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Loi gioi thi€u:

Do luong dién 1a mén hoc khong thé thiéu trong nhidu nganh hoc nhu Dién cong
nghiép, Pién tu, Ty dong hda... Mon hoc nay gitip ngudi hoc biét cach do dac chinh
xac gia tri cac dai luong dién va sir dung ding ki thuat cac thiét bi do luong. Ngoai ra
trong bat ki quy trinh diéu khién tu dong nao ciing bao gom thiét bi do luong nham do
dac va truyén tin hiéu dén cac khdi tiép theo dé xur 1i va diéu khién.

Gido trinh nay dugc bién soan nham dap ung nhu cau veé tai liéu hoc tap cho hoc
vién ciing nhu dé théng nhit ndi dung giang day mon Po ludng dién cua trudng Cao
Ping Nghé Dau Khi. Vé ndi dung, gido trinh duoc bién soan gom 7 chuong dua theo
tai liéu cua cac truong nghé trong nudc va mot sb tai liéu nudc ngoai. Gido trinh dé
cap dén cac van dé chinh cua do luong nhu sai s6, co ciu do, nguyén li do cac dai
luong dién, mach do, thiét bi do...

Gido trinh dugc bién soan voi sy cong tac cua cac giao vién giang day mén Do
Luong Dién cua truong Cao Dang Nghé Dau Khi. Tuy di c¢d ging nhiéu trong viéc
trinh bay noi dung nhung chic ring gido trinh kho tranh khoi sai sot vy nén chung t61
rat mong nhitng y kién dong gop ciia quy dong nghiép, cac em hoc vién dé 1an tai ban
sau cang hoan thién hon.

Xin chan thanh cdm on sy giup d& cua cac ban dong nghiép, cic tac gia nhitng tai
li¢u ma chung t6i da tham khao ciing nhu nhiing diéu kién thuén loi ma Phong Pao tao
truong Cao Pang Nghé Dau Khi d danh cho ching t6i dé gido trinh nay sém ra mat
cung ban doc.

Thay mat cac déng nghi¢p
Tran Pai Nghia
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Chuong 1: GIOI THIEU CHUNG VE PO LUONG

1.1 Khai niém va y nghia cia do lwong

1.1.1 Khdi niém:

Po luong 1a khai niém mang ¥ nghia rat rong trong thuc té vi moi phuong cach
nham ndm bat dic tinh cta dbi tuong déu c6 thé duoc xem la do luong. PBo luong dién
la mot ph;‘?m nhd trong khai niém chung do, n6 1a mot qua trinh thu nhan, bién d6i dai
luong can do thanh tin hiéu dién va xtr li dé phu hop véi su quan sat hodc diéu khién.

Vi do luong 1a khau dau tién trong qua trinh diéu khién nén két qua do c6 chinh xéac
thi diéu khién mdi chinh xac. Do vy, do luong khong nhitng phai nim bt dit ma con
phai ding céc dic tinh ciia ddi tuong.

Do luong dién duge ung dung trong linh vyc diéu khién, linh viuc nay mang nhiing
dac trung riéng so voi cac linh vue khac cho nén do luong dién cling mang nhiing déc
diém riéng cua no. Dé co duogc thong s6 ctia mot ddi tuong ta co thé tién hanh do va
doc truc tiép gid tri thong sb d6 trén trén thlet bi do, cach do nay duoc goi la do tryc
tiép nhung ciing cd khi ta khong thé do truc tiép dbi tuong can do ma phai do gian tlep
thong qua cac thong sO trung gian sau d6 dung cong thirc hodc biéu thirc toan hoc dé
tinh ra dai lugng can tim.

1.1.2 Y nghia ciia do lwong:

Do luong noi chung va do luong dién noi riéng c6 mot y nghia v6 cung quan trong
trong doi song con nguoi. Trude khi khdng ché va diéu khién bat ky 601 tugng nao thi
con ngudi can phai ndm bat dugce day du va chinh xac nhiing thong s6 vé d6i tuong do,
va diéu nay chi thuc hién dugc nhd vao qua trinh do luong.

1.2 Phén loai cac dai lwgng do luwdmg )
Trong linh vuc do luong dién, dya vao tinh chat cua dai lugng do ching ta phan ra
lam hai loai co ban la dai lugng dién va dai lugng khong dién.

