 
Parameters Values 

Number of gears in transmission 6 

Main reduction ratio of transmission 6.833 

Drive axle ratio 4.11 

 

3.4 Parameter matching of the fuel cell 

 

Currently, Proton Exchange Membrane Fuel Cells 

(PEMFC) are the most widely utilized fuel cells in the 

automotive sector. This prevalence is attributed to several 

advantages of PEMFCs, including rapid start-up, low 

operating temperatures, high power density, adjustable output 

power, and superior energy efficiency. This paper also adopts 

PEMFC as the primary energy source for fuel cell heavy 

trucks. 

The power output of the hydrogen fuel cell system 

represents a vital factor. It needs to sufficiently fulfill the 

energy requirements of fuel cell vehicles under standard 

driving conditions. In the case of for fuel cell heavy trucks, the 

usual driving speed varies between 40 and 60 km/h. Therefore, 

the fuel cell system's output power must comply with the 

following equation: 

 

𝑃𝑓𝑐 =
1

𝜂𝐷𝐶𝜂𝑡

(
𝑚𝑔𝑓

3600
𝑢 +

𝐶𝐷𝐴

76140
𝑢3) + 𝑃𝑐ℎ  

 

Table 4. The fuel cell selection parameters 

 
Parameters Values 

Fuel type Hydrogen 

Stack dimensions /mm 1100×510×250 

Cooling method Liquid cooling 

Operating environment 

temperature /℃ 
-30~45 

Hydrogen source pressure /MPa 35 

Rated power /kW 110 

Peak power /kW 150 

Output voltage range /V 260-500 

Output current range /A 0-500 

 

In the formula: 𝜂𝐷𝐶  is the DC/DC efficiency; 𝑃𝑐ℎ  is the 

power consumption of other electrical units. Compared to the 

traditional parallel configuration, the accessories of the high-

power hydrogen fuel cell system are relatively reduced, 

approximately 5 kW. u is the common driving speed of the fuel 

cell heavy truck, taking u=60 km/h; therefore, its output power 

𝑃𝑓𝑐  is 110kW. The fuel cell selection parameters for this 

design are shown in Table 4. 

 

3.5 Power battery pack parameter matching 

 

During the operation of the vehicle, the power battery 

supplies instantaneous power, facilitating "peak shaving and 

valley filling." This function allows the fuel cell system to 

operate smoothly and maintain a high-efficiency range, 

thereby minimizing fluctuations in output power. When the 
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vehicle brakes, the power battery recovers braking energy. 

Under certain conditions, the hydrogen fuel cell heavy-duty 

truck must also operate in pure electric mode for a specified 

distance. To guarantee that the driving range of the heavy-duty 

truck powered by hydrogen fuel cells is adequate, it is essential 

for the power battery to exhibit a high energy density. 

Additionally, to meet instantaneous power demands, the 

power battery should also exhibit adequate power density and 

have a prolonged service life. Furthermore, it is crucial to 

emphasize environmental protection to prevent pollution. 

Lithium batteries based on phosphoserine are commonly 

employed in new energy vehicles because of their excellent 

power and energy density, dependable and safe functionality, 

minimal self-discharge rates, extended lifespan, and lack of 

heavy metal contaminants. This paper investigates the 

application of phosphoserine lithium power batteries as an 

additional energy source for heavy-duty trucks utilizing 

hydrogen fuel cells. 

To fulfill real-world usage needs, the heavy-duty truck 

powered by a hydrogen fuel cell must have the capability to 

cover a distance of no less than 100 km at a speed of 40 km/h 

while operating in pure electric mode, during which the output 

power of the power battery, Pb, is: 

 

𝑃𝑏 =
𝑢𝑐

3600𝜂𝑡𝜂𝑏𝑎𝑡

(𝑚𝑔𝑓 +
𝐶𝐷𝐴𝑢𝑐

2

21.15
) 

 

In the formula, ηbat is the discharge efficiency of the power 

battery, 0.95. 

The energy Eb needed for the heavy-duty truck powered by 

hydrogen fuel cells to cover a distance of 100 kilometers while 

maintaining a constant speed of 40 kilometers per hour is: 

 

𝐸𝑏 = 𝑃𝑏 ∙ 𝑡 =
𝑃𝑏 ∙ 𝑆

𝑢𝑐

 

 

In the formula, S represents the driving distance, S = 100 

km. 

