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TOM TAT

Bai bdo nay trinh bay phwong phdp mé hinh héa todn hoc va mé phéng hé thong diéu khién
xe Hybrid (HEV) dya trén cdu triic bg chia cong sudt (Power Split Device - PSD). Nghién ciru tdp
trung vao viéc xdy dwng hé phwong trinh déng liwc hoc cho Béng co dot trong (ICE), hai mdy dién
(MG1, MG2) va hé thong heu triv nang lwong (Battery). Céc thudt todn diéu phoi nang leong cia
bé diéu khién xe (HV ECU) va s dnh hwéng ciia phu tdi diéu hoa (A/C) duoe tich hop d@é danh gid
trang thdi sac (SoC) ciia pin. Két qua mé phong trén phan mém Octave cho thdy sw tuwong quan chdt

ché giita cdc thanh phan co - dién trong hé thong.
Tir khéa: Xe hybrid; B chia cong sudt; M6 phong.
ABSTRACT

This paper presents a mathematical modeling and simulation method for a Hybrid Vehicle
(HEYV) control system based on a Power Split Device (PSD) architecture. The study focuses on
developing the dynamic equations for the Internal Combustion Engine (ICE), two electric motors
(MG1, MG2), and the energy storage system (Battery). Energy coordination algorithms for the HV
ECU controller and the influence of the air conditioning (A/C) load are integrated to evaluate the
battery's State of Charge (SoC). Simulation results using Octave software show a strong correlation

between the electromechanical components in the system.
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1. GIOI THIEU

Hé¢ thong xe Hybrid, dic biét 1a dong xe
sir dung b truyén dong hanh tinh (nhu Toyota
Prius), déng vai tro quan trong trong viéc tdi
uu hoa hiéu suat nhién liéu. So d6 hé théng bao
g6m su phdi hop phtc tap giita cac don vi diéu
khién dién tur (ECU), bo bién tin (Inverter) va
cac thanh phﬁn co khi [1, 2]. Viéc md hinh hoa
chinh x4c dong ning lugng 13 budc tién quyét
dé phat trién cac thuat toan diéu khién tbi uu.

Hé thong bao gdm cac khéi chic ning
chinh dugc két ndi thong qua mang CAN va
cac duong truyén cong suat (Hinh 1):

« HV ECU: Trung tim diéu phdi, nhan
tin hiéu tir cam bién ban dap ga va phanh.

* Planetary Gear Unit (PSD): B banh
rang hanh tinh két néi ICE, MG1 va MG2.

« Hé thong dién 4p cao: Bao gdm Pin HV,
Inverter, Boost Converter va A/C Converter.
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Hinh 1. So do hé thong cdu triic xe Hybrid va nguon nang heong

2. MO HINH TOAN HQC
2.1. Pong hoc b chia cong suat (PSD)
Mdi quan hé van tdc goc giira banh ring

mat troi (Sun - MG1), banh rang bao (Ring -
MG@G?2) va gia hanh tinh (C%rrier - ICE) duoc xac
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Trong do:
To; Téc d6 quay cua gia hanh tinh, két

néi truc tiép véi truc khuyu dong co xang (ICE).
+ o Toc d6 cua banh rang bao, ti 18
thuan véi van toc xe (két ndi véi MG2 va vi sai).

Pé minh hoa tryc quan mdi quan hé nay,
so do don bay (Lever Analogy) dugc str dung dé
phan tich su can bang toc do va mé-men.

2.2. Pong luc hoc mo-men xoan va Pin

Trang thai sac (SoC) duoc xac dinh dya
trén tong dong dién xa tir cac thanh phan:

+Tngz @y +Pg0+Pgyz)