1.2.1 Dai lugng dién:

Gom hai loai:

Dai lwong dién tac dong (active):

La nhiing dai lvong mang nang luong dién nhu dién ap, dong dién, cong suat. Khi
do cac dai lugng nay, ban than nang lugng cua ching s¢ cung cap cho mach do. Do
vay ta khong can cung cap thém ning luong tir phia ngoai. Trong truong hop néng
luong tir dbi tugng can do qua 16n c6 thé giy hu hong cho mach do thi ta phai giam
nho cho phu hop. Nguoc lai, khi nang lwong nay qua nho thi can phai khuyéch dai cho
du 16n trudce khi dua vao mach do.

Dai luong dién thu dong (passive):

La nhiing dai lugng khong mang nang luong dién nhu dai luong dién tro, dién
dung, dién cam, hd cam... Khi tién hanh do cac dai lugng nay ching ta phai cung cap
ning luong cho mach do bang cach dung pin hodc ngudn dién ngoai. Chu ¥ trong sudt
qua trinh do ta phai dam bao ning luong cung cap on dinh va lién tuc.

1.2.2 Dai lwgng khong dién:

Con nguoi luén ¢6 ham mudn khdng ché cac dbi tuong xung quanh theo ¥ minh
trong khi hau hét cac dbi tuong nay déu & dang khong dién nhu nhiét do, ap suét, do
am, do pH, néng do, ap suét... Viéc diéu khién co thé thuc hién don gian bﬁng tay,
nhung trong xu hudng céng nghiép hoa nhu hién nay thi viéc diéu khién déu c6 lién
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quan dén mdy moc va tin hiéu dién. Do vay mudn diéu khién chung, ta phai thuc hién
viéc chuyen ddi cac dai lugng tir khong dién thanh cac dai lugng dién sau d6 mdi dua
vao mach dién dé xu li tiép. Viéc chuyén doi nay dugc thuc hi¢n nho vao cac cam bién
(sensor) hodc cac bd chuyén d6i (transducer), va nguyén tic co ban phai dam bao 1a
phan &nh trung thuc sy thay ddi cua dai lugng khong dién tai ngd vao.

1.3 Chitc ning va dic tinh thiét bi do lwong

1.3.1 Chikc ning thiét bi do luong:

Hau hét cac thiét bi do déu c6 chirc ning chi thi két qua do dai luong dang khao sat.
Ngoai ra, két qua co thé duoc ghi lai trong sudt qua trinh do, hodc dugc dung lam tin
hiéu diéu khién cac dai lwong khac theo y mudn (Gidm sat qua trinh _ Process
Measurement).

1.3.2 Dic tinh thiét bi do luong:

M3di loai thiét bi do c¢6 cac ddc tinh riéng nham phan biét véi thiét bi do khéc.
Mot s6 dic tinh ciia thiét bi do nhu: Nguyén li do, cach chi thi két qua, tinh chat mach
giao tiép ngd vao, kha nang xir li két qua...

1.4 Phan loai cac phwong phap do lwong

Phuong phap do luong duoc hiéu 1a cach thirc nham 13y duoc gia tri cua dai luong
can do. Mot cach téng quat c6 thé chia phuong phap do thanh 2 loai:

Phuong phap do gian tiép: Phai théng qua nhing dai lugng lién quan dén dai luong
can do. Gia tri cua dai lugng can do dugce tinh béng cong thuc lién hé voi cac dai
luong co lién quan.

Phuong phép do truc tiép: Khong can thong qua nhimg dai lwong khac ma truc tiép
do ddi tuong do.

Chang han ta ding Volt ké va Ampe ké dé do dién ap roi va dong dién chay qua

. . ) u .. L
linh ki¢n dién tro, sau do st dung cong thiic R = T dé tinh gia tri R, day la cach do

gian tiép, hodc ciing c6 thé ding Ohm ké do gia tri R, goi 1a cach do tryc tiép

Mot diéu can luu ¥ 1a viéc phan biét phuong phap do truc tlep va gian tiép chi mang
¥ nghia twong doi. Tirc la, néu xét Ve khia canh nao do thi co thé xem phuong phap do
dang thyc hién 1a truc tlep nhung néu xét vé mit khac thi co thé nd khong con la truc
tiép nita. Chang han khi dung ddng hd dién tir (DMM) do dong dién chay qua dién tro
thi viéc dung chirc nang do dong dién cua doéng hd duoc xem 1a cach do truc tiép,
nhung néu xet ki hon vé mat cau tao cua n6: moi dai lugng dién ngd vao déu dugc
chuyen thanh tin hiéu dién ap trudc khi dua vao mach do cua dong ho thi dong dién
nay rd rang da duoc do gian tiép thong qua dai lugng trung gian 1a dién ap.

1.5 So do tong quat hé thong do lrong

HIEN THI,

DAI LUONG CAM BIEN LUU TRU.

