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Abstract: The HEV test bench based on Controller Area Network bus was studied and developed. Control
system of HEV power test bench used the CAN bus technology. The application of CAN bus technology on
control system development has opened up a new research direction for domestic automobile experimental
platform. The HEV power control system development work was completed, including power master controller,
electric throttle controller, driving simulation platform, CAN2.0 B communication protocol procedures for
formulation, CAN communication monitoring system, the simulation model based on MATLAB code automatic
generation technology research, etc. Maximum absorption power of the test bench is 90 kW, the test bench top
speed is 6000 r/min, the CAN communication data baud rate is 10~500 k, the conventional electric measurement
parameter part precision satisfies the requirement of development of HEV. On the HEV test bench the result of
regenerative braking experiment shows that the result got by the test bench was closer to the results got by
outdoor road test. And the fuel consumption experiment test results show that the HEV fuel consumption and
the charge-discharge character are in linear relationship. The establishment of the test platform for the
evaluation of the development of hybrid electric vehicle and power provides physical simulation and test
platform. Copyright © 2014 IFSA Publishing, S. L.
Keywords: Controller area network, Sensor communication, Hybrid electric vehicle, Test bench.

1. Introduction
In the process of hybrid electric vehicle research
and development, some key technologies such as
parameters
matching
and
control
strategy
optimization research has been at the simulation
stage, further verification need a real test
environment. Hybrid power assembly test bench just
provides a solution to the above key technology
research [1, 2].
The establishment of the hybrid test bench, can
test directly the working performance of the hybrid
electric vehicle, such as dynamic performance,
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economy and limited driving distance, at the same
time can also test key components of a hybrid car for
debugging and testing, shorten the test period of
performance, reduce the risk of hybrid vehicle
development and cost.
Hybrid system can carry out the vehicle controller
test, including optimization of the control strategy,
and the controller hardware electromagnetic
compatibility in the environment of the hybrid
electric vehicle, etc. Hybrid test bench can complete
the vehicle performance test, the vehicle fuel
economy and limited driving distance test. By bench
test to study the key technology of dynamic
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integration, such as for dynamic switching, shifting
process control. Simulation technology can only
provide theoretical guidance, the key problem need to
debug on the test bench. On the hybrid test bench,
experimental research can be carried out, such as
braking energy recovery test, the battery performance
test, equalization charging and discharging, and
charging and discharging characteristics. Hybrid
electrical assembly reliability test can also be carried
out on the bench. On the hybrid test bench, we can
Analog hybrid cars running status under different
working conditions, find out the best economic
driving pattern to provide guidance for hybrid cars
driving personnel's advice [3, 4].
The Controller Area Network (CAN) is one of the
widely used field bus. The CAN protocol was
originally proposed by German BOSCH company in
order to solve a lot of modern car interior control
instrument with the data exchange between sensor,
actuator. Since 1989, Intel first developed the
Controller Area Network bus protocol controller
chip, so far has more than 20 in the world Controller
Area Network bus controller chip manufacturers,
more than 110 kinds of CAN bus protocol and
integration of Controller Area Network bus controller
chip microprocessor chip of the controller. In North
America and Western Europe, the CAN bus protocol
has become the automobile computer control system
and embedded industrial control bus LAN standards.
Because of it excellent performance, Controller Area
Network is recognized by the international
organization for standardization, thus the Controller
Area Network application in the field of all kinds of
measurement and control is promoted.
Hybrid electric vehicle, which is different from
the traditional internal combustion engine vehicle, it
has the motor, batteries and other components. It
need the motor controller, battery management
system and energy assembly control system
coordinated control together to make the equipment
working in high efficient area to improve the
utilization of energy, to achieve the best in the
vehicle performance. As a serial bus CAN bus have
the advantages of simple structure, and fault
tolerance ability is strong. It has been widely applied
at the scene of the car control and industrial fields.
CAN bus can realize the Hybrid electric cars
controller network communication. Companies such
as BMW and GM, Ford, CAN bus are adopted
in HEV [5].
Vehicle CAN bus technology in China starts
relatively late, but along with the advance of modern
automotive electronics, CAN bus will be a
development trend. "863" plan about electric vehicle
development plan in China also have specific
provision, the new electric car development project
must be to declare the vehicle based on CAN bus
communication control system [6].
CAN2.0 protocol has two versions, A and B. The
main difference is that ID number, the former
adopts 11, the latter to 29. In this article the latter was
adopted. CAN bus broke through the similar to the
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RS-232 or RS-485 communication network from a
host of from machine or to the limits of the machine
communication format, with multiple host works,
CAN hang 110 intelligent nodes at the same time.
Due to its high real-time performance, CAN bus have
the application scope of high-speed networks
throughout to low-cost route network. CAN bus
communication medium can be twisted pair, coaxial
cable and optical fiber. The highest communication
rate CAN reach 1 Mbps (maximum bus length 40 m).
The maximum distance between any two nodes can
reach 10 km (5 KBPS) for communication rate.
CAN bus technology features mainly include the
follow aspects. It abolished the traditional station
address code, instead of to encode communication
data block, can host more host way to work. The nondestructive arbitration technology, when two nodes to
transmit data on the network at the same time, take
the initiative to stop the low priority node data, and
the high priority nodes are not affected continue to
transmit data, effectively avoid the bus conflict. The
short frame structure, the effective number of bytes in
each frame eight, data transmission time is short, low
interference probability, to send short time. Every
frame data has error detection CRC check and other
measures, to ensure the high reliability of data
transmission. Node in severe cases has the function
of automatically shut off the bus, cutting off its
connection with the bus, and the bus on the other
operation is not affected.
To sum up, the development of the test bed using
CAN bus has the following advantages. HEV power
assembly test bench control system real-time demand
is higher, with large system data flow, for each host
can exchange data within the prescribed time limit, to
ensure that the whole control system response
characteristic. Control systems have different data
communication interface controller, also has a direct
output analog or digital signal sensor, using CAN bus
to blend systems of each node, simplifies the wiring
harness. HEV power assembly test bench is equipped
with a large number of power components and high
frequency electronics and the anti-interference ability
of the CAN bus communication protocol, to improve
the system reliability [7, 8].

