Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT

5.6.1. Tong quan

- Ap suét la thong s6 quan trong trong cac quy trinh cong nghé, cac hé thng thuy
luc, hé thong khi nén.

- Qua viéc do ap sudt, ta co thé xac dinh dugc cac thdng s6 khac clia quy trinh cdng
nghé.

- Kiém tra su’ an toan cua thiét bi.

- Kiém tra va diéu khién hoat dong clia may moc thiét bi.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT
5.6.2. Khai niém dF

- Ap suat: P= ds

The liquid in a container has a total weight of 152 kN, and the container has a 8.9
m” base. What is the pressure on the base?
59
Pressure = L kPa = 17.1kPa
, — 8.9
- Ap suat tinh: p = ')//g
What is the depth in a lake, if the pressure is 0.1 MPa?
Depth = 0.1 MPa + 9.8 kN/m’ = 10.2m

Nhu trén ta thdy, ap suét tinh khdong phu thudc vao hinh dang va thé A
chua y :khoi lugng riéng [ kg/m 3] = p.g, cua nudc = 9,8kN/m? =

Po ap suét tinh co thé tién hanh bang 02 phudng phap:
- Do p sudt chat luu dugc 1ay qua mét 16 khoan trén thanh binh, e

- Do truc ti€p bi€én dang cua thanh binh

' What is the pressure at the base of a water tower that has 35m of head?
p =9.8 kN/m’ X 35m = 343 kPa
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT
5.6.2. Khai niém
- Trong lugng riéng cua mot s6 chat thong thudng:

Temperature Specific Weight
Ib/ft’ kN/nr'

Acetone 60°F 49 4 7.74
Alcobol |¢‘fl)_\'” 68°F 494 7.74
Glycerin 32°F 78.6 12.4
Mercury 60°F 846.3 133
Steel 490 76.93
Water 39.2°F 62.43 9.8
Conversion factors: 1ft" = 0.028m’; 1 |b = 4.448N; 1 Ilvft” = 0.157 kN/m".

Pdi v8i chat luu chuyén dong, ap suat chat luu bang tong ap sudt tinh va ap

suat don _

NG P=P: *Pqg
, i 2
- Ap suat dong do chat luu chuyen dong gay nen: Py = pv
2
A
 Cee—————————— 1 2
e
u v -— -4
cam bién cam bién > . X , A, LR
) 1 cam bién 1. do ap suéat tong
3

cam bién 2: do &p suét tinh
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT

5.6.3. Bon yi dq
- Bang chuyén doi don vi ap suat:

Bon vi pascal bar atmotsphe
ip sus (Pa) (b) kgfem® (atm) mmH,O mmHg mbar
| Pascal 1 107 1.02.10° | 0957.107 1,02.10" | 0,75.107 107
| bar 10° 1 1.02 0.957 1,02.10° 750 1o’
| kgfem® | 9.8.10° 0.950 1 0,956 10* 735 9,50.10°
1 atm 1,013.10° 1,013 1,033 1 1,033.10° 760 1.013.10°
ImmH,0 9.8 9.5.10° 107 0965.10™ 1 00735 0,095
ImmHg 1333 13,33.107 | 1.36.107 1.315.107 136 | 1,33
Imbar 100 Lo’ 1.02.107 | 0957.107 1,02 0.750 1
Water Mercury** kPa psi
in' cm* mm in o
1 psi 27.7 703 517 204 (6.895) 1
1 psf 0.19 0.488 0.359 0.014 0.048 0.007
1 kPa 4.015 10.2 7.5 0.295 1 0.145
] atm 407.2 1034 761 29.96 101.3 14.7
1 torr 0.535 1.36 1 0.04 0.133 0.019
1 millibar 0.401 1.02 0.75 0.029 0.1 0.014

‘at 39°F *at 4°C **Mercury at 0°C
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT

5.6.3. Bon yi dq
- Bang chuyén doi don vi ap suat:

A A A A Absolute zero
v Chan /(/70/7g tU yet db/ total vacuum Standard atmospheric pressure
v Ap suat khi quyén < >
, o A o < > Absolute pressure at point of interest
v Ap suat tuyet doi )
. acuum
VA 59 < >
Ap suat db Pressure due to atmosphere |« I
, ~ o A Gauge pressure at point of interest
v Ap suat chan khong
v Chénh léch ap suat >
p
0 psia 0 psig — OkPa(g) ressHre
0 kPa(a) 14.7 psig — 101.3kPa(g)
o i i i i Surface =
b == NI ”'\ T
- T _’ é?
; ;‘5-’55
Ll L1 ﬁf
T p —b' 53: FL
P HH \ >
7
d ° L ererrerrererer—— : md
L b R 7
S S e S ‘l\l l‘l\ i S e R i S e R R S R\. R\ W\ R\. ; m
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT

