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ABSTRACT

Carbon Fiber Reinforced Composite (CFRC) plates have been subjected to
low energy impact tests at 22,5°C (with strain gauge mounted), 22,5°C,
0°C, -30°C and -60°C separately. CFU10T carbon is chosen as fiber
material and CR80 epoxy resin as matrix. The samples have been prepared
as 100 X 100 mm. width/length and 2 mm. (thickness), 8 layered
respectively and have been orientated as quasi-isotropic. The plate samples
have been prepared by hand layup method. Low velocity impact tests have
been carried out by Weight Drop Impact Test Setup according to ASTM
D7136. Critical response force-time, strain and damage response have been
investigated. It has been observed that; as the temperature decreases,
contact forces increase and contact time decreases. The laminate humber
and lay up orientation also affect the low impact energy behavior of plates.
As the temperature decreases, impact strength of CFRP plates decreases. It
has been experimentally observed and proved that low temperature
decreases impact strength.

oz

Karbon fiber takviyeli kompozitler (KFTK); 22,5°C (strain—gage i),
22,5°C, 0°C, -30°C ve-60°C sicakliklarda diistik enerjili darbe testlerine
tabi tutulmuslardir. CFU10T karbon fiber ve CR80 re¢ine matriks malzeme
olarak kullanilmigtir. Numuneler 100 X 100 mm. genislik/uzunluk ve 2
mm. kalinlikta 8 tabakali olarak hazirlanmis ve quasi-isotropic olarak ayri
ayr1 yonlendirilmislerdir. Tabakalar el yapimi yayma metodu ile
hazirlandiktan sonra ASTM D7136’ya gore diisiik hizda darbe testine tabii
tutulmuglardir. Kritik kuvvet-zaman, gerinim-zaman grafikleri hazirlanarak
ayri ayr1 hasar analizleri yapilmistir. Sicaklik azaldikc¢a temas kuvvetinin
arttig1 ve temas zamaninin azaldigi gézlemlenmistir.
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1. INTRODUCTION

Fiber-reinforced composites have been used as engineering materials for nearly five decades.
Early development of fiber-reinforcement composite technology began in the defense sector where
uses for composites included such things as filament-wound rocket motor cases. Evaluation of the
technology took place primarily in the defense industry for many years due mainly to the extremely
high costs associated with developing and manufacturing these materials. As technology matured,
development costs decreased to the point where composites could be economically used in a variety of
commercial industries. Today, airframe manufactures utilize composite materials in certain external
areas such as wing flaps, elevators, rudders, spoilers, and landing gear doors [1].

As fabrication methods become even more economical, composites will be used more
extensively as aircraft surface panel materials. With this increased use of composite materials on the
exterior of aircraft, it is imperative that designer understand how these materials behave under all
loading conditions. One of these loading conditions that exterior components will encounter
throughout their service lives is impact loading due to foreign object impact. Because composites have
poor resistance to damage due to out-of-plane impact, loading could preclude their use in some
structures [2].

Hand lay-up is the most common and least expensive open-molding method because it requires
the least amount of equipment. Fiber reinforcements are placed by hand in a mold and resin is applied
with a brush or roller. Hand layup is an open molding method suitable for making a wide variety of
composites products from very small to very large. Production volume per mold is low; however, it is
feasible to produce substantial production quantities using multiple molds. Design changes are readily
made. There is a minimum investment in equipment. With skilled operators, good production rates and
consistent quality are obtainable [3].

Recently, there has been considerable interest in mechanical tests of fiber reinforced
composites. BelingardiveVadori conducted a study on glass fiber epoxy resin composites low energy
impact resistance and investigated energy absorbing ability at different impact velocities and deduced
force-displacement graphs [4]. Different kinds of strikers affecting on the impact resistance of carbon
epoxy composite laminates have recently been proposed in the literature by Mitrevski and colleagues;
as a result, they have concluded that the samples exposed to impact by conic edge are the most energy
absorbed sample [5]. Dimensional and striker effects to the low energy impact of composites have
been investigated by Aslan and colleagues [6]. Milli and colleagues investigated the behaviors of
epoxy glass composites at low velocity impact by using theoretical hertz impact law and obtained
consistent results with the tests [7]. Karim and colleagues studied the impact behavior and
performance of epoxy composites produced by under single and repeated low-velocity impact loading
and showed that performance of epoxies decreases at low temperatures [8]. Kara investigated the

