[ S/ -
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

DOI: 10.11858/gywlxb.20251287

BT T = LRSS R L
St
=, B, MET, FER

(RIFBELRZEMAHR ARG, Wil KR 030024)

WE: AREZAVEAESREREA T THHETINEESEMRITRE, ETESRATHNEEH%¥Y
(MTL) 1%, HRET —MHEHX R EHEEEs I BESRARE. ETHARERLREREESE, i
SECHERERNEE B EHATR, ElEM EJI%GMTL #2, SR T 454 R SERRATER
MBEERFTHR S TN, EREH, 2N E4EH0 MTL A £ 50 J & 8 250 RRIM BT 89 T 14 ¢,
TN R E5H R THENE R BT, MREFEEHE R E R L R 0.989 A NRAE T 1% 45 B 12 v 57 T
ETIRGUSMFRERMEETERE. SHBRESNEHA: CERTHERS RERY EHMRENTHRLE,
HEARALEREE, M TEREENDEESEN: SREERERGRA NG FE-ENIFHE. 463X
T HET (NSGA-I), A EMEE, ARG RESHETREDERMAI N, FRTHEATARIER
WHER LR RS EAR,

KEEIR]: MLBEFS ARG E; s MEETUN; ML NH

FEISES: 0347,0521.9 XEkARIRED: A

s3I il N1 % L S VE1 DY o 22 W P v S = S e e = N 7 M g X o e S S A e
FERUEMR . sl EH P TSGR 2] 7Tz AL 2, Tk, BEERENSZeMEER
MIFRTE, A HTE i H1 ZE AR RS T A i@ 2 4 Th O S BRI B3. 41, IR DR s 2 1 e
8 FE DR 2R T B 1) R IS 42 W R R AT SR AR i 22 Ak, & R R M e A il e 45 1)
RIS

BB AR R WA PR ST e —,  PIHMURR ) T LR AL S 1) 0 S MR 2 2 1 T
ZORED o, [N Ak R e A IR TR S Tk, W SRS A AE B A BT T IR ) 2
AT 7RG . RubinoGF " SIFIT 13882 77 [ R 26 A R F i SO 3 T e Re sz e, &5
REW, 5FRPTEERRMELL, SRR CRAEAERMTrh e, HraS )z R R B R
B, 1 SR IER AR THAR AR T 200 2 5 M A Y . St-Pierre 25PN I SIS R ) A S5 ik
FAS T 54T NP T T LU, Bk T HEES R ARG i T IE . Xia 500555 5250 2
EREMEER ST, RAFI T HEESHREICERIEN Mt TR 355, e S22
O A TEAR A A BT % LU B LA B R

FE TR TE 5 S5 B0, A% 40 S5 D5 A IR 70 501 A 400 B R0 D T b i ik 45 g Py o 7
B, (HHIPERAR R, W AZSH. 2 THrERmI it , A EE R, 5T
IR LS 2 ) TE R T B H, 1207k O A B 2 1 NS0 S5 KR 3R] 1)
SROCE, AT LS RE PRI T ) (RN, 3 Bl B 5 IO TR BE S5 SR I HE BT S HUN W R IR R,
* YRR H M 2025-12-29; &I H#: 2026-02-13
HEWHH: EREARRISES (12272254, 12372363); WLTEE AREIFIES (202203021211170)

EZ A 2 R (2000—), 5, WiEwFsEE, FEMNFEHRETEIN T E-mail:  1255379997@qq.com
BWEE: XEF A971—), &, Wt #3%, FENFHMEHEHIEH I E-mail: liuzhifang@tyut.edu.cn




[ S/ -
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

FIRTH BT RERL 20, fERARSS5E2] (STL) HEZRR, M4, Kriging. SCHFFFIEMEJT (SVR)
J LightGBM S5 CLgg T4 i LT, 5 8 B AR S0 4l 5T e S Ui 5 dh ki i
e MRWITRM, 2RI — € VA e SC LG M VE BE PR VTl o AURMETAF A4S Yang
SEUSHE N SO N T FRAUC N T AR, SCHl 1 i B8 S Bl i oA P RE A T 5 e A
Fang S5 FI R 5 27 51 58 BAARA LU FE SO B R [ e i, I8 = 5 i Se 46 547 IR ouisfl
Rk 7 HARSERE . Andika SEUSISE A IROCEHE SHLA 22T, 6 DURP GAHA LE S AR R BEAT 1
PEREDLAL, SRR YIMLT)F R M PURTERE I RS . Qiu TEUOLRE A2 W 25 AIRR 72 8 R SVA 45
B WE T BSOS BRI HUR S RS . Teimourd £ 0171E TSI R I 25 X0 FE A 22 00 44
B, S TG T A MR R A R R BB S I 5 LA

