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Executive Summary:

From the several experiments conducted on the batteries at different loading levels, it is realistic to conclude
that the Lithium lon batteries are more reliable in terms of efficiency, capacity and lifespan than the sealed
lead acid batteries.

Using EdeX-FLC control topology resulted in time and energy savings when compared with the market ready
battery chargers. In the conducted experiments, almost 10 minutes of energy were saved under EdeX-FLC
control.

EdeX-FLC build-in data logging software provides extreme flexibility in collecting data during charging and
discharging. Under EdeX-FLC the operator will have the opportunity to control the accumulated battery charge
up to 100% in comparison with the market ready chargers that limit the capacity to 80%. Additionally, EdeX-
FLC provides more options for safety as it can monitor both over and under voltage levels of the battery and
prevent battery from damages.

Using configurable intelligent chargers, such as EdeX-FLC, provides fast, safe charging profile to meet different
stacks of Li-ion cells without compromising battery life and safety. The conducted experiment indicated that
by using EdeX-FLC controller the battery will accumulate more energy than when off-the-shelf controller is
used by 15%.

Using EdeX-FLC set up requires less monitoring instruments to monitor the variable parameters of different
sizes of battery cells stacks.
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Introduction

The focus of the activities is to check the performance of the chargers on Lithium-ion battery using Xiera EdeX-
FLC fuzzy logic card. EdeX-FLC is designed to tune process variables in both one input and one output mode
and in multiple input multiple output control configuration. In this exercise, one input and one output mode
are investigated. Xierateam in collaboration with Lambton College researchers tested auto-tuning knowledge-
based fuzzy controller in a battery charging and discharging modes. Two types of batteries are selected for the
investigation, namely; sealed lead acid and lithium ion battery. Data acquisition of the battery variables such
as charging/discharging voltage and current were monitored during several cycles and tests. Several testing
modules are used and data acquisition is specifically designed for the testing purpose. The charging
characteristics under EdeX-FLC is compared with market ready battery chargers. The summarized assessment
and testing results are presented in the following sections.

Batteries information

The research started by testing two types of batteries as shown in figure 1. The first one was a sealed lead acid
battery (BatLAC) rated at 12 V, 4.5 Ah. The second battery was a Lithium ion battery (BatLION) made of three
cells in series connection, each cell rated at 3.7 V, 2Ah.

b- (BatLION) (3 cells connected in series)

a- (BatLAC) »
Figure 1 12V Batteries used in testing a - Sealed lead acid battery , b-Lithium ion battery

Sealed lead acid battery was charged with the charger shown in figure 2, and Lithium lon battery was charged
with the charger shown in figure 3. Both chargers are self-contained with protection and indicating LED light.
A green light is lit once the battery is fully charged. The charger for sealed lead acid battery is rated for
14.5V/3A. The Lithium ion battery charger is rated for 12V/2A. Later, after using the market ready chargers,
EdeX-FLC modules were introduced as alternative chargers for both batteries. The focus was to check if EdeX-
FLC would minimise the charging period and allow maximum charge gained by the battery under test.

Figure 2 Charger for Sealed lead acid battery (SL-Chg) | Figure 3 Charger for Lithium lon Battery (Li-Chg)

6|Page




General Testing setup

A developed testing setup as shown in figure 4 is used for safe battery testing and variable data recording using
either SL-Chg or Li-Chg chargers. The setup has the capacity to record the charging and discharging values of
the voltage and current across the battery, and store the data in analogue data acquisition (DAQ) unit. An
external dc voltage and current display was also used to double check the variables values while loading is
taking place. For more information on the DAQ unit setup, refer to Appendix Al. Note the battery voltage is
captured in volts while the battery current is sensed using 20 A hall-effect current sensor that produces mV
output per amperage (120 mV)/A).
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@ (12V Battery} s @ (12 V Reistive or nonliner load)

viref
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CEOMEGA D

Omega- OMB-DAQ-54 [B Ch]

— -LISE

Com2
—

Power Suppl L
(Batte ChZ? ‘Lr Battery Monitoring L
ry Lharg val & DAQ connection Power Supply Battery Momtm.mg &
14vde) ., Dl Display (12 V Battery) DAQ connection
n

()
a- Chargi@the battery b- Discharging the battery
Figure 4 Wiring layout during the charging and discharging of the batteries

Each battery was charged using its regular charger (SI-Chg or Li-Chg) and was discharged using electronic
loading unit, described later, that can be set to discharge a pre-set constant current. Each battery is loaded
once, is fully charged and cut-off from the load at about 80 to 85% of its stored charge to avoid deep
discharging and damaging the battery during the test.

Each battery was charged and discharged several times. It was observed that Li-ion battery stores and provides
more energy than the lead acid battery as demonstrated later in the report. Based on several tests and
comparisons between sealed acid and lithium ion batteries showed that the lead acid battery charging current
profile differs from the lithium ion current. The same is observed for the voltage profile.

In using EdeX-FLC modules, figure 5 and 6, a protection element is incorporated to limit the charging current
so that not to damage the Li-ion battery. Rechargeable batteries are sensitive to overvoltage and over current.
Note that the battery variables captured using EdeX-FLC own data acquisition cards and tuning software. This
is a key advantage in comparison with low cost market ready charging units particularly if the battery data
needs monitoring as the cost of an independent DAQ unit alone might exceed $800.00.

