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Tom tat

Cudc canh tranh trén thi truong o6 t6 dién doi hoi cac hang san xudt phdi tgo ra diém khac
biét cho san pham ciia minh. Viéc thiét ké é té dién can cdn nhdc giita kha ndang vdan hanh trong
cac diéu kién téc do, dia hinh khac nhau va hiéu sudt sir dung nang luong. Vi vay, hop 6 hai téc
dé (hai cdp 1y s6 truyén) dang dan dwoc nghién civu dé thay thé cho cdc hép giam téc phé bién
hién nay. Trong nghién ciru ndy, mét mé hinh danh gid anh hiong cia hop sé hai téc dé dén hoat
déng ciia dong co va trang thai sac/xd cia pin dwoc dé xudt va xdy dung trong méi truong Matlab/
Simulink. Cac mo phong dwoc thuc hién theo chu trinh ldi xe tiéu chudn WLTC (Worldwide
Harmonised Light Vehicles Test Cycle) ciia quy trinh kiém tra dong bo xe hang nhe todn cdu
WLTP (Worldwide Harmonised Light Vehicles Test Procedure). Két qua nghién citu cho thdy 6 t6
dién trang bi hop 6 hai téc do co su on dinh vé thong 56 hoat dong cua dong co, trang thdi sac/
xd 94,08% trong mét chu trinh kiém tra.
Tir khéa: O t6 dién, hop $6 hai téc do, dong co, pin, trang thai sac, Matlab/Simulink.
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Abstract
In the competitive landscape of the electric vehicle market, manufacturers are driven to
innovate and introduce distinct features in their products. Designing electric vehicles entails a
comprehensive consideration of their performance across diverse speeds, terrains, and energy
efficiency requirements. Consequently, researchers are increasingly exploring the integration of
two-speed gearboxes as alternatives to conventional reduction gears. This study introduces a model
that assesses the effects of two-speed gearboxes on motor operational parameters and battery
charge/discharge statuses, developed within the Matlab/Simulink environment. Simulations were
executed following the WLTC standard driving cycle as per the global harmonized light vehicle
test procedure. The research outcomes demonstrate that electric vehicles equipped with two-speed
gearboxes exhibit stable engine operational parameters, maintaining a battery state of charge at
94.08% throughout a single test cycle.

Keywords: Electric vehicles, two-speed gearbox, motor, battery, state of charge, Matlab/Simulink.
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1. Pit van dé

Trong bdi canh bién dbi khi hau va 6
nhiém moi trudng ngay cang trd nén nghiém
trong, nhu cau vé cac giai phap giao thong
bén vitng dang tré nén cip thiét hon bao gid
hét. Nam 2023, Nghi vién va Hoi dong Chau
Au di stra d6i Quy dinh nhim ting cuong
céc tiéu chuén phat thai CO2 ddi vdi 6 to cho
khach va xe tai mé&i, hudng téi trung hoa vé
khi hau vao nam 2050. Sira d6i nay di cung
¢d cac muyc tiéu phat thai 4p dung tir nim
2030 va dat muc tiéu gidm phat thai 100%
cho ca 0 t6 con va xe tai tr nam 2035 tré di
[1]. Xe 6 t6 dién (EV) di ndi 1én nhu mot lya
chon tiém nang dé giam thiéu phat thai khi
nha kinh va giam sy phu thugc vao nhién liéu
héa thach. Tuy nhién, hiéu sudt va hiéu qua
str dung ning lugng cua xe dién van 1a nhiing
thach thuc 16n can duoc giai quyét dé thic
ddy su phd bién rong rai cua chung.

