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LOI XOI DAV

Cdm bién 12 loai thi€t bj dude sk dung ngay cang nhiéu trong
linh vife do lueing va diéu khién.

Trude day, cim bién dude sit dung 1am linh kién cim nhan hay
phdt hién cdc dai lugng vit ly khong dién. Hin nay, vai su phdt trién
nhanh ctia ¢dc nganh khoa hoe k§ thudt va ¢ong nghé ¢hé tao linh kién
dién 1, cim bi€n ngly cang duge dng dung rong rii trong hiu hét cac
[inh viic véi nhieu tinh ning wu viét, phong phi va da dang.

Khong chi dng dung trén cde thi€l bi ¢ong nghé mdi, trén cdc
day chuyén sin xudt w dong hay trén cde robot cOng nghiép; cam
bién cdn duge (ng dung ngay trong cd cdc thiét bi dién — dién 1t
dan dung, phue vu cho sinh hoat thuting ngay.

"Cdm bi¢h - Do ludng vi didu khién” di trd thanh mon hoc
chinh thife trong chuong trinh dao tao cdc ngdnh Pién — Bién 17 &
cde truding Pai hoc, Cao dang va Trung ¢ip chuyén nghiép.

Tuy nhién, tai li€u tham khdo cling nhu gido trinh phyc vu
cho viée day va hoc mon hoe mdi nly hién rat thi€u trén thi truting
sich. Dac biét, tinh thuc t€ chua duge cy thé va phong phu.

Gido trinh ndy duge bién soan nhim muc dich gidi thiéu véi
doi tugng dde gid fa gido vién, sinh vién, hoc sinh mat tan lieu hoc
tip, nghi€n citu, tham khio ¢6 tinh thyc 1€, dng dung cu thé va
khong qui nidng tinh 1y {udn.

Tuy da rat ¢d gidng, nhung do han ché& vé tai liéu tham khio
va thdfi gian nghién ey, gido trinh ndy chic chin con nhidu khidm
khuyét. Rt mong nhin duge sy dong gop ¥ kién cia ban doc dé
sdch duge hoan thién hon trong 1an tdi bin sau.

HCM, ngay 10 thing 9 nidm 2007
Tic gia
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CHUONG 1
KHAI NIEM CO BAN VE LINH KIEN CAM BIEN

§1.1- PAI CUONG

Trong sdn xult cong nghiép cling nhu trong At séng e nhién,
cde dai lugng vat 1y, hod hoc, sinh hoe can do luting, kiém tra, diéu
chinh, khGng ché hay wr dong diéu khién ... thudng 1a cic dai hudng
khong dién. Thi du: dnh sdng, nhiét dd, dp suadt, do dm, W irading,
khodng cich, luu lwgng, van 16c ..

Linh ki¢n ¢im bién ¢6 chie ning chuyén déi cdc dai luong

khong di¢én thinh tin hi¢u di¢n, hay tir dui lugng dién nay sang dai
lugng dién khic.

¥y yil n Yt 10y I%
Ngd vio x » B cam bién pNEgO Ty

(Kich thich) (bdp tng)

Hinh 1.1: M4 hinh mach ca bd ¢am bién

Phuang trinh md td guan hé gifta dip tng y v kich thich x ¢tia
bd ¢dm bién ¢é dang: y = f{x)

Quan hé y = f (x) cha bd cdm bign thuding rit phifc tap va ¢6 rit
nhi¢u y&u 15 inh hudng tde dong cling lic ién bé cim bién. Trong
nhi¢u truting hap, d€ don gidn, ngudi ta chi xét dap tng y & ngd ra
theo tdc dOng cua kich thich x § ngd vao, con cde yé€u t6 khdc dude
xem nhu khdng d6i. Cde yé€u t& khic thudng 1a cde thong s6 moi
trucing nhy nhiét d3, dp sudt, do am, .. vd cdc théng s6 cda ngudn
nhu bién dé, tan s6, dién ap 1am viéc cta cde bd ¢dm bién.

“ Cdc b cdm bién thuimg duve dinh nghia theo nghid rong la
thiét bi cdm nhdn va ddp ung ddi vdi cdc tin hidu va kich thich”,



Ciim hicn — Po ludng vi didu khicn Nguyén Tian Phude

Kich thich x d ngd vio la cic dai tugng 1y, hod khong dién.
Pidp ing v dngd ra 1 cde dai lugng dién va thudng bién a6 riit nho.

D¢ thye hién chite ning do ludng hay didu khién w dong qui
trinh. ddp g y thuting phii qua mach khuéch dai tride kKhi ¢dp tin
hi¢u hay ning lugng cho tdi ¢hinh 1.2).

X . . ¥ i ky )
—» Bd cam bién ——| B¢ khuéch dai ’ Ta

-

Hinh 1.2: Bdp g y qua bd khuéch dai

NEu 1a mach do lutmg wr ddng, i 14 cd ¢du do hay thict bi
do di¢n hodic dién wr. NEu 1 mach diéu khién to dong thi tdi ¢
the 10 rd-le, dién trd cong suit, ddng cd..

Trong cdc hé thong do ludng, didu khién o dong hién dai.
thuting <6 yéu cdu héi Gép dé khang chd trang thdi ¢ta qud trinh.
Vi¢e thu nhiin va xit 1y tin hi¢u thuding do bd vi xir Iy ddm nhin vi
di¢u khién w dong theo chuagng rinh cai dat trude (hinh 1.3).

Qua trinh

Cd ciu

Cam bién chilp hanh

Y

) 4

B vi xi 1§

!

L Chudng trinh

Hinh 1.3; Bi¢u khicn tf dong ding bo vi X 1y



Chutung |

Khii ni¢m cd bin vE linh Kicn cim bich

$1.2- PHAN LOAI LINH KIEN CAM BIEN

Canhicu cdch phin loai linh Kién ¢dm bién nhu sau.

1)

Phin loai theo nguyén ly chuyén ddi:

Cinh Ki¢n cim bicn v ly

Einh Ki¢n cim bién hod hoc

L. Ki¢n cam bién sinh hoe

Phiin loai theo thing sé ctia mé hinh mach thay thé:

Cdm hicn tich cye (¢d ngudny ddo ra 13 ngudn dp hay
nguon dong

Cdm bicn thy dong (khong ¢é ngudm dude dic trimy
bang cic thong 0 RU L, C L ayEn tinh hay phi tuyén.

Phiin loai theo tin hi¢u kich thich:
Ciam bicn quang dién

Cam bién nhidt dién

Cidne bicn vi trf, khodng cich

Cam bicn vin (e, gia 160

Cdm bicn do ludmyg, Ihé tich chit 1ong
Cam bicn dién hoi

Cim hicn

Cam bi¢n lue

§1.3- DAC TRUNG CO BAN CUA LINH KIEN CAM BIEN

Linh Ki¢n cdm hien thiking o6 cic die trang ¢o bin 1a:

)



Cim bifn - Do ludng va diéu khién Nguyén Tan Phude

1) Ham truyén

Quan hé gilta ddp Gng & ngd ra va kich thich 3 ngd vao ciia bo
cim bién ¢o thé cho dudi dang bing gid tri hay bi€u thife todn hoe.

Got x 12 tin hiéu kich thich, y 14 tin hi¢u dién ddp @ng, him
truyén cho ta quan h¢ gitta dip wng va kich thich. Ham truyén ¢6
thé duge biéu dién dudi dang tuy¢n tinh, phi tuyén, him logarit,
ham [u¥ thita hay ham ma.

Ham truyén tuyén tinh ¢6 dang:
y =a+ bx (a: hiing s3, b: do nhay)
Ham truyén logarit ¢6 dang:
y = I+ b.Inx
Ham lu§ thoa ¢o dang:
y =ap+ a,.x" (k: hiing s0)
Ham luy thtta ¢ dang;
y = a.e™

Him truyén phi tuyé€n khong thé dic trung bing cdc dang
trén. Trong nhiu trudng hgp, ¢6 thé lam gin ding ham truyén phi
tuyén bing phudng phip tuyén tinh hod timg doan.

2) P Idn cia tin hidu vao

B3 16n cia tin hiéu vao la gid tn lon nhz"fl_ cha tin hiéu dat
vio b cam bién ma sai s6 khong vugt qud nguding cho phép.

Nhiéu b c¢im bi€n ¢ khodng gidi han cu thé cla tin hiéu
vio. Thi du: nhi¢t rd ¢ khodng nhiét do s dung tr —10°C dén
+80°C.

3) Sai sé va do chinh xac

10



Chuong 1 Khdi ni¢m cd ban vé tinh kién cam bién

Cidc bd cam bi¢n cling nhu cdc thiét bi do, ngoai dai tugng
cin do, con chiu tic dong ctia nhiéu dai lugng vat ly khdc nén giy
ra sai O gilta gid tri do duge va gid tri thue cBa dai lugng cin do,

Goi Ax 12 dd sai 80 tuy€t 41 gilta gid tei do va gid tri thue x,
sai sO twong doi cta bd cdm bién dude tinh biing cong thic:

8% = E‘IOU &% sai 80 twong Ao
X

Ax: sai $6 tuyét doi

Ciu hoi
I- Binh nghia va phin toai cim bién?

2- Cho biét vi i cGa cdm bién trong hé thdng w dong didu
khi¢n qud twinh?

3- Cho biét nhimg dic trung ¢d bin ¢Ga cdm bién?



CHUONG 2

LINH KIEN CAM BIEN QUANG DIEN

$2.1- KHAI NIEM CO BAN VEE ANH SANG

Dany song anb sing {0 song dién wr phing. T mar dicm
trong Khdng gian, vec-w airing do dien iy L ciding do i midng
H v phucng tuven 7 tao thanh mactam dico thudn thinh 2.9y

...,—'
[ 4
—»
7

Hhinh 2.1 \—*
H

Anh sing lan truvén trong ¢hdn khong véi vin 10c v =

2909 792kn/s (o = 30.000km/s ), Trong vt ¢hit dnh sdang ¢d vin 10¢:

¢ ,.l - - o~
REE n: chict sudt ctiia mdi ruding
4
Burde song cua dnh sdang 018 nghich v tin so theo cong
N - v
thiic: - f

Pho etia dnh sing theo bude song nha sau:

a 30 35 435 | 490 7 873 1 AR0 1630 TOi ! wait | U220
i ! I i : : :
C o) ‘ ! 1 |

|
' .

I | 1

’ ! - A A A S }' -
| Anh  Cye | Tim | Lam  Luc |V{mg_1 Cam ! D6 | Hong 1 hed 1T
Csang | tim _ ‘ | I
i

|
l

ngoai | hong X

| -
| hzoul




Chudng 2 Linh ki¢n ciam bicn quang dicn

§2.2- NGUON SANG

P& van linh kién cam bién quang dién, viée chon L ngudn
sdng ril guan trong. Pdp tng clia bd cdm bich ¢hi dat yéu cau k¥
thuiit khi 06 duge kich thich bdi ngudn sing ¢ biie xa dnh sdang phi
hdtp (phd, quang thdng, (in s&y.

Cic loat nguon sang thong duny hidn nay 1a den o6 tm, Led
thurgng va Led hong ngoai.

1- Pén cd tim

Ben ¢o tm 1am bing sai wonfram dit trong béng thuy tinh
ca chia khi trd. Ben ¢6 tim ¢ cde dace diém:

- Ddi pho rong

- HiCu sudit phdt gquang thdp (1 86 quang thong trén cong suit
uéu thy — lumen/watt)

- Quiin tinh nhiét 1dn nén khong thé thay d8i bie xa mdt cich
nhanh ching dude

- Tudi tho ngin (vai tram gidh dén 1000 gid).
2- Diod phit quang (LED)
Diod phit quang ¢6 cde dae didm:

- Bdp tng nhanh, thdi gian tr¢ nhd ¢ ns, ¢d khil nang dicu biéh
G 1N 8O cao

- Phd dnh sdng xide dinh theo mau phat sing caa 1L.IED
- Tudi tho ¢ thé dat 1 100.000 gid
- Kich thude nhé

- Tiéu thy cong sudt il thap, quang thong rit nho.



Ciam bhién - Do ludng va didu khién Nguyén Tan Phudc

a) Cdu tao:

Diod phdt quang duge goi tit [a LED (Light Emitting Diod)
duce 1am tf cdc chat Ga As, Ga P vi GaAs P,

Loai LED phiit sdng dung 1am tin hiu bdo ngudn, bdo trang
thdi hoat dong cta mach, joai LED hdng ngoai ding dé truyén tin
hi€u trong cdc b ghép quang ...

LED c¢d ky hi¢u va hinh ding nhu hinh 2.2,

A
PN
L1

N
Hinh 2.2: Ky hi¢u v hinh dang LED

b) Phdin loqi:
Theo vdt Hiéu:

- Diod GaAs cho ra dnh sdng hong ngoai ma méit khong nhin
thily dugc

- Diod GaAsP cho ra dnh sdng thdy dudc, khi thay d&i ham
lugng photpho s€ cho ra dnh sing khac nhau nhu dé, cam, vang

- Diod GaP pha thém tap chat s¢ bdc xa cho dnh sing. Tuy
logi tap chit ma diot ¢6 thé cho ra cac mau wr dd, cam, vang, xanh
{d cay

- Diod SiC khi pha thém tap chit sé& cho ra dnh sing mau xanh
da trdfi. LED mau xanh da trdi chita dude pho bién vi gid thanh cao.

Do khic nhau vé vt liéu ch€ tao nén dién dp ngudng cila

cidce loai LED cling khac nhau:

-LED do o V,= 1,6V =2V



Chudng 2 Linh kién ¢dm hicn quang dién

-LED cam ¢ V, = 2,2V = 3V

- LED xanh [ ¢c6 V, =27V = 3,2V
-LED vang ¢ V, = 2,4V = 32V
-LED xanh da trdi ¢ V, =3V + 5V
- LED hdng ngoai ¢6 V, = 1 8V + 5V
LED hai mau:

LED hai mau la loai LED d6i gdm hai LED niim song song
va ngude chiéu nhau, trong d6 ¢ maot LED d6 va mot LED xanh 14
ciy hay mét LED vang va mdt LED xanh 1d ¢dy. Loai LED hai miu
thudsng A€ chi cye tinh ca ngudn hay chidu quay clia dong o,
Hinh 2.3 13 ky hi€u cia LED doi loai hai mau. N&u ¢hin
Ay ¢d dién dp duong thi LED | sdng va ngude lai n€u chin As ¢é
d1€n dp duung thi LED hai sdng.

A~ '

D| AI

N_ » _.| #
1/]
N A[ Az l li‘D

iL.ED

D, ‘
K V4l

Hinh 2.3: LED doi hai mau 2 Hinh 2.4:LED d6i ba miu

LED ba mau:

LED ba miu ciing la loai LED d6i nhung khong ghép song
song ma hat LED chi ¢ chung ¢han catod, trong dé mat LED mau
do ra chin ngian, mot LED mau xanh 14 cdy ra chiin dii, chdn giita
1a catod chung.

Néu chan A, 6 dién dp duong thi LED d6 sdng, néu chin
Ay c6 dién dp dudng thi LED xanh sdng, néu chin A, v A> déu ¢6
dién dp duong thi hai LED déu siing vi cho ra dnh sing mau vang,

15



Cam bicn - Do ling va dicu khién Nguycen Tin Phude

]

¢) Cie thong 6 kY thudi:

Picn dp ngudng cla LED ¢6 tri s6 thay d0i theo dnh sdng
mau nhr sau:

-LED dd e V, = 1,6V £ 2V

-LED cameo V, =22V = 3V

< LED xanh ld ¢dy ¢V, =27V = 3.2V
-LED ving ¢V, =24V = 32V
-LED xanh da trdn V, =3V =5

- LED hdng ngoai V, = | 8V = 5V

Dong dién thudn [;; qua LED ¢6 tri s6 nhd thuding Khodng vii
mA dén viii chuc mA.

Bién dp ngude cla LED thudng thip khodng vi velt nén khi
str dung LED trong ngudn xoay chi¢u phiti ¢6 mot diod thutmg ghép
song song vi nguse chiéu 3¢ ndi (3 dicén dp ngude trén LED,

R
PAVAVAY
Hinh 2.5 : Dung diod bio v& v
A D
LLED ¢ trang thai nginic /V

d) Ung dung:

LED duic ting dunyg rit rong rai trong cdc thict bi dién up
din dung cling nhu dién uf ¢ong nghiép. G day ¢hi pidi thicu cic
(g dung dun gian cua LED.

Mach bdo neudn DC -

Khi str dung LED phii tinh (Gén od ndi GEp vai LED co
6 thich hap dé wdnh dong dicn qua LED qud [6n s¢ lam hue LD,

16



Chuong 2 Linh Ki¢n ¢cim bicn quang dién

D,
+V iy R
220V 1 . AAA
=S \I\ | V.

N R, Vid b

D, —_ R .
C

Hinh 2.6: Mach bdo ngudn DC Hinh 2.7: Mach hio ngudn AC

Bic¢n trd R trong mach bio ngudn DC tnh theo ¢ong thite:

R= Dot fchon Viea= 2V, [y= 10mA)

Mach hdo neaon AC:

Trong mach bido ngudn AC, LED chi sdng khi dude phin cue
thuin hitng hin ki thich hoap. khi LED b phin cue ngude i diod D
dude philn cire thudn nén dan dicén J¢ gitt cho mie dién ap ngudace
wrén LED V), = 0.7V ranh hue LED.
Bicn trd R trone mach bio ngudn AC tinh theo conyg rthie:
o=

K=" ! ichon Vi g= 2V, 1= 1TOMmA)

3) LED bay doun

T+\vﬂ. | T oy
NN Bttty ty iy Iy

a b ¢ d v f ? a h T f ¢
Hinly 2.8:LED bidy doan aned chung - Hinh 2.9:LED bdy doan catod chung




Cim bién - Do ludng va diéu khién Nguyén Tan Phuée

LED bay doan ¢d loai anod chung va loul catod chung. Hién
nay LED bdy doan dudge dang nhiéu trong cdc thi€t bi chi thi s0.

Hinh 2.8 1a ky hi€u cta LED bdy doan ¢6 anod chung, hinh
2.9 14 ky hic¢u cda LED bay doan ¢6 catod chung.

a

@ @ T

Hinh 2.10: Hién thi cGa LED bay doan

LED bdy doan la tp hgp biy LED dude ¢hé tao dang thanh
dai sidp x&p nhu hinh 2.10 va duge ky hi¢u biing by chit ¢di la a, b,
¢.d, €, t v g. Phin phu cla dén 1a mdt chim sdng (p) d€ chi didu
phiy thip phin. Khi cho cdc thanh sdng vai cdc s§ lugng va vi tri
thich hop ta ¢ nhitng ¢h s6 tir 0 d€n 9 v nhitng chi cdi tr A dén
F nhu hinh 2.10.

LED biy doan duge diu khién biing cic loai IC gidi ma nhu
IC 7447, 7448 ho logic hay 4511, 4513 ho CMOS.

§2.3- MAT CHI THI TINH THE LONG LCD
1- Cau tao

LCD la chit viét tit bdi Liquid Crytal Display. Tinh thé I6ng
dung trong LCD 14 nhitng hgp chat hitu ¢d ¢é nhitng dic tinh
Nematic {(cdc phin tf tinh thé 1dng nim song song vdi nhau). o]



Chuonyg 2 Linh ki¢n cdm bifn guang dicén

nhi¢t do thap thi LCD ¢ trang thdi rdn, khi & nhiét d6 nong chay thi
LED chuyén sang trang thdi léng.

2- Dac trung k¥ thuat
- Khodng nhiét dé st dung; -10°C dén +60"C
- Bién dp: 3V dén 6V (chuin LA 4.5V)
- Tin s&: 30Hz d&n 200H?,
- Thai gian dong: 40ms
- Thoi glan ngde: 80ms
- Dong di€n ti¢u hao khodng 0,2 pA
Mdét man LCD bdy doan tiéu hao ¢dng sudt khodng 10 pW.

LCD ¢d cich sip x&p nhu LED bdy doan ¢ wdi tho tir
10.000 gicr d&n 100.000 gitr va hién nay dang dugce sit dung thay the
dan ede toai LED bdy doan.

