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Control Strategy for Cooling System of Special Vehicles
in Wide-Range Environment

LI Huiyi',  ZHANG Jiahui’,  CAO Yuanfu’,  DING Chen'
(1. Beijing Institute of Technology, Beijing 100081, China;
2. China North Vehicle Research Institute, Beijing 100072, China)

Abstract: To enhance the thermal management system’ s adaptability of special vehicles under extreme
conditions such as high-altitude, high-temperature, and low-temperature environments, a multi-objective
control strategy based on ‘feedforward + feedback’ for temperature control and energy consumption
optimization of the cooling system under wide-range environmental conditions and complex operating
conditions was proposed. Firstly, a typical cooling system model for special vehicles was constructed.
Secondly, considering the correlation between engine output power and system thermal load, engine
power was used as the feedforward signal, combined with the feedback loop to dynamically adjust the
coolant temperatures of the high-temperature and low-temperature circuits, designing a ‘feedforward +
feedback’ control strategy and conducting simulation analysis. The simulation results show that the
proposed control strategy provides stable temperature response and lower power consumption compared to
rule-based control strategies under wide temperature ranges, high altitudes, and rapid changes in engine
power. The °feedforward + feedback’ multi-objective control strategy for the cooling system provides
theoretical support and technical paths for the efficient and stable operation of the thermal management

system of special vehicles under extreme conditions.
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Fig. 1 Schematic Diagram of Cooling System
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Fig. 2 Model of High-Temperature Circulation System
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Finite Element Analysis of Fluid-Structure Coupling
of Automobile Turbocharger

LONG Yongjie
( Chengdu Industrial and Trade Vocational Technical College, Chengdu 611730, Sichuan, China)

Abstract; With the advancement of new energy vehicle technology, turbochargers have been applied to
hybrid vehicles, improving fuel efficiency at low speeds, enhancing engine performance, and delivering
stronger power output with a smaller engine displacement. The compressor and turbine are the core
components of a turbocharger, which are subjected to various factors such as aerodynamic loads, thermal
loads, centrifugal loads, fluid density, and blade angles during operation, requiring excellent high-
temperature resistance and oxidation resistance. This study conducted a fluid-structure interaction analysis
of the turbocharger using Pro/E and Ansys Workbench software. By employing finite element numerical

simulation methods and establishing a heat transfer model, the distribution of equivalent stress was

investigated. The findings provide valuable references for the design of automotive turbochargers.

Keywords: turbocharger; fluid structure coupling; temperature field; stress distribution
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TRASIR BTG Fe a8 1 AR 200 2 = ReA 2%
PFe BeEAHR, WU (1) ws-Pa, W (2);
s, W= (3),

Ny = Ny = Ny (1)
A g IR EE I AR5 sy O IR B HLIH RSB
5 ony O AL

my = m +m; (2)
s me AHBL AR B s my iR EEHLIR s m,
KA

Wy x Nk, = Wy (3)
s o, HIREEIE TR I W i B L 2 5
Wi RSB HEAER P

A SCay sy E T R AR A

P(%"‘(U'V)U):_VP +u Vo +pF (4)

it¢:pﬂ9?)ﬁ1$%f§; ﬁﬁ%vzui-'-vj-'_uﬂc’ u,v,
w P RIRAARZR 2,y 2 T R4, i,

ke Sk 7 T B A s BB EERE TV = i;’—x +j

;7 + k% s p NVIRFE ST s w W B HBREE; F AR

Sty (575 (o Vo) bR AL B S0

FOR LA S R IEE o
Ji@ e W 7 A BRI ) AR B B0 AR
Mo XA EAEEMOTE:, B0k 0y

_ Lo
o= J por.av (5)