7|Page




N\ |anc2
[ N Xiera- DACH
Voltage FLCEVB
Sensor ADC1
0-5vde
Faw
{ Current Sensor = AC/DC -
+ "120
0-24Vde Vo!tafgfe&clurre.nt 0-24 Ve 0:24 Ve {Pow supply) Vac
Battery | | Limiting Circuit
Voltage
Figure 5 Wiring layout while using EdeX-FLC modules for charging batteries.
(Note the limiting circuit is specially adopted to this application).
WX edeX 23 - C\Users\applied 10\Downloads\L BanieryTuning _ Charging-1.edex” - a X

Fle Edt View Smulstion Auto-tuningModeling Terget Help

DFE YR 87
& [ Hock Loy Hock s i
- ) Sowess ﬂmep Execution intenval (s):  |1,000000
- Iy Srks 2FLC 1 3tep, 13 Summer Number of loops: 1
o [y Lnear coments £3Com3l Muikary inputs 0 v
- [y Mahematca ¥, | 4 summer 2FLC. 3Constert
] Loop 1
o By Norineates €| storemt Min. contioller output [0,000000 |
- [ Discrtetme blocks Constat, 4 —
% 1 er $lersar, 4 Somner Max controller output: 5000000
o B e B 75umer © Mtgler —
. 2l Inial conoller bias: 0 00000
i Esw“ Controller ype
- ] Optinizaton consraints ESM" (® Reverse-acing O Direct-acting
- By Tege gt | 10t 281 S0
| FAFLC gains
E 11 Sumner 10 Muipler, 8 Constart e 275620
F| 21 11 Summer Integrat 2.000000
G 13 Tensrfnctin 12 Limker AntResetWindup:  FastRecowry v
" 1T
@ Fa Syten et Ch. eror calculation: | Rate-ofchange v
¥, | 15 5umner 14 Fuzzy Sytem
D] 16 Fuzzy Sysem 12 Linker EdtMFs.  Editries.
68) 17 Trnserfuncion 12 Limter
% | 18 Summer 15 Summes, 16 Fazy System, 17 Tranferfunction
%, | 195umner 18 Sunmer
[ pa 18 Summer 1%ep, 2FLC
| 21 50 respone 1 Sep, 19 Summer
)| 25 stascs 270
| 23500 sattes 7 Sunmer
| 24 Ero crtens 1Sip. 19 Sunmer

Ready

Figure 6 Screen print of EdeX modelling blocks of the fuzzy logic control loop needed for battery charging

exercise

8|Page




Electronic Discharging Unit

To protect the batteries during discharging, an electronic module used, figure 7. The unit configured to draw
pre-set constant current and voltage. The loading unit can draw up to 10 A and has a cooling fan, which is
activated once the internal component temperature exceeds 409C. When the fan is running, it will draw
around 200 mA current. The fan current will cause minor fluctuations in the tested battery voltage.

Time, V, |
DAQ
A
V&I
S L) Display f — ——————p 3
Battery Under Test Electronic Set dis- .
- . [€—charging
loading unit
current

Figure 7 The electronic loading configuration

EdeX — FLC proposed battery charging control strategy

EdeX-FLC modules are modular in design with multiple controlling cards for interfacing various possibilities.
This means, that several sensing cards needed integration as applicable to the required process control. Hence,
EdeX-FLC needs configuration to work as battery charger for the intended purpose. In addition to EdeX-FLC
modules, additional interfacing circuit is needed to ensure safe operation of charging the batteries. The battery
charging current is maintained at constant value as specified in the manufacturer instruction. This is achieved
by using constant current and constant voltage circuit as shown in figure 8. This circuit interface with EdeX-
FLC cards prevents damage to batteries.

Figure 8 Constant current/voltage charger

To record the battery variables, a voltage sensor is used in which 25V is scaled down to 5V since EdeX-FLC
modules can only accept a maximum of 10 V. The sensor calibration table is shown in appendix A3. Hall Effect
current sensor used to measure the flowing current and used for interface with the EdeX-FLC modules.
Therefore, the battery current is measured in V and scaled into ampere, appendix A4 shows the calibration
table. In addition, appendix A5 shows the calibration table for EdeX-FLC digital to analogue card (EdeX-DAC)
used to generate the output signal to control the charging voltage during the charging cycle.
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Charging characteristics of the Lithium ion battery

Lithium ion batteries offer an excellent level of performance. To gain the best from them, they must be charged
correctly. If lithium ion battery charging is not undertaken in the proper manner, the battery operation can be
impaired and they can even be destroyed. Figure 9 shows typical charging characteristics of the lithium ion
battery. Charging lithium ion batteries split into two main stages:

- o = = 100
= e ]
: 7 Constant voltage | 90
g’u =t Z! 1 1 1 ] ! 80
s 4 2
= / 70 &
— Charge capacity Charger float voltage >
AT b — 60 5
©
_ 1001.6A Constant currenit 50 §
X
= 80 = ‘ » 40 %
S / «4— Charge current E
§ 60 7 1 i i 30 S
QE,’ 40 7 20
5 20 / {10
o
0 0 n
Charge time
\
Figure 9 Charging characteristics of the Lithium ion battery
(https://batteryuniversity.com/learn/article/charging_lithium_ion_batteries)

Constant current charge: Inthe first stage of charging a li-ion battery or cell, the charging current is controlled.
A charging rate of a maximum of 0.8C is recommended where C is 2.0 Ah for the Lithium ion battery pack.
Hence, the recommended current is (0.8 x 2Ah = 1.6A). During this stage, the voltage across the lithium ion
cell increases for the constant current charge.

Saturation charge: After a time the voltage peaks at around 4.2 Volts for a Li-ion cell. At this point the cell or
battery must enter a second stage of charging known as the saturation charge. A constant voltage of 4.2 volts
is maintained and the current steadily falls. The end of the charge cycle is reached when the current falls to
around 15-20% of the rated current.

