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Tém tit

Dong co dién mot chiéu khong chéi than (BLDC)
dwogc s dung rong rdi cho 6 t6 dién, xe may dién
vi né hiéu qua, mat do nang lwong cao va dé diéu
khién, dé bao dwdng. Bai bdo dé xudt mot phirong
phdp don gidn, chi phi thap dé tdi sit dung ning
lwong chuyén dong cia xe dién sir dung dong co
BLDC trong qud trinh phanh. Céu triic bg bién doi
cau ba pha dwoc phan tach thanh ba bg bam xung
ndng dp mot chiéu hoat dong két hop véi nhau.
Bai bdo ciing trinh bdy cdu tric diéu khién, mach
mé phong va cdc thiét bi thic nghiém qud trinh
ham tdi sinh tra nang leong vé phia nguon. Céc
két qua mé phong trén phan mém PSIM va két qua
thwe nghiém cho thdy kha ndng tdi sinh ndng
lwong, tinh chinh xdc va hiéu qua cua thiét bi dwoc
xay dung.

Tir khéa: Nghich lwu ba pha, diéu khién dong co
BLDC.

Abstract

Brushless DC (BLDC) motors are widely used in
electric cars and electric motorcycles because of
their efficiency, high energy density, and ease of
control and maintenance. The paper proposes a
simple, low-cost method to reuse the motion
energy of electric vehicles using BLDC motors
during braking. The three-phase bridge converter
structure is decomposed into three DC boost
converter operating in combination. The paper
also presents the control structure, simulation
circuit and experimental devices for the
regenerative braking process to return energy to
the source. Simulation results on PSIM software
and experimental results show the ability to
regenerate energy, accuracy and efficiency of the
built device.

Keywords: Three phase inverter, BLDC motor
control.

1. it van dé

Hién nay trén thé gi6i ciing nhu ¢ Viét Nam, dong
co dién mot chiéu khong chdi than (BLDC, Brushless
direct current) duoc ding pho bién trong xe may dién,
6 to dién c6 cong suét tir 250W dén 50kw. Pong co
mot chiéu khong chdi than 1a mot loai may dién xoay
chidu ddng bo c6 tde do roto bang tec do tir trudng.
Khic voi dong co dién mot chiéu théng thudng,
BLDC duoc chuyén mach b?lng dién tu. Dong co
BLDC thudng bao gém 3 cam bién Hall dé phat hién
vi tri roto, 1am co s¢ dé mach diéu khién phan bd ning
lwong dén cac cudn day stator. Stator gdm c6 151 sat la
nhiing 14 thép k¥ thuét dién ghép cach dién vdi nhau
va day quin. Cach quan day cua BLDC khac so véi
cich quan ddy ciia dong co xoay chiéu 3 pha thong
thuong, sy dic biét nay tao nén stic phan dién dong
dang hinh thang. Dong co cung cép kha ning cong
sut va mo-men xoén cao hon 15% so véi PMSM [1].
Rotor 1am tir nam cham vinh ctru nén ngoai ché do
dong co, co thé dua BLDC vé ché do may phat, bién
co ning chuyén dong quay roto thanh dién ning trén
cac cudn day startor.

Xe dién chuyén dong trén duong c6 2 trang thai
chay va phanh. Khi ¢ trang thai chay, dong co BLDC
dugc cip dién tir ngudn dc quy, bién ddi dién ning
thanh co ning kéo xe di chuyén. Khi xe ¢ trang thai
phanh, dong co bi ngimg cép dién hodc dua vao ché
d6 ham dong nang. Truong hop dimg cip dién, xe
duoc giam toc do nhd phanh co khi, co ning chuyén
dong cuia than xe bi bién ddi thanh nhiét ning trén ma
phanh [2]. Truong hop diéu khién him dong ning, co
ning chuyén dong ciia than xe bi bién d6i mot phan
thanh nhiét ning phan bo trén hé thong van ban din
va dong co, mot phﬁn thanh nhiét nang trén ma phanh.
Nhu vy, truong hop thur hai s& giap xe phanh ham
nhanh va an toan hon. Trong ca hai trudng hop trén,
co nang chuyén dong cua xe déu bi bién ddi thanh
nhiét nang va boé di mét cach lang phi.

