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M6 PHONG UNG DUNG THYRISTOR TRONG BIEU KHIEN
PONG CO PIEN XOAY CHIEU

Nguyén Trong Diing', Nguyén Chinh Cuong, Hb Tuén Hing'
vi Lai Khic Hoang’
'Khoa Vit Ii, Truomg Dai hoc Swe pham Ha Néi.
*Vign Vét If Ki thudt, Tricomg Bui hoc Bich khoa Ha Ngi

Toém tde. Nghién cir ndy mé phong ting dung cua thyristor trong diéu khién dong co dién xoay
chitu biing cng cu simulink trong ngén ngif lip trinh matlab Simulink trong ngdn ngd¥ 1p trinh
matlab 13 cong ey rit manh dang dé mé phéng cdc phin tr chng sudt, mach dién dmg dung vi
dugc su dung nhidu trong, cic mung tim nghién ol Bai bao nay khao sat dac tinh dong. ma cua
thynstor trong diéu kinén mach tai thuin tro, mach G cam {(dong co dién xoay k eu) bang i hoac
2 thyristor. Pide d6 tmg v4i diéu khién nua chu ki va didu khién ca chu ki ngudn cap, Cic kés qua
cho thiy, vidc sk dung | hoac 2 thynistor 8¢ didu khién déng co dién xoay chidu cé ¥ nghia rat Ion
trong viéc ning cao cong sum hoat dong cua ddng co. Cic két qua d6 oo the duoc su dung wong
gidng day dién ur cing sudt cho sinh vién ciia cac khoa Vit Ii trsdmg dar hoe s pham. Ngods ra,
Khi cdc théng sé diu vio khac nhau s& cho cac két qua khic nhau va tir dé gias thich duge co ché
d6ng, mé eta thyristor,

Tiir khod- M6 phong, simulink, thyristor, cong sudt, déng co dién xoay chidu.

1. Mé& dbu

Trong cong cude d61 moi ¢4t nude vé cdng nghiép hod va hién dai hod., van dé 4p dung khoa hoc
ki thudt vio quy trinh sin xust la van & cin thiét nhit hién nay. Ciing vGi sw phat trién cua mot s
nganh: dién W, cong nghé théng tin, nganh khoa hoc ki thufit. didu khién va tu déng hoa d2 phit nén
vugt bic. Trong dé, hoat déng tu ding hod cua céc quy trinh san xuit dang dugc phé bién ngay nay,
NG ¢6 thé thay thé cho sic lao dong cua con ngutn va lam ting néng sudt trong san xudt Céc phin tr
cong suat nhu 12 dién o, cufn cam, didt (diade), thyristor, gta, mosfet, ideal switch, 1gbt.. . duoe su
dung trong mach dién tr ing dung gop phén lam ting hiéu sudt va khi ndng tr dong héa cua ddng co
dién xoay chiéu [1,2].

Bii bdo ndy md phong fmg dung cua thynstor trang didu khién ddng co dién xoay chidu bing
cdng cu simulink trong ngdn ngi 13p trinh matlab. Cic két qua nghién cira duge khao sat, phan tich
théng qua dic tnmg Vin — Ampe cia thynstor véi ti la dong co djén xoay chi}::u cho két qua chinh
xac, thing qua thay dé1 4 léch pha cua tin higu didu kinén va ngudn cip dé didu chinh cong suft ra
cua dong co. Két qua nghién ciru phit hop voi thuc nghidm vi ¢ thé s dyng trong giang day dién or
cong sudt cho sinh vién cac khoa VAt li truong dai hoc sw pham.
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2. Ngi dung nghin ctu
2.1. Phwong phap nghién ciru

Céng cu mé phéng: Simulink la cdng cu trong ngdn ngw [dp K.rinh matlab ding ¢ md phong,
phan tich cdc linh kign va mach dign tr v&i méi trwang gao dién do hoa. Ngoii ra, stfnulink con la
ngdn ngi 1ap trinh giap cho ngudi s dung d? dang d1 chuyén qua la1 giita giao dién dd hoa va ngon
ngi 1dp trinh, nd tao didu kién thudn loi cho qué trinh m3 phong 31

