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TOM TAT

Nghién cliu phuong phap chan doan céc hu hdng cé thé xay ra trong dong co mot chiéu khéng
chdi than (Brushless Direct Current, BLDC) dung trén xe dién c¢& nho trong cac trudng hop ngén
mach, dién tr& cao, hd mach, ...l1a mét trong nhimg phuong phap xac dinh hu hong dang ton tai
lam cho cho déng ca tut gidm cong suat hodc hoat dong khéng hiéu qua. Bang cac mé hinh toan
hoc dugc xdy dung dua trén so do nguyén Ii tuong Ung clia loai ddng co nay co thé xay dung mo
hinh chan doan hu héng va mo ta dién bién cta ting 16i ma déng co dang xay ra hu hong. Xay
dung mé hinh chadn doan bang phuong phép nay cé thé tim ra cac gia tri dap Ung ctia dong co
khi hoat déng dong dién cac pha, momen dién t va téc do truc rotor tng vdi ting ché dé 16i thu
dugc trong méi trudng Matlab Simulink. Phan tich két qua mé phong, nhom nghién cdu tim dugc
biéu hién ctia déng co BLDC khi xay ra cac 16i trong cac trudng hop da néu va thém céc su cd ngan
mach va dién tr& cao déu xuét hién nhimg dau hiéu tuong tng vai bi€u hién ting trudng hop
16i nay. Day la phuong phép khé khé dé nhan biét néu khong co cac thiét bi do va phuong phép
chdn doan hop li trong thuc té, chinh diéu nay gay ra su hu hdng nhanh chéng clia dong co néu
16i khong dugce phat hién sém. Két qua chdn doan trén mé hinh nay cung cap mot phuong phéap
thuan tién va kinh té dé phan tich vé cac |6i trong dong co mot chiéu khéng chdi than ¢é nho khi
xady dung cac mo hinh 16 chdn doén truc tiép trén cac xe dién ¢ nho (SBEV) hién nay.

Tur khoa: phuong phép chdn doan dong co dién, dong co khong chdi than, mé hinh chén doan,
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O t6 dién

GIGI THIEU

Hién nay, 6 t6 dién ¢ nho (SBEV) dang dugc nghién
ctu va phét trién manh mé. Cu thé, viéc st dung
dong co dién mot chiéu khong chéi than (BLDC) lam
ngudn dong luc chinh dang dan phd bién. Tuy nhién,
do tin cdy va tinh 6n dinh ctia loai dong co nay van dit
ra nhiéu van d€ cin dugc giai quyét. Nghién ctiu dong
co BLDC dugc lya chon dung cho 6 t6 dién c¢& nhé
vi nhiéu Iy do c6 hiéu sudt cao hon va tiét kiém ning
lugng hon so véi dong co DC! thong thudng, tudi the
va do tin cdy cao hon, kha nang diéu khién chinh xdc,
hoat dong ém 4i, khong gy tiéng 6n va rung dong,
pht hgp véi cac ting dung yéu ciu yéu t6 yén tinh,
kich thudc nho gon thuén 1¢i cho viéc tich hgp trong
cac thiét bi di dong va khong gian han ché.... Nhu
vay, dong co BLDC dép ting nhiéu yéu cau khac nhau
trén xe dién hién nay.

Trong qua trinh hoat dong dong cd BLDC xuét hién
nhiéu hu hong cé thé xay ra. Phuong phép phén tich
va danh gia anh hudng ctia 16i FMEA ! da dugc thuc
hién d€ danh gid mic d¢ anh hudng cic 16i nay. Cu
thé dua ra cic 16i dugc thé hién trongBang 1.

Cac nghién ctu hién nay cho thdy moé hinh dugc dé
xudt d€ phan tich dong co BLDC, cdc mo hinh nay

Bang 1: Cac 16i thuéng gap trong déng co BLDC

Loi Cu thé
Ngdn Ngan mach trong 1 pha
Ngén mach gitia 2 pha
Hé mach Hé mach 1 pha
Hé mach 2 va 3 pha
bién trg Dién trd cao trong 1 pha do hu hong day
cao (dit khong hoan toan)

dua trén phuong trinh trang théi, chudi Fourier va mo
hinh truc d-q>3. Tuy nhién, mét mé hinh mé phong
nang cao cho dong co BLDC dugc dé xudt?, trong dé
da dé cap dén mo hinh toan hoc co ban cua dong co
BLDC.

