446 B4 4 ) [EEI TR /RS | A NI/ N = S Vol. 16 No. 1
2014 4 8 J Journal of Nanjing University of Aeronautics & Astronautics Aug. 2014

SN BE L IRE IS E A M RR IS R F
EAE ¥ W % F M E KZE

CH IO 25 AR R AR 2 S R 2 e . #at, 210016)

HE: A THEERSEACERER AL OMB RN EREMEA PO R A HE T RINARRAME L LS
I RAT A F R KA AR A, AR bR A RSB S M A A A A B 0 B A AR A
T4, SREAN . SRBARL A, RA LA RBERFAEH L EMH AR RFOEES N FHE, L
A AEAL P A AR IR L o 2 2 1) 4 B RO RSP BIAL A M AT ) AR 09 15 AR s A AT B R X AR 09 5 AN R B A5 AR
J& XA F A 3R B T AR B AR R ARG 84, 100, R BRI aR AR 6 1. 21 45, S BAE W] R R % 5h B AL A M A AL
W xR 1 i AT A5 AN ST — FF Bk R RIS AN ik

KB R AN s LAMA RN B ) F AR 154

hE4S %S .TB332 X ARER A XEHS:1005-2615(2014)04-0638-08

Mechanical Properties and Repairing Performance of
UV-curing Epoxy Composite

Huan Dajun, Liu Bo, Li Yong . Xiao Jun, Chen Yunlei
(College of Material Science and Technology, Nanjing University of

Aeronautics & Astronautics, Nanjing, 210016, China)

Abstract: In order to promote the application of UV-curing technology, the mechanical properties and the
microstructure of the UV-curing epoxy composite are studied. On this basis, the UV-curing epoxy com-
posite is used to repair the pre-damaged laminated beams for studying its repairing performance. The re-
sults reveal that, the mechanical properties of the UV-curing epoxy composite are favorable, compaired
with the thermal curing composite, and the bonding between resin matrix and fiber is good. The UV-cu-
ring epoxy composite patches significantly increase the tensile strength of the damaged laminated beams,
and the strength of the repaired samples can reach 84. 1% of the standard samples and is 1. 21 times the
strength of the unrepaired samples. Fiber reinforced UV-curing resin is a fast and effective method for
repairing damaged composite laminates.
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Fig. 8 SEM images of tensile fracture of composites with different curing crafts
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Tab.2 Tensile test results for different specimens

e PEAPSRE/  bRMEZEME/
Gl MPa %
5 E AL B MR 124. 43 6.4
HLE Ak A8 AR AR 131.72 2.0
AAE FMRAE 102. 89 5.2
Fr i A 147. 91 8.8

1 2 P B ds T LA Y B R A AN RE 1Y
LA S8R RS A A SRR 1) 69,6 04 Gk B X B R Y
T35V RE R R B 5 A8 b i 1R B3 A 56 J3E A4 X T
REAMAFE A 3 B4 5 SO0 8 AL 18 AN AR 1)
1 JRE AT A bR v IRE B 84 104 . J2 R B i A
19 1. 21 4, 5 R A A AR A 25 L 2B 55 S0 [ Ak
NG Xk 2 SR BE B b ) A R RO AT LA I
MRCR .

A MRHZAME HILE  FLR AR 19 R BOE 5
A LR W UL B AR 10 FR i 3 2k
B Cad b 5 5 A+ 32 PR O b R T A 52 4
5 JEE 5 58 B R R 22 R /IN L T LA BT Ak AR A B

WS 2 ) B R AG (D) SRR LR A R
PR P 5 AR R 5 3 2 R Sy A P R 2 T i 4
(> SR (4 L JZ #5075 o W 28 A W7 SR PR LK
(8 bR TR A R AR R T Ry B A AR
TR BT AN S — AR DN AR A b 1 R B Y
AN A L i BT Ak Rl 4 5l B AR T SR AR L T
LR FLIH e TT 5 (o) i R R A AE S A AL 723X R
DL b F 5 e (AORS $ 5 5 B 4D a1 4T
B AR Ak e A £ 5 B2 DR T A Ao i A TR 2 A
AT B 19 07 7 2R 80, DT 5| A k1A 0BT 285 1t
i R A+ ICR B4

L~~~

() *hJr MR (b) Mo EHEHTR

5 =)

