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LY THUYET MACH DIEN 1

BACH KHOA

Tai liéu tham khao:
1. - Nguyén Binh Thanh - 1971.
2. Co s& ky thuat dién - Quyén 1 - B6 mén Ky thuat do & THCN - 2004
3. Gido trinh ly thuyét mach dién - PGS - TS. Lé Van Bang - 2005.
4. Fundamentals of electric circuits - David A.Bell - Prentice Hall - 1990.
5. Electric circuits - Norman Blabanian - Mc Graw-Hill - 1994.
6. Methodes d’etudes des circuit electriques - Fancois Mesa - 1987.

7. An introduction to circuit analysis a system approach - Donald E.Scott -

1994.
8. Electric circuits - Schaum - McGraw-Hill - 2003 (%)
9. - Charles K. Alexander - 2012 (%)

(*) http://www.mica.edu.vn/perso/Nguyen-Viet-Son/courses.html
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LY THUYET MACH DIEN 1

BACH KHOA

Noi dung chwong trinh:

Chwong 1: Khai niém vé md hinh mach Kirchhoff.
|. Khai ni@m vé mé hinh trwdng - md hinh hé théng.
ll. Cac hién twong co ban trong md hinh mach Kirchhoff.
lll. Cac luat co ban trong md hinh mach Kirchhoff.

[VV. N6i dung bai toan mach.

Chwong 2: Mach tuyén tinh & ché dé xac lap diéu hoa.
|. Ham diéu hoa & cac dai lwong dac trung.
1. S6 phtrc - Biéu dién ham diéu hoa trong mién anh phirc
l1l. Phdn rng clia mdt nhanh véi kich thich diéu hoa.

IV. Dang phtrc cac luat co ban trong mach Kirchhoff.
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LY THUYET MACH DIEN 1

BACH KHOA

Noi dung chwong trinh:

Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché dé xac lap dieu

hoa - Graph Kirchhoff
|. Phwong phap dong nhanh
ll. Phwong phéap thé nat
[Il. Phwong phap dong vong
IV. Khai niém vé graph Kirchhoff
V. Céc dinh ly vé 1ap phwong trinh Kirchhoff
V1. Ma tran cau truc A, B

VII. Lap phwong trinh bang ma tran cau trac
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LY THUYET MACH DIEN 1

BACH KHOA

Noi dung chwong trinh:

Chwong 4: Tinh chat co ban ciia mach dién tuyén tinh.
|. Khai niém.
Il. Tinh chat tuyén tinh.
1. Khai niém ham truyén dat.

IV. Truyén dat twong hé va khéng twong ho.

Chwong 5: Mach dién tuyén tinh ¢6 kich thich chu ky
|. Khai niém
Il. Cach phan tich mach dién tuyén tinh c6 kich thich chu ky.
1. Tri hiéu dung - céng suéat dong chu ky

IV. Ham truyén dat va dac tinh tan sé.
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LY THUYET MACH DIEN 1

BACH KHOA

Noi dung chwong trinh:
Chwong 6: Mang mét ctra Kirchhoff tuyén tinh.
l. Khai niém
Il. Phwong trinh & so d6 twong dwong mang mot clra cd nguon.

1. Diéu kién dwa cdng suat cwe dai ra khdi mang mot clra.

Chwong 7: Mang hai ctra tuyén tinh
l. Khai niém
Il. M6 hinh mang hai clra - Phwong phap tinh bd sé dac trung.
1. Tinh chat mang 2 clra tuyén tinh twong.

V. H’ém‘truyén dat dong - ap. Téng tr&é vao cla mang hai ca.
Van dé hda hop nguodn va tai bang mang hai citra.

V. Mang hai ctra phi hé.
V1. Khuéch dai thuat toan
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LY THUYET MACH DIEN 1

BACH KHOA

Noi dung chwong trinh:
Chwong 8: Mach dién 3 pha.
|. Khai niém.
Il. Mach 3 pha d6i xtrng va khoéng dbi xieng tai tinh.
1. Tinh va do céng suat mach dién 3 pha.
IV. Mach 3 pha c6 tai dong - Phwong phap thanh phan déi xieng

V. Mét sb sw ¢b trong mach dién 3 pha.
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LY THUYET MACH DIEN 1

BACH KHOA

> PHUONG PHAP HOC TAP

0 Download tai liéu www.mica.edu.vn/perso/Nquyen-Viet-Son/courses.html

< Bai giang + bai tap + sach tham khao (Tiéng Anh)
Q Nam virng ly thuyét = 1am nhiéu bai tap
Q Tich cwc trao déi thao luan
O S dung
< Két hop Bai giang + nghe giang trén 1&p
< Doc tai liéu tham khao (khuyén khich doc tai liéu Tiéng Anh)
Q Str dung thanh thao Calculator + phan mém mé phéng
s Calculator FX570ES (Plus)

, Proteus, Altium Designer
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LY THUYET MACH DIEN 1

BACH KHOA

> THI GIU’A KY:
d Théng bao trwéc 2 tuan.

O Thi viét ~40 phat (bai tap)

Q THI CUOI KY:

d Thi 2 chung:

O Thi viét 90 phat (bai tap)
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BACH KHOA

Chwong 1: Khai niém vé mé hinh mach Kirchhoff

l. Khai niém vé mé hinh trwdng - mé hinh hé thong.
Il. Cac hién tworng co’ ban trong mé hinh mach Kirchhoff.
lll. Cac luat co’ ban trong moé hinh mach Kirchhoff.

IV. NOi dung bai toan mach.

Bai tap: 7 - 16
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff »

l. Khai niém vé mé hinh trwdng - mé hinh hé thong.
» Mach dién gdbm mot hé thdng cac thiét bi ndi ghép v&i nhau cho phép trao dbi nang lwong
va tin hiéu.

Mach dién

u(t), i(t), p(t) ...

E(x, Y, z, t), H(x,y,z,t)
| M6 hinh hé thén '

7 = ? = 6000(km)

O hinh trweon

v
Mo hinh
mach tin hiéu

¢ Hinh vé mé phong
thiét bj dién

Mo hinh mach | Machhéa LAY Luéat S
Kirchhoff oan ho
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LY THUYET MACH DIEN 1

Chwong 1: Khai niém vé mé hinh mach Kirchhoff.

l. Khai niém vé mé hinh trwé'ng - mé hinh hé thong.
Il. Cac hién tworng co’ ban trong mé hinh mach Kirchhoff.
I.1. Nguon dién.
I.2. Phan tir tiéu tan trong mach dién R.
I1.3. Kho dién. bién dung C.
I1.4. Kho tir. Dién cam L.
lll. Cac luat co’ ban trong moé hinh mach Kirchhoff.

IV. NGi dung bai toan mach.
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

ll. Cac hién tworng co’ ban trong mach Kirchhoff.
> M6 hinh mach Kirchhoff dwg'c xem xét trén phwong dién truyén dat ndng lwong gitra cac
thiét bj trong mot mach dién.
> Co rat nhiéu hién twong trong céac thiét bj dién: Tiéu tan, Tich phéng dién tir, Tao séng,
phét séng, Khuéch dai, Chinh luu, Diéu ché ... > tdn tai mét nhém du hién twong co ban,
tlr d6 hop thanh moi hién twong khac:
Nang lwong dién tir dwa vao mét vang va chuyén thanh dang
nang lwong khac tiéu tan di, khéng hoan nguyén lai nira.
Vidu: Bép dién, bong dén neon, dong co keo ...
La hién twong bién cac dang nang luong khac thanh dang nang
lwong dién tir. Hién twong phat twong (rng véi mot nguén phat.
Vi du : Pin, acqui, nha may thuy dién, nhiét dién, cdi xay gio ...

Nang lwong dién tr tich vao mét vung tap trung
dién trrdng nhw |an can cac ban tu dién hoac dwa tir vung dé tra lai tred'ng dién tir.

Nang lvong dién tw tich vao mét vung tap trung tw
trrdng nhw 1an can mot cudn day cé dong dién hoac dwa tra tir vang do.
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

Il. Cac hién tworng co’ ban trong mach Kirchhoff.

> Mb hinh mach Kirchhoff nghién ctru qua trinh truyén dat ndng lwong va tim cach
mé hinh héa cac hién twong trao déi nang lwong bang nhirng phan tlr sao cho
quan hé gilra cac bién trang thai trén ching cho phép biéu dién qua trinh truyén
dat nang lwong tai ving ma ching duwoc thay thé.

> Vé&i4 qua trinh nang lwong co ban, mach Kirchhoff sé& cé 4 phan t& co ban:
(ngudn suat dién déng, nguodn dong) <> Hién twong phat
(dién tré R, dién dan g) « Hién twong tiéu tan

(dién dung C) < Hién twong tich phdng cua kho dién

(dién cdm L, h6 cam M) « Hién twong tich phong cla
kho tw
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.1. Nguon dién.
> Dinh nghia: Céc thiét bi thwc hién qua trinh chuyén hoéa cac dang nang lwong khac thanh
dién nang dwoc goi la nguén dién.

>  Quy woc:

» Phan loai:

: Cac théng sb cua ngudn (bién do, tan sb, hinh dang, géc pha ...) chi
tuy thudc vao quy luat rieng cla ngudn ma khéng phu thudc vao trang thai bat ky
trong mach.

Vi du: Nguén ap doc lap, nguén dong déc lap

: C4c trang thai cia nguén bi phu thudc (diéu khién) b&i mét trang
thai nao do trong mach dién.

Vi du: Ngudn ap bj diéu khién b&i dong, ngudn ap bi diéu khién béi ap; nguén dong bi
diéu khién b&i dong, ngudn dong bi diéu khién b&i ap ...
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.1. Nguon dién
> Nguon ap doc lap
< Dinh nghia: Ngubn ap e(t) 1a mét phan tl so d6 mach Kirchhoff c6 dac tinh
, con goi la strc dién dong xac dinh theo thoi
gian, va chay qua no.
< Bién trang thai: Dién ap trén hai cwc ctia nguon. Dbi véi mot nguon ap ly twéng, gia tri
cda dién ap trén hai cwc ctiia nguodn khéng phu thudc vao gia tri ctia tai ndi véi nguon.

% Phuwong trinh trang thai:
e(t) _ e(t)

2 Ky hiéu: i(t) i(t)_Rng
Lul) —u
Nguon ly twéng Nguén thuc
(Rng =0) (R,g #0)

( )

Céch nbi: Tranh ngadn mach nguoén ap

L)

*
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.1. Nguon dién
> Nguon ap phu thudc (ngudn ap bi diéu khién)
< Dinh nghia: Ngudn ap phu thudc 1a ngudn ap ma trang thai dién ap (suat
dién déng) cua n6 phu thudc vao trang thai ( ) cua moét

nhanh khac trong mach.

e(t)
> Ky higu: &

u(t)

s Phéan loai:

e —_— | —

i ()
uy(t) [] B eult) = kauy(t 1 [] esft) = Ri(t)

—

Nguén dp bi diéu khién béi dp Nguén dp bj diéu khién béi dong
( ) ( )
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.1. Nguon dién
> Nguon dong doc lap:

< Dinh nghia: Ngubn dong j(t) la mdt phan t& so d& mach Kirchhoff cé dac tinh

cua no.
% Bién trang thai: Dong dién chay qua ngudn. D6i véi mét ngudn dong ly twéng, gia tri
cla dong dién sinh ra b&i ngudén khéng phu thudc vao gia tri cta tai ndi véi nguon.
< Phuwong trinh trang thai: i(t) i(t)

i(t) i(t) Rng
% Ky hiéu: l—@é—‘ r@—)—:—‘

Nguén ly twéng Nguon thye
(Rng = °°) (Rng < °°)

(

< Céach néi: Tranh h& mach ngudn dong

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 9



Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.1. Nguon dién
> Nguon dong phu thudc (ngubn dong bi diéu khién)

/

< Dinh nghia: Nguén dong phu thudc l1a nguén dong ma trang thai dong dién

cua no6 phu thudc vao trang thai ( ) cua mdt nhanh khac
trong mach.
&
< Ky hiéu: | i(t) = j(t)
< Phan loai:
oﬁ— —
i4(t)
\w(t) | ®i=vuw ] &b =aiw
nguoén dong bi diéu khién bdi dp nguoén dong bi diéu khién béi dong
( ) ( )
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.2. Phan tir tiéu tan - Pién tr& R - Pién dan g.

> Hién twong: Khi c6 mot dong dién chay qua mét vat dan dién — vat dan néng
lén do c6 sw chuyén héa dién nang thanh nhiét nang. Vi du: Bép dién, ban 1a ...

> Dinh nghia: Dién tré (dién dan) 1a dai lwgng do kha nang can tré (dan) dong
dién cla vat dan.

> Bién trang thai: u(t), i(t)

. ou(t) _ i(1)
> Phuong trinh trang théi: 0i(?) ou(t)
[V] g,
_WM 1o g
: [A] [£2] [V]

> The nguyén: [Q]
Pon vi dan xuat: 1KQ = 103Q, 1MQ = 108Q

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 1



Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I.2. Phan tir tiéu tan - Pién tré R - Dién dan g.

» Phan loai:
% Dién tr& (fixed resistor):

o

/ i LR
( - / 7
Pién tré day quan pién tre composition Dién tré dan Ky hiéu
(gia tri nho) (gia tri I6n) (do6 chinh xac cao)
< Bién tr& (variable resistor): < Dién tré tuyén tinh:

u(t) i(?)

i(t) R r =—~>=const g=—-— =const
73— v R i?) u(t)

* N > . X .
| I “v—Biéntrophi-tuyen:

u(t)
Ky hiéu

r = R(u,i) g =G(u,i)
2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 12



BACH KHOA

I.3. Kho dién - Dién dung C.

A: dién tich bé mat ban cuc
» Hién twong: cA
C= - d: khodng cach 2 ban cyc |

&: hé sb dién moi

» BDinh nghia: Dién dung C Ia
cua kho dién.
> Bién trang thai: u(t), i(t) du(?)

do) _og auy  "O=4

» Phuwong trinh trang thai: i(f) =

d ou &
u(t)=—\i(t)dt
> Thir nguyén: ¢ = Lculon] _ [F] = j ©
[V]
> Don vjdan xuat: 1uF = 10°F  1nF = 10°F 1pF = 10-12F
0 1

> Néng luvong: dw, =u.dq =u 8q .du =§.C.du2

U

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son
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I.3. Kho dién - Dién dung C.
» Phéan loai:

s Tu dién (fixed capacitor):

" e

Tu gébm

( )

< Tu dién bién thién (variable capacitor):

* “g . iH" .

Trimmer capacitor Ky hieu

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son

Chwong 1: Khai niém vé mé hinh mach Kirchhoff

Ky hiéu

< Tu dién tuyén tinh:

ngzconst
u
C=C(q,u)
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BACH KHOA

I.4. Kho tir - Dién cam L - H6 cam M. |._mgh:.r_.}

>

(“ ______

AL »., s

Hién twong: Khi day dan (cudn day) co dong dién bién

1'!

\

thién chay qua - trong ving lan can cla vat dan tap

Core material

tl’Uﬂg mét tl‘J’ tI’U’(‘)’ng (khO tl‘J’) Number of turns, N
Dinh nghia: Dién cam L 14 ; N: 50 vong day cuon
[ - N"uA | I chidu dailoi
ctia cudn day. [ A: tiét dler) ngang I-0|
w: do tir tham cua 161
Bién trang thai: u(t), i(t) e
u(t)=L. Q
dy 0Oy Oi dt

Phwong trinh trang thai: u(t) =

dt 0 ot i(t)=— ju(r) dt

, ) Wb
oy 1
Pon vi dan xuat: 1mH = 10-3H dw, =idy =i—— p di = ELdl

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 15



I1.4. Kho tir - Dién cam L - H6 cam M.
» Phéan loai:

/

< Cudbn day 16i sat twr

R/

% Cudn day I6i khéng khi

, v ity L
% Cudn day tuyén tinh: L =-—=const
1 u(®)

+—Cudn-dayphi-tuyéa: L= L(y, 1)

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 16



Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I1.4. Kho tir - Dién cam L - H6 cam M.

0NN
utc(t)

< Luat Lenx: i(t) sinh ra tlr thdng w(t) bién thién, chdng lai sw bién thién clta

4

D)

> Xét cudn day L, cé dong dién bién thién i(t).

L)

_——
—_——

v

i(t) (chiéu w(t) xac dinh theo quy tac van nut chai (quy tac ban tay phai).

4

D)

» T théng w(t) sinh ra suat dién dong tw cam u,(t) trén cudn day.
di(t)

L)

d ,
u,.(t) = Yor L - hé sb tw cam W(t)
dt dt (’,——{--I: ————— .
< Nguwoc lai: xét cudn day dat trong khong ‘ b VA

gian co tr thdng y(t) bién thién.

4

L)

% T thdng w(t) sinh ra suéat dién trén cudn day > sinh ra dong dién tw cdm
i..(t), chdng lai sy bién thién cha w(t) (chiéu cla dong dién tw cam duoc xac

dinh theo quy tac vdn nut chai).
2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 17



BACH KHOA

I1.4. Kho tir - Dién cam L - H6 cam M.

L,
OV YN

AN
7

< Xét cudn day L, va L, dat gan nhau trong khoéng gian, cuén day L, c6 dong
dién bién thién i ().

< Luat Lenx: i,(t) sinh ra tir thdng w.,(t) bién thién qua cudn L, — sinh ra dién
u, ()= L,.—
dt

< Do L, dat gan L,, mét phan tlr thdng w,,(t) bién thién qua cudn day L, —
sinh ra strc dién ddng cam ng u,,(t).
d 0 di di
Uy (1) = o - l//.21~ S=M,.—
dt  0i, dt dt

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 18




I1.4. Kho tw - Dién cam L - H6 cam Iill_ _____ qf 1_2@} L
’\’\’ LPZZ(E)— >‘ T - : - \,
‘::;'\-*/-..\_ __________________ C—}—--\L?""\'
> (YN T AP
: u,,(t) : : U,(t) :
! u,(t) - | u,(t) o
< Néu L, cb iy(t) chay qua — sinh ra y,,(t) méc di (1)
. 2
vong qua L, — sinh ra dién ap cam ng u,,(1) Uy, (1) = L,. Jf

< Phan y,,(t) moc vong qua L, — sinh ra suat dién déng cam ng u,,(t) trén
cuon L, dy,, 0y, di

di
=W _ —um, %
=== ey,

X di di
< Dién ap tong trén 2 cudn day: u, (1) =u,,(t) tu,(¢) = Ll'?;iM” 7;
di, di,
Uy (1) =ty () Ty, (2) = Lz'Zile I M, =M, =kiL.L,

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son k: hé s6 quan hé gitba L, va L, 19



Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I1.4. Kho tir - Dién cam L - H6 cam M.
» Cuec tinh cda cudn day:

< Thuc té: Cudn day khdng coé cwc tinh. H¢é xac dinh chiéu dién ap tv cam & ho

cam 2 str dung khai niém curc tinh cda cudn day

< Trong khéng gian: Chiéu cla tr théng dwoc xac dinh theo quy tac van nat
chai (quy tac ban tay phai): Néu biét chicu dong dién so voi chiéu cuon cla

cudn day -2 xac dinh duwoc chiéu dién &p
< Trong so d6: M4t thdng tin chiéu quén cla cubn ddy — dung dau * dé danh
dau va quy wéc: Chiéu dién ap tw cam va dién dp hé cam sé luén cung

chiéu véi chiéu cua dong dién sinh ra no.

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 20



Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

I1.4. Kho tir - Dién cam L - H6 cam M.

Vi du 1.1: Xét cudn day L, va L, dat canh nhau, gitra chiing cé hé cam M,, = M,,.
Tinh uy(t), u,(t).

di di .
w () =u, () —u,()=L,—-M,—* W T A
dt dt 5 — —
di di Uq4(t) U,4(t)
_ _ L ar X X
uz(t) - uzz(t)_uzl(t) _Lzz M21 dt u,(t) u,(t)
Vi du 1.2: Tinh dién ap trong cac trwong hop sau.
M M . 7 i5(t)
i(t) , L1/\*‘L2 ig(t) |—1/—12\*‘L2 i (t) i4(t) afw\
>N ~M\ . > L,
> I-1 *
M12 3 L3 M23 v _
i(t) |

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 21



LY THUYET MACH DIEN 1

Chwong 1: Khai niém vé mé hinh mach Kirchhoff

l. Khai niém vé mé hinh trwéng - mé hinh hé thong.
ll. Cac hién twong co ban trong mé hinh mach Kirchhoff.

lll. Cac luat co’ ban trong mo hinh mach Kirchhoff.
lll.1. Luat Ohm.

ll.2. Luat Kirchhoff 1 & 2.
l11.3. Luat can bang céng suat.

IV. NGi dung bai toan mach.
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

1. Luat Ohm.

> Phéat biéu: Luat Ohm biéu dién méi quan hé gilra hai bién trang thai dong dién
va dién ap trén cung mét nhanh.

> S phuong trinh: Mach Kirchhoff cé6 n nhanh — C6 (n) phwong trinh luat Ohm.

Vi du 1.3: Xét mach dién nhw hinh vé. Viét phwong trinh luat Ohm.

di(t l¢. : L C
wO=RIO w,0=L20 wO=gfiod R AN g
Ug u_ Uc=\
d 1 Uag(t) '
uAB(t)IMR(I)—I—uL(t)—I—uC(t)=(R+LE+Ejdt).i(t)IZAB.i(t)
. 1 A i(t) ZpB B
i(t) = d 1 Ug(6) =Y pu,,() ()
R+L—+—jdt AB
d C

Z,5: TONg tré twong dwong nhanh AB

Y,g: TONg dan twong dwong nhanh AB
2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 23



Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

lll.1. Luat Ohm.
Vi du 1.4: Viét phwong trinh luat Ohm cho mach dién.

i (1) = g 5 (1) iL(t)=%juAB(t).dt iC(t)zC.M

dt A_ i)

Tgy  ib Vg
i(t)=ig(t)+iL(t)+iC(t):(g+%jdt+C%j-uAB(f) UAB(tD‘ g L< C——
(1) =Y 51t ,5(1)

i N
u,()= i(t)=2 ()
1 J d
g+z-“ t+CE uAB(t) YAB

Y,s: TONng dan twong dwong nhanh AB B

Z,g: TONg tré twong dwong nhanh AB
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

lll.2. Luat Kirchhoff 1 va Kirchhoff 2.

» Luéat Kirchhoff 1: , VoI quy woc:
¢ Dong dién nut mang : : _
. . , Z i, (#)=0
< Dong dién nut mang o

> Luét Kirchhoff 2: Tdng dién ap trong mét vong kin bang khéng, védi quy woc:

% Dién ap vong kin mang Z u, (t) _0
s Dién ap vong kin mang . vong
> Chu y: Mach Kirchhoff co va — Sb phwong trinh can va du:

s Luat K1:
s Luat K2:

> Ludt can bang céng suat: Téng cong suat Z p,(1)=0
trong mét hé kin bang khéng hekin

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son
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BACH KHOA

lll.2. Luat Kirchhoff 1 va Kirchhoff 2.
Vi du 1.5: Lap phuwong trinh theo luat K1 & K2 cho mach dién.

