Churong 6 : Po dién dung,dién cam,hé cam

Chuong 6
PO PIEN DUNG, PIEN CAM , HO CAM
6.1 Do dién dung, dién cam va hd cam biing volt k& va ampe k&

6.1.1 Do dién dung [F ]:

Trong thuc t&, dong dién I qua tu dién khong léch pha 90° d6i v6i dién 4p rdi trén
tu dién vi tdn hao bén trong tu dién. Nguyén nhan do dién trd ri (ndi trd) ngoai gid tri
di€én dung thuc, nghia la tu di€n khong cach dién hoan toan.

Khi tu dién khong c6 xét d€n tdn hao do ndi tr§ gay ra goi 1 tu dién 1y tudng.

Xét hai mach do di€én dung nhu hinh vé sau:

>, OHw—,
RO NG e

Rx;tO

a)Khong xét tén hao tu (R=0) b)Xét tdn hao (R,#0)
Hinh 6.1: Mach do di€n dung
Trong trudng hdp ¢ xét tdn hao tuy thudc vao géc mit & :

+ N&u & nhd (tu dién c6 dién moi 1a khong khi, tu Mica, tu Polystyrene...) thi sd dd
mach twong dudng cla tu dién c6 tdn hao 1 tu C, mic ndi ti€p véi dién trd ndi Ry,
xem hinh 6.2.

T ) .

Hinh 6.2: Mach do dién dung v6i & nhd
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+ Né&u § 16n (tu gidy) thi s dd mach tudng duong cia tu dién cé ton hao 1a tu Cy
mic song song véi dién trd ndi Ry, xem hinh 6.3

A W

~ @)UA Cy ?Rx

Hinh 6.3: Mach do di€n dung v6i 6 16n

Luu ¥: ngudn cung cip cho mach do phdi 1a tin hiéu hinh sin c6 d6 méo dang nhd
(hoa tin dudc xem khong ddng k€). Bién do va tin s6 cla tin hiéu phdi dn dinh.

_ Céich xdc dinh gi4 trj R, hinh 5.1b: R, = Iﬂz Q]
(6.1)

P 12 s& chi cong suat [W], I 1a s& chi ampe k€& [A].
- Téng quit, cdch x4c dinh gid tri Z¢ hinh 5.1:
1 2
= Rf+[—J [Q] (6.2)
ax:)(

U 12 s8 chi ctia volt k& [V]

~C -1 [F ] (6.3)

" w72 -R?
Nhan xét:

- Phuong phép ding Watt k€ khong chinh x4c khi xdc dinh nhitng dién dung c6 géc
mat nhé. PE do tu dién c6 géc mat nhé diing phuong phéip cau do.
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6.1.2 Do dién cam [H]:

"/ 6/) RX
Lx

Hinh 6.4: Mach do dién cam.

Mach do dién cdm dudc mic nhu hinh 5.4, tong trd Z; cda dién cdm dugc xdc dinh:

z, - = R+ (Lo) [Q] (6.4)

|
Pién cdm dugc tinh: L, ==Z2-R,’ [H]
w

(6.5)

Trong d6: R, dudc xdc dinh trudc, U va I 1an ludt 12 s6 chi clia Volt k€ va ampe k€.
Cong suit ton hao clia cudn ddy dugc xdc dinh bing Watt k€.

6.1.3 Po hd cam:

(a) ,
& v .

N

©
N

)

*

Hinh 6.5: Mach do h8 cim.
Hé s& hd cdm M gitra hai cuon day (do tuong tic giy ra) dugc xac dinh bdi:

M= m=Y (6.6)
| ol

Trong d6: @ =24 , U va I 1an lugt 1a s6 chi Volt k& va Ampe k€.

Ngoai ra, ngudi ta tinh hé s6 hd cdm M theo cong thifc sau:
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nn,
R

M =

6.7)

Trong d6, n; va n, 1an lugt 1a s6 vong diy cudn 1 va 2 tuong &ng, R 1a tir tr§ clia
mach tur.
* Xét trudng hop 2 cudn didy mic ndi ti€p cling cyc tinh (nghia 13 diu cudi cudn 1 ndi
vdi ddu cudn 2) va trén cuing 1 mach tir. Khi d6, tdng dién cdm ciia 2 cudn day dudc
x4ac dinh:

L =L +L,+2M == /22 (R, +R,)’ (6.8)
w

~ 2, ? : A A U N A N ~ ?2 2 AN
Z,t0ng tré cua hai cudn day: Z, = T U va I lan lugt la so chi cua Volt k€ va ampe

’

k€.
R; va R, 1a dién trG cia cudn day 1 va 2.

* Xét trudng hop hai cudn dude mic ndi ti€p khéic cuc tinh (nghia 1a diu cudi cudn 1
ndi ti€p véi dau cudi cudn 2) va trén cliing mdt mach tir, khi d6 dién cdm dudc xdc
dinh:

L =L +L,—2M :1\/25—(R1+R2)2 (6.9)
w

g 2, 2 . A A U N A N g 2 9 AN
Zy, tdng trd cua hai cudn day: Z, = T U va I lan lugt 1a so6 chi cua Volt ké va ampe

z

ké.
Luu y: diu cudn diy bao gid ciing dudc bi€u thi bing ddu cham tron trén so dd
mach.
Tir phuong trinh 6.8 va 6.9 ta tinh hé s6 hd cdm M nhu sau:
La — Lb
4

M =

[H] (6.10)

6.2 Do dién dung va dién cam biing cAu do:

C6 hai loai cau do: cau do don gidn va cau do phd quat dugc diing dé€ do dién dung
va dién cdm. C4 hai loai ndy déu dwa vao nguyén Iy cau do Wheatstone. Trong cau do
phd quét c6 xét d&€n hé s6 ton hao D cida tu dién cling nhu hé s6 pham chit Q clia
cudn day.
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Zl/&/x
~ @

ZS Z4

6.2.1 CAu Wheastone:

Hinh 6.6: Cau Wheastone
Z1,Z,, 73 va Z4 12 tdng trd tuong Gng, c6 thé 13 s6 thuc hay so phic bat ky.
S& phifc 12 s6 bao gdm thanh phin thuc va thanh phin d0: Z= A +jB
A 13 thanh phan thuc, B 13 thanh phan do0. Vidu: Z = 24j3 [Q]
Cau Wheastone cin bing, nghia 1a kim dién k&€ G chi s§ 0, tuong Gng véi diéu
kién:

7.7.=775 6.11)

Cong thic (5.11) 4p dung theo quy tic anpha.

