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TOM TAT

Trong nhitng ndm gan ddy, hé thong truyén lyc sir dung hop so6 kiéu hai ché dg da va dang
dwoc cdac hang xe nghién ciu va ung dung trén cdc dong xe hybrid khac nhau. Bai bdo trinh bay
nhitng ket qua chinh  trong vigc nghlen cleu qua trinh truyen luc trén o t6 hybrid, qua trinh phoz hop
cac nguon cong sudt ciia hdp sé kiéu hai ché . Pong thoi, thuc hién mé phong hé théng bang
phan mém MATLAB - SIM ULINK. Bai bdo da trinh bay két qua mé phéng nham muc dich phan tich,
danh gza dac tinh hé thong truyén lyc xe hybrzd Cc két qua mo phong cho thdy xe hybrid sir dung
hép s6 kiéu haz ché dg kiém sodt qua trznh phéi hop nguon cong sudt hzeu qua hon cdc xe su dung
hé thong truyen luc thong thuong. Viéc toz uu hoa qua trinh phoz hop nguon céng sudt la mét trong
cdc yéu t6 giip cai thién tinh nang kinh té nhién liéu va o nhiém moi truong.

Tir khéa: Xe hybrid; Xe hybrid sir dung hdp so kiéu hai ché dg; Hé thong truyén luc.

ABSTRACT
In recent years, car manufacturers have researched and applied the powertrain system

using dual-mode gearboxes on various hybrid vehicles. This article presents the main results in the
study of the powertrain process on hybrid vehicles, the process of coordinating the power sources
of dual-mode gearboxes. At the same time, the system is simulated using MATLAB-SIMULINK
software. The article presents the simulation results to analyze and evaluate the characteristics of
hybrid vehicle powertrain systems. The simulation results show that hybrid vehicles using dual-
mode gearboxes control the power source coordination process more effectively than vehicles using
conventional powertrains. Optimizing the power source coordination process is one of the factors
that helps improve fuel economy and reduce environmental pollution.

Keywords: Hybrid vehicles, Hybrid vehicles use dual-mode transmissions; Powertrains.

Cdc tir viét tit:

TT Ky hié¢u Y nghia
1 ICE Pong co dbt trong
2 HEV O t6 hybrid
3 MG1, MG2 DPong co/may phat dién s6 1 va 2
4 PGl1, PG2, PG3 Bo hanh tinh thtr nhat, thir hai, thi ba
5 FG1, FG2, FG3, FG4 Ti s6 truyén ¢6 dinh s6 1, 2, 3, 4
6 EV1, EV2 Ché do hoat dong khi xe chay trong dai tdc do thép, cao
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1. TONG QUAN

Hién nay, v6i sy gia tdng nhanh chéng
s6 lugng 6 t6 khién murc tiéu thu nhién liéu
hoa thach truyén thdng ting cao gdy nguy co
can kiét nhanh nguén nhién li€u nay [1]. Mt
khac, ngudn 6 nhiém chiém ti 18 16n nhat dén
tir cac phuong tién giao thong str dung dong co
truyén thong. Trong qua trinh lam viéc, dong
co truyén théng phat sinh ra nhiéu thanh phan
khi thai doc hai nhu: CO, HC, NOx, SOx,... cd
anh huéng xau dén moi truong va strc khoe con
nguoi [2].

Pé dat duoc muc tiéu giam tiéu hao
nhién li¢u va phat thai moéi truong, cac dong
xe chay bang dién va pin nhién liéu di duoc
dau tu nghién ctru va phat trién [3]. Tuy nhién,
cong nghé nay rat phic tap, chi phi san xuat 16n
khong thé dap tng tat ca cac nhu cau khac nhau
lién quan dén kha nang di chuyén ca nhan, tinh
bén vimg va tinh kha thi. Trong giai doan hién
nay, xe hybrid c6 y nghia quan trong va dong
vai tro 1a phuong tién chuyén tiép tir cac dong
xe truyén théng sang linh vuc xe niang luong
moi (ndng luwgng xanh).

