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TOM TAT

Bai bdo dwa ra mé hinh khdo sét sw thay déi ndng luong trong qué trinh qué dé cta déng co
khéng déng bé khi nguén dién cép vao lay tir bo bién tan. Khdo sat mé hinh déng co ¢6 tinh dén hiéu
tng bé mat va bdo hoa mach tir, trong tong thé hé théng thiét bj diéu chinh - Béng co - Phuy tai (nhiing
mé hinh triéc day thuong bd qua yeu t6 nay). Str dung mét sé ngudn dién &4p PWM khac nhau (PWM
hinh sin, PWM hai bac 3, PWM 60° ) dwa vao déng co véi cac dang phu tai phé bién (Mc = const,
Mc = ka) Mc = ka))

Két qua nghién ctru chi ra rang dién &p khéng sin c6 nhing tac dong nhét dinh t6i ndng luong
clia dong co. Tuy theo kiéu dién ap PWM st dung ma néng luong trong déng co co nhiing bién dbi
twong tng. Ngoai ra trong qua trinh qua d con phat sinh thém mot phén nang luong dang ké khéc.
Thanh phén ndng luong nay cé thé xem la mot yéu tb cén thiét trong qua trinh quéa dé dé dong co
chuyén tir trang théai lam viéc nay sang trang thai lam viéc khac.

ABSTRACT

The article analyses concentration on the power variation of transient state of induction motor
fed by a inverter. First of all, modelling the induction motor with the skin effect and saturation is
analysed (these effects are ignored in the previous model) in the Controller-Motor-Load system. After
that, some types of different PWM voltage of inverter, for example, sine PWM, third harmonic PWM,
60° PWM, is supllied to the motor with the various load (Mc = const, Mc = ke, Mc = k).

The research results prove that the sineless voltage has a specific effect on the power of motor.
Depending on the used PWM voltage, the power of motor will have corresponding variations. In
addition, there is a particular part of power occurs in the transient state. In the state, this particular
power can be seemed as an essential part that helps the motor change from one state to another
state.

|. MO DAU Hon nita PCKPB dugc tmg dung rat

Dé khao sat cac hién tugng dién tir xay ra rong rdi, dac biét la trong cac hé thong truyén
trong dong co khong dong bdo (PCKDB), thi dong cua cac mdy san xuat. O do, khi c6 nhiing
viéc md hinh héa DCKPB la hét suc quan DCKDB 16n khoi dong hodc khi lam viée ¢ ché
trong. Pac biét 1a xem xét mo hinh déng co d6 ngan han ldp lai thi viéc khao sat phan cong
trong tong thé hé thdng Thiét bj diéu chinh — sudt cung cap va dién nang tiéu thy trong cac
DBong co — Phy tai. Trong nhiéu nim gan day, qua trinh qua do 1a mot bai toan hét strc quan
bai toan ndy van dugc cac tic gia tlep tuc trong, dat ra yéu cau can phai nghién ctru chi
nghién ciru va hoan thién. Tuy nhién, phan 16n tict.

cac tac gia moi chi dung lai ¢ viéc mo hinh hoa II. XAY DUNG PHUONG TRINH CONG
khong xét Qén hién tugng bao hoa mach tir va SI.J AT VA ]-)IEN NANG CUA PCKDPB CO

hiéu (mg bé mat trong dong co. V&i su phat XET PEN HIEU UNG MAT NGOAI VA
trién manh cuda linh kién ban dan, mdt so tac gia BAO HOA M A'CH v ’

xem xét DPCKPB nhu mot d6i tuong diéu khién

trén mo hinh dong hoc, tuy nhién muc tiéu Truge tién tién hanh mé hinh hoa
nghién ctru khong phai la di sau vao nhiing bién DCKDB trén hé truc aff c¢6 xét dén hiéu ng
doi dién tir trong dong co ma xem xét dong co mdt ngoai va bao hoa mach tir [2,3,4].

nhu mot d6i twong diéu khién va mé phong
dong co trén co s tuyén tinh hé s6 hang [1].
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Sau d6 tién hanh mé phong khoi dong
dong co (14kW-1480v/ph) khi khong tdi, de
khang dinh tinh ding dan ciia mo hinh ta tién
hanh so sanh v6i dudng cong thyc nghiém. Két
qua cho thiy duong cong thuc nghiém va
duong cong 1y thuyét kha gan nhau (hinh 1).

