Chuwong 1
H6 Quang Dién
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Nhirng kién thirc co’ ban va cac dac tinh

Hbé quang dién la truéng hop déc biét clia phdng dién trong chét khi.

Catod (-) \ é ‘ Anod (+)
©

Trong vung khéng gian gitra hai dién cwc xay ra 2 qua trinh:

Qua trinh ion héa Qua trinh khir ion hoéa
€ €
/ ® \ ®
©, ©,

O =0
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Sw ion héa va khir ion héa trong chét khi

O jon h(')aI é é) “L} - O

Qua trinh ion héa chéat khi Qua trinh khtv ion trong chét khi
« lon héa tw do * Sw két hop
» Sw phdt xa quang » Sw trung hoa
« Sw tw phét xa electron « Sw khuyéch tan céc phan tir
* Sw phat xa electron nhiét mang dién

* lon hoa do va dap
* lon héa do nhiét dé

Q mot thdi diém bét ky, trong didu kién xac 1ap, ludn tén tai sw can
bang déng gilra hai qua trinh trén. .

- mat dd cac phan t& mang dién la khong doi > dong dién xac lap
on dinh.

BMTBD-LT KCD-nxcuong

Swion héa

lon héa tw do

Trong khéng gian ludn c6 cac phan t&r mang dién, sinh ra do tac
dong cla cac tia vi try, cla sy phdng xa tw nhién va cla tia mat
tréi... Trong diéu kién binh thwérng, mat dé clia cac phan tir nay rat
nhd, khéng dang ké.

Sw phat xa quang
Cac tia anh sang chiéu Ién mét vai loai vat liéu lam tach cac electron
tw do ra khéng gian xung quanh.

Sw tw phat xa electron do dién trwrong

Khi dién trwd'ng bén ngoai dat 1én cac dién cuc, cac electron tw do trong
cac dién cwc nhan dwgc dong nang, khi ddng nang du I&n, mot vai
electron tw do c6 thé vuot qua gi¢i han man chan dién thé cua dién cuc
va bay ra khéng gian xung quanh - sy ty phat xa electron dién cuc,
chi xay ra khi dién trwdng bén ngoai da manh (> 3.107 V/m).
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Swion héa

Sw phat xa electron nhiét

Khi kim loai (chat rén) bi dét ndng t&i nhiét dd cao 2 sw tach cac
electron c6 déng ndng dd Ién (dé vuot qua man chan dién thé cla
kim loai) ra khoi chung.

Khi nhiét d6 tang, cuwdng dd phat xa loai nay cling tang Ién.

lon héa do nhiét do

Chuyén ddng nhiét hén loan ctia cac phan t&r trong chét khi phu
thudc vao nhiét dd, khi chung va cham v&i nhau - sy trao doi nang
lwvong - sw ion hoa: qua trinh ion hda nhiét.

Cuwong do ion héa nhiét tang 1én khi nhiét d6 tang va nguoc lai.
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Swion héa

lon héa do va dap
Du6i tac dong cla dién trwdng, cac dién tir tw do trong chét khi sé
chuyén déng gia téc nguoc chiéu dién trwéng > dong nang tang
-> khi va dap vao cac phén tlr trung hoa-> cac hat mang dién.
Cwong do ion héa do va dap phu thudc vao cac yéu té:

- Nhiét d6 chét khi, lién quan dén ion héa do nhiét do

- b6 Ion cua dién truong

- Ap suét chét khi > dwdng cong Paschen

V(V)
10°
L~
1051 /]
V: d6 bén dién ctia khong khi //
d: khoéng céch gitra 2 dién cuc 10*
- &p suét
p: ap sua e
|1
10°
10° 10* 10? 107 1w 1 10
BMTBD-LT KCD-nxcuong p d (bar {‘.ITI)
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Sw khir ion héa

Sw két hop ’

Cac phan t trai dau hat nhau khi’chung va cham nhau, dién tich cta
chung bj trung hdéa = lam gidm s lwgng cac phan tr mang dién trong
chét khi.

