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Abstract. In recent years, the new energy vehicle industry has developed rapidly. As one of the
important systems of cars, the research on the driving system of new energy vehicles is also of
great significance. This article is mainly for the four typical work conditions of the car-driven
axle case: the active conditions, the maximum traction conditions, the operating conditions and
the maximum side force of the power of the force of the power of the car. According to the
analysis conducted, the evaluation of a car's performance varies depending on its load conditions.
When the car carries a full load of static weight, the primary focus is assessing the driving force
generated by the axle case. Conversely, when the car operates at its maximum traction capacity,
the key aspect under scrutiny is the vertical force exerted by the ground and the tires on the
vehicle's exterior torque. In the case of a fully-loaded car, the assessment of lateral sliding
primarily involves examining the side force produced by the axle case. Additionally, this article
utilizes a concise driver system diagram to analyze the advantageous layout of the drive system
in new energy vehicles. The obtained result has important guiding significance for the optimized
design of the new energy vehicle drive bridge.
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1. Introduction

1.1. The purpose and significance of studying the new energy vehicle drive bridge

With the continuous improvement of living standards, cars have gradually become an important
transportation of mobility. Traditional cars are driven by gasoline or diesel internal combustion engines.
The exhaust emissions are large, the energy consumption is large, and it has large environmental harm
[1].

Since the 21st century, the concept of new energy vehicles has been proposed, referring to using
unconventional vehicle fuel as a power source, combining new vehicles formed by the vehicle's power
control and driving advanced technologies [2]. Compared with traditional gasoline or diesel-driven cars,
new energy vehicle exhaust emissions and small energy consumption are small, and the harm to the
natural environment is small. Therefore, in today's dilemma of the traditional automobile industry, new
energy vehicles are a promising development direction.

In the process of the development of new energy vehicles, optimizing the passenger experience of
the car and reducing the energy consumption of the car are two important development directions. Due
to the different power, many parts can be optimized and improved compared to traditional vehicles.

© 2024 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Especially for the optimized design of the drive bridge, it can greatly improve the comfort and
stability of the ride, but also make the bridge structure lightweight [3], saving power and effectively
improving the battery life of new energy vehicles. Therefore, it is not difficult to conclude that the
structure optimization of the driving bridge of new energy vehicles and the significance of lightweight
research are extremely significant.

1.2. Briefly describe the current situation in China and abroad
New energy vehicles in the world mainly include pure electric vehicles, hybrid vehicles, fuel cell
vehicles and other different development routes [4].

China's new energy vehicle sales and preservation volume ranked first worldwide for three
consecutive years. The overall development of the new energy vehicle industry has developed rapidly,
but compared with the traditional automobile industry, the market share is still low. The main scientific
research and development directions of domestic enterprises are concentrated in hybrid vehicles and
pure electric vehicles. On a number of indicators such as mileage and comprehensive operating
conditions, domestic hybrid vehicles are better than foreign hybrid new energy vehicles. In terms of fuel
cell vehicles, there is still a certain gap between China and international advanced levels, mainly in the
output power and service life of fuel cells.

Specifically, in terms of the research on the driving bridge, the traditional car-driven bridge has gone
through many years of development. There are still shortcomings such as large -volume and low
technical content. New energy vehicles need to be lighter to optimize design research than traditional
cars. The general technical route of the optimization design of the car driving bridge is: to clarify the
purpose of optimization, determine the research objects, analyze the research objects, propose
optimization plans, conduct finite element analysis, perform strong school checks, and finally complete
the optimization design. This article is mainly based on the driving axle case of new energy vehicles and
analyzes the advantages of the layout of the new energy vehicle drive system compared to fuel vehicles.

2. Driving axle case stress analysis

2.1. Mechanics model under various working conditions

During the car driving process, there will be a variety of different operating conditions. This article
abstracts a variety of different working conditions into four typical mechanical models, namely: the
active conditions of the vertical force (the car is fully loaded and in the static state), the maximum
traditional work conditions (The car is fully loaded and started with the maximum traction), braking
power conditions (car full load and maximum traction emergency braking), and maximum side -oriented
work conditions (car full -load on the side slip) [5].

2.2. Vertical force conditions

As shown in Figure 1, the axle case is like a hollow beam. It relies on the wheel bearing of the wheels
at both ends to the wheels, and the load of the car is added to the steel plate spring seat on both sides of
the axle case [6]. At the same time, the wheels on both sides are also supported by the support force
G2/2 given by the bottom surface. The power of the axle case is the difference between the branches
and the gravity of the wheels' gw, that is (G2/2-gw. When the axle case is calculated according to the
static load, the curved moment M between its two steel plate spring seats is

M=(G,—gw)>  N-m (1)

In the formula:

G, Driving the bridge to the bottom surface when the car is full on the horizontal pavement (N);
gw— T he gravity (N) of wheels (including wheels and brakes);

B —— drive the wheel distance (m);

s —— Drive the center distance (m) of the two steel plate spring seats on the axle case.

