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Summarizing Figures for thin-ply bi-angle NCF composites and their design

How and Why Bi-angle Non-crimp fiber/fabric- NCF?

Why Bi-angle Thin-ply NCF? Homogenization and anisotropy intrinsic!

QAR
Why Bi-angle? | Why Thin-ply? Why NCF? -
[0/25] NCF Machine produces
L thin ply bi-angle reinforcement

Simpler building  Tougher laminate  Mass producible

(upto 1.2 m wide x 100 m roll)

block Flip over
Anisotropy Improved quality Shallow angle
[-25/0]
No micro crack  Less delamination Handling - -
. . - - - Machine run
Asymmetry Homogenization 1-axis layup diraction
Chomarat, France
Stiffness and Strength: Theory vs Data T700/EPOXY NCF equivalent properties (V,=0.64)
050 <v,<0.68 Tool: Michiac-npiane ENEREEICED 1072450
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& (degree) & (degree)

Test Specimen (with 0/-45 NCF)-Restored Strength
Ql laminate, specimen cut at 22.5 and 45

Seam orientatiom~__

Tape-laying of bi-angle NCF
Seams at off-axis plies
90/45)

5)

Lay-up of the

(0/-45)  strips from With respect to Load direction:  [EYEE L] Test (seamless
bottom to top [-67.5/67.5/22.5/-22 5] 600 MPa)
0/-45/90/45 No staggering 0.45 0.65-0.72

(all 22.5 plies)

Staggering 0.79 - 0.95 0.83 -1.00
(one of the 22.5 plies)

With respect to Load direction:
[90/45/0/-45]51 Test (seamless
750 MPa)

No Discontinuity

No staggering 0.38 0.33
(all O plies)
Staggering 0.74-0.91 0.80-0.93

—udl
Discontinuity

No stagger (one of the 0 plies)
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Why Anisotropy?
In-plane stress state — Failure criteria
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Failure Envelopes by ;!
MicMac-Inplane

Region of Combined Loading where
(0/25) sublaminates superior than Ql

(0/25)NCF/epoxy -- Vi=0.64 FPF envelopes-stress space
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Why Homogenize?
Equivalent/sublaminate properties in design

Treat stack of sublaminates as homogenous shell
of the same total thickness

=
|[EE——
[() / g]rr Homogenous single shell layer
Thickness £, =1, N Ly
Stiffness Ply stiffness Equivalent sublaminate stiffness
Ply strength Equivalent sublaminate strength
Analysis Ply-by-ply Single shell layer

Failure envelopes, FPF and LPF
Homogenized VS ply-by-ply
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Why Anisotropy?

solated single load cas
\!ﬁdemrmamn
= (Uld))m

Combined load

Single mode deformation

Homogenized laminate

Optimization: for constrained tip displacement, |dtip|< 30 mm

300 my
Loading
px: distributed axial

pz: distributed transverse force
mx: distributed bending moment

force

pr

my: distributed twisting moment

Control of Deformation
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halfthickness (mm)
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===(0/45), |d_tip| <30 mm
e 0/45/-45/0), |d_tip| <30 mm
w==(pi/4), |d_tip| <30 mm
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spanwise position (mm)
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