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The paper proposes a method for developing a digital switching
algorithm to control a three-level bridge inverter connected to a two-
phase AC load. The approach is based on determining the control
signal functions for the inverter’s switching devices through the
initial condition variables of a two-phase induction motor load. The
average output voltage of the inverter is regulated by commutating
between inverter states corresponding to the power-supply modes of
the two stator windings, utilizing the regenerative braking or dynamic
braking states of the motor. The analysis results for speed
characteristics, load capability, dynamic response, and mechanical
stiffness are evaluated for a two-phase induction motor load. The
main advantage of the proposed method is the simplification of the
voltage-frequency conversion structure for two-phase AC loads,
achieved through the switching principles of a three-level bridge
inverter connected to the load.
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Dong co khong dong bo hai pha

Bai bao dé xuat phuong dn xay dyng thuét toan chuyén mach s6 diéu
khién nghich luu cdu ba diém két ndi voi tai xoay chidu hai pha.
Phuong phép nay dua trén viéc tim cac ham tin hiéu diéu khién cac
khéa chuyén mach ctia nghich luu thong qua cac bién diéu kién ban dau
v6i tai dong co khong ddng bo hai pha. Gia tri dién ap trung binh dau ra
nghich lwu dwoc didu chinh nho chuyén mach céc trang thai caa nghich
luu twong Ung vé&i cac trang thai cap ngudn cho hai cudén diy mach
stator st dung trang thai ham ngugc hodc hdm dong nang cua dong co.
Két qua phén tich dic tinh tdc d9, kha ning tai, tinh tic dong nhanh va
do cang déc tinh co duge danh gia voi dang tai dong co khong dong bd
hai pha. Uu diém ctia phwong phap dé xuat nham don gian héa ciu tric
bd bién doi dién ap - tan sO VOi tai xoay chiéu 2 pha dya trén co so
chuyén mach nghich Iuu cau 3 diém két noi tai.
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1. Gi6i thiéu

