Pién tl cong suat 1

CHUGNG MG PAU:
CAC HE THUC VA KHAINIEM CO BAN

TRI TRUNG BINH CUA MOT PAI LUONG:
Goi i (t) 1a ham bi€n thién tudn hoan theo thdi gian v6i chu ky T,. Tri trung binh clia dai lugng

i, vi€t tit 12 Iny dudc xdc dinh theo hé thic:
to+Tp

Ly = [ict)at
Tp
to
Véi ty 1a thdi di€m ddu cda chu ky dugc 13y tich phan.

Ta thudng hay gip cidc dai lugng tri trung binh dugc biu dién vdi chi s I (Direct ...
mot chi€u) hodc I,y (Average .... tri trung binh), vi du dién 4p trung binh Uy, dong dién trung
binh I4v.

Vi du 0-1
Xét qud trinh dong dién trén hinh v& HO.1 , tri trung binh dong dién cho bdi hé thiic:
i
|

104
0 0.3 0.5 0.e ? [m=]
HO A
1 %f 1 %
= o5 Jitha == [100t = 6[A
= ! (t) 5! [A]

Trong nhiéu trudng hop, thuc hién tich phan theo him bién thdi gian phic tap hon thuc hién
tich phan theo bi€n géc X véi X cho bdi hé thic:

X=wm.t véi 12 tin s§ géc ndo d6 xdc dinh.
Khi 4y, tri trung binh dai lugng theo géc X tinh theo hé thic:

t0+Tp 1 X0+Xp
== j/(t)dt—— ji(X).dX
p X0

Véi Xo==m.t); X,=0.Tp; X=0.t; dX==d(®.t)

Vidu0-2:
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Pién tl cong suat 1

Tinh tri trung binh dién 4p chinh Iuu cta bd chinh Iuu ciu 1 pha khong diéu khién. Him dién
dp chinh Iuu c6 dang u=U,| sin(@.t) | ; véi U,=220+/2 [V]; @=314[rad/s].

Gidi:

10
0.2469

0.20+
0.25+
0.20+
0.15+
0.10+
0.05+

0.00-

ud

Dé dang thdy rang, chu ky ctia dang dp trén 1a T,=0.01[s]. Bat X=314.t;
X,=314.0 ,01=r[rad].

Ta co:
4 X0+Xp .n

Uy :X— J. u(X).dX :—JAZZOx/E.sin X.aX =198[V]
P Xo 7To

Cdc truong hop thuong gdp:

Tai R:

Quan hé giita dién dp va dong dién tdc thoi qua dién trd R cho bdi:
ur=R.ig

LAYy tri trung binh hai v€ ta c6:

Urav=R.Ipav

TaiL:

Taco: u, = ﬂ
dt

G ch€ do xdc 1ap iL(ty)=i (ty+T,), tri trung binh dién 4p trén L dugc xdc dinh bing

cdch 18y tich phan hai v€ clia hé thic trén trong thdi hian (t.ty+T,). K€t qué thu dudc:

Upav=0
T4i RL:
Tuong ty, ta c6:
di;
at
Tri trung binh 4p:
Uiasv=R.Liay+Uray=R.I;ny
Tu doé: Iyy=U;s/R

Uy = Ri, + L.
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Pién tl cong suat 1

Tri trung binh dong khdng phu thudc vao gid tri L ma chi phy thudc vao R va dién dp
u;.
Té&i RLE:

Uy :R.it+L.%+E

V6i E 1a stic dién dong khong d6i: E=const.
Ké,t quﬁ: Upv=R.I +E hay IZAV=(U,A\/-E)/R

CONG SUAT TRUNG BINH

Cong sult tifc thdi clia mot tai tiéu thu duge xdc dinh bing tich dién 4p va dong dién tic thoi
din qua tdi d6, tdc la:

p(t) = u(t)i(t)

Cong suat trung binh duge xdc dinh bing cdch 4p dung cdch tinh trung binh vao dai luong
cong sudt tifc thdi p(t), tic 1a:

1 Tp 1 Tp
P, =— t).dt =— t).i(t).dt
v =T ;[P() T, _{[U()’()

hoic theo bi€n gbc X=wt:

Xp Xp
Py = — j p(X)dX = j u(X)i(X)dX ; Xp = oTp
Xp ) Xp 4

Trudng hop dong qua tdi khong ddi theo thdi gian i=const=Iy , cdong suit trung binh
qua tai bing tich clia dién 4p trung binh va dong dién:

Pay=UpvI=Uasv.Iav

Trudng hop dién dp dit trén tai khong d6i theo thdi gian u=const=U,y, cong suit
trung binh clia tdi biing tich dién 4p va dong dién trung binh:

Pay=U.Ipv=Uasv.Iav
Cac truong hgp dic biét:

Tai R:
17 1
Pay =7 [un)in(t)ct - [Rig(t)at
Py P
1 T2
PAV :RT_Ils(t)dt :R-I.‘grms
P o

Tu dién va cudn khdng 1a cdc phan tif c6 khd ning dy trif va khdng tiéu hao cong sui't. D&
dang din gidi hé thitc cho céc tai L va C nhu sau.

TaiL: Psy=0

T4i C: Pyy=0

Vidu 0.3
Gi4 st, ta ¢6 ngudn dp cho nhu trong trudng hdp vi du 0-2, tdi RLE ndi ti€p. Gia st tai c6
R=1Q, L v6 ciing 16n va E=50V. Tinh tri trung binh dong qua tai va cong suat qua tai?

Giai:

Uiav=198 V (xem vidu 0.2)

0-3
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Pién tl cong suat 1

Dong qua téi trung binh:

Lav=(198-50)/1=148A

Cong sut trung binh qua tdi: do L 16n v6 cling nén dong qua tii khdng ddi trong sudt
chu ky. Tt d6: i=liav=148A. Ta dp dung dugc trong trudng hdp nay cong thic:

Pt=Uav.Iiav=198.148= 29304W=29,3kW

TRI HIEU DUNG CUA MOT PAI LUGNG
Gia thi€t dai lugng i bi€n thién theo thdi gian theo mdt ham tudn hoan véi chu ky T, hodc véi
chu ky theo géc X,=o .Tp. Tri hiéu dung cia dai lugng i dugc tinh theo cong thic:

t0+Tp X0+Xp
lams = | — j dt = . j i2.dX

X0
Chi s6 RMS ...Root Mean Square... c6 nghia Ia tri hiéu dung.

Vi du 0-4

Cho mot dién 4p dang u =U,,.sin(314.t) = 2204/2. sin(314.t)[V] .
a.Tinh tri hiéu dung cua dién dp trén ?

Cho ham u; va u, v§i tinh chat sau:

u_u;uzo' u_u;uzo
Tlo s ou<o’ 2 -u ;ou<o

b.Xdc dinh tri trung binh va hiéu dung cda cdc dién dp u; va u, néu trén.

Hudng din:
a.
Chu ky ctia dién dp u 1a 27 [rad]. Tri hiéu dung dién dp cho bdi hé thic:

1 t0+Tp 2n
Unus = |7 jué’.anr=\/27t J.(U sin X)? dX

P to 0
LAy tich phan ta thu dugc két qua:
Un

Upus = ﬁ =220[V]
b'U1AV =éij.sinx.dx :UTm: 220\/5 = 99V
0
U2AV =%J.Um.sinx.dx =UTm 2\/_ =198V
T sk v |1 F(1=0052X ey |11, sin2x |
S R =
0 0 0
U1rms_U 1£_220_15556V

n2 2

7n 2 t(1-cos2x 2(1 sin2x\”
U2rms—\/;£U .sin x) dX_U.\/;-([[T}dX_U'\/;[EX_ y ]

0
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Pién tl cong suat 1

Uppre = U.,/%% _ U= 220V

Vi du 0-5
Cho ham tuin hoan bi€u di&n dién 4p tdi u trong mot chu ky T nhu sau:
u_{Um ; 0<t<yT

; O0<y<t
0 ; yT<t<T

V& dang séng dién dp u va xdc dinh tri hi€u dung dién ép tai.
Hudng din:

Urms =

T yT T
Huz(t).dtz % jui,..dujo?.dt =Up Ay
0 0 yT

HE SO CONG SUAT:

Hé s6 cong sudt A hodc PF (Power Factor) ddi v6i mot tdi dugc dinh nghia bing ti s§ giita
cong suit tiéu thy P va cong suit bi€u ki€n S ma ngudn cip cho tai do.

r=pF-F
S
Trong trudng hgp dic biét clia ngudn dp dang sin va tai tuyé&n tinh chita cdc phan ti nhu R,L,C
khong d6i va sitc dién dong dang sin, dong dién qua tai s& c6 dang sin cling tdn s& ctia ngudn
4p v6i goéc 1éch pha c6 do 16n bing @. Ta c6 hé thic tinh hé s6 cong suit nhu sau:
P=m.U.I.cos.
S=m.U.I

P
A=—=1c0s
S Q

Trong d6: U,I 1a céc tri hiéu dung ctia dién dp va dong dién qua tdi; m 12 tdng s& pha.

Cidc bo bién d6i cong sudt 13 nhitng thi€t bi ¢6 tinh phi tuy&n. Gid si ngudn dién 4p
cung cip c6 dang sin va dong dién qua n6 c6 dang tudn hoan khong sin. Dwa vao phan tich
Fourier 4p dung cho dong dién i, ta c6 thé tich dong dién thanh cdc thinh phin séng hai cd
bdn I, cing tan s& v6i ngudn dp va cdc séng hai bac cao 1), L) ,....DE dang thdy ring, séng
dién 4p ngudn va séng hai cd ban clia dong dién tao nén cong suit tieu thu cla tdi:

P=P;=m.U.1).cosq,

@;... g6c 1&ch pha giita dién dp va dong dién séng hai co ban.

C4c séng hai con lai (bic cao) tao nén cdng suit 4o.

Ta cé:
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Pién tl cong suat 1

8% = (mUIY =mP UP (15 +15) +15) +...)

2 2,2 2 22 2 2,2 2 2 211212 ain? 22 2
S =m U I(1)+m U .ZI(]) =m .U ./(1).003 (P7+m U /(7)Sln (P7+m U Z/(j)
j=2 j=2
§? =P?2+Qf +D?
véi
P=m.U.I;,.cosp; ... cong sudt tiéu thu cla tdi
Q,;=m.U.l;.sing; ... cong suit phian khang (cong sudt 4o do s6ng hai cd ban clia dong
dién tao nén)

... cOng suat bi€n dang (cong sudt 4o do cdc séng hai bac cao

cta dong dién tao nén). Khdi niém bi€n dang (deformative) xudt hién tir y nghia tdc dung gy
ra bi€n dang dién 4p ngudn clia cdc thanh phian dong dién nay vi khi di vao ludi dién ching
tao nén sut 4p tdng khong sin trén trd khang trong clia ngudn, tir d6 séng dién dp thuc t& cAp
cho tdi bi méo dang.

Tir d6, ta riit ra bi€u thitc tinh hé s6 cong sud't theo cdc thanh phin cong sudt nhu sau:

r=pPF=L_ P

s Jp7 a7 07

Mudn tang hé so cong sudt, ta cé thé:

- gidm Q, -cong suit 4o clia séng hai cd ban, tic thic hién bt cong sudt phdn khdng.
Céc bién phdp thuc hién nhu bul biing tu dién, bl bing mdy dién dong bd kich tir du hoiic diing
thi€t bi hién dai bu bdn din (SVC - Static Var Compensator);

-gidm D -cdng suit 4o cla cdc séng hai bac cao. Tuy theo pham vi hoat dong clia day
tan sO cla séng hai bic cao dugc bil, ta phdn biét cic bién phdp sau day:

* loc séng hai: 4p dung cho cdc séng hai bac cao 16n hon séng hai cd bdn dén gid
tri khodng kHz. C6 thé sit dung cdac mach loc cdng hudng LC. Vi du ding mach loc LC cdng
huéng véi bac 5,7,11..mic song song v6i ngudn can loc.

* khit nhiéu: 4p dung cho cdc séng bic cao c6 tan sd khodng kHz dén hing Mhz.
Cidc séng tan s6 cao nay phat sinh tr cdc mach diéu khién phit séng vdi tAn sd cao hoic do

quéd trinh déng ngit cdc linh kién cong suit, cdc séng hoat dong trong cdc mach dién c6 kha
ning phit séng dién tir lan truyén vio moi trudng va tao nén tic dung gy nhi€u cho céc thiét
bi xung quanh, thim chi gy nhi€u cho chinh bin thain mach diéu khién cic thi€t bi cong suit.
Cic thi€t bi bi&€n ddi cong sudt thudng phdi trang bi hé thong khir nhiéu nghiém ngit. Mot
trong céc bién phdp st dung 1a ding tu, ding boc kim ddy din hoic dung ludi chong nhiéu
cho thiét bj.

Ngoai ra, c6 thé bi€u dién hé s cong sudt theo hé thifc sau:

/
k:PF:%.cosw,

PHAN TICH FOURIER CHO PAT LUGNG TUAN HOAN KHONG SIN
Pai lugng i tudn hoan, chu ky 7, nhung khong sin c6 thé trién khai thanh tdng cdc dai
lugng dang sin theo hé thitc:
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Pién tl cong suat 1

i=lay + Y Ay.sin(n.X)+B,.cos(n.X)

n=1

1 2n
Vi Ly = - I i.dx
0

2n 2n
A, = 1 J.i,sin(n.X).dX ;B = 1 Ii.cos(n.X).dX
b ° T )

Bién do song hai bic n cla dai lugng i dugc xac dinh theo hé thic:

limm = AS + B}

St dung hé thic bién d6 vira tim dudc, dai lugng i c¢6 thé viét lai dudi dang:

i=lav + D Hnym-sin(n.X - o,)

n=1

v6i ¢, xdc dinh theo ham: ¢, = arctan%
n

Tri trung binh dai lugng i chinh l1a hé thic I4v.
Tri hiéu dung dai lugng i cho bdi hé thic:

o 0 12
s = ,//iv )G = 1///iv +y
n=1 n=1

Goi u, i va p 1a dién 4p, dong dién va cong sudt v6i u,i c6 dang tuan hoan khdng sin.
Ta cé:

u=U,y +ZU(n)m.sin(n.X—(pn_U)

n=1

i=lay + > limym-sin(n.X —o, ;)

n=1

Cong suit trung binh:

P=Upylay +ZU(n)-/(n)-COS(<Pn7U -0n )
n=1

0

Uinym
P = UAVIAV +z—(n)m (n)m
n=1

-€0S(Qp_y =Pn_y)

N&u ngudn dién 4p cung cip cho tdi RL, quan hé gifta thanh phin séng hai bic n clia
dién 4p U,y va dong di€n I, lién hé theo hé thic:

| _ U(n)m _ U(n)m
(n)m — -
Zim)  JR? +(nol)?
U U
< . (n) (n)
hodc: I, = =

Zin) JR? +(nol)?

Trong trudng hgp dién dp dang sin va dong dién khong sin.

HE SO MEO DANG

0-7
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(Distortion Factor-DF)
Pugc dinh nghia bing ti s& tri hiéu dung thanh phan hai co bdn va tri hiéu dung dai
lugng dong dién:
pF -l
/
Quan hé giita hé s6 cdng sudt va hé s6 méo dang vi thé lién hé theo hé thic:
PF=DF.cos ¢,

PO MEO DANG TONG DO SONG HAI
(Total Harmonic Distortion-THD): 13 dai lugng diing d€ ddnh gi4 tac dung clia cdc séng hai
bic cao (2.3,...) xut hién trong ngudn dién, cho bdi hé thitc:

>
' (j)
THD, = V7T

/
(1)
Trong trudng hop dai lugng 1 khdng chita thanh phan dc, ta c6:

12
() 2 2
= NI
THD, = j=2 (1)

lo) I
Trong d6, I; 1a tri hiéu dung séng hai béc j, j>=2 va I 1a tri hi€u dung thanh phan
hai co bdn dong dién.
Quan h¢ giitta DF va THD:

£ / 1
1+(THD)?

Bai tap:
0.1 Dién 4p dit trén tdi dién trd 10Q c6 ham biéu dién u = 170.sin(1007.t)[V] .
Hay xdc dinh:
a. ham cong sult tic thoi cla tai
b. cong suit tic thdi 16n nhat
c. cOng sudt trung binh cia tdi

0.2 Dién 4p va dong dién trén tdi 12 nhitng him tudn hoan theo thdi gian vdi chu
ky T=100ms.
_{5v; 0<t<70ms _l__{o; 0<t<50ms
0V, 70ms<t<100ms’  |4A; 50ms <t <100ms

Xdc dinh: cong sut tifc thdi, cong sudt trung binh va ning lugng tiéu thu cla
tdi trong mdi chu ky.

0-8
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Pién tl cong suat 1

0.3 Xdc dinh cong sudt trung binh trén tdi. Cho biét dién 4p tii khong ddi
u=12VDC va dong dién qua tai tudn hoan c6 ham bi€u dién trong mdi chu ky T=100ms

. 0; 0<t<50ms
nhu sau: j =
4A; 50ms <t <100ms

0.4 Dong dién qua phan t& hai cyc c6 dang i = 20.sin(100n.t)[A] 1. Hiy x4c dinh
cong suat tiéu thy trung binh trén phan ti trén néu phin ti hai cuc 1a:
a.diéntrd 5Q b. cudn ddy c6 cam khang 10mH c¢. sdc dién dong E=6V.

0.5 Dong dién i = 2 + 20.sin(100n.t)[A] di qua mach RLE mic néi ti€p. X4c dinh
cong suit tiéu thu trung binh trén mdi phan t¢ R,L va E, cho bi€t R=3Q, L=10mH va
E=12V.

0.6 Mot 10 dién trd cong sudt 1.500W khi st dung ngudn
u = 22042.sin(100mt)[V] . Néu diéu khién cong suit 10 dién theo chu ky 12 phit v6i trinh
ty dong dién 5 phit va ngit dién 7 phdt. Hay xéc dinh:

a. cong sudt tic thdi cuc dai

b. cong suit tiéu thu trung binh

c. ning luong tiéu thu dudi dang nhiét trong mdi chu ky.

0.7 Xéc dinh dién 4p hiéu dung va dong dién hiéu dung khi bi€t ham biéu dién
ctia chiing tudn hoan theo chu ky T=100ms c6 dang:
_{5V; 0<t<70ms ‘I,_{O; 0<t<50ms
0V; 70ms<t<100ms’ 4A; 50ms <t <100ms

0.8 Hiy xac dinh tri hiéu dung dién 4p, dong dién va cong suit tiéu thu trung binh
bdi tdi khi cho bi€t qué trinh dién 4p va dong dién clia n6 c6 dang:
u=25+10.cos(100xt) + 3@.003(2007&1‘ +n/3)[V],

i =1.5 + 2.cos(100nt) +1.1c08(200mt + ©/3) + 1.5 cos(300xt + n/3)[ A]

0.9 Cho dong dién i = 1.5 + 2.cos(100nt) +1.1cos(200mt + n/3)[ A] di qua tdi gom
R-C mic song song vdi R=100Q va C=50uF . Xdc dinh cong sut tiéu thu trén mdi phan
tir cla tai.

0.10  Cho dién dp u=2.5+10.cos(100nt) + 3v/2.cos(200nt +n/3)[V] dit trén tai
RLE mic ndi ti€p véi R=4Q, L=10mH va E=12V. Xéc dinh cdng suat tiéu thu trén mdi
phin tiF.

0.11 Dién dp va dong dién qua tai bi€u dién bdi ham sau:

u=20+ ZQ. cos(nmt)[V];i=5+ Z% cos(nmt)[A]
n=1 n n=1 1
xdc dinh cong suat trung binh trén tdi (chinh x4dc d&€n n=4).

0.12  Cho ngudn u=20+§ 2.3/n(100nnt)[V] cung cip tdi RLE ndi ti€p vdi
n
n=1

R=20Q, L=250mH va E=36V. Xdic dinh cong suit trung binh trén cdc phin tif tai.

0-9

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Pién tl cong suat 1

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

0-10


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tif cong suit 1

CHUONG MOT
CAC LINH KIEN BAN DAN

Bdn ddin: 1a chdt ma trong nhiét do binh thudng né c6 do din dién giita chi't din dién
va chat cach dién. Hién nay, ban din thudng diing 1a Silic, Silic tinh khi&t c6 cau tric tinh thé
rdt bén virng. O nhiét do thap, né khong c6 cdc dién tich tw do. Vi thé, Silic tinh khi€t hoat
dong nhu chat céch dién.

Hdn hop Silic véi cdc nguyén td khdc c6 dnh hudng rat 16n d&én dd din dién cla Silic.
Mot ctia hdn hdp cilia Silic chita thira dién tich tu do va cdc dién tich nay trd thanh hat din
dién, hdn hop niy tao thanh chit bin din loai N. Mot s6 hdn hgp ctia Silic thi€u dién ti-
chiing ¢6 18 hdng. Cic 16 hdng tao thanh thanh phan din dién chii y&u. Hdn hgp loai nay tao
thanh ban din loai P v6i @6 din dién loai P.

Ldp tiép xiic PN: 12 viing trong bdn dAn ma viing din dién loai P dugc chuyén thanh
loai N.

Pdc tinh V-A: biéu dién quan hé giira dong dién di qua hai cuc cta linh kién va dién
p dit gifta cdc cuc d6. Céc gia tri dién 4p va dong dién nay dugc hiéu 12 gia tri 4p va dong
mot chiéu khong ddi.

1.1 - PHAN LOAI LINH KIEN BAN DAN THEO KHA NANG PIEU KHIEN

Céc linh kién bdn din cong suit trong lanh vuc dién ti cong sui't ¢ hai chiic ning co
ban: déng va ngdt dong dién di qua né. Trang thdi linh kién din dién (d6ng) 12 trang thdi linh
kién c6 tic dung nhu mot dién trd rat bé (gin bing khong). Do 16n dong dién qua linh kién
phu thudc trang thdi mach dién ldc linh kién déng va do sut dp trén linh kién nh6 khong déng
ké (t5i da khodng vai volt).

Trang thdi linh kién khong din dién (ngit dong dién) 1a trang thdi linh kién c6 tdc
dung trong mach nhu mot dién tr§ rat 16n. Dong dién di qua linh kién c¢6 do 16n khdng ddng
ké; do 16n dién dp dat 1én linh kién phu thudc vao trang thdi hoat dong clia mach dién bén
ngoai.

Do d6, linh kién ban din hoat dong vdi hai ché do lam viéc déng va ngit dong dién
dugc xem 12 1y tudng n€u & trang thdi din dién né cé dd sut 4p biing khong va & trang thai
khong din dién, dong dién qua né biang khong.

Céc linh kién ban din c6 thé chuyén ddi trang thdi lam viéc clia minh , vi du i trang
thdi khong din dién (ngdt) sang trang thdi din dién (d6ng) va ngugc lai thong qua tdc dung
kich thich ctia tin hiéu 1én cdng diéu khién (ngd vao) cda linh kién. Ta goi linh kién c6 tinh
diéu khién. Tin hiéu diéu khién c6 thé tdn tai dudi dang dong dién, dién 4p, 4nh sang vdi
cong suit thudng nhé hon rat nhi€u so vdi cong suat clia ngudn va tai.

Trong trudng hgp linh kién khong chita cdng diéu khién va qué trinh chuyén trang thai
lam viéc cda linh kién x3y ra dui tic dung clia ngudn cong suit § ngd ra, ta goi linh kién
thudc loai khong diéu khién. Vi du: diode, diac 1a cdc linh kién khong diéu khién

N&u thong qua c8ng diéu khién, tin hiéu chi tdic dong dé€n chitc ning déng dong dién
ma khong thé tic dong 1am ngit dong dién qua né, ta goi linh kién khong c6 kha ning kich
ngit. Vi du nhu thyristor, triac.
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Dién tif cong suit 1

Ngudc lai, cdc linh kién c6 thé thay ddi trang thai tr din dién sang ngit dién va
ngugc lai thong qua tdc dung cta tin hiéu diéu khié€n , dudc goi 1a linh kién c6 kha ning kich
ngit (Self commutated device-tam dich linh kién ty chuyén mach). Pai dién cho nhém linh
kién nay 1la transistor (BJT,MOSFET,IGBT), GTO(Gate-Turn-Off thyristor),
IGCT,MCT,MTO.

Trén day, ta chua dé cip dén tic dung dién 4p va dong dién clia mach cong suit
1én qud trinh chuyén ddi trang thai 1am viéc cla linh kién. Tin hiéu diéu khi€n 1én manh
c6ng diéu khién chi c¢6 tic dung khi trang th4i dién 4p dit vio hai cyc chinh & ngd ra cia linh
kién c6 chiéu phin cuc va do 16n phit hgp.

Véi nhitng nhan xét & trén, cdc linh kién bdn din cong suit, theo chic ning déng
va ngit dong dién va theo kha ning diéu khién cdc chiic ning nay, c6 thé chia lam 3 nhém
chinh:

- Nhém mot: gdbm céc linh kién khong diéu khién nhu diode, diac;

- Nhém hai: gdm céc linh kién diéu khién kich déng dugc nhu thyristor, triac;

- Nhém ba: gdm cdc linh kién khién kich ngit dugc nhu transistor
(BJT,MOSFET,IGBT), GTO.

Ngoai ra, dang mach phitc hgp gém thyristor va bo chuyén mach cling c6 khd ning
déng dong dién ciing nhu ngit dong dién qua né nhd tdc dung ctia cic tin hiéu diéu khié€n 1én
cic cong diéu khién. V& khia canh diéu khién, mach phiic hgp nay cling v6i cdc linh kién
nhém ba tao thanh nhém cong tic tw chuyén mach.

1.2 - DIODE
T Cathode in ina
E /
‘4 : —
P ,_,. F Las) Yo
A Vitng
J, Lhea
Pt
K kid Anode LG
Hi
diods Cidie tric PN Bdc tink V-A Bide fink V-A ¥ fudng
Hi 1

Mo td va chué nang

Diode dugc ciu tao thanh bdi mdi ndi PN. L6p p thi€u dién tf va chita phan tir mang
dién dang 16 hdng. Tuong tu, 16p n thira dién t&. Céc 16p pn trong cu tric diode dat dudc
biing cdch thém tap chit vio trong phién silic. P€ tao qud trinh dan dién di qua m&i ndi p-n,
céc hat mang dién dudc tao thanh va tham gia qud trinh din dién, mot dién 4p dugc 4p dung
sao cho 16p p mic vio cuc duong va 16p n vio cuc am. Luc dién trudng 1am cho 16 hdng tir
16p p di chuyén vugt qua mdi ndi p-n d€ vao 16p n va cdc dién ti di chuyén tir 16p n vao 16p
p.

Trudng hdp phan cuc ngugc lai, cdc 16 hdng va dién ti bi kéo ra xa khdi mdi ndi va
tao thanh stc dién dong bén trong mdi ndi. Stic dién dong nay tdc dung khong cho dong dién
tich di qua diode - diode bi ngit.

Chiéu thuin va chiéu nghich: Néu nhu diode & trang thdi din dién thi n6 chiu tic
dung cta dién dp thudn ug va cho dong dién thuin ir di qua.
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Dién tif cong suit 1

Ddc tinh V-A
Pic tinh V-A ctia diode dudc vé& & hinh H1.1 gdm hai nhdnh. Nhdnh thuin: tuong tng
véi trang thai din dién. Cdc thong s6 quan trong clia né 1a dién dp Ucro) (turn on) va dién trd
rr (differential forward resistance) dugc x4c dinh tai mot di€m tinh nio d6 cta dic tinh
dug
r=—1t
dig
Nhdnh nghich: tuong @ng v6i trang thdi nghich, diode khdng din dién. Cdc thong s6
quan trong ctia no 1a dién tr§ ry (differential reverse resistance) xdc dinh tai mot diém nao
d6 cla dic tinh V-A.
dig
va dién dp ddnh thing & chiéu nghich u,, (Breaking). Sau khi dién 4p vugt qua gid
tri g, thi gid tri ug gidm di rat nhiéu 1an. Gi4 tri dong sau d6 s& phu thudc chd yé&u vao dién
4p va dién tr§ mach c6 chita diode trong d6. N&€u nhu dong ting qué 16n diode s& bi hdng.
CAC TINH CHAT PONG
Trong cdc hién tugng qud dd cla diode, qué trinh diode chuyén tir trang thdi din sang
trang thai nghich c¢6 y nghia quan trong. Hién tugng nay goi la ngit diode hodc qué trinh
chuyé&n mach ctia diode.
; Khi dong thuin qua diode tit nhanh (ching
, e han 10A/us), qud trinh ngit s& khong dién ra theo diic
g < tinh V-A. Qua trinh ngit dong nhanh cé thé theo ddi
: \ i trén hinh H1.2. Sau khi dong khéa S, nhdnh chita
sXo_A=m | ¢ diode thong d&€n dién dp chuyén mach U : U tic dung
ox % it nhanh dong qua diode. Sau khi dong dién thuin ip
2 gidm vé 0, dong dién qua diode khong tit ngay va
™ i&p tuc din theo chiéu ngudc lai véi tdc dd gidm ban
dau. Sau mot thdi gian ngdn, kha ning din dién theo chiéu nghich bi mat va dong dién gidm
dot ngdt dén gid tri clia dong dién nghich (nhé khong ding k€ ) - diode c¢6 kha ning chiu 4p
nghich, dién tr§ nghich rg cia né dugc khoi phuc.
Trén hinh vé& H1.2 thdi gian t, (reverse recovering) 1a thdi gian phuc hdi tinh nghich.
Dong i, di qua diode trong thdi gian t 12 dong chuyén mach hoic dong phuc hdi .
Thai gian phuc hdi tinh nghich cang 16n néu nhu gid tri dién tich chuyén mach Q,
cang 16n. Pién tich Q; clia diode dugc dinh nghia nhu sau:

+
k]

o

T

tl’l’
Q= j i, dt
0
D6 16n Q, phu thudc vao ciu tric clia phi€n bdn din Si va cong nghé sin xudt né.
Ngoai ra con phai ké dén cic y&u t6 khdc nhu d6 16n clia dong thuin qua diode, toc dd gidm
dong dién va nhiét do 16p PN. Dong dién phuc hdi khi gidm qud nhanh tir gi4 tri cuc dai imy
s& gdy ra phan dién 4p trén khdng L ndi ti€p vSi diode (khong thé hién trén hinh v&). Pién
4p nay k&t hgp véi 4p chuyén mach sé& gy ra qud 4p khi chuyén mach.
Do 16n clia qud 4p ugy c6 thé dudc han ché bing bd loc RC . Mach RC tic dung sau
khi phuc hdi dién trd nghich ctia diode 1am cho qué trinh tit dong qua cdm khdng L dién ra
chim hon. Pién tr§ R tdc dung nhu thanh phin tit dan trong mach L,C,U.
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Dién tif cong suit 1

Mot hé qua quan trong 13 cong suat tén hao khi ngit diode. Gid tri cong suit tic thdi
nay dugc tinh bing tich ctia dong va 4p cua diode. Trong thdi gian dién 4p nghich ting 1én,
dong chuyén mach di qua diode 16n. Gi4 tri cong suit ton hao tic thdi vi thé s& 16n.

Kha nang chiu tdi

Dién dp dinh mitc: dugc x4c dinh bdi dién th& nghich cyc dai Uggy. D6 12 dién dp
nghich 16n nha't ¢6 thé lap lai tudn hoan trén diode.

Khi thi€t k&€ mach bdo vé chdng lai qua 4p nghich ngiu nhién, ta dinh mic theo dién
th€ nghich khong thé 14ap lai ugsy. Khi diode 1am viéc, ta khong cho phép xuit hién dp 16n
hon ugrgy.

Dong dién dinh miic: diode khi hoat dong phdt sinh tdn hao. T6n hao chd yé&u do
dong thuin giy ra. T6n hao do dong nghich gy ra khong diang ké va cong suit tén hao do
qué trinh ngit sé c6 dd 16n dang k& khi tin s6 d6ng ngit 16n hon khodng 400Hz. Cong sudt
t6n hao tdng khong dugc phép lam néng mach diode 1én qué nhiét dd cyc dai Viy, n€u khong
16p PN sé& bi phd héng . Vi th€ diode dugc lam mat va kha niing chiu dong clia né bi gidi han
bdi tri trung binh cuc dai ciia dong thudn ipavym - D4i véi tirng loai diode va diéu kién lam
mat, cdc nha sidn xuit thudng dua ra cdc dic tinh Igaym = f (Tamb) (Tamp 12 nhi€t dd moi
trudng). D61 v6i nhitng dic tinh khdc nhau nay, thong s6 dugc chon la hinh dang ctia dong
qua diode. Gia tri Igay tng v&i nhi€ét do T, va diéu kién 1am mat cho truéc va ung véi dang
nla song sin cia dong (50Hz) dugc goi la dong dic trung cia diode. Kha ning chiu dong cua
diode hién nay khodng vai ngan ampere.

Khd ndng chiu qud dong: dugc cho & dang dd thi qud dong Irgy = f(t), ¥ng véi mot
gid tri dong vugt qua mic binh thudng, d6 thi cho bi€t khodng thdi gian ma diode c6 kha
ndng chiu dugc ma khéng bi hdng. Gia tri qud dong cho phép dugc goi 1a dong thun cuc dai
khong thé lip lai dudc Igsy. Ung véi nhiét @6 ban ddu cho trudc clia ban ban din va tri clia
4p nghich, gia tri Ipsy cho bi€t do 16n clia dong thuan chiu dugc trong thdi gian xdc dinh.

Mot thong s6 khdc dnh hudng 1én khd ning qua dong 1a ning lugng tiéu hao , xdc
dinh bing tich phan theo thdi gian ctia ham Ig binh phuong. Lugng ning lugng nay ti 1€ vé6i
ning lugng ma ban ban din c¢6 khd ning hap thu dudi dang nhiét trong thdi gian qui dinh
(khodng 10ms) ma khong bi hdng. Tir dic tinh Igsy va Ilé.dt , ta c6 thé thi€t k&€ mach bio

vé qud dong cho diode.

Ghép ndi ti€p va song song céc diode dudgc thyc hién khi khd niing chiu 4p va dong
clia cdc diode khong ddp tng dudc nhu cAu dit ra. Khi ghép ndi ti€p , ta cAn ddm bio tinh
phin bg dién thé déu trén cic diode.

Cdc diode ddc biét

1. Schottky diode: @6 sut 4p theo chiéu thuin thap (khodng 0,3V). Do d6, né dudc si
dung cho cdc mach dién dp thdp. Pién 4p ngugc chiu dudge khodng 50- 100V

2. Diode phuc héi nhanh: dugc 4p dung trong cdc mach hoat dong tan s§ cao. Kha
ning chiu 4p d&€n vai ngan volt va dong vai trim amper, thdi gian phuc hoi t, khodng vai ps.

3. Diode tan s6' cong nghiép: cic diode tin s6 cong nghiép dugc ché tao dé dat do sut
4p thap khi din dién. Hé qua, thdi gian t, ting 1én. Kha niing chiu 4p cda chiing khodng vai
kilovolt va dong di€én vai kiloamper.

Béng 1.1 C4c thong sd dic trung clia diode

Loai Ap dinh mic Dong trung binh Vi (dic trung) t.. (max)
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Dién tif cong suit 1

16n nhat dinh mic
Diode phuc hdi nhanh
1N3913 400V 30A 1.1V 400ns
SD453N25S20PC 2500V 400A 2,2V 3us
Diode phuc héi dic biét
nhanh
MURSI15 150V 8A 0,975V 35ns
MUR1560 600V 15A 1.2v 60ns
RHRU100120 1200V 100A 2.6V 60ns
Diode Schottky
MBR6030L 30V 60A 0.48V
444CNQO45 45V 440A 0.69V
30CPQ150 150V 30A 1.19V

1.3-TRANSISTOR BJT CONG SUAT (BIPOLAR JUNCTION TRANSISTOR)

Base Emitter Base Emitter

o ? ¢ ?
- PL{ . jc':'ﬂe':m - %‘ Collector
|

|
T+
n+ . n+ Eace P+ |— Eaze

n

O
n |\l P
Eminet I {Siaiiis

Caollecor Collectiot
Hi3

Transistor ¢6 hai 16p PN, dua theo ciu tao I6p nay ta phan biét hai loai transistor:
transistor PNP va transistor NPN. Cac I8p PN giita tirng di€én cyc dugc goi la 16p emitter J1
va 16p collector J2. M&i 16p c6 thé dudc phan cuc theo chiéu thuin hoic chiéu nghich dudi
tic dung clia dién th€ ngoai. Sy dich chuyén clia dong collector i. khi qua 16p bi phin cuc
nghich chiu 4nh hudng rit 16n cia dong kich iz din qua I6p phan cuc thuin. Hién tugng nay
tao thanh tinh chat co ban dudc st dung nhiéu clia transistor va dugc goi 12 hién tugng diéu
ch& do din dién clia 16p bi phan cuc nghich.

Trong lanh vyc dién tif cong suat, transistor BJT dugc st dung nhu cong tic (khda)
déng ngdt cdc mach dién va phan 16n dugc mic theo dang mach c6 chung emitter.

Trén dién cuc B,E 12 dién 4p diéu khién ugg. Cic dién cuc C.E dudc st dung 1am
cong tic d6ng md mach cong suit. Pién thé diéu khién phai tic dung tao ra dong ig di 16n
dé dién 4p giita cdng CE dat gid tri biing zero (ucg — 0).
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Dién tif cong suit 1

Ddc tinh V-A trong mach co chung emitter

Off

: 1
gl WCE[saTn) HGAT WCE 0 . WCE
Hi 4

Dic tinh V-A ngd ra cua transistor mic chung cuc emitter.

Bdc tinh ngé ra (output characteristic) -hinh H1.4a,b -bi€u dién quan hé cta cdc dai
lugng ngd ra Ic = f(Ucg). Thong s6 bién thién 1a dong kich ig. Cdc dic tinh ngd ra dudc vé
cho cdc gid tri khac nhau cia ig trong viing 1 cia hé toa d. Trong viing toa d6 nay con vé
duong thing bi€u dién dic tinh tdi Ucg = U - Rc. Giao diém cda dudng thing nay va dic
tinh ngd ra (ng v&i tri thi€t 14p i) s& xdc dinh diém 1am viéc gbm dong I¢ va dién thé ucg.

Trong vung chita cdc dic tinh ngd ra, ta phan biét ving nghich, ving bao hoa va
vung tich cuc.

Viing nghich: dic tinh ra véi thong s6 iz = 0 ndm trong ving nay. Transistor & ch&€ do
ngit. Dong collector ico ¢6 gid tri nhd khdng ddng k€ di qua transistor va tdi. Khi ugg < 0,
khong c¢6 dong dién kich, transistor & trang thdi ngit vd do 16n dong ico gidm nhd hon nita.
Tuy nhién, kh3 ning chiu 4p ngudc clia 16p cdng —emitter khd nhé. Do d6, cAn han ché dién
ap Am trén BE d€ n6 khong vudt qua gia tri cho phép.

Viing bdo hoa: nim giita dudng thing gidi han a va gi6i han bao hoa b. Pudng thing
gi6i han a xdc dinh dién th€ ucg nhd nhat c6 thé dat dudc Gng vdi gid tri ic cho trudc. Gidi
han bio hoa 12 dudng thing xac dinh ranh gidi cia cdc trang thdi ucg = 0 va ucg > 0. Néu nhu
di€m 1am viéc nim trong viing bio hoa (xem diém PONG), transistor s& déng, dong ic din
va dién th€ ucg dat gid tri ucgsar nhd khong dang k€ (khdang 1-2 V) va nhu vy, khi thyc
hién ting dong dién kich Ig>Ig,,, dong dién qua collector hau nhu khong thay ddi. bién th&
Ucesat 201 12 dién th€ bdo hoa va ta néi ring transistor & trang thai bao hoa.

Ving tich vic: 1a ving ma transistor hoat dong & ch&€ do khuéch dai tin hiéu, tuong
Ung vGi cdc gid tri lam viéc ucg > ucgsat va dong ic>Ico. Modi quan hé gitta hai dai lugng ucg
va Ic phu thudc vao tdi va dong ig. Khi transistor 1am viéc nhu mot cong tic dong md
(switching), diém lam viéc clia né s& khong nim trong viing ndy.

He¢ 50 khuéch dai trong mach cé chung emitter

Hé 56 khuéch dai tinh ciia dong: dugc dinh nghia tai mot diém lam viéc (Ie,Ig)ucE=const
(khi Ucg = hiing s ) bdi tham s8 hgg:

hgg = IC/IB

Hé s6 nay con dudc ky hiéu 1a B. Hé s6 hgg xdc dinh do doc cia dudng thing di qua
gbc toa dd va di€ém lam viéc trén dic tinh chuyén ddi Ic(Ig).

Heé 56 khuéch dai tinh téi han: 1a gia tri hpg khi diém 1am viéc niim trén ranh gidi bao
hoa va dugc ky hiéu 1a hggsar.
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Dién tif cong suit 1

Khi tinh todn dong dién kich dong transistor, ta dung hé s hgesar Xdc dinh cho diém
lam viéc niim trong viing bdo hoa. Gia st trong viing bao hdoa, PONG (hinh H1.4a) 1a di€ém
lam viéc v6i dong dién qua collector Ics va hé s& hggsar dudc thiét 1ap tuong tng véi di€m B.
Dong dién kich dong transistor dudc x4c dinh theo hé thic:

lgs = —ICS
heesar
Dong Ics dugce xdc dinh tit phuong trinh dién dp mach téi:
oy~ U~Ucesar

R
Mach kich phdi tao dong Iz di 16n sao cho :
lg > Igs = 105
FESAT
Trong thyc t€, do 16n dong kich dugc thi€t 1ap véi hé sd an toan k.
_ ksdc
heesar

Hé s6 k, =2 —5 dugc chon d€ viéc kich déng an toan khi xét d&€n cic d4nh hudng khic
nhau 1am thay ddi thong s& ctia transistor va cdc transisor ciing loai cling ¢6 sy sai biét tham
s6 do diéu kién ch€ tao thuc t&. Viéc dua hé s6 ndy ddm bdo cdc transistor cling loai déu
dat dugc trang thdi bao hoa.

T&n hao phat sinh khi transistor din dién:

Pr =Upelge +Ucelc

Ig

Viéc ting hé s6 k, qud 16n s& khong 1am gidm dién 4p Ucr bao nhiéu nhung né c6
thé l1am ting ddng k€ dién dp Upe va cong suit tdn hao & mach cdng nay.

K hodng thei
gisn chuyén

&  DoONG 1c
Ic | Y
oM :/
1

s
i

W, Tyrn-off »
: \*\\Mm - VCE &

AN

Tutn-on ™=

> |— ' ——
ViCE E— s
T Toff  Ton -

WA

vCE
=3t NG

-

Hi =
Hila

Céc transistor cong suat 16n c¢6 hé s& hgg chi khodng 10- 20. Do d6, d€ gidm bét dong
kich I, tic ting hgg c6 thé ghép ndi ti€p cdc transistor cong suit theo ciu hinh Darlington
(hinh H1.6). B4t 1¢i clia cAu hinh Darlington 12 do sut 4p Ucg & ché dd déng cia transistor bi
ting 1én va tan s6 déng ngit bi gidm.

CA4c transistor Darlington c6 thdi gian tré khi d6ng va ngit tf vai trim ns dé€n vai ps.
Hé s0 hggpsar dat dén gid tri vai trim.

Cdc tinh chdt dong
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Dién tif cong suit 1

Khdo st cdc hién tugng qud do khi dong va ngdt transistor c6 § nghia quan trong.
Quad trinh dong collector I¢ khi kich déng c6 dang xung vudng v& trén hinh H1.5. Thai gian
dong t,, kéo dai khodng vai ps. Thdi gian ngit tor vugt qua 10us.

Mot hé qua bt 1gi trong cdc hién tugng qui do 1a viéc tao nén cong suit tdn hao do
déng va ngit transistor. Cong suit ton hao 1am gidi han diy tin s6 hoat dong ciia transistor.
Gi4 tri titc thdi clia cong sudt ton hao trong qud trinh d6ng ngit tuong ddi 16n, vi dong dién di
qua transistor 16n va dién 4p trén transistor & trang thdi cao. P€ theo ddi mot cach don gian,
ta c6 thé€ hinh dung qué trinh d6ng ngit nhu sy chuyén ddi di€m lam viéc tir vi tri NGAT dén
vi tri PONG (hodc ngudc lai) xuyén qua vung tich cyc (hinh H1.5). Qud trinh nay kéo dai
trong thi gian t,, hodc tog.

Khd ndng chiu tdi :

Dinh mikc di¢n dp: phu thudc vao dién 4p ddnh thiing cdc 16p ban din va xédc dinh bdi
gid tri ucgom -gid tri dién thé cuc dai dit 1én 16p collector-emitter khi ig = 0 va gid tri cuc dai
uggom - dién thé& 16p emitter-base khi ic = 0. Cdc gid tri nay 1a nhitng tri tic thdi. Ta can phan
biét ching trong trudng hop tdi dang mot chiéu khong ddi theo thdi gian va cdc tdi xung, mic
dau thong thudng trong c hai trudng hop cic dién dp dugc thi€t 1ap gidong nhau.

Dinh miic dong di¢n: gia tri cuc dai cia dong collector icy, dOng emitter igy va dong
kich igy. P6 1a cdc gid tri cuc dai tdc thoi cla transistor khi dong trong trang thai bao hoa. Khi
thi€t 1ap chiing, ta xét d&€n 4nh hudng clia cdc mdi ti€p xic, day din t6i dién cuc va cdc gid tri

hEgsae UcEsat-

Céng sudt tén hao: cong suit tdn hao tao nén trong hoat dong cla transistor khong
dugc phép lam néng ban dan vugt qué gid tri nhiét do cho phép Tim (Tjm =150°C). Vi thé, can
lam mat transistor va toan bd cong suit ton hao phai nhd hon Pyyy. Cong suit tén hao chii y&u
do cong sudt tén hao trén collector, Pc= Ucg.Icg tao ra (cdc thanh phﬁn khdc cla Py, thuong bd
qua ). Gia tri Py phu thudc vao phuong phdp 1am mdt va dugc cho dudi dang ham s& Py,
=f(Tamp) (Tamp 12 nhiét d6 moi trudng ), thong s6 12 Ucg . Cong suat t6n hao hinh thanh khi
transistor din bio hoa, ngay cé khi Ic = Iy, rat nhé so v6i gia tri Poy. COng suat ton hao khi
transistor ngit thudng khong dang k&. Trong ch& do xung, khi tin s& déng ngit cao va vugt
qué gid tri ching han 2000 Hz thi cong suit tén hao trung binh do déng ngit c6 thé dat gia tri
ddng k€ va 1am cho cong suit tén hao tdng c6 thé vugt hon Py

Mach kich Transistor BJT

bé ting tAn s6 déng ngit clia transistor cong suat, can gidm thdi gian ton,t. bé giam
ton ta c6 thé dura xung dong kich I v6i dinh khd 16n ddu giai doan kich. Sau khi transistor din,
c6 thé gidm dong kich Iy dé&n gid tri dong bio hoa.

Diéu khién kich déong:

Gai dong dién kich c6 thé dat dugc bing mach (H1.7). Khi xung dién 4p U dua vao,
dong dién qua cdng B bi gidi han bdi dién trd R,.
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c

uE Fid .
AE_I_T”:_J_’( Fec
LA I"/

Rz 4
0 J uE

UEH—*—

H1.7

Uy —Uge
Ry
Sau thdi gian qua d9, dong I c6 gia tri:
_Us —Uge
Ry + Ry
Tu C; dudc nap dén do 16n
R
UC ~ UB —2
R, +R,
Hing s6 thdi gian nap tu:
Ri+R,
Né&u nhu ta cho dién 4p Ug vé€ 0, 16p BE bi phan cuc nguge va tu C; phéng qua R, .
Hiing s6 thdi gian x4 tu 1a 1, = R,.C,.. D€ dd thsi gian nap va x4 tu, d6 rong xung phai thda
man :

lgo =

Bl

=5y
L > 5.l2

Do d6, tin s6 déng ngit 16n nhat
fol_1 02

T _t1+t2 _z'l+z'2
Diéu kién kich ngdt:
Né&u dién 4p Ug gidm xudng gia tri am U, < 0, dién 4p ngudc dit 1én BE bing tong
dlén flp UB va Uc.
Gai dong Iy xuat hién, sau khi tu C, x4 hét, dién 4p trén BE xdc 1ap biing U,. N&u can
thi€t 1ap qué trinh kich d6ng va kich ngit riéng biét, ta c¢6 thé st dung mach sau (H1.8):
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Diode D, bdo vé mach cdng ctia transistor trong thdi gian kich ngit

Mach cdch ly tin hi¢u diéu khién va mach kich :

Céc mach phat ra tin hiéu d€ diéu khi€n mach cong suit dung ban din thudng yéu
cAu cdch ly vé dién. Piéu nay c6 thé thyc hién biing optron hoic bing bi€n 4p xung.

Bién dp xung: gbm mot cudn so cip va cb th€ nhiéu cudn thi cAp. V6i nhiéu cudon
day phia thit cip, ta c6 thé kich déng nhiéu transistor mic ndi ti€p hoic song song. S db
nguyén 1y mach cich ly tin hi¢u diéu khién diing bi€n 4p xung dugc vé trén hinh HI.9.

Bi&n 4p xung cin c6 cdm khang tdn nhé va ddp ng nhanh. Trong trudng hgp xung
diéu khién c6 canh tic dong kéo dai hoic tin s& xung diéu khién thap, bi€n 4p xung sém dat
trang thdi bdo hdoa va ngd ra cia n6 khdng thda min yéu cau diéu khién.

IC
_Mn R
Fid 4
3

H1 &

Optron: gdm ngudn phit tia hdng ngoai dung diode (Iigp) va mach thu ding
phototransistor. Tin hiéu xung diéu khién dugc dua vao LED va ngd ra dugc din tir
phototransistor (H1.10).
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Hi1l

Thoi gian t,, cia phototransistor khodng 2-5us, tor = 300ns.

Mach duing optron ddi hdi phai tao ngudn riéng cho né. Do d6, mach phifc tap va ton
kém hon.

Mach bdo vé BJT

Dang mach bdo vé BJT tiéu biéu dugc v& trén hinh H1.11.

Téc dung cia mach nhim bdo vé transistor trudc cac hién tugng ting qud nhanh cia
ia o duo o A di .
dién 4p rm va dong dién - m qua transistor.
Mach RC c6 tdc dung han ch& do6 ddc (ji_ltj gilta hai cyc CE. Cudn khdng Lg thuc hién

gidm sy ting nhanh dong % qua BJT.

1.4 - MOSFET (METAL - OXIDE - SEMICONDUCTOR FIELD EFFECT
TRANSISTOR)

Loai transistor c6 kha ning d6ng ngdt nhanh va t6n hao do déng ngit thap dudc goi la
Metal Oxide Semiconductor Field Effect Transistor (MOSFET) vdi c6ng diéu khién biing dién
trudng (dién 4p). MOSFET dugc sit dung nhiéu trong cdc ng dung cong suit nhd (vai kW) va
khong thich hgp st dung cho cédc &ng dung c6 cdng suit 16n. Tuy nhién, linh kién MOSFET
khi k&t hgp véi cong nghé linh kién GTO lai phdt huy hiéu qui cao va chiing két hop véi
nhau tao nén linh kién MTO c¢6 tng dung cho cdc tdi cong suat 16n.

MOSFET c6 hai loai pnp va npn. Trén hinh H1.12 m6 t4 cdu tric MOSFET loai npn.
Gitta 16p kim loai mach c6ng va cdc mdi ndi n+ va p ¢6 16p dién moi silicon oxid SiO. Piém
thuin Igi cd ban cia MOSFET 1a kha ning diéu khién kich déng ngit linh kién bing xung
dién 4p & mach cdng. Khi dién 4p duong 4p dit 1én giita cong G va Source, tic dung cda dién
trudng (FET) sé& kéo cdc electron tit 16p n+ vao 16p p tao di€u kién hinh thanh mot kénh ndi
gan céng nhat, cho phép dong dién din tir cuc drain (collector) t6i cuc Source (emitter).

MOSFET doi hdi cong suat tiéu thu & mach cng kich thap, téc d6 kich d6ng nhanh va
t6n hao do déng ngit thap. Tuy nhién, MOSFET c6 dién trd khi din dién 16n. Do d6, cong
sudt ton hao khi din dién 16n 1am n6é khong thé phét trién thanh linh kién cong suit 16n.
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biéc tinh V-A linh kién loai n dugc vé trén hinh H1.12, ¢c6 dang tuong ty vdi dic tinh
V-A ctia BJT. Piém khdc biét 12 tham s6 diéu khién 1a dién 4p kich Ugs thay cho dong dién
kich IBE-

Soutce

-? AA_W ol 1 D¢
3 L Ugs=7v

il f__ Off j: \ o

Dram t

CI -
CL . Urg Upg
Drain H1 17

MOSFET § trang thai ngit khi dién 4p cdng thap hon gid tri Ugs.

P& MOSFET § trang thai déng, doi hdi dién dp cong tic dung lién tuc. Dong dién di
vao mach cng diéu khién khong ddng ké trir khi mach & trang thdi qud d9, déng hoic ngit
dong. Lic d6 xuit hién dong phéng va nap dién cho tu ctia mach cdng. Thdi gian déng ngit
rat nhd, khodng vai ns d&€n hang trim ns phu thudc vao linh kién. Dién tr§ trong cia MOSFET
khi din dién R, thay d8i phu thudc vio kha ning chiu 4p cda linh kién. Do d6, cic linh kién
MOSFET thudng c¢6 dinh mifc 4p thdp tuong ng v6i tré khang trong nhd va tdn hao it.

Tuy nhién, do t6c d6 déng ngit nhanh, tdn hao phat sinh thap. Do d6, vdi dinh mic dp
tir 300V- 400V MOSFET 6 ra vu di€m so v6i BJT & tin s8 vai chuc kHz.

MOSFET c6 thé st dung d&€n mic dién 4p 1000V, dong dién vai chuc amper va véi
mifc dién 4p vai trim volt vdi dong cho phép d&€n khodng 100A. Pién 4p diéu khién t5i da
+20V (2V,5V,10V.. tity theo loai), mic dii thong thudng c6 thé dung 4p d&€n 5V d€ diéu khién
dudgc né.

Cic linh kién MOSFET c6 thé ddu song song d€ md rong cong suit.

Mach kich MOSFET

Pé gidm thdi gian kich déng t,, cia MOSFET ta c6 thé st dung dang mach (H1.13a)

Khi tic dung dién 4p ug , dong dién tich dién ban dau cho tu mach céng G:

l. = U_G
S =R
Sau d6 dién 4p xdc lap trén cdng la
s + R+ Rg

Rg 1a dién trd trong ctia mach kich.
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H1.13 C : b

Sd @b mach kich dudc cai thién trén hinh H1.13b st dung cau tric totem-pole gdm 2
transistor NPN va PNP. Khi dién 4p kich U; & mic cao, Q, din vd Q, khéa lam MOSFET
din. Khi tin hiéu U, thap, Q, ngit, Q, din lam céc dién tich trén mach c6ng dudc phéng
thich vaA MOSFET trd nén ngit dién. Tin hiéu U, c¢6 thé 14y tir mach collector m& (open-
collector TTL) va totem-pole dong vai tro mach dém (buffer).

Tuong ty nhu BJT, mach kich céng G ctia MOSFET c¢6 thé dugc cdch ly v6i mach tao
tin hiéu diéu khi€n thong qua bi€n 4p xung, optron hoic cdp quang (H1.14a,b).

Mach bdo vé MOSFET

CA4u tao khdc biét cia MOSFET so vdi BJT lam cho linh kién hoat dong tot ma
khong can bio vé nhiéu nhu BJT. Tuy nhién, ta c6 thé sit dung mach RC nhd mic song song
vdi ngd ra chia linh kién d€ han ché tic dung cdc gai dién 4p va cdc xung nhidu dao dong
xudt hién khi linh kién déng.

Fiiry 5] Fir
.
—A il 4
¥ AK
—3— L | B
al-
[l

nn hl Fic UG
A +

Hl.14
Bang 1.2 Cac thong s6 diic trung cia MOSFET

Loai Pién dp dinh  Dong trung binh R, Qg (didc trung)
mtc 16n nhat  dinh mifc
IRFZ48 60V 50A 0.018Q2 110nC
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IRF510 100V 5.6A 0.54Q2 8.3nC
IRF540 100V 28A 0.077Q 72nC
APT10M25BNR 100V 75A 0.025Q 171nC
IRF740 400V 10A 0.55Q 63nC
MTMI15N40E 400V 15A 03Q 110nC
APT5025BN 500V 23A 0.25Q 83nC
APT1001RBNR 1000V 11A 1.0Q 150nC

*Q,: lugng dién tich dugc nap va phéng tir dién dung & ngd vao khi thyc hién kich
déng va ngit transistor. Cong suat tdn hao mach c6ng phu thudc vao dai lugng Q, theo hé
thitc: Pg = Q,.Ugs fs 3 fi 12 tan s6 dong ngit transistor.

1.5-1GBT (INSULATED GATE BIPOLAR TRANSISTOR)

IGBT c6 ky hi¢u, mach dién tuong duong vé trén hinh H1.15.

IGBT la transistor cong suit hién dai, ch€ tao trén cdng nghé VLSI, cho nén kich
thude gon nhe. N6 ¢6 kha ndng chiu duge dién dp va dong dién 16n ciing nhu tao nén dd sut
4p vira phdi khi din dién.

IGBT c6 phan tf MOS véi c6ng cach dién dugc tich hop trong ciu tric clia né. Gidng
nhu thyristor va GTO, né c6 ciu tao gdm hai transistor. Viéc diéu khién déng va ngit IGBT
dudc thuc hién nhd phan tt MOSFET dau ndi giita hai cyc transistor npn.

Viéc kich din IGBT dudc thyc hién biing xung dién 4p dua vao cf;ng kich G. Pic tinh
V-A ctia IGBT c6 dang tuong tu nhu dic tinh V-A cia MOSFET.

Khi tic dung 1én cdng G dién th& duong so vdi emitter d€ kich déng IGBT, cic hat
mang dién loai n dugc kéo vao kénh p gin c6ng G lam gidu dién tich mach cng p clia
transistor npn va lam cho transistor nay din dién. Piéu nay s& lam IGBT dan dién. Viéc ngit
IGBT c6 thé thuc hién bing cich khéa dién th€ cip cho c6ng kich d€ ngit kénh din p. Mach
kich ctia IGBT vi thé€ rat don gidn.

Emmiter

Gawe
+ | .
C
Sid 2
n+ | | n+
P b

N-MOSFET
n- . | 1

G
n+
b+ E G

E
{L Collector H1.15

Uu diém cta IGBT la kha ning d6ng ngdt nhanh, lam né dugc st dung trong cic bd
bién ddi diéu ché& d6 rong xung tan s cao. Mic khéc, vdi ciu tao clia mdt transistor, IGBT c6
dd sut 4p khi din dién 16n hon so véi cdc linh kién thudc dang thyristor nhu GTO. Tuy nhién,
IGBT hién chi€m vi tri quan trong trong cdng nghiép véi hoat dong trong pham vi cong suit
d&n 10MW hoic cao hon nira.
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Cong nghé ché tao IGBT phit trién ting nhanh cong suit ciia IGBT di gitip né thay
th& dan GTO trong mot sd ing dung cdng sut 16n. Piéu nay con din dé€n cdc cdi ti€n hon nita
cong nghé ctia GTO va tao nén cdc dang cdi ti€n clia n6 nhu MTO,ETO va IGCT.

Giong nhu MOSFET, linh kién IGBT c6 dién tr§ mach c6ng 16n 1am han ché cong
suit tén hao khi déng va ngit. Giong nhu BJT, linh kién IGBT c6 do sut 4p khi din dién thap
(~2—3V; 1000V dinh muc) nhung cao hon so vGi GTO. Kha ning chiu dp khéa tuy cao nhung
thap hon so véi cdc thyristor. IGBT c6 thé 1am viéc v6i dong dién 16n. Tuong tu nhu GTO,
transistor IGBT c¢6 kha ndang chiu 4p ngudgc cao.

So v6i thyristor, thdi gian ddp dng déng va ngidt IGBT rit nhanh, khodng mot vai s
va khd ndng chiu tdi d€n 4,5kV-2.000A. Hién nay cong nghé ch€ tao IGBT dang dugc dic biét
phét trién d€ dat d&€n mic dién 4p vai ngan Volt (6kV) va dong dién vai ngan Amper.

IGBT c6 kh3 ning hoat dong tdt khdng can dén mach bdo vé. Trong trudng hop dic
biét, c6 thé stt dung mach bdo vé cia MOSFET 4p dung cho IGBT.

Modul IGBT théng minh (Intelligent Power Modul): dugc ch€ tao bdi cong nghé tich
hdp cao. Trén modul chita dung phan t& IGBT, mach kich 14i, mach bdo vé, cdm bi&n dong
dién. Cdc modul nay dat do tin cay rit cao.

Mach kich IGBT dudt thi€t k& tuong ty nhu mach kich cho MOSFET. Do gid thanh
IGBT cao, va diic biét cho cong suat 16n, mach kich 14i IGBT dugc ché€ tao dudi dang IC cong
nghiép. Céc IC nay c6 kha ning tu bdo vé chong qud tdi, ngdn mach, dugc ché tao tich hgp
dang modul riéng (1,2,4,6 driver) hoic tich hdp trén cd modul ban din (hinh thanh dang
complex (bao gdbm mach 14i, IGBT va mach bdo vé))

Trén bidng B1.3 mo t4 thong s& mot s6 linh kién IGBT bao gdm dién 4p dinh mifc,
dong dién dinh mic, do sut 4p khi din dién (Vry) va thdi gian ddp ng khi kich din linh kién
(ton). Bdng B1.9 so sdnh cdc thong s6 ctia IGBT v6i mot s§ linh kién cong sudt 16n nhu
GTO,GCT va ETO
Bang 1.3 Cac thong s6 diic trung cia IGBT

Loai bién dp dinh  Dong trung binh Vim ton (ddc trung)
mtc 16n nhat  dinh mifc

Linh kién r&i

HGTG32N60E2 600V 32A 2.4V 0.62 s
HGTG30N120D2 1200V 30A 3.2V 0.58 s
Linh ki€n dang
module
CM400HA-12E 600V 400A 2.7V 0.3 Us
CM300HA-24E 1200V 300A 2.7V 0.3 Ms
Module 4p thap

30V 60A 0.48Vv

45V 440A 0.69V

150V 30A 1.19V
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1.6 - THYRISTOR (SCR- SILICON CONTROLLED RECTIFIER)

A b o b A

n . Lnm Q2

)] | N

W n= Q2 j_ i G
- | K
CHutric SCR l K¥ hig¢u Mz ch tuo'ng dui'og
A

Hl .16

Mo td va chiic ndng

Thyristor gdm 3 16p PN va mic vio mach ngoai gdm 3 cdng: dién cuc anode
A, cathode C va cdng diéu khién G. V& mit ly thuyét ton tai ciu tric thyristor: PNPN
va NPNP, trong thuc t€ ngudi ta chi phat trién va st dung loai PNPN. Sd dd thay thé
thyristor bing mach transistor dugc vé& & hinh H1.16. Gid st anode ctia thyristor chiu
tdic dung ctia dién dp duong so vdi cathode (upx > 0). Khi dwa vao mach G, K cta
cathode (tuong &ng v4i mach base- emitor cta tranristor NPN) xung dong Ig, transistor
NPN s& déng. Dong dién din ti€p tuc qua mach emitor -base clia transistor PNP va
déng né. Cdc transistor s& ti€p tuc déng ngay cd khi dong ig bi ngit. Dong qua
collector ciia mot transistor cling chinh 1a dong di qua base cua transistor thi hai va
ngugc lai. Céc transistor vi vdy cting nhau duy tri § trang thdi dng.

Cdc tinh chdt va trang thdi co ban:

N&u transistor bi ngit, thi anode c6 thé chiu dugc dién ap duong so vdi
cathode.- trang thdi khoa ;

hodc di€n dp Am so vdi cathode - trang thdi nghich.

Hién tugng déng SCR tic chuyén tir trang thai khéa sang trang thdi din dién
c6 thé€ thuc hién néu théa min ca hai diéu kién sau:

1/- Thyristor § trang thdi khéa.

2/-c6 xung dong dién kich ig > 0 da 16n.

Hién tugng ngdt SCR : qud trinh chuyén tlr trang thdi din dién sang khong
din dién (tc trang thdi nghich hoic trang thdi khéa). Qud trinh ndy gém hai giai
doan:

1/- Giai doan lam dong thuin bi triét tiéu: thyc hién bing cach thay d6i dién
trd hodc dién dp gitra anode va cathode.

2/- Giai doan khoi phuc khd ning khéa cda thyristor. Sau khi dong thuin bi
triét tiéu, cAn c6 mot thdi gian - thdi gian ngit, d€ chuyén thyristor vao trang thai
khéa.

Ddc tinh V-A

1-16
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Ddc tinh V-A ngo ra: quan hé gitta dién dp va dong di€én di qua hai cuc
anode, cathode (xem hinh H1.17). Pic tinh ngd vao quan hé gitta dién 4p va dong
c6ng G (cdng diéu khién).

Dic tinh V-A ngd ra gdbm 3 nhdnh :

(3

Hi 17

- nhdnh thudn (1): thyristor & trang thdi dan dién. PO sut 4p giita anode —
cathode nhd khong déng ké.

- Nhdnh nghich (3): tng véi trang thai nghich tuong ty nhu diode.

- Nhdnh khéa (2): Gng v6i trang thdi khéa. N&u dong i = 0 thi dang nhdnh
khéa tuong ty nhu nhdnh nghich. Thay vi dién trd rr thi ¢ diy la dién tr§ rp
(differential block resistance). Tudng ty ta cé di€n 4p dong uge thay vi ugg. Khi dién
ap dat d€n gid tri ugo, thyristor khong bi phd hdng ma sé& bi déng (chuyén tir trang thai
khéa sang trang thdi din dién). Khi ig thay d6i, tiy thudc vao do 16n clia ig ma gia tri
clia dién thé& khéa thay ddi theo (dién thé khéa gidm khi ig ting). Hién tugng thyristor
din dién do tidc dung dién 4p vudt qud ugo (ic=0) 12 su ¢d gy ra do qud dién 4p xuat
hién trén ludi.

Thong thudng, ta dong thyristor bing xung dong qua mach G,K. Pién tr§
thudn rr va dién dp thuin uro dudc dinh nghia tudng ty nhu truGng hop cia diode.
Khéc véi diode, cdc nhdnh thudn cda thyristor khong bit dau tir géc zero cda hé truc
ma tr gid tri Iy — (holding current) dong duy tri § trang thdi din. N&u gid tri dong
giam nhd hon iy thi thyristor tré vé trang thdi khéa. Ngay sau khi déng thyristor, tru6c
khi dong cdng ig tit, ddi héi dong thuan phdi dat d&€n hodc vudt hon gid tri dong chdt
i, ip > iy (L: Latching).

Uy

__]Sl e icl-r r ie

ks |:|
E Hl 19 Hl1g

F
J1 13
N i
e luv al
F ic
M

P& d6ng thyristor, khodng diu xung dong kich phdi c6 tri di 16n. Dang xung
dong thudng st dung cho cdng c6 dang nhu hinh H1.18. Do tinh chit ciia 16p nghich
khong t6t nén khong dugce phép dé xuat hién trén né dién th€ Am dir chi rat nhd. Khi
thyristor & trang th4i nghich viéc kich vio c6ng G sé lam ting dong nghich mot cich
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Dién tl céng suét 1

vo ich. Cédc xung diéu khién thudng dugc truyén dén thyristor nhd cdc bi€n 4p xung.
Nhiém vu ctia né 1a tdch mach cong sudt khdi ngudn tao xung kich. Khi st dung cic
bi€n 4p xung, cAn phai gidi quy&t van dé lam tit nhanh dong tir héa khi xung bi ngit
(n€u khong thi dong tir khong ngirng ting 1én sau mdi 1an dwa xung vao) va vin dé
bdo vé 16p cong clia thyristor trudc dién dp nghich. P& gidi quyét van dé trén ta c6
thé st dung dang mach & hinh H1.22.

Cdc tinh chét dong
Téc dung dién 4p khéa uy (hoic up): vé ban chat d6 1a tic dung dién 4p
nghich Ién I6p ban din (xem hinh H1.19). Lic d6, n6 hoat dong nhu mot tu dién, dién
dung ctia n6 phu thudc vao do 16n dién dp dat vao:
d(Cuy) dc . du,

="V —y,.— +C.
c dt Yot dt

Theo phuong trinh trén, dong ic dat gid tri 16n khi ddL;/ dud 16n (gia st ring C

khong ddi). Bdi vi mot phdn dudng din cia ic tring v6i dudng din cla dong kich
c6ng nén c6 tic dung nhu déng kich va 1am déng thyristor ngoai y mudn. Vi thé€ ngudi
ta gidi han do doc clia uy dén gia tri:

au
Sucr/t = (T;/]
max

Viéc déng thyristor khong x4y ra ngay khi xung dong i vao cdng. Thoat tién
dong dan iy di qua mdt phin nhd cilia tiét dién ctia thyristor & chd ndi v6i cong G. Sau
d6, dién tich din ting din 1én cla ti€t dién phi€n bdan din, dién 4p khéa gidm dan.
Dai vdi cdc thyristor, thong thudng thdi gian dong dién ty & trong khodng 3 —10us.
Khi dong iy ting nhanh qué, chi c6 mot phan nhd ti€t dién chung quanh mach cdng G
din dién va din d&€n qua tdi, c6 thé 1am ting nhiét do 1&én d&n gid tri lam hdng linh
kién.

Vi th€ dd ting cla dong iy bi gidi han dén gid tri S, = (ﬂj )

dt max

Ngit thyristor (xem hinh H1.21): giai doan ddu dién ra tuong tu nhu khi ngit
diode .

Thdi gian phuc hdi tinh nghich t,, dién tich chuyén mach Q, (16n hon d6i véi
thyristor). Sau khi phuc hdi dién trd nghich cda cdc 16p J; va J; (xem hinh H119), qu4
trinh ngdt vin chua chAm dift, cdn c6 thém mot thdi gian nita d€ khoi phuc kh3 ning
khéa - tirc 1a khoi phuc dién trd nghich cia I6p J». Vi vdy, ta dinh nghia thém tq la thoi
gian ngit toi thi€u cin thi€t ma SCR cin duy tri 4p ngugc d€ khodi phuc khd ning
khéa, né bit dau khi dong dién thuin trd vé zero cho d&n khi dién 4p khéa tic dung
trd lai ma khong lam SCR déng lai (I, = 0). N€u ta tdc dung dién 4p khéa 1én s6m
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hon khodng thdi gian t, nay, SCR c6 thé déng ngoai § mudn diu chua c6
xung kich dua vao cong kich. Thi gian ngdt phu thudc vao cdc diéu kién lic ngit nhu
nhiét do chit ban din, dong bi ngit, toc do gidm dong va dién 4p nghich. Cédc
thyristor thudng c6 tq trong khodng tit vai ps d€n hang trdm ps.

Céc hé qua: cong suit ton hao do déng ngit qud dién 4p do qud trinh chuyén
mach, cdc gidi han Sy, Sicrir. Qud di€én dp do qué trinh chuyén mach c6 thé dugc gidi

han biing mach RC. Cudn cdm khéng bdo vé (Z—t‘/ ké&t hgp véi mach RC (song song

vGi SCR) d€ gidi han d6 dc dstV.