Mot trong nhirng yéu té quan trong anh
huéng dén hiéu suét cia xe dién 1a hé thong
truyén dong gém dong co va hop sb. Mat
khéc, ddy 1a phan tiéu thu ning lugng chinh
cua xe, co nhiém vu bién ddi nang luong dién
dugc luu trit trong pin thanh nang luwong co
hoc. Hau hét cac xe dién hién nay su dung
hop sb mot toc do do tinh don gian va chi
phi thap [2-4]. Tuy nhién, cac nghién ctru gin
ddy da chi ra rang viéc su dung hop sb hai
tdc d6 c6 thé cai thién hiéu suit cua xe dién,

dic biét 1a trong cac diéu kién van hanh khac
nhau nhu ting téc, leo déc va duy tri téc d6
cao [5-7]. Mat khac, dung lugng pin cia xe
dién ngoai viéc gidi han pham vi lai xe, tat
ca cac loai pin s€ tréd nén kém hiéu qua theo
thoi gian. Mic du dd c6 nhiéu tién bo déng ké
trong cong nghé san xuat pin dé ting mat do
ning luong va cai thién hiéu suét trong nhiéu
thap ky qua, tuy nhién, viéc nap/xa pin nhiéu
lan, sy mét 6n dinh cua dong xa dan dén kha
nang luu trit dién cua pin bi suy giam [8].
Trong khi gia pin xe dién con cao, sé luong
pin bi thai ra moi truong cling s€ tang 1én
dang ké. Viéc tai ché pin xe dién 1a khong
don gian do sy phirc tap trong thiét ké cua pin
Lithium-ion [9-10]. Do d6, can c6 giai phap
dé giup 6n dinh cuong do dong dién vao/ra
cua pin trong qua trinh sac/xa.

Bai bao nay tap trung nghién ciru anh hudng
cua hop s6 hai tdc do dén trang thai sac/xa cua pin
xe dién thong qua mé hinh hoa va mé phong. Phan
con lai ctia nghién ctru gdm ba phan: Phan 2 trinh
bay co s6 Iy thuyét cia mé hinh déanh gié; trén co
s& d6, Phan 3 s& xay dung phan mém mé phong
trang thai sac/xa cua pin bang Matlab/Simulink,
ddng thoi, trinh bay cac két qua mo phong va thao
luan; cudi cung, Phan 4 s& dua ra cac két luan
chinh va dinh huéng nghién ctru trong tuong lai.
2. Co s& 1y thuyét ciia md hinh
2.1. Cdu triic co bdn ciia hé¢ thong chuyén
déi ning lwong trong xe di¢n thudan pin

Hinh 1. Sy chuyén d6i nang luong trong xe dién

Bong co dién

HOP 56 o

B0 dieu khién
dong cor

Bo bien don
cong suat
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+—» | Dong néng hrong
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Su chuyén d6i ning lugng trong xe dién
duge mé ta trong Hinh 1, bao gom: (1) Pin
1a lwu trit niang luong dién dé cung cap cho
dong co dién. Hién nay, hiu hét cac xe dién
st dung pin lithium-ion vi ching c6 mat d¢
ning lugng cao va tudi tho twong dbi dai; (2)
B6 bién ddi cong suat 1a mot hé thong dién tir
chuyén d6i dién 4p va dong dién tir pin quy
sang dang phi hop dé cung cip cho dong co
dién va cac hé théng dién khac; (3) Bo diéu
khién dong co diéu khién hoat dong ctua dong
co dién bao gém: tdc d0, moé-men xodn, hé
thong phanh tai sinh; (4) Pong co dién duoc

cung cap nang luong tir nguon dién va bién

Hinh 2. So d6 danh gia

Chu trinh lii xe
2.2.1. Chu trinh ldi xe
Chu trinh dugc sir dung 1a WLTC duoc phat
trién dudi sy bao tro ctia Uy ban Kinh té Lién
hop qudc vé Chau Au nhim cung cép cac diéu
kién kiém tra thong nhat trén toan thé gidi cho
6 to dién dé xac dinh muc tiéu thu ning lugng

Bing lue hoe doe théin xe

doi nang lugng dién thanh nang lugng co hoc;
(5) Hop s sir dung dé diéu chinh tc d6 va mo
men xodn, téi wu hiéu suét dong co. Nhu vay,
su thay ddi cua cac ché do hoat dong nhu tde
d6, mé men, dia hinh doi hoi hé thong truyén
lyc phai dap tng duoc yéu cau dat ra, didu
nay tac dong tryc tiép dén thong sb hoat dong
cua pin.
2.2. So' d6 ddinh gid dnh hwéng ciia hép sé
hai téc dp dén trang thdi sac ciia pin