» Luat Ohm:

ul(t)z(Rl+L1%+Ci1jdr).il(t) 0y (0) = (R, + L, —

u, (1) = (L, %+ c% j dt)i,(t) u, (1) = R0, (1)

_il(t) +i2(t) +i4(t)_j4(t) =0
—i,(1) =i, (1) + j, (1) =0

u, (1) +u, () = e (1)
u,(t) +us(t)—u,(t) =e(t)

—i,+i,+i,—j, =0

» Luat K1:

> Luat K2:

> Bién la dong
cac nhanh: —i,—-i,+/,=0

d 1 :
(R1+LIE+—_[dt).zl+(R2+L

(R, +L, j jdt)12+(L 4,

2014 - Ly thuyét mach dién 1 - Nguyen Viét Son

d 1 .
2;+—Idt).12: 1

®
R, L, C, R, i4(t)
Y| 2
j i) [ \——T/—>
o T3
L,

CD (1) T &

i3(t)

e;(t)

S6 dinh: d = 3. S nhanh: n = 4
S6 pt luat Ohm: n = 4 pt
S6 ptluatK1:d-1=2pt.

e (f) SOptludtK2:n-d+1=2pt

Idt) i,—R,i, =e(t)
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LY THUYET MACH DIEN 1

BACH KHOA

Chwong 1: Khai niém vé mé hinh mach Kirchhoff

l. Khai niém vé mé hinh trweéng - mé hinh hé thong.
Il. Cac hién tworng co’ ban trong mé hinh mach Kirchhoff.
lll. Cac luat co’ ban trong mo hinh mach Kirchhoff.

IV. NGi dung bai toan mach.
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Chwong 1: Khai niém vé mé hinh mach Kirchhoff

BACH KHOA

V. N6i dung bai toan mach.

> So dé mach Kirchhoff md ta v&i cac bién nhanh cung céac luat K1, K2, luat Ohm dwoc st
dung nham nghién ctu cac qua trinh nang lwong trén cac thiét bj dién.

» Co hai loai bai toan mach:

: La bai toan cho biét tinh quy luat ciia quan hé gilra céac tin hiéu
dong, ap hodc cho biét nhirng nghiém dong, ap can cd &ng v&i nhirng kich thich cu
thé. Yéu ciu can lap phwong trinh ctia hé hoac v&i két cau va thdng sb
cu thé cho phép thwc hién dwoc nhirng quy luat do.

: La bai toan cho mét thiét bj dién hodc so dd mach ciia né
v&i két cu va thong sb da biét, can lap phwong trinh mach, dwa vao dé khao sat cac
hién twong va quan hé gitra cac bién hoac tim 16 gidi vé mot s bién, dong ap cu thé.
Bai toan phan tich lién quan t&i viéc khao sat dinh tinh, dinh lwong mét hé phwong
trinh vi tich phan hoac giai nghiém cu thé.

> Hoc phan nay chu trong va chi néu so lwoc vé bai toan tdng hop.
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LY THUYET MACH DIEN 1

BACH KHOA

Chwong 2: Mach tuyén tinh & ché dé
xac lap dieu hoa
. Ham diéu hoa & cac dai lwong dac trung
Il. S6 phirc - Biéu dién ham diéu hoa trong mién anh phtrc
lll. Phan trng cia mdt nhanh véi kich thich diéu hoa.

IV. Dang phtrc cac luat co ban trong mach Kirchhoff.

2014 - Ly tl1ltyét mach di¢n 1 - Nguyén Viét Son 1



l. Ham diéu hoa va cac dai lwong dic trwng.

> Ham diéu hoa la ham sin (cos) cla bién thdi gian t.

> Cdc théng sé dic trung:
% Gia trj cwc dai (hiéu dung): |, E. (I, E)
s Goc pha: wt + ¢ (rad)
GAc pha ban dau: ¢ [rad]

Tan sb goc: w [rad/s]
2

Chuky: T = —ﬂ[s]
%)

2014 - Ly tllltyét mach di¢n 1 - Nguyén Viét Son

T~

BACH KHOA

Je |

<

Céac ham diéu hoa cung tan sb

dwoc phan biét bdi 2 théng sb:

v




I. Ham dieu hoa va cac dai lwong dac trwng.
> Biéu dién bang dé thi vector:
% D6 dai vector ty 1€ vai tri hiéu dung

% GOoc gilra vector voi truc hoanh ty 1é v&i goc pha

» Thuwc hién cac phép toan trén cac ham diéu hoa cung
tan s6 = twong ng viéc thwe hién phép toan trén do

thi vector.

vidizg (t) =1, 2.sin(wt + @) (O =1 () +1.0)

() =1, 2. sin(at + @,)

2014 - Ly tllltyét mach di¢n 1 - Nguyén Viét Son




LY THUYET MACH DIEN 1

Chwong 2: Mach tuyén tinh & ché d6
xac lap dieu hoa

. Ham diéu hoa & cac dai lwong dac trwng.
Il. S6 phirc - Biéu dién ham diéu hoa trong mién anh phtrc
I1.1. Khai niém.
I1.2. Cac phép toan co’ ban.
l11.3. Biéu dién cac ham dieéu hoa trong mién anh phirc.
lll. Phan trng ctia mdt nhanh véi kich thich diéu hoa.

IV. Dang phtrc cac luat co’ ban trong mach Kirchhoff.

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 4



II.1. Khai niém
> Nguon gbc: Giai phwong trinh bac 2, c6 Deltal am.

BACH KHOA

> Sé phirc 1a mét cap 2 thanh phan, sé thuc a, va sb 3o j.b, véi dinh nghia né 1a téng a + j.b,

trong d6 j2 = -1, va a, b 1a nhitng sb thuec.

> Biéu dién trén mat phang phtc:
< Dang dai sb: V=a+jb

% Dang modul-goc: V Ve’ = V@

% Quan hé:
Q ' V=va’+b> a=V.cosg

b b=V.sing

Q=arctg—
a
> SOphtcliénhgp: V. =a +jb V,vaV,la2so
1}2 —a,+ )b, phtrc lién hop néu

2014 - Ly thuyé"t mach di¢n 1 - Nguyén Viét Son




BACH KHOA

I1.2. Cac phép toan co’ ban. .

. ‘ : _V AV, =(a +a,)+ j.(b b))
> Phép cong - trir. V1:a1+j-blelm o2 b e

» Phép nhan - chia. I}Q:a2+j.b2=V2@ V4:V1-V22V1-Vz|§01+¢2
> Phép nghich dao.

. V V, . 1 1
> ... Vi=—=—"|lo—o, Ve =—=—|—¢,
Vz v V1 Vll_
Chuay:

< Nhan j véi mét s6 phirc > goc quay nguoc chiéu kim dong hé 90°

A=10[30 = j. A=1."2.1030 =10[120

< Chia mét sé phtre cho j > goc quay thuan chiéu kim déng hé 90°.

A=10130 > = —j 4=—;.10[30 = 10/=60
J
o 2=

2014 - Ly tllltyét mach di¢n 1 - Nguyén Viét Son 6




BACH KHOA

11.3. Biéu dién cac ham diéu hoa trong mién anh phtrc.

» Co thé biéu dién bang nhirng sb phurc:

e(t) = ExJ2.sin(wt + @) <> E- E|p

> Néu sb phirc 1a dnh cia ham diéu hoa

EN2. sin(wt + @)

E = Elp thie(t)= @
EN2. cos(wt + @)

2014 - Ly thuyét mach di¢n 1 - Nguyén Viét Son 7



BACH KHOA

11.3. Biéu dién cac ham diéu hoa trong mién anh phtrc.

> Xét ham didu hoa: (1) = [.J/2.sin(wt +9) <> [ = I|p

ai(t) = w.I~2. cos(wt+@)=w.l N2 sin(wt + @ + g) <> ]a)l
, 1 1 ] T 1
[i(t).dt = ——IN2.cos(wt + ) = —— I 2.sin(et + 9+ ) > —.1
0, 0, 2 jw
Ham diéu hoa < > Anh phtec
4 < > J.w
dt
1
ja’t < > -
Jj.@
A\ J A\ J
~ ~

2014 - Ly thuyé"t mach di¢n 1 - Nguyén Viét Son 8



LY THUYET MACH DIEN 1

Chwong 2: Mach tuyén tinh & ché dé xac lap diéu hoa.

. Ham diéu hoa & cac dai lwong dic trwng.
Il. S6 phtrc - Biéu dién ham diéu hoa trong mién anh phirc
lll. Phan (rng cia mdt nhanh véi kich thich diéu hoa.

l11.1. Kich thich dieu hoa.

I1.2. Mach thuan tré.

I1.3. Mach thuan cam.

lI.4. Mach thuan dung.

I1.5. Mach noi tiép R-L-C

lll.6. Mach song song R//L/IC

IV. Dang phtrc cac luat co’ ban trong mach Kirchhoff.

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 9



BACH KHOA

I11.1. Kich thich diéu hoa.

> Xét mach Kirchhoff cd ngudn xoay chiéu diéu hoa

1.2. Mach thuan tré.

Rt R I, R I, Us
—]  }— —_—] }— > >
ug(t) U:R
u(t) = R.i(t)
i(t) = I\2 sin wt(A) [ =1 =1]0(4)
: < >, .
l/l(l‘):R.I\/ESIIlG)ZL UR :R]:R[m
Céng suat tac dung: p(t) =u(?).i(t) P=RI*

=R.I*(1—cos2wt)

T
_1L j p(t)dt =R’
T 0

2014 - Ly thuyé"t mach di¢n 1 - Nguyén Viét Son 10



I11.3. Mach thuan cam.

I
i(t) L L) f'l?\
u,(t) UL
di, (1)
u, (t)=L—-+L
(D) ” |
i, (£) = 12 sin wt(A4) 1, =1{0(4)
uL(t) _7 dlL(t) _ L.].x/z.a).cosa)t UL = a).L.[|7z_/2 — ],XL,[L — Z’[L
Z, =jo.L
=w.L.IN2 sin(wt +%)

Céng sudat phan khang: Po cuwdng do qua trinh

_ 2
dao déng nang lwong trong kho tur. QL - XL ']L

2014 - Ly thuyét mach di¢n 1 - Nguyén Viét Son 1



> Mach c6 hoé cam:

i(t) « b1 —m—~ L2, L s b L,
S Y Y N Y\, Y2
—_— — 7, 7o «— * 7
Uq4(t) Uy4(t) U, I, . U,,
U12 U22
u,(t) ;Jz(t (}1 (}2
i\ (1) = [ V2 sin(an)(4) ; i,()) = N2 sin(@t +9)(4) <> [, = [|0(A); 1, = I,|p(4)
di (t) . .
u,(t)=1L, w.L.1, 2. sm(a)t+—) U, =joL.I
dl () _ U.=joM,.I
u,)=M,——=w.M, 1, \/§s1n(a)t+go+—) 12 = J WMy, 1,
di di l}l :U.“—U.lz = j.a).Ll.I.l—j.a).Mlz.I.2
ul(t):ull(t)_ulz(t):[‘lj_ 127; . . . . .
U,=U,-U, =jol,.I,-joM,.l,
di, d'

u,(t) =uy () —u, (H)=1L, Z‘ dt

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 12



lIl.4. Mach thuan dung.

;
o) C I % )
> < 7 1l
LR U, :
uc(t) UC
l ¢,
ue(t) = j i.(¢).dt
i.(t)=I2sinwr(4) < > [ =1|0(4)
. 1 . . 1 . 1 . _jg . 1 .
u. () = Ejzc(t).dt = _E']'\E'COS Of  Ug=—loe ' =—j—.I,
B 1 . . .
12 sincor - =g e I Ke s
Céng suat phan khang: Po cuwdng do cua qua )
O =Xcd¢

trinh dao doéng nang lwgng trong kho dién.

2014 - Ly thuyé"t mach di¢n 1 - Nguyén Viét Son 13
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Ru guX ’ / (]. (].
l11.5. Mach noi tiep R-L - C. .g_é ~A HC
R L c

U=U,+U,+U,

° [} i ° . i ° I‘(].L °
U=RI+jX, I+(—jX.).1 U, /
. X ]
U=[R+j(X, -X)II=2.1 \

Z=R+j(X,-X.)=R+jx U g

> Céng suat:

XS : P =R.I12=U.l.cos [W].
o : Q = X.I2=U. Lsing [Var].
2 . S=P+j(0,-0.) [VA]

S=[R+j(X,~ X)L =ZI*=U.I

2014 - Ly thuyé"t mach di¢n 1 - Nguyén Viét Son 14



l1.6. Mach song song R//L// C.

. | . °
I, :E.U:g.U Ly
‘ ‘ ‘ . I I, I.C\V
[.=joCU=jb.U L I T
[, =—j—U=-jb.U
w.L
I:I'R+I'L+I'C =[g+j(b, —bL)].U:Y.U
_j'bL j-bc
. Y
:R
g

2014 - Ly thuyét mach di¢n 1 - Nguyén Viét Son
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LY THUYET MACH DIEN 1

Chwong 2: Mach tuyén tinh & ché dé xac lap diéu hoa.

. Ham diéu hoa & cac dai lwong dac trwng.
Il. S6 phirc - Biéu dién ham diéu hoa trong mién anh phirc
lll. Phan trng ctia mdt nhanh véi kich thich diéu hoa.
IV. Dang phtrc cac luat co ban trong mach Kirchhoff.
IV.1. Luat Ohm.
IV.2. Luat Kirchhoff 1.
IV.3. Luat Kirchhoff 2.

IV.4. Luat can bang cong suat.

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 16




Chwong 2: Mach tuyén tinh & ché dé xac lap diéu hoa

BACH KHOA

IV.1. Luat Ohm. |

U=Z.1  Z: tbng tré phirc twong dwong ctia nhanh
< VOi
\} _ Y.(.] Y: tdng dan phirc twong dwong cla nhanh
IV.2. Luat Kirchhoff 1. IV.3. Luat Kirchhoff 2.
> 1=0 YU=)E
nut vong vong
( ) ( )
IV.4. Luat can bang cdng suat.
. g g9 ZP ~0
ZS _ O < kin
kin Z Q — O
kin

2014 - Ly tllltyét mach di¢n 1 - Nguyén Viét Son 17



LY THUYET MACH DIEN 1

BACH KHOA

Chwong 3: Phwong phap co’ ban tinh mach tuyén tinh &
ché dé xac lap dieu hoa - Graph Kirchhoff

|. Phwong phap dong nhanh.

Il. Phwong phap thé nut.

lll. Phwong phap dong vong.

IV. Khai niém vé graph Kirchhoff.

V. Cac dinh ly ve lap phwong trinh Kirchhoff.
VI. Ma tran cau truc A, B.

VII. Lap phwong trinh bang ma tran cau truc.

Bai tap: 7, 8, 11 - 25, bai thém.

2014 — Ly th uyét mach di¢n 1 - Nguyén Vit Son



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

l. Phwong phap dong nhanh.
» Phuwong phap dong nhanh la phwong phap lap phwong trinh mach v@i

» NOi dung phwong phap:
< Dat an la anh phlrc clia dong dién trong cac nhanh ctia mach dién.
s Lap hé phwong trinh theo luat K1 va K2.
v’ S6 phwong trinh luat K1: d - 1.

v’ S6 phuwong trinh luat K2: n-d + 1.

2014 - Ly tllltyét mach di¢n 1 - Nguyén Vit Son 2



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

l. Phwong phap dong nhanh.
Vi du 3.1: Lap phwong trinh mach theo phwong phap dong nhanh cho mach dién.
» Chon chiéu dong dién trong cac nhanh.

N
» Luat K1: ’ . \<<J

o NUtA: -I+0L,+1,=J —— 11 _1

i
S . Ly Z, Iy AL

o NutB: —L+1[,+1,=—-J () | 2, 2, @%

> Ap dung luat K2: E IZs

s Vong1:1,.Z +1,.Z, =E, ' '

e Nong 2: 1,.Z,+1,Z,~1,.Z, =0
% Vong 3: fs Z —f4 Z, :és
> Nhan xét:
< Nguobn dong chi viét & luat K1, ngudn ap chi viét & luat K2.

< Phwong phap dong nhanh ap dung véi mach ¢é sé nhanh & sé dinh nhd.
2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son 3



LY THUYET MACH DIEN 1

Chwong 3: Phwong phap co’ ban tinh mach tuyén tinh &
ché dé xac lap dieu hoa - Graph Kirchhoff
l. Phwong phap dong nhanh.
Il. Phwong phap thé nut.
lll. Phwwong phap dong vong.
IV. Khai niém vé graph Kirchhoff.
V. Cac dinh ly vé 1ap phwong trinh Kirchhoff.
VI. Ma tran cau trac A, B.

VII. Lap phwong trinh bang ma tran cau truc.

2014 — Ly thuyét mach dién 1 - Nguyén Vigt Son 4



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

Il. Phwong phap thé niit.
> Phuwong phap thé nat (dinh) 1a phwong phap lap phwong trinh mach voi

» NOi dung phwong phap:
, (ngudn ap — ddi thanh ngudn dong twong dwong):

v Nguoén dong twong duwong

N
v bPo lon: g :E
s Coi (ground).
s Lap phwong trinh mach voi trong
mach, ((d-1) phwong trinh)

2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son 5



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

Il. Phwong phap thé nut.

Vi du 3.2: Lap phwong trinh theo phwong phap thé nat. @J
> Bién d6i nguon ap: Loz ML g 1.5\ :
° ° ’ ran B . r E
. . . . Z b 3
J1:£:E1-Y1 ) J5:§:E5°Ys Ly 3 1
Z, Z z, Z,
» Chon dinh C la dat - Z,
1
> Ap dung luat K1: c__ |
[ ] [ ] [ ] [ ] [ ] [ ] [ ] K-\J
o NGA S L =S, o -IL+L+l=J+J —L)
nut nut A A 1\3 — B X
° ° ° ° ° ° ° ° . . . - ITI . .
GO E AT, + -0 Y, = T4 E, Yig if hy iy iy |
° ° ° ° Y1 Y2 Y4
N +Y+Y).0 Y0, =J+E .Y ‘ I:I c I:I Y[
° ° ° ° y :L. Y =L. Y =L.
<« NutB: | Y.+ +Y,+Y).@¢,=—J-E.Y 'z 7tz oz
1 1
2014 - Ly tl1ltyét mach di¢n 1 - Nguyén Vit Son Y, = Z_; Y5 = Z_’ 6
4 5



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

Il. Phwong phap thé nut. , @J
* ° * . A 1\3 — B R
(YﬁYﬁYs —1 j o, _| JHY HIE A RN
-, Y,+Y,+Y. )| ° ° |
oG i) @) ) ) @
Y
C J
> Nhan xét: .. e —

% Giai hé phwong trinh tinh dwoc: @4, @3

— Can tim dong dién trong cac nhanh:

d 12:¢A'YZ 4:¢B°Y4
v
L o .
CD [°1:(E1—(0A) ].5=(E5+¢B)
) Z Z,
b @c =0

2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son 7



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

Il. Phwong phép thé nat ——

(Yl‘FYz +7, -1, ] (D.A _ }+j1 J I}%\ I:jv [>3 ;3 ]'i, I,
-Y, Y, +Y,+Y, ¢.B _}_ J.s @1 Y1[] Yz[] Y4|:| @
> Nhan xét: C Ys js
< Ma tran téng dan: = —
_____ _ i
J,
< Ma tran nguén dong: ] @ 7
e 1]

< S6 phwong trinh: (d-1) —

< Phwong phap thé nat
2014 - Ly tl1ltyét mach di¢n 1 - Nguyén Vit Son 8



LY THUYET MACH DIEN 1

Chwong 3: Phwong phap co’ ban tinh mach tuyén tinh &
ché dé xac lap dieu hoa - Graph Kirchhoff
|l. Phwong phap dong nhanh
Il. Phwong phéap thé nut
lll. Phwwrong phap dong vong
IV. Khai niém vé graph Kirchhoff
V. Cac dinh ly vé 1ap phwong trinh Kirchhoff
VI. Ma tran cau tric A, B

VII. Lap phwong trinh bang ma tran cau trac
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

lll. Phwwrong phap dong vong
» Phuwong phap dong vong la phuwong phap lap phwong trinh mach véi
» NOi dung phwong phap:
. (ngudn dong — bién dbi thanh ngudn ap twong dwong)
v Nguén ap twong dwong
voslon E, =J, 7.
«» Chon va

s Lap phwong trinh mach voi da chon,

2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son 10



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

lll. Phwwong phap dong vong
Vi du 3.3: Lap phwong trinh mach theo phwong phap dong vong ()J

> Bién dbi ngudn dong: E, = Z,.J Loz al L Bl I ;
» Chon (n-d+1) dong dién vong: 1,y Zs Ly
A y4 y4
» Ap dung luat K2: . 2? 4? 2
b ° ° ° ° El
ZUk:ZEk <~ UZ1+UZz:E1 ' ¢ - |
vong vong Z Z E3
[ ] [ ] [ ] [ ] |_1| A 3 «— B °
[VI'ZI+IV1'Zz+[V2-ZzzE1 — E
o . ° IVl 7 ° 7 °
(Z,+Z2).In+2Z,.1r. =E, (D 2I:I Iv> 4|:| Irs 2.
E
| |

Z, In+(Z,+Z,+Z,). 12+ Z,.Ivs =E,

Z4.]V2+(Z4 +ZS).]V3 =E5

2014 — Ly thuyét mach dién 1 - Nguyén Vigt Son 1



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

lll. Phwwrong phap dong vong

° ° Z1 A
Z+7, Z, 0 I E, I,
Z, Z,+Z,+Z, Z, ||In|=|E, (D Iv1 /g,

0 Z, Z,+Zs )| ;. i =

» Nhan xét:
< Giai hé phwong trinh tinh dwoc nghiém: Iv1, vz, Iv3

— Can tim dong dién trong cac nhanh. I, =—v2+1r3)

[, =1In L,=In+Ir I, =1v;

—1+1,+1,-J =0 L+ 1[,+1,+J=0 LAl L sl I
° . ° ° ° ° ) ° ° ° 7 e ﬁITI . L —>
I,=J+In—-1n—1r> hoac Iy=J—1Iv2—1vs+1y3 Ly 3 Ly
[.3:.}_}V2 13:J—]V2 Iv>

2014 - Ly tllltyét mach di¢n 1 - Nguyén Vit Son 12



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

lll. Phwong phap dong vong E
: : 2 A L g :
“ E
Z1+Z2 Zz 0 Iy EI — 5
2 zezez a |[inl-E| @) (0 i
0 z Z,+Z. )| . ' Zs
4 4 50 Ivs E. E, |
A Cc
» Nhan xét:

~ 2 3 e 3 AN A - .
< Ma tran tong tré vong Z,.,: » Ma tran nguon ap vong:

v Dwong: ngudn ap cung chiéu vong
v Am: ngudn ap nguoc chiéu vong

* Dwong: lyongk VA lyong) CUNG chiéu.

