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Trudng Pai Hoc Cong Nghiép Tp.HCM

BAI 1:MO PAU VE PIEN TU CONG SUAT

A DPién tif cong suit

Céc thi€t bi dién tr cong suit cho phép , diéu khién va chuyén ddi cdc tin hiéu
dién t¥ cong suit nhd thanh cong sui't 16n d€ diéu khién cho cdc thiét bi chap hanh
nhu mdy dién , cdc thi€t bi cong nghé

Céc 4p dung chii yé&u clia dién tif cong sui't gom :

1. SO dd chinh lvu cong suit ,thuc hién phép bi€n ddi dong dién xoay chiéu
(AC)thanh dong dién 1 chiéu (DC). Ung dung chd y&u clia s6 dd nay 1a diéu
khién cdc dong cd DC biing ngudn dién 1usi xoay chiéu.

2. Sd @b nghich luu , thyc hién phép bi€n d6i dong dién 1 chiéu thanh xoay chiéu,
xtr dung trong cacé so don cong suit.

3. So dd bién ddi dién 4p mot chiéu, s dung trong cic sd d6 diéu khién cong
suit.

4. So db bién d6i dién 4p xoay chiéu véi tng dung chinh 13 diéu khién tdc do dong
co AC

5. Sd @b bi€n tan , thyc hién bi€n d6i cd vé tin sdva dién 4p xoay chiéu, xit dung
chinh d€ diéu khién chinh xic tc d6 dong cd AC

B Cic linh kién cong suit

C4c linh kién cong sudt chi y&u dugc sit dung hién nay 1a diode cong suit ,
thyristor, triac, transistor MOS cong suat.

I. LI THUYET

1. Diode cong suat

Diode bin din dudc ciu tao trén 16p ti€p xtic ban ddn khéc loai (hinh 1a),
tjudn 12 ban ddn loai P loai N. Trén hinh 1b 13 ky hién quy udc cho diode va hinh Ic
—hinh ddng diode cong suit.

Do hiéu ttng khuy&t tdn cdc phan ti¥ tdi dién co bdn gitra hai mién , tia 16p
ti€p xidc (phan truyén) s& hinh thanh dién thé ti€p xidc ,tao ra dién trudng Ecé tic
dung ngin ngira sy khuy€t tdn ti€p tuc lam cdc phan t t3i dién tf cd bin. K&t qua ,
& trang thdican biing , & ranh gidi ti€p xtic tao ra mién nghéocdc phan i tdi dién.

Khi dit vao diode mot dién trudng ngoai (U) , trang thii cAn bing bi phd v3.
Néu noi dién thé ngoai theo chiéu dudng + v6i K va — v6i A cida diode, s& tao ra
dién trudng ngoai cling chiéu vdi dién thé tiép xtc, dién trudng tdng cong s& 1am
ting rao th€ 1am md rong mién ngheo cla 16p ti€p xiic khong cho phép cdc phan tir
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tai dién chuyén quaphan truyén va dong qua phan truyén chi l1a dong do (dong
ngugce)
I. N&i dién thé ngoai theo chiéu + v6i A va — véi K clia diode , dién trudng

ngoai s& ngudc chiéu véi trudng cla dién ti€p xic, dién trudng tong adng
s& 1am gidmhang rao thé&,cho phép cic phin tif tdi dién chuyén quaphan
chuyén va tao thinh dong cla diode .trén hinh 1b m6 td dudng dic trung
Volt-Amperecua diode tudng ing vdi qud trinh m6 td trén . ing v6i nhanh
phin cuc ngugc , dong do 12 khong ddng k€ song phu thudc manh vio nhiét
do

Diode cdng sud't lam viéc & dong thuan 16n vi vay doi hdi ché do gidi nhiét
thich hgp. Thong thudng cathode clia diode dugc gin vao v sit cé dc dé gin truc
ti€p vao mi€ng tda nhiét.