dynamic behavior of epoxy glass composites under low velocity impact behavior and damage analysis
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according to the different plate dimensions and obtained similar results as Karim and colleagues
obtained [9]. Cho K. and friends studied the effect of heat fluctuations (low and high temperature) of
impact damage on carbon fibers (CFRP) and obtained that heat fluctuations decreases impact
resistance [10]. Ibekwe and colleagues have studied the damage effect of compression test on glass
fiber reinforced composites at low temperature degrees [11]. T. Gomez and his colleagues examined
the low impact damage behavior of CFRPs at different temperatures and concluded that the influence
of temperature and ply reinforcement architecture of stacking sequence effect the mechanical behavior
of the CFRP laminates subjected to low velocity impulsive loads [12]. Lal studied on the 8 layered
isotropic graphite/epoxy composites low impact behavior [13]. Whittingham and colleagues
investigated the low impact behavior of carbon fiber / epoxy laminates under prestress and depicted
that penetration depth, impact load and absorbed energy are independent from prestress value upto 6J,
but dependant at greater energy levels [14]. Husseinzadeh analyzed the high impact behavior of
CFRPs numerically with ANSYS Ls-Dyna V6.1 software and obtained consistent results with
experiments [15].

Also there has been studies and investigations on the impact behavior of composites at different
temperature degrees; some of these studies are as follows:

Amin Salehi-Khojin and his colleagues investigated the role of temperature on impact
properties of Kevlar/fiberglass composite laminates and showed that as the temperature decreases,
strength decreases [16]. Jeremy Gustin and his colleagues studied on low velocity impact of
combination kevlar/carbon fiber sandwich composites [17].

The originality of our study is based on the hand layup preparation and low velocity impact
response analyze at low temperatures of CFRPs together. One group of samples for each array at

22,5°C have been subjected to test with strain-gauge. Also; strain analyze is conducted for this group.

2. MATERIAL AND METHOD

Carbon fiber and epoxy resin are used for preperation of plates (Table 1) by hand layup process
at 23,7°C, % 28 humidity and under 650 mm Hg. pressure, approximately for 30 minutes. The plates
have been vacuumed, after that they have been cured at 55°C for 16 hours [3].

The stacking sequence and numbers are depicted below:

Composite type: Carbon (CFU 10T), epoxy (CR 80) and CH 80-6 hardener (Fig. 1).

(%70 fiber-carbon-% 30 matrix-epoxy resin)

Dimension of samples : 100 x 100 mm.
Each layer thickness : 0,25 mm.
Plate thickness 12 mm.
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Figure 1. Composite plates after vacuum and curing process

Table 1. Properties of the constituents of plates [18, 19]

Properties CFU 10T Carbon (fiber)  CR 80 Resin (epoxy)
Tensile strength (MPa) 1180 69

Tensile modulus (GPa) 190 3,2

Density (g/cm®) 18 1,17

Table 2a. Stacking sequence of samples

Sample Codes

1N1(22,5°C strain gage),
1IN2 (22,5°C),

IN3 (-30°C),

1N4 (-60°C),

IN5 (0°C),

[0/+45/+45/90]s

2N1(22,5°C strain gage),
2N2 (22,5°C),

2N3 (-30°C),

2N4 (-60°C),

2N5 (0°C),

[90/+45/0/-45],

3N1(22,5°C strain gage),
3N2 (22,5°C),

3N3 (-30°C),

3N4 (-60°C),

3N5 (0°C),

[+45/0/-45/90]
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Table 2b. Stacking sequence of samples

