U20AS613- EXPERIMENTAL STRESS ANALYSIS

UNIT 2
Part A

1. Classify Electrical resistance strain gauges.

· Resistance

· Inductance

· Capacitance

2. Summarize the qualities of a good gauge material.

· High gauge factor

· High resistance

· Low temperature sensitivity

· High electrical stability

· High yield point stability

· High endurance limit

· Good workability

3. List the characteristics of strain gauge.
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4. What is the need of rosette analysis?
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5. Define circuit sensitivity. 
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Part B

6. Determine the principal stresses using the following strain measurement from rectangular rosette. E = 200Gpa and ν = 0.25. εA=1800x10-6,  εB = 600x10-6, εC = -400x100-6.

7. Derive the expression for rectangular rossete three element method. 
8. List out the types of electrical resistance strain gauge and explain the operation of unbounded strain gauges.

Types of Resistance Strain Gauges


There are basically four types of electrical resistance strain gauges as classified below:

1. Unbonded gauges:

(a) Non-metallic

(b) Metallic

2. Bonded gauges

(a) Non-metallic

(b) Metallic

(i) Wire type

(ii) Foil type.

3. Weldable gauges.

4. Piezoresistive gauges.

a) Bonded Non-Metallic Gauges.

A strain gauge using direct bonding of a non-metallic resistor element to a material in which the strain is so to be measured was reported by Bloach in 1935.  In this gauge a carbon coating is applied directly to the surface of the structure in which strain is to be measured.  For metallic structures the surface is first coated with a non-conducting material.  If the underlying surface of such a coating is stretched, the carbon particle would move apart, and the under-coating is compressed, the particles would move closer together, and the resistance will change.  This resistance change can be interpreted in terms of strain.


Generally these type of gauges are made by impregnating carbon particles in plastic sheets.  These sheets are then cut into strips about 6 mm wide and 25 mm long.  On each end of the strip a silver band is plated so that lead wires may be attached (fig).  The gauge is bonded directly to the surface to be strained with a common glue.
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Figure: Bonded non-metallic strain gauge.


These sensitivity and resistance of the gauge are affected by temperature and humidity.  This gauge is of rugged construction and can withstand rough handling.  However, the cross-sensitivity of the gauge is quite high.

 (b) Bonded Metallic Gauges.

The bonded metallic type of strain gauge consists of a length of a strain-sensitive conductor mounted on a small piece of paper or plastic backing.  In use this gauge is cemented to the surface of the structural member to be tested.  These gauges may be either of the wire or foil type.  In the case of wire strain gauges, the filament consists of a long length of wire in the form of a grid fixed in place with a suitable cement.  The wire grid may be either of the flat type (fig. a) or wrap-around type (Fig. b).  After attaching the lead wires to the two ends of the grid, a second piece of paper is cemented over the wire as a cover.  In the wrap around type of wire gauges, the strain-sensitive wire is wound around a cylindrical core in the form of a close-wound helix.  This core is then flattened and cemented between layers of paper for purpose of protection and insulation.  Fig.(c) shows a flat wire grid free filament construction.
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Figure (a): Bonded wire flat grid gauge.
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Figure (b): Bonded wire wrap-around gauge.
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Figure: Types of bonded metallic gauges.                  

 Bonded flat foil grid gauge.


The foil type of stain gauge has a grid made from a very thin strain-sensitive foil (fig d).  The width of foil is very large as compared to the thickness so that the gauge provide a much larger area for cementing the gauge.  The gauge configuration is obtained by printing the desired pattern on a sheet of foil with acid resistant ink and subsequently etching away the unprotected metal.  Another method of manufacture involves precision punching of the gauges from a foil sheet.  The foil type of gauges have the following advantages over the wire type gauges.

1. The width of the foil at the end of each loop can be greatly increased to reduce the sensitivity of the sensitivity of the gauge to transverse strains.

2. The cross-section of the gauge conductor is rectangular, resulting in the high ratio of surface area to cross-section area.  This increases heat dissipation and avoids adhesion between the grid and the backing material.

3. The gauge factor is higher by 4 to 10 per cent that other gauges.

4. These gauges are easier to manufacture.

5. These gauges can be used to measure strain on curved surfaces.

6. These gauges are suitable for static and dynamic strain measurements.

7. They have very good fatigue properties.

8. Stress relaxation and hysterisis is very less in these gauges.
















