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In order to replace the time consuming double cantilever beam test, which is used to determine mode one interlaminar fracture toughness, with the simpler climbing drum test specimens from the same panel were tested in both procedures.  The data received did not imply that the double cantilever beam test could be replaced by the climbing drum test, however further analysis is required. 
Nomenclature

A1
=
slope of the graph of a/h versus C1/3 
a
=
crack length
b
=
specimen width
C
=
d/P
d
=
extension

F
=
force applied
GIc
=
interlaminar fracture toughness
h
=
face sheet thickness and adhesive 
n


=
the slope of the graph of the (log a) versus the (log C)
P
=
load
rd
=
drum radius

rf
=
flange radius

tf
=
face sheet thickness

ts
= 
strap thickness

ws
=
specimen width
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=
the x- axis intercept of the graph of C1/3 versus a 
I. Introduction

The need for materials with high strength to weight ratios, such as honeycomb composites, will increase as NASA progresses on with the Vision for Space Exploration.  Currently, there is no standard procedure for the manufacturing of honeycomb which optimizes the strength of the honeycomb - face sheet bond.  NASA personnel have very little first hand experience with this type of material.  This type of testing will both give NASA engineers practical experience with honeycomb composites and help identify the significant parameters for honeycomb strength in manufacturing.
The two tests used in this study to determine mode one interlaminar fracture toughness are the climbing drum peel and the double cantilever beam test.  Of these two tests the climbing drum peel test requires far less test setup and data post-processing.  For the testing completed in summer of 2005, the goal was to determine if the results from the climbing drum peel tests were similar to those of the double cantilever beam test.  If the results of both tests are consistent then the climbing drum peel will be used for all further testing.
.

II. Testing Procedures and Apparatus 
Both the double cantilever beam test and the climbing drum test involve rectangular specimens of honeycomb sandwich composite material where the bond between on face sheet and the honeycomb is broken in a load frame.  The load applied and the extension of the load cell is recorded. 
A. [image: image1.wmf]D

Double Cantilever Beam

The 2 inch x 6.5 inch specimens are bonded to aluminum blocks and then spackle is applied to the specimen fill in the honeycomb so as to create a flat surface. A thin layer of tempera paint is applied to make the crack that will be created even more visible.  A small pre-crack is made between the honeycomb and the face plate with a half inch blade.  After being placed into the load frame a small tensile load is applied to the specimen and a small crack is gown until it is clearly visible on a microscopy camera focused on the specimen.  The end of this crack is marked as a0.  Then a tensile load is applied to the aluminum blocks at 0.05 inches of extension per minute to grow the crack.  When the crack grows approximately one half inch the program is stopped and a mark is made and labels 1 then 2 then 3 until the upper face sheet is completely removed from the honey comb specimen.
B. Climbing Drum 
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The 3 inch x 12 inch specimen is cut to fit into the climbing drum fixture by removing two inches of one face sheet and the honeycomb from one end, then creating a two inch pre-crack on the same end and removing one inch of one face sheet and honeycomb the other end. Then a hole is drilled in the center of the specimen one half inch from the edge of the end where one inch of honeycomb and one face sheet has already been removed.   
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The specimen is placed in the load frame with the climbing drum and a load is applied to 0.5 inches of extension per minute to peel the specimen around the drum.  The straps of the drum make it necessary for the drum to roll to rise.  The inner face sheet, also the one that is still 3 inches x 12 inches is pulled away from the honey comb as the drum rolls.  
III. Data Analysis
The purpose of both the double cantilever beam test and the climbing drum test is to find a value for the mode one interlaminar fracture toughness (GIc).  

A. [image: image9.jpg]


Double Cantilever Beam

There are four reliable methods for analysis of the data collected by the double cantilever beam test:  the compliance calibration method (CC); the modified compliance calibration method (MCC); the area method; and the modified beam theory method (MBT).  The area method approximates the mode one fracture toughness by the area under the graph.  
As Figure 4 shows the load, P, and extension, d, were recorded.  Each different color represents the data between two marks.  When the program was stopped the load required to maintain the extension decreased.  Before analysis this data must be zeroed by subtracting the extension at the base of the large slope.  (see Figure 5).[image: image10.emf]-50

0

50

100

150

200

250

0 0.1 0.2 0.3 0.4 0.5

Extension, d (in)

Force, P (lbf)


For each color group a load the maximum load and corresponding extension will be the values used for all the other methods.  There will be eight loads and extensions in the data displayed in Figure 5.  For each analysis method there will be eight values for GIc which will be averaged.  

For the Compliance Calibration method: 
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Equation 1
The slope of the graph of Log(a) versus Log(C) is n and b is the width of the specimen. 
For the Modified Compliance Calibration method:
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Equation 2
A1 is the slope of the graph of crack length divided by h, the thickness of the face sheet, versus the cube root of C.
For the Modified Beam Theory method:
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Equation 3
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 is the x-axis intercept of the graph of crack length versus the cube root of C.
B. Climbing Drum

The analysis for the climbing drum peel is vastly simpler than that of double cantilever beam test.  The data is two plateaus (see Figure 6).  The lower one is very flat; it represents the peel of the pre-crack.  The Higher is jagged and it represents the actual peel.  Both plateaus are averaged as Fmax and Fmin. 
The mode one interlaminar fracture toughness, GIC, is:
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Equation 4
The specimen width is ws; ts is the drum strap thickness; rd is the radius of the drum; tf is the face sheet thickness; and rf is the radius of the drum flange (the part where the strap is attached).

IV. Conclusion

Much of the data collect implies that the double cantilever beam does not yield similar values for mode one interlaminar fracture toughness but it will be necessary to investigate the test further before final conclusions can be drawn.  
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Figure � SEQ Figure \* ARABIC �6�  Raw data for climbing drum test





Figure � SEQ Figure \* ARABIC �1� Testing apparatus for the double cantilever beam test





Figure � SEQ Figure \* ARABIC �2�  Prepared specimen for climbing drum test





Figure � SEQ Figure \* ARABIC �3�  Testing apparatus for the climbing drum test





Figure � SEQ Figure \* ARABIC �4�  Raw data from a double cantilever beam test





Figure � SEQ Figure \* ARABIC �5�  Zeroed data from double cantilever beam test














PAGE  
3
Marshall Space Flight Center NASA Academy 2005

_1182334963.unknown

_1184857070.unknown

_1184864974.unknown

_1182749565.unknown

_1182334622.unknown

