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1 Software Introduction

1.1 Brief Introduction

NS81000 battery simulator software for programmable bi-directional DC power
supply can accurately simulate the battery characteristic curve, to meet the
user's needs for different types of battery simulation, and improve the test
efficiency.

NS81000 has 7 standard battery model libraries, users only need to select
the corresponding battery type, configure the basic capacity and protection
parameters, the software can quickly generate the corresponding type of battery
characteristic curve; and there are 2 types of custom battery characteristic curve,
engineers can be based on the actual measurement of the battery curve data,
import the data into the software and carry out simulation.

Battery types: LiFePO4 battery, Ternary lithium battery, Lead-acid battery, Ni-
MH battery, LTO, ICO, IMO.

1.2 Supported Devices

NGI N35100, N35200 and N35500 series wide range high power bidirectional
programmable DC power supply with battery simulation function are supported by
this software.

1.3 Communication Interface

Including LAN, RS232, CAN, RS485.

1.4 Preparation

1.4.1 Hardware Preparation

Battery simulation device: N35200 series;

Charging device: power supplies with rated voltage, current, and power exceeding
that of battery simulation devices, e.g., N38300;

Load device: loads with rated voltage, current, and power exceeding that of battery
simulation devices, e.g., N69200;



1.4.2 System Condition

To make better use of the system performance, the following computer configuration
is recommended:

CPU: 2.0G, dual-core and above

Memory: 4G and above

Hard disk: 80G and above

Port: Ethernet port

Operating system: Microsoft Windows 7 and above

L X B X X 4

1.4.3 Device Wiring

The N35200 series is equipped with LAN as standard and supports connection to a
computer via a network cable to form a battery simulator.

When simulating the battery charging state, the N35200 is connected to a charging
device (e.g. N38300); when simulating the battery discharging state, the N35200 is
connected to a discharging device (e.g. N69200);

Figure1l Device Wiring



2 Application Software Installation & Configuration

2.1 Installation & Uninstallation

2.1.1 Installation

1) Find the installation program "NS81000_Full_setup.exe" from the USB flash drive
in accessory bag.
2) Make double-click on the file and begin installation.

[i3] Setup - NS81000 Battery Simulator Software version 3.0.0 EI'_EI _'

Select Destination Location
Where should NS81000 Battery Simulator Software be instaled?

| || Setup wil install NS81000 Battery Simulator Software into the folowing folder.

To continue, click Next. If you would ke to select a different folder, click Browse.

Browse...

At least 51.0 MB of free disk space is required.

l Next l [ Cancel

Figure2 Program Installation

3) Click Next as prompted until the installation is completed. The software will
automatically create a shortcut on the desktop.



Setup - NS81000 Battery Simulator Software version 3.0.0 EI {=lw|=23

Completing the NS81000 Battery Simulator
Software Setup Wizard

Setup has finished instaling NS81000 Battery Simulator Software on your
computer. The application may be launched by selecting the instaled
shortcuts.

Click Finish to exit Setup.

[¥]Launch NS81000 Battery Simulator Software:

]

Figure 3 Installation Completed

2.1.2 Uninstallation

Methods for uninstallation:

Method 1: Program uninstallation can be completed through Uninstall Program in
Control Panel of the operating system, or by right-clicking the shortcut and selecting
uninstall.

Method 2: Find the setup program in your computer disk and delete.

2.2 PC Connection

2.2.1 Port Connection

N35200 LAN port, can be connected to the computer through the network cable to
achieve the master computer communication.

Operation steps:

1. Open the programme on the computer

2. Set IP address (the same network segment as the IP address of the power supply)

3. Click Detect to start connecting with N35200
4



4. When the device receives the correct communication command, it enters the
remote control mode.

2.2.2 Disabling operating system standby mode

B  Windows 7 settings
Click Start—>Click Control Panel->Click Power Options—>Click Change Computer
Sleep Time.

S | &,H Search Control Panel

§U'@ + Control Panel » All Control Panel ltems b

Adjust your computer's settings View by:  Largeicons ¥

%W Action Center ;’W Administrative Tools
1 £

Backup and Restore

|ﬂ AutoPlay

-

! & BitLocker Drive Encryption
l@ Default Programs

! Display

.[ Getting Started

Q':}:j Internet Options

KA Network and Sharing

E Color Management @j‘!

