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LOI NOI bAU

Cung voi su phat trién manh mé cia ky thuat va cdng nghe bdn dén
dién, ngay nay dién tu cdng sudf ddé giz mdt vai tré quon trong trong ky
thugt dién not chung. Mén hoc Dién tu cong sudt dé tré thanh mén hoc
bat budc doi vai sinh vién cdac nganh ky thuot dién, tu dong héa.

"Dién tu cong sudt® vén duoc coi la mét trong nhitng mén co s ky
thuat kho tiép thu vi né lién quan chat ché vdi cac mén hoc khde nhu li
thuyét mach, ky thudt dién #i, toan cao cdp: phuong trinh vi phan, chudi,
toan tiz, v.v..

Thé nhung "biét cach" thi khéng cé gi khé cd: sau khi nghe bai gidng
U thuyét, ta “hanh' bdng vai bai tdp co loi gidi chi tiét véi s6 liéu cu thé
thi su hiéu biét vdn dé sé thdu ddo hon.

Cudn sich nay gdm 73 bai tap chon loc, d muc d6 trung binh tro 1én,
la nhitng bai todn thudng it nhiéu gay khé khan cho sinh vién,

Noi dung cia né duoc chia thanh § phan, bao trim cic phan chinh
cin moén hoc Dién tu cong sudbt.

Phan 1. Chinh luu diét, 17 bai.

Phén II: Chinh luu tiristor, 29 bai.

Phan 111: Bam dién dp modt chiéu (hacheur, chopper), 5 bai.

Phan IV: Diéu chinh dién dp xoay chiéu (gradateur), 10 bai.

Phéan V- Bién tan (onduleur) 12 bai,

Dé bai va cac s6 lidu duoe bién soan tit cdc tai liéu cia Nga, Hungary,
Phdp, Anh, Thuy Si, Canada la nhitng nudc c6 nganh cong nghiép phat
trién.

Cach gidl bai toan va sé cdac céng thuc, phuong trinh dugc van dung
dé giar triing hop voi noéi dung trinh bay trong cudn "Dién tu cong sudt
cua ciung tac gia, xudt ban nam 2000.

Tac gid c6 chi y dén ddt sinh vién gidi biu todn theo tiing budc, héat
dau hodc tir dinh nghia, dinh lugt hogc tic phuong trinh todn li, sau dé

van dung cong cu toén hoc nhu phuong phdp gidi phuong trinh vi phan,
todn tu Laplace, chudi Fourier,.. cho dén hét qud cubi cing.

Hy vong cuén sdach nay it nhiéu giup ich cho sinh vién cdc truong dai



hoc ky thudt va cac bgn dang lam viéc trong nganh ky thudt dién néi
chung.

Téc gid bay té long biét on déi voi Phong dao tgo, cac ddng nghiép
trong b6 mén Ty déng héa xi nghiép céng nghiép, khoa Dién, trudng DPai
hoc Bach khoa Ha No¢i, cing rnhu Nha xudt bin Khoa hoc va Ky thudgt da
khich 16, dong vién nhidu dé cuén sich som dén tay ban doc.

Tic gid chan thanh cdm on nhing y kién, nhan xét cua cdc ban dong
nghiép, ban doc xa, gén. Thu tit gop y xin gui vé dia chi: "Bé mén Tu
déng héa xi nghiép cong nghiép, khoa Dién, truong Dai hoc Bach Khoa
Ha Noi".

TAC GIA



MUC LUC
Loi néi dau
PHAN 1. CHINH LUU PIOT

Chinh luu diét mot pha: Bai s6 1 = 10
Chinh luu diét ba pha: Baj 11 + 17

PHAN II. CHINH LUU TIRISTOR

Chinh luu tiristor modt pha: Bai 18 + 31
Chinh luu tiristor ba pha: Bai 32 + 46

PHAN I11. BAM DIEN AP MOT CHIEU
Bai 47 + 51
PHAN IV DIEU CHINH DIEN AP XOAY CHIEU

Diéu chinh dién 4p xoay chiéu mét pha: Bai 52 + 57
Diéu chinh dién dp xoay chiéu ba pha: Bai 58 + 61

PHAN V. BIEN TAN

Bién tin mot pha: Bai 62 + 70
Bién tan ba pha: Bai 71 + 73



PHAN T
CHINH LUU DIOT

BAI SO 1

Cho sa da chinh luu di6t mot pha, nta chu ky, hinh 1.

Dong dién tai i, cing ]a dong dién chdy trong diét i}, cd dang trinh bay
trén hinh 1b. Khi diot dan dong, dién 4p roi trong ban than no duge mo
td bang bidu thue:

u, = 0,85 + 0*9'10_3‘il.)

Hay tinh tri trung binh cta céng suit tén th&t P, khi tri trung binh
ctia dong tai la 1, = 200 A

U, .,
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O
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o o T
a) b)
Hinh 1

Bai pidi
Tri trung binh ctia céng suit tdn that trong diét, theo dinh nghia, duge
mo ta bang hidu thde:
1! 17
Pl) = F _[ U{)Ail).dt = T—f (0,85 + 0,000Qi[))i[)dt

0O

085 T 0,0009 T
= i f i,dt + ———f i} .dt = 0,851, + 0,0009I2,
T o T o



trong d6 Iy, T ia tri trung binh va tri hiéu dung cha ddng chay trong diot.
Trong so d6 dang xét Ij; = I va theo dinh nghia, ta coé:
1 g IDm

I, = — J I5,,.5in #d9 = ——
d ZﬂfoDm .

1= 1 200
I = ‘/7{ [ (pnsing)2.ds = 2“’ == = 314 A.

2
Vay tri trung binh cla cong suit tén thit trong dist la:
P, = 0,85 . 200 + 0,0009 . 3142 = 258,73 W.

BAI SO 2
Cong suit ton that trong tiristor la P = 30 W. Nhiét d¢ gidi han cia
mat ghép la TJ = 125°C. Nhigt d6 méi truong la T, = 35°C.
Cho bi&t dién trd nhiét gitta mat ghép va canh tan nhiét 1a Rjr =
0,8°C/W. Hay tinh:
a. Dién trd nhiét gitta canh tin nhiét va méi trudng, R_.
b. Nhiét dé6 vé thi&t bi ndi trén.
Bai gidi
Téng nhiét trd cua thist bi:
R = R‘jv + er + Rra
T, - T, 125 - 35
P; 30
Nhiét tréd gita mat ghép va canh tdn nhiét:
R_= ij + R, = 0,8°C/W

jr

th

= 3"C/W.

Nhiét tréd gitta cdnh tdn nhigt va mdi truong:
R, =R, - RJlr =3 - 0,8 = 22°C/W.
Nhiét do vo thiét bi:
T, =T, + R, .Pq
35 + 2,2 . 30 = 101°C.

Il

BAl SO 3
Cong sudt to6n th4t trong mot tiristor & ché d6 lam viéc dinh mice la



P, = 300 W.
Téng nhiét trd R, = 0,2°C/W.
Nhiéet do mai trudng T;. = 40“C.
Nhiet d¢ mat ghép khong duge vuat qui ij = 125"C.
Hay tinh céng sudt t6n thdt 16n nhdt cho phép P'l‘p

tai trong thoi gian ngin (= 100 ms), trong khodng thdi gian nay nhiét tro
qud do chi con R = 0,05"C/W.

khi lam viée qud

thegt
Bai giai
Nhiét d6 mat ghép khi tiristor lam viéc & ch&é d6 dinh mc:
T, = T, + R, Py = 40 + 0,2 . 300 = 100°C.
Nhiét dd cho phép tang thém trong thoi gian lam viéc qua tai
A"I‘J = ij - Tj = 125 - 100 = 25"C.
Cong sudt ton thdt cho phép tang thém trong thadi gian lam viée qud

tai
AT, 5
AP = = —— = 500 W
Riha 0,05
Coéng sudt tdn thAt ldn nhat cho phép qua tai trong thoi gian ngin
Pp, = Pp + APy = 300 + 500 = 800 W.
BAI SO 4

Cho so do chinh luu diét mét pha, nita chu ky, trinh bay trén hinh 2a.
Tri hicu dung clia diéh ap ngudn bang 240 V, tan s6 f = 50 Hz. Mach tai
gom dién cAm L = 0,1 H ndi tiép voi dién trd R =10 Q.

U A RY
{
4 3334 | U
— /d
L .
R
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1
7
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a) 155° //
/
1 /\U
\ ,}/
Hinh 2 b) -



a. Xac dinh dang song dong dién tai i

b. Tinh tri trung binh cia dién 4p tai U  va cha dong dién tai I;.
Bai pidi

a. Xac dinh biéu thuc dong dién tdi i

Khi ddng nguon dién xoay chiéu, xem di6t D la phan tt Ui tudng, co
thé viét phuong trinh sau:

L il + Ri, = u = V2Usinwt
dt
Van dung cong thde (I1.2), nghiém cia phuong trinh trén sé la:
i, = 1 sinld - ¢) + I _sinp.e” Pcter
trong do:
e 2 = X LA = 1,2626 rad. = 72984
’ R R 10
v2.U 339,41 )
I, = T = 32.07 = 10,295 ; I sinp = 9,81

Bidu thue caa i
i, = 10,295sin(0 — 1,2626) + 9,81.e” VKW

Goc dan dong cia diét, ky hiéu 1a A, duge xac dinh bang cich giai
phuong trinh siéu viét (I1.3):

sin(d — 1,2626) — 0,9528.eV-3 KM
A = 4,6251 rad. = 265"

Dong dién tai i, dat tri euc dai khi # = 6, \ing véi giao di€m cua duong
cong R.i, va duong cong biéu dién dién dp ngudn. D& xac dinh 8, ta giai
phuong trinh:

RI sin(d, — ¢} + RI e? €& = v2U.sind

6, = 2,7052 rad. = 155"

Tri cde dai cla dong dién tai:

I, = 10,295 sin(1,4426) + 9,81 "%! = 1436 A,
b. Tinh tri trung binh U, I,
1 A _ 46251
Uy =5 f V2Usineds = 54 [ sinfds = 587 V
g n 0

10



| 4
— [ iy.a0

I =
u 2.4'7 0
Iy = — [ 1,3n0@ — p)dd + — [ sinp.e” & dp
2n L 27 o
1 Ao 1/
= - — J I,sin QdQ +— [ I_sinp.e . dp
27 - 271 o
1 sin )
=—" { cosp ~ costh — p)] — -~ 7 e iy = 5,87 A
27 27 .ctgy
: ) U, 587
Ngudi ta thuong tinh: I, =— =T = 5,87 A.

r

Duang cong biéu dién i, va u, duge trinh bay trén hinh 2b.

BAt SO 5
Cho sad dd chinh Juu diét mét pha, hai ntta chu ky, loc bing tu dién,
xem hinh 3.
u = V2.Usinwt; U = 70,71 V; R = 300 Q; f = 50 Hz; C = 333 yF.
a. Viét cac bi€u thde (tri tice thai) cua iy, i i),
b. Xdc dinh t, la thai diém diét D| bi khda lai.
c. Viét biéu thuc (tri tuc thai) cda u (t) trong giai doan tu dién C phong
dién vao tai R.

d. Xdc dinh t; la thoi diém dist D| bat dau dan dong.

e. Tinh U va i,

\\
/
/
s
\\
s/
7

{ |
/| \ / \
/S || \ / E | \
/ \ / | \
/ ! | \ / | i
U N \
22 / |l i \ / I ] \
i || \/ ! | \\6'=wt
o 8 ¢ T o i
D
2 a) b)
Hinh 3

11



Bair gidi

a. Biéu thie ciia cac dong dién:

_ v2.U
iy = — . sinwt
] du —
ic = C — = wCVv2.U.coswt
dt
_ ) ) v2U _
l[) = lR + I(- = ‘? . Sinwt + wC.\/2.U.COSwt

iy, = 0,333sinwt + 10,456.coswt

b. Tinh t,
Khi D, bi khda lai, i;; = 0, bdy gio ta cd:
10,456
tglwts) = - —— = — 31,4
- 0,333
[ ~ 88"175
wty, =
] 910824

Ta lay nghiém duong:
wt, = 91°824 hoac 1,6 rad.

t = 0,0051 s.

‘7 314
c. Biéu thic cua u_ trong giai dogn phéng dién vao R.
Khi t = ty ult,) = v2.Usinwt, = 100 . 0,9995 = 99,55 V
u = 99,95 /RC = 99,9510y,
d. Tinh ¢,
O ché& do xac lap, thoi diém bAt dau din dong cia D clng bing thai
diém dan dong cia D, d&i véi nda chu ky thich dng, do do cd thé viét:

u(t, — ty) = —v2Usinwt,
99,95.e710U312) = — 100 sinwt,
(wty 13 giao di€ém cua dudng cong phdng dién cia u_ va dudng bi€u dién
dién ap nguén trong nita chu ky thich dng véi D,, xem hinh 3).
Day la phudng trinh siéu viét. D& tim nghiém t, c6 th€ dung phuong
phap dd thi hoac may tinh dién ti.

12



t; = 00137 s
Ung véi t, la gée wty = 314 . 0,0137 = 4,3 rad hoac 246"6.

Goi 6, = wt, la gdc md cua dist D,:
6 = wty — x = 43 - 3,14 = 1,16 rad hoac 66°6.
B 1,16
t, = — =—— = 3,69 ms.
314 314

Khoang thai gian D, d4n dong:
Ay -6, 16 — 1,16
T = = = 1,4.107 s,
w 314
chi bang 7% ciia mét chu ky.

e. Tinh U

i V8 Epyo
Khi mét diot dan dong thi diot con lai phai chiu dien 4p ngugc U,
U, = 2Y2U = 200 V.
Bigu thdc cia dong chay trong diot D la:
i, = 0,333sinwt + 10,456.coswt (1)
L&Ay dao ham cta bi€u thdc trén va cho bang khéng, sé tim duoge:
(wt) = 1"'824 hoac 0,0318 rad, d6i vai g6c toa do la O.

Vi bi€u thyic (1) chi dung trong khodng 6, < wt < 6, nén (wt) =

(wt,, + 6, = 0,0318 + 1,16 = 1,1918 rad hoac 68,32
Thé (wt) | vao (1) ta nhan dudc tri cuc dai cia dong i, :
iy, = 0,3094 + 3,8626 = 4,172 A.
BAI SO 6

Ngudi ta dung thi&t bi chinh luu cAdu mot pha d€ nap dién cho Acquy,
co suc dién déng E = 120 V, dong nap I, = 40 A.

Tri hiéu dung cua dién ap ngudn la 220 V, tan s6 f = 50 Hz.

a. Tinh t, la thoi diém thiét bi chinh luu bat dau cung cdp dong nap
cho Acquy trong titng nta chu ky.

7 thoi gian din dong cia méi diét trong mét chu ky.

b. Dién trd R phai bang bao nhiéu d€ dam bao dong nap yéu cau.

c. Tinh tri hiéu dung cta dbng' tai.

13



d. Tinh hiéu sudt cua thié&t bi.
Bai pidi
So d& chinh luu va db thi dién ap chinh lwu trinh bay trén hinh 4.
a. Biéu thie dién ap ngudn dién xoay chiéu:
u = V2 U sing,
trong da # = wt, w = 2af = 314 s,

1

|
o H—wf_ﬁ:v
: | 1 \ o
A ZF 1 = Z Z

f+
-

Hinh 3.
Thiét bi chinh luu bat dAu cung cip dong dién nap Acquy khi 68 = 6:
v2.Usin#, = E

120
Vay sin, =—— = 0,3857
v2.220
#, = 0,3959 rad
6
t, = — = 1,26 ms.
314

wr = O - 26| = 2,3482 rad
2,3482

| Seeemmee = 7,478 ms.
314

b, Tinh R
Tri trung binh chia dong tai, van dung cong thac (I1.17):

2V2.1J cosf, T
J = [ — — sinf, }
R b4 T

14



trong dé  cost/| = 0,9226; sinf| = 0,3856; T = 0,02 s; I, = 40 A.
2v2.220 . 0,9226 7.478.10%
- [ - . 0,3856} = 232 Q.
40 b 0,02

c. Tri hiéu dung clia dong tdi, van dung céng thuc (11.19):

2U - E) / C (V2220 - 1200 _____
I e % = ~0,3739 = 50,38 A.

2,32
d. Hiéu suat cua thiét by, van dung cong thuc:
El, 4800
7 = = 44,97%.

TEIl; + RIZ 10688

BAl SO 7
Cho so do chinh luu diot cau mét pha, hinh 5, U = 71 V., E = 48 V,
R =08 f= 50 Hz

_ 2.V2.U
Dien ap tii uy = (1 + 3— cos2wt)
n

a. Tinh tri trung binh cua dong tai I,

b. Tinh tri s6 cia dién cAm L cin dau ndi ti€p vao mach tai dé tri hiéu
dung I, cia thanh phan xoay chiéu cia dong iy chi con bang 10%I,.

c. Vé cac dudng cong iy, iy ipyy dpg va i

d. Tinh tri hiéu dung L

Bai pidi
a. Tinh 1,
Vian dung cong thdic (I1.17):
2V2.U cosfl, T
g = - — sinf)
R b4 T
E 48
trong do sinf| = = = 0,478.

v2.U 1004
Vay 6, = 285577 hoac 0,498 rad,
wr = 1 — 26| = 2,1436 rad.
2,1436

{1 =— = 6,826 ms
314

15



7

— = 0,3413

T
2v2.71  0,8783
I, = - 0,3413 . 0,478) = 29,26 A.
0,8 3,14
b. Tinh L,
Van dung céng thde (I1.20):
di, 2v2.U
- = — — cos2wt
dt m
di, A
dT =—— coswt, v0i A = 42,6365, v, = 2w.
Bi€u thuc cta thanh phan xoay chidu cia dong tai iy cd dang:
AA
i, = f — cosw tdt = — sinw t.

i
w

(Hll.
Tri hiéu dung cia thanh phan xoay chidu I, cia dong tai i :
A 42,6365

[ = _ = —
* T ALV | 2. 31421
Néu I = 0,1I; = 2,926 A thi nguoi ta phai ddu ndi tiép vao mach tai

moét dién cAm co tri sé:
42,6365

L = — = 16,4 mH.
2.314 . v2.2,926

4
L b)
—
+
K E
lDLJ
R
¢)
a)
{
02,4
‘. f)
, o
s x 4
0 x 2%
d)
Hinh 5§

16



c. V& cde duong cong i ips iy iy va i

Sau khi ddu cuén cam L vao mach tai, c6 th€ xem dong tai 1, dugc
ndn thang, i, = I, :

U, - E 2.V2.U
Iy = ~S—— wi U, = = 63,05 V
R d T
63,95 — 48
Id = —- - — = 20 A
0,8

Cac dudung cong biéu dién dién ap u, va cac dong dién dugc trinh bay
trén hinh 5.

d. Tinh I:

/ 1 27 )
I =V — [d)%s =20 A

271
BAI SO 8

Cho hai g0 dd chinh luu didt, xem hinh 6b, mét pha, hai nida chu ky
va cau mot pha.

Tri hi¢u dung cta dién 4p ngudn xoay chiéu la U, = 240 V.
Tai [a mot dién cam 18n, tiéu thu dong dién I, = 12 A = const.

Dién ap trén tai la U, = 150 V. Gia thiét dién 4p roi trén moi diot la
0.7 V.

Hay tinh toan chi tiét hai so d trén va so sanh.

Bai gidi

Dang dién Ap va dong dién trong hai so d6 dang xét dugce trinh bay
trén hinh 6a.

a. Doi vor sa dé chinh heu diot mot pha, hai nia chu ky:

Theo cong thuc I1.7:

2V2U,
U, =———= - 07 =150V
big

do dd U], = 167.4 V (tri hiéu dung cia dién dp moét cudn day tha cap).

Tri hiéu dung cia dong dién chay trong méi cudn day thud cap:

17
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L
[

¢
x 2
’i\L 1:,_/2/1 | .
VAN
\ {p Id
| &

Y 7T X
Lmdy =y
IV jd
(-4
0 ——
-]d
a)
Minh &
1 7 12
2T o V2
. U, 167,4
Ti1 s6 bién ap m = = = 0,6975
U, 240

18

Tri tdc thoi cla dong dién so cidp: i, = m.i,

Tri hiéu dung cia dong dién so cép:

1 pE ] 1 b1 4
I, = / — [ (mi;)?d =\\— [(mIp%d8 = 0,6975.12 = 8,37 A
2r o /4 Al

. Cdng suit bidu kién ctua may bién ap:
S + 85,
2




S, = 240 . 8,37 = 2008,8 VA
S, = 2U,L,, = 2. 167,4 . 848 = 28391
S = 2,424 kVA

. Dién ap ngudc cuc dai méi dist phai chiu:

U, = 2V2U, = 4735 V.
. Tri trung binh cda dong chay qua diot:
Id
In =5- =64
b. D31 véi so dd cdu mét pha:
2v2U,
d = _— 1,4 = 150 V
do dg: U, = 168,2V

Ti 86 bign ap:
U, 1682

U, 240
. Tri hiéu dung cta dong dién thi cAp

m =

= 0,7

I, = EHE? I3ae =1, = 12 A

. Trt hiéu dung ctha dong dién sd cap:

I, = ml, = 84 A
. Cong sudt bi€u kién cta may bién 4p:

S, = 240 . 8,4 = 2016 VA

S, = 168,2 . 12 = 20184 VA

S = 2,018 kVA
. Dién ap nguoc cuc dai méi didt phai chiu:

U, = v2U, = 238 V
. Tri trung binh cta dong chay qua diat: I, = 6A
Két lugn: So db6 cAu vu viét hon v& kich thudc mady bién dp va ve dién
14 0,7

,ny Nhung tn that dién dp trén diot 1dn hon: —— so véi —~

ap nguoe U 5 150

19



BAI SO 9

Cho so db chinh luu dist ciu mét pha dude nusi tit ngudn dién
chieu 50 V, 50 Hz. Dong dién tai duge ndn thing, I, = 60 A.
a. Tinh cé4c dién 4p roi do:

xoay

. dién caAm ngudn L. = 0,1 mH;

. méi diot cd dién ap roi thuan la (0,6 + 0,002i) V;
. dién trd cua ngudn va day néi la 0,002 Q.

b. V& mach dién tuong dudng cia bd chinh Iuu,

Bai pidi

Sg dé chinh luu tiristor ciu mot pha, khi goc mo «

= 0, sé& trd thanh
so db chinh luu dioét ciu mot pha.

a. Tinh cdac dién ép roi
. Theo (IV.21) dién ap rdi do dién cAm ngubdn gay nén la:
2X 1, 2 .27 .50 .0110%. 60
AU/' = = = 0,02I; = 1,2 V
5

1
JT

. Vi lic nao cing od hai diot dan dong nén dién ap rai trén didt la:
2AU,, = 2(0,6 + 0,002 . 60) = 1,44 V.

. Dién ap roi trén dién tréo = 0,002 . 60 = 0,12 V.

Dién ap chinh luu li tudng la:

V2 U 2v2 .50

/A n

d

= 45,016 V

b. Mach dién tuong duong dugc trinh bay trén hinh 7.

2 drét i} .
Bigncam  Bign o’ I,= 604

+ p—
— T— F— j—/™—>0
12y 0004Q 0,022 000202

-+
U C =
d I“im& v Ud 42,256 V

Hinh 7

20



BAl SO 10

Cho so d6 ba bdé chinh Iuu diét ciu moét pha, duge nudi tit ngudn dien
ba pha, xem hinh 8a. Gia thiét:

- dién ap roi trén méi dist 12 AU, = 0,7 V;

dong dién tai duge nan thang I, = 60 A;

tri trung binh cda dién 4p tai la U, = 300 V.

a. Tinh tri hiéu dung cta dién 4p pha thd cdp U,.

b. Tinh tri trung binh va tri hiéu dung cua dong dién chay trong méi
diot.

c. V& dang dién 4p tai u, va dang dong dién day so cdp iy.

d. So sanh so dé chinh luu nay véi sa dd chinh luu diét ciu ba pha
thong thuong.

Bai gidi

a. Tinh U,

Tri tuc thoi cia dién dp tai bang téng dién dp ra cda ba ciu mét pha.

Trong khoang 0,0, trén hinh 8b ta cg:

u = u

20 7 Yo T Upe
U, = v2U, [sinf — sin(® — 27/3) — sin(® — 47/3)) = 2v2U,siné
Tri trung binh clla dién d4p do mdi cau tao ra trén tdi bAng mét phan
ba cia tri trung binh dién 4p tai, do do c¢d thé vi&t phudng trinh:

d

300 2v2U,
- - (2.0,
3 T
va rit ra U, = 112,627 V.

Luc nao cing cd 6 dist dan dang. Vi dy, trong khoang 0,0, cac diot
sau day dong thai dan dong:

Dy, Dy, Dy, Dy Dy, Dy

Dé minh ching, ¢6 thé€ tinh tri trung binh cua dién ap tadi nhu sau:

2/}

U, = — [ 2V2 . 112,627.sinfd6 ~ (6 . 0,7) =
27 n/3

= 3042 — 4,2 = 300 V
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b. Tinh cdc dong dién.
Mé6i diot dan dong dién tai I, trong nda chu ky.
. Tri trung binh ctia daong dién didt:

M4

1 J
=g ) ¥ =

JT

Id

I = 30 A

th

. Tri hiéu dung cta dong dién dibt:

41 Zﬁléé/nﬂ
12 b
o 48
% ¢
5 Na »
20
757 P ¢
o No L w —
1A
b
VZ. 4 4
0 4 P
Dy Dy o
= 1‘5“‘:1;"70 ’_
R g 7 8
D’z l)lf
b)
a)
Hinh 8
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1 JT
Ly= /—— [13d6 = 4242 A
hd 2x ¢_;f d

. Tri hiéu dung ctia dong dién thd cip mdy bisn ap
I, =1, =60 A
c¢. Cdc dudng cong bidu dién
Cdc dudng cong biéu dién u, va iy = i,, — i}, dudc trinh bay trén hinh 8b.
d. So sanh vdi so dd chinh luu cau ba pha.

So d6 Sd dd dang xét Cau ba pha
Chi tiéu
Uien v2u, Veu,
lote I4/2 14/3
AUy 6.AUp 2.AUp
S 1126P 1047Pd

Qua so sanh cac chi tiéu ghi trong bang trén, co thé mit ra két luan:
Chi nén dung so dd dang xét trong trudng hgp dign ap tai cao.

BAI SO 11

Thiét bi chinh luu dist ba pha hinh tia, ba diét c4p dong cho mét mach
tai gobm s.d.d E = 120 V, R = 5 Q. Tri hiéu dung ctia dién dp pha 1a U
= 220 V, tin s0 ngudn dién xoay chiéu la f = 50 Hz.

a. V& dudng cong cia dong dién i, chdy trong tai va cua i, chdy trong
mot diot.

b. Tinh tri trung binh cta dong i, va caa dong ip,.

Tinh tri hidu dung ctia dong chiy trong méi cuén day thyd cAp mady bién
ap.

. 3V6U cos3wt
c. Néu xem biéu thiec giai tich cta uy la vy =— (1 +

tinh diéen cdm L cAn ndi ti€p vao mach tai d€ tri hiéu dung cia thanh phan
xoay chigu ctia dong tai iy la I, chi bang 0,11
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Bai giai

V2U
a. Vi

chu ky.

> E nén i, 1A dong lién tuc., Mdi didt din dong trong 1/3

_ ) v2U — E
i = ipmax = — 5 = 38,22 A; xem hinh 9.

T s wt

Hinh B

b. Tri trung binh cua dong tai:

3 57 y2U sinh — E 1 3VeU Uy - E
I, =— | >.d9 =—— - B =——
2 T R R  2x R
257,43 — 120
= - = 2748 A

. Tri trung binh cta dong chay trong dibt:

1 70 vaUsin - E I
Iy =— [ {————)d6 =— =916 A
27 a6 R 3

. Tri hidu dung cua dong thd cdp bién ap



1 S V2U sind — E ' viu - B [ 1
12=/: j(——R——)?de:«R—— —— = 156 A

21 Ale 2T
T
trong dd wr = 2]{/3, 7]1‘ = 0,166A

c. Tinh L.Theo céng thue (I1.25): uy; = U, + u,

3VeU di,
u, = cosdwt = Ri, + L —
. :
di,, 3veU
— = cosw t, v8i w; = 3w.
dt 8n
_ - 3V6U 3.v6.220
i, = J . cos6 . df = . 8ind
87w L 8§.314 .3 .314L
0,06832
i, =—— . sind.

