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'f\ Healing of CFRP composites
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Composite healing approaches:

 Embedding liquid healing agents contained in micro-capsule or vascular system in the
composite.

* Embedding solid thermoplastic microparticles in the composite.

The challenge: Healing agent - >

O

* Unable to heal damaged carbon fiber Q O Crack O

* Impact-induced carbon fiber fracture is generally severe - |
e Carbon fibers are the main load carrier of CFRP ﬁ% 6
Oﬂﬂﬂding O




i) Helicoidal laminate
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Bio-inspired helicoidal structure for CFRP laminate
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‘ ) Unique damage pattern of helicoidal laminate
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((D) Unique damage pattern of helicoidal laminate
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 Spiralling matrix splitting

 Significant decrease in fiber damage

* Angle, ply thickness, matrix property dependant SR .
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("D) CFRP/CFRTP hybrid
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("D) CFRP/CFRTP hybrid
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—SH47 Virgin specimen  (17767N) —CP47 Virgin specimen  (15839N) —DH47 Virgin specimen  (20784N)
SH47 Healed after failure (16124N) CP47 Healed after failure (8942N) DH47 Healed after failure (9681N)
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CFRP prepreg \! = CFRP prepreg
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;) CFRP with nylon toughening/healing particles
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;) CFRP with nylon toughening/healing particles
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;) CFRP with nylon toughening/healing particles

|

| Small fiber damage

H6-70 ; H9-60
healed after impact healed after impa

j (Back) P | (Back Large fibe:

Local spiraling crack

21867

1 133 N —o—Kevlar Helicoidal
P --o--Glassfiber Helicoidal
o ...12380 _______________________ . —e—Carbon Helicoidal
B 11018 10501
Y 5 10 15 20 (degree)

'K-H73(2.5) Optimal
4 Ma{rix splitting exte

Lto edge of specimen

G-H73(5) Optimal ~G-H73(10)

Matrix splitting extending ‘
| '~ near to edge of specimen
, N

atrix splitting extending
to-edge of specimen -

'H73W(10)

Matrix splitting extending
to edge of specimen

Matrix splitting extending
toedge of specimen

‘, : Fiber breakage Matrix splitting extending

10 edge of specimen



1) Conclusi
‘&/) onclusion

Laminates with helicoidal structure resist fiber damage
Helicoidal laminates with smaller inter-ply angle are more resistant to fiber damage
Nylon6 toughens the laminate interface and heals the damaged matrix

Helicoidal laminate with Nylon6 interlaminar toughening/healing agent has good mechanical
performance and it can fully recover from a much higher impact energy after healing.

Thank you!
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