@ Desktop Gadgets
\@ Ease of Access Center
Q% HomeGroup

«Z» Keyboard

Notification Area Icons

Credential Manager
& Device Manager
]u Folder Options

#+» Indexing Options

(F5; Location and Other
“all sensors

“%, Parental Controls

Date and Time

5] Devices and Printers

Fonts

Intel® HD Graphics

Mouse

Performance Information

A Center and Tools
g. Personalization Q Phone and Modem \!«; Power Options }I_-:L] Programs and Features
@ Realtek HD Audio Manager rb& Recovery 9 Region and Language E’:‘) Ez:?r?:;?ffsand Déskiop
'\‘;» Sound i‘ji Speech Recognition @ Sync Center ,l_g System

=

Figure4 Windows 7 settings

a ' Ll L » ames g "

P
?I\._/'I.‘;@ » Control Panel » All Control Panelltems » Power Options » Edit Plan Settings

~ 42 ][ Search cont

Change settings for the plan: Balanced

Choose the sleep and display settings that you want your computer to use.

10 minutes hd
W Put the computer to sleep:

w Turn off the display:

Change advanced power settings

Restore default settings for this plan

Cancel

Save changes

Figure5 Windows 7 settings

Set Turn off the display and Put the computer to sleep to Never.



T — ———— ~— “—

@Qv‘ﬁ » Control Panel » All Control Panel ltems » Power Options » Ed\tPIaE Settﬂgi » T |‘f | |—

Change settings for the plan: Balanced

Choose the sleep and display settings that you want your computer to use,

W Putthe computertoslesp: | Mever '|

Change advanced power settings

Restere default settings for this plan

[ Save changes ]l Cancel

Figure 6 Windows 7 settings

B  Windows 10 settings
Click Start—>Click Settings.

Life at a glance

f_) Meozilla Firefox >

media player E: Calendar

.
i

ﬁ Paint
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Downloads
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File Explorer

Settings
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Figure 7 Windows 10 settings



Click System.
Settings

0% SETTINGS

=

System
Display, notifications,
apps, power

R

Accounts
Your account, sync
settings, work, family

O

Devices
Bluetooth, printers,
maouse

L
e

Time & language
Speech, region, date

| Find a setting

&

Network & Internet
Wi-Fi, airplane mode,
VPN

-
Fol IS
\'lu -
Ease of Access
MNarrator, magnifier,
high contrast

w4

Personalization
Background, lock
screen, colors

O

Privacy
Location, camera

Update & security
Figure 8 Windows 10 settings
Click Power & sleep.
&« Settings 7 O
@ SYSTEM | Find a setting
Ut LaLLEy PUWST, LU U @it
Display | 5 minutes ~ |
Notifications & actions
When plugged in, turn off after
Apps & features | 10 minutes % |
Multitasking
Sleep
Tablet mode
On battery power, PC goes to sleep after
SaueHsaver | 10 minutes w~ |
—
Power & sleep
—— When plugged in, PC goes to sleep after
Storage | 20 minutes v |
Offline maps
Related settings
Default apps
Additional power settings
About
Figure9 Windows 10 settings



Select Never for both options under Sleep.

< Settings = m| X
@ SYSTEM Find a setting sl

AL AQLITLY PUVWTT, LU U Qi
Displa | 5
Dy 5 minutes

Notifications & actions
When plugged in, turn off after

Apps & features 10 minutes
Multitasking

Sleep
Tablet mode

On battery power, PC goes to sleep after

Battery saver I
v Mever S

Power & sleep
When plugged in, PC goes to sleep after

Storage Never =

Offline maps

Related settings
Default apps

Additional power settings
About

Figure 10 Windows 10 settings

2.2.3 Network IP Address Setting

The default IP of LAN port is 192.168.0.XXX (range from 0 to 255). Before operation,
the computer IP should be assigned to the same network segment of the device. But
IP addresses should be different.



B Windows 7 Setting
Click Start—>Click Control Panel->Click Network and Sharing Center.
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Figure 11 Network IP Address Setting

Click Change adapter settings.

- - -
@.I\‘)'|;§ + Control Panel » All Control Panel Items » Network and Sharing Center
s — s E =

Control Panel Home P i 2 . H
View your basic network information and set up connections

% ® —x @

AMA-PC Metwork 2 Internet
(This computer)

Change adapter settings See full map

Change advanced sharing
settings

View your active networks Connect or disconnect

Access type: Mo Internet access

Network 2
A HomeGroup:

Ready to create
Home network i

Connections: @ Local Area Connection 2

Change your networking settings

ﬁ;l

Set up a new connection or network

Set up a wireless, broadband, dial-up, ad hec, or VPN connection; or set up a router or access point.

Connect to a network

ir'r.

Connect or reconnect to a wireless, wired, dial-up, or VPN network connection,

Choose homegroup and sharing options

&

Access files and printers located on other netwerk computers, or change sharing settings.

Troubleshoot problems

i

Diagnose and repair network problems, or get troubleshooting information.