6.2.2 Cau do don gian:
6.2.2.1 Do dién dung:

Z,=C \//Q—zz

@
Z3ER3 R4EZ4

.

Hinh 6.7: Po di€n dung.
R; va Ry 1an luct 1a cdc dién trd miu c6 thé thay ddi dugc.
C, 12 ty dién mau c6 thé thay d6i dudc.
Cx 1a tuy dién can do.

Ngudn cung cap la tin hiéu hinh sin (v8i 4 méo dang nhd) f=1KHz (tin s6 4m tin)
hay tin s6 dién ludi S0Hz.

Khi cau do can biing, 4p dung cong thic (5.11), ta co6:
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C, =—2C, [F] (6.12)

6.2.2.2 Do dién cam:

~ @,
Z3_>3%\/§/R4=Z4

Hinh 6.8: Do dién cam.

L,: dién cdm mAiu c6 gid tri thay ddi duogc.
L,: dién cdm can do.
R; va R, 14n lugt 1a cdc dién trd miu c6 thé thay ddi dugc.
Khi cau do cin bing, 4p dung cong thirc 5.11, ta c6:
JoL R, = joL,R,

R
L =—*L (6.13)
R, ©
> Nhdn xét:

Phuong phép cidu do don gidn chi xdc dinh gié tri C, hay L, thudn tuy ma chua xét
dugc sy ton hao trén ty dién hay cudn diy tuong Gng.

6.2.3 Cau do phé quat (universal bridge):
6.2.3.1 Do dién dung:

Trong thuc t€ mach tuong duong clia tu dién dung c6 2 dang tuy theo sy hao mat
clia dién dung. Do d6 chat lugng cta dién dung dugc ddnh gid qua hé s6 D cla tu
dién.

Trudng hdp dién dung c¢6 hao mit nhd, nghia 1a tri s6 D nhd (D<0.1) thi so db
mach tudng dudng bao gdm C, mic ndi ti€p R, gid tri D, dudc tinh:

Re{Z, }

% Imiz,)
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Trong d6: Z, =R, +- !
joC,
A U4 A Z, R
Vay D dudc tinh theo cong thic sau: D,, =—*— =R,C, @

%)CX X~ x
(6.14)

Trudng hop ngugc lai, dién dung c6 hao mit 16n, D 16n (D>0.1) thi sd d6 mach
tuong duong bao gdbm C, mic song song v6i Ry, gid tri Dy dudc tinh:

YR, 1 1

, (6.15)
oC, @RC, D,
Sd d6 mach ciau do phd quat v6i dién dung c6 ton hao nhé (D<0.1):
Z;=(Cynt \/\” RX nt Cx) =2,
" @
Hinh 6.9: Cau Sauty (D<0.1)
Khi ciu Sauty cin bing, ta dugc:
R-3J RrR- 1
a)Cl _ a)Cx
R, R,
A Y A Rl
Céan bang phan thuc: R, = R R, (6.16)
3
A Y A 2 R3
Cén bdang phan ao: C, = R—Cl (6.17)
4
Hé s6 tdn hao: D, =@R.C, =R,.C, (6.18)

Luu y: cdc gid tri C, va R, khong phu thudc tin so.
LL Bai tdp:
Cho ciu do Sauty, bi€t C;=0.1 zF , R;=10KQ, R;=14.7KQ ngudi ta di€u chinh gid

tri dién trd mau R;=125Q thi thdy cdu cin bing. Hiy xdc dinh cdc gid tri C,, R, va D
biét ring tin so tin hiéu 12 100Hz.

Bai gidi:
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Ap dung cong thifc ciu cin bing Sauty, ta dugc:
R, c - 10KQ

C, = 0.1uF = 0.0684F

TR, ' 147KQ
R =Rug, - 182,70 -18330
R, © 10KQ

Hé s6 tn hao: D, =R ,C, = wR,C, = 244R,C, = 27100*125*0.1*10° = 0.008

Sd d6 mach cau do phd qudt vé6i dién dung c6 tén hao 16n (D>0.1):

- L0

Z3=R3 Ra=2Z4

Hinh 6.10: Cau Nernst (D>0.1)

Khi cdu do cin biing, ta c6:

1 . 1 .
RS(E"' Ja)Cl) = R4(R_+ Ja)Cx)

1 X

R

Can bing phanthyc: R =R, R—l (6.19)
3
Can biing phin d0:  @C,R, = aC,R,
R3
—  Cc =g, (6.20)
R4
Hé s6 tdn hao: D, = t _t 1 (6.21)
a)RXCX aRlCl Dnt

6.2.3.2 Do dién cam:

Pham chat clia cudn diy c6 dién cdm L, dudgc xdc dinh bsi hé s8 Q.
Imi{Z, }
Re{Z,

* Néu cudn day c6 sy hao mat nhd Q<10 (dién trd cta cudn day nhd) thi c6 mach
tuong duong R, ndi ti€p L,, hé s6 phdm chat Q dudgc tinh theo cong thiic sau:

Cong thdc tinh hé s6 phdm chdtQ: Q=
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_Im{z,} Lo
Q.. “Relz.] R (6.22)

X

* Né&u cudn diy c6 sy hao mat 16n Q>10 (dién trd cla cudn diy 1én) thi mach tuwong
duong R, mic song song v6i L, hé s6 pham chit Q dudc tinh theo cong thic (6.23):

1
Imz,} Lo R
- oo 6.23
% TRelz) T 1o, (629
R

Zl (RX nt Lx) EZZ

1l
Y

Ra=2Z4

Zg = (Cg//Rg

Hinh 6.11: Phuong phdp cau do Maxwell-Wien

Luu y: it dung dién cdm mau trong ciu do vi chiing d& giy nhiéu 4nh hudng dén nhau,
khong chinh xéc, khé can bing.

Khi cau cin bing:

1 . R, + jol,
R, (5 + jaCy) = 1%
R, R,
A Y A Rl
Can bang phan thuec: R, =R, — (6.24)
3
A Y A 2 a)L
Cén bdang phan ao: @C,R, = - .
4
= L, =C,RR, (6.25)
AN 1R ~ wL
Hé¢ s6 pham chat: Q. = R_X = wC,R, (6.26)

L1 Bai tdp:
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Cho ciu do Maxwell-Wien, bi€t C;=0.1 uF , R;=1.26KQ, R;=470Q, R,=500Q thi
thod man ciu can bing. Hiy xdc dinh cdc gid tri L,, R, va Q biét ring tan s tin hiéu
1a 200Hz.