Tri hiéu d da i, la ] 006832 0,11 2,748 A
r1 hiéu dung cua i1, la = = (, = 2, .
1 > Ing a a V3L, d

0,06832
Vay =—=——— = 17,58 mH.
V2.2, 748
BAl 12

Thiét bi chinh luu diét cAu ba pha cung c&p dong cho mach tai gbm,
sdd E = 200 V, R = 6 Q. Tri hitu dung cia dién ap pha clia ngudn dién
xoay chiéu la I = 220 V, tan s6 1a f = 50 Haz.

a. Vé cac duang cong bicu dién cac dong dién:

- trong mach taj, i,

- trong mot diot, iy,

- trong moéi pha cia ngudn dién xoay chiéu i

b. Tinh t1j trung binh I, va I,

c. Néu bidu thde gidi tich cua dién dp trén mach tai la

3vV6U 2
(1 +—— cosbuwt)
35

Ud:
4

Tinh dién cam L can néi ti€p vao mach tai d€ tri hidu dung cfia thanh

phan xoay chiéu cta i, la I, = 10%],
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Bai pidi
a. Sa dd chinh luu va cac dudng cong bi€u dién cdc dong dién trinh
bay trén hinh 10. Méi diét din dong trong 1/3 chu ky.

[
4
/ 3 5
A\ A /A
\ / \
a / /N 4
X r X 4 X T
/ N/ N/
/\/\ \/ \/
é 2 \f/\
\_/ \/\
! u
Y’\/'<d/\/\/'
Ly, e ] { [
D, 0 o 4 | |
i L { |
Y ! | |
O——04 : |
Y, [
pla u, ‘ R i | 0_
y n 0 -Xf 0" Xy
o i
ZDA ys)

=
)

P
| @

s B
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Tai di€ém A trén so db ta cd thé viét:

L=, - iy,
b. Tri trung binh cia cdc dong dién.
Tir bi€u thic cia tri tdc thdi cia dong tai iy = d

-’ > 4 R '
Néu chuyén géc toa d6 O sang O’ ta cd:

I 6 7"° u, - E B _
4 = d}{/{) ( = ).de, vai uy = v6U cosf
1 3VeU
Iy =— ( - E) = 5248 A
R 4
2 "y, —E Iy
I, = dd = — = 17,5 A.
D 2][ -:’t{()( ) 3

c. Tinh L. Van dung céng thic (I1.33):
u, = Uy + u
6V6U

u, = 3 .cosbwt = A.cosbwt, v8i A = 29,42
7T

di, A
LT = Acosbwt — i, = sin6wt

t 6w
Tri hiéu dung cua i la
/ 1 2T A A 29,42

L =V — J¢( . sin66)?do = — = _

‘ 2.7'[ 0 6UJL 6wL\/2 6wL\/2
Dé I, = 10%], = 5,248 A thi

29,42
L = = 2,1.10%H = 2,1 mH.

6 . 314 . 5,248vV2

BAI SO 13

Mot bd chinh luu diét cAu ba pha dugc nudi tif ngudn dién xoay chidu
co dién ap day 380 V, thong qua mady bién 4p ba pha ndi tam gidc - sao
(ASY).

Gia thiét dién dp roi trén mdi diot 1a 0,7 V va dong dién tdi duge nan
thang, I, = 60 A. Dién ap trén tai 1a 300 V.



a. Tinh tri trung binh cta dong dién diot I,y va dién ap ngugc méi diot
phai chiu U,

r.m’

b. Tinh may bién 4p:

Bai giai
L . 3v6 U,
Déi vai so dé I tudng: U, =
o 3vé U,
Déi vai trudng hgp dang xét: U’y =—= — (2 . 0,7) = 300 V,

JT
trong da U, la tri hiéu dyng ctua dién ap pha thd cap;
(300 + 14).n
U, = — = 128,85 V.
3v6

a. Cac ddc tinh ciia didt.

- Tri trung binh cta déng chay trong dist:
I, 60
3 3
- Tri cyc dai cha dién dp nguge dat trén méi didt:
U, = v6U, = 3156 V
b. Dor voi may bién ap:

- Tri hiéu dung cua ddng chdy trong méi cudn diy thy cdp:

2
I, = I, /T = 60 . 0,816 = 49 A,

- Cong suat biéu kién cia may bién 4ap:
S =3U,I, = 3. 128,85 . 49 = 18,94 kVA.
, ) U, 128,85
- Ti1 88 bién apr m =—= =— = 0,339
U, 380
- Trj hiéu dung cta dong chldy trong mdi cudn day sd cidp:

[, = mL = 0339 .49 = 16,62 A

BAI SO 14

Mot bo chinh luu diét cAu ba pha duge nubi tit ngudn dién xoay chizdu
ba pha ¢6 cong suit bidu kién ngidn mach 75 kVA va dién ap day la 220 V,
xem hinh 1la.
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Hay vé dang dudng cong dién 4p tai va dong dién ngudn khi dong dién
tai gia thiét duogc nén thang la I, = 140 A,

Bai gidi
. Cong suit biéu kién ngin mach clia mét pha:
75000

blph = = 25000 VA
o 220
Tri hiéu dung dién ap pha U =T = 127 V

. Tri hiéu dung cia dong dién ngan mach (gia thiét téng trd ngudn la
thuan khang):

Sipn 25000

I = = = 196,85 A
nm U 127
. Dién khang ctia mét pha ngudn:
U 127
X, =— = = 0,645 Q
Lim 196,85

. Xac dinh goc trung dan.
Theo cong thde (IV.34) d6i v4i chinh luu tiristor ciu ba pha:
3X I, 83veU

- = o [cosa — cos (u + a)] .

Phuang trinh trén cung duing véi so do6 chinh luu diét ciu ba pha néu
thay cho goec « = 0:

2X.1,

- = 1 — cos
V6.U “
2 .0,645 . 140
cosy = 1 — — = 0,41945
Vv6.127
o= 652
Két qua nay khong chidp nhan duge, vi trong moét chu ky 360° cd 6 lan
o
chuyén mach, gigi han ciia méi lan chuyén mach la u, == = 60", Phai giai

bai todn theo cach khac.
Nhan xdét:
Khi D, va D, trung dan, D, dat dién thé di€m B (lic nay u, > 0) vao
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catot cua Dy khién D, bj phan cuc nguge, do dé D, khéng th& chuyén dong
dién tai sang D, nhu binh thudng duge. D, ti€p tuc don din thém mét
khodng nira, cho dé&n khi sy chuyén mach tit D; sang D, két thic. Tinh
hinh dién ra giéng nhu cdc diét 12 nhing tiristor véi géc md « nao dd.

Dé& xdc dinh gdc «, cd thé xem sd 4 dang xét 1A sa d6 chinh luu tiristor

—_——— T — = ——

e R ]

N

1

\

N\

Hinh 11
cau ba pha, co goc md la a va géc trung dan la g = 60°.
Van dung coéng thic (IV.34):
2X 1,
V6U

= cosax — cos(y + @)
cosa — cos(60 + a) = 0,5806
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a = 595
Duong cong bi€u dién dién 4p tai u', va dong dién ngudn i, = i -
i;4 duoc trinh bay trén hinh 11b, véi géc @ duge vé 16n hon mét chut.

BAI s6 15

Cho so db chinh luu dist cdu mét pha va sd dd chinh luu diét ciu ba
pha. Gia thiét dong dién tai duge nan thang iy, = I, va bé qua dién &p roi
trén cic phan t, bd qua hién tugng tring dan.

a. V& dang dién dp tdi va dong dién ngudn xoay chidu caa hai so db
chinh hru,

b. Xdc dinh hé s6 cong sudt dau vao cosp va ti s6 song co ban T, cua
dong dién ngudn xoay chigdu cua hai so dé chinh luu.

Bai gigi

a. Dién ap tdi uy va dong dién ngudn xoay chiéu i, cd dang trinh bay
trén hinh 12.

b. Xde dinh cosp va T,

Theo dinh nghia

Cong sudt trung binh cua tai

cosp = - - —
Coéng sudt bi€u kién cta nguon

11

_I‘ y

trong d6 T va 1 1a tri hiéu dung cta thanh phan séng co ban cta dong dién
nguodn i, va tri hieu dung cta dong dién nguon i,.

Ty =

Dong dién nguén i, cia ci hai so dd co dang "hinh sin ch@ nhat” va
“hinh sin gan chit nhat". Chung la nhitng ham sé 1é, ¢6 chu ky 2L = 2x.
Khai trién Fourier cua ching cd dang:
i, = b;sinwt + ©bysin2wt + .. b sinnwt + ..,
trong 46 b, 12 bién d6 cuc dai cia song bac n.

2 L nnf
=— | I,sin-
(8]

b d9, n = 1, 2, 3,...

n

. D61 vdi sa dé cau mot pha:
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32

T

2 21 1 -

b, = J 1,sinnfdp = —d< _ﬁn_n_)
JT o J n

. 41y . sin3wt sinbwt sinTwt

i, = <smwt + + + + )
T 3 5 7

. Doi véi so d6 chu ba pha

2 Sk 21 cosnu/6 — cos5nn/6
b, = S 1ysinnfdf = S s nn/)
nom/oe 2 n
. 2v3 ) sinbwt  sinTwt sinllwt sin] 3wt
i, = — I {sinot - - + + -
T 5 7 11 13
. Truéng hop so dé cou mét pha
Hé s6 cong suit cosy =E-‘1 ,
U.I
2V2 U
trong do: U, = ,
4
L4
1=/—[15do = 1,
T o
2v2 U1,
Vay cosp =—— = 0,9
a2 .Ul
Tri hieu dung cia thanh phan séng co ban cua dong dién nguodn i:
I - 4Id_
V2
Ti s6 song cd ban:
T 41,
T” - = — = 0,9
I n.V2.1y
. Truong hop so db cau ba pha:
U\&'Id
cosp = -, trong do:
77 aun g
3vV6U
d - u



Sn/6 \/—T
2

JT iy

3
cosp =— = 0,9549
I

Tri hiéu dung cua thaph phin co bAn cua dong dién ngubn i :

)
, %
% Dz

£
R
}

z 2Z

e ¥
J;q
A
s T
\N
JQ

>—
2L —— 2

Hinh 12
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2V3l,

IT = —
z.v2
Ti s6 song cct ban:
2v31,
§oE—ed_ _ 00549
7V2.0,81651 3
2a L,
BAl SO 16
u

Cho sd dd chinh luu diét ba pha, kiéu tia
nht trén hinh 13. "_O - 7 Ot —

Mach taj gom dién trd R néi ti€p vdi dién

cam L. Bang cdc dung cu do ludng, ngudi ta Y L,
do duge cdc sé lidu sau: O N>
{

U, =217V; U, = 190 V; f = 50 Hz; 1, u, “
= 500 A.

a. Tinh R —{ ] CITA

. L L

b. Tinh dién cdm chuyén mach L, va gdc 4 4
trung dan u. Hinh 12

Bai pidi

Do cd xét hién tugng trung din (L. # 0) nén dién ap chinh luu dich
thuc do duge la U, = 217 V.
a. Quan hé gida tri trung binh cta dong tai va tri hiéu dung ctia dong
thi cidp mady bién ap:
v3l, = I, = V3.500 = 866 A.

0’y 217
R = =—— = 0,25 Q.
14 866
b. Dién dp sut do hién tugng trang din gay nén la:
3wl,.], 3v6.U,
AU, =——-— =1U, - Uy =—= - 217 = 53263 V
! 27 2%

L. = 27.53263/3 . 314 . 866 = 41uH.
Phuong trinh chuyén mach:
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cosa — cos(a + u) = 2.XC.IdN§.U2.
Trong truong hop dang xét, « = 0. Ta cd6:
1 — cosu = 2.)(C.Id/‘/-t§.U2
cose = 1 — (2. 314 . 41.10.866)/v6.190 = 0,952
u = 17°8 = 0,31 rad.
BAI SO 17
Cho so dd chinh luu Qiét ba pha, ki€u tia, ddy qu&n may bién 4p diu
theo ki€u Y/Z (sao-ziczic), xem hinh 14a.

Dién d4p day cia ludi dién [a U = 415 V,
Mach tai gom dién trd R nédi tiép vai dién cdm L (L = «).

Tri trung binh cia dién 4p tai 1a U, = 200 V va cha dong tai la I, =
30 A

a. V& cac dong dién iy, iy4, ij;
b. Tinh cong sudt cua may bién ap.
Bai gidi
bat U, 1a tri hiéu dyng cia dién 4ap méi cudén day thi cdp may bién
ap (cd 6 cudn day thd cdp cd s6 vong bing nhau).
u, = V2Usind
u,, = vV2U,sin(@ — 27/3).
Uy, = V2U,sin@ — 47/3)
Dién ap dat trén diét D, cd dang:
up, = V6Ugsin@ + n/6)
Up, va upyy chdm sau up; mét gde bang 273 v 4x/3 tuong dng.
Van dung cong thuic (VIII.12):
i = (No/Np.Gg = 1)
trong d6 N, va N, la s8 vong day cua méi cudn day so cfip va thyd elp tuong
dng.
O day iy = iy Ty = iy Iyy = iy
Cac dudng cong bifu dién dién 4p va dong dién duge trinh bay trén
hinh 14b.
b. Tinh cong suit m4y bién dp.
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Tri hiéu dung cua dién dp dat trén dist, ky hiéu la Uy
v6eU —
V2

Tri trung binh cda dién 4p tai:
3v6.U,
T 2n

271.200 —
| =—— = \/3U2
3v6

p = 200 V

Tri hiéu dung cla dién ap mébi cudn day tht cdp may bién ap:

27x.200
) =——— = 9873 V
3vV18
, U, 98,73
Ti s6 bién ap: m = =

U, 4153

“ A/\/\/\
. \\\ //,
\ / &
\‘ IL 2 iy
‘\ 27
\
/\‘ /
\ 7
U, \\ %
\\_’,/
4 4 &
"
R &
L [z ,‘
g
4
Ly A
| 14
Hinh 14 b)
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Tri hiéu dung cua dong dién thd cip:
I, = I,V3 = 30/W3 = 17,32 A
Tri hidgu dung ctia dong dién so cdp may bién Ap:

/ 2 / 2
I, = m . 3 I, = 0,412 . 3 .30 = 10,09 A

Cong suat phia tha cdp:
S, = 6U,I, = 6 .9873 .1732 = 10,260 kVA
Cong suit phia so cdp

415
S, = 3UjL; = 3= . 1009 = 7,253 kVA

Cdng suit may bién ap:

S = (8, + §,)/2 = (10,26 + 7,253)/2 = 8,76 kVA.
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PHAN II

CHINH LUU TIRISTOR

BAI SO 18

Cho so db chinh luu tiristor mét pha, nda chu ky, trinh bay trén hinh
15a. Tri hiéu dung cta dién ap ngudn bang 240 V, tan sé f = 50 Hz. Mach
tai gdm dién cam L = 0,1 H ndi tiép vdi dién trd R = 10 Q. Gdec md tiristor
a = 90°.

a. Xdc dinh dang song dong dién tai i

b. Tinh tri trung binh cia dign 4p tai U, va dong dién tai I

ld iA Udl 4
133941 4
//
/
/ 4

10 ;

5 / s
0

Hinh 18

Bai gidgi

a. Xac dinh biéu thic cia dong dién tdi i

Khi cdp xung didu khién md tiristor ta ¢d phuong trinh:
diy Sy
L— + Ri, = v2Usin(6 + a)
dt
Van dung cong thdie (IV.2). Nghiém cia phuong trinh trén sé 1a:

iy = [ sin(@ + a — ¢) - I, sin(a ~ v,)Aeﬂ‘),c(w ,
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X
trong dd: tgy =—R =—ﬁ— = =n, ¢ = 1,2626 rad. = 7234

In = pr T = 10295 Lysin(a — ¢) = 3,123

i, = 10,295sin(6 + 0,308) — 3,123e03!83
Xem A’ la géc tAt cia dong dién i, tinh tit thoi difm cép xung md
tiristor, ta c6 quan hé sau:

sin(' + 0,308) = 0,3034.e03183

A' = 2,705 rad. = 155“.
Duong cong biu dién i; duge trinh bay trén hinh 15b.
b. Tinh tri trung binh Uy I
Van dung cong thuic (IV.4):

U, :%[-J-[cosa - cos(X’ + a)]

v2.240 1
= = [0 — cos(4,275)} = 22,88 V
27 J
U, 22,88
Id = — = = 2,29 A
R 10
BAl SO 19

Ngudi ta dung tranzitor mot mat ghép (UJT) d€ dieu khién mot tiristor,
xem hinh 16.

Sa da ¢d cic théong s6 sau: ba cuén day thi cfp mdy bi&n ap, véi tinh
cuc ghi trén hinh vé, ¢6 cung tri hiéu dung cua dién dp 1a 110 V, tin s6 f
= 50 Hz. Dién ap &n dp cua diét Zener D, 1a U, = 15§ V, R = 15 kQ, C
= 0,2 uF, 5 = 0,5 (hé s6 cdu tric cua UJT).

(Cho phép xem R, = O khi dién 4p giita hai cuc cia D, nhé hon U,).

a. Tinh thoi gian xudt hién xung thd nhdt do UJT phit ra.

b. Tinh chu ky xung.

c. Chi ra nhilng xung nao la xung déng bs.
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Hinh 18

Bui gidi

Dién ap gitta hai cyc cta D, 1a u duge vé trén hinh 17a, la ngudn dién
ap nap dién cho tu dién C. Trong ving 0 < t < t, c6 thé xem u la mét
ham tuyén tinh, u = at.

Trong ving t, =t < T2 thiu =0, =15 V.

a. Xar dinh t_va a.

O

u(t,) = v2.110sin314t, = 15 = at,, V

15
314t,, = aresin(——=——— ) = 0,08657
v2.110
t, = 0,307 ms.
15
a = —— = 48771.
t(\

Tu dién C duge nap dién qua hai giai doan.
Giai doan 1: 0 < t = t|
Phuong trinh mach nap:

du,
RC + u, = at
dt
du,. 1 1000
—~~ + bu, = abt, v4i b = — = ——— = 333,33.
dt RC 15 . 0,2
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Viét phuong trinh trén dudi dang toan ti Laplace, sa kién bang 0:

ab
pU(p) + bU(p) =

P
ab
ey
Ham anh Ham géc
1 e™ + bt — 1
pip + b) b2

a
uft) = — (e™ + bt — 1)
b

48771
ult,) =———— (e™1923 1+ 33333 . 0,307.10® — 1) = 0,74 V.
333,33
Hét giai doan 1, dién d4p trén tu dién C la u, = 0,74 V.
u
15v
Uz'
|
|
|
F
p L . , ) !
[,J 10 20 s
a)
4
Ve e
t.
I
T ms
1"—" Thai &1émm mo' hiristor b)
Hinh 17

Giai dogn 2. t > t .

Phuong trinh mach nap:

du,
RC I + u. = U, = 15
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Viét dudi dang todn ti Laplace vdi so kién: khi t° = O thi u =y,

156b
pUp) — u, + bU(p) =——
P
15b 0,74
Udp) = +

~ p(p + b) p+b
u, = 15(1 — e ™) + 0,74.e ™
u = 15 — 14,26e” M
Khi u. = U, thi UJT phat ra xung thy nhat.
0,5 .15 = 15 — 14,26e"
14,266~ 33333 = 75
t' = 1,927 ms.
Vay thoi gian xuit hién xung diu tién la:
t, = t, +t = 0307 + 1,927 = 2,234 ms.
Bay gio 6, = wt| = 314t, = 0,7 rad hoac 40“2.
b. Tinh chu ky xung
Van dung cong thuyc;
T = RCln 1—1_7} = 3.103In2 = 2,08 ms.

tan s6 xung:
1
f =— = 481 Hzx.
T

c. Qua hinh 17b thdy ridng, UJT phat ra 8 xung trong mot chu ky. Bén
xung dau (dudng dam nét), dong pha vdi nlta chu ky dugng cia u,,, déu
c6 kha nang md dugce tiristor. Th€ nhung tiristor md cho dong chiy qua
khi cuc diéu khién clda né nhan duge xung dau tién. Ba xung con lai tdn

tai nhung khong cd tdac dung.

BAl sO 20
Cho sog d6 chinh luu tiristor m6t pha, 2 ntta chu ky, xem hinh 18.
U, = 100 V; f = 50 Hz; L = 1 mH; a = 2x/3

a. Viét biéu thdc cia dong tai i
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b. X4dc dinh gdc tat dong 1.

c. Vé dudng cong biéu dién i,

d. Tinh tri trung binh cta dong tai I, va cta dong tiristor L.

7
I

Hinh 18
Bai pidi
a Bi€u thue cia i,.

Khi T, m@ cho dong chdy qua ta cd phuong trinh:

_ diy diy,
\/2U25inwt = L——— = w
dt dwt
Giai phudang trinh trén, duge:
Viu,
iy = J sinwt.dwt + A
wlL
v2.U,
= - coswt + A
w

Hang s A duge xac dinh thong qua s kién:
Khi wt = « = 27/3 thi iy =0.

V2.0,
A= .COS(Y
w
v2.U,
Cuéi cung ta c6 iy = " (cosa — coswt).
wl,

V N\
H=cl
' o V3 27
0 SN
TV — ) !
5
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b, Xac dinh géc A.

Biét rang khi wt = A thi i; = 0, bay gid c6 ding thie:
cosd = cosa

Co hai nghiem: 1 = aval = 27 — «

Vil > a nén ldy nghiém 1 = 21 — a = 47/3.

c. Dudng cong i, cd dang trinh bay trén hinh 18b.

Dong tai i, 1a dong gidn doan.

d. Tinh tri trung binh I; va L.

2 4 V2U,
Ij = — (cosa ~ coswt)dwt
21 tUL
v2.U,
= = [ — a) cosqg — sind + sina]
gl
v2.100 2 3
-— [ (- 05) + — +—] = 98,3 A
n.0,314 3
1 A VIU,
Iy =— (cosa — coswt)dwt = 49,15 A,
2 174 w
BAI SO 21

Cho sd d6 chinh luu hén hgp mot pha, 2 nita chu ky, gbm hai diét va
haj tiristo. TAi la dién trd thuan R. Cac tiristor va diét déu la nhitng phan

td ly tudng. Day
quan thy cap gom T

Yoy 7
bén cudén day cé sé S

vong bang nhau; xem
hinh 19.

Tri hidu dung cuaa
dién dp so cAp va thu
cdp 12 U, = U =
100 V.

Cho R = 10 €,
a = m/2.

a. V& duing cong Hinh 19
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bidu dién u.

o
<
2]

¢ cac dudng cong bi€u dién iy, ir, iy, iy VA i,
Vé duong cong bi€u dién dong dién sa cép i,.

é cac dudng cong bi€u dién dién ap anét - catdt cia T, va D,.

a o o
<
e

. Tinh tri hiéu dung cva dong so cdp 1,

e. Tinh tri trung binh cda dién dp chinh luu U,
i
b AN
L ! \\,t,
y P
d . u, . Py
/ -~ / { \
Vs ’
/ /
/ \\\ ¥; ‘\\ d)
/ N\ 7 N\ -4
a) h Ny .
3 -
(NS AN e
v\ 7 \\\ ‘
\ ~—— / \ S~ /
\ / \ 7
\ 7/ \ V;
\ ’ P
Na \\_,
{1 .
o tDI lDZ
l ¢
g Z - u
2
u
(o ,
[ f
e i
12
o d)
0 &
F4 22
Hinh 20
Bai pidi

Vi # 0 nén D, din dong truse T,.

Trong nia chu ky duong cha dién ap ngudn, trong khoidng 0 < 9 <
7/2, D, dan dong, dién ap dat trén T la u. Khi # = /2, T| bat dau dan
dong, dién dp dat trén D, la —u.

Trong nita chu ky am cia dién dp nguén, trong khoang » < 8 < 37/2,
di6t D, dan dong, dién ap trén D, la —2u con dién dp trén T, 1a —3u,

Khi 6 = 32/2, T, bat dau din dong, dién ap trén D, 12 —3u con dién
ap trén T, la —4u.
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Cac diot D, va D, lam viéc vdi dién ap u.
Cac tiristor T| va T, lam viéc vdi dién ap 2u.
a. Dién ap chinh ldu u, c6 dang trinh bay trén hinh 20a.

b. Trong khoidng 0 < § < n/2, dong iy, = u/R; Trong khodng n/2 < 6
< n, dong i, = 2u/R.

Cang tuong tu nhu vay, c6 thé vé iy, va ip, trong nia chu ky 4m cua
dién dp ngudn.

Céc duong cong bidu dién cic dong dién phia thd cdp dugc trinh bay
trén hinh 20b, ¢, d.

¢c. Dat m = uz/ul = il/i'Z'

Khi cac di6t dan dong: v, = u;y m = 1;i, = i, = WR.

Khi cdc tiristor dan dong: u, = 2y; i, = 2WR, i| = 2i, = 4u/R.

Dutng cong bi€u dién dong dién so cap dugc trinh bay trén hinh 20d.

d. Dudng cong bifu dién up va uj duge trinh bay trén hinh 20d.

d. Tri hiéu dung 11'

1 77 Jy2Uu 1 * 4v2U

B o=— f( sin6)2d§ +— [ (—— sin@)%do
T oo noal2 R
15

I, = R V8,5 = 29,15 A.

e. Tri trung binh U,

1 M2 o 3v2.U
Uy =— ( [ v2.Usin6 d8 + f2v2U.sinfd6) = =135V
J n /2 i 4

BAl SO 22

Cho so d6 trén hinh 21a, thiét bi bién déi lam viéc & ch& d6 nghich luu
phu thuée.

U, =200V, E =180V, f=50Hz L. =1mH R=02Q L = e
1, = 200 A.

a. Tinh géc md a tudng thich véi cde sé lidu trén.
b. Tinh gdc trung dan.

c. Vé cac dudng cong biéu dién iy, va dién ap ngugc ug,.
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0 L7 L/’Zﬂ
| i
L1 B
/ —{ - —{
n i [
OL I I i s
s o
X — 1 E 27T
{
|
u, [
2 i A | }
[
[
|
a { g
2%
b)
Hinh 21

Bai gidi
Do L = e nén dong tai iy la dong lién tuc va duge nén thing, i, = I,

Do L_ # 0 nén tri trung binh cua dién ap chinh luu sut di mot ft, chi
con bang U’ .

2v2.U, X1y
U, = U - AU, = cosa — ,
I b3
trong do X, = wlL,
a. Goc md «.
2V2.U, XJy
+——— cosa —
I 7 14
4 R
(=.R + 314L)]; — =E
cosa = —
2v2.U,
(0,27 + 0,314)200 — 180x
- 2v2.200
a = 131"76
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b. Gbc triing dén u.

Van dung phuong trinh chuyén mach (IV-14):
cosa — cos(u + «a) = (XC.Id)/\/E.U2
cos(u + a) = cosa — (X I)V2.U,

0,314 . 200
v2.200

cos{u + a) = cosl31"76 —

p# + = 1529628
p# = 20°87.

= 0,888

c. Cac duang cong biéu dién iy, va uy, duge trinh bay trén hinh 21b.
Bién dé cua iy bang I, = 200 A.

BAlI SO 23

Cho s¢ db chinh Iuu tiristor chu moét pha (hinh 22). Biét rang khi gdc
md o = 0 thi gdec trung din x = 30"

a. Xdc dinh goc tring din g khi géc md a = 45° va dong dién tai
khong ddi.

b. V& dang sdng dién Ap tai va dang cic dong dién trong hai truong

hap.
%
{
VAN
. —
I P \ g L&
. / / [°d
l”"b 3I50¢€ b — -
i1/ \ 7oL il
AN

Hinh 22
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Bai gidi

a. Theo (IV.20) phuong trinh chuyén mach cta so db nay c6 dang:
2XJ,

v2U,

Khi dong dién tai khong d6i ta co th€ viét phuong trinh:

cos0® — cos(80° + 0%) = co0s45° — cos(u + 459
Do do 4 = 10"04.

b. Khi géc a = 0, trong giai doan chuy&n mach ti T, , sang T,,, theo
(IV.19') ta cs:

cosa — cos(u + a) =

vV2U
2X, [1 -~ cos@]
v2U

iy g = X, [1 - cosﬂ]

Khi géc a = 45°:

iry =1y ~

) v2uU o .

