 Strain Gauge
· A strain gauge is an example of a passive transducer.
· If a metal conductor is stretched or compressed, its resistance changes.
· The length and diameter of conductor changes. 
· Also there is a change in the value of resistivity of the conductor when it is strained and this property is called piezoresistive effect. 
· Therefore, resistance strain gauges are also known as piezoresistive gauges. 
Types of electrical resistance strain gauges
· The strain gauges are mainly of four types namely
1. Wire strain gauges
2. Foil strain gauges
3. Thin film strain gauges
4. Semiconductor strain gauges
1 Wire strain gauge
· Wire strain gauges are normally of smaller size
· Wire strain gauges are of two types namely
· Unbounded wire strain gauge 
· Bonded wire strain gauge
· Unbounded resistance wire strain gauge
[image: ]
Fig. 3.1 Unbounded resistance wire strain gauge
· An unbounded strain gauge consists of a wire stretched between two points in an insulating medium, such as air. 
· The diameter of the wire used is about 25μm. 
· The wires are kept under tension so that there is no sag and no free vibration. 
· Unbounded strain gauges are usually connected in a bridge circuit. 
· The bridge is balanced with no load applied as shown in figure. 
· When an external load is applied, the resistance of the strain gauge changes, causing an unbalance of the bridge circuit resulting in an output voltage, this voltage is proportional to the strain. 







2 Bonded Resistance wire strain gauge
[image: ]
Fig. 3.2 Bonded Resistance wire strain gauge
· A metallic bonded strain gauge is shown in figure. 
· A fine wire element about 25μm or less in diameter is looped back and forth on a carrier (base) or mounting plate which is usually cemented to the member undergoing stress.
· The grid of fine wire is cemented on a carries which may be a thin sheet of paper, Bakelite or Teflon.
· This wire is converted on the top with a thin material, so that it is not damaged mechanically. 
· The spreading of the wire permits uniform distribution of stress. 
· The carrier is then bonded or cemented to the member being studied. 
· This permits a good transfer of strain from carrier to wire.
Equation for gauge factor
· Let us consider a strain gauge made of circular wire. 
· The wire has Length (L), Area (A), and Diameter (D) before being strained.
· 
The material of wire has a resistivity 
· 
Now the Resistance of unstrained gauge R = 
· Let a tensile stress‘s’ can be applied to this wire. This produces a positive strain causing the length to increase and area to reduce.
· Let, 
· 
= Change in length. 
· 
= Change in area
· 
= Change in diameter
· 
= Change in resistance 

 (
Unstressed
)   (
Stressed
)
Fig. 3.3 Unstressed and stressed conductor
· 
In order to find the depends upon the material physical quantities L, A and D, the expression for resistance ‘R’ is differential with respect to stress‘s’.


			……….. (1)
· 
Divide eq.(1), throughout by resistance R=  

			………… (2)
· From eq.(2) it is evident to that per unit change in resistance is due to,
· 
	= 	Per unit Change in length. 
· 
	= 	Per unit Change in area
· 
	=  	Per unit Change in resistivity 
· 
We know that the area,	 A 	= 


	= 							…………... (3)
· 
Divide eq.(3) by Area A = 



	= 	= 					…………... (4)
· Now eq. (2) can be written as, 

					..…………. (5)
· Using poison’s ratio, 


= 		(or)


= 						………….. (6)
· Put eq.(6) in eq.(5)

				………….. (7)
· Now the above relationship can be written as,


	= 					………….. (8)
· Now the Gauge factor (Gf) can be written as,

Gf	= 1+						………...... (9)
	Where, 

			For unit change in resistance 	 = 1

			For unit change in length 	 = 1

			Strain 				

Resistance Temperature Detector (RTD)
· RTD has two types. 1) Wire RTD  2) Film RTD
· These are the temperature sensors with a resistor that changes the resistive value simultaneously with temperature changes. 
· Sheath or glass or stainless steel wall is used as outer cover which withstands high pressure. 
· 
It has positive temperature coefficient. (Resistance  Temperature )
· The variation of resistance (R) with temperature (T) can be represented by the following expression for most of the metals,

 
Where,
		Ro = Resistance at temperature T= 0oC
· The RTDs are used in a wide temperature range from -500oC to 5000oC for thin film and for the wire wound variety the range is from the +2000oC to 8500oC. 
· The thin layer of platinum on a substrate is present on the thin film RTD element. 
· When connect with wheat stone bridge, it gives 
· Constant temperature – bridge is balanced
· Change in temperature – bridge is unbalanced
[image: ]
Resistance Temperature Detector (RTD)
· Lead wires are attached and to protect the film & connections the assembly is coated. 
· RTDs, which have higher accuracy and repeatability, are slowly replacing thermocouples in industrial applications below 600 °C.
Characteristics of materials used for RTD (Vs) Temperature 
[image: ]

Advantages
· More stable
·  Higher accuracy
· More linearity compare to thermocouple

Disadvantages
· Lower absolute resistance
· Expensive
· Current source is needed
· Less rugged compare to thermocouples

Speed Error
· Sometimes the speed of the meter is either fast or slow, resulting in the wrong recording of energy consumption. 
· By correctly adjusting the position of the brake magnet it can be reduced. 
Creeping error
· Creeping error in energy meter is the phenomenon in which the aluminium disc rotates continuously when only the voltage is supplied to the pressure coil, and no current flows through the current coil.
· By changing the brake magnet it can be reduced 
Three phase two elements Energy meter
[image: ]


Deflection torque Td = 3*k3

https://barcode.tec-it.com/en/QRCode?data=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3DP4acOyf_nhQ
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