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TOM TAT

Trong bai bdo nay, nhém tdc gid trinh bay két qua nghién ciru mé phong cac bé bién doi
nguon dién trén xe Hybrid Toyota Corolla Altis 1.8HEV, bao gom bo chuyén doi DC-DC tir dién
dp pin 201,6V Ién dién dp 650V, b bién doi nghich lwu DC-AC, tir dién dp nguon DC U = 650V
sang nguén xoay chléu 3 pha cap cho déng co dong b nam chdam vinh ciru. Bang phu"ong phap mo
phong s6 trén phan mém Matlab - Simulink, cho phép tinh todn kiém sodt dwoc toc dé va mé men
xoan trén truc dong co dién. Ket qua nghién ciru, mé phong gip ngueoi hoc co cach nhin tong quan
hon, ddanh gid chinh xdc hon vé phwong phdp diéu khlen toc do trén xe Hybrid (xang lai dién) ciing
nhu trén 6 6 dién, qua do c6 dwoc t duy khoa hoc tot hon trong cong tac tw van ky thudt, bao tri
bao dwéng dong xe 6 t6 lai ciing nhw xe 6 6 dién. Pdy ciing la co s¢ dé thue hién cong tac ho tro
gidng day, hoc tdp, nghién ciru khoa hoc va ndang cao chdt lwong ddo tao ciia cdn bg va gidang vién
trong nganh cong nghé ky thuat 0 10 tqi Truong Pai hoc Cong nghiép Quang Ninh ciing nhu cac
trieong khoi ky thudt trén toan quéc.

T khoa: Hybrid; M6 phéng so; Xe Hybrid Toyota Corolla Altis 1.8HEV: Piéu khién;
Hybrid Synergy Drive (HSD), Chat lwong dao tao; Truong Pai hoc Cong nghiép Quang Ninh.

ABSTRACT

In this article, the authors present the results of a simulation study of power conversion
modules on a Toyota Corolla Altis 1.8HEV hybrid vehicle, including a DC-DC converter that steps
up the battery voltage from 201.6V to 650V, and an inverter that converts the DC source voltage U
= 650V to a three-phase AC supply for the permanent magnet synchronous motor. Using numerical
simulation software Matlab - Simulink, the study allows for the calculation and control of the speed
and torque on the electric motor shaft. The research results and simulations help learners gain a
more comprehensive understanding and more accurate assessment of the speed control methods
used in hybrid vehicles (gasoline-electric hybrid) as well as electric cars, thereby fostering better
scientific thinking in technical consulting, maintenance, and repair of hybrid and electric vehicles.
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This also provides a foundation for supporting teaching, learning, scientific research, and improving
the quality of training for staff and lecturers in the automotive engineering technology field at the

University of Technology.

Keywords: Hybrid; Numerical simulation; Toyota Corolla Altis 1.8HEV hybrid car,
Control; Hybrid Synergy Drive (HSD), Training quality; Quang Ninh University of Industry.

1. PAT VAN PE

Sinh vién kh6i nganh Cong nghé k¥
thuat 6 t6 tai Truong Pai hoc Cong nghiép
Quang Ninh - QUI cung nhu trén toan quoc
cha yéu duoc tiép can vé dong xe 6 to truyén
thdng trang bi nguon dong lu:c la loai dong co
nhiét - dong co dét trong, vé mang xe Hybrid
va xe dién chua dugc tlep can nhiéu, dic biét
1a phuong phap diéu khién téc do dong co trén
dong xe lai nay. BO chuyén doi ngudn ning
lugng dién tir pin cao &p vdi dién ap pin 201,6V
1én dién ap cao hon 650V, bo chuyén doi nguén
ap tir dién mot chidu DC sang ngudn ap xoay
chiéu AC cip cho dong co 3 pha dong bo nam
cham vinh ctru, co ché thu hdi ning lugng dién
trong ché do phanh. Pé 1am rd van d& trén,
gitip ngudi hoc c6 thém sy hiéu biét vé dong xe
Hybrid. Ung dung Matlab - Simulink v&i cong
cu tinh toan mé phong, giup nguoi hoc cé dugce
céc nhin tong quan, hiéu sau hon vé co ché van
hanh va phuong phap k¥ thuat diéu khién.

2. NOI DUNG NGHIEN CUU

2.1. Tinh ning wu viét ciia dong xe Toyota
Corolla Altis Hybrid 1.8HEYV [4], [6]

Xe Hybrid (xe lai) 1a xe két hop giita
dong co dot trong va dong co dién, st dung
dong co dién dé b6 trg cho dong co dot trong.
Toyota san Xuit ra xe Hybr1d day la dong
xe chién luoc cua Toyota, dong thoi tiép tuc
nghién ctru cac giai phap xanh, giai phap sach

[4].

