AE8605 EXPERIMENTAL STRESS ANALYSIS

EXPECTED QUESTIONS –UNIVERSITY EXAMINATIONS

UNIT 3

Part A

3. Solve the practical problems in a Polariscope.

4. Define stress optic law.
Maxwell reported in 1853 that the changes in the indices of refraction were linearly proportional to the loads (thus to the stresses or strains for a linearly elastic material) and followed the relationship:
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where (1, (2, (3 = principal stresses at the point


n0 = index of refraction of material in the unstressed state.

 n1, n2, n3= principal refractive indices of the material in the stressed state associated with the principal stresses, (1, (2 and (3 respectively.

 
     C1, C2 = stress-optic coefficients, which depend on the material.

5. List out the basic components used in plane polariscope.
The basic arrangement of a lens type plane polariscope is shown in figure shows the set up for a diffused light polariscope.
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6. What are isoclinics and isochromatics in photoelasiticity?

ISOCLINICS:


When 2α=nπ, where n= 0, 1, 2, 3, etc., sin22α=0 and the intensity I goes to zero, producing a condition of extinction. when α = 0, π/2, or any exact multiple of π/2, the principal directions of either σ1 or σ2 coincide with the axis of the polarizer. When the entire model is viewed, a fringe pattern results where the fringes are loci of points where the principal stress directions coincide with the axis of the polarizer.The fringe pattern produced by the sin22α term is known as isoclinic or isoclinic fringe pattern.

ISOCHROMATICS:


In general the principal stress difference (σ1 - σ2) and the principal stress directions vary from point to point in the photoelastic model. If the results from all points are combined to obtain a whole-field coverage, lines of extinction will be obtained where (σ1 - σ2) = Nfσ/h, with N varying as 0, 1, 2, 3, etc., and where either one of the principal stress directions coincides with the axis of polarization of the polarizer. These two sets of extinction lines are called fringes, and the two different fringe patterns are formed and superimposed one upon the other. Lines of the first type, known as isochromatics or isochromatics fringe pattern.
7. What are the methods used for calibration of photoelastic materials?
· Simple tensile specimen

· Beam under pure bending

· Circular disc under diametral compression
Part B

8. Demonstrate the effect of a stressed model in a standard plane polariscope 
9. Plane Polariscope

[image: image3.png]Effect of Stressed Model in Plane Polariscopes (Dark Field
Set up)

It consists of two linear polarizer’s and a light source as shown in the figure. The linear
polarizer nearest 1o the light source is called polarizer. It transmits the plane polarized light in
there axis. While the second linear polarizer is away from the light source called analyzer.
Here the two axes of the polarizer’s always cross. Hence no light is transmitied through the
analyzer and produce dark field. The model is inserted and viewed through analyzer. The
polarizer is kept perpendicular 1o the axes of light propagation it transmits the light wave
comes only in there axes. The analyzer is kept 90 deg 10 the polarizer and it transmit the light
waves in there axes

‘The component of light vector transmitted by the polarizer is
A, = acoswt

‘The light vector when incident on the model is resolved into two components along principle
stress direction.

A

acoswtcosd

A; = acoswtsing




[image: image4.png]Ay and A, are incident on one side of photo-elastic model. These two components of the light
vector propagate through the stressed model at different velocities. As a result, when these
two components emerge from the model, these are out of phase. Upon leavening the model,
the two vibrating components acquire a relative phase difference of A. We shall assume that
Ay leadsA;. Hence, upon leavening the model, the vibrating components are

Ay = acoslwt + 4) cos¢p

A = acoswtsing
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Intensity of light coming out of analyzer is zero under two conditions
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First condition tells that light extinction occur at a point when direction of principal stresses
coincide with the direction of polarizer and analyzer. The locus of point when this happens is
called the koclinic’s.

Second condition tells that light extinction occur at a point when the relative phase difference
is equal to2mm. The locus of point where this occurs is called lsochromatics.




10. Explain the compensation and separation techniques in photo elasticity.
Compensation Techniques


Compensation is a technique in which partial modification of relative retardation either by addition or subtraction is brought about so that the fractional fringe order at a point become integral.  Then by knowing the amount of relative retardation added or substracted the actual fringe order at that point can be ascertained.  The following methods for compensation techniques are most commonly used:

1. The Babinet compensation method.

2. The Babinet Soleil compensation method.

3. Tension or compression strip method.

4. Tardy method of compensation.

5. Senarmont method of compensation

6. Photometric method.

1. The Babinet Compensation Method.  The Babinet compensator uses two wedges of quarts, which is a naturally double refracting material.  As shown in Figure, one of the wedges is fixed in the instrument, while the other can be displaced relative to the first so as to alter combined thickness by means of a fine micrometer screw with graduated drum head.  With micrometer screw at zero, the compensator is said to be in the neutral position.  The compensator is placed in the polariscope in between the model and second quarter wave plate.  The optic axis of the two wedges are orthogonal to each other.  The polarized light beam in one and retarded in the other wedge.


The relative retardation R produced when the two wedges have been displaced from their neutral position is given by,
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Figure: The Babinet Compensator

where 
K = n1 – n2


( = angle of wedge



   ( 2.5(


x = horizontal displacement, which is equal to the micrometer reading

or 

R = 
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where 
C = 
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thus
  R = 
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The Babinet compensator allows fringe orders, to be determined to within 0.01 fringe.