Bai béo tap trung nghién ciru vé phuong
thire két hop ngudn cong suit trén hé théng
truyén lyc hybrid sir dung hop sb hai ché do
trén 6 to hién nay. Pong thoi, tién hanh mo
phong bang phan mém chuyén dung nham lam
r& quy luat vat Iy xay ra trong hé thong.

2.CO SO LY THUYET

2.1. H¢ thong truyén lwc xe hybrid sir dung
hop s6 hai ché dd

Hé thong truyén lyc ciia xe hybrid loai
nay st dung hop sb tu dong vo cap voi ba bo
banh ring hanh tinh, két hop véi hai phanh va
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hai bo ly hop. Khi ndi hodc ngit cac phanh,
cac ly hop tuy theo trang thai hoat dong cua xe
s& tao ra sdu ché do hoat dong khac nhau bao
gom: ché d6 EV1, ché do EV2 va bdn ché do ti
s6 truyén ¢ dinh (FG1, FG2, FG3, FG4). Cau
tric clia hop sd loai nay duoc thé hién trong
Hinh 1 [4], [7].

.......

PG: PG2 * PG3 !
S T T | | - )
o Sl | e I
L 1 | 12 B Y_ 2
N by

Banh rang bao, banh

R1, S1,Cl; R2, S2, ring mit troi va can

C2;R3,83,C3 dan bo hanh tinh thir
nhat, thir hai, thtr 3
EN Pong co dbt trong
MGI, MG2 Pong co/m‘éy phat s6
1va2
Hinh 1. So do6 hop so hai che do trang bi trén xe
hybrid

Hop sb hai ché d6 v6i ba bo hanh tinh
(PG1, PG2, PG3), hai dong co dién/may phat
(MG1, M@G2), hai phanh va hai b ly hgp. Cac
ché d6 hoat dong thé hién trong Bang 1.

Bang 1. Hoat dong cua ly hop va phanh cho HEV
hai ché s [5], [7]

TT Trang | Phanh | Ly Phanh | Ly
thai 1 hop 1 2 hop 2

1 EV1l | Béng | Mo Mo Mo
2 FGl | Bong | Mo Mo | Dong

3 FG2 | Dong | Dong Mo Mo

4| EV2 | Mé¢ | Péng | M6 | Mé

5 FG3 M¢é | Dong Mo

6 FG4 M¢é | Dong
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2.2. Cac ché d6 van hanh ciia hp so6 hai ché
do [5], [6], [7]

2.2.1. Ché dp EVI (Ché dp phén chia cong
sudt dau vao)

Ché do nay duoc kich hoat khi xe chay
& toc do thap. Xe ¢ ché d6 EV1 néu phanh 1
¢ trang thai “Dong”, con ly hgp 1, ly hop 2,
phanh 2 dugc kich hoat ¢ trang thai “M¢”. Céc
phuong trinh mé ta cho ché d6 chia tach dau
vao (EV1) duoc viét nhu sau:

1nn

T = L2 T Ty =—(14 0, T+ T. (1

MG1 Ten, ez = —( ) nz e 1+n3 out ( )
_1+n, 3 1+n, 1+n, . _1+n,

5‘)/\4(;1*.]_”1,72 @, '72.]_”1,72 n, Dot » Oygz = n, Doyt (2)
T . o 1

Moy =20 — (141, + M2 (1))~ (3)
T, o, ey P

Trong do: T, ., T,.,» T., T, (N.m) lan
luot 1a m6 men cua MG1, MG2, ICE va truc
dau ra; O P> Do (v/p)la tde do cua MGI,
MG2 va truc ddura; n, n,, n, la ti ) truyen cua
cac bo hanh tinh PGI, PG2 PG3, p, Pop> P la
ti s6 tmyen tc do, Ner> My Mo (%) lan luot
1a hiéu suat truyén cua ché do EV1 va dong co

may phat MG1, MG2.
2.2.2. Ché dp EV2 (Ché dj phén chia hén hop)

