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LOINOI DAU

Gido trinh ky thuat dién nhim trang bi cho ngudi hoc nhitng kién
thiic co ban vé tng dung ning lugng dién trong san xuit va ddi sdng. So
vdi cdc dang ning lugng khdc ning lugng dién cé nhitng vu di€m hét sitc
to I6n sau day:

Dién niing dudc sin xuat tap trung véi ngudn cong suit rat 16n

Dé& dang bi€n ddi va truyén t3i di xa nhd may bi€n thé

Dé& dang bi€n ddi sang cdc dang ning lugng khéc.

Nh& dién ning cé thé ty dong héa toan bd qua trinh sdn xuit ciing
nhu cdc dich vu k¥ thudt khéc.

Viét Nam c6 tiém niing hét sitc to 16n vé€ cdc ngudn ning lugng,
nhung do hiu qué chi€n tranh kéo dai, 4nh hudng co ch€ quan liéu bao
cAp lam cho nén sin xuAt con kha lac hau. S4n lugng dién nim 1975 ca
nude chi c6 1,5 ty kWh. Sau gidi phéng ching ta da cing c6 va xay dung
thém nhi€u nha mdy dién 16n, Thily dién Hoa Binh véi cong sudt 1.920
MW, thiy dién Tri an (440MW), Nhiét dién Pha lai I (440MW), Nhiét
dién Pha Lai II (600MW), thiy dién Ialy (720MW) ,... Hién nay dang
tri€n khai xAy dung nhia mdy Thdy dién Son la , duv 4n nha mdy dién
nguyén tif § Binh Thuin. Nam 2003 san lugng dién ca nudc da dat 41 ty
kWh binh quin 500kW/ diu ngudi nim. Theo 19 trinh phat trién tdi nim
2010 s& dat 70 tykWh, nim 2020 dat 170 ty kWh. D€ ddp tng nhu ciu
phu tdi dién d€n nim 2015 Viét nam s€ xay dung 61 nha mdy dién véi
tong cong suit 21.658 MW, trong d6 c¢6 32 nha mdy thdy dién véi tdng
cong sudt 7.975 MW, 17 nha mdy dién tuabin khi v6i tong cdng suat
9.783 MW va 12 nha mdy nhiét dién than vé6i tong cong suit 3.900 MW.
Hién nay dudng truyén tdi dién siéu cao 4p 500 kV Bic Nam dugc xem
12 huy€t mach chinh cia ning lugng dién Qudc gia. Tuyé&n 500 kV thi
hai dang dudc xay dung. T6c dd ting trudng dién ning giai doan 2003 —
2010 12 15%. Von dau tu trung binh 2,16 ty USD mdi nim.

Nganh sdn xuit thi€t bi dién dang dudc dau tu phat trién. Cdc may
bién 4p 110 kV, 25MVA va 63 MVA di va dang dudc sin xudt hang
loat. Mdy bién 4p 220 kV, 125 MVA dau tién di vao sdn xuit tf nim
2004 tai cong ty thi€t bi dién Pong Anh. Cdc dong cd dién cdng suat tGi
1000 kW da dudc ché tao tai cong ty ché tao Viét Hung, cong ty ch€ tao
dién cd Ha Noi, Tha bic,...
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Gido trinh ky thudt dién dudc bi€n soan theo chuong trinh khung
dao tao c¥ nhan Vat ly cda Trudng Pai hoc Pa Lat bit dau thuc hién t
ndm 2001. Tai liéu dugc bién soan trén c¢d sG ngudi hoc da hoc xong mdn
dién tir hoc, do d6 khdng di sdu vao mat 1y ludn cdac hién tugng ma chu
y€u nghién cttu cdc phuong phép tinh todn va cdc ng dung k¥ thuit clia
cdc hién tugng dién tir.

Gido trinh dugc chia 1am 2 phan véi 9 chuong, trong dé phan 1
cung cAp cdc kié€n thic vé& cd s§ 1y thuyét va cdc phuong phdp tinh todn
mach dién. Phin thit 2 cung cip céc ki€n thitc vé nguyén 1y, ciu tao, dic
tinh va ng dung cdc loai may dién cd ban.

T4c gid bay td 1ong bi€t on chin thanh dé&n tap thé bo mon Pién ti
— tu dong héa, can bo Khoa Vat Ly di tao diéu kién dé€ tai liéu dugc
hoan thanh. Vi 13 tai liéu bién soan 1an diau nén chic chin con nhiéu
thi€u sét, rit mong nhan dudc y ki€n déng gép tir doc gid va cdc ban
dong nghiép.

TAC GIA

TS. Luu Thé Vinh
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4 KY THUAT BDIEN

Chuong 1.
NHUNG KHAI NIEM CO BAN VE MACH PIEN

§ 1.1. MACH PIEN VA CAC PHAN TU MA CH.

1.1.1. Mach dién:

Mach dién 1a t8 hdp céc thi€t bi dién bao gdm ngudn, phu tai dudc
ndi véi nhau bing ddy din theo mdt cach thitc nhit dinh thong qua cic
thi&t bi phu trg (hinh 1-1).

Thi€t bi PHU
phu trg TAI
Hinh 1-1

* Nguon dién: Ndi san sinh ra ning lugng dién d€ cung cAp cho mach.

Nguon dién c6 thé 1a ngudn mdt chi€u hoic xoay chiéu.

Ngudn mot chiéu: Pin, acquy, mdy phat dién mot chiéu...

Ngudn xoay chiéu: LAy tir lu6i dién, mdy phdt dién xoay chiéu.

Cédc ngudn dién cong suit 16n thudng dudc truyén tdi tif cdc nha
may dién (nhiét dién, thiy dién, dién nguyén ti...).

Cé4c ngudn dién mot chiéu thudng dudce dic trung bing suit dién
dong E, dién trd nodi r. Vi ngudn xoay chiéu thudng bi€u dién bing cong
sudt P (cong sud't may phat) va hiéu dién th&€ 16i ra U.

* Phy tdi: La cdc thi€t bi sit dung dién ning dé chuyén héa thanh mot
dang ning lugng khdc, nhu ding d€ thip sing (quang ning), chay cédc
dong cd dién (co ndng), dung dé chay cdc 10 dién (nhi€t ndng)... . Cac
thi€t bi tiéu thu dién thudng dugc goi 1a phu tdi (hodc tdi) va ky hiéu
bing dién trd R hodc bing tr§ khang Z.

* DAy ddn: C6 nhiém vu lién k&t va truyén din dong dién tir ngudn
dién dé€n nai tiéu thuy.

TS. Luu Thé Vinh
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* Cdc thiét bi phu tro: nhu cdc thi€t bi déng cit (cau dao, cong tic...),
cdc mdy do (ampeké, von k&, 6at k& ...), cdc thi€t bi bdo vé (ciu chi,
aptomat ... ).

1.1.2. Két cdu hinh hoc ciia mach dién.

Mot mach di€én phtc tap bao
gdm nhiéu nh4nh ké&t ndi v6i nhau
tao thanh cdc mach vong khép kin
(mit) giao két tai c4c nit.

* Nhdnh: 12 mot phan clia mach
dién, trong dé cdc phan t mach
mic ndi ti€p véi nhau sao cho ¢é
cung mot dong dién chay qua.

* Nit: 12 chd giao nhau cla cic
nhanh.

% Mdt: 12 mot mach vong khép
kin lién k€t nhd cdc nhdnh.

Vi du: ach dién trén hinh 1-2 g6m 5 nhanh AB, AC, CB, CD va BD

k&t ndi v4i nhau tao thanh 4 nit A, B, C va D. C4c mach vong khép kin
tao thanh cic mit (ACBA), (BCDB) va (ACDBA).

1.1.3. Cdc dai lugng ddc trung qud trinh ndng lugng trong mach dién.
Ning lugng dién tdc dung trong mach dugc dic trung bing cdc dai
lugng 13 dong dién i va dién 4p u hodc bing cong suit tic dung p =ui.
* Dong dién. Dong dién i chay trong mach cé tri sd bing toc do bi€n
thién clia dién tich qua ti€t dién ngang ctia vat dan.
. dg
= — (1-1)
dt

I —

("AQ) ®<_ ®¢s

UaB

Hinh 1-3

Chiéu dong dién dugc quy udc ngugc vSi chiéu chuyén dong cla
cac electron (hinh 1-3).

TS. Luu Thé Vinh
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* Pién dp u. Tai mdi di€ém trong mach dién c6 mot dién thé ¢. Hiéu
dién th€ giita hai di€ém goi 13 dién 4p u. Ching han hiéu dién th€ giita
hai di€m A va B trén hinh 1.3 dudc goi la dién ap uup.

Usp = Pa- Pp (1-2)
Chiéu dién dp dugc quy udc 1a chiéu tir diém c6 dién thé cao dén
di€m c6 dién thé thap.

* Cong sudt p. Trén ciac doan mach dién, cdc phin tif c6 thé nhan hoic
phdt niing lugng. Khi chon chiéu dong dién va dién 4p trén nhénh tring
nhau (hinh 1.3) ta ¢6 cdc qud trinh nang lugng sau:

Né&u p = ui > 0 - nhanh nhin niing lugng.
Né&u p = ui < 0 - nhanh phit ning luong.
Khi chon chiu ctia dong dién va dién 4p ngugc nhau ta s& cé cdc
k&t luan ngudc lai.
Trong hé don vi SI don vi dong dién la ampe (A), don vi di€n dp l1a
von (V), don vi clia cong sudt 1a odt (W).

§ 1.2. MO HINH MA CH PIEN

D€ tién 1gi khi tinh todn thi€t k& va khdo sdt cdc qud trinh dién tir
xay ra trong mach dién ngudi ta si dung phuong phdp mé hinh. Mach
dién thuc t€ véi cdc thi€t bi dién dudc thay thé€ bing m6 hinh mach vdi
cdc phin tr 1y tudng dic trung cho mot qud trinh ndo d6. Mo hinh mach
chita cdc phan ti tich cuc (active): ngudn 4p u(t), ngudn dong i(t) va cic
phan t thu dong (passive): dién trd R, dién cdm L va dién dung C.

1.2.1. Nguodn dp u(t).

Ngudn 4p u(t) hay mdy phdt dién dp con dudc goi l1a ngudn stic
dién ddng e(t) dac trung cho kha niang tao nén va duy tri mot dién dp
khong ddi trén hai cuc ciia ngudn.

Dic tinh quan trong clia ngudn 4p 12 c¢6 dién trd noi r = 0, hiéu
dién th€ trén hai cuc ctia ngudn 13 khong d6i va khdng phu thudc vao gid
tri cda phu tdi. Ky hiéu quy udc clia ngudn 4p nhu hinh 1-4, a. Ta c6 gid
tri clia ngudn 4p:

u(t) = -e(t) (1-3)
1.2.2. Nguon dong dién i(t).

TS. Luu Thé Vinh
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Ngudn dong dién i(z) hay mdy phdt dong dic trung cho kh3 ning
tao nén va duy tri mot dong dién khong ddi trong mach. Pic tinh quan
trong clia nguon dong 1a c6 ndi trd r =co va gi4 tri clia dong dién trong
mach khong phu thudc vao phu tdi. Ky hiéu quy u6c cia ngudn dong chi
ra trén hinh 1-4, b.

Trong thuc t&, cdc bd ngudn déu c6 mot dién trd ndi hitu han nao
d6. Do vay, khi thay th& trong md hinh mach ching dugc bi€u dién &
dang mot ngudn sitc dién dong e(t) mic ndi ti€p véi mot mot dién trd r
(hinh 1-4, ¢), hoic & dang mdt ngudn dong dién i (1) mic song song vdi
mot dién trd r (hinh 1-4, d).

S

e(t) u(t) W, i(1) [] r

a) b) c) d)
Hinh I1- 4 . K¥ hiéu quy udc nguon dp va nguon dong
a, b — Ngubn dp va nguon dong 1y tudng.
¢, d — Ngudn dp va nguén dong thicc t&

1.2.3. Pién trd R.

bién trd R dic trung cho vat din vé mit cdn trd dong dién. Vé miit
ning lugng dién trd R dic trung cho qud trinh tiéu thu dién ning va bién
dién nang thanh cdc dang nang lugng khac nhu nhi€t ning, quang niang,
co nang, .

Quan hé gitta dong dién va dién ap trén dién trd la:

ug = R.i (1-4)
Cong suit thodt ra trén dién trd:

p=R.i% (1-5)
Trong hé don vi SI don vi dién trG 1a 6m (Q).

1.2.4. Dién cam L.
TS. Luu Thé Vinh
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Mot cudn diy c6 dong di€n i chay qua s€ sinh ra tUr trudng. Tw
thong gii qua n vong cua cudn diy 1a y = n.®. Bién cdm cta cudn diy
dugc dinh nghia 1a:

L=Y =2 (1-6)

Khi dong dién bié€n thién trong cudn diy xuit hién mot sitc dién
dong tu cam e;.

dy di
e = - = — L— 1‘7
) dt dt (-
Quan hé gitta dong dién va dién dp trén cudn cam:
di. . 1
u=-e =L—; i=—|uydt 1-8
-t Tt LJ. : (-9
Cong suat trén cudn day:
: di
=Uul=L1I— 1-9
PL L at (1-9)
Néang lugng tir trudng tich liiy trong cudn day:
t |
T
W = dt = |Lidi = = LI 1-10
! P ! 5 (1-10)

Trong hé don vi SI don vi dién cam la henri (H).
1.2.5. PBién dung C.

Khi ndi hai dau clia mot tu dién c¢6 dién dung C vio ngudn dién dp
u, tu dién s€ dudc tich dién. B0 16n cia dién tich q:

q =Cu (I-11)
Quan hé giita dong dién va dién 4p trén tu dién la:
. dg d du
| =— = —(Cu) = C— 1-12
dt dt( ) dt ( )
. 1.
va: u = c II dt

Nang lugng tich liy trén tu di€n:

u
W :J‘Cudu:%Cu2 (1-13)
0

Trong hé don vi SI don vi dién dung la fara (F).
1.2.6. M6 hinh mach.

TS. Luu Thé Vinh
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Mb hinh mach 13 so dd thay thé tuong duong cdc phan t mach
bing cdc phan t& mo hinh Iy tudng e, i, R, L, C sao cho k&t cAu hinh hoc
va cdc qud trinh ning lugng x4y ra trong mach gidng nhu & mach dién
thue.

D€ thi€t 14p md hinh mach ta phan tich cdc qud trinh ning lugng
x4y ra trong tiing phin t& mach va thay th& ching bing cdc phan tk
tuong duong. Khi phin tich cin chi ¥ ring, tiy thudc vao di€u kién lam
viéc clia mach dién, dic biét 12 ddi tan cong tdc ma so d6 thay thé sé
khac nhau.

Vi du. Ta hay xét modt mach dién thyc t& gom mdt mdy phdt cung
cap dién cho phu tdi 12 mot béng dén mic song song véi mdt cudn day
theo so dd hinh 1-5, a. Khi chuyén sang so dd thay th& d6i v6i dong dién
xoay chi€u, mdy phdt dién dugc thay th€ bing (E;,Ls,R)). Phu tdi 12 bong
den thay th€ bing R_, con cudn day bing (L;, R,) (hinh 1-5, b). Tuy nhién
khi chuyén sang sd d6 thay th& ddi véi dién mot chiéu, do cdc phan tir
khdng biing khong nén so do thay thé c¢6 dang don gidn hon (hinh 1-5, ¢).

MAY

p CUON
PHAT D AY
a)
Rd Ld
~ o ;&d
Ef L D R Ef
Rf ’ IR [|Re
Lf R Rf
Rd Ld Rd
~ . —3
b) c)

Hinh I- 5. Thiét lap mé hinh mach
a— Sodo thuc té
b — So dé twong dwong déi vdi dién xoay chiéu.
¢ — So dé tuong dwong doi vdi dién mét chieu.

§1.3. PHAN LOAI VA CAC CHE PO LAM VIiC CUA MACH PIEN.

TS. Luu Thé Vinh
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1.3.1. Phdn loai theo tinh chdt ciia dong dién trong mach.
Theo tinh chat ctia dong dién trong mach ngudi ta chia ra 2 loai
mach dién mot chi€u va mach dién xoay chiéu.

e Mach dién mot chiéu 12 mach dién dugc tic dung bdi ngudn dién
4p mot chiéu trong mach. Dong dién chay trong mach c6 tri s6 va
chiéu khong d6i theo thdi gian.

e Mach dién xoay chiéu la mach dién dugc tic dung bdi ngudn dién
4p xoay chiéu trong mach, thudng 13 cdc ngudn dién 4p bi€n thién
theo quy luat hinh sin. Dong dién chay trong mach c¢é tri s6 va
chiéu thay ddi tudn hoan theo thdi gian.

1.3.2. Phéan loai theo tinh chdt cdc théng s6 R, L, C ciia mach.

Theo tinh chat cdc thong s6 R, L, C ctia mach ngudi ta chia ra 2
loai mach dién tuyé€n tinh va mach dién phi tuyén.

e Mach dién tuyén tinh khi t4t cd cdc phan t& mach la tuyé&n tinh.
Nghia 12 gid tri ctia cdc phan ti R, L, C khong thay d6i va khong
phu thudc vao dong dién va di€n 4p trén ching.

e Mach dién phi tuyén khi ¢6 chita cdc phan tir phi tuyén. Nghia 12
gi4 tri clia cdc phan t& R, L, C clia cdc phan ti phi tuyén thay d6i
phu thudc vao dong di€n va dién ap trén chung.

Trong gido trinh nay chii y&€u chiing ta nghién cttu va khdo sit
mach dién tuyén tinh.

1.3.3. Phdn loai theo qud trinh ndng lugng trong mach.

Theo qud trinh ning lugng trong mach ngudi ta chia ra 2 loai ch&
dd xdc 1ap va ché& do qud do.

e Ché& do xéc lap xdy ra d6i véi cdc qué trinh da 8n dinh. O ch& do
xdc 1ap dong dién va dién 4p trén cdc nhdnh ctia mach dién bién
thién theo cling mot quy luit clia ngudn cung cAp. Pdi v6i mach
dién mot chiéu: dong va dién 4p trén cdc phan tif mach di on dinh
(khdng ddi). P6i véi mach dién xoay chiéu: dong va dién 4p trén
c4ac nhanh bi€n thién theo quy luat sin v4i thdi gian.

e Ch& dd qud d6 1a qud trinh chuyén ti€p tir trang thdi xdc 14p nay
sang trang thai x4c 1ap khdc. Ch& d6 qué do xay ra trong cdc mach
dién c6 chita cdc phan tif khang L, C & cdc thdi di€ém déng mach

TS. Luu Thé Vinh
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va ngdt mach. Thoi gian qud do thudng rat ngidn va phu thudc vao
gia tri dién khang ctia mach.
1.3.4. Phdn loai cdc bai todn vé mach dién.
Khi nghién citu vé mach dién c6 hai dang bai todn co bdn 12 bai
toan phan tich va bai todn tong hop.

e Bai todn phan tich. Cho trudc k€t ciAu hinh hoc va cdc thong s6 clia
mach dién. Can phdi tim dong dién, dién 4p va cong suit trén cic
nhdnh va cdc phin t& mach.

e Bai todn tdng hop. LA bai todn ngudgc lai cAn phai tim cdch thiét
k& mot sd dd mach thich hgp d€ théa min cdc yéu ciu dit ra vé
dong, dién 4p va cOng suit.

Trong gido trinh nay chli y&u chiing ta khdo sit bai todn phan tich cdc

mach dién tuy€n tinh & ch€ do xéc lap.

TS. Luu Thé Vinh



Chuiong 2.
DONG DIEN X0AY CHIEU HINH SIN

Dong dién xoay chiéu hinh sin la dong dién
xoay chiéu bién thién diéu hoa theo quy ludt ham
sin vdi thoi gian I = I sin (ot + @) .

Dong dién xoay chieu hinh sin duoc ving dung
réng rdi trong nhiéu linh vic khdc nhau ciia dién ky
thudt. Ndang luong dién trong hdu hét cdc truong
hop déu dugc sdn xudt, phdn phoi va tiéu thu dudi
dang dién xoay chiéu. Piéu dé duoc gidi thich bdi
nhitng wu diém ciia dong xoay chiéu la dé dang
truyén tdi, dé dang bién doi va kinh té.
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§ 2.1. CAC PAI LUGNG PAC TRUNG CUA DONG DPIEN HINH SIN.

Dong dién xoay chi€u hinh sin 12 dong dién bi€n thién di¢u hoa
theo quy ludt ham sin:

i = Iysin (at + @) (2-1)
u= Upsin (ot + ¢,) (2-2)

Trong d6: i, u —1a gia tri tic thoi cia dong dién va dién dp

Iy, Uy —1a tri cuc dai (bi€n dd) cia dong dién va dién ap.

(ot + @), (ot + ¢,) —1a gbc pha (hay goi tdt 12 pha) cia dong dién
va dién 4p, cho phép xdc dinh tri s6 ctia dong dién va dién 4p & thdi
di€m t.

@ ; va ¢, 12 pha ban dau (¢ = 0). C6 gid tri phu thudc vao goc thdi
gian ma ta chon.

w12 tan s6 gbc clia dong dién hinh sin, don vi 1a rad/s.

Chu ky T 1a khodng thdi gian ngin nhat d€ dong dién lip lai tri s6
va chiéu bié€n thién. Nghia 13 trong khodng thdi gian T géc pha bié€n thién
motlugngla T = 2.

S6 chu ky ciia dong dién trong mdt gidy goi 12 tAn sd f.

1 w
/= T 2rx
Pon vi tan so 13 héc (Hz).
Nhu vay, c6 thé viét: = 27” =2 f (2-3)

Trong cong nghiép, dong xoay chiéu cé tin s6 f = S0Hz.

§ 2.2. TRI HIEU DUNG CUA DONG PIEN XOAY CHIEU HINH SIN
D06i v6i dong dién xoay chiéu hinh sin, do gid tri tic thdi bién thién
mot cdch lién tuc, nén trong thuc t&€ ngudi ta quan tAm dén gid tri hiéu dung
clia n6. Gid sif xét tic dung clia dong dién xoay chiéu i trén mot dién trd R.
Cong suat tac dung dugc tinh:
T 1 T
2 2
I"Rdt =R— | i“dt 2-4
! - ! (2-4)

1
P=—
T
Vi dong dién mot chiéu cong suit tiéu tin trén dién tr R 1a:

P=RI? (2-5)

TS. Luu Thé Vinh
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Néu trong cing mot thdi gian, cong suit tic dung nhiét trén dién trd
R d6i vdi cd hai dong dién 1a nhu nhau ta c6:
T
P= le i’dt = RI?
s

T
s _ /l 2
Tir d6: I= T! i2dt (2-6)

Gia tri I tinh theo (2.6) dugc goi 1a tri hiéu dung cua dong dién xoay
chiéu.

Néu thay i = I sin @t vao (2.6) ta c6:

15 1?7 I
I=|=| P’sin*atdt = | =2 |(1-cos2wt)dt = =L (2.7
T-! 0 2T l( ) J2 (@7)

Tuong t, ta dudc tri s& hiéu dung cta dién 4p va stc dién dong:

U
U= -2 (2.7,a)
V2
E
E=-—"Y% (2.7,b)
V2
Nhu vay, c6 thé viét lai (2.1) va (2.2) nhu sau:
i = 12 sin (ot + ¢) (2.8)
u= U\/E sin (ot + @) (2.9)

Tri hiéu dung thudng dudc ghi trén cdc dung cu va cdc thi€t bi tiéu
thu dién, cho ta biét caAp dién 4p st dung va dong dién cho phép. Vi du
(220V-10A).

§ 2.3. BIEU DIEN DONG PIEN XOAY CHIEU HINH SIN
Pé bi€u dién dong dién xoay chiéu hinh sin c¢6 thé st dung cic
phuong phap todn hoc khac nhau:
— Biéu dién bing phuong trinh lugng gidc thong qua cic dai lugng dic
trung: tri tifc thdi, tri bién dd, tri hiéu dung, tin s, chu k¥, géc pha. (cic
phuong trinh (2.1), (2.2) va (2.8)(2.9)).
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— Phuong phip dd thi dang séng: biéu dién dd thi ctia cic phuong trinh
(2.1) va (2.2).

— Phuong phdp gidn dd véc to quay: bi€u dién thong qua tri hiéu dung
(hodc bién dd) va géc pha .

— Biéu dién bing phuong phip so phiic.

2.3.1. Phuong phdp gian do véc to.

Pé tién 10i trong viéc tinh todn cdc dai lugng hinh sin cling tin s,
ngudi ta thudng sit dung phuong phdp gidn d6 véc td Fresnel. Theo phudng
phap nay cac dai lugng hinh sin c6 cling tin s& dugc bi€u dién bing cic véc
to c6 do 16n (mddun) bing tri hiéu dung va géc pha ban dau xic dinh do
1éch giita véc t0 véi truc nim ngang OX.

Vi du. Hinh vé& (2-1, a) 14 gidn dd véc to biéu dién dong dién va dién 4p
trén mot doan mach c6 phuong trinh sau:

i =12 sin(at+ @)
u=U\2 sin (et - @, )

VA J A
I I
o S o > 0 S 4 >
X +1
-Qu Du
U U
a) b)
Hinh 2-1

Sau khi da bi€u dién cic dai lugng dong dién va dién 4p bing véc td,
hai dinh luat Kirchhoff dugc viét lai dudi dang véc td nhu sau:

S0
2U=2F
Dura vao gidn d6 véc to va cac dinh luat Kirchhoff ta ¢6 thé gidi mach
dién xoay chiéu mot cich thuin tién.

(2.10)
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2.3.2. Phuong phdp so phiic.

a) Pdi véi cidc mach dién phic tap, phuong phip véc to ¢6 nhiéu han ché.
P& gidi mach dién hinh sin & ch& dd xac 1ap ngudi ta thudng dung phudng
phdp s6 phiic.

Biéu dién phifc cia dai lugng hinh sin c6 dudc khi thay truc Ox trén
gian dd véc to (hinh 2-1, ) bing truc thuc +1, thay truc Oy bing truc 40 +j.
Nhu vy ta d thuc hién viéc bi€u dién dai lugng hinh sin bing s§ phic
trong toa do phtc (hinh 2-1, b).

S& phiic biéu dién cic dai lugng hinh sin dudc ky hiéu bing cic chit
cdi in hoa c6 diu chim trén ddu. Biéu dién phic ¢ thé dudi dang ham mii,
dang luong gidc hay dai s0.

Vi du. Viét cdc dang biéu dién phic ciia dong dién i = 10+/2 sin (@=30°) va

dien 4p u = 200+/2 sin (ot + 60°).

_ Dang ham mi: f=Tei% =10e " (2-11)
U= Ue/? =200e /%"

Dang ham mii con dugc viét dudi dang:

[=1/£¢p,=10£-30° (2-12)
U=UZgp,=200-60°
— Dang lugng gidc hay dai s0:
I = Icos @; +j I sin ¢;= 10 cos (-30°) + 7 10 sin (-30°)
i=53-j5 (2-13)
U =U cos g+ j Usin @, =200 cos 60° + j 200 sin 60°
U =100+ 100+/3
trong d6: I cos ¢, U cos @, 1a phan thuc cla sd phitc
jIsin @, j Usin ¢,la phan 4o clia s§ phiic.
b) Nhdc lai mot s6 phép tinh doi véi s phiic.
1. Cong, trir. Bi€n d6i cic s phiic vé dang dai sd, sau d6 cong (trir) phan
thic véi phan thuc, phan 4o véi phin Ao.
Vidu: 2+j6)+(3-j2)=(Q2+3)+j(6-2)=5+]4
(4475 —(2432=(4-2)+j(5-3)=24]2
2. Nhdn, chia. Khi nhan chia hai s0 phuc ta nén dua vé dang mi.

. .0 . <0 . 0 0 . 0
Vidu: 5¢7/%.10e /% =5.10¢ /00 =50 /10
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. 120
200 ¢ ]405 _ 200 juastsady _ g, 515"
5¢7%0 5

ja

4. Nhan sé phiic véi e™’”.
Ae /P otia = A ll9ta)
Nghia 12 khi nhin s& phic véi e/* ta quay véc to bi€u dién s& phiic Ay
di mot géc a ngugc chiéu chiéu kim dong hd, khi nhan véi e /“ ta quay véc
to di mot goc a cuing chiéu kim dong hd.
5. Nhan sé phiic voi +j .
Theo cong thic Ole :

ej% = cos%+jsin% = j
e_j%zcos(—%)+jsin(—%):—j

Nhu vy, khi nhAn mdt s6 phiic véi j ta quay véc td bi€u dién s6 phic
d6 di mot gée 772 nguge chiéu kim dong hd, n€u nhan véi —j ta quay véc to
cling chi€u kim dong hd mot géc /2.

c) Tong tré phiic.

Téng tr§ phitc duge dinh nghia theo bi€u thiic dinh luat Ohm dudi
dang phiic:

U Ue' U

7= 2 V) — 7 U (2-14)
I Ie JPi I
Pay 14 dang ham mii cla tdng trd phic.
Ta co:
Z=Ze'"=Z(cosp+ jsing)=Zcosp+ jZsing X
®

Tir tam gidc t6ng trd trén hinh 2-2 ta c6: ‘ -

Z cos @ = R —1a dién trd hoat dong ciia mach R
Zsin ¢ = X —1la dién khang ctia mach. Hinh 2-2
Do do:
Z=Ze’ =R+ jX :R+j(a)L—L) (2-15)
oC

Pa6i v6i nhanh thuan trg:
Z=R=Re' (2-16)
P&i v6i nhanh thuan cdm: X = X; , do dé:
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Z=jX=jX, =X, el"? (2-17)
D6i v6i nhanh thuin dién dung: X = X, do do:
Z=jX = jX, = Xpe "2 (2-18)
d) Tong dan phiic.
Téng dan phic dudc dinh nghia 1a:
?:%:%e‘f‘ﬂ =Ye '? (2-19)
Hoic:
yo_ L __ R-x R . X .
R+jX R+X)R-jX) R*+X*> " R>+X?
. R A X ,
Trong do: T x? = g = dién dan tic dung cua mach
+
X LN x d 2~ 2
m = b =dién dan phan khiang cua mach
Nhu vy: Y =g—jb (2-21)

e) Cong sudt phitc.
Dinh nghia: Tich cla phic dién dp nhdnh véi lugng lién hdp clia phic
dong dién nhanh goi 1a phitc cong suit, ky hiéu S':
S=U-I* =Ue'® .Te 7% = UL’ ™" = Se/?  (2222)
D6i vé dang dai so:
S = Ule’? = Ul(cosg + jsin
S (cos@ + jsing) (2-23)
S =Ulcosp+ jUIsing = P +jQ
Cong suat phitc ¢6 phan thuc l1a cdng suit tic dung P, phan 4o Ia

cong suat phan khdng Q ctia mach.

f) Biéu dién dao ham %
t
Xétdongdién i =1 J2 sin (wt+@,) c6 bi€u dién phic la [=1e’"

LAy dao ham :
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%:a)lﬁcos(a)H ®;) :a)lx/isin(a)H ¢i+%)
t

Biéu dién phifc tuong Gng ctia i’ :

I'=wl e ?it7'2) — J7l2 1 oo

Biét ¢/"'* = j, do d6:

we

I'=jole'”

= jol (2-24)
Nhu vdy, dao ham theo thGi gian cia dong dién tuong Gng véi phép
nhan dang phic vdi thira sd jw.

Néu i< 1,thi %@ jol (2-25)
t

g) Biéu dién tich phan Jidt.
Xétdong dién i = N2 sin(@t+ ;) c6 bi€u dién phic la [=1e’"
LAy tich phan:

jia’t = jlx/isin(a)ﬁ @) dt :I\/E[l cos(wt + gol.)}
@

= lI\/Esin(a)t + @, —E)
@ 2

Biéu dién phifc tuong ng clia tich phan nay la:
jidt@llej(“”i_”/z) =le_j”/2 el _ L
w 0] j@
Nhu vay, Tich phan theo thgi gian cia dong dién tuong tng vGi véi
phép chia dang phuc cho jo.

Né&u i & 1, thi j idi < - (2-26)
jo

§ 2.4. PHAN UNG CUA CAC PHAN TU MACH R,L,C POI VOI
DONG PIEN XOAY CHIEU.
2.4.1. Mach thudn tré R.

Xét mach thuin dién tr§ R. khi cho dong dién i = I, sin at chay qua,
(hinh 2-3, a) . Hiéu dién th€ giita hai diu mach sé& 1a:

up =Ri=RI,sinwt =Uy, sinwt
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Trong do: Upr = RI,

Ug = Yor _ gy

V2
Tir d6 quan hé giita tri hi€u dung cua dong dién va dién 4p la:

Urp= RI hodcl = % (2-27)

Dong dién va dién 4p c6 cung tin sd va cling pha véi nhau. PJ thi
véc td dong dién va di€n ap cho trén hinh 2-3, b.

i R ? —>
L T — —. 0
_ [ >
U a) b)
DA U
Py
Up
IR
t
T/2
T
c)
Hinh 2-3

Cong suat tiic thoi thodt ra trén dién trd 1a:

Pr () =uri = Ug Iy sin? at = Ug I (1- cos 2ax) (2-28)
D6 thi bi€u dién gid tri tic thdi cda dong dién i, dién 4p ug va cong
sult pg cho trén hinh 2-3, c.

Ta thay gi4 tri  pr(f) > 0, nghia la dién trd R lién tuc tiéu thu dién
ning clia ngudn va bién ddi sang dang ning lugng khéc.
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Vi cong suat tiic thdi khong c¢6 ¥ nghia thyc tién nén ta dung khdi
niém cong sult trung binh P, 12 gi4 tri trung binh clia cOng suat tifc thdi trong
mot chu ky:

T T
1 1
P:?‘([ e (D)dt :?i UpI(1-cos2at)dt = Ugl =RI>  (2-29)

2.4.2. Mach thudn dién cam L .

Khi cho dong dién i = I, sin @t chay qua doan mach thuan cdm L
(hinh 2-4, a) . Hiéu dién th€ giita hai diu mach sé& Ia:

di d T
u, t)=L—=L—,sinwt) = wLI,coswt = wLI,sin(wt +—
() & dt( 0 ) 0 o sin( 2)

u, (t)=U,, sin(r + g)

trong do: Uy, = oLl, = X; I
U
U =—2% =Xx,1
L= L
X, = wL c6 thit nguyén cla dién trd, do bing Q goi 12 cdm khdng
cia cudn day. T d6 quan hé giita tri hi€u dung ctia dién ap va dong
di€én la:

U, = X, I hodgc I = 2L (2-30)

%9

Dong dién va dién 4p c6 clng tan sd song dién 4p nhanh pha hon
dong di€én mot goc l1a n/2.

Cong suat tic thoi trén dién cdm L:
p, = u i = Uy I sin(ot + 7/2)sin ot
Lo | @-31)
= EUOLI0 sin2wt = U, Isin2wt

Cong suat trung binh:

T T
1 1 .
P o= ! pL(Ddr = — ! U Isin2otdt = 0 (2-32)
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A U_L’
L
—' » Y Y Y __,
UL T
a) b) >
A
uL pl— .
|
P
0 7l2 V4 2 w

c)
Hinh 2 -4

Trén hinh 2-4, ¢ 1a gidn dd dang séng cla cic dudng cong dong dién,
dién 4p va cong suit trén cudn diy L. Ta c6 nhan xét sau:

Trong nhdnh thuin dién cAm dong dién va dién dp c6 cling tin s6
song dién 4p nhanh pha hon dong di€én mot goc la /2.

C6 hién tugng trao d6i ning luong trong mach. Trong khodng tir
wt=0 dén wt=rx/2, cdong suit p (1) > 0, dién cdm nhan niing lugng va tich
lity trong tif trudng. Trong khodng ti€p theo wt=7/2dén wt=r, cOng sut
pu(t) < 0 ning lugng tich liiy trd lai ngudn va mach. Qua trinh cif tudn hoan
x4y ra lién ti€p, do d6 cong suit tdc dung trung binh trong mach bing
khong. Cudn cam khong tiéu thu niang lugng.