Pé danh gia duoc anh huéng cia hop sd
hai toc do dén trang thai sac cua pin, mot so
dd danh gia duoc xay dung nhu mé ta trong

Hinh 2, bao gdm cac khdi cu thé nhu sau:

Déng co va hp so Pin
dién va pham vi 14i xe tdi da. Do thi van toc
WLTP loai 3 [11] dugc mo ta trong Hinh 3 cung
cép cac gia tri van toc thay doi theo thoi gian khi
lai xe trong khu d6 thi, ngoai do thi va lai xe trén
cao toc duoc sir dung dé kiém tra hau hét cac
loai xe dién hién nay.

Hinh 3. Chu trinh 14i xe WLTC loai 3
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2.2.2. Bong lyc hoc doc than xe

Ngoai thanh phan lyc kéo dugc cung cip
boi hé théng truyén luc, xe con phai chiu tac
dung cta ba thanh phan luc can chinh trong qua
trinh di chuyén, g@)m: Luc can khi dong hoc;
Luc can lan cua lép xe; Luc can khi vuot déc
[12-13] (xem Hinh 4). Nhu vy, thanh phan luc

kéo F ctia xe phdi thoa man phuong trinh:
F=F,+F, +F, (1)

Trong dé:

- Luc can khi dong hoc F, xuat hién khi xe
di chuyén, phu thude vao van tde cuia xe va dong
khong khi V_va V , 4 la di¢n tich mt tru6e cta
xe, p 1a khoi luong riéng ctuia khong khi va hé sb

cdn cua khong khi C,:

Fi=SApC,0+V)" ()

- Luc can lan cua lép F, dugc xac dinh theo
phuong trinh:
F; =mgC; coscx (3)

v6i m 1a khdi lugng cia xe, g 1a gia toc trong
truong, C, 1a he s6 can lan, o 1a goc nghiéng clia
duong déc.

- Lyc can khi vuot déc F, xuét hién khi do

déc cua mat duong thay ddi:

Fy=tmgsina (4)

[73E2)

dau “+” khi xe chuyén dong 1én dbc va ddu
khi xe chuyén dong xubng déc.

Hinh 4. Bong luc hoc doc than xe

2.2.3. Dong co dién va hop $6

Cum dong co dién va hop sb can cung
cdp di moé men xoan can thiét dam bao rang
ludn dap ung dugc luc kéo tai cac banh xe dan
dong, mbi quan h¢ nay dugc xéac dinh nhu sau:

F = 30, 1000 Pyriy

T nDC‘JIBX

trong do, P, . la cong suit cua dong co dién
kW), n,. 1a tbc do quay cua dong co (vong/
phat), i, 14 ty sb truyén cua hop s, r,,1a ban
kinh ctia banh xe (m), 7, 1a hi¢u sudt truyén.
2.2.4. Pin

Trang thai sac cua pin (SOC - State of
Charge) 1a mot chi s6 quan trong dé dam bao
hiéu suat va an toan cho viéc sit dung pin. Céc
phuong phéap do ludng va gidm sat SOC dong
vai tr0 quan trong trong viéc quan ly nang
lugng va tudi tho cta céc thiét bi st dung pin.