Khi téc do xe tang, dé c6 thé giam mirc
tiéu hao nhién liéu va ting cong suat dau ra,
hé théng thuc hién chuyén tir ché do tir EV1
sang EV2 (ché do chia tach hdn hop). Ché do
EV2 dugc kich hoat khi ly hop 1 ¢ trang thai
“Pong”. Ché 46 EV2 dugc dién ta qua phuong
sau:

1-nn, 1
T =—— 2T+ Tl =—(1+n T4
MG1 1+n2 e 1+I72 out’ 'MG2 ( 1)1+ 2 e 1+n (4)
1 1+n, 1 1-nn,
Oy = —— Dy + Dy Opyeo = — w,————= @, 5
MG1 n1 e ) out MG2 1n2 n ut( )

1 P21 (P = Perz) ZMGZ ~ Peo (P = Pert)
Nep = ; 77MG1 (6)
(P = Poz) MEZ _(p— Pex)
MG1
Trong do: TMGl, Tye» T T, (N.m) lan

lvot 1a m6 men cua MG, MG2 ICE Va truc
dau ra; o, COGMZ, o, (V/p) lan luot 1 toc do
cia MG1,MG2 va tmc dau ra;n,n, n, lati $6

truyén ctia cc bd hanh tinh PG1, PG2, PG3 P,
Py Py 1a ti sb truyen tc do, N Myat> i (%)
lan luot 1a hiéu sudt truyén cia ché do EV2 va
dong co may phat MG1, MG2.

2.2.3. Ché @ ti so truyén co dinh

Ché do ti s6 truyén cb dinh 1a ché d6 trung
gian khi chuyén tir EV1 sang EV2 va nguoc lai.
Tuy theo trang thai dong mé cua cac ly hop va
phanh, bo hanh tinh s& tao ra bon ti s truyén.

« Ty s6 truyén cb dinh s6 1 (FG1): Ché
d6 duogc thuc hién khi ly hop 2 va phanh 1 duogc
& trang thai “Dong”, ly hop s6 1 va phanh 2 &
trang thai “M6”. FG1 duoc st dung dé ting mo
men xodn dau ra trong qua trinh ting toc xe.

« Ty s6 truyén cb dinh s6 2 (FG2): Ché
dd duoc thuc hién khi ly hop 1, phanh 1 ¢ trang
thai “Doéng” va ly hop 2, phanh 2 ¢ trang thai
“Mé&”. FG2 1a sb chuyén tiép tir EV1 sang ché
do EV2.

« Ty s6 truyén cb dinh s6 3 (FG3): Ché
dd duoc thyc hién khi ly hop 1 va ly hop 2 ¢
trang thai “Dong”, phanh 1 va phanh 2 ¢ trang
thai “Mo”. Khi do, cong suit dau ra 1a su két
hop ctia ba ngudn cong sudt dau vao.

« Ty s6 truyén ¢b dinh sb 4 (FG4): Ché do
duoc thuc hién khi phanh 2 khéa MG2 va ly hop
1 ¢ trang thai “Doéng”. FG4 kich hoat trong truong
hop xe dot ngot ting toc trong thoi gian ngén.
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Phuong trinh dién ta ti s truyén ¢ dinh
cua bo hanh tinh duoc viét nhu sau:

K Tyt + K Tyeo = =K. T + Ty (7
=K 0y = K50, = K 3

Trong do: k, k,, k_ lan luot 1a 13 ty s
tdc d6 thanh phan so voi dau ra cia MG1, MG2
va dong co nhiét (ICE). Cac gia tri k, k,, k_
duoc thé hién trong Bang 2.

