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ABSTRACT 
Nowadays, Lithium-ion batteries are widely used in various aspects, such as mobile 
electronic devices, mobility, EVs, and so on. Exactly to estimate State of Health (SoH) 
and Remaining Useful Life (RUL) becomes more and more necessary for realistic 
applications. Accelerated aging test can provide reliable experimental data for 
research of SoH estimation. An accelerated aging test system for a battery pack was 
designed in the research, which included hardware design and programming of test 
system control and monitoring. After establishment of the test system, several test 
cycles were implemented, and the acquired data indicated that the developed aging 
test system worked very well and can be used for degradation experiment of the 
Lithium-ion battery pack in future work. 
 
Keywords: Accelerated Aging Test, Lithium-Ion Battery Pack, Battery Internal 
Resistance. Test System Design, State of Health (SoH) 

 
1. INTRODUCTION 

         With use of limited fossil fuel and climate change, demand of green and 
renewable energy sources is increasing greatly and continuously Hu et al. 
(2020). Secondary batteries, especially Lithium-ion batteries, have been 
widely used in various aspects, such as electronic devices Vetter et al. (2005), 
mobility, EVs Lin et al. (2015), Rezvanizanian et al. (2012). However, 
performance of Lithium-ion batteries degrades gradually with repetitive 
operation of charge and discharge Hu et al. (2020), Kai et al. (2008). Many 
researchers have focused on this field and developed estimation algorithms of 
battery aging, such as State of Health (SoH) and Remaining Useful Life (RUL) 
Xu et al. (2013), Gregory (2016). It is significantly important to use realistic 
battery aging data to validate those algorithms. There are some publicized 
data set Saha and Goebel (2007), CALCE  of Lithium-ion battery in internet, 
one of which is provided by NASA Ames Prognostics Data Repository and has 
been used by many researchers. Most of these datasets are relative to single 
cell. However, we are going to investigate SoH prediction for a Lithium-ion 
battery pack. Thus, the aim of the research is to establish a set of accelerated 
aging test system for a battery pack that consists of two batter cells in series 
connection. The parameters of accelerated aging test can be set in the 
developed test system. During test period, voltage and current of battery cells 
in charge and discharge processes can be obtained and, meanwhile, internal 
resistance (IR) of the cells is acquired too. We can utilize these data 
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sets to estimate SoH of the battery pack or to predict its RUL based on some 
algorithm.  

The layout of the paper is as below. The test system designed includes 
hardware design and programming of control as well as monitoring, which are 
presented in the section 2 and 3, respectively. After establishing the test system, we 
did several cycle experiments and demonstrated a typical data set in the section 4. 
Conclusions are given in the last section. 

 
2. DESIGN OF HARDWARE ARCHITECTURE  
Repeating charge and discharge cycles results in accelerated aging of the 

batteries, meanwhile, some parameters of batteries are measured to evaluate the 
batteries for the future and to ensure safety of entire experiment process. Figure 1 
shows the architecture of accelerated aging test system for a battery pack, whose 
structure can be divided into three parts, a battery pack of two cells with serial 
connection, test and measurement instruments, and electrical circuit control part. 
The electrical circuit control part changes connection between the battery pack and 
the instruments. The battery pack, the object in the research, consists of two 18650 
Lithium-ion batteries (cell 1 and cell 2) connected in serial. It will be described in 
detail in the following contents how to design hardware architecture. Table 1 gives 
typical specifications of the instruments shown in Figure 1. 

 
Figure 1 Architecture of accelerated aging battery test system for a battery pack 

 
Table 1 Typical specifications and functions of instruments in battery aging test system 

Name Specifications Function 
Programmable DC 

Power Supply (PPS) 
• 2Ch: 30V/3A, 30V/3A Charge the batteries 

 
• Output mode: CV, CC 

 
 

• USB interface port with SCPI 
 

Programmable 
Electronic Load (PEL) 

• 1Ch: Max 150V/10A, 200W Discharge the batteries 
 

• Working mode: CV, CC, CR, 
CP 

 

 
• USB interface port with SCPI 

 

Battery Tester (BT) • 1Ch Measure internal resistance 
of the batteries 
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• Voltage: 0.01mV ~ 400.00V 

 
 

