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5. Input variable to Qutput variable of Principle of operation Tvpe of device
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(1) (2) (3) (4) ()

1. Temperature Voltage An emf is generated across the Thermocouple
junctions of two dissimilar metals or
semiconductors when that junction
is heated

2. Temperature Displacement There is a thermal expansion in vol- Liquid in Glass
ume when the temperature of liquids Thermometer
or liquid metals is raised and this ex-
pansion can be shown as displacement
of the liquid in the capillary

3. Temperature Resistance change  Resistance of pure metal wire with Resistance
positive temperature coefficient varies Thermometer
with temperature

4. Temperature Resistance change  Resistance of certain metal oxides Thermistor
with negative temperature varies
exponentially with temperature

5. Temperature Pressure The pressure of a gas or vapour varies  Pressure
with the change in temperature Thermometer

6. Displacement Inductance change  The differential voltage of the two Linear Variable
secondary windings varies linearly Differential
with the displacement of the magnetic Transducer (LVDT)
core

7. Displacement Resistance change  Positioning of a slider varies the Potentiometric
resistance in a potentiometer or a  Device
bridge circuit

8. Motion Voltage Relative motion of a coil with respect  Electrodynamic
to a magnetic field generates a Generator
voltage

9. Flow rate Pressure Differential pressure is generated Venturimeter/Orifice-
between the main pipeline and throat meter

of the Venturimeter/Orificemeter
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The resistance of metallic wire or
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An emf is generated when external
force is applied on certain crystalline
materials such as quartz

Variation of the capacitance due to the
changes in effective dielectric constant
Sound pressure varies the capacitance
between a fixed plate and a movable
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A voltage is generated in a semi-
conductor junction when radiant
energy stimulates the photoelectric cell
Resistance of certan semiconductors,
which are light dependant resistors,
varies with the intensity of light.
Secondary electron emission due
to incident radiations on the photo-
sensitive cathode causes an electronic
current

Resistance of a conductive strip
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The difference in the frequency of
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of ultrasound known as Doppler’s
frequency shift is proportional to the
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Hall effect voltage change is produced
across a semiconductor plate in the di-
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1. Maximum bridge excitation =20V dc

2. Recommended bridge excitation =12V dc

3. Pressure range =200 kPa

4. Bridge output = 0.1 mV/V/kPa

5. Accuracy = £0.5% of FS (Full Scale)
6. Repeatability = +0.2% of FS

7. Linearity and hysteresis = +0.4% of FS

8. Thermal zero shift = less than 0.02% FS/°C
9. Thermal sensitivity shift = less than 0.02%/°C
10. Bridge resistance =350 Q
11. Minimum required impedance of output for

indicating/recording unit to be used =2 kQ

12. Overload capacity = 250% of FS
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Paper or silk Nitrocellulose Cu—Ni alloy Useful up to 60°C
Bakelite Epoxy Cu—Ni alloy Useful up to 200 °C
Glass weave Ceramic cement Ni—Cr alloy Useful up to 400°C
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Resistance Strain Gauge Bridges e

L3 Strain 5l a6 i a5 gl sSa cd Ogids b SO Sl tend Yseme zeslie sla Strain gauge

e S Lol Gl s SO Sy seon s S (68l Olg e 1 O cae sl

Balanced Bridge

Sl g =0 3Ll 35U Balanced bridge ¢

A
i
I N
R4 R>
—_— R
E— D 0 €y © = B
R4 R3
AN “,
-« C

f1+f2

Unbalanced strain gauge bridge .¥+-¥ |<a

€ = Epa —Ega = € =hR —R;
R +R, R, + R,

_ E (RiRs —RyRy)
° (R +Ry) (R, +Rg)

R,

=

R _R (Null condition)
R, R,

45 e s 3lulel, Null condition Lal e s Blawl O smess A2l
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ol ;w5 Ry 5 Ry ¢ Ry ¢« Ry slacwslis S

e —E [(R, + AR )(R; + AR;) — (R, + AR, )(R, + AR,)]
° (R, + AR, + R, +AR,) (R, + AR, + Ry + AR;)

e R N (LR

e E R1 R3 2 R4
° (R, + AR, + R, +AR,) (R, + AR, + Ry + AR;)

[RiRs{(1+

Full bridge configuration e

1S e eslanal OLLSG odda) & axws 31 Strain gauge g

Active strain gauge :R, s Ry« R, « Ry

ARy AR, AR
R R R
(2R+AR; +AR,) (2R+ AR, +AR;)