2. Proposed Scheme
In recent years, with the high-speed development
of domestic car, produce the problem of energy
shortage and environmental pollution. In order to
realize the sustainable development of auto industry,
HEV become a kind of solution. It will encounter
many problems in the process of research and
development of HEV. Hybrid electric vehicle has
internal combustion engine, motor and control
system, power battery management system and main
controller, etc. Before assembling prototype
technology process, power system test and power
distribution control scheme optimization are main
task. But the conventional engine test bench is
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difficult to meet the development of such complex
process. Therefore, to establish a test technology
platform is the basis of the process implementation.
Task is to establish a set of high level, supporting
facilities, relatively perfect experiment platform, the
platform used in the study of HEV power, at the same
time, it can give attention to both conventional
internal combustion engine test task experiment
platform [9].
Table 1. Engine starting difficulty table.
The parameter name
Maximum absorption
power
Top speed
Maximum torque
CAN communication
Main controller input
The main controller output

Parameter values
90 kW
6000 r/min
573 N.m
10~500 K Baud rate
Dual channel analog
input, 12 channel switch
input,
4 channel pulse input
4 channel high output,
2 channel H bridge output

Main controller CAN
communication

2 CAN, RS232

The gas main controller
input

2 channel differential
balanced position
feedback

The gas main controller
output
The gas main controller
CAN communication
Speed precision
Torque accuracy
Fuel consumption
accuracy

research the characteristics of the power component,
in the process of forming joint debugging
capabilities, upon the completion of the equipment
installation and debugging for the first time, first of
all, an independent test of K3 engine Has been
studied, to obtain the K3 all performance parameters
of the engine, and the data as the basic data for the
design of simulation model test. And with the drive,
power generation characteristics of power battery
systems of the charging and discharging test, which
has the ability of hybrid power test debugging ability,
test bench as shown in the Fig. 1 below.

120W Dc motor
1 CAN
±0.2 %
±0.5 %
±1 %

In order to meet the demand of Hybrid test,
choose a suitable dynamometer is to guarantee the
development of hybrid vehicle. For the selected
power dynamometer as its dynamometer device,
which met the hybrid system of two-way transfer of
energy requirements, at the same time, the device
should also be able to routine test of small
displacement engine. So dynamometer was
determined for maximum absorption power of
90 kW, the top speed of 6000 r/min, the maximum
torque of 573 n. M [10].
The vehicle power control system development is
main technical development of the work in this topic.
Development work including power research and
development of main controller, electric throttle
controller development, driving simulation platform
for research and development, CAN2.0 B
communication protocol procedures for formulation,
the CAN communication monitoring system of
research and development, the simulation model
based on MATLAB code automatic generation
technology research, etc. Due to the basic research
content for the development of hybrid vehicles
provides strong technical support. In order to

Fig. 1. HEV power test bench.