Cac hé tmyen dong dién xoay chiéu ngay nay duoc su dung rat rong rai, trong nhiéu linh vuc
nhu bang truyén san xuét, cong nghé robot, cac hé truyen dong dién cua phao, xe 0 t0, tang thiét
giap, tau, may bay khong nguoi lai, thang may, va rt nhiéu cac g dung dan dung khac. Dac
diém ndi bat trong d6 13 cac hé tmyen dong dién xoay chiéu voi dong co dong bo, dong co khong
ddng bo mot pha, dong co khong ddng bo hai pha va ba pha, dong co Servo... dan thay thé cho
céc dong co dién mot chiéu kich tir doc 1ap, kich tir ni tiép. Pong co khong dong bo c6 gia thanh
ré, kha ning lam viéc bén bi v6i tudi tho cao, tuy nhién chua thuc sy chiém wu thé so v6i dong co
BLDC, PMSM trong cac hé truyén dong cong suét vira va nhé. Do viéc thiét ké cac luat diéu
khién chuyén mach cuia nghich luu phirc tap hon so voi cac bo bién do6i cong suat cia cac dong
co khac [1] — [7]. Ngay nay, voi su phat trién manh mé cua cong nghé bién d6i ban dan véi cac
khoa chuyen mach tan s cao nhu IGBT, Mosfet, BJT viéc diéu khién chuyén mach Invector trg
nén dé dang va cho chat luong dién ap dau ra tot hon rat nhiéu, diéu do giip dong co khong dong
bo dan khang dinh lai vi thé va duoc str dung rong rdi hon. Cac bo bién ddi cong sudt véi cac
khoa ban dan nay c6 nhiéu wu diém vuot troi vé kich c&, gia thanh, d& dang thay thé, san Xudt,
tinh 6n dinh ngay cang dwoc ning cao. Vi vdy, viéc xdy dung cac luat chuyén mach cau nghich
luu mot pha, hai pha, ba pha... véi tai la cic dong co xoay chiéu nham don gian qua trinh thuc
hién hay nang cao kha ning lam viéc ciia dong co khong ddng bo cé ¥ nghia quan trong va tr
nén cép thiét. Hién nay, co nhiéu ky thuat diéu ché do rong xung khac nhau nhu diéu ché do rong
xung theo luat sin (SinPWM), diéu chinh bé rong xung (PWM), diéu ché do rong xung theo mo
dun véc to khong gian (SVPWM) [1], [8] — [13]. Trong tai li¢u s6 [1] tac gia dat nén méng co s&
cho phuong phap xdy dung céc luét chuyén mach 80 dya trén viéc phan tich cac trang thai va
chuyen mach trang thai cua cac dang nghich luu cau H, nghich luu cau 3 pha va nghich luu 4
diém két ndi (2 cau H) voi tai xoay chiéu 2 pha, tuy nhién chua phan tich voi truong hop nghich
lru 3 diém két ndi véi tai xoay chidu 2 ‘pha. Trong céc tai li¢u trich dan s [2] - [4], tac gia phan
tich va thiét ké cac phuong phap déu ndi cac dang tai xoay chiéu 2 pha v6i bo nghich luu 4 diém
két nbi tai, co phan tich va xay dung luat chuyen mach s0, tuy nhién chua khéo sat va danh gia cu
thé hiéu nang lam viéc ctia dong co khong dong bo 2 pha. Cac cong b [5] - [15] déu la cac cong
trinh nghién ctru cua chinh nhém tac gia, v6i dang tai xoay chiéu hai pha nhom tac gia da dé xuat
phuong phap tinh toan phan b céac trang thai dién ap khong va khac khong trong didu ché do
rong xung dang dién 4p dau ra dit vao tai dong co khong dong bo hai pha, ba pha va mot pha véi
so dd nghich luu cdu H, nghich luu ciu 4 diém két ndi tai cling nhu phan tich nghich luu cau 3
pha & ché 46 SVPWM, phan tich nhugc diém cua phuong phap didu ché d6 rong xung SinPWM,
khao sat hiéu nang lam viéc cta dong co khong dong bd 2 pha & cac ché do khac nhau & tai liéu
s6 [6] va [14]. Véi phuong phap SVPWM thi viéc tinh toan thoi gian luu gitr cac trang thai cia
nghich luu ¢ cac ché d6 quy do véc to khac nhau 1a rat phirc tap nhu cong trinh trich dan s6 [10],
v6i ché 46 SPWM thi ¢6 nhugc diém ndm & gia tri dién ap tao ra khong dat dugc muc theo hé so
diéu ché, da duoc tac gia chi ra ¢ cong trinh cong b theo tai liu trich dan s [7], didu nay dan
t6i kha ning tai va do cung dic tinh co cia dong co giam dang ké duoc chi ra trong cac tai liéu
trich dan [6] va [14]; cac luat chuyén mach sé nhu lut chuyén mach d6i xtng, luat chuyén mach
tuan tu, luat chuyén mach tudn ty tiét kiém nang lugng, luat chuyén mach khong dbi xtmg [1],
[6], [14],... Trong do, cac luat chuyén mach s véi cac thiét ké don gian, d0 tin cay cao dugc
nghién ctru va Gmg dung ngdy cang phd bién. Tuy nhién, thuc t& viéc xay dung cac lut chuyén
mach sé cho nghich luu véi cac dang tai xoay chiéu hai pha, va danh gia hiéu ning lam viéc véi
tai dong co khong dong bo hai pha con chua cé nhiéu cong trinh cong bd hay nghién ciru méi
ngoai cdc tai liu trich dan [1] - [10], dac biét v6i truong hop sir dung nghich luu ciu 3 diém két
noi voi tai xoay chleu 2 pha. Do do, xay dung cac thuét toan diéu khién chuyén mach sé nghich
lwu cau 3 diém két ndi véi tai xoay chiéu hai pha c6 y nghia khoa hoc va thyc tién to 16n trong
thiét ké cac bo diéu khién chuyén mach bién dbi cong suat trong hé truyén dong dién xoay chiéu
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hai pha, dic biét trong cic hé truyén dong cong suat vira va nhé nhu trong cic tay mdy cong
nghiép, hé truyén dong cua cac camera giam sat, hay trong cac khép truyén dong cua cac robot.
[1]-[4], (141, [15]... o ‘

Trong thuc té, mot s6 dang so d6 dau noi nghich luu véi dang tai dong co khong dong bd hai
pha c6 dang nhu Hinh 1, 2, 3 [2] —[4], [15].

