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NoO1 dung giang day

Khai niém cam bién va xu huéng phat trién
Dac tinh k¥ thuat cua cam bién
Cac ky thuat cam bién co ban dung trong cong nghi€p
— Nguyén ly va hiéu irng vat ly cua cac chuyén doi so cép
Ung dung cac chpyén do6i so cép cho vi¢c do cac dai
lwong vat ly- thiét b1 va cam bién do
— Do nhiét do
— Do ap suat, do luu luong
— Do tai trong
— Do muc
— Po tdc d6 dong co
— Po gia téc chuyén dong




piezoelectric

-

cua cam bién

So d6 cac cam bién trong cong nghi¢p

bLb

KC
CB

TNH

chb U, I
SC RLC
CB twvong tw

4-20mA

CB théng minh

ADC

XL

~(« Chuong 1. Khai niém va cac dac tinh k¥ thuat

RS-232,485
>
4-20mA
— DAC >
| ot




Phan loai Cam bién

* Theo nguyén ly hoat dong
— Chuyén d6i dién tré
— Chuyén d6i dién tur
— Chuyén doi nhiét dién
— Chuyén d6i dién tir va ion
— Chuyén doi hoa dién
— Chuyén doi tinh dién
— Chuyén d6i luong tir
e Theo kich thich: quang, co hoc, am hoc...
* Theo tinh nang
* Theo tng dung
 Theo mo hinh thay thé: Tich cuc va thu dong




piezoelectric
crysual plate
/

Vi du vé cam bién thu déng

Dai lugng Thong s6 bién doi Vat liéu 1am cam bién
Nhiét do Dién tro suat Kim loai : platine, nickel,
dong, chat ban dan
Nhiét do rat thap Héng s6 dién moi Thuy tinh
Dién tr& suat Hop kim niken va silic ma
Bién dang Hop kim sat tir
Do tir thim
Vi tri Dién tro suat T tr&
Tu thong cua biic xa ~ Dién tro suat Ban dan
quang
Do am Dién trd suat Chlorure de lithium
Hang s6 dién moi Hop kim polymere
Miic Hang s6 dién moi Céch dién long




Dai luong vat 1y can do

Luc

ap suat
Gia toc
Nhiét do

Toc do (van toc)

Vi tri

Tu thong buc xa quang

Vi du vé cam bién tich cuc

Hiéu ting st dung

Ap dién

Nhiét dién

Cam ung dién tu
Hiéu ting Hall

Hoa quang

Phat xa quang

Hiéu ung quang ap
Hiéu ttng quang dién tur

Tin hiéu ra

Dién tich

Dién tich
Dong dién
Dién ap
Dién 4p




- Pac diém cua cac phuong phap do cac dai lugng khong
. F
' dién

c. Cac loai cam bién hay dudc st dung trong cong
nghiép va dan dung

Cam bién do nhiét do (37,29%)
Cam bién do vi tri (27,12%%)

Cam bién do di chuyén (16,27%*)
Cam bién do ap suéat (12,88%*)
Cam bién do luu lugng (1,36%*)
Cam bién do mi(ic (1,2%%)

Cam bién do luc (1,2%*)

Cam bién do d6 am (0,81%*)

*: Xép theo s6 luong cac loai cam bién ban duoc tai Phap nam

2002
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~= Pic diém cua cic phuong phap do cac dai lugng khong
3
' dién

d. Céac linh vuc Ung dung

Xe hai : (38%%)

San xuét cong nghiép: (20%*)
Dién gia dung : (11%7)

Van phong: (9%7)

Y té: (8%*)

An toan: (6%%)

Moi trudng: (4%%)

Noéng nghiép: (4%%)

*: Xép theo s6 luong cac loai cam bién ban duoc tai Phap nam
2002
9




pn’-c'

oy

= So d6 chuyén doi giira céc dai lugng - cac loai

zoelectric
stal plate

cam bién

1
Encoder ®
u, I
P ° Bién trd @ T
Di chuyén Trugt [T (C,0) (R, U)
kich thuéc = 3
L e Bien & sR
cém T(3,L) -
pién D * (L, U)
dung (T (L,C)
I— T ® ol
LM 3P
dién [T (M.0)
® pién trd
Khéi lugng luc cang [T (M,R) eC
luc (M) 7 . I =
aptsr ™MD (C,U)
T Nhigt |
(M,t) dgien [T (GU)
L 2 —(9
Nhiét do T Nhiét
(Ls,t) dientrd [T (t,R)
T Quang @
(to) ‘ dien [T (@,U)
. 11
Quang T Quang
(M,@) dientrd [ T (®R)
T 10

(L)




Bién do1 gitra cac dai luong (di€n) cua tin
hi¢u- Bi€n d61 thong nhat hoa

RS-232,485

bLD KC X Cb Ul 4-20mA d

- » - » ——»  TNH ADC —»| XL 4-20mA
X CB SC | Rric —» DAC >
CB twong tw

CB théng minh

11




4. Cac dang bién doi chuan hoa thudng gip

Hoa hdp tai giira cam bién va mach do

Cap ngudn cho cam bién thu déng

Tuyén tinh hoa dac tinh phi tuyén clia cam bién

Tuyén tinh hoa tin hiéu ra clla manh do (VD cau
Wheastone)

Khuyéch dai tin hiéu ra clia cam bién

Loc nhiéu tac déng 1én tin hiéu ra ctia cdm bién

Khuyé&ch dai do ludng dé triét tiéu hodc lam giam cac
nhiéu tac dong (dién ap ky sinh va dong dién rd trén dudng
truyén)

12




Van dé ciia bo thong nhat hoa

Thich &ng vé tr& khang
tuyén tinh hoa Thong nhat | gignal
T Hoa cam bién 2
thu déng

Khuéch dai

hong nhat hod gignal Chuan hoa tin Tin hidu

cam bien higu P4 théng nhat
thu déng hoa

13




piezoelectric

Vidu

Chuyén déi /tin hiéu Théng nhéat hoa tin hiéu

5 A x Khuéch dai, tuyén tinh hoa
Cép nhiét ngau —» va bu dAu ty do

Ngudn nuél, ciu hinh 4 day
va 3 day, tuyén tinh héa

Nhiét dién trd RTD -

Nguon dién ap cung cap

Cam bié'nvdién tr6 1 cho cau, cau hinh va
lyc cang tuyén tinh hoa
Dat chung Khuéch dai cach ly
- . e L
hoac dién ap cao (cach ly quang) Thiét bi DAQ
Céc tl yéu céu chuyén Role dién co hoac role
mach xoay chiéu hoac  p— ban dan
dong dién I6n
Cac tin hiéu vai » Loc théng thap

nhiéu tan sé cao




piezoelectric

crysual plate

Hoa hop tro khang

Ngubn &p
: Ri*+R, i————l F W\
vV R, [ R, 0 Val | |
i | [Z] | L
—i eind REREN
' x

Mot chudi do co thé coi la mot
phan ap

Ngu én Tai do lwong _

Ngubn dong
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Hoa hop tro kh

Ngubn dién tich

ang

il
C,

. |
b |
5 | +
CL(H\)C) CCZE CF—:: i [ZJ I qC(M)C) Cc Cr
| N
|
J |

l 1o Q.

b e e

Dién tich dwgc dwa vao mét tu dién khdng déi Cr
cwc cua tu dién tilé vai dién tich nap vao

' rrvrr

, khi tich luy vao tu tao ra mét dién ap trén

Khuéch dai do luong

R () 1

‘ Mach vao vi sai I 1L




Thong so k¥ thuat cia cam bién

 Dai do, ngudng nhay va d6 phan giai kha nang phan
ly

« DO nhay va Tinh tuyén tinh cla thiét bi

e Sai s6 hay d6 chinh xac

« DPac tinh dong

« Mot s6 thong so khac nhu: cong suat tiéu thu, tré
khang, kich thudc, trong lugng cua thiét bi

17




4.2.1. B0 nhay

Phwong trinh co ban
Y=F(X,a,b,c...)

oF/0X - P& nhay vai x (Sensibility)
oF/oa - D6 nhay cla yéu t6 anh hudng a hay nhiéu
AF/AX = K- DO nhay theo X & X, hay ngugi ta con ky hiéu la S

Khi K=const -> X,Y la tuyén tinh.
K=f(X) -> X, Y la khéng tuyén tinh - > sai s6 phi tuyén.

>Viéc xac dinh K bang thuc nghiém goi la khac do thiét bi do. V6i moét gia tri
ctia X ¢ thé€ co cac gia tri Y khac nhau, hay K khac nhau.
dK,/K,, —(Repeatability) Thé hién tinh 8n dinh cla thiét bi do hay tinh 13p lai
cla thiét bi do .
dK, /Ky, = dS/S=y.- Sai s6 d6 nhay cua thiét bi do -> nhan tinh.
(Hysteresis)
18




D0 nhay

low zensitivity

region \

*+— intermediate
sensibvity region

ouiput

+ high sensitivity
region

Input
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Tré hay tro cia thiét bi (Hysteresis)

cutput

Zera halance

5| s

fipsioresas |

stimulus

20




electrodes

piezoelectric
crysual plate

for s

ra
1 4 o/ °
Tinh 1ap la1
output outplt
5
stimufus
stimulus [ |
a PR dead band
A 100
(A) (B)

Fig. 2.7. (A) The repeatability error. The same output signal §) corresponds to two different
input signals. (B) The dead-band zone in a transfer function.
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4.2.2. Hé s6 phi tuyén cua thiét bi

Pé danh gia tinh phi tuyén cua thiét bi do ta xdc dinh hé s6
phi tuyén ctia no. vt

H¢ so phi tuyén xac dinh theo cong thic sau:
AX
K — max

pt X

n

. AX - lasai léch 16n nhat

Ta thuong dung khau bu phi tuyén =
Sa-S=K

(Nonlinearity Error)

Terminal
Points

#

kS

stimufus
re=arctangf?

