Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.1 KHAI NIEM VE DO LUONG

a) Dinh nghia

b) Phén loai cam bién

¢) Chuan cam bién

d) Do nhay, do tuyén tinh

e) Thoi gian hoi dap
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.1 KHAI NIEM VE PO LUONG

a. Dinh nghia

Pai lwong can do CAM BIEN Pai lwong dién

(m) (s)
s = f(m)

b. Phan loai cam bién

v Cam biéen thu déng
- RDT (Resistance Temperature Detectors)
- Thermistor
- Strain gage

v Cam bién tich cwc
- Thermocouple
- Photodiode
- Piezoelectric
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.1 Khai niém vé do lwérng
c. Chuan cam bién

v' Chuan don gian
Vi du: do toc d6é déng co bang encoder

v Chuan nhiéu lan
Vi du: do mirc chéat Idng bang cém bién tu dién, dién dung phu thudc
vao chiéu cao chat Iong, hang sé dién moi

d. Do nhay A
S
S =—
Am

Q/°C doi vai nhiét dién tré

WV 1°C d6i voi céap nhiét
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.1 KHAI NIEM VE PO LUONG

e. D6 tuyén tinh

f. Khoang gi®i han do

h. Th&i gian hoi dap

TABLE 5.2 Desirable Features for Selecting Measuring Devices Used in Automated Systems

——

Desirable Feature

Definition and Comments

High accuracy
High precision
Wide cperating range

High speed of response

Ease of calibration
Minimum drift

High reliability

l.ow cost

The measurement contains small systemat ¢ errors about the true value.
The "andom variability or noise in the measured value is low.

The measuring device possesses high accuracy and precision over a wide range
of values of the physical variable being measured.

The ability of the device to respond quickly to changes in the physical variable
being measured. [dezlly, the time lag would be zero.

Calibration of the measuring device should be quick and easy.

Drift refers to the gradual loss in accuracy over time. High drift requires frequent
recalibration of the measuring device.

The device should not be subject to frequent malfunctions or failures during
service. It must be capable of operating in the potentially harsh environment of
the rmanufacturing process where it will be applied.

The cost to purchase {or fabricate} and install the measuring device should be
ow relative to the value of the data provided by the sensor.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

Céc thiét bi do lwdng thwérng st dung trong hé thdng tw déng hoa

Measuring Device Description
Accelerometer Analog device used to measure vibration and shock. Can be based on various
physical phenomena,
Ammeter Analog device that measures the strength of an slectrical current.

Bimetallic switch

Bimetallic thermometer

DC tachometer
Dynamometer

Float transducer

Binary switch that uses bimetallic coil to open and close electrical contact as a
resuft of temperature change. Bimetallic coil consists of two metal strips of
different thermal expansion coefficients bonded together.

Analog temperature measuring device consisting of bimatallic coil (see
definition above) that changes shape in response to temperature change.
Shape change of coil can be calibrated to indicate temperature.

Analog device cansisting of dc generator that produces electrical voltage
proporiianal 1o rotational speed.

Analog device used to measure force, power, or torque. Can be based on
various physical phenomena {e.g., strain gage, piezoelactric affect).

Float attached to lever arm. Pivoting movement of lever arm can bs used to
measure liquid level in vessel (analog device) or to activate contact switch

(Dinary device). 6
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

Céc thiét bj do lwdng thwérng str dung trong hé thong tw ddng hoa

Fluid flow sensor
Fluid flow switch

lLinear variable
differential transformer

Limit switch {mechanical)

Manometer

Ohmmeter
Optical encoder

Analog measurement of liguid flow, usually based on pressure difference
between flow in two pipes of different diameter.

Binary switch similar to limit switch but activated by increase in fluid pressure
rather than by contacting abject.

Analog position sensor consisting of primary coil opposite two secondary coils
separated by a magnetic core. When primary coil is energized, induced voltage
in secondary coil is function of core position. Can also be adapted 10 measure
force or pressure.

Binary contact sensor in which lever arm or pushbutton closes {or opens) an
electrical contact.

Analog device used 1o measure pressure of gas or liquid. Based on comparison
of known and unknown pressure forces. A barometer is a specific type of
manameter used to measure atrospheric pressure.

Anaiog device that measures electrical resistance.

Digital device used to measure position and/or speed, consisting of a slotted
disk separating a light source from a photocell. As disk rotates, photocell
senses ight through slots as a series of pulses, Number and frequency of
pulses are proportional (respectively) to position and speed of shaft connected
to disk. Can be adapted for linear as well as rotational measurements.



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

Céc thiét bj do lwdng thwérng str dung trong hé thong tw ddng hoa

Photoelectric sensor Binary noncontact sensor {switch) consisting of emitter ilight source) and
receiver (photoceli) triggered by interruption of light beam. Two common
types: [1} transmitted type, in which object blocks light beam between emitter
and receiver; and {2} retrereflective type, in which emitter and receiver ars
located in ane device and beam is reflected off remote refiector except when
object breaks the reflected light beam.

Photoelectric sensor array  Digital sensor consisting of linear series of photoelectric sensors. Array is

designed to indicate height or size of object interrupting some but not all of the
light beams.

Photometer Analog sensor that measures illumination and light intensity.

Piezoelectric transducer Analog device based on piezoelectric effect of certain materials (e.g., quartz) in
which an electrical charge is produced when the material is deformed. Charge
can be measured and is proportional to deformation. Can be used to measure
force, pressure, and accelgration.

Potentiometer Analog position sensor consisting of resistor and contact slider, Position of
slider on resistor determinaes measured resistance. Available for both linear
and rotational {angular} measurements.

Proximity switch Binary noncontact sensor is triggered when nearby object induces changes in
electromagnetic field. Two types: {1} inductive and (2) capacitive.
8
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

Céc thiét bj do lwdng thwérng str dung trong hé thong tw ddng hoa

Radiation pyrometer
Resistance-temperature
detector

Strain gage

Thermistor

Thermocouple

Ultrasonic range sensor

Analg}q tempersture-measuring device that senses electromagnetic radiation in
the visible and infrared range of spectrum.

Angiag temperature-measuring device based on increase in electrical
resistance of a metallic material as temperature is increased.

Widely gsed anqlug sensar to measure force, torque, or pressure. Based on
change in electrical resistance resulting from strain of a conducting material.

Analog temperature-measuring device based on decrease in electrical
resistance of a semiconductor material as temperature is increased.

Analog temperature-measuring device based on thermoelectric affect, in which
the junction of two dissimilar metal wires emits a small voltage that is a
function of the 1emperature of the junction, Common standard thermocouples
include: chromel-alumel, iron-constantan, and chremel-constantan.

Time lapse between emission and reftection (from object) of high-frequancy
saund pulses is measured, Can be used to measure distance or simply to
Indicate prasence of objec:,
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Chuong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.1. Hiéu trng ap dién tr& (piezoresistivity)

Hiéu wng nay dwoc phat hién dau tién bédi Lord Kelvin vao ndm 1856, tuy
nhién mai dén 75 nadm sau mo&i dwa vao &ng dung dau tién. P6 |a bé do
bién dang (strain gauge)

Strain gauge on a rod

Load region

10
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

DPinh nghia: Vat liéu co6 hiéu rng &p dién tré |14 vat liéu co dién tré thay dbi
khi nd chiu tac dung mét ap Iwc.