" AM: Lygng k VA lyong | NUPQC chiéu.
< S6 phwong trinh: (n—d+1) —

2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son 13



LY THUYET MACH DIEN 1

Chwong 3: Phwong phap co ban tinh mach tuyén tinh &
ché dé xac lap dieu hoa - Graph Kirchhoff
l. Phwong phap dong nhanh.
Il. Phwong phap thé nut.
lll. Phwwong phap dong vong.
IV. Khai niém vé graph Kirchhoff.
V. Cac dinh ly vé 1ap phwong trinh Kirchhoff.
VI. Ma tran cau trac A, B.

VII. Lap phwong trinh bang ma tran cau truc.

14
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

IV. Khai niém vé Graph Kirchhoff.
> Graph la tap (d) dinh, (n) nhanh (cung) néi gitra cac dinh do.

la graph mé ta , SW
& sur cua hé.
Vi du 3.4: !

Z1 ZZ 1
- 1 - 1
| I | | I |

Z;

Z, Z, > [! [
1 1
| I | | I |

Z e(t
=S

> Nhanh: 2

s Vat ly: Bac trweng cho mét vung nang luong.
< Hinh hoc: Cung néi giira 2 dinh, ¢6 dinh chiéu.

> Dinh: La ché chap ndi ctia 3 nhanh tré 1&n. 1

2014 - Ly tl1ltyét mach di¢n 1 - Nguyén Vit Son 15



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

IV. Khai niém vé Graph Kirchhoff.
» Cay: Tap hop cac nhanh cua graph, ,

» Canh: Tap hop cac . M6t graph co6 thé co nhiéu cay khac nhau.

Vidu 3.5:

» Bucay: Tap cac da cho.

» Bucanh: Tap hop . M&i bu canh + canh = vong kin.

2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son 16



LY THUYET MACH DIEN 1

Chwong 3: Phwong phap co ban tinh mach tuyén tinh & ché dé xac
lap dieu hoa - Graph Kirchhoff

l. Phwong phap dong nhanh

Il. Phwwong phap thé nut

lll. Phwwong phap dong vong

IV. Khai niém vé graph Kirchhoff

V. Cac dinh ly vé lap phwong trinh Kirchhoff
V.1. Pinh ly vé 1ap phwong trinh Kirchhoff 2
V.2. Pinh ly vé 1ap phwong trinh Kirchhoff 1

VI. Ma tran cau trac A, B

VII. Lap phwong trinh bang ma tran cau trac

2014 - Ly thuyét mach dién 1 - Nguyén Viét Son 17



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

V.1. Dinh ly vé 1ap phwong trinh Kirchhoff 2.
> Dinhly 1:
Chirng minh:
< CA4c ap canh trén 1 cay khéng tao thanh vong kin — déc 1ap tuyén tinh
s Cac ap bu canh + ap canh = vong kin — phu thudc vao ap canh theo luat K2

<% SO phwong trinh ddc lap viét theo luat K2 1a: (n-d+1)

> Dinh ly 2:

Chirng minh:
< Mbi vong chira duy nhat mot ap bu canh, phu thudc vao cac ap canh — déc
lap tuyén tinh.
< Cac phwong trinh can bang ap trén cac vong kin tao thanh hé da va doc lap.

2014 - Ly tl1ltyét mach di¢n 1 - Nguyén Vit Son 18



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

V.2. Pinh ly ve 1ap phwong trinh Kirchhoff 1.
> Dinh Iy 1:

Chirng minh:

+ Bu Cénh khéng chira tap cat dinh = khéng bi rang budc béi luat K1 — doc
lap tuyén tinh

<% S6 phwong trinh ddc 1ap viét theo luat K11: (d—1).

> Dinh Iy 2:

Chirng minh:

< Do mbi tap cat chira riéng mot dong nhanh.

2014 - Ly tllltyét mach di¢n 1 - Nguyén Vit Son 19



LY THUYET MACH DIEN 1

Chwong 3: Phwong phap co’ ban tinh mach tuyén tinh &
ché dé xac lap dieu hoa - Graph Kirchhoff

l. Phwong phap dong nhanh
Il. Phwwong phap thé nut
lll. Phwong phap dong vong
IV. Khai niém vé graph Kirchhoff
V. Cac dinh ly ve lap phwong trinh Kirchhoff
VI. Ma tran cau tric A, B
VI.1. Ma tran dinh - nhanh A
VI.2. Ma tran bu - nhanh B

VII. Lap phwong trinh bang ma tran cau trac

20
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

VI. Ma tran cau trac A.

VI.1. Ma tran dinh - nhanh A.

1 néu

a. =< 0 néu

—1 néu

.

Vi du 3.5: Lap ma tran dinh - nhanh A cua graph cho badi hinh bén. I

Nhanhl 1 [ 5 [ 3 | 4 | 5| 6 1
Pinh
I A4lo0l o] 10

I 1 1 1 0|0 | O ' I
I11 0 0 -1 0 -1 1
v o |-1]|01|-1|11]0o
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

VI.1. Ma tran dinh - nhanh A
> Tinh chat:

o%

» Cot: Nhanh the i ndi 2 dinh nao véi nhau, va chiéu dwong ctia nhanh.

R/

< Hang: Dinh th j c6 nhitng nhanh ndo va chiéu cia mdi nhanh tai dinh do.

R/

< Mbi hang cta A la td hop tuyén tinh clia cac hang con lai — Ay .

Vi du 3.6: -0 0 1 0 -l
>4, =0 -1 0
: 0 0 -1
Nhanhl 3 | 2 | 3 | 4 | 5| 6 Y
Pinh
| 14100 1] 0| -1
H 1 1 +——6—T0—10
2 1l o |lo |10 |11 :
\ v o |10 |-1]1]0

2014 - Ly tltltyét mach di¢n 1 - Nguyén Vit Son




Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

VI.1. Ma tran dinh - nhanh A.
> ng dung:

[ ] ]1
Al , =0 trongdo I, =
n/1xn
[ ] ¢1 [ ] Ul
t 4 = . =
Unh = A Q. trong 6 P ; U
Pa 1x(d-1) Us 1xn
bo di d‘inh co
the bang 0

2014 - Ly tllltyét mach di¢n 1 - Nguyén Vit Son

BACH KHOA
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VI.1. Ma tran dinh - nhanh A.
> Chay:

Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

T ma tran Ay co thé khéi phuc lai dwoc cau trac cla graph bang céach:

% Khoi phuc lai ma tran Ay,

< S6 hang cda ma tran bang s6 dinh cta graph

< SO cbt clia ma tran bang s6 nhanh cla graph.

Vidu 3.7: Cho ma tran A,; Vé lai graph.
-1 -1 -1 -1 0
Adu:
(1 1 0 0 1)
-1 -1 -1 -1 0|/

—>4, =1 1 0 0 1|/
o o0 1 1 -=1)|iI

1 2 3 4 5

2014 - Ly tllltyét mach di¢n 1 - Nguyén Vit Son

BACH KHOA
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& che dd xac 1ap diéu hoa - Graph Kirchhoff N

VI.2. Ma tran bu - nhanh B.
> M6t graph hoan toan xac dinh néu chi ré tap cac nhanh cé dinh chiéu & tap cac
bu canh khép kin qua mét cay & chi rd méi vong kin gdm cac nhanh nao.

1 néu &
b, =410 néu v&i bu canh j
—1 néu &

.

Vi du 3.8: Lap ma tran bu - nhanh B cua graph cho badi hinh bén.

Nhanh | | > | 3 | 4 | 5 | 6
Bu
3 14| 1 11 0] 0] o
4 1100|1010
5 o100/ 110 |
6 4011|0100 |1
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

VI.2. Ma tran bu - nhanh B.
> Tinh chat:
< Cot: : (quy uéc
chiéu vong la chiéu cua bu canh).

, kndbng tham gia vao vong khac.

< Hang: , trong moi vong.
, B=(B.. B,.) =(B.: | .
> U’ng dl_mg: ( canh.l bu) ( canh | ) U,
< Phwong trinh theo luat K1: B.U,, =0 trong do: Uw =
Un 1xn
s Phwong trinh quan hé giira dong dién nhanh & dong dién bu:
° ° I ]bul
L = B' . Ip trong do: I =| ... | ; Ipu=
[n [buk
2014 — Ly thuyét mach dién I - Nguyén Viét Son L Lk 26



Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

VI.2. Ma tran bu - nhanh B.

» Chuy: T matran B, co thé vé lai dwoc graph da cho.

Vidu 3.9:
-1'1 0 0 O -1 0 1 0 0)3
B=|-1 0 1 0 I|={-11 01 O
-1 0 0 1 1 -1 1 0 0 1]/5
12 34 5 3
Y v e __I.77®

S6 nhanh: 5 (1, 2, 3, 4, 5).
S6 bui canh: 3 (4, 5, 6)

Sb canh: 5 -3 =2 — S6 dinh:
3
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LY THUYET MACH DIEN 1

Chwong 3: Phwong phap co’ ban tinh mach tuyén tinh &
ché dé xac lap dieu hoa - Graph Kirchhoff

l. Phwong phap dong nhanh

Il. Phwwong phap thé nut

lll. Phwwong phap dong vong

IV. Khai niém vé graph Kirchhoff

V. Cac dinh ly ve 1ap phwong trinh Kirchhoff

VI. Ma tran cau trac A, B

VII. Lap phwong trinh bang ma tran cau trac
VII.1. Luat Ohm theo nghia réng
VIl.2. Lap phwong trinh
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché dé xac lap dieu hoa - Graph Kirchhoff

VIL.1. Luat Ohm theo nghia réng. I Zot
> Nhanh khéng nguon: . i ? —
Un=2Z, I Z, =Y U

Inh = Ynh-Unh

X " Z
» Nhanh c6 nguon ap: L h @

. . . . . . —
Umn=Uz—Eum —> Unh:[nh.Znh_Enh Uz :n
[ ] [ ] Unh
° Un +En ° ° °
Inh:h—h —> Inh:Y,zh.(Unh+Enh) o
Znh Jnh
> Nhanh c6 nguon dong: . —@—;—
[ ] [ ] [ ] [ ] ] [ ] }nh ju— Y .l.]nh_...]nh [nglzm“ﬁlzﬁ
Ir=Imw+Jw — Iwm=I=Ju —> |, " = : R
Unh:Znh([nh+Jnh) U wi

» Nhanh c6 nguén dong - nguén ap: O S i
Umn=Uz=Ewm —>|Um :(]nh+Jnh)-Znh_Enh ]Qh Zon [ C

> Lo =Y, (Ut Ew)—J : >
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

VIl.2. Lap phwong trinh.

Ma tran théng so.

Z Z,,\  Z,:Téng tr& nhanh k
Z,=| ... Z, .. Z,: Tong tré twong hdé nhanh k & |
\an Znn )nxn
Ei
Eum=| .. Ei: 1a gia tri ngudn ap nhanh i
En 1xn
L
Jon=| ... | Ji:lagia tri ngudn dong nhanh i
Jn

1xn
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

Vil.2. Lap phwong trinh.

Tw phwong trinh: 4.7, =0 » Vaoséliéu: A, Z,, Ewm, Ju.

Mat khac c6: 1w =Y, (Um+Ewm)—J , , n
» Tinh cac ma tran:

Suyra: AY, Uu+AY, Em—A.Jw =0 Y, =inv(Z,) Y =AY A
n n nut ‘““nht
— A.Ynh.Al.(Dm” = A(Jnh_Y;hE”h) ,},m, = A(:]nh—Yhénh)
'Dét Ynut = AYnhAt gonut = Jnut\ Ynut

J nut :A(Jnh_)/nhEnh) e .
. . . 5 > Két qua:

. nut
Ma St = Kmt‘gonut - Pt = Y ’

nut

U”h = At : ¢nut

]nh = quh(Unh+Enh)_Jnh
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Chwong 3: Phwong phap co ban tinh mach tuyén tinh
& ché do xac lap dieu hoa - Graph Kirchhoff

BACH KHOA

VIl.2. Lap phwong trinh.

Tt phuong trinh: B.Uw =0 > Vao sé ligu: B, 7., Em, Ju.

Mét khéC C(’) Unh :(]nh+Jnh).Znh — Eun , , A
» Tinh cac ma tran:

Suyra: BZ, . Im+B.Z,.Juw—B.Em=0 Z _=BZ B
vong n
—> B.Znh.Bt.[bu = B(Enh_Znh']”h) évong = B(énh_znh:]nh)
Dét: Zvong = B'Znh .Bt- ]bu - Evong\Z

vong

Evong - B.(Enh_Znh.Jnh)

. > Két qua:
. i ° * ° Evon ° °
Vay ta céd: Z,,,-Ion = Evng — Ini=—"— L =B' I
vong

~ , ° ° (.]n :Z .}n +'..]n _én
Nhw vay tinh dwoc: 1., = B'. I n =Ly (Lt T ) = Eni

U = Znh-(lnh+Jnh) — Eun
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LY THUYET MACH DIEN 1

BACH KHOA

Chwong 4: Tinh chat co ban cia mach dién tuyén tinh.

I. Khai niém chung.
Il. Tinh chat tuyén tinh.
lIl. Khai niém ham truyén dat.

IV. Truyén dat twong hé va khéng twong hé.
Bai tap: 1, 2, 3, 4, 5, 8 + bai thém.

2014 — Ly thuyét mach dién I - Nguyén Viét Son



I. Khai niém chung.

> Mach dién tuyén tinh la mach dién c6 mé hinh toan hoc géom hiru han cac bién
trang thai v&i tinh chat:
< Cac thong so cua mach (R, L, C) 1a hang so.
< Quan hé gitra cac bién trang thai trén cung 1 phan t& 1a phuong trinh vi tich

phén tuyén tinh, hé sé hang.

Mién th&i gian

T
Mién anh phirc
> Céc théng sb ctia mach la hang sé.
» Quan hé gilra cac bién trang thai —»m
trén 1 phan t la tuyén tinh.

ich d
/

—
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LY THUYET MACH DIEN 1

Chwong 4: Tinh chat co ban cia mach dién tuyén tinh.

l. Khai niém chung

Il. Tinh chat tuyén tinh.
I.1. Quan hé tuyén tinh gitra kich thich va dap rng.

I.2. Quan hé tuyén tinh giira cac dap rng.
lIl. Khai niém ham truyén dat.

IV. Truyéen dat twong ho va khong twong hé.

2014 — Ly thuyét mach dién 1 - Nguyén Vigt Son




BACH KHOA

I.1. Quan hé tuyén tinh giira kich thich va dap tng:

> Phat biéu 1: Néu trong mach cé mét kich thich thi méi ddp ng cia mach déu cé

quan hé tuyén tinh véi kich thich dé.

).(k : anh phirc cua dap ng th k

Xe=T_F F :anh phtrc cta kich thich trong mach

T, :ham truyén dat biéu dién mdi quan
hé gilra dap ng thr k va kich thich

Vi dy: . i 7 +7, ; L
1= = . | I |
7+ Z,.Z, gl L, +2,.L,+Z, .Z3J A7 2
Z,+7, Y
! Di =] ]
R S W— £ E
2,2, +72,2,+2,7, Z,+Z,  Z,.Z,+Z.Z,+Z,Z,
- ~ 7
I,

2014 — Ly thuyét mach dién I - Nguyén Viét Son
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Chwong 4: Tinh chat co’ ban ciia mach dién tuyén tinh ¢/

BACH KHOA

I.1. Quan hé tuyeén tinh giira kich thich va dap tng:

> Phat biéu 2: Néu trong mach cé nhiéu kich thich ctng tan sé tac déng déng thoi thi
méi dap rng ctia mach déu c6 quan hé tuyén tinh véi méi kich thich dé. (tinh chat

xép chong) X, : anh phtrc cla dap trng ther k

Xe=1, I+T1T, . F,+..+T,.F  Fi,F1,.,F.:anh phirc cla cac kich thich trong mach

T..T,,..,T, : ham truyén dat biéu dién moi quan hé
gitra dap wng tht k va cac kich thich

> Phét biéu 3: Néu trong mach cé nhiéu kich thich cang tdc déng nhwng chi cé6 mét
kich thich bién déng thi quan hé gilra méi ddp (eng véi kich thich bién déng day co
dang: . e :
X :anh phtrc cua dap wng tho k
. o e 1:“1 : &nh phlrc cla kich thich bién dong
Xe=T, F+Xo

7, :ham truyén dat biéu dién moi quan hé gitra
dap ng thw k va kich thich bién déng

, ) Xox : tbng clia nhirng sb hang khéc
2014 — Ly thuyét mach dién 1 - Nguyén Viét Son ok 9 J ANg 3



BACH KHOA

I.2. Quan hé tuyén tinh giira cac dap ng:
> Phdt biéu: Trong mach tuyén tinh, méi ddp trng ctia mach luén c6 mét quan hé
tuyén tinh véi it nhat mét dap eng khdc trong mach theo dang:

. . X, X ;: anh phire ctia 2 dap (rng bat ky trong mach
Xi=4,.X;+B A,,B: ham truyén dat bidu didn méi
quan hé gilra 2 dap wng

Zl
Vi dy: Tim quan hé tuyén tinh gitva 7, va I, khi Z, bién thién tv 0 dén . [ —F .
i . . . . N1 W]z
Quan hé tuyén tinh gitta 7,va [,cédang: [, = A.1,+ B
. @O =]
KhiZ;=0:—> ,=0 — ]1:B:£ Z,=0]— o0
Zl
KhiZy = o> Ti=lr=—Lt
Z,+7Z,
. ° . ° Z ° E
E E E _ Z,| Vvaytacé: | =—22.1,+—
= A. +— S|A=——7+= 7 7
Z +Z, Z+7Z, Z Z, 1 1
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LY THUYET MACH DIEN 1

Chwong 4: Tinh chat co ban cia mach dién tuyén tinh.

I. Khai niém chung.
Il. Tinh chat tuyén tinh.
lIl. Khai niém ham truyén dat.

IV. Truyén dat twong hé va khéng twong ho.
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Chwong 4: Tinh chat co ban cia mach dién tuyén tinh ¢

BACH KHOA

. Khai niém ham truyeén dat.

Ham truyén dat la nhirng ham dac tinh tan phirc déc trung cho hanh vi clia mach tuyén
tinh hé s6 hang dwéi tac dung kich thich caa mot phd tan diéu hoa.

Ham truyén dat dwoc dinh nghia 14 ty sb riéng hoac dao ham riéng clia anh dap (ng trén
anh kich thich.

).(k(a)) : anh phirc dap ng trén nhanh th& k cda mach.

0Xi(@w) - , e e e S
T.(w)=——— F,(o):anh phtc kich thich trén nhanh th(r m ctia mach.
0 Fn(w) T . (®) : ham dac tinh tan phire gitra nhanh thir k va nhanh thir m
Mach Kirchhoff c6 4 ham truyén dat chinh: 8(./
< Ham truyén dat dp: Do kha ndng cung cap ap trén nhanh k tir rieng K,,, = — -
mot nguén ap & nhanh m. OE.
< Ham truyén dat dong: Do kha ndng cung cap dong dién trén nhanh s 0l
k tor riéng mét nguoén dong & nhanh m. Ik 8:]
< Ham truyén dat téng dan: Do kha nang truyén dong dién the k tir - 01
riéng mot ngudn ap & nhanh m. mk
O En
< Ham truyén dat tong tré: Do kha nang truyén ap the k to riéng mot 7 oU
ngudn dong & nhanh m. mk 57




LY THUYET MACH DIEN 1

Chwong 4: Tinh chat co ban cia mach dién tuyén tinh.

l. Khai niém chung.
Il. Tinh chét tuyén tinh.
lIl. Khai niém ham truyén dat.

IV. Truyén dat twong hé va khéng twong ho.
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BACH KHOA

IV. Truyén dat twong hé va khéng twong hé.

» Mach dién Kirchhoff tuyén tinh dwoc goi la twong hd néu nhirng ham truyén dat téng tré,
tbng dan trong mach 1a tuyén tinh va thuan nghich.

Ly =Lk . . : .
1 1
{Y =Y, trong do: ZKL:% ) ZLK:% va Y = a.L ’ YLK:8.K
KL — "IK 0l«k o0l oUx oUL

Vi du:
< Truyén dat ap gilra 2 cudn day dat gan nhau c6 hd cam la mét truyén dat twong hé.
M,=M, =k./L.L,
< Truyén dat ap (dong) trong may bién ap (bién dong), trong khuéch dai thuat toan ...,
ham truyén dat téng tr& (tdng dan) trong transistor ... khéng ¢6 tinh twong hé.
> Tinh chat:

< Mach tuyén tinh twong hé cé ma tran Zong VA Y it doi xirng v&i nhau qua dwdng chéo
chinh — chi can tim mét nira cac ham truyén dat tdng tré, téng dan.

< Nhin chung cac ham truyén dat dong, ap khéng co tinh twong hé.

2014 — Ly thuyét mach dién I - Nguyén Viét Son 10



BACH KHOA

IV. Truyén dat twong hd va khéng twong hé.
Vi du: Cho mach dién tuyén tinh twong hd. Hay tinh dong dién trong nhanh 5 khi ngudn kich
thich dat trong nhanh 6. ’ R=20Q R;=20Q
V¢&i mach hinh (a) — ta co thé tinh |5 theo cac phwong phap dong
nhanh, dong vong, thé dinh, tuy nhién du gidi bang phwong phap
nao ta cling phai giai voi it nhat 3 phwong trinh.

Ap dung tinh chét twong hé: Dong dién I trong hinh (a) sé bang
dong dién Istrong hinh (b). That vay, vi mach 1a tuyén tinh twong

hd nén:

\Y :® R, .

¥,

2014 — Ly thuyét mach dién I - Nguyén Viét Son 1




IV. Truyén dat twong hé va khéng twong hé.

Vi du:
E

[ = =0.2(A)
* R +(R,//R)+(R/R)

=1, R _0.08(4)
R, +R,
R
=1 . L =0.1(4
3 ng R1+R3 ( )

[, =1,-1,=0.1-0.08 = 0.02(4)

Vay: |l = 0.02(A)

2014 — Ly thuyét mach dién I - Nguyén Viét Son

BACH KHOA

(b)
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LY THUYET MACH DIEN 1

BACH KHOA

Chwong 5: Mach dién tuyén tinh c¢é kich thich chu ky

I. Khai niém.
Il. Cach phan tich mach tuyén tinh c¢é kich thich chu ky.
lll. Gia tri hiéu dung - cdng suat dong chu ky.

IV. Ham truyén dat va dac tinh tan so.

Bai tap: 3,4,7,8,9,10, 11, 12 + Bai thém
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l. Khai niém.
» Dinh nghia: Tin hiéu chu ky la tin hiéu ma dang diéu cua né lap lai sau mét
khoang thoi gian, khoang thoi gian doé goi la chu ky cua tin hiéu.