5.6.4. Phan tir do ap suat
Ap ké chir U:

P, — P, = y x difference in height of the liquid in the columns

S— — = — Ap =yAbh = 8.5 x 83/100 kPa = 7.05 kPa

S , N/m*
_ D _785kPa_ Njm kg /m
b 135m  98N/m
N
Pressure P, * Capacitor plates Silicon Pressure P, P
Diaphragm
P ‘\ﬁfxﬁfxﬁng a/pf/ 7 | diaphragm ]
i ?:::::::::::: —— Leads « »
D R 2| '

INNZ%
N7

T 7
Pressure P, ? f /—I:_T/
Pressure P, D
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT
5.6.4. Phan tur do ap suat

V4

Ap ké kiéu mang ngan

Pressure P, ¢

Ap ké st dung 16 xo 6ng

Pressure P, T

Ap ké sir dung 6ng Bourdon

Pressure P, T

LTA Do luong & tu' dong hoa (2155147)

Pressure PzT

s Electromagnet
! Output signal N
A VAR = Control 4-20 ”:"5‘
7 = ] electronics
E ___,.:-"'-__ — e it
-+ P 1 N,
Capsule % r ]
;‘“‘“}___ P " Pivot |
M~ — ¢
I — ;
| e i

Vv - hé s6 poisson.

Y - mo6 dun Young.

R - ban kinh cong.

h - bé day thanh éng.

a. b - cac ban truc cua tiét dién 6van.

., B - cac hé s6 phu thuoc vao hinh dang tiét dién ngang cua éng.

x = Rh/a® - tham s6& chinh cua éng.



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN DO AP SUAT . ) i T
5.6.4. Phan tir do ap suat Ap ké ki€u mang ngén :}% L%‘%
Ap ké' str dung 6ng Bourdon w%

1‘1
/ ﬁ\\\\ e D6 vong tam mang phang dudi tac dung cua
I—; /< 0% it <= ap suat tac dung lén mang xac dinh theo

s )@F/ cdng thiic sau:

A 3 (] _112 lﬁ

Lot T . :_,_

Ap ké vi sai kiéu phao 16 "Yh?
|31 i +P2
| 6 Khi dat su’ can béng &p suét:
"] \ | 4 )-Sp_l
% \; pi —p> =glp, —p)h, +h,)

TU can bang thé tich, ta co:
F.h, =t1.h,

TU can bang thé tich, ta co:
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN DO AP SUAT N 3
5.6.4. Phan tir do ap suat 3 3
Ap ké vi sai kiéu chudng 0. |||_' 1 N I
Ta c6 d0 dich chuyén clia chudng la: —5 L~ —>=
t Ay 2 dx
dH = d(p, —p,) T N
Afglpn—p) - — - 22 S |
L3y tich phan gidi han tir 0 t&i (p1-p2) I I dHJ dy ==
nhan dugc phu’dnq trinh dac tinh tinh - =lFql=l T S i | gt
cua ap ke vi sai kiéu chuong: === T -
.
H=— (p, —p>) 2) b
‘ﬁt'g(pm _p) ! ' }

F - tiét dién ngoai cua chuéng.

dH - d6 di chuyén cua chuong.

dy - do dich chuyén cua miic chat long trong chuéng.
dx - do dich chuyén cua mic chit long ngoai chuéng.
Af - dién tich tiét dién thanh chuong.

@ - dién tich tiét dién trong cua binh 1on.

dh - chénh léch muc chat long 6 ngoai va trong chuéng.

f - dién tich tiét dién trong cua chuéng. 9
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT
5.6.4. Phan tur do ap suat

Ap ké& dua vao phan tir bién dang (kiéu 6ng tru)

% ,,,,,,,,,,,,,,,,, : P - ap suat.
g ; :
S -1 4-- Y - m6 dun Young.
¥l
- e
fg“‘“ﬁ‘—‘?"““‘“‘ﬁj V - hé so poisson.

r - ban kinh trong cua ong.

e - chiéu day thanh éng.
5.6. CAM BIEN DO AP SUAT

5.6.5. Bd phan chuyén doi dién

Bo bién ddi do ap suat kiéu dién cam

p Néu bd qua dién trd cudn day, tir thdng tan va ton hao
1 /l trong I8 tir thi @6 ti cam clia bd bién d6i xac dinh boi
" | cong thirc sau: g

Julr:maa{—vL L=W"p,—2

17 ) - 5

DT H\ L: d0 tu cam cua bo bién doi |Henry]
1111 2
""O\_\5 Sor & = k.p: ti€t dién va chi€éu dai khe hd khong khi
1) TAm sat tir 2) Loi sat tir 3) Cuon day 1o : d6 tUr thdm cla khong khi 10
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO AP SUAT
5.6.5. Bd phan chuyén doi dién |

Bo bién doi kiéu bién ap vi sai e, =2nt.I;M,

e, =2nf.I;M,

e, e, la cac suat dién dong cam ung xuat hién tai cac nua
cuon thua' cap [V]
M, M,: hb cam gilfa cudn so cép va cdc nua cudn thir cdp
[Henry]

Suat dién dong cam ’ng xuat hién trong cudn thir cap:

