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Analysis of multiple impact damage of three-dimensional four-
directional braided composite materials under different punch heads

CAI Songming, YAN Shi", MENG Zixiang,NIU Yongxin,ZHAO Yun

(Architectural Engineering Institute , Harbin University of Science and Technology , Harbin 150080, China)

Abstract: Impact tests are carried out with cylindrical, conical and spherical punches respectively, and the
response characteristics of specimens under different punch impact are discussed. The internal damage of
the specimen is detected by ultrasonic C-scan instrument, and the law and process of damage expansion
under impact are analyzed. The experimental results show that the shape of the punch is an important factor
affecting the damage mode of the specimen. In the impact test, the spherical punch cause the most serious
damage to the material, comparing to the columnar punch cause less damage, but the damage range is
larger. The impact response of the conical punch to the specimen is similar to that of the spherical punch,
and the damage area of the two punch to the specimen is not much different, but the damage of the conical
punch to the specimen is light. The weaving angle of the material also obviously affects the impact
resistance of the material. The impact resistance of the material increases with the increase of the weaving
angle. In terms of damage expansion on the specimen, materials with small weaving angles tend to be
damaged along the longitudinal direction. The damage of large woven angle materials tends to spread to
all sides. In the impact test, the damage process of the specimen includes the longitudinal tensile failure of
the fiber bundle, the transverse tensile failure of the fiber and the matrix, and the transverse compression
failure.
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Fig.1 Braided composite material specimens with different braid angles
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Table 1 Material parameters

Carbon fiber

Specimen  Knot length/mm  Knot width/mm

volume content/ %
15° 8.24+0.3 2.240.3 60+3
30° 4.54+0.3 2.640.3 60+3

9 nm, ¥ 3k HK J0 Hl S 5~40 MHz, 75 3 % B R
0.25 ns~1 ps.
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Fig.2 Impact test equipment and fixtures

(a)punch head ; (b)impact testing machine; (c¢)pneumatic fixture clamps specimen; (d)ultrasonic C scanner
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Table 2 Number of test piece

Weaving  Number Weaving Number  Punch
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b angle/ (") of shocks angle/ (") of shocks shape
z1-1 15 1 #2-1 30 1 Column
z1-2 15 2 £2-2 30 2 Column
#1-3 15 5 £2-3 30 5 Column
#1-4 15 10 £2-4 30 10 Column
#1-5 15 20 #2-5 30 20 Column
#1-6 15 50 #2-6 30 50 Column
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Fig.3 Load-time curve and peak value distribution of cylindrical punch impact specimen

Number of impact

(a)15° specimen; (b)30° specimen; (¢)peak load comparison
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Fig.4 Surface damage of 15° braided angle specimens after impact of cylindrical punch

(a)#1-1 upper surface; (b)#1-6 upper surface; (¢)#1-1 lower surface; (d)#1-6 lower surface
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Fig.5 Surface damage of 30° braided angle specimens after impact of cylindrical punch

(a)#2-1 upper surface; (b)#2-6 upper surface; (¢)%2-1 lower surface; (d)#2-6 lower surface
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Fig.6 Load-time curve and peak value distribution of conical punch impact specimen

(a)15° specimen; (b)30° specimen; (¢ )peak load comparison
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Fig.7 Surface damage of 15° braided angle specimens after impact of tapered punch

(a)#3-1 upper surface; (b)#3-3 upper surface; (¢)#3-5 upper surface ; (d)#3-6 upper surface; (e )#3-1 lower surface;

(1)#3-3 lower surface; (g)#£3-5 lower surface ; (h)#3-6 lower surface
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Fig.8 Surface damage of 30° braided angle specimens after impact of tapered punch

(a)#4-1 upper surface; (b)#4-3 upper surface ; (¢)#4-5 upper surface; (d)#4-6 upper surface ; (e)#4-1 lower surface

(1)#4-3 lower surface; (g)#4-5 lower surface ; (h)#4-6 lower surface
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Fig.9 Load-time curves and peak value distribution of spherical punch impact specimen

(a)15° specimen; (b)30° specimen; (¢ )peak load comparison
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Fig.10 Surface damage of 15° braided angle specimens after impact of spherical punch

(a)#5-1 upper surface ; (b)#5-3 upper surface; (¢)#5-5 upper surface ; (d)#5-6 upper surface;

(e)#5-1 lower surface; (1)£5-3 lower surface; (g)#£5-5 lower surface ; (h)£5-6 lower surface
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Fig.11 Surface damage of 30° braided angle specimens after impact of spherical punch

(a)#6-1 upper surface; (b)#6-3 upper surface ; (¢)#6-5 upper surface; (d)#6-6 upper surface ; (e)#6-1 lower surface;

(1)#6-3 lower surface; (g)#£6-5 lower surface ; (h)#6-6 lower surface
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Table 3 Impact data of 3D braided material specimen

D Weaving angle/(°)  Absorbed energy/J Peak load/kN 1D Weaving angle/ (") Absorbed energy/J Peak load/kN
#1-1 15 27.17 15.5 #2-1 30 27.13 16.79

