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TOM TAT

Trong qud trinh van hanh, dong co khong dong b chiu tac dong cla dién ap, tan s6 ngudn cdp,. .. anh hudng dén cac thong so van hanh, dac biét |a hai
thong s6 hé s6 cong sudt va hiéu sudt lam viéc. Vi ngudn cap, ludi dién phan phdi c6 dién ap thuong dao dong tuy thai diém trong ngay, thang, mua va phai
duac giit trong miic d cho phép. Su dao ddng nay ¢d thé tac dong dén cac thong s6 van hanh ctia dong co dién. DE xem xét vin dé trén, bai béo théng qua md
hinh todn ctia dong o va md phang véi phan mém Matlab/Simulink nhdm nghién cu anh hudng dao dong dién ap dén ddng co. Tir két qua nghién ciu, mot so
gidi phap sé dugc bai bao dua ra dé giam thiéu tac hai do hién tugng dao dong dién dp nham duy tri d6 tin cdy van hanh cia dong co.

Tirkhod: Ding co khdng dong bd; mé hinh todn; dao dong dién dp; Matlab/Simulink.

ABSTRACT

During operation, induction motors are subject to the influence of voltage, supply frequency, and other factors, which affect their operational parameters,
especially power factor and efficiency. The power supply from the distribution network typically experiences long-duaration voltage variations depending on
the time of day, month, and season, and it needs to be maintained within permissible limits. These variations can impact the operational parameters of electric
motors. To examine thisissue, the paper utilizes a mathematical modelling of the motor and performs simulations using Matlab/Simulink software to investigate
the effects of voltage variations on the motor. Based on the research findings, the paper proposes several solutions to mitigate the adverse effects caused by
voltage variations in order to maintain the reliable operation of the motor.

Keywords: Induction motors; modelling; voltage variations; Matlab/Simulink.

'Khoa Dién, Truong Dai hoc Cong nghiép Ha Noi
“Email: leanhtuan0985@gmail.com

Ngay nhan bai: 10/4/2024

Ngay nhan bai stfa sau phan bién: 20/5/2024
Ngay chdp nhan dang: 25/7/2024

KY HIEU Rs, Re Q Pién trd stato, roto

Ky hiéu Ponvi Y nghia Lem H Dién cdm tirhoa
Udm v bién ap dinh muc Lyr, Lis H Dién cdm tan réto va stato
Pam Hp Céng suat dinh murc J Kg.m?>  Mémen quan tinh

Vol. 60 - No. 7 (July 2024) HaUl Journal of Science and Technology | 11



CONG NGHE

https://jst-haui.vn | P-ISSN 1859-3585 | E-ISSN 2615-9619

T N.m Moémen tai dinh mic
p S6 cuc
f Hz Tan s6
CHU VIET TAT

DCKDB Pong co khong dong bod

DDDA Dao dong dién ap

LBPP Lugi dién phan phoi

1. GIGI THIEU CHUNG

Dong ca khong dong bd (BCKDB) ba pha l6ng séc la
doéng ca st dung nguén dién xoay chiéu. Loai déng co
nay s& hiru rat nhiéu nhimng uu diém nhu: Hoat déng tin
cdy, cau tao don gian, chi phi ban dau thap, van hanh
thuan tién, bdo dudng don gian,.. DPCKDB dugc ching
minh rat phu hop khi lam viéc trong nganh c6ng nghiép
c6 d6 bui, dd dm va nhiét dé cao [1-3]. VGi nhiing uu diém
ké trén thi DPCKDB dugc st dung phé bién va tng dung
trong nhiéu nganh: Sinh hoat, céng nghiép, néng
nghiép,... dac biét la trong linh vuc san xuat: Co khi, dét
may, thuc pham, néng nghiép, van tai va xay dung.