- Ty theo loai vat liéu &p dién tré ma nhan dwoc sy thay déi dién tré khac
nhau dw¢i tac ddng cua ngoai luc.

- Vi du phan t&r cdm nhan Iam bang vat liéu Fe c6 su thay dbi dién tré I&n
hon rat nhiéu so v¢&i day lam bang Cu.

Commercial strain gauges _Metal foil sensing element

N

Solder tab

11
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

D6 nhay: clia dau do bién dang thwong dwoc goi la “hé so dau do”. Day
la s6 khdong thtr nguyén:

o S

A% c

Khi chiu tac déng ngoai lwc, cac phan t& cdm nhan phai nam trong ving
dan hoi & tuan theo dinh luat Hooke. Méi quan hé gitra *ng suat o(N/m2)
va bién dang ¢ tuan theo dinh luat Hooke va module dan hdi Young cho
nhw sau:

e =1y

Vidu: Eg = 190GPa; Einjess steel = 200GPa 12
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

Cho khéi v?t lieu dang thanh chig 1 lwe tac ddng (‘Zl(_)C truc gay bién dang
doc truc, dong thoi no cling bi bién dang theo chiéu vudng goc voi truc.

- Bién dang theo chiéu doc thanh:
Initial shape

\ | dl
Final shape gl — N

I . chiéu doc va chiéu vubng goc
A s Sw—aw  vOI thanh dwoc thé hién bang hé
) Y F‘ sO Poisson, v:
. E
£ V = W
Mote: The original length, width, anc g|
thickness of the block is [, w and ¢, . , TN . A
- c6 hé sO Poisson khoang 0,3 (Si
khéang 0,22). 13
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

Khao sat sw thay déi dién tré ctia thanh khi bi bién dang:

Pién tré trwéde khi tac dung lwe cha khoi vat liéu trén duwoc cho nhw sau:
. yol

p :dién tré suat cua vat liéu ( Q.cm)
| :chiéu dai (cm)
A : dién tich mat cat ngang (v&i w: chiéu rong; t: chiéu day)

Cbng there dang khac,

. yol

W.

14
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

Lay vi phan tirng phan cong thirc trén:

dR =——dp+L-dl - LL gw— 2t
W.t W.t VA Al

2!
Wt

T4t ca chia cho

dR _dp_dl _dw_dt

R p I ow ot

(*)

15
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

, dl
Theo dinh nghia, ta c6 cong thirc bién dang: & = —

Gia thiét cac théng sb trén thay ddi mot lweng rat nho, do vay:

dl = Al, dw = Aw, dt = At

dw o dt
— = — — — = = — *%
W t
Ghi chu: Céng thire trén cé déu “ “ - ” vi thanh bj bién dang co lai theo chiéu ngang nguoc véi bién

dang cdng theo chiéu doc

Tw (*) va (™), ta duoc:

R
d—:d—p+5, +v.g +V.8

R p

16
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)
Do d6 hé sb dau do, GF la:

d
Re_ o

el &l

GF = +(1+2v)

Két luan: Tir cong thire trén ching ta thay, c6 hai hiéu (rng anh huéng
dén hé sé dau do (GF). D6 Ia:

v Hiéu trng ap dién tro:
v Hiéu teng hinh hoc: (1+2v)

Hé so Poisson thuong tir 0,2 +0,3 nén hiéu tmg hinh hoc anh huong
dén hé s6 dau do GF nam trong khoang twr 1,4+1,6. 17
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.1. Hiéu rng ap dién tré& (piezoresistivity)
Cam bién xac dinh bién dang dwa vao sw thay dlcx)i dién tré goi la strain
gauge. Vat liéu lam dau do khac nhau cho hé s6 dau do khac nhau:

Table 5.1

Gauge Factors of Different Materials

Material

Metal foil strain gauge
Thin-film metal
Single crystal silicon

Polysilicon

Thick-film resistors

Gauge Factor

2-5
2

—125 to +200

+30
10

Sw thay ddi dién tré suat cia kim loai theo nhiét do:

Specimens

Pure Ni

Ni 428 % Cu
Ni + 38 % Cu
Ni + 45 % Cu
Ni + 50 % Cu
Ni + 60 % Cu
Ni + 70 % Cu

Measured resistivity (WQ cm) af selected temperatures (deg K)

333

293

7.092
4241
47.66
49.89
49.99
43.83
35.00

LTA. Do hond) W?J:Uéng hda (2155147) 1,698

8.747
4427
48.00
49.78
49.76
43.67
35.10

1,945

373

10.54
4503
48.22
49.67
49.53
43.50
35.19
2.205

433
12.52
45.74
48.43
49.47
49.19
43.25
35.27

473

14.69
46.10
48.55
49.33
43.98
43.11
35.31

533
18.37
46.64
48.72
49.17
48.71
42.90
35.38

2597 2861 3.257

573
21.20
46.80
48.81
49.08
48.56
42.77
35.42

673
29.93
47.54
49.08
48.88
48,25
42.55
35.50

73

33.32
48.53
49.54
49.04
48.39
42,63
33.75

873

36.94
49,67
50.37
49,55
48,85
42,89
3606 *°

3527 4205 4895  5.607



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

S dung cau Wheatstone dé xac dinh dd bién dang cla phan ti strain
gauge. Khao sat suw thay doi dién tré strain gauge Ra.

Trwong hop: dién ap output Vo=0 . R
Vo=0= V,=Vg »1R; = LR, (1) I(_'_) R2 strain gauge
I Excitation
1(1 — fq_ — d (-)
Rl + R4 R3 R4
1 c
L=l = —2 @ M
2737 Rz _|_R3 o=— Output —=o
1)&@2)> _Ri_ _ _Reo N Ry _ R, RO i
Rj_ + R4 R2+R3 R4 R3 +
R Vex A B
2
Va Ry =R,.— -
Y 1 4 R3 T R3 R4
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)
Trwong hop: dién ap output Vo =0 RA

R2 strain gauge

V[} — Il'Rl_IZ'RZ — _Il.Rq_ +f2.R3
Vex = 1. (Ry + Ry) = L. (Ry + R3)

. R4 R,
vay: Vp = %x-( - )

Chung ta biét rang: Vo = 0 1a do dién tré R1

—— 0

(+)

Excitation
(-)

R3

o-——
T
A
P

cUa strain gauge c6 su thay déi. Nhw vay ta | R2 »
co thé thay VO = AV va R1 = R1 + AR1 vao +
biéu thire trén, cu thé nhuw sau: Vex K

AV, Ry + 4R, R, _

V., R;+AR;+Rs; R,+ R; T R3 R4

Ry (JVD Ry )
AR4 Ry \Vex ' Rz+R3

= R, (1 —‘?‘,VD—EERE,,E)

LTA Do luong & tu’ déng hda (2‘}55147) Vex
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA
5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)
Trwong hop: dién ap output Vo # 0