T3 = M T oy [00345 — cos(@ + 45 )]
C

) v2U . .

ipp4 = [00545 - cos(f + 45 )]

C
Trong giai doan trung din (chuyén mach), cdc dong dién bi&n thién theo
dang ham cosinus.
Cac dudng cong bi€u dién dién 4p tai va cdc dong dién dugc trinh bay
trén hinh 22.

BAI SO 24

Ngudi ta cung cdp dién ap phan dng cho dong co dién moét chidu cong
suat nhd, kich tli déc lap, tir ngudn dién xoay chieu 240 V, 50 Hz qua thi&t
bi chinh luu tiristor ciu mét pha khéng déi xdng, xem hinh 23a.

Cac théong s6 caa phan vng déng co:

L=006H E=150V,R=6Q

Hing s8 tit thong C = 0,9 N.m/A (V/rad/s). Géc mé a = 80°

a. Xdc dinh tri tdc th¥i cia dong dién phan dng.

b. Tinh tri trung binh cia mémen, t8c d6 dong co.

Bai gidi

a. Tri tic thoi cua dong dién phin ung i,

Khi 6 = «, ngudi ta mdi tiristor T,, phan dng dugc néi vdi ngudn nudi.

Lay 6, lam gdc toa @9, cd th€ vit phuong trinh mach dién nhu sau:

LE"— + Riy + E = v2Uysin(wt + a), (1)

dt
Dat R/, = a va vi&t (1) dudi dang toin tu Laplace:
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V2U, wcosa + psina

. E a
ply(p) — igo) + al (p) + == =

p L p? + w?
v2U LWCOSa t v2U ,Sina P
Id(p) = . 2 + ' 2 2
L (p+a) (p? +w?) L (p+a)(p? +w?)
E 2 i (o) @
—— ——— 4+ i,(0). ,
R p(p + a) d p+a
by
Ty A .
o—d Ul 4
u ~ £
o—— Dl'
R
Z§ ) 3
al

Hinh 23

Véan dung cac quan hé ham anh — ham géc

Ham dnh Ham gée
1 1 a
("2 +— . sinwt — coswt)
(p + a)p? + w?d) a? + w? w
p 1 at .
(—ae” ' + acoswt +wsinwt)
(p + a)p? + wd) al + o?
2 1 —e
plp + a)

va dat:

X R X
wL = X, VR? + X2 = z, — = sing, — = cosyp, Y = tgp.
z

z

Qua vai phép bién d8i s& nhan dugc bi€u thic téng quat cla dong dién
phan dng:
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i, = Im[sin(é) +a - ¢) - sin(a - ¢).e-9/lw] - % (1 - 189y + i (o)e?er,
(3)
trong dd: I, =——‘/2—U2— , 14(0) 1a tri cta iy khi kich ma T,
VR + X2 ‘ !

Truong hop iy la dong dién gian doan thi iy(o) = 0.

Giai doan nay két thic & 6,, xem hinh 23b.

8, = 1 — a (tinh tU géc toa do 0)).

Tri cua dong dién phan dng tai 6,

E E
iy@,) = I [sin(r - ¢) - sinla — ple O/Br| - — 4+ = ofner | 4
ig@) = Ip[sin@ ~ ¢) - sin@ ~ ple ] SR L
sé la so kién cua dong dién phan dng trong giai doan sau,
. Giai doan tu 6, dén 6,

Trong giai doan nay, phin uUng dong ca bi diét D, lam ngan mach. Ly
8, lam géc toa d9, cd th& viét phuong trinh sau:

L +Riy+E =0
dt

) (5)
Viét (5) dudi dang toan tu Laplace:
1,(p) (65) I4(p) P2
— i + a = - ——
Plytp dtt2 d\P R p
14(6,) E a
Ifp) = — 22— - ——
p+a R pp + a)
Do d6 dong dién phan ung trong giai doan nay cd dang:
E
iy = 198" — — (1 - & Oep), (6)
Khi 8 = 8,, iy = 0, do da:
iy6,) + ER
f, = tgpIn ( ———+-——) , (D
3 £y ER

; Ung dung sé:
a = 80° = 1,3962 rad;

L
typ =w—R — 31416, p = 1,2626 rad.

51



V2.U,
m =m = 17,158 A; x — p = 0,1336 rad
6, =71 — a = 1,7454 rad.
i,0,) = 17,158[ sin1,879 — sin(0,1336).e"~7454/”]
- 25 + 25" L7454/=
i,(6,) = 4,38 A

1

4,38 + 25
6; = 3,1416.ln s < 0,5071 rad. = 29° (tinh tir gdc 6,)
b. Tinh momen va t6c dé déng co
. Tri trung binh cta dién 4p phin dng:
1 /] N

L7 L —
Uy =— J uydf =— [ [ Ed6 + [ V2Usin6ds]
J o X 4 8

1
= [150.(1,3962 - 0,507) + 339,4(cosl,3962 + 1)] = 169,25 V

JT
. Tri trung binh cha dong dién phan ung:
Uy~ E 16925 — 150
R 6
. Tri trung binh cia mémen déng co:
M=CI=09.32 =288 Nm
. Téc dd dong co:
Xuit phat tit bidu thic: E = Cw

Id =

= 32 A

E 150

w = — = —— = 166,6 rad/s.
C 0,9
60 . 150

N = —— = 1591,565 vg/ph.
21.0,9

BAl SO 25

Cho s0 db truyén déng T~D (chinh luu tiristor—déng co dién moét chidu)
trinh bay trén hinh 24. Tai 1A phan ung déng co dién mot chidu kich ti
doc lap. Nguui ta diéu chinh dién ap phin ing déong co nho ciu chinh luu
tiristor mét pha khong d6i xing. Cho biét:

U, =240 V, @ = 110° R = 6 Q.
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Dong dién phan dng dong co kéo dai thém modt khoang bing 50° tinh
tu thai diém khi u, = 0.

Hang s6 momen — dong dién, ky hiéu la C = 1 Nanv/A (M = C.I).
Hay xac dinh t6c dé dong co khi M = 1,8 N.m.

6

+
¢

4
&

Hilnh 24
Bai gidi

Khi cdp xung digu khién md T,, dong dién tai iy chay qua D, va T:

Up, = —U
biot Dr bi khoa, iDr = 0.

Néu dién cam mach tai la L = 0 thi iy = 0 tai diém O’ khi U2 = E.
S6 di iy > 0 sau O’ lJAviL > 0.

Khi u, =< 0, diét D_ phan cyc thuan, dan dong, i >0, dién 4p tai u,
= 0.

. Tri trung binh cia dién ap tdi, cing tdc 14 dién dp dat trén phan dng
déng ca:
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{10z

180

1 x
Uy =— [ [ Ed6 + | \/2.240,sinede]
G 11} 110
80" 180"

U, = 0,333E + 71
. Tri trung binh cia dong dién phin dng khi M = 1,8 N.m,

bl

Id=T=1,8A

. Phuong trinh mach tai

U, = E + RI, = 0,333E + 71

7t - 6 . 1,8
1 - 0,333

2nN
TU biédu thic E = Cw = 1. 60" Rut ra téc do dong co:

60 . 90,25
N =__""""" - 861,8 vg/ph.
2%

BAI SO 26

Ngudi ta cung cdp dién 4p phan dng cho mdt dong co dién mét chidu
kich tit déc lap tit ngudn dién 240 V, 50 Hz, qua mét bé chinh luu tiristor
ciu moét pha. Cac thong s6 cia mach phin dng la:

L =005 H; R =2Q; hing s6 tiu theng C = 1 .Nm/A (C = V/rad/s)
a. B6 qua cac t8n hao cia bo chinh luu, vé dang sdng dién ap tai u,

va dong dién phan ing iy khi « = 60° va téc d6 déng co 14 w = 150 rad/s.
Tinh mémen déng co.

b. Tinh géc md a khi mémen tai ting 50%, tdc d6 khong d8i w = 150
rad/s. V&€ dang song dién dp va dong dién phan dng.

Bai gidi

a. V& u, va iy, tinh momen déng co.

. Xac dinh gdc tiat cia dong dién phan ung.

Van dung bi€u thuc cia déng dién phin \ing, da ching minh trong bai
tap s6 24, bi€u thuc (3):
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iy = Im[sin(e + a — p) - sin{la — w)_e-ﬁltw] -
- E(l _ —9/1g«,n) + i.(0) - gy
R e 1d(o e .

Bi€u thic nay viét vai gbc toa do tai 6,.
Déi vai nia chu ky dau tién iyo) = 0.
Theo s6 liéu cho trong bai, ta cd:
v2.U, 15,7

I, =m = 21,44 A; tgp =—2— = 7,85; ¢ = 1,44 rad.

a = 609 = 1,047 rad; sin(a — ¢) = -0,383; E
Gia thiét dong dién phan ung tit khi 6 = 6,:

Cw = 150 V.

I sin(@, + a — ¢) —i = I:Imsin(a - p) - E ] e~ Olter
" R R

21,44sin(®, — 0,393) ~ 75 = —83,21.e %785
D4y la moét phuong trinh siéu viét, khéng gidi bing phuong phdp dai
s6 dugc. Co thé giai bing "phuong phdp md mam”.
6, = 2,7 rad = 155° (tinh tif géc 6)).
Cac dusng cong iy, U, duoc trinh bay trén hinh 25a.
iy la dong dién gidn doan.
. Tri trung binh cta dién ap phin dng:

« 9

1 2
U, =—[ f Ed6 + [ VZUusin(@ + a)dﬂ]
T 92"(.7(—(1) o
150 3394 1,047
=—— (1,047 — 0,605) + .cos2 |
n F, 4 2,741,047
U, = 163,95.

. Tri trung binh cda dong dién phAn dng:
Uy - E 163,95 - 150
R 2 -
. Tri trung binh cia mémen dong co:
M=Cl =7 Nm.

7 A

Id=
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Ninh 2B

b. Tinh géc moé a khi mémen ting 50%, téc do gil nguyén o = 150
rad/s.

Licnay I, = 1,5 .7 = 10,5 Ava E = 150 V.
Uy =E + RI, =150 + 2. 10,5 = 171 V.
U, > E, dong tai i sé lién tuc.

Dién 4p ra cia so dd chinh luu tiristor ciu mét pha:

2v2.U,
Uy == cosa = 171 V
b2
171.x
cosa =——— = 00,7914
2v2.240

a = 0,658 rad = 3797.
Biéu thuc ctia dong dién phin dng:
iy = 21,44sin(6 — 0,786) + (90,17 + id(o)),e‘(’”'ﬂ5 — 175,
trong dd i;(0) la so kién cla iy trong nda chu ky dang xét.
Déi voi nita chu ky diu tién, ij(o) = 0. Khi # = =: iy(x) = 0,58 sé la
sd kién d6i véi nia chu ky thd hai. Sau 7 chu ky i, (r) diung lai ¢ tri 1,76
= 1,

o trang thai xac lap, i, ¢ dang:

iy = 21,44sin(@ — 0,786) + 91,93.e" 011,85 _ 75,
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Dudng cong u, va i, dugc trinh bay trén hinh 25b, i, la dong dién lién
tuc.

BAI SO 27

B bién déi la mot chu tiristor mot pha duge néi vdi phin dng cia déng
co dién mot chiéu kich tif déc lap. Ngudn dién xoay chigu c¢é dién dp U, =
240 V, tan s6 £ = 50 Hz, xem hinh 26a. Cac thong s§ ciia mach phin dng
cia déng co la:

L = 0,05 H; R =2 Q; hang sd ti théong C = 1 N.m/A.
(C = V/rad/s); toec d6 déng co w = 150 rad/s.
. Bé bién dai lam viée d ch& d6 nghich luu ham tai sinh.

a, V& dang song dién 4p tai u, va dong dién tai i, khi @ = 150°. Tinh
momen déng co M = ?

b. Xac dinh goc « khi i, 14 dong lién tuc vA mémen déng co 1a M =
11 N.m. Vé dang sdng uy va i,

Bai gidi

Ché d6 nghich lvu phu thude con goi 1a ch& d6 nghich luu ham tai sinh.

a. Vé u, va i,

d d

O ché d6 nghich lyu ham tai sinh, ngudi ta phai ddo tinh cuc cta E.

Khi # = a = 6, (xem hinh 26b) ngudi ta méi T|, T,.

Liy 6, lam géc toa dg, cd thé viét phuong trinh mach dién nhy sau:
did rie R
L— + Riy — E = V2U,sin(® + a).

Nghiém cia phuong trinh cd dang:

id = Im[sin(B + a - 77) - Sin<a — ‘p)_e—(’.ctgy’:l

E .
_l___ﬁ 1 - e-Uctgw) + id(o)e“ b’.clgw)

(Xem cach gidi phuong trinh trén trong bai s6 24)

d I V20, 21,44 A
t 3 = = ) ;
rons mTURT + X2
R
ctgy =x = 0,1274; ¢ = 1,44 rad.
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E=Cw=1.150 = 150 V; « = 2,618 rad

Trong nua chu ky dau tién cda dién ap nguon iy(o) = 0.
21,44[sin(e + 1,178) — 0,9238.e'°'1274‘9] + 75(1 — e~ 012746y
0 khi # = 6, = 2,061 rad = 118°08 < 180°

14
i

i

d
V20,
nén iy 12 dong gian doan, vi vay khong thé ding bi€u thic Uy = ——— cosa

JL
duac.
Phai xic dinh tri trung binh cia dién 4p tai theo dudng cong u, trén
hinh 26b.

Hinh 28
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Tri trung binh cta dién ap tai (dién 4p phan dng):

1 “ by _
U, = [ — [ Ed6 + [ V2U,sin(® + a)de]
b4 HZ" /o O
1 2.618 2.00
= [ — [ 15046 + | 339,4sin(6 + 2,618)d6] = - 141,5 V
b4 1.53064 )
Tri trung binh cia dong dign tai:
U, +E -1415 + 150
Id = = = 4,25 A
R 2

Momen dong ca: M = C.I; = 4,25 N.m.

Cac dudng cong i va uy duge trinh bay trén hinh 26b. Dong dién i, la
dong gian doan.

b. Xac dinh goc a khi M = 11 N.m.

Trong ché& d¢ dong tai lién tuc, 6, = & (tinh tu géc toa 46 6)). Tri trung
binh cta dién ap tai:

1 “ b 2v2U,
Uy =— [— f Ed6 + [ VZU;sin@ + a)de] = . cosa
T HZ— (f)—u) 0 J
M
Khi M = 11 Nm, I, = = 11 A
C
Bdy gity ¢ phuong trinh:
Uj=-E+RIj=-150+ 2.1l = - 128V
2v2.240
—————— . cosa = — 128 V
JU

Do d6 o« = 2,2 rad = 126°32.
Tri ciia dong dién tAi khi 1An dhu tién kich md T,.T,:

E
iy = Im[sin(92 +a -9 - sin(a - ¢).e-"z"sr] — - e~ O2tev)

- 21,44[sin(n + 22 — 1,44) — sin@2,2 — 1,44)e™ 77 35} +

....
I~
)

+——l50 (1 — e /785
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i,(6) = 0,084 A.
Cac dudng cong iy va uy dugc trinh bay trén hinh 26c¢.

BAI SO 28
Ngudi ta cung cdp dién ap phan ding cho déng co dién mdt chidu cong
sudt nho, kich tur déc lap, tit ngudn dién xoay chidu 240 V, 50 Hz, qua thi&t
bi chinh Iuu tiristor cAu mét pha khéng d6i xdng, xem hinh 27.

Cac thong s6 ctta phin dng déng co:
L =2006H R=6Q
Hang s6 tit thong C = 0,9 N.m/A (Virad/s).

Mach diéu khién hé truydn dong la mach vdong kin nhidm duy tri toc
do khong d6i N = 1000 vg/ph khi mémen tai bién dong tir 0 dén 4 N.m.

Hay x4c dinh gdc md « dé thoa man diéu kién t6c d6 khéng d6i.

94,25V
7 % "J\
4%
/ 4
&, b g
4
Hinh 27
Bai gidi
Khi t8c 46 dong ca duge duy tri d 1000 vg/ph, sic phin dién dong:
0,9.27.1000
E = Cuw e = 94,25 V = const.
Tit cac bidu thuc:
M= CIval =20 "%
M = CI, v = —_—
d d R
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c6 nhan xét, muén tang M thi phai tang U, tdc 12 phai giam a.

Van dung cic cong thic da chdng minh trong bai tap s6 24:
0, =1 - a

. E
1d(62) = Imsin(n - ‘/’) + [? - Imsin(a - p)] e 92/‘8'/’ _—11;_:_
i,(6,) + E/R

Oy = tg(p‘ln[ ER ]
1 —
Uy = - [E((z - 6y + V2U,(1 + cosa)}
‘ v2U,
trong do: Iy = ——Zpr = 17,158 A; E = 94,25 V; ¢ = 1,2626 rad
wL  100x.0,06
tgy =—R_ =——6—— =n
Ghi chu: Géc 8, tinh tit gbc 6, = a. Gdc 6, tinh tit gde 6,.
U, =240 V. f =S50 Hg L =006 HHR =6 E =9425 V; ¢ = 12626; tgp =
Deg. 140 130 120 10 100 30
“ Rad 24434 22682 2,0944 182 17453 157
by = — 0,698 0,8726 1047 12217 13962 157
o
sinfa — ¢) 09249 0,8448 0,739 0.6 0.4642 03033
exp(— Hy/a) 08 0,7575 07165 06778 06412 06067
48, A 0,516 156 281 418 54 7,02
84, 1ad 01 0,298 0,5177 07424 0,9286 1161
Ud' " 95.58 97,7 1013 10635 13,74 120,27
ly A 022 05765 1175 2,02 3.25 433
M, Nm 0198 0.5189 108 182 2,92 39

D& md duge tiristor, 6, < @ <z — ,; 6, = aresin(EV2U,) la goc tuong
Ung voi giao diém cua dudng cong u, va dudng thing E; 6, = 16°12.
1612 < a < 163"87
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Dudi day s& tinh quan hé o = f(M), bat dau tit & = 140v
Khi @ = 140" = 24434 rad.
6, = 0,698 rad; a — ¢ = 1,18 rad; e 52/% = 0,8,
sin(r — ¢) = 0,9528; i6,) = 0,516 A; 6, = 0,1

Ud - E
Uy = 9558 Vi Iy = —_— = 022 A M = 0,198 N.m.
Cho « giam dan, bing cach tuong ty nhu vay, cé thé lap dugc bang sd
o
1504
/
100 {
50 1
0 1 ' L 1 M
) Zz J 4 Nm
Hinh 26

liéu nhu trén. Dudng cong bi€u dién quan hé « = (M) dugc trinh bay trén
hinh 28.

BAlI SO 29

Cho so db chinh luu tiristor cAu mét pha khéng d8i xing, cd sd dung
diot D, dau song song ngugc vdi mach tai, xem hinh 29. Ngudn dién xoay
chiéu: U = 120 V, L. = 3 mH, { = 50 Hz.

Déng dién tai [[ = 10 A = const.
Bo qua dién 4p roi trén cdc tiristor va diot, hay vé dang cia dién ap
ta1 va cta cic dong dién, khi géc md a = 90"

Bai gidi
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tnh
Au

bing khong (bat d

I, dudng dam nét trén hi

Gia thiét T, va Dy dang din dong, if,

-

=

én ap ngudon

t dAu din dong dién khi di

Dist D, ba
tit diém O(). Ldy O, lam géc toa d, c6 thé viét phuong trinh:

ve,

Z
R
Q
o
]
-
D v
ShEe]
N
it R
35 %
D Q
<] (st
k7]
£ - |
f- 4
i
2 [V
2
> —
I It
‘C ‘lc

360°

350°

360°

Hinh 29

Na
an.

I, - i, giam d

i, tang dan, dong iy =

Dong iy,

0, ip,, = 10 A, két thic qua trinh chuyén

10 A thi i, =

Khi i, = I,
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dong dién tai ti T sang D Qud trinh nay xay ra trong gdc Bl1.
Tit (1) ta co: 10 = 180 (1 — cos B))
By = 19°2
T, va D; khoa lai, dong dién tai khép kin mach qua di6t D,.

Khi cdp xung diéu khi&n md T,, do D, dang ddn dong, ta cd phuong
trinh:

_ di
VaUsind = X, —¢.
de
Néu chuyén géc toa dé sang diém O,, phuong trinh trén trd thanh:
- _ di,
V3Usin(6 + 90" = vZUcost = X, —<
de6
‘ v2U j" oo v2U
i. = cos = . siné,

Dong ir, = i. tang dan, déong i, = I, ~ i, gidm dan.
Khi i, = I; = 10 A, thi i, = 0, ipp = I; k&t thuc qua trinh chuyén
dong dién tai tir D sang T, Qud trinh nay xay ra trong gdc f,.
Tit (2) ta co:
10 = 180 sing,
B, = 818
Dong dién nguén la i = i — ip,.
Cdc dudng cong bi€u dién dién ap tai va cdc dong dién duge trinh bay
trén hinh 29. D& nhan biét duge r6 rang, goec f, duge vé lon hon gid tri
clia nd.

BAI SO 30

Cho so d8 chinh luu tiristor cAu mét pha d6i xing va so db chinh luu
tiristor cAu mot pha khéng d6i xitng (gdm haj tiristor va hai diot). Gia thist
dong dién tai dudc nén thang, i, = I, bé qua hién tugng tring din va dién
ap roi trén dién trd va cac phan tu.

a. V& dang cua dién 4p tai uy va cia dong dién ngudn xoay chiéu i .

b. Bi€u dién hé s6 céng sudt dau vao theo tri trung binh cua dién Ap
tai cua ca hai so db.
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Bai gidi

a. Dién 4p tai u, vk dong dién ngudn xoay chidu i, cd dang trinh bay

trén hinh 30.
b. Theo dinh nghia:
UdId

cosp = ,

Ul

(1)

trong dé U, T la tri hiéu dung ctia dién ap va dong dién ngudn xoay chiéu.

. Dé1 voi so dd cdu mét pha d6i xing (gdm 4 tiristor):

2v2U
Theo (IV.17): Uy = -cosa (2)
n
Van dung khdi niém don vi tuong déi:
Yy U (3)
— = . = cosa,
2v2Un
I =1, (4)
A 23
Thé (2) va (4) vao (1) duge cosp = .cosa = (,9cosa, %)
n
Lap bang tinh sau:
Uor 0 02 04 06 08 1
cosy 0 018 036 054 072 09
. Doi vor so do cau mét pha khong doi xung:
v2u 2v2U 1 + cosa ,
Theo (IV.23): Uy = — (1 + cosa) = { , (2Y)
i1 7 2
U 1 + cosa
NI | i 3"
2vV2U/n 2
n —
r=1, v 22— (4"
b
Thé (2') va (4’) vao (1), ta duogce:
V27.(1 + cosa)
‘ (5)

cosy = )
avr - «o

Lap bang tinh sau:
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Up, o 0.2 04 06 08 1
coS« -1 -06 -0,2 0.2 06 1
coSy 0 03314 05454 0718 0,857 09

Cédc dudng cong bifu dién cosp = f(Uy,) dugc trinh bay trén hinh 30.

L&

Z

b 4

66

cos ¥

a6 |

a4 |

02

I I 2

>y

Lda md) pha
khing i xg

N_¢ Gu mof pha
dér xung

62 044 06 48 10

Hinh 30



BAl SO 31

Cho s0 d6 chinh luu hén hop, gdm cau chinh luu tiristor mot pha néi
ti€p véi chu chinh luu didt mot pha. Chu tiristor duge nudi bdi dien 4p thd
cidp pha ¢ clla may bién ap ba pha, con ciu dist duge nudi bdi dién dp tha
cip pha b. Chu y cuc tinh, xem hinh 31.

u, = V2.U,sing
u, = v2.Usin(@ — 27/3)
u. = VZ.U,sin(@ — 4x/3)
U, = 100 V; f = 50 Hz; R = 138 Q@ a = 2/3; L = oo
a. Vé dudng cong bidu dién u,,.

b. Tinh tri trung binh U, I,

c. Tinh tri hiéu dung cia déng so cip mdy bién 4p, bist rang ti s6 bign
apm = N,/N, = L

oO— N — | O-—BTI-O
u
N g

1a

Hinh 31
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Bai gidi

Do L = = nén dong chinh luu duge nén thang, iy = I, Cau didt chi
cd thé lam viéc khi cau tiristor lam viéc.

Trong diéu kién cta bai todn cho L = o va a = x/3, cdc bd b6n phin
ti sau day dong thdi cho dong chay qua trong 180:
D, D, T, T, vaD, D, T, T,
Dién 4p trén 1ai 1a uy do hai ciu chinh luu cung cdp:
Uy = Yy, + Uge
a. Duong cong biéu dién u, trinh bay trén hinh 32.
b. Tri hiéu dung U, va I,

n

5 22U,
Udl\ = \/2.U2 sinbdf = — =
JL o P
1 n 4+ '(z_ \/EUZ
Uy = — [ v2.U; sinf.df =
J « 7
2vZU, V2.U,  3v2.100
Uy = + = = 135 V.
n 4 b
U, 135
I[[ =— =—— = 10 A.
R 13,5

c. Tinh tri hiéu dung cla céac dong so cap I, I, I,

Dong thd cdp i, i,. c6 dang "sin chit nhat’, bién d6 bang I, = 10 A,
duge trinh bay trén hinh 32.

la*

Mi4y bién 4p c¢d ba tru, ky hiéu la tru a, b, c.
Siuc tit dong trén tru thit k theo (VIII.6):

1 [y
Fy = Ny — Naiy =3 > F

-

trong d6 k = a, b, c va i = a, b, c déu la chi s6 chi tru ciia mach ti. Viét
cong thuc trén sang dang trién khai:

F, =Nji,, — N,iy, = — IN|ij, — Naip, +Njijp — Naiop #Njije = Noizd

1 v - - v
Fi, =Njij, = Naiy, =3 [Nji,, —Njiy, + Nyijp — Naip, + Nyije — Nyipl
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1
Fo =Njij. — Ny, =3 [Njiy, —Naby, + Niij, — Naiy, + Niij, — Njipl.

Trong truong hop dang xét:

N, =N, =N
i, + i, + i, = 0 (day quéan so cdp dfu kicu Y)
i2:| = 0.
Két qua la:
I, = — 3 (i + 130
. - - - 2 3 1 -
fn = i = — (g, + 1) = T T g
- . - . 2 a 1 -
fe = i = 77 (yr, + 1) = 32 T 3 i

Cédc duong bi€u dién i, i, i;. duoce trinh bay trén hinh 32.

1 T 2 "9
I, = \/— S (—1Ip2do = — I, = 6,66 A
T o 3 3

I, = I, = /—i fLIi )2.d8 e 3,33 A.
7T o 8 3
BAI SO 32
Cho so db chinh hru tiristor, ba pha, ki€u tia, cd tii thuin cim, xem
hinh 33a.
U, =220 V; f = 50 Hz; L = 1 mH; a = #/2.
a. Viét bi€u thuc cta dong tai i,
b. V& cac dudng cong iy, va ;.
¢. Tinh tri trung binh I, va 1.
Bai gidi
a. Bi€u thic caa i,

Khi T, md cho dong chay qua, ta ¢ phuong trinh:

70



_ dip
V2.Usinf = wl ﬁ , Vai 6 = wt, iy = ip

JE.U2
wl
v2.U,
= - .cosB + A
«L
Van dung sad kién: Khi § = a + 7/6 = o, thi iy =iy = 0, tinh duge:
VU,
.cosa’.
wL
JE.UZ
Vay ip) = (cosa’® — cosf),
trong do o = a6 + o = 28/3.

Xem A la goc tit cia dong ip,. Khi & = A thi i, = 0, bdy gio ta co

dang thue:
cosd = cosa’
Ud‘
/|
7, .
Sy ! by, // I
17} -
T ] g
Y 2
r b
Ybe &
[ } r\\_/
7] 4
_.—d—-—- {TI
L [d
VY — 0 0:_
a) _
i J
I 74

d)

Hinh 33
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Cé haj nghiém: A = ¢’ va d = 2n — o'
Vi A >a’ nén lay nghiém 27 — o' = 21 — 2n/3 = 4n/3.

b. Dudng cong bi€u dién it va i; duge trinh bay trén hinh 33c, d. Thiét
bi lam viéc trén ranh gidi gitta dong lién tuc va dong gidn doan.

c. Tri trung binh I, va I,

3 4 V2,

Iy = (cosa® — cosh).d6.
24‘! /1‘ (UL

3v2.220 27 1 V3 va
I, = [— (= — ) + — + — ] = 3244 A

2 .314 . 0314 3 2 2
1 *v2U I

It = — 2 (cosa’ — cosf).df = — = 108,13 A.
25T LUL 3

BAl SO 33

Cho so dd chinh luu tiristor ba pha, ki€u tia, xem hinh 34. Mach tai
gom dién trd R néi ti€p vdi dién cam L.

