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MO PHONG BQ KHOI POQNG MEM DPONG
CO PIEN XOAY CHIEU BA PHA
SIMULATE SOFT - STARTER FOR AC MOTORS
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Y2Truwong Pai hoc Hang hai Viet Nam
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T6m tat: Bai bao nghién cizu cdu tric khai dgng mém va phat trién mgt méd hinh méd phong khoi
déng mém dura trén phan mém PSIM. Céc két qua md phéng thé hién tinh chinh xac va hiéu qud cua
mé hinh dwoc xay ding. Nhing két qua nghién cizu ciia bai bdo la co sé cho viéc trién khai cac phan
mém khdi déng mém trong cac nhiém vy thiét thuee va ¢é ¥ nghia véi viée dao tao nguon nhan luc
nganh ki thudt diéu khién va tw déng hoa.

Tir khoa: Bé khoi dong mém, dong co khéng dong bé rotor long soc, mé hinh héa.

Chi sé phan logi: 2.2

Abstract: The paper studied the soft-starter structure and developed a soft-starter simulation
model based on the PSIM software. Simulation results show the accuracy and effectiveness of the
model. The research results of the paper are the basis for the deployment of soft start software in
practical and meaningful tasks in the training of human resources in the field of control engineering

and automation.
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1. Giéi thiéu

Khi khai dong tryc tiép dong khai dong
cua dong co 16n, gay phét nhiét 16n trén cudn
day dong co, mo men khoi dong I6n anh
huong dén két cau co khi cia dong co va
toan hé truyén dong, gay su cb sut ap trong
diéu kién cong suit ngudn hitu han (hé théng
dién trén tau thay) va gay nguy hai dén cac
tai nhay cam.

Ddi voi cac dong co dién cong suat Ion
thuong st dung phuong phap khoi dong gian
tiép: Poi ndi sao - tam giac, s dung cudn
khadng khoi dong, dung dién tro khoi
dong...dam bao ludi dign khong bi sap. Cac
phuong phap khéi dong gian tiép nay chwa
dap Gmg duoc yéu cau vi:

+ Dong dién khéi dong van con Ién, van
gay anh huong dén chét luong ngudn dién;

+ Dong dién khoi dong van con Ién, van
gay anh huong dén chét luong ngudn dién;

+ M6 men khai dong van con dap mach
I6n, nhat 1a ddi véi phuong phap khéi dong
sao - tam giéc;

+ Pac tinh khoi dong cua hé truyén
dong trong qué trinh khoi dong khong téi wu,
kho tu dong hda qué trinh khoi dong trong
hé thdng gém nhiéu cum dong co can khoi
dong cung mot thoi diém. Thoi gian khoi

dong va dirng may dai, trong mot sé tng
dung la khéng thé chap nhan duoc;

+ Khong thé diéu khién dugc qua trinh
dirng may t6i wu, hé thong st dung cac bo
khoi dong truyén thdng chi cé thé ding tu do
(phu thudc vao ma sét cua hé truyén dong);

+ Kich ¢& cua céc bo khoi dong truyén
théng rat nang va cong kénh;

Khi khoi dong dong co su dung b khoi
dong mém c6 cac uu diém nol troi:

+ Céc bo khoi dong mém hoat dong theo
nguyén ly diéu khién giam dién ap dat vao
stator cua dong co can khoi dong. N6i mot
cach khac, dong dién bom vao dong co trong
qua trinh khoi dong duoc diéu khién théng
qua viéc diéu chinh dién ap dat 1én cac cuon
stator cua dong co. Do vay, giam dugc dong
khoi dong xudng chi con ba dén bén lan
dong dinh muc cua dong co, dong thai md
men khéi dong cling dugc gidi han, chi dao
dong trong mot pham vi hep (tr 1.5 dén 2.5
lan m6 men dinh mic);

+ Quy luat diéu chinh dién ap c6 thé lap
trinh bang phan mém, do d6 c6 thé linh hoat
chon duoc nhiing dac tinh khoi dong, ding
may toi uu va “mém” cho tung loai tai
truyén dong, nhu: Khoi dong véi gia toc
khong ddi hoic khoi dong véi dong khong
d6i, khoi dong cho loai tai may bom, quat
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gio... bac biét, giam dugc hiéu uwng “bla
nu6e” ddi voi tai may bom trong qua trinh
dirng may;

+ Nho kha ning diéu chinh bang phan
mém nén céac bd khoi dong mém co thé tich
hop vao hé thdng tu dong hoa, diéu khién tu
dong dugc qua trinh khai dong va dirng may,
nhu: Dat trudc thoi gian khoi khoi dong
hodc dirng may, pht hop theo yéu cau cong
nghé caa hé thdng;

+ Cho phép khoi dong cung luc nhiéu
dong co co chung dac tinh tai ma khong gay
nhiéu loan ngudn dién cua hé théng. Dic biét
thich hop trong cac hé théng ngudn c6 cong
suat hitu han trén tau thay;

+ Puoc ché tao dua trén cdng nghé van
cdng suat ban din (Thyristor hoic IGBT)
nén tudi tho cao, kich c& nho va ton hao khoi
dong thap.

