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Abstract: Sandwich structure composites are commonly used in Radar radomes, the core materials mainly include
honeycomb material and foam material. Impact damage is the greatest threat to this kind of structure. In this paper, low-velocity
impact damage was simulated by drop hammer test, while ultrasonic phased array technique was used as NDT(Non-Destructive
Testing Technology), and restored by scarf repair technique. The mechanical properties and the electromagnetic wave
performance of the foam sandwich panel before and after repair were carried out comparatively. The results show that, the
flexural strength can restore 112.7% of the undamaged plate, and the lateral compressive strength can restore 85.1%. The repair
efficiency calculated from tests was observed to be 135% and 50.7% respectively. Besides, electro-magnetic wave permeability
was improved apparently. The method for repairing the low-velocity impact damage of the foam sandwich structure can meet the
requirements of the rapid repair for practical radome structure.

Keywords: Foam Sandwich Composites, Low-velocity Impact, Rapid Repair

R & B IR IO B AP RHMRE iy 5 PROE 1B 2 ARG A 7T

TR, FitHE, 85

MRRHES TSN, ERZEEARE, Kb, tHE

R AR

1979338953@qq.com (EKH) , 135853077@qq.com (5KHT) , 46163757@qq.com (HIFH)

W AR B RIS E MR, M EZR g E MR R EMRE . i 450 4 72 1 2 25 16 1) 5 K 18 o
AN I R I AU S SRR A ISR P ph e B, I A A B R R AT okl $2AMNEE B 4
B, FEXEE R S5 IR IR ) 77 22 1 R A B 0 1 Re b AT X LU 78 . S5 RER I, BB SRR GO 2 Hh 08 B Rk
BRI AT 112.7%, 0 17 445 55 P B IA B R IR R 11 85.1%, B8R R 737k 135%H150.7%; &5 5 HIiE B A it
FeTt o BTN TR A R AId e o 453477 A8 2 77 VR e 2 SE PR OR 48 B A A P B ST K

R WHOEE SR, kb, PEiEE




Science Discovery 2017; 5(4): 251-256

1. 5|5

DAY (=R vy SR EER Y ST Sk NS RS A
TR MR, 7658 KL E bl 3 2 H
[1-2]. HAEl, FRIERL LM 5 22 0 8 AR
Flio B AFENomex 75 2006 55 . FRIGES . BEISAT I BT %
For, Nomex#§ &M EHIE BN 12 WHSH 25
RERENE RHR NGB ZEPMD). FEMAES. PMIHE
TRIEA R R R e AR R i, TR L RE AR 2 M RE A
RRESME SRS EEATZ, afsedlt 5 R
IS, T CASE P e T A b ATk A 52 5 R [3-4] -

PSR GE R v e B B R UG, b (3D
S AR S ok 8 My i FEE AT e B M 3 ™ BRI (i
s TEMVE . KA IR S ks EE R, B
IRMRHIRE R, N RIEEREIE LSS MIBR FE I RIE R B Can)Z1a]
E AYE SO ISR . A 4ERTRE) [5-7].

AL DA FEAF A /PMIIE IR I EAN AT T 5, BF Fe it
Gt P A T b o AT (g 5K i v A s B R
FEAR o AR FH VA Ao Y A S AR A T AR o o 452 4%
EHRAZAME R HAR AT B 15 E[8-9], X} 5 Uil i
A LB B 5 R AT A CH 4 DA SR 56 7243
56, VPN IZ LS BT T RS RME E AR

2. L%
2.1. SLBFHE

BR AP IE A 4EA010% (SiO25 & : 99.98%, i
PR R 107.27g/m2, 4045) FO014% (Si02% &
99.98%, FAAIARFRE: 141.94g/m2, HAG) ; A/
LT5089A, [E4LFILT5089B-6, MCEL9100:30; 5tk
PMIVEIR CB5FE: 0.0893g/em3) ; FLASASMR. #(0iE ]
B, 65umfE; HEAHIM CEEEFS .