E=e, —e, =2xfl,(M, =M, )= 2af[,M
Nhu vay dién ap ra cta bd bién doi dudc xac dinh:
i V., =2nfl|M_,
Gia tri ho cam M., phu thudc vao do dich chuyén cla 16i thép

.
M. =M ‘

ra max -~
0

nax
Vi gid tri hd cdm M., phu thudc vao dd dich chuyén I6n nhét cla 16i thép
Suy ra: V. = 2, M

max
ra 8

11

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

5.6. CAM BIEN PO AP SUAT
5.6.5. Bd phan chuyén doi dién

BO bién ddi kiéu dién dung
C = (gpg, A)/ (8, + AD)
gy €, < hang sé dién moi chan khong va modi truong
A: dién tich doi nhau gitia 02 ban cuc
S, + A5 khoang cach gitia 02 ban cuc

Bd bién doi kiéu ap dién

Q =kF suy ra, Q =kpS

o ? 0
2 4
1 2
N\ /
[t il % -
AR ]‘}1 I‘]2
;‘f’_\ O O W W W Y | ﬁ O b .‘_
| ]
/ 1| 4
1 T 5
P
b)

R e R R ]

B q' B
l‘l

i
A
R

k - hang so6 ap dién, trong truong hop thach anh k = 2,22.10"* C/N.

S - dién tich htru ich cua mane.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC

5.6.6. Tong quan
- Do mUrc cta chat Idng hodc cac chat ran dang bot. Do mirc rat quan trong trong

viéc diéu khién qua trinh cdng nghé san xudt san pham.
- C6 nhiéu phuong phap do muc cua chat long: phao, ap suat, vat do trung gian...
- Xac dinh cac murc chat 16ng: theo mukc, lién tuc, gian tiép, truc tiép.

- C4c thiét bi do mUc can thiét ké&: dé kiém dinh, bdo dudng, thay thé.
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC

5.6.6. Cac phucng phap do mirc

Cac thiét bi do mirc gom cé 04 loai:

- Do truc tiép
- Do gian tiép
- Po mlc don diém.

- Xac dinh muc cta cac chat ran dang bot.

a) Po murc truc tiép

- C6 nhiéu phuang phap xac dinh muc chat long truc ti€p: phao; 6ng thuy;...

Shutoff valve

T P or oo P TP P NP s
]
5 ]

Sight glass

Yrrrorrr

Quan sat muc chat long bang
ong thuy

LTA Do luong & tu' dong hoa (2155147)

Linear
scale

Quan sat muc chét long bang

phao

Angular position scale
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc
a) Do mirc truc tiép

Quan sat mirc chét Iong bang éng thuy:
- Chi phi thap, dé bi gdy V8.
- Khdng nén st dung dé quan sat cac chat 1dng nguy hiém.

- Nén str dung van khda dé dé thay thé 6ng thay va trong trudng hgp 6ng thay
dé bi pha huy.

Quan sat mirc chat Iong bang phao: dung puly & cdnh tay don:
- Phao két hgp vdi puly:
- Po dugc muc chat ldng & chat bot ran
- DI liéu do 6n dinh, tin hiéu ra tuyén tinh.

- DO chinh xac chiu anh hudng bdi: su an mon dién hda, cac phan
ung hda hoc, ma sat vai pully...

- Phao két hgp vdi canh tay don:
- Chi xac dinh muc chat 16ng theo gdc hién thj tir 0 — 90°C
- SO chi thi khong tuyén tinh

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

5.6. CAM BIEN PO MUC

5.6.6. Cac phucng phap do mirc
a) Po mirc truc tiép

Linear scale or
potentiometer

Angular position
scale or potentiometer

LEPEE
AR

Weight

e e e e e e e e ]

Po mirc chat Iong bang siéu 4m

Receiver Transmitter

SN

Transmitted pulse |_|

Received pulse

L

—b‘: Time delay id—

tah —d

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

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc
b) Po mirc gian tiép

Co nhiéu phuang phap do muc gian tiép:

- Do ap luc thuy tinh tai day cua binh chlra (ngoai suy tu ap suat & trong lugng
riéng chat 16ng);

- Do tim su’ thay doi dién dung;
- SU’ dung bang dién trg;
- Xac dinh trong lugng chat long;
- S dung vat do trung gian.
Ap suat: ap suat tang khi chiéu cao cot chat 1ong ting

p=vyh

p. ap suat cot chat Iong, y: trong luong riéng,; h: chiéu cao cot chat long

Vi du: Bong ho ap suat tai day cua binh chlda chat long la 1,27MPa (trong lugng
riéng chat long 13.6kN/m?3). Muc chat Iong trong binh chlra ? 17
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc

b) Po mirc gian tiép

Ap suat:

Ap suét co thé dugc xac dinh bdng nhiéu phuong phap khac nhau. Tuy nhién, can
luvu y dén Iuu chat do va tap chat trong Iuu chat khi thiét ké vi tri cia bo phan do ap

suat
Shutoff valve Shutoff valve
Tank Tank

Clean out
18
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC

5.6.6. Cac phuong phap do mirc
b) Po mu'c gian tiep

Vat do trung gian:
Nhan biét su thay doi luc nang tac dong 1én ddi tuong dé xac dinh su’ thay doi muc

chat long. yrd* L
Luc nang: b= T — o
y: trong luong riéng cua chéat luu; ¢ Wer ?

d: duong kinh vat do,; o
L: chiéu dai vat do chim trong chéat luu

{_— Displacer

Luc do = Trong luc vat do - Luc nang
Vi du: Budng kinh vat do 13cm dudgc 1
dung dé xac dinh mdc nudc trong ’
binh. Néu muc nudc dich chuyén 1,2 , v
m, su thay ddi luc do nhan dugdc trén ’
cam bién la bao nhiéu ?

Vi du: Vat do dudng kinh 7,3-in st dung dé do mdic chat Idng acetone. Néu mic chat
l6ng dich chuyén 2,3ft, luc do dudc sé thay ddi bao nhiéu ? 19
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc
b) Po mirc gian tiép

Pién dung:
- Do murc chat l16ng & chat ran dang bot.

- Dién dung tong hop Cg: C =C #i +C
d ~ “a a

7, 2 <& Alr N N 2 N7, Fd
C,: dién dung khéng chua chat Iong; u: hang s6 dién moi cua chat long,
r: chiéu cao cua ban cuc; d: do sau muc chat long
Luu y: hang s6 dién moi cia khong khi (1) bang 1; hang s6 dién moi clia nudc

bang 80
C,-C,
d _ ( d a ) y
uC,
Dielectric Constant of Some Common Liquids

Water 80 @ 20°C Acetone 20.7 @ 25°C
Water 88 @ 0°C Alcohol (ethyl)  24.7 @ 25°C
Glycerol 42.5 @ 25°C  Gasoline 2.0 @ 20°C
Glycerol 47.2 @ 0°C Kerosene 1.8 @ 20°C

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

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc

b) Po mirc gian tiép

Dién dung:

Vi du: Pau do dién dung vdi chiéu dai 1,3m c6 dién dung trong khong khi la 31pF.
Khi moét phan dau do chim trong nudc, dién dung cua dau do la 0,97nF. Vay phan
dau do dién dung ngap trong nudc dai bao nhiéu?

Capacitive sensor electronics Capacitive sensor electronics
E R F] |n5LJ|atDr -‘-‘-:"_."M."."."."."."."." [
1 e
Inner rod 1< Inner rod —HH
—_— N —_— H":H
Nonconducting > Conducting "'
liquid —H—> < liquid > HH
Outer shell | = \ Outer Shell | /ﬂ
LX L =
N\ /
Capacitive sensor Capacitive sensor
(a) (b)
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc

b) Do murc glan tlep Resistive element Conductive strip

Dién tré bang:
- C6 thé do dugc chat 16ng &n mon hodc chét léng

sét; khong do cac chat dé bay hai hay chay né.
- Gia thanh ré, chinh xac.

- B0 chinh xac phu thudc vao trong lugng riéng cua

chat luu
Tai trong: Po muc bang dién tré bdng

- Phuong phap nay phu hdp nhat cho truéng hgp giam sat muc lién tuc.
- Hinh dang ctia binh chira can biét trudc.
- MUc chat long phu thudc vao trong Iugng riéng cua chung.

- Thé tich cla chat Iuu trong binh
chla:

V = area X depth=nr* x d - idwquid level)
) Trong Iqung: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
W=yVv Do muic bang phu’dng phap d‘o trong /uzc2

LTA Do luong & tu' dong hoa (2155147)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc

b) Po mirc gian tiép
Tai trong:

Vi du: Chiéu sau cia muc chat léng (y = 56Ib/ft3) trong binh chlra la bao nhiéu? Cho
biét: binh chira cé trong lugng 33Ib & dudng kinh 63in; tdng trong luc cam bién do
dugc la 746lb.

5.2.3. Giam sat don diém

- SUr dung dau do d6 dan; dau do nhiét; phuang phdp tia

Pau do dé dan:

- Ung dung dé gidm sat mirc don diém cho cac chat 16ng dan & khdng bay hai.

- — Sensor

Sgnal ;1! probe raba .L, brobe
- Vi tri cac dau do dugc sur E H
dung dé thiét 18p cac muc g ' __E

N, 2
e e e e et S Emzan?

e R R R R R R R R NI R R T R

Conductive liquid

- ThuGng s dung nguon dién

AC hon nguon DC. Cdc dau do dé xac dinh muc don diém chg cac
chét Iong dén
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.6. CAM BIEN PO MUC
5.6.6. Cac phucng phap do mirc

c) Giam sat don diém

Pau do nhiét:

- GOm mOt ngudn nhiét dugc bo tri lién ké 01 cam bién nhiét.

