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Name of the subject

instrumentation and

6883 process control

AIMS
)r To provide the student with an opponunny to acqunre knowledge, skill and attituda in the area
of instrumentation and process control with special emphasis on:
— transducer
--  signal conditioning
measuring techniques of special quantities
data acquisition
control theory
— apptication of process control
- Recorders.

SHORT DESCRIPTION

Transducers Passive transducer; Self generating type transducer; Measuring technique by
8 | transducer: Signal conditioning; Recorders; Measuring techniques of special quantities; Data
acquisition; Control theory; Servo control; Application of process control and application of
recorders.

DETAIL DESCRIPTION
 Theory:

1. Understand tha basic features of transducers.
" 1.1 State the meaning of transducer and sensor.

1.2 Mention different types of transducer and sensor.
1.3 Describe difference between transducers and sensors
1.4 Describe the parameters of glecirical transducer.
1.5 Describe the factors to be considered in seleciing a transducer..
1.6 - _Describe mechanical devices as primary detector.
1.7 Mention the difterent electrical phenomena employed in transducers.

Understand the features of passive transducers.

2.1 Describe the operation of different types of resistive transducers
2.2 Explain the basic principle of strain gauges.

2.3 Describe the working principle of resistance thermometer.

2.4 Describe the construction of different types of thermistor.

2.5 Describe the working principle of inductive transducer.

2.6 Explain the operation of differential output transducers.




2,7 Describe the construction and working principle of linear variable differential
transformer {(LVDT). :
28 Describe the construction and working principle of rotary variable differentiat
transformer (RVDT).
2.9 Describe the working principle of pressure inductive transducer,
2.10 Describe the working principle of pressure capacitive transducer.

Understand the feaiures of self-generating type transducers.

3.1 Describe the working principle of Piezoelectric transducers. .

3.2  Explain the basic principle of photoemissive, photoconductive and photo- voltaic
cell. -

3.3 Describe the construction of thermocouples and tharmopile.

3.4 Describe the working principle of thermocouple and thermopile.

3.5 Describe the concept of digital encoding transducer.

3.6. Describe the principle and operation of optical displacement transducer.

3.7  Describe the principle and operation of photo optic transducer.

Understand the measuring technique by transducers.

4.1 Describe the weight measuring technique by load cell (pressure ceil).

42  Explain the basic principle of resistance tem perature detector {(RTD).

4.3 Explain the basic principle of reluctance pulse.pick-up.

4.4  Describe the working principle of magnetic flow meter.

4.5 Describe the sound intensity measurement technigue by capacitor microphone.
4.6 Describe the liquid level measurement tech nigue by dielectric gauge.

4.7 Describe the torque measurement technique by magnetostriction gauge.

4.8  Explain synchro system. )
4.9 Describe the angular displacement measurement technigue by synchro system.

Understand the concept of signal conditioning.

Describa signal conditioning system with block diagram,.

Explain the basic principles of DC and AC signal conditioning system.

Explain the basic principle of data conversion system.

Describe the operation of an instrumentation amplifier.

Describe the basic principle of instrumentation system.

Describe the use of operational amplifier with capacitive displacement |, E
_ transducer. . !

Describe radio telemetry with block diagram.

Understand the features of recorders.

State the necessity of recorder in instrumentation system.
State different types of recorders.
Describe the principle of oparation of strip chart recorder. :
Describe the principle of oparation ot X-Y recorder (galvanometer and null type).
Describe the principle of operation of magnestic recorder.

. Describe the operation of fraquency modulation recording.
Explain the method of recording temperature and sound by strip chart recorder.

Understand the measuring techniques of speclal quantities.

7.1 Describe the method of terperatura, compensation and canceliation techniques.

7.2 Describe the method of measurement of pressure using electrical transducer.

7.3  Describe the method of measurement of torque by using different method such
as by inductive transducer, digital methad, f
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Describe the method of measurement of temperature by using thermometer,
thermocouple.

75 Describe the method of measurement of flow by electromagnetic flow meter.

76 Describe the method of measurement of humidity by humidity hygrometers.

Understand the concept of data acquisition.

8.1 Explain the basic principle of data acquisition system.

8.2 Describe the component of analog and digital data acquisition system.

8.2 Describe the principle single channel and mutti channel data acq rgit 3n systam.
8.4 Describe the basic principle of operation of data logger.

8.5 Describe the method of data transmission.

8.6 Describe the digital recording and use of recorder in digital system.

Understand the concept of control theory.

91 Mention the types of control systems.

9.2 Describe the principles of open loop & closed loop control system.

93 State the meaning of transter lag.

g.4 Describe two-step & three step control systems.

9.5 Describe proportional, derivative and integral control.

9.6 Explain compound control system such as P, PD, DI & PID control.

9.7 Mention the advantages & disadvantages of proportional, darivative and integral
control system. -

Understand the concept of servo control. ,

10.1 Describe the construction of DC servo, AC servo, stepper motor, electrical
modulator, hydraulic servomotor and hydraulic modulator.

10.2 Describe the principle of operation of DC servo & AC servo stepper motor,
elactrical modulator, hydraulic servomotor and hydraulic modulator.

10.3 Describe the basic concepts of DC position control with servo system.

10.4 Describe the idea of AC position contro! with synchro sensing element.

10.5 Describe the speed control system for sheet metal processing unit.

10.6 Describe onling and offline computer control system with block diagram.

Understand the different applications of process control.

11.1 Explain the basic concept of process control. '

11.2 Describe the pneumatic system and controller with block diagram.

11.3 Describe the analogue slectronic process controlier.

11.4 Explain the temperature, speed, pressuré and flow control using an analogue ) :
elecironic controller.

11.5 Describe the injection molding system for plastic, PET, PVC production process
with block diagram.

Practical :

Measure the displacement by linear variable resistance transducer.

1.1 Seiect a potentiometer and required tools & materials.
Couple the object with sliding contact to the potentiometer.
Build up the circuit tor measurement of displacement,
Switch on the power supply.
Measure input and output voltage of the potentiometer.
Measure the displacement or force using appropriate formula.




Measure the temperalure by resistance thermometer.

21 Select a resistance thermometer (such as platinum resistance thermometer) and B
a heat source with mounting faciiity and required tools & materials.

2.2 'Measure the tharmometer resistance at room temperature.

2.3 Racord the temparature of heat source.

2.4 Make the temperature of the source steady.

2.5 Measure the resisfance of the thermomaeter.

2.6 Calculate the temperature using appropriate formula.

- Determine the temperature coefficient of thermistor.

3.1  Select a thermistor and required tools & equipment.

3.2 Connect the thermistor with measuring equipment.

3.3 Provide a temperature regulated heat-source for the thermistor.

3.4 Rise lemperature in step and measure the coresponding resistance of the therrnistor.
3.5 Plot the data for temperature verses resistance characteristics.

3.6 Observe the graph.

Measure the thickness of a material by capacitive transducer.

4.1 Select an appropriate capacitive transducer with required tools and materials.

42 Set up the materials to measure the thickness between the plates of the
capacitor.

43 Connect the meter and source as required.

4.4 Switch on the power supply.

45 Measure the capacitance between two plates.

4.6 Calculate the thickness using appropriate data and formula.

Measure the displacement by linear variable differential transformer (LVDT).

5.1 Select an iron core, wire and required tools & equipment. .

52 Construct a LVDT with an iron cofre and coil with one primary and secondary
keeping iron movable.

5.3 Connect the primary with AC source.

5.4 Connect the two secondary with the oscilloscope.

5.5 Move the iron core from left {o right.

56 QObserve the wave shapes.

5.7 Observe the null position,

58 Measure the voltage increasing or decreasing with core movement or
displacement.

Measure the temperature by thermo couple.,

6.1 Select a thermocouple (such as iron-constant) and required tools & materials.
6.2 Connect one end of the thermocouple to a voltmeter with proper arrangement.
Apply heat on the other end of the thermocouple in the fire.
Observe the reading of the meter.
Calibrate the meter for temperature. °
Measure the temperature.

Measure the strain by strain gauge.

7.1 Select a strain gauge bridge and required tools & materials.

7.2 Attach the strain gauge at the point where strain or torque is to be measured.
7.3 Apply strain.

7.4 Read the change in the resistance due to strain.

7.5 Calculate the value of strain or torque using appropriate formula.
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8. Measure the light intensity by photocell.

( 8.1 Select a photoelectric device, tight source and required tools & materials.
\{ 8.2 Construct the circuit with photoelectric device.
8.3 Separate the lignt source from the photoelectric device with a window having
( small aperture which is controlled by force summing member of the pressure
W transducer. -
, 8.4 Open the apertura for the photoslectric device.
{ 8.5 Measure the change in output.
){ 8.6 Measure the light intensity.
{

Measure the vibration by Piezoelectric transducer.

9.1 Select a Piezoelectric crystal and necessary tools & materials.

g.2 Construct the circuit for Piazoelectric pickup.

g3 Set up the object whose displacernent or pressure is to be measured to the
appropriate crystal plane.

0.4 Energize the circut and measure the voltage and hence measure the
displacement or pressure.

Study the operation of magnetic tape recorder.

10.1 Select a magnetic tape recorder.

10.2 Observe the tape transport mechanism.

10.3 Identify the electronic components of magnetic tape recorder.
10.4 Observe the recording e_md playback operation.

Study the operation of closed loop speed control with DC servo system.
114 Select a DC servo system with required tools & materials.

11.2 Construct the circuit as per diagram.

11.3 Adjust all the controls propertly.

11.4 Change speed of the system.

11.5 Observe the operation of DC servo system.

Study the operation of AC servo system.

12.1 Select required equipment, tools & materials.
12.2 Construct the circuit as per diagram.

12.3 Change the input signal.

12.4 Observe mechanism of control.

Study the operation of an anatogue electronic control system.

13.1 Select required materials, tools and equipment.
13.2 Construct the circuit as per diagram.

13.3 Change tha command input.

13.4 Observe mechanism of the control system.
13.5 Observe the output.
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(Basic features of transducers)
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3.5 fefeee @ (A W4 (Meaning of transducer and sensor) 8

BMRBEAR (Transducer) 3 RTRRHTE TPROMCEA Froow Mo FoeC afimeie, aThm 9 @ofE
festar s sfde ) i foeiR Tl e MW 3@ 3@ 4 {78 9we i wH-
TERhEnT @iy AR ¢ @efEi-ga TR T | (T S, (e, TR, @ Tegi AR oFea
Wmammmﬁmmmnmaawmwmammm
R T T | A O T SRR ICHR 7Y elfefB CFTR [ T R | .

iR TRGTeR Brber = SRS 6% SRE F & SREH AT FHS T | W A T[S
mﬁwﬁmﬁm1mmm,mww«mm@m @R W 9T I T
A SAE AR T AR | IR wmmmmmmm-mmmmﬁw
gmm,mmw_mmm.amw@m'mwmmwﬁw
awﬁﬁm@@wmm;mam%ﬁﬁﬁmwﬁﬁwwm@ﬁﬁ@,mﬁmmm
mﬁwwmlww&gﬁgmmmmmmﬁﬁwm-m
wmﬁsmﬂ%@mmmwﬁmwﬁ,wﬁm,mmﬁﬁ,vﬁm,wm,RmMﬁmi‘mﬁsﬁﬂmm|

/ /)
/%7

(%) WETINCEA (%) 4B () FOHTE
fBms s :
M(Sensor)smwmﬁmﬁawﬁﬁﬁn@@,mﬂmﬁmmmﬁﬁmﬁwmmqﬁa@w
WAE IALS MR, LI CMR A | awmmﬁﬁwm.mqmm
(Transducer) T T 1 IR @ Foolkn a3 o@m QR ) oA 4TS w9 I | P CPRAR-
mq—mm,mm,wmm,mmmﬁ. '

.
WA

:
]




> BRI WIS ST ITGE
l“? G- TG 70, Tt ¢

55l @lelil

TRl dlol|te)

> iﬁﬁﬁﬂﬁ@mﬁm@wﬁﬁsmwﬂaaﬁﬁaﬁw#ﬁmﬁﬁwmt
3 | FA7BR FigfeT Tl Fiswme Seerg @, T i 5.0-q awfife |

Physical Electrical
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Excitation
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5.2 ff¥q g2t GHSETT (Different types of transducer) 3

() DrSetace T Reent ovt 0 T, w1 ¢
Y1 EEEASEERH™ (Mechanical Transducer),
R BeTRIABMESTAR (Electrical Transducer),
© | g casiferamm Mm% (Electro-Mechanical Transducer) |
(V) awEd wterr Teem ffers Aol wmBmRSre 98 St e 33 Tm, 79 8
C Y1 WIBEBMEEHR (Active Transducer), '
N1 5 A R0 (Passive Transducer) | :
(*1) WE5+15 Frtorom Ber R et uB wiot o %=1, 1 3
31 S PSS (Analog Transducer),
x| fefEBmI™IEETR (Digital Transducer) |
(¥) FTSH (Operation) GMEEARTS ToITH S 31 ¥, 7o ¢
NI ET E AT e (Primary Transducer),
]| CRASRJMARGEHAR (Secondary Transducer) | _
e RfeR W%mmmwwmww T4 3
> QAo FfEEAR (Resistive Transducer),
31 e GefedTm (Capacitive Transducer),
® i ¥S1F HEAREESE (Inductive Transducer),
81 RETEIE FHACERAT (Electronic Transducer) |
AT I STMEAT [T e a1 o Zeen ¢
2w} Sefetam (Primary Transducer) 8 (0 ¥ Transducer (W Physical quantity-(3 Zta&lesa
Quantity-CS F°18 IS I A O &) maimﬁ%wmw@@wﬂwm oIt efgfE Geedm
ICH | TS X QF% Detector-A% Y F1& R |
Cﬂ'@ﬁlﬁm {Secondary Transducer) § &i%Hd GETSSIag Cutput ﬁl“‘FﬂTﬂW A Transducer~-a¥
TYTTs 2ATe® FrTa Ho1%9 7t T, SF Secondary Transducer I |-
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ﬂﬂﬁgﬂﬁw (Passive Transducer) 2 3 Transducer 4% TYITA (IR Physical quantity-(F Wﬂﬁ

quantity-C% FATER IACS SN WS AR Az elraies T |
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¢2 TS I |
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@fSPo® TR (Resistive Transducer) 8 (8 4 Transducer-&3 Remstmty 3 R ATFS Physncal
quantity-% ST FT A e T
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3.0 BEAIT @ TR W AT (Difference between transducers and sensors) 3

Sensors TN @I T WBA (event)-a7 A CAMITAN B (@A R event-F ALR AT SOAATE

Thansducer @95 Sensing mission TR THICH 2218 ZAYETS e WEHS Forefe R 1
Sensors '8 Transducer- 4 14 SITHI ST FATPFIRENI 25 orawt T 3

T (Sensor)

_iﬂf@%’lﬁ (Transducer)

(i) 3R OGRIA (P event-CF detect 3¢ |

(i) 3T 9T AT NG W S ISR I |
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5.8 REFHFTA GIERETAR “AIRIRER (Parameters of electrical transducers) $ %l'
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AR HFSTS IS WHS A AL |

o TRGHm MR ImR TR ¢

31 entwisfrrerts ¢ SmbfR@Tms s

1 B el (Mass-inertia) 9 |

© | iIEs fafaFT )

81 WEHASE Tgrrm, B oem

¢ VEaS g (AT G WYICH fSEa 5 119 |

b1 xR SEheD Ay, e, el e )

11 2IS e s @ e e )
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TIRICLH SIS ST IR
s.¢ Fribeam fdieem oo fAtas PR (Factors to be considerd in selecting a

transducer) $

Wmﬁﬁsmmﬁmﬁwem(mm)%ﬂwmm|Ws

3 | WA (AW (Operating Range) ¢ 9¥1R Weifere @a mmwmaﬁﬁﬁmﬂmmﬁm
TS T |

3| CARRRT (Sensitivity) ¢ ATIEEIT SEOHE Bes(va IRIT wAS! BICE A G4 WHAIRA ARTST™
G NLIATNS! AITS A |

o | eul @ R TS Wﬁl (Frequency response and resonant Frequency) 3 W3S
CRER &) B (399 Q1T T | SR (e Fhas s Fueer @pv Ai9Ts @ |

8 | #RTIIT I (Environmental Compatibility) 8 Sttt =1, waea o, o1, ==, ffa,
WP G AT TR GRS QA |

¢ | FTERR RISl (Minimum sensitivity) 3 ’rﬁ'm-fw TR = wfm o wRRtes mww-"ﬂvrwt
4TS A |

mwnmﬁrmccumy)smﬁasmwﬁww T CAEBRER T e Tw =1 IN ARTS T

Q1 (SR ZTHY (Loading Effect) $ GfEETRIS (2fEr Rovd-1% 1R N w@=2 B T fremm g
fo w5 Ifewmi= 358 ars o=

¥ | ST fAveR wep = FeTSiREN (Insensitivity to Unwanted Signals) § Wemmewz 3 sgerfis
e G (e (i G At 3R A SRR G T O e SR SR T
BT e )

» | BN ¢ RMZR@M® (Stability and Reliability) $ SPRETME SR o0 g2 YT vm
SRR SBIRE TP A U AR v wre wa

>otmemtswwsageandnuggedness)smﬁs@mmmemﬁvMamhmﬁﬁ
A WP 9 G ] WA TS LA |

33 | SR W8S (Electrical Aspects) $ THRT forfvta o¢ ye Srefiare fuw fvasat =wre 7@
chmwmmtwﬂrumm,wwm@mﬁmm;mmﬁeaﬁmm,@mﬁ
AR ARG wa=% Fras 3a0s e |

3.4 e foth 9% Ry Wi &% (Mechanical devices as primary detector) §-

mﬁmﬁﬁmmwmmmmqwmﬁaMWWn:wﬁmm
cifsre, aferearca 433 e |

s o gl e, mmﬁﬁwm(mque)wmml wfﬁ‘mwm
(Diaphragm), N4, W(Bcllows)wmwmwmm 7 AR ot hm R o
IR BT AT HTIAS I |

Wﬁwﬁﬁmmmﬁmﬁwmlamwﬁwmvﬁwmf%@mmmwmcssm)

© sifees oy A (Displacement) Foifsfas Fm@

s crzifrene o, T s =9 T, oo Ry e S GR-Y.3-a o T | O3k
Y AR STHT SR (WS A AATZAG CTW T 8

. GRmes.
Type __Mode of Operation

A. Contacting spindle, pin or finger Displacement to displacement
B. Elastic Member

1. Prooving ring Force to displacement.

2. Bourdon tube Pressure to displacement.

3. Bellows Pressure to displacement.
4. Diaphragm Pressure to displacement.
5. Spring _ . | Force 1o displacement.




IPfEEIRR CRfF wesg

Mode of Operation

C. Mass

1. Seismic mass
2. Pendulum scale
3. Manometer

Forcing function to displacement,
Force to displacement.
Pressure to displacement.

