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Abstract: This paper aims to address the urgent demand for high-level talents in green
energy technologies under the carbon peaking and neutrality goals and address prominent
problems in traditional engineering postgraduate education, such as rigid disciplinary barriers,
disconnection between theory and practice, and insufficient innovation capability. To this end,
it proposes and implements a novel triadic integration training "experimentation - simulation -
algorithm" for postgraduate students. Considering proton exchange membrane water
electrolysis, a national strategic frontier, as an example, this model is driven by complex real-
world engineering challenges. Through a four-in-one implementation path comprising
curriculum restructuring, multisupervisor collaborative guidance, closed-loop iterative training,
and industry - education integration support, the algorithm guides students toward integrating
three core knowledge modules: materials engineering, multi-physics simulation, and intelligent
optimization algorithms, thereby forming a closed research loop of "rational design - precision
fabrication - efficient verification." An analysis of the model's implementation reveals that it
significantly stimulates students' drive for intrinsic innovation. Graduates achieved outstanding
academic outcomes and developed "convergent design" capabilities and systems-based
thinking to solve complex engineering and scientific problems. This study proposes and tests
a replicable and scalable practical paradigm for cultivating high-quality innovative talents in
interdisciplinary fields such as energy storage and hydrogen energy in the "Emerging
Engineering Education" context, offering an important reference for promoting connotative
development of engineering education and therefore serving major national strategic needs.
Keywords: postgraduate education; interdisciplinary studies; triadic integration; proton
exchange membrane water electrolysis; energy storage; industry-education
integration
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Fig. 1 System architecture diagram for the
experimental-simulation-algorithm triadic integration
training model
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Fig. 2 Simulation reveals the optimization mechanism of configurational structures on transmission
processes: Schematic diagram
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Fig. 3 Implementation pathway and supporting
framework diagram for the ‘triadic integration’
cultivation model

AL RAARIR, e 45U 7R i PEMWE 5
KRBT KRB A TR il SR ) Sk
Sk, RATEANRGEYE. WS, T (BEER
Gt 5L) A, mAIR S PR, LA
A IEAEREAT MBS B, AR SOG4 3 T
FF, BE OB B Qg ST YA AR AR A
UL AR R A bR B A BRI, AT S
FRER T 5072 W, LB “E 5 R
I ZZ 0 %
2.1.2 JPR“WORRE” S5 TR "R

B I R L BAF #0 . dr e SR IR EEAE Y
B PVENE T K 4~8 22 “ R AR B
“TAEY;”. #ilin: (COMSOL £ 43 17 f 145 KL A
CEPRf AR R ) (Python B} 22 115 5 HdE v]
ALY (Hlaszz>IANTT: AR E| st f2) (ife
HBRE S (GAIPSO) ) 4. AR &
VR BRI RTR Sk 1, (RIE SR TR —F B Ek2IX
SeASTL, SR BRI . X R
BRI R KT KRBT L5 @FEHR AT
BL, A ST TR B
2.1.3  HEATTH WKBD 7 A% L IR ER

R KRB Lk AZ L URFE AT T H AL GE . Bl
an, K CEEEALsE) UREEIEL, Bt “ e
—/MRFE LU PEMWE B A4 i 26 AR S50 56
ER 7 K (BUED ) KE, BN “wE—
AT R AL RRA RS BAREKER” . Eid
URARTI H 5 22 AR SO T IR SRR I, (R )
EAE AT & AR AR Bt Ty

ERo
221 R0 T IHA P RS AL
B BE N AR BT % — R E
“BenImA”, BAOMRE: A ESRI GEWON
SR SRR AE e R ST, SOSTIRAELE AR A
ARARHESERABHMEEEF D), —fr (BEZAD B
I CREGHEIS. Baitbdzf], Haphsss
HRBER, AR B AR 548 3 5 HORSHE) .
SIMHT W G A% 28 TEa s, KR
WA e R, AASTRIRL A B2 U et 3 AR R 5
X, JFPP AT PITLLE A B TAE RN E 55
PR, BEBTRA AL S R S R ).

AVISLORER “ 2 SIfEFETE S Bl A 2oz
AT, TERES B IR I TR] P -5 P b v B T
FERENG, AT SEE A T — B b
B, Eo, WAL T RIEA N E IS 1R S AL
fill: R0 FIMALAE A BATRER G4, SATEOR
AP R L 1S TR S5 A A 7 DA
Fite; = b, %A B SR SR R R4
W, A ETRIMESTREMBHE TR, #ik
fRemamtts k. Bk, St 7 R R e
MARMSLE HARE . ERF RV, FIH4LE S 2
A SR T E A B B RE IR AR LA
PRy ATETE R e AR A VRl T R
REEAT, BRI AIEIR, 5l SRS 2
FHEPRIMmARD & A 2R bl . B, KITET b
TREN T RERARPE SRR ML
PMEF S FITHRE, SR E BOR F L, 24
AR FRAFAR SR B IR OB« i i TR SR 2
TRbE 748 I RERE I 5L, A Rk T E
BANE . X AAYLRIERM R T M RaE . iE
W TERAERI R A A SR RS, (R B ARSF
MIHE S IR H P RS, VSSCEEEAR “%
R-Ui H-5E7 MG AR BRI S5 A0
W&o
2.2.2 St B AR U R B

Bt s AR I it 34E) )73 A RFAE



BRI “SER- P -5k =il & N M ar th REIR Uk R QR iF 7T A

% 6 1]

