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QUESTIONS TO BE AD

DRESSE

B

* WHAT EXACTLY DOES A BIAXIAL TEST PROVIDE?

® |S PULLING ALONG MORE AXES ALWAYS BETTER?

* WHY IS A COMPRESSION TEST DIFFICULT FOR OUR

GASKET MATERIAL?

* WHAT ARE SOME DIFFERENT TECHNIQUES OF
TESTING MATERIALS ON MORE THAN ONE AXIS¢e



POLYMERS

® THREE DIFFERENT TYPES
OF STRESS-STRAIN
BEHAVIORS:

® CURVE A: BRITTLE
* CURVE B: PLASTIC
® CURVE C: ELASTOMER

Stress (103 psi)
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®* STRAIN RATE AND

TEMPERATURE GREATLY
INFLUENCES

Figure 1: Stress-strain behavior of
MECHANICAL SO AR

BEHAVIOR!



ELASTOMERS

®* HAVE ABILITY TO ACHIEVE LARGE DEFORMATIONS AND
ELASTICALLY SPRING BACK INTO ORIGINAL SHAPE.

®* THE MODULI OF ELASTICITY IS QUITE SMALL AND
VARIES WITH STRAIN SINCE STRESS-STRAIN CURVE IS NO
LONGER LINEAR

®* AS A TENSILE LOAD IS APPLIED THE CROSSLINKED
MOLECULAR CHAINS WILL UNCOIL IN THE STRESS
DIRECTION

Figure 2:
Schematic of
Crosslinked
Polymer chain
molecules. !




FLASTOMERS (CONT.)

* VULCANIZATION

® THE CHEMICAL REACTION
WHICH PRODUCES 60
CROSSLINKING IN
ELASTOMERS.

* MODULUS OF ELASTICITY,
TENSILE STRENGTH, AND
RESISTANCE TO DEGRADATION S
ALL ENHANCED BY
VULCANIZATION
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®* UNVULCANIZED RUBBER -
®* FEW CROSSLINKS Figure 3: Stress-strain curve that

depicts what the process

o

SOFT, TACKY, POOR vulcanization does to elastomers. !
RESISTANCE TO ABRASION




MATERIAL TESTING

® [N ORDER TO MODEL MATERIALS PROPERLY ACCURATE
PREDICTIONS OF PROPERTIES ARE NEEDED

* UNIAXIAL TENSION

® EASY TO OBTAIN WITH TENSILE TEST
®* PURE SHEAR

®* DONE WITH PLANAR TENSION TEST
* UNIAXIAL COMPRESSION

®* INACCURATE DUE TO THE FRICTION BETWEEN THE LOAD
PLATES AND THE SPECIMEN

® CAUSES A MIXED STATE OF COMPRESSION, SHEAR, AND
TENSILE STRAIN?



WHY BIAXIAL TENSION®@

® A BIAXIAL TENSILE STRAIN IS EQUIVALENT TO A
UNIAXIAL COMPRESSIVE STRAIN. IG
y

* MOHR'S CIRCLE
* BECOMES A POINT CIRCLE

®* NO SHEAR FORCES ARE PRESENT

®* POISSON'S RATIO NEARLY 0.5

®* MEANS A PROCESS OF CONSTANT VOLUME l
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EQUAL BIAXIAL TENSION

®* FOR INCOMPRESSIBLE
MATERIALS THIS
CREATES A STATE OF
STRAIN EQUIVALENT
TO PURE
COMPRESSION.