Kha nang mang tdai

Khé nidng chiu dp va dong va kha ning qud tdi dugc xem xét tuong ty nhu
diode. Pién th€ nghich cuc dai ¢ thé lip lai uggy va dién thé khéa upry thudng bing
nhau va cho bié€t cdc gid tri dién 4p 16n nhat tic thdi cho phép xuit hién trén thyristor
bdi vi dién thé€ cuc dai khong ldp lai cda thyristor thudng khong dude bi€t. Khd ning
chiu 4p cda thyristor dat d&€n hang chuc kV, thong thudng & mic 5-7 kV, dong dién
trung binh dat d€n khodng 5.000A. Do sut 4p khi din dién nim trong khodng 1,5-3V.
Phan 16n céc thyristor dugc 1am mat bing khong khi.

Cdc thyristor ddc biét

Thyristor cao dp: c6 dién 4p ldp lai 16n nhat khodng vai ngan volt. C4c thong
s0 dic trung tinh chat dong ctia n6 khong 6 161 (Qr, te,Sucrits Sicrit)-

Thyristor nhanh: cdc thong s6 céi ti€n tinh chit dong dugc t6t hon nhu t, nhd,
Sucrits VA Sierie 16n. Kha ning chiu 4p va dong clia né thap hon.

Thyristor GATT: ban chat giong nhu thyristor ddp Gng nhanh. Biing céch tdc
dung dién 4p ngugc 1én mach cdng, thdi gian t, c6 thé gidm xudng con phan nita so
vdéi thyristor nhanh.

Fotothyristor: Cé thé€ cho déng binh thudng bing xung kich vao cng G, hoic
bing tia sang 1én vi tri nhat dinh clia v6 chia thyristor.
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Dién tl céng suét 1

Fotothyristor cdch ly ngudn xung kich va mach cong suit, cdc dang cda né
dugc vé trén hinh H1.20. Trong d6 phuong dn & hinh a/- st dung dang vi mach gidp
tan dung ngudn tia sidng kich thich, phuong 4n b/- va c¢/- bdo ddm cdch ly tdt giita
ngudn xung kich va mach cdng suit, do d6 han ch& nhiéu tic dung clia séng nhiéu,
dang c/- chi can cong suat kich ctia ngudn sing khong ddng ké.

Bang B1.4 Cac thong so diic trung cta thyristor SKKT 41/12E (SEMIKRON)

VRrrM 1200V bién dp ngudc cuc dai 1ap lai cho phép -Repetitive peak
Reverse voltage

VbrM 1200V bién ap khod ldp lai cuc dai cho phép -Repetitive peak
off-state voltage

Viksm 1300V bién 4p ngugc cyc dai khong 14p lai cho phép -Non-
repeative peak reverse voltage

(dV/dt) e 1000V/us b0 ting dién 4p khda cho phép

ItrMs T5A dong dién hiéu dung -RMS-on-state current

Itav 48A dong dién trung binh -Mean on state current

(di/dt)ic 150A/ ps b0 ting dong dién cho phép khi linh kién déng

Vr Max. 1,95V dién 4p thudn -Direct on- state voltage

Vor 3V dién 4p cOng kich -Gate trigger voltage

Igr 150mA Dong dién cdng kich -Gate trigger current

Iy 150mA dong di€én duy tri -Holding current-

I 300A dong dién chdt -Latching current

Mach kich thyristor

Trong cdc bd bi€n d6i cong sudt dung thyristor, thyristor va mach tao xung
kich vao cdng diéu khién clia né cin cidch dién. Tuong tw nhu cdc mach kich cho
transistor, ta ¢6 thé sit dung bi€n 4p xung hoic optron, xem hinh H1.22

/ A MEA xung
ST /
J—B’l*;:*
. ¢
Iy Mach tao xung 'y Ex
L dao dang <
1
| |
|
I
-1 " Mach khugch dai i o
xung kich Mach khuofch dai
e ¥ung kich
al- H1.22 b-

Mach kich ding bi€n 4p xung dugc vé trén hinh H1.22a. Sau khi tdc dung dp
Ién mach céng B cla transistor Q,. Transistor Q; din bdo hoa lam dién 4p V. xuit
hién trén cudn sd cAp clia bi€n dp xung va tr d6 xung dién 4p cdm dng xuat hién phia
thit cip bi€n 4p. Xung tic dung 1én c6ng G cilia thyristor. Khi khéa xung kich cho

1-20

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

transistor Q, bi ngdt dong qua cudn so cap bi€n dp xung duy tri qua mach cudn so cip
va diode Dy,.

Viéc dua xung kich dai vao c6ng G lam ting thém tén hao mach cdng, do d6
c6 thé thay thé né bing chudi xung. Mudn vay, xung diéu khién k&t hdp véi tin hidu
ra clia bo phit xung vudng qua mach cdng logic AND tru6c khi dua vao cdng B clia
transistor Q; (xem H1.22b).

Mach kich chita phan t photocoupler c¢6 thé 1a phototransistor hoic
photothyristor. Xung kich ngdn phét ra tir diode quang ILED (Infrared light emiting
diode) kich din foto thyristor va tir d6 kich din thyristor cong sudt H1.24. Mach kich
doi hdi ¢6 ngudn dc cung cip riéng vi thé ting thém gid thanh va kich c¢d clia mach
diéu khién.

RL ;
= -
| S|
2 !
i1 4‘ o
I
u —
Rz
Rl pr—
} == i | %
o B
C T —N7 |
' R2
H1 23 H1 24 !

Trong nhiéu trudng hop ¢ng dung, mach kich don gidn st dung ciu triic chita
diac nhu trén hinh vé H1.23, d6 16n g6c kich phu thudc thdi gian nap di€n tich cho tu
(xéc dinh béi hiing s6 thdi gian RC) va dién dp tdc dung clia diac. Mach st dung truc
ti€p ngudn dién cong suit d€ 1am ngudn kich. Pham vi diéu khién géc kich bi han
ch€.

Mach bdo vé thyristor: thong thudng, mach RC mic song song véi thyristor (
hinh H1.22) ¢6 thé sit dung dé bido vé né chdng qué dién 4p. Mach c6 thé k&t hop véi
cudn khing bdo vé mic ndi ti€p vdi thyristor chdng sy ting nhanh dong dién qua linh
kién (diV/dt). Céac gid tri RC c6 thé xdc dinh tir diéu kién gidi han dién 4p trén linh
kién hoic d€ cho don gidn, c6 thé sit dung bang tra cttu cung cip bdi nha sin xuat-
xem bang B1.5

Béng B1.5. Mach bdo vé SCR chdng qué dién 4p (SEMIKRON)

bién dp <50A <100A <200A <400A <800A <1200A
ngudn AC
< 230V C[uF] 0.22 0.33 0.68 1 10 4.7
R[Q] 47 33 15 15 50 10
P[W] 5 10 15 25 100
<400V C[pF] 0.1 0.22 0.47 1 1.5 2.2
R[Q] 82 47 22 22 15 12
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Dién tl céng suét 1

P[W] 7 15 30 60 100 150
<500V C[uF] 0.1 0.22 0.33 0.68 1.5 2.2

R[Q] 120 68 33 22 22 18

P[W] 10 25 40 70 150 250
<690V C[uF] 0.33 0.47 1.0 1.0

R[Q] 47 33 33 22

P[W] 70 100 100 300

1.7 TRIAC

Triac 12 linh kién c6 thé din dong dién theo ca hai chiéu. Vi vay dinh nghia
dong thuin va dong ngudc khong cé y nghia, tuong ty cho khai niém di€n ap ngudgc.
Viéc kich dan triac thyc hién nhd xung dong dién dua vao cdng diéu khién G. Piéu
kién d€ triac d6ng dién 1a dua xung dong kich vao cdng diéu khién trong diéu kién
ton tai dién 4p trén linh kién khéc zero.

Giong nhu thyristor, khong thé diéu khi€n ngit dong qua triac. Triac s& ngit
theo qui luat da dugc gidi thich d6i véi thyristor.

M0 td va chiic nang

Viéc d6ng triac theo cd hai chiéu dugc thuc hién nhd 1 cdng duy nhit G va
xung dong kich vao céng G cé chiéu bdt ky. Bdi vi triac din dién cd hai chiéu nén chi
c6 hai trang thai, trang thai din va khéa. Mic dit vay c6 thé dinh nghia triac ¢6 chiéu
thudn va chiéu nghich.

Ddc tinh V-A

Dic tinh V-A cda triac tuong ty nhu thyristor. Do kha ning din dién theo cd
hai chiéu, dic tinh triac ¢c6 dang ddi xifng qua tAm toa do. Can néi thém vé trudng
hop dic tinh cng diéu khién. Viéc kich déng triac c6 thé chia ra 1am cdc trudng hgp:

i

K i

L
Pl

o

H1 .25

uy>0
a/—uG>O,iG>0
b/—uG<O,iG <0
uyr >0
c/-ug>0,ig>0
d/-u<0,icg<0
Mic du c6 thé tao dong kich c6 ddu tiy ¥, nhung thuc t€ viéc kich thuan 1gi
hon khi dong kich duong cho trudng hgp dong qua triac duong va dong kich 4m khi
dong qua triac Am.
Cdc tinh chdt dong
Viéc déng (xem thyrisror): thdi gian déng t, , nhanh nhdt & trudng hgp a,
chim nhat & trudng hgp c. Téc do ting cda dong din bi gidi han bdi:
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Dién tl céng suét 1

s _[9v) _(d
e dt max dt max

Viéc ngdt (xem thyristor): thdi gian ngit dugc tinh tir lic gidm dong din theo
mot hudng vé 0 d&n khi c6 thé dit dién 4p khéa ciing chiéu d6 1én triac. N&u ta ngit
dong dan clia triac trong mdt chiéu nao d6, dién thé khéa & chiéu ngudc lai ting 1én &
cudi qud trinh chuyén mach vdi tdc d6 16n c6 thé giy ra viéc déng ngoai ¥ mudn. Vi
thé, toc do ting clia dién th& khda khi chuyén mach bi gidi han bdi gid tri:

auy duyg
Svert =\ ¢ | T\ gt
max max

Céc gid tri Syere thudng nhé hon 20V/us. Tdc do gidi han cla dién thé khéa
Suerit 01 v6i triac dién & trang thai khong din dién c6 gid tri cao hon - khodng vai
tram V/us.

Kha ndang chiu tdi

DPinh mitc dién dp: X4c dinh theo dién 4p khéa cyc dai c6 thé lip lai, né bing
nhau cho ca hai huéng uprm = urrm- Pié€n dp cuc dai khong 1dp lai khong dugce biét .

Pinh mitc dong dién: Xéc dinh theo gid tri hiéu dung 16n nhit clia dong din
iym. Thudng dude dinh nghia cho dong hinh sin d6i vdi nhiét do cho trude va van tdc
lam mat cho trudc.

Bang B1.6 Cac thong so co ban cia triac BCR5AS (Mitsubishi )

VbrM 600A bién dp khda lap lai cuc dai- repetitive peak off-state voltage

ItrMms 5A Tri hi€u dung dong dién din- RMS on-state current

Trar,IraT 30mA Dong dién kich

Vbsm 720V bién dp khéa khong lap lai cuc dai- non-repetitive peak off-state
voltage

Irsm 50A Dong dién dinh khong 14p lai cuc dai qua linh kién-dang sin- surge on-
state current

VoM 10V Pién dp kich cuc dai — peak gate voltage

Iom 2A Dong dién kich cyc dai- peak gate current

Vim Max. 1,8V Pién dp trén triac khi din dién- on state voltage

Vg, VRt Max. 1,5V Dién 4p kich c8ng

Irgr.IrGT Max. 30mA Dong dién kich céng

(dV/dt). 5v/us b0 ting dién dp “khéa” — critical-rate of rise off-state commutating
voltage

(dir/dt)eri 100A/ uS Po ting dong dién qua linh ki€én cuc dai-Critical rate of rise of on-state
current
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1.8 GTO (GATE TURN OFF THYRISTOR )

Gate Cathods
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GTO c¢6 cau tao gbm bdn 16p pnpn tuong tu véi thyristor thong thudng (SCR)-
hinh H1.26a, vé6i cdc tinh ning tuong ty clia thyristor v6i diém khac biét 1a c¢6 thé didu
khién ngit dong dién qua n6. Mach tuong duong GTO dugc vé trén hinh H1.26b c6
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Pién tl cong suit 1

ciu tric tuong ty mach md td SCR nhung c6 thém cdng kich ngit mic song song
cf;ng kich déng. Ky hiéu linh kién GTO vé& trén hinh H1.26¢. Cau tric thuc t&€ (loai
GTO d6i xitng) vé trén hinh H1.26d.

GTO dugc kich déng bing xung dong dién twong tu nhu khi kich déng
thyristor thong thudng. Dong dién kich déng dugc ting dén gid tri Igy va sau d6 gidm
xudéng d&n gia tri I . Piém khdc biét so v6i yéu cAu xung kich déng SCR 1a dong
kich ig ph&i ti€p tuc duy tri trong sudt thdi gian GTO din dién.

- I

b dwidt Vs ¥y

cfl-

L

Igi

dr-

08 g

0.050
dig #df

H1 27/ ud trinh dién 4p w4 déng dién anode
di Qud trinh didn 4p v déng dign mach edng G

DPé€ kich ngit GTO, xung dong dién Am 16n dugc dua vao cong G — cathode
v6i d6 doc (digo/dt) 16n hon gid tri qui dinh cda linh kién, n6 d§y cac hat mang di€n
khdi cathode, titc ra khdi emitter clia transistor pnp va transistor npn sé& khong thé
hoat dong & ch& do tdi sinh. Sau khi transistor npn tit, transistor pnp con lai sé& hoat
dong vé6i cong kich déng & trang thdi md va linh kién trd vé trang thdi khong din
dién. Tuy nhién, dong dién yéu ciu mach c6ng G dé tit GTO c6 gi4 tri kha 16n. Trong
khi xung dong dién cin dua vao cdng d€ kich déng GTO chi cAn dat gid tri khodng
3-5%, titc khodng 30A véi do rong xung 10 us d6i véi loai linh kién c6 dong dinh mitc
1000A thi xung dong dién kich c6ng d& ngit GTO cin dat dén khodng 30-50%, tic
khodng 300A véi do rong xung khodng 20-50us. Mach cdng phai thiét k& c¢6 kha
ning tao xung dong kich t3i thi€u dat cdc gid tri yéu cAu trén (Igom). Pién 4p cung
cAp mach c6ng d€ tao xung dong 16n vira néu thudng cé gid tri thap, khodng 10-20V
v6i do rong xung khodng 20-50 us, ning lugng tiéu ton cho viéc thyc hién kich ngit

GTO khdng cao. Qua trinh dién 4p va dong dién mach anode va mach cdng khi kich
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Pién tl cong suit 1

déng GTO va kich ngdt né dugc md td trén hinh H1.27c,d. Ning lugng kich ngit
GTO nhiéu gap 10-20 1dn ning lugng cin cho qia trinh kich d6ng GTO. Piém bat
1gi vé mach kich ngit 1a mdt nhuge di€m ctia GTO khi so sanh né vdi IGBT. Hé qua
la thdi gian ngidt dong dién kéo dai, khd ning chiu di/dt, dv/dt kém, mach bdo vé khi
kich d6ng va kich ngit lam ting chi phi 1ip dit ciing nhu 1am cong sui't hon hao ting
1én. Do khd ning kich ngdt chAim nén GTO dugc sit dung trong cdc by nghich luu
diéu ch& do rong xung (PWM) véi tan s6 déng ngit thap. Tuy nhién, diéu nay chip
nhan dugc trong cdc tng dung cong suit 16n. Mach diéu khién kich ngit GTO c6 gid
thanh tuong duong gid thanh linh ki€n.

Do sut 4p clia GTO khi din dién cao hon khodng 50% so véi thyristor nhung
thdp hon 50% so v6i IGBT véi cing dinh mitc. GTO c6 khd ndng chiu tdi cong suit
16n hon IGBT va dudc Gng dung trong cdc thi€t bi dicu khién hé thong 1u6i dién
(FACTS Controller) d€n cong suat vai trim MW.

GTO dudc chia lam hai loai - loai cho phép chiu dp ngudc (symmetrical), va
loai “ndi tit anode” (anode short GTO thyristor) chi ¢6 kha ning khod 4p thuan tri s6
16n. Loai thit nhat c6 cau tric gidng nhu SCR, c6 kha niing chiu dugc 4p khéa va dp
ngugc vdi gid tri 16n gan nhu nhau. Loai thit hai- GTO c6 anode ndi tit, c6 mot phan
16p J; bi ndi tit nhd 16p n+ (H.26e). Do d6, khd ning khéa 4p ngudc cla loai GTO
nay kém, bing khd ning chiu 4p ngugc cda 16p J; (khodng dugi 15V). Tuy nhién, bu
lai, cAu tao clia né cho phép dat dugc kha ning chiu 4p khéa va dong dién 16n cling
nhu kha ning gidm sut 4p khi din dién va né thich hgp cho cdc tng dung doi hdi tin
s6 déng ngit 16n nhung khong cin khd ning chiu 4p ngudc cao (ching han cic bd
nghich luu 4p). P& ting cudng hiéu qui st dung, cic GTO con dugc ché tao véi
diode ngugc tich hdp trong linh kién (reverse conducting GTO Thyristor hodc
asymmetric GTO). C4u tao linh kién gdm phan GTO c6 anode ddi xting va phan goi
12 diode phuc hdi nhanh (fast recovery diode) - xem hinh H1.26f, cho phép linh kién
din dong dién ngugc ma khong can ldp dit diode nguge & ngdai linh kién, lam gidm
kich thu6c va khdi lugng mach dién sit dung GTO

Mach bado vé

Linh kién GTO cdn phdi cé mach bdo vé. Qui trinh ngit GTO doi hdi st dung
xung dong kich dd rong. Pi¢u nay din dé€n thdi gian ngit dai, kha ning di/dt va dv/dt
clia GTO th4p. Vi thé, cAn phdi gidi han cdc tri s6 hoat ddng khong vugt qud gid tri an
toan trong qua trinh ngdt GTO. H1.28 v& mach bdo vé GTO trong qué trinh ngét. Tu
dién C dung dé€ bdo vé GTO trong qué trinh kich ngit phdi c6 gi4 tri dién dung 16n
hon gid tri qui dinh ctia nha sdn xuit, dat d€n do 16n khodng vai uF. Ngoai ra, GTO
doi hdi mach bdo vé chdng hién tugng ting nhanh dong dién khi déng.

Diode ctia mach bdo vé phai c6 kha nang chiu gai dong 16n bdi vi trong qué
trinh s& xuit hién dong c6 bién dd 16n qua diode va tu dién. Pién tr§ mach bdo vé c6
tri s6 nhé va ddm bdo tu xa dién hoan toan trong khodng thdi gian d6ng ngin nhi't
ctia GTO khi van hanh. Khi GTO d6ng, ning lugng tich trit trén tu s& phai tiéu tdn hét
trén dién tr§ nay. Vi thé, gia tri dinh mic cdng suit ciia dién tré kh4 cao.

Mbi GTO c6 mot gid tri dong dudce diéu khién cuc dai ma néu vugt qud thi
khong thé ngit né bing xung dong ngudc & cdng Gate. N&u trong qud trinh van hanh
bd bi€n d6i cong suit sit dung GTO nhu linh kién déng ngit, su cd cé thé xay ra (vi
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du nhu ngdn mach) gdy nén hién tugng qud dong, hé thong bdo vé phéi dugc thiét k&
dé nhan biét sy c6 va ngit GTO d€ bio vé linh kién. N&u nhu gia tri dong qua GTO
khi sy cd x3y ra thdp hon tri s6 dong cyc dai thi c6 thé ngit GTO bing xung dong
c6ng Am diéu khi€n véi bién do thich hgp. Nhung néu gid tri dong sy cd vudt qua gid
tri bdo vé biing xung dong 4m, cAn st dung mach “bio vé ki€u don bay* (gdm khéa
cong sudt mic song song véGi linh kién GTO). Nguyén ly hoat dong cda mach bdo vé
12 tao ngan mach ngudn cip dién cho GTO bing cich kich déng mdt SCR mic song
song v&i linh kién GTO. Dong ngin mach 1am chdy cau chi va cit linh kién GTO khéi
ngudn. Piéu d6 dugc minh hoa trén H1.29.

Wlach bao
ve han che
duMt khi
-
|ng§t ST oo

3ae
Diive

Circuit

|
|
|
l scR ¥ | & |amo
i
H1.29

Trong nhitng nim gin diy, GTO trd thanh linh kién déng ngit dudc st dung
rong rii cho cdc mach cong suat 16n: mot GTO loai “ndi tit anode” cé gid tri dinh
muc dp khodang 4500V va dinh mdéc dong 6000A. Céc gia tri tuong ing clia loai GTO
cho phép din dong ngugc 1a 4500V va 3000A (Mitsubishi 1998). Pién dp dit trén
GTO khi din dién thudng cao hon SCR (2-3V). Téc dd déng ngit tir vai us d&€n 25pus.
Tan s& déng ngit khodng 100Hz d&€n 10kHz.

Linh kién cong suit sé tré nén chi't lugng cao néu cho do sut 4p thap khi din
dién (nhu thyristor), yéu cAu mach diéu khién don gidn va kh3 ning ngit dong nhanh
(nhu IGBT). Hién nay, mdt so linh kién nhu vay da xud't hién trén thi trudng vi chiing
c6 kha ning thay th€ din GTO. Chiing c6 thé xem la nhitng dang cai ti€n cia GTO,
ch€ tao theo nguyén ly khdi tich hgp (Power Electronics Building Block- PEBB) nhim
gidm bdt cac yéu cau vé mach kich va 1am ting khd ning ngdt nhanh. Céc linh kién
nay gobm MTO (MOS Turn-Off Thyristor), ETO (Emitter Turn-Off Thyristor) va IGCT
(Integrated Gate-Commutated Thyristor).

Bang B1.7: Cac thong sé c¢d ban cia GTO FG1000BV-90DA (Mitsubishi)

Thong s6 | Do 16n Ghi chd

VbruM 4.500V Pién 4p khéa dinh lap lai tudn hoan cuc dai (Repetitive peak off state
voltae)

Irav) 400A Dong trung binh (f=60Hz dang sin, géc dan 180”)

di/dt max 1000A/ 1uSs Tdc do ting dong khi dong cyc dai

Trorm 1000A Gid tri dong thuan cyc dai ma linh kién c6 thé diéu khién ngit dugc
(mach bdo vé C=0,7 WF,L=0,3 LH). Linh kién c6 thé€ bi héng né€u né
thuc hién kich ngz“it dong dién 16n hon Itorm

VirM 17V Dién dp ngugc dinh cuc dai cho phép

Vim Max. 4V Pién dp thudn cuc dai
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IrrMm Max. 100mA | Dong ngugc cuc dai (tudng ing §i Vrrm)
Iprum Max. 100mA | Dong thuin cuc dai § trang thdi khéa.
to Max. 10 lts | Thoi gian tré khi dong
tog Max.20 s | Thdi gian tré khi ngit.
Toom 300A Dong kich ngdt qua cdng G
Var Max. 1,5V Dién dp cdng khi kich déng
Ior Max. Dong dién cng khi kich déng
2500mA

1.9 IGCT (INTEGRATED GATE COMMUTATED THYRISTOR)

Céu tao va chiic ndng:

Su cdi ti€n cdng nghé ch€ tao GTO thyristor di dAn d€n phat minh cong
nghé IGCT.

GCT —Gate —Commutated Thyristor 12 mot dang phét trién cia GTO v&i kha
ning kéo xung dong dién 16n bing dong dinh mic din qua cathode vé mach cdng
trong 1pus dé ddm bdo ngit nhanh dong dién. Cau tric cia GCT va mach tuong
duong cia n6 giéng nhu ctiia GTO.

IGCT 1a linh kién gdbm GCT va c6 thém mot s§ phan tir hd trg, bao gom ci
board mach di€u khién va c6 thé gébm c4 diode ngudc.

Pé kich d6ng GCT, xung dong dién dudc dua vao cdng kich 1am déng GCT
tuong tu nhu trudng hgp GTO.

P& kich ngit GCT, mdi ndi pn base-emitter dugc phan cuc ngugc bing
cdch cung cdp dién dp ngudn ngudc chiéu. Piéu nay lam triét tiéu dong dién qua
cathode vi toan bo dong dién di qua cathode s& dugc ddy sang mach cdng vdi toc dod
rdt nhanh va bi€n GCT trd thanh mot transistor pnp.

DPé€ c6 thé tao dong dién qua mach cdng ting nhanh va di 16n, GCT (IGCT)
dugc ché tao dic biét d€ gidm cdm khdng mach c6ng (mach vong cdng diéu khién —
cathode) dé&n gi4 tri nhd nhat.

Van dé mau chot cia GCT 14 tao kha ning ting nhanh dong dién qua cong.
DPiéu nay dat dugc bing 6ng din dién dong truc qua mach cdng- cathode va cong
nghé mach diéu khién nhiéu 16p (multilayer). Chiing cho phép dong cdng ting vdi
toc do 4kA/ps khi dién th€ cdng- cathode & mic 20V. Trong thdi gian 1pus,
transistor npn cia GTO bi ngdt hoan toan va cuc cdng cliia transistor pnp con lai bi
md& 1am GCT bi ngit. Do viéc ngit thyc hién bing xung dong rat ngidn nén cong suat
t6n hao mach c8ng dugc gidm d&€n mitc t8i thi€u. Cong suit tiéu thy cda GCT gidm
di khodng 5 14n so véi trudng hgp GTO.

Lép p phia anode dudc lam mdng va lam gidu hat mang dién chit it d€ cho
phép khtt cdc hat mang dién phia anode nhanh hon trong thdi gian ngit. IGCT c6 thé
tich hgp diode ngugc bing mdi ndi n'n'p dudc vé bén phdi ciia hinh H1.30. Diode
ngugc can thi€t trong cau tao clia cdc b nghich luu 4p.

Qua trinh ngit dong dién cia GCT béi tic dung xung dong kich cdng dudc
v& minh hoa trén hinh H1.32. D€ c¢6 thé so sanh vdi qua trinh ngit dong ctia GTO, d6
thi ctia dong cdng dudc vé cho hai trudng hop.

Kha nang chiu tdi
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Uu diém chinh cda IGCT thé hién & cdc mit sau:-khd ning chiu 4p khéa
cao d&€n 6kV ( du ki€n sé ting 1én d&€n 10kV) véi do tin cdy cao; tdn hao thap khi din
dién bdi c6 khd ning din nhu thyristor; khd ning gidi han dong ngédn mach st dung
mach bdo vé chita cudn khdng han ch€ di/dt (turn on snubber) va gid thanh thip do
tdn dung cong nghé silicon vdi mitc tich hgp ning lugng cao.

O G0
|
L 4 L 4
M [ BF [ I I L
p [ ] p
aTO . - Diode
il
ot o+

b

HL 30 Cguteiic IGCT oo diode nguiyc

Li==12 Conventional GTO. 1GCT/ GCT
T & o
I 1 1
Nn. gI NJL % Nn.
P 1 - P | - P | L G3TO - GCT
L2 »300H B
N N N Ji
P P P 15V 20V
3 " I L L
GTOEGCT ST GCT
Hil 51
la h
1,(HD-GTO)
1(GTO} == -‘
|HD-GTOY
Hi 572 -

Céc thi€t bi st dung IGCT c6 cdng suit thay ddi trong khoang 0,3 d&€n SMW
cho cdc ng dung truyén dong dién néi chung, d&€n SMW cho thi€t bi 6n dinh dién
4p (Dynamic Voltage Restorer), nguén du phong (Dynamic UPS) va mdy cit, d&€n
20MW ddi véi cdc truyén dong dic biét, 25MW ddi véi mach siéu din tir SMES
(Supermagnetic Energy Storage) va 100MW cho thi€t bi truyén tai dién (interties).
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Bang B1.8 Cic thong s co ban ciia GCT doi xitng FGC800A-130DS (Mitsubishi)

bién dp khoa VprM 6500V vGi Vgk= -2V

bién dp ngugc VRrM 6.500V

Dong dién thuin cyc dai ma Itorm 800A v6i dige/dt=1200A/ LS , khong mach bdo vé
linh kién c6 thé kich ngit

Dong thudn trung binh IT(AV) 330A- dang sin, f=60Hz, géc din 180°

Thoi gian luu trit (storage ts 3us véi digo/dt=1200V/ LS ,
time) Cs=0,1 uF R=10Q

Téc do6 ting t6i han clia dit/dt 1000A/ S véGi Iom=90A,
dong dién dig/dt=350A/ 1S ,C=0,1 pF R=10Q)

Thoi gian déng (turn on Ty Max. 5 US v6iigu=90A va dig/dt=50A/ LS

time)

Do sut 4p khi dan Vum Max. 8V véi I1=800A

Dong ngugc cuc dai IrrMm Max. 150mA

Dong dién & trang thdi khéa IprMm Max. 100mA

Tdc d6 ting dién 4p khoa dVv/dt Min. 3000V/ L s

Dong dién kich dong Ior Max. 0,5A

Pién dp xung kich déng \ Max. 1,5V

1.10 MCT (MOS CONTROLLED THYRISTOR)

i4 i
L A
Mgat .

I'/ |/ \i Mgat

—
S
G M G & \ Bdng
K I
K Bdng  uAk uAk
; N-MCT .
P-M&L BAc tinh VA thyc té G tinh VA Iy
H1 32 tugng

MCT (MOS - CONTROLLED THYRISTOR )

Cdu tao va chitc ndng

MCT c6 ciu tao k&t hgp cong nghé cilia thyristor v6i uu di€m tdn hao din
dién thap va khd ning chiu 4p cao va ctia MOSFET véi khé ning d6ng ngit nhanh.

Hinh vé& H1.33 md t4 cu tric cit ngang clia mdt MCT, trong 46 MOSFET
dugc tich hgp trong cdu triic ciia SCR dé thyc hién diéu khi€n qud trinh d6ng va ngit
linh kién nay. MCT dugc diéu khién qua cdng MOS. Trong cong nghiép thudng xuit
hién cdc MCT loai p. Ky hiéu va dic tinh cia MCT dugc md ta trén hinh H1.32.

Pé kich din MCT, xung dién dp 4m dugc dwa vao giita cOng gate- anode.
Piéu nay din dé&n viéc déng On- FET (p-FET) (trong khi d6 cdng “off-FET” (n-
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FET) van bi khéa) va kich thich 16p céng dém -emitter cula transistor npn Q.
Transistor Q; va Q,sau d6 chuyén sang trang thai din dién.

Anode
Gae
T\Cathcde
i1
—
T T (
D
k2nh 3 n ‘
2
kénh 4 B & p h
. G——l EOff—FET on-FET E]
Gate
lCathode
& anode
Ca'utriic cia MCT 11 33 g ch tuwng duv'ng

P& ngit MCT, dién 4p cdng gate — anode chuyén sang gid tri duong. Diéu
nay lam Off-FET Q, din dién va lam ndi tit mach emitter — 16p dém cda transistor
Q.. Transistor Q, vi th& bi tit 1am MCT bi ngit.

MCT dat d@ sut 4p thdp khi din dién (nhv GTO) va thidp hon cd IGBT.
Phuong phéap diéu khién ding xung dién 4p (nhu MOSFET, IGBT). Mach 14i don
gidn hon so véi GTO vi khong doi hdi xung dong dién am kich cdng. Téc d6 déng
ngit cia MCT nhanh hon so v6i GTO. Vi th&, MCT dang dan tré thanh linh kién
diéu khién ngit 1y tudng cho cdc tii c6 yéu cAu do sut 4p thap, tdn hao thap va déng
ngdt nhanh. Kha niing dong dién ciia MCT nhd hon so v6i GTO.

Khd ndng chiu tdi

MCT dudc 4p dung cho cic trudng hdp yéu cdu dién trd va d6 ty cdm nhd
vGi kha nidng chiu duge gai dong dién 16n va di/dt cao. MCT c6 kha ndng chiu dugc
do ting dong dién 1.400kA/ xS va gid tri dong dinh 14kA, tinh qui d6i trén dién tich
12 40kA/cm* ddi v6i xung dong dién. Cdc MCT dudc ché tao & dang tich hgp vi du
gdm 4 dé&n 6 linh kién (ThinPak).

MCT dugc st dung lam thi€t bi phéng nap dién cho mdy bay, xe 6 0, tau
thiy, ngudn cung cip, ti vi. MCT ciing dugc st dung lam cong tic chuyén mach
mém (Soft switching) trong cdc mach dao dong cong hudng (Auxiliary Resonant
Commutated Pole). Kha nidng chiu di/dt cao va gai dong 16n con md ra huéng phat

trién diing MCT ch€ tao cic mdy cit véi uu di€m gon nhe, gid thanh ha va dap tng
nhanh so véi cdc mdy cdt ban din hién tai. MCT dang tich hgp (ThinPak) con dugc
st dung trong cdc hé truyén dong may kéo trong giao thong van tai.

1.11 MTO (MOS TURN OFF THYRISTOR)
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Linh kién MTO thyristor dugc phat trién bdi hing SPCO (Silicon Power
Coperation) trén cd s& cdng nghé GTO va MOSFET. Chiing khdc phuc céc nhugc
di€m cta GTO lién quan d€n cong sudt mach kich, mach bdo vé va cdc han ché clia
tham s dv/dt. Khong giong nhu IGBT tich hgp cau triic MOS phti 1én toan bd ti€t
dién ban din, MTO dit MOS FET trén phién silicon.

Céc linh kién c6 cdu tric tuong tu thyristor nhw MTO (xem hinh H1.34) va
GTO thudng dudc sit dung trong céc trudng hop cé yéu cau cong suit 16n nhd & kha
ning hoat dong gan nhu mot cong tic 2 trang thdi ly tudng c6 tn hao thdp & ca hai
trang thdi “on” va “off”.

Tutn off
GT oK EE"E"L Fy
Tutn on A
Ga ’:"—D
] * I | 2
[ B+ | I
D FET o]
o Tutn on
n Tum off | Tumon m
At gae S
r K
K Tutn off
K¥ hi¢u ¥z ch tuvng duvong
A
Cd'utoic MTO
H1 34

Cau tric MTO gdém 4 16p va hai c6ng diéu khién- mot cdng diéu khién kich
déng va mot cdng diéu khi€n kich ngit. Tai hai cng nay, 16p kim loai dudc ghép
trén 16p p.

MTO dudc kich dong bing xung dong dién trong khodng thdi gian 5-10 s
vao c¢dng “turn on”-G, tuong tu nhu khi kich GTO. Xung dong nay s& cung cip dong
dién vao 16p dém ctia transistor NPN Q; ma dong qua collector clia n6 s& cung cap
dong dém cho transistor NPN Q, va qud trinh t4i sinh dién ra sau d6 tao thanh trang
thdi din dién cia MTO.

P& ngdt dong qua MTO, mot xung dién 4p khdang 15V cin dua vio cdng
“off” G- tuong ty nhu khi ngdt MCT. Xung dién 4p trén sé& lam ciu tric mach FET
din dién, 1am ndi tit mach emitter va cdng kich clia transistor npn Q,. Do d6, lam
gidm kha ning din 16p emitter va 16p dém cia transistor Q, va qud trinh tdi sinh s&
dirng lai. So vdi trusng hgp GTO phai sit dung xung dong 4m rat 16n dé dap tit qua
trinh tdi sinh clia transistor Q;, qud trinh ngit dong ctia MTO dién ra nhanh hon nhiéu
(1-2 s so v6i 10-20 us). MTO tdt v6i thai gian Iuu trit (storage time) ngdn hon nhiéu
so v6i GTO, do d6 t6n hao tuong ng hiu nhu dugc loai bd va dat ddp tng nhanh
hon so v6i GTO .

Nhitng vu diém trén lam gidm gia thanh ché tao va ting dd tin cdy hoat
dong.

Khad nang chiu tdi:
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MTO thich hgp st dung cho cdc truyén dong cong sudt 16n, dién dp cao
(>3kV cho dé&n 10kV), dong dién 16n hon 4000A, dd sut 4p thap (thdp hon so vé6i
IGBT) va cho cong suit tdi trong pham vi IMVA d&€n 20MVA do kha niing diéu
khién don gidn va chiu dudc 4p khéa 16n. MTO c6 thé sit dung cho cic thi€t bi diéu
khién cong sudt trong hé thong dién (FACTS Controller) lam viéc trén nguyén ly
diéu ch& @6 rong xung PWM. Cdc ngudn dién dy phong cong suat16n (UPS) ciing 1a
mot huéng 4p dung cia MTO. Kh3 niing diéu khién cdt nhanh va dé dang cia MTO
1am cho né c6 thé ttng dung thuin 1gi 1am cdc thi€t bi cit dong dién dc va dong dién
ac.

1.12 ETO (EMITTER TURN-OFF THYRISTOR)

Giong nhu MTO, ETO dudc phat trién trén co sd k&t hop cic cong nghé clia
GTO va MOSFET. ETO dudc phat minh bdi Trung tAm dién tif cong suat Virginia
(Virginia Power Electronics Center) hgp tic v6i hang SPCO. Ky hiéu ETO va mach
tuong duong clia né dugc v€ trén hinh H1.35

Linh kién MOSFET T, mic ndi ti€p véi GTO va linh kién MOSFET T, mic
ndi tit giita cdng kich ciia GTO va linh kién MOSFET T,. Thuc t&, T, bao gdm mot
s6 n-MOSFET va T, gdm mot s6 p-MOSFET, chiing dudc thi€t k& bao quanh GTO
dé gidm t6i da cdm khdng giita cdc linh kién MOSFET va c6ng cathode ctia GTO.

ETO c6 hai cdng diéu khié€n: mot cdng clia riéng GTO dudc st dung dé déng
né va cong thit hai 12 cdng kich vao cdng MOSFET ndi ti€p d€ ngit ETO.

Khi 4p dit mot dién th& dé kich ngit ETO 1én cdng n-MOSFET, n-MOSFET
bi tit va né ddy toan bo dong dién dang din qua mach cathode (I6p emitter n cia
transistor npn trong cAu tao GTO) sang mach cdng kich cia ETO véi sy hd trg clia
MOSFET T,. Do d6, qud trinh tdi sinh trong linh kién k&t thic 1am linh kién bi ngit.

Piém thuin 1¢i do cau tric chita MOSFET ndi ti€p mang lai 1a né tao diéu
kién dé chuyén dong dién tir cathode sang mach cf;ng thuc hién hoan toan va nhanh
chéng, cho phép ngit ddng thdi tit cd cdc cathode trong ciu hinh linh kién. Piém
khong thuén 1gi 1a linh kién MOSFET noéi ti€p nay phdi din toan bo dong dién qua

cathode cia GTO, vi th&€ lam
Cathode ting thém do6 sut 4p va tén hao.
Tuy nhién, cic MOSFET nay cé

Cathode n-MOSFET Lo » .
(e TuTm OFf T ,_| p-MOSFET dlf':n a’p thflp kfn c}an (9’3_0’§V)
T2 nén cic hé qua néu trén khong

Tumn Cn Turn oo quan trong.

ETO vé cd bian gbébm
Anode GTO c6 trang bi thém linh kién
Anode phu dang MOSFET, né gitp
E¥ hi¢u ETO Ma ch tuvng duo'ng ETO ngdt GTO nhanh va vi vy gidm

H1 35 dang ké tén hao mach cﬁ;ng. Véi

dic diém nhu vay, chi phi mach

kich va mach bdo vé gidm ding k€&, ddng thdi ning cao kh3 ning cong suit cda
GTO.
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Bang B1.9. So sanh thong s& cuiia céc linh kién IGBT, GCT,ETO

IGBT GCT ETO4060 ETO1045
Mitshubishi Mitsubishi (Toshiba GTO) (Westcode GTO)
CM1200HA-66H FGC4000BX- SG4000JX26 WG10045S
90DS
bién dp khéa 3300V 4500V 6000V 4500V
bién 4dp hoat 1750VDC 3000VDC 3600VDC 3000VDC
dong
Dong dién hoat 2400A 4000A 4000A 1500A
dong
b6 sut dp khi 6.5/2400 4.0/4000 5.0/4000 4.6/1500 125°C
din
bo sut dp khi 4.1/800 2.6/1200 3.2/1200 2.6/500 125°C
din
Thoi gian ngit 10 3 7 7
[us]
Cong suit mach 1 179 35 10 500Hz
kich [W]

1.13 SO SANH KHA NANG HOAT PONG CUA CAC LINH KIEN

Kh4 niing hoat dong cda cdc linh kién bdn din cong suit dugc so sinh theo
hai khia canh cdng sui't mang tdi va téc do dong ngit dugc minh hoa trén hinh H1.36
va H1.37 dua theo s6 liéu tra cttu nim 98-99 ctia hang EUPEC va s6 liéu [44],[57].

Linh kién GTO cdng suat 16n dugc sdn xuit véi khd ning chiu dude dién dp/
dong dién tir 2,5-6kV/1-6kA. GTO con dugc ché tao chita diode ngudc v6i tdn hao
thap, khd ning chiu dién dp/ dong dién clia n6 dat d&€n 4,5k V/3KA.

Linh kién GCT dudc ché tao gan day c6 kha ning chiu dugc dién 4p/ dong
dién 6kV/6KA véi kha ning chuyén mach gin nhu toan by dong dién sang mach
c6ng khi kich ngdt. CAm khdng mach cdng gidm d&n 1/100 so vé6i loai GTO thong
thudng, cho phép tdc dd ting dong dién cdng khi kich ngit dé€n digo/dt=6.000A/ s .
Thoi gian luu trit t; gidm con khodng 1/10 so véi ciia GTO. Céc tinh chat cho phép
GCT rat thuin tién khi mic song song hoic ndi ti€p va kha ning diéu khién déng
ngit cong suit 16n ngay cd khong st dung mach bdo vé.

Ciéc diode cho nhu ciu thong thudng ducc ché tao v6i khd ning chiu duge
dién 4p thay ddi tir 500V d&n 4kV va dong dién tir 60A dén 3,5kA. P4i vdi nhu ciu
déng ngit nhanh kha ning dong dat dén 800-1.700A va dién 4p 2.800-6.000V,

Céc thyristor cho nhu ciu thong thudng dudc ch€ tao vdi khi ning chiu
dugc dién 4p thay ddi tir 400V d&€n 12kV va dong dién tir 1000A dén SkA. Pdi véi
nhu ciu déng ngit nhanh, khd ning dong dat dé€n 800-1.500A va dién dp 1.200-
2.500V,

C4c linh kién IGBT dang modul dugc ch€ tao v6i kha ning chiu dudc dién
ap/ dong dién 1,7-3,3kV/400-1.200A. Kha ndng chiu dién dp cao ctia IGBT (HVIGB
module) gin diy di dat d€n 6kV . Céc linh kién ch& tao dang modul tao thuin Igi
cho viéc 14p dit, k€t ndi mach va lam gidm kich thudc, trong lugng clia hé thdng
cong suit.
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bién tlf cong suit 1

Power (W)

100M

eupec Product Range

10M SCR +
Diode
phase
cantrol
M
fast -
SCR + ASCR
100k Diode
0,8..4,0kV
10k
1k Frequency (Hz)
10 100 1k 10K 100k
H1.36
£500ViB004A
Vv 12000771 5004 o0 T304
(Eupec) (Eupec)
v [Mitsrhishi) GS00VI2650.4
5——1 b oo
10000, SCH :
: {AEE)
2000 Ol marked DO0ViE0004 GTO
5000 T A <5 07500
BROO| ™ TGS T market | i == (ditsubishi)
2900 o marked ]\\ SO00WiS0004 IGCT
EEDU“_ ----------------- S300VI12004 : \\(Ml‘tﬂ.‘lb]slu IGCT ME&)
Module [Fupec) i 4200750004
TR\ 25007/18004 : (Westeade)
1000 = - m e = Press-Pack (Fui) 1 45|:.||:Iv.l'-'-.1I:II:.IEIA
s, FPower : [ Mitshishi)
[ NMe FETl?unmamuA i
10001004 ™~ '
{SanRex) X Moduls (Eupec) !
* N 200vs00A[
200 | N Gemiderem) |
y i
L) 1
100 v i
=3 \ l
= EOV/LOO0A % :
(Semikron) i i
100 200 SO0 1000 2400 4000 6000 I[;]
H1 .37
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Dién tl céng sudt 1

CHUONG HAI
BO CHINH LUU

Bo chinh luu ¢6 nhiém vu bi€n ddi dong dién xoay chiéu thanh dong dién
mot chiéu. B9 chinh luu duge 4p dung lam ngudn dién 4p mot chiéu; 1am ngudn
dién mot chiéu c6 diéu khién cap cho cic thi€t bi ma, thi€t bi han mot chiéu ;
ngudn dién cho cédc truyén dong dong co dién mot chiéu ; ngudn cung cip cho
mach kich tir clia may dién mot chiéu hoic mdy dién ddng bd. B chinh luu con
diing dé chuyén ddi dién xoay chiéu thinh dang mot chiéu dé truyén tdi di xa
(HVDC). B6 chinh luu con tao thinh mdt bo phan trong thi€t bi bi&n tin,
cycloconverter diing trong truyén dong dién dong co xoay chiéu.

Cong suit cia cdc bd chinh luu 6 thé tir vai trim W d&€n hang chuc MW.

2.1-BO CHINH LUU MACH TIA BA PHA KHONG PIEU KHIEN

10*
0.5 [Tl L& it}

o | SR
05— o - - '
id MW
—P 0.0 | | i

R
L

1 |z o3

e
407 Mg

u‘-.-"‘l’[\ °
| |

ive2 [ w2

lololo ¢

'

0.4

0.2

0.0

103
0.5

0.0+ 71 [

0.5 I I

Hinh 2.1 agdl 1
10° | |
0.4 |

0.0

|
i !
T

-0.2-

0.8 Hinh 2.1 1iie 0.40

So @6 ciu tao
Céc gid thiét :
Ngudn ba pha ly tudng , ddi xitng (trd khang trong Ly, R,=0)
u; = Up.sinX

u, = Um.sin(x —Z?ﬂj 2.1

uz = Um.sin(x —4?”)
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Dién tl céng sudt 1

V6i Up, 12 bién do 4p pha
Un = /2 .U ; U..... tri hiéu dung 4p pha .
X =wm.t :gid tri goc tng véi thdi di€mt, o : tin s6 géc
T4i mot chiéu gdm R,L va stic dién dong E mic ndi ti€p . Gid sit dong qua
tdi ig lién tuc

Phén tich :

Dé dang nhin thdy ring v6i ngudn dp ba pha ly tudng khong thé cé hai
(hoic ba) diode dong din. Do dong dién tdi lién tuc nén tai mdi thdi di€m chi c6
mot diode din dién .

Biing phép chitng minh biing phin chitng, ta d€ dang suy ra két luan sau:
diode din dién 12 diode mic vio ngudn 4p xoay chiéu véi tri tifc thdi 16n nhat
trong cdc pha tai thi di€m dang xét.

Vi du: Trong khodng (% <X < 5?”}, gid thi€t V, déng, V| va V; ngit.

Tu do:
ur=0 vau,=u;-uy

Theo hinh vé H2.1:

Uy =u;-u > 0

Nhu vdy, dién 4p thudn xuat hién trén diode khi din dién. Diéu ndy vo 1y
vi diode 1y tudng khong cho phép dp dit1én né dudng & ché do bi ngit.

Tuong tu, gid thi€t V3 din trong khodng nay ciing khdng phi hgp .

K&t qua: V, din trong khodng (%,%}

Hé phuong trinh m6 ta trang thdi mach :

* (% <X < 5?”] V, déng, V, va V; bi ngit. Dong dién din qua mach (u;,

vi,RLE).
u, =0 ;i =1g
Uo=UW-U;;1n=0 ;u3=u3-u;;1,3=0 (2.2)
Ug = Uy

Ug = Rig + L.%’+ E

*(% <X< 377[) : V, déng, Vi va V; bi ngdt. Dong dién din qua mach (
U2,V2,RLE )
uV2=0 ;iv2=id
U =u;-uz; i=0 ;us3=u3-uy;i3=0 2.3)
Ug = Uz

udth+L%%+E
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Dién tl céng sudt 1

* 377[< X <13Tﬂ : V3 déng,V, va V, ngdt. Dong dién din qua mach:  (
u3,v3,RLE )
u3=0 ;i3 =1iq
U =u-u3;i =0 ;u2=u-u3;i,,=0 (2.4)
Ug = U3
. di

Uy =Rig+L.—%+E

d d it

Dang db thi cdc dai lugng 4p va dong dién dudc vé trén hinh H2.b

Hé qua:
- Bién dp chinh luu c¢6 3 xung, chu ky dp chinh lvu T, =T/3 véi T la
chu ky 4p ngudn xoay chiéu
- Khi dong tai lién tuc, dién 4p tdi chi phu thudc vao dién 4p ngudn

va ¢6 d6 16n tri trung binh Uy :

T 2z
1 et . 3\/5 3\/6
- XdX =222y =22 2.

U, 2;;]: Un sin XaX =220, = 22U 2.5)

3

Tri trung binh dong dién tai & xac lap I :

Us=R.I4+E
:.sld:UdR‘E (2.6)

- Mbi diode din dién trong khodng thdi gian 1/3 chu ky. Do d6 tri
trung binh dong qua diode:

2z

I av =% £ i = lg 2.7)
— 6

3
bién 4p ngugc 16n nhat dit trén diode biing bién do 4p day
Urwvi=v3 .Unm (2.8)

2.2 - BO CHINH LUU MACH TIA BA PHA PIEU KHIEN

So @6 ciu tao :

Mach chita ngudn 4p xoay chiéu 3 pha ly tuéng, 3 thyristor mic dang tia.
Mach dugc phan tich véi gid thiét dong qua tdi lién tuc. Do d6, tai mdi thsi dié€m,
dong dién tai s& khép kin qua modt nhanh mach chita ngudn va thyristor din dién.

Do tinh chit d6i xtng clia ngudn, nén céc thyristor sé& kich déng ddi xing
theo trattw V,,V,,V;3,V ...
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Dién tl céng sudt 1
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Gia thi€t V3 din dién va ta mudn kich déng V,; . Mudn vy ta xét ddu dién
ap trén V, theo hé thuc :
Uy =u;-u3+u;3=u;-uz (dou;z=0)

Do u; -u3>0 (titc c6 4p khoa trén V) khi %< X < %Z nén V, sé dong néu

ta thyc hién dua xung kich déng né trong khodng nay. Goi X, la vi tri xung kich
dwa vao V; va a la géc cho bdi:
a=X,- 2 (2.9)
6
Géc a duogc goi la géc kich hodc goc diéu khién ciia thyristor va cé do lon
dugc tinh tiv thoi diém xudt hién dién dp khéa trén thyristor dang xét dén thoi diém
dua xung kich vao céng diéu khién ciia thyristor do.

Tai vi tri ¢6 géc diéu khién a., V| déng nén :
u, =0.
Trén V; xuit hién dién 4p ngudc dit truc ti€p giita anode-cathode :
U3 = U3 - u; < 0 nén V; ngit.
Dong dién tai khép kin qua mach (u;, V; ,RLE ). Cac phudng trinh mé ta
mach Iic V; din c¢6 dang:
Uy =0 ;i =1ig
U =W - ;=0 ju3=us-u;;i;3=0
Ug = Riy + L.%’+ E (2.10)

Tuong ty , ta phin tich cdc qué trinh kich dong V, ,V;.
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Dién tl céng sudt 1

Dong dién qua V3 bi ngét do tic dung dién 4p ngudn xoay chi€u (uz-u;) nén
dién 4p chuyén mach 12 dién 4p ngudn. Do dién 4p chuyén mach tao thanh tir bin
than clda ngudn dién (mach cdng sudt ) nén qué trinh chuyén mach dugc goi la
qué trinh chuyén mach ty nhién hoic qua trinh chuyén mach phu thudc.

Céc hé qua khi dong lién tuc
- Dién dp tdi c6 dang khong phu thudc do 16n dong dién tai va cdc
tham s6 mach tdi va chi phu thudc vio dién 4p ngudn va géc diéu khién o. Pién
p tdi c6 3 xung trong 1 chu ky T ctia 4p ngudn. Chu ky 4p chinh lvu T, trén tdi
bing T, = T/3.
- Tri trung binh dp chinh Iuu trén tai

7n
Ugyla) = Zin L:ﬁa U,, sin XdX = %Um cosa = 3;/5 U.cos a (2.11)

- Pham vi géc diéu khién o. : do dién dp khéa trén thyristor chi ton
tai trong khodng géc 0 nén géc diéu khién c6 pham vi diéu khién 13 (0,7 ).
T d6, dién 4p chinh luu trung binh Uy s& c¢6 d 16n nim trong
3\6 3/6

khoédng: -—U<Uyg<+—U (2.12)
2z 2z

- Khi dién 4p trén tdi c6 tri trung binh duong, tdi nhan ning lugng tif ngudn
va bd chinh lvu 1am viéc & ch€ do chinh luu. Khi 4p trung binh trén tdi Am, do
dong tdi chi duong nén tai phét ra ning lugng va ta goi bod chinh luu lam viéc &
ch& do nghich luu .
- Dinh mikc linh kién:
- M&i thyristor din dién trong 1/3 chu ky d4p ngudn do d6 tri trung
lg

binh dong qua né Iray = % (2.13)
bién 4p khéa va 4p ngudc 16n nhat c6 th& xué't hién trén linh kién cé do 16n

bing: Upru = Urrym = V6U (2.14)
Vidu 2.1:

B6 chinh luu mach tia 3 pha diéu khi€n mic vao tii chita R = 10Q , E=50 V
va tai rdt 16n 1am dong tai lién tuc va phing. Ap ngudn xoay chiéu 3 pha c6 tri hiéu
dung U=220 V. Mach § trang thdi xdc lap.

a. Tinh tri trung binh ctia dién 4p chinh lvu va dong chinh luu khi géc diéu

khién o =% [rad]

b. Tinh cOng suat trung binh clia tdi .

c. Tinh tri trung binh dong qua mdi linh kién

d. Tinh tri hiéu dung dong qua mdi pha ngudn .
e. Tinh hé s& cong sui't ngudn .

Gidi:
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Dién tl céng sudt 1

ky 1udi.

dong I:

a/- DOng qua tdi lién tuc nén suy ra:
Ud ) =%.U.003a

Thay U= 220 [v], &= % [rad], ta thu dugc

Ud(a)=ﬂ.2zo.cos(%j = 128,6 [V]

2z
Mach & trang thdi xdc 14p nén ta c6:

Ug=RI;+E , hayly= Ys —E

Thay Uy = 128,6 [V]; E = 50 [V]; R= 100[Q)]
ta c6 k&t qua:
Iy =—128’f —0 _ 78714

b. Do dong t3i phing nén ta s dung hé thitc tinh cong sudt trung binh sau:

Py = U,. Ig hay Py =128,6x 7,86 = 101,8 [W]

c. Mdi linh kién din dién trong khodng thdi gian bing nhau va bing 1/3 chu
Tir d6, dong trung binh qua mdi linh kién bing:

Itav=1d/3=7,83/3 =2,62 [A]

d. Tir dang dd thi dong qua pha ngudn ctia b chinh luu, ta c6 tri hiéu dung

| =|_d
V3
1=4,54[A]
e. Hé s6 cong suit clia ngudn A
a=r
S
ool
GiP=——
v6iP= L Ugly + Uyl + Ugiy

Né&u bd qua cong sudt tdn hao trén linh kién, ta c6:

P=P;=1010,8 W=1,01kW

Cong suat biéu ki€n ctia ngudn

S = U 11+ U,l+ Usls= 3U4 I,

véi:

U;=U=220V ; I[=I=4,54 A ; S=3.220.4,54 =2904 VA=29kVA
Hé so cong sudt cda ngudn S:

=P 1008 (348
s~ 2904

Ghi chii: hé 56 cong sudt thay doi phu thudc vao géc dieu khién va cé do lon

gidm dan khi géc diéu khién ting dan va dat gid tri I6n nhdt khi géc diéu khién bing 0
(gidng nhu truong hop chinh luu khéng diéu khién). Hé s6 cong suit ngudn thudng cé
gi4 tri nhd hon 1 ngay cd khi géc diéu khién nhé nhat (a=0).
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Dién tl céng sudt 1

Vidu 2.2:

Tinh tri trung binh 4p va dong chinh luu, cdng suit tdi tiéu thu clia bd chinh
luu mach tia ba pha diéu khién.

Tai c6 R= 10 [Q], E=50 [V] va L=0. Ap ngudn U=220 [V]; gbéc diéu khién

T
=—[rad].
a 3[ra]

Gidi:
3
10
04,41 Uz U7 ud
=X XX X
E
R R A T ARY _:rl?
oz| Ao A

VB0 VR0 VE G V10 va g v
N s I B

20
10
3
. I T T T T T T T |.1|:I
0 5 10 15 20 25 30 35 40
TIME
H2.3

Phan tich: gid s lic dau dong qua t3i biing 0. Ta c6 :
Us=RI;+E=E KhiO<X</1:%

Tai X =a, uy;=u [%j —uy = 22042 sin(%) ~50 = 2194[V] > 0

la 4p khéa, lai c6 xung kich (Ig; >0) nén V, déng. Dong dién khép kin qua
mach (u; V,RE). Lic d6: u,; =0 va ug = -u,; + u; = uy
oo\ uy—-E uy-E
1V =14 = =
1 =g R R
Dong V, sau d6 gidm vé 0 tai X= X, khi u; =E

i,1(X;) =0 =1i,, bi ngit.

Dong tdi ig bi gidn doan (trang thdi 0), phudng trinh mo td mach:

id =0

uu=E=50V

Trang théi 0, kéo dai d&€n khi V, dugc kich. Hién tugng déng va ngit dong
qua V, dién ra tuong ty nhu d6i véi V.

Tur dd thi minh hoa cdc qud trinh trén hinh H2.3, ta c6:

a. Tri trung binh dién dp chinh luu U,.

Do dong tai ig bi gidn doan nén ta khdng dp dung cong thdc tinh Uy cta
trudng hgp dong li€n tuc dugc. Ta cé:
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Dién tl céng sudt 1

1 a+ 5—” 3 X4 a+5—”
Ugler) = I 6 yy.dx = L+£Um sin xdx + IX 6 E.dx
6 6 !

27
3

27r

T

Ugler) = ;{Um{cos[a +%j—cos Xl} + E[a +5%— le }

_2 {220.\/5 [cos{% + %j —cos(2

3r
=724V
Tri trung binh dong tdi § xdc lap:
| JUs B 7245500
R 10
b. Cong suit trung binh trén tai:

5n
a+—

Iud dq dx

a+’
6

Pd: 2—
3

sz .dX

n Ud'
2n Jor s R 2n

,98)}+50[3 +%—298] }

I
+5R

Thay X, =2,98 [rad], « = %[rad],ud = 2204/2 sinx

E =50 [V], R = 10[Q] va 14y tich phan ta
Pd =5.553W=5,55kW

thu dudgc:

2
3 u,-E zij'x’ U_ddx_jx’n%.uddx
o ot

2.3-BO CHINH LUU CAU BA PHA PIEU KHIEN HOAN TOAN

id
—
.
ud - iE
|
H2.4

So d6 ciu tao:

. LA
4

ol .

Ln
o

WG| W2

—=

K

MNhém anode
HZ.5

Mhim edthode

Mach ngudn xoay chiéu ba pha ly tudng mic vao bd chinh lvu ciu gdbm 6
thyristor. Cdc dién 4p uga , ugk 12 dién dp tir diém nit chung ctia cdc nhém linh
kién d&€n di€m trung tinh clia ngudn 4p ba pha.

Phin tich:

Mach dién dugc phan tich v6i gid thiét dong dién qua tdi iy lién tuc. Theo

phép cdong dién ap, ta co:
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Dién tl céng sudt 1

Ug = Uga - Udk
Ta s& chitng minh ring n€u dong tdi lién tuc, dién 4p uga s& chi phu thudc
vao géc kich déng ctia nhém linh kién ( V; V3 ,Vs) va dién dp nguén ; Va ap ugk
phu thudc géce kich déng ciia nhém (V, ,V4,Ve)
That vay, xét nhém anode (V, ,V;,Vs ), gid st ring V, déng va Vs, Vs bi
ngit, ta c6:
iy =1g;iv3=031iys=0
Uy =03 uy3=Up-Uj; Uys = U3 - U Uga = Uy
RO rang, cac hé thitc md td dién 4p nhom anode khdng phu thudc vao trang
thai kich déng clia cdc thyristor nhém cathode. Do d6, d€ khio st dién 4p uga, ta
chi can xét d&n trang thdi kich déng ctia cic thyristor (V;,V3,Vs ).

Céc hé thitc md ta dién 4p nhém anode c6 dang gidng nhu mach chinh luu
tia ba pha vdi 4p chinh luu ug,, (hinh H2.5). Géc diéu khién o vi du cda V,, dugc
tinh € vi tri xudt hién 4p khéa trén V, titc uy; = u; - u3 >0

Tuong tw, hoat dong

i, Bo Chinh Luu cau 3 nhém cathode c6 thé phan tich
= y (2 e dudi dang chinh lwu mach tia
T ' ba pha v6i dp chinh luu ug.
1 N R . 2
[ =1 R Goc diéu khién, vi du cua V,
Sl LW W3S vE {vE LB | i), v dugc tinh tr vi tri xuit hién
B | T VAV Ve Ve Ve dién dp khod trén V,, tic Ia:
e L I ' ! 1 g Uy =Up - Uz > 0
0.2+ N PN z 2
AN | Phuong trinh di€n 4p tai
1° I L I va dong tai:
0.1 T : } T
[T I T Ug = Uga - Ugk
0.09 : _ : di
0.7 i ! ! i i ud = Rld + L_d+ E
0c ! : oo dt
aAq, - = P 2 . .
0.0 I [ _ | — Ton% hgp céc kety q.u:;:l
aa ST phén tich & trén, ta c6 th€ viét
J%S | € P ‘-..fi-l phuong trinh mo ta trang thdi
B § A ! u , . 7z
0.0 |r__.-~i L R mach, vi du khi V,,V, déng :
: , S ——— e
asNg T E ; uyi= 05 uy =05 uys =
1|:|3 !H E . : \ i1 U -U;;Uyg=U3-1
0.1 o i ’
g [ | [ ivi =ia;iva =ia;ivs=0
I l I - vi=1d;1v2 =1q ; 1v3
0] o | 10 ;iva=0
B0 70 an
HZ & TIME Uys = U3 - U ; Uve = U3 -
uz
iys=0;1vs=0
Ug = Uda - Ugk = U - U3
. di
Ug = Rig + L.d—:+ E (2.15)

Do thi dién 4p va dong dién cdc dai lugng mach dugc vé trén hinh H2.6
Xung kich:

2-9
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Dién tl céng sudt 1

Gid st tai thoi diém dua xung kich cho thyristor V, bit dau trang thai
(V1V,). Né&u dong dién tdi lién tuc, viéc kich V, s& lam cho né din dién. Néu

dong dién tai & trang thdi gian doan, viéc dua xung kich cho V, khong thé 1am né

din vi dong dién khong thé khép kin qua nhém anode dang & trang thai ngit.
Trong trudng hop nay, d€ tao diéu kién cho viéc kich V, thanh cong, xung kich
phdi dugc dua dong thdi cho cd V,. Nhu vy, V, dugc kich lap lai. Tuong tu khi
khdo sdt viéc chuyén mach gifta cdc linh ki€n con lai. Trinh ty kich VV,,..V, cudi
cling ¢6 dang nhu trén hinh vé H2.6b. Khodng cdch giita xung kich dong thsi d&€n
xung kich 1ap lai bing n/3. Ngoai dang xung don kich 1ap lai trén linh kién vira

néu (ky thuit kich d6i — double trigger), xung kich c6 thé & dang chudi xung hoic

dang xung kich lién tuc (H2.6c¢).

[WEW 1 WEWI WAWEWE
b ye v wEVE VT i3
i1 b0 o v 0O f —
P 0 5 i
i nn . f ' g
G mny —
iG4 f+—+ 00 . :nnn ...... n
iG6 0o ' d
(513 — Loy
H2.6b HL6c

Hé qua: Khi dong dién tdi lién tuc:
-Dang dién 4p tdi c6 6 xung va chi phu thudc vao géc diéu khién va

dién 4p ngudn xoay chiéu. Chu k¥ xung chinh luu bing % chu ky 4p ngudén

1
T,==T
P76

(2.16)

Tri trung binh dién 4p chinh luu:

3

2n
Ud(o“) '1—-[ ’ 6 UddX = UdA(a)_UdK(OL): _3UmCOS(X

Xo

6
G

Uy(o) = %U.COSOL

v6i U Ia tri hiéu dung dién 4p pha U = o

T

(2.17)

m

V2

Pham vi géc diéu khién o : bing pham vi géc diéu khién cda cdc nhém
chinh luu mach tia, tic ( 0, ). Do d6, dién dp trung binh trén t3i c6 thé diéu
khién thay ddi trong khodng

56,50

(2.18)

Dong trung binh qua tai (RLE): Iy= UdR_ E

1

M&di thyristor dan dién trong 5 chu k¥ 4p ngudn nén tri trung binh dong

dién qua no:

CuuDuongThanCong.com
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Dién tl céng sudt 1

Itay = I?d (2.19)
Dién 4p khéa va 4p ngugc cuc dai xui't hién trén linh kién
Uprm =Ugrm = \/§-Um = \/6U (2.20)

- Dong dién qua ngudn dién 4p, vi du qua pha 1:
i1 =1yy - lva
Tri hiéu dung dong dién qua ngudn dudc xdc dinh véi gid thi€t dong tii
khong d6i:

/= [—J- dx1/2 \/7/d (2.21)

Biing cdch phan tich Fourier dong dién qua ngudn cho trudng hdp géc kich
a = 0, ta xdc dinh bi€u thitc dong dién qua pha thit nhat:

iy(t) = 2\/5 14.(sin ot +lsin 5wt +lsin 7ot +isin 11wt +isin 13wt —....) (2.22)
T 5 7 11 13

K&t qud cho thdy dong dién qua ngudn bao gdm ngdai thanh phin cd ban
con c6 cdc séng hai bac 6kt 1, k=1,2,3...

Céc thanh phan séng hai dong dién gy ra nhi¢u 4nh hudng bt I¢i trong hé
thong dién 1u6i nén ching can dugc khit bd. Mach loc cd bdn duge 1dp dit gitta
hé thong 1u6i dién va bd chinh lvu bao gdm cdc bd loc cong hudng LC va mach
loc thong cao RLC. Mach loc cdng hudng dudc hiéu chinh chii y&u cho cdc séng
hai bac 5 va 7 vi chiing c6 bién dd 16n nhat.

Hg ’tﬁhﬁng : ] \ BCL 3
ngudn ac - I I T — cha
J .
€
4
L L L
5“’I ?H" High Pass
H2 ¥ Filter

Vidu 2.3:
Cho bd chinh luu cau 3 pha diéu khién hoan toan véi cdc tham s& sau: 4p
day ngudn ac 480V, f=50Hz. Tdi R=10, L=50mH. X4c dinh géc kich d€ dong tai

trung binh biing 50A
Gidi:
Tri trung binh dp tai: U;=R.[;=50.10=500V
G6c kich:
o = arcos| —87_ | _ ar cos( 500.7 J
[3JEULJ 3/2.480
a =395
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Dién tl céng suét 1

2.4 - BO CHINH LUU CAU MOT PHA PIEU KHIEN HOAN TOAN

Ll wlf

- T Mhdm cathode
sz e H2.0
HZ 8

So d6 mach vé trén hinh H2.8:
Bing céch chia ngudn dién d4p u lam 2 nifa bing nhau, ta tao nén hé thdng ngudn xoay chiéu
2 pha déi xitng uy, u,
U = g U—msin X
2 2u (2.25)
u .
Uy =-—= Tmsm(x - )

Bai téan phin tich hoat ddng mach chinh lvu cdu mot pha dugc qui ddi thanh phin
tich hai nhém mach chinh luu tia hai pha (hinh H2.9).
Nhom anode gdm V,V3. G6c diéu khién o dugce tinh tir thdi di€m bit ddu xuat hién 4p khéa
trén linh kién d&n khi dwa xung kich vao cng diéu khién cta né, vi du, d6i v6i V,, 4p khéa
ton tai khiu; - u; =u >0 hay u; > 0. Khi V, din:
uy; =0 uyz=up-u; =-u
Uga = Uj
Khi V; din:
uy3; =0suy;=u;-u=u

Uga = U2

Tuong tu nhém cathode gGm V1, V4, géc a cho V, dugc tinh tit thdi diém:
u, -u; = -u >0, tdc u >0

Khi V, dan :
uys=0;uy=u;-u=u ; uga=u

Khi V, dan :
Uy =0 uy=u-u;=-u; uga=u

bién dp va dong tai chinh luu
Ug = Uga - Udk

Uy = Riy + L.%‘+ E

2-12
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Dién tl céng suét 1
Tng hop cic két qua phan tich, ta c6 thé bi€u dién trang th4i hoat dong ctia mach

chinh luu, vi du khi V,V, déng biing hé phuong trinh sau :
Uy =0 ;i =1ig

U, =0;1p=lg ;u3=-1u;13=0

Uyvg =-U; 1v4
Ug=1u

=0

Wi

107 WD WOV
-

0.5 1

L

0.0 ;

054 —
107 ﬂi

0.5

0.0
05—

10 '
0.1

oo
01

10
0.5

0.0 1
-0.5-

10
017

jrd

0.0 1
1
-0.1- |
10 1
0.1 \
[

i

0.0
0.1

10°

cC
o

N
~—

|

()= [ ugx =

T Yo

22

T

T
190

200

U’

(2.26)

Uy = Ri +L.%’+E

K&t qud phan tich dudi dang dd
thi dugc v€ trén hinh H2.10
Cic hé qua:

- N&u dong qua tdi lién tuc,
dién dp tai c6 dang chi phu thudc vao
g6c diéu khién o va 4p ngudn. Dang 4p
chinh Iuu c6 hai xung trong mét chu ky
dp ngudn véi chu ky xung chinh luu
bang 1/2 chu ky dp u6i T, = T/2

- Vi du khi V, din, 4p khéa
xuét hién trén Vs khi uy; = -u > 0, tdc
trong ntta chu ky 4m cla 4p ngudn. Tir
d6 suy ra, pham vi géc diéu khién o 1a
(0,m)

- Tri trung binh dién dp chinh
luu :

.
iJ.auﬁm.sin XdX = 2, cosa
T Ja

=——Ucosa

T

(2.27)

Vé6i 0 < o < m, dién 4p chinh luu trung binh dugc diéu khién thay d6i trong

22
T

U <Uyla)<+22 U

232
T

(2.28)

- Mdi thyristor din dién trong 1/2 chu ky 4p ngudn, tir d6 tri trung binh dong

, kS I - A , . A - A A . Y - A A s A
qua nd bdng ?d . Dién 4p cuc dai xuat hi€n trén thyristor bdng bién do dp ngudn U,

CuuDuongThanCong.com
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Dién tl céng suét 1
Vidu24
Cho bo chinh luu ciu 1 pha diéu khién hoan toin vdi cdc tham s§ sau: 4p pha ngudn
ac 120V, f=50Hz. T4i R-L mic ndi ti€p R=10Q, L=100mH. Géc kich « = 60°. X4c dinh ch&
d6 dong dién tai va tri trung binh cla n6
Gidi:
C6 thé kiém ching d€ thay ring dong dién tai lién tuc.