Hinh 1. Toyota Corolla Altis Hybrid 1.8HEV

Nhirng chiéc xe Hybrid giup tiét kiém
nhién liéu va bao vé méi trudng. Theo cong bd,
xe Hybrid giam mirc phat thai tir 1.5 dén 2 1an
so voi xe xang cung dung tich dong co.

Xe 0 to hybrid 1a loai phuong tién st
dung két hop hai hodc nhiéu ngudn dong luc
khéac nhau dé van hanh, phé bién nhat 1a su két
hop giita dong co d6t trong (thuong st dung
nhién li¢u xang) va dong co di¢n. Cong ngh¢
nay cho phép xe hoat dong hiéu qua hon, tiét
kiém nhién liéu déng ké va giam luong khi thai
s0 v6i cac loai xe chay hoan toan bang dong co
dét trong truyén théng. Hé thong hybrid thudng
hoat dong bang cach chuyén d6i linh hoat giita
dong co xang va dong co dién, hodc két hop ca
hai, tiy thudc vao diéu kién lai xe, giup t6i wu
hoa hi¢u suit va giam thiéu tic dong dén moi
truong (hinh 1).

Toyota la hang xe ti€én phong trong linh
vuc cong nghé hybrid, véi hé théng Hybrid
Synergy Drive (HSD) la nén tang cdt 15i, giup
hing dan dau thi truong xe hybrid toan ciu,
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bao gém Viét Nam. HSD két hop dong co xing
va dong co dién dé téi uu hoa hiéu suat, tiét
ki€ém nhién li€u va giam khi thai, mang lai trai
nghiém lai linh hoat, phu hop voi diéu kién
giao thong do6 thi tai Viét Nam.

Hé¢ thong Hybrid Synergy Drive (HSD)
1a cong nghé truyén dong hybrid doc quyén cia
Toyota, dugc thiét ké dé khai thac vu diém cua
ca dong co ddt trong va dong co dién.

Hé¢ thong Hybrid Synergy Drive (HSD)
ciia Toyota hoat dong dwa trén nguyén tic
truyén dong hybrid song song, trong d6 dong co
xang va dong co dién co thé van hanh doc lap
hodc phdi hop voi nhau dé cung cép cong suat
cho xe. Piém ndi bat cia HSD nam & bd chia
cong sudt, thuong 1a mot bo truyén banh ring
hanh tinh, dong vai tro phan phdi ning luong tir
hai nguén dong luc chinh dén cac banh xe. Nho
co ché ndy, xe c6 kha nang chuyén doi linh hoat
gitra cac ché d6 van hanh, tir viéc st dung hoan
toan dong co dién ¢ tbe do thip dén két hop ca
dong co xang va dién khi can ting téc hodc di
chuyén trén duong dai. Su linh hoat nay giup
t6i uu hoa hidu qua str dung ning luong trong
nhiéu diéu kién 14i xe khac nhau.

H¢ thong HSD huéng t6i ba muyc tiéu
chinh:

e Giam ti€u thu nhién liéu: HSD téan
dung dong co dién trong cac tinh hubng giao
thong d6 thi hodc toc do6 thap, gitp giam dang
ké lugng nhién li€u ti€u thy so voi xe chay xang
tmyén théng. Diéu nay dac biét hiru ich tai cac
thanh phd 16n nhu Ha Noi va TP. H6 Chi Minh,
noi ket xe thuong xuyén xdy ra.

_*+ Giam phat thai khi CO, va chat 6
nhiém: Nho kha nang van hanh khong phat thai
& ché do dién va tdi wu hoa qua trinh dt chay
clia dong co xing, HSD gbp phan giam lugng

khi CO,, NOx (6xit nito), va cac hat bui min
PM2.5, hd trg cai thién chét lugng khong khi.

» Dam béo hi¢u suét 14i manh mé va van
hanh mugt ma: Sy két hop gitra dong co xing
va dong co dién mang lai kha ning ting toc
nhanh, dong thoi dam bao trai nghiém lai xe
ém 4i, dap umg tot nhu cau cia nguoi dung ma
khong phai hy sinh tinh tiét kiém nhién liéu.

