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MO PHONG UTNG DUNG THYRJSTOR TRONG DIEL KHIEN 
DONG CG DIEN XOAY CHIEU 

Nguyen Trpng Dung', Nguyen Chi'nh Curcmg', H6 Tu4n Hung' 
va Lai Khac Hoang^ 

'Khoa Vdt li. Tru&ng Dgi hoc Suphgm Hd .\ni. 

'Vien Vdt li Kl thudl, Trucmg Dai hoc Bdch khoa Hd Ngi 

Tom tal. Nghien cuu nay md phdng ung dyng cua thyristor trong di6u khien dong ca dien xoay 
chieu bang cong cu simulink Uong ngon ngO lap trinh matlab Simulink trong ngon ngu lap trinh 
madab la cong cu rat raanh dung de mo phong cac phan tu cdng suit, mach dien irng dung va 
duac su dung nhieu trong cac trung iam nghien cihi. Bai bao nay khao .lat dac ti'nh dong. ma cua 
thynstor trong dieu khien mach tai thuan tro, mach tai cam (dpng co dien noay chieu) bang i hoac 
2 thyristor. Dieu dd ung vdi dieu khien nita chu ki va dieu khien ca chu ki ngudn dp. Cac k^l qua 
cho ihay, viec su dung I hoac 2 thyristor de dieu khien dong ca dicn xoay chieu cd y nghia rat ldn 
trong viec nang cao cong sual hoat ddng cua dgng co. Cac ket qua do cd the duoc su dung trong 
giang day dien tu cong suit cho sinh vien cua cac khoa Vat li inrdng dai hpc su pham. Ngoai ra, 
khi cac thong so dau vao khac nhau se cho cac ket qua khac nhau va lir dd giai thich duoc ca chi 
dong, md cua thyristor. 

Tirkhoa- Mo phong. simulink, thyristor. cong sual, dpng co dien xoay chieu. 

1 . Mff d a u 

Trong cdng cudc ddi mdi d i t nudc ve cdng nghifip hoi va hifin dai ho i . v in dfi ap dung khoa hoc 

kT thuit vao quy trinh sin xuat la vin dfi cin thifit nhit hien nay. Ciing vdi su phit trien cua mdi sd 

nginh: dien tu, cdng nghfi thdng tin, nginh khoa hpc kT thuat. dicu khicn \a tu ddng boa da phat tnen 

vupt b i e . Trong do, boat ddng tu ddng hoi eua c ie quy trinh san xuil dang dugc phd bien ngiy nay. 

Nd ed the thay the cbo sue lao ddng cua con ngudi va lam tang ning suit trong sin xuit Cic phan tu 

cdng su i t nhu la dien ttd, cudn cira, didt (diode), thyristor, gio, mosfet, ideal switch, igbt.. . duoc su 

dung trong mach dien tu img dung gdp phin lim t ing hifiu suit va kha nang tu dpng hda eua dpng ea 

dien xoay chieu [1 ,2 ] . 

B i i b i o nay md phdng irng dung cua thyristor trong difiu khien dfing co difin xoay chieu bing 

cdng cu simulink trong ngdn ngu- l ip trinb matlab. Cac ket q u i nghien cuu dugc khao sit , phan tich 

thdng qua d i e trung Vdn - Ampe cua thyristor vdi tai i i ddng ca dien xoay chifin cho ket qui chinh 

xac, thdng qua thay ddi dp Ifich pha cua tin hieu difiu khien v i ngudn c ip dfi difiu chinh cdng suit ra 

cua dpng ca. Ket qua nghifin ciru phu hgp vdi thuc nghiera va ed thfi su dung trong giang day difin tir 

cdng sui t cho sinh vien cac kboa Vat Ii trudng dai bpc su pham. 
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2, Noi dung nghien ciiu 

2,1, Pkuffng phap nghien cuu 
Cdng ™ mo phdng: Simulink la cong c Irong ngon ngu lap trinh matlab dirng « mo phong, 

phSn tich cii hnh kien va mach dien tu vdi m6i trucmg g.ao d,en do hoa. Ngoa, ra, stmulnJc con la 
ngdn ngu lap trinh giup cho nguo, sir dung dl dang d. chuyen qua la, giiia giao dien do hoa va ng6n 
ngii lap trinh, no tao diiu kiSn thuan loi cho qua trinh mo phong [3]. 