The test bench meets the needs of hybrid power
development. It can also provide test for the research
on hybrid assembly function. To systematically
understand the working mechanism of the assembly
parts, in order to optimize the vehicle energy control
scheme with necessary development environment.
With joint debugging as the final goal, test platform
construction is decomposed into two process
technology and engineering. its technical route as
shown in the Fig. 2 below [11].
According to the hybrid power test requirements,
technology development can be divided into
technical development process and project
construction process. Its purpose is to put a final goal
according to the technical characteristics of different
separation into different implementation of the
implementation of the content. In project
implementation process, according to the technical
requirement of the dynamometer, it was necessary to
modify existing test facilities construction, including
the waterways of engine cooling system, fuel
supply system and dynamometer grid system
modification request to the required conditions of
dynamometer [12, 13].
In the technology development process, first of all
is to formulate the corresponding communication
specification according to the J1939 and the
characteristics of the power components. In such way
the motor controller and battery management system
has a technical agreement in advance, make different
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control unit in accordance with the unified technical
requirements to realize information sharing. On the
basis of the communication protocol the development
of the corresponding controller can be carried out. At
the same time in the process of development of the
controller, in order to facilitate debugging, it is
necessary
to
develop
the
corresponding
communication monitoring system. On the one hand
it solved the problem of controller in the
development process of debugging, but also the
problem of debugging process in the future of control
parameters monitoring.

Fig. 2. Technical route of Power test bench.

In regard to the development of the controller,
according to the actual requirements, the power main
controller and throttle controller was developed.
Main controller is mainly to cope with different
driving conditions in various causal relationships
between demand and power distribution. The K3
engine throttle is mechanical which is difficult to
connect with electrical system. By using the throttle
controller can realize electric control by means of
communication. Hybrid system is a complex
parameters and logical relationship, it need effective
conversion of control model and control code. In
order to simulate the vehicle condition in the
laboratory environment as far as possible, a driving
simulation platform was designed to provide not only
the experimental debugging a relatively real
operating environment, but also for future loading
vehicle a reference form [14].
In order to simulate driving in the process of
debugging process, a Driving simulation platform
was developed. It is designed based on the actual
loading state, including the gas pedal, brake pedal,
Switch gear, and the key switch, etc.
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The vehicle controller include power main
controller and throttle controller. It was designed to
use the same set of hardware system, by changing the
control software to realize two different functions. It
was designed considering the actual vehicle
installation structure design for external stent
suspension connection way, by connecting bracket
and controller shell connection, forming a separate
installation structure.
CAN bus monitoring system is monitoring the
power components in actual working condition. It has
real time record and playback function, through the
data playback CAN bus data can be analyzed, at the
same time it also can simulate other control
node [15].
The key technology of test stand development has
four aspects. First is automatic code generation
technology. Different from the traditional software
development method, this research realizes the
evolution from the model to algorithm, then to
automatic generation of code. By the RTW in Matlab
and Simulink system, transforming the model in the
form of the S function into independent embedded
C code, thus the target system separate from the
model. It achieved by the system simulink model
directly generate the target code, reducing the
workload of the user code, for some target can even
don't need to write code that can be done from the
compiling, linking until the whole process of
operation [16].
The second key technology is the vehicle control
system design technology based on the HC12.
Controller is the carrier of the vehicle control system,
the development principle of which depend on
vehicle electric and other control system interface.
The control interface of function, performance and
quantity, embedded ECU selection should be more
than the design requirements. As far as possible with
the chip design requirements to reduce the number of
peripheral devices, we should take into account the
technical, practical and developmental factors such as
comprehensive consideration. Controller structure is
as follows, 2 channel analog output, analog input,
4 channel 13 way switch quantity input, non-contact
switch channels and four road, 7 channel contact
switch content channels, 2 way CAN communication
nodes, 1 channel RS232 serial interface. After
repeated comparison test we eventually choose
HC12DP256 processor as the main controller,
through the practice it was proved has reaching the
expected purpose.
The third key technology is the electric throttle
position control algorithm. In the system dc motor
was used as drive electric throttle actuator. An
overshoot double closed loop control algorithm,
which is increased gradient blunt incentives logic in
the current control loop. When the given current
change rate changed, it should make the output
current higher than the setting current value to speed
up the response speed of dc motor. In the position
control loop, when the predicted position will appear
overshoot, it immediately close too blunt incentives
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Regenerative current of regenerative braking
system was compared between on dynamometer and
on road was shown as Fig. 4. The result of
experiment shows that the result got by the test bench
was closer to the results got by outdoor road test [20].

