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Abstract

Against the backdrop of the digital and intelligent transformation of construction machinery, fault
diagnosis of hydraulic systems has emerged as a core challenge in higher vocational education, pri-
marily due to its complex mechanisms, limited hands-on training opportunities, and difficulties in
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skill transfer. Guided by the TPACK model and immersion theory, this paper innovatively constructs
a four-stage teaching design framework, namely “mechanism visualization modeling, gradient fault
simulation, virtual-real closed-loop interaction, and multidimensional precise evaluation”. A digital
twin-based practical training platform is developed, accompanied by a hierarchical task system
structured as “cognition - practice - internalization- advancement”. This approach provides a repli-
cable and scalable solution to address the long-standing teaching dilemmas in conventional educa-
tion, including “difficult-to-visualize mechanisms, hard-to-reproduce faults, and unquantifiable
competencies”.
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WE RGN TRENR “Bh 300" , AEEN LS. SifEERIEZ D6, HilbRi2kiiGe
e RN TS (1] W CLRENURZE S TR IR R ReAnE) 'Seit, Wk RgiiklE i TR
PR TR 42% 0L 1, HAERA 20 “Z R RS FRlctER. BRI BRES2]. a0 iR
FERG S ZCA TG =B R ST — RS BRI, SR EIREIL(TBM). 290155 KR %
FHEESMEE T Hot, Bl ARl & 2 E0il ks, HENIEREE IS 1E sk &0k, FECE AR
W A R SR LA 15% [3]; WLEA KNGS, R IMRAS R 0030 WA sV A5 A L
KBS A EM R, A R aeiid 4E R AU BN DR AT R AR, FHIRNARCRIG =
RMEWERFREVR, FAEENMEERL. BARANR. BTSN REER, BEg “—I10]1” #
SR A UG R MA TR R, SBEERIE TS FARA B REBORE “i2 AT

BEE Tl 4.0 SRV BE BP R R IR FERL G, 2R AR HORE S “ B scmuit, SEZZ B, 24 v
JAHIREA” BRI, OB IR N B 1) G B SC#¥ . Ebr b, B2 ERN BN A
TEAA R . EE TG AF AR “Digital Twin for Education” V&, SZEL T M & &1t B )i fE
B AMAREPIST, SMEEEE - S MNP B 1S B Bor, FAERRREAR R 68%FE Tt
% 89%, HREMEELIE 31% [4]; 36 HMF R S5 MR RS20 K BB 2840 Joiedl, dlad 1:1 i )5
W& WNER RIS 7284k, At “ IR e Rl iR RN A HERR 242 T 53% [5]: JEE S AR R
BTy B SIS S A BT, i vl s 15 B S A A MR R LA, AR A SR
FERFFLE 8.2 417 10 M HIEIK[6]. XEEHFTTERK | “HARMRAE - BB SCHE - SUIEIIE - brdEd
H7 SRR, BRI T RS

B A FEAT Aok IR R S35, BN AAE BRI : FERORMN R, PR 2ol NS
FAREAENUEE LI WA Jay, UESE T RN ZUE SR B4R AN, BB Z B0 U R G2 Wit &
TR [7]; EBCFSLERZ, Wil TR =R . RN E AR B S B #4 i 1 R SEfi & S F
G, (A RE2ME R LML RE, NHFEHEERALSE R PRI SO TT2 90 A 2 [8];
W SHEZT, MRdlBA RS s 7 AN TR RSB AE R BRI, RIE2BIET TPACK
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BRI MR, R 2R Gtk 2 i 1) By 2R AR T T 5 SEIERT TN .

AL UL RN S RGBT A8, DL TPACK MEAYMITR BRR  XUE S, BBk i DU B
BOMHELE, A R TGS 6. Wil BESER, BEMRAE R ECE 008
RN E AL TR TR REAR Dy TR 12 DA% O RE B REAL Br SR LB IS SO B S S %

2. TP EAE
2.1. TPACK &

TPACK (Technological Pedagogical Content Knowledge)f% %4 : %A% i Mishra il Koehler $#2 i, 1%
1E T S E AR (Technology)« #F1%(Pedagogy)5 5L N 25 (Content) A MLEL & - FEABF T, BT 2B+,
ARYENZOFEARER, MUZHETR, HREMEAREN BB, R REMPEZHI 2R A
(U [ B SRR L AR o0 B T 7% AT LRI IRNE) R HUAAZ Oy ARSTIRBE . R B A R
BN SEIEAR S ARG MR, = FH IR “HARRAE N A . BAEERFH R =0 — 1424,
TR 1 R 2R A R N AN B B0 AR i 5 b 75 oK
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GBS A 2 SRS, 2 AR B i Wt R RF A T “PRRIE RE RABRET . H FRIE M
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BEAT RS R
3.1. HIETHHERMBECARER)

FE TR G, BB E 2 RET TN “mT WBs” , EUEWEI RGN
BATHIEE S ZHENE, SFBUAEN S50 - HLEE - IL87 MISRBOARIAAAERIRE . AR Bt O Wi 2 A
FIRERARNZOSAE, RGN RIRYE, KB “ T Mg i + AMHLEZISE + 25
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e, SCRPEEAAE AT PR RS TR RGN e, BCEBOE “HbEiz2ls 7M.
PR A SRR SRS . AR S RO E PR - LSRRI BB G, NRE I BGREAER
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G TR R SOUIAEAE “ B RS HLR AT . SRR AR KRVUEEEI” K0T
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P TAERE R SO AL ST B — . B 0L SOBTBORI 5 A, X DS s R B T BORS HESR T
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Table 1. Four-dimensional evaluation index system
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