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TOM TAT

Bai bdo phan tich so sanh cdc cau hinh truyén déng Hybrid phé bién trén 6 t6, bao gom cdu
hinh néi tiép, song song, néi tiép-song song va phirc hop. Moi cdu hinh dwoc danh gia dwa trén cdc
tiéu chi hi¢u nang va hiéu sudt van hanh, bao gém ty lé cong suadt dong co/mo-to, ché dé van hanh,
hiéu sudt truyén dong, hiéu qua nhién liéu, chi phi va do phirc tap hé théng. Két qud nghién curu cho
thdy méi cdu hinh ¢é nhitng wu nhwoc diém riéng, phit hop véi cdac diéu kién vdan hanh va muc dich
s dung khdc nhau.

T khéa: O 16 dién Hybrid (O t6 Hybrid); Truyén lirc Hybrid néi tiép; Truyén luc Hybrid
song song; Truyén lic Hybrid noi tiép - song song; Truyén lic Hybrid phirc hop.

ABSTRACT

This paper presents the results of a comparative analysis of popular hybrid vehicle
powertrain configurations, including series, parallel, series-parallel, and complex configurations.
The evaluation is based on performance and operating efficiency criteria, including engine/motor
power ratio, operating mode, transmission efficiency, fuel efficiency, cost, and system complexity.
The results show that each configuration has its own advantages and disadvantages, suitable for
different operating conditions and purposes.

Keywords: Hybrid Vehicle (HEV); Series Hybrid Drive; Parallel Hybrid Drive,; Series-
Parallel Hybrid Drive; Complex Hybrid Drive.

Chir viét tit:
TT Chir viét tit Y nghia
1 HEV (Hybrid Electric Vehicle) O t6/ Xe Hybrid
2 BEV (Battery Electric Vehicle) O 16 thuan dién
3 ICE (Internal Combustion Engine) Pong co dbt trong
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1. PAT VAN PE

O t6 dung dong co d6t trong (ICEV -
Internal Combustion Engine Vehicle) hién con
pho bién trén toan thé gidi, ching ciing 13 mot
trong sb cac ngudn phat thai khi nha kinh (CO)
dang ké [1]. Khi nha kinh 1a mdt trong so tac
nhan tryc tiép giy bién ddi khi hau toan cau.
Mit khac hiéu suat hoat dong ctia ICEV thuong
thap hon 30% [2]. Thé gidi hién nay dang co
su chuyén dich manh sang st dung 6 t6 dién
(BEV; HEV). BEV c6 uu diém khong phat thai
CO, khi hoat dong. Mat khac hi¢u suét hoat
dong cua chung co6 thé dat trén 90% [3]. Hi¢n
nay, viéc phd bién loai xe niy con ¢ nhiing rao
can nhu: mat do nidng lugng cta pin va pham
vi hoat dong cua xe thép; ha tﬁng sac pin con
thiéu; gia thanh xe cao. HEV dang duoc quan
tam 16n va xem 13 budc chuyén hiéu qua tién
t6i str dung hoan toan BEV. HEV sir dung tbi
uu hai ngudn dong luc tir dong co dét trong va
mo to dién. Tuy thudc quan diém thiét ké, tinh
nang van hanh, xe HEV c6 cac hé truyen dong
phé bién bao gom: ndi tiép; song song; nbi tiép
- song song; phuc hop.

Mot cach phan loai 6 t6 dién theo muc
d6 dién hoa nhu thé hién trén hinh 1.

Theo sy phan loai co6: hybrid nho
(mHEV - micro Hybrid Electric Vehicle);
hybrid nhe (MHEV - Mild Hybrid Hybrid
Electric Vehicle); hybrid hoan toan (FHEV -
Full Hybrid Electric Vehicle) va hybrid giic
cim (PHEV - Plug-in Hybrid Electric Vehicle)
[2]. Mtic d6 dién hoa cua mHEV la thip nhit,
mo to dién khong bd sung mé men quay téi cac
banh xe. MHEV ¢6 sy bd sung md men quay
tr mo to dién chiém 10% va FHEV chiém trén
40% [4].
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Hinh 1. Phan loqi o t6 dién (BEV, HEV)

Viéce nghién ctru phan tich so sanh céac
cAu trac truyén dong cua 6 t6 HEV giup st dung
phuong tién mot cach hidu qua, an toan, tiét
kiém nhién liéu va co thé phuc vu cho nhimng
hudng nghién ciru su tiép theo.