Bai gidi:

Khi ciu cin bing:

R, _1.26KQ

R, =R,

=R, 500Q =1.34KQ
R, 4700

L, =C,R,R, =0.1*107°1.26*10° *500 = 63mH
e L
Hé s phdm chat: Q,, = % = @C,R, = 27*200*0.1*10° *470 = 0.06

X

Sd d6 mach ciu do phd quit v6i cudn diy c6 hé s6 phadm cha't 16n Q>10:

(RX //Lx) EZZ

)
Z3=(Cant RWFA

Hinh 6.12: Cau Hay.

Khi cau cin bing:

1 j
RR, = R, -
1" %4 i_i( 3 (UCS)
R, oL,
A Y A Rl
Can bang phan thuc: R, =R, R (6.27)
3
N N s R,R
Can bang phan do: R 1
oL, «oC,
= L =GRR, (6.28)
Hé s& phAm chat: Q, = R__ 1 _ 1
oL, oC,R; Q,,
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6.3 Po hé cam:

6.3.1 CAu do Maxwell:

Cudn day cdng
hudng dién cdm ) .
L RpHopdiéntrd R,

*

A im\__

2 9 = s A
HO6 cdm mau HO6 cdm cin do

M* _

T *
i

Hinh 6.13: Cau Maxwell do hd cdm.

"/

Trong mach trén chiing ta c6: M, la hé cdm mau (cé thé thay ddi dugc), M, 1a hd
cdm cin do, R, 1a hop dién trd va L 13 cudn diy thém viao d€ cin bing dién cim trong
mach.

Khi ciu cin bing:
oM. = jo(L, + Ui, +Ri, (6.29)

joM i, = jal,i, + Ry, (6.30)

Chia (6.30) cho (6.29), ta dugc: M — 1P+ R,
M, Jjo(Lj+L)+R,

Can bing phan thyc va phan do, ta dugc: II\\/'/I = = (6.31)
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6.3.2 Cau Heavyside:

i1+ i3

Hinh 6.14: CAu Heavyside

A N e A A A A A 2, ~ z LN
Trong mach trén M 1a hd cadm can do clda 2 cudn diy, cudn day thit cdp cé dién

camla L,.
Khi cdu cin bing:
R,i; = R,i;
(R; + joly)iy, = (R, + jal,)i, — jaM (i, +1j,)
Chia phuong trinh (5.32) cho (5.33), ta dudc:
MR,

Ro(Rs + Jaoks) = Ry[R, + Ja(l, =M == )]
4
A WY A R,
Can bang phan thuc: R, =R, R
4
Can bing phan 3o: M = LR~ LR,
R, +R,
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Chuong 7
PO PIEN AP VA PO DONG PIEN

7.1 Do dong dién DC:

7.1.1 Nguyén ly do:

Céc co cdu do dién tir, tir dién va dién dong déu hoat dong dudgc vdi dong dién DC
cho nén chiing dugc dung 1am b chi thi cho ampe k& DC.

Muén do dudc cdc gid tri do khdc nhau ta cAn phdi m& rong tim do cho thich hgp.
7.1.2 M6 rong tam do:

7.1.2.1 M6 rong tam do cho co cau do tir dién: dua vao dién tré Rs

Is Rs
— M
| In Rm G
Ll 6

Hinh 7.1: C4ch m§ rong tim do cd cAu do tir dién
R, dién trd shunt.
R,, dién trd ndi cla cd ciu do.
Dong dién do: I=1,+1;
Trong dé: I, dong dién di qua cd ciu do
I, dong dién di qua dién trd shunt.

Céch tinh dién trG shunt Rq:

R, = —mx m (7.1)

I1nax dOng dién t61 da cia cd ciu do.
I. dong dién tdi da clia tam do.
LL Bai tdp 1:
Cho sd @ mach hinh 7.1, biét I =504A va R, =1KQ va I,=1mA, hdy tinh R,.
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Gidi

50.10°°.10°
Ap dung cong thic (6.1),ta c6 R, =——————=52.6Q
puns 5 6.1) 107° -50.10"°

LL Bai tdp 2:
Cho s6 @6 mach hinh 7.1, biét I« =2.5mMA va R, =1KQ va I, =100mA, hay tinh R;.

DP&i v6i ampe k€& c6 nhiéu tim do thi ding nhiéu dién trd shunt dé md rong tam do
khi chuyén tAm do 12 chuyén dién tr§ shunt nhu hinh 7.2.

Hinh 7.2: C4ch m& tim rong tim do diing nhi€u dién trd shunt.

* Cdch mé rong tam do theo mach Ayrton:

Hinh 7.3: C4ch mé§ rong tam do theo mach Ayrton.

Blén trG shunt & B: Ry =R+ Ry+ Ry

bién trd shunt & C: R, =R;+ R, con dién tr§ R; ndi ti€p vbi cd cau chi
thi.

bién tr§ shunt & D: R,p = R, cOn dién trd R, va R3 ndi ti€p v6i co cau chi
thi.
&3 Bai tdp 3:
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Cho s d6 mach Ayrton, R,,=1KQ va 1, =50zA. Hay x4c dinh gi4 tri dién tr§ R},
R, R; biét riing 3 tAim do B dong dién t6i da qua co cidu do 1a 1mA, tam do C dong
dién t6i da qua cd ciu do 12 10mA va tam do D dong dién tSi da qua co ciu do 1a
100mA.