There are few important parameters that are needed to consider during the charging.

1.

Charging current: The charging current must be limited for li-ion batteries. Typically, the maximum
value is 0.8C. Even for batteries or cells that can withstand higher current charges, there is an impact
on the lifetime. If it is possible to keep the charging rate down and not use fast charging, this will
improve the useful life of the cell.

Charge temperature: The li-ion battery charge temperature should be monitored. The cell or battery
must not be charged when the temperature is lower than 0°C or greater than 45°C.

Charging Voltage: The lithium ion cell has nominal voltage of 3.7V for each cell. It can charge to a
voltage of 4.2. Charging beyond this causes stress to the cell and results in oxidation, which reduces
service life and capacity. It can also cause safety issues as well. Therefore, when connecting three cells
in series to generate 12 V battery pack, each cell is well charged and balanced. Twelve volts Li-ion
batteries normally include charge-balancing elements as part of the pack.

Based on the charging characteristic of lithium ion battery, for our experiment the charging current must be
set to 1.6A i.e. 0.8C or lower as the battery is rated for 2 Ahr capacity. The maximum charging voltage will be
“12.6V” to charge the battery to its full capacity. The battery testing was conducted at the lab temperature
(22degC) at all times; therefore, it was not necessary to monitor the temperature in the data logger.
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Battery Charging Control strategy to tune the Li-lon 12 V battery

After setting up the system to tune the FLC, an initial test is performed to identify the system boundaries.
Based on the gathered data, a model is developed as shown in the figure 10. The generated output is shown
in figure 10.

PS V2
120vA Variable O/P 3
Voltage

./ |

. H To Load
EdeX vi Power | 7, Battery Battery |————»
i Supply Protection |

I ._._f._._‘./a[.age ..... J\_ _____

Current

Model boundaries

Block Outputs

Variable O/P
Voltage Charging Current Protection

Limiting to “1.6A"
24 W Y=-536x+268

» V1 Time (s)
5 EdeX O/P Voltage

5000 10000 15000

W 18 Summer W istep W 2FlC

Figure 10 Control strategy used for tuning the EdeX

CFLC Figure 11 Response of the tuned FLC (Simulation)

The information is important to generate the tuned knowledge-base of the FLC. It is clear that the controller
depicted the required charging profile as recommended by the manufacturer. The graph in figure 12 shows
the Lithium lon battery charging characteristics using the tuned FLC.

Charging Cycle Tuned FLC [Battry Voltage (V) vs Current(A)]

cccccc

Figure 12 Charging Characteristics using tuned EdeX-FLC

The first phase of the charging cycle is constant current phase. During this time the charging current remain
constant at “1.6V” while the battery voltage increases. From the graph, the charging current is constant for
almost an hour. After that it proceeds into the second phase called the saturation phase, during which the
battery voltage increases slowly while the charging current starts dropping gradually. The battery considered
as fully charged when the charging current drops to 250 mA and battery voltage reaches 12.6V. The
recommended charging rate for lithium ion battery is “0.8C”. The regular charger (Li-Chg) uses the charging
rate of “1C”, but for FLC uses the “0.8C". The FLC charger has the flexibility to change this rate according to
the user’s requirement, which is not possible for regular chargers. Such characteristics would not be clearly
visible if the Li-Chg is used.

Charging and discharging data recorded by EdeX-FLC software
Several tests were carried out using the testing set up shown in figure 4. However, it was more practical to use
EdeX-FIC data collection and therefore, the next section focuses on the chargers behaviour recorded using
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EdeX-FIC software. Using EdeX-FLC software has good advantage as there was no need for extra DAQ unit and
its associated software. Figure 13 displays the data recorded for sealed acid, left column, and the lithium ion
batteries, right column. This time batteries tested using the assigned regular controller, SL-Chg or Li-Chg, and
later replaced by EdeX-FLC controller. In every set up the protection element shown in figure 5 was included.

Lead Acid Battery Charging [Battery Voltage (V) vs Current (A]]
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Figure 13 Charging and discharging characteristics of the tested batteries (data recorded using EdeX)

From figure 13, during the charging period EdeX controller followed the expected charging profile for both
batteries. In particular, for the Li-ion battery, EdeX controller passed constant current and slowly decreased
current as the battery accumulate more charge and the terminal voltage approached the desired value of the
12 V potential. It was concluded that EdeX-FLC controller followed exactly the recommendation of both
batteries for safe charging profile under the specified safe limits of charging and discharging criteria. The
following section will now focus on the Li-lon battery performance under Li-Chg and under EdeX-FLC

controllers respectively.

12| Page




Li-lon Charge and discharge performance

Figure 14 shows comparison of the Lithium ion battery charging and discharging characteristics under the
control of the regular (Li-Chg) and Edex-FLC chargers. Figure 14 (a) the battery voltage increased by more than
10% after 20 minutes. While under the EdeX-FLC control, figure 14 (b), the voltage increased by 12.5%.

Using Li-Chg, battery voltage reached 98% of the rated voltage (11.8 V) in 67 minutes, while under EdeX-FLC
it took 56 minutes, 10 minutes less. Hence, the tuned EdeX-FLC is 15% faster than the reqular charger that will
result in more than 15% energy savings.

The maximum charging current was limited to 1.6A for almost 60 minutes under the tuned EdeX-FLC to ensure
safe charging level. Meanwhile with the Li-Chg it was not possible to have control of the initial charging current
that started at 2.2A and remained at 2.2A around 12min. Hence, the tuned EdeX-FLC provides flexibility in
controlling the initial charging current and therefore used safely to charge different stacks of cells assembly.

