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Abstract

Sandwich panels made of polymeric composite materials used in hostile thermal fatigue
environments are prone to microcracking due to internal stresses. The impact of micro-cracking
as a result of thermal fatigue is more severe in sandwich structures as opposed to solid laminates.
Four sandwich panel configurations are studied. They are quasi-isotropic panels made of
polymeric’ carbon fiber reinforced skin bonded by adhesive to honeycomb Kevlar cores.
Different facesheet and core thicknesses are investigated. Samples are subjected to thermal
cycles from -195°C to 150°C. Microscopic inspection is performed at the sample cross-section
for a number of cycles to observe the location and density of cracks. It is observed that cracks are
formed mainly at the adhesive/composite interface. Also, microcracks are formed more in the
core ribbon direction compared to the core transverse direction. For all samples, after 40 thermal

cycles, the total crack length becomes saturated and remains almost constant and no more



damage happens. To study the effect of microcracks on mechanical property, flatwise tensile test
was performed at room temperature. By increasing the number of cycles, the crack area increases
and the flatwise strength decreases. Experimental data indicates that the samples with higher core
to facesheet thickness ratio has higher microcrack lengths and lower flatwise strength. Therefore,
sandwich panels with thinner facesheet and thicker core are more susceptible to the damage if

subjected to the thermal fatigue.

Keywords: Thermal fatigue, sandwich structures, microcracking, space application.

1. Introduction

Composite materials such as Carbon Fiber Reinforced Polymer (CFRP) solid laminates or
sandwich structures are most widely used materials for<complex aeronautical and space
applications. The growing need to minimize the weight of the aerospace structures and to
maximize the payload carrying capability makes FRP based composite materials are judiciously
be used. Composite materials offer excellent mechanical and chemical properties. The ability to
form into complex shapes with minimum wastage of material makes it an ideal choice for
complex engineering problems. However, its heterogeneous composition makes it susceptible to

defects at a micro level leading to catastrophic failure, when subjected to thermal fatigue.

Many investigators studied various metallic and composite material based cryogenic fuel tanks
[1-4]. The advantages and disadvantages were documented. The curiosity to determine the effect
of thermal fatigue on mechanical properties had led many authors in the past to perform
mechanical test post thermal conditioning. As demonstrated by Gates et al. [5], a correlation
between the residual mechanical properties of a carbon fiber polymeric composite with the effect
of temperature was made. Mechanical test and microscopic inspection at the surface show
significant impact on the performance. Pannkoke and Wagner [6] conducted mechanical tests on
different combination of fiber and matrix after thermal cycling at cryogenic temperature. Since
microcracking occurs in the matrix, the authors used different grade of matrix such as epoxy,
polycarbonate and PEEK to observe if using matrix that have superior matrix-fiber bonding

capabilities would result in better performance.

Some authors in the past have tried to study the thermal fatigue effect by coupling both

microscopic study and mechanical test. Jean-st-Laurant et al [7] studied the effect of thermal



cycles ranging from -170 °C to 145 °C on three cyanate ester resin based solid laminates and a
sandwich panel. Samples were subjected up to 360 thermal cycles. Microscopic observation
showed three types of damages, transverse microcracks, debonding between fiber and matrix and
minor delaminations. Cracks were quantified by means of crack density [5-7] at the edges and at
the mid-section of the samples. Three point bending test on solid laminates was performed to
indicate the effect of damage due to the microcracking. Thermal cycling of composite
honeycomb sandwich structure is described more in detail by Hegde and Hojjati [8]. A particular
configuration of sandwich construction was made using carbon fiber facesheet and Kevlar
honeycomb core. Longitudinal microcracks in the form of delamination were observed between
the facesheet and the core. Cracks were appeared right from the first thermal cycle. Crack growth
reached to a plateau after 30 to 40 thermal cycles. Flatwise tensile test of the samples subjected
to subsequent thermal cycles showed degradation in bond line strength. The results of
mechanical test were in good agreement with microscopic inspection results. Timmerman et al.
[9] studied the effect of cryogenic thermal cycling effects on symmetric carbon fiber/epoxy
laminates. Laminates made out of different combinations of fiber modulus and matrix
composition were studied. It was observed that laminates with higher glass transition

temperature and toughening agents have more resistance to microcracking.

