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NoO1 dung giang day

e Khai niém cam bién va xu huéng phat trién

Dac tinh k¥ thuat cua cam bién
Cac k¥ thuat cam bién co ban dung trong cong nghiép
— Nguyén Iy va hiéu tmg vat 1y cia cac chuyén doi so cap
« 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
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Phan loai Cam bién

e Theo nguyén 1y hoat dong

Chuyén doi dién tré
Chuyén doi dién tir
Chuyén doi nhiét dién
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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)
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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
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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)
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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.

21

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.




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:
AXmax
K, = <

n

. AX - lasai léch 16n nhat
Ta thuong dung khau bu phi tuyén ™=
Sa-S=K

(Nonlinearity Error)

Terminal
Points

- FS
0 stimufus
. re=arctangf?
A) (B)
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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
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4.2.6. Dac tinh dong cua thiét bi (1)

« Ham truyén co ban : Y(p)=K(p).X(p)
« Dac tinh déng:

+ Pac tinh qua dé

+ Dac tinh tan

+ Pac tinh xung

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

© ot)=S{X(1)]
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
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Dac tinh dong cua cam bién (2)

a(t)=S{X(1)]

a(p)=S(p)-X(p)

normalized (requency (fog voale)
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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

Quan hé dudc biéu dién bang mét phuong trinh vi phan. Phuong trinh vi phan ay
dugc viét dudi dang toan tu.

25

S(p)- Goi la do nhay cua thiét bi do trong qua trinh do dai lugng déng
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Néu dai lugng vao c6 dang xung hep

X(t)= X,3(t-1).
thiét bi do.
S(p)

X=X,.1(t-7)

déng .

« Né&u dai lugng c6 dang xung budc nhay

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

26
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Dac tinh dong cua cam bién (2)

X

Aa(t)

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

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

=
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frequencies; (B) first-order limited upper cutoff frequency: (C)
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ited both upper and lower cutoff frequencies; (E) narrow band-
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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
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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.
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Hé s6 nhiét do ctia mot s6 kim loai
Cu N1 Pt \WY
T, °C 1083 1453 1769 3380
C, I°C—kg! 400 450 135 125
Ay WOCm™! | 400 90 73 120
a,, 'C! 16,7.106 12,8.106 8,9.10¢ 6.10
p, Qm 1,72.108 10.10 10,6.10® 5,52.108
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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
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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,
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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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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.

a3 Ay I 1- Nhiét dién tr6  2- Modul vao
e I o Bl 3- Dong cung cap (hang)
' 4- Bién 4p mot chiéu khuéch dai
5- Modul ra 6- Diéu chinh dién ap

Mefiumior mar:
TypIMCI9d
Eingang' ;
Mefneraich

Mach chuén hoa
7y,
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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 T -

meuntng

dién dong nhiét dién, duoc cho bdi cong fireads
thic
Er =K; (¢, - ty)

Trong do6: K, - hé s6 hiéu tng nhiét dién

b

tn - nhiét d() dé\.u néng ﬁ.ﬁﬁhﬁrx"f;m:
° ° 4" allowanos for
threads
t, - nhiét do dau tu do : b
: 43 1
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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 —270to 1300  Oxidation and inert K
atmospheres

Chromel/constantan 60.9 —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
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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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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

f&? <

—
ﬂ
C. Insulated thermocouple twisted and welded

D. Butt-welded thermocouple with fish-spine insulator

Fig. 16.18. Some thermocouple assemblies.
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B -
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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
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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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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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Duong kinh cua day
Dang cua cap nhiét
ky hiéu duong
kinh bén
ngoai
B Pt Rh 30%/ Pt L 0.5
Rh 6%
R Pt Rh 13%- Pt L 0.5
S Pt Rh 10%-Pt L 0.5
K (Chromel_Alumel) D 3.2
C 23
B 1.6
A 1.0
H 0.65

Gi61 han nhiét do lam viéc

gi6i  han
chuén

1500°C

1400°C

1400°C

1000°C
900°C
860°C
750°C

650°C

gi6i han trén

1700%

1600°C

1600°C

1200°C
1100°C
1050°C
950°C

850°C
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Gidi han nhiét do va cac ong bao vé

ong bao vé O.D x I.LD

ong bao vé biang
im loai (¢ mm)

21.7x 16.1
21.7x 16.1
15x 11
12x9

10 x7

ong bao vé
khong bang kim
loai (¢ mm)

15 x11
15x 11
15x11

17x 13
17x 13
15x 11
15 x11

10x6
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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:
Uece AR u
AU = —€C€ 28T _ Fee i
4 Ry 4
Ta lal co ET = I<T (tnéng_ ttl_Ido) = I<T tnéng _KTttl,I do

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

Ucc 4K 1

KTttu’do - A Ot trdo _)UCC -
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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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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

