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Abstract: In response to the research demand for the impact resistance of carbon fiber reinforced polymer laminates (CFRP)
commonly used in aircrafts, spherical fragment penetration and static blast tests were conducted on T800/3200 CFRP laminates,
with CT scanning technology and damage assessment theories used for further analysis. The damage characteristics and
performance of the T800/3200 CFRP laminates under two typical loads—fragment penetration and explosive shock waves—
were studied and compared with the 2024-T3 aluminum commonly used in the aviation manufacturing industry. Spherical
fragment penetration tests and static blast tests were conducted on T800/3200 CFRP laminates. Two control groups were

established: tungsten fragments impacting aerospace aluminum plates and tungsten steel fragments striking CFRP laminates.
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Impact velocities and residual velocities were precisely measured using high-speed photography. During fragment penetration
tests, relationships among incident velocity, residual velocity, and energy absorption were analyzed based on the Recht-Ipson
ballistic limit model. The internal damage morphology of CFRP targets was examined in detail using high-resolution CT scanning
technology to characterize delamination patterns and progressive failure across different depths and laminates. For blast tests, the
damage morphology and maximum deflection of target plates were systematically observed and recorded. The blast resistance of
CFRP laminates and aluminum plates was quantitatively compared using advanced mathematical methods incorporating
boundary condition equivalence and overpressure equivalence principles to ensure a fair and accurate comparison. The results
show that after spherical fragment penetration, the T800/3200 CFRP laminate generates a delamination damage zone resembling
a truncated cone, with the volume of the cone decreasing as the fragment's penetration speed increases. The T800/3200 CFRP
laminate exhibits weaker performance against fragment penetration compared to aerospace aluminum but offers significantly
enhanced blast resistance. This characteristic makes it more effective in maintaining structural safety‘and/aecrodynamic stability
during flight missions under explosive threats. The findings provide theoretical and empitical’support*for improving the safety
and reliability of aerospace vehicles through optimized material selection and structural“designs

Keywords: T800 carbon fiber reinforced composite laminate; 2024-T3 aerospace aluminum; fragment penetration; explosive

shock wave; damage modes

TERUEMURAUR, ATHR RS R R NS AR P W EEE BRI R. A4S
T B2 HIRA ST E R 5 6 s ik 47 43G9 A4 KL (Carbon Fiber-Reinforced
Polymer, CFRP) R K, LWiRFER, HAMRRPPUMNERE, REUEE RS CATA S5 ERe, i
T AT 4 1 i ST G AR I TE B 2R S R B8 S5 R K Brabaglly K KL SIS R 453 281 T K&
R . E 1971 SRR 4ERUBAL AL = DR, BREFAERE T 2R Wik b, AT &= iR 4F 4E ARl o & A
Wit s . el —1 T300 IR E N 230 GPa, \HMH5RIE N 3.53 GPa, H A KB A 130 A o 5
B T700 5 T800 RS kef4E, FHob T700 AYBREF4E R R A S5 T300 AHUT, HifdasEEAH L T300
PEZ) 40%; T800 BBk 4EAH L T300 i E$E =20 30%, Frfinm 2 mik 60%4. HHf,
wi% S BLSE B AN 3 7K 70 S5 80 22 K AN AR AR R ST A AR %, TRPLEE MR R i FH 2 5 R R
K2 e MRk 30651, R BB R Eas 28, AL AR B e LA A E 2
KEZMF ., HAT, Bzl 30 RESE 0 F 5 ph 8 e A U B AR s itsel, Rt
X8 5 R M o U T P At AR RO B £ 4 1 it 2 S AR 5L R ME AT I A

&4, B WM A feiten 5 AR T R K ET . SRS A B % T300 &
T700 By £ 4365 B MR G1 24 M RE AT T R ERIGHT 7L, A THISHM RHERES $L . Chen 25OV
Fi T AR B T BRI XS TROO B 2F4E 3l i A M RL 1 2= M BRI REIA . NASA TEF# 14k 5 100 i
THRIG 2 H 7 T1100/3960 Bk 4T 4 35 & M R 124 e S 40