+&
L
= Cs
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P
Ua Ua
% Us
N Y\ NN i)
a) b)

Hinh 1. So dé ddu néi nghich heu cau H véi dang tai xoay chiéu 2 pha

Trong cac so d6 Hinh 1, 2, 3 cac ky hiéu S1, S2, S3, S4, S5, S6 1a cac khoa chuyén mach cua
nghich luu, cac ky hiéu U1, U2, U3, U4, U5, U6 la cac ham tin hiéu dién ap diéu khién cac khoa
chuyén mach twong tng S1 dén S6. So dd dau ndi nghich luu cau H véi tai 2 pha co sé khoa
chuyén mach 1a it nhat tuy nhién phai c6 hai nguén méot chiéu ndi tiép voi mot diém trung tinh
nguén dau vao hodc thiét ké thém véi hai tu dién, voi so dd nay nguén téng dau vao 1a U thi dién
ap xung tao ra cyc dai trén timg pha s& 1a U/2. Véi so d6 Hinh 2 sir dung 6 khoa chuyén mach véi
duy nhat mét ngudn, dién ap xung tao ra trén mot pha cuc dai 1a U. Véi so d6 4 diém két n6i nhur
Hinh 3 thi dién 4p cuc dai tao ra trén timg pha bang U, tuy nhién s khoa chuyén mach nhiéu, cac
thut toan cing da dang va phurc tap hon. Vi nhiing dac diém trén, viéc nghién ciru x@y dung
luat chuyén mach vé6i nghich luu 3 diém két ndi tai xoay chiéu 2 pha ¢ ¥ nghia thuc té quan
trong va gop phan giam nhe kich ¢& va don gian héa mé hinh bién d6i cong suat véi cac dong co

xoay chiéu 2 pha.
= -
s1 ss s
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2 $6 ug,
2_| u_| :
_';-'I
“ ol
Hinh 2. So do nghlch lwu cau ba diém Hinh 3. So do nghich hru cc?u bon diém két noi voi tdi xoay
két néi voi tai xoay chiéu 2 pha chiéu 2 pha

2. Phuwong phap nghién ciru

_Trong so dod Hinh 2, Ui, v6i i=1: 6 la cac ham tin hi€u logic véi cac gia tri twong tmg 0 va 1
diéu khién dong cat cac khoa ban dan Si twong Gng cua cac khoa chuyén mach S1, S2, S3, S4,
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S5, S6 cta nghich luu cau ba diém két nbi tai. Ui =1 tuong g véi trang thai khoa Si dan, Ui =0
tuong Ung trang thai khoa Si ngat. Nghich luu ciu cé 64 trang thai khac nhau, trong d6 co 27
trang thai lam viéc va 37 trang thai cAm ma trong do s€ co it nhat mot trong cac cap ma nhi phan
U6 U5, U4 U3 hodc U2 Ul c6 gid tri tuong tng la 1 1, tac 1a it nhét c6 mot trong cac cap khoa
ban dan S6 va S5, S4 va S3 hodc S2 va S1 cung dan [1, 8, 9, 13]. Ky hiéu cac trang thai nay 14 t.
Trong do6: x (x =0, 1...63) 1a gia tri thap phan cia ma nhi phan U6 U5 U4 U3 U2 Ul xac dinh
trang thai diéu khién cac khoa ban din tuong tmg 12 S6 S5 S4 S3 S2 S1.

Trong 27 trang thai lam viéc ctia nghich luu cau ba diém két ndi tai xoay chiéu hai pha, cu thé
v6i dong co khong dong bo hai pha s& co 4 trang thai cip ngudn dong thdi cho 2 pha 14 tig, ts, tas,
tsg; 8 trang thai cép nguén cho moét pha gém 4 trang thai t), t41, t37, t2s v0i 3 khda & trang thai dan
va 4 trang thai te, to, tr4, t36 V01 2 khda & trang thai dan; 15 trang thai ham trong d6 co6 2 trang thai
ham ddng nang 1a t», t4» va 13 trang thai con lai la ham tai sinh gém to, t1, to, 4, ts, tg tio, tis, t17, t20,
t32, t34, ta0.

C6 nhiéu cac phuong an diéu khién chuyén mach nghich luu ciu 3 diém két ndi véi trudong
hop tai hai pha dya trén cach sir dung cac trang thai cap ngudn nao cho dong co va cach thire sir
dung phuong phap ham dong co. Truong hop cap ngudn c6 thé str dung moi thoi dlem chi cap
ngudn cho mot pha; hodc moi thoi diém cap ngudn dong thoi cho ca hai pha; hoic cip nguon xen
k& tuan ty hai pha va mot pha. Trong ndi dung khudn kh bai bao sé& thuc hién luat chuyén mach
s6 nghich Ivu ma dong co mdi thoi diém duge cap ngudn cho ca 2 pha stator. Khi d6 c6 thé didu
chinh tbc d6 dong co hay diéu chinh gia tri dién ap trung binh dau ra nghich luu nhd cac phuong
an nhu: ham nguoc, hdm dong nang hodc ham tai sinh.