Pé€ dic trung cho qud trinh trao ddi ning lugng trong mach, ngudi ta
dua ra khai niém cong suat phdn khiang Q; cia dién cam:

Or=Ul=X1I" (2-32)

Pon vi clia cong sudt phan khang 12 VAR hoic kVAR = 10° VAR

2.4.3. Mach thudn dién dung C.

Khi cho dong dién i = I, sin et chay qua doan mach thuan dién dung
C (hinh 2-5, a) . Hiéu dién thé giita hai ddu mach sé& la:
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1 1 1
u~t)=—\idt=—\ I[,sinwtdt = ———1, coswt
c® C-[ CI ’ oC "’

up (1) = Uy sin(ot — %)

Trong do:
@

J2

Xc = 1/@wC c6 thit nguyén cta dién trd, do bang Q va goi la dung
khang cta tu dién.
Quan hé giita tri s6 hiéu dung ctia dong dién va dién 4p la:
U, = X.I,hoac I = 2¢ (2-34)
C
Cong suat tiic thoi trén dién dung:
pc®)=u-i=Uy-l sinwt sin(wt —7/2)=—U.Isin2wt (2-35)

Cong suat trung binh:
T T
p.o— 1 j pe(dt = A j _ U, Isin2etdt = 0 (2-36)
c =7 O c T c

Do thi biéu dién cdc gia tri tifc thdi clia dong dién, dién dp va cong
sult trén dién dung C bi€u dién trén hinh 2-5, c. Ta c6 nhan xét sau:
— Trong mach thuan dién dung C, dong dién va dién 4p c6 clng tan
s0, song dong dién nhanh pha hon dién 4p mot goc 1a m/2.

— Trong mach c6 hién tugng trao d6i ning luong giita dién dung véi
cdc phan mach con lai, do d6 cong suit tic dung trung binh trong
mach 12 bing khong. Dién dung khdng tiéu thu ning lugng.

Pé€ biéu dién qu4 trinh trao ddi ning ludng trong mach ngudi ta dua
ra khai niém cong suit phdn khiang Q¢ clia dién dung:

Oc =-Ucl = - XcI’ (2-37)
Pon vi ctia cong sudt phan khang 12 VAR hoic kVAR = 10° VAR.
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=
i c >
e » |} -
Uc L
a) Ue b)
A b,
i Ue
0 t/ T 27 > wt
C)
Hinh 2 -5

2.4.4. Mach R, L, C mdc noi tiép.

Khi cho dong dién i = I, sin @t chay qua doan mach R, L, C mic n6i
ti€p (hinh 2-6, a). Phin (ing clia cdc phan tf mach nhu di xét & trén, tic 1a
hiéu dién thé trén cdc phanti R, L, C lan lugt la:

up =Uypsinot = UR\/Esina)t;

u, (t) =U,, sin(a)t+§) = UL\/Esin(a)t+§)
U, = X;I, X; = oL

up (1) = Uy sin(oot — g) = U /2 sin(ot - g)

1
U- = X1, X, =——
C C COC
Hiéu dién thé hai dAu mach sé 1a:
w=up +u, +ue=U\2sin(or + @) (2-38)

Trong d6 gi4 tri cia U va ¢ dugce x4c dinh bing phuong phap véc to:

—_

U = ﬂ+U7+75
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Up
A R - € 3 Uc
Ug i u, iow _
) L c U U~ U, Z .
y AB - 3 () ) ® R
I Ur
a) b) c)
Hinh 2-6
Tir @6 thi véc td ta co:
U= Ul +(WU, -Up) = Iy R +(X, - X =1Z (2-39)

Trong d6: Z = \/R2 +(X, - XC)2 = \/R2 + X? = 3ng tr§ clia mach.
X=X, — X = dién khdang cia mach. (2-40)

T cong thitc (1-40), ta thiy: dién tr§ R, dién khdng X va tdng trd Z
hgp thanh ba canh cia m6t tam giac vudng (hinh 2-6, ¢) goi la tam giac
tong trd. Nhd tam gidc tdng trd ta d& dang xdc dinh dugc mdi lién hé
gilta cac dai lugng R, L, Z, gbc I€ch pha ¢.

1gp = = = = 2-41
gy U, R R (2-41)

Phu thudc vao dod 16n va diu clia géc 1éch pha ¢ ta ¢ cédc trudng

hgp sau:

- Khi ¢ >0, U, >U,,X; >X-, mach c6 dic tinh cdm khdng.
Dong dién cham pha hon di€én 4p mot goc ¢ (hinh 2-7, a).

- Khi ¢ <0, U, <U;,X; <X, mach c6 dic tinh dung khang.
Dong dién nhanh pha hon di€én 4p mot goc ¢ (hinh 2-7, b).

— Khi 9=0, U, =U.,X; =X, tgp = 1. Tong tr§ ctia mach lic
nay cuc tiéu: Z =R = Z,,, . Dong trong mach dat gia tri cuc dai,
trong mach xay ra hién tugng cong hudng ndi ti€p (hinh 2-7, ¢).

U

1= = U, (2-42)
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Up
I I Ue
) 0 Ur UL— UC U=l
a) b o ¢)
Ue
Hinh 2-7

Khi xay ra hién tugng cong hudng, dong trong mach truing pha véi
dién 4p hai diu doan mach. Néu X; = X >> R thi tri hiéu dung clia dién
4ap trén ciac phan tr L va C c6 thé 16n hon dién 4p U nhiéu 1an, do d6 cong
hudng con goi 1a cong hudng dién ap.

Piéu kién x4y ra cdng hudng dién ap 1a:

ol = L, tan s @ = 1 N (2-43)

oC \/E_

®y goi 12 tin s6 dao dong riéng clia mach.
§ 2.5. CONG SUAT CUA DONG PIEN XOAY CHIEU.

Trong trudng hgp tdng quét, khi tai clia mach dién xoay chiéu bao
gdbm cdc phan t R, L, C, trong mach s& x4y ra hai qud trinh ning lugng
sau:

— Qué trinh tiéu thyu dién ning va bién d6i sang cdc dang ning lugng
khic (chd y&u la nhiét ning) trén cdc phan ti dién tr§ hoat dong R cla
mach. Qua trinh ndy dudc dic trung bing cdng suit tic dung P.

— Qua4 trinh trao ddi, tich lily va gidi phong ning lugng dién tir trudng
trén cdc phan tr dién cdm L va dién dung C ctia mach. Qu4 trinh ndy dudc
dic trung bing cong suat phan khang Q.

2.5.1. Cong sudt tac dung P.

Cong suit tdc dung P 12 cong suit ti€u thu trén dién trd R cla
mach. Theo (2-29) P ¢6 gid tri bing cdng suit tiéu thu trung binh trong
mot chu ky:

T
1 2
P= J; p,(t)dt = Ugl =RI (2-44)
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Theo gidn dd véc to (hinh 2-5, b) ta c6: Ug = Ucos g, do do6 ta co:
P= RI*=Ulcoso (2-45)

Trudng hgp mach c6 nhiéu dién trd hoat dong thi cong suit tic dung
trén toan mach biing tong cic cong suit tiéu thu riéng ré& trén tirng dién trd:

P = ;PRk =;Rk I} (2-46)

2.5.2. Cong sudt phdn khdng Q.

Cong suit phdn khdang Q dung dé dic trung cho qud trinh trao doi,
tich lily ning lugng dién tr trudng trén cdc phan tir dién cdm L va dién
dung C cua mach.

0 =XI*"=(X,-X)I? (2-47)
Theo (2-32) va (2-37) ta c6 thé viét:
Q = XJd™-XcI*=Q+ Qc (2-48)

Trudng hop mach gdm nhi€u phin t& L va C thi cong suat phan
khang clia mach bing tdng cong suit phan khang trén cdc phin ti riéng ré:

0=20,+D0c =X, 1In-D Xy (2-49)

Theo hinh (2-5, ¢) ta c6 X = ( X, — X¢) =Z sin @, do d6 ta c6 thé viét:
Q = I*Zsin ¢ = Ul'sin ¢ (2-50)
2.5.3. Cong sudt bié¢u kién S.

P& dic trung cho kha ning cta thiét bi va ngudn thuc hién hai qui
trinh niing luong néi trén ngudi ta dua ra khai niém cong sut toan phan hay

cong suit biéu kién S :
S=UI =+P*+0? (2-51)

Nhu vay, c6 thé viét lai (2-45) va (2-50) nhu sau:
P =Ulcosp = Scosp
Q =Ulsmge =Ssing@
Ta thiy cuc dai clia cong suit tic dung P (khi cosp = 1) c6 gid
tri biang cong suit biu kién S. Cuc dai clia cong suit phin khiang Q (khi
sing = 1) bing cong suit bi€u ki€n S. Nhu viy S cho biét kha ning clia thiét
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bi dién. Gi4 tri dinh mifc clia cong suit bi€u ki€n S thudng dudc ghi trén
nhan cla cac may dién.
M0bi quan hé gitta P, Q va S dudc thé
hién bing ba canh cia mdt tam gidc vudng
(hinh 2-8), goi 1a tam gidc cOng suat. S
P, Q va § c6 cung thit nguyén, nhung 0
dé phan biét ngudi ta ding cic don vi khic @
nhau:
—bonvicaaP: W, kW, MW.
—bonviciaQ: VARKVAR, MVAR.
—Pbonvicia S: VA, kVA, MVA.

Hinh 2-8

2.5.4. Nang cao h¢ sé cong sudt cos .

Trong biéu thiic cong sudt tic dung P = Ul cosg , cosp dugc goi 1a
hé s6 cong suit. Gi4 tri ctia cose phu thudc vao cdc thong sd cia mach
dién. Trong mach RLC mic ndi ti€p ta c6:

cosp = X = R (2-52)
Z R +(X, -X.)
hoic : cosQp = N (2-53)

[p2 L2 S
Hé s cong suat 1a chi tiéu ri't quan trong, ¢ ¥ nghia rit 16n vé
kinh t€ nhu sau:

— Nang cao hé s0 cong suit sé ting dugc khd ning st dung cong
sudt cia ngudn (mdy phdt dién, mdy bi&€n dp ...) cung cip cho phu tdi.
Ching han, mot mdy phit dién c6 cong sudt dinh mifc 13 Sy, =
10000kVA, n€u hé s6 cong suit cia tdi cose = 0,5 thi cong suit tdc dung
cia may phdt cho tdi P = Sy, cosg = 10000.0,5 = 5000 kW. Né&u cosg =
0,9 thi cong suit tac dung P = 10000.0,9 = 9000 kW. Nhu vay khi cosg
cang cao, cong suit phdt ra cang nhiéu hon.

— Khi cin truyén tdi mot cong suat P nhit dinh trén dudng diy, dong
dién chay trén day la:

B P
N/ cos @

N&u cosg cang cao thi dong / cang nhd, 1am gidm ton that dién
ndng trén day.
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Trong cong nghiép va di€n dan dung tdi thudng c6 dic tinh cdm
khidng (cudn diy dong cd dién, mdy bi€n 4p, ... ) do vay cose thap. D€
ning cao hé s6 cOng suit cosp ngudi thudng mic song song vdi tdi mot
tu dién bu (hinh 2-8, a).

I Ic
> 3 > E
u Z c— z
. T
a)
Hinh 2-8

Khi chuwa mic tu dién bl, dong chay trén dudng day 1a I;, hé s6
cong suit ciia mach 1a cosg,.

Khi mic thém tu dién bu song song vdi tdi, dong chay trén dudng
day 1a 7, hé s6 cong sudt ctia mach 1a cose.

[ =T +1,
Tir @6 thi hinh (2-7, b) ta thdy dong dién I gidm cos¢ ting 1én:
I<Ili; o< @ vacosp>cose

Gia tri dién dung cua tu bu dugc tinh nhu sau:

Vi cong suit tic dung cda tai 1a khong d8i nén cong suit phin
khdng cia mach la:

— Khi chua bu: Q,=Ptg ¢
—Khimdctubl: Q=0,+Qc =Ptgp;+Qc=Ptg ¢
Tu do: Qc=-P(tg o —tg ¢). (2-54)
Miit khéc, cong sudt Q¢ cla tu dién dudc tinh:
Qc=-Uclc=-UUaC =-U oC (2-55)
So sdnh (2-54) va (2-55) ta c6:
C = —tteg - 1g0) (2-56)
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Chuong 3.
CAC PHUONG PHAP PHAN TIiCH
VAD GIAUI MATCH NIEAN

DPé phan tich va gidi mach dién cé nhiéu phuong phdp
khdc nhau. Viéc luva chon phuong phdp nao la tity thudc vao
titng so do mach cu thé.

Péi véi cdc doan mach don gidn cé thé dp dung dinh
ludt Ohm dé tinh todn. Vi cdc mach dién phitc tap thi hai dinh
ludt Kirchhoff la co s& dé gidi quyét bai todn.

Trong phan Ién cdc truong hop, dé phan tich mach
chiing ta phdi tién hanh cdc phép bién doi tuong duong can
thiét dé dva so do mach phiic tap vé cdc so do don gidn hon.
Trong chuong nay chiing ta sé khdo sdt cdc phép bién doi
tuong diong nhu: bién doi tré khdng song song, noi tiép, bién
doi sao — tam gidc. Ngodi ra, trong mot so truong hop chiing
ta sé dimg cdc dinh Iy Thevenin, dinh Iy Norton dé thuc hién
cdc phép bién doi mach.

Khi nghién citu mach dién xoay chiéu hinh sin ta sit
dung phuong phdp véc to va biéu dién phiic dé viét cac phuong
trinh mach. P61 voi cde mach dién mot chieu & ché d xdc lap,
c6 thé xem nhu truong hop riéng ciia dong dién hinh sin (véi
tan s6 @ = 0). Khi dé cdc phan tit dién khang ciia mach sé
khong c6 tac dung lam cho so do mach sé don gidn hon nhiéu.
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§ 3.1. CAC PHEP BIEN POI TUONG PUGNG.
3.1.1. Tong tré mdc néi tiép.

Gia st ¢6 cdc tr§ khang Z,,Z,,...,Z, mic ndi ti€p v6i nhau, tdng

tré tudng duong ctia mach s€ 1a:
Zay= 2, +2Z,+...+ i+...+Zn:ZZl. (3-1)
Trong d6 cédc trd khdng Z, c6 thé 1a dién trd hoat dong R, cdm

khdng X; hoic dung khdng X¢. Nhu vdy c6 thé viét dudi dang:
Ziy= Ry+ Xy (3-2)

Trong do: R, = ZR; X, = ZXL - ZXC . (3-3)

Vi du: Tinh tong tr§ tuong duong clia doan mach sau (hinh 3-1).

R1 Ly R3 c Ry Lo
—{F+—""" 3+ F+—""o —= o—{F o
7td
40 20 3 5Q  1Q 6Q2
a) b)
Hinh 3-1

Ap dung cdc cong thic (2.2) va (2.3)cho mach hinh 3.1 ta cé:
=Y R+jO X, - X)=(4+3+D+j2-5+6)=(8+3)Q

3.1.2. Tong tré mdc song song.

Tong trd tuong dudng clia cic nhénh mic song song c6 gia tri:

1 1
—_ = = +—+ + == —_— 3-4
Z, Z, Z, zZ, Z e
Hoic tong din tudng duong:
Va=N+h+. +7, =37 (3-5)
V6i trudng hgp c6 2 nhanh:
_ ZZ
Z, = ——% 3-6
td Z Z ( )

Vi du. Tinh tong tr§ tuong duong ctia mach dién hinh 3-2, trong d6:
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Z; = ]+j],'
Z, = 1+]]
Z1
1 Y Y
o—4 22 +—O —> o 1 O
Z

— H td

Hinh 3-2

2z, _ (+jhd-jh _ 4

Ta co: 7, = —1=2 _ =
T Z+Z, (4 jl+1- 1)

3.1.3. Bién doi tuong duong sao <> tam gidc. (hinh 3-3)
Goi: Z,,Z,,Z, - latong tr8 clia cdc nhdnh ndi hinh sao.
Zy,Zy3,Zy— 12 tong tr§ clia cdc nhdnh tam gidc tuong

duong, ta ¢6 cdc cong thifc bi€n ddi sau:
a) Tw sao sang tam gidc:

_ _ _ 77
Z,=2+27Z,+-2
12 1 2 23
Zy=Z,+ 72+ 23 (3-7)

Hinh 3-3. Bién doi sao <» tam gidc
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b) Tu tam gidc sang sao.

Z =—-231
Zyy+ 2y + 25

_ 7 7

7, = Znfn (3-8)
Ziy+Zy+2Zy

Z3 =— Z3_1 23
Zyy+ 2y + 25

Ta c6 thé chitng minh lai cdc cong thic (3-7) va (3-8) cia phép
bi€n d6i tuong duong. That vay, phép bi€n d6i phdi théa min diéu kién
12 khong dugc 1am thay ddi dong dién va dién dp tai cdc di€m noi véi

g 0 O
mach hinh sao hodc tam gidc. Nghia 1a cdc dong dién I1,12,13 va céc
0 0 0
dién 4p U12,U23,Us trong cd hai s6 d6 phdi bing nhau .

Gia st ID1 =0, theo sd dd hinh sao (3-3, a) ta c6:
623 = IDZ(Zz +73)
Theo so dd hinh tam gidc (2-3, b) ta c6:
6 23 = IDZ[(le +Z31)11Z 2]
= (Zn + Z1)Z2

Suy ra: Zo+Z3=— — (a)
Y Zio+ 223+ 723

0
Tuong tu, n€u cho 12 =0, theo hinh sao ta cé:
0 o _
Usi=15(Z3+Z1)

a o _— — _
Theo so d6 tam gidc:  Uai = 1,[(Z12 + Z23) /] Z 2]

Suy ra: 747y = L2t Za)la (b)
VAVE WAL R WA

0
Né&u cho 13 =0, theo hinh sao ta c6:

0 0_
U =1,(Z1+2Z2)

a o _ — _
Theo so db tam gidc: Uiz = |,[(Z31+ Z23) /] Z12]

Suy ra: Zi+Zo= (Zzs 4 Za1)Z1 (c)
Ziz+Zxs+723
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Cong (a)+(b)+(c) v€ vé6i v€, rdi chia doi ta cé:
7147047 ZlZZ§+ Z§231 iZ31212
VAVE WAL T WA

(d)

Thay (d) 1an lugt trd vé€ (a),(b),(c) ta sé& tim lai dugc cdc cong thic
bi€n d6i (3-8) va (3-7) tuong tng.
Vi du: Tinh dong dién I chay qua ngudn ctia mach cau hinh (3-4, a), biét
rﬁng R, =12Q, R, =R3;=6Q, R, =21Q, Ry = 8Q2, E =240V, R, = 2Q.

Bai gidi:
Bi€n d8i tam gidc ABC (R;,R,,R) tir hinh (3-4, a) thanh hinh sao
RA,RB,RC (hil'lh 3-5)

Ta c6: R, = RRR, 126
R+R,+R, 12+6+18
_ R-R, 1218
® R +R,+R, 12+6+18
R,R, 186

"R +R,+R, 12+6+18

bién tr tuong duong ctia 2 nhanh song song la:
_(Rg+R3)- (R +R,) (6+6)-(3+21) _80
Rg +R;+R: + R, 6+6+3+21

oD

bién tré tuong duong toan mach la:
R,=R +R,+R,, =2+2+8=12Q
Dong dién chay qua ngudn 1a:

1=L£ 289 954
12
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3.1.4. Mang hai cuc — Phép bién doi nguon dién tuong dvuong.
a) Mang hai cuc.

Khi can khio sat mot nhdnh ndo dé clia mot mach dién phifc tap,
ta tich nhdnh d6 ra khéi mach. Phian con lai clia mach dién tao thanh
mot mang hai cuc, vi c6 hai cuc d€ ndi téi nhanh vira tich ra.

M4y phat dién, accu, mot dién trd ... déu c6 thé coi nhu mdt mang
hai cuyc. Mang hai cuc c6 chira ngudn dién, tiic khd ning cung cAp mot
dong dién cho phu tdi mic vao hai cyc cia mang dudc goi 1a mang hai
cyc ¢6 ngudn. Ngudc lai, n€u mang hai cuc khdng c¢6 kh3 ning cung cip
dong dién cho phu tdi mic vao hai cuc ciia né goi 1a mang hai cuc khong
c6 nguodn.

b) Pinh Iy Thevenin.

P6i v6i mang hai cuc khong c6 ngudn, ta 4p dung cdc phudng
phdp bi€n ddi trd khang tuong duong (ndi ti€p, song song, sao — tam gidc)
dé dua mang vé dang mdt dién trd tuong duong R,; goi 12 dién trd tuong
duong thay thé clia mang hai cuc.

P6i v6i mang hai cuc c6 ngudn ta c6 thé ap dung phép thay thé
tuong duong Thevenin (hay dinh 1y Thevenin) sau:

“Mot mang hai cuc phitc tap cé nguén gita hai diém A va B cé thé duoc
thay thé bang mot mach dién hai cuc don gidn gom mot nguon siic dién
dong E,, ndi tiép voi mét dién tré Ry, , trong do gid tri cua siic dién dong
E, bdng dién dp giita hai cuc U khi hé mach ngoai, Ry, la dién tré
twong dwong giita hai cuc ciia mang khi siic dién dong ciia mang bang
khéng” (hinh 3-5).

oA A
MANG 2 Etn
cuc co —>
NGUON
R
——————— 08B B

Hinh 3-5. Phép bién doi Thevenin
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c) PBinh ly Norton.

Mang 2 cuc c¢6 ngudn cé thé dugc thay thé bing ngudn dong tuong
duong theo dinh 1y Norton: “Mét mang hai cuc phitc tap cé nguon giita
hai diém A va B c6 thé duoc thay thé bing mdét mach dién hai cuc don
gidn gom mot nguén dong dién Jy mdc song song véi mot dién tré Ry,
trong doé Jy bang dong dién ngdn mach gita hai cuc A va B, con Ry, la
dién tré tuong duong gita hai cuc khi cdc sitc dién dong ciia mang bdng
khong (giong dién tré Thevenin).(hinh 3-6)

O A O A
MANG 2
cyc ¢6 -+ BDuw [
NGUON
Y o g

Hinh 3-6. Phép bién doi Norton.
Vi du: Cho mang hai cyc nhu s6 d6 hinh (3-7, a), trong d6 E = 20V,
R, =2Q, R, = 8Q. Hiy thay th€ mang 2 cuc trén biing s6 d6 Thevenin va
bing so dd Norton.

O A A O A
2gv Eih
vz ] — v > @D [JRe
R, 8Q2 R 10A 1,60
th
2Q 1,60
o B B O B
a) b) c)
Hinh 3-7.
So dd thay thé Thevenin nhu hinh (3-7, b), trong do:
E 2
E, =U,; = -RZ:—O-8=16V
R, +R, 2+8
R R 2-
R, = Ry =—1% = 8 = 1,6Q2
R +R, 2+8

— So dd thay th€ Norton nhu hinh (3-7, ¢), trong do:
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E 20
JN = Jngdnmach AB — E: 7 = 10A
1
R, = Ry = DR _ 28 _ 60
w7 R +R, 248

§ 3.2. PHUGNG PHAP DONG DPIEN NHANH

Phuong phdp dong dién nhdnh st dung hai dinh luat Kirchhoff dé
thi€t 1ap hé phuong trinh gidi mach dién. S6 nhdnh ctia mach dién bing
s6 4n sO phai tim.

Né&u mach c6 n nhdnh tic 13 Gng v6i n 4n so ta phdi thiét 1ap it
nhat n phuong trinh doc 14p. Gid st mach c¢6 m niit ta s€ thi€t 14p dugc m-
1 phudng trinh ddc 14p cho niit, cdn lai n-(m-1) phuong trinh vi€t cho mit.
Céc budc d€ gidi bai todn nhu sau:

—Buée 1. Dit cho dong dién chay trén cdc nhdnh mdt mot chiéu tuy y.
—Budc 2. Dung dinh luat Kirchhoff 1 vi€t m-1 phudng trinh cho niit.

—Buéc 3. Chon n - (m-1) mit véi chiéu duong tily ¥ va ding dinh luat
Kirchhoff 2 d€ viét ciac phuong trinh cho mit.

—Budc 4. Gidi hé n phuong trinh d€ tim ra d4p s6 12 cdc dong dién nhdnh.
Né&u dong dién tim dugc cé gid tri Am nghia 13 chiéu thuc t&€ cia
dong dién ngugc vSi chiéu da chon ban dau.

Pic diém cda phuong phdp nay 13 c6 thé gidi dugc cdc mach dién
phifc tap, nhi€u ngudn, nhiéu nhdnh. Do s6 phuong trinh cin thi€t 1ap
biang s& nhdnh clia mach, nén khi mach phtc tap sd lugng phuong trinh
s€ tang 1én. Tuy nhién viéc gidi hé v6i mot sd lugng 16n cdc phuong trinh
tuyén tinh c6 thé st dung phuong phap matrin va cdc chuong trinh may
tinh trg gitp.

Vi du. Cho mach dién nhu hinh 3-7, trong
doe =e= 120x/§sin ot (V);

7.-7,-7,=2+j2Q.

Hay tim dong di€n chay trong cac
nhédnh.
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Bai gidi:
Mach ¢6 m = 2 niit A,B va n = 3 nhdanh . Nhu viy s6 phudng trinh
cAn phdi vi€tla n = 3.
— Chon chiéu dong dién chay trong cdc nhdnh nhu hinh vé.
— Viét phuong trinh cho nit A:
l,—1,-1,=0
— Chon 2 mit a va b véi chiéu duong 13 chiéu kim déng hd nhu hinh
vé. Viét phuong trinh dinh luat Kirchhoff 2 cho 2 mit ta c6:
21|.1+22 |.2 = El
~Z2ly+Zsl; =—E,
Thay gid tri E =120e'%E;=120e/°va Z,=7,=2,=2+ j2 vao
hé phuong trinh trén. Sau khi giai ta dugc:

I, =10- j10

|, =/10% +10? =102 A

[,=20-j20

V202 +20% =204/2 A

l,=—10+ j10
|, =10? +10% =10+/2 A

§ 3.3. PHUONG PHAP DONG DPIEN VONG.

P

D6i v6i cdc mach dién phic tap, khi s6 nhdnh 16n, viéc 4p dung
cdc dinh luat Kirchhoff s& mat nhi€u thdi gian do phdi gidi mot sd lugng
16n cdc phuong trinh. Bai todn sé don gidn d4ang k€ khi 4p dung phuong
phdap dong mach vong. Phuong phdp nay st dung dinh luat 2 Kirchhoff
véi cdc quy udc vé dong dién vong nhu sau :

1. Trong mdi mdt cé mét dong dién vong chay khép kin.

2. Téng dai sé dién dp roi (sut dp) trén cdc tong tré cia vong do cdc
dong dién vong gdy ra bdng tong dai s6 cdc s.d.d ciia vong. Ddu
ciia dong dién va s.d.d. 1dy ddu duong khi tdc dong ciing chiéu
vong va nguoc lai ldy ddu am.

Vi du : Xét bai todn trong vi du hinh 3-7 theo phuong phdp dong
di€én vong.
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Bai gidi:

Mach dién c6 2 mit a va b.
Go1 dong dién vong chay trong cac I A L
mat tuong @ng 1a I, va I, (hinh 3-8).

Vi€t phuong trinh dinh luit Eq
Kirchhoff 2 cho 2 mach vong ta ¢6 :

(Z+2)1, 7, = ’

N €Y

(2, +2,)1,- 2,1, =-E,

B

e Hinh 3-8
Thay cac gia tri

Z,=7,=27,=2+]j2Q, E,=E;=120¢"" ta c6:
(4+j4)I,—(2+j2)1,=120e"
(4+j4)I, —(2+ j2)1, =—120e"
Giai hé (b)ta co :
I, =10 j10
| =—10+j10

(b)

Tu d6, dong dién cac nhdnh s€ la:
l,=1,=10—j10 A
l,=1,-1,=20-j20 A
l,=1,=-10+ j10 A

Hay vé do 16n:

|, =v10% +10? = 102 A
|, =/20% + 20> = 20/2 A
|, =4/10% +10% = 1042 A

§ 3.4. PHUONG PHAP PIEN AP NUT
3.4.1. Dinh lugt Ohm cho doan mach chita nguon.

Cho doan mach nhu hinh 3-9,a. Gid st dién 4p dit vao hai dau
mach la UAB , dong chay qua mach dugc x4c dinh theo dinh ludt Ohm:
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b
OF;
]

Hinh 3.9a

Quy uSc ddu: U, E tic ddong cliing chiéu / 14y diu duong, ngugc
lai 14y dAu am.

Trudng hdp tdng quat, n€u doan mach c6 nhiéu phan t& mic ndi
ti€p ta co:
+U \p + ZEk

_k

S7
k
3.4.2. Phuong phdp dié¢n dp 2 niit.

Phuong phdp dién 4p 2 nit 4p dung cho mach dién c6 nhi€u nhianh
nhung chi ¢6 2 nit. Phuong phdp nay dua trén cd s§ thiét 1ap phuong
trinh dién 4p gitta 2 nit clia mach cho phép gidm s6 phuong trinh cAn
thiét.

Vi du: xét lai bai todn c¢6 sd d6 trén hinh 3-7. Ta hdy chon chiéu
clia cdc dong dién I,,1,,I; nhu hinh vé. N&u giita 2 nit A va B dit mot
hi¢u dién th€ U,, di bi€t thi dong qua cdc nhdnh sé& dugc tinh theo
phuong trinh (3-9).

I= (3-9)

i =B g gy
Z
i="Ya_ _y .7, (3-10)
Z>
: E. —U : —
I, :—( 3_UAB) =(E;-U,p) Y3
Z3
Theo dinh luat Kircchoff 1 ta cé:
L +1,+1;=0

(E,—U,)Y1 U, Y2 +(E,—U,,)Y3=0
EY1+EY3=U,,(Y1+Y2+Y3)
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EY1+EY3

U
B Y Y2+ Y

AB
Trong trudng hop tdng quat,
néu gifta 2 nit A vd B ¢6 k nhdnh
mic song song thi bi€u thitc dién
ap 2 nut c6 dang: Hinh 3-9

ZEYk

(3-11)
ZYk
Ap dung cho bai todn trén h1nh 3-9 ta co:
EYi+EY Oejo(zl'le'zj
Uyp =~ 2 = tJ 2] _80e/0 =80V

Yi+Y2+Ys 1 Lo 1
24+j2 2+4j2 2+j2

- 120-80

I =(E, -U,,)Y I =———=(10-jl0)A; I, =10v2A
2452
. = -80 .
I,=—U,,)Y>»=———=(-20—j20)A; I, =202A
242
13:(E3—UAB)?3_M_(10 j10)A; I, =1024
24+ j2

K&t qué ta thdy so v6i phuong phdp dong nhdnh, dong mach vong
thi phuong phdp dién 4p 2 nit cho k€t qua nhanh hon.

§ 3.5. PHUONG PHAP XEP CHONG

Phuong phap x&€p chdng dugc dp dung d€ x4c dinh dong dién trong
mach c¢6 nhi€u ngudn dién tic dong. Phuong phdp nay rit ra tir tinh cha't
co ban ctia hé phuong trinh tuyé&n tinh. N&u trong mot nhanh cé nhiéu
dong dién do cdc ngudn khidc nhau cung cip, thi dong dién tdng bing
tong dai sd cdc dong dién qua nhdnh do tic dung riéng ré cla tiing stc
dién dong (lic d6 cdc sic dién dong khiac dugc coi nhu bing khong).
Pién 4p trén mdi nhanh ciing bing tdng dai sd cdc dién 4p giy nén do
tac dung riéng ré cua ting sic di€n dong.
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Vi du. Xét mach dién trén hinh 3-10, a: R=2Q2, L :%H. Tinh dong
T

dién chay trong cac nhdnh ddi véi 2 trudng hgp sau:
a) Cdc ngudn dién xoay chidu : ;= e, = 1202 sin 314 ¢ (V)

b) C4c ngudn dién mot chiéu: E; = E; =60 V.

Hinh 3-10

Bai gidi.
Ap dung phuong phdp x&p chdng, ta c¢6 2 sd dd tuong dng vdi su
tdc dong riéng ré clia mdi stc dién dong (3-10, b,c).
a) Khi e;=e; = 1202 sin 314 1 (V).
Ta c6: Cdm khiang X, =wL = 314.3% =2Q
T8ng trd: Zi=Zr =Z3 =2+ j2Q
Gi4i mach hinh 3-10,b . Diing phép bién ddi twong dudng ta cé tong
trd tudng dudng cia hai nhanh 2 va 3 la:

Zd:2+212:1+jm
Dong dién: =t _120 —=20-j20A
Zi+Zua (2+j2)++ 1)

_'22_'32% = 10-j10A

Mot cdch tuong tw, d6i véi mach hinh 3-10,¢ ta c6:
I"=20-j20 A
I"=1"3=10-j10A

Dung nguyén 1y chdng chit ta c6:
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Li=1'"—1"=(20~j20)~ (10~ j10)=10~ j10 A
I, =10 +10° =102 A
;2 ZFz—Fz =(10—j10)_(20_j20):_10+j10A

I, =~10* +10* =102 A

Is=T5+1"=(10— j10)+ (10— j10)=20 - j20 A
I, =207 +20% =202 A

b) Truong hop nguéon mot chieu E; = E, = 60V

Khi gidi mach d&i v6i dong mot chiéu & ch& do xdc 1ap ta chi can chi
y ring cdc thanh phan khing bing khong, tong trd clia mdi nhanh chi c6
thanh phin dién trd hoat ddong R. Cic dai luong khic dugc bi€u dién
biang s thuc. Pién trd tuong duong ctia 2 nhanh 2 va 3 (Hinh 3-10,c) :

R
dezz ZIQ
Céc dong dién: ['| = B _ 0 =20A
R +R, 2+1
I

Ih=13==t=104

Tuong tu, véi sd db hinh 3-10, ¢ ta co:
I",=20A
1" =1" I%IIOA
X&p chdng két qua ta co:
L =1-1," =20-10=10 A
L= -1, =10-20=-10 A
L=I’+1” =10+10=20 A
K&t qua tinh todn cho gid tri dong I, < 0, nhu vdy dong thuc t&
ngudc vSi chiéu da chon.
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Chuong 4.
MACH DIEN B6A PHA

H¢ thong dién 3 pha la tdp hop ba hé thong
dién mot pha duoc ndi véi nhau tao thanh mot hé
thong ndng luong dién tix chung, trong dé siic dién
dong & mdi mach déu cé dang hinh sin, cing tan so,
léch pha nhau mét phdn ba chu ky.

ot

N
<[y

Es

w|N
A

wln
a

w|n
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§ 4.1. HE THONG PIEN 3 PHA

4.1.1. Pinh nghia. Hé thong dién 3 pha 12 tdp hgp ba hé thong dién mot
pha dugc ndi v6i nhau tao thanh mot hé thdng ning lugng dién tir chung,
trong d6 sitc dién dong & mdi mach déu cé dang hinh sin, cling tin sd,
l1éch pha nhau mot phan ba chu ky.

Hé thong dién 3 pha c6 nhiéu uu di€m hon han hé thong dién mot
pha. P€ truyén tdi dién mot pha ta cin dung 2 day din, nhung d€ truyén
tdi hé thong 3 pha chi cAn dung 3 hoic 4 day din do vy ti€t kiém va
kinh t€ hon. Hé 3 pha dé dang tao ra tr trudng quay, lam cho viéc ch&
tao dong co dién don gidn. Cdc dong cd cong suat I6n déu phdi st dung
ngudn dién 3 pha.

4.1.2. Nguyén ly mdy phdt dién ba pha.

Hé thong dién ba pha dudc tao ra tif may phat dién ddng bo ba
pha, hoat dong dua trén nguyén 1y cam tng dién tir.

Cau tao nguyén ly clia may phdt dién 3 pha gdém hai phan:

a) Stator (phdn tinh). GOm ba cudn diy gidng nhau (goi 1a céc
cudn diy pha) dit 1éch nhau 120° trong céc rinh cta 16i thép stator. Céc
cudn day ba pha thudng ky hi€u tuong tng la AX, BY, CZ.

b) Rotor (phin quay). La mdt nam
cham dién N-S (hinh 4-1)

Khi rotor quay, tif trudng ctia né lan
lugt quét qua cac cudn day pha, gdy ra céc
stic dién dong hinh sin c6 cung bi€n dd, cung
tAn s&, nhung 1éch pha nhau 120°. N&u chon
pha ban dau clia sifc dién dong e, trong cudn
diy AX bing khong ta c6 bi€u thic cédc siic
dién dong trong cac pha la:

e, = E\2sinor

ey = EN2 sin(a)z—%”) (4-1)

€C = E\/ESIH(Q)t—Al-?ﬂ-) = E\/ESIn(a)t+2?ﬂ-)
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Hoic bi€u dién duSi dang phic:

E, = Eel’
27
. -j =
E; =Ee 3
27
) Jj—

(4-2)

D6 thi hinh sin vA gidn d6 véc to siic dién dong 3 pha dudc thé

hién trén hinh 4-2.