A LU MACH PO N
CAN PO . DPIEU KHIEN
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bai luong can do: La céc thong s0, tinh chat cta ddi tuong can do, chung co thé ton
tai dudi dang dién hodc khong dién.

Cam bién: La linh kién, thiét bi c6 nhiém vu chuyén ddi dai lugng can do thanh dai
luong dién trude khi truyén dén cac khoi xu li tiép theo.

Mach do: Tap hop cac bé phan giao tiép, khuyéch dai, chuyen d6i... dé bién tin hiéu
dién ngd vao cho phu hop véi khdi hién thi, luu trix, diéu khién.

Hién thi, luu trit, diéu khién: La phan sau cung trong hé théng do ludng gitup nguoi
van hanh quan sat va nhan biét gia tri cua dai lugng dang do, hoac luu trir lai dé xu 1i
sau, hodc diéu khién tu dong cac thiét bi khac.

1.6 Sw chuén héa trong do ludng

1.6.1 Y nghia ciia sw chuin héa:

Muc dich cong viéc do ludng nham 1ay duoc céc thong sb thuc su cua dbi tuong
can do. Mudn véy, con ngudi khong thé chi st dung cac gidc quan ciia minh ma can
phai ding dén céc thiét bi do.

Thiét bi do dugc cung cdp bai nha ché tao, trude khi xuit xudong chung duoc kiém
tra chat luong nghiém ngat. ‘Nhung khi dén tay nguoi sir dung thi thiét bi do da phai
trai qua qua trinh van chuyén, chinh nhimg tac dong trong qua trinh nay co thé anh
huong dén chit luong tham chi lam giam cap chinh xac cua thiét bi.

Vé phia ngudi sir dung luén mong mudn thiét bi c6 cdp chinh xac that cao. Nhung
thiét bi cang chinh xac thi cdu tao cang phic tap va gia thanh cang dat. Nhu vy nguoi
sur dung phai biét duge mirc do cong viée doi hoi mot thiét bi do véi cap chinh xac nhu
thé nao 1a vira dt. Khi phén tich va hiéu rd yéu cdu ctia minh, nguoi st dung sé tiét
kiém dang ké chi phi, thot gian cling nhu tang hiéu qua str dung thiét bi.

bé danh gia chat luong thiét bi mot cach khach quan va chinh xac, cac Trung tam
kiém dinh duoc thanh lap nham cép giéy chirng nhan chat luong cho thiét bi. Viéc
kiém dinh chét lugng dugc thuc hién béng su chuin hoa (Calibration) 1a mot cong vi¢e
hét stre can thiét trude khi dua thiét bi vao st dung.

Nhu da trinh bay & trén, tuy theo cong viéc cu thé cua nguoi st dung ma thiét bi
phuc vu can mot cép chinh xac tuong ung. Do vy can co6 nhiéu cép chuan hoa khéc
nhau dé kiém dinh chat lugng cta thiét bi & nhimg muc d6 khac nhau. Viéc phéan cp
nhu vay 14 can thiét dam bao tiét kiém vé kinh té va thoi gian cho cac bén lién quan.

1.6.2 Cidc cip chuin héa:

Viéc chuin hoa mot thiét bj duoc xac dinh theo 1 trong 4 cép sau:

Cdp 1: Chuan quéc té (International standard)

Céc thiét bi do luong cﬁp chuan quéc té duoc dinh chuén tai Trung tam do luong
quéc té dit tai Paris (Phap). Cac thiét bi do luong chuan hoéa cip 1 nay theo dinh ky
dugc danh gia va kiém tra lai theo tri s6 do tuyét ddi cua cac don vi co ban vat ly dugc
hoi nghi quéc té vé do luong gidi thidu va chép nhan.

Cap 2: Chuan quéc gia (National standard)

Céc thiét bi do luong tai cac Vién dinh chuén qubc gia ¢ cac qudc gia khac nhau
trén thé gioi dugce chuan héa theo chuan qudc té. Cac thiét bi dugc dinh chuan tai Vién
dinh chuan quoc gia thi mang chuan qudc gia.

Cdp 3: Chudn khu vuec (Zone standard)

Trong mdt qubc gia co thé c6 nhidu Trung tdm dinh chuin cho timg khu vuc
(standard zone center). Cac thiét bi do luong tai trung tim nay dwong nhién phai mang
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chuan quéc gia. Nhitng thiét bi do luong dugc dinh chuan tai céac Trung tam dinh
chuan nay s& mang chuan khu vyec.

