
Investigation of the thermostatic system of high-voltage components of an electric vehicle in 

real time during the XIL experiment 

Rinat Kurmaev1, Kirill Evgenievich Karpukhin2 

Head of Department 1, Project director 2 – NAMI Russian State Research Center (FSUE “NAMI”), Russia 

Abstract: The automotive industry is facing new challenges in the electric vehicle segment. It is relevant to conduct joint research of 
various vehicle systems in a common virtual physical environment, which will allow combining a large number of test rigs located in 

different parts of the world. A common virtual physical environment, called X-in-the-loop, was developed, as a part of these studies. The 

work involves the joint connection and use of test rig for various purposes, software simulators, driving simulators, etc., to conduct a 

comprehensive study of the components and systems of electric vehicles in real time. The development of the thermostating system for high-

voltage components is an urgent and important task when creating modern electric vehicles. A test rig was created at FSUE NAMI to study 

the operation of the thermostating system for high-voltage components of an electric vehicle’s traction drive. The test rig includes a physical 

simulation of high-voltage components of the traction drive of an electric vehicle from the point of view of temperature and hydraulic 

conditions of the components studied at other test rigs included in the XIL experiments. The scientific article presents the concept of a 

developed test rig. The article also describes the test modes that were necessary to conduct research on various components and systems of 

electric vehicles in various conditions. The article describes a method for controlling the actuators of the thermostating system and devices 

designed to reproduce the thermal and hydraulic characteristics of cooled objects (motor-wheels and inverters) in real time. A test rig for 

the study of the thermostating system of high-voltage components, modelling, prototyping and testing were carried out in the process of 

developing.
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1. Introduction

The automotive industry is facing new challenges in the 

electric vehicle segment. Vehicle manufacturers around the world 

are trying to reduce costs and significantly reduce the development 

and testing time of vehicles. With an increase in the applied 

innovation, the number of required tests also increases, which leads 

to a rise in price and a significant increase in the terms of product 

development. Therefore, it is relevant to conduct joint (between 

different organizations) research of various vehicle systems in a 

common virtual physical environment, which will allow combining 

a large number of test rigs located in different parts of the world [1 - 

3].  

A common virtual physical environment, called X-in-the-loop, 

was developed, as a part of these studies. The work involves the 

joint connection and use of test rig for various purposes, software 

simulators, driving simulators, etc., to conduct a comprehensive 

study of the components and systems of electric vehicles in real 

time. The development of the thermostating system for high-voltage 

components is an urgent and important task when creating modern 

electric vehicles [4, 5].  

2. The concept of the test rig

A test rig was created at FSUE NAMI to study the operation 

of the thermostating system for high-voltage components of an 

electric vehicle’s traction drive. The test rig includes a physical 

simulation of high-voltage components of the traction drive of an 

electric vehicle from the point of view of temperature and hydraulic 

conditions of the components studied at other test rigs included in 

the XIL experiments. 

The conceptual scheme [6] of the test rig is shown in Figure 1. 

Data exchange between test rigs takes place using VPN 

technology. The temperature control of the coolant inside devices 

simulating high-voltage components occurs by changing the flow 

rate of the fluid, as well as the flow of air passing through the heat 

exchanger used in the thermostating system, as well as by 

regulating the speed of rotation of the fan of the thermostating 

system [6]. 

The test rig has two independent control units - the control 

unit 19 controls the simulators of high-voltage components of the 

test rig and a group of fans that simulate the oncoming air flow and 

the control unit 20 of the thermostating system. 

The control unit for simulating high-voltage components 

serves to control electric heaters installed in simulators 5 - 12, 

depending on the information received from foreign partners of the 

project on the power sold in electric motors and inverters. This unit 

is also responsible for simulating the speed of the incoming air flow 

and the ambient temperature, which are measured using an 

anemometer Q and a temperature sensor t3. The free air velocity is 

simulated by controlling the power of the fan group 1. To reduce 

the unevenness of the air flow after the fans 1, an equalizing grid is 

installed 2. The control unit also receives information about the 

volume flow rate of the coolant passing through the simulators 

using differential pressure gauges dp and its temperature, by means 

of thermal resistance t1. This information is transmitted through a 

VPN connection to foreign partners. 

Fig. 1 Conceptual test rig for analysis of thermostating system of high-

voltage components of electric vehicle traction drive. 

Figure 2 shows a functional electrical scheme of the test rig. 

Fig. 1 Functional electrical scheme of the test rig. 