ER?( A—R“) +2nd order terms
R

€ =

E

. A_Rl_AR2+AR3_A
° 4R R R

Ry

5 )

: Full bridge configuration ;L i 35U, F:(AR/gJ b S day s L
: DLIBL LS R S0 DL

EF

Half bridge configuration e

Active strain gauge : R, « R,

External sl slacwslis (R, ¢ Ry

EF
[& :|Ha|f bridge ~ 4 (&1~ &2)

Quarter bridge configuration e

Active strain gauge :R,

Dummy gauge : R,
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External s sloe glacwslis :R, 5 Ry

_EF
|:e° :Luarterbridge - T &

Full bridge strain Gauge ;s 55 ;2 6l S8 0L ;>

L Lo 5L sl 55 o Sesluil b Oly5 e 1, Deflection mode ;s 5 ,> Unbalanced osiss | 5o

230 Cewsts Sl Ry s Conslie (glls S 20 51 J8 51 (6 508 OL 2 (5 1S 03100

(M

Unbalanced ¢sss o YV-Y IS

oy Jolee Sl s 20 8l JE 0L o asles

FeQ 1o
A I A, C
Ry R, (e
D B R 2 AAAAAAAAAA 's
N Ry Ry Ry Rs
R4 Rs D g (eoos () Ri+ Ry R2+Rs3 L Re
i \ :
0 | (o]
() (b) (c)

J..:: )‘J\A DL U"}S J)l&é &;\A‘)uﬁ VY—Y K..;
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e e
IG =—0 = IG = 0
RG+E+E RG +R
2R 2R
EF EF
& =—— (-6 +&-4) = I (e1—&2+&3—54)

°T Ty T 4R+Rg)

159 (6 S o3Il Ve il JIE 5L 9 e p StTAIN gaUGe i s 5 &S S sd

Vo =I6Rs
EF R
= o=4(TR?)(51—‘92+33—54)
G
EF
= VOZ—R(81—82+83—84)
4(1+—)
Rs
J}QL;G eo )b)‘.o\ﬁjwjf\f VO Q)jﬁpw“)é J).».il u.ajﬁ RGZOO ;‘
EF
= e, =V0=T(81—82+83—84)
R
Y/ 2
ac
carrierE\'>
R4 @ £ ‘
Strain frequency

o Oscillosgope Carrier
amplifier orrecorder  frequency

ac bridge yy-¥ J<a

Az SO1S S s anul 21U 55 Drift sJUS 51 gl ac sl ks« s g5 33 o Jl
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Dummy gauge ;i oslicnl @

s Gauge —.lw s 5 L Active gauge <G 31 i 5l eslazsl @

J;

Gauge 1 —p~
Active gauge

Gauge 2
(Dummy)

Dummy gauge L Les 3Ll =Y ¥-¥ |4

i o e 5 s s Dummy gauge R, Js cwles a5 50 s Strain 5 ,ae 5> 5 Active gauge R

.CA.MJLGJ

S 5,8 515 gusb Jiiuﬂﬂurs S5y Sl S Lol LiL Dummy gauge R, s 53U po2 I s

A3l andls cosl Ry s 4501 ke g strain

R1 R2
+ —
(c)

N
— Output 4
E T R4 R3

Strain gauge with 4 active gauge Yo-¥ |

Al e G o led Ol il (S sloe L3l aen adsl slacueslie STTO-Y K3 s
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&k Dynamic strain s ;.So31l sl ol p3Y 555 (5 So3l0 L Static strain o oK oles Of

A,ls 5 42 5 Configuration 5 sy S 5 bl (S glol e @

.(Jb&%;éh%&»)&j:rﬁ\b)aﬁbfﬁj&%—ﬁjwﬁu °

A= 53 YL Accuracy Ol pesdle 5 o3 sk slaaaslie gl)ls s Wire type strain gauge o
Al +£0.05%

Transverse plane s oS ol Coamlem 5 0l SSeslxulstrain g 3 YU Sl Coslu @
W ls

35 Jate i ged 4 Ul mba @

S, 55y e e (sl Strain gauge leslaal 55 @

Als pe-Gtime lag 5 Y Pl Lo @

Aols s 107 6 VL LS 5 sul 5 oYL Fatigue life o

A Solus 5 1,08 (Skul sla Strain Osbolis & 56 @

20l gsla aad sla Gauge L +1 microstrain 45 . sla Strain 05 b ol Sl e

.Cwwl £10 microstrain .|, « Wire type strain gauge « Resolution J> I L .ol

.LACL...{.)}.\}M

A oSS 5 b s Gauge ol @
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4 Comd odizea oYL L, Gauge factor si)ls Ls Semi-conductor strain gauge 45l 555 L @