Vi du:

A

Ul-> Ul--> 7| P
t a /‘ E

t
T ! ] T ! ] 1
I 1 <——>| . .
Chinh Iwu niva chu ky Chinh Iwu 2 nira chu ky Xung rang cwa
T
U = A A
! U TOl'l U _
Torr Iroff t a t
. ! - ] -
ﬁ' @. | 2 T S .
Xung vuéng Xung vuéng Xung tam giac
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) Chwong 5: Mach dién tuyén tinh c6 kich thich chu ky

I. Khai niém.

> Khai trién chubi Furié: Ham chu ky co thé phan tich thanh téng cac ham diéu
hoa bac 0, 1, 2, 3, ... dang:

J@®)=f,+ ika.cos(k.a)t +¢,)

hoac

f(@®)=f,+ ika.sin(k.a)t +¢,)

> Do chudi hdi tu:
< Nhirng thanh phan diéu hoa bac cao c6 bién dd nhd.

< Chi lay mét vai s6 hang dau.
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LY THUYET MACH DIEN 1

Chwong 5: Mach dién tuyén tinh c¢é kich thich chu ky

l. Khai niém.
Il. Cach phan tich mach tuyén tinh c¢é kich thich chu ky.
lIl. Gia tri hiéu dung - cdng suat dong chu ky.

IV. Ham truyén dat va dac tinh tan so.
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BACH KHOA

Il. Cach phan tich mach tuyén tinh c¢é kich thich chu ky.

> Mach tuyén tinh c6 kich thich chu ky khéng diéu hda = giadi theo phwong phap
s6 phurc:

< Phan tich nguén chu ky khéng diéu hoa thanh téng cac ngudn diéu hoa co
tan s6 khac nhau.

< Tinh dap (rng ciia mach v@i tirng thanh phan tan sé.

v' Thanh phan 1 chiéu (co thé thay doi cau tric cia mach):

L C
—— Y — ngin mach I I he mach
U =jwll=0 . .
L '] UC = ;.]C =0
jo.C
v/ Thanh phan xoay chiéu tan so kw: Z, = jw.L ; Z. :';C
j.o.

< Xép chéng trong mién théi gian
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Chwong 5: Mach dién tuyén tinh c6 kich thich chu ky [

BACH KHOA

Il. Cach phan tich mach tuyén tinh c¢é kich thich chu ky. _
) R=500Q L=0.1H
Vi du: Tinh i(t), ug(t) biét: e(#) =100 +100+/2 sin 1000z + 200~/2 sin 2000¢(V) — "

> Xét 1 chiéu: Eq=100(V) >[I, = 0(A); ug, = 100(V) <T>e(t) —
C = 20uF

> Xét w,=1000 rad/s: e(t)=100~2 sin1000¢ — E =100[0(V)
Z, =jw.L=j100(Q) Z=R+Z,+Z.=50+j50=502|45"(Q)

1 . *_100[0 0 =] 0
A = —7i50(Q 1= =N2[-45°(4 Uc =1,.Z,. =|5072]-135 (V)‘
<~ ac (&) 504/2|45 @ )

> Xét w,=2000 rad/s: e(t)=200+2 sin 2000t — E = 200{0(V)

1

Z, = jw,L=j2000Q) Z.= =—j25(Q) Z=R+Z,+Z.=50+ j175=182/74°(Q)

J.o,.

Ny % 1.1-74°(4) Ucsr =1 Z.=1.1]-74"25/-90° 427.5 —164°(V)|

> Xépchéng: i(f)=i,(¢)+i,(t)+i,(f) = 0+2sin(10007 — 45°) +1.13/2 5in(2000¢ — 74°)( A)

U (1) =g (1) + g, () + 1, (£) 100+ 100sin(10007 —135%) + 27.5+/2 sin(2000¢ —164° ) (V)
6
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LY THUYET MACH DIEN 1

Chwong 5: Mach dién tuyén tinh c¢é kich thich chu ky

l. Khai niém.
Il. Cach phan tich mach tuyén tinh ¢é kich thich chu ky.

lll. Gia tri hiéu dung - cdng suat dong chu ky.
lII.1. Gia tri hiéu dung.
l1l.2. Céng suat dong chu ky.

IV. Ham truyén dat va dac tinh tan so.
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1. Gia tri hiéu dung.

> Dé do kha nang sinh céng cua dong dién chu ky - dung khai niém gia tri hiéu
dung | v&i dinh nghia:

n T: chu ky cua dong dién chu ky.
(*) 1= /ljiz(t)dt _ u y u J o Y
I'y i(t): dong dién chu KY. ["ich phan ham didu hoa

= trong 1 chu ky thi bang 0

> Ap dung khai trién chudi Furie: i(r) =) i, (¢)

k=0 0 V

A
r N

(iik(t)j di < zzz%,zii,f(t).dw%i S i (00 (0)dt

k=0 0 k#1=0

T
() o =]
T

T

2 2
._[l ().dt=) I Vay ta cé: T : zn 2
) k ; k _y ]:\/]O +]1 ++In = kzo]k

Gia tri hiéu dung dong, dp bang cdn bac 2 -
tong binh phwong cdc gid tri hiéu dung U:\/U§+U12+...+Uj = /ZU,f
k=0

thanh phan.
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l11.2. Coéng suat dong chu ky.

BACH KHOA

Céng suat tac dung bang téng

» Cong suét trung binh trong mot chu ky:  céng suat tac dung cdc thanh phan

P=RI’=RY I}=) RI}=) Pb=P+P+P,+..
k=0 k=0 k=0

, , n X A . X > a X cn . n R=50Q L=0.1H
Vi du: Tinh cbng suat ngudn va so6 chi von ké do dién ap trén tu — Y
e(1) =100 +100+/2 sin 1000z + 200~/2 sin 20004(V') (Dety L
C = 20pF
i(£) = 2sin(1000z — 45°) +1.1/2 sin(2000 — 74°)( 4)

1. (t) =100+100sin(10007 —135°) +27.5+/2 sin(20007 —164°)(V)

P=F +F+P,

P =160.64(7)

> S6 chiven mét: U =4/100 +(50v/2) +27,5> = 125,520

2014 — Ly thuyét mach dién 1 - Nguyén Vigt Son

P =0  P=E..cosp =100~/2.cos(45%) =100(%).
P, =E,.I,.cosp, =200.1,1.cos(74") = 60.64(W)




LY THUYET MACH DIEN 1

Chwong 5: Mach dién tuyén tinh cé kich thich chu ky

l. Khai niém vé nguon kich thich chu ky.
Il. Cach phan tich mach dién tuyén tinh cé kich thich chu ky.
Il. Tri hiéu dung - cdng suat dong chu ky.

IV. Ham truyén dat va dac tinh tan so.

10
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BACH KHOA

IV. Ham truyén dat va dic tinh tan so.

> Ham truyén dat 1a ty so6 riéng (dao ham riéng) cta anh dap tng trén anh kich thich

. T(w) Pdc tinh tan bién dg: M6 ta quan hé bién do (hiéu
f(a)) _ ).((w) _ \T(a))\.ef‘”(“’) dung) gitra cac pho tan kich thich va dap wng.
F(®) o(w) Pdc tinh tan pha: M6 ta do |éch pha gitra pho

dap trng va phd kich thich
> Ham truyén dat K (w), K(w), Z(w), Y(w) cta mach Kirchhoff cé dang:
ay+as+a,s’+..+as"  F(s)

T(S) = 2 mo
by+bs+b,s”+...+b s" F,(s)

; S=jo

n, m: Phu thudc vao két cau clia mach.
a,, b,: phu thudc vao két cau ctia mach va cac thong s6 R, L, C.

> Diém cwec: Nghiém cla da thire Fy(s) = 0.
Piém khong: Nghiém cla da thire F,(s) = 0.

Dic trung N Piém cuwc

Ham truyén dat -

Dung lai Piém khéng

2014 — Ly thuyét mach dién 1 - Nguyén Vigt Son 1



LY THUYET MACH DIEN 1

Chwong 6: Mang mét ctra Kirchhoff tuyén tinh.

I. Khai niém mang mét cwra Kirchhoff.

BACH KHOA

Il. Phwong trinh - Sor d6 twong dwong mang mét cira ¢6 nguon.

lIl. Dieu kién dwa cdng suat cwe dai ra khéi mang mot civa.

Bai tap: 1 - 7, bai thém
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BACH KHOA

1.1. Khai niém.

» Thuc té cd nhivng thiét bi dién lam nhiém vu trao déi nang lwong, tin hiéu
dién twr ra/vao & mét cwra ngo.
Vi du: May phat dién; mot may thu; mot dworng day truyén tin; von mét, ampe

mét, ddng hd do cong suét ...

> Cac thiét bi cd ciu tric bén trong khac nhau, nhwng hé théng dwoc coi nhw mét
vung nang lwveng va dwoc quan sat dwa trén qua trinh phan wng va hanh vi trén
ctra ngd, va khdng quan tdm dén két cau va tinh nang cac vung bén trong cua
hé.

> D& mé td qua trinh 4y ta dinh nghia phan t& phirc hop mang mét cira

Kirchhoff.
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Chwong 6: Mang mét ctra Kirchhoff tuyén tinh

.1. Khai niém.

> Dinh nghia: Mang mét cira Kirchhoff Ia két cdu mach cé6 mét cira ngé dé

trao d6i nang Iwong, tin hiéu dién véi nhibng phan khdc cda mach.

> Bién trang thai trén ctra: i(t), u(t).

i(t)

> Diéu kién mang moét clra: Dong dién chay vao cuc lu(t)

nay bang dong dién chay ra & cuwec kia. <

» M®6 hinh toan hoc:
< Qua trinh nang lwong tin hiéu thé hién & quan hé gitra u(t) va i(t).

< Mach Kirchhoff: Phwong trinh vi tich phan thwdng trong mién théi gian.

fu,u',u",...,i,i';i",....t)=0
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Chwong 6: Mang mét ctra Kirchhoff tuyén tinh

BACH KHOA

1.2. Phan loai. ,
/ Mang 1 cuwra tuyén tinh.

» Theo phwong trinh trang thai: \
I! !l . 1 > I . | X .

» Theo kha nang trao dbi ndng lwong:

< Mang 1 ctra khéng nguén: Khéng thé dwa nang lwong ra clra ngd.

Chu y: Két cdu bén trong mang 1 clra c6 thé chira s
nguodn e(t), j(t) nhwng néu chung khdng cé kha lu é

nang trao nang lwgng ra bén ngoai thi coi la mang

mét clra khéng nguon.

< Mang 1 ctra c¢6 nguon: Co6 thé dwa nang luvong
> ~ u
ra ctra ngd.
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Chwong 6: Mang mét ctra Kirchhoff tuyén tinh

1.2. Phan loai.

» Cach xac dinh mang 1 ctra c6 ngudn/khéng ngudn:

< H& mach ctra (i = 0) — do dién &p trén ctra uy(t): ,_i(t)=0
v Néu u,(t) = 0 — mang mét clra khéng nguon. luo(t)
v Néu u,(t) # 0 — mang mot clra c6 nguon.

< Ngan mach ctra (u = 0) — do dong dién trén ctra iy(t):

v Néu iy(t) = 0 — mang mét ctra khéong ngudn. if(t)

v Néu iy(t) # 0 — mang mét clra c6 nguon. / =0
v u(t) =
\

\

4
~
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LY THUYET MACH DIEN 1

Chwong 6: Mang mét ctra Kirchhoff tuyén tinh.

l. Khai niém mang mét ciwra Kirchhoff.

Il. Phwong trinh - Sor d6 twong dwong mang mét cira ¢6 nguon.
I.1. Phwong trinh trang thai mang 1 cira Kirchhoff tuyén tinh.
I.2. So do tworng dworng mang 1 cipa ¢6 nguon.

lIl. Piéu kién dwa céng suat cwe dai ra khéi mang mot cira.
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A
/

Chwong 6: Mang mét cira Kirchhoff tuyen tinh ¢

BACH KHOA

I.1. Phwong trinh trang thai mang 1 cira Kirchhoff tuyén tinh.

> Xét mang 1 clra tuyén tinh lam viéc & ché dd xac lap diéu hoa. ;

7

> Theo tinh chat tuyén tinh, quan hé dong - ap trén clra lU

co dang: . .
U=A4.1+B )]
[=CU+D  (2)
> Xét phwo’ng trinh (1): > Xét phwo’ng trinh (2):
Khi [ =0 (h& mach ctra) —» B = U V] Khi U 0 (ngan mach clra) — D = 1 [ 4]
B [V]: dién ép hé mach trén ctra D [A]: dong dién ngan mach trén cira.
. —0 Mang 1ctrakhéngngudn p—7.=| 0 Mang 1 ctra khong rjguon
B=U,= . \ #(0 Mang 1 ctra c6 ngudn
#(0 Mang 1 cra cé ngudn
1) < [V]=A[A]+[V] (2) o [A]=C[V]+[4]
A [Q]: téng tré vao C [S]: tong dan vao
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Chwong 6: Mang mét ctra Kirchhoff tuyén tinh

BACH KHOA

I.1. Phwong trinh trang thai mang 1 cira Kirchhoff tuyén tinh.

> M6 hinh toan hoc clia mang 1 clra Kirchhoff tuyén tinh:

-

Yh~e

(.] = Zvao.}-l-l.]h
. lU

\}ZY .(.]‘l‘}N

vao

> Mang 1 ctra tuyén tinh cé ngudn cé thé dic trieng béi mot cap théng so

(Zvao > (.]h) hOéC (Y;ao 2 ]N)
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BACH KHOA

I.2. Sor d6 twong dwong mang 1 ctba ¢6 nguon.

a. Dinh ly Thévenin.

> Xét phwong trinh: U Z ]+Uh

> Phwong trinh ¢6 dang luat K2, ’ng v&i so dd gom:
< Tong tré Z,,, (tbng tré vao ctia mang mét cira) mac noi tiép voi,
< Ngubn &p U » (dién &p hé tai cira)
> Phat biéu: Co6 thé thay thé mang 1 cira tuyén tinh bang moét nguén ap (c6 suét
dién déng bang dién &p trén ctra khi hé& mach) mac nbi tiép véi mot tong tré (cd

gia tri bang téng tré vao cua mang mét cia.)

[ ’ ; ZV&O
» Cachtinh Z,,: | | i U, - _](_
< Triét tiéu nguon doéc 1ap: Ngan mach L +Z []z ; CT .
Y 1 al U
ngudn ap, hd mach ngudn dong. U t '
h e
< Tinh tdng tr& twong duong. Usai = Z +7_ Lo
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Chwong 6: Mang mét ctra Kirchhoff tuyén tinh

BACH KHOA

I.2. So d6 twong dwo'ng mang 1 clra c6 nguon.
b. Dinh ly Norton.
» Xeét phwong trinh: }: Yvao,l.]+ }N
> Phwong trinh ¢6 dang luat K1, &ng v&i so dd gom:
< Tong dan Y,,, (tobng dan vao ctia mang mdt ctra), mac song song voi,
< Ngubn dong I (dong dién ngdn mach trén cira)
> Phat biéu: C6 thé thay thé mang 1 ctra tuyén tinh bang moét nquén dong (cé gié
tri bang gia tri dong dién ngdn mach trén clra) mac song song voi moét téng dan

(c6 gia tri bang téng dén vao clia mang mot cira).

. 7
» CachtinhY,,: . In
‘ ] Ui =———— 7 () Yoo
% Triét tiéu ngudn déc Iap: Ngan mach Y  +7Y. []Ytai v J<V> []
. . N
ngudn ap, h& mach ngudn dong. . }N oy

> ~ [ ai — .Y .

% Tinh tong dan twong dwong. Z Y +7Y. at
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I.2. Sor d6 twong dwo'ng mang 1 clra ¢6 nguon.

c. Quan hé giira so' d6 Thévenin va Norton.

So do So’ d6 Norton
7 Z,. Thévenin .
e — T
Z ai (.] <> ’ ’ — 7 y ) ° . °
I Do G-z vt [l |0 @ f] i-x,0d,
- J N
° U ° Uh . .
[tai — ! Utai - 'Ztai ° IN o IN
vao + Ztai + Ztai Ital — tai Utai =
YV(IO + )ftal )/VCIO + Kal
' 1 - 1
Klao R ZVClO =
) Z - Céng thirc lién hé - Y
° U . I
I, =—1" U =N
N\ ! ZVaO L h )IVGO
11

2014 — Ly thuyét mach dién 1 - Nguyén Vigt Son



I.2. Sor d6 twong dworng mang 1 ctpa ¢6 nguon.

Vi du: Tinh dong dién va dién ap trén Z,
> Cat nhénh 3:

» Tinh U;, theo phwo’ng phap thé nut.

) E Y - E Y+J 1 1
U =@, = trongdoé: ¥, =— ; ¥, =—
h (014 YI+YZ 1 Zl 2 22
2 YAVA
> Tinhtongtrévao: Z =Z7,//7,=—"—
Z, +Z,
» Thay mang 1 ctra bang so dd Thévenin:
: . 2 Y —E, Y, +J
> Suyra: [, = U __ BN +J
a0+Z3 (Y+)72)(Zva0+z)
° * E Y, — E.’ Y-|—:]
U,=2,.1, =

Y +Y)(Z, +Z) °

vao

2014 — Ly thuyét mach dién I - Nguyén Viét Son
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I.2. Sor d6 twong dwo'ng mang 1 clra ¢6 nguon.
Vi du: Tinh dong dién va dién ap trén Z,

» Cat nhanh 3:

> Tinh Iy
[} [} [ ] [} , 1 1 a
Iy =J+Y.Ei=Y,. E; trongdo: ty=—~ ; F, =—- | |
1 2
2 X N Z1 ZZ .
» Tinhtongdanvao: ¥ =Y //Y,=Y +7, i 1g CA 7l
> Thay mang 1 ctra bang so dé Norton:
> Suy ra: .
; nood >
L=——"—Y, ; U="=— :
Y+, Y, Y,+7,, W e v
13
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LY THUYET MACH DIEN 1

Chwong 6: Mang mét ctra Kirchhoff tuyén tinh.

I. Khai niém mang mét ciwra Kirchhoff.
Il. Phwong trinh - Sor d6 twong dworng mang mét cira c6 nguon.

lIl. Dieéu kién dwa cdng suat cwe dai ra khéi mang mot cira.

14
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lIl. Dieu kién dwa cdng suat cwe dai ra khéi mang mot civa.

> Mang 1 clra c6 ngudn cung cap cho tai Z, bién dong.

> Theo dinh ly Thévenin: Thay thé mang 1 ctra bang mot
ngudn twong dwong UnZ,)-

> Khi dé céng suat dwa dén tai:

Ui _yp2 R

t

- A ho

P=R.I'=R

> Dé cong suat dén tai dat cwe dai:

2014 — Ly thuyét mach dién I - Nguyén Viét Son

BACH KHOA

Nguoén| z | Tai

LN
o, (D ztﬁ]

X, +X,=0 (X, +X,=0 B
" R,,=const ¢ t X ng -X t
| Rt 2 — max : " d Rt = R — Rt
(R, +R) (dR (R, +R)’ "
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lIl. Dieu kién dwa cdng suat cwe dai ra khéi mang mot civa.

> Diéu kién dwa cdng suét curc dai ra mang 1 ctva la: !

AN

Z =7

ng t

Nguén z,—>| Tai

< Coéng suat cwc dai dua ra tai la:
, .
= U; .Rt = Uh 'Rng — U; % - _]>’ P
" (R,+R) (2R,) |4R, .
Ui CD Z,

< Hiéu suét truyén nang luong dén tai:

P R.I

t

P, (R, +R).I

ng

=50%

77:

» Thuc té Z,, & R, khdng théa man dieu kién trén — can noi thém mot bo phan
trung gian co théng sb thich hop gitra ngudn & tai (hoa hop nguon voi tai).
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LY THUYET MACH DIEN 1

BACH KHOA

Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M6 hinh toan hoc mang hai ctra - Phwong phap tinh b s6
lIl. Tinh chat mang 2 cira tuyén tinh twong hé.

IV. Ham truyén dat dong - ap. Téng tré vao mang hai ctra.
Van de hoéa hop nguon va tai bang mang hai cira.

V. Mang hai ctra phi hé.
VI. Khuéch dai thuat toan.

Bai tap: 1 - 9, bai thém
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Chwong 7: Mang hai ctra tuyén tinh

1.1. Dat van de.
» Cac chuong trwée da trinh bay:

< Phuwong phap xét mach tuyén tinh hé sd hang & ché dd xac lap diéu hoa:
v Phwong phap dong nhanh.
v Phwong phap dong vong.
v Phuwong phéap thé dinh.

< Phuwong phap xét mach tuyén tinh co kich thich chu ky khéng diéu hoa.
< Phwong phap mang mét ctra Kirchhoff tuyén tinh.

» Chuwong nay sé trinh bay so d6 cau tric méi, mé hinh mang hai cira Kirchhoff.

< Thé nao la mang 2 cira ?2??

% Tai sao ta phai xay dwng moé hinh mang 2 cwa ???
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Chwong 7: Mang hai ctra tuyén tinh

1.1. Dat van de.
> Thuc té c6 nhirng thiét bi dién (cd cau tric bén trong khac nhau)
lam nhiém vu nhan nang lurong / tin hiéu duwa vao moét citrka ngo va

truyén ra mot ctra ngd khéc.

> Hé théng do lwerng diéu khién tao b&i nhiéu khdi, méi khoi

R3
- R ?_SK% V
cO 2 cwra ngo, tac dong Ién tin hiéu ¢ cwa vao, dé cho mot |

tin hiéu khac & ctra ra. Viéc phan tich theo so d6 khdi dé %3 i
INPUT R4 y

dang nhin thay cau truc cua hé thdéng, hiéu dwoc chirc

Second Order 1@8-Hz high-pass filter
nang cua tirng khoi trong hé théng dé.

Vout

> Dé md ta quan hé cac qua trinh nang lwgng/tin hiéu trén hai

ctra ngd - st dung moé hinh mang hai cira.
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Chwong 7: Mang hai ctra tuyén tinh

1.1. Bat van de.

> Dinh nghia: M6 hinh mang hai ctra |a két cdu so d6 mach c6 hai ctra ngd dé
truyén dat, trao déi ndng luong / tin hiéu dién véi cac mach khéc. Néu qué trinh
ndng lwong trén céc clra duoc do bang cdp bién trang thai dong, ap u,(t), i.(t),

u,(t), i,(t) =2 mang hai ctra Kirchhoff.