Figure 12 Network IP Address Setting



Select the network—>Right click and choose Properties.

pr—

—
[ESNEET =
@U-\? » Control Panel b Network and Internet » Network Connections b = [ 42| Search Netwark Cannections 2]
Organize = Disable this network device  Disgnose this connection  Rename this connection  View status of this connection  Change settings of this connection v 0 @
= Local Area Connection 2 |
% Network 2
W7 Realtek PCle GBEFq ) Disable
Status
Diagnose

) Bridge Connections
Create Shortcut
Delete

#) Rename

| #)  Properties |

Figure 13 Network IP Address Setting

Click Internet Protocol Version 4(TCP/IPv4) and fill the below information and press
OK.

Internet Protocel Version 4 (TCP/IPv4) Properties m
o T

General

You can get IP settings assigned automatically if your network supports
this capahility. Otherwise, you need to ask your netwark administrator
for the appropriate IP settings.

(71 Obtain an IP address automatically
i@ Use the following IP address:

1 IP address: 192.168 . 0 .121
| Subnet mask: 255,255 . 255, O
Default gateway: 192 .18, 0 ., 2

Obtain DMS server address automatically

@) Use the following DNS server addresses:

P

Preferred DS server: 192 L1568 . 0|

Alternate DMS server:

[ validate settings upan exit

Figure 14 Network IP Address Setting
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Click Start—>Input cmd.
Input ping 192.168.0.123(default IP) and check if device and PC can communicate

properly.

|L_r'l"ld *, |

Figure 15 Run Command

If communicating properly, the below information will be reverted.
BN Administrator: C\Windows\system32\emd exe | S e

Microsoft Windows [Uersion 6.1.76811
Copyright <(c?» 2009 Microsoft Corporation. All rights reserved.

C:~Uzers~AAA>ping 192.168.0.123

Pinging 192.168.8.123 with 32 bytes of data:

Reply from 192.168.8.121: Destination host unreachahle.
Reply from 192.168.8.121: Destination host unreachahle.
Reply from 192_168.8.121: Dest:i.nat:i.nn host wunreachahle.

Figure 16 Communication Test

B  Windows 10 Setting
Click Start—>Click Set—>Click Network & Internet.

Windows Settings

g System ':'ﬁ Devices D Phone @ Network & Internet
POWEr
Personalizat 8= Ap A it (D' T & L
j rsonalization = pps ccounts L, Time & Language
= = s s st AF

@ Gaming r’l? Ease of Access p Search & Privacy

Update & Security

3

Figure 17 Network IP Address Setting

Click Change adapter options.

11



r Home S’EatUS

Q Get help

& Give feedback

| Find a setti | Network status

Network & Internet
B—7z—
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Public network

@ Wi-Fi You're connected to the Internet
If you have a limited data plan, you can make this network a
1 Ethernet metered connection or change other properties.
(TP-LINK_188... 34.26 GB
* Dial-up m From the last 30 days
% VPN Properties Data usage

g &irplane mode
6 Show available networks
Vv

the connection options around you.

) Mobile hotspot

© Proxy Advanced network settings

g Change adapter options

ork adapters and change connection settings.

% Network and Sharing Center

For the networks you connect to, decide what you want tc

A Network troubleshooter

e and fix network

View hardware and connection properties
Windows Firewall

MNetwork reset

Figure 18 Network IP Address Setting

Select the network->Right click and choose Properties.

E’ Centrol Panel\Metwork and Intemet\Network Connections
4 & 5 Control Panel » Network and Intermet » Metwork Connections

File Edit View Advanced Tools
Organize - Disable this network device Diagnose this connection Rename this connection View status of this connection Change settings of this connection

Broadband Connection & Wi-Fi Connection k! Local Connection

ected - MNat conn | 2
| Miniport (PPPOE) 9 ofl] MERCURY Wireless N Adapter @ Disable
Status

Dizgnose

<@

Bridge Connections
Create Shortout
Delete

Rename

Properties

e

Figure 19 Network IP Address Setting

Click Internet Protocol Version 4(TCP/IPv4) and fill the below information and press
OK.

12



Internet Protocol Version 4 (TCP/IPv4) Properties by

General

You can get IP settings assigned automatically if your network supports
this capability., Otherwise, you need to ask your network administrator
for the appropriate IF settings.

() Obtain an IP address automatically
(@) Use the following IP address:

IP address: T

Subnet mask: | 955255 085 ; 0 |

Default gateway: 192 .168. 0 . 1 |
Obtain DMS server address automatically

(@) Use the following DNS server addresses:

Preferred DMS server: | 192 ,168 . 0 . 1 |

Alternate DMS server: | : ! ; |

[ ] validate settings upon exit Adveariced. ..

