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Canada: VFCVP Plan:4
FC Bus
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Project Background of FC Bus

Project of FC City Bus: China 863 Hi-Tech. Plan

& Fuel Cell: H,+0, =H,0,  Qutput Electricity, Zero Emission, Quiet.
€1n 2001, the 10t National 5 Year Research Project: FC City Bus.
€ In 2004, the 15t Generation FC bus was evaluated.
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Project Background of FC Bus

Project of FC City Bus: China 863 Hi-Tech. Plan

€ In 2006, this Project is continuously support by 11t National 5 Year Plan: To
construct 3 new FC buses, planed to demonstrate in 2008 Beijing Olympic

Games.

@ In April, 2008, FC Bus fleet started running on road for test.

% In July, 2008, FC Bus fleet started running in Bus Line No. 802, From station
of North Gate of Summer Palace ( B fil [d 1t B[] ) to station of East Gate of
Republic University of China( \ &k X ¥ 7 [] ) for demonstration, continuously

until for one year.

@ ECG LJQ_2010,08 Page 5



Project Background of FC Bus

Project of FC City Bus: National 863 Hi-Tech. Plan

Peiking Univ.  Tsinghua Univ.
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Project Background of FC Bus
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Vehicle Length

12m

Vehicle Weight 13,000kg
Wheel Radius 0.51m
Maximum Vehicle Speed 80km/h
Power Bus Operating Voltage 320V~420V
Li battery 80Ah, 384V
Fuel cell Engine, Peak Power 100kW
Fuel cell Engine, Specific| 50kW
Power
DC/DC Specify Power 120kW
Traction Motor, Specify Power 60kW
Traction Motor, Peak Power 120kW
Maximum Torque of Motor 900Nm
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Control System Design of FC Bus—-Powertrain

@ Series Hybrid Configuration
& Battery + Motor = Electric Vehicle, 30km, 80% SOC
@ FC Engine: soft run, like power station

FC
Accessories

FC_A DB: \s? i
| DC/DC

@ <
FC B P~ .L

D3

Vehicle

Accessories

Control System Design of FC Bus
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Control System Design of FC Bus

Control System Design of FC Bus--System Structure

Sensors ——————  Vehicle
Setpoint | Control
™ Unit
Communication Protocol ty
TTCAN/CAN Communication

no_ I

Gear Box ABS
Controller Controller

DC/DC
Controller Controller

Motor
Controller

Motor & Invertor Gear Box ABS

—» Power Flow — Information Flow
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Control System Design of FC Bus

Control System Design of FC Bus—Control Network
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®Inner vehicle network:

>

~ ﬁﬁ¥ﬂ

basic period, 250kbps

systems, including ABS and Instrument.

The Inner Vehicle Network Design

& TTCAN: Time Triggered CAN, Real time critical control, 10ms

€ CAN: Compatible J1939 (250 kbps) for traditional control

DRS BMS MCU DCC H_SAF H_DCU
¢ ¢ i o % )\ e I Py ]
? CAN_A:TTCAN ?
FCESC VCU
CAN_B: J1939 CAN_C: CCP
= 5 ® -
? o -
ABS INS
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The Inner Vehicle Network Design

®Optimize the schedule of control tasks and the schedule
of communication tasks—Network in the control loop

@ ©® %S O

Desired Of DC/
Desired Pococ DC/DC [)c DC/DC+FC
Pre Controller Engine
-t System Delay: 20ms >
- 10ms »la 10ms -l 10ms >
VCU Task
Flo“ars @@ @ @ @@ @ @ @@ @ @
DC/DC
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The Inner Vehicle Network Design

® Analysis the control system behavior under certain or
random failure

 Motor Invertor
e Battery or Super CAP
« FC/ICE
e DC/DC
e Generator
Actuator Nodes e Gear Box Sensor Nodes
Motor Invertor i, T . ) ° ABSSystem | N _/_ = MCU
° mo x” 7 BMS
- Fotceecy | fr ) e Ve L e Ecu
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4 TTCAN Matrix for multi-rate message communication
Control message:10ms, slow state message: 40ms, diagnostic message:

80~160ms

Every
10ms

Every
40ms

Every
80~160ms

RM(J)
o o ey e = S S S
& o = =L N S > 2 =
u | n L i, L L8 n u,
=3 — — — — — — — —

VCU_C JFCESC BMS_ MCU_ VCU_S_ VCU_S_ FCESC_S VCU_D_
1 _CG 1 C_1 C_1 1 2 1 1
VCU_C | FCESC BMS_ MCU_ DCC_S_ DCC_S_ FCESC_S DCC_D_
1 _C_1 C_1 C_1 1 2 2 1
VCU_C |FCESC BMS_ MCU_ H_DCU_ MCU_S_ MCU_S_ BMS_D_
1 _C1 C_1 C_1 S 1 1 2 1
VCU_C | FCESC BMS_ MCU_ H_SAF_ BMS_S_ BMS_S_ MCU_D_
1 C1 G C_1 S 1 1 2 1
VCU_C | FCESC BMS_ MCU_ VCU_S VCU_S_ FCESC_S H_DCU_
1 _C. 1 C_1 C_1 1 2 1 D_1
) L = | a