• Resistance: 0.1μΩ ~ 3.2kΩ 
 

 
• Trigger: internal or external 

 
 

• USB interface port with SCPI 
 

Analog Input (AI) • 32Ch single-ended input Measure voltages of the 
batteries  

• 16Ch differential input 
 

 
• Input voltage range: ±200 

mV to ±10 V 

 

 
• Sampling rate: 250kS/s 

 
 

• Resolution: 16bit 
 

Digital Output (DO) • 16Ch DO Control relays on/off  
• 500μs sourcing DO 

 
 

• External power supply 
voltage range: 6VDC ~ 
30VDC 

 

Thermocouple • J-type Measure temperatures on 
battery surface  

• USB interface 
 

Relay • 4Ch NC and NO Control current direction 
and MOSFET on/off  

• Excitation voltage: 24VDC 
 

MOSFET • Type: N-channel Control cell 1 and 2 to 
connect to the battery tester  

• RDS (on): 2.0mΩ 
 

 
• VGS (th): 2.0V 

 

 
2.1. REALIZATION OF CHARGE AND DISCHARGE FUNCTIONS 
A Programmable DC Power Supply (PPS) with two output channels was used to 

charge a battery pack, while a Programmable Electronic Load (PEL) was served as a 
load to discharge electricity from the battery pack. Relay 1 and relay 2 control 
whether the battery pack connects with PPS or PEL so as to implement charge or 
discharge process. In the normal state, in which the relays 1 and 2 are off, the battery 
pack does not connect with PPS or PEL. However, if switch on the relay 1 the battery 
pack is connected with the PEL, and discharge can be executed for two cells in serial 
connection by the same discharge current. The function of the relay 2 is to select 
charge or discharge connection with the battery pack. If the relay 2 is on the cells 1 
and 2 are designed to electrically connect with channel 1 and 2 of the programmable 
power supply, respectively. Note that two channels of PPS are set as serial output 
mode, namely that the negative terminal of the channel 1 is shorted with the positive 
terminal of the channel 2. 

 
2.2. REALIZATION OF MEASUREMENT OF INTERNAL 

RESISTANCE 
In order to evaluate degree of degradation of the battery pack, a battery tester 

(BT) for measurement of internal resistance (IR) for batteries was introduced in the 
test system. It was found that the IR of the Li-ion battery could not be accurately 
measured when the battery is in charge process. As a result, switches between the 
battery pack and the BT are necessary to ensure accurate data measurement and to 
change circuit in order to acquire individual IRs of two cells. However, there are two 
problems which should be solved when we design circuit connected to the battery 
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tester. One problem is how to reduce contact resistance in the internal resistance 
measurement circuit, while other problem is how automatically to alter the 
connection circuit so that the BT with only one input channel could measure IRs of 
two batteries by turns without causing short of the batteries. 

The first problem is solved by using MOSFET as switch because it has very low 
resistance (RDS (on)) between drain and source when the control voltage is greater 
than gate threshold voltage (VGS (th)). Another reason of using MOSFET is that RDS (on) 
is stable and not fluctuant, provided that the voltage at gate terminal is stable. In 
contrast to this, contact resistance between contacts of a relay is not stable with 
repetitive on/off operation. Moreover, the measurement branch points of the BT are 
not to locate on the path between relay 1 and 2, but directly to contact with three 
lead lines of the battery pack in order to reduce influence of resistance inside the 
circuit. 

In order to solve the second problem, in the design as shown in Figure 1, the 
negative terminal of the BT is connected with the central lead wire of the battery 
pack, while the positive terminal of the BT is connected with the positive and 
negative terminals of the battery pack via four MOSFETs. If MOS1 and MOS2 in on 
state, MOS3 and MOS4 in off state, the positive terminal of the BT connects with the 
positive of the battery pack. Thus, the BT can measure IR of the cell 1. And vice versa, 
if MOS1 and MOS2 in off state, MOS3 and MOS4 in on state, the positive terminal of 
the BT connected with the negative of the battery pack, which indicate that IR of cell 
2 can be measured. But the measured voltage of the cell 2 by the BT is displayed in 
negative value. The reason why using two MOSFETs in one wire as a switch is that 
there exists a body diode in a MOS, which can allow reverse current to flow if the 
battery voltage is greater than body diode forward voltage (VSD), yielding serious 
short accident. As a result, two MOSFETs are reversely connected in serial, which 
can prevent short. Note that four MOSFETs are never be switched on at the same 
time, otherwise short accident would happen. One independent power supply with 
double voltages is utilized to provide the gate voltages to either MOS1 and MOS2 or 
MOS3 and MOS4 via the relay 3 or the relay 4. 