- Khi chat 16ng dang lén & ti€p xuc dau do thi nhiét s€ bi phan tan & cam bién nhiét
cho thay su’ giam nhiét ro rét.

- Dau do don gian, gia thanh ré, dd tin cdy cao phu hop véi gidm sat mirc don diém.
Phucng phap st dung nquon tia:

- Thudng st dung trong cac binh chira ap luc; chat 16ng an mon hoac moi trudng
nhiét do cao.

- Cac nguon tia thuong su dung: anh sang; nguon am; siéu am; buc xa.
- Gia thanh ré, 13p d3t dé dang nhung dé bi anh hudng bdi mdi trudng.

- Cac thung ch(ra cé ap suat nén sir dung cam bién s dung phudng phap nay.

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

5.6. CAM BIEN PO MUC

5.6.6. Cac phucng phap do mirc
c) Giam sat don diém

Phucong phap s’ dung nquon tia:

[] source Receiver

,‘|
)

20
)

T |
o funaan| e

N

(a) (b)
Do mue chét Iong st dung ngudn tia (a) Pon diém, (b) Pa diém
d) Giam sat mirc vat liéu rgi
- Xac dinh murc cho cac vat liéu ran dang roi: bot, hat, ...
- C6 hai kiéu: sir dung ddng co gan canh quat dang mai chéo; sir dung ngudn dao

Paddle wheel Vibration sensor

dong rung. , :
.M NS - w

Solids Motor Solids

SO

Vibration
unit

(@) (b)
Do muc vat liéu roi (a) Canh quat dang mai cheo,; (b) Nguon dao dong
LTA Do luong & tu' dong hoa (2155147)
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5.6. CAM BIEN PO MUC
5.6.7. Ung dung do mirc
- Cac yéu td can xem xét khi lua chon loai cam bi€én do mdc: ap suat; nhiét do; do
dong déu cua chat long; kha nang bay hai; d6 an mon; do chinh xac yéu cau; do
don diém hay lién tuc; do truc ti€p hay gian ti€p; thanh phan rin trong chéat 1ong;
loai vat liéu rai; v.v..
- Nhiét do la thong s6 quan trong khi chon cam bién do nhiét d6 anh hudng dén
trong lugng riéng, hang sd dién moi. Vi vay, mot so loai cam bién can bl nhiét do
khi doc (hoac hiéu chinh) la dién dung, ap suat, si dung vat do trung gian, su’ dung
do tai, si€u am.
Vat do trung gian:

- Trong lugng riéng cua vat do phai I6n han chat long.

- Trong lugng riéng cla chat 16ng la hang trong qua trinh do.

- Chat long khéng an mon vat do.

- Nhiét d6 cla chat long can dugc giam sat trong khi do nham hi€u chinh gia tri

trong lugng riéng.

- C6 kha nang do tdi d6 sau 3m, va@i do chinh xac + 0,5cm.
LTA Do luong & tu' déng hoa (2155147)
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5.6. CAM BIEN PO MUC
5.6.7. Ung dung do mirc
Pién dung:

- Theo ddi thudng xuyén hdng sO dién moi cla chat long can dudc theo doi
thudng xuyén.

- Phuong phap dién dung cé thé do mic cta thung chilfa chiu ap téi 30MPa,
nhiét do tGi 1000°C.

- CO thé do tdi dd sdu 6m, dd chinh xac +1%

Ap suét:
- Lua chon phucng phap do ap suat dé theo ddi mirc chét 16ng can Iuu y cac van dé
sau:

+ Su c6 mat cla cac hat chat ran trong chat 1dng.

+ Nhiét do cua chat long.

+ Ap suét I6n nhét.

+ Khoang cach gilra thung chira va bd phan do ap suat.

+ SU dung van khoa khi hiéu chinh déng ho ap suat.
- Po dugc muic chat long cua cac binh chlfa c6 ap suat téi 30MPa, nhiét do tdi
600°C, vdi do chinh xac +1%
- B0 sau chat long phu thudc trong lugng riéng & gia tri cua dong ho do ap suat.

LTA Do luong & tu' dong hoa (2155147)
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5.6. CAM BIEN PO MUC
5.6.7. Ung dung do mirc

Bang cac thong s6 cua cac loai phuong phap do muc

Level Measuring Devices

Type

Sight glass
Ditferential
pressure
Pulley float

Displacer
Bubbler
Capacitive

Resistive
Sonic
Ultrasonic

Radiation

Paddle

Continouns/
Point

P,C
P,C

P,C
P,C
P,C
P,C
P

P,C
P,C

P,C
P

LTA Do luong & tu' déng hoa (2155147)

Liquid/
Solid

L

L

| N

Temperature

Range
260°C
650°C

150°C
260°C
Dew point
—-30%to
+980°C
—-30"to
+80°C
—40° to
+150°C
—25%to
+60°C
60°C
175°C

