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Research on the Construction Technology of Thermal Flow
Dynamic Testing System for Armored Vehicle Auxiliary System

MA Zedong, LI Xin,  SUN Yang,  WUI Liguo, LIU Jianfeng
(China Northern Vehicle Research Institute, Beijing 100072, China)

Abstract: This study focuses on breaking through the high vibration environment caused by the coupling
of multiple vibration sources in the power energy system, as well as the high temperature environment in
the power cabin of a real vehicle, under the limited conditions of the complex piping system of the
auxiliary system, which cannot be achieved by using industrial grade sensors for gas-liquid flow
measurement and other testing pain points and difficulties. A thermal flow dynamic testing system for the
auxiliary system is constructed to collect key node data of various components of the auxiliary system
during vehicle operation, and to accumulate raw data and experience support for the matching design of

subsequent auxiliary systems and even propulsion systems.

Key words: auxiliary system; Thermal flow dynamic testing system

Wi OB P R AL sk FEAL B
REALAYTT 1) K i, DASE IR & 3h 71 J 2 207 i
BINREIERLG, BT L X T AL S
A ML ORI A2 SE R I ML S ) 1% s e
A HeAAR o il i i s ri 7 10 268 A D ) R A% ik
e, SCBLNALEF SRSl 1 5 g e K Bl i Ak
HE. oA s S 9 sh o PR REAE, X
Bl R GO R R S e 1 R 2R, RIEEfR
B A SAILER ) e R BB, SCERIBAL S AL B3
or A S BB, DT AR E R B H B 4 ) SR

KRS EHE: 2025 -04 17

Wi 2 AN I N A K 3l T RE VR R AT 2K, 2
DIREE | Ji % 2 B b 2 500 58 6 5 w4 Ak 8 4%
WA ik, BYUIFEREMASE A
I N SO 7 S =5 [ = [T 1 1] B 5 e o 2
gty SRR WA 1 3 W=/ - 1 N e S o A ]
B, AR, SEERES SR8 BT
PIMHRFE AR, MR YR B R g it PLid, 4%
XTS5 B 2 B AR LS 38 7 SR RN T i T A e
[DF i

ARFTE R NS ], R AR R,

EZER N DEEAR (1993 ), TRIW, BFFE5 1 R 2 714 5 it
Received: 17 Apr 2025/Revised:20 May 2025/Accepted:17 Jul 2025/Published online: 15 Sep 2025/Printpublished: 25 Sep 2025



2 MG HEA

Database-Optimized Version
2025 4E

e JEE il P TR) AR ) B AR e E 2 R BOHE 2
K ATEEPE LU R I AR (R A, SR Ml BRI R R
FARGERTENN, e TP 42 B &R g AR 3
ARG, QU4 RS R, i 2 24 A
LTSS W a2 iUV b DS P S 2 3 IR 6 )
T SR R AT S MR R A O S S B R
G2 )% A PE R GERY VT IC B AT S an Ko 5 R R
28 56 1) S 4

1 ETEERRGNRS Tt BYhgm miksE

1.1 2%l
RSN RFE G ERERG . WA
WAL, WE . KDL RG STk, Xl

RGN S RO AT S I e I AR n] A Ak
B, TSNS Bl g A Sl B 2 48 T AR A e
PEA R F

K
NEH

103 = it =
= | && el | &
LR el | £
%E, 'é {\" E
[ naz AR
P g B R S
N CAN R T

o IR EZ (FlexRay)

| F#MCU ‘
s | 3 s
USB A2k u* v | PR
W kR ||
B A L S ‘Q LIRS
[ ¢+ — v v |
h J h J
Ji R AE Ui R T ‘ ﬂrﬂ@*%1‘
P X%Iffﬁik | B
e % %
) 1 1
% % #
Ik i I
2 il L3
1 %Hﬁ?%%{mﬁﬂ@fmﬂiﬁ%%

Fig.1 Dynamic Heat Flux Test System for the Auxiliary System
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Fan parameterization Static pressure and flow rate at reference shaft spc
Shaft power specification Fan efficiency
Nominal volumetric flow rate 1 mA3/s
Nominal static pressure gain 5400 Pa
Nominal efficiency 0.40

