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ABSTRACT
Carbon fiber reinforced polymers (CFRP), which are typical composite
materials, have been applied as light structural materials with high strength.
However, CFRP is too expensive. To reduce the cost, sandwich structural
composite material (CFRP/Polymer/CFRP) has been proposed. And volume
fraction of carbon fiber (12%) of sandwich structural composites is much lower
than that (60%) of CFRP, the costs were extremely lower than that of CFRP.
Since the impact value (auc) of CFRP/Polymer/CFRP after EB irradiation was
higher than auc before treatment, it is possible that the EB irradiation improves
the auc.
1. INTRODUCTION
Carbon fiber reinforced polymers (CFRP) have been applied as light
structural composite materials with high strength. The further strengthening
has been always expected to develop high-speed mover machines with tiny
energy composition. On the other hand, the CFRP is too expensive to utilize
for aircraft. Sandwich structural composite (CFRP/Polymer/CFRP), which is
constructed with polycarbonate resin core and covered with CFRP sheets at
both side surfaces, has been proposed with low price. Furthermore, the
Charpy impact value at mid Pf (0.50) for the CFRP/PC/CFRP is higher than
that of CFRP at room temperature. To raise impact value of the
CFRP/PC/CFRP, apparently more than that of CFRP, the homogeneous low
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voltage electron beam irradiation (HLEBI) may be one of the useful tools.
Therefore, the purpose of the present work is to investigate effects of HLEBI
on impact value of the sandwich structural composite of CFRP/PC/CFRP.
2. EXPERIMENTAL PROCEDURE
2.1. Sample preparation
CFRP/PC/CFRP sandwich structural composites of PC core (Takiron
Ltd.,Tokyo) covered with carbon fiber cross textile reinforced epoxy thin sheets
at both side surfaces (CFRP, 0.25mm thickness, TR3110-331MP epoxy/CF,
Mitsubishi Rayon Ltd., Tokyo) were constructed. Since adhesive force
between PC and CFRP is not high, glue film (NB-102HC-50-0.06,GH-Craft
Ltd., Tokyo) was used to make the composites. As shown in Fig. 1, the
CFRP/PC/CFRP laminate sample was pre-pregged. Volume fraction, Vf of
carbon fiber and PC core were 12 and 88 vol%, respectively. In the CFRP
sheet, Vf of carbon fiber was 60%. Making composites was performed by
autoclave molding in vacuum under 1 Pa for 2 h at 403 K. Since the bundle
direction was the longitudinal direction, a high unidirectional strength
perpendicular to the sheet plane can be expected.

Fig. 1 Schematic diagram of sandwich structural composite CFRP/PC/CFRP
with size (mm).
2.2. Condition of EB-irradiatin
The sheet samples were homogeneously treated by the prototype equipment
known as the electron-curtain processor (TypeCB175/15/180L, Energy
Science Inc., Woburn,MA), which was constructed with a vacuum chamber
(240 mm in diameter under 10-4 Pa) with tungsten filament (215 mm length)
and a thin titanium window (150 mm length, 40 mm width and 0.01 mm
thickness), with sample treatment compartment with conveyer under nitrogen

atmospheric pressure. Since HLEBI treatment was performed after the
interface formation between carbon fiber and matrix, improvement of adhesive
force could be expected. The tungsten filament in vacuum was used to
generate the electron beam at a low energy (acceleration potential, V: keV), of
170 keV and irradiating current density (J: Am-2) of 0.089 Am-2.
Each irradiation dose (0.043MGy (kjg-1)) was applied for only a short time (0.23
s) to avoid excessive heating of the sample. When the irradiation current (I:
mA), the conveyor speed (S: m min-1) and number of irradiations (N) were
determined, the irradiation dose (D: MGy) was expressed by the following
equation.
D = 0.216(I / S)N

(1)

The irradiation dose was controlled by integrated irradiation time in each
sample.

