Ref :Piyadanai Pachanapan, 303251 EE Instrument&Measurement, EE&CPE, NU.



= 4 a d
e UIMULULAZAITUNUIYUBDIULEULEDILASNITUTAIIEDT

9 ¥ o A o
. ﬂ1’iﬂi$fgﬂ@i%t%’l&i‘ﬂf@illﬂ%%’i”I‘L!ﬁﬂ’J!,G]f@i

d' = oY a
* IITDNUDINYUN U (Temperature Transducer)

d' = oY
¢ INTOUDIALLTY (Force Transducer)

d' A (Y] 1 .
* 1ATDINDIALLEITI (Light Transducer)



q
IBHLBDT (sensor)

Y] oy} A = arAa Jd 1 o 1
* 1TV AYUIUN ﬂuﬂ’immmdwﬁﬂﬁ P AL UAN

v

QUNNN LTI LA

cvzaainiala Tdudautuiudsunamis i e
N33a M3lszulana azmsnaugy e 1



Photo resistor Thermocouple & Thermistor



Acthe
Grid Length

Backing and
Encapsulation
*

e End Loops
e Gria

- Alignm e
Marks

- End Loops

p— Solder Tabs

Strain Gauge




a J
NINUHANUBOIF (Transducer)

. aﬂﬂim‘ﬁgﬂ?}ﬂuﬁﬂwé’wmmﬂiﬂﬁﬁﬁﬂgﬂu%ﬂsﬂzmu
PETR aulvirunens nmﬂaﬂmﬂﬂsumm"lafl‘vﬂsmm

ma i lidlualSanamalnlh

9 A = 4
* TUINUBDINTITIUTAIHED I
oy =) d' Y Y
- @]ﬁ’)%%lll]ill"lﬂ!‘ﬂ@]@ﬂﬂ?ﬁf]ﬂ

- adedwanunie i



a J
NINUHANAUBOIF (Transducer)

Measurand

Transducer

Excitation

Electrical Output



SOMNNNONNNNNNN

SOUONONNNNNN

Strain gauge #1

SUOMNONUONNNNNINNNANNNNNNNNNN

Strain gauge #2

()
Bridge balanced

Strain gauge #1

Strain gauge #2

Bridge unbalanced

Loading Transducer by Strain Gauge




TEMPERATURE
. SENSOR

(N)

PP
-40 To +125 C
PN 1114 @

= [~ WV =)
INIONNDINIDTUTINN

Temperature Transducer



g

G e “ e = oo
| uRnnpEndnsiagungilaserdendnnsnfdsuniauanti@mdang

: 1 T ,

tineflufined WANM9In Taold 423mein

?-1ﬂﬁ§|ﬂ¢tnaqu_1111uuaem- A qomgfi - | weflufwaf |- A mrvmein | Usen -130 T4 315°C
utoiln (Thermometer) | TDIVBANRI tma’nﬂaaﬁ [-200 fl4 600 F}

e WRsummenedady | A quugd - [ meflufmefuun| o A powiu | dsen -185 04 540' C

ANAU (Filled Thermal) Filled Thermal | — A Utums woanadad | [-300 T3 1000 F]

j
o uuunnulanes A quwgll = | #a Bimetal | = A szusne | INVAR-Ni+| -60 T 425 C
Fe+Cr. [-30 T2 800'F)

ar - - [ a} e 180 )
o vannminguunllatendumaasuilarnanimduaiasmauniad

wadlulinad VANNTIA ?ﬂqm{' 4291970
- v -~ .
, AANRADA- AT wWiouiiey . . .
- | D e R LTS ALY - > 700 C
lstimad YDIUAY ANMNITNUBIAEY | R




o waNMTIRUUYHIntaAENIURBULaIALIAITRENIWAN

- <
wmasluiinad

WANNTIR Taanld 4991970

i [ o~ " ) ®
rwafludhila | A gruugll - mefluAdidla [ » A wranfaulvdn WU B | 600~ + 1,700 C
wuy S 0~ + 1,600 C
Wuu R 0~ + 1,600 C
wu K [-200 ~ + 1,200 C
WwuE |[-200~+ 800C
woul  [-200~+ 800C
Wuu T |-200~+ 350C
- aniNR A guugii —»| RTD - A AMNFUNIY unwatii 258 ~ 900 C
fnina =150 ~ 300 C
VAWA -200 ~ 120 C