Cho R = 4 Q, a = 80", Hay tinh xem L phai bing bao nhiéu d& thi&t

Hinh 34

72



bi chinh luu lam viée trén ranh gidi giita dong lién tuc va dong gian doan.
Bai gidi
Khi tiristo T, md cho dong chdy qua, ta ¢ phudng trinh:

di =
L—' + Riy = V2Z.Usint.

dt
Dong iy gom hai thanh phan: thanh phan xdc lap va thanh phan qud
do:
Vau, R
iy = sin(@ — ¢) + A exp ( ~ — 9), (1)
wL

wls
trong dé 8 = wt; Z = vR? + (wl)? tgy =_E_ ]

Thiét bi lam viéc trén ranh gidi gitta dong lién tuc va dong gian doan,
tdc 1a khi 6 = «' = 7/6 + a, T, bit dau dan, dong i, = iy, = 0.
Khi 6 = 4 = « + 27/3, T, bi khéa lai, iy, = iy = 0.
Trong trudng hop dang xét:
@' = 30 + 80" = 110°
A = 110" + 120 = 230".
Thay 6 8 (1) bAng «’ va bang 4, nhan duge hai dang thic sau:
v2.U, ’

sin(a’ — ¢) + A .exp( — £ )y = 0, (2)
Z tgy
v2.U, A
—~ sin(A - ¢) + Aexp(— — ) = 0. (3)
Z tey
Tu (2) va (3) rit ra:
A ( ' ) VEUZ [ R (l ) in , )]
) - —) = sin(A — — sin(a’ -
L _27/3 ’ v

Z(1 - exp( »

Thay két qua trén vao vé& trai cha (2) sé nhan duge phuong trinh siéu
viét sau day:
271/3 sin(230° — ¢)

(- y o S 79 4)
BT e sin(110° — ¢)
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T (4) xdc dinh (bing cach tinh ghn ding) duge ¢ = 6642,
4.tg(66°42)

wlL
Vi tgyp = 2,291 =~E nén L = = 296,18 mH.

BAI SO 34

Cho so dt chinh luu tiristor ba pha, hinh tia. Nguén dién xoay chigu;
tri hiéu dung dién ap pha la U = 150 V, tan s6 la f = 50 Hz, dién cim
va dién trd moi pha lan luot la L.=12mHvaR =007 Q

Gia thiét dién ap rdi trén mdi tiristor la AU = 1,6 V va trji trung binh
cia dong dién tai la I, = 30 A

Hay tinh trj trung binh cia dién 4ap tai khi cic gdc mé « la 0°, 30°,
60"

Bai gidi

Dién 4p roi trén tiristor 1a 1,5 V.

Dién dp roi trén dién trd ngudn xoay chiéu 12 0,07 30 = 2,1 V.

Dién dp roi do dién cAm ngudn xoay chigu gay nén, theo (IV.31) la:

3XJ, 3.27. 501210730

AU/J = = = 5,4 V
21 2n
Bi€u thdc cua dién ap tai:
3v6.150
Uy =——cosa — (1,5 + 2,1 + 54)
27
U', = 17543.cosa ~ 9
U’, = f(a) dugc ghi trong bang sau:
® 0 30 60
Uy vV 66.43 14293 1 78,71

BAI SO 35
Cho so db chinh lyu didu khién 3 pha, hinh tia, t&i L + R + E, xem
hinh 35.

Thay vi mét tiristor, d day ngudi ta dung mot diét néi ti€p voi mot
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transistor. Cac xung diéu khién B, B,, Bz dat vao bado cua transistor tuong
ung, co do rong A, = x/3.

Nguon dién xoay chieu ba pha d8i xing: U, = 220 V, f = 50 Hz.
Mach tai: E = 145 V, L. = 100 mH, R = 0,2 Q.

Y

. Vé dudng cong bi€u dién u, i, i, iy

Tinh tri trung binh eta dién ap tai U,

&

o

Tinh tri trung binh cua dong dién tai 1,
d. Tinh 6 khi U, = U

X MY d.miax’

d. Tinh d6 nhip nhé cta dong dién tai Al

1/‘t ‘l Y, Y% Y

X

8 5 5 ' —F 4 L kg1 ] e i
&
' 7 28 [ en,

Hinh 35
Bai pidi
a. Cac dusng cong u, i,, iy, iy, duge vé trén hinh 36.

b. Tri trung binh cua dién ap tai va cia dong tai:

8 (T 3v2.220
U, =— [ V2U,sinfdd = ———— (cosn/3 — cos2n/3) = 148,55V
Y2 (a-eg2 27
U, - E 148,55 — 145
I, = = = 17,76 A
R 0,2
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N \ ,
N/ ; N // \\\
X ) \
/ \ 7\ \
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ol \ / \ ¢
27 k4
_ z
Zd \/\//\/\/\
0 &
lDr K‘
Ly,
&
g i } Lo
Hinh 38
c. Khi A, = 6, thi dién 4p chinh luu 14n nh4t, bang dién ap dau ra
cua so d6 chinh luu diét ba pha hinh tia:
3Veu,
4 = ’ Vay 6){.mu)'( = 27/3

d. Xdc dinh d6 nhip nhé cua dong dién tal.

Dién 4p tai u, 12 mot chuéi xung dién ap chém sin. Méi xung nay cd
thé duge thay thé& bang mét xung chit nhat cd cing dién tich, ky hiéu la
U, xem hinh 37,

1 82 3v2u,
U, = — [ V2U,cos6d6 = = 2971V
x ~fx2 n
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BAy gid cac dién bién cia dién Ap tdi va dong dién tdi giéng nhu trong
so dd bam diéen 4p v6i tAi L + R + E.
O ché& do xac lap, dong dien tai dao dong giita hai bién tri I val,
L -4

D6 nhap nho cia dong dién tai: Al —
Then cong thuc (V.14'):
(I — £)eTU,
Aly = ———
2L

trong dé T la chu ky bam, ¢ la ti 86 chu ky, U, 1a dién 4p ngudn dién mot

chizdu.
Trong truong hgp dang xét, ta cd:
n -0
2

3] = 6,66 ms,

1
T=—1In - (

w
6X
wT
(0,5)0.5 . 6,66.107297,1
I, = = 2,47 A
2.0l
Cd nhing tai liéu dinh nghia d6 nhdp nhd cla dong dién tai la 2A1, =

= 0,5

3

£ =

2.247 = 495 A

LIJ L{s "
A R
/ \
// \\ \
//I \\\
/ \ ’
g
ly |
241,
7 SN . S
7 =1
]z _M___-_ _______\.4__1__M__ 1
IJ
—o} ET fe— ; .
0 .
T J—
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BAI SO 36
Tim bigu thic tdng quat cda tri trung binh dién ap dau ra cua so dd
chinh luu tiristor c6 chi s6 dap mach bac p.
Bai pidi
Ching ta gia thiét dong dién tai la dong lién tue.
Trén hinh 38 trinh bay dang dién 4p tai u, cia mét s6 so dd chinh luu
tiristor thuong gap.
D6i vai chinh luu digu khién mét pha, hai nita chu ky (so d6 dung
may bién ap cd diém gita, s¢ dd cau mat pha): hinh 38a.
D6i vdi chinh luu digu khién ba pha, hinh tia; hinh 38b.
- D6i véi chinh luu digu khién cau ba pha: hinh 38c, d.

Y

Hinh 38
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Dién dp tai u; khong phai la dudng thang, ma gom nhiéu xung dién ap
ke tiép nhau. Dién ap tai u, chia p xung dién 4p trong moét chu ky cua
dién ap nguén. Cdc xung dién 4p nay déu cd dang giéng nhau.

Tri trung binh ctia dién 4p tai, theo dinh nghia, duge x4c dinh theo
cong thuc:

U =‘— f uddﬁ 5

d

S6 hang thi hai cda bi€u thuic trén la dién tich ma dudng cong u, cung
v8i truc hoanh tao a. Khi chuyén géc toa dé sang diém O’ thi u,= v2Ucost.

bo6i vai hinh 38a, b, ta cd thé viét:

T
@+

U, =A—p— S, P V2Ucos#ds

2 ‘==
P

pvau n b4
= [sin(a +— ) — sinle ——— )}
P p
pv2.U =&
g = . sin—.cosa
T P

trong do U la trt hiéu dung cta dién 4p pha.

Déi vdi sa do chinh tuu cau ba pha, dién tich do u, cung véi truc hoanh
tao ra ldn gap 2 lan dién tich tudng Ung trong so dé ba pha hinh tia, xem
hinh 38¢, do dc:

pvy2U = .
U, = 2. sin—.cosa, vdi p = 3.
2l P
Hoac theo so d6 hinh 38d, ta cd thé viét:
p pv6U )
U, = — J v6Ucoshdf = cosa, véi p = 6.
p = alp 2r

BAlI SO 37

Cho so d6 chinh luu cau ba pha khéng d&i xing, gdm ba tiristor va ba
dist. Mach tai gdm dién cAm L néi tiép voi dién trd R, xem hinh 39a.

U, = 110 V; f = 50 Hz; R = 1,289 Q; L = o,
Céng sudt phia dong dién mot chiéu Ja P, = 12,85 kW.
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a. Tinh géc md o.
b. V& cic duong cong bi€u dién: uy, ip, ip, i,

c. Tinh tri trung binh cia dong dién chay trong tiristor la I; va trong
diot la I,.

d. Tinh tri hiéu dung cua dong dién i,.
Bai pidi

a. Dau bai da cho: P, = I}.R = UJ/R = 12850 W, do d6 U, = VP R’
= VI2850 . 1,289 = 128,7 V.

Van duyng cong thue (IV.36):

F &

S
K
N | ;
-~
o
“\4 ;
—_—
~ o

I\F%
[
!
20 i
| .
' .
_,_%_.
cnb :
WO
BY
o
Yo Y&

[DA j 2:7!'
U T
41/5 &g 2
0) lo‘m 6
| ¢
0 27
17) 1 ] P
| r72Rc 72

b)

Hinh 38
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_ 3V6U,

uy = . (1 + cosa)

VT o
27,0y 2 . 3,14 . 128,7

cCosqx =—— —_ 1 = _ = 0
3v6.U, 3v6.110

a = 90°.

b. Do L = « nén dong chinh luu ij duge nén thang, i, = I, Méi diot,
mbi tiristor dan dong trong 1/3 chu ky, tuc 1a 2x/3.
i:\ = iTI - il‘M
Cdc duong cong bi€u dién dong dién duge trinh bay trén hinh 39hb.
c. Tri trung binh I, va I
I, = U/R = 128,7/1,289 = 99,84 A.

Ka/6
It =1y ==— [ 1,d0 =143 = 33,28 A.
27 dnje
d. Tri hiéu dung cta dong thii cdp mdy bién 4p I

T2 _
B =—— .7 13d6; 1 = I/N2 = 70,6 A
A . © d a d

Co th€ ki€m tra lai tri s6 ctia U,. Dién 4p chinh luu u, gobm ba manh
trong mot chu ky (dién tich gach soc trén hinh 39b):

3 Ta/6 3 n/6 _
u, = — J (uy, — v )dd = — [ V6Usin(6 — n/6)d8 =
2r 470 7 27 4njo
3v6.U,
=——= = 128,7V.
2n
BAl sO 38

Cho so db trén hinh 40, thiét bi bién ddi lam viéc & ch€ d6 nghich luu
phu thuée. Mach tai 14 phan ung cia mét ddng cc dién mot chidu, gia thiét
R=0val = .

Cho U, = 2396 V; f = 50 Hz; a« = 145" X, = 0,3 Q/pha; R, =
0,05 Q/pha. Dién ap roi trén méi tiristor la AU, = 1,5 V; gia thiét dong
dién tai duge van thang iy = 1, = 60 A.

Tinh E va gdc trung dan u.
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Bai gidi
. Khi cac phan ti trong so d& dugc xem la cac phan tit I tudng (R,
, L. = 0, AU, = 0) thi tri trung binh cua dién 4ap trén tai la

3v6U

d = .cosa
Jx

0

. Trong truang hgp dang xét, tri trung binh cia dién 4p trén tai la
Uy = Uy = AU, - 2R, - 24U,
3v6.239,6 3.03.60

. cosl4s® - ——— — 2 .0,05 .60 - 2 .15
T T

= — 45909 - 17,188 — 6 — 3 = —485,28 V
. Khi bé bién déi lam viéc & ch& d6 nghich luu, ta co
I, = E + U,
R
Vi dién trd mach tdi lA R = O nén E = — U’ = 48528 V.
. Xac dinh gde tring dan u.
Xuat phat tit phuong trinh chuyén mach (IV.33)

2X
cosa — cos(u + a) = \/g.idz

L

L
- E

+

R R

Hinh 40

82



2 .03 .60

cos(@ + a) = cosl4b” - —fF—— = —0,88
¢ v6.239,6
U + a = 15197
u = 6“,7
BAI SO 39

. Cho sd d6 chinh lwu tiristor ciu ba pha, hinh 41la. Tri hidu dung cia
dién dp pha thu cdp mdy bién dp 1a U, = 100 V. Gia thiét dién 4p rdi trén

bién a;o cve duartg cla fd'/;
50 vai diéhn trung hink

244,95V

c)

Hinh 41
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wéi tiristor 1a AU, = 1,5 V.
a. Tinh tri trung binh cha dién 4dp tai khi géc md a = 75°.
b. V& dang dién ap trén tiristor T| khi « = 75
Bai gidi
a. Tri trung binh ctia dién ap tdi:
3V6 U,

A

d . cosT8® —~ (2 . 1,5)

U, = 57564 V

b. Ve Uy,

Khi T; va T, hoac T, din ddng, ta c6 phuong trinh:
Ugg = Upp — W = 0
up, = u, = V6U,sin(@ — n/6)

Khi T, vad T, hoac T, din dong, ta c¢d phuong trinh:
Upp = W = Uy, = 0

Wy = u,,, = V6Usin@ + x/6)
Dién dp giita anét- catdt cda tiristor T, ¢6 dang trinh bay trén hinh 4lc.

BAI s 40
Cho sg d6 chinh luu tiristor cAu ba pha khéng déi xdng, xem hinh 42a.
Tri hiéu dung cta dién dp thd cdp mdy bién 4p la U, = 100 V. Bb qua
dién dp rdi trén cac tiristor va diat.
a. V& dang dién ap tai u, khi gdc ma « = 0, 30% 60, 90°, 120° va
150°.
b. V& dung cong bi€u dién tri trung binh cia dién dp tai theo gdc md
a, Ud = f(a).
Bai gidi
a. Gia thiét dién d4p cdc pha thd c4p may bién ap ba pha cd dang:
u, = v2U,sind
u,, = V2U,sin(6 — 21/3)
u,. = V2U,sin(@@ — 47/3).

c
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Bdy gio dién ap day thd cdp mdy bién 4p sé la:
U,., = V6U,sin(6 + n/6)
Uy = V6U,sin(@ — x/2)
Uy, = V6U,sin(@ — 7n/6)

Tri tuc thai cia dién 4p tai uy luon tuén bing khoang cach thing ding
gitta hai dudng bao. D& nhan bist duge dé dang, nén 14y truc hoanh lam
chudn khi vé u;. Si dung hé dién dp day.

Cac tiristor duge ky higu T, T,, T;

Cac didt duge ky hiéu D,, D, D,.

Dé cac hinh vé duge ré rang, cd s dung cdc ky hiéu quy uéc:

Thay Wi Uy, sd dung ab

Thay vi T,D, din dong, sit dung 12.

Goc md o duge tinh tit giao diém céc nita hinh sin: O, 0,, O,.

Dudng cong biéu dién u, dng véi cdc gdc md a khic nhau dugc trinh
bay trén cac hinh 42b,

Dé nhan thay rang, xudt phat tit « = 0, néu ta dich chuyén cic truc
tung dé chay qua O, O, O; vé phia bén phai khi a tang dan, ta lan lugt
nhan dugc cdc dudng cong u, tuong dng.

b. Tri trung binh cua dién ap tai duge tinh theo cong thic (IV.36) va

A
y,

200

100

0 1 1 | ) | L >
30° s0° 90° 120° 150° 180°

Hinb 43
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duge trinh bay trén hinh 43.

3VeU,
4 = (1 + cosa) = 116,95 (1 + cosa)
2n
N D]
« 0° 30 60 90 120 150 180
Ug V 2338 218,24 17543 116,95 5847 15,67 0
BA! SO 41

Cho so da chinh luu tiristor ciu ba pha va so d6 chinh luu tiristor cau
ba pha khéng d&i xing (gom ba tiristor va ba diot), xem hinh 44,

Gia thiét dong dién tai duge nan thing, iy = I, Bé qua hién tugng
trung dan va dién ap roi trén cac phan tu.

Tinh hé s6 cong sudt dAu vao clla méi so d6 khi dién 4y diu ra cha
ching bAng moét nia dién ap dau ra cue dai.

Bai gidi

. D6i vdi so d6 chinh luu tiristor cau ba pha d&i xing, (xem hinh 44a):

3veU
d = . COSx
Jt
3veU
dmax = _
n

1
be U, = E'Udmux thi cose phai bing 0,5, géc m8d « = x/3.
Dong dién ngudn xoay chigu i, = i, — iy Céc khodng duong va Am
cua i, bang 2x/3.
Tri hiéu dung cta dong dién ngudn:

b‘t/3
1= /— f 13 /2 . I, = 0,8165],

T

Udld 3\/6U4Id.\/3
Hé s6 céng sudt cosp = = — = 0,477.
3U. 27.3U.v2.1,

. D&i vai so db chinh luu tiristor cau ba pha khéng déi xitng, xem hinh
44b:
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3veU

U, = (1 + cosa)
3veU
dmax = J'E

1
bé Uy = 5 Ugmax thi cosa phai bing khéng, géc md a = 7/2.

Zn 4
Z T LNTy [N i
7] %—-ib—di
u 3
o 1iza
U, o—
| P
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Dong dién ngudn xoay chidu i, = i;; — ip,. Cdc khoadng duong va am
cia i, bang n/2.

Tri hiéu dung ctia dong dién ngudn:

[ 1T,
I = —— [ I§d6 =—= = 0,7071
2 ({ d \/2 d

Hé s6 cong suit:
U, 3VeUl, v2

cosp = = = 0,551.
3UI 27.3U1,

Cic dudng bigu dién u,, ir, ip, i
hinh 44.

. Cua ca hai so dd duge trinh bay trén

BAI SO 42

Cho sd d8 chinh luu tiristor ciu ba pha khéng d6i xing (gdbm ba tiristor
va ba diét, hinh 45a. Ngudn dién xoay chiéu cd cdc thong sé sau:

- Tri hiéu dung dién ap day 14 220 V, f = 50 Hz.

- Dién khiang méi pha: X = 0,24 Q

Gia thi6t dong dién ti dugc nén thing, I, = 40 A, va bd qua dién 4p
roi trén cac dién trd va cdc phan tu.

Hay xdc dinh tri trung binh cia dién 4p tai va vé dang cha dién ap
tai, cha dong dién ngudn khi géc md a = 45 va 1, = 40 A.

Bai pidi

Co thé xem so d6 chinh Iuu ba pha khéng d&i xdng tuong duong voi
mé6t nhom chinh luu tiristor ba pha hinh tia, néi tiép v4i mét nhdm chinh
luu didt ba pha hinh tia, ciing phéi hop taoc nén dién ap tai.

. Xac dinh goc trung dan

Van dung phuong trinh chuyén mach (IV.28)

. d6i vai so do tiristor:
2X 1,
v6U

cosa ~ cos(ut + a) =

trong do:

220
a = 45 U =— = 127V, X=024 Q, [y =40 A; do d6 sy = 48
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4||||||4l4 |||||

a = Ipy — ip, duoge

on i

0 vao phuong trinh chuyén mach (IV.28)
dong dién ngu

5

va cua

v6U

2X I,

— COS‘MD =
uy = 2002,

1

. d6i véi so d6 diét: thé «

ta dugc:
Dang cha dién Ap ti o’

trinh bay trén hinh 45b.

Do dd

a)

b)

Hinh 48
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Y
Y%b
Ybe
A
Y
200
1004
-]
P . x
aJ 20 40 68 80 100 120
)

. Xée dinh tri trung binh cua dién dp tdi U,

Phan dién ap tai do nhom chinh luu tiristor tao ra:

3vV6U
Theo (IV.31°) U’y =

.cos45° —

3XJ,

2n

Phan dién ap tdi do nhdm di6t tao ra:

Uy

L

3V6U

83Xy

2n

Tri trung binh cda dién 4ap tai:
U, = Uy + Uy, = 2444 V.

= 143,94

= 100,44 V.
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BAI SO 43

Cho sd dd chinh luu tiristor chu ba pha, gila cdc cuc cia mach tai
ngudi ta néi mot didt hoan nang lugng D, xem hinh 46a.

Gia thiét tri hiéu dung cta dién 4p pha thd ecdp 13 U, = 100 V, bd qua
dién ap roi trén tiristor va diét.

a. V& va giai thich dang dién 4p tai u, khi gdc mé a = 90°,

b. Tinh tri trung binh ctia dién dp tai theo gdc «, U, = fla)

Bai gidi

a. Dang dién ap tai u

Tri tic thdi cha dign dp tai u, luén luén bing khoang cach thang ding
gita hai duong bao:

Uy = Yy — Yy

bist 1)/ néi song song ngugc vai mach tai, sé dan dong dién tai i, khi
U, — u, <0

Khi géc md o = 120° thi u; = 0.

Dang dién ap tai u, va dong dién thd cdp mdy bi€n dp i, = iy ~ iy
duge trinh bay trén hinh 46b.

b. Tri trung binh cta dién 4p tai U, = f(a)

Sor/6
Uy =——/ v2.100sin6d9 = 116,9(1 + cosa) — 67,5sina

/6 +a
o 0 20 a0 60 80 100 120
Ug 2338 2037 %3 16,9 707 30,1 0

Duang cong bidu dién U, = f(a) dugc trinh bay trén hinh 46c.

BAI SO 44

Cho sd db chinh luu tiristor cAu ba pha. Ngudn dién xoay chigu ¢ dién
ap day U = 415 V, f = 50 Hz, L, = 0,9 mIL

Gia thist dong dién tai duge ndn thing va bd qua dién 4p roi trén cac
tiristor va dién trd ngudn,
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a. Lap bang tinh tri trung binh cta dién 4p tai theo géc md «, Uy, =

f(a), khi dong dién tai I, = 60 A.

b. Lap bang tinh tri trung binh cia dién 4p tai theo dong dién tai 1,

U, = (I, khi géc mé a = 30°,

c. V& dang dién ap tai U’,, dién 4p tiristor Uy va dién 4ap day u,, khi

a=30"val, =60 A
Bai giai
a. Dudng cong U’ = fla).

Dien ap tai Uy = U, — AU,

3V6U, 415
trong do U; =— . cosa, voi U, =——— = 239,6 V;
n v3
3XI, 8 .27 .100.0,9.103.60
AU, = = = 16,2 V.
JT /4
U’y = 560,45.cosa - 16,2
«® 0 10 20 30 40 50 60 70 80 88,34
Uy V | 5442 | 85257 | 5104 | 4691 | 4431 | 344 264 1755 811 0
b. Pudng cong U’y = {(I;) khi a = 30°
U’, = 485,36 — 0,271,
lg A 0 10 20 a0 40 50 60
Uy V 4853 4826 480 4772 4745 478 4891

c. Dang cac dién ap khi @ = 30° va I, = 60 A.

. Dién dp tdi u’y

Trudc hét phai xdc dinh gde trung dan u.

Theo (IV.34) va (IV.35) cd thé€ viét phuong trinh:
3v6U,

2

[cosa — cos (u + )] = AU, = 16,2
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1 = 6°08
Tri tic thoi ctia dién 4p tai u’ bing khodng cich thdng ding giita hai

dudng bao trén va dudi truc hoanh. Duong cong u’; duge trinh bay trén
hinh 47

Hinh 47
Dién ap tiristor

Khi T, dan dong: up; =

|
=]



Khi T, khong din dong: ur, lién quan dén cdc dién 4p sau, xem bang
a va hinh 48a:

u, +u, u, + u, u, + u,
Joed y 2 y 27 y “ab) u
D6i vai up,, xem bang b va hinh 48b.
. Dién dp day u

U, — u, —u ac-

u,, = U, - up3 xem hinh 48c.
Chi y: Trén cac hinh vé c6 sit dung ky hidu rat gon, vi du:
- thay vi u , st dung a.
- thay vi u,( = u, — u, sit dung ab.
- thay vi (u, + u,)/2, sit dung (a + b)/2.

Bdng a.
Don dan | Tring dan Bidu thic up, =
T, T, + T Yq Uy + Uy
— 4, — %
4
T, Te Uye
T2 Tg Uab
T:'l TZ + T4 Yy u, + Ug
~~— Uy, *2_ - Uy
Y%
Ta Ty Uah
T4 T3 + T5 Ys u, +u,
Y e—u,, Ug >
Y%
TeTs Uae
Bdng b
Don dén Trung dan Bigu thic urg =
Ty Te +Tg Uy + Uy
——2
2
Te Tg Uy
Te T, + T, Ug + Ug
U, —
2
Te T, Upg
T Tg + Ty Uy + U,
- u
2 a
T1| Tz uh&
Te Tg U,
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BAI SO 45

Cho so do trén hinh 49, thi€t bi bién ddi lam viéc 8 ch& dd nghich lun
phu thuéc, Mach tai 12 phan dng cua médt dong co dién mét chidu.

Cho U, = 220 V; f = 50 Hz; E = 400 V; R = 1 Q; L = o; a = 120°

Tinh céng suat hitu ich trd ve ludi dién xoay chi®u, vé cac dudng cong
biéu dién dién 4p uy va dong dién chdy trong tiristor i, cho hai truong
haop:

a. Khi bé qua dién cam chuyén mach L. = 0.

b. Khi L, = 2 mH.

Bai gidi
a. Trudng hop L. = 0, tic la khéng xét hién tugng tring dan.
Bidu thitc cua cong sudt hiu {ch: Py = U,

Van dung céng thuc:

3v8.U, 3v6.220
Uy =— cosa = ———— cos(120") = -257.3 V.
7 n
E + Uy 400 — 257,3
I, = = = 1427 A.
R 1
P, = -257,3 . 142,7 = -36,7 kW.
O day, ddu "—" mang y nghia trd nang lugng vé ngudn nudi.

Cac dudng cong bigu dién u, = u, —~ u,, va ip dugc trinh bay trén

X,
%

o8
1

o
o
[

Hinh 49
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hinh 50a,

C6 thé tinh ki€m tra tri trung binh U, théng qua dudng cong ugy, hinh

50a.

Trong moét chu ky, uy gdm 6 manh duong cong ghép lai.
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Bigu thyc gidi tich cia doan dudng cong bao dién tich gach soc la:
- uy, = u,, = V6.U,sin(@® + 30)

Uy,
8 77!/()_

u =— f \/6.U25in(9 + m/6)de = -257,5 V.
27 Sxje

2 mH, tdc 1a ¢d xét hién tudng trang dian. Van

b. Trudng hop L, =
dung cong thuc:

E + U'd
Iy = ———
R
3vV6U, 3X. ],
trong dd U, = Uy - AL, = cosy — ————
n b4
3X.
IR +——) = E + Uy = 400 - 2573 = 142,7 V.
E4
142,7
I = = 89,18 A
1 + 3.0,628/n
U, = - 2575 — (3. 0,002 . 314 . 89)/r = - 3109 V.
Cong sudt tdc dung tra vé ludi dien xoay chidu:
P, = U, I, = — 310,9.89,18 = — 27,67 kW

Xdc dinh géc trung dén
Van dung phudng trinh chuyén mach:

2.X.14

cosax — cos{u + a) = —
fu vé.U,

2 .0,002 . 314 . 89

+ a) = cos(120%) - — = — 0,707.
cos(u a co ) V& 220

4+ a = 135°
u = 135° — 120° = 15°
Cdc dudng cong uy = Uy, — Uy, ip duge trinh bay trén hinh 50b.

