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Resonance Bond Testing

Resonance Testing—An In-Depth Look at This Technology



Bond Testing Technology

= Resonance bond testing technology has been around for more than
40 years as a nondestructive testing technology that is used to
detect defects in composite and bonded structures.
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= Even though this technology has been around for many years,
resonance testing remains one of the most misunderstood NDT

methods.
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Resonance Testing Method

= There are distinct differences when comparing resonance testing with ultrasonic inspection. With
ultrasonic testing, the transducer is coupled to the test material, and then echoes are detected to
determine if flaws are present or there are changes in the material thickness. This method relies on
sound path propagation and time of flight.

= Resonance bond testing does not operate on the principle of sound propagation velocity or reflected

sound. The resonance only changes in the phase and amplitude of the propagating or the standing wave
measured within the probe.

Ultrasonic testing (EPOCH™ series flaw detector) Bond testing (BondMaster™ 600 flaw detector)

Q
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Resonance Testing Method

The test is based on the change in the impedance of the
resonant Q while the probe is acoustically coupled to the
test material.

The measured impedance within the probe is affected by
the acoustic impedances of the test material. If there is a
thickness change or delamination within the test
material, there will be a change in the standing wave
within the probe.

Similar to eddy current, bond testing is a comparative
inspection technique that requires accurate reference
standards for signal setup, calibration, and analysis.
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Resonance Testing Method

= Resonance testing uses special narrow-bandwidth “sonic” contact resonance probes.

= The probe automatically selects the resonance frequency, and the instrument balances the probe in
air by sweeping over the frequency range and locating the phase null.

= The sonic probe is driven at its resonance frequency and coupled to the test part using a low-
viscosity couplant.
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Resonance Testing Method

= Resonance bond testing measures variations in the probe’s resonant frequency. We are measuring the
electrical impedance changes in the resonance probe. The mechanical impedance of the test material
Is affecting the electrical impedance of the probe.

= Resonance probes are essentially undamped piezoceramic sonic probes.

= These probes are undamped to maximize the probe’s resonance frequency.

=Ll

CERAMIC
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Cross-sectional view
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Resonance Testing Method

Resonance probes:
= Operate in the kilohertz (kHz) frequency range.

= Depending on the manufacturer, the frequency range for resonance probes can be from 25 kHz to
500 kHz.

= Frequency range for the probes offered by Evident: 35 kHz to 330 kHz.

= Like ultrasonic testing, probe selection is based on the material thickness:

= The thicker the test material, the lower the frequency.
= The thinner the test material, the higher the frequency.

S-PR-1 35 kHz (%5 kHz) in a15.9 mm (0.625 in.) diameter case.
S-PR-2 65 kHz (=10 kHz) in a 15.9 mm (0.625 in.) diameter case.
S-PR-3 110 kHz (£10 kHz) in a 15.9 mm (0.625 in.) diameter case.
S-PR-4 165 kHz (*=10 kHz) ina 12.7 mm (0.500 in.) diameter case.
S-PR-5 250 kHz (=10 kHz) ina 9.5 mm (0.375 in.) diameter case.
S-PR-6 330 kHz (*=10 kHz) ina 9.5 mm (0.375 in.) diameter case.
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Resonance Testing Method

Wear face of resonance probes:
= Resonance probes should always have Teflon tape on the face of the probe to act as a wear face.

= The tape acts as a wear face and protects the element from wear and damage.

CERAMIC

Teflon tape
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Resonance Testing Method

Couplant of resonance probes:

= As referenced earlier, resonance testing uses a low-viscosity couplant.

= The alternative couple debate: can water be used in place of resonance low-viscosity couplant?

Yes, it greatly depends on the surface condition of the test material.

Is the working surface smooth and glossy?

Is the working surface rough and matted?

pliny

Critical factor is the surface tension of the working surface.

YV V V VY

Experiment by mixing ultrasonic gel with water.
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Resonance Testing Method

= Using the BondMaster 600 calibration menu, we can see the changes to the probe’s resonance frequency. The frequency
change is due to the influence of the test sample's acoustic impedances of the material used to build the test sample.

= The test material is a carbon fiber reinforced polymer (CFRP) composite solid laminate with three simulated engineered
delaminations at varying depths.