Sw trung hoa

Khi cac dién cwc mang dién thé, cac phan tir mang dién trong chat
khi khéng ngtrng bi hut vao dién cuc dé sinh ra dong dién chay trong
chét khi. O’ dién cuc, cac phan t& mang dién trao (cac electron, cac
ion am) va nhan (cac ion dwong) dién tich cta minh va tré thanh cac
phan tl trung hoa.

Sw khuyéch tén cdc phan tr mang dién
Cac phénrtCP cla chéat khi lan truyen tr noi c6 mat do cao sang noi c6
mat doé thap - hién tweong khuéch tan cac hat mang dién.
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DPic tinh cua sw phong dién trong chat khi

u)

1(A)

U C—ray 1lo'6 10’3;);1 10
Tuy thudc vao gia tri cia dién ap dat trén dién cwc (U) va dong phong
dién (1) trong chét khi ta cé:

- s phéng dién duy tri (OB)

- phoéng dién choc thing (BC)

- phéng dién lanh (CD)

- phéng dién hd quang (DE)

BMTBD-LT KCD-nxcuong
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Dic tinh cta sw phéng dién hé quang

U>Uo,
I>lo Uo
Uo, lo phu thuéc vao vat liéu dién cuc.

Phéng dién hd quang phat sinh khi thda 2 dién kién: L1 F

Vat liéu Uo, V lo, A
Platine 17 0,9
Vang 15 0,38
Bac 12 0,4
Volfram 17 0,9
Péng 12,3 0,43
Than 18-22 0,03

BMTBD-LT KCD-nxcuong 9

DPic tinh cua sw phong dién hé quang

Céc tinh chat co ban ciia phéong dién hd quang:
« Gitra hai dién cuc hinh thanh ludng sang choi Ida va bén
virng, cé thé phan biét cac ranh gidi ré rang.
* Xuét hién vét sang & catod va anod.
+ Mat d6 dong dién hé quang rat Ién tlr 100 dén 1000 A/mm2.
« Nhiét d6 ho quang rét cao, ttr 5000 dén 10.0000K.

Ngudn san sinh ra cac phan t&r mang dién trong chat khi
cht yéu la do:

* sy tw phat xa electron do dién trudng,

* s ion hoa do nhiét dé

* s ion hoa do va dap.

BMTBD-LT KCD-nxcuong 10
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Dic tinh cta sw phéng dién hé quang

AU AU,
Aly b

CE )

Vét cathode va anode

Al,, Al, rat nhd khoang 1um
AUg, AU, =10 dén 20 V Qhu thuQc phan I&n vao vat liéu dién cuc,
khéng phu thudc vao chiéu dai hé quang.

Nhiét d6 rat cao, nhat 1a & cathode, c6 thé lam cho kim loai bi néng

chay, chd yéu la do sy va dap gitra cathode va khoi ion dwong di
chuyén vé dién cwc nay.
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DPic tinh cua sw phong dién hé quang
AU, =,

aEng

Al VAl
o[ A
~ 2 ehq
Théan hoé quang
Al =l
AUp=lhg-Eng

bién trvdng th khong phu thudc vao chiéu dai ma chi phu thudc vao quéa
trinh ion hoa va khir ion héa trong chét khi.

lqua trinh ion héa > T Enq

Enq=10-20 V/cm: trwong hop hd quang chay 4n dinh trong méi trworng
khong khi tinh (still air) va dong dién hd quang tr 0,1 kA dén 20 KA.
Enq=50-100 V/cm: truwong h0’p ho quang chay trong buong dap hé quang
(tay thuoc vao téc d6 di chuyén clia hd quang, ap suét trong budng dap)

BMTBD-LT KCD-nxcuong
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Dién ap ho quang

U, bién ap hd quang Ae N ; B

Uh = AUa + AUC + thlhq
Uh = AUG,C + thlhq

AU, ~AU,~10-20V AU, ~20-40 V

BMTBD-LT KCD-nxcuong

Dién ap hé quang
Uh = AUQC + thlhq

« Béi v&i cac khi cu djén ha ap: o

lng N0, Epq nhG > dieu kién chay va dap tat ho quang ( NS )
duwoc xac dinh chi yéu béi cac hién twong xay ra &

vung can cac di@n cuwc. ) @
Thuwdng goi la hd quang ngan.