Sample Codes Array
4N1(22,5°C strain gage), [0/+45/90/-45]s
4N2 (22,5°C),

4N3 (-30°C),

4N4 (-60°C),

4N5 (0°C),

5N1(22,5°C strain gage), [0/-45/90/+45]
5N2 (22,5°C),

5N3 (-30°C),

5N4 (-60°C),

5N5 (0°C),

6N1(22,5°C strain gage), [+45/0/90/-45]s
6N2 (22,5°C),

6N3 (-30°C),

6N4 (-60°C),

B6N5 (0°C),

Samples (Table 1 and 2) have been prepared and tests have been carried out according to ASTM
D7136 "Standard Test Method for Measuring the Damage Resistance of a Fiber-Reinforced Polymer
Matrix Composite to a Drop-Weight Impact Event™ [20].

A weight drop impactor test setup was used for impact tests (Fig. 2(a) and (b)). The device has
been designed so as to make damage on the materials by a substance dropped from a definite height
with low velocity and mass. For this study, all samples were impacted with a 9 kg. drop weight. Since,
the drop weight was not changed, the different impact energies were achieved by adjusting the drop
height. A pneumatic clamping fixture, with a 76.2 mm. (3in.) diameter opening, secured each sample
during impact. The samples were impacted with a 12.7 mm. (0.5in.) diameter striker with a
hemispherical tip, constructed by a high strength steel. Impulse software was used to display and store
the impact data.

Figure 2. (a) Weight Drop Test Setup and Settlement of Sample to the Fixture
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Figure 2. (b) Weight Drop Test Setup and Settlement of Sample to the Fixture

The force sensor 201B03 model (Table 3) ICP manufactered by PCB Group Company is used
in tests (Fig. 3.)

Figure 3. The Force Sensor

Table 3. Technical Specification of Force Sensor

Specification Value

Sensivity (x15%) 2248 mV/kKN
Measuring Range (Pressure Force) 2,224 kN

Maximum Statical Force (Pressure Force) 13,34 kN

Broadband Resolution (1-10 000 Hz) 0,04448 N-rms

Low Frequency Response (-5%) 0,0003 Hz

Highest Frequency Limit 90 kHz

The data collector is the application that collects and delivers the metadata that is analyzed and
presented in the GUI (Graphical user Interface) in computer (Table 4). The NI 9233-USB-9162 model
data collector is used in tests (Fig. 4.)
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Figure 4. NI 9233-USB-9162 Model Data Collector and Mounting

Table 4. Technical Specification of Data Collector

Specification Value
Channel Number 4
Resolution 24-bite
Dynamic Interval 102 dB

Minimum Data Rate 2 kS/s
Maximum Data Rate 50 kS/s
Frequency 12,8 MHz
Sensitivy +100 ppm max.

Optical photocells are used in tests in order to measure the strain rate (Fig. 5.)

Figure 5. Optical photocells and sample with strain-gauges
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i

Figure 6. 003A20 Model LowNoise Coaxial Cable

Collected data from impact tests to the data collector was transmitted by coaxial cable without
losing data (Fig. 6.).

Plates have been subjected to cooling operation by nitrogen gas and when desired temparature
degree (0°C, -30°C and -60°C) is obtained, low velocity impact tests have been conducted
immediately. The temperature degrees have been kept stable till the experiments were conducted

(Fig.7).

Figure 7. Nitrogen Gas Tank

3. THE RESEARCH FINDINGS
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Figure 8. Samples subjected to low velocity impact test at +22,5 < (strain gage),
+22,5C, -30 <, -60 T and 0 T respectively
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Figure 10. Samples subjected to low velocity impact test at +22,5 < (strain gage), +22,5<C, -30 <, -60 < and
0 <C respectively

A Strain gage (sometimes referred to as a Strain Gauge) is a sensor whose resistance varies with
applied force; it converts force, pressure, tension, weight, etc., into a change in electrical resistance
which can then be measured. When external forces are applied to a stationary object, stress and strain

are the result. Stress is defined as the object's internal resisting forces, and strain is defined as the
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displacement and deformation that occur. Strain gauges (120 (€2) and % 3 strain limit) are used to

measure the strain for the samples that have been subjected to impact at +22,5°C (fig.9 ve 10). [21].