Nghién ctiu x4y dung mo hinh chin dodn d€ dién ta
cdc 16i c6 thé gip trong cudn day stator ctia dong co
BLDC lam co s& céc viéc chan doéan dya trén céc ddu
hiéu thu dugc. Co s3Iy thuyét? cho thdy tinh kha thi
ctia trong nhén dang 161, bing phuong phdp xay dung
mo hinh todn hoc tuong ting véi tliing ché d¢ 16i cho
dong co BLDC.

Trich dan bai bao nay: Nguyén D H, Vi V T, Nguyén P N. Chan doan hu héng déng co trén xe dién c&
nhé bing phuong phap mé phéng. Sci. Tech. Dev. J. - Eng. Tech. 2025; 8(4):2670-2680.
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Hinh 1: So d6 nguyén li cuén day stator clia dong
co BLDC

Trong bai bdo nay, tap trung lap cac so d6 nguyén li
va phuong trinh todn hoc trong Hinh 1 tuong Ging véi
céc 16i (mic d¢ 16i phu thudc vao céc ti s6 déc trung
- ti s6 nay thé hién nguyén nhén gy ra 16i) dugc néu
trong Bang 1. Trong mdi trudng Matlab/Simulink, cac
md hinh todn hoc thu dugc cdc dic tinh hoat dong.
Tu d6, thu thap cac két qua mo6 phong la dong dién,
momen dién tu va t6c d6 cua dong co dap ting véi
tiing ché d¢ 16i, dua ra cac biéu hién cua dong co
BLDC khi gip cdc 16i tuong ting.

PHUONG PHAP NGHIEN CUU

L6i ngan mach

Ngin mach phén tng stator, day la mot loai sy c6 xay
ra trong hé thong dién do hién tugng cham chép gitia
cac vong day trong cing mot cudn diy hodc gitia cac
pha v6i nhau trong cu¢n day stator dong co dién.

Léi ngdn mach trong mét pha

Cuén day stator ba pha ctia dong co BLDC déu kiéu
hinh sao (chit Y), khi sy ¢6 ngdn mach trong cudn day
ctia pha A xdy ra sé hinh thanh dong dién trong vong
kin ngan mach va sy mat déi xing gitia cac pha, dugc
thé hién trong Hinh 2.

Hinh 2: So d6 nguyén li ciia16i ngan mach trong pha
A4

Gia thiét dit ra trong bai bdo nay, dong dién di vao
diém trung tinh la dugc quy udc la chiéu duong; bo
qua ton thit dong dién xody va tré mach tit khong
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bao hoa va thiét bi chuyén mach ngudn li tudng thi
phuong trinh can béng dién 4p vdéi 16i ngdn mach
trong cudn déy ctia pha A c6 dang nhu phuong trinh
(D).

d
U=Rl+ Q% +E (1)
Trong do:
iy i ¢
uU=|"|.r=|"|.E=|%
U ic ec
0 is es
r, 0 0 0
R 0 r, 0 O :
0 0 r. O
0 0 0 r
L, My, M, M,
0= My, L, My My
Ma’ ¢ M.y, Lc Mes
Ma’ 5 M Mes Lgs

véir, L, J va e lan lugt 1a dién trd, dién cam, quin
tinh ctia rotor va sudt dién dong cdm ting ctia pha binh
thuong; cac tham s6 U, I, E 13 ma tran bién theo pha
ctia dién dp, dong dién va suit dién dong. R1a ma tran
dudng chéo; Q 1a ma trin dién cam; cac bién c6 chi s
@ va s bén dudi la chi phan day con lai va cac phin
day bi ngdn ctia pha A; L va Ly 14n lugt la dién cam
ctia phan day con lai va phan day bi ngan trong pha A;
M 13 hé cam va chi s6 ctia n6 tuong ting vdi tling cap
cudn déy tao rané ( M. = Meg; Myp = Mye).

dét ti s6 gitfa s6 vong day bi ngdn (N ) va téng s6 vong
day (N) las, ta c6:

s=% @

bién trd cudn day va hang s6 EMF ty 1é nghich véi
s6 vong day stator nén gia tri cia hai thanh phan nay
ciing thay déi phu thudc vao ti s6 s. Bén canh do, ép
dung phuong phép tinh toan dién cam ti dua trén
phan tich dang séng ctia cudng d6 cim ting tli°. Cac
thanh dién trd, hing s EMF, dién cam va h6 cam c6
gid tri nhu trong Bang 2.

trong truong hgp mo6 men dién tit xudt hién thém
thanh phén dong dién va stc phan dién dong cta
phén day bi ngdn mach thi mé men dién ti dugc xac
dinh theo phuong trinh (3).