2.CAC CAUHINH TRUYEN LUC CUAHEV
2.1. Truyén lwe hybrid néi tiép

So d6 khéi cac bd phan co ban cua
truyén lyc nodi ti€p nhu thé hién trén hinh 2 [2].
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Hinh 2. Truyén hec Hybrid noi tiép

CAu tric bao gom: to hop ICE va may
phat dién, md to dién, pin cao ap, bd truyén
dong giam toc co khi t6i banh xe, bd chuyén
doi dién.

Trong cAu hinh néy, ICE chi co chuc
nang dan dong méy phat dé cung cap dién truc
tiép cho mo to dién hodc nap dc quy. Diéu nay
¢6 nghia duy nhat mé to dién dam bao 100%
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cong suat yéu cau dé dan dong cac banh xe chi
dong. Mat khic mo to dién co thé hoat dong
& ché do may phat dé thu hdi ning luong tir
qué trinh phanh (phanh tai sinh), sac lai dién
cho pin. Nguon nang luong cung cp cho mo
to dién c6 thé truc tiép tir may phat hodc p1n
cao ap. ICE c6 thé khong hoat dong & mot sb
truong hop: dung va khéi hanh lién tuc (cho
dén tin hiéu giao thong); khong tai; xudng déc.
Khac v6i ICEV, téc do quay ctia ICE c6 thé doc
1ap hoan toan déi voi van toe cua 6 t6, cho phép
ICE hoat dong ¢ vung hiéu suét tdi uu.

Céu hinh nbi tiép c6 pham vi tmg dung
han ché hon so véi cdc cdu hinh khac, mot sd
it ing dung trén 6 t6 buyt dién. Ngoai ra, cau
hinh nay con dugc str dung voi xe di€n mé rong
pham vi hoat dong (EREV - Extended Range
Electric Vehicle), ICE chi dung dé chay may
phat sac pin [5, 6].

2.2. Truyén luc hybrid song song

So dd khéi cac bod phan co ban cua
truyén luc song song nhu thé hién trén hinh 3

[2].
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Hinh 3. Truyén hec Hybrid song song

Trong cau hinh Hybrld song song, ICE
va mo-to dién (MG) déu co6 kha niang truyén
dong truc tiép dén banh xe. Piéu nay cho phép
xe van hanh linh hoat: ICE hoat dong tuong
tur xe truyén thong, MG cung cap luc kéo mot

cach riéng biét hodc phdi hop voi ICE dé ti uu
hiéu sudt va tiét kiém nhién liéu. B6 phan quan
trong khac biét trong cAu hinh nay 1a khop nbi
co khi. Ching déng vai tro thiét yéu trong viéc
két hop ICE va mé to dién. C6 hai loai khép ndi
chinh: khép ndéi moé men va khép nbi toc do.
Khép nbéi mdé men, thuong 13 bo truyén banh
rang ¢ dinh truc, thuc hién chirc nang téng hop
mo men tir ICE va mo to dién, truyén dén banh
xe chu dong. Nguoc lai, khop ndi tbe do, c6 thé
14 bo truyén banh rang hanh tinh hodc chinh mo
to dién, dam nhiém viéc diéu phdi toc do giira
ICE va md to dién, tdi vu hoa hiéu suit hoat
dong cua hé thong.

Khac voi HEV sir dung cau hinh nbi
tiép, khi str dung cdu hinh song song thudng
van st dung hop sd truyén thdng, vi du hop sb
6 dén 9 cap. MG c6 thé duoc sir dung dé ho tro
ICE khi xe can ting toc nhanh hodc diéu chinh
cong sut dau ra cua ICE tuong thich véi ché
d6 van hanh yéu cau [5].

2.3. Truyén e hybrid néi tiép- song song
So dd khdi cac bod phan co ban cua

truyén lyc ndi tiép - song song nhu thé hién
trén hinh 4 [2].
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Hinh 4. Truyén e Hybrid noi tiép - song song