. BA 63 ec
0 ot
A _/
A
2 Hinh 4-2

D6i véi ngudn 3 pha ddi xing ta c6:

€A+€B+€C=0

Hodc dudi dang phic:

E,+Eg+E.=0

Né&u ndi riéng ré ting pha vdi tdi ta
dugc 3 hé thong modt pha ddc 1ap, hay hé
thong 3 pha khong lién hé v4i nhau (hinh
4-3). Hé thdng nay it st dung trong thuc t&
do khong kinh t€ vi cin t6i 6 diy dan.

Thong thudng 3 pha ngudn dugc ndi
vdi nhau, 3 pha tai ciing dudc ndi véi nhau
va c¢6 dudng diy 3 pha ndi giita ngudn va
tdi. C6 2 phuong phdp ndi mach 3 pha
thudng st dung trong cong nghiép 1 noi
hinh sao (Y) va ndi hinh tam gidc (A).

Ea
b)

(4'3,3)

(4-3,b)
A i
P Qe
Z Y__

Ic>

Hinh 4-3
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§ 4.2. PHUONG PHAP NOI HINH SAO
4.2.1. Nguyén tdc néi.

Mbi pha clia ngudn va tdi déu c6 di€ém diu va diém cudi. Ta
thudng ky hiéu cdc diém dau pha 1a A,B,C, cidc diém cudi pha 12 X,Y,Z.
D€ noi hinh sao ngudi ta ndi 3 di€m cudi clia cac pha lai v6i nhau tao
thanh di€m trung tinh.

DP6i v6i ngudn, 3 diém cudi X, Y, Z cla cdc cudn ddy mdy phat
dién dudc ndi lai v6i nhau tao thanh di€ém trung tinh O.

Dboi véi tai, 3 di€m cudi X°, Y’, Z’ dudc ndi lai v6i nhau tao thanh
diém trung tinh O’ (hinh 4-4, a).

Ba diy ndi cidc di€m diu cda ngudn va tdi AA’, BB’, CC’ goi la
cac day pha.

DAy din ndi cdc di€m trung tinh OO’ goi 1 diy trung tinh.

A | P N A
I, W
U
g) lUp Uas ig- pl ¢o|
c B l Uq I C'%\B' .
. "
a) b)

Hinh 4-4

4.2.2. Quan hé giwta cdc dai lugng ddy - pha.
a) Quan hé gita dong dién ddy 1, va dong dién pha I,

Dong dién pha I, 12 dong dién chay trong mdi pha cia ngudn (hoic
tdi). Dong dién day I, 1a dong chay trong cdc day pha ndi giita ngudn va
tdi. T hinh (4-4, a) ta thdy dong dién day I, c6 gid tri bing dong dién
chay trong cac pha I,

Id = Ip (4—4)
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b) Quan hé giita dién dp ddy va dién dp pha.

Dién dp pha U, 1a dién 4p gilta di€m dau va di€m cudi cda mdi
pha (hodc gitta day pha va day trung tinh).

bién dp day U, 1a dién 4p gitta 2 diy pha:

UAB = UA_UB
Uge = Ug —U¢ (4-5)
UCA: Uc _UA

PE vé d6 thi véc td dién dp day,
truSc hét ta vé& dod thi véc to dién 4p pha
Uy, Up, Uc, sau d6 dua vao cong thitc (4-5)
ta dung do thi véc to dién dp day nhu trén
hinh (4-4, b), hodc hinh (4-5). Ta c6:

— V& tri 50, dién 4p diy U, 16n hon
dién 4p pha U, 1a +/3 14n. That vay, xét
tam gidc OAB tir d6 thi hinh (4-4, b) ta c6:

AB =2 AH =2 OA cos 30° = 20A§ — J30A

Us = V3U, (4-6)
Dé thay ring, khi dién 4p pha d6i xdng, thi dién 4p day doi xitng.
— Vé pha, cidc di€n ap diy Uap Upc Uca 1€ch pha nhau mot goc
120° va vuot trude dién 4p pha tuong tng mot goc 30°.
Khi tdi doi xitng, dong dién qua day trung tinh bing khong:
lo=1,+I4+I, =0 (4-7)
Trong trudng hop nay cé thé khong cin diy trung tinh, ta ¢6 mach

ba pha ba dy. Vi du, dong cd dién ba pha 13 tdi d6i xitng, chi cin dua ba
day pha ndi d€n dong co.

Thong thudng trong thuc t€, tdi ba pha 1a khdong can bing, khi d6
dong dién qua day trung tinh 13 khdc khong, do d6 bit budc phdi c6 day
trung tinh.
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§ 4.3. PHUONG PHAP NOI HINH TAM GIAC.
4.3.1. Nguyén tdc néi.

Dé€ n6i hinh tam gidc ngudi ta ndi dau pha nay vdi cudi pha kia, vi
du A n8i v6i Z, B n6i véi X, C n6i vi Y (hinh 4-6).

Ec E,

a) b)
Hinh 4-6
4.3.2. Quan hé giiia cdc dai luong ddy — pha.
Ky hi€u cdc dai lugng day, pha nhu trén hinh 4-6, a.
a) Quan hé giita dién dp ddy va dién dp pha.
Tur hinh vé& ta thdy khi n6i tam gidc thi dién 4p giita hai diy chinh
la di€n 4p pha:
U; = Up (4-8)
b) Quan h¢ gita dong dién ddy 1, va dong dién pha I,
Ap dung dinh luat Kirchhoff 1 cho céc nit, ta c6:

Tai niit B: [y =1y —1,4p (4-9)

bd thi véc td cac dong di€n day Iy, Ip, Ic va dong di€én pha I, Iz,
Ica vE trén hinh (4-6, b). Ta c6:

— V& tri s0, dong dién day 16n gap /3 1an dong dién pha. That
vay, xét tam gidc OEF tir dd thi hinh (4-6, b) ta c6:
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EF = 20Eco0s30° = 20E§ - 3 0E

tir d6: I,=+31, (4-10)

— V& pha, cdc dong dién day I, I Ic 1éch pha nhau mot géc 120°
va chadm pha sau dong dién pha tuong &ng mot géc 30°.

§ 4.4. CONG SUAT PIEN BA PHA

4.4.1. Cong sudt tac dung P.
Goi P4, Pp, Pc tuong ting la cong suit tac dung cta cdc pha A, B,
C, ta c6 cong sudt tic dung cia mach ba pha biing tong cic cong suit tic
dung ctia tirng pha:
P=P,+Py +FP-=U,l,cosp, +Uglpcospy +UqI-cosoe

Khi mach ba pha doi xitng ta c6:

COS@, = COSPp = COSP, = COSY

Tu do: P= 3Uplp CcosQ 4-11)
< _ 2

Hodc : P=3 R I (4-12)

Trong d6 R, 1a dién trd pha. N€u thay dai lugng pha bing dai
lugng day:

Trong c4ch n6i hinh sao:
Ip = Id’ Up = E

Trong céch ndi hinh tam gidc:
1
U,=U,; 1, =%
p N
Ta c6 cong suit tic dung trong mach ba pha viét theo dai lugng
day 4p dung cho ca hai trudng hdp n6i hinh sao va tam gidc doi xitng:

P=3U,I,cosp (4-13)
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Trong d6 ¢ la goc léch pha gilta di€n 4p pha va dong di€n pha
tuong Ung:
Rp

[5 2 2
Rp +Xp

Cong suat phdn khdang ctia mach ba pha 1a:

0=0,+05+0-=U,l,sinp, +Uglgsingg + Ul sing

cosQ =

4.4.2. Cong sudt phdn khdng Q.

Khi mach déi xitng ta c6:
Q=3Up1psin(0 (4-14)
Hoic: 0=3X,I; (4-15)
Trong d6 X, 1a dién khdng ctia pha. Néu bi€u dién theo cdc dai
lugng day ta cling c6:
0=3U,I,sing (4-16)
4.4.2. Cong sudt biéu kién.

Khi ddi xing, cong sud't biéu ki€n ba pha la:
S =\P*+Q* =3U,I,=3U,l, (4-17)

§ 4.5. GIAI MA CH PIEN BA PHA POI XUNG.

D6i véi mach dién ba pha d6i xitng, dong dién va dién 4p cdc pha
c6 tri sO bing nhau va Iéch pha nhau mdt géc 120°. Khi gidi mach ba pha
ta chi can tinh cho mot pha, sau d6 suy ra cdc pha con lai.

Khi ndi vao ngudn c6 dién dp Uy, bd qua tong tr§ cla dudng diy,
néu bi€t tong trd tai, cdc budc tinh todn sé& thuc hién nhu sau:

—Budc 1. X4c dinh cach ndi phu tdi : hinh sao hay tam gidc?
—Budc 2. Xac dinh dién dp pha cia tai:
+ N€&u ndi hinh sao:
v = Ya

G

+ N€u tdi ndi tam gidc: Uy = U,
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— Budc 3. X4c dinh tdng trd pha va hé sd cong suit cia tai.

_ 2 2
Z, = (R’>+X,

R, _ R,

Hé s6 cong sudt: cosp = L = —L2
Zp «/Rp2+Xp2

— Budc 4. Tinh dong dién [, cia phu tai.

+ N€u tdi ndi sao: I,=1,
+ N€u tdi ndi tam gidc: 1,= \/glp

— Buéc 5. Tinh cong suit tiéu thu trén phu taj.
P= 3Rp1; =3U,l cosgp =\/§Ud1dCOS(0
0= 3XPI]%: 3Uplpsin(0:\/§Ud1dsingo
S=13Z,07=3U,1,=3U,,

Vi du 1. Mot tdi 3 pha c6 dién trd pha R, = 20Q), dién khdng pha X, =
15Q, ndi hinh tam gidc va diu vao ludi dién 3 pha c6 dién dp day U, =
220V. (hinh 4-7, a). Tinh dong dién pha I,, ddong dién diy I,, cOng suit tai
tiéu thu va vé dd thi véc td dién 4p ddy va dong dién pha phu tii.

Uca
Tea
o —
_ 36,87 0
Ige TAB
Use
a) b)

Hinh 4-7
Bai gidi. Theo sd dd ddu diy (hinh 4-7) tii ndi tam gidc, do d6 dién
ap pha cia tai la:
Us=U,=220V
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T6ng trd pha clia tai:
_ 2 2 o2 1a2 _
zZ, = \/Rp +X, —\/20 +15° =25Q

Dong dién pha cua tai:

U 220

I = = — = §,84
25

_P
P
Z,
Dong dién day cida tai:
I,=31,= /388 =15244
Cong suat tdi tiéu thu:

P=3R,I>=3.20.838" =4646,4 W
Q= 3X,I,=3.15.8,8" =3484,8 VAR
S=3U,1,=13.220.15,24 = 5870,21VA

A A A A~ Rp 20 o
Hé s0 cOng suit: cosp = — = —=0,8, ¢p=36,87
zZ, 25

Dong dién cham pha hon dién 4p mot géc 12 ¢ =36,87°. Bd thi véc
td dong di€n va di€n dp pha v€ trén hinh (4-7, D).
Vi du 2, MOt tai 3 pha 1a 3 cudn diy dudc diu vao ludi dién 3 pha c6
dién dp day 1a 380 V. Cudn diy c6 dién trd R = 2Q), dién khdang X = 8Q
va dugc thi€t k&€ 1am viéc & dién dp dinh mitc 1a 220V,

2) Xéc dinh cdch n6i cdc cudn day thanh tdi 3 pha.

2) Tinh cOng sudt P, Q va cosg cua tai.

Uy = 380V Yﬁ 380V
Be

a) b)

Hinh 4-8
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Bai gidi.
a) Cdc cudn day phdi ndi hinh sao (hinh 4-8. a), vi khi dau vao ludi
dién 3 pha thi dién 4p pha dit 1én mdi cudn diy bing dién 4p dinh mic:
U, :ﬁ:@:ﬂOV.
KRG
N&u tdi ndi tam gidc, dién 4p pha dit 1én cudn day (hinh 4-8, b):
U,=U;=380V
Gia tri dién ap 380 V 16n hon dién dp dinh mic ctia cudn diy, nén
cudn diy s€ bi hdng.
b) Téng trd pha cla t3i 1a:
2 2 2, o2
Z, = R} +X,} =\2? +8> =8240

Hé s6 cong suat:

R
cosp = —2 = 2 . 0,242
zZ, 824
X
sing = L = & = 0,97
p 2
Dong dién pha I, cla tai:
U
PV e
Pz, 82
Dong di€n day:
Id = Ip = 26,7 A

Cong suat tic dung clia tai:
P=-3U,I, cosp=+/3.380.26,7.0,242=4252,6 W
Cong suat phan khdng clia tai:
0 =/3U,Isinp=~/3.380.26,7.0,97 =17045,7 VAR

Cong suat biéu kién:
S=\3U,I, = /3.380.26,7 =17572,8 VA

§ 4.6. GIATI MA CH PIEN BA PHA KHONG POI XUNG

Mang dién ba pha cung cip dién cho cdc khu din cuv 12 mang dién

3 pha 4 ddy. Ning lugng dién cung cip cho sinh hoat dudc 18y tf mdt pha
va day trung tinh, do d6 cap dién 4p dinh muc clia cdc thi€t bi tiéu thu
dién 12 dién dp pha U,. Do tdi clia cic pha 1a khong dong nhat va thay
TS. Luu Thé Vinh
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ddi nhiéu nén mang dién clia hé thdng 12 mang 3 pha khdng d6i xiing
(hinh 4-9).

Day pha A
A Y p A

| Up
0 Déay trung tfnh
c Ma c,
7 DayphaC Day pha B

a) b) c)
Hinh 4-9

Né&u bd qua trd khiang clia day trung tinh titc 1a bd qua sut 4p trén
dudng day thi dién th€ di€m trung tinh clia tdi O’ xem nhu triing v6i dién
th& di€m trung tinh clia ngudn O. Khi tdi cdc pha thay ddi dién dp pha U,
trén tdi van gii gia tri binh thudng (hinh 4-9, b) khdong vudt qud dién 4p 3
pha.

Pay Ia tdc dung cia day trung tinh. N&u khong c6 day trung tinh,
hoic day trung tinh bi dit thi trong trudng hop tai cdc pha thay d6i di€ém
trung tinh O’ cla tdi s& 1&éch khdi di€m trung tinh O cda ngudn lam cho
dién dp cdc pha tai U,’, Up’, Uc’ thay ddi rat nhiéu (hinh 4-9, ¢) so véi
dién 4p pha dinh mifc, dan tdi qud dp hoic thi€u 4p cho cdc dung cu tiéu
thu dién.

P61 v6i mach 3 pha ndi hinh sao khong c6 diy trung tinh, khi tai
khong d6i xing ta ti€n hanh gidi bai todn d6i véi tirng pha riéng ré.

Vi du. Mang dién 3 pha 380 / 220V ¢6 day trung tinh cung cip dién
cho tai 3 pha gdm 90 béng den sgi dot loai 220V-60W, mdi pha 30 bong.

a) Vé sd dd mach dién.

b) Tinh Iy, Ig, I¢, Iy, P khi tAt cd cdc béng déu bat sang.

c) Tinh I, Ig, Iy, P khi pha A c¢6 10 bong den bat sang, pha B c6 20
bong bat sdng, pha C cit dién.

d) Tinh di€n 4p dit I€n cdc den & pha A va pha B trong cau c, khi
pha C cit dién va diy trung tinh bi dut.

Bai gidi.
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a) Mach dién 3 pha 380/220V 1la mang 3 pha 4 day: 3 diy pha va
day trung tinh. Bién d4p ddy U, = 380 V. Bién dp pha U, =220 V.

Céc bong den c6 dién dp dinh miic 1a 220V nén phai st dung dién
4p pha. So dd6 mic mach nhu hinh 4-10.

—==
8 380V
b m———

220V

ol

30 d&n 30 gén 30 dan
Hinh 4-10

b)Vi dién 4p dit vao cdc béng dén bing dién 4p dinh mifc, nén cong
sult tiéu thu trén mdi bong dén sé& bing cong suat dinh mitc 60W.

TAt cd cdc bong déu bat sdng, mach tai 3 pha 13 d6i xing, cong
sudt cdac pha 1a bing nhau:

PA=PB=PC=PPZ3O.6O: 1800W
Cong suat 3 pha:
P=3P,=3.1800=5400 W.

Tai 12 cdc béng dén, xem nhu thuan trd R nén géc 1éch pha ¢ = 0,
cos @ = 1. T d6 ta ¢c6 dong dién chay trong cac pha tai la:
P
Iy=1Ip=1Ic=1,= P :1800
U,cosp  220.1

~8,18A

Vi ngudn va tdi doi xing nén:

D6 thi véc td vé trén hinh 4-11, a, trong d6 dong dién trung pha vdi
dién ap

c) Khi pha C cit dién, Ic = 0, cidc pha khdc van binh thudng, dién 4p
trén cdc bong dén van & gid tri dinh mic:
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I, = Py _10.60 _ 2734
U,cosp 220.1
7 P, 20.60 5,454

BT Ugcose ©220.1
P =P, + Pz =10.60 +20.60 = 1800 W
P4 thi véc to cho trén hinh 4-11, b.

Ue
lc
I
o A} >
U, Un
Ig
Ug
a)
Hinh 4-11

_— — —

Ig = I+ Ip Iy=yI,>+1,"+2I ;],cos120° =4,72 A

d) Khi pha C cit dién, dong thdi n€u day trung tinh bi dit mach dién
con lai nhu hinh 4-12, a. Cdc béng dén pha A va pha B mic ndi ti€p va
ndi vao dién dp day Ugs.

Ta c6 dién trd mdi bong den:

2 2
R,= Y _ 2207 _ 806,60
P,, 0
bién trd tuong duong ctia 10 bong dén mic song song pha A:
, = Ra_ 8000 _ g 660
10 10
bién tré tuong duong cia 20 bong dén pha B:
p = Ry _ 8066 _ 40,33Q
20 20

Mach dién tuong duong vé trén hinh 4-12, b.
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Dong dién I chay trong mach la:
U g 380

I = - = 3,144
R,+R; 80,66+30,33

Dién 4p ddt l€n cdc bong den pha A la:
Uy = Ryl = 80,66. 3,14 = 253,27V

Ae -
Upg = 380V
Be
~
I H
—8— _ ®
11T
X o3
10 dan 20 dén
a) b)

Hinh 4-12

Ta thdy U’ = 253,27 V>220V = U, , dén pha A qud 4p nén c6
thé bi chdy

bién ap ddt 1én cdc bong den pha B la:
Up’ = Rp.l = 40,33.3,14 = 126,63 V

Vi Up’ = 126,63 < 220V = U, , nén den pha B kém ap nén khong
sdng binh thudng.

Nhu viy ta thdy, n€u diy trung tinh bi dit s& rit nguy hi€m cho
phu tdi vi ¢6 thé bi qud 4p hoic kém dién 4p.
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Phin thic 2. MAY PIEN

Chuong 5
KHAI NIEM CHUNG VE MAY DIEN

Mady dién la thiét bi dién tir, nguyén 1y lam viéc
dwa vao hién tugng cdam ving dién tir va tuong tdc giita
te truong va dong dién, ding dé bién doi cdc dang
ndang luogng khdc nhau thanh dién ndng (mdy phdt
dién), hodc nguoc lai bién ddi dién ndng thanh co
ndng (déng co dién), hodc diing dé bién déi cdc thong
s6 dién ndng nhu dién dp, dong dién , tdn sé, v.v....

Mady dién c6 rdt nhiéu loai khdc nhau, sit dung
rong rdi trong cong nghiép, giao thong van tdi, trong
sdn xudt va doi song.

© (D '@f 920;2 %)Q

Uy, Iy, f <,___' Uy, Iy,
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§ 5.1. PINH NGHIA VA PHAN LOAI
5.1.1. PDinh nghia.

Mdy dién 1a thi€t bi dién ti, nguyén 1y 1lam viéc dya vao hién
tugng cam ng dién tir va tudng tac giita tir trudng va dong dién, dung dé
bi€n ddi cdc dang ning luong khic nhau thanh dién ning (mdy phat
dién), hoic ngucc lai bi€n d6i dién ning thanh co ning (ddng cd dién),
hoic diing dé€ bi€n ddi cdc thdong s6 dién ning nhu dién 4p, dong dién ,
tan so, V.v....

M4y dién c6 rat nhiéu loai khdc nhau, si dung rong rdi trong cong
nghiép, giao thong van tai, trong san xudt va doi song.

5.1.2. Phdn loai.

C6 thé phan loai theo cic tiéu chi khdc nhau: theo cong suit, theo
ciu tao, theo loai dong dién, theo nguyén Iy lam viéc, .

Theo nguyén ly bi€n ddi ning lugng ta cé 2 loai mdy dién: may
di€én tinh va mdy dién quay.
1) May dién tinh.

Mady dién tinh lam viéc theo nguyén 1y cdm wng dién tr giita
nhitng cudn diy khong c6 chuyén dong tuong d6i v6i nhau. Loai mdy
dién tinh thong dung 12 may bién 4p.

Cédc mdy dién tinh dugc dung d€ bi€n doi cdc thdong s& dién ning,
qud trinh c6 tinh chit thuin nghich. Vi du, mdy bi€n 4p bi€n ddi dién
ning diu vao cédc thdng s6 1a U,, I;, f (so cAp) thanh dién ning 18i ra ¢
cdc thdong so tuong tng 12 U,, I, f (thit caAp). Ngudc lai, n€u dau vao I
Us, I, fthi daura sé 1aU,, I, f (hinh 5-1).

@W O =O=1r

U1 I1 U2 |2 P(ﬁen

a) D)
Hinh 5-1
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2) Mdy dién quay.

La loai mdy dién lam viéc theo nguyén ly cim tng dién tir va
tuong tdc di€n tur gitta tu trudng va dong di€n trong cidc cudn diy co

chuyén dong twong ddi vdi nhau.

Loai may dién quay thudng dung d€ bi€n ddi cd ning thanh dién
ning (mady phét dién) hoic bi€n ddi dién ning thanh co ning (dong co).
Qu4 trinh bién d6i cling c6 tinh thudn nghich (hinh 5-1, b). Trén hinh 5-2

la so d0 phan loai cdc mdy dién thong dung.

MAY PIEN
I

A 4 A

y

Maiy dién tinh M4y dién quay

A 4

A

A

M4y dién xoay chiéu

Maiy dién mot chi€u

A 4 A 4

Maiy dién Maiy dién
ddng bo Khong ddng bod
A 4 A 4 A 4 A 4 A 4 A 4 A 4
M4 DPong May b. Co M.P DPong May
B,ﬁ‘,y cd phit khong khong cd phat
len dong dong dong dong mot mot
P bo bo bo bo chidu chidu
Hinh 5-2
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§ 5.2. CAC PINH LUAT PIEN TU CO BAN
DUNG TRONG MAY PIEN

Nguyén 1y c¢o bdn clia moi mdy dién déu dva trén cd s hai dinh
ludt cam tng dién tir 1a luc dién tir. Khi tinh todn mach tir thudng st dung
dinh luat dong toan phan.

5.2.1. Dinh ludt cam iing di¢n ti.

Mbi khi tir thong giti qua mdt khung ddy din kin bié€n thién thi
trong khung diy s& xuit hién mot stic dién ddong cdm tng. Theo dinh luit
Faraday vd quy tic Lenx thi st@c dién dong cdm d¢ng xudt hién trong
mach c6 gi4 tri bing va ngudc diu véi toc do bién thién clia tir thong:

do
dt

e = (5-1)
Trudng hgp mach dién hd, ching han mot thanh diy din chuyén
dong trong tir trudng, trong thanh diy din s& xudt hién mot sirc dién dong
cdm ng. Vi du trén hinh 5-3, a, khi thanh ddy din chuyén dong thing
gdc véi cdc dudng sic i, sitc dién dong cdm ¢ng xuat hién trong thanh

la:
e = Blv (5-2)

Trong d6: — B :cam tng ti (T)
—1 : chiéu dai hiéu dung ctia thanh din (m)
—v :téc dd chuyén ddng ciia thanh din (m/s)
Chiéu ctda sitc dién dong cdm tng xdc dinh theo quy tic ban tay
phi (hinh 5-3, a).

5.2.2. Pinh ludt luc tit

Khi cho mot thanh din c¢6 dong dién I chay qua dit trong mot tir
trudng déu B , thanh din s& chiu tdc dung cia mot lyc dién tir x4c dinh
theo bi€u thic:

F = I[l.B] (5-3)

Né&u thanh din chuyén dong thing géc véi tir trudng, luc dién tir sé
cO gia tri:

F = IBI (5-4)
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Chiéu cia lyc dién tir dudce x4c dinh theo quy tic ban tay trdi (hinh
5-3,b)

a)

Hinh 5-3

§ 5.3. NGUYEN LY VA TINH THUAN NGHICH CUA MAY PIEN

Cic mdy dién déu lam viéc theo nguyén Iy cdm &ng dién tif nén
déu c6 tinh thudn nghich, nghia 1a c6 thé 1am viéc & hai ch€ d6: ch& do
mdy phdt va ch€ d6 dong co.

5.3.1. Ché dp mdy phdt dién.

Ché€ dd mdy phdt dién 12 ch€ do co ning dugc bi€n d6i thanh dién
ning. Ta hdy xét nguyén tic ndy nhu sau: ding cd ning tf mot dong cd
so cap tdc dung vao mot thanh din mot luc co hoc F,, 1am cho né chuyén
dong véi mot van tdc v trong tf trudng ciia mdt nam chim N-S. Trong
thanh din s& xudt hién mdt sttc dién dong cdm wng c6 dd 16n x4c dinh
theo (5-2).

Néu ndi hai diu thanh din vao dién trd tdi R, qua R sé& c6 dong
dién i. N&u bd qua sut dp trén thanh
din ta c6 thé viét:

u=e

Cong suat mdy phat dién cung
cap cho tdi la:

Pi=ui=c¢ei

Dong dién i ndm trong t
trudng lai chiu tac dung cia mot tir luc
Fz = iBl c6 chiéu nhu hinh vé (hinh 5- Hinh 5-4
4).
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Khi mdy quay véi mot tdc do khong ddi thi luc dién tir s& cin bing
véi luc ¢o ctia dong co sO cap: F., = Fy.
Nhan hai v€& véi vantoc vta cd: F.,.v = Fg..v = iBlv = ei.

Nhu vdy, cdng suit cd clia ddong cd so cAp P, = F.,.v 3 dudc bi€n ddi
thanh cong suit dién P, = ei. N6i ciach khdc, co ning di dudc chuyén
héa thanh di€n ndng.

5.3.2. Ché do dong co dién.

Dong dién dit trong tr trudng s€ chiu tic dung cua tir luc. Ta hay
cung cAp mot dién 4p u cho thanh din dit trong tir trudng déu clia mot
nam chim N-S, qua thanh s€ c6 dong dién i. Theo dinh luit lyc tir thanh
din sé& chiu tic dung ctia mot tif lvc Fy = ilB va 1am thanh din chuyén
dong véi van tdc v (hinh 5-5).

Nhu vay cdng suit dién dua vao
dong co 1a P, = ui da dudc bién doi
thanh cong sudt cd P., = F; v . Dién
ning dugc bi€n ddi thanh cd ning.

Ta thdy, cing mot thi€t bi dién tir
(thanh din dit trong tf trudng) tly
thudc vao nidng lugng dua vao ma may
dién c6 thé 1am viéc & ché d6 dong cd
hoiic ch€ d may phat. DAy 1a dic tinh thuan nghich clia mdy dién, mot
dic tinh hét sitc quan trong va quy bau lam cho may dién c6 uu thé hon
han so v6i cdc bo bi€n d6i ning lugng khic (tua bin hdi nuéc, dong co
diezel, ddng co phan luc ...)

§ 5.4. TINH TOAN MACH TU.
5.4.1. Dinh ly mach tu.

Pinh 1y mach tir chinh 13 dinh 1y dong toan phan 4p dung cho mach
tir. Trong cdc mdy dién, 16i thép 12 mach tir clia mdy diing dé tap trung tir
trudng va dan tr thong. Ta hdy xét mot mach tir don gidn nhu trén hinh
(5-6, a). Pay 12 mach tir khong phan nhdnh dong nha't biing thép k§ thuat
va c6 mdt cudn day c6 dong i chay qua.

Ap dung dinh 1y dong toan phin [ﬁ Hdl = Z i cho mach tu trén

ta cO:
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HIl = wi (5-5)
Trong do:
H — tur trudng trong mach tu (A/m)
[ — chiéu dai trung binh ctia mach tir (m)
w —s0 vong day ctia cudn day.

Tich s6 wi — goi 1a stc tir dong, HI — dugc goi la tit 4p rdi trong
mach tur.
l,, S,

/
..... L. QL H

i : E ‘:!1- [ 1 +
o—> i w E E W1 H2 _‘2,_82
— T ! ° l AM: Bk
S
Wa l &‘iz
a) b)

Hinh 5-6

Trong trudng hdp mach tir khdng ddng nhi't va c6 nhi€u cudn day,
vi du mach tur hinh (5-6, b) thi cong thitc (5-5) c6 dang:
H]l] + Hglg = Wji; — Wsis
Trong do:
H,, H, — cudng do tur trudng trong cdc doan mach tur 1, 2.
L,, I, — chiéu dai cdc doan tir 1, 2.
H,l;, Hyl, —tit 4p trén cac doan 1, 2.
Wi, Wiy — stic tir dong cia cac cudn diy w;va wy.
Dau (-) trudc wyi, Vi chiéu dong i, khong thudn véi chiéu cta tir
thong @ da chon theo quy tic vin nit chai.
Mot cich tdng quat, ddi v6i mach tif c6 n doan va ¢6 m cudn day,
phuong trinh (5-5) dugc viét :

Zn: H.l, = i Wi (5-6)
k=1 j=1

D4u clia dong i; >0 n€u thuin chi€u véi chi€u cla tr thong @ da
chon theo quy tic vin nit chai, ngugc lai 14y dau Am.

5.4.2. Tinh todn mach tu.
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Khi tinh todn mach tir thudng gidp 2 bai todn sau:
—Bai todn thudn. Cho biét truc tir thong, cAn phdi tinh dong tir héa
(hoidc s6 vong diy) d€ sinh ra tir thdng dé.
— Bai todn ngugc. Cho dong dién, cin tinh tir thong Gng véi mot mach tir
xac dinh.
Vi du. Cho mach tr khong phan nhdnh nhu hinh 5-7, b. Cho tur thong
trong mach tu 1a @. Hay tinh dong trong cdc cudn day.

Ta c6, cam tng tif tuong Wng trong cdc doan mach 1, 2 1a:
() ()
B

B = —, = —
1 S1 2 S2

S1, S, tuong tng 1a ti€t dién cdc doan mach 1, 2.
D6i v6i doan mach 2 1a khe khong khi, cudng do tir trudng trong
khe la:
B,
Ho
v6i p4,=4n.10"" H/m 12 hiing s6 tir.

H2:

DPdi véi doan mach 1 12 vat liéu sit

tlr, ta phai tra bang dudng cong tir hoa AB (M)
cia vat liu sit tr twong ttng B = f(H)

(hinh 5-7). Bi€t B, ta tim dudc H, bing db B, Loee.
thi.

Tié€p theo, 4p dung dinh luat mach
tir d€ tinh tdng:

k

>V

Sau d6 4p dung (5-5) dé tinh dong
tr héa (hodc sd vong day ). Hinh 5-7

Péi véi bai todn nguoc. Cho biét dong dién, can tinh tir thong. Pay
la bai todn phiic tap hon phai dp dung phuong phdp do, hoiac cdc phudng
phdp dd thi, phuong phdp s6 dung cho mach phi tuyén. Trong pham vi
gido trinh ta chi gidi han xét bai toan thuan.

TS. Luu Thé Vinh



KY THUAT DIEN

67

Chuong 6. MAY BIEN AP

Mady bién dp la mot thiét bi dién tiv tinh ding dé
bién doi dong dién xoay chiéu tir dién dp nay sang dién
dp khdc vdi ciing mot tdn so.

Mady bién dp duoc st dung rong rdi trong cdc hé
thdng truyén tdi va phdn phéi dién ndng, trong cdc cdc 1o
dién, trong mdy han, cdc bo chinh luu, trong cdc thiét bi
vo tuyén dién, trong ky thudt truyén dong, diéu khién va
ty dong hoa.
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§6.1. NGUYEN LY CAU TAO CUA MAY BIEN AP.

6.1.1. Dinh nghia. May bién 4p (MBA) 12 mot thi€t bi dién tif tinh ding
dé bi€n d6i dong dién xoay chiéu tir dién 4p ndy sang dién 4p khic vdi
cling mot tan so.

6.1.2. Neuyén Iy cdu tao:

Cau tao cia MBA gdm 2 bd phan chinh 1a: 16i sit tir va cdc cudn
day quan (Hinh 6-1).
- Cudn day W, ndi v6i ngudn dién goi 12 cudn so cap
- Cudn day W, ndi véi tai dudc goi 1a cudn thit cAp

1 D ‘12_
qir ]
© u ¢ an gl
qip i
q P

Hinh 6-1. Nguyén ly cdu tao mdy bién thé
a) Loi thép :

Loi thép 1a phan mach tir clia mdy bi€n dp dung dé€ din tir thong
chinh trong mdy, n6é dugc ghép tu cic 1 thép k§ thuat dién. Loi thép
dudc chia 1am hai phin :

+ Tru : 12 noi d€ dit diy quin.
+ Gong : 12 phan khép kin mach tir giffa céc tru.
b) D4y quén:

Day quian may bi€n dp thudng dugc ché tao tir diy ddng hoic
nhdm, c6 ti€t dién tron hodc chit nhat, bén ngoai diy cé boc 16p cdch
dién. Day quan dugc quin thanh nhi€u vong va 1dng vao tru 16i thép.
Giita cdc vong diy quin c6 cdch dién vdi nhau va cdch dién véi 16i thép.

M4y bi€n 4p mot pha cé hai cudn day: mdt cudn diy ndi véGi
ngudn xoay chi€u goi 1a cudn so cdp , con cudn diy ndi vdi tai goi l1a
cudn thit cdp.
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Loi thép déng vai trd mach tir dudc ghép bing cdc 14 thép ky thuat
day 0,35 - 0,5mm. Cic 14 thép dudc son cich dién d€ chdng hiéu tng
Fuco. Loi thép cé ti€t dién dang vudng hoic chit thip. Cic MBA cong
suat 16n tiét dién tru dude 1am thanh nhiéu bic d€ dang ti€t dién gin tron
(Hinh 6-2).

™, T

Hinh 6-2. Hinh dang tiét dién 16i thép MBA

Theo hinh dang ctia mach tir, MBA dudc chia 1am ki€u boc va ki€u
tru. Trong ki€u tru, mach tir khong phan nhdnh c6é dang chit O. Cic cudn
day ctia MBA quin thanh hinh tru. D€ tao lién hé tif tot va gidm ton hao
tif tdn cudn so cAp va thit cAp dugc dit 10ng vao nhau, cudn day dién 4p
thap dit bén trong va cudn diy dién 4p cao dit ngoai. Thudng mdi cudn
diy dugc chia 1am hai phan quan trén hai tru clia mach tir (hinh 6-3), trén
mdi tru ¢6 mdt phan clia cudn s6 vd mot phan clia cudn thit. Hai phan
ctia mdi cudn diy dudc ndi véi nhau sao cho tir thong do chiing sinh ra
cling chiéu.

Hinh 6-3. Mdy bién dp kiéu tru

Loai MBA ki€u boc, hai cudon diy sd cip va thi cdp dudc cudn
trén cung mat tru, hai cudn dugc cich di€n véi nhau (Hinh 6-4).
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Hinh 6-4. MBA kiéu boc

Cdc MBA cdng suat 16n thudng phdi lam m4t biing dau, toan bo 16i
thép va cdc cudn diy dudc ngdm trong thiing diu, cdc dau diy dudc dua
ra ngoai qua s xuyén bit chit trén nip thung (hinh 6-5).

