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Cost and driving range are still hurdles for EV adoption

EV purchase price
The number of consumers who would and driving range are @
the biggest hurdles o

consider purchasing an EV varies. to wider consumer @
adoption.

_______

U.S. Europe China

Up to Up to There’s a cost gap of

30% 60% /0%

combustion-engine
vehicles and electric
vehicles today.

Source: McKinsey: Making electric vehicles profitable, 2019 2
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Integrating a powertrain system

* An Iintegrated powertrain architecture

Includes: v e "
nverter BMS
Power distribution unit (PDU)
High-voltage DC/DC

On-board charger o Inverter

Battery management system (BMS) b - - -
Motor

12-V Battery

HV Battery

O O O O O
h emjlos on o smjos o= o onlew

* The integration can be mechanical,
control or powertrain level.

Contains relay, circuit breaker, fuse, etc. and

handles the power flow between different EE
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EV powertrain integration — at any level

Use a single powertrain domain
controller, power stage and

mechanical enclosure or design
a distributed power architecture.

Integrate powertrain systems,
Including:

Inverter

Power distribution unit (PDU)
High-voltage DC/DC
On-board charger

BMS

O O O O O

Integrate at the mechanical,
control or powertrain level.

Domain control unit

AV

B W e

Application software migration
Processor eliminates or at least
simplifies in each controller

A B P E N L 1Y Pt SR N e ey O

5 HEV-

Pack control
processor

DC/DC
processor

processor

: Bt
Inverter
processor

S,

TCU

a
TOLE 1

processor

Battery AC/DC Gate driver In!r‘ign Eul_enuid
control conv drivers drivers
Traction Engine Transmission
BMS DC/DC 0BC inverter control control
o ~ o -
2 in 1 option 3 in 1 option
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Integration of on-board charger, DCDC,
traction inverter
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Powertrain integration (OBC+HV DCDC)

I— ———————————————
Option 1 Option 2 Option 3
Separate EE Mechanics Control Stage Power Stage
Integration Integration Integration
——

|
|
|
|
DCDC |
|
|
|
|
|

DCDC
(HV/12V) (HV/12V)
]
—
On-board On-board
Charger (OBC) Charger (OBC)
]

Power - Control

DCDC
(HV/12V) DCDC
(HV/12V)
+
On-board
On-board Charger (OBC)
Charger (OBC)

- Mechanics

Powertrain integration

* Option 1 can be divided into two steps:
first step is to share the mechanical
housing but independent cooling
system, second step is to share both
the housing and cooling system.

* Currently the market is moving from
option 2 to option 3. Obviously, option 3

has the best cost advantage.
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Integration block diagram
OBC + high-voltage DCDC

Bi-OBC HV DCDC

HV Battery DCDC S DCDC LV Battery
250V~450V Primary Secondary 9V~16V

Link| DCDC DCDC HV Battery
PRC Primary L B Secondary 250V~450V

AC Grid L 3 g | | 1
VT I e e *j’“j’] =
il 3 E T
Approaches:
« Magnetic integration
fffffffff l S || - Power switches sharing
o 1t ~ ||+ Control unit sharing (one
~ :i:ii 1 :ii e | [ ey | MCU control PFC stage, one
T T Tt il % = MCU control DCDC stage of
__________ scoc | OBC & HV DCDC)
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Integrated powertrain overview

Design Benefits Design Challenges

* The system cost can be reduced by reducing the * Magnetic integration need to be designed carefully
total number of components to achieve good performance

* Improved power density * The control algorithm will be more complex than

* Volume & weight can be reduced which will help Independent components
extend the mileage  High efficient cooling system should be designed

* The integrated parts will be much easier for the to dissipate all the heat with small volume

car OEM to assemble In the vehicle

Design Approach

 Different magnetic components can be integrated into one component
* Power switches of similar rated voltage can be shared

 Different control circuit can also be integrated into one control unit

« Water cooling system and mechanical housing can be shared
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Battery management system
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BMS Evolution L —

SPI/UART
------ Daisy-chain
— —
BATTERY PACK BATTERY PACK
BATTERY PACK
CELL SUPERVISOR UNIT BATTERY JUNCTION BOX CELL SUPERVISOR UNIT BATTERY JUNCTION BOX
(CSU) (BJB) (CSU) (BJB) CELL SUP:ECRS\:JI)SOR UNIT BATTERY JUNCTION BOX (BJB)
PACK
CELL I?/lOl'\lITOR l CELL IT/IOI'\IITOR l Contactors & Fuses CELL MONITOR Contactors VONITOR
_— Contactors & Fuses — - & Fuses
CELL MONITOR l (No Electronics) CELL MONITOR l CELL MONITOR ISO
- — PACK MONITOR COMM
CELL MONITOR . CELL MONITOR . CELL 'Y'O',\"TOR BRIDGE CAN2SPI
P P P I o s i g
COMM = COMM COMM :
7 ‘
BRIDGE Mcu o ADC BRIDGE Mcu BRIDGE MCU CAN | ...
= | = | BRIDGE |
5¢/D CAN CAN CA.\N
C/DC BRIDGE BATTERY MANAGEMENT BRIDGE | BATTERY MANAGEMENT BRIDGE DOMAIN CONTROL
: UNIT (BMU) : UNIT (BMU) i UNIT (DCU)
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System integration of powertrain
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Traditional powertrain architecture

