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Preparation and properties of pentagonal flexible aramid paper honeycomb
ZHAO Cong, LIU Wenpin, JIANG Mingyan, YANG Jinjun, YIN Long
(AVIC Composite Corporation Ltd.,Beijing 101300, China)

Abstract : In order to meet the requirements of large curvature parts for the flexibility of honeycomb materials, enrich the
types of domestic aramid paper honeycomb, and further expand the honeycomb global markets, a new flexible aramid paper honey-
comb ACCH-2I-2.75-48D with a pentagonal structure (the cell size is 2.75 mm, density is 48 kg/m’) was developed on the basis of
the traditional hexagonal aramid paper honeycomb manufacturing process. The physical properties, mechanical properties, Poisson's
ratio and flame retardant properties of three kinds of flexible honeycombs prepared from domestic aramid paper were tested. The
mechanical properties of pentagonal flexible aramid paper honeycomb were compared with the requirements of the flexible aramid
paper honeycomb of european composites (EC), the hexagonal aramid paper honeycomb (ACCH-21-2.75-48) and over-expanded
aramid paper honeycomb [ACCH-21-2.75-48 (OX)] of the same specification. The results show that the pentagonal flexible honey-
comb has excellent properties, which has regular cell size, the stable physical properties and no visible defects. The compressive
strength, shear strength and shear modulus can meet the requirements of EC flexible honeycomb, and the mechanical properties are
stable between batches. The honeycomb also has good flexibility in both longitudinal and transverse and excellent flame retardant
properties. The results show that the manufacturing process of pentagonal flexible aramid paper honeycomb is relatively complete,
the pentagonal flexible honeycomb has excellent and stable comprehensive properties, which meets the basic requirements as the
core material of sandwich structure material.

Keywords : aramid paper honeycomb ; composite ; flexible ; mechanical property ; Poisson's ratio

B U — MR AR, BT B T2t ARS8 B B R 2 2, i 8 s bR A
AE, X BB T HAFIRAOSLASS5H . BOEIEssfLAG B0 FLBR AR AN SR AY 5 B, DA T AT B g A 5iR B0,

WBAEIER - B, AL, BT AR, = SRS 10) A 05 40 4R 5 (I S e g

YR BHA: 2024-05-23

51 FRHEs: BB, XS0 I, A5 TLE ST A A B il o S PERE(Y]. TARMRLNIIT, 2024, 52(7): 57-63.
ZHAO Cong, LIU Wenpin, JIANG Mingyan, et al. Preparation and properties of pentagonal flexible aramid paper honeycomb[J]. Engineer-
ing Plastics Application,2024,52(7):57-63.




58 AR

2024 4E 55 52 4 55 7 W

B 3 B ORL IR AT W BE R 2SR A 0 B R A A
SUTEAT A LR PUE S AN L TR R BT A
SESIRAR BN T )z R ST MR ] A o R
BT AR L R B AT W e A D e AR T I
LIRS R IR A /N | o2 AT F A 2 ok L il
SRS BEPE(FST)EER , I LA T Ry )z

FEMLZS S, B 526 A RN FHE I oK
SESEIR ORI T  EIN A 24k, o es bRLEY
BURBEINZEAAL . 7 AU E T LN
Hi s L BE A AL i 2 AR A B G IE
ASUNIA S DS SUE DAL SR REi = RIR AT i VAN
F4) AR T o o, B R o 3 0 ol e,
7SI Bt b g e J2 S50, LA AE =
o5 ) R A T PN A SR T A 2 AR AR R, B PR
o RE AR, R A BRI A AR
TE eI TC 0 e R AN TR, 25 5 7 A1 i o
SLEE R, HA I B AT oy VTP | ORI
INT MR, X e 5 o]t 1) B e AP RE AR T
TR, T2 A P X A R TR . R
P 0 3 AR 2 5 1 e T A TR e ELA AR L S Y
27 ) 2 | RE S U /D e g AR B4 W | TG T
05 TASTE W REE (AR I Tl B R &7 AR 2
FAREIR [l B i ELAT 5 15 e 4 65 A Y i i 31 8 g 2
PERE, T LAV R AR 2 52 A= M 3 A BT 22K, i
PG A AR NARTE 5 T AN R 0 87 L R
B EAREE R RN R o B T 2 A3,

