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Visualization of Permittivity Distribution in GFRP using Full-Field
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ABSTRACT: This paper visualizes the full-field permittivity distribution at the standard specimens having known
electromagnetic characteristics using a scanning free space measurement (SFSM) system. First, in the two Teflon
specimens with different thicknesses, the real and loss tangent of permittivity could be measured and the results
agreed to the theoretical and other measurement values. Then the system has been applied to Glass/epoxy and
visualized different permittivity distribution depending on the material kind. Therefore, this approach will overcome
the point measurement limitation of FSM and can be used for even sub-structural full-field electromagnetic evaluation

of stealth and radome structures.
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Fig. 1. Full-field dual port SFSM system [6]

* Measured result at each point
in the frequency range

* Measurement parameter
v' Reflection loss (S;;)
v' Transmission loss (S,;)
v’ Permittivity (g}, er)
v' Permeability (., py)
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Fig. 2. Electromagnetic characterization algorithm in frequency
domain using the Full-field SFSM system
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Table 1. Teflon permittivity at two different thicknesses

Permittivity
Real Loss tangent
Teflon (t: 3 mm) 2.06 £ 2.35% 0-0.0035
Teflon (t: 6 mm) 2.057 £2% 0-0.0096
Ref. [9] (t: 3 mm) 2+ 3% +0.005
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Fig. 3. Teflon permittivity results; (a) Real (b) Loss tangent
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Table 2. Glass/epoxy permittivity

Permittivity
Glass/epoxy
Real I i
(t: 1.869 mm) ca magtnary
Measured result 47829 + 4% 0-0.085
Ref. [9] 4.5882 + 3% 0.048-0.104

Table 3. Glass/epoxy permittivity at 10 GHz

Glass/epoxy (t: 1.869 mm)
Permittivity Measured Ref. [9] Permittivity error and
result error factor
Real 4.7842 4.5867 | Error Factor | 4.13%
Imaginary 0.0656 0.08337 Error 0.01777
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Fig. 4. Glass/epoxy permittivity results; (a) Real (b) Imaginary
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Table 4. Measured conditions of SFSM system

Scan area (mm) (W x H - Int) 400 x 400 - 10
Sweep point 801
Focal length (mm) 430+ 15
Frequency range X-band (8.2-12.4 GHz)
Spot diameter (mm) 60
Scan interval (mm) 10 (Overlap: 79%)
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Fig. 5. Teflon (t: 6 mm) distribution visualization at 10 GHz
(a) Permittivity (real) (b) Permittivity (imaginary)
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Fig. 6. Glass/epoxy distribution visualization at 10 GHz; (a) Per-
mittivity (real) (b) Permittivity (imaginary)
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Fig. 7. Glass/epoxy distribution visualization at 12 GHz; (a) Per-
mittivity (real) (b) Permittivity (imaginary)
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