 
2.3. FUNCTION REALIZATION OF CONTROL AND MONITORING 
In order to realize the functions of charge/discharge and IR measurement, four 

relays are used in the battery pack aging test system. The roles of the relays 1 and 2 
are to determine whether the battery pack is isolated from the PPS or the PEL and 
whether it connects with the PPS or the PEL to execute charge or discharge process. 
Moreover, functions of the relays 3 and 4 are to isolate the battery pack from the BT 
and to establish independent connections between the BT and the cell 1 or the cell 
2. A digital output (DO) device, whose four output channels are designated, controls 
the four relays. A 24VDC power should be provided to the DO device so that it can 
directly drive relays. 

An analogue input (AI) device is utilized to measure voltages of the cell 1 and 2. 
The measurement points are directly set at the battery pack in order to get rid of 
effect of voltage drop along lead wire or across contactors of relays. Since the AI 
device shares a common ground for all single-ended channels, the positive terminals 
of AI channel 1 and 2 are set to connect with the positive and negative of the battery 
pact, respectively. Thus, the AI channel 1 measures voltage of the cell 1 while the 
channel 2 acquires that of the cell 2 but with negative value due to inverse 
connection of the channel 2 on the cell 2. 

Li-ion batteries are sensitive to temperature and too high temperature easily 
causes heat out of control. Therefore, it is very significantly important to monitor 
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temperature variation of two cells during charge and discharge processes. Two 
thermocouples with USB interface are attached on surfaces of two cells, 
respectively. Finally, the entire accelerated aging test system for the battery pack 
was set up as shown in Figure 2. 

 

 
Figure 2 Photo of accelerated aging test system for the battery pack 

 
3. DESIGN OF CONTROL LOGIC 
According to the test procedure of battery data set [Saha and Goebel (2007), 

one battery test cycle comprised two stages, charge and discharge. Charge process 
was carried out in CC mode until the battery voltage reached a certain setting 
voltage (4.2V) and then continued in CV mode until the charge current reduced to a 
certain current (20mA). For the sake of safety, the rest process was added after 
charge stage as well as after discharge in our accelerated aging test. The control 
program was written based on the platform of LabVIEW, considering convenience 
of interface with hardware. 

Figure 3 (a) illustrates the main flowchart of the control program, which is 
made of sequential, parallel, and loop structure. The loop structure is to execute 
cycle of charge and discharge processes. In each cycle, charge and discharge stages 
as well as rest stage are organized sequentially. Meanwhile, some important 
variables, such as time, cell voltages, charge/discharge current, cell internal 
resistance, should be simultaneously measured and recorded in data files. The cell 
voltages can be measured via AI device and current in charge and discharge stages 
can be read from the PPS and PEL, respectively. The BT can measure internal 
resistance of two cells only in the discharge and rest processes. At the same time, 
these measured data is written in an ASCII file. 

As mentioned in 2.2 section, the relays 3 and 4 provide gate voltage to the four 
MOSFETs, so the BT can separately connect to only one cell and measure its IR. Any 
short connection of the cells must be strictly avoided. Therefore, the detail steps of 
IR measurement process shown in Figure 3(b) indicates that a waiting time is 
attached after each action of relay on/off and IR measurement to guarantee no short 
connection even in an instant. These steps repeat until discharge or rest processes 
finish. 

Figure 3 (c) and Figure 3 (d) illustrate flowcharts of CC and CV charge stages. 
Considering difference of the two cells in the battery pack, it is designed that 
independent charge is executed for them, which is like BMS function. The setting 
parameters, such as voltage and current, should be sent to the PPS before the charge 
processes starts. During the charge process, the voltages across the cells and the 
charging currents are under continuous monitoring. If the voltage across a cell in 
the CC charge process reaches the setting voltage, its CC charge will stop and wait 
until another cell finishes CC charge. Similarly, in the CV charge process, if the charge 
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current of a cell becomes less than the setting current, its CV charge will stop too 
and wait until another cell finishes this process. 