.LA.)J.US

.l Stress analysis o s> > e ol o
.xﬁ@obw‘w‘éuchwc)j%cjﬁ()wéﬂfcj‘x‘)) ®
microstrain 4 . ;| 0ol la strain .l 5 0 YU cowlu> L Semi-conductor strain gauge @

(G 53 055 S8 Sl 6 S o3l oS (6 pS sl 1 #1

Strain gauge arrangement

12d 8 ks b Jele 53 08U S (b sle pate S50 sl

S dal uculs) kg s 5IYO-Y S

3 g gad Ol bes (gl e .l AXial strain SSeslul sl Gauge R, « (@) Y£-F S

Transverse |Js« R, s Axial tensile strain |Jsa, R, .>,l> Active gauge s « (b) YP-¥ |Sa

g Oy bes (gl pts () LS oo 035 COMPreESSiVE strain
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/Elastic member

P < | IR, S’—)»P E—Eﬁgj — >—>\ P
.l 1 J

Quarter bridge arrangement(a) Axial force (s ,.So3lul gl 5 O iy L YP-F |So

Half bridge arrangement in Poisson’s configuration(b)

P«(—é ——R, 2—>P 4—??2D:|F1'1§—>

S i P—
; _ i ) : )

Half bridge arrangement(a) Axial force s ,Se;ll sl 0 smds o YV-F S

Full bridge arrangement in Poisson’s configuration(b)
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Signal enhancement factor =2
LS 0 Ol 1) Ly ol o5 5,05 Active gauge Sl « () YV-F IS

Signal enhancement factor =2(1+v)

Force P

Ry, Ry

R,, R, Elastic Member

L R
— &,
()

Sy

h\

50 S Se3lul sl Strain gauge arrangement YA-¥ S

3,5 (6 »Se31u! Elastic cantilever <G 5l eslinal b 015 o 1) P55 0 FA-Y S
.Lz.a Compressive strain ¢!,ls R, s R, s Tensilestrain sl s Ry s Ry

Signal enhancement factor =4

S o e |y Lo Ol



&CONTROL ENGINEERS
Dedicated Control Engineering Platform

@ Website: www.controlenginers.ir

H © Telegram:@controlenginers '
Instrumentation S

COPYRIGHT © S. Ghaemi
University of Tabriz

Force P
H1 H2 i
—L L | E—
] 1
R4 R

Alternative arrangement in Poisson configuration .¥a4-¥ &

Signal enhancement factor =2(1+v)

¥-¥ Jles

el sl |85 5,8 0 513 5,0 Sl Cos AXally [ sbas a5 S 5 ooV 58 Sl nal Gl Load cell
CEM S Ol 1 Loy Ol s ) I a5 Klods v Ol S35 sk Strain gauge L
Cenglie ol 0.3 O gl gy o 5 20710 N/m? 5Y 5 Young’s modulus « 2em? . Load cell waie

sl 21 35 Gauge factor 5 1000 .| . Strain gauge
tdsls S ghlas (el ol 350 20™ 4 Strain gauge ,a s 0L
Jo 5Ws (A

S, Load cell 4 5 o0 |25 5007 ujuﬂpc;mj;:»&j\jjpwl Detector 5L ;5 0L > (&

Ssd o 5,05 10°N
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R |R,
] -
'.-'Hs
E ==
|R2
R1 é? | E%RS
R,
F-f Jle Foo¥ s

e
LS o (s Seslul |, Circumferential strain ;5 R, 5 R, sArialstrain « Ry 5 Ry

Signal enhancement factor =2(1+v)=2.6

Strain gauge resistance =1000
Gauge factor =2.1

For the initially balanced system:
Battery voltage: E = %(R1 +R,) , R =R,=1000° = E =40V

5 4
Axial strain in the cylinder ¢ =+ - 1010

EA  2.07x100x2

U

& =2.415%x107

b ool ol Ry 0L > (S ussstrain ool 5l Ry Lkas S

_ EFg  40x2.1x2.415x107°
4(R +Rg) 41000 +500)

¥ = Ig=3.38x10"°A

S S o pn Coglie Jler A aSepl g L
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lg =2(1+v)lg =2.6x3.38x10°° = I =8.79x10°A
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sl 5 slaolell