BEXT Frathalr B N ARAF 4R35 2 A M R B X, Naik 5511115 Bresciani 512156 f5 il g 216
WHoCeh T RS RGO A48 0 5 A MR 2 il J5 B RE SISO IR Y, R4 It
YT AR RS GRS R B SE AR PR FE AR . Ngyuen SFIBHE I RIGHT 78 1 £ 4E 3G 58 52 & 44
BHER o 8mr  ISRAdE, UCHEF YRR s A MR PR A S i 20 o) o B V) i 28 5 Mk T R
PRI B, 43 I8 I 27 2 3 U) SR A0S A e R LB b b B o #E ST IR ER A 24
T AT 4 1 it 5T G APRL B A e A PR B R B B Y AT T 8 B 5B IR, HAER)T RIS E0EHE i
T RIS AE . AR 53 ARSI A SR A 43 0 5 A M RHE G AR 1 S TE A PR B B AT T A, I
- HTE Y BRI AR S AR AN B HEUER SR E TS, R T A S LG R
BAE B T X REEN@E LRI HF 7 T T300 B CFRP 2 A HE BRI SRR [F) N5 A B 5%



mOE 5 &
Explosion and Shock Waves

i, FRIEEM ST, Bl i s s ISR 2 . FAEE DT, R ARTENSI 3 R
iR T300 5 T700 2 CFRP =& R AR R R IEAT 1 ilde 53R 7.

B A o Y A T R AT AR SR S A R B AR S, Hashinl'1 7 1 36T IR B ) 2 T X 1)
YT GBI R BEN, RSB ST S L T BB Al . Langdon S i@ i IR A FL 2013
R GE RN R AR YIS S T A PORME R IE ph b AT IR, RIAERRIER T N, CFRP 2 &I KK
BT EA B FHBOR F4EMR. AR Z B AR TR AM . Laurence 55222318150 54
EBLALI T T T300 B! CFRP J2EARAE i T S s VL AERAE i 350 5 H B BT 5T
T T700 B! CFRP JZEMRAE M TS, I CFRP JZ G MR 1300 5 1 5 5 T 1Y) 2 RCp
NAFFEZESE, BRI AN LR RIS AL T R e, Wl e i 5 LUt 5 260 AR B AN [RD 1 A2
1.

A BRI 7T 2 42 T T300 A1 T700 B0 A1 24 38 5 52 6 AR 452405 R M =S8 = R BE 1) T800
RUBRA AE 385 55 5 S AR B X PR 7 W/ o B ARSI 5 1 A (R A0 41% g o T800 2 CFRP J2
GRS, 2R EARRO., R SRSy B A R AR 1 IE ARG RMZ W T800 2 CFRP 2 AR
HEAT T IRIEHT 7. H TR T800 %Y CFRP EA W HIWT 78 £ B & IR T AR MR R s dv 2t sk sy, Hohv=
SE AR RS EALXT EE b . BRI, A SCBL T800/3200 HU FRET HE 1 5 &2 A 44 KL ZE AU NI FE 0 42,
T I R0 B T AL =AY 5 RN E T B P R R T IR RO S, SRR N AT AR i
i AT B R AT DU far R BE X LG, BRI PR AN [RI 84 800 B CFRP =& i HIAHFAE 5 M g 2
S, RS B A R T SRR — e e S HE SRR

1 R pEEER IS
1.1 X321 it

N RS T800/3200 Rk 4T it o & A A1k CCFRP) JZ A M i3 o oy min AR, K 3 A
KW 3T CFRP ZAM, JFEZAIERMRK . Ax w7t 2 SRR MR, B8 LS80
A 2024-T3 fi 2800, JF R IER IR E AR IR Bhah, NH MR FR A 1EH R AR,
VB JL AT S0 [F)1E 25 1 S AR A Y6 MALAN & 4%k, TFIE 4T CERP E-& UK IE R A1 RE6 1 X}
G