Gia slr ching ta co céac gia tri dién tré@ ban dau

—m )

strain gauge
(+)
trong mach Wheatstone: R2 = R3 = R4 = R, nén Excitation
gia tri ban dau cla strain gauge R1 = R. Thay cac J(')
gia tri nay vao biéu the (3), ta duwoc: <
ﬂVD 1 Q (1 ,{IVD) dVﬂ o=— Output —wé
o _ Vet 2 UhTy) 2y
Ry 1, _ 1 AV l ou , Ri
2 Vex *
AR, 2 = = B
Ry - 1 Vor 1 T R3 R4
2 AV,
21
O e N NN (ﬂRl) (4)
R, ' R, 2 AV, 0~ 3 "R,

LTA Do luong & tu déng hoa (2155147)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.1. Hiéu rng ap dién tré& (piezoresistivity)
Trwong hop: dién ap output Vo= 0

Hé sb6 dau do GF la: ﬁR/
do bién tro R
GF

(5)

N do bién dang N £
Tw (4) & (5), ta duoc: 1
AV, = E.Vex. GF.¢

D6 nhay S cla cdm bién s dung cau WheatStone dé xac dinh bién
dang dwoc cho nhw sau:

S As AVy V,..GF.&
S Am ¢ 4. & 22

1
> $ = Vex. GF
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.1. Hiéu rng ap dién tré& (piezoresistivity)

1. Hai yéu td6 nao quyét dinh dén su thay déi (AR/R)?

2. Pau do co dién trd ban dau R,; hé s6 dau do GF; bién dang &. Xac dinh AR va
(AR/R) theo cac thdong s6 dwoc cho trong cac trwedng hop dwdi day.

Ro(%)
(a) 120
(b) 350
(c) 350
(d) 1000

GF

2,02
3,47
2,07
2,06

e(um/m)
1600
650

650

200

3. DI lieu nhw bai 02, xac dinh dién ap ra v, trong trwdng hop st dung cau can
bang Wheatstone cho céac trwong hgp dién ap vao v,, nhw dudi day.

(a) 2V

(b) 4V

©) 7V (d) 10V

4. Nhw tim hiéu trong bai 3, v,, tang thi v, tang. Vay co diéu gi xay ra khéng néu
tang v,, toi 50V dé tang v,?

5. Xac dinh bién dang ¢ cho cac dau do dwoc cho trong bai 2, twong (rng véi cac

tin hiéu dau ra v, dwgc cho nhw sau: (v, = 5V)

(a) 1, (b) 3,3mV (c) 4,8mV (d) 5
LTA bo luong :S{ tuw dong hoa (2155)4})
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Hiéu trng ap dién (piezoelectric)
Khi khoi vat liéu ap dién chiu tdc dung b&i 1 lwc co hoc thi gitra 2 ban
cwe cla no sé xuat hién mot hiéu dién thé. Hodc, khoi vat liéu ap dién sé

bi bién dang khi &p vao 2 ban cwc clia né mot hiéu dién thé twong tng.

piezoceramic 7,
\ n f
g |
| i |
=) | BS
\ ]
Electrical Source
Hinh 1: Ap vao hai bén cuc vét liéu Hinh 2: Khéi vat liéu ap dién chiu
ap dién moét hiéu dién thé tac dung cua mét ap luc

24
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Hiéu trng ap dién (piezoresistivity)
1. Cau tric:
Vat lidu ap dién |a moét tap hop cac tinh thé Perovskite. Méi tinh thé
dwoc tao thanh bdi: 1 ion kim loai hoa tri IV dat trong mang cua ion

kim loai hoa tri Il va Oxy.

Hinh 3: C4u truc tinh thé Perovskite 25
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Hiéu rng ap dién (piezoresistivity)

2. Tinh chat

Trén nhiét dd Curie (nhiét dd t&i han): tinh thé Perovskite trong vat liéu
ap dién cé cau trac 1ap phwong déi xirng (momen lwéng cwe bang 0)
Duw@i nhiét do Curie: tinh thé Perovskite cau truc t& giac déi xirng va

c6 monen lwdng cwc khac 0.

Om Qo- om+z»
D o D
LA S 1 Wa
o | |
N

®r: @0 @iz @ro @o @iz
Hinh 4: C4u truc tinh thé Perovskite cla vat liéu &p dién
(a) Cau truc vat liéu ap dién & trén nhiét dé Curie ”e

(b) Cau truc vat liéu ap dién & dwdi nhiét A6 Curie
LTA Do lutng & tur déng hoa (2155147)




Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Hiéu rng ap dién
2. Tinh chat

[T

ST g
AR

Al 2

Hinh 5: Sw phén cuec trong vét liéu ép dién Hinh 6: Chiéu tac déng trong vat
liéu ap dién
27
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Hiéu trng ap dién
1. Hang s6 dién tich ap dién, d
Pinh nghia: 1a sy phan cwc tao ra b&i mét don vi (’ng suat tac déng

Ien mot khdi vat lidu ap dién; hay 1a mot bién dang cta khdi vat liéu ap

dién khi mot don vi dién trwdng dat vao khoi vat liéu ap dién do

d._ su thay doi hinh dang V)
hiéu dién the cung cap

cuong do dien tich (C/N)
lirc tac dong

i : chiéu ctiia sw phan curc tao ra trong vat liéu hay chiéu caa dién
trirong ap vao.
j: chiéu cua g suat ép vao hay chiéu cua chuyén vi duoc tao ra.

Vi du: dyy: dye 2
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Hiéu rng ap dién
2. Hang so6 hiéu thé ap dién, g
Pinh nghia: |a hiéu dién thé sinh ra b&i mét vat liéu ap dién chiju tac
ddong b&i 1 don vi ng suat; hay la bién dang co hoc cta vat liéu ap
dién khi mot don vi dién trwong dat vao

trieong dien the (V.m/N)

Eij= =
luc tac dong

su thay do1 hinh dang (m/C)
cuong do dien tich tac dong

i : chiéu cua dién truong tao ra trong vat liéu

j: chiéu cua trng suat &p vao hay chiéu cua chuyén vi duwoc tao ra.

29
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Hiéu trng ap dién
Khi khéi vat lidu ap dién chiu tac dung mét ap lwc nhuw trén thi dién tich
hinh thanh trén bé mat khoi vat liéu ap dién dwoc tinh nhw sau:

Q33 = dg3F3
Nhw vay, dién &p sinh ra tvkhéivat L L1 | |
lieu ap dién hinh ch* nhat co dién |[------------1 — pe
tich mat A, dé day h va hang sé dién tr N
moi er dwoc cho nhw sau: ‘/‘ W I [ [ I r‘
_ Qs
V, = =38
C \Y AY
Hinh 7: Phan t&r cam nhan bang
Eo& A vt liéu ap dién

trong dé: dién dung C = n
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Hiéu rng ap dién tré& (piezoresistivity)

Véy Vr — % — d33|:3h
C £, A
v, =&
gogr

Bang tinh chat cta vat liéu ap dién

Vit liéu Dang dgs (PC/N) Hang s6 dién moi g
Quartz Pon tinh thé 2 4

BaTiO, Ceramic 190 12

PZT Ceramic 300-600 400-3000

Zinc Oxide | Pon tinh thé 12 12
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Hiéu rng ap dién tré& (piezoresistivity)

Vi du: M6t khéi vat liéu ap dién cé kich thwée: 10x10(mm), day 1mm
CO: d33 = 600pC/N; g, =3000. Khi tac dung 1 Iwc F3 = 100N thi dién ap
sinh ra gitra 2 ban cwc la bao nhiéu?