Hinh 6-5. Mdy bién dp dién luc
1- Cdc cuon day, 2- Géng mach tir
3- Pdu sit cao dp, 4- Pdu sit ha dp
5- Thing déu, 6- Ong ddu déi luu téa nhiét

§ 6.2. NGUYEN LY HOAT PONG

Nguyén 1y hoat dong cia MBA duva trén dinh luit cim tng dién
tir. Gid st dit vao 2 dau cudn so cAp mdt th€ hiéu xoay chiéu u;, dong
xoay chiéu i; trén cudn sd cAp s& tao ra mot tir thong bi€n thién @. Do
mach tir khép kin nén tir thong ndy s&€ méc vong qua cdc cudn diy so cap
va thit c4p (hinh 6-6).
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l C~Pw, 2 1A lU2
SR e S o g AN
\ K
\\____‘ _____ ,
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N
0]
Hinh 6-6

Theo dinh luit cAm ng dién tr trén cdc cudn diy s cAp va thi
cAp s€ phdt sinh cdc sudt dién dong cAm tng e; va e,.

7 @

Trong cudn sd cap : e = -W, ci’_t
7 @
Trong cudn thit cap : e, = -W, Ciz’_t

Néu @ = @, sinwt v6i @=2xf thita cé:

e =-W, i(CDm sinwt) =—-W,w®,, coswt = E,,, sin(wt —z)
dt 2

p 6-1)

e, =—W, E(Cl)m sinwt)=—-W,wo®, coswt = E,, sin(wt - %)

Nhu vay, s.d.d e; vd e, chAm pha hon so véi tir thong @ mdt phan
tuchukyla n/2.

Ta c6, tri hiéu dung cda suit dién dong trén hai cudn day la:

E 2r f
E="2=""1 WD = 444fW0D,
1 \/5 \/5 1% m f 1 (6—2)

Khi MBA khong ti, dong thit cAp I, = 0, dong khdng tdi sd cip
rat nhd. N€u bd qua dién tr§ day quin va tir thong tdn ra ngoai khong khi
c6 thé xem gan ding sdd trong cudn so gan biing hiéu dién thé so cap :
E, ~ U, va sdd trong cudn thtt bing dién dp thit cAp: E, = U,.

Lap ty s0 :

P (6-3)
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k — goila hé sd bi€n 4p .

D61 véi mdy ting dptacé: Uy < U, , W < W, k<1

boivédimdy hadptacé: U, >U,, W;>W,, k> 1.

Né&u bd qua ton hao trong MBA c¢6 thé coi gin ding quan hé giita
cic lugng s cAp va thit cAp nhu sau:

Ui, = Uy,
Hoac: Yy = Ef) =k (6-4)
U, I

§6.3. MO HINH TOAN HQOC CUA MAY BIEN AP
D€ bi€u dién cdc qud trinh dién tir x3y ra trong MBA ngudi ta st
dung cdc phuong trinh cAn bing dién tir giita 2 mach sd cAp va thit cap.
Xét MBA mot pha ¢6 2 cudn diy quian nhu hinh 6-7, trong d6
mach so cAp ndi vdi ngudn dién dp U,. Mach thit cAp ndi vdi tdi cé tdng
trG Z,.

®

| T SR
—| ol 2
R ==

I
Uy \:\LYW wmf:ﬁl.gz ARV

e T

Hinh 6-7

PE thi€t 1ap cdc phuong trinh, trude hét ta chon chiéu dong i, nhu
hinh 6-7. Chiéu cia tir thong chinh @ phai thuan chiéu i; theo quy tic vin
ntit chai. Ti€p theo chiéu cla e; va e, phdi phlt hgp véi @, nghia 1a e, va
i, tring chiéu, con dong i, ngudc véi chiéu e, (theo ding ding luit cdm
tng dién tr). Trong mach ngoai tr thdng chinh ® méc vong qua ca hai
cuon diy déng vai tro truyén ning lugng dién tir con c6 cdc tir thdong tan.
C4c tir thong tdn chi méc vong riéng ré v6i mdi cudn ddy quin va tdn ra
ngoai khong khi. Tir thong tdn do dong so cAp i; gdy ra ky hiéu 1a ¥, tir
thong tdn do dong thit cAp giy ra ky hiéu 12 Wp,. Gid tri clia tif thong tdn
dugc dic trung bdi dién cdm tdn L, va L, trén cdc diy quin sd cAp va
thit c4p tuong ng:

b
L1 = .ﬂsz =

4 L

\PtZ

(6-5)
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6.3.1. Phuong trinh cdn bdng dién dp so cap.

Trong mach so cdp gdm cé céc 11 R1
dai lugng: ngudn dién 4p u,, sic dién g L
dong e, dién tr§ day quin so cip Ry, " l 1 > ¢
dién cdm tdn L,. So d6 mach tuong °1
dudng c6 thé bi€u dién nhu hinh (6-8) .

Theo dinh luit Kirchhoff 2 ta c6:
di Hinh 6-8
t

hay: u =Ry, +L, % —e (6-6)
Né&u chuyén sang dang phic ta cé:
U=RI+jX,I,-E,=(R+jX)I,-E,=Z,1,-E, (6-7)
trong d6 Z =R+ jX, la téng tr§ phiic v6i X,=wL, la dién khing
tdn clia diy quin sd cap.
6.3.2. Phuong trinh cdn bang dién dp thit cap.

Mach thit cdp gdm sitc dién dong e,, dién trd ddy quin R,, dién
cam tin thi cidp L,, dién 4p dua ra tdi u,, tdng trd tdi Z. SO dd mach
tuong duong nhu hinh 6-9.

Theo dinh luat Kircchoff 2 ta cé:

. di .
iyt L g = EDRRE
€2

d.

R2 L2

Khi chuyén sang dang phuc ta co: Hinh 6-9

Uz :_Ez — Ry, —szjz
=—E, = (R, + jX,)I (6-9)
= _Ez _zzjz
trong d6: Z,=R,+ jX, la tong tr§ phic v6i X,=wL, 1a dién
khédng tdn clia day quin so cap.
Dién 4p thit cdp U, chinh 1a dién 4p dit 1én tai:
U,=27 1, (6-10)
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6.3.3. Phuong trinh cdn bang siic tir dong.

Trong phuong trinh cAn bing dién so cip (6-7): U ,=Z,I,—E,
dién dp roi Z,I, thudng ri't nhd, nén gin ding c6 thé coi U,~-E,,
hay U, = E;.

Do dién ap lu6i dat vao MBA 1a U, khong d6i nén gia tr1 E, sé
khong d6i va do d6 tir thong ®,, sé ciing khong dai.

O ch& d6 khong tai (I,= 0) tit thong chinh do stc tir dong cla day
quan sd cAp Wiip sinh ra, con khi ¢6 tdi (I,# 0) tir thong chinh do sitc tir
dong clia cd 2 cudn diy quin sd ciAp va thit cAp sinh ra. Stic tir dong khi
c6 tai la: {3 W, — i,W,. (ddu — trudc i, do chiéu i, khong phu hgp véi chiéu
tlr thong @ theo quy tdc vin nit chai).

Vi gid tri ®,, khong ddi, nén stc tir dong khi khong t3i bing sic tir
dong lic c6 tdi. Phudng trinh cin bing sic tir dong tic thdi cé dang:

oW, =iWy — bW,
Chia hai v& cho W, ta c6:

. . . W2 . i2 . i2 . !
In=4L4 1) —= ——— =) ——=1, —1
0~h~h W 1 w, 1T T,
W2
hay i =iy +1i, (6-11)

trong d6: k = W,/W, 1a hé so bién 4p,
i’ = iy/k goila dong thi cAp da quy ddi vé phia sd cap.

Khi vi€t du6i dang phic, phuong trinh (6-11) s& c6 dang:

I =I,+1, (6-12)

Hé cac phuong trinh (6-6, 6-8, 6-11) hodc (6-7, 6-9, 6-12) dugc goi
1a mo hinh todn hoc cia MBA.

§6.4. SO PO THAY THE CUA MAY BIEN AP
6.4.1. Quy doi cdc dai lugng thit cdp vé so cap.

Pé€ tién 10i khi nghién ctu cdc qud trinh dién tir trong MBA, céc
dai luong thit cAp thudng dudc quy ddi vé so cap. Phép quy ddi phai thda
min diéu kién bdo toan ning lugng. Khi quy ddi ngudi ta gid thiét sd
vong W, clia cudn thit bing s& vong W, clia cudn so. Trong trudng hop
nay, s.d.d, dong dién va tong trd cudn thit déu thay ddi, nhung cong suit,
g6c pha trong MBA vin giit nguyén tri sd cii. C4c dai lugng quy d6i dugc
ky hiéu bing chit cdi c6 ddu phdy, vidu E,;1,;R,; X,; Z>
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P& ¢6 Ez' ta phdi nhin E, v6i ty s6 bi€n dp k=W ,/W,:
W . . .
W,
Mudn c¢6 dong thit cAp quy dBi [, , ta phai xudt phat tir didu kién

bio toan cong sudt bi€u ki€n trén cudn thit cdp: E, I, = E, I, , tic 1a:

1'2':'?—2,-1'2:1-1'2 (6-14)
E, k
Tuong t, tir diéu kién ton hao cong suit khong ddi ta rit ra:
R, =k’R,; X, =k>X,; Z2 =k*Z2 (6-15)
R =k’R:X, =k’X,:Z: =k>Zt (6-16)
6.4.2. Thiét lgp so do thay thé MBA.
TU mo hinh todn hoc cia MBA:
U,=2,1-E, (6-17)
U,=-E,~Z,I, (6-18)
I =I,+1, (6-19)

Ta s€ xay dung dugc mo hinh mach trén cd s 3 phudng trinh trén,
mo hinh phdn 4nh diy dd cdc qud trinh ning lugng x4y ra trong MBA va
dugc goi 12 mo hinh thay thé clia MBA.

TruSc hét ta hdy quy ddi cdc dai lugng thit cAp vé sd cAp. Nhan hai
v€& phudng trinh (6-18) véi k ta c6:

: . — . _ _
k-Uy=—k-E,~k-Z,i,=-k-E, —kzzz?2
titc 14 U,=-E,-Z I,
hay: Uy=-E,-Z2 I, (6-20,2)

Mit khéc theo (6-10) ta c6:

Hay: U,=Z: -1, (6-20,b)

Phuong trinh (6-20) goi 1a phuong trinh cAn bang dién dp thit cap
da quy d6i vé sd cap.

Hé phuong trinh md hinh todn hoc cia MBA sau quy ddi sé& 1a:
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U,=—E, ~Zoly=Z: -1, (6-22)
Iy=I,+1, (6-23)

Trong phudng trinh (6-21) ta ¢6, v€ phdi phuong trinh gdbm Z 1, 1a
dién 4p rdi trén tdng trd diy quan Z,, con E, 12 do tir thong chinh giy
ra, ma tif thong chinh do dong khong tai I, tao ra. Do d6 c6 thé xem (E | )
nhu mot dién 4p roi trén mot té’ng trg tu héazth nao d6 do dong di€n
khong tai I, gy ra. Tic la:

(—E) =Ry, + jX)lo = Zul, (6-24)
trong d6: Zm =R, + jX,, 1a tong trd tif hda dic trung cho mach tir,
Ry, —1a dién trd tir hda dac trung cho tn hao sit tir,
X, —1a dién khdang tir héa dic trung cho tir thong chinh @.
Thay (6-24) vao cdc phuong trinh MBA ta dudc:

Uy=Znly—Za2i, =710, (6-26)
I =I,+1, (6-27)

Hé 3 phuong trinh trén chinh 1a cdc phuong trinh ctia dinh luit
Kircchoff 2 va 1 viét cho s6 @& mach dién tuong duong trén hinh 6-10,a.
Trong d6 nhanh ¢6 Zu duge goi 12 nhanh tit héa.

Thong thudng tdng trd clia nhdnh tir héa ri't 16n, nén dong I, nhd,
do d6 sd @b tuong ducng thay thé don gidn c6 thé bd qua nhdnh tir hda
nhu hinh 6-10, b, trong d6 R, = R+R,’; X, =X;+X,’ 1a dién tr§ va dién
khdng ngdn mach ctia MBA.

' ]l U’

Hinh 6-10

TS. Luu Thé Vinh



KY THUAT DIEN 77

§6.5. CHE PO KHONG TAI CUA MAY BIEN AP
6.5.1. Phuong trinh va so do thay thé MBA khong tdi.

Ché& d6 khong tai cia MBA 1a ch€ dd hd mach thit cAp (I,=0), con
cudn sd cAp ndi vao ngudn xoay chiéu u;.

Phuong trinh cin bing dién dp:
trong d6: Z y=(Z +Z ;) 1a tdng trd MBA khong tai.
So do thay th€ MBA khong tdi vé trén hinh 6-11

6.5.2. Cdc dic diém ciia MBA khong tdi.
a) Dong khong tdi.

Tu phuong trinh (6-28) ta ¢c6 dong
khong tai I:
_Uy U,
Zo (R +R, ) +(X, +X,)

Iy

Hinh 6-11

Téng trd Z, thudng rat 16n, nén
dong khong ti I chi nhd bing 2% - 10% dong dién dinh mifc.

b) Coéng sudt khong tdi.

O ch& do khong tai, cong sudt dua ra phia thi cdp bing khong,
nhung MBA vAn tiéu thu mot cdng suat P, . Cong suit nay bao gdm tdn
hao nhiét jun-lenx trén dién tré diy quin so cAp APk va cdng suit ton
hao sit tit AP trén 16i sit. Vi dong khong tdi nhd nén tdn hao nhiét jun-
lenx khong ddng k&, va c6 xem gan diing:

Py~ AP, (6-29)

c) Hé sé cong sudt khong tdi.

O ch€ do khong tdi cong suit phan khang Qo rit 16n so véi cong
sudt tdc dung Py, do d6 hé sd cong suit lic ndy rat thap:
R, _ £
2 2 2 2
JRZ+X) B2 +0,
Tir d6 ta thdy ring, khi sit dung khong nén d€ MBA & ché do
khong tai hodc non tai.

cos @ = =0,1+0,3 (6-30)
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6.5.3. Thi nghiém khong tai MBA .

Thi nghiém khong tdi nhim xdc dinh cdc tham s6 cia MBA nhu
hé s6 bi€n 4p k, ton hao sit tir va cdc thong sd clia mdy & ché do khong
tdi. Sd d6 thi nghiém nhu trén hinh 6-12.

Nguédn
ap

diéu

i

#——— chinh

Hinh 6-12

bit dién 4p dinh mic vao cudn sd cip, thi cAp hd mach, cic
dung cu do cho ta cdc s6 liéu sau:
— 04t k€& chi cong sudt khong tai Py =~ APy, .
— Ampeké€ chi dong khong tai .
— Céc von k€ chi gid tri Uj, Uy..
Tu d6 ta tinh dudgc:
a) Hé s6 bién dp k
re M B U
W, E, Uy
b) Dong dién khong tdi

[,% = 1—0100% = 3% +10%

1dm
c) Pién tro khong tai
P
Iy
Vi R, [] R, nénc6 thé 14y gan ding:
R th ~ RO
d) Téng tré khong tdi.
ZO — U 1dm
I

Ciing nhu trén tong trd khong tai 14y gin ding 1a:
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e) Dién khdng khong tdi.

bién khdng tir héa 14y gan ding la:

X=X
f) Hé 56 cong sudt khong tdi.
P,
cosQ, = =0,1+0,3
1amTo

§6.6. CHE PO NGAN MACH CUA MAY BIEN AP

Ch€ dd ngdn mach cia MBA 1a ch€ dd ma cudn thit cAp bi ndi
tit, trong khi cudn sd cAp van ndi v6i ngudn cung cip. Trong qud trinh
van hanh, do nhiéu nguyén nhin c6 thé xay ra su cd ngdn mach cla
MBA nhu 2 dau ddy cudn thit cdp c6 thé bi chip, roi xudng dat hoic bi
ndi tit bing mot day din c6 tong trd thap.

6.6.1. Phuong trinh va so do thay thé ciia MBA ngdn mach.

So dd thay thé ctia MBA ngin mach vé trén hinh 6-13. Do tdng trd
Z," tAt nhd so v6i nhdnh tir héa Z; nén
mdt cich gan ding cé thé bd qua nhianh & —3 Y

tr héa. P(‘)ng dién sd cap lic ndy 1a dong _,;
di€én ngan mach Iy, "
Phuong trinh c4An bing dién dp:
U,=1(Z+Z,)=17Z,6 (6-31) o
trong d6: Hinh 6-13

Z=7Z+Z=(R+R)+j(X +X,)=R +jX =Ze""
R,=R+R, la dién trd ngdn mach cia MBA

X =X +X , la dién khang ngin mach cia MBA

Z =+R*+X? 1a tdng trd ngdn mach cia MBA

Z , la tong tr8 phic ngdn mach cia MBA
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6.6.2. Cdc ddic diém ciia ché dp ngdn mach.
a) Dong dién ngdn mach.
Tir (6-31) ta ¢6 dong ngdn mach 1a: in = gl == Ul_, , hay vé gid
Z, Z+7Z,

tri ta co:
In — , Uldm : — U]dm (6-32)
JRARY +(X+X 57 Zy
Vi tdng trd ngin mach Z, rat nhd nén dong dién ngin mach I,
thudng 16n gdp 10+25 1an dong dién dinh muc, gy nguy hi€m cho MBA
dang van hanh va cdc phu tai.

b) Pién dp ngdn mach. Khi ngdn mach dién dp thi cip U, = 0, do d6
dién 4p ngin mach U, chinh 13 dién 4p roi trén tong trd diy quin thd
cAp. Vi dong ngdn mach rit 16n nén d& din dé&n chdy nd cudn diy quin
thit cap clia MBA.

D€ tranh nguy hi€m cho MBA phai c6 bién phap bdo vé bing cic
thi€t bi ty dong ngdt mach & c4 2 phia cia MBA khi xdy ra sy c6 ngin
mach.

6.6.3.Thi nghi¢m ngdn mach MBA.

Pé€ xdc dinh cdc thong s6 ngin mach va ton hao trén cic dién trd
diy quan cia MBA ngudi ta thyc hién cdc thi nghiém ngdn mach MBA
theo so dd thuc nghiém sau day (hinh 6-14).

1
ldm *

* Pdm
Nguon 1
2dm
Tu~ dp U, Ga
diéu J

#——— chinh

Hinh 6-14

DAy quin thit cAp dugc ndi tit qua ampeké A,. DAy quin so cap
dudgc ndi v6i mot bd ngudn c6 thé diéu chinh mic dién 4p sao cho dong
ngin mach nim trong gidi han dinh mtc. Gid tri dién 4p cho phép dit
vao cudn so cAp goi 1a dién 4p ngdn mach U, dugc x4dc dinh vao khodng
3+5% dién ap dinh muc U, gp,.
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U, (%)= UU” 100% = (3+10)% (6-33)

ldm
Vi dién 4p ngin mach nhd nén tir thong ® nhd, do d6 tén hao sit
tir khong ding ké. Cong suit do dugc trong thi nghiém ngin mach P,
chinh 12 cong suat ton hao trén dién trd diy quin so cip va thi cAp. Tir
dé ta tinh dudc cdc thong s6 trong sd db thay thé:

a) Téng tré ngdn mach Z,,.

z =Y (6-34)
Ildm
b) Pién tré ngdn mach.
R, = (6-35)
1
1dm

c) Dién khdng ngdn mach

X,=+\Z;-R, (6-36)

PE€ tinh cdc thong s diay quin cia MBA ta c6 thé st dung cic
cong thifc gin ding sau day:

. R
2
X ~ X, ~ )2( (6-38)

Tir d6, khi biét hé sd bié€n 4p k ta tinh dudc cdc thong s6 clia MBA
chua quy ddi.

a) Pién dp ngdn mach U, .

Dién 4p ngin mach U, c6 thé chia 1am 2 thanh phan: thanh phin
trén dién tr§ tdc dung R, goi 1a dién ap tdc dung ngdn mach U,z va thanh
phin trén dién khing ngin mach X, goi 12 dién 4p ngin mach phin
khdng U,y . M6i lién hé giita cdc thanh phan tdc dung va phdn khing
dudc bi€u dién trén cdc tam gidc dién 4p ngdn mach va tam gidc tdng trd
ngin mach (hinh 6-15).

— Dién dp ngdn mach tdc dung.

U, (%)= R{}IMmO% =U, %cosg, (6-40)
1dm
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— Dién dp ngdn mach phdn khdng

X 1 :
U,x (%) ="19100% =U, %sin g, (6-41)
Uldm
Zy
X
On
R,
a) b)
Hinh 6-15
f) H¢ 56 cong sudt ngdn mach.
P P
cosp, =—"1—=—-1" (6-42)
Unln Unlldm

Céc cong thitc trén cho phép ta tinh dudc céac gia tri R, X,, Z, theo
tri s6 cua U, %, U,z%, U,x% thudng dugc ghi trong Iy lich may.
Vi du: Cho MBA mdt pha 2 diy quin c6 cdc tham s& S;,=6637 kVA;
U,/U,=35/10kV; P, =53500W; U,% = 8%. Hay xac dinh
a) Z,; Ry, X, U,
b) R;;X;; Ry Xon€ucoiR, =R, X, = X5 .

Bai gidi.
a) Ap dung cong thic:
U, (%)= Y, 100% ta co:
1dm
U,,.U 3
U, =—" . — 835107 _og00 v
100 100
e 2, < U
Tong trd ngan mach: Z, = —".
Ildm
. Sy _ 6637.10°
Ta biét: S, =U, g 11qm = Ligy = —22 = =189,6 A
d lam! 1d 1d U,  3510°

T dé: Z U, _ 2800 =14,77Q

" T, 189.6
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Suy ra: R, = I;” = 53502
X, =\Z2 - R? =\14,77> = 1,45* =14,7Q
b) Ta c6: R, = R; + R,’. Theo gid thi€t R; = R,’ nén

=1,45Q

R =R, R LB 69050
2 2
Tuong tu: X, =X, _ X 142’7 =7,35Q
D€ tinh R,, X, ta bi€t ring hé sd bi€n dp 1a: k = U/U,=35/10=3,5
Tir d6:
R, 0,725
Ry = 3= v =0,06Q
X, 135
X, = 22=2"20,60
P 35

§6.7. CHE PO CO TAI CUA MAY BIEN AP

Ché& dd c6 tai la ché€ hoat dong cia MBA khi cudn s cip ndi v6i
lugi dién xoay chiéu, cudn thit cAp ndi v6i phu tii. Ché dd mang tdi dudc
danh gi4 biing hé s6 tai k,

I, Iy
I2dm Ildm

k; =1 : tdi dinh mic

k, < 1 : ch& do non tai

k,>1:ch& dd qua tai.

Ta s€ nghién citu cdc dic tinh cia MBA khi mang tai.

~

k, = (6-43)

6.7.1. Bién thién dién dp thit cap theo tdi, duong dic tinh ngoai.
a) Bién thién dién dp thit cdp theo tdi.

Trong ch€ d6 mang tai cia MBA, cudn sd cap dit vao dién 4p dinh
mitc U4, . NEu tii thay ddi, dién 4p thit cAp U, sé& thay ddi. Su bién
thién dién 4p thi cap theo phu tdi dudc xdc dinh theo phin trim:

AU,q = Yaan =Us 100% (6-44)
2dm

khi nhan tif vd mau s6 véi hé s6 bién dp k = W,/W, ta c6:
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AU,q, = KVaan =kU3 1 50 = Yian = Y2 1, (6-45)
2dm Uldm
Ta c6 thé xdc dinh AU, dwa vao mach dién thay th& don gidn nhu
trén hinh 6-16, a. Tir sd do thay thé ta vé& dudc dd thi véc td clia MBA
nhu trén hinh 6-16, b.

1,7, B
RI'I x“
o— F—""—p ]IXn
L=t 0 , C
o S, 08
Z' U 2 1,=0 ]R/ .
o H\p
a) b)

Hinh 6-16
Tur do thi véc to chi€u U, 1én phuong U,’, do géc 1éch giita U; va
U,’ nhd nén c6 thé coi gan ding:

U]dm = 0B~0C

Uign— Us ~ AC = AH + HC

AH = AK cos@, = IR, cos @,

HC = KB sing, = I, X, sin;

— Uldm

AU,q, = Yran =Y 190, -
ldm

IR, cosg, + 1, X, sing, 100%
(Y
Uldm

Nhan v& phdi ctia bi€u thitc v6i 14,/ L4, va bi€n ddi ta dugc:

Il [lldmRn COS @, + Ilden sin ®; Jloo%
Uldm Uldm

AUZ% = I
ldm

Ap dung (6-40), (6-41) va (6-43) ta co:

Ly o50100% =U (%) coso,
1dm

Msin »,100% = U, x (%)sin @,
ldm
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I, _ K
Ildm
Tu do: AUsq =k, (U, gq, c0s@, + U, xq sinQ,) (6-46)

Do thi phu bi€u dién sy bi€n thién clia AU, ti 1& bic nhit vdi k,

va phu thudc vao tinh chit clia cdc loai tdi khi cosg, = const, chi ra trén
hinh 6-17, a.

AUrp % Uz a

0,<0 C

a) b)
Hinh 6 -17. a) Bién thién dién dp thit cdp theo tdi
b) Duong ddc tinh ngoai ciia MBA
b) Duong ddc tinh ngoai ctia MBA.
Pudng dic tinh ngoai cia MBA bi€u dién m&i quan hé U, = (I,

khi U, = U4, va cos @, = const .

Theo (6-44) ta c6: AU,q = Y2an =Y 100,

2dm
AU
Suy ra: Uu,=U,, (1-—2% 6-47,a
y 2 =Usgn( 100 ) ( )
K&t hgp (6-43) va (6-46) ta dudc:
I .
Uy =U, | 1 - —2—(U, g, COSP, + U, xq, 8in@,) | (6-47,b)
1001, 4,

Tu phuong trinh (6-47,b) ta c6:
Khl 12 = 0, U2 = Ugdm.
Khi I, > 0, U, ting hodc gidm phu thudc vao tinh chat cta
phu tai. Ta xét cac trudng hdp sau day:
- Khi tai cam khang, ¢,> 0, cos¢, , sing, > 0, khi I, ting, U, giam.
- Khi tdi dung khang, ¢,< 0, cosg, > 0, sing, < 0, binh thuGng gid tri
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U,x%>U,rao» biéu thic trong ngodc cia (6-47,b) am, do d6 khi I, ting, U,
s€ tang.
- Khi tdi thudn tré ¢ =0, cosg, =1, sing= 0, khi I, ting, U, gidm
D6 thi bi€u dién dic tinh ngoai cia MBA chi ra trén hinh (6-17,b).
Trong thuc t€ tai thudng c6 tinh cdm khdng (¢ > 0). Do d6 khi
dong tdi I, ting, U, gidm. Pi€u d6 gidi thich hién tugng sut 4p & ludi
dién thudng x4y ra vao cic gid cao diém.

D€ c6 thé diéu chinh gi4 tri clia dién dp U, trén tdi theo yéu cau
ngudi ta thay doi s6 vong day ctia MBA trong khodng + 5% (thudng thay
ddi s6 vong cudn cao 4p vi & diy dong nhd dé thuc hién).

6.7.2. Ton hao va hiéu sudt ciia mdy bién dp.

Khi MBA lam viéc ¢6 cédc tdn hao sau:

1. T6n hao dién AP;. Pay 13 tn hao trén dién trd diy quin so cAp APy
va thit cAp AP, . Gi4 tri tdn hao dién phu thudc vao dong tdi. T s6 dd
thay th€ MBA trén hinh 6-18, a ta c6:

AP, = AP, + AP,, = I'R +I,’R, = I{R +I}R,

, (6-48)
=I}(R+R)=I{R ,=K’I’ R,
AP, =k! P, (6-49)

Trong d6: R, = R1+R'2 12 dién tr§ ngdn mach cia MBA
kt = I]/I]dm la hé Sf\)/té)li.
P, = cong suat do dudc trong thi nghiém ngin mach.
2. Tén hao tir APy, .
Pay 1a ton hao trong 16i thép do dong dién xody va tir tré sinh ra.
Tén hao sit tir khong phu thudc vao tdi ma chi phu thudc vao tir thdng
chinh, dugc xdc dinh bing cdng sui't do dudc trong thi nghiém khong tai:
APy = Py (6-50)
Xét vé qud trinh truyén ning lugng trong MBA ta c¢6 gidn d6 ning
lugng nhu hinh 6-18, b.
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l U P P
2 1 dt P,

a) b)
Hinh 618

3. Hiéu sudt ciia MBA:

:i — P2 — ktSdm CoS @, (6-51)
P, P,+AP,+AP, kS, cosg +P, +k'P,

n

trong d6: P, =S, cosg, =k,S,, cosg, 1a cong suit tdc dung & 16i ra,
LS L .
Ide Sde Ildm

Ta thay khi phu tdi MBA ting, ton that dién AP, trong diy quin
so cAp va thit cAp cda MBA ting, nhung ton hao tir khong thay déi, do
d6 hiéu suat ting 1én.

Q
[e—"
oo
=
D>
2}
o
—
o
-

t

Khi cos@, = const hiéu suit cuc dai khi dao ham dn k= 0.
t

on S, cosp,(F, —kan) B
ok, (k,S;, cos@, + By + ktan )?

Ta co:

P, —k'P,=0

|P,
Suy ra: k, = ﬁ

Thong thudng cdc MBA cOng suit 16n va cdng suit trung binh, ty
s& Py/P, = 0,25+0,5, nén hiéu suit cia MBA sé cuc dai khi 1am viéc véi
hé s6 tdi k, = 0,5+ 0,75 . Do d6 cic MBA sé& lam viéc tot nhat khi né
mang tai bang 50+75% phu tdi dinh muc.

Pudng dic tinh 77 = f(k,) tng vG6i cosg = const v€ trén hinh 6-19.
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7 A
77max ________
|
|
|
|
|
|
|
! >
(0] 0,5 ky

Hinh 6-19

§ 6.8. MAY BIEN AP BA PHA.
6.8.1. Cdu tao ciia MBA 3 pha.

P& bi€n d6i dién 4p trong hé thdng mach dién 3 pha, c6 thé st
dung cic MBA mdt pha. Hinh 6-20 néu 1én sd dd ndi diy 3 MBA mot
pha dung trong mang di€én 3 pha.

Khi stt dung MBA 1 pha, hé théng 3 MBA c6 mach tir doc 1ap véi
nhau, cdc cudn diy sd cip va th cdp clia 3 MBA dugc diu ghép véi
nhau theo nhitng quy tic xdc dinh d€ tao ra hiéu tng mach 3 pha.

Hinh 6-20. N6i 3 MBA I pha thanh MBA 3 pha

Dbdi véi MBA 3 pha dudc ch€ tao c¢6 mach tir chung (hinh 6-20, b).
Mach tir dudc ciu tao tir 3 tru tif trén d6 quin cdc cudn diy pha. Day
quin sd cAp dugc ky hiéu bing cdc chit cdi in hoa: AX, BY, CZ. Day
quan thit cAp dudc ky hiéu bing cdc chit cdi thudng: ax, by, cz.
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Day qudhn Pha Ky higu diu K higu cudi
cujn day cudn ddy
A A X
SO CAP B B v
C C 7
a a N
THU CAP b b Y
c c z
A B c c
@
[ X T y z‘
4T 1/:J I\./" 1"J L,/’ 1".J X 7 f’f
wirl W wirt wol  wirf wil >
+1 4 41 < 1 1 X £
[ ".l f/r 1 _' [ ; o— o
X v ' !

a) b)
Hinh 6-21. Céu tao MBA 3 pha

6.8.2. Cdc kiéu ddu ddy ciia MBA 3 pha.

Céc cudn diy quin so cAp va thi cAp cia MBA c6 thé ddu hinh
sao (Y) hodc tam gidc (A) (hinh 6-22)

A;y B C B o Ogr
X Y z Y z
oy ag b C ag b c
0 X% y 4 X y z
a) Y/Yy-12 b) AA-12 c)AVY-11 d)Yy/A-12
Hinh 6-22

Trén hinh (6-22) ta ¢6 céc ki€u ddu day sau day:
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a) So cAp dau sao, thit cAp dau sao c6 di€m trung tinh: ky hiéu Y/Y,
b) Sd cAp d4u tam gidc, thit cAp ddu tam gidc: ky hiéu A/A
¢) SO cap d4u tam gidc, thit cAp ddu hinh sao: ky hiéu A/Y
d) So cap d4u sao c6 trung tinh, thit cAp dau tam gidc: ky hiéu Y, /A
Tuy thudc vao cdch ddu ddy ma hé so bi€n doi dién 4p clia cdc sd
dd s& khac nhau. Goi W, , W, tuong ng 12 s& vong 1 pha sd cap va thit
cip ta s& co:

A ~ A 2

+ Hé s0 bién ap pha, ky hi€u la k,:

v oY W (6-52)
g Up2 W2
+ Hé so bién 4p day, ky hiéu k:
k, = ar (6-53)
Ua

Gid tri cia k; khong nhitng chi phu thudc vao ty s vong diy ma
con phu thudc vao ciach ndi hinh sao hay tam gi4c.
Vi du: a) Trén so @6 (6-22, a) ndi Y/Y ta cé:
_ Upi "M
g UpZ WZ
_Ua _\/gUpl_Wl _
Ud2 \/§Up2 W2 P
b)Trén so d6 (6-22, b) ndi A/A ta cé:

kq

_Un W
g Up2 W2
k, = Uy _YUn _ W =k,
Up pn W
¢) Trén so @6 (6-22, ¢) ndi A/Y ta cé:
_Yn W
i Up2 W2
gelo_ Un W K&
Ud2 \/§Up2 \BWZ \/5

d) Trén so do (6-22, d) ndi Y/A ta cé:
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U W
g Up2 W2
U, 3U W
kd:Udl — pl Z\/gwlz\/gkp
d2 2 2

Trong thuc t€ 1am viéc, khi can phdi ghép song song cic MBA véi
nhau, ngudi ta can phai chi y t6i mdt tham s& nita cia MBA d6 1a géc
léch pha gifta dién 4p ddy sd cap va tht cAp. Do vay, ngoai ky hiéu td
ddu diy cia MBA (hinh sao, tam gidc), cAn ghi thém ky hiéu d& chi géc
1éch pha nay. Géc 1éch pha nay phu thudc vao chiéu quian diy, cich dau
day va né khong ghi truc ti€p bing do ma dung ky hiéu tuong ty gid trén
ddng ho dé tinh. C4dch ghi nhu sau: cho véc td dién 4p diy sd cip triing
véi vi tri kim phiit ciia ddng hd & vi tri s& 12, véc to dién 4p day thit cap
ing v6i kim gid clia ddng hd. Vi tri kim gid cho ky hiéu géc 1éch pha
tuong tng. G6c l1&ch gitta kim phiit va kim gid tinh theo chiéu kim dong
hd chi géc 1&éch pha. Nhur vay mdi mdt khodng 5’ trén dong ho sé& ng véi
30",

Vi du. + Ky hiéu Y/ Y, — 12 (so dd 6-22, a) cho biét géc 1éch
pha giita dién 4p diy so cAp va thit cdp 1a 12 x 30° = 360°.

+ Ky hiéu Y/A - 11 sd dd (6-22, c¢) cho biét géc 1éch pha giita dién
dp day s cAp va thit cAp 1a 11 x 30° =330,

Hinh 6-23

DP6i véi MBA mot pha néu chiéu quin so va thit cAp nhu nhau,
cach ky hiéu cdc diu day quin khic nhau, thi dién 4p diy so ciAp va thi
cAp phdi tring pha nhau, lic d6 kim ngin dong ho va kim dai phdi triing
nhau & vi tri 12, ta c6 td dadu ddy 12 gid (hinh 6-23, b). N&u chiéu quin so
cap va thit cAp khac nhau thi dién 4p thit cAp ngugc pha vdi dién dp so
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z

cap.

D€ xdc dinh t6 dau ddy va gbc l1éch pha ta thuc hién theo cdc budc
sau:

— V& do thi véc to dién 4p day so cap va thi cap,

— Pua véc td dién 4p ddy sd cAp vé vi tri kim phiit & 12 gio,

— DPua véc td dién dp day thit cAp vé vi tri kim gid twong tng,
Vi tri cia kim gid chi ky hiéu géc 1éch pha tuong Gng.

