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Design and optimization of surface hierarchical network grooving structures of PET foam core materials
LI Jinlin', CAO Minhua’, CHEN Xiaowei', LIN Gaojian'

(1. Beijing Institute of Technology, Beijing 100080,China; 2. Anhui Poly core Advanced Materials Co.,Ltd., Huangshan 245000, China)

Abstract : Polyethylene terephthalate (PET) foam core materials are widely applied in the manufacture of sandwich structures.
Addressing the mechanical properties limitations that hinder PET foam core materials from fully replacing imported balsa wood in
wind turbine blade applications, an optimized design methodology of the hierarchical network grooving structure with primary
groove and secondary groove was proposed based on two secondary grooves incorporating the cross-groove and the diagonal cross-
groove configurations. A three-dimensional finite element model of the PET core material, incorporating the morphological charac-
teristics of primary grooves, was developed by using Abaqus software. Through shear loading simulation analysis, the reliability of
the simulation model was validated against experimental data, yielding relative error of 0.47%. Under the constraint of constant total
resin injection volume, the multi-island genetic algorithm was employed to optimize the geometric parameters of the cross-groove
and diagonal cross-groove structures, with the shear modulus of the core material as the optimization objective. The influences of
groove width (ranging from 0.9 mm to 2 mm) and groove depth (ranging from 12.357 mm to 23.5 mm) on mechanical properties
were systematically investigated. The results demonstrate that by using the cross-groove design with the groove width of 1 mm and
the groove depth of 23.5 mm for both primary and secondary grooves, the structure has the best shear performance and its shear
modulus reaches 137.14 MPa, which is 9.2% higher than that of the original design. Furthermore, compression and tensile simula-
tion testing of the optimized structure reveals increases in specific compression modulus by 10.2% and specific tensile modulus by
10.3%. The above results indicate that the optimization design of hierarchical network grooving structure highlights the significant
enhancement in the load-bearing capacity of the PET foam core material,, providing support for broader applications of the core mate-
rial in aerospace, energy ,and military fields.

Keywords : polyethylene terephthalate foam core material ; surface grooving ; optimization design ; multi-island genetic

algorithm ; shear modulus
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Tab.1 Parameters of material ontological modeling

Materials pl(kg-m™) E/MPa Poisson’s ratio
PET foam 150 159 0.325
Epoxy resin 1200 4000 0.310

Notes:p is density; £ is Young modulus.
KA 1SO 1922:2018 Y ZLR , X BLAG 114 1 5 74
PET ML IR A AT T 59 Y48 AE L 43 My , 45 5 an %]
2. B2 5o, Y s U1 RS IR E] 1 mm A, 2
xS ARSI SR A 7 2342 N BT F1°4 0.50
MPa. T30 BT YIS M 125.59 MPa, 54t
I T 4R AR A S 5 B 125 MPa 1Y A G R 25 N
0.47% , F AT PROTAS IR 25 51 5 S scdis v FE ) 45
FEHA T ST 1A R TR AL A — 5 BT Sk

0.6

0.4

Stress/MPa

0.2+

0 0.001 0.002 0.003 0.004
Strain

B2 SRR I -

Fig.2 Shear stress-strain curves of original core material
2 SR PET AL M SR MEFFEiLT
2.1 3B/ M%IAEF £t

FEJRA TR S5 L ml b ARIFR S A T 29
W28 FEREBE T B, B AR X A 45 R R TR 0 Ak Tl
K, ik —25 48 T+ PET MO A4 19 1 2= Re Al Ak
SER A FHACR . BARTE  ORRR A T FLE5
ANAR TE A TTRE 0 N BB G 1 — G 25 TT Al JFF
B SO R s A R A SR R A

IRPAG R PIFIE 728 CHEF Rt
LRI LHEY . FERBI R B X 2 M 4 T
TS A HEAT T TR 40 A J LA B, A N &1 3 o .
FAEGREE R by, FEE R w5 TR BAE R EE M by, 58
Hw,e I IR ZE R T IR AR I AE
PRUEA 5 B 1) [R5 K AL Hb T 0 b 1 5 D)5
H5PUERET .

AT BRI AC T R R B AN R
B AR ZE R B B i, AR SR A T PR EEF ffk
W58, o3 et XA S FAB R EA TRk . At
HRTT 5000, JsRAEAS S IS (b B F 2 1

Primary groove

H3 YT TR
Fig. 3 Finite element model of hierarchical grooved core material

THOLT 3T+ PET oAU A4 BB AR PERE

TR T R R R,
A 22 A (Al e Sk 3R THE5 A 10 122k RE . B
FRAE Syl DN R TR R TR AR
THEIRGAE R

TR IR T R . xR,
/N FRE R UREE 1 AR AR T RS I
R TR EE o HARERAE R O G vE B 1B R R
{8, IR TR B2 Bl A T RE R BE sl N 3

FESEBRI v 5 255 A 7 T A SRR
FERAS BRI o T AR A I T ) B PR
AR E T /DRSS 0.9 mm, 38 1 XA
I 2 K040 B BOASAULA A AT, e 2800 5 e P 1) I F
MR 5, AR THE5E 7 PET 0 M 1) 2%
PERE , JCHSEFE B VIR PR R 7 1

BGOSR X PR 7 S 0 S5 L, XF PET ik
O A EAT B OISR AL , I8 ok (T A
FLHT LUAS RIS 2 | e 245 th Ee PR 254
Beit. AL, REAS B RS AN ROy
25T PET WO Y 122 PERE AT A S5 B by 4
HEFRIBAKTE
2.2 MRAFEREK

D BRI IR AR e S SRR 2.

F2 MREEREESY
Tab.2 Test Standards and key parameters

Compression

Items test Tensile test ~ Shear test
Test standard ISO 844:  ASTM C297/ 1SO 1922:
2021 C297M~-16 2018
Sample size/mm 100x100x50  100x100x50 250x50%25
Loading rate/(mm-min ") 1 1 1
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Tab.3 Parameters of multi-island genetic algorithm

Keys Values
Interval of migration 5
Number of generations 10
Number of islands 5
Penalty base 0.0
Penalty exponent 2
Penalty multiplier 1000.0
Random seed value -1
Rate of crossover 1.0
Rate of migration 0.01
Rate of mutation 0.01
Rel tournament size 0.5
Sub-population size 10
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(cross-groove width optimization)
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Tab.4 Mechanical properties of PET foam core materials with original and optimal structures

Structure w,/mm w,/mm h,/mm h,/mm G/MPa E/(MPa-kg'-m’) E/(MPa-kg'-m®)
Original structure 2 0 23.5 0 125.59 0.127 0.126
Optimal structure 1 1 23.5 23.5 137.14 0.140 0.139

Notes:w, is primary groove width; w, is secondary groove width; /2, is primary groove depth;#, is secondary groove depth; G is shear modulus; E is

specific compressive modulus; £, is specific tensile modulus.
5 it
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