Céc diode cong suat st dung cho céc thi€t bi cong nghiépthudng doi hdi
dién 4p ngudc cyc daitlr vai trim dén vai ngan Volt . Dong dén dinh mitc(dong
thuan) tr vai dén vai ngdn ampere
2. Thyristor (SCR)

Thyristor (t&n ghép tir thyratron va transistor)dudc ciu tao tif bon 16p ban dian
p-n-p-n (hinh 2a), c6 cdc dién cuc ra Anode (A), cathode (K) va dién cuc khién
(G)ky hi€u quy u6c cho trén hinh 1b va hinh ddng bén ngoai — hinh 2c

Thyristor ¢6 3 16p ti€p xtc J1,J2,J3 v6i cdc dién trudng ndi(gay ra bdi hiéu
ting t&p xic gitra hai 16p ban ddn)E1,E2,E3 ¢6 chiéu nhu trén hinh 2a. khi ndi anode
vdi cuc (+) va cathode v6i cuc (-) cia ngudn mot chiéu , J1 va J3 duge phan cuc
thuan va J2 phan cuc ngude. K&t qua gan nhu toan bo dién th€ ngudn dit 1én 16p
ti€p xiic J2

Né&u tdc dong vao cuc G mdt dién thé duong so v6i K, sé 1am cho cdc phin ti
tdidién co bdn clia N2 (dién tr ) chdy sang P2. mdt phian dién tr chdy vao cuc G
(tao thanh dong diéu khién ), da s6 con lai chiu lugc hiitcda dién trudng tong hop
trén J2 va chuyén dong qua J2. nhan ning luong di 16n cia dién trudng tdng cong,
cdc dién tif sé bi ion héa cdc nguyén tif ban din, tao ra cic dién ti mdi(thit cap).
Céc dién t thit cap lai nhan ning lugngva giy ion hod ti€p theo. K&t qud 1a tao ra
mdt thac 1ii dién ti trong 16p ti€p xtic J2 chdy vao N1, sau dé qua P1 t6i cuc A tao
thanh dong qua thyristor. Thyristor 1am viéc trong ch€ do nay 1a ch& do md, c¢6 dién

Gido trinh thuc hanh dién tif cdng sut 2



Trudng Pai Hoc Cong Nghiép Tp.HCM

trd thuannhd va dong ddn 16n nhat. Khi thyristor & md, tin hiéu diéu khién trd nén
mat tdc dung.

Trong trudng hgp khong c6 tin hiéu diéu khién & cuc G hién tuong thic lii
nhu trén ciing c6 thé xdy ra khi ting dién thé U dit 1én thyristor. Khi dién thé U di
16n(U>U mdi) cdc dién ti nhan dd ning luongdé gay nén hién tugng ion héa do va
cham, lAm md thyristor trong trudng hdp nay hoat dong cla thyristor gin gidng hoat
dong cuadeén neon.

D€ dua thyristor vé trang thdi cAm(khda), can ti€n hanh theo hai cdch nhu
sau:
- Gidm dong ddn I xudng gid triduy tri dan.
- P4o chiéu dién thé€ phian 4p U hoic tao dién thé phin cuc ngugc cho thyristor.

Khi dit dién 4p ngudc 1én thyristor dang dan (A ndi “+” K ndi “-*), hai 16p
ti€p xtic J1vaJ3 bi phan cyc ngudc , J2 dugc phan cuc thuian. Céc dién tf dang hién
dién trong thyristors sé d4o chiéu hanh trinh, tao dong dién ngugc tir Avé Kva vé
cuc — ctia ngudn. Tai thdi di€m tir md sang cdm, dong ngugc nay khd 16nsau dé khi
J1 vaJ3 bi cAm, cdc dién ti gitta chiing sé dan bi tiéu tdn, cAu tric phan truyén cda
thyristor dugc khoi phuc lai, thyristor chuyén sang trang thai cAm vdi dong nhd.
Qud trinh thay d6i dong thyristor tif md sang cAm dugc mé ta trén hinh 3a. sau khi
thyristorcAm, viéc ddo cuc lai th€ U(U<U mdi trén thyristor(A sang + , K sang -
)khong l1am thyristor ddn. CAn luu y khi thyristor chuyén tir d4n sang cAm trong
khodng thdi gian dau khodng vai chuc us,thyristor con dan véi dong ngude 16n. Néu
trong khodng thdi gian nay dit ngay thé ngudc, c6 thé 1am hdng thyristor.

