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HIEU TRUONG TRUONG PAI HQC SU PHAM KY THUAT TP. HO CHI MINH

Cén cu quyét dinh s6 426/QD-TTg ngay 27/10/ 1976 cua Thu tuéng Chinh phi quy
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LY LICH KHOA HQOC

I.LY LICH SO LUQC

Ho va tén: Phan Nguyén Qui Tam Gidi tinh: Nam
Ngay, thang, ndm sinh: 02-12-1981 Noi sinh: Binh Duong
Qué quan: Phuong 13, Quan 10, TP.HCM Dan toc: Kinh

Pon vi cong tac: Truong Pai Hoc Su Pham Ky Thuat TP. Hb Chi Minh
Chd o riéng hoic dia chi lién lac: 295/2 khu phd Tay B, Phuong Pong Hoa,

TP. Di An, tinh Binh Duong.

1. Pai hoc:

E-mail: tampng@hcmute.edu.vn bién thoai: 0909690124
II. QUA TRINH PAO TAO
Hé dao tao: Chinh quy Thoi gian dao tao tir 09/1999 dén 03/2004

Noi hoc: Truong Dai Hoc Su Pham Ky Thuat TP. H6 Chi Minh

Nganh hoc: Co Khi Bong Luc

Tén d6 &4n: M6 phong hé thong cung cap dién trén 6 to

Ngay va noi bao vé do an: 01/2004, Khoa Co Khi Pong Luc, Truong Dai

Hoc Su Pham K¥ Thuat TP. H6 Chi Minh

Nguoi huéng dan: TS. P6 Vin Diing

2. Thac si:

Hé dao tao: Chinh quy Thoi gian ddo tao tir 09/2005 dén 09/2007
Noi hoc: Truong Dai Hoc Su Pham K§ Thuat TP. H6 Chi Minh
Nganh hoc: Khai thac va bao tri 6 td may kéo

Tén luan van: Nghién ctiu, ché tao bo diéu téc dién tir cho dong co Diesel ding

bom cao 4p VE

Ngay va noi bao vé luan van: 05/2007, Khoa Co Khi Bong Luc, Truong Dai

Hoc Su Pham K¥ Thuat TP. H6 Chi Minh

Ngudi huong dan: PGS.TS. B6 Vin Diing
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Thot gian
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07/2004-07/2005

Truong Pai Hoc Su Pham
K§ Thuat TP. H5 Chi Minh

Giang vién tap su nganh cong
ngh¢ k¥ thuat 6 t6, Khoa Co
Khi bong Luc

08/2005-01/2015

Truong Pai Hoc Su Pham
K$ Thuat TP. H5 Chi Minh

Giang vién nganh cong nghé
k¥ thuat 6 t6, Khoa Co Khi
bong Luc

02/2015-12/2015

Truong Pai Hoc Su Pham
K$ Thuat TP. H6 Chi Minh

Giang vién, Truong nganh
cong ngh¢ ky thuat 0 t0,
Khoa Pao Tao Chat Luong

Cao

01/2016-nay

Truong Pai Hoc Su Pham
K$ Thuat TP. H5 Chi Minh

Phé truong phong Thiét Bi
Vat Tu

Giang vién nganh céng nghé
k¥ thuat 6 t6, Khoa Co Khi
bong Luc
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- Hé théng dién diéu khién dong co 6 to.

- Ky thuat chan doan hé théng dién o to.

- Ky thuat stra chita dong co dbt trong.




V. CAC CONG TRINH NGHIEN CUU KHOA HQC

5.1 Cac cong trinh di cong bd
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thong tich Iy nang PR Duc Ky Thuat so 32
2 A \ Qui Tam
luong dién dang cam
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Tinh toan suét dién Phan Nauvan | TP chi Khoa Hoc Gido | 2015
3 dong tu cam trén hé Qui 'Igérz Duc Ky Thuat so 32
thong danh Itra lai
Do luong va kiém soat | Tapchi Khoa Hoc Gido | 2020
4 nang lugng di¢n cam Phan Nguyen Duc Ky Thuat so 61
trén 6 t0 st dung Qui Tam
LabVIEW
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5 | thu hoi nang lugng f Duc Ky Thuat so 61
-G Qui Tam
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N A Phan Nguyen | Cong Ngh¢, Truong Dai
6 dién cam trong hé P A 2
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Noi tap 57 - so 01
Ung dung siéu ty nang N Tap chi 2021
2 | cao tinh dap Gng cua Phan Nguyen | co Khi Viét Nam sé 1+2
kim phun nhién li¢u Qui Tam
trén dong co xang
Evaluation of Applying International Journal of 2021
Various High Voltage x Transportation
8 | Levels to Improve Fuel PhgTJiN_?;%/en Engineering and
Injector Response Time Technology
on Gasoline Engines
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9 | nguon nang luong tu an 'N\guyen Duc Ky Thuat so 63

cam kim phun trén 6 t6

Qui Tam
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STT hoan - .
. trinh tham gia
thanh X oxs
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1| hé théng danh lira tryc trid 2008 hoc cap BO
¢ thong danh Itra tryc trié
P NS HeTep B2006-22-11
Nghién ctru, ché tao hé Nghién ctru khoa Tham gia
thong nhién li¢u kép (Diesel hoc cap Bo
2 | —LPG) cho dong co Diesel 2010 B2008-22-31
dung cho xe tai va xe bus c&
nho.
H¢ théng danh Pan-qui trinh Nghién ctru khoa Chu tri
3 chan doan h¢ thong di¢u 2010 hoc cap Truong
khién dong co Nissan dung T2009-24
cam bién quang
Thiét ké, thi cong md hinh Nghién ciru khoa Ch tri
4 | dong co h¢ thong danh lura 2010 hoc cap Truong
kieu VAST T2010-13
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Thiét’ké, th} c()ngqm() hinh hoc cép Truong
5 | hé thong diéu khién dong co 2011 Trong diém
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Thiét ké, thi cong md hinh Nghién ctru khoa Chu tri
6 | cac loai hé thong danh lira 2012 hoc cap Truong
Transistor T2012-20
Thi cong mé hinh hién thi Nghién ctru khoa Chu tri
7 | thong tin trén dong ho trung | 2013 hoc cap Truong
tam T2013-71
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8 thong tich lily nang lugng 2015 hoc cap Truong

dién dang cam khang trén 6
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Trong diém
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LOI CAM POAN

To6i cam doan day la cong trinh nghién ctiru khoa hoc cua toi.
Cac sd liéu, két qua néu trong Luan an 1a trung thuce va chwa tirng dugc ai cong
bd trong bat ky cdng trinh nao khac.
T6i cam doan rang ndi dung tham khao cho viéc thuc hién luan an di duoc
trich dan rd rang.
Tp. Hé Chi Minh, ngay 04 thang 06 ndm 2021
(Ky va ghi rd ho tén)

Phan Nguyé&n Qui Tam
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LOI CAM ON

Nguoi nghién ciru xin chan thanh cam on:
- PGS.TS P Vin Diing va TS. Nguyén Bé Hai, hai giang vién huéng dan khoa hoc,
d3 cho t6i co hoi bat dau luan an, tan tinh huéng dan, dinh huéng, danh thoi gian doc
va hiéu chinh ndi dung khoa hoc.
- Ban Giam Hiéu, Phong Pao Tao — B phan Sau Pai Hoc, Ban Chu Nhiém Khoa Co
Khi Pong Lyc, Khoa Co Khi Ché Tao M4y, Khoa Dién — bién T, Quy Thay, Co
gi4o Truong DPHSPKT TP. HCM.
- Cac dong nghiép, cong su tai phong thi nghiém dién tir 6 t6, phong thi nghiém 6 t6
Truong DPHSPKT TP. HCM di tan tinh hd tro, dong vién tdi trong sudt thoi gian dai
thuc hién noi dung khoa hoc.
- Céc thanh vién hoi dong danh gia da danh thoi gian doc, gop y ndi dung nghién ciu.
- Céac chuyén gia dau nganh, cac nha khoa hoc da phan bién, gop y cho cac bai bao
khoa hoc, tdm tét luan an.
- Céc Anh, Chi hoc vién cung nién khda 2013-2016 nganh k§y thuat co khi.
- Nhiing thanh vién gia dinh, ngudi than da ludn tin tuéng, ung ho va tao moi diéu
kién thuan loi dé nghién ctu sinh chuyén tdm trong qué trinh hoc tap, nghién ctu va
thuc hién luan an.
Trén trong.

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

Nghién ctru sinh

Phan Nguyén Qui Tam
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TOM TAT NHUNG PONG GOP MOI CUA LUAN AN

Ho & tén NCS: Phan Nguyén Qui TAm MSNCS: 13252010304
Thudc chuyén nganh: Ky Thuat Co khi Khoa: 2013-2016
Tén luan 4n: Nghién ctru, ing dung nang luwgng dién cdm trén 6 to
Nguoi huéng dan chinh: PGS.TS. P Vin Diing
Nguoi huéng dan phu: TS. Nguyén Ba Hai
Tém tat nhirng dong gop méi vé 1y luin va hoc thuit cia luin an:
Thu héi va sir nang lugng dién cam trén 6 t6 13 mot hudng nghién ctru mdi hién nay.
Muc tiéu chinh cua luan an la nghién ctru thu hoi nguén nang luong dién cam ton tai
trén cac cudn day trong qua trinh hoat dong dé tai sir dung cho viéc cai thién tinh dap
ng ciia kim phun. Nghién ctru khong nhitng gop phéan giai quyét van dé nang luong
trén dong co danh lira cudng birc ma con giai quyét van dé tiét kiém nhién liéu, giam
thiéu 6 nhiém moi truong va tang tudi tho céac chi tiét dién tir ctia hé théng dién.
Nhitng dong goép mdi ctia ludn an thé hién qua cac ndi dung sau:

- Xay dung mo hinh vat 1y va mé hinh toan cho hé thong thu hoi ning luong
dién cam trén bobine bﬁng viéc st dung hé siéu tu dién.

- Thiét ké, ché tao mé hinh thir nghiém thu hoi nang luong dién cam trén cudn
day so cap bobine.

- Sir dung hé siéu tu dién tich trir ning luong ty cam dé diéu khién kim phun.

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

Nghién ctru sinh
(Ky va ghi ro ho tén)

Phan Nguyén Qui Tam

Ngudi huwéng din chinh Ngudi huéng din phu
(Ky va ghi ré ho tén) (Ky va ghi ro ho tén)
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MINISTRY OF EDUCATION AND TRAINING THE SOCIALIST REPUBLIC OF VIETNAM
HO CHI MINH CITY UNIVERSITY OF TECHNOLOGY AND EDUCATION Independence — Freedom - Happiness

SUMMARY OF CONTRIBUTIONS OF THE

DISSERTATION
PhD candidate : Phan Nguyen Qui Tam Fellows code: 13252010304

Major : Mechanical Engineering Major code: 9520103
Dissertation title : Research and application of self-inductance energy in
automobile
1t Supervisor  : Assoc. Prof. Dr. Do Van Dung
2" Supervisor  : Dr. Nguyén Ba Hai
Summary of theoretical and academic contribution of the dissertation:
The recovery and application of inductance energy is a new research trend in
automobiles. One of the main purpose of the thesis is to recover the self-inductance
energy occurring in the circuit switching duration, and then use it as a secondary
power to supply either to improve the fuel injector response time. In addition, the
thesis not only solves the energy recovery problem on the internal combustion engine
but also saves fuel consumption, reduces environmental pollution, and protects
electronic elements in vehicle electrical systems:
Contributions of the thesis is presented below:

- The physical model mathematical model of self-inductance energy recovery
on bobines by supercapacitors.

- Designing, manufacturing experimental model to recover inductive energy on
primary coils.

- Using the supercapacitors to store inductively energy to control increased
injector sensitivity.

Ho Chi Minh City, June 4™, 2021

PhD Candidate
(Sign and name)

Phan Nguuyen Qui Tam

First Supervisor Second Supervisor
(Sign and name) (Sign and name)
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DANH MUC CAC TU VIET TAT

Chir viét tit

Giai thich y nghia

Ghi chu

1TR-FE, IMZ-FE

Tén, ky hié¢u dong co

INZ-FE, 4S-FE Tén, ky hiéu dong co -
ECU Electronic Control Unit B¢ diéu khién va xtr ly trung tam
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INJ1, INJ2, INJ3,
INJ4
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Chan trén ECU diéu khién cac

#1, #2, #3, #4 -

kim phun
EFI Electronic Fuel Injection Phun xang dién tu
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Hé thong diéu khién xu-pap véi
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USB Universal Serial Bus Chuan két néi c6 day trong may
tinh
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CDI Capacitor Discharge Ignition Danh Iira dién dung

TI Transistor Ignition Panh Itra dién cam

I-ELoop Intelligent Energy Loop Tai tao ning lugng phanh thong
minh

Hybird Hybird Vehicle Xe lai
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DANH MUC CAC KY HIEU

Ki hiéu Pon vi Giai thich y nghia
U [V] bién ap
I [A] Cuong do dong dién
R [Q] Resistor - Bi¢n tré
Z [Q] bién troé cam khang
[H] Inductance - Do tu cam
[F] Capacitor - Bién dung
[s] Chu ki danh Ita
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_Chuong 1
TONG QUAN

1.1 Ly do chon dé tai

Nhiam nang cao tinh kinh té nhién liéu va giam & nhiém moéi truong, cac hang san
xuit 6 t6 khdng ngirng tim kiém cac giai phap, trong d6 c6 giai phéap thu hdi ning
lwgng mat mat vo ich. Mot s6 nghién ctru vé viéc thu hdi nang luong da duoc thuong
mai hoa nhu cong nghé thu hdi nang luong phanh i-ELoop (Intelligent Energy Loop)
cua hdng 6 t6 Mazda [1]. Cdng nghé nay giup giam khoang 10% tiéu hao nhién liéu
cua dong co. Cong nghé phanh tai sinh, thu hdi ning lwong quan tinh trén cac xe
Hybrid hién ciing rat pho bién [2]. Audi da thiét ké hé théng thu hoi nang luong tir hé
théng treo dua trén nguyén ly bién dao dong cua hé théng treo ¢ dang co ning thanh
nang lugng dién thu dugc vao b tich trix [3]. Cac ngudn ning lugng khac nhau duoc
thu hoi dudi dang dién nang dong vai tro nhu mot nguon dy trit nang luong riéng dé
cung cap cho mot s hé thdng trén xe. Tuy thudc vao thoi gian thu hoi va mat do tich
trir duoc, ning luong s& duoc ding dé cung cap cho cac bo chap hanh & cac hé thong

khac nhau.