Hinh 2.11 14 mdt loai LCD tiéu bidy

Hinh 2.11: M&t dang LCD

§2.4- PAC TINH CHUNG CUA CAM BIEN QUANG

Cdm bi€n quang ding d¢ ddi e nang lugng dnh sdng ra
ning ludng di€n, tin hidu ra cla c¢dm bién thudng I dang dong
dién. Tri 50 dong dién thay ddi theo do chidu sdng va cic dic trung
cha cim bién do cich ¢du tao cam bicn,

1- Dong dién ving toi



Ciam bicn - Do [wding vi didu khidn Neuyén Tan Phirde

Khi dit trong bong 161, ¢dm bién vin ¢6 domg dién L; di qua.
Dong dién niy hi¢n hitu do cde dién tich ur do, tic dong bdi nhict
dd mai truong hay do cde tia bife xa tie dong te bén ngodi.

Dong dién ving 101 Iy ciing nhd cang 101 vi nd 8¢ [am dnh
hudng dén dd nhay doi vai nhiét dd mai uuding va cile ta bue xa.
dude cot nhu nhicu [am anh hudng dén k&t qua do.

2- bd nhay
Khi ¢dm bicn nhin dude quang thimyg tic dong tir bén neoal

¢ 1o ra dong dién Ipeong thém 1én dong dicén vimg 0 b L do.

domg dién qua cam bién 1
| = l||‘|" Ip
Su thay déi dong I cho bict dip dng cla cim bicn dor v
anh sdng tic dong 1én né. Ham truven cda edm hicn oo the B tuyén
tinh, ham loearit hay ham lug thira.
DO nhay cla ciim hidn dude tinh theo cong thic:

Al AT . .
No= o = (AMD: s bicn thién quanyg thong, Al= 1)
A A

NGu cam bidn tuyén tinh thi dd nhay doc 14p vt dy Ta oo

§ = AN {)

A D

Pan vi cia dd nhay 1 A/ lumen (quang thongy hay A/ ux
(Ao roi).

Tud vat licu ¢hd tao ma cdm bién con ¢ dd nhay thay doi
theo rde songe 70 coa ta bic xa tde ddng vao, Ngua ta dua ra khad
ni¢m do nhay phd Si), '

S{/.]:——- " = ...
AD(AY  D(A)
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4 S(1)
D& nhay
ly nting ot
\ "/' )
e '
A

DO nhay
thue &

};]a }L\l\' )"

Hinh 2.12: Budng cong do nhay phé 10ng quit

Hinh 2.12 c¢ho thay d0 nhay pho 1y wdng va thire €. Trong
da, Xp 12 bude song ¢o dd nhyy phd cye dai, &g 1 bude song ma do
nhay phd biing 0. Tuy vit lidu ¢hd tao ma cdm bicn ¢ hg khic
nhau.

§2.5- QUANG TRG (PHOTO RESISTOR)
1- Cau tao

Quang trd com gei 1 dién e tity thude dnh sing LDR (vidt
tal bai Light Dependent Resistor) ¢6 tri s& dién trd thay déi theo do
sdng chifu vao quang trd. Khi bi che 61 th quang trd ¢o i s didén
trd vt an, khi dudge chiéu sdng thi dién trd gidm nhd.

Quang trd thuting dude 1am bing chit sultit catmi (CdS),
Selenid Cadmium (CdSe), sulfit ¢hi (PbS) ... trong dd loai quany trd
CdS ¢6 46 nhay pho gdn nhy mit ngudhi nén thdng dung nhat. Chit
silictum nhay nhat dot vdi tia hdng ngoai, chit germanium nhay
nhit ¢ khodng dnh sdng ¢6 tin s¢ thip hdn ta hong ngoai. chil
Sclenium nhay nhdt 4ot vai dnh sdng (hdy duge va tia w ngoai.
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Quang trd dugc ch€ tao bing cdch tao mdt man bin din wén
nén cdch dién ndi ra hai diu kim loai rdi dit trong mét v nhya,
mit trén ¢é Idp thiy tinh trong d€ nhin dnh sdng bén ngoai tic
déng vao.

2- Ky hiéu - Hinh déng - Pic tinh

T Reas
Cds I.LDR
oW oW N P W W
" oy
L7

JEE] >

Lux

Hinh 2.13: Ky hi¢u, hinh ddng  Hinh 2.14 : Pjc tinh ¢tia quang trd

Quang tr3 ¢4 tri s dién trd thay doi khong tuyén tinh theo
do sdng chi€u vao né. Dién trd ving t6i cda quang trd ¢6 tri s& 1on
khodng 10° © dén 10” Q (& 25"C). Khi dudc chi€u sdng manh,
quang trd ¢6 tri sO rit nhd khodng 10 Q dén 1 kQ (3 25°C).

3- Ung dung

Hinh 2,15 1a ng dung cda quang trd d€ diéu khién dong
hay ngdt rg-le RY theo dd sdng.

Hai transistor T, va T, trong sd dd 13 mach Schmitt Trigger
diéu khién t3i 12 rd le RY. Khi troi sdng thi CdS ¢6 tri s& nhd nén T,
duge phin cye bio hoa, T, din s€ lam T, bi mit phin cue nén T,
ngung, rd le khong ¢6 dién, tiép diém OA dong. Khi trdi 81 thi CdS
¢6 tri s 16n nén Ty mit phin cye nén T; ngung 1am Ve, ting dé
phin cuc cho T, bdo hoa, rd e duge cip dién va déng tiép diém
OB.

I
[
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+12V

CdS

A
S
0 "

Hinh 2.15 B

§2.6- QUANG DIOD
1- C4u tao - Nguyén ly

Quang diod ¢6 ¢iu tao bdn din gidng nhy diod thuding nhung
dit trong vO cdch dién ¢6 mot mit 14 nhya hay thdy tinh trong dé
nhin dnh sdng bén ngoai chidu vio mdi ndi P-N cia diod, ¢o loai
dung thau kinh hoi tu d€ 1dp trung dnh sdng,

DGi vdi diod, khi phin cuc thudn thi dong dién thuin qua diod
16n do dong hat tdi da s0 di chuyén, khi phan cyuc nghich thi dong
dién nghich gua diod rit nho do dong hat tai thiéun sd di chuyén.

Qua thi nghiém cho thay khi photo diod dude phan cyuc thuin
thi hai trudng hgp méi ndi PN dude chiéu sdng hay che t6i, dong
dién thuin qua diod thay ddi khong. ddng ké. Ngude lai, khi diod bi
phin cuc nghich, néu mdi ndi PN duge chiéu sdng thi dong dién
nghich ting 1én ldn hon nhiéu 1in so véi khi bi che 18i. Do do,
nguyén ly trén quang diod dude sd dung & trang thdi ngude trong
cdc mach diéu khién theo dnh sdng.

23
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2- Ky hiéu - Hinh dang

’,\ Mit nhdn dnh

—

Hinh 2.16: Ky hi¢u - Hinh ddng
gquang diod Thau kinh hdi tu

™
sang

Photodiod BPW?21 cia siemens ‘

3- Pac tinh: Quang diod ¢6 dic tinh
- TuyCn tinh, it nhiéu
- Ddi tan s6 rong, tdi tho dai

Hinh 2.17 1a dic wy€n cho thiy sy thay d6i cia dong dién
ngufde T cta quang diod theo dod chiéu sing.

4
In
Hinh 2.17: Dong dién 1oy
) . 5V
ngude cua gquang diod
o 1V
theo do chiéu sang
Vi =0V
lux

Do hi¢u vng quang dién, diod cho ra mat dién dp xhi duge
chicu sing. Do db, né ¢ the 1am viée md khong cin mot dién dp

24
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ben ngodi. Tuy nhién, néu ¢d dién dp nguge dit vao quang diod thi
dong dién nghich s& idn hon v sif tuyén tinh s€ tdt hon,

Khi cho di¢n dp Vp vio mdi ndi, dong dién qua mdi ndi
dude tinh theo cong thade:
CI
F=1,4e" " =1 (Iy=Ix : dong ngude cua diod)
Khi Vi, < OV: diod bi phin cue ngude va dong di¢én qua diod
dwae tinh theo cOng thiic:
Wl
fo=—1,e" " +1 +1, (Tp - dong dién do hiéu dnyg
quang dién cho ra)

Theo cOng thie trén, néu Vi, dd 1dn thi thanh ﬁhfm han s
mi khong ding ké, ta c6:

I, =1

o
Cic thong sd ky thudt cia photo diod véi tri 8 dién hinh:

- Cong sudt tiéu tdn eue dai 1 Pagy = S0mW

- Dong dién ngude khi 101 Ik =2pA (0 lux)

- Dong dién npuge khi sdng 1z =7 pA (100 lux)

- B3 nhay N = TnA/lux
- Pi¢n dung ky sinh :Cp =400 pF
- Tan s& 1am vide cue da o f = IMHz

4- Ung dung

Trong mach dién hinh 2,18, khi quang diod bi che (i,
transistor khong dude phin cue nén ngung din, OP-AMP ¢6 dién dp
V) ldn hdn dién dp V7, nén ngd ra ¢cé Vy = OV. Nguge  lai, khi
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quang diod duge chidu sdng thi transistor duge phin cue nén din
dién, OP-AMP ¢6 V" > V| nénngd ra Vo = +Vee vi LED sing.

+ Vo

t

N

Hinh 2.18: Ung dung

cla quang diod 100kQ

§2.7- QUANG TRANSISTOR
I- CAu tao - Nguyén ly

Vé c¢lu tao bdn dan, quang transistor ¢oi nhu gdm c6 mot
quang diod va mdt transistor, trong dé quang diod 1am nhié¢m vu
cdm bi€n quang dién va transistor 1am nhiém vu khuéch dai.

+ VCC + VCC

Re¢ R¢

Hinh 2.19: Quang (ransistor va mach tudng dudng

Quang diod dudge st dung ¢ diy 12 moi ndi P-N giita cuc C
va c¢uc B, vi trong transistor khi phiin cuc cho cédc chin thi diod BE

26
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duge phdn cye thudn con diod BC dudge phin cge nghich nén khi
mdi nd1 BC phin cue nguge va duge chidu sang thi dong dién 1 ley
$€ tang cao hon binh thuding nhidu Jin. Dong dién 1i ley $& trdd thinh
dong Iy va dude transistor khuéeh dai. Dong dién ol Ies chinh 1A
dong dién ngudce T, .

Khi méi ndi BC dude chicu sdng, transistor hoat déng nhu
mot diod quang v dong dién ngude 1a:

fy=1,+1,=1, (k: dong dicén vimg 18
cda diod v Ter dong dién do hiéu dng quang dién ciia diod cho ra)
NEd tinh khuéeh dai cda transistor, dong dién ra tén cue C

la: If':ﬂ([[]+]f'):ﬁ]‘]+ﬂ!|f'

Trong d6: Bl 1a dong dién viing 61 cita transistor va Blp 13
deng dign do higw tng quang dién cda transistor cho ra.

Nhu viy, ¢6 thé hiéu 1 quang transistor 13 18 hop cla |
quang diod va 1 transistor khuéch dai.

D3 khuéch dai ctia quang transistor tit 100 d&€n 1000 13n va
khong tuyén tinh theo cutng do dnh sdng chidu vio madi noi.

Quang transistor ¢6 t6¢ dd 1am viéce ¢chim do tu dién ky sinh
Cep (tu di€n ky sinh gifta cue C va cuce B) gay ra hiéu dng Miller.

Tan s lam viéc cye dui cla quang transistor khodng vai
wrdm kHz, trong khi tin 6 1am viée cye dai clia quang diod khodng
vii MHz.

D€ ting do nhay ngudi ta cOn ché tao loai transistor rdp kiéu
Darlington (got 1a Darlington photo transistor).

2- Ky hiéu - Mach ap dung
Hinh 2.20: Ky hiéu cla e

quang transistor
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Truemyg hop dE ha cue B thi mach 1am viée theo nguyén 1V cla
quang tansistor, néu d¢ hd cye E thi mach lam viée theo nguyén |y

cua guang diod.

+ Vee + Ve
Hinh 2.2]:
: R Re
Hal cdach dung
M N
quanyg transistor
3- Ung dung
+ V(,C + V('(-
H RY
RY R
M e

Hinh 2.22¢

28
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Mach dién hinh 2.22a, quang transistor rdp Darlington vdi
transistor ¢ong sudt d¢ di¢u khi¢n ro-l¢ RY. Khi dude chicu sing

quang transistor dan lam transistor ¢cong sudt dan ¢ip dién cho rd le.

Mach dién hinh 2.22b, di¢n dp V¢ cta quang transistor dé
phin cuc cho cue B clia transistor cong sudt. Khi quang transistor
duge chiCu sing s& dan di¢n va lam dién dp Ve gidm, cue B
transistor ¢ong sudt khong dude phan cue nén ngune dan va rd le

khong ducge cap dién.

Mach di¢n hinh 2.22¢ dung transistor loai PNP nén ¢6
nguycn ly ngude lar mach dién hinh 2.22b. Khi quang transistor
duge chicu sing s¢ dan dic¢n tao sut dp wrén dién oG d¢ phan cuce
cho cue B ctia transistor ¢ong sudt logi PNP Lum transistor ¢cong sudt

dan ¢ap dién cho ro-le.

4
=

Cdm bién Quang E3Z va E3JM clia OMRON
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Ce

Photoelectric Sensor E3F3 ¢tia OMRON

§2.8- CAC BO GHEP QUANG ( OPTO-COUPLERS )

Cidc hé thong tu dong diéu khién cong sudt 16n thudng ¢o
dién dp cao khodng 220V - 380V (c¢6 trudng hgp 660V hay 1000V),
trong khi cdc mach di¢u khién thudng lai ¢6 dién dp thip nhu cdc
mach logic, mdy tinh hay cdc hé thong phdi ti€p xdc vdi con ngudi.
PéE tao su cdch dién gita mach diéu khién va mach cOng suat ¢o su
khdc biét I6n vé dién dp ngudi ta ch€ tao ra cdc bo ghép quang.

1- Cdu tao - Nguyén ly

BO ghép quang gdm ¢6 hai phin goi 1a sd ¢ip va thi cip,
phin s¢ cap 12 mot diod loai GaAs phit ra tia hdng ngoai, phin tha
cap 1a mot linh kién quang dién tf (¢c6 thé 1a quang transistor,
quang SCR, quang triac...). Khi duge phan cyc thuin, diod phit ra
bic xa hdng ngoai chi€u 1én trén mach nhin dnh sing cta quang
transistor.

B ghép quang hoat ddng theo nguyén ly: tin hiéu dién duge
sd cap la LED hdng ngoai (cdn goi 1a phin phdt) ddi thanh tin hiéu
dnh sdng. Tin hi¢u dnh sdng duge phin tha cap la quang transistor
(con goi 1a phian nhin) déi lai thanh tin hiéu dién .

30
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R AN S

Hinh 2.23: Nguyén Iy Hinh 2.24: CAu tao, cdch ra chin

2- Pac trung k¥ thuit

- BG ghép quang duge dang d€ cdch dién giita bai mach dién
¢6 dién dp cdch biét 1on. Dién dp cdch dién giita sd cip va thi cip
thudng 1 vai tram volt d&€n hang ngan volt

- BO ghcp quang ¢6 thé 1am viée vdi dong dién mot chiduy
hay tin hiéu dién xoay chiéu ¢6 tin s6 cao

- Bién trd cdch dién gilta sd ¢dp va that ¢dp ¢6 ti 6 rit Idn
thuding khoang vai chue dén vai traim MQ dsi vdi dong di¢n mdt
chiéu

- Hé s0 truyén dat dong dién (current transfer ratio) 1a tf s
phin trdim cda dong dién ra & thit cap I vi dong dién vao d so ¢ip
Ir. By la thong $6 quan trong nhat cda bod ghép quang thuting c¢o
tri sO tf vai chue phin trdim dé€n vai trdm phin tram thy loai bo
ghCp gquang,

3. Cac loai bo ghép quang
a) B ghép quang transistor (OPTO-tranxistor)

Thit cdp clia bd ghép quang nay 1a photo transistor loat silic,
P31 véi b ghép quang transistor ¢d bon chén thi transistor khing
¢ cye B, trudng hop bd ghép quang transistor ¢6 sdu chan thi cuc B
duge ndi ra ngodi nhy hinh 2.24.

3l
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Bo ghép quang khong diang afe B co Tot dicém 1d h¢ so
truyén dat 13n, tuy nhién loai nay o6 nhude diém 12 do on dinh nhiét
kém. NEu ndt giilta cye B va I mdt dién 1rd thi ede bo ghép quang
ransistor 12 bo ghép guang lam viée kha dn dinh vdi nhict do.
nhung hé so truyén dat Lai bi gidm.

h) BS ohép quang Darlington - Transistor :

B3 gh¢p quang vai quang Darlington-transistor ¢ nguyén ly
nhu bo ehép quang vdi quang transistor nhung vai hé sO truyen dat
W hon vai tedam Tan nhd tinh khoCeh dan cda mach Darlington.

BO chép quang Toai ndy ¢o nhurde dicm 14 bidnh hudng bdi
nhi¢t do rat lin nén theimng duce ché tao ¢d Gén trd gitta chiin B vi
2 cua transistor sau d¢ on dinh nhiét.

1 6
Hinh 2.25 : Quang Darlington 5 \'\ 5
(ransistor 3 4

Thi du: van thong sd dide trung coa b ghép quang transistor

- Loai quany transistor AN35 ¢

Ty =10MmA + hé s ruyén dat dong dién 1004 - BV, = 30V
- Loat quang Darlington transistor 1LD 32 ¢d:
li: =1mA - he sCfl:‘Ll}'C"H diat dong dicén S004% - BV, = 30V

) Ba ghép quaneg SCR: (OPTO-5CR )

B ghép gquang SCR. ¢ ¢ tao bin ddn hinh 2,26, gdm mdt
quang diod va har transistor tdp thee nguyén ly cda SCR.
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Khi ¢6 danh sdng hdng ngoai do LED & so cdp chiéu vao
quang diod thi s& c6 dong dién Iy cip cho transistor NPN va khi
transistor NPN din thi s& diéu khién transistor PNP din dién, Nhu
vy, quang da duge din dign va sé duy tri trang thai din ma khong
cdn kich lién tue & sd cip.

D€ ting khi ning chong nhidu ngudi ta ndi gitta chian G va
K bing mat dién trd tf vai kQ dén vii chuc kQ.

A
1 6
Nl

K

Hinh 2.26: Ky hiéu va mach tuong dudng clia OPTQ - SCR

d) BG ghép quang Triac: (OPTO-Triac)

OPTO-Triac ¢6 ¢iiu tric ban dan tuong duong nhu hinh 2.27.

AN -

N
Hinh 2.27 : Ky hi¢u va _DI

mach tudng dudng OPTO-Triac G

P7AY

T:

Ll
-
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4- Ung dung ctia OPTO-COUPLERS

Cac loai OPTO-Couplers ¢6 dong dién 3 so cip gqua LED hdng
ngoai khoang 10 mA.

P6i véi OPTO-transistor khi thay ddi tri s& dong dién qua
LED hong ngoai & sd cap s€ lam thay ddi dong dién ra I¢ cila photo
transistor & thuf cap.

OPTO-Couplers ¢6 thé dung thay ddi cho rd le hay bién dp
xung dé giao ti€p vdi tdi thudng ¢6 dién dp cao va dong dién ldn.

+ 24V

D RY

39002

1kQ

_L_ﬁ\‘\ (——K i \l\ﬂi y& ZZOVQO

- 1

Hinh 2.28a -4 ~  Hinh 2.28b

Mach dién hinh 2.28a 1 ting dung ctia OPTO-transistor d¢ -
diéu khién déng ngit rd-le. Quang transistor trong b6 ghép quang
duge phép Darlington vdi transistor ¢dng sudt bén ngoai. Khi LED
héng ngoai & sg cip dudge cdp ngudn SV thi ~uang transistor diin,
diéu khién transistor cong suat dan dé cap dién cho ro-le RY. Pién
trd 39002 d€ gidi han dong qua LED hdng ngoai khodng 10mA.