D61

Bdng 2. Ty s6 truyén cho ché d¢ FG

TT | k FG2 FG2 |FG3| FG4
1|k | (+n)/ny [ (n=n)in| 1 | 1+n,
2 |k | (A1+n)/n, | (1+ny)/n, 1 0
3 k | 1+n)/ny | (nn,+ny)in, 1 1—n1n2

2.3. Chién lrgc diéu khién xe hybrid hai ché
do [7]

Ché d6 hoat dong duoc bat nguén tur
quan diém ctia nhu cau md men xodn cta banh
xe. Ham muyc tiéu dugc xéac dinh dé t6i da hoa
mo men xoan dau ra T, (V T s Toar Tye,) theo
rang budc cua cong suat dc quy. Thuat diéu
khién thé hién theo nguyén tic sau:

Muc tiéu: Max(T_ (V, T, T,,.» T\;e0)

Cac diéu kién rang budc:

B < Prai0s VSV i 0< T < T
_7;461max < 7;461 < 7;461max;_7;/162max < 7;462 < 7;462max (9)
0< @, < Oy s~ Oioimax < Dt S Owiotmaxs ~utczmex S Putcz S Oz

Trong ¢ do: P, 1a cong suét cua dc quy (kW),
V la Van tbe t01 uu cua 6 t6 (km/h), T la mo
men xoan cua dong co, Tyo> Tyg, 128 m6 men

dong co MGI1 va MG2. Ham muc tiéu duogc
thi€t 1ap d€ to1 vu hoéa dau ra: Max(T_(V, T,
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Tyars MG2)) dué6i diéu klen P, <P, . Viéc
chon ché d6 van hanh can dam bao glarn thiéu
mirc tiéu thu nhién li€u trong khi van dap ng
dugc m6 men banh xe theo yéu cau. Lua chon

ché d van hanh x4c dinh thong qua ham:
Muc tiéu: Min(FC(mode))

Diéu kién rang budc:
T.u(mode) < T, (mode)

Trong do: FC(mode) 1a muc ti€u thu
nhién ligu cho ché do hoat dong nhat dinh;
T, (mode) 12 mo6 men xodn dau ra tdi da c6 san
ctia ché do da chon.

3. MO PHONG

3.1. So' 6 md phéng xe hybrid sir dung hop
s6 hai ché d¢

Ung dung phan mém chuyén dung
MATLAB — SIMULINK mé phong cac khéi
chtrc nang, tir d6 lién két cac khdi dé tao thanh
mot hé théng hoan chinh. So d6 mé phong xe
hybrid st dung hop s6 hai ché d6 duoc thé hién
trén Hinh 2. So dd m6 phong gom cac khdi
chinh sau: Khoi bo diéu khién cac ché do hoat
dong cua xe; Khdi bo diéu khién dong co nhiét
(ICE); Khéi bo diéu khién motor dién; Khdi
motor dién; Khoi dong co nhiét; Khdi dong
luc hoc xe; Khbi hop s6; Khéi dc quy; Khdi b
chuyén d6i [8], [9].

'_‘I_I

Hinh 2. So d6 mé phéng cdc hé théng xe hybrid sir

dung hop 56 hai ché dé

&
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3.2. Khao sit va danh gia két qua

*Théng sé6 mo phéng:

Tién hanh mo phong xe hybrid sir dung hop sé hai ché d6 voi cac gid tri thong sb ciia hé thong

duogc thé hién trong Bang 3.

Bdng 3. Gid tri théng sé xe mé phong [10].

Théng sb xe Théng s6 dong co (ICE)

TT Ky higu Gia tri bon vi TT Ky higu Gia tri Don vi
1 G 2680 kg 6 P 248 kw
2 a 1.4 m 7 n_ 5100 v/p
3 L 1.6 m 8 n__ 4100 Ns/m
4 h 0.5 m 9 T, . 498 N.m
5 r 0.4 m 10 n 6000 v/p

Pong co/may phat MG1, MG2 Théng sb ic quy

TT Ky higu Gia tri bon vi TT Ky higu
11 |- 60 kw 14 Loai: Ni - MH
12 T, 300 N.m 15 P 40 kW
13 n,. 9000 v/p 16 \/ 300 Voén

