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Time-Gated Free-Space Measurement Signal Processing Method to Estimate
Dielectric Constant of 3D Printed Materials
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Abstract

In this study, we introduce a technique to eliminate the multiple reflection effects using time gating and calculate the dielectric
constant of 3D printed materials using a free-space measurement system. Air, conductor, and MUT signals in the frequency domain
obtained using the VNA are acquired and converted into the time domain via the inverse Fourier transform. A window function is
applied in the time domain to extract only the reflected signal in the desired area. Subsequently, Si; and Sy of the MUT are obtained
through calibration, and the dielectric constant of the object is estimated using the NRW method. Consequently, the dielectric constant
of PLA, which is often used in FDM printers, is calculated to be 2.788 and the loss tangent is 0.054. Similarly, the dielectric constant
and loss tangent for a general resin used in an SLA printer are calculated to be 3.142 and 0.071, respectively.
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Table 1. Various dielectric constant measurement technique.
Measurement method Suitable samples Characteristic Reference
- High accuracy

- Single frequency measurement

1 Open type resonator method PCB, film, liquid sample . Suitable for low loss materials [5]
+ Suitable for small sized sample
*+ Medium accuracy
2 LC resonator method PCB, film . Suitable for less than 100 MHz [6], [7]
3 Capacitance method Film + Suitable for less than 1 GHz [8]
. . . - Suitable for 1 GHz or higher
4 Propagation delay method Film, solid sample . Suitable for non-uniform media [71, 9]
5 S-parameter method - probe Liquid, powder, absorber, film + Wideband measurement [10]

- Suitable for homogeneous media

S-parameter method - free space
measurement method

Absorber, solid, liquid sample

+ Low accuracy

+ Wideband measurement

- Suitable for flat plate specimens
+ Measurable in high temperature
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(a) Experimental setup

VNA
RF Cable
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Flange
Calibration Adapter
Point
;‘_dl E ds E ds

(b) 7+

(b) Sketch of measurement system
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Fig. 1. Configuration of free space measurement method.
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B2 48 34 ANES 24 B4

Table 2. Result analysis of dielectric constant measurement samples

) Estimate mean value Ag, (max, mean)
Measurement sample Thickness [mm)]
Dielectric constant Loss tangent Dielectric constant Loss tangent
1.271 0.0122

Rohacell 71HF 3.40 (Datasheet: 1093) | (Datasheet: 0.0155) 0.2057, 0.1987 0.0540, 0.0396
PLA 1 1.21 2.278 0.197 0.5962, 0.5609 0.1174, 0.0872
PLA 2 1.09 2517 0.197 0.5413, 0.05019 0.1251, 0.0930
PLA 3 2.17 2.678 0.114 0.3170, 0.2725 0.1544, 0.0570
PLA 4 221 2.691 0.106 0.3619, 0.2731 0.1501, 0.0527
PLA § 3.16 2743 0.051 0.2311, 0.1891 0.0693, 0.0323
PLA 6 3.09 2.833 0.058 0.2136, 0.1973 0.0598, 0.0296
Resin 1 2.08 3.199 0.151 0.3424, 0.3258 0.1016, 0.0487
Resin 2 2.12 3.297 0.121 0.3269, 0.3328 0.1068, 0.0536
Resin 3 2.99 3.175 0.073 0.2498, 0.2243 0.0747, 0.0316
Resin 4 3.05 3.139 0.071 0.2639, 0.2217 0.0655, 0.0308
Resin 5 3.10 3.111 0.070 0.2489, 0.2202 0.0626, 0.0307

2788, &4 0.0549] 7S Holm, SLA ZHE ] AL
= Resin®] A$ F4E 3142, 4L 00719 S 2=

Aog sekag.

i)
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