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Difference between Quad and emerging DD

No bounds, stacking sequence, D61



Relartive stacking of Quad vs DD



Tsai’s
D22*/Tr: 0.20; cv = 1.4%

Trace, GPa Trace, GPa

Trace:

Bending equation:

Hard laminate: [±0/±50]6T

No master ply in flex for quad
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Material independent



Master elastic constants of CFRP laminates
Master stiffness: material independentMaterial

Qxx + Qyy + 2*Qss



IM7/977FPF LPF

Omni FPF Omni LPF
Control: all ply angles Control: [90], [0] only
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T800/Cyt 
expanded:

17 laminates

Master: T4708/MR
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[60/0] 
expanded:

15 mat’l

Master: T4708/MR
Baseline: [0/90]
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Master DD plots for CFRP 

R

[15]

[0]

 = 
[45]• [30]

[90]
[75]

[60]

For all CFRP
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 = 

[75/30]

A66° = (1 – A11° – A22°)/2

Property ratings 

A11° and A22° are 
complementary:

[75/30] for [15/60]
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Homogeneous
DD laminates

Heterogeneous
quad laminates



170 mm

Figure 1 [±19.3/±67]rT with r = 1, ... 8, using card sliding technique, AS4/8552, single-sided diaphragm forming, 
autoclave cured at 180°C

Single
ply drops

Weight reduction:  41.5% CFRP; <60% Alum

Double-double: exterior ply drops in singles:
Free of defects and warpage; constant properties

Interior ply drops in pairs: mid-plane symmetry; 

Full of discontinuities; properties not constant

Erik Kappel

DD: [±19.7/±67]



Weight savings from [QI] for various layups
Riccio & Di Carpio



Tape deposition rates of 1-axis layup over 4-axis



E1° = 60, E2° = 35, E6° = 13 GPa

Pre-plied DD tape with thin plies: [0/60/0/-60]T
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T700/epoxy: 

300 mm wide; 120 GSM

°  Minimum gage < 1 mm

°  1-axis layup: 6X speed

°  Homogenized < 1mm

°  Easy tapering

°  Ply drops in singles

°  No interior defects

1, MPa

, MPa

Euro-Ace



[+45/90/-45/0]2S

16 plies

[+0/+60/0/-60]17T

17 layers

Mid-
plane

Quad: heterogeneous PPDD: homogenized
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Opportunities 

• DD is a straightforward application of laminated plate theory

• Simplified design, and testing

• Unique use of thin plies and pre-plying

• Significant weight and cost savings: 1-axis layup and tapering

• Need to learn scaling for generic solutions

• Need rapid testing for design allowable and certification

• Many new applications beyond aerospace and sporting goods
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