HSD khong chi 1a mot giai phap cong
nghé tién tién ma con thé hién cam két cua
Toyota trong viéc mang lai lgi ich kinh té, bao
vé moi trudng va nang cao chit lugng lai xe,
dic biét phii hop véi didu kién sir dung tai Viét
Nam.

2.2. Két cAu ngudn dong lwc chinh trén xe
Hybrid [4], [5]

Hinh 2. B tri nguon déng luc trén xe Hybrid [4]

Céc bd phan chinh trén xe Hybrid gom:
Pong co d6t trong, Dong co dién MG1, Pong
co dién MG2, Pin cao ap (c quy HV), Ac quy
phu cung cip ngudn 12V cho cac thiét bi dién
phu trén xe. Day cap ngudn, ECU diéu khién
ngudn, Bo chuyén d6i bao gdbm bo chuyén doi
tang cuong, bo d6i dién DC/AV, bo doi dién
DC/DC (hinh 2).
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Hinh 3. B tri dong co dién MG1 va MG?2 trén xe
hybrid [4]

MG1: Chu yéu hoat dong nhu may phat
dién, chuyén d6i nang lugng tir dong co xing
thanh dién nang dé sac pin hodc cung cip cho
MG2. MG ciing khéi dong dong co xang khi
can (hinh 3).

Pong co dién MG1 1a mét thanh phan
cot 161 trong hé thdng Hybrid Synergy Drive
(HSD) cua Toyota, dong vai tro trung tam
trong viéc quan 1y niang lugng va tdi wu hoa
hiéu suit van hanh cua xe hybrid. Véi thiét ké
dwa trén nguyén Iy dong co dong bo nam cham
vinh ctru, MG1 khong chi ddm nhén churc nang
chinh 1a may phat di€én ma con thuc hién céc
nhiém vu quan trong nhu khoi dong dong co
xang va diéu chinh téc do dong co thong qua
b chia cong suat (Power Split Device - PSD).

Hinh 4. Két cdu dong co dong co MG2 - dong bo
nam cham vinh cuu (PMSM) [4]

bong co dién MG2 la mdt trong hai
thanh phan c6t 16 ctia hé thong Hybrid Synergy
Drive (HSD) do Toyota phat trién, dong vai tro
quan trong trong vi¢c dam bao hi¢u suét van
hanh va tinh bén viing cua xe hybrid. Puoc
thiét ké nhu mot dong co déng bo nam cham
vinh ctru, MG2 khong chi chiu trach nhiém
truyén cong suat truc tiép dén banh xe ma con
thuc hién chtrc ning phanh tai sinh, gop phan
thu hoi ning luong va nang cao hiu qua sir
dung nhién li¢u. Sy hién dién cua MG2 trong
hé thong HSD thé hién sy két hop hoan hao
gilta cong nghé tién tién va muc tiéu giam thiéu
tac dong moi truong, khang dinh vi thé cta
Toyota trong linh vuc xe lai.

V& mit cdu tao, MG2 13 mot dong co
ddng bo nam cham vinh ctru voi cac thanh phan
chinh bao g6rn stator, rotor, b0 ma hoa vi tri va
hé thdng lam mat, tat ca dugc thiét ké dé dap
g yéu cau truyén dong manh mé va hiéu qua.
Méi thanh phan nay déu duoc t6i wu héa nhim
ddm bao hiéu suét cao, do bén lau dai va kha
nang van hanh on dinh trong cac diéu kién khac
nghiét (hinh 3).

Stator cua MG2 dugc xay dung tur cac
cudn day dong quéan chit quanh 161 thép tir tinh,
tao ra tur truong xoay khi nhén dong dién tir
bd chuyén dbi (inverter). Thiét ké stator duoc
tinh chinh dé chiu tai cao, dic biét trong cac
tinh hudng nhu ting téc dot ngdt hodc duy tri
toc do 1on trén duong cao toc. PE ngin ngira
qué nhiét — mot van dé thuong gip trong qua
trinh hoat dong cuong do cao — stator dugc tich
hop hé thdng lam mat bang chat long, dam bao
nhiét d ludn duy tri & mic t6i vu. Sy két hop
giita vat liéu chét lugng cao va cong nghé lam
mat tién tién giup stator cia MG2 hoat dong 6n
dinh va bén bi trong sudt vong doi cua xe.