Anode
« Pbi v&i cac khi cu dién trung ap hoéc cao ap:

Englng 16n > diéu kién chay va dap tat ho quang 4

dwoc xac Qinh chd yéu bdi cac hién twong xay ra N

trén than ho quang. 4 p

Thuwdng goi la hd quang dai. ’/V
20N\

Cathode

BMTBD-LT KCD-nxcuong
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Dac tinh volt - ampere I°—'E'—

Dac tinh volt - ampere cltia hd quang Uy, = f(l,)
U,
Cac dac diém: ‘
- Ton tai gi¢i han dé hd quang bat chay: U,
U,=20-50V K

- Puong dac tinh khéng ddng nhét & chiéu
tang va giam dong dién |, do quan tinh nhiét
trong qua trinh chay hd quang:

U<U,

BMTBD-LT KCD-nxcuong 15

Pac tinh volt - ampere

>1,

khi khoang cach cac dién cuc cang lon thi
dac tinh volt - ampere cang nam cao hon.

I,

Un

Déc tinh volt - ampere s& ndm cao hon khi ?

- giam cwdng d0 ion héa
- tang cwong do khir ion hoa

bang cach: U,
. tdng cwong lam mat hd quang
. tdng &p suét vung chay hd quang
. gidm ap suét vung chay hd quang
. thay dbi méi trwérng khi khong khi

In
BMTBD-LT KCD-nxcuong 16

SF6

Page 8




Pac tinh volt - ampere

Tang sb dién cuc n

Uh = nAUac + thlhq Uh

| na
Ih
Ho6 quang dién mét chiéu
3 ‘F R
Phuwong trinh can bang dién ap 4 - D
U u 1
o di " T°
U=iR+L—+u, L R,
dt p.
000

Khi hd quang chay én dinh, dong dién i khong thay ddi
di
dt

| dwgc xac dinh tr phwong trinh:

0 - 1=1

™

duong dic tinh tai dwong dac tinh hd quang

BMTBD-LT KCD-nxcuong 18
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dwong ddc tinh tai (U-iR)
va dwong dac tinh ho quang
u, cat nhau tai 2 diém A va B

Diém chay 6n dinh bén virng
cla ho quang dién DC?

Diém A la diém chay 6n dinh khéng
bén virng ctia hd quang dién DC.

Diém B Ia diém chay 6n dinh bén
virng clia ho quang dién DC.

BMTBD-LT KCD-nxcuong

Uy

u

Ho quang dién mét chiéu

oF

di

LE-U-iR-u,

dt

Ho6 quang dién mét chiéu

Hb6 quang bi dap tat khi:

Nghfa la dwong dac tinh hé
quang u, nam trén va khéng cat
dwérng dac tinh tai (U - iR)

Khi dwérng dac tinh hé quang u,, tiép

xuc véi dwong dac tinh tai (U — iR):
ché dé t&i han.

BMTBD-LT KCD-nxcuong
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U-Ri

up(i)
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Dap tat ho quang dién mét chiéu

R
c ‘ N u i ‘ c
Dap tat ho quang dién bang cach: L
“Oo0™
TR: R=Ry, = tgay, !
U |
\\
N
\\
N URi
U-Ryl \
Cin N
Ith
Dap tat h6é quang dién mét chiéu
R
: N < v i ‘ c
Dap tat ho quang dién bang cach: e ‘

1U: U=U,, u

BMTBD-LT KCD-nxcuong
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Dap tat ho quang dién mét chiéu

. | T 5 -
Dap tit hd quang dién bing cach: . A |
u
Ue— \
\
Mhg=lin \
\
N \
1Epq: l@am mat ho quang AR
AU, R
TSN uy(i)
U-RR Ul

BMTBD-LT KCD-nxcuong 23

Niang lwong cia hd quang DC khi ngat mach

=
i D
. di u u
dt ' L Rn
< 000
thq thq thq 0
j Ui, dt= j R dt+ [u, i, -dt+jLih di,
0 0 0 i
tq: thoi gian hd quang chay ,
I: dong dién trong mach truwédc khi ngat
N&ng lwong clia hd quang DC khi ngat mach
thq 1 thq
W, = juh-ih-dt=§L P+ [ U=Rip iy, - dt
0 0