L A AR BR SR A RS T E AN 4
RIS T AT KA A B R R TR 2L, DUE =05 4
YN R RL, TR T Tl 3 1 55 48 4R 0 s ) AF
il X IR PERE S B R AL KGR S B RE,
S THT P46 0 5 BY V1R B SR A ) 2R MR AR
Fb A BHA P BE S HEA T I3, I S5 RN 2 44 (EC) 3D
FNE BT DL B 1E N I (ACCH-21-2.75-48) Fl 3 it
i 2 4% # 55 [ACCH-21-2.75-48 (OX)]11) J1 241 fiE
FEAREIEAT LA . B H BRI T B e 4 4%
WEE 6 Ay fifp TR IIAT A (1) W 5 5 R S R R K
RRFRA B ) [P Pt — iR A, X = B W
DI Rl e R B AL 2R Jr T B v 1 e ) e T A A
SR AR
1 SEIGERSY
1.1 EZRAA

W FE AT A TS 2 4G AR N AR AR e A R R

AR

Yo% BB X U AU < 8 S MR AT PR
NCIF

Mo B Y RIS A 4R M 5 R R R AR B
A RRA A ;

BT AR A, T AL SR, R VLA AR T
FEBE 5

W BT hsRATRL P ANR AR , pE B A AR
RN

1.2 EZNEREEL

HL KT : 1120008 , 5 20T SRR #R )

MRS  HB88, ALt AR AT R AT FRA I

7 e S127 3 B ML« Instron 5982, 55 [ 45 1
NGIF

e FLABERE : CZF-3, F VLT AT e A PR A
Fl s

FIH oL T 2385 (SEM) : Qtattoo S, FEER K H /R
FHECPENARA
1.3 Zobbd s ) & BoOX AR A

T Ve D7 0 4RI 53 1 i 25 T2 20 B 4k LI
1o BRI T B R 5 e e as LR S N Al
SER FLAG BT — 4% F IR — R Rtk 4k
WME 2R, RAHAT XRIDL R Y 5= Fh [ 7= 5%
ELOE W g LS 87N < e N 5 0 | BN VA IROE 0 R €13
T e R DI TR il e T FLAK I 2.75 mm .,
6T 3 Ok 48 kg/m’ B FLIE P07 4 AR 65, 5
A URIE BT -5 ACCH-21-2.75-48D , FLFLAS A 44 1)
53, TCAM R G | T U S AR iR M BRI AR iR B 42

Optimizing
and iterating
v
‘ PrintingH StackingHPressing‘—b{Expansion}v‘ Setting‘
Drying/ Purging| Dipping|
Curin ¢ E‘_‘M

K1 BRI AR B il A 2k

Pentaggnal
Raw materials flexible
preparation aramid

paper
honeycoml

Sawing/Slicing/
Cutting

Fig. 1 Process route of pentagonal flexible honeycomb

] H‘ ' I

I;Fle;di)le édgze; 2—Free édgé; S:Cgll unit
2 BRI B A
Fig. 2 Pentagonal flexible honeycomb



BRI, 55 - TOUE SV T e AR 58 iy 46 L P g 59

K AR X R K YR =R 5 4 AR 4% 19 T

FEMETS 4 AR BT 4y il fiw 44 O FHIL, FH2, FH3, 2%

W 2V R Y IR EE | 72 AR ELABELAR )

TRPR A TR G0 it ] 5 A

1.4 HfemliXs e

141 R FGTMF LA T B4 32 M 48R
()KL H « #% FE ASTM F1645-2022 X% F.ih B

T AU S AT KRB, a8 M R =X

v

o

>

()R FFa e M - #2 I Q/ZHFC 8573-2019 X% .
Y Z2 M5 0 AR 8 DEA T R R Dk, it i
N TR A S R T 208 I (L
) AN T 457 mm, B [ (7 18) RSE A/ T 914
mm, JEJF 7 (12.7+0.15) mm AIRRE 3 Bt R K S il
BRSO Wk Ly ) 2 /DB %% 50 mm 175
BBl N, T T L 5l w7 1) S ) B SR A P 2B O s
AR ) AR Al R T 3 25300 2 5 DN i SR N i 2
() RS (L) 5 8K Je B bR 7K S O T 2 (177 °C
+5)°C MR, 115 90~100 min Ji , B LA
HIRCH I8 A 28 (23+3)°C ; 3 A I i 0 SRR T
M 2R 1 RSF (L), #8AR = (L, = Ly)/Ly X 100%
17 1 DN Y g3