Concel

Figure 20 Network IP Address Setting

Click Start—>Input cmd.
Input ping 192.168.0.123(default IP) and check if the device and PC can communicate

properly.

|L_r'l"ld *, |

Figure21 Run Command

If communicating properly, the below information will be reverted.

E¥ Administrator: C\Windows\system3Zhemd.exe |M

Microsoft Windows [Uersion 6.1.76811
Copyright (c?» 2009 Hicrosoft Corporation. All rights reserved.

C:~Uzers~AAA>ping 192.168.0.123

Pinging 192.168.8.123 with 32 bytes of data:

Reply from 192.168.8.121: Destination host unreachahle.
Reply from 192.168.8.121: Destination host unreachahle.
Reply from 192 _168.8.121: Dest:i.nat:i.nn host wunreachahle.

Figure 22 Communication Test
13



3 Software Operation

3.1 Menu

After the application software is successfully installed, a shortcut icon will be
generated on the desktop. Please click the shortcut to enter the menu.

Figure 23  Shortcut

E NS81000 Battery Simulator Software V3.0.0

Connect Historical Data Custom Curve Import Export Clear Error

Test Data Battery Pack Info Battery Status
End Voltage(v) SOC

14 Ready Error
0.000

b Charge Discharge
Current(A)

vocn:
0.000

Parameter Config About

Curvell Curve2 Curve3 Curved CurveS

Power(W) 4 Battery Selection  LiFePO4 battery [l
0.000 Lhitd ) ita %

50
voC(v)

0.000
RES(mQ)
0.000

Cycles

01
RES(mO) 1
vocw) 342
Parallel
Series 2
0 Cable IMP(m0)
RES(mQ)

Charge-I/Limit(A) 40
Test Info

Test Data Curve

Discharge-I/Limit(A) 40
Test Selection M Cycle Test M Single test

Cycle Test
Cycles 1

S0C(%) H[93 L23
Single test

W Condition Charge  Discharge
SOC(%) 100 20

= VOC(Y)

= Q(Ah) 4

W Energy(kWh) 16

W Time(s)

M Data Storage |/ gefresh confia__ON

Figure 24 Application Software Interface

The main interface is mainly divided into the following parts:

1. Toolbar: connect, historical data, custom curve, import, export, parameter
configuration, etc;

2. Test Data: display various battery parameters during charging and discharging;
3. Test Info: display operation status, alarm prompts and other information;
4. Battery pack Info: display the relationship curve between VOC, RES and SOC of the

14



battery pack;

5. Test Data Curve: Real-time display of voltage, current, and SOC changes over time
during testing;

6. Battery Status: prompts the status of the device;

7. Battery configuration: type selection, specification configuration;

(o]

. Test configuration: battery test cycle / termination conditions;

o

Device Operation: including refresh configuration, ON, pause, stop.

3.1.1 Parameter Configuration

Open NS81000 and select [Parameter Config], then set device IP address which
should be keep consistent with master computer IP, click [Connect].

& Parameter Config

-Connect ————  Protection -
IP 192.168.0.123 Fuse Curren 3

Device ID 160
Read Delay(s) |0.1

-Factory Set
Factory Reset

Enable demo mode

Figure 25 System Configuration

IP: Configure IP address (it needs to be kept in the same network segment with the
PC to be connected successfully);

Device ID: configure device ID, default 160;

Read delay: device read delay, default 0.1s;

Fuse Current: if operating current exceeds this threshold, device will be automatically
OFF and alarm prompts. Range 0 to the maximum value of protection current (105%

of current rating), O for no restriction.

15



3.2 Connect/Disconnect

Open NS81000 and select [Connect]. After successfully connecting, the "Connect" in
the toolbar will change to "Disconnect" , and the test information will indicate that
the device is connected, and the battery status will be displayed as "Ready".

 NS81000 Battery Simulator Software V3.0.0

Disconnect Historical Data Custom Curve Import Export Clear Error Parameter Config About
Test Data Battery Pack Info
End Voltage(v) SOC
0.000

= Charge Discharge
Current(A)

Battery Status
Ready Error

0.000 . Guel Curve2 Curve3 Curved Curves

Power(W) 0s g Battery Selection  LiFePO4 battery |5l
0.000 . § | Initial SOC (%)
VOC(V) 02 Q(Ah) 0.1
0.000 . RES(mQ)
RES(mQ) . voc)
0.000 s | Parallel
Cycles . ‘ o : o Series
0 soceq) Cable IMP(m)
e RES(mQ) Q(Ah) Charge-I/Limit(A) 40
Test Info Test Data Curve
2024-06-1809:13:00  Device is connected

Discharge-1/Limit(A) 40
Test Selection M Cycle Test M Single test
Cycle Test

Cycles 1

s L23
Single test

W Condition Charge  Discharge
SOC(%) 100 20

- VOC(V)

= Q(A) 8 4

W Energy(kWh) 16

W Time(s)

W Data St0rage | pefresh conf

Figure 26  Successful connection

There are four status lights in the battery status, a green light indicates that it has
occurred, and a grey light indicates that it has not occurred.

