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FATIGUE AND FRACTURE MECHANICS

 (Aeronautical Engineering)

Time: 3 hours






Max. Marks: 80

Answer any FIVE questions

All questions carry equal marks

- - -

1. Explain the methods of solving problems on combined steady and variable stresses.

2. Determine the thickness of a 120mm wide uniform plate for safe continues operation if the plate is to be subjected to a tensile load that has a maximum value of 250 KN and a minimum value of 100 KN. The properties of the plate material are as follow:

Endurance limit stress = 22500 N/cm2
Yield stress = 30000 N/cm2
The factor of safety based on yield point may be taken as 1.5.

3.a) 
Explain Coffin-Manson’s relation.
   b) 
Explain cyclic strain hardening and softening.
4. Explain the following:
(a)
Crack initiation 

(b) 
Crack growth 

(c) 
Final fracture

5.
Explain Irwin-Orwin extension of Griffith’s theory to ductile materials.

6.a) 
Explain the effect of thickness on fracture toughness.
   b) 
Explain stress intensity factors for any three practical geometries.

7.a) 
What is the importance of fracture mechanics in aerospace structure?
   b) 
Explain ductile fracture mechanism in the composite material with an example.
8. 
Write short notes on any three of the following:

(a) Cumulative damage

(b) Endurance limit


(c)  Surface finish factor


(d)  Notch sensitivity.
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1.
 Explain the following terms:


(a) 
Endurance limit


(b) 
Size factor


(c) 
Surface finish factor


(d) 
Notch sensitivity

2. 
Determine the diameter of a circular rod made of ductile material with a fatigue strength (complete reversal), (e = 265 N/mm2 and a tensile yield strength of 350 N/mm2. The member is subjected to a varying axial load from Wmin = -300 KN to Wmax = 700 Kn and has a stress concentration factor = 1.8. Use factor of safety as 2.0.

3.a)
Explain low cycle and high cycle fatigue.

   b) 
Explain Miner’s theory.
4.

What are the factors affecting crack propagation? Explain.
5. 
Derive the relation for ideal fracture strength.

6.a) 
Explain the effect of thickness on fracture toughness.
   b) 
Explain stress intensity factors for any three practical geometries.

7. 
Explain safe life and fail design philosophies

8. 
Write short notes on any three of the following:

(a) S – N curves

(b) Cumulative damage

(c) Dislocations in fatigue fracture

(d) Potential and surface energies of cracked bodies.
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1.a) 
Write soderberg’s equation and state its application to different types of loadings.

   b) 
Explain methods of reducing stress concentrations.

2. 
A hot rolled steel shaft is subjected to a torsional load that varies from 30 KN-cm clockwise to 10 KN-cm anticlockwise as an applied bending moment at a critical section varies from 40 KN-cm to –20 KN-cm. Suggest the suitable size for the shaft if the material has an ultimate strength of 60 KN/cm2 and yield strength of 45 KN/cm2. take the factor of safety as 2. The shaft is of uniform diameter and no key way is present at the critical section.

3.a) 
Explain low cycle and high cycle fatigue.

   b) 
List out different types of cycle counting techniques. Explain any one.

4. 
Explain the mechanisms of fatigue with schematic diagrams.

5. 
Derive the relation for the strength of cracked bodies.

6.a) 
Explain the effect of thickness on fracture toughness.
   b) 
Explain stress intensity factors for any three practical geometries.

7.a) 
What is the importance of fracture mechanics in aerospace structure?
   b) 
Explain brittle fracture mechanism in the composite material with an example.
8. 
Write short notes on any three of the following:

(a) Cumulative damage

(b) Dislocations in fatigue fracture

(c) Endurance limit

(d) Transition life of fatigue failure.
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1.a) 
Explain Neuber’s stress concentration factors.

   b) 
Explain the stress concentration due to holes and notches.

2.  
A leaf spring in an automobile is subjected to cyclic stresses. The average stress = 15000 N/cm2, variable stress = 5000 N/cm2, ultimate stress = 63000 N/cm2, yield point stress = 35000 N/cm2 and endurance limit = 15000 N/cm2. Estimate, under what factor of safety the spring is working, by Goodman and Soderberg formulae.

3.a) 
Explain load histories of fatigue.

   b) 
Explain cumulative damage of fatigue.
4. 
Explain all the events loading up to fatigue fracture.

5.a) 
Explain the effect of thickness on fracture toughness

   b) 
Explain stress intensity factors for any three practical geometries.

6. 
Derive the relation for the strength of cracked bodies.

7. 
Explain safe life and fail design philosophies.
8. 
Write short notes on any three of the following:

(a) Dislocations in fatigue fracture

(b) Potential and surface energies of cracked bodies

(c) Endurance limit

(d) Transition life of fatigue failure
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