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Fig.1  Dynamic Heat Flux Test System for the Auxiliary System
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Fig.2  Flow Distribution Diagram for Each Branch of
the Cryogenic Loop

+

Database-Optimized Version



,-.�

&

7¬$%jkWX�~'�:8WX��)*2"

$

# 3

I

$<

Mga�§è~�Ù�

Fig.3  Flow Distribution Diagram for Each Branch of
 the High-Temperature Loop

I

8<

fg¶­§è�Whgö
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Table 1  Statistical Table of Real-Vehicle Collected Parameters for the 20-Ton Platform Cooling System
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Fig.10  Heat Flux Test Model
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Fig.23  External Form of the Pressure Sensor
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Fig.22  External Form of the CWDZ-18-02-F13ASensor
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Fig.24  Information Acquisition Device for the Auxiliary System
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Fig.1  Semi-Active Structure of the Hybrid 
Power Supply
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Table 1  Partial Vehicle Parameters
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Fig.2  Schematic of Fuel System Reception During Aerial Refueling
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Fig.1  Schematic of the Aerial Refueling Process: (a) Phase I; (b) Phase II; (c) Phase III
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Table 2  Design Input for Iterative Calculation
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Table 3  Example of Iterative Calculation Using Excel (Phase II)

R

9Ä]�Ä~�

!

9�

!̂X

$

^

R"

9Ä]Ä

�£

Q

9

!̂X

$

" Mö

M

9

!̂X"

vwÄ]

9Ä]Ä�

Ä

�£

Q

vw

!̂X

$

"

vwÄ]Ä�

Mö

M

vw

!̂X"

9Ä]&vwÄ]

Möî

: X̂

9Ä]WÄ~�

!

9W

!̂ j4"

78

X

$

R̂"

- - - - - - - -

4"

!?$$ j4"

7$

"?"4: "?"$: "?""8 "?"4! "?"!9 9?49!

4#

!?$$ j4"

7$

"?"!5 "?"## "?""5 "?"!" "?"$8 5?4!#

!"

!?$$ j4"

7$

"?"$# "?"5! "?"44 "?"$" "?"84 5?5#:

!#

!?$$ j4"

7$

"?"8$ "?":5 "?"48 "?"84 "?"89 :?!"6

$"

!?$$ j4"

7$

"?"#" "?4"! "?"46 "?"#! "?"# :?#8#

$#

!?$$ j4"

7$

"?"#: "?445 "?"!$ "?"98 "?"#$ :?:"!

- - - - - - - -

+8!+

Database-Optimized Version



Ã

<

��

&

ÓÙÓÄø¡WÄ]àÄ>S

dZ)&*

 U4"

$

# z

<

[;>q6"��¼C"

4"

r1¢ U

#<

¦

� U

# %

!

i$9: R;

,9Ä]N£¥MöÙ¿Ï

#4 X

$

¥

4

Z

"? ?

)�¼1¢

#

¦� U

# %

$

i8$ R;

,9Ä]&

"!: X

>

#

s6"��¼Ò­

#

"

v

wÄ]Möî

o"?# XX

>

#

s6Ä] TÄ¼

#

")�¼Ò­

;

ï[

8;

9Ä]�

>

[

D?"#$%&

[ÐÑdÉÒÓ

"

ÔØÖ×

#

Table 4  Example of Iterative Calculation Using Excel (Phase III)
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Fig.1  Technical Framework for Rapid Casing Design
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Fig.5  Main Skeleton Model of an Automotive Gear Reducer
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Fig.1  Configuration of the Shift Valve Maintenance and Debugging Test System
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Fig.3  Testing Procedure for Gear Shift Control Function

;

I

8<OD$ Oe

¥

OQ

ÄÊm[Ã®

Fig.4  Hydraulic Cushioning Characteristics for CL, CH, and CR

:8�0;

#

ákþã½��·

d$

Ê(A

I

#<OD$ Oe

¥

OQ

ÄÊm[Ã®0:~0

Fig.5  Testing Procedure for Hydraulic Cushioning Characteristics of CL
, CH, and CR

C

�iklf

!4?8 b4? ";

,TU<JK>

9 A,K

"

¿���ªÍ

#

{8O0:���0;��Ê(Ä

µLÊ(�^

#

{o�0:JdÅÎ��Â�Ê

(

$

Ò�Ê(d��>S¦7Hñqklf

;

4ï

Ö^í#

#

BÔ³Gä§Ê

;

C?

±îïðñRä$ózôõ<

C@

%

6¼jk��·L.

^

L�©©���·Gä

L#Pqbcdú¡L�

#

89L:ÜWX"I{

��·GäTºL±¸ÅÎ&L��¸L�`

;

6

¼àMWXL"2®

#

���·"UW{LGäc

d�ñLL��¸���,×®

#

p[

!

>q

;

C?

&�'T�8()zô*ôõ¢Ê

+$8

Õ^v'7(��·HL�¥ãä�0;�µ

L)*�ö9

$

ìt¹áM

$

L�©©iKî#

9

#

ôÔ9�7!L�©©�c�7!��ú¡

$

#PLGäÍÎ

$

qb&�4

#

Ó9LpÝ¼7!

LL�ÕÏcdL�É�LÊq®¥"2®

;

6¼

���»Ó¤ªÍ©©UZ�7!D���#PL

ÅÎ

#

23Õ^v'7(���KL²U±LD�

EF&L.L�4zl`6òóLK¹³´45

#

ê�ö�Ø)*

$

9��ÙP)*Lú¡³´l6

»ÓìíàøýI"2L)*§¨

;

+ÙJ^7!

J�ÃÄd/Í¡B

$

GäÃÄ��&7!L��

�

#

!"��Ó/Õ^v'7(²U±GäÍÎ

$

L�Þß±¸�`cdL�D�EB�W

#

pI

9

>q

;

WXLFG7¬$%HÉs�0;LGäD

+

Database-Optimized Version



"

$

# ùD³�

&

Õ^v'7(��·GäÍÎ&L�4z

�¯°&$%÷��Wï®

$

7!És"s®EB

#BTÞ

$

HkL.Þß$u���

;

<2345

"àM´µ7¬$%L��0Læ�®

#

àMHÀ

7!LL.L�iK

#

�àMÌµK¹7!LÕ^

Í¾U(¥ãägJU(��K9L{IKz

;

GäQr

[

A?

±îïðñRäzôõ<%[

Table 2  Fault Modes and Maintenance Recommendations for the Shift Valve
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{

6¼½®@�4zLIs®

#

�_{U];{

U/$l^Gä\]¯spT

&

" 14P 1!!8

.

#R( 5"0(*!!8"

.

5"

" 1!4 =4P "!4:"

.

#)-R 5

*

!$""

.

5=!)-)-R R!9"

.

5""

!5" 1R

4

!5" =R

!

!5

R4!

" =*!5

5




R


R

!

!5


!46

"

"

º;

&

\]¯s

R "

ù¸ø�

$R

!

!"

��

R

4

!!5 5 5"

ùG

ù¸ø�cd¯\¼6

74" CS

L�\]

*!5" ;

\]

¯sL{UGä¸Ï

H

'

i4! eg

6" eg;

�?¸Ï

H

0

i4 "!8 eg

$

/$Gä¸Ï

H

(

i

#

�?>S

4 R;

\]¯sL>;ºÆ¥�Ì)pI

!

>q

#

ïU

³{{U¥/$LGä[\¸Ï

#

þ�ÓOAB

;

6¼½YLà/GäÃÄ

#

�s

]Sh

×±

AOf]7%A]

4z�\]¯s��AB

;

ák¿�

]Sh

Uz3$

AOf]

Ñ×÷�

'I$%$G( #

VZ{

U¥/$L

AOf]

Ñ(÷�Ø^Ù¿6

'$9:$495$

$( $ '$!9$!!$9( ;

rsVZLÑ(÷�Ø^�s

AOf]

36\]¯s

#

VZ{U¥/$L>;ºÆ

¥�Ì)pI

$$ 8;

¦�

AOf]

AB�L{U¥/

$L>;ºÆI;Gä¯s�iDW

#

H{U¥/

$L�Ì);

#

éÌ:W{UGäÃÄ¸Ï

H

'

¥/

$GäÃÄ¸Ï

H

(

#

ù¿:lØH%Yüý)¤

#

ü.�&��¿d¸

#

GäÃÄïU+Ù½à/

I

!<

\]¯s>;ºÆI¥�Ì)I
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Processed by DBO-MCKD-EEMD
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Fig 11. Time-Domain Waveform and Envelope Spectrum 
of the Gear Fault Signal after MCKD Processing
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Fig.12  Time-Domain Waveform and Envelope Spectrum of the 
Bearing Fault Signal after MCKD Processing
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Fig.13  Envelope Spectrum of the Reconstructed Gear 
Fault Signal

C·�

AOf]

AB�L{U¥/$GäZ'

¯s�Ì)I&�ÓO�s

%A]

AB�L{U¥

/$GäZ'¯s�Ì)I¢�¼

#

��"c®6

�W:#[\¸Ïd¿d¸{üS&¼d¸�£ü

ý)¤LÞ²

#

½®¼@�>à4z

AOf]

&

%A]

J^Lô¹®

I

48<

K��L/$Gä�Ì)I

Fig.14  Envelope Spectrum of the Reconstructed 
Bearing Fault Signal

;

+#!