DA 2 SO R BIE TOE B B0 B — PR RE R bR 20 S L PRINARAY B AN [ i 2 ) SR A S
EERTT R, MEVATIIR 5 22 Wi S 2 8] B A EAR SRk o X T SO A AR v o FH T 3 g i
W, ELIRRE B SRR IE SR bR (e P AL b AT I 2 A DG, SRR T (1 BT 45 AR
B R ESHEMR SRS, £2 SR w ] g 5| ATINA A ka 8. [FmF, #x
VBT A ol oy e B2 R RS R 5 22 H AR AR SR AR AT B L 2T U7 1Y b B e
I, ZINET AR T AR BARNIE, 5 TR SEhr b f i AL B RE - il REME A 115
(AT AR X S DLAFAE — e 22 57

BT ERWETCE S, A ST AR S S 18 A O AL B AR RN R, R T AN L
DL NSO RIS B AR A ) B AR EERY b, SINJE TS HOLER 2 AR5 2] (MTL)
PRRIZERE, Xk LU RE S VAR 2T S AR T N 55 2 A QB U R gt AT I AR S 10l . ASSC AR R
FAET VAl MTL AE SR I S0 U BRI ool i 2 P -5 AR o (R P P, R0 LA PR 22 i
ACHE R SR 2% B I 3T 2 HAR AL — BV Ty T BORFAEAIL 55 AT Dy e s i f vl PERE (19 TARE AL
R AR AT R R S UL B

1 ARFGE

1.1 ARAESR
BTt P8 02 30 465 g ol b v 87 00300 v RN 0 BT AR ) AR I FEME 2R B 1 Bl

' Establish model and validate
effectiveness

I

Pata Set parameter ranges

preparation ¥

Sampling design

: ¥

Data standardization

e e e e mmmm————————————— I______________________'
v

Construct machine learning model

Machine J

learning

Model training and optimization

T Yo 5

Analyze the impact of various
parameters on the sandwich
Parameter beam's impact response

analysis and i

optimization Optimize the sandwich beam

structure using optimization
algorithms




[ S/ -
CHINESE JOURNAL OF HIGH PRESSURE PHYSICS

Fig. 1 Research framework.

F— @SRRI RTR R I A . ARSI T M NRREYE ], SRR T AT
FFE (LHS) J7V2 751230 Bl N A2 BROFE A0 . I 9% 5 11 ABAQUS AU FEA AT A PR T AL,
PAFP SIS RAEAGIE P o NS BEJG, K BT AR I R A B 78 X RI [0, 1 N 347 )3 — A Tl Ak 2,
VR RIMLE 2 SRR fl i N D St A o

D M@ IR, IR A AL EE S B A AT IR S M. R 2552 2
(MTL) HEZE, @ik DB fb 5L e B AR S 4,  DAEAR I 255 1 MTL 58 Re a8 7 R
UE TR FE R R, BB s R T %

=D XF MTL #8445 21 {0 o i B 5000 45 SR AT PERE 20 M, 28 TR S e Hl P AL Sk T
(NSGA-II) FFREMSHMA, FAFPiidtERe s ISR BT T & .

1.2 SR TR L5

JeS Rl B NIEAR L B = AT SCEE AR, B U S RS W2 R . e
KR L=310mm, %)% B=40mm, MITKEF =100mm. b. FHEREZHN 4=6=2mm, 2B
JEH 1=1.8mm, &JEGEERN H=46mm. —MILHEICEZHRRS T IR N 0=46°, JE4:
VR i S ok A [ R, R E AN d=12mm.

Kl 2y SRR s 2 R

Fig. 2 xSchematic diagram of the corrugated sandwich beam structure.
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Fig. 3 Schematic diagram of a multi-task learning model with hard patarmeter sharing.
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Fig. 4 Finite element model of the corrugated sandwich beam.
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Table 1 Material properties of the corrugated sandwich beam!?3],

) ) Young’s modulus ) _ )
Material Density (g-cm) (GPa) Yield stress (MPa) Poisson’s ratio
a

A6NO1S-T5 2.7 69 181.91 0.33
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Force/kN
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(a) Deformation mode under 50J impact energy. (b) Impact force-displacement curve at non-nodal points.
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(c) Impact force-displacement curve at nodal points.
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Fig. 5 Validation of model effectiveness.
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Table 2 Comparison of experimental and finite element simulation results fot impact response at non-nodal positions.