2. The Babinet Soleil Compensation Method.  The Babinet-Soleil compensator shown in figure is an improvement upon the Babinet compensator.  This instrument consists of a quartz plate of uniform thickness and two quartz wedges.  The optical axes of the quartz crystals employed in the plate and the wedges are mutually orthogonal.  The birefringence exhibited by the compensator can be controlled by adjusting the thickness of the two wedges by turning a calibrated micrometer screw.  When t1 = t2, no relative retardation takes place, however for 
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, both positive and negative retardation can be produced over the whole area of the compensator plate.  This compensator is very useful for measuring boundary stresses.
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Figure: The Babinet-Soleil Compensator.


In practice, a point is selected on the model where the fringe order is to be established precisely.  Then isoclinic parameters are established for this point to give the direction to either (1 or (2.  The compensator is then aligned with the principal stress direction and adjusted to cancel out the model retardation.  The reading of the screw micrometer is proportional to the fringe order at that point.  Like this fringe order at a point can be ascertained to within 0.001 fringe
11. Explain the three dimensional photo elasticity. Discuss and explain in detail about isoclinics and isochromatics. Discuss their properties also.
Three dimensional photo elasticity (Stress –Freezing Method):
[image: image17.png]In the stress freezing method, the model deformations caused by the applied loads are locked in
the model. This is made possible by the diphase behavior of many polymeric materials when
they are heated. Polymeric materials are composed of hydrocarbon molecular chains. These
molecular chains exist in the material in two essential forms. One form is a well bonded, three
dimensional networks, called primary bonds. Other one are occur in a form which is less solidly
bonded and are shorter compared to the primary bonds. When load is applied a room
temperature both primary and secondary bonds resist deformation. However, as the temperature
is increased. the secondary bond looses gradually their ability to resist deformation. At particular
temperature called the critical temperature, the secondary bonds break down completely and the
applied load is carried entirely by the primary bonds.

Primar; Bonds

Consider a model made of such a diphase polymeric material and subjected to a given system of
loading. Initially, at room temperature this load is carried by the primary bonds and the
secondary bonds together. Let the temperature be raised gradually until the critical temperature
for the particular material is reached. At this temperature, the secondary bonds break down,
becoming softjelly-like material. The load is now taken up entirely by the primary bond. With
the load still on. the temperature is gradually reduced 1o the room temperature. During this




[image: image18.png]process. the secondary bonds gradually solidify and lock the primary bonds tend to regain their
original unrefommed configuration, but this is however prevented by the secondary bonds.
Consequently, an equilibrium configuration is reached which does not differ appreciably from
the deformed configuration. Hence, the deformations are locked inside the model.

One can describe graphically the behavior of the diphase material by the spring ice analogy
given by Frocht In this, at ordinary conditions, the model is made of a set of springs embedded

inice as shown in fig.
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Analogy for stress-locking.

(@ Unloaded model at room temperature
(b) Loaded model at room temperature

() Loaded model at critical temperature

(d) Loaded model cooled © room temperature

(&) Unloaded model at room temperature

() Sliced model after unloaded and coming to equilibrium position




[image: image19.png]Isoclinic and Isochromatics:

Consider the arrangement shown in fig. ... monochromatic light source, polarizer, model is
in plane state of stress. and analyzer, is a second polarizing element kept 90 deg to polarizer
axes. We should assume that through a suitable optical arangement, the image of the model
is projected on the screen. The polarizer and analyzer are always kept crossed. but their
combined orientation can be arbitrary.

When a model is stressed, it behaves as a crystal and at the point where the ray passes, the
polarizing axis coincide with the principal stress axes 0,0, at that point. In general, the
polarizer makes an angle with o; axes. If the polarizer coincides with either o; or g, then
the plane polarized light incidenton the model at that point will emerge as a plane polarized
light. Since the analyzer is kept crossed with respect to polarizer, the light coming out of the
analyzer is zero. Consequently, at all those point of model, where the directions of the
principal stress happen 1o coincide with the particular orientation of the polarizer analyzer
combination . the light coming out of the malyzer will be zero. If the polarizer analyzer
combination happens to coincide with the directions of 0y,0, stresses at one point of the
model, then in general. there will be a locus of points in the model along which this condition
is satisfied. This is so because. in general, the stresses are distributed in a continuous manner
in the model. The locus of points where the directions of the principal stresses coincide with
apatticular orientation of the polarizer-analyzer combination is known as Isoclinic’s.




[image: image20.png]Suppose at a particular point of the model, the values of gy, 0, are such as to cause a relative
phase difference of 2mx where m is an integer. The relative phase difference is related to




[image: image21.png]0, — 0, . When the relative phase difference is 2m, the model behaves as a full wave plate
at that particular point. The discussion on crystal optics shown that an incident linearly
polarized light on a full-wave plate emerges as a linearly polarized light and is cut off by the
analyzer, because of its crossed position. Therefore, at all those points of the model where the
values of o; — g are such as to cause a relative phase difference of 2, the intensity of
light on the screen will be zero. On the screen, a series of dark bands corresponding to the
loci of these points are observed. These dark bands or fringes are known as Isochromatics.
An Isochromatics is a locus of points where the values of o, — g are such as to cause a
relative phase difference of 2ma, when background is dark.
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