Rat nhiéu céc cong trinh nghién ciu vé
bo khoi dong mém [1-13]. Trong dé cong
trinh [4], [7] tap trung ky thuat khoi dong
theo dong.

Bai bao nay tap trung mé phong bo khoi
déng mém, 1a co sé cho viéc trién khai ché
tao bo khai dong mém trong thuc tign.

2. Cau tric b khéi dong mém

Bo6 khai dong mém gom bdn phan chinh
nhu hinh 1 :

+ Mach luc: Bo phan lam viéc chinh cua
khoi dong mém. Mach luc cua hé thong khai
dong mém duoc xdy dung trén @ng dung
diéu &p xoay chiéu ba pha voi ba cap
Thyristor song song dau nguoc. Nguyén Iy
hoat dong cua khoi dong mém dua trén diéu
chinh tri sé hiéu dung dién ap. Tur d6 gian
tiép thay d6i dong dién khoi dong, md men
khoi dong. Quy luat diéu chinh dién ap nay
duoc thuc hién trong khi khoi dong dong co
hodc dirng mém nho thay déi géc maé cua 3
cap van Thyristor trong mach lyc (hinh 2);

+ Mach diéu khién phat xung: C6 nhiém
vu nhan dién ap diéu khién tr mach vi diéu
khién dé tao ra géc mé van phu hop;

+ Mach vi diéu khién: Gom cac chuc
ning do ludng, tao dién ap diéu khién theo
quy luét khoi dong cling nhu ding mém cua
khai dong mém, chirc nang déng cat, bao vé;

+ Giao dién nguoi dung: Ché do van
hanh bang tay thong qua ban phim va man
hinh hién thi ngoai mat ta khoi dong mem.

A, B, C

Man hinh

Diéu

 »l khién
Piéu khién o
- phat

A xung

Ban

Khuéc
h dai
xung

Dong
co

Hinh 1. Cdu trac chung cia bg khai dgng mém.

bong co

Hinh 2. So @6 mach luc cia bé khoi dong mém
dung Thyristor.

3. Cac ché d lam viéc cia b khai
dong mém

3.1. Ché @9 mode 1: Start Ramp

Pay 1a ché do tang dan dién ap dat vao
dong co tir dién ap ban dau duoc cai dat
trudc (tuy loai dong co bom dugc st dung).
Qua trinh tang dién ap chia lam ba giai doan:

+ Giai doan 1: Tir thoi diém bat dau
khoi dong toi thoi diém T1:

U%

100%

Uy%

Uy %

T Tz L
Hinh 3. Dién dp dat lén dong co trong qud trinh khoi
dong voi che do 1.
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bi¢n ap dat vao dong co s€ duogc tang
cham trong giai doan ndy muc dich dé thing
dugc md men can ban dau cua dong co. Viéc
tang chdm ndy gidp giam dang ké dong dién
khai dong.

+ Giai doan 2: Tir thoi diém T1 t6i T2:

bién ap dat vao dong co s€ ting nhanh
trong giai doan nay do mé men cua dong co
da tang dang ké. Vi vdy viéc ting nhanh dién
dién ap dat vao dong co cho tai gia tri dinh
mac s& nhanh chong dat dugc ché do lam
viéc xac lap.

+ Giai doan 3: Bién ap tai dat dinh muc:

Ldc nay dong co dd hoat dong ¢ ché do
xac lap voi toc do dinh muc, dong co sé
dugc déng thang vao ludi nho contactor
bypass dong thoi ngit xung diéu khién van.

3.2. Ché d mode 2: Kick Start

%
Hinh 4.
Dién ap dat
lén dong co
Us% trong qua
trinh khoi

u,% | dong voi
ché do 2.