Trong do: G 1a trong lugng 6 to; a la
khoang canh tir trong tam dén cau trude; L 1a
chiéu dai co so xe; h la chiéu cao trong térp
xe; 1, 1a ban kinh banh xe; P la cong suat
cuc dal cua dong co; n, a toc do vong quay
16n nhét ung véi cong suat cuc dai; T, lamo
men 16n nhét cua dong co; n ey ax la toc do Vong
quay (rng v6i mé men 16n nhat; n_ 14 toc do
vong quay 10n nhat ctua dong co; P max T
max, n, lan luot 14 cong suat, mo men, toc
do cuc dal cua MGl1, MG2 aqma Y may 18 CONE

suét, dién 4p 16n nhat cua dc quy

max

“Qud trinh tién hanh mé phéng thuc hién
qua phwong an khdo sat sau:

Thuc hién mo phong hé théng dong luc
6 t6 hybrid kiéu hai ché d6 trén mé hinh mé
phong da xay dung trong truong hop xe tang
toc tir gidy thir 3 va gilt nguyén gia toc khong

d6i a = 1.7 m/s? cho dén hét thoi gian 45s. Qua
trinh mo6 phong thu dugc mot s6 két qua cu the
nhu sau day.

Hinh 3. Puong biéu dién gid tri vin toc thir véi gia
toca= 1.7 m/s’

it i
L]

Syl |-I-\.|
Hinh 4. Puong biéu dién gia tri van toc thuc va
van toc tham chiéu
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Hinh 6. Puong biéu dién gid tri dj mo buém ga

gyt ol o

1 . b

Hinh 7. Puong biéu dién gid tri trang thdi chuyén so

Hinh 8. Puong biéu dién gid tri toc dé quay MG,
MG2, ICE

Dl s [
A

Yatei i & ]
Hinh 9. Puong biéu dién gid tri cong suat dién,
dong co dot trong, cong sudt tong
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Hinh 10. Puong biéu dién gid tri dién nap dc quy (pin)

E BT ST L -'
1
A

_,—'—L—_

—

Tt gt e | (]
Hinh 11. Puong biéu dién gid tri cong sudt tiéu
hao cua ac quy (pin)

weg it By
¥ B * 3+ ¢ F 3 r
5
!

r.. = e
Hinh 12. Puong biéu dién gid tri lwong nhién liéu
tiéu hao

Trén Hinh 4 dién ta két qua mo phong
vén tdc xe, phan tich két qua cho thay hé théng
dap ung tot voi yéu cau chuyén dong, & cac gia
tri van tbc nho hon 100 km/h van tde thuc cua
xe gan nhu trung véi van toc tham chiéu, gia tri
van tbc thuc cua xe chi ¢6 su chénh 1éch tuong
dbi nho so véi van tde tham chiéu khi van toc
xe dat dén gia tri 103 km/h. Trén Hinh 5 dién
ta két qua tinh toan ti sb truyén cua hé thong
truyén luc (toc do dong co dét trong /toc do
ban tryc ). Phan tich két qua cho thiy tng véi
6 giai doan chuyén s6 Hinh 7 thi ti s6 truyén
¢6 su thay doi khac nhau, trong d6: c¢6 2 giai
doan ti s6 truyén cb dinh 1a giai doan 1 (4.72s -
9.46s) va 2 (15.82s - 19.66s); 4 giai doan ty sb