T, = co%, (eqriq + epip + ecic + eusias) (3)

d€ danh gia téng quat vé dong co BDLC cén phai xét
mdi quan hé gilia cic m6 men tai va mé men dién tii,
cdc dai lugng gom quén tinh cta rotor J, hé s6 ma st
dong C, va Cp la hé s6 ma sat tinh, m6 men tai Ty, va
md men dién tii T, trong hai trudng hgp sau:
Truong hop 1: ddng co chua chuyén dong tuong ting
v6i ma sat tinh C.

JOr =T, — T, — Gy (4)

Trudng hgp 2: dong co chuyén dong ting v6i ma st
dong C,.

JO =T, - T — Cvan ()
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Bang 2: Gia tri cudn day pha a khi ngdn mach

Tén goi Gid tri
bién tré ry=(-9s)r
Igs = ST
Hang s6 EMF K, =(1 - s)K,
s = 5-Ke
Dién cam Ly =(1-5s)%L
L, =s’L
Ly=L.=
H6 cam My, = My, = —1(1 — )L
My, = My = —gsL

Léi ngdn mach giira hai pha

Hinh 3: So d6 nguyén li ctia 16i ngédn mach gitta pha
AvaB*

khi xudt hién 16i ngan mach xay ra gitia pha A va pha
B, dong ngdn mach i f hinh thanh trong vong kin, nhu
Hinh 3. Khi pha A va pha B néi v6i nhau, dong dién
iy dugc tao ra béi sudt dién dong cam ting trong cuén
day bi ngdn mach. Khi d¢, dong dién chay qua phan
day ngin pha A va B ¢6 bién d6 bang nhau nhung
ngugc chiéu. Tuy nhién, trong trudng hgp dong dién
chay qua pha C va dugc néi v6i mét trong hai pha
con lai thi gid tri iy trong pha A va pha B khi d¢ sé
khong béng nhau. Vi vdy, cin chia dong dién nay nay
2 thanh phén iy va ips. Tuong ty 16i ngdn mach trong
mot pha. Phuong trinh can bang dién 4p vdi 161 ngén
mach gitia hai cuén day cta pha A va pha B c¢6 dang

nhu sau:
U=RI+0Q¥4 +E (6)
Trong do:
g iq ¢
1 iy %
U= |u|;1 = |ic|;E= |ec
Ugs igs eqs
Ups Ips €bs

ro0 0 0 0
0 rn, 0 0 0
R=1[{0 0 r. 0 O
0 0 0 r, O
0 0 0 0 1y
Ly Myy Mye Myas Myps
Myy Ly My. Mgas Myps
0= |Mye My, L Mcas Mps
Myas Mypas  Meas Lgs M s
Myps  Mpps  Meps  Masps Ly

céc chi s6 dudi a, b, ag, b biéu thi cho phan day con
lai va phan déy day ngin & pha A va pha B. Céc chi s6
ctia M 1a mét cép cudn déy tao ra hd cdm tuong ting.
Néu dat ti s6 gitta s6 vong day bi ngin (N ) va tong s6
vong day (N) trong pha A va pha B lan lugt la:

Sa= 18, =N (7)

Cac thanh phén ctia véc-to va ma trin c6 gia trj trong

Bang 3.

Bang 3: Gia tri giita cudén day pha a va b khi ngén
mach

Tén goi Gia tri

Dién tré Tas = Sq.T
Ths = Sp.T
ry =(1-sg)r
1y =(1-sp)r

Hang s6 EMF Ko,y = 5q-Ke
Ke,, = sp-Ke
K., =(1 — s))K.
K, =(1 — sp)Ke

Dién cam Ly =(1-s0)*L
Las = sa°L
Ly = (1-s5)
Lps = sp°L
L.=L

Hb cam Myy = —%sb(l — sq)L
M s *%Sb(l — sa)L
My = 7%sa(l — sp)L
My, = —3(1 = so)L
Meos = 7%saL
My, = —3(1 — )L
Moy = —3spL

Phuong trinh thé hién m6 men dién ti dugc viét lai
theo phuong trinh (8). Péng thsi phuong trinh co

2672



Tap chi Phdt trién Khoa hoc va Céng nghé - Engineering and Technology 2025, 8(4):2670-2680

hoc khong thay d6i so v6i 16i ngan mach trong pha A
dugc thé hién trong phuong trinh (4) va (5).
T, = *( eqiq + epiy + ecic + easias + epgips) (8)

