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KHOI PONG PONG CO PONG BQ CONG SUAT LON
BANG PHUONG PHAP TOC PQ

Dwong Quéc Hung'", Nguyén Hiru Cong?, Nguyén Thé Cuong?
YTruong Dai hoc Ky thudt Cong nghiép — DH Thai Nguyén,
2Dai hoc Thdi Nguyén, 3Céng ty c6 phan co dién tir ASO

TOM TAT
So v6i may dién khong dong bd co cung cong suét, may dién dong bd co nhidu uu diém vuot troi,
tuy nhién do ¢6 cau tao phtc tap, ddc biét c6 thém mach kich tir phia Rotor nén viéc diéu khién no
khi khoi dong ciing nhu trong qué trinh lam viéc s& gap nhicu kho khin. Trong qué trinh khoi
dong, viéc xac dinh dugc thoi diém dua dong kich tir DC vao cudn kich tir Rotor dé tur truong
quay ctia Stator “bat” duoc tir truong ctia Rotor 1a rat quan trong. Bai bao nay gidi thiéu mé hinh
va md phong qué trinh khoi dong dong co ddng bo cong suat 16n theo phuong phép tde do. Thoi
diém “bat” déng bo duogce xéac dinh khi tde d6 cua dong co dat xép xi tbe do déng bo. Két qua duoc
moé phong kiém chimg trén phan mém Matlab — Simulink.
Tur khéa: Dong co dong bé; khéi dong dong co dong bd; mé hinh todn; Matlab Simulink; “bdt”
dong bo
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ABSTRACT

Compared with asynchronous machines with the same capacity, synchronous machines have many
advantages, However, it has a complicated structure, especially with the excitation circuit at Rotor
side, so controlling it at startup and work will be difficult. During start-up, it is very important to
determine the time when the DC current is applied to the rotor side so that the Stator's magnetic
field "getting" the Rotor's magnetic field. This article introduces the model and simulates the
process of starting the large synchronous motor according to the speed method. The synchronous
"getting" time is determined when the motor speed reaches approximately the synchronous speed.
The simulation results were verified on Matlab - Simulink software.
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1. Giéi thiéu
Pong co dong bo cong suat 16n chu yéu duoc
ung dung trong cac nha may dién, cac tram
bom, cdc may nén khi cao &p trong nganh
cdng nghiép hoé chét (hinh 1). Uu diém cua
nd so voi dong co khong dong bd cd cung
cong suat 1a:
+ CO6 hiéu suit cao hon, c6 kha ning hoat
dong & Cose ~ 1, diéu nay cho phép nang cao
hé sb Cose cua lugi dién nha may va giam
kich thudc, trong luong ban than dong co do
dong nho hon.
+ Do nhay voi dao dong dién ap ngudn thap
hon do momen cyc dai ty 18 bac nhat voi
dién ap.
+ Tan sé quay khong ddi va it phu thudc vao
dao dong tai (trong mot gisi han cho phép nao
do) trén truc Rotor.

Cudn day

Slalurv Vi mdy

_ Rotor

Cugn
long soc

\'imh‘ gop

Hinh 1. Béng co dong bo
Xong né ciing ton tai nhuoc diém: Vi Rotor ¢6
cudn kich tir va cadc mach dién lién quan nhu
mach khai dong, mach diét tir, mach gép
dién... Pac biét viec khoi dong va diéu khién
dong co dong bo phirc tap hon so véi dong co
khong dong bo do phai xac dinh duoc chinh
xé&c thoi diém dé bom dong kich tir vao Rotor
(Thoi diém “bat” va hoa ddng bo trong qué
trinh khoi déng) va trong qué trinh lam viéc
phai didu chinh dong kich tir ndy sao cho 6n
dinh duoc hé s cong suit Cose & gia tri tdi
vu dé dong Stator ¢6 gia tri nho nhét, tén hao
it nhit, an toan cho dong co va dem lai hiéu
suat 1am viéc cao nhat. Nén dong co ddéng bo
yéu cau chi phf van hanh cao hon so véi dong
co khong ddng bo. Tuy nhién, trong cac nha