- « - < 3 X v o v ' °
b wmeilanad A quugil — [ inefdgnas | - A AU wWailanes -30 ~ 300 C




o\

J Y
I HIBOINIIVIVIUNHN

U

. o3 luaidla (Thermocouple)
d A~
* 913NA (RTD)

JdAa J ]
¢ INDIUALDT (Thermistor)



moasluniitJa (Thermocouple)

d' o 9 d' o 9 ' a <y}
'LﬂJ@u"Ia’JﬂIa‘ﬁg 2 LﬁHWWTﬂ’JﬂIﬂW%@]TQG})’HﬂﬂHNT
A ' Y Y ¥ o
L%@N@]@ﬂaﬁlﬂcﬂﬂﬁﬂﬂﬂﬂﬂflﬂﬂu

a1l (o34 a

Y ' gﬁ =
- p1areranonidosouraia1enu ananszud i

U

9y
hlﬁﬁiuﬂﬂﬂilﬁ}uﬂ?ﬂﬂﬂﬁﬂﬂ

- sutlatasranemunilaenn azih linansanaeou T

9J 1 9 A ] 9J
Jundareautlansunasu G en “Hiia Jama
(Seebeck Voltage)”



lave A

< >%

lave B

Wallunearlaasifanreualnady Lﬂaﬂuuﬂm
mnunadmesgungilartanseniaes <

metal 1 A

S T
Junction small voltage
.\ metal 2 g

The Thermocouple B

e,=aDT
Seebeck Voltage



- : o ~
mstfasu)asvesmussnuiegumginlasuuilas

= T T 1 1 1 : ] ]
A | | | .
70 ‘f, _;_-_ AJ, %_ ““""“"“"—“T;'”“"“L"'" |
| | i
Reference Juncnon 32 F Q ! ~\Q i N
60_ l —t 7
| .
| .
o |
6 A0
> . !
Z 30 |
20 : r
10 |
-—-—";-———— | 1 {
0 2 4 o6 8 12 14 16 I8 | 22 24 26 28

1000 2000 3000

Temperature (°F)

'<s a ) s vV ' % I A ci %
"lwﬂmmmumnuaﬂ !!ﬁ?l!ﬂ‘lﬁ‘l«!ﬂﬁ]ﬁﬂ%ﬂ



Usingmsalveameslunnila

P

a 1 "y ' o = o3
QUNQN T3, Ty ¥ananae hilinadoussaulWihdida

T>T,

- - - ——— -

; —> -
Tl< 5 ) L



Lo
+
ey
#
ey

+
% O
s m—
< b
W + —o
' R
; S
I+
@k
AW
i R
; S
1+
< s
—F—AW
i R

" [ 1 o o a o
mes Iudnidadevuuiuezdlumsiaguugiinge




O
T 5 » .
| Ll | e=¢ —€7
- ©

7
- ——————— - ———— - -

¥ '
wos ludnitladeaduidnuziiunmsianadwvesguuningase T, T,



||||||||

1
=

S
BLLF

au 7

UNHAADLLT

Tuanwialamiug

NINDIVIDG



€=¢ +¢e)+¢3
Ty4 : Reference junction

lllllllllllllllllllllllllll

lllllllllllllllllllllllll

a o
LA

Tl

ARNATIVLLT

b

q

Tudwitlanoeunsunuag |

(4
N {[3b]



508M001904 (Reference Junction)

1 d'@ d' 1 s v Aa d' 9 1
- AADIAN U MNTIuAveInes lualilanlyiuey

A [V}

+ ITNITIYIYUNHN 9! 9A Reference Junction A 2 411
9 % < Aa £ o A ~ o
1. 19iuvausgns Snu1gauvgil o 9@ Reference 11 0°C

2. ldmaTuladainega 0°C dvisunsesveiana 1)

lane A N lane A i

— '
> < L )o +—— AUUNT 1 RANABINITIA

Measuring Junction
lave B ( g )

pAeNNIIUANRUNNN
v - <
uarlaldsaumaumnem
) a P ~ .
Agum)l T, NAeIMsdn (Reference Junction)



—
2
Lo
=
o)
=
=)D o
o
=
g
—
a)
o
=~
ed
2D
2
o)
pO)
=
o)
o
-
e
=]
e
)
~D.
o
(=)
@)

< Con

hMeasurement
Junction

Reference
Junction

Ice bath
(0°C)