#1-2 15 27.26 16.08 #2-2 30 26.97 17.71

#1-3 15 26.76 16.14 %2-3 30 26.84 17.34

#1-4 15 27.09 15.69 #2-4 30 27.53 16.92

#1-5 15 26.69 15.28 #2-5 30 26.62 16.48

#1-6 15 27.25 14.79 H2-6 30 27.04 16.21

£3-1 15 29.13 10.92 #4-1 30 29.45 10.09

#3-2 15 29.64 11.19 24-2 30 28.86 9.63

#3-3 15 29.79 10.84 #4-3 30 28.75 10.39

#3-4 15 28.89 10.50 24-4 30 28.45 10.17

#3-5 15 28.52 9.85 H#4-5 30 28.66 9.31

#3-6 15 28.67 5.97 #4-6 30 29.03 5.47

#5-1 15 28.14 11.94 26-1 30 28.31 12.61

#5-2 15 27.64 11.73 #6-2 30 27.79 11.93

#5-3 15 27.98 10.36 #6-3 30 28.29 10.51

£5-4 15 28.76 9.51 H6-4 30 28.53 10.70

£5-5 15 28.88 8.59 #6-5 30 27.97 9.76

#5-6 15 27.65 5.19 Z6-6 30 28.63 4.92
2.3 XHEAEBRG ST i, AT HETE vl Sk i R Ak T AR /0N BROE Sk H

A IR AR A PR 52 A i AR o 4 S I AR Y B
Bl hSEE i, Uk A A C 34 P an Al 12~15 pir
IRo ATLAEE Y, G ZUf B 0 Sk B R S i i A
RPN EE N R o AR i Sk A 1w BREOKR, HETE
ik AR o Sk A AR BN o BRI T, FEAEIE o
S vht i w3k 151 A o TR, A 2 Y 41 4
WANFEMR S T opidi et . MRS BRIE bk i

U, WO A T AR BN A vh sk o BROE ik S5 HEIE
Sk A el S0 o A P A AR A AR, AR P o
i B TR R BROE o Sk i e 0 0 e A 1, (HLRG
T B SR PGS B D R AR D B b i OB
Wi zr . ATLUE HERIE oik i b B LR

AT 2 2R AR BE 9 3 A el i g AR 0 0 s
FAAE R 225 . 3DAd-15" 2L IR Ay A B 4 40 X Ja
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Table 4 Ratio of the internal damage area of the specimens to

scanning area after impact

b Damage area b Damage area b Damage area
ratio/ % ratio/ %o ratio/ %
#1-1 20.38 £3-1 6.25 £#5-1 8.32
#1-3  20.75 #3-3  12.50 #5-3 18.24
#1-5  26.88 #3-5  15.50 #5-5  20.50
#1-6  32.63 #3-6  20.50 #5-6  21.26
#2-1  34.50 #4-1  19.50 £6-1 16.50
£2-3  43.50 £4-3  27.20 £6-3  35.64
#2-5 5340 #4-5  39.25 £6-5  36.50
#2-6  61.50 F4-6  46.12 £6-6  42.82

BRI | 30 S O R, B3 00 ) 9 e T 1) 32
YNTa] A ] WUV R ~F-2% o T 3D4d - 3071 N 4
AR Ay fii it HE 458 403 T AR G 3DAd - 1573 5K 4t
D3 BB JET7 1) AR 16 A 1) LR N A o AR P A
B, 3DAd-30 IR PR 21 HE AR5 I ON A 1) e R T
3D4d-15" 1K AF , £F 4 A AE 7K A2 vl 6 52 719 BLAN ]
0T 1] 37 R L S ] A

3 #ig
(1) Ft 43 £ B 5% Wi 4k o i o 4 R0 8 40 1

JE LA Z R, 3D4d-30° 4 4 AE P wh s v Oy A T
3D4d-15 31 . M gm 2 R /N, 540 R B R Ak

P12 FE kil 5 g2 152U 30701 1 PO 40
(a)#1-1;(b)#1-65(c)#2-15(d)F2-6
Fig.12 Internal damage of 15° braided angle and 30° braided angle specimens after impact of cylindrical punch

(a)#1-1;(b)#1-6;(c)=2-1;(d)£2-6

K13 SEIE sk ihis /5 15" il (4 9 s B 3
(a)#3-1;(b)#3-3;(c)=3-5;(d)£3-6
Fig.13 Internal damage of 15° braided angle specimens after impact of tapered punch
(a)#3-1;(b)#3-3;(c)#3-5;(d)#3-6

(b)

© . (d)

14 HEIE vh3k obik 5 30° 4R 2 iR 1Y) P B340
(a)#4-1;(b)#4-3; (¢)F4-5;(d)#4-6
Fig.14 Internal damage of 30° braided angle specimens after impact of tapered punch
(a)#4-1;(b)#4-3; (c)#4-5; (d)#4-6
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(a)#6-1;(b)H6-3;(c)H6-5;(d)#6-6

Fig.15

Internal damage of 30° braided angle specimens after impact of spherical punch

(a)#6-1;(b)#6-3;(c)#6-5;(d)£#6-6
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