Pic trung Volt Ampere cda thyristor dugc md ta trén hinh 3b.
Thyristor ¢6 cdu tric va hoat dong tuong duong véi cip transistor mic lién
k&t collector-base(hinh3c)
Mot s6 dic di€m luu y khi sit dung thyristor:
* MOdi loai thyristor ¢6 cAu tao dic trung khac nhau, cAn lya chon loaithich hgp véi
yéu cau st dung:
- Dong di€én dinh mtc I, :( tuy loai) ~1A — 1000A.
- Dong di€n do ~mA.
- Pién 4p ngudc cuc dai Uy, max:(tuy loai)vai trim Volt d€n vai kV.
- Dong dién di€u khién I,.
- Téc dd ting dong dién dI/dt : A/us
- Toc d6 ting dién 4p dv/dt :V/us
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- Thai gian khoa :vai chuc ps

- Thdi gian m@ : vai chuc ps

* Qud trinh chuyén tif md sang cAmkhong x4y ra tic thdi. N&u thyristor chua cAm
han ma xdc 1ap th€ U @€ U, dudng, sé 1am dodn mach ngudn lam hdng thyristor.
* Khi dit vao thyristor dién thé xoay chiéu, thyristor chi 1am viéc v6i ban ky duong
ma khong lam viéc v6i ban ky Am cla dién th€ nudi. G bdn ky am, thyristor ty
dong chuyénvé ch& @6 caAmdo su ddo cuc clia dién thé nudi

3. Triac (Triode Alternative Current)

Nhu da trinh bay & trén, thyristor 1a dung cu chi md khi phdn dp U, duong.
Né&u nhu mic hai thyristor ngugc chiéu nhau, c6 thé diéu khién mé hai chiéu , c6
thé diéu khién ching md tuong tng vé6i ca chiéu thé phan cuc Am duong. Trong
trudng hgp nay can c¢6 hai tin hiéu diéu khién dong bo vé6i nhau. Triac 1a dung cu
tuong duong vo8i hai thyristor mic ngugc nhau c6 chung mot cuc diéu khién

Do lam viéc véi cd ngudn phin cyc 4m va duong, khdi niém cla Anode va
Cathode cta triac khdng phut hgp. Pugc quy u6ce st dung ky hiéu T2 (hodc B2) va
T1 (B1)cho céc cuc d6i rava cic cuc diéu khién G & gan T1.

C4u tric ban din cda triac c6 thé md t4 bing hai ciu tric chita bon 16p ti€p
xtic bdn ddn Ta va Tb (hinh 4a). trong trudng hgp nSi T2 v6i ngudn(+) va T1 véi (-),
G véi (+), nita Ta cda triac lam viéc nhu mot thyristor thong thudng. Néu phan cuc
ngudn ngudc lai, dién ti N3 sé phong vao P2, giy ra qud trinh thdc Iii do va cham
lam d4n Tb. Trong thuc t&, triac dudc thi€t k& vdi ciu tric lién k&t v6i cdc 16p chat
ban din N1, P1, N2, P2 1a chung cho cd hai ntta. Ky hiéu quy udc cia triac cho trén
hinh 4b

bic truong Volt —Ampere cua triac (hinh5) c6 tinh ddi xitng. Nhanh & cung
phin tu thr nhat tuong ng v6i T2 ndi (+) vaT1 ndi(-). G nhdnh cung phin tu thi ba,
dic truong tuong uéng vdi su ddo chiéu dién thé trén T1 va T2

Khéc véi thyristor, triac c6 thé 1am viéc v6i dién th€ diéu khi€n Amva khong
d4o trang thai khi ddo cuc ngudn thé nudi.