truyén thay d6i ing voi ché do chia cong suét &
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d6 1a ché @6 bat dau chia cong sudt, chia cong
suat dau vao va chia cong suat hdn hop. Trén
Hinh 6 dién ta két qua mo phong gia tri do mo
budém ga. Phan tich két qua cho thdy ban dau
d6 mo budm ga twong ddi nho khoang 11°, sau
do tang lIén 19° trong khoang thoi gian (9.46s -
11s), va 6n dinh khoang 11° trong khoang (11s
- 17s) va tdng manh tré lai 1én gid tri cuc dai
xap xi 100° do tai 45s. Trén Hinh 7 dién ta két
qua md phong trang thai chuyén sd. Tir dd thi
cho thay c6 6 giai doan chuyén sd tmg véi cac
ché do: 1) Ché do bat dau lam viéc Gmg véi (Os
- 4,72s); 2) Ché d6 ti s6 truyén cd dinh (4,72s -
9.46s); 3) Ché d6 chia cong suit ddu vao (9.46s
-15.825); 4) Ché d6 ti s truyén cd dinh (15.82s
- 19.66s); 5) Ché d6 chia cong suit hon hop
(19.66s - 32.26s); 6) Trang thai chia cong suit
hdn hop (32.26 - 45s). Trén Hinh 8 dién ta két
qua mo phong tdc d6 cia cac truc dong co dbt
trong, truc cac to hop dong co/may phat MG1,
MG2. Két qua cho thay gia tri cac toc d6 c6 su
thay d6i tuong tmg véi cac thoi diém chuyén
ché do 1am viée tai: 4.8s; 9.4s; 19.7s; 30.2s va
40.15s. Trén Hinh 9 dién ta két qua mo phong
cong suat dién, dong co ddt trong, cong suat
tong dau ra. Phan tich két qua cho thay gia tri
cong Suat thay ddi manh tai thoi diém 3.5s va
tang tuyén tinh trong giai doan tiép theo. Gia tri
cong suat dién dat 265.41 kW, cong suét dong
co d6t trong dat 230.4 kW, cong suét tong cong
49445 kW tai 35s. Trén d0 thi c6 nhiing diém
nhiéu tang giam dot bién twong tmg véi cac giai
doan chuyén sb. Trén Hinh 10 dién ta két qua
mo phong muc tiéu thu dién nang cua pin theo
(Ah) ampe gio. Cong suét tdi da 1a 150 Ah va
t6i thiéu 1a 143 Ah. C6 thé quan sat thdy mirc
giam 6.18 Ah. Diéu nay cho thay pin duoc st
dung ngay tir thoi diém ban dau. Dung luong
nap pin tai thoi diém gia téc c6 gia tri 150
Ah sau d6 giam dan theo duong bac 2 xudng
con 143.82 Ah trong khoang 45s. Trén Hinh
11 dién ta két qua md phong gia tri cong suat

dién tiéu hao cta pin. Ton thit pin t6i da duoc
quan sat thay 1én dén khoang 57.56 kW sau 45s
thyc hién. Mot s6 dot bién t6n that pin 1én dén
122.14 kW. Cac dot bién trong biéu db ton that
1a khi thay d6i ché d6 hoat dong. Trén Hinh 12
dién ta két qua mo phong gia tri lwong nhién
liéu ti€u hao trong qua trinh lam viéc. Mtrc tiéu
thu nhién liéu tdi da duogc quan sat théy 1én dén
khoang 79.3 gam. Luong nhién liéu lién tuc
tang theo dudng cong tuyén tinh va dat gia tri
16n nhat 79.3 gam tai thoi diém 45s.

4. KET LUAN

Bai bao da nghién ctru va moé phdéng qua
trinh lam viéc xe hybrid str dung hop s6 kiéu hai
ché d¢, tir 6 phén tich va danh gia cac yéu to
anh huong dén tinh kinh té nhién liéu theo diéu
kién van hanh nhu: trang thai chuyén s0, ti sd
truyén luc, qua trinh phan chia cong suat, toc do
cac truc dau vao dau ra, cong sudt tiéu hao pin,
trang thai nap pin, luong ti€u hao nhién li¢u.

Két qua mo phong cho thdy hé théng
truyén luc st dung hop sb kiéu hai ché d6 phu
hop véi cac xe hybrid c6 cong sut 16n va co
hiéu suét truyén dong tot nhat khi xe chay toc
d6 cao hodc tang toc. Hiéu suat truyén dong cua
xe phu thudc vao tdc d0, mdé men xodn dau vao
va ty s6 toc do. Trong do, ty s6 toc do 13 yéu tb
quyét dinh nhat.

Bai bao da xay dung dugc co so ly
thuyét hé thong truyén luc xe hybrid voi hop sd
kiéu hai ché d6 str dung bo hanh tinh dé phdi
hop cac ngudn cong suat. Két qua nghién ctu
¢6 thé 1am tai liéu tham khao trong thiét ké 6 to
hybrid méi, cai tién 6 to truyén thong thanh 6 t6
hybrid.
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