Thyristor: Thyristor [4 linh kign ban din silic ¢ didu khién, ciu tao gbm 4 16p ban din loai P, N
shp xép theo kifu P-N-P-N (goi 12 SCR) tao 1a ba 1op tiép gidp P-N: J1, 12, 13. Trong dd, ba v cia
ban din duge gin truc tiép véi cac 1op nhu: Cyc anot (A) duge ghn v&i lop ban din loai P, cyc catot
(K) duoe gin véi 1op ban din logi N va cue diéu khidn (G) duoc gin véi 1op ban dﬁnyloai P. duoe thé
hién trén Hinh 1. (Ngodi ra, thynstor co the dugc phan tich thanh 2 transistor méc néi tiép, mt
transistor thuan va mot iransistor ngwye (Hinh 1b) hode co the coi thyristor 14 m§t diode ¢é digu khién
(Hinh ¢).
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Hinh 1. So a6 ciu tge cua thyristor (1a),
so do trong duweng (1), ki higw (1c), hinh darng (1d)

Khi ta ndi thyristor vio mach dién nhir Hinh 2a, két hop v&i so 8 Hinh 1b ta thdy, khi c6 dong
dién nhé [ dat vao cue didu khidn G cua thyristor, déng dién Ig tao ra dong cuc thu Igy 16n hon. Mit
khac: I, lai chinh 1a déng nén 1y cua transistor PNP T, lau tao ra dong thu 1c; lai lom hon Iey trede...
Hién tuong nay cu tiép difn cho dén klu ci hai transistor tré nén bio héa. Déng bio hoa qua 2
transistor chinh Ia dong anet cua thyristor, dong dién nay phu thude vao U, va dién trd tai Ry. Co ché
hoat djng cﬁ? thyristor cho thdy dong I khéng cin lén va thei gian t0n tai ngén. Kin thyristor da dan
dign, ta o6 the bo dong 1y di thi thynistor van 1iép tuc din dién. P& cé thé nght duge dong qua thyrister
ta ¢6 thé ngat nguon Vax (hodc gidm dién 4p Vs sao cho dong dién qua thyristor ¢é gud trj nhd gén
mot gid trj 1ao dé (goi dong dién nay 1a dong duy tri L),




MG phong vmg dung thyristor trong diéu khién dgng co dién xoay chidu
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Hinh 2. Mack néi diyristor don gidn (a) va dirdng dic trung Von-Ampe (b)

Hinh 2b 14 duwimg dic trung Ven-Ampe cua thyristor, trong dé céc gid tri nim trong gic phén tir
thir | twong tmg vi dign 4p Uak > 0 goi 12 déc tinh thufin con céc gia wi ndm trong goc phin tu thir 11
twong (mg v6i dién ap Uag < 0 goi 13 dic tinh ngugce.

Khi dong dién vio cwc dibu khién cia thyristor bing 0, hay khi hér mach cye didu kiudn, thyristor
€ can tr& dong dign (ng vai ca har trudmg hop phin cuc dién dp gifra anot vé catot. Kbi dién dp Uax <0
theo cau tao ban dfn cia thyristor hzi tidp giap J1, J3 déu phin cuc nguyc, 1ép tidp gap J2 phin cc
thusn, nhu vy thyristor s& giéng nhu hai diode méc ndi tiép bi phan cue nguge. Qua thyristor s& chi
€6 mt déng dién it nho chay qua, goi 12 dang rd, thyristor ¢ trang théi déng. Khi Upy ting dat dén
mét gia tri didn dp 16n nhit Uy, = Usgmex theo chidu ngugc, s& xay ra hién tugng thyristor bj dinh
thiing, dong didn c6 thé tang 1én rét Ién Gibng nhu & doan dac tinh nguoe cia diode qud trinh ddnh
thiing 12 khong thé ddo nguoe duge, nghia 13 thyristor 43 bj hdng, Khi ting dién dp anot-catot theo
eludu thudn, Usg > 0, lic ddu ciing chi c6 mot dong dién rdt uho chay qua, goi 14 dong 1o Pign wé
twong duong mach anot-catot vin c6 gid trj rét 16n. Khi d6 tiép gidp J1, I3 phan cyuc thudn, J2 phin
eue nguge. Cho dén khi Uak tang dat dén gia tri dién 4p thugn lon hét Uak = Ugomex theo chidu thudn
€ x4y ra hién twong didn ¢ tuong duong mach anot-catot ddt ngdt gidm, dong didn ¢é thé chay qua
thyristor va gi4 tri s& chi bi gidi han bai dién trd tai & mach ngcéi thyristor ¢ trang thai mo. Néu kin
a6 dong qua thyristor ¢6 gia tri lom hon mét muc déng 81 thidu, goi 14 dong duy tr, Idt, thi khi d6
thyristor s& din ddng trén dutmg dac tinh thugn, gidng nhu dudng dac tinh thudn ca diode.