The thermostating system control unit 20 is responsible for 

controlling the actuators (water pumps) 13 - 16, the fan 4 mounted 

on the radiator, and the three-way valve 18 to maintain the set 

temperature on the simulating devices 5 - 12. The block analyses 

the signals received from temperature sensors t2 and pressure 

sensors p. Based on this information, actuators are controlled. This 

solution provides the highest efficiency of the thermostating system, 
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as well as a quick response time to individually variable power 

parameters of each tandem of the electric motor and inverter. 

Radiator 3 is a tubular air-liquid radiator. This type of radiator is 

used in most designs of modern cars. The three-way valve 18 in this 

system is used to reduce the time that the temperature of the 

simulating devices reaches the optimum level. The expansion tank 

17 serves to compensate for changes in the volume of fluid in the 

thermostating system associated with a wide range of the 

functioning of this system, as well as for degassing of the coolant. 

 

2.1. Test rig operation modes 
 

A set of tests was performed aiming at demonstration of 

flexibility and speed of the X-in-the-loop environment during the 

studies, as well as analysis of operation of specific systems of 

integrated vehicle system. The following operation modes of the 

test rigs were studied in real time [6]: 1) Mixed braking. 2) Mixed 

motion. 3) Integrated control of chassis. 4) Analysis of fault 

tolerance and reliability. 

 

2.2. Electron architecture of test rig control 

  
The electron architecture of test rig for studying thermostatic 

system of high-voltage components of electric vehicle traction drive 

is comprised of main control unit intended for control of operation 

of thermostatic system, load control units intended for control of 

simulated devices, and ventilator control unit [6]. 

 

3. Test rig development 
 

In order to closely repeat the characteristics of real objects, 

and to reproduce the temperature characteristics of the coolant in 

particular, simulators of electrical components were developed: an 

electric motor and an inverter. 

The design of the developed devices allows you to simulate 

coolant temperatures in the temperature range from -40°C to 70°C, 

at an ambient temperature that changes in the range from -40°C to 

50°C. The electric motor simulator provides a power of 12.8 kW, 

and an inverter of 5.2 kW. A general view of the simulating devices 

is shown in Figure 3. 

 

 
Fig. 3 General view of simulating devices 

 

The simulators of the electric motor and inverter are located 

in a protective frame and consist of a housing with built-in heating 

elements of the required power. The central opening of the case is 

selected so that the resulting internal volume is as close as possible 

to the volume of the cooling jacket of a real high-voltage device. 

The output nozzles in diameter correspond to real electric machines. 

It is especially important constructively in simulators to provide 

hydraulic parameters similar to the cooling jackets of a real inverter 

and a motor wheel. To do this, CFX modeling of electrical 

components in Ansys was performed to determine and compare 

hydraulic resistance [7]. Figures 4 and 5 show the pressure 

distribution in the cooling jackets of the motor and inverter. 

 

 
 

Fig. 4 Pressure distribution 

over the volume of the electric 

motor cooling jacket at a fluid 
flow rate of 8 l / min and a 

temperature of -5 ° C. 

Fig. 5 Pressure distribution over the 

volume of the inverter cooling jacket at 

a fluid flow rate of 8 l / min and a 
temperature of -5 ° C. 

 

Figures 6 and 7 show the pressure distribution in the cooling 

jackets of the motor and inverter simulators. 

  
Fig. 6 Pressure distribution over the 
volume of the cooling jacket of the 

electric motor simulator at a fluid 

flow rate of 8 l / min and a 
temperature  

of -5 ° C. 

Fig. 7 Pressure distribution over 
the volume of the inverter 

simulator cooling jacket at a fluid 

flow rate of 8 l / min and a 
temperature  

of -5 ° C. 

 

These calculation results will be used for mathematical 

modeling and regulation of the thermostating system. 

The test rig was designed to test, study and calibrate the 

thermostating system of the traction electrical components of a 

vehicle designed for use in various climatic conditions (from minus 

40°C to 50°C). 

The layout of the test rig was made taking into account the 

location of the units in a real vehicle . The height of the components 

relative to each other corresponds to the location in the car-

analogue. Simulators-heaters are located respectively to the wheels 

of the vehicle, the tracing of the pipes of the thermostatic system is 

made as if laid in a car, taking into account the size of the track and 

the base of the vehicle. The general view of the test rig is shown in 

Figure 8, and the technical characteristics of the test rig are 

presented in Table 1. 