. NPT 242 24/2
Tri trung binh 4p tdi: Uy = iu .Cosa = ilZO.cos 60° = 54V
T T

2.5 - CAC BO CHINH LUU PIEU KHIEN CHUA DIODE — QUI TAC PHAN
TICH MACH BO CHINH LUU TONG QUAT

Ciéc diode xudt hién trong bd chinh luu diéu khién dusi dang mach diéu khién ban
phan hoic dang diode khong (diode zero), hoic trong dang bd chinh lvu khong diéu khién.
Céc diode dung thay thyristor trong mach lam gidm gid thinh mach dong luc 1n mach diéu
khién, han ch& thanh phin xoay chiéu ctia dong chinh luu, diéu nay din dé&n chit lugng
dong dién phing hon. Do d6, ting hiéu suat ciing nhu hé s6 cong suit ngudn dién. G mot
vai dang mach, viéc dua thém diode vao mach lam ting kh3 niing diéu khién géc a trong
thuc t€ dat dén gid tri 1y tudng (vi du Opax =T )

Phan tich hoat dong ctia cdc bd chinh luu chida diode ¢6 thé dua trén ba budc chinh

1/ -T4ch dang mach chinh luu cau thanh hai nhém mach tia mic ndi ti€p. Mdi nhém
mach tia gdm hai hai nhiéu nhanh mach tia mic song song. Mdi nhdnh ctia mach tia c6 thé
gdm:

a. ngudn dién mic ndi ti€p vdi linh kién. Linh kién c6 thé & dang diéu khién
(SCR) hoic khong diéu khién (diode)
b. linh kién. Trudng hdp nay, ngudn dién dugc gid thiét bing 0.

2/- V6i gia thi€t dong dién qua tdi lién tuc va bd qua tdc dung cdm khdng trong clia
ngudn, thyc hién phan tich gidn d6 déng ngit cdc linh kién trong tirng nhém mach tia theo
qui tic phan tich bo chinh luu mach tia nhu sau:

Qui téc 1: Dau qui uSc chon cho céc dién d4p pha ngudn cé cuc duong tiép xic vdi
anode linh kién.

Trong nhém mach chinh luu mach tia nhiéu pha, tai thdi diém dang xét giita cdc
thyristor duogc kich déng thoi, diode va linh kién dang ddn dién thi linh kién nao mic vao

ngudn dp pha cé tri titc thdi Idn nhdt trong tit cd cidc pha ngudn s& chuyén sang trang thai
doéng, tit cd céc linh kién con lai bi ngdt. (Diode dugc xem nhu mot dang dic biét clia
thyristor c6 ché& do kich déng lién tuc).

Qui tic 2: Trong trudng hop, ddu dién 4p pha ngudn ngugc lai vdi qui tic 1-

Trong nhém mach chinh lvu mach tia nhiéu pha, tai thdi di€ém dang xét, gita cdc
thyristor dugc kich déng thoi, diode va linh kién dang dén dién thi linh kién nao mic vao
ngudn dp pha cé tri titc thdi nhé nhdt trong tit ca ciac pha ngudn sé chuyén sang trang thai
déng, tat cd cdc linh kién con lai bi ngit

Khi mot nhanh clia mach tia chi chita linh kién thi dién 4p ngudn ciia nhianh d6 bing
0. Mot linh kién dang din dién s& bi ngit khi c6 linh kién khdc mic vio ngudn 4p tic thdi
16n hon dudc kich dong

2-14
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Dién tl céng suét 1

3/ -K&t hgp gidn 46 d6ng ngit linh kién clia cdc nhém mach tia d€ tao thanh gidn db
déng ngdt linh kién clia bd chinh Ivu cau. Theo gidn d6 dong ngit d6, ta x4c dinh dién 4p
tdi chinh luu cAu va gidi phuong trinh mach dé x4c dinh dong dién tai.

- Néu dong tdi bi gidn doan thi khodng cé dong gidn doan sé duoc thay thé bang trang
thdi khéng ddn dién va dang dp trén tdi trong khodng nay dugc thay bing sitc dién dong ton
tai trong mach (ug=E, néu cé ) hodc bang khong (us;=0, néu tdi RL), cdn trong khodng thdi
gian dong tdi lién tuc, dién 4p tai phu thudc vao 4p ngudn va géc kich xdc gilf nguyén tir
k&t qua phan tich theo qui tic.

Vi du 2.5: 4p dung qui tic phan tich bo chinh Iuu d€ x4c dinh qud trinh dién 4p va dong
dién cho bd chinh luu ciu 1 pha diéu khién ban phian dang khong ddi xing. Gia thi€t dong tai
lién tuc.

HZ.11
Yo, w1, W3 EIRY:! Huong dan:
| W2 W TR W
V ! Mach ciu dugc phin tich thanh hai mach tia —
lj ce f\\_/ V nhom anode V,V; va nhém cathode V,V,.
:gl = Nhém mach tia anode V,V; v6i cdc pha
g - N\ | nfguén tuong tng 1a u va 0, ddu qui u6c thda man qui
N PN i I tac 1.
i " JI"'I | . Nhém cathode gdm V,,V, vdi cdc pha ngudn
P ) o twong ng 13 u va 0, ddu ngudn théa min qui tic 2.
lEI-:' | _:/1,.--1 | Gidn dd déng ngit linh kién V,V,V;3V, dugc suy ra
L L
! V : h Y trén hinh vé H2.12.
N ! i : ! T8ng hop gidn d6 déng ngit linh kién ctia hai
1 ! i 1 . P .9 N z <
L. I_,'r,f}'f-a-___: P nhém mach tia, ta c6 gian d6 déng ngat cho mach
v E L//: : cau- xe?m hinh ve H2.12. Tt d6, qué trinh dién dp va
Diva 1 dong dién dugc dan gidi nhu sau:
i Y mirdeiniihle: Trang thdi V,V,: ug=u
E : IL_,/'-'VE : Trang thdi V,V;: ug=0
E _E/i .JE"!4 : _/1 . Trang thdi V3V, ug=-u
TR ! : L Phuong trinh dong dién tai dp dung cho cdc
N trang th4i 1a:
B2 vl R w2 e v 1,-'2 vl g di
VE V2 w3 e w3 w2 wd v Ug = Rig + L% e
H2.12 Tri trung binh dién 4p tai:
215
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Dién tl céng suét 1

Uy(a) = U—m(1+ cosa) = M(l+ cosa)
T T

Né&u gia thi€t dong qua tai dugc loc phing ig=Iy, ta cé:

- Tri trung binh dong qua linh ki€n: lgegay =

- Tri hiéu dung dong dién qua ngudn: | =

Vi _du 2.6:

T—-—a

T—a
-ld
T

—lg:ilpay =
V4

(2.29)

T+a

X%, (2.30)
JT

(2.31)

Ap dung qui tic phan tich bd chinh luu dé€ xdc dinh qué trinh dién 4p va dong dién cho
bd chinh luu cAu 1 pha diéu khién ban phian dang d6i xting. Gi thi€t dong tai lién tuc.

Huong dén:

0
¥y RVg Tafce
R W
el = F Lk
O Xv, Ava
o)
2.13

H
107 Wy S 107 Wy
05 , — — 7 1 0.5 S . —
0.0 = \\,_//ﬁh\ 0.0 £ \\,—/
05 : — . 057 — -
o D) o 107 I P Do
0.047 — — o L
WE Y1 v va v v v ve o T e
Vaive [va v4 ivaivz ivaiva | ; ; ;
W o1 o o0z- — —
; : — Do 1p° Wy e P
[ s T S S o I e
e sy L | el
] 057
10° W uh b P P 10° [ s Pt P N
0.4 T — — — 0.04 i — G —
N N N | N s O
0.0 — — — — 0.00- — — — —
027 — — — 0.0z — O — R
0.05 I; ; — — 0.5- LI\:@ — — :
' b ; Do P Do
0.00- — | i . I :
: . : ! [ 0.0 i : . K : . 1
] i P P i . Cod \“"’/‘ :
CHE T T T f e 'D'E_| - — T f ]
160 170 120 1a0 200 180 170 120 1 @0 200
TIME TIME

Hinh H2.14

Mach cau dugc phin tich thanh hai mach tia —-nhém anode V,V; va nhém cathode V,V,
(hinh H2.13).
2-16
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Dién tl céng suét 1

Nhém mach tia anode V,,V; véi cdc pha ngudn tuong Gng 1a u va 0, diu qui udc thda
man qui tic 1.

Nhém cathode gdm V,, V4 vé6i cdc pha ngudn tuong ¢ng 12 u va 0, ddu ngudn thdéa min
qui tic 2. Gidn d6 d6ng ngit linh kién V,V,V3V, dugc suy ra trén hinh H2.14.

Téng hdp gidn dd déng ngit linh kién clia hai nhém mach tia, ta c6 gidn dd déng ngit
cho mach ciu- xem hinh v& H2.14. Tl d6, qué trinh dién 4p va dong dién dugc din gidi nhu
sau:

Trang thdi V,V,: us=u

Trang thdi V,V;: ug=0

Trang thdi Vi;V,: ug=-u

Trang thdi V4V;: us=0

Phuong trinh dong dién chung cho céc khodng la:

Uy = Rig+ L E

Tri trung binh dién 4p tai:

Ugy(a) = U—”‘(1+ cosa) = M(1+ cosa) (2.32)
T VA

N&u gia thi€t dong qua tdi loc phing ig=lg, ta c6:

- Tri trung binh dong qua linh ki€n: lgcgay = lpav = I?d (2.33)
. A N « A A T—0o
-Tri hiéu dung dong dién qua ngudn: [ = 1y (2.34)
T
Vidu 2.7:
id
—r

P
o
R
<
ot
=
3

-

o 89?@
i
=1
g

w4 Z‘S vaﬁs VEZJS TWE

Ap dung qui tic phan tich mach bo chinh Iwu, hdy phan tich mach bd chinh luu ciu 3
pha diéu khién bdn phin (hinh H2.15). V& hinh cdc dai lugng 4p, dong dién trong
mach. Xdc dinh tri trung binh 4p tdi, xdc dinh dp va dong qua cdc linh kién. Ap dung
v6i cdc gid tri sau: tri hiéu dung 4p pha ngudn 220V, f=50Hz. Tdi R=1Q, E=50V,
L . Gé6c diéu khién o« = 7 rad]

H2.15

Hudng din:
Bo chinh luu dugc tdch ra lam hai nhém chinh lvu tia ba pha: nhém(V,V;Vs) diéu khién
hoan tdan va nhém con lai gdm cédc diode (V,V4Vs) khong diéu khién.
Dién 4p chinh lvu c6 dang ba xung. Tri trung binh dién 4p chinh luu véi diéu kién dong
tai lién tuc xdc dinh theo hé thic:
2-17
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Dién tl céng suét 1
3\6.U
Ug(a) = P)
T

Tinh téan dién 4p va dong dién qua linh kién gidng nhu mach ciu 3 pha diéu khién
hoan toan.

(1+cosa)

Vidu 2.8:
id Ap dung qui tic phan tich mach bo
Yol — chinh luu, hay phin tich mach bd

% % %T chinh Iwu cdu 3 pha diéu khién
Vi vag et
| j

A hoan toan vdi hai diode khong Vi,

va Vg, (hinh H2.16). V& hinh cic

;iE dai luong 4p, dong dién trong

_ = mach. X4c dinh tri trung binh dp

e i 2. . . . TN <
i E —+ tdi, x4c dinh 4p va dong qua céc

T T L linh ki€én, chd y bi€n ludn theo gid

‘-le- Vajs 1u@jiTi".-fE tri goc kicha . Nhan xét vai tro cia
t} cdc diode khdng. Ap dung véi cédc
H2.16 vo2 gid tri sau: tri hi€u dung dp pha
ngudn 220V, f=50Hz. Tai R=10Q,

E=100V, L - o . Géc diéu khién « = %[rad]

Hudng din:

Thuc hién tich mach chinh luu cAu ba pha vé&i hai diode khong trén hinh H2.16 thanh
hai nhém mach tia ba pha: nhém mach tia véi diode khong Vo, (V1V3Vs, Vo) va nhém mach tia
v6i diode Vg, (V2V4VeVi,). Sau d6 4p dung qui tic 1 va 2 d€ gidi bai téan trén. Chd ¥ pham vi
¢6 anh hudng cla cac diode khong.

Vi du 2.9: Pong co DC c6 phan ng va mach kich tir dugc cung cap dién bdi by chinh
luu cdu 3 pha diéu khién ban phan

— theo sd d6 H2.17. Cho biét tri hiéu

V% U% V% | dung dp pha ngudn 220V, f=50Hz.

W l Lkt = B Mach phin ng: R=0,1Q,

1 . 0

fh— = E=100V, L;— «. G6c dicu khién

2L i wl  Le =7/[rad]. Mach kich

4@ Y . __i a= A ad]. ac ic :

4ie— i Ry=15Q, Lyi— o. Phin tich qua
gy . . A g s s A

et Lr trinh dién 4p va dong dién qua

% £ 7 mach phin @ng va cudn kich tir.

247 wﬁf vﬂljs va ] Xdc dinh tri trung binh dong dién

qua phin ng va cudn kich tir.
Hudng ddn: bd chinh luu cung cip
ngudn dc cho phin ng va cudn kich tir doc 1ap. Biing cach bi€n d6i don gidn d& thay
ring ngudn cAp cho mach kich tir 12 mach tia 3 pha khong ddi xtng (u;-us),(ur-uz) va 0.
Sau d6, 4p dung qui tdc phan tich mach chinh luu tia.

Vidu 2.10:
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Dién tl céng suét 1

So sdnh hé s& cong sudt giita bd chinh luu cAu mot pha diéu khién toan phin va bd
chinh lvu cAu mot pha diéu khi€n ban phan. Cho bi€t 4p ngudn xoay chiéu, cong suit tai va
dong tai trong hai trudng hgp 12 nhu nhau U = 220V, Pg= 10kW. Dong tdi ig lién tuc va phing ig
=14=100A

Gidi:
Cong suat tdi dang mach diéu khién toan phian
242

Pd = Udtp'ldtp = TUCOS atpldtp

va mach diéu khién ban phan

242 U 1+cos ay,
u. >

Cong suat bi€u ki&n clia ngudn trong hai trudng hgp:

Sp =Ul, =Uly,

fn—ab
pr = U'lbp = U Tp'ldbp

Tir d6 hé s6 cdng suat A:
_Pp _ Py _ 10000
P8, Ulwp 220.100

” Pop Py

p = =
pr ) 1 f S dbp
'

Xdac dinh oy
Py y 7.710.000

Py :Udbp-ldbp = ldbp

=0,4545

COS Oy, = -1= —-1=0,00974
® - Jaul, J2.220.100

= oy, = 1,56105
P

App = —Z 2 10000 = 0,6408

1)
Sep 220, [P~ 1201 1967 100
T

Tir d6: mach chinh luu diéu khién ban phan dat gid tri hé s& cong suit cao hon.

Vidu 2.11:
Mach kich tir cho dong cd mdt chiéu dudc mic vao bd chinh luu mach tia mot pha véi
diode zero (hinh H2.18a). Ap ngu6n u= 220\/5 sin314t [V], tham s6 mach kich tt L = 0,1H, R =

10 Q. Géc diéu khién o = % [rad]

Viét phuong trinh mé t3 hoat dong ctia mach & xdc 1ap. Tinh Uy, 1, .
Gidi :
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Dién tl céng suét 1

i id N &
PELATR :. — |

| [ N — |
Vo Twa R 10° Wy

l . 0.5

/- 107

1
|
0- : ]
1
1
1
1

0.4 L

H2.18 . l\ E
|

0.0
-0.2- i

Ap dung qui tic tdng quét phan tich bo chinh luu, vdi diode dugc xem nhu mot dang
SCR dugc kich lién tuc va né c6 4p ngudn tuong ng biing 0. Do trong khodng thdi gian diode
dong, phuong trinh mach tai :
. di
0=Ri, +L—%
at
¢6 nghiém xdc lap ig = 0 khi t— oo nén rd rang dong i lién tuc trong khodng nay.
Khi V; déng :
. di
Uy =u=Riy + L =4
d d gt

Dong tai ig ting

K&t qud:
Tri trung binh dp tai:
U, = L ZJ;(?dx = Lru .Sin x.dx
21 o 2nda "
= U—’"(1 +cosa)= M(1 + cosEJ =495[V]
2n 2n 2

Tri trung binh dong kich tir.

_Us—E _Us 895 o0
R R 10

lg
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Dién tl céng suét 1

2.6 CAC CHE PO LAM VIEC CUA BO CHINH LUU VA HE QUA

2.6.1 CHE PO CHINH LUU VA CHE PO NGHICH LUU

Trong ch& dd chinh luu (hinh H2.19a), cong suit tiéu thy dua tif ngudn xoay chiéu
sang mach mot chiéu. Gia thi€t dong dién tii dugc loc phing, cong suit do bo chinh luu
cung cip c6 gia tri P;=Uq.I4, diéu kién ctia ch€ @6 chinh lvu 12 P;>0. Do dong dién t3i luon
duong, nén diéu kién trén ddng nghia Uy>0. C4c bd chinh luu diéu khién hoan toan, dién
ap chinh lvu khong 4m xay ra vdi cac géc kich diéu chinh trong pham vi: 0 < o < % Cic

bd chinh lvu diéu khién ban phan, diéu kién d€ Ugs>0 x4y ra v6i géc kich nim trong pham
vi0<a<r.

TAi tiéu thu cong sudt Pg>0 c6 thé 1a tai thudn trd R hoic dang ndi ti€p RL hoic tai
gdm RLE vdi E 12 sitc dién dong mot chiéu E>0 .

Id Id
— —

_Zﬁu.a _ZEU:!

_ — lE n L l
Ch& dé ehinh luu Chd dé nghich luu

T T
Fy=20o = bABy <0 o —
al- d 2 Hz .10 d =

Trong ch& d6 nghich lwu, cong sud't phdt ra tir tai s& dua trd vé ngudn xoay chiéu qua
bd chinh lvu. Vi cong sudt bd chinh lwu nhian vé bing Pg=Ugyly, diéu kién cia ché& do
nghich lvu x4y ra khi P4<0. Do dong dién tdi ludn duong, nén diéu kién trén dong nghia
Uy<0. P6i véi cdc bo chinh luu diéu khién hoan toan, dién 4p chinh lvu s& am néu géc
kich thay ddi trong pham vi: 7 > a > % Ddi véi cdc b chinh luu diéu khi€n ban phan,

diéu kién @€ Us<0 khong thé x4y ra vdi moi gid tri cia géc kich. Do d6 ch& d6 nghich luu
ctia bo chinh Ivu khong thyc hién dugc v6i bd chinh luu diéu khién ban phan.

T4i chi phat ra cong sudt Ps<0 khi né chita phan tit sitc dién dong E<0- vi du dong
cd mot chiéu & ché d6 mdy phat. Tai chita cudn khang 16n ciing c6 thé phét ra cong suit
dua vé ngudn xoay chiéu trong thdi gian ngéin.

Trén hinh H2.20 1a cdc d6 thi minh hoa qud trinh dién 4p chinh Ivu bd chinh luu ciu 3
pha khi bd chinh luu chuyén ch& dd 1am viéc tir ch€ dd chinh luu sang ch& dd nghich luu véi
gid thi€t dong dién tdi lién tuc. Cdc qud trinh séng ddng bd (dang cosin) va tin hiéu dién 4p
diéu khién dugc vé trén cling mdt truc toa do vSi dd thi dién 4p chinh luu trén tai. Ta thay,
qué trinh dién 4p tai ug thay d6i lién tuc theo dudng cosin khi chuyén tir ch€ do chinh luu
sang ch& d6 nghich lvu. Trong trudng hgp ngugc lai, dién dp chinh luu thay ddi dang nhdy
cap.
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Dién tl céng suét 1
1.57]

A
LA
TRRLELR

I
m I |

—_—
|
L——

LI

1.0 . |
1
Chet d ! :
10% ehfrh W', Ché d6 nghish oy | Ch& d8 ehinh Iy
0.3 ’ ’

0.0+ e
0.1

0.2

-0.3-

I T T
0.04 0.06 0.0z 0.10 012 014 016
TIME .

H2.20

Vidu 2.12:

Cho bd chinh luu cAu mot pha diéu khi€n hoan toan mic vao ngudn ac mot pha vdi tri
hiéu dung 220V, f=50Hz. T4i RLE véi R=1Q, gid thi€t dong dién tdi lién tuc v6i L 16n vo
cuing 1am dong tdi phdng vdi d6 16n I,=20A. Cho biét géc diéu khién « =120°, vé& qu4 trinh
dién 4p tdi va dong dién qua ngudn ac. X4c dinh do 16n sic dién dong E. Tinh cong suit
phdt ra cda stic dién dong va cdng sud't ngudn ac nhan dugc.

Gidi

Do thi cdc qud trinh dién 4p tdi, dong dién ngudn- xem hinh vé H2.21:
Vi gid thi€t dong tdi lién tuc, dién 4p trung binh trén ti:

o
T
Sttc dién dong E xdc dinh theo hé thic:

Usi=R.I;+E> E=Uy4-R.14=-99-1.20=-119[ V]

Cong suit phdt ra tir tai:

Pg=E.I4=-119.20=-2380W=-2,38kW

Cong sudt tiéu hao trén dién trd:

Pr=R.I1;’=1.202=400W=0,4kW

Cong sudt ngudn ac cung cip:
P..=U4.14=-99.20=-1.980W=-1,98kW

DA4u (-) ¢6 nghia 1 tdi dwa cong sudt vé ngudn qua bd chinh luu.

Uy, .220.c05120° = —99|V]
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103 vivwg o, V1v2 AL L) W WIS
0.4 ¥ * * *
03|y , o

0.2

0.1

bl S AN \
021 \_

qp° W
0.05-

;
~
-
C
N

0.00+ i

0.05-
10° I i

0.05-

0.00+

0.05-

1|:|3 uw
0.5

0.0 I_,_,-r"’f I_,_,-r""‘f
057 : : 10
160 170 180 180 200

Vidu 2.13:
Giai thich cdc ché& dd 1am viéc cda cdc bo chinh luu theo cdu hinh H2.22 a/-b/-c/- khi
thay ddi géc kich trong pham vi (0 < a < %) va (% <a < 7). Khi ndo tdn tai ch€ do

nghich luu trong cdc cAu hinh trén. Trang thdi cong suat giita ngudn va tai nhu thé nao?

il
T
_t:':.
il
T

art b . -

H2.22

Q

idi:
G trudng hop al-, chiu ciia stc dién dong E va dong dién cla ti cho thiy tai ludn
nhin cdng sudt. Khi (0<a < %), dién dp chinh luu trung binh ludén duong. Phu thudc vao

dd 16n ctia géc diéu khién, dién dp chinh luu va dong dién sé dat cdc gia tri khdc nhau-
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Dién tl céng suét 1
dong dién c6 thé lién tuc hoic gidn doan. Ngudn ac cung cip cong sudt tiéu thu trén R, E
va tich lily ning lugng tir truGng trong L. Khi (% < a < ), néu dong tdi lién tuc, dién 4p

tdi am, Uy vd E cling d4au c6 khuynh huéng 1am gidm lién tuc dong dién vé 0, chiéu cdc
SCR khong cho phép dong dién chuyén sang 4m dudi tic dung cia Uy va E. Trong giai
doan qui dd nay ngudn ac , siic dién dong E va dién tr R déu nhan cong suat. Tdng cic
cong sudt vira néu dudc cung cip bdi cudn khidng L ma theo thdi gian dong dién qua né
gidm xudng. O ché dj dong dién tdi gidn doan, tri trung binh 4p trén tdi 1a duong, ngudn ac
cung cAp cong sudt cho tdi RLE.

Nhu vy, bo chinh luu c¢6 thé 1am viéc trong ch€ d6 nghich luu trong thdi gian quad do
ngin, ch€ dd nghich luu khong thé ton tai & ché do xac lap.

G trudng hop b/-, c6 thé thdy riing ch& do nghich luu c6 thé thi€t 1ap véi gid tri géc

2 o A 1A 242
kich thoa man diéu kién:U, = iu.cosa =(RIy+E)<0
T

0] trudng hgp c/-, diéu kién U, = QU.(1+ cosa) = (Rly + E) <0 khong thé thda
T

min v6i moi gia tri cia géc kich. Do E va Uy cuing ddu, dong dién qua tdi s& tdng dén gid tri
rat 16n cho bdi hé thic (Us+E)/R. Cong suat ngudn ac va cdng suat phét ra bdi stic dién
dong E sé& tiéu hao mdt phan trén R, phin con lai tich liiy trong cudn khdng L. B chinh
luu nhu vdy lam viéc trong ch€ do chinh luu.

2.6.2 CHE PO DONG LIEN TUC VA CHE PO DONG PIEN GIAN POAN

Do dién dp chinh luu ug tao thanh c¢6 dang xung nén gid tri dién 4p nay c6 thé tich
lam hai thanh phan: thainh phan mot chi€u véi tri tic thdi bing tri trung binh 4p chinh luu U,
va thanh phin xoay chiéu :
Ugs =Uq - Ug
Thanh phin xoay chiéu ctia 4p chinh Iuu uy 1am dong dién tai iy bi nhap nhd. Tuong tu
nhu dién 4p, dong chinh luu c6 thé tich 1am 2 thanh phan tudng dng:
id =1+ idc
Thanh phin xoay chiéu cia dong 1am dong dién tdi c6 thé bi gidn doan
Khdc v6i ch& do dong tdi lién tuc, khi ma dién 4p tdi trung binh chi phu thudc vao
y&u t6 ngudn va yéu & diéu khién (géc kich), § ch€ dd6 dong qua tii bi gidn doan , dang
dién 4p chinh Iuu clia tai phu thudc khong nhitng vao yé&u t& ngudn va géc diéu khién ma
phu thudc cd vao cdc tham sd clia tdii (RLE) . Vi du: xét dién 4p tdi chinh lvu bo chinh luu
cAu mot pha ddi v6i tdi RLE khiig =0 (hinh H2.23)
ui=0néuE =0
wW=EnfuE#0

Céc hé thitc Uy din gidi cho dong tdi lién tuc khong
4p dung dugc cho trudng hgp dong gidn doan. Ti 1é phan bd
thai gian dong dién qua tai lién tuc (ig >0) va thdi gian dong
gidn doan (ig = 0) trong mét chu ky xung dién dp chinh luu
phu thudc vao cdc gid tri tham s& tdi R,L,E va géc diéu
khi€n a. Viéc tinh todn dién 4p chinh luu trong trudng hop
nay rat phic tap. Khi dong tdi gidn doan, quan hé gitta dién
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Dién tl céng suét 1
4p chinh luu va o khong con 12 duy nhét. Trong diéu khién, vi du dong co dién mot chiéu,
khi dong tai bing 0, moment tic dong triét tiéu va viéc diéu khién tii khong c6 tic dung.
T4c dung dong tai gidn doan lam dic tinh diéu khié€n trd nén phi tuyé&n, hién tugng qui do
ctia hé diéu khi€n khé hiéu chinh, do d6 trong ky thudt ngudi ta cd ging han ch€ viing lam
viéc ctia b chinh luu & ch& do dong gidn doan.

Trén hinh H2.24 vé& qu4 trinh dién 4p va dong dién tai khi chuyén tir ch€ do dong lién
tuc (t<t;) sang ch& do dong tai triét tiéu (t,<t<t,), khi d6 4p trén tdi bing E. Trong khodng
thdi gian t>t;, dong dié€n tai trd nén gidn doan trong tiing chu ky dién dp chinh luu (xem chi
ti€t trén hinh H2.24b). Pién 4p tai chinh luu thay d6i giita cdc gi tri 4p ngudn xoay chiéu
va stic dién dong E. Dong dién tai trung binh c6 gid tri tuong d6i nhd.

Tuy nhién ch&€ do dong tdi gidn doan thudng it xdy ra nén trong trudng hgp khong c6
yéu ciu chinh xdc cao, viéc tinh todn dinh mtc hé thdng cé thé van dung tr k&t qud tinh
cho dong tai lién tuc.

AN N - Wi

A ATANAR
_W\W\\M‘\H CEEARRRRTRRRRRRRR CRERERR et

'D'ﬁ_ "lu AN AN AN R.I _?:Z_ |

-1.1:13 Dong i lign tue Dir:'ng i .;._}_%3- i ud

0.3 'E‘ gi?n doan 0 204 :

HZ.24

Viéc md td mach dién vdi qud trinh dong dién tdi lién tuc va gidn doan cé thé minh
hoa trén vi du bd chinh luu tia mot xung, xem hinh vé H2.25.

Vidu 2.14:

Phan tich bo chinh luu tia mot xung diéu khién trén hinh H2.25 v&i hai trudng hop tai
RL va RLE.

Truong hop tdi RL:

Tai vi tri géc kich o, xung kich dong V 1am mach khép kin qua tdi. Phuong trinh
mach dién sé 1a:

diy
dt
Nghiém ctia phuong trinh c6 dang:

ug=u; Uy =R.iy +L
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Dién tl céng suét 1
X

ig(x)= U7m.sin(x ~0)+Ae v

v6i Z =R? +(ol)? ;0= arctanm—L;r _L
R R

Hiing s& A xdc dinh tir di€u kién ban dau iy(a) = 0. Tir d6:

10
0.4

0.3

Y . 0.7
— 3.

- 0.1+

Wi R 0.0+

u -0.1
l’“} ud

-0.24
-0.34

10
0.4

0.2
0.0
Hz.25 027
0.4

10
0.4

0.2+
0.0
-0.2-
a7 T T T 3

T T T T
u] 5 10 15 20 25 30 35 40
TIME m=

o

A= {— U7’”.sin(oc - 9)}.9‘“

K&t qua 12 qud trinh dong dién tai trong mot chu ky dién dp 1u6i c6 thé bi€u dién dudi
dang ham tdng quit sau:
oa—X

U7’”.sin(x—e)—sin(a—6).e_m ; 0<x<P

ig(X)=
0 ; B<x<2n

Géc B 1a gbc tit cia thyristor va c6 thé xdc dinh theo diéu kién dong dién ti triét
tiéu: iy (B)=0.
_op

iy(B)=0= U7m sin(p—0) - sin(o.—0).e ©

Nghiém (B ) clia phuong trinh c6 thé gidi bing phuong phap sd.
G6c (B—-a) goi la khodng din cla thyristor.

Tri trung binh dién 4p chinh lvu phu thudc vao géc diéu khién va tham sd tai:
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Dién tl céng suét 1
B
1 . U
U, =— U, .sinx.dx =—""(coso —cos
d 27'(,;': m o ( a B)
Tri trung binh dong dién tdi chinh luu:
B
1 7.
Iy =—iy(x).dx
d ZnJ‘ a(X)

Tri hiéu dung dong dién qua ngudn biing vdi tri hiéu dung dong qua linh kién va qua
ti c6 thé xdc dinh theo ham tich phan sau:

B
1 7.
lims = 2_TEJ-I§(X)'dX

Truong hop tdi RLE: (xem hinh H2.26)
Thyristor c6 thé kich din néu xung kich thuc hién trong diéu kién 4p trén thyristor
duong. R6 rang diéu kién géc kich a phdi thda min la:

o> 0y = arcsin[ij vVa o< T— 0y -
m
Dong dién tdi trong mot chu ky ludi c6 thé bi€u dién dudi dang:
X

iy(x) = U7"’.s/n(x—e)—%+A.e_a a<x<P

0 B<x<2n
Hing s6 A xdc dinh tir diu kién dong qua thyristor tit:

o

A= -U—m.s/n(a—e)+5 8ot
z R

Dién 4p tdi chinh luu trong thdi gian thyristor din dién bing dién 4p ngudn va trong
thdi gian dong tdi gidn doan bing sifc dién dong cia tdi u,=E.

4 0, VI a] 1 o
10 | f 1 1
0.5 U 1 1 - 1 1
I=| !
Wi ’ 2ol K Par .
| - [ig} s . 1
i b8
e G N~ o)
U Fi Josqr wé uvi=(u-E}
u 1= . I
l(’:\;" 0.0 i :I"/! i
L ! L_/ : L/
-as- . .
i 3 1 1 1
+ 10 . ! 1
© 0.4 . ud= _E - )
E é B ﬁ? wi=E r\ |
0.2 1 1
0.0
Sl I T T T T T :\ T |1D-3
H=2 25 u] 5 10 15 lehlilE 25 30 35 40

Bo chinh luu mach tia ba pha mic vao tdi thuan trd R = 10 Q. Ngudn xoay chiéu c6 tri
hiéu dung 4p pha bing 220 V, » =314 rad/s. V& d6 thi va tinh tri trung binh clia dién 4p va
dong dién tai trong hai trudng hgp géc diéu khién:
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a/-a=—[rad]
9

b/—a= 2n [rad]
3
Gidi:

Trudng hgp a = %[rad] dong qua téi lién tuc (hinh H2.27a)

Trudng hgp a = 2?ﬂ[rad], dong qua tdi bi gidn doan. P thi cdc qué trinh dugc vé trén

hinh H2.27b

10
0,357
0,307
0,257
0,207
0,157
0,107
0,05
0.00-

T T
] £ 40 15 20 25 S0 35 40
TIME
Vio ¥l O w20 W3O

e
o 15 e

0.30|
0284 [. i,
0.20-
0.15-
0.0
005 |/
0.00-
T T T T T J
@ 5 10 15 20 25
TIME
H2.27F
a/_
Uy = 3\/5 U.coso = 3JE .220.cos| = | = 241,78[V]
2n 2n 9
U 241,78
|, =—9 =572 _24178[A
R 10 (A

b/-U, = %J-: U, .sinx.dx = 35’” {1 + cos(a + gﬂ
—+a T
6

3
U, _3J2.220 1+cod ZE+ T = 19,9[v]
271 3 6

I, _Us 199 _ 1,99[A]
R
Vi du 2.16:
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Dién tl céng suét 1

B6 chinh lvu mach tia ba pha diéu khién mic vao ngudn U =220 V, w= 314 rad/s. T4i
c6 RE, R = 10Q, E = 50 V. V& cdc qué trinh 4p va dong tdi va két luan. Cho biét géc dicu
khién :

T
a/—o=—[rad
o= [rad]

b/-a=2[rad
o 2[ra]

Hudng dén
Pé ¥ ring:
(< Vo= E
R
Do do, khodng thdi gian xuat hién (ug - E) < 0 theo qui tic dong lién tuc s& dugc thay
bing ch& do dong gidn doan iz = 0.
Ap tii lic do6;
uu=Ri;3+tE=R.O+E=E
hay uw=50V
K&t qud 4p cho trén hinh v& H2.28a khi o = n/6 va H2.28b khi o = /2
wo V3O V1 og V2 g Ve o V10 w2 st

nH T et . ¥ z
0.3 B o ' i i i
0.2 i : af
1 1
| : 1 id ' : : =
0.4 E i . = —[rad]
1 i ] 6
0.0
-0.1
-0.2
0.3
b
'3
o = —[rad)]
2
Y
id
-0.1
-0.2
-0.3
I:Ilﬂli_l T T T T T T I1I:|-3
0 5 10 15 20 25 20 35 40

TIME

H2.28
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Dién tl céng suét 1

Vi du: Trong khodng a<X<X;, V,V, déng, V3V, ng'c‘it: ug=u; igz=(u-E)/R
Trong khodng X;<X<n+o: V1,V,,V3,V, bi ngét 1d=0; ud=R.id+E=E

Véi X, 1a nghiém phuong trinh:
Up.sinX;=E
Gidi ra va chon nghiém X,=170,7°
Dong dién tai cho bdi

ug —E

R
Tri trung binh dp tai
1 ra+rm

Uy = ;J. Ug.dx

a

Id_

1 % a+r
Uy = ;L Ug.OX + ><Ilf.dx
K&t qua Ug=224 [V] khi a = Tc/6 va Ug=257[V] khi a = n/2 .
Vidu 2.17
Cho b6 chinh Ivu mach cAu mot pha diéu khién hoan toan tdi R. Géc diéu khién

a:%(rad)

Ap ngu6n u =220+/2 sin314t [V], R=10 Q. Tinh Uy ,I4 va cong sudt Py .

Trudc hét, ta 4p dung qui tic phan tich tdng quét bo chinh luu v6i dong tai lién tuc va
xdc dinh dién 4p uy . Tir gid tri cia 4p ug , ta ki€m chitng nghiém dong iy xem c6 théa man tinh
chat linh kién khong (ig > 0). N&u khong théa min diéu kién dong, thi khodng xui't hién dong ig
< 0 khong thé 4p dung qui tic cho dong lién tuc dugc. Lic d6, dong tdi gidn doan ig = 0 va ta
xdc dinh lai dién dp uy trong khodng dé.

A Zy° 92 . N s u A ~ N ~ 2. L3 2 Nyt . 7z
D61 véi tai R, vi iy = ?“ nén rd rang dong tai gidn doan trong khoang thdi gian dp ug

xdc dinh theo qui tic dong lién tuc ¢ gid tri Am tic ug<0.
K&t qua dién 4p va dong dién tdi dugc vé& trén hinh H2.29

g0° Mug VIVZ O VIV O VIV2, 0 VIV
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Dién tl céng suét 1
Vi du: trong khodng a<X<mn: ug=u; ig=u/R
Trong khodng n<X<n+a: i4=0; ug=R.iz=0
Tri trung binh dp tai :

= JQJZ dx
=—JU smxdx_2U Hcﬂ
T 2
_ 2x/_.220.1+0 _es V]
V4 2
Tri trung binh dong téi :
U, 99
ly=—9=""=99 A
4= " 10 [A]

Cong suit trung binh trén tai :

1 potn 1¢nu 1= (U,, sina)?
Py=—| ugigdx =—| “Zadx=—| —2"——dx
K&t qua:
U2
P, =—M 2420 W
4R

Vi du 2.18
Cho bd chinh lwu mach cAu mot pha diéu khién toan phan. Ap ngudn u = 220+/2 sin314t.
Tai R=1 Q, L = 0,01 H va E. Mach & trang thai xdc lap v6i géc diéu khién o = %Z(rad). K&t

luan gi vé trang thdi 4p va dong tdi néu :
a./- E=150[V]>0 b/- E=-150[ V] <0

*1Q

idi:
O trang thai xdc 1ap :
Us=R.I4+E
Gia st dong téi lién tuc , tri trung binh di€n 4p va dong dién chinh luu:

Uy =iu cos a =i 220003( 3 j:—99 V]

v
, - Ya—E
R
a/-NEuE =150V
lg= 210 49 A
10

diéu nay khong thé x4y ra .

Viy trong trudng hgp nay dong tdi gidn doan. Qud trinh dién d4p va dong tai trong chu
ky 4p ludi gom 2 khodng:

21/3<X<X; dong dién din qua mach (u,V{,RLE,V,):

Ug = U = 2204/2.sin(3141)

: di
Ug = Rig + L.d—:+ E
R =1Q,L = 0.01H,E =150V
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Dién tl céng suét 1
Vi ig(a)=0
X, 1a géc tuong ng thdi diém dong dién iy dat gid tri 0.
Khodng X;<X<o+m, dong dién tai gidn doan:
id:()
u;=E=150V

b/-N&u E=- 150 V
| - ~99 - (~150)
10
Do d6, dong tai lién tuc va bo chinh lvu 1am viéc & ché do nghich luu. Dang dong dién
va dién 4p cho hai trudng hgp dugc vé€ trén hinh H2.30.

=51 A

E=180w E=-180%

3 d 3 H
10” Wy 107 w3waiviva  Jwsve fviva s |
0.3 049 —

gy
0.2 .
02| ]\ R R
CEUy 0.0
E
0.0 , 0.2
0wl 0iwsi 0 Wi o V3
0.1 P —— -0.4-
e wy 2 w4 A
10” [ id
207 015
15
. 0.107

&7 0.05
0 s 3
S T T T T = Dlels T T T T i

20 20 40 &0 B 20 30 40 50 B0

TIME TIME
H2.30

2.7-MACH LOC AP TAI VA DONG TAL

DPé€ han ch€ thanh phin xoay chiéu cda 4p chinh luu va do dé 1am gidm d6 nhap nho
dong dién tai, ta c6 thé:

1. Ting s6 xung dién 4p chinh luu, vi du st dung mach nhiéu pha, dang ciu.

2. Dung tu loc.

3. Dung cdm khang loc.

4. Dung diode khong, mach diéu khi€n ban phan.

Vi du 2.19:

Tinh todn mach tu loc C cda bd chinh luu cau mdt pha tdi R
(xem hinh H2.31)

Gidi:

Phuong trinh dién 4p tdi khi cdc diode dan:

Uy =|Up.sin x|

va khi diode ngit:
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Dién tl céng suét 1
) —(x—ey
ug =(Up,.sind).e ©RC

G6c 0, tai vi tri dong qua diode bi ngit, dugc x4c dinh theo hé thic:
0 = arctan(-oRC) = —arctan(oRC) +

Dién 4p 16n nhat trén tii bing bién d6 4p ngudn va dién 4p nhd nhi't xdy ra tai thdi
diém (n+a), ta cé:

) —(n+0¢—6y ]
(U,.sinB).e ©RC = _U,,.sin(t+a)

< .. ) —(Tc+a—6y ]
Tu doé: (sin6).e ©fRC _sin(n+a) =0
Gid tri o can xdc dinh bing phuong phép tinh sd.
Do chénh 1éch gifta dién 4p 16n nha't va nhd nhit dién 4p tdi bing:
AUy =Up, —|Up.sin(r+o)| = Up,.(1-sina)
Vi cdc gid tri R, AU, cho trudc, ta c6 thé x4c dinh dd 16n tu C.

3

id 107 0 Wi 0 it 0
— o I o T
oxl L Y
Wi Wi 0.2 ] ! \ '
1 1 1
- oaql/S 0 o
: C b Co
UJ/ L ud 00" : : T ;
T s T
A 10 ! ; !
‘-MT Wa o : | .
+ E I:.]E n ﬂ::ﬂ:+ﬂ! 3
10~ — | 110
40 50 &0
H2.31 e

Thong thudng: wRC >> ;0 ~ % o~ 7/2 . bién 4p thap nhat clia ti c6 thé gia sk bing

gid tri 4p tai thdi di€m x=r. Ta c6:
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Dién tl céng suét 1

gt Wy 1= Wy
0.5 0.5
id 0.0 /N 0.0+ AN
Iatatel 05 0.5
i 103 uc 103 uc
0.3 0.4
| [ 0.2 b e T, 0z
1] —— 2
— |:| LR
Fi 0.0- a0~
107 M g 0= M g
0.5 0.4
. 0.2
0.2
0.0
-0z~ 0.0-
id 107 Mg
30 0.05-
Hz.3z2 207 [ T /\/\/\/\
0.00
10
0- 0.05-
I I I I 1 I T T T 1
20 20 40 &0 i 20 a0 40 50 A
TIME TIME

U (TE+0L)_U e—(n+n/2—n/2)/anfC_U e—n/mRC
d ~—“m- ~—“m-

Tt d6: AUy ~U,,.(1-e ¥FC)~u_|1-(1-—L)
oRC

AU nUn Uy
¢ WRC 2fRC

Dong dién qua t3i trong vi du trén c6 tinh gidn doan. P& cho dong dién tai lién
tuc, cdm khdng loc cin dugc sit dung (hinh H2.32). Trong trudng hop két hop véi tu C,
mach loc LC dudc vé trén hinh kém theo. Viéc chon cdc gid tri cAn thi€t cia mach loc
c6 thé thyc hién bing gidi tich, dua theo phan tich séng hai bing chudi Fourier. Tuy
nhién, viéc tinh todn c6 thé don gidn hon nhd st dung phin mém mod phdng. Trén hinh
vé H2.32, cdc db thi minh hoa k&t qua 4p va dong dién tai vdi hai gid tri khdc nhau cla
cudn khéng loc.
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Dién tl céng suét 1

2.8 - HIEN TUGNG CHUYEN MACH

Trong cdc phan trudc diy, bo chinh Ivu duge phin tich vé6i gid thi€t bd qua
cdm khdng trong cda ngudn 4p. Hé qua 1a qud trinh chuyé&n mach giita cic nhdnh
chita thyristor dién ra tic thdi. Trong thuc t€, ngudn c6 cdm khdng trong lam
dong dién qua n6 khong thé thay ddi dot ngot. Vi thé, hién tugng chuyén mach
gifta cdc nhdnh chita cdc thyristor khong dién ra tic thdi ma kéo dai mot khodng
thdi gian, hinh thanh trang thdi cdc nhdnh chda thyristor cing din dién. Hién
tugng nay dudc goi 12 hién tugng tring din (overlapping) hodc hién tugng
chuy&n mach (commutation).

Xét bo chinh luu mach tia ba pha diéu khién (hinh H2.33)

o e D O e o O Vo e ST e AL I e T
id TV T T "W ] K]
. L2 u3 ud

X!
INCRORENNN

vz R K
Ao B2 iva L w
b ¥ Db .‘%: ek ke O E R o e

55
—
i@_
==
m
{"_
|||"
ol
-
__1_ E_
T —_
B
| R
13
| -
%?
I ol I

Ngudn xoay chiéu cé cdm khdng trong L.
Trang thdi V3:
Gi4 thi€t dong qua ti lién tuc va V3 din dong dién. Khi d6, dong dién tdi
din qua mach (u3,Ly,V3,RLE ). Phuong trinh md td mach:
U3 =0 ;i =1y

Uy =u-u33i =0 ;up=u-u3;in=0 (2.43)
Ug = U3
. di
Uy =Riy +L.—9+E
d d dt

Trang thdi (VIV3):

Tai thdi diém dua xung kich déng cho V, (géc a ), do tic dung ddng thdi
ctia dién 4ap khod va xung kich déng, V,; déng .

Do V; méc ndi ti€p v6i L, nén dong qua né ting lién tuc tr gid tri 0. Tudng
tu , dudi tic dung cda dién 4p chuyén mach (us-u;) va cim khang L,, dong dién
qua V; gidm mdt cdch lién tyc tir gid tri dong tdi. HE phuong trinh m6 ta trang
thai mach:
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Dién tl céng suét 1

diy (2.44)

Ug = Rig + L.%’+ E
uy; =0 ;uy3=0
Gia st khodng thdi gian tring din nhd hon nhiéu so vé6i hiing s thdi gian
clia tdi chinh luu, c6 thé xem dong dién t3i khong thay ddi do 16n. Do dé:
1,1 + 1,3 = I = const

vy divs _ (2.45)
dt  dt
Tu dé din gidi:
. u, —u
diy; = ——dX 2.46
1 20l ( )

Biéu dién cdc hé thifc trong hé truc toa dd mdi O’X’ v6iO’ dich sang phai

cia diém O va 05’:%, ta cé: U —Ug =Um\/§sin Xax’ (2.47)
Tur do:
i (x X'
I'V’( di, [ V3Un i xax (2.48)
iyi(a) o 2oL,
S (v 3U, '
= iy (X)) = iys(a) = (cos o - cos X') (2.49)
20).Lb
Do iv[((x,)= 0 , nén
iy (X') = VU, (cos o~ cos X') (2.50)
2oL,
lyg =lqg =iy =lg =iy (2.51)

Do thi bi€u dién cdc hé thitc dong dién cho thay i,; ting dan tir gid tri 0 va
dong i,; gidm dan tir gid tri Iy.
Trang thdi VI:
Trang thdi V, ,V; ciing din s& kéo dai dén vi tri X, thda min:
vi(X',)=1q
ivi(Xi) =0 (2.52)
Lic d6, V; bi ngit vi khong cho phép dong qua né d6i dau. Hién tugng
chuyén mach két thic, dong dién tai khép kin qua mach chda (u;,Ly, ,Vi,RLE),
phuong trinh mé ta mach c6 dang:
Uyy =0, iy =iy
diy

Ud =+U1—Lb?

(2.53)
Uyp =Up — Uy +Lb7; fy2 =0

Tuong tu nhu trén, ta c6 thé xét qud trinh chuyé&n mach giita V,,V, va V,, V.
Goi t, va X, 1an lugt 1a thdi gian chuyén mach va géc chuyén mach X, =o.t,
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Dién tl céng suét 1

Do 16n géc chuyén mach p dude suy ra tir diéu kién két thic hién tugng
chuyén mach:
vi(X)=ila+u)=14, X'=a+u (2.54)
K&t qud la:

20l 1
U= aI‘CCOS[COSa _ 20kl J—a (2.55)
Jau,,

Géc chuyén mach (va thdi gian chuyén mach) phu thudc vao géc diéu
khién o, vao d6 16n dong dién tdi v cAm khdng trong cud ngudn dp

Cic hé qua:

1. Hién tugng chuyén mach lam gidm 4p tdi. Vi du, trong thdi gian chuyén
mach giita V3, va Vi, tit hé phuong trinh (2.44) ta suy ra dp tai c6 dang:
_titls Wb (2.56)

2 2

Trén hinh vé H2.34, ta thd'y dang 4p chinh luu bi mat di mdt phan so véi
trudng hgp dp ly tudng (L, = 0). Do d6, trong mdt chu ky dp chinh luu, tri trung
binh dién 4p tai bi gidm di AUy .

Uy

T [y g B[ s g
Mge = 7 [ v -ug)ax _an 52 dX (2.57)
3
Tu (2.46) ta suy ra:
3 iyg(atp) 3ol
AUdX :Z_TE(DLbJ :—b.ld

iyi(a)
Néu dit: R, = ?Lb
i

Ta co: AUy = Roply
bién 4p trén tai thuc t€ c¢6 do 16n:
AUdX S Udo.COS o — Hcm/d (2.58)
. X
Véi R, = P70 (2.59)
27

hoic R,, = PXb (2.59b)
T

Cong thic (2.59a) 4p dung cho:

- bd chinh luu tia mot xung v46i diode khong (p=1);

- bd chinh Ivu cAu mot pha diéu khi€n ban phan khi o > 0 (p=2);

- cdc bd chinh luu tia m pha diéu khién hodc khong diéu khién, c6 hoic
khoéng c6 diode khong (p=m);

- céc bo chinh luu cAu ba pha diéu khién hoan toan va khong diéu khién

(p=6);

- bd chinh luu ciu ba pha diéu khién hoan toan véi mot diode khong khi
a < 7/3 (p=6)

- bd chinh lvu cAu ba pha diéu khién hoan toan véi hai diode khong
(p=6)

Cong thuc (2.59b) 4p dung cho:
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Dién tl céng suét 1

- bo chinh luu cAu mot pha diéu khién hoan toan va khong diéu khién
(p=2);

- bd chinh Ivu cAu mdt pha diéu khi€n ban phan khi a =0 (p=2)

- bo chinh luu cdu ba pha diéu khi€n hoan toan v6i mot diode khong va
a > /3 (p=06).

- bo chinh Iuu ciu ba pha diéu khié€n ban phin (p=3).

2. Hién tugng chuyén mach han ch€ pham vi géc diéu khién a. va do dé
han ch& pham vi diéu khién dién ap chinh luu .

Khi phdn tich qud trinh dién dp va dong dién cta thyristor trong cdc dang
mach chinh luu co ban, véi géc diéu khién a va bd qua hién tugng chuyén mach
(Ly=0), ta c6 gbc an toan cla thyristor y :

Y=ot =1-a (2.60)
ty 1a thoi gian khoi phuc khd nidng khéa cta thyristor.

N&u thyristor ¢6 gid tri y cho trudc, gia tri géc diéu khién cuc dai cho phép
c6 do 16n bing:

Oy ==Y (2.61)

N&u xét ca hién tugng chuyén mach v6i p 13 do 16n géc chuyén mach, do
16n géc an toan con lai clia thyristor biing:

}/=71—(0{+,u)=7z—a—,u (2.62)

Véi gid tri y cho trudc ctia thyristor, goc diéu khi€n 16n nhat cho phép c6
gia tri:

Olmax =T - W -Y (2.63)

R6 rang, pham vi géc diéu khién o & ché dd nghich luu bi han ch&. Géc
chuyén mach ciang 16n (vi du khi dong t3i 16n , Ly 16n), g6¢ Olmax cing gidm. Trén
thurc t& Oty thudng 14y gid tri khodng 160°—165°.

DO Omax gidm nén tri trung binh dp chinh luu trong ch€ do nghich luu bi
gidm theo:

Udmin S Udo-cosamax - Xcm-Id (264)
Trong trudng hdp mach tia ba pha, ta d& dang suy ra:
20.1
Ugmin =Ygod cos(z —y)— D1,y | = Xl (2.65)
d min do |: ( ) x/§U . d :l cm-'d

Véi y cho trude, dién 4p trung binh nhd nhit clia tai phu thudc vao dong tai.
3. Hién tugng chuyén mach lam bién dang dién 4p ngudn .

BIEN AP FHa 1 BI BIEN DaANG DUST TAC DUNG CTla HIEN

TUGNG CHUYEN MACH Phan tich dién

4p pha ngudn tai cdc

/‘—J\ di€m A hodc dién 4dp

day gitta hai diém

0 AB (hinh H2.35), ta
thdy né bi méo dang,

. - trén do thi dién dp

H2.35 pha hinh H2.35 xuit
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Dién tl céng suét 1

hién cdc gai va 10m dién dp. Cdc 16m va gai dién dp c¢6 do 16n ti 1€ vGi gid tri cam
khdng L, va dong dién tdi. Do do, n€u mic cdc tdi tiéu thu khdc vao mach ngudn
chung vdi bd chinh luu, sy bi€n dang 4p ngudn giy ra do tic dung chuyén mach
ctia bo chinh luu c6 thé khong chap nhan dudc.

D€ han ché d6 bi€n dang clia 4p ngudn, ngudi ta khdng mic truc ti€p bod
chinh lvu vao 1u6i dién ma thong qua mdy bién 4p hoidc cudn khang. Mdy bién 4p
trong hoat dong mach tdc dung nhu cuén khang loc véi do 16n xdc dinh bdi cam
khdng tdn cda cdc cudn diy. Cau triic mach ngudn ddu vao bd chinh lvu c6 dang
thay th& v& trén hinh H2.36.

XEI }(T _
Pt Tai
oy chinh
u lru

Phy
tal

[ 1

H2.36

Hién tugng chuyén mach tic dung 1am ngin mach giita cdc pha nguén. Cdm
khdng hoiic mdy bi€n 4p mic ndi ti€p véi bd chinh lvu ¢6 tdc dung tuong duong
cam khang Lr. Do ¢6 Ly, dién 4p ngidn mach tai diém A phu thudc vao ti s6 cim
_

L,
nhién, viéc ting Ly lai khong c6 1¢i vé khia canh sit dung mdy bién 4p va dién dp
chinh luu gidm nhiéu do chuyén mach.

Do 16n dién 4p tai cdc vi tri A lic chuyén mach xdc dinh theo hé thifc gan

khdng L, va Ly trong mach, néu rat 16n, dién 4p Iu6i cang it bi€n dang. Tuy

ding :
Ua=U—2T__ Xp=oLr ,X,= ol (2.66)
A — Xb N XT ’ T — T » b — b .
Trong thuc t&, gid tri Xt thudng chon trong khodng
U
Xr = (0,04 -0,1). Ii (2.67)

2f
Uy, I 12 tri hiéu dung dién 4p va dong dién dinh mifc cia ngudn cip
cho tdi (vi du dién 4p va dong dién pha thit cAp may bién 4ap).

Vi du 2.20:

B6 chinh Ivu cAu mot pha diéu khi€n hoan toan mic vao tdi dong cd mot
chiéu. T4i c6 L, rat 16n lam dong tai phing iq = 100A. Ngudn xoay chiéu c6 tri hiéu
dung U =380V, L,=0,001H, R, = 0,01Q, ® = 314 rad/s. BJ sut 4p trén mat linh ki€n
1a 2V.

a/- Phin tich hién tugng chuyén mach
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Dién tl céng suét 1

b/- Tinh dién dp 16n nh4't do bd chinh Ivu cung c4p cho tai

c¢/- Tinh do ting ( it jmax

d/- Tinh d6 16n géc chuyén mach u khi o =0
e/- Tinh géc diéu khién oy, gid thiét thdi gian khdi phuc kha ning khéa ciia
SCR 1a t; =50pS

Gidi:

a/- Gia sit V3,V4 dang din, V1,V2 bi ngit. Trong nira chu ky duong clia 4p
ngudn, tai vi tri tuong &ng géc kich a, xung kich dwa vao V1,V2 lam cho ching déng.
Do tic dung Ly, hinh thanh trang thdi dong din dién cda V1,V2,V3,V4 véi hé phuong
trinh mo ta sau:

3 WLV VLW VIVI VIVE VI VIWI OVIVI V3
Va4 qrzary T 311 CWEWA . WIS W4
1 T T Nud: f . LT
: % e L/

A -t .
a S 4 S
: £ . T : T
A s LA
Tl r: o & ~D £

a 4 ki & sy : e 1: *_M_;
i ' ivi vl

; >< >< X X

HZ.37

g +iyg =g
di
u=>L,.—
Lo dt

e Vil Pl Vil VE
Ug = —Uyg —Uys =0

Giai hé phuong trinh trén ta thu dugc géc chuyén mach:
2.14.0.L
V2u ]
b0 ting dong di€n qua SCR (vi du khi déng V1,V2):
dl\, U2

dt 2L,

= aI’CCOS(COSa

——sina

b/-

b6 sut dp trén SCR: AUy=2 x 2V =4[ V]

b6 sut dp trén Ry: AU, = 0,01 x 100= 1[V]
Do sut dp gy ra bdi qud trinh chuyén mach :
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Dién tl céng suét 1

AUy = Ry ly = 22202 100 - 1991V]

Dién 4p trung binh 16n nhat bo chinh luu cap cho tdi :
Udmax= Udo - (AUy ;AUrp+AUxy, )

22

Udmax = 7.380—(4+1+19,9)= 317,7|V]

c/- Tinh d¢ ting dong qua SCR khi déng:
ﬂ = U~z ﬁ sina

dt 2L,
Do ddc  dat cuc dai khi o = % . Liic dé6:

( diy. ] 38042
max

dt 2.0001
d/- Géc chuyén mach khi a. = 0
2.14.0.L,
—_— |-
J2u J
2.100.314.0,001} o

J2.380

=0,2687.10°[A/ s] = 0,2687[ A/ 1.5]

= arccos[cosw -

= arcc cos[cos 0-

4 = 0,488[rad] ~ 28°

C.-
7 = wiq = 314.107°.50 = 0,0157[rad] ~ 0,9°
COS Opgy = 2100 3140001+ cos(z —0,0157)

J2.380

COS pay = —0,8830 = @y = 2,653[rad] ~ 152°

2.9 MAY BIEN AP CAP NGUON CHO CAC B0 CHINH LUU

2.9.1 CHUC NANG CUA MAY BIEN AP

M4y bi€n 4p diing 1am ngudn xoay chiéu cho cdc bo chinh luu c6 cic chitc
nang sau:

1. Cung cip dién 4p ngudn c6 dd 16n phit hdp véi yéu ciu clia tai.

2. Céch ly 4p ngudn cdia bd chinh luu véi 1u6i dién. Do d6, tdi c6 thé chay
ngdn mach trong thdi gian ngin.

3. T4c dung loc cdc song hai bac cao.

4. Tao thanh cdm khdng chuyén mach, do d6 han ch& sy bi€n dang giy ra
tir qua trinh chuyé&n mach.

5. Tao hé thdng ngudn xoay chiéu nhiéu pha dé€ cung cip cho bd chinh luu

nhiéu xung.

. % Hp %Tgp é/‘\iﬂp 292 TINH TOAN
3 5 5 MAY BIEN AP
L Phédn tich dang dién dp
¢ P, va dong dién mdy bién dp

e £l o £
cMes ¢ l2e F |13s L— oo
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Dién tl céng suét 1

Phan tich chinh xdc qud trinh dién 4p va dong dién mach mdy bi€n 4p c6
thé dat dugc bing cach gidi bai toin mach dién tir. Tuy nhién, viéc gidi toan
tudng doi phic tap. Trong thuc t€, ngudi ta thudng gidi bai todn dudi dang dugc
don gidn héa. Trong vai trudng hgp don gidn, dong
dién tir h6éa dugc bd qua.

Dién 4p phia sd cAp va thit cdp dugc xem cb
dang sin va i s§ cdc dién 4p nay bing ti s§ vong
ddy cudn sd cAp va thit cap. F1 Fo Fa

Dong dién qua cudn thit cAp dugc xdc dinh phu
thudc vao cau hinh bd chinh lvu. Dong dién cudn thit
cAp dudc xdc dinh phu thudc vao thanh phin xoay
chiéu clia dong qua cudn so cidp. Thanh phan dong
dién mot chiéu qua cudn thit cAp c6 tic dung dua
trang th4i mach tir vao ch& do bdo hoa nén cin dudc
han ché.

HZ.39

Vi du, xét mdy bi€n 4p ba pha mic vao bd chinh luu tia ba xung nhu trén
hinh H2.39. B4 qua dong dién tir hda, sdc tit ddng F1, F2 va F3 (hinh H2.39) trén
céc tru mdy bi€n 4p dat gia tri nhu nhau:

F1=F2=F3 (2.66)
Gi4 thiét cdc cudon diy dudc quan ciing chiéu, ta c6:
Ngizs = Npiiny = Nodgs — Ny = Nydgs — N g (2.67)

N,.. tong s8 vong diy trén mot pha phia so cAp
N,.. tdng s& vong diy trén mdt pha cudn thi cdp
P& don gidn, gid thi€t Ne=N,=N, ta thu dudc:

Qua trinh dong dien mach 20 wa thu cap MBA hs — Ilp =l — I2p =l3s — I3p (268)
i . Ar T PN
a1 binh luat Kirchoff cho niit dong
! ! I A
dién cho ta:

lp +ipp +i5p =0 (2.69)

Dong dién qua cudn sd cip:

— 2"15 —lps — g .

i

i ;
o= = | 1p 3
Wiz 1 L 2y — g — e
2 1 T T ] ] |2p = —3 5 (270)
1 1 | 3 |
] - - -

e l, : I. i 2ds —hs
ome o ) * 3
o- | ] ! [ ] I Qud trinh dong dién qua cdc

= ] i ; ] : ) A e R
i ! | : . . pha ctua cudn so cip va cudn thit cap

Wiz |, L dugc v& trén hinh H2.40.
17 T 4
o I .I I ' .I
1 : ! : [ : Tri hi€u dung dong dién qua cudn thi
A4 . . , : o .

izp | [ : | i cap va cudn sd cap:
1 t T t T
0 —! : T I I
JL ! ) I ! -3
e T LB 1 =

0 5 40 15 20 25 30 35 40

TIME
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Dién tl céng suét 1

2n

1%, I,
I, = |- [i2ax =< (2.71
s on .([ 1s /—3 ( )
1 J2
_ |12 _ ) N&
=5 ! ifp0X =k "y (272)

véik 12 ti s6 mdy bi€n 4p.

Dinh miic dién dp phia thit cdp mdy bién dp:
Goi: - Uyl dién 4p 16n nhi't clia tdi
- AUgrla tf;ng cdc sut 4p tao nén bdi cdc linh kién
- AUgmax 12 t6ng cdc sut 4p cuc dai tao trén dién tr§ diy din va

dién trd ngudn
- AUgemax 40 sut 4p cuc dai gdy ra bdi qua trinh chuyén mach
Tacé:
- AUgr =n. AUt
- n: 12 s6 linh kién trong mach mic ndi véi tai & trang thdi din dién
(khong xét trang thdi chuyén mach )
- AU,1: dd sut 4p theo chiéu thuin trén mdt linh kién
- AUdmax = Ry Lgmax
- Ry :1a tdng tr§ cia diy din, clia ngudn trong mach & trang thdi
din dién
- AUgxmax = Xem-Idmax
- Xem : tré khdng chuyén mach, phu thudc vao cdu tao mach
- Tamax : dOng di€n tai cyc dai cho phép.
Dién 4p chinh Ivu phéi thda min diéu kién:
Udmax = Ud0.€080min = Uimax ¥AUgr + AUgxmax + AUdrmax (2.73)
D6i véi mach chinh luu tia ba pha:

Ugmax = ﬁu .COS Upmin (2.74)
2z
Chon:
3V6
amin = 0 = Ud max = _;/ﬂ-_ U (275)

Tir d6, dién d4p ngudn phia thit cAp mdy bi€n dp duge chon sao cho

3v6
ZU > Uimax + AUgr + AU g max + AU g max (2.76)

Utmax + AUdT + Ademax + AUdr max
3J6
2T
Né&u dién 4p ngudn dugc phép gidm xudng thip nhitbing b.U (0<b< 1),
ta can c6:

hay U> 2.77)

+ AUdT + Ademax + AUdr max

3

27

b. U > Jtmax (2.78)
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Dién tl céng suét 1

Utmax + AUdT + Ademax + AUdrmax
36,
2
Trong trudng hop st dung bo chinh lvu kép va diéu khién né theo phuong
phap d6ng thdi doi hdi oy, > 0. Khi d6, thay vi cosou, = 1, ta cin gilt nguyén
biéu thic cOSOmin trong hé thic xdc dinh U.
Néu tdi phadi lam viéc & ch€ dd nghich luu va c6 gid tri thAp nhat Uy,
( Umin < 0 ), bd chinh luu hoat ddng véGi géc diéu khién tuong Ung Olmayx - Ngu@n
phdi c¢6 khd ning nhan ning lugng tir tai dua vé. Khi d6, diéu kién thiét 1ap giita
ap chinh luu va phia tai la:
IbU 40-C0S Gmax| 2 [Upmin + AUgr + AU e max + AU gr max (2.80)

hay U>

(2.79)

Do céc biéu thifc trong dau tri tuyét d6i déu Am nén ta suy ra:
bU 40-€0S Zmax < Uimin + AUgr + AU gmax + AU gr max (2.81)
Ta chon ngudn sao cho:
b.Uyg0.080max < Utmin (2.82)
B6 chinh luu mach tia ba pha:
36
2

b.——U.cosamayx < Uimin (2.83)

Do coson.x < 0, nén:

Us—_Yimn (2.84)
36
—— b.cos o
27
Dinh mitc dong dién phia thit cdp mdy bién dp
Dong dién dinh mic cudn thit cAp dudc tinh theo tri dinh mic clia dong tai.
Theo ké&t qué phan tich dong dién qua mdy bi€n 4p, ta ¢c6 cho mach chinh luu tia
ba pha:

|
[[ =4 (2.85)
V3
Dinh mitc cong sudt biéu kién ciia mdy bién dp
Vi du xét bo chinh Ivu mach tia ba pha. Cong suit bi€u ki€n mdy bi€n 4p:

S,+S
S, - % — kP, (2.86)

- k12 hé s0 sit dung mdy bién 4p
- S, S; 1a cong suat bi€u ki&n phia sd cap va thit cAp mdy bién dp
- Pyla cong sudt tai
- Sp=m,.Up.I,
- S, =m,. U,.I
- my: 1a s6 pha
- U.I: tri hi€u dung di€n 4p va dong dién
Tur k€t qué phan tich dong dién qua may bi&n 4p, ta c6:

Lol
V3
=K.

IS

g I (2.87)
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Dién tl céng suét 1

Tri hiéu dung 4p ngudn:

2n
Uu,=U=—%=U (2.88)
s 3\/5 do
1 1 2n U
U, =—U,=—U-= .—d0 2.89
PR Tk T Tk 25
Tw dé
2n U, V2
S, =3U,l, =3. =do X= 2.90
P p'p 3\/5 k 3 d ( )
27 2
S Ugoly = P
p 3\/5 do'd 3\/_ d
/ N
S, =301, =32y, Y3 p 2.91)

a6 V3 3
J3

va St = l[ﬁ Pd -‘r? .TC.PdJ = 1’35Pd (292)

2(3J3

Vi th€, hé s& st dung may bi€n dp k, = 1,35

M4y bi€n 4p ba pha ddu dang Y-Y c6 tham s6:

Cong suit bi€u ki€n S; = 200 kVA

bién 4p ngdn mach u,, =5%

Cong suat tdn hao AP; = 5,14 [kW]

bién 4p day phia thit cAp Uy = 880 [V]

Dong dién dinh mic phia thit cAp Liam = 131 [A]

Xdc 1ap cdc tham s& mach ngudn tuong tuong qui ddi sang phia thit cap.

Gidi:
Thanh phin dién 4p ngin mach trén dién trd trong mdy bi€n 4p u,:

AP, 3
b AP _51410° oy

S, 200.10
Dién trd va trd khang trong may bi€n dp quy ddi sang phia thit cap:

U
R, =u.—2 00257989 _0099710)
NEY - V3.131
u

o ——3— = 0,06.————
NEY J3.131
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Dién tl céng suét 1

J—

B B
[— e |— |+

Vi du 2.22:
Cho bd chinh luu ciu ba pha diéu khié€n hoan toan. Ngudn dién dp xoay chiéu
147y tir phia thit cAp U =220 V, tdn s8 ® = 314 rad/s. Tai R = 0,1 Q, L rat 16n diing lam

2 A e T
dong tdi lién tuc va phang, E =200 V, gbc diéu khién o = 3 [rad].

a/- Tinh tri trung binh 4p Uy va dong I, .

b/- Tri trung binh va tri hi€éu dung dong qua SCR.

c/- Tinh tri hiéu dung dong dién qua ngudn xoay chiéu.

d/- Gia st trong qué trinh diéu khién do ti thay d6i (E), o thay ddi trong pham
vi (0,m). Dong tai dugc diéu chinh & gia tri xdc dinh & cAu a/- . Tinh cong suit may
bi€n 4p.

Huéng dan;

al-
U, =3—*@.U.c05a :ﬂ.zzo.cos Tl-257 V]
Vs T 3
| _Ua-E_257-200 .,
4 R 01
b/-
iy = '?d — 1906[A]
ltruts = %.Id - \/%.572 = 330[A]
c/-
d/-
S %
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Dién tl céng suét 1

Udmax = 'Ud 4 (OL :0)
N

U, =2 U,
Ns

A

p_N 'SG_N S
4 4

Tir cdc hé thic trén, ta ¢ thé suy ra dugc:
S = I,OS.Udmax .Id

3/6

Ugmax = ——.220 = 5145[V]
T
Iy =572[A]

S =1,05.514,5.572 = 309068 VA
S =309 kVA

Vi du 2.23
Tinh todn dinh mifc m4y bi€n 4p, mach chinh luu. Cho bi€t by chinh luu mach
cau ba pha cAp ngudn cho dong cd mdt chiéu kich tir doc 1ap. Pong co c6 tham sd:

Uyam = 400 V
Tuam = 188 A
Ry=0,051Q

Ngm = 470 v/ph

Do sut dp cho phép cua luéi dién 1a 5%

Do sut 4p trén mdi SCR khi déng 1a 2 V.

Dong dién cuc dai cho phép clia dong cd bang 1,5 L.

Gidi:

Viéc dinh mic dién 4p ctia ngudn ( mdy bi€n 4p) phai théa min yéu ciu 4dp
cung c4p 16n nhat do phia tai yéu cau:

Tac6:  Urmax = Rulumax + € 9 kiam-Oam

Hing s6 kich tir dinh mtc
Uudm - Ruludm -25

Ddm

CDyygm =

vGi Uy =440 V
R,=0,051 Q

Iiam = 188 A

Ogm = 21 ”gé” — 49,218[rad / 5]

2,5 [V] 1a dién 4p ti€p xdc chdi quét v6i ¢8 gép. O diy bd qua dnh hudng
nhiét d6 1&n dién tr§ mach phan tng
C(I)ktdm = 8,69
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Dién tl céng suét 1

Tur d6 :
Wimax = Ry Juymax + CQkiam - Oam + 2,5
= 0,051.188.1,5+8,69.49,218 +2,5=4446V

b0 sut dp trén SCR:

AU, =2x2[V]=4[V]

Do cédc tham s ctia mdy bi€n dp chua ¢6 nén do sut 4p cla chiing khong xdc
dinh dugc. P& chon mdy bi€n 4p ta phdi phdng dodn do sut 4p do qué trinh chuyén
mach. Tt d6 ta chon mdy bi€n 4p va thuc hién kiém chitng dién 4p, né€u khong phil
hgp (cao qud hoic thdp qud so vdi yéu cAu ) ta 1an lugt chon va ki€m tra lai.

