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The composite industry is rapidly growing its 
applications of lightweight polymer matrix 
composites (PMC) in aircraft, industrial machines, 
and automobiles due to their increased fuel 
efficiency. The mechanical behaviors of PMCs are 
usually studied at room temperature rather than 
higher temperature because they are more 
economical to test. However, there are a lot of higher 
temperature applications such as high-powered 
rocketry and robotic industrial components. Rocketry 
demands to further decrease the mass of the rocket 
while maintaining stiffness, and motor actuators 
need to move quickly with low inertial components 
to increase manufacturing productivity. 

Abstract

Tensile Failure at room temperature was brittle but gradually became more ductile with increased temperature. 
Compressive failure was always semi-ductile and remained whole (figure 4). The failure was almost always close to the grips.
These brittle and ductile failures can be seen in the Tensile and Compression stress vs strain profiles (figures 5 and 6). 

Introduction

The frozen carbon fiber fabric was carefully cut to 24in x 18in sheets and stacked 8 layers thick for compression and 4 layers 
for tensile. The material was cured through a sandwich style vacuum bagging technique (see figure 2). Under Vacuum the 
materials was cured through Temperature Profile B, provided by Toray Composites5. Finally the Test pieces were cut 
through a water jet, drill points were carefully picked to avoid the testing material.

Tensile and Compressive strength of the Carbon fiber was measured following ASTM standards D638 and D66411,3. The 
MTS 810 Universal Testing Machine and Environmental Chamber were used conduct the tests. Tensile Dog bones and 
Compression pieces were tested at 25, 100, 175, 250, and 316 Celsius with a repetition of 5 each. A 634 Axial Extensometer 
was used to measure percent elongation on the tensile pieces. Each test piece was placed in the grips, inside the 
environment chamber, for 10 minutes before testing. Finally the data was exported and analyzed with Excel. 

Methods and Materials

Deifying expectations, there was not a sharp 
decrease in strength and stiffness at 175C. There was 
a smooth decrease in Strength and Stiffness across 
the board (figures 6 &7). 

Experimental and expected tensile strength at room 
temperature are the same, however this is not the 
case for compression. The expected strength was 
slightly greater than experimental strength. Failure 
was often at the grips which is not ideal. This stress 
from the grip pressure contributed to the Von Mises 
giving a smaller compressive strength. 

Modules of Elasticity for the Compression Test Pieces 
is not accurate. Stiffness was approximated from 
travel of the Grips and is not as precise as 
extensometer measurements. This is supported by 
the expected stiffness at room temperature(Figure 7).

Discussion

Tensile Strength vs Temperature holds a negative 
linear relationship and can be estimated with the 
equation TS (Mpa) = -1.151 * Temp(C) + 694.92. 
Measurements are consistent (𝑅2=0.98) and verified 
by room temperature expected values4. 

Tensile Stiffness vs Temperature holds a negative 
linear relationship can be estimated with the 
equation E (Gpa) = -0.0607 * Temp(C) + 54.026. 
Measurements are consistent (𝑅2=0.97) and verified 
by room temperature expected values4.

Conclusions

Composite materials are a combination of at least 
two different constituents with a goal of gaining 
aspects of both. This research studies, TC275/HTS 3k 
Twill pre-impregnated resin composite. The carbon 
Fibers are surrounded with thermoset epoxy resin 
#2500 (Tg = 175 C, Toray). The Carbon provides a stiff 
strong skeleton while the epoxy gives a bonding 
agent. The epoxy protects the fibers from premature 
damage and provides a glossy finish4. 

One application for this research is for UMD Rocketry. 
For many years, the motor housing and fins have 
been made of Aluminum. This area is heated from 
the exhaust propellant but is still protected with 
some insulation. The Aluminum parts might be 
swapped out for a single seamless motor tube and fin 
part. This would drastically be reducing the rocket 
weight, part count, and increasing the max altitude.

This research should prove that the composite 
material has consistent strength and stiffness of both 
tensile and compression up until the glass transition 
temperature (175C). If this is true, the material can 
be applied up to this temperature.

Results

Figure 2. Vacuum Bag Cure diagram Figure 3. ASTM D6641 Compression Piece (top)
and ASTM D638 Tensile Piece (bottom)

Figure 6. Ultimate Strength, Tensile and Compressive vs Temperature
Expected values from Toray Composites4
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The results from ASTM D6061 Compression testing 
were far less than expected so they should be 
retested with ASTM D6952. This test is with a dog 
bone specimen and a much thicker test piece is 
required. This would provide a clearer failure and 
room for an extensometer on the test piece.

Additionally tests could be conducted with 24-hour 
conditioned samples giving a different long term 
exposure application. 

Future Directions

Figure 4. Tensile and Compression Test Pieces 
(25 C, 100C, 175C, 225C, 316 C, Left to Right)

Figure 5. Tensile Test, Engineering Stress vs Strain

Figure 7. Stiffness, Tensile and Compressive vs Temperature
Expected values from Toray Composites4

Figure 1. Integrated Fin and Motor Tube Design

Figure 6. Compression Test, Engineering Stress vs Strain
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