Giai:
pC} -3

600| -~ | 100[N ]1.10=3[m
_ Qa3 dgshsh {N N] m

Vi = C g A C?2

y 8,854.10—12[ 2}.3000.10.10.106 m?|
N.m
V. = 22,6V

32

LTA Do luong & tu déng hoa (2155147)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Hiéu rng ap dién

Pd nhay dién tich: < Q5
.= =
F3

Voi Q3 =5,.F3 =5, A.p
A: dién tich vung bi tac dong; p: dp luc tdac dong

Po6 nhay dién thé:
Taco: Qg =V5.C hode: Q3 = 54.A.p

Sq-A.p A Sq-A-h.p B Sq-h.p

suy ra:

C Ey- & A Ep- Er

Vay dé nhay dién thé la: Sy = —— =

Tin hiéu output Vs la : Vo= S,.h.p
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Hiéu rng ap dién

Bang tra d0 nhay dién thé Sv & dé nhay dién tich Sq cla
vat liéu ap dién:

Vit liéu Huwéng tac dong Sy (PCIN) S, (V.m/N)
Quartz SiO, | Theo chiéu X 2.2 0.055
BaTiO, Theo hudng phan cuc 130 0.011

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Ky thuat dién dung
- Cam nhan s dich chuyén cua doi twong dwa vao sw thay déi dién
dung.

- Cau tao gdm mdt hay nhiéu dién cuc cd dinh dwoc ghép véi mot hay
nhiéu dién cwc di déng.
&y & A

Trong dé: &,: hang so dién méi cta chan khong; s: hdng s6 dién méi cia
moi trirong; d: khoang cach gitra hai ban cuc; A: dién tich nam giira hai
ban cuc

C =

- Céng thire trén cho thay, dién dung cla cdm bién thay déi néu thay doi
mot trong cac dai lwong A, d, ¢,

35
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Ky thuat dién dung

Motion
/—H7 Motion /—u7
I\ H L L

H | |

(a) (b) (9
Trwong hop 01: (hinh (a)) PBién cwc bén dwdi cd dinh; dién cwc bén
trén di ddng. Khodng cach d thay déi dan dén sy thay dbi dién dung cua
tu dién C. Sw thay déi khoang cach d véi dién dung C la khéng tuyén
tinh.

Trwdng hop 02: (hinh (b)) Khodng cach gitra 02 ban cwc khéng doi;
dién tich giao gilra 02 ban cwc thay d6i. Sy thay dbi dién tich A v&i dién
dung C la tuyén tinh.

Trwong hop 03: (hinh (¢)) Khoang cach gilra 02 ban cwc va dién tich
giao gitra 02 ban cwc la khéng dbi; hang s dién moi ¢, gitra 02 ban cuc
thay dél 36
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Ky thuat dién dung

Xet trwong hop riéng: bién dung cua tu dién thay wotion |
ddi khi khodng cach gitra 02 ban cwc thay d@6i 01 |

khoéng Ad. Bién thién dién dung duwoc thé hién l =
biing cong thirc dudi day: H
CoAC & & A
+ ™~
(d + Ad)

AC &- & A C

C (d+4d).C C

AC  d ,
C  (d+Ad)
AC Ad

C ~ (d+Ad)

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Ky thuat dién dung
Ad/
AC d

o\ (1 + Ad/d)

Két luan: Twr cdng thic trén ta thay sw bién dbi (AC/C) theo (Ad/d) Ia
khong tuyén tinh do c6é sw xuat hién cta (Ad/d) trong mau so.

Pé tranh sw kho khan trong viéc st dung cdm bién dién dung vai tin hiéu
ra khéng tuyén tinh, ta s& xac dinh sw thay ddi tr& khang cla tu dién theo
suw dich chuyén khodng cach gitra 02 ban cwc. Cong thirc tinh tré khang
cua tu dién:

38
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Ky thuat dién dung

J 1
e+ Ade = _a)(C—I—AC)

o= uler ) (7))
Z,  o\C+4C) ' \Z,

AZ C
s )

Zc C + AC
B (C —C —AC)
B C+ AC
AC/
AZC_ —AC C

Zo C+ACT 14 AC/

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Ky thuat dién dung

Trong do: ﬂd/
£ ~ d
1 (1 + Ad/ d)
Nhuw vay: Ad
(%)
B \
AC 14+ 4d

AZe & _ ( fa
Zc 144/, ' (Ad /d\
1+|— /

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Ky thuat dién dung
Vay ta duoc:

AZ, Ad

Z, d
Két luan: Trong cong thirc trén, ta thay tré khang cla tu dién Z. quan hé
tuyén tinh v&i khoang cach d. Viéc do duwge AZ. doi véi cam bién dién
dung dang don gian (hai ban cwc song song) sé cho phép xac dinh duwoc
khodng céch dich chuyén Ad.
Lwu v:
- Xét dau cam bien hinh tru c6 dwong kinh D thi sy thay doi dién dung
chi tuyén tinh véi sy dich chuyén gitra 02 ban cuwc khi khodng céch gitra
02 ban cwc nam trong khoang 0 < d < D/4
- Néu d+Ad>D/4, sy that thoat tir trong ving dién truong sé gay ra sw
thay doi khdng tuyén tinh cta dién dung C.
-Ving tuyén tinh c6 kha ndng mé réng téi d ~D/2 néu dau cam bien
dwoc bao vé bang 01 vong tiép dat. 4
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Ky thuat dién dung
Do nhay:

AZ L 1 ‘ ‘ 1 ‘
- Ad | d o.C.dl o g e.A
D6 nhay co thé dwoc cai thién bang cach:
- Giam dién tich A ctia dau do.

- Gidm tan s6 o. Tuy nhién phai phu thudc vao kha nang dap &ng
cla thiét bi
Két luan:
- Bién thién dién dung la ham tuyén tinh khi dién tich clia ban cuc & hang
s6 dién moi thay d6i; phi tuyén khi khodng cach gitra 02 ban cuc thay
doi.
- Bién thién dung khéang cda tu dién la ham tuyen tinh khi khoang céach
khoang cach gitra 02 ban cwc thay db6i & phi tuyén khi dién tich ban cuc
& hang s6 dién moi thay dbi.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Ky thuat dién dung _— - \

1k

L
P

CAu tao:
-TAm X& Z l&a 02 ban cwc cd dinh; tAm Y 1a ban cwc di doéng.

- Khodng cach ban dau gitra cac ban cwc cia tu dién la d; x 1a khoang
cach di chuyén cua tam Y.