BAI sO 46
Cho so db truyén dong dao chigu quay, hinh 5la, gdm déng co dién mot

chidu M dudc cung cAp dién mét chigu tit bo bién déi dio dong.
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Tri hiéu dung dién dp pha 1la U, = 220 V; f = 50 Hz; [; = 1000 A;
L = o; a, = 30" a, = 150,

a. V& cic xung dong tuan hoan i, chdy tu G, sang G, va cic xung
dong tuan hoan i, chay tu G, sang G,.

b. Tinh tri cta méi cuén cdm L_ dé€ sao cho tri trung binh cia dong
tuan hoan chi bang 2% caa 1.

Bai pidi

Khi cau G| lam vidc & ch&€ d6 chinh luu thi cau G, lam viéc 8 ch& 46
nghich luu phu thudc va nguge lai.

Dong tuan hoan i, chdy ti nhdm tiristor catét chung ctia G, vao nhdm
tiristo andt chung cia G,.

Dong tuan hoan i, chdy tit nhom tiristo catét chung cia G, vao nhom
tiristor anét chung cia G,

Cac dong tuan hoan khéong chdy qua mach tai (ph&n dng dong co).

Vi dang thé nén khéng cé dong chay tit T, vao T°, (va T"; vao Tp), tit
T, vao T’ (va T’y vao T(), tit T vao T'; (va tit T’ vao T,).

D& viét dude bi€u thite cia cac dong tudin hoan cin xem gian db dan
dong cla ede tiristo lién quan, trén hinh 51.

a. Bifu thuc cua dong tudn hoan i_,.

Trén hinh 51b thdy rdng: trong khodng OO, cd hai tiristo T; va T,
md, dong tuadn hoan i, ,, chdy ti pha ¢ qua T vao T', v& pha a.

Do d6 c¢d thé€ vist phuong trinh vi phan sau:

2L w diciy

C

="u,, = V6.U,sin(6 + 150°

Néu dich chuyén gfic toa 46 sang diém O’, ta co:

di . _ _ —
2w —S2 = VB.Usin(® + 150° + 809 = — V6.U, sind.
ve.U, v6.U,
Do d6 i,; = f sinfd8 + C = cos6 + C
J ¢ wLC
Van dung so kién: Khi 8 = —-30° thi i,,, = 0, do da:
v6.U, V3
C= - —_
2oL, 2
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Cuéi cung nhan duge bigu thic:

) v6.U,
;2 = Il

(cosf — — ).
C 2

Cang vdi cach lap luan nhu trén sé nhan dudgc két qua sau:

Trong mét chu ky cia dién ap ngudn xoay chiéu, cd ba xung dong i_,
va ba xung dong i_,,. Cac xung dong i_ |, va i, dan xen nhau, hinh 51 b, c.

b. Tri s6 cua dién cdm L.

Tri trung binh cta dong tuin hoan:

3 7% Ve.U, V3 3v6.U, V3r
I, =— J (cosh — —)dd =——= (1 ~—)
2n e 2wl 2 4z.w.L, 6
Dé cho 1., = 2%I; = 20 A, can phai co:
3v6.220 van

L.= ——— (1 -—)=19mH
47.314 . 20 6
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PHAN III

BAM DIEN AP
MOT CHIEU (CHOPPER)

BAiI SO 47

Cho sa d6 trén hinh 52, thiét bi bam dién 4p mét chidu duge ky hiéu
bang chit H. Mach tai gdm dién cdm L néi ti€p véi dién ¢rd R va s.d.d
E. Diét hoan nang lugng D, dugc ddu song song ngudc vdi mach tai.

ChoU=750V; L =5mH; E=600V; R = 0,1 Q t{ s6§ chu ky ¢ =
0,866; tan s6 bam f = 200 Hz.

a. Tinh tri trung binh dong dién 4+ © -
tai I_ cua dong diot I. Do nhdp nho U k
cia dong tai Al_. L

H

b. Do su ¢ nén dién ap nguon U + D,
mat chidu trd thanh U’ = 675 V, phai i R S ZVAN
chinh cho a’ bang bao nhiéu dé vin R
git dugc tri trung binh cia dién 4dp
dat trén mach tai 1a U, nhu ci. — o g

Né&u van git nguyén khoang thai
gian dong cua thiét bi H ia T, nhu
ci thi tin s6 bam f° phai bing bao nhiéu?

Hinh 52

Bai gidi
a. Tinh cdc tri trung binh
Van dung cac edng thie (V.13, 14, 19)
- tri trung binh cla dong tai:
: ¢eU — E B 0,866 . 750 — 600

I = 495 A.
R 0,1
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- tri trung binh ctia déng diot:

I, = (1 — oI = (1 - 0,866)495 = 66,33 A
- db nhap nho cta dong tai
(1l — U.T 0,866.(1 — 0,866).750
AL, =— """ = — = 435 A
2L 2 .0,005 . 200
b. T{ s6 chu ky
. ¢eUJ 0,866 . 750
VielU = ¢U=U,=750Vnéneg =— =———— = 0,062
U’ 675
Tan sé6 bam
X 0,962.200
ViT, = ¢T =T = ¢/ nén f = ——— = 222 Hz.

0,866

BAI SO 48

Cho so d6 trén hinh 53a. Thi&t bi bam dién ap mot chiéu dugc ky hiéu
bang chtt H, mach tai gbm dién cAm I néi tiép v4i dién trd R va s.d.d E.
Diot hoan nang lugng D, d4u song song ngugc vdi mach tai.

Cho U =500V, L =10mH, E=2300V,R=01Q.

Chu ky bam dién ap 1a T = 4 mg, ty sd chu ky £ = 0,63

a. Tinh cdc tri trung binh U_va I.

b. Tinh cdc tri bién cua i, 1a I, vad I, bing cong thic gian luge.

c¢. Tinh I, va I, bing céng thic chinh xac.

H UC‘ 17}

+C © -i ‘
U ¢
.—-T’—.-a-—-
L

a) 0 — — -
Hinh 83
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Bai gidi
a. Tri trung binh U_va I,
Van dung cac cong thuie (V.1,13):
U, = ¢U = 0,63.500 = 315 V.
I. = (U, — E)R = (315 — 300)/0,1 = 150 A.
b. Tinh 1 va I, bdng céng thite gidn luoc
Van dung cac coéng thic:
Al = (1 — ¢eU.T/2L
= 0,63 . 0,37 . 500 . 0,004/(2.10.103) = 23,31 A.
I, = I, + Al = 150 + 2331 = 178,31 A
I, = 1, — Al = 150 — 23,31 = 126,69 A.
c. Tinh 1, va 1, béng cong thic chinh xdc.
D6 thi bi€u dién dién ap tadi u, va dong tai i. & ché& do xac lap dugc
trinh bay trén hinh 53b.
T, la khoang thoi gian H ¢ trang thdi dong, T, = ¢T; con T, 1a khoing
thai gian H 8 trang thai md, T, = (1 — €T),

« Khi H dong, ta ¢d phugng trinh:

di,
L— + Ri,=U-E
dt
va nghiem la i, = R_ + AeVt
rong do r = L/R = 0,01/0,1 = 0,1.

Van dyng so kién: khi t = 0 thii. = 1; A =1, — (U - E)/R.
Vay khi H ddng, ta ¢d biéu thic cua dong dién tai:

. U-E U-FE
o= — +[12-_

]e-(/rA

i, = 2000 + (I, — 2000)e™0" (1)

- Khi H mo, mach tai bi cat khdi nguén nudi, dong i, chdy qua di6t

), i, = ij,. Bdy gig ta cd phuong trinh:
di|,
dt
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va nghiém la
i =—— + B.eU=T
R
Van dung so kién cua giai doan nay: khi t = T, = ¢T thi in = I,
B =1 + ER =1, + 3000.
Vay khi H md, ta cd bi€u thuic cia dong dién tai:
i, =i, = —3000 + (I, + 3000).e70(! - €T, (2)

Qua hinh 53b thdy rang: khi t = ¢T thi i_ = I, va khi t = T thi i
= I,, do do tir (1) va (2) rit ra

I, = 2000 + (I, — 2000)e=0T
I, = —3000 + (I, + 300071001 ~ &)T
Giai hai phuong trinh trén, duge:
I, = 173,37 A va I, = 126,77 A.

Nhu vay, st dung cong thdc gidn luge dé tinh toan I, va I, cing nhan
dugce két qua kha chinh xdc va 45 t6n thdi gian.

BAI SO 49

Cho so dd thiét bt bam dién ap trén hinh 54.

Dién ap ngudn dién mot chiéu la U c6 thé bign déng tt U, = 170 V
d¢én U . = 220 V.

Dong dién tai la I c6 thé bign dong tit I, = 10 Adén [ = 50 A

Mach tai gom dién trd R va dién cdm L (xem L = ).

Thei gian khda cua Tp 12t = 50 us.

Thai gian dong, md cua 'I‘p la T, =T, = 10 ms.

Tri cyge dai cia dong dién cho phép ciua Tp 1a ITpmax = 80 A

a. Tinh tri s6 cta cdc phan td chuyén mach: C, L.

b. Tinh tri trung binh cta cac dong dién i-l-p, i ipo ipr

Bai giai

a. Tiristor 'I‘p duge khoda bang phuong phdp “dién dp nguae”

Van dung cong thdc (V.26) tinh dién dung cia tu dién C néu khdng xét
hé s6 an toan:
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I.tk

C =—2=
U
Dé dam bio khda chic chin ’1‘p trong didu kién lam viéc nang nd nhat,
taldy ] =1 =50 A valayyU =U_ = 170 V. By gio:
50 . 50.10™°

170
Khi tiristor TP md, tde la khi H dong mach, dong dién chiy qua ng
gom hai thanh phan: dong dién tii va dong dién do tu dién C phdng theo

mach:
C-T, -L =D, -C
Vay ITpmz\x = Imax + IDcmax'
Do d6 I = Lipmae = Ipae = 80 — 50 = 30 A,

b. Bigu thuc cua ipe

+ ¢ T
U l ¢

Ko

Dr

Hinh 54
Khi ’I‘p md, C phdng dién qua Tp - L. — D, néu bd qua dién trd trong
mach ta ¢d phuong trinh:

L. dine +u =0
hoac:
ji‘;c + —6111-4\%. = 0. (1)
Pat w? = ! va viét (1) dudi dang toan tu Laplace:

‘He

pU.(p) — puo) + wl.Up) = 0
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Udp) = uglo)—r

p2 + w%
u(t) = u(o)cosw t = -U_  .cosw.t
(u.(0) nguoc ddu véi u,, vi d€ L, cd tri 16n can thiét, ldy u o) = ~U,,.)

du

[of

ine = C = Cuw,. U aysinw t

dt
. C s
ine = v - Umacsinw t = Ine oosinwt.
o

Nhu da xét & trén, I = 30 A va C = 14,7 uF, vay tinh dugc L.

U 220
L, = C.(—= ) = 14,7.10°.( —)2 = 0,79 mH.
II)('rnax 30
1 1

®VCL. V14,7.107.0,79.10°
I[)cnmx = 14,7-104’-9280 . 220 = 30 A.

b. Tri trung binh cta cac déong dién:

w

= 9280 s

Chu ky bam dién ap 4 T = T, + T, = 20 ms.
Chu ky dao dong cia dong iy  la T, = 27/w, = 0,676 ms.

Cac dudng bigu dién cac dong dién duge trinh bay trén hinh 55.

1 T(\/'Z . 30 0
IL)L‘ B2 e f I[)‘:max.Slnw”t.dt = T COSw“t i =
" W, Tor
30.10%.2
= """ - 0323 A.
20 . 9280

1 50
Ty == S Tnedt + Tpo = — - + 0,323 = 25,328 A

aff 50 . 2 . 50.10°

1
I[. =— I _.dt = = 0’25 A
t=p ] T 20.107
X Loty gy o S000107 - 25010%) ) s a
Dr — T max: - 20'10—3 - ’ .

Ghi chi: DE don gian trong tinh todn, § day ldy thoi gian din dong

cia T, bang 2t ,, val =T __.
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BAlI SO 50

So d6 bam dién ap cung dd thi dién bién cha dong dién ip, dién dp u,
cho trén hinh 56.

Cho U, = 200 V; L, = 20 vH; L, = 10 uH; L, = 50 uH; C = 50 uF;
R.=005Q L = o ?,Id = 100 A

a. Tinh thai gian can thiét d€ dong ir, gidm xubng dén tri zero.

b. Tinh thai gian danh cho tiristor Tp khéi phuc tinh didu khién.

Bai pidi
a. Thot gian can thiét dé dong Lyp Bidm dén tri zero.

Gia thiét tiristor Tp dang din dang, i‘I‘p = I, (vi dién cAm mach tai la
L = » nén dong dién tii duge nén thing, iy, = ). Ldy thoi di€m c&p xung
dieu khi€n md tiristor T, lam géc thoi gian dé tinh toan (ldy t, trén hinh
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[

Hinh B8

vé lam gde thoi gian).
ty — ty = t, la thoi gian cén thiét dé i, gidm dén tri zero.
Van dung ciac cong thic (V.32) va (V.33):

i. = C‘“aUcul sinw  t

Khi t = t, : iy, = 0, ta cd:
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t; =—— . arcsin( ),
) @y waUcc\l
1
trong do: w% =
‘ CL,
Theo (V.29): U, = U_,e "4/
2
trong do: a =—— = 103, w? = ! -2
L. CL. 4
I
Theo (V.40): U, = U, +—°

s

Cow

s

1
trong do w? =

Y oC, + L

Bay gio thay s6 liéu vaa cac biéu thdc trén:

;1O 10" 0,66.10”
wE = —  ———— = 066.10° w, = 25820
50 (20 + 10) s rad/s
100.10°
U,y = 200 +—— = 277,46 V.
50 . 25820
100 10° 0,05 10° (
w? = , - : Y2 = 0,4.10° w = 20.000 rad/s
50 50 4 50
U, = 277466 1010t = 9565y
10° 10° (
w? = — = 2.10°) w, = 44721,36 rad/s
® 50 10 ;
1 100.10°
t4 =

——— .arc.sin
44721,36 50 . 44721,96 . 256,5
t, = 22,36.10%.arc.sin(0,17435) = 3,91us
b. Thoi gian danh cho Tp khoi phuc lai tinh diéu khién
Thoi gian tiristor 'I‘p chiu dién 4p am, ky hiéu 1a t, ciing 13 thoi gian
danh cho 'I‘p kh6i phuc tinh di2u khién ctia nd, dudc xac dinh theo biéu
thac (V.37):
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CU

cl

t[:

Id
trong do Uy = Uy, cosw,ty = 2526 V
50.10°.252,6
Dodd t{ ==—— = 126,3 us
100

BAI SO 51

Mot xe du lich 4 ché ngdi chay bing dign. Xe sit dung hé théng truyan
dong H — D (thiét bi bam dién dp va dong co dién mét chidu kich tir déc
lap). Nguén dién nudi déng cd 12 mét bd dcequi 150 V.

Doi hoi xe phai chay duge dudng dée 10% véi tée dd 50 km/h.
Cho biét:

. Khéi lugng cia xe khi day tai la m = 1500 kg.

. Hé s6 ma sat gitta banh xe va mat duong C, = 0,015.

. Lyc ma sit néi F; = 20% t8ng cdc lyc can.

. Hiéu suit cia daéng cd dién n = 85%.

. Luc can khéng khi ti 16 thuan vdi binh phuong cua téc d6; hé s6 ti
le C, = 0,56 N.mZ.s2.

. Nang lugng cia bo acequi W, = 35 kWh.

a. Xac dinh cong suat dong co dién P,

b. Tinh tdc do t5i da ctia xe khi chay trén duong bang V_ . .
c. Tinh quang dudng xe chay dudc trén duong bang L néu:
- Chay véi toc 46 t6i da V

- Chay vdi téc d6 80 km/h.

Bai gidi

Gian db luc tic déng nhu & hinh 57.
a. Xdc dinh cong sudt dong co dién
. Luc do trong lyc cua xe:

F, = mgsina

. Luc ma sat gitta cac banh xe va mat dudng:

F.

¢ = Com.g.cosa
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. Luc can ctha khéng khi:
F, = C,V?
. Luc ma xat noi:
F,=02(F, + F, +F)
Tdng luc caAn phai Kkhac
phuc:

F=F +F +F +F
F = 1,2m gcosaftga +
C,.V?

+ C, +
m.g.cosa

O téc d6 50 km/h va tga
= 0,1:

F, = 2156 N. Hinn 57

(
Coéng suidt dinh muc trén truce dong ca:
103
5 ) = 29,95 kW,

P, = F .V = 2156.(

n t

Cong suat dinh miue déng co tidu thu:

P, 29,95
P., = = —— = 35,23 kW.
’ n 0,85

b. Khi xc chgy trén duong bang: « = 0; F, = 0
= C.m.g = 220,725 N
C, V2 . = 0,56V2

max

= 0,2 (F; + F)) = 44,145 + 0,112V%
F, = F, + F, + F, = 265,45 + 0,672V?

L max

Tu quan hé P, = F .V, khi V = V___ ta cd:

max
265,45V + 0,672V3 = 29950

max

il

F
F
F

v
i

max

Hoae V3 + 395V __ = 4456845

Ve = 114,300 km/h.
c. Qudng duong xe chay duogc vdi téc dé toi da V.

. Cong suat dong co tiéu thu P = 3523 kW.
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. Thai gian xe chay:

w, 35
t =

=— = 0,993 h.
P, 3523

Quang duong xe chay dugc:

L =V .t= 113500 km.
¢’. Quing duong xe chay duge véi téc dé 80 kmjgio.

. Cong sudt can thiét trén tryc dong co:

P = F.V = [26545 + 0672 (__80’000 )] 50.000

= 13,273 kW
3600

3600
. Cong suidt dong ca tiéu thuy:
P 13,273
P. =— =———— = 15,615 kW
% 0,85
. Thoi gian xe chay:
W, 35
t = = = 2,24 h.
P, 15615
. Quang dudong xe chay duogc:
L=Vt =

80 . 2,24 = 179,3 km.
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PHAN 1V

DIEU CHINH DIEN AP
XOAY CHIEU (GRADATEUR)

BAl SO 52

Trén so do didu chinh dién dp xoay chigu mot pha, tAi R thuan trd,
hinh 58, thay vi hai tiristor ddu song song nguge, & day ngudi ta dung mét
triac.

Cho u = V2Usinwt, U = 220V, f = 50 Hz, R = 31 Q.
a. V& dudng cong bi€u dién dién dp tai u, khi géc md a = 60° dién.

b. Tim bi¢u thudc tri hiéu.dung cia dién ap tai theo géec md «, U, =
fla).

1
c. Xac dinh gdc o« khi U, = ?‘U'

d. Tim biéu thue todn hoc ctia dudng cong dién dp tai u

Bai gidi T
<

't

a. Dang dién 4p tai u, dugc vé o—
trén hinh 59.

b. Bi€u thttc tri hiéu dung cta u

BN

dién ap tai:

Theo dinh nghia vé tri hidu

dung ta cé thé viét:

1 P4 A
U, = /— J (u)%d6
21 o

Trong trudng hop dang xét ta co

Ninh S8
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.7_1'1-&( / wl!
22X

Hinh B®
1 v ' 2 7] 1 x
U, = /— [(V2Using)2.ds = U. /— (— = — . sing)|
T JT 2 4 a

21 — 2a + sin2a

Ul = U 3 (1)
2

c. Xdc dinh « khi U = U2
Th& U, = U/2 vao bi€u thic (1), qua vai phép bién ddi ta nhan duoc
quan hé sau:
2a - sin2a = 21/2, (2)
Day la mot phuong trinh sieu viet, khéng gidi bang phuong phap dai
s6 duge. Cd thé giai bang phuong phap "md midm": a = 1,987 rad = 113°84;
hoac bang phuong phap dd thi.

U
Dat — = Ur la tri tuong d6i cua dién p tai.
U

Van dung (1) lap bang s6 liéu sau day rdi vé duong cong U (@) trén
hinh 60.

x 0 n/9 n/6 2n/6 32/6 4x/6 51/6 n

U: 1 0,995 0,985 0897 0707 0442 0169 0

Nh& dudng cong U7 (a) ¢6 thé xic dinh gin ding dude géc a.

U
Khi U} =-—fJ—L = 0,5 thi « = 1,955 rad hoac 112" dién:
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0 1 1 L ‘) { i
¥ 275 37 a1 s 7

Hinh 80
d. Biéu thuc toan hoc cua dién ap tii.
Dién ap tai u, 12 mot song hinh sin gian doan, ¢ chu ky 2L = 2x.
Bifu thdc todn hoc cua né cd dang:

;Y 76 2n6 nz6
f(8) =3 + a;.cos -E + ay.cos + .. + ajcos

6 276 nnéd
b,.sinff + b,.sin + ... + b, sin

12 mét chudi Fourier; a, va b la cdc hé sé:

1 20 nré
a, =_I: J f(#).cos =R dé,n =201, 2 3.
(a3
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21

nnb
b, =-— [ f(6).sin

4 (R

4o, n = 1, 2, 3,..

Quan sat dudng cong u () ta ¢ hai nhan xét sau:

Trong mot chu ky, u(6) cung véi truc hoanh tao ra hai manh dién

tich, manh dién tich trong nia chu ky duang bing manh dién tich trong
nita chu ky 4am, do d6 a, = 0.

. f(8 + 1) = — f(#), do do khéong cd song diéu hda bic chin.

Nhing céong thdc can st dung khi xac dinh cac hé s6 Fourier
1

fsinx.cosxdx = — sin’x
. X 1
fsin“xdx =— — — .8in2x
2
1 . I3

fsinx.cosmxdx = 3 l(cosmx.cosx + msinmx.sinx)

m< —

sin(l1 — m)x sin(1 + m)x
fsinx sinmxdx = -

2(1 — m) 2(1 + m)
sina.sinf = E [cos(@ — B) — cos(a + B)]

1
cosa.cosf =—2 {cos(a — B) + cos{a + P)]

Khi n = 1, ta co:

1 ] _ 21 _ \/EU -
a =— [j v2Usinf.cosfdf + | \/2Usin6»cosﬁ.d6] = - sin‘a.

T 4 x+a n

1 2z v2u 1
b, =— .\/ZU[ f sin?9dg + J sm20d6] = [n*u +— sm2a]

Jr n oty 4 2
Khi n = 3, ta co:

»/2U 2
a, [_l' sinf.cos34.d8 + [ sinf. cos38d9]
i 7T « X +a

vau ( 1 — cos2a cosda
+
big 2 4
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vau . 7 2

by = — [ J sinf.sin3Adé + | sin6.sin36>d6]
b4 2] Nt
1

v2U i 1
= [ — — . sin2a +— sin4a]
b3 2 4

Néu diing 8 n = 3 ta ¢d thé viét:

u = a

. .coswt + a,cosdwt + bsinwt + b,sindwt.

}

BAI SO 53

Ngudi ta ding ba triac 1am bt didu chinh diéen ap xoay chidu ba pha
dé didu khién mot tai ba pha thuiin trd. Gia thiét tdng cong sudt 13 15 kW.
Cho biét tri hiéu dung cla dién dp day ciua ngudn dién xoay chidu la 415 V.
Hay xac dinh:

a. Tri hiéu dung ctia dong dién chay trong mdi triac.

b. Tri hiéu dung cta déng dién chay trong mbi tiristor néu thay méi
triac bAng mot cip tiristor ddu song song nguge.

Bai gidi

a. Tri hiéu dung cia ddng dién diay cing la tri hiéu dung cua dong dién
chay trong mdéi triac duge tinh theo céng thdc:

Téng cong suat = vV3UI

I = —15_000 = 20,87 A.
v3.415
b. Tri hiéu dung cia dong chay trong méi tiristor.

Tri hiéu dung cliia dong dién mét pha tai duge xde dinh theo dinh nghia:

1 T Vau; " U, [2n - 20 + sin2a
L, = /—— f (== . sinf)2do =—
T a R R 2

MS&i tiristor chi dAn dong trong nita chu ky nén tri hi¢u dung cua dong
dién chay trong méi tiristor dugc xdc dinh theo dinh nghia:

1T V2y , I
Ip = / — [ ( — . sin®)’df =—=
2N« R \/2

Trong truang hdp dang xét:
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BAlI SO 54

Thiét bi didu chinh dién 4p xoay chidu mot pha, hinh 61, ]Jam viéc véi
tai thuan cam.

Cho tri hiéu dyng cua dién ap ngudn U = 220 V; f = 50 Hz; L = 1
mH; « = 60, 90", 120",

a. V& cdc dudng cong bigu dién dién ap tai u, dong dién tai i, va dién
ap trén tiristor uy.

b. Tinh tri trung binh va tri hiéu duyng chia dong dién tai va cua dong
tiristor.

Bai gidi

a. Biéu thiic gidi tich cua dong dién tdi doi voi géc md a néi chung.

Khi T, md, ta cd phudng trinh vi phan:

di, - _
L—d?‘ = V2U.sinwt = v2.Using
v2.U
va nghiém la ic = —— [ sin6.dd + C
w
_ v2U
i, = - .cosf + C.
wl

Biét ring khi ¢ = « thi i, = 0. Vay hing s3 tich phan:

v2u
= .cosax
wl
va2u
i, = (cosa — cosh).
w

Va gde tit cua dong dién tai i, 1a 2 = cos(2r — «), vi khi 6 = 1 thi
cosA = cosa, i, = 0.

Cac dudng bigu dién u,, i, (duong nét lién) va ug (dudng nét dit) duoge
trinh bay trén hinh 61, dng vdi cde goc « da cho.

b. Tinh tri trung binh va tri hiéu dung clia cdc dong dién.
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Hinh 61
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cua

122

- Khi o = 60° Tri trung binh cia dong dién t4i cing 1a tri trung binh

dong tiristor
1 2@ oy
Ly ==, - (cosa — cosh).db
v2U
= [z — a)cosa + sina]
J‘I.LUL
v2.220
= ————— 2,09 . 0,5 + 0,866] = 603 A.
0,314 . 3,14
Tri hiéu dung cua dong dién tai cing la tri hiéu dung ciia dong tiristor
I LETVIU $6)12.d6
= b 7 cosa co: .
v2.220 /1 '
= V— [(F — a)(1 + 2cos?a) + 3sina.cosa) = 833 A.
me 27

- Khi « = 90°, Trudng hop nay, tri trung binh cta dong dién tai bing 0.
Tri hiéu dung cua dong tai:

8] 220
= =" 700 A
wl 0,314
Tri trung binh cita dong chay trong tiristor:
1 v21  v2.700
ITtl\ = — f \/2ISiﬂ9.d9 =—— =—— = 315 A
27 O b4 3,14
Tri hiéu dung cua dong chay trong tiristor:
I 700
v2 v2

- Khi a = 120°. Trudng hop nay, tri trung binh clia dong tai bing khong.
Tri trung binh cua dong tiristor:
1 e V2Uu
Inww ==— [ —— (cosa - cosf)db
' 2T« wlL
v2U
T aw
V2.220 ] 2

= —— [—.c08—— + sin
3,14 , 0,314 3 3

[(xr — a).cosa + sinal

] = 108 A.




Tri hiéu dung cia déng tai:

1 21 — « \/.Z_U '
I =\/— S i [(cosa — ecosH))?.d8

T « w

-

v2.U / 1
= L — [z - a)(1 + 2cosa) + 3sina.cosal
n

w
v2.220 / 1 '

= . [1,046.1,6 -~ 1,3] = 290 A.
0,314 3,14

Tri hiéu dung cia dong tiristor:
I+ = ! = 290 205 A
vz T vz '
BAI SO 55

Thiét bi diéu chinh dién 4p xoay chidu mét pha, lam viée v8i mach tai
gom dién cam L néi ti€p vdi dién tré R, xem hinh 62.

Cho tri hiéu dung cia dién dp ngudn la U = 110 V; f = 50 Hz; R =
4 Q; L = 9585 mH; «a = 90"

a. V& dudng cong biéu dién dong dién tai i, va dién ap tai u_.
b. Tinh tri hiéu dung cta dién dp tai.

c. Tinh céng sudt trén tai.

Bai gidi

a. Khi tiristor T, md, ta cd phuong trinh vi phan sau;

diC - - »
Ld— + Ri, = v2Usinwt
t

va nghiém la

v2U
i = [sin(@ — ¢) — sinla — p).e ¥ = O]
T Rt X2 ¢ ’
X wL
trong 6 6 = wt, X = ol tgp =— =—2 =0T,

do d6 ¢ = 3687 va cosp = 0,8.
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a)

Hinh 82
Gdc tat cia dong tai 12 1 dudc xic dinh bang cich thé 6 = A va dat i_
= 0. Bay gid co quan hé;
sin(l ~ p) = sin(a - p)et ~ Dy,
Quan hé nay dugc bifu dién bing toan db trinh bay trén hinh 63

270°
A cosY=0
Tos
04
240
1 RN
R ~
! 0.8 T~ \Q\\
—
210 1oy N e S \>k
| '——-“\\f\\}\\J
—=3 2
|~
1.0
180 ' & ]
a 30 50 30 120 150 180
Ninh 83
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Trong trudng hop bai todn dang xét, vdi cosp = 0,8 va géc a = 90
thi géc tat dong 1a 1 = 214°25.

