dluId’
E SFADNSSURULUA

s G ™ s = —
Qs.2ASNU Sauqita
210159US:D1aUIB13FADNSSUKUYUA
AtU:3ADNSSUAdasua:inalulagnaainnssy

SoVRDIUDYMSAUIINATUTAgaISAULNF
duan3dngusnisua:zinatulagidisautne
UKISNIauswsnaduguum




HANL: BIMT-NYHAVA HIDAWNUANNY

Y Yo o A g
W@Qi@ﬂ@@1“38ﬂ13ﬂLﬁWﬂﬂIHIﬂﬂﬁW?ﬁHUﬂﬁﬂﬂé2Eﬂﬂ1331
Line ID: Ruktory

Website: https://elfit.ssru.ac.th/aphirak th/

E-Mail: aphirak.th@ssru.ac.th

Phone: 0-2160-1226

E

du1dv
SFADNSSURULUA




dudu
SFADNSSUKUYUQ




| du1dv
E SFADNSSURULUA
|

RBE2001 tsutsosiazaunstuduinaou

Sensors and Actuator

ADSUNYSIYIB

lsULsDSULA:NSIUAADIBDS MSIOQTUKNU SEYUDQ USONS:NMMYNA
Jsunas unkunuazs:Quuovlkad ADWwAauoIMA mislkaua:oasinmisika
UDLADSNS:LLFQSYUA:NS:LFFAU 1EDSIOUDLADS azN1sUs:ygnalBoiu
lumsdulndouudlapSanSuKUaUA

Sensors and transducers, measurement of temperature,
displacement, mechanical force, volume, liquid weight and level,
air pressure, flow and flow rate, dc and ac motors, servo motor, and
actuator implementation for robots
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A wearable electrochemical biosensor for
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Ref: https://www.nature.com/articles/s41551-022-00916-z
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e mraviladnguunil (Temperature Transducer)
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* Agnsiladnuss (Force Transducer)

* AsasNadmuasadne (Light Transducer)
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Photo resistor Thermocouple & Thermistor
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Strain gauge #1

Strain gauge #2

()
Bridge balanced
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Strain gauge #1

Strain gauge #2

0

Bridge unbalanced

Loading Transducer by Strain Gauge
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e masluAlitla (Thermocouple)
e 915%a (RTD)
* wastawmasd (Thermistor)
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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.




B Pt 30%Rh Pt 6%Rh 5010 1820 Good at high temperatures, no reference

C*'k

D'A'&'

E

G'&'&'

L'A'k

Mﬂ

N*

Pﬂ

U*'k

W, 5%Re W, 26%Re
W, 3%Re W, 25%Re

Ni, 10%Cr Cu, 45%Ni

W

Fe

Ni, 10%Cr

Fe
Mi

Ni, 14%Cr
1.5%Si

Platinel Il

Pt, 13%Rh

Pt, 10%Rh
Cu

Cu

0.5%
=800°C
1%
=425°C
1%
=425°C

&
1%
W 26%Re 24750
. 0.75% or
Cu, 45%Ni 2 9°0
Ni, 2%Al 5 7500 o
2%Mn 29°C
1%5Si ‘
Cu, 45%Ni U.4%gr1.5'
. 0.75% or
MNi, 18%Mo 2950
i,
4 5%Si 0;3?."0”
0.1%Mg ‘
Platinel Il 1.0%
0.25% or
R 1.5°C
0.25% or
il 1.5°C
. 0.75% or
Cu, 45%Ni 10°C
Cu, 45%Ni U.4%gr1.5"

{1to 100)

Dto 2315
(0to 870)

0to 2315
{0 to 260)

(0 to 200)
Dto 2315
{0 to 260)
-210to 1200
{0 to 200)

-2701t0 1372 General purpose high temperature,

{0to 80)
0to 900
-50t0 1410

-270t0 1300
{0 to 200)

0to 1395

-50t0 1768
{0 to 50)

-50t0 1768
{0 to 50)

-270to 400
{-60 to 100}

0to 600

junction compensation required.

Very high temperature use, hrittle

Yery high temperature use, hrittle

0.5% or1.7° -2701t0 1000 General purpose, low and medium

temperatures

Very high temperature use, hrittle

High temperature, reducing environment

oxidizing environment

Similarto J type. Ohsolete - not for new

designs

Relatively new type as a superior
replacement for K Type.

A more stahle but expensive substitute for

K &N types

Precision, high temperature

Precision, high temperature

Good general purpose, low temperature,

tolerant to moisture.