6¼�ÓO9½@�>à4zL�Õ®

#

ák

+

Database-Optimized Version



"

$

# ,

<

 �

&

SC

]Sh

×±

AOf][%A]

L{U/$l^GäÃÄà/

m/

AOf]

AB�LZ'¯sJd

#

�A�s

ddA]

�¿��ÙF

#

 U�T�Ù�L

M

$

^

;

m/v�

M

$

^SQL

2GY

Ù�K�¥\

#

Ñ��

¿�Ì)Ùy

#

VZ{U¥/$GäZ'¯sL�

Ì)pI

4#$ 49;

�Ì)I;.³{{UGäÃ

ÄÓd¸

#

éR/$W{d¸ù)d¸�à/ïZ

Gä¯°

#

ïU#Pà/l^GäÃÄ

#

½®¼@

�>à4zL�Õ®

;

I

4#<]Sh[AOf]7ddA]

{UGä�Ì)I

Fig.15  Envelope Spectrum of the Gear Fault Signal Processed 
by DBO-MCKD-EEMD

M?

l

I

49<]Sh[AOf]7ddA]

/$Gä�Ì)

I

Fig.16  Envelope Spectrum of the Bearing Fault 
Signal Processed by DBO-MCKD-EEMD

m

!4"

5�{U]l^GävÐèÒlm

#

�

#GäZ'¯sA<

#

N[½�+\]e|êÃÄ

à/#����

#

àW¼SC

]Sh7AOf]7%A]

L4zsóà/{U];{U/$l^Gä

#

c�

ÌöÍ6EB=í

#

És²U×±Uz

]Sh

gm

AOf]

&

%A]

LÑ×÷�Ø^

#

<4z³´¼©

6mn&î

#

{ümnY�ö�¨ö^Í6

2GY

Ù�K�=í

#

�Õ¥e¼\]�üý

;

z�¼Ùy

%A]

�¯s�½YLÙFÕd

;

{U

]l^Gä\]¯s¥{U]e¡u9{UÎ{&

/$fÁg�ÆºLl^GäI9Jd�9½¼@

�4zL�Õ®

!!"

�¼Ùy[®

#

�{U]l^GäÀ�

¢

AOf]

ABïUdYLà/GäÃÄ

#

½®¼

@�àW

AOf]

&

%A]

J^Lô¹®

%

Ä�

]Sh[AOf]7%A]

&

]Sh[AOf]7ddA]

�Ù4

;

b¤!J

!

'4( <

�ÉÊ

#

ù�·

#

�¯¯

?

�sÆ�Y�Ñ×ÑQ

(;

Ö_ö|÷£L{U]l^GäÃÄà/

'=

C

Ä9��§

# !"!"# #8!"#"& 5"[55;

'!( <

ù..

#

òÕ

#

ò�

#

�

?

SC�öÃÄ6^ËÌ

Lf¶­Ø�¼{U]GäÍÎ4z

'=(;

¶(W

Xã.&ÜÝ

# !"!!# #"!4""& 4[4";

'$( <GM1 Q# JK # JK-]# &PK*?@ I&. A&12= P'-C -N

L'&&*R&PS&K/(12aK 1-R(R'M*P](K2 =(;d1P/- # !"!!Y3 #

!8!4""& 4$:4;

'8( <D(F# AKB# fK12]# &PK*?aKM*PC(K21-R(RN-//-**(12

U&K/(12UKR& 1 %A][aQa0 ' =(; A&KC - RM/&X&1P#

!"!"# 4##& 4"5##8;

'#( <

,Dn

#

�½

#

Ã�¡

#

�

?

SC

]QG

&Æ�

@MP-2/KX

Lf¶{U]l^GäÃÄà/

'=(;

;

<¶(

# !"!$# #9!4""& 54[56;

'9( <

m¼ü

#

!�¤

#

NM�

#

�

?

SC

GG@[EL07

dA]

L&'/$GäÍÎ4z

'=̂hD(;

=?®R

®¯9��§

& 4[46;

'5( <

ù½

?

SC

ddA]

¥

0&K2&/

U�UÃL�¼{U]

GäÃÄà/23

'=(;

\]&Z'ÜÝ

# !"!"# 8"

!8"& 4"6[44$;

':( <]/K2-X(/&PRV(3f# B-RR-]?%K/(KP(-1K*X-C&C&)-XY-[

1 'R(P(- =(;Eddd0/K1RK)P(-1R-1 G(21K*,/-)&RR(12#

!"48# 9!!$"& #$4[#88;

'6( <

���

?

SC÷�×±ÈÙT�ÙFL&'/$G

äÍÎ23

'](;

L.CÄ9�

# !"!4;

'4"( 12J# JeMK K1 D# O'&12J# &PK*?O-K*0'()V1&RR

,/&C()P(-1 A&P'-C SKR&C -1 %A] K G0A '1C D =(;

d*&)P/- # !"!!# 44!!"# !$!1([)R [!$!;

'44( L@IG0# Be@IlF# ]hHD=?O-XY-M1C NKM*PC(K21-R(R

-NU&K/(12RMR(12(XY/-W&C NKRPRY&)P/K*VM/P-R(R.(P'

%A] ' =(; =-M/1K*-NA&)'K1()K* G)(&1)& K1C

0&) # !"4:# $!!44"& #4:6'1-*-23 [#466;

��ã

#

�K�

#

���

#

�

?

SCQº�ÙF&

OddA]@I

U�öLi¶­ØZ'¯sÃÄà

'4!(

/

(;

i¶UVæ�

# !"!8# 8!!"9"& 46:'= [!"!;

��

#

�R�

#

ì<X

?

SC

Ad]

¥

Gf

L&'

'4$(

/

$Xa[\ÃÄ36

'=(;

Z'

$

:8&ÍÎ

#

!"45# $5!"4"& 65[4"4;

'48 ( AO]hI@D] l D# Be@h q# BHh A =?AKZ(XMX

)-//&*KP&C fM/P-R(RC&)-1W-*MP(-1 K1C KYY*()KP(-1 -

+#$

1 2&K/

+

Database-Optimized Version



$%&'()*

!"!#

!

P--P' )'(Y NKM*PC&P&)P(-1 '=(;A&)'K1()K*G3RP&XRK1C

G(21K*,/-)&RR(12# !"4!# $$& !$5[!##;

'4#(

�R

#

��4

#

n;

#

�

?

SC

,Gh[%A]7AOf]

4zLf­/$A<GäÍÎ

'=(;

Z'

$

:8&

ÍÎ

# !"!"# 8"!"!"& !:5[!69;

'49(

»�

#

`��

#

��

#

�

?

ðÇ�!GäÃÄà/

L23

'=(;

­Å� &23

# !"!8# 8" !"4"&

46"[466;

'45(

��?

#

�®R

#

�è�

#

�

?

�s÷�±ðñÑ

9\�;öFø£L&'/$GäÃÄà/

'=(;

Ö_CÄ9��§

# !"!!# #9!"$"& 5#[:$?$

'4:(

��

#

��¨

#

���

?

ÓÙ&'/$�#GäÃ

Äà/4z

'=(;

\]&Z'ÜÝ

# !"!$# 8$!"9"&

6#[4"";

'46( eM# f?Q&R&K/)' -1 @CKYP(W&hYP(X(gKP(-1 dZP/K)P(-1

A&P'-C -NQ-**(12S&K/(12aKM*Pa&KPM/&RSKR&C -1

AKZ(XMX O-//&*KP(-1 fM/P-R(R]&)-1W-*MP(-1?,'?]?

0'&R(R# G-MP'&KRPH1(W&/R(P3# IK1T(12# !"!4# $8#

4$4$[4$!!;

'!"( FM&=(K1VK(# G'&1 S-?]M12U&&P*&-YP(X(g&/& K1&.

X&PK'&M/(RP()K*2-/(P'XN-/2*-UK*-YP(X(gKP(-1 '=(;0'&

=-M/1K*-NGMY&/)-XYMP(12# !"!$# 56!5"& 5$"#[5$$9;

'!4( ]KWK*-R@# =KU*-M1 A# QKW(&/,# &PK*?EXY/-W&X&1P-N

RPKP(RP()K*Y&/N-/XK1)&-N-/C(1K*XM*P(R)K*&&1P/-Y3

P&)'1(\M&R MR(12 /&N(1&C )-XY-R(P& C-.1RKXY*(12

Y&/XMPKP(-1 &1P/-Y3'=(;d1P/-Y3# !"!"# !$ ! 4 "&

$"[$";

'!!(

«®7

#

ò² 

?