Hé thdng dién 6 td n6i chung va hé théng diéu khién phun xing, danh lua dién ti noi
riéng gitr mot vai tro quan trong trén dong co danh lira cuong bic. Nang luong dién
cam 1a ngudn ning lugng duoc sinh ra trén cuon day do nhiéu tac nhan khac nhau
nhu: hién twong cam ung dién tir, hién twong hd cam, hién tuong ty cam... mang lai
hitu ich I6n trén hé thong dién: tng dung trong may phét dién, dong co dién, bién ap,

bobine danh Itra, kim phun nhién li¢u, nam cham dién.

Trén céc thiét bi dién 6 td c6 cau tao cudn day déu sinh ra ning luong dién cam tir
suit dién dong tu cam trong qué trinh chuyén mach. Thiét bi c6 ning luong dién cam
do hién twong cam tng dién tir bao gom: may phat dién, cam bién dién tir... do hién

tuong hd cam nhu: bién &p, bobine danh lira. ..



Ngudn ning lugng dién cam néu trén c6 kha ning thu hoi va sir dung nhu mét dang
nang luong tai sinh. Nang luong nay ton tai phan Ién trén cac bobine cua hé thong
danh Itra. Khi dong dién qua cudn so cip cua bobine bi ngat dot ngot dé bat dau cho
qua trinh phong dién trén dién cuc bugi, trén cudn so cap s& xuat hién mot suét dién
dong ty cam khoang 200V dén 500V do su thay dbi dot ngot cua tir thdng qua cuon
day. Ngoai ra, trén xe con nhiéu co cau chap hanh c6 két ciu dang cuon cam nhu:
kim phun, van dién tir, role...ciing xuét hién c4c suat dién dong twong tu ¢ bién do
tir 70V dén 120V trong qué trinh hoat dong. S6 luong 16n cac xung dién tir 70V dén
500V nhu thé lan truyén trén toan hé thdng dién 6 td anh huong xau dén tudi tho thiét
bi dong ngit, linh kién dién t, sinh nhiét va lang phi ning lwong. Cac giai phap ky
thuat duoc ap dung nhu: mic diode zener, dién tro, tu dién song song vdi transistor
cong suat chi nham bao vé cac thiét bi dong ngat nhung khong tan dung dugc phan

nang luong tu cam sinh ra trén cudn day [6].

Mot trong nhiing thiét bi gitp thu hdi nhanh va du trit nang lugng tai sinh rat hiéu
qua chinh la cac siéu ty. Hién nay, siéu tu dién dang tirng budc dugc trng dung rong
rdi trong nhiéu linh vuc caa nganh céng nghiép 6 t6 [4]. Trong nhitng nim gan day,
c4c siéu tu duoc (tng dung ngay cang nhiéu trén cac phuong tién giao thdng than thién
v6i moi truong nhu xe dién, xe lai [5]. Ngay ca trén nhitng 6 to truyén thong sir dung
dong co dbt trong, siéu tu di va dang duoc str dung nhu mot nguon luu trix nang luong
nham dap tng nhitng hé théng hoat dong lién tuc ¢ tan sé cao nho dac tinh nap-xa
nhanh cua tu, dién hinh nhu hé théng phun nhién liéu tryc tiép trén dong co Diesel
(CRDi) cua Audi.

Muyc tiéu caa nghién ciru 1a md hinh héa qua trinh sinh ra va thu hoi ning luong tai
sinh tir cac cudn cam, tim ra cac giai phap thiét thuc dé c6 thé tich trir ning lwong vao
hé siéu ty, tai str dung ngudn ning lugng dién cam lang phi néu trén, cai thién tinh
ning hoat dong kim phun 1a can thiét, gép phan tiét kiém nhién liéu giam thiéu 6

nhiém mai truong va ting tudi tho cac linh kién ban dan trén xe.



Chinh vi vay, ngudi nghién ciu quyét dinh chon va thyuc hién dé tai: “Nghién ciru,
ung dung nang luwgng di¢n Cam trén 6 t6” .

1.2 Téng quan két qua nghién ciru trong va ngoai nwéc

1.2.1. Mgt s6 nghién ciru trong nwéc

Nhitng nim gan day nhiéu tac gia nghién ctru chuyén sau vé suat dién dong tu cam,
nang luong dién cam, siéu tu dién. Trong d6 c6 nhiéu cong trinh tiéu biéu lién quan
dén van dé ma ngudi nghién ciru dang quan tam: Tac gia DS Qudc Am vai cong trinh
“Nghién ctu, tinh toan, ché tao hé thong danh lira hdn hop dién dung - dién cam st
dung bobine don” [6], d& nghién ctru va ché tao thanh cdng mach danh Lira hdn hop
dién dung - dién cam c6 tng dung lap trinh vi diéu khién lap trén dong co bon xylanh
kha nang tich lily suat dién dong tu cam trén 03 bobine cua 03 t6 may vao 03 tu dién
1x10%F va dap ung cho giai doan danh ltra dién dung cho to6 may con lai. Tac gia
khang dinh: san pham ché tao bao dam hoat dong tin cay khi dong co hoat dong & céc
ché do khac nhau va tiét kiém dugc 25% ning luong str dung cho hé théng (ning
lugng cho mot lan danh Ira/mot chu ky 1am viéc cua dong co). Piém noi bat cia cong
trinh 12 da xay dung dugc mé hinh toan hoc, xac dinh dugc cac thong sb cua hé théng
cac giai doan danh lura dién cam, giai doan danh lira dién dung va cac danh gia cac
yéu t6 anh hudng dén dic tinh hé théng nhu tong tré caa mach so cap hé sb tu cam

ctia cudn so cap bobine, dung luong tu dién qua cac tinh toan, md phong trén Matlab.

ECU Diéu Khién Bdng Co

IGT 1 IGT 2 IGT 3 IGT 4
Mach —
Kich
SCR
| [BOBIN 1 [BOBIN 2 BOBIM 3 BOBIM 4 %L::GI 4
T BAT . : : . 1
12V e 3l T 3= 4
, 2 1 | .
. BUGH 1 i~ BUGIZ2 I~ BUGI3 F —3
L ) ] s
D1 Daq_'l*' D2 D:—‘-—L D3 D.E,d_-l—.- !
T H4—- ™M T3
c1 | c2 c3

Hinh 1.1: M6 hinh danh Lira hdn hop dién dung - dién cam [6]



Téc gia Huynh Xuan Thanh véi dé tai “Thuc nghiém danh gia kha ning tich luy ning
luong trén hé théng danh lira Hybrid” [7]. Pong co 04 xylanh Toyota 1INZ-FE c6 hé
théng danh Itra Hybrid dugc thir nghiém trén bang thir cdng suat AVL Dyno 160 tai
phong thi nghiém dong co - Khoa Co khi Bong luc - Truong Pai hoc Su pham K§
thuat TP. H6 Chi Minh khi dit d6 mo buém ga tai cac ché do 20%, 35%, 50%, 75%,
100%, nhiam danh gia anh huéng cua hé thdng danh lira Hybrid dén dic tinh cua dong
co nhu cong suat, suat tiéu hao nhién liéu va khi xa. Két qua thuc nghiém cho thay
khac biét vé cong suat c6 ich Ne= f(n), moment cd ich Me = f(n) khdng Ién (< 5%),
cac sai léch vé chat luong khi thai (g voi ché do 1am viéc khdng tai 1an luot a: CO:
2,29 va 2,63 (% thé tich); HC: 69,33 va 77,0 (ppm thé tich) - phi hop vai cac qui
dinh vé khi thai Viét Nam.

Nguyén P4 Minh Triét da thuc hién nghién ctu “M6 phong, thir nghiém va danh gia
thiét bj thu héi ning luong dién cam trén hé théng dién 6 t6” [8]. Téac gia da ¢ng
dung Matlab Simulink md phong ning luong dién cam cua cac suat dién dong tu cam
ton tai trén cac bobine, kim phun, van dién tir, role trong qua trinh chuyén mach. Mot
mach thu hdi nang lwong dién cam két hop mot bo tich trir nang luong 12 bo siéu tu
dién Maxwell (116F - 16,2V) duoc thir nghiém trén dong co 4S-FE ¢ dai téc do 800
dén 4000 vong/phdt. Cac dac tuyén vé dién ap, dong dién, suat dién dong tu cam dugc
xac dinh bai thiét bi do dang s6ng Automotive Oscilloscopes 4425. T4c gia xac dinh
rang hiéu suat thu hdi ning lwong tir cac xung tu cam trong mé phong 1a 11,81+15,6%

va hiéu suat thu hdi trong qua trinh thyc nghiém 1a 10,42+13,32%.

Inap

Repeating
Sequence
Stair

Gaint

1/R |-‘
o |.., im

Hinh 1.2: M6 hinh mé phong cac suit dién dong tu cam [8]



Téc gia DS Vian Diing va cong su [9] d xay dung mot md hinh thu hdi va tich trix
luong dién cam cua van dién tur, kim phun, bobine, role thg dung bo cuon cam I0i
Xuyén va siéu ty dién. Mach diéu khién c6 trung tdm xir 1y 1a vi diéu khién PIC
16F877A két ndi véi may tinh dé thu thap di liéu va ty déng giam sat nguén ning
luong & cac dai tbc o dong co tir 800 dén 4500 v/ph. Céc thuc nghiém vé dién &p
nap tu, ning luong dién cam, thoi gian nap tu duoc trién khai. Tac gia nhan dinh
ngudn ning lwong thu dugc du cung tmg dén cac phu tai dién gian doan c6 cong suat
tir 15W dén 60W.

HE THONG PIEN O TO

E %JEEJEL "TAI PIEN GIAN DOAN
vay Tina[Z [BOTHU| %
\IAECTDII\H ? | ( \ LgH -
LED = H 1l

PIC 16F877A ADC _|C%

%
. | SIEU TU MAXWELL
VIPIEU KHIE:[%F .

Hinh 1.3: So d6 két néi bo thu hoi, tich trit vai hé thong dién 6 t6 [9]

Téc gia Lé Thanh Quang, Nguyén Duc Triéu voi cong trinh [10] da ap dung Matlab
- GUI thuc hién phan tich, tinh toan, m6 phong, nang luong tich liy trén bobine va
kim phun, ning lugng dién cam c6 kha ning thu héi. Trén co sé phan tich wu va
nhuge diém cua cac bo thu hoi nang luong kiéu cudn cam I8i xuyén, bién ap thong
thuong, bién ap xung, hai tac gia da nghién ctu, ché tao mach thu hdi ning luong
dién cam dua trén nguyén ly dung bién &p xung c6 mach diéu khién tan sé cao tich
hop mach do ap, cac diode Schottky cao tan, linh kién SCR, tu dién phan cuc. San
pham duoc lap dit va thir nghiém trén dong co 4S-FE hoat dong 6n dinh trong qua

trinh thu hoi nang luong dién cam.
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Hinh 1.4: So d6 nguyén ly bo thu ding bién &p xung c6 mach diéu khién [10]
Nhom tac gia Bang Tri Trung, Nguyén Puc Trong [11] di nghién ciu ché tao thiét
bi thu hoéi dién cam ton tai trén cac bobine va kim phun sir dung cac cuon 18i xuyén
c6 giao tiép may tinh théng qua phan mém LabVIEW, tha nghiém trén dong co
Daihatsu. Hiéu suat khi thu hdi nang luwong thira trén cudn so cap bobine va cudn day
kim phun ¢ s6 vong quay 1000 vong/pht dat 6,79%. Céc s6 liéu thu thap ciing duoc
biéu dién thong qua cac dac tuyén vé dién ap nap vao siéu ty, thoi gian nap siéu tu,

nang luong thu duogc trén siéu ty.