(c) BANZE HRAR R BT
P10 4Zh iaA 1) 1L R B IR 37

Fig. 10 Typical fracture regions in repaired specimens

LEE AL 0 VAR S 1) 7 ol £ A0 aCRE e B A8 bt
FER BRI A3 R B B 10 (o) i R i IR S B -
IR S P A B DX 3 my i Ak R W 2R 8 A U
Fir 5 BE A — L e A T 2R T R B A BE A B 7
RS B AN W R IR T SR Z B B
RLAF P45 & » HAEHL I 7 v 5 DA 5 B A A I
Koy 2 AR IR T I A 2 5 % 01 B HRCR B
U B AN A R 1 ) 2 PR RE A 0 3 KA s TR
SO AL B AR 5 AR A6 18 0 R B A A (R
RGO 2 DR T W A8 4 7 A b 19 10K ) 27
PEREAR 2 . D18 IR 5 18 4 1CRE 10 B3I DX 3804 (4]
11 .

LR A A AR B DR 4 e A A B T 9 A
TRBEAGAL o X — 7 T P O L B b R BE



644 Mo oM o= M

¥ 46 5

(a) 2OLRE1k

(b) #JEH 1k
B 11 Rk IR 5 15 0 R ) i BR IX 5

Fig. 11 Fracture regions of broke specimens under tensile

AW AR AL AR LA R A — S T AR
RO JoAe i AL AR YR s [ i TFB AR
FHAR & T R T 20 HL R i 2 Ak I A T AR K
(3 E 732 DX S AR ) 77 AR W DX S i/ 119 22
B 52 i L RE W I 2R B e A AR X

LG 1 A R 1R L {5 J5E R SR AR S 7 T
PRI L 5 AN A S G R RE Sk BERE BAT )L
18 AN RICR S 2R T 52 AN AR B2 5 8 RHE P I R X g5kt
B AT A A — R PR A B B A0 T 3%

TR B

(1) 2R 58 O B E A ] 5 19 26 8 Jig 515 41
BHEA RAF A 255 J1 24 PR BE » FLRL A R BE R 2 il 4k
RES 10 TR AT A6 T 2000 o (9 S5 b1 T T 4
IR 5 min, X 15 G0 24 18 46 T2 KK 4 4
T AR A

(2) R JHER A — Wk I Al 250 il 75 1 525 44
(4 3 2 R BE AT WS B A RS2 W L S T 2 il 52 5
RS PR RE A B — 2 IR

(3) 2R FI 8 A BB T 20 A5 b — W fe Ak T 20l
A RO AL OF A B B 220 2 &
PRk F Bt I 2 A 0 2 A 20 A 35 2] B i S 1A 15 £ 2
Z R 255 R T BUE b A 138 3R L 27 4 2 T 1
B U RAR T A YE G SR AR L S T A R R
JEE Xk 5% /I ] A 19 52 00 SR T U SR A T A T 20xt T
e R SR A E A H AR TR S5 R R
A PRl B A B2

(4) SAMNE LI A MR & A N LB a2 &
BORE B R B AN OR - SR AT S E AL S 45 #1
THE R e Xt 5k B R AT 18 D2 — Bl PR A R 18
*TT
S E 3k

(1] 9K3IT. s, WL, %. EA e S8 E
J5 A R AR IR 97 R RE I S e LT ], e B S i R R 2
#2010, 42(3): 369-373.

Zhang Ding, Yang Xiaohua, Zhou Kai, et al. Effects

of patch parameters on fatigue performance of metal-

(2]

(3]

(4]

[5]

(6]

[7]

(8]

(9]

[10]

[11]

lic structure repaired with adhesively bonded compos-
ite patch[J]. Journal of Nanjing University of Aero-
nautics & Astronautics, 2010, 42(3); 369-373.
FAr M, B A, HEER. CHLE G M RPR s
AR BRI K4, 2006, 27(2): 51-52.

Zheng Lisheng, Li Yuancai, Dong Yuxiang. Investi-
gations and applications of advanced bonded repair
technique for aircraft composite structures[ J]. Adhe-
sion in China., 2006, 27(2) . 51-52.

FENE, SRS, A MR X I R R A e K 4k is (]
KUAE, 2012(7): 92-95.
Xue Ling, Zhang Jie. Inspection, maintenance and
repair of composite material wind turbine blade[]].
Wind Energy, 2012(7): 92-95.

R, B, PNV SR AN BH S O [ Ak R A R
1] ¥R 5308, 2007, 28(10): 1-4.

Nie Jun, He Yong. Sun Mengzhou. Progress in cat-
jonic UV-curing[J]. Coatings Technology &. Ab-
stracts, 2007, 28(10). 1-4.