During the discharging cycle, figure 14(c), the battery voltage dropped by 14.6% from its no load level
meanwhile, it dropped by 10.4% from the no load level with Edex as shown in Figure 14(d). This indicated that
EdeX-FLC accumulated more charge in the battery in comparison with the reqular charger. No load term is
when the battery is in ideal state. When the load is applied to the battery the battery voltage will drop due to
the load. We can observe this from the discharging graphs.

Using Regular charger (Li-Chg) Using Tuned EdeX-FLC

Lithium lon battery Tuned FLC - Charging[Battry Voltage (V) vs Current(A)]

Lithium lon Battery Regular Charger Charging [Battery Voltage (V) vs Current (A)

@ | ()

Lithium lon battery Regular Charger - Discharging[Battery voltage (v) vs Time (min)] Lithium lon battery Tuned FLC - Discharging [Battery voltage (v) vs Time {min)]

(C) (d)
Figure 14 Charging and discharging characteristics Lithium ion battery
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Closer comparison between the two controllers shown in figure 15. In figure 15(a) it took the battery voltage
104 minutes to reach the rated voltage level when the battery charged under the Li-Chg charger. Meanwhile,
it took only 60 minutes under EdeX-FLC charging controller. In figure 15 (b) it took 52 minutes for the charging
current to drop by 15% under the regular controller. Meanwhile, it took 75 minutes with the EdeX-FLC
controller. This allows increase in accumulated battery capacity and provide more operational time for the
connected load. The battery accumulated more charge to supply, figure 15(c) under EdeX-FLC and the load

supplied longer than the battery when charged under Li-Chg.
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110
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|
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Charging Battery Voltage Comparision [Tuned FLC vs Regular Charger]

Regular Charger

Charging Curretn 3]

(b)

Charging Current Comparision [Tuned FLC vs Regular Charger]

1o
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27 28 30 32 33 35
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Figure 15 Closer comparison of battery voltage and current under the different battery
charging controllers
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It is important to note that battery voltage is not good indicator to how much is the battery accumulated
energy. Battery voltage can reach the rated level after short period of charging time, while the charging current
dropped to 50% of its initial charging level. It recommended that the charging current used to indicate to the
accumulated energy. Once the battery stop consuming charging current it can be safely stated that the battery
is fully charged.

Conclusion

This reported work was focused on testing the charging profile of Lead acid battery and Lithium ion batteries
under two different controllers. Each battery was charged and discharged several times and only most relevant
data is presented in this report.

From the several experiments conducted on the batteries at different loading levels, it is realistic to conclude
that the Lithium lon batteries are more reliable in terms of efficiency, capacity and lifespan than the sealed
lead acid batteries.

Using configurable intelligent chargers, such as EdeX-FLC, provides fast, safe charging profile to meet different
stacks of Li-ion cells without compromising battery life and safety.

The regular chargers can only charge the batteries up to 80-85% of its full capacity and the operator has no
control on the initial charging current. EdeX-FLC provides 100% capacity under controlled charging current
once tuned to the battery pack.

Furthermore, the EdeX’s data logging function can be very useful for analysing the charging and discharging
characteristics of the battery and eliminate the need for extra DAQ unit to monitor battery variables.

Additionally, EdeX-FLC provides more options for safety as it can monitor both over and under voltage levels
of the battery and prevent battery form damages.

Using EdeX-FLC set up requires less monitoring instruments to monitor the variable parameters of batteries
and can be used in various configurable battery cells stacks.
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Appendix A1 — DAQ setup
1. Go to the search bar in the bottom left of the screen and type “Personal Dagview” and select the
Microsoft Excel extension (second option from the top).

LAY

Bt

g Personal Daavien
Ewp

How to Use the Software:

et the Micsonnt Pl caiermion

>
1

Persanal Daguiew

£ parsona) dazvew

2. Oncethe program opens, click “enable macros” to be able to use personal Dagview and excel together.

Microsoft Excel Security Notice ? X

1 @ Microsoft Office has identified a potential security concern. |

Itis not ible to determine that this content came from
a trustworthy source. You should leave this content disabled unless
the content provides critical functionality and you trust its source.

File Path: | c:\program Files (x36)\Personal DagView\Applications
WPDAQVIEW. XLA

Macros have been disabled, Macros might contain viruses or other
security hazards. Do not enable this content unless you trust the
source of this file.

More information

‘ Enable Macros | | Disable Macros I

3. Click the “File” tab at the top left of the screen.

Discharging 12V4.5AH (second time) - Excel

Insert  Pagelayout  Formulas  Data  Review  View  Add-ins @ Tellme.. Signin £ Share

LT 8 Calibri -l - = E’r‘ General - %Condlt\onal Formatting ~ g‘“\nsert - 2 M 3"
PEE Ez- BT U- A A = = $ - % » [ZiFormatas Table~ ErDelete ~ [~ P -
. ~ e D - A == [ 5 88 [ Cell Styles~ = Format~ | & -
Clipboard Font [F] Alignment . Number Styles Cells Editing ~

4. Open a blank document.

Dischargin

Home  Inset  Pagelayout  Formulas  Data .. Signin £ Share

Personal DagViewXL = 2 B # B E | ] s

i3 [=] About

Menu Commands Custom Toolbars ~
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From the “Personal DaqViewXL” drop down menu, select “Configure Channels”.

At this scree, click the first two channels under the “ON” row. To make sure both are turned on, click
once where it says off next to the channel, then the drop down (highlighted above the chart) will have
an “ON” and “OFF” option. Select “ON”.