SCk�¤�Å¿�ÞL­ÅG

äÍÎ4z

'=(;

Z'

$

:8&ÍÎ

# !"!4# 84

!4"&

$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$

4!9[4$!;

?&+º

4?4

$%&'()*

5

¦=;<æ�)*7õ¸n

$

;<µ/�õ¸¡L`<®�*#°

#

¡°¢:¦

|9$%&³'­Ü;LK¹æ2`d

#

���*C~

#

�'$%)*�æL³´

6

@°6£°

#

<fu%

1³�

#

¸¹�5M���

$

æ2�>¥/ÑCº$%BE23

$

/0� 

$

�~Ý_Læ�)*/Í�

6

!?

@°n×°¤T¨fNL��

& 4"

SzBE23

$

ñsæ�23¥/0)*234��%&L�

*E�

% !"

�%&Læ2I9¥�ÉsB^L23§Ë

% $"

K¹�*��L23¥K¹�æL³´Ð

F¥´C

% 8"

Ñ&LK¹�*'�¥æ2ß¥

6

$?

ó¦¹á¥YKº�

4"

¸�®P

$

E�+Ù

$

��]I"2

$

JBÙ®

$

�ùß?

$

I[>?

6

ò§E�

!

�I[

"

Ó�ï

ß�

9 """

ù

#

ÕJïß�

: """

ù

#

æ2I9&23§Ëïß�

8 """

ù

6

�¦�ð;U��b

$

Í�¨b¥

Í�¨bL©8ªÞ

$

;U�ëbb

$

;U�«¹¥;U���¬

!$ b:

�

"$

;IÙQs

$

��¥÷Ö��

6

!"

;�«¹ñqLfNÓ��ð23LìL

$

4z

$

Jd¥JE

#

êK�¦Jd¥JE

%

¹áß)

'­

#

®P��

#

ïß�

$""

ù

%

$"

�¦¹ÉsñkL©ù¥ñkLìt*8

6

8"

úB�¥ëbÖs¹¿�<Òí#

6

#"

�;[·®Lu�ù*ñí®�Ù

$

ù�¥9Qq

#

Ös�z¹XÓ

#

·T£í¹íY>¯

6

9"

¹àø>?

$

#PL8I

6

I;L�ùï��Y

#

°í;Lí^

$

í^¤ôõ>¯

#

íìñÉs

í#LúB�¥ëbÖs

6

[QÉs

)

)¤[

*6

5"

pd¦<Ò±Ræ�SÒÓk�ì÷¿�SÒÓk�ì

#

îHá±�²AY®�ìbíd³s

6

:"

÷Ö��ms¸¹L

$

%1³[L��

6

÷Ö���s�r³´Ý

#

h�;W{L�r³s

6

6"

îàøÍ�ßÈ

!

¨b

$

®¿

$

W�!ê

$

µí÷�ó

$

2345

"$

"ÓÍ�#PL¶·³´

$

Ä¥�¸d-W¶¹

6

8?

�¦õf

4"

îÍ�±18¦

6

Í�

$

�êfòjZABKï

#

"±�AB

#

@°ï�¡¦

6

!"

@°>°��5<fu��~

$

0"­�

!

�ðº�

$

LÉ�

$

ËÌ�

"

§W>

#

ïyÄáÍ�Kï

6

$"

îÍ�PQ��<Ò���°ã)ñq

#

¦K°W���±�

6

#;

ó¦î³�

& )*C*TRv49$;)-X#

ºÉ¦K"»�

&

=?

696

¯]

#5

Ù]

4

$%&'()*

5

³

¯�

#

¶³

& 4"""5! #

-W¶¹

& "4"[:$:"$":46

+8#+

Database-Optimized Version



!"!#

!"

$

#

$ % & ' ( ) *

%&'()*&+,-.&/0&)'1-*-23

+"

456

#

!"#$

! 4""6 789:5"!"!##"$ 7""## 7"8

FG©72�H£34IJK³´®¯?

%&'(

! !"!8 744 74#

)*+,

!

¼��

!46:5 7"#

�

#

½1

#

Èï

#

23456­¶Ó�±)*

.

Received: 15 Nov 2024/Revised:28 Feb 2025/Accepted:03 Jun 2025/Published online: 15 Sep 2025/Printpublished: 25 Sep 2025

@

X,Y

! <

Z[\

! <

]^_

!

¾×Åtµt��

#

¿Õ

854""!"

A

<

B

!

@�5�¶'k(Ç5WX

!d*&)P/(),-.&/GP&&/(12# d,G"

L"2®¥_`®��

#

àW¼ÓÙÀõ

WX±ðñÜÝÞß

;

��ÈÓ¼

d,G

L/Í¡B¥J�Ø`

#

Ùy¼¿"UW{LGäQÂ

#

ÁJ¼ÀõW

X±ðñÜÝÞß� nè¥I{4z

#

�ðÀõ�KLmn

$

Gä0:&ÍÎUz

$

±ðñÜÝUz�

;

Ä

���

d,G

L��TÂ¥\]I9

#

�s /YTÂ±ðñÜÝ��\]

#

9½¼UzL�Õ®

#

6BE23

¥/0I|àø¼ÓqL÷Öú�

;

CDE

!

¶'k(Ç5WX

%

±ðñÀõÜÝ

%

Gä0:&ÍÎ

%

"2®

FGHI$

! <<<<<<

!JKLM

! @

!"#"$%&'()89$L*-P"+()*%(/7*%$*"01 (2!"9,)9$)*G/"&*%-&

J(5"%7*""%-)0 71#*"3

]dIl=(K1N&12# <GhIlLM\(K12# <lHhG'MK(U(12

!e&1K1 O-**&2&hNa-/&RP/3# DM-3K12854""!# O'(1K"

8<#*%$&*& 0'(RK/P()*&KCC/&RR&RP'&(RRM&R-N/&*(KU(*(P3K1C RKN&P3(1 d*&)P/(),-.&/GP&&/(12!d,G"

R3RP&XR# Y/-Y-R(12K/&CM1CK1PR3RP&XKCKYP(W&)-1P/-*RP/KP&23?EP(1P/-CM)&RP'&.-/V(12Y/(1)(Y*&K1C

RP/M)PM/K*)-XY-R(P(-1 -Nd,G# K1K*3g&RP'&P3Y&R-NNKM*PRP'KPXK3-))M/# K1C &*KU-/KP&R-1 P'&C&R(21

(C&KRK1C (XY*&X&1PKP(-1 X&P'-CR-NP'&/&CM1CK1PR3RP&X KCKYP(W&)-1P/-*RP/KP&23# (1)*MC(12P'&

R&*&)P(-1 -N/&CM1CK1P)-XY-1&1PR# NKM*PC&P&)P(-1 K1C C(K21-R(RK*2-/(P'XR# K1C KCKYP(W&)-1P/-*

K*2-/(P'XR?S3&RPKU*(R'(12KXKP'&XKP()K*X-C&*-Nd,G K1C )-1CM)P(12R(XM*KP(-1 &ZY&/(X&1PR# P'&

&NN&)P(W&1&RR-NP'&K*2-/(P'X (RW&/(N(&C P'/-M2' .&(2'P&C XM*P([X-C&*KCKYP(W&)-1P/-*R(XM*KP(-1#

Y/-W(C(12K/&N&/&1)&N-/P'&-/&P()K*/&R&K/)' K1C &12(1&&/(12Y/K)P()&?

="1 5(%9#& d,G% KCKYP(W&/&CM1CK1)3)-1P/-*% NKM*PC&P&)P(-1 K1C C(K21-R(R% /&*(KU(*(P3

<<

©A×$/tLú¡³´

#

¶'k(Ç5WX

!d,G"

é�U

$

k(�l�×�

#

î¦`6{�

×$Ç5WXLí#�(

;

o�Ân×2³Ú

4!"!$

!ûs$²UÇ5�t23§Ë

5# !"!"[

!"!$

!;<ûs$Ç5WX:*J�;

d,G

ÃÄ

C

69?#`

34Z

6:?$8`;

TÓ�¼

# d,G

õ ¡

5

GSL !

¤ÜÇ5

"

�u

#

ù)#f

d,G

:*Ã

ÄElãÔMb

;

Rê

#

=C×$�¨abLlm

®¥ïPq®

#

¶'k(Ç5WXH���0;"

Uõ�µ�ÙGäfþ

#

pvwxGä

$

ÜÝxG

ä

$

¶­Gä�

;

»5Gäï.õÞ²×$LªÜ

®U

#

Ç"UÅd§¨©L�¿_`

;

Ã¿¦±'

§¨)*L³´

#

vXL

d,G

îyzTU½ML

ÎUþá

;

éû

#

6àM¶'k(Ç5WXWXL

"2®¥_`®

#

23¿ÜÝÞß��K¹L{I

Kz

;

ÀõÜÝ¦ÓÙàMWX"2®L�Õ4z

#

^Ä�HWX;3 Àõ�K

#

,¸�K³�Gä

>

#

Àõ�KUZ±'��¸�KL/Í

#

ã½W

XL�i��

;

±ðñÜÝB¦ÓÙUZo�WX

Database-Optimized Version



$%&'()*

!"!#

!