Véi cac luat chuyén mach s6, diéu chinh téc d6 dong co khong dong bd hai pha dya theo quy
luat diéu chinh tan sé - dién ap tiy theo timg dang tai khac nhau. Trong khuon kho bai bao sé& sir
dung 4 trang thai cdp ngudn cho hai cudn diy twong tng vé6i hai cip ham nguoc cia nhau 13 tig
Va t33, ts va tsg. Huong dong dién di qua cac pha A, B va véc to tir trudng tdng trén cac cudn day
stator dong co khong dong bo hai pha twong (mg véi cac trang thai nay dwoc thé hién trén Hinh 4.

A A A
‘g\jiV& | ‘zjw ‘ tls
Yangl slispaa:

a)

Hinh 4. a) Hudng dong dién cac pha A, B va b) véc to tir truong tong trén cdc cudn day stator déng co
truweong hop cap nguon cho 2 pha

Nhu vay, voi mdi trang thai tis, tss, ts, tis cia nghich luu, dong co & cung mot thoi diém sé
duogc cip nguon trén ca hai cudn déy stator va c6 hudéng dong dién di qua khac nhau, dong co
quay theo chiéu kim dong hd néu cap ngudn cho dong co theo thir tur tig, tsg, a3, ts, VA nguoc
chiéu kim dong hd néu theo thtr tur nguoc lai. Thuét toan chuyen mach st dung ham dong nang
va st dung ham nguoc didu khién nghich lwu véi tai xoay chidu 2 pha trudng hop c6 thé diéu
chinh téc d6 va chiéu quay cua dong co st dung cac bién logic nhi phan nhu sau:

- Bién SG 1a xung vudng c6 gia tri 0 va 1 ma dong co quay thuan hodc quay nguoc twong tng
voi gid tri SG =0 hodac SG=1;

- Bién YA 1a xung dién ap vé6i cac gid trj 0 va 1 tuong Gmg voi ban ky 4m va ban ky duong
ctia dién 4p xoay chiéu dang xung dit trén stator pha A;

- Bién YB Ia xung dién ap voi cac gid tri 0 va 1 tuong ing vdi ban ky am va ban ky duong
ctia dién ap xoay chiéu dang xung dat trén stator pha B. Bién YA va YB ¢ dang xung léch pha
nhau mot goc 90°.
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- Bién Q 1a xung tin hiéu gia tri 0 va 1 c6 y nghia dé diéu chinh gia tri trung binh cua xung dién
ap xoay chidu dat 1én cac cudn day stato ctia dong co, trong thyc té bién Q thuong dung hai dang
d6i xing hodc khong ddi xtmg véi cac chu ky xung bang nhau, dang khong ddi xtmg c6 bicu do
thoi gian nhu Hinh 5. Gia tri dién &p trung binh ddt trén cac cudn day stator cua dong co dugc diéu
chinh bang cach thay d6i tf)ng thot gian d§ rong cac xung dién ap mang gia tri Q = 1 so v6i khi Q =
0 twong tmg v6i dong co & ché d6 dong co hodc & ché d6 ham v6i him dong ning hodc him ngugc.
Biéu d0 thoi gian cta cac bién logic SG, YA, YB, Y va Q duoc thé hién trén Hinh 5.

4 Quay thuan it Quay ngwroc g
SG i
A l | -

[ | | t
? | e rrire:

Hinh 5. Biéu do thoi gian ciia cdc bién logic SG, YA, YB, Y va Q
bé xac dinh dugce cac ham logic diéu khién U6, U5, U4, U3, U2, U1 theo cac bién logic SG,
YA, YB va Q ta xdy dung bang chan 1y sy phu thudc ciia cac ham diéu khién vao cac bién logic
thu dugc nhu Bang 1 véi luat chuyén mach sir dung ham nguoc, va xay dung tuong tu voi luat
chuyén mach sir dung him dong ning véi trang thai ts,.
Bang 1. Bdng chdn 1y thé hién sw phy thugc cac ham diéu khién vao cdc bién logic
o ludt chuyén sir dung ham nguoc