Similarto T type. Ohsolete - not for new

designs

=
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Poor Conductor of Electricity ™™ E [5onsumueua
But a good conductor of Heat

+% - Cu

. Output voltage
_ + Cu to ADC

Themaocouple

junction lsothermal Amplifier
block
aniloynn
!1 ANNNI5HA
thema | U29R59A

compensation

+ ’ - (U crcist
‘ Output

- + Cu voltage
* ta ADC
Themocoupke

junction Amphfier
Isothermal
block
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ceramic substrate

. metal film
ceramic holder

YWire RTD Construction Film RTD Construction

Typical Sheath Mounted RTD Probe
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http://www.omega.com/rtd htmi



dudu
SFADNSSUKUYUQ

Copper 2°°'° 10260% 400427 Low cost

200'0 to 200° 0.00300 Lower cost alternative to platinum in
C 0.00385 the lower temperature ranges

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

Molyhdenum Mo

Nickel - Iron Ni-Fe '200-030 200° 500518 Low cost
0.00385 i
: -240°C to 660° Good precision. Extend temperature
FIELIILGE )17 c gggggg range to 1000°C available

Class A +(0.15+0.002]t
Class B +(0.30+0.005 |t )
Class C +(0.40+0.009.|t])

Class D +(0.60+0.0018.]t])
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400 600
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E \R,+R) \R +R

E
—irn

E) 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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Electrode plating

Laser trim area /

Ceramic material

Themmistor without
Encapsulation

Thermister

Thermistor with
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EPOXY OR GLASS
INSULATION OVER
BEAD AND WIRE
CONNECTIONS

METAL OXIDE
THERMISTOR CHIP

LEAD WIRES
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Resistance at 25°C 2252 ohms (100 to 1M available)
Measurement range -80to +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
sel-heating 0.13 °CimWin oil, 1.0 *CimW in air

Coefficients N 3. a 7
(see Linearization below) a=14733x107 h=2372x107,¢c=1.074%x10
Dimensions ellipsoid bead 2.5mm x 4dmm

http:/www.capgo.com/Resources/Temperature/;Thermistor Thermis
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-20 10 0 10 20 30 40 50 &0 70 80 90 100
Temperature (°C)

T=1/(a+b.In(R)+c.In(R)*)
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+V,

/ V, to ADC input

Thermistor
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=2 | Instrumentation
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3 1 ——O0 Gnd
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Vout= 4(1 ¥ éﬁ)

R

Representative thermistors.
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O Vsupply
%)
\\
0 Vout
R3 al ~oGnd
1 Instrumentation
Amplifier
iRs
AW
ivref
= GV, AR
out — AR
R, 4 (1 g ﬁ)

Figure 11-23 Wheatstone bridge powered from a constant current source.
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oV

supply

Instrumentation
S Amplifier
G\

~0Gnd

v
™ -

- AMW—
fvr ef

GV/ef
Vout = ﬁs— AR

Figure 11-24 Wheatstone bridge employing two RTDs.
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Centigrade Thermometer

AAA- g NN
15V
1 U/ 8
NC +
Z 7 OUTPUT
NC NC } 10=v/°C
3 6
NC NC .
4 5 8 = LM135 e
- ADJ *
LM T 100 pF
- Ak
3 v TL/H/5698-23
= = ‘Adjustfor2.7315V at output of LM308
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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 +25 -C, it will have an error of less than 1 -C
(typ) over a temperature range of 100 -C. Otherwise easy

to calibrate.

Temp. range: —40 to
+100 -C

Output voltage: +10 mV/K

Current range: 400 pupA-5
mA

Dynamic 0.5Q
impedance:

Package: TO92

E
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Plane Area, A

Stress (o) =
Force/Unit Area = F/A
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End Loops
Gria

All e
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http./www.omega.com/literature/transactions/volume3sstrain.html g S SeUHUBUG

A.Adhesive bonded metallic
foil element

Semiconductor
B. Semiconductor wafer made of wafgf Elmm of epoxy

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

SiO7 insulation

C. Thin-film element molecularly ™~ e
bonded ‘no adhesives) into a

ceramic layer which is deposited
directly onto the force detector

Gage

D. Diffused semiconductor
element
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Stationary Frame

Moving Armature

N

'y

/
\I/ //
y
« B
«— » | C
[ X -

L :
Resistance Wire

(@) Principle of construction

(b) Wheatstone bridge circuit

//Supporting Pillars

Direction of
Movement

E

dluId’
SFADNSSURULUA



Jdudm
_ 5mnSSUHJUEJUd

Quarter-bridge strain gauge circuit

output

T input

strain gauge
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PIN PhotoDiode

I

Intrinsic Region
v )
Electron_ 3. o2 o' ectron - Hole

N+ Region
Metal Contact (+)

Fiber dedlng

Metal Contact (-)

P+ Region
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Photoconductive
Quadrant

e Photovoltaic
-1 Quodrant

l#A

Figure 11-34 Current-voltage characteristics
of a photojunction diode.
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Photodiode photometer ==——"—————"—-1=

Current-to-voltage
photodiode photometer

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

Differential input resistance = EMQ
Open-loop gain =|S0000

Si photodiode
10 MQ
-15 vo—Ppp) /
00001 pal 0.0001 KA
0 Vout
A -001 V¥

PEo
Light intensity Differential input voltage = 0 v

Percent of input current flowing into op amp=  0.02

MNote: A1l voltages are measured with respect to the power supply ground




dudu
SFADNSSUKUYUQ

® A A UNIWIULARIA Azl AU AIANNATAI N I N LA

® g1 lEndunan semiconductor «iu Si, Ge, CdS

® ANNNANUNIUAZLLFUN AL ATAINN LM LA

N
—



dudu
SFADNSSUKUYUQ




dluId’
E SFADNSSURULUA

a9asnisaa lderuaas Photo Resistor

Ve Vee
R1 R1
v
R2 v R2

Voltage Divider



Voltage Divider

Using Photoresistors

(The symbols with the circles are the photoresistors.)

