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Cavity Resonator

Figure 1: Diagram of resonator modes and setup
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Figure 2: H125 Helicopter Main 
Gearbox Cutaway.2



Cavity Resonator

Figure 1: Diagram of resonator modes and setup
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Figure 3: Electric Field in 
Resonant Mode Display3



S11 results for resonator

Half-power bandwidth
This is Q loaded (Q total) -- we want Q unloaded

Dip at resonant frequency
Frequency changes based on material properties

Figure 4: S11 Bode Plot, 
representative resonator



Water Setup + Demo

Figure 5: Water cavity setup



Water Demo 
Recording

http://www.youtube.com/watch?v=RfTFJst7Zjs


Finding unloaded Q factor

Half-power bandwidth
This is Q loaded (Q total) -- we want Q unloaded

Figure 4: S11 Bode Plot, 
representative resonator



Finding unloaded Q factor
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Q-factor measurement using 
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Figure 6a: Smith chart of resonator response



Finding unloaded Q factor
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Figure 6b: Smith chart of resonator response, TE11 mode



Finding unloaded Q factor

5. Shahid et al, Reflection type 
Q-factor measurement using 
standard least squares methods. IET 
proceedings. Microwaves, antennas 
and propagation. 2010. Figure 6c: Smith chart of resonator response, fitted



Results for Water Contamination

Figure 4:  Internal quality 
and resonant frequency for 
varying water 
concentrations.

Figure 7: Water results



Steel Fillings Setup

Figure 8: Steel setup, fully submerged



Results for Steel Filings

Figure 4:  Internal quality 
and resonant frequency for 
varying steel 
contamination levels.

Figure 9: Steel results



Figure 10: (a) Resonant frequency vs bulk dielectric constant for homogeneous fluid. (b) Heatmap of internal 
quality factor versus material properties.3
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Material Property Sensitivities



● Sensitive to water
● Insensitive to metal contaminants
● In-situ measurement possible
● Inexpensive

Conclusion



Questions?



Other Sources of Error

● Vegetable oil substituted for gear oil
● Fluid separation / Material heterogeneity
● End cap placement variance
● End cap/can electrical interface
● Can corrugation
● Mixed can coatings (tin/epoxy)