5] Channel Configuration - m] X

Control

Tumn channel on/off: IDn x

Analog Input I Frequency/Pulse Input | Digital Input/Output |

EE{;‘E:: UserLabel | On | Reading ‘ Range | Units S'S%Ir;ee:ﬁ:;ﬂ Me[?jr;ﬁxnt Scale | [
PD1_A01 |PD1_ADT i(n 0.0t 10.0 Y Differential 110 ms 1.0 0
PD1_A02 |PD1_ADZ | On 0.0t 10.0 v Differential 110 ms 1.0 0.
PD1_A03 |PD1_ADZ 0K 0.0t 10.0 v Differential 110 ms 1.0 0.
PD1_A04 |PD1_AD4 O 0.0t 10.0 v Differential 110 ms 1.0 0.
PD1_A05 |PD1_ADS O A0.0t010.0 W Differential 110 ms 1.0 0.
+] | 2l

Close the “Channel Configuration” menu and return to the “Personal DaqViewXL” drop down menu
located in the “Add-ins” menu. Select “Configure Acquisition”.

Dischargin

File Home  Inset  Pagelayout  Formulas  Data  Review  View [WECESREMN Q Tellme. Signin & Share
Personal DaqViewXL- % B8 tif ] &~ R (B (8 | & =
54 (=] About
Menu Commands Custom Toolbars -~

To set how often a scan will occur, at the bottom of the window, there is an option to choose whether
the scan will happen based on period or frequency. For instance, in this example the program will be
set to scan every thirty seconds as soon as the trigger button is clicked. (Note: Make sure under the
“Trigger” menu the “Source” option is set to “Immediate”.)

Pre-Trigger Trigger I Post-Trigger

Source: lm—;‘

LChannel: ’—4|
Condition: ’m
Thoeshold: [ 0=
Hysteresis: ’—UJ

Type: Count:

‘None J |2 J

Scan Rate: 30000 j e =

r % Period
V_ ' Frequency
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10. Without closing the above window, click the “Post-Trigger” tab. Set the “Stop On:” menu to “Duration”
and select however long needed. In this example, the program is set to three hours. Select “OK” to
apply settings and close the window.

Configure Acquisition

Pre-Trigger l Trigger

Stop Or: lDuration vl
Diuratior: i 3 :I Hour vI

Type: Cotnt:

|None J |2 J

Scan Rate: 30,000 j ZEC
o =
[¥ i

| Cancel ‘

11. To view a live reading of the two channels that are “ON” in graph form, select the highlighted option
below.

Personal DaqViewxL~ % 5 tit [p] ¢ B (2 (8 | Bl s
4 (] About

Menu Commands Custom Toolbars

12. At the top left of the window, select “Chart” and then “Setup”.

-------
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13. To add a group of charts to be displayed, select how many you would like to create and select how
many charts you would like in each group. Then select “Create Groups”. Once this is completed, the

= Episplay

= EE'“Gloup 1

B Chart 1

LEro1_so1
EdChar 2

LEro1_soz

groups and charts will show up on the left, just like in the picture below.

LCloze

Automatically Add Groups to the Setup

Add l1 vI Groups ta the Setup,
and create |1 vI Chartz in each Group.

| Lreate Groups l

Manually Add a Group to the Setup

Group Mame

14. Click on the “Chart 1” portion of the drop-down menu on the left of the window. Then click on
“PD1_A01” under the “Available Channels” section so it becomes highlighted in blue, and then click
“Add”. This will make the reading from the L1 and H1 on the OMB-DAQ-54 be displayed on the top
graph. Click “Chart 2” and repeat this process, except select “PD1_A02” instead of “PD1_A01” to show

the reading from H2 in the OMB-DAQ-54 on the bottom graph.

Chart Display Configuration Setup ? bt
Close
EHEPDisplay Chan Categories: | - All Categories -- ~I
&+ & Group 1

Available Channels i

CEaroi_ao

EAChar 2

LEgrD1_so1
Selected Channels
PD1_A0

Category: | “oltage
Unis: [ v
< >

15. Click on the first channel (PD1_A01) to edit the scale the data will be displayed on the graph. For
“Display Mode”, select the “Units Full Scale” option to set maximum and minimum values for the graph,
or select the “Units / Division” option to select what value the middle of the graph should be and how
many units should be measured per square on the graph. The “Trace Color” option allows the user to
change the color of the line being displayed. Repeat this step for the second channel under “Chart 2”

(PD1_A02).

Chart Display Configuration Setup

b3

?
Close

Data Type

Urits.

Charnel Settings

Display Made

Trace Colar

¥ Center

Units / Division

Categony Woltage
W

& Units Full Scale
 Units / Division

[
T
s
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16. Close out of that window so the live reading window is open. Select the triangle button highlighted in
the picture below to start showing live data. To change the speed the graph scrolls, select the rabbit
button to speed up or the turtle to slow down. Doing so will change the “(time)/division” at the bottom
right of the window. Press the square button next to the triangle button to stop reading live data.

{3 Personal DagView Plus - Chart Display - O X
Chart  Control  View Timestamps
e S I RN
10.0005 :ijm_Am
B " !
o 0o coner = —
S (S *

<o -10.0005
10.0005 :I PD1_AD1

v !
o om0 coner = —
ceee [T am vy *

... -10.0005

1sec / div

17. Once the user begins taking a live reading from the OMB-DAQ-54, select any cell in the Microsoft Excel
spreadsheet. To begin recording the numerical values of what is being projected on the graph, select
the trigger button. The data will start to be recorded based on what the “Trigger” menu and “Post-
Trigger” menu were set to. The numbers being recorded in the left cells are from the “PD1_A01”
channel and the numbers being recorded in the right cells are from the channel “PD1_A02".

