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Transducer element

 

 

  

 

 

 Accuracy 

 Reproducibility  

 Linearity 

 Adequate 

 Phase distortion 

 Accuracy

 

  

  

 ReliabilityRuggedness 

 Transducer 

Signal conditioning element 

Signal conditioning

 Amplification 

 Signal filtration 
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Signal filtration

 Transducer element
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 Deflection and Null Types 

 Manually Operated and Automatic Types 

 Analog and Digital Types 

 Self-Generating and Power-Operated Types 

 Contacting and Non-Contacting Types

 Dumb and Intelligent Types

Deflection and Null Types

 Deflection type
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 Null type

Equal arm beam balance

Manually Operated and Automatic Types

 Manually Operated Type

 Automatic Type
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Manual type null-bridge resistance thermometer

Null position

Automatic self-balancing feedback measuring system
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Automatic type null-bridge resistance thermometer

Servo-controlled  Self-balancing  
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Self-GeneratingPower-Operated

 Self-GeneratingPassive

Schematic diagram of a photovoltaic cell (self-generating type of instrument)

 Power-OperatedActive

ContactingNon-Contacting

Contacting

Non-ContactingProximity

Optical pyrometer monitors
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Schematic diagram of variable reluctance tachometer (proximity type of 

instrument)

IntelligentDumb

Dumb

Bourdon pressure gauge

IntelligentSmart

  

  

 Interface 
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Digital computer system 

A typical digital computer based measurement system 
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 Drift

 

 Signal conditioning

 

 

 

 Real time 

  

 AccuracyFlexibility 

 Compact 

  

 Skilled Operation 
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International Bureau of Weights and Measures

 Primary standards

Absolute measurements

Calibrate/CheckCertify

Verification/Calibration

 Secondary standards
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 Working standards

High-accuracy

Accuracy

 Primary Calibration

Standard resistorStandard cell

 Secondary Calibration
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 Direct Calibration with known input source

 

Flow meter

 Indirect Calibration

Flow meter

 Routine Calibration
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Performance characteristics
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 Systematic or Cumulative Errors

 Instrument errors 

 

 Environmental errors 

 

 Loading errors co
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Systematic

  

 

Systematic

 Accidental or Random Errors

 

Chance or compensating type of errors 

Random errors

 Inconsistencies associated with accurate measurement of small quantities 

 

 Presence of certain system defects 

Backlash

Method of symmetry
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 Miscellaneous Type of Gross Errors

SystematicRandom  

 SystematicRandom   

  

 

Uncertainty

Random  Random  Gross  Uncertainty  

 

Random  

 Uncertainty

EU

Resolution Uncertainty  

 Uncertainty

 Uncertainty (IU )

Uncertainty  
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Uncertainty 

 Population 

 

 PopulationSample 

Random sampling 

 Uncertainty 

 

 Population 

 Uncertainty

Uncertainty

Uncertainty

Uncertainty
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Uncertainty

Random  Random  Gross  Uncertainty  

 

Random  

 External estimate of uncertainty

EU

Resolution External estimate of uncertainty  

 Internal estimate of uncertainty

 Uncertainty (IU )

Internal estimate of uncertainty  

Internal estimate of uncertainty  Internal standard 

 Population 
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Overall uncertainty
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Accuracy

Accuracy

Inaccuracy

Accuracy

100
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True value (TV)
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)FSD( scale deflection-Full
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Random or Accidental 

 Accuracy

Precision

 AccuracyPrecision 
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Linearity

Linearity error

 

Linearity

  

Non-linearity

%FSD

  

Non-linearity
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Dead band

Backlash

Backlash

Drift
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Zero drift Sensitivity drift
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 AccuracyPrecisionSensitivityLinearity

Zero and Sensitivity DriftDead band
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Cathode Follower

Cathode FollowerPiezo-electric Transducer

Cathode FollowerEmitter Follower

Loading 

 

