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Abstract. The hardware platform of real-time measurement and control system composes of PXI, 
WT3000, the dynamometer, the tested motor, the controller and so on. Its PC platform’s software is 
compiled by LabVIEW. The remote control, dynamic and static load output, real-time data 
acquisition, road situation-simulate and the test of electric vehicle driving system efficiency are its 
main functions. When the system is developed, its functions are verified. The results show that the 
system not only can satisfy the development needs of the electric vehicle driving system, but also 
provide great convenience for testing and improvement, because of its friendly user interface and 
modularized programming idea. 

Introduction 
As the oil crisis and environment pollution is increasingly serious, electric cars, because of its many 
advantages, become one of the important ways to solve the above problem [1]. At present, the electric 
car technology is not yet mature. The drive motor and its control system, which are important parts of 
electric cars, restrict the development of electric vehicles, so their development has important 
research significance [2]. In order to speed up the development of control system, the dynamometer is 
introduced to establish the test platform. In the process of development, the dynamometer can give 
the drive motor the corresponding load. Building on the basis, it also can simulate the traffic 
situations, etc... On the platform, we can collect the data which is needed, and analyze them using the 
appropriate methods to optimize control strategy of the motor. In order to improve the degree of 
automation, reliability and security of the test platform, the modular products, which are bought, are 
used to build the test platform. LabVIEW, the graphical programming language, is used to develop 
the motor real-time measurement and control system based on virtual instrument technology, which 
can be used in real-time monitoring and analyzing of the relative parameters.  

The Test Bed of Electric Vehicle Drive Motor 

In order to speed up the development of electric vehicle drive motor and its control system, reduce the 
cost and risk of the electric car development, a measurement and control platform of electric vehicle 
drive system is built based on hardware in the loop. It is mainly composed of the tested motor, 
controller, dynamometer, the power analyzer and the remote console. 

Under the control of remote control work station, the dynamometer can load to the tested motor 
and simulate the traffic situations, etc. Current sensors, voltage sensors, torque sensor and other 
auxiliary equipment are used to transmit relevant parameters to the corresponding interface card in 
PXI (in the remote control work station).  The PXI controller sends parameters to the industrial 
personal computer through the Ethernet communication. At the same time, the commands of 
industrial personal computer are also sent to controllers via Ethernet and CAN bus. In addition, the 
communication between the power analyzer and the industrial personal computer is also through 
Ethernet. The structure diagram is shown in figure 1. 
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Fig. 1 The structure diagram of test platform 

The Functions of Measurement and Control System 
In the process of development and test, the real-time measurement and control system of motor is an 
important part of the motor drive system used on pure electric car. Its main functions are remote 
control, real-time data acquisition, dynamic load output and static load output and traffic simulation. 
In addition, in order to improve the efficiency of motor drive system to be advantageous for the motor 
control strategy optimization, the test function of the motor driven system efficiency is designed, 
which is introduced in detail below. 

Electric vehicle drive system is the heart of the electric car. Its performance directly affects the 
vitality of the electric car, the rational use of limited battery energy storage and the improvement of 
automobile performance. So for the electric car, its design plays a key role in the whole design 
process [3]. To evaluate the performance of drive system, its static efficiency and dynamic efficiency 
should be overall considered. This is to say that the function of testing the efficiency of the motor 
drive system is to test its efficiency in the different working point [4]. Motor drive system mainly 
includes the drive motor and controller. The efficiency can be obtained by the input power of the 
inverter IP and the motor output power OP . 
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Since the drive motor controller is essentially a power switch control device, which can make the 
power of the source convert to the suitable energy for drive motor, when the controller to choose the 
appropriate motor the performance of drive system depends on the drive motor if the controller is 
appropriate. It’s means that the efficiency of the drive motor Mη is obtained through the input power 
of the drive motor MIP and output power of motor shaft MOP . 
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The drive motor on the test-bed is the three-phase AC permanent magnet synchronous motor. The 
motor is a three wire three-phase system, whose interior is a star connection. On the experiment 
platform, the wiring mode of power analyzer WT3000 is 3V3A (three-voltage, three-current), as 
shown in figure2. 
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Fig. 2 The wiring mode of 3V3A 
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In the figure, the wattmeter signed A, B, C is respectively connected to the three-phase load. One 
side of the voltage coil in wattmeter is respectively received the X in the graph. For derive convenient, 
it’s supposed that any point X in space can be any one of the three-phase load terminals A, B, C. The 
point N is the three-phase load neutral point. The average power of the three-phase load is 
respectively as follows: 
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AP , BP CP —the average power of phase A, B, C ANu , BNu CNu —the phase voltage of phase A, B, 
C Ai , Bi , Ci —the line current of phase A, B, C T —the cycle of voltage signal fundamental wave. 

The total power of three-phase load MIP : 
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In the figure, we know that: 
AN AX NXu u u= −                                                                                                                                (7)                                                                                                                                                                         

BN BX NXu u u= −                                                                                                                                (8)                                                                                                                                                                             

CN CX NXu u u= −                                                                                                                                   (9) 
So, 
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By Kirchhoff’s current law, 0A B Ci i i+ + = .So, 
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The point X is any point in space. If point X is on the point A, 
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If point X is on the point B, 
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If point X is on the point C, 
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In the formula BAu , CAu  ABu  CBu  ACu  and BCu  are respectively the line voltage of three phase load. 
Above three formulas, it is known that the sum of any two wattmeter is the total power of the 
three-phase load. This is the principle of two watts measurement three-phase three-wire system to 
measure the input power. 

Result of the Test and Analysis 
On the basis of the test bench, the functions of the real-time measurement and control system of the 
motor are verified in the end. The dynamometer and power analyzer are controlled through the 
Ethernet communication. The data collected is shown in the figure 3, 4.  
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Fig.3 the collected data 

 
Fig.4 three phase current from power analyzer 

The speed of Dynamometer is constant and the torque of motor is constant. When the speed of 
tested motor is different, the output torque is also changing. In this case, the work area of motor can 
be obtained to draw the work points of the tested motor, as shown in figure 5. Hence the efficiency of 
each point is available. Using mathematical interpolation, the MAP diagram is obtained, as shown in 
figure 6. The area, where controller efficiency is more than 80%, to the total area ratio is an important 
evaluation indicator. By the MAP diagram known, the motor and its controller meet the requirements. 

           
Fig.5 the test points of motor                    Fig. 6 the MAP diagram of motor driving  

                                                            system 

Conclusion 
The PC platform of motor drive system test bench is developed visa LabVIEW. The dynamometer 
and power analyzer are controlled through the Ethernet communication. At the same time, the relative 
data is real-time acquired. The motor is controlled through the CAN bus. Vehicle longitudinal 
dynamics model is established, so that the driving cycles can be simulated on the PC platform, such as 
the NEDC driving cycles. At last, the efficiency of the drive system was tested to draw the MAP 
figure, which is advantageous to the optimization of control strategy. 
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