K p A APEME B o AR r
T A2 A, i Bt B R AR
JEAMLILE RS G R A e AN T 52, 4
VWD 5w
8 =KR (6)
o=D (B5-¢,) (7)
Kb g AW ASFERE ; D PR o B
SN S B MR ARAE s Rk AR A far
K R SRR R 3 6 S SR RS 46 1 .
RASINREETIE R, ka4 &l
R AR I S AR s HE S, A TR R
T AR E RO BRI R e 4
AL S W SE A S 3h AR,
WF5E H LI TR B i 22 SRS T 52 . S
PRSI FE 1 H A 7 o e % A e TR T 00 T S50
T A . B B . S5 k377 A B AR FLEE
ik R #F 52 GL PHEV R A 3 J1 R 4 v
1380000066 it f& 14 g AE M 5EXT 4, %5 1
IR A TSR T T TAE, 761000 CHY
TAEMEE T BA R AP A AR 57 1 . %R
PR R L 1 ~ 23, £ 4 IR
JEAS AR S B0 &

F1 RBEESRMRETEUERS

Table1 Main Chemical Composition of Turbocharger Material
&I % C Si Cr Ni Mo Nb Al
g/ %  0.12 0.3 12.5 5 4.1 19 5.8

T2 KiRREERNZ1ERE
Table 2 Mechanical Properties of the Turbocharger

i/ C PUiiHk g/ MPa JiE 38 B2/ MPa
25 1002 =12 755 +50
600 1004 =12 875 =45
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Table 3 Physical Properties of the Turbocharger

Gl S SR
mpc  PRRE ) T mm
GPa (Kg-m™3) (m-C")

20 205 8612 10. 11 0.3
500 170 8 340 16.38 0.33
600 158 8 225 18. 49 0.34
700 140 8 166 20. 54 0.33
800 123 8 028 22.65 0.31

x4 ARPEERBERUSHIEE
Table 4 Parameter Settings for Turbocharger
Numerical Simulation
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Fig. 2 Equivalent Stress Cloud Diagram of Compressor Impeller
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Fig. 5 Temperature Distribution Cloud Diagram of Impeller
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Electromechanical Coupling Modeling and Tooth Broken
Fault of Electro-mechanical Transmission

GUO Tong, CAO Hongrui, @ WEI Jiang
(School of Mechanical Engineering, Xi’an Jiaotong University, Xi'an 710049, Shaanxi, China)

Abstract; To investigate the dynamic response of electromechanical transmission systems under
electromechanical coupling effects, a dynamic model of the coupling mechanism in the electromechanical
transmission system was established based on dynamic theory and considering nonlinear factors. A permanent
magnet synchronous motor model was developed using dynamic mathematical modeling and control theory of
motors, and an electromechanical coupling model was constructed by incorporating electromechanical coupling
effects. The validity of the proposed model was verified through comparative experiments and simulations
under two steering conditions. Based on the electromechanical coupling model, the meshing stiffness under
gear tooth breakage fault was calculated using the energy method, and the corresponding fault excitation force
was derived and integrated into the electromechanical coupling model. The dynamic response characteristics
under tooth breakage fault were analyzed based on simulation results. The results show that when a fault
occurs, the motor current signal is modulated by the fault frequency, resulting in numerous fault modulation
frequency components in the spectrum. Therefore, the fault model of electromechanical transmission

considering electromechanical coupling effects can provide a new solution for fault diagnosis.

Keywords: electromechanical transmission; planetary gear mechanism; electromechanical coupling;

tooth breakage fault; stator current
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Analysis of Obstacle-Crossing Performance for Wheel-track Hybrid
Reconfigurable Wheel Vehicle
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2. Unit 32726, Zhengzhou 454000, Henan, China)

b

Abstract; Based on an off-road vehicle, a wheel-track composite reconfigurable wheel scheme was
proposed, and the obstacle-crossing performance of the vehicle equipped with these wheels was
investigated. Using dynamic principles, theoretical analyses and calculations were performed for the
vehicle crossing trenches and climbing slopes. Simulation models were established in Adams software,
and analyses were conducted under trench-crossing and slope-climbing conditions. The results show that
simulation values agree well with theoretical values, validating the theoretical analysis and demonstrating

the excellent obstacle-crossing capability of the reconfigurable wheel vehicle. This work provides a solid

foundation for further optimization and application of the reconfigurable wheel.