Trong thuc té, cé nhiéu yéu t6 anh hudng Ién théng
sO lam viéc clia dong co. Mét trong nhiing yéu t6 thudng
xuyén lién quan dén déng co la nguén dién cap. Trong
cac sy ¢6 clia ngudn cap thi DPDA la yéu t6 phé bién hon
ca [4, 5]. Nhiéu nghién ctu cho thay rang, DDDA gay ra
tén that trong cudn day réto va stato truc ti€p lam gidm
hiéu suat van hanh cta dong co. Ngoai ra, DDDA c¢6 thé
tac dong dén moémen xoan, téc do, hé s6 cong suat
(cos®), hiéu suat,... ctia dong co [5]. Thuc té la, trong
LDPP ha ap cac yéu té: nhu cau phu tai dién, diéu kién thoi
tiét, san lugng dién clia nha may phat dién,... lam cho gia
tri dién ap ngudn cap khéng 6n dinh ma luén thay déi lién
tuc [6-9]. Tan suat xdy ra DDDA theo thaoi gian c6 xu
huéng tang tai thoi diém cao diém s dung dién, hoac
tdng vao thai diém gilia tuan va gidm vao cudi tuan [6-8].

Han ché cac tén hao, nang cao cose ctia BC KDB do
hién tuong DDDA gay ra sé la mét giai phap tiét kiém
nang luong, qua dé gidm chi phi van hanh va tang tudi
tho BC. Nhu vay, gidi phap nay la mét bién phap gian tiép
giam tai cho lugi dién qua do6 han ché sut ap, tang hiéu
qua truyén tai dién nang, gop phan thuc hién muc tiéu
qudc gia trong st dung tiét kiém dién chia Viét Nam [10].

DPé& nghién clu anh hudng DDDA theo thdi gian lén
déng co, trong muc 2 bai bao sé téng hgp mé hinh toan
va mo phong dong co véi phan mém Matlab/Simulink. &
muc 3, bai bdo sir dung phan mém Matlab/Simulink mé
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phong DDDA tac dong lén mét déi tuong dong co thi
nghiém. Cac thong s6 déng co thi nghiém dugc xac dinh
tu BC 3K90L4 clia Céng ty VIHEM. Két qua thu dugc tu
muc 3 sé dugc bai bao danh gia dé lam ré anh hudng cta
DDDA [én dong co thi nghiém. T két qua thu dugc bai
bao dé xuat cac bién phap gidm thiéu tac hai cta hién
tugng nay.

2. MO HINH TOAN VA MO PHONG PONG CO KHONG
DONG BO BA PHA

Trong nghién ctu hién nay, mé hinh toan ctia DCKDB
ba pha réto 16ng séc dugc thudng duoc viét theo cac
phuong trinh can bang dién &p, tir thong, mémen theo
hé toa dé dqo [3]. Hé toa d& dq0 mang lai nhiéu uu diém
cho viéc tinh todn, mé phéng cac théng sé va diéu khién
dong co. M6 hinh toén gitp don gidn hoa doi tugng dong
co dién. Khi ddng co dugc mo ta bang MHT sé giup cho
ngudi nghién ciru dé dang khao sat moi khia canh ctia
dong ca va tang tinh linh hoat khi itng dung né vao trong
thuc tién [11]. B&i vdy, trong bai bao nay, DCKDB ba pha
dugc mo6 hinh hod theo hé toa d6 dqO.

2.1. Md hinh toan cia déng co khéng dong bé ba pha
M6 hinh toan cla DCKDB bao gbm hé cac phuong
trinh: Dién ap, tirthéng, dong dién [1, 11, 12].
Phuong trinh dién ap theo hé toa d6 dqo:

o dA,
R.i, +d—;—ooe)\qS =V, )
Rsiq5+_ q5+we)\dszvqs (2)
dA
Ri, +— —(w.—w _)A =0 (3)
ridr dt ( e r_e) qr
dA
Rig + d:’ +(w, —w, A, =0 (4)

Trong do, v,V V.V, : dién ap stato, roto theo truc

qs’

dvatrucq; iy, : dong dién roéto, stato theo truc d

iy
qr’'ds’'qgs
vatrucg; A A, Ay A, : tUthong réto, stato theo truc toa
d6 dqo; R, Ry: dién trd clia stato, roto; we: van téc goc cla
hé toa d6 tham chiéu; w; ¢: van téc goc clia roto.
Phuong trinh tir thong stato va roto theo truc toa dé
dqo:

Ags =Lige + Lo A =Li +L g, (5)

Ay =Liig +Loigi Ay =Lig +L i (6)
Trong dé:

+ Pién cdm cula stato: Ls= L + Lis

+ Pién cdm cla réto: L= Lm + L.
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Ls, L la dién cdm cua stato va réto; Ly la dién cam tu
hod; Lis, Ly 1a dién cdm tan clia stato va réto.
Phuong trinh dong dién stato va réto theo truc toa d6
dq0 c6 thé dugc viét thanh:
7\ds _Lmidr o )\qs _Lmiqr

ids = L 'Iqs = (7)

S S

Ay Loy . Ay —Liig
d - d;lqr: q q 8)

r r

Idr

Trong d0: igs, igs, iar iqr la gid tri dién stato, roto theo hé
toa do dqo.
Phuong trinh mémen dién tu:

3p, .. ..
T, :EELm (|qs.|dr —|d5.|qr) 9)
Trong d6: T la mémen dién tl; p la s6 cuc ctia dong co.
Phuong trinh co clia déng co:
dw, , (T.-T)

at
Trong d6, wr m: t6c d6 quay roto; Ti: mdémen tai;
J: moémen quan tinh clia dong co.

(10)

2.2. Hiéu suat va hé sé céng suit ctia déng co

& ché do xac 1ap, hai thong s6 cta dong co thudng
dugc quan tam nhiéu nhat la hiéu suat van hanh va cose
cla dong ca. Hiéu suat lam viéc anh hudng dén muc tiéu
thu ndng lugng clia déng co nhu vay c6 thé lam ting
hodc gidm chi phi clia ngudi s&f dung. Cos¢ anh huéng
dén muc doé tiéu thu céng suat phan khéng trong hé
thong. Cosp thap cé nghia déng ca tiéu thu cong suat
phéan khang 16n do d6 sé lam cho tén hao clia hé théng
tang lén, lic nay ngudi strdung nén xem xét bu cédng suat
phan khang. C6 thé tinh toan hai thong s6 trén dua vao
cac cong thuc nhu sau [13]:

Gia tri cose clia dong co dugc xac dinh:

P1
NS

Trong d06: P la céng suat hiéu dung ma dong co tiéu
thu tur ludi; Q; la cong suat phan khang dong co tiéu thu
tU ludi; cos@ la cosp lam viéc clia déng co.

cos@p = (11)

Gia tri hiéu suat lam viéc clia dong ca dugc xac dinh
nhu sau:

(12)

Trong d6: P, la cong suat ca dau truc; n 1a hiéu suat lam
viéc clia dong co.
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TU cong thiic (11), (12) két hop véi MHT da téng hop &
muc 2.1 bai bdo sé moé phéng hiéu suat va cose lam viéc
DC & ché dd xac lap.

2.3. M6 phéng déng co khéng déng bé ba pha véi
Matlab/Simulink

Dua vao mé hinh toan ctia DCKDB ba pha da téng hop
tumuc 2.1, cac cdng thic xac dinh cos va hiéu suat dong
co & muc 2.2, phan mém Matlab/Simulink sé dugc tng
dung d€ mé phéng dong ca. Mot s6 khdi mé phéng nhu
hinh 1,2 va 3.

Pl ias E
Mg ibs m
@}Tela ics
dg to labe
Vgs—MVgs  ids
—PVds igs
. VisH —bwe  idr Toment”| ¢ W’—e "@
Rated grd  voltage I oo o
electilly fuctuatons | Vabe 1o VdgD = L Wem b E
Idq_s and Idq_r Electromagnetic 7,
We] moment electrical speed
motor speed
We thetaE m

We o
Hinh 1. T6ng thé khdi md phdng

D 2

Efficiency Ly ]

[vabc]> B vabe Pl e pP

labc Q—»Q

cosF

Electric power Power factor = »