Duimg cong mo phing

Hinh 1. Két qua mé phéng PCKPB 3 pha
14kW-1480v/ph

Tir d6, xac dinh dugc cong sudt tirc thoi
va dién nang trong DC KPB khi khoi dong
thong qua cac phuong trinh sau:

a/ Ton hao trong day quan stato khi khdi dong:

Par =T (I +|1ﬂ)
b/ T6n hao trong day quén roto khi khéi dong:

) )
Pa =1, (IZa + IZﬁ)

¢/ Ton hao phat sinh trong roto khi khoi dong:

_di,, . di
Pagz = X ('m d_2t+ s ﬁ}

d/ Tén hao phat sinh trong stato khi khoi dong:

_di, . di
pdgl:Xltd(lla dlt Ly dtj

¢/ Ton hao tir héa:

: d Ve H d l//mﬂ
=1 +1
pSt ma dt mﬂ dt

f/ Cong suét co trén truc:
Po = a)(l/IZﬂiZa - Wzaizﬁ)
g/ Cong sut dién dwa vao:

P =Uy,b, +Ul,
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Nhu vdy ta c6 phuong trinh cin bang
cong suat nhu sau:

Pl = pdl + pdz + pdgl + pdgz + pst + Poo

Tu d6 ta xac dinh dugc mirc dién nang
tiéu thu qua bicu thic dudi day:

A :Jt. pdldt+j. Py, dt "‘j- pdgldt+j. Pgg2dt +
0 0 0 0

+j P dt+ .t[ P, dt
0 0

Trong do: t 1a thoi diém dong co dat 95%ng,

I1l. BIEN TAN VOI KI THUAT PWM
(PIEU BIEN PQ RQNG XUNG)

Trong diéu khién PCKDB dung bién tan
vo1 ki thuat PWM, thi tin hiéu PWM lu6n duoc
cap nhat, diéu nay tao ra song xoay chiéu tai
c4c pha ciia dong co. Phuong phap dung dé cap
nhat tin hieu PWM goi 1a ki thuat diéu bién.
Mot s6 ki thuat diéu bién co ban la PWM hinh
sin, PWM hai bac 3, PWM 60° va diéu bién
vécto khong gian. Tuy nhién cac ki thuat diéu
bién khic cling ngay cang trd nén thong dung
do chung tin dung dwoc ngudn DC t6t hon
[1,5]. Trong d6 ba ki thuat diéu bién PWM hinh
sin, PWM hai béc 3, PWM 60° c6 chung kiéu
so d6 tong quat.

PWM trén

So Sanh T
L Nghich dao va

thoi gian antoan [~

oK

Hinh 2. Nguyén li chung cia ba ki thudt diéu
bién
Nguyén li chung dugc mo ta nhu sau:

- Tao ra song diéu bién f, (diéu bién c6 thé
du¢i dang hinh sin, co thé thém céac thanh
phan hai bac cao) co tan so didu bién bang
tan s6 mong mudn (tan s6 cap vao dong co)

- Tao ra song mang fc dang tam giac, c6 bién
do cb dinh, c6 tan s6 song mang 16n hon
nhiéu tan sb diéu bién
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- So séanh hai tin hi¢u song di€u bién va song
mang, giao diém cua hai tin hi¢u nay xéc
dinh thoi diém kich mo van IGBT.

Ta dugc dang song dién ap pha Umg voi
tung ki thuat diéu bién [5].

e Pic diém PWM hinh sin

- Trung tinh BPC = 0,5V

- bién ap day U, = 0,866Vpc
e Dic diém PWM hai bac ba

- Cong thém vao thanh phan hinh sin
song diéu bién mot thanh phan séng hai
bac ba

- Trung tinh BC dao dong theo thanh
phan hai bac 3
- Dlén élp dﬁy U|_.|_ = VDC
e  Dic diém PWM 60°

- Dinh song dién dp duoc san phflr}g
trong khoang 60° dén 120°, 240° dén
300° (tinh theo d¢ dién)

- Dlén ép déy U= VDC

IV. KET QUA NGHIEN CUU VA CAC
NHAN XET

Chuong trinh tinh ap dung trén dong co
Vo1 cac so liéu sau:

r r21 20
kW-v/ph (9) (9) (9)
14-1480 | 0.4 0.376 0.235
|
X11 X10 X20 Xos
()] Q) (9)) (9))
0.81 0.98 0.92 0.81
|
Xobh Xo Jr p
Q) Q) kgm? doi cuc
0.755 22 0.125 2

Mot s6 ki hiéu sir dung trong cac bang:
TG: Thoi gian tbe do dong co dat 95%ngp,

A: Tong dién ning dua vao dong co
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A, Pién nang do ton hao d@)ng stato va roto
A;: Dién ning do tong ton hao trong dong co
AgolAr: Ty 18 phﬁn tram Agong SO VO1 Ag
AgoAs: Ty 1€ phén tram Agong SO VO1 Ay
4.1 Anh huéng cia thay d6i tan so khi dién
ap la sin chuan lén dong co KPB luc khoi
dong
Khao sat trong diéu kién:

- Pién ap 1a sin chudn

- U=220V, f=50, 45, 35, 30, 25Hz

- Ba dang phu tai (Mc = Mgn, Mc ~ o,
Mc ~ (D)

Mot s6 nhan dinh (bang 1, 2, 3):

e Vi phu tai Mc ~ ®® nang luong 1 nhoé nhét,
tiép dén 1a dang phu tai Mc ~ o va 16n nhat 1a
dang phu tai Mc = Myy,. Diéu nay rat phu hop
v6i li thuyét kinh dién vé truyén dong dién:

- Véi Mc = My, dong co (BC) ll}én phai
chiu phuy tai tinh. Do viy tai thoi diém khdi

do .
dong Enh() lam qua trinh tang toc cia dong

co cham, gap nhiéu kho khin. Mat khac s
lugng dinh xung trong qua trinh khéi dong 16n,
do d6 BC can ding mot nang luong 16n dé tao
ra mémen du dé thang dugc momen can tinh.

- Véi phu tai Mc ~ o lac bat dau khoi
dong M- Mc 16n. DBiéu nay khién PC tang toc

N d
d& dang do dat dugc d—‘t" 16n. BC lac nay khoi

dong gan nhu chi chiu mémen quan tinh cua tai
va mot lugng nho momen tinh do ma sat tao ra.
Nén BC chi cin mot ning lugng nho du dé
thing mémen can tinh ban dau.

- Voi dang phu tai Mc ~ o, BC khong
cdn moémen mé may 16n. Diéu nay khién cho
nang lugng cung cip cho PC nho. Hon nita do
bién d¢ dinh xung momen khi khoi dong 16n
hon truong hop tai Mc¢ ~ ®%, nén nang lugng
dwa vao PC can nhiéu hon so truong hop tai
Mc -~ 0)2.

e Khi khao sat tuong quan gita cac thanh
phan nang luong xay ra trong DC, nhén thay
thanh phan nang lugng phat sinh khi khéi dong
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chiém mét ti 1¢ kha cao so v6i tong nang luong
dua vao.
Vidu: f=50Hz, Ago/A; = 14,86%

f = 30Hz, AgolA; = 8,43%

Thanh phép nang luong nay co thé xem
la mot y€u t6 can thiét trong qua trinh khoi
dong d¢ DC chuyén tu trang thai nghi sang
trang thai lam viéc.

4.2 Nang lwgng PC voi cac quy luat f; khac
nhau, ng véi tirng loai phu tai.
Khao sat trong diéu kién:
- Ki thuat PWM (hinh sin, hai bac 3, 60°)
- fc=750Hz, f, = 50, 45, 40, 35, 30, 25Hz
- Ba dang phu tai (Mc = Mgy, Mc ~ % Mc
~ )
Mot s6 nhan dinh (tham khao bang 4 dén 12):
= Vi dang tai Mc = M 4, nang lugng
cép vao van 1a 16n nhét, tiép theo 14 trudng hop
Mc ~ la truong hop
Mc ~ o’. Diéu nay phu hop v6i nhiing nhan

® va nhd nhat

dinh & muc a. Tuy nhién néu xét ki hon, cing
mot mdc thoi gian PC dat trang thai xac lap
(lay mdc thoi gian ciia dién ap sin chudn). Nhan
thiy niang luong cung cap khi dién 4p sin chuin
12 nho nhét d6i véi ca ba dang phu tai, ding thi
hai 13 truong hop dién 4p didu bién dung ki
thuat PWM hinh sin. Diéu nay c6 thé giai thich
thong qua phd séng hai, nhitng thanh phan song
hai phat sinh 1am cho dinh xung mémen 16n
hon, duong momen tong xudt hién nhiéu gai tai
dinh xung do cac mdémen phu sinh ra. Chinh
cac gai dinh xung nay lam cho duong cong
cong suat tirc thoi x4u di, tong nang lugng cung
cip tang 1én. Di voi hai ki thuat PWM hai bac
ba va PWM 60° c¢6 nhidu diém twong ddng.
Thong qua phd song hai, nhan thiy & hai ki
thudt nay thir ty bac song hai xuat hién gidng
nhau, chi khac nhau & bién d6 song (truong hop
PWM hai bac 3 bién do song hai 1én hon
truong hop PWM 60°). Diéu nay giai thich tai
sao trong cic ving lam viéc tan sé khac nhau
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thi ki thuat PWM 60° thuong cho ta ning lwong
cung cap thap hon.

