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How to Evaluate the Per formance of Traction Battery for 
Electric Vehicles

Abstract: With the rapid development of new energy vehicle technology, how to test and evaluate the performance of a traction 
battery has become a key issue in the field of new energy vehicle testing technology. Starting from the technical requirements of vehicle 
traction battery, this mini review introduces the key contents of battery performance test and evaluation from vehicle level and battery 
level respectively. Furthermore, based on the actual vehicle demand, the influence of electricity quality and feedback current on the 
performance of battery is introduced, and the feasibility of multi-stage reuse of traction battery is discussed.
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Introduction
The development of electric transportation brings up with higher 
requirements for the energy density of lithium-ion batteries (LIBs). 
Higher technical barriers increased competition between producers 
while the profit decreased continuously [1,2]. In order to control the 
production cost and product quality accurately, the accurate evaluation 
of traction battery performance has received extensive attention 
around the industry. The basic parameters of a battery include 
performance parameters, safety parameters, durability parameters, 
accompany with cost, environmental protection and so on. However, 
if the current demand is to evaluate the comprehensive performance 
of the battery to set a performance level for the battery, battery 
parameters cannot be the only criteria to consider, the application 
scenarios should be included to the evaluation system [3,4]. From 
the perspective of comprehensive evaluation, excellent products are 
defined as the products suitable for this application scenario. To be 
specific, high speed, high range, low cost, easy to operate, these targets 
are the common goal of the world. Therefore, for the evaluation of 
traction battery, it is necessary to design an appropriate evaluation 
system related to the above aspects.

Test and evaluation are servicing for industry. At present, the trend 
of test and evaluation of electric vehicle and battery performance 
is closely related to the characteristics of industry and product. In 
recent years, the sales volume of electric vehicles has increased rapidly 

year by year, which has formed a complete industrial chain and 
technology chain and is gradually in the trend of cost slowing down. 
The product iteration of the new system is very fast, including the use 
of new materials for batteries, the use of silicon carbide for motors, 
the lightweight design of chassis and whole vehicle, and the system 
integration technology [5-7]. High integration is the trend of current 
industry, and high integration will also affect the change of our battery 
standards and test evaluation objects. For example, how to evaluate the 
battery on integrated chassis.

Performance evaluation of traction battery

The performance test and evaluation of traction battery need to be 
analyzed from multilevel of the battery, and there is a coupling 
relationship between different levels. The first is material system, how 
to optimize the material system to take into account the high specific 
capacity and high-rate characteristics to meet the requirements of 
fast charging and fast discharging. The craft of electrode, separator 
and electrolyte is also the key factors to determine the capacity and 
power characteristics of the battery [8-10]. On the other hand, it is 
indispensable to consider how to ensure a stable performance in the 
whole life of a battery. At the level of battery system, how to simulate 
the condition of high-power output and other actual conditions on 
the thermal management system and battery management system 
(BMS) identification through laboratory testing and analysis [11,12]. 
In addition, quality of electricity, vehicle strategy and other problems 
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which are easily ignored will also bring additional impact on battery 
performance. In the battery manufacturing process, measures such as 
thickening the separator, electrolyte additives and so on to improve 
the rate performance or rate safety will reduce the energy density, that 
is to say, there is a certain contradiction between the performance 
and safety in technical route; this is not only a challenge for the 
industrialized material system, but also a similar contradiction for 
solid state batteries and lithium-sulfur based batteries [13-15]. How 
to meet the requirements of energy density and high power and safety 
is the key problem to improve the performance of traction batteries.