Fig. 2 Schematic diagram of electron curtain processer.
2.3. Impact test
To evaluate the impact fracture toughness, the Charpy impact values of the
CFRP and CFRP/PC/CFRP were measured using a standard impact fracture
energy measurement system (Shimadzu Corporation No.51735).
CFRP/PC/CFRP samples had dimensions of 80 mm length, 10 mm width, and
thickness of 2.8 mm (Fig. 1). Based on the Japanese Industrial Standards (JIS
K7077) of 1991, the impact fracture energy (J) is expressed by the following
equation.
E = WR[(cosβ -cosα)–(cosα’-cosα)(α+β)/(α-α’)] (2)
Here, E, W, R, β, α and α’ were impact fracture energy (J), hammer mass (kg),
length (m) of hammer weight point from rolling center, maximum angle after
impact, start angle before impact, the and the maximum angle of the blank test,
respectively. The Charpy impact value (auc: kJm-2) was expressed by the
following equation.
auc =(E / b t)×103

(3)

Here, E, b (= 10 ± 0.2 mm) and t (= 2.50 ± 0.35 mm) were impact fracture
energy (J), sample width (mm) and span distance (sample thickness, mm),
respectively. The distance between supporting points was 40 mm.
3. Result & Discussion
Evaluating the probability of fracture (Pf) is a convenient method of quantitative
analyzing experimental values relating to fracture. Pf is expressed by the
following equation, which is a generalized form of the median rank method
Pf = (i – 0.3)/(Ns + 0.4)

(4)

Here Ns and i are the total number of samples (Ns = 11) and the order of
fracture of each sample, respectively. Here, the order of fracture is the aligned
number of fractured samples from low to high impact value.
Figures 3 show changes in Charpy impact value (auc) of CFRP/PC/CFRP
against fracture probability (Pf) at each EB irradiation dose, respectively.
The HLEBI from 0.04MGy mostly improves the auc value of CFRP/PC/CFRP.
Thus, effects of HLEBI on auc value of CFRP/PC/CFRP are remarkably
obtained at each Pf value. It was also higher than that of auc values before
treatment. HLEBI raises the auc value at mid Pf (0.50) of CFRP/PC/CFRP up to
0.04MGy.
Consequently, HLEBI cuts the weak bonds and then generates the dangling
bonds, which probably relax the spontaneous residual stress, as well as
generates the compressive stress. They are induced by repulsive forces
between terminated atoms as dangling bonds in epoxy polymer, resulting in
generating volume expansion at the dangling bond sites. The expansion
induced by HLEBI generates the compressive stress in epoxy matrix, which
prevents crack generation and propagation in epoxy polymer matrix. Since
HLEBI raises the density of dangling bonds, it often enhances the ductility and
strengthening of the epoxy polymer matrix, as well as the density
enhancement of dangling bonds.

Fig. 3 Changes in Charpy impact value (auc) of CFRP/PC/CFRP against
fracture probability (Pf) at each EB irradiation dose.

4. Conclusion
Untreated sandwich structural composites (CFRP/PC/CFRP) of polycarbonate
(PC) cores covered with single ply sheets of carbon fiber cross textile
reinforced epoxy (CFRP) at both side surfaces exhibited higher impact values
than CFRP laminates. Moreover, since volume fraction of carbon fiber (12%)
of sandwich structural composites were much smaller than that (60%) of CFRP,
the costs were significantly lower than that of the CFRP laminates. This
research showed by applying low voltage electron beam irradiation (HLEBI). A
higher Charpy impact value (auc) of the CFRP/PC/CFRP is obtained.
(1) The low HLEBI dose of 0.04MGy mostly improved the auc value of
CFRP/PC/CFRP. Thus, effects of HLEBI on auc value of CFRP/PC/CFRP were
remarkably obtained at each Pf value. It was higher than that of auc values
before treatment.
(2) HLEBI apparently raises the impact values by cutting the weak bonds
generating dangling bonds creating repulsive forces between outer shell
electrons in the polymer matrix, apparently exhibiting increased compressive
stress in the composite raising the auc.
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