B AR R 5 S

2427

EBEIIIN B, MBS BRI “ B AR
TR A<l R AR

BB GRERSZEEM, 14 A HE
PRI SRR T . BRI e
—H IR L. &AL — AN AL PEMWE 17 L5
B RINEAT MR ER ARG, RS 0
VEANR) “HAR AT TG

BB (EESRE, $£1.5~2.5): fE
77 B ARSI AN F CA_E 2 B O RLAI3R . LR
g RIS RERE LI G IES T —F st
I veits BOR B AL AR T RGBS 5l
A, BRI B P DUIRE . e Rl gt
RS

BB CERSTHER, BE0.5%): #
Hbr 2 se A B2 SR S 0. AR R —E&
SEREN) . AERMMA BTN TR,
FHAEZEALE S RA R “ = I & LR .
MR RARE. SIMAETN BB AT IE
VP, PP ASIE 0 75 e s R, w9
SUR iRl E
223 EECERILFREE

Sl NAZ A T 7T AR T S R 2. SR
22 /N e e A SRS IR, o TEAE ) B
15, ARRS AR SRIRURES T AL . @ ar Ik
SRR EE . BB A SIS MR AR AR . i
CL5E A IR R I & 30 N TV 3B 11D
RS, TR “=JemE” fE R EA
RIS PR N 75, Bk 2R 5T 5 7 R 1
PRghP,
2.3 IH= TN EEMERER, N ILITER

— TN B “BIFTEE 1 &2 R M

NEI SRR “ = ol E” B RIS,
WSS Z IR IR R, HAZ O R WA g5
PPN G R BTN, I —JniPN e 2 01 .
2.3 R IR R

NI T AR TR A “aIHTRE IR R,
MU FH A AR SRR, B PEgHC AR
FEITFE P R SCRER I . R 0 S R i) A
BT SO0/ 07 B/ T R AR . TR R
P I 1] R e 5 2 L@ L RE D TEASTR R B BTk
JE, XU R B FIMA L RS 5V, A
PPEE . VPRI R E KR, 5] S A EEE

PRI REA £
2.3.2 AT ZITAA N E S L]

BN AT JF K sah “ =Johts” i Ag A
MR Bl —MEERSEUE. BA
RGBT A A AR A R T R,
A ULRE A Z ARG HAMESE F T — R mk P2
AR F R TRE SR 1 BAT 7870 2
SR SCHERN RGBT T 5 (BT R 78 42
SKRSEHD , HB TR A B AT 2R SR L
BB EEANTE . ERAEVIE . IFH AR SO
EETT, WAL BRI, LITRE A
TS5 Rl 5 BB R IR 22 A A AL
2.3.3 HEESAAIR IR

FEARLRSCRIPE B S & AT, SNBSS
B SIER, FFIeROUI VRS PFIGE
RAMUE T TAERIREE, SBAET TAER) “Rh& R
5 OBtk VT SR G R, #E
A 17 T SRR AN R i A e SR T ) 32
e RS EAET U R B E TR, 2
AT BRI A% O HERIA T 7 B RN SRR
BRI BORT BT U A A A 7 3 PP ChR T R e
B, MNHS i R R TR AR 2 B AR A DLSEEL

BIME 2, KR 53R R 2 “ =Jui
&7 WA EL S E SRR AT R . Bl
URFEE M PRt “ 3257, JE e EAH B “
B, EE PN AR SR 518, =ik, LA
BRI — B AER IR AR TR G4 3 (S0 ek, B
oATRRB0E, 7 .

3 ZwhHRE

AW FEET — A L A TR R, R4S
W T “SEIR- i H-HE T =Rl BT A B R
A AR DL S T (0 R 2% S S )y
WAZ, BRI R, 5SS IR R R AT
PR FE A, gt EEIRSLIRIRR . i H T S
SLAERE S, BEN IS AR
MRS, KRR, XM R TR
TS IR AR AR B 22 0™ . BR 5 SC B Y
RO WS, R RS AR R G B T AKX
2N AIHTRE T IR N A B0 2k Az, i 4 Fs
AREARRZ N TREA A SRR TR R, A
ARG AR R R G, DL AR S H A



2428 & fE

Bo% 5 R

2026 #5515 %

s SRR 1 AUE R R SR AL BT EEAT 5 I
Zs [N, AAJIURE VSRR S K B RE PR T 2 5K
Bk S R 55 H L AL A

JEREAR, A A= R — 2
WAL, BT R SE AL O AT S 1
RANAREFRTT R, IR E R 2R3 U 4

i CRAEENR, RBHE CREES -2HEME T E
ZE BRI EYES TS E 2 RER
Mg = RASN, WRWEIEZ KNI
75 AT MR TR, i
A RN A SR B S Y e B ELE 9 SRS
BHEZ M TR AR S E .

W25 = TR A AT L R

Lra RS RIFTTE
(BIEHTEY)
B BEIEN
- EHEHTE
o BTk BRI S TR RE S

ZHRG 5TE W
(#1.5~2.55)

© SRULEHEFIR

o RGBT RIS

T AR SHMMR
(EE14E)

. B R T AR
. S RSEEE 5 A

FEREHER IR

- BERIRGR S
© RO A S R TAR

| —

W B AR R

o SRR R YR T 5
© BHFLIFRESIRR

ERET

E4 “=nme” EFREATHRERENZEELRIZEE
Fig. 4 Spiral development model of postgraduate competencies under the triadic integration cultivation
approach
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