Piezo-electric Transducer

Capacitance of crystal 910 F  

Capacitance of cable 103 10 F 

Charge constant of crystal 64 10 C cm 
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1M1010 FHarmonic 

deformation310 mm200Hz

610R    

9 10 10 910 3 10 10 1.4 10C C F           

31.4 10RC     

6
1 4 10K coulomb cm   

1 2857
K

K V cm
C

 

2 21

o

i

e K

x
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 Resistance Strain Gauge Transducer

L
R

A
  

:Gauge Factor
a

R R R R
F

L L 

 
 


RRaAxial strain

a

L

L





Mechanical strainLA

R R R
R L A

L A




      
          

       
 

2

L
R

A L L
R L A

A AA
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2

2 2A CB B B

A BCB

  
    

2
R L B

R L B





   
     

2a t

R

R


 



 
   

a

L

L



Axial strain

t a  Transverse strain

s ratio’Poisson

1 2
a a

R

RF






 



    

 

Strain gauge1 2

Semi-Conductor strain gaugeResistivitystrainPiezo-resistivity

1 2

FConductor-Semi

Strain gauge transducer

 Unbonded strain gauges

 Bonded strain gauges

 

 Unbonded Strain gauges 
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25mm25 m 

Unbonded strain gauge 

 Bonded resistance strain gauges 

strain
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Resistance strain gauge

Strain gauge in bonded position

.Strain610

Gauge factorSemiconductor gauge

Wire backing materialAdhesive
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Gauge

 Resistance Strain Gauge Bridges 

Strain gaugeStrain

Balanced Bridge

Balanced bridge0oe 

Unbalanced strain gauge bridge

1 1 2 2o DA BA oe E E e i R i R      

1 2
1 4 2 3

o

E E
e R R

R R R R
 

 
 

1 3 2 4

1 4 2 3

( )

( ) ( )
o

E R R R R
e

R R R R


 

 

onditioncNull 1 2

4 3

R R

R R
 

Null condition
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1R2R3R4R

1 1 3 3 2 2 4 4

1 1 4 4 2 2 3 3

[( )( ) ( )( )]

( ) ( )
o

R R R R R R R R
e E

R R R R R R R R

        


         
 

31 2 4
1 3 2 4

1 3 2 4

1 1 4 4 2 2 3 3

[ {(1 )(1 ) {(1 )(1 )}]

( ) ( )
o

RR R R
R R R R

R R R R
e E

R R R R R R R R

  
    


         

 Full bridge configuration

Strain gauge

1 2 3 4R R R R    

1R2R3R4Rtrain gaugeActive s 

2 31 2 4

1 4 2 3

( ) 2

(2 ) (2 )
o

RR R R
E R nd order terms

R R R Re
R R R R R R

  
   


       

 

31 2 4( )
4

o

RR R RE
e

R R R R

  
   

R
F

R


 
  
 

Full bridge configuration

1 2 3 4( )
4

o

EF
e       

 Half bridge configuration

1R2Rtrain gaugeActive s

3R4RExternal

1 2( )
4

o Half bridge

EF
e     

 Quarter bridge configuration

1Rtrain gaugeActive s 

2Rgauge Dummy co
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3R4RExternal

1
4

o quarterbridge

EF
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Full bridge strain Gauge

alancedUnbDeflection modeoe

GR

Unbalanced 
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 Dummy gauge

 Active gaugeGauge

Dummy gauge

1RActive gaugestrain2RDummy gauge

2RDummy gauge

strain1R

Strain gauge with 4 active gauge co
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Static strainDynamic strain

 Configuration 

  

 Wire type strain gaugeAccuracy

0.05% 

 strainTransverse plane

 

  

 Strain gauge 

 time lag 

 Fatigue life1210 

 Strain 

 Strainmicrostrain1augeG

Resolutiontrain gaugeWire type smicrostrain10

 Gauge 
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 Semi-conductor strain gaugeGauge factor

 Stress analysis 

  

 Semi-conductor strain gaugestrainmicrostrain

1

Strain gauge arrangement 

  