. . - . i4(t) i(t)
> Theo tinh chét tuyén tinh, mdi bién trang thai c6 +—> T
, , uy(t) u (t)l

quan hé tuyén tinh v&i 2 bién trang thai khac: l 1 i

«» M®6 hinh toan hoc:

{fl(ul,ul,...ll,ll,...,uz,uz,...,12,12,...,t) =0

Jo (U Uy yedy Ty ey Uy g Uy g eyl s By s ) =0

< CO 06 hé phurong trinh tuyén tinh > (ng v&i 06 b0 s6 A, Z, Y. B, G, H
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1.2. Phan loai.

» Theo tinh chat ciia mé hinh todn hoc:
< Mang hai clra tuyén tinh.

M I.’ Il,(
‘ -

» Theo cau tric ctia mang hai cira:
< Mang hai clra d6i xirng.

< Mang hai clra khdng déi xirng.

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

Chwong 7: Mang hai ctra tuyén tinh

» Theo tinh chat twong hé:
< Mang hai clra twong ho.

< Mang hai ctra phi ho.

» Theo nang lwong:
< Mang hai cra c6 ngudn.

< Mang hai ctra khéng nguon.




Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

1.2. Phan loai.
» Cach xac dinh mang 2 clra cd nguén / khéng ngudn:
% Hd mach 2 cura (i, = i, = 0) — do dién ap hé mach:
v'Néu u,, = u,, = 0 — mang 2 clra khéng nguon

v'Néu u,, # 0 ho&c u,, # 0 — mang 2 clra c6 nguon

< Ngan mach 2 cira (uy = u, = 0) — do dong dién ngan mach:
v'Néu i, = i,g = 0 — mang 2 ctra khéng nguoén
v'Néu i,y # 0 hodc i, # 0 — mang 2 ctra cd nguon

io(t) i2(t)

i,()=0 i(t) =0 / ;‘ _>._. \

lum(t) Uzo(t)l () = 0 Ut) =0 1

\ /
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Chwong 7: Mang hai ctra tuyén tinh

1.2. Phan loai.

> Thuc té cé nhiéu loai mang hai ctra khac nhau:
< Mang hai ctra phi tuyén cé ngudn / khédng nguon.
< Mang hai ctra tuyén tinh cd nguén / khéng ngudn.
< Mang hai clra tuyén tinh twong hé.

< Mang hai clra tuyén tinh phi hé.

o
% ...

> Chwong nay chi viec mé tad & phan tich mang hai ctra tuyén tinh, khéng

nguén, cé hé s6 hang & ché dé xac Iap diéu hoa.

— S dung phwong phap sé phtrc.
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LY THUYET MACH DIEN 1

Chwong 7: Mang hai ctra tuyén tinh

I. Khai niém.
Il. M hinh toan hoc mang hai ctra - Phwong phap tinh bé so.
I.1. Hé phwong trinh trang thai dang A.
I.2. Hé phwong trinh trang thai dang B.
I.3. Hé phwong trinh trang thai dang Z.
Il.4. Hé phwong trinh trang thai dang Y.
I.5. Hé phwong trinh trang thai dang H.
I1.6. Hé phwong trinh trang thai dang G.
I.7. Ma tran cita hé cac mang hai cura.
1.8. Cac phwong phap tinh b s6 dic trwng.
lll. Tinh chat mang 2 clra tuyén tinh twong hoé.

IV. Ham truyén dat dong - ap. Téng tr& vao mang hai ctra. Van dé hoa hop
nguodn va tai bang mang hai ctra.
V. Mang hai ctra phi ho.
VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

II.1. Hé phwong trinh trang thai dang A.

> Xét mang hai clra Kirchhoff & ché dé xac lap diéu hoa:

> Theo tinh chat tuyén tinh, méi bién trang thai cé quan hé tuyén tinh v&i 2 bién

trang thai khac . .
. ~ X , ‘i~ 0 .0 1>1 %]2—0
% Xeét quan hé tuyén tinh gitva (U1,11)va (U, 1») . .
(o . . . lUl A Uzl
U1=A11.U2+A12.[2+U10 -

| I=A4,.Ux+ A,. 12+ 1o

/

< Do mang 2 clra khdng nguodn, néu l}l =l}2 —oval=0,=0>U,=1,=0

> Vay phwong trinh trang thai dang A clia mang 2 ctra tuyén tinh khédng nguén la:

-

Ui =4, U+ A,.I»

J\

A

. . . Dang ma tran: | _' :[An Alzj. U,
Lll = Azl.U2+A22.]2 I o A22 ;s
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BACH KHOA

II.1. Hé phwong trinh trang thai dang A.

> Bo6sbd A dac treng cho quan hé dong - ap gilra ctra 1 va cira

2 (déc trung cho sw truyén dat).

Ur=4,.Us+A,.I

L =A4,.Us+A,.I

» Cac mang 2 clra 6 cau truc khac nhau nhwng co ciing bd so A; > trong duong

nhau vé truyén dat ndng long va tin hiéu.

> Y nghia cla bd s6 A (cong thire dinh nghia):

< H& mach cira 2: 12 =0

oUi U, Do db bién thién dién ap

4y =——=-"— trén clva 1 theo kich thich
oU, U: aptréncira 2.
: : Do dd bién thién dong
01 I, . , ,
A, =——=—1[57] trén cra 1 theo Kkich

oU, U, thich ap trén ctra 2.
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<% Ngdn mach ctra 2: U2 =0

y y Po dé bién thién dién
A, = 8(.]1 — l.jl [QQ] ap trén ctra 1 theo
ol, I, kich thich dong trén
clra 2.
oI, I, Do do bién thién dong
A, =——=+ trén clra 1 theo Kkich
0ol, [, thichdong trén clra 2.
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BACH KHOA

I.1. Hé phwong trinh trang thai dang A.

» B0 sO A; duoc tinh trong diéu kién dac biét clia mang 2 cira (hd mach & ngan
mach clra 2) > khong phu thudc vao cac phan tir ngoai > bo so A; dac trung &
thé hién tinh truyén dat gitra 2 ctra.

» Céch xac dinh thong so A;:

s Lap phwong trinh mach:
v T so d& mach = 1ap phwong trinh mach theo cac phwong phap

v/ Rut gon vé quan hé gitra (U1, 11) va (U2, 12)

* Dung céng thurc dinh nghia:
v Do dong, ap trén 2 clra trong diéu kién ngan mach & hé mach cira 2.
v Dung cdng thirc dinh nghia tinh gia tri A;.
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I.1. Hé phwong trinh trang thai dang A.

. . I, Z Z., ]
Vi du: Tinh bd s6 A cia mang 2 clra c6 so db hinh T. >
Ve ~ . In
h1:L hwong trinh mach . ;
Cac ap phwong ac \Ul 7 Uz\
(.JII}I.Zd1+}n.Zn ° ° ° o (].+[. Z
° ° ° U2 :[n'Zn_[z‘Zd2 % [I’l: 2 k)
]l:]n+12 Zn
. Ust12.Z,, * | Ustlh Z . : :
Ui =Z,| — 22 L1 |+— 22 =z, U1=(1+%).Uz+(zd1+Zd2+Zf“Z'Z”’2].12
—> < ! " " "
’ ; }_1 (.] 1 Zdz }
Z :
. / YA
B s6 A clla mach hinh T: 1+7ﬂ Zd1+Zd2+%
A, = " "
1 d2
— 1+
Z Z
12
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II.1. Hé phwong trinh trang thai dang A.
Vi du: Tinh bd s A clia mang 2 ctra ¢6 so dd hinh T.

Cdch 2: Tinh bd sb A theo cdng thirc dinh nghta.

» Homachcra2: [, =0
T (Zo+Z)]
A11:U1:( < n) 1=1—|—

@ ]1 1
° . 21 7 e
U, 7.0 Z, U, Z

> Ngan mach cra2: U, =0

YA
. (Zdl i n*~d2
1

Chwong 7: Mang hai ctra tuyén tinh ¢

A1
zZ.+7, ) 2y Zyy+ 20y 2,4 20 2,

BAI HOC

A
/.
/

BACH KHOA

I Za Zy, 1>
—>— e 1>
. Il’l °
U, Z, U,

U= A4,.Us+A4,.I»

\[1 = Azl.Uz-I- A22.I2

U
A12 ~— Y .
I Z”.[l Z,
Z +7Z,
Zdl'ZdZ

A12 — Zdl + Zdz +

n

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son
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II.1. Hé phwong trinh trang thai dang A.

. . L Za Zy; I,
Vi du: Tinh bé sO A cia mang 2 ctra c6 so do hinh T. > I 1>
Z Z.Z U Z, U,
1+Z;‘” Zd1+Zd2+—dIZ = \ 1 | \
= .z, 0y = 4 Ut Ay
Zn Zn }1 :AZI'(.]2+A22'}2
YA VA VA YA / /
detA:A“.Azz—Alz.A21=l+ d12d2_|_ dl  Zd2 d12d2_ dl _ Zd2 _q
Cht y: Mang 2 ctra tuyén tinh twong hé €= detA==%1
1 1 1 \ I 2
—— ——
lUl A Uzl lUl A Uzl
detA=1 detA=-1
14
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I.2. Hé phwong trinh trang thai dang B. .

] ° . . . 11
> Xét quan hé tuyén tinh gitva (U2, 12) va (U, 1) T
> Ta cé hé phwong trinh trang thai dang B cua lUl

mang 2 ctra tuyén tinh khéng nguén:

-

k[2 =B, .U+ B,,.1 1>
> Nhwvaytaco: B=A" det B==+1

» Quan hé gitra cac thong so6 B; va A;;
4,=8B,, A, =—-B
A, = =B, 4, = B,

2017 — Ly thuyét mach dién I - Nguyén Viét Son

U,=B,,.Ui+B,.I Dangmatran: | U: _(Bu Blzj
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Il.3. Hé phwong trinh trang thai dang Z. 1 [
[ ) [ J b i 1 2
> Xét quan hé tuyén tinh gitra (U,,U,) va (/1,12) L .
» Ta co hé phwong trinh trang thai dang Z cua lUl Z Uzl
mang 2 ctra tuyén tinh khéng nguon:
U =7, 1+Z,.1 Dang ma tran: | 7, (ZH lej I
] = :
° ° ° ° Z Z °
U.=2,.11+72,,.1 Us S W !
> Y nghia bd sb Z (cong thire dinh nghia):
7 — Ui Tongtrovaocral  , _ Us Téng tré twong hd
ol khi ctra 2 hé mach g khi h& mach ctra 2
M=o M=o
Ui Tdng tré twong ho U 2 B AN
Z, = [Q] o9 - 7 X2 O Tong tro vao cura 2
12 7. khi h& mach ctra 1 2~ . [Q] khi ctra 1 hé mach
? n=0 ]2 }120
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Chwong 7: Mang hai ctra tuyén tinh

Il.3. Hé phwong trinh trang thai dang Z. }1 }2
—_— ———e
> Céch xéc dinh thong s6 Z;; l{]l ya Uzl

s Lap phwong trinh mach:
v T so d& mach = 1ap phwong trinh mach theo cac phwong phap

v/ Rut gon vé dang quan hé gitra ((.]l,l.]Z) va (I1,1>)

s Dung céng thurc dinh nghia:
v Do dong, ap trén 2 clra trong céc diéu kién hd mach clra 1 & clra 2.

v Dung cdng thirc dinh nghia tinh gia tri Z;.
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I1.3. Hé phwong trinh trang thai dang Z.

Vi du: Tinh bd sé Z ciia mang 2 clra c6 so do hinh T. o =

° Il’l ° )
Cach 1: Lap phwong trinh mach UI\ ? z, \ I \UZ

< Chon dong dién vong c6 chiéu nhw hinh vé.

s Lap phwong trinh mach theo phwong phap dong vong.

-
[ ]

|Ur=Zy+2) 00+ 7,12 Mat khac co: |h=10 _ JUi=@Z,+2)1+Z, 1,

(.]2=Zn.}v1+(Zd2+Zn).}v2 [>=1n U.=Z2,11+(Z,,+Z,).1>

n

VA L, t+72Z

n

Ma trdn Z cia mach hinh T: ~ (Zdl +7Z, / ]
T j—
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Chwong 7: Mang hai ctra tuyén tinh

Il.3. Hé phwong trinh trang thai dang Z. 1oz, z. 1,
Vi du: Tinh bd sé Z ciia mang 2 clra c6 so do hinh T. > ; L=<
Céch 2: Dung coéng thire dinh nghia. U, z: \UZ
% H& machcva1: [1 =0 y
U, [.] (.]1=Z .}1+Z .}2
Zp=~"—=1, ZZZZo_2:Zd2+Zn ] . ! . ’ .
1> . I kUz =Z,.h+7Z,.1>
% H&¥machcwra2:/, =0
* * Z, +7Z Z
B (]1 B U2 Z _ dl n n
Ly ="=~2y%Z, L,y =——=L1L, ! ( Z L, +2Z
1 I
Chi y: Mang 2 ctra tuyén tinh twong hé:
I g I I

— —>

l(.h Ly, =—2y Uzl

G ——— — Gl

le = Z21 U,

G —
T
—_

—

|
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Il.4. Hé phwong trinh trang thai dang Y.

2017 — Ly thuyét mach dién I - Nguyén Viét Son

> Xét quan hé tuyén tinh glwa(ll,lz)va (U1,U>) [ L
» Khi do ta co hé phqug trinh trang tha‘l dang Y lUl Y Uzl
cla mang 2 ctra tuyén tinh khéng nguon: —_— —
L=Y . .U+Y, U, Dang ma tran: | j, (Y, Y| U .
° ° ° o - Y Y o Y — Z
_ I 20 2/ |\
I,=Y, .Ui+Y,.U, 2 2
> Y nghia bd sb Y (céng thire dinh nghia):
y =4 (si] Tongdanvaoctral y _ 1o [Si] Tong dan twong hd
! U khi clba 2 ngan mach 2L . khi ngan mach ctra 2
! l./2=0 Ul o
Uy=0
Y, = i [S7] Tong dan twong hd Y,, = {2 [Si] Ténq dan vao clra 2
’ khi ngan mach ctra 1 , khi ctra 1 ngan mach
% U1=0 % U1=0

20



Chwong 7: Mang hai ctra tuyén tinh

Il.4. Hé phwong trinh trang thai dang Y. }1 }2
» Cach xac dinh thé Y.
ach xac dinh thong so Y lUl Y Uzl

s Lap phwong trinh mach:
v T so d& mach = 1ap phwong trinh mach theo cach phwong phéap

v/ Rat gon vé dang quan hé gitra (11,1,) va (l.h,(./z)

s Dung céng thurc dinh nghia:
v' Do dong, ap trén 2 ctra trong céc diéu kién ngan mach ctra 1 & clra 2.
v Dung cdng thirc dinh nghia tinh cac gia tri Y;,

> Chu y: Mang 2 ctra tuyén tinh twong hé:

1 1> I I
—_— —_—

ll}l Y, ==Y, Uzl 11}1 Y, =Y, l.]zl

G—— f— G—— p—
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I.4. Hé phwong trinh trang thai dang Y.
Vi du: Tinh bd s Y clia mang 2 clra c6 so do hinh 1

Cach 1: Lap phwong trinh mach

< Lap phwong trinh mach theo phwong phap thé dinh.

. . . Mat khacco:(« (o . .

L=, +Y).0,~Y,.0, Ur=9, L=, +Y).Ui-Y,.U,
° ° b ° ° _) <. ° L4
L==Y,.0,+{,,+Y,).0, Uz =0, L2 ==Y, Ui+ (¥, +1,).U:

Cach 2: Dung cbng thure dinh nghia.

< Ngan machctra 1: U, =0 < Ngan mach clra 2: (.]2 =0

; i
v,-_y Y, =4=Y,+%,
U, U
b 1>
Y, =—=Y,+Y, Yy=2-=-1,
U, Ui
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I.5. Hé phwong trinh trang thai dang H.

, ° ° L L 11
> Xét quan hé tuyén tinh gitra (U:1,12) va (11,U>) I_>_
U
» Khi do ta cé hé phwong trinh trang thai dang H cua :

mang 2 ctra tuyén tinh khéng nguén:

-
[ ]

\]2=H21.]1+H22.U2 I

» Chuay: Mang 2 ctra tuyén tinh tvong ho:

Hy,=-H

21
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U =H,L+H,U Dang matran: | U, (H“ H,
< _
H21 H22
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I.6. Hé phwong trinh trang thai dang G. . .
> Xét quan hé tuyén tinh gitva(/1,U2) va (Ui,12) lUl G Uzl
» Khi do ta co hé phuong trinh trang thai dang G M —
clla mang 2 ct¥a tuyén tinh khéng nguon: G=H"
< 1 =G11.U1+G12.[2 Dang ma tran: 1 :(GH Gu] U,
\Uz =G,,.Ui+ Gy, .12 U SETRSS 1>

» Chuay: Mang 2 ctra tuyén tinh tuong hé:

G12 = _GZI
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BACH KHOA

Il.7. Ma tran cua hé cac mang hai cura.
a. Mang hai ctra ndi xau chuédi (cascade connection).

A A, A, -— A= 14,

|

Vi du: Tinh bé sé A cia mang 2 ctra hinh Tr.

I I
I I
I I
—>— 1> I I
.]1 Zd I N (.] 1 7 (.] : :
\Ul . :(0 1dj' . o
1 I : :
: : :
1 }2
- - 1 0
. U, U,
Ul Zn1 U2 - L 1 )
1 an 1
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BAI O
A
7
Vi

Chwong 7: Mang hai ctra tuyén tinh 4

BACH KHOA

I.7. Ma tran cua hé cac mang hai cura.
b. Mang hai ctra ghép noi tiép.

» Cac mang 2 clra ghép ndi tiép néu co cung dong dién trén céc cira.

—_ >
bz |
\ A el l Z:ZI+ZZ l

zZ, |} |

Pra—

c. Mang hai ctra ghép song song.

> Cac mang 2 clra ghép ghép song song néu cé cung dién ap trén cac cira.

~

~
7

I Y, "]

Y,
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BACH KHOA

Il.7. Ma tran cua hé cac mang hai cura.

d. Mang hai ctra ghép néi tiép - song song.

Y

Y

H, | . L
Y N — l H :Hl +H2 l
v H2
e. Mang hai ctra ghép song song - noi tiép.
| || G '
— —
J A —_— ] G=G, +G, |
G2 v
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1.8. Cac phwong phap tinh b s6 dic trwng.

» Dung cong thurc dinh nghia.
» Lap phwong trinh mach

> T bd sb nay tinh ra bd sd khac.

> Phuwong phap tdng hop toan hoc.

Vi du: Tinh cac bd sb clia so’ d6 hinh bén.

> Tinh b6 Z
Lap phwong trinh dong vong

(R+R + joL).Ii+(R+ joM).I. =U

(R+joM).Ii+(R+R, + joL,).I> =U,

2017 — Ly thuyét mach dién I - Nguyén Viét Son

I M
RZ R
L3 ¢
Ui le
(1)
(2)
R+R + joL, R+ joM

R+ joM

R+R, + jolL,

BACH KHOA
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11.8. Cac phwong phap tinh bd so dac trwng.

Vi du: Tinh cac bd sb clia so’ d6 hinh bén. L /_M\A I
> Tinh b A. L Rl R,
‘ ‘ -1 . 7 1z, L 3 EL
T phwong trinh (2): > 11 =—.U,——2.1, —> 1 2
Zz1 Zz1 Zzz ° ’
Azz :_Z— U, Rl U,
Thay vao phwong trinh (1): 2
(.]1 =7, L.(}z—@.é +le.1.2 _Zu (}2+ Z,+ 2112 ,f2 : Y
ZZI ZZI ZQ] 221 ) ° .
Ui =4,Us+ A,.I>
( Z . . .
4y =—" L=A4,.Us+ A,.I>
21
) Z,,.2,, i 7 L2y,
4,=2,- Z, e Z,, 12 Z,,
‘ L Z
Z2l Z21
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1.8. Cac phwong phap tinh b s6 dic trwng.

Vi du: Tinh cac bd sb clia so’ d6 hinh bén.

> Tinh bé H. H, ——Zn
. . : | A Zy,
T phwong trinh (2):— [, =—.U,——2.11 — 3
Zy, 22 H _L
22 T Z
Thay vao phwong trinh (1): -
0=z 1+22 (Uz Z,.. Ilj [Z“ Za Z”j I+ 0,
ZZ2 Z22 22
( Z,Z
H,=Z,-———+
) ZZ2
— 7 7 _le'ZZI Z)
Hy,=—= Yz, Z
| 222 H — 22 22
_4y L
Z22 Z22
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U =H, L+H,U:

\]2 =H,.+H,.U:
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-

Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M hinh toan hoc mang hai ctra - Phwong phap tinh bé s6
lIl. Tinh chat mang 2 cira tuyén tinh twong hé.

IV. Ham truyen dat dong - p. Tong tré vao mang hai ctra. Van
dé hoa hop nguon - tai bang mang hai cura.

V. Mang hai ctra phi hé.

VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

lIl. Tinh chat mang 2 cira tuyén tinh twong hé.

> Mang 2 ctra la tuyén tinh twong hd khi va chi khi:
det 4 =+1 le :izzl H12 :_H21
det B ==+1 Y,=1Y, G, =-G,

> B sb clia mang 2 ctra tuyén tinh twong hé ludn cé 1 rang budc = mach chi co
3 thdng s6 ddc 1ap tuyén tinh — So’ do6 twong dwong cia mang 2 civa tuyén
tinh twong hé gém 3 phan tir mac theo so’ dé6 hinh T (1)

. . So d6 hinh
1 1>
> . ———
. tuyén tinh *
lUl twong hé Uzl
I ——1+—
Zd1 Zd2 )
Z Sodo hinh T

32
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Chwong 7: Mang hai ctra tuyén tinh

lIl. Tinh chat mang 2 cira tuyén tinh twong hé.
> Mang 2 ctra do6i xirng 1a mang 2 clra khi thay déi chiéu truyén dat trén cac clra,
tinh chat va phwong trinh truyén dat van khéng thay doi.

—
@i 1| @Y

4

-

G A Z G
H (B, Y, H

-

) 2 gz — 1

)

Mang 2 cira doi xirng

|

——l

.~
o1 AZ G A = iAzz Zn - Zzz
t (B, Y, H) _ _
/,— B - iBzz Yll _ Y22
detH=1
det G=1

> Mang 2 ctra tuyén tinh twong hé & doi xirng = chi cé 2 théng sé6 déc lap
tuyén tinh - So’ d6 gém 02 phan tu
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Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M6 hinh toan hoc mang hai ctra - Phwong phap tinh bé so.
lll. Tinh chat mang 2 ctra tuyén tinh twong hé.