Islam et al. [10] explored options such as the hybrid textile composites for composite cryogenic
tank application. Short beam shear test was conducted for both non-cycled and thermal cycled
samples and results were compared. Transient thermal analysis was conducted in order to study
interfacial stresses:" Mechanical results of hybrid composites indicated that a few combinations
were performed better than the rest after thermal cycling. Garnich et al. [11] studied the effect of
moisture absorption on microcrack formation after thermal cycling. Balanced cross-ply laminates
were used. for the experiment. The samples were made of IM7 fibers and CYCOM 5250-4
bismaleimide matrix. Microscopic observation and crack density plot of the samples at the edges
and mid-section showed that microcracking was significant on the edges of the sample in

comparison to the mid-section of the sample.

Most of the work reported in the literature dealt with thermal cycling of solid laminates [12-19].
Although some authors in the past have attempted to study the effect of thermal fatigue on the

sandwich structures performance, a detailed microscopic study of microcrack growth and



establishing a correlation between crack growth and mechanical strength is still a void. The
present study aims at determining the effects of the thermal fatigue on the performance of
sandwich structure made of the same facesheet and core material but different facesheet and core
thicknesses. Four different configurations were studied. The samples were subjected to-the
thermal cycles and then the cross-sections of the samples were observed under microscope for
microcracks determination and quantification. Flatwise tensile test were performed and the

results were compared with the microcrack density. Good correlation was observed.

2. Materials and Manufacturing

Sandwich samples with different core and facesheet thickness were selected. Table 1 gives
details of the different sample configuration under investigation. The facesheet were made of 5
harness satin carbon fiber woven fabric with cyanate ester resin with a ply thickness of 0.125
mm. The facesheets were cured separately at the laminate level and then bonded to the core
using modified epoxy film adhesive (secondary bonding method). The core chosen was a Kevlar
honeycomb core coated with phenolic resin. The cell size of the core was 3 mm with core wall
thickness 46 micrometer and density 48 kg/m?. The volume fraction of fabric plies within the
samples was kept the same (50% of (£45) plies and 50% of (0/90) plies) for all configurations to
have quasi-isotropic panels with the same in-plane stiffness properties and thermal expansion

coefficients. The facsesheets of samples B, C, and D by themselves are symmetric and quasi-

isotropic.
Table 1: Sample configuration
Sample ID Configuration
Sample A [(£45),(0/90),core]s with 6.25 mm thick core
Sample B [(0/90),( £45),,(0/90),,( £45),.(0/90),core]s with 6.25 mm thick core
Sample C [(0/90),( £45),,(0/90),core]s with 12.5 mm thick core
Sample D [(0/90),( +£45),,(0/90),core]s with 19 mm thick core




3. Experimental work

3.1 Sample preparation and test plan

The samples were cut to the size of 25.4 mm by 25.4 mm for thermal cycling as shown in Figure
1. The cutting process was performed using a diamond saw cutting tool. The tolerance of £0.5
mm was achieved between the samples. Two perpendicular edges of the samples were polished
for microscopic inspection. The polishing was done using a finer grit sized sand paper. Using a

courser grit sized sandpaper resulted in excessive material loss during polishing.
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Figure 1: Different samples subjected to the thermal cycling

3.2 Test Plan

Test plan involves thermal cycling of samples as shown in Figure 2. To expose the samples to
the cryogenic temperature, samples were placed in a metallic meshed container and then
submerged into liquid nitrogen (LN;) as shown in Figure 2a. After cold conditioning, the
samples were brought back to the room temperature (RT) and then placed in a convection oven

to take the samples to the elevated temperature as shown in Figure 2c.

(a) (b) (©)

Figure 2: Samples (a) dipped in liquid nitrogen, (b) at room temperature, (c) in convection oven.

A T-type thermocouple was inserted through a hole of 0.5 mm diameter in one of the samples to

measure the change in temperature with respect to time during thermal cycling and to make sure



that the center of the sample reached the conditioning temperature. The temperature history for
sample A is shown in Figure 3a. This sample is comprised of a 6.25 mm thick core and 2 plies
fabric as facesheet. It took close to 20 seconds to reach cryogenic temperature -195°C from RT
and close to 15 minutes to reach +150 °C as presented in Figure 3a. The other configuration of
sample used for the study had either relatively thicker core or facesheet. The similar temperature
history was recorded for them. As a result, they reached the required temperature relatively
slower. However, in all the cases, cryogenic temperature was reached within 1 minute and higher
temperature (150°C) was reached in 15 minutes. To maintain consistency in the experiment, all

the configuration of samples was cycled for 1 minute in LN, and 15 minutes in the oven.