L6i hé mach

L6i hé mach c¢6 thé xay ra khi cudn day cta stator bi
hong. Cac cudn day bi hong, dong dién sé khong chay
qua pha bi hong, mit kha nang tao ra mé men dién tu.
H6 mach trong cudn day stator la mot 16i rit phé bién
Hinh 4, né thudng xay ra do nhiing nguyén nhén sau
day: cudn day bi dut do cing day khong diang cach,
tac dong co hoc manh, qua tai hodc lao hoa theo thoi
gian.

il Mﬁ_;v M=

» D—.’YYWY\;VWV_@_
..,.O—KWYW“\_;\N\A_ .@_

__/“-"\-’YYY \—"V\'“ J"v—-O—
D—f\"r WY\_;V\ J'\ﬁ.'——@—

Hinh 4: (a) So d6 nguyén li ctia 16i hé mach trong
pha A, (b) So d6 nguyén li cta 16i hd mach trong 2
phaAvaB*

Trong trudng hop bi hd mach, tuy vao mic do ha
mach ma doéng co cd thé c6 moét hodc nhiéu triéu
chiing khac nhau. Mot trong nhiing triéu chiing rd
rang nhét ctia16i hé mach la dong co khong khoi dong
hodc khong hoat dong khi dugc cung cép dién.

Khi h& mach pha A, cudn day pha A khong xét dén.
Mach tuong duong nhu Hinh 5.

Hinh 5: So d6 tuong duong 16i hé mach pha A%

Theo dinh luat Ohm, ta c6 phuong trinh sau can bing
dién 4p nhu sau:

up — ue = (rp + re)ip + [(L — M) + (L —
ML + e, — e, (9)

Do 2 pha B va C khi d6 mic néi tiép nén:

(10)

e = —p

2673

Khi d6, m6 men dién tit c6 gid tri la:
T, = o (epip + ecic)  (11)

L6i dién tr& cao

L4i nay c6 thé xay ra do két ndi kém nhu diu ndi
bi 16ng, 4n mon, siét khong chit... lam cho dién trd
tang trong cdc pha khdc nhau. Trong bai bao chu yéu
nghién ctiu dién trd cao trong mot pha & cdc muic ting
dién trd khéc nhau, dién tr& cao sé dugc md phong va
phén tich so bd. Ngoai ra, cic loai 16i dién tré cao
khac nhau sé c6 tac dong giong nhau d6i véi mach
moé phong nén sé phén tich dién hinh nguyén nhén
do dut day.

Hinh 6: So d6 nguyén |i 16i dién tr3 cao trén pha A%

khi mot s6 s¢i ctia day 1ldo héa dién tich rudt dan sé
bi gidm va do d6 dién trd sé ting lén Hinh 6. L6i nay
dugc xem nhu mac ndi ti€p mot dién tré phu vao pha
bi 16i. v6i z 13 ty 1é s6 soi bi duit. Dién trg thém vao
dugc tinh nhu sau:

R. = ({&% — DR (12)
Khi d6, ma tran R sé thay d6i nhu sau:
r«+R;, 0 O
R = 0 rp, 0 (13)
0 0 re

XAY DUNG MO HINH NGHIEN CUU

Xay dung mo6 hinh nghién ctiu theo quy trinh Hinh 7
dya trén co s& 1y thuyét x4y dung mo hinh chdn doan
Hinh 9 va 12 cho m6 hinh toan hoc dung cho chén
dodn pha Hinh 8,9, 11, 12 va 13. Diéu nay sé gitip xac
dinh tinh 16i trén cdc pha theo phuong trinh tinh todn
dong dién trén cac pha Hinh 14 va 15.

M6 hinh nghién ctiu mé phong dong co nhém nghién
ctiu tinh todn trong cdc trudng hgp 16i nhu 16i ngin
mach moét pha, 16i ngdn mach hai pha, 161 hé mach, 16i
dién tré cao Hinh 14 va 15, dung dé chdn dodn dugc
tac dong va kha nang ting pho cta dong co trong cac
tinh hu6ng 16i khac nhau.