TAI PIEN
TREN XE

Hinh 1.5: Khoi két ndi thiét bi thu hdi ning lugng dién cam [11]



Lé Khanh Téan da thuc hién “Nghién ctu trng dung Arduino va LabVIEW trong thu
thap dit liéu dong co 6 t6 [12]. Tin hiéu cua cac cam bién vi tri ban dap ga, cam bién
nhiét do khi nap, cam bién nhiét d6 nuéc 1am mat, cam bién khdi lugng khi nap, cam
bién vi trf buém ga, cam bién tdc do dong co, cam bién vi tri pittdng, thoi gian phun
nhién liéu, thoi gian danh lra. ... trén dong co 1SZ-FE dugc thu thap vé mach Arduino
va két néi may tinh véi lap trinh LabVIEW c6 giao dién hién thi cac théng s6 nhu

trén khi diéu khién dong co c6 d6 ma budm ga tir 0% dén 100%.
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Hinh 1.6: Thiét ké phan cang thu thap dit liéu [12]

1.2.2. Mt s6 cdng bo quéc té cé lién quan van dé nghién ciru

Do Van Dung, Nguyen Tan Ngoc cing cic cong su véi cong bd “Effects of
Resistance, Capacitance and Self-Inductance on Accumulated Energy in the Hybrid
Ignition System” [13], bai viét xac dinh md hinh vat Iy, xay dung phuong trinh toan
cua hé thong danh lira Hybrid, phan tich anh huéng cua cac thdng sé dién tro, dién
dung va do ty cam dén ning luong tich lity trén hé thdng. Céc két qua mé phong trén
Matlab va thuc nghiém trén may do dang song Automotive Oscilloscopes 4425: xac
dinh anh huong cua cac théng sé trén dén ning luong tich liy, déng thoi 1a cin cir dé
hiéu chinh phuong trinh toén cua suat dién dong tu cam va cuong do dong so cap.

Két qua md phong céc thdng sé cho thdy dong dién so cap, suit dién dong tu cam va



tan s6 dao dong lién tuc bj anh huong bai sy thay doi dién tro, dién dung va do tu
cam. Nang luong dién cam trong 03 Ian tich lity trén 03 cudn so cap duoc xac dinh
I6n hon nang luong dién dung can thiét cho qua trinh danh dam bao hé théng danh

ltra Hybrid hoat dong 6n dinh.

Effect of iance on the lated energy

22 - F T E —T T E 13 -
T 1 Accumulated energy We
—— Self-induced emf V1 |

480

1l
'
]
sl
N
-
EEASAT
2
=
| 5
-
Accumulated energy Welm.J)
= =

Ignition control unit

Capacitance C (C) x 103
Hinh 1.7: M6 hinh hé thong danh lira Hybrid va anh huong thong sé dién dung dén

nang luong dién cam [13]

Le Khanh Diem va d¢ong nghiép cong b bai bao khoa hoc “An application of Hybrid
method for improving of ignition system in mmall power explosion engine” [14], trén
co s& phan tich cac qué trinh hoat dong, théng sé k¥ thuat, nang luong danh lua dién
dung trén dong co ¢& nho, xac dinh wu va nhuoc diém caa hé thong danh lua dién
cam, dién dung. Nhom nghién ctu da thiét ké, ché tao va thir nghiém thanh cong
mach danh lira két hop dién dung va dién cam c6 chire niang tu dong lua chon tdi vu
thoi diém va thoi gian dién ra danh lira dién dung (CDI) hoic danh lira dién cam (T1)
dé dap tng ti uu cac ché do hoat dong ciia dong co. San pham duoc lap dat va thu
nghiém thanh céng trén dong co xe may Honda Wave RS. Téc gia khang dinh san
pham nghién ctu gop phan tiét kiém dugc 55g/100km, nong do khi CO giam
0,02%vol va nong do khi HC giam 73 ppmvol.
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Hinh 1.8: Nguyén Iy hé thdng danh lira két hop dién dung — dién cam [14]

Hinh 1.9: San pham mach danh lta két hop dién dung — dién cam [14]

Nguyen Tan Ngoc, Do Quoc Am, Do Van Dung va cac cong su c6 cong bd bai viét
“Estimation of the Accumulated Energy in the Hybrid Ignition System” [15], bai viét
phan tich kha nang tiét Kiém ning lugng trén md hinh hé thong dénh lira lai trén dong
co bdn xi lanh véi hai giai doan danh lira riéng biét: giai doan phong dién ty cam va
giai doan phong dién dién dung nham xac ning luong tu cam duoc tich liy vao mot
tu dién va tai sir dung nang luong nay cho lan danh lira tiép theo gop phan vira gitp

tiét kiém ning luong danh lira, ndng cao chit luong qua trinh danh lira vira gidp bao



vé cho thiét bi dong ngét dong so cip khoi cac tac hai cua suat dién dong tu cam. Céc
thong s cudong d6 dong so cap, suat dién dong tu cam, tan sé dao dong, nang luong
dién cam duoc md phong trén Matlab, sau d6 tac gia tién hanh thuc nghiém céc théng
sb néu trén véi may hién song PicoScope 4425. Két qua so sanh dbi chiing véi sai
léch nhé hon 10%. Thanh tuu quan trong cua cong trinh 1a xac dinh thong sé ti uu

cua tu dién dam bao tbt nhat hoat dong cua hé théng danh lua lai.

Accumulated energy in the four-cylinder hybrid ignition engine
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Hinh 1.10: Nang lugng dién cam tich lity khi thir nghiém trén cac tu dién [15]

1.2.3. Mgt sé cdng trinh ngoai nwéc nghién ciu vé ning lweng dién cam, @ng
dung siéu tu trong sir dung ning lwong tai sinh

Fabio Chiara, Marcello Canova vai bai bao “A review of energy consumption,
management and recovery in automotive systems with considerations on future trends
“ [16], nhém tac gia dé cap nhitng thach thuac ciia ngudn nang luong hién hiru, xu
huéng ning luong twong lai ddi véi nganh céng nghiép 6 t6, cac giai phap k¥ thuat
hién dai nhat nham tiét kiém nhién liéu tiéu thu. Bai viét trinh by cac cdng nghé tién

tién trong quan Iy va tai st dung ning luong tir hé théng phanh, hé théng treo trén &
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t6. Bai viét dinh huéng cac co hdi, tiém ning va thach thie trong viéc cai thién tinh
kinh té nhién liéu thong qua viéc giam sat, kiém soéat, thu hdi nang lugng va dé xuat
c4c giai phap ky thuat thdng minh dé sir dung cac ngudn nang lwong tai sinh hiéu qua

va dugc cong nhan.

Nhom tac gia Milan SEBOK, Miroslav GUTTEN [17] phan tich mach twong duong,
trinh bay cac dic tich dic trung, thiét 1ap phuong trinh can bang ning lwong, phan
tich c4c tin hiéu dau vao, céc thong sé tac dong trong diéu khién lap trinh cua hé
théng danh lira khdng c6 bo chia dién, sau @6 mo hinh hda, phan tich dang song dién
ap va xac dinh nang luong dién cam trén cudn so cap va thi cap cua hé thdng danh
Itra bobine do6i. Tac gia cling da phan tich cac tin hiéu, 1ap trinh va mé phong dang
séng so cap va tht cap trén LabVIEW.
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Hinh 1.11: Phan tich dang s6ng cua cudn so cap va cudn thir cap cia bobine [17]

Manoj Embrandiri [18] da phan tich van dé két hop song song va quan ly hai nguon
nang luong ac quy — siéu tu dién trén xe dién E-KANCIL, mét loai xe chuyén dung
trong thanh phd phé bién tai Malaysia. Pong co d6t trong 660cc duogc thay thé bang
dong co dién khong chéi than c6 cong suat 8 — 20KW. Mot b ic quy 48V - 225Ah,
két hop mot hé siéu tu dién (165F - 48V) két ndi song song ciing véi mach diéu khién

cdng suat nham cai thién cac tiéu chi nhu gia téc cua xe, tudi tho ac quy. Mot hé
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thdng thu thap di liéu duoc thiét 1ap nham giam sét hoat dong cua xe khi di chuyén
trén dudng. Phan mém Matlab cip nhat théng tin va so sanh hiéu suat cua xe dién khi
c6 va khdng c6 hé siéu tu dién. Két qua xac dinh tudi tho cua ac quy tang Ién cuong
nho vao giam dong dién cuc dai 49%. Cong suét dinh cua toan bo ngudn hybrid ting
tir 9,5KW 1én 12,5KW. Tac gia khang dinh rang bang cach tan dung kha niang dém
cdng sut caa hé siéu tu dién cing mot hé thong quan 1y nang lwong hiéu qua cé kha

nang tiét kiém 23,6% ning luong toan hé théng.

Schematic Layout As Buit Layout

Hinh 1.12: M& hinh thiét k&, nghién ciu két hop ngudn ning luong kép ac quy-—
siéu tu trén xe dién E-KANCIL [18]
Tobias Andersson, Jens Groot [19] nghién ciru mot hé théng luu trit ning luong tai

sinh trén xe hybrid dung ac quy va hé siéu tu dién. Céng trinh di mé hinh héa hé siéu

12



tu, ¢ quy, bd chuyén doi DC/DC, tai dién, ké dén thu thap va hién thi cac thdng sb
ky thuat dac trung trén Matlab Simulink (hinh 1.13). Sau d6 thi cdng, thir nghiém bo
chuyén d6i DC/DC két hop cuing hé siéu tu cho xe lai dién tai phong thi nghiém. Két
qua nghién ctu cho thay tiém ning to 16n cua viéc sir dung hé siéu tu dién trong viéc
tich lily nang lwong tai sinh, gép phan tiét kiém nhién liéu, giam khdi luong va ting

tudi tho cua ac quy trén xe lai dién.
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Hinh 1.13: Giao dién hé théng diéu khién va do luong [19]

Hién nay, 6 t6 dién va 6 6 lai dién c6 budc phat trién vuot bac va yéu cau cac linh
kién dién ti, thiét bi dién phai dam bao tiéu chuan khit khe cua Hoi dong dién ti 6
t6 (AEC). Panasonic, mét trong nhirng nha san xuat dién tir hang dau Nhat Ban [20]
da &p dung cac cdng nghé tién tién va san xuit cac bo phan co ciu tao tir cudn cam
c6 do bén vuot troi va do tin cay cao dugc tng dung trén nhiéu hé thdng cua o to hién
dai nhu hinh 1.14.
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Hinh 1.14: Ung dung cudn cam trén hé théng dién 6 td hién dai [20]

Téc gia Maurizio Di Paolo Emilio [20] khang dinh cac san pham cua hing Kemet
Electronics vé cuon cam véi vat liéu mai eng dung 6 t hién dai c6 cau trdc hdn hop
dat tiéu chuan AEC-Q200 dap rng cac yéu cau nghiém ngat vé chat lugng do tin cay.
Cac san pham c6 kha nang chuyén doi ning luong hiéu qua véi ton that truyén tai toi
thiéu, cho phép sir dung trong cac ngudn cung cap dién chuyén mach DC/DC véi s6
luong ngay cang tang cac bo diéu khién dién tir (ECU) trong nhiéu hé thong khac
nhau cua 6 td. Cac ung dung cudn cam cu thé tai dén pha (LED headlights), bang
ddng ho trung tam (Meter Cluster Panels), hé thong hién thi kinh 1ai (HUD), diéu
khién bom nudc (EWP), bom dau dién tar (EOP), va tay lai tro luc dién (EPS) ... nhu
trén hinh 1.14. Trong d6 cudn cam la thanh phan chinh yéu cua bo ngudn trén mach

dién diéu khién cong suét.
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Hinh 1.15: Cudn cam trén céac hé thng cua 6 t6 [20]

Hinh 1.15 cho thay cac cudn cam duoc tng dung rong réi trén cac hé théng khac trén
6 t6 nhu: dién than xe (Body), dinh vi (Navi), ti khi (AirBag) can bang dién tir
(ASC), hop s6 ty dong (Transmission), dén pha (HID headlight), bo phan chuyén doi
dién (HEV), loc nhiéu (Filter), phanh chéng b6 cang (ABS), phét va thu séng (Rader).
Ngudi nghién ciu nhan dinh rang sb lugng cudn cam trén 6 t6 rat nhiéu, hoat dong
VGi tan suat cao va nguon ning luong dién cam tai sinh tiém tang ciing ting theo

tuong ung.

1.3. Pé xuat phwong 4n nghién citu

Qua phan tich cac nghién ctru vé suat dién dong ty cam, niang lugng dién cam, cac
cdng trinh nghién cru lién quan da phan déu tng dung ning lugng dién cam trén hé
thong danh lira trén 6 t6. Trong khudn kho dé tai, ngudi nghién ciu dé xuat phuong
an: thu hoi nang lugng dién cam chii yéu trén bobine va kim phun nham cai thién do

nhay kim phun véi mé hinh ly thuyét nhu hinh 1.16.
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Hinh 1.16: M hinh Iy thuyét hé théng thu hdi va tng dung ning lwong dién cam
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Khi ECU diéu khién qua trinh danh lira va phun x3ng, nguén ning luong dién cam
“thira” trén cac bobine va kim phun s& duoc dugc thu hdi qua bo thu hdi (hé cac
diode) va tich vao bo trit nang luong (hé siéu tu dién). Ngudn nang lwong téi sinh nay
duoc kiém soat va lap trinh théng minh trong qué trinh ung dung cai thién d6 nhay
kim phun.

1.4 Muc tiéu nghién ctiru

Nghién ctu thu hdi ngudn ning lwong dién cam trén 6 td va sir dung cho viéc cai
thién tinh nang hoat dong kim phun xang.

1.5 N¢i dung nghién ctru

Tdng quan cac yéu t6 can nghién ctru nhu lwu dd hinh 1.17.

Thu thap va kiém soét
nang luong
ung dung, LabVIEW

1

Nang luong dién cam Bo thu B tich trir ning lugng Ung dung
hoi dién cam tai sinh

Suat dién dong
tu cam trén bobine Hé Hé Cai thién dac
diode siéu tu dién tinh kim phun

Hinh 1.17: Tong quan cac yéu to can nghién ciu

Pé hién thuc hda muyc tiéu va tong quan cac yéu té can nghién ciu dé ra, nhirng noi
dung sé& duoc trién khai:

- Tong quan vé nang lugng dién cam, cac cng trinh nghién cau lién quan.

