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Agenda

* Intelligent battery management system (BMS) introduction.

* Voltage (V), current (I) and insulation resistance (R) measurements.
* VI synchronization in BMSs.

« Summary.
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Introduction — BMSs

« Main BMS function: monitor cell voltage (V¢ ,), pack voltage (V-,-«) and pack current (I5,cx)-
Traditional BMS Intelligent battery junction box (BJB)

BATTERY PACK BATTERY PACK
CELL SUPERVISOR UNIT BATTERY JUNCTION BOX CELL SUPERVISOR UNIT BATTERY JUNCTION BOX
(Csu) (BJB) (CSU) (BJB)
CELL MONITOR CELL MONITOR Contactors & Fuses
Contactors & Fuses -
CELL MONITOR (No Electronics) CELL MONITOR
: - PACK MONITOR
CELL MONITOR CELL MONITOR _
coOMM = cCOMM coOMM
BRIDGE McU 8 ADC —‘ BRIDGE McU BRIDGE
| .
CAN CAN
DC/DC BRIDGE BATTERY MANAGEMENT BRIDGE BATTERY MANAGEMENT
, UNIT (BMU) i UNIT (BMU)
Benefits
—
gl  Eliminates numerous connections in BMU and BJB interface.
------ g@l%ART « Simplifies hardware and MCU software development.
------ Daisy-chain e Synchronized VI measurements. 3
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Comm supports both traditional and intelligent BMSs

HV Voltage

 Traditional UART-based communication.

« Intelligent BMS: communication over daisy chain.
« Can also be connected in same daisy chain as cell

monitors.

Boundary
BCU BJB
(Battery Control Unit) (Battery Junction Box)
SuEpIy ZV
u c ‘;’: Digital —QVDD ° . i. .
Isolation S BQ79631 . .
* . HV
Main
Contactor Charge
e -
BC U Rshunt BJ B
STTW .
SRP![ S|RP2 SRN|1 lRNZ ‘% %
ne %—% bq79600 BQ79631 T . BQ79631 %
COMH COIML MH i
T ][ s |
IsoI;tion
Components
000000606000 0000 G 0000000000000 G
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Voltage measurements Voltage measurements:

 |Indicate the status of
contactors and fuses.
« Power calculations.

H_PE—I‘ BJBfBDU « Temperature measurements.
T—i P } - :o * Measure the DCFC voltage.

@

~ Array N

l—
. -

9§Nsu'ii§i,ﬁ'?i‘;'?f:§$ 5 36 Key measurement properties:

=T
ee CHARGE MEASUREMENT M

GPIO

 Accuracy to support <1%

| .
- i P HALL SENSOR| © B Q7963 1 L Rstring Switch
l : VFUSE MEASUREMENT — Control 7, DC fast . .
o S e : mmmin| | Charging error in high-voltage
l : e E Contact » Port - -
T3 RESISTANCE current 3 ) conrel estimations.
. Chassis Sense 8 UART | Relay D

« All high voltages are divided
down using resistor strings.
Q * Voltage measurement inputs
need to have extremely low
leakage to avoid affecting
measurements.

1
()
A
/,
=
.E.E..-.-'{:}'- COMH

)
SHUNT CURRENT
SENSE

-P-

__________________________________________________________________________
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Voltage measurement resource assignment

L Pre charge
Option: Pre charge R Contactor
N AN o o o
Il' .
— " m\ , Switched o : Main C
| | DC fast charglng ain Contactor+ Fuse
\\ I /! Contactor+ ,LINH o/ PACE
CHARGE+
OR 12V Isolated — T
/ N
[ \ )
l | Switchless. )
|/ 3 Isolation b3
Detection
P Vet . E 6Pz L Measurements:
VC15 PO PR T
— \ T/ GPIOZ A\ GPIO3 S+
VC14 e 1 ! - 1. Pack+
- ] /
v(C13 < \\ﬁ‘/ Chassis EE " aC
— GPIO2 , 7™, Gnd I I
e | ’ e J; T 2. Insulation
var 1/ = .
VC10 VCe vcil GPI02 7 1y VE3 o T 3. Link +/-
- Ve - (B3 T
— \
VC9 -« 1/ =
Temp e - ~1- T 4 Charge +/'
Sense — P BQ7963X-Q1 - g ve1o e V2 +
ver Jes (B2 T 5. Fuse +
< T
VC5 % L
-
vaa vc4
V(3
VC2
VC1 V Hall in ,
SRP —— :
GPIO2 "\ +'/ GPIOZ \
SRN “{/ Y
o o Shunt
CHARGE- DC fast charging — un ®
- Contactor- LINK- Main Contactor- PACK-
g S 8
[
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Temperature measurements