Traditional Thermocouple Measurement



2. lmalulagadnegn 0°C Smduinseiodnna i

4.51 to 18V
2
WIN
REFERENCE
yy JUNCTION MEASURING
TEMP Lot JUNCTION
Ay o
P! .
IC1 R1<y |
< LT J-TYPE
MAX873 53501 TC
]; OUTPUT
+
vouT Ay I O
TRIM
GND he s

g

r__-_l

thermistor

o—m——-.__.: PRSI P —



aaaudnveuneslunlile

1 Aq Y o Y 1 = A =
. muwﬁmaﬂammiwmmaﬁmﬂat’m NI Y

U v

' Y [~
sigauney 1 unaiousiak,

Y Y Y, Jd . 1
e @031 UIIAUIDIANANNLTDETAIN (Stable) 1l

Q

Y

Wasuudasluyrarannly

~ < ' Y 9 A
- UANNUAITUAZTNUADTANIZUIAAON U 1FIUN
a Jn ¢
g le



Usznnveamnesluaditla

v v v v v
Sealed Sealed and Sealed and Exposed Exposed
Sheath Isolated Grounded Fast Bead

from Sheath to Sheath Response

Thermocouple Sheath Options

http://www.capgo.com/Resources/Temperature/Thermocouple/Thermocouple.html#Linearisation
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0.5% 5010 1820 Good at high temperatures, no reference
2| DR AR =g00°C {1to100) junction compensation required.

. 1% Dto 2315 . .
C W, 5%Re W, 26%Re S475°C (010 870) Very high temperature use, hrittle
1% 0to 2315

D™ W, 3%Re W, 25%Re Yery high temperature use, brittle

=425°C {0 to 260)

0.5% or1.7° -2701t0 1000 General purpose, low and medium
C (0to 200) temperatures

1% Dto 2315
=425°C {0 to 260)

0.75% or -210t0 1200

E  Ni,10%Cr Cu, 45%Ni

G*™ W W, 26%Re Very high temperature use, hrittle

J Fe Cu, 45%Ni 2950 (0o 200) High temperature, reducing environment
NI Z%A1 5 780 or 2700 1372 General high t t
K NI 10%CT  2%Mn ! or - 0 eneral purpose high temperature,
' 195 2.2°C (0to 80) oxidizing environment
L** Fe Cu, 45%Ni 0.4% or1.5° 0to 900 Sim.ilarto J type. Obsolete - not for new
C designs
- : : 0.75% or
M i Ni, 18%Mo 2900 50t0 1410 .
N Ni, 14%Cr 4 ng'{;Si 0.75% ar -270to 1300 Relatively new type as a supetrior
1.5%8Si : 2.2°C (0to 200) replacement for K Type.
0.1%Mg
P=  Platinell Platinel I 1.0% 0t 1395 A more stahle but expensive substitute for

K &N types

0.25% or -50to 1768 - .

150 (010 50) Precision, high temperature

0.25% or -50to 1768
1.5°C (0 to 50)

0.75% or -270to 400 Good general purpose, low temperature,

1.0°C (-60to 100) tolerantto moisture.
0.4% or1.5° 0to 60D Slm.llarto T type. Obsolete - not for new
C designs

R Pt 13%Rh Pt
S Pt 10%Rh Pt Precision, high temperature
T Cu Cu, 45%Ni

U Cu Cu, 45%Ni
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ceramic substrate
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ceramic holder

YWire RTD Construction Film RTD Construction

Typical Sheath Mounted RTD Probe



http://www.omega.com/rtd.html



Usz1nnveq RTD

-200°C to 260°

o 0.00427 Low cost

-200°C to 200° 0.00300 Lower cost alternative to platinum in
C 0.00385 the lowertemperature ranges

Nickel Ni  -80°Cto 260°C 0.00672 Low cost, limited temperature range

Copper Pt

Molybdenum Mo

Nickel - Iron Ni-Fe '200'050 200° 500518 Low cost
0.00385 .
. -240°C to 660° Good precision. Extend temperature
Platinum Pt 0.00392 . .
C 0.00377 range to 1000°C available
J
3¥AUVON RTD http://www.capgo.com/Resources/Temperature/RTDs/RTD.html
Class A +(015+0002|t])
Class B +(0.30+0005.|t])
Class C +(0.40+0.009.|t])
Class D +(060+00018.|t])
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Bridge Circuit with a RTD
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1319 R = Ratio Arms
R = Probe resistance (at temperature x)

R_= Balancing arm (equal to Rx at lowest

temperature which may be variable for zero set.)
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Parameter | Specification
Resistance at 25°C 2252 ohms (100 to 1M availahle)
Measurement range -80 to +120°C typical (250°C max.)