THAO LUAN KET QUA

Dong co nghién ctiu c6 ma 48V1000W Bang 4. Dong
c6 BLDC dugc st dung trong céc 6 t6 ¢d nho c6 hiéu
sudt cao, do tin cdy va c6 tudi tho lam viéc tét.
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[faf]
X >+
E_.
So d nguyén I¥
Phwong trinh toan hoc
[ o}
Tinh toin x b+
Khai trién [ib]
L A >
Xay dung bang
Matlab Simulink [fc]
X P+
E—.
E—.
Hinh 7: Quy trinh xay dung mé hinh x b+
[is]
‘‘‘‘‘ " Hinh 9: Tinh todn mé men dién tir ngdn mach trong
| mot pha
-t [ (]
s =
=

Hinh 8: Tinh toan dong dién ngan mach trong mét
pha

bén canh d6 khi tién hanh mé phong, két hgp phuong

phip diéu khién PID d€ duy tri téc dong co & gid tri Hinh 10: Tinh toan suat dién dong ngan mach trong

mot pha

dat 3500 vong/phut dé€ tién hanh thu thip cc thong
s6 dong dién, to¢c dd va momen dién tii. Ngoai ra, mot
s6 thiét 14p di€u kién khac cho mo hinh nhu: déng co
chay khong tai, cac gid tri dién ap, dong dién va t6c do —
ban ddu déu bing 0. =

—_—
Léi ngan mach trong mét pha T | —
Tién hanh moé phong & cdc mic do 16i (ti 1¢ ngén o e] ===y
mach) lan lugt 1a S = 0% (binh thudng), S = 5,56% CIAELE
va S = 16,67%, ta thu dugc cc két qué Hinh 16. = |

Bang 5 tong hop két qua gid tri dong dién ba pha A, Hinh 11: Tinh toan dong dién ba pha khi ngdn mach
B, C, t6c d6 va m6 men dién tit ciia dong co BLDC & pha A va B.
trang théi binh thudng, khi bi ngdn mach pha A véi ti

1é ngdn mach S = 5,56% va S = 16,67%.
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f— ]
x R [ ]
fias] >
[25—(]

—pfange fa 7
backEMFa »
backEMF Phase A

E —————p .

fibs] e B @T
backEMF Phase B

]

—pfage e 7>[> »)
backEMF¢ 4 X [ec]

[fCI backEMF Phase C

[fas]

[fbs]

[ic] Hinh 13: Tinh toan suat dién dong khi déng congén
mach gita pha Ava B

Y T IT

[faf]

i
|

[iaf] &
'
- N Uab_0C
[fB] = ] [t
X .
fibf] Hinh 14: Tinh toan dong dién cho déng co bi ha
! mach pha A
Hinh 12: Tinh toan mé men dién ti khi ngan mach
pha AvaB
Ua ™
OO

dékiém tinh dung ddn ctia két qua trén, nhém nghién i @
ctiu so sanh két qua nghién ctiu trudc 1°. So sanh xu ‘

hudng thay d6i ctia tdc do va dong dién trén dong co w _
BLDC khi ti 1é ngdn mach ngay cang ting trong két
qua thuc nghiém cho thdy két qua mé phéng Hinh 16 [ )—r '@
ctia md hinh nghién ctiu trong bai bao nay c6 su tuong ’I>—’;

dong gitia m6 hinh s6 va mo hinh thuc nghiém cac e
nghién ctu trudc. Diéu nay ching td, két qua mo

phong ctia nhém c6 tinh ding ddn cao va kha thi. ' @

Phan tich két qué thu dugc c6 thé dua ra nhan xét cdc 'D—"_

nhén xét sau, néu xay ra 16i ngdn mach trong mét pha

ctia dong co BLDC thi ddi véi: Hinh 15: Tinh toan dong dién cho dong co bi dién
tré cao.

« Dong dién: Gid tri16n nhét trong pha bi 16i ting
cao va ¢ sy tang nhe & hai pha con lai, do chénh
1éch gitia cac pha ting.
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Bang 4: Théng sé ky thuat déng co 48v1000w

