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Research progress for the composite sandwich structure with foldcore
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Abstract: The composite sandwich structure with foldcore is a new type of structural material with light weight,
high specific strength, high specific rigidity and multi-functional potential, which is connected with each other in
core space. This kind of three dimensional structures can be formed by folding based on two dimensional materials.
The main research achievements and characteristics of composite sandwich structure with foldcore in recent years
are summarized and analyzed according to the lightweight and multi-functional requirements of aircraft structure
in this paper. The configuration optimization scheme and fabrication process of the composite sandwich structure
with foldcore are described. Moreover, the research status of mechanical properties and multi-function of the com-
posite sandwich structure with foldcore are summarized, including the quasi-static mechanical properties, impact
resistance, sound insulation, thermal protection, stealth performance of the structure, etc. Based on the research
status, it provides suggestions for the research possible direction of the composite sandwich structure with foldcore
in future.
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Fig.1 Sandwich structure with foldcore
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Fig.2 Channel structure!”
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(a) V-type foldcore
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Fig.3 Geometric parameters of foldcore!”

(b) S-type foldcore
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Fig.4 Configurations of foldcores!*!!
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(a) Process of cell folding
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Fig.5 Folding technology of core!
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Fig. 6 Design method of V-type foldcore!!
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Fig.7 Indented V-type foldcore!!
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(a) Mould (b) Foldcore
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Fig.8 Improvement of V-type foldcore!'”
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Fig.9 Carbon fiber reinforced olive type foldcore!
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(a) Fold cells

(b) Geometry of sandwich structure
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Fig. 10 Sandwich structure with S-type foldcore®”
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Table1 Geometric parameters of different models for V-type and S-type foldcores

V-type foldcore S-type foldcore

h/mm I/mm 6/(°) B/()

Model Relative density/%  Strength/MPa Model  Relative density/%  Strength/MPa

CU1 3.69 2.50 CH1 3.56 1.51 14 20 60 60
CU2 2.79 1.81 CH2 2.69 1.13 19 20 60 60
CU3 2.25 1.33 CH3 2.17 0.90 24 20 60 60
CU4 2.79 2.13 CH4 2.69 1.41 19 15 60 60
CU5 2.79 1.55 CH5 2.69 0.94 19 25 60 60
CU6 2.56 2.78 CH6 2.38 1.29 19 20 50 60
Cu7 2.07 1.24 CH7 2.04 1.02 19 20 70 60
CUs 1.76 1.02 CH8 1.71 0.72 19 20 60 50
CuU9 3.14 3.06 CH9 3.01 1.61 19 20 60 70
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Fig. 11 Comparisons on buckling failure stress between S-type and V-type foldcores!*”!
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(b) Foldcore with curvature
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Fig. 12 Foldcores of various configurations'**’!
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Fig. 13 Operation process of split mold™

(c) Sheet folding rolling sequence

(d) Patterned rollers
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Fig. 14 Continuous creasing and bending technique!
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Fig. 15 Fabrication of sandwich cylinder structure with foldcore®®”
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Fig. 16 Filament-winding and lay-up placing techniques™”
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Fig. 17 Illustration of foldcore sandwich structures'

32]

8 A e S0 5 AR 8 T S ) A e RN b Bl g 2 vk
REMYBIEIE 2 S . BUE T B 5 B 4
2.1 XWHR

SEWE ST A O kD AR A S AR B S
HLRE A e B A5 Y T Ak e R R RO SRR B
Heimbs %5 B3 fiff 53 1V 788 4% e 08 45 44 14 - i 4k
RE, 2 W08 7 LR A #5228 ey 14 i
AR T R R e A ORI . DY
e B B B )P e 4T 4 A AR R
FH 3 45 6 TR U2 TR 2% 25 4 B v AR &2 88K
WA, XEA RIFRWAEYE; X458 (1 57 4] 52
5 R A U PR R BRI 2 & A TR /0 ) B IR
ME LIRS BT DI s B, AR ARG Y DI 6 o 5] 18
RV BURE A A 5 e S5 R PR RE XS b o AT DL
F i, VR ER £ GRS A e 0 A5 A8 Y L RS I S
T e S gh i, MV B A AR 45 e 0 A5
- Fe b iR B 5 0 s 2 0 A 4 1 TR L R B A 22
JEILBA, W] UL VR G b AR 8 e s 4 A A S R
450 Z I Re AL R, RE T 4 T 2 454 1Y 5 e
R, A B A I o e S 25 ) A A 23 L R 4 3
B . A Sun 2508 5 % v RLE A 4
BHE e A B — RN . MR . 5Y ) &
M S A B, GO T RE IR (BRI R B ) . AR AR
J7 O VL A AR R 45 e 0 A A 1Y ) S M e R
R A7 AE N R 2 (52 T . Dua 4512524 X S Al
A MRHRE e S S AT R, R PR
O T REJEL RGP FE A T 45 48 B Bl PR =
U~ RE TET Jid T A8 AR 1) o0 B TET S Y5t B R R TED Al /o
TR AS o BR T WS 12 B O 40 4T 4 RNk 2T
Ae P Ah A A 0 T AN, Zand B I A T A

PR R T (B XA 2E IR 2 —FER (PET) #1 5
St B R Tk ik W) (PEEK) M4 5 et ) I ELI K T H:
JE4ivERe BT IvEfE . PEEKGE: 15 M R LA T Ik
1) 7 7 8 SR Mk g oS 1 A Bl HL A T i B AT
1M PEEK ith T B A7 5 05 7 e R Bk e s 740 4 5L &
L R O RE

777} Sandwich structure with V-type foldcore
Sandwich structure with Nomex
honeycomb core

Flat compression ~ L-direction shear ~ W-direction shear
18V EIRRAE Y 5 8 s AR P RE XS L

Fig. 18 Comparisons of performance between sandwich structures with

V-type foldcore and honeycomb core
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Fig. 19 Comparisons of impact resistance between sandwich structure with V-type foldcore and other sandwich structures
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Table2 Modulus prediction of sandwich structure with V-type folecore

Flat compression modulus E,/MPa Shear modulus G,x/MPa Shear modulus G,,/MPa
Configuration ; : ;
Theoretical NumenF al Difference/% Theoretical I\'Iumen.c al Difference/% Theoretical Numenf: al Difference/%
simulation simulation simulation
1 1309 1281 2.19 1309 1151 12.12 566 465 17.93
2 616 581 5.79 616 540 12.37 266 247 7.25
3 698 662 5.22 698 612 12.35 302 272 9.95
4 1164 1130 2.86 1164 1022 12.20 503 418 16.94
5 873 836 4.23 873 766 12.27 377 326 13.69
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