Pressuire
Range, psi

6,000
6,000

300
300
1 atm

5,000
3,000
100
300

Unlimited
30

Accuracy
+0.25in
+0.5%

+0.12in
+0.25%
+1.0%
+1.0%
+0.12in
+1.0%
+1.0%

+1.0%
+1.01n

Measuring
Range, ft

4

Depends on
cell

60

10
Unlimited
20

100
3-150
3-12

15



Chuong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.7 BO CHUYEN DOl ANALOG - DIGITAL

Table 4.1 Equivalent Count for a 4".Bit T
MSB* Bit2  Bit3 LSB“ MSB Bi';{z{-'; |
0

e O O O 0000 O
PRSI ES = e s © O © O

LTA Do luong & tu' déng hoa (2155147)
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5.7 BO CHUYEN DOl ANALOG - DIGITAL

 output

30
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.7. BO CHUYEN POI ANALOG - DIGITAL

{1) Senscr and
’ transducer

o (5 ADC e——— Y
.D]g'lﬂl P — (2) Signal
'nputto conditioning
cOmputer I
(4} Amplifier ~4— Qlher signals

(3) Multiplexer
(1) Sensor and transducer: bé phan do, cam nhan tin hiéu vat ly
(2) Signal conditioning:
- Loc tin hiéu, loai bd nhiéu &nh hudng dén tin hiéu thu nhan duoc
- Chuyén tin hiéu ton tai & dang nay qua dang khéc
(3) Multiplexer: bé phan kénh
(4) Amplifier: b6 dé8m nham diéu chinh dai tin hiéu phu hop véi tm hoat déng
cua bo ADC
(5) Analog to Digital Converter: Bé chuyén dbi tin hiéu twong tw (analog)'--->
17A_ Bbimidu &6 fdiaitaly)



Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.7 BO CHUYEN DOl ANALOG - DIGITAL

B& chuyén db6i AD c6 03 giai doan:

- Sampling: 1y mau theo chu ky nham chuyén tin hiéu lién tuc thanh mét
loat tin hiéu analog r&i rac

- Quantization: lwgng hoa tin hiéu twong tw bang cach gan cho méi tin
hiéu analog mét s6 xac dinh nam trong cac vung co mc do Ion duoc
guy dinh trwoc.

- Encoding: tr cac muc d6 lon r&i rac thu nhan dwgc trong qua trinh
lwong hoa tin hiéu sé dwoc ma hoa thanh cac s6 nhi phan.

Analog signal

Vanable & /

/.--‘—"'—"--...H
—r ] i \‘.""‘\

- Discrete
sampled signai

[
Time

32
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5.7 BO CHUYEN DOl ANALOG - DIGITAL
Khi lwa chon bd chuyén déi AD, can quan tam dén cac thong sb sau: (1)
sampling rate; (2) conversion time; (3) resolution; (4) conversion method

(1) Sampling rate: 1a téc dé lay mau tin hiéu analog lién tuc; néu téc doé lay
mau cang cao thi dang cta dwong tin hiéu twong tw lién tuc cang dung.

(2) Conversion time: téc dd 14y méu Ién nhét cda bé chuyén déi AD bi gici
han bdi thoi gian chuyén dbi cta né. Thoi gian chuyén cta bd chuyén doi
AD la khoang thoi gian tinh tce lGc tin hiéu analog dwa vao tdi luc tin hiéu
digital dwoc xac dinh (bdi giai doan guantization & encoding). Thoi gian
chuyén doéi phu thudc vao:Sé bit n cua bé ADC & loai chuyén dbi

(3) Resolution: la dé chinh xac cua ADC. D6 chinh xac dwoc xac dinh dua
vao sé luong mire lwrong hda hay sé bit cia ADC. Ta c6 mbi quan hé gidra
s0 lurong mirc lrong hda & so bit cia ADC: Ny = 2n.

D¢ phan giai dwoce xac dinh dwa vao cong thire sau:
range  range

RAD C — AT o E | _ "'"'i.""'._ — s |
LTA Do luong & tu' dong hoa (2155147) nrq 1 £ 1
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Chwong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.7 BO CHUYEN DOl ANALOG - DIGITAL

Quantization error: sai s6 )

Quantization error = iE.RﬂDC

Vi du:
Suppose the input signal is 6.8 V, Use the successive approximalion methed Lo
encode the signal for a 6-bit register for an ADC with a full-scale range of 10V.

Sofutivn: The encoding procedure for the input of 6.8V is illustrated in Figure 5.3. In the
first tnnal, 6.8 V is compared with 5.0 V. Since 6.8 > 5.0, the first bit value is 1.
Comparing the remainder (6.8 — 5.0) = 1.8V with the second trial voltage of
2.5V yields a 0, since 1.8 < 2.5. The third tria) voltage = 1.25 V, Since
1.8 > 1.25,the third bit value is 1. The rest of the 6 bits are cvaluatcd in the fig-
ure to yieid an encoded value = 6.718 V.