Interchangeability (tolerance) £0.1 or £0.2°C
Stability over 12 months = 0.02°C at 25°C, =0.25°C at100°C

Time constant =< 1.0 seconds in oil, <= 60 seconds in still air
self-heating 0.13 °CmWin oil, 1.0 *CImW in air
Coefficients

= 3 b= Sc 7
(see Linearization below) 3~ 1.4733 %107, b=2372x107,¢c=1.074x10

Dimensions ellipsoid bead 2.5mm x 4mm

http://www.capgo.com/Resources/Temperature/Thermistor/Thermistor.html
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Centigrade Thermometer
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LM 335

Precision temperature sensor (K/-C/-F)
Mfr. ST Microelectronics

This circuit is, unlike similar circuits, linear in its

characteristics over the entire temperature range. If it is
calibrated at +L25 -C, it will have an error of less than 1 -C
(typ) over a tegmperature range of 100 -C. Otherwise easy

to calibrate. g

5

Temp. range: —40 to
+100 -C

Output voltage: +10 mV/K

Current range: 400 puA-5
mA

Dynamic 0.5Q
impedance:

Package: TO92
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http://www.omega.com/literature/transactions/volume3/strain.html

A.Adhesive bonded metallic
foil element

Semiconductor Thin |
B. Semiconductor wafer made of Wafer Element Al o

resistance element diffused into of epoxy
substrate and bonded to surface
by thin adhesive layer

C. Thin-film element molecularly
bonded ‘no adhesives) into a
ceramic layer which is deposited
directly onto the force detector

Gage

D. Diffused semiconductor
element



http://www.omega.com/literature/transactions/volume3/strain.html
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Figure 11-34 Current-voltage characteristics
of a photojunction diode.
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1923M 569 1%91HU99 PhotoDiode

Photodiode photometer

Current-to-voltage
photodiode photometer

hat do | do

A current-to-voltage configuration is used to measure the
current flow generated by a silicon photodiode.

Differential input resistance = I:]MQ
Open-loop gain =|S0000

Si photodiode 10 MO

0.0001 KA

0.0001 paA
0 Yout
18 =001 V¥
PE-o
Light intensity Differential input voltage = 0 Y

Percent of input current flowing into op amp= 0.02

Note: All voltages are measured with respect to the power supply ground
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Resistance. MQ http://ns.isp.nsc.ru/16/Renew/pgs/Science/pdf/Shegai_Photoresistance%200f%20SiGe.pdf

L T=42K (@
Nge=15ML
0.1}
\\.N
(b)
10 Nge= 10 ML R =AR,exp (_[ /1, ) + Roo

Here. ARy = Ry—R... Ry 1s the resistance of the structure
! . . ' ' in the dark. R, 1s the resistance of the structure for a

fairly high light intensity (R., 1s independent of the light
intensity): and I 1s the illumination intensity at which
AR, decreases by e times. The magnitude of AR is
about 80% of that of Ry. As the current through the
structure increases, an increase in Jy and in the relative
fraction of R, 1s observed as a rule.
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Light intensity, arb. units
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Voltage Divider



Voltage Divider

Using Photoresistors

{The syrabols with the circles are the photoresistors.)

Vin

——O Vout
§ R

This circmt gives an output
voltage that Increases with
the light level.

Wout /

Light Level

Vin

§R

This circmt gives an output
voltage that decreases with
the light level.

Wout \

Light Level
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PROTORESISTOR:

CdS 4y ILLUMINATE, (dS CELL
PHOTORESISTOR T‘ TO ACTUATE RELAY.
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look 2 RZ
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Source: Engineer's Mini-Notebook

Title: 555 Timer IC Ciruits
Author: Forrest M. Mimes III




To Controlled
+12V Circuit
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hotocell R 12V dc Relay
No.1 ’\/\/3\, I00 2 Coil Resistance
b=
Q4 Q
R, ¢
5k
IOSRs 82O§R4

Photocell Photocells Used
No.2 No.1— RCA Type SQ 2508
j_ No.2— RCA Type SQ 2536

Figure 11-33 Twelve-volt photocell control circuit. (Courtesy of RCA,
Electronic Components and Devices Division.)



END OF SECTION