Duang cong bi€u dién dong tai i, dude trinh bay trén hinh 62.

b. Tri hiéu dung cua dién ap tai:

sin24

110.V0,538 = 80,7 V

1 4 ' 1 —
U, = / L} WaUsimoras = UV il
1T a A 27
(213 — 90) 5in4269
_ 1ov —_ _ =
" 180 2 . 314

c. Tinh coéng suit.

Né&u chuyén gdc toa d6 sang O’ (cdch géc O midt gée a =% ) ta cd6:

v = Vv2Usin@@ + a) = V2U.cos§ = U _.cosd

/3

20U
o= [Sm(B + a - ) - sin(a — )»e'(f/lgya}
TR v v

1 =

1 s
— [ u.i'd6

Jg o

P =

1

1
=— [f Ajcos?6ds +
7 o

1

J A,sinB.cos8dd — [ Aze?.cosd.d6l,
(8] [A)

trong 6 U = v2U = v2.110 = 15556 V
U, 155,56
Lo “VRI + X2

¢ = a — p = 80" —
0,8; cosyp’ = 0,6

sing’ =
1
a =
tgy
A, = U I sing’
A, = U_L .cosp’

Ay = U I sing’
P

1
=—— [3296,23

4

= 31,11 A

369,87 = 53“,13

I cosp’sind +I_sing’.cosf — I siny’.e
va A =4 — «a = 21425 — 90" = 124"25 = 2,1674 rad.

-ab

+ 993,66 — 1980,4) = 735,60 W.
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BAl SO 56

Thiét bi diéu chinh dién dp xoay chidu mét pha lam viéc vaoi tai gdbm
dién cAm L néi ti€p voi suc dién dong e, xem hinh 64. Tan s6 cia e, bing
tin sé cua dién 4p ngudn xoay chidu u, va e, chim sau u mét goc 8 = 30°.
Cho U = 180 V., E, = 76 V, L = 10 mH, « = 90"

a. Vé cac dudng cong bi€u dién dong tai, i, va dién ap tai u,.

b. Tinh tri hiéu dung cta dong tai I va tri trung binh ctia dong tiristor

Bai gidi
Do thi vécto, hinh 64b, cho phép xac dinh tri hiéu dung cua dién 4ap
trén dién cAm la U va gdoc ¢ (gdc cham sau cta i_ d&i vdi v).
U, = YU2 + B2 — 2UE cosf = |
= V1902 + 762 -~ 2 . 190 . 76 . 0,866 = 129,86 V.

i ~ sinf 76 : 0,2926
siny = — sin = ————— — =0,
7T, 129,86 2

Vay y = 17" va p = 90¢ — 17" = 73"
a. Bi€u thidc giai tich cua dong tai, i

Khi T, md ta co phuong trinh vi phan sau:

di, di,. _ )
= wlL. = u_ = V2.U|sin(6 + y)
dt
hiem | j‘/Z'U‘ in@ + y).d6 + C
va nghiém la i. = = sin(@ + v).

wL

v2U,
= - cos(@ + y) + C

wlL

Biét rang, khi 6 = « thi i, = 0. Vay:

v2.U,
C = ‘cos(ax + 9).

wlL

Cuéi cung ta co:

J3U,
i, = ~ [cos(ax + y) — cos(@ + y) ], (1)

o)
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Gde tat cia dong i la 1 duge xdc dinh bing céch th€ § = 1 va cho i
= 0. Bay gio ta co quan hé sau:
cos(A + y) = cos(a + y)
hoac A+y=21—(a+y)
A =21 —a - 2y 360" — 90" — 349 = 236Y,

Tri trung binh cta dong tiristor:

]

I L/ ( ) @ + y].d6
= — T + - + .
! 2.7! i (.UL [COS @ y cos y ]
v2U, 236 — 90 A= aal3d
= : [ - 0,2923.( —— )1 — sin®’ | ]
2]1(UL 180 = | A665

= 9,3132 (-0,7444 + 1,9122) = 10,87 A.

7

N

&b
Jh
™~

a ) b)

Hinh 64

Bigu thuc (1) chi ding trong khoidng 90" < 8 < 1 = 236". Cho 6 bién
thién trong khoang 90" + 236° ta nhén duge tri s8 cua i, ghi trong bang
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dudi day:
186° 210" 234°

138° 162°
194

140°
3674 22,79

90°
4138

2127 3591

Duong cong bi€u dién i_ dugc trinh bay trén hinh 64c.

b. Tinh tri hiéu dung I, va tri trung binh I:

/1 A
I. = — [ iz .48

[
T n

nro

) v2Uu, ,
trong dd 1% ( ')2.[cos~(a +y) +cosX(f + ¥)
w
— 2cos(a + y).cos(f + y):l
v2.U 1 A 3
B o= (—-)2 — [cosz(a +y) (A9 + [ cosHB + y).d@ + ).
wl J [74 178
N
~ 2cos(a + y) f cos(6 + y)dE + y):\ ,

trong do
@ = +y = 90° + 17° = 107° = 1,8665 rad.
A =1+ 9y = 2360 + 170 = 253" = 4,4134 rad.
v2.U 1 (236 — 90) §  sin2¢’ | 44134
R o= (——= )2 [0,0855. T oA+ (— —— +
wL b4 2 4 1,R665
44134

+ 0,5347.sin9’|
(8665
1089.[0,2177 + 1,5534 — 1,118}

H

12

cC

I 26,67 A.

c

BAl SO 57

Thiét bi dieu chinh dién ap xoay chidu mdt pha lam viéc v8i ngudn dign
u = v2.220.sinwt va vdi mach tai gdom dién trd R = 2Q néi ti€p véi sdc
phan dién dong e, = v2.132 sin(wt + 30V), (cing tan s6 nhung vuot trude

u mot gdéc f = 309).
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Cho goc ma tiristor @ = 90°, xem hinh 65a.
a. V& cdc duong cong bi€u dién dién 4p tai u, va dong tai i_.
b. Tinh tri hiéu dung cta dong taj I. va tri trung binh ctia dong tiristo, L.
c. Tinh trj cuc dai ctua dién 4p nguge dat trén tiristor Ui
Bai pidi
Trude hét, ta vé dd thi vécts dién Ap ngudn u va sdc phan dién déng
xem hinh 65b
- Tri hiéu dung cia dién 4p trén dién trd tai la Ug dugc xac dinh thong
qua do thi vécto.
U, = VU2 +E2 —2UE cosB
= V2202+1322 — 2 . 220 . 132 . 0,866 =124,6 V.
- Xidc dinh goc ¢

e

o

Thong qua db thi vécto, cd thé viét cic quan hé sau:
AB = E sin8; AB = Upsinp. Vay:
sing =—Eﬂ—“—. sing = 132 . l— = 0,63,
Up 1246 2
do do : o= 32°
a. V& u_. Khi iC;tOthiuC:u; Khiic=0thiuc= e,
Théng qua hinh 65b, nhan thay:

- trong khoang O, < # < Oy T, bi khda vl dién th& catét e, 16n hon
dién thé anét u va T, chua md vi chua ¢d xung diéu khién. Do d6 i, = 0

va u. = e,
- trong khodng O, < 6 < O;: T, bi khéa ma T, chua mé nén i, = 0
va u. = e
Duong cong bi€u dién dig¢n 4p tdi u_ dugc vé bing dudng nét lign trén
hinh 65b.
Biéu thuc giai tich cua dién ap uy.
u, = Ri, = \/iUR.sin(wt - ),
trong d6 U, = 124,6 V va p = 32°.
Dong tai i, trung pha véi ug:
i = Im.sin(wt - 329 = 88sin(wt — 32Y),

C
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nhung trong ciac khoang 040, va 0,0; thii. = 0.
Dudng cong i, duge trinh bay trén hinh 65c.

e i
4
o— h w |V
K< ‘
< " A sk
v A q
g
ENA|
o)
a) o

~

e
N

.
F

Hinh 65
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b. Tinh 1, L.
Néu chuyén gée toa do song O’ cach O bing goc ¢ = 32° thi i, =
I sinwt va gic o trd thanh @” = a — ¢ = 90" ~ 32° = 58°

T ‘ . —
Béy glfj 1= /: J’ (ImSin6>2d6 = Im ‘/;_ (JT a +Sln o4
' )4

J « 2 4
/ 1 58 0,898
= 88V — (1 - ) + = 56,4 A.
2 180 12,56
1 g - Im Iy
[ 2—2— f‘ I,sin6.d6 = (cosa’ — cosn) =
T 123 2.77

88
= .—— (0,63 + 1) = 214 A
6.28

c. Tinh U

nn

Tiristor T, T, chi chiu dién ap ngugc trong cac khoang 0,0, va 0,0,
tuong ung:

u = U

m Rm

= V2.124,6.5ina’ = 149,43 V.

BAl SO 58

Cho so db diéu cinh dién dp xoay chiéu ba pha, gom ba cap tiristor d&u
song song ngude, xem hinh 66a. Tai thuan trd.

a. Vé dang dién ap tai pha a la u .

b. Xdc dinh biéu thuc cia cdng suit tai ba pha.

c. V& duang cong bidu dién céng suit tdi ba pha bién thién theo gdc
mo «, P = f(x) cho truang hop tri hiéu dung cla dién pha nguén la U =
220 VvaR = 10Q.

7, )
" N y R
T4 T
4 o———{;aﬂif.i_)*
T
Ts ,
uc A
I
Hinh B6a
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1 1 f 1 T , Xuny 6 ktnén 1 1 1 ? 1 T 1
! 2 3 4 5 5 § 1 z 3 4 5 6
5 ! 2 3 4 1 5 s 7 2 3 4% 5
(] 6,7
L2 . 12
23 Khodrg din "2 3
54 et tuirg biristor T a4
— ] .
435 45
58 5.5 55 -
L] Py
515 212 |22 2 5|55 Cac firistor 5 ‘ ! ‘ ! | 313 i 5 ‘
SE[S[s| 3P 6| déng 1hai dir dong | & | £ 1 212 P
11T e 44 [4] 4 |4
- Ylbs o 4 4 K%
a 2 2 /_/ A~
\ A7 TN
AN Y%
AY / \
=75 Ld a = 105" P N
A} 0 .
\ AN \
a \/ N “.‘
! D ER A
6 N / \'\\,){'- —/‘
NP T
Xung diéy khiéh s ; 2 3 i 5
5 6 7 2 3 4
67
Cac firisfor 2,
dénq thai ddr don 34
3,4 &/ 24 4,5 “ws
45 45 = ~
5/ 5

Hinh 88b, ¢, d, ¢
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Bai pidi

Nguyén tic vé dién ap mot pha tai, vi du vé u,.

1. Cac tiristor duge digu khién theo thd tu 1, 2, 3, 4, 5, 6, 1, ...

2. Khi cdp tin hiéu dieu khién md tiristor T, thi ddng thai cdp tin hiéu
diéu khi€n ma tiristor T, .

3. Goc md a duge tinh tit giac di€m gitta truc hoanh va dién ap pha
ngudn lién quan véi tiristor dang xét.

4. Khi ba tiristor @ ba pha ciung md cho dong dién chay qua thi dién
ap pha tai bang dién dp pba tudng Ung cba ngubn, u, = u,.

5. Khi chi co hai tiristor & hai pha md cho dong dién chiy qua thi dién

ép pha tai dang xét bang nia dién dp gita hai pha lién quan, v, = 2Yab hoac
1
Uy = §uﬂc‘
Gia thiét dién ip ngudn 3 pha d8i xing:
ua+uh+uc=0.
u, = vV2Usinwt
u, = v2Usin(wt — 27/3)
u, = V2Usin(wt - 47/3)
U, = U, - U= V6Usin(wt + 7/6)
W, = u, - ou = v6Usin(wt — 7/6).
1 1
Trude hét vé ciac dudng cong: u,, U, Y, > u,p, TUaC

a,. Xet truong hop a = 45°, xem hinh 66b
Gia thiét T, va T, dang din dong, ddng dién chay trong T, va T, la

. . = 1 1
Ity = Ig = I, = ER—’(U?' e Uc), ( )

Dong dién i, xudt hién tit khi mdi T, va ton tai, ve nguyén tic, ching
nao u,. > 0.

Nhung khi T, va T, dang dan dong, n8u ta mdi Ty, do u, > u, sé xuit
hién them do mot dong dién nita 14 i, chay tit pha b qua T, qua tai va
T, vé ngudn pha a:
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1

i3 IR (U — uy), {2)
Luc ray dong dién chay trong T, la:

. A . 1 3u,

Ipp = dpp — iy = E(ua —u, -y, + ouy) = oR (3)
Tiristor T, sé khoa lai khi i, = 0, tic la khi u, = 0.

Suy ra: T; va T, sé khoa lai khi u, = 0.

T, va T4 sé khaa lai khi u = 0

Duong cong biéu dién dién #p tai pha a la u, trong nia chu ky gom
5 doan dudc trinh bay trén hinh 66hb.

Cd ldc ba tiristor dan dong, co luc chi ¢6 hai tiristor didn dong.

Khi & = 60" thi u. chi con gom 2 doan trong nda chu ky.

b,. Biéu thiuc cia cong sudt tdi ba pha khi 0 < a < 60°
3U2
R
trong do U,,1a tri hiéu dung cua dién ap tai pha a.

P = 3I°R =

Theo dinh nghia vé tri hiév dung:

27
U2 = — [(u,)2ds
2-.71 0
Trong truting hop dang xét ta cd:
1 /3 . o +m)2 \/g 21/3 _
U2, =—[ [ (V2Usin®)2d8 + f( —— Usin6)2d0 + [ ( v2Usind)%d6 +
‘ Rid 124 T2 o +31/3
M2 +e b4 _
J( — Usin®)2d6 + f (\/2Usin6)2d6]
n/2 213+
) 3a 3
U2, = U4l - — + — .sin2a)
) 27 47
302 3 3
P = 1 - 2 + 2 sin2a), (4)
R 25T 47

a,. Xét truong hop « = 759, xem hinh 66d.
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) . . X 1
Gia thiét T, va T, dang din dong, Uy = oy, dong dién chay trong

T, va T, la:
. : . 1
Lpy & g = Mgy = ﬁ(“a - w)
Nhung khi T, va T, dang din dong, néu ta cdp xung md T, ta co:
) 1
tri2 = SR (w, = u)
1

Do do i'l‘(‘ = i']'l - i-I‘Z =2—'R (uc - Ul‘) < 0
Tiristor T, bi khda lai, ti€p theo la T, va T, ddn dong,
1

up =—— u,,.
A ac
2

Khi T, va T, dang din dong, néu méi T, ta cd:

1
iz = -Z—R(uh = uy), vy, > o,
BA. . n . - ] 3ua
dy gio i = I = Iy F .
It r2 I'31 2R

Vi lic nay u, < O nén T, bi khéa lai, T, va T, ddn dong, khéng lién
quan dén tai pha a, u, = 0.

Suy ra: Khi mdi Ty thi T, bi khda lai,
Khi moéi T, thi T, bi khoa lai,
Khi mai T, thi T bi khda lai,

Khi mdi T, thi T, bi khoa lai,
Khi mai T, thl T, bi khoa lai,
Khi mdi T, thi T, bi khoa lai.

Dudng cong bi€u dién u,, khi a = 75° trong nia chu ky gdm hai doan
lién nhau. Luc nao cing chi cd hai tiristor didn dong: T, va Tl; T] va T,
T, va T,; T, va Ts.

Khi « >90", trong n¥a chu ky, u,. gdbm hai doan khéng lién nhau.

b, Biéu thiic cong subt tdi ba pha khi 60" < a = 90°

9 )2+ 1 E
U2 =— | J (—Using)%.d8 ]
I /O+ e
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, 1 9 3v3
Ui = U —+— . sin2a + .cos2c)
2 8n 81
3U%7 1 9 ) 3v3
P=—(—+ — . sin2a + .C0S2a), (5)
R 2 8

a, . Xét truong hop o = 105", xem hinh 66d.
T, va T, dan ddng cho dén khi u, = 0.
T, va T, dan dong cho dén khi u, = 0
Dudng cong bi€u dién u, khi @ = 105", trong nita chu ky gdm hai doan
khéng lién tuc. Khi « = 150° thi u.=20
b Bie’u; thic céng sudt tdi ba pha kht 90" < ¢ < 150"
T VeU 5  3a 3V3cos2a + 3sin2a

2
Uz == 8ind)?dd = Ui(— —— +
! b4 7 )6+ 4 2

307 5 8a 3vV3.cos2a + 3sin2a
P = = - — + h (6)
R 4 2z 81
¢. Cong suat tdi ba pha, P = fla)
Trudng hop U = 220 V, R = 10 Q, cong sudt tai dugc ghi trong bang

dudi day va bifu dién trén hinh 67.

P 4w

15 3

10 -

54

g . " 1 Iy 1 i ) Lo Tt -
15 30 45 0 75 50 105 120 135 150 o®

Hinh 67
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Graduteur dIdu khién hodn todn, tdi ba phs thulln tréd

U=220VR=1Q

. rad 0 /12 | 2a/12 | 3a/12 4:71/12 S /12 €m/12 nN2 | 8x/12 | O9n/12 | 10/12
3U2 5 Jix

oo | a2 we | 300 Soosze| 7 T o
Céng | 3u 3 3sin2: | 3U% 1 gsin2« 3v3cos2«| R 4 2n
thae | — (1= + b — (— + + _

- a k) 4n R 2 8 an 30082 + 3sin2e

= +

8

P kW | 1452 | 1444 | 13,89 | 1254 | 10.26 726 426 198 | 062 | 008 0
L. A

BAI SO 59

Cho so dd diéu chinh dién ap xoay chiéu ba pha ban diéu khién, gom
ba cap tiristor — diét ddu song song ngudc. Tai thudn tré R, xem hinh 68a.

a. Vé dang dién 4p tai pha a 1 u,

b. Xac dinh bi€u thuc ciua cébng suit tii ba pha.

c. V& dudng cong bigu dién coéng sudt tai ba pha bién thién theo goc
md a, P = f{«@) cho trudng hgp tri hiéu dung cta dién dap pha nguén 14 U
= 220 Vva R = 10 Q.

Bai gidi

Cidc tiristor dugc didu khién md theo trinh tu 1, 3, 5, 1, 3, 5,...

Dé ve dien ap mot pha tai, tham khao nguyén tac, 3, 4, 5 di néu trong
bai tap s6 58.

a,. Xét truong hgp a = 45, xem hinh 68b.

Gia thist T, va D, dang din dong:

15, "SR (u, - up)

Khi mdi T: T,, Ts, D, ddn dong: u, = u

a

s “ 3R (u; ~ uo)
Dong dién chay trong T 1a :

- . - SUC

Ips = 156 = I3 Za
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56,9 | !
5,12
1,2 1.2
—_—
7,2,3
—
2,3.4
346
3,8.5
4.5,5
-
Hinh 88
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Vay khi u, = 0 thi iy = 0, T bi khda lai va D, bat dau dan déng, ta
¢3 t6 hap T,, D,, D, dan dong: U, = u,.

1, 2—; (v, — Up,
. 1
L2 “OR (w, — u)
1
is, ﬁ (u, — uy)
. . . 3uy,
Ine = g + 1y = — R
Vay khi u, = 0 thi i, = 0, T, bi khda lai, chi con T, va D, dan dong:
1
up = S,
Khi T, va D, dang dan dong:
) 1
i :-Z—R (u, — ug)
Néu méi Ty Ty, D, vd T, dan dong: u, = u,.
] 1
1y :ﬁ (v, — v,
Dong dién chay trong T, la:
. . ) 3u,
Ly = Iz Ty :—23

Vay khi u, = O thi i, = 0, T, bi khoa lai va D, bat dau dan dong, ta
ed td hop D,, T,, D, dan dong: u,. = u,
1

i,xz ﬁ (ul\ - uc)
by ToR (uy, — )
1
i4.‘_ E (Ll - UC)
. . > 3uC
in = i3y + 14 = — SR
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Vay khi u. > 0 thi iy, = 0, D, bi khda lai, chi con T, va D, dén dong:
1
u,. = _ul

a 2

Cd th€ rut ra quy luat sau:

iy

Khi mét tiristor va mo6t diét & hai pha khdc nhau dang din déng, néu
mai tiristor 6 pha thd ba thi dién ap pha tdi bing dién 4p pha ngudn cho
dén khi diot bji phan cuc nguge.

Dudng cong bi€u dién u, gom 5 doan lién nhau trong mot chu ky. Khi
a >90", duong cong u.. khéng con la dudng cong lién tuc nita.

b,. Biéu thuc ciia céng sudt tdi ba pha khi 0 <= a < 90"

271/3 _ 724 \/g /3
U2, =— [ { (V2U.sin6)2d8 + J( — .Using)2dé + [(V2U.sing)2do +
: 27 L o 2 2 2t/3+ e
)2+ 02 \/_6- 2n _
+ | ( — U.sin#)2d® + j(\/2U.sin6)2.d6]
3/2 2 A3+
3 3sin2a
UZ = U1 - +——)
’ 4n 8n
Cong suat tai ba pha:
3U2  3U° 3a 3sin2a
= —"=—=0-— +——),
R R 4n Rn

a,. Xét truong hop a = 105°, xem hinh 68c.
Khi méi T: T, D, D, d&n dong: u,- = u,
1

i, =—— (u, — uy)
he IR 4 b

1
ilz =E‘R"‘ (uﬂ - uC)
i:(‘ =E (U(. - uh)
Dong dién chay trong D, la:
2uy,
i =i, + iy, = — —
1 1GS 26 2R

Vay khi u, = O thi i, = 0, D, bi khoa laj, chi con T, va D, dan dong
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1
va u,. = Eu‘“‘ cho dén khi u,. =0

Khi moi Ty: Ty, Dy, D, dén dong: u, = u

a

ia; =2—; (u, = u,)

] 1

i14 :ﬁ (u, — u,)

] 1

lay =50 Uy = ud

Dong dién chay trong D, la:

. _ - . 3“C
Iny = I3y + 1 = - R

Vay khi u, > 0 thi i, = 0 va D, bi khda lai, chi cdn T, va D, din dong
va u, = §unl\
. Khi méi Tg: T, D, D, dan dong: w. = u

cho dén khi u, =0

!

o =g M T W

. 1

sq =g (e —

i i ( )

iy === {u, - u,

04 2R h a
Dong dién chay trong D, la:

. . ‘ 3uﬂ

1 =1 + 1 = -

4 54 64 IR

Khi u, = 0 thi iy, = 0, D, bj khoa lai, chi con T, va D, dan dong,
khong lién quan dén tidi pha a, u,. = 0.

Duong cong biéu dién u . gom 5 doan khéng lién tuc trong mét chu ky.

Khi & = 120" thi u,. chi con lai 2 doan trong mét chu ky.

b, Biéu thiic cia cong suét tii ba pha khi 90" < a < 120°

27/3 _ n \/6 4n/3 _
U2, = - [ J (V2Using)2d6 + [{ — Usind)2d9 + f (V2Using)2do +
¢ 2 " /2 2 2:/3+ 11
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21 a 21

21 V6 _
+ Jt - Using)2d6 + [ (V2UsinA)2de
; ;

72 Z 47/ 3+
N , 11 3a
U = Us — - : )
8 2n
Cong sudt tai ba pha:
RUS 302 11 3a
P = -l = —— (. _
R R 8 2n
a,. Xet trieong hop « = 135", xem hinh 68d.
P T kW
51

10

-

1‘
54
' AN
i \
| ™~
0 | L s ' 1 1 L s L 1 \ .\
35 30 45 60 7S 30 sa5 r20 135 150 165 180 o(°
Hinh a8
- ta ~ rd N 1 a :
Khi mai T,: T, va D, dan dong, v, =— u,. cho dén khi u, = 0
: 5 :
1

Khi mdi Ty T, va D, dan dong, u, =3 u,, cho dén khi uv,, = 0

b, Bicu thuc clia céng sudt tii ba pha khi 120 = « < 180"

R 1 7 Vb o
Us =— J ( —Usinf)-.d6
D QYR 1N
. L7 3 3sin2a 3vV3cos2a
U = UN— — 4 -
) 8 4n 16x7 16

Cong suat tai 3 pha
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302 38U 7 3« 8sin2« 3vV3cos2a
+

R R 8 4n 161 167
Khi @ = 180" khéng thé md dude cdc tiristor, u,. = 0, P = 0.

c. Cong sudt tdi ba pha, P = fla)

Trusng hop U = 220 V, R = 10 Q, cong suat tai duge ghi trong bang
dudi day va bigu dién trén hinh 69,

Gradrateur bén di3u khidn, tdi ba pha thuiin tré
U=220VR =10Q
— - — T
«. rad ) A2 29/12 37/12 | 412 1 sv/2 | 6xM2 | vanz | 8a/12
Cong ay? 3 Asin2ec au? 1 3t
thuc P-= — 0 - + ) I
R 41 81 R 8 27
T
P kW 14.52 14.48 4.2 1353 1238 1085 { 907 7.26 544
| SE— 1
v rad 9.2 12 1012 | a2 p
au? 7 3« 3sin2¢ - 3V3cos2i
Caéng thuc | —— — — _—— 4 )
P = R 8 4 16
Pkw | 367 213 0.98 o ,

BAl SO 60

Cho so do6 thiét bj diéu chinh dién dp xoay chiéu (gradateur), ba pha,
hinh 70. TAi ba pha dai xung, thuan cdm, ddu theo ki€u Y. Dién dp pha U
=220V, f = H0 Hz, L. = 5 mH, « = 120"

a. Vé dudgng cong bi€u dién dong dién pha A, i,.

b. Tinh tri trung binh cta dong dién chay trong tiristor T, ...

Bai giai

1

- Goe « = 3 tinh ti giao diém cta dién ap pha dang xét va truc
hoanh.

. Trinh tu ¢Ap xung di¢u khién: 1, 2, 3, 4, 5, 6, xung no cach xung kia
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w
(V|

Minh 70

mot gdc bang a/3.

. Trong khoang O|, O,: T, va T,, dat dudi dién ap u,,, din dong.

. Trong khoang O,04: T, va T,, dat dudi dién ap u,., ddn dong.

. Trong khoang 0,04: T, va T,, dat dugi dién ap uy,, dan dong.

Trong khoang OO: T; va T,, dat dudi dién 4p u.,, din dong.
. Méi tiristor dAn dong trong 2x/3.
a. Biéu thite cua i,.
Iy =iy — iy

. Xac dinh 1.