 

Table 1. Technical characteristics of the test rig 

Gross weight, kg  273 

Overall dimensions, mm  2010 x 

1410 x 

1355 

Maximum power consumption, kW 80 

Power of one heater-simulator of electric 

motor, kW  

12,8 

Power of one inverter heater-simulator, kW 5,2 

The total power of free flow electric fans, 

kW  

2,4 

Electric fan power, kW 1 

Range of working ambient temperatures, ° С -40 ... 50 
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Fig. 8 General view of the test rig of the thermostating system of the traction 

components of a vehicle: 1 – frame of test rig; 2 - simulator of an electric 

motor; 3 - inverter simulator; 4 - fans, simulators of the incoming air flow; 5 
- a casing of a free stream of air; 6 - control box for heating elements and a 

group of fans of the oncoming air flow); 7 - a radiator; 8 - radiator electric 

fan; 9 - expansion tank of thermostatic control system; 10 - three-way valve; 
11 - electric pump (1 pump in tandem of an electric motor with an inverter); 

12 - nozzles of a thermostating system; 13 - differential pressure sensors; 14 

- sensors for measuring the temperature of the coolant; 15 - measuring 
collectors; 16 - control box for electrical components of the thermostating 

system. 

 

4. Simulation 
 

A mathematical model of the thermostating system in the 

Simulink software environment was developed in the process of 

work. A mathematical model is necessary to obtain a 

multifunctional tool designed to conduct research on the 

temperature control system, to connect a model of a power plant (or 

its parts) to the XiL system, and also to develop a control system for 

thermostatic control of power plant components [8 - 14]. 

Figure 9 shows the upper level of the developed Simulink 

model, on which its main subsystems are located. 

Using the developed mathematical model, computational 

experiments were carried out in accordance with the following 

conditions: 

- modeling is carried out using the temperature control system 

diagram shown in Figure 2. 

- the electric vehicle’s driving mode is set by the WLTC 

driving cycle (World Harmonized Light Vehicles Test Cycle, 

regulated by Global Technical Regulation No. 15. This cycle is also 

used as the main test mode in the X-in-the-Loop environment, as 

well as in the works of participants in the European consortium. 

- ambient temperature range in accordance with the project 

specification: from –40 ° C to 50 ° C with a number of intermediate 

values. 

 

According to the results of computational experiments, the 

following characteristics of the compared circuits of thermostating 

system were evaluated: 

- ensuring the required temperature regimes of the 

components of the power plant (the temperature of the coolant at 

the entrance to the cooling jacket: not more than 65 ° C for the 

motor wheel and not more than 60 ° C for the inverter, the 

minimum coolant flow rate: 8 l / min for the motor wheel and 5 l / 

min for the inverter) in a given range of ambient temperatures; 

- qualitative and quantitative indicators of the functioning of 

the control algorithm of the temperature control system; 

- energy efficiency provided by comparable circuits of the 

thermostating system. 

 

 
Fig. 9 Implementation of a mathematical model in a Simulink environment. 
The upper level of the model (1 - model of thermostating system, 2 - model 

of powertrain, 3 - model (movement) of the vehicle, 4 - speed controller of 

the car, 5 - block for setting the driving cycle). 
 

Figure 10 shows the calculation results. 

 

 
Fig. 10 Example of simulation results: WLTC driving cycle, fully loaded 
car, ambient temperature. 40 оС (Variables (from top to bottom): 1. Vehicle 

speed; 2. Power on the shaft of 4 electric motors; 3. Heating power of 4 

electric motors and their inverters; 4. Temperature in one of the electric 
motors; 5. Temperature in the radiator 6. Heat flow (power) transmitted 

from the radiator to the surrounding air). 

 

The developed model is universal and scalable, which allows 

it to be a tool for studying the characteristics of the thermostating 

system, developing a control unit for the thermostating system, and 

also be part of the virtual instrumentation of the X-in-th-Loop 

environment. 

The computational experiments made it possible to conclude 

that the use of a combination of closed automatic control of 

thermostatic system pumps and control of the radiator fan allows 

optimal temperature conditions for the operation of power plant 

components at elevated ambient temperatures up to 50°C inclusive. 

Control of the coolant movement in the mains with the help of a 

three-way valve and regulation of the pumps allows ensuring the 

operation of the components of the power plant at negative 

temperatures up to – 40°C inclusive. 
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5. Conclusion 

 
Currently, the test rig with a developed a thermostating 

system is being prepared (work is underway on the final assembly 

and debugging of operating modes) for research tests, which must 

confirm the effectiveness of the developed method of joint testing. 

This work was supported by the Ministry of Science and 

Higher Education of the Russian Federation (Agreement no. 

05.628.21.0015, December 10, 2019; Unique ID: 

RFMEFI62819X0015). 
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