Gidi
o} vitri B: I, =50zA, 1. =ImA:
Ap dung cong thitc (7.1), ta c6:

_50.10°.10°
*10°-50.10"°

G vi tri C: | =502A, I, =10mA:

=R, +R, +R, =52.6Q (a)

Ap dung cong thuc (7.1), ta co:

-6
- 50.10 7;(1KQ+ ng) R iR - 1KQ + R, )
10.10™° —-50.10 199
GvitriD: 1, =504A, Ip =100mA:
Ap dung cong thitc (7.1), ta c6:
-6
n _5010°(@KQ+R,+R,) . _1KQ+R, +R, ©

° 100.10°-50.10°  ° 1999
Giai 2 phuong trinh (a), (b) ta dugc:

WOTR: _5r6-r,
199
— R, =47.237Q

thay R; vao (c), tinh dugc R;=0.526 Q
Tt (1) suy ra gid tri R, =4.737Q

7.1.2.2 M6 rong tam do cho co cau do dién tur:

Thay ddi s6 vong diy cho cudn diy c& dinh sao cho luc tir clia cudn day khi c6
dong dién chay qua tdc dung 1&én 18i sit ctia phan dong khong ddi, tic 1a:

F=nl,=n,l,=n,l,-- (7.2)
L3 Bai tap 4:

Cho F=300[Ampe-vong], tinh s& vong cho 3 tim do c¢é cudng dd dong dién 1an lugt
la: Il=1A, 12=5A va I3=10A
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Gidi
Ap dung cong thuc (7.2), ta ¢ n;=300 vong.

n, = 60 vong. n; =30 vong.

7.1.3 MG rong tam do cho cd cau do dién dong:

Cudn ¢d dinh 1

—._/XYY\_
Rt
W,_
Cudn di dong
Cuén ¢& dinh 2 Rs
904 —M~

Hinh 7.4: Cach m& rong tim do cho co ciu do dién dong.

Cuon cd dinh c6 dic diém sdi to, it vong.

Cudn di dong c6 dac di€m sdi nho, nhiéu vong.

Mic dién trd shunt song song véi cudn diy di dong, cudn diy cd dinh dugc mic noi
ti€p vdi cudn di dong.

Céch xdc dinh dién trd shunt tuong ty nhu ampe k& kiéu co ciu do tir dién di néu &
phin a)
7.2 Po dong dién AC:

7.2.1 Nguyén ly do:

Céc cd cdu do dién tir va cd cdu do dién dong déu hoat dong dudc vSi dong dién
AC. Riéng co cdu do tir dién can phai bién ddi dong dién AC thanh dong dién DC
truGe khi st dung.

7.2.1.1 Mach chinh lvu biing Diode:
D i_cl Rm G
_D'l,w\,__@‘
Hinh 7.5: Mach chinh luu biing diode dung trong c¢d cau do tir dién.

Dong dién qua diode mic ndi ti€p v6i co cau do tir dién ¢ gid tri trung binh dugc
xac dinh bdi:
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~ 1 T 1 72 1
iy =—[idt=—[1 sinetdt==1,=0318l, =0318J2,,  (7.3)
2r s, 2r 5 T
Luu y: dong dién AC c6 dang ham sin tuan hoan.

Né&u dong dién AC c6 dang bat ky thi i, phu thudc vao dang tin sd clia tin hiéu.

7.2.1.2  Mach chinh luu béing ciu diode:

Hinh 7.6: Mach chinh luu bing ciu diode dung trong cd ciu do tir dién.

Khi dung cau diode thi dong dién AC dudc chinh luu & hai nita chu ky va gid tri
trung binh dudgc xdc dinh:

72 2

]
i =1jiddt=1 [1sinetdt = =1, =06361,, =0636v2l,, (7.4)
72.0 4 0

7
7.2.1.3 Dung phuong phap bién ddi nhiét dién:

Phuong phap bi€n ddi nhiét dién bao gdm mot dién trd d6t néng va mot cip nhiét
dién. Pién tr§ dugc dot néng bdi dong dién AC can do. Chinh nhiét lugng nay cung
cap cho cip nhiét dién va sé& tao ra dién 4p DC cung cap cho co ciu do tir dién.

G
(AN
~
T
_>

W

Hinh 7.7: Phuong phdp bi€n ddi nhiét dién.

Tinh chat clia phuong phdp bi€n ddi nhiét dién: khong phu thudc tansd va dang
ctia tin hiéu, nhung can quan tAm dén sy thay ddi nhiét dd clia mdi trudng.

Nhiét lugng: E = K;RI
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Kt hiing s6 dic trung cla cidp nhiét dién.
R dién trd day d6t néng.

I gi4 tri hiéu dung ctia dong dién cin do.

7.2.2 Cach mé rong tam do:
7.2.2.1 Dung dién tré shunt:

D Rm G
=
s R
— m
wy

Hinh 7.8: M& rong tam do diing cho cd ciu do dién tir.
Diode mic ndi ti€p véi co cau do tir dién, do d6 dong dién chinh lvu qua co ciu do,
dong dién qua R 1a dong AC.
I,, dong dién qua co cdu do.
Ihmax dOng di€n cuc dai.
Inax dOng dién cyc dai cho phép qua co ciu do.

i, =0.3181, ., =0.3182l <I

Gia tri dong dién hiéu dung cia dong dién AC qua Ry:
I

|, =1, ——m= I, la dong dién can do.
0.318v2 ¢

bién trd R, dugc xdc dinh:
|

max

U, +R,
R, = Io.318ﬁ Q] (7.5)

S

(23 Bai tdp 5

Cho sd do mach hinh 7.9, R,,=1KQ va | . =504A. Hay xdc dinh gid tri dién tr§ R, R,,
R; bi€tring & tim do A dong dién t3i da qua cd ciu do 1a 250mA, tam do B dong dién
t0i da qua co cadu do 12 500mA va tim do C dong dién tdi da qua co cdu do 750mA.
Luu y: diode loai 1N4007.
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D Rm G
_ﬂlyw_@i.

Iy Ry
by A

oy R B

M——o

I3 R3 R

—> M o C

Hinh 7.9: M§& rong tim do dong dién AC bing c4dch dung dién tr§ mic song song
Gidi

Diode loai 1N4007, chon dién thé din cho diode 12 Up=0.6V

Ap dung cong thiic (7.5), cho cdc tim do:

Tai tAm do A, Iy = 250mA:
. 0.6 50.10°°

U, +R, 6+1000
R, = 0.318v2 _ 0.:’3318\/5 2840
I 250.10

Tai tim do B, Igg = 500mA:

-6
5 +R, 'maX\/_ 0.6+1000 50.10[
R - 0.318V2 _ 0318V2 _ g gg0y
s 500.10

Tai tAm do C, I =750mA:

I 10°°
U, +R, mﬂ\/_ 0.6+1000 >0 10\/_
Rs _ | 0.318v2 _ - 1(c)).53318 2 — 8520
sC .
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7.2.2.2 Dung phuong phap bién dong:

Ngd vao n, . Tai
s L
(“{—__ i B‘( o s = ;7;
* “-;2 47 e 7=
LC D)
L it
<: j"g n i3 .
D Rm
f' _.-"1-, A e
{1 \/ \ w'/ 'V \f
Rs
A A
vV v

Hinh 7.10: Dung phuong phdp bi€n dong

Nguyén tic hoat dong clia bi€n dong dva trén hién tugng hS cam.

nlil=n212 (76)
i, 1a dong dién tdi can do.
i, 1a dong dién qua cd ciu do.
7.3 Do dién ap DC:
7.3.1 Nguyénly do:
ldo R Rm G

— W, —)—
Hinh 7.11: Mach do dién 4p DC

Pién 4p can do chuyén thanh dong dién do di qua cd ciu chi thi

V,
=—2—<| 7.7
©® R +R, ~ ™ 7.7

C4c co ciu do tir dién, dién tr va dién dong dugc dung 1am volt k& do DC bing
cdch ndi thém dién trd R, d€ han dong.