2.2. MR %

SEI6 BT TR IR S O AR AR — MR 2R ER (1 LR 5 A
Je 2 H & 101 CE1)Y 0 B Je B I S M U) E) AR
500x500x10mmf¥~FAR, KT T ZibkW TR E 5 209%
TR YA, 2 J5 SIS S, s (A [E>0.96) ,
TnFAE AL .

L AREL R,
2.3. VN

2% ASTM-D7136, H|FH S5 25 5541 B il {1 2 ¥ B v
HIREEE, R EErER. @k E2REM, LA
500gH 4B/ (CELAR) M1.50mAbT% T, Al REA He

252

G RTALIEY PE WA e RS Y R SR N G i
il REREN7.35) CRIEZBHYD) » Jaiiikse s LUk RE i
HEAT ey 45 oA o

B2 btk s .
2.4. HFEMHEEEGN (C-HEH#)

A S H T JC BRI U A R 7 R 45 FE A AL
OmniScan MX2, #HkLiEHSL64-NWIE (EE&MEH) ,
Foadt i, U4 LR HIBE SR Sk o 68 75 AR PR AR 7
REFEMBAEHEARGULUTIRSE: (D LR () &
MR, RIS (3) mrsedl @l e HaH, itk
AT Z AERN . 32 IEAE BT 0 R 1
PRI

B3 AR A

2.5. TR

4 (GB-T 1456-20053% )2 4544 25 i 4 BE 08 /i)
HEATIREG, 25 a0 B AR AT R . R FE T E
5 B N400mm ¥ 37 R b, e Skl ik — A T 4 8 BB il
PR A AR o A8 AT 28 50 e e R B4 v ) X3, AR e %
O AR RIFEEE . Sk GE 2% A 3mm/min,  RISH LA AL
B 20mmf (5 1k N3, X sE iR eE . phaER R DL B R
AL AT 2 R, R SO ph T S Z I IR Fe i 25 4
S R B s, PR HZ S M s R .



253 FAo 55 REFMHAR IS T A MM ol 32 07 PR 12 & )i i 7t

44 0mm

b el IO

ok

Bla = 5xi% ihikie e B bRt b o

2.6. T Beda i Re A%

35 (GB-T 21239-20074F 418 50 ¥ RL 2 SR 5
JE4iTERERIG k) AT ARG, 00 562 B ARRE Lo 1
5HTR. W EINBGER N I mm/min, FHE40%, FEEEH
NI, PRIFREE 512 EANE R AT . @it X 5e 4f
RFE i SO LA R R 3R56, BR A 4524
Xof ML S A &0 4 AA PR T A0 5 BT R, RIS I B HR
X i 46 5 P B R AR

5 (IR K565 B MR R o
2.7. BEMERE
BRI % B LR R ST e R, B EBCA

12~24GHz.

le— 200mm —>

< 200mm —*

Bl6 e ke B AR HE A o

2.8. EAMEERK

WRYEC-H1 BB € IR 00 IR L, 45 & D& AR I NSRS
B 2R A AT A RSE, R ShREZI L2 R 5 R L o
PR 42 B RS 8 52 B O T PR AR L e 22 Hh () 45 K/ B B A
W, AR, 2 R AR R R A B AR AT B,
RIEAME R 5 EHRE R — 8. BEIREEmET.

B7 ZME R

3. SKWERGWR
3.1. HECHE

e 3o 7R P R A R A CF) -4 PR AR AT Sl e o o 43
P30T LT, I S-43 BB W] RIE IR E T3 i )45
B0, MBS, RBTHIEZAXST, B Rz ehik
XA BTN B4 - 0] EAE TR B R 4 1
&, TEMR AN S EEER XA O, W10 I iz
SRR K% et ke . bl R DL A SRR 41 40
KR, arE . 4 STEBRIXKEN A el & Rar, H
BT Rk, B FEAME R T 20 R R R R A
ZAEH