I SG YA YB Q ueé US U4 U3 U2 Ul ti

0 0 0 0 0 0 1 1 0 0 1 t25
1 0 0 0 1 1 0 0 1 1 0 138
2 0 0 1 0 1 0 0 0 0 1 13

3 0 0 1 1 0 1 0 0 1 0 tis
4 0 1 0 0 0 1 0 0 1 0 trs
5 0 1 0 1 1 0 0 0 0 1 133
6 0 1 1 0 1 0 0 1 1 0 I38
7 0 1 1 1 0 1 1 0 0 1 t2s
8 1 0 0 0 1 0 0 1 1 0 I38
9 1 0 0 1 0 1 1 0 0 1 t2s
10 1 0 1 0 0 1 0 0 1 0 tis
11 1 0 1 1 1 0 0 0 0 1 133
12 1 1 0 0 1 0 0 0 0 1 133
13 1 1 0 1 0 1 0 0 1 0 tis
14 1 1 1 0 0 1 1 0 0 1 l2s
15 1 1 1 1 1 0 0 1 1 0 I38

Tir Bang 1 ta thu dugc cac ham diéu khién vao cic bién logic & ludt chuyén sir dung ham
nguoc diéu khién cac khoéa ban dan S6, S5, S4, S3, S2, S1 phu thudc vao cac bién SG, YA, YB,
Q nhu sau:

U1 = SG.YA.Q VSG.YA.QVSG. YA.QVSG.YA.Q

U2 =U1

U3 =SG.YA.YB.QV SG.YA.YB.Q v SG. YA.YB.Q Vv SG. YA.

U4 = SG.YA.YB.Q v SG.YA.YB.Q Vv SG. YA. YB. Qvﬁﬁ

U5 = SG.YA.YB.Q V SG.YB.Q V SG.YA.YB.Q Vv SG. YA. YB.

U6 = U5
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Tuong ty v6i trudong hop s dung ham dong nang, ta thu dugc cac ham diéu khién cac khoa
ban dan S6, S5, S4, S3, S2, S1 phu thudc vao cac bién SG, YA, YB, Q nhu sau:
U1 =SG.YA.QVSG.YA.Q; U2 =U1
U3 =SG.YA.YB.QV SG.YA.YB.Q ()
U4 =QVSG.YA.YBVSG.YA.YB
U5 =SG.YB.Q V SG.YB.Q; U6 = US

3. Két qua va ban luin

Trong ndi dung nghién ctru, nhom tac gia khao sat va phan tich, danh gia kiém nghiém thuat
toan dya trén mo6 hinh mé phong voi Matlab Simulink, dang tai duoc str dung trong m6 hinh la
dong co khong ddng bo hai pha. Vi du minh hoa dang tin hiéu cac bién SG, YA, YB, Q khi can
dleu ché mot dién 4 ap xung xoay chiéu cho dong co quay thuén v6i truong hop sd xung tao ra trén
mdi chu ky 1a 12, tan sb lam viéc 50 Hz, tan s dinh méc cua dién ap xoay chiéu 13 60 Hz theo
luat diéu chinh tan sb - dién ap U/f = const va tin hiéu cac ham diéu khién U6, U5, U4, U3, U2,
U1, dang dién ap va su phan bd cac trang thai dién ap ra khi cdp cho dong co khong ddng bo trén
cac pha vai chuyén mach str dung him ngugc c6 dang nhu cac Hinh 7, 8. Phén tich Hinh 8 thy
rang dang céc tin hiéu cac ham diéu khién U6, U5, U4, U3, U2, Ul dap tng chinh xac theo hé
cac phuong trinh (1), va (2) véi trudng hop sir dung ham dong nang.

¥ 4 ¥ 4
t g bl = a e 1
#{raowt =I|iI—TI 81 —L@ giﬁl 55 _lﬁ

Logal
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Y8 ":ﬂ ‘— sz —.| st ;ﬂ: % i@
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Soopet
Hinh 6. M6 hinh diéu khién chuyén mach nghich lwu véi tai dong co sic dung ham nguroc

Dang dién ap va thtr tu phan bd cac trang thai dién ap dau ra nghich luu cp cho dong co
khong ddng bo trén Hinh 8 dam bao ding nhu giai phap dé ra. Vi cac truomg hop diéu chinh tan
s0 ¢ cdc gia tri bat ky dudi tan sé dinh muc voi sé lugng bam xung bat ky ciing thuc hién twong
ty. Thiy rang, véi dang dién ap dau ra dat 1én dong co dung cac trang thai dién ap ham nguoc
hodc ham dong nang co thé diéu chinh gia tri dién ap trung binh dau ra cua nghich luu, tir do diéu
chinh té¢c d6 dong co theo cac luat diéu chinh tan sb - dién ap bat ky.