D. Thermal
1. Thermocouple
2. Bimaterial
3. Temp-stik

Temperature to electric current.
Temperature to displacement.
Temperature to phase.

Shicldin Dlallled #

E. Hydropneumatic
1. Static

(a) Float

{b) Hydrometer
2. Dynamic

(a) Orifice

(b) Venturi

(c) Pitot tube

{d) Vanes

(e) Turbines

Fluid level to displacement.
Specific gravity to displacement.

| Velocity to pressure.

Velocity Lo pressure.
Velocity o pressure.
Velocity to force.

Linear to angular velocity.

i o T cor, s1ot, 7, tsiarat Bef |

TR e IS (A feeiRrs foa fes o e 8

Cantilever spring
F

Torsion bar
(solid)

Proof ring
load cell

Helical

Spiral ___
W H w
= o M
Torsion bar ' .
F(notch)

Column load

Strain

cetl

gauge —»



Rleiciedle. Slafl) 55l RRYalll

T
Single-spring flexure pivot

Crossed spring flexure pivol

o0 5 3.¢ Spring elements used for sensing force (F) or torgue (T)

f5am 2 3.4 Flat spiral spring

Tube Cross section

% o
_Hp%j}

C-type Spiral Twisted tube

Bourdon tubes

$ SR
M Capsule
82 2 5.4 Pressure sensitive primary devices .

@ M R oS awege e (Force) A (Displacement) wiefie ¥R, S A5EB
fEfege® T (Elastic Member) 301+ Rifeq 3o oy fifemers oo wfbonss =0 | wiomes s fem
St g T AW, A9 3 :

(i) SIRTIA (BTN A FCH GiR

(ii) caf%e B

(i) DR Biet



SmfEeaar e ST
y. 4. pmfEEwm T it g g 3t TeRliimm cerit=t (Dlﬂ‘erent electrical

phenomena employed in fransducer) &

FfEEE TTT LASHIN Phenomena-STaT A L6 ¢l &1 8

aifs Afivyg avsa s |p

(i) @fEFBS (Resistive)

(i) - FAAGS (Capacitive)

(i) ZTROS (Inductive) :
(iv) RCTRBRTRDGS (Electromagnetic)
v) feZrEis (Piezoelectric)

(vi) TR (Photoemissive)

(vii) TWIFEHOE (Photo-conductive)
(viii) TUL-GfE#6S (Photo-resistive)

(ix) TIBICSIBIES (Photovoltaic)

(x) Tt @ afor (Frequency generating)
(xi) TN {Potentiomalric)
(xii) 9EH-3ETfB® (Thermo-electric)
(xiii) TATFIRLE= (Tonization) |

) s ([

» 1

al

9|

'
:

e

Y

tl-_.uh

Transducer 795 ¥ TAMWY [?WTﬁl’@T—-QooS, ok, o9, o, d8]
o, BfSETITER e e | . - [RefE-203R]
o, Transducer ¥ ‘ _ [?I'&Tﬁrm-io;\a}
o, QR S ' [RRAfHRI-2004]
} (T Device 4% energy-G® S energy-CS FSS I3, BIF Transducer I |

Sensor TS § AL ‘ ' [RIPRRI-20 b0l
WA, Sensor 2y [ArfEitat-200Y]
_C'I element (P physical quantity-97 WTITK ATG! S, BTF Sensor. I |

et Gt s & e [RIpITRI-2009, 08, 52, S¢(AR)]
WY, FHIC Active transducer-*¥ I (M4 | [wrifea-2o 8l
R, Active transducer FITF IM? [ArefiTa-200t]
[e JP @ Bl AR o o A= Gt aore 26 =, o

y1 AR, 31 merem, '

O | FOISERS 9, 81 fHreRrehs MG |

i GrefeEa e & e [ fAl-200%, Sol
o, it wmfErs SeiEHmm = o) [arpfeTat-2004]

B fp @ LmieTas ARsrem o) T SR (External source) TS T, (A= GRHDT
chEA e, Aferbim <difitr, wfifsm Tonfr |
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20

N

»l

MW

Wﬁmmmﬁm

2T @ ARt Jage RS am [aretfirat-20e]
[T P oR-2e=be o :
TSR HETEEH IS It A [A=IATA-2000, 33

[Gea P v Gmfoenm wag - Srrelisier afice Srmlion afite Fetes w0 @, oI eresfi
Smfe®atia 2t

sl et am wrs & qaime [4r1HTa1-200)]
P @ e e @mithe ewham e A1 7w, o ke
SEfes R == | _

Sensor IS &3 ¢ |y [Arifzat-20 e ()
-’ Sensor FITHA (Action) flare A4s ¢ (ﬂTIS) e 8

(1) Electrical

(ii) Electro-mechanical

(ii1) Electromagnetic

{iv} Photonic

(v) Photovoltaic.

AR Level [0 A0S T35 element Fir

’ Sensor.
Lt =1l afrrby

[C=a P a6 affme® ¢

(i) CIB1e @RS,

(it) IFTeRPI afenrs )

BSEEE aui=s TS S 3 T

[S=r P TrfbEaiars sl fessmot st 1 91 ¢

(i) v Qe

{ii) BTG GEEEHR

(iii) RERETHFFE GSEAR |

TS ¢ SR et oy mmmwwm

[Gea P wwcevma sizeasce™ | ‘ | .
IS ciftr oFacs sm $r : . " [arifral-2oos]
[B=a ) Physical quantity-a% =Afs Sepd®t st o |

Ryy acysa e |p

3

TRSem dy <reet 3t fy

. =94, Transducer 9% Transduction G ¥ 4 | ' [F=iER-200¢]

[ ) Grfesamem aqm waaf st ¢
(i) I AR BofHfS, ARRER wae FpafHh s 3=
(it) T Wiewe fTeids «e Af5s w&wwi‘cﬁaﬁmﬂmﬁqﬁﬁsﬁwwwmm
vefa 3, SRE Aoy Fw (e )

G fmeige Anl Gt et Tm o [Arfia-2008]
[E=a P ¢i) smeen (if) ST, T4

(iii) =1 (iv) B%1, T

(v) ==



SrfEsATR aliffre Swery

o Bt R o fags Ramern & &y [mﬁm-mo@ oh]
WNA!, Transducer W4T oo fagaey freemg & 87 [Rrsifiat-2eo8, ot
wwat, Gt e con e et o [Rrefra-Ros0, 33 ;
[ JP s frwemz fowat 5
(i) WAl (3@ (v) FEPE ARTAEAETS! %
(i) ATl : (vi) STRAH P
(iii) TrgTar GPTer @R IS rpals (vil) TR QR SIPTS! -%
(iv) ARTINS Pt (viii) Srerierer et | |

81 R GR GPTICS Tmem @ ' | [atfrcai-2008]
woE, T A AiREiR R RS TR o | [AfE-305))

(B[l crefoarm Beos xue o) “fieurs I T wa Sedt Tfi® ot TR 9 2 1 ok Frevm
eI Cife, TSR STTem, CTue- ek, SR, FTRE, ASebies 5, arda 5% 2efi

‘@1 Transducer O3 SPPLIFTN CFEAIHAG! (M | [AFfta-:000, 08, 58]
[Tea P Ffoeoma T35S TGP Phenomena-GTeTs W TS o7 201 3
(i) RAfEPBS (Resistive) (viii) TBI-REEES (Photo-resistive)
(i) Esibibilins {Capacitive) {(ix) TBITSFBIESE (Photovoltaic)
(i) 3T0S (Inductive) T @‘Q‘Cﬂﬁl (GWITAMR (Frequency generating)
(iv) ASBITAGS (Electromagnetic} {xi) AT Tenirs (Potenticmatric)
(v) forrengralis (Piezoelectric) . {xii) ACA-TFARLE (Thermo-electric)
(vi) WCBTRAT® (Photo emissive) (xiit) SICEFRTER (lonization) |
(vii) FBTSBVS (Photoconductive)

W1 TR SR “RPrS Physical Quantity-etit 31 Fi?
} TR TR IS Physical Quantity ST | ST AKTH AR O Togrd T T 3
T, Tov, SIMT, WIgE, SHST, v, e Femiv

41  Sensor ' Transducer <3 I oM eyt *ters Vg ¥ |
’ {3 Sensor @ Transducer €3 TT43 “FT (731 T4 ¢

(T (Sensor) Bwe®AR (Transducer)
i) 2T 4% €3N element | OTS HTITF sensar- 9 | () 3% 4F PG Device! AT HET
Transducer-43 STATE AR | Transducer-@ sensor 47 ATHIEM |
(i) 32 GFA quantity-&9 TR S NG 07 )| (i) 2% &% ST energy-( O ST FOUS I |
(iii) system-aa giZarta o | ' (iii) System-9F THIY FHTH AR device |
{iv] 9T AEANY electrical output 4TH 1 (iv) TS AT electrical output T8 YIFTS #1LA |

w) SNCEH (Operation) § TEHA SRAITT CH0A TIZS GINIGEAAGTIS X1 M7
(B JP “trenr Seemrm R Smivemaa = Femd o
(i) b GreafEeAR
(i) +TifsTe Freifessm
WARTA (Operation) (¥TA FHGTATAS T ﬁﬁmﬁ g
(i) SRR FEEE™
(i) LI GefeleTR |
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31
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81
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91
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GBI ¥ i S et wrr X Ry cARfemern Srpe ¥ [T 200t 53]
e, GRS ciff¥em grre |

m,ﬁmﬁhmqﬁﬂmmn [arfmTat-20 3¢ (71f3))
[ EEEread:) Are BNt LR

It gge vy tveliem e o [arifral-2o00, 08, Se(*if)]
)Wa'm 3.9 M FET |

o7 YT arnreriEet Fr yoft TR RTIGT T, *Hm SR ¢ % uT ST ey
Trpd I 430 ot i =y [ArEfer-20ss]
[E= e fp o 3.2 maga

St v i g 3% B s Ta Fraie afa e

) SR 5.5 R AR |

b Gl Senca Sareaet A a3l @ ammiviown S w1

(= rws oo ».2 e ggw
Sftdam ffivrar cwony Ry Ry Rranmgr Reiftesrr storsa w11

- [P s s v

crefamm et ¢ it By g 16 1 30 w1 gage el eRer ww on

f AEEET:| Bce sP R L]
Sensor ¢ GBS ey Swmee ey Rufieens s #
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Electrical transducer-4% Parameter-9Tvl TTY a1 33 [mfra-2038]
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transducers) 3

(% SR Annda Sifss S

CFGR 7 T T |

PR AR (et @ Az e B (Strain) QowM T ST ARISEREDY ffrds zu | 4 R Bam
fofe T2 f3= (1w (Strain gauge) TR T | 4B TS w7 (Displacement), T (Forc
FATS ARE T T | TwE) ARRSTT T Avieda @fRSeRety

TS A T '

L
R.:[);;!l

(NI, 1= *fE8R 0f (m)

31 NB=rafitrg (Potentiometer)

| ~mifie BroRvSsias Provs st
ICY N (Features of passive transducers)
2. Ry e cffte SIS F14eHr (Operation of different types of resistive

(e, T, AgR) e A @EfrtieT Afied T, e
aAfalos GmiEeTR 37 | @ﬁiﬁmwﬁmmﬁﬁmﬂam vrﬁmﬁ,w {Displacement) “Rtem=

Q1 CAfEEBITS st QSR (Resistance pressure Transducer)
o | @fGhos ﬂfkﬁ"’fﬂm (Resistive position Transducer) |

sBAfeitm (Potentiometer) 3 .

AR A oGafrele
e wefl s B3 Jeivem,
98 AYS TR A T G2
@%@WGWW(WiwﬁW
q @ GERTTR v oz wEfe
o1 o «wom are 1@, o fom 2y (3),
(), ()-C T 7 |

QN ERTEOR Gifeits  foefis
ffamr e+, e GRifts
S8 Ff w9 Afmiet e
- BRY afefts et Bt Ben
AffieR oot TRER T | _

ot Geeeem POT € @R POT
CTCA To1 | emmm pOT =i1es, 18w
G, @S e v 2ofd 1w
@R POT ¢ @RS wum, WHEm,
=S, ITWE ey 2o

2t
AAAAAAA
YYYYVY

e——

‘j

- Output

* voltage, ¢
v __ig o

ﬁusm(v).rmmmﬂq)mmq (1) et

e) AL B (Pressure) Aol
AfAET T | PN 9B eT Sivra s

wﬁa@ammﬁwmwmm%wmlwmm,




) TR SIS ST SR

AroribeR, fouft Bififame wie; «w 9io S frwe ot fim wieww cfeetm nam T wm feas SR @
mﬂaﬁm'ﬁfﬁwmwwmnmmmmlﬁwmwﬁm
B (T AT (TR () FHRAME T WO ARTEN (OB (c,) “HeT T | ERESI SR S AT
nemmmmmmmem;mmmmﬁnﬁﬁsmmmmml
i WEEAG (ST,

e=(Z)e

m _ﬂ._._—-
& X

W 7= B POT @3 oot eoarem |
S Sy WS T FRCR WY TR Ao 4
[ s et 13 ) '
BRI cmiEbRe,
‘GIT@T-“’J?M'TWT Eﬂ L R H
5= S SR e TR euied T :
memﬁﬁﬁsﬁswa«wﬁﬁmm J
ferfem somtet 38 0 | WP T QT YR cFome TR o
T |
SRS, TP o5 ¢ TE6HE cotrba,

B 0,0 L' ,
== » s § |
e"‘(e)"" ' %

mgﬂﬂa U B, == @ﬂﬁpormmﬁcﬂﬁwaﬂm%m B 2 2.3 KFHHafilERem tafil o

R 0, = ) SR TS TR e, o

q TR R 3 e Sepfdet s

PR ¢

31 6 T,

& 1 #fawtE (Operate) F58,

® | TG IR AR AR anfa,

8 1 WPes TSl 33 B |

“Ffayt

31 RS 01T GAIGER WAT TS TR (force) HHEH |

21 WEER F W O R R et TS (misaligned) TN TS A |

QMBS R HWfSBHR (Resistance pressure Transducer) $

BITR ARSI 20w GRS e, Bomies GiErteR stfee= Wi |

% Afew Bo ok = @ o BfSSaR o 0 |

QATERBIT (2T JifToTia 1R ervitas wom i | 7w 3

3 t AORiwSIRETE RS BWRETR ¢ ars s, e, Ty, e e s A FoEce
sfRdadim Caferssra At 39 =W |

3| GR% O (Strain gauge) § WTS (RPN Boty TR MG (Stress) ATHNT a1 T | T7 STYRTSIE
Mg Q72 2T (Stress & displacement) FRECTTTA (WL QM AT W | B9 Rewit B wifis e
o R 3031 s fSoe Settoa fordiow =1 Tm 1 5 8 2.0-9 @R waTTR GIASeICER 6 %fE R
T | BeT A4S ST W (@AEHTS B ARdR v




41 S Rets = W

l Presswe Inlet

Bellows L

\Resismnce Leads
to External
/ Bridge Circuit
Bellows Movement Coupled

1o Movable Resistances
Contact .

mmawmmm%

)
AN DTN

Spring Resistance Comtacis
)
l Pressure Inlet

TORNNNNNNN

%\
i
N
R
N
“Q
N
N
’%
N
N
N
R

IFETATRWARA

Resistance Leads
to Exlernal
Bridge Circuit

7
%
2

G

7

Contacts
L] _
51 ¢ 20 AfREHIm (PR HMEEHR (3) e B+, (%) SR Bigs

5t 8 2.0(F)-c5 vt Brerfelarm ot Biget ak foat ¢ .0()-(3 e BrafeTamace e 513
(Diaphragam Type) 941 |

Ton (A SRR TS GREFTT TR STeivet I, T @ReBimAe aRkads wE i B cfentiw
Afadare o ILATS AT T WO @fR et &l By Tapea siena Aot (Pressure indication)
frdfRe == T )