Chon d6 sut 4p tdng khodng 10% so véi 4p dinh mitc. Ta c6 4p chinh Iwu 16n
nhat:

Ugmsx =440 + 0,1.440 =484 V

Ud max =ﬁu

T

Xét ca sutdp ludi dién (5% ), ta c6

3J6

Ugmax == 095

_r
3/6.095
bién 4p day phia thit cAp mdy bi€n 4p :

Uis = 8Ug = +/3.217 = 376V ]

Cong suat bi€u ki€n may bi&n 4p:

S, = k.Pq=1,05. 440. 188 = 86856 VA =86,8 kVA

k.= 1,05 12 hé s6 st dung mdy bi&n 4p 4p dung cho bo chinh Iuu ciu ba pha.
Tra bdng ta chon may bi€n 4p v6i:

Si=125kVA, Y, 0

bién 4p phia cudn so cap (4p day) U p=380 V

Dong so cap Ip = 190 A

Pién 4p thit cip (4p diy) Urs = 510/410/320 /220 [V]

Dong dién mach thit cAp Is=141/176/255/298 [A]

bién 4p ngdn mach 4%

Gi4 st bd qua tén hao may bi€n 4p = Ry=0

Chon mtc 4p thit cap 410 V:

X, = 0,04, 420

J3.176

Do sut d4p do qué trinh chuyén mach :

Tir d6 Us= 484 = 2178V ]

=0,05379Q

AUx = Rxlu max
R, = 6.X, = 6. 0,05373 =0,0513Q
2n 2n

AU, = 0,0513.188.1,5 = 14,487 [V ]
Kiém chitng dién 4p:
Uqd max =Uu max AU, +AU,

— 444.6 +4 +14,487 = 463,08 [V]
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Dién tl céng suét 1

bién 4p chinh luu do mdy bi€n dp da chon cung cap:
. 2.
_36Us o5 3H2Uis 465

Ud max —

T
3.2.410
T

T

Udmax = 0,95 = 526[V]

Nhu vy mdy bi€n 4p dd chon dat yéu ciu vé dién 4p.
DPinh mitc dong dién cho mdy bi€n 4p dya trén cd s& dong tai dinh mic. Tri
hiéu dung dong dién qua cudn thit cap:

2 2 2
I, = ‘/—./ = 1/—.l = 1/—.188 =153,5[A
P 3 d 3 udm 3 [ ]

Dong dién dinh mttc qua cudn sd cap:
Ugs _ 410

= LS o =2" 1535 =165,6[A
U, ° 380 [A]

Pinh mic dién dp va dong dién cho linh kién dva trén c¢o sd dd 16n cuc dai
xud't hién cda ching.

bién 4p 16n nhat xuat hién trén SCR:

Upi = Upy = V2.U, g =/2.410 = 579,8[V]

Dong dién 16n nhat qua SCR c6 tri trung binh :

Idmax — Iumax — 188'115
3 3

Tir d6, cdc SCR dudc chon v6i tham sd:
URRM = UDRM = Ku . URWM 5 IATV = Ki . ITAVmax
véi K, =(2,5->3,5) :  va K =(1.2>1,5)

Ip

= 62,66[ A]

Itav max =

Vidu 2.24

Cho sd d6 mach trén hinh H2.41. Tinh cho m4y bi&n 4p va céc linh kién bd chinh luu.
Cho biét ring tdi c6 R=1Q, L — «. Ap ngudn xoay chiéu u c6 tri hiéu dung 220V,
50Hz. B qua sut 4p trén mdy bié€n 4p.

W1
-l
S
Lo R
ul ¢ reeveo—— |
(l -l
e

HZ2 .41
Hudng ddn:
Cong suit bi€u ki€n phia thi cdp (gdm 2 cudn thi cap):

Ss = 2.U5./L

2

Cong suit bi€u ki€n phia sd cap:

U
l,=—21,; Sp=Upl
P, d P pip
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Dién tl céng suét 1

Cong suit may bién 4ap:

1
S, =—(Sp+S
t 2(P+ s)
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Pién tl cong suat 1

BANG B2.1 CAC THONG SO CUA CAC BO CHINH LUU CO BAN

13 ol | o
- ’ISD
Tri trung Ug(a) | 242 242 3.6 3J6
1 4 o- ) ) ) U
binhdptai | (a=0) T T n I
bigndp | Urww |2/2U | 42U J6 U J6 U
lam viéc
Dong qua Dang I II'"':j I_Il"'d 1 I--"d I I--ld I-I--Id 0 Iy 1 I..|d | I_I',"ld
linh kién | iy 0 %0 m e p2n ex | 028 on On3R  2n | Ow3R 2n 025 2 028 2
Ivav | 0,514 0,5.14 14/3 14/3 14/6 14/6 14/3 la/3
Ivrms | Io/+/2 /2 14/+/3 14/+/3 14/6 14/6 14//3 14/+/3
N - --Id ~.d ~.d ] - d T 21d43
Dong pha i e S - d - - ;L
cudn thit g n zn |0 7 021 an | 021 ozn On3a zm 0 2n  2n 0 2nl_lon 0 n@ﬂ
- 7 3 z g
cap Is /2 Iy /3 /3 /6 /3 J2/31, 1,42 /3
N ~ . --Id --d T T ] o - --d - -d
Dong ngo 1 I I [ | an 1 1 M d M d — _ — .
vao bd 0 ® 2n)0 7 0 ‘-’3_"‘ an | O %_ﬂ 2n Om3R 2 | OwaR 2n 0 %I—Ié‘ﬂ 0 %I_Ien
chinh Tvu | Tpys /2 la /3 1/3 1/6 1/ V6 V2/31y N2/3 1y
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Pién tl cong suat 1

Cutnsocip |Dang | ] er | 1% | q20@ Ad 2 s k-
* 8 oo o o= | ML o | e | | e
3@ ER 7 3
o [ Irus | L Iy 1,42 /3 J2/314 I;N2 /3 J2/31, J2/31, 1542 /3
1¢)mmm | DC 0 0 Ns.Idi3 0 0 0 0
EMF 0 an
Cudn s Don _ _ — 21082 g An I_I"ld.:‘-'t ] Id - -Hd 2142
. h & 0 2x on EIJ_ _f 33_,;,[ oz 2n | 0 2al Ton 0 21Tz ﬁ%ﬂ
CaP pha = Iz ]
ip D Iprms | - - IINEWA J2/31, ;N2 /73 J2/31, J2/31, ;N2 /73
L+ DC - - Ns.Idi3 0 0 0 0 0
EMF 0 an
Dong | - : Id A 2 oL |2 g 2m, | 1
o3 A1 EI —
lu6i i ETE_EE}: o[l aq 2 " ?ﬁﬂ Bl 0 %I_Iéﬂ
2 ._
I Ly Iy J2/31, NEY| J2/314 1,3814 1,3814 J2/314
Hé s6 st 1,34 1,11 1,35 1,45 Y:1,43 1,42 1,05 1,05
dung MBA D:1,55
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Dién tl céng suét 1

2.10 MAC NOI TIEP HAI BO CHINH LUU CAU 3 PHA -BO) CHINH
LUU 12 XUNG

Bo chinh luu ciu 3 pha da cdi thién nhiéu chat lugng dong dién so véi bod
chinh Ivu cAu mot pha. N€u mudn cdi thién hon nita van dé séng hai dién dp (va
dong dién) xuit hién phia tdi, ddng thdi gidm dinh mic dién 4p cho linh kién cho
trudng hop tai cong suit 16n, ta c6 thé st dung bién phap ghép hai bo chinh lvu ciu
6 xung d€ hinh thanh bd chinh lvu ciu 12 xung.

So d@6 mach dién dudc vé trén hinh H2.42 gdm hai bd chinh luu ciu 3 pha
méc ndi ti€p. BO chinh luu thi nhat ddu vao 1u6i 3 pha thong qua mdy bi€n dp ddu
Y-Y va bo chinh luu con lai diu vao ludi thong qua may bi€n dp ba pha dang Y- A
(hoic A-Y). Kiéu ddu diy Y-A tao sy léch pha 30° ctia dién dp pha phia bo chinh
luu so v6i ludi ngudn. Géc kich cho 2 bd chinh luu 13 nhu nhau. Pién 4p chinh luu
trén tai biang tong dién 4p chinh luu tao nén béi titng mach cau.

Ug =Ugy +Ug

Tri trung binh dién dp chinh luu:

3v6 3v6 66
Ug =Ugy +Uq :iu.COSa +£U.003a =—£U.cosw (2.93)
T T T

Tri tic thdi 16n nhat (dién 4p dinh) xut hién trén tai chinh luu c6 gid tri
bing:

Ug max = 2V6U.COS(15°) = 4,732U = 2,732U, (2.94)

Qué trinh chuyén mach giita cic SCR x4y ra sau mdi khodng thsi gian
tudng tng géc pha 30°. Pién 4p chinh luu ¢6 dang 12 xung va thanh phin séng hai
bic cao xuat hién trong dp chinh lvu 13 nhitng séng hai boi 12 so v6i tan s6 ludi
dién. Viéc loc dién 4p (va dong dién tdi) vi th€ dé dang hon so véi trudng hop
chinh Ivu ciu 3 pha.

H2.42
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Dién tl céng suét 1

Mot hé qua thuin 1¢i nita 12 thanh phan séng hai clia dong dién qua lu6i ngudn sé
bi gidm xudng trong c&u hinh by chinh luu ciu 12 xung.

Phdn tich qud trinh dong dién:

DPé cho don gian, ta khdo st truong hop goc diéu khién bang khong (o = 0).

3
,:,1_%_ ul 2 W3

107
17 1
| _\>L|_| —1 —1
u} — — —
A=
o L9

0.50
2 A AR LA AR LA SR AL A
0.40 -
I T T T T T 1
193 150 160 170 180 190 200
TIME
Hz.42

Midy bi€n 4p dugc dau day
theo dang Yydl1. P& don gidn,
ta chon ti s6 mdy bién th€ bing
1. Gid st s6 vong day cudn sd
cap la N, s& vong day cudn thi
cap ddu dang Y Ia N. C4c cudn
day phia thit cdp diu dang tam
gidc (A) c6 sd vong didy nhiéu
hon va bing V3N d€ tao ra dién
dp day biang v6i trudng hgp cudn
thit cAp ddu dang Y.

Ta cin xdc dinh dong dién
qua ngudn dién 1u6i i, n€u bd
qua dong dién tir héa, dé thdy
rang:

iy =iyg + i3 (2.95)

Tur k&t qud phan tich dong
dién bd chinh lvu ciu 3 pha, ta
suy ra qud trinh dong dién iy,
qua cudn thi cap Y. P& phan
tich dong dién qua cudn thi cip
dang A con lai iq;,ig va igs, ta
c6 thé thyc hién phép bién ddi
ngudn 3 pha tuong duong A-Y .
Tir k€t qud dong ig;,ig VA igs, sau
d6 viéc xdc dinh dong dién

i1,is,i3 c6 thé din gidi tir phuong trinh nit dong dién:

il -i2=id1
1p-13=1g2
13-11=143

(2.96)

V6i gid thi€t dong qua 3 cudn thit cAp dang tam gidc can bing, tic

i1+i2+i3:0, ta thu du’dC:

- 2 - id2
i = =gy + 2=
1 3 dl 3
2. g
iy = =g, + ==
2 =32t
- 2 - idl
i3 = —.dgg +—
3 3 d3 3

(2.97)

T qué trinh iy; va ij, ta suy ra dudc dang dong dién phia so cip i, theo

(2.95).
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Dién tl céng suét 1

Céc qué trinh dién 4p chinh luu, dong dién din qua pha cdc cudn thd cap
va dong qua cudn sd cAp mdy bi€n dp dugc vé trén hinh H2.43 cho trudng hop
géckich a =0 .

Duing phan tich Fourier € xdc dinh dong dién ngudn cho trudng hdp ngudn
mic vao mdy bi€n dp Y-Y:
iy (t) = & l4.(sinat — 1sin 5wt — isin Tot + isinlla)t + isin13a)t —...) (2.98)

V4 5 7 11 13

va cho trudng hop dong qua ngudn mic vio may bién dp Y-A:

in(t) = i,(t).«/_ = ﬂld.(sinmﬂisin&nt+lsin7cot+isin11o)t+isin13mt+..
T 5 7 11 13
(2.99)

Dong dién qua ngudn cip cho bo chinh luu 12 xung vi th& bing tong hai
dong di€én vira néu, tdc la:

iy (t) =1ly(t)+i(1)

ij(t) = ﬂld.(sinmt+isin11mt + L sint30t + ... (2.100)

T 11 13

K&t qua cho thdy, cdc séng hai dong dién bac 6.(2n-1)+1 trong d6 c6 cdc
séng hai bac 5 va 7, bi khir, va chi xuat hién cdc thanh phan dong dién hai bac
12k +1. Viéc loai trir cdc séng hai bic 5 vd 7 ¢6 ¥ nghia 16n dén viéc cdi thién
chi't lugng dong dién ngudn cip cho bd chinh luu.

1|:|3 ula

0.2

0.0 M—w Truong hop goc
0z- diéu khién khdc khong (
107 W ud ~ . P
0.4 a=#0) két qua qud

a0 & cudn so va thd cap

=

107 . mdy bi€n 4p c6 dang
o r« w1 | — tuong ty n.hu' trudng hgp

a =0 v6i su khic biét
4p° Wid1 gdy ra bdi su dich pha
i cia cdc dong dién so
0 v6i qud trinh dién dp
- ngudn. Cdc qud trinh
105 Wit dién 4p tdi, k&t hop bdsi
& dd thi clia hai dién 4p
=t U} chinh lvu ciu 3 pha
s dugc v€ trén hinh
e H2.44.

] iL?_I—'_|—|_‘ ’_|_|_|_|_‘ Ghép néi ti€p
hai bo chinh luu vira néu

l .z lam ting kha niang dién
1

T T z 2 A 0 N
160 170 180 180 200 dp tai, dong thdi lam

2-55

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

triét tiéu cdc thanh phin hai bac cao quan trong clia dong dién qua ludi .

Diéu khién tudn tu trong mach ghép néi ti€p cdc bo chinh luu: diéu khién
tuan ty hai bd chinh luu ghép ndi ti€p d€ diéu khién cong sui't bo chinh luu ghép cho
tdi va thuc hién nhu sau: trudc hét géc kich bo chinh lvu 1 dugc diéu khién tir pham
Vitlt a, =0 dé&n a, = n, sau d6 diéu khién géc a, clia bo chinh lvu 2 tit a, = 0 d&n

o, = n. Phuong phdp diéu khién tudn ty s& 1am gidm cdng suit phdn khdng cla
séng hai cd bdn do Iu6i cung c4p cho tai.
2.11 GHEP SONG SONG HAI BO) CHINH LUU TIA 3 XUNG SU DUNG MAY
BIEN AP TRUNG GIAN- B) CHINH LUU 6 XUNG
bay Ia céu
hinh don gidn nhit cla
dang mic song song
cdc bd chinh luu. Mdy
bi€n 4p trung gian tao
diéu kién phin bd
dong déu din trén céc
bo chinh luu.

Mbi bd chinh
lvu duge mic vao mot
mach cudn thi cip
‘ mdy bi€n 4p. Cau hinh
O cha mdy bign dp 1a
H2 45 ' YyOy6. Hai diém trung

tinh cda cdc mach

cudn thit cAp sé duge ddu vao hai dau diy clia mdy bi€n 4p trung gian. Mot dau
mach tai dugc mic vao diém giita clia mdy bi€n 4p trung gian, ddu con lai mic vao

i

iz

H2.47

Hz .46

di€m niit chung clia tit c4 cathode cia thyristor.
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Dién tl céng suét 1

Phan tich qud trinh dién dp va dong dién vé6i gia thi€t dong tdi dugc loc
phiang (L > «):

Gid thiét géc kich bang khong (a =0 ) va xét mach dién & trang thdi dong
Vi vd V,. Goi Lt 12 ¢cdm khdng mdy bi€n 4p trung gian va bd qua cdm khdng may
bi&n 4p ngudn, ta c6 phuong trinh dién 4p dit trén may bién 4p trung gian:

U t=Us-U; (2.101)

bién dp chinh luu cia tdi xdc dinh theo hé thiic:

ur U _ Ugr +Ugo
U = Unr + — Uy, — = 2.102
o = Ugr + =, 92 =, 2 ( )
Trong ch& do dong dién qua mdi nhanh chinh luu lién tuc, dién 4p ra clia cdc mach

chinh luu x4c dinh theo hé thitc, chi y V,V, dang dan:

Ugi=uj va Ugpp=U> (2]03)
bién dp chinh luu tic thoi trén tai:
u u u +u
Uy=u+-+L =y, -t ="1_"2 (2.104a)
2 2 2
D& dang nhin xét riing, biéu thic (2.104) c6 thé viét dudi dang tong quéat nhu
sau:
Urr U Uy + Uy
Uy =Ugy +——=Uy, — = 2.104b
d dat 2 a2 2 2 ( )

VGi ug; va ugy 1a dién dp chinh luu tic thsi cia hai mach chinh luu tai thdi
di€ém dang xét.

Dién 4p tdi bing tri trung binh clia cdc dién 4p pha ngudn tic thdi clia cic
nhdnh chita linh kién din dién.

Dong dién t3i bing tdng dong dién qua ciac mach chinh luu:

lg=la1+ia

Né&u ciu tao cdc mach thit cAp mdy bi€n 4p ngudn ludi va mdy bién 4p trung
gian d6i xiing, gid thi€t do ty cdm Ly vO cling 16n, quéd trinh chuyén mach giita
nhianh mach cta bd chinh luu 1 v6i nhdanh con lai trén bo chinh luu thit 2 sé dién ra
lién tuc v6i dong dién qua mdi bd chinh luu bing i/2, ta c6:

|
fgs = a2 = (2.105)
Dong dién qua mdy bi€n dp trung gian ciing 12 dong qua thyristor:
g =iy = %" (2.106)

K&t qua phan tich néu trén cho trudng hdp géc diéu khién biing 0 dugc minh
hoa biing d6 thi cdc qud trinh dién 4p chinh luu uy va dong dién qua cdc nhanh chinh
Iuu igy,ig2, dOng dién tir héa mdy bién 4p trung gian i, va dong dién tai iq trén hinh vé
H2.48.
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Dién tl céng suét 1

10

015

0.0

0.057

1207

110+

022
TIME

HZ2.48

Truong hop géc kich khdc 0 (o # 0): (xem hinh H2.49) Ké&t qua phén tich
cho trudng hgp géc kich biing 0 (va trong trudng hop tdng quit) din d€n cdc hé thic
xdc dinh dién dp tdi (2.104). So sdnh véi hé thic mo6 ta dién dp trong hién tugng
chuyén mach, ta thdy c6 sy tuong ty. Chuyén mach giita cac b chinh luu mic song
song dudi tic dung ctia mdy bién ap trung gian c6 thé xem 13 mot trudng hdp dic biét
vé hién tugng chuyén mach xuit hién trong cdc ciu triic b chinh lvu diéu khién pha.
Ngudn chuyén mach 1a dién 4p chinh lvu 1y tudng xuat hién & ngd ra clia bo chinh luu

3

" us

e

udl

v

u?

Culﬁ%ﬂ&f%n(ﬁung.com

vdi do 16n géc kich «.
M6 hinh tuong dudng
khdo sdt quéd trinh dong dién va
dién dp cia bo chinh luu ghép
song song véi mdy bi€n dp trung
gian dugc vé trén hinh H2.47.
bién 4p ugi(t) va ug(t) 1a cdc gid
tri 4p chinh luu tdc thdi clha cdc
b6 chinh lwu 1 va 2 véi gbc kich
a. Trong diéu kién dong dién
qua mdi bd chinh luu lién tuc, dé
dang din gidi dién dp tdi bing:
Ugr +Ugo

Ud= 2

(2.107)

Do dién 4p pha ngudn ac
cap cho hai bo chinh luwu song
song (va do d6 céd dién dp chinh
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Dién tl céng suét 1

Iutu ug;,ugy) 1éch pha déu nhau, dién 4p chinh luu uy c6 dang 6 xung.

Truong hop do tu cdm Ly gidi han:
Hién tugng chuyén mach gitta c4c linh kién trong mdt bo chinh Ivu (xem phan

2-8) k&t thiic v6i dong dién qua mdt linh kién triét tiéu va dong dién qua linh kién
chuyé&n mach con lai bing dong ti. Con trong hién tugng chuyén mach giita cic bd
chinh lvu diu song song, dong dién qua mdi bo chinh luu chuyén mach khong nhat
thiét triét tidu.

Do 16n dod tuw cdm Lt dugce chon sao cho né duy tri qud trinh chuyén mach lién

tuc gifta hai by chinh luu qua may bi€n 4p trung gian. Goi i, 1a dong dién tr héa may

bi&n 4p dudi tic dung clia dién 4p ur. Pién 4p upr bing hiéu cdc dién 4p ngudn cia
cdc nhanh chuyén mach. Dong dién tir héa i, 1a mot thanh phan chita trong dong

dién ctia cdc bd chinh luu ig;, igo. Gid tri téc thdi cia chiing cho bdi hé thic:

jo=la
0o id1 a =5 "l
. / ,
50.0 \\7%%71— T igp =2 +i,  (2.108)
a0 8- 1d/2 2
id2
50,2
50.0 /\\ / lKi‘f_\‘\7£*vZ SVBV Gl Xdc dinh o tw
4987 cam Ly:
iy i = 2 . N
CIN AN NN D e
0.0 V V V v v j (_I_ ChUYén maCh glffa cac bé
02 | | — 4o®ium chinh luu dién ra lién tuc,
60 70 . €0 100 tic khong xudt hién dong
HZ 50 dién gidn doan cua cdc

bd chinh luu thi didu kién

can thi€t 12 (xem hinh H2.50):

|
L < ?d (2.109)
vGi |, 1a bi€n do dong tir hda. BY 16n cta né c6 thé xdc dinh theo hé thic:
20, _Qur (2.110)
Ly

v6i Qpr 1a tich phan dién ap urr theo thdi gian, vi du xét khodng V1,V6 din-

hinh H2.49:
X3+%
T T
oQ.r = )Z[(Ul —Ug).dX 5 X; ZE—H*‘(Z 2.111)
3

m 12 s6 pha clia by chinh Ivu mach tia (m=3).
U, =U.sinx

U =Um.sin(x+%) (2.112a)

U, 1a bién dd dién 4p pha, w = 2#f .
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Dién tl céng suét 1

©0Qr =U, .[2.sina+ cos(% +o- %) + cos(g +ot %)] (2.112b)

Bién d9 dong tu hoda
16n nhat xdy ra khi géc diéu
khién o = % T d6, suy ra:
2y/2u

w

b6 16n Lt xdc dinh theo
diéu kién:

Lo> O (o114

Qurm = (1—003%) (2.113)

Xdc dinh dién dp tdi
ulils . chinh luu trung binh:
HZ 51 bién dp tai c6 dang 6
xung va cé cau tao tir cdc dién
4p ma bién dd U, clia n6 nhd hon bién do dién 4p pha ngudn xoay chiéu Uy, va c6
thé x4c dinh theo hé thic:

U, =U,.cos—— =U,.cos > (2.115)
2m p
Tri trung binh dién 4p chinh luu trén téi:
Uy =Uyp.COS :p'—Um.sinz.COSa (2.116)
7 p

va

V3
"2

Thay p=2m=6: U,, = Um.cos% =U,

V3u,

6.

Ugo =—2.sin£:ﬂum. (2.117)
T 6 2z
K&t qua la: Uy(a) = Sf'um .COSa = 3\5“ .Cosa (2.118)
T T

Hé thitc (2.118) ciing c6 thé dat dudc biing phép tinh 1dy trung binh hé thic (2.107):
Ugi (@) + Ugz () _ 36U

2 2n

Nhu vay, tri trung binh dién 4p chinh luu trén tdi bing tri trung binh dién 4p
chinh Ivu cla tirng nhém chinh lwu va mdy bién 4p trung gian tdc dung lam gidm do
nhap nhd clia 4p tdi, do d6 nang chit lugng dong tdi. Mic khéc, tri hiéu dung dong
qua ngudn (va linh kién) bi gidm nén cong sudt bi€u ki€n mdy bi€n dp c6 thé chon
nhé hon.

Ug(a) =

Phén tich truong hop qud trinh chuyén mach gidn doan:
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Dién tl céng suét 1

Viéc phin tich qud trinh chuyén mach gidn doan c6 thé dugc suy ra tit md

hinh chuyén mach tuong duong va qui tic phan tich mach tia tdng quit. Trong khodng
thdi gian chuy&n mach lién tuc (tc ddng thdi ig;>0 va ig,>0), dién 4p tai bing trung
binh cdc gid tri 4p chinh luu tidc thdi cia hai bo chinh luu tuong @ng. Trong khodng
chuyén mach gidn doan, bo chinh Iuu c6 dién dp chinh luu tic thdi 16n nhat s& din

udl=ud2=ud
iwl

ivs
ivs

=

=

-

]

1™ [1
1™ M
1™ ;

- :1|:|'

I T T T
G0 Yo 20 an 100

TIME
Dua trinhapvi dong dié o vdi hién tuyng
chuyén mach ti'c thai (Lp=0)

HZ .52

lvu cAu 3 pha thudng dugc st dung. So db
dugc v& minh hoa trén hinh vé H2.53. Bing
cich st dung mdy bi€n 4p cong sudt gbm
mdt mach so cdp va hai mach thit cdp dang
Y-Y va Y-A, cdc thanh phin séng hai bac 5
va 7 dong qua Iudi ngudn ac bi triét tiéu. Do
d6, chi tdn tai cdc thanh phin séng hai bic
khédc bdi ba ctia dong dién ludi, bit dau tir
bac 11.

Phdn tich qud trinh dién dp va dong
dién ciia tdi : c6 thé thyc hién tuong tu nhu
trudng hgp ghép song song cdc bd chinh luu
mach tia. Phan tich dua vao sd dd mach dién
chuyén mach tuong duong. Hai bo chinh luu

CuuDuongThanCong.com

dién, dién dp chinh luu cla cd hai bd
chinh Ivu va dién 4p tdi bang chinh
dién dp chinh luu tdc thdi trén (hinh
H2.51). Khi L=0, quéd trinh chuyén
mach gitta hai nhém b6 chinh luu s€
tr§ nén tdc thdi. Pién dp chinh luu trén
tdi c6 dang 6 xung, mdi bd chinh luu
1an lugt thay phién nhau din dién
trong thdi gian 1/6 chu ky Iudi (xem
hinh H2.52).

St dung mdy bi€n 4p trung gian lam
céi ti€n chat lugng dong qua mdy bién
4p va cong sudt may bi€n dp trudng
hop ndy c6 hé s6 st dung 16n hon
trudng hgp khong st dung mdy bién
ap trung gian.

2.12 GHEP SONG SONG 2 BO
CHINH LUU MACH CAU 3 PHA-
BO CHINH LUU 12 XUNG

Ghép song song hai bd chinh

Lae U tale T

LT

HZ2.53

2-61

https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

cau ludn thuc hién chuyén mach cho nhau. Khi dong dién qua tai lién tuc, dién dp
chinh lvu trén tdi bing dién dp trung binh tic thdi clia cdc thanh phin dién 4p chinh
lvu. Téc dung clia mdy bi€n 4p trung gian lam han ch& do nhap nhd cla dién 4p
chinh Ivu (va dong dién chinh luvu). PE€ y dé€n hé thic xdc dinh dién 4p chinh luu
(2.102), ta thdy dang dién 4p chinh luu trén tdi nhu nhau cho hai trudng hgp- dang
mach cdu chinh lvu ndi ti€p va mach chinh luu ciu ghép song song mic qua mdy bién
4p trung gian. BO chinh luu cau ghép song song 12 xung c6 1¢i thé vé mit phan bd
dong dién ddng thdi trén cdc linh kién clia cd hai b chinh lvu, 4p dung thuin tién cho
nhu ciu dong tdi 16n (ma, dién phin).

Dién dp chinh luu trung binh dat dugc bing trung binh dién 4p chinh luu cla
mdt mach chinh luu ciu 3 pha, tifc 1:

36

Ug(a) =TU.COSOL

Trén hinh v& H2.54, H2.55 minh hoa qud trinh dong di€n iq4a, igs qua tirng bd

chinh luu don va dong dién tdi id. Dong dién iu 1a dong dién tir héa mdy bi61n

4p trung gian va uLT dién 4p trén cudn diy mdy bi€n 4p nay. Trén hinh

H2.55 m6 t& qud trinh dong dién i,,, iy clia cdc cudn pha th& cAp mdy bi€n

4p va dong dién iy, di vao hé théng ludi. C4c dién 4p udA va udB la dién 4p

ngd ra tryc ti€p cla cdc by chinh lvu don.

Dong dién trung binh qua mdi bd chinh lvu don: 1,,=1,=1,/2

Dong dién trung binh qua mdi linh kién: Iy=1,/6

Pé xdc dinh dd tu cdm mdy bién dp trung gian, ta c6 thé din gidi hé thic tinh
tich phan dién 4p trén cudn day Lt sau day:

0.Q = \/EU.[Z. sina+cos(§+a)+cos(%+a)] (2.119)

U Ia tri hiéu dung 4p pha phia thi c4p. Tich phan dp dat cuc dai vdi géc kich o = %

2./6U P

Qum =——(@-cos—) (2.120)
0] 6

o
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2.13 GHEP SONG SONG 4 BO CHINH LUU MACH TIA DUNG MAY
BIEN AP TRUNG GIAN- B0 CHINH LUU 12 XUNG

Hé thong chita 3 mdy bi€n 4p trung gian. Dong dién ludi ngudn ac c6 dang
giong nhu trudng hop st dung mach ghép hai bd chinh luu ciu ba pha (xem hinh
H2.56).

iL
—
iLa T ith t
Y0y Dy11y5
LT | LT2
L.--Tu LT2 uTu
e 1 LA L B LR
BCL BGL2 Bl | 1 BeLa

HZ2.56

Phuong trinh dién dp:

Goi ug,Ugp,Ug3 Va ugy 12 dién dp chinh luu twong dng véi 4 bd chinh lwu mach tia BCL,,
BCL,, BCL; va BCL,. Céc dién dp trén dugc thay th€ bing cdc dién 4p ngudn trong
s0 dd thay th& vé trén hinh H2.57 (gia thi€t tdi L ndi ti€p dong cd DC).

Ta d& dang suy ra dién 4p chinh luu trén tai va dién 4p tai cdc di€ém nit clia may
bi&n 4p trung gian nhu sau:

id1

LT
e

2-64

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

U _ Uyt Uy, _ud3+ud4,u _ Uys +Ugg
o5 = 5 e =T ly =
U _ Uy Uy, UG5 + Uy,

7 4

Tur hé thic trén, ta suy ra dién 4p chinh luu trung binh trén tdi biing trung binh ctia 4

dién 4p chinh luu tia 3 pha nhdnh, tic bang:

3J6
2n

U.cos a

Ud:

v6i U 12 tri hiéu dung dién 4p cudn thit cdp mdy bi€n dp ki€u ddu day Yyoye, va o la
gbc diéu khién.

Do su 1éch pha cda cdc dién 4p ngudn ctia mdi nhanh mach chinh luu va tir cdc hé
thiic xdc dinh dién 4p tai ngd ra clia may bi€n 4p trung gian, cdc thinh phan 4p xoay
chiéu clia cdc dién 4p chinh Ivu nhanh sé bu 1dn nhau d€ tao ra dién 4p & ngd ra clia
mdy bi&€n dp it nhap nhod hon.

Phuong trinh dong dién:
Dong dién qua mdi nhdnh mdy bién 4p trung gian gdm thanh phan dong dc va thanh
phin dong tir héa. Biing 1y luan tuong ty nhu trudng hdp ghép song song hai mach tia
diing mdy bi€n 4p trung gian, ta c6 thé din gidi phuong trinh dong dién tai cac di€m
nut nhu sau:

g1 =lgs /2+10y /25 go =lgs /20y /2 igg=lge/2+10,,/2

gy =lgg /2 —lyo /25 lys =iy /2+10,3/25 igg=1Iy/2—10,5/2
V61 iy, 1w, 1,3 12 dOng dién tir hda cdc mdy bi€n 4p trung gian.
Qud trinh cdc dai luong:
Céc qué trinh dién 4p va dong dién trong ch€ d6 dong qua cdc nhdnh chinh luu lién
tuc dugc v€ minh hoa trén hinh H2.58, H2.59, H2.60, H2.61, H2.62.
Trén hinh H2.58 v& cdc qud trinh dién 4p do tai cdc cdng vio va ra clia cic mdy
bi€n 4p trung gian so v6i dién th€ & mot niit tadi. Qua d6 ta thdy dudc khad ning lam
gidm dd nhdp nhd dién 4p tdi cia mdy bi€n dp trung gian. Trén hinh H2.59 vé& cdc
quéd trinh dong dién tuong Gng vdi cdc dién dp hinh H2.60. D6 nhdp nho dong dién
gidm nhanh theo s& lugng mdy bi€n 4p trung gian st dung.
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Bo Chinh Luu tia song song 12 xung
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3 Bo Chinh Luu tia song song 12 =ung

Hz.58 HZ 5O

Trén hinh H2.60 va H2.61 vé cdc qud trinh dién 4p giffa hai ddu ngd vao clia
m4y bi€n 4p trung gian va dong dién tir héa di qua né. 0 may bi€n 4p trung gian gin
tdi DC, dong tir héa nhd khong ding k& do thanh phan dién 4p xoay chiéu 4p dit trén
né bi suy gidm bdi tdc dung cdc mdy bi€n dp trung gian dit phia trudc d6.

Hinh vé& H2.62 md ti qué trinh dong dién di qua cdc nhdnh phia so cip bi€n
th€. Cau hinh ddu diy cla sd dd0 H2.56 tao ra dong dién di qua ngudn uéi dién c6
dang giong nhu trudng hgp dong dién Iudi cda hai mach chinh lvu ciu 3 pha diu
song song. Céc thanh phin séng hai bac 5 va 7 clia dong dién 1u6i bi khit bd. Ton tai
trong 1u6i dién cdc thanh phan dong dién bac 1é khéic boi ba, bit dau tir bac 11.

Bing cdch két hgp cdc dang ddu didy mdy bi€n 4p vdi cau tric ddu song song
bd chinh Ivu qua mdy bi€n 4p trung gian, ta c6 thé phat trién hé thdng chinh luu
nhiéu xung (24, 48 xung).

Trén hinh H2.63, cdc dd thi dién 4p va dong dién tai mot vai vi tri duge khio
sdt cho truGng hgp dong dién qua tirng bd chinh Iuu don bi gidn doan (BCL1, BCL?2).
Tuy nhién, nhd c¢6 may bién 4p trung gian, dong dién tdng clia cic bo chinh luu di ra
mdy bi€n 4p trung gian trd nén lién tuc (igs). Tuy nhién, dang dién 4p thu dudc trén
tdi (ug) va cdc dién dp chinh luu trung gian (ugs,uge) bi gidm vi ch€ do6 dong gidn doan
vira néu. Mic khdc, chit lugng dong dién di vao 1udi ngudn ciing vi vay bi gidm siit
ddng ké .
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Bao Chinh Luu tia song song 12 xung
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103 Ba Chinh Lou tia =ong song 12 =ung
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2.14 TRUYEN TAI PIEN MOT CHIEU (HVDC)

Truyén tai dién DC thudng dugc st dung d€ dua ning lugng dién dén mot ndi
rit xa. Mot s§ dudng truyén tii dién DC dugc thuyc hién nhu The Pacific Intertie,
Square Butte Project & nuéc My, truyén tdi dién vugt qua bién giita Anh va Phdp
(Cross Channel Link).

Phan tif cd ban trong hé thong truyén tdi dién 1a cdc bd chinh luu 12 xung véi
linh kién chti y&u dugc st dung 12 SCR.

Céc vu di€m clia hé thong truyén tai dién dc bao gom:
- cdm khdng dudng ddy bing zero d6i v6i dong dién dc. Ngugc lai, d6i véi
dudng day ac, cam khdng c6 gid tri ddng ké
- dién dung gifta cdc day din c6 tr§ khdng vd cuing 16n d6i véi dong dién dc.

Ngudc lai, trong hé thong dién ac, dién dung tao thanh dudng din dién gy ra

t6n hao dién trong day din, ddng thdi gy ra mot s6 khé khin trong k§ thuat

truyén tai, diéu nay khong x4y ra ddi vdi truyén tdi dién dc.

- Truyén tdi dién dc chi yéu cau 2 dudng diy din so vdi 3 trong trudng hgp
truyén tdi dién ac. Hé qud, cot dién, tru dd clia dudng ddy dc s& nhé hon ciling
nhu yéu cAu ky thuat doi hdi ciing d& dang hon.

2-68

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

- Truyén tdi dién dc cho phép di€u chinh cdng suit truyén tdi thong qua viéc
diéu chinh géc kich clia cdc bd chinh lvu & hai diu truyén tdi. Hé thdng truyén
ti dién ac, cong suat truyén tai dién khong thé diéu chinh dugc (& diy khong
xét d&n viéc ldp dit cac thi€t bi diéu khién hé thong truyén tai ac -FACTS
controller -Flexible AC Transmission System) va phu thudc vdo tham sd
dudng diy va cia mdy phat.

- Do c6 khd ning diéu chinh cong suat truyén tdi nén hé thdng truyén tdi dién
dc cho phép linh hoat diéu chinh khic phuc cdc su ¢d xy ra trén dudng day,
do d6 ting tinh 6n dinh clia hé thong 1én.

- Hai hé thong dién lién k&t bdi hé truyén tai dc khdng can thuc hién hoa dong
bd ciing nhu chiing ¢ thé c6 tin s6 hoat dong khac biét. Vi du, hé thdng lugi
dién tan s6 50Hz c6 thé dau vao hé thdng ludi dién 60Hz bdi dudng truyén tai
dién dc.

Nhugc di€m ctia hé thong truyén tdi dién dc 1a doi héi sit dung cac thi€t bi dit
tién nhu bd bi€n ddi ac-dc, mach loc, cdc thi€t bi diéu khién 1dp dit tai mdi dau
clia dudng truyén tai, ndi ma hé thong thuc hién lién k&t v6i hé thdng dién ac.

SJ @6 hé thdng truyén tai dién dc st dung cdc b bi€n d6i chinh luu 6 xung
14p tai hai ddu dudng truyén tdi dugc vé minh hoa trén hinh H2.64.

H L
*WW
uld + n B
— %% x ’E_B; J( vl S
- N]
2A A i e

He
He théhg ac, 1 ? ? ?_ = T T théng

ac o

HZ .64

Hai hé thong dién ac ¢c6 mdy phdt dién riéng vd muc dich cia dudng day
truyén tai 1a tao diéu kién d€ cdc hé thong dién & hai ddu thuc hién trao d6i
cong suit vdi nhau.

Trong sd db, mdi b chinh luu c6 thé lam viéc & ch€ do chinh luu, thyc hién
dua cong suat tit phia xoay chiéu sang phia mot chiéu. Bo chinh luu thit hai, ngugc
lai 1am viéc & ché& do nghich Ivu, thuc hién dua cdng sudt tir mach mot chiéu sang
phia xoay chiéu con lai. Biing cdch thay ddi gid tri géc kich ctia cdc bd chinh luu,
cong sudt truyén tai trén dudng diy c6 thé dudc di¢u chinh. CAm khdng hé thong
dudng diy bing cdm khdng riéng clia cdc day din cong v6i cdm khdng cda cudn
day loc 1ip ndi ti€p trén dudng truyén. Pién trd dudng truyén bing dién trd clia
cudn diy mach loc. Khi phan tich, c6 thé xem dong dién di qua diy din khong
déi.

Goi Uy va Uy, 1a dién 4p tai phia dc ctia hai bo chinh luu 1 va 2. Gid thi€t b
chinh Ivu 1 1am viéc trong ch& d6 chinh luwu va bd chinh luu 2 trong ch&€ do nghich
Iuu.

2-69

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

Dong dién cda dudng day dc:

lg = Ya +Yar (2.121)
R
3
10
0.15- 1B
.10 R
0.05
|:|.|:u:|—
L A0
0.3 u‘IEﬁ.
0.2
0.1 ]
0.0+
ol \1 \J
0.2
0.3
10°
0.3
0.2 q 26 m rl/
0.1
0.0 I\( l\
4] 7 %
-0.2
-0.3-
H2.865
véi:
Uy = iU1 cosoy va Uy, = ﬂU2 cosa, (2.122)
T
Cong suit do bo chinh Iuu 1 cAp cho mach dc:
P1=Uq.14 (2.123)
Cong suat do bd chinh luu 2 dua sang hé thong ac:
P2:Ud2.Id (2 124)

Hé thong truyén tdi dién dc thyc t& thudng st dung cdc bd chinh luu 12 xung
1dp dit tai hai diu truyén tdi (hinh H2.66). CAu hinh nay cho phép loai bd mot s&
thanh phan séng hai dong dién va do d6, gidm nhe phi tdn ché tao mach loc. Ngoai
ra, vdi viéc ldp dit 2 bo chinh lvu 12 xung tai mdi dau, hé thdng cho phép van hanh &
diéu kién dién 4p mang hai cuc tinh. Mot dudng diy mang dién thé +U, va dudng diy
con lai mang dién th€ —U,. Trong trudng hop su c¢d, mdt cuc clia hé thong dudng
truyén c6 thé van hanh ddc 1ap v6i dudng day con lai, lic d6, dong dién khép kin qua
dudng day ké trén v6i dudng din trd vé qua dién trd dat.
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Vidu 2.25
Cho dudng day truyén tdi
dién dc, xem hinh Vvé
H2.64. Pién 4p hé thong
dién 3 pha tai mdi dau
truyén tdi c6 tri hiéu
dung dp day 230kV. bién
tr§ dudng day bing 10Q,
cam khdng dudng day
kha 16n Iam dong dién dc
tr§ nén phing. Hé thong
thye hién tii dién
100MW tr hé thdng
ngudn phit d€n hé thong
ac nhan dién. Tinh todn
thi€t k& hé truyén tai dé
thuc hién yéu cdu trén,
xdc dinh khd nidng chiu
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dong trén clia dudng day dc va xdc dinh tén hao trén dudng day.

Gidi:
Theo dé bai, d€ ¥ riing bd chinh lIuu 2 nhin cong suit tif mach dc d€ dua sang phia
ac (ch& do nghich Iuvu):
P,=Ugyp.Ij=--100MW
Dién 4p dc cuc dai c6 thé dat dugc:
ﬁu.co _ 346 230kv
-
Dién 4p dc cAn chon phdi c6 do 16n nhd hon 310,6kV. Gia thiét, ta chon mic
4p dc cta bod chinh luu 2 bing 200kV, viéc xdc dinh géc kich cho bd chinh luu 2
¢6 thé xdc dinh theo hé thic:
Uy, = 310,6.cosa, = —200kV

Ud max —

s0 .cos0 = 310,6kV

Tir d6: a, = ar cos(_ 200] =130°
310,6

Dong dién qua mach dc —kha ning mang dong clia dudng diy dc bing:
I,=100MW/200kV=500A
bién dp ngd ra cia bo chinh luu 1:
Uai=R.1;+U4»=(500).(10)+200kV=205kV
Goc kich thi€t 1ap trén bo chinh Ivu 1 bing:
a, = ar cos( 205 J =487°

310,6

’

Cong suit tdn hao trén dudng diy véi gia thi€t dong dc dudc loc phing:

PLoss = RI% ~ R.I§ =10.(500)° = 25.10°W = 25MW

Cong suit do bo chinh luu 1 cung cap

P=Uyq,.14=(205kV).(500A)=102,5MW

Viéc thi€t 1ap cdc gid tri dién 4p va dong dién cho hé truyén tai dc c6 thé thuc
hién theo cdc gid tri khdc nhau ctia dién ap va dong dién dc, sao cho thda man
diéu kién 4p dc nhd hon gid tri cyc dai va dong dién qua dudng ddy dc niim trong
pham vi cho phép ciia cic thiét bi truyén tdi. Phuong 4n thiét 1ap t8i vu c6 thé
thyc hién bing cdch dua dién 4p truyén tdi 1én cao hon d€ gidm thip dong dién
dc, qua d6 gidm t6n hao trén dudng diy. PAy 1A mot trong cic 1y do phai sit dung
hé théng bo chinh luu 12 xung.

2-72

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

2.15 PHUONG PHAP PIEU KHIEN BO CHINH LUU

Thdi di€m dua xung kich déng cdc thyristor trong cdc bo chinh luu tuong tGng
véi géc diéu khién o dua vao k&t qua so sdnh hai tin hiéu co ban: tin hiéu diéu
khién ug, va tin hiéu ddng bd u, (hinh H2.68).

hach tao 154 .
=ihg dfng bid T3 - B
[u}
o1 C = o
g
— Maech tao
o
udk u:I:;mg xng L
|+ kich
R
Mach so
anh Q
= Mach khuéch
dai va cach ly
HZ 68

Tin hiéu ddng bo tao mbc chudn vé thdi gian cAn cho viéc xdc dinh géc
diéu khién, ddng thdi xdc 1ap dic tinh giita 4p chinh luu trung binh U, va 4p diéu
khién ug . Do d6, tin hiéu ddng bo dugc chon thay ddi trong khodng thdi gian
xud't hién dién 4p khod trén linh kién vd n6 dua vao dang dién 4p ngudn xoay
chiéu. Tin hiéu diéu khién xdc dinh diém lam viéc trén dic tinh diéu khién va
cho bi&t do 16n géc diéu khién. C4 hai tin hiéu diéu khién va tin hiéu ddng bo
trén c6 thé xt 1y dua trén k¥ thuat s hoic analog.

Dé€ don gidn, ta néu vi du diéu khién bo chinh lvu mach tia ba pha diing
k¥ thuat analog vdi tin hiéu dong bd dang ring cua.

Quan hé giffa tin hiéu ddng bo ring cua, dién dp diéu khién va vi tri kich
déng cédc linh kién c6 thé theo doi trén cdc hinh H2.69.

Gia st séng diéu khién bi&n thién trong gi6i han hai cuc tri clia séng
ddng bd ring cua (-Upm,+Upm). Gid tri géc kich « v6i dai lugng dp diéu khién d&
dang x4c dinh theo hé thifc sau day:

o= n(U’Z’Uj) (2.125)

Uom

Quan hé giita dién 4p chinh luu trung binh mach tia 3 pha diéu khién hoan
toan v6i géc diéu khién cho bdi hé thic:

V6 (2.126)

Ud(a):3—U.COSa
2n
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10
0.4

0.2
0.0
0.2

0.4~

-10- :
W up3 | ; i !
1|:|—|- : ) i [
iy : I !
_1,:,_|_ S I—— | |l | __1n 1073
0 & 0 15 20 28 &0 35 40
JL TIMF
Hz .69
Tu do,
Uy, -u
Uy (o) :ﬂu.cos p—Pm_Zdk
2n 2Upm (2.127)

Ham quan hé giita 4p chinh luu trung binh, dién 4p diéu khién va géc diéu
khién c6 thé bi€u dién lai dudi dang dd thi trén hinh H2.70

=] rad|
|
" 36
‘\H'\.‘h T
" 0 Ac inh
I tuyEh tink
I s héa
-1 | |
-10 50 E 10 -0 -5 0 5 10
— udk _—
H2 70 wdk

Dic tinh diéu khién Ug(ug) c6 dang phi tuyé&n, tuy nhién
dang mach dé thuc hién. Trong viéc khdo sit cic hé thong diéu khién c6 hiéu
chinh, dic tinh phi tuyé€n dudc tuy€n tinh hod (hinh H2.70b). Khi d6, b chinh luu
dugc xem nhu mach khu€ch dai cong sudt véi do khuéch dai cho bdi ti s6 giita do
bié€n thién dién 4p chinh lvu trung binh va d6 bi€n thién dién 4p diéu khién va
dudc xem nhu biing hiing s6 & ché do dong lién tuc.
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Dién tl céng suét 1

Vi du 2.26

Bo chinh luu mach tia ba pha mic vao_ngudn xoay chiéu ba pha vé&i tri
hiéu dung 4p pha U=220V, o =314 rad/s . Géc diéu khién o xdc dinh trén co
s dp ring cua va ap diéu khién. Cho bi€t 4p ring cua thay d6i trong pham vi -
12V +12V. Gi4 thi€t dong dién qua tai lién tuc .

a/- Tinh d9 16n 4p chinh lvu trén tai khi 4p diéu khi€n ug =8 V.

b/- Tinh @6 16n 4p diéu khién khi dién 4p chinh luu bing 200 V.

Ta cé:
12-uy _a
12 i
2
T d6
12-uy 7
12 2
va
udk=12—24—a
T
a/-
Uy =8V > q=12-87_*
2 2 6

bl cosa = 2nl,  2n.220 _ 0766

3J6.U 346.220
= o =0,682 rad
24.0,682

T

Tfl’dé udk =12— =6,789V

Vidu 2.27

B6 chinh Ivu mach tia c¢6 thé xem nhu bo khuéch dai vdi tin hiéu dau vao
12 dién 4p diéu khién ug va diu ra 1a dién 4p chinh luu trung binh. Cho dién 4p
xoay chiéu U = 220V; dién 4p xung ring cua thay d6i tir -12V dén +12V .

a/- Tinh hé s6 khu&ch dai ctia bd chinh lvu & ch€ do dong tai lién tuc phu
thudc vao ug.

b/- Tuyén tinh héa dic tinh diéu khién Uy(ug), X4c dinh hé s& khuéch dai
gin ding

c/- Thi€t 1ap ham truyén cda bo chinh luu, gid thi€t thdi gian tré clia ddp
ttng dugc chon bing 1/2 chu ky xung dp chinh luu.

Gidi:
a/- Hé so khuéch dai
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K = 6Ud da
60, ' dudk
g _ 36 U(-sina)
oa. 27
do 7

dugy 24

V2 V2 (Mz}

=K = —2.U.sincx = —2.U.sin
12 12 12 2

Hé s6 khuéch dai 16n nhat khi ¢ = E[rad] tuong Ung v4i ug =0 [V]
b/- Hé s6 khuéch dai clia diic tinh dudc tuyén tinh héa:

3\6

)

w - AUs _ Usmax —Uamin _ Yao _ _2n ~ _ 21.44
AUge  Ugem — (= Ugem) — Uggem 12
c/- Thoi gian tré 7, = % 0= %% =0,0033s]

Ham truyén clia bo chinh luu F(s) = ke *™ = 21,44 ¢700053
G tin s6 thap s.t, ~ 0 nén 4p dung phan tich chudi Mac Laurin tai diém

0, ta co:

s 1

k2144
1+s7, 1+5.00033

Vi du 2.28
Cho ddng co mot chiéu kich tir doc 14p v6i cdc tham s& nhu sau : o
Uygm =220V; | ygm =37A; ng, =1000v/ph; R, =0,54Q; |, = 74A

t
#

UK

ks
o

-10

Hz2.7
Van téc dong co dugce diéu khién theo phuong phap diéu khién dién 4p phan
ing thong qua bo chinh luu ciu 1 pha diéu khi€n hoan tdoan. Ngudn kich tir khong
ddi bing dinh mtrc. Bo chinh luu dugc mic tryc ti€p vao ngudn dién xoay chiéu 1 pha
vdi tri hiéu dung 4p pha bing 300V, tin s6 1u6i bing S0Hz.
Tinh géc kich « cta bd chinh luu d€ dong co c¢6 thé 1am viéc § ché d6 dinh mic
a. Tim ham truyén ctia bd chinh luu trén cho biét cdc tin hiéu séng ddng
bd thay d6i giita —10 va 0 V c6 dang nhu hinh vé H2.71
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Dién tl céng suét 1

b. Tim d6 16n dién 4p diéu khién d€ dong cd c6 thé chay & van tdc dinh
mitc khi moment ddng co bing cuc dai.
GIAL:
a. Ta c6 4p chinh Iuu cip cho phan tng & ch& dd dinh mifc:

2\/5
udm
2\/_ =220

TLr d6: a = 0618rad] = a = 354°

b. Ham truyén cla bd chinh luu

zf 2J_

KBCL _ Udmax _Ud min_ _ =54
Uk max — Udk min 0_(_10)
TaeL = Of‘(iJZ = 0,005[S]
54
Fee () = 0008

Khi moment dong cd cuc dai, do kich tir khong d6i bing dinh mifc nén
L=limax=74A.

Uumax - Ru Iumax + I(¢dm'wdm

v6i Ry=0,54 Q ; [inax=74A;  Kkdgm-@gm = U ugm —
Uy max = 054.74 + 200 = 240V ]

C.

Ry-lugm = 220 — 054.37 = 200V

Tir d6: i .300.cos @ = 240 = o = 0,4765[rad] = 27,3°

Tir d6 th1

|Udk|
10

04765 15 _1517v] = Ug = —1517V]

= |ua| =

Vidu 2.29
Cho ddng co mot chiéu kich tir doc 14p v6i cdc tham s& nhur sau :
Uygm = 440V Iygn =185A Ny =900v/ ph R, =232Q; I, pnax = 37A

+10 N N\ Ll
N\ N\
-10

H2.72

Van tdc¢ dong co duge diéu khién theo phuong phip diéu khién dién 4p phin
ting thong qua bd chinh Iuu cAu 3 pha diéu khién hoan tdoan. Ngudn kich tir khong
ddi bing dinh mtc. B chinh luu duge mic tryc ti€p vao ngudn dién xoay chiéu 3 pha
véi tri hiéu dung dp pha biing 220V, tin s6 ludi bing SOHz.
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Dién tl céng suét 1

a. Tinh géc kich & clia b chinh lvu d€ dong cd ¢ thé 1am viéc & ché
d6 dinh mic

b. Tim ham truyén ctia bo chinh Iuu trén cho biét céc tin hiéu séng ddng
bd c6 dang nhu hinh vé H2.72

c. Tim d06 16n dién 4p diéu khién d€ ddng cd c6 thé chay & van toc dinh
mitc khi moment ddng co bing cuc dai.

GIAL:
a. Tac6 ap chinh luu cap cho phin tng & ch& dd dinh mifc:
3[ 3[

—VU.cosa =Uy, = .220.cosa = 440

Tit do: cosa = 0855 = o = 054518[rad] = o = 31236°
b. Ham truyén clia b chinh luu

36 3J6

——220 - (-——220)

KBCL: Udmax_Udmin __Z /4 —5L459
Ugk max ~ Ydk min 10- (_10)
ool = 0122 = 0,00166[S]
514
Fael(S) = —————
sot(8) =77 0,00166.5

c. Khi moment dong co cuc dai, do kich tir khong d6i bing dinh mifc nén
L=limax=37A.
Uumax - Ru Iumax + I(¢dm-wdm
v6i Ry=2,32Q; Limax=37A; Ky @ = U g — Ry-luam = 440 — 2,32.185 = 397,08V
Uy max = 2:32.37 + 397,08 = 482,92V ]

T d6: i 220.cosa = 48292 = o = 03527[rad] = 20,209°

Tir db thi hmh H2.72, ta xac dinh:
0y @ _ a- udk) = Uy =10.1-%) = 10.(1—@) =8877|V]
T

10 T T
2.16 BO CHINH LUU KEP

Cédc dang bd chinh luu da khdo sat chi cho phép dong dién di qua tdi theo mot
chiéu, con dién 4p c6 chiéu thay ddi.
Mot s8 tai doi héi ddo chiéu dong dién trong qud trinh hoat dong, ching han
qud trinh him dong co mdt chiéu hoic qu4 trinh ma dién.

2.16.1 CAC CAU HINH MA CH CHINH LUU PAO CHIEU DONG PIEN

a.Ding cong tdc ddo
Dé dio chiéu dong qua tdi, v6i bd chinh luu don, mach can trang bi thém cong

tic ddo (hinh H2.73)
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al b-
H | 1l ]
T M

_ R L — -

) zk ‘—"/'/‘:f’i:‘“—@ 7} zk ||:Il B %Z —{(
[ +H
, : el l ECLII
H2.72 al- - ) bi-

Khi cin cho dong dién tdi duong ig > 0, cong tic thuan T dugc déng. Ngudc
lai, khi ta cho ngdt hai cong tic T va dong cong tic ddo N, dong dién khép kin qua
bd chinh luu, cong tic N va qua t3i theo chiéu 4m ig < 0.

i

H2.74
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Dién tl céng suét 1

i {1 O34 |
¥ NV YT K

i |

=t Hz.74

Qud trinh ddo chiéu dong dién tdi- vi du tir duong sang dm: tru6c h&t dong dién dugc

diéu khién tir gid tri duong vé dong bing khong biing cich diéu chinh géc kich bd

chinh Iuu & gid tri ayay . Khi dong dat gid tri bing khong, mach diéu khién thyc hién

md cong tic thuan T va sau d6 déng cong tic ngugc N. Bing qud trinh diéu khién

g6c kich clia bd chinh luu, dong dién qua tii sé ddi dau va dat gid tri dong yéu ciu.
Tuong tu cho qud trinh ddo chiéu dong dién tdi tir Am sang duong.

b. Dung bd chinh luu kép

Bo chinh luu kép c6 khd ning diéu khi€n dong dién di qua tdi theo cd hai
chiéu, bao gdm hai bd chinh lvu don ghép lai. BO chinh luu I di€u khién dong dién
qua tai theo chiéu duong va bd chinh lvu II diéu khién dong qua tdi theo chiéu 4m
(hinh 2.73b).

Cdc dang mach chinh luu kép

Tuy theo dang ciu tao clia cdc mach chinh luu, ta phan biét bo chinh luu kép
dang d6i song (hinh H2.74c¢,d), bo chinh luu kép dang chit thap (hinh H2.74a,b) va bo
chinh luu kép dang chit H (hinh H2.74e).

* Dang mach chit thdp: can hai ngudn dién 4p xoay chiéu riéng. Piém thuin
1gi clia dang mach nay & kha ning gidi han dong cin bing cuc dai t6t hon so véi
dang mach d6i song.

* Dang mach doi song: chi cAn mdt ngudn dién 4p xoay chiéu va thich hgp
cho trudng hdp diéu khién riéng biét.

* Dang mach chit H: thich hdp cho phuong phdp diéu khién riéng biét va ca
diéu khién ddng thdi. Cudn khang dung dé€ gi6i han dong cin bing mic giita cdc
di€m trung tinh ctia hai mach ngudn 3 pha; ddng thdi cudn khdng nay con tic dung
nin dong dién tdi. So v6i dang mach chit thap, dong dién ludn di qua cdc cudn thit
cip, do d6 1am cong suat dinh mitc cho may bién 4p c6 thé chon nhd hon .
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2.16.2 CAC PHUONG PHAP PIEU KHIEN BO CHINH LUU KEP

a. Phwong phdp diéu khién riéng: bd chinh luu kép c6 ciu tric don gidn gdm
hai bd chinh luu don ghép lai (xem hinh H2.75). Tai mdi thdi diém, chi c6 mot bd
chinh luu dugc diéu khién hoat ddéng, b6 chinh luu thid hai bi khéa kich.

Chéng han, d€ cho dong dién iy qua tdi duong, ta kich BCL I va khéa kich
BCL II. Ngugc lai, @& dong qua tdi 4m, bd chinh luu 2 dugc diéu khién hoat dong va
bo chinh luu tht nhat bi khéa kich.

Khi nao can d6i chiéu dong dién tdi, vi du tir duong thanh 4m, mach diéu

khién tdc dong 1am géc kich a; dat gid tri cuc dai lam qud trinh dong tii gidm nhanh
vé 0. Khi dong tdi triét tiéu, c4 hai bd chinh luu sé& bi khod kich. Ly do, khi dong qua
BCL I vira vé 0, khd ning din dién ctia cdc linh kién BCL I con ton tai thém mot thdi
gian ngin. N&u ta cho kich BCL II ngay lap tic, hién tugng ngin mach véi dong dién
khép kin qua BCL I, BCL 1I c6 thé phit sinh.

Sau khi khod xung kich cho cd
hai BCL mo6t thdi gian t vira dd ddm
bdo linh kién cta bd chinh luu 1 khoi
phuc kha niang khéa, BCL II s& dugc
kich d€ cho dong dién qua tdi Am, con
xung kich BCL I van ti€p tuc bi khéa.

Giai thich tuong ty cho trudng
hdp ddo chiéu dong dién tai tir Am sang
duong.

Pé thyc hién dio chiéu dong

£l
" )f)f ZI(Z{EK dién tai, c6 thé st dung mach logic
— i trong s6 d6 hinh H2.76. Qui luat diéu

I khién riéng biét bd chinh luu kép dugc

Hz 75 ECLI BCLI tém tit trong bidng B2.1 Khiu hiéu

chinh dong tai ¢6 tin hiéu ngd ra l1a dién

ap tdi yéu cdu. Khoi 1,2 c6 chifc ning chuyén yéu cau 4p tdi thanh tin hiéu xung

kich véi géc diéu khién  oy,a,. B logic xit 1y khéa va cho phép cic khdi diéu
khién bo chinh luu hoat dong theo bing B2.2.

N&u bd chinh Ivu diing d€ cap ngudn cho ddng co dc, d€ tao diéu kién thuin
1gi cho viéc ham tdi sinh trd cong suat tif ngudn vé 1u6i, bo chinh luu phai dudc thiét
k& v6i do du trit nhi't dinh vé dién dp & ch& do nghich lvu. Piéu ndy c6 nghia 13, dién
4p cuc dai khi bit dAu ché& @6 nghich lvu it nhi't phdi bing vé6i dién dp cuc dai & ché
d0 chinh luu va ta cé:

Ugig- €08 oy < —Ugjp. €OS

T do: (CF VTN >0.

Bdng B2.2
Sign(igye) | lai | P Khéa xung kich
+ >0 0 Kich BCL1, kh6a BCL2
+ 0 >0 Khé6a BCL1, kich BCL2
+ 0 0 Khéa BCL2,
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Khéa BCL1 trong thdi gian 1
- 0 0 Khéa BCL1,
Khéa BCL2 trong thdi gian

id*

iu:Hl : TidE
¥ id ¥
s REIEIREE N
JL_"‘_) E{ +—n
& &
“Khiéa®
4 L
"Khida”
M LoGicY
F 3
sgnid) :I:=
H2.76

H¢ qua:

Do ton tai khodng thdi gian khod kich t nén dong dién tdi bi gidn doan (xem
hinh H2.77). Tinh chat gidn doan cla dong dién lam dic tinh diéu khién clia bo
chinh luu tr§ thanh phi tuy&n va tinh dong hoc cla hé thong vi th€ khong cao. Vi
linh kién c6 thoi gian khoi phuc khd ning khéa nhd, dong dién tdi dudgc xem nhu
lién tuc.

P& mach hoat ddng dugc, doi hdi phai c6 cdm bi€n dong dién 0 qua tai.

Céc qud trinh dién 4p va dong dién tdi, dong dién qua mdi bd chinh luu dugc
v& minh hoa trén hinh H2.77 cho trudng hgp diéu khién riéng biét.

b. Phuiong phdp diéu khién dong thoi

CAu tao clia by chinh lvu kép theo phudng phap diéu khién ddng thdi phic tap
hon vi phdi trang bi cdc cudn khdang cAn bing (xem hinh H2.79). So ¢ mach md t3
nguyén 1y diéu khién dudc vé trén hinh H2.78 . Khdi 1 va 2 chuyén yéu ciu dong
dién tdi thanh yé&u cu dong dién cla tirng nhanh bo chinh luu. Tin hiéu i,y lam ting
thém dong dién yéu ciu qua mdi nhdnh chinh luu v6i dd 16n dong ting bing dong
cin bing
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10 id Deng dign tdi
0.1 VWVY\‘YWVWWY\ W
ol : W
-'3'-1; T HE:
10 ud o Pign ap i i
0.5 — -
oo POORMOMMNNR 4ttt ONOMANANINNY
-0.5- -
3013 DA, L Déng dién qua BCLA L
oo HE e lilll:: :W
0.1 - b
10° M DB i Déng dién qua BOL2 i
0.1 j IWWWWWWVW\’\
0.0 - i
0.1 —
W yhoa_a s Xung khda kich BCL 4 P
2 : :. i
1 e '?! =
o —H -
W khoa_b b Xung khda kich BCLZ P
2 Bt R
1 : | i
o- - 3
LD kA ' :: Bign dp difu khidn b chhh ou 4 '
17 . -
0 ' o
7 T T T T T T T 1
0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
TIME
Hinh 2.77

Theo nguyén 1y, cdc bo chinh Ivu I va II déu dudc diéu khién kich déng.
Goi Ugy, Ugy 14n lugt 12 tri trung binh 4p chinh luu ctia bo chinh luu I va II va

a0 12 cdce géc didu khién tuong tng .
Diéu kién d€ khong x3y ra hién

tugng ngdn mach khép kin qua BLC I, BLC II

12 dién 4p chinh luu trung binh tdng khong tao diéu kién 1am phét sinh dong dién mot
chiéu ngin mach c6 chiéu thuin véi chiéu din qua cdc bo chinh luu. Tir d6:

UdI + UdII <0

CuuDuongThanCong.com
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loyc —IL"‘"#SI_

i+
el
=
L
j
I
!"'4_
]
+

Hz. /e

Gi4 thi€t dong qua tai lién tuc:
UdI = Udo.COSO(.I
Uair = Ugo.cosou
= cosay +cosay 0=+ op>n

¢ 1,
N I s

BCLI 14 ’ ' BCLII

|

H2.73

Trong thyc t&, trudng hgp diéu khi€n ddi xitng ( tic oy + oy = ) khong duge
4p dung vi n€u xét cd qud trinh qud do, dong dién phat sinh trong mach khép kin qua
cidc BCL c6 thé dat gid tri trung binh kha 16n. Do d6, oy + oy > diéu khién khong
ddi xing dugce 4p dung rong rai hon.

Do géc diéu khién ctia mdi bo chinh lvu bi gidi han & cin trén nén:

Olmax < T NEN O yip > 0 va  twong tw lypmin > 0

Mic di, thod min diéu kién vé tri trung binh clia dién 4p chinh luu: Uy
+Uq<0, dong dién ngin mach mot chiéu phat sinh trong mach BCL I, BCL II bi khi
bd. Nhung su khdc biét gitta cdc gid tri tic thdi cda dién dp chinh luu ug, ugy s€ tic
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Dién tl céng suét 1

dong gay ra dong dién cin bing i, trong mach. Dong dién cin biing c6 thé dat gid tri
kh4 16n. P& han ch& dong cin bing, ddu ra ciia mdi BCL dugc mic ndi ti€p véi cudn
khéng can bing véi nhiém vu han ch€ bién do dong can bing trén. (hinh H2.78)

Uu diém ctia phuong phap diéu khién vdi dong dién cin bing 1a dong dién tai
lién tuc. Do d6, dem lai cdc tinh chit dong hoc cao cho hé thong diéu khién. Mach
diéu khién khong cin bo cdm bi€n dong dién bing 0.

Diéu bat 1¢i 1a mach chira cdc cudn khang cin bing 1am ting thém kich thudc
ciing nhu khdi lugng mach ddng lyc. Ngoai ra, cdc cudn khang tiéu thu cdng suit do
1am cho viéc dinh mifc mach ngudn bi ting 1én va hé sd cong sudt bi gidm.

Mot trong cic so dd diéu khién bo chinh luu kép theo phuong phap diéu khién
ddong thdi duge vé minh hoa trén hinh H2.78, trong d6 st dung khd ning diéu chinh
dd 16n dong dién can bing.

Cdc qud trinh dién 4p va dong dién tai, dong dién qua tiing bd chinh luu trong
trudng hop diéu khién ddng thdi dugc vé minh hoa trén hinh H2.80. B9 chinh luu kép
gdm hai bd chinh Ivu mach tia 3 pha mic d6i song. Tin hiéu dong dién tdi yéu cau
idyc sau khi qua cdc mach chuyén d6i thanh tin hiéu dong yéu ciu clia tiing bo chinh
luu. Dong dién qua mdi bd chinh luu s& dugc diéu chinh bing dong dién qua tii cong
vdi dong dién cAn biing. Dong dién cAn biing yéu ciu dugc thi€t 1ap tif mach ngoai.

q0° M i41 Déng dign qua ba chhb oo 1

0.1
WN\AMAAAM/V\H nnnnnnn o

0.0

0.1

103 id2 Dang dién qua bo chinh luu 2

0.1

oo AAAHA“AAAAHAhAﬂA/\NVNNWVW

-0.1-
40% M {d Déng dién qua i
017

0.0

-0.1-
1|:|3 ud Bien dp ti

0.5

B 0 PPN
- TS 8 8 o

-0.5-

407 M arga @de kich bé chh iy 4
0.2

0.1 ||

0.0-

407 M argh Gdc kich bg chih luu 2
0.2

0.1 |

0.0-

I T T T T T T T T T 1
-0 012 014 046 015 020 022 024 026 025 020
TIME
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Dién tl céng suét 1

Vi du 2.30:

Bo chinh luu kép gdm hai mach tia médc thanh dang d6i song va diéu khién
ddng thdi sao cho géc didu khién a0, clia hai bd chinh luu théa min diéu kién
o +0L= 0Ly >T.

Xung ring cua cda cdc bd chinh luu thay d6i trong khodng (-12V ; +12V ).
Pién 4p diéu khién cho cdc bd chinh luu 1an lugt 13 ugva uge

a/- Dong qua bd chinh luu thit nhat lién tuc ugg= 9V va uge =-10V. Tinh o,

g 7 , N . ~ A 2 2 .
b/- Cho biét o+, = LA , 0= % Tinh ugx,ugxo va tri trung binh dién dp tai.

Cho bi€t dong dién tai qua bo chinh luu thit hai lién tuc.
Gidi:
a.- Ta c6:

12-uyy 7 12-9 &

T
.—=—[rad
“=—p 3 ghadl
by =Rl 7 _12-(10) 7 11y,
12 2 12 2 12
=+ =+ L 104167 = 3,272]rad]
8 12
b/-
i /T n b5=n
=—[rad]a, =——-—=—/[rad
0t13[]0tz636[]
Ugy =12 -2 0, 21222 2 _4pv)
T T 3
Udk2—12—£a2—12—£ﬁ:—8[\/]
T n 6
Ud(oc)=—Udg(otg):—ﬂ.U.COSag
2n
= 3‘/_ (6j 222,828[V]
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Dién tit cong suat 1

CHUONG BA . .
BO BIEN POI PIEN AP XOAY CHIEU

B0 bi€n ddi dién 4p xoay chiéu dudc st dung dé thay ddi tri hiéu dung cta dién 4p ngd ra.
N6 dudc mic vao ngudn xoay chiéu dang sin vdi tan s6 va tri hiéu dung khong ddi va tao & ngd ra
dién 4p xoay chiéu cé ciing tin sd nhung tri hiéu dung diéu khién dugc. Do d6, bo bién ddi dién 4p
xoay chiéu c6 tinh ning gidng nhu may bi€n 4p diéu khién vo cip. Pién 4p ddp Gng & ngd ra thay
ddi nhanh va lién tuc.
B0 bi&n ddi dién 4p xoay chiéu dugc sit dung d€ diéu khién cong suit tiu thu ctia cic tdi nhu
160 nuéng dién trd, bép dién, diéu khién chi€u sing cho sin khau, quing cdo, diéu khién van téc dong
cd khong ddng bd cong suat vira va nhd (mdy quat gié, mdy bom, mdy xay), diéu khién dong cd van
ning (dung cu dién cAm tay, may tron, may siy). Bo bi€n ddi xoay chiéu con dugc diing trong cdc hé
thong bu nhuyén cong suat phan khang.

3.1-BO BIEN POI PIEN AP XOAY CHIEU MOT PHA

Trudong hgp tai thuan trd : (hinh H3.1).

0 :}:"-.-"‘II:< 4] }:UEI{U }:".l"‘l.r\ 0 \:UE
v INE O TING
u P it | ! i i ! |
% F F
| | . ' AN 1/ LN
| c ,ul | Q\"\ ! 1 P !
oL 1 : s
1 I Ukl | 1
K o /'| ..... W
2 P ut —a : - '
. .'\_l . . \—l
i ] ' 1 I
1 1 1 1 1 3
Hz.1 [— T T T 10

Mach gdm nguén dién dp xoay chi€éu mot pha dang sin u = U,,.sin ot mic ndi ti€p vdi tdi R
thong qua cong tic xoay chiéu bdn din. Cong tic xoay chiéu gébm hai thyristor mdc ddi song V; va
V, va trong trudng hop cong suit nhd cé thé thay thé€ ching bing mdt triac.