A B C
A
X 2Y272 =/ |U,  ag
B XC Z‘b

a) b) c) d)
Hinh 6-24

+ Vi du. Xét t6 ddu day cia MBA 3 pha c6 so d6 dau diy Y/ A nhu
hinh (6-24, a), chiéu quan diy so cAp va thit cAp giong nhau.
- V& gidn d6 véc to dién dp day so cap va thit cAp (hinh 6-24, b, ¢)
- Dich chuyén véc to dién 4p diy so cAp Uug vé vi tri 12, véc to
dién 4p day thit cAp U,, V€ vi tri tuong tng & 11 gis (hinh 6-24, d). Nhu
vay ta c6 to didu day: Y/A - 11. G6c 1éch pha tuong tng 1:

a=11x30%=330°

§ 6.9. CHE PO LAM VIEC SONG SONG CUA CAC MAY BIEN AP

Trong hé thong dién ning, cic MBA thudng lam viéc & ché do
ghép song song vdi nhau. DAy quin so cAp cling ndi t6i mot lusi dién
chung, con cdc diy quéin thit cip cling dua ra mot hé thdng luwdi dién
chung (hinh 6-25, a). Nhg 1am viéc song song, cong suit lugi dién 16n
hon nhiéu 1an cong suat cia mdi may, 1am ting hiéu ning sit dung MBA
va ddm bdo hiéu qua kinh t€ ciia hé thong, ddm bdo an todn va su lién
tuc cung cap dién cho cdc phu tai.
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Phu tai

LA A
Ly U
Méyziéi May 11 ¢ ¢
L, % L

-- 0

ngll

a) e U
Nguoén dién

Hinh 6-25
a) Hai MBA 3 pha lam viéc song song
b) So do thay thé tuong duong

Ciéc diéu kién d€ cdc MBA c6 thé 1am viéc song song vdi nhau:
1) Pién dp dinh muic so cdp va thit cdp twong ing phdi bang nhau, nghia
12 hé s6 bién 4p phdi bing nhau:

Ui=Uy
Uy = U211
Tuac la k, = & =k, = h =k (6-54)
U2I UZII

Trong thuc t&€ cho phép hé sd bién dp k clia cdc mdy khdc nhau
khong qua 0,5%.

2) Cdc mdy phdi cé ciung t6 ddu day.

Piéu kién thit 2 nay va diéu kién thit nhat ddm bio cho mic dién
4p § sd cAp va thit cip clia cdc mdy phdi bing nhau vé tri s6 va trliing
pha v@i nhau.

3) Pién dp ngdn mach ciia cdc MBA phdi bang nhau.
U,o=U,g = (6-55)

Piéu kién nay ddm bio d€ tdi phan bd trén cdc may ty 1& v6i cong
sudt dinh mtc ctia ching.

Thyc vay. Ta goi Iiam 1. [igm 1 tOng tng 12 dong dién sd cap dinh
muc cia may I va mdy II. Ky hiéu I, I, tuong tng 1a dong dién sd
cAp clia may I va mdy II khi ching IAm viéc song song vdi nhau. S6 dd
thay thé tuong duong ctia 2 MBA lam viéc song song nhu hinh 6-25, b.
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Tir sd dd ta ¢6:
111 _anII

IlII an]

(6-56)

Né&u 2 MBA ¢6 dién 4p ngin mach bing nhau thi:
iy Ian 1 =Ligm IIan 1

Ildml _ anl] (6-57)

Ildm 11 an 1

A A ~ x A A P . 0 . L. N
Nhén t& s6 va mau s6 v€ trdi bi€u thitc (6-57) v&i Uz va Ujgm
Vi Ujgmi = Ujamnr ) ta co:

Uldm IlldmI _ Sdm[ anII

= = (6-58)
Uldm Illldm 11 Sdm 11 anI
So sdnh (6-58) v4i (6-56) ta rat ra:
Il[ _ Sdm[ (6-59)

Il 11 Sdm 11

Nhu vay, khi dién 4p ngdn mach clia cdc mdy bing nhau thi dong
dién phu tdi qua mdi mdy ty 1& véi cong suat dinh mic cda ching, diéu
nay tranh dugc cdc su c6 do qud tai hoic non tdi cia MBA.

§ 6.10. CAC MAY BIEN AP PAC BIET
6.10.1. Mdy bién dp tu ngadu.

Mady bién 4p tv ngdu hay con goi 1a mdy
ty bi€n 4p 1a MBA c6 cong sudt nhd thudng
dudc ding trong cic phong thi nghiém dé lam
ngudn c6 kha ning diéu chinh mitc dién 4p 18i
ra lién tuc theo yéu cau. Mdy tu bi€n 4p 3 pha
thuong duge dung khi md may cdc dong cd dién Hinh 6-26
xoay chiéu 3 pha.

Khdc v6i MBA thong thudng, ciu tao clia mdy tu bi€n 4p c6 mot
phan chung giita 2 cudn so cip va thit cAp, nhd vay giita 2 cudn day quin
khong chi c6 lién hé vé tir ma ca lién hé vé dién.

TS. Luu Thé Vinh



KY THUAT DIEN 95

Trén hinh (6-26) 13 sd dd dién cia mot MBA tu ngiu, trong d6
cudn day sd cAp AX c¢6 W, vong day ndi vdi dién dp U,. Cudn thit cAp ax
c6 s0 vong W, dudc 14y tir mot phan clia cudn sd cip dé 14y ra dién dp
U,.

Ta co: ﬂ:ﬁ
U, W,
W,
hay: U =U,—Lt
y 1 2W2

Khi thay ddi vi tri ti€p di€m trugt a ta sé& thay doi dugc sd vong
day W, va do d6 thay d6i dugc dién 4p 14y ra U,. Do d6 MBA tu ngiu
dugc dung dé€ diéu chinh lién tuc mdc dién 4p 16i ra.

Pic diém cd bdn cda MBA ty ngiu 13 sy truyén tdi ning lugng tir
sd cAp qua thit cAp thuc hién qua 2 con dudng: dién va tir.

- Lién hé vé tir qua mach tir chung.
- Lién hé truc ti€p vé dién giita diy quin sd cip va thif cap.

Do MBA ty ngiu chi ¢c6 mot cudn day nén tiét kiém dugc vat liéu
va gidm t8i da tdn hao. So véi mot MBA thdng thudng c6 cling cdng
sudt, tinh todn 1y thuyét cho thay ring 16i thép clia MBA tu ngiu nhd hon
(1-1/k) 1an. Hodc néu 2 MBA ciing ti€t dién 18i thép thi MBA tu ngiu
cho phép ting cong suit 1én 10+-20%.

Nhugc di€m cd ban cia MBA tu ngiu 12 khong an toan vé dién, do
2 cudn diy so ciAp va thit cAp chung nhau. Do vay can chi y dic biét khi
st dung.

6.10.2. Mdy bién dp do luong.

Trong mach dién xoay chiéu, d€ md rong gidi ban do clia cidc dung
cu ngudi ta st dung cdc mdy bién dp do ludng. Nhiém vu cla cic mdy
bi€n 4p va bi€n dong 1a chuyén cic gid tri dién 4p va dong dién 16n vé
cdc gid tri nhd hon dé phit hop véi mach do.

C4c may bi€n dong va mady bién 4p do ludng con c6 tdc dung cdch
ly mach dién cao dp vdi dung cu do d€ bido ddm an toan cho ngudi st
dung.

VE nguyén 1y ciu tao, cic mdy bi€n dong va mdy bi€n dp do
ludng gidng nhu cdc bi€n dp dong luc.
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1. Mdy bién dong TI.

M4y bién dong TI dudc 4p dung d€ md rong gidi han do dong cho
cic dung cu do. So dd nguyén 1y clia bién dong TI va cidch mic trong
mach do nhu hinh vé 6-27.

Cudn so cAp W, ctia TI mic noi tiép &
véi tdi Z. Cudn thit cAp W, dudc khép kin Lz h
bing ampemét hodc cudn dong cua 2z ) f[/j/_ Iy ha
woatmét dién dong, hodc cudn dong cia
cong to di€n. . ;:;f%h

Vi dién trd ctia cudn thit cAp ra't nhd
nén c6 thé coi didu kién lam viéc binh (W,
thudng cia mdy bi€n dong 1a ch€ dd ngin Hinh 6-27

mach cudn thit cap.

Cudn sd cip clia bién dong cin phdi dugc cich dién tot v6i cudn
tht va v6i vé mdy. PE ddm bdo an toan cho ngudi st dung ngudi ta ndi
did't vd mdy va mot dau cudn thi cap.

Dién 4p thit cAp cla bién dong thudng tir 1+6V. Dong sd cap thay
ddi theo tai, con dong thit cAp clia moi mdy bién dong dudc thi€t lap &
ch& do dinh mic 1a 5 A hoic 1A.

Thong s& co bdn ctia bi€n dong 12 hé s6 bién dong dinh mic:

ky = lan. (6-60)
12dm

Trong d6 1,4, va L, 12 tri s6 dong dién dinh mic s6 cAp va thit cap
ctia may bién dong TL

Hé s6 bi€n dong dinh mic k; khdc v4i hé sd bién dp ky; = Wo/W,
mot luong khong ding k€, trong thuc t€ v6i do chinh xdc cho phép
thudng 18y k = k.

Khi do, dung cu do dugc mic
vao cudn thit cdp cta TIL Gia tri cla
dong cin do s& bing sd chi cla dung
cu nhan vdi hé s6 bién dong dinh mitc
ghi trén dung cu.

Mdy bi€n dong ciu tao theo
nhiéu dang khdc nhau, nhu loai c6
dinh, loai xdch tay. P& tién Igi khi st
dung ngudi ta thiét k&€ t6 hop bién

Hinh 6-28. Ampemét kim
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dong v6i dung cu do trong cung mot dung cu do hgp bd nhu ampemét
kim (hinh 6-28).

— Chii y. Ch€& do lam viéc dinh mitc cia may bién dong TI 1a ché&
dd ngdn mach cudn tht cAp. Do d6 né€u thio g& ampemét ra khdi bién
dong TI cin ndi tit 2 diu day cudn thit, tranh 4nh hudng cla dong tir héa
I, 1am ton hao tir d6t néng T1.

2. Mdy bién dp do luong TU. &

M4y bién 4p do ludng dudc dung d& v Z‘C]
md rong thang do cho cac dung cu khi lam & !
viéc v4i ludi dién cao thé. @

Ciu tao va cdch mic bién 4p vao A
mach do nhu trén hinh 6-29. Cudn so cip
W, mic vao ludi dién can do, con cudn thd
cap W, dudc mic véi dong hd do von ké.

Gia tri dién 4p dinh midc doi véi
cudn so cAp cta TU theo TOCT tix 380 V +  Hinh 6-29. Mdy bién dp TU
500kV. Vi cac dién dp dinh mitc nhd hon
3kV 4p dung chat cdch dién kho, con khi dién 4p cao hon 3kV phdi st
dung chat cdch dién 12 dau. Khi dién 4p dinh mifc cudn sd 1a 35kV diing
mdy bi€n 4p mdt cap, véi cdc dién 4p 110kV va cao hon phdi sit dung
cdc mdy bi€n 4p tir 2 cAp trd 1én.

Gia tri dién 4p thit cAp U, dinh mitc v6i cdc bi€n 4p TU la 100V
hodc 10043 V. Binh thudng TU 1am viéc & ch€ dd gan nhu hd mach vi
dién trd cda von k& vo cuing 16n. Piéu kién lam viéc binh thudng cia TU
rat khdc v6i TL. Poi v6i TI dong so cap I, c6 thé bién thién trong pham vi
khd rong, tuy theo phu tdi. Con v4i TU thong thudng lam viéc véi dién
4p bén so cap bién ddi khong nhiéu.

Thong s6 co bdn ctia TU 1a hé s6 bién 4p dinh mifc:

Uln
by = 6-61)

Trong thuc t&€ cdc may bién 4p do ludng TU dudc sdn suit véi cdc

cap chinh xdc 0,05; 0,1; 0,2; 0,5; 1 va 3.

.(‘.ELO —
OX
N

6.10.3. Mdy bién dp han

Khi dong dién phéng qua chat khi bi ion héa sé& phat sinh hd quang.
Pic diém clia hd quang 1a phéat nhiét rit cao trén 3000°C. Ngudi ta 1gi
dung tinh chit nay dé€ han kim loai. M4y bi&€n 4p chuyén ding d€ d€ tao
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hd quang dién khi han dugc goi 1a MBA han. SJ d6 nguyén ly ciu tao
ciua MBA han trén hinh 6-30, a.

- que han A Uz)
[ e U
U~ So £33 Thu
O]
vat han
a) L&i thép dién khang >

b)

e
&

Hinh 6-30

Mudn han phdi ndi vat han vio mdt diu cudn thit cAp clia MBA,
dau kia ctia cudn thit cAp ndi v6i que han. Bit diu han phdi chim que
han vio vat han d€ 1am ngin mach MBA. Dong dién ngin mach chay
qua di€m ti€p xic c6 dién trd 16n sé& phat nhiét rat mach. Sau d6 nhic
que han ra mot khodng cdch ngin, viing khong khi & di€m ti€p xiic do c6
nhiét dd cao bi ion héa sé& cho dong dién phéng qua tao thanh hd quang
gilta que han va vat han.

Mady bién dp han cé cdc ddc diém sau day:

1. Dong thit cAp phdi 16n d€ cung cAp di nhiét lugng cho hd quang
khi han. Pién 4p tht cidp phdi thip d€ ddm bio an toan (thudng khodng
60+70V). Do vay cudn thit cAp thudng rat it vong vdi tiét dién day 16n.

2. Phdi cho phép tao dong dién ngdn mach khong 16n 1im trong
thdi gian ngin ldc mdi hd quang. Do vay dic tinh ngoai cia MBA phdi
doc dé han ché€ dong ngdn mach (hinh 6-30, b).

Muén c6 dic tuyén nay MBA han dudc ch€ tao cé tir thong tdn
16n, hodc thém cudn dién khiang & ngoai (hinh 6-30, a). Khi hain mudn
diéu chinh dong dién han ngudi ta diéu chinh 16i thép clia cudn dién
khang.
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Chuong 7. MAY PIEN KHONG PONG B0
§ 7.1. KHAI NIEM CHUNG.

M4y dién khong dong bo 12 mdy dién xoay chiéu lam viéc theo
nguyén Iy cdm dng dién tr c¢6 t6¢c dO quay cda rotor n khdc véi t6c do
quay clia t¥ trudng n,. Trong sin xuidt, mdy dién khong doéng bd
(asynchronous motor) chii yéu dugc diing 1am dong co d€ bi€n ddi ning
lugng dong dién xoay chiéu thanh co ning. Hién nay da s6 cdc dong co
dién dung trong cong nghiép, nong nghiép, Iam nghiép, ... déu 13 dong
co dién khong dong bd vi né c6 ciu tao don gidn, d& van hanh, gid thanh
ré.

Miy dién khong ddng bd ciing c6 tinh thuan nghich, tic 1a c6 thé
1am viéc & 2 ché& do: dong co va mdy phdt, nhung chii yéu diung & ché do
dong cd vi & ché @6 mdy phat mdy dién khong ddng bd c¢é dic tinh 1am
viéc khong t5t 1im so v6i mdy dién dong bo.

Tuy theo ciu tao diy quin phan quay, miy dién khong dong bd
chia ra 1am hai loai: loai mdy dién khdng déng bo rotor diy quin va loai
mdy dién khong ddng bo rotor 16ng séc. Loai 16ng séc lai chia ra 16ng
s6c don, 10ng séc kép, 16ng séc ranh sau.

M4y dién khong déng bd con chia ra 1am mdy dién khong dong bo
c6 vanh d6i chiéu va khong cé vanh ddi chiéu. Loai mdy dién khong c6
vanh ddi chiéu c6 wu diém 1 ciu tao va van hanh don gidn, ré tién.
Nhung c¢6 nhuge di€m 14 khé diéu chinh t6c @6, hé sd cose thip. Loai
may dién c6 vanh ddi chiéu khic phuc dugc cdc nhudc diém trén, nhung
cAu tao phiic tap, dit tién va hiéu suat thAp nén han ché st dung.

Tuy thudc vao cong sudt ma may dién khong déng bd c6 cic loai;
3 pha, 2 pha va 1 pha.

Loai dong co c¢6 cdng suat P>600W thudng 1a loai 3 pha c6 3 day
quan lam viéc, truc cdc diy quin léch pha nhau 120° dién trong khong
gian.

Cédc dong cd cdng suidt P<600W thudng 1a loai 2 pha hoic 1 pha.
Dong cd 2 pha c6 2 diy quin Iam viéc, truc cia 2 didy quan dit léch
nhau trong khong gian mot géc 90° dién. Pong co dién mot pha chi c6
mot diy quan lam viéc.
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§ 7.2. CAU TAO CUA MAY PIEN KHONG PONG BQ

Cau tao clia mdy dién khong ddng bd 3 pha dudc chi ra trén hinh
v& 7-1, a gbm 2 bd phin chinh 14 roto (a) va stator (b). Ngoai ra con c6
vd may (e), nip mdy (c). Hinh 7-1, b 1a mit cdt ngang clia may cho thdy
o cdc 14 thép cua stator (a) va roto (b).

7.2.1. Stator (phdn tinh)

Stator hay phan tinh gdm cdc bd phan chinh 13 16i thép, diy quan
va vO may.
a) Léi thép. Loi thép stator do nhiéu 14 thép k§ thuat dién da dap sin nhu
hinh 7-1, b ghép cdch dién v6i nhau, chiéu day cdc 14 thép c¢d 0,5mm,
phia bén trong c¢6 rinh d€ dit diy quan.
b) Ddy qudn. Day quan 3 pha stator dit trong rinh 16i thép, xung quanh
day quan boc 16p cach dién d€ cdch dién vdi 161 thép. Cic pha diy quin
dit cdch nhau 120°,

Hinh 7-1

c) Vé mdy. V6 may diung d€ bdo vé va giit chit 16i thép satator va c&
dinh mdy trén bé. V4 mdy dugc lam bing nhom (loai cong sudt nhd),
hoic bing gang hay thép dic (loai cong suat 16n). Hai dau v mdy c6
nip may d€ d3 truc rotor va bio vé day quan.

7.2.2. Rotor (phédn quay).
Rotor 12 phdn quay clia may dién gdbm 15i thép, truc va day quin.

a) Loi thép. Loi thép cla rotor cling gom cdc 14 thép k§ thuit dién ghép

lai. C4c 14 thép nay 14y tir phan rudt bén trong khi rap 14 thép stator va

rip thanh nhu hinh (7-1,b). Mit ngoai 15i thép c6 cdc rinh dé dit day

quén, & giita c6 16 @€ 14p truc.

b) Truc mdy. Truc mdy gin véi 16i thép rotor va lam biing thép tot. Truc
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dugc d3 trén nip may nhd 6 truc.
c) Ddy qudn. Ddy quin rotor cila may dién khong déng bo cé 2 loai:
rotor ngan mach (hay rotor 16ng sé¢) va rotor day quin.

Loai rotor 10ng s6c diing cho cdic mdy c6 cong sut trén 100kW,
trong cdc rinh clia 15i thép rotor dit cdc thanh ddng, hai diu ndi ngin
mach biing 2 vong ddng, tao thanh 1dng séc (hinh 7-2, b).

Hinh 7-2

DP&i véi ciac dong cd cong sudt nhd, 16ng séc duge ché tao bing
cach dic nhdm vao cdc ranh 16i thép rotor, tao thanh thanh nhom, hai
dau ddc vong ngin mach va canh quat lam mdt (hinh 7-2,c). Pong co
dién c6 rotor 16ng séc¢ goi 1a dong co khong dong bd 16ng séc va dude ky
hiéu nhu hinh 7-2.d.

Da&i véi loai rotor ddy quén, trong ranh thép rotor dit diy quan 3
pha. Day quin 3 pha thudng ndi sao, ba ddu ra ndi vdi 3 vong ti€p xic
bing déng, ¢d dinh trén truc rotor va dudc cdch dién vdi truc (hinh 7-3).

<)

Hinh 7-3

Nhd 3 chdi than ti st vao 3 vong ti€p xtic, diy quin rotor dudc ndi
vdi 3 bi€n trd bén ngoai d€ thuc hién vieéc md may va diéu chinh téc do
(hinh 7-3,b). Loai dong co nay goi 12 dong cd khdng ddng bd rotor day
quin va ky hiéu nhu hinh 7-3.c.
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Giita phan tinh va phin quay 1a khe hd khong khi c6 kich thugc tir
0,35+1,5mm. Mach tir dong khép kin tir stator sang rotor qua khe hdg.

§ 7.3. DAY QUAN CUA MAY PIEN KHONG PONG BO
7.3.1. Cdc dinh nghia co bdn.

DAy quan cia may dién khong ddng bd c6 ciu tao rit phic tap,
trong pham vi gido trinh ndy ta chi khdo sdt loai don gidn nhat d€ hi€u
khdi qudt cdch bd tri diy quan.

Day quan stator clia dong cd 3 pha
gdm 3 cudn diay quin, mdi cudn diy gom
nhi€u phan t& ghép ndi ti€p vSi nhau va
dit trong cdc ranh stator. Mdi phan tif gdm
c6 mdt s& vong day, hai canh tic dung clia
phan t¢ dit vao hai rinh. Khodng cédch
gitta 2 canh tic dung cia mdt phan tif goi
12 budc clia day quan y. Trén hinh 7-4 vé
cu tric cda mot day quan gdm 3 phan td,
mdi phan ti c6 3 vong diy, mdi canh tic
dung ctia phin tif gom 3 thanh din.

Hinh 7-4

Khi c4u tao day quén, ta ciin cf vio cong suit, tdc do quay va mot
s6 dic tinh k¥ thuat khic ctia mdy d€ x4c dinh s rinh Z va s6 cip cuc p
cua stator. Tl d6 ta x4c dinh cdc s6 liéu cd bdn sau ctia diy quan 3 pha:
1. S6 rdnh méi pha Q. La sd ranh trén stator 'ng v6i mdi pha.
Z

0= 3 (7-1)

2. 86 ranh méi pha dudi mot cuc tir q. Bi€t s6 cuc tir 1a 2p, mdi pha c6
Q rinh, tir d6 s& rinh mdi pha dudi mot cuc tir s& 1a:
0 Z
q = — = —
2p  6p
3. Buéc cuc t . La khodng cdch stator dudi mdi cuc tlr, tinh bing s&
ranh trén stator.

(7-2)

Z

=2, (7-3)

T

«—— [ Formatted: Bullets and Numbering

44. Goc dj dién ung voi mot ranh. La dai lugng dung dé xdc dinh vi tri
dit bd day cia tirng pha trong stator (hay rotor), ciing nhu diing chiing dé
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x4c dinh sd db hinh tia sitc dién dong ranh trong viéc xdc dinh viing pha
clia bo diy quan va xdc dinh hé s6 quin diy clia bd diy quin.
o = p.360
V4

(7-4)

<« | == { Formatted: Bullets and Numbering

5.5. Budc ddy qudn y.

Diy quancé y = 7 goi la diy quian budc di. DAy quan cé y <7 goi
12 diy quin bu6c ngin. Loai diy quian buéc ngin dugc diing nhiéu hon
Vi ti€t kiém dugc diy din va c6 diéu kién cdi thién cho tif trudng cla
mdy gan hinh sin hon.

7.3.2. Vi du.

Xét vi du diy quin 3 pha 16p don, budc di, s6 doi cuc 2p = 4, s6
ranh Z = 12.
1) Xdc dinh cdc tham sé'.

e X Z 12 -
- 86 ranh moi pha : Q=§:?:4 ranh
- 86" rdnh méi pha dudi mét cuc tix q.
q = Q9 = 4 = 1 ranh
2p 4
- Budc cuc . r:£=2:3r€1nh
2p 4

- D4y qudn buéc dii :  y = t= 3 rinh
- Géc dién giita 2 ranh ké nhau:
o - p.360° _ 2.360° _
Z 12

60"

- 86’ phén tit ciia mdi ddy qudn la: %: 2 phan ti.

2) Cdch ddt day qudn.
Theo s6 liéu tinh todn & trén ta hdy thi€t 1ap gidn dd hinh tia siic
di€én dong tuong tng v6i Z = 12 véc td (hinh 7-5).

PhaA: 1— 4 — 7 —10 A
Pha B: 3 _ 6 _ 9 _ 12 ‘,-u..--------...-.-.----..
PhaC: 5-8 -11 - 2
Pau tién dit diy quin pha A. Canh
thit nha't cia phan t thi nhat dit vao rinh
s6 1, canh thif 2 cda phan tf thi nhat dit
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vao ranh s6 4 (vi day quan buéc di y=3).

Ti€p theo ndi véi phan tf thit hai c6 canh thi nhit dit tai rinh thi
7, canh thit 2 dit & rinh s6 10. Nhu vy diy quin pha A sé& dit vao cdc
ranh 1-4-7-10 (hinh 7-6, a).

Ti€p theo dit ddy quan pha B. Theo tinh todn & trén géc dién giita
2 rinh lién nhau 13 a =60°, do d6 khodng cich giita cdc pha 1a 120° s&
rng v6i hai ranh. Tir d6, bit dAu diy quin pha B s& dit & rinh s 3 (c4ch
pha A 2 rinh). C4c canh ti€p theo clia diy quan pha B s& diit & cdc rinh
6, 9, 12. Tuong ty, diy quan pha C s& bit ddu & rinh 5 va ti€p tuc qua
cacranh §, 11, 2.

N&u cit doc giita ranh 1 va s§ 12 va trdi ra ta c6 sd dd khai trién
clia diy quan 3 pha sstator nhu hinh 7-6, b.

§

)
AN

N
SCUNUNRNNANNOANNN

7

?,

=S

]

NZZ g2 /1//

Hinh 7-6

§7.4. TU TRUONG CUA MAY PIEN KHONG PONG BO
7.4.1. Ti truong ddp mach cua diy quan mét pha.

Theo ly thuyét dién tir, ta bi€t ring tir trudng do dong xoay chiéu
hinh sin tao ra c6 tri s6 va chiéu bi€n ddi theo quy luit hinh sin, goi 12 tr
trudng dip mach. Gid sit diy quan mdt pha dit trong 4 rinh stator nhu
hinh 7-7 (v6i s6 cip cuc p =1) va hinh 7-8 ( véi p = 2).

Khi cho dong dién mot pha i = I sin @t chay qua, chiéu clia dong
dién & mot thdi di€m ky hiéu bing cdc ddu quy udc: ky hiéu ® chi dong
dién di vao, ky hiéu O chi dong dién di ra. Theo quy tic viin nit chai ta
xdc dinh dugc chiéu tir trudng. Trén hinh v& dudng chAm cham chi chiéu
tlr trudng § mot nira chu ky cua dong dién, ¢ nira chu ky sau dong dién
ddi chiéu va do d6 tir trudng c¢é c6 hudng ngudc lai. Trén hinh 7-8 1a tir
trudng sinh ra véi 2 doi cuc (p=2).

TS. Luu Thé Vinh



KY THUAT BIEN 105

A

Hinh 7-7. Tit truong ciia dong mot pha ving véi p=1

Hinh 7-8. Tit truong ciia dong mot pha ving vdéi p=2

Nhu vy dong mot pha chi tao ra tir trudng dap mach ma khong tao
dugc momen quay.

7.4.1. Su tao thanh tit truong quay cia dong dién ba pha.

Dong dién 3 pha c¢6 uu di€m 16n 1a dé tao ra tif trudng quay trong
cidc mdy dién 3 pha. P& khdo st ta hiy xét trudng hop don gidn nhat
clia mdy dién khong dong bo véi stator c6 cau tric gdm 6 ranh, trong d6
dit 3 cudn day quan 3 pha doi xitng AX, BY va CZ. Truc c4c cudn day
quan dit 1éch nhau trong khong gian mot géc 120°, mdi cudn diy c6 mot
phan tr, mdi phan tif c6 mot vong day.
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) -t
N

wit=90° wt=90% 120° wt=90°+ 240°

= >
5);5,!

[+
o) ) 7

Gid st dong dién 3 pha dua vao 3 cudn diy quin clia mdy dién cé
biéu thifc:
iy = 12 sinwr
12 sin (et —120%) (7-5)
i = I\2sin(wr —240%)

o
Il

Pé thiy sy hinh thanh tir trudng quay ta quy uSc vé chiéu dong

dién trén cdc cudn day 3 pha nhu sau:
Dong dién pha nao dudng c6 chiéu tir ddu pha dén cudi pha, dau
ky hiéu bing vong trdn c¢6 diu nhan § gitta ®, con cudi ky hiéu bing
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vong tron c¢6 didu chim & gitta ©.

Dong dién pha nao 4m c6 chiéu va ky hiéu ngudc lai: dau ky hiéu
©, cudi ky hiéu ®.

Xét tlr trudng tai ba thdi diém khac nhau sau:
- Thoi diém ot= 90".

G thoi di€m nay, dong pha A duong va c6 gié tri cyc dai, dong pha
B va pha C 4m va c6 gia tri bing mdt nita gia tri cuc dai. Theo quy uGc
trén, diu A ky hiéu ®, cudi X ky hiéu O; cdc dau B, C ky hiéu ® va
cudi Y, Z ky hiéu ®.

Diing quy tic vin nit chai, xdc dinh chiéu dudng stc tir trudng do
dong dién trong cdc cudn diy sinh ra (hinh 7-9,a). Ta thiy tir trudng tong
c¢6 mdt cuc S va mot cyc N ta goi 1a tr truGng mot doi cuc (p=1). Truc
clia tir trudng tdng triing véi truc day quan pha A 1a pha c6 dong dién cuc
dai.

- Thoi diém wrt= 90+ 120°.

0 thoi diém nay, dong pha B duong va c6 gia tri cuc dai, dong pha
C va pha A am va c6 gid tri bing mot nira gia tri cyc dai. Dung quy tic
vin nit chai xdc dinh chiéu tir trudng ta thiy ring tir trudng tong dd quay
di mot gée 120° so véi thdi di€m trude. Truc cla tit trudng tdng tring véi
truc ctia day quan pha B 1a pha c6 dong cuc dai ra (hinh 7-9,b).

- Thoi diém at= 90°+ 240",

Lic nay dong pha C dudng va cé gid tri cuc dai, dong pha A va
pha B 4m va c6 gid tri bing mot nita gid tri cuc dai. T trudng tdng da
quay di mot géc 240° so v6i thdi di€ém ban ddu. Truc clia ti¥ trudng tdng
trung vdi truc ca day quan pha C 1a pha c¢6 dong cuc dai ra (hinh 7-9,c).

Qua phan tich trén ta thdy ring tif trudng téng ctia dong 3 pha 1a tir
trudng quay. TU trudng quay méc vong qua day quan cla stator va cla
cd day qudn rotor. Pay 13 tir trudng chinh tao ra cdc qué trinh bi€n ddi
nang lugng trong mdy dién.

7.4.2. Dic diém cia tit truong quay.
a) Téc do tir truong quay.

T&c d@o tir trudng quay phu thudc vao tan s dong dién stator f va

s6 doi cuc p. That vay, trong vi du trén, khi dong dién bi€n thién mot chu
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ky, tr trudng quay dudc mot vong, do d6 trong mot phit dong di€n stator
bi€n thién 60f chu ky, tir trudng quay dudc 60f vong. Nhu viy, khi tir
trudng c6 mot doi cuc, toc do tir trudng quay 1a n; = 60f vong/phiit. Khi
tr trudng c6 2 doi cuc, dong dién bi€n thién mot chu ky, tit trudng quay
dugc Y4 vong, do d6 téc dd tir trudng quay 13 n; = 60f/2. Mot cich tdng
qudt, khi tr trudng quay cé p ddi cuc, toc dd quay clia tif trudng (goi 1a
toc do dong bo) la:

n 60 f (vong/ phiit) (7-6)

b) Bién d cua tiw truong quay.
Theo 1y thuyét vé mach tlr, do 16n clia véc to cdm tng tf B xdc
dinh theo biéu thic:

B - _W}W’ (7-7)

Trong 46 : - gy =4n.10"" H/m — hiing s tit
4 = do tir thim clia moi trudng
- I = cudng do dong di€n
- W =150 vong diy
- | =chiéu dai 6ng day.

Vi cdc gid tri khong d6i cda W, [, 12 cdm tng tif B phu thudc tuyén
tinh vao gid tri va chiéu clia dong dién I. Khi dong cuc dai B dat cuc dai,
khi dong dat Y% gid tri cuc dai, B ciing dat ¥ gid tri cuc dai. Chiéu véc td
cadm ung tir B ciing phu thudc vao chiéu dong dién. Tir hinh vé& (7-9) &
moi thdi di€m ta ludn cé:

Ez = EA + EB + Ec

Suy ra: ‘g‘ = %Emax (7-8)

Tu thong xuyén qua mdi ddy quan @ = B.S . Nhu vay, vé tri s6 tir
théng tdng trong mdy la:

3
q)Zmax = E(D (7-9)

max
trong @6 @, la tir thdng cyc dai ciia mot pha.
Mot cich tdng quit, né€u dong dién mdt pha bién thién theo quy
luat hinh sin i=1,sinwt, thi tir thong cia tif trudng quay xuyén qua diy

quin c6 dang:

TS. Luu Thé Vinh



KY THUAT BIEN 109

® = Oy . Sinwt = %(I)maX sinwt (7-10)

b) Chiéu quay ciia tir truong.

Chiéu quay cda tir trudng phu thudc /¢
vao thit ty pha cia hé th6ng dong 3 pha. Tir A
hinh (7-9) ta thdy ring, néu th¢ ty dong
dién cdc pha cuc dai 1an lugt 1a pha A, pha
B, rdi d€n pha C mot cich chu ky thi tir
trudng quay tir truc ddy quin pha A dén
pha B rdi d&€n pha C tuong tng.

Nhu vay, néu thay d6i thit tu hai pha
cho nhau, vi du, dong iz dua vao day quin
CZ, dong ic dua vao day quin BY, t
trudng quay sé di tir truc ddy quan AX dén
CZ rdi dén BY, nghia 12 quay theo chiéu
ngudc lai (hinh 7-10).

§7.5. NGUYEN LY LAM VIEC CUA MAY PIEN KHONG PONG BO
7.5.1. Nguyén Iy lam vigc ciia dong co khong dong bj ba pha.

Hinh 7-10

Khi cho dong dién 3 pha tin s6 f; vao 3 cudn diy quin stator, s&
tao ra tf trudng quay p doi cuc, quay vdi toc do:

60 f,

n = (vong/ phiit)

T trudng quay cit cdc thanh din rotor sinh ra trong diy quin
rotor cdc s.d.d cdm ng. Vi cdc thanh din rotor dudc ndi ngdn mach nén
s.d.d cdm wng sé& sinh ra dong dién trong cdc thanh din rotor. Dong dién
nay dit trong tir trudng quay nén s& chiu tic dung cua luc tir lam rdtor
quay cuing chiéu tir trudng vdi toc do n <n; .

D€ minh hoa, trén hinh 7-11 vé& tir trudng quay tdc dd n; cé chiéu
thuin chiéu kim déng ho, chiéu s.d.d va dong cdm tng trong thanh din
rotor, chiéu clia luc tir Fy,

Khi x4c dinh chiéu s.d.d cdm tng theo quy tic ban tay phdi, ta phai
cin ct vao chiéu chuyén dong tuong ddi ctia thanh din ddi véi tir
trudng. Né&u coi tir trudng 1a didng yén thi chiéu chuyén dong tuong doi
cda thanh din theo chiéu ngugc lai v6i chiéu n;. Tir @6 chiéu clia s.d.d
cdm ng x4c dinh theo quy tic ban tay phdi c6 chiéu nhu hinh v&. Chiéu
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ctia lyc dién tir xdc dinh theo quy tic ban tay trdi c6 cling chiéu véi chiéu
quay n;.

b)

Hinh 7-11
7.5.2. Do truot s.

T6c d6 quay clia mdy n ludn luén nhd hon téc do tir trudng quay
n;, Vi néu n = n; thi sé khong c6 su chuyén dong tuong ddi, s.d.d cdm tng
va do d6 dong cdm tng s& triét tieu, luc tir s& bing khong. Pong co do
d6 dugc goi la dong cd khdng ddng bo.

b€ dic trung cho ché d6 lam viéc clia dong cd khong ddng bd

ngudi ta dua ra khdi niém do trugt s. Goi n; 1a tdc do quay cla tif trudng:
601,

n, ;n 12 tdc do cda rotor. PO chénh 1éch gifta tdc do tir trudng
p
quay va tdc do mdy goi 1a toc do trugt n,.
n,=n;—n (7-11)
Do trugt hay hé s6 trudt s dugc dinh nghia:
n, n—n
s=2_m7n (7-12)
n n

Khi dong cd 1am viéc, néu tan s6 f;=const thi n;=const, con n phu
thudc vio momen can trén truc dong cd, do d6 do trugt s sé thay ddi. Po
trugt 1a mot dai lugng dic trung cho qud trinh lam viéc ciia dong co
khong dong bd.