Riéng doi v6i cd cau do dién dong cudn day cd dinh va cudn day di dong dudec mic
noi tiép.
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Rs Cuon c6 dinh 1
M ‘/WY‘—\

Cudn di dong

Cudn ¢d dinh 2

Hinh 7.12:M3 rong tim do:
D&i v6i co cdu do tir dién bing cach mic ndi ti€p thém dién trd Ry dé md rong tAm
do. Nghia 13, thay d6i tong trd vao cang 16n thi taim do dién 4p cang cao cho nén ngudi
ta thudng dung tri s6 d6 nhay Q/V,. dé xdc dinh tdng tr§ vao clia mdi tam do.

L3 Bai tp 6:

Volt k& c6 @ nhay 20 KQ/Vpe thi & tAm do 2.5V c6 tdng trd vao 13 bao nhiéu?.
Gidi

Tong tr vao clia Volt k& 1a Z, = 2.5V*¥20 KQ/V=50KQ.

Luu y: noi tr§ Volt k& cang cao thi gi4 tri do cang chinh x4c.

R © R v,
—W,_@——/V\A,—o
R» v
M . 2
—MW—o0
Hinh 7.13: C4ch md& rong tAm do.
Rm O Ri R, Ry v

I
= (MM —M———

Hinh 7.14: C4ch md& rong tam do theo ki€u Ayrton.
LL Bai tdp 7:
Cho so @ mach hinh 7.13, bi€t Volt k&€ dung cd ciu tir dién c6 R,=1KQ va
I, =100A. 3 3 tam do V=2.5V, V,=20V, va V3= 50V. Hay tinh cdc dién trd con

lai.
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Gidi

O V,=2.5V,tacé: R +R_ = Vil 25 — = 25KQ (d)
| 100.10

max

Ma R, = 1KQ nén R;=24 KQ2.
20

3 V,=20V, tac6: R, +R, +R, = Vo _ — = 200KQ (e)
|, 100.10
Tu (d) va (e) suy ra R, =175 KQ.
3 V3=50V, ta c6: R;,+R,+R +R, = IV3 = 1005(1)05 =500KQ  Suy ra R;=300KQ.

Luu y d€ Volt k&€ c6 do chinh xdc cang cao nén chon sai s6 R;,Ry,R3<195 Q/V,. clia
volt k€.
(20 Bai tap 8:
Volt k&€ dung co cidu do dién tr c¢6 cudn diy c6 dinh, dong 1__ =50mA va
R,,=100Q, tam do 0+300V . X4c dinh R ndi ti€p vSi co cdu do va cong sud't P.
Gidi
V. 300
| 50.10°°

max

Taco, R+R, = =6KQ

Ma R, = 100Q2 nén R=5.9 KQ.
Cong sudt P: P=RI?, =5.9000*(50.10"°)* =14.75W

7.4 Do dién ap AC:

7.4.1 Nguyén ly do:

Twong ty nhu do dong dién AC, d6i vdi co cdu do dién dong va dién tir thi phai
mic dién tr§ noi ti€p véi co cdu do nhu trong Volt k&€ DC, vi hai co cidu do ndy hoat
dong vdi gid tri hiéu dung clia dong dién xoay chiéu.

Riéng ddi v6i cd cau do tir dién thi phdi ding cdu chinh luu diode hay bd bién ddi
nhiét dién.
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7.42 Mach do dién 4p bing co ciu do tir dién:

Rs Dl
B
= Rm
Uac Z\ D,

Hinh 7.15: Mach do dién 4p AC bing co ciu do tir dién.

D, chinh luu dong dién AC & nita chu ky duong.

D, cho dong dién & nita chu ky 4m qua (khong di qua cd cdu do) va dién 4p nghich
khong roi trén D; va co ciu do, tranh dién dp nghich 16n khi do dién 4p AC c6 gia tri
16n.

Dién trd R, noi ti€p & tAm do dién d4p U,c dude xdc dinh:

U =(Rs +Rp)I, +Up
UAC _UD _ UAC _UD

- 7.8
I ... /0.318V2 (7:8)

=>Rs+R, =

L Bai tap 9:

Cho hinh 7.16, R,,=1KQ va |_ =50 A. Hiy xdc dinh gid tri dién trd R, R,, R3 biét
ring & tAim do C dién 4p tdi da 12 SVAC, tim do B dién 4p t6i da 1a 10VAC va tam do
A dién 4p t8i da 20VAC. Luu y: cdc diode loai 1N4007.

A R R. Rs D,
BO—JW\I—4W\I—4VW—
C R
O
ZN D,

Uac

Hinh 7.16: M& rong tam do dién 4p AC dung cdc dién trd mic ndi tiép.
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Gidi
Diode loai 1N4007, chon dién thé& din cho diode 12 Up=0.6V
Ap dung cong thiic (7.8), cho cdc tAm do:

Taitim do C, Upc=5V:

Ue -Up U, -U, 5-0.6

R, +R, = = - = 39.5KQ)
: I, ... /0.318/2 50.10°/0.318v2
=R, =395-R_ =39.5-1=385KQ
Taitim do B, Usc= 10V:
R, +R, +R, = e o UwYo__ 10208 __g 5
. | /0.318J2 50.10°/0.318v2
— R, =845-R_—R, =84.5-1-38.5 = 45KQ
Taitim do A, Upc=20V:
R1+R2+R3+Rm:UAC_UD: Use Yo 20-08 g 510
L, ... /0.318v2 50.107°/0.318+2

=R, =1745-R, - R; - R, =84.5-1-38.5-45=90KQ

7.4.3 Mach do dién 4p AC dung bi&€n ddi nhiét ddi:

Thang do ctia Volt k&€ AC ghi theo gi4 tri hiéu dung mic du st dung phuong phdp
chinh luu trung binh. Riéng phuong phdp diing bd bi€n ddi nhiét dién thi goi 1a volt k&
AC c6 gia tri hi€u dung thuc.