=il

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

V=V, + k—TLogI —k—T.mLogT —k—T.LogC vE
q q q + 3L
1S, ;
Thong thuong do nhay -2,3 mV/°C véi QD s
dong dién khoang 1uA ‘@
A A (A) ®
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Fig. 16.20. Forward-biased p-n junction temperature sensors: {A) diode: (B ) diode-connected

transistor.
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Vi du vé LM335

TO-92
Plastic Package S0-8
Surface Mount Package

1 8
NG — 7 +
NC 2 ! NC
=l 5 -
3 4 6
[8005508-8 NC T '5_ NC
Bottom View S ADJ
Order Number LM3352 o cm s
or LM335AZ7Z
See NS Package Order Number LM335M
Number Z03A See NS Package

Number MOBA

Specified Operating Temp. Range

Continuous Intermittent
(Mote 2)
LM135, LM135A  -55C to +150°C 150°C to 200°C
LM235, LM235A -40C to +125°C 125°C to 150°C
LM335, LM3354A  —-40C to +100°C 100°C to 125°C
60

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
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iLM 35

Nhiét dién tré ban dan
Nguon ap : LM35

V+ 4220V

Sortie 10 mV/°C

Y

m

7

R

-Vs

2.150°C
LM 35
Mach do v6i nhiét dién trd ban dan
+ 5V
]LM 35 .
1228 mY/ a 13208 ; 10 mV/degré
mVa 25° _EC 2 °
500 mV A -£0° _ de -55 & +150°C
= 1N914i 18k
R =Vs/50pA
i
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| R, R, - Vee= 15V clia diode va
140k %70}: trans. mac theo
ki€u diode:
ﬂ;f\lm IczflL _ S=dV/dT co
ATV -25mV/°C

k 1
Vi =V, = (—len(ﬁj avec
q I,
Gia su 2 Transistor giong nhau, cé cung nhiét do
r”
RI. =R,1I V,, =
17 C1 25C2 B2 7"”+R”

kT
q

S = [1 + R—”}{VBI +
r

»V'cc=- 15V

2
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K s617uv 10
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S

S = fct(T) duoc cai thién
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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
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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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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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Figure 1-2: Spectral Distributions
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“¢@ 6.4.2. Do nhiét do bang phuong phap quang
hoc: hong ngoai IR
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— E=K..E, =K,cT*
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2. Vat kinh, chinh vat kinh

3. Ong truot va vat kinh

4. Chiét ap chinh dong dién dot
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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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Figure 1-2: Glass Manufacture Using Visual IR Temperature Measurement
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Table 8-1: Strengths and Weaknesses of Non-Contact Temperature Sensors

IR Thermocouple  Inexpensive [from 599) Monlinear output
Self-powered Susceptible to EMI
Mo measurement drift

Plugs into standard thermocouple
display and control devices

Reaches into inaccessible areas

Intrinzically safe

Low-End IR Partable and convenient Maximum probe cable length of 1m
P%ﬁmﬁ::ﬂ Inex pensive [from 5235) limits use
Excellent maintenance tool
High-End IR Can focus on any target at almost Measures only a fixed spot on target
Thermometer any distance Accuracy affected by smoke, dust, etc
Portable or fixed-place operation in line of sight

Camera-like operation (point and shoot) Affected by EMI

Low to medium cost (from 5350)

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.



Fiber Optic Works in hostile, high-temperature, vacuum  Fairly expensive (31600-52600)
or inaccessible locations

Fixed Focus
Can bypass opaque barriers to reach target
Unaffected by EM
Two-Color Sees through smoke, dust and other Fairly expensive (from 53600 for senser,
contaminants in line of sight and 55000 tor display/controller)
Independent of target emissivity
Linescanner Only sensor that makes full-width Very expensive (from 510 000 for sensor

temperature measurements across product  alone, 50,000 for complete system)
Measures continuously as product passes by

Computer can produce thermographic

images of entire product and its
temperature profile
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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 . a) dién trd lyc
[N % cang 1 mong;
L= b) dién tr Iuc
" cang kiéu mang
l_—’} mong
(a)

(b) (c)
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A, Cam bién dién tro luc cang

R
uhay &g = ¢

Mat khactacé6 AR _Ap N Al AS

ER= €, T € - &g

Tacoé AR Al
a co :f(T)

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

) sz =g (1+ 2K+ m) =K

D6 nhay clia chuyén doi: K = gg/e; = 1+ 2K + m
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Characteristics of Some Resistance Strain Gauges
Material Gauge factor  Resistance, £ Temperature coefficient MNotes
(S¢) of resistance
(eC—1 % 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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Néu tac doéng mot luc theo
truc Y, gay ra hiéu Ung ap dién
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chuyén doi: g= -d,(y/x)F,.
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B. Cam bién ap dién (2)
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[~ ~ ) plate '
! - 3 I T
. ¥ amplifier
(A) (B) (C)

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.)
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Table A.8. Properties of Piezoelectric Materials at 20°C

PVDF BaTiO, PLT Quartz 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.

95

Please purchase PDF Split-Merge on www.verypdf.com to remove this watermark.