Dé kiém nghiém kha ning lam viéc cta dong co khong dong bo hai pha va diéu chinh toc do
lam viéc theo cac murc tin sd quay khac nhau, md hinh mé phong véi tai dong co trudng hop
chuyén mach him nguoc c6 dang nhu Hinh 6, voi truong hop hdm dong ning ciing xay dung
tuong tu. Trong do: Pong co khong ddng bo hai pha c6 tan sé dinh mirc 1a 60Hz, dién ap dinh
mirc 110V. Trong ndi dung bai bao, diéu chinh tdc do dong co khong dong bd hai pha thue hién
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trén co s ludt diéu chinh tan sb - dién ap U/f = const vdi tai 1a hing sd, voi cac luat didu chinh
tan so - dién ap khac co6 thé thyc hién tuong tu. Két qua moé phong toc dd ¢ cheé do su dung ham
nguoc véi truong hop riéng khi tan s6 dién &p mong muodn 1a 50 Hz, 30 Hz s6 xung di€u cheé trén

mot chu ky 1a 12, tdi c6 mo6 men 1a 1,0 Nm dugc vi du minh hoa nhu Hinh 9.
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Hinh 7. Biéu do thoi gian cac bién SG, YA, YB, Q va cdc tin hiéu diéu khién U1, U2, U3, U4
voi chuyén mach s dung ham nguoc

' | ' 25 25 tds ' [ '
100 |-
133 133 133 | tosf tosf tos| 33 t33 t33
f1s t13 t1s tiz tiz fis|t3g)tsz| tas
100 =
t38 £33 133 | | I 1 I
] 0.0058 0.0 0015 0.02 0.025 0.03 0.035 0.04
Hinh 8. Dién ap dau ra nghich luu véi cfguyén mach sir dung hdm nguoc
150 ; ; [ Rotor spead (rads T P> ; ;
w0l i 100 . .<Rotorl speedltradl'a or pu:).
s g 50 f 4
0 ] 0 J
50 ! ! ! | | ! ! ! ! -50 . . . . .
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Hinh 9. Ddc tinh téc dg ciia ddng co véi tan s6 50 Hz (hinh a), 30 Hz (hinh b), Tm = 1,0 N.m

vOi chuyén mach ham nguoc
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Phan tich va so sanh dac tinh tdc do cua dong co khi 6 muc tan s6 30 Hz va 50 Hz & Hinh 9
thdy rang kha ning lam viéc 6n dinh ctia dong co v6i mirc dao dong toc do tinh dam bao tbt, tinh
tac dong nhanh co6 thay do6i tuy nhién khong khac biét dang keé.

bé danh gia kha nang lam viéc cua dong co dua trén cac thong s6 nhu do cung dac tinh co,
kha ning tai, tinh tac dong nhanh ta thanh 1ap cac thong s6 nhu Bang 2.

Bang 2. Két qud mé phong véi mé men tai dong co thay doi tir 0 téi 5 N.m
theo cap so cong la 0,5 truwong hop f = 50Hz

Mo men tii Tm Téc dd quay xéc IAp o (rad/s), thoi gian qua dd t (s) va dao dong tdc dd tinh Ao

(N.m) Chuyén mach véi him nguoc Chuyén mach véi him dong niing
Oxl T Ao ® t Ao
0,0 148 0,75 1,27 149,1 0,85 1,2
0,5 143,6 0,8 1,22 144,13 0,8 1,25
1,0 138,8 0,8 1,2 139,05 0,82 1,11
1,5 133,5 0,85 1,11 133,6 0,9 1,18
2,0 127,8 1,0 1,1 127,2 1,0 1,08
2,5 121,5 1,1 1,1 119,9 1,2 1,2
3,0 114,4 1,4 1,08 112,18 1,4 0,9
3,5 105,8 1,51 1,0 102,3 1,5 0,85
4,0 95,08 2,0 0,82 94,15 2,0 0,72
4,5 80,85 2,6 0,73 79,75 2,6 0,71
5,0 58 5,1 0,56 34,6 10 0,3