L��D�±'ùWÜÝ÷�LÜÝ4z

#

^"c

àMWXL´#®¥ðñ®

;

lÀõÜÝ¥±ðñ

ÜÝ\J^

#

Æ`±ðñÀõÜÝÞß

#

"c�Õ

�àM

d,G

L"2®¥_`®

;

>?

©72�H£34Ts)L�Ïl

;M÷

>@>?

s)L�

¶'k(Ç5WX÷CÓÙpk¶­ó¡Rj

kÇ5(LÇ5WX

;

<WXL�Í¡B6

&

,§

¨©�45É��Ç'ªÍ>

#

Ç5vwxõ0:

ZÇ5ÉL£öcdÇ�¯s

#

�Ak»5¯sv

W¡¶ÃÜÝëÜ

!dOH";dOH

ú�»5¯s�

UW>þLjkÇ5(9Q

#

�êªÜ¶­ÐW&

Î�ñLÇ�

#

Ä�S¡­�k¶­LÇ�vò�

Ç5/

#

cûÏ`jkÇ5LìL

;

>@A?

l;M÷

¶'k(Ç5WX¸¹¦=Ç5É

$

Ç5/

$

Ç5{U

$

¶­

$

S¡­�

$

vwxcd¶ÃÜÝ

ëÜ��Ù¥8�`

;

vwx�ðÇ5ÉÇ£vw

x

$

Ç�vwx

$

$¡vwx��

#

¿Ís¦�Ç

5ÉLÇ£

$

Ç�cd$¡�¯sRc0:

;

ê¶

ÃÜÝëÜ�¦¶'k(Ç5WXLâãØ`�

Ù

#

^õú�vwx>0:ZL¯s

#

�UVW>

þLjkÇ5(

#

�ê�¶­��ÜÝ

#

É¿ÐW

\ñLÇ�

;

¶­Í6¶'k(Ç5WXL'(V

¢

#

¦=S¡­�kÇ�vò¡Ç5/

#

CêI{

jkÇ5LÎU

;

A?

©72�H£34TðñISH{

A@>?

©yðñ

¶­¦

d,G

Lâã�KÎÓ

#

¿Gä¸¹�

ð¶­)Ø)è

$

Îè

$

��Gä

#

¶­/$Ä

g

$

áÆGä

#

¶­ÜÝxGä�

;

¶­Gäõô

Ô

d,G

u6k(Ís

#

PKÞ²×$LÇ5®U

;

A@A?

ìN²ðñ

vwx¦

d,G

LK¹Ø`�Ù

#

¿Gä¸¹

�ðÇ5ÉÇ£vwxGä

$

Ç�vwxGä

$

$

¡vwxGä�

;

vwxGäõôÔ

dOH

yz#

P./Ç5ÉLÇ£

$

Ç�¥$¡�¯s

#

CêÞ

²

d,G

LÜÝ'ö¥"2®

;

A@C?

³´²ðñ

ÜÝx¦

d,G

LÜÝâã

#

¿Gä¸¹�ð

ÜÝxÇKGä

$

�KGä�

;

ÜÝxGäõôÔ

d,G

yz�i/Í

#

PKÞ²×$LÇ5®U¥_

`®

;

A@D?

yOðñ

­ÅGä¸¹�ðÇ5{UÄg

$

áÆGä

#

S¡­�Gä�

;

­ÅGäõôÔ

d,G

Lv'Õ

Ï¥e

#

Z�õôÔ

d,G

V`u6k(Ís

;

C?

IJKFG³´®¯TjdPQÏ

_�¢Ê

C@>?

FG��TVW

6¼àM

d,G

L"2®¥_`®

#

þ¹HW

X;3 Àõ�K

;

o�

d,G

LJ�Ø`¥Gä

QÂÙy

#

mn¶­¥vwxÍ6Àõ�K

;

��

ó×

#

"cHWX;3 Ó�!s¶­¥Ó�!s

vwx

#

,¸¶­÷¸vwx³�Gä>

#

!s¶

­÷!svwxUZ±'��¸¶­÷¸vwxL

/Í

#

ã½WXL�i��

;

C@A?

ðñþ9zòóÉÊ

6¼d>³{

d,G

;LGä

#

þ¹� ÓÙ

�ÕLGä0:&ÍÎUz

;

Gä0:&ÍÎUz

¸¹�ð¯s?:

$

GäÃÄà/¥GäÍÎ)�

�Ù

;

¯s?:¦Gä0:&ÍÎUzLSz

#

^Ä

��

d,G

;L�Ù¯s��I>?:

#

./WX

L��D�¯°

;

H¯s?:�0;

#

þ¹�Ç5

ÉÇ£

$

Ç�

$

$¡

$

¶­¶~

$

¶Ê�¯s��

?:

#

{�»5¯s��HAB

#

64\]¥

üý

;

GäÃÄà/HGä0:&ÍÎUz;ÂA�

�K¹LÍs

;

¿¸¹¦�?:>VL¯s cÙ

y¥AB

#

�êà­WUZ�{GäÃÄL÷�

;

H��GäÃÄà/L�0;

#

"c�s>;Ù

y

$

¸;Ùy

$

>¸Ùy�YÙ4z

#

�¯s´1

Ùy¥A(

#

C;à/W¯sL�^

$

4î

$

�

^

$

¸Ï����[®LÃÄ÷�

;

GäÍÎ¦Gä0:&ÍÎUzLâã

#

^Ä

��à/WLGäÃÄ÷���Ùy¥ÅÎ

#

Pq

WX;¦7ØHGäcdGäLQÂ¥b(

;

HG

äÍÎ�0;

#

"c�sTº}¿

$

ó¦ËÌ

$

ì

+9#+

Database-Optimized Version



"

$

# ¼���

&

Àõ¶'k(Ç5WX±ðñÜÝÞß23

ÒWX�4z

#

�GäÃÄ÷���Ùy¥ÅÎ

#

PqWX;¦7ØHGäcdGäLQÂ¥b(

;

C?

IJK³´É

C@

Ê

±ðñÜÝUz¦ÓÙUZ±'ùWÜÝ÷�c

ñ�WX÷�È±÷u�ý'LÜÝÞß

#

±ðñÜ

ÝUzLâãHC¿UZo�WXLI>|È±'ù

WÜÝ÷�

#

CêàMWXL´#®¥ðñ®

;

±ð

ñÜÝUz¸¹�ð÷�F ¥ÜÝ~� ���

Ù

;

÷�F ¦±ðñÜÝUzLSz

#

^Ä��

G

L��TÂ��Ùy¥AB

#

F WWX;L

d,

ò

f÷�

;

H÷�F �0;

#

"c�sÑQ�ûz

$

ò�ÑQ�ûz

$

á­É2º�4z

#

�WX;Lò

f÷���F 

;

ÜÝ~� ¦±ðñÜÝUzLâ

ã

#

^o�F WLWX÷�

#

� WUZðñWX

È±LÜÝ~

;

HÜÝ~� �0;

#

"c�s¼Ë

£ÙAÙ

!,E]"

ÜÝ

$

TÞÜÝ

$

ó¦ËÌÜÝ�

4z

#

� WUZðñWXÈ±LÜÝ~

;

D?

©72�H£34TcRRS<S

!

Ó

"

¶­TÂ

¶­¦

d,G

L'(V

#

¿��TÂ"c[

q6

&

% 1E

5

*

"

(

"

A

*

]

"

*

"

1% 9%

A5

" L

Q 9E

-

*

(

"

1

" "

F

"

¿;

# %

"

6¶­Ç�

# E

5

6¶­Ç�i�

#

(

6¶­¶~

# ]

"

6¶­Ç'Ê�

#

*

"

6¶­

"

£

¡ö

# %

L

6�>Ç�

# Q

"

6¶­è¶Ê

# E

-

6¶

­|¶'Fi�

# F

"

6¶­¶Y

;

!

�

"

Ç5WXTÂ

Ç5WX¦

d,

c[q6

G

L¿�­�

#

¿��TÂ"

&

0

% 1E!

1

0

9

1

"0

"

A

*

]

0

*

0

1% 9%

A5

0 H

1

0

1

&

*

0

A5

1

"

1

&

*

"

A5

¿;

# %

0

6Ç5WXÇ�

# E

0

6Ç5WX·

ö

#

1

0

6Ç5ÉÇ£

#

1

"

6¶­Ç£

# ]

0

6Ç5

WXÇ'Ê�

#

*

0

6Ç5WX£¡ö

# %

H

6Ç5

WXab(�

;

!