SoC(t) = Soc(0) — [ Tmare
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Trong do:
Ky hié¢u Tén goi Don vi Y nghia vat ly
SoC(t) Trang thai sac tai thoi diém t | % Tile nang luqrng con lai trong pin so voi dung
luwong dinh muc.
. A Mirc pin tai thoi diém bat dau mo phong (vi
0, 3
SoC(0) Trang thai sac ban dau %o du: 60%).
T o Cong sudt dién MG1 W Cong suat,tufz,thc.rlAcua may phat MGI.
mgl s Thuong c6 gia tri am (dang nap pin).
) A L ain Cong suét tic thoi ciia mo-to MG2. Duong
T2 ®: Cong suat dién MG2 w khi kéo xe, am khi phanh ti tao.
P Cong sut didu hoa W Nang ll.r(_mg tiéu thu bdi may nén dién
ac (Electric Inverter Compressor).
. £ . Ning luong cho hé théng 12V (dén, ECU,
aux Cong suat phu tai quat) qua b DC-DC Converter.
ot bién ap pin v bién ap dinh muc cua khoi pin cao ap
Co, Dung lugng pin Ah Kha nang luu trir dién tich cua pin.
d Bién tich phan i Ba} d1\¢n C%IO bugc thoi gian si€u nhd trong
qué trinh tinh toan.

3.KET QUAMO PHONG VA THAO LUAN

Mo phong dugc thyc hién trén Octave
trong 30 gidy voi cac giai doan: Bung yén (0-
5s), Tang toc (5-20s) va Phanh tai tao (20-30s).

3.1. Phan tich tdc dd goc cac thanh phan

Hinh 2 cho thiy su phdi hop gitta ICE
va cac mo-to. Khi xe dimg yén nhung can bat
diéu hoa hoidc sac pin, MG1 quay dé khoi dong
ICE.
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Hinh 2. Toc dé goc (RPM) cua ICE, MG va MG2
trong cdc chu trinh ldi.
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Két qua m6 phong minh ching rd rét
cho kha ning bién thién vo cap dién tir (e-CVT)
ctia b chia cong suat. Khac voi hop sb co khi
truyén thong, toc do ctia ICE trong md hinh
khong phu thudc tuyén tinh vao toc do xe. Khi
xe tang toc (tir gidy thir 5 dén 20), toc 46 MG1
giam xudng gia tri Am. Theo phwong trinh (1),
viéc nay cho phép téc d6 cua ICE duy tri ¢ mirc
2500 v/p 1a ving c6 hiéu suat nhiét toi uu ngay
ca khi toc do xe dang thay dbi. Két qua nay
tuong dong véi cac thuc nghiém trén dong xe
Toyota Prius thé hé thtr 3 dwoc cong b trong
nghién ctru cuia Guzzella [2], noi ICE dugc git
& duong dic tinh tiéu hao nhién liéu thap nhat.

3.2. Bién thién trang thai sac (SoC)

Hinh 3 thé hién su sut giam (SoC) khi
hé théng su dung dién dé hd tro tang tde va
duy tri méy nén diéu hoa (P_ = 1500W). Tai
giay thur 20, khi thyc hi¢n phanh tai tao, MG2
ddo chiéu mo-men dé nap lai dién, 1am duong
cong SoC di Ién. So sanh v6i nghién cuu cua

K. Chau [3] thi hiéu suat thu hdi ning luong &~
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trong mo hinh dat khoang 65-70% (sau khi trir
tén that tai bién tan). Két qua nay niam trong
dai cho phép cua cac hé thdng phanh phdi hop.

70% . .

Tang 1be | Phanh ti tpo
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Hinh 3. Bién thién trang thdi sac SoC ciia Pin cao dp.
3.3. Phin bé mé-men xoin

Su phan bé mé-men gitra phanh dién
(MG2) va phanh thuy lyc dugc diéu khién boi
bd ECU dé dam bao an toan va thu hdi ning
lugng t6i da [3, 4].
4. KET LUAN

Nghién ctru da cung cdp mot cai nhin

chi tiét vé sy tuong tac giita cac thanh phan
dién va co khi trong hé thong hybrid. Viéc sir

dung Octave dé giai hé phuong trinh dong luc
hoc thoi gian thyc cho thay day 1a mot cong cu
manh mé, tiét kiém chi phi cho viéc thiét ké va
thir nghiém so bo cac chién thuat quan 1y ning
luong (EMS). %
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