§:Scan Gri1 A0.00 KOS LIS

Uncomected C-scan A% Gri1 A0.00 Sc060 LD1S

(a) SELFIbE



Science Discovery 2017; 5(4): 251-256 254

H:';?.J tl.lﬂf { ]
LU & J'l

1 .‘.l.l]

p
(WA

(b) hitialke
l S-Scan Gr:1 A:0.00 Sk:090 L:015

Uncomected C-5can A% Gr:1 A0U00 Sc0f0 L01S

(o) B
B8 o AT e R P 14
3.2. THRRLERE
SE UG S T2 50 I S R 2 o 4 g 25 o o B ) R
2R, BUSIFRFE. haik ke s R T = 5 it
0%, WAL R

0.25 - /,; i
/N —B—EiFt
- i || — A
y /4 —O— B ikH
S x
o S
z 0154 {’:’//’ | '
s o L
o Ve ; &
o _/.'. /‘_ pra—e—y | .
3 010 - f,{!/‘; i S i
0.05 - ,".', o
Um T ¥ T r T T ¥ 1
0 5 10 15 20 2%
Deflection (mm)
(a) #ami—1r e ih 2k
60 =07
1 Ew"
140 —
o 120
% 100
#
Dnﬁ 80
ﬁ 60
B
40
20
0

Pt BRI
(b) ZhoEE
B9 25 AR I ke L

S

HE9 (a) AI%N, S8R AIE B2 3R 1) 2o tmr -7 7%
M2kl m, Bfrdefas B, ERIHBUEE R, 8
TG T B o UG A 1 HE I U B AE AN A R, R
AR S, 2 JGREGNEY R, VABUREIRR N W
LRSI G: W2 H P OXREHI R, A
SFAEWT R A, HOURIEY RS, HEnR, 4
Y5 YR I R AR SR s LU TRRE Bk A 2 2k
B, AT IR . B A SRR e85 MTFrd
REE, ONAR G E . YRS, BT LS
I R R A KR, W B b AR S P
H AR T AT e SO R BRS , HAAFRRE 1 B
TR

fR4E (GB-T 1456-2005% J2 4544 25 h 4 GE 46 77 7% )
AR,

Pl

0'=—
7 4b @, Ch-t) (D



255 FAo 55 REFMHAR IS T A MM ol 32 07 PR 12 & )i i 7t

T S s M, JFLHIEY (b) , B
11,
w5
0,-0,

E,RBERFE, 0, 0, Mo, 5 HERFTEFRFE,
MR AME SR A 2 SR S M . T EAS, bR
FEE 58 LR 25 M B E R PS5 1.2%, M8 S ARRE 2 568 FE 1k
SR EEARFE112.7%, B R RE E,=135%. 45 KK,
ZIZAME B T ARG E o T I A e A4 1 45 A
GBEAEM, BAE— TR b BEARZ5 ) 2 3 3 AR
B T4 AR R 5 BERGE 42— 8, LGS — 3
ME— A B AE T 5 B ER I, V8 NI T J R 77
e, AN VIR S BGOSR ZE [, X 544 725
SRPEAR R — e PR ACR

3.3. MERAKLER

DNIEFEAE L T 2008 1M S I R U5 4 4 s 4 8 ) K
R, WS ol R S AB SO AT (0 17 Fs 45 1
5, MRS RAF

2

— WA ik
7000 - "\ s —A—ﬁ$ﬁﬁ
. D =
L] A T
6000 n .
| T o
rg A ,
5000 o 5 l"
MA N e Ae—" v B ¥
S 4000 E 4V ™ o 5=
g L | i N
a8 % V
Ly 1 s
2000 o )
wl W
P .!,/ =
] el T T T g T T 1
0.0 0.5 1.0 1.5 20 25 3.0 35
Deflection (mm)
(a) Hifg—frfe ML
? E
=5 o D
. ﬁhﬁleEjLi
5
o
= 4
es
HE
g 3
=4
2
a
0

il B
Cb) 00 pia i P

BI10 g 4 ik 56 45 4

HIE10 () , 5E#ERL, Sl E8ER
P FIREAFAE B VAR 3T s 17 e R AT RIS
FHABRES V8, R I o 458 5 2 X TR S 55 4 A0 i s 4 5t P
FRAEROI , I N L A R R R B AR 3
P