@fEbY wRmR GWEAR (Resistive position Transducer) £

sforifm (SMfew SRMR® (Physical variable) TREAAPAE BAMIA (sensing clement) GEFBITHR ARG
wm ) % Jfen Tom R @ 9 @rR ISR T I | eemdm A 93 faee e @ 3
WA WA @ PR EFS g ot 9 AR e @ wen Gt awwm o AR et
TIPS A AN AT TAmi @ TR I It WY (Wiper) TR A TEYH (Position) @ FAK
AR (T 9 4R ETHR TAaS T | @S TRER g Q5 BAMITR a3 AiteR Qi B 3
{Object) TRFH Fa = | : .
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®ao ENRECHN WS 4™ FUGE

o 3 2.8 (F)-C% @ @O TSGR 19 e 5 2 3.8 (ﬂ)-csimammmf?mwﬁﬁmml
: A

Conducting Strip ' T

l - R,
L. . l
B A w :
o) ™
f5m ¢ 2.8 (3) caferTym sifma RrfeSm (v) 1R st
BrafbSsican SEE COITVE SHRAT (Wiper)-47 SRR 8o e o (9% I3 SRETe Te
faia e 731 @) | @R coITtE EFSTGR Cat TPNIBT (SRR o = o T &

. GREA CRTem S (Basic principle of strain gauge) 8

GREA (& (Strain gauge) $ CHEA OF T QN7 IF IR “nfre FrefEen, ﬂm%ﬂ‘ﬂmﬂﬁ (Strain}-
@7 ARIEER A A @7 G@REEITS ARTE < | GREA OIF TT® 250 WEW 97 B wrm, 19 B 51
(Strain) ST RC7 BT Y QR LERA (FATA ST 2, o 3T Aferree *faad= 23 |

CAA cter oo Afafbe R aTamt Tt T RN o1Em UG 9f% o @® a7 T CRR O o
ey Al GRS a7 PR TR ¢ 97 TIEERER SURAIRT o v s chge e
T AR AfEeTI™ Y A 1 GBI QTR BT AR W ARRAER A e AfRadem il
o @ a3 @A REER TR e @R AREdem T 1 ] WHETR P aRitts 3l

ff, e =1L

SR LG CHAFA = A

siew @EFERET (CoBEs @) = p

m@ﬁﬂﬁ,r&:%

GRE ¢t SFRTSw 3 |

QB QIS @ Tt R T SR R wen A oo 4R Sivt WM 31 9, wei—

S ST BIRH CRAA 19 (Bonded type strain gauge), - ' '

I WHASE B1RS GREA o {Unbonded type strain gauge) t

A0S B R OTSTF IR 5 ST S 1 W, Tl

> o Bi&+ GG (IR (Linear type strain gauge),

R TFEDRe C‘.ﬁ?ﬁ' ' (Torque type strain gauge),

© | I B2 GRER (1% (Helical type strain gauge),

8 | . GG Bi8% HIA O (Rosettc type smain gauge) |

@ QHe (HRA cvres o= it o 371 g, T

31 SUN e _@5313‘1 (Wire wound type),

At T B2 (Foil type), :

© | CIfiFsida 3R (Semiconductor type) |

T B AREUI GREN oitem wow ¢ wideei 8
- o 9l U iR AR o @2 1R fBu a1 TR | T 9 I W ofe-47 B I0eT
TR S 3T SSTAT A W A 7, T OF AT BIRA (G O M | U 4B (8 @S A
FR-G B+ 25pm-<R (00 T AR 0T foat @RBSS A sim w171 (1257 Aea Bom T Z0e |
R (TG ATew (oteita 55 Borem sndfa T o | '

Shaft _ R,
Ct-—__D:/gWiper V= + W
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|




__ > GrefeEsus fvay w= : 1)
RSy aem s BiE+ @ORA oritem fow fes ot &

« Carriet (base) Wire grid

= Vs Terminals
LvWire grid Base

(a} Lmear strain gauge (b) Rosette

Termmals —\

iy —t WII‘E

»Base [~Base

T— Wire grid

(c) Torque gauge (d) Helical gauge
5% 5 3.¢ 0SS B ety B o

B (Strain) ATHM A 77 AR(ES cfertmm AfFme v W o qR e qft I fre e
‘4!?11!531|ﬁt§l§‘fﬁ‘.9rﬁa1irﬁm‘t@ﬁlWWQW?H?HWWWW@MHﬁ(Suain)MW
s 1 T

T 2 o 0l ~iPTe TSR T F1® W | T O 9l B85 GO e A 3% R TREE =
T, TR G IR -9 o7 ST 51 T 0O TEILS WD oMot ST | IR TR T oI
T (BT GUN-93 Y (L) 9% SFCRIAA (A% (A)-97 RIS &0 G2, @eonw +Radw w | v I
Wmaﬁﬁwﬁmﬁm@tﬁhﬁm;wm%ﬂawmmmmﬁﬂﬂmqﬁw
T T G ETFSTR Bl A Frfe oG =1 g |

WATEe B2 @fREDIv GRS CfreR 49 ¢ wdaifiy 3 '

frer fora W3l wTwes obBm RN e Rt = awmmwﬁw@mmqﬁﬁﬂﬁmm
=5 R B T | ORI e, e, o Free T FLeE Wi RIE AP w1 i ¢ SR A R
0.003 mm, CSIST IIIX AT 2 (TF 4 G 2mN | ATH IS MR | SRR WG 25mm I TR GTHS T |

+— Diaphragm

Force
/ rod

Strain gauge
windings
(1 end 2)
s .
(h.dounlmg
O O} rings
. Sapphire
N post

2
f

Spring
element

\— Strain gauge
Windings (3 and 4)
B 3 2.0 TFATSS cﬂm CE!? CoTER 13
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WFRTES (WU Sw cfes 93l wRPetm Jew A it gk T T, 1t i o wowe | e
SR PR MR GHEA 8 AREHIN AR €is BT WEHD COITBE e, W T | TR BI7 AT TA TN B4
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& ARG 1 qR GG WETHT (S NG A, A ATANFS (NI T LT SN S | '
2fE I=A (AT 1200 T 10002, Z5 (S| SV (0T 10V 432 B+ (OB 20mV 4T S0mV |
HoT offarier oA T fEEEIM (R2A citer e et e wat
(3) 99 @FEEBI™ THE B WO XS TA |
() GO oiteR TR @ Sae3 o 20E A
g’ (©) CRER (TR (1% IR WD B N 4TS WA |
3

(8) At &1 RFAGRAGH e AFma 1) -

; (@) fore »md wa=3 g SR ¢ e sfRfE zrs 2=

- (b) AT S SR SR I TGR TS QA ! .
() CRE > QAfeEHIens s s fofvork e a@ |

_ TAS WS (S A GORT O SR (I 43T A DX A AT A ww g oMida
T AP 41 e vl vaws wm _

CLEA T (7 TI5R (Gauge factor of Strain Gauges) &
wred Afraids ofes azw EREbITR RS (ARR) < &fe 93 WrdR ARREA (ALY 93 e

Gauge Factor T4 | Strain gauge-99 AR Wasiei w5 gauge factor TSI TSR |
- AR/R : )

Gauge Factor, Gy= AL et (1)

Ayl fEfege «mmda Gaftram Bem ffa v wfreeia cfmenem TR ARedR e
GRS Ay w4 )| T FEfegaR sz BT TR T8 W WIS GREA 0 39 T Ot 97 ohR
AR Y M a3 @A AT S g e | [ete, I @l (TS $EE GRRR Ol T, O O 0Tl
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CFTDLTR JBTANEF, T {AIGS CHIA e AfersTv 3% #iea |
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T ) T o el p 7w, Ste wEEEER ottem @fersT,
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L
F 1[; { F _ S £\,
v F—{0) P TA D
Tensile force L - A

o fom 3 2.4 RREA oltem ergTERy

4R, orafia Tt T Ared § ST 3 TR | 97 T IS R Beetfire 3 Wire T I/ N e
CFITH JH M@ T T (P O GIIF W T WA O iy 6 oy AfRffs zm af
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ifere TfetaEe Rete =

ﬁf@ammﬂﬁaﬁﬂ-&avmﬁﬁmh=%

(iv) "R ARIIATE S-a3 AACE f@mmﬁmm FR AT A,
¥4 (iii) AR ‘ﬁﬁ"ﬂ‘fﬂ‘l’ (ify"g ﬂﬁ"ﬁ“f o S "ﬁi

1l da_(@maD 8D 2 8D

A dS T (w4)D* §S- D &S

FEAR (1if) TR RTP M,

1grR 18L 238D 1 8p _ - )
RI-LES DSBS
WFER

3D/D L
=~ SL/L YA, AD/D = -y X L

(vi)ﬂtﬂﬁwqa—[’aaﬂmaﬁrﬂﬁ,

1dR 1L 2 8L 18 _ .
Fo-Lss P L'ss T 058" SOV (111}
g TR Aifes oy % ﬁ}wmﬁw‘l Y-

2 =5‘L£ +'2YAL—L »,épE s O

A S,

AR/R

TS ©TIHY, Gr=3 1

W,%:G;%:G,xe : [@W.e:‘tﬁa‘i'«':%]
: AL

Q¥ (viii) T2 ﬂﬁﬁmewmm A1g,

ARR Aplp Aplp . AL N
Gr= L= 1+2y+ L - 1+ 2v+ I:CITC{Q L= Ej| reseasssassmnsasens {X)
@AM | T Resistance change due to changc of length,

27 T Resistance change due to change of Area.

R —&E T Resistance change due to change of resistivity or piezoresistive cffcct.

T res1stmty ARREATS Fstel] 4R TW TR T (ix) R wﬁhmw forTe =,
k=1+2y.. - {x}
cﬁhmw materials-&% fﬂﬁ-rﬁmamvm $

G-, $ Materials for Strain Gauges

. . Gauge Resistance Temperature Upper
Material Compasition Factor. Resistivity Om Co-efficient/*C Temperature *C
Nichrome Ni: 80% 2.5 100 % 1078 . 01xt0d 1200

Cr: 20% :
Constantan Ni: 45% 2.1 48 x 108 x0.02 % 1073 400
Cu: 55% ) ' :
Isoclastic Ni: 36% 36 106 x 1074 0.175x 1073 1200
Cr: 8%
Mo : 0.5%
etc. .
Nickel - -12 6.5x 1078 6.8 x 1072 -
Plarinum - 4.8 10x 108 40x 103 -

TRUICER SIS BT arﬁrﬁ-t(ﬂ’)
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o8 Wﬁwmmwﬁm

- TwEeE o bt L '{ﬁ'ﬂ § Strain gauge 99 gauge factor 99 T9q sensitivity ﬁiﬁ IR | R gauge factor
TOTAT TR Resistance T FfA4ET TSI T | AR Resistance AT 48 Q¥ e Wi sigger 8 Afeweng

I' - T T | B ﬂﬁmﬂ?@ quantity & ST el w5 AT TR 1 O1F strain gauge 97 gauge factor TIHF TG
THNTE T TR | Sy Fandz gaugefaclortﬂiﬂﬂﬁ@imﬁﬁiml!ﬁ ¥ gauge factor faf=® enand

3

WA strain gauge TSR M AP 4

CRTA (TER o TR Z¥ 8 Strain gauge €7 HATAl “RaET oA Wid Resistance “fadw o | T
«f FETW strain ARFICA error TS AR | BIX (T AT FIEA SIFHAR FSR resistance IS Y7 70 @ A
G AR FIZI] strain gauge 0O S waFi | wie sirain gauge YATER 1emperature co-efficient of resistance
¥q F TLAT U A |

Ttomin ARRETSAT error §¥ FAR S Dummy strain gauge JIRA T LW | TE&E T gauge AR Dummy
gaugetﬂ%ﬂ!ﬂl‘ﬂ‘fﬂmﬁw@mmm@ﬁmemr@ﬂ’ﬁmﬂi l

BTG-S | T Strain gauge-4¥ Gauge factor 4.2 T™ Poison's ratio F&?

it e,

Gauge factor, G,= 4.2

LICEIRE

Gy=1+2y [T, ¥ = poison's ratio]

~y=16
* WX, poison's ratio = 1.6 (TE)

2,» GERron <edfivim $RIY (Working principle of a resistance thermometer) 8

@I (o1 AANdR Afes fRrsi ufty S e S «fifE wer amnd a2 wfe e
wiien cn et tef =9 T, Oite @fafte et <=
Wit CTBIER (R Sl (1) RREER BT o3 ARETI ®) @3 o @ ~fiass 7w, o A
SRR ARICD & TG | R = Ry(1 + o, T+ 0512 ... .. + &,
TS AW AL T4 W, R = R (1 + o«T)
CORIEA, R = 499 #wieda AAfmrn stemiam s,
' R, = 0°C o caferBrM, _
- o= WCARE Sromrary (3-ERRTTT,
AT = WAIGAMDR, a3 RIS SN e |
Qferbim. R ER @Retim ety oferS (gifbam) it 1S, mww@mwﬁﬁmmmm
s Foeg AiTe | AR BT TR oG AR AT R i it w0 w9 g i iR o

- Bre G AT T W | QT 5raa Tt O (e 24 1 fota Ry, R, R AR S ARREH fg@ ¢ (R,

8 R,-97 WRNIA 209 7S TRAM (37 PR e, afers e, a5 eifiBTafe st o 2ok |
| @RI TS Fai GG e GEER - 3RS z e S st e R S @t
@feeDme 3% A | :
, : | ETRACEA WS AT FEE-R(Y)
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{Sensing

Lol

Element) R

™

_ mm&mmmmmmwwmmmm@&wmmmma
(400°F~1200°F)@ﬁﬁmaﬁtm@ﬁﬂﬁmmﬂﬁmwm|mﬂvrrtﬂfa@ﬁﬁr‘mwmﬁmg
st | @3 Sifen Bow B ¥@ @fefBe Aot o = o | ARKDS IS dearm o IR E

IR A TR | AT AREDGTE AT I A T TR (G A N R SR AR e T3

aferlim Agre B FE oH T 1 T SEwmE SR @R +RRER @ 9 et amaieme sTEn
T | B SR WS 93 S ot Sedig T, o Wor snrne fearets 9B Ok S
WIS Cwer 3T stefmiara AR el

fom GRm Rg g9 cRebmm ewifite IRes RGRAeR A, SRaz (P-RRfnes, S

iR, @B ~TwS B oy AfF wat @ g

GRm-3.2 ¢ cftpbs At
Material Rslsés::leﬁ:ie:lm}p?gtum Temperature Raugg °C Melting point *C
) Min. Max '
Platinuin 0.39 - 260 850 1178
Nickel 0.62 -220- 300 1435
Copper 0.42 1] 180 1083
Tungsten 0.45 =200 1000 3370

firbrm it tofite afbatr aft vegom w3
(3) 9% Resistance #f4A$A SI¥TATA AT ATSTA (linearly) HfFf¥s 7w 1.
(R) 9% Temperature Range Q¥ | : ‘
(@) Temperature co-cfficient of Resistance (™ 1
(8) 7 Melting point BT 1 .
aRad-) | %D Thermistor-¥ TFNER "R 25°C 0¥ 50°C-4W T 0.0030/°C | tﬁ 25°C-q

Resistance 1004} T¥ B¢ 35°C-4 Resistance 5}

o1 e,
R; = 25°C STOWEITY Resistance = 1000

. = Temperature Co-efficient of Resistance -

= 0.00300/°C

AT = Operating 9 Reference temperature-<3 W ={35-25)°C

ficfa T0e TR, R, =

=7

R,= Ryl + aATIQ2
A, R, = 100 { 1 +0.003 (35 -25))02

=100(1+0.

=100.(1.03)
= 10302

003 x 10)

. 35°C SITANY Resistance T3 10302
FTRUATHH SIS ST FTRe-3(*)

[FfETE-1008]



2.8 i e <SR 19+ (Construction of different types of thermistor) 8

S 9FT o Gt -ERFEE ond, T GRFERR oram ofRdrm A
WWGWW|MW@WWWWW@|MWWM,
e o TwiRs, T- W, e, @D, IR g REEW-a7 AT W W o o 3|

mm.mmmmwwmnmmmﬁmmmm
formm 2@ RITH 7o 3

. Glass

Glass coated f )

§ Leads  bead Leads -
g’ o—4 o
o—
4 (a) Bead ‘ (b) Probe
Lead Co
{c) Disc | _ {d) Rod
foma ¢ » fafey aram «fifsbom o=

RPN 2B (Characteristics of thermlistor) $ _

G) «FESTR Gferlim 0.5Q T 0.75Q 68 | T (Beads) TR ARy TR =T WFREA ) W
FYRTS 0.15mm FTAA T | 32 FIT ATAR TEE S2F (Sealed) AT | _

(i) 4R (Probe) B7 <fiSBy 4T (A Wraw AT ¢ wH (AT [ 2.5mm aaztw‘fje—somml -
5127 <ifia e Sl AR 99Es T ) i @fRTEBIM 3000 CTF 100ME |

(iii) ¥ B A mwﬁﬂﬁmwﬁﬁﬁmuwﬁw%x(nm)mﬂwﬂﬁawfiml aOTHY [
2.5mm 4T3 25mm.