Trong khoang a@ < A =< x, cac tiristor T, va T, dat dudi dién dp u,,
ma cho dong chay qua, ta c¢é phuong trinh sau:

di- ~
oxX 2 VB Usin(@ + 7/6)
de
_ v3 1
= v6.U( — .sinf +— cosb)
2 2
vV6.U v3 1
ipy = — (/] — .sinf.df + [ —.cos6.df) + C
2X 2 2
v6.U 7

i'I'l = ACOS(H +—é_ ) + C.
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Khi 6 = « = 2xa/3 thi iy = 0, do dé:

V6U -V6U V3
= cosHr/6 = —_—
2X 2
V6U V3 T
(1a)

i, =——
Il 9%
Trong khoing = = 8 =<
md cho dong chdy qua, ta c¢é phuang trinh sau:

[~ %~ eosto +2) ].
2 6
4n/3, cac tiristor T, va T,, dat dudi dién ap
u, .
dip - T
2X—— = Vv6Usin(@ —— )
de 6
nghiém cdta nd la:

V6U v3
i, = [-———-—cos(n‘)——f—-)] (1b)
2% 2 6

Xac dinh i,
Trong khodang 57/3 = # = 2x, cac tiristor T, va T, dat dudi dién ap

md cho dong chay qua, ta eo phuong trinh:

U = “Haw
di,, .
2X— " = — V6Usin(® + %)
dr )
veU V3 b
(2a)

by = —— [ —— + cos(6 +-—) ]
2X 2 6
Trong khoang 0 < # < 7/3, cac tiristor T va T, dat dudi dién 4p u.,

md cho dong chdy gqua, ta cé phueng trinh:

= TUac
dijy T %
X -2 = - Vv6Usin(@ -— — )
d 6
v6U V3 7
iy, =—— [~ — + cos(f +—- )] (2b)
2X 2 6
Trong cac hiéu thuc trén:
v6U v6.220
= 171,62 A

2X 2 .3l4.5107
Dong dién pha A, i, = iy — ipy duge mo ta bAng cac bigu thuc (1a),
(1b), (2a), (2b). Duéng cong bi€u dién i, duge trinh bay trén hinh 71. Két

qua tinh toan ghi trong bang sau.
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. v3 . v3
—iry = - MB2 — —= + cos{p — 30°)] ipy = 17182 [~ —~ — cos(f + 30))
T
o 0 15 30 45 60 120 135 150 165 180
Ia 0 1714 | -23 | -17.14 0 0 7.4 23 714 0
, v3
iy = 7162 = —~ - cos(é — 30°) —ip, = — 7182 {- g + cos(f + 30)]
o 80 | 15 210 225 240 300 | 315 330 345 360
‘a 0 1714 23 7714 0 0 |- y744| —23 |~ 174 O

b. Tinh tri trung binh lp,

iy = 1’71,62[ - % — cos(f + 30)], a <6 =<=x

1 7 1 a A n
Iy =— § ipd6 =— [ — { Ad8 — § Acosidd+ f B.sinBdf i\,
¢ It

b/ 23 27/} 2n/3
trong do: A = 148,6272 B = 85,81
I.].I = (—49,5424 + 40,992 + 13,664) = 51 A
BAl SO 61

Cho so d6 thiét bi didu chinh dién ap xoay chigu (gradateur) ba pha.
TAi trd cam, ddu theo kifu "A", xem hinh 72.

Dién ap pha U = 240 V, f = 50 Hz, R = 27 Q, L = 0,09 H, « = 90°

Hay vé dugng cong bi€u dién dong dién pha a, i, trong nda chu ky dau
cua no.

Bai pidi

. Gde digu khién a duge tinh ti giao di€ém cua dién 4p pha dang xét
vdai truc hoanh.

. Cac tiristor duge digu khi€n mé theo trinh tu 1, 2, 3, 4, 5, 6.

. Dién ap pha va dién 4p day cia ngudn dién xoay chigu duge vé trén
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hinh 73.

Trong khoang
0,0, cac tiristor
T, va T, dat duai
dien 4ap u,, dan
dong.

Trong khoang

o

0,0, cac tiristor
T, va T,, dat duéi
dién ap u, dan
dong.

Trong khoang

0,0, cac tiristor
T, va T,, dat dudi
dién Ap u,,, dan
dong.

. Trong khoang
0,0, T, va T,
md cho ddng chay

Hinh 72
qua, ta co phuong
trinh:
di,, ; R
L — + Riy, = V6.Usin(d + x/6)
dt ‘
Né&u chuy&n géc toa do sang O, (cach O mét gdc ding bing a = 7/2),
ta co:
di. R v6U
oy 2= 2 sin@ + 22/3), M

@ L 'L
Van dung cac quan hé ham anh — ham géc sau:
1
p+ b

p.siny + wcosy sin(wt + )

h h
p° + w*
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1 1

b
(e +— sinwt — coswt)

(p + b)p: + wd b? + w? w

p 1

5 3 = (—be+beoswt — wsinwt)
(p + b)y(p© + w?) b* + w*

Viét (1) dudi dang toan ti Laplace:

V6.U psiny + wcosy
plpy — i,,(0) + bl(p) = .

P> + wl
v6U psiny + w.cosy i,,(0)
Itp) = . +—
L (p + b)p? + w?) p+b

R
trong dd: b =1 X = wlL = 314 . 0,09 = 28,26 @

X
Z = VR? + X? = 39,08 Q; tgp =5 = 1,046

2
¢ = 46"33 = 0,808 rad; y =——

3
R X . R
— = cosy, 7 = sing, = = a = 0,955
Qua it phép bién ddi nhan duoc:
) Ve U _ o _ »
i, = — [sin(6 + y —¥) + sin{e — ypre™} + i ,(0}.e™

¥

Trong giai doan dau nay i ,(0) = 0, ta ca:

i, = 15sin(@ + 1,285) — 14,4.670-9559 3)
i,
ihg» = ic“ = = —erl = — 7,5sin(®@ + 1,285) + 7,2.6_0'9550, (4)
i:l = i:|l\ - ic:l
i, = 225sin(® + 1,285) — 21,65, )
i, = i, = i, = -22,5sin(0 + 1,285) + 21,6.e09%%¢,
J

Khi # = 3 cho xung md T, Bay gia:

i.(2/3) = 556 A
i U3 = —2,78 A
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khi

Hai s6 liéu nay sé la sog kién cho giai doan tiép sau do.
Giai doan 0,0, (xem hinh 73):

n

Khi 8 = 3 cho xung md T,. Lie nay T, T, T, déu ma (T, chi khda lai

i, = 0). Ldy O, lam g6c toa d9, ta cd:
u,, = v6U.sin(@ + 1x)

— J
u,. = V6U.sin{p +— )
3

— bis — Y/
u,, = v6U.sin(b 3 ) = V6U.sin(® +—3 ).

Trong giai doan nay, bi€u thdc chung cta cac dong dién pha cd dang

nhu (2), chi khac nhau 8 so kién va gdc y (gdc pha trong cdc bi€u thidc

cua

150

dién ap):
i, = 15[5in(9 + 1 — ¢ + sinlp — m.e®| + 556
= 15sin(A + 2,332) — 5,30.95% N
57 5
i, = 15[sin(0 ) sinfp ———- ). e ]— 2,78e ™.
= 15sin(® + 4,428) + 11,6605 (8)
JT JU
iy = 15[sin(0 +— =)+ osinlp —— ).e? ]— 2,78

— 15sin(f + 0.238) — 6,326e0:955¢ (9)

.
= 15.52;(9 + 0,238) — 15sin(6 + 2,332) - 1,026.e 09559
— 225sin(6 + 0,238) — 13.cos(® + 0,238) — 1,026.e¥9°5,
Pat 22,5 = A = VAZ + BZcosfs
13 = B = VA? + BZsing
tef = 0,577, § = 0,524 rad; VAZ + B? = 26.
i, = 26 [cosﬁ.sin(() + 0,238) — sinf.cos(® + 0,238)] — 1,026.e095%
i = 26sin(d — 0,286) — 1,026.6095%9, (10)
i, = 0 khi 6 = 0,3152 rad, hoac 187068 = 18°
i, = iy~ e

_ 15sin(6 + 2,332) — 15sin(d + 4,428) — 16,9.e™.
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Thue hién phép bign ddi nhu da lam d€ cd bidu thde (10), s& nhan
duoc:

i, = 26sin(0 + 1,8) — 16,9.6095%¢, (11)
Khi # = 18" hoac 0,314 rad, (ki hiéu bing gdc y), ta cd:
i) = 32 A i () = —6,4 A; i, (y) = 3,2 A

Ba s6 ligu nay sé la so kién cua giai doan tiép sau dgd.

. Giai doan 0’,04 (chi con T,. T, md cho dong chay qua). Ly O’, lam
géc toa do, ta cd:

78°

30 50 S50 120 150 180° /g

Hinh 73
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u, = V6Usin(6 + 7 + y)

ah

— i
u),. = V6Usin(g +——3— + ¥

S

_ S
u. = v6Usin(® +——’§-— + y)

i S
i =15%in(8 +? +y -

abh = lhc

oo
+ Sin('{’ "‘3—

15.sin(A + 4,74) + 8,6.e19556

lCh

2

I

- y)eﬂ"] - 64.e™

(12)

= — 7,5sin@ + 4,74) — 4,3.690955%  (13)

- 225sin(d + 4,74) — 12,9.eV955

(14)

Két qua tinh todan dugc ghi trong bang dudi day. Duong cong biéu dién
i, trong nda chu ky dau (cho dén khi md T,) duge vé trén hinh 73.

in Bigu thdc (5) Biéu thde (11 Bidu thdc (14)
# rad] O |0261 |0.5233| 0785 | 1046 | 0104 | 0.209 | 0,314 | 0,2616 |0,5233] 0,785 | 1046
o A 0 567 | 876 | 955 | 835 | 827 | 97 | 974 | n51 | 134 | 937 | 597
-—
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PHAN V

BIEN TAN (ONDULEUR)

BAlI SO 62

Cho sg dd hién tan (onduleur) mot pha, lam viéc vai tai thuian cam. So
dé chi gém hai tiristor va hai diot ddu song song nguge véi tiristor, nhung
nguén dién mot chiéu co diém giita, xem hinh 74.

E = 100 V; L = 50 mH; f = 50 Hz.

a. Vi€t bifu thie gidi tich cta dong tai i, bist rang:

- khit = Othii= -1,
T

~ khi b= —thii=+ I,

b. Vé cac dudng bi€u by —= N
dién cdc dong dién: i, +] . 5
i e By va dong i, £ T . [ M' '

c. Tinh trj trung binh  0¢——TFEN——=
cua dong dién tiristor, I, + U

A D,

va cia dong dién digt 1, £ .I.
Bai vidi
ai gidi N

~
a. Biéu thic cua i Hinh 74

Khi cho xung md T, ta co phuong trinh:

di
L—-:E
at

v nghiém la i :—Et + C
Van dung so kién dau, xdc dinh dugec hang sé tich phan:
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. E
C=-—Im I=*i.t—1m
Van dung so kién thd hai, xde dinh dwge tri s8 cia I :
E.T 100 LOA
™ T 4L 200 . 50.103
Biéu thiuc cua dong tai i
E T
i =— - (t — — ) = 2000t — 10
L 4

b. Cac duong bi€u dién cac dong dién duge trinh bay trén hinh 75.

u +E

/2 7 t

k

:

AN

1
i
0
f | t
L ' I
T2 : I/l
h ! -
. | |
o : ;
0 P
| | J t
. | I
‘02 t ] |
! )
0 ; ’\ 1
| 1 !
| i
' 1

~.
Y
i
~.
<
|
o~
o
<
~

Hinh 75
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c. Tinh L, Iy

1 T/2 1 T/2 T
Ip = Ly, =— J idt =— — (t — — )dt
T r T T/4 T T/f4 L 4

E 100 1,25 A
C32fL. 32 .50 . 501020
1 T4 g T

Iy = Iy, = — — t — —)dt = 1,25 A,
D Dl T f BRI

BAI SO 63
Cho so d6 bi&n tAn mdt pha lam viée véi tdi thuan cAm, xem hinh 76a,
4 day khéng vé cdc phan ti chuyén mach, bdo dam: khi mé T, thi T, bj
khoa lai va ngude lai; cing nhu khi mé T, thi T, bi khda lai va ngugc lai.
E=10V;L =1mH; f = 100 Hz.
a. Viét bi€u thdc giai tich cia dong dién tai i bi&t ring:
- khit = 0thii= T
- khit =T/2thii= 1,
b. V& cac dudng cong bi€u dién ciac dong dién:
Loippp Ippa e ip2s V2 g
c. Tinh tri trung binh clia dbng tiristor, Iy, va cia dong diét 1.
Bai pidi
a. Biéu thuc cua i

Khi T, va T, md cho dong chady qua, ta ¢6 phuong trinh:

di
L— = E,
dt
E E
va nghidm la i=det+C=~L—t+C

Van dung sg kién dau, xdac dinh duge hang s6 tich phan C =-1_, vay:

[

Van dung so kién thd hai, xac dinh duge tri s6 cha I :

E T 10
Iy =— . — = —5——— = 25 A
L 4 103.4 . 100
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Cudi ciung, bi€u thdc cua dong dién tai cd dang:
E

A
i L( 4)

b. Dong tdi 1 ¢6 dang tuyén tinh, xem hinh 76b, la dong dién cia mach
tai mang tinh cam khdng nén ta khong dude phép cat dot ngot. Cau diot
ddu song song nguge, I} + D, lam nhiém vu nay.

Khi t = 0, tuy cho xung mé& T, va T, nhung khong cd hiéu qua vi i <
O, D, va D, din dong, 1am ngan mach T, va T,

Phai chg dén khiij, ;=0 tdclat = 2 ma néu van con xung diéu khién

tic dong vao T, va T, thi haj tiristor nay méi bat dau dan dong.
¢ Tinh L. I,

I ' -;».,:zndt 1 J.'I'/,’. E ( T .
po=— Jidt =—f — . (t = — ).dt
' T (4 T 794 L 4
tl 17200 1 1 1
:10“[——| -—(—-—-—)]=3,125A
2 17400 400 200 400
1 MR T
Iy =- — J— (@t - —)dt = 3,125 A
(BY L 4

M6i diot va méi tiristor chi cho dong chay qua trong thoi gian T/4. Dong
dién nguon, i = i + i, — I}y — i, c0 dang rang cua.

Cic duang cong bigu dién cdc dong dién dugc trinh bay trén hinh 76b
+ 76g.

BAI SO 64

Cho so dbd bién tan mot pha, Mach tai géom dién cAm L noi ti€p vai
dién trd R, xem hinh 77a, 0 day khong vé cac phan t chuyén mach, bao
dam: khi md T thi T, bi khoa lai va ngudc lai; cing nhu khi md T, thi
T, bi khoa lai va ngugc lai.

E=10V,L=1mH R=04Q; {f= 100 Hz
a. Viét bidu thuc giai tich cua dong dién tai i, biét rang:
khit = 0 thii = -1

m
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. T Y -
- khit =—— thti =+ I,
2
b. Vé cac dudng cong bi€u dién cdc dong dién i, iy, i,
c. Tinh tri trung binh cia dong tiristor, L. va cia dong diét I,
Bai gidi
a. Bieu thite cua i
Khi cho xung md T, va T, ta cd phuang trinh vi phan:
di
L-~- + Ri = E, (1)
dt
Vidt (1) dudi dang toan tit Laplace:

E
plipy — i(0) + al{p) =—— ,
Lp

m

R
trong do a =T = 400; i(0) = - 1

E I
Lip + a)p p*t a

m

va nghiém cuaa (1) la:

H E Al I ~l (2)
1=-v}~{—ll-—e ) — I,.e™.
Van dung so kién thyd hai, xdc dinh duge:
E 1 - eRI72L 1 — o2
m =R Ty eRmm T® T a TPA
Vay i = 26(1 — ™) — 1ge = 25 — 447, (3)

b. Vé cdac duong cong bidu dién cdc dong dién.
D& fam dude viéc nay ta phai bist thoi gian dan dong cua diét. Disét D,
dAn dong tu khi t = O dén khit = t.
Khi t = t. iy, = 0. Vay ta cc:
0 = 25 — 44700
- 400t, = In(0,5682)

t, = 1.4 ms.
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Dong dién i cd dang ham mi. Cdc dudng cong bidu dién cdc dong dién
duge trinh bay trén binh 77b, ¢, d.

+ o
E
~ O
[
o ! -
/f/ N \/ t
|
b) ;
[, !
|
ﬂ ! /
0 f
) 7/2 | t
|
o
ipy :
|
T\
Is] |
¢ d) r
Hinh 77
c. Tinh I, Ty,
1 T/2 T/2 'T/2
It =— [ idt = 100(25 [ dt — 44 [ e™0dy)

! gy y

Y

T
25007 = t) + 11(e2 — 0% = 42 A

1 t
Iy = — T fidt = — 2500t ~ 11e¥% + 11 = 121 A

(8]
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BAI SO 65
Cho so dd bién tAn m¢t pha. Mach tai gom dién cAm L d4u song song
vai dién trd R. xem hinh 78, trén hinh khong vé cidec phAn ti chuy&n mach.
E =10V, L =1wmH, f= 100 Hz. Cho bié&t:
- Khit = 0, i = -1

[.m

— Khi t = o= Iy

l\;‘..q

a. Viét bieu thuc cha i

b. V& cic duong biéu dién i, i_ trong mot chu ky va tinh tri trung binh
cia dong dist [}, cia dong tiristor, I cho hai truong hop: R = 1 Q va R
= 0,4 Q.

Bai gidi
. a. Dién Ap dat trén mach tai la u, ¢d dang "hinh sin chit nhat", vai
bién dé + E, xem hinh 79a.

Khi T, va T, md cho dong chay qua, ta cd cac phuong trinh sau:

) ®
ol —‘ﬁ‘
' _ g
dt
E
Do do: i ==t + C
L
Van dung so kién thd nhat, xac dinh dudc hang s6 tich phan:
G = - II m
Van dung sd kién thd hai, xdc dinh duge tri s6 cua I} -
E.T
]lm = oL - Il.m
K 10
I, = = 5 = 25 A
4f L 4 . 100.10
Biéu thuc giai tich cua iy :
E
i =— t = L, =10t - 25 (1)

»]
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b Truong hgp R = 1 Q.
Khi T,, T, dan dong, ta ca:
=14 + i,

E E
= t = II m t—/ = 104'1 - 15, (2)
L ’ R

. Khi T,. T, dan dong:
) X T
= =6 +ip) = — 10% — —2-) + i5

Duong bi€u dién i duge trinh bay trén hinh 79b.

Trong mét chu ky, khi i ¢ cung ddu véi u thi ngudn dién moét chiéu
cung cap dién nang cho tdi, dong dién chdy qua cac tiristor, i, > 0; con khi
chang ngude ddu nhau thl mach tai trd nang luong dién vé cho ngubdn, dong
dién chay qua cde diot i, < 0.

Buang bidu dién i, duge trinh bay trén hinh 79c.

Thai gian din dong cia D, va D, trong mét chu ky la ¢,

Thay t = t, va cho i = 0, (biéu thic (2)):

15

=—— = 1,5 ms.
10*

)
Thai gian din dong cia T| va T, trong mot chu ky la t:
T -3
t) =5 ty, = (6 = 1,510 = 3,5 ms.
Tri trung binh cta dong dist:

I D 1 tf
I, =—— [ (10%t — 15)dt =-— ({104 — - 1.5ty ] = 1,125A,
T T 2

Tri trung binh ctia dong tiristor

I : muo4 15)d : 10* ( L t2) 15t
1 .f[) T [ 2 4 " I]

1 5
= 100t o 1,125.10% —-525.107%) = 6,125 A,
- Truong hop R = 0,4 Q.

Khi T, va T, dan dong, ta cd:
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K G l
i = — .t - I].M + — jg
L R o8 7 7; )
= 10% — 25 + 25 = 10%. iq R
. . = , ;e
Khi T, va T, dan dong, ta : b ; L
co: b
i = —10%t — T/2) u
_ T. D,
Cdc dugng bidu dién i, i, % L g 08
duge trinh bay trén hinh 794, 4.
ty = 0 vt = T/2 Hinh 78
Vay I, = 0 va:
1 2 T2
I =— f 10%.dt = 10° — = 12,5 A.
T o 8
v 4
E
P 7/2 T
oy
a) |
L ﬂ 0 ‘T/z .
f, ——tr=7/2 H\ t
[}
0 are :
. 57 t d)
/!‘_ t —'1 ) ™~
{
b) ™~
s !
/I / o T -
0 _ /2
I/ t )
3
Hinh 79
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BAI SO 66
So d4d bién tan (onduleur) moét pha cho trén hinh 80a.
E=10V, L =1mH {f =100 Hz.
T, + T, co thé la nhitng thiét bi bam dién ap hoac tiristor GTO (Gate

Turn Off). D€ cd thé digu chinh dugc dién Ap trén tai 12 u, ngudi ta thuc
hién luat phat cac xung md, khoa tiristor trinh bay trén hinh 80b.

a. Hay vé dudng cong bidu dién dién ap tai, dong dién tai i, dong dién
trong cac tiristor, cac diat, dong dién nguon i

b. Tinh tri trung binh ciia dong dién trong cac tiristor va cac diot.

s
4+ 06—
E
5,
D3
SR o T
7; ’ 7; T2 / 74 T’ 7 7_;
Xurng mo '” A/s ”7[ 37/2 ”27[
0 T, 7, A A &
Xung khod T 1 ? 1
b)
Hinh BO.
Bai gidi

a. Mach tai mang tinh cAm khang nén dong tai i khong thé dao chiéu
mot cach dot ngot duge.
Trudc khi phat xung md T, T,, dong dién tai chay theo mach:
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B-A-D -E-D;,-B

Dién dp trén tai la u = +E,

Khi & = 0 cho xung md T|, T, Hai tiristor nay dang bi I¥|, D; lam
ngan mach, chung & trang thai chd. Chi khi i = 0 va néu vin cbn xung
digu khi€n thi T|, T, md cho ddng chdy qua theo chidu t¥ A dén B. Bdy
gity dién Ap trén tai cling van la:

u = +E.
- Khi # = % cho xung khda T, dong dién tai chiy theo mach
A-B-D,-T - A
Dién ap trén tai 1A u = 0
Khi 6 = 5. Cho xung khda T, va méd T,, T, dong dién tai chay theo
mach:
A-B-D,-E-D, - A

Dién dp trén tdiu = - E

Khi i > 0 thi T, T, bi D,, D, lam ngan mach, khi i = 0 thi T,, T,
mdi md cho dong chdy qua theo chigtu B - A - T, - E - T, - Bvau
= - E

. Khi # = 37/2 cho xung khda T,, dong dién tai chay qua T, va D,,
dién ap trén tai u = 0.

. Khi # = 21 cho xung khoa T, vA md T,, T, dong dién tai chdy theo
mach:

B-A-D -E-D;-B
sg d6 trd lai trang thdi 1am viée ban dau.

Dién 4Ap trén tai c6 dang trén hinh 8la.

Dong dién tai duge xde dinh theo bi€u thdc:

Lo
dt

Trong nia chu ky duong ctia dién ap tai ta co:

di E

= x E
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u |

T4 T/2 3T/ 7
b4 &
7 x/2 /4
a)
I -
\ J—Ilﬂ ﬂ
’ / -Im an
p)
i, ——— __‘
_Tr 17’ ‘ // lr4 ! s
Zr‘ .
27
0
c)
i
2 .
, _ e ]
17'3 A [ri Sl | 5
’ 27
N
d)
[D’
‘o, : TN
LD/ { lDZ \\ | e
A r —n
T | 2x
e)
{py A [D’
ip, -
. < iy ,
2 ! \\\‘ ‘
0 A p
f)

3} A /I ¢
’ / V 2x >
q)

Hinh 81
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E.T 10
8L  8.1072.100
Dong dién tai c¢d dang trinh bay trén hinh 109b.

Do d6 I, = = 125 A.

Dong dién ngudn i; = iy + iy, — iy, — ip, ¢ dang trinh bay trén hinh
8lg

Dong dién trong cac tiristor va diét trinh bay trén hinh 8lc, d, e, f.

b. Tri trung binh cia cdc dong dién:

1 T | T/2

Iy = Ipy = LIiyy = Iy =—| [ — t — T)dt + [ L dt
T I'4 D2 D3 =7 [ %/g I m 'r{4 m ]
10.000 T T T T
= 00[ t2| -12,5(——_)+12,5_}
TR 4 8 4
= 3,906 A
1 T/R
Ty = Lyq = Ly, = Ipyy = — — ¢t - 1)dt =
(2 1 DI D4 T “f ( L m
10.000 T T
—100.[—.( — ) - 12,5,—] = 0,781 A.
8 8

Khi u va i nguge ddu nhau thi dong tai chay qua hai diot. Khi u va i
cung ddu nhau thi dong tai chay qua hai tiristor. Khi u = 0 thi dong tai
chiay qua moét tiristor va mét diot.

BAI SO 67

Cho s0 db bién tin mét pha, lam viéc khong tai, hinh 82, L = 1 mH,
C =1 uF, £ = 100 Hz. Hiay vé dudng cong bi€u dién dién dp u va dong
dién i.

Bai gidi

Khi cho xung diéu khién mé T, va T,, ta cd phuong trinh:

di

2L— + u = E, (1)
dt
dZ
hoac 2+ wlu = Eo?, (2)
dt-
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du 5 1
ad '~ "  2LC
Vi&t (2) dudi dang todn ti Laplace:

trong do: i=2C

. Ewi
pU(p) — pu(0) — u(0) + w2 Ulp) =—r
p
u(0) 1a gid tri dién 4p trén tu dién khi t = 0 (khi T|, T, md cho dong
chay qua).

L
+ o ——a
£
7 Jzir;
T,
|
11
17
A A
L
— o—— Ty ——a
Ninh B2

Ky higéu u(0) = U, so kién dién ap nay ngugc chieu véi u.
Do dé Up) = B . U,
o do = , ————— = ——
g pp? + wd) T+ wd)

Vin dyung quan hé gita ham anh, ham gdc:

P
-5 cosw,t
}:)2 + wg
s 1 osw,,t
—_— — cosw,,
p(p° + )
Nhan duoe
utt) = E - (U, + E)cosw t, (3)
du u, + E
ity = C — = —%—— sinwt, (4)
dt 2Lw

[A)
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Tan s6 phat xung diéu khién la f = 100 Hz, chu ky 1a T = 0,01 s.
Tan s6 riéng cta mach dién la f:

w, 1 1000

f = = —
2n 27V2LC 2 . 3,14V0,002

(9]

1
Chu ky la T, =— = 0,00028 s.

(8}

Vi £, > f nén mach dién dao dong ngat quang.

L

6F
i
2E
u i
;
0 # # #
f
{
-8F
Hinh B2

Gia thiét khi bit dau chu ky didu khién tht nhat, khi cho xung mé T,
va T,, U, = 0. Ta cd cac phuong trinh:

u = E(1 — cosw,t)

sinw,t.

2Lw,,
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Tn
Khi t =—

2
u=7= = 2E; i = 0.

x|

n

T T
Bay gid hai tiristor T|, T4 tu khda lai va do > < 0 nén chua co

T
xung dén mo T,, T, bé bién tan nging 1am viéc, chy dén khit = X
diéu khién mad T,, T4, mdi ti€p tuc lam viée nhung véi so kién U, = 2E. Sau
mdi chu ky, U, lai tang lén va do dd i tang lén, cho dén khi ph4a hong thiét
bj, xem hinh 83.

€O Xung

BAlI SO 68

Cho sd d6 bién tan (onduleur) mét pha, lam viéc khéng tdi, xem hinh
84a.

E=10V;L=1mH; C=1pF; f= 100 Hz.

Cidc tiristor, diét, tu dién, dién cam d2u la nhitng phan t¥ ly tudng.

a. Vé dudng cong bidu dién dién ap u va dong dién i, .

b. Tinh tri s6 clta R néi tip vdi cdc diét, xem hinh 84b, sao cho dong
tudn hoan i; (o) = 0 trudc khi chuyén mach, va tinh tri trung binh cta céng
suft tén thdt AP trong méi 1&n chuyén mach.

Bai giai

a. Khi cho xung digu khi€n md bit ky cap tiristor nao, vi du T, Ty

chang han, dong dién i chdy theo mach: E - L - T, - C -T, - L - E, ta
c6 phuong trinh vi phan sau:

di
2L— + u = E, (1
dt
hoac:
d%u
- + wlu = w!E, (2)
dt-
du 1 1 1
trong d6¢ i = C— = 22,4.10

a0 TVELC V2105109

Tan s6 riéng cia mach dién:
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b)

a)
Rinh 84
(IJ“
f, = = 35660 Hz; f, > f
2
Vist (2) dudi dang toan ti Laplace:
) wﬁ E
p U — pu(0) + w,% Ulp) = S . 2
p + w(‘
2
w; B P
Up) = —""_  —a, —
P pp? + w? © p?+ w?
trong do u(0) = U, nguge diu véi u. Vay
u = E(l ~ cosw,t) — U coswt, (4)
(5)

(U, + E).Cw,,sinw,it,

C— =

dt

T
+ Trong nta chu ky dau, 0 < t < ? . S0 kién:

0

i(0) = 0 va u(0)

—

u =
i = Cuw Esinw,/t.

Dién dp u tit 0 tang dan lén; dén khi u = E thi cdc diét D| va Dy mg,

E(l — cosw t

dong dién i, khép kin theo cic mach L — T, — D, va L - Dy - T,
Thoi gian bat dau xuat hién dong dién tuan hoan i; la t, duge xde dinh
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t dang thde:
E=E1 - cosw“tl)

T
cosu t; = 0; w“tl =—
n 3,14
Do do t, = = = 70 wus.
2w 2 . 224.10°

0

Bay gia i, =it) = Cw FE = 10°.22,4.10°10 = 0,2236 A.