Thyristor: Thyristor la hnh kien ban din silic co diSu kliijn, ciu t,o g6m 4 lop ban dto loai P, N 
sip xip theo kiSu P-N-P-N (gpi la SCR) tao ra ba Ic-p ti6p giap P-N: J1,12.13. Trong do, ba cvc cua 
ban din duoc g5n triic tilp vdi cac ldp nhu: Cue anot (A) duQC gan vdi ldp ban dan loa. P, cue catot 
(K) duoc gin vdi ldp ban din loai N va cue dilu khiln (Q) duoc gan vdi ldp ban din loai P, duoc the 
hi?n tren Hinh 1. (Ngoai ra, thynstor cd thl dugrc phan tich thanh 2 transistor mic noi tilp, mot 
transistor thuan va mpt transistor nguoc (Hinh lb) hoac cd thl coi thyristor IJ mpt diode cd dieu khien 
(Hinh lc). 
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Htnh L Sff do cau tgo ciia thyristor (la), 
sff do tuffng duffng (lb), ki hiiu (lc), htnh dgng (Id) 

Kbi ta noi thyristor vao mach difin nbu Hinb 2a, ket hgp vdi so dd Hinh lb ta thiy, khi ed ddng 
difin nhd IG dat vao cue difiu khifin G cua thyristor, ddng dien IG tao ra ddng cue thu Ici ldn ban. Mat 
khic: Id lai chinh la ddng nfin la; ciia transistor PNP Ts lai tao ra ddng thu VQI lai ldn han Ici trudc. 
Hien tugng nay eii tifip dien cho den khi ci hai transistor trd nfin bao hda. Ddng bao hda qua 2 
transistor chinh la ddng anot ciia thyristor, ddng difin nay phu thupc vao UA vi dien trd tai RA- CO che 
boat ddng cua thyristor cho thiy ddng \Q khfing cin Idn va thdi gian tdn tai ngin. Khi thyristor da dan 
dien, ta cd thfi bd ddng I^ di thi thynstor vin tiep tuc din dien. Dg cd the ngil dugc ddng qua thyristor 
ta cd thfi ngat ngudn VAK (hoac giam dien ap VAK sao cho ddng dien qua thyristor cd gia tri nhd den 
radt gia tri nao dd (goi ddng difin niy la ddng duy tri Ud-
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(a) (b) 

Hinh 2. Mgch noi thyristor dim gian (a) vd ducmg dgc trung Von-Ampe (b) 

Hinh 2b Ii dudng dac trung Von-Ampe cua thyristor, trong dd cie gii tr; nim trong gdc phan tu 
thu 1 tuang iing vdi dien ap UAK > 0 gpi li dac tinh thuin cdn eic gii tri nim trong gdc phin tu thir ill 
tuong ling vdi dien ip UAK.*= 0 gpi la dac tinh ngugc. 

Khi ddng difin vio cue difiu khifin ciia thyristor bang 0, hay klii hd raach cue difiu khifin, thyristor 
se ein trd ddng dien iing vdi ci hai tnrdng hpp phan cue difin ip giSa anot vi catot. Khi difin ip UAK. "^ 0 
theo cau tao ban dan cua thyristor hai tifip giip Jl, J3 deu phan cue nguac, Idp tiep giip J2 phan eye 
thuan, nhu viy thyristor se gifing nhu hai diode mac ndi tifip bi phan cyc ngugc. Qua thyristor se chi 
cd mdt ddng dien rat nhd cbay qua, gpi li ddng rd, thyristor d trang thai ddng. Khi UAK tang dat den 
rapt gia tri difin ip ldn nhat UAK = Ung.niaji theo chieu nguac, se xiy ra hifin tucmg thyristor bi danh 
thiing, ddng dien cd thfi tang Ien rit Idn Gidng nhu d doan die tinb ngirae cua diode qua trinh dinh 
thung li khdng the dio ngugc dugc, nghia la thyristor da bi hdng. Khi tang difin ip anot-eatot theo 
chieu thuan, UAK ^ 0) iuc dau cung ehi cd mfit ddng difin rit nhd chay qua, gpi li ddng rd Dien trd 
tuong duong mach anot-catol van ed gia tri rat ldn. Khi dd tifip giip Jl, J3 phan cue thuan, J2 phin 
cue ngugc. Cho den khi Uak tang dat dfin gia tri dien ap thuan Idn nhat UAK= UdLmax iheo chieu thuan 
se xay ra hifin tugng difin trd tuong ducmg maeh anot-eatot ddt ngdt giam, ddng dien cd thfi cbay qua 
thyristor vi gia tri se chi bi gidi han bdi dien trd tii d maeh ngoii, thyristor d trang ±ai md, Neu khi 
dd ddng qua thyristor cd gii tri Idn ban mfit miic ddng tdi thieu, goi li ddng duy tri, Idt, thi khi dd 
thyristor se dan ddng trfin dudng die tinh thuin, gifing nhu dudng die tinh thuan cua diode. 