Mach dién hinh 2.28b 1a iing dung ctia OPTO - triac dé€ déng
ngit dién cho tdi dung ngudn xoay chiéu 220V. Dién rd 1kQ dé
gidi han dong qua LED hdng ngoai khodng 10mA. Khi LED sd ¢ip
dudge cap ngudn 12V thi quang triac s& dude kich va dan dién tao
dong kich cho triac ¢dng suat duge kich s& din dién tao dong kich
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cho triac ¢Ong sudt. Khi triac ¢ong suit dude kich sé din dién nhu
mét cong tic d€ dong dién cho tii.

§2.9- TE BAO QUANG PIEN VA PIN MAT TROI
1- Nguyén tic

Xét dic tuyén V/A cia quang diod. N&u diod 1am viée trong
phin tu thi [ trén tryc toa df thi diod ¢6 dic tinh gidng ahu diod nin
dién thong thudng (duge phén cye thudn thi cd dong dién qua diod
theo chiéu thuin).

Néu diod lam viéc trong phin tu thit 111 én truc toa 0 thi
diod ¢ dic tinh ctia quang diod (duge phin c¢ie nguge thi s& cé dong
dién ri gua diod theo chi¢u ngude khi mdi néi PN duge chiéu sang).

Né¢u diod lam viée trong phan tr thi IV trén truc toa do, khi
diod dufe chi€u séng, gilta hai chan PN sé& xuit hién mot dién 4p hd
mach. N&u not tit hai chiin PN thi sé ¢6 dién qua diod theo chiéu
ngudgc U N sang P,

Hién tugng rén dugc gidi thich nhu sau:

N ¥

»
]

Hinh 2.29: Biic xa quang dién

Khi méi ndi PN duge chiéu sing, nhitng hat proton maag
ning lugng dnh sdng kich thich cdc nguyén t bdn din cho ra dién

15
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ity do va dé€ lai nguyén td ¢6 dién tich duong. Hiéu ing nay goi 1a
“hiéu Ung quang dién bén trong™.

I]) 1\
Diod

I1 |

o
f Yo

Photo Cell

\

Photo Diod
I v

Hinh 2.30: Dic tuyén cla diod theo dnh sdng

Pién dp khuéch tdn hit dién (& ty do tr ving P sang ving N
v ngudc lai, 16 trong sé di tir viing N sang P. Nhu thé, dién truting do
dién ¥ va 1& trong hinh thanh sé trung hoa dién dp khuéch tdn. Luc
do, gitfa hai cyge P va N s€ ¢ dién dp hd nhu mét mdy phdt dién.

Khi noi tit hai chin P va N, s& ¢6 dong dién ngin mach Iptf
1& vdi cudng dd chiéu sing.

2- Ky hiéu

Hinh 2.31: Pin mat trdi - I )T
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3- Phan loai theo vit liéu

T& bao guang dién ch& tao bing chit GaAs ¢é dién dp hd mach
Vop= 0,7V, dong dién ngdn mach Ige= 10mA/em’.

T& bao quang dién ch€ tao bing chat Silicon ¢é dién ap hd
mach Vop = 0,5V, ddag dién ngdn mach Isc= 50mA/cm’.

4- Pin mit tréi

Mdi 1€ bao quang dién ¢ dién dp hd mach khodng 0,5V.
Nhut vy, d€ ¢6 ngudn dién dp cao dé nap cho cic bd pin NiCd,
nguisi ta phai ghép ndi i€p nhicu bo 1€ biao quang dién, tao ra cic
bd pin mat trii ¢6 dién 4p 4,5V hay 14V.

Pin NiCd 12 loai pin ¢ thé nap dién lai dudce (rechargeable
battery) ¢6 dién dp danh dinh la 1,2V, Ngudi ta thudng ché tao cde
bo pin ¢6 dién dp danh dinh 3,6V (ndi ti€p 3 pin NiCd) hay 12V
(nd1 1€p 10 pin NiCd).

Cau hdi
I- Cho bi¢t ¢du tao va dic trung ky thudt clia Led?

2- Cho hiét cdch tinh i 56 dién tré R trong mach dién hinh
2.6 vi hinh 2.77

3- Cho quang diod ¢6 cde thong s3: Iy = 2pA; S = TnA/lux.
Tinh dong ngude qua quang diod khi diod duge phin cue ngude di

I¢n va nhin do roi tr bén ngoai 14 500 lux.
Chobiet: 7, =17,+1,
4- Cho quang transistor ¢4 cdc thong s0: Iy = 400pA; S =

1pA/lux. Tinh dong I qua transistor khi nhan d3 roi tif bén ngoai 1a
200 lux.



CHUOQONG 3
UNG DUNG CAM BIEN QUANG PIEN

Ti nhitng ndm dau thip nién 90, ¢dc thiét bi quang dién duge
stt dung ngay cang nhiéu trong cOng nghiép, dic biét I trong linh
vie 1 dong diéu khién, tr dong bdo hiéu ...

Cac hé thdng ting dung ¢dm bién quang dién hién dang st
dung rong rdi nha: mach tr dong diéu khi€n chiéu sdng, tv dong
dong md cita, ty dong d€m sdn phim, wr dong bdo chdy ..

$3.1- MACH TU PONG PIEU KHIEN PEN DPUONG
1) So db

Vi=28V 56k Vy=12V

220V
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470k2

-t T WITes
0V - 100
uF 7,

A 24 VDC
12V

Hinh 3.1a: Mach diéu khién.
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Hinh 3.1b: Mach cOng suit
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Chudng 3 Ung dung cdm bidn quang dién

2) Nguyén ly

Ngudn mdt chi¢u sau mach nin dién V| ¢6 dién 4p khodng
28V d€ ¢ap cho ro-le RY (loai 24 VDC). Ngudn V; = 12V nhd diod
Zener Z; ghim dp, tao ngudn ¢dp cho transistor T, va cdu phin dp
¢6 quang trd. Nhds ngudn V, én dp nén dién dp diém A chi thay ddi
theo dnh sdng bén ngoai chi€u vao quang trd.

Quang trd CdS dung trong mach ndy ¢d dién trd thay ddi
theo dd rot chi€u vao né va tri s thay doi trong khodng vai tram
(khi sdng) d&n 200kQ2 (khi to1).

Khi trdfi sdng, CdS ¢6 tri s& nhé khodng vai kQ nén diém A
¢ dién dp Va cao (khodng 8V dén 12V). Lie dd, diod D, bi phin
cue nguge nén khong din, dién rd 470kQ di phéan cuc cho T, din
bdo hoa, T) didn bio hoa s& diéu khién T, ngung din theo nguyén 1y
mach Schmitt Trigger.

Lic nay, Ty ¢d dong dién va dién dp cdc chin 1a;

I/! - r/('.f:'.n'f.r! - VZ? o 12 — 0,2 ~ 5‘,6 == ]_ 32”’&4

Iy = = : ~ 1,
! R, +R, 4.7.10° + 4.7

Vel =Ver = I, R+ Vp (do T, din cho ra Vg))
=1,32.1074,7 456 = 5606V (=56V)

Ve =Vei+Vepaw = 56402 = 58V

Vel = Ve +View =5.6+0,8 = 64V

Khi trdfi t6, CdS ¢ tri s6 ldn khodng 100kQ d&n 200kQ nén
diém A ¢6 dién dp V4 thap (khodng 4V dén 5V). Luc d4, diod D,
dudc phan cyc thudin s¢ din dién. Dong dién gua dién tré 470k tao
sut 4p va Vy gidm. Khi Vg, gidm nhé khodng 6V thi T| ngung din,
T, bdo hoa, rd-le ¢d dién.

Rda-le RY loai 24 VDC ¢6 tri s8 dién trd mot chiéu clia cudn
diy la Ry =400, dong dién qua rd-le cling chinh 1a dong dién I¢;.
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Cidm bicn - Do luing dién va diéu khidn Nguyén Tin Phudc

V| - V(';-_'m; - sz _ 28 - 032 =356
R, +R, 400 + 4.7

~ 53mA

VEZ = VE| = ICQ.R]_«; + V22 (d() Tz dfm chora Vﬁz)
= 5510747 +56~59V

Theo phén tich trén, dién dp ngudng cao V" tai diém A dd
d€ d6i trang thai trd lai T bao hoa, T, ngung 1a:

\/Th+ = VEE + VHH sl = 599 + 0»8 = 61?\/’

Bién dp ngudng thip Vo tai diém A d€ déi trang thdi thanh
T, ngung, T: bdo hoa la:

Vi =Vel + Vge - V1 =56 40,7 - 0,7 =56V

Khi trii sdng, dién dp Va ting dén mufc ngudng cao Vy* =
6,7V thi T, bdo hoa, Ty ngung, rd-le mat dién dé tit hé thong dén
chiéu sdng.

Khi trdsi 181, dién ap Va gidm xudng dén mic V5, = 5,6V thi
Ty ngung, T, bio hoa, rd-le ¢6 dién d€ déng dién cho hé thong chidu

sang.

Diod D; d¢ tranh dién dp ngude 1dn trén mai noi BE clia T).
Diod D1 néi tit dién dp ngudce do cudn diy clia rd-te tao ra khi dong
di¢én gua ro-le bi ngdt ddt ngdt, tranh hu transistor Ts.

Diod Zener Z; diing d€ giit cho 6 1& dién dp ngudng thip va

dién dp ngudng cao khdng qud 1dn, do dong dién Iey va Ic; €6 tri 8§
chénh léch qud 1dn.

§3.2- MACH PHAT HIEN DUT CUl (hay chi sgi)

Trong c¢Ong nghiép dét sgi, cdi 12 ban thanh phim trong diy
chuyén sin xudt kéo sgi. Cui ¢6 kich thudc 16n hon sgi chi nhung
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Chudng 3 Ung dung cdm hién quang dién

cling trong ddi nthé. BE phdt hién cdi bi dift, rdt xudng thl mach pht
hién phai ¢6 d0 nhay rat cao va tdc dong nhanh.

Ngudi ta dang thiét bi quang dién thuyc hién viée phait hién
dift cdi. Thiét bi ¢ diu phdt ¢ho ra dnh sdng thiy duge hay dnh
sidng hong ngoai, diu thu thuding 1a quang diod hay quang transistor.
Bau phit va ddu thu déu ¢6 thiu kinh hoi w d€ tip trung dnh sdng
ding vao tidu di€m, trdnh bi nhidu bdi cic ngudn dnh sing khdc
trong comg nghiép.

1) So a6
ledl
I-Vl = 24V +V2 = 11,3V -2__'
Py + "
ll l ll.l.-d
220V ~ 18Y — 1%Q
) 220
1= _ 11,3V
| wF /\Z 12V
L 220Q 1W

T, - BD67 T, - BD67

Hinh 3.2a: Khéi ngudn nudi va ngudn sing ~—

+V, +¥,

+V,

150 | ———AWA—

kQ2

D

27
kQ

‘_—.
100k

22kQ)
1C 1LM311 T, - BCW9] Ty- BCWYI Ts - BCWY1

Hinh 3.2b: Mach khuéch dai quang dién.
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Cam bién - Do ludng dién va didu khién Nguyén Tin Phudc

2) Nguyén ly

- S¢ dd hinh 3.2a 13 mach dién khoi ngudn nudi va ngudn
sdng. Pién 4p +V, = 24V 1a ngudn khong 6n dp chi dé ¢ap cho ro-le
RY loai 24 VDC. Transistor T, v Zener Z-12V tao ngudn &n dp
c&p cho cac mach khuéch dai DC trong khéi khuéch dai quang dién,

Ngudn Gn dp ra +V, ¢6 tri s6 dién dp dn dinh 1a:

+V = Vg =Vy; - Vig
=Vz-Vue=12-0,7= 11,3V

Transistor T, ¢cling dude phin cuc 6n dinh & cuc B nhd Zener
Z-12V nhung khong phdi 13 mach &n dp ma 1a mach &n dong-vi tdi
dit d cuc C ¢on mach &n ap thi tdi dat § cuc E.

Dong dién tai on dinh cda T, chinh 13 dong dién qua Led |
dudc tinh theo cdng thifc:

V.
Ly=1,=1,= R:.._-Ez
Véi: Vez =V - Vg

ZVZ -VBE=12-O,?=11,3V

Dong dién qua Led 1 duge gilt 6n dinh dé ¢é d6 sdng chiéu
vao quang diod khong déi, tranh dd sdng bi dao déng s& sinh ra
nhiéu, diéu khién sai mach khuéch dai quang dién, vi mach ndy c6
d6 nhay rit cao.

Led 1 12 Joai cdng suat 1dn ¢€ Jam ngudn siang nén ¢6 I =
50mA, Vi = 5V. Binh thudng, Led 1 qua thiu Kinh hoi tu chiéu
vio quang diod PD.

Quang diod PD trong s¢ dd hinh 3.2b dudc rip theo ki€u
phin cuc nguge - theo nguyén 1y 1am viéc clia quang diod - dé 1am
nhiém vy cadm bién quang dién.
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Chuong 3 Ung dung cim bién quang dién

OP-AMP LM 311 la mach khuéch dai so sdnh ¢o dién dp
chudn & ngd vao khong dido nhd ciu phan ap 27k vi 150k nén
dién dp chuin la:

. 27 ,
Ve =V, =113.——— =17}
150 + 27

Ngd vao ddo nhin dién dp tir linh kién c¢dm bién quang dién
vi bi€n trd 100kQ (d€ didu chinh dd nhay). Binh thuting PD due
chi€u sing nén din dién va cd dong dién i qua bién rd 100KQ va
dién trd 22kQ. Bi€n rd duge chinh sao cho:

Vin > Vi = 1,7V
Nhv viy, OP-AMP ¢ trang thdi biio hda 4m va Vg =~ 0.2V,

Cong tdc Sy ¢6 hai vi tri d€ k&t hgp chon do nhay cho mach.
Néu bo thu vi phit (PD va Led 1) ¢6 khodng cich xa thi ¢dn ting do
nhay, Sy chon vi tri 2 nhu hinh vé.

Ngude lat, néu bo thu va phit ¢6 khodng cich gin thi cin
gidm do nhay, Sy chon vi i 1 ¢6 dién & 39kQ ndi mass s& lam
gidm dién dp trén bién trd 100kQ.

Khi ¢é viit che dnh sdng gitta Led 1 v PD, PD tdc thdi bi che
tdi s& ngung dan va dién dp ngd [, gidm xudng. Lic d6 Vi,* > Vi,
OP-AMP chuy€n sang trang thdi bio hoa duong. Dién trd 560k I3
mach héj tiép duong dé€ viée doi trang thdi duge dit khoat.

Hai transistor T3 v Ty 12 mach khuéch dai dio va tao tin
hiéu bdo bing Led 2. Ngo ra ciia Ty va Ty ¢6 trang thdi nguge nhau
vil ¢Ong tic S; s8 chon mot trang thdi d€ didu khién Ts vi ro-le RY.

Khi PD duge chiéu sing, OP-AMP bio hoa im, T ngung
din (Vs ¢6 dién dp cao), Ty bio hoa (Vey ¢6 dién dp thap). Néu S,
chon vi tri ] thi binh thuting Ts khong din va rd-le khéng ¢6 dién.
NEu S; chon vi tri 2 thi Ty din vi ra-le RY ¢6 dién.



Cdm bién - Do lwing dién va difu khién Ngeuyén Tan Phudc

Khi PD bi che t3i, OP-AMP bio hoa dudng, T bao hda (Vs
¢6 dién dp thap), Ty nging (Vg ¢6 dién 4p cao). Transistor Ts va ro-
fe RY sé& d6i trang thdi.

Binh thudng, Led 2 sdng (do Ty din bio hoda) dé bdo hiéu PD
dang dude chiéu sdng. Viée bdo hiéu ndy con ¢6 tdc dung gitp cho
viéce cdn chinh vi tri trén may duge dé dang.

§3.3- BO THU PHAT QUANG DPIEN DA NANG

B0 thu phat quang dién da ning dude gidi thiéu trong phin nay
¢6 thé tao thisi gian ré kicu On-Delay hay Off-Delay tiy theo cach
chon tin hiéu tac dong (A rang thdi duge chidu sdng hay bi che téi.

1) S¢ dd khdi ngudn nudi va ngudn sang:

+V, =24 T, +V, =113V

4,7

220V 18V 220== ‘ 20 kQXZ +| kQ
| b ' 10

Z(EE/ IuF 2

= v 4 4+ ov

Hinh 3.3a: Khdi ngudn nudi va ngudn sing

Transistor Ty vd Zener Z, 1a mach On 4dp, tao ra ngudn +V; =
11,3V dé ¢ip cho cdc mach khuéch dai quang dién.

Transistor T va diod zener Z, 1 mach on dong, tao ra dong
dién on dinh qua Led 1 dé 1am ngudn sing chiéu vao bd cdm bién
quang dién.

Dong dién Sn dinh qua Led 1 duge tinh theo cong thife:
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Chudng 3 Ung dung cim bi&n quang dién

Vdi: Vg =Vga— Vg = V2 - Ve
=9V -0,7V=283V

]/’ 2 -
Suyra: /., = E’m = 185:;
i

=355mA

Led 1 ki loai ¢dng sudt 16n nén ¢6 1y oq = S0MA v3 Vi = 5V.

2) Mach khuéch dai quang dién chon dugc chife niang (hinh
3.3b)
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Chuang 3 Ung dung ¢dm bién quang dién

3} Nguyén 1y hoat dong cdc mach déc biét
Mach khuéch dai quang dién da ning, hinh 3.3b, khd phic
tap. C6 mdt s& mach dién tit dude céi ti€n khdc vdi mach dién & cg
bin trong 1y thuy€t. Biéu nay lam cho viée phin tich mach tuong
doi kho.
B¢ viée phan tich nguyén ly mach dude don gidn hon, ta can

gidi thich trude mot vai mach chi 1ét sau:

a) Mach Flip-Flop dang diod:

+V
630 KO % 680 kO
Hinh 3.4a: y AAA
Mach Flip- Flop ¢d bdn " Vor='1"
Vi 100 kO @ A
Ping ‘0 | 00k
I I
Viz b - kQ Vo =0
10 kKO - ——=
"L hing +§
680 kO 680 k2
+V £V
680 kQ % 680 kQ
AN
T Vo =°1
Dig 100Kk0 p e
v. 0 )

Hinh 3.4b;
Mach Flip- Flop
680 kO dﬁng diod

680 kQ2

+V
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Cam bién - Do luting dién va di¢u khién Nguyén Tin Phudc

Mach Flip-Flop ¢d bin ¢6 sd d6 nhu hinh 3.4a. Gid thiét
mach dang ¢6 trang thdi nhy hinh vé, OP-AMP (1) dang bdo hoa
dudng, ngd ra ¢dé mic ‘17, OP-AMP (2) dang bdo hoa dm, ngd ra ¢o
muc (). -

Pé dai trang thdi ctia mach Flip-Flop, ta ¢6 thé thuce hién mat
trong hai cdch sau:

- Cho xung dudng vio ngd Vi, d€ d6i rang thdi cia OP-AMP
(1) tr bio hoa duang sang bio hoa am.

- Cho xung am vio ngd V;; d€ ddi trang thdi ciia OP-AMP
(2} tr bdo hoa Am sang bio hoa ducng.

Mach Flip-Flop ding diod ¢6 s dbé nhy hinh 3.4b. Gid thiét
mach dang ¢o trang thiai nhu hinh vé€, Vg, =17 vd Vo = "0,

Dé ddi trang thdi cda mach Flip-Flop nay ta chi con mot cdch
Ia cho xung dudng vao ngd Vi dé ddi trang thdi clia OP-AMP (1) tr
bio hoa dudng sang bao hoa dm.

Né&u cho xung dm vao ngd Vi thi diod D; bi phian cuc nguge
nén mach Flip-Flop khéng nhin dude xung dm ma mach vin giit
nguyén trang thai.

Nhu viy, mach Flip-Flop trong s dd khuéch dai quang dién
la mach Flip-Flop dung diod, chi ¢6 mdt cdch déi trang théi 12 cho
xung dudng vao ngd I, cia OP-AMP dang bao hoa duang.

b) Mach ddar tridce trang thdi cho Flip- Flop: (mach Preset)

Mach Flip-Flop 1a loai mach ¢ hai trang thdi 6n dinh khi
dwse ¢dp ngudn, mach s& ¢é mot trang thdi bat k¥ trong hai trang
thai d6. Piéu nay khong thich hdgp trong cong nghiép vi khong xdc
dinh dugc trang thadi nao.