(iv) TS (Rod) DR =B W5 (Dies) Tgw 71t Fifrmer wgfen it | SuR Rrosweics wwes 2its 1 21 70 |

. 9A1125,2.75 GR 4.25mm TN TIER T AE <R WG 12.5-50mm | 9T GRPEIT 1-50kQ |
76 TR <fifForm fag caF-l TR YR T falsfela e et #S FeE (Power handling) T
e @)

Qfftrm 3R e Wit &

A4 (Advantages) ¢

(i) 9FFrR @fErtm 47 A (0.5Q - 100Mﬂ)miaaﬂ’rsc{ﬁﬁnqﬁmmww|

(i) 9%l 4T I |

(iii) Af% I T ST (- 100°C to 400°C) AR & 97% ST

(iv) fF5a SRR W= b |

(v) 9% @AW YT o ¢

(vi) a3 TG g7 5@ |

¥t (Disadvantages) $

Q) af® 400°C-a7 Bermzm W T Aot wm

(i) ST I FRFOI™ 1 -

(i) 9% I process application AT CFLA 432 s |

| ?ﬂimr%-m WS AT FCHET-2(T)



siyifers ST fvm = LI

ffBRR QTAMTHA (Applications of thermistor) $ IR G IR S Zew S SfRuer
CRIPTYR <157 I 95 T (4 wors e o it vRge T g

) R Erpnf sema A,

Gi) i Teifafe wfem,

(iii) S (TS, GF, TR offwee,

(iv) ehf TS feltem wremman S |

<R e Sivt e Ty 3 facsa B a5 g 9ot wbefbs @ias srhim I Rt
Tt ¢ BRR FRITD 931 Gff (Oven) A W FT%A (Heated Room) SHWIANTS TSR fornge =1 wmm |

O+V T

J Variable | -
R/%’ rheostat -————o———qMM)\—o—l
- Heater
M
Transistor
@ Thermistor
‘L- v Oven /

f5a 8 2,50 fifSe IaTe S e vag

PR (Operation Principle) § 9IMH 2 FREW FREFT1-92 @8R TIPS 4fiS7 v fras T2 Tw
wdie, g3 WHrYTs conte GE @ M RO F@ I | fEswE AR A pRm mewnd adt T 1w
+ TR (Oven) T & A o ADE wrmme I W, TN 97 AREERG T | are @i
PrIfYres corBre T SRRESTR (@™ AW I enw REW Inen g e I A S e
3R TR (Oven) ST FTH W ¢ T (I el St e v wreeA fifSrm R 3 «w ) wm
SBT3 A 3% e P S @3 Wy e @i fu IS e TN, T e 3 o |
AR 13D QSRR M e @@ {57 9 B +fmm ¢ famed = T

2,.¢ Bots Gietm s (Working principles of inductive transducers) 8

-mmmmwhmeﬂsf%

Tuifpe W e et seat 1fs Bifs wm 9 | o (e B3 Gt o

ey ceaties s TP sta wdie 4l ¢ gre (vum T Wi v AR g ceree SRl
X ((EARDa o) | AfmiHe (Measurand) 3g9 AfReTw wﬁwﬁwﬂ% (Relative motion) GNET (&g
ORR ARER T S0 = T

Toiivs Fritm gon g wow G rREREm e, mmmmﬂﬁm)m
e AT IW |

Mmmﬁmmmaﬁﬁmwmmwws

Y | (T FalReoTe AR T

3 | g™ TR Affder o™

@ | %P5 o3 T |

P, wmamwmﬂwwﬁmmmmwﬁmmﬁﬁm :

R (Displacement) =R 231 T 3 _
5 |- TSHBTR (AT63 AN (Number of turns)
3| wpfifes W‘l’fﬁ (Geometric configuration)
o TS “’f“l'It‘f?l FLSATS! WAL TR TR RTSAT! (Permcablllty of the magnetic material) |



O BTG WIS $T757 SR
SRS Wil A Y1 GRS cwn Rt i
- ImESee

T3 Mgl =N
MRS IS = .
MRS A4 T CTanies Coreet = A
TABS iven o =4
FCR BYHC4 WG (OIS (Permeability) =

fﬁm::ﬁasﬁﬁa,c:‘—}
TTAGE e Fenwhm, R = -

A
mﬁi’mm,qw%

d¢ N di Ni_drR
T G =R ™4 ~R @

wﬁwﬁﬁmﬂﬁﬁﬂw,m:

:
?
3"

d9 N di
dt “R >4t
oy #ome wafere B aw.aw,
d
e:Nx_d%
NN b NZdi-
Wﬂﬁ,e:N XR xdt=Rxdt
R T TSI, ,
| L=ﬁ&?_="§j =T/§J=N2P%=Nzu6 | |
mﬁmmmm,mmﬁmm,mm@hamﬁmw]m
ARG SR T 9

® O TRUN RS W CITE RSB e (Change in self inductance with number of turns)s
Ffwat (U (T W N, TR (esa e R T FFSET Bl wfdada 7w |

1)) Y
: i m:a.ssmm&m(ﬂmmmﬂﬁmm) _
Ba 3 255 (F)<e e aum @FRE (A cored) BMfSEAMR s® ¥ (Linear displacement) “Mfawmeet aae
@2 2,55 (%)-co Tl W caRe T e Tt oot T @@ |

IF EUSAR (SISt (Permeability) e o Former
CTTE TWIFUNOTR foTe (N o0 | W9, WRR (@R
(Iron Core) 995 IR TOTHCA 7 WF TR AT I fron Core N Coil
T T G (P IR (SR S I, SN B
T corel I AW W IO GTe FERBINS 3% Ouipat
| SWRE T (X PR IWCR (607 (4 IBER e -
QR WIS 1P, TN 1A AT CEHTS! IS A | W < Displacement _
WM oifmite Trs ane 1« e Ry 1 3 232 Yo Gty (RIS ek §7%)
{Displacement) “fITA J7%e o | o -



ATiPre GriSEsitaa fr=m «=

et feoedim Refde GREAm  (Variable
Reluctance Inductive Transducer} §

.59 R orm @ wEe S G Toe | )i,
EAIGE (PE TR a3 IO (dSIen T O
TN AT FACS T OIE BIefBA ™ AT T T
BB AR (PR (A (SIS AN (Physical Contact) 4T3
@R G BT @u e (Air gap) T ffkg @i
AN TR SR A GRET e fEetim e s
T | TN BRofeBa o et eg® 20, O AW SR WM
AT T WA pREW e Reebimm ofRfe T
PR BUTFOIW [RAT T8 feenRsneeR Bea e =)
wefte, pAIT mﬁnwfmwvrﬁaﬁwm IO TEOI
Afffde zm |

N‘2
L=R+R,
ORI, N- (FIC5R AT (Number ofTurns)

O»
I Displacement

Air H l\'lh.rget

GapT {iron) ﬁ".
Core %
{Ferro-
magnetic)

“—'Output—»

B 3 2. vo e Gt (Reiretnm ARed ) §

= (&% TR AL (Reluctance of iron parts)
Rg = QTR MR FEATBBI™ (Reluctance of air gap) t

NZ
SIH, TR T ISR, L=R+& IR,

I g e ﬁﬂwfmammﬁaﬁwmﬁmmmww O3 IS L =

i
W = ——
R A

RATER, 1, = GUTR ST s A, = mmmwﬁmmmml

1259_: et
AR, L = ‘Lo

ffeg aom Inductwc Transducers CAYITAT 2o 8

N2
E

3

CHANGE OF
INBUCTANCE SINGLE OUTPUT - DIFFERENTIAL OR RATIO OUTPUT
CAUSED BY por
CHANGE OF N G reluctance N G reluctance
F F T
i
b.-
]
] o
S i d
v | 2 g [y Y
3 Tron =
g o
z
o .
E Air :E
F
=]
) 1 a
Z
.|
2
lron
o F
=
; . o ¥ 4~ Sh -
Production : “fl.. Ffmmﬁ s mstl::::“ed
of eddy - Coil sy -
currents Plate P i e -i
\ " T FIITS




80 TR SIS S TG
2. feriatmm wiEowp Mt (Differential output transducers) 3
AR TR BieBm #2adl Ghra Tt AeuR ww AT CrTe TSIF0IM AL [IWE T T !
.“ wR Fresabn B ARS8 FIwS! RS WA | IR e qf WiShel anie TS AT TSI

fowien %31 70 | @ 7 WEBeB b crre TSI TgT WoRfa I | ! CBre TTRER Freoy
@ SEBLTY TITE 24L TR “Afirtet 708 Aee | Ok o Fowmafinme Smes=5 21 o |

Ferromagnetic Core -

Displa t L
isplacemen Wiper L;

bbh Rladb] B5ca@llelX icifls

) ()
ﬁmsqs&ﬁm&ﬁmmﬁ@mm(mmwwﬁm%)
WWaﬁwqﬁmmmmlaaﬁﬁﬁﬁmmﬁaaﬁwmmmm
YT T | FGEE T ICACH O3 T TSRON & 108 L TS L + AL TR O] SROR TSRO T L TS
L-AL 0 | @ RS At 4t AR/ER aifd W9 2AL T ) 9G93 GHiEfR-7 CFE | WS BY AL |
uﬁ-ivﬁm%am@fcﬁ‘wmuALﬁmM+mw(Respond)mﬁw&ﬁWaMwcrwm
LmfeSitan orBiiHieh uae gt 432 Swer v TEn 7|
o 3 a.de () Qe (A)-CS T BRSS! o Tetarew 2af@ FR (Linear displacement) g3 (s T
(Angular displacement) HATEATAAT O] TS T |
mmmma\waﬁﬁwunwmﬁ@wm%ﬂmm
TR SR T TW, S AR 5 TP s e S zu (v TSRem AREEs ) fbas 2.0¢ (3)
¢ T T3 TAraa e W T, m@mmm%ammmaaaﬁmmm%wmmm|
WE L, 47 T 3L QR L,-97 T 3 T3 |
@3 R.3u-(8 (A ToiEe Grfelam e oS - fwicafmm weseB tawt W o9 wEhE, -
AR T ITAEE T TSBIE RS Afsa o (6% o0a @3 AR o 3 1 9% JfbEeas
BB (Target) 490 (T (VR TR 20w (o011 o) ToUR At

Core, *
3 [ | | L

Air Gap. I { Target (lron) | f—

[ ssssssnsassesall]

Core;
5 3 .50 FewmRmfrm w1800 Rurelbe Grfst i (et «frdfm i)
i s[5 Gt ofyt ¢
S | REAEATST @3 St 3% i
3 1.BE9B, wifEre [REW o aRt IW SFE T
o | Bwerafe fFmrie AR Iw ¥4 T
8 | TR cSTm wae Fgmufm +fedor femmem™ T |




“71fore GBI AT v 8
2.9 FIFER coRraam Rt SPmRmeR oS ¢ F® (Construction and working

principles of linear variable differential transformers) 8

% 5 f5.% (LVDT) T *irs Tes e «2 sfam o frfm csRam fSeafHam Sresas |
o RewEhEE Jrmream @3 vaE Core-47 ISR (Dispracement) A3 Y AT femafam etP
(OTTeR WA TNIeNeE T Af4ef¥e T, $ & @ HIauEeE LVDT 1 T %

A9 (Construction) 3 LVDT s @35 aiFwfy emzfe: aw 4f cnasfy swdfse a7 mww sifFe |
aaﬁﬁﬂﬁ@amm%waﬁaﬁﬂﬁwﬁﬁs(m{aaﬁmaﬁcaz?ﬁlﬁ!ﬂmiﬁs:immmnﬁm
BT TEEE TF WRA 93T AR (FRT o4 FIE = sty amifse gt Fifie ey Rede
it e+ W, WTS eﬂﬁ%&ﬁﬁw@aﬂamwﬁﬁvtmﬁm % 3.39-(% LVDT 93 #H
T TS (FRTCAT T | §

FIEHS  (Working  principles) 3 g
LVDT-@q Primary (% AC Supply (71 X1 coil §;  col
951 AfrrEe Mag.netic Field &= 33,
T Secondary Winding EfoT8 AC Voltage
Besy FCR | T IfA, §, 3L S, 97 Output
Voltage IYIFTA Es, Q3R Es, | (NRY FLHA
yfore e s Hifas 7wy

Secondary Primary Secondary
coil .

Es, Es.! Insulating

T, (&Y Es, 93¢ Es, 93 AdFE T
WISTA0 (SO H E,.

wefie E, = Es, - Es;

E, 92 T fA¥37 #q core-a3 WIGLTI
To@ | TN (FIEE TEER (UG AF, T
T IR BT (SCHE AAA T, T
WTEH45 (S™& E, = Es, — Esy = 0. 999
Tf5 (FrEE (Y (2 (e Al W
7@ S, 92 Flux Linking-@3 *fEW9 §; 93
Flux Linking-@7 <ff@rds o af+ T
wdie Es, > Es, | 794 E, = Es; — Es, 93
E, @7 (PR «@3e E, a3 comnifaft azy
TR | WEAM[ AR (PR ($H (®WEFE B
HACAT T8 ©%A Es, > Es, 932 E, = Es; — Es,
wfie E a9 it a3 ommfile
AE TR T 49w wRER faerde e
wefte, 9% H3 WIEMW Output Voltage AR
180° out of phase-4 9CH |

bobbin
52 ¢ 2.53 LVDT-0% @ (8= STy

AC Exciation
Primary
winding
: I:_"_—[ Core J

—
Displacement

i b ([

Differential output E, =Es, — Esz

53 & 3.0 LYDT-07 ANEG S

TEAT ¥ TR, (4 (F1A Secondary Winding 93 Voltage 93 *f7a¥a f¥3 02 Core @7 Movement
a3 8% | «fb Linear Motion THT#H™ ITH, WAFSIA 1 TN, (IR Displacement 93 T fada w4 | o138
Secondary-TCR @33 Voltage A 932 WorRB3 Voltage FTW | 9% T2 Voltage 3 “4FT% Output Voltage
XA Transducer 93 Output-& 16T ¥ | ASITI LVDT 49 AR Voltage “fame FTA Displacement
sfmier F# 21 I
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2 T SIS (Anode) AR it 7w 1 71=vpf @dTCmiess
& (Assembly) @G <i#1 FI5 @IGTE (Envelope) WS
mwmwzml
70 3R o Wi WIgT IS (Cathode)
m fifpa wMe A FNAC AF  BETRGA reee
s zu | I ot fRefre SreGe SEATe _
mwmﬁ@_mmmjﬁml A o
aufh w1 Yfifsrs orem wem a6 s foas 0,829 CF!‘FTC?ITN:_?IS
:g; — /:5&( o
_ ) "/
a Light energy
Anode X
R Output
O Ep % voltage
E,
Photowbe |  Cathode Battery l
|I o
5 3 0.8 = Bfibr Com 7RG s

TERTs oot e Eem W it defts T o sriere e R I E g

(i) e S,
(ii) AT T A 9 A,
(i) ST Q¥R FTITSA YT

ooy

B 3 0.¢-0 T AR cEm e’ SR cerha FESHRmTE = e g

20

.

—
[=]

L

L, (Anode current, A}

1
e 1.0lm
/ 9.8Im
0.6lm
1
/ 0.4tm
o=
0.2im
0 20 R0 120 160 200 240

E, (Anode voliage, V) —Ib
fom 5 ©.¢ W1 X e Fd vrs CoIToR LAl



w:%&m%ﬁ@ﬂmﬁﬁaw @&

mmmm,mﬁmmﬁmmﬂ%wmmmmmw
wwﬁm-ﬁmw.a-mmmwﬁm-mqﬁmmwm%@mmwﬁm@
=7 41T | '

B! BRAFS m qfR s

> | SfRf&EE qfér : _

X1 N T v TR e a3 WRETEl Afiads gn )

0§ TN (ORHTE MRS 7 | ;

8 | wfefdw TR Ao (UTe arbes o 7y |

¥Bt 2 crom S ¢

3 1 FIET 3R Rt (@R T, o1} “fkwieer v g @b

Q1 R A ‘

©® FUFEIHTS O™ (Photo Conductive Cell) § . - .
AR < Wwpfew cva aw FMeY tWgiew wRAR®R . (Conduction) TR o wRr g fag
wéﬁm&mwﬁ@mmmﬁm@mmmmwm%maﬁm;m
B! AT CRFSIHER @RS AT | &) o S GRFss TEReis om weal Wit s
FYTE WA fAETTA AINE (Light Dependent Resistors) ¢ T LDR 307 | '

TR TORSIH0S Cfies3a «md JyRTs qfi

Ceramic

b Eaybt ﬁﬁmmugwmgm%

T[IET TW, Tl3- . base Electrode
(i) TSR Ae1wqS (CdS) TS ST 2.42ev Terminal
(i) FSFTRIT CFIEE (CdSe) TS T 1.7ev |

Photaconductive
materiai{Cds, CdSe)

i wIE WIS T oW ST SEn AT
T 43T B | B ©.0-9 FHFSIBE G o 77 3 52 ¢ 0.0 THRSERS o7

TS (f5a1-0.v) @3 FRIfe QeR B worrsRbs HIGRaE o CTH T | 9P SR wgfew uft
mwm@ﬁﬁ?m%@m%ﬂwww|mﬁ¢mwﬁw@mﬁ@
m,mwmmmmzwmﬁmw,mmmﬁwmm
TR '

FHRFSIFOS CTOT LB e i el R o w1 Lafityate s bR (0.3) @ cr T s

GRme) _
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f5a 1 2.t Current vs luminous flux characteristics for a photovoltaic cell.
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Cell Material - Time Constant " Spectral Band
Silicon (Si) 20ps 0.44um-1pum
Selenium (S¢) |  2ms 0.3um—0.62pm
Germanium (Ge) 50ps 0.79m-1.8pum
Indium Arsenide (InAs) ' lys | 1.5um-3.6um (cooled)
Indium Antimonide (InSb) ' | 10|.|.; 2.3um~7pm (cooled)
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o,¢ fefebrer m&m YRt (Concept of digital encodmg transducer) 3
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(Encoder) 9% ¥ata a5 fEFom e |
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(3) BRBR TMEEAR/GFIER (Techometer Transducer/Encoder),

(*) 3T GrfE®aR/ TR CR (Incremental Transducer/Encoder),
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©,¢.5 G G/ aTater (Techometer Transducer Encoder) 8
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optical displacement transducers) 8
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Sensing mechanism
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(Measuring technique by transducers)

8.3 (MG TR FRTY @w At #%fE [Weight measuring technique by load cell
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KA ey Wi Tatern vt fren R ), et AiimrelE Rttt e Geiasta Befsee

T[T | A YR temperature IHGEHIT 8 4T 3

3 ( GGG B=iirasta BT (Resistance Temperature Detector (RTD)]'
| Ao (Thermocouple), © | <ififon {Thermistor), 8 { P~ (Ulrrasonic) |
(R, & : <mfitete T © SR ©.8 TR ammﬁmmdqwma.awqmﬁﬂwm

QTR | QT RTD @2 TEIRS 7o izt oo = (]



10

a9 loltifls (h220ie EBOLGRYIelE

o

w8 BRUACHA WS AT IGM

Rt Gorsr BE¥ (RTD) 3 :

@ 7 ik S AR AN A AR AR WS, m- i, e fedl o cfels
afeed frn Gt Gt w37 oft T 1 0°C e AR EREBI™ 8 SR Wog T B
AR SIRICT 4= T A 8 ' :

Ri=R. {1+ a A :

¥, R, = °C Sy Ay cfesm,
Ry = 0°C CS (AITa™ S fesorm,
a (NYLFA STt T2 (Temperature Co-efficient of resistance),

L ]

A = SofEfbe qAR CIETIN GEAEBIET T4 A

I IS QR ATEBS GIEER -3RfTES (PTC) 70T ot e A e SRw aomsing
qﬁﬂmlvﬁaaa;mtﬁmaamﬁiﬁﬁwm«mﬂﬁsmm(nm)mm,m
s 6 R fRED g ) S SR wd SHAE o derfte aTe I W wis
ARRETR W ATS A qea oA w8 ) RReBiem 4radR (AR) €30 GBI 3R (Wheat Stone's
bridge) RIS “fNA %=l W, A SR Ui 2R S FRIGE F AF | aeifie saTTRS SgOR RTD
97 CIHe WS fordiow w3t = ‘

oAk, RTD T Arafbe GHEsR "M (PTC)-J& w2 wiyfis sl emR emes (Wire wound)
caferBie | Bw ffefeet g3 Rge weirefe auem o RTD-a7 o afers R 2fbam (platnum) @
TJIES W | B g e o wors e« amems 7

RTD <3 A4t ¢ .