0,6

d (kn,)

0,4

0,2
pact Loa

Im

0

12,5

10
t(ms.)

2,5 7,5 15

Figure 11. Signals taken by samples subjected to repeated forces

Until striking edge hits the sample, force is zero. Just at the hitting time, the force increases to
a very high level and then again after second hit a small force magnitude has been obtained compared
to the first hit as seen in Fig. 11. This means a second impact force has been applied. And as seen in
Fig. 12., after second impact force a less contact force has been observed. Until the striking end stops,
the impact forces continues. Fcr force is the initating force that makes a permanent damage.

I."'Fmax= 6,288 kN.

_F —azakN. WV Oscillation
crer— ] .

Y :
Rm#"flﬂ .\"II'I

Contact Force (kN.)

16,215
t{ms.]

16,2125 16,2175

16,22

Figure 12. Force-time graph of [0/+45/-45/90] oriented sample subjected to low velocity impact test (strain-
gauge mounted)

Table 5. Impact Parameters

Impactor (Striker) Diameter(mm.)

76,2 mm.

Impact Velocity (m/s.) (upon impact)

2,44 m/s.

Mass of Impactor (kg.)

9 kg.

Impact Energy (J.)

26,5

Impactor Height to Sample (mm.)

300 mm.
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Table 6. The results obtained from [0/+45/+45/90] oriented sample subjected to low velocity impact test
(strain-gauge mounted)

Fmax (kN) Fcr (kN) tFmax (mS) ttotal (mS)
6,288 4.28 0.0019 0.014

Fmax : Maximum force obtained

Fe : Critical force initiating damages at the samples.

tFmax tlme fOI’ Fmax

tora - total impact time

Impact parameters are depicted at Table 5.

The first damage starts to occur in the sample at Fc, (fig.10). This is called as F. (critical force

starting to cause damages at the samples). Then the force reach to a maximum, after that an oscillation
is observed until a second Fmae. Contact force decreases sharply to O (zero) as observed in

[0/+45/+45/90] oriented sample subjected to low velocity impact test (strain-gauge mounted) (Table 6

and Fig.12). For a non-reversible and visible damage, Fcrmust be exceeded. If not, invisible damages
could be observed.

[0/+45/-45/90],

6 j'H: —1N1_Smain
. n{r"j! | gage_+22,5°C
= I ” IN2_+22,5°C
o s \

g 4 : e
g R\ | — IN3_-30°C
i: / CAN SEe
5 \\ : ’
3 1 / \\ IN4_-60°C
\\
1 i \ INS_0°C

Figure 13. Contact force -time graph of [0/+45/+45/90]s (Sample code 1N) oriented samples subjected to low
velocity impact test at different temperatures

[90/+45/0/-45],

=—1NI1_strain
& 22.5°C

Contact Force |KN|
w s

Figure 14. Contact force -time graph of [90/+45/0/-45]s (Sample code 2N) oriented samples subjected to low
velocity impact test at different temperatures.

45



Z.0Ozdemir ve Ark. / Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8 (3) (2019) 35-60

[+45/0/-45/90],

i ——3NI_strain
z 6 ¥ gage +22,5°C
= IN? 422 5°C
o AN IN2_+22,5°C
£ NG —3N3_-30°C
B \ y .
'E > e IN4_-60°
S ., ! \ 3N4_-60°C

1 \/ 3N5_0°C

0 <

B

Figure 15. Contact force -time graph of [+45/0/-45/90]s (Sample code 3N) oriented samples subjected to low
velocity impact test at different temperatures

[0/+45/90/-45],

6 f r("\ ll," | ——4N1_strain
z Jbﬁ \J\\. gage +22.5°C
=5 i
= ) \/\ AN2_+22,5°C

}
£ 4 / \
= \ —4N3_-30°C
T 3 /
g \
8, f \ 4N4_-60°C
1 / \ ANS5_0°C
g ke 2 NN
S ANMmM"g N OO0 8 - NM g N Y~
ot — 7= I - T O 1
-1
Time [10~'msn]