Rotor, phan quay cia MG2, chira cac

nam cham vinh ciru dugc sap xép theo cau <
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trac cyc tir doi xtmg, twong tac voi tir truong
stator dé tao ra chuyén dong. Nam cham vinh
cuu trong MG2 c6 do bén tir tinh vuot troi, cho
phép dong co duy tri hiéu suit cao ma khong
bi suy giam theo thoi gian. Rotor dugc thiét ké
dé hoat dong hiéu qua trong dai toc do rong, tir
thap den cao, mang lai kha nang cung cap mo-
men xodn tuc thoi khi khoi dong va cong suat
on dinh ¢ toc d6 16n. Pidu nay dic biét hitu
ich trong cac tinh hudng thuc té nhu di chuyén
trong do6 thi hodc vuot qua dia hinh dbc, noi
MG2 can d4p (mg nhanh chéng va manh mé
(hinh 4).

B6 ma hoa vi tri 1a mot yéu t6 khong thé
thiéu trong cAu tao cia MG2, dam bao viéc theo
ddi chinh xé4c vi tri rotor trong sudt qua trinh
van hanh. Di liéu tir bd ma hoa dugc truyén
dén bo diéu khién dién tir (ECU), cho phép diéu
chinh dong dién vao stator mgt cach chinh xéc
va tirc thoi. Nho vay, MG2 ¢ thé kiém soat tc
dd va mdé-men xodn mot cach muot ma, tdi wu
hoéa hi¢u qué nang luong va phan trng nhanh
v6i cac yéu cau tir nguoi lai. Sy phdi hop gitra
céc thanh phan nay tao nén mot dong co MG2
khong chi manh m& ma con thong minh, phu
hop v6i cac tiéu chudn ky thut khit khe cua
cong nghé hybrid.

Hé thong 1am mat bang chit 16ng 1a mot
diém nhan quan trong trong thiét ké cia MG2.
Trong qua trinh truyén coéng suat hodc phanh
tai sinh, dong co sinh ra nhi¢t luong dang Kké,
va hé thong 1am mat déng vai tro tin nhiét hiéu
qua, bao vé cac thanh phan khoi hién tuong qua
nhiét. Thiét ké nay khong chi nang cao d bén
ma con dam bao MG2 duy tri hiéu sut t6i wu
ngay ca khi hoat dong lién tuc trong thoi gian
dai. Tom lai, cdu tao cuia MG2 1a su két hop
gitra k¥ thuat co khi chinh xac va cong nghé¢
dién tir hién dai, tao nén tang cho vai tro quan
trong cuia nd trong hé thong HSD.

MG?2 dam nhan hai vai tro chinh trong
hé théng Hybrid Synergy Drive: truyén cong
sudt dén banh xe va thuc hién phanh tai sinh.
Ca hai chirc nang nay déu gop phan quan trong
vao viéc ning cao hiéu suat tong thé, tiét kiém
nang luong va céi thién trai nghiém lai xe.

Trudce hét, MG2 hoat dong nhu dong co
kéo chlnh chiu trach nhiém truyén cong suat
tryc tiép dén banh xe dé hd tro xe di chuyén.
Trong ché d6 chay hoan toan bang dién (EV
mode), MG2 sir dung ning lugng tir pin dé van
hanh xe ma khéng can dén dong co xing, dic
biét phti hop & toc do thap hodc khi khoi dong
trong moi truong do thi. Didu nay gitp giam tiéu
thu nhién li¢u va khi thai, mang lai 1gi ich 10 rét
vé moi trudng. Khi xe yéu cau cong suat 16n hon
- chéng han nhu khi tdng tbc manh hodc leo dbc
—MG?2 phbi hop voi déng co xang thong qua bd
chia cong suét, cung cép luc kéo bd sung dé dam
bao hiéu suat t6i wu. Kha ning tao mo-men xodn
tuc thoi cia MG2 mang lai cam giac 1ai muot
ma va nhay bén, dac biét & tdc do thép, noi dong
co xang thuong kém hi¢u qua.