Battery Status -
Ready Error

Charge Discharge

Figure 27 Battery status

® Operation Status Light: when there is no fault and in ON status, light for
green.

® Error Status Light: When there is a device failure (programming
configuration error, self-test failure, EEPROM), parameter configuration
error (battery pack VOC overrun), alarm (OVP, OCP, OTP), illegal operation,
(no update) light for red;

16



® Charging Status Light: when charging, light for green.

® Discharging Status Light: when discharging, light for green.

m NOTE

When the error status is on, users can clear alarm by clicking [Clear Error]
on the toolbar.

3.3 Battery Configuration

3.3.1 Battery Selection

Battery simulation software built-in seven types of battery models, users only need
to select the type of battery, configure the series and parallel parameters, then the
characteristics of different types of battery modules with different capacity curve can
be simulated.

Battery simulation software supports 5 groups of test cases, and the selected test

cases support snapshot data import and export.

Battery Selection LiFePO4 battery n

Initial SOC (%) LiFePO4 battery

Ternary lithium battery
Q(Ah) Lead-acid battery

BRES {m f}] Ni-MH battery
LTO
ICO

Parallel IMO
Figure 28 Battery types

VOC(V)

m NOTE

Custom curves need to be enabled to be displayed in Battery Selection.

17



3.3.2 Battery Parameter

First select the battery type, then configure the battery pack related parameters. The
battery pack parameters include initial SOC%, single cell capacity, single cell VOC,
single cell RES, parallel, series, cable impedance, charging current limit and

discharging current limit.

Curvel Curve? Curve3d Curved Curveb

Battery Selection LiFePO4 battery n

Initial SOC (%) 50

Q) or
RES(mQ)

VOC(V)

Parallel

Series 22

Cable IMP(mQ) 199

Charge-I/Limit(A) 40

Discharge-I/Limit(A) 40

Figure 29 Battery parameters

® Battery Selection: supports 7 standard batteries + two custom batteries;

® |Initial SOC: Initial value of single/whole SOC before starting the test,
standard battery range 0~100%;

® Capacity: capacity of single cell, range 0.01~5000Ah;

® RES: equivalent internal resistance of single cell, take the average of the
range, range 0~1000mQ;

® VOC: open circuit voltage of single cell at full charge, range 0.1V~equipment
rating;

® Parallel: number of single cells in series within the battery pack, range

18



1~500;

Series: number of single cells connected in series in the battery pack, range
1~500;

Cable impedance: total impedance of the battery pack connecting cable,
range 0~1000mQ;

Charging current limit: specifies that the current will not exceed the limit
value during the charging test, range 1% rated value ~ set rated value;
Discharge current limit: stipulates that the current during discharge test will

not exceed the limit value, range 1% rated value to set the rated value.

19



3.3.3 Custom Curve

In order to meet the needs of different customers, NS81000, in addition to the
simulation of seven standard battery curves, also provides a custom battery curve
simulation. Users can edit the parameters of the curve in the [Custom Curve]
interface, or import the custom curve through the .csv file, and click [Send] to make
the curve take effect after editing.

NS81000 supports two custom curves, each with 200 data points, and each data
point contains SOC1, VOC, SOC2, RES. If enabled, the edited custom curve will be
added to the battery selection list, otherwise, it will not be displayed in the battery
selection. In the case of dual SOC enable, VOC is paired with SOC1 and RES is paired
with SOC2; otherwise, both VOC and RES are paired with SOC1, at which time SOC2 is

disabled and meaningless.

& Custom Curve

Custom batterycurvell Custom battery curve Ii
Edit Curve

SOC(%) |0 vocy) [0 SOC(%) |0 RES(mQ) |0 Add Issue Loading Import Export Switch Clear M Enable & Dual SOC

Line N\ SOC(%)  VOC(V) SOC (%) | RES(mQ)  Operate
0.000 067330  0.000 1.00000
0.080 068210 0.080 0.97820
0220 069090  0.130 0.96730
0.340 069960 0210 0.95670
0.480 070800 0310 094610

071650 0370 0.93520
072460 0.400 [CPZE)
073270 091330
0.74080 0.90260
0.74860 0.88110
0.75580 .85 0.85940
0.76280 9 0.84870
0.76980 13 0.83810
0.77630 .23 0.82730
0.78200 33 0.81660
0.78700 - 0.80580
079140 i 0.79500
0.79540 X 0.78410
0.79880 q 077340
0.80180 5 0.76310
0.80440 5 0.75280
0.80650 3¢ 0.74260
0.80830 .63 0.73250
0.81010 X 072230
081200 3. 071240
081400 3. 0.70270
0.81560 0.69340
0.81700 0.68450
0.81840 0.67600
0.81970 0.66870