Céu hinh ndi tiép - song song két hop
uu diém cua ca hai cau hinh ndi1 tiép va song
song. Chung c6 kha nang thich tng vi da dang
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céc diéu kién lam viée, tir d6 cai thién hiéu suat
hoat dong ciia hé thong. B6 phan quan trong
ctia cdu hinh nay 14 bo chia cong suét (khdp ndi
mo men - toe do). Khép ndi cho phép tach roi
truyén lyc tir ICE t6i banh xe trong mot s6 ché
dd van hanh, gitp ICE hoat dong ¢ vung hi¢u
suat téi wu (twong ty nhu cdu hinh nbi tiép).
Mat khac, cong suat tir ICE c6 thé duogc truyén
truc tiép dén banh xe, nhu cdu hinh song song.
Khép ndi nay thuong sir dung t6 hop cac bo
truyén banh rang. Su két hop nay mé rong dai
hoat dong hi¢u qua cua xe trén toan bo pham vi
tde do. Tuy nhién, h¢ théng nay doi hoéi thuat
toan diéu khién phtic tap va chi phi san xuat
cao [6]. Cau hinh nay ph6 bién trén cac xe
HEV hién nay va duoc nhiéu nha san xuat 6 to
phat trién voi cac xe nhu: Toyota THS, Honda
i-MMD, va BYD DM-i. Chung cho thiy hiéu
quéa dang ké trong viéc tiét kiém nhién liéu va
cai thién hiéu suat téng thé cua xe.

2.4. Truyén e hybrid phirc hop

Hé truyén dong Hybrid phtc hop tng
dung trén xe dan dong 4 banh (4WD), 1a su két
hop giita cdu hinh ndi tiép - song song va thuan
dién. Hai cau triic pho bién bao gdm: tryuc trudc
Hybrid/tryc sau thuan dién va nguoc lai. Uu
diém: Tbi wu lyc kéo va hiéu suat nho dan dong
4 banh; Van hanh linh hoat vé&i hiéu suit cao;
Giam phat thai nho ché do thuan dién; Tang
cuong kha nang phanh tai sinh trén ca 4 banh.
Nhuge diém 16n nhét 1a cu triic va hé thong
diéu khién phuc tap [2, 6].

So dd khéi cac bd phan co ban cua
truyén lyc phtrc hop nhu thé hién trén hinh 5
[2].

e e

ICE- Dong cor dol trong  B- Pin cao ép T- TLC- Vi sai
PG- Bb truyén hdnh tinh PC- B diu khién F.. R, Bdnh xe
MAG1- MO for Méy phat  dén chii dbng tride,
din 1 MAG2- MBS tor’ Méy .

phat dién 2

Hinh 5. Truyén lic Hybrid phirc hop

3. SO SANH CAC CAU HINH TRUYEN
LUC CUA HEV

Pé danh gia toan dién cac yéu to anh
huong dén higu qua hoat dong cua HEV va so
sanh giita cac cAu hinh truyén dong, nghién ciru
nay dé xuat hai nhém tiéu chi chinh: Hiéu ning;
hiéu suat va do tin cdy van hanh [7, 8, 9, 10].

1) Hiéu nang: Nhom nay tap trung vao
cac thong sd lién quan dén cong suat, tinh linh
hoat va hi€u qua sir dung nang luong cia HEV,
bao gom:

- Ty 1& hd tro cong suat gitra MG va
ICE: Phan anh mirc d6 hd trg cia MG cho ICE,
lién quan t6i kha ning ting toc va diéu kién van
hanh khac nhau.

- Ché d6 van hanh: Panh gia kha ning
chuyén doi linh hoat gitta cac ché do (thuan
dién, hybrid, thuan ICE), anh huéng dén hiéu
sudt va kha ning thich ing cua xe.

- Hiéu suét truyén dong: Po ludng tén
that nang luong trong qua trinh truyén luc, anh
hudng dén hiéu qua sir dung ning luong va kha
nang van hanh cua xe.

- Dung luong va kich thudc ic quy: Xéac
dinh pham vi hoat dong & ché d6 dién va kha
nang cung cap nang luong cho mo to.
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2) Hiéu suit va do tin cdy véan hanh:
Nhoém nay tap trung vao hiéu qua tong thé ciia
hé thong, bao gom chi phi, do phurc tap va tac
dong dén mai trudng, bao gdm:

- Hiéu qua nhién li¢u va phat thai: Panh
gia muc ti€u thy nhién li¢u va lugng khi thai,
phan anh tinh kinh t& va tic dong dén moi
truong cua xe.

- Chi phi san xuit va van hanh: Xéc
dinh gia thanh va chi phi van hanh xe.

- B phuec tap hé théng: Danh gia dg tin
cay, kha nang bdo tri va chi phi stra chita cua

X€.

Mot 8O so sanh voi cac chi tiéu noi trén
cua cac cau hinh truyén luc HEV thé hién trén

bang 1, 2, 3.