BMTBD-LT KCD-nxcuong 24
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Nang lwong ctia hé quang DC khi ngat mach

thq 1 thq
Wig = Iuh-ih'dtZEL I* + .[ U =R iy, )1y, - dt
0 0

N&ng lwong clia hd quang khi ngat mach bao gdm hai thanh

phan:
- Thanh phan tht nhét, (L 12), ndng lwong dién tir dw triv

trong mach diérj, )
_ - Thanh phan tht hai la nang lvgng nhan dwoc tir nguon.
O céac dieu kién khac khdéng thay doi, thanh phan nay cang Ién

khi t,, cang Ion.

Vi du: néu uy,, =500 V, iy, = 10 000 A, t,,=2 ms tinh W,

Phg =5 MW va W, =10 kJ

Do Ién ctia ndng lwong cdia hd quang khi ngat mach: 1, 10, 100 kJ.

BMTBD-LT KCD-nxcuong
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M6t s6 bién phap bao vé tiép diém trong cac
ro’ le céng suat nhé

d) e) g

M6t phan dong hd quang di qua nhanh shunt hodc nang lwong ti
trwdng dwoc tiéu tan bét qua dién tré R hoac phong dién.

BMTBD-LT KCD-nxcuong
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Vidu 1

Hay xéc dinh chiéu dai t&i han cta hd quang dién sao cho no bj dap tat
khi ngat mét mach dién cé di§n tré R va dién ap nguon la Up= 300 V.
Bieu thlrc volt-ampere ctia h6 quang:

1000
wy, = 7 ! [u]=V, [i]|=A, [l]=cm

Giai cho:
R=20Q
R=0,2Q
R=0,02Q
R=0,002Q

BMTBD-LT KCD-nxcuong
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Vi du 1

BMTBD-LT KCD-nxcuong
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Ho6 quang dién xoay chiéu
Dong dién va dién ap hé quang

Uy

Trong méi chu ky: dong dién h(‘“)‘quang trong mach khéng

ngirng thay ddi vé do Ién va chiéu

- s dung dac tinh dong dé phan tich hd quang dién AC

BMTBD-LT KCD-nxcuong
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Dong dién va dién ap hé quang

ift) R L
> S
uft) t, (1)
arc
Ui Un b
et l___=-c
RN U, 2
. ‘ \\\ Ut /.
U b---- / | 4 3
A
1 \\ - al
' 4 I
| : u
b Uy e |
1 1
0

ot

Bac tinh volt - ampere déng

Up, ing khONg sin )
i, qua tri s6 khéng 2 lan trong mot chu ky

BMTBD-LT KCD-nxcuong
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Qua trinh phuc hoi do bén dién trong khéng
gian gitra cac dién cwc khi i, qua 0

Trong khodng thdi gian chay hd quang khi u~ téng, qua trinh ion hoa rat
manh, mat dé cac hat mang dién cao.

Anod (+) e ®e' e(® | Catod (-) :
e @ © =

O cudi nra chu ky, dong dién hd quang gidm, mat dd cac hat mang
dién giam.

Anod(+) | e @ @ | catod (- ]//
CH e-® y v

BMTBD-LT KCD-nxcuong 31

Qua trinh phuc héi dd bén dién trong khéng
gian gitra cac dién cwc khi i, qua 0

Anod(+) [ e @ @ |Catod )
.
. ® |

O nlra chu ky tiép theo, khi dong dién ddi chidu, cwc tinh trén dién cuc
thay dbi.