Bé mach Flip-Flop ¢6 mdt trang thdi xdc dinh theo y&u cu,

ngudl ta ding mach @it trude trang thial cho Flip-Flop (goi 1d mach
Preset).
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Chudng 3 Ung dung cdm bi&n quang di¢n

10
uF

10
kQ2

Hinh 3.5: Mach Preset Flip-Flop

Theo s do hinh 3.5, khi mach duge ¢dp ngudn, tu 10uF duce
xem nhv ndi Gt 1€n ngudn, cye B dude phdn cue rit cao nén
transistor din bio hoa. OP-AMP s& & trang thdi biio hoa dudng vi
ngd 1" ¢d dién trd 33002 rat nhd so vdi 2.2kQ 3 ngd 1,7, bat chap
trang thii ca ¢Ong 13c Sa.

Sau khi tu 10pF nap diy, cuc B ¢6 dién dp OV, transistor sé
ngung din, trang thdi clia OP-AMP va mach Flip-Flip s& tiy thudc
cae dién dp khdc dua vao mach.

¢) Mach tich phin dang diod:

Mach tich phan 12 mach d6i tif xung vudng ra xung ring cla
nh hi¢n twong nap x4 cta ty dién qua dién wd. Néu thdi gian d6i
trang thdi cda xung vudng khé dai so vdi hing s0 thai gian nap x4
cla tu va dién trd (o, >> 7= RC ) thi mach tich phin ¢hi ¢6 tdc
dung tao thii gian r¢, thdi gian tré & canh 1€n vi thisi gian @ 3
canh xudng cla xung,

S dd hinh 3.6a 12 mach tich phin ¢d ban ding RC v dang
song vao va ra. Sd d6 hinh 3.6b 12 mach tich phan ding OP-AMP va
dang séng vio v ra. PO vdi hai mach nay, thdi gian tré & hai canh
[én va xudng bling nhau,

Tacd:, t1=t2=37 =3RC
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Cam biln - Bo luiing dién va didu khién

Neuyén Tan Phudc

Theo ly thuyét, thdi gian dé ty C nap qua R dat dén muc dién
ap 101 da 12 S . Thue ra, sau thdi gian 37, dién dp trén ty da dat dén
mife 0,95V, nén thdi gian tré duge xem khodng 31 thay visr.

Vi
I 3
\
R et
V; c .0 Vo, : :
A N A o
= — | | i
T
<> <>
Hinh 3.6a: Mach tich phin RC
E Vi 4
. I Vo b - -
—\AN—
Vi Vo I I
I 1
vo“ I |
R '
A S R Y
& s
— I .
- - T T, ] "
<>' <>

Hinh 3.6b: Mach tich phin tich cyc ding OP-AMP

Hinh 3.6¢ 12 sd d0 mach va dang séng vao va ra cda mach
tich phin tich cuc ding diod D. Trong sd 4 nay, diod D thay dién

trd R nén di lam thay déi dang song ra.
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Chuang 3 Ung dung cam bién quang dién

Khi di¢n dp ngd vaoe V; ting lén mic cao, diod duge phin
cye thudn nén ¢6 dién trd thudn rat nhd (vai trim Q).

C Vi

L Y
[ L
[ Ve =~
D
r—y v
Vi Vo ! !
V(J i | 1
1 1
R v

hm(]’

Hinh 3.6¢: Mach tich phin tich cye diing Op-amp va diod

Thdsi gian tré 1y duge tinh theo cong thie:
fy = 3R|)lhu'._in-c (=0

Khi dién dp ngd vao V, gidm xudng mdc thip, diod bi phan
cye nguge nén c6 dign tré ngude rit 16n (vl megohm). Thesi gian wré
t> dudge tinh theo cOng thie:

tr= 3RDr1g1ﬁjc .C (ta » ) )

Nhu vy, mach tich phin tich cye ding diod dude xem nhu
chi ¢6 thasi gian tré t; khi xung ¢ ngd vao gidm xudng mdc OV.

4) Nguyén 1y mach khuéch dai quang dién da nang

Led 1 & bd phdt, ¢hi€u dnh sdng vio photo diod PD 12 bd
thu. Trang thdi cta PD s& diéu khién transistor Ty vd OP-AMP (1)
theo nguyén ly sau:
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Cam bién - PBo lydng dién va didu khién Nguyén Tan Phudc

- Khi PD dudgc chiéu sang, Ty dude phan cuc bdo hoa va diéu
khi€n OP-AMP (1) & trang thdi bio hda dudng, led 2 sing dé bdo
hiéu. Lic d(‘), !g_)]_ g mic cao (V(” = +V2).

- Khi PD bi che 161, T3 khong duge phdn cuc nén ngung din
va diéu khi€n OP-AMP (1) & trang thdi bio hoa am, led 2 tdt dé bio
hi¢u. Liic d6, Yo 3 mifc thip (Vo = 0V).

Cong tic S; va bi€n rd 100kQ dé chon dd nhay cho bd thu
tiry theo khodng cdch giita Led | va PD. Néu S| chon vi tri 1: mach
cé d9 nhay thap, néu S, chon vi tri 2: mach ¢ dd nhay cao.

Transistor Ty 1 mach ddo lai trang thdi cda V. Khi Vg =
1" thi Ty ngung = Vg = ‘0, khi Vg = ‘0 thi Ty diin biio hoa =
Ve = 17, Hai ngd Vo, va Vg chinh 13 hai trang thdi dao nhau 3
nhau & hai vitri | va 2 caa cong tic S,.

Cong tic S; dung dé chon chiic ning cia mach hoat dong
theo tin hiéu sdng hay téi. Vi tri 1, tin hiéu diéu khi€n ¢4 khi PD
dudge chi€u sdng. Vi tri 2, tin hidu diéu khién ¢6 khi PD bi che tdi.

~ Trang thdi Vo, vd Vey trén s¢ do 12 trang thdi PD dude chidu
sang.

Transistor Ts vd OP-AMP (2) Ia mach preset cho Flip-Flop
ding OP-AMP (3) va (4). Khi d dién, tu 10uF nap dién, Ts bdo hoa
[am OP-AMP (2) ¢6 trang thdi bio hoa dudng s& diéu khién Flip-
Flop <0 trang thai preset nhu trong sd A6 Ver="1", Vo =0,

Trang thdi sau d6 caa Flip-Flop s& thy thudce trang thdi duge
chidu sdng hay bi che 161 cia PD va vi tri chon cda c¢ong tdc S,

a) Xét truong hop S; chonvitri I, Sz chon vitri 2;

N&u binh thuting PD dude chiéu sing, cong tic S; ¢é dién dp
cla Vg = 0V, OP-AMP (2) gilf nguyén trang thdi presct va Flip-

Flop cling ¢ dién dp ra nhu hinh vé (3.3b). Cong td¢ S chon vi tri 2
¢6 dién dp Vey = OV nén Tg ngung din, rd-le khong c6 dicn.




Chuong 3 Ung dung cidm bicn quang dién

Khi bi PD che tdi (tin hiéu diéu khién 13 vit che dnh sang)
thi mach ddi trang thdi Vg = Ve, OP-AMP (2) d3i trang thdi nhanh
(do thiti gian tré t, ~ 0) = Vg, = OV, nhung Dy ngung din va mach
khong dnh hudng. Sau thoi gian tré ngin (khdng ddng k€ ) d& chong
nhi€u clia tu 2,2pF = diod Dy ddn kich ddi trang thdi cda Flip-Flop
= Voa = +Vee v Ty din, ro-le ¢6 dién.

Khi PD lai duoe chiéu sdng (vit che sang di di qua) thi mach
trds lai trang thdi ¢, Vey = 0V = mach tich phin diing diod D, sau
thai gian tré dai (t; =~ 1)) s& ddi trang thdi trdf lai Voo = Ve sé kich
ddi trang thdi cta Flip-Flop = Vos = 0V, Te ngung, ro-le mat dién
sau thdi gian tré t; cda mach tich phin.

Nhu vdy, mach ¢d chiic ning cia rd-le thoi gian Off-Delay
v3i tin hiéu 151

b) Xét truong hop Sy chon vi tri 2, 83 chon vi tri 2:

Né&u binh thuding PD bi che 131, cong tic S, ¢d dién 4p cta
Voi = 0V (nguge trang thdi ghi trén so dd), OP-AMP (2) ciing giit
nguy€n trang thdi preset va Flip-Flop cling ¢é dién 4dp ra nhu hinh
vé& (3.3b). Cong tdc S cling chon vi trf 2 ¢6 dién dp Vs = OV nén Ts
ngung din, rd-le khdng ¢ dién.

Khi PD dudgc hiéu sdng thi mach déi trang thai Vo, = Voo va
mach cling hoat déng theo nguyén 1y trén va Ty din, rd-le ¢4 dién.

Khi PD laj bi che t01 (mit tin hi¢u sdng diéu khién) thi mach
cing trd lai trang thdi cli va Ty ngung, rd-le mat dién sau thit gian
tré t; clia mach tich phin.

_ Nhu viy, mach cling ¢ chifc ning cla ro-le thdi gian Off-
Delay nhung vdi tin hi€u sdng,

¢) Xét truang hop S; chonvitri 1, 83 chon vi tri 1:

N
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Cam hién - Po ludng dién va didu khién Nguyé&n Tin Phurde

Tuong t¢ cdach phén tich hai trvong hgp a va b nhu trén,
trirdng hop ndy mach s€ ¢d chide ning caa rd-le thdi gian On-Delay
v{i tin hi€u sdng.

d) Xét truomg hop Sy chon vitri 2, S3chonvi tri 1:

Phin tich tugng ty, trudmg hdp nay mach s& ¢d chite ndng cia
rd-le thdi gian On-Delay v3i tin hiéu to1.

Hai trudng hgp ¢ va d, ban doc ¢4 thé ty phin tich nguyén ly,
s& nim chic hon nguyén 1y cla mach, d€ ¢6 thé sit dung mach dling
chic ning can thiét.

5) Bang trang thai va chdc ning cta ro-le

Trang thii cda PD Vitri | Vitri | Trang thai | Chifc ndng cla
5, S ra-le mach

Binh thudng bi che 18i I 1 Ngit On-Declay tin
PRV o . x | hitusing

Khi ¢6 tin hiéu sdng 1 l Béng tré

Binh thuting chiu sdng 2 1 Ngit On-Delay tin
, e ) - hi¢u t8i

Khi ¢o tin huéu 161 2 1 Pong tré

Khi cé tin hi¢u (61 | 2 Bong nhanh | Off-Delay tin
St . hiéu 101

Khi mét tin hi¢u 161 l 2 Ngittre

Khi ¢6 tin hi¢u sang 2 2 Béng nhanh | Off-delay tin
D e A ‘= hi¢u sing

Khi mét tin hi¢u sdng 2 2 Ngat e

Théfi gian tré cla rd-le ON-Delay hay OFF-Delay c6 thé
diéu chinh dudge nhdy bién trd 2,2k62, d€ chon muc dién ap chudn dit
vao ngd 1," clia OP-AMP (2) - 12 mach tich phiin ding diod.
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Chuong 3 Ung dung cam bién quang dién

Ciu hoi
{- Cho mach tich phin tich cuc nhu hinh vé. Chon tri 88 ty C
va dién tré R dé€ ddi tr xung vudng ddi xing, tan s& £ = 100H7 thanh
xung ring cua. Cho biét ndi trd cla nguﬁn V.14 Rg= 1000,
C
T
i

2- Cho much L&p ngufm nhu hinh v&. Tinh dién dp V| Vo vi
dong dién qua Led.

220V ~ 12% At

| KF EEZ-W
2200 /1

T, - BD67 T, - BD67

A3



CHUONG 4
CAM BIEN NHIET PIEN

§4.1- DAI CUONG

Trong doi sdng ty nhién, dung cu do nhiét d6 don gidn nhat
1a nhiét k€ st dung hién tugng din nd theo nhiét. Trong sidn xuit
¢ong nghiép, dé diéu khién ty ddng qua trinh theo nhiét do, ngudi ta
ché€ tao ra nhiéu loai cdm bién nhiét ¢é nguyén ly lam viée khdc
nhau nhu: nhiét dién rd cdc loai, cap nhiét, linh kién dién uy cdm
bi€n nhiét (diod, transistor, 1C...).

Cdc linh kién nhiét dién dudge dung lam bd cadm bién dé€ ddi
tr ning Iugng nhiét ra tin hiéu dién dua vao cdc mach khuéch dai
dién tf. Pdc biét khi ding & nhiét dd cao ngudi ta thudng sit dung
cdp nhiét (Thermo-Couple).

C6 ba thang do nhiét do d€ xdc dinh gia tri nhiét d6 do dudc.
1) Thang Kelvin

Thang Kelvin 13 thang nhiét 46 nhiét dong tuyét doi, don vi
la K.

Theo thang Kelvin, nhiét do diém déng dic cda nude cd gid
tri 1a 273,15K.

2) Thang Celsius

Thang Celsius 1a thang nhét d§ bdch phin, don vi 13 “C.
Mot 46 Celsius bing mot dd Kelvin,

Quan hé gidta nhiét @6 Celsius va nhiét d0 Kelvin duge tinh
theo biéu thiic: 0 ("C)=0(K) - 273,15K

3) Thang Fahrenheit
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Chudng 4

Cam bién nhiét
Thang Fahrenheit cé don vi nhiét do 1 °F. Theo thang nay,
diém nudc d4 tan 13 32°F va diém nudc s6i 1a 212°F .
Quan hé giita d6 Celsius va Fahrenheit tinh theo biéu thite:

100
QC)=16(CF) 321 -+
(O =18CF 1180

180
B(CF)=[0("C). — +32
(F)=[08(0) 100

§4.2- NHIET PIEN TRO KIM LOAI

Nhithg kim logi thudng dude ding dé ch€ tao nhiét dién trd la;
platin, niken, vonfram.

Cac nhi¢t dién trd kim loai thuting duge goi chung 13 cdm bién
RTD (Resistunce Temperature Detector: didu phdt hién nhiét do
bing dién trg).

Nhiét dién trd kim Joai ¢ bdn 12 doan day kim loai, tri s&
dién trd cua diy ting theo nhiét dd bdi cong thite:

R =R, (I+aAl)
trong d6: - Ria diéntrd § 0"
- Ry 12 dién trd & nhiét @6 0
- o 1a hé 5§ nhiét dién trd phu thude vt lidu ché tao
- At 12 d3 ting nhiét A0 véi At =t - 1
D3 nhay S cda nhiét dién trd duge tinh theo ¢ong thite:

AR - - k) i) (4]
S= ™ =a .Ry vl Ry: dién ird 3 0°C
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Cim bicn - Po Iudng va diéu khién Neuy&n Tan Phudc

Do nhi¢t dién trd kim loai ¢6 tri sd ting theo nhiét dd nén
goi 12 nhiét dién ud c6 hé s& nhiét duong PTC (positive
temperature coeftficient).

bién trtd RTD ting tuyén tinh theo nhiét d6 dén khodng
500"C (tu¥ kim loai), sau d6 trd nén ting chim din rdi bdo hoa.

Cic loai nhiét dién ud tiéu chudn la: Pt 100, Pt 300, P1 500,
Pt 1000. Tri s& tiéu chudn chinh 12 gid tri R, § tri 86 0°C.

R

F 3

Rh;]:: hava

P
—

500°C 0"

Hinh 4.1: Pac tinh nhi¢t dién trd kim loai

R &
500
400

B
L

0"C 200°C 6°

Hinh 4,2: Nhiét dién trd Pt 100
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Chuong 4 Cam bién nhiét

$4.3- NHIET TRG BAN DAN
1) Cau tao — Phan loai

Nhiét trd thudng duge ¢hé tao lr cdc chat oxyt bin din vi
chdt oxyt bdn diin rat nhay cAm véi nhiét 46, goi 12 Thermistor (do
chit Thermal-Resistor).

C6 hai loai ahiét trd bin din: nhiét trd ¢é hé s nhiét am va
nhiét trd ¢ hé¢ s3 nhiét duong.
2) Nhiét tré ban dan hé sé nhiét Am (Th’)

Bay 1a loai nhiét trd ¢ tri s& gidm khi nhiét do tdng va tri s0
ting khi nhi¢t d0 gidm, thutng duge viét tdt 1d NTC (Negative
Temperature Cocfficient).

R

&

Ro

» 0

Hinh 4.3: Dic tinh cda thermistor hé s0 nhiét am

Quan hé¢ dién trd theo nhict do 1a:
R = Ry T
trong dd: R fa dién trd 3 nhiét 4O T, Ry [a dién ord & nhiét d6 chudn Ty,

B 12 hiing s0 phu thude chit bin din ¢6 gid tr i 3000K
dén 5000K.

T va Ty la nhiét do wyét ddi Kelvin vdi 0K = -273,15°C,
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Cam bién - Po ludng va diéu khién Nguyén Tan Phudc

Tri 8 dién tr3d cla thermistor gidm theo nhiét dd nhung
khong tuy€n tinh, do dd, mach khuéch dai phdi ¢6 khd nang bi trir
cho su phi tuyén nay.

Hién nay, ngusi ta di c¢h€ tao dugc cédc thermistor khd tuyén
tinh trong khodng nhiét d6 0°C dén 150°C.

[ Aaal] @>
— J
Th

Hinh 4.4: Ky hi€u, hinh ding cla thermistor

3) Nhiét trd ban din hé s6 nhiét duong (Th*)

Day 1a loai nhiét trd ¢6 tri 8 ting khi nhi€t do ting va tri s6
gidm khi nhiét d gidm, thwong duge viét it 1a PTC (Positive
Temperature Coefficient),

Nhiét trd hé s8¢ nhiét duong dugc ché tao kha dic biét, trong
khodng nhiét dd thip, dic tinh gin gidng nhy nhiét trd hé sd nhiédt
dm, nhiét d§ ting thi nhiét trd gidm tri s8. Khi nhiét dé ting dén gid
tri danh dinh Oy thi tri s§ dién trd s& ting nhanh dot ngdt (hinh 4.5).

R

F

RN
1/2Rn

+ Q°

E)min eN

Hinh 4.5: Pac tinh cla thermistor hé s8 nhiét duong

60



Chuong 4 Cdm bicn nhiét

Loai nhiét trd nay thuding duge st dung trong cdc mach bdo vé
gua nhiét rt chinh xdc.

2) Nhiét trd ¢6 cac dic trumg k¥ thuat

- Khodng nhiét do sif dung

- DOng dién dinh cuc dai T«

- Dong dién chiu dung cue dai [,

- Dién dp dinh cue dai Vs

- Tri 80 dién trd twong dng vaéi khodng nhiét do sd dung

- H¢ s3 nhiét A tri s§ chi muc bién thién dién g tinh theo
phin trim khi nhiét d6 moi trudng ting 1&n 1'C.

Bing tra dudi diy 1a cdc thong 6 k¥ thuidt ddc trung clia loai
nhiét rds ¢é hé¢ 3 nhigt am ding trong mady dién i din dung.

Tén Nhié d6 s Linax Tinax WV oax Khodng dién Hé 50 nhiét
dung tedd

D-1A | -20°C dn +60°C | 30mA | 10mA IV | 900 dén 18 | -3% dén -3.5%

D-1I5 | -220°C aen +60°C | 20mA AamA | 0,3V | 90 den 18QY | -3% dcn -3.5%

3) Ung dung ctia nhiét tré
) é}n dinh nhi¢t cho cdc linh kién dién 1

Trong mach di¢n hinh 4.6, transistor duge phin cye bling
ciu phén dp vdi dién rd nhiét ¢6 hé s§ nhidt am Th™, Khi nhiét do
mai truong ting hay Khi transistor ¢éng sudt bj néng do chay bio
hoa thi nhi¢t rd ¢6 tri $& gidm xudng lam gidm dién ap phin cuc
cho cye B, transistor bi giam phin cuc nén chay yéu lai va khong bj
ndng.
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Cam bién - Do luting va di¢u khicn Nguyén Tin Phudc

+Vec }V“‘
Rs Re
Th
Hioh 4.6 Hinh 4.7

b) Bdo vé qud nhiét cho thiét bi dién ;

Trong mach dién hinh 4.7 dién trd nhiét loai hé s& nhiét
duong ding 1am bd cdm bién nhung dé nhin nhiét 4o cha thiél b
dién cdn bdo vé ddi thinh tin hiéu dién phin cuc cho transistor T
Hai transistor Ty va T; la mach Schmitt - Trigger nén s€ hoat dOng
d hai trang thidi tuy thudc dién dp phan cuwe cho T, tfe 12 thy thude
vao nhiét dd cda thiét bi. N&u thi€t bi nhiét dd thap thi nhiét rd ¢é
tri s& nho nén Vg, thip 1am T, ngung va T, din bdo hoa, rd-le RY
¢6 dién s& dong tiép diém cdp ngudn cho tdi.

