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Complete Aircraft wing, tail (loft)
V-n Diagrams

Wing Design Loads

Wing Structural Sizing

Reading:
Nicolai, CH 19

1.

2. Niu, Airframe Structural Design Chapter 3

3. Bruhn, Analysis and Design of Flight Vehicle Structures, Chapter A5

4. NACA TN-921, THEORETICAL SYMMETRIC SPAN LOADING AT SUBSONIC SPEEDS
FOR WINGS HAVING ARBITRARY PLAN FORM

5. NACA TN 2282, AN IMPROVED APPROXIMATE METHOD FOR CALCULATING LIFT
DISTRIBUTION DUE TO TWIST




Exercise
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« Complete Wing Loads and plots net shears, bending moments, and torsion
VS. wing span
— Nicolai, CH 19 — very old school, but gets a good answer
— Bruhn Method — similar to Nicolai
— Nui Method — more detailed

 Load Types
— Basic Aero Loading
* Loading at C =0 (load due to wing twist)
— Additional Aero Loading
* Due to AocA
+ Section of the wing (2D) C,,
» Used to obtain spanwise lift distribution
— Engine/Prop Air Loads (if applicable)
— Inertia Loading
« Wing has its own weight



a.c. and Basic Air Loading (From Nui)
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a.c. location vs span

Section Lift Coefficient
vs. span for C, =0

Section Moment
Coefficent vs. span for
C. =0

C,.. — pitching-moment coeff. for
zero net wing lift on
the wing.




Spanwise Additional Lift Distribution
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Inertia Data
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Fig. 3.11.16  Given wing inertia data.

Nui
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Nicolai Method
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« Great cookbook method for spar cap sizing
— CH 19, example 19.2
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Bruhn Method (use your aircraft design)

Use Section CIRINEESIT
Use .40c for ,
Chord to ratio -
reference axis
which weight )
TABLE A5. 1
CALCULATION OF WING SHEAR V, AND WING MOMENTS My AND M,
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Nui Method (use your aircraft design)
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Fig. 3.11.18  Wing spanwise load distribution curves (data from Fig. 3.11.17).
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VSAERO examples — Eye Candy
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More Eye Candy
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Report tasking

Develop V-n diagrams

Develop wing loads

Size spar caps

Develop design for wing/fuselage interface
— Calculate and present loads you are reacting
— Show load points/reaction loads
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