The total electrical energy consumed has the following 

relationship with the capacity C of the power battery: 

 

Table 5. The parameters of the power battery 

 
Parameters Values 

Battery pack rated voltage /V 576 

Battery pack capacity /Ah 228 

Rated charge-discharge rate 

/C 
1 

Peak charge-discharge rate /C 2 

Thermal management 

strategy 

Film heating for 

heating, Liquid 

cooling 

Charging method 
Single-gun fast 

charging 

 

𝐶 =
1000𝐸𝑏

𝑈0

 

 

In the formula, 𝑈0  is the nominal voltage of the power 

battery. The selected drive motor voltage is 560 V. 

Considering factors such as line loss and market supply, the 

nominal voltage of the power battery is taken as 576 V, and its 

capacity is determined to be 228 Ah. The final matched 

parameters of the power battery are shown in Table 5. 

 

4. MODELING, SIMULATION, AND RESULT 

ANALYSIS 

 

To thoroughly evaluate the rationality and effectiveness of 

the parameter matching within the heavy-duty truck power 

system, particularly under a control strategy that prioritizes the 

protection of high-power hydrogen fuel cells, we utilize AVL 

Cruise software. This software is closely aligned with 

engineering methodologies, enabling the creation of models 

for different elements of the high-power hydrogen fuel cell 

heavy-duty truck power system, in addition to the overall 

vehicle model. Following this, we proceed to analyze and 

enhance these models. 

 

4.1 Modeling of the power system for high-power hydrogen 

fuel cell heavy-duty trucks 

 

In alignment with the control strategy that emphasizes the 

safeguarding of high-power hydrogen fuel cells, the selection 

of these fuel cells and the accompanying design of the power 

system have been finalized, including the specification of 

component parameters. Consequently, a preliminary 

verification of the matching design results is necessary. A 

model for a cruise vehicle designed for high-power hydrogen 

fuel cell heavy-duty trucks has been developed based on the 

specifications of each component. These components consist 

of modules including the hydrogen fuel cell, power battery 

pack, motor, brakes, transmission, wheels, and vehicle 

controller. The simulation model of the power system for the 

high-power hydrogen fuel cell heavy-duty truck is illustrated 

in Figure 6. 

 

 
 

Figure 6. Simulation model of high-power hydrogen fuel cell 

heavy-duty truck power system 

 

4.2 Simulation result analysis 

 

(1) C-WTVC working condition analysis 

Considering the market positioning and performance 

requirements of high-power hydrogen fuel cell heavy-duty 

trucks, this study selects a typical Chinese heavy-duty vehicle 

test condition (C-WTVC) that aligns with the actual 

circumstances in China for analysis. The dynamic simulation 

results of the C-WTVC operating conditions for high-power 

hydrogen fuel cell heavy-duty trucks are presented in Figure 

7.  
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Figure 7. Speed, acceleration, and distance variation curves 

 

According to Figure 7, the cycle time is 1800 seconds, and 

the driving distance is 8.2 km. The maximum speed recorded 

is 85 km/h, while the average speed is 41.08 km/h. The 

maximum absolute value of acceleration is 3.0 m/s², with an 

average acceleration of 0.02 m/s². Throughout the entire 

process, the maximum speed meets the design performance 

requirement of ≥ 80 km/h. Additionally, both speed and 

acceleration exhibit good consistency with the trends observed 

in the road spectrum changes. 

 

 
 

Figure 8. SOC variation curve of power battery 

 

Figure 8 illustrates the variation curve of the State of Charge 

(SOC) for the auxiliary energy power battery pack of a high-

power hydrogen fuel cell heavy-duty truck under the C-

WTVC working condition. The SOC of the power battery pack 

fluctuates between 70% and 90%, starting from an initial value 

of 70%. This fluctuation aligns with the principle of shallow 

charging and discharging for the power battery pack, 

indicating that the operational point of the hydrogen fuel cell 

is situated within its high-efficiency working range. 