Impact Experimental results Simulation results Mean
energy Relative
SEA(/g) Omax(mm) Fnax(kN) SEA(J/g) Omax(mm) Fnax(kN)
) Error
30 0.201 11.56 5.31 0.208 11.84 5.43 2.72%
50 0.290 15.06 6.65 0.292 14.93 6.78 1.17%
90 0.530 20.38 9.05 0.522 19.81 9.26 2.21%
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Table 3 Value range of input features.

Input feature n t;(mm) t.(mm) t(mm) pe(grem3)

Range 2,4,6 1.6~2.4 0.8~1.6 1.6~2.4 0.064~0.276
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Fig. 6 Projection distribution of Latin hypercube sampling samples in the parameter space.
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Fig. 7 Stability verification and performancecomparison through repeated training-testing of models.
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Table 4 Performance compariSon between SVR and MTL models.
Total training Total prediction
Model Output R3 MAE RMSE
time(s) time(s)
SEA 0.9541 0.0076 0.0101
SVR Omax 0.98 Nl 0.3165 0.4015 0.1 0.1
Finax 0:9626 0.3593 0.4690
SEA 019868 0.0048 0.0059
MTL Ohriax 0.9937 0.2037 0.2791 2.18 0.1
», 0.9869 0.2385 0.3124
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(b) Maximum top plate deflection Jyy (mm). (c) Initial peak load Fiax (kN).
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Fig. 9 The influence of the core unit cell count # on the impact structural résponse of sandwich beams.
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Fig. 12 The influence of top plate thickngss 7i‘on the deformation mode of sandwich beams.
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Table 5 Comparison of deformation optimization results with those of the control group.

MTL Simulation
NO. n t1(mm) t.(mm) t,(mm)
5max(mm) Fmax(kN) 5max(mm) Fmax(kN)
Knee Point 6 2.3 1 2 11.56 5.38 11.64 5.23
Control group 2 2 1.8 2 - - 15.06 6.65
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Table 6 Comparison of'energy absorption optimization results with those of the control group.

MTL Simulation
NO. n t1(mm) t.(mm) t(mm)
SEAU/E)  Fuu(kN) SEA(V/E)  Funu(kN)
Knee Point 2 1.6 0.8 1.6 0.395 2.57 0.388 2.68
Control group 2 2 1.8 2 - - 0.297 6.65
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Table 7 Comparison of énergy.absorption and deformation optimization results with those of the control group.

MTL Simulation
NO. n  fH(mm) ) f(mm)  fH(mm)

SEA(J/g)  Omax(mMm)  Fiu(kKN)  SEAJ/g)  Omax(mm)  Fia(kN)

Knee
4 23 0.9 1.6 0.311 14.11 4.71 0.304 14.21 4.66

Point

Control
2 1.8 2 - - - 0.297 15.06 6.65
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Table 8 Statistical significance analysis.
Metrics SEA 5max F max
Mean Relative Error 2.05% 0:70% 2.68%
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Impact Response and Design Optimization of Triangular Corrugated

Sandwich Beams: A Machine'li¢arning Approach

LI Dong, ZHANG Xiaobin, LIU Zhifang®, LEI Jianyin
(School of Aerospace Engineering, Taiyuan University of Lechnology, Taiyuan 030024, Shanxi, China)

Abstract: To enhance the prediction accuracy of low-velocity impact performance and improve the
structural design efficiency of triangular corrugated sandwich beams, this paper proposes a machine
learning modeling and optimization’processfor the impact response of sandwich beams based on a hard-
parameter-sharing multi-task leafning (MTL) framework. A sample dataset is generated using finite
element models, and the rationality of the models is validated against existing experimental results.
Subsequently, an MTL model is trained to simultaneously predict the structural specific energy absorption
(SEA), maximum deflection/of/the top panel, and initial peak load. The results show that the MTL model
optimized via Bayesian ptimization demonstrates strong predictive performance under a 50J impact
energy condition. Phelpredictions align well with the finite element simulation results, with the coefficient
of determinationy R* for»all output variables in the test set exceeding 0.989, thereby validating the
effectiveness<and /reliability of the model in response prediction and engineering optimization analysis.
Parameter sensitiyity analysis reveals that the core cell count and core wall thickness have the most
significant influence on structural stiffness, followed by the top panel thickness, while the bottom panel
thickness has a relatively minor impact. Moreover, the core wall thickness exhibits a certain saturation
threshold in terms of performance enhancement. In combination with the Non-dominated Sorting Genetic
Algorithm II (NSGA-II), multi-objective optimization analysis are conducted focusing on deformation
characteristics, energy absorption performance, and comprehensive performance, and yields optimal
parameter configurations that meet different engineering design requirements for sandwich beams.

Keywords: machine learning; corrugated sandwich beam; impact response; performance prediction;

structural optimization