(3)ERJF . # I ASTM C271M—2016 }iL5E % Ll
TE M5 e dRe w3 A 7% B, AR 48 S HF
P |EA T N
142 FH TN A UL 8 5 0 A LR 7 %

MR % B8 ASTM D6790M—2022 i 5E HEAT , 1l
AN L H T2 Rin R R
143 R FTMFRHRE T H % MR

(1)~ 1 HE 4 9 B - P 3k 4% i ASTM C365M—
2022 AE HEAT , MR A R T R g L

() B Y158 i R A% i e R ASTM C273M—
2020 FiaE HEAT , MR 28 U7 e 124 Be AL
144 RGNV F AT 8 B M 8 0K

i 1 CCAR-25-R4—2011 HL5E , X} i 2 M55
2RI 5 1 BELAME BEREA T, I3t 38 4% Sk e R
Besti
145 HATGEMFLHRE S IR

T o SEM it £ 10 Z2 4 5 40 4R 0 15 -
AT 20 56 S5 B 1) 5k 8 0 3k S i A W DI S, 1
ELRRBE R 5% T AL, Wiy FH 22 8 S0
For THE S AR S DR AT S 4 A0 3 9 H LR R 10

kV,
2 HBR51TR

AT X RIDL R Y B =P o7 2 4R 5 10 Ll e
TVEIF 4 AR B FHI, FH2, FH3 R T #5519
B RN EE T2 R RE , B MR e 53 45 0
IR, IR =P IEI A B L
2.1 BIATFWRF UG Gy
211 HE

TEWFH LR eI 20 R BT I, 2% T 30 e
MR, SR I T 29047 T T 2R ML,
TN AR s Y PR RE WL AR 1. X = Fof
[ 77 57 245 AR ) A 1) S e e o A o R K, AR T
R % 2R HI T AR, O 5 e AR 53 1 2%
FEREHTE 47.6~49.7 kg/m’* Z 8], il /£ Q/ZHFC 8573~
2019 F i H B 5 TS A 1) 5 B AR 25 M £10%(43.2~
52.8 kg/m’)” B AR EOR  UEW] LI SR 1 07 40 4R 0
B IR R E IR I T AR A AR s )
BN R o

F1 HAREREFTLRETHWIE R
Tab.1 Phynical properties of the pentagonal flexible honeycomb

Honeycomb  Density/ ~ Water migra- Core dimensions/%
type (kg-m™) tion/cell L—direction W—direction
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Fig. 3 Poisson's ratio of different honeycomb types
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Tab.2 Comparison of mechanical properties of different

honeycomb types
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Fig. 5 Digital image and SEM image after flatwise compressive proper-

ties test of pentagonal flexible honeycomb
TN TNE D7 A AR 5 2 F-hr 35 U1 | e
BN T 7= A D R S D e A RE T L IR
SRR T SISO | XoT A U0 T S A R DT Ak R A T T TRT
ST, e 6 FE 7 it . M 6 FillE 7 0] LA
PR IR YR A BRIH TS TR B IR , P B

(o) FH3
Ko HIIEFRIEEES L b 85 YIiEUs 9 SEM IF R
Fig. 6 SEM image after L-direction shear properties test of pentagonal

flexible honeycomb

"~ (c) FH3
P17 TR s win 95 P15 () SEM [ )
Fig. 7 SEM image after W-direction shear properties test of pentagonal

flexible honeycomb

GG T BT A R B A2 BB YD IR, D5 48
LFUEANBE A NS A SR P T A2 4 S5 2 4
Z 0] ) B T 25 RN 2T 4t 598 3B g 22 8] 114 B TfT 32
TR HEREIRIG 25 4E 4 8 K A W7 24 i A S A4
W DRI B B T 284 i ) FROUR TS 35 2 B A T 4 () A
%&Hiﬁ-ﬁu

[ B, = ol ] 7= 55 28 AR ) 5% 110 22 1 O 26 4R i
8, OV T He 240 5% 18 R B 170 5 88 P R ) 5 A1
T 10%(F 3), BY DI A 0 U ) 23 #UI T 12%, it
IR 2 R RG A , UE I T e e M55 4 4R e 5 1)
il T2 TR, J12- M RERE S & FLAE R Jeits
MR ZER
2.4 ﬁzﬂ%%ri

BELIA M B 2 e

YRIE S 0 LR AR
7FJJE’J — I B, Z F b



62 TR

2024 4E 55 52 4 55 7 W

R3 HOBREESHFEEIOERRY
Tab.3 CV value of machenical properties for all batches for
pentagonal flexible honeycomb
%
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L—direc- w— L—direc- w—

comb type strength . L . L

tion direction tion direction

FH1 2.83 3.15 4.16 1.42 3.91
FH2 2.70 343 3.85 1.25 0.52
FH3 7.99 2.85 8.69 2.19 10.46
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Tab.4 Flame retardant properties of pentagonal flexible

honeycomb

60 s Vertical burn test
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Fig. 8 Digital image and SEM image after 60 s vertical burn test of the

pentagonal flexible honeycomb
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