As illustrated in Figure 8, hydrogen fuel cells, power cells, 

and motors predominantly operate within their rated range, 

with only brief instances of overload. The motor power 

demonstrates a strong correlation with the road spectrum 

trend, while the hydrogen fuel cell consistently operates within 

its efficient working area.  

These results suggest that the parameter matching of the 

heavy-duty truck power system, under the protection priority 

control strategy for high-power hydrogen fuel cells, 

effectively meets the driving requirements of the C-WTVC 

cycle. This finding confirms that the parameter matching 

design for the high-power hydrogen fuel cell heavy-duty truck 

power system, under this control strategy, is both reasonable 

and effective. 

 

 
 

Figure 9. Maximum speed and driving distance curve 

 

(2) Dynamic analysis 

(a) The maximum speed of the hydrogen fuel cell heavy-

duty truck, as illustrated in Figure 9, is 100 km/h, which meets 

the performance requirement of a minimum speed of 80 km/h.  

(b) The maximum climbing slope of the for fuel cell heavy 

trucks, as illustrated in Figure 10, is 22.74%. At a speed of 10 

km/h, the climbing slope measures 21.22%, which 

satisfactorily meets the design objective of achieving a 

climbing slope of at least 20% at that speed. 

 

 
 

Figure 10. Climbing performance 

 

(3) Analysis of driving range 

(a) Full charge driving range of power battery pack 

The assessment of the power battery pack's fully charged 

driving range occurs under a driving condition maintaining a 

constant speed of 60 km/h. The distance covered, as the state 

of charge (SOC) of the power battery pack shifts from an 

initial 90% down to 15%, indicates its fully charged driving 

range. Figure 11 presents the variation curve illustrating the 
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relationship between the SOC values and the driving distance 

of the power battery pack under these operating conditions. As 

shown in Figure 9, the defined fully charged driving range for 

the power battery pack reaches 115 km, consistent with the 

design objective of ensuring a fully charged power battery 

achieves a minimum driving range of 50 km. 

 

 
 

Figure 11. SOC and driving distance variation curve under 

constant speed condition of 60 km/h 

 

(b) Continuous driving range under cyclic conditions 

Under the C-WTVC cycle condition, the state of charge 

(SOC) of the power battery pack decreases from 90% to 15%. 

The variation curve of SOC and driving distance is illustrated 

in Figure 12. According to this figure, the driving distance 

during which the SOC declines from 90% to 15% under these 

operating conditions is 64 km. Given that the power source of 

heavy trucks consists of hydrogen fuel cells and power 

batteries, and considering that the design goal is to achieve a 

range of 50 km in pure-electric mode, this performance meets 

the established design requirements endurance. 

 

 
 

Figure 12. C-WTVC cycle SOC and driving distance 

variation curve 

 

 

5. CONCLUSION 

 

The variation curves for the State of Charge (SOC) and 

driving range under the conditions of the C-WTVC cycle were 

developed for a heavy-duty truck power system powered by a 

high-performance hydrogen fuel cell, which utilizes a dual 

three-phase permanent magnet synchronous motor. This 

encompasses the selection of components, matching of 

parameters, and various calculations. In light of the operating 

conditions of the C-WTVC, the fuel cell was chosen after 

considering both the real-world operating conditions and the 

efficiency characteristics pertinent to heavy-duty trucks, to 

ensure that the motor performance specifications aligned with 

the component requirements. Using the outcomes of the 

design, a model representing the high-capacity hydrogen fuel 

cell heavy-duty truck was created in AVL Cruise, leading to 

several conclusions derived from simulation results. 

(1) In this configuration, both the hydrogen fuel cell and 

the power cell operate within the high-efficiency range, 

exhibiting minimal instances of overcharging and over-

discharging. 

(2) The motor overload time is relatively short; 

(3) The power system configuration of the heavy-duty 

truck with a fuel cell can fulfill the performance demands 

required for such vehicles. 

The findings of this study illustrate that the process of 

designing a power system for series hydrogen fuel cell heavy-

duty trucks, which employ dual three-phase permanent magnet 

synchronous motors, is both practical and efficient. As a result, 

this paper provides an important resource for future 

investigations into high-power applications of hydrogen fuel 

cell heavy-duty trucks. 
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