100%

T1 I2 t

Véi mot sb dong co co quan tinh 16n thi
cach khoi dong theo mode 1 s& khong da dé
thing duoc mO men can ban dau cua dong
co. Vi vy can phai dung téi ché do 2 kick
start dé thuc hién khoi dong dong co ¢ dang
nay. Qua trinh khoi dong dong co gom:

+ Trude hét 1 cip vao dong co dién ap
ban dau 16n da dé thing duwoc md men can
ban dau cua dong co trong thoi gian T1 (du
nho);

+ Tai thoi diém T1 thi giam dién &p cap
vao dong co & muc tuong ty nhu ché do 1.
Sau d6 trong khoang thoi gian T1 toi T2 ta
tang dan déu dién ap dé dong co khai dong
véi mb men tang dan:

+ Sau khi khoi dong xong dong co hoat
dong ¢ ché do xéc lap thi twong ty nhu ché
do6 1 ta cling dong contactor bypass dong
thoi ngat xung diéu khién van.

3.3. Che d¢o mode 3: Khéi dong co
giam sat dong
0 Hinh 5. Dién
ap dat lén
dong co trong
I qua trinh khoi
0% dong voi ché
do 3.

Gidi han dong di¢n

10024

|.' I 2

Mot qué trinh khaoi dong dai véi dong
dién khoi dong 16n s& dan t6i vin dé phét
nhiét anh huong toi dong co. Ché do 3 1a
giéi han dong dién khai dong nham tranh tac
hai ndy. Tai ché d6 nay thi ban dau dién &p
dat vao dong co sé tuong tu nhu ché do 1
ddng thoi tang dan dién ap nay. Nhung diém
khéc so véi ché do 1 1a trong qua trinh ting
dién ap thi dir liéu dong dién s€ dugc phan
hoi vé b xur 1i dé so sanh véi mot gié tri téi
han di duoc cai dat. Néu dong dién tra vé
I6n hon gia tri t6i han thi bo diéu khién s&
diéu chinh m¢ van Thyristor sao cho dién 4p
dat vao dong co s€ gitt nguyén ¢ gié tri do va
sé duogc gitt nguyén cho tai khi nao dir liéu
dong dién giri vé c6 cudong do nho hon gia tri
t6i han thi dién &p nay sé tiép tuc ting theo
qui luat cho dén khi khai dong xong. Ciing
tuong tu nhu hai ché do truge thi ¢ ché do
nay sau khi khoi dong xong thi dong co sé
dugc déng thing vao ludi théng qua
contactor bypass dong thoi ngat xung diéu
khién ma van Thyristor.
3.4. Ché dj dirng mém

Thot gian
U o I
dimg mém R B
u Hinh 6. Dién
N ap trong qua
trinh ding
mém.
Lénh dimg I t

Mot sé loai tai co quan tinh 16n, viéc cat
tryc tiép ngudn cap khoi dong co gy ra cac
tac hai vé co khi tinh nang dung mém dé han
ché van dé trén. Nguyén ly diéu khién hoat
dong cua tinh nang nay 1a tir tir giam dan
dién ap dat vao dong co trong thoi gian t sau
khi c6 lénh dirng. Tir d6 toc do dong co giam
dan cho téi gié tri xac dinh c6 mdé men nho
roi tién hanh ngit ngudn dién ra khoi dong
co. Khi c6 1énh ding thiét bj s& thuc hién
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phat xung diéu khién Thyristor dong thoi
ngat contactor bypass. Xung diéu khién s&
diéu khién dién ap dat vao dong co.

4. Md phéng b khéi dong mém va
két qua

4.1. CAu triic md phéng

Bo6 khoi dong mém mé phong sir dung
phan mém PSIM. PSIM do hang Powersim
Inc san xuat, 1a phin mém chuyén dung cho
thiét ké va moé phong dién tir cong sut, diéu
khién dong co, md phong cac hé thong dong
lyc. PSIM dé sir dung, giao dién don gian,
than thién, d& thao tac, tbc d6 méd phong
nhanh, dugc thiét ké dé md phong ca tin hiéu
tuong ty va tin hiéu s6, kha ning phén tich
dang song va phan tich nhiét tét. PSIM 13
cdng cu md phong manh mé cho viéc phan
tich cac bo bién doi dién tir cong suit, thiét
ké vong diéu khién ho va kin, pht hop dé mo
ta cac hé thong truyén dong dién. Trong
phan nay, cac tac gia tap trung thiét ké mo
phong hoat dong cua bo khoi dong mém, tir
d6 kiém nghiém, danh gia hoat dong cua bo
khoi dong mém. Két qua mé phong s& gidp
tinh toan, hiéu chinh tham sé cua cac linh
kién trudc khi ché tao thuc nghiém.