Phén tich mach (xem hinh H3.2)

Trong khodng géc (0,a), dong qua tdi bi ngit, ta co:

1=0,u=0

Trén thyristor V, xuat hién dién dp khéa vi:

uyy=u—-u=u>0

Tai thdi diém ng v6i géc X = a, xung kich I, dua vao cong diéu khién clia V| trong diéu
kién c6 dp khéa lam V, déng. Dong dién khép kin qua mach (u,V, , R)- trang thdi V,. Cic phuong
trinh mo t4 trang thdi V, trong thdi gian V; dan (o <X < 1)

uy; =0 =-uy,
iyi=ig iv2=0
u=-uy; +u=u=Ug,sinX

3-1

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tit cong suat 1

u=R.i;
Tai X = &, dong qua V, triét tiéu. Lic do;, dong dién tdi bing khong va ta ¢ _trang thdi 0.
Céc phuong trinh mo6 ta trang thai 0:
i=ivi =iy =0
uy;=u-R.i=u
Uy = -U
bién dp dit 1én V, trong khodng thdi gian dng véi X > 7t ¢6 gid tri duong - dién dp khda, nén
viéc kich vao c6ng diéu khién ciia V, trong khodng (1 + oo < X < 21 ) s& lam V, déng.
Cédc phuong trinh md ta trang thdi Vs:
uyy =05 vy =-i
Uy =-uy=0; iy =0
u=u=Up,.sinX <0

R
Tai vi tri X = 2mt, dong qua V, triét tiéu nén V, bi ngit. Mach tré vé trang  thdi 0.

Cdc hé quad:
U’T o1 Tri hiéu dung cta dp téi :

1
(1 P o 2
Ut —(ZI u; dX]
1
U, =U{1[n—a+ szaﬂz
1o 2

1
U, = U{1—3+ sza]2

T 27

020

0.6

(3.1)

0.109

0.6

oan-

H3.2

Khi géc diéu khién o thay d8i trong pham vi ( 0, nt), dién 4p
tdi c6 tri hiéu dung bi€n thién trong khodng ( 0, U). P thi bi€u dién tri hiéu dung Uitheo géc diéu
khién a dugc vé trén hinh H3.3

Tri hiéu dung dong dién qua tai:
U

/ 3.2
= (3.2)
Hé s6 cong suit:
1
2 . >
PF:B:M:&: ;o sin2a)2 (3.3)
S u., u T 2n
Dong dién trung binh qua SCR:
1 Uy o u
hay = — | =2 sin x.dx = —"-(1+ cos 3.4
VAV ZnJ. g - Sinx.ax ZnR( +cosa) (3.4)

Tri hiéu dung dong dién qua SCR. D& dang suy ra ring:
/

72

* Truong hgp tai L:
Ta phan biét hai trudng hop géc diéu khién a:
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Dién tit cong suat 1

a/- Géc diéu khién o > % (‘hinh 3.4)

Trang thdi 0 : Trong khodng trudc vi tri géc kich o dong tai bi gidn doan. Cac phuong trinh va
hé thitc mo ta trang thdi khong c6 dong dién:

U= L % = 0
at
iVl = iV2 =0

Uy =-uUpr=u> 0
Trang thdi V; (o < X <27 - a): Tai vi tri X = o, V; dudce kich trong lic ¢6 tac dung cia dién
ap khéa nén déng. Dong dién din khép kin qua mach (u, V,, L). Trang thdi mach dién dugc biéu
dién bdi hé thic va phuong trinh sau:

uv1=0

M2 0L WA 0, WE L 0L WY L, e ) .
R ; S 1y =l
u, =u = U,.sinX
di
U = L—t
dt
T diéu kién ban ddu i(a) = 0 va gidi phuong

trinh dong dién ta thu dugc nghiém:
it(X)ZU—'Z.(COS(x—COS X) (3.6)
®

Dong dién c6 d6 16n ting tir 0 dén cuc dai roi
gidm vé 0 tai vi tri X = 27 - .. Do iy, = i, nén tai vi tri
vilra néu trén, dong qua V| ciing bi ngit.

Trang thdi 0- khodng 27 - o < X < 7 + a): Sau
khi dong qua V| bi ngdt, mach trd lai trang thdi khong
din dién, cdc phuong trinh mo td mach dién:

| D |
I I ' :
' ! | 1 .
. ) t } T 1 1y = 0, ut=0
52 o r | | . .
] ' - Iy =1y, =0
uVl=—uV2=u<0
H3.4

Trang thdi V, - khodng (1 + o < X < 37 - a): Tai
vi tri X= o + 7, xung kich dua vao V, trong lic V, chiu
tic dung dién 4p khéa nén V, déng. Dong dién khép kin qua mach (u, V,, L).

Céc phuong trinh va hé thitc mo ta trang thai V,:
uyy =0; vy =-1;

u=u; u= di
t s t dt
Giai phuong trinh dong dién va d€ y ring i, ( n+a) = 0, ta dudc nghiém dong dién tai:
it(X)=U—T[cos(a+n)—cosX] (3.7)
(O]

Dong qua ti va qua V, c6 do 16n ting tit 0 dén cyc dai r6i gidm vé 0 . Tai day, V, bi
ngit. Mach tré vé trang thdi 0

A N e L9 . < . N .0 T L
Heé qud: Do6i véi tai L va géc dieu khién > <a<rm ,taco:
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Dién tit cong suat 1

1/- Dong qua ti bi gidn doan.

2/- Tri hiéu dung dién 4p trén tai c6 thé din gidi tir hinh H3.4
1

1
2n-a 2 i 2
U, :{H o, sinX)zdx}z :um(1—3+s’”2ajz (3.8)
T da T 2n
3/- Tri hiéu dung dong dién qua tai:
1 1
2n-o 2 2
l, = (1J' i2 .dsz - i{z@ - gj.(1 +2c0s2 o)+ 2 sin 2a} (3.9)
7 Ja ol b I
Trong tng dung véi tdi L, thinh phan hai cd bin dong dién cé y nghia quan trong:
() = 2m (2 =26+ L sin2q) (3.10)
oL o T
Mach hoat ddng nhu mot tai L diéu chinh v6i cdm khang 12 ham phu thudc géc kich:
\Y,
X (@)=t = —— “’Ll (3.11)
Lam (@) (2-=a+=.sin2a)
VA v

b/- Géc diéu khién « <%

Dién 4p tdi khong thé diéu khién dudc nita. Mach bd bi€n d6i dién ap xoay chiéu hoat
dong nhu mot cong tic & trang thdi ludn déng. Céc linh kién V, va V, 1an lugt din dién véi
khéang din ctia mdi linh kién bing 7. Dong dién qua tdi lién tuc. N&éu bit didu dua xung kich

vao linh kién tr vi tri « :% , dong dién 1&ch pha so vé6i dién dp mdt goéc ¢ = % Xung kich

can tao thanh dudi dang chudi xung bit dau tai vi tri géc o va k&t thic tai cudi nita chu ky
tuong ng cda 4p ngudn xoay chiéu .

Chéng han, khi dong tdi qua V, gidm d&€n 0. V| bi ngit. Tai vi tri ndy trén V, xuat hién

dién 4p khéa. Do c6 xung kich tic dung nén V, déng va din dong dién qua tdi theo chiéu
ngudc lai. Do d6, dong dién tai ddi dau va qua diém
5 T 0 mot cdch lién tuc .

'ty H¢ qud: Vé6i tdi L, khi « <% , bd bién ddi
dién 4p xoay chiéu hoat dong nhu cong tic & trang
thdi déng va dién 4p trén tdi bing 4p ngudn xoay
chiéu.

bic tinh U(a) cho trudng hgp tai L dugc vé
trén hinh H3.3

Truong hgp tdi RL (hinh H3.5): Tudng tu
nhu trudng hop tai L, viéc phan tich hoat dong mach
dién phu thudc vao géc dicu khién o. Gid tri phan

T N
biét o § trudng hgp tai L duge thay bang do 16n géc

¢ trong trudng hop tdi RL, ¢ = arctg(wL/R).
Truong hgp a > @ - dong dién tai bi gidn doan. chu ky hoat dong dugc chia lam 4
khodng tuong ting 4 trang thdi sau:
Trang thdi 0: mach khong din dién va 4p khéa tidc dung 1én V,
1=0;u=0

3.4
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iyi=0;1y, =0
uv1:—uV2:u>0
Trang thdi V, : V| dudc kich dan

ut=u;ut=R.i[+Lﬂ
dt
lyi=i;uy;=-uy,=0
Trang thdi 0 : mach khong din dién va dién 4p khéa tic dung 1én V, :
i[ = 0 s U= 0
ivi=0;1y,=0
Uy =—uv2=u<0
Trang thdi V, : V, dugc kich dan
Uy =-uy =0
iv=-i;u=u
U = R.i[ + Lﬂ
dt

Nghiém dong dién, vi du trong khodng V, din c6 dang

-R
iy =iy = Yn sin(X — ¢) - sin(a - ¢)e o)

Z (3.12)
Z =+R? +(oL)

Dong dién qua tai bi gidn doan

Trudng hdp a< o - dong tii lién tuc. Pién 4p tai khong diéu khién dudc. Bo bién ddi
dién 4p xoay chiéu hoat dong nhu cong tic & trang thdi ludon déng. Pién 4p tdi bing 4p ngudn
xoay chiéu c6 tri hiéu dung bing U. Xung kich cho linh kién dugc cho dusi dang chudi xung,
bit dau tir vi tri géc diéu khién dé&n khi k&t thic nira chu ky tuong Gng clia 4p ngudn xoay
chiéu.

bic tinh Uy(a) —xem hinh H3.5: phu thudc vao cdc tham s6 RL mach tdi, thay dsi gilta
dic tinh tai thuan dién trd va tai thuadn cam L.

Tinh ch4't tuong tu khi hoat dong vdi cdc tdi R,L,RL dugc trinh bay ngidn gon trong bing
so sanh B3.1.

Bang B3.1
Quan hé tdng R L RL Tinh chat
quét
L =0 L .Géc dic tru
¢ = arctan 2= ? o= ¢ = arctan 2= ¢-Hoc dde ring
R 2 R clia tai
>0 a>0 T oL Dong tdi gidn doan
o>— o > arctan —
2 R
a<o - T ol Dong tai lién tuc
o< E o< arCtanF
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Dién tit cong suat 1

3.2-BO BIEN POI PIEN AP XOAY CHIEU BA PHA
W

u - utl
e T/ ——
S s [
g R L
=TI
{E ¥ ut?
1—@—4 | 1-—#\&;‘5’—““““—1
|
A i
||
2 W5 utd
b8y
— ‘._W'.v_-""\-"‘x-"‘x-""\_
|
i R
=1
H2 .6

B0 bién ddi dién 4p xoay chiéu 3 pha dang ddy di (xem hinh H3.6) ¢6 cdu tao gdm ba
cong tic ban din ddu vao ngudn xoay chiéu 3 pha, dé thuc hién cung cap dién cho tdi 3 pha.
Khi cong suat tdi nhd, cdc cip cong tic ding thyristor ¢6 thé dugc thay thé bing triac.

Phin tich hoat dong clia b bi€n ddi dién 4p xoay chiéu 3 pha, ngay cd cho trudng hgp
tdi thudn trd, ra't phic tap vi viéc theo ddi qud trinh dién 4p va dong dién trong mach ri't khé
khin. Dang séng dién 4p va dong dién tdi thay ddi khdc nhau phu thudc vao d6 16n géc diéu
khién va céc tham s6 mach tdi (d6i véi tai khong thudn trd). Ngay nay, viéc phan tich dudc
thyc hién nhd 14p trinh mé phdng trén mdy tinh.

Dang séng dién 4p va dong dién cho mot s& cAu hinh bo bi€n ddi xoay chiéu phu thudc
vao géc diéu khién va tng vé6i cdc tdi R, RL dugc vé minh hoa trén cdc hinh H3.7 cho t3i R va
H3.8 cho tii RL ndi tiép.

Ddc tinh diéu khién clia bd bi€n ddi 4p xoay chiéu 3 pha dang day dd dudc vé trén hinh
H3.10. Véi tai R, pham vi diéu khién géc kich nim trong khodng (0,57/6); ddi véi tdi L,
pham vi di€u khién cda géc kich nim trong gi6i han (n/2,51/6). P6i vé6i tai RL, pham vi
diéu khién géc kich 1a (arctan wl/R,51/6).

Xung kich: @€ ddm bio qud trinh kich din thyristor, xung kich dudc thyc hién dudi dang
chudi xung bit ddu tir vi tri tng véi géc kich cho dén khi vugt khdi nita chu k¥ tuong ng mot
goc n/6.
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103
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Ut

a T THG
Hnnnnnooonnnoong
0 o

b/

nj2 Brig Moo
- H3.9

3.3- CONG TAC XOAY CHIEU

Cong tic xoay chiéu diing d€ d6ng vao hoic ngit ngudn dién dp xoay chiéu ra khdi tai
xoay chiéu. So véi cong tic cd khi sit dung ti€p di€m, cong tic ban din hoat dong véi tin s6
cao, d4p ng nhanh hon, cong suat diéu khi€n nhd; hién tugng phong tia Itra dién khi ngit dong
dién tai khong xay ra.

Tuy nhién, do cdng tic xoay chiéu c6 ciu tao gdbm céc linh kién ban din, do sut 4p trén
linh kién ton tai khi cong tic déng (khodng vai volt) tao nén tdn hao ddng k& khi dong tai 16n.
Do d6, cong tic ban din cin dugce lam mat. O ch€ do ngdt dong dién, trd khang ldc ngit cia
linh kién ton tai vdi gid tri hitu han, van con dong dién rd di qua linh kién ban din.

Céc cong tic xoay chiéu ban din dudc sit dung d€ khdi dong ciing nhu ddo chiéu dong
cd khong ddng bd; déng ngit tu bl cong suit phan khang cho 1u6i dién; déng ngit thay ddi
mifc dién 4p xoay chiéu cung cap cho tdi ; dong ngit chuyén ddi hé thong ngudn trong cic hé
thong ngudn dy trit UPS.

Cau tao cong tic xoay chiéu:

Cong tic xoay chiéu ton tai § dang mot pha, ba pha. Dong qua mdi pha tii dugc dong
ngit bdi mot cong tic pha. Mdi cdng tic pha gdm hai thyristor mic d6i song hoic mot triac.

Phan tich hoat dong clia mach khi thyc hién déng va ngit cong tic ban din c6
thé gidi thich minh hoa qua cong tic mot pha véi tdi RL (hinh H3.10). So dd mach
cong sudt giong nhu mach trén hinh H3.1.

Péng cong tdc : Tai vi tri géc X = o, ta thuc hién déng cong tdc bing cdch dua xung
kich lién tuc ( vi du dudi dang chudi xung iG=1) vao cong diéu khién ciia tdt cd cdc thyristor
V,,V,. Mot trong hai thyristor mdc d6i song & trang thdi khda tai vi tri kich déng s& déng, vi du
Vi
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Dong dién qua V, s& c6 do 16n thay d6i theo phuong trinh dong dién sau:
u, = Ri, +L.%:Um sin X (3.13)
biéu kién ban dau:

Phuong trinh c6 nghi€ém:

R
iy = U7’” sin(X — ¢) - sin(a - ¢)e o7
Z =R? + (oL (3.14)

Dong dién qua tdi thay ddi lién tuc di di qua gi4 tri 0. Do xung kich déng dugc dua dén
cdc thyristor lién tuc nén c6 thé xem codng tic xoay chiéu la dang dic biét clia bo bién ddi
dién 4p xoay chiéu véi géc kich bing 0. Do d6, dong dién qua tdi lién tuc. Céc thyristor V|, V,
tudn ty thay nhau din dién. Sau mot thdi gian dud 16n, thanh phan qud do cla dong dién qua tdi
tri€t tiéu. Mach dat trang thai x4c 1ap. Dong dién 1&ch pha so vdi di€n dp mdt géc o:

@ = arctg %L (xem hinh H3.10)

Ngdt cdng tdc: thuc hién bing cdch ngdt ( khéa ) dong thoi xung kich ciia tdt cd cdc

thyristor V; , V,. Tai vi tri ngit xung kich, n€u dong tdi din qua thyristor, vi du V, ¢6 dd 16n
khdc khong, V, sé ti€p tuc din dién d&n khi dong dién qua né, dong thdi qua tdi triét tiéu. Chi
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khi d6, dong dién bi ngdt bdi cong tdc. T qué trinh phan tich trén, ta thdy viéc ngdt dong dién
qua tdi bing cong tic ban din dién ra thuin 1gi, khong c6 qud dién 4p xuat hién ngay ci
truong hgp tai mang tinh cdm khdng. Pap Gng ctia dong dién sau khi thyc hién khéa xung kich
c6 thé bi tré t3i da bing nita chu ky dién 4p ngudn.

Cong tic xoay chiéu ba pha c6 cAu tao mach cong suit gidng nhu bd bién ddi dién 4p
xoay chiéu ba pha. Viéc thuc hién déng va ngit cong tic din d&€n qud trinh dién 4p va dong
dién trén tiing pha tai dugc vé trén hinh H3.11. Tir 6, ta thidy dong dién qua tirng pha 1an lugt
triét tiéu khi gidm v& zero tai cdc thdi diém khdc nhau. Pién 4p xudt hién trén linh kién bi tdt
ting vot dén gi4 tri cda dién 4p diy (xem hinh H3.11b).

P& gidm bt s6 linh kién ban din, mot s cAu hinh cong tic ti€t kiém s dung diode
thay cho thyristor & mot s6 vi tri. P& gidm bt cong sudt tdn hao trén linh kién ban din khi
cong tic § trang thdi d6ng, ddng thdi d€ ngdt hin dong dién khi cong tic & ch& do ngdt, ngudi
ta thuong st dung k&t hgp cong tic ban din v6i cong tic ti€p di€m. Trinh ty déng ngit cdc
cong tic co khi K|,K, va khéa ban din S dugc vé minh hoa trén gidn d6 déng ngit trén hinh
H3.13.
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3.4 - CAC PHUONG PHAP PIEU KHIEN BO BIEN POI PIEN AP XOAY
CHIEU

3.4.1. PIEU KHIEN PHA (xem hinh H3.2)

Véi phwong phdp diéu khién pha théng thuong, xung kich déng duge dua vao cdng
diéu khién tai vi trf tré di mdt géc o so vdi vi tri xuat hién 4p khéa trén linh kién.

Dién 4p ngudn xoay chiéu déng vai tro dién 4p chuyén mach, tic dung gidm dong
dién qua linh kién va ngdt né.

Pién 4p ngd ra chita thinh phin hai cd bdn c6 tin s6 bing tAn s6 4p ngudn va cic
thanh phan bic cao khidc. Do 16n clia cdc séng hai phu thudc vao géc diéu khién va ciu
hinh mach c6ng suat.

Truong hop diéu khién pha vdi qud trinh chuyén mach cudng bitc: diéu khién vi tri
kich déng dong dién va ddng thdi diéu khi€n ca vi tri ngit dong dién tdi. CAu hinh mach
phdi chita bd chuyén mach hoic linh kién tu chuyén mach. Vi phuong phap nay, dién dp
ngd ra c6 thé c6 dang d6i xiing. Néu trong mdi nita chu ky 4p ngudn, ta thuc hién diéu rong
xung, hé s& bi€n dang va phd cdc hai bac cao s& dudc han ché rat nhiéu.

3.4.2. DIﬁU KHIFSN Ti LE THOI GIAN

(Time duty ratio Control; Cycle Control)

Xem hinh H3.14- thyc hién bing cich cho xung kich déng cdc linh kién lién tuc
trong thdi gian bing s6 nguyén 1an chu ky (m) dién 4p ngudn va sau d6 ngit (khod) xung
kich lién tuc trong mdt s6 nguyén lan chu ky (n).

Phuong phdp nay khong st dung khi tdi c6 hing sd thdi gian ddp dng tuong duong
véi chu ky 4p ngudn xoay chiéu, vi du khong thé ding dé diéu khién d6 sing bong den day
téc, khong diing dé diéu khié€n van toc dong cd c6 moment quén tinh nhd.

Phuong phéip diéu khién ti 1¢ thdi gian véi thdi diém kich déng tai di€ém O clia 4p
ngudn (zero voltage switching ) dudc ng dung dé€ diéu khién 16 dién trd, 10 hd quang dién,
160 nuéng gia dinh.... vi it 4nh hudng 1én 1u6i dién, ddng thdi han ché tdn hao phdt sinh do
ch& d6 déng ngit linh kién tao nén.

B6 bién ddi lam viéc nhu mot cong tic xoay chiéu d6ng md tudn hoan. Hinh H3.14a
vé dién 4p va dong dién ti khi ta 4p dung phuong phdp diéu khi€n & trén vdi tai chi chita

dién tr§ R. T hinh v& H3.14a, ta suy ra tri hi€u dung cta dién 4p tai la: U, = U'\/?' Trén

hinh H3.14b v& quad trinh cdc dai lugng cho trudng hgp tai RL.

Phuong phdp diéu khié€n néu trén phit hop cho cic ngudn cung cip ning lugng cho
cdc thiét bi tiéu thu nhiét dién. Ta khong nén dung chiing 1am ngudn ning lugng cho cic
den chi€u sdng ciing nhu trong cdc dong co dién.
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Vidu 3.1:
Bo6 bi€n d6i 4p xoay chiéu mot pha cAp ngudn cho tdi thuin trd R=10Q.

N N S N 2 72.
Ngudn xoay chiéu c6 tri hi€u dung bang 220V, 50Hz. Géc di€u khién o = E[ rad ]

a. Tinh tri hi€u dung 4p tai

b. Tinh cong suit tiéu thu cla tai

c. Tinh hé s6 cdng suit

d. € dat dugc cong suit tai bing 4 kW, tinh d6 16n géc kich a
e. Binh mic linh kién st dung

Gidi:

a. Tri hiéu dung cta 4p tai
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1
U, :[1_g+ smzalz'u

e 271

1
T sm(z 2] z
- 1—£+2— 220 = 155,56[V ]

.

a

b. Cong suat tiéu thu cla tdi

3 1 27 _ 1 ut P
P = o J.o u d,.dX = j aX U,
2
P, = % — 2420[W]
c. Hé s6 cong suit ngudn ( bd qua tdn hao trén SCR )
e AP _P R
s uluL U
‘R
ST T
220.
10

d. Khi P =4 kW, ta c6: U, = /P,.R =+4000.10 = 200[V] .

Trén dic tinh Uf(a), Ta xdc dinh gbc a tuong dng v6i U, = 200V 1a o =
0,99979[rad] hay a=57,28"

e. Ap 1am viéc 16n nhit ctia SCR:

Upwm =Urwm = 220-\/5 =311V]

Chon hé s6 an toan dp: K, = 2,5 ta ¢6 tham s& SCR cin chon théa min dicu
kién:

Uprm = Ugrm > 2,5.311 = 778[ V]

Tri trung binh dong qua SCR (a=0):

lyay = szl?;.dX = LIR—@'U' sin X

2m o 2m Jo

. _A2u _J2.220
AV T RR .10
Tri hi¢éu dung dong qua SCR

aX

= 9,9[A]

2 2
2 i
s LJ- J2U.sin X ax | - J2u _ V2.220 _ 1555[A]
27 o R 2R 2.10
Vidu 3.2

Cong tic xoay chiéu ba pha dang diy di mic vao tai theo cAu hinh sao. Cong
sudt tdi P= 20kW, hé s cong sudt 0,707. Pinh mitc 4p va dong cho linh kién. Ap
ngudn c6 tri hiéu dung dp day 440V

Gidi:

Dong dién qua mdii pha c6 tri hiéu dung
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L P _ 20000
J3Ug.cosp  +/3.440.0,707

Dong dinh qua SCR

I, =~2.1 =+/2.37119 = 525[A]

Dong trung binh qua SCR

lav = In 325 16,71[A]
P i

= 37119[A]

Tri hi€éu dung dong qua SCR
| 525
lous = -1 = 222 = 26,25[ A
RMS = = [A]

Dién 4p dinh dit 1én SCR
Upwm = Urwm = V2U =+/2.440 = 6223V

Vidu 3.3
Bo bién ddi 4p xoay chiéu mot pha mic vao tai L. Tinh tri hiéu dung dp va

dong tdi khi « :2?7[ [rad]. Tinh cdng sud't phdn khdng clia séng hai cd ban. Cho biét

L=0,01H, &p nguﬁn U =220V, ® =314 rad/s

Gidi:
2n , 271
o sinZa 3 Sh2—
u,=U. |2/ 1-—+ =220. 2| 1-—=—+———>=-|=137,566[V]
T 2n T 271

I, = %\/2(1 - gj(1 + 2 cos? a)+ 3 sin 2a
.

T T
21
=229 |2l1-8 1420082 2|+ 3 sin[ 227 = 29.142[A]
314.0,01 . 3) ® 3

Cong suit phdn khdng clia séng hai co ban:

Qq) = Us.Ii) v6i

11(1) = nL,j(jL .(27c— 20 + Sin2oc) g< a<T

li1) =A. 27r—2.ﬂ+sin 2.ﬂ
71.314.0,01 3 3

ly1) = 27,395[A]

Ta dugc Q) =220.27,397 = 6025,8 Var

Vidu 34
Mach ddng luc ctia bd bl nhuyén mdt pha gdm tu bu C mic song song véi
cudn khdng L qua bd bi€n ddi 4p xoay chiéu (hinh H3.15). Dong bu dudc diéu khién
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biing cdch thay ddi géc kich o trong khodng [%ﬂ'j . Ap ngudn xoay chiéu c6 tri hiéu

dung U =220V, o = 314 rad/s, cong sudt bu clia tu Qc = 10 kVAr

a/- Tinh d6 16n cudn khing L d€ c6 thé bu cong suit v6i dd 16n thay ddi tir
Quin=0 d€n Quax = 10 kVAr.

b/- V6i L tinh dudc, xdc dinh dong bu téng ( hai co ban) tng v6i cdc trudng

hgp goc diéu khién o = = ;a, :2—”;053 =5—”;a4 =7
2 3 6
f?\
O
s —p
ir
—
[ e
; |
R
|
11
itl

H2AE
Gidi:
a/- Cong suat bl cda tu:
u? 2
=—=0CU
Qc Xe
Cong suat bi clia cudn khang:
u? U?
QL = =4
X, ol
DPé bt d€n cose = 1, ta cin c6 Qc = Q.
T do:
L=—
w°.C
C= ch = 10'0002 =657,99.10"°[F]
olU 314.220

1
L=
3142 (657,9.10° )
b/- Dong b tong:

= 0,0154[H]

=g +iyy = jCol+

jo.l,

véi Y- L) = YS_[2r ~ 24 + sin 24

oLy

T.o.L

Ta c6 két qua:

Ibu [a = ﬁj =45,477-25,655=19,821A
2
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( __j_45477 120,246=25.230A

( j 45,477-13,802=31,674A

Ina (or = 7)=45,477-0=45,477A

Quad trinh cdc dai lugng trong mach bu nhuy&n mot pha hinh H3.15) dudc vé

minh hoa trén hinh H3.16 cho hai trudng hop a = % va a = ﬁ .

AN B Y
T [T

| I

LA
Lt
| ¥x/\.

AVAAVAR \
20 an a0 50 a0 : ' ' 3
e 20 a0 TﬁE 50 &0

2 o

PR 3. bt o@==—

= = 3

H3 .16
Vidu 3.5

Cho bd bi€n ddi dién dp xoay chiéu mdt pha, tdi RL tan s6 ngudn ac f=50Hz.
Xung kich dudc dwa vao mach c6ng clia cic SCR & dang chudi xung, bit ddu tir vi tri
géc kich o d€n cudi nita chu ky clia ban ky dang xét. K&t luan gi vé tinh lién tuc clia
dong téi trong cdc trudng hgp sau:

a/-R=10Q;L=0,01H; a=

z
6
bﬁR:lQ;L:Ole;azg
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Cho U =220V ; ® =314 rad/s

Gidi:
a/-
@ = arctg ol = arctg 314.001 = 0,3042[rad]
R 10
v
a = e 0,523[rad] > ¢

= Dong tdi gidn doan. Quad trinh cdc dai lugng dp va dong dién tdi dugc vé
trén H3.17.

103
0.4
0.3 ut
0.2
0.1
0.0 “.j ﬂ
-0.17 \l
-0.27
-0.37
BT T T T T T T T |1D-3
u} 5 10 15 20 25 =0 jcia) g0
TIME
R=100 ;L=0,01H ;z—%
H3. A7
b/-
@ = arctg %L = arctg 314'10’01 =1,262[rad]

a=—=0523rad] < ¢

oy

= Dong ti lién tuc .

Vidu 3.6

B0 bién d6i 4p xoay chiéu mot pha dugc diéu khién theo phuong phap ti 1&
thdi gian. Cho biét 4p ngudn xoay chiéu c6 U = 220V, o = 314 rad/s. Thdi gian déng
Is, thdi gian ngit 0,5s. T4i thuan trd R = 50Q

a/- Tinh tri hiéu dung dién dp tdi va dong tai

b/- Tinh cong suat tai

c/- Tinh hé s& cong sudt nguén

Gidi:

a/- tri hidu dung 4p tai: U, = U.J% - 220. /% —179,6[V]

Do tdi R nén tri hiéu dung dong tai /, = % = % =3,592[A]
b/- Cong suit tai R:
_UE 17962
R 50
c/- Hé s6 cong sudt ngudn

Py = 645,333[W]
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o _Pa_Pn _ 645333
S Ul 2203592

=0,8166

Bai tap:

1.

10.

B0 bi&n d6i dién 4p xoay chiéu mot pha tdi R v6i thong s§ : ngudn ac c6 tri hiéu
dung dp pha 480V, f=50Hz, dién trd tdi R=50Q . Géc kich « = 80°. Hiy xdc dinh:

- tri hiéu dung 4p tai;

- cOng sudt tai

- hé s cong suit

- tri hi€u dung va tri trung binh dong qua SCR

- hé s&6 méo dang dong dién ngudn.
B0 bi&n d6i dién 4p xoay chiéu mot pha tii R vi thong s6 : ngudn ac c6 tri hidu
dung 4p pha 240V, f=50Hz, dién trd tdi R=45Q . Xdc dinh géc kich d€ cong suat tai
bing 8O0W.
Mot tai thudn trd tiéu thu cong sudt 200W duéi tic dung ngudn dién 120V, 50Hz.
Thi€t k&€ mach cung cAp cong sudt 200W cho dién trd trén khi st dung ngudn ludi 1a
240V, 50Hz. X4c dinh gid tri dién 4p dinh trén tai.
Bo bi€n ddi dién dp xoay chiéu mot pha tdi R vdi thong s : ngudn ac c6 tri hiu
dung 4p pha 120V, f=50Hz, dién tr§ tdi R=32Q . Xdc dinh pham vi diéu chinh géc
kich d€ cong suit tdi thay ddi trong khodng 200 d&€n 400W. Xac dinh pham vi thay
ddi hé so cong suit tuong ng.
Thi€t k&€ mach cung cAp cong sudt tir 750W d&én 1500W cho dién trd R=30Q. Cho
bié€t ngudn 1udi ac c6 tri hiéu dung pha 240V, 50Hz. X4c dinh tri trung binh va tri
hiéu dung cuc dai dong dién di qua SCR va gid tri dién dp dinh trén linh kién.
Thi€t k€ mach cung cAp cong suit khong d6i bing 1000W cho mdt tii dién trd c6
dd 16n R thay ddi trong pham vi tir 20 d€n 40 Q. Cho biét ngudn lu6i ac c6 tri hiu
dung pha 240V, 50Hz. X4c dinh tri trung binh va tri hi¢u dung cuc dai dong dién di
qua SCR va gid tri dién dp dinh trén linh kién.
Thiét k&€ mach diéu chinh chi€u sdng cho béng den 120V,100W. Ngudn dién 1uéi ac
120V, 50Hz. X4c dinh géc kich clia triac d€ cong suit dén bing a/-30W; b/-60W.
Gi4 thi€t cho ring dén hoat dong nhu tdi thuan trd khong doi.
Bo bi€n d6i dién 4p xoay chiéu mot pha véi linh kién S1 12 SCR va S2 1a diode. S1
diéu khién véi géc kich «.

a. xdc dinh tri hiéu dung 4p tii theo hAim« va bién do 4p ngudn.
b. Pham vi diéu khién 4p trén tai.

Bo bi€n ddi dién dp xoay chiéu mot pha véi géc kich khdc nhau cho cdc SCR: o,
ddi véi SCR1va a, d6i v6i SCR2. Xdc dinh tri hi€u dung 4p tdi theo cdc tham s§
Vm, o, va «,.
Bo bi€n d6i dién 4p xoay chiéu mot pha tdi R-L v6i thong s& : ngudn ac c6 tri hiu
dung 4p pha 120V, f=50Hz, dién tr§ tdi R=18 Q, L=30mH. Géc kich « =80°. Hiy
x4c dinh:
a. qud trinh dong dién tai
b. tri hiéu dung dong dién tai
c. tri hi€u dung dong dién qua SCR
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11.

12.

13.

14.

15.

16.

17.

18.

d. coOng suit tiéu thy cla tai

Bo bién ddi dién 4p xoay chiéu mot pha tdi R-L véi thong s6 : ngudn ac c6 tri hiéu
dung 4p pha 120V, f=50Hz, dién trd tdi R=22Q, L=18mH. Géc kich « = 45°. Hiy
xac dinh:

a. qud trinh dong dién tai

b. tri hiéu dung dong dién tai

c. tri hi€u dung dong di€n qua SCR

d. coOng suit tiéu thy cla tai

e. v€ dang séng dién dp tai va dp trén SCR

B0 bi€n d6i dién 4p xoay chiéu mot pha tdi R-L v6i thong s : ngudn ac c6 tri hiéu
dung 4p pha 120V, f=50Hz, dién trd tdi R=12Q, L=20mH. Géc kich « =115°. Hiy
xdc dinh tri hiéu dung dong dién tai

Bo bi&n ddi dién 4p xoay chiéu mot pha tdi R-L vd6i thong s6 : ngudn ac c6 tri hiéu
dung 4p pha 120V, f=50Hz, dién trd tdi R=12Q, L=20mH. Géc kich « = 60°.

a. Hiay xdc dinh cong suat tdi tiéu thu
b. S& dung Pspice d€ xdc dinh cong suit tii, chi y chon Ron=0,1Q trong mo

hinh SCR. Xdc dinh 46 méo dang dong dién ngudn tir k&t qud md phdng.
B6 bi€n d6i dién 4p xoay chiéu mot pha tdi R-L v6i thong sd : ngudn ac ¢6 tri hiéu
dung 4p pha 120V, f=50Hz, dién trd tdi R=15Q, L=15mH. St dung Pspice d€ xdc
dinh pham vi diéu chinh géc kich a d€ c6 thé thay ddi cong suat tii trong pham vi
tir 400W dé&n 700W (c6 thé st dung 1énh thay d6i titng budc tham s& )
Thi€t k&€ mach d€ cung cip cong suit 250W cho tdi R-L ndi ti€p vdi R=24Q,
L=35mH. Ngudn ac 120V, 50Hz. X4c dinh tri hiéu dung va tri trung binh dong qua
SCR va gid tri dién 4p 16n nhat trén SCR.
B6 bi€n d6i 4p xoay chiéu 3 pha cdp dién cho tai thuin trd, ddu dang sao. Cho biét
ap day 3 pha biing 480V, f=50Hz. Tai tr§ R=35Q . St dung Pspice d€ xdc dinh cong
sudt tiéu thu cla tdi  cho ting trudng hdp cla goéc kich nhu sau:
a=20%a =80%a =115°
B0 bién ddi 4p xoay chiéu 3 pha cip dién cho tii R-L ndi ti€p, didu dang sao. Cho
bi€t 4p day 3 pha bing 240V, f=50Hz. Tai R=16Q, L=50mH. Géc kich « =90°. Si
dung Pspice d€ xdc dinh cong suit tiéu thu cda tdi cho tirng trudng va xdc dinh
khodng dian ctia SCR trén db thi. Phin tich gidi tich qud trinh dong dién & xdc lap.
Vi€t chuong trinh mo ta bo bi€n d6i 4p xoay chiéu 3 pha vdi tdi ddu dang tam giac.
Xdc dinh tri hiéu dung dong dién qua tdi va dong dién qua ngudn. Cho biét tri hiéu
dung 4p diy bing 480V, dién trd tdii R=25Q va géc kich « =45°. Xdc dinh dd thi
dong i, va i,.
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Dién t& cong suit 1

CHUGNG BON
BO BIEN POI PIEN AP MOT CHIEU

B0 bi€n d6i dién 4p mot chiéu dung @€ diéu khién tri trung binh dién 4p mot chiéu &
ngd ra tr mot ngudn dién 4p mot chiéu khong d6i. Pién 4p trén tdi c6 dang xung tao thanh
tif qué trinh déng ngit lién tuc ngudn dién 4p mot chiéu khong thay dbi vao ti. Do d6, bd
bi€n d6i con duge goi 1a bd bi€n dbi dién 4p mot chiéu dang xung.

4.1 B0 GIAM AP

>
]
ijlu wo &,

Ut h,

I
H4.1 a T . bl

* S0’ dd cdu tao va nguyén 1y hoat dong.

Mach bd gidm 4p gdm ngudn dién 4p mot chiéu khong d6i U mic ndi ti€p véi tdi qua
cong tic S. Tai mot chiéu tdng quat gdbm RL va sitc dién dong E (vi du dong cd mot chiéu).
Diode khdng V, mic d6i song vdi tai (hinh H4.1a).

Ngudn mot chiéu cé thé 14y tir acquy, pin dién, hoic tir ngudn 4p xoay chiéu qua bd
chinh luu khong diéu khién va mach loc. Cong tic S c6 chiic ning diéu khi€n déng va ngit
dugc dong dién di qua né. Do tinh ning trén nén cong tic S phai la linh kién tu chuyén
mach, chidng han transistor (BJT, MOSFET, IGBT), GTO hoic & dang két hdp gdm
thyristor (SCR) vGi bd chuyén mach.

T4i mot chiéu hay gip trong thuc t& 1a dong co mot chiéu.

Phén tich: ( hinh H4.1b)

Viéc phan tich thyc hién vé6i gid thi€t dong dién qua tai lién tuc. Do cAu tao mach chi
chita cong tic S v6i hai trang thdi hoat dong 1a dong va ngdt dong dién nén ta phan tich
mach theo hai trang thdi co ban nay.

Trang thdi déng S: thdi gian dong T), dong dién din tir nguén U khép kin qua mach
gdm (U,S,RLE). Phuong trinh bi€u dién trang thai hoat dong ciia tai:

u=U

ut=R.lt+L%+E (4.1)

Chon thdi di€m ban diu t,=0 va ta c6:
i(to) = ip=lo
Giai hé phuong trinh vi phén trén, ta ¢c6 nghiém dong dién di qua tai du6i dang :
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Dién t& cong suit 1

t t
i,(t):U—';E[1—e T}Ho.e T (4.2)
A N X s ).
véi 7 = R 14 hdang so thdi gian mach tai.

Tai cudi khodng dan T, , ta ¢é: iy=i(T))=i,

Qua trinh dong dién tdi c6 dang ting theo ham mil.

Trang thdi ngdt S -khoing thdi gian (T,<t<T): khodng thdi gian ngit 12 T, . Do bi kich
ngit nén dong qua S triét tiéu. Mach tdi c6 chita L nén dong qua né khdng thé thay ddi dot
ngdt dudc. Do tinh lién tuc clia dong dién qua tdi chita L, dong tai i, ti€p tuc di theo chiéu
cii va khép kin qua diode khong V, thuin chiéu dang din ctia né. Phuong trinh md t3 trang
thai mach (Vy,RLE):

u=0

) di
u, =R+ LFI; +E 4.3)

Diéu kién ban dau clia (4.3): tir (4.2), dong dién tai i, dat gia tri tai thdi diém t=T:
_11
iy = ity + 1) = ig(T7) :%[149 T J+io

Gidi phuong trinh (4.3) chda nghiém dong dién tai i, ta c6:

o )
it(t):_?[1_e ' }r'ﬁ-e p (4.4)

Dong dién c6 qud trinh gidm theo ham mil:

Tai cudi khodng thdi gian T,, cong tic S lai dugc kich déng. S din dién lam dién 4p
ngudn U tic dung 1én diode khdng V, nhu dién 4p ngugc nén ngit dong qua né. Trang thdi
S d6ng dugc phan tich nhu & phan trén.

Ché dé dong tdi gidn doan: Khi E=0, dong dién t3i luon lién tuc. Khi E>0, dong dién

Tl , tdi c6 thé lién tuc hoic gidn doan. Khodng

: up thdi gian dong dién tdi gidn doan phu thudc

:f;k / vao cdc gid tri cia tham s§ diéu khién
T (T, T,) va tham s6 tdi (RLE).

I 2T G che dd dong gidn doan (hinh H4.2),

o ; Do khodng thdi gian dong gidn doan (i=0) xuat

. - : - hién trong thoi gian ngdt cong tic S. Trong

| P f P thdi gian dong S, dong dién tailién tuc dudgc

Uob ' b mo ta bdi phuong trinh (4.1) va (4.2) bit ddu

] ’ it gid tri i(0)=i=0.

Trong giai doan dau clia thdi gian ngit
cong tic S (T <t<ty): dong dién tai lién tuc
gidm va trang thdi mach dugc md td bdi
phuong trinh (4.3) va (4.4). Nghiém dong
_ dién tdi theo hé thic (4.4) gidm va dat gid tri
149 0 tai thdi diém t, théa mén diéu kién:

TTETTTTTAN

it
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Dién t& cong suit 1

_E Ty Ty
it(tz) = ? 1 —-e T + i1.e T = 0 , T1<t2<T (45)

Gidi phuong trinh (4.5), ta xdc dinh dugc gid tri ty:
T,
rgzrw{%.e?{_1J+ﬂ (4.6)

Giai doan dong tdi gidn doan (1,<t<T): dién ap trén tai bing E.
Tri trung binh dién dp trén tdi: d& dang din gidi dién 4p trung binh trén t3i theo hé
thic (4.7):

T, T -t t T,
U=U-Ll+E—2-Uy+E(1-2); y=-L 4.7
t T+ T y+E.( T) v=7 4.7)
Hé qua:

Véi ch€ d6 dong dién qua tai lién tuc, ta c6:
- Pién 4p trén tai c6 dang xung thay ddi gitta hai gia tri 0 va +U;

[N 2. o ~ T . n, [ . 2 N N z
- Bang cédch thay doi ti s6 vy = ?1 gitta T;: thdi gian dong S va T: chu ky dong

ngit (T = T, + Ty), ta diéu khién tri trung binh 4p t3i va dong tdi theo cdc hé thic :

-
1 Urt, +0T, T, T,
U=—=|ludt=——==U.—==Uy; y=— 4.8
t T.(l;u’ T T Y5 v T (4.8)
T
DO 0<"{:?£1 = 0<UISU
U, -E
[ ==t 4.9
(=2 (4.9)

O ché do dong ti gidn doan, cdc qué trinh dién 4p va dong dién duge mo t& bdi céc
hé thic va phuong trinh (4.1),(4.2),..(4.7) va (4.9)

Bo gidm 4p dung lam ngudn dién 4p cho truyén dong dién dong cd mot chiéu, 1am bo
phan ngudn cho bd bi€n tan 4p, bd bi€n tan dong dién .

4.2 -BO TANG AP

==

Wi

+
SN I

H4.32 0

* So' dd cdu tao va nguyén Iy hoat dong.
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Dién t& cong suit 1

Khi thuc hién him tdi sinh dong cd mot chiéu, ning lugng tir ngudn dién 4p thap (stc
dién dong E) dudc tra lai ngudn dién 4p 16n hon (ngudn mot chiéu U), diéu nay c6 thé thuc
hién nhd hoat dong ctia bd ting dp (hinh H4.3).

Diéu kién d€ mach hoat dong 13 E < U va ngudn U c6 kha ning ti€p nhin ning lugng
do tdi trd vé&. T4i mot chiéu phdi chita ngudn dy trit ning lugng (stc dién dong E) va cdm
khdng. Cong tic S thudc dang tu chuyén mach dudc nhu truGng hdp bd gidm dp. Diode Vq
cho phép dong dién din theo chiéu tir tdi vé ngudn va ngin dong dién di theo chiu ngugc
lai.

Phdn tich hoat dong mach bé ting dp & ché dé dong dién tdi lién tuc va mach & xdc ldp
(hinh H4.4):

Trang thdi dong S- khodng thoi gian (0<t<T;). Dong dién khép kin qua mach
(RLE,S). Phuong trinh mo ta trang thai S déng :
ut=0
.o di
u=-Ri-L—Lt+E 4.10
‘ L (4.10)

it(ty) = i¢(0) = iy~ VvGi gid thi€t thai di€m dAu chu ky khio st ty=0.

Dong dién qua tdi i, ting theo ham mii. Hé thic bi€u dién dong dién tai c6 dang:

t
i(t) = (g - @.[1 - erJ i (@.11)

e s 4e 2 ” , , .. . L
Tai thoi di€m cudi khoang dang xét, ta c6 t=T; va i(T\)=i, ;7 = R

Ning lugng do sitc dién dong E phat ra mot phan tiéu hao trén dién trd, phan con lai
du trit trong cudn khiang L.

Trang thdi V,_ khodng thoi gian (T,<t<T): Cong tic S bi kich ngit trong khodng thdi
gian T,. Dong qua cdng tic S triét tiéu. Do tinh lién tuc cia dong qua tdi chita L nén dong
tai ti€p tuc din dién theo chiéu cii va khép kin qua diode V, va ngudn U.

Phuong trinh m6 ta trang thdi mach (U,V,,RLE)

u=U
ut=—R.it—L%+E (4.12)
at

Tai thdi diém diu khodng dang xét, dong dién tdi c6 gid tri  iy(T;) = s

Nghiém dong dién tdi cia (4.9) gidm theo ham mil, cho bdi hé thic:
=
it(t):(E";U—io)[1—e T ]4-/'1 (413)

Cudn khang gidi phéng mot phan ning lugng du trir. Stic dién dong E & ch& do phat
ning lugng. Ca hai ning lugng nay dugc dwa vé& ngudn U mot phan, phan con lai tiéu hao
trén dién trG tai.

H¢ qua:
- Pién 4p tai thay ddi theo dang xung giita hai gid tri +U va 0.
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Dién t& cong suit 1
- Biing cdch thay d6i ti s6 y giita T, :thdi gian déng S va T=T+T, : chu ky d6ng ngit
S, ta diéu khién cong suit phat tif ngudn E ciing nhu cong suit trd vé ngudn U. C6 thé xdc
dinh d6 16n chiing thong qua trj trung binh dién dp va dong dién tai.

!
1 0T, +UT,  To . T
U,—?.J-u,.dt—f—u.?—u.ﬂ v v=t (4.14)

Do Osyzﬁg = 0<U,<U
T
-U; +E
R

N&u thay ddi vai trd gitta U va tdi: goi tai U, 1 ngudn cip ning lugng va U la tdi nhan
ning lugng, ta cé:

U:

I, = (4.15)

Ui
T-v
Dién 4p tdi 16n hon 4p ngudn nén ta goi day 12 bo ting 4p.

> U, (4.16)

4.3 CAC PHUONG PHAP DIEU KHIEN BO BIEN DOI DIEN AP MOT CHIEU

4.3.1 DIEU KHIEN VOI TAN SO PONG NGAT KHONG DOI

Chu ky déng ngidt T = T, + T, khong thay ddi. Pién 4p trung binh cia tdi dugc diéu
khién thong qua sy phan bd khodng thdi gian déng T, va ngit cong tic T, trong chu ky T
Pai lugng dic trung khd ning phan b6 chinh 1A tisd y =T,/ T

K§ thuat diéu khién ti s6 y c6 th€ thuc hién dya vao hai tin hiéu cd badn: séng mang
dang ring cua u, va séng diéu khién mot chiéu ug .

Hai dang s6ng nay dugc dua vao bo so sdnh va tin hiéu ngd ra dugc diing d€ kich déng
cong tic S.

Séng mang c6 tin s khong ddi va bing tin sd déng ngit cong tic S. TAn s& thanh
phin xoay chiéu hai cd ban cla dién 4p tai bing tAn s6 c& dinh nay. Do d6, séng dién 4p
tao thanh dé loc.

Séng diéu khi€n mot chiéu c6 d6 16n ti 1& v6i dién ap trung binh trén tai .

Xét bd gidm dp (hinh H4.1a,b)

Goi Upy la bién dd séng mang dang ring cua, ug 12 d6 16n séng diéu khi€n mot chiéu
; Ula dién 4p ngudn mot chiéu khong ddi.

Tur gidn dod kich déng S va cdc qué trinh dién 4p & ch& do dong lién tuc, ta d& dang
x4c dinh hé thic tinh 4p t3i trung binh theo 4p diéu khién:

U, = U,k 4.17)
Upm

Phuong phdp diéu khién véi tin sd séng mang khong ddi thudng dugc si dung trong
thuc tién .

4.3.2 PIEU KHIEN THEO DONG PIEN TAI YEU CAU

Trong trudng hop tai dong co mot chiéu, viéc diéu khién moment dong co thdng qua
diéu khién dong dién (ti 1& véi moment ). P& hi¢u chinh dong dién trong pham vi cho phép,
ta c6 thé st dung phuong phdp diéu khién theo dong dién. Theo d6, cong tic S sé& déng
ngit sao cho dong dién tai do dugc va dong dién yéu cau cé gid tri bing nhau.

4.5
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Dién t& cong suit 1
K§ thuat diéu khién theo dong dién dudc gidi quyé&t nhu trong bo nghich Iuu 4p (xem
phan nghich lvu 4p - diéu khién theo dong dién ).
Vi du: xét bd gidm 4p chita mach diéu khién véi tin s& d6ng ngit khong ddi.
Trong cdu triic mach diéu khién dong dién sit dung khdu hiéu chinh dong dién Ry, tin
hiéu dién 4p diéu khién tir ngd ra ctia khdu hié¢u chinh dong s& dudc so sidnh v6i séng mang
dang ring cua. K&t qua so sanh tao thanh xung kich d6ng hoic ngit cong tic S (H4.5).

Wach higuchinh

hach so sanh

Ramp_curent_Cantraller

_ el va a0 xung kich AAAPBAL B AR D ANPD PPN
e 4+ udk & [ 7
Fhw.ﬁ?ﬂvhvh?h" iht
_ Regulator 5 sy 4 \
RI ’; e
>
ibt
e A i % i
: al- hi- TIME
ive il e
4 gE 1|8 B“ﬂﬂﬂﬂd‘ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂfgﬁ
Wq a4 ,":f"l"(’l"f'r NH?UV‘JVUF‘JVV £
iht_ o | 27 I : I it
0- :: :' ¥
e 5 WI_II_II_II_II_II_II_II_II_II_II_II_II_II_II_II_II_II_W.S
: 20 100

tlme [5]

b-

Trong cdu triic mach diéu khién sit dung phan tit phi tuyén dang mach tré (hinh H4.6),
dong dién tai (ip) dugc diéu khién véi dd sai biét Ai so véi dong dién dat (iy.). PO 16n Ai
thi€t 1ap tlr ddc tinh mach tré. Khi Ai dii nhd, mach diéu khién tdc dung 1én bd bi€n ddi lam
n6é hoat dong nhu ngudn dong dién. Tinh chit nay dugc 4p dung trong cdc hé thong chita
khau hiéu chinh dong dién.

Tuy nhién, mach s& khong diéu khién dugc khi do sai biét cho phép 16n hon gia tri
dong dién yéu cau. Do d6, hé thong khong hoat dong & ché do dong dién gidn doan.

4.4 -BO BIEN POI MOT CHIEU KEP

Bo6 gidm 4p va bd ting dp 1a cdc bd bi€n d6i don, chiing chi cho phép tai hoat dong

trong mot phan tv mit phing

Pham vl hoat ddng ciia til duigec V-A cia tai (hinh H4.7).
cip nqudn bél choppar

P& mé rong pham vi hoat

It A 2 9 . 2 A <
It & it 4 ddng cua taira cdc phan tu mit
phing VA khdc, ta st dung bd
_:|_> > bi€n d6i mot chiu kép.
Ut Ut Uy 4-6
Bé tang &p Eé bign dfi mot

B gidm ap

CuuDuongMg’wO_{)ng.cum
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Dién t& cong suit 1

4.4.1 BO BIEN POI KEP DANG TONG QUAT
Sd dd bo bién ddi kép tong quat dang mach ciu dugc vé trén hinh H4.8. Mach gom
ngudn 4p mdt chiéu U mic vao 4 cong tic S;,,S, ,S3 ,S4 ddu & dang mach ciu .

RN :

2182 1T 1 1 — .

5 ! . : ' g I ak
E} [ Eﬂﬂ}m 53,54 — — —

Lt
il I

SR

Sﬂ Cud Eﬂ e g2 ii :l :!_
N I e B e B o

sS4

0 H4.9

H4 B

MJdi cong tic c6 mot diode mic d6i song vdi né. Cac cip cdng tic (S1,S4), (S2,S3) 12 nhitng
cong tic cuing pha tai. Hai cong tic trong mdi cip cong tic nay c6 thé diéu khién theo qui
tic d6i nghich (1 kich déng , 1 kich ngit). Khi d6, dong qua tdi ludn lién tuc néu tdi c6 chita
L.

Gian db kich déng cdc cong tic dugc biéu dién trén hinh (H4.9). Hiéu suit lam viéc
theo dang hinh H4.9b cao hon. Vi cing do 16n dp trung binh cla tdi, d nhap nhd dong tdi
thap hon.

Dién 4p trung binh trén ti thu dudc tir gidn d6 kich déng hinh H4.9a:

U; =U.($—1)=U.(2y—1) (4.18)
va theo gidn dd déng ngit hinh H4.9b:
U, = U.? ~Uy (4.19)

Biing cich thay d6i ti 1& thdi gian d6ng va ngit cdc cdng tic, tri trung binh dién dp tai (
va dong dién tdi ) ddi dau .

Dic tinh V-A ciia bo bi€n d6i kép tdng quét vé trén hinh H4.7

Dang s6ng dp va dong dién khi kich céc cong tic theo gidn dd H4.9 dugc vé trén hinh
H4.10

4.7

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tr cong suit 1
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TIME
H4 .10

4.4.2 - BO BIEN POI KEP DANG PAO DONG

N&u trong mach bo bién ddi kép tdng quit, cong tic S, ludn & trang thdi kich déng,
dong dién qua tdi sé khéng di qua S; hoidc diode D; nén nhanh mach nay trong qua trinh
phén tich c6 thé loai bé. Do S, § trang thdi kich d6ng nén tiiy theo chiéu dong dién tii ma
S, hodc D, d4n dién. Nhdnh mach nay (S,,D,) luon § trang thai déng. Do d6, mach bd bién
ddi kép tdng qudt c6 thé don gidn thanh dang bd bi€n ddi mot chiéu kép dang ddo dong
(hinh H4.11).

+ EJE}S = It
C_} J/ N Ut | -
Nkl
s HH} " Ut
H4 14 ak b&

Gian dd kich déng cdc cong tic S; S, theo qui tic kich ddi nghich dugc vé minh hoa
trén hinh (H4.12). Dién 4p tao thanh trén tii c6 gid tri khong am, thay ddi gitta +U va 0
tuy thudc vao trang thdi kich S, hodc S,. N&u tdi c6 ngudn du trit ning lugng ( vi du dong
cd mot chiéu ), biing cich thay ddi ti s6 thdi gian kich déng cda hai cong tic S, ,S4 , ta c6
thé diéu khién ddo chiéu dong dién qua tdi. O trang thdi d6, tdi trd thanh ngudn phét, dua
ning lugng trd vé& ngudn. Dang séng dién dp va dong dién vé trén hinh H4.12

4.8
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+U H Lt L +U v 't 1 .
o ”(u ﬂ n I-l_ 4] “
. it
0 it | 0 e T
as- 1=l b~ it-0
H4 .12

Tri trung binh dién 4p trén tai:
U, = U.? =Uy (4.20)

Dic tinh V-A ciia bo bi€n ddi kép dang ddo dong vé trén hinh H4.11b

4.4.3-BO BIEN POI KEP DANG PAO AP
N&u trong so dd bd bi€n d6i kép téng quit, ta loai bd cic diode D; ,D, va cong tic
S3,S4, ta c6 bd bién ddi kép dang ddo dién dp (hinh H4.14)

+ Sl“: ot F 4 It
T =TT

(] Ut

G

ak : b~

H4 .14

Do ciu triic cla cdc cip cong tic cing pha khong con & dang ddy dd, tinh lién tuc
hoiic gidn doan clia dong dién tdi phu thudc vao trang thdi mach tdi (tham s& R,L,E va gid
tri dong dién i) va thdi gian dong ngit cdc cong tic.

Gi4 thi€t dong tai lién tuc, mot vai gidn d6 kich d6ng cdc cong tic va dd thi dién dp
trén tdi dugc vé trén hinh H4.15a, H4.15b.

49
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T .
uT1 ,JTEMT-‘ \lTE MT‘I \:TEV_T‘I :{_'_;31 | | I
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=1 ' 1 | I H
— 1 P 1 si-se
: ! ! ! : : L : ! 1 ! 1
52: : : ; : : wul g ! : | ! : '
L,ll o | | i i : : 0 |
+U == -
: I I Y S e
ar- b~
H4.15

Gidn db kich H4.15a cho hiéu suat 1am viéc clia mach tdt hon, dd nhap nho dong dién
nhé. Do d6, chat lugng dong dién &t hon.
Dién 4p trung binh trén tdi dat dudc tir gidn d6 kich déng H4.15a:

U, = U.? =Uy (4.21)
Va tir gidn dd kich déng hinh H4.15b:
U, =U.(ZTT1—1)=U.(2y—1) (4.22)

Néu tdi chita ngudn du trit ning lugng, vi du sitc dién dong E cla dong co dc, cong
suat tai c6 thé trd vé& ngudn mot chiéu theo hai phuong dn. V§i phuong 4n thi nhat, sic
dién dong E dugc ddi dau (ching han thay ddi chiéu dong kich tir) va theo sd db hinh
H4.14 t3i trd thanh ngudn phat. PE c6 thé nhin ning lugng tir tdi dwa vé, dién 4p ngd ra
ctia bo bi€n d6i cong suat u, duge diéu chinh d&n gia tri Am. Téc d6 dua cong sudt vé ngudn
phu thudc vio do 16n dong dién tai thi€t 1ap trong mach. V§i phuong dn thit hai, chiéu ctia
sttc dién dong E dugc duy tri va dong dién qua E sé& dugc dio dau. Pé lam duge diéu dé,
cdc vi tri ddu day cla tai dudc ddo lai khi ddu vao ngd ra clia bd bi€n ddi cong suit (hinh
H4.16). O trang thdi x4c 1ap, d& ¢6 thé nhan cong sudt tir tai dua vé, dién 4p ngd ra ciia bd
bi&n ddi dugc di¢u khi€n dé&n gid tri Am twong ty nhu & phuong 4n thi nhat.

Chiéu dién 4p ngd ra c6 thé thyc hién d8i ddu bing cach thay d6i thdi gian déng ngit
céc cong tic (hinh H4.15b).

Pic tinh 1am viéc cta tdi bd
E'i“: bi€n d6i kép dang ddo dién dp dugc

B9 & trén hinh H4.14b

1 L‘f““”w@;‘ L,
— [L3

- =k

& [ v

H4 .16
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Dién tl céng suét 1

4.5 MACH LOC CHO BO BIEN POI BPIEN AP MOT CHIEU

4.5.1 MACH LOC PIEN AP NGO VAO

Trong hoat dong clia cdc bd bi€n ddi dién 4p mot chiéu, dong
dién qua ngudn dién 4p U thay ddi dang xung vdi tin sd séng hai co
ban clia dong biing tin s6 déng ngit cong tic. Khi ngudn chira cdm
khang trong L, hodc chiéu dai diy din dau tir ngudn dén bo bién ddi
tao nén cam khang dudng diy khong thé bd qua, viéc thay ddi dong
dién qua ngudn dang xung sé& tao nén phan dién dp trén cdm khdng L.
Do d6, dién 4p ngudn cung cip thuc t& cho bd bi€n ddi bi bi€n dang
va bi sut 4p. P& han ché sy bi€n dang cda 4p ngudn mot chiéu, § ngd
vao

ctia bo bién ddi dugc trang bi mach loc C hodc LC (hinh H4.17).

B e L U T i Yot
¥ ic > Lph iﬁ’* ]3} 14
5
4+ \51/ /1\ [
@ U T | e T wo H_T_

Ha 47

P& don gidn viéc tinh todn mach loc, ta gid thi€t dong tai i, khong
ddi. Do tan s6 déng ngit cong tic S 16n nén ta c6 thé gid thi€t dong
dién i qua ngudn khong ddi trong chu ky déng ngit. P9 16n dién dp
trén tu Cr gid thi€t ¢6 gid tri Ui, dat duge & cudi khodng thdi gian T .
Ta xét mdt chu ky lam viéc G xdc lap.

Ning lugng do ngudn U cung cdp: Wy, = ULT (4.23)
Ning lugng tai tiéu thu W, =U,. I,.T (4.24)
DoU=yUva W,,=W, nénsuyra:

I=v.1 (4.25)

Tu loc C; tich dién trong khodng thGi gian T, bdi dong dién ic = i
lam dién 4p trén n6 ting tf Ugpin d€n Ugpay . Ta co’

T T
o= [idte o= 1T =T
Ucmax ~UYemin = Cf J: c-dt - Cf J:dt = Cf (4.26)

Thay hé thic tinh I ta dudc :

/ /
Ucmax —Uemin = AU, = C_t-Y-(T -T;) = Ct f (1-7v)y (4.27)
f f

N&u diéu khién bo bi€n d6i theo phuong phip tin s6 khong ddi
f=const va do vy .(1-y )<1/4 khi 0<y <1, nén ta suy ra:
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I

AU, < < AU (4.28)
T 4Cf ¢ max
Chon I =l Ta c6:
c, > M’Af% (4.29)
b Cc max

N&u ta diéu khién bd bién ddi theo dong dién yéu cau, ta c6 thé
din gidi gin ding :

/ L.Ai
AU < mes S otmes < A, o, (4.30)
Tu @6
f > lf max LAI[ max (431)
U.AU, phax

L 1a cdm khang mach tdi (L=Lyp+L,) V2 Aipax 12 d0 nhap nhd 16n
nha't cho phép cla dong dién tdi.

C4dm khang L clia ngudén va tu C; hinh thanh dang mach cong
hudng vdi tin s riéng f.. TAn s6 déng ngit cong tic S phdi tranh chon
& 1an cin tan s6 nay. Thyc t&, ¢6 thé 14y gid tri f théa min diéu kién f
> (2-3).1;.

Trudng hdp st dung mach ngudn khdng ddi nhu acquy, pin, ta
khong can thi€t sit dung mach loc .

4.52 MACH LOC PIEN AP NGO RA

Pién 4p ngd ra ctia bo bi€n d6i 4p mot chiéu c6 dang xung.
Thanh phan xoay chiéu clia dién 4p ra tic dung 1am dong dién ti bi
nhap nhd. Tuong tu nhu trudng hgp bo chinh luu, dong tai c6 thé phan
tich 1am hai thanh phan: thanh phan dong trung binh va thanh phin
dong xoay chiéu. Thanh phin xoay chiéu clia dong dién tai gy bat 1gi
cho hoat dong mach tdi c6 thé han ch& biing cich ting tin s6 séng hai
cd ban cla nd, ting cdm khdng mach tdi hodc dung tu loc (hinh
H4.18)

o, I,

U ic = Lph = 2
-+ \l/ ¥ /I\ ivo :

@ U T | e A wvo T Coh FE

H4.18

Mach loc chita tu c6 th€ 4p dung cho tdi cong sudt nhd va cim
khdng L,, cho mach tdi cong suit 16n hon .
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Dién tl céng suét 1

Truong hop sit dung cdm khdng phy Ly,

Do tdc dung loc clia cudn khdng loc L, , dién dp tryc ti€p tdc
dong trén tdi u, bi nin gan phing .

Pé xdc dinh d6 16n cla L,y t diéu kién do nhap nho cho phép
ctia dong dién tdi, ta phan tich qud trinh dong dién qua téi i, phu thudc
vio tham s& mach, 4p ngudn va tin sd déng ngit f.

K&t qué phan tich xdc dinh d6 nhap nhd dong dién :

T ;
o , Uil-e ° —Z
A’:’tmax_’tminzﬁ- T [1_3 T] (4.32)
1-e"
v6iT = 1
f
T, T, 1an lugt Ia thdi gian déng va ngit cong tit S.
12% . L=Lm+L (4.33)

Khi T nhd, tic % dl 16n, ta dung phan tich chudi Mac Laurin.
T

K&t qua cho ta:

Ai :iy(1—y)<

f.L 4fL

Pé ¥ ring ham v (1 - y)datcdcdalbang—khly %tacé:

Ai < 4.35
4.f.L ( )
Piéu kién Ai < Aip,y ludn théa min, néu nhu ta cé: < Al iy
(4.36)
Tir @6, ta xac dinh L theo diéu kién:
U
L=L,+L>—— 4.37
T AT A (4.37)

max
Viéc xdc dinh @6 16n L c¢6 thé don gidn hon néu ta d€ y tri hiéu
dung thanh phin xoay chiéu dong tii c6 thé tinh gan diing theo hé
thac:
Us(r) U,
R? + (2nfL) JRZ (2 fL)?

Us, I 12 tri hiéu dung thanh phan xoay chiéu clia dién 4p va dong
tai.

ls ~ 150y = J (4.38)

Usys Isy 12 tri hiéu dung thanh phin xoay chiéu hai cd badn cida
dién dp va dong tai.
Xét bo gidm 4p, dang dp tdi chita thanh phin xoay chiéu:
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T T, T

1 1

= j (u, ~U, P dt = 7[j(u —yUYdt + j (—yUYdt| = JyT-y)U
0 0

T

(4.39)

1
Gid tri cuc dai cia Uy xdy rakhi y = E .

4.6 B0 GIAM AP DUNG SCR VA MACH TAT CUGNG BUC

Cong tic S trong bo bién ddi mot chiéu phai thudc loai linh kién diéu khién
ngdt dong dugc nhu transisor BJT, MOSFET, IGBT hoic GTO. Trong trudng hgp cong
suit tai 16, ta c6 thé sit dung thyristor (SCR) lam cong tic. Liic d6, khi dua xung kich
viao mach cdng, ta chi c6 thé diéu khién déng SCR, chiic ning ngit dong dién qua
SCR c6 thé thuc hién bing mach phu. Nhém mach phu nay dudc goi 1a bd chuyén
mach. Nhu vay, vé chitc ning, SCR két hgp v6i bd chuyén mach thuc hién vai trd clia
mot cong tic S nhu transistor. Bo chuyén mach c¢é nhiéu loai. Trong phin duéi day, ta
khdo sit bo chuyén mach loai dao dong.

vy )

r‘% NE —

cl- Y2 ) 3
T v

—+ iya—== 1

@ = ——nreed A v H_T_

— Ld
5 V3
Fo _

H4 .15

Trén hinh H4.19 vé bo gidm 4p st dung bo chuyén mach (BCM) thong dung.
BCM niy goi 12 BCM c¢6 mot mach dao dong loai 1. Cong tic S gdm thyristor chinh
V, va bd chuyén mach gém thyristor phu V,, tu va cdm khdng chuyén mach L;,C va
diode V;. Cong tic S dugc déng bing cdch kich déng SCR chinh V,, va S dugc ngit
bing cach kich déng SCR phu V..

4-14
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H4.20

B&i vi thdi gian chuyén mach trong phin 16n cdc trudng hdp rat nhé nén cé
thé€ xem trong thdi gian chuyén mach dong dién qua tdi khong thay d6i.

Ngoai ra, viéc phan tich c6 thé don gidn bing cich gid thiét ring dong dién
tdi dudc nidn 1y tudng (L—>00).

Ngudn dién 4p dugc xem la 1y tudng. Khi phan tich, ta gid thi€t riing, by gidm
dp danglam viéc & trang thai xdc 1ap.

Phdn tich va téng hop BCM trong bé gidm dién dp: (xem hinh H4.20)
Trang thdi V, -khodng (0,t,): dong dién tdi i, = I di qua V. Trén tdi va V, xuat
hién dién 4p biang 0. Tu chuyén mach chiu tdc dung cia dién ép :

4-15
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Uc = U.

Theo dinh luét Kirchoff, dién 4p trén thyristor V:
Uy = U

va trén thyristor phu dién 4p bing O :
Uyp = 0.

Trang thdi (V,,V3) . khodng (t;,t3): vao thdi diém t;, V, dudc kich dong. Trén
tdi xua't hién dién 4p u, = U va trén V, xudt hién dién 4p nghich uyo =-U nén V, bi
ngit. Vi th€, dong dién tai i, khép kin qua ngudn U va thyristor V. Qué trinh chuyén
mach dién ra giita Vo vad V; mot cdch truc ti€p. BCM (géom V, ,LC,V3) khong tham du
vio qud trinh trén. Pién 4p chuyén mach chinh 1a dién 4p ngudn U.

DPong thdi, viéc déng V, lam tu C phéng dién qua mach dao dong
(V1,V3,L1,0). Qud trinh dong dién va dién dp cia tu cho bdi hé thiic:

ic = i~ -sinfo, (t - t,)]
L
P~

1
o, - /Ll_c (4.40)
uc =U.coslo,.(t - t,)]

Thém vao dé:

Uyz = -Uc
ivy = Ii- ic (4.41)
iv3 = -ic

Tai thsi di€m ts, diode V; ngin khong cho dong ic d8i chiéu. Diode bi ngit.
Tu C ti€p tu duy tri dién dp uc (t3). V4i gid thi€t mach L;,C ly wdng, dién 4p nay
bing (-U) . P&i v6i mach dao dong thuc, khi dién ra qud trinh tich dién theo chiéu
ngugc lai cia tu C phat sinh t6n hao lam dién 4p tu khong thé nap dién theo chiéu
ngudc lai d€n dd 16n 4p ngudn (-U) ma chi dat d&€n gia tri gan bing né. Vi thé, ta c6
thé chon:

uc(ts) =-K;.U
1> K, =0,7-0.9 (4.42)

Trang thdi V- khodng (t3,t,): tif thdi di€m t;, V; d6ng va dong I, qua né. Trang
thai BCM tir thai di€m t; khong thay d8i. Tu chuyén mach di dudc chudn bi d€ ngit
V.

Trang thdi V, - khodng (t4,ts): d€ ngit cong tic S tai thdi diém t, , ta thuc hién
kich d6ng V,. Thyristor V, d6ng lam dién 4p tu chuyén mach dit 1én V, la dién 4p
nghich, 1am né bi ngit 1ap tic. Do tinh lién tuc, dong tdi i, ti€p tuc dan khép kin qua
mach (U,C,V,,RLE) va tich dién cho tu C theo hé thic:

t
1
Uc = uC(t4)+EtJ-l,.dt

Bdi vi uc(ty) = uc(ts), sau khi I1ay tich phan, ta c6:
/
Uc = E’(t —-t,)-K,U (4.43)
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Trong thdi gian V, déng, ta c6 uy; = uc. Trong khodng thdi gian (t4,ts) dién dp
nay c6 gid tri Am va nhd d6 V; khdi phuc kha niing khéa ctia minh. Trén tdi xut hién
dién ap:

u=U -uc=-uyp (4.44)

Tai thdi diém te, tu nap dén gid tri uc = U lam dién dp tai va 4p trén diode V,
bing 0. Hé qud, sau thdi di€ém ts diode Vo déng va dong nap tu din qua V, bi ngit.
Dong dién khong thé ti€p tuc di qua nhdnh V,,C bdi vi néu nhu viy, dién 4p uc sé
vudt qué gid tri U va theo so dd mach cho trang thdi V,, ta s& c6 (uc — U) > 0 xuit
hién trén V, theo chiéu duong, diéu nay khong thé xay ra.