VALUE

w8 O Figure 4: (Top)

). Equal biaxial
sfress state.
(Bottom) FEA
analysis of equal
tensile strain 2

® FREE OF THE
FRICTIONAL EFFECTS




GASKET MATERIAL

*15-2003

*MP



EXISTING BIAXIAL MACHINES

® SEVERAL EXISTING COMMERCIALLY AVAILABLE MACHINES

* TYPICAL DRAWBACKS INCLUDE SIZE, APPLICATION, BUT THE
MOST IMPORTANT IS PRICE

®* HOW OURS IS SUPPOSED TO BE DIFFERENT



EXISTING BIAXIAL
MACHINES (CONT )

e ™ « Pulls along two axes
.. N « Complexity

« Why this is undesirable
for our material




EXISTING BIAXIAL MACHINES
(CONT,)

| 3 ~ « Size is important!
) g | ~ « Pulls Along 8 Axes (16 Pulleys)
’l’ . Better, but not good enough

« Similar to previous
design

* Problem with loading

« Again, size is important




WAYS O
MEASUR

= AP

NG

PLYING AN

BRCIREER

* TwoO OPTIONS WHEN APPLYING FORCE

1. SELF-POWERED SYSTEM

2. HAVE SYSTEM DRIVEN BY MTS MACHINE




WAYS OF APPLYING AND
MEASURING FORCE (CONT.)

1. IF SELF-DRIVEN
® MUST USE SYSTEM TO MEASURE APPLIED FORCE
® SPRING SYSTEM
* LoaD CELL
2. |IF POWERED BY MTS MACHINE
* LOAD CELL BuILT IN
® ONLY NEEDS TO BE CALIBRATED



GRIPS

®* REQUIREMENTS
® DEFORM THE SAMPLE AS LITTLE AS POSSIBLE
®* MORE LIKELY TO TEAR AT GRIPS
® HOLD THROUGH FULL RANGE OF STRETCH
®* MAINTAIN PLANAR ORIENTATION
®* NO BENDING OR SHEAR
® BE AS SMALL AS POSSIBLE
* MAXIMIZES NUMBER OF GRIPS
®* MAKES SMALLER SAMPLES POSSIBLE
® STRONG ENOUGH TO ENDURE FORCES WITHOUT FATIGUING



GRIPS (CONT.)

® (CURRENT DESIGN PARAMETERS
* MAINTAINING PLANAR ORIENTATION
®* CABLE AND GRIP IN SAME HORIZONTAL PLANE
® ATTACH TO BASE TO PREVENT TWISTING
® FATIGUE PREVENTION

® DESIGN TO ENDURE FORCE GREATER THAN FORCE
AT WHICH CABLE WOULD SNAP



GRIPS (CONT.)

® ATTACHMENT POSSIBILITIES

® SURFACE OF PADS
® TACKY SURFACE
®* HORIZONTAL RIDGES
® SPIKES

® TENSIONING METHODS
* SPRING
®* BOLTS OR SCREWS

* NON-CONTACT WITH SURFACE
* ADHERE MATERIAL TO THE SAMPLE

®* HAVE GRIPS PUSH AGAINST MATERIAL



FINITE ELEMENT ANALYSIS
(FEA) MODELS

* NEO-HOOKEAN

* MOONEY-RIVLIN

* OGDEN

* YEOH

* MANY OTHERS

® STRESS-STRAIN CURVES

® BEST MODEL DEPENDS ON MATERIAL PROPERTIES



FEA (CONT)

® REQUIRED TEST DATA
® SIMPLE TENSILE
®* PLANAR TENSION

® BIAXIAL PLANAR TENSION




FEA (CONT.) GETTING USEFUL
DATA AND SELECTING A MODEL

®* PERFORM ALL THREE TESTS AT SAME RATE OF STRAIN
® ELIMINATE EXCESS DATA POINTS

® RUN SEVERAL MODELS AND SELECT ONE THAT BEST PREDICTS
BEHAVIOR

STRAIN




FEA (CONT.) FINAL RESULTS

—e—=uniaxialexperiment ——uniaxiallogden
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VERY PREMATURE PROTOTYPE
[FOR FUN]







CHANNEL FOR GRIPS TO SLIDE




CONCLUSION

* WE STILL HAVE A LOT OF WORK TO DO IN DESIGN DUE TO
EXTENSIVE BACKGROUND RESEARCH

® DESIGN WILL INCLUDE MULTIPLE AXES

® DIFFERENT DATA ACQUISITION TECHNIQUES WILL BE
CONSIDERED IN DESIGN OF OUR SYSTEM
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