- Co so ly thuyét vé cudn cam, suat dién dong tu cam, ning luong dién cam.

- Phén tich m6 hinh tinh toan cac qué trinh hoat dong trén cuon cam.

- Phan tich, md hinh héa hé siéu tu dién va hé siéu tu két ndi phu tai dién.

- Tinh todn, md phong nang lugng dién cam.

- Phan tich qua trinh hoat dong cua kim phun.

- Khao sat dic tuyén cac sudt dién dong tu cam.

- Thiét ké, thi cong mo hinh thyc nghiém.
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Thiét ké, thi cong hé théng thu thap dit liéu, kiém soét ning luong dién cam.

Phan tich, lua chon bd luu trir.

Thiét ké, thi cdng mach thu hdi ning luong va diéu khién dap tng kim phun.

Thuc nghiém, dénh gia trén san phadm nghién cru mo hinh thir nghiém va trén
6 t6 07 cho.

1.6 Poi twong nghién ciru.

H¢ théng dién diéu khién dong co 1TR-FE, nang lugng di¢n cdm trén 6 t6 07 chd.
1.7 Pham vi nghién ciru

Pé tai thuc hién nghién ctu nang luong dién cam ton tai trén hé thong dién dong co
1TR-FE Iap trén & t6 07 chd, thong qua cac khao sat va thi nghiém trén mé hinh thuc
nghiém nham nghién cttu chuyén sau vé ning luong dién cam. Pham vi nghién cuau
gidi han trong viéc trinh bay két qua thi cong dudi dang san pham hoan thién, khdng
dé cap dén viéc tinh toan két cau ciing nhu stic bén cho tirng chi tiét trén md hinh
thuc nghiém.

1.8 Phwong phap nghién ctru

Phuong phap phan tich va tong hop Iy thuyét:
+ Pic tinh dong co, ki thuat diéu khién phun xing dién tir.
+ Cau tao, nguyén ly 1am viéc caa mot sé cam bién.
+ Ung dung Matlab, LabVIEW, lap trinh vi diéu khién.
Phuong phap phan tich tong két kinh nghiém:

+ Phan tich nhitng thanh tuu da nghién ctu V& ning luong dién cam.

+ Puc két nhitng két qua can tiép tuc ké thira.

Phuong phap cach thic hoa:
+ Xay dung d6i twong gan giéng ddi tugng dang dugc quan tam.

+ Téi hién lai d6i twong mét cach co hé théng.

Phuong phap thyc nghiém khoa hoc:
+ Xay dung mé hinh thuc nghiém.
+ Thiét ké, ché tao cac vi mach.

+ Thuc nghiém, thu thap, xu ly s6 liéu nhu: kiém chiing két qua thuc hién,

18



1.9 Tinh méi, y nghia khoa hgc ciia cong trinh nghién ctru
Thong qua cac ndi dung nghién ciru, tinh méi ctia ¢ong trinh dugc thé hién theo cac
diém noi bat sau:

- Xay dung mé hinh vat 1y va md hinh toan cho hé théng thu hdi niang luong dién
cam trén kim phun bang viéc str dung hé siéu ty dién.

- Thiét ké, ché tao mé hinh thu hdi ning luong dién cam trén bobine va kim phun.

- St dung hé si€u tu dién tich trir nang luong dién cam dé diéu khién kim phun.
1.10 Ké& hoach thuc hi¢n

- 12/2014 - 05/2015: Nghién ciru tong quan, co so Iy thuyét vé ning luong dién
cam.

- 6/2015 - 12/2016: Tinh todn, xay dung mo hinh toan, moé phong, danh gia nang
lugng dién cam.
01/2017 - 02/2018: Thiét ké, thi cong mé hinh thyc nghiém, san pham ¢ng dung.
03/2018 - 10/2019: Phan tich dac tinh kim phun va dé nhay kim phun.
11/2019 - 05/2020: Tha nghiém, danh gia san pham nghién ctu.
06/2020 - 02/2021: Phan tich két qua, két luan va trinh bay thuyét minh.
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1.11 Luwu d6 nghién citu ‘
Béang 1.1: Luu do nghién ctu

\(AN PDE
CHU TRONG

Ung dung
hé siéu tu dién

Nang lugng
dién cam

Minh chitng qua trinh (ing dung maot phan nang lugng dién cam vao hé siéu tu,
cai thién tinh nang hoat dong kim phun.

NGHIEN CUU LY THUYET

1. Phén tich dic tinh cudn cam, suat dién dong tu cam, nang luong dién cam.

2. Phéan tich, m6 hinh hoa hé siéu tu dién.

3. Tinh todn, m6 phong nang luong dién cam.

4. Xay dyng md hinh vat ly, mé hinh toan cho hé thong thu hdi nang luong dién
cam trén kim phun bang viéc sir dung hé siéu tu dién.

NGHIEN CUU THUC NGHIEM

1. Thiét ké, ché tao md hinh thu hoi nang lugng dién cam trén cudn day bobine.
2. St dung hé si€u tu dién tich triv nénilu’qng tu cam dé di€u khién kim phun.

KET QUA, PANH GIA

1. Panh gia kha ning thu hoi, tich liiy ning luong dién cam.
2. banh gia tinh nang dong hoc 0 t6 thuc nghiém khi lap san pham nghién cuu.

@ dung nang luong dién cam trén 6t6.>
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1.12 B cuc ciia ludn 4an
Luan &n bao gom 99 trang (khdng ké phan tai liéu tham khao va phu luc), 89 hinh va

10 bang biéu. Ngoai phan m¢ dau, luan &n gdom 5 chuong:

- Chuwong 1: Trinh bay téng quan cc van d& nghién ctiru vé hé théng nang lugng
dién cam trén 6 td, phan tich cac cdng trinh trong va ngoai nuéc c6 dé cap dén hudng
nghién ciru dang duoc chu trong. Trén co s¢ do, ngudi nghién ctu dé xuat muc tiéu

va ndi dung nghién cuau.

- Chuwong 2: Phan tich co s& Iy thuyét vé cudn cam, niang luong dién cam xay
dung mo hinh toén, tinh toan va md phong nang lugng tich 1dy trén bobine, kim phun.

Co so ly thuyét hé siéu tu, két ndi phu tai dién, cai thién do nhay kim phun.

- Chuwong 3: Trinh bay qua trinh thiét ké hé théng thu hoi va tich trit nang lugng
dién cam thong qua viéc khao sat dang song suét dién dong tu cam thuc té, thi cong
md hinh thuc nghiém, thiét ké hé théng thu thap dit liéu, thu héi, tich trir ning luong,

thi cong mach diéu khién trén kim phun sir dung ning luong dién cam tai sinh.

- Chwong 4: Thuc nghiém va danh gia qua 02 giai doan. Giai doan 1: thir nghiém
thu thap dix liéu va tinh toan ning luong thu hdi ¢ cac ché do van hanh khac nhau trén
mo hinh thyc nghiém. Giai doan 2: thir nghiém san pham trong trén 6 to 07 chd trong
phong thir nghiém theo chu trinh ECE R15, tir d6 danh gia hiéu qua va so sanh két

qué thu dugc véi nghién ciru 1y thuyét va cac nghién ciru khac.

- Chwong 5: Khing dinh cac két qua dat duoc trong qua trinh nghién ciru va kién

nghi hudng phat trién.
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Chuong 2
CO SO LY THUYET VE NANG LUQNG PIEN CAM
VA HE SIEU TU PIEN

2.1 Céc co ciu chap hanh tich trir ning lwong dién cam

Pé diéu khién 6 td thyc hién cac chirc ning theo yéu cau cua nguoi lai xe, ECU
(Electronic Control Unit) tac dong 1én cac co cau chap hanh chuyén ddi nang lugng
dién thanh co nang hay nhiét nang. Cac co ciu chap hanh trén 6 to rat da dang: bobine
danh Itra, kKim phun nhién liéu, motor nang kinh - khoa cura, day nhiét sudi kinh, dén
chiéu séng, role.... Trong d6, bobine danh Itra va kim phun nhién liéu 1a hai co cu
chap hanh hoat dong lién tuc trong suét qué trinh van hanh 6 td. Pac diém chung caa
bobine va kim phun 13 déu st dung céc cudn day c6 cam khang twong ddi Ién, sinh

ra suat dién dong tu cam c6 bién do cao trong qué trinh chuyén mach.

Trong hé thdng diéu khién dién tr 6 t6, ECU dong vai tro trung tim trong qua trinh
diéu khién, tiép nhan va phan tich c4c tin hiéu dau vao tir cac cam bién, xir Iy va diéu
khién dau ra 13 cac co ciu chap hanh dang cudn ddy nhu bobine danh lira, kim phun,
van diéu khién khong tai, role.... Hinh 2.1 trinh bay so d6 diéu khién ciia cum bobine
trong hé théng danh lira truc tiép. Bobine gdom hai cuon day, mét cudn so cap va mot
cudn thir cap. Khi cudn so cap chuyén mach s& xuét hién dién ap cao trén cudn thi

cap, duoc cap dén bugi dé thyc hién qua trinh danh lira trong dong co.

O t6 hién dai ngay nay s dung loai bobine don, danh lta tryc tiép DIS (Direct
Ignition System), gidng nhu mo ta trén hinh 2.1. ECU xac dinh thoi diém danh lra
dwa vao tin hiéu vi tri pit tdng, tin hiéu tbc d6 dong co va tin hiéu tir cac cam bién
khac. M&i cum bobine don gom 4 cuc: 12V, GND, IGT va IGF, trong d6 02 cuc 12V,
GND la ngudn dwong va am. Khi tin hiéu IGT tir ECU truyén dén cac IC danh lira,
dong dién di qua cudn so cap cua bobine. Khi ECU ngit tin hiéu IGT, dong dién so

cap bi ngét, trén cuon thir cap s& s& xuat hién dién ap cao dugc dan dén xylanh dé
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thue hién qué trinh danh lira trong dong co, ddng thoi trén cudn so cip ciing xuét hién
cac xung dién dong 200 dén 500V. ECU phan phéi dién cao 4p dén cac xylanh bang
cach guri tirng tin hiéu IGT1, IGT2, IGT3, IGT4 dén cac IC danh lira theo trinh tu vao
thoi dém téi wu. Dong thoi tin hiéu IGF duoc phan hdi nguoc lai ECU xac dinh tinh

trang danh lira nham dam bao an toan trong van hanh dong co.

]
1ol |

@jéé |
e

Hinh 2.1: Nguyén Iy diéu khién cac bobine danh lira

Y

[ Céc cam bién }—» ECU

Y

Y

Str dung nguyén mau khdi nhu hinh 2.1 dé thiét ké phuong an thu hdi ning lwong s&
bi han ché. Vi vay, ngudi nghién ctu tién hanh tach khéi diéu khién danh lua cua

bobine thanh cum roi dé tao diéu kién thuan loi cho viéc thu thap cac xung dién dong
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trén bobine. Tac dong nay khong lam thay doi tinh tong quat cua hé théng danh lira

va khong 1am anh hudng dén qua trinh hoat dong cua dong co.

Hinh 2.2 mé ta mach dién cua 04 kim phun INJ1, INJ2, INJ3, INJ4. Mbi kim phun
duoc ciu tao co ban gém cudn day co 2 cuc, trong d6 mdt cuc ndi dén nguén duong
12V, mdt cuc con lai duoc didu khién dong, ngit mass tai cac chan #10, #20, #30,
#40 boi cac transistor cong suat trong ECU. Mbi lan cac transistor cong sudt ngat, tai
cac chan #10, #20, #30, #40 s& xuét hién cac suat dién dong tu cam khoang 70 V do

hién tugng tu cam.

INJ1
e o 00 #10
INJ2
— Y I N #20
INJ3
—IT U0\ #30
INJ4
2000 #40
\___J

Hinh 2.2: Nguyén 1y diéu khién cic kim phun xing.

Céc van dién tir va c4c cudn day trong role ¢ cau tao co ban tir cac cudn cam ciing

¢6 mach dién diéu khién twong dwong mach dién kim phun hinh 2.2.

Nhan dinh: bobine danh ltra, kim phun xang, van dién tir, ro le ¢6 cau tao co ban la
mot cudn cam. Mot cuc cudn cam duoc ndi dén duong ngudn, cuc con lai duge diéu
khién boi céc transistor cong suat. Moi khi transistor cong suat ngat, tai cac cuc am
cua bobine va kim phun luén xuat hién cac suat dién dong tu cam tir 70 dén 500V.
Tan sd xuat hién cac xung ty cam nay la rat 16n, ti 1& thuan vai s6 xy lanh va toc do
dong co. Céc dién ap tu cam xung cao nay lan truyén trén duong day, di vao cac hop

diéu khién, gay hu hai céc linh kién dién tir va sinh nhiét.
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2.2 Cac dic tinh ciia cudn cam tic dong dén ning lwong dién cam
2.2.1 Hé s6 tw cam (dé tw cam)
Heé sb tu cam hay d¢ ty cam la dai lugng ddc trung cho suét dién dong cam rng cua
cudn day khi c6 dong dién bién thién di qua, thé hién kha ning san sinh tir truedng cua
cudn day boi mot dong dién. Ung véi ciing mot dong dién bién thién, cuon day c6 hé
s6 tu cam cang lon thi cudng do tir trudng sinh ra cang 16n, ning lugng tir truong dy
trir trong cuon day cang lon.
2.2.2 Cam khang
Cam khang 1a dai lugng dac trung cho su can tré dong dién caa cuon day khi dong
dién xoay chiéu di qua.
7, =2nfL 2.1)[21]

Trong do:

Z,: dién tro cam khéang (Q)

f: tn s6 cua dong dién xoay chiéu (Hz), f=0 néu la dién maot chiéu.