Bookl - Excel
Home Insert Page Layout Farmulas Data Review View

Personal DaqViewxL~ % B8 Hf B ¢ BE [(H (Y o] B B ==

Menu Commands Custom Toolbars
Al g p o

A B | T | D | E | F

1 ol 1.778157473
2 | 0.178712651 1.953884244
3 | 0.357370883 2.129015923
4 | 0.535920203 2.303498983
5 | 0.714306355 2.477280378
6 | 0.89247489 2.650307178

18. To make a graph using the collected data in excel, select the “Insert” tab and select the insert “Line or
Area Chart” option. In the drop down menu, select the option “Line” under the “2-D Line” heading.

Book]1 - Excel

Page Layout Formulas Data Review

- B2 gm
3 @ 8]l e s [

Tables lllustrations Add- Recommended PivotChart 3D Sp
< e ins - Charts "' [ )l( M - Map ~
Charts | Tours

19. Right click the blank graph and select the “Select Data” option.
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il |

[« B . T
Note: The “Time” seen in the above picture was manually put into the Excel sheet.

20. Select “Add” to make a new series of numbers that will be projected onto the graph.

Chart data range: B
Switch Row/Calumn
| Legend Entries (Series) Horizontal (Category) Axis Labels
£ add Edit Remaove Edit

Hidden and Empty Cells oK Cancel

21. Typein a name for the series being made under “Series Name”. After, click in the “Series Value” box,
then click and drag the mouse to highlight the values that should be in this series (the cells will be
highlighted with a dotted green box if selected for the series). Then click “OK”. Repeat this step with
the values from the channel “PD1_A02".

o 1076147572 12.17365074
0.5] 1076513843 12.16767979
1 1.074804382] 12.16092682
151 1074926422 12.15246487
21 1072850541} 12.1434412 PD1 AO1
25! 1072972731} 1213435555 —
3l 10738274621 12.12530804 Edit Series rox
3.5] 10745601521 12.11630821 -
4l 1077246533 12.10756493 PD1_A01 | - po1a0t
451 1072850541 12.09880924 Series vaues
5i 1072850541 1205015175 =Sheet1sB52:38558 = - 107617572, 1
551 1078223453 12.081604
61 1075781153 12.07285791 Concel
6.51 10752928421 12.06463051 )
7! 1.075170652! 12.05632782 e
75) 1076391802, 12.04787731 e
35 1.074071692s 12.03958607 1082
85 1.074560152¢ 12.03107452 135 7 91113151718212325272831333537
91 1.073827462! 12.02290535
9.5] 1074071692} 12.01457787
10]  1.072606311; 12.00633526
105 107089685 11.99783611
111 1070286201 11.98955727
115 1.06796609) 1198107052
1! 106943147, 119726696
125]  1.0741937321 11.96423149
131 10718736211 1195568371
135! 1.074560152! 1194719696
1! 1amAnea1 11 a28A2918

22. To change the value of the x-axis, select the “Edit” option highlighted below. Click and drag to select
values, like in step 21, to select the values you wish to display on the x-axis.
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Select Data Source 7 X
Chart data range: || 53]
The data range is too complex to be displayed. If a new range is selected, it will replace all of the series inthe
Series panel.
I"- |" Switch Row/Column "l "‘l
Legend Entries (Series) Horizontal [Category] Axis Labels
7 Add FFEdit | 2<Remaove - | [ Edt |
[l  <blank series> 0 ~
Charging Voltage 0.5
Voltage Discharge 1
15 k57
2 v
Hidden and Empty Cells Cancel

23. Select okay and the values will be displayed on the graph. To give the graph a title and the axis labels,
click the green plus sign next to the top right of the graph and make sure those boxes are checked off.
This is an example showing the charging value and the discharging values of the voltage in a 12V
battery.

Charging Voltage Vs. Discharging Voltage @ 1 Amp | +
125 1416
4
1415 &
12
1414
s 1413 Y
) W12
2 4
= un 2
5 2 k-4
2 ws u1®
s aps &
1w 1408
1407
a5
1406
5 405
D12345678%1011121314151617 1519 20 2172 7324 25 2627 282930 31 32 33 3435 35 37 36,39 8041 £2 43 44 35 45 47 28 4950 5152 53 54 55 565758 59
Time (min)
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Appendix A2 — Procedure to obtain data file using EdeX software
1.We have followed the following procedure to obtain the data file for normal method]

2.Connect the EdeX, battery and power supply as shown in the Figure A2-1.
3.0pen the tuning file and click on the “Configuration and Testing “ from “Target menu”

X' edeX 23 - C:\Users\WIN 10Standard\Downloads\L_Battery Tuning _ Charging-1-4-Seg.edex

File Edt View Simulstion Auto-tuning/Modeing [EEERH Help

DEFH R &89 Configuration and Testing..
& ) Bock Loy Block Inputs
@ B Sources [ 1 Seqment input
©- Gy Srks [F) 2 Segment input
b By Unear demerts ) 27.c 1 Segment input, 2 Segmert nput
- [ Matnematical 4 Segment output 3FLC

w- By Nenlinearties
Figure A2-1 EdeX Interface
4.In the Configuration and Testing window select the appropriate com port from the drop down menu and

then click on “connect to target” button

X Target Cenfiguration and Testing

Segmert Corfigraton  EVE LO Confguration  Coriroller Testng  Dta Acuistion.

Segnent nfrmaton,

few sagrent Delete segrent

I ==

Figure A2-2 Target Configuration and Testing window
5.Upon successful communication between FLC and EdeX it will show “Ready” at the bottom left corner. As

shown in the image below.