Bdng 1. So sanh ty 1é cong sudt, thoi gian hoat dong ciia ICE va MG [7, 8, 9, 10]

Thong so Truyén lyc noi tiép

Truyén lyc song song

Truyén luc noi tiép -
song song

MG: 100%, ICE: chi

Ty 1€ cong suat phét dién

ICE: Chu yéu, MG: Hb
tro

Thay d6i linh hoat, tiy
ché d6 hoat dong

Lién tuc hoac gﬁn nhu
lién tuc dé cung cap
nang lugng cho may

phat dién.

Thoi gian hoat dong ICE

Phan 16n thoi gian, dic
biét & toc do cao.

Co6 thé tat hoan toan &
tdc do thép, hoat dong
t61 wu khi xe chay duong
dai.

Luén hoat dong dé dan

Thoi gian hoat dong MG dong bénh xe.

HO trg ICE khi xe ting
toc, leo doc, tai tao nang
luong.

Dén dong xe & tbe do
thip, hd tro ICE khi can
cong suét 16n, va tai tao

nang lugng khi phanh.

Bdng 2. So sanh vé mirc tiét kiém nhién liéu, giam phdt thai cdc cdu hinh truyén dong HEV [7, 8, 9, 10]

Thong so6 Truyén luc noi tiép

Truyén hrc song song

Truyen luc noi tiep -
song song

Tiét kiém nhién li¢u
dang ke trong dicu kién

Tiét kiém nhién liéu tot
trén duong truong, (ICE

Tiét kiém nhién liéu tot,
nho kha nang chuyén

Tiét ki¢m nhién li¢u van hanh do thi (ICE N AV v >
j j A . X (A <. | truyén tuc tiép cong suat | doi linh hoat gitra ché do
hoat dong ¢ che do toi 1 L. A,
T tdi banh xe). noi ti€p va song song.
o e A i o a: ax 1:n, | Glam phat thai, nho kha
Giam phat thai tot (ICE | Giam phat thai, dac biét ndin pt &i wu hoa hoat
Giam phat thai hoat dong & che do toi khi két hop voi mo to o £ . s oA
, 2. Cn 2R oo £ dong cua ca ICE va md
uu, it thay doi). dién de tang toc. A
to dién.
Hi¢u qua cao khi di o . | Phirc tap hon vé mat
chu' lé:rCllltlron hé, co Tinh linh hoat cao, phi ciu trﬁé 5@1 diézl/ khién
Van hanh Y £ Pho, hop voi nhidu didu kién :

thé kém hon trén dudng
ngoai do thi.

van hanh.

nhung mang lai hi€u qua
cao.
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Bang 3. So sanh wu, nhwoc diém cdc cdu hinh truyén dong HEV [1, 4, 5, 6,7, 8,9, 10, 11]