L: hé sb tu cam (H)
2.2.3 Pién tré thuan
Dién tré thuan con goi 1a dién tré ton hao do chinh cudn day sinh ra nhiét khi dong
dién di qua.
2.2.4 Hién twgng cam wrng dién twr
Hién tuong trong mach xuat hién mot dong dién khi cho tir théng thay dbi qua mot
mach kin thay d6i dugc nha bac hoc Faraday tim ra vao nim 1831. Dong dién qua
mach dugc goi la dong dién cam ang.

Pic diém cia dong dién cam ung:

Sinh ra do tir thong di qua mach kin bién déi theo thoi gian.

Chi ton tai trong thoi gian tir thdng giri qua mach kin bién doi.

Cuong d6 ti 18 thuan vai toe do bién doi cua tir théng.

C6 chiéu sao cho tir trudng do nd sinh ra c6 tac dung chdng lai nguyén nhan

sinh ra n6 (dinh luat Lenz).
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2.2.5 Suat dién dong tw cam (suat dién dong cam ng)

Suét dién dong tu cam c6 gia tri ti 1& voi hé sb tu cam, bién thién cua dong cam ung.

S " w " w La (2.2) [21]
DAu trir (-) trong biéu thuc chirng té dong dién cam wng ¢6 chiéu theo dinh luat Lenz.
2.2.6 Dang xung suat dién dong tw cam
Cac bo chap hanh trén 6 td cd cAu tao tir cudn cam déu c6 chung mot dic diém, do 1a
sau mdi qua trinh chuyén mach déu xuat hién cac xung dién &p cao. Tuy cac xung
nay ton tai véi thoi gian rat ngin nhung bién do rat cao, lan truyén trong hé thong
dién dé gay hu hong cho céac bo chap hanh.
Hinh 2.3 biéu dién cé4c giai doan hinh thanh xung dién &p tu cam voi mac dién ap

hoat dong 1a 12V. Qua trinh biéu dién duoc xac dinh qua 06 giai doan tir A dén G.

D N

E
A B L//F G
\ / C y

\

12V
ov

Hinh 2.3: Cac giai doan biéu thi dang xung dién ap ti cam

- Poan A: mic dién ap duogc cap (dién 4p ac quy).
- Poan B: thoi diém déng ngit mach.

- DPoan C: thoi gian dong dién qua cudn day.

- Poan D: xuat hién xung dién ap tu cam.

- DPoan E: duy tri dién ap tu cam.

- Doan F: qué trinh tiéu hao nang lugng.

- Doan G: tro lai chu ky hoat dong.
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Trong d6 doan D c¢6 bién do tir 70V dén 500V phu thudc chi yéu vao tée do bién
thién cua tir théng va sé vong quan caa cudn cam.
Dé tai 1a tap trung nghién ciru giai doan D véi viéc thu hdi dang ning luong nay dudi
dang ning lwong dién cam. Vi vay, trudc khi thuc hién thu héi nang lwong, mé hinh
toan cua cudn cam duoc xay dung nham xac dinh tinh kha thi cua toan hé thong.
2.2.7 Giai phap han ché tac dong cia suat dién dong tw cam
Suat dién dong tu cam c6 chiéu nguoc vai chiéu dién ap hoat dong hién hanh, co bién
d6 cao, gay anh hudng xau dén céc linh kién ban dan, bo chap hanh. Bé khic phuc
van dé nay, mot sb linh kién thu dong nhu diode, tu dién, dién trod dugc bé tri song
song vai cudon cam [22] nhu hinh 2.3, hinh 2.5 va hinh 2.6.
Cach 1: dung diode

R

——AWW,

ZUL

ON — OFF

Al
_-I'

Hinh 2.4: Giai phap han ché tac dong suat dién dong tw cam dung diode

Diode trong hinh 2.4 c6 tac dung cho dong dién di qua theo mdt chiéu nhat dinh. Khi
cudn cam chuyén tir trang thai dan sang trang thai ngit, mot suat dién dong tu cam
¢6 huéng nguoc lai véi chidu dong dién hoat dong s& duoc diode hap thuy lai. Uu diém
ctia phuong phap nay 1a khong anh huéng dén qua trinh dan (chuyén trang théi tir
ngét sang dan) caa cudn cam. Nhuoge diém cua phuong phap nay 1a dong dién tu cam
sau khi qua diode s& tiép tuc di qua cudn cam tao thanh mot mach kin, gay néng va

t6n hao ning lwong dudi dang nhiét ning.



Céch 2: dung tu dién

—AWW

()=
i_tﬂ/o xS

Hinh 2.5: Giai phap han ché tac dong suat dién dong tu cam dung tu dién

Tu dién trong hinh 2.5 mac song song vé&i cudn cam tao thanh mot mach LC khép
kin, tac dung cua tu trong qué trinh chuyén mach 1am han ché cac xung dién dong
cao xuat hién trong mach dudi dang mot dao dong tat dan. Uu diém cua phuong phap
nay chi phi thip. Nhuoc diém 12 tu d& bi danh thang khi cuén cam hoat dong & tan s6
cao do suat dién dong ty cam ti 1é vai tan sb hoat dong caa cudn. Dung luong tu dong
vai tro quan trong trong giai phap nay.
Cach 3: dung dién tro

R

——\W\

ON — OFF

et o
_-|-

Hinh 2.6: Giai phap han ché tac dong suat dién dong ty cam dung dién tro
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Dién tré song song méic véi cudn cam trong hinh 2.6, truong hop nay twong tu nhu
khi sir dung tu dién. Dién trd anh huong tryuc tiép dén qua trinh chuyén mach. Khi
suat dién dong xuat hién, dién tré s& hap thu lai va néng Ién. Tuy khéng 1am néng bo
chap hanh, nhung nhin chung nhiét d6 cua toan mach van néng 1én do su sinh nhiét

cua phan ter dién tro.

Qua phan tich, nhan thay viéc céac giai phap nhu trén nham han ché tac dong cua suat
dién dong tu cam tir cac bo chap hanh 13 van dé nan giai va gay lang phi. Ba giai phép
néu trén chi nham bao vé céc thiét bi dong ngat nhung khong tan dung dugc phan
nang lugng tu cam sinh ra trén cuon day. Muc tiéu nghién ctu la tim ra phuong phap
t6i uu dé thu hoi, tich trir lai ngudn niang lugng dudi ndy dang dién ning, sau dé tai

sir dung d¢é cai thién do dap (ng cua kim phun.

2.2.8 Chiéu dong dién tw cam

12V
12+ :

12V
12+

200+

11

Hinh 2.7: Chiéu dong dién qua cudn cam

Dong dién ty cam dwgc mo ta trén hinh 2.7. Khi tiép diém déng lai, dong dién chay
qua cudn day tir cuc duong dén cuc Am tao ra mot tir truong bao quanh cudn day. Luc
nay, phia trén cuon day la cuc duong, phia dudi la cuc am.

Khi tiép diém mo ra, dong dién bi ngat va tir théng qua cudn day mat di mot cach dot

ngot s& cam tng 18n chinh cudn cam mét suat dién dong nguoc (khoang vai chuc dén
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vai trim von tiy dic diém cudn cam). Lic nay, dong dién chay tir dudi 18n trén: phia
dudi la cuc duong, phia trén cudon day la cuc am.

2.2.9 Nang lugng dién cam

I I, . .. 2
W=f dW = [ Lidi =L (2.3) [21]

Trong do:
W: nang lugng tich trix (J)
L: hé s tu cam (H)
I: cuong do dong dién (A)
Ning lugng dién cam trong cudn day theo biéu thirc 2.3 chi dugc tao ra trong khoang
thoi gian dong dién trong mach thay d6i (tang hodc giam) cia qua trinh chuyén mach.
Sau thoi diém d6, dong dién trong mach khong bién thién, tir truong dat trang thai on
dinh, nang luong ngudn dién cung cap chuyén hoéa hoan toan thanh nhiét.
2.3 M0 hinh tinh toan cac qua trinh hoat dgng trén cugn cam
2.3.1. Phwong trinh toan ciia cugn cam trong qua trinh tich lily niing lwgng (qua
trinh x&c 1ap)
Dua trén nguyén ly diéu khién cuon cam, mot so d6 tuong duong (M6 hinh vat ly)
ctia cudn cam dugce dé xuat nhu hinh 2.8. Trong d6, mot dién tr tong caa cudn cam

duogc chia thanh hai phan 1a dién tro thuan va cam khéng.

K
7

Hinh 2.8: So d6 twong dwong mach diéu khién cudn cam

Véi:
I: dong di¢n qua cudn cam

R: tong tré mach
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L: do tu cam cua cuon day

U: dién &p hoat dong thuc té: U = U, — AU,

Ua: dién &p cua ic quy

AUT: @6 sut &p trén khoa K (hay transistor cong suat & trang thai dan bao hoa)
Tir so d6 hinh 2.8, &p dung dinh luat Kirchoff vé dién 4p, mot phuong trinh vi phan
duoc thiét 1ap:

iR+LS=U (2.4)

Nghiém phuong trinh (2.4):

. U -R
i(t) = - (1 —el t) (2.5)
Mb hinh mé phong biéu thirc 2.5 trén Matlab Simulink nhu hinh 2.9

(O—) - _@

Clock

0.026

T2 » t1

—a
Switch Scopel

T3

Subsystem Math To Workspace
Function

Hinh 2.9: M6 hinh m6 phéong cuong d6 dong dién qua trinh xac lap
Goi tq la thoi gian transistor cong suat dan bdo hoa, cuong do dong dién Ing tai thoi

diém transistor cong suat ngat:

U “ta
Iy =E(1—e ) (2.6)
Ning luong dién cam tai thoi diém transistor cong suat ngat:
Whg ==X L X I 2.7)

Trong do:
W,,4: ning lugng dién cam tai thoi diém transistor cong suat ngat (J)
Iy cuong do dong dién qua cudn cam khi transistor cong suat ngat (A)

L: @6 tu cam cudn day (H)
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Nang lugng dién cam Wy, (t) trong qua trinh tich liiy nang luong:

2
Wy (t) = % X L X (i(t))2 = %x L x <% (1 — e%t)> (2.8)

To Wokspace2 m
Subsystern2
w W
)
Subsystem x -

Product Math To Workspace

Hinh 2.1: M6 hinh mé6 phdéng qua trinh tich 1y nang luvong dién cam

2.3.2. Phwong trinh toan cia cugn cam trong qua trinh giai phong nang luwong
(qua trinh qua do)

Duya trén nguyén Iy hoat dong ciia cuén cam trong qué trinh qua do, so do tuong

duong dugc dé xuat nhu hinh 2.11.

c2

Hinh 2.11: So d6 twong duong cia cudn cam trong qua trinh giai phong ning luong

Trong do:
R: dién tré cua cudon cam
C,: tu ky sinh
r: dién tré ro cua tu C,
L: @0 tu cam cua cudon cam
i,: dong dién qua dién tro R

i,: dong dién qua tu C,
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i5: dong diénroquar
Tir so dd hinh 2.11, 4p dung dinh luat Kirchoff dién ap, dong dién, ning luong trén

tu C2, mot hé phuong trinh vi phan dugc thiét 1ap:

(LSt =i, (DR + i3 (O)r

i1(t) = i,(®) + i) (2.9)
k rig(t) = éfiz(t) dt

Giai hé phuong trinh (2.9) theo két qua caa cong trinh [23], dugc:

i, (t) = ae** cos(yt) + ze** sin(yt) (2.10)
7]
;]muiz
R gl R TIHE ) [J—

i [FLT O] I

E—

Hinh 2.22: M6 hinh mé phong cuong d6 dong dién qua trinh qua do
Phuong trinh (2.10) m6 ta cuong d6 dong dién qua cuén cam trong qué trinh giai
phoéng nang lugng.
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Suét dién dong ty cam &, _trén cugn cam:

. =@ =- % (2.11)
Vi (t) = —L[ae** cos(yt) + ze** sin(yt)] (2.12)

Phuong trinh (2.12) mé ta suét dién dong tu cam trong qua trinh ngit dong qua cudn

cam.

Hinh 2.13: M hinh md phong suét dién dong tu cam
Nang lugng dién cam Wy, (t) trong qua trinh giai phdng nang lugng:

Wi (t) = % x L X (il(t))2 = % X L x (ae*® cos(yt) + ze*sin(yt)) 2 (2.13)
Phuong trinh 2.13 mo6 t4 nang lugng di€n cdm trong qua trinh giai phong nang lugng,
Trong d6 a, b, ¢, d 1a cac hé sé duoc dat theo mdi quan hé voi R, 1, L, i, i, va i, [23].
2.3.3 Pic tuyén mo phéng:

12

Cuong do dong dien qua cuon cam | |

Y
=2
T

o o
T T

Cuong do dong dien {A)
e

. . . . .
] 0.0 0.02 0.03 0.04 0.05 0.08
Thei gian(s)

Hinh 2.14: Pic tuyén dong dién qua cudén cam
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Dic tuyén mo phong trén Matlab Similink theo cc théng sé bang 2.1 va bang 2.2.
Cuong d6 dong dién ting dan tir 0 (A) trong thoi gian transistor céng suat dan. Gia
tri cudng do dat cuc dai tai thoi diém transistor cong suat ngit, sau d6 giam dot ngot

vé gié tri ban dau.