)

"

W$TÂ

W$TÂ¦

d,

c[q6

G

L/Íab

#

¿��TÂ"

&

A

G

Q

1Y

H

=Y =

A5

'

Y

/

^

2

A

*

1%

H

9Y

H

I

H

9Y

A5

I

' '

¿;

# G

6W$É�

# Q

6$¡

# Y

H

6-U�

��A(

# Y

'

6�U���A(

# Y

/

6R|Y(

#

2

6W$)ÉãLÇ'Ê�

#

*6W$�Ë£¡ö

^

#

I

H

6-UèÉãLèä

# I

'

6�UèÉãLèä

;

M?

fg_hzl»H{

>?

fgRS<

M@

S

6¼9½±ðñÀõÜÝÞßL�Õ®¥×æ

®

#

��¼

d,G

L\]TÂ

#

@��s

AKP*KU^

1V

�K��¼

dG(XM*( ,G

L\]TÂ

#

<TÂ÷Ö

¼

AKP*KU

Ì4ËÍLIËpTI>q

#

�ð¶­

TÂ

$

Ç5WXTÂ

$

vwxTÂ

$

ÜÝxTÂ

�

;

H\]TÂ;

#

¶­�sPM8O¶­

#

vw

x�sÎ­vwx

#

ÜÝx�s

,E]

ÜÝx

;

+#5

G

\]TI

4<d,

Â

+

Fig.1  EPS Simulation Model

Database-Optimized Version



$%&'()*

!"!#

!

M@A?

IJK³´®¯jd

¶'k(Ç5WXL±ðñÀõÜÝÞß:H

àMWXL_`®¥"2®

#

Ã¿¦H��ÇKG

ä÷®UT¥>

;

CÇKÀõL£ö

#

��1�L

ÇKWX"cã½ÓWXW{Gä>ÂuÓJWX

"câÉ\ñ

#

å¶­Àõ)*¦ÓÙ�ÕLI{

4º

#

»Ù)*Ä�És��1�L¶­óàøÇ

5k(

#

âÉ¿;Ó�¶­³�Gä

#

ÂÓ�EU

Ô�/Í

#

Cêã½¼WXLÁ���¥_`®

;

H�K-�

#

±ðñÜÝÞßUZo�WXD�I

>ùWÜÝ÷�

#

cñ�'�È±L/x¥;HL

ïPq®

;

@��s /YTÂ±ðñÜÝ��\]

#

:

HÄ�J^Y�TÂLÜÝÐWóàMWXLÜÝ

®U

#

»Ù4zÃ¿ðsCAB��9kl÷�ï

Pq®LlmWX

;

�  /Uz>ñÖ×cT�

���4�

&

Ó¦TÂmn&/KÙ�

#

/KLÙ

�ñSCTÂÐW&î=í

#

/GCWXLÃ®¥

ÜÝþá

%

�¦'�/K½&­Ý

#

/Kï¦è�

L

#

ê¦ñ<o�WXD�¥TÂ®U'�ùW

;

)¦S&TÂ��

&

6¼àM UÕÏ¥S&ÜÝ

'Ê

#

ñ÷�S&>þLTÂ��

;

W?

lm

@�ÿ!C¶'k(Ç5WXL"2®&_`

®��

#

àW¼ÓÙ±ðñÀõÜÝÞß

;

ûÞß

¦HWXf3!Àõ�K

#

ÓÏ¸�KW{Gä

#

Àõ�Klõ±'$%Â¸�KL/Í

#

PãWX

�i�Ç

;

<ÞßÇ�s¼±ðñÜÝUz

#

UZ

ú�WXL��Dx±'ù�ÜÝ÷�

#

à�WX

L´#®&ðñ®

;

Ä���¶'k(Ç5WXL

��TÂ{��\]I9

#

�<ÜÝÞßL�Õ®

&×æ®Rc¼9½

;

I9Jd6q

#

±ðñÀõ

ÜÝÞßUZH¶'k(Ç5WX³�Gä>ë¡

ý��ÀõTº

#

ãäWXL�i��

#

àM¼W

XL"2®&_`®

;

òóL2345"cCcT��4�´1

&

Ó

¦�ÓO×±Àõ�KLmn¥�(

#

àMWXL

"2®¥¦â®

%

�¦�M23Gä0:&ÍÎU

z

#

àMGä0:L#P®¥ú¡®

%

)¦!"½

 k�L±ðñÜÝUz

#

àMWXLÜÝ'ö¥

´#®

;

b¤!J

!

'4( <

�­¿

#

�Ð

#

¾N

?

ûs$å¶­Àõ¶'k(

Ç5WX23

'=(;

­Å� &Ý_

# !"!8# 8"!

!:"& #[4";

'!( <

�Á6

#

��n

#

³4i

?

Àõ¶'k(Ç5WX

LGäNæ­Ý23

'=(;

­Åæ�&)*

#

!"!## 88 !!"& $8#[$#4;

'$( <

:Ñz

?

å)Ø¶­¶'k(Ç5WXÜÝÞß2

3

'](;

ãôB/9�

# !"!!;

'8( <

0�

#

�Þ

#

�Ò�

?

SCåÀõWXL¶'k(

Ç5WXD�­� 

'=(;

¶Ã)*&�K/0

#

!"!4# 44& 8:[86;

'#( <

S`

#

¼4

#

�`x

#

�

?

SCÀõ

d,G

L(��

 ÜÝE��¼&×±

'=(;

·D×$

# !"!"# !&

#:[9!

'9( <

ùX­

?

Àõ¶'k(Ç5WXÜÝxL� &I

{

'](;

Ó�9�

# !"!!;

'5( <

ÔÕ

#

ÕÖH

#

�M¤

#

�

?

Àõ

d,G

¶ÜWXu

ÕTº23

'=(;

·D×$

# !"!"# $& 8"[8$;

':( <

±K

#

Õ×

?

±'§¨;L¶'k(Ç5WX

'=(;

×$¶x

# !"4:# 9& !:[$4;

'6( <

��¶

?

¶'×$ÀõÇ5WX� &k(Ã®2

3

'](;

.L9�

# !"!4;

'4"(

�Ë

#

ØAA

#

Ù½

?

ÓÙÀõÇ5WXL&� 

'=(;

×$Is)*

# !"!4# 89 !9"& $#[$5;

'44(

:Ú

?

×$¶'k(Ç5WX

!d,G"

ÜÝWX23

'](;

×?B/9�

# !"45;

'4!(

Û&º

# OLD(X#

ùQÞ

?

¤Ü1�Ö'¶'$Ý

'uÕNæÜÝ23

'O(;!"4$

;<×$/0�

õ!õE��

# !"4$;

'4$( d*&)P/(),-.&/@RR(RP&C GP&&/(12A-C&*?'PPYR& ^̂..!?

XKP'.-/VR?)1 '̂&*Y R̂YR̂M2̂&*&)P/()[Y-.&/[KRR(RP&C[RP&[

&/(12?'PX*7 Rn P(C iR/)'P(P*&n R(P&n R&K/)' n 4 n

&*&)P/()̀ !#!",-.&/̀ !#!"@RR(RP&C;

+:#+

Database-Optimized Version



!"!#

!"

$

#

$ % & ' ( ) *

%&'()*&+,-.&/0&)'1-*-23

+"

456

#

!"#$

! 4""6 789:5"!"!##"$ 7""#6 7"9

NOTâUVTWXYZ#?

%&'(

! !"!8 74! 74!

)*+,

!

Ü

<

ç

!4666 7"#

Èï23�

#

23456$%9Ý_`®

;

Received: 12 Dec 2024/Revised:13 Feb 2025/Accepted:16 May 2025/Published online: 15 Sep 2025/Printpublished: 25 Sep 2025

@

`

<

^

! <

2

<

a

!

ÔÕB/9�×$&CÄ��

#

ÔÕ

44"4#6"

A

<

B

!

5�×$9ÝLJ�_`®

#

o�

lS4#":$,4668 4

×$9ÝWX6ö¹ád894z

5

L��ñq

�9Ý2���6öd_`\]Ùyñs

e3Y&/A&R'

-AB�K��¼×$9Ý�pÜ\]TÂ

#

ñs

DG[

]@IJ

áFx�

e3U/(C EEE#"`

=©����_`\]89

#

I{�×$9ÝJ�_`®LÙy

#

9½¼×$9

ÝLJ�_`ïÏí

#

o�×$9Ý_`zñ

#

×±×$9Ý��

$

¢ö

$

cdJ�

#

CêàM×$9ÝJ�

_`®

;

Ñ�>VJd&¡Jd�¼

#

9½¼TÂL�Õ®

;

CDE

!