Reactive power

Hinh 2. Khoi hiéu sudt va cose clia dong co

va Mva v var
Vb »Vb Vb Vb'
ve (3 )>—»Vve vof—»(3 ) Ve

voltage
fluctuations

Va H;) >~: = >..1 Vva'
Vb 2
— M) s s w
vo
O R ve

Hinh 3. Khoi DPDA theo thoi gian

Kiém tra, danh gia moé hinh dong co trong Simulink:
Bai bao ting dung mé hinh toan cia DCKDB da tong hap
& muc 2.2 va mo6 phong véi phan mém Matlab/Simulink &
muc 2.3 cho mét d6i tugng dong co thit nghiém. Déng ca
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tht nghiém c6 ma 3K90L4 ctia VIHEM. Théng s6 tinh toan
khi mé phoéng dong co dugc mé ta trong bang 1.
Bang 1. Bang thdng s dong co thit nghiém

Tham sé Ky hiéu Gia tri Don vi
Dién ap dinh muc Udm 220/380 )
(ong suat dinh miic Pam 2 Hp
Dién tré roto R 34 0
Dién trd stato R 93 0
Dién cam tirhoa L 0,309 H
Dién cdm tan roto Ly 0,002 H
Dién cam tan stato Lis 0,002 H
Momen tai dinh mic T 95 N.m
Momen quan tinh J 0,03 kg.m?
S0 cuc p 4
Tanso f 50 Hz

Phan mém Matlab/Simulink dugc s dung dé mo
phong dong ca thit nghiém véi cac thong s6 & bang 1.
Hinh 4, 5 la két qua sau khi moé phong bao goém: dac tinh
dong dién, toc do, cosg, hiéu suat theo thai gian.

T T T T T T T T T
25 S

Dong dién (A)

i i i i i | i
0 01 0.2 0.3 0.4 0.5 0.6 0.7

1400 —

1200

1000

Tée @0 (v/ph)

Thoi gian (5)
Hinh 4. Dc tinh dong dién, tdc do theo thoi gian
Tu dudng déc tinh dong dién khi mo6 phong cho thay,
trong qua trinh khéi déng dong khai dong dong co rat
[6n (d6ng co khédi dong trong khodng 0,45s). Sau 0,45s thi
dong dién dong cc 6n dinh véi bién d6 dong dién pha
cuc dai 4,615A, tuong duong véi gia tri dong dién day
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hiéu dung la 5,66A. Tu dac tinh t6c d6 nhan thay rang gia
tri téc d6 cta dong co tang dan theo thsi gian trong
khoang 0,45s dau tién tuang Ung véi thai gian khai dong.
Sau 0,45s gia tri t6c d6 c6 xu hudng duy tri 6n dinh tai &
muc 1.435 vong/phut.

Hé s6 cong sudt (Cosphi)

0 0.5 1 1.5 2 25

Thoi gian (s)

Hiéu suat (%)

c.s 1-[‘1’1‘0’1 gla; (S) ) - )

Hinh 5. Dudng dac tinh cose va hiéu suat dong co

Tu dudng dac tinh cose c6 thé nhan xét rang khoang
thoi gian dau déng ca khai déng cose thay déi rat 16n.
Cose déng co dao déng trong khoang 2s, sau dé 6n dinh
VvGi gia tri dat 0,83. Déi v6i dudng dac tinh hiéu suat,
tuong tu dudng dac tinh cosg sau khodng 2s thi 6n dinh
& muic gia tri 80%. Bang 2 tdng hop két qua va so sanh cac
thong s6 thu dugc khi mé phong va gia tri ciia dong co
3K90L4 (VIHEM).