+ Khdi nguon ba pha: Trong PSIM c6
ky hiéu nhu trén hinh 7. Thong sé ky thuat
dugc nhap vao bang. DBién ap hiéu dung
ngudn md phong cé gia tri 380V tuong ng
véi dién 4p dinh [a 535V.

@
% 9
QT

3-ph Sine *
Parameters | Other Info | Color |
3-phase sinusoidal voltage source M
Display
MName vsIN| -
W (linedine-rms) 535 =
Frequency 50 r~ ﬂ
Init. Angle (phase A) [i} =

Hinh 7. Khai nguon va théng sé nguon.

+ Khéi van cong suit: Bo khoi dong
mém duoc thiét ké st dung sau van
Thyristor mic song song nguoc dugc md ta
nhu hinh 8. C4c théng sb ky thuat cua van

duoc lya chon dua trén van thuc té cua nha
san xuat.
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Hinh 8. Van cong suat va théng sé van.

+ Khbi dong co, tai: Dong co khong
ddng bo rotor 1dng sc voi cong suat 100kW
duoc lya chon nhu trén hinh 9. Tai phuc vu
cho dong co la tai quat gio, bom nudc.

AACH

s ®

Parameters | Other Info | Color |

Help
Display
Name Er
Rs (stator) [ozsa =
[o.6038m T =l
[o.tss =
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Squirrel-cage induction machine

Ls (stator)
Rr (rotor)

Lm {magnetizing)
MNo. of Poles P
Moment of Inertia
Torgue Flag
Master (Slave Flag

Hinh 9. Béng co, tdi, cam bién do dong

Phuong trinh mé ta tai co dang:

Tioad=Tc+Kio+k2m?

Trong do:

Tc: M6 men can tinh (ma sat dau tryc);

ki: Hé sb can tai tuyén tinh;

k2: Hé s6 can tai binh phuong (Tai
bom nudc, quat gio).



48
Journal of Transportation Science and Technology, Vol 29, Aug 2018

+ Khéi diéu khién phat xung: Puoc xay
dung nhu trén hinh 10. Goéc diéu khién duoc
giam dan theo thoi gian. Sau b phat xung
turong (mg diéu khién mo sau van cong suat
trong so do hinh 8. Thoi diém phat xung
dugc chinh dinh trong qué trinh md phong.
Nguyén ly diéu khién thang ding tuyén tinh.

+ Khéi do, hién thi dang séng: Dong R e ) 2
dién, dién &p trén tai, trén van dugc quan sat : = aclea |77 < sie "
théng qua b hién song. | Hinh 12. Géc mé a=110°.

+ So @6 mach khéi dong mém: Hinh 11
trinh bay so d6 mach bd khai dong mém
hoan thién theo nguyén tac diéu khién vong
ho, luat diéu khién goéc mo theo phuong
phéap thang ding tuyén tinh.

§ i

Hinh 14. G6¢c mg a=80°

e e (PO gt S = W [ = [P
o [13% x { H WA o e [

< .

werfuisensr T Yepes - 75200667
Ls ) | A

[ T— - n
o cer o [FV o ] @I
raen [i0E o =] ot H E A et

Hinh 11. So' d6 mach md phong bg khai dgng mém T = e T - o

4.2. Két qua mo phéng

Hinh 12 1a két qua md phong bo khai
dong mém hoat dong & thoi diém goc mé
a=110°. Scope 2 bicu dién dong dién tai 3
pha. Scope 2 biéu dién dién ap trén dong co

fv—— p— oo =
 owrs e (o o oo |l A a ¥

- & =] orwd IF & ow e [ i
ot | o N | il ame | e | e | s

Hinh 16. G6c mg a=45°.
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Hinh 17. Géc mg a=30°

Céc hinh 12 dén 17 biéu dién dong dién,
dién ap ¢ cac thoi diém khac nhau. Nhin cac
dd thi ta thay dién &p I6n nhat trén van
~600V. Dong dién trén tai khdng c6 bién
dong bat thuong, dong tai 16n nhat ~250A.
Khi goc diéu khién giam vé 30° dong tai lién
tuc, dién ap trén dong co hoan toan la dién
4p ngudn cip, khoang géc mé o tir 0 - 30°
khéng can diéu khién.

5. Két luan

Bai bao d phan tich cau tric chung cua
bo khoi dong mém va tng dung phan mém
PSIM dé md phong bo khoi dong mém. Céc
két qua mo phong cua bai bao da phan anh
dung hoat dong cua khoi dong mém, do la
dan dit duoc dién ap dat vao dong co trong
qua trinh khoi dong théng qua goc diéu
khién o nham giam dong trong quéa trinh
khoi dongld
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