×$9Ý

%

�pÜÙy

%

��_`

%

J�Æ�

FGHI$

! <<<<<<

!JKLM

! @

!"#"$%&'()7"$*7$2"*1 I$#"9()4%()*$/+(//-#-()

Ge@hG'MK(# L@Il0(&

!G)'--*-N@MP-X-P(W&K1C 0/K1RY-/PKP(-1# G'&13K12H1(W&/R(P3-N0&)'1-*-23G'&13K12# 44"4#6# O'(1K"

8<#*%$&*& a-/P'&RP/M)PM/K*RKN&P3-N)K/R&KPR# @))-/C(12P-P'&/&*&WK1PY/-W(R(-1R-NlS4#":$[4668

)GP/&12P' /&\M(/&X&1PRK1C 0&RPA&P'-CR-NOK/G&KPG3RP&X*# P'&RP/&12P' K1C )-**(R(-1 R(XM*KP(-1

K1K*3R(R-NR&KPUK)V/&RP(R)K//(&C -MP?e3Y&/A&R' Y/&[Y/-)&RR(12R-NP.K/&(RMR&C P-&RPKU*(R' P'&N(1(P&

&*&X&1PR(XM*KP(-1 X-C&*-N)K/R&KP# K1C DG[]@IJR-*W&/(RKYY*(&C P-e3U/(C EEE0'&N/-1PK*)/KR'

R(XM*KP(-1 P&RP-N#"` CMXX3.KR)K//(&C -MPP-/&K*(g&P'&K1K*3R(R-NP'&RP/M)PM/K*RKN&P3-NP'&)K/

R&KP# K1C P'&RP/M)PM/K*RKN&P3-NP'&)K/R&KP.KRW&/(N(&C P'KPP'&RP/M)PM/K*RKN&P3-NP'&)K/R&KP.KR1-P

MY P-RPK1CK/C?@))-/C(12P-P'&RKN&P3/&2M*KP(-1R-NP'&)K/R&KP# P'&XKP&/(K*# P'()V1&RRK1C RP/M)PM/&

-NP'&)K/R&KP.&/&-YP(X(g&C P-(XY/-W&P'&RP/M)PM/K*RKN&P3-NP'&)K/R&KP?a(1K**3# P'&/&RM*PRK/&

)-XYK/&C .(P' P'&-/(2(1K*/&RM*PR# K1C P'&WK*(C(P3-NP'&X-C&*(RW&/(N(&C?

="1 5(%9#& )K/R&KPR% N(1(P&&*&X&1PK1K*3R(R% N/-1PK*)-**(R(-1% GP/M)PM/K*(XY/-W&X&1PR

>?

|}

£!ó

#

©A×$/tLëÞ³´

#

CÄºG

³�ÏÌ!·�

;

H»5ºG;

#

×$9ÝÍ6�

�L_`�K

#

�S&û©�EÂZ¼��K¹L

Ís

#

`6×$_`®U23LK�

'4(

;

Í6û

©&×$@çÎSLÀ��Ô�

#

×$9ÝHCÄ

ºG³�>"cÄ�±çL6ö¥ÆÈ�û©ÂZ

ã.Ís

#

9ÝLÆÈ"c�j_`;L[\(6

û©S�_`>(óL�E9

#

×$9ÝL6ö"

c6û©H_`³�>àø�ÕL�ØRS

;

é

û

#

9ÝL_`_`®Uî`6�9×$Ý_�2

³LâãfNÎÓ

;

±Ì<

!"4:

�

O[IO@,

nBñBI{có

#

3ç��×$_`:8;L_`EÙß �Y

;

H

��_`89;

#

×$9ÝL�EJ�6ö¦ôÔ

uÙL¸¹éRÎÓ

#

û¦pÝ×$W�_`®à

Database-Optimized Version



$%&'()*

!"!#

!

�L��éR

'!(

;

�C×$9ÝWXê=

#

uÙ

Äi&_`(

$

=©°à

$

9Ý�EJ�6ö�é

R)ý\�

;

{�<fu23[®

#

Ä�39°,

¥2�Lá¡£ö

#

"c�ÕÆÈ=©L°à

#

C

êS&_`�0;Lû©�E

'$(

;

8>

#

23Ç

Ùy¼_`(L\�Ã®

#

{àWÄ�_`(Là

­7(ópÝ=©H��_`;"U³�Lþ'

#

�ê¥eé=©þ'>(óL;i{@

'8(

;

A?

WXRST<SzH{

>?

WX�[\T<

A@

S

×$9Ý¦×$$ç·L+`��K

#

Äi^

�Y�QL�KØ`

#

ák¹o�×$9Ý���

�KL­ÅÃ®�¿H×$9ÝW�;�×$9Ý

6öLÞ²

#

�êmW�×$9ÝW�6öÞ²S

9L��K

;

@�L×$9Ý÷CÙ1º

#

��¦

=×$9Ý=�9S@J�Ø`

#

Ù¿6×$9Ý

2��Ù¥×$9Ý¢��Ù

;

»�¸¹�ãL¦

×$9Ý2�¤�E

$

×$9ÝL§¨�E

$

×$

9ÝôÑ�×$9ÝW�J��³���_`>>

àñ(LÞ²

#

>cH��6öÙy>

#

þ¹�×

$9Ý2�L�E�����T¥�pÜ�T

;

=

C9ÝH$àu�>*>

#

¸¹à(�K¦�E

#

ê×$9Ýu-�âL³ã���×$9ÝHàZ

u�[\(LÞ²SQ

#

×$9Ý³ãïUZä5

S9Lu�[\

;

Çé6×$9ÝL³ã�ÙH�

 ÎNÖ×Z¼u�_ÂLéR

#

ôÔ»5³ãÄ

i� LS6lm¥ïñB

#

>cH��×$9Ý

��·_`Ùy>ÄiïRcÖ×

#

pdl»5×

$9Ý³ã MZ×$9Ý�pÜTÂ;ï.3 

/Í�

#

Çõé6¿lmLuÆ� êÞ²×$9

Ý6öÙyLJd

;

A?

WX]^_

A@

H

@�cåÄæ×$%Yc×$9Ý6Sz

$]

TÂ

#

s

e3 VR

�K��-#LËQþÙ

Y&/.-/ #

6¼VZÉ�XYL×$9Ý�pÜTÂ

#

c

! XX

ËQí#��þÙ

#

ËQLÑQëÜ6

4 XX#

ç£ö6

4##

ËQL47¼ïMC

#w4

{

9^ïß�

"

ü6É×$9Ý"cH_`\];VZ½ è£I

�L��

#

×$9ÝTÂ;L[ÊéÒKØ�s�

LËQþÙ

#

üHËQþÙ¦÷�ã½ËQcx¤

Æ6¸

#

÷�ï¹W{)£ÆËQ

#

{üê«¼Ñ

?9#

Í60:Sz

#

{ül)£Æë

ÜQL��ÜÝH

#`

cT

;

¢ë§¨�E

$

2�

�E�K

$

°,ÂÃ¥�ÙìKØ�sí��ëÜ

ËQþÙ

;

×$9Ý&=©TÂ�ÔLb(És�

LËQþÙ

#

_`(�Ùû¹És�LËQþÙ

#

¿õ�b�sÓLëÜþÙ

;

ïîñs

/(2(CR

¥

U&KX

��T�

#

s�B�s

Q(2( C3

·®Á�

CU- ;

¦�9Ý��äÛÎ�VWTÂ¥=

4 4"$ 884

�

��d

9:# !54

�ËQëÜØ`

;

pI

4

C?

`ab�Tc

A

I

4<

9ÝËQ

Fig.1  Seat Mesh

@

é

H·J×$9ÝËQþÙ¥��qzÎ�

#

Ç

þ¹�×$9Ý��_`¤¶JK_`

#

JK_`

>þ¹o�×$9ÝLI�Á�JK��qz

#

Ë

po�×$9Ý+`&×$8ÉLÁ�Æº¥�×

$9Ý��·®JK_`

#

þ¹k_`{ H9Ý

�EL��Á��

;

hi<ÒñqLI9zñ

#

H

_`\]�0;

#

þ¹l×$9ÝàïÁ�ALí

�±=ö`�àÆ

#

êH×$9Ý2�&$ç8É

Á�AL_`b(þ¹ìÉH

J

45·LÇ'±

=ö

;

C?

ª/WXTâUV

>?

WXTâUVK

C@

d

+9"

×$9ÝL(�J�6ö¦×$9ÝHI��

G;LK¹_`=í

#

×$9ÝL(�J�6ö¦

=×$9ÝH³�_`LÓ(S

#

×$9Ý�©�

Lã.