- Khi bit diu mé mdy (rotor déng yén): n=0, s=1.

- Khi td¢ d6 dong cd bing tdc do tir trudng: n=n;, s = 0.

Nhu vay, gidi han clia do trugt ndm trong khodng: 0 < s </. Binh
thudng rotor quay & ch€ do dinh mic s = 0,02 +0,06.
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Tir biéu thitc s =1 ta c6 t6c do quay ciia dong co 1a:
m
n =n(l-s)= ﬂ(l — ) vong/phiit (7-13)
p

7.5.3. Nguyén Iy lam vié¢c ciia mdy phdt di¢n khong dong bj ba pha.

Néu stator vin ndi vé6i ludi dién, truc clia rotor khdng ndi véi tai
ma ndi v6i mdt dong co sd cap. Dung ddong co so cap kéo rdtor quay
ciing chiéu n; véi tdc dd n > n;. Lic nay chiéu clia dong dién I, trong
rotor ngudc lai v6i ché€ @6 dong co, do d6 luc dién tir s& ddi chiéu tic
dong 1én rotor gdy ra mdmen him cin bing véi momen quay cia dong
co so cap (hinh 7-11, b). Mdy dién lam viéc & ch&€ do mdy phat. HE s6
trugt ldc nay la:

s=-L1L—"<0 (7-14)
n

Nhg tir trudng quay, cd ning dong co so cAp dua vao dudc bi€n
thanh dién ning & stator. D€ tao ra tir trudng quay, ludi dién phai cung
cAp cho mdy phat khong ddng bo cong sudt phdn khiang Q, vi thé lam
gidm hé s& cdng suit cose cia lugi dién. Khi mdy lam viéc riéng 1€, ta
phdi ding tu dién ndi dau cyc mdy dé€ kich tir cho mdy. P6 chinh 1a
nhugc di€m co ban clia may phat khong ddng bo, vi vay né it dugc si
dung trong thyc t€.

§7.6. CACPHUONG TRINH CAN BANG PIEN TU CUA MAY PIEN
KHONG PONG BO.
7.6.1. Phuong trinh cdn bang dién mach stator.

DAy quén stator cia dong cd dién tuong tu diy quan so cAp MBA,
do dé ta c6 phuong trinh cin bing dién 4p la:

Trong d6 le R, +jX, 1a tdng trd diy quén stator.

R; 1a dién tré diy quén stator.
X, = 27f L, 1a dién khdng tdn diy quan stator,
E; la sic dién dong pha stator do tir thong clia tir truGng
quay sinh ra, c6 tri sd la:
E = 4,44 fWik®, (7-16)

V6i Wy, k; 1a s6 vong diy va hé s6 diy quin cia mot pha stator.
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®,, 12 bién do tir thong clia tr trudng quay. Hé s6 day quan k;<1 néi 1én
su gidm s.d.d. cia mdi pha diy quén stator do quan rdi trén cdc rinh va
budc rit ngdn, so v6i quan tap trung trong may bién thé.
7.6.2. Phuiong trinh cén bang di¢n mach rotor.

Diy quin rotor clia mdy dién khong ddng bd tuong tu diy quin
thit cdp cia MBA. Gi4 thi€t @€ hd mach rotor va cho dong dién ba pha di
vao mach stator. Trudng hgp nay tuong tw nhu may bi€n 4p khong tdi. Vi
mach r6tor hd nén dong dién rdtor I, = 0 . Rotor dirng yén vi khong c6
lyc dién tir, khong c6 mdémen.

Tuong ty MBA, ta c¢6 s.d.d. mOt pha ciia mach rotor E,y lic ding
yén theo cong thic:

trong do:

k12 hé s6 day quan rotor clia dong co k; <1.
f2012 tAn s& xdc dinh & t6c d6 bién di clia tir thong qua cudn

day.
Vi rotor dirng yén cho nén:
p-m
== 7_18
Jro 50 h (7-18)

Bay gid déng mach cho ddng co quay binh thudng. Giad st rotor
quay véi toc dd n. Lic nay s.d.d va dong dién trong diy quan rotor sé& c6
tan sd phu thudc vao tdc dd tuong ddi gifta rotor va tir trudng (n,— n):

=p(n1_n)=p'n1.(n1_n)= ) 1
fZS 60 60 n fl S (7 9)

Nhu vay, tdn s6 dong dién rétor liic quay béing tan sé” dong dién
stator nhdn vdi do truot.

Sttc dién dong pha day quan rotor lic quay 1a:

E,, =4,44k,W, ,®, = 4,44k, W, f,®, s = Ey, -5 (7-20)
Trong do: E,, =4,44k, W, D
Nhu vy, suc dién dong trong mach rétor liic quay béing sic dién

dong trong mach rotor ditng yén nhdn voi do truot.
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N&u biét dugc téng trd pha mach rotor Z, ta d& dang x4c dinh dugc
dong dién pha mach rdtor I, theo cong thic:

T T (7-21)

Z, R} +X3,
Trong do6:

R, 1a dién tr§ pha mach rotor
Xy, 12 dién khdang pha mach r6tor do tr thong tin § mach
rotor sinh ra: X, = 27f5,L,;.
G day L, 12 hé s6 tu cdm mach rotor. NEu Xy 12 dién khdng pha
mach rétor dirng yén thi Xy = 27f50L,. So sdnh X5, va X, ta co:

I

Xy _fos _So0oS _ (7-22)
X0 o  So
Nhu vay, dién khdng pha mach rétor lic quay bang dién khdng pha
mach rotor dikng yén nhdn voi do truot.
Tur (7-16) va (7-17) ta c6:

R2 SX2
.= ﬂ = Wl_kl (7-23) —:l—_»m“—
Ey Wzkz I

k. goi 1a hé s§ quy ddi stc dién . C

(1)

dong.

DPé biéu dién sd dd tuong duong ta
chon chiéu Ex va I, nhu hinh vé (7-12).

) . Hinh 7-12
Vi ddy quan rétor ngan mach, nén
phuong trinh cin bing dién 4p lic rotor quay sé& c6 dang:
E, =1, (R, + jX,,) (7-24,a)
hay:
0=sE, — (R, + jsX,) (7-24.b)

Trong phuong trinh (7-24) dong dién rotor ¢é tan s6 f> = sf; va c6
tri s hiéu dung la:
_ i _ sE,

L 7 2 2
2 Ry +(sX,)

(7-25)

7.6.3. Phuiong trinh cén bdang ti ciia dong co khong dong bo.
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Khi dong cd 1am viéc, tif trudng quay trong mdy sinh ra ddng thdi
do dong dién cla c hai diy quan & stator va rotor. Dong dién trong day
quin stator sinh ra tif trudng quay stator quay vdi toc do n; doi vdi stator.
Dong dién trong day quin rotor sinh ra tif trudng quay rdtor, quay véi toc
don,:

_ 680/ _ 604
p p

Vi téc d6 quay clia rotor so véi stator 1a 7, cho nén tir trudng quay
clia rotor s& quay so véi stator véi toc do 1a:

n, s =5 (7-26)

n,+n=sn +n=sn+n(l-s)=n (7-27)

Nhu vy, tor trudng quay stator va tUr trudng quay rotor khong
chuyén dong tuong ddi ddi véi nhau. Tir trudng tdng hop clia mdy sé 1a
tif trudng quay véi tdc do n;.

Ly ludn tuong ty nhu § MBA, do tir thong @, lic khong tai va c6
tai 12 khong ddi, nén ta vi€t dudc phuong trinh cin bing stc tir dong clia
dong cd khdng ddng bd:

mWiki; —myWokyly =m Wik (7-28)

Trong d6:

I, 1a dong dién ststor ldc khong tai
I, ,1, 1a dong dién ststor va rotor lic c6 tai
m;, m, 12 s6 pha diy quén stator va rotor.

Cdc hé s6 mWk;,m,W,k, néi 1én tr trudng quay do dong thdi m,
pha stator vd m, pha rotor sinh ra, tinh d&én s& vong diy va cdch quin
day. Ddu trir trudc I, cho bi€t dong I, khong thudn véi chiéu tir thong
theo quy tdc viin nit chai.

Chia hai v€ ctia (7-28) cho m Wk, ta dugc:

jl _—m2W2k2 iz Zio
m Wik,
. . ['2 . ['2 . o
hay: I, Wk, =1 K =1, -1,=1,
m,W,k,
Iy =ly+1, (7-29)
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Trong dé: 1 2 1a dong dién rotor quy ddi vé stator,

’ _ Wik 20i 12 hé s6 quy ddi dong dién.

myWak,
§7.7. S0’ PO THAY THE CUA PONG CO KHONG PONG B0

Tuong ty nhu khi nghién cttu MBA, dva vao cdc phuong trinh can
bing dién tir ta s& thiét 1ap dugc sd d6 mach dién goi 1a sd d6 thay thé
dong cd khong ddng bo.

Tit cdc phuong triinh (7-15), (7-24) va (7-29) ta c6 hé phuong triinh
todn hoc md t dong cd dién khong ddng bo 1a:

0=sE, —I,(R, + jsX,) (7-31)
Iy =ly+1, (7-32)

Tu (7-31) 1a phuong trinh can bing dién ctia mach dién rotor lic
rotor quay vdi tan sd f> = s f; . Chia hai v& phuong trinh cho s ta c6:

0=E, —12(%+ iX5) (7-33)

Céc thong s6 E,, X; 1a s.d.d. va dién khdng tdn lic rotor ding yén
v6i tin s6 f. Nhu vay phuong trinh (7-33) 1a phuong trinh can biing dién
rotor dd quy ddi tir trang thdi rotor quay vé trang thdi ding yén. Ta goi
day 1a phuong trinh cAn biing dién rotor quy ddi vé tin s stator f;.

Bay gi¢ hiy nhan (7-33) vdi hé sd quy ddi s.d.d k., nhdn va chia
cho hé s& quy d6i dong dién k; ta dugc:

0=kE, - %(%keki + jXok k) (7-34)
Goi: E2 =k,E, = E, 1a 5.d.d. pha rotor quy d6i vé stator.

! I . 2. X
I, =-2 la dong dién rdtor quy dbi vE stator.
i
R, = Ryk,k; 1a dién trd diy quan rotor quy ddi vé stator.
X, = X,k,k, 1a dién khdng day quan rotor quy ddi vé stator
k, =k, 1a hé s6 quy ddi tong trd.
Phuong trinh (7-34) trg thanh:
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0=E,—-1, N jX,) (7-35)
s
Tuong tw MBA E; va E,’ 1a dién 4p roi trén tdng trd tir héa:
E =E,=-Iy(R, + jX,) (7-36)

Cudi ciing ta dugc hé phuong trinh dong cd dién da quy ddi sau:

U =I1(R + jX, 1 o(Ry, + jX,) (7-37)
. . R, ..
Iy =1y +1, (7-39)

Hé 3 phuong trinh (7-37, 38, 39) 1a hé phuong trinh Kirchhoff viét
cho mach dién c6 sd dd trén hinh (7-13). Mach dién trén goi 1a so do
thay th& dong co khong dong bo. Pé thuin tién cho viéc tinh todn,
thudng st dung so dd gan diing tuong duong hinh (7-13,b), trong dé:

Ry =R, + Ry,
Xo =X, + Xy,

@ - B
Hinh 7-13

DPé€ thé hién cong suit co trén truc dong cd & sd dd thay thé, ta thuc
hién phép bi€n ddi sau:

R Ry(1-
—2 =R, + Rd=s) (7-40)
s s
R, .. R PN
—= dic trung cho cong suat dién tir Py,
s
szzmllizﬁzmzlzzﬁ (7-41)
s s
R, dic trung cho tdn hao ddng trong rotor.
Py, =ml,°R, = myI; R, (7-42)
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Rd=9) dic trung cho cong suit cd trén truc trén truc:
s
Do 1-=s 2 1-s
By =mly Ry ——=myl Ry —— (7-43)
Ky S

S db thay th& dong cd khdng ddng bd c6 thé vé nhu hinh (7-14):

Hinh 7-14

§7.8. MO MEN QUAY CUA PONG CO KHONG PONG BO BA PHA.

O ch€ dd dong co dién, mdémen di€n tir d6ng vai trd mdémen quay.
Dua vao biéu thifc cong suat dién tir v quan hé giita cong sud't nay vdi
t6n hao trong mach rotor, ta rit ra bi€u thifc cia mdémen quay 1a ham s6
cua do trugt s nhu sau:

M=M, =" (7-44)

P, =3I, = (7-45)

®; 12 tn s§ géc cla t trudng quay : @, _— (7-46)
p
o 12 tAn s6 gdc dong dién stator, p 12 s& cip cuc tir.
Tir s6 dd thay thé (7-13,b) ta c6:
L= : ! (7-47)
\/(Rl Ry x e x)y
s
.

Nhuvdy: M= 3pUL Ry (7-48)

sa{(Rl + &)2 +(X +X,)*
S
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D4 thi biéu dién quan hé momen quay theo d6 trugt M = f(s) trén
hinh (7-15,a). N&u thay s = (n;-n)/n; ta c¢6 quan hé n = fiM), d6 1a dudng
dic tinh cd ctia dong co khong dong bd (hinh 7-15,b).

0 0z @+ g5 98 10

a)

Hinh 7-15

Céc dic di€ém cia momen quay clia dong co khdng ddng bo:

< B [ Formatted: Bullets and Numbering

4:1. Mdmen quay ty 1€ v4i binh phuong dién ap. Trén hinh (7-16,b)
vé& duding cong M = f(s) véi cac dién 4p khac nhau: U, < U,.

Hinh 7-16

2.2. Mdmen c6 tri s& cuc dai Mpax ing véi t6i han s, 1am cho dao®

oM ) .
ham e =0. Sau khi dao ham ta tinh dugc tri s0 s, va M, 1a:
s

Sy =% ! ;
R +(X, + X, )
ddu (+) Ung v6i ché d6 dong cd va ch€ do ham
d&'u (-) ng véi ch€ @6 mdy phat (hinh 7-17)
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M
|
Mmax '
t O Mmd
- : - S,*h 1 : S
) l +Sth S=1

Che domsy phat | Ché dsdong co | Ché 'ds hém

Hinh 7-17

Xét gid tri trong cdn, R12 << (X, + Xzy)2 nén c6 thé bd qua Rlz, ta co
bi€u thiic gan ding:
R,
X, +X,

sy, = *E

_ 3pU; . 3pUf (7-49)
20[R, +R} + (X, +X,)>  20(R + X, +X,)

M

max

Hé sd trudt t6i han s, ty 1& thudn véi dién trd rotor, con M,
khong phu thudc vao dién trd rotor. Khi cho thém dién trd phu R, vao
rotor, dudng dic tinh M=f(s) thay d6i nhu hinh (7-16,a). Tinh chat nay

dugc st dung d€ diéu chinh tdc d6 va mé mdy dong cd rotor diy quin.
Quan hé gitta M, M, va sy c6 thé viét gin ding nhu sau:
2M
M = =Mmax (7-50)
S Sm
S S

Thay s = 1 vao (7-48) ta c6 mé6 men mG may ctiia dong co la:

3pUSR, 7-51)

M=
O (R + Ry + (X, +X,)” |

Da&i véi dong co 16ng séc thudng cho céc tri s6 sau:
M, . M
¢ =1,1+1,7; X =1,6+2,5 (7-52)
dm dm

§7.9. MO MAY PONG CO KHONG PONG BO BA PHA.
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7.9.1. Pdc diém.

Quad trinh m& mdy tinh tir ldic d6ng mach cho dong dién vao dong
cd diing yén (n = 0) cho d&n lic dong cd quay véi tdc dd 6n dinh 7.

DPong co khong ddng bd 3 pha c6 mdmen mé mdy. PE mé mdy
momen clia dong co phai di 16n d€ thing momen cin cla phu tai dit 1én
truc dong co (M,) va mdmen quén tinh clia cdc phin ti chuyén dong quy
vé truc ddng co (J). Ngoai ra momen dong co phai di 16n d€ thdi gian
md mdy nam trong gidi han cho phép.

Phuong trinh mdmen ctia ddng co la:

M=m, +792 (7-53)
dt
Khi md mady hé s& trudt s = 1, tir so dd thay thé don gidn gin ding
(7-13,b) ta c¢6 dong dién pha lic md may la:

I Y, _ v, (7-54)

me ' N2 N2
\/<R1+R2>2+<X1+X2'>2 VR R+ (X Ko)
S

Trong quéd trinh m& mdy dong cAp cho ddng cd khd 16n, thudng
bing 5 + 7 1an dong dinh mitc. P&i v6i u6i dién cong sud't nhd dong tdi
ting s& 1am sut 4p ludi mang gdy 4nh hudng nghiém trong tdi ngudn va
dnh hudng dén ché dd cong tic cla cédc thi€t bi dién khdc. Do vay cin
phdi c6 cdc bién phdp khidc phuc. Du6i diy ta s& xét cdc phuong phdp
mG may cho tirng loai ddng co.

7.9.1. M6& mdy djng co rotor long séc.
a) Mé may tryc tiép.

Ap dung cho cdc dong co cong sudt nhd. Thao tic m§ mdy chi don
gidn 1a déng dién tryc ti€p cho dong co nhd cau dao 3 pha, aptomat hoic
khdi dong tir.

Do trong thdi gian khéi dong dong m3 mdy 16n giy sut sap ngudn,
nén né€u mdémen quén tinh clia dong cd 16n, thdi gian mé mdy sé dai c6
thé giy su ¢d cho mach dién. Do d6 phuong phap nay chi 4p dung ddi
vdi cdc dong cd nhd khi cong sud't 1usi dién 16n hon nhiéu 1an cdng sudt
ctia dong co.

b) Giam dién dp stator khi md mdy.
Trong thdi gian md mdy ta gidm dién dp dit vao stator nhim gidm
dong dién md mdy. Tuy nhién hé qua la lam gidm mémen mé mdy, do
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dé phuong phdp nay chi 4p dung cho cic dong co khdng yéu cau mdmen
md& may I6n. C6 cac bién phap thuc hién giam dién ap stator nhu sau:

1. Dung dién khdng mdc ndi tiép vao mach stator.

So @6 khdi dong dong co chi ra trén hinh 7-18. Qua trinh md& mdy
dugc thuc hién nhu sau: Ban dau déng ciu dao D;, m§ cau dao D,. Pién
dp lu6i dit vao dong cd qua cdc dién khdng mic ndi ti€p véi day quin
stator. Khi t6c d6 dong co gan dat mitc 6n dinh déng cau dao D,, md cau
dao D;. Nhd sut dp trén cdc di€én khang nén dién dp dit vao dong cd sé
gidm di, din dé€n gidm dong md mdy. N&u dién dp gidm di k 1an, dong
md mdy ciing s& gidnm di k 1an, tuy nhién mdmen m& mdy ciing s& gidm
di k° 1an tuong ng.

Lém vige

Hinh 7-18

2. Dung bién dp tu ngdu 3 pha mdc néi tiép vao mach stator

Dung MBA tu ngiu cé thé diéu chinh tily y mic dién dp dit vao
day quén stator cia dong cd (hinh 7-19). Thay ddi vi tri cla cda chiét 4p
sao cho ltic m§ mdy dién 4p dit vao dong cd nhd, sau d6 ting din Ién
biang gid tri dinh mic.

Goi k 12 hé s6 bién 4p, U, 1a dién 4p pha clia luéi, Z, 13 tong trd
cliia dong co, U, 1a dién dp pha dit vao ddong co lic m3 mdy, ta c6:

u, =9 (7-55)
k
Dong dién chay vao dong co lic duing MBA la:
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u U
L, ==2%=—L 7-56
2= Tz (7-56)

Dong dién ludi cung cip cho dong co
lic c6 MBA la:

I U |
== e (7-57)
ko Kz,
Néu md mdy tryc ti€p khong ding
MBA thi dong dién 1u6i Idc m& mdy sé 1a:
U
Iy :Z_:, (7-58)
Hinh 7-19

So sdnh (7-57) va (7-58) ta thdy viéc dung MBA di cho phép gidm
dong dién m& mdy di k£* 1dn. Pay 12 mot trong nhitng wu di€m cha viéc
ding MBA so v§i phuong phdp dung dién khiang. Bién 4p dit vao dong
cd gidm di k 1An nén mdmen quay gidm di k° 14n. Phuong phap nay dugc
4p dung cho cdc dong co cong suat 16n.

7.9.2. M& mdy dong co rotor ddy quén.

P& md miy dong co rotor ddy quin ngudi ta ding bién trd mé
mdy mic ndi ti€p vdi day quan rotor (hinh 7-20).

Qu4 trinh m3 mdy dugc thuc hién nhu sau: Ban diu dé bi€n trd 16n
nhat, sau d6 gidm dan bi€n trd vé khong. Pudng dic tinh mémen dng vdi
cac gid tri Ry, chi ra trén hinh 7-20,b.

Mudn ¢6 moémen m3 mdy cuc dai, hé s6 trugt t6i han phai bing 1:

5, = 2t Ry (7-59)
X, +X,

Tur @6 xdc dinh dugc gid tri dién trd md may Ryscan thi€t . Khi c6
Rig dong dién md mdy la:
U,
Lng = L Lo 2 "2
JR + R+ R +(X, + X)
NhS c6 Rpg, dong dién mé mdy gidm xudng, nhung mdmen md
may van dat cuc dai. P6 1a vu di€m co ban clia dong co khong ddng bo
rotor diy quan. Do d6 nhitng phu tdi yéu cAiu moémen md mdy 16n thudng

(7-60)
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duing dong co rotor day quan.

/R,,,; =0

“w qrdt

Hinh 7-20. Mé mdy déng co rotor day quan

§7.10. PIEU CHINH TOC PO PONG CO KHONG PONG B BA PHA.
7.10.1. Téc do dong co khong dong bo 3 pha.

Tir cong thic 7-13:

n =n1(l—s):ﬂ(l—s) (7-61,a)
P
Ta thdy t6c d0 quay cta dong cd 1a ham cda 3 bi€n p, f va s.
n = F(p,f,s) (7-61,b)

Nhu vay, c6 thé diéu chinh tdc d6 dong co khong ddng bo bing
cach thay ddi s6 cip cuc p, thay d6i tan s6 dong dién stator f, hoidc bing
cdch thay d6i dién ap dat vao stator dé€ diéu chinh hé sé trugt s.

7.10.2. Diéu chinh téc do bang cdch thay doi s doi cuc.

S6 doi cuc p cla tr trudng quay phu thudc vao cdch mic cdc cudn
day quén stator.

Truong hop dday qudn 1 pha. Trén céac hinh (7-7) va (7-8) cho ta
khdi niém vé sy hinh thanh s& d6i cuc khi mic song song cdc cudn day
(p=1) va khi mic ndi ti€p (p=2) ddi véi day quan 1 pha.

Truong hop ddy qudn 3 pha. DSi véi ddy quan 3 pha khi chuyén tir
cdch mic ndi ti€p sang cich mic song song ta di thay ddi sd dd ddu day
tir so d6 hinh tam gidc sang so dd hinh sao (hinh 7-21)
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a) b)

Hinh 7-21. Chuyén tit mdc noi tiép sang cdch mdc song song

DPong cd khdng ddng bd cé ciAu tao diy quin dé thay d6i s6 doi
cuc duge goi 1a dong co nhiéu cip tdc do6. Phuong phip diéu chinh nay
chi 4p dung cho loai dong co c6 rotor 1ng séc.

7.10.3. Piéu chinh téc dp bang cdch diéu chinh dién tré mach rotor.

DP&i v6i cac dong cd rotor diy quin cé thé st dung sd dd diéu
chinh dién trd mach rotor d€ diéu chinh t6c d§. Sd dd twong ty sd dd md
may (hinh 7-3. b).

That vay, ta c6 cdng sudt tir trudng quay, tifc cong sudt dién tir 1a:

Pd, = M. (]
@ 1a t6c do géc tif trudng quay.
Cong sudt trén truc dong co:
P, = Mw
@, 12 toc dd cha rotor .

Tén hao trong mach rotor:

AP=P,—P,=M (0,-w,)=31, 1,

Lap ty s0:
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bu—F _ M(o-0)_ o-o

Py Ma, @,
Hay: P,s=31; r,

Tu do:

_ 3122 o 31221’2
P Mo

Theo (7-26) 0 rang khi r; ting dd trudt s s€ ting va lam cho w; s€
gidm va ngudgc lai, n€ur, gidm, s gidm va o, s€ ting 1én.

S

(7-62)

7.10.4. Diéu chinh téc do bdang cdch diéu chinh tin sé.

Tir (7-61) ta thay téc d6 clia dong co phu thudc tuyén tinh vio tan
s6 f. Trong cdc hé thdng truyén dong dién ngudi ta thudng st dung
phuong phdp bi€n tin dé diéu chinh tdc d clia dong co, trong d6 tin s
clia dong dién stator dugc diéu ch& bing mot bo bi€n tin cdng nghiép
(thudng 13 bi€n tAn truc ti€p ). Nhd vay cb thé diéu chinh t6c d6 quay
cla tlr trudng mdt cach tryc ti€p nhd bi€n tan (hinh 7-22).

A —
B e BOBIEN TAN

C o |

Hinh 7-22. Bién tén diéu chinh t6c do

§ 7.7. CAC PAC TINH LAM VIEC CUA PONG CO KHONG PONG BQ

Mbi dong co khi ché& tao déu dugce thi nghiém & ché dé lam
viéc dinh mitc d€ xac dinh cic dai lugng dic trung sau:

- Cong suat cd hitu ich trén truc dinh mitc P,
- bién 4p day dinh muc Uy,

- Dong dién day dinh muc 14,

- Téc dd quay dinh mic ng,

- Hé s6 cong suit dinh mic cos @y,

- Hiéu suat dinh mic 74,

Tuy nhién, khi 1am viéc véi phu tdi thay ddi cAn phai xdc dinh cdc
dic tinh 1am viéc clia dong cd. P6 1a sy phu thudc va mdi quan hé gitra
céc dai lugng tdc do quay rotor n, hé sd cose , hiéu suit 7, mdémen quay
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M, va dong dién stator I, véi cdng sudt hitu ich trén truc dong co P, khi
dién 4p U va tin s6 f & stator khong d6i. Trén hinh (7-23) vé& cdc dic tinh
lam viéc clia dong co, trong d6 hiéu suat 7, cose 1a cdc chi tiéu kinh té&,
con cédc dac tinh khdc 1a cdc chi tiéu ky thuat.

‘Q/‘Qf ! 1r 74 Pt/Ptfm:IIIIn'm
afe /
7 o’fg T i ) T's MM
(os © 7] s,
1.0 i ! : // I
) L 7
= l A, // 4 d1o
*17;}‘.\(05(’ r1, M"‘)’/ 3
v ¢ A
o5f b1 L0 R q1
[ /[ . W ——+—2 405
T T 'y
vl A i
Smanmmmpan|
y
Al E KA

0o Zo0 o
Hinh 7-23. Ddc tinh lam viéc cia dong co

7.7.1. Téc db quay n = f(P;).
Téc do quay ctia dong cd c6 lién hé véi he sd trudc s theo bidu thic:
60
n :nl(l—s)=—f(l—s) (7-63)
p
Khi tdi ting, cong suat P, trén truc dong co ting, mdémen cén ting
1én, tir dudng dic tinh momen ta thdy hé sd s ting 1én lam t6c do n cla
dong co gidm xudng.
7.7.2. Hiéu sudt n = f(P).
Hiéu sudt cia dong co dudc dinh nghia la:
bk __ B

-2 (7-64)
P P,+AP

77 =
P, 12 cOong suit cd hitu ich trén truc dong cd. Trong thi€t k&€ ngudi
ta thudng tinh todn sao cho hiéu suit dat cyc dai khi hé s6 tdi k ~ 0,7.
Trong khodng k, = 0,1 + 1 hiéu sudt hau nhu khong d6i. Cdc dong cd cong
nghiép c6 hi€u sudt nim trong khodng 0,75 + 0,95.
7.7.3. H¢ 50 cong sudt cosp = f(P;).

Hé s6 cong suit clia dong co dudc dinh nghia 1a ty s6 gilta cong
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sut tic dung P; va cong suit toan phan S.
A A

COSQ = — = ———=
S /Plerle

Trong d6: P, 12 cong suit tic dung dién dong co diing d€ bi€n ddi
sang cong suit co P,. Q; 1a cong suit phan khang ma dong co tiéu thu dé
tao ra tu trudng quay.

Khi chay khong tdi, cong sudt P, nhd, cosqy thap khodng tir 0,2
dén 0,3.

Khi chay c6 tdi, n€u tdi ting P, ting, cose ting va dat gid tri dinh
muc cos@im = 0,8 + 0,9 . Khi qua tai dong dién vugt dinh mdc, tit thong
tdn ting, Q) ting lam cos¢ lai gidm xudng.

TU dic tinh cose ta thidy khong nén cho mdy lam viéc khong ti
hodc non tdi. Ngoai ra khi cong sut P, ting mdmen quay M va dong I,
déu ting.

§ 7.8. PONG CO KHONG PONG BO MOT PHA.
7.8.1. Ddc tinh chung.

(7-65)

Cédc dong cd cong sudt nhd tr vai trim odt d€n dudi mot kild oat
thudng dugc ch€ tao dudi dang 1 pha. Do diy quan mdt pha chi tao ra tr
trudng dap mach nén dong co 1 pha khong thé ti khdi dong dugc.

P& khdi dong dong co mot pha cin phai tao ra mdomen md may
biang cdc bién phdp khdc nhau sau day:

- Duing vong ngdn mach;

- Dung day quan phu k€t hép véi tu dién hodc dién cam.

7.8.2. Céu tao.

Ciing gidng nhu cdc loai dong co khdng ddng bd, dong co 1 pha c6
2 phan chinh : stator va rotor
- Stator gdm vé mdy, 16i thép va day quan. Loi thép stator dugc 1am tir
cac 14 thép k¥ thuat ghép lai, phia bén trong cé rinh dé dit day quan 1 pha.
Da&i véi loai dong cd 1 pha c6 vong ngidn mach, 16i thép stator khong c6
rinh ma c6 cuc tir 10, trén cuc tif ngudi ta xé rinh va gin mot vong dong
goi 12 vong ngin mach d€ tao mdmen md mdy. DAy quin stator quian
xung quanh cuc tir (hinh 7-24).
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Day quéan stator

N Rotor

Cuc tu

Vong ngidn mach
Hinh 7-24. C&u tao déng co 1 pha c6 vong ngdn mach
Ngoai diy quin chinh, d6i v6i dong cd 1 pha khdi dong bing tu

(hoic bing dién cdm L, dién trd R) con c¢6 diy quian phu d€ md may
(hinh 7-25).

Z2 N
(@) Starting (@) Starting
NS N

a) b)

Hinh 7-25. Khéi dong bing cudn ddy qudn phu

- Rotor ctia dong co khong dong bd 1 pha thudng 1 rotor 16ng séc.
7.8.3. Nguyén ly lam viéc.

Khi dit dién 4p xoay chiéu mot pha vio cudn diy quin chinh,
dong dién xoay chiéu sé& sinh ra tlf trudng dip mach @. Tl trudng nay c6
phuong khong d6i, gia tri thay ddi theo quy luat hinh sin (hinh 7-26)
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~
=t~
R
‘:j::::;.
Tu truon b
ddp mach—— bl “~Day quan chinh
Rotor,
Nh..._—’/
'Yy
)
Hinh 7-26.

Vi 1a tir trudng dap mach nén khong thé tao mémen quay va rotor
sé ding yén. Tuy nhién néu ta ddy rotor theo mot chiéu nao ddy rotor sé
ti€p tuc quay va dong co sé& lam viéc.

That vdy, ta hdy phan tich tir trudng ddp mach ® thanh 2 thanh
phian @, va @y c6 bién d6 bing nhau, quay véi cling tdc d6 géc o nhung
theo 2 chiéu ngugc nhau (hinh 7-27):

O = D, + Dp
()

q)A:q)B:E

D
Dt DA o
PN on T )
[0)) g (O
o
Hinh 7-27

Tac dung cta hai tir trudng nay sinh ra 2 momen M, va My tac
dung 1én rotor theo hai chiéu ngudgc nhau. Momen tdng M = M, + My sé&
quyét dinh chiéu quay cia rotor.

D6 thi bi€u dién sy phu thudc clia mdmen quay theo hé s6 trugt s
bi€u dién trén hinh 7-28.
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Hinh 7-28

Tur dic tinh momen quay ta thdy khi s = 1 (lic m§ may) M = 0, nén
dong cd khong tv m3 mdy dugc. N&u ta ding tay ddy rotor theo chiéu
quay tir trudng @, mdémen tdc dung 1€n roétor s€ khiac khdong, va rotor sé&
ti€p tuc quay theo chiéu quay ctda tir trudng ®,. Ngugc lai, néu ta diy
rotor theo chiéu ®g, dong cd s& quay theo chiéu ngugc lai.

7.8.4. M6 mdy dong co khong dong by mot pha.

Vi dong cd 1 pha khong thé tv khdi dong, nén cin phai tao ra
momen m& may bing cdc bién phdp khdc nhau: duing diy quin phu k&t
hép véi tu dién hodc dién cdm, dung vong ngin mach.

a) Dung cudn ddy phu md mdy (starting bobbin).

S d6 bd tri 2 cudn day nhu hinh
7-29. Cudn day chinh con goi 1a cudn
day chay (running bobbin) l1a cudn day s1
c6 ti€t dién I6n, khi quan dit vao
tru§c. Cudn day phu con goi la cudn
dé (starting bobbin), 1am bing diy bé
dit bén ngoai va dudc bo tri 1éch 90”  common
so v6i cudn chinh d€ sao cho tir thong
do nd sinh ra vudng gbécvdi tir thong
chinh.

P& tao sy léch pha 90° giita
dong dién trong 2 cudn didy, ngudi ta
mic ndi ti€p v6i cudn day phu mot tu Hinh 7-29
dién C. Do cdch bg tri 2 cudn day
1éch nhau 90° va cdc dong Iy va Ig 1éch pha nhau 1/4 chu ky, nén tir
trudng tong hgp do chiing tao ra 13 mot tir trudng quay (hinh 7-30).

Running
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Hinh 7-30. Sy hinh thanh ti truong quay

b) Tu dién trong mach khdi dong.

Tu dién dudc gin trong cudn day khdi dong c6 2 dang sau:

+ Dang thudng tryc (running capacitor): Gin thudng truc trong mach dé,
mach khong can khéa S . Tu C phdi 1a loai tu dau.

+ Dang khéi dong (statting capacitor): Tu chi dugc ndi vao mach trong
thdi gian khdi dong, sau khi md td di quay 6n dinh téc do (~ 75% tdc do
dinh mic) tu dudc ngdt ra khdi mach bing ngit tw dong S.

c) Cdc kiéu ngdt dién diing cho mach khéi dong.

Ngit dién c6 nhiém vu déng, cit mach dé trong thdi gian mé mdy.
Trong thuc t&, ty thudc vao loai dong co ma cé cic ki€u ngit sau:

- Ngit tr dong ki€u ly tAm

- Ngit tr dong ki€u ro le thé (Potential Relay),

- Ngit ty dong ki€u ro le dong ( Current Relay).

1. Ngdt tw dong kiéu ly tam.

Loai ngit ndy 4p dung phd bi€n trong cidc dong co ding cho miy
bom hoi, bom nuéc, mdy mai, cidc loai mdts kéo. Hoat dong clia ngit
dua trén nguyén tic ly tim. Bd phan ngit dugc gin trén truc quay c6 doi
trong 2 phia. Khi moto quay, Iyc ly tAim kéo cdc d6i trong ving ra phia
ngoai kéo theo md vit bach kim ngit mach dién gin tu C (hinh 7-31).
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|: Rotor | c s

Ma vit bach kim

Hinh 7-31. Ngdt kiéu ly tam

2. Ngdt dién kiéu role thé (Potential Relay).

Cudn day relay mic song song v6i mach dién ludi. Khi khdi dong,
kho4 K (ti€p diém thudng déng NC — norman closed ciia relay) d6ng ndi
tu C vao mach dé tao tir trudng quay 1am motd quay. Trong thdi gian md
mdy, dong khdi dong 16n 1am sut 4p dau ngudn I6n nén tr trudng cda
cudn relay y&u khdng di stic ngit khéa K (hinh 7-32, a).

g ~ g g ~ o
2) S1 5) é: S1 5)
[e] o [} o]
RL RL
2 2
1 3 F 1 ﬂ F
3 3
TN 2 | 4, ¥
K K
Common Common
Running Running
__C __C
( ) Starting ( ) Starting
a) Potential Relay b) Current Relay
Hinh 7-32

Khi téc dd dong co dd dn dinh, dong khéi dong gidm din lam dién
4p dau ngudn trd lai gid tri dinh mic, cudn day relay dd dién 4p tic dong
hiit 1dy ngit khéa K, Tu C bi ngit khdi mach dé.