Vin

——0 Vout
§ R

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

Wout /

Light Level

Vin

§R

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

Wout

Light Level

E
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5V \ 5V
1kQ

1kQ
10 kQ 100 O
output: output:
4.5V ! 0.5V

No light Light



PROTORESISTOR:

CdS 4y ILLUMINATE, (dS CELL
PHOTORESISTOR T‘ TO ACTUATE RELAY.
N -
Ry
R3 47
> + 1K Ql
. LNzl
2] P
RELAY [
(RADWO SHACK T
RL . : 295 -004}
{looK 2 RZ
- LM REVERSE 741 INPUTS

{SENSYTIVITY)

TO. REVERSE OPERATION,

Source: Engineer's Mini-Notebook

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

=
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[N 1
To Controlled
+12V Circuit

W orle re—eh e IT (1]

R §820
ok ¢ CRA >

Photocell R 12V dc Relay
No.1 ’\/\/3\, I00 2 Coil Resistance
b=
Q4 Q
R, ®
5k

I0SRs 820§R4

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

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

* LLULBDS (Sensors)
. wuwaquuaUnsrunZz??umsms:)D:mmmomamwnsamomuua udaovm
mawuumUuamrmmIWV\hlwathhusumanLnsnsusa\)nmouu?uaouaoaaulo

1. wsuLsdsS3as:u:Mv (Distance Sensors)
(BUN1ISQOSIDVUSIYKIVSKIIDKULUANUDAN
. 2o81v: Ultrasonic sensors, Infrared sensors, LIDAR
2. wsulsdsSIausv (Force Sensors)
(Blun1isasoolausvnnNs:MNUKUgUA
. ADdogv: Strain gauges, Piezoelectric sensors
3. wuLsdsSIandULsY (Accelerometers)
(GtumsasoodanmistidasundavAdusdUDVKUSUA
. (2o8v: MEMS accelerometers

_____.-_

—
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asUliomnNAISNSIU 1NEIAULBULEDS

4. susdSOatsuLlsdsS amsruu (Gyroscopes)
. BluNsasovIaNiskyuknsoNIsiWagulavneniv
. dog1v: MEMS gyroscopes
5. uav (Light Sensors)
- (BluNIsas>PIQAUITUYD VLAY
. D081Y: Photodiodes, Phototransistors
6. LsuLBDSO QKN (Temperature Sensors)
. (BUNSASDDIQDUKNDTUD VIV UDQADUKSDADUUS:NDUUDYHUSUA
. A2o&g1v: Thermocouples, Thermistors

_____.-_
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* NSAUADLBDS (Transducers)
nswuaawasmduadnsmnmhmnuUa\)sUuuuuaowaomunumduwaomu
DNUWUUKUL
1. wdANWLODS (Actuators)
h?tumsuda\)afgrmtuIWV\hlUumslnaath:)m\)naIn
. (2oenv: Electric motors, Hydraulic actuators, Pneumatic
actuators
2. aalwv (Speakers)
. Wtunisiwdavdououcuiwwhtdulde o
. (Dooev: Piezoelectric speakers, Dynamic speakers
3. 3awnds (Heaters)
. Wtunisiwdavdaoucuicuiwwhtdundiusou

. Do8v: Resistive heaters
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NMsunUiBtukusua

msuimv (Navigation): 1sulsDSSas:g:nvoua: IMU (Inertial Measurement Units) ASOU

121 accelerometers ua: gyroscopes [BDUADLIG8D D:E¥d8RKULUATILISOSAILKULLA:

nFANola S

. msaduAumstAdauin (Motion Control): uoANLODSD:NIVIUSOUNULBULEDSIALSD
lwathmsmaaulhauaohuaumun:nuuuusn

. mssusaou:maau (Enwronmental Awareness): LLULBDSOQUIVUADTUKNUDBIUTA
husJumz-nmsnmauauaomamsLUaauuUa\)Zuaouaoaau

uawmsruﬂumsmanhswuwasua.nswoawas

. ANVuUue (Accuracy): AP UAaIatRdDUNYDUSUTA

. AWa:dga (Resolution): A WA ILISOlUNISULENUY: nmstaguulavna:lden
. ¥o$vmsda (Range): yDULWAWDVYAIRaILISNdQlA

. AWNUMU (Durablllty) ADIUAIUISOUNMSNUMUCIDAND:ELDQdDUCINOA

. yunaua:ukun (Size and Weight): Ao uiKu: autumsmomauunuaum

_____.-_

—
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