A) (B)

0
a




Khoang do, nguong nhay
va kha nang phan ly

- Khoang do (Span/Full Scal/Range): D, = X ., —
Xmin

- Ngudng nhay, kha nang phan ly (Resolution):

Khi giam X ma Y cling giam theo, nhung vGi AX< g, khi

d6 khong thé phan biet dugc AY ey dugc goi la
ngudng nhay cua thiét bi do.

Khd ndng phén ly cla cam bién
-Thiét bi tuong tu

-Thiét bi sO: r _Dx




4.2.6. Dac tinh dong cua thiét bi (1)

Ham truyén co ban : Y(p)=K(p).X(p)
Bac tinh dong:

+ Dac tinh qua doé

+ Dac tinh tan

+ Pac tinh xung

Khi dai lugng X bién thién theo thdi gian ta sé c6 quan hé

a(B)=S{X ()]

Quan hé dugc biéu dién bang mét phu’dng trinh vi phan. Phuong trinh

Vi phan ay dudc viét dudi dang toan tu.

a(P)=S(p).X(p)

S(p)- Goi la do nhay cua thiét bi do trong qua trinh do dai lugng déng

24




piezoelectric
crysual plate

Dac tinh dong cua cam bién (2)

T P
i
A
’ ] find
T
- ararhlinnde Sm
20 _\\ ]
-0 -a0
Phase \\
&0 \\\ =120k
Ittt
0.1 1 14 L e
normalized (requency (fog voale)
(A) (B)

Fig. 2.9. Frequency characteristic (A) and response of a first-order sensor (B) with limited
upper and lower cutoff frequencies. 1, and 17 are corresponding time constants.

Khi dai lugng X bién thién theo thdi gian ta sé c6 quan hé

o(t)=S{X(1)]
Quan hé dudc biéu dién bang mét phuong trinh vi phan. Phuong trinh vi phan ay
dugc viét dudi dang toan tu.

o(p)=S(p)-X(p) 25
S(p)- Goi la do nhay cua thiét bi do trong qua trinh do dai lugng déng




Néu dai lugng vao c6 dang xung hep

X(t)= X,3(t-1).

S(p)- thé hién dudi dang ham h(t) dac trung cho d&c tinh xung cla

thiét bi do.

P3&c tinh xung thiét bi do cé thé c6 giao ddng hodc khéng tuy theo

S(p)
Néu dai lugng c6 dang xung budc nhay
X=X, 1(t-7)

S(p) - thé hién du6i dang h(t) theo quan

S(p) dac trung cho dac tinh qua do cla thiét bi do va tuy theo
phuong trinh dac tinh ctia nd, n6 coé thé giao ddng hoadc khdng giao

déng .
26
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Dac tinh dong cua cam bién (2)

X

Aa(t)
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electrodes

piezoelectric
crysual plate

ores

F

Mot so dang dap tng bac 1

J it Fig. 2.11. Types of response: {A) unlimited upper and lower

frequencies; (B) first-order limited upper cutoff frequency: (C)
first-order limited lower cutoff frequency; (D) first-order lim-
ited both upper and lower cutoff frequencies; (E) narrow band-
width response (resonant); (F) wide bandwidth with resonant.

it
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Chuong II. Cac cam bién do nhiét d6

Cam bién nhiét dién tré

Cam bién ciip nhiét ngiu

Cam bién dua trén 16p chuyén tiép ban dan
Cam bién dwa trén birc xa quang hoc

28




2.1. Nhiét ké nhiét dién tro

Nhiét dién trd 12 12 dién trd thay doi theo su doi nhiét do cia né: R = f(t9),
do R ¢c6 thé suy ra nhiét do.

Nhiét dién tro duogc chia ra thanh:
Nhiét dién trd kim loai va nhiét dién tré ban dan.
Dién tro kim loai ( RTD) theo nhiét do R =R (1+ at + Bt? + yt3)
Vi Pt: o = 3.940. 103 °C
B =-5.8107/°C?;y =0 trong khoang 0-600°C; y = -4 10-1> 2C3
Doi v6i dong tir -50°C dén 200°C: o =4.27 10-3/°C

B va y trong pham vi stt dung voi do chinh xac khong cao thi coi nhu khong dang
ké va quan hé R va t coi nhu tuyén tinh.

29




piezoelectric
crysual plate

el
electrodes for

F

Nickel

Platine

/Manganin, quasi insensible a la température
& 1 1 1 1 1 1

200 400 600 800 1000
Températures °C

Dién trd chuan hod R;=100 Q tai 0°C
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H¢ so6 nhiét d6 cua mot s6 kim

0al
Cu Ni Pt W
T, °C 1083 1453 1769 3380
C, JOC—Tkg! | 400 450 135 125
doe WOCTm! | 400 90 73 120
a, 0C-! 16,7106 |12,8.106  |8,9.10° 6.10°6
0, Om 1,72.10%  |10.10° 10,6.10%  |5,52.108




electrodes

piezoelectric
crysual plate

R Nhiét dién tro kim loai

Dé do nhiing nhiét do tir -50°C -600°C nguoi ta thudng dung nhiét dién trd
PT-100 (Platin 100Q2 & 0°C
Cu -100 (dong 100 Q2 & 0°C)
Ni-100 (Ni 100 Q2 6 0°C)

nhiét -200 -190 -180 -170 -160 -150 -140 -130 -120 -100 nhiét
do, °C do, °C
Q 17.28 21.65 25.98 39.29 34.56 38.80 43.02 47.21 51.38 55.52 Q

oC -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 °C

Q 59.65 63.75 67.84 71.91 75.96 80.00 84.03 88.04 92.04 96.03 Q

oC 0 10 20 30 40 50 60 70 80 90 °C

Q 100.0 103.9 107.9 108.5 115.7 119.7 123.1 127.4 131.3 135.2 Q

0 6 1 8 0 0 9 7 4

32




B, Nhiét dién tro ban dan (NTC-PTC)

Nhiét dién trd ban dan R, =A4e""

A va B déu khong on dinh. Ta cling c6 thé tinh
o= (-2.5% +-4%)/ °C

Théng thudng dugc ché tao tir cac oxit ban dan da tinh
thé: MgO, MgAl,O, Mn,0;, Fe;0,4, Co,0;, NiO, ZntiO,




piezoelectric
crysual plate
/

“ Nhiét dién tr§ bn dn

Q_
1 fik]
MMT~1 | Ak
KMT-1 Laedh
3 1.3k
| 2k
2 .1k \ -
] L P=3000PK
'-:ll:_.H:l— - o 4 N—— .
1\ \= p=40007K
R_.'”'I__ % \
3 T-I'Il- \
1'31".1’]-_
o 501
Fes I oy
iif : .,,T\,‘_Et=tan*f oy
:111—: ! _Lb\‘__ﬁ -~ |
mh_lz H'"'""'-:-:_[_":‘-— —_—
Llllmlzilzmliul_ﬁc}'ﬁnl?lﬂlEnlwﬂ'm{n
{II
Mot s6 nhiét dién tré ban dan temperature, °C
a) KMT va MMT b) MKMT c¢) Quan hé gitta Ry(°t)
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piezoelectric
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/

’ OHMS 20K 40K 0K 20K 10K 9K BK VH BK =K 4K JK 2K 1K
0 /{f_! £ /_{\ pa ;’.:"{_’.-"‘/I f‘.f Z Z ~ s
RS ZIAAN NI 77 N AN \
N AN I NIANE Y AL NN
AN 8 X 7 NN
5 N - P S a - A
- L _. I
i H.',}&* a qa'fp ><
gﬂ— == " N il >'< V.

’ X X
: A AT
L~

| V] 4
N N
: ' i ! i | i | i
1 z 3 A =] & 7 8381 2 3 4 S 6 r & 9710
CURRENT {MILLIAMPS)

Fig. 16.11. Voltage—current characteristic of an NTC thermistor in still air at 25%C: the curvature
of the characteristic is due to the self-heating effect.
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el
electrodes for

Pau bit

e
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> N
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s
4:.:: Arm by
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A % ong bao vé
nhiét NE|| ——— °ong :

Phan tu
-~ dién tré

Moi han
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piezoelectric
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PLATINUM
SEMSING WIRE

SMALL OIAMETER
FOWDOER

PLATIMLIM ELEMENT
SEMSINGWIRE COMMECTION FACKIMG
LEADS

FROTECTIVE 100 D1 REF

OWERCOAT

MOM-ELECTRICALLY CONDUCTIWE

WINDIMG MANDREL
FROTECTIOMTUEE

FOWDOER
FOCKIMG

ELEMEMNT
SUBASSEMELY

‘\“— METAL

SHEATH




piezoelectric

INTERMEDIATE
LEAD WIRES

ELEMEMNT
COMMECTION
LEADS

RESISTANCE
FATTERHN

OUTER —\

SHEATH
METALLIC

W MO G
MATERIAL

ELEMENT
SUBSTRATE

RESISTANCE T
TRIM LREL

INSULATORS

NOMN-CONDUCTIVE

FLATIHUM IHSULATION
SEHSIMNG WIRE
HO27 oG STRANDED HICKEL PLATED COFPFER
TEFLOK® INSULATATED
Wi OWER
FIEERGLASS
SLEEWIMG
weroen SoLID
JUNCTION INTERMEDIATE
LELDS
RESISTLMCE

ELEMEMNT




R, -

U,=U,—~=IR =~ —

tRl tRl - |-12V

R1 2 OP 07

2: "= Ura
N
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Mach tao

nguon dong

tension
de
référence

1Ii||l|-rl|.'l'

A
V,

LB

Iref = Vref/R1.
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Phuong phap sir dung nguon ap

Bu dién tro day

R R
U,=FE L — :
R +R, R,+R,
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So do bo bién doi nhiét dién tro

v Nguodn dong 2.5mA tao ra mot su bién thién
dién ap trén dién tré 1a 100mV/100°C.

