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Figure 3.7 MeltWeld metal bonding epoxy

Figure 3.8 Cured specimen with tabs for UTM testing

The Tinius Olsen 150ST Electromechanical Universal Testing Machine, shown in
Figure 3.9 a), is used for this experiment with loadcell accuracy of 0.2 % at 0.2 — 100 %
capacity. The specimen is first inserted into the bottom flat grip face and clamped using
the MTS hydraulic gripping unit at 27.58 MPa (4000 psi) pressure, shown in Figure 3.9
b). Next, the Tinus Olsen LVDT Extensometer is attached to the center of the specimen
without touching the grips, as shown in Figure 3.10, and then the upper grip is closed.
The extensometer has a calibration of 20 % at 10:1 strain gage range, and resolution up to
50 mm strain measurement. Finally, the Horizon software is used to record and plot the

stress vs strain data, along with force and position. The software is customized to require
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input of cross-sectional area of the specimen and the extensometer measures the required

gauge length to calculate strain. Table 3.1 shows the iteration process of calculating the

average area for each sample.

Table 3.1

Specimen dimension for horizon software input

Iteration

Sample Properties 1 5 13 4 5 Average
Width (mm) 22.80 2298 [22.86 |23.01 |23.18 |22097

1 Thickness (mm) | 2.26 2.21 2.27 222 | 2.23 2.24
Area (sg.mm) 5153 |50.79 |51.89 |51.08 |51.69 |51.40
Width (mm) 25.85 | 25.66 | 25,57 |25.38 | 25.41 | 25.57

2 Thickness (mm) | 2.27 2.28 |2.33 2.28 |2.23 2.28
Area (sg.mm) 58.68 |58.50 |59.58 |57.87 |56.66 |58.26
Width (mm) 25,85 |25.92 |25.89 |25.66 |25.36 |25.74

3 Thickness (mm) | 2.26 222 | 2.24 226 | 2.25 2.25
Area (sg.mm) 58.42 | 5754 |57.99 |57.99 |57.06 |57.80

Figure 3.9 a) Tinius Olsen 150ST Electromechanical Universal Testing Machine b)
Hydraulic gripping unit
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Specimen

Figure 3.10 Position of LVDT Extensometer on specimen

3.2.1 Experimental Analysis

Once the test was completed, stress vs strain data for all three samples were plotted.
During the testing, it was found that sample 1 broke in between the tabs. This is possible
when the epoxy resin hardener does not cure properly, or the applied quantity was less
than required to glue the metal and composite. Figure 3.11 is the plot of the stress vs
strain for sample 1, and it shows the maximum stress at 1470 MPa, which occurred
before the break. This resulted in a Young’s modulus, E, of 96.5 GPa using linear

regression.
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Figure 3.12 Stress vs strain plot for sample 2 using 2D line
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Sample 2 resulted in a Young’s Modulus of 77.77 GPa from the stress vs strain plot
shown in Figure 3.12, but during the experiment the gripping tabs started slipping and the
experiment had to be immediately stopped. Sample 3 behaved properly under the
continuous load as expected, and can be seen in Figure 3.13. The UTM testing outputted
a Young’s modulus value of 78.894 GPa with an ultimate stress of 1570 MPa, which can
be observed in Figure 3.14, the stress vs strain plot. Table 3.2 summarizes the ultimate
stress and the Young’s modulus for each sample, along with the total average for easy

comparison. This can also be seen in Figure 3.15.

Figure 3.13 Sample 3 after UTM testing

Table 3.2

Mechanical Properties of Sandwich Composite Plate through UTM Testing

Properties

Sample Ultimate Strength, Young’s Modulus,
oy (MPa) E (GPa)

1 1470 96.503

2 1520 77.77

3 1570 78.201
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Figure 3.14 Stress vs strain plot for sample 3 using 2D line

Figure 3.15 Cured specimen after UTM testing
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3.3 Low Velocity Impact Experiment

To achieve the objective of making the spacesuit lighter, a new composite material
must be introduced to manufacture the HUT based on the given requirements and criteria.
The composite material must undergo low velocity impact testing, to understand damage
caused by foreign objects in the material fibers, which reduces the strength of the plate.

