CEDV Algorithm And Its Data

Flash parameters




Data Flash Configuration

% TEXAS INSTRUMENTS REAL WORLD SIGNAL PROCESSING.
Bead All | Wiite All | Write All. Breserve .. *Right click on constant name far mare infarmation
( Calibration ] g— —
- ( Configuration T Forwer Gas Gauding OCY Tahle T PF Status
[ T Znd Level Safety Charge Cantral SBS Configuration T System Dats
Marme | Yalue | Unit ame | Yalue | Unit
Voltage - - DL Dsg Recovery 200 mA
LT COV Threshold 4300 m Current Recovery Time = Sec
LT COV Recovery 4100 m' AFE OC Dsg o7 hex
5T ZO% Threshold 4500 ' AFE OC Dzg Time o7 hex
5T COY Recovery 4300 m AFE OC Dgg Recovery 5 mA
HT COV Threshald 4200 m' AFE 5C Chg Cfyg 73 hex

For detail parameter description, please refer to the
Technical Reference Manual (sluu319)
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Data Flash Configuration

[ 15t Lewvel Safety T 2nd Lewvel Safety T Charge Control T SBS Confi
[ Calibration |
[ Configuration T FPower ] T 0OCy Takbl
Name | Value Init Name | Value | Init
CEDV Cfq _ _ Clactnnnics | oad i =T
CEDY Config oo flg Battery Low % 18 Yol 2.50 “
EMF 3743 mv Near Ful 200 mAH
0 149 num Current Thresholds - -
RO o7 nurm Dsg Current Threshold 100 A
TO 4030 nurm Chg Current Threshold 50 A
=y 3é num Quit Current 10 mA
TC e nurm Disg Relax Time | Sec
1 0 nurm Chyg Relax Time &0 Sec
Ang Farton 0 nLm State = =
Fized EDY O 3031 ' Qmax Cell O 4400 rmAh
Fixed EDV 1 3385 ' Qmax Cell 1 4400 rmAh
Fixed EDY 2 3501 'y Qmax Cell 2 4400 rmAh
Low Temp 119 0.1 degl CImax Cell 3 4400 rrAh
Overload Current 5000 mA Omax Pack 4400 mAh
Self Discharge Rate 20 O1%/da
I Charge Control T {SBS Configuration ]
LoD at EDYZ 15232 num

For detail parameter description, please refer to the Technical Reference Manual (sluu319)
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Current Integration Based Fuel-gauging

o Battery is fully
charged
e During discharge
capacity is integrated
49y State of charge (SOC)
i at each moment is
Q/Qmax
Q.x IS Updated every
time full discharge
occurs

3V

SOC = Q/Qmax

21
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Learning Before Fully Discharged

* [tistoo late to learn
when 0% capacity is
reached - Learning
FCC before 0%

4.2V| We can set voltage

threshold that
correspond to given
percentage of
remaining capacit
EDV?2 J tapacty

EDV1 However, true voltage

corresponding to 7%
depends on current
and temperature

EDVO
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Using bg3060 with Fix EDV Algorithm

[ 1st Lewvel Safety T 2nd Lewel Safety T Charge Control T SBS Confi

[ Calibration [
( Configuration T Power T iGas Gauging! T Qcy Tabl
Mlame | Value Lnit Mlame | Value | Lnit
CEDV Cfg - - Electronics Load 8] Suh
CEDY Cantig [aT8] flg Battery Low % 18 Hr2.5e
(= RS iy Mear Full 200 mAH

Z0 1439 AU Current Thresholds - -

RO 867 nurm Dsg Current Threshaold 100 mA

TO 4030 nurm Chg Current Threshold 50 mA

R1 3la num Juit Current 10 mA

TC =l nurm Dsg Relax Time 1 Sec

1 6] nurm Chg Relax Time =18 Sec
v @ e State - -
Fimed EDW O 3031 mh’ Camax Cell O 4400 mAh
Fized EDV 1 3385 mb amax Cell 1 4400 maAh
Fimed EDW 2 3501 mh’ Camax Cell 2 4400 mAh

A CowEng e Ay amax Cell 3 4400 maAh
Tverload Current SO00 mA max Pack 4400 mAh
4. 2V Self Discharge Rate 20 O1%/da
Average typical load « Discharge curve will change

according to different
current, temperature, and

EDV2 the age of the battery

EDV1

3%

« By using Fix EDV setting,
90 D 0% not all the useable capacity
is being utilized, or worse,
the system is running too
low on capacity.