IV. Ham truyén dat dong ap. Tong tré& vao mang hai ctra. Van
dé hoa hop nguodn va tai bang mang hai ctra.

IV.1. Ham truyén dat déng ap.

IV.2. Tong tré vao mang hai cira.

IV.3. Tong tré vao ngan mach va hé mach

IV.4. Van dé hoa hop nguon va tai bang mang hai cira.

V. Mang hai ctra phi hé.
VI. Khuéch dai thuat toan.
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Chwong 7: Mang hai ctra tuyén tinh

IV.1. Ham truyen dat dong - ap.

> Dbi véi cac hé thdng truyén tin, do lwdng, diéu khién, chi quan tam:
< Trang thai dong, ap trén méi clra ~ tinh & xét ham

truyén dat

< Truyén dat nang lwong gitra cac clra

> Xét mang 2 clra tuyén tinh, khdng nguon:

/

< Ctra 1 nbi ngudn

N Truyén tin hi¢u, nang
" lwong tir nguon deén tai

/

% Cclra 2 nbi tai

‘ ) L U , I
< Ham truyén dat dién ap: K, :,—2 <+ Ham truyén dat dong dién: K, = ,2
Ui I
\ A A £ SZ
» Ham truyén dat cong suat: K, = —
S
35
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

IV.2. Tong tré vao ctia mang 2 cira.

> Qua trinh nang lwong/tin hiéu dwa vao mot clra va truyén dén tai cé md hinh

twong tw khi xét md hinh mang mét clra trao ddi ndng lwong/tin hiéu vai tai.

» Qua trinh trén clra dac trung boi

;
cap dong — ap = dac trwng bédi mét <//§>
ham Z, (hoac Y,).

< Mang 2 clra truyén dat nhw hinh vé dwoc mé ta béi ham téng tré vao.

7 :Ul :A11U+A12 12 (.]ZZZI.}z 7 _A11-Z;+A12

vl ° > vl

1 A,,. U2+A22 [2 A,.Z, + A,

> Mang 2 cira thuc hién phép bién doi tong tré Z, 2 Z,,,.
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————————————————————

< Xét mang 2 clra truyén dat tlr clra 2 dén Z, > qua trinh nang lwong, tin hiéu

& clra 2 dac trwng bédi ham téng tré vao clra 2.

U, -U; _A22°U1+A12°]1 U, Z—Zt.h: 7 _A22.Zt+A12

Z — — — v =
I L, A U+A,.I A2t Ay

= Mang 2 cira thurc hién phép bién doi tong tré Z, 2 Z,,.
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

IV.3. Tong tré vao ngan mach va hé mach.
> Xét tai ngan mach (hé mach) = trén clra 2 chi con mét tin hiéu (dién ap hoac

dong dién) > téng tré vao la nhirng ham dac trwng riéng clia mang 2 ctra.

il Il A ZG S A Z G T 15
1 H ’ /‘ \ H ’ /\
CD Ul (B, Y, H) UZL, \JUI (B, Y, H) lUZCDQ\)
L ] ]
% Xét clra 2 hé mach: 1> =0 < Xét cra 1 ho mach: [; =0
P A, U,+A,.1 _ A, Z, - -A,.U+A4,.I _ A,
1ho ° ° 0 ® ® A
A, .U+ A,.1> Ay —A, Ui+ 4,,.11 2!
< Xét clra 2 ngén mach: U , = 0 < Xét clra 1 ngan mach: U; =0
7 - 4,.U,+ 4,1, _ 4, 7 —A4, .U+ 4,11 _ 4,
ng ° ° A 2ng ° °
A21-U2+ A22-[2 22 _A21-U1+A11-11 AH
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

IV.3. Tong tré vao ngan mach va hé mach.

> Cac ham Zp.4, Z4pg: Zone» Zang dac treng cho mang 2 ctra cho phep tinh gia tri

cac bo sb.
Vi du: Ta co thé tinh bd s6 A tlr cac gia tri clia Zy,5, Z1ng, Zong theo cong thirc sau.
YA
All = o AIZ = AII'Z2ng
Z2ng'(Zlh0 B Zlng)

A A

Ay =— Ay =—+
Zlho Zl”g

> Thuc té cac cong thirc nay thwdng dwoc st dung khi thwe hién cac phép do gia
tri tbng tré vao trén clra trong cac diéu kién ngan mach va hd mach dbi voi
mang 2 ctra khi chwa biét so do.
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IV.4. Van dé hoa hop nguon va tai bang mang 2 civa.

> Diéu kién dé truyén coéng suét Ién nhat tir ngudn dén tai: | Z =7

> Thyc 18, Z,, va Z, khong théa man diéu | "\ |

BACH KHOA

[N Y A e > 2 Zn ——~— _{_
kiEn hoa hop > can noi mang 2 cua dé 5!
b.,( d;.t,? £ e(t) Zvl : AU Z,
ién doi tong tro. '
’ : NG
» Chon mang 2 ctra thuan khang ctra
<% C6 thdng sb: 7 = All‘Zt +A12 _%
vl g
AL, + A,
E2
< Cobng suat cwc dai: | P = —=
4.R
ng
40
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Chwong 7: Mang hai ctra tuyén tinh

l. Khai niém.
Il. M6 hinh toan hoc ciia mang hai ctra - Phwong phap tinh bé so.
lll. Tinh chat mang 2 cira tuyén tinh twong ho.

IV. Ham truyén dat dong - ap. Tong tré vao mang hai ctra. Van
dé héa hop nguon va tai bang mang hai cira.

V. Mang hai ctra phi ho.

VI. Khuéch dai thuat toan.
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V. Mang hai ctra phi hé

> Mang hai ctra phi hé 1a mang hai ctra ma quan hé giira cac bién dong, ap trén

cac clra khéng c6 quan hé twong ho voi nhau.
> Cac bd sb c6 4 tham sb doc l1ap tuyén tinh — so d6 twong dwong cé 4 phan t.

> Sodb 2 tré khdng + 2 ngudn bi diéu khién.

i4(t) i5(t)
&t bd 7 u, =2, +2,1, Zys Z22
s Xét bb Z: , , u,(t) u,(t)
u, = ZZl'll +Zzz°lz 1 \ <t> <1> ) \ i

€= Z,.i, €,= 221-'13
1c gt

& X6t b3 Y- =Y+, ] t
)= Y12.u2 = Y21.u1
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Chwong 7: Mang hai ctra tuyén tinh

V. Mang hai ctra phi ho
> Sodb 2 tré khdng + 2 ngudn bi diéu khién.

. N oy 1z
Xét bé H = H“'ll +H12°u2 Hyq
o Xé O . u(t) . .
I, = H, .0+ Hy.u, 1 e1<f> <\\/ J2 szl 2(t)
.= Hqp.u, j,= Haq .,
i1(t) ip(t)
. . > =
v uein | B=Gu +GL | -
<% Xét bo G: {u G oy 4G uy(t) G“I%I j1<\\¢> <1>e2 u,(t)
2 21°% 2l
= G12-i2 e;= Gyq.U;

43
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Chwong 7: Mang hai ctra tuyén tinh

V. Mang hai ctra phi ho
> So db 3 tré khdng + 1 ngudn bi diéu khién.
<% Xét bo Z:

n

{ul =Z,i+Z,i, Z,=7Z,+7,6 | =24+ 24,1,

So @ hinh T
- tinh dwoc 2,4, Z4,, Z,, theo cong thurc:
Z,=2, Ly =Ly =2y
Ly =2y—2y, Ly=2y—2Z 0

i(t) i(t)

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son 44



BACH KHOA

V. Mang hai ctra phi hoé
> So'dd 3 tré khdng + 1 nguén bi diéu khién.
< XétbdY:

P
<

{il =Y +Yu, Y, =Y,+7, {l} =Yyu, + 1y,

L, =Y, u +Y,.u, b = Y,u + Yz%.u2 +Y u,

‘Y
So do hinh

- tinh Y4, Y5, va Y, theo cong thirc: _
i4(t) '2l(t)

Y, ==, Y=Yyt \ [ . j(®)
leil Y., \‘Jz(t)

Y, =Y, +Y, Y, =Y, -Y, O

nl 11 12

J(@) =Y, u,(t) ’
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Chwong 7: Mang hai ctra tuyén tinh
l. Khai niém.
Il. M6 hinh toan hoc ciia mang hai ctra - Phwong phap tinh b so.
lll. Tinh chat mang 2 cira tuyén tinh twong ho.

IV. Ham truyén dat dong - ap. Tong tré vao mang hai ctra. Van
dé hoa hop nguon va tai bang mang hai cura.

V. Mang hai ctra phi hé.
VI. Khuéch dai thuat toan.
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VI. Khuéch dai thuat toan
1. Khai niém

Chwong 7: Mang hai ctra tuyén tinh

» Khuéch dai thuat toan (Operational Amplifier — OP AMP) Ia mét phan ti& phire

hop cua mach dién, co 2 ctra ngb, cho phép thuc hién cac phép toan: cdng, trtr,

nhan, chia, vi phan, tich phan

> Cac chan tin hiéu cia OP AMP:
<% Pau vao dao (2)
< Pau vao khéng dao (3)
< Dau ra (6) OFFSET NULL

INVERTING INPUT

< Ngudn cung cép (4, 7)

NON-INVERTING INPUT

V=

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

TOP VIEW

QUTPUT

OFFSET NULL
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VI. Khuéch dai thuat toan
2. Sor do6 twong dwong.

> R:: Dién tro vao.
> Nguon ap bi diéu khién A.V,
> Ry: Dién tré ra

» Dbiénapra: Vo =A.(V,-V,)

BACH KHOA

A: hé s6 khuéch dai vong hé (open loop gain)

L
¥, A

Théng so Gia tri thuc Gia tri ly twong y _
i i v Positive saturation
H¢ so khuéch dai vong hé, 4 105-108 00 ccr
Pién tré vao, R, 106-1013Q o0 () 0 £
Dién tré ra, R, 10-100 Q 00 — 1 =Vee
Negative saturation
Ngu("in cung cz“'lp, V.. 5-24V --

2017 — Ly thuyét mach dién I - Nguyén Viét Son
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BACH KHOA

VI. Khuéch dai thuat toan

3. Khuéch dai thuat toan ly twéng.

> OP AMP ly twédng: o h2g
~ X X . N 2 * Iz =Q Vd :
< Hé s6 khuéch dai vong hé A = y — *
. 1 V,=V Vo
*%* RO = 0 - 2_ 1 -
0:0 Ri = jﬁ?

» Tinh chat co ban ciia OP AMP ly twéng:
< Dong dién tai clra vao bang 0: i, =i, =0

< Dién ap vi sai gira 2 clra vao bang 0: V, = V,
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VI. Khuéch dai thuat toan
3. Khuéch dai thuat toan ly twéng.

BACH KHOA

> Vi du: Cho OP AMP ly twdng. Tinh hé s khuéch dai dién ap V/Vs. Tinh dong

dién iynéu Vg = 1V
> Vi OP AMP la ly twdng, ta co

/

< i, =0-> R, mac noi tiép voi R,

v, 220 5
._ 7
l1 _-094 -
Vv, lo

C} V 741
S
— 1 A"\]}z e 0

" 40kQ )
et il
R +R, 9
V V
> Vaytaco:V,=—2—>-"2=9
2 Y
) V., =9V
> Ap dung luat K1 tai nat 0: i, = i + % 2 SN 0
R +R, 20.10 i, =0,65mA

2017 — Ly thuyét mach dién I - Nguyén Viét Son
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VI. Khuéch dai thuat toan =
Rl V,
4. Khuéch dai dao. | : 7
L V, 4 +
> Ap dung luat K1 tai nt 1: Ov % v
l‘1:l.2—)‘/;_‘/1:‘/1_‘/0 _)Ez_&_)%:_&v; —

R R, R R R __R,
» Do OP AMP ly twdng: V, =V, " R
> Chi y:

. . R .

+» Hé sb6 khuéch dai AV = _Fz phu thudc vao dién tré ndi ngoai OP AMP.
1

< Ddc diém nhan dang mach KB do:

+ +
o ‘ . %m
< Tin hiéu dwa vao chan dao V, %o
) R -

\/

< Phan héi 4m

< Mach Kb dao thwérng dung trong bd bién dbi dong - ap.
2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son 51




Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

VI. Khuéch dai thuat toan
4. Khuéch dai dao

Vi du: Tinh dién ap Vg, va dong dién chay qua dién tré R, va R, néuv,= 0,5V

» Ap dung cong thirc cia mach khuéch dai dao

R2
R 25 MV
‘/O :——2.‘/1 :——,0,5:—1,25‘/ R1 20K0
R, 1 —ww—i2 7
10kQ S
» Dong dién chay qua dién tré& R, ) - v,
, V. -0 0,5

AR 10.10° =

» Dong dién chay qua dién tro R,
_V,-0_ -1.25
R, 25.10°

=-50uA

lR2
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VI. Khuéch dai thuat toan
4. Khuéch dai dao

Vi du: Tinh gia tri dién ap V,

> Ap dung luat K1 tai nat 3:
6=V, _Vi=Vo 6=V, ViV,
R, R, 4 10

> Vi khuéch dai thuat toan ly twéng, tacé V, =V, =4V

6-4 4-V,
4 10

%

-V, =-1V

2017 — Ly thuyét mach dién I - Nguyén Viét Son 53



VI. Khuéch dai thuat toan j
5. Khuéch dai khéng dao

> Khuéch dai thuat toan khéng dao la mach khuéch dai

cung cap hé sb khuéch dai dwong:

< Tin hiéu dién ap vao V, dwoc cap tai chan khéng =
dao cua OP AMP.

R/

< Mach c6 phan hoi am.

0-V, _Vi-V

I, =1, —
1 =5
R

V,=V, =V,
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

> Chuy:
< Néu R, =0 hoac R, = = > hé so khuéch dai bang 1 | 1
s Mach lap dién ap (voltage follower, hoac unity gain amplifier) -
> Tinh chat: .
7
% Trd khang vao I&n A:D Second
First stage stage
< Dung ndi tAng dé cach ly 2 phan

> o Mach lap dién ap dung dé cach ly gitra 2
cua mach dién (buffer). tAng ctia mach dién

/

< Giadm thiéu sy anh hwéng gitvra 2 tAng khac nhau cla mach dién, tranh sw

anh hwédng qua lai gitra cac tang.
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

Vidu: Tinh dién ap V,

> Ap dung tinh chat tuyén tinh: V, =V, +V,,

/

% V,,la dién ap do nguodn 6V tao ra

/

< V,,la dién ap do nguodn 4V tao ra
> Tinh V,,: Ta c6 mach khuéch dai dao V,, = —%6 = 1
1
, . < . . R, 10
» Tinh V,,: Ta c6 mach khuéch dai khéng daoV,, =| 1+—= |4 = 1+I 4 =14V

> Tong hop nghiem: V, =V, +V,, =-1V

56
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

Vidu: Tinh dién ap V,

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son
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VI. Khuéch dai thuat toan
5. Khuéch dai khéng dao

— e = o ———

Vi du: Tinh i, Vv,, v, i. So sanh voi

trirong hop ngudn va tai noi truc tiép.

> Ap dung tinh chat OP AMP i twéng:

e o o o o e e

voltage source

» Mach lap dién ap khong tiéu ton cong suat cla

nguon vg

> Mach lap dién ap truyén tin hiéu, cong suat tw

ngudn dén tai nhwng khong gay ton hao (dong

|
|
|
1
I
I
I
I
|
|
I

dién trén tai dwoc cap béi OP AMP).  t---------
» Cach ly ngubn va tai
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan
6. Mach céng dién ap

> Mach cdng dién ap la mach OP AMP trong dé dién ép dau ra Ia tdng cia céc gia

tri dién &p dau vao theo céc gia tri trong so.

» Mach cdng dién ap la mot mach khuéch dai ddo v&i

. LN R0, >
nhiéu dau vao . )

V, rl25l 1O

) o ] "= a ol E

> Ap dung luat K1 tai nut 0 ta co: Vv, rlsl’ 7‘; \’;

0

S v-v, v-vVv. V.-V V.-V ]

i=i+i,+ij, >—<*+—%=-1_<¢4 2 ¢4 3 a . -
R, R R, R, =

> Vi khuéch dai thuat toan ly twéng V, = 0

1 3

R R R
»VO=—(;"VI+—”V2+—J‘V3]

59
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VI. Khuéch dai thuat toan R15KQ) RT 10KQ

6. Mach cong dién ap C v .

Vi dy: Tinh gia tri V, va i, 7 §5KQ bt ; ‘%
J 1V 2kQ 2Vo

» Ap dung céng thirc tinh ctia mach cdng dién ap L

> Ap dung luat K1 tai ctra ra cia OP AMP, ta co:

VoV, VooV, 8 -8

I = =—4,8mA
10 2 10 2
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VI. Khuéch dai thuat toan
7. Mach khuéch dai vi sai

> Mach khuéch dai vi sai la mach OP AMP cho phép khuéch dai dién ap vi sai gitra

hai dau vao va triét tiéu céc tin hiéu dong pha giira ching.

> Ap dung luat K1 tai nat a:
V-V V-V
1 a _ _a 0 _)‘/0 — &
Rl RZ Rl
> Ap dung luat K1 tai nat b
-V, _ VY
R, R, R, +R,
> Vi OP AMP litwéng V, =V,

R R R
Vo = —+1 : 2__2
R R, +R, R

1 1

R,
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SV, =,

V. —

R
-2,
Rl
4 )
R\ R,
Vo=R VZ_FVI
1 1+ 1
\_ J
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan

7. Mach khuéch dai vi sai

. R .

> Néu R—l = R—3 va V, =V,>V, =0 (triét tiéu cac tin hiéu vao dong pha)
2

4

R
» Khi dé ta co: —)VOZF2

1

> NéuR,=R, vaR,=R,

(V,-V)

V,=V,—V, (bo trir dién ap)

» Nhan xét:

O/

<% Mach khuéch dai vi sai ¢6 thé st dung dé thiét ké mach trtr dién ap

<% Mach khuéch dai vi sai thuwong duwoc ding trong cac mach khuéch dai do

lrong (Instrumentation Amplifier (1A))
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan

7. Mach khuéch dai vi sai

Vi du: Thiét ké mach OP AMP v¢&i 2 dau vaoV, and V, trong dé V, = -5V, + 3V,
> Céch 1: Strdung 1 OP AMP

% Bién ddi:V, = -5V, +3V, = 5(3‘/2 —VIJ

» 1+%
% Mat khac: V, = —2 -
K, 1+ 5%
5 3
— ==—>2=1+—2>|R =R L
+_
R, R, =R, =20kQ

2017 — Ly thuyét mach dién 1 - Nguyén Viét Son

BACH KHOA
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BACH KHOA

VI. Khuéch dai thuat toan

7. Mach khuéch dai vi sai
Vi du: Thiét ké mach OP AMP v¢&i 2 dau vaoV, and V, trong dé V, = -5V, + 3V,
> Céch 2: Str dung 02 OP AMP = khuéch dai ddo + mach cdng dién ap.

3R1
ANV

< Mach cong ap: V, =-V -5V,
Rl 3
* Mach khuéch dai déo:V, = -3V, : 4 Vs

Két hop 2 mach khuéch dai: V, = 3V, - 5V,

>

J
0.0

Lwa chon thong so thiét ké: R, = 10kQ;
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4

Vi OP AMP la ly twdng, dong dién j chi

chay qua 3 dién tré

VI. Khuéch dai thuat toan
7. Mach khuéch dai vi sai

%1 _‘/02 :l(2R3 +R4)

Mat khac: 1 = ——=
R

Do do:

Ta c6 cbng thire:

I =

bV =Y 5V, =,

4

ViV

a

Vi du: Tinh dién ap V, cua mach khuéch dai do lwong

R
Vo=—=

1

1+2
R R
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BACH KHOA

VI. Khuéch dai thuat toan
7. Mach khuéch dai vi sai

Vi du: Tinh gia tri i, trong mach khuéch dai do lwong
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan ey ©
8. Mach tich phan :
+ RI 3
. SW i Y
» Mach tich phan la mach OP AMP c6 dau ra quan hé tich Ir QD )
phén vai tin hiéu vao. ) .

> Ap dung luat K1 tai nat 3: GND

vy, I
lR:lC_)E_lR_lC__CE —)vo(t)—vo(O)——R—C_([vl.(t)dt

1 t
{vo(t) = ! vl.(t)dt}

< Mach tich phan thwong co dién tré phan hoi dé giam hé sé khuéch dai mot

» Nhan xét.

chiéu va tranh trang thai bdo hoa (saturation)

/

< Mach tich phan hoat ddng trong ving tuyén tinh, tranh trang thai bdo hoa
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VI. Khuéch dai thuat toan
8. Mach vi phan

> Mach vi phén la mach OP AMP trong d6 dau ra ctia mach khuéch dai ti 1é tuyén

tinh v&i sw bién thién cua tin hiéu vao.

IR, R

i R . R . i — VVv
» Ap dung luat K1 tai dinh a: _I-__>C_||_a 3 |+
Ve .. dv. V; 4 v
_ _ _ C 1 - 0

lR:lC(_)_E_

> Nhan xét dt

/

< Nhin chung, dau ra ctia mach vi phan la khéng 6n dinh do né bién thién ti 1&
v&i do bién thién cua tin hién vao.

/

s Do sw khéng 6n dinh, mach vi phan it dwoc tng dung trong thuc té.
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VI. Khuéch dai thuat toan
8. Mach vi phan

Vi du: Tinh dién ap ra cua mach vi phan.

> Ap dung céng thirc cia mach vi phan::
RC =5.10°.0,2.10° =107

» Trong khoang 0 <t <4ms hoac 4 <t < 8ms, dién ap
ra co dang
{ 2t 0<t<2ms,4<t<6bms

; =

8—2t 2<t<4ms,6<t<8ms

dv, —2mV 0<t<2ms,4<t<6bms
_)VOZ_ E:

2mV  2<t<4ms,6 <t <8ms

2017 — Ly thuyét mach dién I - Nguyén Viét Son

+lr
| 0
GRD
/\Vi
4
t(nzs)
0 2 6 8
Vi
A
2
ti((ms
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VI. Khuéch dai thuat toan 4 e

9. N6i xau chudi (noi tang) cac OP AMP 3 \ l.
1 +

I

Vidu: Tim V, va i, trong mach dién Q R R3 10kQ lo
20mv] b e v,

< Mach dién gém 2 tang khuéch dai 23k0 $Re

O Xét tai dau ra cua tang 1 -

V = [1+ﬁjzo = 100mV

2

; ; R
Q Xet tai dau ra cua tang 2:V,, = £1+R—3JVG =350mV

4

/

% Gia tri dong dién i,
. _VO—Vb Vv, _(350—100).10_3

AN
/7

l l
R, ’ 10.10°

=25uA
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BACH KHOA

I R2 6kQ :
, . : A I
Vidu: Tim V, : RI 3 i :
L V=1V o - |1/ Rs 5KQ C |
| 4 al, R7TIOKQ
I A p— ! WA I
e e e e e e e - e o e = = == I I
""""""" R4 8KQ ! : N
AA I — |
: 4 Vo i
I I
|
|
I
I

R/

< Mach dién gébm 2 mach KD dao A va B va mach céng ap C

R
V, == 2V, =3 Vi =y, =4y
R, R,

< Ap dung céng thirc cia mach céng ap

V, = —(ﬁva +5v,,) - {2.(—3) +3(—4)} =8.333V
R, “ R 3

5 6
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BACH KHOA

VI. Khuéch dai thuat toan
9. Noi xau chudi (noi tang) cac OP AMP

Vi dy: Tim V, néu V, = 2V, V, = 1,5V

RS 80KQ
3 NN
_E@ 4 ’ 71 .
— ! v,
R2 50kQ SOk

2017 — Ly thuyét mach dién I - Nguyén Viét Son 2



Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan
10. Ung dung

» OP AMP dwoc st dung rat nhiéu trong thuc té:

% B6 dao, bd cbng, bd tree, mach tich phan, mach vi phan, mach logarit.