R; =R, (14+at); a=0.385%/°C

v/ Néu R dugc cung cdp bang ngudn dong 259
mA thi khi nhiét do bién thién 100°C

AU = AR, .1=0.385 x 2.58 =100mV

v/ Dién 4ap roi trén R} dugc dua vao khuéch dai
bu dién 4p ¢ 0°C va bién doi 4p thanh dong (4-

20mA) dé dua vao hé thong thu thap s6 do.

2 AT 1- Nhiét dién tr6  2- Modul vao
i e Bl 3- Dong cung cdp (hang)

4- Dién ap mot chiéu khuéch dai
5- Modul ra 6- Diéu chinh dién ap

Eisgang'
Mefbersich g

Mach chuén hoa
7y,




2.2. Cap nhiét ngau

Nguyén ly : Hi€u tng Seebeck

Dua trén hién tuong nhiét dién. Néu hai
day dan khac nhau (hinh v€) néi véi nhau
tai hai diém va mot trong hai diém d6 duoc
dot néng thi trong mach s€ xuat hién mot
dong dién gay boi stc dién dong goi la stic
dién dong nhiét dién, duoc cho bdi cong
thurc
Er =K. (1, - ty)
Trong do6: K, - hé s6 hiéu tng nhiét dién

b

t - nhiét do dau néng

t, - nhiét do dau tu do : b

Sl

¥ NPT

meuntng
threaeds

Proba langth
insludes approx

4" allowanos for
threads
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niezoelectric

TABILE caracteénsnques essentielles des principaus tI]ern:Dtﬂuples
P point plage e m. telerance
des 1solants fusion diutilisation T T e mini P
nom usuel {eade LIS) (o) (=) (W) T (Lo
— Browrm® & 10 20 bt 1700 787 0. 25550 2.4
e Gray! = —== _— 500 _

Pr3nrh Ciray 1910 — — — 18.6

PuraRb Recl 1&10) — — —_— 5.8
E —_ Brown* 1270 — 200 by B0 28.9406 .05 or .40 %5 27
EX — Purple* — — — 1.75C or .50 —
EP Chromel” Purple 1420 — —_— — &0
Ed Constantan Faed 1 2700 — _— i
] —_ L rosww e® 1 270 01 oy Tl 21 .854H .15 or (2025 S0
1 _— White® _— _— — 225 or .75 —_—
1 Iron White | 536 e — —_ (]
| Constantan Fed 1270 — —_ E— 46
[ -— Brosan® 140100 — 200t 1 2060 16,397 L E5C o 4094 112
B —_— el T —_— _— _ 225 or .73 _
[ Chromel el 1430 — — —_— Hi
| Adumel” Ited 14000 — — —_— 31
I —— Bronwn® —_— 0 o 1260 | 2974 1. 175 or O, 40%
N — Orram ppe? — 2. 250 or .75 —
M~ Moasal Crran ge _ —_— _
[t B Micrasil Recl
P8 — Briowwmn® 1 Fias 0o 1480 3.408 o™ ar O 10, 29
[ [ —_ Creent _ _— 1.5%C or 0. 25%% —_—
R Pil3REh Green L &40 - —_ 1<
A Pt Rl | 7 —_— — 1€
5 —— Browi® 1769 0ot 14AED A.259 650 o O 105 1]
5x — CGreent — — 1.55C or 0.25%0 —
5P Prlolih Green 1&20 —_— — 20
5 ik Red 1 7 — — (]
T —_— Browa 10&E3 — 2000 e 370 20810 .55 ar 94024 485
TX - Blyae e e .05 or O.73% =
TP Capper Blue 1053 — — 2
I Constantan Hed 1270 —— — 46

table réf Measurerment Instr. & Sensors, CRO press, MNew York, 1999




piezoelectric
crysual plate

-
electrodes [,nf

Table A.10. Characteristics of Thermocouple Types

terminals

Sensitivity

Junction Materials (at 25°C) Temperature Applications Designation
(uV/eC) Range (°C)
Copper/constantan 40.9 —270 to 600 Oxidation, reducing. inert. T
vacuum: preferred below
0°C:; moisture resistant
Iron/constantan ALy —270to 1000  Reducing and inert J
atmosphere: avoid
oxidation and moisture
Chromel/alumel 40.6 —270t0 1300  Oxidation and inert K
atmospheres
Chromel/constantan 609 —200 to 1000 E
Pt { 10%)/Rh—Pt 6.0 Oto 1550  Oxidation and inert s
atmospheres: avoid
reducing atmosphere and
metallic vapors
Pt (13%)/Rh-Pt 6.0 Oto 1600  Oxidation and inert R

atmospheres: avoid
reducing atmosphere and
metallic vapors

Slver—Paladium 10.0 200 to 600
Constantan—tungsten 421 O to 800
Silicon—aluminum 446 —40 o 150 Used in thermopiles and

micromachined sensors




Mot s6 hiéu tmg nhiét dién khac

« Hiéu ung Peltier: Hiéu dién thé tiép xuc cta giira hai
day dan khac nhau vé ban chat
Vau-Va=Plag

e Hiéu tng Thomson: trong mot vat dan déng nhat, gilra
ha1 diém c6 nhiét do khac nhau sinh ra mot suat dién
dong
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B, Cau ta() ~ trong
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Khoi bén
trong

e (CoO nhi€u hinh dang
khac nhau | Phan tir

cip nhiét
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Vi du cau tao bén trong cua cam bién

NGl vl nny

Weld Pad Probes

Cual elements
available.
Comsult Sales
Cepartment
for quotation

Dilscaunt Schedule s, FOR PLEG
10U ... Nl b L

112400l oo 0 [y P
2548 LAMNS .....................20%
S0 and up......... ... Comsult Sees S a

THERMOGCOUPLE WIRE

MAKNIN PERFIAMAICE BHERATHNI
E LB MATEE HIGH T ENPERETURE RAIFT

FarT K Tha rmacas -
l'.':-l'..lEl:r!FH-:r--:lF'l-:l'g.

Cut-away of NB2Z style to show detall of
spring machanlsm and t=rminal Block.

#a




A. Bare thermocouple twisted and welded

Eﬁ_‘_l;’fﬂf{f{f!f!!f!!l

A S A T T T SR T T 3

B. Thermocouple wires on a plastic tubular carrier

———
-.'&? e
——— |

C. Insulated thermocouple twisted and welded

D. Butt-welded thermocouple with fish-spine insulator

Fig. 16.18. Some thermocouple assemblies.
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Ky hiéu Ky hiéu hinh
thuc

B i}

R i}

S .

K CA

E CRC

Cac kiéu cap nhiét ngau

Vit liéu cau thanh
Patin Rhodium 30-

Platin.Rhomdium 6

PtRh 13 - Pt

PtRh10-Pt

Cromel-Alumel

Cromel- Constantan

50

Dac diém can luu tam

Day duong nhu 1a hgp kim 70%Pt, 30% Rh.
Day am la hop kim 94%Pt, 6% Rh. Loai B
bén hon loai R, giai do nhiét do dén
1800°C, con cac dac tinh khac thx nhu loai

I]Say duong 1a loai hgp kim 87% Pt, 13%
Rh. Day am Ia Pt nguyén chat. Cap nay rat
chinh xdc, bén véi nhiét va 6n dinh. Khong
nén dung & nh-ng moi truong cé hoi kim

1~ax

10d1

Déy duong 1a hop kim 90% Pt, 10%Rh.
Day am la Pt nguyén chat. Cac dac tinh
khéac nhu loai R

Day duong 1a hop kim gom chu yéu 1a Niva
Cr. Day am 1a hop kim chu yéu la Ni. Dung
rong rai trong Cong nghiép, bén véi moi
truong oxy hod. Khong dugc dung & moi
truong c¢6 CO, SO, hay khi S c6 H

Day duong nu doivéi loai K. Day am nhu
loai J. C6 suc dién dong nhiét dién cao va
thuong dung & méi truong acid
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F

ac kiéu cap nhiét ngau

electrodes

51

v(mv) E

70+

50
40+
304
204
B
10+
L L) L) L L] '
—200 600 1000 1400 1800 FpeQ)
KT
J
E

E nickel-chroms/cuivre-nicke! (appelé aussi, communémant,
chromel/constantan) ’

J  fer/cuivrenickel (ou fer/constantan)

T cuivre/cuivre-nickel lou cusvre/constantan)

K nickel-chwrorme (nickel-aluminium/ou Chromel/Alumet}

R platine-rhodium 1.3 % /platine

S platina-rhodiam 10 9% /platine

B platine-rhodium 30 % /platine-rhodium 6 %

Hinh 6.11 Pudong V=f(T)-clia cdc dang cdp nhiét ngdn khdc nhan
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=+t Gio6i han nhiét do va cac ong bao vé

electrodes

Duong kinh cua day Gi61 han nhiét do lam viéc ong bao vé O.D x I.LD
Dang cua cap nhiét .
ky hiéu duong giéi  han gi6i han trén ong bao vé bang ong bao vé
kinh bén chuén im loai (¢ mm) khong bang kim
ngoai loai (¢ mm)
B Pt Rh 30%/ Pt L 0.5 1500°C 1700% _ 15 x11
Rh 6%
R Pt Rh 13%- Pt L 0.5 1400°C 1600°C _ 15x 11
S Pt Rh 10%-Pt L 0.5 1400°C 1600°C _ 15x 11
K (Chromel_Alumel) D 3.2 1000°C 1200°C 21.7x 16.1 17x 13
C 2.3 900°C 1100°C 21.7x 16.1 17x 13
B 1.6 860°C 1050°C 15x 11 15x 11
A 1.0 750°C 950°C 12x9 15 x11
H 0.65 650°C 850°C 10 x7 10x 6
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C, Phuong phap do nhiét 4o béing cap nhiét ngau