v
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Learning before fully discharged with
current and temperature compensation

CEDV Model:
Predict V(SOC) under any

4.2V

EDV2

Modeling last part of
discharge allows to
calculate function
V(SOC, I, T)

Substituting SOC=7%
allows to calculate in
real time CEDV2
threshold that
corresponds to 7%
capacity at any current
and temperature

v
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CEDV Model Visualization

OCV curve defined
by, EMF, CO

Voltage 4
OCV corrected by
I*R (R_is defined by
RO, R1, TO)
uu\w Further
correction by low
temperature|(TC)
Measurement:
Voltage curve
at certain
temperature 4"
and current
>
3% 1% 5% 6% 7% 8% 9%

13 TEXAS
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Required Cell Test

) Continuous discharge at 2 different rates, from
8 —————— fully charged state until termination voltage is
reached.

« First rate should be average typical, and

- second should be average high for your
application. Note that high rate should NOT be
., maximal peak current, but maximal average
L sustained rate that can practically occur in the
S application.

T » Test at both rates has to be performed at 3
different temperatures. Typical temperatures
for the test are 5, 30, 50 °C.

* Make sure to set over-temperature limits in the
fuel-gauge higher then expected cell
temperature during the test. Note that cells
2 SEE— heat-up during high rate discharge

0 2000 4000 h 6000 8000 1-10 .
e s « Discharge does not have to be constant
i T T T current. It can be any load pattern typical for

6_/‘ i your application, including constant power.

« Battery should be fully charged prior to
application of test pattern.

o) HUY (SR < - « If temperature was changed, battery should be
left for reaching thermal equilibrium for at least
0 2000 4000 6000 8000 l-104 2 hrs prlor to teStIng

time, hrs

12 .

Voltage

11

voltage, V

10

Temperature

Temperature

Current, A
N
I
|

Current
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Required Data for MathCAD Input

« As result of all tests you will obtain 6 files:
2 different rates at 3 different temperatures

 Time, voltage, current and temperature
(directly on the cells) has to be recorded and
stored as separate columns. Any header text
should be removed from files prior to
calculations.

 Easy recording method is to use our EV
software that is reading data directly from
our fuel-gauge.

Search “sluc042” as a keyword from Tl Website:
Download the associated zip file, which includes:
Advanced guide to MathCad CEDVs calculations.ppt
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Data Flash Configuration

[ 15t Lewvel Safety T 2nd Lewvel Safety T Charge Control T SBS Confi
[ Calibration |
[ Configuration T FPower T T 0OCy Takbl
Name | Value Init Name | Value | Init
CEDV Cfg - - Elzctronics Load 0 JuA
|CEDY Config oo flg Battery Low % 13 %ol 2.56
EMF 3743 ' Near Full 200 mAH
0 149 num Current Thresholds - -
RO o7 nurm Dsg Current Threshold 100 A
TO 4030 nurm Chg Current Threshold 50 A
=y 3é num Quit Current 10 mA
TC e nurm Disg Relax Time | Sec
1 0 nurm Chyg Relax Time &0 Sec
Ane Enctan ] fiim State = =
Fized EDY O 3031 ' Qmax Cell 0 4400 rmAh
Fixed EDV 1 3385 ' Qmax Cell 1 4400 rmAh
Fixed EDY 2 3501 ' Qmax Cell 2 4400 rmAh
Low Temp 119 0.1 degl CImax Cell 3 4400 rrAh
Overload Current 5000 mA max Pack 4400 mAh
Self Discharge Rate 20 O1%/da
T Charge Control T {SBS Configuration T
Name | Value | Init
LoD at EDYZ 15232 num

For detail parameter description, please refer to the Technical Reference Manual (sluu319)
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Data Flash Configuration

[

[ 1st Level Safety T 2nd Level Safety T Charge Cantral T SBS Canfi
[ Calibratian
Configuratian Fower T T OCY Tahl
MName Value LInit MName Value | LInit
CEDV Cfg _ _ Flactnanice | nad n 2wl
CEDY Config oo flg Battery Low % 18 %/’2.56|
EMF 3743 m MNear Full 200 mAH
0 149 nurm Current Thresholds - -
RO o7 nurm Dsg Current Threshold 100 A
TO 4030 nurm Chg Current Threshold 50 A
=y 3é num Quit Current 10 mA
TC e nurm Disg Relax Time | Sec
1 0 nurm Chyg Relax Time &0 Sec
Age Factor 0 nurm State . .
Fixed EDY O 3031 m Qmax Cell O 4400 rmAh
Fixed EDV | 3385 m Qmax Cell 1 4400 rmAh
Fixed EDV 2 3501 m Qmax Cell 2 4400 mah | »*
Low Temp 119 0.1 degl CImax Cell 3 4400 rrAh
Overload Current 5000 mA Omax Pack 4400 mAh
Self Discharge Rate 20 O1%/da
T Charge Control T {SBS Configuration T
[Mame | Wilie [ Unit |
DO at EDYZ 5232 rum —