Catod (-) ® ®l Anod (+)
® .
© ¢

BMTBD-LT KCD-nxcuong 32
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Qua trinh phuc héi d6 bén dién trong khéng
gian gitra cac dién cwc khi i, qua 0

Catod (-) ©) e Anod (+) L
@ e- A ;

® ¢

Ngay tai thoi diém dong dién déi chiéu:

- cac electron nhe chay nhanh vé anode méi,

- c4c ion dwong nang chuyén dong cham vé cathode méi,
- xung quanh cathode méi duwgc bao boc mét khéi dién tich hau
nhw chi la cac ion dwong,
- vuing khéng gian can cathode hau nhw tré thanh cach dién,
- xuét hién mét dién ap bén dién ban dau U,, trong vang khong
gian gitra hai dién cuwc ngay luc dong dién dao chiéu va gia tri nay
sé tang theo thoi gian:

U,=U,, + kgt

Do déc k, phu thudc vao cwdng dd qua trinh ion héa/khlr ion hoa.

BMTBD-LT KCD-nxcuong
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Qua trinh phuc hoi dién ap giira cac dién cwc

Ngay tai thoi diém dong dién dbi chiéu:

DPong thoi véi qué trinh phuc héi do bén
dién trong vung khéng gian gilra hai dién

cwe, xay ra qua trinh phuc hoi dién ap

gitva hai dién cwc do sy cuwdng blrc cla

dién ap ngudn, goi la dién ap phuc hoi Uy, Usg

BMTBD-LT KCD-nxcuong
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2 qua trinh xay ra trong vung khong gian gitra
cac dién cwc khi i, qua 0

Nghia la tai thoi diém dong dién ddi chiéu, xay ra dong
thoi 2 qua trinh trong vung khdng gian gilra hai dién cyc:

U,

* qua trinh phuc hdi d6 bén dién, U,.

* qué trinh phuc hoi dién ap do sw cudng brc clia
dién 4p nguon, goi la dién ap phuc hoi, Ug,.

BMTBD-LT KCD-nxcuong 35

Pidu kién chay hd quang AC _Un
i=0 }»
Ubd

H& quang dién AC chay 6n dinh dién ap phuc hoi Uy, du
I&n dé choc thiing d6 bén dién trong vung khdng gian gitra
hai dién cwc U,,.

UﬂL >Ubd 2

BMTBD-LT KCD-nxcuong 36
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Diéu kién chay hé quang AC mach thuan tré
« bién ap phuc hdi
U, =U_ khi O<t<t, Ui "

+ Do bén dién phuc hoi
Uy, = U, + kit

0 : ot
« H6 quang dién AC bét dau chay tré lai & ntra chu ky tiép theo khi:
Up, =Upq t=t;

le dién ap phuc hoi du Ién dé choc thing d6 bén dién trong ving
khéng gian gitra hai dién cwc tai thoi diém t=t,

BMTBD-LT KCD-nxcuong 37

Diéu kién chay h6 quang AC mach tr& - khang
Dién ap phuc héi sau khi dong dién di qua tri s6 0 (Uj,)

AU

_———— =

BMTBD-LT KCD-nxcuong 38
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Tinh dién ap phuc hoéi

So db mach dién twong dwong:

=TT
u Cu

c [

C,s: dién dung twong dwong gitra 2 dau cyc ngét
R, L: dién tré va dién cdm mach dién

[] Thq

BMTBD-LT KCD-nxcuong 39

Tinh dién ap phuc héi

Tai thoi diém t=0, i, qua tri s6 0: h6 quang bi dap tat,

dodér,,>
—:Rn—@iIPT
— K

Vi qua trinh qua do phuc hdi dién ap gitva hai dau dién cuc xay ra
trong mot khodng thoii gian rat ngan (tinh bang ps) so véi mot niva chu
ky cla dién ap ngudn (T/2=10ms) nén dé giai bai toan qua do ta xem
dién ap ngudn khi d6 cé gia tri khong ddi:
_ . @: goc léch pha gitra U~ va |
E=\2Using U: gia tri hiéu dung ctia U~

BMTBD-LT KCD-nxcuong 40
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Tinh dién ap phuc hoi

Giai mach qua do: U

Up =E(1-e cosw,t) \
/\

p :%: hé sb suy gidm Vesing \VA

: tan s6 goc dao dong riéng

1
W, =———
T 211

o

: chu ky dao déng riéng

W,

TO
Upmax =Up, T, =\/2Usinop(I+e 72 )< 24/2Usinp < 242U
2
Gié tri ti da cta dién ap phuc hdi khong I&n hon hai 14n bién do dién ap ngudn.