(3 Maximum static pressure gain at ... 7000 Pa
Maximum volumetric flow rate at... 20 mA3/s

3 Reference shaft speed 4300 rpm

Minimum shaft speed threshold a... 1e-2
(5 Fan diameter scale factor 1

Mechan Positive angular velocity of port R relative to port ¢

v Inlet flow area (port A) 2°pi*0.372 056549 mA2

Outlet flow area (port B) 20.275*(0.135+0.367+0.1... mA2
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Fig.12 Parameter Settings of the Fan Model
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Design and Analysis of a High-Efficiency Internal Combustion
Engine Based on Dual-Piston Synergistic Operation

MEN Lishan
(School of Energy and Mechanical Engineering, Dezhou University, Dezhou 253023, China)

Abstract; In conventional four-stroke internal combustion engines, both the intake and exhaust ports are
located on the cylinder head, where gas combustion and exhaust emission occur alternately at the same
position. This leads to elevated exhaust port temperatures and low thermal efficiency. To improve
efficiency, this paper proposes a dual-piston synergistic structure ; one piston is responsible for intake and
compression, transferring the compressed gas to the other piston, which handles power generation and
exhaust. By setting the water-cooled main exhaust port on the sidewall of the working cylinder when the
piston is near the bottom dead center, the exhaust port temperature can be reduced from 800K to 370K,
increasing thermal efficiency by 0.21% —0.41% and brake thermal efficiency by 2. 53% . The design,
where the diameter of the intake and compression cylinder is larger than that of the power and exhaust
cylinder, further enhances power output. Additionally, specific methods are provided for using existing
inline four-cylinder four-stroke internal combustion engines as substitutes during the initial experimental

and sales phases of this design.

Key words: internalcombustionengine; dual-pistonsynergy; lower exhaust port; efficiency

improvement ; structural design
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Energy Management Strategies for Electric Vehicle
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(1. School of Automotive and Transportation, Shenyang University of Technology Shenyang, 110159, China;

2. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University
Chengdu, 610031, China)

Abstract: The composite power system has been widely adopted in the field of electric vehicles due to its
excellent reliability, superior performance, and low pollutant emissions. However, it faces the challenge
of power distribution during usage. To address this issue, this paper proposes an energy management
strategy that integrates wavelet packet transform with fuzzy control. The wavelet packet algorithm is
utilized to decompose the vehicles demand power into high-frequency and low-frequency signals, with the
supercapacitor carrying the high-frequency signals and the lithium battery carrying the low-frequency
signals. A composite power supply model is established using Matlab/Simulink and simulated under
NEDC (New European Driving Cycle) conditions. The results indicate that, compared to a single power
supply and a traditional fuzzy control strategy, the peak current under the wavelet packet-fuzzy control
strategy is reduced by 24.42% and 3.37% , respectively. This effectively mitigates the peak current in

the lithium-ion battery and validates the effectiveness of the proposed strategy.

Key words: electric vehicle; composite power supply; wavelet packet transform; energy management;

fuzzy control
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hES S THI3ZT.8 XEARIRAES: A

Excel Calculation Method of QOil Receiving Time of
Fuel Supply System Fuel Tank

PENG Fei, LI Tao, ZHOU Zhenggen, = YUAN Wufeng, NING Xianghua
(Jianglu Electromechanical Group Co. , Ltd, Xiangtan 411100, China)

Abstract; The refueling time of armored vehicles is of great significance for meeting vehicle maintenance and
repair needs. This article analyzes the refueling process of three fuel tanks in a certain vehicles fuel supply
system, dividing the refueling process into three stages. Using Excel and iterative methods, the shortest
refueling time was calculated when there were 2, 4, and 8 fuel pipes. It was found that increasing the number
of oil pipes can indirectly increase the cross-sectional area of oil pipes, thereby shortening the oil receiving
time, but not less than the shortest oil receiving time. Through calculation, it was found that there exists a
theoretical maximum oil inlet flow rate, which is independent of the number of oil pipes. However, the more
oil pipes there are, the longer the duration of the maximum oil inlet flow rate, thereby shortening the final oil
receiving time. Increasing the refueling speed of the fuel gun can increase the maximum fuel flow rate and
shorten the oil receiving time while keeping the fuel tank and oil pipe unchanged. This study provides a

scientific calculation method for calculating the fuel delivery time of vehicle fuel supply systems.

