AE8605 EXPERIMENTAL STRESS ANALYSIS

EXPECTED QUESTIONS –UNIVERSITY EXAMINATIONS

UNIT 4

Part A

1. Examine the uses of failure theories in brittle coating method.

2. Classify the brittle coating methods.
[image: image1.png]Types of brittle coatings: .

» Resign based coating (stress coat): 1/3™ zinc resin ate + 2/3
carbon + di-butylphthalate.

+ Thickness 0.1-0.15mm ; sensitivity 0.003-0.003m ; temp 60°c.

» Ceramic based coating (all temp): Finely ground ceramic
particles suspended in a solvent + drying + heated up to 540c.

+ Thickness 0.1-0.15mm ; sensitivity 0.002-0.002m ; temp
370%.

» Tens.Lac Brittle Lacquer: high sensitivity, non-flammable,
odorless, and of low toxicity brittle lacquer.

+ Thickness 0.075mm ; sensitivity 500u cm/cm ; temp 100%.




3. What is meant by Moires theory?
Moiré patterns are extremely useful to help understand basic interferometry and interferometric test results. A dark fringe is produced where the dark lines are out of step onehalf period, and a bright fringe is produced where the dark lines for one grating fall on top of the corresponding dark lines for the second grating. • If the angle between the two gratings is increased, the separation between the bright and dark fringes decreases. • If the gratings are not identical straight-line gratings, the moiré pattern (bright and dark fringes) will not be straight equi-spaced fringes.
4. What are the properties of Moires method?
5. List out the applications of brittle coating methods.

Part B

6. List out the assumptions made while analyzing brittle coatings? Develop the expression for coating stresses.
[image: image2.png]Coating stresses

Coating is sprayed over the surface of the specimen until a thickness of 0.110 0.25 mm is built
up. Then, coating is dried either at room temperature orat an elevated temperature in a hot air
oven. After the coating is completely dried or cured. loads are applied on the sample. Since the
coating is very thin, it can be safely assumed that surface strain of the specimen are faithfully
wransmitied from specimen to coating without any magnification or atienuation. From the
stresses in specimen, the stresses in the coating can be obtained.
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[image: image3.png]£ 4+ Principal strains in the specimen

8,9, Poisons ratio of coating and specimen.

E,, E,: Young’s modulus for coating and specimen respectively.
Consider the specimen and coating is as shown in fig

By Hooke’s law

=

E
since there is perfect adhesion between the coating and the surface of the specimen, hence

“Thos, we get

(1)

(2)

Thus on solving eq 1 and 2, we get
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Fromeq 3 we can say that of — o always has the same sign as o — 0.

To calibrate the coating a cantilever calibration strip as shown in fig 2 . Calibration is used to
determine the strain sensitivity. The strain at * A’ where the cracks start appearing is called the
strain sensitivity of the coating or the threshold strain. The stresses at ‘a” in the coating produced
by the external load are found by setting o = 0

Thus,

of = e i1 - 8u8,)0)
E(1-97)
E,

of = g0~ 0)




[image: image6.png]Advantages of brittle coating

1) Itis nearly a whole field stress analysis technique

2) The technique can be directly applied 10 a prototype of actual machine or machine
‘components in operation and there s no necessity for any model.

3) Analysis for converting the data into stress in component is not complicated




[image: image7.png]Disadvantages of brittle coating

1) Behavior of the coating is strongly dependent on temperature and humidity variations during
testing,

2) Number of variable affecting the sensitivity of coating therefore the behavior of coating has
to be properly understood.

3) This technique is more qualitative in nature than quantitative





7.  Explain the Moíre’s method of failure theories.
8. Maximum Principal stress theory  
9.        Let us  explain  the  maximum  principal  stress  theory  by  considering 
10. here  one  component  which  is  subjected  with  an  external  load  and  we 

11. have drawn here the stress-strain curve as displayed in following figure

12. Maximum Principal stress theory  
13.        Let us  explain  the  maximum  principal  stress  theory  by  considering 
14. here  one  component  which  is  subjected  with  an  external  load  and  we 

15. have drawn here the stress-strain curve as displayed in following figure

16. Maximum Principal stress theory  
17.        Let us  explain  the  maximum  principal  stress  theory  by  considering 
18. here  one  component  which  is  subjected  with  an  external  load  and  we 

19. have drawn here the stress-strain curve as displayed in following figure

1. Maximum Principal Stress theory also known as RANKINE’S THEORY 
2. Maximum Shear Stress theory or GUEST AND TRESCA’S THEORY 
3. Maximum Principal Strain theory also known as St. VENANT’S THEORY 
4. Total Strain Energy theory or HAIGH’S THEORY 
5. Maximum Distortion Energy theory or VONMISES AND HENCKY’S THEORY
Maximum Principal Stress theory
[image: image8.png]Condition for failure is,
Maximum principal stress (1) > failure stresses (Sy; Or Syt)
and Factor of safety (F.O.S) =1
1f g7 is +ve then Sy Or Sy
071 is -ve then Sy or Sy

Condition for safe design,

Factor of safety (F.0.S) > 1
Maximum principal stress (01) < Permissible stress (0'per)

Failure str
where permissbl trss = Fmne eSS . 34 S

o1 S%‘l m_SN_n: _— Eqn (1)

Note:

1. This theory is suitable for the safe design of machine components made of brittle
materials under all loading conditions (tri-axial, biaxial etc.) because brittle materials
are weak in tension.

2. This theory is not suitable for the safe design of machine components made of ductile
materials because ductile materials are weak in shear.