3.3 Microscopic observation

Microscopic observation was conducted using an optical microscope. The magnification was set
to clearly distinguish various constituents of sandwich material and detection of microcracks.
The sample cross-sections were observed for microcrack formation and propagation. Samples
were cut along the ribbon direction (side 1 as shown in Figure 3b) and transverse ribbon
direction (side 2 in Figure 3b). As the honeycomb core is made of combining aramid paper
ribbons leading to the formation of hexagonal cells, the core has orthotropic mechanical
properties in ribbon and transverse ribbon directions. This directional mechanical property also
influences the thermal expansion and contraction behavior. Therefore, it was decided to conduct
the microscopic observation on the above-mentioned sides. The observation was conducted for
every half a cycle until 10 thermal cycles and then the observation interval was increased to 10

cycles.
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Figure 3: a) Change in temperature with respect to time for one thermal cycle, b) Sandwich
ribbon (side 1) and transverse ribbon (side 2) directions



3.4 Microcrack observation and quantification
The results from the microscopic inspection of four sandwich panel with different configurations

are presented and discussed in details below.

3.4.1 Sample A: [( £45),(0/90),core]s with 6.25 mm thick core

Sample A comprises of two fabric plies on either side of the core with a 6.25 mm thick core. The
facesheet thickness is about 0.25 mm. Figure 4a to 4f shows the various stages of microcrack
formation and propagation. Figure 4a presents details of various constituents of composite
sandwich. Since the facesheet was thin, no voids were observed inside the laminates. However,
some voids were visible in the adhesive fillet region, as shown in Figure 4b. Microcracks started
to appear right from the first cycle. Most commonly longitudinal cracks formed around the
facesheet and core interface, between the 90° tow and the adhesive. With subsequent thermal
cycling, existing longitudinal cracks started to grow and new microcracks were formed. Cracks
grow along the 90° tow until it touches the 0° tow and then jump to the adjacent 90° tow [20].
Transverse microcracks on the ply adjacent to the core started to appear after 25 thermal cycles.
Longitudinal microcracks between the plies started to form after 30 cycles as shown in Figure

4d. Longitudinal microcracks growth saturates after 30 thermal cycles.

90° tow

Facesheet

Microcrack
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Figure 4: Microscopic image taken after thermal cycling of sample A, a) No thermal cycle, b) 10
cycles, c¢) 20 cycles, d) 30 cycles, ) 40 cycles, f) 60 cycles.



3.4.2 Sample B: [(0/90),( £45),,(0/90) 5 ( £45):,(0/90),core]s with 6.25 mm thick core

This sample is made of eight fabric plies as facesheets and a 6.5 mm Kevlar core. The facesheet
thickness is about 1.0 mm. Voids were found in small fractions on the outermost ply and on the
adhesive fillet. Figure 5a to 5f shows the evolution of cracks from 0 to 60 thermal cycles. Cracks
did not surface after first cycle as observed in sample A. It started to appear after three thermal
cycles. The microcrack growth was significant until 40 thermal cycles and then gets saturated.
Microcracks did not form around the void or on the outermost ply of the sample. The cracks

lengths by the end of 60 cycles was less compared to sample A.

Figure 5: Microscopic image taken after thermal cycling of sample B, a) No thermal cycle, b) 10
cyeles, ¢) 20 cycles, d) 30 cycles, ) 40 cycles, f) 60 cycles.

3.4.3 Sample C: [(0/90),( £45),,(0/90),core]s with 12.5 mm thick core

Four plies of composite fabric on the either side of a 12.5 mm thick core are used to manufacture
this panel: The facesheet thickness is about 0.5 mm. No voids were found on the facesheet.
Microcrack growth from 0 to 60 cycles is shown in Figures 6a to 6f. Cracks started to appear
after third thermal cycle. Microcracks grow steadily until 40 cycles and then get saturated.
Longitudinal microcracks between 90° tow and core facing interface was observed, similar to the
cracks in sample A and B. However, cracks at the end of 60 thermal cycles were not as thick as

the ones observed in the sample A.



Figure 6: Microscopic image taken after thermal cycling of sample C, a) No thermal cycle, b) 10
cycles, ¢) 20 cycles, d) 30 cycles, €) 40 cycles, f) 60 cycles.