Bang 1. Dién ap sin chudn

UT:const, M., =M,

f A TG AglA1 | As

50 10776 | .43 14,86 | 8777,7
45 7794,2 | .33 13,03 | 6262,6
40 5670,6 | .26 11,37 | 4508,1
35 41375 | .21 9,7 3252
30 2959,6 | .17 8,43 2322,8
25 2098,4 | .15 7,15 1643,2
Bdng 2. Pién ap sin chudn

% =const, M. =ko®

f A TG Ad/A1 | As

50 41435 | .17 12,11 | 3085,2
45 32993 | .17 10,9 2437,8
40 2563,5 | .18 9,6 1884,4
35 1925,8 | .20 8,3 1413,1
30 13959 | .24 7,05 1019,2
25 956,04 | .29 5,81 695,47
Bdng 3. Dién dp sin chudn

%:const, M. =ko

f A TG AgdAr | As

50 4795,1 | .19 11,99 | 3533,1
45 3811,2 | .18 10,77 | 2806,7
40 29725 | .17 9,54 2184,9
35 2248,3 | .17 8,35 1652,1
30 16529 | .17 6,98 1210,3
25 11406 | .17 5,98 838,23
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Bang 4. Pién ap PWM hinh sin

UT:const, M.=M,,

f Ax AglAr | Agd As | As

50 |10654 | 13,59 | 17,65 8205,9
45 | 7874,5 | 12,42 15,9 6150,9
40 |5734,6 | 10,75 | 13,9 44333
35 | 41584 | 9,37 12,17 3202,5
30 | 2963,3 | 84 10,79 2308,9
25 |2124,8 | 7,02 8,96 1665,6
Badng 5. Dién ap PWM hinh sin

% =const, M. =ke?

f Aq AglAr | Agd As | As

50 |4368,9 | 10,89 | 15,56 3056,6
45 | 3309,8 | 10,47 | 14,49 2390,9
40 | 2566,2 | 9,41 13,03 1853,1
35 | 19356 | 8,18 11,3 1401
30 | 14551 | 6,49 9,03 1046,2
25 | 1064,2 | 5,85 7,86 791,55
Bang 6. Dién ap PWM hinh sin

% =const, M. =kao

f A AdgdAr | Agel As | As

50 | 4949,7 | 11,02 15,67 3481,6
45 | 3874,5 | 10,09 14,17 2760,4
40 | 2984,3 | 9,03 12,6 2140,1
35 | 2296,7 | 7,75 10,9 1632,7
30 | 1684,1 | 6,58 9,2 1204,6
25 | 1194,4 | 6,30 8,60 875,15
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Bdng 7. Pién dp PWM 60°

% =const, M. =ke?

f Aq AglAr | Agd As | As

50 | 10880 14,1 17,86 8605,8
45 | 8036,5 | 131 16,25 6481,4
40 | 57481 | 10,97 14,09 4473,7
35 | 41734 | 9,39 12,13 3232,1
30 |2972,4 |841 10,76 2322,9
25 | 21264 |7,07 9,02 1666,1
Bdng 8. Pién dp PWM 60°

% =const, M. =ke?

f Aq AglAr | Aged As | As

50 |4381,1 | 11,23 | 15,84 3106,7
45 {33248 |10,63 | 14,61 2418,8
40 |2571,7 | 9,38 12,93 1865,5
35 |1937,8 |8,30 11,40 1410,9
30 | 1446,2 | 6,56 9,12 1039,6
25 |10351 |575 |7,79 764,25
Bdng 9. Dién ap PWM 60°

%zconst, M. =ko

folA AslAr | Agd As | As

50 |4943,3 | 11,35 15,86 3535,6
45 {38933 |10,25 14,27 2796
40 |29956 |911 12,63 2161,5
35 | 23059 |7,92 11,08 1648,6
30 | 1684,6 | 6,66 9,27 1211,5
25 |1181,3 | 6,14 8,40 863,97
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Badng 10. Pién ap PWM hai bdc ba

Y. const, M. =kao?

Bang 12. Pién ap PWM hai bdc ba

£2 F=const, M. =ko
oA AwlAr | Agd As | As f A Ay | Al A | A
50 | 10801 | 13,81 17,78 8390,1
45 | 79754 |12,71 16,05 6312,2 0 49913 1118 1576 35386
20 | 57644 | 1107 1413 4514 45 | 38945 | 10,28 14,29 2802,7
35 |41785 |9,41 12,12 3245,7 40 | 29957 | 9,14 12,63 2166,4
30 |29752 |84 10,81 2329,5 35 | 23065 |797 11,11 1653,6
25 | 21286 | 7,08 8,96 1670 30 | 16851 |6,67 9,27 1211,9
Badng 11. Pién ap PWM hai bdc ba 25 | 11827 | 6417 8,40 866,05
% =const, M. =ke?
f oA AsdAL | Al As | As
50 | 44295 |1111 | 15,76 3121,8
45 | 33255 |10,70 | 14,66 2426,1
40 | 25731 |945 |1299 1871,9
35 |1937,2 |835 |11,45 1411,9
30 |1447,7 |657 |912 1042,5
25 | 10355 |579 |7.83 765,11
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