SIS 7S gAY

Strain gauge Rosettes e
2!« Principal strain s Sl 5 gaea (il ol oz aU &G s Strain gauge Gl i S|
.U Strain gauge rosettes |, Arrangement

Two-gauge rosette o

Three-gauge rosette
Four-gauge rosette @

Rectangular Delta

T-Delta
Rosettes ¢4l 1Y JSa

S A > Jes 3 e Gauge ‘Mum:.aw:iujﬁdbusnaingaugeg;@;_-«sw\g«;,jsp

g o0
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s W Principal strain -, «al, 5 s Principal strain 5 cg> ,a 5 Strain o dal, axlles gl 5
LS ax>| . Appendix A-3 « Principal stress

Direct strain :¢, <&,

Shear strain : y,,

Measured by a strain gauge at angle ¢ to OX : ¢,

(‘;'y 9 &y w.:d.lé.;b \‘Y’—\‘ J.ial
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y A

b

Yy 5 €9 ol FF-Y ISS

: X > > Deformation i o

Strain ¢, =6, /x

Strain ¢, measured by the gauge =¢/I

o =0, c0860 , | = x/cos&
= &y =ﬂ=—5x cosg = Ep = &y COSZH
| x/cos@
= ep=gysintd SRt

(Ff-¥ &) 558 Jlasl Shear strain S

Strain in the gauge : ¢, =%

sl S S e Deformation eles o5l 2 5 L

o =o0,c080 =Y 4 .
sing = &y =— = £9 =y SiNOCOSH

S, =ytany,, =Yy,
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g9 =£,C0S° 0 +¢&, 5N O+ y,, sindcos o
= g =(g +gy)/2+[(gx —gy)/z][cos 20]+ (7 /2)sin 26
il (5, S 03Il LG g,
& = (&, +8y)/2+[(6‘x —gy)/ZJ[COS 291]+(7Xy/2)sin 26,
&y = (6, +2y) )2+ (6, —,)/2][c0s 20, ]+ (7, /2)sin 26,

g3 = (& +5y)/2+[(‘9X —gy)/Z][COS 2:93]+(;/Xy/2)sin 20,

Rectangular Rosettes @

6=0 , 6,=45 |, 6,=90° ¥Y-F e 4 anxl e b

gl:(gx+8y)/2+[(gx—gy)/Z][COS%?l]+(7/Xy/2)sin 26, = & =&
52=(8X+5y)/2+[(gx—gy)/Z][005202]+(yxy/Z)Sin292 = & =(ex+&y)[2+ 7y [2

&5 = (&, +£y)/2+[(5x —Sy)/2:||:COS293:|+(7Xy /Z)Sin 20, = g3=¢,

& =&

= €y

Yy =28 — (& +&)

= 53
:( Appendix A-4) Principal stresses (! »

1/2
Omax » Omin = E(61+ £3)/[2- )] E/27 (1+ 1) || (1= 22)° + (62— 5)° |
Maximum shear Stress: z,,, = E /2Y2 (L+ )| (&, - £,)° + (2, —53)2]]/2
Delta Rosette e
6,=0 , 6,=60° , 6,=120 Frof S 4 ansl e b
2 2 2 2 V2
Emax» Emin =(61+ 82+ £3) (34 223 (1= 22)" + (6, — &) + (63— 1) |

0, = 0.5tan13Y2 (&, —£3)/ (26, — £, — &3)
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. 2
Maximum shear stress: 7, = 22E /3(1+ ,u)[(gl —8,)2 + (g, —£3)° + (&5 —51)2}]/

O-¥ Jl.

DA le sl (6 ,S eIl Strain aw .Cowl sds s (65Y g amio S (g5, Rectangular Rosettes G
& =300um/m , £ =200um/m ,  &=-150um/m
A ks s E=2.3x10"N/m?, =03 .4:S 4wl |, ol Location s W Principal stresses
-
Omax » Omin = E (&1 +23)/[20- )| £ B/2? (14 1) |[ (21 - 22)% + (& —53)2}]/2
= O =7.03x10°' N/m? | o, =—2.1x10" N/m?
: Maximum principal stress with the X-axis ;I 6 « 3 05,50 Cawsas g
tan20=(2¢,—& —&3)/(e,—&3) =  tan20=0.55
= 0=145 or 1045
Balancing of Bridges e

35S VL by el T

Series balancing .5,

P
™3
18]