Figure 30 Custom curve editing interface

Click [Switch], the interface will switch from the custom curve editing interface to the

custom curve simulation curve interface.
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ifvell Custom battery curve Ii

SOC(%) |0 vocy) [0 SOC(%) |0 RES(mQ) |0 Add Issue oading Impo; or Switch Clear M Enable [ Dual SOC

MaxSOC(%) 0 MinSOC(%) 0 MaxVOC(V) 0 Minvoc(v) 0 AVgRES(MQ) 0

Figure31 Custom curve analogue curve

NS81000 supports importing and exporting curve data, and provides custom curve
editing .csv file in the installation package, which is convenient for users to edit

quickly, as shown in the figure.

a A B C B

1 Dual 30

2 TRUE

3 80C(%)  VOCUOV)  S0C(%)  RES(mOHM)
4 0 0.8733 0 1
5 0.08  0,6821 0.08  0,9782
6 0.22  0.8909 0.13  0.9673
7 0.34 0. A998 0.21  0.9567
8 0. 48 0. 708 0.31  0.9461
9 0.68  0.7165 0.37 0,9352
10 0.95  0.7246 0.4  0.9243
11 1.24  0.7327 0.44  0.9133
12 1.53  0.7408 0.52 0,902
13 1.85 0. 7484 0.76  0,8811
14 2.24 0. 7558 0.85 0.8594
15 2.64 0. 7628 0.99 0, 8487

Figure 32 Custom curve editing file

The custom curve editing file is used to edit the curve of single cell, users can use

EXCEL to open it, fill in SOC1, VOC, SOC2, RES, and then click [Import] in the curve
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editing interface to import the custom curve data into the software quickly, and pay
attention to the editing of .csv file:

» VOC and SOC must be positively correlated;

» Missing data and blank lines are not allowed,;

» Custom curves support up to 200 points.

22



3.4 Test Configuration

NS81000 performs a single test by default, users need to set the charge/discharge
termination conditions (SOC, VOC, capacity, energy, time), and the test stops when
any of the conditions are reached.

For cycle test, users need to select [Cycle Test], and then set the cycles, SOC H, SOC L.
Charging to H or discharging to L will be counted as one cycle. Every time change the

above parameters, users need to click [Refresh Configuration] to take effect.

3.4.1 Test Conditions

Test selection

Enable 1: Cyclic test, automatic recovery to initial value when low value is touched
during discharge, automatic recovery to initial value when high value is touched
during charging. Each high/low limit is counted as one cycle until the cycle count is
full.

Enable 2: Single test, charging and discharging are set separately. The simulation is
terminated when either condition is reached (it will not be automatically OFF), and
the simulation is terminated when the battery is full/discharged when none of the

termination conditions are enabled.

Cycle test conditions
Configure the three parameters of cycles, SOC high value and SOC low value. The
battery SOC cycles between the set SOC H and SOC L. The range can be set from

0-100%, but note that SOC H should be greater than the set value of SOC L.
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Test Selection M Cycle Test M Single test

Cycle Test
Cycles 1
SOC(%)

Figure 33 Cycle test

Single test conditions

® SOC: charging until the set value (if the set value is higher than the effective
range of SOC, then it will reach the upper limit of the effective range) or
discharging until the set value (if the set value is lower than the effective
range of SOC, then it will reach the lower limit of the effective range), the
range is 0~100%.

VOC: range O~setting rated value, same logic as SOC;

Capacity: range 0~5000Ah;

Energy: range 0~1000kW;

Time: range 0~5184000 (60 days).

Single test
B Condition Charge Discharge

50C(%) 100
W VOC(V) 0
H Q(Ah) 80

B Energy(kwh) 16

M Time(s)

Figure 34 Single test conditions
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3.4.2 Test Operation Buttons

® Refresh Config: Send the set parameters to the slave computer. This button
is grey and unavailable when the device is outputting;

® ON: switch on/off the power output;

@ Start: start to simulate the battery characteristics, if only ON without clicking
start, the device is only used as an ordinary bi-directional power supply and
does not simulate the battery;

® Pause: suspend the simulation, at this time the SOC, VOC will not change,
but the voltage and current are still in line with the battery law, click "Start"
again to resume the simulation;

® Stop: end the simulation, users can click the [Start] again, but the SOC will

return to the initial value.

