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ATo advance the art and science of
microwave inspection through:

A State of the art electronics
A Multi- frequency and advanced single frequency

Advanced Microwave

| madg | ng systems
(AMWI)

ACalibrate- able and repeatable systems
A Simple calibration for repeatable results

Founded 2020 ABespoke Antenna System
Bob Stakenborghs, CEO A Only system with inspection specific antenna

16 years experience in field MW inspection and AProprietary and specialized data acquisition

material interaction and analysis software
ASME, ASTM, ISO, ASNT committee member

Authored ASME, ASTM MW inspection
standards
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Inspection P
Inspection of non-metallic F ikl D
materials using Electro - W— L.
Magnetic Radiation (EMR) In i i M
the microwave frequency 100 em MW Frequency Range
range. : '

Approximately \
300Mhz to 300 GHz
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Brief History MW Inspection

AEi Ua O
ACurrent standards:
AASNT SNTTG1A 2016 Microwave Included as a Method
AASME BPV Section Il Appendix XXMV included as an inspection technique
for HDPE piping
AASTM E3101 and E310W Inspection of HDPE butt and Electro Fusion Joints
AISO, ASME Section V and other standards under development
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AMulti- frequency system
AMetrology grade equipment used to generate

signal
A VNA* 85MHz to 18GHz range
Advan Ced A 201,401,801 data points selectable
A Fully calibrate - able
System A Open
. A Short
System Characteristics make A Load
advanced inspection possible. A Calibration screen built into data acquisition software
Multi frequency applications A Highly repeatable results

using Vector Network
Analyzer (VNA) provides
additional data for analysis.
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Simple Three Step Calibration

LOAD
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Image Sequence of 25MM Thick Fiberglass Part

81GHz 8.9 GHz : 9.2 GHz

Advantages of Multi

Frequency M M]]! ‘
|nterr0gati()n t —

Data acquisition across a el ,,Wt M‘ l

frequency range provides for a
large amount of data that can
be analyzed Hl M

Software allows for display of:

11.4 GHz E 12.6 GHz £ 131 GHz

Real
Imaginary

A
A
A Magnitude
A
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Bespoke Antenna System

AOnly field inspection system using antenna designed specifically for
Inspection
A Others use open waveguide which have no controlled spot size and are highly
inefficient
ACan be specifically designed for inspection application

ACharacteristics

AReasonable match across the band,|S -10dB or better
AFieldconfined to a controlled and well defined spot size

ATo achieve this smaller spot size the mode has been changed by the probe from an air
filled waveguide at TE10 to a rod probe with hybrid HE11 mode
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AMWI Inspection Antenna

AMWI Inspection Antenna

([[H:H:D 50MM Diameter

I l te I l I l a Beam pattern well defined to a spot size of
50MM diameter at 50MM below antenna.

(Beam approximately 20MM Diameter at

Patterns

Open Waveguide

Open Waveguide

AMWI inspection antenna has
multiple return peaks at 20dB o Gmensions plus uncontolled surface wave

and large standing wave ratio at surface

or higher plus well defined
spot size.

Open waveguide has limited
return peaks and not suitable
for multi frequency use.

WR42 (24.5 GHz) Open Waveguide
"Spot" Size at 50MM (Blue)

Vversus /
AMWI Antenna at 50MM f
(Yellow) Advanced Microwave

(To Scale Approx.)
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Specialized Analysis Software

"A" Scan View "Y" Section view —
Frequency Sweep allows o =
for IFFT conversion t .
time/depth domain and \! | J M Lt
easy conversion from ‘ ' ‘ AICICNOTY s
frequency to depth ‘ ” \ i \| ‘ Alternate "B" Horiz and "B"
e | RN, Vertical views

Horizontal "B" "X" Section View

(Depth) Scan View
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"C" Scan View
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. One possible solution his to design a part with a known delamaintion
and then 3D print that part.

. 3D printing with fiberglass and other materials are now possible.

| 2 3 4 | 5 6 7 |

Sample Creation |
Creating flaws in composite : [ ; m :
structures can be problematic Example in PLA - v e ealt 7 ﬁ‘
Delamination flaws can be | . |
problematic because of | %W/ﬁ: ; i
uncertainty associated with : *
maintaining clearance | B el s
between layers (i.e. - layer : et N

contamination)
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MW Inspection Advanced System

Alnspection Example (3d Print PLA) =

25MM Thick Part =
3 Depths

VNA with Antenn 5M, 10MM, 15MM

= F =)  10MM Above Surface
¥

10MM Dia. 15MM Dia.
Simulated Delamination | 2MM Thick

Reflected signal (§ varies based on complex
permittivity beneath antenna

Smallest flaws were not detected and likely ///f
i / Advanced Microwave

were not printed properly.
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AMW!I Field Inspection Equipment

Pipe Scanner Motorized Axis Portable
(Motorized/manual) Scanner (M APS)

wMotorized scan axis

(Three different lengths 450MM,
300MM, 200MM)

wManual Index

wPush Button
Operation (Allows
hands on scanner)

wBuilt for UpTower
Wind Turbine Blade
Inspection or Large
Pipe

wMotorized Scan Axis
wManual Index
wCapable of scanning up
to 1,000MM Diameter
wPush Button Operation

AMWI scanning systems use simple to use data acquisition

software that is fully compatible with VNA /
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