Khi dat vio cue dieu khien ddng IQ. > 0 thi qua trinh chuyfin difim lim viec tren dudng dac tinh 
thuan, trang thai md, se xiy ra sdm ban vdi U,h < Uih mai. dugc mfi ti bdi nhimg dudng net diit, iing vdi 
cae gia tri ddng dieu khien khic nhau IGI, Icâ  IGI,— Ndi chung, nfiu ddng difiu khifin ldn hem thi difira 
chuyen die tinh lam viee se xay ra vdi UAK nhd ban. 

Dfi nghifin ciiu, khio sat die tinh ddng, md eiia thyristor khi dieu khien dpng ca difin xoay chifiu 
bing cdng cu simulink trong ngfin ngir lap trinh matlab bang each thay ddi cic thong so dau vio trong 
trudng hgp tii thuan trd vi tai cam (ddng co difin xoay chieu) vdi I hoic 2 thyristor, Kfit qui thu dugc 
phu hgp vdi thuc nghifira vi cd the iing dimg vao thuc tifin [4, 5]. 
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2,2, Kit qua mo phdng 

2.2,1, Khao sat dac tinh dong, md ciia thyristor 

D8 khao sat dat tinh ddng, md cua thyristor chiing to, sii dung mach d,en nhu tren Hinh 3. Trong 
mach nay, de khao sal ddng md (la) va anh hudng cua la len trang thai ddng-md cua Thyristor, ta su 
dung dien ap diln khien la tin hieu hinh sm vdi bien dp 2 V va 2 tan sd la 50 Hz va 100 Hz. 

T^ 

e ^ ^ & 

- s 
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Voltage Measurement! 

Htnh 3. Sff do khdo sdt dgc tinh ddng, md ciia thyristor 

Dit cic tiidng sd diu vio nhu- ngudn cip AC 12 V/50 Hz, tin hifiu dieu khien AC 2V vdi tan sd 
(50 Hz; 200 Hz), dien trd R = 10 (Cl) va thyristor vdi cic thdng sd nhu trong Bing I 

Bdng I. Thdng .so ciia thyristor 
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Ket qua rad phdng dugc the hien tren Hinh 4 va 5. Trong dd, eic dudng dd thi tuang iing: Dien 
ip ngudn cip (do thi I) - Dien ip difiu khien (do thi 2) - Ddng difin ehay qua thyristor (dfi thj 3) -
Difin ip giua 2 cyc AK cua thynstor (dfi thi 4) - Difin ip tren difin trd R (do thi 5). 

Ket qui md phdng cho thay difin ap md ciia thyristor ~ IV (the hien trfin dd tbi 1,2 va 3) Khi 
thyristor md, cd ddng difin chay qua tii vdi diep ap UAK ̂  0-8V (dfi thj 4). Khi thyristor md, neu ta 
thay dfii dien ip dit vao cue difiu khifin G thi vin khfing lim anh hudng tdi trang thii md cua thyristor 
vi ddng difin trong maeh (Hinh 5, dd thj 2 vi 3). Thyristor se chuyfin ve trang thii ddng khi cd dien ap 
ngupc dat vao hai cue A-K ma khdng phu thudc vao dicn ap dat vio cue difiu khifin G (dfi thi 1, 3 vi 2) 
Khi thynstor dang d trang thii md, nfiu ta thay ddi dien ap dat Ifin eye G thi van khdng inh hudng gi 
tdi trang thii cua thyristor va ddng dien ehay trong mach (Hinh 5, dd thi 2 va 3) hay tin sd cua difin ip 
difiu khifin khdng inh hudng den trang thii ddng-md cua thyristor. Khi thyristor d trang thii ddng thi 
khdng cd ddng dien chay qua tai vi diep ip UAK tren thyristor bing diep ap ngudn cap (dd thi 4). Vdi 
mach chi cd 1 thyristor chi cd ddng difin ehay qua maeh ung vdi nua chu ki duang cua ngudn cip. Khi 
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do, edng suit tieu thu ciia tii cd the dugc difiu khien bang each thay ddi thdi diem kich md thyristor 
theo thdi gian cua nua chu ki duang eua ngudn cap. Khi thdi diem kich ma dich dan ve phia dau nua 
chu ki duang cua nguon cap thi cdng suit lieu thu ngiy cang Idn, Khi thdi difim kich mo dich din ve 
phia cuoi cua mia chu ki duong eua ngudn cap thl cdng suit lieu thu ngiy eing nhd. De dieu khien ca 
chu ki eua ngudn cip chiing ta cd the su dung 2 thynstor nilc ngugc chieu nhau (hoic sii dung mach 
ciu thyristor). 