Do dé, tir thai di€ém ts, dong dién tdi khép kin qua V.

Vin dé khdi dong bé gidm dp: trude khi cho mach hoat dong, can phadi ddm
bao dién 4p cin thi€t cho tu chuyén mach hoat dong biing cich tich dién cho né. Viéc
thyc hién c6 thé ti€n hanh don gidn né€u trude khi cho mach hoat dong, ta cho déng V,
hoic ndi anode V, d&€n dién cuc Am clia dién 4p U qua mot dién trd khd 16n.

Dinh mifc cdc thdng s& cho bd gidm dp: xudt phat tir diu kién ngit an toan
clia cdc thyristor. Thdi gian bdo vé ma thyristor bi ngit cAn c6 dé€ khoi phuc kha ning
khéa ctia minh dugc ky hiéu 1a ty. Linh kién s& dugc chon sao cho khodng thGi gian
ngdt an toan nhd nha't xud't hién tir k&€t qud phan tich mach ludn ludn 16n hon gid tri t,

cho bdi tirng thyristor.
Pé€ tinh téan dién dung cida tu chuyén mach C, ta dua vdo diéu kién ngit V.
Tur hinh H4.20, ta cé:
tocvimin = (ts - t4 )min> tqeviy (4.45)
Trong khodng thdi gian (t,,ts), ta c6 uy; = uc. Khodng thdi gian (ty,ts) c6 thé
dugc din gidi theo diéu kién t = ts, uc = 0:

C
t5 - t4 = tO(Vl) — KIUI_ (446)
t
tov1y dat gid tri nhd nha't khi I, 16n nhat téc bing Ly. T d6:
L.t ]
¢ = M oW)min (4.47)
K1IU

D& tinh todn L, ta din gidi tir diéu kién ngdt V,. Trén hinh v& H4.20 phin
tich dang séng d4p va dong dién clia V,, ta thdy thdi gian khoi phuc khd ning khod cia
V, s& nhd nhit n€u khodng din cla V, bang 0. Lic do, te=t;, va thdi gian tovya) s&
bing 1/4 chu ky dao dong cia mach L;,C. VGi ky hiéu chu ky dao dong cia mach
bing T,, ta c6:

.
tO(Vz)M/N = Tr = % . L1.C (448)
Tu do, ta co:
415 V2)MIN
Ly = % (4.49)
T

Do 16n ctia L;,C 4nh hudng d&€n bién do ctia dong L., cia mach dao dong

4-17
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u
en == (4.50)

Ta cin ki€m tra gid tri clia I, va tir &6 diéu chinh lai gi4 tri cda L, d€ dong
dién qua linh kién V; khong I6n qud. Thong thudng, ta cé thé chon I, = 2.1
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Dién tif cong suit 1

4.7 BO BIEN POI MOT CHIEU NHIEU PHA

Bo6 bi&€n d6i mot chiéu nhiéu pha c6 ciu tao gdm nhiéu bo bién d6i mot chiu don
ghép lai. Cdc bd bi€n d6i mot chiéu don nay cé séng ring cua léch pha nhau géc
tuong ng thdi gian T/m , v6i T 1a chu ky séng ring cua ding diéu khién mdi bo bién
ddi don va m 1a téng s6 bo bi€n ddi don ¢ trong mach. Phuong phdp diéu khién cic
bd bi€n di mdt chiéu nhiéu pha dude sit dung chi y&u 1a diéu khién véi tdn s déng
ngit khong ddi.

Theo ciu tao, ta phan biét bd bi€n ddi nhiéu pha khong st dung mdy bién 4p
trung gian va bd bi€n d6i st dung mady bi€n 4p trung gian.

Theo céch ghép cdc bd bién d6i mot chiéu ta phan biét bd bi€n ddi mot chiéu
nhiéu pha song song va bo bi€n d6i mot chiéu nhiéu pha ndi ti€p.

4.7.1 BO BIEN POI MOT CHIEU NHIEU PHA SONG SONG

Truong hop khéng st dung mdy bién dp trung gian:

i i
— —_—

I —
«~—— HRI
l 51 52
Lu
icﬂ JK i L
—
—— o Wt !
ul - i L2 l it
W ot !
f
HeF ud2 ¢
udd | + EE‘. ll’J
oy w2

H4.24

Bo bi€n ddi nhiéu pha trén hinh vé H4.21 c¢6 cAu tao gdbm 2 khéa ban din
S1,S,. Mdi khéa c6 trang bi diode khong kém theo D,,D,. Ngd ra ctia mdi bd bién ddi
don (S;,D;) mic vao cudn khdng ndn dong L;. Cdc cudn khang ddu chung vao diém
nit véi tdi DC. Miic diu cdc khéa S; ctia cdc bd bi€n d6i don dugc diéu khién kich
din & nhitng thdi diém khong hoan toan gidng nhau, nhung & ch& d6 xdc lap, ti s6 thdi
gian dong cda mdi khéa S; déu bing nhau. Mic khéc, ta bi€t tri trung binh dién 4p
trén cdc cudn khdng nin dong L;bing zero nén ta suy ra tri trung binh dién 4p trén tdi
khi ti s6 thdi gian d6ng bing y 1a:

U=v.U (4.51)

Dong dién tai i, dudc phan bd ddng déu trén cdc bo bi€n ddi nhanh mic song
song. Trong thyc t&, thong s cdc phin t trén cdc bd bi€n d6i nhanh khong ddng nhat
va xuat hién sy sai biét dong dién giita cdc nhdnh. Do d6, mach hiéu chinh dong dién
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Dién tif cong suit 1

sé& phai thuc hién nhiém vu diéu chinh do rong xung thich hgp dé can bing dong dién
qua cdc pha nhdnh.

Hé qua cia b bi€n d3i nhiéu pha:

-1|:|3 ut i1
0,107 20
05 R A N
0.05 10
0.00-
it o=
30 iz
25 Ay
20- | NI e NS
i1
20 o- =
_ L
oLl 1]
-
is2 107
20 0
10
1 1 1
0= 20
=1
5 10 r }/
— —1 o
o= 407 W
=) 0057
5_
o I_I |—|I — Im-s 0.0 |—_HI_‘| |_H"_‘Im-3
o5 og 100 a5 ot 100
TIME TIME

H4.22

V6i gid thi€t  dong
dién qua tdi va qua
ngudn DC dudc nin 1y
tudng, c6 thé ching
minh ring, bién do
thanh phin xoay chiéu
clia dién 4p xudt hién
trén tu loc C; gidm ti
1& véi binh phuong s&
pha ctia bd bi€n ddi va
bién do thanh phdn
dong xoay chiéu xudt
hién phia tdi gidm
tuyén tinh vdi s6 pha
clia bd bi€n ddi.

Céc d0 thi trén hinh
H4.22 md ti gidn do
déng ngdt cdc cong
téC S],Sz
y<0.5, dd thi dién dp

véi ti s6

va dong dién qua tai

Ui, dong dién qua cdc nhanh pha i,i,, dong dién qua nguén DC I va dong dién qua

10 Wyt i1
Mo ooy M
0.05- . NNV
0.00-
it <l
20 iz
757 e N N
70- 25
-1|:|3 i=1 20
0.05- :
10 i
0.0+
Me LU
0% 0.05-
0.0
002 0.00-
' 0% W izt
n.n:u:u— .05
0.00-
o 40° M 1
oz 0.057
5 r— H M)
o I = T = |1|:|_3 0.00= I T |1D-
o6 o 100 of ! 100
TIME TIME
Ha.22

CuuDuongThanCong.com

cac linh kién S;,D;.
Hinh H4.23 v& minh
hoa cdc qud trinh
tuong ty cho trudng
hop y>0.5.

Truong hop sit
dung mdy bién dp
trun

ian:

So d mach
bd bi&n ddi nhiéu pha
st dung mdy bién 4p
trung gian dudc vé
minh hoa trén hinh
H4.24 v6i s6 pha m
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Dién tif cong suit 1

bing 2. T ¢ng dung clia mdy bi€n 4p trung gian trong b chinh luu, ta thdy ring né
¢6 tdc dung tao dicu kién phan b& dong dién déu din trén cdc nhdnh pha. Pong thdi,
ti viéc phan tich dién 4p trén tdi du6i tdc dung mdy bi€n 4p trung gian, k&t qui din
dé&n viéc gidm bét thanh phin xoay chiéu dién 4p trén tii DC.

Hd4 24

Phén tich qud trinh dién dp:

Phan tich qu4 trinh dién 4p trén tdi c6 thé thyc hién tuong ty nhu phan tich
qué trinh chuyén mach ctia hai nhém chinh luu — xem chuong 2- phan 2.11, 2.12). Liic
d6, mach tuong duong clia bd bi€n d6i nhiéu pha c6 dang tuong duong trén hinh
H4.24. Vi ug va ug, c6 thé suy ra tr gian d6 kich doéng cac linh kién S;,S,.

U khi S, =1 U khi S, =1
Har ={0 khi S, =0""% ={0 khi S, =0

Gi4 thi€t cudn ddy mdy bi€n 4p trung gian chia 1am 2 phan biing nhau vdi do
tu cAm trén mdi nira bang L/2 va gia thi€t cdc vong diy quan kin 16i tir, ta c6 phuong
trinh 4p trén tai trong qud trinh chuyén mach:

(4.52)

u u Uy +U
LT = Uy, + LT _ Hdi d2 (453)

2 2 2
Dién 4p trén tai bing tri trung binh dién 4p tic thdi clia hai ngudn diau vao
né. Cic kha ning k&t hdp clia ngudn ug; va ug, dude cho trong bing B4.1:

U = Ugs —

Bang B4.1

n° | ug Ugn Uy

1 |U U U
2 10 U U2
3 |U 0 U2
4 10 0 0

Nhu vay, néu diéu khi€n dién 4p tai theo ki€u phdi hdp hai trang thdi 1 va 2
hodc 1 va 3, ta ¢6 thé€ 1am thay ddi dién 4p tai trong pham vi (U/2;U). Tuong tu, két
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Dién tif cong suit 1

hop hai trang thdi 2 va 4 hoidc 3 va 4, ta c6 thé diéu chinh dién 4p trén tdi nim trong
pham vi (0;U/2).
Gidn d6 d6ng ngit va qué trinh dién 4p tai u,, dong tai i, qué trinh dién dp u.7
va dong dién tr héa i, clia mdy bi€n 4p, dong dién qua cdc nhdnh pha i;, i, vad dong
dién qua ngudn DC i c¢6 thé theo ddi trén hinh H4.25 cho ti s§ y <1/2 va hinh H4.26
cho ti s6 vy >1/2.

i 3
10 ut
207 0107
15
10-
o 0.05
20
157 0.00-
10- it
i 307
20
S 1]
o 25
i1
20 .
1”0 r—l F’—I 10° W it
e 0.2
vl
0.1
20
e T A e
0- -0.1
=1 -0.z2-
5 iu
a4
o —— ==
7]
=l
5 0
-2 \_/ \_/ \_
S T T T T |1D-3'4_ ; " = | |1I:I'
96 a7 9z 249 100 o5 a7 ot =T 100
TIME TIME
H4 25

Phdn tich qud trinh dong dién:

Dong dién qua mdy bi€n 4p trung gian gdm dong dién qua hai nhdnh pha.
Dong qua mdi nhdnh pha chifa thanh phan dc va thanh phan ac. Gid thi€t ciu tao hai
nhdnh pha 12 ddng nhat, thanh phin dong dién dc trong mdi nhianh s& nhu nhau. Do
dién 4p tao trén mdi nita mdy bi€n 4p trung gian bing nhau nén suy ra dong tir héa
cta ching ciing bang nhau. Tu d6, ta co:

i1=i/2+i,/2
i=i4/2-1,/2

Dong dién tir héa mdy bi&€n 4p trung gian

)

(4.54)

(4.55)

Trong trudng hgp cdm khdng mdy bi€n 4p trung gian vd cling 16n Ly —> o0, ta bd qua

dong tir héa va dong qua mdi nhdnh pha biing nita gia tri dong tdi:

i,=0
i1:i2:id/2

(4.56)

Qud trinh dong dién qua tai va mdi nhdnh pha dudc vé minh hoa trén hinh H4.26.

CuuDuongThanCong.com
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C6 thé din gidi ring, vdi cing mot gid tri d6 tw cAm L mach tai nhu nhau, bo
bi€n d6i m pha s& cho d6 nhap nho dong dién tii gidm di m binh phuong (m*) 14n
Bo bién doi dién dp mot chiéu 4 pha_sit dung mdy bién dp trung gian- xem so do trén
hinh ve H4.27.
Biing cich k&t hgp diéu khi€n 4 khéa S,,S,,S; va Su4- xem bang trang thdi kém theo, ta
c6 thé thay d6i dién ap trén tai trong cac pham vi (0;U/4), (U/4;U/2), (U/2;3U/4) va
(3U/4;U) (xem bang B4.2)
Céc dién 4p trung gian c6 thé xdc dinh theo cdc hé thic sau:
Ugsp = Ugr ;Udz  Ugss = Ugs ;Ud4 va u, = Ugr2 ;Ud34 _ Ugr tUg2 2Ud3 tUgq

(4.57)

Xung kich déng cdc cong tic dudc thyc hién 1éch pha nhau 1/m chu ky séng
ring cwa vdicung ti s6 y . Trén hinh H4.27 minh hoa cdc trudng hdp khdc nhau cta
dang dién 4p tai u, khi ti s6 thdi gian déng y thay ddi.

Trén hinh vé H4.28a,b minh hoa cho trudng hgp 0.75<y <1 db thi cdc qud
trinh xung kich déng cdc linh kién, qud trinh dién dp va dong dién qua tai u,i, , dong
dién qua nguén I, dong dién qua cdc nhdnh ctia mdy bi€n ap trung gian iy, i, 3. igis,is.
dong dién tir héa mady bi&n 4p i,;,i,20,3; va dién dp trén phia sd cAp bié€n th& ugzy, uim
va urs.
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H4 283
Bang B4.2
N |S1 [S2 |S3 |S4 |uap Ugag uy
01 0 0 0 0 0 0 0
02 0 0 0 1 0 u/2 U/4
03 0 0 1 0 0 U2 U/4
04 0 0 1 1 0 U u/2
05 0 1 0 0 U2 0 U/4
06 0 1 0 1 U2 U2 U2
07 0 1 1 0 U2 U2 U2
08 0 1 1 1 U2 U 30/4
09 1 0 0 0 U2 0 U/4
10 1 0 0 1 U2 U2 u/2
11 1 0 1 0 U2 U2 u/2
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Dién tif cong suit 1
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Dién tif cong suit 1

Vidu 4.1

Bo gidm 4p cip ngudn dp cho phan tng clia ddng cd modt chiéu kich tir doc 1ap.
Ngudn mot chiéu U = 220V, tan s6 déng ngit f = 500Hz. Tai dong cd c6 R, = 2Q. L, khd 16n
va stic dién dong E = 1,253.0 [V;rad/s]. Moment dong co ludn bing dinh mic, tic
Luam=11,6[A]

a. Tinh ti s6 T/T khi van t8c dong co 1a 1000 vong/phiit

b. Tinh dién 4p tai nhé nhit & ché€ do dong tai lién tuc, tr d6 xdc dinh thdi gian dong
t6i thi€u T, clia ch€ d6 dong lién tuc.

Gidi:
a.
2z.n 271000
W= 60 -~ 60 =104,72[rad / s]

E =1253.0 =1,253104,72 =131,21]V]
0 ché do xdc lap
U =R+ E
U,=2.11,6 + 131,21 = 154,4[ V]
Véi dong tai lién tuc U, = ?.U
T, U, 1544
T U 220
b.- Dién 4p tdi nhd nha't khi E — 0. Luc do:
U tmin = R i =2.11,6 = 23,2[ V]

Ut min 1 Ut min_ _ 1232

Tt d6:T, .. =T. - A .
1min 7] U 500 220

Tu dé: =0,7018

=21.107"[s]

Vidu 4.2

Cho bd gidm 4p cAp ngudn cho dong cd mot chiu kich tir doc 1ap. Ngudn mdt chidu
U = 220V. Tai c¢6 R, nhé khong ding ké L, = 32,5 mH. Sttc dién dong E =1,253.0 véi o
[rad/s] 12 van t6c dong cd. Tan s& déng ngdt bd gidm 4p f = S00Hz. Cho bi&t dong tai lién tuc
va mach & xdc lap

T
1. Tinhtis6 y = ?1 khi van t6c dong cd n = 1500 v/ph.

2. GOl imin VA igmax 12 tri nhd nhat va 16n nhat clia dong dién qua tdi. Tinh hiéu Ai, =
ilmax - itmin

3. D€ gidm bét @6 nhap nho dong dién Ai, sao cho Ai; < 1A cin phdi thém cdm khdng
phu biing bao nhiéu

4. Trong trudng hop khong st dung thém cdm khdng phu, cin phai diéu chinh tan s&
déng ngit nhu thé nao d€ Ai < 1A

5. Mot cdch tdng quit, khi E thay ddi trong khodng ( 0, +U), tim diéu kién vé f va L
dé dd nhap nho dong & xdc 1ap thda didu kién Ai < Alimax

Gidi:

n 1500
& = 27[.@ =157[rad / 5]

w=2r.

4-26

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tif cong suit 1

O ché& do xdc lap U, = E = 1,253.0
U, = 1,253. 157 = 196,8[ V]

O ch€& do dong lién tuc U, = U. 77—1 =Uy
T do: U, =Uy=E = y=£ =198 _( gayg
u 220

2.- Khi cong tic S dong:
—u-1% g
at

hay: di, = #.dt
Dong dién ting trong khodng thdi gian déng cong tic tif gid tri ban dAu iy, d€n gid tri
cuc dai i; max - LAYy tich phan hai v€& ctia phuodng trinh trong khodng déng S.
U-E
Ty

Aiy = It max =it min =
T; A
Do ?’:y:T,.f nén:

Ai, = U—E.l: 220—196,8'0,8946 _1277[A]
L f 0,0325 500

3.- B€ gidm @6 nhap nho dong dién Ai; < Aigna, = 1A. Ta phii cé:

U-Ey_ ..
T-%<Altmax
=L> U._E L
A’tmax f
o> 2201968 08946 _ 115
1 500

Tir d6 cdm khang phu thém vao tdi thi€u bing:
Lphmin =L - L, =0,0415 - 0,0325 = 0,009 [H] =9 [mH]
4.- Trong trudng hgp gidm d6 nhdp nho dong dién bing cich thay ddi tin s6 déng
ngitf, ta co:
U-E 220-196,8

f>— g = © 0,8946 = 648,5[Hz]
Al o L 1.0,0325

Nhu vay tin s6 f phdi 16n hon 649 Hz
5.- Ta c6:

. U-Ey U-yU y U
Aiy = = <
I A Al
Do ham (1 - y)y ¢6 tri cuc dai bin Ekhi —inén aip =2 (1 - )<ii

biéu kién d€ Ai,< Aigmax cho trudng hgp xdc ldp, ta cin ¢6:
. u 1 ,
Ay € ——.= < Al max

Lf 4
Tir d6: f.L > L 220 _ =55[HH,]
4.Al¢ max 4.1
Viéc chon tin s6 va cdm khdng phu tuy ¥, thda diéu kién f.L > 55 {H.Hy]
Ghi chii: Do dién tré phan iing ciia dong co mot chieu thuong rdt nhé nén két qud tinh
trén c6 thé sit dung trong thuc t& véi sai s6’ chdp nhdn duoc.
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Vidu4.3

Cho bo bi€n ddi mot chiéu kép dang ddo dong. Ngudn mot chiéu U = 230 V. Tai la
ddng co mdt chiéu kich tir doc 1ap Ry L E, R, = 0,1 Q. Pong co dang chay § van tdc dinh mitc
thda min E = 4,2.0 ; ng, =500v/ph, ta thyc hién ham dong co . Pé dat dugc moment him
ddng co bing dinh mitc dong qua phin tng phdi c6 d6 16n - 100 A, cin thi€t 1ap ti s§ y = %

bing bao nhiéu ?.
U=y .U=Rul +E
Trong d6, stic dién dong cam tng E;
E = 4,20 = 4,22 m
60

_ 4,2.27500 _21091 V

[ =-100A, U=230V
y.230 = (0,1).(-100) + 219,91

v = -10+ 219,91

=091
230
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Dién tl céng suét 1

CHUGONG NAM
BO NGHICH LUU VA BO BIEN TAN

B nghich luu ¢6 nhiém vuy chuyén ddi ning luong tif ngudn dién mot chiéu khong dsi
sang dang ning lugng dién xoay chiéu d€ cung cAp cho tai xoay chiéu.

Pai lugng dugc diéu khién & ngd ra 1a dién dp hoic dong dién. Trong trudng hop diu,
bd nghich luu dugc goi 1a bd nghich luu 4p va trudng hgp sau la bd nghich luu dong.

Ngudn mot chiu cung cidp cho bd nghich luu 4p ¢6 tinh chdt ngudn dién 4p va ngudn
cho bd nghich luu dong c6 tinh ngudn dong dién. Cdc bd nghich luu tuong ¢ng dude goi la bo
nghich luu 4p ngudn 4p va bd nghich luu dong ngudn dong hoic goi tit 1a bd nghich lvu 4p va
bd nghich luu dong.

Trong trudng hdp ngudn dién & dau vao va dai lugng & ngd ra khong gidng nhau, vi
du bd nghich Iuu cung cip dong dién xoay chiéu tir ngudn dién 4p mot chiéu, ta goi chiing 12
bd nghich luu diéu khién dong dién tir ngudn dién 4p hoic bo nghich luu dong ngudn 4p.

Cic bo nghich luu tao thanh bd phan chi y&u trong cdu tao ctia bd bién tin. Ung dung
quan trong va tuong d6i rong rdi ca ching nhim vao linh vuc truyén dong dién dong co xoay
chiéu véi do chinh xdc cao. Trong linh vic tin s& cao, bd nghich luu dude ding trong cic
thi€t bi 10 cdm @ng trung tan, thi€t bi han trung tin. Bd nghich luu con duge ding 1am ngudn
dién xoay chiéu cho nhu ciu gia dinh, 1Am ngudn dién lién tuc UPS, diéu khién chi€u sdng,
bd nghich luu con dude ¢ng dung vao linh virc bl nhuyé&n cong sui't phin khing.

Céc tai xoay chiéu thudng mang tinh cdm khdng (vi du dong co khong ddng by, 10
cadm tng), dong dién qua cic linh kién khong thé ngit bing qué trinh chuyén mach ty nhién.
Do d6, mach bd nghich lvu thudng chita linh kién tu kich ngit d€ c6 thé diéu khi€n qua trinh
ngit dong dién.

Trong cédc trudng hgp dic biét nhu mach tdi cong hudng, tdi mang tinh chat dung
khang (ddng cd ddng bd kich tir du ), dong dién qua cic linh kién c6 thé bi ngdt do qua trinh
chuyén mach tu nhién phu thudc vao dién d4p ngudn hoic phu thudc vao dién 4p mach tai.
Khi d6, linh kién ban ddn c6 thé chon la thyristor (SCR).

5.1 -BOQ NGHICH LUU AP

Bo6 nghich luu 4p cung cAp va diéu khién dién 4p xoay chiéu & ngd ra. Trong céc
trudng hop khido sat dudi day ta xét bd nghich luu dp véi qud trinh chuyén mach cudng bic sit
dung linh kién c6 khd ndng diéu khién ngdt dong dién.

Nguon dién dp mét chiéu c6 thé & dang don gidn nhu acquy, pin dién hoic & dang
phtic tap gdm dién 4p xoay chiéu dudc chinh luu va loc phing.

Linh kién trong by nghich luu dp c¢6 kha ning kich déng va kich ngdt dong dién qua
né, tifc déng vai trd mot cong tic. Trong cdc tng dung cdng sudt nhd va vira, cé thé sit dung
transistor BJT, MOSFET, IGBT lam cong tic va & pham vi cong suit 16n c6 thé st dung
GTO, IGCT hoic SCR k&t hgp vdi bo chuyén mach.

Véi tai tdng quét, mdi cong tic con trang bi mdt diode mdc doi song v6i né. Cic diode
mic d6i song nay tao thinh mach chinh luu cau khong diéu khién c6 chiéu dan dién ngudc lai
véi chiéu din dién clia cdc cong tic. Nhiém vu ctia bd chinh luu cau diode 13 tao diéu kién
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thuin 1¢i cho qué trinh trao d8i cong suit 4o giita ngudn mot chiéu va tii xoay chiéu, qua dé
han ch€& qud dién 4p phdt sinh khi kich ngdt cdc cong tic.

5.1.1 BO NGHICH LUU AP MOT PHA

B0 nghich Ivu 4p mot pha dang mach ciu (con goi 1a b nghich lvu dang chit H) (hinh
H5.1a) chita 4 cong tic va 4 diode mic doi song.

sz ] [
N EJE} N Eﬂ[;} 5054 | —
= J/u Ut +u u T
- o
it - = T
o 13 .
H5.1 al- b

Gian dd kich déng cdc cong tic va do thi 4p tdi dudc vé trén hinh 5.1b.
B nghich luu cling ¢6 thé mic duéi dang mach tia (hinh H5.2).

51
51 52 s
+ 1 1
u l—_.—_ J@ J ; ; :
1 52 '—| —
m—— . : :
+U
%;I fol EE] an
Ut U
H5.2 al- bi-

Mach gom hai cong tic va hai diode mic ddi song v6i ching. Mach tdi va ngd ra clia bd
nghich luu cdch ly qua may bi€n 4p v6i cudn sd cAp phan chia. Phia

Trong trudng hgp khong stt dung may bi€n dp cach ly phia tdi, ngudn dién 4p mot chiéu can
thi€t k€& vdi nidt phan thé€ & giita (hinh H5.3), day 1a dang mach nghich luu dp nita cdu.
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5.1.2 BO NGHICH LUU AP BA PHA
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HE 4 . — I_I_l_m_:
0O 5 10 15 20 25 @ 3/ 40

time [5]

df-

Trong thyc t&€ mach bo nghich Ivu 4p ba pha chi gip & dang mach ciu (hinh H5.4a).
Mach chita 6 cdng tic S;,S,....S¢ va 6 diode d6i song D;,D;....Dg.
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TAi ba pha c6 thé mic & dang hinh sao (H5.4b) hodc tam gidc (H5.4c).

5.1.3 BO NGHICH LUU AP PA BAC
(Multi-level Voltage source Inverter)

Céc bd nghich luu vira duge md td & phan 5.1.1 va 5.1.2 chira 2 khéa ban din (IGBT)
trén mdi nhdnh pha tdi. Ching dugc goi chung 1a loai nghich Ivu 4p 2 bac (two- level VSI),
dugc 4p dung rong rdi trong pham vi cong suit vira va nhd. Khdi niém hai bac xudt phat tr
qué trinh dién 4p giita dAu mot pha tdi (vi tri 1,2,3) d€n mot diém dién the chudn trén mach
dc (di€ém 0) (pole to phase voltage) thay ddi gifta hai bac gid tri khac nhau, vi du khi chon
di€ém c6 dién th& chudn 13 tim ngudn dc thi dién 4p tif pha tdi d&€n tAm ngudn thay ddi gitta
(+U/2) va (-U/2) trong qué trinh dong ngét cdc linh kién. Bo nghich luu dp 2 bic ¢6 nhugc
di€ém 12 tao dién 4p cung cAp cho cudn diy dong co vdi @6 doc (dV/dt) khd 16n va gy ra mot
s6 van dé khoé khin bdi tdn tai trang thdi khdc zero cia tdng dién thé tir cic pha dén tim
ngudn dc (common-mode voltage) (xem dang dién 4p uno). BO nghich luu 4p da bic dugc
phat trién dé gidi quyét cac van dé giy ra néu trén clia bd nghich lvu 4p 2 bac va thudng
dudc st dung cho cdc tng dung dién dp cao va cdng suit I6n.

Uu diém ciia bd nghich luu dp da bac: cdng sudt cia bd nghich luu 4p ting 1én; dién 4p dit
1én cdc linh kién bi gidm xudng nén cdng sudt tdn hao do qua trinh déng ngit ctia linh kién
ciing gidm theo; v6i cling tAn s6 d6ng ngit, cdc thinh phin séng hai bic cao clia dién 4p ra

bl 5 b
U= 5% 4 i%

1
$| %F2 | w3
U ==—‘D‘Iﬂ T ::g ? F 3 t ::g

HB.5 o,

gidm nhd hon so véi trudng hgp bd nghich luu dp hai bac.

D3&i v6i tai cong suat 16n, dién dp cung cip cho cdc tai c6 thé dat gid tri tuong ddi 16n,

Cic cAu hinh ¢d ban cia bd nghich lvu 4p da bac:

Cdu hinh dang cascade (Cascade inverter):[28],[48] -hinh H5.5b, st dung céc nguén dc riéng,
thich hgp st dung trong trudng hop ngudn dc c6 sdn vi du dudi dang acquy, battery. Cascade
inverter gom nhiéu bd nghich luu 4p cAu mot pha ghép ndi ti€p, cdc bd nghich luu 4p dang
cAu mot pha nay c6 cdc ngudn DC riéng.
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Biing cach kich déng cdc linh kién trong mdi bd nghich luu 4p mot pha, 3 mic dién
ap (-U,0,U) dudc tao thanh. Sy k&t hdp hoat dong clia n bd nghich lvu 4p trén mdt nhanh pha
tdi s& tao nén n khad ning mifc dién 4p theo chiéu 4m (-U,-2U,-3U...,-nU), n kh3 ning mic
dién 4p theo chiéu duong (U,2U,3U,..,nU) va mitc dién 4p 0. Nhu vay, b nghich luu 4p dang
cascade gdbm 7 bd nghich luu 4p mot pha trén mdi nhanh s& tao thanh bd nghich lvu (2n+1)
béc.

Tan s6 d6ng ngit trong mdi modul ctia dang mach nay c6 thé gidm di n 1an va dv/dt
ciing gidm di nhu vay. Pién 4p trén dp dit 1én cdc linh kién gidm di 0,57n 1an. Cho phép sit
dung linh kién IGBT dién 4p thap.

Ngoai dang mach gdm cic bd nghich luu 4p modt pha, mach nghich lvu 4p da bac con
c6 dang ghép tir ngd ra clia cac by nghich luu 4p 3 pha (H5.5¢). Cau tric nay cho phép gidm
dv/dt va va tin s6 déng ngit con 1/3. Mach cho phép st dung cdc ciu hinh nghich luu 4p ba
pha chuén. Mach nghich luu dat dudc sy cAn bing dién 4p cdc ngudn dc, khong ton tai dong
cin bing giita cdc module. Tuy nhién, cAu tao mach doi hdi sit dung cdc mdy bi€n 4p ngd ra.

TH |

B

L e Ly I e B R W O

HS5.5¢

Cdu hinh nghich luu chita cdp diode kep: (Neutral point Clamped Multilevel Inverter (NPC)
hoic- diode clamped multilevel inverter):-hinh H5.5a, st dung thich hgp khi cdc ngudn dc tao
nén tir hé thdng dién ac. Bo nghich lvu da bac chita cdc cip diode kém c6 mdt mach ngudn
DC dugc phan chia thanh mot s6 cAp dién d4p nhé hon nhd chudi cdc tu dién mic ndi tiép.
Gi4 st nhanh mach dc gdm n ngudn c6 @6 16n bing nhau mic ndi ti€p. Pién 4p pha —
ngudn dc c¢6 thé dat duge (n+1) gid tri khdc nhau va tir @6 bd nghich luu dudc goi 12 bd
nghich Ivu 4p (n+1) bac. Vi du chon mic dién th€ 0 & cudi ddy ngudn, cidc mifc dién 4p c6
thé dat dugc gdm (0,U,2U,.,nU). Pién 4p tir mot pha tai (vi du pha a) thong d&€n mot vi tri bat
ky trén mach dc (vi du M) nhd cédp diode kep tai diém d6 (vi du Dy, D;’). P& dién ap pha-
ngudn dc dat dudc mitc dién 4p néu trén (u,=U), tit cd cdc linh kién bi “kep” giita hai diode
(D;, D;’) —gébm n linh kién n6i ti€p lién tuc ké nhau, phdi dugc kich déng (vi du S,
S57,S47,S5°,S,°), cdc linh kién con lai s& bi khéa theo qui tic kich doi nghich. Tuong dng vé6i 6
truong hgp kich déng linh kién “bi kep” gitta 6 cdp diode (hai cip diode “kep” & hai vi tri
bién 1a trudng hgp dic biét), ta thu duge 6 mic dién 4p pha- ngudn dc : 0,U,2U,..,5U. Vi c6
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khd ning tao ra 6 mic dién 4p pha- nguén dc nén mach nghich luu trén hinh H5.5a con goi la
bd nghich luu 6 bac.

Dang mach nghich luu 4p da bac dung cip diode kep cdi ti€n dang séng dién ap tdi
va gidm shock dién 4p trén linh kién n 1an. Vi bo nghich luu ba bac, dv/dt trén linh kién va
tin s6 déng ngit gidm di mot nira. Tuy nhién v6i n>3, mic do chiu gai dp trén cdc diode sé&
khdc nhau. Ngoai ra, cin bing dién dp giita cdc ngudn dc (4p trén tu) tré nén kho khin, dic
biét khi s& bac 16n.

5.2 PHAN TiCH BQ) NGHICH LUU AP
5.2.1. PHAN TICH PIEN AP BQ NGHICH LUU AP 3 PHA
Gia thi€t tdi ba pha ddi xing théa man hé thic:

Uy +up+uz=0 (5.1)
Ta tudng tugng ngudn 4p U dudc phan chia lam hai nra bing nhau véi diém nit phan thé O
(mot cach tdng quat, di€ém phan th& 0 c6 thé chon & vi tri bt ky trén mach ngudn DC).
Goi N 1a diém niit clia tdi ba pha dang sao. Pién dp pha tdi u,,up,us. Ta c6:

U= Ujo- UNO (5.2)

U = U0~ UNO

Uiz = U3zp-UNo
Dién 4p ujo, Uy , u3p dudc goi 1a cdc dién 4p pha -tAm ngudn cla cdc pha 1,2,3. C4c dién dp
Ugr, Up, Ugs; Ugo, Uag, Uzg VA Uno ¢6 chiéu duong qui udc v€ trén hinh H5.4a
Cong cédc hé thic trén va dé y ri“mg u+up+uis=0, ta co:

0 = uy0 +uy +uzp —3.uno (5.3)
U,+u, +Uu
Tir do: uNoz% (5.4)

Thay uno vao biéu thifc tinh dién 4p mdi pha ti, ta c6:
2Uyp —Upy —Ugy

Uy = 3
PUsy —Ugy —U
Upp = 20 30 10 (55)
3
Ui = 2Ugy —Ugg —Upp
13 = 3

Dién ap day trén tai:
Ugi2 =Ujo - Uz
U3 = Uz - U3 (5.6)
U3 = U30-Ujo
* Hé qud: Qud trinh dién dp ( va do d6 qud trinh dong dién) ngd ra clia bd nghich luu dp ba
pha s& dugc xac dinh khi ta xdc dinh dugc cac di€n ap trung gian ug, Uy, Usp.
* Xdc dinh dién dp pha - tdm ngudn cho bé nghich luu dp. Cdp céng tdc ciing pha: gbm hai
cong tic cing mic chung vao mot pha tdi, vi du (S;S4), (S3,Se) va (Ss,S,) 1a cdc cdp cong tic
cung pha.
Qui tdc kich déng ddi nghich: cip cong tic cung pha dudgc kich déng theo qui tic d6i nghich
néu nhv hai cong tdc trong cdp ludn & trang thdi mét duoc kich déng va mot dugce kich ngdt.
Trang thdi cd hai cling kich d6ng (trang thdi ngan mach dién 4p ngudn ) hoic ciing kich ngit
khong dugc phép.
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Néu biéu dién trang thdi duoc kich ciia linh kién bdng gid tri 1 va trang thdi khéa kich bing 0,
ta cé thé viét phuong trinh trang thdi kich ciia cdc linh kién trong mach nghich luu dp 3 pha
nhu sau:
S;+S,=1;S3+S5=1,;S;+S, =1 (5.7)
* Qui tdc: Gia thi€t bd nghich luu 4p ba pha c6 cdu tao mach va chiéu dién thé cla cdc phan
tr trong mach cho nhu hinh vé H5.4. Gia thiét cdc cong tic cung pha dudc kich déng theo qui
tic d6i nghich va gia thi€t dong dién cia cdc pha tai c6 kha ning ddi ddu.

U

Dién 4p pha tdi d&€n tAm ngudn clia mdt pha ngudn nao dé cé gid tri +E néu cong tic 1& clia

pha dugc kich dong va —% néu cdng tic chin dugc kich khong phu thudc trang thdi dong
dién.

* Hé qud:

1/- Pién 4p trén tdi dugc xdc dinh hoan toan néu ta bi€t dudc gidn dd kich déng céc cong tic
va dién 4p ngudn. Do d6, ta c6 thé diéu khién dién 4p ngd ra clia bo nghich luu 4p biing cach
diéu khién gidn d6 xung kich déng cic cong tic.

2/- N€u cdc ciip cong tic cing pha khdng dugc kich déng theo qui tdc doi nghich, dang dién dp
tdi sé thay doi phu thudc vao trang thdi dong dién tdi (va tham s6 tdi ). Py 1a trudng hop kich
déng do y mudn ddi vdi tai dang cong hudng. Dong dién c6 thé § trang thai lién tuc hoic gidn
doan.

Ta cin chi y ring, mdt cong tic dugc kich d6ng khong c6 nghia 1a né sé din dién. Phu thudc
vao chiéu dong dién din qua tdi c6 thé x3y ra trudng hop cong tic kich déng khong din dién
ma dong dién lai din qua diode mic ddi song véi cong tdc dugc kich dong.

3/- Dang dong dién dudc xdc dinh dua trén phuong trinh mach tdi. Vi du déi véi tai d6i xing
ba pha gdbm RL mic ndi ti€p, ta c6 phuong trinh dong dién ba pha tdi iy, i, ix.

. di
Uy = Riiyy + LT;’

(5.8)

Thoi gian chét (dead- time): 13 khdang thdi gian cAn thi€t 4p dit trong gidn dd dong ngit cip
linh kién cuing pha tdi, trong khodng thdi gian ndy hai cong tic cuing pha tdi s& bi khéa kich
(vi du S,,S,). Thdi gian chét bit diu qué trinh chuyén mach ciia hai cong tic ciing pha tai dé
tranh x4y ra hién tugng ngin mach ngudn. Do thdi gian chét nhd khong dang ké, trong qud
trinh phan tich hoat dong mach, ta thudng gid thi€t bé qua giai doan nay.

5.2.1 PHAN TiCH BO NGHICH LUU AP MOT PHA
Ta c6 thé phan tich dién 4p tai cia bd nghich luu 4p mdt pha dang mach ciu tuong ty nhu bod
nghich Ivu 4p ba pha. Hai cip cong tdc (S;,S4) va (S,,S3) tuong ing véi hé thong hai pha tdi
ddi xdng tudng tugng (hinh H5.6).

_ U Uy — Uy

2 2 (5.9)
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RO rang :

U, =u,/2=-up/2=ug - Uy (5.10)
N&u cédc cong tic dugc kich theo qui tic ddi nghich, ta c6 thé xdc dinh dang 4p trén tdi dua
trén gidn d6 kich cong tic va dién 4p ngudn.

Ujp = +U? néu kich S; ngit S,
U 1. <
um:—? néu kich S4, ngat S,
U N 1. s
Uy = +3 néu kich S;, ngat S, (5.11)

- UE néu kich S, ngit S

Phén tich dién dp tdi ciia bé nghich luu dp mot pha dang mita cdu: dién dp bing véi dién 4p
pha tdi - tim ngudn, bai todn tré nén don gian.

Phén tich dién dp tdi ciia b6 nghich luu dp mét pha dang cdu: Qud trinh dién 4p va dong dién
dugc vé trén hinh (HS5.8)

Xét qud trinh cdc dai lugng trong mot chu ky hoat dong & ché do xdc 1ap. Gid thiét ring tai
thdi diém t=0, thyc hién déng S; va S,, ngidt S; va S,. Pién 4p tdi bing U, dong dién ti chay
qua mach (U-S;-S,) ting 1én theo phudng trinh:

0<t<T/2

U, =U (5.12)

U, = Ri + L3
dt

Nghiém dong di€n cé dang:
t
i = Ae (5.13)
R
A 1a hiing s6, 7 =L/R 12 hiing sd thdi gian.
Tai thdi diém t=T/2, thuc hién ngit S;,S, va déng S;,S4. Pién 4p xuit hién trén tdi bing —U,
dong dién qua mach (U,RL,S3,S,) gidm theo phudng trinh:

T/2<t<T
up =-U (5.14)
U, = Ri, + L3k
dt
,
v6inghi€ém c6 dang: i, = _E+ Be * (5.15)

o

trang thai xdc l1ap, dong dién bi€n ddi theo dang xoay chiéu, tudn hoan. C4c hing s6 A,B
c6 thé xdc dinh tir diéu kién dong dién tdi tai cdc thdi di€m t=0, t=T/2 va t=T.
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Lic d6, tai thdi diém t=0:
UE+ A’ =l = A=l _UE (5.16)
Tai thdi di€m t=T/2:

T T
U - U Uy -
E"r Ae 2t = Imax = E"'(Imin —E].e 2t = Imax (517)
_UE+ Be’ = I, = B :UE+ lnax (5.18)
Tai thdi diém t=T:

o U

- tBe T =l (5.19)

Nhu viy, qud trinh dong tai trong mot chu ky hoat dong sé c6 thé bi€u dién nhu sau:
t
U U _Z T
- E+(Imin_Ej-e 0St<é
i = Ty (5.20)
U U T2 T
_E+[Imax+ﬁ}e Ast<T

Gid tri Lyin V2 Lnax ¢6 thé xdc dinh tir qué trinh ddi xitng cda hai nita chu ky dién 4p va dong
dién tai, tir d6 suy ra ri“lng Iinax=-Imin- Ap dung quan hé trén vao cdc hé thitc tinh I, ta thu dudc:

Imax = —lmin = —| — (5.21)

max

Cong sudt tdi:
Cong sudt tiéu thy trén tai R-L c6 thé xdc dinh theo hé thitc R.1? véi I, 1a tri hiéu dung dong
dién qua tai dudc tinh theo bi€u thic:

I, = leif(t).dt _ %j[%{lw —%}e ] dt (5.22)
0 0
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Cong suit tai c6 thé xdc dinh theo tri trung binh dong qua ngudn dc I, néu ta bd qua t&n hao
cta linh kién bd nghich luu:
P=U.I;

== j[ [mm ].e:}.dt (5.23)

Phéan tich séng hai:

Qud trinh dién 4p tai qua phép phan tich Fourier c6 dang:

o0

v, (t) = Z ﬂ.sin(n.w.t) (5.24)
n=135... %

Ap tai chi chita cdc thanh phan hai bac 18.

b6 méo dang dién 4p dudc tinh theo hé thic sau:

t(n) l Ut2(1)
THD,, =

t(1) f(7)
Dé& dang suy ra ring:

1/U _U3 \/
THD, = Y-t 11 “ 2 — 0,483 = 48,3% ; U=U (5.26)

Ut
n«/_

D6 méo dang dién 4p clia bd nghich luu ciu 1 pha kh4 16n trong trudng hdp 4p ra dang vudng
nén c6 tic dung khong tot. Piu nay gidi thich vi sao loai dién 4p nay khong dugc st dung
phd bi&n trong thuc tién.

b6 méo dang dong dién phu thudc vao tdi va xdc dinh theo hé thiic:

t(n) 2 /2
THD, = VI =ty (5.27)

/ t(1) lir)

5.2.2 PHAN TiCH PIEN AP BO NGHICH LUU AP PA BAC

Xét bd nghich luu d4p 6 bac dang chita cdp diode kep (NPC) trén hinh v& H5.5a.

Goi U 1a @6 16n dién 4p trén mdi ty riéng 1é. Phu thudc do 16n dién 4p pha — ngudn dc can

thi€t 1ap, céc linh kién bi kep giita cip diode ndi d€n mot dién thé trén mach dc can thi€t 1ap
s& & trang thai kich. Pién 4p pha-tim ngudn dc (phase -to- pole voltage), tinh tir diém dau

diy clia pha tidi d€n mot dién thé trén mach dc, trong trudng hgp trén hinh vé 1a diém 0, c6

thé dat cdc gid tri cho trong bang B5.1 sau day:

Bdng BS.1

| Vou=Vyo
V,=5U
Vxn:4U
V,=3U
V,=2U
Vxn:U
V=0

(5.25)

X35 x4 x3 x2 x1

— === |~ |xn

— === |o |

Il Il el =R (=2 =1 (2]

olo|lo|=|~|=lwn
olo|~|~|~|~ |n
O |= === |=
el el =N (el [anl [anly 16)
Ll (=l =2 (=l [« (= |7,

S|lo ||| |= |»n
Sl|lo || |=|= |

Véi x=1,2,3.
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Dién tl céng suét 1

Trang thdi dong ngdt cla cdc khéa ban din trén mdt nhdnh tdi cda céc pha a,b,c théa min

diéu kién kich ddi nghich:

Slj+S’1j:1 ;Szj+s’2j:1 ;S3J+S’3j:1 ;j:1,2,3,4,5 (528)

Dién 4p pha tai trong trudng hgp 3 pha tai d6i xiing ddu dang Y c6 thé thi€t 1ap tuong tw nhu

trudng hgp bo nghich Iuu 4p hai bac:

2Ujg —Ugp —Ugp Uns = 2Uzp —Ugg —Uyg Une = 2Ugp —Usg — Uz
3 ;U 3 ;U 3

Trong trudng hgp 3 pha tdi dang tam gidc, dién 4p pha tdi bing dién 4p day do bd nghich luu

cung cp:

Uy = (5.29)

Ugp =Ujo - Upp; U3 = Upp - Uzp; U = Uzp- Ujp (5.30)
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5.3 CAC PHUGNG PHAP PIEU KHIEN BO NGHICH LUU AP

Céc bd nghich luu 4p thudng diéu khién dva theo k§ thuat diéu ché do rong xung -
PWM (Pulse Width Modulation) va qui tic kich déng d6i nghich. Qui tdc kich déng ddi nghich
ddm bio dang 4p tai dugc diéu khién tuin theo gidn dd kich déng cong tic va k¥ thuat diéu
ch& do rong xung c6 tdc dung han ch€ t6i da cdc dnh hudng bat 1gi clia séng hai bac cao xuat
hién & phia tai.
Phu thudc vao phuong phép thi€t 1dp gidn do kich déng cdc cong tic trong bd nghich
luu 4p, ta c6 thé phan biét cdc dang diéu ché dd rong xung khac nhau.
Mot sé chi tiéu ddnh gid k¥ thuat PWM cua bd nghich luu.
Chi 56’ diéu ché (Modulation index) m: dudc dinh nghia nhu i s giita bién do thanh phin
hai co ban tao nén bdi phuong phap diéu khi€n va bién do thanh phan hai co ban dat
dugc trong phuong phap diéu khién 6 budc.

u u
m = m 2<1>m (5.31)
u .
(1)m—six _step *Vd
T

Tri hiéu dung cdc thanh phdn phdn séng hai bdc cao dong dién:

Lopns = \/% j lict)—i (t)] ot (5.32)

Pai lugng Iirms phu thudc khong nhitng vao phuong phdp PWM ma con vao thong so tai.
D& c6 thé ddnh gia chat lugng PWM khong phu thudc vao tdi, ta c6 thé s dung dai
lugng dé méo dang dong dién nhu sau:

/ 1 &

PERMS. — — I 12 (5.33)

n

l, I, \i=
Gia st tai xoay chiéu gém sic dién dong cdm Gng va cdm khdng tdn mic ndi ti€p, do
méo dang dong dién c6 thé viétlai dudi dang:

2 2

Laws 1 |, ol [& U 1 |& (U j
Toams _ 1§02 _ @1t = | = n 5.34
I ; ! U, ; no,.L, U, ; n 634

K&t qua dat dugc khong phu thudc vao tham sd clia tai.
Khi st dung phuong phap diéu khién 6 budc, 6 méo dang dong dién c6 thé xdc dinh
bing gia tri sau:

/ hRMS — sixstep
I;

D¢ so sdnh cdc phuong phap PWM, c6 thé st dung do méo dang chudn héa theo phuong

phdp 6 buéc, lic d6 hé s6’ méo dang dong dién qui chudn cho bdi hé thitc:

/
d - hRMS (5.36)
/ hRMS __ Sixstep

= 0,0464 (5.35)

Véi phuong phip diéu ché 6 budc, hé s6 méo dang dong dién bing 1.
N&u sir dung phuong phap diéu ch& vector khong gian, hé s6 méo dang cé thé tinh theo
tich phin cta tich vd hudng vector sau day:
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Dién tl céng suét 1

s = J%j Vo) -iollice) i) (537)

Tur d6, 4p dung cong thic tinh hé s6 méo dang d.

DPé€ ddnh gid 4nh hudng tirng séng hai trong phuong phap PWM, ta c6 thé sit dung tham s
phé tiing séng hai dong dién. N&u st dung phuong phdp diéu ch& dong bd véi tin sd kich
déng linh kién f; bing s6 nguyén Iin (N) tan s séng hai cd ban f; (tic f=N.f}), hé 56
séng hai bdc k qui chudn, tinh qui ddi theo phuong phdp 6 budc va cho bdi hé thic:

h(kf,) = s (KHy). (5.38)

/thMS _ Sixstep

Hé s6 séng hai khdng phu thudc vao tham sd tai.
A A 7 <R - X 2 A 2z [N
H¢ s6 méo dang biéu dién qua cdc hé sd song hai nhu sau:

d=|> h*(kf) (5.39)
k#1

N&u st dung ky thuidt PWM khong ddng bo, ta khong thé phan tich Fourier phd dong dién
theo cdc bi€n tan so rdi rac khi md séng hai dong dién xuat hién theo bién tin s& lién
tuc. Trudng hdp nay, ta c6 thé sit dung khai niém phd mat do dong dién theo hé thitc:

Thj (f).df

0,f#f,

(5.40)

Tdn sé dong ngdt va cong sudt ton hao do déng ngdt:

Cong sudt tdn hao xuat hién trén linh kién bao gdm hai thanh phin: tdn hao cdng suat khi

linh kién & trang thdi din dién P, va t6n hao cong sudt dong Pyy,. TGn hao cong sudt Pyy,

ting 1én khi tin s6 déng ngit clia linh kién ting Ién.
Tan s6 déng ngit cta linh kién khong thé ting 1én tly ¥ vi nhitng ly do sau:

- cong suit tén hao linh kién ting 1én ti 1& véi tan s6 dong ngit

- linh kién cong suit 16n thudng gy ra cong suit tdn hao déng ngit 16n hon. Do d6,
tan s6 kich déng ctia né phai gidm cho phu hgp, vi du céc linh kién GTO cdng suit
MW chi c6 thé déng ngit & tin s& khodng 100Hz.

- Céc qui dinh vé tuong thich dién tir (Electromagnet Compatibility-EMC) qui dinh kh4
nghiém ngit ddi vdi cac bd bién ddi cong suat déng ngit véi tin s6 cao hon 9kHz.

5.3.1 PHUGNG PHAP PIEU KHIEN THEO BIEN PO

Phuong phdp dudc goi tit 1a phuong phip diéu bién. Khic v6i cdc phuong phip sit
dung ky thuat diéu ch& do rong xung (PWM) chi can ngudn 4p dc khong ddi, phuong phap
diéu bién doi hdi dién 4p ngudn dc diéu khién dudc. Do 16n dién dp ra dugc dicu khién bing
cich diéu khién ngudn dién 4p DC. Ching han st dung bd chinh luu c¢é diéu khién hoic két
hgp bo chinh Ivu khong diéu khié€n va bo bién d6i dién 4p DC.

Bo6 nghich luu 4p thuc hién chic ning diéu khién tin s6 dién dp ra. Cdc cong tic
trong cdp cong tic cung pha tdi dudc kich déng vdi thdi gian bing nhau va bing mot nita chu
ky 4p ra. Mach diéu khién kich déng cdc cong tic trong bo nghich Ivu 4p vi th€ don gidn.

Bo nghich luu 4p ba pha diéu khién theo bién d6 con dugc goi 1a bo nghich luu 4p 6
budc ( six-step voltage inverter). Tan s 4p cd ban biing tin s6 déng ngit linh kién. Cic
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thanh phan séng hai bdi ba va bac chin khdng xuat hién trén 4p diy cung cap cho tai. Con lai

vy Three phase vaoltage of Siwstep W5I

Lt ' PSS RENEE Y

— - o e L e
T U'Tr:fJ[:} 19 Y e e B R
UiZ——— 410 —_—

[ Tj— -uel e e .
I uph w28 b
EnpRyunE Ry n

1] I T T T T T B T

Uya fye uRp="t L e
ol Lo T L T

Eulﬂut1l|llll:l:

Al b T e T = D
SLV] B B B W

BUBL el LT

U o ey

o |5 |

1 T 1

H5¥ 0 .::II_‘

auml w8 L

Uﬂ_i:: [ :: 0

cdc séng hai bac (6k+ 1), k=1,2,3.... cAn khit bd biing cdc bién phip loc séng h

dang:

Tdi ddu dang sao:

oo

i.

Dang dién 4p pha tdi- vi du u; (xem dd thi u, hinh H5.7b) c6 thé biéu dién dudi

2 . N 1 .
Uy (t) = —U.(sinet + =sin5at + =sin7at +
V4 5 7

(5.41)

Bién do thanh phin séng hai bic n clia dién 4p pha tdi c6 thé xdc dinh theo hé thic:

2U nrz 2nr
U, =——|2+cos(—)-cos(—— ;. n=1,5,7,11,13,...
() 3M{ ( 3) ( 3 )}

V6i n=1, bién do thanh phan hai ¢ ban: Uyygy = ~U
T

Tri hiéu dung dién 4p pha c6 do 16n:

Toone a2 oz
U, = % '([[U?j .dx+J. (%] .dx+2£/

7
Tdi dédu dang tam gidc:
bién ap téi uy, co thé€ biéu dién duéi dang:

243

. T 1 . T 1 . T
Uy, (t) = ——U | sin(at + —) + =sin(5aot — —) + =sin(7ot + —) +.....
mﬂ{( )+ Lsin(sot - )+ Lsingrot +7) }

1
2
2
[2] .dx = ﬁ 9]
3 3

Bién do thanh phan séng hai bic n dién 4p pha tdi:
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4U
Upy-L = pp cos( (5.46)
V&in=1, bi€n dd thanh phan hai cd ban di€n dp tdi: Uypqy, = —U 5.47)
T

Tri hiéu dung dién 4p pha c6 do 16n:
1

-
Upy = | = J.Uz.dx - \ﬁ.u (5.48)
7 3

Séng hai bac cao xudt hién trong dang dién dp tdi khd cao, do d6 han ch& pham vi st
dung ctia phudng phap diéu bién, nhit1a § tAn sd thap.

N&u st dung thyristor k&t hgp vdi bd chuyén mach 1am chifc ning cong tic trong bd nghich
luu 4p, va né€u bd chuyén mach Iam viéc phu thudc vao do 16n ngudn 4p mdt chiéu, phuong
phép diéu bién rd rang khong phit hgp d€ diéu khién dién 4p tdi trong pham vi 4p nhd.

Ngoai trir trudng hdp diéu khién theo bién d6 doi héi ngudn DC diéu khién dugce, cic
phuong phap khic dya vao ky thuat PWM st dung ngudn dién 4p DC khong ddi. Trong
trudng hgp nay, ngudn DC c6 thé tao nén tir ludi dién ac qua bo chinh luu khong diéu khién
va mach loc chita tu hoic tryc ti€p tir cdc nguon dv trit dudi dang pin, aquy.

5.3.2 PHUONG PHAP PIEU CHE PO RONG XUNG SIN (SIN PWM)

2 e e
+= 51 53 S5 o
ZE T 54 521 =

e

us uri
+
Sdng digu ure _ ::

khign
- =+
urd ;

Hoverm @
T—[>”—_|_

Sdng
mang up

Sinusoidal Pt VS| Vé nguyén 1y, phuong phdp

F thuc hién dwa vao ky thuat
analog. Gidn dd kich d6ng cong
tic bd nghich luu dya trén co s§
s0 sanh hai tin hiéu co ban:

-51 I_”_||_||_||_||-| |-| H ﬂ ” ” H ” H ﬂ ” H |-||-||_||_||_”_|||_| —\sén{g mang u, (carrier signal)
= [I0N0O00OO0AONANALARNAD  nsocs

LR
- song dieu khién u,- reference

sLLLLANNNANNNONANANANNL ~ sienal those song diéu ché

» modulating signal) dang sin. Vi

ur2

1

0
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du: cong tic 1& dugc kich dong khi séng di€u khi€n 16n hon séng mang (u,>u,). Trong
trudng hdp ngudc lai, cong tic chin dudc kich déng.

Séng mang u, ¢6 thé & dang tam gidc. TAn sd séng mang cang cao, lugng séng hai bic
cao bi khtt b6t cang nhiéu. Tuy nhién, tan s6 déng ngit cao 1am cho tdn hao phat sinh do qud
trinh d6ng ngdt cdc cong tic ting theo. Ngoai ra, cdc linh kién doi hdi c6 thdi gian dong to,,
va ngit tyynhat dinh. Cdc y&u t& nay 1am han ché viéc chon tan s§ séng mang.

Séng diéu khién u, mang thong tin vé do 16n tri hiéu dung va tin sd séng hai cd ban
ctia dién 4p & ngd ra. Trong trudng hop bd nghich luu 4p ba pha, ba séng diéu khién clia ba
pha phai dudc tao 1éch nhau vé pha 1/3 chu k¥ cda né. Trong trudng hgp bo nghich luu 4p mot
pha, tuong ng vdi hai pha tdi tuéng tugng & hinh (H5.6), ta cAn tao hai séng diéu khién 1éch
pha nhau 1/2 chu k¥ (ttc chiing ngugc pha nhau ). P don gidn mach kich hon nita, ta c6 thé
st dung mot séng diéu khién duy nhit @€ kich déng, vi du : cip cong tic (S,S,) dugc kich
déng theo quan hé giita séng diéu khi€n va séng mang, con cip (S3S,) dugc kich d6ng ngugc
lai v&i chiing. Lic d6, hinh thanh trang thai kich déng (S;S;) hodc (S;S,).

Goi my1a ti s6 diéu ché tin s6 (Frequency modulation ratio) :

f fie (5.49)

_ carrier  __
M=% iy
reference sine

Viéc ting gid tri m; s& dan d€n viéc ting gid tri tAn sO cdc séng hai xudt hién. Pi€m
ba't 1di clia viéc ting tAn s& séng mang 12 vin dé t6n hao do déng ngit 16n.
Tuong tu, goi m, 1a ti s& diéu ché& bién dd (Amplitude modulation ratio) :

m. — U i reference _ U sine (5.50)

a
U m-—carrier U m—tri

Né&u m, <1(bién do séng sin nhé hon bién do séng mang) thi quan hé giita bién dod

thanh phan co ban clia dp ra va 4p diéu khién la tuyén tinh.

D3&i v6i bd nghich lvu dp mot pha: Uigym = My U (5.51)
D6i v6i bo nghich Ivu 4p ba pha, bién do 4p pha hai co ban: Uigym = U? (5.52)
m
-
Sinuzoidal F"I.I'I.|'|'|.|1 Wil .
1
2 1
Q75| - -------
1 i 1
| 1
u] 1 '
1 |
-1 | 1
) : :
51 | !
[ T I |
0 5 Lo 15 20 o , Ll
al- H5.10 bi- Hpm

Khi gi4 tri m,>1, bién dd tin hiéu diéu ché& 16n hon bién d6 séng mang thi bién dd hai
co bdn dién 4p ra ting khong tuyé&n tinh theo bi€n m,. Liic ndy, bit diu xuit hién luong séng
hai bic cao ting dan cho d&€n khi dat & mic gidi han cho bdi phudng phip 6 budc. Trudng hdp
nay con dudc goi 1a qud diéu ché& (overmodulation) hoic diéu ché md rong.
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Trong trudng hdp bd nghich luu 4p ba pha, cdc thanh phan séng hai bic cao s& dugc
gidm dén cuc ti€u néu gid tri m¢ dugc chon bing s6 1é boi ba..

Né&u dé y dén hé thic tinh chi s& diéu ché, ta thdy phuong phap SPWM dat dugc chi
s6 16n nhat trong viing tuy€n tinh khi bién do séng diéu ché biing vé6i bién dd séng mang. Lic
do, ta co6:

_ Yt)m
Mspwm _max — .
u(1)m—six _ step
U / (5.53)
b
MSPWM _max = 3~ 2 - i 0,785
U
b

Phan tich séng hai:

Viéc danh gid chat lugng séng hai xuat hién trong dién dp tdi c6 thé dugc thuc hién
bing phan tich chudi Fourier. O ddy, chu ky 14y tich phan Fourier dugc chia thanh nhiéu
khoang nhd, vdi cin 14y tirng tich phin clia titng khodng dudc xdc dinh tir cdc giao di€m cla
song diéu khién va séng mang dang tam giéc.

5.3.3 PHUONG PHAP PIEU CHE PO RONG XUNG CAI BIEN (MODIFIED SPWM)
(hinh H5.11)
Nhugc diém clia phuong phdp diéu ché @ rong xung sin (SPWM) la khd ndng diéu

Modified SPWM khién tuyén tinh chi thuc
4o urta hién dudc véi chi s6 diéu
ch€ m nim trong pham
vi 0<m<0.785 (tuong

[ B ISR, . Z

Q807 |- - om - &
Q785 - ---=--- ttng chi s6 m,<1 ). Lic

|
| dé, bién dd séng hai co
|
|
|

ban dién dp pha tdi nim
trong gidi han (0,U/2).
Pé md rong pham vi
Tom diéu khién tuyén tinh,
phuong phdp diéu ch& do
rong xung sin cdi bién
c6 thé dugc st dung.
Phuong phdp nay cho
phép thuc hién diéu khién tuyén tinh dién dp tdi vdi chi s6” diéu ché ndm trong pham vi

3 d/r

=y
=
=
(%)
9

0 <m<0.907, bién dd séng hai bAc mot dién 4p dat gid tri cuc dai bing %3 va chi s6 diéu

ch€ lic d6 biang:

T

2J3

MMSPWM_max = =0907 (5.54)

+ | Rl <

Nguyén I¥ thuc hién: gidn d6 kich déng linh kién cling dya vao két qud so sdnh céc tin
hiéu diéu khién va song mang (dang tam gidc) tan s cao. Séng diéu ch€ (u,1,up,u,3) dudc tao
thanh bing cdch cong thanh phan tin hiéu dang sin véi mot thanh phian séng hai bdi ba
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(thanh phan thit ty khong). Khi ting dj l6n séng diéu khién dé dat chi sé diéu ché m lén hon
0,907, quan hé dié¢u khién tré nén phi tuyén.
Séng diéu ché c6 thé chon & dang lién tuc hodc gidn doan.
a.Truong hop song diéu ché' lién tuc dudi dang ham diéu hoa gdm cdc thanh phan ham
diéu hoa bac 1 va ham diéu hoa bac bodi ba nhu sau, vi du ddi véi pha thit nhat (xem db thi
U;1a2, hinh H5.11a):
_2 _1 : <M<
u, 7 .M{cos(x) 5 .cos(3x)} ; (0<M<1) (5.55)
b.Truong hop séng diéu ché lién tuc din gidi tix tuong quan gita phuong phdp diéu ché
do réng xung ldy mdu (sampling PWM) va phiiong phdp diéu ché vector khong gian.
Ham mo td séng diéu khién ba pha ddi v6i pha thit nhat c6 thé viét dudi dang nhu sau
(xem dd thi u,p, hinh H5.11b):
M.cos(x-30°) néu  0° <x<60°
hodac 180° < x < 240°
MA3.cos(x) néu 60° < x<120°
hodc 240° < x < 300°
M.cos(x +30°) néu 120° < x <180°
hodc 300° < x < 360°

L (0<M<1) (5.56)

c.Truong hop ham diéu ché gidn doan: ton tai nhiéu dang séng diéu ché dang
khong lién tuc dudc dua ra d€ thuc hién phuong phap diéu ché do rong xung cai bi€n. Mot
trong cdc dang séng diéu khién dang gidn doan dugc md ti bdi ham sau day ddi véi pha thit
nhat: (xem hinh H5.11c¢):

1 ; —30% <x<30°
2M.cos(x-30°)-1 ; 30° <x<90°

U = 2M.cos(x +30°)+1 ; 90‘;§x<15000  (0<M<1) (5.57)
—1 ; 150° <x <210
2M.cos(x -30°)+1 ; 210° < x < 270°
2M.cos(x +30°)-1 ; 270° < x < 330°

Uu di€m cida séng di¢u ché€ dang gidn doan 12 s6 1an chuyén mach trong mot chu ky
bi gidm xudng, do d6 cong suit tdn hao do qud trinh déng ngit ciing gidm theo. Do tin hiéu
song diéu ché dugc thi€t 1ap & gid tri cuc tri trong mdt phan ba chu ky nén sd 1an chuyén
mach sé& gidm di mot phan ba so véi phuong phdp diéu ché véi tin hiéu lién tuc.

5.34 DIﬁU CHE THEO MgU (REGULAR SAMPLING TECHNIQUES)

Nguyén ly clia phuong phip diéu ch& do rong xung sin duwa vao k§ thuit analog.

Viéc diéu ché d6 rong xung ciing c6 thé thyc hién trén cd s§ ky thuat s8. Lic d6, tin
hiéu diéu khién dugc s§ héa trong tirng chu ky 14y miu. MAu tin hiéu sau dé dugc so
sdnh véi séng ring cua vi du thyc hién bing mach dé€m.

Ky thuat 14y miu c6 thé thyc hién ddi xing hoic khong ddi xing. Ky thuat ddi xding
dudgc thuc hién v6i chu ky 18y miu bing chu ky séng tam gidc (H5.12a), trudng hgp 14y
mAu khong d6i xitng xdy ra khi viéc 14y miu dién ra & mdi nia chu ky séng tam gidc
(H5.12b).
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Khi 4p dung phuong phdp 14y miu ddi xing, khong cin thiét tao ra séng tam gidc nhu
trén hinh v& H5.12a. Goi Ty, T, 1a cdc khodng thdi gian (xem hinh H5.12a) ding d€ xdc
dinh thdi di€m kich déng linh kién, Ty, T, c6 thé x4c dinh trong thdi gian thyc (real time)
biang phép tinh don gidn (5.58), (5.59) nhu sau:

T :%TS.H + Ug(ts)] (5.58)

To =T+~ Te 1 - Uats)] (5.59)

Trong d6, 2T 14 khodng thdi gian ctia chu ky 14y mau, ty, tya.) 12 cdc thi diém thuc hién
viéc 14y miu, u,(ts) 1a ham s6ng diéu khié€n dang analog.

5.3.5. PHUONG PHAP DII:EU CHE PO RONG XUNG TO1 UU (OPTIMUM PWM)

Anh hudng ctia mot sd séng hai bic thap chita trong 4p ra c6 thé khit b hoic han ch&
bing phuong phdp diéu ch€ @6 rong xung t&i wu. Gidn dd kich déng cdc cong tic dudc thiét
1ap trén co s& phdn tich ham t6i wu theo cdc bién la géc kich déng cdc linh kién.

Trong trudng hgp ham t&i uu dugc thuc hién bing cdch triét tiéu mot s& séng hai bac
cao, phuong phép trén dugc goi la phudng phdp triét ti€u cdc séng hai chon loc (Selective
Harmonic Elimination- SHE).

Bién do cdc séng hai c6 thé xdc dinh qua khai trién chudi Fourier dang séng 4p ra:
U= Ui(ay,00....,04)
Us=Us(a,,00,...,04) (5.60)
Uoiri=Uniai (01,02, 0p)

—

RN I I N A 1 00 00 r—i
R Y A \.::\ o) ”
a
e |2° ° m_%’]?ﬁ o

:
g U U
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Véi SHE, gidn db kich déng dugc chon sé& khir bé (n -1) séng hai bic cao va diéu
khién séng hai cd ban, ham o1 wu quan hé gifta cdc géc o4,0y,...,0, dugc biéu dién qua hé n
phuong trinh sau:

)
kl(a1’a2="'=an) (5.61)
) .

Gidi hé cdc phuong trinh xdc dinh géc kich a,a,...,a, ta sé& thi€t 14p dugc gidn ao
kich déng cdc cong tic.
Né&u dang dién 4p tdi 1a ham 1€, hé s6 by trong phan tich chudi Fourier s& triét tiéu va
ta co:
by=0 (5.62)
7
a =~ [u.sin kotd(ot) (5.63)
0

a, = % J-(+1).sin kot.d(ot) + j(—1).sin kot.d(ot)
0 oy

i

a 2
...... + J'(— 1)". sin kot.d(ot) + J-(+1)’.sin kot.d(ot)

Ap—q Ap
2U
ay =k—[1+2(—coskoc,+coskoc2 — ...+ COS ko, | (5.64)
T
2Uu b
a =" 1+ 2;(—1) .coskocp} (5.65)

Pham vi diéu khién dién dp ciia phiong phdp SHE:

Trong pham vi diéu khién PWM tuyén tinh (m<0.907), phu thudc vao s6 1an chuyén
mach cda linh kién, nghiém hé phuong trinh (5.61) Iudn ton tai va phuong phap SHE cho
phép thuc hién triét tiéu séng hai véi sd 14n déng ngit tdi thiéu.
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M
Hrs)=o

i Sz UTI=0

1o dps)=trr)=urt =0
= Ura)= U =Lt =u(13)=0
T e 1 WS = UeR =it )
E 2 = @ =L 3= U7 )=

Sl o = @ o
% el & & us)= U=
g El T < LS UfII)=0
QQG?__'_'___'___'__;__'_ _____ — - -

H5.14

Khi ting chi s¢ diéu ch€ bién d6 16n hon gid tri 0,907 (m>0.907), phuong phap SHE
chuyén sang pham vi diéu khién diéu ch& md rong (qud diéu ch&). Nghiém ctia hé phuong
trinh (5.61) khong thé ludn ludn tdn tai v6i yéu cdu triét tiéu cdc séng hai cho trude. Do dé,
vdi yéu cdu triét tiéu mot sd séng hai chon loc, ton tai mot gidi han t8i da cda chi s§ diéu ch&
My tWong tng. DO thi trén hinh H5.14 minh hoa quan hé giita chi s6 diéu ché cuc dai dat
dugc theo SHE va s6 séng hai (n) dudc triét tiéu kém theo.

Tai gid tri m=1, cdc thanh phan séng hai ton tai day di nhu clia trudng hgp diéu
khién theo phuong phap diéu khién siu budc.

Vi du 5.1: Thi€t 1ap hé phuong trinh lugng gidc dé tim nghiém 1a cdc géc chuyén
mach d€ diéu khién bién d6 séng hai co ban va khit bé 4 séng hai bac 5,7,11 va 13. Xac dinh
gid tri cu thé cdc géc chuyén mach khi chi s§ diéu ché m=0.8.