Kbhi dat vio cyc diéu khién dong Ig > 0 thi qué trinh chuyén didm lim viée trén dudng ddc tinh
thufin, trang thai mé, s& xay ra sdm hon véi Ug, < Uiy max duroc mé ta boi nhitag dudmg nét dat, img voi
c4c gid tri dong didu khién khic nhau Igy, Ig, Ias,... N6i chung, néu dang diu khién lon hon thi diém
chuyén dic tinh 1am viée s& xdy ra v6i U,k nhé hon,

Bé nghidn ciny, khdo sit dic tinh dong, mé cua thyristor khi didu khin déng co d1en xoay chiéu
bing ¢oug cu simulink trong ngén ngit 1dp trnh matlab bang céch thay déi cdc théng sé dhu vio trong
trudmg hop t4i thudn tr va t3i cdm (dong co dién xoay ch:eu) véi 1 hode 2 thyristor. Két qua thu dirge
phit bop voi thue nghiém va c6 thé img dung véo thuc tién [4, 5].
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2.2, Két qua md phong
2.2.1. Khio sit dic tinh déng, mo ctia thyristor

Dé khio sét dat tinh dong, md cba thyristor chiing té1 sir dung mach dién nhu trén Hinh 3. Trong
mach ndy, dé khio sat dong ma (Ig) va anh hudng cua Ig 1én teang tha) déng-ma cua Thyristor, ta s
dung dién Ap diéu khién 12 tin hi¢u hinh sin vén bién d6 2V va 2 thn 56 12 50 Hz v 100 Hz.

POwErgul
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Voltag£ Measurementz Scoped
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Voltage Measurement‘l

Hinh 3. S¢ 83 khdo sdt ddc tink déng, mo ciia thyristor

Dit cic thang sé ddu vio nhu- ngudn cdp AC 12 V/50 Hz, tin hiéu didu khién AC 2V véi tin s6
(50 Hz; 200 Hz), dién tro R = 10 (£2) va thyristor vé1 cdc thdng so nhu trong Bang I,

Biing 1. Thing sé ciia thyristor

Thyristor
Ron (W) Lon (H) VE(V) Rs () Cs(F)
0.001 0 08 20 4.10-6

Kct qué md phong duge thé hién teén Hioh 4 va 5. Trong d6, cac duang dé thi twong ung: Dién
dp ngudn clip (44 thi 1) - Dién 4p dicu khién (45 thi 2) - Dong dién chay qua thyristor (dé thi 3) -
Dién dp gitta 2 cyre AK cta thynstor (dd thi 4) - Dién & ap trén dién trg R (b thi 5).

Két qua md phong cho thiy dién dp m ctia thyristor ~ |V (thé hign teén d thi 1, 2 va 3) Khi
thyristor mé, c6 dong dién chay qua tai véi dlep ap Unx = 0.8V (dd thi 4). Khi thyristor mg, néu ta
thay ddi dién 4p dat vao cuc didu khidn G thi vin khong lam anh hu-ang 161 trang thai me cua thyristor
vi dong dién trong mach (Hinh 5, 49 thi 2 va 3). Thyristor s& chuyén vé trang thai dong khi ca dién ép
nguge dit vio hai cire A-K ma khong phu thude vio dién dp dat vio cyc dién khlen G(ddthi1,3va2)
Khi thyristor dang & trang thai md, néu ta thay d61 dién ap dét 1én cuc G thi vin khong anh huéng gi
tari trang | thai cua thyristor va dong dién chay trong mach (Hinh 5, d& thi 2 va 3) hay tin 58 cia dién dp
didu khién khéng anh huéng dén trang thai ddng-md cua thynstor, Khi lhynsmr a trang thai déng thi
khéng c6 dong dién chay qua tai va diép 4p Uy trén thyristor bang ép dp ngudn <iip (do thi 4) v
mach chi cé 1 thyristor chi c6 dong dién chay qua mach img véi nira chu ki duong cia nguon cap Khi
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d6, cong sudt tiéu thu cua tii ¢6 thé duge dleu khlen bing cich thay d6i thin diém ku:h mo lhymlor
theo thei gian cia nu'a chu ki duong cua nguon cdp. Khi thai didm kich ma dich din vé phia dhu nua
chu ki dmmg clia ngudn cip thi cong sual neu thu ngay cang iém. Kh1 thoi diem kich mo dich dan vé
phia cudi cia mira chu ki dwong cua nguon cép thi céng sult ueu thu ngay cang nho. Dé diéu khién ca
chu ki cila ngudn clp chiing ta c6 thé si dung 2 thynstor me nguoe chiéy nhau (hoic s dung mach
chu thyristor).