[ gt Contigurstion snd Testing

Seguert Corbardion | EVB 1O Confuston. Corantr Tesng Dt fcustion

Figure A2-3 Target Configuration and Testing window
6.Add description and Evaluation interval then click on the new segment.

- *

X Tanget Configuration and Testing

Segment Corliguaion £V VO Confipation Cortrober Testing Cta Accaiston
Targetinformation: Segrent information: e
Sevalporti  COM7 Segrent Format segment memary
Tageltypes  NCM +EVBhost Desrplir: Lo saging e
FMiverson: 220 Confg, sze ftes): 0
Statis: o0 Exec. nterval frels 0 Gear stagig buffer
Tt mem, (¥E}: 32 [ ——

Fresmem. (@): 28 Momber of rpus: 0 e
Fm, sagments: 1 Mo of outeuts: 0 e
freTp— Localsegent stagig buffer: Py
Segnent Alocated mescry 0E) Cesrgton: [ Batery Cavarg 7
1 4 ntervsd )
(em) Executon rierval e [ 1000] o
Target bocis:
Bock Trputs
T seoment Defete sagment
Using 4/32KB.
ey

Figure A2-4 Target Configuration and Testing window
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7.Press "Load staging buffer", which will prepare the data format for the segment. The "Target blocks" list view
will populate with the list of blocks ertten to the XCM.

\X' Target Configuration and Testing

X

‘Segmert Corfiguration | EVB 1/0 Configurato

Target information:

ion Controllr Testing  Data Acquistion

Segment information:

Disconmect from target.

Seral port; con7 Segment:
Tergettype:  XCM +EVB host Desaription:
il version:  2.20

Status: ox00

Totel mem. (B): 32
Freemem. (KB): 28
Num, segments: 1

Config. size (bytes):
Exec, interval (ms):
Number of blocks:
Number of inputs:
Number of outputs:

1

0
0
0
0
0

Format segment memary

Load staging buffer

Clear staging buffer

Erase segment.

XCM segments:

Segment  Allocated memory ()
1oen) 4

Desciption: 5
Execution interval (ms

Target blocks:

Local segment staging buffer

hrging

Run controller test
Run data acquition

Close

Block

sFC

New segment Delete segment

Using 4/32K8.

4Segment output.

1Segmentinput
2Segmentinput
1Segment input, 2 Segmentinput

3FLC

Ready for donrload 4blocks (498 bytes)

feady

Figure A2-5 Target Configuration and Testing window

8.Press "Program segment" to write the data to the XCM Flash memory. The Segment information list view
refreshed to show the updated segment contents: description, config. Size, # blocks, inputs and outputs, etc.
The segment inputs and outputs will show the same tags, ranges, and units from the EdeX project blocks.

X Terget Configu

n and Testing

x

‘Segment Corfiguration  EVE 10 Corfiguration  Cortroler Testing

Targetinformation:

Data Acquistion

Segmentinformation:

Totalmem. (@): 32
Free mem. (kB): 28
N, segments: 1 <

Mumber of blocks: 4
Mumber of inputs: 2

Serislport:  COM7 Segment: 1

Targettype:  XCM +EVB host Deseription: Battery Cahraing
FMV version:  2.2.0 Config, size (bytes): 498

Status: 000 Exec. interval (ns): 1000

XCM segments:

Segment  Allocated memory (@) Description:

1 4

Targetblodks:

Local segment staging buffer:

Battery Cahraing

Executioninterval (ms): [ 1000

Block

3FLC

New segment Delete segment

Using 4/32KB.

Inputs

1Segment input
2Segmentinput
1Segment input, 2 Segmentinput
4Segment autput 3RC

Ready for download: 4blocks (498 bytes)

Disconnect from target
Clear staging buffer
Run controller test:
Run data acquisition

Close

Ready

Figure A2-6 Target Configuration and Testing window

9.Now, go to the I/O configuration tab and replicate the following configurations shown below.

WX Target Configuration and Testing

Segmert Corfiguration  EVB /0 Corfiguration ' Controller Testing  Data Acquistion

WX Target Configuration and Testing

Analog I/0 channels: Module parameters:
EVB  Modde Type Trpe: Input Unipolar_5V
Input/Uipoker 5V ADC rEsulm‘mn: 12
12 Output/Uripolar_10v Miimum val L"e‘ 0
1 3 Input/Unipolar_5% M vake: | §
Engineering units: ¥
Calibration gain: ~ 1.015
Calibration offset:  -0.02

Figure A2-7 1/0 Configuration 1.1

WX Target Configuration and Testing

Analog IfO channels:

Segment Corfiguration EVB 10 Configuration | Controller Testing  Data Acquisition

Module parameters:

EVE  Module
1 1

Type
Input/Unipolar_5v

Dutput,ﬂJnlpnlar 10V

Nu

Type:

Input/Unipolar_5v

ADC resolution: 12
Minimum value: 0

Maximum value: 25

Engineering units: v

Calibration gain:
Calibration offset:

1.015
-0.02

Figure A2-9. /O configuration 1.3

10.
menu.

Segment Corfiguration  EVB 1/0 Configuration - Controller Testing - Dita Acquistion

Analog I/0 channels: Module parameters:
EVB  Mode Type Type: Output/Unipalar_10V
1 Inputrigolar 5V DACresoluion: 12

.- OulputUripolsr_10V

3

InputjUnipolar_5V

Minimum vale; 0
Maximum value: 10
Engineering Units: ¥
Calbration gain: 1
Calbration offset: 0

Figure A2-8. 1/0 configuration 1.2

Now, go to the “Controller Testing” tab and select “Active controller monitoring” from the drop down
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WX Target Configuration and Testing

X
Segment Configuration EVB 1/0 Corfiguration  Controller Testing  Data Aoquisition
Disconnect from target
Conter st —
Standalone segment test

Confraller segments: | Simuated dosed-oop control test fields to et connections): st
1 Test controler 1/O channels

Segment 1 Active controler manitoring Ly

: Battery Cahrging
Execution interval (ms): 1000 T

Number of outputs: 1
Run controller test
Run data acouisition

Close

Basic control algorithm test, managed by the edeX software.