STT Thong s6 Gid tri Pon vi
Wia_heal Wia_IT_556 Mia_IT_1667
= 1 Loai déng co BLDC
2 bién dp dinh mic 48 A%
(Va)
3 Dong dién dinh mic 2,78 A
4 Cong sudt dinh mitc 1000 W
o 5 T6c d6 tinh todn 3500 vong/phit
0122 0123 0124 0125 0126 0127 0128 0129 0130 0131
Hib_heal Wib_IT_556 WMib_IT_1667 6 Dlén tr6 (R) 1’1 Ohm
20 ¥
7 Dién cam (L) 0,864.10> Henry
8 Quén tinh (J) 1210.10~7 Kg.m?
9 S6 cap cuc (P) 4
. 10 Hing s6 sic dién 0,114 V/rad.s™!
déng (Ke)
0119 0.120 0121 0122 0123 0124 0125 0126 0127 0.128 A =1 =3
NI BRI 555 0 60 11 Momen ma sat tinh  0,746.10 Nm
(Co)
12 Momen ma sit dong ~ 3,695.1077 Nmj/rad~!
(Cv)
Bang 5: K&t qua mé phéng 16i ngin mach pha A
Ché d6 16i S=0% $=5,56% S=16,67%
[ R¥i] 0122 0123 0124 0.125 0.126 o127 0.128 0129 O 1o .
B Te_heal MTe (T 556 W Te_(T_16.67 T 11,8 14,2 15,6
pha
N A) 1B 11,8 12,9 13,5
iCmax 11,8 12,7 13,1
Tc do Ommax 3523 3601 3661
(vong/phut)
Wymin 3487 3452 3404
w, 3505 3526 3532
M6 men Tomax 0732 075 0,777
Hwn_heal Mwn_IT_667 WMwn_IT_1667 dién th
b WMWWW (Nm) e 0,667 0,651 0,645

iy
o
N
o

0,703 0,711

;]"jf‘,-l L
i

o M6 men dién ti: Do anh hudng bdi dong dién

pha, d6 dao dong ctia momen dién tui ciing ting

i) oot 0%z 0t o T cao, tuy nhién gia tri trung binh chi ting nhe do

Hinh 16: K&t qud mo phong 16i ngén mach pha A <6 sy tang va gidm tuong dng & gid tri 16n nhit

V6i S = 0%(binh thudng), S = 5,56% va 5=16,67%: va nho nhét.

a. Dong dién pha A (A) theo thai gian(s) B

b. Déng dién pha B (A) theo thdi gian (s) o T6c do rotor: Dong co van duy tri téc do trung
c. Dong dién pha C (A) theo thdi gian (s) binh xdp xi v6i toc do dit (nho cé bo diéu

d. Momen dién tU (Nm) theo thdi gian (s)

) khién); t hién d6 dao dong lai rat bai su
e. Téc d6 dong co (vong/phut) theo thai gian (s) i€n) Uy nhien €0 dao dong fai rat cao bot sy

tang cao clia gid tri 16n nhit va gidm manh cta

gid tri nho nhit.
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L6i ngan mach gitia hai pha

Tiép tuc tién hanh mo phong ngdn mach hai pha trong
diéu kién tuong tu trong cac trudng hgp 1a trusng hgp
1: pha A va pha B ngin mach véi ciing ti 1& 5.56%;
truong hop 2: Pha A la 5.56%, con pha B 1a 16.67%.
Két qua mo phong thu dugc nhu sau:

Bang 6: K&t qua 16i ngan mach giliapha Ava B

Ché d¢ 161 S=0%  Sa=5,56¢ Sa=5,56%

Sb=5,56¢ Sb=16,67%

Dongdién - 11,8 15,4 16
pha
(A) iBma)c 11,8 15,7 17,7
iCmax 11,8 14,4 15,2
Téc d6 Onmax 3523 3625 3742
(vong/phit)
Opmin 3487 3448 3477
@ 3505 35365  3609.5
Mb men Tomax 0,732 0,768 0,793
dién tu
(Nm) Tomin 0,667 0,639 0,618
T, 0,69 0,703 0,705

Két qua thu dugc Bang 6 cho thdy, néu xay ra 16i ngan
mach & hai pha trong dong co BLDC:

- Dong dién: Gia tri 16n nht trong hai pha 16i déu
tang (nhung phu thudc vao ti s6 ngan mach ctia méi
pha); pha con lai cling téng do anh hudéng cua hai pha
bi 16i; chénh 1éch gifia cic pha ting.

- M6 men dién tu: Gid tri l6n nhét va gid tri trung binh
tang lén; tuy nhién gid tri nho nhét lai gidm manh dan
dén d6 dao dong ting theo ti 1é ngan mach.

- Téc d¢ rotor: Tuong tu mo6 men dién tu, gid tri tc
d06 16n nhit va trung binh tang cao, nhung gia tri nho
nhit lai gidm dan dén d¢ dao d6 16n.

L6i hé mach

Dua vao d6 thi Hinh 18, ta c6 thé thdy dong dién pha
A bi mat hoan toan do hé mach, dong dién pha B va
pha Cvan con ton tai va ngugc chiéu nhau. Tuy nhién,
tai diém giao nhau ctia pha B va pha C thi dong dién
& hay pha nay béng nhau va bang 0.