R\

-
X

/ Z Apex

M b \b .
\ iy resistance

A

Ol 8 5 05 5 NG (sl Apexresistance i eslaal YO-Y (|SSs

[ M

Py

3
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| |m

Parallel balancing arrangement .¥#-¥ |<a
Strain gauge bridge ¢ sl 8
S s o
Al e YO |SSs Apexresistance sl S s gla s, 51 S @
5,5 6,18 s gauge 1 S s 1, Apex resistance ol g5 o

R, R, . , o
—=—==1 sl Lo |
R, R, ] u*-’y. AL Ji JS

LS xS Rg—T @ Ry 5 il Bl Ry+r & Ry aS (g sbas S a5 Apex resistance S|

Ri+AR;,  Ry+r

R, Ry—r
s AR _ 2x
Rs R, 1-x

2505 0 ;IS | Apex resistance Ol 5 o LiL ¢ 5las Gauge factor Shenl sl
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Shu R

' nt c
resistor

(~)
o

R1 R‘]

Shunt resistor method of calibration .fv-¥ sz

AR, =R, - 4R
R +R;
AR R R
—1_-_ 1 L1 , R, >>R;

R, R+R R,

25 GRSl Olg e 1) R Caglie 8 Sllge 40 Ry bl S 5o s 2 i

SelKe Sy, @
Sl § gl S @

54 g oslazul s Dead weight ;|

Eccentric <G 1 oslewal U La Strain gauge  Solus O senl ,JS @

Elastic cantilever
R
§:1 f (™) Eccentric

E__

Eccentric G 5l eslazul L La Strain gauge  Selys el JSFA-Y [SKE
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Elastic strip
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Rig I F"m
FI‘1A F"2
R
1B @
Electro- E = ...
i T u

Oscillator dynamic g pu A
C; Vibrator 4 B

Power amplifier
Vibrator < 5l eslatd U s Strain gauge  Swlys O gousl ,JSFA-F SE
Ma’xy M e, 3 5o ElastiC strip « o305 o g (55,0 4l
Vibrator jl,ss 5,5 0
£ sl asls X
S 0 Rig 5 Ria > Opposite nature ol x5 = 5 Bending

Sl sl gl 0 S > s ensls Sewslus 69,0 31 4L Direct strain « L s Gauge

5-F Jts

s I 15 G g, back-to-back &, s Strain gauge s xS i3 L Tensile force link <
el 4,y S Gauge Ol yeas s sde 53 5 18 (s, 5 sde 53 < 1209 (Gauge [lgx el ol a4l
25™ 4 s Gauge ;| o ,08 0L > STa .l 400N Ll sl (g5 0 SSTu 5 22 I, Gauge factor

el 8.9x10N/mM? 5l 55 e3le YOUNG’s MOdUIUS .3 55 o 3 5des
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Force <— ] 1cm ———— Force

1 mm thick

¥ e 00— IS

2yd oy «esl ol a Trace deflection « 1omv/jem s &5 o Sosbul & b s> ST(A

A8 o s g o s skl (63555 el by L STas s |, Trace deflection

Trace .ol 1" 1, Trace shift .S 13 s Gauge ;1SS (g5l 50 10097 Cunslie S oS 35 (o

Aely oSS shal Setting -t sl L STas s | deflection

S

L = @

Bridge arrangement.0)-¥  |Ls
Active gauge : R; « R
Dummy gauge : R, ¢« R,

2= Signal enhancement factor
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EFe
4

EFe¢ EFe
x2=
4 2
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(Al

b S Cslie 3 i ol

:R3\)R1ﬂ:;.t:)j|).>

Battery voltage E=1(R +R,) = 1(2)%(1204420) =6

Strain & in the strip _P
AY

P =400N . Y =6.9x10* = P
EF 2.2x5.8x107*

Output voltage = £-¢ - & Xg 8x10 " _383mv
Trace deflection = 31'—? =0.383cm
AR R 120 _ AR 1 199x10°
R, R+R, 120+10 Ry
A—Rl:2.2><5.8><10_4 A?Rlzl.zmxlo‘3

