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Abstract

Many different methods can be used to fabricate composite laminates.  This study attempts to define and correlate the changes in laminate properties to modifications of specific steps in the vacuum bag process.  This method is very inexpensive to use and produces laminates with similar qualities compared to the autoclave process.  The autoclave is an expensive method that uses extreme amounts of heat and pressure to produce composite materials.  In this study, the variation to the process was an early removal of the pressure during fabrication.  This study proves that better properties are produced when constant pressure is held throughout the entire curing cycle.

I. Introduction

It is becoming imperative to fully understand composite materials, as they are quickly becoming replacements for standard materials like steel and aluminum.  A greater understanding of composite materials and their appropriate uses will occur as their properties and behaviors become more fully predictable and controllable.  As cause and effect relationships can be identified and proven, more high-efficiency products can be developed using composite laminates as the preferred material.

The vacuum bag process takes several materials, including a vacuum and carbon/epoxy laminas, and fabricates a composite laminate.  The composite laminate plates can be tested to determine the properties of the material using axial tension tests.  The test results can be interpreted to better understand the composite material and its performance changes caused by the process modifications. In the vacuum bag process, pressure is usually held constant through the entire curing cycle.  Early removal of the pressure will alter the properties of the laminate.  These properties include the first-ply failure strength, Poisson’s ratio, and the Young’s Modulus.  If the pressure is removed, a hypothesis can be made that desirable laminate properties will degrade.  

II. Background Information

Composites have many advantages that make them worthwhile materials to study.  They are low-density materials, which have a high stiffness, a high strength, and a long fatigue life.  Being heterogeneous and anisotropic (having properties based on direction) makes composites very adaptable.  These advantages make composites high efficiency materials and are the reasons they are being utilized in airframes like the Boeing 787 and the Airbus A380.  However, issues still exist about the nature of composites that need to be addressed.  These issues include delamination effects, the high cost; including the time and extremely skilled labor required, and the lack of good testing methods1.  Structural Health Monitoring (SHM) techniques, methods for determining health and properties of a structure, could help these problems.

SHM is important for composites because the techniques used can detect damage to a structure without extensive visual inspections.  Damage to a structure is any change in geometric or material properties that affect its performance2.  Effective SHM testing methods include non-intrusive and non-destructive testing, that can correctly identify damage, prior to it being critical.  This study used an intrusive SHM method, by mounting a strain gage to the composite face.  Improving SHM techniques for composites will decrease the use of intrusive methods and maximizing the material’s efficiency.

For composites, a cheaper production method is needed that can characterize the process, and produce low expense composites with predictable traits.  The autoclave process is extremely costly; in capital, skilled labor and time.  A cheaper alternative is the vacuum bag and oven process, which requires fewer and cheaper materials, and produces composites with similar traits.  The vacuum bag fabrication setup includes two metal plates, plastic peel-ply sheets, an oven, carbon/epoxy lamina, and a vacuum.  The vacuum used had a maximum pressure of 80kPa, which can still produce quality laminates.  

III. Data and Analysis

Axial tension tests were conducted to test the engineering constant properties of the laminates.  Both sheets were fabricated as 12” squares and were made using the curing cycle defined in Figure 1, and the specifications in Table 1. 
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Figure 1: Curing cycle for the vacuum bag fabrication process
	Data During Fabrication of Composite Laminates

	Sheet 
	Fiber layup
	Duration in Vacuum
	Notes

	A
	[0, 90]2s
	137 min
	Fold in 6th layer

	B
	[0, 90]2s
	187 min
	Smaller first layer


Table 1: Data taken during fabrication of composite plates 

Both sheets were cut into several 1” x 5” specimens.  These were placed in the load frame blocks and were applied to a constant x-direction tensile force, P.  The force applied to the composite test strips was also applied to the load frame in the testing machine.  The width of the specimen, b, and the height, h, was recorded for each specimen.  The average laminate stress in the x-direction due to force P, (x, is then defined by Eq. (1) 5. 

σ x = P/bh






(1)

The laminate engineering constants can be calculated using Eq. (2) 5 and Eq. (3)5, where (x is the x-direction strain and (y is the y-direction strain, Ex is the Young’s Modulus of the material and -vxy is Poisson’s ratio.