Bang 2. So sanh thdng s6 khi md phdng va DC3K90L4 hang VIHEM

Théngsé | 3K90L4 | DCmdphéng | Donvi | Tilésailéch
Dong dién 59 5,66 A 4%

Téc do 1430 1435 Vg/ph 0,34%
Hiéu sudt 81 80 % 1,66%
Cos 0,85 0,83 2,3%

Tu céc két qua théng s6 clia ddng cd mé phong thu
dugc, sau khi so sanh co6 thé két luan la cac théng sé déng
co khi mé phdng cé sai s6 so véi déng co 3K90L4 clia
hang VIHEM khéng vugt qua 5%. Nhu vay, c6 thé khang
dinh m6 hinh toan va mé phong dong co & ché dé xac lap
la tuong déi chinh xac.
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3. MO PHONG XAC PINH ANH HUGNG CUA DAO
DONG PIEN AP DEN THONG SO VAN HANH CUA DONG
CO KHONG DONG BO
3.1. Dao dong dién ap

DDDA theo thai gian dugc dinh nghia la cac bién déi
vé gia tri hiéu dung tai tan s6 nguén cap trong thoi gian
kéo dai trén 60s. Theo tiéu chudn ANSI C84.1 cling xac
dinh muc d6 dung sai cho phép clia dién ap 6 trang thai
xac 1ap trén LDPP. M6t bién ddi hiéu dién thé duoc xéac
dinh la DPDA theo thai gian la khi gia tri hiéu dung cla
nd vugt ra ngoai gidi han dugc quy dinh bai ANSI véi thoi
gian I6n hon 60s.

DDDA theo thoi gian bao gom hai hién tugng: Qua dién
ap va dudi dién ap. Qua dién ap va dudi dién ap ndi chung
khong phai la su c¢6 do hé thong ma nguyén nhan chd yéu
do phu tai bién d6i va cac hoat dong déng cét trén hé
thong gay ra [14]. Muic d6 dao dong dién ap theo thai gian
clia hé théng dién thudng theo thai diém clia ngay, trong
tuan hay theo mua va la két qua clia thay déi nhu cau phu
tai trén hé thong. Bén canh do, déng cat céc thiét bi cong
sudt I6n nhu tram han, déng co cong suat 16n, 10 nung
cling lam cho dién ap trén hé théng thap [15]. Cac dao
déng nay théng thudng dugc thé hién & dang gia tri dién
ap hiéu dung theo thai gian. Hinh 6 biéu dién DDDA trén
moét LDPP ha 4p theo thai gian trong ngay.

Dién ap pha-pha Dt liéu trung binh trong 2h

415V

o - - /-5

405V-

400V-

081209 09/1209 091209 091209 09N209 091209 091209 1071209 101209 101209
20h00 00h0 04h00 08h00 12h00 16h00 20h00 00h00 04h00 08h00

Hinh 6. D thi gia tri dién dp trén LDPP ha dp dao ddng theo it [15]
3.2. M6 phdng danh gia anh hudng dao dong dién ap
dén théng s6 van hanh cia déng co khéng déng bd

Phan 2 da trinh bay mé hinh toan va mé phdng
DCKDB véi Matlab/Simulink. Nghién ctu tha nghiém cho
mot dong co thuc nghiém, két qua gilra moé phong va
thuc té€ la nhu nhau. D& xem xét anh hudng ciia DDDA
nhu da dé cap & muc 1. Bai bao tiép tuc thuc hién mé
phéng dé danh gia nhimg anh hudng cta hién tuong
DDDA theo thgi gian 1én déng co. Cac két qua dugc xét
dén la coso va hiéu suat lam viéc ctia dong co, day la hai
trong cac théng sé quan trong clia dong ca van hanh.
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Theo quy dinh muic DPDA trén LDPP cho phép tai Viét
Nam cling nhu mét sé nuéc la £5% dién ap danh dinh
clia LDPP [16]. Cling theo tiéu chuadn nay quy dinh dién
ap danh dinh ctia LDPP ha ap & Viét Nam va mét s6 nudc
la 220/380V. Bén canh dé, theo tiéu chuan [17] d6i vai
may dién quay thi trong dai dién ap tir 95% — 105% dién
ap danh dinh thi BCKDB ba pha phai hoat déng binh
thudng. Vi vay, bai bdo mé phéng cho déng co thuc
nghiém & moét s6 kich ban ma muc dién ap dao déng
trong khoang: 210V, 215V, 225V va 230V. Tu nhing két
qua thu dugc, bai bao sé so sanh vai gia tri cose, hiéu suat
lam viéc clla dong co khi hoat dong & trang thai xac lap
da thuc hién & muc 2.2. bién ap khi mé phong khi cé
DDDA trén LBPP ha dp nhu & hinh 7.
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b) Qua dién ap
Hinh 7. M6 phdng du6i dién dp va qué dién &p khi c6 DDDA
Tu céac két gia tri dac tinh cose va hiéu suat dong co
thu dugc sau mo6 phong, bai bdo so sanh véi gia tri dong
co khi hoat dong & trang thai nguén cap danh dinh 220V,
két qua thu dugc nhu trong bang 3.
Bang 3. Théng 56 cose va hiéu suat khi c DDDA