=
=
=]

Suat dien dong

()
=]
=

Dien ap tu cam (V)
— Pa Fa =5}
(%)) [==] n [}
=) == =] ==
1 1 1 1

-
=
=
1

50 A
oL .
-50 1 ! ! ! !
1] 0. n.o2 0.03 0.04 0.05 0.06
Thoi gian (s)

Hinh 2.15: Dic tuyén md phong suat dién dong tu cam
Dic tuyén mo phong suat dién dong tw cam goém 06 giai doan: muc dién 4p duoc cap,
thoi diém dong ngat mach, thoi gian dong dién qua cudn day, xuat hién xung dién ap
tu cam, duy tri dién &p tu cam, qua trinh tiéu hao nang luong, tro lai chu ky hoat dong
twong duong hinh 2.3.

0.3 T T T T T

Mang luong tren cuon cam
0.25 -

02 1

05 .

0 b

005 :

] 0.0 0.02 0.03 0.04 n.0s 0.06
Hinh 2.16: Dic tuyén ning luong dién cam
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Ning luong dién cam c6 dic tuyén trong duong dic tuyén dong dién theo méi qua
hé cua biéu thuc 2.7 va biéu thire 2.13. Gia tri niang lugng dat cuc dai 0,28J tai thoi
diém transistor cong suat ngat, sau d6 giam dot ngot nhu trén hinh 2.16.

2.4 Tinh toan nang lwong dién cam tich liiy

2.4.1 Tinh toan nang lugng dién cam tich lity trén bobine

So d6 twong dwong ciia qua trinh tich liy ning luong cudn so cip bobine tuwong tu
hinh 2.8.

T biéu thic (2.4), c6:

ibb(t) = E 1—e by (214)
Goi t 13 hang sé dién tir cua mach:
o Lo
Rbb
. U -t
iy () == (1— €7 (2.15)

Goi toy 12 thoi gian transistor cong suat dan, cudong d6 dong dién lvp tai thoi diém

transistor cong suat ngét [24]:

-t
I,y = %(1 —e f’”) (2.16)
1 1 U ~thb 2
Wbb=EbexI,Zlg =5><Lb>< E(l—er)) (2.17)
Voi:
120
T = _—p (2.18)
tbb = ]/d X T (219)
T =2 (2.20)
Rpp
Trong do:

W, nang luong du trit trén cudn so cap (J)
lop: cuong d6 dong dién qua cudn so cap ldc transistor cong suat ngat (A)

Ly;: @6 tu cam cudn so cap bobine (H)
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U,: dién &p ic quy (V)

A U: d6 sut ap khi transistor dan bdo hoa tir 1,5 + 2 (V)

U = U, — AU,: dién p trén cudn so cap bobine (V)

R,,: tong tré cudn so cap bobine (Q)

typ: thoi gian ngam dién (s)

Y4 hé sb tich lity ning luong tuwong dbi (s), y, = 2/3

T chu ki danh lira (s)

7: hing sb dién tur

n,: toc 46 dong co (v/ph)

Z: 6 xylanh dong co

Bang 2.1: Cac théng sé dau vao dugc do trén bobine 6 t6 07 chd

TT Thoéng s6 Ki hiéu Giatri | Ponvi
1 | S6 xylanh dong co Z 4 cai
2 | Thoi gian tich lily ning lugng twong doi Ya 2/3 -

3 | Tong tré mach R 0,8 Q

4 | bién ap hoat dong thuc té U 12,54 Vv

5 | Do tu cam cudn so cap bobine Ly 4,25x10° H
Bang 2.2: Cac théng s twong (ng trong tinh toan

TT Thong s6 Kihiégu | Giatri | Ponvi Ghi chd
1 | Chu ki danh lia T 0.03 S Biéu thuc 2.18
2 | Thoi gian ngam dién tob 0,02 S Biéu thirc 2.19
3 | Hang s6 dién tur T 5,3x10°3 - Biéu thirc 2.20

Hinh 2.17 biéu thi c4c thdng s6 nang lwong dién cam tich trir trong mot lan danh lua

trén cudn so cap bobine tai dai toc do dong co tir 750 dén 6000 vong/phut.
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Hinh 2.17: M6 ta ning luong dién cam tich trir trén cudn so cap theo téc do dong co

Nguoén niang luong dién cam trong mot lan danh lira ciia bobine dat gid tri cao nhat la
0,5154J tai téc do cam chirng 750 v/ph va thap nhét 12 0,1142] tai téc d6 dong co
6000 v/ph. Ning luong nay c6 xu hudng giam khi téc d6 dong co ting dan.
Ning luong can thiét dam bao dién ra qua trinh danh Itra: W,, = 0,0945 (J)
Ning luong c6 kha niang thu hdi W,, trong mdi lan danh lta theo (2.21):

Win = Wpp — Wee (2.21)

0.6

©
wn

=@==\\/ct =~ ==@==\\th

©
>

o
w

©
N

o
-

Nang lugng dién cam (J)

750 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Téc d6 dong co (vong/phiit)

Hinh 2.18: M6 td W_th; W_(bb,); W_ct trong mét lan danh lira theo toc do
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Khi dong co 04 xylanh hoat déng, ning lwong dién cam c6 kha ning thu hdi trén
04 bobine theo dai toc d6 dong co n, duge xac dinh theo biéu thire (2.22)
Winne = 2xn,xWyy, (2.22)

1200
1100
1000
900
800
700
600
500
400

Naéng lugng dién cam (J)

300

»

200 >
750 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Tbc d6 dong co (vong/phut)

Hinh 2.19: Nang luong dién cam c6 kha nang thu hoi theo téc do dong co

Tir hinh 2.19 nhan thay rang, khi toc do dong co cang cao, nang lugng dién cam co
kha nang thu hoi cang thap. Nang luong dat gia tri cuc dai dao dong quanh dai téc do
1500 dén 2500 v/ph twong tng vai dai tbe do trung binh cua khi xe van hanh trén
duong. Py 1a diém can luu ¥ khi thiét ké bo thu hdi nang luong.

2.4.2 Tinh toan nang lwong dién cam tich liy trén kim phun

Ning luong ty cam trong kim phun vé co ban giéng nhu ngudn ning luong trén
bobine. Tuy nhién, & cung muc dién ap hoat dong, dién tro va do tu cam caa kim
phun Ién hon, cuong do qua kim phun nho hon, ddn dén ngudn ning luong tu cam
cuaa kim phun s€ nho hon tuong ng.

Cuong do dong dién qua kim phun theo thoi gian biéu thi theo biéu thirc (2.23):

U _Rﬂtk
iy (8) = R—<1 — e Trp ”) (2.23)
kp
Cuong do dong dién I, tai thoi diém transistor cong suat ngat:
_Rkpt
Ly = — (1 — e Lkp "”) (2.24)
Rkp
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Ning luong dién cam trén kim phun tai thoi diém transistor cong suat ngit:

Trong do:

2
_tkp
Wip = 2 X Ligy X 12, = 2 x Ly, X (% (1 - eTfkv)> (2.25)

Ryp: dién tro Kim phun (€2)

typ: thoi gian transistor cong suat dan (s)

I;p: cudng do dong dién qua kim phun Itc transistor cdng suat ngat (A)

Lyp: d0 tu

cam cudn day cuaa kim phun (H)

W,p: ning lugng dién cam trén kim phun, thoi diém transistor cong suat ngat (J)

Bang 2.3: Cac thong sé cua kim phun trén 6 t6 07 chd

TT Thong sb Ki hi¢u Gia tri Pon vi
1 | S6 kim phun Z 4 cai
2 | biéntro kim Rkp 0,8 Q
3 | Bién 4p nguon U 12,54
4 | Doty cam Ly, 24,3x103 H

Hinh 2.20 biéu dién ning luong dién cam trén kim phun ¢ dai téc d6 dong co tir 750

dén 6000 v/ph

0.0095

Ning lugng dién cam (J)

0.0085

0.0075

0.01

0.009

0.008

0.007

750 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
Toc d6 dong co (vong/phut)

Hinh 2.20: Ning lwong dién cam cta kim phun theo téc do dong co
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Nang luong dién cam cua kim phun dat gia tri cao nhét khoang 9,69x1073] tai tdc do

cam chirng 750 v/ph va dat gia tri thip nhat khoang 7,1x1073J tai tc do dong co 6000

v/ph. Chéch 1éch niang lugng gitta gia tri cao nhét va thap nhat cua kim phun & dai
tdc do trén 1a khong nhidu (khoang 2,59x1073))

Ning luong can thiét dé dam bao dién ra qua trinh phun xing: Wip—ct = 0,0052 (J)

0.0095
0.0085
=
0.0075
£
S 0.0065
=
«5-0.0055
Lol
%‘30.0045
2 0.0035
on
8 0.0025
Z
0.0015

A

A

n

»

750 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000
=@ \\/kp @=Om=\\/Kkp-Ct ==@==\\/kp-th

Tbc d6 dong co (vong/phut)

Hinh 2.21: M6 td Wy,; Wip—ct; Wip—¢n trong mot lan phun xing

Khi dong co 04 xylanh hoat dong, nang luong dién cdm c6 kha nang thu hoi trén

04 kim phun theo dai toc d6 dong co n, duoc xac dinh theo biéu thuc (2.26).

1150

1000

850

700

550

400

250

Ning lugng dién cam (j)

100
—

Wkp—th,ne = anekap—th (2.26)

=== Nang c6 khd ndng thu hoi trén bobine
«=@=N3ang c6 khd ndng thu hoi trén kim phun
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Hinh 2.22: So sanh ning lugng dién cam c6 kha niang thu hdi trén bobine va kim

phun theo tc d6 dong co
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Nhén dinh: ngudn ning lugng c6 thé thu hdi duge ciia kim phun 13 rat thap (0,1%) so
v6i bobine (99%) tai cung dai toc d6 dong co. Pay 1a thong tin nguoi nghién ctru cn
quan tdm va xac dinh muc tiéu s& chi trién khai thu hdi ning luong trén cudn so cap
bobine.

2.5 Tinh toan trén hé siéu tu

2.5.1 M6 hinh hoa hé siéu tu

Theo phan tich tai muc 2.2.6, cac xung dién dong tuy c6 bién do rat Ion nhung thoi
gian xuat hién rat ngan. Vi vay, dé luu trir nang luong tir cac xung dién dong nay can
cd mot bo luu trit nang lwong cd kha ning nap, Xa rat nhanh da dé dap ¢ng qua trinh
phong nap cua cac xung dién dong. O day, nguoi nghién ciu lya chon mot hé siéu tu
dién 1am mot nguon thr cap dé luu trit nang luong dang dién cam tir cc cudn cam
trén hé thong dién 6 to.

Mot mé hinh don gian cho hé tu dién hai 16p c6 thé duoc biéu dién bang dién dung
tuong duong (Ca), dién tré song song twong duong (Ri) va dién trd ndi tiép twong
duong (Resr) nhu hinh 2.23.

— Ca

O

Hinh 2.23: So d6 mach tuong dwong cua hé siéu ty
Mot hé gém n siéu tu c6 dung lwong dién dung (C), giéng nhau dugc mac ndi tiép,

dung luong tong cong cua hé siéu tu (Cotar).

1 1
Ctotar = 1 1 1 1~ g (2.27)
n .
T b ek R =
Ci G G Cr
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Hién c6 hai phuong phap dé nap va xa hé siéu tu: mot 1a nap-xa hé siéu tu véi dién
ap khong doi theo thai gian, cach con lai 12 nap-xa hé siéu tu véi cuong do dong dién
khong doi theo thoi gian. Phuong phap nap va xa hé siéu ty dung dién ap khong doi
dugc chd trong va trién khai trong dé tai.

2.5.2 Qua trinh nap caa hé siéu tu

Hinh 2.24 13 so d6 tuong dwong qua trinh nap cua hé siéu tu, dugc biéu dién bang
dién &p nguon nap tu (Veen), dong dién phong caa nguon (leen), dong dién nap hé siéu

tu (isc), dong dién ro (i), dién tro ro (Ri) [25].

K Resr

Hinh 2.24: So d6 twong duong qua trinh nap cta hé siéu tu

Tir so d6 hinh 2.24, 4p dung dinh luat Kirchoff vé dién ap:
Ve (t) = Vesr (t) + Vie (2) (2.28)
= IceuResr + Vsc ()
Gia tri dién ap trén hé tu:
Vee() = o Jy isc(O)dt + V2 (2.29)
Vi V,2: gia tri dién ap ban dau trén hé siéu tu.
Tir so d6 hinh 2.24, ap dung dinh luat Kirchoff vé dong dién:
icen(t) = ie(t) + [} isc(D)dt (2.30)
Twr (2.28) va (2.30):

t

Vcell- Ctotal = Vsc- Ctotal + f isc(t)dt
0

. t.
Vcell- Ctotal = lsc(t)- le- Ctotal + fo lsc(t)dt (231)
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Bién d6i Laplace (2.31):

V. 5 C l . 1 .
e o = lsc(s)- Ry . Ceotar + ;lsc(s)

Tuong duong

Vcell- Ctotal = isc(s)- le- Ctotal-S + isc(s)
Veeu- Ceotar = isc(s)' (Rik- Crotar-s + 1)
Chia 02 vé cho (Ry. Crorqr-S + 1):

Vcell- Ctotal
(Ruk- Ceotar-s + 1)

Nhan ca tir va mau cia vé phai véi Ry,:

Lse (S) =

) = e 2 =
Bién doi
RikCrotal  _ RucCrotal = L (2.33)
(Rik-Ctotal-s+1)  Rik-Crotal(s+ RixCrotal "RikCrotal
Thay (2.33) vao (2.32):
ise(s) = ——x ‘;lk” 239

Rik-Crotal
Trong phép bién doi nguoc Laplace, co:
1

Ss—a

= e%! (v&ialahingso)

Suy ra:
1 1 ¢

= = e_le-Ctotal

1 1
+5—F— Ss—(—5—F—
le- Ctotal ( le- Ctotal)

Biéu thuc (2.34) sau khi bién doi Laplace nguoc:

S

t
isc () = 228 x ¢ RucCeotal (2.35)
Rk
Biéu thirc (2.35) md ta gié tri dong nap trén hé siéu tu dién trong qua trinh nap.
Thay (2.35) vao (2.29) duogc dién ap trén tu.

t
1tV —_—
—— [t e RucCrotal, dt + V2 (2.36)
Ctotar“0 Rk

Vee (D) =

Biéu thirc (2.36) mo ta gié tri dién ap trén hé siéu tu dién trong qué trinh nap.
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2.5.3 Qua trinh phdng cia hé siéu tu

Qua trinh phong cua hé siéu tu [43] duoc biéu dién theo so db twong duwong hinh 2.25.