* Simply use a pullup resistor to TSREF
to form an NTC thermistor

Device .
connection.
®
TSREF  Coueny * Device supports ratiometric
1y a0 R " measurement through the ADC.
ADC > k,l\fJx l Thermistor
- AR Min o wvax
VSS al GPIO ratiometric accuracy —0.2% +0.2%
Ratiometric input }
measurement on GPIO
R1=10kQ
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Current measurements using a shunt resistor

Current measurements:

| Sigma-Delta ADC |
SINC3/ |
|

SRP-SRN Mod —»

|

DR filter

SRP-SRN

Filters

|
|
Digital |
|
|

(BCI & | * | MUX SAR
V5[0:16] =—— AAF), L= ADC LPF
LS
__________________ i
R\
= z
||
|
Rsense
-~
= { Bl |- ]| == ( | -{ =W\ "
| | | | | |
HV+ HV-

Measure load currents such as current in the
drive motor.

Measure the charging current.

Battery power calculations.

Cell impedance calculations.

Key measurement properties:

Very high accuracy (typically <0.3% error
from measurement).

Conversion rates and characteristics to match
cell voltage measurement properties (cycle
time, filter, etc.). This helps achieve good VI
sync between cell voltage and current, which
helps in accurate power, cell impedance, and
state-of-charge and state-of-health
calculations.
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Current sensing using a Hall sensor

Main _ _
Contactor + « A shunt achieves higher accuracy across
——/*——|EI—| the range (mA to kA). It is also more
El Immune to EMI noise compared to Hall
Sensors.
HY
i battery _ 12V Isolated - A Hall sensor offers flexibility of placement
Contactor - \‘2’ and inherent voltage isolation from
_—/ BAT NPNB LDO|N magneUC SenSIng.
— V_BOT , :
”  The BQ's voltage input channels can also
L ; BQ7963X-Q1 measure the analog outputs from typical
- all_Supply
Hall2_ana_out | %" Hall-based current sensors.
Halll_ana_out
— P»| VC1 § %
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Overcurrent detection

PACK+

/

TSREF

AMP

A

BQ7963X

| OV .

NFAULT

PYRO-FUSE

PACK-

* Bidirectional detection.
* Programmable thresholds.

 Fault signal on pin, which can
trigger a pyro-fuse to provide
the fastest response to
overcurrent events. A pyro-
fuse Is a one-time trigger
chemical fuse where once
triggered, the fuse Is
permanently open.

* Fault response in 500 uS.
* Deglitch of 100 uS.
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Insulation resistance measurements

BAT NPNB LDOIN

BQ7963X-Q1

Signal Monitoring and Control

(] = o

= o

| >J SJ
L

GPIO3

PACK+

|solation
Detection

Riso_P 3

GPIO2

Chassi

-

GPIO1

Riso_NZ

HHHHRRHL-HHHERRR

PACK-

Option:

i~
! “
/

—> \l Switched

\\I./;

OR

-
/ N\
{ \ .
1 | Switchless.
\ /

. e

A GPI102 switch prevents leakage current from flowing between chassis
ground and PACK- during a key-off state.

The insulation resistance is the resistance of
all insulation materials used to isolate the
high-voltage battery +/- from the low-voltage
chassis ground.

Represented by Riso P and Riso N .

Determine their values by following these
steps.:

1. SW3 open, measure voltage on GPIOL1.
Use this voltage in the circuit/network
equation for the SW3 open circulit.

2. SW3 closed, measure voltage on GPIO1.
Use this voltage in the circuit/network
equation for the SW3 closed circuit.

3. Combine equations from steps 1 and 2 to
solve Riso P and Riso N.
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VI synchronization in BMSs
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VI synchronization in BMSs

* Vel Vpack @and lpa-x are used for:

Battery monitoring.

Calculations (state of charge, state of health, electrical impedance spectroscopy).
Diagnostics (for example, comparing the pack voltage and the sum of cell voltages).
BMS without a pack monitor - pack voltage calculated by summing all cell voltages.

* Ve Veack @nd lpac Need correlation in time to provide the most accurate power and impedance estimates. Samples
taken within a certain time interval = synchronization interval or VI sync time.

 Nonsynchronized data can lead to errors (1% state-of-charge error - 1% shorter vehicle range).

Voltage T
Voltage
Sampling
Current T
Gurrent
Samgling

Example 1: Small VI sync time
More accurate SOC, Impedance and Power calculations.

Voltage

o]

Voltage
Sampling

Current

Less accurate SOC, Impedance and Power calculations.

1

Currentl
Samplin

Example 2: Large VI sync time
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Challenges In synchronization

* Increasingly demanding timing requirements:

— VI synchronization below 1 ms for more accurate state-of-charge, impedance and
power calculations.

— Sample intervals down to 10 ms and below.