At this time, the maximum vertical force is
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Fomax = 2.5 G, /2 (2)
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Figure 1. Simple diagram of the active conditions of the vertical force. (Photo/Picture credit: Original)

Maximum traction work conditions
As shown in Figure 2, in order to simplify the calculation, the maximum traction of the car does not

consider the side force, that is, at this time, it is calculated only based on the operating conditions of the
vehicle in line. At this time, the high heart of the car is recorded as hg.
The maximum tangential reaction force on the left and right drive wheels is

— TemaxigilonNT N (3)

P,
max Ir

In the formula; Tepmax—— the maximum torque of the engine (N- m);
The transmission 1 transmission ratio;

ig1

ip The main slowdown ratio of the driving bridge;

Nt The transmission efficiency of the transmission system;
Iy The rolling radius of the wheel (m)
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Figure 2. Simple diagram of the maximum traditional work conditions.(Photo/Picture credit: Original)

2.3. Braking force conditions
As shown in Figure 3, when the car is emergency braking, the impact of the side force is ignored.

Assuming that the vertical reaction force and the same force of the left and right wheels are equal, then

there is
F12=Fr2=G,A,/2 (4)

The maximum brakes on the wheels are:
Fp=G,A, /2 (5)
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The outside of the spring seat is also affected by torque T:
T=G, A, @r /2 (6)

A, is the quality transfer coefficient under the emergency system. For small trucks, it is generally
0.75 here;
@ is the attachment coefficient of the pavement, which is 0.75 here.

Figure 3. Simple diagram of the braking force conditions.

2.4. The maximum side directional conditions

As shown in Figure 4, when the car is fully on the side of the car, the car is considered to bear the
maximum side force (when turning rapidly, when the full load). When the car turns at a full load and a
high speed, its quality will produce a considerable centrifugal force, and the car is prone to skids.

The support for the left and right wheels of the car is F;, and Fg,:

FL2:G2(1/2 - hg(P1/B) (7
Fra=Gz(1/2 + hgy/B) 8

In the formula; hg is the height of the maximum load of the car; B is the wheel distance of the wheel;

@, s the side attachment coefficient between the tire and the ground, which is 0.7 here.
The side force of the axle case

P2=G2¢ 9)

[ 1

FH“ . N i Fm‘lyzre

Figure 4. Simple diagram of the maximum side directional conditions.
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2.5. Data calculation in various conditions

Table 1. Parameter of a pure electric passenger car table [5].

parameter name Indication symbol Value
Full load quality/kg M, 4100
Rear shaft load/kg M, 3000
Maximum torque of the engine/N-m Temax 350
Mainly Speed Transmission ratio ip 45
Vehicle rolling radius/m Iy 0.345
Transmission No. I gear ratio ratio ig1 6.00
Auto quality height/m hg 0.700
Drive wheel wheel distance/m B 1.65
The center distance of the spring seat on the S 1.01
axle case/m

Output torque/N-m T 8000
Maximum speed/km/h \'A 120

The main data used in the data calculation of this article is shown in Table 1.
For vertical force conditions:

Fymax = 2.5 Go/2== 36750N (10)

At the same time, for the maximum traction:

Py = 2maxlatlT _ 560790N (11)

I'r
The vertical force of a single wheel is equal to FL and FR, and there are:

In the formula:

F,/2 is the vertical force that is applied to a single wheel for the ground;

A, is the quality transfer coefficient of the normal driving of the car, which is 1.2 here.
The anti -reaction force of the axle case

F2=35280N (13)
Calculation for braking conditions:
F1,=Fry=G,A,/2 = 11025N (14)
The maximum brakes on the wheels are:
Fp, = G,A,p/2 = 8268.75N (15)
The torque of the outside of the spring seat is also affected T:
T = GyA,@r,/2 = 2852.72N (16)
For the maximum side force conditions:
Left wheel support force:
FL, = G2(1/2 — hgpy/B) = 5969N (17)

Right wheel support force:
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Fr2 = G(1/2 + g, /B) = 23430N (18)
The side force of the axle case:
P2 = G2¢ = 20580N (19)

For the result of the analysis of the force analysis of the axle case, when the car is full of static, the
axle case only withstands the vertical load from the spring seat, and when the car has a full load and
starts with maximum traction, the main inspection ground and tires of the driving axle case are given to
give it. The vertical reaction force, the vertical force of the spring seat when the car is fully loaded, is
less than the vertical force driving in the line, so it should focus on the outer torque that the spring seat
bears. When the car is full of side slips, the support force of the axle case is the smallest of the four
working conditions, so it mainly examines the side force of the axle case. The force analysis and data
calculation of the four typical work conditions can provide important data support and a theoretical
foundation for subsequent structural design.