BatteryLow% =
EDV2 * 2.56 * 256

Initialize to design capacity
from battery datasheet

DODatEDV2 =
(1-BatteryLow%) * 16385

For detail parameter description, please refer to the Technical Reference Manual (sluu319)
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bgqEASY for bg3060 (coming soon)



bgEASY for bg3060

Ej Texas Instruments - bqEASY

®p TEXAS INSTRUMENTS
1. Setup 2, Configure 3, Calibrate 4, Chemistry

ImpedanceTrack™ Accurately
Measures Battery Performance

[T and CEDY+
Configuration Wizard

Power Managemont §

germoar
!_ bg20r8x ”n’n

b Accaracy

\'\‘.'\\,'\.'\'\.\".,'\.'\{'.\'i‘.

Welcome to bgEASY Impedance Track
and CEDV+ Configuration Wizard

@Back o @ rev 190 beta3

Similar to bqEASY for z-
track devices

The Learning Cycle tab is
replaced with a CEDV tab

2010 Dallas BMS Deep Dive
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bgEASY for bq3060: Configuration

{Eﬂ Texas Instruments - bqEASY W
J{f TEXAS INSTRUMENTS
1. Setup 2. Configure 3. Calibrate 4, Chemistry 5. CEDY

2A. Cell Characteristics

IT and CEDY +
Configuration Wizard

2A. Cell Characteristics

(-

How many cells in series does the battery
have?

)
w

. Charge Parameters

8]

. Discharge Parameters

—

How many cells in parallel does the battery

20. Reserve Capacity have?

2E. Load Characteristics

2400

mAh

What is the nominal capacity of each
individual cell?

2F. Secondary Woltage
Protector

26G. Remaining Capacity
d

Configure basic parameter
settings

Methor
2H. Miscellaneous Whit s thainiiin 3 o3 ¥ Texas INSTRUMENTS REAL WORLD SIGNAL PROCESSING.
farpeton the cell data shee {";ﬁ.
L Bead Al ‘ \Write All ‘ Witite All, Preserve . *Right click on constant name for mare information
Qoo | new © ‘ K, e,
: Calibration ]
- Configuration T Power I Gas Gauging T CCY Table T PF Status
st LeveISﬂfely T 2nd Level Safety T Charge Control T SES Configuration T System Data
SBS Name [ Value | Unit MName | Value ] Unif
Voltage - - OC Dsg Recovery 200 mA
LT COV Threshold 4300 mYy Current Recovery Time g Sec
LT COV Recovery 4100 mYy AFE OC Dsg 07 hex
ST COV Threshold 4500 mYy AFE OC Dsg Time 07 hex
5T COV Recovery 4300 mYy AFE OC Dsg Recovery 5 mA
HT COV Threshold 4200 mY AFE SC Chg Cfg 73 hex
2010 Dallas BMS Deep Dive [
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bgEASY for bq3060: Calibration

E] Texas Instruments - bqEASY

TEXAS INSTRUMENTS

1. Setup 2. Configure 3. Calibrate 4. Chemistry 5. CEDY

3A. CC Offset

IT angl CEDY+
Configuration Wizard

3A. CC Offset g Texas Instruments bq Gas Gauge Evaluation Software - bq3060 v0.14 - [Calibration] g
“;3 File Window Help o

m

(3]
X

If not already calibrated, use the bgEVSW
Calibration screen to calibrate CC Offset. It
requires no input parameter or special setup
condition.

3B. waltage

i TEXAS INSTRUMENTS REAL WORLD SIGNAL PROCESSING.