Trong truong hgp hd mach mot pha: tai thoi diém i,
=i, = 0 thi m6é men dién tit cia dong co ciing cb gia
tri bing 0 dan dén dong co mit cong sudt, t6c do gidm
dot ngot sau d6 lai ting 1én va dong co khong thé hoat
dong trong trang thai nay.

Trong trudng hgp hd mach hai pha hodc ba pha: Theo
nguyén li dong co BLDC, b diéu khién cdp dién 4p
cung lic cho hai pha trong mét sector, tao thanh mach
kin va sinh ra dong dién chay trong hai pha d6. Do
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Wia_heal Wia’_IPh_Sa=Sb Wia'"_IPh_Sa<Sb

0058 0080 0062 0064 0066

Hib_heal Mib'_IPh_Sa=Sb M ib'_IPh_Sa<Sb

005 0057 0058 0059 0060 0051 0062 0063 0064

Wic_heal Wic_IPh_Sa=Sb Wic_IPh_Sa<Sb

=

0062 0063 0084 0065 0.065]

W Te_heal W Te_IPh_Sa

0 0.0 0.06 0.10 012 014

Ewn_heal Mwn_IPh_Se=Sb Wwn_IPh_Sa<Sb

-qu'zw)'-,u?ﬂ-(h WP WA ENL VAP, PR VAR
=
7|
y

003 0 0.05 0.06

Hinh 17: Két qua mé phong 16i ngdn mach pha
A vGi S,=S,=0%(binh thudng), S,=S,=5,56% va
S4=5,56% S;,=16,67%:

a. Dong dién pha A (A) theo thai gian (s)

b. Dong dién pha B (A) theo thai gian (s)

c. Dong dién pha C (A) theo thai gian (s)

d. Momen dién ti (Nm) theo thdgi gian (s)

e. T6c d6 dong co (vong/phut) theo thai gian (s)
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mib_OC Wic_OC Mia_OC Hia_heal Mia_1p 0367 Wia_1p 0502 Wia_1p 204

0.097 0.098 0.099 0.100 0.101 0.102

Hinh 18: Dong dién ba pha clia dong co BLDC &
trang thai hd mach pha A

0034 0.0% 0.0% 0100 0102 0104 0106

Wib_heal Wib_1p 0367 Wib_1p 0592 Mib_1p_ 204

10
Bang 7: Két qua mé phéng 16i dién tré pha A cao
Ti 1€ s6 sgi dtit (%) z=20 z=35 z=65
Dién tré ting Rz = Rz = Rz =
(Ohm) 0,367 0,592 2,04
10
Dong iAmax 10,3 9,2 6,5
dlén pha ) 0 |EI3 012 0124 ‘CQ‘EE (G ‘.25n' 0130 0132
(A) iBmax 12 12,3 12,7 Wic_heal Wic_1p_0.367 Wic_1p_0592 Wic_1p 204
e 12,1 12,3 12,8 "
Toc do Omax 3544 3559 3575
(vong/phut
WOpmin 3455 3413 3394
©, 3499,5 3486 3484
Mo men Tomax 0,74 0,741 0,75
dién tit 012 0424 0136 0128 013 0132 013
(Nm) Temin 0,63 0,606 0,54 uTe_heal WMTe_1p 0367 WTe_1p 0592 MTe_1p 204
T, 0,685 0,6705 0,645

d6, khi hai trong ba pha bi hé mach, sé khong c6 dong
dién chay trong pha con lai, dong co khong hoat dong.
Phén tich két qua mo6 phong cho thdy, néu xay ra 16
h& mach (moét hodc nhiéu pha) thi dong co déu khong
thé hoat dong. Mic du trong truong hgp hé mach

mot pha, van c6 thé ¢ dong dién di qua hai pha con Honios Swip.0%7 Bwip 0% BwLIp.Z0
lai, tuy nhién momen dién tii ma hai dong nay tao ra O Y A Ve
hoan toan khong thé dép ting dé rotor c6 thé quay da %0 f’“

mot vong. ff

Loi dién tré cao

Mo phong 16i nay, két qua thu dugc nhu Hinh 19 va

Bang 7. Co thé thdy, khi xay ra 16i dién trd cao, téc .

d6 van dao dong quanh gid tri ctia t6c do dat 1a 3500 R Py e PR T P
vong/phit do tic dung ctia bo diéu khién PID. Khi ] ) .

