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TÓM�T�T

� Bài�báo�này�tr�nh�bày�ph��ng�pháp�m��h�nh�hóa�toán�h�c�và�m��ph�ng�h��th�ng��i�u�khi�n�

xe�Hybrid�(HEV)�d�a�tr�n�c�u�trúc�b��chia�c�ng�su�t�(Power�Split�Device�-�PSD).�Nghi�n�c�u�t�p�

trung�vào�vi�c�x�y�d�ng�h��ph��ng�tr�nh���ng�l�c�h�c�cho���ng�c����t�trong�(�CE),�hai�máy��i�n�

(MG1,�MG2)�và�h��th�ng�l�u�tr��n�ng�l��ng�(Battery).�Các�thu�t�toán��i�u�ph�i�n�ng�l��ng�c�a�

b���i�u�khi�n�xe�(HV�ECU)�và�s���nh�h��ng�c�a�ph��t�i��i�u�hòa�(A/C)����c�tích�h�p�����ánh�giá�

tr�ng�thái�s�c�(SoC)�c�a�pin.�K�t�qu��m��ph�ng�tr�n�ph�n�m�m�Octave�cho�th�y�s��t��ng�quan�ch�t�

ch��gi�a�các�thành�ph�n�c��-��i�n�trong�h��th�ng.

� T��khóa:��e�hybrid��B��chia�c�ng�su�t��M��ph�ng.

ABSTRACT

� This�paper�presents�a�mathematical�modeling�and�simulation�method�for�a�Hybrid�Vehicle�

(HEV)�control� system�based�on�a�Power�Split�Device� (PSD)�architecture.�The� study� focuses�on�

developing�the�dynamic�equations�for�the��nternal�Combustion�Engine�(�CE),�two�electric�motors�

(MG1,�MG2),�and�the�energy�storage�system�(Battery).�Energy�coordination�algorithms�for�the�HV�

ECU�controller�and�the�in�uence�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.

� K��words:�Hybrid�Vehicle��PSD��Octave�Simulation.
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1.�G����TH��U

� H��th�ng�xe�Hybrid,���c�bi�t�là�dòng�xe�
s��d�ng�b��truy�n���ng�hành�tinh�(nh��Toyota�
Prius),� �óng�vai� trò�quan� tr�ng� trong�vi�c� t�i�
�u�hóa�hi�u�su�t�nhi�n�li�u.�S�����h��th�ng�bao�
g�m�s��ph�i�h�p�ph�c�t�p�gi�a�các���n�v���i�u�
khi�n��i�n�t��(ECU),�b��bi�n�t�n�(Inverter)�và�
các�thành�ph�n�c��khí��1,�2�.�Vi�c�m��h�nh�hóa�
chính�xác�dòng�n�ng�l��ng�là�b��c�ti�n�quy�t�
���phát�tri�n�các�thu�t�toán��i�u�khi�n�t�i��u.

� H��th�ng�bao�g�m�các�kh�i�ch�c�n�ng�
chính� ���c�k�t� n�i� th�ng�qua�m�ng�CAN�và�
các����ng�truy�n�c�ng�su�t�(H�nh�1):

� ��HV�ECU:�Trung�t�m��i�u�ph�i,�nh�n�
tín�hi�u�t��c�m�bi�n�bàn���p�ga�và�phanh.
� ��Planetary�Gear�Unit�(PSD):�B��bánh�
r�ng�hành�tinh�k�t�n�i�ICE,�MG1�và�MG2.
� ��H��th�ng��i�n�áp�cao:�Bao�g�m�Pin�HV,�
Inverter,�Boost�Converter�và�A/C�Converter.
 

2.�MÔ�HÌNH�TO�N�H�C

2.1.���ng�h�c�b��chia�c�ng�su�t�(PSD)

� M�i�quan�h��v�n�t�c�góc�gi�a�bánh�r�ng�
m�t� tr�i� (Sun�-�MG1),�bánh�r�ng�bao�(Ring�-�
MG2)�và�giá�hành�tinh�(Carrier�-�ICE)����c�xác�

��nh�b�i�t��s��r�ng� .

 �(1)

� Trong��ó:�
� +��

c
:�T�c����quay�c�a�giá�hành�tinh,�k�t�

n�i�tr�c�ti�p�v�i�tr�c�khu�u���ng�c��x�ng�(ICE).
� +� �

r
:� T�c� ��� c�a� bánh� r�ng� bao,� t�� l��

thu�n�v�i�v�n�t�c�xe�(k�t�n�i�v�i�MG2�và�vi�sai).

� ���minh�h�a�tr�c�quan�m�i�quan�h��này,�
s������òn�b�y�(Lever�Analogy)����c�s��d�ng����
ph�n�tích�s��c�n�b�ng�t�c����và�m�-men.

2.2.���ng�l�c�h�c�m�-m�n�xo�n�và�Pin

� Tr�ng�thái�s�c�(SoC)����c�xác���nh�d�a�
tr�n�t�ng�dòng��i�n�x��t��các�thành�ph�n:

(2)

H�nh�1.�S�����h��th�ng�c�u�trúc�xe�Hybrid�và�ngu�n�n�ng�l��ng
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� Trong��ó:

K��hi�u T�n�g�i ��n�v� Ý�ngh�a�v�t�l�

SoC(t) Tr�ng�thái�s�c�t�i�th�i��i�m�t %
T��l��n�ng�l��ng�còn�l�i�trong�pin�so�v�i�dung�
l��ng���nh�m�c.

SoC(0) Tr�ng�thái�s�c�ban���u %
M�c�pin�t�i�th�i��i�m�b�t���u�m��ph�ng�(ví�
d�:�60%).