Key words: fuel System; oil receiving time; excel
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Table 1 Input Parameters for Aerial Refueling Time Calculation
ELCA ZHUE ECA) B2
MG AR D/m 0. 029 WM AR A, /m’ 6.6 x10~*

BRIIB BRI v/ (m?/s) 5x1076 FAREMEKE I/m 0. 54

ZEAT AR AR B/ m 1.028 ZeA A I AR (RS /m? 0.18

FKIMFE AR/ m 1.028 SRR T A T AR m? 0. 497

L ATIAE A B/ m? 370 KA AT/ m? 0.510

S, (m?/s) 2.33 x10 73

T,=2x0.15=0.3 s (3)
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AR T 1-1 FNAC P FS A S AE T IR 2 — 2, JEuET
BoEmaE h, SR PR AR R R SR 5 7
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&, m;
Py, P,—Irifi 1 -1, 2 -2 9K 1, Pa;
p— IR, kg/m’;
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0. 6484, ArHriEl 24 AR e gL R AE
*2

(9)

i%

de W], AR aE i A AR A B A E A e A
A, AT LT TR dh, A LT AR
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AO AO
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Table2 Design Input for Iterative Caculation

WA ¢ (s) KA B (mds,)

KA AR (m®) MM T R (m)

ZEAT IR IR (m?) ZEA AR E S (m)

KA S22 AR =% 22 b (m)

A R (m/s)

o, JCMAT L Qo (mis) H— i

i, H2.33x107°, HFEI1.
,fg)%&%n*)j‘jt:n, %n+]*’)ﬂ\jt:n+l’ %

= HRie=n+2, DI
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5o BPOMAETMIE S B Hy,, 55 0+ 1 BP RO
RN Hy,,, LAISHE.

5 n BPAEATARIIRTR Voey s Sn+ 1 BV AL
RLHESERTi N I Y | = 1
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FRIMAE S s B2 by, L, (m) , DAHSHE.

5 n FPIIMAE MR Qs 55 n + 1 FORIH
MM Oy, LAISHE

Y

5 ono+ 1 B IRANAR

WA lRani=}

a. FIMAR I AR Vi = Vi + (1, =t,) x
0.00233 = (1, =1,) XQ

be RAMFM T 5 BE Hy, .ty = Vi,ur/(0.497)
(W% 1)

o. ZEAMARIAR Vp, =
X Q e

d. ZEAMFEIMIE S B Hy oy = Vg1 /0. 365
(W% 1)

e. KIMFE 5 24w
- Hgmn

£ KA R B Q. =2 x 0.6484,
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i i excel FETT4, W3 3.
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fefs By
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F3 Exced RERITERG (EZHE)
Table 3 Example of Iterative Caculation Using Excel (Phasell)

ApfE] IR A SRIMA i T

ZeAT iR

ZEAVINRRINTED s S 2 A hAE RIS R
(m®) ¥ Hyp/ (m) BEEX h/m Qpy/ (%10 *m’/s)

Vs Quu/ (ms) KBV, (w') B H,/ (m) BV,

10 2.33x10 73 0.018 0.038 0. 004
15 2.33x1073 0. 027 0. 055 0. 007
20 2.33x1073 0.035 0.072 0.011
25 2.33x1073 0.043 0. 087 0.014
30 2.33x1073 0. 050 0. 102 0.019
35 2.33x1073 0. 058 0.117 0. 023

0.012 0.026 6. 162
0.020 0.034 7.125
0.030 0. 041 7.758
0. 041 0. 046 8.209
0. 052 0. 05 8. 545
0. 064 0. 053 8. 802
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#4 Exced RERITERG (F=ZHE)
Table 4 Example of Iterative Calculation Using Excel (Phase 1)