Gidi:

Ta cAn thyc hién 5 1an chuyén mach (n=5) trong % chu k¥ 4p ra. Hé phuong trinh xdc
dinh géc chuyén mach sé 1a:

2U 2U
a, = 7[1 +2(-cosay+C0Sa, —COSaz +COSO, — 005a5] = m.T

_2u
51

az = 2—4[1 +2(-c0s704 +€0S70p —COS703 + COS70y 7cos7oc5] =0
T

as [1 + 2(—cosb5aq + cosbap —cosbog + cosboy 70055(15] =0

ay = %[ﬂ 2(-cos 11y, + coslla, — cosllay + coslla, — cosllag|=0

ayg = %[1 +2(~c0s130y + cos 1305 — c0s13a3 + 051304 — cos13az5] = 0

V6i m=0.8, sit dung phuong phdp Newton-Raphson va gidi hé phuong trinh trén biing
mady tinh, ta thu dugc hé nghi€ém sau:

a; =0,1458[rad]; o, = 0,2704[rad]; 0.5 = 0,8410[rad];

o, =0,8885[rad];o; =1,5326[rad]
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5.3.6 PHUONG PHAP PIEU RONG (SINGLE PUSLE WIDTH MODULATION)

Phuong phdp diéu rong hay phuong phdp diéu ch& do rong xung don 1a trudng hdp
dic biét clia phuong phdp diéu ché& do rong xung. Trong mdi nita chu ky dp ra chi c6 mot
xung dién 4p. P9 16n dién dp cho tdi dugc diéu khién bing cdch thay ddi do rong xung dién
4p (hinh H5.15). Phuong phdp nay chi 4p dung diéu khién bo nghich lvu 4p mot pha.

51 1 1 | | f f
ol '_' ; Tac dung séng hai bic cao kha 16n.
53— —— Tri hiéu dung dién 4p tai:
s4 | | - L
L ¥ oo o
T . 5 U, = JE (5.66)
- 3w b 4
vo2 2 )
0 : i Phan tich dién 4p bing chudi Fourier, ta c6
T - . . N N A N 2 N 2z N A
2 Yoty ! 4ptdi gom thanh phan hai co ban va cdc hai bac
-u E P18
UL e Up = ZU(n).sin(na)t) véi
n=135...
Ty
2 2 4U T —
U = = I U.sin(not).d(at) = —— cos(n.z—¥) (5.67)
T2, nz 2

2
Bién d6 s6ng hai cd ban dugc diéu khién bdi d6 rong w theo hé thic:

4U T-y
Ugy :7.cos(

) (5.68)

5.3.7 PHUGNG PHAP PIEU CHE VECTOR KHONG GIAN

(SPACE VECTOR MODULATION- hoiac SPACE VECTOR PWM)

Phuong phap diéu ché vector khong gian xuit phat tir cdc ing dung clia vector khong
gian trong mdy dién xoay chiéu, sau dé6 dugc mé rong trién khai trong cdc hé thong dién ba
pha. Phuong phdp diéu ch& vector khdng gian va cdc dang cdi bién clia né c6 tinh hién dai,
gidi thuat dua chii y€u vao k¥ thuit s6 va 13 cdc phuong phdp dugc si dung phd bi&n nhat
hién nay trong lanh vic dién t& cong sudt lién quan d&n diéu khién cdc dai lugng xoay chiéu
ba pha nhu diéu khién truyén dong dién xoay chiéu, diéu khi€n cdc mach loc tich cuc, diéu
khién céc thiét bi cong sudt trén hé thong truyén tdi dién.

Khdi niém vector khéng gian va phép bién hinh vector khdng gian: cho dai lugng ba
pha v,,vy,v. cin bing, tifc théa min hé thic:

vV, +Vp +v, =0 (5.69)
Phép bi€n hinh tif cdc dai lugng ba pha v,,vy,,v. sang dai lugng vector V theo hé thitc:
V=k.(vy +av, +3%V,) (5.70)
27
trong d6: a =e’ Az—%—i—j? (5.71)

dudgc goi 1a phép bién hinh vector khdng gian va dai lugng vector V goi 1a vector khong gian
cta dai lugng ba pha.
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Hiing s6 k c6 thé chon véi cdc gid tri khac nhau. V6i k=2/3, phép bi€n hinh khong bio
toan cong suat va véi k=,/2/3 phép bi€n hinh bdo toan cong suat.

Vidu 5.1: X4c dinh vector khong gian cho cdc dai lugng ba pha dang cosin sau:
vy, =V,.cos(x—-0,)

Vp =V,.008(x -8, —%)

Ve =V,.cos(x -0, —4—;)

Gidi:
Vector khong gian theo dinh nghia:

V= %[\/m.cos(x—¢90)+5.\/m.cos(x—¢90 —%Z)Jréz.\/m.cos(x—eo —4?”)]

V =V [(cos(x —6p) + j.sin(x —Gy)] =V, £10%)

d Nhu viy, trong hé toa d0 vudbng goéc
% (0 G4 o —B, vector khdng gian vV c6 bién d6 V,,
*, Vo [/

-

bit ddu tix vi tri V,,.e'% s& quay chung quanh

truc toa do vé6i tn s6 g6c o .

<l

= f Phép bién hinh vector khong gian nguoc:
VX)L

G, Va A .y ® Vi hé s6 k=2/3, phép bién hinh ciia
vector khdong gian ngudc cho ta thu dudc dai
lugng ba pha tir vector khong gian V nhu

(c) H5.16

V3
2
TU hinh vé& H5.16 va cdc hé thic din gidi, dé suy ra ring k&t qud clia phép bi€n hinh
vector khong gian ngudc chinh 12 hinh chi€u cta dai lugng vector v 1&én hé 3 truc toa do
(abc) 16ch pha 120° trong mit phing vector phic.

. = Refay)= —%.Re{?} Im{y)

Vi du 5.2: Xdc dinh quy dao vector khong gian cta dién dp ba pha tdi cia bd nghich luu
4p ba pha diéu khién theo phuong phap 6 budc:
Giéi:
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Bing cich chon thsi diém ban diu nhu hinh v& HS5.17, 4p dung hé thic (5.70) dinh nghia
vector khdng gian, ta x4c dinh vi tri vector V theo thdi gian va dién vao bang B5.1.

Bang B5.1:

O, 78) | ) | @457 | LT | (Tg.37) | Gra Mgy | (Mg 2r)
ve | 2V3 Va/3 Vi3 2V/3 Vi3 V/3 2Vy/3
Ve | -Vd/3 2Vy/3 Va/3 Vi3 2Vy/3 Vi3

V43

Ve -V4/3 -2V4/3 -V4/3 V43 2V4/3 V43 -V4/3

S 1 1 0 0 0 1 1

S; 0 1 1 1 0 0 0

Ss 0 0 0 1 1 1 0

Vo Ve Ny 07 | N 0275 | e e | N 05 | Da 5% | D

3 3 3 3 3 3 3
V,(100) | V,(110) | V,(010) V,(011) | V5(001) V, (101) V, (100)

Biéu dién vector V dudi dang tdng quat, ta c6:

k.
V= %.e 3 (5.73)
vei o [x+ %} , X =ot;k={0,12345} (5.74)
&

Vg4la d@o 16n dién 4p ngudn dc bd nghich lvu 4p.
Vector V dich chuyén 1an lugt di chuyén nhdy d&€n 6 vi tri dinh ctia hinh luc gidc déu vdi do
16n vector bing 2V4/3 va Iuu lai & tirng vi tri trong thdi gian 1/6 chu ky 1u6i.

Vi du5.3: Xac dinh quy dao cla vector khong gian dién dp ba pha tdi cia bd nghich Iuu dp
ba pha diéu khién theo phuong phap diéu ché& d6 rong xung (sin).
Gidi
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dudi (S,=S4=Se=1) dudc kich d6ng.

D& dang thay riing, c6 tit ca 8 vi tri ma vector V c6 thé dat dudc, bao gobm 6 vi tri
dinh ctia hinh luc gidc va 2 vi tri tai gbc toa do (vector khong) ma né dat dugc khi bd
nghich luu dp ¢6 ca ba linh kié€n ctia cing nhém trén (S;=S;=Ss=1) hoidc cia cling nhém

Bang B5.2
s, |1 1 0 0 0 1 1 0 1
S; |0 1 1 1 0 0 0 0 1
Ss | 0 0 0 1 1 1 0 0 1
v, | 2VJ3 Vi3 -V/3 2VJ/3 -V4/3 Vi3 V3 |0 0
vo | -V4/3 Vi3 2V/3 V3 -Va/3 -2Vy/3 Vi3 |0 0
ve | -V4/3 -2Vy/3 -V/3 Vi3 2V/3 Vi3 Vi3 |0 0
vV 2V, i i2m 2V, i j4m i5m 2V, 0 0
v 3d 2Vdejé 2Vge’ % —3d e | oy 7 2Vye' % —3d
3 3 3 3
V3 (100) V, (110) V3 (010) Vg (011) V5 (001) Vg (101) V3 Vg v,
(100) | (000) | (111)
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Phuong phdp diéu ché vector khong gian:

Phuong phip diéu khién 6 budc tao nén sy dich chuyén nhdy cip tuin hoan clia vector
khong gian giita 6 vi tri dinh cda hinh luc gidc. Piéu nay 1am qu4 trinh dién 4p pha tdi nghich
luu hinh thanh chita nhiéu thanh phan séng hai bic cao. Hé qui 12 qu§y dao vector khdng gian
bi bi€n d6i vé& pha va modul so vdi trudng hgp 4p ba pha tai dang sin. Mit khic, phuong phap
diéu ch& do rong xung dang sin dui tao ra dién 4p pha tdi gdn dang sin nhung chi c6 thé dam
bdo pham vi diéu khi€n thanh phin dién 4p co bdn cilia pha tdi d&€n bién do V/2.

Phuong phdp diéu ché vector khdng gian khic phuc cdc nhuge di€m clia hai phuong
phdp néu trén.

Y tudng cla phuong phdp diéu ch€ vector khong gian 12 tao nén sy dich chuyén lién
tuc cla vector khong gian tuong duong trén quy dao dudng tron cia vector dién dp bd
nghich luu, tudng ty nhu trudng hgp vector khong gian cia dai lugng sin ba pha tao dugc.
Véi sy dich chuyén déu din clia vector khong gian trén quy dao tron, cic séng hai bac
cao dudc loai bé va quan hé gifta tin hiéu diéu khién va bién do 4p ra tré nén tuyén tinh.
Vector tuong duong & day chinh 12 vector trung binh trong thdi gian mdt chu ky 14y mau
T, clia qua trinh diéu khi€n bo nghich luu 4p.

Xét géc mot phan sdu thit nhit cda hinh luc gidc tao thainh bdi dinh clia ba vector
V,, V, va V,.Cdc vector dinh V ,V,va V, tao thanh cdc vector cd bdn ctia géc phan sdu

trén. Gid s ring trong thdi gian 14y mau T, ta cho tdc dung vector V, trong thdi gian T,
vector V, trong thdi gian T, va vector V, tic dung trong thdi gian cdn lai (T,-T,-T).
Vector tuong dudng dudc tinh bing vector trung binh bdi chudi tdc dong lién ti€p néu
trén, tic la:

L[ 4T, T,
V=?j@m+j%m+j%m
S1o T, T,+T,
T, +T. 4 T.
2Vd i z 2Vd ]5 ¢ —-
j dt + j 3 dt + j 6.t (5.752)
Ti+T,
- 2V 2V, i~ _ _
3 T, 3 T
Hé thitc vector (5.75b) c6 thé bi€u dién dudi dang db thi vector trén hinh v& H5.18a,
. T T, - _ j
Vi 7 =L 1, =2 v, :Z—Vd;vg 2Va o3
T T 3 3

D& bién ludn pham vi hoat dong ctia vector V , ta ¢6 thé bi€u di&n né theo hai truc
toa dd vudng goc xy (xem h1nh H5.18b) dudi dang:

vtV Y2 (¢, 1)) (5.76)

V —
(71 +75)+ !

Vector V gdém thanh phdn theo truc X vdi do 16n ti 1& vdi tdng thdi gian tic dong
(t; +1,) va thanh phin theo truc Y ti 1& vdi hiéu (1, —1,).

TU céc hé thic trén va hinh vé H5.18, ta nhan xét thiy ring:

- khi thdi gian tdc dong T, clia vector V, bing 0, vector trung binh V c6 dinh nim

trén doan thdng ndi gitta 2 dinh clia vector khong Vv, va vector V, .
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- khi thdi gian tic dong T, clia vector V, bing 0, vector trung binh V ¢6 dinh nim
trén doan thdng ndi gitta 2 dinh clia vector khong vV, va vector V,

- khi thoi gian tdc dong T, cla vector V, bing 0, vector trung binh V c6 dinh nim
trén doan thing ndi giita 2 dinh clia vector V; va vector V,

- khi thdi gian tdc dung cla mdi vector déu 16n hon khong (1, >0),
(1, >0; 1, >0) vector V nim trong mit phing gidi han bdi 3 dinh ciia 3
vector Vg, V; va V, .

- Bén kinh dudng tron quy dao vector 16n nhat ndi ti€p bén trong hinh luc gidc x4y
ra khi (1, +1t, =1) ¢6 do 16n tuong tng biing V,/v/3. Tuy theo diu cia biéu
thitc (t; —1,) duong hoic 4m ma vi tri vector V s& trudc hoic chim pha so vdi
truc X.

Trong thyc t&, ta thudng gip bai todn diéu khién vector khong gian trung binh (tuong

duong) nhu sau: xdc dinh thdi gian déng ngit linh kién dé dat dugc vector V c¢6 do

16n V va géc 1éch pha y cho trudc- xem hinh vé& H5.18. Tir hinh vé&, ta c6 thé din

giai hé thic tinh 7,,7,,7, nhu sau:

1, = \/E.Vl.sin(% —v) (5.77)
d

T, = \/51 .siny

Va
t=1-71 -7,
v6i V4 1a dién 4p mach ngudn DC cda bd nghich luu 4p.
Néu vector V; (Vq ;;VB ) ndm & goc phan sdu thi i so v6i géc phan sdu thit nhat véi
cdc vector cd ban V;4,V;, va v, , viéc tinh todn thdi gian tic dong 7,,7,,7, cla cdc
vector trén c6 thé thuc hién bing cdch qui ddi vector v; vé géc phan sdu thif nhi't —
tiic v (bing hé thifc (5.78)) rdi 4p dung cong thic (5.77).

Phép qui ddi thuc hién theo cong thifc sau:

3 T . . Y
v cos(i—1)— —sin(i—1)—1Ty . 2 > V
o of |y _ o B
{V }: 3 3 {V },V_Jva +V; ,y_arctanv—(5.78)

B sin(i-1)Z  cos(i —1) % |LVbi §
(i=1)7 (i-1)7
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Pham vi diéu khién tuyén tinh _ciia SVPWM

HE.18

N&u vector trung binh dudc diéu khién theo quj dao duding tron, vector trung binh sé&
c6 cluing pha véi vector yéu cau va modul ti 1& v6i modul vector 4y. Piéu ch& vector nhu vy
c6 tinh tuy€n tinh. Pudng tron noi ti€p hinh luc gidc 12 quy dao cda vector khong gian 16n
nhit ma phuong phdp diéu ché vector khong gian clia bd nghich Iuu 4p hai bac c6 thé dat
dugc trong pham vi diéu khién tuyé&n tinh. Ban kinh dudng tron nay chinh bing bién d6 thanh

phin co ban dién dp pha tdi Uy),. Nhu dd nhan xét & phan trén, ta c6:

Vi tri vactor  frung binh Trang thdi
7 2 5 Kah kidn
£ ¥ ¥ v veckor oo
bdn fudng dng
H L - 7 T f12m Wt
A PR M L (126) 2
h 1 ih 4 11 ! —_
g oy (135 ¥
i il 1N f.f_)'lfﬁj —
S+ ToreTae-To
H5.19 al-
: : Vy
7, T Vi = 15 (5.79)
' | Chi s6 diéu ché tuong tng sé 1a:
L I 1D 1L s vV
e 7
o1 17 1.1 Lololse m=-<3Y3__T__0907 (5.80)
| , I I | 1 2Vd
| | | I -
0.0 o 1, 1 |0, aodglss T
Llele | | % |z |n|% K3 thudt thuc hién diéu ché vector khdng
2 z 2 2 ian:
Fol 7l #y | b | & | 7y [ F | F Vi du trong géc phan siu thit nhit véi cic
L5 20 vector ¢d ban v,,v,va cdc vector khong

Vy,V,, d€ diéu khién vector trung binh

V dich chuyén déu din trén quj dao dudng tron bén trong hinh luc gidc qua cic vi tri
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1,2,3,4, trit tu trang thdi cdc vector cd ban v,,V,,V,,V, c6 thé thuc hién nhu trén hinh
v& H5.19. Trong thdi gian mdt chu k¥ 18y mAu Ts, thdi gian ton tai cdc trang thai T;, T, va
Ty dugc xdc dinh tir modul va pha cla vector dua theo cdc cong thiic (5.77), thdi gian T,
bao gdbm t6ng thdi gian xuat hién vector \70 (To1) va thdi gian xuat hién vector \77 (To2).
Thong thudng, mot trong cdc tiéu chuin d€ chon gidn dd kich déng linh kién 13 sao cho
gidm thiéu t&i da s6 1an chuyén mach ciia linh kién d€ gidm t6n hao do qué trinh déng
ngit chiing. S& 1an chuyén mach s& it nhat néu ta thuc hién trinh tu diéu khién cic vector
nhu sau — xem gidn d6 kich din cdc linh kién ctia ba pha bd nghich lvu 4p va vector dién
4p tao thanh dugc vé trén hinh H5.20. Trong nita chu ky 14y miu dau tién:

va trong ntra chu ky 14y miu con lai:

Vo(tg/2).Vo(ts).Vi(t;)Vy(ty/2) (5.81b).
Mach thyc hién chitc ndng tao xung kich
cho cédc linh ki€én bd nghich luu véi tin
hiéu ngd vao la vector di€n 4p (modul m

----=9

m

] }d{i?; thei [F172 T;thii J:L va géc léch pha y theo nguyén Iy diéu
}v—/ i;:ﬂ ‘0 _I_} ch€& vector khong gian dugc goi 1a mach
(Wref): diéu ché€ vector khong gian (Space

i A _j vector modulator) (hinh H5.21).
&Epace Ngoai phuong phéip dicu ktlié?n vector
AN dién d4p trung binh di chuyén theo qu¥
HE 21 m odulator dao tron (xem hinh H5.19a), vector dién

ap c6 thé diéu khién theo nguyén ly tir
thong 4p dung cho tdi 13 dong cd khong ddng bd. Nguyén 1y hoat dong clia né dugc minh
hoa theo s dd vé& trén hinh H5.22. Tuy theo yéu cau van tdc dong cd, khdi chic ning 1
c6 nhiém vu chon mot trong tdm vector dién dp co ban dé diéu khién bo nghich luu.
Thuat todn diéu khién theo nguyén ly tir thong 1a diéu khién lugng vector dién dp
theo thoi gian di chuyén badm sit quy dao dudng tron. St dung phudng trinh mdy dién khong
ddng bo dé giai thich nguyén ly trén, gid st bé qua 4nh hudng clia dién trd stator, ta c6
ay
dt

Véi yg 1a vector tir thong stator, V) 12 vector dién 4p bo nghich lvu dit 1én mach stator.

Tacé: V, =

Gia st tai thdi diém t=0, vector tir thong biing ¢ (0) thi tai thdi di€m ¢ xdc dinh, ta c6:

t
Ws(t) = s(0)+ [Vic(t)at
0
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Dién tl céng suét 1

Vi P Vo
3R 24,
— 1 =,
L]
HE.22 al- b

Gi4 st tai thdi diém t=0, vector V, (S,S,S¢) dang tdc dung va lugng vector V, (vector
tir thong) s& di chuyén tao nén quy dao- dudng 1. BE€ trong géc phan sdu dugc khio sit trén
hinh vé& H5.22, vector tir thong khong vugt ra khdi phadn quy dao gidi han bdi hai duding tron
ddng tam, vector dién 4p sé& thay ddi giita cdc trang thdi \7, (dudng 1), \72 (dudng 2) va \70
(di€m 0). Ti€p tuc nhu viy, trong géc phan sdu ti€p theo, sy di chuyén clia vector tlr thong sé&
do ba vector dién 4p \72 , \73 va \70 gdy nén. S6 1an chuyén ddi trang thdi clia cdc vector dién
4p s€ phu thudc vao do sai biét cho phép dudc thi€t 1ap cho hai quy dao tir thong giGi han.
Trang thdi vector dién dp cAn tdc dung ciing nhu thdi gian tic dung cuc dai cla ching sé&
dugc tinh todn truée bdi khoi 1. N&u diéu khién thdi gian tdc dung cla vector khong \70 kéo
dai, tdc d di chuyén cda vector tlr thong sé& cham lai va gid tri tin s& dong bo tir thong g s&
nho di.

Né&u lugng vector dién dp di bim sdt quy dao dudng tron vdi sai s6 dd nhd, vector tir
thong stator dat dugc di chuyén theo quy dao dudng tron. Thdi gian tdc dong cdc vector dién
4p bd nghich luu phai dudc tinh todn trudc d€ vector tir thong khong vudt ra ngoai hai quy
dao tron gidi han.

Diéu ché vector khong gian cdi bién (Modified space vector modulation)

Mot s6 tdc gid dua ra phuong phdp diéu ché€ vector khong gian cdi bi€n [55],[56] trong dé,
trinh tu Chuyén mach gitta cac vector dugc thyc hién theo sau:
Vo(ly / 3).5,(2t,/ 3).0,(t,/ 3).. (5.82a)
Vo(ts/3).Vy (2t /3).0,(ty/3).... (5.82b)
Phuong phédp diéu ché& vector khong gian cdi bi€n khong cdi thién dugc chi s6 diéu ché. Tuy
nhién, n6 c6 thé han ch& séng hai dong dién ciing nhu gidm t&n hao phat sinh do qud trinh
déng ngit. Lugng séng hai sé gidm ddi vé6i chi s§ diéu ché cao khi st dung phuong phap diéu
ch& vector cdi bi€n. Ngugc lai, lugng séng hai s& thap hon d6i vdi chi s6 diéu ché thap khi 4p
dung k¥ thuat diéu ch& vector theo (5.81). Do d6, @€ dat hiéu qua diéu ché trong pham vi
diéu khién tuy&n tinh d&€n m=0,907, c6 thé k&t hgp (5.81a), (5.81b) va (5.82a), (5.82b).
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5.3.8. PHUONG PHAP DIﬁU CHE MO RONG (OVERMODULATION)

Céc phuong phap diéu ché vector khong gian va dang cdi bién clia né dugc sit dung
dé diéu khién dién 4p ngd ra c6 chi s6 diéu ché€ dé&n gidi han 0,907. Trong diéu khién
cong suit 16n, ching han diéu khién truyén dong dong co dién xoay chiéu, viéc tin dung
kha niing cong suit cia bd nghich luu ¢6 ¥ nghia kinh t&€ vi s& st dung hiéu qua cédc thi€t
bi va linh kién, dic biét trong cdc qud trinh qud dd. Do dé, phdt sinh nhu ciu diéu khién
md rong dién 4p dé€n gia tri cvc dai md phudng phdp 6 budc tao ra twong Wng vdi chi s6
diéu ch&é m=1.

Phuong phép diéu ché do rong xung sin va dang cdi bi€n ctia né ciing c6 thé dat dé€n
gi6i han m=1. Tuy nhién, dic tinh diéu khi€n trd nén rit phi tuy&n va tinh chit séng hai
dat dugc khong c6 1gi cho st dung. Do d6, diéu ch€ dd rong xung md rong khong thuc

hién thuin Igi khi s& dung cdc
phuong phip diéu khién di néu.

Fham vi digu
ché PV tuyen , N ~ 5
tinh [0<m <0 907} Phuong phédp di€u ché vector md

rong dua vao dic tinh quy dao cla
Pham vi vector khong gian (xem hinh H5.22).

digu ché PR Gd t i6i han dudi 13 dud
md ring Quy dao vector gidi han dudi 1a ng
i0,907<m <11 tron ndi ti€p bén trong hinh luc giic,
tuong tng m=0,907. Bén trong dudng
Quy dao vector tron giéi han nay, ta c6 thé diéu khién

viii m=0907 A ~ TN A 4
vector dién 4p ngd ra V (va dién 4p ba

Cu¥ dao vector pha tdi) cung pha va ti 1& tuyén tinh
HE.2%2 vdim=095]4 vGi modul ctia vector yéu ciu Vet -

Pé tao ra bién dd hai cd ban c6
chi s6 di€u ch&€ m>0,907 tuong Gng véi ving diu ché md rong, vector V. sé c6 mot
phin quy dao vugt ra ngoai hinh luc gidc va k§ thuat diéu ch& vector khong gian bd
nghich luu 4p khong cho phép thuc hién duge diéu nay vi vector V tao thanh chi ¢6 thé
nim bén trong dién tich gigi han ctia hinh luc gidc. Do d6, d€ dat dugc gid tri m cho trudc
thda di€u kién m>0,907, tuong quan giita quy dao vector yéu cau V,, va vector trung binh
V thuc t& c6 thé x4y ra & nhitng trudng hgp sau:

- Hai vector V4, V di chuyén ciing pha va ti s6 modul thay ddi

Vo= m(y)V e

- Hai vector V4, V dichuyén khac pha va tf s6 modul thay ddi

V= m(Y)-Vref e

Hé qua ctia sy dich chuyén khong ciing pha va ti s6 modul thay ddi & trén ddn dén
tuong quan khdng tuyé&n tinh giita vector yéu cAu vdi thanh phin hai cd ban \7(1) clia dp ra
ciing nhu sy xui't hién c4c thanh phin séng hai bic cao trong dién 4p pha tii. Cic phuong
phdp diéu ch€ vector md rong déu cd ging tao diéu kién diéu khién lién tuc khi m thay
ddi trong pham vi trén, van dé dic tinh diéu khi€n tuy&n tinh va lugng séng hai bac cao
12 nhitng y€u t& quyét dinh phuong 4n diéu ché vector md rong.
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Dién tl céng suét 1

Yéu ciu diéu ch€ vector md rong nhim tao quan hé tuy&n tinh gitta thanh phan hai co
ban clia vector dién 4p va vector diéu khién, biéu dién dudi dang quan hé todn hoc, ta
c6:

Vi) = MV o

Mot trong cdc phuong phap diéu ché vector mé rong 1a chia pham vi diéu ché 1am 2
J3In3

2
quy dao tuong &ng 1a dudng tron ndi ti€p bén trong hinh luc gidc (m=0,907) va dudng chu
vi ctia hinh luc gidc (m=0,9514).

Mode 2, 4p dung cho pham vi thay d8i ctia m tir 0,9514 d&n 1. Can dudi c6 quy dao
vector tuong tng la dudng chu vi cla hinh luc gidc (m=0,9514) va va cin trén c6 quy dao
gdm sdu vector dinh cdia hinh luc gidc (m=1). Mot trong cdc phuong phip di€¢u ché vector
md§ rong dugc bit do Holtz dé xuit [47]. Theo d6, trong ché d6 mode 1

(0,907<m<0.9514), vector trung binh V sé& di chuyén bam lé'y vector diéu khién Ve

mode. Mode 1, 4p dung cho pham vi thay ddi cia m tir 0,907 dén =0.9514, céic

néu
vi tri vector diéu khién vAn con nim trong phan dién tich gidi han clia hexagon (tic nim
trén phan cung cda phian dudng tron con nim trong hinh luc gidc)- tic phin cung

@) N
AB,CD (xem hinh H5.23a). Trai lai, khi vector v, di chuyén trén phin cung dudng tron
mn
vugt ra ngoai giéi han hinh luc gidc (xem BC) thi vector trung binh s€ dudc di€u khién di
chuyén trén phin doan thing tuong tng clia phan cung trén- tifc doan BC.
Tuong tu cho cdc géc phan sdu khdc ctia hexagon va quy dao cda vector dién dp

V trong mot chu ki ciia vector diéu khién v, dugc vé trén hinh H5.23b.

ref

1
m
<l f

\
2 'q - IIII|
0 H —. '
iy )
al- H5.23 =
D& nhan thdy ring, theo cich diéu khién néu trén, vector diéu khién Ve VA VECtor

trung binh ludn cling pha va chi bi bi€n diéu vé do 16n.

G ché d6 mode 2 (1>m>0,9514), (xem hinh H5.24a,b,c,d,e) ddi véi mdi chi sd diéu
ché€, ton tai mot gid tri géc c¢d dinh, goi 1a géc chdt o, (holding angle). Trong qud trinh
néu géc pha o clia né nhdé hon géc chdt a, thi

dich chuyén cta vector diéu khién v, ,

vector trung binh bi chét giit tai vector dinh \7, (ap = 0)-hinh H5.24a. Khi vector diéu

khién Vv, di chuyén véi géc pha o 16n hon géc chdt o, va nhd hon géc (n/3 - o) thi
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vector trung binh s& di chuyén trén canh ndi giita hai vector dinh ciia hinh luc gidc (canh
hinh luc gidc) —hinh H5.24b,c vGi géc pha ap ciia né cho béi hé thdc sau:

o= 2"% T

P n/6-ay 6
Né€u vector diéu khié€n v, ti€p tuc di chuyén va géc pha a clia né vugt qud gid tri
(n/3—-ay) thi vector trung binh s& bi chét tai dinh thit hai V, cta hinh luc gidc- hinh
H5.24e (op =n/3). Nhu vay, quan hé giita géc pha ap clia vector trung binh V va géc

pha o cla vector di€u khién v, trong géc phan sdu thi nhdt lién hé theo hé thic:

0 néu 0<a<a,
op = mi né’u Op <a< (TE/S - O(h) (5.83)
TC/6—OLh 6
n/3 néu (n/3-a,)< o, <n/3

Qua trinh c ti€p tuc cho d&n khi vector diéu khién V,es VUGt qua phan dién tich clia

géc phan sdu khdc clia hexagon va § dé, ta dat duge quy dao clia vector trung binh bing
trinh ty diéu khién tuong ty .

bi- =20 ci- t = BAL di- t=dAr ef F=5A

o oty o= me ol -y, o mil -y
4 025 ] L
| 7/ d 0.20 — ) 084
AT | | e
010 7 L y a4
/ [~
- 0.00 0.0
0.96 0.9 1.00 0 02 04 0B 02 0% m L
it m —= 5
H5.24 g9+ i

Gi4 tri géc chot a, c6 thé xdc dinh bing phuong phép tinh todn thanh phian séng hai cd
ban dién 4p dua theo qu§ dao vector trung binh. Tir quan hé d6, do thi thi€t 1ap quan hé
gitta chi sd diéu ch&é m va géc chot ap, duge vé trén hinh H5.24f.

Ton tai mot s6 gidi phdp khdc cho viéc thuc hién diéu ch& vector md rong
[291,[38],[401,[43].
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Mot s tic gid dung gidi thuat diéu khién vector V mot cdch lién tuc tir quy dao
dudng tron (m=0,907) dén qu§ dao t6i han gdm sdu vector dinh hinh luc gidc (m=1) ma
khong qua hai mode vira néu trén [39].

Nhugc di€ém chung clia cdc phuong phap 1a st dung phuong phdp tra bang dé x4c dinh
gbc lam viéc clia vector trung binh, tinh chat diéu khién phi tuy&n va chua dua ra khd
ning tdi vu vé séng hai.

5.3.9 PHUGNG PHAP PIEU KHIEN PWM DONG PIEN
Nguyén Iy co bdn: Gidn db kich déng cdc cong tic dudc xdc dinh trén cd sd so sdnh
dong dién yéu ciu clia tdi va dong dién thuc t&€ do dudc (xem hinh H5.25).

L 5 12

iht

S chan

HE.2E
Trong thuc t&, diéu khién dong di€én c6 thé thyc hién theo ky thuat dung mach kich
tré (hysteresis current control) hoic diung khau hiéu chinh dong dién (ramp comparision
current control). Cdc ciu tric diéu khi€n doi hdi thong tin vé cdc dong dién thyc t&. Piéu nay
c6 thé xdc dinh bing 3 cdm bi€n dong hodc xdc dinh hai dong dién pha qua hai cim bién
dong va dong dién thit ba x4c dinh theo dié¢u kién dong cin bing.

hach higu chinh
hach so sanh

dadng dign
Mach sa sanh va tao xung kich
hysteresis e 4 +
1" + = — 51
— .|Fegulator _
h - | ’%
r' n
, 2 +
[2* 4+ — 55
55 — .|Fegulatar
2o o —
| 3 oy 56 -| W SE
7o, ua
_|_
|3 55
Sl i 55 —.|Regulator|
] 52
| —| 0 52 ua
al- H5.Z6 b~

Phutong phdp ding mach tao tré (hysteresis current control):
Trén hinh H5.26a trinh bay ciu tric mach diéu khién bo nghich luu 4p theo dong dién, si
dung mach kich tr&, qué trinh dong dién va gidn dd kich déng linh kién tuong ng dudc vé
trén hinh H.26¢c. Dong dién pha tdi s& dugc di€u khién theo dong dién yéu cau vdi do sai biét
cho phép thiét 1ap trong mach tré. Uu di€m ctia mach diéu chinh dong dién diing mach tré 1a
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ddp @ng qud dd nhanh va c6 thé thyc hién d& dang. Tuy nhién, nhugc diém clia n6 1a sai s&

trong qui do c6 thé dat gid tri 16n va tin s déng ngit thay ddi nhiéu (xem gidn dd xung kich
S1- hinh H5.26¢). Sai s6 dong dién cuc dai c6 thé dat 2 1an gia tri sai s& cho bdi mach tré.
Céc nhudc di€m vira néu 1am cho kha ning @ng dung ctia phuong phap bi han ch& d6i véi
céc tdi cong sudt 16n.

Phuong phdp diéu khién dong dién sit dung hiéu chinh PI (ramp comparison current
control): thuc hién déng ngit cdc cong tic vdi tin s6 c6 dinh. Trén hinh vé& H5.26b, mo ta
nguyén ly diéu khién dong trong hé toa do ditng yén (stationary frame) do sai biét giita tin
hi¢u dong dit iy, va tin hi€éu dong dién do dugc tic dong 1én khau hi€u chinh dong dién. Tin
hiéu 4p diéu khién & ngd ra clia né dugc so sidnh véi tin hiéu séng mang tan s§ cao, va tir d6
tdc dong 1én xung kich cho céc cong tic.

Do st dung mach diéu ché& véi séng mang c6 tan s6 khong d6i nén phuong phap da
loai bd mdt s6 khuyét di€m cta phuong phap diéu khién diing mach tré.

Tuy nhién & x4c 1ap, ludn tdn tai sai biét dong dién va su chim pha clia ddp dng so
vdi tin hiéu dit vi khau hiéu chinh PI khong thé theo kip mot cach chinh xdc cdc dai lugng
xoay chiéu bi€n thién theo hinh sin, dic biét § tin s cao (xem hinh H5.26d).

Hysteresis Current Control Ramp_current_Contraller

= B
g . . 2 1%
E: ) 1 | T i1
2 o f
= 2
" e
SO CINOANIN LD 0 NT0ORAT &) , |

= timg-i:l[m =] 1I:IID = TFI‘EE

cf- di-

H5.Z26

-Nhugc di€m clia hai dang mach diéu khi€n dong dién trén 12 khong c6 phdi hop giita
cdc qud trinh diéu khién dong dién cda cic pha. Do dé, khong c6 kha ning diéu khién
vector khong v, va tén hao do d6ng ngit 16n khi chi s6 diéu ché thap. Piéu nay dan d&n
viéc phdt trién cdc phuong phdp diéu khién vector dong dién dudc trinh bay & phan tiép
theo.

Bo6 nghich luu 4p diéu khién theo dong dién, con dude goi 1a bd nghich luu dong dién
nguodn dién 4p, dugc ng dung trong diéu khién truyén dong dién xoay chiéu, diéu khién hé
bl cong suit phdn khang hodc lam nguon cung cip cho tai v6i hé sd cong suit cao.

53.10 PHUGNG PHAP PIEU KHIEN VECTOR DONG PIEN
(Space vector Current Control)
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H5.27a

Trong hé toa do quay: Phuong phip diéu khi€n dong dién c6 thé thuc hién véi khau
hiéu chinh PI thi€t k& trong trong hé toa dd quay (rotating synchronnous coordinates d-q) v6i
van tdc¢ quay bing van tdc séng hai cd bdn. Vector clia dai lugng ba pha hai ¢d bdn trong hé
toa do quay tan s6 dong bo sé trd thanh ditng yén va cdc thanh phan vector ig,i, clia né trong
hé toa 46 m&i sé& trd thanh dai lugng mot chiéu. Cic dai lugng trong hé ba pha abc qui ddi
sang hé toa dd quay dong bd d-g 1an lugt theo cdc hé thic:

l
c_|fa|_2[1 -1/2 -1/2 ] F
“lig| 3lo J3/2 —J§/2'ib
c
ig| | cosys sinyg ||iy
iq| |-sinys cosyg||ig

t
Ys :J.(,Os.dt
0

wg .. 12 van tdc dong bo clia dién dp ra bd nghich luu, né quan hé dén tin s6 dp ra f; (tan s&
ddng bd) theo hé thic wg = 2nfg.
Céc khau hiéu chinh PI s& thuc hién diéu chinh sai s6 ctia cdc thanh phan mot chiéu
(hai co bin) d&n triét tiéu. Céc tin hiéu ngd ra clia hiéu chinh PI 1a c4c thanh phin dién 4p
yéu ciu trong hé toa d6 d-q . Trén cd s& cdc thanh phan vector dién 4p nay, viéc tao gidn
dd kich cho bd nghich Iuu c6 thé thuc hién bing k§ thuit diéu ché dd rong sin (SPWM)
(trong hé toa do abc) hoidc bing ky thuat diéu ch€ vector khong gian (SVM-trong hé toa dd
o —P ). Phép qui dbi cac dai lugng tir hé toa dd dg sang cdc hé toa dd con lai duge mod ta bdi
cac hé thuac sau:
. , . Uy 1 0 .
{ua}:[cosys —smyﬂ{uﬂ w o l=lo12 32 [Zu]
B

: sin cos
Up Nrs ¥s J[Yq _1/2 —\J3/2

<
B
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,I';. . Hgtoplle
+ @ o Pl + U,
N o BB Peew ||
e Y "7 GEM
—— - Pl *:1%)5’ sbe
o |'.|3 .Ih_ X
(1) ="
F 3 F 3
ahec
—i—

DL|3 iabec
@
H5.27b T

Trong hé toa do ditng vén: V& nguyén ly, diéu khién vector dong dién c6 thé
thuc hién trong hé toa d6 bat ky. Trong hé toa do dong bd ditng yén o -

(synchronous stationary coordinate), cédc gid tri dong dién dit va dong dién do trong
hé toa dd abc s€ dudc qui dsi sang dang cdc thanh phﬁn vector hé toa d0 o —-p. Hai
kh&i hiéu chinh PI dugc thi€t 1ap d€ diéu chinh sai s6 clia cdc thanh phan vector dong
dién va tao nén cdc thanh phin vector dién dp u,;u,. Tuy nhién, & ch€ do xdc lap,
ngd ra ctia cac khdi hiéu chinh phai diéu khién thay ddi vector dién 4p ngay ci trong
diéu kién sai sd cdc thanh phian dong dién & ngd vao bing khong. PE 1am dudc diéu
ndy, hé thong dugc trang bi thém khdi tinh todn (1) d€ thuc hién bl dai lugng vector
dién 4p tir cdc tin hiéu trang th4i cda tdi nhu dong dién, tin s6 dong bd.

5311 PDIEU KHIEN DONG PIEN BANG DU BAO
(Predictive Current Control)

Nguyén ly:

Goi fsyc 12 vector dong dién yéu ciu va 75 la vector dong dién thuc t€ c¢6 dugc tir
phép do dong dién. Gia st vector dong dién 7syc dugc diéu khién véi vector sai 1éch cho
phép biéu dién biing dudng bao hinh tron chung quanh dinh vector dong yéu ciu. Khi vector
dong dat d€n dudng bao gidi han, 1p tic mach diéu khién thuc hién truy xuit gidn db kich
tao mot vector dién dp tdc dong ti€p theo dé dua vector dong dién 75 tré vé trong dién tich
giGi han cho phép. Vector dién dp dugc chon s€ 1a mot trong tdm vector ¢ ban cda hinh luc
giéc.

Ta c6:

- di =
V=L—+E 5.84
o TFo (5.84)

Gia st vector dién 4p EO nam & vi tri xdc dinh trén hinh vé, tir hinh v& H5.28 cic

vector ¢o ban clia hinh luc gidc, ta din gidi cdc vector (\7K - EO ). Vector \7K dudc chon sao

cho né tdc dong hudng vector dong dién vé vector dong yéu cau. Trong trudng hgp trén hinh
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H5.28, vector \73 c6 thé duge chon. Vi tai 1a dong cd khdng ddng bo, khdi (1) c6 chiic ning

tinh todn x4c dinh stc dién dong EO tif cdc gid tri do dudc clia van tdc va dong stator. Pong

thdi, khdi (1) cling thuc hién viéc xdc dinh vector dién 4p \7K ma bd nghich luu phdi cip

cho tai theo di€u kién gii han dudng bao sai s6 dong dién.

_ ol —, _ Bl ese
Isye k I dis
- _ dt
1 et " Isye, 3 Jo
1
- * Hs i
i= - ﬁ | - 4 2
E G
] (0
H5.28 al- ’
C_

- Phuong phdp diéu khi€n dong dién dva theo k&t qua tinh todn mang tinh tdc thdi (on-

line).

- Van dé phic tap phat sinh & khau thdi gian tinh téan d€ xédc dinh (du bdo) quy dao
t0i uu clia vector dong dién tir 8 khd niing clia vector dién d4p va thdi gian tinh todn
sttc dién dong ctia ngudn (hoic tai)
Phuong phép du bdo c6 thé thuc hién hiéu qui hon nhd phuong phép st dung bang.

Diéu khién dong dién theo phuong phdp du bdo va tra bdng (Look-up Table Method)

g » LN e R A . N s z N T A
Trong cau tric di€u khi€n vector khong gian vong kin, vi du vector dong dién stator

hoic vector tir thong stator, dai lugng sai s6 ciing 13 vector. Khi giéi han modul cia céc
vector sai s& nay hodc dd 16n ctia mdt trong cdc thanh phin vector bi vudt qua, trang thai
déng ngit tai thdi diém hién c6 ¢, sé k&t thic va hé thong sé thuc hién truy xudt vector
ti€p theo tlr cdc gid tri cho trong bdng. Cd s& tra bing dua vao thong tin nhu vector sai s&
cta dong dién, sitc dién dong cdm ng, trang thdi dong ngit vector hién thdi .

K§ thuat diéu khién dong dién sé phan chia hé toa d0 o —p cla mait phﬁng dong dién

thanh 6 viing hoat dong. Cdc truc phan chia clia mit phing vector dién 4p va dong dién
léch pha nhau mdt géc 30° (xem hinh H5.29a, H5.29b). Khi vector dong dién sai biét vugt
qué giéi han cho trudc, dya vao stc dién dong EO hién c6 va trang thdi vector dong di€n

sai 1éch Ai , mach diéu khién s& chon vector V tr mot trong tdm vector c¢d ban bo nghich

luu dé€ thuc hién, sao cho né tic dung 1am gidm vector dong dién sai biét d&€n gid tri nim

trong gi6i han cho phép (xem dudng bao trén hinh H5.28c).

Ap dung dinh luat Kirchoff cho vector dién dp tai ngd ra ctia bd nghich luu dp Vv , ta coé:

~ di =
V =L—+E 5.85
o HEo (5.85)
Vector E 1a stc dién dong tai ngudn (tai) ba pha. Vector dong dién sai 1éch Al
AP =iy —1 (5.86)
Biéu thic trén dudc viét lai dudi dang:
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vV =L.%(7,e, ~Ai)+E, (5.87)

HE5.29 gf
dAf o diy = -

hay: L— =L = 4+ E, -V 5.88
y df ot 0 ( )
T dfref -

Dat E:LT-‘FEO (5.89)

ta vi€t lai bi€u thitc du6i dang don gidn sau :

LB _E_y (5.90)

at

NEY,
V;
N

!

H530 af

Biu thitc cudi ciing cho biét do bi€n thién clia vector dong dién sai léch dAi/dt biing hiéu
ctia vector stic dién dong E va vector dién 4p ngod ra ctia bd nghich luu. bé dA/T/dt dat dugc
gid tri gdn bing khong, vector V phai dugc chon gin bing E . N&u vector V dugc chon c6
thanh phan ngudc chiéu 16n nhit vdi vector dong dién sai I&ch thi ddp ¢ng clia mach vong
diéu chinh dong dién sé& xay ra nhanh nhi't.

Phu thudc vao dd 16n cia vector dong dién sai 1éch, viéc chon lya vector dién dp c6 thé
thuc hién nhu sau (hinh H5.30a):

A/- N&u Ai <35, vector dong dién sai 1éch ndm trong pham vi cho phép, vector dién dp
duy tri nhu trang théi hién c6.

B/- N&u & < Ai < h, vector dong dién sai 1&ch c6 gid tri ngdai pham vi cho phép nhung 16n
khong dang ké, vector dién ap vV dudc chon sao cho dAf/dt dat gi4 tri nhd nhat dé€ han ch&

cdc thanh phin séng hai bac cao dong dién xuat hién trong ché& do xdc lap.
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C/- N€u h < Ai, vector dong dién sai 1éch dat gid tri khd 16n, chli yé&u trong qué trinh qué
do, vector V cin chon sao cho né c6 thanh phin tdc dong ngugc chiéu véi vector dong dién
sai 1éch Ai 16n nhat dé tao diéu kién ddp Gng gidm vector dong dién sai 1éch thyc hién
nhanh nhat.

Céc vi du sau ddy minh hoa viéc chon vector dién dp cho cic trudng hgp b/- va c/-.

Xét truong hop b/-: Gia st vector dién 4p E nim & vi tri xdc dinh trong phin dién tich I
trén hinh H5.30b va vector dong dién sai 1éch Ai nim trén vi tri & phan dién tich 6 ctia hinh
H5.30c. Céc vector dién 4p cd bdn nim gan véi vector E chinh Ia V,, V,va vector khong
V, . Cic vector hiéu (E-V,), (E-V,),E =(E -V,) ciing dugc din gidi, ching chi€m vi
tri trong phan dién tich LIII va V. P& y d&n vi tri vector A/ va d€ thuc hién gidm vector
dong dién sai léch Al , vector LdAf/dt phéi nim trong phan dién tich III. Do d6, vector

dién 4p c6 thé chon trong trudng hgp nay chinh 12 vector \7,. Khi d6, vector dong dién sai
1€ch s€ bi tdc dong thay ddi theo hudng ngugc lai, 1am gidm d6 16n nhanh hon so véi truGng
hgp st dung vector \72. Bing 1y ludn tuong tu cho cdc trudng hop khéc, ta c¢6 thé din gidi
bang B5.3 cho phép chon vector dién dp tic ddng theo vi tri clda cdc vector dong dién sai
biét va vector sic dién ddng E.

Bdng B5.3
\iﬁng chira Ving chita A/
E 1 2 3 4 5 6
I v, V, V, V,,V, V,,V, v,
11 V, V, Vs, Vs, V,,V, V,,V,
111 V.V, A Vs v, V, V,,V,
v v, V, V,,V, v, v, Vs Vs
\% A V,,V; V,,V, Vs Vs A
VI v, v, V,,V, V,.V, A Ve

Xét truong hop ¢/-: néu vector Ai >h trong qué trinh qué do, vector dién dp can chon sao
cho vector L dAf/ dt c6 thanh phan huéng ngugc chiéu véi Ai 12 16n nhat. D& dang suy ra
ring, trong trudng hdp nay vector dién 4p V,,, s& nim trong ciing phan dién tich clia vector

Ai . Bing B5.4 xdc dinh vector dién 4p can chon theo vector dong dién sai biét:

Bdng B5.4
Vector Viing chita vector Aj
dién dp s€ | | 2 3 4 5 6
chon
VK ‘71 \72 ‘73 \74 ‘75 \76

Xdc dinh vi tri vector _dong dién sai léch:
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Trong trudng hgp st dung phép do dong dién tdc thdi ba pha, vi tri vector dong dién sai
1éch trong mit phiing o — B c6 thé xdc dinh tir ddu dong dién sai 1éch clia titng pha theo céc

hé thirc va bang B5.5 theo sau.

Alg =1grer —1g,

Alp =lpret —1Ip,

Al =lgrer —1¢

Bdng B5.5
DAucla Ai, | Dducda Ai, | Dducda Ai, | Ving chita

vector Aj
+ - - 1
+ + - 2
- + - 3
- + + 4
- - + 5
+ - + 6

(5.91)

Xdc dinh vi tri vector sitc dién déng E : vi tri vector stic dién dong E ¢6 thé xdc dinh tur

vector dong dién yéu cau va sitc dién dong do (hoic tinh téan) trén tdi (hoic ngudn) EO
theo hé thitc (5.89).
Trong trudng hgp khong st dung phép do (hoidc tinh téan) EO, vi tri vector E c6 thé

xdc dinh tir trang thdi cdc thinh phin dong dién sai léch trong hé toa d6 xyz (xem hinh
H5.30c) va trang thdi vector dién 4p tdc dung tai thi diém dang xét theo bing B5.6 . Cic
thanh phan vector dong dién sai I&ch trong hé toa dd xyz (c6 thé suy ra tif cdc thanh phan
dong dién sai 1&€ch trong hé toa d6 abc nhu sau:

Al y 17 0 O0||Al,
Aiy = ﬁ -1 1 0}Ai,
Al, 0 -1 1||Ai,
Béng B5.6
Vector dién | Daucla Aiy | Dducia Ai, | Daucta Ai, Ving chita
dp dang tdc vector E
dung
Vo,V + - - I
+ + - 11
- + - 111
- + + I\
] ] + v
+ ] + VI
\71 + VI
- 1
\72 - I
+ 11
Va + 1
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- 11

Vy - 111
+ v

Vs + v
- \

Vs - \
+ VI

Diéu khién dong dién theo phuong phdp du bdo triét tiéu sai s6
Gia st ta thyc hién diéu khién dong dién trong mdy dién AC. Gid thi€t ring dién trd

stator dugc bd qua, quy dao vector dong dién c6 thé xac dinh gin diing nhu sau:
di (t)
Cdt
Véi chu ky 14y mau dud bé, c6 thé bi€u dién hé thic trén nhu sau:
i (k +1) —ig (k)
T

- Li.[vs (t) - &, (1)] (5.93)

- Li.[vs (K)— &, (K)] (5.94)

S
Dé y ring, & ddu chu ky 14y miu (t=t), ta dd xdc dinh gid tri dong yéu cdu i, (k +1) va
muc dich diéu khién 1a dat dugc sai s6 dong dién bing zero trong khéang thdi gian
(ti.tis1) Nén & cudi chu ky 14y mau, ta c6:

ii (k+2) =i (k+1) (5.95)
Tir cdc hé thic trén, ta suy ra, vector du bdo V. (k) cho viéc dat sai s& dong bing khong

can thuc hién la:

. L. - - _

vs(k)=T—s[/s (k+1)—is(k)] +es(k) (5.96)
S

Vector \7_: (k) c6 thé thuc hién trén ky thuit diéu ché& vector khong gian (SVM). Vi du,

trong trudng hop vector V. (k) nim & géc phian sdu thif nha't cia hexagon:
vk =g+ Te g, To g (5.97)

vector V; 1a mdt trong hai vector khong.

Phuong phip diéu khién dy bdo vdi yéu ciu triét tiéu sai s6 dong dién & cudi chu ky
14y miu dudc goi 1a phuong phap diéu khién triéu tiéu (dead beat control). Rd rang tir
nguyén 1y diéu khién, dap ng c6 thdi gian tré nhat dinh.

5.3.12 PIEU KHIEN MOMENT

Hién nay, mdt trong cdc phuong phap hién dai diéu khi€n bo nghich luu 4p goi 1a
phuong phap diéu khi€n moment, 4p dung cho t3i 12 mdy dién khong ddng bo [21],[25].
Nguyén Iy ctia phuong phap diéu khién dua vao so dd vé trén hinh H5.31

Moment dong cd ti 1& v6i tir thong stator va thanh phan dong dién stator iy vudng géc
vdi vector tir thong. Tl thong stator c6 thé dugc diéu khién sao cho quy dao vector ctia né di
chuyén giita hai quy dao tron bién. Trang thdi kich din cda cédc linh kién sé& thay d6i khi
vector tif thong vugt qua dudng tron quy dao gidi han.
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Gia st tai thdi diém t=0, vector \7, (S81S:S¢) dang tic dung va vector tit thdong di
chuyén tao nén quy dao- dudng 1. P& trong géc phin sdu dudc khio sit trén hinh vé H5.31,
vector tlf thong khdng vugt ra khdi phan qu§ dao gidi han bdi hai duding tron dong tim, vector
dién 4p thay ddi giita céc trang thdi V, (dudng 1), V, (dudng 2) va V, (di€m 0). Ti€p tuc nhu
vay, trong géc phan sidu ti€p theo, sy di chuyén ctia vector tir thong sé& do ba vector dién 4p
Vz , V3 va Vo gdy nén. S8 1an chuyén ddi trang thdi cdc vector dién 4p s& phu thudc vao do
sai biét cho phép clia hai quy dao tir thong gidi han. Moment dong co dugc dicu chinh trong
khd&i (1). N&u sai biét moment vugt qud gid tri cho trude, A M/2, khdi (1) thyc hién diéu khién
vector khong, biing cdch d6, dong dién qua cdc pha bi gidm xu6éng va kéo theo sy gidm clia
moment. Sau khi sai biét moment trd lai gid tri cho phép, khdi (1) diéu khién theo vector
dién 4p ban dau.

- M Y3 P =
|1+r B | ‘_lfs 3% 2;2
W > — |
= AW LI
il =
g
i
. 2
=
L WY
H5.31 al- b

Tuong ty nhu phuong phdp diéu khién vector dong dién, phuong phap diéu khién
moment dong cd 12 modt dang cai bi€n clia phuong phap diéu khién dy bdo va c6 thé thuc hién
bing k§ thuat tra bing (Look-up table). Khdi (1) c6 chifc ning xi 1y cdc thong tin nhan dudc
(cdc trang thdi sai sO tlif thong, sai s6 moment va vector tir thong) dé truy xuat vector dién 4p
t01 uu trong s6 tdm vector dién 4p cd ban clia bd nghich luu.
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5.3.13 PIEU KHIEN PO RONG XUNG THEO PINH HUGNG TRUONG

._
0
—

=
i
pm — = =

(Pulse width Control with Field Orientation) [47]

2hid

P& c6 thé gidm tan s6 déng ngit, dic biét
! trong truyén dong cong suit 16n, ngudi ta cé thé si
dung dudng bao sai s6 dang hinh chit nhit thay cho
! E‘ dudng tron, ching han diing dudng bao vudng gin vdi
vector tif thdong rotor cia mdy dién (xem hinh H5.32).
C4ch chon lya nay di nhién s& lam xu4t hién thém mot
lugng séng hai bac cao theo huéng truc tir thong rotor.

0 02 04 g 08 id_

Tuy nhién, diéu nay lai khong dnh hudng truc ti€p dén
viéc tao thinh moment dong co (hiing sd thdi gian khd

HS 37 ' 16n ctlia rotor da loai bé tdc dung gidn ti€p cia tir thong

rotor 1&én moment dong cd). Viéc chon lya vector dong

ngit sé& thyc hién theo phuong phap du bdo sao cho tan s& d6ng ngit 1a nhd nhit va viéc déng
ngit theo truc d ctia dong dién c6 thé dugc han ché do khi ning md rong dudng bao ciia né.
C4c séng hai moment gidm xudng nhung c4c séng hai dong dién sé ting 1én (theo truc d).

Vidu 5.4:
Cho bd nghich luu 4p dang cAu mdt pha véi dang séng dién dp cho trén hinh vé H5.1.
Gia thi€t dong dién qua tdi c6 dang 1,=540.sin( w t- 7 /4 ). Ngudn dc c¢6 dd 16n 300V.

a.

o o

V& dang s6ng dong tdi va dong qua ngudn va x4c dinh khodng din cda tirng linh
kién.

Xdc dinh tri trung binh dong qua ngudn va cong sui't do ngudn cung cap.

Xdc dinh cong sudt tiéu thu cla tai.

Gidi:

a.

0

T T — } T 1
o ls o5 2p la2s a0

veé

hinh H5.33

ut

%

\

\\1’:
™,

4
|
I

VAN

/|

ViV 5

D1,

TIME

s1 ol 'en ap! sd

oE-

Sz Dt g4 TDET 52

HE.33

b oy :§IS40.sin(a)t —%).d(a)t) = 2431A
0

Ps=300.243,1=72.930W=72,93kW
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c. Tri hiéu dung thanh phan hai co bdn 4p ra:
4U  400.300

U ==
t(1) 7[\/5 7[\/5

P=U,) Li1).cos ¢, =270,14.

= 27014V

540

72

.cos%=72,930W=72,93kW

Vidu5.5:

B0 nghich luu 4p mot pha mic vio nguén mot chiéu U ,tdi R = 10Q, L =0,01H. Bo
nghich luu 4p duge diéu khién theo phuong phap diéu bién.

a/- Tinh d6 16n ngudn U d€ tri hiéu dung 4p tdi U, = 100V. Tinh géc diéu khién ciia bd
chinh luu cau mot pha, gia thi€t dong tdi ctia bo chinh luu lién tuc. Ngudn xoay chiéu c6 tri
hiéu dung dp pha Us=220V.

b/- Véi 4p ngudn xdc dinh & ciu a. Tinh tri hiéu dung 4p hai cd ban .

c¢/- Tinh tri hi€u dung dong tai .

Gidi:

a/- Tri hiéu dung dp tdi: U= U = 100V

Vay dp ngudn U= 100V

242

J xdc lap va dong lién tuc: U, = —— .U;.cos a
s

N U n.100
Tir d6: cosa = = =0,5048
22U, 2y2.220
Viy o = 1,0415[rad]
b/- Dung phan tich chudi Fourier 4p dung cho 4p tdi u,. Ta dugc bién do cla séng hai

bac k cia dp ra:

Aq = % jj&,.sin(K.x).dx = 2.;j—m(1 —cosK.n)

RO rang cdc séng hai bic chin khong tdn tai. Tri hiéu dung séng hai co ban cla 4p tai

Uy = A AU g003v)

J2 2
c/- Tri hiéu dung dong dién tdi c6 thé tinh theo hé thic:
1 ér

P& khong phai gidi phuong trinh x4c dinh dong i, ta ¢6 thé 4p dung cong thic sau :

Y
= {Z ifz(‘f)]
=

2U
1-cosK.
o 1 Ui _ Kz )
t(K) Z(k) R2 +(K.oa.L)2

Ta thiy bac k clia séng hai bic cao, tri hiéu dung clia dong dién tuong ng cang thip.
Do d6, ta c6 thé tinh i, gin ding thong qua vai hai bac thdp. Vidu chonk =1,3,5,...
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Dién tl céng suét 1

U | U [A] Ui Us Ui Uio) Uy
[V] 87,828 29,27 17,56 12,54 19,75 | 7,98
L Loy [A] L) Lis) Lia) L) La

[A] 8,37 2,13 0,94 0,51 0,325 | 0,22

1
Tit d6: 1y = (13 + 125+ 135)P = 8,72 [A]

Vidu 5.6:
B0 bi&n tan 4p mdt pha c6 ciu tric gdm bd chinh Ivu cAu mot pha khong didu khién,

mach chon LC va bd nghich luu 4p mot pha diéu khién theo phuong phép diéu rong. Ap
ngudn xoay chiéu U; = 220V

sO My

rong .

1. Tinh @5 rong ¢ dé dat dugc tri hiéu dung dién 4p tdi U, = 100V;

2. Din gidi cong thifc tinh tri hiéu dung séng hai bac k clia dp ra va tir d6 thiét lap t

A . . A S A aA 4 N s 1A
= —X v6i A va A 1an lugt 1a bién do song hai bac k va bac 1;

3. So sianh 4nh hudng séng hai trong phuong phdp diéu bién va phuong phip diéu

Gidi:

- . SiA A o
Tri hi€u dyung séng haiback: Uy, = K v6i

72

12 1] 22 e .
A = —j U,.sin(K.X)dX = — j U.sin(K.X )dX + L, (- U).sin(K.X )dX
T JO T T_¢ on_¢
2 2 2 2
= 4 .sin Ko
K. 2
Tri hi€u dung dp ra: U, = U. L
T

Gi4 thi€t 4p trén tu dugc chon loc phing , ta c6:

u-232 1 _2V2 o igep)
T T
b0 rong xung ¢:
U 100%
(p:F.Tr,z > n=08013[rad]
z—u.sin%. sin@
2. Ti 56: mk1 = 2 =
ﬂ.sin8 k.sin®
k.w 2 2

3. Ti s& my, phu thudc vao dd rong ¢ va bac k. Theo phudng phép tinh diéu bién:
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4
kn _ 1
m = —"" = —
k1db ﬂ k
n
K&t qué so sidnh séng hai theo hai phuong phap diéu khién dugc biéu dién qua cdc db
thi:
m sink'—(o
fog = — KL 2 v6i0<e<m;k=3,5,7,911
Madb  gijn
Vidu5.7:

Cho bo chinh luu 4p mdt pha dang mach cAu. T4i thuan tr§ R = 2,4Q ; dién 4p ngudn
mdt chiéu U= 48V.

a. Tinh tri hi€éu dung hai cd bdn cla dpra;

b. Tinh cOng suit trung binh cia tdi ;

c. Tinh tri trung binh va tri téc thdi 16n nha't clia dong dién qua transistor;

d. Xéc dinh dién 4p khéa 16n nhat dit 1én transistor ;

e. Tinh hé s bi€n dang clia dpra .

Gidi:

a Uy, =2 498 _ 43000

R

b. Cong suat trung binh clia tai :

1 (2= 2 2
2 (J‘ uy de Ug P,
p Yt _l2nd — = =% 960 [w]
R R R 24
c. Tri trung binh dong qua transistor:

U eV 10[A]
= — aOxX = — =
AV = onbo R 2R

Tri titc thdi 16n nha't cda dong qua transistor:
It max = U_ 3 48

R 24
d. Bién 4p khéa 16n nhat dit 1én transistor vi du trén S;, x3y ra khi Sy din (Up4=0):
uri= U - Ury4 = U= 48[V]

e. Hé s0 bién dang ctia 4p ra:
1

Uz ]2 !
THD,, = [k; “ _ vz -uz, )2

Ui Ui
v6i U, =48 [V], Ug= 43,2 [V]

= 20[A]

(482 — 43,22 )é
432

Ta dugc: THD, = =0,484

Vidu 5.8:
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B0 nghich lvu 4p ba pha véi tdi thuan trd ba pha d6i xitng ddu thanh dang sao. Do 16n
dién trd mdi pha R = 10Q. Tan s6 1am viéc clia bd nghich luu 4p f= 50Hz. Tri hiéu dung 4p
ngudn mot chiéu U = 220V.

a. Xdc dinh tri hi€u dung dién dp ra ;

b. Vi€t phuong trinh séng hai bac 1 clia dién 4p tai va dong tai ;

c. Tinh cdng sudt tdi ;

d. Tinh hé s bién dang cla dpra .

e. Tinh tri trung binh dong di€n qua transistor .

Gidi:

Z, iz

U, =—U=—220—1037[V]

2

b. Bién d6 s6ng hai bac mdt clia dp:

Uyiym = 4 osE-4 U £ = 0,6366.U = 0,6366.220 = 140[V ]

\/E_T; 6 \/_ T 2
Phuong trinh séng hai bic mot clia dp tdi - pha A
Uayn = 140.sin(314t)
Phuong trinh séng hai bAc mdt ciia dong tai- pha A

I a1y = %smSMt =14.sin 314t

c. Vi tdi thudn trd nén cong suit tdi cho bdi hé thitc :
U2 2

P, =3-L =3 1037
R 10

d. Hé s6 bién dang ctia 4p ra:

2
N (103,72—(”0]]
(U, —Ur(1))2 N\ V2

Uy (740J
V2
e. Tri trung binh dong di€n ngd vao bd nghich luu :
P, 32261
Ic R — A
U 220
Céc diode ddi song vdi transistor khong din dién. Mdi transistor din dién trong 1/3

= 3226,1[W]

N[ =

= 14,664[A]

chu k¥ vé6i tri trung binh dong dién qua né bing :

lc 14,664
ltay = = ==—"—— = 4888[A
TAV 3 3 [ ]

Vidu 5.9

B6 bi€n tin gdm bo chinh luu ciu ba pha diéu khién hoan toan, mach loc LC va bd
nghich luu 4p ba pha. Ap ngudn xoay chiéu ctia bd chinh luu c6 tri hiéu dung dp pha U; =
220V . Bd nghich Iwu 4p ba pha dugc diéu khién theo phuong phéap diéu bién (phuong phip 6
budc). Gia sir dong dién qua tai bd chinh lvu lién tuc va 4p trén tu C dugc loc phing. Tinh
géc diéu khién clia bd chinh Iuu sao cho:

a. Tri hiéu dung dién 4p pha tdi bing 50V, 100V, 200V;

b. Tri hiéu dung séng hai cd bdn clia dién 4p pha tdi bing 50V, 100V, 200V.
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Gidi:

a. Tacé

U; :@U, U:ﬂuf cos a
T

T[.Ut
23U,
U, =50V =cosa =0,2061 =o = 1,3631 rad

U; =100V =cosa =0,4122 =a = 1,1458 rad
U, =200V =cosa =0,8244 =a. = 0,6015 rad

Tu d6: coso =

U _L 4U Coszzi ! ﬁ 3\/5

t(1) JE\/EK 6 2.\/575. 2 . Tc
Ui

= 0S4 = 53165

Uy =50V =cosa. = 0,21584 =o = 1,3532 rad
Uy =100V =cosa = 0,43168 =a = 1,1244 rad
U1y =200V =cosa = 0,8633 =a = 0,5288 rad

Vidu 5.10

.U.cosa = 231,65.cos a.

Bo nghich luu 4p mot pha duge diéu khién theo phuong phip diéu rong xung. Séng

mang dang tam gidc u, ¢6 tan so f, = 500Hz, va bién do thay déi gitra (12V,+12V), dién 4p
diéu khién xoay chiéu dang sin, tAn s6 fy = 50 Hz. Ngudn 4p mot chiéu U = 100V.

a. Tinh bién do6 séng hai co bdn clia d4p ra khi ug c6 bién d0 Ugy bing

1V,5V,10V,12V.
b. Tinh bién d6 s6ng hai bac 3,5,7 cla dp ra cho cdc trudng hgp cia ciu a.

Gidi:

a. Bién @6 thanh phin dién 4p hai cd badn ctia 4p tai c6 thé tinh theo hé thifc :

120
Uti)ym = ;J'o u;.sin xdx
v6iu, = U khi ug > u,
u, = -U khi ug < u,
Ham ugy : uge = Ugau.sin(27.£.t)
b. Bién do cdc séng hai bac cao cla dién dp ra:

120
UyKym = — '[0 u; .S/n(K .x)dx
T

K&t qua tinh todn trén may vi tinh cho ta:

Ugal V] Ul V] Ul V] Ugsml V]
1 8,347 0,012 0,01

5 41,66 0,013 0,006
10 83,34 0,002 0,0025
12 100,46 0,44 0,349
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Bién d6 séng hai cd ban c6 thé tinh don gidn theo hé thic:
Uiym=tarm.Ud/upm

K&t qua:
udim[ V] | Uym[ V]
1 8,33
5 41,66
10 83,33
12 100
Vidu5.11
Giai lai bai todn vdi séng diéu khién dang chif nhat:
udk
Ud ki A
0 * 2
X
- Ud K
Gidi:

Cich tinh todn thyc hién tuong ty nhu d6i v6i trudng hop dp diéu khién dang sin. Can
luu y d&€n ham diéu khién c6 dang:

udk= Ugy & ntta chu ky duong
= -Ug 6 na chu ky Am
K&t qua tinh trén mdy tinh cho ta du6i dang bdng sau:

Uaml[ V] | U@mlV] | Ugml V] Usm [V]
1 10,53 3,3 17,16

5 52,77 17,09 9,54

10 106,1 35,11 20,78

12 127,3 42,43 25,43
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5.4 CAC PHUONG PHAP PIEU KHIEN BO NGHICH LUU AP PA BAC

Céc phuong phdp diéu khién 4p dung cho bd nghich luu 4p hai bic nhu phudng phip
diéu ch& do rong xung va cic dang ci bi€n clia né, phuong phap diéu khién vector, phuong
phédp khit séng hai t&i wu, cdc phuong phap diéu khién dong dién (hay vector dong dién)....
c6 thé dugc diéu chinh d€ c6 thé 4p dung cho bd nghich luu 4p da bac. Bo6 nghich luu 4p da
bac c6 pham vi hoat dong chd y&u ddi vdi tai cong suat 16n. Do d6, van dé gidm bdt tan s&
déng ngdt va gidm shock dién 4p dv/dt trén linh kién cdng sudt c6 y nghia quan trong. Céc
thuat toan diéu khién cd ging thuc hién duy tri trang thai cAn bing cic ngudn dién 4p dc va
khir bd hién tugng common-mode voltage, nguyén nhin gay ra mot s hién tugng lam s6m
lao héa ddng co.

Phuong phdp diéu bién tuy khong phit huy dugc wng dung trong diéu khi€n bd nghich
Iuu dp hai bidc nhung lai t6 ra hi€u qud trong &ng dung bd nghich luu dp da bic cho tai
cong suit 16n, nhat 1a trong cdc hé thong diéu khién ning lugng dién ac.