Refresh Config  ON

Figure 35 Operation buttons

3.5 Start Test

After the battery configuration is completed, click "Refresh Configuration", the
battery pack information will be updated according to the set value. Battery pack
information curve will show the relationship between voltage, internal resistance and
SOC during charging and discharging. The VOC, RES and capacity at the bottom of the
graph represent the voltage, internal resistance and capacity of the battery pack after

series-parallel connection.
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Battery Pack Info

.5 o
E
=
u
«

300 RES(mQY) 2.244 Q(Ah) 20.0C

Figure 36 Battery Pack Info

After refreshing the configuration and clicking [ON], the battery simulator starts to
operate, and the test data displays the measured SOC, terminal voltage, current,
power, VOC and RES, and records the capacity, energy and duration of charging and
discharging.

-Test Data -

-Merge 1 Discharge -Charge
Q(Ah) ‘ Q(Ah) Q(Ah)
0.1016 | 0.1016 0.0000

Energy(kWh) Energy(kWh) Energy(kWh)
0.0336 0.0336 0.0000

Duration
00:01:16

Duration Duration
00:01:16 00:00:00
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-Test Data
End Voltage(v) SOC
329.230

Current(A)
13157

Power(W)
4331.825

VOC(V)
332.130

RES(mQ)
30473

Cycles

Figure 37 Test Data

After the device is turned on, click [Start] to test. When the external voltage is higher
than the simulated battery voltage, it will automatically enter the charging mode,
and the battery status shows "Charging"; when the external voltage is lower than the
simulated battery voltage or no voltage at all, it will switch to the discharging mode,
and the battery status shows "Discharging". Measurement data graph will show the
change curve of SOC, terminal voltage and current with time during charging and
discharging process, and checking "Data Save" will save the measurement data to the

default folder, which can be viewed in the historical data.

Test Data Curve

End Voltage/V

Current/A:
® 0.029

1 2 3 4

Tiemy/s

Data will be saved to:D:\Program Files\NS81000 Battery Simulator Software\spData\Test Data(20240618092538).csv Data Storage
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Figure 38 Test Data Curve

Measurement data on the top left of the interface will also reflect the change of SOC

during battery charging and discharging as well as terminal voltage, current, power,

VOC, RES, and cycle times in real time.

3.6 History Data

After running the software or testing, click [Historical Data] in the toolbar to view the
historical measurement data curve.

# Historical Data

Query Condition Test Parameter
6/17/2024 6/13/2024 Ll ’ Battery Selection
Query Initial SOC (%)
Q(Ah)
RES(mO)

Time Name Operate
2024-06-18 09:25:23 Test Data(2024061809241 | pevals

Voc(v)

Parallel

Series

Cable IMP(mQ)

Charge-I/Limit(A) 4
Discharge-I/Limit(A) 40

Test Selection M Cycle Test M Single te

‘ Cydle Test
Cydles

=
%
3
,;g
3

soc%)  H93 L3
single test

M Condiion Charge  Discharge
SOC(%)

W VOC(Y)

W Q(Ah)

W Energy(kWh 16

W Time(s)

Figure 39 History data

m NOTE

Data logging is only initiated manually.

Each history can be viewed in detail, including battery configuration and test

configuration, plus measured SOC, terminal voltage, current, power, VOC, capacity,
energy and time.
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A ! B | e D | E | E | G | H | | | ] | K | L
1 |Baiterv model JInitial SOC( Cable Impi Q(AH) RESIMOHNVOCIV)  Parallel  Series I-Limit+(A]1- Limit-(A) SOC{H(%) | SOC(L(%)
2 2 80 199 01 1 342 3 100 40 410 93 23
3 |SysTime TestVolt(V) TestVOCV TestCur(A) TestSOC(k) TestPower TestCapac TestEnergy(kWh)
4 2024-6-18 09:24 335.2946| 335.2946 0.0072 80 24262 0 0
5 2024-6-18 09.24 3352946 3352946 0.0069 80 23231 0 0
6 | 2024-6-1809:24 3352946 3352946 0.0071 80 2.3908 0 0
7 |2024-06-18 09.24:21 335.2946 335.2946 0.0067 80 2.2501 0 0
8 2024-6-18 09:24 335.2946 335.2946 0.0072 80 24055 0 {0
9 2024-6-18 09:24 3352946 335.2946 0.0071 80 23753 0 0
10| 2024-6-1809:24 3352946 335.2946 0.0071 80 2.3769 0 0
11 2024-6-18 09:24 3352946 335.2946 0.0069 80 2.3087 0 0
12 2024-6-18 09.24 3352946/ 335.2946 0.007 80 23401 0 0
13 2024-6-18 09:24 335.2946  335.2946 0.0068 80 22772 0 0
14 2024-6-18 09.24 335.2946 335.2946 0.0065 80 21887 0 0
15 2024-6-18 09:24 335.2946  335.2946 0.0067 80 22378 0 0
16| 2024-6-1809:24 3352946 335.2946 0.0067 80 22488 0 0
17| 2024-6-1809:24 335.2946 335.2946 0.0064 80 21451 0 0
18 2024-6-18 09:24 335.2946 335.2946 0.0064 80 214586 0 0
19 2024-6-18 09:24 3352946 335.2946 0.0219 80 73573 0 0
20| 2024-6-180%:24 3352946 335.2946 0.0214 80 71741 0 0
21 2024-6-18 09:24 3352946 335.2946 0.0263 80 8.8287 0 0
22 2024-6-18 09:24 335.2946  335.2946 0.0288 80 96435 0 0
23| 2024-6-1809:24 335.2946 335.2946 0.0289 80 9.6883 0 0
24 |2024-06-18 09:24:2] 3352946 335.2946 0.0295 80 9.8941 0 0
25 2024-6-18 09:24 3352946 335.2946 0.03 80 10.0563 0 0
26 2024-6-18 09:24 335.2946| 335.2946 0.03 80/ 100722 0 0
27 2024-6-18 09:24 335.2946 335.2946 0.0302 80 101115 0 0
28 2024-6-18 09.24 335.2946| 335.2946 0.0294 80 9.8564 0 0