Cdp 4: Chudn phong thi nghi¢m (Lab standard)

Trong timg khu vuc chuén hoa s& ¢ nhirng phong thi nghiém duoc cong nhan dé
chuan héa cac thiét bi dwoc dung trong san xuét cong nghiép. Nhu vay cac thiét bi
duogc chuan hoa tai cac phong thi nghiém nay sé c6 chuan phong thi nghiém.

Do d6 céc thiét bi do luong khi dugce san xuét ra duge dinh chuan tai cép nao thi s¢
mang chat luong tiéu chuan do ludng cap do.

Mot thiét bi sau khi dd duoc dinh chuan va dem sir dung thi sau mot khoang thoi
gian nhat dinh phai dwoc kiém dinh va cdp gidy chimg nhan chit lugng lai. Noi mot
cach khéc gidy chimg nhan chit lwong chi c6 gia tri trong mot thoi han nhat dinh.

1.7 Sai s6 trong do ludng

Khi mét phep do khong léy dugc gia tri thyc cua dai lugng can do, ta ndi phep do
d6 da mic sai s6. Co thé khang dinh rang tat ca cac phép do déu mic sai so Thiét bi
do du c6 chét lugng cao dén thé ndo ciing van mic sai sd, chi khac 1a sai s6 6 16n hay
bé ma thoi.

1.7.1 Nguyén nhin gy ra sai sé:

Nguyén nhan chu quan: La nguyén nhén do nguoi thuc hién phep do gay ra vi
khong ndm viing nguyén li do, khong dam bao cac diéu kién khi do, hodc ghi sai két
qua do...

Nguyén nhan khach quan: La cac nguyén nhén con lai (khong phai do nguyén nhan
chu quan). Sai s6 do nguyén nhan khach quan gy ra thudng rat phic tap, co thé do
chinh thiét bi do hodc do sy tac dong tir phia moi truong ngoai anh hudng 1én qué trinh
do.

1.7.2 Phén logi sai so:

Sai 56 thé:

Khi phép do cho két qua co6 sy chénh 1éch mot cach rd rét va vo li so voi gia tri cod
thé c6 cua dai luong can do thi sai s6 d6 duge goi la sai s6 tho. Sai sb tho xuét hién do
diéu kién co ban cua phép do bi vi pham, do sy so Xuét cla cla nguoi lam thi nghiém,
hodc do su chan dong tir phia ngoai. Vi du khi doc s6 liéu bi nham vi tri dau phéy hoac
doc sai s6 liéu d3 do duoc.

Sai s6 tho dé dang nhan biét khi ta thuc hién phép do mot dai lwong nhiéu 1an, lan
do nao c6 gié tri khac biét rd rét voi cac 1an do khac thi chic chin phép do nay da mic
sai s6 tho. Khi gip sai sd tho ta manh dan loai bo ching ra khoi bang s lidu. Do vay,
trong phan tinh toan sai s6 ta luén dam bao rang cac két qua do khong chtra sai s6 tho.

Sai s0 h¢ thong

Sai s6 hé thdng 1a loai sai s6 do chinh ban than dung cu do gy ra. Sai s6 nay anh
hudng thuong xuyén va c¢6 quy luat 1én két qua do. Do vay ta co thé loai trir hodc giam
nho sai sd hé théng.

Nguoi ta thuong chia sai s6 hé thong thanh hai loai:

e Loai sai s6 hé thong ma ta biét duoc nguyén nhén va dg 16n cua no. Sai sO nay
xuat hién khi dung cu do da bi sai léch. Chang han, khi chua ¢ dong dién chay qua
ma kim ciia dong hd Ampe ké da chi 0,1A, hodc khi chua kep vat can do chiéu dai vao
thudc kep ma thudc da cho chidu dai 1a 0,1mm .v.v. Sai s6 nay c6 thé khir dugc bang
cach hiéu chinh két qua (cong thém hodc trir b6t két qua véi lugng sai s6).
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e Loai sai s6 hé théng ma ta biét dwoc nguyén nhan nhung khong biét dugc chinh
xéac do 16n cia no. Sai sé nay phu thudc vao cap chinh xac cia dung cu do. Mdi dung
cu do co cép chinh x4c nhat dinh cta né. Vi du trén nhiét ké c6 ghi 0,5°C, nhu vay khi
do nhiét d0 cua mot vat nao do ma gia st nhi¢t ké chi 20°C thi nhiét d6 chinh xac cta
vat d6 s& 1a mot gia tri nao d6 nam trong khoang 19,5°C + 20,5°C.