3.4.4 Sample D: [(0/90),( £45),,(0/90),corels with 19 mm thick core

This sample is comprised of four plies on the either side of a 19 mm thick core which gives a 0.5
mm thick facesheets on either side of the core. Figure 7a to 7f shows various stages of crack
growth. Sample D had the thickest core compared to A, B and C. Longitudinal microcracks
similar to sample A, B and C were observed after thermal cycling. Micro crack growth was
significant in the initial set of cycles. The cracks grew thicker right after 10 thermal cycles.

Crack length saturated after 40 thermal cycles which was close to the previous configurations.



Figure 7: Microscopic image taken after thermal cycling of sample D, a) No thermal cycle, b) 10
cycles, c) 20 cycles, d) 30 cycles, e) 40 cyeles, f) 60 cycles.

3.5 Mechanical testing

To study the impact of thermally induced microcracks on the mechanical strength, flatwise
tensile test FWT was performed on the samples (Figure 8). Among the different types of
microcracks observed, longitudinal microcracks between facesheet and adhesive were dominant.
Therefore, flatwise tensile test was chosen as it is ideal to determine the interfacial debonding
strength [22]. Other test for sandwich structure such as three-point bending, four-point bending

and flatwise compression test are ideal for measuring mechanical properties of core [23].

Figure 8: a) Sample alignment jig, b) Sample under flatwise tensile loading.



The test was conducted as per ASTM C297 [24]. Samples were cut to the size of 25.4 mm by
25.4 mm. Care was taken to make sure the variation in size between the samples is less. Flatwise
test was performed after 0, 10, 20, 30, 40 and 60 thermal cycles. For statistical significance three
samples were tested. Test was performed using Wyoming flatwise tensile test fixture as shown in
Figure 8b. The samples were lightly sanded on the facesheet for better adhesion with the loading
blocks. The samples were bonded to the loading blocks using a two-component, high-
performance aerospace grade adhesive from LOCTITE, named Hysol 9392 Qt aero. Figure 8a
shows the sample alignment jig held together using gum tape. The samples attached to jig were
placed in oven for curing at 82 °C for 1 hour. After performing flatwise test by following test
parameters as mentioned in the standard, the samples were retrieved from the blocks for analysis

of failure mode.

4. Results and Discussion

In order to study the effect of the facesheet and core thicknesses on the microcrack formation
during thermal fatigue, microscopic inspection of the cross-section is used to compare the crack
density and total crack length. Crack density gives an idea about the number of cracks with the
observed area under consideration. Samples were inspected for micro cracks on two sides, as
described in the test plan. The area under observation was confined to the facesheet and core-
facesheet interface region as the cracks would occur in that area. Crack density is calculated as
the number of cracks per unit length of samples. Two samples for each configuration were

inspected.

Flatwise tensile strengths were obtained by dividing the maximum force to the sandwich surface
area. To understand the effect of microcracks on flatwise tensile (FWT) strength, a plot with two
horizontal axes and one vertical axis were made for all configurations under study. Crack area is
the product of crack length on the perpendicular edges of the sample, on top side of the core.
Only one side was considered as failure occurred on one of the side and not on both. The change

in crack area and flatwise tensile strength after 0, 10,20,30,40 and 60 cycles were recorded.

4.1 Facesheet Thickness Effect
Sample A and sample B have the same core thickness with different facesheet thicknesses. In

order to study the effect of the facesheet thickness on the microcrack formation during thermal



fatigue, microscopic results of samples A and B are used to compare the crack density and total

crack length. The results are shown in Figure 9.

Sample A: Thin facesheet with 6.25mm core Sample B: Thick facesheet with 6.25mm core
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Figure 9: Crack density for two sandwich configurations with different facesheet thicknesses.

Number of microcracks in sample B which has thicker facesheet becomes saturated faster, just
after 10 thermal cycles. Also the crack density is less compare to sample A. It is expected to have
better mechanical performance in sample B. By increasing the number of cycle, the number of
microcracks might decrease due to the connection between cracks. Small cracks grow and at
some point join together and make a bigger one. So it becomes difficult to relay just on the crack
density for the analysis. Therefore, cracks were quantified by means of crack length. Length of
individual crack was measured using image processing software and added together. Figure 10
shows the change in the total crack length with the increase in the number of thermal cycles for
different samples tested. Results of two samples for each configuration are presented in these
figures. Summation of crack lengths after subsequent cycles were recorded separately for ribbon

and traverse ribbon direction.

Sample A: Thin facesheet with 6.25 mm core Sample B: Thick facesheet with 6.25mm core
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Figure 10: Total Crack length for two sandwich configurations A and B.



