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Table 1 Mechanical properties of raw materials
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Fig. 1 Schematic diagram of low-velocity impact tests on PET sandwich composites
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Table 2 Low-velocity impact test parameters for PET sandwich composites

S AR R AR RS /mm sk B8 /mm whiti g
Al-1-60 5754 564 190x190x1 20 60
Al-1-100 5754554 190x190x1 20 100
Al-1.5-100 5754554 190x190x1.5 20 100
Al-1.5-125 5754554 190x190x1.5 20 125
Al-1.5-150 575448454 190x190x1.5 20 150
PET-15 PET iflif15 2 190x190x30 20 15
PET-20 PET IS 2 190x190x30 20 20
PET-25 PET Ui 2 190x190x30 20 25
PET-35 PETU 2 190x190x30 20 35
Sandwich32-20-100 Al-PET-Al 190x190%32 20 100
Sandwich33-20-125 AL-PET-Al 190x190%33 20 125
Sandwich33-10-125 AI-PET-Al 190x190x33 10 125
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Fig. 2 Damage characteristics of 5754 aluminum alloy face
sheet specimen after low-velocity impact
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Fig. 3 Impact force-time curve and corresponding AE

signal waveform for aluminum-alloy face sheet under
low-velocity impact
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Table 3 Cumulative AE counts and cumulative AE energy
for aluminume-alloy face sheet under low-velocity impact

RIS
SR H
Al-1-60  Al-1-100 Al-1.5-100 Al-1.5-125 Al-1.5-150
ikt 407 496 536 1355 2225
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S
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Fig. 4 Amplitude-frequency distribution of AE signals for aluminum-alloy face sheet under low-velocity impact
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Fig. 5 Damage characteristics of PET foam core specimen
under low-velocity impact
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Fig. 6 Impact force-time curve and corresponding AE signal
waveform for PET foam core under low-velocity impact
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Table 4 Cumulative AE counts and cumulative AE energy
for PET foam core under low-velocity impact
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Fig. 7 Amplitude-frequency distribution of AE signals for PET foam under low-velocity impact
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Fig. 8 Damage characteristics of PET sandwich structure
specimen under low-velocity impact
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Fig. 9 Impact force-time curve and corresponding AE signal
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with a 20 mm-diameter impactor
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Fig. 10 Impact force-time curve and corresponding AE signal
waveform for PET sandwich structure under impact
with a 10 mm-diameter impactor
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Table 5 Cumulative AE counts and cumulative AE energy
for PET sandwich structure under low-velocity impact
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Fig. 11 Amplitude-frequency distribution of AE signals for PET sandwich structure under low-velocity impact
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Fig. 13 Extraction of maximum penetration depth and opening
width in low-velocity impact region
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Fig. 14  Extraction of opening widths on the top and bottom
face sheets of a penetrated specimen under low-velocity impact
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Table 6 Maximum penetration depth (MPD) and opening

width (OW) of PET sandwich structures under impacts with
varying impactor diameters

S MPD/mm _E I OW /mm FHIH OW/mm
Sandwich33-20-125 15.677 50.531 -
Sandwich33-20-125-2  16.152 47710 -
Sandwich33-10-125 o 30.647 102.259
Sandwich33-10-125-2 o 31.764 94.210

M6 R KB, hFupdiaeaIy 1257, HKE
MR (MPD) i vhk HAR B/ A, T 115
JE (OW) ZFREGami S shha A T EA, M
Tk HRAEHEY K. X T B TFHAE 4 syt
2 PET Je 2450, EmEMHpyIr o5 (OW) 482
AN, TR ERAARBIF S (OW) &k, JREET il
il BRI, PETRZZMBIR)ZE . 2T 1E
Mokt AR B S AR, RS 3R B e
O BT 5 12 by 2% ol b RO Ak 2 T T B
fil = A R e, R EARE A SRS, HE
Z 3 e g T AT R e 2 RIS 2 B T 1) A 28
Fsgm, PR AT R E B TR .

1.4 FERESAFHMQNERE XS
pL oAl ey i BRI TR R G R e T Y2 )

SIS O, feR) SH%AHBGIE S5
(MPD, OW) HIXFhi R . Z5RFEM, BE#H whsk HAR
wONRTh T RE R, SRS BB B REE D
F BT, FEDEEEAT ) MPD K . OW I,
2 B PRSI 5 0 AE R i A ™ S AR R AT S Y
— k.

