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Abstract

How to effectively detect the status of the internal structure of a traction battery is an important topic that ultimately affects its wide application
space and long service life, and how to use non-destructive methods to quickly detect the various types of damage, such as gas generation and
electrolyte dewetting is a great challenge. In this paper, throughout long-term cycling, the deterioration of the internal structure of a traction
battery is analyzed by ultrasonic scanning and shown to be an effective method for the detection of the internal defects of batteries.

Introduction

With the large-scale application of lithium jon traction batteries,
there are still many practical challenges and problems to be solved
[1,2]. As more electric vehicles are placing higher demands on the
safety, endurance, environmental adaptability and cost of traction
batteries, testing and verification technologies must also be improved,
namely, for the rapid detection of the internal structure and defects
[3,4].

Traction batteries are completely covered by metal, aluminum, or
plastic film, for isolation from air and moisture, so the interior of a bat-
tery is similar to a “black box”. We cannot directly see the small defects
inside the battery, and it is difficult to infer the hidden damages of the
battery, so the macro performance of the battery will not immediately
fluctuate [5,6]. At present, we usually test the internal resistance, max-
imum discharge current or discharge time and cycle life of batteries,
which takes a lot of time and also affects the subsequent use of the
battery to a certain extent, causing damage to the batteries. Therefore,
it is of great significance to find a traction battery detection method
with high efficiency, convenient operation, accurate detection results,
and non-destructiveness to the battery samples [7-9].

Ultrasonic scanning testing is one of the most common non-de-
structive testing methods, and has been widely used in steel industry.
It is a technology that can check the macro defects of the sample or
measure the characteristics of it without damaging the sample. How-

ever, ultrasonic testing technology still has limitations. Even if there
are defects in the area close to the detection, it is difficult to be re-
flected, due to the blind area. To prevent the sample surface from scat-
tering the ultrasonic waves, high surface roughness is needed through
the use of couplants [10-13]. It is difficult to make an intuitive and con-
venient quantitative analysis of defects, and it is quite difficult to detect
samples with complex shapes and structures. On the other hand, with
the development of mathematics, numerical methods such as finite
difference, finite element, and boundary element have also been ap-
plied to ultrasonic testing technology. Through numerical simulation,
the research cycle is shorter, the cost is lower, and it is more flexible
and convenient. Over time, these limitations have been greatly im-
proved [14-15].

In this paper, ultrasonic scanning technology is used to analyze the
damage to the internal structure of a traction battery in the cycling
process. The results show that the ultrasonic scanning technology can
effectively detect and analyze the phenomena of electrolyte drying, gas
production, and uneven current density in the internal structure of the
battery with respect to the actual use conditions.

Experimental Section

Ultrasonic scanning testing of a traction battery produces an ultra-
sonic field with a certain frequency and energy. According to the re-
flection theorem, ultrasonic waves will reflect or refract at the inter-
face of two media with different acoustic impedance, resulting in local
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changes in the ultrasonic field, which will be collected and displayed
by the receiving instrument. The ultrasonic transmitter transmits pulse
signals to the inside of the sample to be tested. When the ultrasonic
signal encounters defects with different acoustic impedance in the
propagation process, such as cracks, the defect will reflect the ultra-
sonic signal to the detection instrument, which can be processed and
analyzed. According to the characteristics of the received ultrasonic
waves, the collected signals are presented in an easily-understood way
after the algorithmic processing of the background computer software.
Finally, the sample is checked for defects and then the defects are char-
acterized.

The main equipment parameters of the ultrasonic scanning system
used in this experiment are as follows: scanning area 600 mm x 300
mm, in-plane resolution 1 mm, repeat positioning accuracy 0.05 mm,
peak emission voltage 400 V, and minimum detection spacing 0.1
mm.

Results and Discussion

Figure 1 shows the charge-discharge characteristic curve of the
traction battery sample. This electrochemical curve is typical of LiFe-
PO,-graphite chemistry, with a significant charging platform at about
3.4 V, which is formed by the stripping of lithium ions from LiFePO,
and their embedding in the graphite anode. There is a significant dis-
charge platform at about 3.2 V, which is the electrochemical process of
lithium ion stripping from the graphite and its return to LiFePO,. In
a charge-discharge cycle, the charging capacity and discharge capacity
are close to 40 Ah, indicating that the battery sample has qualified cou-
lombic efficiency.
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Figure 1: Charge-discharge characteristic curve of the traction battery sam-
ple.

