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Nondestructive Inspection of Launch Vehicle Structural Components
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Abstract Space launch vehicles require highly reliable, lightweight structures. It is thus important to monitor the
structural health of these components with nondestructive inspections. In this paper, we studied an example of a
nondestructive inspection that was partially applied to the manufacture and inspection of a launch vehicle. Ultrasonic
tests, X-rays, tapping, and acoustic emissions comprised the inspection method. A payload fairing, high pressure
tank, fastener part, and bonding part were used as hardware to be inspected. We proposed a quantitative standard
for debonding inspection of the payload fairing and acoustic emission data for the proof test of the high pressure
tank. We analyzed the fracture mode of the sandwich fastener part according to frequency changes. We also
proposed a standard specimen for ultrasonic inspection of bonds of different materials. The present analyses and
results provide data for evaluation of the launch operation sequence to ensure launch vehicles afford high reliability.
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Fig. 1 Composite structures of KSR-III
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Fig. 2 Payload fairing of KSLV-I
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Fig. 3 Bending test of sandwich specimen

Table 2 Material properties of composites

4947 34

o9 N/mm/g N/mm/g
W | glass o} 24 2.3
16t | AL o} 47 4.2
WA | glass Zo} 23 2.3
0.8t | AL =o} 3.8 33

Fig. 4 Tapping test of sandwich specimen
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Fig. 5 Sandwich specimen with debonding

Table 3 Results of tapping test

Glass Al
insert | debond | insert | debond

TO 0.32 0.32 0.29 031

T #1| 035 0.36 0.34 0.34

T # | 035 0.36 034 0.34

T #3 | 038 0.39 041 041

(T-TO100 | ) | 938 | 1250 | 1563 | 938
/T0
" *

(TTOI00 | by | 938 | 1250 | 1563 | 1563
/T0

(T'T/OT)OlOO #31 1875 | 21.88 | 3750 | 31.25
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Fig. 6 Inspection results of payload fairing
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Fig. 7 Pressure test of Titanium tank
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Fig. 12 Analysis of acoustic emission frequency

Fig. 13 X-ray inspection of pressure tank
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Fig. 14 Reference specimen for ultrasonic test
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Fig. 15 Inspection results of reference specimen
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