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Abstract In order to study the influence of different repair methods and different damage sizes on the tensile properties of

composite laminates, experimental investigation on static tensile strength was designed and carried out in this paper with five

groups of test specimens, including no-damage specimens, adhesive repair specimens and adhesive-rivet hybrid repair specimens

with 60mm and 30mm circular hole damage for composite aircraft skin. The three-dimensional finite element simulation models of

the test specimens were established, to analyze the difference between the five groups of specimens in terms of failure strength,

failure mode, stress values and distribution, and critical sites. The results show that the adhesive-rivet hybrid repair method is a

better choice which changes the stress distribution of composite repaired parts, reduces the stress concentration effectively in the

critical sites, and improves the strength recovery rate of the structure.

Key words

distribution

Composite structures; Adhesive-rivet hybrid repair; Tensile strength; Finite element method; Stress

Corresponding author. LIU LiPing ,E-mail ; liuliping_tj@ 163.com, Tel. +86-22-24092414, Fax . +86-22-24092414.
The project supported by the National Natural Science Foundation of China( No.51405491,51605331) ,and the Fundamental
Research Funds for the Central Universities ( No. 3122017028 ) , and the Civil Aviation University of China Experimental

Technology Innovation Fund( No. 2017SYCXO02).

Manuscript received 20190111 ,in revised form 20190427.

Ell

52 L FUAT G B3 5 LSS B2 T
RSP 5 00 B E R R e S
BPRRS R GO AE R BLAGRI T S B
5 BTST (195 2 bR BEEL 15 ) L85 46§ 34 7 k09
S0% . AT, KALAEIZ TSN il S KD

T

BERABRA TR, TR LS L i
AT B AR A AR S LA ) D RE 5 B PR A
Gl EErE, XA AR S B R HE AT A —
RIS ARG A B30 U0, 10X 03 KHLAS # A 44l 5
PR R AT B B S, R KT R e B R
D

A FORNR R 8 BL5 20 BB B UGS 1%

x 20190111 U EN9IHa, 20190427 e BEHH ., FX HARBAIES I H (51405491, 51605331), e m s ARMIPY 45 2% (3122017028), F

RATKFLEHE AP 4 (2017SYCX02) ¥hh,
wx XL, 5,

1983 4F2L, BURR, B BRUREEPIIN, 4, EEOOT N SR BB,



64 ML M

5,

I3 2021 4E

IEHANR BB B = A, AUOZE B8 B AT SRAFHOR 1 1%
FESRIE 5RO HUIN, PR B R B R (H T LA 55 44
PR, BSR4 K AL RN B AR R
G B AN AT A 5], BRI B A
RIEZAb , HAR L RE ) s BRI 4K

AWM EHRE G B BAE R —Fh 4 & B BRI LK
HEREINERE ), 5 R ARG E AR Z M
Wz Ab, IR A I — 7 T AT DA AR e e Ak 48 NI AL
WA N ) AR T 55 05, SORT ARG B 1B 30 ) 3%
IR B B AR R s IRA B
0 R G R RIR G e e, X T RRIR &
B CARZ SR HAT T A B 7T AR FROT
3T, EANT I, Kelly GO AL 25 184 AL 32 fk A
AMEART 5 1 = A BROTRE R %) 52 5 44 R B
FEALAE L BT o A AT T, A FROC S E
FE IRV T AHSCHT S BT S RO IR R A% 188 1y B 5200
I RIS AT BROT A R EAT 1 e, g 45 2R 5 AT R
JLLE W) A WA, Barut A %“” % F Mindlin A0
Timoshenko J2HEIE 1 XTE A M BHE G HCAFEH2 (184
RGEE ) 77 JTE - T AV 1) 407 2800 R B9 T 0B, 42 1Y
T—FE TR %, Kweon ] H 5 XH8-2 G40k
MHEHEHSR AT T I3, A5 30 1 e | A5 B [ 0 e AR
TR = Ak B R RN A=, [ T
FA ST (R A B SR U AU S AL R R N4
BOME K R SR Abaqus PEAT T BE-IBUR A R
A BROTR S B/ INA TR ken A Al e
XTSRS A BHER (BHRIRET) TR 5 e e 45 A il
MPEREIEAT TR ST, 204 TIRET A28 4 mm A1 6
mm PIRPE LT AT BRI IE 2L, I R Y
SEh LT T IR G A R AR, BT
R < WA T LA Ao L S Ao T RS O i G i
VR R S IR T AR O, s ORI

IRBIFTE R R XT SS R R R R A 3 Y B
55, MAEX IR G & 98, 7R GBI H)
TR BT, KA 2 06 T8 b R BR A 4 4
FESK B E AT S BIE B AY 0 I BIR A 1 H A5 1Y
LI . S Gomez AR T —Fh i B T
SERIA AR USSR AR S8, SR S B RS 3]