* the control aigorithm on the target XCM is periodically executed in real time

= all controler mput values are manualy spedfied

* controller input and output values are desplayed in the real-time trend window

Figure A2-11 Controller Testing Tab
11. Select the /O connection from the drop down menu. As shown below.

X' Target Configuration and Testing

- x

Segment Configuration  EVB 1/0 Configuration  Cortroller Testing | Data Acquisition
Disconnect from target
Controller test mode: | Active controller monitoring -

Format segment memory
Controller seqments:  Segment properties (double-click 1/0 fields o et connections): SR L
o Segment: 1 Clear staging buffer
Description: Battery Charging
Execution interval (ms): 1000 EEEesamI=t
Number of nputs: 2 Program ssgment
Number of outputs: 1
Input-1: 5P <manual> Run controller test
Input-2: PV connect to: [1.3] InputjUnipolar_5V e —
Output-1: CO connect to: [1.2] Output/Unipolar_5v
Close

Real-time moritoring of  running contral foop.

* the control loop is managed by the host (¥iera EVE or user implementation)

* host reads analog inputs, runs the XCM control algorithm, and updates analog outputs
*values are reported back to the edex software and displayed in the real-tme trend window

* values of manual controler inputs may be entered in the real-tme window and sent to the host

Feady

Figure A2-12 Controller Testing Tab
12. Click on the “Run Controller test” and ten click on the “Setup data logging” button.

Realtime vanables (double-click to edit label and range fields): .
Selup data logging...

Label Minimum Maximum Value | Editvalves:

SP (Volts) 0 126 12.6 = Start

PV (Valts) 0 12

CO (Volt 0 5 M Reset controller
Figure A3-13 Data Acquisition window
13. Select a location and give a file name. Click ok
X' Data Logging X

oK
[ wirite to log file:
Cancel

WIN 105tandard\Desktop Wiera\Mew folder\TEST 1.dat | | Browse. .. |

[wirite file header
[l overwrite existing data

Figure A2-14 Data Logging file setup

14. Connect the battery to the charger and set the constant input current to "1.6A" using potentiometer
on the constant current circuit.

15. Putthe "12.6" in the text box to set the set point. And click on “Start” button to start the data recording.
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X' Controller monitoring: Bat Cha [segment 1] - O *
Realtime variables (double-click to edit label and range fields)
Setup data logging
Label Minimum Maximum Value Edit values:
SP (Volts) 0 1286 12588741 12.6 = Stop
PV (Volts) 0 12 10.867393
CO (Vo 0 5 2647598 Reset controller
Stop controlller
Reporting frequency:
Time (s): [7.999
100.017
.
200 W SP (Volts)
£ 500
@
=
T 400 W PV (Volis)
200
0 |
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 | WM CO (volf)
Time (s)

Figure A2-15 Data Acquisition window
16. When the battery is fully charged, stop the data recording. Then disconnect the charger.
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Battery
Voltage(V)
0

(Y=l < I NI« ¥, RN N SV R S

[ R T R N R
N A WM RE O WLDBE-NU B WNR O

Voltage Signal

V)
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
2.2
2.4
2.6
2.8
3
3.2
3.4
3.6
3.8
4
42
4.4
46
4.8
5

Voltage Signal (V)

438
456
4.4
4.2

38
36
3.4
32

2.8
26
2.4
2.2

18
16
14
12

0.8
0.6
0.4
0.2

Appendix A3 - Voltage sensor calibration table

Voltage Signal (V) vs Battery Voltage (V)

0 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 15 20 21 22 23 24 25
Battery Voltage (V)

Figure A3-1 Voltage Sensor calibration

28| Page




Appendix A4 — Current sensor calibration table

Current

ngmﬂmm#wmpoi

[ R R R R R R B = R R Ry
B Wk PO Wo o oW

Voltage signal
(V)
2.5
2.6
2.7
2.8
2.9

3
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9

4
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9

5

Voltage (V)

49
a8
a7
46
as
44
43
a2
41

39
38
3.7
3.6
35
3.4
33
3.2
31

25
28
27
26
25

Current(A) vs Voltage signal(V)

1 2 3 4 5 s 7 8 5 10 11 12 13 14 15 16
Current (A)

Figure A4-1 Current Sensor Calibration

17

18

19 20 21

22 23 214 5

29| Page




DAC
output

0
0.2
0.4
06
0.8

1
1.2
14
16
1.8

2
22
24
26
2.8

3
3.2
34
36
3.8

4
42
a4
46
48

5

Charging
Voltage

(v)
26.80
25.73
24 66
23.58
2251
2144
2037
1530
18.22
17.15
16.08
15.01
1354
12.86
1175
10.72
9.65
8.58
7.50
6.43
5.36
4.29
3.22
2.14
1.07
0.00

[ R Nl N I R TR}
RORbhmomubbo e B0 EGH D@

Charging Voltage (V)

-
=y

Appendix A5 — Analog output card (DAC) calibration

Charging Voltage (V) vs DAC output (V)

075 1 125 15 175 2 225 25 275 3 3.25 ELY 375 4 425 45 475 5
DAC output (V)

Figure A5-1 DAC calibration
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