T
mg1

��
s

C�ng�su�t��i�n�MG1 W
C�ng�su�t�t�c�th�i�c�a�máy�phát�MG1.�
Th��ng�có�giá�tr���m�(�ang�n�p�pin).

T
mg2

��
r

C�ng�su�t��i�n�MG2 W
C�ng�su�t�t�c�th�i�c�a�m�-t��MG2.�D��ng�
khi�kéo�xe,��m�khi�phanh�tái�t�o.

P
ac

C�ng�su�t��i�u�hòa W
N�ng�l��ng�ti�u�th��b�i�máy�nén��i�n�
(Electric�Inverter�Compressor).

P
aux

C�ng�su�t�ph��t�i W
N�ng�l��ng�cho�h��th�ng�12V�(�èn,�ECU,�
qu�t)�qua�b��DC-DC�Converter.

V
batt

�i�n�áp�pin V �i�n�áp���nh�m�c�c�a�kh�i�pin�cao�áp

C
cap

Dung�l��ng�pin Ah Kh��n�ng�l�u�tr���i�n�tích�c�a�pin.

dτ Bi�n�tích�ph�n -
��i�di�n�cho�b��c�th�i�gian�si�u�nh��trong�
quá�tr�nh�tính�toán.

3.�K�T�QU��MÔ�PH�NG�V��TH�O�LU�N

� M��ph�ng����c�th�c�hi�n�tr�n�Octave�
trong�30�gi�y�v�i�các�giai��o�n:���ng�y�n�(0-
5s),�T�ng�t�c�(5-20s)�và�Phanh�tái�t�o�(20-30s).

3.1.�Ph�n�tích�t�c����góc�các�thành�ph�n

� H�nh�2�cho�th�y�s��ph�i�h�p�gi�a�ICE�
và�các�m�-t�.�Khi�xe���ng�y�n�nh�ng�c�n�b�t�
�i�u�hòa�ho�c�s�c�pin,�MG1�quay����kh�i���ng�
ICE.�
 

H�nh�2.�T�c����góc�(RPM)�c�a��CE,�MG1�và�MG2�

trong�các�chu�tr�nh�lái.

� K�t� qu��m��ph�ng�minh� ch�ng� rõ� r�t�
cho�kh��n�ng�bi�n�thi�n�v��c�p��i�n�t��(e-CVT)�
c�a�b��chia�c�ng�su�t.�Khác�v�i�h�p�s��c��khí�
truy�n� th�ng,� t�c� ��� c�a� ICE� trong�m�� h�nh�
kh�ng�ph��thu�c�tuy�n�tính�vào�t�c����xe.�Khi�
xe�t�ng�t�c�(t��gi�y�th��5���n�20),�t�c����MG1�
gi�m�xu�ng�giá�tr���m.�Theo�ph��ng�tr�nh�(1),�
vi�c�này�cho�phép�t�c����c�a�ICE�duy�tr����m�c�
2500�v/p�là�v�ng�có�hi�u�su�t�nhi�t�t�i��u�ngay�
c�� khi� t�c� ��� xe� �ang� thay� ��i.�K�t� qu�� này�
t��ng���ng�v�i�các�th�c�nghi�m�tr�n�dòng�xe�
Toyota�Prius�th��h��th��3����c�c�ng�b��trong�
nghi�n�c�u�c�a�Gu��ella��2�,�n�i�ICE����c�gi��
�����ng���c�tính�ti�u�hao�nhi�n�li�u�th�p�nh�t.

3.2.�Bi�n�thi�n�tr�ng�thái�s�c�(SoC)
� H�nh�3�th��hi�n�s��s�t�gi�m�(SoC)�khi�
h�� th�ng� s�� d�ng� �i�n� ��� h�� tr�� t�ng� t�c� và�
duy� tr��máy�nén��i�u�hòa� (P

ac
�=�1500W).�T�i�

gi�y�th��20,�khi�th�c�hi�n�phanh�tái�t�o,�MG2�
��o�chi�u�m�-men����n�p�l�i��i�n,�làm����ng�
cong�SoC��i� l�n.�So�sánh�v�i�nghi�n�c�u�c�a�
K.�Chau� �3�� th��hi�u� su�t� thu�h�i�n�ng� l��ng�
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trong�m��h�nh���t�kho�ng�65-70%�(sau�khi�tr��

t�n� th�t� t�i� bi�n� t�n).�K�t�qu��này�n�m� trong�

d�i�cho�phép�c�a�các�h��th�ng�phanh�ph�i�h�p.

H�nh�3.�Bi�n�thi�n�tr�ng�thái�s�c�SoC�c�a�Pin�cao�áp.

3.3.�Ph�n�b��m�-m�n�xo�n

� S�� ph�n� b��m�-men� gi�a� phanh� �i�n�

(MG2)�và�phanh�th�y�l�c����c��i�u�khi�n�b�i�

b��ECU������m�b�o�an� toàn�và� thu�h�i�n�ng�

l��ng�t�i��a��3,�4�.

4.�K�T�LU�N

� Nghi�n� c�u���� cung�c�p�m�t�cái� nh�n�

chi� ti�t� v�� s�� t��ng� tác� gi�a� các� thành� ph�n�

�i�n�và�c��khí�trong�h��th�ng�hybrid.�Vi�c�s��

d�ng�Octave����gi�i�h��ph��ng�tr�nh���ng�l�c�

h�c�th�i�gian�th�c�cho�th�y���y�là�m�t�c�ng�c��

m�nh�m�,�ti�t�ki�m�chi�phí�cho�vi�c�thi�t�k��và�

th��nghi�m�s��b��các�chi�n�thu�t�qu�n�l��n�ng�

l��ng�(EMS).�
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