Do cdac phan td mach dién déu ]a nhing phan t¢ ly tudng nén dong dién
tudn hoan i, = C.w E, git nguyén bién d¢, tiép tuc chiy trong hai mach kin
noi trén cho dén khi t =T/2, khi ¢d xung diéu khié"n md cap tiristo T,, T,

. Trong nua chu ky sau: T/2 < t < T. So kién:

1, (0) = Cw E; w(0) = E.
Dién ap tréen tu dién ddo dau, dong dién i cing dao chidu

u = — E + 2E.cosw t, (6)
du
va i =i - C
dt
i, = CwE + 2Cw, Esinw,t. N

Khi u = E, cac didt D,, D, md, dong dién tuén hoan i, chay theo cac
mach: L - D, - T, va L - D, - T,

Chuyén géc thoi gian sang T/2 d& xét khi nao lai xuit hién dong dién
tuan hoan. Thay u = E, ta co:

E = -E + 2E.cosw t,
3t
(“utl =
2
¢ T~ 70
= = MS.
Yo,

Bay givy i, (t,) = 3C.w E gi¥f nguyén bién dé, chdy trong hai mach kin
ndi trén cho dén khi t = T.

Nhu vay, sau méi lan chuyén mach i, lai tang 1én, et nhu the cho dén
khi pha hiy cac phan td trong mach. Cac dudng cong bi€u dién u va i
duge trinh bay trén hinh 85.
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ud

ZB % |

___#(J
S

Ei
o
£l

. Hinh 03

b. Tinh R va AP

Ngudi ta ddu ndi tiép dién trd R v6i mbi diét nhdm lam tiéu tdn nang
lugng tich lGy trong cac cudn cam L trude khi chuyén mach. Nhu vay, dong
i, s& suy gidm theo ki€u ham mu vdi hang sé thai gian la 7 =L/R, trong
khodng thdi gian co dong dién tuan hoan, T/2 - t|.

Néu ta yéu chu: sau khodng thai gian bing 57, dong dién tuan hoan
phai tat, thi R duge tinh nhu sau:

T 5L
- = t'l R
2
5L 5.103
R = = =1 Q.
T
el 0,005 — 70.10°

Qua (7) nhan thiy rang, tri cyc ti€u cda dong dién tuan hoan I; = sau
mdi 1an chuyén mach chi con la:

I, = 2Cw E = 210°224.10%10 = 0,448 A

(s6 hang C.w, E khong con nita vi da tiéu tan trong nita chu ky dau).
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Nang lugng tich tu trong hai cadon cAm mébi lan chuyén mach la:
1
2W;, = 2 — LI} = 107.0,4482 = 0,2 J.
' 2

Trong mbi chu ky c¢d hai lan chuyén mach nén tri trung binh cla cong
suidt tén that la
AW, 2 .02

AP = - = = 0,04 W.
T 0,01

BAI SO 69

Cho sa d6 bién tan (onduleur) mdt pha, hinh 86, E = 100 V; f = 100
Hz; R = 10 ©; L = 100 mH.
n>» s
Ti s6 bién dip k = —= = 2.
ny

Dién 4p sut trong tiristor va twong diét: AU, = AU,; = AU =1 V.
Dong dién lon nhdt chay qua tiristor khi chuyén mach 1a I . = 20 A.
Thoi gian khda cua tiristor la t , = 25 us.

a. Tinh cdc phan td chuyén mach L, C..

b. Kiém tra xem dong dién tuan hoan i, cd kip “tat" trudc khi chuyén

B )
[ 1 c '
5 N 157{' — TZJSZ ':ZS%
.
by . *
: o . [LT ————- } :r
1 | I
L ] é R _J

Hinh 88
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mach khong.

Bai gidi

a, Tinh L va C,

Dé tinh duge hai phan td chuyén mach nay can bi&t tri s6 dong dién
tai chay qua tiristor khi bat dau chuyén mach, sau d6 sit dung todn dé.

- Mach dién tuang duang

Gid thiét T, dang md cho dong chay qua. Qua trinh chuyén mach bat
dau khi cho xung diéu khién mg T,. Bay gio so d6 ¢ hinh 86 dugc mé ta
bang hé phudng trinh sau:

n, . di
v = u = kuy, = Ri + L —, (1)
nl 4 dt
u, = 2Zu,, (2)
g =1 + iy, (3)
i, — i, = ki, (4)
du,
i. = C , (5)
- dt
du,
The (2) vao (5), dugc i, = 2C, i (6)
du,
Thé (6) vao (3), duge i, = iy, — 2C, 5 N
du,
Thé (7) vio (4), duge iy = ki + 4C. k. (8)

trong do i 1A nghiém cua (1):

k.u
L S R I,V (9)
R
: k:'ul -t -t/
Vay ki = (1 — eV - kl ¢ (10)
R
; ; bl -yt -t/
Dat ki =i, = — Q1 — ) Iy (11)
di
Thé& (111 vao (8), duge:
iLl = iL!I + icdl‘ (12)
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du d
trong do i = 4C, -1 = d - ::

dt
Biéu thuc (8) cho phép lap mach dién tuong duong cia onduleur khi
chuyén mach, xem hinh 87.

L R i
ﬂg Lat Rat Lyt
T }——
B A Y
v A I . r—2
O Le at
- I
8 11 E = W
1 T C‘n 1r\
. ! 3
7; o)
—o
Hinh 87
idf U’
6 - .
|G e ] £

T I T

Hinh 88 Hinh B9
Dién 4p u| co dang “sin chit nhat" véi bién d6 bang = E.

Dong i,, co dang ham mua, cd tri s6 khi bat dau chuyén mach la I

dt.m
(xem hinh 89) duge xdc dinh nhd biéu thic:

B 1 - e-’l'/.‘lr 100 1 - e*lﬁ

[T ﬁ;lh( 1 + e/ ) = 2,5 ( 1 + 98

1 ) = 98 A
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Tinh dai lugng tuong déi:
I . 20

I:nc = = —= 2
Idl.m 918

Tu I, = 2, qua todn d5 & hinh 88, xdc dinh duge L; = 2.

Tu L. = 2, cing qua toan dé nay, xic dinh duge C. =23
. E 100
Tinh R" =- = —— =102 Q@
Id[ m 9,8
Tinh L. va C_ theo ciac cong thic:

L. =R.LIt,; =102 2 .2510" = 0,51 mH.

Ch ity 2,3 . 25.10%
Cdl = = = 5o6 ,ltF
R 10,2
Vay: C Ca 5,6 1,4 uF
ay: €. =~ = = 1,4 uF.

b. Kiém tra dong tuan hoan iy,

Dién cAm L_han ché téc d6 tang trudng cia dong tiristor khi khéi déng
va khi chuyén mach.

Khi chuyén mach, iy, = i, =1 > I,
Dé bai cho i, = i, =1, = 20 A Vay:

ipm = Ine = Iym = 10 = 20 -~ 9,8 = 102 A
Thoi gian suy gidm cua dong dién tuan hoan duge tinh nhu sau:

L.In® 051107102

tew = 2,6 ms.
Te 2.AU 2

1
Thai gtan nuaa chu ky: =———— = 5 ms,
i 2 2 . 100

t.., <T/2 nén dong dién tuan hoan kip "tat" trudc khi chuyén mach.
BAl SO 70

Cho so da bién tan (onduleur) moét pha, hinh 90.
E = 100 V; f = 500 Hz; tAi thuin trod R = 20 Q.

N

Ti s6 bién ap: k = = 2
ny
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Ti 56 phan nhanh sg cdp k, = :—- = 0,95 (xem hinh vé).
l
Dong dién 16n nhat chdy qua tiristor khi chuyén mach la I == 40 A
Thai gian khdéa cda tiristor 12 t = 25 us.
a. Tinh cic phan ti chuy&n mach C, L.
b. Tinh kiém tra xem dong dién tuan hoan i, cd kip "tat" trudec khi
chuyén mach khéng.

Bai pidi

a. Tinh L_va C_

Dé tinh duge hai phan tit nay, can biét tri s§ dong dién tdi chay qua
tiristor khi bit dau chuyén mach, sau d6 stt dung toan db.

Gia thist T, dang md cho dong chdy qua. Qua trinh chuyén mach bat

R {
124
¢
] n a 7
b ——J“—ﬂ’—"bﬂ\—"?——’m—ﬂ'—/\—w }
f 4
n <L o+
£
4 | y -
by ——=
(3
- f
UC
7 7
%S 5, 5,
. (L LC
lD
_ p —o -
Hinh 80
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dau khi cho xung digu khién ma T,. By gio, so d6 & hinh 90 duge mo ta
bang hé cdc phuong trinh sau:

v = Ri, (1)
u, = 2u, (2)
iy = 0+, (3)
i, - i, = ki, (4)
i»=C Qe (5)
- ©de ]
Tir 5 phuong trinh trén co thé rit ra:
o= = 2w 6)
d . Wy
trong do Ry, = %, Cy = 4C..

Biéu thyc (6) cho phép xay dung mach dién dang tri ciia onduleur khi
chuyén mach, xem hinh 91 .

Qua mach dién dang tri, xdc dinh dugc dong dién tai khi chuyén mach:

_ E 100

e = Lym = ?d[ = z_0/4 = 20 A,
Tinh daj lugng tuong doi:

I;‘L = N =£ =

' Ligmy 20
Tit [} = 2, tra toan d6 & hinh 92 (ing vdi trudng hop tai thuan trd),
xac dinh ducl('L: = 2.3

Tu L. = 2.3, cing qua toan dé nay, xac dinh duge C: = 1,85.

Tinh L _theo cong thdc:
L. = R, Lty = 6 .23 . 2510 = 0,288 mH.

Tinh C_ theo cong thie:
C:t,, 1,85 .2510°

Cy =— = ——— = 9,25 uF.
Rdi 5
Ca 9,2
Vay C, = ; = = 2,31 uF.
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Hinh 91 Hinh 92

b. Xdac dinh dong dién tudn hoan iy
Dong dién tuan hoan xuat hién khi D, mo, tdc la khi dién thé diém m
bang dién thé didm a, xem hinh 90. Luc bdy gid ta co:

u n' 2E
—.— = E, hoac u, = —
PN Y k,
u. k
v=hkuy = k — = —E = Ri
2 |
k E
i = 7
k; R
Phuong trinh can bang suc ti déng:
iy(n;, = n’) +in = in,
Hoace iy, — iyMn; = n’) + imn, = in,
: : . i, ko &)
iy, =i — iy = — - —i.
D [. d kl kl
Thé (7) vao (8), dugc
_ i k* E
iy =y~ g = - €}
' k| ke R

Tri 86 cta dong dién tuan hoan khi D, bat dau ma:
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m.c

" k, K R
40 4 100

- ——— = 19,88 A
0,95 0,9 20

Thai gian "tat" cua dong dién tuan hoan dugc xac dinh theo bidu thite

sau, néu xem D va T, la nhitng phan ti ly tudng:

L.y, = u,.t

g
trong do:
v on - n’ 1 — k|
uli\ _ T = 4
2 n; k,
= 100.( — ) = 5,26 V.
0,95
) L.1;,(0) 0,288.107.19,88
Vay t, = — = = —————— = 1,088 ms.
v ), 5,26
Na chu ky cta dong taf:
T 1
— =——— = 1lms.
2 2. 500

Nhu vay. néu D, T, la nhitng phan tit Iy tudng thi dong tuan hoan
khong kip tat trude khi chuyén mach (ts_g > T/2).

Nhung néu xem dién ap sut trong D, va T, la Auj; = Au, = 1 V thi
thoi gian tat sé la:
B L.I5(0)

S A
w,, + 2

t' = 0,79 ms <—
2

BAI SO 71

Cho sug d6 bién tan ba pha, tdi ba pha thuan cam, diu theo hinh "sao”
(Y). xemy hinh 93a, E = 9V, L = 1| mH, f = 100 Hz.

a. V& cac dudng cong bi€u dién dién Ap cac pha tai u), u,, uy

b. Tinh va vé dong dién cac pha tai: i, i, i, vA dong dién ngudn i,

biét rang:
- khit =00 = -1
- khit = T2, i = + I

180



c. Tinh tri trung binh clia dong dién chay trong tiristor, I, va cta deng
chiy trong diot I,.

Bai gigi

a. Lan lugt cho xung didu khi€n md cde tiristor theo trinh tu 1, 2, 3,
4, 5, 6. Xung no ciach xung kia 60" dién.

Thiét bj chuyén mach (khong vé trén sg dd) dam bao: khi md T, thi
khoa T, va ngudac lai, khi md T; thl khdéa T, va nguoc lai, khi md T. thi
khoa T: vaA nguge Jai.

Dién thé tai cac diém 1, 2, 3 so vai difm N (cue Am clia ngudn dién)
la U n, Usye Uy duge trinh bay trén hinh 93b.

Dién the tai cac diém 1, 2, 3 so v4i di€m trung tinh cua tai, diém O,
dude x:ac dinh theo cac cong thuc:

1
\uy =— 2Uy = Uy — Uz

| =

us =

- 3

CU,y — Uy = Uy

w

1
uy = @CUzn = Uiy = Uy

va duge trinh bay trén hinh 93b.

b. Dong dién tai.

Do tai d6i xing, dong dién cdac pha tai lech nhau 120" dién. Dién ap
pha ¢d dang 6 bac, bién do la E/3 va 2E/3. Bi€u thde cta dong i, dugc xdc
dinh t(ng voi ting bac dién ap. Tri cudi ctia bac nay sé 1a so kién cla bac
ké tiép no.

- Trong khoang 0 < t < T/6, ta ¢ phuang trinh:

'’ di B
EETREE:
vinghitmla i = — ¢t + A
i 3L
Van dung <o kién dau bai cho: khit = 0,i = - [, ta co:
E
i = t -1, (1)
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E.T
« khi t = T/6, ta c6 i(T/6) =—— - 1

3.L.6 ™
= 5 - Im = Iml‘ (1a)
- Trong khoang T/6 < t < 2T/6, ta ¢é phuong trinh:
di
L = 2FE/3
dt
. . 2E
va nghiém la i = E t — T/6) + L, (2)
2E.T
« khi t = 2T/6 ta co i(2T/6) = =Lle + 1.
=16 -, = =1 (2a)

m2
- Trong khoang 2T/6 < t < T/2, c6 phudng trinh:

di E
L— = E/3, va nghiém la i =— (¢ — 2T/6) + 1, (3)
dt 3L

ET
s khit = T/2 ta cd (T/2) = —— + 15 — I,
3.L.6

= 20 — Im (3a)
Theo dan bai, khit = T/2, i =1
I,, = 20/2 = 10 A.

- Trong khoang T/2 < t < 4T/6, ta c6 phuong trinh:

yn DEN tu (3a) rit ra:

di
L =—— - E/3

dt
- E
va nghiém la i =—— (t = T/2) + I, (4)
3L
ET I
i ¢ = 47/6 ta cv i4T/6) = — +
khi t 4T/6 ta cv i(4T/6) 316 "
=5=1_. (4a)

- Trong khoang 4T/6 < t < 5T/6, ta c6 phuong trinh:

di
L— = - 2E/3
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2E
va nghiém la { = — e (t — 4T/6) + 1.4 (5)

I,

« khi t = 5T/6 ta 0 i(5T/6) = - 5 =1, {5a)
- Trong khoang 5T/6 < t < T, ta cd phuong trinh:
di
L— = — E/3
dt
. : E
va nghiém la i= - — (t - 5T/6) + I (6)
3L )
« khit = Ttaco (T) = - 10 A = -1, (6a)
Dong dién tai i| cd cac tri cubi clia cac bac nhu saw:
Iml = Im_‘? = -5 A
Im_l = Im = 10 A
Lo = —In = —10 A

Dong dién cdc pha tai i, ij, i; duoc trinh bay trén hinh 93b.

Vi tai thuan cdm nén tiristor va diét song song ngude véi né thay nhau
dan dong, méi thigt bi dan dong trong khoang T/4 trong moét chu ky cua
dién ap tai.

Cac duong cong bi€u dién iy, {4, g va iy, ifyy, iy dude trinh bay
trén hinh 93h.

Dong dién ngubn i, la duong khi nguén cung cdp nang luong cho tai
va la am khi tai trd nang lugng vé ngudn:

o= g+ g F g = (i By Fopg)

eé dang nhu rang cua, dugc trinh bay trén hinh 93b. Vdi bién d6 = 5 A

c. Tri trung binh L. va I},

1 1 1 T

I'1' = I[) = ?[‘7 Im)_- 12 + 3 (Iml + Im)'T }
5 1 15 i

I, = 100[ e —] = 1,458 A.
2 1200 2 600
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BAI SO 72
Cho sd d6 tan ba pha, hinh 94.

M&i tiristor cho dong chdy qua trong T/2 méi chu ky, theo trinh tu 1,
2,3 4,5 6

Nguén dién mot chieu E = 240 V.

TAai la déng cao dién ba pha, long sdée, 2,7 kW. M&i pha ¢S digén trd R
= 4 ©Q va dién cAm L = 8§ mH. Dong co lam viéc & tan s6 f = 50 Hz.

a. Vé dang dién ap day dat trén tai: Upg, Upn

b. Tinh va vé dong dién pha i, i,.

¢. Ve dong dién day iy

+ o— 9
) E L 7 s f;
| R 5 7
| T A A
N {
-0 ‘ ! - ‘ ‘

~4

N

Iry e Is

J

Hinh 84

Bai gidi
a. Ldy diém N (cyc 4m cia ngudn E) lam di€ém chuén.
Dién thé cua cac di€ém R, S, T duge trinh bay trén hinh 95a, b, c¢. Van
dung coéng thic:
Ups = Van = Vsn
U = Vin = Ve
Dién ap day Uy va Uy, duoc trinh bay trén hinh 954, e.

b. Biéu thic cua dong tdi 1,
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Khi T, va T md cho dong chay qua, ta ¢ phuong trinh

di,.
Ld—t‘ + Ri. = Ugy.

Viét phuong trinh dudi dang toan ti Laplace:

a.U,q i.(0)
Ic(p) _ RS +_¢
Rpp + a) (p + a)

d K 4 500
t j =— = .
rong (¢] a L 8_10:‘
T - .
. Trong khoang 0 < t < 3 Ugy = E = 240 V, véi i (0) = 0 (chu ky
dau).
240
ic - (1 _ e—S()Ol), (1)
T T
Khi t = i (—3— ) = 60(1 — e333) = 57,86 A.

t T
. Trong khoang 3 <t =<

; = 5 Ugs = 0, ilo) = 57,86, dong i co
ang:
i(» = 57,86.9_5“““ - T3) (2)
T i =1.66
Khit =— , 1(‘(—2 y = 57,8674 = 10,93 A
T 5T . .
. Trong khoang 3 =t =< 5 Uys = — B, i(0) = 10,93 A, dong
i, co dang:
i = — 60(1 — e™NCT/Dy + 10,9300/ 3)
5T 5T -
Khi t =—Z— , i (—6) =— 60(1 — e + 10,9333 = — 5747 A
5T . . .
. Trong khoang 5 = t = T: Uyq = 0; i(0) = —57,47, dong i,
cé dang:
i = —57,47.e7000 = S1/6), (4)
Khit = T, i (T) = —57,47e719% =

- 10,85 A
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Tri sé i (T) = -10,85 sé duge dung lam so kién cho i,. trong chu ky
thd hai.

Xet chu ky thu hai

. Trong khoang 0 = t < : Ugg = Eii(0) = —10,85

|3

i = 60(1 - e — 10,8500 (1"

r

et o) = 57472 A

T
- Trong khodng —=< t < Y ¢t Upg = 05 1:(0) = 57,472
i = 57,4720 (2"
i T
1 (— ) = 10,855
2
T 5T
. Trong khoang —ES t < sy : Ugg = — E, i(0) = 10,855
i( = —80(1 - e—Sl)U(t—'I'/Z)) + 10]855‘3-5()()“—']'/2)) (3)
5T
i ( ) = ~b5747.
6
‘ v 5T .
Trong khoang 5 st s T Upg = 0 i(0) = — 5747,
i(. = _57’47_e-51m(|—5'r‘/r.), (4"
i (Ty = - 10,85 A.

Nhu vay, sau hai chu ky dong i, da xdc lap.

Dong i, vugt trude dong i .- vé thoi gian la T/3.

Dong i, = i, — i,

c. Cac duong cong bigu dién i, i,, i, duge trinh bay trén hinh 95f, g,
h. Dong i,. duge vé nhd cac biéu thie (1’ + 4°),

BAl sO 73

Nguoi ta dung thiét bi bién tan déng hang lam nguén nudi mot dong
ca khéong déng bo ba pha (hinh 96) ~d cac s6 lieu dinh muc sau:
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P, = L1 kW; U = 190 V (dién ap gilla hai day); cosp = 0,8, n =
0.8; f = 50 Hz: X = wlL = 4,22 Q (dién khang tan).

a Vé cac dong dién i, iy, ¥.
b. Tinh tri dinh myec cia dong dién mét chiéu do khau trung gian cung
cidp 1

dn’

c. Tinh dién dung cada tu dién chuyén mach.
d. Tinh cac s6 liéu can thi€t dé chon cdc phan ti bhan din coéng suit.

d. Xdc dinh dién cam L_néi ti€p véi mbi tiristor d€ han ché& sy bién doi

dj
ctia dong dién tiristor néu dr lmx = 100 Adus.
Ty .
L
d d L L L
I_ 7; ucr T3 7;
G ST R AN —¢
{ L I
c, (o} 2 G,
b — +J| - b
£

\b
of
. .
A4
N
L

C* Cs
-
(3
; ;
T, A A
LS L Ly
0
o— Hinh 98
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Bai gidi
a. Khodng din dong cua céc tiristor va déng dién cic pha tai duge trinh
bay trén hinh 98.
b Xde dinh tri dinh mdc cia déong dién mét chiéu do khau trung gian
cung cip T,
Cong suat trén truc déng co:
P = 1100 W,

n
Cong sudt dong co lay tU ngudn cung cdp:
Py = V3U I cosp
Tri hiéu dung cha dong dién pha tai:

P 1100

I, = ——" = — = 5,22 A.
y.V3U cosp, 0,8.v3.190 . 0,8

Dong dién pha tai 14 mét ham co chu ky 2L = 2x; ¢6 dang "gan sin
chirt nhat".

Xét dong tai iy. Biéu thdc giai tich cda ip 12 mot chudi Fourier. Viéc
xiac dinh cac 56 hang Fourier s& thuin tién hon néu ta chon géc toa d6 nhu
trén hinh 97

ZR“ {
~ /’—.\AL R —— ——
7
N 7 N I
N // \\ d 7/
\\ (4] N )
N / : ' \\ L awt
\ A == y[/ﬁ 1 \\ /
\ 7z 1 AN 7
N i } N
571'/5
Hinh 87

Khai trién Fourier ctia dong dién pha khong chia thanh phan héng vi
dién tich trong nita chu ky duong bang dién tich trong nita chu ky am, va

cang khong chia s6 hang bac chan vi {(8) = —f(z + 6). Tom lai:
i, = bsinf + bysindd + .. + bsinnf + .. )
2 S57/0
trong do b, =—— [ I,sinnddd
J nj6
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V3

_'_-Id‘ n =1, 5, 1, 11, 13, ..
nn

= =

. lay dau “+" d6i véi n = 1, 11, 13, ..

. ldy dAu "—" do61 vain = 5, 7, 17, 19,...
Sdng co ban cua dong dién pha R la:
; 2v3 -
Iy = —— Iysind = V2] sinp
n
Do do 1, = Y2 2
odo I, = — = 1,28 . 5,22 = 6,7 A.
Poave T A
7 J 7 waag‘
1

&

)
] N
M s —
!

a‘ ? 4; % { &
5 < I
4
b I e
| <4 5 AN,
4 2T
5
1“1 1)
; ER
ol ] 7 ,_°?
v } L B 2r

| ]

Hinh 88

c. Tinh dién dung cua tu dién chuyén mach.

Dudi day sé xét mot qua trinh chuyén mach, vi du qua trinh chuyé&n
dong dién tAi I, tit pha R sang pha §.

Cac song co ban cua iy, i, i tao thanh hé dong dién xoay chiéu ba
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pha dai xing Ching tao ra tit truong quay trong stato déng cd. Tu cdc
song cd ban trén cd thé vé uj,, ug va u,, xem hinh 99:

u, = V2Usin © + 7/6)

u, = v2Usinld — n/2)

u, = v2Usin (9 - /6),
trong do U 1a trj hiéu dung cta dién ap pha.

Gia thiet T, va T, dang dan dong, i, = I;i, = 0; i, = ~ 1,
Uy = ugy = U
u, = U, =0
U, =u., = =-U,

- Khi # = #,, cdp xung md T, (xem hinh 96). Tiristor nay md, dat dién
ap u,, = — U 1én T, khién T, bi khda lai. Dong dién I, lap tic chuyén
sang T, r6i ré thanh hai nhanh:

— nhdnh thy nhat la i, = 3 I, nap dién cho C, theo chiéu ngugc.

1
- nhanh thi hai la i, =i, = 3 I, nap dién cho C, va C, (ngugc).

Dong dién hai nhanh hop lai chay qua D| vao pha R rdi ra tai pha T qua
D, va T..

Uy = U ¥ U = ~ U
Diot D, van con bi khoa.
CKhi B = 6w = - = - \/'(S_Usin(f}2 + 7/3) = —V6Usina.
Uy = 0
Diot Dy bat dau dan dong. Theo mach vong ABSRA cd thé viét:
di, d
. - LE - u  + up — Lit--(lS - 1) =0 1)
trong dd U, = j-%,iRdt — V6Usina, (2)

Tai diém O’ cia mach tai ta cd: i, + iy + i, = 0.

di, diy
Luc nay i;, = I;, do d6 - — =

dt dt

Thé (2) va (3) vao (1) va lay 4, 1am gdc toa dd, ta cd:

(3)
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di, 2 _ —
,.’,L—dt— + 3 [ igdt — V6Usina + v6Usin(wt + a) = 0
Vi U, bién thién cham nhigu so voi u

toan co thé xem sin(wt + a) =

o Mén dé don gidn viéc tinh
= sina.

Cudi cung ta co:

d-i, 1 0
— t —ip =0,
dt’ aLc ° @
Viét (4) duoi dang toan td Laplace
P (p) = pig(0) + wily(p) = 0,
trong dac:
(0 = Ly
. 1
(_UF = —
3LC
w, la tAn s6 goc cong hudng.
pl
Ie(p) = s—d—?
p° o+ w;
i, {t) = 1,cosut, (5)
Biéu thdc nay lay géc toa do tai 6,
Dién ap trén ty dién C;:
1 .
u, :Tf E.lkdt + u, (o)
21y, S
u | = . sinw,t — V6Using, (6)
3er

Khi w it = 7/2 tht i, = 0, diot DI bi khda lai, ig = I;. Két thic qua
trinh chuyén ddng dién tai ti pha R sang pha S.
21, .
Liec nay v, = U, = - — V6U.sina
3Cuw,

Hoac U, = 2Los 1

4 — V6Usina , (7)
Tvi cue dai caa dién ap trén tu dién chuyén mach (khy « = 3x/2):
U,, = 2Lw ], + v6U (8)

Trong truang hop dang xét: I, = 6,7 A; w = 314 rad/s, U = 190/V3 =
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110 V. L = 4,22/ = 0,0134 H. Néu cho w, = Tw thi
U = 2 .134.10%7 . 314 . 6,7 + V6.110 = 664 V

oM
d. Tinh caec &6 liéu cén thict:
- Dbé6i vai diot:
U = VBU + U__ = V6.110 + 664 = 9334 V

D am “am

- Doi vdi tirvistor:
LI'|.un = Un.m = 664 v

I =1, =222A
d. Xdc dinh L,

= 21’1"___ DI%E

Hinh 8¢

194



DIEN TU CONG SUAT
BAI TAP - BA! GIAI - UNG DUNG

Thc gid : NGUYEN BiNH

Chin trdch nhigm xuft bdn: PGs. Ts. TO DANG HAl
Bién (ap; NGUYEN NGOC
Stra ché bin: PHAM VAN
Ve bia: DPANG NGOC QUANG

NHA XUAT BAN KHOA HOC VA KY THUAT
70 Tran Hung Dao - Ha Neéi

In 500 cudn khé 16x24 cm, tai Cong ty ¢ phdn In Hang khéng
Quyét dinh xudt ban sé 75-2007/CXB/241-02/KHKT
In xong nép luu chidu quy 112008
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Bt dién tr cong sudr
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41,000

Gia: 41000°
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