I | I ] I | |
Ous 2000us 3000us 4000us 5000us 6000us
= 10ms basic period
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The Inner Vehicle Network Design

MCU and Process Monitor Algorithm

4 VCU Internal Monitor: Processor & Process Monitor

4 VCU Outside Monitor: TTCAN Error Monitor

TTCAN was normal: TTCAN was Abnormal
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The Inner Vehicle Network Design

MCU and Process Monitor Algorithm
4 VCU Outside Monitor: Sub-Nodes Monitor via TTCAN

Query Code $40, F3

VCU Function

, Control and
Return Code $84, F3 Monitor
executed normally; Period 10ms

Return Code $85, F3 |
not executed in Tmax

\ J

Node Controller TTCAN  Monitor
Bus

\,

10ms period, control 10ms period, monitor
functions mission functions mission flow
flow
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® TTCAN Tester Interface
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The Inner Vehicle Network Design

® Simulate partial of all nodes’ messages, simulate abnormal states
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The Wireless Communication Protocol

®Wireless communication

Wired
LAN

1000

ADSL /
cable

e modem

10k

1000

Max bit rate per use, kbit/s

£
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< o
= | 1=
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s >
X s
© €
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c 3B
= (7]
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(14

10 100 1000 10,000

Distance from base / access point (m)
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Inter vehicle network: Bluetooth and GPRS
GPRS: Remote Monitor

Bluetooth: Short Distance Vehicle Wireless Monitor
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TTCAN

i

The Wireless Communication Protocol
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The Wireless Communication Protocol

LabView based VCU monitor interface

PCMaster based VCU monitor terminal

Bluetooth and J2ME Mobile phone monitor terminal
In System Programming based on Bluetooth

HFEEEMR, PDA. Cellphone
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® Available functions:

€ Monitor the VCU by computer via
Bluetooth—Plugless—safety and any
place around the vehicle

Debug the VCU by computer via Bluetooth

Monitor and diagnose the VCU by using
mobile phone via bluetooth

€ Program or update the VCU software via
bluetooth-ISP

\ 4
\ 4

ECG
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The Wireless Communication Protocol

®Wireless ISP

The data and program code safety can
be several code check algorithm, it is
very convenient when on-vehicle debug.

'7_/‘_/_,_,EOT received — ISP Terminal @
(Send ACK)
) RAM : \

P (Send ACKV)_V_VbloAck_\_;* RS232
— .~ valid AT
\ / . / N\ \ Data Buffer
\ Ready ) { \ SOH ) | \ [ \
O T roreceive T\ 1 [ received T\ 2 ) L) Bluetooth Connection
“» N / \. A_(Send NAK);. s
's - SOH " (Read data block) -‘ “~_block 7V /——7
not receive d ‘\!;:OH IIIII d 4 Bootload
" | Bluetooth }/
Flash RF

T Neither SOH nor———
EOT received
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The Wireless Communication Protocol

® Data record system
4 WinCE embedded PC with communication card,

€ Functions:
B Record all TTCAN messages, Diagnosis and alarm, GPS, GPRS
m USB for data storage: Fast record (10ms) , short period, several days, <1 month.

On Vehicle Data Recorder Embedded

— T L O
o oon &
WeF WY ““‘- 0|
0 | o 00 JEedoo |
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The Wireless Communication Protocol

® On vehicle display interface
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The Wireless Communication Protocol

® Remote monitor of Electric Vehicle

€ Low update frequency, 1Hz
€ Long period, Several months or years

Data Record

€ Multiple client users System
3 On Vehicle
Comcmetl::ilzgtion Al
. Transceiver GPRS
Station . U . .
{0} Transceiver Vehicle
E TCP/IP
Internet
TCP/P FTP Stattion
Internet

0 [ [ ]

Monitor
TerminalN

Monitor Monitor Monitor
Terminall Terminal2 Terminal3
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The Wireless Communication Protocol

®Remote monitor and diagnosis interface venhicle
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The Wireless Communication Protocol

®Remote monitor and diagnosis interface
& The powertrain state of each FC bus can be monitored in the lab.
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The Wireless Communication Protocol
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The Wireless Communication Protocol
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Demonstrations and Conclusions

Demonstrations and Tests

®The network stable during demonstration and test,

®TTCAN and Bluetooth is suitable for calibration and testing the
vehicle performance during development.

®Remote monitor system is very useful for fleet data collection,
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Demonstrations and Conclusions

30. Jul. 2009: Finished one year demonstration
3 Buses: Total 60,000 km

Total 20 faults/60,000km= 1 fault/3000km
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Demonstrations and Conclusions

Demonstration in Singapore

~Zﬁu=- @ ECG LJQ_2010,08 Page A7



{%7,2010 US-China Electric Vehicle and Battery Technology Workshop
The End.

Thank you for your attention!

Questions?
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