Nhw vay khi ban cwe Y di chuyén khoang cach x, ta co:

s-6-4 & &5.4
d—x d(l—x/d)
1

=%/ "

€, =Cp =

— CU'

LTA Do luong & tu déng hoa (2155147)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN

5.2.2. Ky thuat dién dung

&- & A |
d+x d(1+*/,)

Co.
(1+*/ )
Khi dién dung thay ddi thi tré khang cling thay dbi:

111
N CE}'. (Cz3 CIZ)
[
1 1 1 \
= E} —
\C“ (1+}C/H) Co (1—}% )
LTA Do lutng & tur déng hoa (2155147) \ \ %/ \ "//
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.2 CAM BIEN
5.2.2. Ky thuat dién dung

1

- (1#5-(-3)
1

=w.CU'(2§)

X 1
Nhevay, AZ=27,—Z, = 2.(5) —
>0

Tat cd nhan 02 vé cua biéu thirc trén cho dong dién i:

AV=V2—V1=2.VD(3)=VS(3)
X

v}

Két luan: Ban cuc Y di chuyén mét doan x, dién ap chénh l&ch gitra 02
tu dién thay doi tuyén tinh do dwoc gia tri AV
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC
5.3.1. Do Iwc kiéu treo

Khao sat lai cau Wheatstone nhw hinh vé:
Diéu kién vé dong dién:

R1

R4

A
R2

B

R3

l L
i

Vex

Vex
L =1 = R1I‘;R2 "
h=hL=¢ ing
Diéu kién vé dién ap khi chwa hoat déng: Vo = 0
V,=02 V, = Vg =IL,R, = 4R, (2)
R, R
W@ R+ R, R;+R, =~ RiRi=R3R;
Vay: R, = R3.%
4

LTA Do luong & tu déng hoa (2155147)




Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC
5.3.1. Do Iwc kiéu treo

Khi hoat dong: Vo = 0
_ _ _ _ R1 R2
:'>V0 — 11.R1_14.R4:l4.R3_11.R2 (3)

Thay (1) vao (3):
R R
Vy = ( L 2 )_{@x R4 R3
( R-]_.R3 T 4 R4.R2 ) V
ARy +R).(Ry+ Ry

|
i
Vex
Khi do;
(R, + AR;).(R3 + AR3) — (R, + AR,). (R, + AR,)

AVo = V. (4
0 (Rl + ﬂRl + RE + ‘dRE)(Rq. + £R4 + RS + HRS) ex

Khai trién biéu thire (4) & loai bé di cac sb6 hang qua nhd, ta dwoc:

R,.R, (AR, AR, AR, AR,
— a7
AVU_(D LD 2'(n ) + DD )'L{?x ()
LTA bo luong & tu' déng hoa (215%}’9 T naJ A | n2 n3g g 7/



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC

5.3.1. Do Iwc kiéu treo
Khi 1 lwc P tac dung I&n phan t& do Iwc thi méat 1; 2; 3; 4 cta phan tl tai
déu bi bién dang Mat 1, 3: bién dang theo chiéu doc e, ; Mat 2, 4 bién
dang theo chiéu ngang g, T

E. = —P E, = 1vP (6) Metal R1 R2
@ AE t = AE pitar
A K o Et
- Hé s6 Poisson: , — _ _~
g R4 R3
i 7
- A: dién tich mat cat ngang
- E: module dan hoi cua vat liéu lam |
phan t do tai T Vex

Theo nguyén tac ap dién t‘rc’y da nghién ctru trwwde thi khi co mot lwe P tac
dung dap wng cua cac phan t&r do nhw sau:

ARy  ARj GF.P
= =GF.g = ——— (7)
Ry R, A E
AR, AR, V.GF.P 48

:GF.gt:_ . (8)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC

5.3.1. Do Iwc kiéu treo
Thay (7), (8) vg‘io cong thure (5) ‘ ,
Lwu y rang. cau Wheatstone swr dung 4 dau do bién dang voi dién ap ra
Vo; R1 = R2.

GF.P.(1+ V)
Vo = > AF Vs 9)

Lwc tac dung P dwoc xac dinh:
2.A.FE
P = :
GF.(1+ v).V,

V, =C.V, (10)
Theo (10), Iwc tac dung P ty I& tuyén tinh voi gia tri dién 4p Vo va hé so ty
& (hé sO hiéu chinh) C:

2.A.E

C = (11)
GF.(1+ V).V,
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC

5.3.1. Do Iwc kiéu treo
D6 nhay:
- D6 nhay cua dau do lyc:

Vo _1_GFU+V% 1)
P C 2.A.FE
- Cac yéu t6 anh hwéng dén dd nhay S:
1. Dién tich mat cat ngang A cla phan ti do tai
2. Hang s6 dan hoi cda vét liéu 1am phan td do tai
+ Module dan héi E
+ Hé sé Poisson v
3. Hé sé dau do GF.
4. Dién ap cung cap cho cau Wheatstone V,
Kha ning do cta dau do lwc: phu thudc vao dd bén madi cta vat liéu S;
va dién tich mat cat ngang A.

P =S.A (13)
50
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC

5.3.1. Do Iwc kiéu treo
Nhan xét:
- D6 nhay S & kha nang do cla dau do phu thudc vao dién tich mat cat
ngang A
- TuTy nhién, dd nhay S T--> kha nang do ¥ (hay dé nhay S ¥ --> kha nang
do )

Xét trwong hop Iwe tac dung Ién nhat
Theo cong thire (9), dbi voi lwe P, thi (V/V,) .y SE 1a:

" GF.S;. (1 + V)
( U/VQ) - 2.E 44

max
Trong thuc té, ngudi ta thwdng st dung hé sb (VO/%)mx da hiéu chinh, doé
la (*o/,,) .Nhw vay:
(V[}/ )* GF.S5:.(1+ V) GF.(1+ V) Phax
s/ 2.E B 2.E A

(15)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC
5.3.1. Do Iwc kiéu treo

Tl cong thire (10), 2.A.E 'V,

P = .
GF.(1+ V) Vs

GF.(1+v) V, 1

- — — (16)
2.A.E Ve P
Thay (16) vao (15), ta dwoc:
* Von 1
(*/i5) = () 5+ Pna
S Vs/ P
Nhw vay, ta xac dinh dwoc gia tri lwc tac dung:
Vo
("/y,)
P = =. P o (15)
(/)
Vs
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC

5.3.2. Po lwc kieu dam /‘ P
- Do Iwc kiéu dam c6 dang nhw hinh bén e e X :
-S& dung 4 dau do bién dang: 1,3 mat trén | = Paad 5 "/
2,4 mét dudi / Axial gages /
- Lwc tac dung P 5 - batiom sufmos

- Lwc tac dung cach dau do 1 khoang céach x
Khi tac dung 01 lwc P thi xay ra bién dang trén thanh dam nhw sau:
6M 6P.x

= = 1
E.b.h? E.b.h? @)

b: chiéu rong clia thanh dam; h: chiéu cao cla thanh dam
Theo nguyén tac ap tr&, dap trng xay ra khi c6 bién dang trén dam:

81 :_82 — 83 :_84

AR, AR,

AR; AR, 6.P.x
—— = " =GF

R, = R, R, R, E.b. h?