Céch tinh sai sb hé thong:

Trén mot s6 dung cu do c6 ghi 10 sai s6 hé théng tdi da co thé mic phai, vi du trén
thudce kep ¢6 ghi 0,05mm thi d6 1a sai s6 hé théng cua thuédce kep.

béi véi nhitng dung cu ma sai s6 hé théng khong ghi o (trr cac dung cu dién), khi
d6 chung ta c6 thé danh gid sai s6 hé thong bang 1/2 d6 chia nho nhét trén dung cu do.
Néu do chia c6 gia tri qua nho thi ta 1y 1 d6 chia lam sai s6 hé thong cua thiét b do.

Déi vé6i cac dung cu do dién (Ampe ké, Volt ké...) thi sai s6 hé théng AX,, mic phai
khi do dugc tinh theo cong thirc:

AXy =k X,

k: Cép chinh x4c cia dung cu do

Xim: Gia tri cuc dai trén thang do cua dung cu con goi 1a gid tri dinh mirc Xan,

Sai s6 nay dugc ap dung cho toan bo thang do. Nghia la khi dung thang do do6 dé do
moét dai lugng dién co gia tri 16n hay nho thi déu bi sai so nay tac dong lén. Do vay khi
st dung cac dung cu do di¢n, chiing ta can thiét chon tdm do thich hop sao cho kim
cta dung cu cang gan véi gia tri cuc dai cua thang do thi d chinh xac ciia phép do
cang cao, néu thiy kim I&ch it ta nén chuyén tam do dé kim nam trong khoang 1/3
thang do tinh tur phai sang.

Sai so ngau nhién:

Sai sb ciia phép do méc ‘phai khi ta da loai trr nguyén nhan do sai s6 tho va sai s6 hé
théng thi dugc goi la sai s6 ngau nhién.

Sai s6 ngau nhién do nhiéu yéu té gdy ra ma ta khong thé tach riéng va tinh riéng
ching duoc. Cac yéu t6 ndy thuong cung anh huong dén két qua, chung bién doi bat
thuong va khong theo quy luat.

Chang han do giac quan cta ngudi 1am thi nghiém khong tinh, khong nhay dan dén
khong phan biét diing chd trung nhau cta hai vach chia trén thudc kep, hodc khi tinh
thoi gian da khong bim dong ho dung luc thoi diém xay ra hién tuong, hoic do diéu
kién thi nghiém thay d6i mot cach ngiu nhién ta khong thé biét duoc ma dan dén két
qua do mac sai s0. Vi du do cudng do dong dién trong mach dién c6 dién ap ludn
thing giang hodc nhiét do, ap suat trong phong ludn thay d6i ma ta khong phat hién
duogc 1am cho két qua do bj thing giang...

Sai s6 ngiu nhién c6 do 16n va chiéu thay doi hdn loan, do vdy chiing ta khong thé
khir chung khoi két qua vi khong biét chung mét cach chic chan. Mudn loai trir chiing
ta phai sir dung phuong phap cta 1y thuyét xac suét théng ké, chi c6 xac sudt méi co
thé tinh dugc anh hudng cua ching dén két qua phép do tir d6 c6 bién phap giam nho
sai sO.

1.7.3 Cach tinh va btéu dién sai sé:

Sau khi da loai trur sai sO tho, trong phep do mét dai lugng nao do chi con méc phai
sai sO hé thong va sai s6 ngdu nhién. Sai sb tong hop cta phép do bing téng cta hai
loai sai sO trén:

AX = AX;, + AX,
Qua nghién ciru vé sai s6 trong phép do, ngudi ta nhan thiy rang:
e S lan xuat hién sai s6 ngdu nhién c6 cing d6 16n va trai ddu nhau 1a bang nhau.
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e S4 liéu chira sai s6 cang 16n thi c6 sb 1an xuat hién cang it.

o Trish tuyét ddi cua cac sai s6 ngau nhién khong vugt qua mot gidi han xac
dinh.

o Gia su mot dai luong vat li co gia tri thyc la x. Ta thyc hién phép do dai luong
d6 n 1an, va tinh toan dé lay gi tri trung binh ctia n lan do, ta nhan thay gia tri nay gan
dung vai gia tri thyc x. Bang chimg minh toan hoc, ngudi ta ciing khang dinh rang néu
s6 1an do n du 16n thi gia tri thuc x s& gan dung gia tri trung binh cong cua tat ca cac
lan do do.

Ngoai céc sai s6 trén, dé danh gia sai s6 cla dung cu khi do mdt dai lugng nao do
nguoi ta con phan loai nhu sau:

Sai s6 tuyét doi (AX): 1a @6 sai 1éch gitra tri s6 do duogc (X) va tri sd thyuc (x) cua dai
luong can do.