4. Transistor MOS cong suat
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Transistor trudng (FET : Field — Effect transistor) dugc ché tao theo cong
nghé MOS(Metal- Oxide-semiconductor)la mot dung cu chuyén mach dién ticé
cong suat Ién .

CAu triic transistor MOS céc cyc chinh : Drain (mdng) — Source (ngudn) va
Gate (cta). Khdc vdi transistor lugng cuc thong thuong. Khi dién dp gita Cira va
Ngudn = 0, transistor MOS khong ddn dong - bi cdAm cho du thé gitta mdng va cuc
ngudn dat tdi vai trim Volt
II. THUC HANH:

1. Khao sit diode:
e Phan cuc thuin cho diode bing ngudén DC :
_bo dién dp trén tai .
_Dosutdp trén diode
C Pic diém st dung transistor ludng cuc, thyristor va transistor MOS

Do céc dién 4p chiu dién th€ cao , dong I6n , cdc dic tinh cdch dién cao khi
ngit va dién trd ddn nhd bé , kha ning chuyén mach nhanh ,d& ghép véi so dd dién
tf , ... cdc linh kién cong suat dugc ¥ng dung rong rai thay cho cic chuyén mach
ti€p di€m.

Viéc lya chon linh kién loai ndo cho uéng dung cu thé phu thudc vao céc tri
s6 gidi han, cdc tdn hao ,thdi gian chuyén mach, gia thanh...

Thyristor c6 tri s& gidi han cao nhat, tdn hao nhé nhat ré tién, song cé thiri
gian chuyén mach chamvi vy thich hgp cho cic sd d6 bién ddi dién u6i(5S0Hz — 60
Hz) nhu cdc b phan chinh luu , bi€n tin nghich lvu tan s6 thap

D6i v6i so @6 nghich luu tin s& cao(>15kHz) st dung transistor CMOS thich
hop hon. O dii tAn 20-100kHz, transistor cdng sui't ludng cuc dude sit dung vi cic
dic tinh tic dong nhanh , tuy t6n hao diéu khié€n t6n hon transistor CMOS

V& ché& d6 nhiét, cdc transistor cong suit c¢6 thé chiu t6i 200°C, trong khi
thyristor125°C

Trong khi cdc mach cong suit hay c6 su cd , thyristor ¢ tinh bdo vé chong
lai sy c6 nén thudng dugc chon sy dung.

Triac thudng c6 cdng sud't nhd hon so véi thyristor nénkha ning sit dung cia
ching bi gi6i han.

D Cic so @6 kich thyristor va triac
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Thyristor va triac ¢6 thé dugc kich biing ngudn 1 chiéu nhu di khdo sit trong
muc C. cin luu y khdc véi thyristor , triac dugc kich dan c4 th€ Am hoic dudng , vdi
dién th& nudi 1a Am duong ba't ky

Thdi gian kich d€ chuyén trang thdi thrristor va triac 13 khong 16n , sau khi
dudc kich d&n tin hiéu diéu khién bi mat tac dung. Chinh vi vay c6 thé diéu
khi€ncéc linh kién niy bing xung c6 bién d6 va thdi gian kéo dai tuong tng vii
tudng loai st dung.

Mot dic di€m ng dung quan trong clia dién tif cong sud'tla qud trinh kich
din thyristor ddng bd vdi dién 1u6i cap. NhS vay c6 thé thay ddi dién thé xoay
chiéu hoic bi€n ddi chiing theo nhu ciu st dung.

