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ABSTRACT 

In this study, we examined the effects of gamma ray 
irradiation on fragment size from carbon fiber reinforced 
plastics (CFRP) plates due to hypervelocity impact. 
Quasi-isotropic CFRP plates consisting of unidirectional 
pre-preg sheets and spherical projectiles made of 
aluminum allow with a diameter of 1 mm (2017-T4) 
were used. A witness plate (200 mm × 200 mm, 2 mm 
in thickness) made of copper, C1100P-1/4H, with a hole 
of 30 mm was placed 50 mm in front of and behind each 
target to examine ejecta based on ISO 11227. The 
fragments collected from in front of and behind targets 
were compared. The gamma ray irradiation decreased 
the number of fragments and the fragment size on the 
rear side and did not affect the number of fragments and 
the fragment size on the impact side. The penetration 
hole of projectiles changed with the gamma ray 
irradiation.  

1 INTRODUCTION 

As is well known, because carbon fiber reinforced 
plastics (CFRP) plates show high specific strength and 
high specific stiffness, CFRP plates have been widely 
used in satellites and spacecraft for weight saving. 
However, under unforgiving space environment [1, 2] 
such as high-level vacuum, ultraviolet (UV) radiation, 
electron beam (EB) [3, 4], atomic oxygen (AO) and 
thermal cycling, the strength and stiffness of CFRP 
decrease and degradation-related studies have been 
studying [5].  

Because of impact of micrometeoroids and orbital 
debris (MMOD) as one of unforgiving space 
environment, many studies have been conducted on the 
ballistic limit, fracture behavior [6, 7] and fragments [8, 
9] when projectiles struck CFRP plates at over 10 km/s 
in addition to widely-used aluminum alloy plates. From 
a viewpoint of the increase in space debris, the ejecta 
from targets and fractured projectiles (hereinafter, 
referred to as fragments) are important when projectiles 
struck CFRP plates. The authors’ group has been 
studying fragments when projectiles have struck CFRP 

plates [10] or widely-used aluminum alloy plates [11].  

In this study, aluminum alloy projectiles struck gamma-
ray-irradiated CFRP plates. Fragments from CFRP 
plates collected from test chamber were measured. The 
effects of gamma ray irradiation on fragments from 
CFRP plates were examined.  

2 EXPERIMENTAL METHOD 

We employed CFRP laminates consisting of epoxy-
based carbon fiber UD pre-pregs (Toray, P13080F-3:   
Matrix 3800-2, Fiber M60JB) as a target material. The 
size of the CFRP laminates was 75×100 mm, with 
thickness of 0.7 mm, and the constitution of the CFRP 

laminates was [+45º/+45º/0º/0º/-45º/-45º/90º/90º]s (16 
ply). CFRP plates were irradiated by gamma ray at the 
sixth cell of Cobalt-60 Gumma-ray Irradiation Facility, 
Takasaki Advanced Radiation Research Institute 
(TARRI), National Institutes for Quantum and 
Radiological Science and Technology (QST). Total 
doze was 0.5 MGy (1 kGy/h, 500 hours) and 10 MGy 
(10 kGy/h, 1000 hours). CFRP plates were encapsulated 
inside an evacuated glass ampoule during gamma ray 
irradiation.  

Projectiles with a diameter of 1 mm made of aluminum 
alloy (2017-T4) were used based on ISO 11227. A two-
stage light-gas gun at Nagoya Institute of Technology 
was used to accelerate the projectiles with a sabot. The 
impact velocity was fixed at 2.4 km/s.  

Front witness plates (150 mm×150 mm) and rear 
witness plates (200 mm×200 mm) of 2 mm in thickness 
made of copper, C1100P-1/4H, were placed 50 mm in 
front of and behind each target as shown in Fig. 1 to 
determine the scattering area and examine impact 
craters impacted by the ejecta fragments. The front 
witness plates have a hole of 30 mm so that projectiles 
could pass through. When the forward fragments and 
backward fragments coming from the target were 
separately collected, the space between the target and 
the rear witness plate was surrounded by plates.  
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Figure 1.  Experimental setup 

 

 

 

 

 

 

 

(a) No irradiation      (b) 0.5 MGy      (c) 10 MGy 
(2.41 km/s)               (2.38 km/s)           (2.41 km/s) 

Figure 2.  Impact side photographs of CFRP plates after 
impact experiment 

 

3 RESULTS AND DISCUSSION 

Fig. 2 shows photographs of targets after impact 
experiments. Fig. 3 shows enlarged images of Fig. 2. 
We can observe that the surface layers on the impact 
side were peeled off from top right to bottom left and 
those on the rear side were peeled off from top left to 
bottom right. The peeled-off areas were large. The 
direction from top right to bottom left on the impact side 
is coincident with the fiber direction of the outermost 
layer on the impact side. The direction on the rear side is 
the same as well.  

Table 1 show the areas of penetration holes which were 
measured by image analysis of Fig. 3. The area of 
penetration hole of 0.5 MGy specimens was larger than 
that of the unirradiated specimen. The penetration hole 
of 0.5 MGy specimens was approximately 2 mm in 
diameter which is larger than the projectile diameter of 
1 mm. The penetration hole of 10 MGy specimens was 
smaller than those of the unirradiated specimen and 0.5 
MGy specimens. It was expected that strength and/or 
elongation of 10 MGy specimens drastically decreased 
by the irradiation of gamma ray.  
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Figure 3.  Enlarged images of Fig. 2 near penetration 
hole 

Table 1 Areas of perforation holes 

No irradiation 0.5 MGy 10 MGy 

2.0 mm2 3.1 mm2 1.8 mm2 

 

 

 

 

 

Figure 4.  Definition of fragments collected from test 
chamber 

 

After impact experiments, size of fragments collected 
from test chamber were measured using image analysis 
software (ImageJ). The length, a, width, b, and 
thickness, c, of fragments was defined as shown in Fig. 
4.  