Vai tro thir hai cia MG2 la thuyc hién
phanh tai sinh, mét qua trinh chuyén déi ning
luong dong hoc thanh dién ning khi xe gidm
toc hodc phanh. Trong ché d¢ nay, MG2 chuyén
sang hoat dong nhu mot may phat dién, thu hoi
nang lugng va truyén trg lai pin dé sac. Qua
trinh phanh tai sinh khong chi gitp tiét kiém
nang lugng ma con giam hao mon cho hé théng
phanh co hoc, kéo dai tudi tho cua cac bd phan
lién quan. Pic biét trong diéu kién giao thong
do thi voi tan suat dimg va khoi dong cao,
phanh tai sinh ctia MG2 c6 thé cai thién hiéu
sudt nhién liéu dang ké, v&i mot sd udc tinh cho
thdy kha ning tiét kiém toi 30% nang luong
s0 voi xe truyén thong. Su linh hoat trong viéc
chuyén doi giita hai vai trd ndy duoc diéu khién
boi ECU, dua trén céc thong s6 nhu toc do xe,
muc sac pin va hanh vi cua nguoi lai.
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Su phdi hop gitta MG2 va cac thanh
phan khac trong hé théng HSD la mét diém
nhan dang cha y. Khi ngudi lai nhin ga dé ting
toc, ECU kich hoat MG2 dé cung cip cong suét
tuc thoi, trong khi nha ga hoac phanh, MG2
chuyén sang ché d6 phat dién dé thu hoi ning
luong. Qua trinh chuyén doi nay dién ra lién
mach va khong gay gidn doan, dam bao xe van
hanh hi¢u qua trong moi tinh huéng. Nho vay,
MG2 khong chi 1a mot dong co kéo ma con la
mot cong cu quan ly nang lugng thong minh,
gép phan tao nén sy thanh cong cua hé thong
hybrid Toyota.

MG2 dugc tich hop nhiéu cong nghé
tién tién, gitp no nodi bat so véi cac dong co
dién thong thuong va dap tmg tot cac yéu cau
khit khe ctia hé théng hybrid. Mot trong nhiing
dic diém nodi bat 1a kha ning hoat dong trong
dai tbc d6 rong, tir rat thap dén rit cao, ma
khong lam giam hiéu suat. Diéu nay cho phép
MG2 cung cdp mé-men xodn 16n & toe do thip
— hd trg xe khdi dong hodc ting tbc nhanh —
dong thoi duy tri cong suat 6n dinh & toc d6 cao
trén duong dai. Tinh nang nay ddc bi¢t quan
trong trong viéc dam bao xe hybrid van hanh
linh hoat trong ca méi truong do thi 1an duong
cao toc.

Ngoai ra, MG2 dugc thiét ké dé chiu
tai cao trong thoi gian ngan, chang han nhu khi
xe can vuot qua dia hinh khé khan hoac tang
tde dot ngot. bé dat duoc diéu nay, Toyota da
s dung céac vat li¢u chét luong cao nhu nam
cham vinh ciru ¢6 d6 bén tir tinh vuot trdi va
16i thép tir tinh chong mai mon. Cong nghé san
xuét hién dai cling dugc ap dung dé dam bao
MG2 khoéng chi manh mé& ma con duy tri hi¢u
sudt 6n dinh trong subt vong doi dai cua xe.
Nhirng cai tién nay gitp MG2 dap tmg tdt cac
yéu cau ky thuat nghiém ngat, dong thoi giam
thiéu nhu ciu bao tri.

=Khai quit

MGl
«Miy phie
«Miiy khisi dong

MG2

«Mate (Cho b
truyén lye)

Cuén Stato Cudn Stato

Nam chim vinh Nam chim vinh

cou curu
136 phan gidi (Cam o
bidn tée d§) B3¢ phéa gidi
(Cam bién toc
i)
Riito

Hinh 5. Két cdu va chirc nang ciia dong co dién
MGI, MG2 [4]

Hé¢ thong diéu khién thong minh 1a mot
yéu t6 then chdt khac 1am nén sirc manh cua
MG2. Bong co nay dugc két ndi chat ché vai
ECU, nhan dir li¢u thoi gian thyc tir cac cam
bién veé tdc do, tai trong va nhi¢t do. Dua trén
thong tin nay, ECU diéu chinh dong dién cip
vao stator mot cach chinh xéc, t6i vu hoa hiéu
sudt va giam ton that ning lugng. Chang han,
khi xe di chuyén & téc d6 6n dinh, MG2 c6 thé
giam cong suat dé tiét kiém nang lugng, trong
khi ¢ tinh hudng can ting tdc, n6 1ap tirc cung
cap luc kéo toi da. Su két hop giita cong nghé
vat lidu, thiét ké co khi va diéu khién dién tir
d3 bién MG2 thanh mot dong co hiéu qua va
linh hoat, déng vai tro khong thé thiéu trong hé
thong HSD.