Volt k&€ AC st dung bd bi€n ddi nhiét dién khong phu thudc tin sd va dang tin
hiéu.

R; R, R3
o—M—W——W

Hinh 7.17: Mach do dién 4p AC dung bién ddi nhiét dién.
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R, 12 dién trd nhiét can do dién 4p. Cdc dién trd R, R, va R; 13 cdc dién tr§ mS

rong tam do.
On tap cudi chuong 7

7.1) Cho s6 do mach hinh 7.12, bi€t Volt k&€ ding co ciu tir dién c6 R,=1KQ va
| =50LA. O 3 tAm do V,=2.5V, V,=20V, va V3= 50V. Hay tinh cac dién tr§ con lai.
7.2) Cho so dd mach hinh 7.13, bi€t Volt k& dung co ciu tir dién c6 R,=1KQ va
I, =50LA. 3 3 tdm do V,=0.5V, V,=2.5V, va V3= 10V. Hay tinh cdc dién tr§ con
lai.
7.3) Cho sd dd mach hinh 7.9, R,=1KQ va | .. =504A. Hay xdc dinh gia tri dién trd
R, R,, R; biét riing & tam do A dong dién t8i da qua cd ciu do 1a 250mA, tam do B
dong dién t3i da qua co ciu do 12 500mA va tdm do C dong dién t3i da qua co ciu do
750mA. Luu y: diode loai 1N4007.
7.4) Cho hinh 7.16, R,,=1KQ va | =504A. Hiy xdc dinh gid tri dién trd R, Ry, R
biét ring & tAm do C dién 4p t6i da 1a 50VAC, tAm do B dién 4p t6i da 1a 250VAC va
tam do A dién 4p t6i da 1000VAC. Luu y: cdc diode loai 1N4007.
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Chuong 8
PO TAN SO

Tan s6 la s6 chu ky ciia mot dao dong trong mot don vi thoi gian, don vi tdn s6’ la
Hz.

Trong k§ thuat vo tuyén, do tan s6 dugc diing trong cic trudng hdp nhu khic do va
chuin lai cic mdy tao tin hiéu do ludng, may phat, may thu; xdc dinh tin s6 cong
hudng clia cdc mach dao dong; x4c dinh ddi thong cta bd loc, mang bon cuc, ki€m tra
mitc do 1&ch tan s6 cla cdc thi€t bi dang cong tic,...

8.1 Po tan so biing cdc mach dién c6 thong s¢ phu thudc tan sé

8.1.1 Phuong phép cau:

Hinh 8.1: Po tan s& bing mach dién phu thudc tin sd.

Khi cdu do cin bing: 7.75=7,7,
Hay RiZ;=R;R4 (¥)
. 1
Z3=R3+‘]((0L—E) (81)

Thé& (1) vao phuong trinh (¥) va cin biing phan 4o, ta dugc:

o L=t
o,C

1

= f, =
27+ LC

(8.2)

Ti€p tuc diéu chinh nhdanh cdng hudng ndi ti€p sd can do f,, khi d6 o, L = va

1
o,C

trd khdng clia mach thuan tré R, 1a:
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R1R3=R2R4 (83)

»Cdch do: nhdnh cong hudng dugc diéu chinh biing cich thay ddi gid tri cda tu dién
C, thang do c6 thé tryc ti€p khic do theo don vi tAn s&. Md rong tim do tin sO bing
cdch thay d6i cuon L. Bo chi thi cin biing diing volt k&€ chinh luu.

xNhugc diém: khé ché tao dugc cudn cdm & tan sd thap, khé thuc hién chi thi 0 do c6

tic dong cua tir trudng 1én cudn dién cam.

8.1.2 Phudng phap cong huéng:
Po tin s6 bing phuong phip cdng hudng dua trén nguyén 1y chon loc tin sd cia
mach cdng hudng.

U B6 phan Mach cong .| B phan chi
ghép hudng - thi
A
0 phin
diéu chuin

Hinh 8.2: So dd khdi do tan s6 bing phudng phdp cong hudng.

Dién dung va dién cdm 1a cdc linh kién c6 thong s tap trung L, C. Bd phan diéu
chuin chinh 13 tu dién bi€n thién C, c6 thang d dugc khic do theo don vi tin s6. Vi tu
C c6 hé s6 bi€n d8i (Cpax/Crmin) khong 16n 13m, cho nén mudn md rong dii tin sd thi

A N1 A N 9. 2. N
tan sO6 k€ con phdi thay doi cd cudn L.

NN
&

|

I

Hinh 8.3: Mach do cong hudng tan sé.
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Mach cong hudng dugc kich hoat biing dao dong 14y tir ngudn cin do thdng qua
cudn day ghép L. Sy chi thi cong hudng cla mach dién tai tan s6 do dugc thyc hién
bing bd tdch séng va co ciu do tir dién.

Khi mach cong hudng thi chi thi cda ddng hd 1a cuc dai.
8.2 Po tan so bing dao dong ki (phuong phap so sanh):

Po tan s6 bing dao dong ki dudc thyc hién biing phuong phdp so sdnh tan s& can
do v&i tAn s6 chudn ctia bd dao ddong chuin thong qua cdc dudng cong Lissaju. Mudn
tao dudc cdc dudng cong Lissaju thi dua tin s6 can do vao mot cip ban lam 1éch, tan
s6 chuidn vao cip ban lam léch con lai. Piéu chinh tin s6 chuin sao cho dudng cong
Lissaju ding yén.

Hinh ddng clia dudng cong Lissaju phu thudc vao ti s§ giita cdc bién do, tin s6 va
A 2 2 *A ~ N [N N BN . . ~ 2 A A A
pha ban dau cua tin hi€u chuan va tin hi€éu can do. Pudng Lissaju s€ dirng yén n€u tin
~ ~ N A A Y N ™ 2 A 2 ~ A
sO chuén va tan s6 can do bang nhau va bang ti s6 ctia cdc s6 nguyén:

. (8.4)

ng, N, 1 cdc s6 nguyén bing s6 diém ti€p tuyén cia dudng Lissaju véi truc ditng va
truc ngang.