On the other hand, the battery pack made by serial connection of two cells is 
designed to experience CC discharge by the same current. The terminative condition 
of the process is that the voltage of any cell is less than the setting value, as shown 
in Figure 3 (e). In the rest process, after switching off all the relays, nothing is done 
but wait, and the terminative condition depends on whether battery temperature 
decreases enough or whether the designated waiting interval passes, as shown in 
Figure 3 (f) 

                                          
(a) Flowchart of main program                               (b) Flowchart of cell IR measurement 

                            
(c) Flowchart of CC charge                                       (d) Flowchart of CV charge 

                                    
(e) Flowchart of CC discharge                               (f) Flowchart of rest 
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Figure 3 Program flowcharts of accelerated aging test system for battery pack 

 
According to hardware design of the test system mentioned in the section 2 and 

flowcharts of test program, operation states of the PPS, PEL, BT, AI device, TC device, 
DO device (relays) are summarized in Table 2. It can be seen that measurement of 
cell voltages and temperature is implemented throughout all stages. In other stages, 
the corresponding instruments work according to Table 2. 

Table 2 Operation states of all components in each stage (Note: ★: measure, 0: OFF, 1: ON) 

Stages PPS PEL AI TC DO BT  
Ch1 Ch2 Ch0 Ch0 Ch1 Ch0 Ch1 Ch3 Ch 

2 
Ch 
1 

Ch 
0 

Ch0 

CC charge ON ON OFF ★ ★ ★ ★ OFF OFF ON ON OFF 
CV charge ON ON OFF ★ ★ ★ ★ OFF OFF ON ON OFF 

CC discharge OFF OFF ON ★ ★ ★ ★ OFF OFF OFF ON ON 
Rest OFF OFF OFF ★ ★ ★ ★ OFF OFF OFF OFF ON 

Measure cell 1 
IR 

OFF OFF OFF ★ ★ ★ ★ OFF ON OFF OFF ON 

Measure cell 2 
IR 

OFF OFF OFF ★ ★ ★ ★ ON OFF OFF OFF ON 

 
4. REPRESENTATION OF TYPICAL ACQUIRED DATA 
The accelerated aging test system for the battery pack was established 

according to the section 2 and 3. However, before a formal aging test is 
implemented, we should execute serval cycle for the battery pack in order to 
activate electrochemical performance of the battery cell. The cell was Lithium-ion 
18650 battery with 2600mAh. Several cycles test has been done. One typical cycle 
was selected, and its acquired data set was plotted and shown in Figure 4. The cycle 
sequentially included four stages: CC charge, CV charge, CC discharge, and rest. 
There was not rest stage after charging due to temperature of the battery pack was 
not high. It can be seen that it took about 2 hours to charge the battery pack and 
about one hour to discharge. The charge current represents in positive value while 
discharge current in negative on the figure. Cell temperature went up during CC 
charge since the current is 1.95A (0.75C) and then reduced in CV charge. However, 
it rapidly rose up in the beginning of CC discharge. Moreover, temperature sharply 
increased again in the end of this stage, and, at the same time, the cell voltages 
decreased abruptly as it lower than 3.2V. If investigating internal resistance, we can 
find that it gradually increases with increasing of depth of discharge. In addition, 
there exists offset value between the internal resistance of the cell 1 and that of the 
cell 2 since the two cells have different IR in initial state. Of course, more analysis 
can be implemented once more aging cycle test is done. In conclusion, data acquired 
by the accelerated aging test system is valid. 
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Figure 4 Typical test results: voltage, current, temperature, and internal resistance 

 
5. CONCLUSIONS 
The research proposed a design of accelerated aging test system for the battery 

pack, which consists of two cells in serial connection. This test system mainly 
comprises a programmable power supply, a programmable electronic load, and a 
battery internal resistance tester, and it can implement degradation cycle test of 
charge and discharge as well as measurement of internal resistance of two cells. 
Voltage, current, and temperature of two cells can be monitored individually too. A 
trail run of several cycles has been done by using the design test system and it is 
found that the measured data set is acceptable and valid. Next work is to utilize the 
developed test system to implement aging cycle test so that we can analyze obtained 
data to estimate SoH of the Lithium-ion battery pack. 
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