MG2 khong chi 1a mot dong co dién ma
con 1a mdt gidi phap ky thuat toan dién, gop
phﬁn dinh hinh sy thanh cong cua hé théng
Hybrid Synergy Drive. Vi thiét ké dong co
ddéng bo nam cham vinh ctru tién tién, MG2
mang lai hi¢u suit cao, do bén vuot troi va
kha nang van hanh linh hoat, dap ting tdt cac
yéu cau khat khe cua cong nghé hybrid. Vai tro
kép ciia nd — vira truyén cong suat, vira thuc
hién phanh tai sinh — da giup t6i wu héa hiéu
suat nhién liéu, giam khi thai va nang cao trai

nghiém lai xe, déng thoi thé hién cam két cia <
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Toyota trong viéc phat trién cac giai phap giao
thong bén vimg (hinh 5).

2.3. CAu tao va chirc ning ciia by ddi ngudn
trén xe [1], [4], [6]

MG ECU
Diéu khién bé A8l dién va bd
kich dién

B kich dign
DC 201.6 V +» Max. DC 650 V.

B ddi dign DC/DC
DC201.6V»DC14V

B ddi difn — Tiw conie digp _
1GRT— _T“ B w;;;‘m / 0:4 ,u:: ‘;‘ /_ At
Aedohs Ha e \94 ] é 1 ollellali @
| EREE=:T
iy aemva | l — DJ EA D{-ﬂ {me
i e
‘ quy pha

Hinh 6. So' do b diéu khién nguon trén xe [6]

Bo chuyén doi tang cuong (hinh 6), dua
dién ap tr 201,6V Ién dién ap cao nhét 650V,
tac dung cta bo chuyén ddi ting cudong (Boot
Converter), dé giam ton that nhiét. Cong suat
cua dong co P xac dinh theo cong thirc [2], [7].

P=UI (W) (1)

Trong do:
- U: bién ap (V);
- I: Cuong do dong di¢n (A).

Khi cong suit tiéu thu trén tai khong ddi
P (hang s6), néu U tang, tang tir 201,6 1én 650
thi dong dién I s€ giam. Khi gidm cuong do

dong dién I ¢6 tac dung giam ton that nhiét Q,
xac dinh theo cong thuc:

Q=RI (J) )
Trong do:

- Q: Nhiét lugng ton hao (J);

- R: bi¢n tro (Q);

- I: Cuong do dong dién (A).

E wirn dign khamg duy i il i dong dign chay qua. ] T cuber Ay
B dbi
B i Al dign
4 chuven dul ting cudng

AT skt e uinn T L T i
Hinh 7. Vi tri IGBT ciia bé Buck/Boot trong so' do

Dong dién giam thi nhiét luong Q ton
hao s€ giam theo ty I¢ binh phuong cua dong
dién.

Trong so do sir dung 2 thiét bi dong cat
v6i tan sé cao IGBT, trong d6 IGBT phia trén
khi hoat dong c6 tac dung giam dién ap (tuong
duong mach Buck), con IGBT phia dudi khi
hoat dong co tac dung tang dién ap (hinh 7).

Sau khi di¢n 4p duoc tang 1€n gia tri 16n
nhét 650V, st dung bd nghich luu gém 6 IGBT
bién doi dién 4p mot chiéu DC thanh dién ap
xoay chiéu AC, cip cho dong co hoat dong
(hinh 8).

B abi dign

— 1 Aoy mdts

Hinh 8. Quy ludt dong/mo cdc IGBT dam bdo hoat
dong cua May dién MG2
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2.4. Tinh toan, thiét ké cic chwong trinh mo
phéng b chuyén doi trén Matlab - Simulink
121, [31, [4], [7]

2.4.1. Bé chuyén déi ting dp va ha dp (Buck/
Boot converter) cap dién cho dong co va ché
do sac pin

a. Thong sé ky thudt [6]

Loai dong co: Xoay chiéu dong bd nam
cham vinh ciru (PMSM). Cong suat ti da:
53kW (tuong duong khoang 72 ma lyc). Mo-
men xoan cuc dai: 163 Nm. Dién ap t6i da hé
thdng: 600V (thong qua bo kich dién ap tir pin).
Truyén dong truc tiép: Dong co dién nay chiu
trach nhi€m chinh trong viéc truyén dong banh
xe & ché do thuan dién (EV Mode) hoic hd tro
tang toc tirc thoi cung dong co xang. Tai tao
nang lugng: Pong vai tro nhu mdt may phat
dién khi xe giam tdc hodc phanh (Phanh téi tao),
chuyén d6i dong niang thanh dién ning dé sac
lai cho pin Hybrid. Pin Hybrid: Loai Nickel-
Metal Hydride (NiMH) véi dién ap danh dinh
khoang 201.6V, dung lugng 6.5 Ah.

b. Théng sé tinh todn cho bé chuyén doi Buck/
Boot Converter [4]