Mot s6 cong trinh nghién ctru phéan tich ché do
may phat cia BLDC [3][4], trinh bay v& cong suét thu
dugc so véi van toe quay roto va cac ton that trén may
phat. Két qua cho thay khi sir dung b chinh luu diode,

SO 75 (08-2023)



KHOA HOC - CONG NGHE

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

cong suit dién thu duoc ¢ ving téc do thip 13 rat nho.
Cong trinh nghién ctru [5] tim cach nang cao hiéu suat
cua may phat BLDC béng bd chinh Iuu tich cuc, giai
phap nay phu hop khi BLDC ¢ téc d6 cao va quay on
dinh, ving toc do thap va bién ddi chua duoc xét dén.

Trong bai bao nay, tac gia trinh bay giai phap st
dung mach cau ba pha IGBT [6] két hop v6i thuét toan
diéu khién 6n dinh dong ¢ ché do chinh luu nang ap
cho qua trinh ham tai sinh cua xe 6 t6, xe may dién su
dung dong co BLDC.
2. M6 hinh h6a BLDC & ché d9 may phat

Dé don gian hoa viéc diéu khién ham tai sinh va
tdi da hoa cong suit dau ra, moét md hinh dong hoc
tuong duong ctia BLDC & ché d6 may phat dugc trinh
bay trén Hinh 1. Trong md hinh, dién tré ctia cac pha
va d¢ ty cam cua ba cudn day béng nhau, strc dién
dong cam tng c6 hinh dang giéng hét nhau; ton that
chuyén mach ctia van va ton that 15i khong déng ké
[5]. V6i nhitng giad dinh ndy, phuong trinh dién ap pha
clia may phat BLDC c6 thé dugc biéu dién nhu sau.
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Trong d6 ey, vy, ix, Ry, L va M 14n lugt dai dién cho
strc dién dong, dién ap déu cuc, dong dién pha, dién
tré pha, dién cam pha va hd cam gitta cac pha.

BLDC & ché do may phat tao ra cac stcc dién dong
ba pha c6 dang hinh thang, nhu trong Hinh 2, c¢6 d6
l6n ty 1€ thuan voi tdc do. Hinh dang dong dién pha
cua may phat BLDC phu thudc vao hoat dong cua bo
chuyén d6i ning luong két ndi véi may phat dién va
sir dung chién luoc chinh luu.

O ché do méy phat, cong sut trung binh dugc tinh
nhu sau:
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Hinh 1. Mach quy déi ciia BLDC ché dp mdy phdt

Phuong trinh 3 tinh céng suat dién cung cip & dau
ra may phat. Phan I chi ra gia tri trung binh nang luong
dugc tao ra trong khe hé khong khi, phan IT 13 ton that
ddng stato, n6 rat nho. Phan III 1a cong suét trung binh
clia cudn cam stato, co gia tri bang khong trong mot
chu ky. Nhu vay, cong suat dau ra duoc tao ra tir
BLDC hoan toan 1a phy thudc vao cong suit cua khe
ho khong khi.