S | & e wifews e,

Q| A*1E SATAY G 2,

© | T (TITABIY ST,

8 | S GEeRB ST Afferde IRgRTE |

et &

> | fom oWRIBRRE,

't S GBS (5Tn Wiy 3fe

T RTD-3 {45 ] % (Thin film senor) fETCa Bt w41 zTaTE, WTS (@B Bt e (Substrate)
Boix RfeS e Awifee 3w RTD SR *= T :

1000 92 %161 RTD = 2R ot AT Reragaean = 2t vwerert 5

1. Temperature range ) —  200°C to 850°C

2. Temperature coefficient in % °C - at25°C,a=039

3. Construction - Wire wound or thin film deposited platinum

4. Self-heating - 0.02°C 10 0.75° C/mV (typical)

5. Lead wire - copper, two, three or four depending on the system
6. Load resistance compensation —  use 3 or 4 wire lead systems

7. Accuracy -+ 0.6t 100°C

£. Resolution - 0wid39Q/C _

9. Durift —  approximately 0.01 to 0.1°C per year.

8.0 eI +4P] Pie-it @ R (Basic principles of reluctance pulse pick-up) 3

9 FTRA DTSR =B (Shaft) IS 4 SATm &R ARmien 443 o | «fa TS e o6 @F
T afta el m wdtn =g e et wagiieny e RRYR T, v e I aa
COITTE AP 3ffB 7 (ST S [N e w1 0% Sefetel ae® o tew
i, T Bora 9T I (AT M | WEHH cormBE TR P ARTE 8 TR cheva T Boi Freka
0} i o s B o 3T s ' ' '

5 | Pr-w11 (Pick-up),

Q| ATSHHE WA (Actuating medium),

¢ | ¥ (A G5 T,

8 | ACTEBIA AHTAA WA | :

Wﬁﬁﬁ%%—ﬂﬂmamwﬁmmwmmm¢



Magnetic
%/ Sensing pick-up

foa@ 3 8.9 Reluctance pulse pick-up

BRI (3 el Praem witea A Fre-am Al (Actate) T STRMAT (RPM) R
Ty Pra-wie e Wieer TR STEE 0@ AR diee qfS e s sgeieds e
cFace g 3 | _ ' :

forp-mi FETER gAIFE e $1o & ¢ (@1 Zan Fa  3fh (Srte A e T AEeE
gt Frarea sifex sigfes | 2at Grefibrae T 1 o

qaieiy, et T oWdT g FdRcte TR I T 9N SRRARER S, TRARE gwiEs
SATET ZANER (Flow) TS | T Aege (G A, wib erared Ao | : %

8.8 WIVGT Grifvbica FIEHf® (Working principles of magnetic flowmeters) 8

AT RDEE T TG M T WIORE W A @ (W IEGEE ISRk TN dEN
fF =1 o | «% ABR WIRICS TNY SRS 76 (Faraday'a Law of Electromagnetic Induction) oIS 91 3
%@mwmwiwm-%mﬁmﬁwwﬂummwﬂmmwmﬁew
ouR Hfow TEEAT crtE & Aflim o T Of (RIS AT ERREhS WISt P =W |
FRvEE o7 R R e 9ot et AR G oy 3 W o TR dagS ARk
TS AR Reas s @ o :

#1391 (Construction) § TIFAGS GPIEGR W3 AR wHRAS WTAR 52 (Fibre glass) o Hi2et w1 Af3s,
TR faofie SR 7S LTS AU SR T ¢ ZCTGITIER WK TN IR RO A A | Fer (oiaa
) 43 TEFGITAD TR M W (| TAFGIHHICHT QIS YT T T ACS R (AF B FHICRY
IFFEICERE ST A FNOI ¢S Bz 8,89 wt wmitE @rifibitm fou orditat g «

Nom metallic

. et
Steady portion of

oy
d.c.supply =




:

i

FIERAE (Working Principles) § Bw owg e 3rowrm T4m HAY I AZCAT AT WA ¢ T4H ST
i ey A eriEe T o oS T ST wR SR At R 1 e eifRe T | wm
TR MGS (ST WMALTS T8 1 QR (SITVBE N (A WHRICH TSGR TR S @1 T |
RS CorEn Wi 2 AR e e T | IpRe e af a1 B Sen awie ot
TR BrafErs w1 Tw | TEARA =trecAibe ot e zv : _

TTHTE GBIt ST 2. 54-2540mm 932 TR FHHEE AW + 0.5 TS + 2% |

AT (Advantages) '

> 1 4 IR CoeS & SRS S A @ Ty

R | TS FRI SR R A G | -

© | TS 94 fEBIste Fw Ty

8 ) 3 [ T MW ¢ S weifEfbre ame e amm )

¢ | 4TS BTl (Bidirectional) BRI fomae Trae == aw |

SIRYPTIR (Disadvantages) &

Y | TS PRI A6 (f |

R 1 TS By IR AR AR B aenm v T

0 1 af5r WA TG, 43 O, AfFaRe R |

8 | R yfes Yoty o aars T ars ReFn aftay T3y RS o

8.¢ FEIATS TREFERCR TRTY Hew @EGT “iftmet @7 (Sound intensity measurement
technique by capacitive microphone) $

@ DrefeSam =% It I=mE By wMeBEnw Afaerm AN DN

TYE Tagen [pfer et e om, e winfbs ' oA L
TRTHITE a0 | _ . ™ Output
rL] (Construction) § 4T U BwbS WrHe (Protective ~ Moving plate Fixed signal

mask) T @?W I e T = 7w, T 95 ordlaphragm\ plate

BT 9fF (2% i ow 3@ 97 9T (2% Bffe

(Fixed) ATF 4R W4 (W35 ™= S™ Tew G159t =0a | Siundi o
i (Operation) ¢ (0 CORTR SR T o5 To4g ration

A TS 2R O R g MEtasrembe T o0 | v

it FIeTa e Tew e weralve (of5 AT ez v

3 | W W frws =efbe

|:|'I'E+

Insulator
. : B 2 8.¢ Tronfifds Gt
coBa fire e wBGieR w 3 A | T 4B frHe FoRle (o @ @ TR St vw ate
wmﬁmﬂmmmuamawﬁﬁmmwmmﬁﬁsm:wwﬁ@
D fferter =R Tagen @3S s S Fmmme e o |

8.9 TRIFLT CITeR ARITT ST “windT oIS “Afariet e (Liquid level measurement
techinque by dielectric gauge) 3
mwmmmwmm-wmmmmwmm_m
Wl ot ) B ol ©iR-Bewli o T RrERs oS (Level) HfimeRm %R <6 9 X0 3
awwwﬁ%ﬁﬁﬁmm,wﬁaﬁﬁmmﬁmﬁwﬁﬁﬁmamwa
frfersta(S, afty FfrernBe wtg wagm =@
mmmwwﬂa'mwﬁmﬂmm'mmﬁﬁsmiﬁwﬁmm(vemcauy)ww
T | A o7 I TR Bl R < e 9 et 1 Ferets (b ReTR w1 9 | .
a3 AT, _

C=2hlel+hzezF

. a
fog, (1 - r)

SGLATE I TS AT ICHIF-0(¥)



TSt wrie i b

B 1 8.5 WSS ZMRBIETR MG 77 FEOFOL ST oeen AT
eI, b, = S AATER T
e, = forptren ARl vm
b, = TG SRR F WRrH S
Elzmqﬂﬁm
a = fo Ffrsta xgad g ()
r:mﬁqﬁﬁmmi(ﬁtﬂ)i %
mmmaﬂmmww,ﬁmmmﬁméammqﬁmmmﬁ
Bs TErEIE @3 Ju DT el T oM AT W T, SR @ N Pl S WP azf
BT SIEHHE 2o TR WS RS e et T )
BuREY-) | «FP Diclectric gauge— Cylinder-&¥ $5%1 0.5m, Liquld-4r 851 0.2m, f¥STA Cylinder-
&2 TV 3em, WA Cylinder—8 TPY Scm TN BeE Capacitance4¥ T AT ¥ 1 (Liquid &R Permitivity
= 0.9F/m Gas-«¥ Permitivity = 1F/m) [FrifaTal-2008]

Liquid-43 ¥, h, =0.2m
. Cylinder-a? B%%1 = 0.5m
<. Liquid-93 BTt B9, h; = (0.5-0.2) =0.3m
Liquid-&3 Permitivity, €; = 0.9F/m
Gas-49 Permitivity, €; = 1F/m
fowrr AweIGR A, 2r = 3cm -
feoraa SRR AP, r = L5cm
feerm ¢ WERR SRR TG Y = (5 - 3) cm = 2Zcm
s i,

JE
[
Z
uwww@%

h €
Capacitance, C=2 —&ibz—az' F
Log.(1-5)

_ 200.2x09)+(03x 1)

2
Log. (l —-1—5)
0.48
=27 108
= 0.866F
- @apacitance-9¥ W4 0.866 Farad

BAHIICEAR WIS L0F FET—o(7)




§‘:b- | _ TR SIS AT FCH™ '
8.4 WMTIGIFGI T i w5 «ifmet e (Torque measurement technique by

magnetostriction gauge) 8

TR (¥ Ferromagnetic Material R Stress *ffada xy ouw ©f Permeability #fRf¥s w, o Magneto-
striction or Villary Effect 31| &% Effect 99 %0 (NEP Permeability "RR[¥S Tu = ofefie co3m
*REHREG & M R @ofbs G 1R o, o1 Rebive ARaET T | 9% Effect-43 ooy 5% AR
Magnetostriction Transducer F1% ¥ |

w5t (Construction) $ IR i <3 ' A.C Energised
TABIRG IR CTTEr 15w Sietifen o T | 9T
Tl e 9 Gefds cGET “omeb e 45°
e 2F W | 7fS 9 w RS Tom SR
I TAT AN AT | PO 70 e s

I“mewzm | T T QT TRl PR O ST
FMHA A S oW | TR 4B 93 o7 Jirer
i3 g fEmies @ wea )

_ . 52 3 8.9 ITAGTRRRPE or|
W‘Iﬁ(()perntion)SWWWWMGWWWEEEWWWW
mﬁmﬁrﬁﬁmwmmﬁmmm|§mﬁmﬁ¢mquWﬁtmmwmmm
A e ST v TSI 1 Rt e 4 | Ry 1R =5ied 5 et 71 7w oe 9 o
TSRO 3% @ THabaER ot v Sefba TR s o W ¢ o 5 e o F e mRen
ﬁwmwmmwﬁmmwmmmmmw.

h2lele BEINeatel

lefel) lolinile

8.t PRt o e (Explain synchro system) &
Synchro @3 Q%5 RGBS Tranducer, TF TR 1FcEy Angular Position-(% electrical signal-9

=fI® Tl 717 | v _ \
Instrumentation field- Synchro SHfE TR Aaes ZoNs A ARfETR W qeTHE-
(i) Selsyns '

. (i) Microsyns

(iii) Autosyns.

Instrumentation-9 999 Synchro System FCOTE &

(i) Controlerror detecting type

(ii} Troque transmission type. :

Conlrol or error detecting type : Positional control system-4 & System-T6 error detector BT T2E® =
F.Em Unit 7w 935 Classical Synchro System 73 g

(i) A synchro transritter. '

(ii) A synchro receiver.

Synchro ‘System-@3 basic unit-TTe Synchro Transmitter I ¢

® 715 (Construction) 97 59 93 Three
phase Alternator-&% WU | Core loss FAMAA ol
93 Sator-B AfGE Bew R ) fel Stip
Stator Coil indentical @R SIAMF Y A Star nngs
connection ¥ AN T TS @ Rotor T o ~E
Salient Pole contruction W3R ¥ dumbbell-@3
“I@ﬁb'd 7 1 Rotor-BT® 9FfB Concentric Coil gt

Tl 41 | gf6 391 fite-az sgrey g A,
ﬁﬁ - ¢ Rotor AC ffasa.w Schematic presentation of a synchro
Voltage STHT T &H | constructinnal diagram of synchro eransmitier

LREIRCTR WIS AT IR —o(N)

12 = A sinwt cos0
€ J= A sinmt cos (8+120%

2= A sinet cos (6+24)

-3



B e cAfime by

8.5 Tmar “&fon Ty s wed i @™ (Angular displacement measurement
technique by synchro syétem) 3

fretat Fetae Avane whE Fetm e =t w ) Brusbie ity sfeem 3efelsm (Angular

Position Transducer) I T, T ¥E1g5m s difen B+w fofg 3w vm wa) «fow fwfitm g Rk

Tormy Gl emifse-a o3t @iba, mﬁmﬂmﬁﬁﬂnaﬁﬁﬂﬁzmmm@mwﬁﬁm «fA
mﬁﬁﬁmww:ﬂamummﬁﬂmwmﬁmwtm

S Sa

Stator winding
of receiver

Stator winding Stator winding
of transmitter v of receiver

i !
i 53 : SJ :
5 ; S 30° ; f
L I'.-'*l 1
K R, X { r i
i Rotor | Rotor

. RQtOF ) Rf’wlf i winding E winding
Rgywinding R ue \ LAY
) ' A.C Line ' H
A.C.Line . _ (=) (®)

& ¢ 8.5 Torque transmission using synchro system
e BrbTre 7 TR T AN T W, T
s | Pricast SefiBm
X | Rt Rfersm 9t ariow |
wH FR, COOR Arfire e
S, QABR GmafEe U3 S T IR (WP AW A FATH ACAM) SAFH FA |
Hﬁ,uﬂmc@it‘%E:v
S, 913 (S8 = V cos 0° =
S, 97 (BT = V cos 60° = V12
S; % (SR = V cos 60° = V72

mimﬁﬁmawﬁﬁ@mcﬂwmmmwwﬁwﬁmﬂ oAt FetfErTa SR (VoA
SaiRfSen I SwHe (ol 7 |

Tf% cibafs 30° @, O §,-99 et =Vcos30°=3zﬁv
S aacm%ﬁ Vicos 90° =0

3
S; 9 (ST = V cos 30° = %

% BT STRRR-GF TG T (OITR® AN SRR 0 T IS LTS W 4R @G 5F BeAA I,
T AT TAMCS B | @ 7w e BfTen 92 SR ax GIE=ow 9F fE GRGIRR S wme 3

R | v Bt e Rpfea et ofane g = ) arv Bffer @i (i GEiEE
@G+ fol Tave 1 s@Ewf st 1
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%Wmmmwﬁm

ag]) weme (o=

=fo vy acpea : |p

3t

x|

b
1l
i
B
o

»l

RTD TS & @Rt ' [RifIa-2008)
) RTD @3 = TeA! Resistance Temperature Detector. -

RTD o SRyt $ir ‘ [arifsiTat-2004]
[eea 2 ot = ‘ ' -

(i) fom EwiADREm;

(ii) AR (FRTBR GfEER cotw wiw

(iii) (T WD (A2 (=8;

(iv) TR & @ OIR@ s ;-

(v) "% 8 T 0P @ErHIW SIS 7H |

FRvnrbI e PRosi™ = I M 7 [areiferat-208]
=943, Reluctance Pulse Pick UP-GF TR ¥4l TH? {[arifira-1 00
(o= P 4 e GefetaR =pesa ofe qa waer ear AR 1ar SemE |

e grfitre Syt § iy - [ArfeTal-2038)
=) v -

(i) TR <A A,

(ii) OYR S AWdE «ERI% e s w4 A

Gii) Remms tapfes awmwm ATe RUpRd dfetaiy B AT W

Di-electric gauge iy [ArfeTaT-30d 0]
e, SiR-g e ore S [ArifTa-200y]
A, BIE-LEE LT T IE A?

b (Y 7™ Capacitive transducer-9% diclectric #fRA¥HA AN a7 capacitance A om, sy
dielectric guage 01 | )

FER- % TR o | [arfeal-2oss]
[e=m P fifirem ¢ GrafoR- aacﬁﬁvﬁﬂ&ameﬁuﬁmwmwuu

c'ms G (Cell) (] AT I TA?

