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Abstract: In response to the need for evaluating the impact resistance of high-temperature resin-based
composites at both room temperature and 350 C, a novel impact testing method at high temperature is
developed to overcome conventional challenges such as poor temperature control and damage to furnace
components. Using spherical projectiles and blade-simulating specimens, high-temperature impact tests are
successfully conducted on carbon-fiber composite targets. X-ray computed tomography is employed to
elucidate the damage and failure mechanisms under elevated-temperature impact. Results show that, under
the selected processing conditions, the ballistic limit velocity of the carbon-fiber composite target at room
temperature is approximately 150 m/s; the proposed method enables stable and repeatable impact testing at
350 °C for both projectile types. At 350 °C, the composite exhibits a about 9.3% reduction in tensile strength
and a about 34.0% increase in fracture strain compared with room temperature. Despite these changes, the

overall impact resistance remains comparable between the two temperature conditions. This study provides
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critical experimental evidence and theoretical support for the design and optimization of high-temperature

composite protective structures.

Key words: high-temperature resistant resin-based composites; high-temperature; impact testing; carbon

fiber; polyimide resin
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Fig.1 Composite target panel dimensions
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Fig.2 Physical photograph and CT scan of the composite

target panel
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Fig.3 Schematic of the room temperature ballistic limit test
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Fig.4 Heating device for the composite target panel
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Table 1 Results of the ballistic limit test for the com -

posite target panel

C-1 RT 521.74 356.32 i
C-2 RT 491.80 413.19 i
C-3 RT 508.47 448.79 i
C4 RT 504.20 452.40 il
C-5 RT 521.74 455.61 il
C6 RT 535.71 454.43 i
c-7 RT 526.32 430.60 ik
Cc-8 RT 521.82 443.87 i
C9 RT 483.87 427.99 i
C-10 RT 512.82 452.02 i
C-11 RT 508.47 446.79 i
C-12 RT 517.24 449.96 ik
C-13 RT 521.74 470.74 il
C-14 RT 521.73 488.49 il
C-15 RT 517.24 465.44 ik
C-16 RT 508.47 412.09 i
C-17 RT 271.49 221.71 i
C-18 RT 182.37 117.69 i
C-19 RT 161.29 31.162 i
Cc-21 RT 156.66 40.98 i
C-22 RT 151.89 33.97 FiB
C-23 RT 146.69 0.00 KGR i
C-24 RT 146.70 0.00 KB
C-25 RT 137.93 0.00 KB
C-26 350 155.24 0.00 KB
C-27 350 208.56 173.12 i
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Fig.5 [Initial velocity vs residual velocity of the projectile
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Fig.6 Failure modes of different composite target panels
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(c) Longitudinal CT image
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Fig.7 CT scan results of the composite target panel after

impact
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Fig.8 Damage volume in the composite target panel in-

duced by a spherical projectile
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Fig.9 Impact test scheme based on a blade simulator
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Fig.10 Process of the blade simulator impacting the target
panel at 350 “C
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F2 350 CTHAEZERGREEAMHHEREMNKER
Table 2 Test results of the blade simulator impacting the

composite target panel at 350 C

s 7 o ) 4% 3 .
gy CEEE RREE
v/(mes ') v,/(mes™")

C-HT-1 356.97 247.70 217.71
C-HT-2 285.56 147.89 196.02

BI11 350 ‘CF & & FHRHEAR Y wh il 46 1157 35
Fig.11 Impact-induced damage morphology of the compos-
ite target panel at 350 C
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Fig.12 Postiimpact tomography results of the target panel
impacted by the blade simulator

3 RFHERTBPEEEBE

3.1 E&#HHERRERM SR

J T AR ORET Y A MR SE R T 2 R RE S R,
R £ AR R AR BT v MR DT TR R L S F
GB/T 1447—2005 £T 4 3 5% Y8 R} 57 40 % g X 56
AN RS TV g

K B e 11 Al B0 T oo Al AR R i 525 R A 8 A
P Ao B 0 45X Ok | 233010 7 = IR 350 °C il 2%
PET DAL i | P A e S R SR o 1
T AR b, SR TR R e i e R R s BE B R AT R AR
B, B il IR B PR BT IR RE £ ORS B2 O (3504
D) °CLp B E A I 5 R D RE T R
AR A LA P i L RS P, LA R DR SR 1P 3
GBI AN A 13 R o

(b) 350 °C
P13 A BDRLR B R A o I 3
Fig.13 Strength and modulus testing of the composite
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Table 3 Test results of basic mechanical properties for

the high-temperature resistant resin-based

composite
JPe WE/C E/MPa BiE/GPa S

1 903.78 77.12 ESUUES!
2 895.97 84.10 0.007 6
3 RT 727.44 86.01 0.009 0
4 858.59 83.10 0.010 0
5 878.95 80.69 0.0110

PIfE 852.94 82.20 0.009 4
6 760.91 96.35 0.009 8
7 794.24 66.45 Z UK
8 350 748.92 57.49 0.013 2
9 792.41 61.68 0.014 8
10 770.66 86.59 EUUE]

B 773.43 73.71 0.012 6
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JE L5 G A Y W S i 2 5P AR B LA M By S
439 A 852.94 MPa . 82.20 GPa Ll &% 0.009 4,350 °C
W R R R A A DL S T B E Py B A
773.43 MPa.73.71 GPall % 0.012 6.
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Fig.14 Dynamic model for impact on the composite target

panel
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Table 4 Material parameters at room temperature and

350 C (in units of mm+MPa)

W

i E, E, E, Viz Vi3
R 82200 82 200 10 000 0.28 0.18

350°C 73710 73710 8200  0.28 0.18
ZH Vo G, Gy Gy o
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350°C  0.18 4400 2200 2200 0.0126
ZH o1 O1c Oor Oy 0125
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