Golaz B, Michaud V, Leterrier Y, et al. UV intensi-
ty. temperature and dark-curing effects in cationic
photo-polymerization of a cycloaliphatic epoxy resin
[J]. Polymer, 2012, 53(10): 2038-2048.

ER . EAEAE. R E SN A BB E R R
LHESMEOEEAAAT R LT]. 22 M 3858 w2 i
2012, 31(3): 171-176.

Wang Xinwei, Li Feifei, Ren Ni, et al. UV-curing of
hydrogenated bisphenol A based epoxy resin and its
composites[ J]. Journal of Lanzhou Jiaotong Univer-
sity, 2012, 31(3): 171-176.

Putzien S, Louis E, Nuyken O, et al. UV curing of
epoxy functional hybrid silicones[J]. Journal of Ap-
plied Polymer Science, 2012, 126(4); 1188-1197.
Park H J, Ryu C Y, Crivello J] V. Photoinitiated cat-
ionic polymerization of limonene 1, 2-oxide and o-pi-
nene oxide[ J]. Journal of Polymer Science Part A:
Polymer Chemistry, 2013, 51(1); 109-117.

Tehfe M A, Lalevée ], Morlet-Savary F, et al. Near
UV-visible light induced cationic photopolymerization
reactions: A three component photoinitiating system
based on acridinedione/silane/iodonium salt[J]. Eu-
ropean Polymer Journal, 2010, 46(11). 2138-2144.
Bulut U, Kolay M, Tarkuc S, et al. Quinoxaline de-
rivatives as long wavelength photosensitizers in pho-
toinitiated cationic polymerization of diaryliodonium
salts[J]. Progress in Organic Coatings, 2012, 73
(2): 215-218.

Sangermano M, Messori M, Rizzoli A, et al. UV-

cured epoxy coatings modified with perfluoropoly-



%4l

R A5 S AN AL PR S IR B2 45 BRE R A Ak BE F 5

645

[12]

[13]

[14]

[15]

[16]

[17]

ether-based materials[ J]. Progress in Organic Coat-
ings, 2010, 68(4): 323-327.

Li G, Pourmohamadian N, Cygan A, et al. Fast re-
pair of laminated beams using UV curing composites
[J]. Composite Structures, 2003, 60(1); 73-81.

Li G, Hedlund S, Pang S S, et al. Repair of dam-
aged RC columns using fast curing FRP composites
[J]. Composites Part B: Engineering, 2003, 34(3):
261-271.

Li G, Ghebreyesus A. Fast repair of damaged RC
beams using UV curing FRP composites[ J]. Com-
posite Structures, 2006, 72(1); 105-110.

Bk, xRk, AW, 5 OGREE S A B T AE
RS A R AT )], = R R, 2003
(7): 65-67.

Wei Dong, Liu Chengwu, Wei Ziming, et al. Appli-
cation of ultraviolet curing composite patch in aircraft
skin repair[J]. Aeronautical Manufacturing Technol-
ogy, 2003(7): 65-67.

BiAR, whAE, XSGR, —Fh TRATLGE by P A5 BB B R
MBFFE L], fdE TR, 2011, 32(23): 150-153.

Wei Dong, Han Fei, Liu Chengwu. Development of
new material for fast repair of aircraft structure[J].
Packaging Engineering, 2011, 32(23): 150-153.
LB, IR, BEEHE FOLBR AL AT

[18]

(19]

(20]

[21]

JER, 1989(1): 17-23.

Hong Xiaoyin, Feng Hanbao. Cationic photopoly-
merization initiated with onium salts[ J ]. Polymer
Bulletin, 1989(1). 17-23.
WAL, m T e2EIMD dEat.
2007.

oz ol R

Pan Zuren. Polymer chemistry[ M]. Beijing: Chemi-
cal Industry Press, 2007.

PRERA. EAM et mismM]. dent: iz L
b AL, 2001,

Chen Shaojie. Manual of repair of composite struc-
tures| M]. Beijing: Aviation Industry Press, 2001.
ARE . T R G bR Z AR 451 35 A E
HHARLI]. AR, 2003(4): 12-18.

Zou Guofa, Ma Jun. Cutting & repairing technique
for resin-base composite material elaminated-plank
[J]. Hongdu Science & Technology, 2003(4). 12-
18.

L, XINE . 2208, & EAME RN R G MR E &
M Am v Re i 2 ma [T 0. o [ R R 2 % 4k, 2013,
31(3):50-53.

Ji Chaohui, Liu Kuo, Li Na, et al. Tensile perform-
ance of bonded scarl repair of composite panel[]].
Journal of Civil Aviation University of China, 2013,
31(3):50-53.