[o= ) R o @R WoIR CPTS ore TrEE

cvms mmwm

ﬁwaﬂmmmﬂmﬁwmmwm |

RTD mﬁm wfd R @m wid @ g T
mﬁwﬁm%ﬁ:m@m@ﬁwwmwﬁmmw srée At 53 2w |
wmﬁw orer e iRl zwe
Wmmm@ﬂcﬁiﬂmmmmﬁﬁwmwml -
ﬁwmﬁﬁmmwmeﬁﬂr ¥
7 s ~
(i)ﬁwmﬁﬁi‘m,

- (i) et Rt

wl

b -

o RfreR T R R it gas =0 T -
[ P st Fiffrom fRwrea crfea av@e = | | v |
S G791 LS T : [arefeTaL- o s ¢ (ff)]
[ P 1= =&t @ T om0 HrfEeem IR F6 W, OTF NS O W |
e« e - | . iy -



St ey A @ , 93

- vy ATTEa s |
51 RTD ¥oia = e . \
W, RTD-<8 TATS (N | ‘ [AIfA-2008, o, Yo, de(AfR)}
) Co T AR ST oS e e e R Wi cn 2B, fe Rt vy
: oS TS it @RESm (Goasta f68a 3t RTD tof 7w |
3| RTD-v® FRyrerm i $iy [Arstfa-2052)

() &g e s iR,
(if) @8 WACRTR CATIER AG,

ot R e Pe-ser e R

' ] [arifER-2009, 3]
[Ew P an I 7o W @ W cwa afba Febed @R A g few wE wgers
TRCHIER. ARAEA T, ST [N IO <3G CSIros AR B W

81 SOMWELS GRbRR Prafs fr [arifir-200n, 30, 33]
W, YD GrfbI e o) ' farsfira-20 e (Af))
B P @2 5w wrRiTes [ SN ST e Sotw f5f Ft w1e 30 | 9% 7@ - T
Wcﬂamwmwwﬂﬁmﬁaﬁ&emmmﬁﬁamé
& AfaRre W T 1" :

¢\ WRE b B farefira-200, 381 3
[sw ) R : : 2
() 42 FBRR PS¢ SRS Sam e T I gl
(i) QTS FREW SR IRER FA WA | _

(iii) 4TS Y Fgsae @ e
Gv) 9l 4@ 73 W3 ¢ 3fFE FAHDEE T/S TS A | _
(v) O TR for e TR w9 W | '

v P Bty [AefRal-2008, o, de(*f)]
} Bt a9 9% FEFERITIEDE Tranducer, IR WA *JRPLEA Angular position (F electrical
Signal-4 *fee Fa W | '

Q| Capacitive Microphone #? ' [arfeTat-2000)
[Fmfp wterem av aom MRS, T R oS 3t e RhEm dwEs g
T | (¥ Transducer TR =% =% 7 A0S INANHBI™ AR MG Equivalent ek g

- #fgre I LW, ST Capacitive Microphone ¥ | . .
vl MG &M (Pressure cell) ¥ ‘{'1% o | [ar=fam-100y, ob]
)vﬁ@ﬁ’tmmmwmm%mu:%aﬁtmm(ﬁmmaﬁm
T (Element) TR TGS T | (IS ooy o8BIt Woe oftumt a1 T | W0 T warre
fafey TR BT (Swress) B (AN (Strain) AR fRER 0 €, TS FA 7B (WF (Strain) 4T
SR GRLAR (Stress) AT FITR AN «W | ' ’
st o Reelie Bkt e & wiar _
m_mﬁmm@@mmmmﬁﬁ%ﬁawmmﬁmm@mmmm
o Saem w0 Ryred 78 o, S fi-Zrerlie Rt T |
S0 Q-2 liT IR TR deTeR T A
e | .
(i) GBI GAAER 08 (RTD)
(ii) ATt
(iti) 27
Gv) SPEFS |



ay

TTYEIT WG AT IR

ATATGET sraien s |

b
oy
9|

B

Ul

Lala(B) lolteBlls {21k BRG] ialT

9|

bl

IS CALPA SAIRITA 9o AR i 354 227 [AriftTat- s oon)]

Fessae ) o 8.5 emes 1 |
RTD-<R Jfxt-orgfy 2 32 o [ArIfear-q00]

IEsa s P ez 6.2 2

R P P a e RRe v | , RRfRal-2004, 53]
s P s 8.0 =8 |
TGS Ffibiem IR fAeRver afm = | - [rerfrrar-20s], o]
L, WA GBI e e | : [Rteifal-3008)
4, WAL GRfbe Sreny om 3w - [R1fEa1-200%, 33
= s P wmmn 8.8 mgse |

IS TRCeFERTR AR "o St At AT [ J00Y, 0B, Y0, 3, 3]
w3, «B Capacitive transducer §3f sound intensity *IfRT *rGf® e = | [fa-ao09)]
W, QSRR STRIvD Wowe St AfRwet v 2 T |

5= el woee 5.0

_ mmcwmﬁwmmﬁammmmmmm

a3 37| [AfI-2000, 04, 33, 3o, 38]
e, mmememmﬂmwmmwn

(R 2004, 53]
&=t o fp o 6.0 7 a8
Pt <l e S wmr Fews «wf¥a ot e e ARt m-tnﬁw:

[ArFfat-2000, 08, o, 53, Se(f)]
| s R et -
RTD-d JFRIS e | : [RIf1R1-2008, o, 0, 53]

IR, 3 Aefi-Toalis Bmfe e qeAife oy - [ar=ift-q008)

®i

Yol

»i

ALY

LN

= =l wmmen 5.2 eava

RTD-« %13+ '¢ Frgeiefoy g =7 | | [ar#rﬁrm-qmal

'é’l SRR 8.3 T HH |

Synchro motor-4% FiE foaR (M | ' AR 200k}

I 5w e P v 8. = g%

B CGtasre R eas iR e 32 |

esa rwe I e 6.2 v

WITAGT GBI JRY e g i 77 |

5= vl e 6.5 e

WPTRBEGFT 1R Wt T st (o ot 32

[ | e e R Rt

—_—



3srsiter o= =l e
(Concept of signal conditioning)

¢.> 7 fBum mrs Feioe SRRk *%R% 2 (Describe the signal conditioning system
with block diagram) § '

4% AT AL G (sensor) TTS WEBHB FIAFIAE S BEA (stage) TN (1 (FH TAIH ST
T HES = W1 Pl T o 47R HE, W Qe T A = oy A ars Eim,
S TR EREE Feea Fofebe (Ura TR ST T Qrem T | @R ARAEaE a3 s e
i T W AT | TR, TR WBEo5 Yq T coltide o e fafrrer® | «3f fnena
Ffafi 1fETa IRTT FE UTF TAYE FITD FIITITE FTER I @ |

qwawm,ﬁwmﬁ:mmmﬁmﬂﬁmﬁﬁmmmﬂ,mmmﬁﬁ-
foei3os s SATE e Seerg <=1 1)

@ e St «fmem T arE TRGEese Febte e ke R fEn w3 ) ww
o S T oG obw | wfiake cvea oft B3 Tar 1 IveiiwE P SHe T W A
oTER G0 Bl AR A ot st AR 9 SR R T A | ot el o Xy,
fEe, oM W3 AwBR 7 FBIFR QTS T AT | (I RRGEE oSS Fiehm Afmem ovte (i
R RDE di IERGiaE e FeR s T SRem Ote feght affs ww el
BTROTHIE HIEAE YT WA FAER IS T | : :

From

Transducer Quiput

Loblis 55 Sl amm%

Ba .5 43 BrmE IR Srbom 7 S 7R B0 | 9 GrieeARt fem ol g T ¢
ferRife (RoGTIER MUY RSP AIET SEE S T | 99 AR piee R fiedy @ I=
WS T R O T A IF WEYETE GF SRR S I SO 9 W | 9 AT amplified)
frmes Regrena @ (@1i-+1F RPB1eR TgTe PSR 36 fmems fes fore «ftrs 7=t

.3 afr @ T3 Frisnm R o G FfS (Basic principles of AC and DC signal

conditioning system) 8
Falbram T bt (AC) Py #fEfie-ga o om =

Measurand _ Calibration AC. Phase Lowpass| DC
O——— Transducer[—|Bridge —and zeroing > , 1. ¥  sensitive - AN e —
network Amplifierf | demodulator oier 3 Quiput
-~
— Povwer Reterence
l 1er supp! :
osciliator oy
fom ¢ ¢.2 a1 B 2 By

T e Eeafs Srem «of Wg o v v | Fu 93 off Jre o e g femfie oene
(Zeroing network)-93 T QTN GUF W FTA A1 T | FfaTmR St af a/EH B f&AnT v
w03 | Afwifere «f@med (Measurand) 2THTA I ﬂTﬂ'ﬂTﬂi Ffata e Sdie. WHANGIETAS (Unbalance) 200 TR
G ST s a3 Pt BT sttam T, TIE S (Amplify) 9T fErgre (Demodulater) G781 XM §
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Q8 ' IR S AT FTHM

fRwgroa To Tgende R g T AR wehel we e e st 3 R’
Frieter 2ol IR, IE @-NF B (Low pass filter) WA %R (Filtering) 303 39% (Pure) & wrbE
RN ' '

ey e e %S (DC Signal Conditioning system) 3

qafs S frmym et e
iR g cm Es . Excitatio Power
form Fr=fd galv Bl Jrer . source supply

et 5 Jew asfd
A, feoea e ) e ; Calibrationy T
. Ou

UL LY f&@ﬁ‘{ FOERR mm M:asm,l-rmsduc Bridge || and |, Ng;\(i:; " Rk Lowpass _tfm
A FRMEN  (Balanced) 2et0ing fiter | by
i SF W aR WTHHE | - network :
R T T B 3 ¢.o Rf fvrom FRfor Hodx

gua T G Egfes WMim Afede e SEEae (Unbalanced) T TS | Wod «&fh
By wreBe “em T, A wafh B syt v Wil ww 93l @-oH R (Low pass filter)
W 4w (Pure) fofA ot T 7w

.o Bibt FMftwa MRS (Basic principles of data conversion system)

it TERECEEE 9 FOAW A% snAE ¢ RROm st T e | v gt Im, S T
fefem Prreme =i (DAC) 3 St FreEns fERGE (ADC) 27187 TS T | 9T AAWTFANIR
BI5t ISR 4TS 07 | (1 FoeiRem wy SR g% fEfEbr AR-FeteE T (Link) IO 91 T

> | ETEs-B-fefeb e eit’ (AD)

X | fofebm § st Iweibia (D/A) |

51 TSR S fbd 2 €.8 (a) TR (¢)-C5 AR T |

Analog
Comparator . '
Digital / Zero Controlled | OUIput -
—— = A/D [+ Controlles f== D/A - orderp—
Analog T D) T hold System
ieference | Analog
input - |feedback .
(a)
Digital
Digital [~*] Zoto
reference ) comparatot— conrotien*| D/} | grder || Controed|Outpat
Inout . Digital D) | T | hold system
Digital feedback /\
\\./
® Shaft encoder
—> Digital [ Seepperb— o | output
> ~—{A/D[™ "icomparator{ ] Moo m;‘:.
Input T . driver
— —

{c}
f5x 3 ¢.8 o1 Fverf RSy
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P 2R 93w | @

RfEBRT FTHPED T 9 4T A/D 9 D/A TSR ATHBE T | Sl FAELR s 22f®2 (Intervals)
Y AR U AN G (S TER (Hold circuit) ATHRE TW | fSfbm IhEmmE auwond wds st
T, WS S & S (Optimum) WHS! “TST TN | : '

f5a ¢.8(b) 97 “EHITT AN FAE @@ w2 FRGW s, T m B oA ww W feeid
(YLT FIAATE W1 TW | IT¥B GACFTSTE (Shaft Encoder) T0S ol =twa srgfore e (feedback) T
T | i O3 FalEe wiRbw g gu offeR wen fefb™ TR (Comparator) IER I T |
YS QE (error) TAOI ATAEAN FCBM TAF Teorrrw & FefEdw IwhE o 7w fefenm
JTRRTER TSP TR NPT Feelirs T o) D/A TR LTHie | _

o ¢.8(c) (5 43D CHAR (Stepper) (WA FKE TANR | IR ITH a2 =oiws et freae o=
IATeT PR | a3 SR ST GRDE SIpfets wetve 3R T A/D IR STe | PO veR
a4 TREER fire fo e 3or wader Rade fite gftm vm F=mada B Seers 70 )

¢.8 me (Operation of an instrumentation amplifier) 8

BTSSR (Instrumentation amplifir) W% WWOR SIRENE, 7 JrfeBAmea WSHE TS a9
R Pt e wieoe{D fEwidans SR (Drive) THIA O} TR WL SRR 363 |

TRECOAN B RS TSR Wt WS uv (F my e Brem “figm TN, T TR RSED
et oo STe 3/ TW =, B WY T ARENS T WA W A1 @ IO RGO AR SS
TGO SRR ST | ST SRR 3l R wairems, ww 3 e 93
BW IR T (S TR (Common Mode rejection)-8 O | IGTRTH* SORIEFIRE (LA) ST SiEHE
(OP-Amp)-67 1Tt it Rt 79 SIgfere 20 = 1 37 (14) <= e 7 sz s oM TEFeR A ¢
ol o | 50 ¢ .¢-a BT SomEemR SiEfm i e g e I WA

S
Rg| 1 BIRG Vi O—

Vol 2 7 v+ ) N
N ; INAY14 Re % INA114 Vo
Vinl 3 6 | Vg +

Ref

V1 4 5 |Ref

ﬁm:a.elﬂﬁmﬁﬁﬂmﬁmmmmﬁﬂmmmmﬁw _
TGO SRR 4% e A sv-auw oou qft St o= T e e aw=
I 4 GIBIY EREET TR TR G F WA KW oPm usl rilts e 1e et
SIS, T WeEAE ¢ AT FRATATIR AN TS 4T |
TTHRICS SINRTmICaD Mf¥E ST RS T g

- Ref
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LY TERAITHR TS ATF ITaM

fSta o AW, AYT Stage-23 4% Op-Amp-«F XAEIG 10 S v, qx v, 46 T+0 oo qramt
T AR | 9 5B Voliage follower A 31\ IR 1 49T Stage 92 WEOYD R, TR R, @E0mm HRmw 1%
9T 1 YT R T Gain senting resistance |

OP-Amp 1-93 S56%5 ¢
R
V3= (l +§th) Vl —EGLVI

-(l +§L(‘J Vl —ELV;

e S (),
. Ry (&)

@97 Sl el e omm B diff. amp. OP-Amp3-93 W& &fe Gits (v, € v,) W s
23 oty WGBS vy e v, A% wroeia @ qft SWiEtel cast Few wfdE wEnl vem
1R, OP-Amp @ 3 (Tl R; = R; = R = Ry, O 47 WEH0 T3~

V3’=—V3X%=—V3

<] V(:(l +%‘;)x(v4 x%{-’)

v
=(1+1)x—2*=v,

tﬂﬂ'\Vo.-Vg +V4 =—V3+V4
=V, -

(- B v ()
(1R R v, (1+%GL+RJV1
(- )
=(“2153)(V2" N

aﬂwoﬁﬂ(l+%)ammmncwmmmaa#ﬁvcﬂﬂmﬁwm|

¢.¢ TREITH= %7 WA (Basic principles of instrumentation system) 3

Instrumentation § (3 &% MY (I AL o=, FRE™ aa (e wafdn s, «fam
a3 fFrae =91 T, B A G IEFETE ETRTRrSA (Instrumentation) TS 309 4

Instrumentation *%f8 F¢foa A &= ¢

|_:u

Modi
M 1 R 9IS ST (Object)-43 Object Transducer *{Data (,‘omti:n?:atim
i, e, s WEle GRS __L network
ol GfEte o9 =0 @ | TS B [ <
PR (Modifier) W1 e v T aa . o
ek TS W e ot I o | Conwoller hﬁ::;:g Transmission
T W e Ty e we uw w1fys @ Element

oy SfEwmitag WRoNETE Smfiem gt o
It =0 @ cefie o feeS W Tfvemm
NTE wS B AR W gweers 390
FTLICE (U T | ICLPTR B% BoBre @orm
B AT T T AT AU IR |

-

oz 1 ¢.2 TGETE== b 7 TR



forenm R @z amett | qq
¢.v It Rarrmes Frttiem e weives SoifeemieT IR (Use of

. operational amplifier with capacitive displacement transducer) $

4f, 43 Capacitive Transducer-(® displacement () #fam o= YAz =1 291 | ate FEARDER 46
cathe Eg TSGR ¥ FENRBIN-a7 e WB | Q¥R Y (air) FNAAGER dielectric medium T

3G I | J|APBI™, C, =):0-’)-} YA

A = area of the plates
x = distance between plales.

4% ARTIT SIS TGO QIR TS FPTTB-97 WYy WHA (Non-Linear) F=1F &3 I3 §
wiEGsS NI aer 3295 fSTAA0MG @3 W0 AN (Linear) Fo4E Foa & fAeswt fooast 308 Operational
amplifier FRY&F TSAZ BoArant |

o -
A Capacngye

cer
G
]
TI—’—I Op; v
i _ 181} I°
L +
& 2 ¢.v Op-Amp RER wrfibs fmftewm
B A v o) -
Vo %t 1 G
£ _ . — =
Vi TTZ = Tjec, ¥ T Ak
' At
-~ Output voltage Vo= ( - 5;3 x=Kx
C; ‘
- it
Where sensitivity K= ( c AV) Vim.

