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Abstract

To meet the growing demand for interdisciplinary talents in intelligent manufacturing, micro-nano
systems, and scientific instruments under the Emerging Engineering Education (EEE) initiative, this
study addresses the persistent pedagogical disconnect among theoretical modeling, manufacturing
processes, and testing evaluation in traditional engineering curricula. Anchored in a frontier scien-
tific project—“In-situ decoupling of micro-friction and high-speed dynamic drag reduction mecha-
nisms of bionic superwetting micro-nano devices based on wetting steps”—we propose a research-
driven, interdisciplinary practical teaching framework that seamlessly integrates micro-nano man-
ufacturing, interfacial fluid dynamics, and intelligent measurement. Using authentic scientific prob-
lems as the entry point, the proposed system translates the rigorous research logic of “mechanism
computation, device fabrication, and precise drag measurement” into a project-based, closed-loop
pedagogical process encompassing problem formulation, simulation prediction, device manufactur-
ing, in-situ measurement, and data feedback. The curriculum is structurally reorganized around
three core modules: phase-field /Physics-Informed Neural Network (PINN) multi-physics simulation,
laser micro-nano processing for wetting step construction, and dual-cantilever-based in-situ micro-
friction measurement. Furthermore, an Outcomes-Based Education (OBE) oriented multi-source
evaluation evidence chain is established to systematically assess student learning outcomes across
five dimensions: knowledge comprehension, engineering practice, research capability, data literacy,
and collaborative reflection. Ultimately, this study establishes a highly transferable paradigm for re-
search-teaching integration, providing a robust reference for local universities to cultivate innova-
tive, interdisciplinary engineering talents through cutting-edge scientific research projects.
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Figure 1. Transfer path of frontier research problems to teaching reform objectives
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Table 1. Mapping of research problems and teaching objectives
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Figure 2. Closed-loop teaching model of “problem introduction, simulation prediction, device fabrication, in-sifu measurement,
and data feedback”

2. “EESN - RN - FHEIE - RANE - BERER" ARHFRR

DOI: 10.12677/ae.2026.1681679 673 HHHRE


https://doi.org/10.12677/ae.2026.1681679

Rl %

A CBEANTE TIE SR 22 AR ST SE B SE BRI H T T Lk A 8 3 RHF ) ) e A 8 A . 0o
TARF AR E, I35 PINN ARG N T405, =M . SO B S RIS A Re s % T = AR )
ARHERAE A, TG COMSOL L. WOLSHANAMEL BEEFR g s XT-Q1 %7 Seie PRk Sk B it
A, A0 5 N JE AR A BRSSO R B AR, LI Z it R .

4. BFEARTERSRRILT

FEISERHIT I H HIRZ D BOR R ZL, URIE N B =M. 2885 07 BB, flh )it 5 RAE
B JEALIN &SRR AR . MR RIS RN RN RE ROR MR B AR )
SRR SR G SR SUREE, AT 16 ATUH 45 A L IRAE . IRER AR O SEAT T 4tk
M RV o X AN BRI AL O AT 55 5 T A 7= e 2 s .

B —NZ A 0125 Al for Science. ZMEH L= AH SIS STHAONAES 165, R4 ARt
MRk, Rl RarE, FR N-S T Mpiiik. Bilfia ARmESKESME, 51 95%EH
fRVIERZI RS AT FVEIIR G . BT T 51N PINN SR ISR, 11224 A% AT for Science Jf:
A BRI, TSR ER A IR AR I Zhad 78 . B> e @R il Wl . S8R, i
Yy % AR R R S A8

BARHE2 R DL PINN (IBAE BARZ R 48) ], vt TR & T 1 i R 53 32 70 A (R i 4
HUr R,

BN VR NI S ARAR x, y ST 6 S N E S u, v 5 pe

RERACRDIZ M. 5132 A M L B B 401 2R (2 I 2 ) A B0 R (N-S 77 FE R 22 IR R B 40 2R bR
#, 1E Python P15 R 5 HE L&) PINN Hi 15 {7 FLHE e .