34
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5.7 BO CHUYEN DOl ANALOG - DIGITAL

Input 4
voltage
8| ; .
| A.8 V\ . | i
é i ! i
| |
|
4 — |
, I : For six digit precision,
5 !__ \ : the resuiting binary
! ” ' digital value is 101011,
which is interrupted as:
o ) 1 x30V
0«23V
; ; 1x125V
| 0% {1625 V
120312V
Tral  —— : _ 1 x(L156V
Ild :
voltage | SV | | Total= 6718V
[E—— - r - T - |- e
Digtal 1,001 0 1 1|
oulput

LTA Do luong & tu' déng hoa (2155147)
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5.7 BO CHUYEN DOl ANALOG - DIGITAL

Ideal linear transfer

/‘ Ideal ADC transfer
010 +
//
W
r—c: Code transition //
5 14 T~ . Code width
o / . (1LsB)
110+ //
1014 4
/

-t A

-4 -3 -2 -1 0 1 2 3 4

-

Analog input voltage

Ideal ADC transfer

+1LSB / |deal linear transfer
% Db NC PN PN PN PN PN N PN T Inherent quantization
H arror (£1/2 LSE)
= s

-1 LSB +

: : : : . : : 36
4 3 2 1 0 1 2 3 4
LTA Do luong & tu' déng hoa (2155147) Analog input voltage
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5.7 BO CHUYEN DOl ANALOG - DIGITAL
Phwong phap chuyén déi AD khac:

+Vr

R E: cumz;;r;tum
Analog input ¥
I
$
RS 3
)
RS
< + I
I g — -
- £ -% i
55 |
R :E . o 'E :
S N
. Se
. §§
. + =
| T
R ¥
)

LTA_ Po luong &¥&r déng hda (2155147)
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5.8 BO CHUYEN DOI DIGITAL = ANALOG
Chuyén Digital --> Analog gédm 02 giai doan: (1) decoding; (2) data holding
(1) decoding
Ey = E,.;{0,5.B; + 0,25.B, +0,125. B; + ---+ (2")".B,}
E, : dién ap ra cua buoc giai ma (V)
E..: dién &p tham chiéu (V)
B,, B,, .., B, :trang thai cda tteng bit trén thanh ghi
n : s6 bit cda thanh ghi  voltage #  1dea zeroorder  Yoltage 3 Furst-order

envelope cnvelope envelope

2) data holdi
(2) data holding \ L /} .

(a) zero-order hold

E(t) = E,
|
(b) first-order hold 0 | .
E(t) =E,+ a1 " Lime " fime
Ey— Eo(—D) Data holding step using (a) zero-order hold &nd

a’ = = - - = - - -
LTA o luong & t déng hoa (2155147) (b) first-order hold
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5.8 BO CHUYEN DOI DIGITAL = ANALOG

EXAMPLE 5.2 Zero-Order and First-Order Data Hold
for Digital-to- Analog Converter

A digital-to-analog converter uses a reference voltage of 100V and has 6-bit pre-
ciston. In three successive sampling instants, 0.5 sec apart, the data contained in
the binary register are the following:

Instant Binary Data
1 101000
2 101010
3 101101

Determine: {a) the decoder output values for the three sampling instants and
the voltage signals between instants 2 and 3 for (b) a zero-order hold and {(¢) a
first-order hold.

39
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5.8 BO CHUYEN DOI DIGITAL = ANALOG

Solution: (a) The decoder output values for the three sampling instants are computed
according to Eq. {5.4) as follows:

Instant 1, E, = 100{0.5(1) + 025(0) + 0.125(1) + 0.0625{0) + 0.03125(3) + 0.015625(0)}

= 6250V
Instant 2, E, = 100{0.5(1) + 0.25(0) + 0.125(1) + 0.0625(0) + 0.03125(1} + 0.015625(0)}
= 6563V
Instant 3, E, = 100{05(1) + 025(0) + 0.125(1) + 0.0625{1) + 0.03125(0) + 0.015625(1)}
= 7031V

(b) The zero-order hold between sampling instants 2 and 3 yields a canstant
voltage E(f) = 65.63 V according to Eq. (5.5).

(¢) The first-order hold vields a steadily increasing voltage. The slope «a is given
by Eq. (5.7):

40
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5.8 BQ CHUYEN DOI DIGITAL - ANALOG

N - 'l$' o -1 A g;' P e
i goe AETVLA B g PO A Mg
" kS “.'\ e =

e S
-
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5.8 BO CHUYEN DOI DIGITAL > ANALOG

MSB BIT 2 BIT 3 ‘-59

Four bit
lloglc gate
array

42
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5.9 BO PHAN CHAP HANH (ACTUATORS)
5.9.1. Hé thong thay lwc

=
[}
‘UI
I
]
05 L
0%
S
u._l.:{[‘.L |
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5.9 CO' CAU CHAP HANH (ACTUATORS)

5.9.2. Xylanh (Cyllnders)
C6 nhiéu loai xylanh st dung trong nhiéu ng dung khac nhau: truyén dong;

tao lwc nén; gap san pham ....