Trén hinh 6 gidi thiéu mot s ki€u so dd diéu khién dong bd pha cho
thyristorva trén hinh 7gidn dd thdi gian hoat dong tuong tng

Tin hiéu xoay chiéu cip cho 16i vao Actia so dd hinh 6 12 dong pha véi tin
hiéu xoay chiéu c4p cho tdi Rt mic trén thyristor. So d6 sé khuyé&t dai tin hiéu sin
16i vao thanh xung vudng géc c6 do rong tuong Gng , st dung dé déng khod K1, cho
phép dong I1 nap cho tu C2. tuong @ng vdi tin hi€u duong cia tin hiéu vao, trén tu
C2 sé c6 xung dang ring cua.bd so sanh Al thuc hién th€ so sanh thé ring cuavdi
th€ dit Vp. Khi thé ring cua 16n hon thé dit, b so sdnh tao xung duong 16i ra , sit
dung d€ diéu khién thyristor SCR1.

Nhu vay khi thay ddi Vp, sé 1am dich thdi di€m md SCR. Gi4 tri Vp dugc quy
udc tudng (ng vdi gid tri dai ludng géc cit .

Gi4 tri = 0 (tuong ¥ng v6i Vp = 0), thyristor md toan bd 100%theo mdi ban
ky duong.

V6i o = 45°, thyristor m& 75%, ban ky duong trén tai bi 14y di 25%

Vé6i a = 90, thyristor m& 50%, ban ky duong trén tii bi 18y di 50%

Vi a =1350,thyrist0r md& 25%,bdn ky duong trén tdi bi 14y di 75%

K&t qua 1a vdi viéc thay d6i géc cit, c6 thé diéu khién m3 SCRtuong ting véi
gi4 tri pha dién lu6i , lam thay ddi twong tng dién thé AC trén tai.

Trong phan thuc hanh cdc so dd tng dungthyristor va triac d€ chinh lvu va
bi&n d6i dién thé AC
Hoc vién c6 thé tham khdo thém cdc tdi liéu vé dién ti¥ cong suit :
1. Cyrit W.lander : Dién ti cong sui't va diéu khién dong co dién. Nha xuit ban
KH&KT, 11.07.1997
2. Nguyén binh : Dién tif cong suit. Nha xuat bin KH&KT, 10.1997
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BAI 2 :THYRISTOR, TRIAC & SO PO KiCH

A. THIET BI SU DUNG.

1. Thi€t bi cho thuc tAp cho dién tif cdng sudt PE-501(hinh A.1)chita cdc bang
chitc ndng:

- Bidng ngudn, ciu dao tu dong 220VAC, cau chi (~ 24V), dén bdo ngudn ,
ddng hd do dong(~30A), cdc 18i ra cho ngudn ~24VAC/20A, tii (béng den
24V/1A), tdi cdm (bi€n th€ ~24VAC: 24VAC/10A)

- Bdng cong suat, chita diode D1(10A),D2(50A), Thyristor
SCRI(5A),SCR2(20A), Triac TR1(5A), TR2(20A).

- Bang 1 chita 1 bo lién k&t quang, ngudn kich 1 chiéu va bo lién k&t bié€n thé.
- Bdng 2 chita mdy phat xung UJT, mdy phat da hai may phat 555.

- Bang 3 chita b diéu khién tao xung ddng bd.

2. Dao dong ky 2 tia.

3. Dhu tung day ¢ chdt cim 2 dau.

B. CAC BAI THUC TAP.

PHAN I: CAC NGUON KICH THICH SCR & TRIAC.

1. Ngudn kich DC.

Nhiém vu

Bién trd 12 s6 d6 don gidn cdp ngudn mdt chiéu diéu chinh dude (hinh 1.1). tuy
nhién, ddy 12 mot ngudn c6 tré khang 18i ra bi€n d6i theo dién thé ra. PE€ tao
ngudn 16i ra 8n dinh cao va c6 trd khang ra nhé va khong ddi,dung dé€ kich
thyristor, triac cdc loai, cAn sit dung bd khuéch dai thut todn vSi so dd phdn hoi
am (hinh Lb).