Truyén lyc <% <X A er
I-i,EV : Uu diém Nhuoc diém Phin tich
- Tén that ning lugng 16n | - ICE hoat dong chi lai may phat dién,
do phai chuyén d6i ning | c6 thé hoat dong & sb vong quay khong
lwong nhiéu 1an: tir nhiét | dbi v6i mic tidu thy nhién heu thip nhat
Nk .. |nang sang dién nang, | khong phu thudc vao vén tdc thuc té cua
L.k - H¢ thong don gian, | . gw fg j Ag N Agp'kl,l u Y ve A u
No1 tiep N X ., | tr dién nang sang dong | 6 t6. Diéu nay nang cao hi¢u suat cia
it thanh phan co khi; | _ A A g , L A
nang. ICE (c6 thé dat gan gidi han 1y thuyét xap
- Can mo to dién c6 cong | xi 37%, véi ICEV dat dudi 30%). Viéce
suat 16n dé dap tng yéu | chuyén d6i nang luong nhiéu lan lam
cau van hanh. giam hi¢u suat tong thé.
- CAu tric phuc tap hon I e \ n .
S .;p A ‘p, - Cau hinh nay hiéu qua hon trén duong
ki€u noi tiép, can cac ly J VI K i A a1 A
NP . | cao toc so voi cau hinh ndi tiép vi khong
n £ x| hop va khép noi co khi | 5 2 Ls. . , X "
Cong suat truyén | ;. s z. + ¢ . | can bién doi co nang cua ICE thanh dién
o : | dékeétnoi vangat ICEva| . 1o X, 2
truc ticp tu ICE den o to dién nang. Tuy nhién, hi¢u suat tong thé phu
Song song | banh xe, giam ton a i, . | thudc vao viée dicu khién phodi hop gitra
£ i . z.|- Hiéu suat cua ICE co N . e .
that so véi loai noi | | 2 . A £ .. | ICE va md to dién. Khi chi mt ngudn
£ th¢ khong to1 uu so voi | . . o X an .
tiép FU LA+ 1.. | dong luc lam viéc, nguon dong luc con
cau hinh noi ti€p vi phai | | NS NN
2. L an . |lai hoat dong & ché do khong tai hodc
thay doi toc do theo yéu A A
NN khong hoat dong.
cau van hanh.
£ .x . |- Céu trac phurc tap doi | C6 kha nang chuyén doi linh hoat giira
Kéthopuudiémcua | ,. . . ¢ paue tap & o nang chuy oar g
s s Ao <. | hoi h¢ thong dieu khién | ché dd ndi ti€p va song song va cd thé
ca hai cau hinh noi , P i N o ,
o tiép va song song phuc tap dfe quan ly toi | tach roi truyén l}_rc ICE toi baqh xe déap
Noi tiep - > | uu cac ngudn dong luc. | ing cong suat dau ra, qua do toi uu hoa
cho phép t01 uu hoa " P ) A A Ten A1 X
song song - Hi¢éu sudt trung binh | lwong ti€u hao nhién li€u. Trong h¢ thong
hiéu suit truyén| L R R 2 " N N
R .» | cua ICE c6 thé thap hon | c6 thé xdy ra hién tugng tuan hoan cong
dong trong nhiéu 1 e Ak L. A% A LA PR n
AT so vdi loai ndi tiép nhung | suat, dan dén ton that va lam gidm hiéu
diéu kién van hanh. . L o 1A X
cao hon loai song song. | suat ciia hé thong.
4. KET LUAN t6i uvu hoa thong qua viéc tach biét co hoc véi

Nghién ctru ndy phan tich toan dién cac
céu hinh truyen luc 6 t6 Hybrid pho bién hién
nay bao gdm: ndi tiép, song song, nbi tiép-song
song va phuc hop. Mdi ciu hinh dugc danh gia
duya trén céc tiéu chi hi¢u nang va hi¢u suét van
hanh, nham lam rd wu nhuoc diém va pham vi
mg dung. Két qua phan tich cho thiy:

Céu hinh néi tiép phat huy tot trong van
hanh ¢ dai toc do thap, hiéu suét cua ICE duogc

banh xe. Tuy nhién, hiéu suét tong thé bi anh
hudéng béi qua trinh chuyén doi ning lugng
nhi€u giai doan.

CAu hinh song song cho hiéu suét cao
& dai toc do cao va kha ning truyén cong suat
truc tiép tr ICE dén banh xe. Tuy nhién, sy
phirc tap cta hé théng co khi va hiéu sut han
ché & dai toc do thap 1a nhitng nhugc diém cua
céu hinh nay.
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Céu hinh néi tiép - song song phat huy
hiéu qua linh hoat va hi¢u sut tdi uu trén pham
vi van hanh rong, nho két hop wu diém cua ca
hai cdu hinh trén. Tuy nhién, hé thong diéu
khién phtrc tap va chi phi san xuat cao.

Céu hinh phirc hop c6 tich hop hé thong
dan dong thuan dién doc 1ap cho mdt truc, mé
rong pham vi tng dung cho xe din dong bdn
banh, tdi uu hoa lyc kéo va hiéu suat. Tuy
nhién, cau trac phirc tap va doi hoi yéu ciu cao
vé hé théng diéu khién.

Nghién ctru cling dé xuat cac tiéu chi
danh gia hiéu ning va hiéu suat van hanh, bao
gdm ty 18 cong suit ICE/MG, ché d6 van hanh,
hiéu suét truyén dong, dung luong ic quy, hiéu
qué nhién liéu, chi phi va d6 phic tap hé thong.
Két qua so sanh cho thdy mdi cdu hinh co
nhitng wru nhuoc diém khac nhau. Nhimng phan
tich so sanh nay c6 thé cung cip céac thong tin
k¥ thuat, cong nghé can thiét lién quan dén cac
thanh phén cua hé truyén dong. Mat khac, co
thé dugc xem 1a tai liéu nghién ctru tong quan
cho cac linh vuc lién quan téi cong nghé truyén
luc HEV. <
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