At the cell level, the battery performance test system mainly includes 
the following aspects. The first is the consistency among different 
cells, including the consistency of weight, open circuit voltage, 
internal resistance, and capacity. When the cells are modular, the 
effect of consistency on the battery system is very important, at which 
come up with a cask effect. The second is the temperature and rate 
characteristics, which determine the operating range of the battery to 
give full play of its capacity and life. The working conditions of vehicle 
are complex, different vehicle types, road conditions and temperature 
changes in four seasons have different requirements on the 
temperature characteristics and rate characteristics of battery [16,17]. 
The third is the power characteristic, which is also the key demand 
for the acceleration and climbing performance of electric vehicles. 
Some of the electric vehicles that have been used for several years may 
still have certain range after charging, but they can’t provide sufficient 
impetus during the acceleration stage. That is the results of the power 
characteristics of the battery have deteriorated because of aging. The 
fourth, energy density, under different working conditions, is also the 
core index affecting the range. The last part is the characteristics of 
heat generation. Although the heat generation characteristics are not 
directly related to the performance of the battery, the battery with 
large heat generation has higher requirements on cooling system, 
which indirectly improves the overall technical requirements of the 
battery system and reduces the energy density [18,19].

Factors affecting the performance of traction battery in 
practice

The battery performance impact mentioned above is mainly 
the influence of material system and working condition on the 
performance of the battery. In practical application of electric vehicles, 
there are two aspects of influence that need to be considered. 

On one hand, is the quality of electricity. The current of DC charging is 
mixed with some AC, which is determined by the capability of power 
supply system. According to the current test data, the change of the 
frequency of AC when peak value of AC sine wave is fixed and the 
change of the peak value when frequency is fixed are not show linear 
change. However, if AC is doped, it will have a significant impact 
on the capacity. Quality of electricity in different cities and regions, 
different charging piles is different. Whether the long-term use of 
different power quality will have a significant impact on the aging of 
the battery is still testing for a long period.

On the other hand, is the energy feedback condition included in the 
real vehicle application. When electric vehicle is braking at a high 
speed, it may cause a large instantaneous current feedback to the 
battery, which is similar to a pulse charging condition, but the specific 
form of pulse is uncertain. According to the data collection results 
of the real vehicle, there are two main parameters, initial speed and 
deceleration, which affect the feedback current. Energy feedback 
brings additional working pressure to the actual application scenario 
of traction battery, which may not be too high. The new factory battery 
can be fully accepted. However, if considering whether the aging 
battery can bear the same pressure in the whole life span, it needs a 
long-term test and verification.

The electricity and feedback current need to be considered in the 
performance analysis of the whole life cycle. In fact, as long as the 
analysis of traction battery is extended to the whole life cycle, more 
factors should be considered, and these factors are coupling and 
interrelated, sometimes it is difficult to test and verify single variable. 
For the tester, not only need to consider various factors, but also to 
find the most important factors of these factors and establish a feasible 
test method. For the real vehicle application, the core evaluation 
index of battery life is still capacity energy, internal resistance power, 
heat generation and consistency. But in these parameters, the main 
factors to consider are the rate of change and the threshold value of 
the boundary.

The multistage reuse of traction battery also requires the establishment 
of a perfect performance test method. After the battery is retired from 
the electric vehicle, it still has about 70% of the remaining capacity. 
The batteries after retirement can continue to serve in low pressure 
conditions, such as base station, low-speed electric vehicle, etc. It 
involves the process of sorting and reorganization, which needs to 
consider consistency and cost. If the battery needs to be retired after 
service under low pressure, we can actually use the battery in some 
of the lower pressure scenarios, such as lighting, etc. But at this time, 
with the current technical level of battery products, it is not suitable 
to use them in groups. From the perspective of working conditions, 
when reusing and secondary reuse, it is needed to consider many 
factors, such as ratio, voltage platform, frequency of use, etc. Different 
reuse routes need to be considered for different batteries of different 
systems, which is a comprehensive problem of performance, safety, 
durability and cost.

Conclusion
In summary, the performance test and evaluation technology of 
traction battery should focus on the vehicle demand and establish the 
test method and evaluation index. Also, the impact of the whole life 
cycle on the battery should be fully considered. In the specific technical 
route of establishing test and evaluation methods, it is necessary to 
combine the test methods of materials, cells, system and vehicle to 
form a multilevel comprehensive evaluation system.
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