= We are looking at the probe'’s resonance-swept frequency while the probe is in the air: “the standing wave.”
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Resonance Testing Method

= Resonance probe is null/balanced on the test sample. The signal on the left is the X/Y impedance plane, and the signal
on the right is the swept signal.

= CFRP test sample has influenced the probe’s operating frequency from 251.1 kHz to 238.9 kHz on the good condition
of the test sample.

Resonance Probe
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Resonance Testing Method

= First engineered delamination in the test sample. The probe’s operating frequency is now 243.3 kHz.

Resonance Probe
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Resonance Testing Method

= Second engineered delamination in the test sample. The probe’s operating frequency is now 246.7 kHz.

Resonance Probe
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Resonance Testing Method

= Third engineered delamination in the test sample. The probe’s operating frequency is now 248.1 kHz. The
resonance frequency is very close to the probe in air.

Resonance Probe
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Resonance Testing Method

= Comparing the lift-off signal to the nearest engineered delamination to the surface, there is only a small
distance between these two signals on the X/Y impedance plane. This should aid in signal interpretation to

estimate the depth of a defect within a solid laminate structure.
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Resonance Testing Method

= Looking at the swept resonance frequency while the resonance
probe is in air.
= The probe’s operating frequency is 250 kHz.

FREQ
250.0kHz

= The resonance probe is placed on 1-ply CFRP skin that is 0.008 in.
(0.203 mm) thick. The swept frequency has only decreased in
amplitude and phase slightly: 248 kHz.

FREQ

248.0kHz
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Resonance Testing Method

= The resonance probe is placed on 5-ply CFRP skin that is 0.040 in.

(1.016 mm) thick. The swept frequency and phase have shifted.
The frequency is now 238.9 kHz.

= The resonance probe is placed on 10-ply CFRP skin that is 0.080
in. (2.032 mm) thick. The swept frequency phase and amplitude
have shifted. The frequency is now 231.1 kHz.

EvidentScientific.com
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Resonance Testing Method

08/13/2024 02:46PM [ )

= Looking at the BondMaster 600 instrument’s X/Y

impedance plane display: A 5.2 ’" 305.0
= Signal marker #1: the probe in air. | maN
= Signal marker #2: the probe on 1-ply CFRP skin. |~ e R R RS S s EREQ
= Signal marker #3: the probe on 5-ply CFRP skin. gy | 250.0kHz
= Signal marker #4: the probe on 10-ply CRFP skin. N Y

= Little distance between the probe balanced in the air
compared to the probe on one ply of CFRP skin.

= Less mass loading compared to signals 3 and 4, where
there is more mass loading on the probe, greatly
influencing the probe’s resonance frequency.
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Resonance Testing Method

= An example of resonance testing to examine an aluminum-bonded lap joint test standard. For this

examination, we will employ a 165 kHz probe.
Thieeresobanme thelbendad. lap joint.
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Resonance Testing Method

= Resonance testing to examine an aluminum-bonded lap joint test sample.

The probe over the disbonded joint.
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Resonance Testing Method

= While the resonance probe is resonating at its fixed frequency, as it is placed in contact with the test material, the tested
material will “mass load” the probe. Two things happen when the probe contacts the test material:
= The first is a damping effect on the piezoelectric crystal. Damping is defined as the physical restriction of
oscillatory motion.
= The second is a frequency shift from the null or “in air” resonant frequency. The electrical impedance varies with
frequency and is lowest when the resonance probe is driven at its resonant frequency.

= As the resonance probe is placed on the material to be tested, the material's mechanical impedance dampens the probe,
and the probe’s frequency alters, decreasing in frequency along with amplitude and phase shift.
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Resonance Testing Method

= Comparing ultrasonic to bond testing. In general, ultrasonic is the primary inspection on composite parts and structures.

= A side-by-side test comparison between ultrasonic and bond testing on a CFRP stepped solid laminate test sample from 1 to
9 plies. This test sample was cured at 45 pounds per square inch (PSI).

The comparable signal on 1-ply CFRP skin with a nominal thickness of 0.008 in. (0.203 mm).