 

a1RaugeGAxial strain

bActive gauge1Rstrain Axial tensile2RTransverse 

compressive strainco
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Axial forceaQuarter bridge arrangement

bHalf bridge arrangement in Poisson’s configuration 

Axial forceaHalf bridge arrangement

bFull bridge arrangement in Poisson’s configuration 
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a1R3Rstrain Axial tensileOpposite

2 Signal enhancement factor

bActive gauge

2(1 )  Signal enhancement factor

Strain gauge arrangement 

PElastic cantilever

1R3RTensile strain2R4RCompressive strain

4 Signal enhancement factorco
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Alternative arrangement in Poisson configuration  

2(1 )  Signal enhancement factor

 

Load cellAxially

Strain gauge

Load cell22cms modulus’Young11 22.07 10 N m0.3

Strain gauge1000Gauge factor2.1

Strain gauge20mA

Detector500Load cell
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1R3RArial strain2R4Rstrain Circumferential

2(1 ) 2.6   Signal enhancement factor

1000 Strain gauge resistance

2.1 Gauge factor

For the initially balanced system:

  1 4 1 4

20
( ) , 1000 40

1000
E R R R R E V     :Battery voltage

5 4
3

1 111

10 10
2.415 10

2.07 10 2

P

EA
  
    

 
 Axial strain in the cylinder

1RstrainGR

3
51

1

40 2.1 2.415 10
3.38 10

4( ) 4(1000 500)
G G

G

EF
I I A

R R
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 Strain gauge Rosettes 

Strain gaugePrincipal strain

ArrangementStrain gauge rosettes

 Two-gauge rosette 

 Three-gauge rosette 

 Four-gauge rosette 

Rosettes  

Strain gaugeGauge
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StrainPrincipal strainPrincipal strain

Principal stressAppendix A-3

x،yDirect strain

xystrainShear 

to OX  easured by a strain gauge at angleM

x 

y 
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xy 

DeformationX

x x x Strain

l l measured by the gauge  Strain

cos , cosl x l x      

2cos
cos

cos

l x
x

l x
 

  
   


    

2siny   

Shear strain

l

l



 :Strain in the gauge

Deformation

cos ,
sin sin cos

tan

l x l
xy

x xy xy

y
l

l
y y
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Strainx،yxy

2 2cos sin sin cosx y xy           

   ( ) 2 ( ) 2 cos 2 2 sin 2x y x y xy              



   1 1 1( ) 2 ( ) 2 cos 2 2 sin 2x y x y xy               

   2 2 2( ) 2 ( ) 2 cos 2 2 sin 2x y x y xy               

 3 3 3( ) 2 ( ) 2 cos 2 2 sin 2x y x y xy               

 Rectangular Rosettes

1 2 30 , 45 , 90    

   1 1 1 1( ) 2 ( ) 2 cos 2 2 sin 2x y x y xy x                   

   2 2 2 2( ) 2 ( ) 2 cos 2 2 sin 2 ( ) 2 2x y x y xy x y xy                       

 3 3 3 3( ) 2 ( ) 2 cos 2 2 sin 2x y x y xy y                   

1

3

2 1 32 ( )

x

y

xy

 

 

   

 


 


  

Principal stressesAppendix A-4

   
1 2

1 2 2 2
max min 1 3 1 2 2 3, ( ) 2(1 ) 2 1 ( ) ( )E E                   

   

 
1 2

1 2 2 2
max 1 2 2 32 1 ( ) ( )E          

 
:Maximum shear stress

 Delta Rosette

1 2 30 , 60 , 120    

1 2
1 2 2 2 2

max min 1 2 3 1 2 2 1 3 1, ( ) 3 2 3 ( ) ( ) ( )                   
 

 

1 1 2
2 3 1 2 30.5 tan 3 ( ) (2 )p        
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1 2

1 2 2 2 2
max 1 2 2 3 3 12 3 1 ( ) ( ) ( )E              

 
:Maximum shear stress

 

Rectangular RosettesStrain

1 2 3300 , 200 , 150m m m m m m        

Principal stressesLocation11 22.3 10 , 0.3E N m   

   
1 2

1 2 2 2
max min 1 3 1 2 2 3, ( ) 2(1 ) 2 1 ( ) ( )E E                   

   
 