BATAIEENE B0 output-AQ7 T FAAE FE WA input-9 50 kHz-97 «fb fAUE BB sine wave
AN TR R V(B 50 kHz-99 AIRA GTIS (SIHR ANGT TR, T AR 93 fo recuﬁerqvjsmncwmqﬁﬁrﬂ
f5F1 BAGETDT T =A% e T | 9 1% FFie e oo eramen | AR (dynamic) AR CFGR V,-q
W@Wﬁ’ﬁﬁtﬂ%ﬁi‘ﬂﬁﬁﬁ@FﬂW“WMWmssﬁlmrwmmmWﬂi

¢.q 7% Bwm iew Gfvs GRRE-a% 3 (Radio telemetry with block diagram)

TrAf® Telemetry *OTS qf WM AR | ‘Tele’ T o W@r R ‘metry’ TR ¢ et | wefte, telemetry
o gt el W T G A ofime w3 avwa T GeEE g Rfstam o et gees aw
afes fipgmts 22y 32 T, T4 onE Gfve G 2w

e TR (FM) TITE data-(® Multiplexing 93R Demultiplexing ¥ Radio Telemetry “&fe
QAR T T | Rameelemeuy-cwm FM *%% 3@ foa @ 2 faos ot &1 3

Transmitter

inputs conditioner oscillator mitler
P (VCO)

(4 /i- iy
g { . WA
—>
Recetver :D iscrimi

_ Antenna
= Signal Voltage T
a -
Signal Transducer :b gn :bcon{»ro!led => Mixer |} 208

Discriminator p—» MData
output

Y

fé@1 2 ¢.» Block diagram of Radio telemetry system.

ol b5 dsflaile umm%



4b ' TARACHAA IS AT FHR
w&mmﬁmwmmﬁwmwmmwmwm
“f3Ts BT (SRR ITHIM AOTBA (VCO)-4 (et = |
QO @B TGO MW R-wiER St GpEhne st FEEs SHE (VCO)-a ¢
71 VO S5 3t oscillator ¥ Frequency spectrum-4 ¥1& 301 afoe Gremfa (RE.) Tt &=
Mixer B3fB-q 1ot T | GTF ITHIH broadcast station-Aq Y (linked) A A T ¢ Mixer (ITF TGAGE
afve g GRRETR oreut 70 | TG Antenna- <% WHTH AT propagate ¥4 ¢
Rbifee @B a RifFTeR w RE. FriAerss R 3@ Discriminator-&% TE Modulated subcarrier oscillator
4T Wfews RF. Fraeee ek ¥R Gen ™ G receiver TG output data TR T2 =1 =
: ATWGA, Signal Conditioner-4 Maximum Voltage £ 2.5V
VCO (AW (Central) TFFf3 400 Hz.
. VO ftnm et £ 2.5 V

T, Imfir Gosa (T faftfer (mcclvmg station) G I TR ﬁt’l‘[ﬁm Y mﬁ A O,
radio link-9% TIYIC CRHTarst QfEe <

da%lb TR (]]%Ep

=Ty A<hsy acqza s |p

Y1 ST i Gl Semmeon i #y [ fal-3008, oe, ovl
[Sea P cifirs Totmiimare et 8 '
{i) Object (1) Transducer
(iii) Data Communication Network (iv) Controller _
{v) Measuring Element . {vi} Data Transmission Element.

y1  frrem =R 3 T, : [AfTa-2009, 33, v, 38]
W97l, Singal Conditioning FITH I(? [arefiTal-oot]
-)mhﬁﬁmﬂwmﬁm%mﬂmmﬂhﬁwmmmmﬁ

Pt R A |

o) REGECHAR ST FIE v o
m Instrumentation Amplifier 7S & 3z :  [@rfra-200t]
wmmawmwmm T Zo0 EeE ¢
cﬂ!ﬂ Wﬁ! BHATR |

81 Wﬁ?mwmmmmmmaﬂWWr
[fw P foomny feeit fipwa fovawr o Iwe @ ¢
(1)1'3!%‘1? - _ (i) BT e
(iii) SFTeTEA (iv) csr_mcﬁm%‘ﬁsatm
¢ B Fue S oy R wet e
[S= g st e femmfe conra w1are Qe stUrgw o st 2 |
i MMWWWM&WWWWWr
[v= P Reitnewn =
(M wnﬂm-i-ﬁsfﬁw FAEIOH (AD)
(ii) RrEBm-R-sutwiest FASOR (D/A) 1
Q1 RAGTICeR bty GmB TR Wbl F W Prrom et TRy
Emﬁ@ﬂmﬂw”vmmvﬂtﬂwmml
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R Brrom =Reem iR Semvmerm $
[S=a P f5ft sty wfemnem cfers Temwmeren frgae ¢

- (i) GrifE S (v T =yferermm

(i) e (vi) (Ao fodm
ity fofF 3@ -m et (viij TheTR AR
(iv) ST e i (wBewmf | '
a3t fm=rm R el G Setere s S o

. [Fm P af o wfemfie afen cAfere Sovers g s

(i) JfeS=ma (v 4f3 srafeeRg
(i) s (vi) Cl (RTTGS femgeeea

(i) T e ferafin emd (vii) C7T-=1 foPmomR

(iv) FhfEEm SEAGR (viii) AT AR |

so i EiB FEr e § @Ry [Rfeal-203¢ ()]

-’ﬂf\wxﬂiﬂmﬁﬁrﬁﬁwummﬂ @ fEfE0E SR e side | F WS Jwy
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P S e [AfE-2030, 33, b

B Frmm sfommm Grfei wbire i v s ke e R/ o ’
Boreat SrEsliEe o sfaee w i
TS Syt ww fir ' [RReEal-2008, ob, 30, 33, Se(1fR) Z
(S I T0re U T o e ST, WSS el 7 i o frrm e

X7 WISHEG fEogas GRS TR &) ATWEAE WA SyR4eE 30 1

UG SOREwRIET arawrer $ Rrf-2008, 30]
WYY, Instrumentation Amplifier-9% STASTS! 3¢ 37 ) [afital-300a]
[s= Jp Ttheesem Hebm mures b Wl WS v /T my caa B stew w,
T T Weeel Tuns Afivena s I AW @, O wiE TESKI Afwe Fmoww 9 @ IR
FGEATE R TGOS BHGTATO SHFTUNRI] AT | :

SRR vs $ @mr . [awifEE-r009, ob, ob, So, 3], 39, 3e¢(AR)]
> "Telemetry” ™% "Tele" & TS T : Metry W4 A1 | HSAR Telemetry o T VB@&W
TS e |

forrm wopafEee GPfil-aw gt S w1 - [zif-200¢; 351
ez wze P s ¢.a v |

Instrumentation amplifier % CAHBY (o 4 [Af*El-3000, S0, 33
[ew P 2rGevtm Smfvmmes fffe s et e o '

3 1 ¢1E TPt € oTRA ARG SR B W TS T |

X | T (71EF IS fATeR R fewiafmm 290 I ey 913te TR |

o | f7g wisrmalE ¥w o3 B aee 7@
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>
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} WA ¢.3 TR 339 | )

o Rrrom IR oafs Febmm e I v | - [RIfrR-200b]
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u,3 Wﬁfﬁ'ﬁ TG TS TR 7 ATICATS {Necessity of recording in instrumentation

system) 2

cqwﬁnmmmmc@faﬂmaﬁﬁwwmmﬂwmm@ﬁ:w'mm
YT WG @ T =07 T3 T, DITF TR [ |

ERRTHA Awfers (@R Sy arreiast skewd o wreTs

0] Wmmmewﬁmmmﬁmwﬁﬁﬁ -9 T 93 WA Afamieire
RATFSIE TRIAFTR & ([T AT |

(i) ﬁaemmmﬁwﬁﬁsﬁwmmzmﬂ BI%, INAD, (STHT IS IERHS
“Naiwa [fog e g sy @ 77 i SRAmeie TfHte 317 aueH (FeR 9ES W |

i)y M woatR e At sk o GRS gnreE |

(iv) OISR TS T I (AFE FRIT O (TR LTI |

(v) ER T [ e ww @l va e |

(vi) TSR WSO 1 BIgTd FACE (FFG U7 AT B |

{vii) mﬁmhﬁe%ﬁaﬁwwm@a&m«mﬁm;aim@ﬁﬁ%wq
AT TS T |

b2 %7 T GIFER (Different types of recorders) 8
@R ReiZ 2 GFSR T 7 4Fi7, T 3
Y | SFES GRER (Analog Recorder)
3 | TEfEbE crer {Digital Recorder) |
31 SR YR (Analog Recorder) $ T3 (I &S A AT ool WAETT @ @9 97 ST
WA T ST GTANA WA @ o e Fiodw IREe o wieet s s fon
HFF | Y-
) Af¥F GFSR (Graphic Recorder) 3 (1 GFETR AT W (W LTAA (SRATRGT @I 34!
' W, O LI GRS A |
(i) WPTMAFT QPER (Oscillographic Recorder) $ (1 QISR WUW (I ATAA (SHATRED
AT TAR Y SETHTR 708 B it i1 tofd 20, oies slwmaifs @osh e |
(i) TR @ @FER (Magnetic tape Recorder) § (4 I (A0 GBI FHGKT FTw
HATSITS WA HAGRA T T, mmﬂmﬁ,‘acﬁﬂ FAIC A |
s @R 3 2919 | 79—
() & oiF GREM (Strip chart Recorder) ¢ (1 FFCA TTR HALITH qIB0a (SREIETS @I
A0S AR, BEE G 5 e 2
G X-Y caasts‘w (X-Y Recorder) 8 (8 PSR (=1 =3 A el aR 9T T gifeE W
(SR @IE TS ANZ, TIF X-Y (EER T |
339 of5 @osH R 8w | 9
() MFSTARGR B2 (Galvanometer Type) $ (T @FEH oarw ﬁﬁms B AT, STE
TSGR B e 0 | o
(i) ¥ 51 QIR (Null Type Recorder) 3 (1 QISR (SRRTRER AR w407 g0l oA @IS
F0A, TIE A GIRH RIS WA |

s Baybl biogen)
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THGTRTT A SOTS ST 3G
= Bid s W o germ, T-
(i) soAMMefaGra BiE (Potentiometer Type)
(ii) Fror T1EA (Bridge Type) 9,
(iii) LVDT G¥%R (Recorder) |
31 fofd™m @M (Digital Recorder) § @ WAR (F2<TA fEfabm w1 Jamwa =1 I o1 &o™ @
“4fEa WEES fefubm zu w3 cwma fefebm Safae ragm wmzu )
SRR AREPIE (TFERTE TSR S 321 T, T4 ¢
(i) Brwm % @WYW (Single Point Recorder) $ (1 GRSA FAUR W «afbwm «fimen
csfanees ¢ 30, O Fiem ool EEER Im |
(i) TGS Gl (Multipoint Recorder) $ (2 GRFEH «3fid (efimems @3% W, THF
T ATEs GIER I (
s AR SRS T3 WFW A 301 T 3

Y R
|Anai0 Rccorderl Digital Recorder
Y
v 1 v
[Graphic Recorder} | Oscillographic Recorderj| Magnetic Tape Recorder|
v v
X-R Recorder
Y
{Null Type Recorder| Galvanometer
Type Recorder

|Potentiometric Recorder| [Bridge Recorderf [LVDT Recorder]

v, fli%t BiF GsiTm IR (Principles of operation of strip chart recorders)

4 50 goeE a3 gFm afere G, mmmmmmmmﬁmmtrﬁmmﬁm1
fex s oA woom &

Stylus Indicalion scale
drive (optional) ~
© system Ll L L LI LTI
Stylus
To control circuit k\
{optional) S /Chart
Range ) A
selector | ¢ 4| Chart
L5
== *\"‘* spoed
g ) < selector
nformation
{ ﬁ:) Paper drive
to be O mechanism
" recorder

f&R £ .3 Strip chan recorder



IO fafem we : Pl

& vl a3 Pise eterm it ¢

1 AT (AT @3 TR Rotl) 4R, M S 18 v ¢

R 1AM QS TR Poits R (move) o7 HiZS (@it (drive mechanism) ¥ |

© 1 FT (o1 SBII (pen stylus) ARF, T (511 CwIfereraces 7 30 a9 BAGHI TS (move) 30 |

81 3B SHRPr JrEfer creifiverm ot |

¢t 9F% e e 535 o . ’ ’

A 3 Qe Frr R e @ BRAm @im (stylus mechanism)-a3 8T (spead) fidiow zat @g |

@ BT @FE FAT TS T, ST B3 (weifeny (stylus mechanism) OTHI T @k ¥ B=efp
Prtee s Xowrsw fore (X-direction) J© I | FTEfG @b M8 5T (Constant speed) Y-S JA1aF
(Y-direction) T FF | ¥ I Boiea o5 Bimyieem 936 il T3 =i xw

.8 X-Y G Irfafs (Principle of operation of X-Y Recorder)

xwmﬁasmm@mmmﬁmmﬂmﬁmmwmmmﬁwﬁmﬁmmmm,
F X-Y FFCR A |

&= (Construction) ¢ oo @B Xy i stdm cmtiont weet ) @ TR R @ (G AT
ﬁﬁﬂwm:m@ﬁﬁﬁmmmamtwmqﬁ%mmmmumw
wmmhﬁﬁmmmm“mm@wwm

IE@ (Operation) ¢ X-Y Goe @3 T BT TH Bt o o @RR-a3 o o e
wmmmmwwwﬁﬁﬁmmwﬁwmaﬁmmww
wammaw@ﬂjﬁeﬂmmm’w)ﬁhmmsm(cmpper)—ammmuaﬁﬁfﬁwtaﬁmaﬁw
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%mmmfaﬁ%ﬁa@m,mawﬁmhﬁmuvmmawmmmmml ;
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-
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v8 TTREACE TS AT FTHM
».¢ AT GFETET IR (Principles of operation of magnetic recorders) 3

O G GG (P TMEDE Gl B TMTADT IR (Action) WIS (FW  SRGIW
BT GRER TR GRFY 31 T 9 RIS T W) (RS TR 56 (B T e & fregens om
Besw T2 T, U2 AFF CAFCACE WIS GH G T ¢

IS (Principles) 2
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“fom Ay ¢ PR CRE GRebim SMREAR-G M Reeeed ARMORRY (Measure the .

displacement by linear variable resistance transducer)

BTHT (Objective) $
fafn i g @GR AGfrsoram e+ vty IR E ffa
TEH® (Apparatus) ¢ ‘
() @ Qg
(i) 50k *Bfrefitm
(iii) TEfEbE cerfit:
(iv) caferGa
(v) 0-30Vdc Power Supply Unit
(vi) CHZF IE b AN, T
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45° R I T AT TS TR, @E-0°, 45°, 90°, 135°, 180°, 225°, 270° 315° aTR
STBAPERBIR 7 (IS (TSR Fim TS 2, TS WIAR CF TN AILF |

3 | ATSARNERBRE U7 AN STSTS (PGS T 8
© (a) oue AfES oTRE V.

* (b) CBIYT V, 9% T 500k CFTC FLG |

(¢} CBI®| V, €F N 9.1k (TG T !

| oy combeaTe fRiYRR I w8
Angle - Theoritical Vo | Vo open circuit Vo (R, =500k}

0 0 0 0 t
45 143V 0.37 037 0.27
90 2.86V 2.19 2.13 1.05
* 135 429V 3.85 18 1.38

180 572V 5.64 5.58 2.4

L 225 7.15V 744 743 3.71
270 .58V 894 ’ 9.05 6.24
315 : 10.01V 10.01 10.01 10.01

T (Conclusion) ¢ '

(i mmﬁs&aﬁsmwvlmawwwm|
(u)mﬁﬁmﬂﬁ?ﬁeﬁﬁﬁﬁﬁﬂﬁﬁﬂﬁﬂwm AT |

g3 | TrfGenas wm & F wien wfefes @ wme
o3, | SRS i Betmet & He




. TR .>8=|.

TR
AT w3 @Rt ARG T St ARNEEt (Measure the temperature by resistance
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7% (Objective) ¢ '

Resistance-47 *If¥a<7 61 SivmiaR A TREYe 20 A (T A + Ve temperature coefficient AT "
HIITN SHmia #Rmis == A

TG (Theory)s . 109

TR Sl AfRSR @, wua ARREn @Robmm 10—+ :
AR | qw, AN g GWRBR - . |, Thennistor
RBIS WfEPy (rp | 9 @3 S e &' -
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Ro, = 0°C SMTE &y :I ~1 | Platinum
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| : Temprature °C

o ¢ 3.8 «ffsran ferstn = m G 7
The resistance thermometer uses the change in electrical resistance of conductor to determine the temperature.