Figure 40 Detailed Historical data

4 Battery Model and Control

For batteries, it is first necessary to build its equivalent circuit model for the
simulation of batteries. A commonly used equivalent circuit model for batteries is the
internal resistance model, where RO represents the internal resistance of the battery,
VOC represents the open circuit voltage, and Vt represents the terminal voltage. By
building the internal resistance model, the information such as current, voltage and

charge state of the battery can be accurately simulated.

RO i
| e W
| I A
- & Vo vt

v
Internal Resisitance Model (Rint)

Figure 41 Internal resistance model
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4.1 Battery Curve Model

Battery types: LiFePO4 battery, Ternary lithium battery, Lead-acid battery, Ni-MH
battery, LTO, ICO, IMO.

Figure 42 Ternary lithium battery curve model

Figure 43 LiFePO4 battery curve model

Figure 44 LTO curve model
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Figure 45 1CO curve model

Figure 46 IMO curve model

Figure 47 Ni-MH battery curve model
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Figure 48 Lead-acid battery curve model
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4.2 Battery Pack Model

For everyday use, there are single batteries as well as battery packs, and the
NS81000 can be set to simulate real battery packs with the number of batteries

connected in series and parallel.

Cable Impedance

Series

w

Parallel

Figure 49 Battery pack model

The series connection of a single cell will increase the overall voltage and the parallel
connection of a single cell will increase the overall current. A single battery with
capacity = 1Ah, RES = 3mQ, and VOC = 5V is used as an example to describe the
overall battery when connected in series and parallel. When there is one battery in

the circuit, the simulation curve is as follows:

Battery Selection  LiFePO4 battery n
Initial SOC (%) 80

Q(Ah) 1

RES(mQ)

VOC(V)

Parallel

Series




SOC(%)

)00/ RES(MQ) 3.00C

Figure 50 Simulation curve 1

When there are three batteries in series in the circuit, capacity = 1Ah, RES =

ImQ, VOC = 15V, the simulation curve is as follows:

Battery Selection LiFePO4 battery n
Initial SOC (%) 80

Q(Ah)

RES(mQ)

VOC(V)

Parallel

Series

AHEHEH

SOC(%)

5.000 RES(mQ) 9.00

Figure 51 Simulation curve 2

When there are six batteries in the circuit, three of which are connected in
series and two series resistors are connected in parallel, the capacity = 2Ah, RES =
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4.5mQ and VOC = 15V simulation curves are as follows:

Battery Selection  LiFePO4 battery n

Initial SOC (%) 80
Q(Ah) 1
RES(mQ)

VOC(V)

Parallel

Series

&)

15000 RES(mQ) 4.500

Figure 52 Simulation curve 3

4.3 Battery Control

After the model is built, the battery needs to be controlled. Battery characteristic
curves include SOC-RES and SOC-VOC relationships, which have an important impact
on the performance analysis and control of the battery. The battery built-in algorithm
always controls around the following relationships:

Vt=Voc—Ro Xi

Table 1
Notation Definition
Vit Terminal voltage
VOC Open circuit voltage
RO Battery internal resistance
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i ‘ Terminal Current

The simulator estimates the remaining capacity (SOC) of the battery by measuring
parameters such as voltage and current. Then, based on the SOC, the VOC and RES
are checked, and then the control voltage and control current are calculated, so as to

achieve the results always in line with the battery law.
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