may céng nghiép, vai tai dac biét doi hoi dong
co dién din dong cong suat 1on (doi khi 1én
dén hang trdm, tham chi hang nghin kW) thi
viéc sir dung dong co khong ddng bo 1a khdng
cho phép.
Pong co ddng bo sir dung phé bién hién nay la
loai cuc 16i vai cac thanh long soc dat & mat
ngoai cac cuc 16i cua Rotor, Cac thanh 16ng
s6¢c nay cho phép mdmen ting toc hinh thanh
trong Rotor khi dong xoay chiéu cua stator
vira tao ra dong cam tng trong céc thanh long
séc, do do khi bat dau khai dong n6 1am viéc
nhu mét dong co khong dong bo, cau tao cua
dong co dong bo cyc 16i trinh bay nhu hinh 2.
Thanh lr"mg sO¢C
SHator 13i thép
Stator
Cudn tir
fruong
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pop Cudn diy
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Hinh 2. C4u tao déng co dong bo

Rotor

Khi bat dau khoi dong, nguoi ta khong dua
dong mét chidu vao cac cudn kich tir cua
Rotor, Néu toan bo dong kich tir dugc bom
vao Rotor trong sudt qua trinh khai dong thi
dong co khong thé ting toc 1én duoc, dong
thoi thanh phan dao dong c6 gié tri l6n trong
momen tai tin sb truot tao boi cudn tir truong
c6 thé gay hai ddi véi dong co. Viéc bom
dong mét chiéu vao cudén Rotor thuong duoc
tri hodn cho dén khi Rotor dong co dat téi van
tbc c6 thé tw cudn vao ché do dong bo ma
khoéng xay ra hién tugng truot. Theo [1]-[3],
thoi diém thich hop dé dua dong kich tir vao la
khi tin sé Rotor con khoang 2,5 dén 4 Hz
(hinh 3); hoac dong Stator con khoang 2 dén
2,5 lan dong dinh muc [4]-[6].

Viéc "bat" dong bo bang cach do tan sd, bién
d6 dong dién Rotor phu thudc nhiéu vao thiét
bi do va viéc do s& phiic tap hon do téc do.
Bai bao dé xuat phuong phap "bat" dong bo
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bang do téc d6 dong co. Thoi diém thich hop
dé “bat” déng bo 1a khi toc d6 gan dat toc do
déng bo, dong dién tao ra tir truong cua Rotor
bat dau 6n dinh, dong qua diém 0O theo chiéu
duong, va tr truong cua Rotor cd gia tri 1on,
6n dinh. Llc nay ta bom dong kich tir DC vao,
tir truong cua Stator di qua va “bat” dugc tir
truong cua Rotor, cuén dong co vao ché do
ddng bo.

Freque of Freld Descharge Current Maotor Syachronized

0l allr  IHz L

-Ww :h fﬂvlf:ll." llln'("‘l‘ »‘-' |.‘. 4' | |J VN’—

Hinh 3. Tan s6 Rotor khi "bdt" dong bo
Két qua mo phong trén Matlab Simulink da
chitng minh sy don gian nhung hop ly cua
phuong phap.
2. M hinh toan hoc dong co dong bd
2.1. H¢ phwong trinh‘ cdn bang dién va tir
truwong cua dpng co dong bo
So dci) nguyén ly cla d@ng co dong bd 3 pha
cuc 101, cuon day Stator ndi Y dugc trinh bay
nhu hinh 4 [7].

deaxiy
»

Hinh 4. So @6 nguyén Iy ciia dong co dong bé
Theo [8], so d6 mach dién thay thé cta dong
co déng bo mo ta trén hé truc d, q duoc trinh
bay nhu hinh 5.

Hinh 5. So @6 mach dién thay thé
Cac thong s6 dugc dinh nghia ngén gon nhu sau:
d, g: Cac thong sb trong hé toa do d, q
R, s: Céc thong sb cua Rotor, Stator

1, m: Céc thong sé cudn déy Stator, 15i thép

f, ‘k: Céc thong s6 cua cudn kich tir va
cudn long s6c

N: S6 vong cuia cudn day.
Theo [8], ta c6 hé phuong trinh c4n bang dién
ap va tur truong nhu sau:

- dyy
Vy=—igly—oy, +—
d dls Vg dt
dy
Vy =—igh +oyg+—1
q's V4 dt
d
r dt 1)
Vi
dyg
0= o edlkd
dy
qL :
0 = T + I’kqllkql
dy
@
O = dt + I‘qulqu
Vg | L+l L Ling —ig
Yid [=| Lod  Lika+Lid Lig Lig +Ling [
Y Lmd Lfld + Lm L|kd + Lfld + Lmd ifd
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2.2. Théng sé phia Stator va mach tir
Theo [8], ta c6 cac thong sb Stator nhu sau:

voVav2 P2, Vo VA
E. JC T N ©)
o=2xf,; Ls:é

(O]

Trong do: Vs, ls: Lan lugt 1a bién do dién ap
va dong dién Stator; Zs: Téng trg; Vin: Dién ap
day hiéu dung Stator. Cac thong s Stator (pu)

R L L L
Répu=—=%; Lpu=—b; L™Mpy =—m; 1My =,

ZS S S S
Vé6i: Rs, Li; Lmg, Lmg: Lan luot 13 dién tro,
dién cam cudn day Stator; di€n cam 16i thép
theo truc d va q.

2.3. Thong sé phia Rotor

Theo [8], khi cap dién 3 pha vao cac cudn diy
Stator va Rotor chua cip kich tir thi dién cam
Stator 18 Lmg. Tuy nhién néu mot pha duoc
cap dién va Rotor chua cap kich tur thi dién
cam 1a 2/3Lmq va so d6 thay thé mot pha cudn
Stator va cudn tr truong dugc trinh bay nhu
hinh 6. Trong d6:

Rs; Lita: Dién tré va dién cam cudn tir trudng
Ns; Nf: S6 vong cudn Stator va cudn tir trudng
im: Dong dién cudn day tur truong cam ung
boi dién ap dat lén cudn Stator ¢ ché do
khong tai.

DPién cam ho cam gilta cudn Stator va cudn tir

truong s€ 1a: | :ELW&ZA
3TN o
NS 2 |fn(D If
7:*|—md __f
Ny 3 V. g
. P, V, Z
Vér: If_lfnl-pu Vf—lfn;Zf ZTf;Lf i
f f ®
R, L in RY L'y
AN —(STTY ‘ NN AT
¥ = "'g é_ ¢

oml Trandormw

Hinh 6. So d6 thay thé mét pha cuén Stator va
cugn tir truong

Céc thong s Rotor (pu): RY, _R:. g _Liw
Z Ly

Céc thong sd Rotor quy doi vé Stator [10]

Vi =Ry = 2N R = Ry Ty
Ny 3N, 2 TN
3. Ny

L == Ly (s

=7 Ifd(Nf)

Trong trudng hop khong biét dong tir trudng,
nhung biét dién tré va dién cam (pu) thi co
thé tinh duoc Ry va Lig nhu sau:

f . Ifd . oo, Ifd
R¢ :Rpuzs' Lig :LpuLs’ en =R¢lp; Lig :LpuLs

3. Két qua mé phong

So db cau triic diéu khién dugc trinh bay nhu
hinh 7.

Theo so d6 nguyén 1y diéu khién nhu trén, toc
dd cta dong co dugc do luong thong qua
Encoder gin ¢ dau truc va dua vé so sanh voi
lugng dat. Khi dat gia tri, b diéu khién sé ra
lénh dong ngudn kich tir vao cudn kich tir dé
thuc hién qua trinh bat dong bo.

Contactor
A IL DPién ap

" F Kich tir

1"
. s

s

:

Is

B AC/DC

Mach tin
hiéu

B diéu
khién
doéng/cat

Cai dit/hién thi

O

Hinh 7. Sodo cdu tric diéu khién qud trinh khoi dong
Tir so do cau tric, ta xay dung so d6 md
phong nhu hinh 8.
bong co str dung trong md phong 1a dong co
ddng bo (60KVA, 380Vac, 50Hz) véi A, B, C
- Ngudn cép 3 pha 380Vac, 50Hz; Vf - Pién
&p kich tir DC; m - Cac théng s6 dau ra cua
dong co (dong dién, téc do, momen dién
tir...). Trong so dd md phong, c6 st dung dién
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tro dap tir ¢é dap stc dién dong tu cam sinh ra
trong cudn kich tir khi bat dau khoi dong (chua
cap ngudn kich tir) va dap tir du trong cudn day
nay khi ngung kich tir va ham dong co.