Flease ensure that scanning/communication is off an all other open windows
3C. Temperature
Pack Yoltage and CC Board Offset Calibration

Sample for |2 sSec

30. Board Offset ~ Pack Woltage Softwars Board
Return here when done. Calibration Oftset Calibration

3E. Pack Current

SBS Calibrate Partas
3F. Review / Read .DFI indicated below

Data r ggli?.frfast?;n [Eums
Flash
Measured Enter actual
Software voltage voltage Count
. Pro - T cen 100y [
Q) eack ‘ Newt () l 0K l 10T | cellez BT
12167 iy Coll1+5+3 12000 v Ensure voltage referen coinsrlnaebnliéieﬂ:a‘;asmsogevl\‘risth
- 12167 | 0 el eze3eq |1E000 If using resistors simulating
3 & must < 300 ohms per cell.

d Callbratlon IS done through hd Measured Enter actual

EVSW — Temperature temperature temperature | Int Sensor
100% Calibration [+ Ext.Sensar 1

© X c I~ Ext Sensar2

Measured Enter actual FET Control

[ VO Itag e Cal I b ratl O n n e e d S to - [ Egﬁtg:ﬁﬁm current current ® On (External Load) Apply & 2 Ampere discharge

load. Discharge currentis a

be done for each cell Fael Gomgn L

Communication OK. Task Progress: 0% 02:50:47 P
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bgEASY for bg3060: Chemistry

E}] Texas Instruments - bqEASY

®P TEXAS INSTRUMENTS

[T and CEDW +
Configuration YWizard

4A. Use Default Chemistry?
4B, Select Chemistry Manually

4C, Chem Selection Test &
Golden Image Learning

Qeack | Hew © ‘

1, Setup 2. Configure 3, Calibrate 4, Chemistry 5. CEDY

4A. Use Default
Chemistry?

Most Li-ion cells use LiCoO2 cathode and
graphitized carbon anode, which is supported by
the default firmware in the CEDV+ fuel gauges.

bgEASY contains files for various alternate
battery chemistries.

CEDV+ device only uses chemistry data to
estimate the intial SOC when device first start
up. The default chemistry data will provide an
acceptable estimate. It is not necessary to have
the correct chemistry program into CEDV+
device. However, user may still use screen 4b
or 4c to program a different chemistry for best

Mo, Use Default Chemistry Yes. Enable Chermistry Selection

Only the OCV profile from
the chemistry is used

This information is used to
estimate initial capacity
when the device is reset

ChemlD 100 is the default
chemistry data programmed
to bg3060

2010 Dallas BMS Deep Dive
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Determination of Initial Capacity

e In bg2084 and bg2060A, the Initial capacity of a
battery pack is estimated by a crude, midrange
correction: 25%, 50%, and 75% by reading
voltage at device reset

* In bg3060 and bq28300/400, the Initial capacity of
a battery pack is determined by the following
method.:

— Reading the voltage of the cells
— Calculate SOC based on chemistry data

— Calculate RemCap based on the data flash values of
Qmax and FCC
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bgEASY for bq3060: CEDV

[ 1st Level Safety T 2nd Level Safety T Charge Cantral T SBS Canfi
[ Calibration |
[ Configuration T Fower ] T QOCY Tabl
[<lame | Yalue Unit
LD CEn Elzctronics Load 0 JuA
CEDY Canfig 0o flg Battery Low % 1= % 290
EMF 743 m [“ear Full 200 mAH
falnl 149 nurm Current Thresholds - -
S Texas Instruments ~baEASY X] num Disg Current Threshald 100 mA
y — num Chg Current Threshold 50 mA
*@ TEXAS INSTRUMENTS ¥ .
1. Setup 5. Configure 3. Calibrate 4. Chemistry 5. CEDV num uit Current 10 mA
nurm Disg Relax Time | Sec
S5A. CEDV nurm Chyg Relax Time &0 Sec
IT and CEDY + num State - -
configuration Wizard
m Lmax Cell 0 4400 mAh
m max Cell 1 4400 mAh
SA. CEDV M B m Amax Cell 2 4400 mAh
1. Enable CEDV or use Fix EDV? CEDV  ~] 0.1 degl max Cell 3 4400 mAh
. = mA Omax Pack 4400 mAh
2. Terminate EDV based on stack voltage? 0%/ da
3. What is the Battery Low %?
' % ] Charge Control T {SBS Configuration
Config Device
) . DOD at EDYZ 15232 nurm
In order to use CEDV algorithm, the following
paramters need to be configured:
EMF , CO, RO, TO, R1, TC, C1
Please refer to app. note sluc049 and the device TRM
for detail.
We recommand to review the cell balancing threshold.
D pack Nt () | bgEASY set it to 300mV below the max charge voltage
' i3 TExas
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