8.3 Po tan so bing phuong phap dém:

Tan sd k& ciu tao theo phuong phdp dém c6 so dd6 nhu hinh vé&, bao gdm: mach
vio chinh, bd phin tao dang xung, bd tao xung c6 thdi gian chuin, bd diéu khié€n, bo
chon xung theo thdi gian, bd d€m xung.

B¢ tao dang xung: tin sd cin do f, di qua mach vao d&€n bd tao dang xung cé
nhiém vu bi€n ddi tin hiéu dién 4p dang diéu hoa thanh dang tin hiéu xung. C4c xung
nay c6 cuing cuc tinh va ¢6 chu ki ding biing chu ki clia tin hiéu diéu hoa can do.

N
~ A re A .
Ngo Mach vio 5 B0 tao Bo6 chon s| Bo dém
vao dang xung S Xxung
B tao xung R j
chuén S Bo dlveu :k
khién
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Hinh 8.4: So dd khdi do tin s6 bing phuong phdp dé€m

B¢ tao xung chudn cé chic ning tao nén cic xung thdi gian chuin c6 tinh 6n dinh
cao, bao gdm cdc bo phin: bd tao dao dong thach anh, cidc by chia/nhan tin s, bd tao
dang xung. PAu ra clia bd ndy c¢6 nhi€u tin s6 khac nhau nhu by dao dong thach anh
100KHz thi cdc tan sd chia 12 10KHz, 1KHz, 100Hz, 10Hz, 1Hz, 0.1Hz tudng ng véi
cdc tan sd chudn nay la thdi gian chuin bing chu ki ctia ching 0.0001s, 0.001s, 0.01s,
0.1s, 1s, 10s.

Bo diéu khién 1am nhiém vu di€u khién qu4 trinh do véi 2 chifc niang chinh tao chu
trinh thdi gian “md&” va “x6a” d€ dwa bo d€m vé trang thdi ban dau.

Nguyén Iy lam viéc: tin sd cin do c6 dang tin hiéu diéu hoa dugc dwa qua mach
vao dén bo tao dang xung. Qua bd nay tin hiéu hinh sin bi€n thanh tin hiéu xung c6
cling tan s8. Cdc xung nay dudc dua d€n bo chon xung rdi chuyén t6i bo dém trong
nhitng khodng thdi gian tuong Gng xung md ctta, téc 1a chi cho xung qua bd d&€m trong
khodng thdi gian “md”, “déng” tuong tu nhu mach AND c6 2 dau vao 1 dau ra. Chi
khi nao cd 2 dau vao bo chon xung c6 tin hiéu thi dau ra méi c6 tin hiéu.

S& xung qua b chon xung dugc bd d€m xung ghi lai, khi d6 tin s6 f, can do:

n
f = 8.5
AT, (8:5)

n: s6 lugng xung d€m
AT, khodng thdi gian m§ ctta ciing chinh 14 chu ki clia xung chuén.

Vi ., d@ bi€t nén k&t qua chi thi s& ctia bd d€m c6 thé truc ti€p bi€u thi dai lugng
tin so.
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Chuong 9
PO CONG SUAT

9.1 Po cong suit bing volt k& va ampe ké”

9.1.1 Po cong suit mot chiéu:

Cdch mdc Volt ké trudc-Ampe ké sau:

N\ |
Ua -
U=U,+UL
O .
PL:ILUL:IL(U‘UA)
] P =UI -R,I;’

Hinh 9.1: Po cdng suit biing cich mic V-A

> Nhdn xét: theo cdch mic ndy viéc xdc dinh cong sud't P, c6 sai s6 do dién trd nodi
ctia ampe k€.

Cdch mdc Ampe ké trudc-Volt k& sau:
IZI\/+IL

w I P.=I, U=U(I -Iy)

P, =UI-IyU 6,) UL

Hinh 9.2: Po cong suit bing cdch mic A-V

—®)

> Nhdn xét: theo cdch mic nay viéc xdc dinh cdng sudt Py c6 sai s6 do dién trd ndi
cta volt k€.

9.1.2 Po cong suit xoay chiéu mot pha:

/A\ ,
S
A R
B
- C\\Z Z
S;
83
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Hinh 9.2: Po cdng suit xoay chiéu mdt pha biing Volt k& vd Ampe k&.
Khi khéa Sy, S, & vi tri A va C thi volt k& cho gi4 tri Ug.
Khi khéa S|, S, & vi tri B va D thi volt k& cho gid tri Uy, dién 4p nay léch pha véi
dong dién tai mot goc .
Khi khéa S, S, & vi tri A va D thi volt k& cho gid tri Uy, dién 4p nay léch pha so
v6i dong dién 1a ¢.
Theo gidn dd vector, ta c6:

U; =U;+Uz-2U U, cosg,

U, U, U, cosp=U, cosp, —U,

U, cosp, —U,
U,

cos @ =

Hinh 9.4: Gidn dd vector
Cong suat clia tai dugc x4c dinh bdi:

(UZ+U? —UZZL)—2U§

P.=U, I[U
LoTRe 20.U,U,
o ViU U
2U,
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9.2 Po cong suit bing hiéu dng Hall:

Hinh 9.5: Po cong suit bing phuong phéap hiéu ng Hall

Dit cdm bién Hall vao khe hd ctia nam cham dién. Dong dién di vao cudn hiit L
chinh l1a dong dién di qua phu tdi Z;. Dong dién di qua 2 cuc T-T ti 1€ v4i dién dp dat
1én phu tdi Z;. Bién tré phu R, d€ han dong. Thé dién dong Hall dugc xdc dinh bdi:

U,=kBW
trong do B=ki, W =k,u
U =Kkiu=kui=kP

k 1a hé so ti 1& dic trung cha cdm bi€n phu thudc vao vit liéu, kich thude, hinh

ddng clia cdm bi€n, nhiét do tdc dong.

Uy hiéu dién th€ Hall dugc do bing mV ké&.

> Nhdn xét: Watt k& loai nay cho phép do cong suit xoay chiéu c6 tin s6 dén hang
trim MHz, khong c6 qudn tinh, ¢é ciu tao don gidn, bén va tin cay.

85



Chuwong 9 : Po céng sudt

9.3 Po cong suit bing nhiét luvgng ké:

o

o

Hinh 9.6: Po cong sudt bing nhiét lugng k&.