» Thodng nhat hoa bang mach dién ap tich cuc

« Bu dau tu do

* Bu di¢n trd day noi

53
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piezoelectric
crysual plate

pre-crnpliier

from 7
thermocogle ﬂl P
Vv,
!
reforence
resisior ]I":_,: €l V,H-I_ ]r"'l,,
_|_
S 7

thermistor

Fig. 16.17. Combining thermopile and thermistor signals.
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Bu nhiét do dau tu do

Mach bu nhiét do dau tu do duoc thuc hién bang 1 mach cau 4
nhanh trén 4y cé mot nhiét dién trg, hoat dong cua né nhu sau:
0°C 4 nhanh cla ciu can bang dién 4p & duong chéo cau AU=0,
khi nhiét do ¢ trén dau hop noi day tic 1a nhiét do dau tu do thay
doi:

~Ucc ARt Ucc
4 R; 4

AU

Ta lai co E. =K., (t ) =Kt K.t

néng ttl_Ido néng ~Trtudo

D¢ bu anh hudng ciia nhiét do dau tu do ta ¢

Ucc 4K 1

KTttu’do - A Ot trdo _)UCC -

55




21 [
;g I:]'“ 0 s 1 I 1
e .ﬁ_;_‘ ] : > U '
REIS _E_ | [ : O
408 | lg :
e e e o ol
¢
Hinh 1.2
I, va Uy - Tin hiéu ra mot chiéu va ngudn cung cap.
1- Cap nhiét ngau 2- Pau vao ctia mach
cau
3- Dau lanh cta cap nhiét 4- nguon dong hang
5- Dién ap mot chiéu khuéch dai 6- Modul ra

7- diéu chinh dién ap

56




piezoelectric
crysual plate

I L 4.
cafsl
= [
Nz 0!
1 ! ! 1 5 B | T 1
Lo ' | | P> y :.t'- attu
AT [ o
SR |
| EFQ:
Lokl I
[

Hinh 1.2
I, va Uy - Tin hiéu ra mot chiéu va ngudn cung cap.
1- Cap nhiét ngau 2- Pau vao ctia mach
cau
3- Dau lanh cta cap nhiét 4- nguon dong hang
5- Dién ap mot chiéu khuéch dai 6- Modul ra

7- diéu chinh dién ap
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2.3. Do nhiét do béng Pi6t va transitor

e Dua trén 16p chuyén tiép ban dan
* Quan h¢ cua dong dién theo nhiét do

fz)

» dién ap ra cua diot c6 thé viet nhu sau:

V=V, + k—TLog] —k—T.mLogT —k—T.LogC vE
q q q + 3L
1S, ;
Thong thuong do nhay -2,3 mV/°C véi gj s
dong dién khoang 1uA ‘@
A A (A) (B)

iy 58
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for s

F

mV T
\ T
\._,___ EH‘H -2.0 mV/°C

G000

™ ST mA
400 | | ! { ! \\ | | | “h-""--..,__‘“

2.3 mvrC N
oo Sy 10RA™N
T~
“\H‘

80 -60  -40 20 0 20 40 60 BO 100 120
temperature T

Fig. 16.20. Forward-biased p-n junction temperature sensors: {A) diode: (B ) diode-connected

transistor.
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TO-92
Plastic Package

[D30055598-8

Bottom View
Order Number LM3352
or LM335AZ
See NS Package
Number Z03A

Vi du vé LM335

S0O-8

Surface Mount Package

1 8

we _/ .

NG = 7 N

2 P =

3 4 6

NG — — NC
4 5

- ADJ

DS5005608-25

Order Number LM335M
See NS Package
Number MOBA

Specified Operating Temp. Range

L1135, LM135A
LM235, LIM235A
LM335, LIM335A

Intermittent
(Mote 2)

150°C to 200°C
125'C to 150°C

100 Cto 125 C
60

Continuous

—55 Cto +150°C
-40 Cto +125C
—40°C to +100°C

TO-46
Metal Can Package®

0300560826

*Case is connected to negative pin

Bottom View
Order Number LM135H,
LM135H-MIL, LM235H,
LM335H, LM135AH,
LM235AH or LM335AH
See NS Package
Number HO3H




piezoelectric

Nhiét dién tré ban dan
Nguon ap : LM35

V+ 4220V

Sortie 10 mV/°C
2..150°C

LM 35

Mach do v6i nhiét dién trd ban dan

+ 5V

+V5 :

| M3
[} (LM 35 . 1520 my/é 13208 ; 10 mV/degré
= 250mVa 25° de -55a +150°
¢y ~500 mV &-50°C - de ~s0a+150°C

= 1N9141 18k
R R=Vs/50pA
T
-Vs i

O1




| > Vee= 15V
R, R,y
140k 70k
ruﬁ\‘m I@/LL -
I\VAV/\
/'—_ Rll
r"=50Q
»Vicc=- 15V
k 1 k
Vi =V, = (—Tj ln(ﬁj avec —=86,17uV/°
q Ie, q
Gia su 2 Transistor giong nhau, cé cung nhiét do
r”
Rilcy=Ryc, Vg, = \)

r” + R”

Nhiét dién tré ban dan

Do nhay nhiét
cua diode va
trans. mac theo
kiéu diode:
S=dV/dT co
-25mV/°C

Mach chuan hoa

Tu do : S = [1 + R—”}{VBI + k—Tln(%j S = fct(T) duoc cai thién
r q 2
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Temperature Accuracy (note 1)

LM335, LM335A

Parameter Conditions LM335A LM335 Units
Min Typ Max Min Typ Max
Operating Output Voltage Te=25C, g =1 mA 2.95 2.98 3.01 2.92 2.98 3.04 b
Uncalibrated Temperature Error Te=25C, Ig =1 mA 1 3 2 6 C
Uncalibrated Temperature Error T = Te = Tax g = 1T mA 2 5 4 9 C
Temperature Error with 25°C T = Te = Ty | = 1 mMA 0.5 1 1 2 C
Calibration
Calibrated Error at Extended Te = Tiaas (Intermittent) 2 2 C
Temperatures
Mon-Linearity lg =1 mA 0.2 1.5 0.3 1.5 C
Electrical Characteristics (note 1)
LM135/LM235 LM335
Parameter Conditions LM135A/LM235A LM335A Units
Min Typ Max Min Typ Max
Operating Output Voltage 400 pA=l=5 mA 2.5 10 3 14 mi
Change with Current At Constant Temperature
Dynamic Impedance lm=1 mA 0.5 0.6 £l
Cutput Yoltage Temperature +10 +10 my/'C
Coefficient
Time Constant Still Air 80 a0 SEc
100 f/Min Air 10 10 Sec
Stirred Ol 1 1 Sec

Time Stability T-=125C 0.2 0.2 Clkhr
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Typical Applications

Basic Temperature Sensor

v+
R
OuUTPUT
10 mV/7K
LM335
—
DS0SE0E-2

Mach do

Calibrated Sensor

'H"+

R1
OUTPUT 10 mV/°K
LM335 10k

DS005698-9
*Calibrate for 2.982V at 25°C

64

Wide Operating Supply

'i" £
BV -40v
R
LM334
(1]
v
OuUTPUT
10 my K
LM335
—y
DS005R06-10




fﬁr(}mwd(}f .. A PS /\/ /\‘) Py A [ ) o A A
du B0 bién doi thong minh do nhiét do
Siemens 19 20
:* . NN
31 4 J B 6 18 B 18
22 n 1
= DHAP e H
gr'U—- 10 ﬁ yr=—-
K UL
11 o= — : K
L.' ',,q}lrJ 16
' 15&1-!‘1@
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*Dau vao
Cac dau vao (2)
Hop kénh MUX (3)
Khuéch dai (4)
Nguén dong dung dé do nhiét do
Nhiét dién tr& (1)
Mach khac dé (9)
Vi diéu khién(10)
B6 bién déi tuong tu sé (5)
Loc théng thap dé 1a bang két qua (6)
Khai tuyén tinh hoa phuc vu cho cac dac tinh phi tuyén clia cam bién (7)
Bo diéu ché& do rong xung dau ra (8)
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« Paura
B6 cach ly v& dién (13)
B6 ra véi tin hiéu xung diéu ché& dé réng (17) va bo bién ddi sé tuong tu
D4u ra dé kiém tra dé theo ddi tin hiéu ra (18)
Cam bién phu, rale (14)
. Kiém tra va hién thi
Giao dién néi tiép (11) dé hdi dap va dat cac thong s6
NL’J:[[ 4n dé kiém tra cho nhiét dién trd hay dé khéc dd cac cadm bién dién
ré
Pau bao (lam viéc va cb su co)
« Nguéncung cidp 24V modt chiéu noi vao luégi dién
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2.4. Hoa quang ké

v Do nhiét do khong tiép xuc dai nhiét do cao >
1600°C

v Mat do pho nang luong phat xa theo budc séng cua
vat den 1y tuong khi bi dot nong
51
Eﬁ = Cli

LC21AT
A - buéc song; T - nhiét do tuyét doi ;
C1=37,03 .10 Jm?/s’C ; C2=1,432. 10> m°C

v" 3 phuong phap:

= Hoa quang ké biic xa
» Hoa quang k& cu’0’ng do sang
* Hoa quang k€ mau sac: e
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electrodes

Song dien tu
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THE ELECTROMAGNETIC SPECTRUM
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Phan b6 pho cua cac vat

£=1.0 (Blackbody)

£=09 (Graybody)

€ varies with

wavelength
(Mon-graybody)