(2)

53

LTA Do luong & tu déng hoa (2155147)

e



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC
5.3.2. Po lwc kieu dam
Thay (2) vao (5) & R1=R2 xac dinh dwoc dién ap ra:
6.GF.P.x

Vo= Tz &

Va lyc ta do dwoc la: E.b.h?

b= e G a0 @)
D& nhay: Vo 6.GF.x.V;

=P EbR )

Nhuw vay, d6 nhay phu thudc:

Hinh dang cta dam do: b, h

Module dan héi E

Vi tri tac dung lurc 1én dam, x

Hé s6 dau do cuia cdm bién bién dang GF
Pién &p cung cap cho cau Wheatstone, Vs

abkwhE

LTA Do luong & tu déng hoa (2155147)

54



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.3 CAM BIEN LUC

5.3.2. Do Iwc kiéu dam
Gi&i han:
Kha nang do cda dau do lwc kiéu dam phu thudc:
1. Hinh dang mat cat ngang cia dam do: b, h
2. Diém dat lyc
3. Do bén madi clia dam, S, [N/cm?]

b s b.h?1 e~
Xéc dinh (%) ”;”; _hzf V6 X
Tw (4) suy ra: P, = = .GI.J' = (];}) o
- - S’ max
T (6)&(7) suy ra: (@) _ S5p- GF
Vs

max E VO ) .
(VO/ ) ( / ) hé s6 thuwong mai
Vs >/ ndm trong khoang tir
P = v 7. Prax 4 +5mVIV
(Vo)
LTA Do luong & tu' déng hda (2155147) \ 's)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.4 DO MOMENT XOAN

Ung suat cat [N/cm2]xuat hién trén truc ty 1& véi momen xoan T [cm.N],
xac dinh b&i cong thirc:
! | T.D 16.T

Yy =72  mD3 >

Tx

D: dwong kinh truc [cm] ,
J: moment quan tinh phan cwe cua mat cat ngang hinh tron [cm?]

Khi thanh bj xoan, (rng suat theo céac truc x, y, z la:

O, =0

yIETZZO (2)

Ung suat cat la:

16.T
01 = —03 = Tyy = — (3)

LTA Do luong & tu déng hoa (2155147)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.4 DO MOMENT XOAN
Tw cong thirc (3) & tuan theo dinh luat Hooke, ta thu dwoc cong thirc

bién dang: _16.T 1+ 16.T /1 +
El_n.D3'( EV)SZZ_R.D3'( EV)(4)

Theo nguyén ly ap dién tro:
AR AR AR AR 16.T /1 +
Ak, _ ARy _ARs | ARy _ ( E"),(;p (5)

R, R, R, R, mwD3
Thay coéng thire (5) vao cong thirc cau Wheatstone, ta dwoc:
V 16'7(“'/) GF.V, (6)
° mD3\ E )7
Nhw vay, moment dwoc xac dinh:
7.D3 . E
T — . VO — C VO (7)

16. (1 + v).GF.V;

Vi C l1a hé s6 hiéu chinh:

C =

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.4 DO MOMENT XOAN

Do nhay:
2 c_Vo_1_16(1+0.GFVs
T C 7.D3.E

D06 nhay phu thudc:
- Bwong kinh truc, D
- Véat liéu lam truc, E:; v
- Hé sé dau do, GF
- Dién &p cung cap cho cau Wheatstone

Gi¢i han: Gigi han ctia dau do moment xoan phu thudc vao (rng suat cat

cho phép S, cua truc do: 7.D3. S,
Tmax — 16 (9)
Tw (7) & (9), ta duoc: (VO) S;.GF.(1+ V)
VS max V E
(")
T = 7 Tmax 58
(Vor.,)

‘ A \ Vs
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUONG
5.5.1 Tong quan
5.5.2. 'ng dung
5.5.3. Lwu lwong ké dwa vao phwong phap do theé tich truc tiép
5.5.4. Do Iwu lwong dwa vao toc dé dong chay
5.5.5. Lwu lwong ké dwa vao sw chénh ap suat

5.5.6. Lwu lwong ké dwa vao dong chay xoay

59
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.1. Téng quan

a. Lwu lwong va don vi do

Lwu lwong chat lwu 1a lwong chat lwu chay qua tiét dién dng trong mot
don vi thoi gian.

v Lwu lwong thé tich (thé tich/ thei gian — [m3/s])
v Lwu lwong khoi (khdi lwgng/ thdi gian — [kg/s])

Lwu lweng trung binh trong khoang théi gian At=t, — t, :

Lwu lwong tiee thovi:

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG

5.5.1. Téng quan
b. Cac phwong phap do Iwu lwong

Tuy thudc vao tinh chat chat lwu, yéu cau céng nghé, ngwoi ta st dung
cac lwu lwong ké khac nhau. Nguyén Iy hoat ddng cda cac lwu lwong ké
dwa trén co so:

- Dém true tiép thé tich chat lvu chay qua lwu lwong ké trong khodng
thdi gian xac dinh At

- Do van toc chat luu chay qua lwu lwong ké, Iwu lwong l1a ham cia
van toc

- Do do giam ap qua tiét dién thu hep trén dong chay, lwvu lwong la
ham phu thudc vao dd giam ap.

- Tin hiéu do bién doi trwc tiép thanh tin hiéu dién hodc nhd bd
chuyén dbi dién thich hop.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.2. Ung dung

a. Lwu lwong ké cam tay
- Do lwu lvong nwéc trong nganh cap thoat nwéc, tram bom, tram do (nwéc

udng va nwéc thai)

- Po lwu lwgng cla cac sadn pham dau: dau thé, sdn pham héa dau, cac qua
trinh trong céng nghiép ché bién thwec pham va hoa chat.

b. Lwu lwong ké co dinh

- Do Iwu lweng cla tat ca cac loai nwdc: trén hé thdng 6ng cap, thoat nwéde
(nwdc ubng va nwdce thai)

- Po lwu lwgng cta cac san pham dau: dau thd, sdn phdm hoa dau, lwu
chat trong cac qua trinh trong céng nghiép ché bién thwc pham va héa dau
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.2. Ung dung

c. Lwu lwong ké hoat déng trong méi trwwd'ng nguy hai

- Do luu lwgng trong hé thong chat thai: nwéc cong / nwéc mua.

- Do lwu lwong trong hé thong x& ly nwéce thai, kénh dao twéi tiéu,.... &
cac khu vwe nguy hiém.

- Do Iwu lweng tai cac khu vee ma con nguwdi rat khé tiép can.

d. Lwu lweng ké ché tao bang cong nghé MEMs

- Lwu lwong ké trén dwoc ché tao bang cong nghé
MEMS.

- CO kha néang loai bé nhiéu do méi trwérng nhw bu
nhiét d6 v&i dé chinh xac va dé lap cao, kha nang
diéu khién chéng 6n, tiéng kéu 16 théng hoi, ...