#

×$H³���_`>

#

×$9ÝLJ�

6öU7ã.©�ïàZ�E

#

>c×$9ÝL(

�J�6ö_`¦×$9ÝLK¹EB=í

;

5�

>��L×$9Ý�pÜTÂ��×$9ÝJ�_

`L(�\]Ùy

;

o�<Ò×$9Ý_`zñ

#

�s

#"`

Ùb=©¢��_`\]Ùy

;

+

Database-Optimized Version



"

$

# Ü

<

ç�

&

SC��_`L9Ý_`®23

C@A?

ef78gK

És

e3Y&/%(&.

�AB�K�W���_`;=

©&9ÝL�'�x��¼Ùy

;

Jd[®

#

,_`

��Z

#" XR

vw>D

#

©A×$9ÝàZL[\(

 6

#

=©TÂ1¢=CÊ®(�-�'

#

×$9Ý

_`(1¢�=©TÂÂZã.Ís

%

{H

:" XR

v

w>D

#

=C×$9Ý°,�EL6öïU

#

=©ç

�-�L�i®6

#

=©TÂLW�ÈÆ�S9

%

ê

H

4!" XR

>D

#

×$9ÝàZÑ9L[\>*

#

ÉV

×$9Ý��KÈÆ�ÏZÑ9^

#

=©TÂÈ±Ñ

66ð

#

=©L°àî¦V`ÈÆ

#

ü¢�5-�'

®6

'#(

;

×®9Ý{|��û©ÂZdYL§¨Í

s

;

TÂ

" XR$ $" XR$ #" XR$ :" XR$ 4!" XR

>D×

$9ÝL��_`�0

'9(

;

pI>q

;

C@C?

�ehiH{

é6Ì<L×$9Ý� ¥W$� ¦Ù1��

L

#

>cHë1×$9Ý��_`;ïUÖ××$$

ç·L_`¡K�û©Lã.

#

>cH×$9Ý·Ñ

U�{ã.ÕdL+¦×$9Ý_`(p(

;

ú�

!"4:

�

O[IO@,

LEÙ#B

#

@�És

'3Y&/W(&.

á

Fx UW=©TÂH³�_`>_`(L�U�

$

_`(L^"cÀÌL|ñW_`(�=©TÂLã

.cd�×$9ÝW�J�Lp(

#

ÐWLJdÍ6

EÅ×$9ÝJ�_`LK¹ú�

;

¿;

#

×$9Ý

L_`(p(Ù6_`(ñ((cd_`(ò((

#

»���¦=C×$9ÝH³�_`>=©TÂ=C

5-Ê®(~�L

#

{ü=C×$9ÝL_`(&×

$9Ý�E\Á�S��×$9ÝJ�_`~�¼Þ

²

#

Þ²L9Q&×$9Ý³�_`>L¡ö��

#

>c_`(L�U�À�|ñ¼

#

{9Ý_`(Lp

(9QS�Þ²¼×$9ÝLJ�_`

;

��_`\

]89�0;

#

×$9Ý_`(�UÈ±£¤

#

pI

!

>q

;

I;

#

H×$9Ý_`1¢

$" XR

c-

#

×

$9Ý_`({|��jU

#

»¦é6×$9ÝH_

`1¢>

#

=©TÂ{|�,·àZ[\(LÞ²

#

×$9Ý_`(û{|�1¢jN

#

H×$9Ý_`

$" XR[9" XR

ÎS

#

=©TÂ1¢àZ[\>*LÞ

²

#

×$9Ý_`(1¢jN{1¢_`=©TÂ

#

1¢�j=©(óLU�

#

{üH

9" XR

>D

#

�j

U�ÏZÑ9^

$" =;

R�H

9" XR

Î�9Ý_`(

=C=©aÂ_`(1¢T¥

#

ÀZ

4!" XR

>D

#

9

Ý_`(�UJ`

;

I

$

6×$9Ý��_`U�£

¤

#

=I"f

#

×$9Ý��_`TÂL+U�¸¹

ó±C×$§¨©u�

F

5 ¡öLu�Î

#

u�Î

¥+U�£¤LoFS@ãÔÓÔ

;

ù+U�óMC

u�Î

#

»¸¹¦=C+U���|ôÂ��^öS

Y

#

üõÏUSQÜÝH

4`

cf

#

éû<��_`

TÂ¦^B�ÕL

'5[6(

;

Cê9½¼×$9Ý_`(

p(ÙyL#P®

;

+49+

Database-Optimized Version



$%&'()*

!"!#

!

I

!<

9Ý_`(�UI

Fig.2  Energy Absorption Diagram of the Seat Belt

D?

WXjYl;H

C

I

$<

9Ý+U�I

Fig.3  Total Energy Diagram of the Seat

@

{

Ä�ÙyW�_`�0;9ÝLW�à(�

x

#

\]Jd6q

#

H��_`/xT

#

÷n×$

9Ý|�W{W�gh÷�cÓ�K³�ï"?L

g�L�x

#

ù¦c5��KàZL(î¦ÏZ<

�K��Lögñ(

#

d�"UH��;³�Î÷

{@

#

û©_`�"�E

#

ÇÌÍZH×$9Ý_

`àZ[\�0;

#

9Ý�û©Lã.ÍsE6ï

U

;

Ã¿¦§¨©H_`;àZ¼9Ý_`(p(

LS9�E

#

[®9ÝJ�Eþ¹�ÓO×±¥Æ

�

#

càM¿H_`;L_`®

;

ïI

8#

I

#;

D?

WX¼å��H{

>?

WXklmÆ�H

D@

{

HW�\]I9�0;×$9ÝL2��Ù=C

àZL[\(SQ

#

¢ÒãÔAXYLD�

#

×$9

Ý>àZLÑ9ñ(W{H×$9ÝLT�

;

¿;

#

9Ý°ø§¨�d9ÝþÑ>àñ(&ÈÆ�Ñ

9

'4"(

;

9Ý§¨�L��6

G#""AO#

¢ö6

8 XX#

y×$9Ý³���_`>

#

¤«Lñ(

4?

Ï

Z�^L

#"6? #

ß�

G#""AO

LÑ95p6

6 A,K

ö

I

8<

×$9Ý�EÑ9ñ(I

Fig.4  Maximum Stress Diagram of the Automotive 
Seat Frame

#

þ¹3 §¨�·ö7Bõ³��KÎ

#"" A,

I

#<

×$9Ý�EÑ9ñÈI

Fig.5  Maximum Strain Diagram of the Automotive 
Seat Frame

K

÷

LÅþ

;

×$9Ý§¨�Ñ9ñ(ÙÚIpI>q

;

+9!

I

9<

9Ý§¨�

Fig.6  Diagram of the Seat Support Frame

+

Database-Optimized Version



Ü

<

ç�

&

SC��_`L9Ý_`®2"

$

# 3

A?

WXnoÆ�H

D@

{

×$9ÝLþÑL��6

P/K)V#

¢ö6

4?9 XX#

H³�_`>

#

×$9ÝþÑLÑ9ñ(ÏZ�^L

:"$? #

W�ÈÆ�ß�

4"`

û©[³�ùÑ

# A,K

Å

þ

;

×$9Ý§¨�dþÑLÑ9ñ(ÙÚúI

;

M?

WXl;�

I

5<

9ÝþÑ

Fig.7  Seat Slide Rail

Ý

>?

pqrsD�

M@

Ý

o�·J\]JdLÙy

#

×$9ÝH³�L_

`>×$9ÝLJ�6öïU

#

J�_`®ïTUí

#

#

6¼à�9ÝLW�6ö

#

Ã¿¦H5l£4�

L®U

#

Ì<�9Ýv§¨�EL� ��¼Æ�

;

l9Ýv§¨�EL¢ö=¡óL

4?8 XX

39�

" XX;

»ÓÆ'6H36¼§¨�EL5l£

!?

6

ö

#

àM¼9ÝH$àu(>L5ÈÆU(

;

©A9

Ýv¤§¨�E6öLà�

#

9ÝLÊq®VZ¼ 

6

#

UZH½M6öLu�Ê(TãÔ¿J�VW

®

#

àø½YL§¨¥_`ã.

;

6¼àM9ÝþÑ

L$>U(¥36_`>L_`®

#

�¿� ��¼

Æ�

#

l9ÝþÑT¤L¢ö=¡óL

4? X

3

9 Xm

 

" XmX;

»ÓùWU�Õ3 þÑLW�6ö�

!? #

àM¿H_`>ä5ÈÆ¥uÕLU(

#

Cêã½9

ÝH_`�0;UÊq�ãÔHHqb(

#

�Õã.

û©ü¿¦§¨©¥-�ûûL_`

;

×$9Ý§¨

�dþÑÆ��LÑ9ñ(ÙÚúI>q

;

A?