3. Nguyén Iy him tai sinh khi xe chuyén dong

Khi roto cia BLDC quay, trén cac cudn day stato co
strc dién dong 3 pha e,, ey, e.. Néu méc tai thuan tro vao
3 pha s€ hinh thanh dong dién qua tai, BLDC s¢€ hoat
dong & ché dd may phat, co nang chuyén dong duoc bién
d6i thanh dién nang cap cho tai. Tuy nhién, v6i xe dién,
qué trinh tai sinh nang lugng s& phic tap hon. Thir nhat
néu tai sinh co ning chuyén dong quay thanh dién ning
thi noi hip thu hiéu qua dién ning nay chi co thé 1a cac
bo dc quy, noi cach khac dién nang sinh ra s nap lai cho
cac b dc quy cta xe. Thu 2, tir phuong trinh (1) va dd
thi Hinh 2 ta thy, & nhiing thoi diém mudn ham tai sinh,
Cac stre dién dong do BLDC sinh ra c¢6 dang hinh thang,
xoay chiéu va bién do nho hon dién 4p ngudn dau vao.
Nhur véy, dé c6 thé ham tai sinh dua ning lugng vé nguon
can c6 bo bién dbi dam nhiém nhiém vu chinh luu va
nang 4p cho ngudn dién do BLDC tao ra thanh ngudn
dién c6 thé nap cho ic quy.
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Hinh 2. Biéu db sirc dién dpng ciia BLDC
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Hinh 3 trinh bay giai phap ky thuat thuong dung
@& tién hanh ham tai sinh. Mach cu chinh lru 6 diode
s& bién d6i ngudn dién do BLDC tao ra thanh dién mot
chiéu. Mach bam xung tang ap s& nang dién ap lén gia
trj phit hop dé nap cho ic quy. Bo diéu khién bam
xung thudng dung 12 bo so sanh c6 tré hoic bo PI ding
dé diéu chinh 6n dinh dong nap. Giai phap nay don
gian, d& thuc hién nhung c6 nhuoc diém 1a phai thiét
ké thém cac mach cong suat va mach diéu khién.

Chinh luu . Nang ap
ez 3 3

Hinh 3. Ham tdi sinh BLDC

Hinh 4 trinh bay giai phap sir dung mach cong sut
ciu ba pha IGBT va mach diéu khién ctia n6 cho giai
phap chinh lwu va nang ap dé tra nang luong vé ngudn
dc quy. Mach cong sudt nay ciing chinh 1a bo bién ddi
cong suat cho BLDC & ché d¢ dong co. Ba van thip
04, 06, 02 kéthop véi ba diode D1, D3, D5 tao thanh
3 mach nang ap. Theo biéu do hinh 2, trong méot chu
ky diéu khién, cac diode D4, D6, D2 s& lam nhiém vu
chinh luu trong nhiing khoang thoi gian twong ung
T5+T6, TI+T2, T3+T4. Cac van cao QI, O3, 05
khong duogce str dung.
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Hinh 4. Ham tdi sinh BLDC bdng mach céu 3 pha

Xét khoang thoi gian T4 trong Hinh 2, ¢6 e.>e.,
e»>e.. Néu bo qua cac ton that trén BLDC, ta c6 so dd
thay thé mach ciu 3 pha IGBT nhu trén Hinh 5. Phan
tich twong tu cho cac khoang thoi gian con lai, trong
mdi khoang thoi gian tir T1 dén T6, mach cau 3 pha
s& luén dugc phan thanh hai mach nang 4p mot chiéu

mic song song. D& diéu khién dong dién nap cho dc
quy tai mot gia tri mong mudn va dé ngin chin nod
khéi sy dao dong khi tbe do roto thay ddi, bo diéu
khién PI dugc tac gia sir dung cho mach vong diéu
khién dong.

Power module

Link

Hinh 5. So dé thay thé mach céong sudt trong
khodng thoi gian T4

Goi Vou la dién ap trén ac quy, Vi, 1a dién ap day
ciia BLDC, D la ti s6 diéu bién ciia mach nang ap. O
ché do dong lién tyc ti s6 diéu bién duoc tinh theo
cong thic sau:

D= Vout —Vin (4)
Vout

Khi dong gian doan ti s6 diéu bién duoc tinh bang
cong thirc (5) véi L 1a dién cam tuong duong trong
mach, 7T'1a chu ky diéu khién.