Hinh 4. Sa dé tin higu didu khién Hink 5. S db tin hiéu didu khién
v tan 56 50 Hz i tin s6 100 Hz

2.2,2. Pidn khién déng co dién xeay chidu
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Hinkh 6. So @6 mé phing mach &idu khién dong co' dién xoay chibu bing 1 thyristor



0w B -

Nguyén Trong Dang, Nguyén Chink Cuang. H6 Tudn Hing v Lai Khéc Hodng

Hinh 6 12 so dé m6 phong mach didu khién déng co dién xoay chidu bing 1 thyristor.

Cac thong 6 chinh dat vao so d6 mach nhr sau. Ngudn cap AC 220 V/50 Hz, tin hiéu diéu khién
14 ngudn xung 2 V/50 Hz, thyristor ¢6 cic thing sé o trong Bang 1, ddng co dién xoay chidu duge
phin tich hoong duong véi mét doan mach R-L.

Hinh 7. Tin hiéu diéu khién Hinh 8. Tin higu diéu khién
virng pha vei ngubn cip chdm pha Y chu ki so véi nguén cap

Hinh 7 va 8 1a két qua mé phong véi dong co dlen xoay chidu co cong sudt 1.000 W (R =484 Q va
L =0,02 H), tin hidu diéu khién cing pha véi ngudn ¢dp (Hinh 7) va chzm pha Y chu ki 50 vai nguon
cap (Hmh 8). Trong d6, cic dudmg dd thi tuong img: Dién 4p ngudn ¢dp (dd thi 1) — Dién dp didu
Kkhiéa (46 thi 2) — Dong dién qua thyristor (dd thy 3) - Dién 4p qua 2 cuc AK ciia thyristor (46 thi 4) -
Dién ap dat trén hai diu déng co dién xoay chleu (do th 5). Quan sat Hinh 7 vi Hinh 8 12 thay mach
chi didu khién vér ova chu ki duorng ctia ngudn cép (40 th §, 3 va 5) Khi tin hidu didu khién cham
pha % chu ki so vé1 dién dp ngudn cip thi dng co dién xoay chidu bit diu hoat dong Théi gian dugc
tinh bét ddu b thai, diém kich md thyristor cho dén hét ntra chu ki dwomg ctia ngudn cdp (46 thi 2, 3 va
5). Do dé, céng suit tidu thy cia dong co duge didu khnén bing thai diém kich mé thyristor. Véi so a8
& Hinb 6, cong sut tién thu cua déng co dat tir 0% t6i 50% trong Hinh 7 vi cong sudt tiéu thu cla
dong co sé giam tir 50% xuung 25% o Hinh §

Ngoii ra, con cd mét dong dign dot bign xuit hnen (& déng co dién xoay chiéu khi mé, khi déng
thyristor) v6i gid tri khdc nhau tiry vao dién ap ngudn cip & thn diém kich mor (& 45 thi thi 3). Dong
dlen a6t bién nay do cam khéng cia déng co dién xoay chiu sinh ra. Do d6, khi lap mach trong thuc
té ngudi ta phai chon thyristor cé dong qud tai phit hap.

Hinh 9 14 50 46 mé phong mach didu khlen dong co dién Xoay chidu bing 2 thyristor duge méc nguge
chidu nhau Mach mé phéng véi cic thong sb chinh nhur: nguon ¢ip AC 220 V/50 Hz, tin higu diéu khién
12 ngudn xung § V/100 Hz v thyristor véi céc thong sé nhu trong Bang | Dong co dién xoay chiéu
dugce phén tich tuong dwong vé mét doan mach R-L.



