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1. TOm tit ndi dung luiin an
Muc ti€u chinh cua luan an 1a nghién ctru thu hoi nguén nang lugng dién cam ton tai trén
cac cudn day trong qué trinh hoat dong dé tai str dung cho viéc cai thién tinh dap tng cua
kim phun. No6i dung nghién ctru khong nhitng gép phan tiét kiém ning luong trén dong co
danh ltra cudng btirc ma con gidp tiét kiém nhién liéu, giam thiéu 6 nhiém méi trudng va

tang tudi tho cac chi tiét dién tir cua hé thong dién trén o to.

Luan an duoc trinh bay trong 05 chuong bao gom 99 trang (khong ké phan tai liéu tham
khao va phu lyc). Trong d6, chuong 1 trinh bay tong quan cic van dé nghién ciru vé hé
théng niang lugng dién cam trén 6 t0, phan tich cic cong trinh trong va ngoai nudc c6 dé
cap dén hudng nghién ctru. Trén co so d6, ngudi nghién ciru dé xuit muyc tiéu va ndi dung
nghién ctru. Chuong 2 nghién ctru sinh phan tich co s& Iy thuyét vé cudn cam, ning luong
dién cam, xay dung md hinh, tinh todn va moé phong nang luong tich Iy trén bobine, kim
phun. Co so 1y thuyét hé siéu tu, két ndi phu tai dién, cai thi¢én d§ nhay kim phun cling dugc
xem xét. Noi dung chuong 3 qua trinh thiét ké hé théng thu hoi va tich trit nang luong dién
cam thong qua viéc khao sat dang song suét dién dong tu cam thuc té, thi cong md hinh
thue nghiém, thiét ké hé thong thu thap dit 1iéu, thu hoi, tich trir ning luong, thi cong mach
diéu khién kim phun st dung ning lugng dién cam tai sinh. Chuong 4 trinh by quéa trinh
thue nghiém va danh gia san pham nghién ctru qua 02 giai doan. Giai doan 1: thir nghiém

thu thap dit liéu va tinh toan nang luong thu héi & cac ché dd van hanh khac nhau trén mo




hinh thuc nghiém. Giai doan 2: thir nghiém san pham trong trén xe thuc té trong phong thir
nghiém theo chu trinh ECE R15, tir ¢6 danh gia hiéu qua va so sanh két qua thu duogc voi
nghién ciru 1y thuyét va cac nghién ctru khac. Chuong 5 khang dinh cac két qua dat duoc

trong qué trinh nghién ctru va kién nghj huéng phat trién.

2. Tinh méi cia luan an
Thu hoi va st nang lugng dién cam trén 6 t6 1a mot hudng nghién ctru moi trong linh vyc

0 t0 hién nay. Van d¢ nay chua c6 nhiéu cong bo khoa hoc trong nudc va quoc te.

Nang lugng di¢n cam ton tai trén 6 to dudi dang cac suat dién dong c6 bién do tur 70V dén
500V, lan truyén trén toan hé thong dién 6 to, anh hudng xau dén tudi tho thiét bi dong
ngat, linh kién dién tr, sinh nhiét va lang phi ning lugng. Thong qua luan an nay, ning
lwong dién cam da duoc thu hoi, tich trir vao hé siéu tu dién va tng dung ning luong tai

sinh vao viéc cai thién gap do nhay cua kim phun xang.

Thong qua cac nghién ctru, tinh mdi cta luan an tong hop va thé hién véi cac diém nhu sau:
- Xy dyng mé hinh vat 1y va mé hinh toan cho hé thdng thu héi ning lugng dién cam trén
bobine bang viéc sir dung hé siéu tu dién.

- Thiét ké, ché tao mé hinh thtr nghiém thu hoi nang luong dién cam trén cac cudn diy so
cap bobine va cac kim phun.

- Str dung hé siéu tu dién tich trit nang lugng tu cam dé cai thién do nhay kim phun.

San pham nghién ctru 14 bo thu hoi va tich trir nang lwong khi lap trén 6 t6 khong lam anh
huong tinh ning dong hoc cua xe. Pic tuyén vé cong suit va momen dong co khong thay

d6i dang ké khi duoc lap bo thu hoi, tich trir ning lugng dién cam.