7 2 7 2
max min7.03 10 , 2.1 10N m N m      

axis-Maximum principal stress with the X

2 1 3 1 3tan 2 (2 ) ( ) tan 2 0.55             

14.5 104.5or 

 Balancing of Bridges 

 Series balancing

Apex resistance 
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 Parallel balancing

Parallel balancing arrangement  

Strain gauge bridge

 

 Apex resistance 

Apex resistancegauge

1 2

4 3

1
R R

R R
 

Apex resistance2R2R r3R3R r

1 1 2

4 3

R R R r

R R r

  



 

1

3 1

2

1

Rr x
x

R R x
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 Shunt resistor

Shunt resistor method of calibration  

1
1 1

1

c

c

R R
R R

R R
  


 

1 1 1
1

1 1

, c
c c

R R R
R R

R R R R


  



cR1R

 

  

Dead weight

 Strain gaugeEccentric

Strain gaugeEccentric  
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 Strain gaugeVibrator

Strain gaugeVibrator  

stripElastic m2
0m x

Vibrator

0x

BendingOpposite nature1AR1BR

GaugeDirect strain

 

Tensile force linkStrain gaugeback-to-back

Gauge120Gauge

Gauge factor2.2400 NaugeG25mA

modulus s’Young10 26.9 10 N m

co
nt

ro
len

gin
ee

rs
.ir



Instrumentation 
COPYRIGHT © S. Ghaemi 

University of Tabriz 
 

  

10mV cmTrace deflection

Trace deflection

100 KGaugeTrace shift1cmTrace 

deflectionSetting

 Bridge arrangement

1R3RActive gauge

2R4RDummy gauge

Signal enhancement factor2 co
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4

EF
Output voltage

1R3R

2
4 2

EF EF 
  Output voltage

1 2

25
( ) (120 120) 6

1000

VE I R R    Battery voltage

P

AY
in the strip  Strain

4 4

4

400
400 , 6.9 10 5.8 10

10 6.9 10

P
P N Y

AY
        

 

46 2.2 5.8 10
3.83

2 2

EF
mV

   
  Output voltage

3.83
0.383

10
cm Trace deflection

31 1 1

5
1 1 1

120
1.199 10

120 10c

R R R

R R R R

 
    

 

Trace shift1cm

45.8 10  

4 31 1

1 1

2.2 5.8 10 1.276 10
R R

R R

  
     

3

3

2 1.27 10
2.13

1.199 10
cm
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 Ionic type displacement transducer

 

Ionisation transducer

 ix

. Moving tube type ionisation transducer

1C2Cix

oe
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. Ionisation transducer used with variable capacitance transducer

Mechano-electronic transducer

 Mechano-electronic transducerco
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Optoelectrical Transducer 

Photo-Emissive 

IIncident radiations

 Photo-Emissive transducer

Photo-multiplier

 Photo- multiplierco
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Photo-Conductive 

PbS

 Photo- Conductive material

Photo-Voltaic 

Sandwich construction

 Photo- Voltaic transducerco
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Frequency type outputDigitally coded output 

  

 Pulse countFrequency or sequences of digitally coded output

 

 AccuracyPulse count 

 Ergonomic

 

  

  

 Self-diagnostic 
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A/D

Frequency Domain Transducer 

 Electromagnetic frequency domain transducer
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 Opto-Electrical frequency domain transducer

Opto-Electrical

 

Opto-Electricalco
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 Vibrating string transducer

metal string

1

2

P
f

L a


P

mass density of the wire material 

Vibrating string

Frequency counterString

Binary Codesco
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Binary code arrangement 

1

31
Resolution

BCD

Gray

Natural binary to gray code conversion 

Gray code to natural binary conversion 
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Natural BinaryGray Code

Digital Encoders

Basic encoder disc (Contact brush type)
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1

15
Resolution

BrushDisc

 Optical type encoder

Optical encoder

 Magnetic type of encoder

Magnetic encoder circuit
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Non-contact
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