Figure 1-2: Spectral Distributions




6.4.1. Hoa quang ké& buc xa

1 7 4 14 13
/ [ L ] :
RN | A | ;
L= Bt
NN s RV
g =
Wz~ « %%
/ \ \ /
8 I 7 s ? 6 1 23
L) a) b)
- a) C du tao cua hod quang ké biic xa
b) Cdp nhiét hinh ré quat cromekcopel
* 1. Than dung cu 2- vit chinh vét kinh
* 3-Vatkinh 4- Ranh dat cap nhiét thu
e 5-Than g cap nhiét 6- Toa nhiét dau tu do
e 7-dauracta bo thu 8- Gia do vat kinh
* 9-vatkinh 10- loc 4nh sang
e 11-dau day capra 71 12 - 6ng dan capra

* 13- Tai dé g4 thiét bi 14- chinh tiéu diém




“¢@ 6.4.2. Do nhiét do bang phuong phap quang
hoc: hong ngoai IR

Nang luong buc xa:

— E=K..E, =K,cT*

— Nguoi ta ding di6t hong ngoai dé thu nang luong nay
Nguoi ta dat mot diot lazer phat ra mot trum tia hep
song song véi vdi truc cua hoa quang k€. Vong tron
sang cua Lazer chinh vao vung ta do nhiét do

'l

El 48"@ 07T 1.1"|1'1_“-'
' woo1xF 38" 60"

.. ﬁ — #) -




a8"@a o746 1.3"m|

Sy 127 ' e
ﬁ = ¥ -

73

Y




bac tinh pho cta
vat dotnong
(nhi¢t do thap doi
twong phat ra anh
sang do, nhiét do
cao phat ra anh
sang xanh dén
tim)

Ratio H,/H, changes
as a function of
temperature (T,..Tg)




Figure 3-6: Ratio Pyrometry ¥ia a Fitter Wheel
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6.4.3. Hoa quang k&€ mau sac

—  A- d6i tuong do nhiét do; 1- vat kinh;

— 2-dia loc xanh do; 3- moto déng bo;

— 4t bao quang di¢n; 5- khuéch dai;

— 6- Tu dong chinh h¢ s6 khuéch dai; 7- loc
— 8- kho4 ddi noi; 9- logomet chia do xanh

A
a7
/@
/
v(R) 0,5 > 7
@ “o4 05 08  07mm
A—
a)

a) ddc tinh pho cu vdt dot nong
b) so do khoi cua hod quang ké mau sdac
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F

electrodes

Hoa quang ké cuong do sang

1. Bén soi dot

2. Vat kinh, chinh vat kinh

3. Ong truot va vat kinh

4. Chiét ap chinh dong dién dot
den

5. Thau kinh

a) Nhiét do day den bang nhiét do doi

tuong

b) Nhiét do day dén cao hon nhiét do doi
tuong

c) Nhiét do day den thap hon nhiét do
doi tuong
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terminals

Nguyén 1y ctia hoa quang ké cuong do sang
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electrodes

Figure 1-2: Glass Manufacture Using Visual IR Temperature Measurement







Vidu

Table 8-1: Strengths and Weaknesses of Non-Contact Temperature Sensors

IR Thermocouple

Low-End IR

Pyrometer/
Thermometer

High-End IR
Thermometer

Inex pensive (from 599)
Self-powered
Mo measurement drift

Plugs into standard thermocouple
display and control devices

Reaches into inaccessible areas

Intrinzically safe
Portable and convenient

Inex pensive [from 5235)

Excellent maintenance tool

Can focus on any target at almost

any distance

Portable or fixed-place operation
Camera-like operation (point and shoot)

Low to medium cost (from 5350)

Monlinear output

Susceptible to EMI

Maximum probe cable length of 1m
limits use

Measures only a fixed spot on target

Accuracy affected by smoke, dust, etc
in line of sight

Affected by EM




Fiber Optic

Twe-Color

Linescanner

Works in hostile, high-temperature, vacuum
or inaccessible locations

Can bypass opaque barriers to reach target
Unaffected by EMI

Sees through smoke, dust and other
contaminants in line of sight

Independent of target emissivity

Only sensor that makes full-width
temperature measurements across product

Measures continuously as product passes by

Computer can produce thermographic

images of entire product and its
temperature profile

83

Fairly expensive (31600-52600)
Fixed Focus

Fairly expensive (from 53600 for senser,
and 55000 tor display/controller)

Very expensive [from 510,000 for sensor
alone, 550,000 for complete system|




Chuong 3. Cam bién do luc, bién dang, ap
suat, hi¢u ap suat va luu toc




“ 3.1. Céc loai cam bién duoc sir dung dé do
luc

e (Cam bién dién tro luc cang
e (Cam bién ap dién

e (Cam bién dién cam

Cam bién ap tu
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A, Cam bién dién tro luc cang

Nguyén ly lam viéc : hiéu Ung tenzo (piezoresistive/ strain
gauge),
Cam bién loai nay c6 3 thong s6 chinh
¢ Kich thu6c cla dé
¢ Giatri diéntré R,
+ Dong dién t6i da cho phép

y 4 b a) dién trd luc
N — p cang la mong;
I % — ! b) dién trd luc
. = cang ki€u mang
].._..} WM mong
(a)

(b) (c)




A, Cam bién dién tro luc cang

Tacoé AR Al
aco AR _ e
R
uhay &g = ¢

Mat khactacé6 AR _Ap N Al AS

ER= €, T € - &g

Trong co hoc ta c6 eg =-2Kpg; ; K hé s6 Poisson

Po nhay cta chuyén dou K=egglg =1+ 2K, + m
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Characteristics of Some Resistance Strain Gauges

Material Gauge factor  Resistance, £ Temperature coefficient MNotes
(5¢) of resistance
(eC—! % 10-6)
Se 18 constant over a
57% Cu—43%Ni 2.0 100 10.8 wide range of strain;
for use under 260°C
Platinum alloys 4.0-6.0 50 2.160 For high-temperature
use
High sensitivity, good
Silicon — 100 to + 150 200 90,000 for large strain

measurements
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B. Cam bién ap dién

Dua trén hiéu Ung ap dién.

Vat liéu dung ché tao cac chuyén ddi ap dién thudng
la tinh thé thach anh (SiO,), titanatbari (BaTiO,), mudi
Xenhét, tuamalin ...

Luc Fy gay ra hiéu Uung ap dién doc vai dién tich g=d,F,

Néu tac doéng mot luc theo

. truc Y, gay ra hiéu (ng ap dién
AN RO ] TR , A
6§ ‘\\\:\\\\\\\\ ngang vGi dién tich q, phu thubc
N\t A EAN AN X b s 7 AN 2
TEF RNy vao Kich thuGc hinh hoc cua
N AN \\\ 0 2. '
\GRYY/ chuyén ddi: g= -d (y/x)F,,

g :
Y d, - hang s6 ap dién ( goi la médun ap
dién)

y, X - kioh thuéc clia chuyén déi theo
truc XvaY




piezoelectric
crysual plate

Mach twong duwong

Tu dien !!!
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‘” B. Cam bién ap dién (2)

terminals
N force
AT-plate , - *

| $TEHt electrodes
©  ~EA S
v X i i | o i— freguency

) “ 1-- | quartz B output
Bt plate — -
| IR | S

Y amplifier
(A) (B)

Fig. 9.13. Quartz force sensor: (A) AT-cut of a quartz crystal: (B) structure of the sensor; (C)

the outside appearance. (Courtesy of Quartzcell, Santa Barbara, CA.)

plezoelectric
cryatal plate
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Table A.8. Properties of Piezoelectric Materials at 20°C

Mot s thudc tinh cua vat licu ap dién

PVDF BaTiO, FZT OQuartz TGS
Density (%107 kg/m-) 1.78 5.7 75 265  1.69
Dielectric constant, & 12 1700 1200 4.5 435
Elastic modulus (10'Y N/m) 0.3 1 83 1.7 3
dzyp =20
Piezoelectric constant (pC/N) dyn =12 T8 110 2.3 25
da3 =—30
Pyroelectric constant (10~ C/m? K) 4 20 27 — 30
Electromechanical coupling constant (%) 11 21 30 10 —
Acoustic im]:redam:E{]DE' }s:gfm2 5) 2.3 25 25 14.3 —
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Vi du mot s6 thong s6 cua cam bi€én ap di¢én

Some unique properties of the piezoelectric films are as follows 8:

* Wide frequency range: 0.001 Hz to 109 Hz

 Vast dynamic range: 10—8—106 psi or utorr to Mbar.

» Low acoustic impedance: close match to water, human tissue, and
adhesive systems

 High elastic compliance

 High voltage output: 10 times higher than piezo ceramics for the same
force input

 High dielectric strength: withstanding strong fields (75 V/um), where
most piezo

ceramics depolarize

* High mechanical strength and impact resistance: 109—1010 P modulus.
 High stability: resisting moisture (<0.02% moisture absorption), most
chemicals,

oxidants, and intense ultraviolet and nuclear radiation

 Can be fabricated into many shapes

 Can be glued with commercial adhesives
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Table A.14. Mechanical Properties of Some Crystalline Materials

Yield Knoop Young's Density Thermal Thermal
Strength Hardness  Modulus Conductivity Expansion
(1019 (ke/mm?) (%102 (gem®)  (Wiem©C)  (x1079/°0C)
Material dyn/ cm= ) dyn/ cm? )
Diamond® 53 F000 10.35 35 20.0 1.0
Sic? 21 1280 7.0 3.2 3.5 33
TiC* 20 1270 4.97 4.9 3.3 6.4
Al O 15.4 2100 5.3 4.0 0.5 54
SiaNy® 14 3486 3.85 31 0.19 0.8
[ron® 12.6 400 1.96 7.8 0.803 12.0
Si0, (fibers) 8.4 820 0.73 2.5 0.014 0.55
Sit 7.0 850 1.9 2.3 1.57 2.33
Steel (max. strength) 4.2 1500 2.1 7.9 0.97 12.0
W 4.0 485 4.1 19.3 1.78 4.5
Stainless steel 2.1 660 2.0 79 0.329 17.3
Mo 2.1 275 343 10.3 1.38 5.0
Al 0.17 130 0.70 2.7 2.36 25.0

ASingle crystal.