εx = σ x /Ex    






(2)

εy = σ x  * (-vxy /Ex)





(3)

The engineering constants calculated were compared between specimens from the same sheet, as well as from the other laminate.  The average Young’s Modulus for Sheet A was 2.509 MPa.  For Sheet B, the average Young’s Modulus was 2.905 MPa.  The average Poisson’s ratio for Sheet B was -3.921.  During testing, a strain gage lead fell off of the testing specimen from sheet A.  The cause was air pockets had formed under the epoxy, loosening the strain gage.  The data obtained for the y-direction strain for Sheet A was irregular and unusable.  
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Figures 2-4 (from left): Stress vs. Strain Curve for Sheet A, Stress vs. Strain Curve for Sheet B, and Strain-x vs. Strain-y for Sheet B

IV. Results and Discussion

The acquired data from the tension tests used to find the Young’s Modulus and Poisson’s ratio.  These properties were compared through stress-strain curves, to determine the effects of the early pressure removal (Figures 2-4).  The material properties for each laminate varied.  The tests performed for each specimen gave similar results as shown in Figures 2-4.  The initial results from the tests conducted, prove that specimen from Sheet B have better properties than those of Sheet A.  By looking at the Young’s Modulus of both materials, it can be concluded that specimen from Sheet A experience higher strains when a higher stresses ware introduced, whereas the specimen from Sheet B experiences a lower strain at that same stress.  Having the Young’s Modulus vary by almost half of a MPa, proves that the fabrication of Sheet B produces better properties.  

Sheet B produced better material properties because the pressure was held longer during fabrication.  Holding the pressure for longer time allowed for greater compression to occur, and for curing to take place under the compression.  If the strain gage had not fallen off during testing, the Poisson’s ratio of the two laminates could have been compared.  Sheet B had a marginally better Modulus of Elasticity, proving the original predictions correct.  Holding vacuum pressure for the entire duration of the vacuum bag and compression technique proves to be beneficial by creating better material properties.  This factor helped improve the material properties of Sheet B, because it was a more efficient fabrication process.

V. Concluding Remarks

The altered vacuum bag fabrication process has an effect on the properties of the composite materials.  Holding the laminates under the vacuum pressure longer resulted in better properties, as expected, for the composite laminates.  The properties were different between each laminate because the vacuum pressure was held on for different lengths of time.  It was determined that holding the pressure in the system for the entire duration of the cycle resulted in Sheet B having the best properties.  This was expected, and proven, because the extra time with vacuum pressure allowed the plates to push together removing any possible air pockets and creating less points of greater internal stress.  Further tests are planned to test the first-ply failure strength of the composite material, and to further compare test specimen from both sheets for material properties.  Experimental investigations are planned to look at the effects of delamination in the structures, including the addition of Teflon sheets to fabrication.  The effects of this delamination will be studied using a scanning laser Vibrometer.

References

1. Ishai, O., and Daniel, I. M., “Engineering Mechanics of Composite Materials,” Second Edition, New York, New York, Oxford University Press, 2006, pp.12–77.

2. Shane, C. and Jha, R., “Structural Health Monitoring of a Composite Wing Model Using Proper Orthogonal Decomposition”, AIAA conference, 2007

3. Short, S. R., “Characterization of Interlaminate Shear Failures of Graphite-Epoxy Composite Materials,” Composites, Vol.26, No. 6, 1995, pp.431-449.

4. Sohn, H., Farrar, C. R., Hemez, F. M., Shunk, D. D., Stinemates, D. W., and Nadler, B. R. (2003), “Review of Structural Health Monitoring Literature: 1996–2001,” Los Alamos National Laboratory Report, LA-13976-MS.

5. “Characterization of Composite Materials,” Clarkson University Department of Mechanical and Aeronautical Engineering, Laboratory Experiment, 2007, pp. 6-12







* Class of 2011, Mechanical and Aeronautical Engineering Student, Clarkson University Honors Program


† MS Student, Department of Mechanical and Aeronautical Engineering, Clarkson University


†† Associate Professor, Department of Mechanical and Aeronautical Engineering, Clarkson University





PAGE  
214