Figure 16. Contact force -time graph of [0/+45/90/-45]s (Sample code 4N) oriented samples subjected to low
velocity impact test at different temperatures

[0/-45/90/+45],

=== S5N1_strain
gage_+22.5°C
SN2_+22,5°C

\ SN4_-60°C
\\q_’ SNS_0°C

Figure 17. Contact force-time graph of [0/-45/90/+45]s (Sample code 5N) oriented samples subjected to low
velocity impact test at different temperatures

Contact Force [kN|
- &
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[+45/0/90/-45],

\ =—6N1_strain
6 A Y gage_+22,5°C

Contact Force [kN|
2
o]

Time [10-*msn]

Figure 18. Contact force -time graph of [+45/0/90/-45]s (Sample code 6N) oriented samples subjected to low
velocity impact test at different temperatures

Table 7. Contact Force-Time Values According to Fig.11-16 (tstart is O (second) for all samples)

Sample Number temax (MS.) trotal(MS.)
IN1 44 14
1IN2 4 13,7
1IN3 4,5 14,3
1IN4 44 13,2
IN5 5,4 15,9
2N1 5,4 16,1
2N2 4,5 13,8
2N3 4,5 13,9
2N4 5,2 13,9
2N5 6,9 19,1
3N1 5,6 12,9
3N2 5,7 14,5
3N3 4,1 13,1
3N4 5,7 14,2
3N5 4,1 13,8
4N1 9,5 18,1
4N2 6,6 14,5
4N3 4,5 15,8
4N4 4,6 15,2
4N5 8 17,9
5N1 4,1 11,4
5N2 44 13,4
5N3 4,6 14,2
5N4 5,2 16,3
5N5 4,6 14,3
6N1 10,5 16,1
6N2 7,1 17,4
6N3 7,3 14,8
6N4 5,8 19,3
6N5 4,5 14,1
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Feontact 1S the reaction force to the impact force, Fcr force is the initating force that makes a
permanent damage and Fmax. is the ultimate force that smaple reacts to the impact force as seen in
fig.13 through fig.18.

As temperature increases, delamination occurs at all layers. This result indicates the decreasing
of stiffness. In other words impact strength decreases, as temperature decreases. Inl,2,4and 5
numbered samples that starting in with 0° and 90° oriented angles, delamination occurs almost at all
layers. In 3 and 6 numbered samples that starting in with +45° oriented angles, delamination mostly
occurs at substrates, as a result it can be deduced that samples starting in with +45° oriented angles
have more strength than the other ones. Reset time is utmost at 6N4 number sample (-60°C), it means
the most resilient one is this sample among the other ones. As the temperature decreases, damage area

increase. Low temperature significantly effects the damage areas (Table 7).

0.05 4

2
.

I s I s I
t ¥ t } t 1 t
16.134 16,1345 16.135 16.1355 16.136 161365 16.137
time [msn]

(a) [0/+45/+45/90]

16 1375

0.01

rain [mmimm]

0.02

St

4 y 4 | 4 L
t 1 t 1 t t t
8.165 81655 B.166 81865 B.1687 B.1675 B.188

Time [msn)

(b) [90/-+45/0/-45]s
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Figure 19. Strain-time graphs of samples subjected to low velocity impact test at different temperatures a) 1N1,

b) 2N1, ¢) 3N1, d) 4N1, e) 5N1, f) 6N1 (strain gauge mounted samples at 22,5°C)
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Strain amount is high at the [0/+45/-45/90]s oriented sample and damage area less. Strain
amount is low at the [+45/0/90/-45]s oriented sample and damage area is more. [0/+45/90/-45]s and
[0/-45/90/+45]s oriented samples area identical to each other so strain values is almost same (Fig. 17).
It is observed that if the damage occurs earlier, material has lower toughness and more brittle; and vice
versa. The reason why the strain values begin under zero is the compression force observed during
impact force applied to the samples.

point impact
applied

Figure 20. Impact Applied Point

Impact force is applied directly to the center of samples (fig.20).
Damage photos (fig. 21 through fig 26. for 1N1, 2N1, 3N1, 4N1, 5N1 and 6N1) observed under
microscopy could be seen for all samples from Fig. 27 to Fig. 32.