[image: image9.png]3. This theory can be suitable for the safe design of machine components made of
ductile materials under following state of stress conditions.

[
(i) Uniaxial state of stress (Absolute Tmax="3" )

o1
(ii) Biaxial state of stress when principal stresses are like in nature (Absolute Tmax =" )

(iii) Under hydrostatic stress condition (shear stress in all the planes is zero).




[image: image10.png]2. Maximum Shear Stress theory (M.S.S.T)

Condition for failure,
Maximum shear stress induced ata critical > Yield strength in shear under tensile
point under triaxial combined stress test
Absolute Tmax > (Sy: or %L'
unknown therefore use Sy

Condition for safe design,

Maximum shear stress induced at a critical < Permissible shear stress (Tper)
tensile point under triaxial combined stress

where,

Yield strength in shear under tension test _ Syt _ Su
=N =

Permissible shear stress = Factor of safety N

(Sys)rx Sy

Absolute Tmax < N or 5N

For tri-axial state of stress,
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[image: image12.png]|01| < §Nﬂ when 01, 02 are like in nature —————  Eqn (2)

|oi-02] < %{5 ‘when 01, 02 are unlike in nature —————— Eqn(3)

Note:

1. MSS.T and M.PS.T will give same results for ductile materials under uniaxial state
of stress and biaxial state of stress when principal stresses are like in nature.

2. M.SS.T is not suitable under hydrostatic stress condition.

3. This theory is suitable for ductile materials and gives oversafe design i.e. safe and
uneconomic design.




[image: image13.png]3. Maximum Principal Strain theory (M.P.St.T)

Condition for failure,

Maximum Principal strain (€1) > Yielding strain under tensile test (€ v.p)r1
€ > (e YP)TT or %

where E is Young’s Modulus of Elasticity

Condition for safe design,

Maximum Principal strain < Permissible strain

Yielding strain under tensile test _ (€ vr)rr _ Syt
Factor of safety TN TEN

where Permissible strain =

Syt

&1 EN

IA

Sw

,1—5 [o1-n(o2409)] < N




[image: image14.png]Su

01-p(02+03) <

for biaxial state of stress, 03 =0

Su

o-p(o)) < —— Eqn(d




[image: image15.png]4. Total Strain Energy theory (T.St.E.T)

Condition for failure,

Total Strain Energy per unit volume > Strain energy per unit volume at yield point
(TS.E. /vol) under tension test (SE /vol) yr] 1

Condition for safe design,

Total Strain Energy per unit volume < Strain energy per unit volume at yield point
under tension test. ————— Eqn (5)

OEL
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Total Strain Energy per unit volume = 5 0181+ 50282+ 50583 ———Fqn (6)

(triaxial)
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By substituting equations (6) in equations (5)

1
TSE. /vol =55 [0:2+ 022 + 052 - 2 (0102 + 0203 +03.0) ] 8)

To get [(S.E /vol) ve] tr,

S

Substitute 01 = 0= ,02=03=0 in equation (8)

1
[(S.E /vol) vr] 1= 55 ( %IE ) )
By Substituting equations (8) and (9) in equation (5), the following equation is obtained
Syt
012 + 022 + 032 - 2 (0102 + 0203 +0301) < (N )2
for biaxial state of stress, 03 =0

S,
012+ 022-210102 < (_1\? »2 - (10)




[image: image17.png]Note:
1. Eqn (10) is an equation of ellipse (x? + y2 - xy = a?).

Syt S:
2. Semi major axis of the ellipse = ‘/I”TM=‘/T"‘_7=Lzsy,

. ) i Syt syt
Semi minor axis of the ellipse = v o Sy

For
u=03

3. Total strain energy theory is suitable under hydrostatic stress condition.





20. Explain in detail about Moire method of strain analysis, explain its types and list the advantages and disadvantages of it.

[image: image18.png]Moiré’s fringe analysis techniques

‘Two different approaches are used in order to obtain strains by the Moire’s method. One is called
the geometrical and other consists i relating the fringes to the displacement field.

Geometrical approach

Moire’s fringes are formed by two interfering lines screens or gratings. One is the printed in the
model(model grating) s subjected to deformations produced by applied loads. The second(
master grating) is applied on the top of the first. The pitch of the model and master gratings is
assumed to be the same before application of the load. When the load is applied to the specimen
the model grating deforms and gives rise 1o Moire's interference fringes which can be studied for
strain analysis. Knowing the distance between the master lines and measuring the distance
between the fringes, it is possible by geometric analysis of the intersections of the two system of
lines 1o compute the distance between the model grating line ata point. and the coresponding
change in direction. With these data , normal and shear strains can e computed.





[image: image19.png]Let p= pitch of the master grating which is also equal to the pitch of the model grating before
defomation.

P'= pitch of the model grating after deformation,

4= specimen grating orientation angle measured from the reference grating line to the specimen
grating line positive if counter clockwise.

d= interfringe spacing, i.¢ the perpendicular distance between two neighboring fringes.
1t s assume that before deformation orientation of specimen grating is same as master grating.

From triangle ABM




[image: image20.png]From triangle ABC

-b)

From equation aand b




[image: image21.png]From triangle BDE

From triangle BDF

From equation ¢ and d
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[image: image23.png]Equation 2 can be written as

sin(0—8) =§sin 6....08)

Substitute eq 4ineq 1

Substitute eq 3ineq 6

5 sing
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[image: image25.png]Once the deformed specimen pitch p' has been determined the component of normal stain in a
direction perpendicular o the lines of the master grating can e computed as
e=P"P

P



