Keywords: wheel-track hybrid; reconfigurable wheel; obstacle-crossing performance; simulation

analysis; dynamic analysis
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Experimental on Thermal Balance of a Turbocharged Intercooled
Diesel Engine under Different Return Water Temperatures
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(1. PLA Army Armored Force Academy, Beijing 100071, China;
2. Unit 32184, Beijing 100072, China;
3. China North Engine Research Institute ( Tianjin) , Tianjin 300400, China)

Abstract: For a 6V turbocharged intercooled electronic unit pump diesel engine, the heat balance test of the
bench tests and vehicle tests in plain and plateau areas were consucted separately. The heat balance test of the
whole machine was carried out when the return water temperature was controlled at 85 “C and 95 °C
respectively under its external characteristic conditions, so as to obtain the heat distribution of the diesel
engine under different working conditions. Further driving tests were conducted on a certain armored vehicle
equipped with the diesel engine in both plain areas and at an altitude of 5 000 meters on the plateau. By
analyzing and studying the heat distribution law of the whole machine, the thermal efficiency of the engine is
reasonably evaluated, and a suitable basis is provided for the matching and selection of the heat dissipation
system of the whole vehicle. The results of the bench tests show that under the same external characteristics of
the diesel engine, the total heat, the effective work heat and exhaust heat are almost not affected by the return
water temperature , while the heat taken away by the coolant and the residual loss will be reduced due to the
increase of the return water temperature. Compared with the heat dissipation of the oil, the heat carried away
by the bulk water and the intercooler decreases significantly with the increase of the return water temperature.
The results of the vehicle tests indicate that in plateau areas, the engine’s thermal load increases significantly,
and the heat dissipation requirements of the vehicle’s cooling system are much higher than in plain areas.
Therefore, considering the baseline capacity of the vehicle’s cooling system, it is necessary to redesign the

matching under plateau environmental conditions.
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Table 3 Heat Proportion at 85 °C Return Water
Temperature Under External Characteristic Conditions

el e REweRE HEREDE R &
(r-min~") HE/% #EEEH/% BEL%  SH0/% /%
1 500 37.6 22.1 33.3 7.0 100
1700 38.5 20.9 33.5 7.1 100
1 900 38.5 22.1 33.3 6.1 100
2 100 37.6 22.5 33.6 6.3 100
2 300 36.5 23.6 33.9 6.0 100
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Table 4 Heat Proportion at 95 °C Return Water
Temperature Under External Characteristic Conditions

B/ HRT B E O HREOE KIidaE At
(r-min~") HH/% P EH/% BB % S5H/% /%

1 500 37.5 20.9 32.9 8.7 100
1 700 38.7 21.2 33.2 6.9 100
1 900 38.7 19.8 33.1 8.4 100
2 100 37.9 21.1 33.4 7.6 100
2 300 36.3 20.4 33.7 9.6 100
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Respiratory Parameters of Child Dummies for CPD Testing

XU Zhe', HE Lijuan®, LOU Lei', FENG Tingwei’, = WANG Jizhong’
(1. CATARC Automotive Test Center (Tianjin) Co. Ltd. , Tianjin 300300, China;
2. Tianjin University of Science and Technology, Tianjin 300457, China;

3. Tianjin Children’s Hospital, Tianjin 300134, China)

Abstract: In recent years, the installation rate of child presence detection( CPD) function has gradually
increased. Radar, UWB detection, and other technologies are the main means to achieve this function,
which can directly detect children’s breathing to determine their presence. However, the definition of
respiratory parameters for the test dummy is currently incomplete, and the respiratory parameters of
dummies from different suppliers are not uniform. Therefore, it is very important to define the respiratory
parameters of the testing tool. The article analyzes two parameters, respiratory rate and respiratory
amplitude, and proves the importance of respiratory amplitude through multiple comparative tests. Actual
measurements were taken on the respiratory rates and amplitudes of O-year-old, 1-year-old, 3-year-old,
and 6-year-old real children, and through data statistical analysis, the defined values of respiratory
frequency and amplitude for CPD dummies in each age group were obtained. The research results provide
a basis for improving and enhancing the biological simulation performance of CPD dummies, making the

testing results of CPD systerm more reliable, and effective.