Source: From Petersen, K. E. Silicon as a mechanical material. Proc. TEEE T0(5), 420457, 1982,
y4
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Table A.9. Physical Properties of Pyroelectric Materials

Curie Thermal Relative Pyroelectric  Pyroelectric
Material Temperature Conductivity Permitivity Charge Voltage Coupling,
Coeff. Coeff. k2 (%)
(°C) (W/mK) (,) (C/m* K) (VimK)
Single Crystals
TGS 49 0.4 30 35x 1074 1.3x 108 1.5
LiTa05 618 42 45 20x 107+ 0.5 x 108 1.0
Ceramics
BaTiO 120 30 1000 40 % 10~%  0.05 % 106 0.2
PZT 340 1.2 1600 42 %1074 0.03 x 106 0.14
Polymers
PVDF 205 0.13 12 0.4x107% 040 x 10° 0.2
Polyerystalline Lavers
PbTiO; 470 2 200 23x107%  0.13x 106 0.39
(monocrystal)

Note: The above figures may vary depending on manufacturing technologies.
Source: From Meixner, H., Mader, G, and Kleinschmidt, P. Infrared sensors based on the pyroelectric
polymer polyvinylidene fluoride (PVDF). Siemens Forsch. Entwicl. Ber. Bd. 15(3), 105-114, 1986.
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2 TN r A\
C. Cam bien ap tu
l/; ML ;2 3
— Tp 7 p )
. sl
“ A ? 2 1 @7 Fx /j A
bién cam cua [Jb . ﬁ% 7 / ﬁﬁgj/%g«
chuyén doi ap tur S A, T
, 5
. {5
2 2 f——t 7
R -1 o @ =N %
» . U : A N

Dudi tac dung cla bién
dang dan héi co hoc, do tur
tham p va céc tinh chat
khac cla vat liéu sat tir
thay doi.

W- s6 vong cudn day

R- tU tr& clia mach tu

S, | - dién tich va chiéu dai cda mach ti
n d6 tor thAm cla 16i thép
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D. Cam bién dién cam

JL X
% LA 2 L
e va f R
o =
v] ~
] A X
o] m Xy ¢ $©° ] 1 v
A | [T 1e | ralo 5 \ B
_—]L:; | L] § y
L |
A /2
Rt L %
3) 8) ¢
Néu bo qua dién trd thuan clia cudn day va tu tra clia 1]
thép - W? _ W?n,.S

R, 5
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E. Cam bién dién cam

Nhu vay dac tuyén clia chuyén doi dién cdm khi do dai khe
hd khéng khi & thay déi Z=f(A8) thudng la phi tuyén va phu
thudc vao tan sé clia ngudn kich thich. Tan sé dong kich
thich cang 16n thi d6 nhay cang cao.

dL = a—LdS+8—Ld8
oS 00

. AZ/Z, I

Q. = — _
T A3/, { As) T
1+ —

[SOJ
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E. Cam bién ho cam

Tu thdng tlc thaoi
_iW, . W Si
R, 0

0,

I- gia tri dong tuc thai trong
cudn day kich thich W,.

Sdc dién dong cua cudn day
do W,:




3.2. Do bién dang

Moi cAm bién ding dé do
Bi&n dang g = Al ) chiéu dai hay di chuyén
dai 1 déu cé thé dung do bién
, dang ,
Chon vi tri do bién dang va du kién gia tri bién dang tai
ndi do.
Viéc chon vi tri do bién dang dua trén su phan tich vé luc
phan bo trén cac chi tiét.
Dan cam bién vao chi tiét : Nguyén tac dan cam bién la
cam bién bam chat vao chi tiét d& cho bién dang cla chi tiét
truyén vao cam bién.

S&r dung mach cau va khuéch dai dong do bién dang.
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Vi du dé do bién dang

Pién ap ra clia dudng chéo cau cla

cau 2 nhanh hoat déng dudc tinh:

—

R
CB
AU — UCC A]zcb — UCC kagl ﬁ,
2 ,,Rcb , 2 , ” UCC >
k., 12 d6 nhay cua cam bién ( néu cam U
bién la day manh hay la mong K.,=1.8- R, [] |® CB
2.2 con cam bién ban dan k, co thé . .
én t6i 200) .
Po AU cé thé suy ra ¢ i
< . >y
o w2 F
AU chi c0 gia tri cG mV vi - /
' 2 ana ¥ en the

vay can phai khuéch dai
truGc khi vao bd tu ghi hay
b6 thu thap soé liéu 101

bottom surface




Strece (MPa)
-\._\_\_\_\-
I- %
“-
1]
L] L] I I I I . I
b in 50 60 m B0 1

Extansion (mm)

102




7.3. Do luc va trong luong

Hién nay céc luc k€ dua trén nguyén tac sau:
oF —¢ : Luc bién thanh bién dang
eFF -3 : Luc bién thanh di chuyén
eLuc ké kiéu bu: F 1, = F, I,
1, cach tay don bén phai luc do

1, tay don bén phia luc bu
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Trong loai luc k& nay luc tic dung F
gay ra ing suat va bi€n dang, sau dé

bién dang dugc bién thanh dién 4p
hoac tan so cam bién doc

l
do luc \\\E(
gl

—mae—— H—» a cam bién ngang bu —]
nhiét do
RBall | '
——+118 &
" Rga t ¢
|
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Vidu

Siemens ch€ tao loadcell SiwarexK véi cac thong so sau

Tai trong 2.8 6 13 28 60
Sai sO 0.2% 0.1%

Heé so nhiet d0  0.050%/ °C.

d6 nhay 1.5mV/V

Dién tro ra 245 £ 0.2Q

Dién tré cach dién >20MQ
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Luc ké kiéu bién dang

_F
SE

Bién dang duoc tinh €

F - luc tdc dong lén loadcell

S- tiét dién phan tir dan hoi

E - modul dan hoi thép lam loadcell
Cam bién dién trd luc cang dugc nuodi cdy trén phan tir dan hoi. N6 gom 4 dién
trg, 2dién tré doc la dién trd tac dung, 2 dién tré ngang la dién tré bu nhiét do. 4

dién tr& nay duoc ndi thanh cau hai nhanh hoat dong. Dién ap & chéo cau:

Uce AR _Ucc o

AU =
o , .2 R 2
Ugc - dién ap cung cap cho cau
AR pign thien dién trd do bién dang cua phan tir dan hoi
R

g, - bién dang tinh theo cong thic trén
k - d0 nhay cia cam bién dién tré luc cang.

Khi ché tao xong nha ch€ tao cho ta do nhay cua load cell la (mV/V)
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r

jors g . n? " A ~n”
‘Luc ke kieu bien dang xuyen

a) bién dang ngang va doc cua dam hinh xuyén. b) cdu tao bén ngoadi cua cam bién
sirieR cua Siemens. ¢) cdu tao va kich thudc cua cdm bién
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Substance |vin Nerm®

Stesl A0 x 10® 207 x 107
Coppar 15 % 108 1.07 =107
Alurninum 10 = 10°¢ E0x10°
Rock TAx10P EDx1{0P
Hard wood 15 x 108 10x 108
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B, Luc ké kiéu di chuyén

Mot phan t& hay mét dam dan hoi, lic chiu tac dung
clla mot luc, sé co bién dang va tao ra di chuyén (két
cau cong xon)

/ F |
h

a) I |

——

7 =

7 h

b) |
3

a) Dam cong xon tiét dién déu S = l Fl

b) Dam dang cong x6n (ng suat déu 2 EJ
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B, Luc ké kiéu di chuyén (2)
@)

Fr’ P
O, =—0.149— Luc k& dam céng
EJ xon kép

Luc k& dam kéo ()

A4\ Gage 3 f
inside —7\%7//7 T
bl (S5
y-4 4
Luc k& nén hinh Luc ké kéo hai dau
Xuyén dung bién tré
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3.3. Do ap suat

F
e P=—
ap suat: q
F- luc tac dung 1én bé mat tic dung
S- Dién tich thanh cua mat tic dung
* 4p suat tuyét doi
* 4p suat tuong doi
e donvido ,:,
' pascal: 1 Pa=1 N/m~*

[ Pa=1.45x 107* 1b/in2 =9.869 x 1078 atm =7.5 x 10~* cm He.
| atm =760 torr= 101,325 Pa.
* My thuong dung don vi psi
| psi=06.89 x 10°Pa = 0.0703 atm.
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Bién dang mang

ria
kg

p.- 4p suat, bién dau vao

v
(=
=
O
w.
2
Z
LX)

‘ I,, Uy - tin hiéu vao va ngudn cung cép

1 -6ng dan két noi

s 2 -mang chan

i ’ 9 A N 7 A
| 3 -chat long dé truyén ap suat
|

4 -cam bién dién trd Itc cang mang silic

5 -khuéch dai do luong
6 -chuyén déi 4p tan
7 -vi diéu khién

8 -chuyén do6i so tuong tu

9 -hién thi tuong tu ( lua chon)
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Do ap suat

Ap suat duoc truyén 1én mot mang do,
la mot mang bién dang trén ay c6 mot
cau do bang 4 dién tré luc cang ban

dan. Trén mang bién dang nay bién | ®
dang € (6 tam) duoc tinh: i 2R
— d
B 1
PR |
€= —0.49—2
Ed - -
t 7
p
. Bién dang & duoi tdc
(ing suat & bién PR? dung ciia P
o, =—0.75—; '
d
L g o A s PR’
Di chuyén tao nén ¢ tam mang 0=0.17

d3
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diffused

P resistors

Ri R AR, AR, 1 1

3 A A — _— = = T4\ 01y — Oy ).
;"I!/ diaphragm Rl Rg 2 :

o

ARTINN RN e |

Vent Hole Si chip frame

T T T T T T l
] le— ETCHED _
'i_.-' ; ! DIAPHRAGM
“out = I EJT—“I—’H 1y — Oy ). '~ BOUNDARY 'UD;;}A-]E
F, : 1 14

|
!
| TRANSVERSE
VOLTAGE STHAIMN
| GAGE RESISTOR /f]
I il :
| . PIN #
1. GROUND
2 POSITIVE QUTPUT
3. SUPPLY
4. NEGATIVE OUTPUT
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S/ "
/ s
electrades / ol

STAINIESS STEEL
N PHFLGM 8 BT T9F METLL COVER
& SILICOME
L DIE COAT THzRMORASTIC
DIE CASE
SLIDH .f"r \\ ﬁ'-.
waEr EDCHEL WIRE BOND L
! LATY
/ 2
m——— - - 1 g 7 #
R0 COMETAUNT f::: /fj/ / /
WA FER LEAD FRAME / // y
S A

L]

(A) (B)

Fig. 10.7. Absolute { A) and differential (B) pressure sensor packagings. (Copyright Motorola.
Inc. Used with permission. )

Design for single step
mounting. (No additional
fasteners required.)