Watt k€ dung phuong phap nhiét lugng k& dugc ché tao theo nguyén tic xdc dinh
cong suit theo nhiét do ciia moi trudng nhiét luong ké.

Cong suat P, do phu tdi R, tiéu thu dugc x4c dinh theo hiéu nhiét do clia chit 1dng
(vit mang nhiét) & dau ra va diu vao clia nhiét lugng k&. Hiéu nhiét d6 dudc do bing
cip nhiét dién va mV k& khi chat 16ng ludn khong ddi.

P, =CG(6,-6,)

0,1a nhiét d6 ctia luu lugng ra khdi hop do cong suit.

6, 1a nhiét do clia luu lugng trude khi vao hdp do cong suat.

C: dung lugng nhiét thé tich riéng clia chit 1dng.

G: luu lugng thé tich cia chi't 1dng.
> Nhdn xét: phuong phap nhiét lugng k€& thudng bi sai s6 do sy thay ddi nhiét do moi

trudng xung quanh ciing nhu do sy bi€n dong clia cdc dic tinh nhiét va nhiét do cia
vat mang nhiét.

9.4 Po cong suit bing phuong phap phan mach dinh huéng.

Do cong suit bing phuong phdp phan mach dinh huéng tng dung d€ do cong suit
truyén thong gitta ngudn cdng suit va tdi. Trong truyén thong ludn ton tai phdn xa
mdt phan cdng suit trd vé ngudn phat tir phia tdi. Cong sui't phan xa lam hu ngudn
cong sudt hay mdy phat, n€u c¢6 phdi hgp trd khang t5t thi hién tugng nay s€ bi loai bd
hay it anh hudng mdy phat.

Cong suat dugc hap thu trén tdi s& 12 hiéu s6 cdng sudt phdt ra clia ngudn va cong
suit phédn xa.
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Phuong phdp do cong suit bing cdch phin mach dinh huéng con goi 1a phuong
phdp phdn xa mét. VGi cach ghép nay ta ¢6 kha ning phan biét dugc ning lugng
truyén tif ngudn dén tdi, cling nhu ning lugng tir tai phdn xa trd vé.

Watt k&
A
Ngu6n Phan mach ..
A X > . Tai
cOng suat dinh huéng

a) So d6 khdi do cong sudt bing phuong phdp phan mach dinh huéng.

A B
{ |
.b H P TH 1 ‘: e
A T I//."../.—".‘::.." I e i
s T
| T L I

b) C4u triic bén trong mach do cdng suit dinh huéng.
Hinh 9.7: Po cdng sudt bing phuong phdp phan mach dinh huéng.

Bo phin phian mach dinh huéng diung diay dong truc, doan diy dc va vong diy
ghép U cau thanh bo phadn mach dinh huéng. Poan ab, cd 12 c4dc doan diy bi€n ddi trd
khidng clia dudng day truyén d€ cho trd khang ctia dudng diy truyén phdi hop dudc
vdi bd phan mach dinh huéng. Vong diy ghép U cé kich thuéc nhéd so v6i chiéu dai
clia budc séng, c6 ghép dién dung va dién cdm vdi dudng diy truyén lam xuat hién
dong I, v€ 2 phia Iy. N€u kich thudc clia vong diy U va khodng cdch tir vong day U
dén truc dudng day dong truc thda Ic=Iy thi tai ddu ra A cda bd phian mach ning
lugng dién, con ddu B khong c6 vi tai nita vong diy ghép nay dong dién khir 1n nhau.
Tai ddu A c6 mic Watt k& dé€ do cong sudt va néu bi€t dugc hé s6 ghép ra cda bod
phan mach thi ¢6 thé tinh dugc cong suit truyén thong trén day dong truc.

9.5 Po cong suit bing phuong phap do 4p sud't séng dién tur:

Ciing nhu 4nh sdng, séng dién tif truyén trén diy truyén séng giy ra dp sudt cd
hoc. Ap sudt ndy tdc dong 1én bé mit thanh 6ng séng khi séng dién tif lan truyén trong
ong. Khi dit mot vat vao trong 6ng din séng c6 séng dién tir lan truyén thi ciing chiu
ap luc ctia séng. Cudng d6 cta dp luc nay ti 1€ véi modun cua vector Umop-pointing,
tic 12 ti 1€ v6i cong suat cla séng dién tir. Do vAy, cong sudt clia séng dién tr lan

87



Chuwong 9 : Po céng sudt

truyén dugc xdc dinh thong qua 4p luc cla séng dién tir tdic dong 1én vat. Thang do
ctia 4p lvc c6 thé chuyén ddi truc ti€p thanh thang dd theo don vi cong suit.

oy

A
W, %
N, 3 \
\\\ [~ N\, 1
NN\ 2 \
\ % T
\\\5 W, R
N
N\
\\J
A
)
4
P
P BN
3 // \\ 5
3 sk &
6 %

Hinh 9.8: Po cong suit bing cdch do dp sut song dién tu.

Gi4 tri cda 4p sudt nay rit nhd, ching han cong sud't clia séng dién tif lan truyén la
1mW thi 4p sud't khodng 10"*N/cm? cho nén khong thé do truc ti€p ma phai thong qua
bd bi€n d6i phan ti 4p dién, tu vi chinh, ddng hd do 4p suit co hoc.

Co ciu do gdbm 6ng din séng (1) dé truyén din ning lugng cin do, sgi day thach
anh (3) c6 dudng kinh rat manh (khodng 10 zm) bén trong dng din séng, ndi vdi guong
phin xa (4). Bin kim loai dugc dit nghiéng 45° so vdi chiéu ciia séng dién ti¥ lan
truyén. Dudi tdc dung clia dién tir bdn kim loai quay va 1am xodn day treo, géc quay
clia ban kim loai dudc xdc dinh bing vi tri chi thi cda di€m sdng phat ra tif ngudn sing
(5) dugc phdn chi€u trén guong (4) va dap 1én thang chia do (6).

> Uu diém: dii do cong sud't rong tir vai %W dén vai trim KW, khong giy tén hao
cong suit nhiéu, d& phdi hdp véi ngudn do, rit it bi qud tdi, it quan tinh, sai s6 khodng
5%.

> Nhuoc diém: rat nhay v6i chdn dong co hoc, yéu cau chinh xdc cao d6i vdi cdc chi
ti€t dung cu.
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