Céc két qua nghién ctru c6 tinh khoa hoc, cip thiét, rd rang, trung thuc duogc thé hién thong
qua 08 bai bao da dugc tac gia cong bd trén cac tap chi khoa hoc trong va ngoai nudc.
Trong d6, c6 07 bai bao cong bd trén cac tap chi trong nude, 01 bai béo cong b trén tap

chi quoc te.




Céc két qua nghién ciru cua ludn an c6 déng gop hiru ich cho linh vuc khoa hoc chuyén
nganh k¥ thuat co khi néi chung, chuyén nganh co dién tir 6 to ndi riéng. Pay 1a nén tang
cho cac nghién ctru trong twong lai vé van dé ning luong dién cam trén 6 t6 va tng dung
hé siéu tu dién trén 0 tO.

TP. Ho Chi Minh, ngay 04 thang 06 nam 2021

Nghién ctlru sinh
(ky va ghi ho tén)

Phan Nguyén Qui TAm
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1. Thesis summary
The main pupose of the thesis is to recover the self-inductance energy occurring in coils
during circuit switching, and then use it as regenerating power to improve the fuel injector
response. In addition, the thesis not only saves the energy recovery problem on the internal
combustion engine but also solves fuel economy, environmental pollution, and protection

of electronic elements in vehicle electrical systems.

The thesis is presented in 5 chapters including 99 pages (excluding references and
appendices). Chapter 1 presents an overview of research issues on inductive energy in cars,
analysis of literature, referring to the research direction that is being focused. On that basis,
the researcher proposes research objectives and content. In Chapter 2, the author analyze
the theoretical basis of inductors, inductance energy, built a mathematical model, calculate
and simulate the accumulated energy on the ignition coils and injectors. Theoretical basis
for supercapacitors, connecting electrical loads, improving injector sensitivity also are
carried out. Content of Chapter 3 shows the process of designing the inductive energy
recovery and storage system through the investigation of the actual inductive electric power
waveform, construction of the experimental model, design of the data collection system,
recovery, storage of energy, building the of control circuits of injectors which have used
for regenerative inductive energy. Chapter 4 presents the process of experimentation and

evaluation of research products through 02 phases. Phase 1: Testing data collection and




calculation of recovered energy in different operating modes on the experimental model.
Phase 2: Testing the internal product on real car in the laboratory according to the ECE R15
cycle, thereby evaluating the efficiency and comparision the obtained results with
theoretical research and other studies. Chapter 5 confirms the results achieved in the

research and recommends the direction of development.

2. Thesis novelty
The recovery as well as application of inductance energy is a new research trend in
automobiles today. This issue has not had much national and international scientific

publications.

Inductive energy exists in automobiles in the form of electromotive forces with amplitudes
from 70V to 500V that previously propagated throughout the automotive electrical system,
adversely affecting the life of switch, electronic components, and generating heat and waste
energy. Through the thesis, inductive energy has been recovered and stored in the
supercapacitors and regenerative energy is applied to improve the sensitivity of the fuel

injectors.

Through the research, the novelty of the thesis is synthesized and expressed with the
following points:

- Building physical and mathematical models for ignition coils and injectors based on
inductance energy recovery system by using supercapacitors.

- Designing and manufacturing experimental models to recover inductive energy on
ignition coils and injectors.

- Using the supercapacitor system to store inductive energy to improve injector sensitivity.
The research product is an energy recovery and storage unit that, when mounted on a real
car, without affect the vehicle's dynamics. The power and torque characteristics of the
combustion engine are not significantly reduced when the inductive energy storage and

recovery unit is installed.




The scientific, urgent, clear and honest research results are shown through 08 articles
published by the author in domestic and overseas scientific journals. In which, there are 07

articles published in domestic journals, 01 articles published in international journal.

The research results of the thesis have made useful contributions to the field of science
majoring in mechanical engineering in general, and majoring in automotive mechatronics
in particular. This is the foundation for further research on the problem of inductive energy

in automobile and the application of supercapacitor systems in cars.
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PhD candidate
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