BMS BJB parcrare —
(Battery management system) (Battery junction box) ‘ — Traction
perchiarge inverter
Cell arrays F_:m-
h - I ]
ottom sm“i", # PACK.+ || Hall sansor -
| e [F
y AR conmaone 1]
: csu1 'E
iy e -
! TS R £
: — =
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v L4 WEB i
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' i Contactor pecccsssssasssheccsapessns s
HE confrat [ i 1 |
i | * i 1
'’ messurement | | Ioiaar = ===~ .
' i o Aoy 11 VCuU _ mm
| fecmesaccomsscccsasacasasnana. H: _____ et | (Vehicle control unit) e
BCU | ; Trsaariy
(Battery control unit)
saatymcy - Sae
TPSE53E1A
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Powertrain domain control

BMS BJB perchange e charger
(Battery management system) (Battery junction box) : —
perchanga - .
Cell arrays W S 3in 1 option
hottom string -—
osu 1 ﬁ PACK+ | Hall sensor DC/DC+ [— :
R I Traction
; § e |i|! DC/DC 0BC inverter
B =
(T == BDU wio MU DC/DC AC/DC
H : CSU 1 (Battery control unit) conv Driver 'E
W = o ]/ -
E t 2 oo 1] UIR sensor Contactor control 7 'E:
. =
] csu1 ]
: : E s : T I MGU -E
E -8 ot s 15| ] '?'? Real-time control E
'
i o =
p i by
; ¢ ' 1 R
B s =
" e )
P bl " CAN/ethernet
' ' I, :
3 | = -
| I | |
| g ]
V. j ' /A EDCU CAN/ethernet o
: : b (Extended , pf:im“ battery
' ! ! Closed-loop control algorithm can domain control unit) : TPS4811x
: : : : be moved to domain controller 1 | Vot ol
! : :---.--.-- B T T T Y S .--.-.H: I]aﬁ_:'inham ] mgger T m algﬂrithm can be
' _ Safety MCU TPSE5381A moved to domain
P and controller
I e e = {]=4 B079600-01 SPI MPU TCAN1D44Y
] Daisy chain == = CAN
L T T e T T Ty e -&1 h-“:be master franceiver
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Powertrain domain control
If DC/DC and OBC closed-loop control algorithm can’t be moved out

BMS

(Battery management system)

Cell arrays
bottom string

: [ﬂ

165 =
2

165 li] =

Cell balance

=[]
165
165 E]

CSU #N
P I] g Temp/GPIO
- Cell sense
8 -I] 2 Cellbalance
il
: csu
L 'I] g Temp/GPIO
- Cell sense
- D S Cellbalance
. ~
: csu
(=]
' -I] € Temp/ePio
= Cell sense
e -D S Cell balance
' -~
: CcSU #1
¢ -I] g Temp/GPIO
& Cell sense
I] § Cell balance

BJB h/ ]IDC charge+
percharge
(Battery junction box) E" : —
percharge Ii
_Exj IAC charge+
percharge — EDCU .
vy S I__IE"//Q I e (Extended domain control unit)
1 | L e |
BDU w/o Mcu Traction
(Battery disconnect unit) DC/DC 0BC inverter
AC/D :
UIR sensor Contactor control Hec e/0e Driver
conv conv
EdE
'
' Safety MCU
' : Real-time
'
) ntrol
: : EMITY CAN/ethernet
[} R
(] sense 1 ] Ll
(x| it ] oo | .
lormal close ' '
» ol —{sooe] L
Do | P
' '
% T —
il P
T ! ] !
(I ' '
(I | '
10 ' '
I | ] ]
(I ' '
(| 8 '
| tecccccccccccccccccccncnaneeese-BEEE []-{ Ba79600-q1 ' '
: Daisy chain ==« [
D D O D 0 O G D O N W S S O 1O O o o S D- bridge :
'
------------------------------------------------------------------ {1~ { Ba79600-a1 :
Daisy chain |= = = = = = 2
-------------------------------------------------------------------- D-~ bridge

DC fast charging port
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Boost EV adoption by making
them more affordable.

Integrate powertrain systems at all levels.

Reduce cost, simplify design, streamline
functional safety and improve reliability.

Extend driving range with system efficiency.
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