1 M

E :—:—4
AY  10x6.9x10

=5.8x107*

(¢

.J\AJ‘_;O 1cm j"‘j" Tl‘ace Shlft Y

1 £=58x10" jl ;3

5 93k 53 Cweslie U dlesl St 53 &S J s LS o i 530 SO ueslie 1S O gl IS O o

2x1.27x107°
1.199x107°

Trace shift = =2.13cm

&S s
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J..Su.a‘)ts c.,\,j:aﬂjﬁ‘j@&i‘)s é‘j .U;SJU:):}L:J) Jl.’>u_" U"L""f’

lonisation transducer
gl o J;.::,Lurs)-lf Sya glains Jd Gl

J.asdaﬂzj|JL;>)J>3L:§)‘L;>)[>-¢¢UL5LA;}}LQ\~W4J}J X C,Sjp-

A

/\ RF generator
/

/

N
)

B
——

—
/>

Moving tube type ionisation transducer.ov-¥ |SLs

SASSUIAL S xS A3 Cp € Sl B Ky b el San bz 5 o VL
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RF generator

)
5 4

3

T C 7 G

lonisation transducer used with variable capacitance transducer.0¥-¥ |S&

Mechano-electronic transducer

S JJJT}JJS&&:{LQLA_’&«{WOQ;Q-«SJ.Adﬁléh,oﬂ.wlé:jjfﬁ\&bglq-&,}j\
..LS@)G‘J)‘:L;:.W.:_%JSQJ_%;

Elastic

X;
/ l diaphragm

.
—— 9 milliammeter

Mechano-electronic transducer .00-¥ J&.z

=

;Jg)lSm Q‘j@jﬁﬂ)l&iﬁc&l}-ml}- 6;0)‘.14‘ LS‘J"‘)}"“_}:’.'J"‘*"JS U'l‘
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Optoelectrical Transducer .Y-Y-¥

S e fods SOSN8 55 b el 5

Photo-Emissive . gdu 5

SN U ge Jsb 4 5 ol Ll slite ol 5 Incident radiations cas b1 OL
— ‘T
V

_ Anode
Light E_(f o
ey
Cathode lompm
E

Photo-Emissive transducer.07-¥ |

Sols

o]

3531 Sz Photo-multiplier i eslicad L Ol 5 oo 1) 2w o ¢

Photo- multiplier ov-¥ |<a

..«wa ov-¥ Jg.w BE slldeals OLES J"\f )‘ JI.&._:.: Sl u.(u J:—b,o sl
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Physical o Analog Analog 5 A/D Digital 0u1pu1+
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Frequency Domain Transducer .\-Y-¥
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Lo L
(MSB) (LSB)
Example 1 1 0 0

1=12)"+ 1(2)°
+0(2)% + 0(2)’
+1(2)% = 25

Binary code arrangement .#0-¥ |5
. 1
Resolution : =

o] o.)jl.:vs u.b odluw IS &i BCD xs

assn B4 ek L US S1b s ) ¢l Gray S

1 /O 0 1_| 1 (Natural binary code)
Rule (a/m #,."'(b) () | (c)
1 1 0 1 0

(Gray code)
Natural binary to gray code conversion ##-¥ |

1 0 0 1\ 1 (Gray code)
Rule ((/f) / 1 ® (e)
f
1 1

0 1

(Natural binary code)

Gray code to natural binary conversion .#v-¥ |a
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VO U sluel Jslee Gray Code s Natural Binary .¥-¥ Jsu>

Decimal Number Natural Binary Equivalent Gray code equivalent
15 1111 1000
14 1110 1001
13 1101 1011
12 1100 1010
11 1011 1110
10 1010 111

9 1001 1101
8 1000 1100
7 0111 0100
6 0110 0101
5 0101 0111
4 0100 0110
3 0011 0010
2 0010 0011
1 0001 0001
0 0000 0000

Digital Encoders y-Y-¥

S o s Jims s 2 4 bt | (25 1 b ) SJUT o5 >
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7y 1111(15) | |
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2

NEEEEY

N
\\\ 0110(6)

T0111(7)
2* Track
(MSB) #] Conductor

] Insulator

Basic encoder disc (Contact brush type) #A-Y |

SNQY ]

Common h@
energising track & 1000(8)
~
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Resolution : 1
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Shaft encoder disc
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Optical encoder .#4-¥ |

Magnetic type of encoder e

>Output
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Energising signal

Magnetic encoder circuit .v+-¥ &



CONTROL ENGINEERS

Dedicated Control Engineering Platform
% Website: www.controlenginers.ir
(@ Instagram:@controlenginers.ir

I n St r u m e n ta t i o n © Telegram:@controlenginers

COPYRIGHT © S. Ghaemi
University of Tabriz

-l NOn-contact jwles & ¢ 5 5l