S0 db véi phan hoi Am 100% giira 161 ra (Emitter T1)véi 181 vao Am cda bod
khué&ch dai thuit todn IC1 cho phép truyén thé tir bi€n tr§ P1 t&i 18i ra cla so
dd. Khi viin bié€n trd P1,thé ra ciing thay ddi tuong tng theo. Trd khdng 16i ra
clia so dd 1a trd khang clia ting Dralington trén T1 kh4 nhd.

Trong phin thuc hién naysé tim hiéu hoat d6ng ctia bd ngudn 6n dinh c6 chia
bo khuyé&ch dai thuat todn.
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+V

P1 ouT

R4
-12v 330

a) Sd d6 don gidn b) S0 b ngudn Sn dinh
Hinh LI ngudn kich mot chiéu
Cac buéc thyc hién
1. Cap ngudn 12V mang so dd ngudn kich mot chicu (hinhl.1b). di't da dugc
ndi sdn.
2. St dung dong hé hoic dao dong kydé do thé 16i ra.
Diing ddng hod do thé (khodng do DC — 20V)dé do thé tai P1 va thé 16i ra
3. Viin bién trd P1, do thé dit & P1 va th& 16i ra (OUT), ghi vao gia tri th€ do
vao bang 1.1

Thé ra -4V -3V | -2V | -1V ov 1Y% 2V 3V | 4V
P1

Thé 161
ra

4. Nhan sét vé sy phu thudc giita thé ra va th& dit trén P1. Tinh do l1&ch gitta
ching
I1. S¢ d6 dao dong da hai.
Tim hi€u nguyén tic lam viéc clia bd dao dong da hai ddi sitng diing transistor.
Cac budc thuc hién.
1. Cap ngudn +12Vcho ming sd d6 mdy phdt da hai(hinhl.2). ndi dat bing 1 va
2 thiét bi PE — 501
2. dit thang do thé€ 161 vao clia dao dong ky & 5V/cm.

bit thoi gian quét ciia dao dong ky & Ims/cm.

Chinh cho c3 hai tia nim khodng phan trén va phian duéi clia man dao dong
k.

St dungcdc niit chinh vi tri d€ dinh vi trf d€ dich tia theo chiéu X va YVé vi tri
dé quan sit.
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N6i kénh 1 dao dong ky véi collector cia transistor T2 (161 ra). St dung kénh 2
dé quan sat dang tin hiéu tai cdc dién so do.

4. Quan sit va vé dang tin hiéu tai collector va base ctia T1 vaT2. V& gidn dd
xung tuong tng. Po chu ki T xung ra, tinh tin s mdy phdt : f=1/T(gidy).

+12v
2

R1
1K5

T

C828 C828

Hinh [.2. B§ doa ddng da hai

5. Gidi thich nguyén tic hoat dong cia so dd. K&t luan vé vai trd clia mach CR
trong viéc hinh thanh d rdng xung ra.
III. SJ dd xung trén IC 555
Nhién vu
Tim hi€u nguyén tic st dung vi mach 555 d€ hinh thanh xung vudng géc.
Céac budc thuc hién
1. Cap ngudn +12Vcho ming sd d6 mdy phat xung 555(hinhl.3). N&i di't bang 1
va bang 2 thi€t bi PE -501.

R1
2K2

3 OuT

2. Dit thang do thé& 161 vao cta dao dong ki & 5V/cm.

bit thoi gian quét cia dao dong ky 6 Ims/cm.

Chinh cho c4 hai tia nim giita khodng phin trén va phan duéi cia dao dong
ki.

St dung céc nit chinh vi tri d€ dich tia theo chiéu X va Yvé vi tri dé quan sit.

N&i mot kénh ra vdi 16i ra OUTPUT. St dung 2 kénh dao dong ky d€ quan sit
tin hiéu tai hai diém so dd
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