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Evaluation of the Residual Strength of CFRP Composite
Pressure Vessel After Low Velocity Impact

Jaebeom Park* - Dongryun Kim* - Taekyung Hwang*

ABSTRACT

In this study, the residual strength of CFRP filament winding pressure vessel after low velocity
impact was evaluated quantitatively. After impact test, the pressure vessel was sectioned to produce 25
mm-wide ring specimen and the bursting pressure of this specimen was measured. A finite element
model was also fabricated to investigate the deformation and stress distribution characteristics of the
impacted CFRP vessel. The degradation of the residual strength along with the increase of impact

energy was successfully measured and reviewed.
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Table 1. Laminate construction of STEB

Psition Lay-up Sequence
Dome [(£27)3]
Skirt [(+45)3/(90)s]
Cylinder [(£27)4/(90)3]

126.4 mm
896 mm | —f—mm - | 141.0mm

IR

6430 mm

Fig. 1. Shape and dimensions of CFRP STEB.

Fiber
Direction

(a) (b)
Fig. 2. Impactor tup shape and impact loading
direction; (a) Tup, (b) Loading direction.
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Fig. 3. Test Apparatus and STEB specimen
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Fig. 4. Impact response curve obtained from low

velocity impact test

Table 2. Summary of the measured results

Energy (Joule) 150 | 30.0 | 45.0 | 60.0 |75.0| 90.0
Absorbed E.(Joule) 5.7 83 | 129 | 26.0 |575]| 86.2
Impact Vel. (m/s)|| 1.70 | 239 | 291 | 337 |3.76| 4.11
Max.Load (kN) 314 | 425 | 473 | 526 |5.68| 548
DP/DE (kN/Joule) 0.074 | 0.032 | 0.035 |0.028 |-0.013

Table 3. Material properties of T700S/epoxy

En [137.2 GPa e 2.88 GPa |[s2ure (Yc)| 23 MPa
En | 7.8 GPa || 'siue (Xr) | 1950 MPa || tioar (S) |45.1 MPa
n2 | 0298 | smane (Xc) | 1000 MPa a' 2.44x10°
Gr2 | 3.75 GPa | smune (Y1) | 23 MPa

*1. Non-linear stress strain relation coefficient
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initial velocity, v= V(2 X Joule)/mass 1)

(b) CFRP Vessel

(a) Impactor Tup
Fig. 5. F.E. Models of impactor tup and STEB.
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Fig. 6. Comparison of experiment and calculation.
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Fig. 7. The schematic of CFRP ring specimen and
the photograph of test jig.

(a) Specimen
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Fig. 8 Residual strength measurement result.
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