Figure 21. Impact Applied Point (IN1 Sample)

Figure 23. Impact Applied Point (3N1 Sample)
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Figur 24. Impact Appied Point (4N1 Sample)

Figure 26. Impact Applied Point (6N1 Sample)

' delamination

v

matrix fracture fiber fracture

Figure 27. Cross section view of 1N1 sample under microscopy (LN2, 1N3, 1N4 and 1N5 samples damages are
same as 1N1 with very little differences, so they are not depicted in here.)
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As it is observed at the [0/+45/-45/90]s array;

(IN1); delamination is more at substrates, matrix fractures are more at top 3 layers. Fiber fracture is

mostly observed at bottom 2 layers.

(IN2); matrix fractures and delamination are observed almost at all layers, fiber fracture is mostly

observed at bottom 2 layers.

(IN3); delamination is observed at bottom 4 layers, fiber fractures are more at bottom 2 layers. Matrix

fractures are mostly observed at interstages intensely.

(1N4); delamination is observed at bottom 4 layers, matrixfracturesareobservedafter 2nd layer. Fiber

fracturesaremostlyobserved at bottom 2 layers.

(IN5); matrix fractures are observed at top 3 layers intensely, fiber fractures are observed at bottom 2

layers. Delaminationoccursafter 2nd layer.

Generally; fiber fracturesareobserved at -45° and90° angle layers, matrix fractures and
delaminations occurs at 0° and 45° anglelayers. Most delamination is observed at 1N4 sample (-60 °C),
theleast at 1N3 sample (-30 °C).

delamination ¢ \

matrix fracture X
fiber fracture

Figure 28. Cross section view of 2N1 sample under microscopy (2N2, 2N3, 2N4 and 2N5 samples damages
are same as 2N1 with very little differences, so they are not depicted in here.)

As it is observed at the [90/+45/0-/-45]s array;

(2N1); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at bottomlayers.

(2N2); matrix fractures and delamination are observed, fiber fracture is mostly observed at

bottomlayers.
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(2N3); delamination and fiber fractures are mostly observed at bottom layers, matrix fractures at top

layers and delamination are observed in patches at top layers.

(2N4); matrix fractures and delamination are observed at all layers, fiber fracture is observed at

bottomlayers.
(2N5); matrix fractures and delamination are observed, fiber fracture is observed at bottom 3 layers.

Generally; fiber fractures are observed at -45° angle orientation layers, matrix fractures at 90°
angle and delaminations occurs at 0° and 45° angle orientation layers. Most delamination is observed
at 2N4 sample (-60°C), the least at 2N1 sample (22,5 °C).

* * delamination

matrix fracture fiber fracture

Figure 29. Cross section view of 3N1 sample under microscopy (3N2, 3N3, 3N4 and 3N5 samples damages are
same as 3N1 with very little differences, so they are not depicted in here.)

As it is observed at the [+45/0/-45/90]s array; (3N1); matrix fractures are observed almost
at all layers with delamination, fiber fracture is mostly observed at bottom 2 layers.

(3N2); matrix fractures and delamination are observed after 2" layer, fiber fracture is mostly

observed at 2 bottom layers.

3N3); matrix fractures and delamination are observed after 3 layer, fiber fracture is mostl
Y y

observed at 2 bottom layers.

(3N4); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at first layer and bottom 2 layers.

(3N5); matrix fractures and delaminations are observed, fiber fracture is mostly observed at bottom

2 layers.
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Generally; fiber fracturesareobserved at -45° and 90° angle orientation layers, matrix fractures
and delaminations occurs at 0° and -45° angle orientation layers. Fiber fracture at thefirstlayer of
samples is onlyobserved at 3N4 (-60 °C), number sample. Most delamination is observed at 3N4
sample (-60 °C), the least at 3N3 sample (-30 °C).

r

matrix fracture

delamination

fiber fracture

Figure 30. Cross section view of 4N1 sample under microscopy (4N2, 4N3, 4N4 and 4N5 samples damages
are same as 4N1 with very little differences, so they are not depicted in here.)