AX =X —x
Khi do6 khoang [X - AX, X + AX] s€ bao quanh gia tri chan thuc x, nghia la:
(X -AX)<x < (X +AX)
Luc d6 két qua do s& duoc viét:
=Xt AX
Sai s6 tuyét d6i cho biét d6 chinh x4c cia ting phép do.
Sai s6 twong doi (€): 14 sai s6 tinh theo phan trim ty sb giita sai s6 tuyét d6i (AX) va
tri s6 do dugc cua dai luong can do (X).

6‘=£.100%
X

Sai s6 tuong d6i dung dé danh gia do chinh xac gitta cac phép do cung loai. Mdi tri
s6 sai sd tuong d6i ciing chi dic trung cho mirc d6 chinh xac ctia dong hd do ¢ mot
diém da biét trén thang do, khi can dic trung cho mirc do chinh xéc trén toan thang do
nguoi ta dung khai niém sai s6 quy dan.

Sai s6 quy dan (%): 1a sai sd tinh theo phan tram ty s6 giita sai s6 tuyét dbi voi gidi
han 16n nhat cta thang do:

7 =25 100%
X

Mbi dung cu do c6 mot gia tri sai ) tuyét ddi cho phép 16n nhéat, khi dé sai sd quy
dan cho phép 16n nhat la:

y = 2o 1000
Xmax

bay cing chinh la cap chinh xac k dugc dung dé danh gi4 tinh chinh xac ciia dung
cu do. Cap chinh xéac k thudng gap 1a: 0,02; 0,05; 0,1; 0,2; 0,55 1; 1,5, 2,5; 45 5..
Nhu vay mét dung cu do s€ cho ra két qua co sai s6 nho hon hodc bang sai $6 quy dan
néu vuot qua sai sO nay thi dung cu do khong con dam bao tiéu chuan va can phai
duoc ha cip chinh xac xudng.

Chang han khi xac dinh khdi lwong clia mot qua cdu nho ngudi ta dung can va duoc
két qua sau:

m; =(15,51+0,3)g

Nghia 13 khéi luong thuc ctia qua cau nho duge xac dinh trong gi6i han:

15,2g <m; < 15,8¢g

Khi xac dinh khdi lugng ctia qua cau 16n, nguoi ta dugce:
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m, = (1620 + 3)g

Nghia 1a khéi luong thuc ctia qua cau 16n duge xéac dinh trong gidi han:

167g <m, <1623¢g

Tuy nhién sai ) tuyét dbi chua danh gia dugc mirc d§ chinh xac cua dung cu do.
Néu ta lap ti I¢ gitra sai $6 tuyét ddi véi gia tri do dugc cua n6 va so sanh trong hai
truong hop trén ta thay:

aml_ 03 . a2 3

ml 155 m2 1620

Nhu vay khéi lugng ctia qua cau 16n duge can chinh xac gip 10 1an khéi lugng cta
qua cau nho.

Do vay dé danh gid dugc do chinh xac cua phép do, ta can phai dya vao ca sai )
tuyét d6i va sai s6 tuong doi.

Céc budc biéu dién két qua tinh toan:

x= X+ AX

e Lam tron gia tri sai ) tuyét ddi AX, ta gilr lai mgt chir sb6 khac 0 va 1am tron sb
nay 1én mot don vi. Néu sai s6 sau khi lam tron vugt qua 25% sai s6 ban dau thi
ta giit lai hai chit s6 khéc 0.

e Lam tron gia tri trung binh dé sau khi Iam tron thi chir s6 nho nhat ctia n6 c6 bac
16n hon hoac bé‘mg bac cua sai s6. Néu chit sd can 1am tron nho hon 5 thi ta c6
quyén bo ludn chir sb do.

e Ta viét gia tri trung binh duéi dang chuin hoa (chi c6 mdt chir sé trude diu
phay, nhan véi co s6 10 lity thira). Ciing lam twong tu cho sai sb.

e Biéu dién két qua thong qua gia tri trung binh va gi4 tri sai sd.
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Vidu:

Ngudi ta can kiém tra cAp chinh xac ctia mot Volt ké, cho biét Volt ké nay cé gidi
han do 1a Uy, = 150 [V]. Dung mdt Volt ké mau co cép chinh xac k = 0,1 va c6 Uy, =
200 [V] dé kiém tra. Khi do dién ap, Volt ké miu chi 128 [V] va Volt ké can kiém tra
chi 124,5[V].

a. Tinh sai sb tuyét dbi, sai sd tuong ddi cuia Volt ké kiém tra tai tri s6 d cho?

b. Tim cép chinh xac cta Volt ké can kiém tra, cho biét sai sd tuyét dbi da tim
dugc la sai s0 tuyét d6i 16n nhét?