Khi nhi¢t d6 ciia thiét bi ting qud mdc cho phép lam nhiét
trd ting tri sO nén ting phin cyc cho Ty lam T, din bio hoa, lic do

T; mat phin cyc nén T; ngung din, rd-le mat dién sé 1am hd 1iép
diém dé€ ngdt tdi ra khéi ngudn.
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Chuong 4 C3m bi€n nhiét

§4.4- VARISTOR DIOD (VD)
1) Ciu tao - Phin loai

Varistor diod la tir ghép bdi Variable-Resistor-Diod (diod ¢6
dién trd thay ddi duoe), do diy 1a dién ud thay déi theo nhiét do.
That ra cdc linh kién bdn din déu bj dnh huéng bdi nhiét do nhung
VD duge ché tao ¢ d6 nhay theo nhiét d6 cao hon cic loai diod
thudng,

VD duyce diing trong cdc thi€t bi dién ¥ din dung ¢€ 8n dinh
nhiét cho cdc transistor cong sudt hay duge ding trong hé théng
dién 1 cong nghiép d€ gidi han nhiét do, bdo vé qué nhiét...

2) bac trung k¥ thuit cia VD
- Khodng nhi¢t do sit dung
- Dong dién thudn cuc dai Ig,.

- Hé s0 nhigt clia VD 12 muc dién dp phin cuc thudn giita
anod va catod bi gidm xudng khi nhiét dé ting 1én 1°C.

Bing tra dudi ddy la cdc thong s6 k§ thudt cia hai loai VD
duge sir dung trong cdc mach &n dinh nhiét. Cot cudi cung 13 hé s0
nhiét cta VD c6 nghia khi nhiét do tang 1°C thi dién dp phan cuc
thudn trén diod s& bi gidm xudng 2,26mV.

Tén Nh]‘:‘l dﬁ ll" CIERY [}’ max Dléu kié]’l lic {10 Hé SG’ nhié[
st dung Vi I mV/"C
HVIS -20°C dén 20mA 10mA 145mV | 1,5mA -2.26
+60°C
HVI1g -20°C dén 10mA 4mA 445mV | 3.5mA 2226
+60°C
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Cam bién - Do ludng va didu khién Neuyén Tan Phudc

) V...
3) Ung dung * Ve

Hinh 4.8: Mach khuéch dai

cOng suit bs phu

Mach dién hinh 4.8 13 trich trong st db khoi khuéch dai cong
suit ciia ampli ki€u OTL, trong d6 Ty - T3 [ hai transistor ¢Ong suit
rip kiu bé phu, Ts 1a transistor thic. Trong mach nay, diod VD Ia
bd ¢am bién nhiét ¢ tic dung &n dinh nhiét cho hai transistor cong
sudt T, -T. Khi hai transistor cong sudt bi néng s& lam ting nhiét
d6 va VD néng theo, lie d6, diod VD bi giam dién dp phan cuc sé¢
lam cho di¢n dp gilfa hai chn T, va T» nén hai transistor s&€ chay
yéu lai va khong bi chdy, nhiét d6 cla hai transistor ¢ong suit sé
dude 6n dinh.

$4.5- CAP NHIET (Thermo-Couple)

Cip nhiét dude ché€ tao dua trén hiéu Ung nhiét dién. Khi hai
day din ¢6 bdn chit hoi hoc khdc nhau duge han dinh s& xuat hién
site dién ddng & hai diu thay d6i theo nhiét dd cda mai hin.
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Chudng 4 Cam bién nhiét

Theo nguyén tic, sdc dién dong nhiét do cip nhié€t sinh ra
khi mot diu ciip nhiét (diu mdéi han) duge dat vao diém can do
nhiét dO va diu kia dit vao ndi ¢6 nhiét dd 0°C nhu mot nhiét dd
chuiin d€ so sdnh (hinh 4.9a).

0 8, =0"C
/ VOITKE
Hinh 4.9a

Bidu ndy giy phuc tap cho viéc do nhiét do biing cip nhiét.
Trong thye t€, nhiét do 8, chinh 13 nhiét 6 cda mdi trudng va diéu
ndy s€ gy ra sai sd. D€ b wrll cho sai s6, ngudi ta dung day din ¢6
cung vit liéu nhu ¢ip nhiét dién hay vt liéu khic ¢6 tinh chat nhiét
tudng tf, ddy nay goi [a ddy thay thé hay day bu. Nhu viy, & diém
ndi véi cdp nhiét dién khong ¢6é sic dién ddng nhiét (hinh 4.9b).

\ volt k&

Y 6, = 0°C ‘\CD
/

Hinh 4.9b: Nguyén tic do cla cip nhiét ¢ day bi

Hi€n nay c6 cdc loai cdp nhiét thdng dung 13-

1) Cdp nhiét doéng+Constantan (goi 1a Type T Thermo-
Couple) Nhiét do st dung ti -310"F dén +750"F, ¢ap chinh xdc +
0,8%.

Dudi day L2 bang tra d6i tif nhiét dd tai méi ndi clia Thermo-
Couple ra dién dp & mot vai tri so.

65



Cidm bién - Do hdng va di¢u khién

Nuuyén Tan Phude

2200

Nhiétdd | -300 =250 -150 -100 -50 0
(I)F)
biéndp | -5284 | -4,747 | -4,111 | -3,380 | -2,559 | -1.654 | -0,670
(mV)
Nhiét d6 +30 +100 | +130 +200 +250 +300 +350
("F)
Biéndp | 0389 | 1,517 | 2711 | 3967 | 5280 | 6,647 8,064
(mV)

2) Cap nhiét sdt+Constantan (goi 1a Type J Thermo-Couple)
Nhiét d6 st dung tr -200 dén +870°C , ¢c&p chinh xsc + 3%.

Nhiét dd | -200 -150 -100 -50 0 +50 +100
("C)
bBién dp -7.89 -6,50 -4.63 -2.43 0,00 2,58 5,27
(mV})
Nhiét do | +150 | +250 | +300 | +350 | +400 | +450 +500
')
Dién dp 8,00 1356 | 16,33 | 19,09 | 21,85 | 2461 27.39
(mV)

3. Cap nhi¢t Chromel+Alumel: (goi la Type K Thermo-
Couple) Nhiét d st dung tir 0°C dén + 1350°C, ¢4p chinh xdc +

3%.

Nhiét 46 0 50 100 150 200 250 300
(OC)

bBién dp oo | 2,02 | 4,10 6,13 8,13 10,16 £2,21
(mV)
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Cam bién nhiét

Nhiét dé 350 500 550 600 630 700 750
("C)

bign dp 14,29 20,65 2278 249 27,03 29,14 31,23
(mV)

4. Cap nhiét Platinum+Platinum ¢é 13% Rhodium: (Goi la
Type R Thermo-Couple) Nhigt 49 si dung tir 0'C dén 1700°C,
¢dp chinh xdic + 1,4%.

Nhi¢t &6
("C)

0

50

100}

150

200

250

300

Bién ap
{mV)

0

0,298

0,645

1,04

[,465

1,92

2,39

Nhidt di
Q)

350

400

550

600

650

700

750

bicn dp
(mV)

2,89

3,399

5,004

6,72

7,32

Cdc loai cap nhiét trén duge goi 1a ¢dp nhiét loai diy c6
hinh dang nhi hinh 3.8a loai diy va hinh 3.8b loai thanh.

il e

Hinb 4.10a: Loai diy
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Cam bién - Po ludng va diéu khién Nguyén Tin Phudc

5. Cip nhiét loai thanh (ciy) dung chat Platinum

Loai cap nhiét loai thanh 1a loai cdm bi€n nhiét ¢6 dién trg
thay ddi theo nhiét do cda mdi noi, dién trd cia cdp nhiét ting lén
khi nhiét do ting (dic tinh nhu Thermistor ¢6 hé s& nhiét duong).

Thi du : cap nhiét loai thanh PT 100 nghia la khi & nhiét do
0°C thi dién trd ctia cap nhiét 1a 100Q.

Cic loai cip nhiét trén c6 hé s nhiét mV/'C khong tuyén
tinh nhung néu st dung trong mot khodng nhiét do khong rong thi
¢6 thé coi nhu tuyén tinh. Do hé s6 nhiét mV’C rit nhé thudng
khodng vai chuc uV/’C nén dién dp do Thermo-Couple cho ra phai
qua mach khuéch dai DC trudc khi dwa vao mach diéu khién, chi
thi hay bao vé.

0536-2 and 0536-5
models feature
built-in air purge

to keep these quality
thermocouples functioning
, efficiently and accurately,
- even in dirty environments

0836 Series

Hinh dang mdt vai cdp nhié€t loai thanh

6. Ung dung ctia Thermo-Couple

a) Mach dién hinh 4.11 diung cdp nhiét 1am bd cdm bién
nhiét cho ra tin hiéu dién dé diéu khién OP-AMP va transistor déng
ngit dién cdp cho ro-le RY. Trong mach nay OP-AMP la mach
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Chuong 4 Cim bién nhiét

khuéch dai so sanh cé tdc dung so dién ap do cap nhiét cho ra vai
dién dp chuiin dude chinh dinh bing bién trd Ry, Khi nhiét dd ting
[&n tri sO gidi han thi dién dp ngd Vy 16n hon dién dp ngd V", lac
d6 OP-AMP ¢6 Vi = 0V tae dong qua c¢au phan ip Rs - R, dé phén
cue ¢ho transistor. Khi transistor dan sé ¢dp dién cho rd-le 1am dong
hay ngit tiép di€m mach ¢dng suit.

+ Ve
F 3

Hinh 4.1]a;
Pi¢u khién

ding ¢dp nhiét

R1 Theeeasdar ]l frnosespeibe dalpstar

ce
A 5 J,

&CZ
Hinh 4.11b; Ung dung nhiét & va pin nhiét dién
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§4.6- PO NHIET PO BANG DIOD VA TRANSISTOR

Linh kién bdn din nhay c¢dm vdi nhiét a6 do do c6 thé si
dung mot s3 linh kién nhu diod hay transistor néi theo kidu diod
(mdi ndi BC) phin cye thudn ¢6 dong dién khong ddi d€ lam cadm
bi¢n nhiét. Khi do, dién dp gira hai cue 14 ham ¢da nhiét do.

B3 nhay theo nhidt cda diod hay transistor mice theo kiéu
diod dude xde dinh theo biéu thifc:

db

ASY = —
dr”

= 25mV/°C
B¢ tang d6 twyén tinh va khd nang thay thé, ta ding cip
transistor mic d6i nhau vdi 2 dong 1 vi I; khong doi chay qua di do
dign dp B-E. Bing cdch ndy ta loai trir duge dong dién ngude vi do
diV, -V,)

nhay nhiét dudc tinh theo cong thiic: S a
!

4 2\
v y
N ]/

(5

Vy >

P8

Hinh 4.12: Do nhiét d¢ biing diod vA transistor

<
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Chuong 4 Cdm bi&n nhidl

P6 nhay nhiét dd cta linh kién bian din 1dn hon nhiéu so vdi
¢dp nhi€t nhung nhd hon so vdi nhiét dién trd. Trudng hop nay
khong can nhiét do chudn nhung dai nhiét d6 bi gidi han trong
khodng T= -50°C d&n 150°C. Trong khodng nhiét 46 nay bd cdm
bién ¢6 dé Sn dinh cao.

§4.7- DIOD ZENER CAM BIEN NHIET
1- Cau tao ~ Nguyén ly

Day 1a loai cam bién ban din khic dua vao dic tinh cta diod
Zener khi duge phin cue ngude thi dong dién ngude phu thude vao
nhi€t do. Pién dp ra Vo gitta 2 chan thay déi tuy€n tinh theo nhiét do
khodng 10mV/C. G 0"C, Vo= 0V.

. Cdc cdm bién ban dan dung duge dén nhiét do t5i da khodng
150°C dén 200"C.

- R " 4 ot . oA - ~ P
bac di€m cua cdm bién niy 1a dién dp ra ting rit tuyén tinh

theo nhiét dd (do ¢6 sur khdng ché 10t trong qud trinh tao chit bdn
dan ciing nhu da két hgp khi ning bl trir phi tuy&n cin thiéh),

+ ADJI
ADL + . 8 7 6 5
N L 1
L.M335 7T 1
123 4
LM335

Hinh 4.13: Cédch ra chiin ctia Zener cam bién nhiét
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2- Phian cye — Ung dung

Cdch phin cyc va dng dung don gidn cda Zener cim bién
nhiét nhu hinh 4,14, Hinh 4.14a cho dién 4p ra tinh theo dd Kelvin,
hinh 4.14b cho dién dp ra theo d6 Celcius néu diéu chinh VR sao
cho Vo= 2,982V ¢ 25°C.

Y, §+V
R% R

V VU
S ® 10mV/C
P 10mV/'K | /
AN 10k
LM335
7N 1333 s
Hinh 4.14a Hinh 4.14b

Trong thye 1& d€ ¢6 do chinh xdc cao ngudi ta ding mach do
nhiét do theo mach dién nhu hinh 4.14. Gid s\t nhiét dd phong 14 T,
= 25°C, chinh VR, dé dién ap V4 = 0V. Chinh VR; sao cho:

Vz=Vqo =273V + (10mV/'C).25°C = 2,98V
Chinh lai VR, sao cho dién dp diém A la:
Va= Voreser= - 2,78V

Dién dp ra by gid la:

Vo=Vz+ Voppser = 2,98V - 278V =(),2V

Sau khi diéu chinh xong, dién dp ra s& thay ddi 10mV/°C
“chung quanh 0,2V.
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Chuong 4 Cdm bién nhiét

+5V
4,7kQ2
" ] v()

Y 10mV/C
1.M335 T’ 10kQ S 1y 0
VR,

S5V vA
N\
o s L
VR,

Hinh 4.15: Ung dung cdm bién LM335

3- Mach khuéch dai do nhiét do

+5V
R, 100k
2.2k} — VN
R, 10k +5V
— A v
7 O
N +5V 100mV/C
LM335
A
1kQ
5kQ
4—
VR

Hinh 4.16: Mach khuéch dai do nhiét d6

B0 khuéch dai dién dp clia mach la:

Vo Ry

73



Céam bicn - Do ludng va didu khién Nguyén Tan Phudc

Dinh chuin biing cdch chinh VR cho Voprser = 0V. Do Vg va
Vz 3 nhiét d phong T, . Sau do6, chinh VR sao cho Vg = 0V & nhiét
do phong,

Diod Zener Iam c¢dm bi€n nhiét cho dién 4p ra thay déi .
100mV/°C vi mach di khuéch dai 1én 10 1dn nhd Op-Amp.

§4.8- 1C CAM BIEN NHIET

Hién nay ngudi ta di ché tao IC ban din d€ do va hiéu chinh
nhi¢t do rat tién Igi. IC cdm bién nhi¢t dude ché tao trén o s
nguyén ly cia diod zener LM335,

D IC 1L.M35

IC LM35 ¢ dién dp ra ti 1& true tiép vdi nhiét 4o thang
Celcius. Nhu the, mach dién bd trir diém 0 cda thang Kelvin (thang
nhiét do tuy¢t doi) khdng con cin thiét nhu cdc IC cdm bi€n nhiét
trifde ddy. Pién dp ngd ra fa 10mV/C v sai s§ do khong tuyén tinh
la £ 1.8mV cho todn thang do.

IC LM35 dude ché tao & 3 thang do nhiét dg ia:
-50°C — +150°C (LM35/LM35A)
-40°C — +110°C (LM35C/LM35CA)

0"C — +100°C (LM35D)

Pé ¢6 thé do dudge nhiét d6 am, ¢dn ¢6 dién trd tf ngd ra ndi
xudng ngudn dm. Bi¢n trd ndy phai dudge tinh sao cho ¢ dong qua
Ién hon SOpA. Ngudn dm phdi ¢o gid tri thap hon dién dp ra khi do &
nhiét do cue tiéu.

Thi du: § -50°C s& che ra Vo = -50"C. 10mV/'C = -0,5V
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Chuong 4 Cam bi&n nhiét

2) Ung dung I1C LM35

+V=4V - 30V
T+v= 4V - 30V 1
_v“ Vo= 10mVv/'C
' 68kQ
._l L soua

-V() = —SV

Hinh 4.17: Mach do nhiét do ding IC LM35

Ciu hoi

I- B3i tir nhiét do thang Fahrenheit ra nhiét do thang
Celsius vi Kelvin: -150°F, +35"F, +96"F, +350°F.

2- Cho bi¢t gid tri ctia RTD khi § mdi truting ¢6 nhiét dd.
120"C. Cho bi&t bé $3 nhiét 13 o = 0,002/ °C va khi 3 0°C thi dién 1rd
¢6 tri $6 12 3000

3- 80 dd sau dung cip nhiét loai K ¢6 hé s8 nhiét 13 k =
40uV/'C. Cho bi€l bién rd R, phdi chinh & mife dién dp bao nhiéu
volt d& diéu khién dong rd-le khi moi trding 6 nhict do 13 800,C.

+ Ve
Y
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CHUONG 5
LINH KIEN CAM BIEN TU

§5.1- KHAI NIEM VE TU HOC
1. Nam chdm

Trong thién nhién ¢6 nhiing loai dd hdt dugc sdt goi 1 nam
chim hay tir thach. MOt s kim loai nhur sit, nicken, cdban hay cdc
hgp kim ciia ching khi tir héa s€ giit tif va trgd thanh cdc nam chim
vinh ctu.

2. Tt trugng H, cam dng t&' B
Num chiam ¢6 thé [am chuyén dong cdc hat bui sit, ngudi ta
néi bui sat chiu side hadt eda nam cham. Nai cdch khde nam chim ¢6
mot tr rydng bao xung quanh.
Khi cho dong dién mot chiéu vao cudn diy, dong dién s€ tao

ra mot o truding déu trong 16i 1 ¢6 chidu xde dinh theo qui tic vin
nut chai,

L& tir ¢6 chidu dai trung binh 14 |, cuding dd f truding sinh ra
trong 1&i i [ H thi:

n : s0 vong day quan
I : cuding A6 dong dién
n.1=H.l H : cudsng 40 tiy truding
§ - chiéu dai trung binh 161 tir
i <ot 15 (T A
— i = nr H.l:gotldurdp

Cuong d6 tr truong H 61 1€ vdi cuong do dong dién L.

Khi do cudng dd o trudng trong vit liéu dan tir thi ding ky

hiéu a B £0i 13 ¢dm dng 1 (nhiéu trdng hyp B vin duge goi la
cutng do e ruong).
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I
B=puH=u nT

1t 12 hé s3 tir thim tong dot cia vat liéu ndi 1én dd nhiém tr
¢la vit dan tlr. Thép k¥ thudt dién ¢6 p = 2000,
B ¢6 don vi 1d Weber/m® (Wb/m?). Bun vi nay goi la tesla.
3. Tu théng
Tir thdng 14 sO dudng st di qua mdt mit ¢ dicn tich S,
Tir thong ky méu 1a @, don vi Wb duge tinh theo cong thic:

B: cuting dé tir truong (bemz)

S: dién tich (m?)

¢ goc hetp bdi B va duding thing goc vdi mit
phing S

O: tr théng (Wh)

@ = BScosp

Theo ¢ong thie trén:
« N&u tr trudng B thidng goc vdi S thi tir thong 1dn nhat.
e NCu 1t trrding B song song véi S thi tiy thong bing 0.