Céc thdng sd can thiét cho qua trinh md phong
nhu hinh 9.
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Hinh 8. So do mé phong qua trinh khoi dong va
“bat”dong bé theo phwong phap toc do cua dong
co dong bo trén Simulink

1) Block Parametors: Deng co dong bo 60 kWA 380Vac. S0t K]
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Hinh 9. Cdc théng s6 mé phong
Luc bt dau khoi dong, stc dién dong ty cam
phia cuén day Rotor rat 16n, c6 thé giy hai
cho dong co, luc nay dién tré dap tir dugc dua
vao dé dap strc dién dong tu cam, dong thoi
khong dwa ngudn 1 chiéu vao. Pong co duoc
khoi dong nhu 1 dong co khong dong bd nho
cudn 1dng séc.
Khi téc d6 gan dat téc d6 ddng bo, ngudn kich
tr DC duogc dua vao, ddng thoi dién tre dap tur
duoc loai ra, dong co dugc cudn vao ché do
dong bo va dat téc do dinh mac, qua trinh
khoi dong két thac. Két qua md phong dugc
trinh bay nhu cac hinh 10, 11, 12. Két qua mé
phong cho thiy: Khi khoi dong, ¢ thoi diém
ma tdc do dong co con cach xa tde do déng
bo (70%), néu da cap dong kich tir vao Rotor
(Hinh 10), tr truong Rotor bi dao dong, phai
mat 1 khoang thoi gian tir truong Stator moi
bat duoc tir truong Rotor. Dong dién Rotor va
dong dién kich tir DC chua phtt hgp vé bién
d6, nén xay ra xung dot tai thoi diém bat dong
bd, lam cho dong dién Stator va mémen dién
tr bi dao ddng manh.
Khi toc do dat 85% téc do dong bo (hinh 11)
ta bom dong kich tr vao Rotor, qua trinh
“bat” déng bd da ém hon, sy xung dot da
giam di. Khi toc do dat 95% tdc do dong bd
(hinh 12) ngudn kich tir va ngudn ty cam cia
Rotor da phu hgp hon vé bién d6 va hoa vao
nhau, khong x4y ra xung dot, dong dién Stator
nho, hé théng khoi dong tron ém, moémen
dién tir c6 gia tri 16n va khong bi dao dong.
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Hinh 10. “Bat” dong bé khi toc do dat 70% toc dg dong bo
<DONG STATOR>
10 T T T T T T r T
o [
LD I B b el
-10 r r r r r r r r r
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
<TOC DO DONG CO wm (pu)>
2
1 o —
. ___'___,_,_._—-'-"'
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

<CONG SUATDIEN TU Te (pu)>

8 1 1.2 1.4 1.6 1.8
<Uf (pu)>
AN
vV
.8 1 1.2 1.4 1.6 1.8

<BAT DONG BO>

A d

0.2 0.4 0.6 0.8

1 1.2 14 16 18
Thoi diem bat dong bo

Hinh 11. “Bat” dong bé khi toc do dat 85% toc dg dong bé
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Hinh 12. “Bdt” dong bé khi toc dé dat 95% toc do dong bo

4. Két luan

bong co déng b6 ¢6 nhiéu vu diém vuot troi
so v6i dong co khong ddng bg, tuy nhién do
¢6 cAu tao phuc tap, nén viéc diéu khién no
trong ca qua trinh khoi dong va lam viéc déu
kho khan hon. Bai bao da phan tich, mé hinh
héa va m6 phong qua trinh khoi dong dong co
bang phuong phap xac dinh téc do dé “bat”
ddng bo. Két qua md phong cho thiy, & toe do
90 — 95 % toc do ddng bo 1a thoi diém thich
hop dé dua dong kich tir vao, véi nhimg dong
co khac nhau, théng s6 khac nhau, cong suat
khac nhau, thi thoi diém “bat” dong bd ciing
khéc nhau. Viéc “Bét” dong bd chinh xéc,
gitp cho dong co khaoi dong tron ém, giam cac
xung dong dién phia Stator, nang cao tudi tho
cua dong co va cac két cau co khi.
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