Microcracks were formed more in the ribbon direction compared to the transverse direction. That
is due to the different thermal expansion of Kevlar core in those two directions. The final total
crack length in sample B is less than sample A which means less damage occurs in sample B.
Note that for both samples, after 40 thermal cycles, the total crack length becomes almost
constant. No more damage happens inside the structure. In terms of testing and characterization,
one can say that after a number of thermal cycle (for this material system is 40 cycles), the
damage is done and there will be no need to apply more cycle to identify the least performance
of the material. Also the microscopic observation and crack length indicate that the sample A
with core to facesheet thickness ratio of 12.5 has higher microcrack lengths compared to the

sample B which has a core to facesheet thickness ratio of 3.125.

The results of flatwise tensile test and microcrack areas for samples A and B are shown in Figure
11. The plot clearly shows the direct relationship between microcrack area and FWT strength
with increase in thermal cycles. By increasing the number of cycles, the crack area increases and
the flatwise strength decreases. Comparing the results indicates that the sandwich panel with

thinner facesheet is more susceptible to the damage if subjected to the thermal fatigue.
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Figure 11: Change in crack area and FWT strength with increase on thermal cycle for different

facesheet thickness.

Figure 12 presents the images of the failed samples after the flatwise tensile test. Samples A and
B under two conditions of no-thermal cycle and 60 thermal cycles were shown. Samples from

group A and B were mainly failed by adhesive failure of core-facing adhesive, as suggested by
ASTM.



Sample A-No cycle

Sample A-60 cycles

Sample B-No cycle

Sample B-60 cycles

Figure 12. Typical failure mode after flatwise test for samples from groups A and B.

4.2 Core Thickness Effect

Samples C and D are made from the same facesheet material but different core thicknesses.

Samples were inspected under microscope at different thermal cycles and the number of

microcracks and their length were recorded. Two samples for each configuration were inspected.

Figure 13 shows the results. Sandwich with thicker core experience more damage after ten

thermal cycles.

Sample C: 12.5 mm thick core
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Figure 13: Effect of core thickness on the crack density

Total crack lengths at different number of cycles were plotted in Figure 14. Sample C and

sample D have the same facesheet thickness but different core thicknesses. Sample D with the

core to facesheet thickness ratio of 19 has higher microcrack lengths than sample C which has a

core to facesheet thickness ratio of 12.5. The CTE of the sandwich material can be controlled by



adjusting the relative thickness of core and facesheet as documented by Chen et al. [21]. It can be
interpreted from the crack length and thermal cycle plot that the samples with higher core to

facesheet thickness are more sensitive to microcracking.
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Figure 14: Core thickness impact on total crack length
The interface region between the 90° tow and adhesive was more prone to microcracking in
comparison to other part of sandwich material. This 1s mainly due to the difference in coefficient
of thermal expansion (CTE) of fiber tow and adhesive [4]. Microcracking is more dominant in
sandwich structures due to its heterogeneous composition that comprises of resin, carbon tow,
adhesive and core. In case of solid laminates microcracking is due to difference in axial and
transverse CTE between each ply [26]. The sandwich material under study is made of cyanate
ester resin reinforced with carbon fiber woven fabric. Microcracks were not observed within the
laminate away from the core side as cyanate ester is less prone to microcracking. It can be
concluded from all the plots that the crack length in ribbon direction is higher compared to
transverse ribbon direction up to 10 thermal cycles. The anisotropy of the core due to the ribbon
and transverse ribbon direction is the primary reason for this observation. The core CTE is higher

in ribbon direction side [21].

Figure 15 shows the results of flatwise tensile test and microcrack areas for samples with the
same facesheet but different core thickness (sample group C and D). The same trend as before
can be observed. Increasing the number of thermal cycle causes more damage at the interface of
adhesive with composite facesheet and therefore reduces the strength. The experimental data

suggest that more damage happens on the samples with the higher core thickness.



Sample C: 12.5 mm thick core Sample D: 19 mm thick core
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Figure 15: Change in crack area and FWT strength with increase on thermal cycle for different
facesheet thicknesses.
Samples after failure were examined to identify the mode of failure. The typical failure for
samples from group C and D can be seen in Figure 16. As presented in Figure 16, sample C
without any cycling had 10 percent core failure and 90 percent adhesive failure of core facing
adhesive. The samples with thicker core (sample D) and no thermal cycle had 100 percent core
failure. There is core retention on either side of the facesheets. However by increasing the
number of cycle, the microcracks are formed at the composite/adhesive interface and cause the
change of the failure mode. All the samples after 60 cycles are failed by adhesive failure of core-

facing adhesive AFCFA. The failure modes for all the samples are summarized in Table 2.