B 7 R, PRI/ AR e v R PR Bl
Liu J #1 Sawa T'' FIH =445 FROTAL AL | XF 4125 A
FH R S R A 122 3K 1Y I ) R B E AT T 4 AT, O
XTRHORS By 0 A S AL ET B0 T K O AT TSR
Chowdhury N M 217 5% HI 45 BR 7€ 43 A7 5 5 56 31F 1 #L
B B R A WU 42 2 43 1) ok 38 R o7 a1
HpraE S ¥E MSC. Patran/Nastran 3K F 6 F, @l T
KTFTEAMEZ AN 4 R R A E N A
BROCASE Y | 38 b 3 14345 AR ] 342 422 0 SR80 ) 17 g 3
T i k4% .

SIS T WGSBS B BFSE A 1L, B A kR
RA BT, THE " LU A M8 T300/QY8
911 EEHCNBEL FH Ansys A BRICHPERIFSE 32 5
132 A et I F A6 215 i B0 IR & 1B B 7 22 1k
X A, — R AT K PG B S LG 1216
HRZE A A AT LUK B B 4 B S FRACR

ERT, & T2 G M ke B A 18 B 4 BIF 52 AR X 4
b A A R R X e TR A5 16 455 ) A i
BT SEHBR S3HT, AS SCET A B A AR LSS B
WAL RlE S 5 A BR OGO B BT A2 A BF A
& B 3 LA KA 145405 R < {6 B8 A - B e 1 g
SR, e BT R AT T, X He i T = A AR
i .60 mm F1 30 mm 15 FLAR A J5E A8 B R e 490
TRA B AR IR 2 Ay SR A X  B H7 43 A L I 1
AN FISE IR, BFFT4E RN E A RHR CHLSE fe 1
PR A PR B R AR S

1 iRIE
1.1 R

BT T 5 HEAAEVZE G IRE A, fd
34,15 M, gk 1 iR, W1 4150k 2 8 B e i
Uit A w2 G A (LR fRTRR TR ) |, g5 539l
M 1~3;H1 HiRB RS L4 60 mm (195 54k
AN A BN, di 5N 4~ 6, H2 41l
4130 mm (E A FRIRBINR A1 BRI 2 54351
H7~9;J1 Hil e R L2 60 mm A 425 31
B, IR 254 TR 10~ 12,12 AR IR L%
430 mm (Y HCHASERAR , i I 25 43 BIh 13~ 15,

F1 HEHEASH
Tab. 1 Basic parameters of test specimens

45 ENEE e RSl B AR
Group Specimen Specimen type Damage hole/mm Patch length/mm

Wl 1~3 TeHHL No-damage

H1 4~6 RANEABEHAMR Hybrid repair 60 187.5

H2 7~9 AR A B Hybrid repair 30 157.5

J1 10~12 B H Adhesive repair 60 187.5

2 13~15 B HAEZEM Adhesive repair 30 157.5
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Fig.1 Schematic of no-damage specimen
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(c¢) Hybrid repair specimen
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(d) Part sectioned view of hybrid repair specimen
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Fig.2 Dimensions of test specimens
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Fig.3 Photos of some test specimens
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Fig.4 Schematic of no-damage specimen clamped

by tensile testing machine
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Fig.5 Load-time curves measured from tensile tests
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Tab.2 Average failure loads of different groups of specimens

ik (AL SE R B AT SRR
Group Specimen type Average failure load/kN Strength recovery rate/%
w1 JCHM  No-damage 181.116 7 100
H1 EAIRABFR-60 mm  Hybrid repair—60 mm 121.717 5 67.20
H2 RHNR S B -30 mm Hybrid repair-30 mm 126.27 69. 72
I FAE B - 60 mm
I Adhesive repair—60 mm 93.76 S1.77
B A —
1”2 B 30 mm 88.49 48.86

Adhesive repair—30 mm

(a) EFARBIAR R

(a) No-damage specimen

(b) B BAB BRI AR K

(b) Adhesive repair specimen

K6 JLHih 51 HAR BRI AR

Fig.6 Failure modes of no-damage specimen and repair specimens
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(c) Hybrid repair specimen
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Tab.3 Material properties of composites, adhesive layer and rivets

E, /GPa E,,/GPa E;;/GPa Mo Moz M3 G,,/GPa G,3/GPa G,3/GPa
TI00/BA9916 121 8.7 8.7 0.3 0.45 0.3 4.16 3 4.16
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Fig.7 Mesh of specimen finite element model
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(c) Hybrid repair specimen
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Fig.8 o, Stress distribution of 0° ply of motherboard
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Fig.9 von Mises stress distribution of adhesive layer
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