4- Cac dai lugng tif hoc

Ciéc dai lugng Pon vi Viét tat
Tir thong (¢) Weber Wh
Cam tng tir (B) Tesla hay Weber/m’ T
Cudng dd tir trudng (H) Ampere/met A/m
bién cdm (L) Henri H
Hé sd tif thim () Henri/met H/m
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§5.2- CAM BIEN HALL
1- Hiéu ung Hall

Khi ¢6 tir ruding tde dung theo hudng thing géc 1én bé mit
cia mot tim vat li¢u. TAm vat liéu c6 bé day d, chiu d3i a, chidu
tOng b vi d << a, b. Cho mdt ddong dién I chay doc theo chiéu dai
clia tdm vit lidy, ta do dude mét dién dp i hai diém trén hai mat
doc theo chiéu dai. Dién dp nay goi 1a dién dp Hall.

&
Y

i

-/’ Vi I B

Hinh 5.1: Hiéu tng Hall

Hinh 5.1a: Hi¢u wing c¢dm bién Hall khi khdng ¢6 tif triding
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Hinb 5.1b: Hiéu tng cdm bién Hall khi ¢6 tir truding

Di€n dp Hall phdt sinh do tac dung cda lyc Lorentz. Khi mot
dién tich ¢y dich chuyén trong mot tir trwding véi van 16¢ v va c6
hudng thing goc vdi tie trutng ndy, nd s€ by tic dung bdi lue Lorentz
theo ¢Ong thic: F.=ejvB

Do tdc dung cta Ive nay lam hudng di chuyén cda dién tif bi
léch di va k€t qud 1a moOt bén hong ciia tim vat liéu thiéu digén 0,
ngude lai phia bén kia s¢ du dién 1. T do’ mot di€n trudng duge
hinh thanh va tdc dung 1én cdc dién td mot phin luc 1A F, .

F
Ta ¢é: F.=ewEq hay E, =—*

i eu

& trang thdi cin bhing, hai luc ndy bling nhau va cho ra:
Fm=¢ov B =F.=¢,Ey

Suy ra: Eyu=vB

Bién 4p Hall do dugc trén tim vat liéu dudgce tinh theo cong
thitc; VHan = b.E4y=b.v.B (1)

trong do: B 12 cam ng tir
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Cim bién - Do ludng va diéu khién Nguyén Tan Phudc

b {a bé rong tam vit liéu

v 14 van toc cia dién 1y

. . s . e I
Goi S 1a mat dé dong dién qua tim vit héu: § = I vinla
mat do clia dién t, eq1a dién tich dich chuyén trong tr trudng thi:

!

. i
S =nve, = — = Y= —
bd neg, bd

(2}
Thay (2) vao (1), ta cd:

, i 1
Hatt —.1.B
ne,b d
Nhu viy, dién dap Hall ti 1€ vdi cutng d dong dién 1 va cdm
ting tir B. Bién dp Hall con dudge viét dudi dang khac 1a:
R .. 1
Vs =—2L-1.B véi: R, =——
d ney.b
Ry 14 hiing s8 Hall twy thude vt liéu ché tao.
2- Cau tao
Vit liéu ch€ tao cdm bién Half thudong 12 InSb (Indium-
Antimony), InAs (Arsenic Indium). Vdi loar vit li€u nay, dong di€n
khong phai duric tdi vdi nhiéu dién tt di chuyén rat chim ma véi
mot s0 dién ¢ it hon nhung dich chuyén thit nhanh (Vy, = b.v.B)
<1 v edng 13n thl Vi cang 16n, ¢cdm bién cang nhay.
Cdc ¢dm bién Hall InSb, InAs ¢6 thé cho ra dién th& Hall
dén 100 mV.

T&m bdn din [am cdm bi€n Hall dudc ché tao nhu sau:

Tim bdn din dude cua mdng, ddnh bong dé ¢6 dd day 5
dén 100um. Ldp bdn din bdc hdi va bam 1én vat liéu nén, ¢6 bé day
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Chudng 5 Cam bién wr

tir 2 dén 3pm. Cam bi€n Hall ¢6 thé lam viée & nhiét 46 rat lanh dén
rat néng.

3- DBic trung ky thuit
a) Dong dién danh dinh I,

Gid tri dong dién danh dinh qua cdm bién duge xdc dinh sao
¢ho trong diéu kién khdng khi tinh, nhiét do clia ¢cadm bi€n gia ting
w10 C dén 15 C.

Vdi sy gia tdng nhiét d9 ndy, hiing s& Hall Ry ting va dién
ap Vi khong tdi cling ting. Hing s& Hall Ry khong tuy thude vao
tlr truosng dGi vdi vat liéu InSb va InAs (dén khodng 5T va 15 T).

h) Cdm ing .

B¢ ddm bdo sy tuyén tinh giita dign dp Hall va cdm tng tir
B, tri s6 B ¢6 mdt gidi han nhét dinh. Khi B vuot qud ngudng gidi
han thi dién trd trong cda cdm bién & gia ting dang k€. Piéu ndy sé
lam nhi€t do cia Idp bdn dan tdng 1én va hiing s& Hall Ry bi gidm
xudng, gay ra sai 0.

Khi cdm Wng tir ting cao hon 2 Tesla, dong dién qua c¢im
bién phdi duge chon sao cho nhiét 4o cla 16p ban din khdng duge
vugt qud 120 C.

¢) Pd nhay cida cdm bién Hall khi khong téi:

La tf s0 giita dién ap Hall khong t3i va tich cia dong dién
danh dinh véi ¢dm dng tir.

V
K, = ; H;g (V/AT: volt/ampere.tesla)
Trong d6; Vo = di€n dp Hall khdng ti

I.: dong dién danh dinh
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§5.3- UNG DUNG CUA CAM BIEN HALL

1- Mach cd ban diing cam bién Hall

+
o— REGULATOR
Vinpyr

1

l HALL l—
ELEMENT DIFFERENTIAL
b AMPLIFIER ouTPULT

VeE

Hinh 5.2 : Mach ¢d ban diing cdm bién Hall

2- PBo cuing do tif truong

Pé do tif trudng H hay cdm dng tir B phdi chon mdt dién ted
tuyén tinh thich hgp va mdt ngudn dong that 6n dinh. Khong nén
diing ngudn dn dp vdi mot dién trd ndi ti€p vi khi tir trfing gia ting,
dién trd clda cdm bién Hall gia ting theo 1am gidm tri s& dong dién
qua cdm bién (thudng khodng vaiQ).

B
- v
1 I: .
R—— v
Hall Sensor [ R, ¢
R

Hinh 5.2: Do cAm ng tif biing cam bién Hall
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Chudng § ' Cam bién 1

Trong so db hinh 5.3, ngudn dong dién J d€ ¢4dp dong dién &
dinh cho cdm bi€n Hall. Khi cdm bi€n nhin ¢dm tng tir B s& cho ra
dién dp Hall Vi Dién dp ndy qua mach khuéch dai cho ra dién dp
Vo co tri s6 1dn han Vg nhiéu 14n va dudge tinh theo cOng thic:

R, + R,

V=47 o

AV T

Tir tri s§ Vo, tinh ra Vi rdi suy ra cdm ng t B theo cong
thtc:

oy = fﬂv AB
o

3- Do cudng dd dong dién DC

Dimg dién mdt chidu ¢6 thé do ma khong cin g3 rdi mach
dién d€ dit Ampe k€ ndi tiép vio mach nhy cdch do thong thuing.
Ta ¢6 thé ding cam bich Hall @it vao khe ciia mdt nam cham. Dong
dién cin do duge cho qua mot <& ving diy dién quin quanh nam
chim,

T trwgng B do dong dién ¢in do tao ra duge dit vao cim

bién Hall. Cdm bi¢n Hall vin phii ¢6 dong dién dn dinh nhu hinh
5.4,

n vong

Hall Sensor

Hinh 5.4: Po cudng d6 dong dién DC biing cdm bién Hall

Mach do thufe chit 1a do cuiing d6 tr truding B 1i qui ra dong
dién [ qua cde vong day.



Cdm bién - Do ldng va diéu khién Nguyén Tin Phudc

Hinh 5.4 cho thiy cdch dat cdm bién Hall va cich cho dong
dién cin do T viio ¢cdm bién (thdng qua tif cam B).

Pién dp Hall ¢6 dudge tir bd cdm bién s& dudge dura qua mach
khuéch dai va cho ra chi thi do. Tri sd hién thi trén chi thi do chinh
la dong digén can do T vdi I =1 (Vpa).

4- Cam bién Hall cho ra dién dp tudng ty

l — ks OVS
R
| HALL
| ELEMENT
_ AMPLIFIER oUTPUT
[ 9~ LINEAR
[ ] OUTPUT
O GROUND

Hinh 5.5a: Cam bién Hall kiéu SS49/SS19

] HALL
| ELEMENT

Hinh 5.5b: Cdm bién Hall ¢é ngd ra diing transistor b phu
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5- Cam bién Hall cho ra dién dp dang s6 (2 mic)

REGULATOR © Vg

: | HALL |_
lELEMENT

——

o
[-—0 DIGITAL OUTPUT

’ - GROUND

Hinh 5.6a: Cim bi€n Hall ¢6 ngd ra ding mach Schmitt Trigger

+
REGULATOR O Vg
HALL 0
| I_ |——0 DIGITAL OUTPUT
leLEMENT
OUTPUT|

‘ + &1—-0 GROUND

Hinh 5.6b: Cdm bi€n Hall diing mach Schmitt Trigger

va transistor khuéch dai dong
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§5.4- CAM BIEN DIEN TRG TU (Magnetoresistive sensors)
1- Cau tao

Cdm bié€n dién trd wr 13 linh kién bidn din 2 cue, ti s6 dién
trd cia nd bi thay ddi dudi tde dung clia 4 trudng. Khi tir trudng 1dc
dung thing goc vdi mat phing cdm bién sé& ¢ dd nhay 16n nhat. Tri
s0 dién trd khong bi dnh hudng theo chiéu cla tf truding.

Trong phdn cdm bién Hall ¢6 noi dén dac tinh dién trdd noi
cta cdm bi&n Hall thay ddi theo ¢dm dng tir B.

Cdm bién Hall vdi chdt InAs ¢é mite thay d6i dién trd theo
theo tr cam B khong idn. Trong khi cdm bién Hall v&i chat InSh
(Indium antimon) cé mic thay déi rat ion nén dude si dung lam ¢dm
bi&n dién trd tlr.

Cam bién dién (rd tir gdbm nhiéu phién InSb (bé rong khodng
1um) dudge ghép ndi ti€p nhau, gilta cdc phién ndy 1a cdc mang kim

loai.
\

Hinh 5.7: Cam bién N\ N\ B

E— o \\ AN

dién trd .

Mang kim loai \

2- Pic tinh

Hinh 5.8 13 dic tuyén cho thdy quan hé giita 1f s dién twd
twong dai Re/Ry theo ¢dm dng tr B. Trong d6, Ry 1a dién trd cia
cam bién dién trd tir thay ddi theo B.

Khi B < 0,3T thi dac tuyén ¢6 dang cong parabol. Khi B >
0,5T thi dac tuyén gin nhu dudng thing.
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Rp/R, &

20

15

10

P

0 0.5 1 1,5 B

Hinh 5.8: Dién trd thay ddi tuong doi theo cdm Ung tir B

Khi ¢ho cdm ting tit B tdc dung ién phin ¢dm bién dién trd tir
vdi cde goc tech khde nhau, s& 1am thay ddi 6 nhay cla ¢idm bién.
Goe ¢ 1a gée 1éch gitta B va truc thing gée véi mat phdng cta cidm
bi€n. NEu ¢ =0 (B thdng géc vdi mit phiang cda cdm bién ) thi cdm
bién ¢6 do nhay cao nhat. Néu ¢ = 90” (B song song vdi mat phing
clia ¢dm bi¢n) thl ¢cdm bién khdng bi dnh hudng theo cadm ting 1y B.

Dién trd tit ¢o tri sO thay d6i theo cadm Ung tir nén duge xem
nhy mot him cta B. Cong thic tinh gin ding ta:

Ry=Ry (1 +k p’BY
trong d6: K 13 mét hiing s4 tuy thude vat liéu (khodng 0,85)
i 12 hé sO tr thim
Rota gid tr dién e tr khi B = 0 (R, = vai Q dén 10Q)
Thidu: Rg=5; k=08, B=1T;u = 10.
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Ry=5(1+0,8.10%.1%) = 4050
3- Ung dung: cadm bi€n tiém cén (Promixity Sensor)

C6 nhiéu loai cam bi€n tiém cén lam viéce theo nhiéu nguyén
ly khdc nhau. Trong chuong nay chi n6i v€ cdm bién tiém cén ding
cam bién tir,

a) Mach cam bién kim logi: dung nguyén tic mach tit hd

Trong hinh 5.9 cdm bién dién trd tif dung dé phdt hién kim
loai. Khi khong c6 kim loai, tif truding qua cdm bién 13 tr thong mac
vong ¢d tri sO thap nén dién wd tif ¢lia ¢cdm biéh ¢é tri s& nhé. Khi ¢o
kim loai di ngang qua cdm bién 1am ting cim \ing tir B, dién trd cda

cdm bién tif cling ting 1én s& cho tin hidu dién bdo hiéu.

Cam bhién dién trd to

—JL +———p Cét nam chim mém

. . N l .

! l !

1y | .

1 . ———;T—‘V Nam c¢hiim vinh cuu
: ! S [

A ! L Duing sifc
|

1N, R \'\._ !

/

L] L

Hinh 5.9a: Khi khong cé kim loai

Thudng cdm bién dién trd tit ¢6 tri 56 bién thién tir vai trdm
Q2 dén vai ngan Q.

Cam bién dién trd tr s& duge ndi vao mach khuéch aai so
sanh hay cAu phén dp d€ cho ra tin hiéu dién tich cuc lam nhiém vu
do ludmg (cho ra ¢hf thi do) hay diéu khién cdc co cAu chip hanh.
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/ Kim loai din tor

- N

'Y -
AN et — p Cam bi€n dién tré td
! N { h LA | I * !

N 1 . .

- L1 ——— & (Cdt nam chim mém
) ! I
. l N l .
[ I
j i ""_|i—’ Nam c¢ham vinh citu

! S '

P N T . .
“ IS —— Duirng suc

\ =, W T /

Hinh 5.9b: Khi ¢6 kim loai 1am ting 58 dudng sifc

b) Mach cdm bién tir truimg: dung nguyén tic mach tir kin

» Nam chim vinh cia

|, €6t nam chim mém
N BT

'
l 1_ Puiing sitc
!

Cam bi¢n di¢n trd 1y

e

Hinh 5.10a: Khi khdéng ¢6 tir trudng ngoai

Khi bén ngodi khe hd khdng ¢6 nam chdm (khong o tiy
trudng ngodi) thi cdm bi€n dién trd ¥ chi nhin ¥ théng do nam
chdm trong mach o kin tao ra.
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Khi ¢0 nam cham chay ngang khe hd cta mach tir kin, ¢dm
bién dién trd 1if $& nhdn thém tif thong bén ngoat va lam cdm ung tir
B qua ¢dm bién ting lén, dién trd cda cam bién cling ting theo.

» Nam chim vinh ciiu

AN § |~ ——> Cotnamcham mém
—— Puitng sdc

P

— - | N 8 1-': -’ Budng sic ngoai

/

Cim bién dicn trd tiy

Nam cham ngoai
Hinh 5.10b: Khi ¢6 tir trudng do nam cham bén ngoai

Do khodng cdch 1ir vit liéu din wr bén ngoai (loai mach tiy
hd) hay nam chim bén ngoai (loai mach it kin) dén mach i chi
khodng 1,5mm, nén ¢adm bién nldy con goi la cdm bién tiém cin
{(promixity). Néu khodng giffa d3i tugng vd mach tr ¢6 khodng cich
Xa hon 2,5mm thi mach khong ¢6 téc dung phdt hién dai tugng.

4- Ung dung: Mach tao xung do tin s& hay téc dé

Bdnh rang cd¢ khi biing sit s& duge kéo bdi mdt ¢o ciu sin
xudt hay bdi hé thong truyén déng. BS cim bién dién trd tir dat gin
bén canh vdi ey iy khodng 1 - 2 mm.

Tri s dién trdd cda cdm bi€n s& thay 47 theo vi tri oita banh
ring khi bdnh ring xoay va tao ra xung. Tan s& xung ra 1a tich s&
ciia 8¢ dO quay va s6 riang cla bdnh rang.
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Banh rang ——

Tryc quay

Mait nhin

Cam bién —,

Niu: +VC(‘
Pen: Ngdra
Xanh dudng: GND Niu Pen Xanh duong

Hinh 5.11: Po t8¢ d6 cho ra xung

SO xung d€m duge trong mot khodng thdi gian s¢ dude qui ra
O vong quay va tinh duge tée do quay.

Thi du: banh rdng ¢6 n = 16 ring dit canh cdm bién tiém cin
loai mach tif hd, sau 60 gidy mach cho ra N = 8000 xung. Tinh tdc
dd quay cua bidnh ring.

Tde dd quay tinh theo ¢ong thic:

Nnm ' 8 0{)
v=——" = 8090 = 500 vong'/ phuit
n 16

Mach tzo xung t¥f cdm bién dién trd tir ¢ sd d6 nhu hinh
5.12.

Trong s¢ d0, Ry 13 cdmbién dién g tiY, tri s& thay di theo
kim loai hay nam chdm bén ngoai. Bién trd VR ding dé€ diéu chinh
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dong dién qua ¢dm bi€n ¢6 tri s6 thich hgp. Ciu phan dp R, R, ding
dé tao dién dp chuin 1am cd sd so sdnh véi dién dp trén cim biéh.

o

+Vo
VR R,
\ Yo
ERz
1

]

Ri

Hinh 5.12: Mach tao xung tir ¢cdm bién dién trd (i

Khi chira nhin duge doi tugng, cdm bién ¢é tri 3§ dién trd
nhd, dién dp trén cAm bién dit vao ngd In* nhd hon dién dp chuin &
ngd In". Lic d6, ngd ra ¢d mate thap V.

Khi nhin duge doi nrgng, cdm bién ¢o tri & dién trd Idn,
dién dp trén cam bién dat vao ngd In” Idn hon dién dp chudn & ngd
In". Luc¢ do, ngd ra cd mufc cao V.

Dién dp sau op-amp lién tuc thay ddi & 2 mifc cao va thap

(dang xung vudng) ¢é tin s& wy thude s6 ring cla banh ring chay
qua ¢am bién.



Chuang 5 Cam bi¢n tir

Céu hdi
1) Cho biét gquan hé giita cuding d6 dong dién I va cim dng tir
B trong thiét bi dién tur?
2) Cho biét cde thong sO k§ thudt dac trung cla ¢dm bién tir?

3) V& sd dd mach do cudng ¢o dong dién DC dung ¢im bién
Hall. Gidi thich nguyén 1y.

Bai tip
1) Cho c¢dm bi€n dién trd i ¢6 cdc thong sd: Ry = 10€2; k =
0,85, B=1,5T, u = t; I,=5mA. Tinh tri s6 cdc dién trd trong mach
dién hinh 4.8 dé khi ¢dm bién nhan cdm dng tir ¢d gid tri B = 2T thi
op-amp ddi trang thii.

Cho biét ngudn +Vee = 9V.

2) Mach tao xung tir ¢dm bi€n dién trd tif nhu hinh 4.9. Néu
t6¢ do quay 1a 100 vong / phit, bdnh ring ¢6 8 ring tht dd sai s&
widng dai cilia tin s3 xung ra 12 baoe nhiéu? Cho biét phuong phip dé
gidm muc dé sai s0 tuong doi nay?
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CHUQNG 6
CAM BIEN LUC

$6.1- PAI CUONG
1- Cic dinh nghia
Lue dude xdc dinh tir dinh ludit ¢d ban cda déng hutc hoc:
F=My

trong d6: M 1a khdi ludng (kg) chiu téc dong cha luc F gdy nén gia
t6c ¥ (m/s” ). Bon vi clia lue 13 Newton (N).
Newton dudge dinh nghia 13 lue cin thiét d€ gia t5¢ mot vat

thé ¢6 khoi lugng Tkg vdi tri s6 m/s?,

Trong fugng P cia mdt vit chinh 12 lue tic dung 1én vit do
trong trudng cla trdi dat:
P = Mg

trong do g 1 gia t0¢ trong truding (= 9,8m/s’ ) phu thudc vao d6 cao.