0’:_
bh

2]
0,-0,

THE AR BEO ) R g i, bk iR AR X o8 S e T
G5 T 4£30.2%, 18 AFE VK S BNV U6 4 58 11 85.1%
BEME E,=50.7%. HIEERW, ZIZFMEE T2 XHEHE
Ml RIS TR E 1B B, BARTEA K
SRIEHME R RCR, (B, HEm-As g gm, BEIR

P B0 I 2 SR A0S (82 iz K Se i il LR 20245)
A WAZAG 52T BOGS I It 45 ) 1 e I B2 A T 38

3.4, BHRRBRLE R

H P11 T 2R, AR o 0 e 45 ) FA) 328 A T
SO, VBT FRRE UG A R R e e 1 R U
PEREA W BRI, WL, IZBE T 2N RE SEAEBREA
AP EAR, AT ER

0.965

(3)

b

—— el R
—— it
— R

0.960

0.955 4

0.950 4

|\fi ]
Al 0.945
7 0.940 4
2 0.935 4
0.930

0.925

0.920 4

0.915

1‘4 ’ 1‘5 ) 1‘:3 ' 17
i /GHz

BI11 &P L

4, Z5ip

AER S o o 8 47 R R 28 FE 0K e S R A MR 2
PEREA & EE R, JUHAE D o RN [ e 4556 FE 7 1T
I ), 2 3 s 0 1 B TR T B e ARG Hh, AR pp B4
I R 2R B A AL IR S RS R RS 1.2%, B RREE D ih
BRI B SRR 112.7%, 1B E W EIER135%, BE
SRR I 5 ARG o 453477 348 R 2 B A 1 1) R 4 i
JE R F%30.2%, A& RFRN [ He 46 58 5 VK 2 21 58 47 AR I
85.1%, BEHHRILS0.7%. [FN, IZFMEE X Z R K%
Wk R I EARTHER .



Science Discovery 2017; 5(4): 251-256

25 b, RAGAZAME B T 20 AR i 5 05 1 R
LBEMBATIE R, BORWIE: RN TZ%MR 5, Bk
HAZ60°C, — FBUAE 5 AR TR B R, i a2 Ah gtk
HBEN TR, W1, ZBEEEORR R L
b g e B A DO FE SR = AR AF R AT RRETESNS)
MR REAT, AT T S PR R Je S S R 2 2R 1 S S
(DACS =2

23 3CHR

[1]  2ERfE, R, 25598, etal. REEBMEHIT AR i
AR, 2016,37(12):153-159.

2] JAFH#, T WKSEMRMNHERED]. FHE4
MEL 2016,(1):36-39.

[3] Choi I, Jin G K, Seo I S, et al. Radar absorbing sandwich
construction composed of CNT, PMI foam and carbon/epoxy
composite[J]. Composite Structures, 2012, 94(9): 3002—3008.

[4] 7. et EEMEEEE LMMNAD]. BT LR,
2013,29(1):27-31.

(3]

(7]

(8]

(9]

[10]

[11]

256

MZ, FKmEHs, BhE. EANE M RELRIURRER
g sh i d(Cl. s iR 2011,

Bk, EAEMRNRR IS St R R [D]. B
TR, 2015,

Figh, g, KM, etal. 250 ZPMINIKRIE TR IRGUR
SR E RO AT, V%KY FIR,
2015,49(1):86-91.

iR, MO, FERW. BAMEHZAME B E AR IR
SR BEEAD. BEN/EEME, 2015,(4):85-90.

WETE, P, Yanglong-Ying, etal. #IgI:E SARHZ4M
BE T2 MR, BRI, 2015,(7):82-85,

Kim P C, Dai G L, Seo I S, et al. Low-observable radomes
composed of composite sandwich constructions and frequency

selective surfaces[J]. Composites Science & Technology,
2008, 68(9): 2163-2170.

Bauer A, Thunga M, Obusek K, et al. Bisphenol E cyanate
ester as a novel resin for repairing BMI/carbon fiber
composites: Influence of cure temperature on adhesive bond
strength[J]. Polymer, 2013, 54(15): 3994-4002.