1 P ks B AR B0 A A4S\ mm VAR (S E AR AT, 8 s B AL AT Al 1 3B (W 5
B WA ONERIRESER, SEIMERN 9.02 mm, JiEN 7.08+£0.01 g. HFXHEEFIBRIR YG6 22980Ek, i
N 525 go I RHMEEN R T800/3200 Tk 41 43 ot A A ELHE GRS 2024-T3 B 46i, EH
W2 A B ON(0748/90/457-45)2]s, FEARESEDY 3.5 mm, 24 100 mmX 100 mm. #lEE%RE S
W 1 s

1 B BRI B 5 5
Fig.1 Penetration experiment scenario
FETRRSERRRN I 5eh, SaMEUE SR E E AR RITERSH AnMBTREZ . BILE
P55 JURTHOT AL ) R S35 A RAT S8 Bl M L S8 B L M AR B I . (AR, T



mOE 5 &
Explosion and Shock Waves

CFRP Z &R BA & 10 LI & R A MR, SIS R RE T 57 oy R4 . SR RE J& L 2F
Y /0 I IR T R RS AR A I, IR T BE & 51 A AT SR AR DI BE R, R — B IR . D4zt
RALEEMEHR ORI, AW SR CT 3y RIS AU 2T 4 19 58 25 FDRHZ S AR N 5 453 03
fool, 8RS A ESRIUZ SRR (e, LR AL IR L R 5 AR o

2RI S, SRS A IR AN 3 S R R E A B 1 PR

# 1 T800/3200 & CFRP #EIREMNILLER
Fig.1 T800/3200 CFRP Target Plate Penetration Experiment Results
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Table 2 CT scan results of tested CFRP plates
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Fig.9'Overpressure Curves in shockwave load experiment
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Table 6 Test Results in Shockwave Load Experiment

R B /m U {8 1k Pa {1 /kPa-ms
1 0.54 2231.29 21.51
2 1.00 890.84 126.67
3 1.46 268.87 73.64

AR CFRP JZ A BB 32 b i A o IR i KPR M B 45 R 5 A3, iR 7 P
KT RAEWREZ PR
Table 7 Photos of tested CFRP plates under shock wave loads
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Fig.10 Surface of Each Target Plate upon Impact
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x 8 Fin.
*8 SERROIRBESNBLR

Table 8 Setup and Results of Reference Experiment

ZE R Rig/g R /mm IR /mm
Al 60 175 FEARHIR
A2 60 175 64.6}
A3 60 240 4824
A4 60 175 63238
A5 60 300 45,45
Bl 80 175 7374
B2 80 240 56.87
B3 80 175 FEARHIR
B4 80 300 43.69
B5 80 300, 35.09

il JERLBOE S 11 frosBi.

Bl B2 B3 B4 B5
11BN S0P BCR AT
Fig.11 Macroscopic Deformation of Reference Experimental Plates
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Table 9 Overpressure and Equivalent Deflection of Reference Experiment

S5 o Vil XLt R R HiE RRGEE SRR R e

s /mm /m/kg! /MPa /mm J& /mm
Al 60 175 0.44701 3.53758 SEARR
A2 60 175 0.44701 3.53758 64.61 158.40
A3 60 240 0.61305 1.81211 48.24 118.27
A4 60 175 0.44701 3.53758 63.58 155.88
AS 60 300 0.76631 1.20206 45.45 111.43
B1 80 175 0.40614 4.42033 73.74 180.79
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B2 80 240 0.55699 2.19613 56.87 139.43
B3 80 175 0.40614 4.42033 SEAMIR
B4 80 300 0.69624 1.42507 43.69 107.11
B5 80 300 0.69624 1.42507 35.09 86.03
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Fig.12 Deflection Caused by Overpressure on Two'Lypes of Target Plates Under Equivalent Experimental
Conditions
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