M6 phong img dung thevistor irong dic kiuén d6ng co dién xoay chién
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Hinh 9. So 46 md phong mach diéu khién djng co dign xoay chiéu bing 2 thyristor

Hinh 10. Tin higu diéu khién

Hink 11. Tin higu diéu khién
ctng pha voi ngudn cdp

chim pha 172 chu ki véi ngudn cép

Hinh 10 va Hinh 1] 12 két qua mé phong mach diéu khién dong co dién xoay chéu véi cong sual
1.000 W (tmmg img véi R =484 Q, L= 0 02 H) véi tin higu didu khién cing pha véi ngudn cap
(Hinh 10) vé chim pha 1/2 chu ki so véi nguon cap (Hinh I1). Trong do, cac dudng b thi tuong dng:
Dién ap nguon cap (dd th1 1) — Dién ap diéu khién (do thi 2) — Dong dién chay qua thynstor 1 (do thi 3) -
Dang dién chay qua thyristor 2 (a4 thi 4) — Puén dp trén dong co (do thy 5).
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Két qua trén Hinh 10 va Hinh |1 cho théy trong mach dién ¢ Hinh 9 méi thyristor s& cung cép
dong dién cho déng co dién xoay chidu theo 2 nira chu ki khic nhau cua ngudn cdp. Thyristor | (mg
vén mia chu ki duong (Hinh 10, d6 thi 3 va §) v thyristor 2 img vdi nira chu ki dm (Hinh 10. d6 thi 4
va 5). Bing cach phdi hop 2 thynistor ta ¢6 thé dicu khién déng co hoat déng trong ca hai mia chu ki
cia ngudn cdp. Mt khac, khi tin higu didu khién lech pha so v6i nguon cap thi cong suat tiéu thy cila
dong co giam xudng. Déng co chi hoat déng tir thai diém bat dau ¢ xung di€u khiér cho t6i khy ket
thic cia nita chu ki tin hiéu cia nguén cap (Hinh £1). Bang céch thay doi thén diém mé cia 2 thyristor
ta 6 thé diéu khién dugc cong suat cim déng co tir 0% t6i 100% nhu: Trén Hinh 10 déng co hogt déng
v6i céng sudt 100% va trén Hinh 11 dfng co hoat dong véi cong sudt 50%. .

Tom i, voi mach chi cd 1 thyristor cdng sudt tiéu thu eua déng co dién xoay chigu tuong {mg
véi cang sudt tir 0% dén 50% con 2 thyristor nwomg tmg vé1 céing suat tir 0% dén 100%.

3. Két lndn

Qua qud trinh mé phong g dung thyrister trong diéu khién d6ng co dién xoay chiéu chung t61
thu dugce céc két qua sau:

- Xay dung thinh céng so dd khao sat dac tinh déng, m¢ cua thyrister trong cée trdmg hop i
thudn o va tai cam (ddng oo dién xozy chiéu) bing cong ey simulink trong ngdn ngi¥ {dp trinh
Matlab

- Khao st thanh céng imyg dung cta thyristor trong digu khién dong co dign xoay chiéu véi hai
truong hop cu thé: Piéu khién mat na chu ki (diéu khidn cong sudt dong co dat o 0% 16i 50%) va
diéu khién ca has mira chu ki (diéu khién cong suit dong co dat tr 0% t6i 100%).

- Két qua thu dugc co thé dem vao tng dung trong thyc ti&n nhim 1am ting higu sudt sit dung cda
dédng co dién xoay chidu,

- Vdiso flé thiét ké ra c6 thé dung dé khao sdt cac dac tinh thyristor va img dung trong cong tic
giéng day nham gitp cho sinh vién dé dang tiép can véi nhimg nghién et vé linh vyre dién
cdng suat.
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ABSTRACT
Simulation of thyristor application in AC motor control

This study simulated the apphcation of thyristor in AC motor contro! using the too! simulink in
matlab programmng language. Simulink in matlab programming language 1s a powerful tool which 1
used to simulate the powcr element and circuit applications and 1t is used in many other research
applications. This study examined the opening and closing characteristics of the thyristor in control of
a pure resistance load and a pure inductance load (AC motors) by one or two thyristors. This
corresponds with the control of the half cycle and whole cycle of the power supply. The results
showed that the use of one or two thyristors to control AC motors significantly improves the
operational performance of the engines. These results can be used in teaching electronics to physics
students at Teacher Training Universities. Because the various mput parameters yield different results,
the opening and closing mechanism of the thyristor can be explained.

Keywords: Simulation, simulink, thyristor, capacity, AC motors
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