I i) FIMAE AR AT A AR AR ZE AU JomE S A e AR tim
/s W Quy/ (m)s) EBLV,/m’ Hy/m Vyege/m’ Hyye/m JE#% h/m Qyey/ (m’/s)
405 2.33x10? 0.511 1.028 5 0. 370 1.0253 3.184 x10 3 2.159 x10°*
406 2.33x1073 0.511 1.028 5 0. 370 1.0259 2.587 x10 73 1.946 x 10 ~*
407 2.33x107? 0.511 1.028 5 0.371 1.026 4 2.047 x10 73 1.731 x10~*
408 2.33x1073 0.511 1.028 5 0.371 1.026 9 1.568 x10 73 1.515x10~*
409 2.33x1073 0.511 1.028 5 0.371 1.027 4 1.148 x 10 3 1.297 x 104
410 2.33x107? 0.511 1.028 5 0.371 1.027 7 0.789 x10 3 1.075 x10~*
411 2.33x1073 0.511 1.028 5 0.371 1.028 0 0.491 x 10 3 0.848 x10~*

LA Szt 8) T=T, + T, + T, =0.3 +368 +
43 =411.3 s >377s. JgitEHE, T, =0.3 s Z0
At

4 iEWE S 4IRS RETF A i
Bitig
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377s, N MAR BB R 3700, W 2247 I
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W (13).

370L .
3775 =0.98 L/s =58. 88 L./min

4.2 @EHEAH 4IRS R ZHETE

A (9) TFEH T PR A B I R
i, N T OrE R, R A B XSRS, T
WA A 4 ARF 8 IRAHRE A, Wl (14)
i o(15).

(13)

0=4xvA,=2x0. 6484, /2gH  (14)
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Rapid Design Technology for Box Type Parts for Wheeled Vehicles

QI Jiabao,  ZHOU Qiuzhong
chool of Automotive and lransportation, Shenyang University of lechnology Shenyang, , 1mna
(School of A i d T ion, Sh University of Technology Sh 110159, China)

Abstract: Aiming at the problems of low design efficiency and lack of effective means to improve the design
efficiency of box parts in current vehicles, a rapid design method of box parts is proposed. The design method
creates a feature construction system for box parts by integrating process customization reasoning technology,
association design technology and other technologies; The system can realize the rapid design of the box parts by
combining the parametric features with the feature reference system of the box parts. The system is verified by
taking the lower box of a vehicle gear reducer as an example. The practice shows that the system based on the
characteristics of box parts can realize the rapid design of box parts in vehicles, and the system has strong

versatility, which is suitable for the design and development of all box parts and improves the design efficiency.

Key words: Box parts; Rapid Design; Process customization reasoning; Associative design
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Diagnosis and Maintenance Methods for Shift
Valve Faults in Integrated Transmission System

LI Haidong',  WANG Yabin', JIA Ran®, ZHANG Ye’
(1. Army Engineering University of PLA, Shijiazhuang, 050005, China;
2. Beijing Information Science and Technology University, Beijing 102206, China;
3. China Northern Vehicle Research Institute, Beijing 100072, China)

Abstract; The transmission valve of the integrated transmission system is crucial for ensuring the
efficient operation of armored vehicles. To address the challenges of rapid testing and fault diagnosis of
the shifting valve, this paper designs a maintenance and debugging test system for the integrated
transmission valve. The implementation methods for generating repair suggestions for testing the gear
shifting function, detecting the oil pressure damping characteristics of clutch control channel (CL, CH,
and CR), and determining the fault modes of the tested component as well as generating maintenance
recommendations is proposed. Meanwhile, the typical fault modes of the shifting valve and
corresponding repair suggestions are summarized. By fully considering the equipment ‘s structural
features, working principles, fault characteristic data, and maintenance data, an intelligent fault
diagnosis system, autonomous generation of maintenance strategies, and maintenance status evaluation

system for the shifting valve are proposed. This technology facilitates the transition of equipment repair

strategy from " post-repair”" to " intelligent operation and maintenance," which has significant military
implications and is gradually becoming an important development direction in modern military support

systems.