Keywords: child presence detection (CPD); CPD Dummies; respiratory rate; respiratory amplitude
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Fig. 2 Schematic Diagram of Radar Detecting Child's Breathing
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Fig. 6 Respiratory Amplitude Detection System
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A HIL Cluster-Based Co-Simulation Test Method for
Automotive Zone Controllers

BAI Riguang, LIU Song, LI Kang
(Kunyi Electronic Technology (Shanghai) Co. Ltd. , Shanghai 201400, China)

Abstract; With the rapid development of automotive electronic technology, hardware-in-the-Loop ( HIL)
simulation testing has become an essential means of ensuring the quality and performance of automotive
electronic systems. To address the complexity of validating the new generation of automotive zonal
architectures, this paper proposes a co-simulation testing method based on HIL cluster technology. By
leveraging key technologies such as multi-HIL time synchronization, virtual test bench technology, and
the implementation of multiple application scenarios, a new testing system was constructed to achieve
efficient and accurate testing of automotive electronic systems. An example is presented to demonstrate
the effectiveness of HIL cluster deployment, validating the feasibility and practicality of the method

through various metrics such as improved test coverage and testing efficiency.

Keywords: hardware-in-the-loop testing; HIL cluster; time synchronization; virtual test bench;

co-simulation
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Abstract: Vehicle-cloud interaction is a key function in the development of intelligent networked
vehicles. The application of big data technology in remote vehicle diagnostics significantly enhances the
efficiency of troubleshooting both onboard hardware and software, providing reliable technical support for
customers convenient vehicle usage. This paper integrates production systems, PKI systems, TSP, and
remote diagnostic system clients to establish a cloud-based diagnostic platform tailored to vehicle
diagnostic needs. By leveraging big data technology, this platform enables remote monitoring, diagnosis,
and analysis of vehicle faults, substantially improving the efficiency of troubleshooting onboard hardware
and software issues while delivering more convenient and reliable vehicle service support. The platforms
multi-network communication compatibility provides a technological foundation for advancing whole-

vehicle intelligence, connectivity, and sharing capabilities.
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Innovation of Closed-Loop Detection System for Engine
Cylinder Head Assembly Line with Practice

ZHANG Pan, LI Bin,  HAN Bate
(Dongfeng Honda Automobile Co. , LTD. , Wuhan 430056, Hubei, China)

Abstract; The Honda engine cylinder head assembly line requires the installation and quality inspection
of 120 components across 8 categories for three different models, involving complex and diverse testing
processes. This study focuses on the assembly line inspection system, adhering to full online detection
principles and zero defect discharge standards. By employing digital inspection technology, we redesigned
the cylinder head assembly inspection system to enhance efficiency, ensure production quality, and
eliminate defective products. The new inspection system adopts closed-loop design improvements through
hardware error prevention, innovative detection technologies, and digital solutions. It integrates cutting-
edge online inspection methods including mechanical error prevention, laser profilometry, camera
detection, differential pressure leak testing, servo press monitoring, and quality gates. Notably, the oil
seal camera detection utilizes binary recognition principles to minimize false positives, while the steel ball
press-fit process combines mechanical error prevention with pressure curvature monitoring, improving the
critical success factor (CPK) from approximately 1. 33 to 12. RFID technology is applied as interlocking
and verification mechanisms between processes, significantly boosting production efficiency and quality
assurance capabilities. Therefore, this detection system has application value in the closed — loop

detection of cylinder head assembly.

Keywords: cylinder head assembly line; closed-loop inspection system; quality gate
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