Figure 2 shows the cycle performance of the battery sample. We use a
1 Crate to charge and discharge the battery. The capacity retention rate
of the first 200 cycles of this cell is 98.8%, and the capacity retention
rate of the first 500 cycles is 96.9%. When the battery is cycled to about
the 800th cycle, the capacity decreases significantly. After the 1000th
cycle, the capacity decreases to 34.8 Ah, and the capacity retention
rate is 87.9%.

To further analyze the damage of the battery sample during cycling,
we carried out ultrasonic scanning tests before and after the cycle of
the sample, including flaw detection testing and uniformity analysis
under different SOC (State of Charge) states. Figure 3 shows the defect
scanning results before and after the cycle, and Figure 4 shows the
details of the area marked in Figure 3 & Figure 4.

In general, the battery is in good physical condition prior to cycling,
and there are no obvious areas of poor packaging. In terms of details,
it can be seen that trace gases are sealed between the two layers in
a small part of the aluminum-plastic film hot pressing process (light
blue part). Although trace gases are sealed at the edge, they do not
connect the outside with the cell. Compared with that prior to cycling,
the quality of the edge banding of the sample after the cycle has de-
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creased significantly due to more gas existing between the edge band-
ing areas (the blue is darker). Although these areas are not connected
with the external environment, they will still reduce the electrochem-
ical activity of the surrounding areas. Especially in area 5, there is a
risk of liquid leakage due to the connection between the inner and
outer extension of the battery and the path indicated by the arrow.
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Figure 2: Cycle performance of the battery sample.
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Figure 3: defect scanning results before and after the cycle.
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After Cycle
Figure 4: details of the area marked in Figure 3.

Further, we analyze the uniformity of the SOC of the samples before
and after the cycle. The working conditions are as follows:

1.  Discharge the battery at a constant current of 20 A to 2.5V, and
define the SOC of the battery in this state as 0%;

2. Onthe basis of step 1, charge the battery at a constant current of
20 A for 20 min, and then set aside for 20 min;

3. Use ultrasonic testing equipment for the scanning test, and re-
peat step 2 until the battery reaches the charging cut-off volt-
age;

4. Through the collected ultrasonic data, the SOC distribution in-
side the battery can be analyzed.

As shown in the figure, the image color represents the actual SOC
distribution in the battery obtained by ultrasonic scanning detection.
The standard deviation describes the distance that each data point
deviates from the average value, and the value range is 0-1. Figure 5
shows the SOC uniformity change of fresh battery during charging.
We can see that the standard deviation of SOC distribution shows a
trend of first increasing and then decreasing during charging. Specific-
ally, in the process of SOC charging from 0 to 16%, the standard devi-
ation increases, while in the process of continuous charging, the stan-
dard deviation decreases, and finally after the battery is fully charged
(SOC 100%), the standard deviation decreases to 0.03, which is the
lowest value in the whole process. Figure 6 shows the SOC uniformity
change of the battery during charging after cycling. We can see that the
overall standard deviation is greater than that of the fresh battery, and
the trend of the standard deviation is close to that of the fresh battery.
At the end of the charging cycle, the standard deviation of SOC distri-
bution is 0.08, which is significantly greater than that of the fresh bat-
tery. Via a comparison between Figure 5 & Figure 6, we can find that
the SOC uniformity of the battery after cycling is significantly lower
than that of the fresh battery, which is caused by the instability of the
internal interface of the battery.
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Figure 5: SOC uniformity change of fresh battery during charging.
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Figure 6: SOC uniformity change of cycled battery during charging.

Conclusion

In this paper, the damage to the internal structure of a power bat-
tery sample in use is analyzed by means of ultrasonic flaw detection.
The results show that over 1000 cycles of the power battery and with
decreasing capacity, the internal interface of the battery is significant-
ly degraded due to gas production, electrolyte dewetting, seal deteri-
oration, and other reasons, and this degradation process leads to a
decrease of the uniformity of the internal SOC of the battery sample
during the charging process, which further affects the performance of
the battery and the stability of the internal structure.
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