dong co co thé dat t6c dd max dén 3544, 3559 va 3575 — 0.502va RZ — 2.04: ' v
vong/phut. Tuy nhién dya vao Bang 7 thi ta thdy dugc a. Dong dién pha A (A) theo thai gian (s)

gid tri trung binh t6c d6 cta dong co BLDC lai gidm b. Dong dién pha B (A) theo thai gian (s)

khi ti 1é s6 vong day bi dut ting lén (16i dién trd cao . Dong dién pha C (A) theo thdi gian (s)

d. Momen dién ti (Nm) theo thdgi gian (s)

cang nang hon). -
e. Toc do déng ca (vong/pht) theo thai gian (s)

T két qua Bang 7 cho théy, néu xay ra 16i dién trd cao
trén mot pha 16n:
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- Dong dién: Gia trj 16n nhdt trong pha 16i gidm dén;
hai pha con lai ¢6 su tang nhe; chénh 1éch gitia cac pha
tdng.

- Mo-men dién tii: Gia tri 16n nhat va d6 dao dong
déu tidng; tuy nhién, gia tri trung binh giam.

- T6c d¢ rotor: Gid tri l6n nhit va 6 dao dong déu
tang; tuy nhién, gia tri trung binh giam.

KET LUAN

Béng phuong phdp mé phdng trang thdi hu hong
trén mo hinh. Két qua cho thdy, cic biéu hién dic
trung chdn doan dong co dién khong chdi than “TCZY
48V1000W’ khi roi vao tinh trang 18i c6 thé dya trén
tham s6 hoat dong dong dién, md men dién ti va toc
dd quay ctia rotor khi dong co hoat dong dé xdc tinh
trang hoat dong ctia loai dong co nay. Tuy nhién, cin
tién hanh thém mot s6 trudng hgp tuong hé dé tim
thém dugc méi quan hé gitia gia tri 161 va gid tri biéu
hién tuong ting. Bang phuong phdp nay x4y dung
dugc chudi logic cho hé thong tu chdn dodn trén cac 6
t6 dién lam ting kha ning kinh té, sém phat hién cac
hu hong c6 thé xdy ra 1am ting kha nang hoat dong
cho hé thong truyén lyc trén 6 t6. Tt mo hinh nay, c6
thé phat trién cc thuét todn phét hién 16i sém thong
qua céc biéu hién nay nham ddm bao hiéu suit va tinh
6n dinh ctia loai dong co nay.

DANH MUC CAC TU VIET TAT

BLDC: dong co dién khong chéi than.
SBEVs: xe dién c¢& nho

SC: ngan mach

ITSC: ngédn mach trong mot pha
IPSC: ngdn mach giiia hai pha
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HR: dién trg cao
OC: hé mach
SC: cudn day stator

XUNG POT LOI iCH

Nhém téc gia xin cam doan ring khong c6 bt ky xung
dot lgi ich nao trong cong bo bai bao.

DONG GOP CUA TAC GIA

Nguyén Dinh Hung lén y tudng, phén tich s6 liéu va
viét bai bao.

Vi Viét Thang thiét lap mo hinh tinh toan.

Nguyén Phuc Nguyén chay mo6 hinh tinh todn thu
thép s6 liéu.

Cam on
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ABSTRACT

Research diagnostics of possible damage in brushless direct current motors (BLDC) used on small
battery electric vehicles (SBEV) in the case of short circuits, high resistance, and open circuits is one
of the methods to determine the existing damage that causes the motor to reduce power and
operate inefficiently. By developing mathematical models based on the corresponding schematic
diagrams of this motor type, it is possible to construct a fault diagnosis model and describe the
progression of each fault occurring in the motor. Implementing this diagnostic model enables the
determination of the motor's response values, including phase currents, electromagnetic torque,
and rotor speed, corresponding to each fault mode, as obtained in the simulation environment.By
developing mathematical models based on the corresponding schematic diagrams of this mo-
tor type, it is possible to construct a fault diagnosis model and describe the progression of each
fault occurring in the motor. Implementing this diagnostic model enables the determination of
the motor's response values, including phase currents, electromagnetic torque, and rotor speed,
corresponding to each fault mode, as obtained in the simulation environment. Through the anal-
ysis of simulation results, the research team identified the behavior of the BLDC motor under the
specified fault conditions, as well as additional short-circuit and high-resistance issues, each ex-
hibiting distinct symptoms associated with specific fault scenarios. This method is challenging to
apply without appropriate measurement equipment and rational diagnostic techniques in prac-
tice, which can lead to rapid motor deterioration if faults are not detected early. The diagnostic
results of the simulation model contribute to providing a convenient and economical method for
analysing possible faults in brushless direct current motors to build a fault model self-diagnosis
using artificial intelligence on today's small electric vehicles.
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