K Resr

Hinh 2.25: So d6 twong duong qua trinh phong cua cia hé siéu tu

Tir so d6 hinh 2.25, 4p dung dinh luat Kirchoff vé dién ap:
t

j isc(t)- dt + isc(t)-le - (Vs(c) + icell- le) =0
0

1

Cto tal

Nhan 2 vé cho C:
t

J isc (t) dt + isc(t)' le' Ctotal - ng Ctotal - icell- le- Ctotal =0
0
Bién doi Laplace:

0 .
Vsc- Ctotal _ Leell- le- Ctotal _
S S

L .
;lsc(s) + lsc(S)- Rik- Crotar — 0

{sc (S) + g (S) Ry Crotar-S = ng Ceotar T iceur- Rik- Crotal
Isc (S) 1+ Ry Crotar- S) = Vs(c) Ceotar + lcenr- Rik- Crotar

ng Ctotal + icell- le- Ctotal
(1 + Ry Crotar- S)

isc(s) =
Nhan ca tir va mau véi Ry,
(Va2 + icen- Rir)- Rig- Ceotar
Ry (1 + Ryk. Ceotar-S)

Rk Crotal y (Voo + icen- Rig)
(1 + Ry Ceptar-S) Ry

Lsc (S) =

ic(s) =
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Bién d6i nguoc Laplace:

t

isc(t) — (Vsoc'";cell-le) x e_m (237)
lk
Mait khac:
Vie(t) = == f isc(©). dt + V2 (2.38)
Thay (2.37) vao (2.38):

Ve () = Vig — (Vi@ + icen- Ryye)-[1 — e_m]
Tur so d6 hinh 2.27:
Veeu(t) = Voc(£) = Vs (£)

Veeu(t) = Vig — (Vg + icen- Ry)- [1 = e_m —lcen- Resr  (2.39)
Biéu thirc (2.39) mo ta gia tri dién ap trén hé siéu ty trong qua trinh phong.
Trong khudn khé dé tai, mot hé siéu tu 27V-35F gém 10 siéu tu Maxwell BCAP0350
mac ndi tiép nhau dugc sir dung 1am bo tich trir ning lugng dién cam thu hoi tir cac
bobine nhu 13 mét nguon thir cip cung cap dén kim phun. Hé sé an toan 1a 1,125 ¢am
bao hé siéu tu hoat dong tét & mic dién ap 24V.
Ning luong cuc dai va cong suat cuc dai ma hé siéu tu c6 thé tich trix lan luot duoc
tinh theo biéu thirc (2.40) va (2.41) [31]:

cu?

Emax = 2x3600xmass (240)
cu?
Prax = 0,06 EDC (2.41)

Trong do:
Emax: nang lugng cuc dai trén hé siéu tu.
Pmax; cONg Suat cuc dai trén hé siéu tu.
mass: hé sb khéi luong hé siéu tu.

ESRpbc: dién tré ro hé siéu tu.
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Qua trinh chuyén ning luong tir ¢ quy sang hé siéu tu va nguoc lai s& duoc quyét
dinh bai mach quan 1y nang luong trén 6 o, s& dé cap sau & phan thiét ké mach quan
1y nang luong.
2.5.4 Nang lwgng trén hé siéu tu
Khi hé siéu tu duoc tich dién, hai ban cuc ctia hé tu dién tich dién trai diu nén hinh
thanh mét dién truong hudng tir ban cuc duong sang ban cuc am cua hé siéu tu. bién
truong nay ¢ kha ning sinh ra ning luong dang thé niang. Mit khéc, cac siéu tu gom
n siéu tu duoc mac ndi tiép véi nhau tao thanh mot hé siéu tu c6 dung luong tong
cong Crotar. Biéu thuc (2.42) biéu thi nang luong dién treong (Weap) cta hé siéu tu voi
dung luong (Crota) va dién ap trén tu (U).

Weap =5 CtotarU? (2.42)

Trong d6 dién ap U dugc sir dung & muc gia tri 24V dé phi hop voi cac thiét 1ap cua
thyc nghiém trén mo hinh phun xang danh 1tra va cai thién tinh dap (rng caa kim phun.
Nhiam quan 1y hiéu qua ngudn ning lugng trén hé siéu ty, can biét dugc mic ning
luong t6i da ma mot hé siéu tu c6 thé chia dung (biéu thirc 2.42), qua d6 tinh toan
thoi gian nap day cua hé siéu tu dya vao mic ning luong tir cac xung dién cam.

Ning lugng tir cac xung dién cam duoc thu hdi tir qua trinh chuyén mach cua céc

bobine.

2.5.5 Hé siéu tu két noi phu tai dién

Viéc sir dung hé siéu tu lam ngudn tha cap dé cung cap cho va cai thién do nhay cua
kim phun 1a phan thuc nghiém chinh trong pham vi nghién ciiu nay. Trong truong
hop nay, tai dién dugc sir dung c6 cau tao tir thanh phan cudn cam. Tai dién dang
cudn cam khac véi tai dién dang dién tro thuan boi dic tinh caa d6 ty cam. Ngoai ra,
cuong do dong dién trong mot mach kin phu thuoc vao tai (¢ day la gia tri cam khang
ctia cudn), ngudi nghién ctu tién hanh viéc moé hinh toan hé siéu tu véi phu tai dién
dang dién cam vai muc dich xac dinh duoc cuong d6 dong dién khi phong qua tai

dién.
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Mot mach kin gom hai thanh phan co ban 1a dién dung (C) va d6 tu cam (L). Qué

trinh hé siéu ty cap dién dén phu tai duoc mé ta bang mot so d6 mach twong dwong

¢ hinh 2.26.
R L
g I -
U UL
Cotl | Tug

Hinh 2.26: So do twong duong mach siéu tu va phu tai dién

Tai thoi diém t = 0, trudc khi hé siéu tu phéng dién, dung lugng, dién ap va cudng

d6 dong dién ban dau cua tu ¢ trang thai nap day & Crotar = C/n va U = U.

Khi tu bit ¢au phong, cudong d6 dong dién xuat hién trong mach duoc xac dinh nhu

hinh 2.26.
Ap dung dinh luat Kirchoff vé dién ap:

Zuzo

Us+U, +U;,=0
iR+ L=+ Uc=0

Trong do:

Ug: dién ap trén dién tré.

U, : dién ap trén tai dién la cuon cam.

Uc: dién ap trén hé siéu tu dién.
Trong do:

U, = [I.dt+U,

Cudng do dong dién I

duc

I.=C —
c total dt

Thay (2.44), (2.45) vao (2.43):
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RI +

dl
jlcdt+Uo+ L—=0

total

d?1 Rdl 1
— T+t -—+

I=0 (2.46)

it | =e™, tir (2.46) co:

B2+ ——=0 (2.47)

LCtotal

Phuong trinh (2.47) 1a mot phuong trinh bac hai vai hai nghiém phan biét.

R R\?2 1
A== 2L + \/(Z) - LCtotal (2.48)

1 R\?2
-kt |50 ¢
I — Ioe 2L e total

(2.49)
Phuong trinh (2.49) 1a phuong trinh mé ta cuong do dong dién trén hinh 2.26.

2.6 Tinh toan qua trinh nap nang lwong di€én cam vao hé siéu tu

2.6.1 Qua trinh nap ning lwgng di€n cam trén bobine vao hé siéu tu

Truong hop don 1é mot bobine thyc hién qué trinh nap vao siéu tu, thi s 1an (lo)
bobine thuc hién viéc chuyén mach dé c6 thé nap day duoc hé siéu tu (chwa xét qua

c4c sai s6 yéu té anh huong bén ngoai nhu nhiét do va mai truong lam viéc):
1 2
_ Weap _ 7%Ctotat¥U”  R%Ciorq

I = - =
bb ul. o\’ thp\?
R l-e 7 Lll1-e t

Whb 1
Thoi gian nap day hé siéu tu tr,;,,, dua trén nguon niang lugng tu cam ctia mot bobine

(2.50)

2

tai dai tbc d6 dong co ne:

truuby = lpp s (2.51)

Ne
Trong do:
Weqp: nang luong du trix trén hé siéu tu (J)
W, nang lugng du trix trén cudn so cap (J)

tob: thoi gian transistor cong suat diéu khién cudn so cap dan (s)
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2.6.2 Qué trinh nap nang lweng dién cam trén kim phun vao hé siéu tu

S6 lan kim phun thuc hién viéc chuyén mach dé c6 thé nap day hé siéu tu:

1
3CtotatXU?  Rip*Crotal

2 = 2
v, tkp ., tkp
— | 1-e 7T —e T
Rkp kp

Thoi gian nap day hé siéu tu tir nang luong dién cam cua mot kim phun tai toc do

Ly = (2.52)

1
2

dong co ne:

60
truikp = lip - (2.53)

Viéc tinh toan duoc thoi gian nap caa siéu tu & cac dai dong co khac nhau bé tro cho

viéc danh gia kha ning nap va thu hoi nang luong cua hé siéu tu duoc true quan hon.

2.7 Bac tinh kim phun

2.7.1 Piéu khién kim phun

Hién nay, cac kim phun nhién liéu trong hé théng phun xang duoc diéu khién theo
hai phuong phéap pho bién, phuong phéap diéu khién theo dong hay con goi 1a phuong
phap “nhic va gitt” (Peak and Hold) va phuong phap diéu khién theo ap (Saturated
Voltage). Trong qué trinh chuyén mach, cudn cam trong kim phun tao ra mot suat
dién dong nguoc vé phia ngudn cip cho kim phun, diéu nay van 1a mét trong nhiing

nhuoc diém cb hitu caa cac b chap hanh ¢é ciu tao tir cudn cam.

Saturated Voltage Peak and Hold

Hinh 2.27: Dién ap & hai ché d¢ diéu khién kim phun
Ca hai phuong phap diéu khién nhu trén déu cdp mot ngudn dién ap dén kim phun dé
nhac kim. Tuy nhién, & phuong phéap diéu khién theo dong, mach diéu khién s& cap

dong dién c6 cuong dd cao dé md kim phun, sau d6 dong dién s& duoc giam xuéng
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bang cach ha dién ap xudng du dé duy tri hoat dong ma cua kim véi muc dich 1am
giam mot phan suat dién dong khi chuyén mach (hinh 2.27). Vi cling mot dién ap
cung cap & ca hai phuong phap, & ché do diéu khién theo dong, viéc nhac va giit kim
yéu cau kim phun c6 tré khang thip hon so véi phwong phap diéu khién theo ap. Tuy
nhién, néu xét vé phuong dién thu hdi ning lugng dién cam, kim phun duogc diéu
khién theo &p s& c6 loi hon do suit dién dong tu cam & ché d6 diéu khién nay c6 bién
d6 16n hon so vai ché do diéu khién theo dong.

2.7.2 Phén tich qua trinh hoat déng caa kim phun

Kim phun xing duoc cau thanh tir 09 bo phan nhu hinh 2.28.

Hinh 2.28: CAu tao cua kim phun [26]
1 — nhién liéu; 2 — loc nhién liéu; 3 — gidc ndi dién; 4 — vo kim phun; 5 — cudn tir;
6 —ty kim; 7 — 15 phun; 8 — tia phun; 9 — 16 xo0 hdi vi
2.7.3. M6 hinh toan ciaa kim phun
Luu lugng nhién liéu phun qua 16 phun phu thudc vao ap suat nhién liéu va thoi gian
nhac kim. Khoang thay di cua &p sut nhién liéu duoc xac dinh qua biéu thuc 2.54
[27]:

AP =% (2.54)
Trong do:
P: ap suét nhién liéu

V: thé tich nhién liéu phun qua kim
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AP: phan &p suat thay doi
AV phan thé tich thay d6i
Luu luong nhién liéu vao va ra dugc dugc mo ta theo phuong trinh Bernoulli:

0 = uA ZATP (2.55)

Trong do:
w: do nhét nhién ligu
A: tiét dién dau ty kim
p: khéi lugng riéng nhién liéu
Tir biéu thuc 2.54 va 2.55: sy thay d6i 4p suat trén thé tich chira nhién liéu dugc mo

ta theo biéu thtc 2.56:

E

% = [Z Qin *+ Queakin — Qout — Qreakour + LA % > (2.56)
Trong do:
Qi : Iuu lwong nhién liéu vao
Qous: luu luong nhién ligu ra
Qeakin: luu lugng nhién liéu ro trong qué trinh vao
Qieakout- luu lwong nhién liéu ro trong qua trinh ra
x: khoang dich chuyén ctia ty kim

Chuyén dong cua ty kim duoc biéu dién qua phwong trinh dong luc hoc 2.57:

mEE e k= F + N F. +XF (2.57)
dt2 dt o ats f m '

Trong do:
F,: lyc 16 x0 hdi vi
Fy: ap luc nhién li¢u
E,: luc tr

m: 1a khéi lwong ty kim
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&: hé sb dao dong tat dan

Chuyén dong cua ty kim 1a hoat dong quan trong caa kim phun. Chuyén dong nay
duoc phan tich théng qua bén thanh phan ta: phan tir dién, phan tu dién tur, phan ta
co khi va phan tir thay lyc nhu hinh 2.29.