Pap so:

a. AUkt=35+02[V] &1=2,7% £2=3,0%
b.  k=246%

Vi du 2:

Mot Ampe ké c6 gidi han do 1a Iy, = 30 [A] va cap chinh xac k =1,5

a. Tim sai sé tuyét ddi 16n nhét AImaX

b. Tim sai s6 twong dbi khi dong ho do duogc cac gia tri 5 [A], 15 [A]?

c. Hay xdc dinh gia tri thyc cua dong dién can do Ip ndm trong giGi han nao?
Pap so:

Alpax = % 0,45 (A)

b. €§=9% ;e =3%

c. 4,55 < Ip1<£545 14,55 < Ipy<15,45

o
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[S—
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Cau hoi on tap:

Do luong dién dong vai tro nhu thé nao trong hé thong diéu khién ty dong?

Hay phan biét gitra dai lugng dién va dai luong khong dién? Viéc do ludong nhiing
dai lwong nay co6 diém gi khac nhau?

Hay phén biét giira phuong phap do gian tiép va phuong phap do tryc tiép?

Trinh bay y nghia cua cac thanh phan trong so dd téng quat cua hé théng do luong?
Tai sao céc thiét bi do luong can dugc chuén héa trude khi dua vao su dung? Trinh
bay cac cap chuin hoa?

Trinh bay nhirng nguyén nhan chinh gay ra sai s6 trong phép do?

Sai s6 tho 1a gi? Lam thé nao dé han ché sai s6 tho trong phép do?

Trinh bay sai s6 hé théng va cach tinh sai s6 hé thong?

So sanh gitra sai sO ngau nhién va sai s6 hé thong‘?

0 Thé nao 1a sai s6 tuyét ddi, sai s twong ddi, sai sé quy dan? Cap chinh xac k cua

dung cu do la gi?

11
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(Trang trang)
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Churong 2: CO CAU CHI THI

2.1 Co céu tir dién
2.1.1 Kihiéu
2.1.2 Céu tao
2.1.3 Nguyén i hoat dong va phuong trinh dac tinh thang do
2.1.4 Pac diém ciia co cau tir dién
2.2 Co céu dién tir
2.2.1 Kihiéu
2.2.2 Cdutgo
2.2.3 Nguyen li hoat dong va phuwong trinh ddc tinh thang do
2.24 Dac diém ciia co cdu dién tir
2.3 Co ciu dién dong
2.3.1 Kihiéu
2.3.2 Cdutgo
2.3.3 Nguyén li hoat dong va phwong trinh dac tinh thang do
2.3.4 Pac diém ciia co cau dién dong
2.4 Co ciu cam ung
2.4.1 Kihiéu
2.4.2 Céu tao
2.4.3 Nguyén Ii hoat dong va phuong trinh dac tinh thang do
2.4.4 DBdc diém cia co cdu cam g
2.5 Co céu tinh dién
2.5.1 Kihiéu
2.5.2 Cdu tao
2.5.3 Nguyén i hoat dong
2.5.4 Dac diém ciia co cdu tinh dién
2.6 Co ciu dién tir
2.6.1 Co cau dién tw chi thj bang diode phat quang (LED)
2.6.2 Co cau dién twr chi thi bang tinh thé léng (LCD)
2.6.3 Co cdu dién tir chi thi bang éng tia dm cwc (CRT)
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(Trang trang)

14



Do lwong dién

Chirong 2: CO CAU CHI THI

Dung cu do di¢n 1a mot hé théng hoan chinh dugc tao thanh boi sy két hop cac bo
phan khéac nhau nham thuc hién qua trinh do mdt hoac nhiéu dai luong dién trong do
co cau chi thi 12 bd phan chinh ¢6 nhiém vu chuyén doi dai lugng dién can do thanh tin
hiéu dé quan sat.

| |

2.1 Co céu tir di¢n
2.1.1 Ki higu:

f Co céu do kiéu tir dién, khung day ¢ phan dong

r Co céu do kiéu tir dién, khung day ¢ phan dong, dung chinh luu ban din
[
_{>|_

’ Co cau do kiéu tir di¢n, nam cham ¢ phan dong

2.1.2 Ciu tgo: . . .
Co cau do kiéu tir dién c6 hai phan chinh la phan dong va phan tinh

Phén dong:

a. Khung day

b. Loi sat non

c. Lo xo xoén dc T T

d. Kim chi thi <\q
‘ AN

Phan tinh:

e. Mach tur ]

f.  Nam cham vinh ctru d/ / /f\

g. Thang do ; ©

h. Nut diéu chinh zero

e Khung day:

Gom nhiéu vong déy lam bang ddng cung quan trén mot khuon nhom hinh chir
nhat. Day dong c6 tiét dién nho khoang (0,02 + 0,05)mm c6 phu cach dién bén ngoai.
Khung day gan v6i1 hai ban truc, dau ban truc dugc ché tao tir vat liéu rat cu'ng (thep
vonfram). Pau truc duge dat trén 6 d& co dang c6n 16m (goc dinh ~ 80°), bé mat 6 d&
dugc phu mot 16p mang dé cung thuong goi 1a chan kinh lam tr vat li¢u SiO,. Khung
day chuyén dong trong khe ho khong khi nhd lyc twong tac giita tir truong cta khung
day (khi c6 dong dién chay qua) va tir truong cia nam cham vinh ctru. Toan bo khi

15
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luong khung cang nho cang t6t d&¢ moment quan tinh khong anh hudng nhiéu dén
chuyén dong quay cua khung quanh hai ban tryc

Loai co cau tu dién c6 phan quay 1a khung day duoc dung nhiéu trong dong hd do
van nang. Loai co cdu tir dién co phan quay 1a nam cham vinh ctru dugc dung nhiéu
trong cac dong hod chi thi loai nho trong 6 t6, may bay, may kéo...

Trong céc dong ho do that nhay, ngudi ta dung day cing hodc day treo thay cho ban
truc va 10 xo xodn 6c. Khi sir dung ddy treo, ma sat giira ban truc va chan kinh bj loai
bo tir d6 d6 chinh xac cua dung cu do dugc cai thién dang ké. Day treo c6 nhiém vu
treo lo lung khung day thay cho 6 6 d& dong thoi dua dién vao hai dau khung. DAy treo
duogc két hop vai 10 xo xodn dé tao moment can.

—Kim chi thi
Kim chi thi
Khung quay

Khung quay

\\ ; ! \\
— Truc quay 1

/ Day treoc ——
\ Dé tryc Lo xo 4 Lo xo

Khung day loai truc quay Khung day loai day treo

e Loi sit non:

Co hinh tru tron dugc dat gitra hai cuc cia nam cham vinh ctu sao cho khe ho
khong khi giita chung dii nhé va cach déu cac cuc tir. Nho 15i sat non ma tir trd giita
cac cuc tir dugc giam nhd va do d6 lam tang mat do tur thong qua khe ho khong khi.

Véi 18i sat non hinh try tron, tr trudng qua khe ho khong khi 1a tir trudng hudng
tam déu (khoang 0,2 dén 0,5T). Tir trudng c6 dang hudng tdm gitp cho luc tac dung
ludn vuong gbéc véi canh cua khung day.

e Lo xo xoan bc:

Hai dau khung day c6 hai 10 xo xoan v6i chiéu nguoc nhau, mot dau 16 xo gan vao
ban tryc ciia khung day, du kia gin c¢b dinh. Lo xo xoin ¢ ¢6 nhiém vu cha yéu la
tao ra moment can M, can bang voi lyce dién tir, ngoai ra n6é dugc dung dé dan dong
dién vao va ra khung day.

e Kim chi thi:

Pugc gén lién voi khung quay dé c6 thé dich chuyén theo khung, vi tri kim s& chi
gia tri tuong Gng trén mat thang do. Kim thuong lam bang nhom mong u6n hinh 4ng,
dudi kim c6 gan dbi trong dé trong tam clia kim nam trén truc quay, diéu nay gitip gitr
thiang bang cho phan dong. Pau kim det va c6 chiéu day < chiéu day nét vach trén
thang chia do. Nhitng dung cu do co céip chinh xac th'éip (1,5 = 2,5) c6 kim chi thi lam
bang nhém mong c6 dudng gan & giira, con trong nhing dung cu ¢6 cap chinh xac cao
hon ¢6 kim hinh ludi dao rat manh, d6i khi kim duoc 1am bang thity tinh ma dau kim
1a so1 kim loai nho.

Cac loai dung cu do co cap chinh xac cuc cao thi thuong dung chi thi bang quang
hoc vi dleu kién san xuét co khi khong cho phép ché tao kim that nhe, thing va dai
nhu yéu cau dat ra. Trong chi thi quang hoc, truc quay ctia by phan dong cé gan mot
guong nhd, mot ngudn sang manh ludn roi vao guong va phan chiéu trén thang chia
d6. Do khoang cach tir gwong quay dén thang chia d kha 16n nén khi guong quay mot
gdc nho ciing 1am vét sang trén thang chia d6 di chuyén mot khoang cach 16n.
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