< Mach khuéch dai do lrong, mach hiéu chinh (calibration)

< B0 bién dbi sb - twong tw (Digital — analog converter), bo bién doi ap- dong,
mach bién do6i dong — ap.

s May tinh twong tw

¢ BO loc, bd chinh Iwu, bé djch pha, ...

s B0 so sanh, b6 dao dong
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Chwong 7: Mang hai ctra tuyén tinh

BACH KHOA

VI. Khuéch dai thuat toan
10. Ung dung

» Mach DAC cé chirc ndng bién dbi tin hiéu sb sang tin hiéu twong tw

> Mach DAC c6 thé tao bing cac st dung mach & —

i o—— Four-bit Analog
1 —
mpu DAC output

trong sO nhj phan (binary weighted ladder): D |
, DAC 4 bits
< Cac bit nhi phan dwgc danh trong s6 theo vitri,
< Trong sO nhi phan quyét dinh bai gia tri R/R, %m %R2 %Rg, %m o
Rf Rf Rf Rf :
-V, ==V +—=V,+=V. +—V, MSB LSB !
R R, R, R, 4 Vo

s V1, ... V4 la cac dién ap nhi phan (0, 1) (binary _ o
. ] Binary weighted ladder type
code) - dau ra cua DAC c6 quan hé ti |1é tuyén
tinh v&i cac gia tri dau vao

, = 74
2017 — Ly thuyét mach dién 1 - Nguyén Viét Son




Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan

Vi VvV, V3 'V,

10. ng dung Rf 10kQ
. ) L . Rl LR2 LR3 R4 YW
Vi du: Tinh dién ap dau ra cua mach DAC. %10%20%40%80K
3
V,V,V,;V, Bl Gia tri P -V, MSB LSB . 7
0000 0 0 Vo
0001 1 0.125 =
0010 2 0.25 R, R, R, f
0011 3 0.375 -V, ==V +—=V, +—=V, +—=V,
0100 4 0.5 R, 2 3 4
0101 5 0.625 Vo =V, +0,5V, +0,25V; +0,125V,
0110 6 0.75
0111 7 0.875  » M@i bit c6 gia tri twong rng 0.125V = khéng
— . 1L thé biéu dién gia tri dién ap trong khoang (1V,
1001 9 1.125 ,
1.125V) (DAC resolution).
1111 15 1.875
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VI. Khuéch dai thuat toan
10. Ung dung

> Khuéch dai do lworng (IA) dwoe st dung nhiéu trong cac mach khuéch dai cach

ly, mach do nhiét d6, mach thu thap di¥ lieu (data acquisition systems).

> Quan hé dién ap: v, T T :
Inverted input ; 7. B B :
2R Gain set ———3 !
Vo= 1+— |(V, -V}) | A ; |
R R | VWV 7 LOutput
G G 1 va« 4 1 v
1 v I Vo
Gain set L1 3 |
ain se
I 7 J,M,_.Jw,j I
Non-inverted input :‘T;[;>‘ 1 :
R V2 |_____________________'______l
» bDac diém:
< Khuéch dai tin hiéu vi sai dau vao nhd ——
(At HA i ‘A A > P N f,:_
s Triét tiéu tin hieu dong pha ¢ dau vao —
So dé nguyén ly
76
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Chwong 7: Mang hai ctra tuyén tinh

VI. Khuéch dai thuat toan
10. Ung dung

o [ Inl lllll ."‘
|| wl“'.:"-' Vi I"'Il‘lLlﬂ r..l
I"'Il.I|..l"l‘ll.plll".l.l"" 'ﬁl"' ‘
[l
il |'\"._|I ".-'I Il..'ﬁlu.nl A 1
S - |||||||| ”l“J
VW Lt

Small differential signals riding on larger Instrumentation amplifier Amplified differential signal,
common—mode signals No common-mode signal

> Tinh chét cia IA:

R/

< Hé s khuéch dai dién ap c6 thé thay doi bang dién tré ngoai R

/

< Dién tré vao rét I6n va khéng bi thay déi khi thay déi hé s6 khuéch dai.
< Dién ap ra V, chi phu thuéc vao thanh phan dién ap vi sai gitra 2 tin hiéu
vao V,, V,, khéng phu thuéc vao thanh phan dién ap dong pha gitra ching.
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V1. Khuéch dai thuat toan
10. ng dung

Ex: A precision Intrumentation amplifier

Product highlight:

Input noise is less than 4 nV/VHz at 1 kHz.

Pin programmable gains of 1, 100, 200, 500 and
1000 provided on the chip. Using a single
external resistor for other gains.

The offset voltage, offset voltage drift, gain
accuracy and gain temperature coefficients are
guaranteed for all pretrimmed gains.

Provides totally independent input and output
offset for high precision applications.

A sense terminal is provided to enable the user
to minimize the errors induced through long
leads. A reference terminal is also provided to
permit level shifting at the output.

2017 — Ly thuyét mach dién I - Nguyén Viét Son
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BACH KHOA

FUNCTIONAL BLOCK DIAGRAM

+INPUT (2

225,310} AD624
g 4445711

10k
——{10) SENSE

20kit | 10k{l
) Bl
20k{l 10k} 9) OuTPUT
. ;
10k12
+
5001
AP, =

6) REF

FEATURES

Low Noise: 0.2 pV p-p 0.1 Hz to 10 Hz

Low Gain TC:5 ppm max (G = 1)

Low Nonlinearity: 0.001% max (G = 1 to 200)
High CMRR: 130 dB min (G = 500 to 1000}

Low Input Offset Voltage: 25 pV, max

Low Input Offset Voltage Drift: 0.25 pV/°C max
Gain Bandwidth Product: 25 MHz

Pin Programmable Gains of 1, 100, 200, 500, 1000
No External Components Required

Internally Compensated

Price (100 - 499)
$4.82

Price (1000)

$4.09 78



V1. Khuéch dai thuat toan
10. ng dung

Chwong 7: Mang hai ctra tuyén tinh

Ex: LT167 — Single resistor gain, programmable, precision intrumentation amplifier

FEATURES

TOP VIEW
St

8] Rg

-IN [2 7] +Vs
+IN 3 6] ouTPUT
Vg [4] 5 | REF

N8 PACKAGE S8 PACKAGE
8-LEAD PDIP  B-LEAD PLASTIC SO

Tipax = 150°C, 85 = 130°C/W (NB)
Timax = 150°C, 84 = 190°C/W (58)

APPLICATIONS

Bridge Amplifiers

Strain Gauge Amplifiers
Thermocouple Amplifiers

Differential to Single-Ended Converters
Medical Instrumentation

Price (1-99) Price (1000)
$6.45 $5.55
2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

Single Gain Set Resistor: G =110 10,000
Gain Error: G =10, 0.08% Max

Input Offset Voltage Drift: 0.3uV/°C Max
Meets IEC 1000-4-2 Level 4 ESD Tests with
Two External 5k Resistors

Gain Nonlinearity: G = 10, 10ppm Max
Input Offset Voltage: G = 10, 60pV Max
Input Bias Current: 350pA Max

PSRR at G = 1: 105dB Min

CMRR at G = 1: 90dB Min

Supply Current: 1.3mA Max

Wide Supply Range: £2.3V to £18V

1kHz Voltage Noise: 7.5nV/y/Hz

0.1Hz to 10Hz Noise: 0.28pVp-p

Available in 8-Pin PDIP and SO Packages

Datasheet: http://cds.linear.com/docs/Datasheet/1167fc.pdf

79




LY THUYET MACH DIEN 1

BACH KHOA

Chwong 8: Mach dién ba pha.

I. Khai niém.

Il. Mach ba pha do6i xtrng va khéng doi xirng tai tinh.

lIl. Tinh va do cdng suat mach dién ba pha.

IV. Mach ba pha cé tai déng - Phwong phap thanh phan doéi xirng
V. Phan tich mach ba pha khéng déi xirng bang phwong phap

thanh phan doi xtng.

Bai tap: 10.1 - 10.5, 11.1 - 11.5, bai thém
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Chwong 8: Mach dién ba pha

I.1. Pinh nghia.
» Mach dién ba pha la mach dién lam viéc voi nguén kich thich ba pha.

. ; , 2V
» Nguon dién ba pha gébm 3 ngudn dién 1 pha:

e, (t) s(1) e (?)
2 Cung bién dé hiéu dung. 2l

< Cung tan so.
“ Pha ban dau léch nhau 7207
(¢,()=E, .sinat(V). Ei=E0°() w
e, (1) = E,.sin(wt —120°)(V). < {Es = E|-120°(V )
lec ()= E,.sin(@+12000). | b _ g120° )

J\

‘TEA

» Nhan xet: .
120%-120

% Tong céc suat dién dong cua 3 day quan déu triét tiéu. B / \5‘
° ° L 2 ’

e, (t)+ez(t)+e.(t)=0 EA+E+E.=0

% The tw thuan (ngwoc): Pha B (C) cham hon pha A goc 120°; pha C (B) sém
hon pha A goc 120°.
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Chwong 8: Mach dién ba pha

BACH KHOA

1.2. Cach tao nguon dién ba pha.
> S dung may phéat dién xoay chiéu dong bo ba pha dbi xing.
» Cautao:

< Stator: Hinh tru, gan cd dinh véi than may, dat 3 cudn day AX, BY, CZ gibng
nhau, Iéch nhau trong khéng gian 1200,

< Rotor: Hinh tru, dat trong stator, truc rotor dwoc gan véi tude bin.

> Nguyén ly hoat dong:
< Rotor dwoc tlr hda bang dong dién 1 chiéu (lay t& nguoén kich thich ngoai)
- nam cham dién.
< Rotor quay déu v&i van toc w (do lwc ngoai tac dong cla hoi nwdc, thiy
dién, déng co kéo ...) > tir trwdng cua rotor quét qua cac day quan stator

- suat dién dong cdm &ng trén cac cudn day AX, BY, CZ.

2017 — Ly thuyét mach dién I - Nguyén Viét Son



Chwong 8: Mach dién ba pha

BACH KHOA

1.3. Pdng co’ khéng dong bé ba pha. (i, (1)=1.cosat.

a. Tl trwéng quay. i,(t)=1 .cos(wt—120").
> Xét 3 cudn day stator cap bdi dong dién 3 pha ddi xirng. i (t)=1 .cos(wt—240").

,’r 1\\

N

-———
- -~

|
’ | ! \
I

A X
\\ !
Z ~
\ @ B \\\\
\\ ~
\\ //
o = 2’” > Quy woée: Dong dién dwong la dong dira
T _J khdi dau cudn day, di vao cudi cudn day.
» Tait=——i,=1 ;i =i.=—2" . g e ;
3 2 — ap dung quy tac van nut chai
2T . e
> Tail —3 ke =1, 5 i =iy = 5 — Tir trwrong trong may dién la toe
2017 — Ly thuyét mach dién I - Nguyén Viét Son tru’o’ng quay. 4



Chwong 8: Mach dién ba pha

1.3. Péng co khdng dong bd ba pha.
b. DPong co khong dong bd ba pha.
> Cau tao:
< Stator: Gom cac cudn day tao ra tir trwdng quay.
< Rotor: Cau tao kiéu 16ng s6c doan mach, cac thanh
dan lap xién so v&i dwdng sinh cua 16ng séc.
> Nguyén ly hoat dong:

< Tir trrong quay do cudn day stator tao ra cat cac thanh
dan day quén rotor = sinh ra suéat dién déng cam (ng.

< Day quan rotor ndi ngan mach > céac suéat dién dong
cam ng sinh ra cac dong dién cam ng trong cac
thanh dan.

< Lue tac dung tirong ho gitra dong dién trong thanh dan vai tlr tredng quay
lam rotor quay cung chiéu v&i chiéu quay cua tir truong.
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Chwong 8: Mach dién ba pha

1.4. Cach dau day mach ba pha.
> Mbi day quan stator cé mdt cwe dau va mét cwe cudi (cuc dau la cuc & day
chiéu dwong dong dién di ra, cure con lai la cuc cudi).
» Co 2 cach dau day nguédn ba pha:
< NOi hinh sao Y:
v Nbi 3 cuc cudi X, Y, Z chum mét diém O (diém trung tinh cta nguén).

A Pha A e,(t)

@ Pha A
e, (1) i ¢;(!)  phaB
So d6 twong dwong o @ tha

XSEY=Z=0 Day trung tinh

() pPhac
—/

B Pha B
Pha C

ec(t) e, (t) Day trung tinh

So’' do6 3 pha - 4 day

v S0 dd 3 pha - 4 day thuong diung cung cdp cho mang dién sinh hoat véi
téi dau hinh sao.
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Chwong 8: Mach dién ba pha

1.4. Cach dau day mach ba pha.
< NOi tam giac A:

v Dau day cda cudn trudc ndi vai diém cubi ciia cudn sau.

A=Z Pha A Pha A
eq(t . ec(t
7 X)es () So do twong dwong | / X )és()
CsY efi\(t) Pha B efi\(t) Pha B
" BX  phac A Pha C

So do 3 pha - 3 day

v So' db 3 pha - 3 day, ngudn, tai nbi theo so db tam giac thuong cung cap
cho tai céng nghiép (déng co 3 pha)

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son !




Chwong 8: Mach dién ba pha

BACH KHOA

1.4. Cach dau day mach ba pha.
> Tai 3 pha co6 thé duwoc dau theo 2 cach: Y va A

| Pha A Bha A
Z, Z,
ZB
o’| Trung tinh tai
,i, Pha B
Pha C Pha C
So d6 hinh Y - 3 pha - 4 day So do hinh A - 3 pha - 3 day
> Ngubn & tai c6 thé dau khac nhau.

(D —
O | S |
e,(t) Z,
(D) —
0 O | I |
eB(t) Zd
(D) —
\__D LI
eC(t) Zd

[]!‘]

|

TaindiY3pha-4day  TaindiY  TainéiA 3pha-3day
3 pha - 3 day 8

I
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LY THUYET MACH DIEN 1

Chwong 8: Mach dién ba pha.

I. Khai niém.

Il. Mach ba pha do6i xirng va khéng doi xirng tai tinh.
I.1. Khai niém mach ba pha doi xirng.
I1.2. Pac diém mach ba pha déi xirng.
I1.3. Cach phan tich mach ba pha déi xing.
I.4. Mach ba pha khdng doi xirng tai tinh.

lll. Tinh va do céng suat mach dién ba pha.
IV. Mach ba pha cé tai ddng - Phwong phap thanh phan doi xirng

V. Phan tich mach ba pha khéng do6i xirng bang phwong phap
thanh phan doi xirng.
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Chwong 8: Mach dién ba pha

I.1. Khai niém mach ba pha doi xirng.

> Co thé coi: Mach ba pha gdm ba mach dién 01 pha.
Vi du: May phat dién c6 3 day quan, dwdng day truyén tai co 3 day, tai 3 ba gdbm
3 tai mot pha hop thanh.

> Mach dién ba pha doi xirng 1a mach dién ba pha c6 nguén doi xirng va tai

doi xirng:
% Ngudn ba pha dbi xirng: < Tai ba pha dbi xirng la tai co
v’ Bién dé bang nhau. v Bién dd bang nhau.
v/ Tan sb bang nhau. v' Pha bang nhau.

v Pha ban dau léch nhau 120°
» Dai lwvgng pha - dai lwgng day.
< Dong dién chay trén day dan tr ngudn dén tai & dién ap gitra cac day ay goi
la dong dién day & dién ap day
% Dong dién & dién ap trén cac pha cua nguon (tai) dwoc goi la dong dién

pha & dién ap pha.
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Chwong 8: Mach dién ba pha

I1.2. Pac diém mach ba pha déi xirng.
a. Mach néi hinh sao Y.
> Xét dién ap gitra 2 diém trung tinh nguon va tai:

: Y,.E +Y,.E,+Y..E.  Vimachba pha doixing

UO'0:
Y=Y, =Y.=Y
Y, +Y, +Y, 4=~ 1p = 1¢
N U | :Y.EA+Y.EB+Y.EC :EA+EB+EC 0 Trung tinh nguén
o 3.Y 3 va tai trung nhau ,

> Ap dung luat K2 cho vong OAO’O:
E.=Us+Uopo=U/4 Hé thong dién ap
> Tuongty: Ez =Us : Ec=Uc pha trén tai doi xirng U sc

}d = }f;(.]d = \/5(.]/‘ .8j300
»> Xeét tam giac OAH:

U= 2-UA-COS3OO = \/g.UA > U 3= \B.UA /30" Iv=0

A A . .A . . . . . . Hé théng don
> Dong dién day trung tinh: [y =74+ Is+Jc =0

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son 1



Chwong 8: Mach dién ba pha

BACH KHOA

I.2. Pac diém mach ba pha déi xirng.

b. Mach noi tam giac A

A R A

IA /\
Uy I ca 3

Y/ \ Z 7

[ ] Z °
f-\ ° C IBC
¢ N B I» —z
> BC

e \/glf .Cj'300 : Uy = U_f’

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son 12



Chwong 8: Mach dién ba pha

BACH KHOA

I.3. Cach phan tich mach ba pha doi xirng.
> Viéc phan tich mach 3 pha dbi xing c6 thé dwa phan tich trén mét pha (trang
thai trén 2 pha con lai gibng nhw trén pha dang xét nhwng léch 1/3 chu ky)
> Qua trinh phan tich thwéng thwe hién trén so dd ndi Y
< Cong thirc bién dbi tong tré
Céng thirc chuyén Y > A Céng thirc chuyén A 'Y

ZZ3
AN/ AVA
AVA AVA 7 - 12413 7 12423
L=t 2yt 132 Lo=Zi% 2yt ) l Lt Ly+2y 2 ZptZis+2y
YAWA YANVA
Zz3=Z2+Z3+# Z3:Z 1; 23Z
I 2t 4y T4y
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Chwong 8: Mach dién ba pha

I.3. Cach phan tich mach ba pha doi xirng.

> Qua trinh phan tich thwdng thwe hién trén so dé ndi Y

< Cobng thrc bién ddi nguén

V.= ~30°
v, =L ¢ 500
V. o= 4900

14
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Chwong 8: Mach dién ba pha

I1.3. Cach phan tich mach ba pha doi xirng. ~ I A N
, {=)——— . .
Vi du 8.1 : Xét mach 3 pha doi xirng. E. Z, 5 1. 1z,
2 Yy ea 0'_‘@ ] R Zz Z
> Chuyén A -, xét riéng pha A. Es Z, 14
. )
° E .}J e
> Dong dién day: [, = — £ Z, il Z
2 1 1
oz Z!!]
. 1 VA . I . .
— [4 = AZ =y 4= AZ Z, . la A s
Z +—= 3 Z +—= Z, ,
3 . 3 CT E 4 . Z, []—2
. . ] 3
X . ». A, 14
» Dong diénphatdiZ,: [z, =1y = — 1
3.2/ _ So ddphaA
E4

> Toén that doc dudng déy:Al.]d =Zd.}d =Z2,1.=2,.

Zd+(Zl//%)

- Trang thai dong - ap ¢ pha B (C) sé quay di mét goc twong trng
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Chwong 8: Mach dién ba pha

BACH KHOA

I.4. Mach ba pha khéng doi xirng tai tinh.

> Ngudn ba pha cung cap cho tai thap sang, tai sinh hoat, ddng co mét pha, bién
ap han, 16 hd quang ... 1am viéc & trang thai khédng déi xirng.

» Coi mach ba pha la mdt mach c6 3 ngudn 1 pha — st dung tat ca cac phuong

phap xét: Dong vong, thé nut, ddng nhanh, xép chéng, ...
° ° ) f‘\

» Xeét mach 3 pha hinh' Y - E <+ E *+ E =) —
% Néu Z, =0 s Too=0 =7 10T o= EA@ -
% vy =U—>Uoo = 4 B c Op—= —T—1+—0’
In=Tat+1s+1c o I
Néu dut, chép 1 pha = khoéng anh hudéng dén céc pha khéc. | Ec— y X
N
. - Y, E+Y,.E,+Y.E , : Y F :
“ NeuZ, =00— Uoo= 4ttty By leBe “ NeuZ, #0- UO.OZYA'EA+YB'EB+YC’EC
° ° ° ¥A+YB+YC YA+YB+YC+YN
° E —Uoo ° E.—Uoo . . . .
[i=———— [5=—"F—— - E,~Uoo * E,~Uop
ZA ZB 1 4 :A—(]OO, I35 :B—(]00
— ° ° ZA ZB
9
° E —UO'O ° o o
] — C ; I :O ° _ , ° . ° °
¢ N Ic:M c In=1T4+15+1c

, X C x . ) 7 16
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Chwong 8: Mach dién ba pha

BACH KHOA

I.4. Mach ba pha khdng doi xtrng tai tinh.
> Thuc té ta biét dién ap day ma khong biét dién ap tirng pha ctia nguén
> Thay thé hé thong dién &p day bdng hé thong ba (hodc hai) ngudn &p tuong

duwong, dam bao dién ap day da cho.
Vi du 8.2: Cho mach ba pha c6 hé thdng dién ap day khong ddi x¢ng U ;U . , tai

mac hinh sao dbi xing.
> Thay hé théng dién ap day khong déi xirng bang 2 ngudn ap: Es =U s : Ec =U 4

> Chon chiéu dong vong nhw hinh vé.

» Lap phwong trinh mach theo phwong phap dong vong
' LB
° ° L_ - - -
IZA = ]vl 0: . -@

—> IZB =[wn—1n

(ZA +ZB).[V1_ZB.[V2 :EB

~ZLydn+(Zy+Z.)[va=Ec—Es . .
]ZC — _[v2
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LY THUYET MACH DIEN 1

——— .

Chwong 8: Mach dién ba pha.

l. Khai niém.