Hinh 4. Sff do tin hifu dieu khien 
Vffi tdn sd 50 Hz 

Hinh 5. Sff dd tin hieu dieu khien 
vai tan sd 100 Hz 

2.2.1. Dieu khien dpng ca dien xoay chieu 
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Hinh 6. Sff do mo phdng mgch dieu khien dpng ar dien xoay chieu bang I thyristor 
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Hinh 6 la so dd md phdng mach difiu khien ddng ea difin xoay chifiu bing I thyristor. 

Cic tbfing sfi chinh dat vio so dfi raach nhu sau, Ngudn cip AC 220 V/50 Hz, tin hieu difiu khien 
la ngudn xung 2 V/50 Hz, thyristor ed cac tbong sd nhu trong Bang 1, ddng co difin xoay chifiu dupc 
phan tich tucmg duang vdi mot doan mach R-L. 

Hinh 7. Tin hieu dieu khien 
ciing pha vdi ngudn edp 

Hinh 8. Tin hieu dieu khien 
chain pha Vd chu ki so vdi nguon edp 

Hinh 7 va 8 la ket qua md phong vdi ddng co dien xoay chifiu ed edng suat 1.000 W (R = 48,4 Q vi 
L = 0,02 H), tin hieu dieu khien cimg pha vdi ngudn cip (Hinh 7) vi cham pha 'A chu ki so vdi ngudn 
cip (Hinh 8). Trong do, cac dudng dd thi tuong iing: Dien ip ngudn cip (do thi 1) - Difin ap difiu 
khien (do thj 2) - Ddng difin qua thynstor (dd thi 3) - Dien ap qua 2 euc AK eua thyristor (dd thj 4) -
Dien ap dat tren hai diu ddng eo dien xoay chieu (do thi 5). Quan sit Hinh 7 va Hinh 8 ta thiy mach 
chi difiu khien vdi nua chu ki duong cua ngudn cap (dfi thi I, 3 vi 5). Khi tin hieu difiu khifin chim 
pha 'A ehu ki so vdi difin ap ngudn cip thi ddng ca difin xoay chieu bit diu boat ddng. Thdi gian dupe 
tinh bit diu tir thdi diem kich rad thyristor cho dfin het nua chu ki duang ciia ngudn cip (dd thj 2.3 va 
5). Do do, cdng suit tieu thu eua ddng eo dupc dieu khien bing thdi difira kieh md thyristor. Vdi so dd 
d Hinh 6, cdng suit tieu thu eua dpng ca dat tir 0% tdi 50% U-ong Hinh 7 vi edng suit lieu thu ciia 
dpng CO se giim tir 50% xuong 25% a Hinh 8 

Ngoii ra, cdn cd rapt ddng dien dot bien xuat hien (d dpng co difin xoay chifiu khi rad. kbi ddng 
thyristor) vai gii tri khac nhau tiiy vio dien ip ngudn cip d thdi difim kich md (d dd thj Ihii 3). Dong 
dien dot bifin niy do eim khang cua dpng co difin xoay chifiu sinh ra. Do dd, khi lip mach trong thuc 
tfi ngudi la phii chon thyristor cd ddng qua tai phii hgp. 

^ Hinh 9 la so do mfi phong mach difiu khifin dong co difin xoay chieu bing 2 thynstor dugc mic nguac 
chifiu nhau. Mach md phdng vdi cic thdng sd chinh nhu: ngudn cip AC 220 V/50 Hz, tin hieu difiu khien 
Ii ngudn xung 5 V/100 Hz vi thyristor vdi cac thong sd nhu trong Bang I Dong ca dien xoay chifiu 
dugc phin tich tuong duong vdi mdt doan maeh R-L. 
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Hmh 9. Sff do mo phdng mgch diiu khien dgng ca dien xoay chieu bdng 2 thyristor 