The instrument is set up for time-corrected gain (TCG).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 3-ply CFRP skin with a nominal thickness of 0.024 in. (0.609 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 5-ply CFRP skin with a nominal thickness of 0.040 in. (1.016 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 7-ply CFRP skin with a nominal thickness of 0.056 in. (1.422 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 9-ply CFRP skin with a nominal thickness of 0.072 in. (1.422 mm).
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Resonance Testing Method

= A side-by-side comparison between ultrasonic and bond testing on a CFRP stepped solid laminate test sample
from 1 to 9 plies that was cured at 12 PSI.

The comparable signal on 1-ply CFRP skin with a nominal thickness of 0.008 in. (0.203 mm).

The instrument is set up for time-corrected gain (TCG).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 3-ply CFRP skin with a nominal thickness of 0.024 in. (0.609 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 5-ply CFRP skin with a nominal thickness of 0.040 in. (1.016 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 7-ply CFRP skin with a nominal thickness of 0.056 in. (1.422 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

The comparable signal on 9-ply CFRP skin with a nominal thickness of 0.072 in. (1.422 mm).
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Resonance Testing Method

= Side-by-side comparison results: ultrasonic to bond testing on the CFRP sample.

Side-by-side resonance testing results: CFRP 45 PSI vs. 12 PSI
Side-by-side ultrasonic testing results: CFRP 45 PSI vs. 12 PSl at 9 plies

45 PSI 12 PSI
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Resonance Testing Method

= How accurate is resonance testing? It greatly depends on the overall construction of the test material, the
defect type and size, and the probe selected for the inspection.

= The below test sample is a fiberglass skin section bonded together with two milled pockets to simulate bond
line disbonding. The critical difference between the two milled pockets is the 0.005-inch (0.127 mm) bond
line.

Fiberglass stack-up: 0.075 in. Adhesive bond line: 0.005 in.
1 —/

Fiberglass stack-up: 0.055 in.
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Resonance Testing Method

= Test results from the fiberglass sample with two milled pockets.

= The probe balanced on the test sample.

Resonance probe

Fiberglass stack-up: 0.075 in.

Fiberglass stack-up: 0.055 in.
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Resonance Testing Method

= Test results from the fiberglass sample with two milled pockets.

= The probe over the first milled pocket.

08/24/2024 09:42PM [
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Resonance probe
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Adhesive bond line; 0.005 in.

Fiberglass stack-up: 0.075 in.
g P -

Fiberglass stack-up: 0.055 in.

EvidentScientific.com



https://www.evidentscientific.com/

Resonance Testing Method

= Test results from the fiberglass sample with two milled pockets.

» The probe over the second milled pocket.

08/24/2024 09:42PM [ W

The signal from the first milled pocket

The signal from the second milled pocket

Resonance probe

207.0deg

Adhesive bond line: 0.005 in.

Fiberglass stack-up: 0.075 in.
g P PR

Fiberglass stack-up: 0.055 in.
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Resonance Testing Method

= The most common failures with resonance probes are related to wear and tear.

= Common items within a resonance probe that can lead to failure:

"N

-

= Broken wires

|l
= Ceramic delamination \_\ |
=  Worn, delaminated, wear or damaged element S

/‘/? d
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Resonance Testing Method

Probe wear

= Set frequency for the S-PR-4 resonance probe is 165 kHz (+/- 10 kHz).

= An out of frequency range may be due to a broken or delaminated element, a broken wire,
or a short in the wire.

Probe pass calibration
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Resonance Testing Method

Probe wear
= A bubbling in the wear face could indicate that the element is delaminating from the ceramic.

= Or couplant is getting in between the element and the Teflon wear tape.

Couplant between the element and the wear tape. Delamination between the element and ceramic backing.

If in dough, suggest replacing the Teflon
tape on the face of the probe.

= Both will influence the signal on the screen and make it difficult to analyze the information on the screen.

EvidentScientific.com



https://www.evidentscientific.com/

Conclusion

Key takeaways on resonance bond testing:

> Not to be confused with resonant testing performed on metal parts, where natural whole-body
frequencies are analyzed.

» It is different than ultrasonic testing.

» It is where there is a damping effect (mass loading) on the probe’s resonance frequency.
> Itis a comparative test method.

» It requires detailed standards for calibration and analyzing the signals on the screen.
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