. /1 4D?
oyl —
Vout _ K

Vin 2 ®)

L
" RT

Ta 6 thé théy, khi D=1 mach s€ hoat dong & ché
d6 ham dong nang. Trong phan thyc nghiém ti€p theo,
gia tri D s& dugc dat ¢ gidi han Dime=0,95.

K

4. Két qua mé phéng va thye nghiém

Hinh 6 1a so d6 mach mé phong ham tai sinh cho
BLDC. Pong co dién mot chiéu ndi déng truc véi
BLDC dé diéu chinh téc do quay. Cac thong sé co ban
cua cho mach md phéong dugc trinh bay trong Bang 1.

Hinh 7 m6 phong stric dién dong day cua BLDC o
ché do may phat khong tai. Stirc dién dong co dang
hinh thang véi bién do 5,1V ¢ tbc d6 n=200rpm
(vong/phut) va 17,5V & tbc d6 750rpm. Hinh 8 1a két
qua mo phong dong dién va dién ap day cia BLDC,
gid tri dong dit 1a 10A, dong dién pha c6 dang gan voi
hinh sin, dién ap day la chudi xung véi dién ap dinh
duogc nang 1én 24,7V dé nap cho dc quy. Dong nap 4c
quy dugc thé hién trén Hinh 9, n6 c6 dic diém 1a mot
chudi xung dong nén dé dam bao ic quy hép thu tdt
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Hinh 7. Dién ap pha trén BLDC

dong tai sinh, s& can tinh toan va mic thém tu dién
song song véi 4c quy.

Dé kiém nghiém lai 1y thuyét va cac két qua méd
phong da dugc phan tich, mét mo hinh thyc nghiém
da duoc tac gia thiét ké va thyc hién. Hinh 10 cho thay
téng thé hé théng thiét 1ap thuc nghiém. Mot dong co
BLDC xe dap dién 250W duogc st dung & ché 4o may
phat & phia bén phai ctia hinh ctia Hinh 10. Mgt dong
co xoay chiéu ba pha cong suit 750W kéo BLDC quay
thong qua day curoa. Toc d6 quay ctia dong co duge
diéu khién bang bién tan. Phia bén trén bién tan lan
lugt 1a mach cong sudt cau ba pha IGBT két ndi voi
hai 4c quy 12V dau nbi tiép va mach diéu khién. Tat
ca cac diéu khién va phép do dugc thuc hién thong
qua vi diéu khién 16 bit DSPIC 30F4011. Mach cong
suét duoc thiét ké dya trén tai lidu [7, 8]. Cac thong sd
ky thuat ctia van IGBT va nguén ic quy dugc trinh
bay trong Béang 2.

Idc

10

N e N A O o

Time (s)

Hinh 9. Dong dién nap dc quy
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Bing 1. Théng sé dpng co BLDC

TT Tham s6 k§ thuat Gia tri
1 Dién 4p ngudn 24V
2 Tbc dd dinh mirc 750 rpm
3 bién tr¢ Stator 0,21Q
4 Pién cam stator 1,35mH
5 Dién ap lam viéc 24V
6 Dong dién dinh murc 16A
7 Momen dinh mirc 10Nm
8 Cong suét dong co 250W
9 bién cam moc vong 0,69mH
10 | Tan s6 diéu bién 10kHz
Ia Vab
30
20
10
0
-10
-20
-30
0.2 0.21 0.22 0.23 0.24 0.25

Time (s)

Hinh 8. Dong dién va dién dap day trén BLDC

Hinh 10. Hé thong thue nghiém ham tdi sinh

Bing 2. Mach céu IGBT

TT Tham s6 k§ thuat Gia tri
1 Dong trung binh (1) 25A
2 | Diénap (Veesa) 2V
3 | Diénap diode din (Vier) 1,8V
4 Dién ap ac quy 24,4V
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Hinh 11. Surc di¢n dong pha véi n=350 rpm,
thang do 5V/div, Sms/div

ms —HE0. 00ps = i oD
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H nh 13. Dong pha voi n=350 rpm, 3A/div, Ims/dtv
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Hinh 15. Dong nap dc quy, thang do 3A/div, Tus/div
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Hinh 12. Sirc dién dong pha voi n=600 rpm,
thang do 5V/div, 5Sms/div