PR R BOREAEM ISR A L PINN BUR TN M2k, It 5 &S = BT L, #mprh 3
WE— 2 WSO LU TE A SRR AL

B “ OGS RAL . A LR BRFE AR BT AR 55, S AR 07 i BT R 4
PREGK XIATFOCIN TEj AT . Bt Rl LES BRI AR AL £, 2 5k
R FRTAREE . i A S G A AVE L R e S RE . ST B BN LA R B
73 S G ) 2 2 S B MR PR AL K S BT R AR, AT AR I TAESS H . 2B SRR S (T E
SR SEM BUR B SR L #4545 B bk 00 T F G548 SR 28073 #r

BARHCA B 7 A2 1 PRI B BR RS 51 R80T %€ 1) 138 5 3R AE

WGV SRR LG . AR5 HRAE. 91 AR R T A IR, FIA SolidWorks BG AutoCAD 4§
TARERAT Vet BAT S8 70 AT RFAE 25 1) S R ORI R R 41, A SR K DR 25 AU A Ry BRAR SCHE: 3
K2z H] Cassie-Baxter J7 12 cos O, = f, (cos 6y, +1)—15 Wenzel #A), HIRHE LM IE % %L
PRBEEL, TR PEAR A A AR 0 B, AT B 22 T B A TR R A fE B3 22

BOC T ZZH0E M 5IN T 0300 AR5 #E: EROUMIVIN T & Lk, 535 AR H 2 8k
BRIEAZ 2R, BOE AN RO ThE Py FMIEE v BKeh AR SRR TR 5IAZK

EREIE E =L R MOCBE AR, Bk ARG - W LA PR R o B T
v

™

UM X (HAZ) AL, IRE I RERRE R T “RORZUANY - 9UKRIUIR " RE R ETE
YRR SR I AT BOWTES A LI - 3 3340 7 BB (SEM) 8 RS2 1F
HITREN > RS AIE s A O 3L S A = 4R fe B DGR UL RS A% O B (U0 Sar Sp) I M =ZEFRINESL. %
AN E: MR A B G, D e AR AN E SO UN E SRR A, EHRK

5
’I/:‘ZT

O

DOI: 10.12677/ae.2026.1681679 674 HHHRE


https://doi.org/10.12677/ae.2026.1681679

R %

P EERG RS AR AT 6, 5Ia18 1 0, . W TH ARG A0 =0, -0, , ZUPFAGIRIEI ERE X =
FHAE A 2 SR AT SL A0 1 R e -

SRR M 5 T2 A B B . ARAHLEE AT SR BRI AN RO TAECE, 512 2E 00 3%
SR IO MRS B “REEA L SR PKHRE R SR " SRR IR S OB et ER
AR A A A 0 R S R I AR (B F R T Cassie 45 7] Wenzel A5 HOAN AT %738 5 2 1
SRR B AT SRR, S FME IR TAE S B B0 S H, TR R™ & 1 TR S I 3E

P = SR B S A R . AR DU R D i RO, Sl 2B RS RS
B HWRENKE . HUMIR S0 AR R A . I XU R0 98K . BUTBOR AR € 2k 704, 224
AT AT R G IR R A SRR T SRR AR IR AT IR ZE AR R o LR AR R R SEHE A
ProE k. B ECE AL . DRI BE A SR

BARBCR RO BT SRR TE 59 TUBE 12 SR AL AR S2 0 R G B 2 B SR ZE A 1A T 7 1A 5 8L
R

GRS R AT RIA S RS B S S G S, 18 T S AR AU R ) 50
Hz THTHt L iRBEAUIK S A DL AR B PR

HAEMEARERAE: 5L Origin B MATLAB %5 TAEEMF, 485542400 5 A HEAT B0 D (I I JE
ST AL B AU R S AR U, S IR R 7 B9 000 B

SE PO SR THE AL BT A5 M LE(SNR), RPN S RGRZE SRHIR AL N K E
RETEIR, KRS I BEE D)5 5 S ERBE A AT xS, seBl “ASHE” KRR

=AMRBLSRES AARZ B R R WA 3 Fron . Horr, 2R 6 05 AR 3 ZECE B AT AT TS
BEJT, TG 5 RAER R 1 B S T2 WA AR S Re 7, SRR I 5 03 A R A ke 2 S SN
Tz B o dr A AR OB BE 7T

L2 ERRLE  Hrepd ALTHEL T2t (& 2k Hr ot TR

Ml 2EHEHE Bty Bty Bty S B Ak AL

M3 Rl

C

S AL

M1 B8/ ZHATIAEBRON 1, YISt AN TS T BL R B (b N TR 5 B S 5 2% o

M2 BAOSI CRIR R AEAES, AR B0 S8- L2 D-Giike” BMlaxXR.

M3 DA A A 22 S AR A O, USRS ST U R R 2 R LRI R 22 Al R 5 R

Figure 3. Matrix of the three-module course system and student ability objectives
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Table 2. Tasks and outputs of the three teaching modules
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Figure 4. Implementation process and staged outputs of project-based teaching
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