- Ngoai ra, lwu lwong ké nay dwoc rng dung trong
cac thiét bi y t&; canh béo hoi ddc va diéu khién
thong gid; thiét bi phan tich vat liéu, may phan tich

méi tredng, thiét bj cdng nghé cao..
LTA Do luong & tu déng hoa (2155147)
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Chuong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUONG
5.5.2. 'ng dung
e. Lwu lwgng ké (png dung trong hé thong diéu khién lwu chat

NS -
) -~ o

Hé thong cung cép O, cho hé
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG ’ '

5.5.3. Lwu lwong ké dwa vao phwong phap do thé tich trwc tiép
| |

Vz

Thé tich chat lwu chay qua luu lwgng ké trong thoi gian At = t1 - t2, ty 18
v&i sO vong quay cua lwu lvong ké:
Q‘V :qv(NE _]\:l)
qy: Thé tich chét lvu chdy qua luu lugng ké ting véi 1 vong quay
N,, N, : tbng sé vong quay cua lwu lvong ké tai thoi diém t, t,

Lwu lwong trung binh: | T
A t, —t,
Lwu lwgng tuee thoi:
dV dN
Q p— ] p— q‘-.-' P p— q‘-.-' n 65
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUQNG
5.5.3. Lwu lwong ké dwa vao phwong phap do thé tich trwec tiép

Céac phwong phap do sb vong quay va chuyén thanh tin hiéu dién:
- DUng toc dd ké quang.

- Dung nam cham nhd gan trén truc quay cta lwu  lwong ké, khi
nam cham di qua moét cudn day dat c6 dinh sé tao ra xung dién.

- DUNg mach do thich hgp dé do tan sé hodc dién ap.
5.5.4. Do lwu lwong dwa vao toc ddé dong chay

3

1: B6 chinh dong chay; 2: Tuabin; 3: B truyén bénh rang truc vit;
4: Thiét bj dém
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

LTA Do ludng & tu' déng hda (2155147) 2

5.5 CAM BIEN LUU LUONG
5.5.4. Po lwu lwong dwa vao toc dd dong chay
Toc dé quay cua lwu lwong ké ty 1& vai toc do ciia dong chay
n=KkKW
k: hé so ty 18, phu thubc céu tao cua lwu lwong ké
W: toc dé dong chay
Lwu lwong thé tich chat lwu chav aua lwu lwong ké:

F
Q=WFkF= En
n: toc do quay cua lwu luong ké; F: tiét dién dong chay

5.5.5. Do lwu lwong dwa vao sw chénh léch ap suat

e S NN N

{
i

LS
/%%/////2/2%/ s

P

N o
D
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUONG '
5.5.5. Do lwu lwvong dwa vao sw chénh léch ap suat

Phgong phap do lwu lwong dwa vao sw chénh ap suat dwoc dung kha
pho bién.

Q=V,.A =V,.A,
Phwong trinh Bernoulli
p,+(p/2).(V1)? = p*+(p/2).(V,)? = const

Theo phwong trinh nang lwgng Bernoulli, nang lwvong cua mét dong chay
gbm nang lwong tinh(ap suat) va dong nang (van toc) la mét hang so.

Khi van toc tang, ap suat tinh 1ap tire bj gidm di.

Sw giam ap suat hay hiéu ap Ap la thwée do cho lwu lwong Q:
Ap = p; — P, = (p/2)(V,2 = V,?)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Po lwu lwong dwa vao sw chénh léch ap suat

Tw phwong trinh trén ta tinh duwoc:

2
Vy, = “-\/;)-\/Pl — P2
1

Xy =

Trong do:

\/1 - (AZ/AI)Z

Nhuw vay, ta ¢ lwu lwong theo thé tich Ia:

2
Qv = AV, = a Ay, E-\/Pl — P2

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Do lwu lvong dwa vao dong chay xoay

- Po lwu lweng bang dong xoay dwa trén hiéu (rng sw phat sinh dong xoay
khi mét vat can nam trong Iwu chat. Cac vong xoay cua lwu chat xuat hién
tuan tw va bi dong chay cudn trdi di.

- Hién twong nay dwoc Leonardo da Vinci va Strouhal ghi nhan nam 1878:
mét soi day nam trong dong Iwu chat chuyén ddng co6 sw rung déng nhuw
moét day dan. Sw dao ddng nay ti 1& thuan v&i van toc dong chay va ti 1é
nghich v&i dwdng kinh sgi day.

- Va Karman da phat hién ra nguyén nhan cua dao déng nay la do sw sinh
ra va bién mat cua cac dong xoay bén canh vat can.

- 3 —..-"":r-x ) _a;
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUONG

5.5.5. Do lwu lvong dwa vao dong chay xoay
- Nhw vay, nguyén |y hoat déng cua Iwu lwong ké |a: do tan s6 dong xoay
dwa trén hiéu trng sw phat sinh dong xoay khi mét vat can nam trong lwu chat.

- Nguyén nhan gay ra sw dao ddng la sw sinh ra va bién mat cta cac dong
xoay bén canh vat can. Cac dong xody ¢ 2 bén cua vat can cbé chiéu xoay

nguoc nhau.

LTA Do luong & tu déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Po lwu lwvong dwa vao dong chay xoay

Nguyén ly Karman:Tan s6 xoay Karman ti I& v&i van toc dong chay:
V
f — St X E

V6i f: tan so xody karman; St: Hé s Strouhal; v: vén toc dong chdy; d :
chiéu réng vat can.

Theo thwc nghiém néu dong chay cé 30.000<Re< 150.000 thi 0.2 < St <
0.21.

Nhw vay, ta cé thé do téc dd dong bang cach do tan sé xody Karman

Trong diéu kién hang sd St khdng phu thudc vao tri sd Re ta co thé tinh
lwu lwong chat lvu nhw sau:

Q—AXV—AXde
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Do lwu lvong dwa vao dong chay xoay

Yéu cau vé hinh dang cltia vat can phai dwoc cau tao sao cho hang so St
la hang s trong khoang rong Re.

b 0 © »

Pic diém cua phwong phap do dong chay xoay:

v Cau trac don gién, do khéng cé cac bd phan chuyén
dong nén lwu lwvong ké luén dam bao dé bén va dé tin
cay cao.

v/ Lap dat don gian, thich hop cho cac chat 16ng khong
dan dién.

v Phuong phap nay rat kinh té va c6 dd tin cay cao.

v’ Tan s6 dong xoay khéng bi anh hwéng bdi sy do ban
hay sw hw hong nhe cua vat can.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Po lwu lwvong dwa vao dong chay xoay
Pic diém ctia phwong phap do dong chay xoay:

v'Mbi quan hé gitra dai lwong do va dai lwong hién thi tuyén tinh va khdng
thay ddi theo thdi gian hoat ddng cua lwu lwong ké.

v’ Sai s6 phép do bé.

v/ Gié tri do khéng phu thudc vao céc tinh chat vat Iy ciia méi trwdng dong
chay.

v'Chi can hiéu chinh mét lan duy nhat trwdc khi dua lwu lwong  ké  vao
hoat ddng, sau d6 khéng can hiéu chinh lai v&i cac loai lwu chat khéc.

v’ Céc yéu td can quan tam khi st dung lwu lwong ké kiéu xoay la: cach
lap dat, nhiét dd Iwu chat, ti trong va dd nhot cla lwu chat, cac yéu to
nhiéu do rung déng
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG

5.5.5. Do lwu lvong dwa vao dong chay xoay

Céac quy dinh vé lap dat lwu lwong ké dong xoay

- Lap lwu lwong ké theo chiéu mii tén cung chiéu dong chay vao

- Phai ddm bao khodang cach toi thiéu gitra Iwu lvgng ké voi cac doan noi
voi cac diem ndi khac (van, doan cong...) theo chiéu xudi va chiéu nguoc
dong chay dé thu dworc cac tin higu dau vao chinh xac nhat (D la dwong
kinh cua lwu lvong ké)

- ' Dong chay
Ekn::i:hhu} | {;) | | Ong che - Q -
]I:L. 10D _EU:[:][ By‘gﬂ 20 _J 13D _
Khoang cich véi 6ng mé réng . Khoang cdch vdi cic doan rg
D-fmil‘;:i}' Dong cha
& QO
=] 1= ]
10D _ 5D 20D -40p] [ 5D
Khoang cdch vdi dng thu hep Khoang cdch véi cic van
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Do lwu lvong dwa vao dong chay xoay

Cac quy dinh ve lap dat lwu lwong ké dong xoay
- Viéc lap dat cac diém do ap suat va nhiét do trén ciing mot dwdng 6ng voi
lwu lwong ké cé quy dinh vé khoang cach

-Khdng do nhirng chat 1dng c6é chra ca cac chat ran nhw cét, séi... loai bé
dinh ky cac vat ran bam vao thanh chan.

biemdo  Diémdo
Chiéu chdy ngucc Q ap sudt nhiét do

Dong chay m -
> | ||

2dén 7D N Chiéu chay xudi

o g
| hodc 2D tir diém do 4p sudt
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Do lwu lvong dwa vao dong chay xoay

Céac quy dinh vé lap dat lwu lwong ké dong xoay

- Thworng khéng thé do cac lwu chat khi dong chay co tap chat, dong chay
phan tang hoac dong chay c6 bot khi.

- T6t nhat la lwu lvong ké va dworng dng phai c6 ciing dwdng kinh. Trong
trwdng hop khdng tranh khoi phai khac nhau thi dwdng kinh cda lwu lwong
ké phai nhé hon dwdng kinh 6ng:

Khéng duwoc Q Puoc Q
[ N
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUONG
5.5.5. Do lwu lwong dwa vao dong chay xoay
Céc quy dinh vé lap dat lwu lwong ké dong xoay

Pé do duwoc chinh xac lwu lweng cda lwu chat thi yéu cau phai do véi
nhirng dwdng 6ng ludn day

v
|
I
|
|

ovA Aeyd suoq]

p Khong doc Khong doc
| \g_,_J\Q_r\_________
—_— -
¥ 4 \ 8 ‘ Dong chay vao
Doc — Doc
—
; g b
f J FO I A h
\ h=>0

- N
Dong chay vao

Dong chay vao
LTA Do luong & tu' déng hoa (2155147)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Do lwu lvong dwa vao dong chay xoay

Céac quy dinh vé lap dat lwu lwong ké dong xoay

Cé&c lwu chat sé gay ra cac 16i trong qué trinh do. Phai tranh céc bot khi tao
ra trong chat 16ng vi vy ma dwdng 6ng phai lap dat sao cho tranh dwoc sy
tao thanh cla cac bot khi. Nén Iap dat van theo chiéu xudi dong chay vi su
giam ap suat khi dong chay qua van sé lam cac bot khi thoat di:

Pwoc - Khong dwoc
-L Voam dicw Ehien
bl |
Donc chay vaeo Pwoc g
BT L N < r E
‘l l Pwoc —_ (’_):3 E,
- .
L . S ( | [ |3
= . . = e
——
Dong chay vae — ‘)
~ -
T r
J [ Done chay vao
S (X B
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Do lwu lvong dwa vao dong chay xoay

Céac quy dinh vé lap dat lwu lwong ké dong xoay

- Khéng 1ap dat Ilwu lwgng ké trong moi trwérng cé nhiét dod thay déi dét ngot
- Trong mét mdi trwdng cod céc thiét bi phéat nhiét ndng thi phai lap dat Iwu
lwong ké & chd cé théng gio. Khong lap dat lwu lwong ké trong moi trwdng
dé bi an mon.

- Khéng dwoc cho lwu lwong ké vao trong bat ky mét chat 1dng nao.

- Nén Iap dat lwu lwong ké trong nhivng mdi trwérng han ché thap nhat mac
va cham va chan dong.
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Chuong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LUONG
5.5.5. Lwu lwong ké khoi nhiét

a. Gi¢i thiéu

Thiét bj do la loai cdm bién dwoc cau tao bang mét miéng kim loai mong,
dworng kinh nhd, & bén ngoai miéng kim loai ngwoi ta dat mét cudn day
dun néng, va dbéi xirng vé hai phia cuén day cé dat hai cdm bién do nhiét

dé twong irng T1 va T2.

To Power Supply
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Lwu lwong ké khoi nhiét

a. Ngquyén tac hoat dong

6_

a) T,

o D3t NGNg @

_J'—_J
Cam bign do nhiét
F 1

. i f Co
Khéng co | i luu lugng
luu lugng

! :
1 ]

b)

-
W

~HRINNNN]
i NN\

- K

- Khi lvu lwgng bang khong, sw dun néng doi xieng T1=T2; khi c6 lwu
lwong, T1 giam T2 tang, d6 sai biét: AT = T2 — T1 ti I1é v&i lwu lvong Q can
do.

- Nhirng cam bién do nhiét do c6 thé I{‘;l hai cap nhiét dién, hoac hal nhié’t
dién tro dwgre mac vao hai nhanh cua cau do Wheastone voi hai dién trd co
dinh khac dwoc mac trong hai nhanh con lai cGia cau, dién ap khéng can

banq chinh la tin hiéu do.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LU’U LUONG
5.5.5. Lwu lwong ké khoi nhiét

a. Nquyén tac hoat dong

A

=
ar
E

{':'_;1 working

Zone
V Cp F g
— IO N E
S
5 Scom Gaz Flow

V :Pién thé cau wheastone

F : Lwu lwong khoi

Cp : Nhiét dung riéng

N : hé sb spin tly theo tirng chat Monoatomic gas 1.04; Diatomic gas
1.00; Triatomic gas 0.94; Polyatomic gas 0.88 -
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.5 CAM BIEN LUU LWONG

5-5-5- qu |U’Q’ng ké khéi nhiét l);‘m(lonhiélchd
dong ( Active RTD

Cung cip nhiét hrgng
¢ho ddu do nhiét chu

a. Nquyén tac hoat dong ding b dong cé dinh

AT |

\

Cach khac: Dung c6ng nghé  viudotham ehiéu
~ , .~ (Reference Sensor)
phan tan nhiét

- Dung mdt dong cd dinh dé cung cap nhiét lwong cho dau do nhiét chd
dong
- Dau do tham chiéu sé do nhiét do ciia dong méi chat lam gia tri tham
chiéu.
- Khi tbc d6 dong mdi chat tang 1én thi dau do nhiét chd dong sé dwoc [am
mat

>AT giam

> AR va AU dau ra gidm

2 lwu lweong cua méi chat.
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