Tm max 5,3 53

Phan tich két qua trén Bang 2 thdy rang mo men tai cyc dai & ca hai giai phap la tuong dong,
déu dat mirc 5,3 N.m, tuy nhién & truong hop chuyén mach s dung hdm nguoc, sy bién thién toc
d6 xéac 1ap cua dong co khi thay d6i mé men tai theo cap sé cong 0,5 N.m c6 gid tri nho hon so
v6i truong hop chuyén mach v6i ham dong ning, nhu vy, d6 cimg dic tinh co truong hop
chuyén mach véi him nguoc 1a cimg hon so véi trudng hop chuyén mach him véi dong ning.
Thoi gian qua d6 & hai phuong an kha tuong dong va khong khac nhau nhiéu trir trudng hop
ving tai tir 5 N.m thi thoi gian tac dong nhanh cia dong co & ché d6 chuyén mach nghich luu véi
ham nguoc nho chi bang mot nia so v6i trudng hop & ché d6 chuyén mach voi him dong ning.
Mirc dao dong toc dd tinh & ca hai phuong an déu rat nho, dudi 1% véi cac murc tai, dam bao tot.

So sanh két qua lam viéc ctia dong co khi & ché ¢ PWM, SPWM véi truong hop sir dung cau
H, va 2 cau H da duoc cong bd & cong trinh trich dan sb [14] nhan thay ring & 2 ché do nay thi
kha nang tai cuc dai cia dong co chi dat dugc 1an luot 12 3,8 N.m va 2,3 N.m tha‘ip hon rét nhiéu
s0 voi 5,3 N.m ¢ chuyén mach v6i ham nguoc va him dong ning véi nghich luu cau 3 diém két
nbi. Pidu d6 ciing cho thay do cing dic tinh co cua dong co khong dong bd hai pha ¢ ché do
PWM va SPWM la thip so véi giai phap tic gia dé xuat nghién ctru. So véi trudong hop chuyén
mach cai tién truong hop sir dung nghich luu cau 4 pha (4 diém két ndi tai) cong bd & [14] thi md
men tai cyc dai dat dugc 1a 5,7 N.m 16n hon mot chat véi 5,3 N.m. Tuy nhién, & trudng hop cai
tién nay quy luat phan b thoi gian luu giit cac trang thai dwoc tinh toan phirc tap hon. Vi vy c6
thé két luan rang, giai phap chuyén mach sb véi trudng hop nghich luu cau 3 diém két ndi voi tai
dong co khong ddng bo 2 pha ¢ y nghia thyc tién cao va bd sung thém mot giai phap tmg dung
trong thuc tién mot cach don gian va hiéu qua.

4. Két luan

Bai bao da xay dung ludt chuyén mach s6 cho nghich Iuu ciu ba diém két ndi tai xoay chiéu 2
pha & ché d6 chuyén mach sir dung ham ngugc va chuyén mach him dong ning véi tai dong co
khong dong bo 2 pha. Két qua kiém nghiém thuat toan va phan tich danh gia déc tinh tdc do cua
ddng co cho thiy luat chuyen mach xy dung cho phép tao ra mot ngudn dién 4p xung xoay chleu 2
pha, dap tmg dugc viéc diéu chinh téc d6 ctia dong co khong ddng bo hai pha véi cac mirc tan sb
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khac nhau, & muc tan s6 cao va muc thip trung binh déu dam béo tinh tic dong nhanh va dao dong
tdc do tinh tét. Tuy nhién, & ché do chuyén mach véi ham ngugc cho do cing dac tinh co tdt hon so
v6i khi ding ham dong ning véi cac muc tai khac nhau. Giai phap chuyén mach dé suat cho phép
dé dang hién thuc hoa viéc thiét ké, didu khién toc do dong co khong dong bo 2 pha theo cac luat
diéu chinh tan sb - dién ap. Pac biét, voi so dd cau ba diém két ndi c6 thé don gian hoa thudt toan
chuyén mach va tiét kiém sb khoa chuyén mach ban dan so véi cac dang so dd nghich luu hai pha
khac. Piéu nay c6 y nghia quan trong trong viéc ing dung dong co khong ddng bo hai pha trong
cac hé truyén dong dién L cong nghiép, cac hé truyén dong cac khop tay robot hay cac hé cong suét
vira va nho trong thyc tién, gitip tiét kiém chi phi va kich ¢& trang thiét bi.
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