Flow thru design Flow thru design with
with ports in same ports on opposite sidas.
direction.
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||'nr\3"'

F

- B O - - O - - -y

SENGSING
ELEMENT

THIN FILM

TEMPERATURE

COMPENSATION
AND

GAIN STAGE #1

GAIN STAGE #2
AND
GROUND
REFERENCE
SHIFT CIRCUITRY

L} —_— —_— L} L —_— L —_— —_— L —_— —_— L —_— —_— L —_— J

PINS 1 AND 5 THROUGH 8 ARE NO CONNECTS
FOR SMALL OUTLINE PACKAGE
PINS 4, 5, AND 6 ARE NO CONNECTS FOR
UNIBODY PACKAGE

\4

GND

Figure 1. Fully Integrated Pressure Sensor Schematic
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SMALL OUTLINE

PACKAGE

MPXV5100GC6U
CASE 4824

MPXV5100GC7U
CASE 482C

UNIBODY PACKAGE

21 o

MPX5100D
CASE 867

MPX5100DP
CASE 867C

CASE 867F
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Dac tuyén cua cam bién loai nay

Transfer Function MPXS100DIMPXS100GMEEVETDDG Series

5 - — -
Veut=V 0.009 x P + 0.04) .4-'?"’_"_
:;T: res-ssu rel'Errc:r ;:Tentuperatjure Factor x 0.009 x Vg) ﬁ
o - Y57 50VE025 Ve ﬁf‘/
N =7 [ e,
= ™ = 1 __{?"éﬁ ool
ﬁ . Temperature = 0-85°C # ﬁ E E
H "{ o 2
E i
g f&”/ TYPICAL I E
52T MAX =R =z 5
o £ o
g \‘ ﬁ ’/’f 1‘\r-.rnrx % 5
s 0
> M

NAN

0 20 30 40 50 G0 70 a0 %0 100 110 ‘
OFFSET
FPRESSURE (kPa) (TYE)

Figure 2. Output versus Pressure Differential
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:r—!'_qq-_ggqq@ :r'“::}l “ 2 - 60 mbar loai C
a[> 9uf “:,[3 1;% o 8.3-250 mbar  loai D
\ 20 - 600 mbar loai E
s s ; 53 -1600 mbar loai
F160 - 5000 mbar loai G
9 4
1 1 - Dau nhan ap suat PP, 2 - than caa bo bién doi
3 2

3- Chat long truyén ap suat 4 - mang mong

5 - vong O; 6 - giita cia mang
7 - cam bién dién tro luc cang silic

8 - khuéch dai do luong

9 - chuyén doi ap tan; 10 - vi xur ly

11 - chuyén doi so tuong tu; 12 - LCD

13 - chi thi tuong tw '
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electrodes

(http:/iwww.process-controls.com/Metex/Kobold/rcd_series.html)
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3.6. Do luu toc- hiéu ap suat

« Mot trong nhitng phuong phap dugc dung rat nhiéu trong Cong nghiép la cam
bi€n hiéu 4p suat.

* Trong moOt 6ng dan chat 16ng hodc khi, khi ¢c6 mot vat chan dat trén 6ng dan thi
dong chay bi r6i va tao ra mot hiéu dp suat trude va sau vat chan. Theo cong thiic
Berloulli

h
q, =kpsS 5 q, = kpSyhp

qy - luu téc tinh bang thé tich cta chat 16ng.
g, - luu toc tinh bang trong luong cta chat 106ng.

k- Hé s6 phu thuoc vao hinh dang hé s6 bién doi kich thudc gitta 6ng va 16
chanvv..

i - do nhét cua chat long.
S- Dién tich cua 6ng dan
h- hiéu ap suét truGe va sau 16 chan.

p- trong luong riéng cua chat long.




cross-sectional

area of pipe A,

\ fluid density p
v v

>

cross-sectional
area of pipe A,

L

fluid density p

v
e
/’

w

h

1
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F

electrodes

Man chan

100

|
f amy aug
81
ESI PP III IO IINITIITIII I IS EELIE. Z
(T2 ====C
< \:‘%—55’-:’:::- T 64
| d 4
N |
N 36 |
N\ SO AIEE LTI TS ST
:? 25
g 18
9
“~ Ap-p; -P; AG] 0 10 20 30 40 50 60 70 80 90 100
q 0 1 3 5 8 10 20 30 40 50 60 70 80 90
A 0 0.0 0.09 0.2 0.6 1 4 9 16 25 36 49 64 81
p 1 5 4
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Pressure: Tappings

(pressure drop across
flowmeter measured ot these
points)

o\

Flow Direction

o oe | SSESEEE
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e.m.f.
Chat 16ng duoc chuyén trong mot ong cach dién (Teflon) 2 dién cuc dit vuong
gdc vOi tir truong tic dong, dat doi tam qua ong dan. Quan hé giita stic dién
dong cam tng va luu toc cho boi e = BdV

e- suc dién dong cam tng (V)

B - tir cam tng cua tur trudng xuyén qua chat long (Tesla)

d- duong kinh trong cua 6ng (m)

V- toc do trung binh cua chat long (m/s)




ederiraidesy

high pain
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demodiloner
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|

IO e rmer Wllp driver
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C. Luu toc ké Kiéu siéy am

Fat SA
tinh thé ap
dién
— d-—{\‘ﬂ;// ——
e AN
Iz,
/::_“f_ o o (‘; . ol
35 4

a) Hiéu trng Doppler trong do luu téc bang siéu am.
b) nguyén Iy mdy do luu toc bang siéu dm

Né€u bo phat siéu am va bo phan thu dat cach nhau 1 khoang D, ta ¢6 thoi gian
truyén cua séng siéu am tir dau phat dén dau thu:
Thuén chiéu T D Nguoc chiéu T, =——
- 1 ' C-V
C+V
1 1 2v

D
vata co T, T, D o)
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Table A.15. Speed of Sound Waves

an toc cuia Am thanh trong cac moi truong khac

Medium Speed (m/s) Medium Speed (m/s)
Air (dry at 20°C) 331 Copper 3,810
Steam (134°C) 494 Aluminum 6,320
Hydrogen (20°C) 1,330 Pj.-'rex® olass 5,170
Water (fresh) 1 486 Steel 5,200
Water (sea) 1,519 Beryllium 12,900
Lead 1.190

Norte: Gases at 1 atm pressure, solids in long thin rods
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Do t6c do quay cuia cach quat c6 thé suy ra v.
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Chuong 4. Thiét bi do mirc




1. Po miic bang phuong phap phao noi

Khi qua nang roi xuong puli quay va géc quay bién

N ~ puli
thanh s6 xung

_2m
ao—_

o, - gOc quay n

sensor quang

Ny - s0 xung dém duogc

0, - g6c cua mot lugng tlr gbc quay

n- sO xung tuong tng véi 1 vong quay cua
encoder.

Nguoi ta bo tri nhu sau: Khi qua nang di qua mot
diém chuan, mot t€ bao quang dién khoi dong bo dém.
Khi qua nang tiép xuc véi mat nudec mot bo phan tu 7
dong (role t61 han) dong mach dién. Ta c6

h,=H, -h_. = (Ny/n)2nR

h

chuian ~ “'x

Muc nudc : h .=H
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Bién trd truot

S

variable resistor

P A A | Y

A A R A A i

(A) (B)




electrodes
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-~ jores

F




»  (http:dwww . kinginstrumentco.com! 7420/ 7430, himl)
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ap suat duéi day cua mot cot nudc
duoc tinh

P = ph.