I F

advancing

v

Fluid pumped in Fluid flows out
at pressure P at low pressure

retracting

I r
| | | |

v

Fluid flows out Fluid pumped in
174 BOASNRISSWE - hoa (2155145 Pressure P
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5.9 CO CAU CHAP HANH (ACTUATORS)
5.9.2. Xylanh (Cylinders)

4\\ f 6\ 1h7 4\\ f ;;
l\3 2/ 1/ l\3 2 '!' 3
a) 4 5 b)

%
" s
/
r\ | /\'.IK
3 21 3
c)

(@) Xy lanh hanh trinh don chi c6 mét dwdng dan dau vao budng; hanh
trinh tr& vé do 16 xo hodc tw trong lwong cua pittong thwe hién
(b) Xy lanh hanh trinh kép loai mét dau truc
(c) Xy lanh hanh trinh kép loai 02 dau truc
Chu thich: 1) Xylanh; 2) Truc tac déng; 3) Buong 6ng dan dau; 4) Plttong, 5)
&7) Zoong bit kin; 6) Lo xo

LTA Do luong & tu' dong hoa (2155147)
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5.9 CO' CAU CHAP HANH (ACTUATORS)
5.9.3. Boom thuy lwc (pump)

C6 nhiéu loai bom thiy lwe khac nhau: bom banh réng; bom pittong; ...

a) Bom piston

b

Vong truot | b) Bom banh réang
Lo xo \/ 7

7 ‘
\‘;’“—“' W TTS\VE c) Bom canh gat

' , .
Piéun chinh 7 / 46
AA 1anh +4m
AL LI vanaw R(}IO

LTA_ Do lubng & t dong hda (2155147)
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5.9 CO' CAU CHAP HANH (ACTUATORS)
5.9.3. Boom thuy lwc (pump)

LTA Do luong & tu' déng hoa (2155147)
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5.9 CO' CAU CHAP HANH (ACTUATORS)
5.9.3. Bom thuy lwc (pump)

Bom bdnh rdang
dn khop trong

Bom réto

LTA Do luong & tu' déng hoa (2155147)

Bom cdnh gat kép

P —

;

S/
W,

Bom pitténg huong tryc
(truyén bang khop cdu)

Bom canh gat don
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5.9 CO CAU CHAP HANH (ACTUATORS)
5.9.4. Van (valve)

Dé diéu khién cac xy lanh dé thuc hién céc tc dong, ching ta phai dieu
khién cac van phan phai
A

\\ | .2
o]

Diéu khién xy lanh ?2?

LTA Do luong & tu' déng hoa (2155147)
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5.9 CO CAU CHAP HANH (ACTUATORS)
5.9.4. Van (valve)

Dé diéu khién cac xy lanh dé thuc hién céc tc dong, ching ta phai dieu
khién cac van phan phai

Van phan phoi 2 ctra, 2 vitri (2/2) Van phan phoi 3 ctra, 2 vi tri (3/2)

50
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5.9 CO' CAU CHAP HANH (ACTUATORS)

5.9.4. Van (valve)

Pé diéu khién cac xy lanh dé thwc hién cac tac dong, chung ta phai diéu
khién cac van phan phdi

51
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5.9 CO' CAU CHAP HANH (ACTUATORS)

5.9.4. Van (valve)

Pé diéu khién cac xy lanh dé thwc hién cac tac dong, chung ta phai diéu
khién cac van phan phdi

b

52

LTA Do luong & tu' dong hoa (215514



Chuong 5: PO LUONG TRONG HE THONG TU PONG HOA

5.9 CO' CAU CHAP HANH (ACTUATORS)
5.9.4. Van

a

Van tiét lwu

1444 A
N\ X&\\\'y

a) Van tiét luu 01 chiéu

2

a) Van tiét luu 02 chiéu
Van tran

LTA Do luong & tu' déng hoa (2155147)
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5.9 CO' CAU CHAP HANH (ACTUATORS)
5.9.4. Van
Van giam ap

¥ -1 o

4
s

R W
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5.9 CO CAU CHAP HANH (ACTUATORS)

5.9.5. Solenoid

Cudn solenoid de thwc hién cac tac dong Ién cac van thuy Iwc thay vi phai

tac dong cac lyc co

Tac dbéna hnnn co
LTA Do /Lfdng & tr dong /70572]551 47)

U

current off

=Ny

®

v B

O,

o T T

T W%
SESRS Z

current on
4
I
N
J .
’ solenoid
!
! |
]
exhaust out  pBwer in
N
|
v {
solenoid
1
' A
i
powetin  exhaust out
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5.9 CO' CAU CHAP HANH (ACTUATORS)
5.9.6. Bé dau (tank)

1) Bong co; 2) Budng ong dau di (nén); 3) BS loc; 4) Phia hat; 5) Véch
ngan; 6) Phia xa; 7) Bo mirc dau & nhiét dé dau; 8) Nap doé dau &

théng khi: 9) Buong éng dau vé
LTA Do luong & tu' déng hoa (2155147)