- Pién 4p thép ap V| =201.6V (Phia dc
quy ngudn dau vao);

- Dién ap phia cao ap V, = 650V (Phia
tai);

- Tan sb dong cit f , =20kHz;

- Cong suit dau ra P = 53 kW;

- Hiéu suat n = 95%.

c. Tinh chon hé sé ti 1¢ chu ky xung D [4]
Ché do Boot (201.6V 650 = V):

Von_, 2016095

= 0,706
Vig 650

Ché d6 Buck (650V 201.6 >V):
D= = 20O _ 325
"~ Vyg.m 650.095

d. Tinh toan dong dién

Dong dién phia thip ap (I):
P 53000

L= V,.n 201.6.0,95

D(‘)ngpdién phia thap ap ()

= 277.54

e. Tinh todn phén tir loc, cugn ddy va tu dién

Cuon cam (L), tinh dong gon séng tdi
daAl =0,2.1 =0,2.277.5=55.5

Tinh gia tri dién cam cudn day:

 Vi.Dpoor _ 201,5.0,706
" faedl; — 20.000.55,5

Tu dién dau ra (C,, - phia 650V) chon
do gon éap AV, = 1%.650V = 6.5V

L

= 128uH

_ Iy.Dyoer  81,5.0,706
" fuedly  20.000.6,5

f- Chuong trinh mé phong trén phc”in mém
Matlab/Simulink [2], [3], [4]

Cy = 433uF

Chuong trinh m6 phong trén Matlab/
Simulink bao gém 2 khéi, khdi mach Iyc gdm
ngudn dién phia thip ap 1a Pin xe 6 to dién véi
murc dién ap dinh danh V = 201.6V, cudn day
c6 gia tri dién cam dugc tinh toan L = 128uH,
tu dién C voi gia tri dién dung C =433 uF. Mach
lyc str dung 2 linh kién IGBT dé dong cit mach
vé6i tan s6 cao f , =20.000Hz. Tai phia cao ap
1a dién tro R = 7.79Q. Mach diéu khién déng
cit, 1a mach tao tin hiéu [P] va [N], tin hiéu nay
duoc dua vao chan diéu khién cua IGBT, IGBT
s€ ¢ trang thai ON-OFF (hinh 9).
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Hinh 9. Chuwong trinh mé phong trén Matlab/
Simulink khéi Buck/Boot [4]

2.4.2. Ung dung Matlab/Simulink tinh todn,
mé phéng b bé nghich lwu, bién déi dong
dién mgt chiéu 650V cdp cho dong co MG2
131, [4]

Chuong trinh lap trinh trén Matlab/
Simulink, bo nghich luu bién d6i DC-AC (hinh
10):

Sg=2l

Hinh 10. Chwong trinh mé phong trén Matlab/
Simulink khoi nghich luu, bién doi dong dién mot
chiéu 650V cdp cho dong co MG2 [4]

3. KET QUA VA THAO LUAN
3.1. Két qua tinh toan md phéng trén Matlab/
Simulink, b chuyén déi ngudén mét chiéu tir

Pin cao ap V =201.6V lén dién ap 600V

Trang thai xa cua Pin khi by Boot hoat
dong (hinh 11, 12):

- Scoped = [=] =
File Tools View Simulstion  Help -

- eor® s-la-[[£-Fa-
‘ E

Fasty Sarmpie hased Tl 000 |

Hinh 11. Pién dp nguon Pin va dién dp sau bg doi
Boot tang lén 650V [4]

& Scopel - o X

File Tools View Simulation Help -

@-90r® - w-E-Fia- h
m

[ = i

Ruary Sampie based | T=1 000

Hinh 12. M6i quan hé gitta trang thdi xa ciia Pin
cao dp (SOC) véi dién dp tir Pin cdp cho tdi qua
bé bién doi [4]

- Trang thai sac cua Pin, khi by Buck
hoat dong (hinh 13, 14):

# Scope2 © =
File  Tools Wiew Simulstion  Helg e

@ @@ = - fd- | F A

L Srnges hased T 00O

Hinh 13. Bién thién dién dp sac vao Pin [4]
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i
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Hinh 14. Bién thién dié

n ap sac, dong sac va
tram sac SOC vao Pin [4]

phan

3.2. Két qua tinh toan m6 phéng trén Matlab/
Simulink, bd nghich lwu bién doi dién ap mot
chiéu 600V sang dién ap xoay chiéu cip cho
dong co MG2, va diéu khién toc do dong co
dién theo tin hi¢u diu vao

D- QP ® - w- 5 F@-

i

VIRF

===== ]

Hinh 15. M6 phong trang thai dién ap, dong dién,
phan tram sac va dién ap bién doi tang ap hé
thong [4]

Puong tht nhat trén cung <Current
(A)>, mo ta bién, thién ctua dong dién L theo
phu tai tr Pin cap cho dong co trén xe dién
(hinh 15).