Loai ngit nay dudc diing nhiéu trong cidc dong cd may lanh, ti
lanh, t4 d4.
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1. Ngdt dién kiéu role dong (Current Relay).

Cuon day relay mic ndi ti€p v6i mach dién tdi. Khod K 1a ti&p
thudng mG NO (norman open) cia relay (hinh 7-32, b).

Khi déng dién, dong khdi dong 16n lam cudn diy relay du sdc hidt
ti€p di€m d6éng khéa K ndi tu C vio mach dé.

Khi t6c do dong co da Sn dinh, dong khdi dong gidm dan, cudn
day relay khong di Ivc tic dong ngit khéa K nhd mach tu C ra khdi
mach dé.

2. Cdch xdc dinh cdc cudén ddy va cdc dau day ciia dong co.
Pong cd c6 2 cudn diay dude ddu lai d€ dua ra 3 mdi ddy chinh:
- M&i day chung Common (C)
- M&i ddy chinh Running  (R)
- M6i day phu Starting (S)

Diing ddng hé Om k& ti€n hanh do luin phién tirmg cip 3 dau day,
néu 2 mbi diy ndo c6 dién tr§ nhé nhit sé 1a 2 day chung (C) va day
chinh (R), m&i con lai s& 1a diy dé (S).

Do giita ddu diy dé (S) v6i 2 m&i ddy con lai, mdi ndo cé dién tré
nhd hon sé 1a diy chung (C), mdi kia sé& 1a ddy chinh (R).

3. Vidu vé dong co 1 pha khéi dong bing tu.

Trén hinh 7-33 1a so dd cda
mot dong cd 1 pha, 2 cuyc, dung T
dién 110V/220V véi 2 cap téc do K

< ~

2800 va 3600 vg/ph.

SW
Pic diém, dong co ¢ 2 16p 220V 110v
day, mdi 16p day c6 2 cudn day.
Lép ddy dé thudng mic c6 dinh ndi

A pum—

ti€p 2 cudn day S; va S,. Lép day °
chinh gébm 2 cudn diy A va B dudc
ddu n6i ra khéa chuyén mach
110/220V.

Ss1 S2
LY Y Y Y Y Y

b€ dio chiéu quay cta dong
co chi can ddo ngudc 2 dau cudn
day @é. Hinh 7-33

0,

Bdio chiéu quay
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d) Diéu chinh toéc dp dong co.

Pé diéu chinh t6c d6 dong co khong déng bo 1 pha ngudi ta st
dung phuong phap cht y&u la thay ddi cach dau ndi cidc cudn day stator
dé diéu chinh s cip cuc p theo cong thifc:

60
n =997
p
Céch dau cht y&u 12 mic ndi ti€p : dau v6i ddu, cudi vdi cudi hay
12 d4u cung don vi.

Vi dy. Trén s6 dd hinh 7-34 cho 3 trudng hop dng vdi cic toc do 3000,

1500 va 1000 vg/ph.
* 1 * 2
) J_/‘V‘V‘V‘\_‘ Bfl‘VW\J

a)2cuc,p=1,n =3000vg/ph

2 3 4
* 1 * * *

b) 4 cuc, p =2, n=1500vg/ph

c)6 cuc, p=3, n= 1000 vg/ph
Hinh 7-34. Ddu ndi diéu chinh téc dp dong co

§ 7.9. PAU VAN HANH PONG CO 3 PHA LAM VIEC
TRONG LUOI PIEN 1 PHA
7.9.1. Pdc dié¢m.

Trong thyc t&€ nhiéu trudng hgp ching ta phdi xit 1y cdc su ¢d do
mat dién 1 pha hoidc 2 pha khi dang van hanh dong cd 3 pha, hodc don
gidn mudn st dung dong co 3 pha trong 1u6i dién 1 pha dé€ san xuat.

Khi dong c¢d 3 pha dang vin hanh ma mat dién mot pha, néu ti
nhe khodng 30% Py, thi ddng cd vin c6 thé 1am viéc binh thudng. Nhung
& tinh trang nay dong co sé khong thé ty khdi dong dudc.
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Mu6n st dung dong co 3 pha d€ lam viéc trong ludi dién 1 pha
chiing ta phai st dung 1 cudn pha (hodc 2 cudén pha) lam cudn chay
(running), pha con lai mic ndi ti€p véi tu dién d€ 1am cudn dé (starting).
Khi dau lai nhu vdy dong co sé c6 cdc dic tinh can luu ¥ sau:

- Cong suit clia dong co dat t6i da (70 + 80) % Pap,

- Cudng do dong dién chay trong 3 cudn diy pha khdng cin bing.

- Khi chay khong tdi, dong Ic qua tu cao hon binh thudng va dat
khodng (120 + 140)% l4y, nhung khi chay c6 tdi dong nay sé& gidm xudng.

7.9.2. Mét s6'so do mdc.

Hinh 7-35. Pdu van hanh déng co 3 pha trong luéi dién 1 pha
a) Bong co 3 pha 220/380V mdc vao ludi 220V (ddu tam gidc)
b) Bong co 3 pha 127/220V mdc vao ludi dién 220V (ddu hinh sao).
¢) Bong co 127/220V ddu vao ludi dién 220V.
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Chuong 8. MAY PIEN PONG B0
§ 8.1. CAC KHAI NIEM CHUNG.
8.1.1. Dinh nghia, phdn loaqi.

M4y dién dong bd 1a cdc mdy dién xoay chiéu cé tdc dd quay n
ctia rotor khong d6i biing tdc dd quay cla tir trudng, dugc xdc dinh theo
s6 cip cuc p va tan so fcla dong dién:

n = ﬂ (8-1)
p

Theo nguyén Iy thuin nghich, mdy dién dong bd cé thé van hanh
theo ch&€ do mdy phat dién hoic ché do dong co.

M4y dién ddng bo chi y&u dugc sit dung dé€ 1am mdy phdt dién.
Hién nay, tuyét dai bd phian dién nang st dung trong c6ng nghié€p va doi
song 12 ning luong dién tir do cdc may phdt dién dong bd cung cip trong
d6 dong cd so cap la cdc tuyc bin hdi, tuyc bin khi hoic tuyc bin nudc.

Trong truyén dong dién cong suat 16n tir vai trim kW tr§ 1én ngudi
ta stt dung dong co dién khong dong bo. Trong cong nghiép luyén kim,
khai khodng, thi€t bi lanh dong cd dong bo dudgc sit dung dé€ truyén dong
cdc mdy bom, nén khi, quit gié, ... v6i tdc do khong ddi. Cac dong co
ddng bo cong sudt nhd dugc st dung trong cdc ddong hod dién, thiét bi tu
ghi, thi€t bi 14p trinh, v.v...

Trong cdc hé thdng dién, mdy dién dong bo ding 1Am mdy phat
cong suit phan khang d€ b va ning cao hé sd cong suit cho 1ugi dién.

8.1.2. Cdu tao va nguyén Iy lam viéc ciia mdy phdt dién dong bp.

M4y phdt dién dong bd dudc ciu tao tir 3 bd phan chinh 12 phan
cdm, phan ng va phan kich tir.

a)Phan cdm.

Thudng dit trén rotor cia mdy dién, trén rotor c6 hé thdng day
quin c6 dong dién mot chiéu chay qua dé tao thinh mot nam cham dién.
Tir thong clia phan cdm sinh ra phdi dd manh va 6n dinh. S& cuc tir clia
phin cdm sé& quy dinh toc dd quay cla rotor va tin sd clia dong dién. Vi
dong dién cong nghiép tin sd 50Hz, theo (8-1) ta thdy:

p=12cuyc) -> n = 3000 vg/ph

TS. Luu Thé Vinh



KY THUAT DIEN 137

p=2(4cuc)—> n = 1500 vg/ph
1000 vg/ph

p=3(6cuc) > n
V.V....

V6i cdc mdy phét 2 cuc (p = 1) tdc dd cao, rotor phdi lam dang cuc
4n, 16i thép rotor c6 xé rinh dé dit day quan (hinh 8-1, a).

(v

Hinh 8.1. Phdan cdm ciia mdy phdt dién dong b.

Cédc mdy phdt dién dong bd nhiéu cuc (p > 2) c6 tdc dd quay thap
thudng 1am & dang cuc 16i. Mdi cuc 12 mot 18i thép dude ché tao c6 hinh
dang dic trung dé dit diy quin sao cho tir trudng tao ra c6 phan bd §
dau cuc dang hinh sin (hinh 8-1, b).

b) Phan iing.

Phin tng clia mdy phdt dién xoay chiéu gdbm 3 cudn day dit léch
nhau 120° trong khong gian ¢& dinh trén cdc rinh clia mach tir trén stator.
C4u tao cia mach tir va cdch bo tri cdc cudn diy twong tv nhu mdy dién
khong déng bd (hinh 8-2).

c) Phan kich tir. C6 nhiém vu tao ra dong dién mot chiéu cung cip cho
day quan phan cdm d€ tao ra tir trudng kich tir.
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Hinh 8-2. Mdt cdt ngang 16i thép ciia mdy dién dong bo

Phin 16n cdc mdy phét dién xoay chiéu cong suit 16n hién nay thi
phan kich tir 12 mot may phdt dién mot chiéu dit ddng truc v6i may phat
xoay chiéu. Dong mdt chiéu tif may kich tir qua 2 chdi than ti€p xtc vdi
vong trudt dit trén truc ndi vio diy quin phan cdm. Toan bo ciu tao clia
mdt m4y phdt dién dong bo rotor cuc 16i vé trén hinh 8-3.

Hinh 8-3. Cdc b phdn chinh ciia mdy phdt dién rétor cuc 16i
1 - Than may, 2 - Loi thép stator, 3 - Cudn day stator, 4 - Rotor,
5 - Quat gio, 7 - Pdu dayra, 8 - Chd'i than, 9 - May kich tiw
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§ 8.2.NGUYEN LY LAM VIEC CUA MAY PHAT PIEN PONG B0

Trén hinh 8-4 minh hoa so dd nguyén tic lam viéc cla t6 hdp may
phét dién dong bo.
A B C

PONG CG NGUON PIEN
S‘O CA/P ' | KiCH TU

+ -

Hinh 8-4. So do nguyén tdc lam viéc ciia mdy phdt dién

T6 hop 3 mdy: dong cd so cap, mdy phdt kich tir va ro to mdy phat
dudc ndi dong truc vSi nhau. Pong cd sd cAp diung dé quay mdy phat
dién va ngudn kich tir. O céc nha mdy thily dién dong cd so cip 1a cdc
tuycbin nuéc, con § nha may nhiét di€n la cac tuycbin hoi. Pong co sg
cAp c6 thé 1a cdc dong cd diézen hoic tuycbin khi.

Ngudn kich tir thudng 12 mot mdy phat dién mot chiéu cung cap
dong mot chiéu cho cudn diy kich tif cda mdy phat. P&i véi cdc may
phdt cong suit nhd ngudn kich tir 13 mdt bd chinh luvu 14y dong xoay
chiéu tir phan ng qua bd chinh luu ban din d€ cip dong cho cudn diy
phan cdm. C4c mdy phdt loai nay goi 12 may phat xoay chiéu tu kich.

Khi dong co so cap quay rotor, cudn kich tir ciia phadn cdm cé dong
modt chiéu sé& bi€n thanh mdt nam chidm dién quay vdi tdc do n. Tir
trudng clia rotor quét qua diy quan phan ng trén stator va cdm dng trén
né sitc dién dong xoay chi€u hinh sin. N&u phan cdm ¢é p cip cuc, tdc do
quay clia rotor 12 n thi dong cdm ¢ng s& c6 tin sd:

_pn ;
f_60 (8-2)

Tuong tu nhu m4y dién khong dong bd, s.d.d. cAm ¢ng trong mdi
pha diy quin c6 tri hiéu dung:

E, = 4,44 f W ky, @, (8-3)
Trong d6 @, 13 tir thong dudi mdi cuc tir, W 1a sd vong diy mot
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pha, k4 12 hé s6 day quén.

Né&u mdy phat dién dong bo 12 may 3 pha, trong diy quan phan
ung sé c6 sic dién dong 3 pha. Khi mdy phat mang tai, dong dién 3 pha
trong day quan phan ng s& sinh ra tif trudng quay véi tdc do:

n, = 60f (8-4)

p

Ta thdy t6c do tr trudng quay n; bing tdc dd quay rotor n. Do d6
may phat goi la mdy phat dong bo.
§ 8.3. PHAN UNG PHAN UNG CUA MAY PHAT PIEN PONG B0

Khi mdy phat dién lam viéc, rotor quay lam cho tir trudng kich tir @,
clia phan cdm cit day quin stator va tao ra trong mdi pha ctia day quéin stator
mot s.d.d cAm tng E,. DAy quan stator ndi véi tai cung cap dong tai [ lai tao
ra tif trudng phan tng ®. Tir thong phan tng ® ludn quay ddng bd véi tir
thong phan cAm @,. Tic dung cha tif trudng phan Gng @ 1én tir trudng clia
cuc tir phan cAm @, dudc goi 1a phan ing phan ting.

Trong moi trudng hop @, ludn c6 phuong triing vdi truc rotor, ¢6 chiéu
di ra tir cuc bac N. Stic dién dong E, ludn cham pha so vi @y mdt goc 90",
con tir thdng phan ting ® do dong dién tai / sinh ra ludn cling pha vdi 1. Nhu
vay goc léch pha giﬁ’a EO va I sé phu thuﬁc vao tinh chit ctia phu tai.

. JhEo‘ .
W= 90° — .
¢O ] I
$ 7
o ‘WP:O — - b)(_/):900
i;a' ' ' £,
¢'—9(?°
0 S
\_l :
c)(p— -90° d) (/);—‘900

Hinh 8-4. Phdn itng phan iing

Trudng hop ti thuan trd (hinh 8-4, a). E, va I cling pha, tic dung clia ®

TS. Luu Thé Vinh



KY THUAT DIEN 141

1én @, trong trudng hop ndy goi 1a phin ing phan ng ngang truc. Phan tng
nay lam méo dang tir trudng @, 1am cho sy phan bo clia tir trudng @, trong
khe khong con dang sin nira.

Trudng hop tai thuan cAm (hinh 8-4, b), / chim pha sau E, mdt goc 90",
Lic nay @ cuing pha v6i I va ngudc chiéu véi @, . Tac dung ctia @ 1&én @,
dugc goi 1a phin @ng phan tng doc truc khir tir, c6 tic dung lam gidm tir
trudng tong.

Trutng hop tai dién dung (hinh 8-4, ¢), I vugt truGc Ey mot goc 90". Lic
nay @ cung pha vGi I va @, . Tac dung ciia ® 1én @, trong trudng hgp nay
goi 1a phdn ng phin &ng doc truc tr¢ tir. Phdn ¢ng ndy 1am ting tir
trudng tong.

Trong trudng hop tdi bat ky (hinh 8-4, d), dong I 1éch pha so véi E,
mot géc . Ta c6 thé phan tich 7 thanh hai thanh phan:

- Thanh phan ngang truc I, = I cos y tao ra ti thong phan @ng
ngang truc @y vudng goc vGi Py 6 tic dung lam méo dang tir thong chinh.

- Thanh phan doc truc Iy = I siny tao ra tif thong doc truc @y ngudc
chiéu hoic cling chiéu véi @, tiy thudc tinh chit phu tii Ia dién cAm hay dién
dung. Khi phu tdi ¢6 tinh dién cdm y > 0, @4 ngudc chiéu v6i @,. Khi phu
tai c6 tinh dién dung y < 0, ®q cling chiéu véi @, va lam ting tir trudng clia
mdy dién.

§ 8.4. MO HINH TOAN HOC CUA MAY PHAT PIEN PONG B0
8.4.1. Phuong trinh di¢n dp ciia mdy phit dién dong b cuc 1oi.

Khi may phat lam viéc, tr trudng kich tir @ sinh ra s.d.d E, trong day
quan stator. Khi mdy c6 tai s& c6 dong I va dién 4p U trén tdi. Pdi vi may
phét rotor cuc 18i do khe hd doc truc va ngang truc khic nhau, nén phan tng
phan ing theo hai hu6ng s& khic nhau.

Tir trudng chinh phan Gng ngang truc tao ra s.d.d. ngang truc qu :

E, =-j,X,
Trong d6 X, 12 dién khang phan Gng phan Gng ngang truc.
T trudng phan tng phan tng doc truc £,

Eg = —HiXu

Trong d6 X, 12 dién khang phan ing phan ting doc truc.

Ngoai ra trong may con c6 tir thong tdn clia diy quin stator dudc dic
trung bang dién khang tdn X, khong phu thudc huéng doc truc hay ngang truc

TS. Luu Thé Vinh



142 KY THUAT BDIEN

lam xuathiéns.d.d E,:
E, = —jIX,=-jI,X,—jI X,
Ta c6 phuong trinh cAn bing dién 4p clia may phat dién cuc 16i:
U=E,-jl,X,—j X,—jl,X —jl X —IR,

=E,—jl,(X,,+X)-jl (X, +X)-IR,
=E,—jl,X,—jl X, IR,

Trong d6: X, = X, + X, 1a dién khdng dong bo doc truc

X, =X, + X, 1a dién khing dong bd ngang truc

Né&u bd qua dién 4p rdi trén diy quin phan tng IR, ta c6:

U=E,-jl,X,—jl X, (8-5)
Dd thi véc td bi€u dién trén hinh (8-5, a).
£ Iy Xy P f
0

Hinh 8-5

8.4.2. Phuong trinh di¢n dp ctia mdy phdt di¢n dong bj cuc dn.

Doi véi may phét dién cuc in 12 trudng hgp dac biét cia may dién cuc
101, khi d6 X4 = X, = Xg» goi I dién khang dong bd. Phuong trinh dién 4p clia
may dién s€ la:

U=E,-jl,X, —1,R, (8-6)
Bd qua dién 4p rdi trén diy quin phan ng ta cd:
U=E,-jl, X, (8-7)

Do thi véc td trén hinh (8-5, b)

§ 8.5. CONG SUAT PIEN TU CUA MAY PHAT PIEN PONG BO
8.5.1. Cong sudt tac dung ciia mdy phdt dién.
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Cong suit tac dung clia may phat cung cap cho phu tdi 1a:
P = mUIcosg (8-8)
Trong do: U, I'1a dién ap va dong dién pha
m 12 sd pha clia may phat
Tir d6 thi véc to hinh (8-5,a)tacd: o=y —6,do d6 :
P =mUI cos(yy — ) =mUI(cosy cos@ +siny sinf)
=mUI cosy cos@ +mUI siny sin @
Matkhdc I cosy =1, Isiny =1, tir o thi véc to hinh (8-5, a) ta c6:
_Usin® _E,-Ucos0

I ,val 8-9
T X, d X, 9
Tur d6 ta ratra:
P:mUUsmecos0+mUwsin9
q q
:mU&sin«9+mU2(L—L)sin900s6’
X, X, X,
2
Va: P:mU&sin9+mU—(L—L)Sin29 (8-10)
p 2 X, 4

Ta thay cong suit dién tir gom 2 thanh phin:
. . E, . > A e N A
- Thanh phan thtt nhat : P, =mU X—°sm9 ty 1€ véi sin O va phu thudc
d
vao dong dién kich tir (vi E, do dong kich tir tao nén). Pay la thinh phan cong
suat chl y&u clia may phat.
2
N : 1 I .
- Thanh phan tha hai: P, = mU—(— ——)sin26 khong chita £y nén
2 X, X,
khong phu thudc vao dong dién kich tir va chi c6 ¢ may phat dién rdtor cuc
16i (vi X4 # X,). D&i v6i mdy dién cyc 4n, X, = X, nén thanh phin nay bing
khong.

Nhu vdy ddi véi may phat rotor cuc 10i cong suit dién tir gdm ca 2
thanh phan P, va P, con d6i v6i may phét rotor cuc 4n cong suat dién tir chi
c6 thanh phan tht nhit. Do thi bi€u dién P = P(0) goi 1a dic tinh géc cong
suat (hinh 8-6). Mdy phat 1am viéc dn dinh véi gid tri cia  niim trong khoing
tir 0 + 7r/2. Khi tai dinh mic 6= 20° + 30°.
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Hinh 8-6. Ddc tinh géc céng sudt.

8.5.2. Cong sudt phan khdng ciia mdy phdt dién.

Cong suat phan khing clia m4y phét dién dong bd 1a:
Q =mUI sinp = mUI sin(y — ) = m[UI siny cos@ —UI cosy sind] (8-11)
Tir dd thi véc to hinh (8-5, b) ta c6:
IX,, siny =AB=0A-0OB=E;—Ucos0

hay Isiny = £, ~Ucosd
Xay
va IX,, cosy = BC=Usin@
hay I cosy = Usind
db
Tir dé: 0=m|uE=Ucos0 oM ing
Xap db
2
0= m%cosﬁ - mU—(cos2 0 + sin” )
db db
2
Q:mUEOCOSH_mU :mU(EocosH—U) (8-12)
Xap Xay  Xav

Biéu thitc (8-12) 1 cdng suat phan khing ctia may phat dién dong bo.
8.5.3. Piéu chinh cong sudt tdc dung va cong sudt phan khdng ciia may dién
a) Dié¢u chinh cong sudt tdc dung.

M4y phat bién ddi cd niang thanh dién ning, vi viy mudn diéu chinh
cong suat tic dung P ta phai diéu chinh cong suit cd clia dong cd so cap
(tuycbin hoi hoac tuycbin khi, v.v....).
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b) Piéu chinh cong sudt phdn khdng.
Ta cé: Q:m—U(E0 cosé-U) (8-13)

db

Khi giit cho U, f va P khong d3i thi c6 thé xy ra céc trudng hop sau:

* Néu E, cosO > U, thi Q > 0, mdy phét cong sudt phin khang cho

tai, may phat qua kich tir.

*Néu E, cos® = U, thi Q = 0, mdy khong phat cong sudt phan

khéang.

* Néu E, cosO < U, thi Q <0, may nhan cdng suat phdn khing tir
Ui dé tao ra tir trudng, may thi€u kich tir.

Nhu viy, mudn thay d6i cong suit phan khang, phai thay ddi E,, nghia
12 phdi di€u chinh dong kich tir. Mudn ting cong suit phdn khang phdi ting
dong kich tlr, vi tding dong kich tir thi E, s€ tdng, cosO tadng (vi Eysinf=const)

do do6 Q ting.

§ 8.6. CAC PAC TINH CUA MAY PHAT PIEN PONG BO

8.6.1. Ddic tinh khong tdi.

La dudng bi€u dién quan hé giira stc dién dong E, va dong dién kich
tir I, khi giit nguyén td¢ do cta rotor. Khi khong tai dién 4p hd mach & hai
dau mdi pha U, c6 gia tri bing sitc dién dong pha E,. Nhu vay dic trung

khong ti 12 dudng bi€u dién:

Uy = Ey = f(I;;) khi n = const

T nguyén 1y lam viéc clia may
phét ta c6 Ey = 4,44 fWk,,Do. Khi n=const
thi f khong d6i, do d6 E, =®, con ®, phu
thudc vao Iy, theo dudng cong tir hda cua
may phat. Do d6 dac trung khong tai ¢
dang nhu dudng cong tir hoa (hinh 8-7).
Khi ting I, gid tri E, s€ ting 1én. P doc
cta dudng dic trung phu thudc vao mach
tlr cila may phat. Khi I, ting d€n mot gia
tri nao d6 mach tir bi bao hoa lac do6 E, s€
khong tang nira.

A
Ey(Uy)

(8-14)

v

Hinh 8-7
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8.6.2. Ddc tinh ngoai ciia mdy phdt.

La sy phu thudc giita dién 4p pha U vdi dong dién tai khi tinh chat clia
phu tii khong ddi (cosg, = const), tAn s& va dong kich tir khong ddi (E,
=const). TUr phuong trinh dién 4p (8-5), ta v& dd thi véc td clla may phat ting
Vi cac loai tAi khac nhau. Ta thiy khi tai ting, véi tii dién cAm va dién td,
dién ap gidm (ti dién cAm dién 4p gidm nhiéu hon), tai dién dung dién 4p
ting. Bing do thi ta thiy dién 4p may phat phu thudc vao dong dién va dic
tinh cda tai.

Hinh 8-8, a 1a dic tinh ngoai cia may phat khi ;; = const (E, = const)
va cos, khong dsi, ing véi cac tai thuan R, L, C.

UA
TdiR-C

Uple— e .

]
1
L
L]
1
!
]
]
1
]
1
]
1
1
]
1
]

v

1 I dm
a ) dm b ) 1 1

Hinh 8 - 8. Ddc tinh ngoai cliamdy phdt

Khi t3i c6 tinh dién cdm, phdn ng phan tng doc truc khi tir 1am tir
thong tdng gidm, do d6 dic tinh ngoai doc hon tii dién trd. P& giit cho
dién 4p U bing dinh mic, phdi thay d6i E, bing cich diéu chinh dong
kich tir. Pudng dic tinh ngoai tng véi diéu chinh kich tir sao cho I = I,
c6 U = Uy, v€ trén hinh 8-8, b.

D6 bién thién dién 4p diu cuc clia mdy phat khi Iam viéc dinh
muc so vGi khi khdng tai duge xdc dinh nhu sau:

_ E. —
AU%:MlOO%:O—U‘Z’"IOO% (8-15)
am Udm

Do bién thien AU% clia may phat dong bo c6 thé dat dén vai chuc
phan trim vi dién khdng dong bd X4, kha 16n.

8.6.3. Ddc tinh diéu chinh ciia mdy phat.

Dic tinh diéu chinh 12 dudng bi€u dién quan hé giita dong dién

kich tir va dong tdi khi dién 4p U khdng ddi bing dién 4p dinh micUy,
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va tinh chat phu tdi khong ddi (cosg, = const). N6i cach khic dic trung
nay bi€u dién ham s6:
I, = f(I). khi U = Uy, = const va cos@, = const
Hinh 8-9 vé dic tinh di€u chinh clia mdy phdt v6i cdc hé s& cong suat
khac nhau.

Hinh 8-9. Bdc tinh diéu chinh

Phan 16n cdc mdy phdt dién dong bd déu cé bd tu dong diéu chinh
dong kich tir d€ giit cho dién 4p ra khong ddi.

§ 8.7. HOA MANG CAC MAY PHAT PIEN PONG BO

P& dam bio cong suat dong thdi nang cao tinh n dinh ctia ngudn dién
lu6i, cdc may phat dién thudng dudc ghép song song v6i nhau va cung hoa
vao ludi dién chung. Mudn déng mach d€ cic may phat dién dong bd lam
viéc song song v6i nhau phai thda min c4c dicu kién sau day:

1. bién 4p clia may phat dién phdi bang va tring pha v6i dién ap clia

mang dién.
2. Tan s0 clia may phat dién phai bing tan s6 clia mang dién.
3. Thit ty pha clia may phat phai giong thi tu pha clia lu6i dién.

Ba diéu kién trén day goi I 3 diéu kién hoa ddng bd, néu khdong ddm
b4o s& c6 dong dién 16n chay quin trong may, ph4 hdng va giy roi loan hé
thong.

Pé d6ng may phat dién vio 1udi ta dung thiét bi hoa ddng bo. Hoat
dong ctia hé thong nhu sau: Trudc hét dong mach cho dong cd so cAp van
hanh va diéu chinh t6c do clia nd sao cho gan bing toc do dinh mifc. Ti&p
dén cho kich tir may dién va quan sit so do dién 4p 181 ra may phat trén von
mét, diéu chinh dién 4p bing bi€n trd mach kich tir cho tdi khi dién 4p 16i ra
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may phét bing dién 4p clia mang. Dya vao bo diéu tdc trén dong co sd cAp
quan sat va diéu chinh that chinh x4c tin s& cla may phat trén dong hod do.
P& thyc hién diéu kién thit ba ddng thdi cin bing hoan toan tin sO ta cd thé
st dung bd den chi thi pha dong bo.

Khi méy phat dién dong bd van hanh song song vdi mang thi tdc do
quay khong thay ddi va bing toc do dong bd clia mang.

Hién nay, viéc hoa dién dong bd dudc thuc hién bing phuong phép tu
ddng bd nhur sau: Cho dong cd so cAp quay mdy phét dién va diéu chinh tdc
do sao cho gan bing toc do dong bo. N&i cudn day kich tir baing mot dién trd
phu c6 gi4 tri 16n hon dién trd cudn kich tir 3 + 5 1an. Péng cAu dao cho mdy
phét ndi vao mang, sau d6 chuyén cudn kich tir vio ngudn kich tir, may phat
s& tir hda dong bd vao luGi dién.

O Viét Nam hién nay, dudng diy 500kV Bic Nam 1a lu6i dién hoa
mang chung tit cd dién ning clia cic nha m4y dién 16n nho trén toan qudc.
§ 8.8. PONG CO PIEN PONG B0
8.8.1. Nguyén ly lam viéc ciia dong co dién dong bp.

M4y dién ddng bd c6 thé 1am viec & ch& dd dong co, nguyén 1y 1am
viéc cua dong cd dién déng b0 nhu sau:

Dong dién 3 pha iy, ig, ic dua vao diy quén stator s& tao ra tif trudng
quay vdi toc do n; (v& bing dudng chAm chdm trén hinh 8-10, a):

U
p
A,
/’_FA\

‘\\\:P \‘nl'

v
E'O
¢ 7N
a) - b) c)

Hinh 8-10. a) Nguyén Iy lam viéc ciia dong co dong b
b) So do thay thé dong co dong bo
¢) Do thi véc to
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Dong dién kich tir dua vao diy quan rotor bi€n rdtor thanh nam chim
dién NS. Tac dung gifra tir trudng stator va tir trudng rotor s€ tao ra tur luc kéo
rotor quay véi toc dd dong bd n = n;. Néu f= 50Hz, p = 2 thi td¢ dd quay clia
rotor s€ 1a n = 1500 vg/ph.

Né&u ndi truc rotor véi may cong cu thi miy cdng cu ciing s&€ quay véi
toc dd n khdng doi. Phuong trinh cAn bing dién 4p ctia dong co:

U=E, +ji,X, +IR, (8-16)
B qua dién trd day quan stator Ry, ta co:
U=E, +ji,X, (8-17)

Phuong trinh (8-17) biéu dién bing so dd thay th& va gidn dd véc to
trén hinh (8-10, b, ¢).

8.8.2. Diéu chinh hé s6 cong sudt ciia dong co dién dong bo.

Do thi véc to trén hinh (8-10, ¢) ting vdi trudng hop cosp > 0, my dién
thi€u kich tir, dong dién I chim pha sau dién 4p U. Khi sit dung khdng nén dé&
dong cd lam viéc & ch& do nay, vi dong cd tieu thu cong suat phan khing cia
1u6i dién 1am cho hé s6 cong suit clia Iudi dién gidm xudng.

Trong cong nghiép, ngudi ta cho dong co lam viéc & ché do qua kich
tir, dong  vugt trude pha dién 4p U, dOong cd vira tao ra cd nang vua phat cong
suat phan khang vao 1u6i dién Iam ting hé s6 cong suit cose. P6 1a uu di€m
rat 16n clia dong cd dién dong bd.

Trén hinh 8-11, a 13 gidn dd véc
to md tA sy dieu chinh hé sd cong suat
ng vGi 2 trudng hgp:

Khi cosp =1 (¢ =0), tng vGi E, va L.
Khi qué kich tr cosp = 0,9 (¢ < 0),
ung v6i E;’ va l'.

Vi U, f va P khong ddi, nén I
cosp = const, E, sin@ = const, khi v&
can luu ¥ cudi véc td I va E, chay trén
dudng A va A’.

Const

[ | £,51n86

1Cos¥= Const

Hinh 8-11 Diéu chinh hé s6 cong sudt
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8.8.3. M& may dong co dién dong bo.

DPong co khdng dong bd khdng thé ty mé mdy. Mudn dong cd 1am viéc
phai tao ra mdémen m3 mdy dé quay rdtor dong bd vdi tir trudng quay stator.
That vay, khi cho dong 3 pha vao day quén stator, dong kich tir vao day quin
rotor, tr trudng quay kéo rotor quay (hinh 8-12). Nhung rotor c6 quan tinh 16n
nén van ding yén, do d6 Iuc tic dung tuong hd gifta tir trudng quay stator va
tif trudng cuc tir ddi chiéu, rdtor khong thé quay dugc.

ba

Hinh 8-12. Mé mdy déng co dong b

D€ tao momen m3 mdy, trén cdc mit cuc tif rotor ngudi ta dit cic
thanh din va ndi ngdn mach nhu 1dng séc & rotor dong co khong dong bo
(hinh 8-12, b).

Khi md mdy, nhd ¢6 diy quin md mdy & rotor dong cd s€ lam viée
nhu dong co khong dong bd. Trong cong nghiép, cidc dong cd khong dong
bd dugc ché tao c6 hé s6 mé may M/ Mgy = 0,8 +1,0.

Trong qué trinh m& mdy, & ddy quan kich tr s& cdm ng dién 4p
rat 16n, c6 thé pha vd day quin kich tlr, vi thé ngudi ta khép kin mach
kich tir bing dién trd phéng dién cé gid tri ¢d 6 + 10 1an dién trd day
quan. Khi rotor dat toc dd quay gin bing téc d6 dong bd n; d6ng ngudn
dién mot chiéu vao day quin kich tir, dong co s& 1am viéc dong bd. V6i
dong co cong sudt nhd, khi md may cé thé déng truc ti€p day quan stator
vao ludi dién. VGi ddng co cong suat 16n tir 3 + SMW, phai han ch€ dong
md mdy biang cdch gidm dién 4p dit vao stator bing cdch dung dién
khang hodc ty bi€n 4p ndi vao mach stator.

Nhudc di€m clia dong co dién ddng bod 12 qué trinh md mdy va ciu
tao phifc tap nén gid thanh dit so vdi dong cd khong ddng bo.
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Chuiong 9. MAY PIEN MOT CHIEU

M4y dién mot chiéu 1a loai mdy dién sit dung véi mang dién mot
chiéu, may c6 th€ van hanh & ch€ @6 may phat hoic ché d6 dong co.

Ngay nay, mic du k§ thuat dién t va ban dan cho phép tao cdc bo
chinh luu dong dién xoay chiéu cong sudt 16n dé tao ngudn mot chiéu,
nhung mdy phat dién mot chiéu vin chi€ém mdt sd lugng quan trong trong
ky thudt va ddi song. Viéc cung cidp dién mot chiéu d€ phuc vu cédc
nganh cong nghi€p héa hoc nhu di€n phan, dic dién, ma dién, nap di€n
cho accu.

Pong co dién mot chiéu cé uu diém ndi bat vé dicu chinh toc do
nén dugc st dung rong rai trong cic may cong cu nhu may mai, may doa
trong cdc xudng cd khi, cic mdy xic, may dao trong xay dung va khai
thic md, cdc dong cd dién mot chiéu chuyén dung st dung trong 6t0, tau
hda, tau thiy, mdy bay v.v... trong giao thong van tai.

Trong céc thi€t bi diéu khi€n va tu dong, cdc mdy dién khuéch dai,
cidc dong co chap hanh dong co dién mot chiéu 1a thi€t bi hét siic quan
trong.

Nhugc di€m chli y&€u clia may dién mot chiéu 13 c6 c6 gép dién
lam cho ciu tao phifc tap, dit tién va kém tin cdy, nguy hi€m trong mdi
trudng dé chdy né.

§9.1. CAU TAO VA NGUYEN LY MAY PIEN MOT CHIEU
9.1.1. Cdu tao.

So dd b6 doc cia mot m4y dién mdt chiéu trén hinh 9-1. Cic bod
phan chinh chi ra trén hinh 9-2. C4u tao ciia mdy gdm 3 bo phan chinh:
phan cdm, phan tng va c6 gbp dién (vanh d6i chiéu).

1) Phdn cdm. La stator (phan tinh) clia may bao gom 18i thép diic c6 cuc
ti chinh va cdc cuc tu phu dé dit day quén kich tir (hinh 9-2).