Figs. 5(a) and (d) show the cumulative number 
distribution of the fragment length a on the impact and 
rear sides. On the impact side, the irradiation did not 
affect clearly the cumulative number distribution of the 
maximum length. The fragment from 10 MGy specimen 
were relatively short. In the case of the unirradiated 
specimen, the number of fragments over 2 mm was 13 
whereas that of fragments from 10 MGy specimen was 
only 5. On the rear side, the irradiation clearly affected 
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the cumulative number distribution of the ejecta length. 
Over a length range from 1 mm to 1.5 mm, the gamma 
ray irradiation clearly decreased the number of 
fragments and the fragment size. Only a few fragments 
which maximum length was 2.2 mm were collected 
from 10 MGy specimen. It seems to be difficult for 10 
MGy specimen to form large fragments.  

 

 

(a) Front side 

 

(b) Rear side 

Figure 5.  Size distribution of ejecta length, 2.4 km/s. 

 

 

Fig. 6 shows photographs of witness plates after impact 
tests. On the impact side, a few craters impacted by 
fragments were observed. On the rear side, we can see 
many small craters impacted by fragments in the case of 
the unirradiated specimen and 0.5 MGy specimen. 10 
MGy specimens showed a large crater because the 
projectile struck on the rear witness plate without being 
fragmented. We can see only a few minuscule craters.  

 

 

  

(a) No irradiation (2.41 km/s)    

 

 

 (b) 0.5 MGy (2.38 km/s) 

 

 

(c) 10 MGy (2.41 km/s)    
Figure 6. Photographs of witness plates after impact 
experiments  
 

 

 

 

 

 

 

Figure 7. Photographs of scan system 
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Enlarged images of witness plates were taken by a scan 
system using a microscope (Saitoh Kogaku, SKM-
Z200C-PC) as shown in Fig. 7. The diameter and 
position of impact craters on the witness plates were 
deciphered by image analysis software, ImageJ based on 
ISO 11227 [12-14].  

 

Impact side                           Rear side 
 

 

 

 

 

 

 

(a) No irradiation (2.41 km/s)  

Impact side                           Rear side 

 

 

 

 

 

   

(b) 0.5 MGy (2.38 km/s) 

Impact side                           Rear side 

 

 

 

 

 

 

 (c) 10 MGy (2.41 km/s) 

Figure 8. Photographs of witness plates after impact 
experiments  

 

Fig. 8 shows analysed results. Fig. 9 shows the meaning 
of symbols in Fig. 8. On the impact side, a few craters 
impacted by fragments were observed. There was no 
clear tendency in three results on impact side.  On the 
rear side, three results show that the crater areas slightly 
spread from top left to bottom right along to the fiber 
direction of the outermost layer on the rear side. The 

spread area from 0.5 MGy specimen was wider than 
that from the unirradiated specimen. The spread area 
from 0.5 MGy specimen was wider that the unirradiated 
specimens and 10 MGy specimen, but the crater number 
from 0.5 MGy specimen seemed to be higher than that 
from 10 MGy specimen. 

Table 2 shows total number of craters for each size 
range.  As discussed in the section about the observation 
of witness plate, the three results on impact side shows 
that a few fragments were scattered. On the rear side, 
many fragments were scattered. Table 2 shows that the 
number of craters from 0.5 MGy specimen was clearly 
higher than those from the unirraeated specimen and 10 
MGy specimen. 

 

 

 

 

 

 

                                                      

Figure  9.  Symbols shown in Fig. 8 

 

Table 2 The number of craters impacted by ejecta 

Size 
range 

No irradiation 
(2.41 km/s) 

0.5 MGy  
(2.38 km/s) 

10 MGy   
(2.41 km/s) 

 
mm 

Impact 
side  

Rear 
side 

Impact 
side  

Rear 
side 

Impact 
side  

Rear 
side 

0.075-
0.1 11 1131 108 1196 254 546 

0.1-
0.15 5 814 28 867 145 331 

0.15-
0.2 4 212 3 252 26 82 

0.2- 
0.3 0 57 6 111 28 14 

0.3- 
0.4 0 7 0 28 9 14 

0.4- 
0.5 0 1 0 11 0 6 

0.5-
0.75 0 0 0 3 0 3 

0.75-
1.0 0 0 0 5 0 1 

0.075~0.1 mm 
0.1~0.15 mm 
0.15~0.2 mm 
0.2~0.3 mm 
0.3~0.4 mm 
0.4~0.5 mm 
0.5~0.75 mm 
0.75~1.0 mm 
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Figure 10. Results of laser Raman spectroscopy 

 

 

Finally, laser Raman spectroscopy (JASCO, NRS-3300) 
was applied to the CFRP specimens. A Raman spectrum 
is shown in Fig. 10. Significant Raman scattering 
signals were not detected because fluorescence 
background problems seemed to occur. However, 
because the trend of fluorescence background was 
changed by the irradiation (total dose), it is highly 
possible that some chemical reaction of CFRP such as 
molecular chain breakage and crosslinking were 
occurred by the irradiation. Further chemical analyses 
are needed in order to clarify chemical reaction.  

4 CONCLUSIONS 

The effects of gamma ray irradiation on fragment size 
from carbon fiber reinforced plastics (CFRP) plates 
were examined. On the rear side, the gamma ray 
irradiation decreased the number of fragments and the 
fragment size. The penetration hole of projectiles clearly 
changed with the gamma ray irradiation. 
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