As it is observed at the [0/+45/90/-45]s array;
(4N1); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N2); matrix fractures are observed heavily at all layers with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N3); matrix fractures are observed after 2" layer with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N4); matrix fractures are observed almost at all layers with delamination, fiber fracture is mostly

observed at bottom 2 layers.

(4N5); matrix fractures are observed heavily at all layers with delamination, fiber fracture is mostly

observed at top 2 and bottom 4 layers.

Generally; fiber fracturesareobserved at 0° -45° and 90° angle orientation layers, Matrix
fractures and delaminations occurs at 0 ° ,+45° and 90° angle orientation layers. Most delamination is
observed at 4N3 sample (-30 °C), the least at 4N2 sample (22,5 °C).
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matrix fracture

delamination .
fiberfracture

Figure 31. Cross section view of 5N1 sample under microscopy (5N2, 5N3, 5N4 and 5N5 samples damages are
same as 5N1 with very little differences, so they are not depicted in here.)

As it is observed at the [0/-45/90/+45]s array;
(5N1); matrix fractures are observed heavily almost at all layers with delamination, fiber fracture is

mostly observed at bottom 3 layers.

(5N2); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 3 layers.

(5N3); matrix fractures are observed heavily almost at all layers with delamination, fiber fracture is

mostly observed at bottom 3 layers.

(5N4); matrix fractures are observed after 2" layer with delamination, fiber fracture is mostly

observed at bottom 3 layers.

(5N5); matrix fractures are observed heavily almost at all layers with delamination, fiber fracture is

mostly observed at bottom 3 layers.

Generally; fiber fractures are observed at +45 ° and 90 ° angle orientation layers, matrix
fractures and delaminations occurs at 0 °, +45 ° and 90° angle orientation layers. Most delamination is
observed at 5N5 sample (0 °C), the least at 5N2 sample (22,5 °C).

55



Z.Ozdemir ve Ark. | Dicle Universitesi Fen Bilimleri Enstitiisii Dergisi 8 (3) (2019) 35-60

matrix fracture

delamination

fiber fracture

Figure 32. Cross section view of 6N1 sample under microscopy (6N2, 6N3, 6N4 and 6N5 samples damages
are same as 6N1 with very little differences, so they are not depicted in here.)

As it is observed at the [+45/0/90/-45]s array;

(6N1); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N2); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N3); matrix fractures are observed after 3 layer with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N4); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

(6N5); matrix fractures are observed at all layers with delamination, fiber fracture is mostly observed

at bottom 2 layers.

Generally; fiber fractures are observed at -45 © and 90° angle orientation layers, matrix
fractures and delaminations occurs at 0 °, +45 © and 90° angle orientation layers. Most delamination is
observed at 6N3 sample (-30 °C), the least at 6N1 sample (22,5 °C).
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Table 8. Feontact - Strain and Deflection Amount in All Samples

Sample Code Temperature (°C) F (kN) Strain (mm./ mm) | Deflection (mm.)
IN1 (Strain gage) +22,5°C 6,288 0,0624 2,35
IN2 +22,5°C 6,1531 2,425
IN3 -30°C 7,117 2,29
1IN4 -60°C 6,729 3,615
IN5 0°C 6,8878 3,53
2N1 (Strain gage) +22,5°C 7,171 0,00784 2,23
2N2 +22,5°C 6,446 3,49
2N3 -30°C 7,2874 3,55
2N4 -60°C 7,885 4,925
2N5 0°C 7,732 3,525
3N1 (Strain gage) +22,5°C 7,732 0,00413 3,50
3N2 +22,5°C 7,499 2,15
3N3 -30°C 6,6133 2,255
3N4 -60°C 7,289 3,95
3N5 0°C 8,563 3,485
4N1 (Strain gage) +22,5°C 7,33116 | 0,0594 3,385
4N2 +22,5°C 6,853 2,15
4N3 -30°C 7,056 3,765
4N4 -60°C 6,467 3,70
4N5 0°C 7,293 3,73
5N1 (Strain gage) +22,5°C 8,091 0,0594 3,79
5N2 +22,5°C 7,533 2,39
5N3 -30°C 7,845 3,50
5N4 -60°C 7,070 3,80
5N5 0°C 6,452 3,855
6N1 (Strain gage) +22,5°C 8,4945 0,00386 2,025
6N2 +22,5°C 6,826 2,89
6N3 -30°C 7,4358 3,93
6N4 -60°C 7,281 3,91
6N5 0°C 7,652 3,58

