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❑ A need for Quality Testing of Aircraft  
Components was identified

❑ Especially for Parts made of Carbon Fiber 
Reinforced Polymers, CFRP

❑ Efficient and easy to use – by Production 
personnel

❑ Focus on structural performance
rather than identifying voids, visible defects

❑ An additional use of the method is for used 
parts - to Identify need for Repair, Replace
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❑ Ultrasonic testing

• Identify Voids and non-homogeneities in the sample

• Special equipment, trained operator

• Not necessarily giving reduced operating performance of the part

❑ Thermographic inspection

• Identify Voids and non-homogeneities in the sample

• Special equipment, trained operator

• Not necessarily giving reduced operating performance of the part

❑ Acoustic emission [“Traditional”]
• Requires part to be in operation condition

• Not suitable in production environment

❑ Experimental Modal analysis

• Requires vibration Special equipment [Accelerometers, vibrometer, force gauge], 

• And a trained operator
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❑ Tap-test
• Using Radiated Sound for Structural Eigenmode 

detection

❑ Challenges
• Applicable for the typical components?

• Test setup in minutes possible?

• Reliable? 
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❑ More than 200 CFRP Parts per Aircraft
❑ Transition from  “Prototype Workshop” to Serial Production Factory
❑ Production Rate: 12 Aircraft / Year
❑ Quality is paramount  



❑ Structural 
Dynamics

❑ Acoustics

❑ Vibro-Acoustics

2025-10-25 6

𝜕2𝑃

𝜕𝑡2
− 𝑐2𝛻2𝑃 = 𝑄 (11)

𝑄𝑠𝑓 𝑡 = 𝑐2𝜌 𝐴׬ 𝑁𝑠𝑁𝑓 𝑛 ሷ𝑋 𝑡 𝑑𝐴 (18)   

𝐾𝑠 ෠𝑋 𝜔 − 𝜔2 𝑀𝑠
෠𝑋 𝜔 = ෠𝐹 𝜔                              (10)

𝐾𝑠 𝐾𝑠𝑓
0 𝐾𝑓

− 𝜔2 𝑀𝑠 0
𝑀𝑓𝑠 𝑀𝑓

෠𝑋 𝜔
෠𝑃 𝜔

=
෠𝐹 𝜔
෠𝑄 𝜔

    (19)

𝐾𝑠𝑋 𝑡 + 𝑀𝑠
ሷ𝑋 𝑡 = 𝐹 𝑡                                         (6)

𝑋 𝑡 = ෠𝑋 𝜔 𝑒−𝑖𝜔𝑡                                                   (7)



2025-10-25 7

D1 45/-45 D2 0/90 D3 45/-45 D4 0/90

Tot 2.2 2.2 3.0 3.0

NPly 7 7 5 5

Ply 0.314 0.314 0.6 0.6

Mass 95 g 95 g 130 g 130 g

Density [kg/m3] 1450 1450 1450 1450

Material, “CFRP A”
MAT8, Orthotropic 
E1: 110 GPa, E2: 10 GPa,  : 0.05
G12: 5.0  GPa, G1,Z: 5.0 GPa, G2,Z: 5.0 GPa
Density : 1450 kg*m-3 

Plate w. foam 
and CFRP 45/-45

Sound vs. Vib. 
Radiation Efficiency
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❑ Essentially:
• The Vibro-Acoustic coupling is 

low from a structural point of 
view

• The effect of the Acoustic 
Environment is negligible

• Test results can be compared 
with FEMA in terms of 
radiation efficiency and 
directivity 

❑ Noticed:
A. The plies are over-sized; 

requirement on overlap - can 
be more [hard to model]

B. Groove or not at the flange
- effect on Eigenmodes 



❑ Database with
Production part testing
Vcomb_Sept10

❑ Additional 
“Development Test” 
• Landing Gear

• Small area parts
(e.g. WID 022/023)
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❑ Database Vcomb_Sept10 (cont.)

CSA102S:  4  Tested Parts.
CSD085S:  2  Tested Parts.
CSD085M:  1  Tested Parts.
CSD086S:  4  Tested Parts.
CSD086M:  3  Tested Parts.
CSD090S:  2  Tested Parts.
CSD091S:  2  Tested Parts.
FUD017S:  2  Tested Parts.
HTD009S:  4  Tested Parts.
HTD009M:  1  Tested Parts.
HTD020S:  1  Tested Parts.
HTD021S:  1  Tested Parts.
HTD023S:  1  Tested Parts.
HTD030S:  1  Tested Parts.
HTD030M:  1  Tested Parts.
HTD031S:  1  Tested Parts.
HTD031M:  1  Tested Parts.
MGD001S:  6  Tested Parts +1.
MGD001M:  6  Tested Parts +1.
NGD030S:  4  Tested Parts.
NGD032S:  4  Tested Parts.
WID020S:  1  Tested Parts.
WID021S:  1  Tested Parts.
WID022S:  5  Tested Parts.
WID023S:  5  Tested Parts.
WID024S:  1  Tested Parts.
WID024M:  1  Tested Parts.
WID026S:  1  Tested Parts.
WID026M:  4  Tested Parts.
WID027M:  2  Tested Parts.
WID033M:  1  Tested Parts.
WID037M:  1  Tested Parts.
WID038M:  1  Tested Parts.
WID039M:  2  Tested Parts.



❑ Laminate of CFRP and Fiber glass
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“Pad”
“Many layers”
[Confidential]



❑ Forming in Mold (typically aluminum Molds) 

❑ Vacuum bagging

❑ Cure in autoclave [Pressure 5 Bar, Heat]
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❑ Vital 
Component

❑ Structural and 
Visual

❑ Third 
EigenMode is 
torsion, with 
low sound 
radiation 
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❑ Measurements for
• MGD001M07E, AC 20, and SN 

23004

• “Mirror” Right Hand Side

• Three impact locations;
Test 1-3, 5-7, 9-11

• 4, 8 and 12 are Average spectrum

❑ Measurements for
• MGD001S07E, AC 20, SN 23004, 

and SN 24001

• Left Hand Side

• Three impact locations;
Test 1-3, 5-7, 9-11, 13-15

• 4, 8 and 12 are Average spectrum

AC 20, Pad

SN 23004

AC 20

AC 20, Pad

SN 23004

AC 20

SN 23004

SN 24001

AC 20

SN 23004

SN 24001

AC 20

Note the Pad influence on Q

AC 20, Pad AC 20, Pad



❑ Show Deviation in Resonance Frequency

❑ LHS generally stiffer

❑ RHS, S/N 24007 exceptionally low

❑ The Specially Made piece stands out stiff 
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Left Hand Side: S/N: 24007, 25002, 24009, 24008 Mirror [RHS]: S/N: 24006, 25002, 24008, 24007 

Specially Made
- Stiffer -



❑ Vital Component
❑ Structural, not Visual
❑ Several EigenModes, small dimensions, potentially giving 

poor sound radiation 
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170 Hz

578 Hz532 Hz

706 Hz 800 Hz

380 Hz
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Simple 1-Dof Model at each peak
Damping from -3 dB and -10 dB points

Three (3) impacts, every 4th is average of the three prev. 



❑ Introduce in Production line

• Expand database

• Further develop quality validation criteria

• Consider changing from MATLAB environment
to Python Software 

❑ Potential extension 

• Apply on Assemblies, with the ultimate goal of 
testing on complete Aircraft
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