2) Phdn vng. La rotor clia mdy dién, gom 18i thép va diy quan phin tng.
L1 thép hinh tru duge ghép tir cac 14 thép ky thuat day 0,5mm cach di€én
v6i nhau. Céc 14 thép dugc dap c6 16 thong gi6 va rinh dé dit diy quin
phan &ng (hinh 9-2).
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Hinh 9-2. Cdc bé phdn chinh ciia mdy dién mot chiéu

M&di phan tif cia diy quin phan ng c6 nhiéu vong diy, hai dau
ndi v6i 2 phi€n gbp, hai canh tdc dung clia phan tif diy quan dit trong 2
ranh dudi 2 cuc khac tén.

Trén hinh 9-3, a, b v& 4 phan t ddy quan x&p 2 16p. Mbi phan ¥
chi c6 mdt vong day, cdc phan tif dugc ndi thinh mach vong khép kin. 0]
day quan x€p s6 nhanh song song biing s6 cuc tit. DAy quan trén hinh vé
cO 2 cuc tr va c¢6 2 nhanh song song (hinh 9-3, ¢).
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Hinh 9-3
3) C& gdp dién va chdi than.
C6 g6p dién hay vanh d6i ST
chiéu dugc ciu tao tif cdc phi€n  £57.

p x N . p ‘A === (G ([N . = SEEXY,
gop bdang dong ghép cach dién ERA MK ££& ~LL)N-
- A Ame 1 SRSy L2101
vG8i nhau trén 161 hinh tru. Sau “wi.'fm&a I%l“ I%ﬁi F“rﬁ’ m:'l_liﬁ‘i ﬁj

khi 13p c6 gép dugc tién tinh va <
mssgnancsoms TR D
dang hinh try (hinh 9-4, a). W _ J W :

Chdi than lam bing =~ a b)
graphit dudc lip vao trong mot Hinh 9-4. C& g6p (a) va chéi than (b)

gid dd hinh chit nhat (hinh 9-4,
b). Chéi than khi dit trong gia dd co thé di Chuyén doc theo truc ctiia nd
va dugc 10 xo ép vao bé mit vanh d6i chiéu khi gin trén nip 6 truc.
9.1.2. Nguyén Iy lam viéc ciia mdy phdt dig¢n mot chiéu.

P& md td nguyén Iy 1am viéc cla mdy phat dién mdt chiéu ta
diing md hinh don gidn trén hinh 9-5. Trong m6 hinh nay, diy quin phan
ttng mo ta don gidn biing mot phin tif 13 khung day abed.
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b) t
Hinh 9-5. a) M6 hinh mdy phdt dién mét chiéu
b) Dong dién va dién dp ddu ra mdy phdt

Khi dong cd sd ciAp quay phan @&ng, khung diay quay véi van tdc
khong d6i. Céc thanh din clia khung s& 1an ludt cit tir trudng gitta 2 cuc
tlr, trong cdc thanh din s& xui't hién cdc sitc dién dong cdm (ing, c6 chiéu
x4c dinh theo quay tic ban tay phdi. Trén hinh vé& chiéu tif trudng huéng
tlr trén xuong dudi, chiéu quay khung ngugc chiéu kim ddng hd, do dé &
thanh din phia trén sdd c6 chiéu tir b d&n a. O thanh din phia duéi sdd c6
chiéu tir d d€n c. Sdd clia phin ti biing hai 1an sdd ciia thanh din. N&u
ndi 2 chdi dién A,B véi tai, qua tii s& c6 dong dién mot chiéu hudng tir
A dén B.

Khi phin tng quay dugc n¥a vong, vi tri cia phan tif thay d6i,
thanh ab & phia cuc S, thanh dc & phia cuc N, sdd trong cdc thanh din doi
chiéu. Nhd hai chdi dién A va B tuong @ng ludn ti 1én phi€n ddi chiéu
clia thanh din duéi cuc tir N va S, nén chiéu dong dién & mach ngoai vin
khong ddi. Nhu vdy vanh d6i chiéu c6 tic dung chinh lvu dong dién
xoay chiéu trong ddy quan phin tng thanh dong mdt chi€u chdy qua tai.
Dong di€n va di€n ap c6 dang dap mach (hinh 9-5, b). P& dién apitdap
mach ddy quan phan @&ng phai c6 nhiéu phan ti, nhiéu phi€n ddi chiéu.

O ché do m4y phdt, dong dién phin tng I, cing chiéu véi sdd
phin tng E,. Phuong trinh cAn bing dién 4p c6 dang:
U=E,-I,R, 9-1)
Trong d6 IR, 1a dién 4p roi trong diy quin phin tng; R, 13 dién
trd cda day quan phan tng; U 1a dién 4p dau cuc cla may phat; E, 1a sdd
phan tng.

9.1.3. Nguyén Iy lam viéc cia dong co dién mot chiéu
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Ch& d6 lam viéc clia dong cd dién mot chi€u dudc mo ta trén so
dd nguyén 1y hinh 9-6.

G
Hinh 9-6. Nguyén Iy lam viéc ciia djng co dién mét chiéu

Khi cho dién 4p mdt chiéu vdo hai ddu A,B qua chdi dién, trong
ddy quan phin ing s& c6 dong dién. C4c thanh din ab va cd c6 dong
nim trong tir trudng sé chiu tdc dung cla cdc luc tir F. Phuong va chiéu
tr Iyc dudc x4c dinh theo quy tic ban tay trdi. Trén hinh vé dé thiy céc
lyc tir F dat vao cdc canh ab va cd c¢6 cung d6 16n nhung huéng ngugc
nhau nén s€ tao ra momen lam cho rotor quay.

Khi phan tng quay dugc nita vong, vi tri cdc thanh din ab, va cd
ddi chd cho nhau nhung chiéu dong dién trong chiing dudc ddo lai do c6
phi€n gép ddi chiéu nén chiéu tir lyc tdc dung l1én cdc canh khung day
van khong thay ddi, nhd viy chiéu quay cia dong cd 1a
khong ddi.

Khi dong co quay, cdc thanh din cit tir trudng lam cdm ¢ng trong
chiing sdd E, c6 chiéu xdc dinh theo quay tic ban tay phdi. 0] dong ca,
chiéu E, ngudc chiéu véi chiéu dong I, do d6 E, dugc goi 1a sic phin
dién dong. Phuong trinh cAn bing dién dp c6 dang:

U = El[ + II[ Rl[ (9-2)

§9.2. TU TRUONG VA SUC PIEN PONG CUA MAY PIEN MOT CHIEU
9.2.1. Ti truong ciia mdy dién mot chiéu.

Khi chay khong tdi, tir trudng trong mady chi do dong dién kich tir
gdy ra goi 1a o trudng cuc tir. T trudng cuc tr phan bd doi xitng, & trung
tinh hinh hoc mn tir trudng biing 0 nén thanh din khi & vi tri nay sdd cdm
ttng s& biang 0 (hinh 9-7, a).
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Hinh 9-7. Tir truong ciia mdy dién mot chiéu

Khi mdy dién chay c6 tdi, dong cdm tng I, trong diy quin phan
ing s& sinh ra tir trudng phan ng huéng vudng géc vdi tir trudng cuc tir
(hinh 9-7, b).

Téc dung cla tr trudng phan tng 1én tr trudng cuc ti goi 1a phan
rng phan ng. T trudng tong hop trong mdy 1a tdng hop cla tir trudng
cyc tif va tir trudng phan dng (hinh 9-7, ¢). K&t qua cho thiy tir trudng
trong mdy bi bi€n dang:

- Pudng trung tinh hinh hoc mn dich chuyén dé&n vi tri méi goi 1a
trung tinh vat 1y m’n’. G6c léch S thudng nhd va léch theo chiéu quay
clia rotor khi mdy 12 mdy phdt dién, va ngudc chiéu quay ciia rotor khi
may la dong co dién. 0] vi tri trung tinh hinh hoc tir trudng B #0, thanh
din chuyén dong qua d6 s& cdm tng sdd giy anh hudng xdu dén viéc
ddi chiéu.

- Khi t3i 16n, dong phan ¢ng 16n, tir trudng phan ¢ng 16n, phin
mom cyc tir duge ting cudng s€ bi bado hoa nén tir cdm B & d6 ting 1é€n
rat it. Ngude lai, 8 mém cuc kia, tif trudng gidm di nhiéu, k&t qua 1a tr
thong clia mdy bi gidm xudng. T thong gidm kéo theo sdd phan tng E,
gidm, din d€n dién 4p diu cuc clia may phat U gidm. O ché do dong co,
tir thong gidm 1am cho mémen quay gidm nén toc dd dong co thay doi.

Pé€ khic phuc cdc hdu qud trén ngudi ta dit thém cuc tir phu va
ddy quin bu trén phan ng stator. T trudng cyc tif phu va day quan bu
ngugc chiéu vdi tir trudng phan tng. PE kip thdi khic phuc tir trudng
phin @ng khi tdi thay doi, ddy quin cuc tir phu va day quin bu dau ndi
ti€p v6i mach phan tng (hinh 9-8).
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Cuc tit chinh
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Hinh 9-8. Bit méo tir truong bdng cuc tir phu

9.2.2. Siic dién dong phdn ting ciia mdy dién mét chiéu.
a) Sitc dién dong thanh dan.

Khi phan ¢ng quay trong tif trudng véi van tdc v, céc thanh din sé
cit dudng sic tlr trudng sinh ra sdd cdm dng e:

e=B,lv (9-3)

Trong d6: B, - 1a d6 16n cam ng tif trung binh dudi cuc tir
[ -1a chi€u dai hiéu dung cla thanh din

b) Sitc dién dong phan iing E,,.

Mat d6 tir thong tai cac di€m khac nhau trén chu vi phan @ng c6 tri
s6 khdc nhau, do d6 sdd sinh ra trén tirng diy din ctia diy quin phan tng
ciing khdc nhau. Stc dién dong cia mdy dién bing tong cdc sdd sinh ra
trong ddy din clia mot mach nhdnh mic song song clia diy quan phin
ung.

Né&u tir thong clia mot cuc tir 1a @, s6 cuc tir 1a 2p, dién tich mit
ngoai phan &ng 13 S thi tri trung binh cia mat do tr thong dudi mdi curc tir
(hay tir cam trung binh) sé 1a:
®2p D2p

S  zDI

Trong d6: D — dudng kinh phan ting (m)
[ — 1a chiéu dai hiéu dung ctia thanh din (m).
Né&u so thanh din phan ng 12 N, s6 nhanh song song 13 2a (a la sé
do6i nhdnh), s§ thanh din cia mot nhinh sé& 13 N/2a, va sdd phan ting s& 1a:

B, - (9-4)
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N N
E =—e=—B,lv 9-5
“ 2a 2a " ©-3)
Goi nla tdc dd quay ctia rotor (vg/ph) ta c6:
Dn
v = 9-6
60 (9-6)

Thay (9-4) va (9-6) vao (9-5) ta dugc:
_l.®-2p-l.7an_pN
“ 2a DI 60 60a

On (9-7,a)
PN
Ky hi€u: k. —a - hé s& phu thudc vdo ciu tao phin ting.
a

Ta dugc: E, =k, ®n (9-7,b)
Nhv vay: Sitc dién dong ciia mdy dién ty 1é vdi tit théng va téc dd quay
phdn itng.
Vi du. Tinh sdd clia mdt mdy phét dién, bi€t tir thong dudi mot cuc tir

®=0,0368 Wb. S§ diy din phan tng N=500, tdc do6 quay n = 750vg/ph.
Mady c¢6 s6 doi cuc 2p=6, s6 mach nhdnh song song 2a=6.

Gidi.
Taco: E=PN on=32% 6 0368.750 =230V
60a 60 -3

§ 9.3. MO MEN QUAY VA CONG SUAT CUA MAY PIEN MOT CHIEU

Trong qué trinh 1am viéc clia mdy dién mot chiéu dit & ché do mdy
phét hay ch& do dong cd & trong may ludn xdy ra qué trinh tic dung
tuong hd gitta dong dién phin tng va tir trudng do dong kich tir tao ra.

Lyc tr tdc dung 1a :

CI)2p Iw . D]

F=B,Il=
b 7Dl 2a 7rDa “

Momen trung binh & mdt thanh dan:

D
M, :F._:L.q).]w
2 2ra
Momen do toan bo N diy din tdc dung 1én truc rotor tdng hop lai
chinh 1a mdmen ciia may dién:
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N
M:N—Mdzz—;l.q)-lw (9-8,a)
bit k,, = 2N_p - hé s phu thudc vao két cAu diy quin ta co:
ra
M=k, ®-I, (9-8.b)

Nhu vay: Mémen cia mdy dién, tiic momen quay cua dong co, mémen
ham ciia mdy phdt dién, ty 1é véi dong dién phan iing va tiv thong.

§ 9.4. HIEN TUGNG PHONG TIA LUA PIEN TREN CO GOP

Khi mdy dién 1am viéc, thdi di€m chuyén mach trén vanh d6i
chiéu thudng gy ra tia Ifa dién chd ti€p xic giita chdi than va cd gép.
Qud trinh phéng dién 1au ngay s& pha hdng chdi dién va c6 gép giy tdn
hao ning lugng, sinh nhi€u cho cdc thiét bi dién tir khdc.

Tia Itra dién sinh ra c6 thé do cdc nguyén nhin cd khi va nguyén
nhén di€n tu:

1. Nguyén nhdn co khi. Hién tuong ti€p xiic x4u gitta chdi than va
cdc phi€n d6i chiéu tao ra nguyén nhin cd khi. Khi van hanh mdy dién,
tia Iira xuat hién chd ti€p xiic chld y&u do nguyén nhin co khi. Ti€p xiic
X4u truSc hét c6 thé do bé miit cdc phi€n d6i chiu bi han ri. Lép oxyt
trén bé mit phi€n d6i chiéu ngin trd sy ti€p xic vdi chdi than. Ciing ¢
thé€ do chdi than bi mon hoic do 16 xo ép bi mat luc dan hdi, do c6 gép
khong tron nhdn v.v... Khi vin hanh xuit hién sy phéng dién qua chd
ti€p xdc xau, tia 1ta dién lai ti€p tuc 1am mon rd bé mit va cang ngay
cang phd hdng c6 gbp dién va chdi than.

Trong qué trinh van hanh can chd y giff gin sach s& bé mit ti€p
xtic. N&€u ¢6 hién tugng mai mon trén vanh ddi chiéu phai cho sta chita
tién tron lang va dé. Céc khe cdch dién cla 16p mica giita cdc phi€n phai
rach thap hon bé mit va khong d€ bui ddng hay bui than 14p ban cic
khe. Chdi than khong dudc d€ giy, v8, mon vet va 10 xo ép phdi di do
dan hdi va dn dinh.

2. Nguyén nhdn di¢n tie. Hién tugng d6i chiéu dong dién trong cic
bdi diy phan tng goi 12 nguyén nhin dién tir.

Qua trinh ddi chiéu x4y ra khi mot boi diy do phan ing quay dudgc
chuyén tif mach nhdnh ndy sang mach nhdnh khac. Trong qué trinh ddi
chiéu & bdi diy chuyén mach s& c6 hién tugng d6i chiéu va bi chdi than
TS. Luu Thé Vinh
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lam ngdn mach (hinh 9-9).

Chiéu quay phan iing Chiéu quay phdn iing Chiéu quay phdn iing
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e e
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Hinh 9-9. Qud trinh ddi chiéu trong bdi ddy phdn iing.
a) Bdt ddu ddi chiéu
b) Gitta qud trinh déi chiéu boi day bi ngdn mach
¢) Két thiic qud trinh déi chiéu
O t6c @6 quay binh thudng, su thay ddi nhanh dong dién trong boi
day ngin mach din t6i sy thay ddi nhanh tir thong lam xuat hién trong
boi ddy mot sdd tu cdm goi 1a sdd phdn khdng (e,). Chi€u clia sdd nay
tring véi chiéu dong dién trong bdi diy khi dong dién gidm trong nita
ddu chu ky d6i chiéu, va ngudc
chiéu dong dién trong bdi diy trong
ntta sau chu ky ddi chiéu.

Chiéu quay phdn iing
e

Vi ¢6 sdd phan khiang giy ra iy
trong bdi diy mot dong dién phu i,
nén mat do dong dién & phia dau |
vio clia chdi ting va mat do dong l’kl , [eﬂk
dién § phia diu ra gidm (hinh 9-10). :

Khi bdi diy dudc md ra thi N N
giita boi day va phi€n ddi chiéu di ra ' .
c6 tia Ita dién xudt hién vi sdd e, c6 N2
khuynh hudng duy tri dong dién gitra
chdi véi phi€n nay. I“T

Hinh 9-10. Anh huéng ciia sdd phdn khdng
P& khic phuc tinh trang phéng
dién trong qud trinh d6i chiéu ngudi ta si dung cidc dién cuc phu va cudn
day bu (hinh 9-8).
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NhG cdc dién cuc phu dit giita cac dién cuc chinh, & trén dudng
trung tinh hinh hoc nén c6 thé tao ra mot tir trudng phu d€ khi bdi diy
ngin mach chuyén dong trong d6 sé& sinh ra mot sdd d6i chiéu e, bing
va ngudc chi€u v6i sdd phdn dién e,; d€ khit né di.

Cic mdy dién mot chiéu cong suit 16n déu s6 dién cuc phu. Day
quin dién cuc phu dau ndi ti€p véi day quan phan ng (hinh 9-8).

§9.5. MAY PHAT PIEN MOT CHIEU
9.5.1. Phdn loai mdy phdt dién mét chiéu.

M4y phat dién mot chiéu thudng phan loai theo ki€u kich tir. Dong
kich tif cho mdy c6 thé 14y tif ngudn riéng (accu hay mdy phdt dién khéc)
goi 12 mdy dién kich tir déc ldp, hoic dugc 14y ngay tif bin thAn may dién
goi la may tu kich tir.

Duva vao phudng phdp ndi diy mdy phat dién mot chi€u tu kich i
lai chia ra céc loai sau:

— MaAy phéat dién kich tu song song

— Mady ph4t dién kich tit ndi ti€p

— M4y phat dién kich tr hdon hgp.
9.5.2. May phat dién kich ti doc ldp.

So dd mdy phat dién kich tir doc 1ap vé trén hinh 9-11. Pau cudn
day kich tir ndi vao ngudn accu, cé6 mic modt bi€n trd diéu chinh dong
kich tif va mdt ampemét d€ do.

Pau phan tng ndi vao tdi cé6 mic ampemét va volmét dé do dong
va dién 4p. Dong dién phan tng I, bing dong tai 1.

Phuong trinh dong dién :

I=1, (9-9)
Phuong trinh dién 4p mach phan tng:
U=e,— IR, (9-10)
Phudng trinh di€én 4p mach kich tur:
Ui = I(Ry: + Rac) (9-11)

Trong d6: R, —dién tré day quin phin tng
Ry — dién tré day quan mach kich tir
Ry — dién trd diéu chinh.
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Hinh 9-11 . a ) Sodé mdy phdt dién kich tix doc ldp
b ) Ddc tinh ngoai
¢) Bdc tinh diéu chinh

Khi dong tdi ting, dong dién phin tng ting, dién 4p U gidm xudng
do hai nguyé€n nhan sau:

— Téc dung tir trudng phan ¥ng 1am cho tir thong gidm, kéo theo
stic dién dong E,, giam.

—Pién 4p rdi trong mach phin tng IR, ting.

Pudng dic tinh ngoai U=f(I) khi t6¢c dd va dong dién kich tir khong
d6i vé trén hinh 9-11, b.

Pé giit cho dién 4p may phat khong ddi phai ting dong kich tir.
Pudng dic tinh diéu chinh I, = f{I) vé& trén hinh 9-11, c.

M4y phét dién kich tir doc 14p c6 uu di€m 13 dé diéu chinh dién
ap, thudng dugc st dung trong cic hé thdng mdy phat dong cd dé truyén
dong may cdn, mdy cit kim loai, thi€t bi twv dong trén tau thiy, mdy bay,
v.v... Nhugc di€m 1a cin c¢6 ngudn kich tir riéng.

9.5.3. May phadt dién kich tit song song.

So d6 nguyén tic mdy phat dién kich tir song song chi ra trén hinh
9-12, a. Cudn day kich tir ddu song song véi mach phin tng.

TS. Luu Thé Vinh



KY THUAT DIEN 163

U
R I

‘\\\\
v\ )
,
S i /
,/

0 I I

—_— n b)

a) ¢) !

Hinh9-12.a ) So do mdy phdt dién kich tix song song
b) Ddc tinh ngoai
¢) Ddc tinh diéu chinh

Vi khong c6 ngudn kich tir nén lic dau dong kich tir bing 0. Khi
quay phan @ng, trong diy quan phin tng s& c6 sdd cdm tng do tir thong
du sinh ra. Sdd nay khép qua mach day quin kich tir (dién tr§ diéu chinh
dé & vi tri nhd nhat) sinh ra dong dién kich tir 1am ting tir trudng cla
m4y. Qud trinh ti€p tuc cho d&n khi dat dién 4p 6n dinh. D€ may c6 thé
thanh 1ap dién 4p, can phdi c6 tir du va chiéu tir trudng diy quin kich tir
phdi cling chiéu tir trudng tir du. Néu khong con tir du ta phdi moi d€ tao
tif du. N&u chiéu hai tir trudng ngudc nhau ta phai d6i cuc tinh diy quin
kich tir hodc ddi chiéu quay phan @ng.

Phuong trinh cin bing dién 4p 12 mach phan ng:

U=E,- LR, (9-12)
Mach kich tir: U=1I;(Ry+ Ry) (9-13)
Phuong trinh dong di€én: I, =1+ I, (9-14)

Khi dong tdi ting, dong dién phin Gng ting, ngoai hai nguyén
nhan lam dién 4p diu cuc gidm, nhu & mdy phat kich tir doc 1ap, § mdy
phat kich titr song song con ¢6 thém mot nguyén nhin nita 1a khi U gidm,
dong kich tir gidm, tir thong va sdd cang giam, nén dudng dic tinh ngoai
ddc hon so v6i may phat kich tir doc 1ap (hinh 9-12, b). Tt dudng dic tinh
ta thdy, khi ngdn mach, dién 4p U = 0 dong kich tir biang 0, sdd trong
mdy chi do tir du sinh ra, vi th€ dong dién ngin mach I, nhd so véi dong
dinh mitc. Pudng dic tinh diéu chinh chi ra trén hinh 9-12, c.
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9.5.4. Mdy phdt di¢n kich tit noi tiép.

So dod ndi day nhu trén hinh 9-13. Cudn diy kich tir ¢6 ciing ¢d v6i
dién trd phan ng. Ti€t dién diy quan cudn kich tir 16n vi dong dién kich
tir chinh 12 dong tai. Do d6 khi tdi thay d6i dién 4p thay d6i rat nhiéu,
trong thuc t&€ khong sit dung mdy phat kich tir ndi ti€p.

R

\o o
©
C o
e :
a)

Hinh9-13. a) So dé mdy phdt dién kich tir néi tiép
b) Ddc tinh ngoai

Pudng dic tinh ngoai U = f(I) vé trén hinh 9-13, b. Dang dic tinh
dugc gidi thich nhu sau: Khi tai ting, dong dng I, ting, tit thong va E,
tang, do d6 U ting. Khi I = (2+2,5) I4, mdy bao hoa nén I ting U sé
giam.
9.5.5. Mdy phdt dién kich tit hén hgp

So dd may phdt dién kich tir hdn hdp trinh bay trén hinh 9-14.
Cudn day kich tir cd ban la cudn kich tir song song. Cudn day kich tir phu
12 cudn ndi ti€p mic ndi ti€p vé6i tdi. CA hai cudn diy déu quan chung
trén mot 16i sit clia cuc tir va dugc ndi vdi phan ng sao cho sifc tir dong
ctia ching cdng lai v6i nhau. Pic tinh khong tdi cia mdy phat dién kich
tr hon hdp khong khic so v6i mdy phat dién kich tir song song vi khi
khong tdi khong c6 dong kich tir chay vao cudn ndi ti€p (hinh 9-14, b).
Tir dudng dic tinh ta thi'y dién 4p & dau mdy phat hiu nhu khong thay
ddi khi tai thay ddi tir khong tdi dinh mic. P6 1a do khi phu t3i ting, do
tinh chat cia mdy phdt dién kich tir song song, dién 4p gidm dugc bu
bing su ting sdd nhd sy ting tir thong trong cudn diy ndi ti€p. P6 1a wu
di€m ra't 16n ciia may phdt dién kich tir hdn hop.
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R
%) 'e}

X i = o
(V)

W ~
Cudn kich tix § \

noi tiép

(8 \

CPD Cuén kich tir b) !
song song

— a)

—

Hinh 9-14 . a) So do mdy phdt dién kich tit hén hop
b) Bdc tinh ngoai

Khi ndi ngudc chi€u cudn diy kich tir ndi ti€p, tr trudng trong 2
cudn diy quan ngudc nhau, khi ting tdi, dién 4p gidm rit nhanh, dudng
dic tuy€n c6 dang rat doc (dudng dit nét trén hinh 9-14). Ngudi ta 1gi
dung tinh chat ndy d€ 1am cdc mdy phat dién han.

§ 9.6. PONG CO PIEN MOT CHIEU

Ta da xét dén tinh chi't clia mdy dién mot chiéu & ché d6 dong co.
Khi cho dong dién mdt chiéu vao cudn kich tir va dong dién vao phan
ung thi s€ c6 mOémen quay tic dung l€n truc mdy di€n theo (9-8):

M:&-CD-IM:ICMCDIM (9-15)
2ra

Momen nay 12 mdmen quay clia dong cd ciing chiéu vdi tdc do
quay n. P& xdc dinh chiéu quay clia dong co ta c6 thé sit dung quy tic
ban tay trdi d€ xdc dinh chiéu cda tir lIyc. D& thdy mudn thay d6i chiéu
quay ta chi can thay ddi chiéu dong dién di vaio phan tng, hay dong dién
vao cudn kich tur.

Phuong trinh di€én dp dit vao dong co la:

U=E,+ IR, (9-16)
Trong d6 E, 1a sdd & phan tng clia dong co dién theo (9-7) c6 gid tri:
E =N ok no (9-17)
60a

D6i v6i dong co, dong dién I, ngugc chiéu véi sdd, nén E, con go1
la stic phan dién.

TS. Luu Thé Vinh



166 KY THUAT BDIEN

9.6.1. M6 mdy dong co dién mot chiéu.
Tu phuong trinh (9-16) ta c6 :
I = ” (9-18)

Khi m& mdy, tdc d6 dong cd n = 0, sitc phdn dién E, = Kz@n = 0,
dong dién phan ng Itic m3 mdy sé& 12 :

I, = — (9-19)

Vi Ry rit nhd, nén dong phan tng lic m§ mdy rit 16n, khodng
(20+30)/4, 1am hdng c6 gbp va chdi than. Dong dién phan @ng 16n kéo
theo dong dién m3 may 1,5 16n, ]am dnh hudng dé€n ludi dién.

b€ gidm dong md mdy dat (1,5 +2)I4, ngudi ta dung cic bién phap
sau :

1) Ding bién tré mé mdy R,;.

Mic bién trd md mdy vao mach phin tng (hinh 9-15). Dong md
mdy ldc c6 bi€n trd s& 12 :

I, . = v 9-20
“" R, +R,, 020

Ban dau dé€ bi€n trd Ryg c6 gid tri 16n nhat, trong qué trinh md
may, toc do ting 1én, B, ting, ta gidm din dién trd md may vé 0, lic dé
dong cd s€ lam viéc ding dién 4p dinh muc.

2) Gidm dién dp ddt vao phan itng.

Phuong phdp nay dugc 4p dung khi c6 ngudn dién mot chiéu diéu
chinh dugc dién dp, vi du trong hé thong mdy phit — ddong co, hodc ngudn
mot chiéu chinh luu.

Chid y ring d€ c6 mdmen md mdy 16n, lic md mdy phai cé tir
thong 16n nhat, vi thé phdi diéu chinh cdc thong s6 mach kich tir sao cho
dong kich ti lic m& mdy 1a 16n nhAat.

9.6.2. Diéu chinh toc do dong co dién mot chiéu.
Tu phuong trinh (9-16)tac6 : E,= U - IR,
Thay E, = K;@n ta c6 phudng trinh toc do:

__U-LR,

9-21
o (9-21)
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Tur (9-21) ta thay mudn diéu chinh téc do dong co c6 thé 4p dung

cdc bién phdp sau :
1) Mdc dién tré diéu chinh vao phdn l l

mach vng.

Khi mic thém dién trd vao phan \3‘““?
mach tng t6c dd gidm. Vi dong toan
phin 16n nén tén hao coéng sudt Ién.
Phuong phdp nay chi s& dung cho cédc
dong cd cong suat nhd. E§ Ry

Rmd

2) Thay déi dién dp U

Dung ngudén dién 4p diéu chinh
dudc d€ cip dién cho dong co. Phuong @
phdp ndy dugc st dung nhiéu Hinh 9-15. Mé mdy djng co dién mét chiéu

3) Thay doi tir thong.

Thay d6i tir thong biing cdch thay ddi dong kich tir.

Khi diéu chinh t6c do dong co ta két hdp cdc phuong phip trén,
ching han phudng phdp thay ddi tir thong két hdp v6i phuong phip thay
ddi dién dp thi pham vi diéu chinh ra't rong. Py 13 vu di€m 16n clia dong
cd dién mot chiéu.

9.6.3. Péng co dién mot chiéu kich tit song song.

So dd ndi day dong cd dién mdt chiéu kich tir song song nhu hinh
(9-16,a). P& md mdy ta ding bi€n trd md may R4. PE diéu chinh tdc do
dong co ta dung bién trd di€u chinh Ry, di€u chinh dong kich tir I
1) Buong ddc tinh con = f(M).

Bi€u dién quan hé giita toc d6 quay n va mdmen quay M khi dién
ap U=const, dién tr§ mach phan &ng R, =const, dién tr mach kich tir

R=const.

Tu phuong trinh (9-21) ta ¢6 :

n=Y _ R 1, (9-22)
,® k@

Tu bi€u thitc mémen dién tir (9-8b) ta c6 :

e
k,, @
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v R, M (9-23,a)

Do dé : n= — 5
kp®  kpk,®

N€u ¢6 mic dién trd R, vao mach phin ¢ng ta c6
U R, + Rp
n= — 5
kp®  kpk,,®

(9-23,b)
Quan hé n = f(M) vé trén hinh (9-16,b) trong d6 dudng 1 la dudng

ddc tinh cd ty nhién (R,=0) ng vG6i (9-23,a) con dudng 2 v6i R,20 tng
v6i (9-23,b).
, n
|
1

===
b)
O,

® 0 X
M
A
I L
n —
NN
T n
c) M
P,

Hinh 9-16. a) So dé djng co kich tir song song
b) Ddc tinh co
c¢) Ddc tinh lam viéc

2) Ddc tinh lam viéc.

Pudng dic tinh [am viéc dugc xdc dinh khi dién 4p va dong dién
kich tir khong ddi. P6 1a cic dudng bi€u dién quan hé giita téc do n,
mdémen M, dong dién phan tng I, va hiéu suit 1 theo cong suit cd trén
truc P, (hinh 9-16,c).

Ta nhin thdy ring dong cd dién kich tir song song c6 dic tinh cd
ciing, va tdc dd hau nhu khong thay ddi khi cong suit trén truc P, thay
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ddi. Chiing dugc s dung nhiéu trong cic mady cit kim loai, cdc mdy
cong cu, v.v... Khi c6 yéu ciu cao vé di€u chinh t6c d6 ngudi ta st dung
mdy dién kich tir ndi tiép.
9.6.4. Dong co dién mot chiéu kich tiv noi tiép.

So dd ndi day dong cd dién kich tir ndi ti€p trén hinh 9-17,a.

P& md mdy ta ding bi€n trd R,,5. PE diéu chinh tdc dd ta diing cdc
phuong phdp da trinh bay & trén, song cAn chi y ring d€ diéu chinh tir
thdng, ta mic bién tr§ di€u chinh song song v4i day quin kich tir ndi tiép.

A
n

[
R IR

|
|
|
\ |
A 0 ! s
A M
. n, M | |
md I n : n n |
| 8h
|
1
| |
! |
C) I M |
|
@) : —
P, p

Hinh 9-17. a) So do dong co kich tir néi tiép
b) BPdc tinh co
c) Ddc tinh lam viéc
1) Buong ddc tinh co.
Khi mdy khong bao hoa, dong dién phan tng I, va tir thong @ ty 1&
v461 nhau, nghia 1a :

1, = k@ (9-24)
Do d6 : M =k, I, ® =k, k,®* = k*®*
Hay : O = g (9-25)

Trong do6 : k = \k,k,

Thay (9-24) va (9-25) vao (9-21)taco:
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. kU kR, _aU bR
kM kM
Trong d6 a = k/kg va b = k/kg.
Tur (9-26) ta thiy ring dudng dic tinh cd c6 dang hypecbol (hinh 9-
17,b). Pudng dic tinh c6 mém, moémen ting thi toc do dong cd gidm. Khi
khong tdi hoic tdi nhd, dong dién va tir thong nhd, tdc do dong co ting
c6 thé gdy hdng dong co vé mit co khi, vi thé khdng cho phép dong co
kich tir ndi ti€p chay khong tdi hodc tdi nhd.

(9-26)

2) Puong ddc tinh lam viéc.

Trén hinh (9-17,c) v€ cidc dudng ddc tinh lam vi€éc. POong cd cho
phép lam viéc véi tdc dd nhd hon 8¢ do gidi han ng, (mi€n gach chéo).

Vi khi chua bio hoa mdmen quay cia ddng cd ty 1€ véGi binh
phuong dong dién, tdc do gidm theo tdi, dong co kich tir ndi ti€p thich
hdp cho cdc trudng hdp tdi ning dudc diung nhiéu trong giao thong vin
tai hoic trong cdc thi€t bi cin truc, ciu nang, v.v...

9.6.5. Pong co dién mot chiéu kich tit hén hop.

Sd @6 ndi diy trén hinh (9-18,a). C4c diy quén kich tir ¢6 thé noi
thuant (tir trudng hai ddy quin cling chiéu) lam ting tir thong, hoic ndi
ngugc (tf trudng 2 ddy quan ngude nhau) lam gidm tir thong.

Dic tinh co dong co kich tir hdn hgp khi ndi thuin (dudng 1) sé& 1a
trung binh giita dic tinh cd dong cd kich tir song song (dudng 2) va ndi
ti€p (dudng 3) (hinh 9-18,b).

Céc dong co thudng xuyén lam viéc trong ché€ do tii ning né c6
day quéin kich tir ndi ti€p 1a day quan kich tir chinh, con diy song song 1a
day quan kich tf phu va 2 cudn ndi thuan. Day quan kich tif song song
ddm bdo cho t6c dd dong cd khong ting qua 16n khi mémen nhd.

Pong cd kich tir hdn hgp c¢6 diy quan kich tir ndi ti€p 1a kich ti
phu va ndi ngugc cé dic tinh co rit citng (dudng 4 trén hinh 9-18,b),
nghia 13 tdc do quay hau nhu khong ddi khi momen thay ddi. That vay,
khi momen quay ting, dong phan ng ting, day kich tir song song lam
toc do gidm di mot chit, nhung vi ddy quan kich tir n6i ti€p mic ngudc
lam gidm tr thong trong mdy nén lam ting t6¢c dd dong cd 1én nhu ci.
Ngugc lai khi ndi thuin, s& lam cho dic tinh c¢o clia dong cd mém hon,
moémen md may 16n hon, thich hop trong cic may cong cu diung dé ép,
bom, nghién, cdn, v.v...
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o |
C

b) M

D

Hinh 9-18. a) So dé dong co kich tir hén hop
b) Pdc tinh co

9.6.5. Pong co dién mot chiéu kich tic hén hop.

Sd @6 ndi day trén hinh (9-18,a). C4c diy quén kich tir ¢6 thé noi
thuant (tif trudng hai ddy quan ciing chi€u) lam ting tir thong, hoic ndi
ngugc (tf trudng 2 day quan ngude nhau) Iam gidm tir thong.

Dic tinh co dong co kich tir hdn hgp khi ndi thuan (dudng 1) sé& 1a
trung binh giita dic tinh c¢d ddng co kich tir song song (dudng 2) va noi
ti€p (dudng 3).

MUC LUC

M¢é dau
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