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Rapid detection of foaming defects of polyurethane sandwich insulation

board using electromagnetic ultrasonic guided waves
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Abstract : In the production of polyurethane sandwich insulation board, void defects are easy to form in the polyurethane foam layer due
to uneven foaming, and it directly affects the heat conservation effect. For this reason, a rapid detection method implementing
electromagnetic ultrasonic SH guided wave inspection from the outside of the metal board is proposed. Through theoretical analysis,
analytical derivation, simulation calculation and experiment verification, the relationship between the transmission reflection coefficient
ratio of the SH guided wave in polyurethane sandwich insulation board and the excitation parameters is established. It is found that when
the magnet spacing is 4.5 mm and the incident angle of the SH; guided wave is about 75°, the best detection effect can be achieved.
Furtherly, it is verified that the amplitude of the received signal of the SH, guided wave has linear relationship with both the defect area
and defect depth basically. On this basis, a defect equivalent size evaluation method that could be applied in actual inspection is
proposed. With the evaluation formula, the problem of defect signal evaluation fluctuation caused by the change of the distance between
the receiving and transmitting probes can be eliminated, which has a good instruction for the later realization of defect location.
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Fig. 1 PPM EMAT lorentz force excitation oblique incident

SH wave working principle
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Fig. 2 Schematic diagram of SH guided wave propagation

in polyurethane sandwich insulation board
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Table 1 Mechanical parameters of polyurethane sandwich

insulation board
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Fig.3 The function diagram of transmission reflection coefficient

ratio vs. incident angle during the propagation process of the

SH, guided wave in the polyurethane sandwich insulation board
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Fig.4 Detection simulation model of polyurethane sandwich

insulation board with defect (d=4.5 mm)
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Fig. 6 Guided wave excitation and propagation process

at different moments when the sound pressure value presents
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Fig. 7 The displacement distribution in three directions
extracted at the cross-section line 3 mm below the surface

of the polyurethane board
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Fig. 8 The simulation received signal amplitudes of the

double-layer board and three-layer board when the magnet

spacing is 4.5 mm, the excitation frequency is 344 kHz

and the incident angle is 90°
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Table 2 SH, wave energy transmission ratio and defect

amplitude ratio at different incident angles
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6 311 56.5 (61-26) +137x100% =25. 5
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6 258 90.0 (110-79) +208x100% = 14. 9
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Fig.9 Simulation calculated received signal amplitudes

for the defects with different sizes
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Fig. 10 Test platform for the defect detection of the foam layer

of polyurethane sandwich insulation board
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Fig. 11  The acquired signals of 2# defect detection

test in different adhesive layer boards

B S, ATRERY IR DS - 1) RER)R Z B SNERL 7 1Y
K [E] 5% ., JHJE 8 ) w28 [ o S B30 DD A A T
e, M TSR, 2) D FOBH ok B T oA FROT K
A% BT AL, T 5 6 A 2 2 AR S 55 A T 4 i
TR A4 W R P £, LRSSk B — s A T AR, 30
Bl 5B AATE —E MR  HE B R E — 2, &
I LT BT IRy B R IEAHER .

xR3 FEVBNHBETH SH, RSB H L&
Table 3 Energy transmission ratios of SH, wave at

different initial incident angles
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4.5 398 60 (12.4-11.8) +20. 8x100% =2.9
4.5 357 75 (46.0-43.2) +76x100% =3. 7
4.5 344 90 (47.8-46.2) +83%100% =2. 0
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Fig. 12 The detection signal received amplitudes for different

size defects under 20 cm probe spacing
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Fig. 13 The influence curve of defect size on detection

signal under different probe spacing
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Table 4 The detection evaluation value of 3# defect under

different probe spacing
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35 38 23 3x35 3x3 0.48
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Fig. 14 The detection evaluation value curves of defect 1#~ 5#
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