#“

BMTBD-LT KCD-nxcuong

Diéu kién chay hé quang AC mach tr& - khang

Up, =E(I-e ™ cosw,t) u U,
Ub = Ubo + kbt Uy, % Un

Ufh phu thu(’jc ] V2Usine \//\\/

- thdng sO cia mach ngat: L, R, Cy4

- goc léch pha dong, ap

Uobi kb phl,l thubc: T? w,t

- vat liéu tiép di’ém (dién cwc)
- dong dién ngat
- phwong phap dap hé quang

H6 quang dién AC chay 6n dinh khi U,(t) cat U,,(t)

BMTBD-LT KCD-nxcuong 42
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Diéu kién dap tat ho quang dién AC

Hb quang dién AC co thé dap tat theo hai nguyén ly:

1. Loi dung hién twong dong dién hd quang xoay chiéu qua tri s 0 hai lan

trong mét chu ky:

Khi dong dién di qua tri s6 0, ta tdng cwéng qua trinh phuc hdi do bén dién

sao cho né khéng bi choc thiing béi dién ap phuc hoi gitra hai dau dién cuc
dong dién hd quang khong thé phat sinh tré lai trong ban ky ké tiép

- ho quang bi dap tat

BMTBD-LT KCD-nxcuong 43

Diéu kién dap tat hé quang dién AC

U,=U,, + kpt
T&ng cwéng qué trinh phuc hdi dd bén dién béng cach:

TUpo - Dung nhiéu chd ngat
- Dung budng dap hd quang c6 nhiéu tdm
ng&n bang kim loai

1k, - Giam nhiét d6 ho quang
- Tang ap suat khi
- Dung méi trwong chan khéng
- Dung méi trwdng khi SF6

BMTBD-LT KCD-nxcuong 44
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Diéu kién dap tat ho quang dién AC

2. Phwong phap?

BMTBD-LT KCD-nxcuong 45

Vi du 2: dap tat h6é quang dién bang buéng
dap v&i cac tAm ngan bang kim loai

Tinh sb tAm ngan n dé dap tat ho
quang dién xoay chiéu bang
phwong phap cudng burc, biét dién
ap ngudn dién I&n nhat 1a 240V,
f=50Hz. ChoL =3 cm, e = 1mm,
AUpc =22V, E,q =75V/em (ng voi
dong dién ngat 10kA, vat liéu tiép
diém gbém bac va két ciu budng dap
cho trwdrce).

BMTBD-LT KCD-nxcuong 46
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Vi du 2: dap tat hé quang dién bang buéng
dap véi cac tam ngan bang kim loai

BMTBD-LT KCD-nxcuong 47

Dap tat h6é quang dién bang buéng dap véi
cac tdm ngan bang kim loai - ACB

Iﬂ TTT1TT
arcing B Blow closed technology
horn arc chute
temporary
contacts pole shaft
activated
by the O-CO
Ag based mechanism rotating axis
main
contacts
upper
terminal
insulating
pole cage
lower
terminal
current tra
trip unit
BMTBD-LT KCD-nxcuong 48

Page 24




Dap tat hé quang dién bang budng dap véi
cac tdam ngan bang kim loai - MCCB

upper connection

arc chute

ablative part

moving contact

enclosure

bar

magnetic circuit

connection trip unit
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Vi du 3: lwra chon CB cho mach dién DC
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Vi du 3: lwva chon CB cho mach dién DC

DC Breaking capacity

CB type | rating (A) | DC Breaking capacity (kA) - L/R<0.015s Magnetic

up-rating
breaker <60V 125V 125V 250V coef.

C32H-DC 10 - 40 10 (1P) | 20 (2P) 10 (2P) special DC
C60N 6-63 15 (1P) |20 (2P) | 30 (3P) 40 (4P) 1.38
C60H 6-63 20 (1P) | 25(2P) | 40 (3P) 50 (4P) 1.38
NC100H 10-100 20 (1P) | 30 (2P) | 40 (3P) 20 (4P) 1.42
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