A research paper by Ahmed et al (2020). discussed the impact response of composite
laminates with LV in various stacking and resins. They performed experiments on three
different types of composite laminates: carbon-fiber, glass-fiber, and mixed-fiber. The
impact is studied through the energy absorption, with several structural parameters, by
measuring the total energy input to the composite plates and the energy absorbed by the
specimen. It was also stated that developing hybrid composite laminates with new fibers
enhances the impact resistance of the material. It was concluded that “increasing or
decreasing the number of layers by 5 %, while keeping the total laminate thickness
constant, results in an increased impact energy absorption” (Alomari, 2020, pg. 146).

LVI testing was performed using the two 101.6 mm x 152.4 mm (4 in X 6 in)
composite plate. The impact drop test was performed according to the ASTM D7136
(American Society for Testing and Materials, West Conshohocken, PA) test standard
using the INSTRON 9250 HV Impact Test Instrument. Figure 3.16 shows the other
components included in drop tower: a loadcell of mass 6.67 kg mounted on top of
indenter, a pneumatic clamp, a rebound brake and a velocity flag (this measures the initial
velocity before impact) which are connected to the impulse DAQ system and a controller

to output the raw data. Figure 3.17 a) shows and the INSTRON 9250 HV impact test
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instrument and Figure 3.17 b) shows the hemispherical steel indenter of diameter 15.75

mm that was used to hit the sandwich composite plate.

Velocity Indicator
Load cell

=

Rebound Brake

Figure 3.17 a) INSTRON 9250 HV Impact Test instrument, b) Hemispherical indenter
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To conduct this experiment, the plate was first placed in between the pneumatic
clamps shown in Figure 3.18 that fixed the edges of the plate at 85 psi shop air. The
rebound brakes height was adjusted to avoid the second impact on the plate along, which
was done by lowering the impactor close to the plate as shown in Figure 3.19. The
velocity flag was then adjusted to measure the impactor velocity before the impact. Next,
impulse DAQ system controller interface was used to input initial velocity of 2 m/s, 2.5
m/s, 3 m/s and 3.5 m/s, which would be used to adjust the maximum height of the
impactor using Equation 6. Finally, the test was ran, and the raw data was collected and
processed to output various plots, discussed in section 3.3.1.

V2 - U2 =2gS (6)

Where V is the finial velocity, U is the initial velocity (0 m/s for impact), S is the total
height and g is the gravitational acceleration relative to sea level. Rearranging this

equation for height, we get Equation 7.

s== (7)

Figure 3.18 INSTRON 9250 pneumatic clamp fixture
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Figure 3.19 Set Impactor baseline and fix rebound brakes

After the experiment was setup, both plate samples were first impacted at 2 m/s and
2.5 m/s respectively. At 2 m/s, S2 glass fiber damage was seen in Figure 3.20 a) and
cracks in T800s carbon fiber can also be presumed due to the visible S2 glass fiber
damage at the bottom surface in Figure 3.20 b) without any complete failure. At 2.5 m/s,
S2 glass fiber damage was seen in both the direction on the top face, Figure 3.21 a) but
does not have a complete penetration or failure, when seen through the bottom face in

Figure 3.21 b).

Figure 3.20 LVI experiment at 2 m/s with visible fiber crack a) Top face b) Bottom face
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Figure 3.21 LVI experiment at 2.5 m/s with visible fiber crack a) Top face b) Bottom
face

Once the small bump was visible at 2.5 m/s, it was decided to continue the
experiment with 3 m/s and 3.5 m/s. Due to lack of time and machine availability, no new
plate samples were fabricated and the decision of using the used plate was taken. The
plates were clamped in a way such that the previous experiment sections on plate do not
interfere with the new experiment. Figure 3.22 shows the reused plate with new
experiments performed. At 3 m/s, a bump was seen with major fiber damage and a tiny

hole, whereas at 3.5 m/s a complete penetration of the impactor was achieved.

Figure 3.22 LVI experiment at 2 m/s, 3 m/s and 3.5 m/s a) Top face b) Bottom face
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3.3.1 Analysis

After the experiment was conducted, the raw data was converted to various plots,
including displacement vs time, load vs time, velocity vs time and energy vs time. The
first run was conducted using an initial velocity of 2 m/s. This was chosen to compare
and verify the data achieved by the previous researcher. Figure 3.23 shows the total
deflection of 4.948 mm at 3.85 ms for the sandwich composite plate whereas the
composite plate with ten plies of T800s carbon fiber deforms at 4.64 ms for 6.7 mm. This
difference is valid as the layers of S2 glass on the top and bottom surface restrict the load

transfer and provides more strength.
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Figure 3.23 Deflection vs time for 2 different composites