As seen in table 8; the sequence stack and temperature degress has no certain effect on the

4. DISCUSSION

As the temperature decreases, it could be obviously seen all kinds of damage failures (fiber-

increases.

1,2,4 and 5 numbered samples beginning with 0 ° and 90 ° angles have delamination after
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This is also a significant outcome of the study according to the test results.

impact performance of samples; but we can generally say thatdeflection at low temperatures is more.

matrix fracture and delamination) from Fig. 18 through 23. Delamination is observed in all layers, as

strength decreases. As the temperature decreases, impact resistance decreases, and damage quantity

impact almost at all layers. Samples beginning with +45° orientation angles (number 3 and 6 samples)

,delamination has been observed mostly at lower layers. Samples beginning with +45° angles have
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better impact resistance than the other samples. This is an important result that can be obtained from

our study.

As the temperature decreases, the strength of matrix (epoxy) also decreases. So matrix fracture
could be observed. As matrix fracture occurs, fiber cleavages fractures and delaminations have been
triggered (Fig. 18-23). And also fiber fractures triggers matrix fractures. This is the second important
result observed; so the failure in the samples should be considered as a whole; this phenomenon is free
from temperature or array of samples. This is the third important result that is concluded from the

study.

The force-time graphs for all samples could be seen Fig. 11 through Fig. 16. First of all there is
an abrupt increase in force versus time, then a small oscillation and then slowly decrease. As
oscillation increases, damage decreases. Also as temperature increases, oscillation increases. This lead
us to a conclusion that free from fiber and matrix array; as temperature decreases, damage quantity
increases and as temperature increases, tougher structure could be observed. This means less damage
area. Damage area has been observed through the microscope (optic microscope) in all the samples

and evaluated as fiber, amtrix fracture or delamination [2].

This result also could be seen in strain-time graphs (fig.17). As temperature decreases, strain
decreases and more damage area could be observed. More delamination, matrix and fiber fracture
areas can be as temperature decreases. This is the most important observed and experimental result of

this project; in other words as strain increases, damage amount decreases.

Fiber and layer orientation is an important factor at CFRP damage behaviors in temperature and
force applied. At lower temperatures interlaminer residual stress affects matrix fracture as well as

delamination.

As strain increases, damage quantity decreases. Strain amount has a retarding effect on matrix
and fiber fracture. It is observed and experimentally seen that the strain is inversely proportional to
damage quantity.

5. CONCLUSION

Low impact response at low temperatures of CFRP platesfabricated by hand layup method have
been investigated. As well as temperature; failure behaviors of different arrayed plates and strain
behavior at 22,5°C have been observed. Preparation of samples, implementation of test setup and

connection of strain-gauges have been done. Following results can be concluded:;

1. It has been observed experimentally that +45° and -45° arrays ( 3N and 6N) have better strength
values than +90° and -90° arrays (1N,2N,4N and 5N).
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2. As the temperature decreases, the strength decreases.

3. In all damaged CFRPs samples; delamination, fiber and matrix fracture have been observed.

4. Damages affected by compression forces are less than tensile forces.

5. Damages at rear side of samples are much more than the front side because of the tensile forces.

6. 1,2,4 and 5 numbered samples beginning with 0 ° and 90 © angles have more strain values than 3 and

6 numbered samples beginning with +45 ° orientation angles, this means samples beginning with +45°

angles have better impact resistance than the other samples (number 1,2,4 and 5 samples), because Fcr

is higher as proved experimentally (fig.13-18).
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