Il. Mach ba pha doi xirng va khéng doi xirng tai tinh.

lIl. Tinh va do cdng suat mach dién ba pha.

IV. Mach ba pha cé tai ddng - Phwong phap thanh phan doi xirng

V. Phan tich mach ba pha khéng do6i xirng bang phwong phap
thanh phan doi xirng.

2017 — Ly thuydt mach dign 1 - Nguyén Viét Son 18



Chwong 8: Mach dién ba pha

lll. Tinh va do cong suat mach ba pha. ERPA

> Tong quéat:. _fl*\p
~ [ ] .* [ ] .* [ ] .* B * \W/B
Ssp=Us.14+Up . Ip+Uc.Ic _/RP
P, =P, +P,+P, c *\Vf/c
Q3fa:QA+QB+QC N - : . .
So doé do céng suat 3 pha - 3 phan tw
> Mach 3 pha doi x(rng: Cong suat cac pha bang nhau — do céng suat 1 pha.
Sie=3.Ua. 14 3«
|“"A-°— m P,
P3fa=3.Plfa=3.Uf.]f.COS¢=\/g.Ud.[d.COS¢ T

7[‘ Tai noi
B P, o
i : - W Y hoac
sta:3-Q1fa:3°Uf-1f-51n§0=\/g.Ud.]d.Slngp CT)@Ez * \‘/ A

; C _

- o —

> Mach 3 pha khéng d6i xirng: Thay bang 2

N So’ do do céng suat 3 pha - 2 phan to
ngudn twong duong: I P P

P, :PE1+PE2 =Re{Uc.f4}+Re{Usc.I3}

3fa:P

tai
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LY THUYET MACH DIEN 1

Chwong 8: Mach dién ba pha.

I. Khai niém.
Il. Mach ba pha doi xirng va khéng doi xirng tai tinh.
ll. Tinh va do céng suat mach dién ba pha.

IV. Mach ba pha cé tai déng - Phwong phap thanh phan doi xirng
IV.1. Khai niém.
IV.2. Hé dién ap co’ so.
IV.3. Céng thirc phan tich - tong hop.
IV.4. Tinh chat cac thanh phan doi xirng trong mach 3 pha.

V. Phan tich mach ba pha khéng doi xirng bang phwong phap
thanh phan doi xing.
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.1. Khai niém.

» Trong mach dién 3 pha, thuc té c6 tai hd cam, tw cdm > tbéng tré cac pha tai
khéng cb dinh (t4i dong), thay dbi phirc tap theo mirc dd khéng déi xirng clia
dong dién.

> Coi hé thdng Ia tuyén tinh, mét trang thai dong, ap khdng dbi xirng cé thé phan
tich thanh céac thanh phan doi xirng sao cho v&i mdi hé thanh phan dong dbi

xrng, tong tré& cudn day 1a khdng dbi.
> Ap dung tinh chat xép chéng dé giai bai toan mach khéng dbi x&ng:
< Phan tich ngudn ba pha khdng dbi x&rng ra nhirng thanh phan ddi xing.
< Tim dap ng do6i v&i moéi thanh phan va xép choéng lai.
> Phwong phap thanh phan ddi xirng clia Fortescue dwa trén sw phan tich chinh

tac nhirng hé dong ap ba pha thanh nhivng thanh phan déi xirng thuan, nghich

va khong.
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Chwong 8: Mach dién ba pha

IV.2. Hé dién ap co’ s& cia phwong phap thanh phan déi xirng.

> Phuong phép thanh phan dbéi xirmng cuia Fortescue la phuong phap xét mach

dién ba pha khéng dbi xirng bang cach phén tich chinh tac nhitng hé dong ép

ba pha thanh nhitng thanh phan dbi xtrng thuén, nghich va khéng.

> Hé thanh phan dbi xirng thuan, nghich va khéng chinh la hé dién ap co sé':

s Thtr tw thuan:

A U141
Uc az\qm
O =40 ()
sUp =a’.Uua
Uc=a.Un

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

% Thtr tw ngwoc:
A UA2

U sy az\({cz

o= A0 (V)

U =a.Up

[ ] 2 [ ]
Uc2=a .UA2

s Thir tw khong:
U,

o= 40 ()

ﬁUBOZUAo

Uco=U a0

22




Chwong 8: Mach dién ba pha

IV.3. Céng thirc phan tich va tong hop.
» Néu biét vector ctia pha chuan (U 41,U 42,U 40) © tim dwoc vector cla pha B, C.

> Khi phan tich hé théng dién ap khong di xing U 4, U s, U CAN M U 41, U 42, U 40

> Céng thiee téng hop: .. . . . . -
Ui=Un+U.+U a0 Ui=Un+Us.+U a0

Us=Upn+Up:+Us < |Us=a*.Un+a.Un+U

/.
/\

Uc=Uc1+Uc2+Uco Uc=a.Ung+a>.Un+U

» Cobng thure phan tich: (.]Al :%((.]A+a.(.]3+a2.(.]c)

Tinh U 41,U 42,U 40 theo 1

U :g(UA‘FClz.UB—i‘Cl.UC)

N

Ui, Us,Uc

° 1 ° ° °
U 40 ZE(UA-I-UB-FUC)
23
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.3. Céng thirc phan tich va tong hop.
Vi du 8.3: Phan tich hé thong dién ap khdng ddi xirng thanh cac thanh phan dbi xing.

Us=1201); Up=120-120°(V) ; Uc =0.

> Theo céng thirc phan tich, cac thanh phan déi xirng cla dién ap pha A la:

U= %((./A—i— aUs+a®.Uc)= %(120+120\—120° 1£120°) =80(V)

Ui = é((./A+a2.(.]3+a.(.]c) - %(120+120\—120° +240°) = 40[60° (V)

N

1
\ 3
> T d6 ta co thé tinh dwoc cac thanh phan déi xing cta U, Uc :

Uio=—(Ua+Us+Uc)=40/-60°(V).

U s =80|=120° (V) U =80[120° (V)
Un =400180°(0F) 5 {Ueca=40/=60°(F)
U 50 = 40|—60°(V). U co = 40/-60°(V).
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Chwong 8: Mach dién ba pha

BACH KHOA

IV.3. Céng thirc phan tich va tong hop.

Vi du 8.4: Tim dong dién trong cac pha néu da biét cac thanh phan dbi xirng
T =5(90°(A) ; T2 =5-90°(A4) ; T40=0.

> Theo céng thirc tbng hop ta co:

-

Lo=In+ Lo+ Lo =590 +5/-90° = 0(4)

N\

Is=a* Ta+alo+ Lo =5=30"+530° = 5/3(4)

e =aln+a® Lo+ Lo =5=150° +5[150° = 5.4/3]180°(4)

"
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Chwong 8: Mach dién ba pha

IV.4. Tinh chat cac thanh phan doi xirng trong mach 3 pha.
> T cong thire tdng hop, ta co:

e e A+ B+C=(+d*+a). A+ (1 +a+a>). Ast 3. Ao
A= A1+ A2+ Ao
l.3=a2.1:11+a.;12+;40 —| A+ B+C=3. 4o

J\

C=a Ai+d® Ar+ Ao Tong ba Iffc_rng pha bang ba lan gia tri
. thanh phan ther tw khong.

»> Xeét hiéu 2 trang thai: A— B =(A1+ A2+ Ao)—(Bi+ B2+ Bo)=(A1— B1)+(A2— B2)
Hiéu hai Iwvong pha ctua hé khéng chira thanh phan thir tw khéng.
> T 2 tinh chat trén ta co6 thé suy ra mét sé tinh chét sau:

< Dong dién day trung tinh bang ba lan thanh . e . .
phan thir tw khéng cua dong dién déy. In=1lat+1Ip+1c=3.1o

< Dién dp day luén khéng cé thanh phan thir tw khédng.
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LY THUYET MACH DIEN 1

Chwong 8: Mach dién ba pha.

l. Khai niém.

Il. Mach ba pha doi xirng va khéng doi xirng tai tinh.

lll. Tinh va do céng suat mach dién ba pha.

IV. Mach ba pha cé tai ddng - Phwong phap thanh phan doi xirng

V. Phan tich mach ba pha khéng déi xirng bang phwong phap
thanh phan doi xtng.
V.1. Mach ba pha ¢6 nguon khéng déi xirng.
V.2. Cac sw c6 ngan mach, dirt day trong mach ba pha.
V.3. Cac dieu hoa cao cua dong - ap trong mach ba pha.
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Chwong 8: Mach dién ba pha

V.1. Mach ba pha ¢6 nguon khéng doi xirng. Nguon Tai
‘ , N A TS
» Xét ngudn 3 pha khéng ddi xirng - tim dong Z1"9:—':'—@ : =" %
| 1 |
dién xac lap trong cac pha cua tai. Zzng:-:'—@ : 2 — EZZt
| c |
» Phan tich hé suat dién déng khéng doi xwng ZOng:_":"@ : T 1 Zot
thanh theo thanh phan thuan, nghich khéng. []z
N
(.]Al 21((.]A+a.(.]3+a2.(.]c) — o e e -
3 Ea En Eao A
<(.]A2=l((.]A+a2.l.]B+a.(.]C) _@@@ —
3 Eg Eg> Epo B
(.]AO:l((.]A‘F(.]B‘F(.]C) : : :
L 3 Eci Ecz Eco
A . N e win aa , —:—@@@——Cm—
» Thay thé cac ngudn suat dién déng — ap dung
tinh chat x&p chdng, tach thanh 3 bai toan dbi [z
Xwng 4 4
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Chwong 8: Mach dién ba pha

V.1. Mach ba pha cé nguén khéng doi xirng. :
< Bai todn 1: — fa
. , ° ° . Z1ng
v AL hA AL g:a 2 . A .
Nguodn: hé suat dién dong thw tw thuan E.ai, Es1, Ec (D B z1t[]
Khi d6 mach dién hoan toan dbi x&rng.
v’ Céch giai gidbng hoan toan bai toan mach dién 5o f:uté‘hnc" t
ba pha dbi xirng: Dung so dd tach riéng pha A,
ta co: [ _ Ea
Al —
% Bai toan 2: Zlng +Z, 1 A2
v Ngudn tac dung la hé suat dién dong ther tw nguoc Z png g
Eaxn,Ep,Eco . CDEAZ ZZt[]
v Twong tw nhw trén, ta cling cd so dd tinh toan cho -
o o So db thir ty
mach ba pha doi xtrng khi xét riéng pha A. ngwoc
. E
[ = -
Z2ng + ZZt
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Chwong 8: Mach dién ba pha

V.1. Mach ba pha c6 nguén khong doi xirng.

* Bai toan 3:

v Nguon tac dung 1a mot hé suat dién dong thir ty khong _g_@E 40 Zu

Z
E A0, E B, E co, tong trd tai Z,, va tong nguon Zong déu doi Ong _@E B0 é
ZN
v Luc nay mach dién c6 diy trung tinh, dong dién trong day —
trung tinh bang 3 lan dong dién thir ty khong.
———
v' Xét riéng pha A ta co: . Zong [ 40
o (D E 40 Ly, |:|
E 40 3Zy
La0 = 1
Zong + Z T 3 Z So do thir tw khong

v’ Chii y: Véi so d6 thtr ty khong, néu khing cé diy trung tinh, dong dién trong cdc pha
sé bang khéng.
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Chwong 8: Mach dién ba pha

BACH KHOA

V.1. Mach ba pha c6 nguon khéng doi xirng.
> Sau khi tinh dwoc cac thanh phan dong dién do tirng hé théng ba pha thuan, nghich,

khéng tac dung riéng ré, ap dung céng thirc tbng hop, ta tinh dwoc dong dién trong moi

e

pha ) ) ) )
Ta=Ta+ 10+ 40

Is=a*Ta+alo+1a

J\

Ie=ala+a*.lTa+1a

“

> Céc bwdc giai bai toan mach ba pha c6 ngudn khdng dbi xirng:
< Phan tich ngudn déi xing thanh tdng ctia cac thanh phan thuan, nghich, khéng.
< Lap va tinh cac gia tri dong ap can thiét trén cac so dd thuan, nghich, khéng. (So do
thuan va nghich c6 két cdu gidng nhau; so dé th&r tw khéng co thém téng tré day
trung tinh v&i gia tri tang gap 3 lan)
< Ap dung céng thirc tdng hop dé tinh toan cac gia tri dong, ap can tim.
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V.1. Mach ba pha ¢6 nguﬁn khong doi xurng.
Vi du 8.5: Tinh dong dién trong cac pha ctia mach 3 pha khong
d6i xtng nhu hinh bén, biét:
E.1=6500(V); Es = 6800|=135°(V); Ec = 6300[130°(V)
Z, =7, =jildQ)Z, =;lQ);Z, =.10(Q);

Ing 2ng
Z, =40+ j45(Q); Z,, =2+ j.8(Q); Z,, = j.3(Q);
Giai:

> Phan tich hé thong suat dién dong khong doi xung thanh

Ong

cac thanh phﬁn thur tu thuan nghich khong.
° 1 ° ° °
Ea= 3 (Es+a.Es+a*.Ec)=6420-2"(V)

° 1 ° ° °
E 1 :E(EAJr a’.Ez+a.Ec)=800[13,50"(V)
E 40 :%(EA‘FEB‘FEC) =-=T83(V)

2017 — Ly thuyét mach dién I - Nguyén Viét Son

Chwong 8: Mach dién ba pha

Ngu(‘”)n Tai
Ittt LA :““";
Zlng:—:l—@: 1 Zi

| 1 |
B r— I
Zipg \HD——— 1 2,
| 1 |
I C :
Ong:_—:l—@: =, Zy,
_______ ] [ — .
1A
Ea Ea E a0
=06 A
Es Er> Ego
N e o
Eci Eco Eco
506
IEA
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V.1. Mach ba pha c6 nguén khong doi xirng.

Chwong 8: Mach dién ba pha

\J/ 4 A A : Py
o Xét so do thudn: 7
: mg [ a1

2|

|

So dd thir tw thuin

° EAI 0
In=—2"" —90,2-57.50°(4
YTz [-57,50°(4)

< Xét so do khong: Zow
. A0
CD E 10 Zy, [
RY/
| S|

So @6 thir tw khong

E 40
+Z,,+3.2,

a0 =

Z

Ong

2017 — Ly thuyét mach dién 1 - Nguyén Vigt Son

=23]90°(4)

/7

o Xét so do nguoc: Zsn, }Az

So dd thir twr ngwoc

To=—L2  _40.5-71°(4)

2t

> Ap dung cong thtrc tong hop ta co:

Li=La+ Lo+ Lo =111-56,20°(4)
Is=a’ In+aln+1o= 81,2|141,500(A)

Ie =ala+a Lo+ =11182,45"(4)
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.
» Khi mach ba pha doi xung bi su co (su o dat day, ngén mach ...), phﬁn mach & noi su ¢ & khong
doi xung nita. Pién ap tai phﬁn mach sy ¢c6 lap thanh mot h¢ dién ap khong doi xung.
> Phwong phdp xét bai todn mach dién ba pha sw co:
% Phan tich thanh phan dién 4p khong dbi xtng tai vi tri sy c¢b thanh cac thanh phan d6i xing
thuan, nghich, khong.

< Ap dung phuong phap xét mach ba pha d6i xung.

> (C6 2 loaisycd trong mach ba pha:

< Swco doc dwong day: Vi du: Sw co dirt day 1 pha, dirt day 2 pha ...
v' Lam thay doi tong trd pha ciia dudng day.
v' Thay thé vi tri su c¢b bang hé théng dong, ap mac ndi tiép vao duong day.
< Swco ngang dwong diy: Vi du: Sw cé ngan mach 2 pha, cham dat 1 pha ...
v' Lam thay doi tong trd cach dién gitra cac pha duong day véi nhau va véi dat.

v' Thay thé vi tri su c¢b bang hé thong dong, ap mac song song vao dudng day.
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.

a. Sw co dirt diy 1 pha.

. ( A U A

» Hién tuong: Z faA =P ._.I‘—’.
o 2 AR A _ B Us B’

s Tong tro tai vi tri sy co:q Z B = —
| Z;c=0 C Uc, C’

A 14 . 14 14 /’\ B,
% Dién ap tai vitrisuw co: Uz =0 ._@@@_.

> Phuong trinh su c6: ( (

I1.=0 Ta+10+140=0

Uz=0 —> az.UA1+a.UA2+UAO:O

e
J\.

Uc=0 a.UA1+a2.UA1+UA0=0

- 35
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.
a. Sw co dirt diy 1 pha.
Vi du 8.6: Cho mach dién 3 pha don gian, cho duong day bi dit pha A lam thanh mét b§ phan khong

d6i xtng biéu dién bang mot hinh chir nhat. Tim cac dong ap trong mach.

Neud Phan mach
guon s ¢b Tai dbi xing
T T TN I 0 A s 1T T T T
Z. X Duwongday A A I
Ing : —:—@ : - = E Zy
I 1> £2a0 £od B B
I I
I I C | O
Zon, :-—I:I—@ i . 12,
Tai dbi
[] Zy [] []Z[ xirng

» Tru ph?m su ¢o ra, mach dién con lai hoan toan d6i xung.
> Mubn dua bai toan ndy vé doi xting — can thay thé hé théng dién ap khong d6i xtmg ¢ phan sy cd
béng nhitng thanh ph?m dbi xung thuan, nghich, khong.
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Chwong 8: Mach dién ba pha

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.

a. Sw co dirt diy 1 pha.
Vidu8.6:

BACH KHOA

Nguon Téi dbi ximg
AN ! Dudng da L
Z ] 1 ll’O'Ilg ay A A L !
Ing | —I:I—@ | %@  — : Z1t
I I 77 7 > | I
I 1 L2ds Loa B B —_—
Zypy =) ) 1 2y,
1 1 |
[ C C !
e OO—C =t
I [ [ — -
[] [] [ Tii doi
[] 7, xung
Z
U U U
Zg 74 2y, 2y N Z, Zyg L
CT Ea Z I a1 th[] Z[] 14 Z2t|:| [] RY/N Tao  Zy []
[ ]

So dd thir tw thuin

So dd thir twr ngwoc
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So d6 thir tw khong
Thir tw khong chi chay trong mach c6

day trung tinh
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Chwong 8: Mach dién ba pha

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.
a. Sw co dirt diy 1 pha.

Vidu:
> So do thir tw thudn: > So do thir tw ngwoc:
.Zlng : Zyq Ta = ZLong : Z2a T o R Z2 }AZ .
O | I Ao l] e O ]
: 1t : 72, i 72,

— | : : Zzng.Z
IZZI—.>_IZ:|_@_ Up+lan(Z,+2,,+72,)=0 7=

> So dé thir tw khong:

* E.:AIZ . YAA _Z Z ':

. lng Ong ]AO 0d UAO
td1 Z n Z |:| 3ZN Z0t|:|

1ng Ing

Un+lan(Z,+Z,+Z,)=Eu

Uas+la.3Z,+Z, +Z,,+7Z,)=0

Ong
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.

a. Sw co dirt diy 1 pha.

Vidu8.6:

> Vay c6 6 phuong trinh = 3 phuong trinh su ¢6 + 3 phuong trinh 1ap tir so d6 thuan, nghich, khong.
_ » Giai 6 phuong trinh nay ta tim duoc:

Ua+1a '(thl +Zld -I-th) = Ew Ta,laz, Lao,Ua1,U 42,U 40

UA2+[A2'(th2+Z2d+ZZt):O > Thay UAI,UAZ,UAO vao SO 66 thuém,

. . nghich, khong — tim dugc dong ap thi tu
Usotla.3Zy+2,,+Zo;+2y,)=0

thuan, nghich, khong & moi nhanh trong
Ta+1a2+140=0 mach.

¢ ¢ * > Dé tim dong 4p trén cac nhanh cia mach
aZ.UA1+a.UA2+UAo=0 8 AP ) '
dién, tao dung cong thirc tong hop:

kCZ.UAH-czz.UAz-I-UAo=0 Us=Un+U.2+U a0

Iz = a2.1A1+ a.l .o+ 1 40

, i Ic=ala+a’ . I+ 39
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Chwong 8: Mach dién ba pha

BACH KHOA

V.2. Cac sw c6 ngin mach, dirt diy trong mach ba pha.
b. Sw co dirt diy 2 pha.
d. Sw co ngdn mach 2 pha.

A A’
—OO0— A N

A UA A’

| U,

B B, B B’ B \ X B’
Uc » C C’ ’ .
c L, o @@@@@@ N
[ ] [ ] [ ] U )
14=0; Is=0; Uc=0 ¢ [ NUe c
c. Sw co cham dit 1 pha. A A
A A A A B B’
B B B B’ C C’
C | C C C’ )
f

|
- | - z |. 1) (4
U AJ Us Uec
) v
TTTTTTTT 77777770 7777777 m

Ia=0 5 I3=0 R Uc=Z7Z.1c
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Chwong 8: Mach dién ba pha

BACH KHOA

V.3. Cac diéu hoa cao ciia dong - 4p trong mach ba pha.
> C6 nhiéu nguyén nhan sinh ra cac diéu hoa cao cua suat dién dong va dong ba pha:

< May phat dién ché tao khong hoan hdo — sinh ra céac suat dién dong khong sin

0’0

» Phan tich suat dién dong dé thanh chudi Furie, ngoai song co ban ¢é tan s6 ®, con chira nhiéu song

bac cao c6 tan s6 3w, Sw, 7o ...

» Do may phat dién c6 cau tao do1 xiing, nén suat di€n dong cac pha hoan toan giong nhau, va léch

nhau vé thoi gian 1/3 chu ky nén:

e, ()= E ~2.sink.ot

e, (1) = E N2.sinko.(t - g) = E 2.sin(k.ot - k.z‘T”)
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Chwong 8: Mach dién ba pha

BACH KHOA

V.3. Cac diéu hoa cao ciia dong - 4p trong mach ba pha.
e, (t) = E J2.sink.wt

e(t)=E, ~2.sin ko.(t - g) =E, .\/E.sin(k.a).t — k.z'Tﬁ)
» Nhan xét:

/

% Cac song diéu hoa c6 k = 3n — ¢, =n.2.n — tao thanh hé thong thir tw khong.
% Cac song diéu hoa c6 k =3n + 1 — ¢, =n.2.n + 2.1/3 — tao thanh /ré thong thir tw thudin.
% Cac song diéu hoa c6 k =3n + 2 — ¢, = n.2.n + 4.1/3 — tao thanh ré thong thir tw nguwoc.

> Suyra:

< Dong dién trong ddy trung tinh chi chira cac song diéu hoa bac 3.n cua dong pha.

Iy =3+ 12 +12 +...

% Dién ap pha bao gom tat ca cac song diéu hoa:

U, = U +U2 +U2 +U? +UZ +..

< Dién ap day khong chira thanh phan tht ty khong (3n)

U, =BJUI+U+U2 + U} +...
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