Fy

Mot trong cac phuong phap dugce st dung
rong rdi dé wéc tinh SOC 1a xac dinh dung
lugng theo thoi gian [14]:

soc, = soc, , - % i, (k)

P

voi SOC,, 1a gia tri SOC ban dau, T, la
chu ky 1y mau do, 0, la dung luong pin danh
nghia, n 1 hiéu suét coulombic, i(k) 1a cudng
d6 dong dién tai thoi diém k.
3. M6 hinh dinh gia bang phin mém
Matlab/Simulink
3.1. Xdy dwng moé hinh Matlab/Simulink
Trén co s& 1y thuyét di trinh bay ¢ Phan 2,
so d6 mo phong danh gia thong sb hoat dong
cua pin khi sir dung hop sb hai téc do dugc
xdy dyng bang Matlab/Simulink nhu mé ta
trong Hinh 5.
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Hinh 5. M6 hinh Matlab/Simulink

efSpd Vén thc xe (km/h)

Téc 33 banh xe (vongiphit)

M8 men banh xe (Nm)
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Chu trinh 1ai xe Béng e hoe doc than xe
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Tie b dong oo E

.
T .

3.2. Thong s6 mé phong

Hé théing truyén ding Pin

=
Trang théi sac

Céc thong s6 mo phong sir dung trong bai toan moé phong duoc cho trong Bang 1 [15-16].

Bang 1. Cac thong s6 mo phong

Théng sb Ky hiéu Gia tri Pon vi
Xe dién
Khdi lugng xe m 1616,15 Kg
Dién tich mit trude A 2,1 m?
Heé s6 can khong khi C, 0,38 -
Mat d¢ khong khi p 1,23 kg/m?
Gia tdc trong truong g 9,81 m/s?
Hiéu suét truyén T 0,97 -
Ban kinh banh xe Thy 0.3234 m
Hé s6 can lan CL 0,01 -
Do dbc cua dudng a 0 0
Dién ap danh nghia cua pin Vp 240 V
Dung luong pin or 53 kWh
Hiéu suét Coulonbic 0,98 --
Trang thai sac ban diu SOCy_; 100% --
H¢ truyén dpng
Téc d6 téi da Ve 0 8600 vong/phiit
Cong suat dong co Priax 150 kw
M5 men ti da dong co o 360 Nm
Ty s6 truyén cép 1 i 10,64 -
Ty sb truyén cap 2 i7 5,12 --

3.3. Két qud va théo lugn

Tu m6 hinh Matlab/Simulink da xay dung
va thong s trong Bang 1, Hinh 6 dudi day 1a két
qua mo phong véi cac thong sb hoat dong ciia
ddng co gdbm tbc d6 va mod men.

Quan sat Hinh 6, tdc do t6i da dong co phai lam
viée 14 6203 vong/phit, trong khi mé men 16n nhét
14 58,81 Nm. So v6i mé men yéu cau tai banh xe

trén Hinh 7, viéc str dung hop s6 hai cp gitip phan

phdi strc manh ctia dong co hop 1y, tranh qua tai.
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Hinh 6.Thong s6 hoat dong cua dong co vai (a) Toc do va (b) M6 men
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Hinh 7. M6 men yéu cau tai banh xe dan dong
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Sau mot chu trinh kiém tra, dd thi bién thién SOC duoc mé ta trong Hinh 8 v4i SOC tai trang
thai cudi 12 94,08%, dung lugng pin da duoc sur dung 1a 5,92%.
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Hinh 8. Trang thai sac cta pin sau mot chu trinh kiém tra

[ [
| Trang thai sac |
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ris)
4. Két luan cip sé gia tang thoi gian dong co duoc lam viée

Bai b4o nay da danh gia anh hudng ctua hop
s6 hai toc do dén thong s6 1am viéc cua dong
co va trang thai sac cua pin. Tir cac két qua mo
phong va thao luan & trén, co thé rat ra cac két
luan chinh nhu sau: (7) Hop sb hai toc do giup
phan phdi sttc manh ciia dong co hop 1y trong
cac diéu kién van hanh khac nhau. Viéc ting sd

Tai liéu tham khao

trong ving hiéu suét cao; (2) Trang thai sac/xa
ctia pin da dugc chi ra lam tién dé cho viée quan
ly suc khoe cua pin.

Tuy nhién, nghién ctru nay con mot s6 diém
han ché khi chua xem xét dén cac vin dé hiéu
suit cua hop $6. Vi vay, n6 s€ 1a mdt trong nhitng
muc ti€u nghién ctru trong twong lai cua toi.
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