WXl;�

M@

Ý

×$9Ý8�§¨ü¦9Ý8�J�LK¹Ø`

�Ù

#

ÂA��K¹L§¨Ís

;

^�9ÝLÊq®

¥ýð®ÂZ��Ís

;

éû

#

Ä��§¨üJ�L

Æ�¥ùW

#

"c�Õß±9Ý8�L�ñ�Ù

#

S

I

:<

9Ý§¨�×±�

Fig.8  Optimized Seat Support Frame

&��;Lñ(�;{@

#

Cê369ÝW�LJ�

6ö

;

9Ý8�vw§¨üLJ�ùWpI>q

I

6<

9ÝþÑ×±�

Fig.9  Optimized Seat Slide Rail

;

I

4"<

9Ýw¤§¨üJ�ùWI

Fig.10  Structural Adjustment Diagram of the Right-
Side Seat Support Rib

+9$

I

4"<

9Ýv¤§¨üJ�ùWI

Fig.10  Structural Adjustment Diagram of the Left-
Side Seat Support Rib

+

Database-Optimized Version



$%&'()*

!"!#

!

M@C?

�ÝtX[

³

�ÝuvwDtX[

Summary Table of Strength Before and After Improvement

s bí Ñ9ñ(

AYK

¡�� ¡¢ö {�� {¢ö

Æ�- Æ��

XX XX

4

9Ý§¨�

#"6?6$4 8":?$9! G#""AO 4?8 G#""AO !?"

!

9ÝþÑ

:"$?#54 569?$$# 0/K)V 4?9 0/K)V !?"

<<

¦�·JJ�×±�

#

×$9ÝLJ�6ö®

6È6

#

×$9ÝJ�_`VZ9GàM

#

×$9

Ý�=©TÂLã.½ `�

;

=C�K6öL3

 

#

ÉV9ÝW�UZH��_`;$à½9L[

\(

#

ÉÆ��L9Ý_`®U½ ×Ù

;

W?

lm

!4"

\]Jd[®

#" XR

vw>D

#

_`(�

=©ÂZ_`Ís

% 4!" XR

>D

#

9Ý��KL

ÈÆ�Ñ9

; !!"

\]JdL=©&×$9ÝW

�J�ÈÆTU

lS4#":$

L89í#

#

9½\]

TÂL�Õ®

;

��_`;×$9ÝLJ�{|�

�×$§¨©ÂZ^BLã.

; !$"

H�×$9

Ý�E×±�

#

×$9ÝJ��TU<Òí#

#

ü

×$9ÝÑ9ñ(ÏZ¼"Üklf

#

TU¼×$

9ÝJ���Lög6ö

#

×$9ÝJ�6öVZ

6HàM

#

�TU¼zñ¹á

;

b¤!J

!

'4( <

±;®

#

þÚê

#

�¶n

#

�

?

×$9Ý6öd_

`\]Ùy

'=(;

K�9��§

# !""6# $!!"#"&

#4![#4#;

'!( <

òÿ

#

:!½

#

��

#

�

?

×$-�9Ý��_`

L\]Ùyd×±

'=(;

­Å� &Ý_

# !"!"#

!4""& 486[4#!;

'$( <d()V'-NNS# B&**X&/e# a-/RP&/d?0'&X&)'K1(RX-N

U&*P(1CM)&C )'&RPC&N*&)P(-1& @1K*3R(RK1C Y-RR(U(*(P(&R

N-/ /&CM)P(-1 ' O( ^̂,/-)&&C(12R -N !"P' dG%

O-1N&/&1)&# D3-1?!""5;

'8( <

�©z

#

�ð<

#

:9P

#

�

?

��_`89;°

,·ö�"®�û©�EÞ²23

'=(;

×$)

*

# !"45# !"5"& #8[#:;

'#( <

:!½

?

c$Â-�9Ý��_`L\]Ùyd×

±

'](;

ÔÕ�c9�

# !"46;

'9( <

òÿ

#

:!½

#

��

#

�

?

×$-�9Ý��_`L

\]Ùyd×±

'=(;

­Å� &Ý_

# !"!"# !4""&

486[4#!?]hE& 4"?46$#9 T̂?)1V(?4""4[$665?!"!"?4"?"$#;

'5( <aM/MRM f# LKPK1KU&E# fKP-O# &PK*?aM1CKX&1PK*

RPMC3-NR(C&(XYK)PK1K*3R(RMR(12P'&N(1(P&&*&X&1P

X-C&*-NP'&'MXK1 P'-/KZ'=(;=G@d/&W(&.# !""4#

!!!!"& 46#[466;

':( <

�åx

?

SC��_`×$9Ý6öd·öÙy2

3

'](;

4õ

&

\×9�

# !"4!;

'6( <

ÔP�

#

#�ð

?

�©�TÂL$$��_` U

­\]Ùy

'=(;

­Å� &Ý_

# !""6 !!"&

486[4#4;

'4"( JK12J# O'&1 e# B'K12Q# &PK*? %&'()*&G&KP

GP/M)PM/&hYP(X(gKP(-1 (1 a/-1PK1C Q&K/EXYK)P'=(;

0'&hY&1 A&)'K1()K*d12(1&&/(12=-M/1K*# !"48# :

!4";

+89+

Database-Optimized Version



No. 3　 2025 Sep.
VEHICLE & POWER TECHNOLOGY

Sum No. 179

CONTENTS

·Design and Calculation·

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 (1)………………………………………

Design and Analysis of a High-Efficiency Internal Combustion Engine Based on Dual-Piston Synergistic Operation
MEN Lishan (10)………………………………………………………………………………………………

Energy Management Strategies for Electric Vehicle Composite Power Systems
FU Xin 　 WANG Jingyue　 ZHU Nan　 DING Jianming (15)

……………………………………

………………………………………………

Excel Calculation Method of Oil Receiving Time of Fuel Supply System Fuel Tank
PENG Fei　 LI Tao　 ZHOU Zhenggen　 YUAN Wufeng　 NING Xianghua (21)

………………………………

……………………………

Rapid Design Technology for Box Type Parts for Wheeled Vehicles QI Jiabao　 ZHOU Qiuzhong (26)…………

·Reliability Research·

Diagnosis and Maintenance Methods for Shift Valve Faults in Integrated Transmission System
LI Haidong　 WANG Yabin　 JIA Ran　 ZHANG Ye (31)

……………………

……………………………………………………

Composite Fault Diagnosis Based on POA-VMD-IMOMEDA under Small Sample
ZHANG Jie　 WANG Jingyue　 ZHOU Hao　 DING Jianming (37)

…………………………………

…………………………………………

Composite Fault Feature Extraction of Gear Bearing based on DBO Optimization MCKD-VMD
MA Liang 　 WANG Jingyue 　 ZHENG Yongcan 　 DING Jianming (45)

…………………

……………………………………

Research on Adaptive Control Strategy of Redundant Electric Power Steering System
DENG Jianfeng　 SONG Wuqiang　 GUO Shuaibing (55)

……………………………

……………………………………………………

·Performance Research·

Research on Seat Safety Based on Frontal Collision SHAO Shuai, WANG Tie (59)……………………………

Database-Optimized Version



本刊为:
中国期刊全文数据库期刊

中文科技期刊数据库期刊

万方数据—数字化期刊群上网期刊

中国学术期刊 (光盘版) 入编期刊

《CAJ - CD 规范》 执行优秀期刊

中邮阅读网 (www. 183read. com) 合作伙伴

声　 　 明

本刊已许可中国学术期刊 (光盘版) 电子杂志社在中国知网及其系列数据库产品中以数字

化方式复制、 汇编、 发行、 信息网络传播本刊全文; 已在 “万方数据-数字化期刊群” 全文上网,
被 “中文科技期刊数据库”、 “中邮阅读网” 收录。 本刊所付稿酬已包括作者著作权使用费、 入

网服务报酬。 作者向本刊提交文章发表的行为即视为同意本刊上述声明。
《车辆与动力技术》 编辑部

车辆与动力技术
(季　 刊)

第 3 期　 2025 年 9 月 (总第 179 期) 1979 年 4 月创刊

主管单位: 中国科学技术协会

主办单位: 中国兵工学会

主　 　 编: 席军强

副 主 编: 杜志岐　 张树勇

章振宇 (常务) 　 刘青山

责任编辑: 刘青山

编辑出版: 《车辆与动力技术》 编辑部

地　 　 址: 北京理工大学

(北京海淀区中关村南大街 5 号)
邮政编码: 100081

电　 　 话: (010) 68911172　 83803081
传　 　 真: (010) 68911172
网　 　 址: http: / / BGTK. chinajournal. net. cn
电子信箱: BGTKCD@ 126. com (第 2、 4 期)

consultant@ noveri. com. cn (第 1、 3 期)
印　 　 刷: 北京科信印刷有限公司

发行范围: 国内外公开

国内发行: 北京报刊发行局

订 购 处: 全国各地邮局

中国标准连续出版物号: ISSN 1009 - 4687
CN 11- 4493 / TH　 　 　 　 　 　 　 国内邮发代号: 2 - 535　 　 　 　 　 　 　 定价: 12. 00 元

Database-Optimized Version