HAKTW S, WFARZERHE (U Sandwich33-20-
125), &S BREITHCN 749, REBHER R 9.59%x10
V*s, % MPD 4 15.677 mm, OW %>k 50.531 mm;
MZEERFE (41 Sandwich33-10-125), 7 & 5T 214k
FFFE 1523, EiFREERE 0.007 V2-s, LA MPD #
FHg7 (Ee%E), FTERoOW BEY K (i
2731 mm, FRIRZI98 mm). 04T FiREdEEm], 7=
KHHE SR E SRR (WM . JF
) TIEAEC, UL R SR AL AR GE SR AR
R, SRETE— SR E R s MRS S
JREREEE . AN, FRRSHE SMBCREE (IR A 4w
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HA REFWRT N R, P50 UE T 7 & S E I
[R5 ALy TR A A8k o
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PET 2 )2 5 Wy O350 15 501 . A 5508 52 3R 0L o Sy 4 hj
CEAGE % S Z:
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e 1R PET )28 G M BEHEA R vh sk HAZ T 1
I AR, PET Je)2 45441k Sandwich33-20-
125 b iai MR g 210 HAE vl 6 & BT TR A MR,
ik FE Sandwich33-10-125 2 (A #SHE 10 mm w3k 2 .
R TGRS L b 2 Fhospil R R S R R R e RE A
UCRH T 2FOARRIEE 58, K15 R, Xk
TEARZEIE N PET J&)Z 454, 1 JeAen T 78 Hofs HE 4
BilKds LB, SRIGTE 2T PET IR, 1M A Kl I
5754 586 A B ORI DP460; X 58
EIEBE N PET RIZE5H, A Tl Bl bRtz
(] AN 040 DXk 2 B, OO 2 IR FE PET IR, T
MAR K W 5754 556 S0 Fr 8 52 ORI R AE R
DP460,

1 FE Sandwich33-20-125 Fili £ Sandwich33-10-125
BT e 16 firR, 38k Sandwich33-20-125 X i
THE16 FrRmIARTE22EE N TEEFSL), fErphiX
WUIRTE E AL, 4R 5 3R 0 ahd 473 X 3k MPD Al
OW, ¥ HA4& D, M D, 5t —E K 50+0.1 mm, HALIKE
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Fig. 15 Impact damage repair process for PET sandwich

structure
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Fig. 16 Processing dimensions for PET sandwich structure
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Fig. 17 Morphology of processed PET sandwich structure
specimen
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Fig. 18 Specimen for in-plane compression test of PET

sandwich structure
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Fig. 19 Typical load-displacement curve for Al-PET-Al
sandwich structure specimen in in-plane compression test
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Table 7 In-plane compression test results of AI-PET-Al sandwich structure specimen
REE S W A AT /N Pl AW 27T L1/ % PR
Sandwich-undamaged 68 692.54 100.00 e i
Sandwich33-20-125 57237.94 83.32 e
Sandwich33-10-125 31651.04 46.08 e
Sandwich33-20-125-1544 67 662.41 98.50 T Jedpilt
Sandwich33-10-125-15% 49 621.41 72.24 b e i
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Study on damage mechanisms and residual mechanical performance
of PET sandwich structures for maglev vehicles

WANG Jiaheng'?

(1. CRRC Zhuzhou Locomotive Co., Ltd., Zhuzhou, Hunan 412001, China;
2. Hunan Provincial Key Laboratory of Maglev Transportation Vehicle System Integration, Zhuzhou, Hunan 412001, China)

Abstract: This paper addresses the susceptibility of polyethylene terephthalate (PET) foam sandwich composites used in light-
weight structures of maglev vehicles to barely visible damages from low-velocity impacts such as hail and flying stones. A drop weight
impact test system was employed to investigate damage behaviors of the aluminum-alloy face sheets, PET foam cores, and complete Al-
PET-Al sandwich structures under low-velocity impacts. The acoustic emission (AE) technique was integrated to monitor the damage
process in real time, and a 3D optical scanning system (ATOS Core) was used for post-impact morphology characterization. Results
show that AE signal features are concentrated in the frequency ranges of 50-250 kHz and 50-200 kHz for aluminum-alloy face sheets and
PET foam cores, respectively; both cumulative counts and cumulative energy increase significantly as the impact energy rises. Smaller
impactor diameters notably aggravate penetration damage. AE parameters exhibit good alignment with damage morphology parameters
from optical scanning, validating the effectiveness of AE monitoring. The repair method based on local removal and adhesive bonding
with DP460 effectively restores the structures’ residual performance, with the residual peak load ratio restored to 98.5% for non-penetrat-
ed specimens and 72.24% for penetrated specimens after repair. This study provides an experimental basis and technical support for the
safe application, damage detection, repair, and maintenance of PET foam sandwich composites in maglev vehicles and other rail transit
equipment.

Keywords: PET foam; sandwich composites; low-velocity impact; damage detection; acoustic emission; optical scanning; repair

performance
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