1

Sample C-No cycle Sample C- 60 cycles Sample D-No cycle Sample D-60 cycles

Figure 16. Images of typical failure mode for samples from groups C (12.5 mm thick core) and

D (19 mm thick core).



Table 2: Failure mode for all sample groups

Number Sample A Sample B Sample C Sample D

of
cycles
0 AFCFA AFCFA 10% CF, 90 % AFCFA 100% CE
10 AFCFA AFCFA AFCFA AFCFA
20 AFCFA AFCFA AFCFA AFCFA
30 3% FTF, 97% AFCFA AFCFA AFCFA
AFCFA

40 AFCFA AFCFA AFCFA AFCFA
60 AFCFA AFCFA AFCFA AFCFA

AFCFA- Adhesive failure of core-facing adhesive, CF- Core failure, FTF- facing tensile failure.

The same trend was observed among all the configuration of samples-as shown in Figures 11 and
15. Increasing the number of cycles reduces the FWT strength. The sample A (thin facesheet)
and sample D (thick core) were most sensitive to the microcracking as quantified during the
microscopic observation. Close to 30 percent reduction in strength were recorded after 40
thermal cycles. The higher sensitivity to thermal fatigue for Sample A is possibly due to the
unsymmetrical laminates on one side of the facesheet as opposed to Sample B. Unsymmetrical
laminates are known to exhibit coupling effect due to thermal load [26]. Sample B (thick
facesheet) and sample C (thin core) with fewer microcracks had reduction of 11 to 14 percent in
FWT strength. It is also interesting to see that for this material system both crack area and FWT
strength get to their limits after 40 thermal cycles for all the cases. In other words, almost the
maximum possible damage happens up to 40 cycles and doing more cycling does not have much
effect in reduction of strength. As a general observation by comparing the flatwise test results of
all the configuration of samples, it can be concluded that by having higher core to facesheet

thickness ratio, more reduction on strength should be anticipated.

5. Conclusion

Performance of composite sandwich material subjected to the thermal cycling was studied. Four
different core and facesheet thickness configurations were investigated. Longitudinal
microcracks in the form of delamination were observed between facesheet and core interface in
all the configurations. Crack growth was monitored with increase in thermal cycles by periodic
microscopic observation. Difference in CTE of the constituents was found to be responsible for

the formation of microcracks. Microcracks were quantified using crack length. For all samples,



the maximum crack length happens around 40 thermal cycles. It can be concluded that the finite
number of thermal cycles is sufficient to assess the damage caused by thermal fatigue. It was
noticed that sample A (thin facesheet) and sample D (thick core) were more sensitive to
microcracking. It was found that among all samples studied for comparison, the one with higher
core to facesheet thickness ratio was more sensitive to microcracking. The flatwise tensile test
results proved that microcracks had significant effect on the debonding strength of the samples.
Adhesive failure of the core facing adhesive was the most common type of failure observed.
Significant drop in debonding strength were recorded with increase in thermal cycles. Graphs
were plotted to record correlation between increase in crack area and drop in mechanical
strength. Sample A and Sample D had 30 percent reduction in flatwise strength as opposed to 15-
19 percent for Samples B and C. Use of unsymmetrical laminate in Sample A and thicker core in
Sample D resulted in increased sensitivity of samples to thermal fatigue. However, to concretely

justify this trend, we need to conduct more tests with different configurations.
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Highlights

Microcracks are the result of difference in coefficient of thermal expansion of the
constituents.

The interface region between facesheet and adhesive most prone to microcracking. This
might be related to the secondary bonding operation for manufacturing sandwich panels.
Microcracks are formed more in the core ribbon direction compared to the core
transverse direction.

Increase in the number of cycles causes higher crack area which results in the reduction
of flatwise tensile strength of sandwich panel.

Finite number of thermal cycles is sufficient to assess the damage caused by thermal
fatigue in sandwich panels.

Samples with higher core to facesheet thickness ratio have higher microcrack lengths and
lower flatwise tensile strength. Therefore, sandwich panels with thinner facesheet and
thicker core are more susceptible to the damage when subjected to the thermal fatigue.
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