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Experimental study of composite laminate adhesively tapered-scarf repair

WANG Suian, XIE Zonghong, LI Xiang

(School of Astronautics, Northwestern Polytechnical University, Xi‘an 710072, China)

Abstract: Tensile experiments on adhesively scarf-repaired composite laminate joints were conducted, for analyzing
the stiffness, strength, failure modes and key positions’ strain distributions of the joints with different scarf angles
and extra ply numbers subjected to unidirectional tensions. A kind of carbon fiber woven reinforced composite was
applied to fabricate the base laminates and repair patches, and a kind of curing modified epoxy supported film
adhesive was used as adhesive layer, designing a series of specimens with one extra ply or two extra plies, of which
scarf angles are equal to 1.8°, 2.6°, 3.5° and 4.4°, respectively. Tensile experiment results show that stiffness and
strength of the joints are negatively related to scarf angles in the range from 1.8° to 4.4°. Adding extra plies helps
enhancing the stiffness and strength of the joints. The failure modes of the joints can be summarized into four types,
which are related to scarf angles and extra ply numbers. The longitudinal strain changing at the key points of the
joints can be applied to reflect the failing process of the joints dynamically.
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Fig.1 The temperature cycle used for curing the base laminate,
repair patch and making the repair
F1 EEWMHESRMNEER M BHERNFERE
Tab.1  Mechanical properties of the materials applied on

specimens of composite laminate tapered scarf repair

HAE HAmsppEsiE BimsEsiE ST EIEGE JAkaLh
PEfE E, / GPa E,/ GPa G,/ GPa v,
T300/CYCOM
. 66.5 66.5 4.7 0.07
970 ( FAEHE)
T300/CYCOM
o 59.1 59.1 3.9 0.05
970 (FAML)
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Fig.2 Geometric parameters of adhesively taper—scarf joint
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Tab.2 Geometrical properties of base laminate and repair patch

and adhesive film

RGIE=3 B4R #hA = JBE

HEIE  (0/45),  (0/45), (0),,n = 1H2 -

il e 8 8 1~2 -
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Fig.3 Specimens with various angles (with two extra plies)
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Tab.3 Specimen numbers and geometrical parameters

‘ - BHIIEAMA/(°) Rt 2
WA P E - .
it oss EH
A-1- o
(1103) 3 2 1.8 !
A-2-(1103) 3 2
B-1-(1to3) 3 1
3 2.6
B-2-(1to 3) 3 2
C-1-(1t03) 3 1
4 3.5
C-2-(11t03) 3 2
D-1-(1to 3) 3 1
5 4.4
D-2-(1 to 3) 3 2
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Fig.4 Tensile testing setup of scarf-repaired specimen
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Fig.5 Strain locations on the surface of the repair joints
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Fig.6 Load deformation curves for adhesively bonded joints
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Fig.7 The stiffness of tapered scarf joints of composite laminate
with various scarf angles
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Tab.4  Distribution of failure paths observed in the static tensile tests
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Fig.8 Four typical failure modes of specimens
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Fig.9  Load displacement curves for tapered scarf joints of

composite laminate with different scarf angles (with one

extra ply)
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Fig.10 The strength of tapered scarf joints of composite
laminate with various scarf angles
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Fig.11  The typical stress-load curves for the specimens
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