BAMIYR (Requirements) 3 5 | QHRTE 2 | 3w, Sto? =1 o | MBRDBH 5
four (Figure) §

ey (Procedure) ¢

# | Resistance thermc:)metcr-ﬁﬁs 9T Bridge circuit-« T& WIS L gl

31 Bridge circuit-fit® Zero M Balance condition-4 Balance 3T L1 S I

9| O3 Resistance thermometer-BTF RSy Semiafafes «nfors fmfers a s wnre 22
B 1 Temperature-99 FIH resistance thermometer-97 resistance-AA I~ 9% 9 |

@+ Resistance-9% #f4a¥ta TR Bridge-% unbalanced 28 a3t terp. measurment F91 JI¥ |
ot (Precaution) s

31 Bndge-ﬁ:‘ﬁ PSR Balance FACS T

X t Resistance thermometer-f69 &7 Li nearity 908 A )

WY (Conclusion) ¢ -
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WA (A pparatus) ¢ )
() & wfita L) e iRt
(i) fow (iv) I IS
(v) TERaBm wfGfitn (viy R
B (Figure) 8
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e (Working Procedure) 1

>t BT 78 o TS Ta R SRTE-a3 @Y 100V ¢S iR e T
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v fefebm mEfBr e Ambient Temperature-& 6 Af5EE EReim ofime a0 TR w7 T
fAT5 o181 TN Ry, (ANP) = 370k
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e 'EFTl!!lTcmpcraturcRcadmgtﬂ?lW’llSﬁfﬁfﬂtwmltﬂ'ﬁiﬁl-\ﬂwmﬂﬂﬁfﬂ?ﬂi
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A) O¥F LN 3, 4 9T 5 a3 o ARTESAb mRfe e T w v Gl e o
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displacement by linear variable differential transducer)

B%"0 (Objective) 8
LVDT. 9% 739 @ wrfefaru =i wH 78 93 B, (Figure) 8
* LVDT-4% S Roesier® sfme q&fe seid Output Vokage o———
Wl ’
AN (Apparatus) $ Secondary ———l Secondary
5 | CBEB (PR (9mm dia x 90mm) LAppLa pppl
'y 1 e PSR AT Lo
"o | §HEE F9R SHE (0.5 mm dia) ' o
8 | Tyl O+
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Fa
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b | WEHTETTER
q ; fefebm iR :
v | f5fSa fBas3aa
¥ (Working Procedure) 3
31 COARD ACSR TR (191 WIGTT R ST Sello lape MO secure ITTI WA |
R CHAEG AS 120mm x 90mm thin Cord TR WHITS TR 4R 120mm Cylinder (ICF FFAATT IS 202
9| WWE 54 Pack-9 (TS WA 9 & IWA (AR Sellotape or Insulating mpe T ¢Afbtw
fapmeres arirs TR
81 (WARB (P (ACF (MR FolfEr AT 200m x 10mm FITET Strip AYSF IFICS TR, Sello tape IR
TS WA |
@1 @€ LVDT <939 XA Signal Generator-99 10kHz 93 ™ R CFSA SR Sroifabres wme
FROA TS TR | (RAIRG (FTA BoGE I G50 comod s au
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CENTRE MOVING LEFT MOVING RIGHT
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gmm
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10. 16mm

e (Precautions) § C

Y1 @A ferrite rod-9% T ANHASTA paper TS A (A, round-F® paper-a% &2 rod- & wara
movement FETE LA

R Circnit-93 ferrite rod- 43 ¥RYMA movement TS T TR &7 ARFAETIN output ASTH AFFEITT
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R (Conclusion) ¢
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‘ SRR AN 3 ST AR St R (Measure the temperature by thermocouple)

Y (Theory) l_

31 THERMOCOUPLE ZUR (8 (¥ ufb dissimilar metal-49 &% Junction.

%1 9B THERMOCOUT'LE-93 Junction-f80® CONTACT Poiential EwIm «ivss |

© | CONTACT POTENTIAL JUNCTION, TEMPERATURE-4® A4 Rw vfsafés @)
8 1 THERMOCOUPLE-G® temperature sensing 9% CONTROL CKT-4 JIg I & |

Lo {Objective) ¢

icfiaen WA GoAitania IoRe FED ofrerd 3
S| w%aimﬁﬁww
| ANGHE G- (a) 040 V DC, 50 mA, (b) 6.3 VAC, 2A,

0| YmaGfEe T,
‘81 ST,
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iy {Procedure) ¢

31 ELECTRONIC TRAINER BOARD f#Q CKT DIAGRAM Sl CKT =g TS TR |

3| OP-amp-493 Qutput Voltage 40V DC-C¥ adjust F90S T |

© | Input terminal-2 6 § VAC ATIAG FIS TR

81 R, ® 7 A2 QNTCIR adjust FACS TR TTF 468 71 DS 1 T 1

& | OP-amp-9% Output Voltage oscilloscope- 49 saturation level + 12V *f§ R 1 €% adjust A0S I |

b1 R e 9 e TS TR

9| WE FATIT A DS off WH (TCS =N | ¥ 1 70 T F12a Pifdam e 3

TR (results) ¢ '

31 @R procedure (UF widfte, 144 R |-(F adjust T T, TIF T OP-amp-LF Positive divection-4 Saturated
AW, T K, (relay)-(F energinzed T ) T K, heater R, ¥ DS1-(F &S Voltage-97 ANY TF
FH A3 R7 thermocouple junction-(F TUd TS ST F0 |

3| THERMOCOUPLE ¥®€ Z&UMH Output Voltage & (TS 4TS + OP-amp-97 differential input voltage
ISP negative saturation ¥ FTF e 31311 & FRCR Rclaydc;crtcrgizcd TE, U1 R =g DS1 (F AC
VOCTAGE T® fteg 334

O 9B THERMOCOL‘JPLE-UIH e heating-43 ¥ K, alternately encrgined YR de-energined
T AR DS, -(F aliernately ON/OFF ¥3 |

3&¥E (Precaution) ¢

Si IR e oy 3R Rl W e 39S TE |

3| POWER Supply IS 3% a) (af¥ 71l g0 (W o7 qriTs 44 |

© | CIRCUIT OPERATION Bewits »nfraws e za | |

81 AR, Hrwn Frarem R 1 smw s w3
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w8 FEOTVR I 7S W AffiEi®t (Measure the light intensity by photocell)
BT (Objective) $
TR MK SR ST SRR T Q3R #fEe F=41
AT € A (Equipment and materials) 3

3 1 2GR FLR (0-6V DC), & 1 CEPBINOH, 0|G|Tff§lfv‘ﬁ 8 1 FT, mWﬂ?ﬁﬁﬁs
HEG SR (Circuit diagram) $

fom s sas

FEaH™ (Procedure) s
Circuit-Tot% @ Trainer Board-4 TN Miniature lamp-43 input-4¥ 6V DC supply 4TS 202 | Miniature
lamp-93 ARIA Q3G photovoltaic cefl F¥% ¥ A3 AN AT milivoltmeter parallel 933 A3 resistor-(3 SIHA
R series-4 FLT FACS ZE | HAGE7A photovoltaic cell-TR ouput voltage-43 current measurment A0S T3 |
mY-93 across-4 resistance change WA JAAMW cefl-&A output current R voltage firfa I O @ WA {ew
g =TT 2@ '
TSITY AR resistor ARAEL YT LAV #1E A7 TS T Mamﬁmﬁf“wwm [
19 (Calculation) 8
Resistive Qutput
load, O mV mA
10
47
100
270
470
1k

LTS {Precaution}

1. Ammeter 4R voltmeter #1$ (TR % 4. ITHETA S TG @i f e @

2. Supply voltage TS 6V DC-43 5T A M T} GIfTe ¥ TTS 203 |

3. Photovaltaic cell-4 TITS FEFEIE 1k AR7fen St Afes Tu G 7 TS T3

4. uA meter-9 series 43R meter-43 parallel-& FLAM e

5. Careful ¥[FTS TR (T AL aﬁmsrcacmmﬁwm Test F03 CTITS Z0A |

TS (Conclusion) §

G AT WY TN SATS AN (W, photovoliaic cell-43 load resistance qﬁi LA voltage qﬁi It
&3 current ZF1 M | &g Resistance TG 77 power a3 B value 1S I AR AZI oA |

24-3 | TOSIHIZE G7A 93 1S J1?

Y% | SR RS WHLSHHIRS (T CBToTe i ~aaea Tz
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sfrwR A § TS BV AIETR B 1T (Study the operation of magnetic tape recorder)

B (Objective) &

Tape recorder %A aFT electronic 7AW, TR AWM sound wave-

® polyster BT meterial- 47 4@

magnetically record A1 T G W0 7% sound wave-9 +fre T TR 9 T{Hﬁﬁ Fourd |WE @}

experiment-Q3 A SR |
##wR O (Theory of the experiment) $

Microphone-43 HATRITR] “‘[ﬁ":i =% 1 sound energy T¥H amplifier-T3 TGTH amplify TE RP Head-a TTH ®¥S
& Head-9 audio signal frequency St Magnetic field 8 =1, T flux BTR Head-a7 F1a03 =K I0a ¥z

Ty fATn Bem

Recording 9@ playback-a? & (&P Tape F
Head-9? 5 fatn v fre T8 TEE Recording
@R playback-43 & B sfere e frs =)
Rewinding e (T WAEA tape-(F "IL'J'*'FW s e
6T T @ fast forward winding TER (T SR tape-
@ Fomfers AR afficd G W :

Tape recorder-a3 A weeifS T Motor | fHREM
c¥T 27 DC motor T ¢ Motor-07 Y (B o
pulley fit ¥ AF, TR T Belt (ABTC] AT | Flying
wheel-g% 53 #§ (33 TrS] WM 4TF, TMEF Capstan
A | Recording ¥ playback-<£3 ] Tape recorder-9%
FZBGT oporate FACA 0% capstan-43 WM QT
Rubber pressure roller T& T, I3 WFIACH Tape U= |
Capstan @ pressure roller ESItd Tape-(F 53
Q%% fS0S Head-a7 &5 fTn (BT o1GR |

Tape —]

Pullcy

RTIE¢

Bel

lFlywhec

o

Motor

Pressure moller
P4
Tape C}mﬂn
fid 2 ya.30

Pressure roller 5091 tape-92 (518 (A" T @™ @ pressure roller 8 Capstan-89 TR Tape TSI CL|

oICE QTS BT AW Stip 7 S |

smp

Mic

RP Head

)

RP Head

F P X
é\hgﬂﬂic Lape 5 6M8gﬂclic*-?pc S

fem ¢ 33,53 Playback

f6 2 34,55 Recording
B9 (Requirements) t

> 1 (B (RFET (Tape recorder), ¥ | NS HAMR (Power supply), © | THTAGE (B (Magnetic t2pe)

WS} (Precaution) 1
GRS 8 co-TrF crfE

y | AFRe 8 (AWF-9 TITS WIWET Ty IR AIYA IS LA |
3 | (T (@E TeER FEA *ﬁa@’mﬁ erase ZCH AW AT magnetic field rearrange T4 )

ST (Conclusion) &

9% experiment-3 TG STE magnetic tape recarder-A9 {ﬁ% TS AT, T SRERS TS TA |

2y | MTADE T *fF T o

—_———
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AFFT TR ¢ THAT IEREAS FGP FebT 5 3 A% (Study the operation of analogue electronic
control system) :
B (Objective) 3
QIB @WBT 8. IFRQAT FUGHHS FPE6IRE Fitd TORTEA T Servo control system 9 Electronic
control system A RN FTS 1 |

0 4R (Basic concepts) 3

WA Wi, (7 &E TR HrEd AGSTS Computer AIGE TX | Program-A AT 4S5 automatic control
system #fGtEEl ¥ T W7 ISAMA computer T Servo control system AR T AATT T 9%
3 FIW 93T microcomputer TILA 1 T, TCS D2000 1wF DIRECTORY-CS Terminal F&F Subdirectory
program TR P servo control teft s T :

BAMITATE (Requirements) $

3 | Microcomputer, 2 | Electronic Control System Module board, © | Power supply unit, 8 | Connecting cord.

WY (Theory) & -

Poximity detector &R ultrasonic AMTE Qg BN a4Fs T | a6 B#1-BR9WH program- IIGS T |
3B =@ AH*S T piezo-electric =T FIMA e g feemey AfA3R¥S T 1 Gain potentiometer IR FA
voRTER fRTreTes STMEs 9 T |

-2t (Procedure) 8

et A 9T AR program-< T AT TR |
CDAD2000 1
TERMINAL .J

" Use the | +| and I__:] key to select "PROX" and press the key.

Gain control clockwise TTHEPT TETR *T Alarm (IR SO, a¥7 9 T | RANSYR clockwise TS AFR
Alarm TF 911 T9W 19 |

+&fs SR BT WEEH I | Ultrasonic ST QR (EF-a7 A% 10 cm @7 TN ol @ = )

When on object is detected, the display will change to—

7t [G] key o5 773 &0 O3 «F AR ciattalB o 7R « Betetifire W centatafy [+] Rt [] key R
I3 o= w=n ama |
%Y (Theory) 2
% Bo-Bretre cettarilB AR i R wltrasonic (23R WA ST WROTH BT (RTEY AWA g e 0 )
a% narfS R R FW @FFR ulasonic pulse AR AbA AT afeufirs wfores TR fFom
TR T Gain potentiometer TSIRRISITE T clochwise qF WT! (B 41 TfE® | '
© TR (Produce) ¢ : '
(3) CEnElITR ST FATS R4 |
{2) Gain potentiometer TRRA clockwise- 43 ATST AT B |
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R EIE AR AT AR WAt Tmen 2w ua wRive T =T e Segrst 3% An ) 9
2RF LED (W% Wfovmd I IR ARIFS [SH 97 W o o1ty | I Sogen wieemm et oo a3 AR
IR, W TR F ICE G T A1 TR SR (7P LED Tere| 1 IR o [SH @3 T (TS AR |

TS 1 ISR AT FACS A IR, FIPIT (NS PN A=Y freaet cmm s
fAotirs et wit

HEABIER S key (5T T FA Display (THIA | [M] key ST Display (FHIGT ¢ -

——— - |

23 | Srerefire FeREtEs ATy S I e
243 | T FTEEeR A

sfirer w1 ¢ ol et Prebom TR Grem ot e Wl o ikl -ffaﬂ(Smdymeopemﬂon of
closed loop speed control with DC servo system)

7 $ ED Laboratary Model ED-4400B ¥R fwi®g® DC ¥ Q&R I<aw =3, ﬁ’rmr%mm

A |

DC cior e, 290 Fnasiiies, mzﬂmﬁﬁﬁha«wﬁwuﬂ wffer= zrREmR R I | eAR

fofes Sranyrarm s
>|mmﬁwﬁswmmm|
21 DC (N5 Foie @2 e s iifes [pe 3w |
o 1 aters wot @erinergims woft = .
Introduction wkh ED-4400 servo system $ 73 Z5ifre «tfwrin oo fve fRofrmmg tﬂﬂl Ll
T B ED-4400 oozt gramefice srodfom s sweat fave @ )
» a3l 48w B T Module (F Panel A7 U WIS 391 T, TF GINIH ATOIF Modules % ¥
fafWE @@ S 4 7 | IRLFENT FRAYTS! Moduyles ¢ 9 Fa1 TN |
> IEFR Servo motor ¥ Poteritiometer QT3 WU AMA TRYTF I T, TH= 51 Fidvens xoom &
mmlmmmmmmmlmmm%ﬁﬁmﬁﬂmﬁmmm
ﬁc:swn
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\ 3y TRUALTA WIS LT FCLE

> g5 MEH™F Servo motor NE fTE 1A | Electronic break seb (U-163) €3 3 TR 1 fawi=m
TS T (3R F19B1 o-¢ FTw =ies | T
» Taco generator (¥ UMEFSIA servo motor 43 ¥ I& I W OB AC Voltage ToF IR a4
frequency motor RPM @3 AT ¢
» The taco amp unit (U-155) frequency (¥ FRATR Voltage F4E3 IW F/V converter-93 WA |
Converted voliage-01 feedback signal eI Trag =21 &1 | )
» WA Power Supply indicator unit (U-156) 5% TH, T34 SR o TR Cki-87 WSS Currrent 23fE®
T | SCHAR, Power 31 9% S8 TS W W Overload 9T ¥2AT (5F FCE WA
0% OER JAFTR 7Y ATH Rotating speed (B Volts TP 2P I T, (WO! speed 97 FRAIEF |
B« el ATE BT AR @R (U-162) function generator € THITH ramp signal TRITg I8, ot
ofp faaa ora T :
» Wedd, Oscilloscope 9 Internal time raference-D1- SHE[TRISAY |
»  Wiring diagram (9TF £ |5V Power Supply T% TS T3 |
Basic Theory § FIWRTSIA (ITa <30 ¥, W
el usfer atmm amids F+%a #a |
fefr uibr @7 YW FIAMweOTE TG WD fEs
SuEfr, g W0 WG eWRISL ( Winding 97 T
i Ielis RS s veud Fwd Bl pYeE
@ 5 Treorg w1 40 Winding THIE RSUR T
ED-4400B G371 BTty ¢ g gl FNeea Ty
firs smfse yrefrs <@ f5m 3 32,50

Experimental procedure 3

31 Refering to the figure 2 and 3 A3 WiﬂTﬁT moduie-B1 flat surface T4AT ED-4400 FSH A7 Gorfarsmy
Fargait 2o IS WA 9 A e I

T+ 15V

Motor speed

&

I

Input \rolrtage

<

+ 15V

Al

@_ Frv

speed meter Y

G
o

&2 3 5,38 Equivalent system diagram of objective-i
31 Tacometter U-159 9@ U-155 meter 93¢ GND (% #raM e @3 )
® 1 U-157 (3 18° (T (70 7S UA |
8 1 Verify the line voltage (220V) U-156 ¢ live cord FREAIM e e a3 Shad T35 1 IS TR |
L1 U-157 (3 R S ofr #6m T TS o IO | oy (Niba 5 o S U-157 &7 input
voltage <92 ST record LS WA |

81 U-175 (& %3 F0@ 0 & A Input Voltage IFITS LA | input volage A &F Volt AGITATT U-
159 rcerd F90E WA

9| (NGRS error FWIATA &7 #AHT 5 (AT 70! FTAFMA Repeat FACS TA |

———————
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W, Sensor 317
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