5.4.1 PHUONG PHAP PIEU RONG
Ap dung cho cdc bd nghich luu da bic ¢ cip diode kep d&€n ngudn va bd nghich luu

4p da bac cascade.
o o

Ak H+H— . w Uit
sai ] | : 27
o v ! N I_,_n—l_l_l
! L : 2-
s — : w2
Ead| L i 27
. [ ! I_l—'_|—|_|
1 1 1
|i uad . : : 0 _l_'_'_| |_|
- — ;
- H laf ! : 2=
. N Lt
-2_ 2_
ubl
2 | M —
a I I I_|—|_|—'_I
Sl | — [
R 2=
wed und
2 27
o4 —1 |
I I 3 0 —T — —T
S T T T e
o & 10 15 20 o
time [5] I T T T 1
u] 5 10 15 20
H5 35a time [5]

Xét bo nghich luu dp ba bdc trén hinh H5.41, viéc diéu khién dién 4p tii c6 thé thyc hién
theo gidn dd trén hinh H5.35 d6i v6i pha a biing cach thay ddi do rong géc a.
Dién 4p pha- tim ngudn:

Us2 néu Sa7 =Sag =1 U/2 néu Sb1 :SbZ =1
Ugp = 0 néu 332 = 333 =1,Upg = 0 néu Sb2 = Sb3 =1
-U/2 néu 853:Sa4:1 -U/2 néu Sb3:8b4:1
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U/2 né’u SC1 = SCZ
UCO = 0 né’u ch = 803
_U/2 né’u SC3 = SC4

Tir dién 4p pha — tAm ngudn, st dung hé thic (5.5), ta ¢6 thé din gidi qud trinh dién 4p cdc
pha t3i. Pién 4p tdi c6 dang 12 budc. Khi géc diéu khién gidm dé&n gid tri zero, ta thu dudc
dang 4p 6 budc nhu trong bd nghich luu 4p hai béc.
Phuong phép diéu khién 12 bu6c c6 hé s6 méo dang 16n khi chi s& diéu ché thap, khi d6 cic
phudng phdp dieu ch& do rong xung c6 dang chit lugng hon.
54.2 PHUONG PHAP DIEU BIEN
Tuong ty nhu phudng phdp diéu bién bd nghich luu dp hai bac, dién dp ngudn dc dugc
diéu khién thay d6i do 16n. Dién dp ngd ra dudc diéu khién theo dang bac thang nhiéu
budc (H5.35b). Géc chuyén mach cida cic linh kién dugc tinh téan d€ séng hai dugc han
ché t8i da. Céc gia tri géc chuyén mach c6 thé thi€t 1ap sdn va xung kich déng thuc hién
theo dang tra bang (look-up table). Phuong phdp diéu khié€n nay don gidn, tin s6 déng
ngit rat thip. Phuong phdp nay dugc st dung chii y&u trong hé thong bu nhuyén cong suit
phdn khdng cho 1u6i (static var compensator). Su mit cin bing cdc dién 4p ngudn dc
khong con 13 van dé trd ngai trong Gng dung vira néu.

uref
107
=R utl 2
.
4
2
u}
]
4
6.
=
107 = T T T |r“:|-3
u] 5 10 15 20
TIME
H535b

543 PHUONG PHAP PIEU CHE PO RONG XUNG

Phuong phdp con c6é tén Subharmonic PWM (SH-PWM), Multilevel carrier based
PWM. D€ thuc hién tao gidn d6 kich déng cic linh kién trong cting mot pha tdi, ta st dung
mot sd séng mang (dang tam gidc) va mot tin hiéu diéu khién (dang sin). P&i véi bo nghich
luu 4p m bic, s6 séng mang dugc st dung 12 (m-1). Ching c6 ciing tin s6 f. va cling bién do
dinh-dinh A.. Séng diéu khién (hay séng diéu ch&) c6 bién do dinh- dinh bing A,, va tin s6
f., va dang séng ctia né thay ddi chung quanh truc tim ctia hé thong (m-1) séng mang. Néu
séng diéu khién 16n hon séng mang nao d6 thi linh kién tuong Gng séng mang d6 sé dudc
kich déng, trong trudng hop séng diéu khién nhd hon séng mang tuong ting ctia nd, linh kién
trén sé bi khda kich.
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Bé nghich luu da bdc dang mach bi diode kém

wd
10 1.0
0.4 0.5
on oo AT
0.5 -0.6]
1.0 -1.07
pa FD

W ua Pigndp pha tai

0 \ .07
fy 0.5
1.0
1.5 0.0+
0

5 e POD ]
Oy T T T T T 1 -1.07 . -
il 1 2 2 4 5 W yapr  Dign ap day trédn tai
2
a/- Cdc dang 506 ng mang ding
trong ki thuat dléu ch¥ 7
PWM cila b¢ nghlch Idu ap o
ba bjc o
H5.36 k- 2| | | | |
o 5 10 15 2C

Ching han, xét pha a ctia bo nghich luu 4p ba bac trén hinh H5.41. Xung kich cho cic

linh kién S,1,S.2,5.3,Sa4 dugc thi€t 1ap trén co sd so sdnh séng diéu khién u,, clia pha a vdi
séng mang u,; (461 v6i xung kich cho cdp S,; va Su3) va u,, (d8i v6i xung kich cho cip S, va
Sas). Cu thé 1a:

sau:

Ug > Up = (S4 =1,5,53 =0) (5.101)

Urg < Upy =(5,=0;5,5=1)

Upg > Upp = (S, =1;S,4=0)

Upg <Upg = (5,0 =0;S,4 =1)

T gidn d6 thié€t 1ap trén, dién 4p pha- tAim ngudn dugc x4c dinh, vi du cho pha a:
Uiz ; (Sz =Sa2=1)

Usp=1 0 (Sup=8.5=1) (5.102)
~U/2 ; (Sa3=Sas=1)

T d6, st dung cdc hé thic (5.5), (5.6) dé€ xdc dinh cdc dién ap tai.

Chi s6 bién do m, va ti s6 tan sd m; trong bd nghich lvu da bac dudc dinh nghia nhu

An
mo=_ Am 5.103
& (m-1)A; ( )
-1 (5.104)
fm

Ba dang phdi hop giita cdc séng mang thudng dudc sit dung gdm (xem hinh H5.36a):
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U2RRiENE
i J%J _I%_I : _Ig

K

K

3

NN EN
a ) b C

H5.37

In phase disposition): tit ca cdc séng mang déu cling pha.

Hai s6ng mang k€& cin
lién ti€p nhau sé& bi
dich 180 d6 —APOD
(Alternative Phase
Opposition
Disposition)
Bo tri doi xing qua
truc zero (POD- Phase
opposition
Disposition). C4c s6ng
mang nam trén truc 0
s€ cung pha nhau,
ngugc lai, cidc song
mang nim duéi truc 0
s€ bi dich di 180 d9.
Bo tri cing pha (DP-

ura urb ure
' r T T
0.5 o |J |-II'I 0
o0 : ' N3 I-||'|ﬂ| ||]|'||JIJ
e 2__ﬁl..l:n:u
L
L ””_"JU ULI_l

[t
: E'W_W’”"U
e o 1,

a 2: | uL"JlI i """‘I"I]'D]J_J

s e e e e O E_LE'D
Ea | scbhineanY T
e Y e O s A Mg g gl
0 5 10 15 0 T : T T .
TIME u] 4] 10 15 20
TIME
H5.38

Trong cdc phudng phdp bd tri séng mang, phuong phdp bd tri cdc séng mang da bac
cling pha cho d® méo dang 4p diy nhd nhit. BSi v6i bd nghich Ivu 4p ba bic, phuong phap

POD va APOD cho cling két qué dang séng mang.

B0 nghich luu da bic dang cascade: phuong phdp diéu ché dd rong xung st dung séng
mang dich pha (Phase Shifted Carrier PWM-PSCPWM) 1a phuong phédp diéu ch& cd ban
dudc st dung. Theo d6, mdi bo nghich luu 4p cAu mot pha trong mach cascade c6 nguyén
ly diéu ch€ PWM giong nhau cia mdt bd nghich lvu cAu modt pha. Cdc séng mang clia cic
bd nghich luu c6 ciing bién d6 va tdn s6 vd do dich pha giita cdc séng mang ndy bing =/m,

m 13 s6 bo nghich luu cAu mdt pha.

5-53

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl céng suét 1

Trén hinh vé H5.37 1a bd nghich luu dang cascade 5 bac. & mbi nhénh pha, c6 4 séng
mang léch pha nhau mdt géc =/2 dugc sit dung. Gidn dd kich céc linh kién dudc thiét 1ap
trén co sd so sdnh séng mang va tin hiéu 4p diéu khién (dang sin) va qui tic kich doi
nghich. Pién 4p tao thanh & ngd ra cia mdi bo nghich Ivu 4p mot pha (u,,u,’) c6 dang ba
bac. Chiing k&t hgp tao thanh dién 4p pha- tim ngudn (u,,) dang 5 bic.

5.4.4 PHUGNG PHAP PIEU CHE PO RONG XUNG CAI BIEN
(Modified PWM hodc Switching Frequency Optimal PWM method- SFO-PWM))

C6 k¥ thuat thyc hién phuong phdp diéu ch& do rong xung vira trinh bay. Pi€m khdc biét 1a
séng diéu ch& dugc cdi bién. Theo d6, mdi séng di€u ché dudc cong thém tin hiéu thit tu
khong (séng hai boi ba). Ton tai nhiéu kha niing tao nén thanh phan thi ty khong, Mot trong
céc tin hiéu thit ty khdng c6 thé€ chon bing tri trung binh clia gi4 tri tin hiéu 16n nh4t trong 3
tin hiéu di€u ch& vdi tin hiéu nhd nhit trong 3 tin hiéu diéu ché- phuong phip SFO-PWM.
Goi V. *,Vp*,V.* 1a cdc tin hiéu diéu khién clia phuong phap diéu ché€ PWM. Tin hié¢u diéu
khién theo phuong phdp SFO-PWM vira dugc mo ta c6 thé biéu dién dudi dang toan hoc nhu
sau:

max(v; v, V. )+ minlV; vy V)

Vottset = > (5.105)
m vat
\\\,\EEFO‘1 \ /\
\-)ESFO N N
\\’V—CEFO ff
- Y¥OoIIseT
Wa - 0.5
v il | VAN N AN A VAN
- E . AV ALV AV A VAV
We by R e
(W VasPo
1 2R 7
H I:l_ u/’_v_\
| -
o I T T T T T T T 1
0 5 10 4135 20 25 320 325 40
H5.20 TIME
HS 40
V:;SFO - V -V offset
Visro = Vb —Vottset (5.106)

VcSFO - V -V, offset
So dd thuc hién tao tin hiéu diéu ché cdi bi€n tir tin hiéu diéu ché dang sin dugc vé trén hinh
H5.39. Tin hiéu dién 4p diéu ch& va dién 4p ngd ra bo nghich luu dude vé trén hinh H5.40.
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Phuong phdp diéu ch&€ do rong xung cdi bi€n chi dugc sit dung cho tdi ba pha — 3 day. Hé
qué clia phuong phép la dién 4p pha tdi dugc ting 1én khodng 15% so v6i phuong phdp diéu
ch€ do rong xung sin & phin trén, tru6c khi dat d€n pham vi diéu ché md rong
(overmodulation).

5.4.5 PHUGNG PHAP PIEU CHE VECTOR KHONG GIAN
Vector khdng gian ciia b6 nghich luu dp da bdc:

Qua4 trinh d6ng ngit cdc linh kién tao ra dién 4p ba pha tdi v6i vector khong gian cia
n6 thay d6i nhdy cip trén hinh luc gidc da bac. Vi du, d6i v6i bo nghich luu dp ba bdc, kha
ning diéu khién kich din linh kién tao nén 27 trang thdi khac nhau, mdi trang thai dugc minh
hoa béi t8 hdp (k.kpk.),v6i k,=0,1,2 :k,=0,1,2; k.=0,1,2 .12 hé s6 trang thdi tuong ¢ng cla cic
pha a,b,c. Vi du: xét hé sd k, clia pha a ta c6:

0 khi S,3=S,,=1
k,=41 khi S,,=S,3=1 (5.107)
2 khi S,;=S5,, =1

Trong qud trinh kich dan, qui luat sau dugc tuan thi:

Sy +Sy3 =1

S,o+S,y =1

Tu do, chflng han, trang thai (200) c¢6 nghia la: S,;=S.,»=1; Sp3=Sps=1;S3=Sc4=1.

Theo dinh nghia vector khong gian, tuong Gng 27 trang thai kich dan linh kién ta thu dudc
19 vi tri vector khdng gian clia vector dién dp tao thanh, bao gdm 12 vector nim trén dinh va
trung di€m cta hinh luc gidc 16n bao ngoai, 6 vector dién 4p nim trén 6 dinh cla hinh luc gidc
bén trong va vector khong tai tAm clia hinh luc gidc (hinh H5.41). P6i vé6i cdc vector ndm tai
dinh cda hinh luc gidc bén trong, ton tai hai trang thai kich dAn khdc nhau ctia linh kién nhung
lai c6 cting chung vi tri vector khdng gian. Ngodi ra, tdn tai 3 trang thdi kich dAn khdc nhau
cho cling vi tri vector khong.

Diéu ché vector khéng gian ciia bé nghich luu dp da bdc:

V& nguyén ly, phuong phdp di€u ch& vector khong gian ddi v6i bd nghich luu dp da bac
dugc thyc hién tuong ty nhu ddi véi bd nghich luu 4p hai bac. PE tao vector trung binh tudng
duong véi mdt vector v cho tru6e, trude hét cAn xét xem vector V. nim trong vi tri ndo clia
hinh luc gidc (hexagon). P& thuin tién, thong thudng dién tich hinh luc gidc dugc chia nhd
thanh cdc hinh tam gidc con. Vi du, géc phan sdu thit nhat cda hinh luc gidc gidi han bdi ba
vector V,,V, va V4 dugc chia nhd thanh cdc dién tich (1), (2),(3) va (4) nhu hinh v& H5.42.
Vector v dang khdo sdt can diéu khién d€ dat dudc c6 vi tri niim trén phan dién tich (2).

Budc tiép theo, ta xdc dinh cdc vector khdng gian can thiét- goi 1 cdc vector ¢ bin, cin
st dung d€ tao nén vector trung binh nim trong dién tich (2). R rang, trudng hgp nay, cic
vector co ban tuong tng 1a v,,V, va V5. Nhu vay, vector tuong duong vdi vector v c6 thé

; V81 x=a,b,c (5.108)

thyc hién biing cdch diéu khién duy tri tic dung theo trinh tu vector v, trong thsi gian T},
vector V, trong thdi gian T, va vector V4 trong thdi gian T; theo hé thiic:
VT, =V, T, +V,.T, +V,.T, (5.109)
T=T+T»+T; 1a chuky 14y miu.
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wdi| L& H [

021 S et T
S* 010, Agio
s J sty ks d

0224

I
hj

ud2 | | 1

HE5.41

Van dé con lai 12 x4c dinh thdi gian tac dung T;,T, va T; cla cdc vector cd ban.

Né&u ta biét duge vector v dudi dang cdc thanh phin vudng géc V ¢ ,Vp trong h€ toa do
ding yén o — B (stationary frame), quan hé giita cdc thanh phan vector V ¢ ,VB vGi thdi gian
duy tri trang thdi vector V,,V, vd V4 c6 thé biéu dién dui dang ma trin sau:

Ve Vie Voo Vau || T
Vs = Vig Vop Vg || T2 (5.110)
1 Sl 1 1 ||T,

Véi Via,Vaa,V3a,Vip,V2p,Vsp 1a cac thanh phﬁn theo truc toa d0 o va p cua cdc

vector trén hinh luc gidc v,,v, va v; T d6, thdi gian dugc xdc dinh (dp dung ma trdn

ngugc):
1

1 7-1 V10L V20L V30L B VOL
ST, 11 1

hay & dang thdi gian tuong doi: d=Tj/T; j=1,2,3
d1 V1a V2(1 V3a B Va
ds 1 1 1 1
Ap dung cu thé vao 4 dién tich hinh tam gidc trong géc phin sdu thi nhit ciia hinh luc gidc,
chi y d&n vector co ban trong mdi dién tich trén, ta thu dugc k&t qua sau (xem hinh H5.42):
Trong dién tich (1), vector cd ban v,,v,va v,.
dy=dyy=1-dy—ds =1-m,.(sin®++/3.cos0)
dy =dy; =m,.(-sin0++/3.cos0) (5.113)
d; =dy, =2m,.sin6
Trong dién tich (2), vector cd ban v,,v,va vy.

d, =dy; =2-m,.(sin6+ \/E.cose)
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d, =dy, =—1+m,.(-sind++3.cos0) (5.114)
d; =dyz =2m,.sin®

Trong dién tich tam gidc (3), vector cé ban v,,vzva v, .:

d, =dy, =1-2m,.sin6

d, =dys =—1+m,.(sin0++/3.cos0) (5.115)
d; =dy, = 1+ma.(sin9—\/§.cose)

Trong di€n tich tam gidc (4), vector c6 bdn Vs ,vzva v, :

d, =dy, = 2—ma.(sin6+«/§.cose)

d, =dys =-1+2m,.sin® (5.116)
d; =dys = ma.(—sine+\/§.cose)

pi
a* -
10 K I \J‘." Vb -
V

0.0 — } T
! R s it

40 e
L (. Pt

| |i -

I U

[N =24 | !

| L \

| | |i

|is1h I II

I |

|i§2h : I

| , !

| I

I

I
| }
|

Iit’lr:
H5.43
1 ka

112 2 1111w
0,071 1 4,010 ke

N&u vector nim & géc phin sdu thit i so véi géc phin sdu th nhat clia hinh luc gidc tinh
tif vi tri truc thuc o, ta c6 thé qui d6i né vé géc phin sdu thit nhat d€ xdc dinh thdi gian tic
ddng cia cdc vector cd ban theo hé thic:

. T . . T
cos(i—1)— —sin(i—1)—
V .. T , T [V,
p sin(i-1)= cos(i-1)— P
( )3 ( )3

(5.117)
i=1,2..,6
Thuc hién kv thudt diéu ché vector khong gian cho bo nghich luu dp ba bdc:
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Gidn dd kich din cdc linh kién bd nghich luu 4p ba bic dugc minh hoa trén hinh H5.43, 4p
dung cho géc phin sdu thi nhit cda hinh luc gidc. Chd § do trang théi kich din cdc linh
kién trén cling nh4nh pha tdi cho b&i qui luat ddi nghich nén trén gidn dd chi cin trinh bay
trang thdi cia Sy; va Sy, x=a,b,c. TU gidn do ta thdy cédc trang thdi kich din tuong Gng 3
vector ¢d ban V,, \73 va V,. Thoi gian kich din cla cdc vector ndy c6 thé suy ra tit bi€u thic
tinh todn T,,T,,T; hodc trén k§ thuit diéu ch€& do rong xung duya vao séng mang nhu trén
hinh vé HS5.43.
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5.5-BO NGHICH LUU DONG

Bo nghich Iuu c¢6 ngudn mot chiéu 1a ngudn dong dién. Bd nghich luu dong dude st dung
trong lanh vuc truyén dong dong cd dién xoay chiéu, va cho 1a cim ting.

Tuong ty nhu bd nghich luu 4p, ta phan biét bd nghich luu dong véi qua trinh chuyén mach
cudng bic va bo nghich Ivu dong véi qué trinh chuyén mach ty nhi€én ( phu thudc ).

B6 nghich Iuvu dong c¢6 qué trinh chuyén mach cudng bic dugc dp dung cho tdi tdng quat.
Trong trusng hgp tdi mang tinh dung khang, b nghich luu ¢6 thé sit dung v6i qud trinh chuyén mach
phu thudc va st dung linh kién bdn din nhu thyristor .

5.5.1 BO NGHICH LUU DONG MOT PHA

Sd @6 va nguyén ly hoat dong clia bo nghich Ivu dong mot pha (hinh 5.44a)

Trong trudng hgp

tdi  tdng  quat

i (R,RL,RL:), linh

| . ) kién phdi c6 kha
C) BT ning diéu khién
J ngit (1(‘)ng dién.
C6 thé st dung

IGBT mic ndi
' ti€p véi diode cao
Gl dp hodc st dung
al _ linh kién cOng
sudt GTO.
: Gia st
J J 50,54 i—| dong dang din qua
I L [ . X I SlD]SQDz va tgli,
(T SRR : ——— dong dién i i, =
i — | I. b€ déo chiéu
. I o dong dién tai,
xung kich doéng
b/~ dr dua vao S}Sz va
HE. 44 va kich ngat S;S,.
Dong qua tdi gidm nhanh vé 0 va ddo chiéui =-1
Do t&i mang tinh cdm khdng, sy ddo chi¢u nhanh clia dong dién giy ra qué dién 4p dit 1én
céc cong tic. Néu tdi c6 dd tw cdm L nhd, mach mic ndi ti€p cong tic v6i diode chiu dudc dién 4p
cao; néu tai c6 L 16n, cAn phai thay ddi cAu hinh bd nghich Ivu dong. Ching han mic tu song song
v6i tai (hinh H5.44b) hoidc ding mach tich ning lugng (H5.44c). T4c dung clia cdc mach phu niy
lam dong t3i trong qua trinh d6i ddu khong thay d6i dot ngot va do d6 khong giy ra 4p qud 4p phan
khdng. C4u tric diing tu xoay chiéu mic ré nhanh vdi tdi c6 thé lam xuat hién dao dong dong dién
va dién dp do tuong tdc cla ty dién véi caAm khdng cia tai.
Tu dién dugc tinh téan sao cho bién do thanh phin co ban dong dién din qua tu c6 gid tri
khong 16n va d6 dao dong dién 4p do cdc séng hai bic cao trén tdi ndm trong pham vi cho phép.
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Cau tric diing mach tich ning lugng c6 kha ning khic phuc nhuge diém trén. Tuy nhién, hé
thdng mach cdng suat tr§ nén phic tap hon do sy st dung mach chinh luu ciu diode va phia mach dc
clia n6 phdi c6 phan ti ¢6 kha ning du trit ning lugng. Mdi 1An dong dién tii ddi chiéu, mach dc
dugc nap ning lugng bdi dong tai. Phin ti tich dién c6 thé 1a ty dién, d€ dién 4p tu khong ting, ta
cAn thyc hién diéu khi€n x4 ning lugng tu hoic diéu khi€n ning lugng tu trd vé 1u6i dién xoay chiéu
qua mach ban din cong suit (vi du diéu khi€n bo chinh lvu & ch& d6 nghich lvu). Mic khdc, tic
dung mach tich niing lugng lam dong dién thuc t€ qua tdi bi I1&ch pha so véi dong dién Iy tudng yéu
cAu (so sdnh qua trinh dong i, va iy).

5.5.2 B NGHICH LUU DONG BA PHA

Bo6 nghich luu dong ba pha c6 cau tric cho trén hinh vé& (H5.47,H5.48,H5.49, H5.50)

1 | v Y
_A] _A
J 51J = J 5Eu | Il
it P l
| MY ey LT ¥
C> @’, O [ rr(, N
”33_’ ”_FI\-;-""\-"\ i i e
. Ce e Ngudn v i
54 =0 ap DC H_
s . —
H5.47 o
H5.48 Bd nghich luu dang

Tuong ty nhu trudng hgp bd nghich lwu dong mot pha, ciu tao cia cdc bd nghich Ivu dong ba
pha c¢6 thé gdm cdc dang: mach chita diode cao 4p bdo vé, mach chira tu chuyén mach va mach
chita tu tich ning lugng. Khi tdi c6 cong sudt 16n, c6 thé sit dung bd nghich luu dong véi linh kién
thyristor va mach tit cudng bic (xem hinh H5.48).

Cic wu nhugc di€ém clia cdc cAu triic mach nay di dugc néu trong phidn bod nghich luu dong
mot pha. Do thi qud trinh dién 4p va dong dién cdc phan tf mach ciing dugc minh hoa trén hinh vé
canh so db tuong ng.

D3&i v6i bd nghich luu dong dién ba pha. Tai mdi thdi diém c6 mot cong tic & nhanh trén din
va mot cong tic & nhanh dudi dan. Mdi cong tit dan dién trong thdi gian 1/3 chu ky. Bé qua thdi
gian chuyén mach giita cdc nhanh, d6 thi dong dién qua tai dugc vé& trén hinh H5.51 cho trudng hop
diéu khién 6 buc. Dong dién qua tai c6 dang khong sin.
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S1%-STEP CURRENT SOURCE INVERTER
107 W p
i s
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ia ]
I N LR 0.0
) lim ey L g | -
L I Jeata b -1|:|3 [ icA
. ol 0.19
— 2 noanafdnaalfinnaafiinnahf

54 | S6 o
J[:]JELJ[% === Ut VYU VYV (VY 9 Uy vV

-0.1-
o it
. 0.1
H5.49 0.0 M/\'\Uﬂwﬂumuﬂwﬂuf
AT T T T 10
G0 F0 20 a0 100

TIME

S1%-5TEP CURREMNT S0OURCE INVERTER
0% s

D T

It1 i 0.05 |—| |—|
A 0.00 ||
L B | 005
1 B0 -0.10-

107 Wit
- 0104

<= ([T ) Heorors

+ -0.10-
10° I jof
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o ood NN NN AN NN NN

.00
H5.50 Bé nghich lvu dang dién wdi mach 0054
tich n&ng lug ng .10 : : i

40 A0 a0 T =] ao 400

5.6 CAC PHUONG PHAP PIEU KHIEN BO NGHICH LUU DONG

Gia thi€t ring gi4 tri trang th4i van ban din khi d6ng biing “1” va khi ngit biing “0” .
Qui luat diéu khién ctia bd nghich Ivu dong 13 phii ddm bio diéu kién kich déng duy nhat
(Qui luat kich duy nhat trong nhém)

S;+S3+S;=1va S, +S,+S5=1 (5.119)

Piéu nay c6 nghia, tai mdi thdi diém chi c6 mot van & nhém trén va mot van & nhém dudi
dugc kich dong.

5.6.1 PHUGNG PHAP PIEU KHIEN THEO BIEN PO
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DAy 1a phuong phap diéu khién chd y&u 4p dung cho bd nghich luu dong. P9 16n dong dién
tdi dugc diéu khién bing cich diéu khién ngudn dong dién. Ching han diéu khién géc kich o cla
bd chinh luu c6 diéu khién hodc diéu khién i s6 thdi giany khi c6 ngudn dc diéu khién biing bd bi€n
ddi dién 4p mot chidu.

S1#-5TEF CURRENT SOURCE INVERTER

: [ it
| | | I |
||| 1 I| - 1 1
S L i | e I e RN
oo b | I |_|'
I I T -1 I I
52| — oo et o b
sa| L bt i | I o N i I
= [ . i ) R—
W A =
R 'I'||| T T < R R
[ . o 1 o [T
55| ! ] 1 '_'_ll . ] : — 0 T —+— T :
I|II||I'|II 1 I—n—l 1 ! ! I—O—I II
Coy o, o ' . I
56 L= B e e e e e L
. : T . . T T . 10 0 5 40 15 20 25 30 35 40
0 & 40 18 2 2H 30 3 40 TIME
TIME
H5.51

Gian dd xung kich dugc vé trén hinh H5.51a
Tan s& dong dién tai dugc diéu khién bdi gidn dd kich cho b nghich lvu dong. Géc kich

déng cho mdi cong tic trong bd nghich Ivu dong dién nhu nhau va biing 2% ysimla s6 pha cta bd
m

nghich luu. Vi du, d8i v6i bd nghich luu dong ba pha, xung kich d6ng cho cdc cong tic nhém trén 1an
lugt thue hién giti d&€n cdc linh kién S1,S3 va S5 vdi do rong bing 2n/ 3. Tuong tu cho cdc linh kién
nhém dudi. B6 nghich luu dong ba pha véi phuong phdp di€u bién dugc goi la bé nghich luu dong
diéu khién 6 budc. (Six step current Inverter).

Biing cdch dung phan tich Fourier dang dong dién qua pha tdi- vi du i;; (ddu dang Y ), ta thu
dudc hé thiic sau —xem d6 thi dong pha i;- hinh H5.51:

243

1y (t) :TI.[sin(a)t+%)+%sin(5a) —%)+%sin(7a)t+%)+ ..... } (5.120)

(5.121)

(5.122)

Céc thanh phan séng hai clia dong dién ti c6 bién do twong ddi cao. Do d6 4nh hudng nhiéu
dén hoat dong clia tii. Dang séng dong dién c6 thé cai ti€n thuin 1gi hon biing cdch kéo dai thdi
gian chuyén mach giita cdc cong tic din dién, ching han nhd mach tich ning lugng hoic b chuyén
mach.
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5.6.2 PHUONG PHAP PIEU CHE PO RONG XUNG

Qué trinh chuyén

W = v g mach gita cdc nhdnh
7 = o s A .
2_ ; 5 cong tac trong bd nghich
;_ NN | ||_|H” I Ivu dong tao nén céc
P i xung gai qud dién 4ap tic
4] i dung khong t6t dén hoat
;_ dong cdc phin tif trong
2 mach dié€n. B 16n cdc gai
2 dién 4p c6 thé gidm bt
N 100 1 biing cich kéo dai thoi
- gian chuyén mach. Thong
7 thudng chifc ning ndy
4 A N o
thuc h hd tu d
: L0 O o hign nho w_dien
B 5 chtra trong mach. Bé céc
7 xung gai qud dién 4p
17 idm cang nhiéu, tu can
00 MU0 ] sim cane nkiéu, w cane
B 6n va thdi gian chuyén
2 mach cang kéo dai. Do
N TN LTI d6, tin s6 déng ngit cla
o . . . 10 cdc cong tic khong thé
0 g 10 15 20
TIME cao dugc.

H5.52

Phuong phdp doi héi do
16n dong dién dc phdi

diéu khién dugc nhu phuong phdp diéu bién va thyuc hién diéu rong xung trén mach nghich luu dong
dé cai ti€n dang séng dong dién & ngd ra nhi't1a & ddy tn s6 lam viéc thap.
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PYWh CSI
10° M ia
0,17
0.1
103 ic
0,057
-0.05-
107 M itd
0.17
0.0 wﬂ
0.1
103 ucl2
5_
. %WW’WF#M
S I T T T I1I:I-3
[=11] Fir] t=1n] =1a] 100
TIME
HE5.54

Phuong phdp diéu ch& d6 rong xung ctia bd nghich luu dong ba pha cho dang dong dién ra
mdt phan tring véi dang cho bdi phuong phip 6 buc. Tai mot s vi tri, dong dién qua pha tai s& c6
dd 16n biing 0 thay vi £I va I thay vi 0 tai mot s6 vi tri khéc.

Xét dong dién i, qua pha 1 ching han khi S, din, biing cdch 1in lugt d6ng ngit lién tuc S; va
S5, ta ¢6 d6 16n dong téi i, — xem hinh H5.53:

iy =1 khi S; déng, S; ngit;
i =0 khi S; déng , S| ngit .
Pé dat dugc séng dong dién ba pha d6i xitng, dang dong dién dudc diéu ché ctia mdi pha

phdi chita xung trung tAm rong tdi thiu bing % Khi hai pha dang dugc diéu ché xung, pha thi ba

khong dugc thay ddi trang thdi din dién. Goi n 14 s6 14n thay ddi trang thdi dong dién pha tdi trong
1/4 chu ky dong tai, n€u chon vi tri kich thich hgp cdc cong tic, ta c6 thé khit bé (n-1) séng hai cia
dong tai, ddng thdi diéu khién bién d6 séng hai cd ban theo gid tri cho trudc.

Véi cau hinh mach chita tu d€ han ché qud dién dp chuyén mach (xem hinh H5.48), qud
trinh dong dién qua mdt pha tai (i,;) va dong qua tu dién (i.;) dugc vé minh hoa trén hinh H5.54.
Dong dién qua tii gin nhu cling pha véi dong dién ngd ra clia bd nghich Iuu (i,) va thanh phin séng
hai dong dién qua n6é dudc han ché.

5.6.3 PHUONG PHAP PIEU CHE VECTOR KHONG GIAN

Vector khdng gian cia dong dién bd nghich luu dong ba pha:

Phuong phéip di€u ché vector khong gian ddi v6i bd nghich Ivu dong ciing c6 tinh tuong tu
nhu trudng hgp phuong phip di¢u ché vector khong gian cda bd nghich luu 4p, tao diéu kién thiét
1ap quan hé t&i uvu giita cdc dong dién pha khi thyc hién diéu khién mot vector dong dién duy nha't.
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Tru6c hét, 4p dung dinh nghia vector khong gian theo hé thic (5.70) cho cdc dong dién ba
pha trén hinh H5.51, ta c6 thé xdc dinh quy dao vector khong gian trong trudng hgp diéu khién 6
budc va thi€t 1ap cdc gid tri dién vao bing B5.7 sau:

Bdng B5.7:
ig |1 I 0 -1 -1 0 0/0]0
ip | -1 0 I I 0 -1 0/0]0
iz | 0 -1 -1 0 I 1 0/0]0
S1 |1 1 0 0 0 0 110]0
S3 |0 0 1 1 0 0 0/1]0
S50 0 0 0 1 1 0/]0]1
S2 |0 1 1 0 0 0 0/]0]1
S4 |0 0 0 1 1 0 110]0
S6 |1 0 0 0 0 1 0/1]0
AEREAEN AN AEN: AENAEN:ANDE

V3 V3 V3 V3 V3 3

i i i iy i s o]0

Quy dao vector khong gian clia vector dong dién tai ba pha 1in lugt dich chuyén nhdy cip giita

6 vi tri vector dinh clia hinh luc gidc. Khi dich chuyén d&n vi tri mdi vector dinh, vector dong

dién sé luu tai vi tri d6 trong thdi gian 1/6 chu ky dong dién tai trudc khi dich chuyén dot ngot

dén vi tri vector dinh ti€p theo. Bién do vector dong dién tai cdc dinh hinh luc gidc ¢ gid tri
21

e
K thudt diéu ché vector khong gian dong dién:

Déi véi phuong phap diéu khién do rong xung bo nghich luu dong, vector dong dién hinh
thanh gdm 6 vector dinh hinh luc gidc vira néu va 3 vector dong dién bing khong (vector khong).
Céc vector khong tao thanh khi linh kién nhém trén va nhém dudi cia cing mot pha tai § trang thdi
dan dién.

Vi du trong pham vi géc phan 6 thit nha't ctia luc gidc gidi han bdi hai vector dong (ig,i;), dé
diéu khién vector dong trung binh (tuong duong) / di chuyén theo quy dao dudng tron, cin thyc hién
qué trinh diéu khién 1an lugt cdc vector iztrong thdi gian T, va i; trong thdi gian T, va thdi gian con
lai (T,-T;-T,) 1a dé thyc hién vector khong 7.

- - - T -
| = L.is T—2i +2 ., (5.123)
Ts TS Ts
/ . T \/_
T, Z.sm(g—y).Ts_ 2 S/n(——y)T (5.124)
V3
T, = 2’,/ .siny.T; = f.siny.Ts
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T0=T5-T1 -T2

b~
1 1 1 1 -Ir' 1 1
ConT. o 0T 0 ol ol ol
e 5 3 " Sw S‘\J - | Ghuky 18y m3u
1 1 1 1 1 1
: : : : : \ Khodng din cia
I ! ! ! I I (B6511-T1 va
- 61 12 . 151 12, '
14 4 44! X g4 34 44! 14
1 1 1 1 'R 11 1 MK"IDQHQ dgn
1 cim 5154 -T0

1 1 1 1
I I | | |
\L (T b )] b )] w @ \J (Bl-——__S8c vitri vectar
1 1 1 1 [  khéng gian trung
binh ddng dign
ci-
HE&.B5

V6i y 1a géc hdp bdi vector dong dién [ tai thdi diém dang xét v6i vector co ban thit nhat.
Vi du néu vector i niim trong géc phin siu hdp bdi vector 7, va 76, g6c vy sé tao thanh bégi hai
vector 76 va i .

Xét trong khdang géc phan sdu hinh luc gidc bi gidi han bdi hai vector dong dién co ban 76
va I,. Gia sit ta thuc hién diéu khién vector dong dién d€ vector trung binh di chuyén trén quy dao
dudng tron dat vi tri cdc di€m 1,2,3,4 va 5 nhu trén hinh v& H5.55b. Trong chu ky 14y mau Ts, diéu
ndy ¢6 thé thyc hién nhd thyc hién qud trinh kich déng Se,S; d€ dat vector I, (kich déng) trong thdi
gian T; va kich dong S,,S, dé dat vector 7, trong thdi gian T, va kich déng S,,S, dé dat vector 70
trong thoi gian Ty —xem hinh H5.55¢c. Cac thdi gian T, T, va Ty dudc xdc dinh tir vi tri vector dong
dién trung binh yéu cau.

Ton tai diém khdc biét clia diéu ché vector trung binh trong bd nghich luu dong dién so vdi
trudng hdp diéu khién vector trung binh ciia bd nghich luu 4p. Trong bd nghich lvu dp, dd 16n cic
vector dinh hinh luc gidc khong thay ddi khi bién do 4p tai thay d6i va phai sit dung diéu khién thoi
gian tic dong vector khong V,d€ thi€t 1ap modul va pha clia vector dién dp trung binh. Trong nghich
luu dong céc vector dinh hinh luc gidc c6 dd 16n thay ddi tily theo dong dién qua mach dc va do 16n
vector dong dién dugc diéu khién bing cich diéu khién thay d6i dong ngudn I mach dc (vi du bing
bd chinh luu). Do d6, trat tu va thdi gian tdc dong cdc vector dinh cd badn dong dién chi nhim diéu
khién pha ctia vector trung binh. V&i mot gid tri dong dién I cho trudc, phuong phip diéu ché vector
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dong dién sé thi€t 1ap vector dong dién di chuyén trén dudng tron ndi ti€p v6i ban kinh I va d6 ciing
chinh 14 bién do thanh phin hai cd ban dong dién tdi. Nhu vay, khi thay ddi diéu chinh dong dién
qua bo nghich luu trong pham vi (0, L., di€u ch€ vector dong dién s& tao nén dong dién qua pha
tdi vdi bién d6 séng hai cd ban thay d6i trong pham vi (0, Ly,y).

Né&u st dung dinh nghia chi s6 diéu ché vector dong dién tuong tu nhu d6i v6i bd nghich luu
4p, ta thdy trong trudng hodp bo nghich lvu dong, phuong phip diéu ché vector dat dugc chi sé diéu
ché dong cuc dai biang:

/
—_max  __ T _pgp7 (5.125)

m
| _ max 2x/§l 2\/5
T max
23

Véi =X= /., 1a bién do thanh phin co ban dong dién tdi dat dugc tr phuong phap diéu
T

khi€n sdu budc.

Kh3 ning diéu ch€ mé rong (overmodulation) c6 thé thyc hién trén ky thuat tuong ty da si
dung ddi v6i bd nghich luu 4p.

Vidu5.12:

Cho bd nghich luu dong ba pha. Dong ngudn dc bing 100A. Xdc dinh tri hiéu dung dong
dién qua linh kién va dong qua tai.

Gidi:

Tri hi€u dung dong qua linh ki€n: lygzys = ) 54,74A

73

Tri hi€u dung dong qua tai: lgys = \/%.100 = 8165A

Vidu5.13:

Bo bi&n tin dong ba pha gdm bd chinh Iuu ciu ba pha diéu khi€n hoan toan mic ndi
ti€p, cudn khing nin dong v6i do tir cAm rat 16n 1am dong qua né phing va bo nghich luu
dong ba pha. Tai ba pha d6i xitng, mdi pha tdi gdm R = 1Q, L = 0,01H. Cho biét ngudn xoay
chiéu ba pha c6 4p pha hiéu dung Uy = 220V, o = 314[rad/s]. Bo bi&n tin dong dudgc diéu
khién theo phuong phip 6 budc ( six-step methode)

Cho dong dién qua cudn khiang loc i =1=100A

a. Tinh tri hiéu dung dong tai ;

b. Tinh tri hi€u dung hai co ban va hai bac 3,5 ctia dong tai;

c. Tinh géc diéu khién clia bd chinh luu .

Gidi:

a. Tri hiéu dung dong qua tai :

1

1
- 2n 2
1 27,5 2 15,2 2 2
Iy =|— a =|—|21/°d =/1’—=1001/—=87,6 A
! (ZRJ.O ' X) (RJ.O XJ 3 3 [A]

b. Tri hiéu dung séng hai bac k ctia dong tai :

A
IT(K) :TZ le
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1 r2n 2 ﬁ
A = — | ir-sinlK x)e = = [ 8 1.sin(K x)x
6

Ak —2—'l. cosK.E—cosK.ﬁ =4—'l.sin K.ZE | .sinl k.2
6 6 2 3

K K.n
R& rang khi k chdn hodc k 12 boi s6 clia 3 thi Ag = 0.
Tu d6:
4.100 . T . i
lyyy =———.sin| 1.—= |.sin| 1.— | =77 ,96[A]
o Gy
/1(3) =0

4.100 . T . i
L) = m.sm[&;).sm[ﬁg] =-1559[A]

c. Dién 4p trung binh & dau vao ctia bd nghich luu dong :
U=2.RI=2.1.100 = 200[ V]
D6i véi bo chinh luu ciu ba pha:

U= 376 Us.cosa
T
Tir d6:
cosq =Y _ m200 _ . sggs

3J6.U, 3v6.220
— o =1,1716[rad]

5-68

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Dién tl cong suat 1

5.7 TAC DUNG CUA SONG HAI BAC CAO

Anh hudng ciia séng hai bic cao c6 thé minh hoa qua vi du tdi dong cd xoay chiéu

Khi dong co dugc cAp bdi ngudn khong sin, tdn hao phat sinh 16n hon so vdi trudng
hgp ngudn dang sin, gay ra do tdc dung clia cdc séng hai bic cao cda 4p nguon.

Tdn hao trong cudn stator va rotor do thanh phin hai cd bdn s& ting 1én do tic
dung ctia séng hai biac cao lam ting dong dién tr hda.

Hiéu tng bé mit lam ting dién trd mach rotor.

T&n hao trong cudn rotor 12 mot trong nhitng nguyén nhin chii y&u lam gidm hiéu
sudt dong co khong dong bo khi mic vao ngudn dién 4p khodng sin.

Ngoai ra, cic bo phan bing sit c¢6 tdn hao ting 1én do tic dong ngudn khong sin,
t6n hao nay bao gdm tén hao do dong dién xody va tdn hao do mach tir tré

Céc hai bac cao con tao nén céc thinh phin moment phu bao gdbm moment dang
khong xung va moment dang xung. Moment dang khong xung c¢6 d6 16n khong dang ké so
véi moment hai cd bin. Moment dang khéng xung tao thanh do tudng tic ctia cdc hai
cung bic cua tir thong qua khe hd khdng khi va dong rotor.

Moment dang xung do tdc dung ctia cdc hai khdc bic cta tir thong va ctia dong
dién rotor tao nén. Tri trung binh cia moment nay biing khong. Thanh phin moment xung
do hai cd ban ctia tir thong va cdc hai bic cao ctia dong rotor ¢6 tdc dung chi yé&u.

Céac moment xung tic dong lam thay ddi van tdc tic thdi cia dong cd. O van t&c
thap, dong cd c6 thé chay khong ém va do d6 moment xung lam gidi han pham vi diéu
chinh van t8c dong cd. Moment xung c6 thé gy hdng héc cdc bo phan co khi clia truyén
dong néu dong co chay & van tdc thiAp vd moment xung c6 tin sd gin vdi tAn sd cong
hudng clia bd phin co khi.

Do dé, cdc thanh phan séng hai cla 4p ra can dudc han ché d&€n mic t6i da. Piéu
nay c6 thé thuc hién bing cach chon ciu hinh bo nghich lvu thich hgp, bing k¥ thuat diéu
ch€& d6 rong xung, ting s6 pha & ngd ra.

Bién do cidc séng hai c6 thé xdc dinh dya theo khai tri€n chudi Fourier ctia dién
4p ngo ra.

uy =Upy + Zak sin(k.x)+ Zbk.cos(k.x)
k=1

. j u;.sin(k.x)dx ; by = —J.jfl,.cos(k.x)dx

Uy =— a
v =5 Lur X

Bién d6 s6ng hai bac k: Ag
1

A = (ak2 + kaF
Thong thudng dang 4p tdi c6 tinh chit ciia ham 1&, do dé:
bk: 0 . Ak: ag

Bién d6 song héi cd ban Uyym:

Uiiym = Ar = j u;.sin xdx
va bién do séng hai bac k:

120 .
Uikym = Ak = ;L u;.sin(k.x Jdx
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5.8 BO BIEN TAN GIAN TIEP

Bo bién tin diing d€ chuyén ddi dién 4p hodc dong dién xoay chiéu & diu vao tir
mot tin s6 ndy thanh dién 4p hodc dong dién c6 mot tin s6 khdc & dau ra.

Ung dung: B6 bi€n tin thudng dugc sit dung d€ diéu khién van tdc dong co xoay
chiéu theo phuong phap diéu khién tin sd, theo d6 tan sd clia 1udi ngudn sé thay d6i thanh
tan s6 bié€n thién. Ngoai viéc thay ddi tin s& con c6 sy thay ddi tdng s pha. Tif ngudn ludi
mot pha, v6i sy gitip dd clia bo bi€n tan ta c6 thé mic vao tdi dong co ba pha. BO bién tin
con dugc st dung rong rdi trong k§ thudt nhiét dién. BO bién tin trong trudng hgp nay
cung cip ning lugng cho 10 cdm tng.

PHAN LOAI
1/- Theo tdng s6 pha, cdc bd bién tan
a/- Mot pha
b/- Ba pha
¢/- m pha

2/- Theo cAu tric mach dién, cdc bo bi€n tin

a/- Gidn ti€p (mach chita khau trung gian mot chiéu), trong d6 ta phan biét bi€n
tdn ding bd nghich luu 4p va bién tin ding bo nghich lvu dong v6i qud trinh chuyén
mach phu thudc mach ngudn hoic véi qud trinh chuyén mach cudng bitc.

b/- Truc ti€p (khong c6 mach trung gian mot chiéu)- con goi 1a cycloconvertor. Bo
bién tin tryc ti€p c6 thé hoat dong

- V6i qud trinh chuyén mach phu thudc bén ngoai: tin hiéu diéu khién cé dang
hinh thang hoic dang diéu hoa:

- V6i qud trinh chuyén mach cudng bitc (it gip).

Trudng hgp qud trinh chuyén mach phu thudc mach ngudn cé thé chia lam hai
trudng hgp: trudng hgp véi dong dién cin bing va trudng hdp khong c6 dong dién can
bing

5.8.1 - BO BIEN TAN GIAN TIEP

CAu tao clia bd bi€n tin gidn ti€p gom c6 bd chinh lvu véi chic ning chinh luu
dién 4p xoay chiéu v&i tin s6 c6 dinh & ngd vao va bo nghich Iuu thyc hién viéc chuyén
ddi dién 4p (hodc dong dién) chinh lvu sang dang 4p hoic dong xoay chiéu & ngd ra.
Bing cdu tric nhu trén, ta c6 thé diéu khién tin s& ra mot cich doc 1ap khong phu thude
tan sd vao

Céc bd bién tin gidn ti€p thudng hoat dong vdi cong suit khodng tir kW dén vai
trim kW. Pham vi hoat dong clia tan s6 khodng vai phan chuc Hz d&n vai trim Hz. Cong
suit toi da clia ching c6 thé 1én d&€n vai MW va tin s6 t8i da khodng vai chuc kHz (trong
k§ thuat nhiét dién - 10 cao tin).

* B¢ bién tdn dp gidn tiép

Cau tric mach dugc vé trén hinh H5.56
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HE.BS

Mach trung gian mjt chiéu: c6 chita tu loc véi dién dung khd 16n C; (khdang vai
ngan uF) mic vio ngd vao clia bd nghich luu. Piéu nay gitp cho mach trung gian hoat
dong nhu ngudn dién dp. Tu dién cling v6i cudn cdm L; cda mach trung gian tao thanh
mach loc ndn dién 4p chinh lwu. Cudn khdng L cé tdc dung nin dong dién chinh luu.
Trong nhiéu trudng hdp, cudn khdang L khdng xuat hién trong ciu tric mach va tic dung
nin dong ctia né c6 thé dugc thay thé bing cAm khdng tin may bi€n 4p cap ngudn cho bd
chinh Iwu. Do tic dung ctia diode nghich ddo bo nghich Iuu, dién dp dit trén tu chi c6 thé
dat cdc gid tri dudng. Tu dién con thuc hién chifc ning trao ddi ning lugng Ao giita tai clia
bd nghich luu va mach trung gian biing cach cho phép dong iy, thay ddi chiéu nhanh khong
phu thudc vao chiéu ctia dong ig).

B nghich luu dp: dang mot pha hoic ba pha. Qud trinh chuyén mach ctia bo
nghich luu 4p thudng 1a qua trinh chuyén d8i cudng bitc. Trong trudng hop dic biét bd
nghich lvu 1am viéc khong c¢6 qud trinh chuyén mach hodc véi qud trinh chuyén mach
phu thudc bén ngoai. Tir d6, ta c6 hai trudng hdp bd bi€n tin vdi qud trinh chuyén mach
ddc 1ap va qud trinh chuyén mach phu thudc bén ngoai .

Bé chinh luu: c6 nhiéu dang khac nhau, mach tia, mach cau mot pha hoidc ba pha.
Thong thudng ta gidp mach ciu ba pha. N&u nhu bo chinh lvu modt pha va bd nghich luu ba
pha, bo bién tin thuc hién c3 chifc ning bo bién ddi tong s6 pha.

Khi 4p dung phuong phdp diéu khién theo bién do cho dién 4p tii xoay chiéu ra
bd chinh luu phéi 1a bo chinh luu diéu khién.

Thong thudng, bd chinh luu c¢6 dang khong diéu khién, bao gdbm cic diode mic
dang mach cAu. Do I16n dién 4p va tin sd 4p ra cla bd nghich luu con c6 thé diéu khién
thong qua phuong phap diéu khi€n xung thyc hién truc ti€p ngay trén bd nghich luu. 0
ch&€ do mdy phat clia ti (ching han khi him dong co khong ddng bd), ning lugng him
dudc trd ngugc vé mach mot chiéu va nap cho tu loc Cy. Ning lugng nap vé trén tu lam
dién 4p né ting 1én va c6 thé dat gid tri 16n c6 thé giy qua 4p. PE loai bé hién tugng qud
dién 4p trén tu Cg, mot sd bién phdp sau diy c6 thé thuc hién. Phuong phap don gidn nhat
la tdc dung dong mach x4 dién 4p trén tu qua mot dién tr§ mic song song véi tu. Viéc
déng mach x4 tu thuc hién nhS cong tic ban dan S- hinh H5.56 (ching han diéu khién dp
tu gilta hai gid tri bién) dua theo két quéd so sdnh tin hiéu dién dp do dugc trén tu v6i mot
gia tri dién dp dat trudc cho phép

Mot bién phdp khdc 12 thyc hién dua ning lugng qud 4p trén tu C; vé ngudn lu6i
dién xoay chiéu. Trong trudng hop niy, bo bi€n tin dugc trang bi bd chinh luu kép (hinh
H5.57). Kha ning bo chinh luu kép cho phép thuc hién ddo chiéu dong dién qua bd chinh
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luu va bing cdch nay, trong diéu kién chiéu dién 4p tu loc khong ddi ddu, ning lugng
dudc tra vé 1u6i dién xoay chiéu qua bd chinh luu.

HE5.57

Xu huéng nang cao chit lugng dién ning bing cich st dung loai chinh luu diéu
rong xung (boost PWM Rectifier) dd cho phép thuc hién trd cong suit vé ngudn véi hé s6
cong suit cao (gan nhu bing mot) (hinh H5.58). Dong dién di qua ngudn ludi xoay chiéu
c6 dang gin nhu sin va cling pha véi dién 4p xoay chiéu.

JG J@J _ J%} J@Jg}

- Y

JQJL/]}JLJ]} - N Jtl}Jt‘}

HE.58

* B§ bién tdn dong gidn tiép

So @6 mach dugc vé trén hinh H5.59.

Mach trung gian chi c6 cudn cadm L (khoang vai mH). Nhd nd, mach trung gian
thyc hién chic ning ngudn dong dién clia bd nghich Ivu. Dong dién clia mach trung gian
c6 chiéu khong thay dai. Dong dugc cudn cdm nin. Cudn cdm con thyc hién chifc ning
trao d6i ning luong 4o giira tai tiéu thy va mach trung gian. Cudn cdm tao diéu kién cho
qué trinh thay d6i chiéu clia dién 4p ug x4y ra nhanh chéng khong phu thudc vao dién dp
chinh luu ug;.
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HE.E3

B¢ nghich luu dong: mot pha hoic thudng gidp hon & dang ba pha. Tuy theo
trusng hop, c6 thé 1a bo nghich luu véi qué trinh chuyén mach cudng bic hodc qué trinh
chuyén mach phu thudc. B§ nghich luu dong vdi qud trinh chuyén mach phu thudc vé
bdn chdt la b chinh luu ¢6 qud trinh chuyén mach phu thudc vao dién dp xoay chiéu ciia
tdi va hoat dong trong ché& do nghich lvu. Tir d6, ta phan biét cdc bd bi€n tin v6i qud trinh
chuyén mach cudng biic va bd bi€n tdn vdi qua trinh chuyén mach phu thudc.

Diéu khi€n bo nghich luu dong c6 thé thuc hién theo phuong phip diéu bién hoic
dung ky thuat diéu ché€ d6 rong xung.

B chinh luu: c6 nhiéu dang, mach tia, mach ciu, mdt pha hoic ba pha. Khi can
ddi hdi phai truyén ning lugng theo hai chiéu, ta chi cAn bo chinh luu don véi dién 4p ddi
ddu dugc. Ta thudng st dung mach cAu ba pha diéu khién. Trong moi trudng hgp, dong
dién qua mach dc phdi dugc diéu khién vé bién do. Do d6, bd chinh lvu khong diéu khién
(gdm cdc diode) khong thé st dung dugc & day. PE gidm bdt hién tugng quéd dién dp trén
céc chi ti€t ban dan ctia bod nghich luu, ta ¢6 thé sit dung bd nghich lvu v6i tu han ché qua
dién 4p mdc song song véi tdi hodic sit dung mach tich ning lugng.

Céc ciu tric bd bi€n tin dong hién dai si dung bo chinh luu diéu khién do rong
xung, (buck PWM rectifier) (hinh H5.60), cdu tric loai nay cho phép bo chinh luu lam viéc
vdi hé s6 cong suat cao.

Y Y |y
. Ugz2 - {Fh&
11 l?lﬁ L 7% wi | s Lid

Hinh 5.61

5.9 BO BIEN TAN TRUC TIEP (CYCLOCONVERTER)
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Dién tl cong suat 1

Bo bién tan tryc ti€p-Cycloconverter, tao nén dién dp xoay chiéu & ngd ra vdi tri
hiéu dung va tin s6 diéu khién dugc. Ngudn dién dp xoay chiéu vdi tAn s6 va bién do
khong d6i cung cap ning lugng cho bo bién tin nay.

B6 bién tin tryc ti€p dung dé diéu khién truyén dong dong cd dién xoay chiéu.

Theo qud trinh chuyén mach, b bi€n tan tryc ti€p dugc phan biét 1am hai loai: b
bi€n tin c¢6 qua trinh chuyén mach phu thudc va bd bi€n tan c6 qud trinh chuyén mach
cudng bic.

B6 bién tin tryc ti€p vdi qud trinh chuyén mach cudng bitc chira cc linh kién ty
chuyén mach nhu GTO, transistor. Chiing dugc trinh bay vé nguyén 1y hoat dong trong
chudng bd bi€n ddi ma trin (Matrix conveter).

B0 bi€n tin vdi qud trinh chuyén mach phu thudc duge sit dung nhiéu trong cong
nghiép. Tinh phu thudc & day biéu hién kha ning ngit dong dién qua linh kién thyc hién
nhd tic dung cla dién 4p ngudn xoay chiéu hoic sitc dién dong xoay chiéu cia tdi. Do do,
mach chi can trang bi thyristor thong thudng. Vi tii cong suit 16n, viéc sit dung linh kién
chuyé&n mach ty nhién nhu SCR c6 ¥ nghia r't quan trong vi hiéu qua kinh t&€ cda thit bi.

Do phu thudc vao dién 4p xoay chiéu clia ngudn nén tin s6 dién 4p & ngd ra bi
gi6i han & mifc thap hon tan s& dién 4p ngudn. BO bi€n tin nay dugc tng dung trong cdc
truyén dong dong cd cong suat 16n tdc do6 cham.

5.9.1 BO BIEN TAN TRUC TIEP MOT PHA

* Phédn tich hoat dong bo bién tdn truc tiép véi qud trinh chuyén mach phu thujc
dién dp nguon xoay chiéu

Sd @6 cau tao va nguyén Iy hoat dong.

Xét bd bi€n tan truc ti€p mot pha trén hinh vé H5.61.
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Dién tl cong suat 1
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Dién tl cong suat 1

ao° it Dong dien tdi
0.2
0.0 it wﬁ W
0.2
4p° M ut Bign 4p i
0.5
o.od BHH RN (a'e £ mlakiaiak o o aatel:EE L1
| TRV YaVa Ve U EERSMMM LR
0.5
103 i Dang dién qua ba chhh luu 1
0.5
0.0 I*(‘LI'P'I.I'n'h’".ﬁ.~. . ,nnﬂﬂmmwwﬁn“ TIAAY,
-0.5-
10 W2 Déng dign qua ba chih oy 2
0.5
T L Y T WO TV 1 SO
-0.5-
10° ™ arga Gdc kich ba chih o 4
0.2

0.17 /m

Goc kich bd chinh luu 2

Hinh 5.63. Cycloconverter 1 pha gdm 2 BCL tia 3 pha — Piéu khién dong thoi

Bo bién tAn c¢6 cAu tao clia bd chinh luu kép. Do d6, phan tich hoat dong va
phuong phip diéu khién bo bi€n tin giong nhu bd chinh luu kép. Piéu khic biét so véi
chifc ning ctia bd chinh luu kép 12 bd bi€n tan c6 qud trinh dién 4p trén tai - tic dién dp

s P A 2~ [N N A N
chinh Ivu d6i ddu mot cdch lién tuc va tuan hoan.

Sd db diéu khién bd bi€n tin truc ti€p theo phuong phip diéu khién riéng dugc
v& minh hoa trén hinh H5.63. Mach logic lién quan dén cdc tin hiéu dugc md ta kém theo
bang B5. Qud trinh dién 4p va dong dién cdc phan t mach dudc vé trén hinh H5.62a.

Theo d6, ton tai mot khodng thdi gian dong tdi bing zero khi né
duong sang 4m va ngudc lai.

thuc hién d8i dau tir

Bing B5

Sgn(u; | Sgn(uy) | Sgn(uz) | I* L* o, o,
)
+ + - >0 0 0<oa,;<m/2 Khéa
- - + >0 0 n/2<o0;<m Khéa
- - + 0 Khéa Khéa trong thdi gian t,
- - + 0 >0 Khéa 0<a,<n/2
+ + - 0 >0 Khéa 7-5/2 <a,<T
+ + - 0 0 Khéa trong thdi gian t, Khoéa
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Dién tl cong suat 1

D6 thi dién 4p va dong dién tdi cling nhur dd thi cdc dong dién thanh phin di qua
cdc bd chinh luu tia 3 xung trong trudng hop diéu khién déng thdi cac bo chinh luu dudc vé
trén hinh H5.62b. Pién 4p tdi xoay chiéu tao thanh c6 thé phan tich thanh séng hai cd ban
c6 tin s6 bing tan s yéu cau cla 4p tdi va cdc séng bic cao vdi tin sd phu thudc vao s&
xung dién ap chinh luu.

10° M it Déng ti

o —Ze—
el T

-0.05-

107 @ ut BDien 2p i
i

D'MMM%

RE
107 M i1 Déng qua ba chih luu 4

o o T "

0.007

-0.05-
107 M i2 Déng qua bé chh liw 2

0.05- W W W o

0.007

-0.05-

407 M arga Gdckich bg chh liu 4
0.2

0.1 /ﬂvh\

0.0

407 M argb @dc kich b chh luu 2
0.2

0.1 \\_/If/\//

0.0~
T

I T T T
0.0 035 0.40 0.45 0.50 0.55 0.60
TIME

Chat lugng dién d4p va dong dién tdi dugc cdi thién ro rét véi bd chinh luu nhiéu
xung, vi du trudng hop cycloconverter gdm cdc bo chinh lvu cau ba pha tao nén cé dang
s6ng dién ap va dong dién tdi cho trén hinh H5.64.

Quan hé giita dién dp diéu khién va dién dp tdi.

Dién 4p diéu khi€n cho mdi tdi nghich luu c6 thé chon dang sin (hoic dang chit
nhat, dang hinh thang....). Pién 4p diéu khién va séng hai cd ban clia 4p tii ¢ tin s6 bing

nhau va bién d6 ti 1& v4Si nhau.
Ta gia thiét ring, chu ky 4p diéu khién 16n hon nhiéu so véi chu ky 4p chinh luu
(st dung bd chinh Iwu 24,36....xung ). Do d6, c6 thé xem qud trinh 4p diéu kh i€n khong
thay d6i trong chu ky dang xét, tuong ty nhu vy séng hai cd ban dién dp clia tii tao thanh
c6 dd 16n khong d6i trong chu ky dang xét va biing chinh trj trung binh dién 4p chinh luu.
Diéu nay c6 nghia Ia tri tic thdi cla séng hai cd ban clia 4p ra 1 tri trung binh dién 4p
chinh luu tai thdi di€ém dang xét.
Goi: - uy la song hai cd ban cia dién dp tai
- Ug 12 ham séng diéu khién
- Ugp...tri trung binh dién 4p chinh luu khi géc diéu khién biing 0
- Upm bién do dién 4p ddng bd dang ring cua hodc dang cosin
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Dién tl cong suat 1

Ta co:

U
Ut(1) = ﬁ.udk

N&u 4p diéu khién dang sin c6 bién d6 12 Ugay va tan s6 :
Ugk = UdkM.sin(a)t)
Dién 4p tdi c6 s6ng hai co ban thay ddi theo hé thic:

U .
Uy(y) = Uﬂ.UdkM sin(wt)
pM
v6i0 < UdkM < UpM
Khi séng diéu khién c6 bién do bing bién d6 séng ring cua, séng hai co bin cia
4p tdi c6 bién do biang Uyy.

5.9.2 BO BIEN TAN TRUC TIEP BA PHA

B0 bi&n tan truc ti€p c6 cdc ciu hinh dang ddy dd, d6i xting (H5.65a,b), trong d6
phu thudc ki€u dau clia ngudn, ta phan biét ciu tric sit dung chung ngudn tir mot cudn thi
cAp mdy bi€n 4p va cdu tric c6 ngudn riéng cho tiing pha tdi. Cau tric ¢6 chung cudn thi
cAp may bi€n 4p doi héi mach tii ba pha c6 di€m trung tinh d€ h3 . N&u cédc pha tdi khong
thé phian cich doc 1ap, c6 thé st dung cAu triic mach bién tin tryc ti€p c6 ngudn riéng
(H5.65b). V6i cdu triic mach bién tan hinh H5.65b st dung ngudn chung, khi thuc hién
chuyén mach cdc linh kién nhém nira trén clia mach ciu, hién tugng ngin mach ngudn cé
thé xay ra.

B0 bi€n tan truc ti€p ba pha c¢6 qud trinh chuyén mach phu thudc 4p ngudn xoay

ey [ el R =y

AR A -
il
N

Cycloconverter mic chung nguén -

Cycloconverter c6 3 naudn riéng
bi-

T
el

S g
S g

TS

(LA RN

[
Sy

H585 af

chiéu.

C4c cdu tric ti€t kiém linh kién s& tao nén sy khong ddi xitng clia cdc nhdnh linh
kién. Hai dang bi€n tan truc ti€p khdng ddi xiing dugc vé minh hoa trén hinh H5.65¢ va
H5.65d.
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Dién tl cong suat 1

i
J'J.:"J.:"; A

S
N

AN RN

LN N

V- Cycloconverter

HE.85 cf-

di- D-Cycloconverter

Trén hinh H5.66 vé so &6 mach cong suit bd bién tan truc ti€p gdm cic bo chinh
luu tia ba pha vdi ngudn chung. Céc bod chinh luu kép c6 thé dugc diéu khién theo phuong
phdp riéng 1& hodc ddng thdi (c6 dong cin bing). Tuy nhién, viéc st dung chung ngudn
trén trong thyc t&€ sé& c6 nhitng khé khin do qua trinh chuyén mach trong titng nhém bd
chinh luu tao nén. Do d6, vdi yéu ciu chit lugng cao, cdc bd chinh luu cho tirng pha tai
sé dudc ddu vao tirng pha ngudn cdch ly riéng (hinh H5.65b).

u
uz

3

TAn s6 hai co ban clia co ban clia dién 4p ra f, cho bdi hé thifc:
f,.m
27 214m-2
vdi: 112 tdng s6 xung dp chinh lvu chita trong nira chu ky 4p tdi
m 12 s& pha
f, 12 tdn s 4p ngudn xoay chicu
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Dién tl cong suat 1

Né&u bd bi€n tin do cdc bo chinh luu kép mach tia ba pha tao thanh, ta c6:
£ max® 0,43 ) (thuc t& st dung d&n gidi hanf;/3)

va trong trudng hgp do cdc bo chinh Ivu kép mach ciu ba pha tao thanh, ta c6:

£ max=0,6 f; (thuc t€ khodng f,/2 )

Uu di€m clia bo bi€n tan truc ti€p v6i qué trinh chuyén mach phu thudc dién ap
ngudn 12 mach chi cAn thyristor thong thudng. N&u s& xung dp chinh luu 16n, dang 4p trén
tdi c6 dang gan nhu sin. T6n hao phat sinh do déng ngit linh kién thap, b bi€n tan khong
can mach loc trung gian nén c6 hiéu suit cao.

N&u sy c6 xay ra trong qud trinh chuyén mach & mot pha nao dé, bd bi€n tin vin
ti€p tuc hoat dong binh thudng du ludi dién bi bi€n dang. BO bi€n tin c6 khad ning lam
viéc & tan s& thap.

Khuyét di€ém ctia mach 1a s& linh kién si dung nhiéu va do d6 mach diéu khién
phtic tap. Do bd bi€n tin lam viéc trén nguyén ly diéu khién pha ctia b chinh luu nén hé
s0 cong suit thap.

5.9.3 BO BIEN TAN TRUC TIEP VGI QUA TRINH CHUYEN MACH PHU
THUQC VAO AP TAI

SJ @ mach cong suit giong nhu trén hinh H5.65, tuy nhién phuong cich diéu
khién linh kién SCR khdc biét.

B0 bién tan truc ti€p véi qud trinh chuyén mach phu thudc c6 thé cho dién ap tai
vdi tAn s6 cao hon tin s6 ngudn 4p xoay chiéu néu dién 4p chuyén mach 14y tir dién dp
clia tai. Trong trudng hop nay, tdi ¢ tinh dung khdng, ching han dong co ddng bd kich tir
du.

Céc bd chinh luu kép A,B,C dudc diéu khién @€ tao dong dién qua tai dang 6
budc. Do d6, tai mdi thdi di€m, chi tdn tai dong dién qua hai nhdnh thyristor trong cic bo
chinh Iuu, ching han dong qua mot thyristor nhém A*va mot thyristor nhém B~ - trang
thdi (A+Bf). Su thay ddi vai trd din dién gifta cdc nhém tao nén céc trang thiai mach
(A*C7),(B*A7),(B*C™),(C*A7),(C*B™). Thi diém chuyén mach giita cdc nhdnh
ching han tir (A"C~) sang (B*C~) dugc chon sao cho 4p khéa tdn tai trén thyristor cAn
déng. Vi du khi A; déng, ta c6 4p trén B, bing:

Uyp) = Uy - Uy (gid st bd qua dp trén cdc cudn khang can bing).

Khi uyg; > 0 : xung kich déng s& lam B, déng.

Do dién 4p chuyén mach ctia A, ciing chinh 1a 4p khoa trén thyristor B, phu thudc
vao dién 4p cdc pha tdi nén qué trinh chuyén mach & diy dudc goi 12 qué trinh chuyén
mach phu thudc vao dp tai.

Khi dién 4p trén tdi nhd (ching han dong co chay vé6i van tdc cham), dién 4p
chuyén mach khong du tin cdy, viéc kich dong va ngit thyristor ¢6 thé dua vao dién dp
ngudn xoay chiéu. Lic d6, qué trinh chuyén mach phu thudc d4p ngudn xoay chiéu. Vi du
dé ngit dong dién dang din qua thyristor A, cda nhém A va déng thyristor B clia nhém
B™, xung kich dwa vao B; tai thoi diém ma dién ap trén ug; duong tic la:

Ugz3=Usz-U;+Ug-Up~Uusz-u;>0 (dO U, Uy nho )

5.10 SO SANH BO BIEN TAN TRUC TIEP VA BO BIEN TAN GIAN TIEP
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Dién tl cong suat 1

Pham vi hoat dong clia dién 4p ra: tuong d6i nhd trong trudng hdp bd bién tin truc
ti€p vdi qud trinh chuyén mach phu thudc bén ngoai (0 d&€n 25Hz) va kha cao trong trudng
hdp bo bién tin gidn ti€p ( vai phan chuc ctia Hz d&n vai ngan Hz)

Dang clia séng dién 4p ra: thuan Idi hon trong trudng hgp bo bién tan truc tiép, doi vdi
chiing, ta c6 thé ding cic mach diéu khién don gidn d€ dat dugc dang dong dién tii gin
nhu hinh sin.

Phuong phdp chuyén mach: rit thuin tién trong trudng hgp bo bién tan truc tiép.
Do tic dung cla qué trinh chuyén mach phu thudc bén ngodi trong cic b bién tan truc
ti€p v6i qud trinh chuyén mach phu thudc, ta c6 thé dat cong sudt rit 16n hang chuc MW
so vdi trudng hgp bo bién tan gidn ti€p vdi qua trinh chuyén mach doc 1ap (khodng don vi
MW). Qud trinh chuyén mach ddc 1ap clia cdc bd bié€n tin gidn ti€p doi héi it chi ti€t ban
din so v6i trudng hgp bd bién tan truc ti€p. Ching han, b bi€n tin gidn ti€p ba pha gdbm
12 thyristor chinh va cdc bd chuyén mach. Bo bién tan truc ti€p ba pha gdm cic bd chinh
luu 6 xung doi héi d€n 36 thyristor

Hé s6 cong sudt: tot nhat trong b bién tin gidn ti€p sit dung phuong phip diéu
khién do xung rong cta dién ap ra (PWM).
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Phu luc Dién tr céng sudt 1

CAc BO BIEN poI PIEN AP MOT CHIEU

BO BIEN POI PIEN AP | DANG PIEN AP | TRI TRUNG | PHAM VI THAY | GHI CHU
stt | MOT CHIEU TAI BiNH PIEN AP | POI DPIEN AP
TAI VA DONG PIEN
TAI
01 | BOGIAM AP T 0<U; <Uyq Gia thiét dong
{ Uit =Uqg T tai lién tuc
SO O Y 0<l;
02 BO TANG AP U, =Ud(1—h) OSUt SUd C-zn.althh|et dong
T tai lién tuc
N IS o 0>l
%mmmaﬂﬂuw%www
' I IO A O ly<0 1{>0
04 | BOBIEN POI MOT CHIEU ! 0<U; <Ugq
KEP DAO DONG t=-d 4
L___ \ ] It <0 ,ItZO
05 BO BIEN BOI MOT CHIEU Ut=ud(ﬂ-1) ~Ug <U; <Uy4 (%i.a.thhiétd()ng
KEP BAO AP I A Y T T tai lién tuc
. ;>0

Ug... dién ap nguén mot chiéu

Uy, ;... tri trung binh dién ap va dong dién tai; T ... chu ky déng ngét.

T,... th&i gian déng cdng tc (trudng hgp 1/-,2/-) hodc thdi gian ddng cdng téc theo chiéu duong cla dong dién tai (3/-,4/-,5/).
T»... thGi gian ngét cong tac (trudng hgp 1/-,2/-) hodc thdi gian dong cong tac theo chiéu am cha dong dién tai
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B6 mén Cung Cap dién

7

CAC HE THUC cO BAN BO BIEN pOI AP XOAY CHIEU 1 PHA

STT | TAI PHAM VI | TRIHIEU DUNG AP | TRIHIEU DUNG DONG | HE SO CONG GHI CHU
PIEU TAI TAI SUAT
KHIEN
01 R O<a<nm , ; - -
U 171+sm20¢ i. 171+sm2a ./1_g+sm2a
T 2 R V4 2 T 2
02 L Zcuen | ULfoq-2.Sin22, U—.\/z(lfi)(u 2005 2 @) + 2sin 24 p=2
2 2z wl V3 V4 2
LA U u 0 vUpg th(‘)ng
2 wl diéu khién dugc
ap tai
03 RL p<a<r Ut(a,R,L) Ii(e, R, L) PF(aR, L) ab
p=arctg—
R
p>a>0 U u cos ¢ viing khong
[R2 1 (wL)? diéu khién dugc
ap tai
BO BIEN DOi AP XOAY CHIEU 3 PHA
STT | CAU HINH TAI PHAM VI gc’)c TRIHIEU DUNG AP | TRIHIEU GHI CHU
PIEU KHIEN TAI DUNG
DONG TAI
01 di{eu khién hoan | R 0<q<® 0<Uyi(a) <U It (ax)
toan 6 SCR 6
L T w0 U u vulnqg khéng diél;,l.
2 wl khién dugc ap tai
T, 0<U;(a) <U It (ax)
2 6
02 diéﬁ\u khiénban | R 0<a<® 0<U;(a) <U It (a)
phan (3SCR, 3 6
diode ~ A ia
) L w0 U U ving khéng dlel;,l.
2 wl khién dugc ap tai
%SM% 0<U;(a) <U It (ax)

Um,U: bién do, tri hiéu dung dién ap cia mbi pha nguén AC; U, =+2U

bo_bien_doi_AC_table_1b
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