Nai cieh khie 1 kilopond (1 kp) 13 lue trong trudng tic dong
1&n khéi ftgng Tkg d€ ¢6 gia tée 9.8 lm/s®

2- Quan hé gita cac dai lugng

1
I N=0,102k — = 0,102
p (9,81 )
lkp=98IN (1kp =1kG: kilogam uc)

bo luc [a do nhing hiéu qua do nd gdy ra. Phép do luc duge
thuc hién bing cdch lam c¢dn bang e dé véi mdt iye d8i khang sao
cho Iye 10ng ¢dng va mdmen tdng cda ching bing khong.
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Chuong 6 Cdm bicn luc

Trude ddy ngudi ta ding cin d€ do hye nhy cdn 10 xo, can
don bdy ... V& nguyén tic vat Iy, khong thé phan biét gitta cdc cim
bi€n do luyc hay cin. Tuy nhién, trong s dung ¢in phin biét giita
cdm bi€n lyc va cn; dic biét 12 wong viée chudn héa va phin biét
cap chinh xde. Cin duge chuin héa theo kg, cdm bién lye duge
chuin héa theo Newton.

§6.2- CAM BIEN AP BIEN
I- Ciu tao

Vit li€u lam cdm bi€n dp dién thudng 12 thach anh (quartz)
hay 12 gdm(ceramic). Thach anh ¢é vu diém nhi tinh &n dinh va 4o
cting cao, gom ¢6 wu diém 1a 98 sdn xudt va gid thanh thip.

Cim bién dp di¢n thach anh (3 mot phién thach anh dudge cft
theo mot hudng nhat dinh. Hai mét trén va dudi duge phii kim loai
hinh thanh hai dién cue. |

F|

+H+ 4+ 4+

-------

Fi

Hinh 6.1: Cdu tao clia cam bién dp dién

Do dign tich sinh ra trén hai dién cyc riv ¢ nén ngudi ta
thudng ghép nhiéu phi€n thach anh ndi ti€p hodic song song nhau.
Khi ghép song song thi dién tich va dién dung cia cdm bién ting
gap doi (hinh 6.2a). Khi ghép ndi ti€p thi dién dp khi hd mach va g
khing trong ctia cdm bién ting gdp doi, nhuag dién dung bi gidm
con mdt phin hai (hinh 6.2b).



Céam bién - Po ludng va didu khién Nguyén Tan Phudc

4+ .
_______ +H++H 4+ +

PR +++++++

+ -

Hinh 6.2a: Hai phi€n song song Hinh 6.2b: Hai phién ndi tiép

2- Nguyén ly

Khi tic dung mét Juc 1€n phién thach anh sé& sinh ra dién tich
-Q trén 2 dién cyc.

Ta c6: Q=k.F (k=23.10"C/N)

bién tich Q gia ting theo lyc tdc dung, dé nhay k 1& mt
hiing s tuy vit liéu va ciu tao.

Su di chuyén clia dién tich Q khi ¢6 luc F tdc dung <6 lién
guan ¢€n dong dién tdc thdi i, do d6, cdm bién dp dién khi tinh todn
dude thay thé bing mach trong duong gdm ngudn dong dién, dién
trd trong R, va di€n dung ky sinh C, {hinh 6.3).

Hinh 6.3: Mach trong dudng clia cdm bién dp dién

bién dp trén tu Cy duge tinh nhu hién tugng tu nap dién:

== {(doQ =U.0C)
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Chuong 6 Cam bién luc

Do ¢ dién trd trong Ry nén dién tich g va dién dp V,, khong
tOn tai mai ma ¢6 bién 46 gidm dan, mac da vin dn tai hee tée dung
F. Hinh 6.4 cho thily dip tng cla Q theo thdi gian khi ¢6 luc F.

F F 3
Hinh 6.4a: Bipiing F theot F, -~
: t
;
Q -~ I
Hinh 6.4b: Biap tng Q theot !
'
Q" B K
R,C, i
t
3- Cac cong thide
iR ¢ iC¢
Hinh 6.5: Phan tich mach i Ry —_Cq
Y

Phin tich trén mach nedng dudng, ta ¢o;

i= % (dong sinh ra khi ¢é dién tich)
ol
v
=t (dong qua dién rd trong khi ¢6 V,,)
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Cam hicn - Do ludng vi didu khién Nguyén Tan Phudc

dQ dv,
i =—=C (dong nap vao tu ky sinh
3 d’ i d[ é p y )
Téng dong dién tai mat diém 12 0 nén:
d_Q v, dl’

-t —L=0
dt R todt

o

Giii phuong trinh ta ¢6 k€t qud: (dang ham s& mii gidm dén)

t

- )
v, = %c i (dang v, =V, e *)
o
trong do: 1=R,C, {12 hiing s3 thoi gian)
va V, = ?—” (dién dp uie thai & thoi diém 1= 0)

o

4- Thi du

Mt cdm bi€n Iye loai thach anh ¢6 do nhay k = 2,3.10°'%
cdm bién ¢6 dién tich S = 10 ¢m?®; day d = | mm; dién trd suat p=
10" Qem; hiing s6 dién moi €= 8,85.102 C/Vm; hiing s& dién moi
tuong d61 €, = 5. Tinh di€n 4p cdm bién cho ra khi chiu tac dung bdi
Ite F= 100 N.

Tinh ndi trd cda cdm bién:
d

R =p—=10" ;
¢+ =P 10cm®

0.lem — 10"

Q

Dién dung ky sinh cia cim bién:

-12 2
C - £,€,8 _ 885.107°.5.0.001m - 44pF
! d 0.001m

Bién tich phat sinh khi c6 luvc F:
Q=kF=23.10"100=0723.10"C

Dién 4p do cam bién cho ra:
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Chuing 6 Cam bién lyc

QO 02310

T 44107

]

e

§6.3- MACH KHUECH DPAI DIEN AP
1- Sodé

Qua thi du 1rén cho thay, cdm bién dp dién ¢6 nodi tré rit Ldn.
Néu dang volt k€ d€ do dién dp cdm bi€n cho ra, ndi rd cda volt k€
thuting nho hon ndi trd cda cdm biéh nhiéu lix, sé tam ndi it dién
dp ra ctta ¢cdm bién.

Do do, ¢dn ¢é mach khuéch dai dién dp do cdm bi€n tao rava

mach nay cin ¢6 tdng rd vao phdi dd 1on so v&i ndi trd cla cdm
bién.

Hinh 6.6: Mach khuéch dai dién dp

2- Nguyén tic

Diy dan ¢ do cich dién kém va dién dung ky sinh cfing lam
dnh hudng dén két qud do. PE ¢6 k&t qui tuwong ddi chinh xic, ¢6
thé dat mach khuéch dai canh bén cdm bién va khéng cin dang diy
dan.

. -, ~ - - ~ - g " ~ ~
Op-Amp ¢6 tOng trdf vao rat Ion nén ¢6 the thda yéu cdu wrén.

Bi¢n dp ra sau mach khuéch dai dude tinh theo cOng thic:
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Cdm bién - Po ludng va di¢u khién Nguyé&n Tan Phude

v, = Vq. R, +R,
Rz
Vi p —g
C‘-!

Thyc ra dién &p V, s€ bi gidm xudng theo ham s& mi theo
thdi gian. Hing s& thdh gian 1a:

1=R, C,=10".44.10" =445

Pé phép do ¢6 sai s& 1% thi phép do phdi duge thie hicn
trong thdfi gian 151 da 1a 0,44 s.

Khdo sit dap wng cda luc F va dién dp ra Vo ta co:

F ¢
| I
T ¥ . t-;
1 ! ) !
| | i '
F 3 - N . .
Vo ) 1 1 l
| ' | !
. . | |
K_KI :

Hinh 6.7: Pap ting ngd vao va ra
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Chuang 6

Cam bicn luc

$6.4- MACH KHUECH PAI BIEN TiCH

1- Sd dé

Ir R|.‘

._....../W—'—
i(‘ Cl"
S S
||

—
i R, :: C, +

v()

Hinh 6.8: Mach khuéch dai dién tich

2- Nguyén ly
Thye chat diy 1a mach tich phan tich cyc dung op-amp.

Do tong trd vae clda op-amp rit Idn nén coi nhu dong dién
viio op-amp bing 0.

Tal ngd vio dde ta ¢6 phirdng trinh vi phin:

dl, 0

P4

+C,
R, dt

Dién tich do cdm bicn sinh ra s¢ dudgce nap vio tu Ce. O thai
diém ban diu, dudi tic dung ctia Iye F, dién tich sinh ra 12:
Qu=Kk.Fy
Q _ !
Di¢n dp ra sau op-amp la: b e M

- =" &
i} 1 €

;
(dau trer do ddo phay
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Cim bi&n - Do luding vi didu khién Nguyén Tan Phude

Q[] i].

P - b 1] P - [P -
Néu ¢6: Ry — o thi ¢ =1. Luc do, dién dp V, = ——
j.
hiing 3 v On tai mii.
Nhu vdy mach nay 6 thé ding dé do cdc Iife thay ddi chim
ma vin ¢ két qud chinh xdc.

Khdo sat didp ding cda luc F v dién dp ra Vplta c6:

F 4
I !
T T t:
) ' | ;
Ca ! S
Vo [ I 1 !
! L
) I
t'

Hinh 6.9: Pdp ttng ngd vio vi ra mach khéch dai dién tich
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Chuung 6 Cam bicn lyc

Ciau hdi

1- Phin bi¢t khai fuong cla vat thé va trong lugng cha vit
dl’)‘;}

2- Cho bi¢t quun h¢ giltta ¢dc don vi do hye 1a N va kp?

3- Cho bi¢t ¢du tao cla ¢cdm bién lye thach anh? Nguyén tie
ghép ndi GEp v ghép song song? Dic diém cia hai cich
gheép nay?

4- Phan biét nguyén Iy mach khuéch dai dién dp va mach
khuéch dai dién tich?
Bii tdp

I- Cho ¢dm bicn dp dién loai thach anh ¢6 dd nhay k =
2,3.10 "2 ¢cidm bién o dién tich § = 20 em?; day d = 1,5 mm; dién
ted sudt p = 10" Qem; hiing 8 dién moi g, = 8,85.107"> C/Vm; hiing
s& dién mdi wong ddi €. = 7. Tinh dién 4p cdm bién cho ra khi chiu
tiac dung bdi lue F = 50 N,

2- Mdt cdm bi€n dp dién cho ra dién dp V, = 1OV khi nhin
Juc tic dung 12 F = 50 N. Cho biét thach anh ¢6 cdce thong O chudn
1a: d6 nhay k = 2,3.107"7; day d = 1 mm; dién trd sudt p = 10" Qem;
hiing & dién mdi g = 8,85.107"7 C/Vim: hiing s& dién mdi tuong doi
£ = 5. Phdi ch€ tao ¢am bién ¢6 1ié1 dién bao nhiéu dé dat yéu ciu
k¥ thuit trén”?
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CHUQNG 7
CAM BIEN VI TRi - SUDICH CHUYEN

§7.1- PAI CUONG

Hién nay cdc chi i€t cd khi, cdc cd ¢du truyén dong, sin
phiim trén diy chuyén .. trén cdc mdy cong nghé ¢iin xde dinh chinh
xdc ( trng thdi diém, rong qud trinh san xuit. Didu nay rdt quan
trong vi n6 phuc vu cho qué trinh diéu khién wr dong ctia mdy, ting
toc do sdn xuat, d6 chinh xdc, ¢hdt hwgng sdn phim ... Thi du trén
ddy chuyén sin xudt nude ngot ¢in bicl khi ndo ¢6 lon hay chai
chay dén d€ chim nude, khi ndo déng nip va khi ndo ddn nhin;
trong khi tdc do sdn xuat rat nhanh ma ngudsi ta khong thé thue hién
cde cOng viée do bing tay dugc.

D€ thyc hién chife ndng niy, ngudi ta thuding dung cde b
cdm bién vi tri, sy dich chuyén. Cam bi€n vi tri lamviéc theo
nguyén tic xdc dinh vi tef cla vit thé ma khong cin cong tic (khong
dung cham vao). Tin hiéu ngd ra 13 tin hiéu logic vdi hai mec O va
. Néu mic 1 tng vdi trudng hgp ¢6 tin hiéu thi mitc 0 dng vdi
trucimg hap khdng cd tin hi€éu hodc ngudge lai.

Cé nhiéu loai c¢dm bién tiém ¢dn lam viéc theo nhimg
nguyén tic khic nhau.

- Cdm bién quang

- Cam bicn o ruing
- Cdm bién kim loai
- Cim bién dién trd
- Cdm bién dién ¢dm

- Cdm bién dién dung



Chuong 7 Cdm bifn vi ri - Sy dich chuyén

Hai loai cdm bi€n ti¥ tredng bén ngoai va cdm bién kim loai
(cdm bi€n iém ¢adn) di dude gidi thidu trong chudng cim bién .

§7.2- CAM BIEN DIEN TRG

Cdm hicn dién trd ¢d can tao don gidn, dé c¢hd wo, ré tién,
dd bi€n doi 1dn, tuy€n tinh va ¢6 truding hap ding truc i€p ngd ra dé
di€u khién md khong cin khuéch dai, néu ding mach khuéch dai
cing 12 mach ¢d bdn khong ¢é yéu ciu phite tap.

1- Cau tao

Co nhicu logi cam bicn dién trd, dude phin loai theo vit licu
va hinh dang.

Theo vat li¢u ¢6 cam bi€n dién trd than, cam bién dién wd
ddy quan. Theo hinh dang ¢é cim bién dang xoay tron (< 360°,
dang thiing va dang chuyén dich xofin (xoay nhidu vong > 360", C6
cdm bi€n chuyén dich xodn xoay dude 10 vong nén goe xoay dén
3600

A

B ARBC

Hinh 7.1a: Cdm bién dang thing  Hinh 7.1b: Cim bién dang xoay

Hinh 7.1¢; Cdm bién \

\ Con trudgt

True xoay

. Cic vong dicn urd
dang xodn
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Cim bhi¢n - Do luting va di¢u khién Nguy&n Tin Phudc

2- Nguyén ly

a) Cdm bién dién trd dgng thdng: thudng ¢6 4 diy ra (hinh
7.1a). Day C G vi tri gifta cGa bi€n trd nén Rac = Reg . Truong hap
nay ¢6 thé ding ngudn ddi xing tVee ., diém A ndi ngudn duong,
di€ém B ndi ngudn am vi diém C ¢6 dién dp OV. Vi tri cda diém D
s& cho biét hé théng hoat ddng nhu thé ndo. Thi du: dién dp Ve >
OV 1a ddng cd quay theo chiéu thudn hay sdm phim qud trong
Iudng, dién dp Vpe < OV 12 ddng cu quay theo chiéu ngude hay sin
phim thi€u trong lugng.

Tri s& dién trd dude tinh theo cong thite:

I: chi¢u dii dang ¢6
RH= z R, L: chiéu diu cta bién trd

R, : tri 0 dién tr chung

b) Cdm bién dang xoay: ¢6 thé 13 bién trd than, ¢d thé 1a bién
tré diy quin. Tuy vi tri con trugt B ma dién trd Rap v Ry s& b
thay ddi theo hudng ngude nhau.
Tri 8 dién tr¢ duge tinh theo cong thife:
o gdc quay dang ¢o
74 . :
R{ay=—R, om © gOc quay cue dai
At
Rn: tri sO dién trdf chung
¢} Cdm bién dang xodn: thudng ¢d 10 vong dién ted lién 1iép
nhau, con trudt ¢6 thé gt we dau vong 1 dén cudi vong 10. Viéc
diéu chinh s& c¢ho ra me 40 thay ddi rit it. Thi du bién trd ¢6 tri 0
2k, mbi vong $&€ ¢ gidi han dién «rd 13 200Q, géc quay cho mdi
vong 12 360" ; khi xoay mot gée 10° thi mue thay ddi dien urd 1
10 = ar k] . - . - [ i a
AR =200.--— =550 . Bién rd loai ndy thudng 14 bién rd diy
360
quin.
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Chwong 7 Cim bi&n vi tri — Syt dich chuyén

§7.3- CAM BIEN DIEN CAM
1- Nguyén tdc

Cim bi€n dién ¢dm 13m nhiém vy cidm nhin vi tri hay su
dich chuyén hoat dong theo nguyén tdc: khi vat thé di chuyén sé
lam thay ddi tif thong trong cudn diy.

Khi vit th€ [a 15i sdt ti, khi dich chuyén s€ 13m thay ddi hé
sO tif cdm (dién ¢am L) hay thay ddi do ghép giita cudn sd va thit
¢Ap-ctia bién dp.

Khi vt thé 1a cudn diy dich chuyén so vdi cudn diy ¢6 dinh
thi mdt cudn 12 50 cip, mot cudn 1 8¢ cap, mot cudn 13 thit cip. Sy
dich chuyén s¢ 1am thay ddi 4 ghép va dua dén thay ddi hé so hd
cam cda hai cudn diy.

Cdm bién dién cdm thuding ding mach dao dong hinh sin <6
tdn s6 khodng vai chue kHz d€ gidi han (3n hao cong suit do dong
di¢n Foucault ¢ing nhu dnh hudng clia tu di¢én ky sinh.

Khodng cdch dich chuyén va sit thay ddi tin sd ctia cam bién
khOng ti 1€ tuy€n tinh vdi nhau, do d6, sy dich chuyén phii ¢6 tin s
rat thip so vdi tin s& clia dao ddng hinh sin do mach ¢dm bién tao
ra.

2- Cam bién cé khe ¢if thay déi

a) Cdu tgo:

4 AX

L ; l,l_ Khe hé
T khdng khi

L
inh 7.2: Cim bién ¢6 khe of thay ddi
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Cdm bién - Bo luting vit di¢u khién Neuyén Tan Phudc

b} Nguvén IV

Pién cam L cta cudn diy N vong duge tinh theo cOng thic:

L=— (R tir tréd ctia mach tir)

Vdi: R=—"—+ 2
Hy -f”_.r S Hy S

Trong do: I;: chiéu dii trung binh clia duding ste trong 161 sit
lo: chi€u dai trung binh ctia duding sie trong khong khi
by 4G 1 thim twong doi ca vat lidu (10° - 10
to: 41 107 MKSA
S: tiét dién mach tir

Cong thic tinh dién ¢dm L ctda mach:

L=pu NS ———

D¢ cho tri 0 dién cdm L nhay véi su thay déi khe hd cta

khong khi. c¢in chon: I, >>1, +—.
i,

L d6 cong thie duge doi thanh;

N'S A :
RS (L ti 1& nghich vdi lg)

1

L= £y

¢) Hai mach tir déi nhau:
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Chuong 7 Cam bicn vi trf — Sy dich chuyén

P& ting 4o nhay va dd tuyén tinh cho cdm bién, ngudi ta ¢6
thé diing hai 153 mach tif gidng nhau dit d6i ximg vdi 16t sdt di dong
(hinh 7.3).

Nhu vy, khe hd khong khi sé& thay déi ngude chiéu d6i vai 2
mach tif ¢& dinh. Khi cudn ddy nay tang dién cdm thi cudn diy kia
giam dién cam v nguge lai.

Néu k&1 hgp dudge sy thay ddi dién cdm cda ¢d 2 cudn diy thi
mitc bién thién s& ting gip doi dong thdi su tuy&n tinh s& (01 hon
nhdt suf ba triy.

Khe ho
khéng khi

) T
L

1 =
[

] L

Hinh 7.3: Cdm bién ¢é hai mach tir d6i nhau

3- Cam bién cé 16i tir di chuyén

b 1 |

N i

0 M '

A— —p. . -

l i Hinh 7.4; Cam bién ¢d
13i tir di chuyén

T \ \[‘ruc kéo
¢ L&i tir
Cudn diy
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Cidm bicn - Po ludng va ditu khién Nguycn Tan Phurdc

I: chiéu dai cGa cudn diy

I chiéu dai 161 tix

lo: chi¢u dai phin cudn diy khong ¢o 161 tir (ly=1~ 1)
N: s0 vong diy ctia cudn day

Khi thay d6i chiéu dai 18i thép I; s& 1am thay ddi tri s& dién
cdm L. Tri s0 L thay ddi khong tuyén tinh theo I .