ess_current
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Time(s)
Fig. 3. Current in ECE driving cycle.
Dynamometer Test
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logic, launch into position to maintain a given logic,
thus in the three aspects of response speed, control
accuracy and reducing maintain current achieved
comprehensive balance.
The fourth key technology is the System
diagnostic technique. According to the characteristics
of the vehicle control system, fault diagnosis in three
aspects, input signal, the output signal and the
communication realization. The input signal used a
complementary signal identification method and limit
value judgment. Each channel sensor signal consists
of two complementary signals output. To collect the
two input signals at the same time in the controller
input interface, If the signal value is not in
conformity with the agreed rules in advance, that it
may appear problem, and then to confirm its failure
according to the scope of its limit further judgment.
In this way input sensing signal to the controller such
as open circuit, short circuit, which can be identified
in the form of fault code on CAN bus. And the others
control node also get the corresponding emergency
treatment. According to the possibility of failure for
output signal, at the beginning of design for the
hardware chips with the basis of fault identification
should be selected. Once appear to consider at the
same time, the interface circuit will not make the
fault by losing control to further expand, i.e. it should
be able to return to original state. Because the CAN
bus is a multi-master communication, so when
making communication protocol it requires to
establish an agreement of mutual restriction
mechanism, at the same time it should have condition
analysis diagnosis function. When the other node is
fault, the principle is not expanding the scope of the
fault. When the machine is fault, the principle is
timely release fault codes and close control [17, 18].
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Fig. 4. Regenerative current on dynamometer
in NEDC cycle.

The fuel consumption test was carried out on the
hybrid test bench according to NEDC cycle. The
Experimental lasted for 4000 s and 10 times
repeating NEDC cycle on the test bench.

3. Experimental Results
70
60
50
SOC(%)

As hybrid electric vehicle important function,
regenerative
braking
system
reduced
fuel
consumption and emission, improved energy
utilization rate [19].

40
30
20

E  Ek  Eb 

 Ft ua dt   Fb ua dt ,

(1)

10
0
1

where Eb was effective energy consumption of HEV
traction. Ek was effective energy consumption of
HEV traction. Fb was HEV braking force. Ft was
HEV driving force.
Er
r 
 100%
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r 

Er
 100%
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(2)

(3)
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Fig. 5. State of charge in NEDC.

The HEV energy consumption is the sum of
electric energy and fuel consumption. The power
consumption transforming into fuel consumption was
calculated as follow formula: [21].
V fuel 

Ek  3600
D fuel  Q fuel low eng  gen

(4)
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V fuel 

Ek  3600
D fuel  Q fuel  low eng  gen

Ek  3600
0.85  43000  0.35  0.85
E
 k
3.02

(5)

Fuel consumption(L/100km)
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Fig. 6. Fuel consumption results on the test bench.

The experiment of HEV fuel consumption was
carried out, and the method of hybrid vehicles fuel
consumption experiment test is analyzed on the HEV
test bench. The results show that the HEV fuel
consumption and the charge-discharge character are
in linear relationship. A fuel consumption line was
obtained by the test.

4. Conclusions
In this paper, the HEV power test bench based on
CAN bus was studied and developed. Control system
of HEV power test bench used the CAN bus
technology, which conforming to the development
trend of HEV. Control system structure is simple,
avoiding the overly complex control circuit. It can
host work more with fast response speed. The
application of CAN bus technology on control system
development has opened up a new research direction
for domestic automobile experimental platform. The
HEV power control system development work was
completed, including power master controller,
electric throttle controller, driving simulation
platform, CAN2.0 B communication protocol
procedures for formulation, CAN communication
monitoring system, the simulation model based on
MATLAB code automatic generation technology
research, etc. Maximum absorption power of the test
bench is 90 kW, the test bench top speed is
6000 r/min, the CAN communication data baud rate
is 10 ~ 500 k, the conventional electric measurement
parameter part precision satisfies the requirement of
development of HEV.
On the HEV test bench regenerative braking
experiment was carried out. The result of experiment
shows that the result got by the test bench was closer
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to the results got by outdoor road test. And the
method of hybrid vehicles fuel consumption
experiment test is analyzed on the HEV test bench.
The results show that the HEV fuel consumption and
the charge-discharge character are in linear
relationship. The establishment of the test platform
for the evaluation of the development of hybrid
electric vehicle and power provides physical
simulation and test platform.
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