Hinh 10. Tin hieu dieu khien 
ciing pha vdi ngudn cdp 

Htnh 11. Tin hieu dieu khiin 
chgm pha 1/2 chu ki v&i nguon cap 

Hinb 10 va Hinh II la kfit qua mo phdng mach dicu khien ddng co di?n xoay chifiu vdi cdng suit 
1.000 W (tucmg ling vdi R = 48,4 Q, L = 0,02 H) vdi tin hieu dieu khien cimg pha vdi ngudn cip 
(Hinh 10) vi chim pha 1/2 ehu ki so vdi ngudn cap (Hinh 11), Trong do, cac dudng dd tbi tuong ung: 
Difin ap nguon cap (do thi I) - Dien ip dieu khifin (dd thi 2) - Ddng dien cbay qua thynstor I (do thi 3) -
Ddng dien cbay qua thyristor 2 (dd thi 4) - Difin ip tren dpng co (dd thj 5). 
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Ket qua tren Hinh 10 vi Hinh 11 cho thay trong mach difin d Hinh 9 mdi thyristor se cung cap 
ddng dien cho ddng eo difin xoay chifiu theo 2 nua chu ki khae nhau cua ngudn cip, Thyristor I iing 
vdi nua chu ki duon^ (Hinh 10, do thi 3 va 5) va thyristor 2 iing vdi nua chu ki am (Hinh 10, dd thi 4 
vi 5). Bing each phdi hgp 2 thyristor ta cd thfi dieu khifin dfing ea boat ddng trong ei hai mia chu ki 
ciia ngudn cip. Mat khic, khi tin hifiu dieu khifin Ifich pha so vdi ngudn cip thi cdngsuit tifiu thu ciia 
dpng CO giam xudng. Ddng ca chi hoat ddng tii thdi diem bit dau cd xung difiu khifin eho tdi khi ket 
thiie ciia mia chu ki tin hieu eua ngudn cap (Hinh 11), Bing each thay ddi thdi diem md cua 2 thyristor 
ta cd thfi dieu khifin dugc edng suit eda ddng ca lir 0%i ldi 100% nhu: Trfin Hinh 10 ddng ca boat dfing 
voi cdng suit 100% vi tren Hinh 11 dpng co boat ddng vdi cdng suit 50%. 

Tdm l^i, vdi raach chi cd I thynstor cdng suat tieu thu cua ddng eo difin xoay chieu tucmg ung 
vdi cfing suit tu 0%i den 50% edn 2 thyristor luang iing vdi cfing suit tir 0% den 100%). 

3. Ket luan 

Qua qua trinh md phdng iing dung thyristor trong dieu khifin dong ca dien xoay chifiu chiing tdi 
thu dugc cic ket qui sau: 

_ - Xiy dung thinh cfing sa dd khio sat die linh ddng, md cua thyristor trong cac trudng hop tii 
thuan trd va lii cira (ddng co dien xoay chifiu) bing edng cu simulink trong ngdn ngir lip trinh 
Matlab 

- Khio sit thanh cdng iing dung ciia thyristor trong difiu khien ddng co dien xoay chifiu vdi hai 
trudng hop eu the: Dieu khifin mpt nua chu ki (dieu khien cdng suit ddng eo dat tir 0% tdi 50%) va 
difiu khien ei hai mia chu ki (difiu khien cdng suit dpng co dat tir 0% tdi 100%i). 

- Kel qui thu dugc ed thfi dem vao ling dung trong thuc lien nhim lam tang hieu suit sir dung cua 
dpng ca difin xoay chieu, 

- Vdi sa do thiet kfi la cd the dimg dfi khao sal cae dac tinh thyristor vi ung dung trong cdng tic 
giing d p nhara giup cbo sinh vien de ding tifip can vdi nhiing nghien ciiu vk ITnh vuc dien hi 
cdng suit. 
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ABSTRACT 
Simulation of thyristor application in AC motor control 

This smdy simulated the application of thyristor in AC motor control using the tool simulink in 
matlab prograraming language, Simulink in matlab programming language is a powerhil tool which is 
used to simulate the power element and circuit applications and it is used in many other research 
applications. This study examined the opening and closing charactenstics of the thyristor in control of 
a pure resistance load and a pure inductance load (AC motors) by one or two Ihyrislors 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 Ihyrislors to control AC motors significantly improves the 
operational perfomiance of the engines. These results can be used in leaching electronics to physics 
smdents at Teacher Traimng Universities. Because the vanous input parameters yield different results, 
the opening and closing mechanism of the thynstor can be explained. 

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