4- Bi€n 4p vi sai
a) Cdu tgo:
Bitn dp vi sai ¢6 cudn sd cip va hai cudn thit cap quin

chung trén mot 16i thép. Hai cudn thit ¢dp quan ddi xdng so vdi cudn
sd cip.

Hinh 7.5: Cdu tao ¢fia bi€n dp vi sai
b) Nguvén I¥:

Loi thép ¢6 thé dich chuyén theo duding thing ding va lam
thay doi dd ghép hd cdm M giita cudn sd ¢ip vdi timg cudn thit cip.
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Chuong 7 Cam bicn vi tri — Su dich chuyén

Hai cudn thif ¢ip, ¢6 chiéu quin diy nhu hinh 7.5, dudge ndi
lai sao cho sie dién dong do hai cudn diy tao ra, khi ¢cam dong tr
cudn sd ¢ap, s€ triét tiéu nhau, Pién dp ra V,, duge 1dy giira 2 diém
diu cda 2 cudn thit ¢ip.

Tu nguyén ly cda bd bién dp cho ra edng thite tinh:
e, = (R, + jLo), + jIM (x)= M ,(x)]wi,
[R., + Ry + R, + jeolLy, + L)V + joo M ()~ M, (0], =0
trong dd: My v Mp 12 hé s0 hd ¢dm gilta cudn sd ¢ip va hai cudn
tht ¢ap.

Khi 131 thép ¢ ngay gilta hai cudn thit ¢ap thi My =My va x =
0 (x 12 khodng cich tr di€m gifta cda hai cudn thi ¢ip dén diém
gilta cla 161 thép). Lic d6: vV, =0V,

Truting hgp di¢n trd tai Ry > S0kQ (néu tdi 13 may do thi R
13 ndi trd clia mdy do), dién dp Vy 1€ tuyén tinh vdi My () — My
(x) va khdng phu thude vao Ry theo ¢dng thite:
_ jo[M ,(x)- M,,(x)]e

R +jlLw

l{/

Af

1

§7.4- CAM BIEN PIEN DUNG
1- Nguyén tic - Cdu tao

Cdm bi€n dién dung 12 nhitng tu dién dang phing hay dang
hinh tru ¢ mét bdn cue ¢ dinh vd mdt bin ¢yc va mot ban cuc ¢6
thé di chuyén. Bin cyc di chuyén duge ndi dinh vdi vat thé cdn do
st dich chuyén. Khi vit thé di chuyén kéo theo sy di chuyén cla
bin cyc 1am thay ddi dién dung cla tu.

Dién dung cita tu phing dude tinh theo cong thic:
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Cam bicn - Do liting vi diéu khién Nguyén Tin Phudce

trong doé: S: tiét dién gilta hai bdn cue
d: khodng cdch giifa hai bdn cye
€0 hiing s8 dién mdi cia chin khong (= 8,85.107"%)
g, 1 hiing s6 dién moi clia md1 trudng

bién dung ctia tu dién hinh tru dudge tinh theo ¢ong thue:

C=2ne,¢c,

log *

4

trong do: I: ¢chiéu sdu ctia hinh try trong
r; : bdn kinh cda tru trong
r»: bdn kinh cua tru ngoai

Su dich chuyén c¢lia ban cuc ¢ thé thue hién theo cic
phuong thic:

a) PSivii tu dién phing:

- Dich chuyén trong mdt mat phiang: S thay ddi, d ¢ dinh

|

Hinh 7.6a: S 1dn nhit

Q

Hinh 7.6b: S trung binh

Hinh 7.6¢: S nhd nhat
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Chudng 7 Cdm bién vi trf — Sy dich chuyén

- Dich chuyCn trong mit phing thing gée: d thay déi, S ¢o
dinh

Bdn cuc di ddng

Béan cuc ¢d dinh

N

Hinh 7.7: Bin cyc di chuyén thing géc, d thay déi

b) PEéi vdi tu dién hinh tru:

- Thay déi | biing cich kéo try trong doc theo truc

. ¥ _= N\

(0

N/

L
Hinh 7.8: Bin cyuc di chuyén doc theo true, 1 thay ddi

-
o

¢) Tu dién dji vi sai.

_.,l_. | b >

_? _t——e— >

(A0

=
. § -

L

Hinh 7.9: Try trong di chuyén doc theo truc giita hai tru ngoai, § thay
ddi theo nguyén tdc 1 tang thi 1, gidm va nguge lai
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Cdm bién - Do ludng va dié¢u khién Nguyén Tan Phude

Hinh 7.9 1a c@u tao cla tu dién doi vi sai. Khi |, ting thi dién
dung C, ting. Lidc do, 1, gidm thi dién dung C, cling gidm theo cing
ti lé.

Hinh 7.10: Hinh dang ctia ¢im bién dién dung

2- Nguyén ly do va dac trung ky thuat
Khi vat thé cin do sy dich chuyén, vit thé duge gidn ¢d dinh
vdi bdn cuc cta tu dién phiing, hay gin vdi truc trong clia tu dién
hinh tru. Mitc dich chuyén lam thay ddi bé day d hay chiéu dai | ctia
tu dién.

Bing phudng phédp do dién dung C, mic bién thién ctia C sé
suy ra dugc mic bi€n thién cta d hay 1.

M3i cam bi€n dién dung déu c6 cdc dic trung ky thudt sau:

AC
a) Do nhay dién dung: S, = i
. AZ
b) D¢ nhay trd khdng: S, = —
. AC /
¢) D¢ nhay tuong doi: S, = — = - _A/
CAx Z.Ax

Trong do: Ax la Ad hay Al

114



Chuoing 7 Cim bi€n vi tri — Sur dich chuyén

3- Phuong phip do d§ bi€n thién dién dung

a) Dang cdu Sauty va tu dién ddi vi sai

Hinh 7.11: Ciu do Sauty va

R
ty dién doi vi sai A
VA( B — Vm -
C
R

Khi tru trong cta tu dién dbi vi sai bi dich chuyén, dién dung
¢tia hin ty Cap v Cye s€ khide nhau. Dién dp do dude gilta hai tu va
hai dién trd R tinh theo biéu thice:

oo

-t s
L " - ,.) [}

_('m'
+('

A hit”

h) Mach do RC ditng ngudn mét chiéu:

Trudng hap vt thé cin do ¢6 do dich chuyén nhanh, ¢6 thé
ding mach do RC va ngudn mot chiéu nhu hinh 7.12, trong d6 C 1a
ciim bién t dién ¢o mot ban cye di chuyén theo vit thé ¢in do.

+.

Hinh 7.12: Mach do RC diing ngudn mot chiéu
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Cam bién - Po ludng va diéu khién Neuyén Tan Phudc

Goi Cy la gid tri ban dau ctia cdm bign, C; la gid bién d6i khi
cdm bién bi dich chuyén. Néu cdm bién {am viéc vdi dong dién
xoay chiéu hinh sin thi dién dung cda cdm bién li:

C=C,+C, sinwt
Trong sJ a8 hinh 7.12, ta ¢6:

Vnr =V, + V;e

l !
trong dd: Ve=Ri va: Ve = P Ji.df
0

N&u khodng cdch giita ¢dc bdn cue thay déi véi mide do nho
d; 5o vdi khodng cdch ban dau d, thi:

d = dyy + d; sinwt (€ = g4.5,)

. S . . .
Suy ra: C=———=C, +( sinar
d, +d, sinmws

1 y -, { . . d .
(C=¢ R C, 2 siner = C,(1—=Lsinar)
d d, d,
. . ,od
- Nhu viy: Ve=—V, —sinot

1]

Pién dp do duge trén R sé& bi€n thién theo mic dich chuyén
d; sinmt.,

§7.5- CAM BIEN TIEM CAN DIEN CAM (Inductive Proximity
Sensors)

1- Nguyén tic

Bé xdc dinh vit thé trong viing khodng cich ngin khodng 1-
2cm, thuding diing loai cdm bién tiém c¢in dién cdm.
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Chuding 7 Cam bién vi tri — Sy dich chuyén

Cdu tao gdm mdt cudn diy xic dinh dj cdm Ung cla mot
mach dao ddng LC. Dién tif trvong cda mach dao ddng lan rong ra
khodng khong gian chung quanh nd, Khi ¢6 vat thé kim loai dén
gdn, niing luong W truding cda mach dao dong s& bi tiéu hao d€ tao
nén c¢dc dong dién xody cdm @ng bén trong vit thé kim loai nay.
Diéu ndy lam cho hién d6 séng dao ddng bi gidm xudng va dén mot
vi tri gidi han (khoang 1-2 ¢cm) thi mach khong con dao ddng nita.
Hai trang thdi ¢ dao dong va khong ¢d dao dong s& duge mach
khu¢ch dai dién o¥ xdc dinh va cho hai trang thii & ngd ra Wng vdi
hal mute logic 0 vi 1.

2- Cau tao va hoat dong

== - sal:j

Caoil Oscillator Trigger  Output
Circut  Circuit

1

F

frfr( \

Hinh 7.134: Mach tir kin

MJIII-%:ITIIMJIIIM

Probe Oscillator Rectifier Qutput
Fiter  Circuit

Hinh 7.13b: Much tir hd
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Cam bién - Po ludng va diéu khicn Nguyén Tan Phurdc

Vit thé
/ ’
I __ T
g2 bf’::eﬁ Duing stic
» Cudncam
|©.01 g

L&i thép

Hinh 7.13¢; Cim bién tiém cin va vit thé

Proximity Switch

Motion Active Face

Direction

Hinh 7.13d: Cam bién tiém c¢in va vt thé

Hinh 7.13 cho thdy khi vat thé d&€n gin cdm bi€n s& ¢6 dong
dién xody (Foucault) ¢dm ting trén mit vt the toe nén mor L Lom
gidm bién d6 dao ddng. Hinh 7 vt eg wg ndy aly
khi vit thé dén ciang ,L_,dn cdm blC[] thi hlt,n dd L.m;:, gidm, & vi tri
gan nhit bién do gidm gin nhu biing 0. Mach khuéch dai dién uf s&
phdt hién va cho ra hai midc logic 1 va 0.
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Chuong 7 Cam bicn vi tri — Sw dich chuyén

——* Cam bhién

I o b U oo u u

~——p Bién dj
Dao dong

Midc 1 Miic 0 Mtc § —* Logic

Hinh 7.14: Vi tri ciia ¢cdm bién lam thay ddi bién do dao ddng

3. So d6 mach dién t

S¢ dd hinh 7.15 [ mach dao dong LC trong ¢dm bién tiém
cin ding dién ¢am.

” —1_

Hinh 7.15: 8¢ d& nguyén ly hd ¢cdm bién tiém cin
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Cam bién - Do luting va diéu khién Nguyén Tan Phude

Diod Dy va Ty k&t hap cudn day va tu C) 1a mach dao dong nhd
¢6 hdi ti€p duang tir cuc E vé cye B. T, va Tx 1a mach Schmitt Trigger
thay ddi trang thdi theo ngudng bién dd phin cuc cho cuc B,.

Khi dao dong ¢6 bién do Idn thl dién dp Ve gidm lam T,
dan, Ti ngung va Ty ngung, ro-le khéng duge ¢ap ngudn. Khi dao
dong co bién d6 nhd thi dién dp Ve ting lam T, ngung, T; din va
T4 din, ro-le duge cip ngudn.

4- Cach ndi day clia cdm bién tiém can

Brown (Red)

2 otV
_._l Q1

D2 Black (White)

1 J\EV\' C)Output
g 10K I OAD
%Z : Blue (Black)
Q Qv

Brown (Red)
©-0——-

7D Fees Te
Prox. Black (White} N
switch @__+ !
main D.
circuit

47 KO Blue (Black)

ov

Hinh 7.16a; Cam bién tiém cin loai P (ngd ra la transistor PNP)
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Chutdng 7 Ciam bi€n vi urf — Sy dich chuyén

Brown (Red)

+ O +¥/

OQAD

Black (White)
S/DZ

0oV

Blue (Black)

22 Brown (Red)

4.7 KQ i
-
5
Prox. . Black (White) [ 3
switch . E
main ! L
circuit I
""" i Tr
l\\
Blue {Black} '
©-© —ov

Hinh 7.15b: Cdm bién tiém cén loai N {ngd ra la transistor NPN)
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Cam bién - Do luifing va dicu khién Nguyén Tan Phudc

(+)10-30V DC

Brown (+) BV
Btack
_ - TTL
Sink
K Blue
{-) {-) Common
GND

Hinh 7.15¢: Cim bién tiém cén loai N giao ti€p vdi cdng TTL

(+)10-30 V DC

[
3

1T
Source -

"SR

{-) 5V GND

Hinh 7.15d: Cdm bi€n tiém cin loai P giao ti€p vdi ¢ong TTL

‘— | White (Blaew.
. Lo

E |
! EUSSEY

sviich L C)

1M ,\J
| gt J

I s
Slack iBiga

Hinh 7.15¢: Cdm bién tiém cdn ngd ra giao U€p vdi tai xoay chi€u
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Chudng 7 Cam bifn vi tri - Sy dich chuyén

§7.6- UNG DUNG CAM BIEN TIEM CAN TRONG CONG
NGHIEP

/ Z/-';]/ Tool
/ Qg Chuck
/ ]' ( ,\(q/ Inductive
E . “a o Proximity
. : f_“‘:, . PR v T ) /~ ’/33 Sensor

Inductive ~ s N // g
Proximily B Py
Sensor

Hinh 7.16: Cdm bién tiém ¢idn trén mdy tién (Lathe: tién)

Inductive

Proximily
Sensor

Hinh 7.17: Cdm bién tiém c¢dn trén bang tii
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Cam bi¢n - Do ludng va didu khién Neuyén Tan Phudc

Induciive Proximity
Sensor for Horizontat
Position, Detection

Inductive
Proximity
Sensors for
Verticat Position
Detection

Hinh 7.18: Cdm bién tiém cin xdc dinh vi tri doc ngang ciia vit thé
duwa vao bé nhing

Metal Paris

=t
7777 B R

O
/

Inductive
Proximity
Sensor

Hinh 7.19: Cim bi€n tiém cdn xdc dinh kim loai trén bing tdi
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Chudng 7 Cém biln vi tri -~ Sy dich chuyén

Capacitive Proximity
Sensor

o ek

(o) Woaod ,
- Inductive

Proximity
Sensor

Saw Blade Returns for
Anacther Cut

Hiph 7.20: Cim bi¢n tiém cin dién dung va dién cdm
trén may cua gd

o
- \\“x
= )
./ " \—._\
. -,
_./’t‘~f e T
Ll NN )
el e T
e e
-~ . Tt oo
\‘\__x \H.___ “\ e
. ~f -t
e ., . - L
=1 e : 1. I
- .\_\\ . - \_‘\-_.‘ £ .
3 \-"“._‘ e o e ““"T\_“_‘-.‘. . ,//:]
il \ -“\ -L\:-"‘\ T -\\T'/,
. N Fa . .
Induclive s T e

-~
oy e, J,]

Peoximity

Sensor o
inductive /%
&

Proximity
Sensor

Hinh 7.20: Cim bi¢n tiém cin xdc dinh chiu dai vit thé



Cim bién - Do luding va dido khién Nguyén Tin Phudc

Ciu hoi

|- Cho biét nhitng dng dung thue 1& ciia cam bién dién trd?

2- V& 50 dd mach khuéeh dgi ding cim bién dién trd két hap
transistor hay op-amp. Gidi thich nguyén ly dé tim cong thire do
duge do dich chuyén biing dién dp ngd ra.

3- Phin bi¢t nguyén Iy clia cdc loai cdm bién dién cdm”?

4- Cho bi¢t nhitng dng dung thue & ctia cam bién dién cim?

5- V& so dd mach khuéch dai diing cam bién dién cim két
hdp transistor hay op-amp. Gidi thich nguyén Iy d¢ tim cong thire do
duge do dich chuyén bing dién dp ngd ra.

6-Phin biét nguyén Iy cfia cdc loai cdm bién dién dung?

7- V& sd d0 mach khuéch dai diing ¢im bién dién cim k&
hap transistor hay op-amp. Gidi thich nguyén 1y d€ tim ¢ong thire do
dude do dich chuyén bling dién dp ngd ra.

-

Biitip

I- Thiét k& mach cdm bién vi tri diing cdm bién dién trd
thiing vdi cdc thong s@ sau:

- biéh ud ¢d VR = 2kQ. dai | = 20em

- dién dp ra 101 da ting vdi con rust D Gvitrf Ava B R +

10V,
- xdce dinh dién dp ra khi khoang cich DC 1 5 cm?
A
D
C
ABC
B
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Chudng 7 Cédm bi€n vi trf — Su dich chuyén

2- Thiét k€ mach c¢dm bién vi tri ding cdm bién dién ud
xoay vdi cdc thong sO sau:

- bién trd ¢6 VR = 1kQ, gée xouy Idn nthit 1a 3007

- dién dp ra 81 da dng vdi con trugt B § vitri A va C 1a +10V

- xdc dinh dién dp ra khi goc ch gilta A va B la 90"

3- Ding cim bién dién dung nhu hinh sau. Cho biét: r; = 2
em, ra=4 em, L = 20 ¢cm, £ = 1. Mach ding cau do Sauty vdi hai

di¢n trd R = 500€2, Vac= 10V. Tinh gidi han dién dp ra khi truc gifta
di chuyén dén mife 61 da.

s L

Ty r%._d—-—ﬂ?ﬁ——b
U
L

- .
- Ll
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F5”.]  TUSACHKY THUAT BIEN - DIEN TU
f " CUA TAC GIA NGUYEN TAN PHUGC

* GIAO TRINH PIEN TU KY THUAT

I- Linh kién dién t& (kho 16x24)
'2- Mach dién ti - Tap |

3- Mach dién - Tap 2

4- Mach dién tf - Tdp 3

5-Machso -tap 1, 2

6- Mach tuong tv (kho 16x24)

* GIAO TRINH PIEN TU CONG NGHIEP
1- Linh kién diéu khién

2- Ky thudt xung cin ban va ning cao

3- Bién tf tng dung trong cong nghiép- Tip 1
4- Pién tf tng dung trong cdng nghiép- Tap 2
5- Pién tif cong sudt

* GIAO TRINH PIEN CONG NGHIEP

I- Bién k¥ thuat

2- Bo lutng dién va dién tr

3- Khi cu dién — Cam bién

4-Trang bi dién

* GIAO TRINH PIEN TU TU PONG HOA

I- Ung dung PLC Siemens va Moeller trong tu dong hoa
2- Tu dong hod véi PLC va Inverter ciia Omron

3- Lap trinh tv dong hod véi PLC S7-200 cia Siemens

4- Cam bién - Po ludng va diéu khién

(t4i bdn 1an th 10)

(tdi-bdn lan thi 6)
(tdi bdn lan thit 4)
(sdp xudt bdn)
(da xuat ban)

(tdi ban lan thit 3)

(tdi bdn 1an thit 6)
(t4i ban lan tha 3)
(t4i bdn lan tha 4)

(sdp xudt bdn)
(tdi bdn lan thit 2)

(sdp xudt ban)
(da xuat bdn)
(sdp xudt ban)

(sdp xuit bdn)

(tdi ban lan thi 5)
(t4i ban lan thi 3)
(sdp xudt bdn)
(da xudt bdn)

5 -Trang bi dién khong ti€p diém-Thang mdy cong nghiép  (sdp xudt ban)
* GIAO TRINH DAY NGHE - HUGNG NGHIEP (khé 14x20)

|- Stra chita Thiét bi Pién - Pién t gia dung
2- Bién va DPién ti can bdn

3- Pién tif cdng nghiép va Cdm bién — Tap 1
4- Pién tt cong nghiép va Cam bi€n — Tap 2
5- Ampli — Ly thuyét va Thuc hanh

(da xuat ban)
(da xuat ban)
(da xuit ban)
(sdp xudt bdn)

(sdp xudt ban)

Gia: 22.000 dong
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