Key words: integrated transmission system; shifting valve; fault diagnosis
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Composite Fault Diagnosis Based on POA-VMD-IMOMEDA
under Small Sample
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(1. School of Automotive and Transportation, Shenyang University of Technology Shenyang, 110159, China;
2. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University Chengdu, 610031, China)

Abstract: Aiming at the problem of poor performance of composite fault diagnosis under the condition of
small sample size of automotive power system, a compound fault diagnosis method suitable for small samples is
proposed by combining puma optimization algorithm, variational mode decomposition and multi-point optimal
minimum entropy deconvolution. Firstly, the comprehensive index is used as the fitness function, and the
Cougar optimization algorithm is used to optimize the variational mode decomposition. Secondly, the
appropriate component signal is selected to reconstruct the signal. Finally, the improved multi-point optimal
minimum entropy deconvolution method is used to diagnose the composite fault. The results show that although
the noise interference becomes more and more serious with the decrease of the amount of data, the proposed

method performs better in dealing with compound faults under the same amount of data.

Key words: small sample condition; Variational mode decomposition; Puma optimization algorithm;

Multi-point optimal minimum entropy deconvolution
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HESSES: THIIS. | ERARIRES: A

Composite Fault Feature Extraction of Gear Bearing based on
DBO Optimization MCKD-VMD

MA Liang ',  WANG Jingyue ',  ZHENG Yongcan ',  DING Jianming °
(1. School of Automotive and Transportation, Shenyang University of Technology Shenyang, 110159, China;
2. State Key Laboratory of Traction Power, Southwest Jiaotong University Chengdu, 610031, China)

Abstract: In view of the problems of complex transmission path of gearbox composite fault, weak vibration
signal of early fault, easy to be overwhelmed by background noise and difficulty in feature extraction, In
this paper, a method based on dung beetle optimization algorithm (DBO) to optimize the maximum
correlated kurtosis deconvolution (MCKD) and variational mode decomposition ( VMD) was proposed to
extract the composite fault features of gear bearings in gearboxes. In order to realize the adaptive selection of
parameters of MCKD and VMD, DBO was used to optimize the parameters in the two algorithms. Firstly, the
envelope entropy was used as the evaluation index, and the parameter combination required by MCKD was
selected, and the fault characteristics were enhanced by using the parameter optimized MCKD. Secondly, the
parameter optimized VMD was used to decompose the enhanced signal, and the multi-scale permutation
entropy index was constructed to screen the effective modal components for reconstruction and noise reduction.
Finally, the reconstructed signal is demodulated by envelope and the fault features are extracted. By
comparing and analyzing the methods of DBO-MCKD and DBO-MCKD — EEMD, the simulation signals and the
composite fault simulation experiments of gear bearings in the gearbox verify that the proposed method can

effectively extract the composite fault characteristics of the gear bearings in the gearbox.
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Abstract: This article addresses the issues of reliability and safety in Electric Power Steering ( EPS)
systems, proposing a redundant system adaptive control strategy. It introduces the working principle and
structural composition of EPS, analyzes the types of faults that may occur, and elaborates on the design
ideas and implementation methods of the redundant system adaptive control strategy, including the
selection of redundant components, fault detection and diagnosis algorithms, and adaptive control
algorithms. By establishing a mathematical model of EPS and conducting simulation experiments, the
effectiveness of the algorithm is verified through weighted multi-model adaptive control simulation,

providing a reference for theoretical research and engineering practice.
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Research on Seat Safety Based on Frontal Collision

SHAO Shuai, WANG Tie
(School of Automotive and Transportation, Shenyang University of Technology Shenyang, 110159, China)

Abstract: For the structural safety of car seats, According to the relevant provisions of GB 15083-1994
“Strength requirements and Test Methods of Car Seat System”, the strength and collision simulation
analysis of seat backrest is carried out. HyperMesh pre-processing software is used to establish the finite
element simulation model of car seat, and LS-DANY solver is applied to Hybrid IIT The frontal crash
simulation test of 50% dummy was carried out to realize the analysis of the structural safety of the car
seat, and the structural safety of the car seat was verified that the structural safety of the car seat was not
up to standard. According to the safety regulations of the car seat, the material, thickness and structure
of the car seat were optimized to improve the structural safety of the car seat. Finally, the results are

compared with the original results, and the validity of the model is verified.

Key words: car seats; finite element analysis; frontal collision; Structural improvements
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