Duong thu hai, <Voltage (V)> mo ta
bién cua dién thién ap U, theo phu tai tir Pin
cép cho dong co trén xe dién (hinh 15).

Puong thir ba, <SOC(%)> md ta bién
thién phan tram xa cua Pin, khi Pin cap nguon
cho tai 1a dong co trén xe dién (hinh 15).

Duong thtr tu, <Voltage Measurement>
mo ta bien cua di¢n thién ap U, dién ap dugc
tang ap qua bd Boot, theo phu tai tir Pin cap cho
dong co trén xe dién (hinh 15).

& Scope . o - Cl. x F

lo- e@p @ -~ & Fi@-

Ready Sample based Offaet=0 T=3000

Hinh 16. M6 phong bién thién dién dp phia dau
vao tir Pin 201.6V qua bg tang ap lén 650V [4]

et Bamess barved | T3 008
_— 1

Hinh 17. M6 phong ddp ieng toc dé cia dong co va
Mé men theo tai, khi duoc ccfp nguén dién sau bo
nghich lwu [4]

bong co hoat dong tt voi nguén dién
xoay chiéu 3 pha sau, dién ap mot chiéu khi
bién doi ngudn dién qua bd nghich luu thanh
dién ap xoay chidu cp cho dong co dam bao
dong co hoat dong (hinh 16, 17).

Pong co dap tng thay doi téc do theo
tin hiéu dau vao, dong nghia vi¢c xe di¢n tang <&
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téc hodc giam tdc khi chuyén dong tir tin hiéu
diéu khién cua nguoi lai (hinh 17).

M6 men cia dong co dién ciing bién
thién theo tai, khi toc d6 dong co thay doi va
phu tai bén ngoai dat vao dong co thay doi.

Két qua ctia qua trinh tinh toan cho thay,
khi ngudn dién 600V DC sau khi duoc ting ap,
qua bd nghich Iuu bién thanh ngudn xoay chiéu
3 pha cap cho dong co dong bo nam cham vinh
cuu. Pong co hoat dong, vdi chuong trinh diéu
khién toc do dong co dugc lap trinh. Bong co
dap tng tt sy bién thién van tbc va M6 men
khi thay d6i thong s6 dau vao (hinh 17).

4. KET LUAN

Tir cac két qua nghién ciu néu trén,
nhom tac gia nhan thdy: Két qua da xay dung
duge cac chuong trinh mo phong s6 bd bién
dbi ting ap va giam ap tuong g véi qua trinh
sac va xa cua Pin, dién ap cua Pin la 201.6V
1én dién 4p 650V. Chuong trinh mé phdng bd
bién doi nghich Iuu, bién doi dién 4p mot chicu
DC U =650V sang dién ap xoay chiéu cap cho
dong co MG2 hoat dong. Pong thoi xay dung
chuong trinh didu khién tc d6 va mé men cia
dong co dap ung tin hiéu diéu khién tir dau vao.

Két qua mo phong s6 cho ra d6 thi thé
hién mbi quan hé giita thong sb dau vao la
dién ap, dong dién tir Pin cao &p trén xe Toyota
Corolla Altis hybrid 1.8HEV va thong s6 dau
ra, dién ap tang ap, toc do dong co, mé men
xoan. Két qua mo phong tinh toan gitp nguoi
hoc va ngudi 1am cong tac ki thuat vé 6 t6 co
cach nhin tong quan hon, danh gia chinh xéac
hon muc d¢ anh hudng cua cac dai lugng dong
hoc va dong lyc hoc trén 0 t0 dén cac chi tiéu
kinh té k§ thuat cua xe 6 t6 du lich Toyota
hybrid. Két qua nghién ctru dugc ap dung,
trién khai sir dung trong Trudng DPai hoc Cong

nghiép Quang Ninh ciing nhu khi trudng ky
thuat va c6 thé phuc vu cho cong tac khai thac
st dung phuc vu trong cac xuong, ga ra, nha
may vé linh vuc O 6, tng dung trong nganh va
phuc vu xa hoi.

Ngay nhan bai: 05/01/2026
Ngay phan bi¢n: 08/01/2026
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