B Tms —060.00ns = ” STon 6A7 64 0%

Period - - DG Z20nY
- 10 0 H

Hinh 14. Dong nap dc quy, thang do 3A/div, Ims/div

Sns —200. 00ps = E3 00%
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Hinh 16. Dong nap ic quy 6A, thang do 10A/div, Ius/div
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Hinh 17. Dong nap dc quy 104, thang do 10A/div, Ius/div

Hinh 11 va 12 cho thdy dang song sirc dién dong
pha cia BLDC ¢ hai tbc do khac nhau 1a 350rpm va
600rpm khi bd diéu khién ham tai sinh chua hoat dong.
Gi4 tri 16n nhat cua sirc dién dong pha lan luot 14 4V
va 9V, quy doi sang sirc dién dong day twong mg 6,8V
va 15,3V. Nhu véy, gia tri m6 phong stc dién dong
trén Hinh 7 phu hop voi két qua thuc nghiém va déu
nho hon dién 4p 24V trén éc quy.

Hinh 18. Dong nap dc quy 15A, thang do 10A/div, lus/div

Hinh 13, 14, 15 lan luot 1a gié tri thuc nghiém cua
dong dién pha ciia BLDC va dong tai sinh nap dién
cho &c quy. Gia tri dong ddt 1a 3A, véi gia tri dat nay
dong nap 4c quy va dong tai & ché do gian doan. Ché
d6 dong gian doan xay ra khi téc do roto thip cing
voi gia tri dong dat ham tai sinh nho.

Két qua thuc nghiém khi dit gia tri dong tai sinh
6A, 10A, 15A 6 tc dd quay 600rpm lan luot duoc thé
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hién & dd thi phia trén cac Hinh 16, 17, 18. Dong dién
pha cua BLDC trong cac truong hop nay la dong lién
tuc. Gia tri mo phong dong dién pha trén hinh 8 va gia
tri thuc nghiém trén Hinh 17 c6 bién d6 dong tuong
duong nhau nhung dong thuc nghiém bién dang nhiéu
hon. D6 thi phia dudi cac Hinh 16, 17, 18 1a dién ap
day cua BLDC c6 gia tri 16n nhat 1an luot 1a 25,4V;
25,8V; 26,1V. Dién 4p nay 16n hon dién 4p trén dc quy
s& tao ra dong dién nap cho ic quy.

Dién ap trén dc quy trong qua trinh ham tai sinh
v6i gia tri dong dat 3A dwoc thé hién trén Hinh 19.
Céc gai dién ap 1a nhiing thoi diém nang lugng dugc
nap vao ic quy.

[@200us —BH0. 00us Ostos @ 64/ 64 €3 50%

Period - - DC

Hinh 19. Pién dp trén dc quy Thang do 20V/div,
200us/div

5. Két luan

Céc két qua md phong va thuc nghiém cho thiy, ¢
nhiing thoi diém muén hdm chuyén dong cia xe dién
sir dung dong co BLDC, dung mach ciu cong suét 3
pha IGBT két hop véi thuat toan didu khién dugc dé
xuét s& dua mach vao ché d6 bam xung nang ap. Khi
d6 sé xay ra qua trinh ham tai sinh, dong co BLDC
dugc dua vé ché do may phat va co niang chuyén dong
d3 duoc bién d6i thanh dién nang nap tré lai cho c quy.
Giai phap do nhom tac gia dé xuat c6 uu diém 1a don
gian, cé thé tan dung mach cong suét diéu khién dong
co ¢6 sin, d& dang trién khai cho 6 t6, xe may dién.
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