* Challenges/considerations:
— Nonsynchronized cell monitors.
— Measurement readout/buffering.
— Influence of the filter.
— Synchronizing cell and pack measurements.
— Command propagation delay.
— Bandwidth of the communication interface.
— Wired vs. wireless (protocol).

14
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VI synchronization with BQ7961x battery
monitors
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VI synchronization in wired BMSs

» Wired BMS = all monitors connect to the BMU i wowToR - :
through a wired communication interface. T s e
+ BQ796xx family considered here: e V
— Daisy-chain communication. R .
- Two separate daisy chains > MCU is in charge of | = -
synchronizing cell and pack daisy chains. [ cumonron
+ Example — 400-V BMS: e
— 96 cells (six BQ79616S): Vg (1 -+ Ve Los: M —
— Single-pack monitor (BQ79631): Voack, lpack-
T e—

to VCU 16
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Cell voltage measurement (BQ7961x) timing

« Voltage synchronization within multiple cell monitors:

— Using single conversion mode, all cell supervisor units (CSUs) can synchronously measure the cell

voltages.

— The BQ7961x supports delayed ADC sampling in order to compensate for the CSU-to-CSU
propagation delay when transmitting the ADC GO command down the daisy-chain interface.

Daisy chain delay
14pus+(n-2)-4us

ADC_GO

[
[
Sn =

Example:

| - command 4 CMUs synchronized
| ' .
' | :4 82ps >
| o ' | 22ps ADC_GO
| I — =
| ° | S4 *———» o mand ADC_DLY=0
' ADC DLY 4 | I
sS4 ' 22ys | ADC_GO — | | 83 |
: command ¢ » : g MpS
| I
I | S3 laOHS ADC GO ! le ADC DLY=5
[ ADC DLY 3 | | Lt L [
18us _ | “
s3 ADC_GO | >
| command | :4 84us Il
' |
| ' | J4H ADC_GO I _
| 14ps 5o 6o ADC_DLY2 | S2 | command <—>m ADC_DLY=10
S2 | I command < >: : 80 ”:
| | - >:||I
|
ADC_DLY 1 | s1 AOC 8C  l«——Ii  ADC_DLY=20
ADC_GO I comman K
S1 command B »: I |“|
| | e 600 I : +2s
| | I
60 L, skew
| " o S (\5\0'
5 °© O > QO
oo ) I S &2
v IS Q& §
(‘\\' 00 %Q) O
i ° S 7
?9
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Pack VI measurement (BQ79631) timing

« With the appropriate settings (a 1-mS conversion In this case), for current measurement in the
BQ79631, it is possible to synchronize current sampling to cell and pack voltage sampling

within approximately 250 pus.

* Owing to the delay compensation, all cell and pack voltage measurements are synchronized

within approximately 120 us.

CSU
(BQ79616-Q1)

BJB
(BQ79631-Q1)

Synchronized
GO
0

All voltage measurements

16 x 8us = 128ps

Cell voltage measurements
= -

A SR
24 x 8us = 192ps

GO

Round robin 1
Voltage measurements

Round robin 7
Voltage measurements

Round robin 8

120ps

253us

eSpread of voltage samplesa

s Spread of voltage and current samples a

GO Round robin 1
Voltage measurements

Voltage 488981 &nts

Ol-|N|mM | |0 |©
=N |T || e [<2])
>>|>>>>§>>;;;;;;;

Round robin 8

The MCU is in charge of synchronizing
cell and pack daisy chains.

Current measurements

[]
,, Settling time

Current measurement

'(_ 62us

3134ps
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BQ79631 reference board an

Available since 3Q 2020.
Contact Sudhir Nagara] (BMS-BGM).
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Features

« Stackable BMS system with voltage and current
sensing and insulation resistance monitoring.

« Daisy chain to interface with other sensors and cell
monitors in the BQ796xx family.

- Ambient temperature range: —40°C to 85°C.

Target applications

* High-voltage battery-management control.
« Charge monitor for high-voltage battery packs.
 Current sensor for high-voltage battery packs.

Tools and resources

* Design file, board, user guide.
« Software configuration tool.
* Insulation resistance calculation tool.

Benefits

* Integrated ASIL D-based IC benefits.

 Lower bill-of-materials costs.

« Enables quick evaluation.

* Flexible printed circuit board provided with jumpers to play
with different configurations.
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Summary

 Conclusions on VIR measurements:

— Voltage and current measurement accuracy improvements will result in
optimal utilization of the battery.

— Overcurrent detection and local autonomous triggering of the pyro-fuse
enhance safety in vehicles.

— Integrated insulation detection capability provides enhanced safety for
operators and sensitive electronics in vehicles.

» Conclusions on VI synchronization:

— Effective VI synchronization enables precise state-of-charge, state-of-health
and electrical impedance spectroscopy calculations that will result in optimal
utilization of the battery.
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