2.6. Different forms of axle case weight and strength comparison

2.6.1. Overall cast/stamping welding

The overall cast axle case is shown in Figure 5. Compared to the axle case produced through stamping
and welding, the cast axle case has a greater thickness. Consequently, when the same component is
manufactured using the overall casting method, it results in a heavier structure. The intensity of the
overall casting component is better than that of stamping parts welded, but at the same time, it also has
higher production costs and maintenance costs. As shown in Figure 6, the stamping welded axle case.

¥

Figure 5. Overall casting axle case [7].

LR el

Figure 6. Stamping and welding axle case [8].

276



Proceedings of the 2023 International Conference on Mechatronics and Smart Systems
DOI: 10.54254/2755-2721/12/20230366

2.6.2. Cast iron material/aluminum alloy material

Table 2. Driven bridge assembly material part of the parameter table [9, 10].

Part Name Material name material density/kg/m3
Disc brake

Brake disc HT250 6.8-7.3

Brake pliers 45+ 7.85

Axle case malleable iron 7.2-74

Cast aluminum alloyZL205A 2.82

Main reducer assembly
Differential bevel gear 20CrMnTi 7.82
Bilateral gear 20CrMnTi 7.82

It can be seen from Table 2 that the density of cast iron material is much higher than that of aluminum
alloy material (nearly three times). At the same time, the strength and stiffness of cast iron are also
higher, and the ability to bear severe impact and long-term high-strength load is strong, but its
disadvantage is poor heat dissipation performance. The aluminum alloy material has good heat
dissipation, low density and strong corrosion resistance. The disadvantage is that the cost is higher than
that of cast iron (the price of cast iron of the same quality is about 35% of that of aluminum alloy material)
[11].

Due to the development of disc brakes for many years, there are a series of mature products in the
market. Considering the economy and structure, cast iron is selected as the main material. Therefore, to
optimize the selection of axle materials for new energy vehicles, the main consideration is to replace the
axle housing materials with aluminum alloy materials on the premise of meeting the strength and life
requirements.At present, the most widely used aluminum alloy brands are high-strength cast aluminum
alloys ZL205A, ZL401, etc.

3. Differences between pure electric vehicle drive axle and fuel vehicle
The main difference between pure electric vehicles and fuel vehicles is that the motor of electric vehicles
replaces the fuel engine and fuel tank of fuel vehicles, so the other systems of the vehicle, including
steering, drive, braking and other systems, are roughly the same, that is, the structure of the vehicle's
drive axle, reducer, differential and so on is universal [12].

Figure 7 is a schematic diagram of the drive system of a pure electric vehicle, and Figure 8 is a
schematic diagram of the drive system of a fuel vehicle:

-

.

Figure 7. Schematic diagram of pure electric vehicle drive system. (Photo/Picture credit: Original)
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Figure 8. Schematic diagram of fuel vehicle drive system. (Photo/Picture credit: Original)
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As depicted in Figure 8, within the conventional propulsion system of a fuel-powered vehicle, the
inclusion of the internal combustion engine's transmission is crucial. This component plays a vital role
in conjunction with the clutch, ensuring the smooth initiation of the vehicle's movement and preventing
potential engine stalling resulting from excessive starting load. Compared to the internal combustion
engine, the motor's input power exerts a more pronounced influence on the dynamic characteristics of a
vehicle. Moreover, it eliminates the need for a no-load start to reach the operational speed, which is
required for internal combustion engines [13]. Consequently, pure electric vehicles do not require a
physical gearbox. Consequently, the driving system of pure electric vehicles experiences significant
simplification when compared to traditional fuel-powered vehicles. In terms of riding experience,
although the drive axle of pure electric vehicles is universal with traditional fuel vehicles in theory
because the motor volume of pure electric vehicles will occupy less space than the power system of fuel
vehicles, the impact of the layout of the drive axle on the internal space of the vehicle will be greatly
reduced, which is more conducive to the improvement of the layout of the drive system to improve the
ride comfort.

4. Conclusion

In summary, research and development of new energy vehicles is the current and development trends of
automobiles. This paper analyzes the research background, determines the research object, simplifies
and summarizes the stress of the axle housing, calculates the data, and finds out the main force objects
of the axle housing under different conditions: when the vehicle is fully loaded and stationary, the
vertical force on the axle housing is mainly investigated, while when the vehicle is fully loaded and
starts with the maximum traction force, the vertical reaction force given by the ground and tires is mainly
investigated, and when the vehicle is fully loaded and braked, Focus on the external torque borne by the
spring seat. When the vehicle skids with full load, the lateral force on the axle housing is mainly
investigated. The analysis results are of great significance for the subsequent in-depth study of the
optimal design of the drive axle of new energy vehicles.

Finally, this paper also makes a comparative analysis of the drive system layout of pure electric
vehicles and traditional fuel vehicles, discusses the differences between the drive system of pure electric
vehicles and traditional fuel vehicles, and finds that the optimized pure electric vehicle drive system has
obvious advantages in lightweight and riding comfort. The optimal layout of the drive system and the
optimization of the material and structure of the drive axle body will become two important directions
in the optimization research of the drive axle of new energy vehicles.
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