P- ap suat 0 day cot nudc

. p - trong luong riéng cua chat long

h- chiéu cao cot nudc hay miic
nuGc
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Vi du:

« Tinh tdan ap suat cua cdt nudc cao Sm ?
— Trong luong ri€ng cua nudc 9800N/m?
— Ap suét ctia cot nudc
9800 x Sm = 49 kN/m?= 49kPa
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A

ll.nﬂ;c

FGURE 1 - SITE OVERVIEW
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electrodes /

o @

terminals

4.3. Phuong phap dién dung do mirc

bién dung cua mot tu phang dugc tinh €S isolating
: T : C = coaring\ C
C- dién dung cua tu dién d N \ )
o L e N T\ T
€ - hang s6 dién moi cua chat cich dién giira hai ban cuc B \ i:: I ::
[ | ]
d - khoang céch cac dién cuc Q | t i :: H
B 14 H M
. » A 2 - N N A 7 A 7 [ Water level | ) - .
Khi muc dau ¢ 0O tuc 1a trong thung khong ¢6 dau, ta co N E N AR
e nranaei | i By el & el
C, - dién dung ciia tu khi dién moi 1a khong khi NeTTEenlaNT o
\ am’uﬂhvfma h
h - chiéu cao ban cuc C SOhb Qw:ﬁ:g%t
N N — =, T
b - chiéu rong ban cuc 0 d 2%?&?%:‘:
N o
d - khoang cach cac ban cuc R e

gqhb

Khi day dau Cq= q
Khi dau & muc h_ ta chia dugc thanh hai phan g.h.b gbh-h.)
C = dHx + 0 X
h d d

Do C, c6 thé suy ra h,. Trong cam bién ndy C,, Cy déu W (cd pF) vi
th€ nén mach do thuong dung & tan so cao.




 Ngay 26 thang 3 hoc mon KT Cam bién
e Tiét 2-3
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Vi du do1 vl nudce

C (nF)
5.0

4.0 3

30

2.0

1.0

0.0

10

15 20 25
f(cm)

142




o s

C. L\. Ta e Stk S Y Y S
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(A) (B)
. 2.?'1'5.[].1F E A
T In(b/a)’ c=2
d

143




piezoelectric
crysual plate

Hang so6 di€én mo1

Table A.5. Dielectric Constants of Some Materials at Room Temperature (25°C)

Material K Frequency Material K Frequency
(Hz) (Hz)
Adr 1.00054 0 Paraffin 2.0-2.5 106
Alumina ceramic 8—10 10 Plexiglas 312 10
Acrylics 25-2.9 1o Polyether sulfone 15 1ot
ABS/polysulfone 3.1 10 Polyesters 3.22-4.3 107
Asphalt 2.68 10% Polyethylene 2.26 10°-108
Beeswax 2.9 10% Polypropylenes 2-3.2 1ot
Benzene 2.28 0 Polyvinyl chloride 4.55 107
Carbon tetrachloride 2.23 0 Porcelain 6.5 0
Cellulose mitrate 8.4 103 Pyrex glass (7070) 4.0 106
Ceramic 14-110 106 Pyrex glass (7760) 4.5 0
{titanium dioxide)
Cordierite 4-6.23 10 Rubber (neoprene) 6.6 107
Compound for 300=5000 0 Rubber (silicone) 3.2 103

thick-film capacitors
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Fig. 3.7. Dielectric constant of water as a function of temperature.
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Table A.5. Dielectric Constants of Some Materials at Room Temperature (25°C)

Material K Frequency Material K Frequency
(Hz) (Hz)

Adr 1.00054 0 Paraffin 2.0-2.5 106
Alumina ceramic 8—10 104 Plexiglas 312 107
Acrylics 25-29 10 Polyether sulfone 1.5 10*
ABS/polysulfone 3.1 10 Polyesters 312243 107
Asphalt 2.68 10% Polyethylene 2.26 10°-10%
Beeswax 29 106 Polypropvlenes 2-32 1o*
Benzene 2.28 0 Polyvinyl chloride 4.55 107
Carbon tetrachloride 2.23 0 Porcelain 6.5 0
Cellulose nitrate 8.4 103 Pyrex glass (7070} 4.0 106
Ceramic 14110 106 Pyrex glass (7760) 4.5 0

{titanium dioxide)
Cordierite 4-6.23 10 Rubber (neoprene) 6.6 10
Compound for 3005000 0 Rubber (silicone) 32 10°

thick-film capacitors
Diamond 55 108 Rutile L optic axis 86 10°
Epoxy resins 28-52 10 Rutile || optic axis 170 10°
Ferrous oxide 142 108 Silicone resins 3443 1ot
Flesh (skin, blood, o7 40 5 100 Tallium chloride 46.9 108

muscles)
Flesh (fat, bones) 15 40 % 10° Teflon 2.04 10°-10%
Lead nitrate 377 6 % 107 Transformer oil 4.5 0
Methanol 32.63 0 Vacuum 1 —
Nylon 3554 102 Walter T8.5 0
Paper 35 0




Noi dung phuong phdp nhu sau: & trén dinh xil6 dat
mot nguodn phat siéu am manh. Nguon phat phat ra
ludng siéu am theo chiéu xudng day xilo. Khi luong
siéu am gap mat chat long (hoat hat) n6 phan xa 1én va
dén dau thu, thoi gian tir ldc phat dén lic thu

Ty - thoi gian tir ldc phat dén lic thu siéu am
h, - khoang cach tur dinh xild6 dén mat chat 1ong.

C - toc do truyén siéu am trong khong khi (vao
khoang 300m/s).
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Chuong 5 . Phuong phap do thong so chuyén
dong va kich thudce hinh hoc




Cac thong so chuyén dong

Di chuyén hay khoang doi A

) ] dA

Toc dd chuyén dong V= dt
Gia toc chuyén dong Cdv d’A
LTI

Doi véi chi tiét giao dong hinh sin thi tdc do giao

dong d(A sinot)
SIN @
v, = = =A_m®cosot
dt
Gia toc
Y, = dv_ A o sin ot
dt
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5.1. Do di chuyén

* Phuong phap phat tia lade/rada vé1 khoang cach xa- thong
qua thoi gian truyén song
e Tinh goc 1éch pha cua song

 Phuong phap quang hoc

« Phuong phap thong qua van toc quay
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FP! modulated fight

incicgernt I

2x2 coupler

white light
SOUIce

"

Fig. 7.32. Measuring system for the Fabry—Perot sensor. (Courtesy of Roctest.
www.roctest.com.)

153




piezoelectric
crysual plate
/

B. Do di chuvén ki€u dia quang

photodetector 9

lens 700
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£50
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Doz, Ny 2 ;
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ferromagnetic

5.2. Do van toc . 106
80
Str dung mdy phat toc: mot chiéu va xoay chi€u :Qiz T
. 20+ N
Y =Y __ sinot T
e 1 ?ffstan%e, ;O 12 em
7 * A A ? s (A) (B)
Suc dién dong cam ung: E= KW _
— let
Stic dién dong cam tng T4 e=¥__wcosot=E_cosot
® - Photodiot
TX - Tao xung
KDT- Khod dién ti
bX- bém xung
CT- Chi thi
Dk - diéu khién
» KDT » DX o CT
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5.3. Toc ké

A. ki€u cam ung

M=K, B.I,

E, K,Bo K K,B>
I = cu _ 2 _ 12
SR TR M=o

o=K.» hay a=Kn.
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1- Pia nhom; 2- kim chi; 4- 10 xo
phan khang
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B. Gia toc ké kiéu ap di

Dién tich sinh ra trong chuyén do6i dp dién g=d,F

q gay ra dién dp tr%n 1\?ién cuc cua chuyén doi dp dién |
q=CU —* Uu=—"—yv

C

Gia toc k& ki€u ap dién

1- Than cam bién; 2- Ren
bat vao déi tuong; 3-
Chuyén doéi 4p dién ; 4-
Khoi quan tinh; 5- dau day
ra; 6- cap dong truc
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C. Do gia toc kicu dién dung
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Fig. 8.3. Capacitive accelerometer with a differential capacitor: {A) side cross-sectional view:
(B) top view of a seismic mass supported by four silicon springs.
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Fig. 8.4. Circuit diagram of a capacitance-to-voltage conversion suitable for an integration on
stlicon.
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5.6.Do mOmen xoan- cong suat

e (CoOng thirc tinh cong suat cuia mot vat chuyén dong
— N=M.o

* Trong do: M- mOmen xoan (N.m); - van toc goc

(a) (b)
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T sensor I

Gian do bo tri cac thiét bi dwoc dung de do
momen va cong suat
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e Tu tinh

e Cam ung

e Siéu am

* Visong

* Quang

* Dién dung

5.7. Cac loa1l cam bién tiém can
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Cam bién t1iém can tu

e Cong tac tir (

Extermal - External
Connection J \‘_\ Commec tion
T S
— — Iyt
Confacty T Glass Envelope

e (C6 thé dung cam bién Hall
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* Strc dien dong Hall duogc tinh
Vg =hi B sinw
 Cuong do dién truong H

|
Neg

H =

— Trong do : N — s6 dién tir tu do;

¢ Cuong do anh sang ¢
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Vi du: Mot s6 dic tinh ciia cam bién Hall

Table 3.2. Typical Characteristics of a Linear Hall Effect Sensor.

Control current 3 mhA

Control resistance, K; 2.2 k&2

Control resistance versus temperature 4085 /<C

Differential output resistance, Ky 4.4k &2

Output offset voltage S0 mV jat B=00G)
Sensitivity 60 VG

Sensitivity versus temperature +0.1% /°C

Owerall sensitivity 20 V/EkG
Maximum magnetic fux density, B Unlimited
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Cam bién tiem can cam Ung

* So dod khoi cua cam bién tiém can ki€éu ECKO

L [ /_C% Orcillator Trigger Owcillator

el a tor
Eponied Hesin
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Cam bién ti€ém can dién dung

e Tuong tu cam bién dién cam- Con phat hién dugc cam
bién di€n mou.
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(A) (B)

A capacitive probe with a guard ring: (A) cross-sectional view; (B) outside
view.

(Courtesy of ADE Technologies, Inc., Newton, MA.)
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Cam bi€n tiém can ki€u vi song
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Cam bién tiém can quang

180




piezoelectric
crysual plate
¢

S

The Fairchild semiconductor QRB1114 photoreflective sensor.

[he Fairchild semiconductor QVA11234 photointerrupter.

A position sensitive detector (PSD)), UDT Sensors, Inc.
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Fig. 7.37. Optical position displacement sensor (From Keyence Corp. of America, Fair Lawn,
NI
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