Thongsé | 230V | 225V |220V| 215V | 210V | Donvi
oS¢ 038 082 |08 | 08 0,86
Sai s6 -3,65% | -1,8% +1,77% | +3,5%

Hiéu suat 80,34 | 80,03 | 80 | 7922 | 787 %
Sai s0 +0,85% | +0,46% -0,55% | -1,21%
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Tu két qua mé phong vé cose va hiéu suat & bang 3
cho thay, khi c6 DDDA céc théng trén ctia déng co bi anh
hudng tuong déi I6n. Khi DDDA theo chiéu dién ap giam
thi gia tri cos¢ c6 xu hudng tang Ién nhung ngugc lai hiéu
suat lam viéc cia ddng ca lic nay theo chiéu gidm xudng.
Gia tri I6n nhat cda hiéu suat I6n nhat khi U = 230V tuong
Ung 80,34%, gia tri I6n nhat cta hé s6 cong suat la 0,86
tuong Ung khi U = 210V. Hién tugng trén c6 thé giai thich
do nguyén nhan la [13]: Khi dién ap nguén cap giam thi
dong dién tur hoa lo gidm lam cho cose tang Ién. Tuy
nhién, khi dién 4p nguén cap giam vai diéu kién dang xét
tai lam viéc dinh muc thi tén hao téng (la téng cla tén
hao pre, Pcut Pcw2) S€ tang do dé hiéu suat giam. Nhu vay,
€6 thé két luan la cac két qua mé phdng ché do xac lap la
phu hgp véi ly thuyét vé may dién.

4, KET LUAN

Bai bao nghién ctru tdc ddng ctia DDDA theo thai gian
dén hai thong sé van hanh chinh ciia DCKDB la cose va
hiéu suat lam viéc. D€ thuc hién, bai bao da stt dung mé
hinh toan va phan mém Matlab/Simulink. Bai bdo ciing
mo phong mot dong co thuc nghiém tur cac thong sé clia
dong co. Cac théng s6 nay dugc tinh toan tu déng co
3K90L4 clia Cong ty VIHEM. Bai bao dua ra mét sé kich
ban vé muc dién 4p hiéu dung khac nhau tac dung lén
dong co. Cac muc dién ap trong kich ban nghién ciu theo
tiéu chuan quy dinh trong LDPP.

Qua mé phong cho thay DDPA theo thai gian co tac
dong rat I6n dén hai thong sé quan trong clia dong co la
cose va hiéu suat lam viéc. Cu thé, khi dién ap dau vao
doéng co giam thi téc d6 dong co giam, hiéu suat giam
xuéng, cose tang lén. Bén canh dé, khi dién ap dau vao clia
dong co tang thi hiéu suat tang, cose giam. Két qua cho
thay su phu hop vai ly thuyét vé may dién néi chung, qua
d6 cting khdng dinh tinh chinh xac khi mé phéng DCKDB.

Nhu vay, khi c6 DDDA theo thai gian thi hiéu suat ctia
dong co sé gidam xudng trong trudng hop giam dién ap,
lic nay déi véi ddng co cdng suat I6n can cd nhing bién
phap diéu chinh dién ap cho déng co. Tuy nhién khi dién
ap tang thi dong calai c6 xu huéng lam viéc véi cose thap
di lic nay can phai c6 nhimng bién phap bu céng suat
phan khang cho déng co hoac hé théng.
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