4
—1
~ 1 | Phantir
dién
"

\ 4

R
o Phan tir
dt dién tir

A

Fy
" >

“—Jx | Phan tir
dt co khi

4

A

\4

v

\ 4

Phan tir
thay luc

Hinh 2.29: M6 hinh hé dién — dién tir - co - thay luc caa kim phun

Hé phuong trinh m hinh héa kim phun trong hé bon phan tu: dién - dién tir - co khi
- thuy lyc:

(s +La) S+ (Ro+ Ry + RDI+V, = Vg

{ d%x

dt?

Trong do:

i =

dav,

dt

_1
m

Fyp =

Lg: d6 ty cam ldc ban dau.

1 1
= _Fm —;k(x +x0) _;Ff

_ uo(N)?%s,

2(65—x)2
dx
Ff = f(xlE:PconJPbpa)

L,: d6 tu cam Idc sau cua cudn tur.

i: dong dién qua cudn day.

R: dién tro lac ban dau.

R,: dién tro 10c sau cua cudn day dién tur.
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R, : dién trd gidi han dong dién cuc dai.

V,: dién &p ban dau cung cap dén cuon day dién tir.

V.. dién ap nap tu.

Cp: dién dung tu.

E,: luc tur.

1o d0 tir tham trong chan khéng.

N;: s6 vong quén trén cudn day.

S,: tir théng qua tiét dién mat cat ngang.

8: khoang cach ban dau.

P.,,.: 4p suat diéu khién.

Pypq: 8p suat nhién liéu hoi.
2.7.4 Pac tinh cwong do dong dién qua kim phun
Khi dién ap cap dén kim phun, dong dién trong cudn tir sé tang dan do s can tro cua
dong ty cam, dong dién sinh ra c6 xu huéng chong lai nguyén nhan sinh ra nd, mot
dic tinh co ban ctia cudn day. Dong dién ting dan twong (ng véi lyc tir tac dung lén
ty kim tang dan, dén thoi diém nhat dinh, khi luc tir I6n hon luc nén caa 10 xo hdi vi

va ap luc tir nhién liéu, ty kim s& dich chuyén Ién trén va nhién liéu dugc phun vao

xy lanh.
L -
1
I L _
o
1 E
< 0.6 | §
g Ier 7 £
=T E
< 1 -
02
0
] ] ] ] ]
0 1 2 3 4
Time [ms]

Hinh 2.30: B4c tinh, d6 tu cam cuong d6 dong dién qua kim phun [28]
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Trén hinh 2.30, khi kim phun duogc cép dién, cuong d6 dong dién trong cudn tir bét
dau tang tir 0A dén khi lyc dién tir 16n hon ap lyc tong cong dat vao dau kim, ty kim
s& duoc nhac 1én. Luc nay, cudng d6 dong dién qua kim phun sé& c6 khoang roi nho
do suat dién dong tu cam trong cudn ting 1én do L ting [28]. Sau d6 cudng do dong
dién trong kim tiép tuc ting cho dén khi dat gié tri b&o hoa, gia tri nay tuan theo dinh
luat Ohm duya trén dién tro va dién ap dat vao kim.

MA4i quan hé giira cac duong dic tinh dién ap, cudong d6 dong dién c6 quan hé theo
biéu thuc 2.60.

1=2(1-¢7?) (2.60)

Trong d6, U 1a dién ap cung cip, R va L lan luot 12 gia tri dién tro va do tu cam cua
kim phun.
Goi thoi gian T1 — dead time hay thoi gian chét dugc tinh tir luc dong dién ting tir 0
dén Icr (hinh 2.30). Khi dong dién cudn day ting dén ler, luc dién tir 1Gc nay 16n hon
su chénh léch lyuc tac dung gita luc nén caa 16 xo héi vi va p suat nhién liéu, ty kim
bit dau chuyén dong 1én, tuong Gng Véi giai doan bat dau T2, dén hét giai doan T2 1a
lac ty kim dugc nhac 18n hoan toan khoi bé. Giai doan tiép theo Ts, dong dién qua
kim phun van tiép tuc ting cho dén khi dat gia tri bdo hoa. Cudi cuing, ¢ giai doan Ta,
dong dién khong tang nira, gitr & mic bdo hoa. Trong khoang thoi gian T2 + Ts, kim
phun dich chuyén 1am lugng nhién liéu phun thiéu chinh xac.
Goi L va L’ lan luot 1a d tu cam ctia kim phun & giai doan trude va sau khi nhac kim.
Khi L’> L, gia tri do tu cam tang hoac giam theo quy luat caa ham mii.
L = o (2.61)

AL=L—L=L(1-e" (2.62)
Qua trinh thay ddi caa d6 ty cam L trong kim phun & qua trinh nhac kim thanh 3 giai
doan nhu hinh 2.30.
Qua trinh thay doi cuong do dong dién qua kim phun duoc biéu dién qua 04 giai

doan:
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e Giai doan 1 (T1): ty kim dong, d6 ty cam lUc nay co gia tri la L:

O giai doan nay, cuong d6 dong dién ting 1én twrong wng voi khoang thoi gian T trén
hinh 2.30. Ldc nay, luc tir (Fm) trong kim phun 12 rit nhé so véi can luc tong cong
cua 10 xo hdi vi (Fs) va cua &p luc nhién liéu (Fy).

Fr +F, » Ey, (2.63)

Cuong do dong dién trong giai doan 1:

L=Y(1-e%) (2.64)
e Giai doan 2 (T2): ty kim bat dau nhac 1én, d6 tu cam IGc nay s& tang tir L 1én L
Trong giai doan nay, lyc tir da thang duoc cac tro luc, ty kim bat dau nhac I1én khoi
bé.

Fr+F, = B, (2.65)
Mt khac, do tu cam cua kim phun bat dau ting 1én tir L —L’, cuong d6 dong dién

lGc nay s& giam xudng dot ngot (d1/dt khéc 0).

-R

U -R U == U —_— R+
I, = —(1 — eALtZ) = E(l — eL’—LtZ) = ;(1 — el/a-e™D 2) (2.66)

R

T biéu thic 2.66, nhan thdy U, R cac la gia tri khong doi trong qué trinh nhac kim,
nén d6 ty cam tang 1én dot ngot dan dén cuong do dong dién s& giam xudng. Tuy
nhién, khoang thoi gian cudng d6 dong dién roi xudng la rat ngan, vi gia tri t, tang
dan theo thoi gian, din dén L -e ) tién dan dén L’, lac nay cudng do dong dién s&
tiép tuc ting lén.
e Giai doan 3 (T3): ty kim duoc nhic 1én hoan toan, do ty cam co gia trila L’
Trong giai doan nay, luc tir da 16n hon can lyc cua 10 xo va can luc caa nhién liéu.
Ty kim da dugc nhac 1&n hoan toan khoi bé.

Fy +F, < F,, (2.67)
Luc nay d6 tu cam d3 dat gi tri L, cwong d6 dong dién tiép tuc ting dan cho dén khi

dat gia tri bdo hoa.
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U R
L=2(1-e1") (2.68)
e Giai doan 4 (T4): cuong do dong dién dat gié tri bdo hoa.

Giai doan cudi cua qua trinh nhic kim, lic ndy cudng d6 dong dién dat gia tri bdo

hoa 6n dinh theo thoi gian.

Iy== (2.69)
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Chuong 3

THIET KE HE THONG THU HOI VA TiCH TRU
NANG LUQNG PIEN CAM

3.1 Khao sét suat dién dong tw cam thuc té

Nguoi nghién ciu tién hanh sir dung thiét bi chuyén dung do hién séng Tektronix
MSO2000B [29] (hinh 3.1) dé thuc hién khao sat dang séng suat dién dong tu cam,

cudng do dong dién trén cudn day so cap bobine, kim phun cua 6 t6 07 chd.

'N\

Hinh 3.1: May do hién song Tektronix MSO2000B [26]

Hinh 3.2 va hinh 3.3 biéu thi suat dién dong tu cam cua bobine va kim phun.

Tek Prevy Moise Filter Off
[ T 1 T T L L AL B L B
- | 1 1 [ I""E""i""i I 1
...... R '_ﬁ-
'...|....| ..i.I.T....|.r...i...'.i....l....'
500 Y [4.00ms (G WL 132185 He[1:itds |

Hinh 3.2: Suét dién dong tu cam trén cudn so cap bobine
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Tekprevy

100V J[10.0ms & 156v 57.7666 He[15:35:12 |

Hinh 3.3: Suét dién dong ty cam cta kim phun

Tai cung muc dién &p hoat dong 1a 12V, suat dién dong tu cam cua bobine dat gia tri
gan 400V (gap 33 lan), trong khi d6i v6i kim phun 13 70V (gép 6 1an). C6 thé thay
duogc bién do cua xung tu cam 1a kha 16m, phu thudc nhiéu vao tde do bién thién cua
tr thong va thong sb ciu tao cla cudn day. Nhu da dé cap tai muc 2.1, cac xung tu
cam nady la nguyén nhan chinh giy hai cho céc linh kién ban dan trong mach, ciing
nhu gay t6n hao nhiét cho chinh b chap hanh.
Cuong do dong dién qua cudn day tai thoi diém chuyén mach duoc xac dinh boi biéu
thae (3.1).
U _R

I=;(1—e L) (3.1)
Trong d6, U 1a dién ap cua ac quy, R 14 tong tro caa cudn day, L 1a do tu cam cua
cuon day.

Ning lugng tich lity W, trén cudn diy sau mdi lan chuyén mach:

L[u _R 1%
Wy =3[ —-e) (32)
Trén co so Iy thuyét & chuong 2, tai myc 2.4.2: nang lugng dién cam c6 kha niang tich
lity ctia bobine cao hon khoang 99 1an so véi v6i kim phun. Nguoi nghién ctru sé thuc
hién viéc thiét ké mot bo thu hdi, tich trit nang lugng dién cam tir bobine, sau do
ngudn ning luong nay sé& duoc cung cip dén kim phun khi bo tich trir ning luong

dugc nap day.
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3.2 Thiét ké md hinh thuc nghié¢m diéu khién phun xing danh lira

Ngudi nghién cau tién hanh thiét ké mot moé hinh thyc nghiém hé théng phun xing
danh lra va xay dung mét bo thu thap di liéu tin hiéu tir hé thong. Mé hinh thuc
nghiém dam bao hoat dong giéng nhu trén xe.

3.2.1 Phan tich chuyén ddi khéi b diéu khién danh lira

ECU dong co diéu khién dong dién cao 4p dén cac xy lanh bang cach gui ting tin
hiéu IGT1, IGT, IGT3, IGT4 dén cac IC danh lira theo trinh ty danh lira dya vao tin

hiéu tir cac cam bién.

Cudes dieds Kra
&5 IC dieh iba | +8

-
(= !
Moch
dln
L]
P

ECU Cudn Gdrhs Nn
) IC Qh

Trich by & Kra

Hinh 3.4: Nguyén Iy diéu khién hé théng danh lira trie tiép [30]

Truéc khi tién hanh thu héi niang luong, mot s6 diéu chinh tir cum dénh lra can phai
dugc trién khai. Cu thé, trén dong co 4 xy lanh, mdi xung IGT léch nhau 180° tinh
theo goc quay truc khuyu. Tin hiéu IGT dang xung vudng chuyén dén bo danh lira
(IC danh lira) trudc diém chét trén & qua trinh nén. IC danh lira diéu khién dong dién
di qua cudn so cap. Khi xung IGT ngit dong dién di qua cudn so cip, cudn thi cap
sinh ra mot suat dién dong c6 dién 4p cao, dugc cung cap dén bugi tuong tng. Mot
tin hiéu IGF phan hdi vé ECU nham xac nhan tinh trang danh lira, gidp bo vi xir ly
diéu khién tinh nang an toan.

Nguoi nghién ctu khao sat hé thong danh lira truc tiép trén dong co 1TR-FE [30] ¢6
cum danh Itra va bobine tich hop nhu hinh 3.5.
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Kiéu DIS (Ddnh lva trye tidp)

Cudn danh Iira
co |C danh Ika

tri h'ut:-khuir:u
Hinh 3.5: Cym danh Itra c6 tich hgp IC [30]
Céch thirc bd tri nhu cum dénh lira nhu hinh 3.5 dam bao hé thong nhé gon nhung ¢
yéu diém l1a khong tan dung duoc ning luong dién cam “thira” trén cudn so cip
bobine. B¢ giai quyét van d& quan tam, ngudi nghién ciru dé xuat chuyén doi két cau
ctia cum diéu khién danh Itra ¢ 1C va bobine roi nhu hinh 3.6 phii hop véi kha ning
tan dung nang luong dién cam “thira” nhung van dam bao van hanh 6n dinh, an toan
va thiét thuc. Phuong 4n nay tao ra mot day dan két ndi giira IC va bobine, day 1a co

s& quan trong trong cdng tac lap dat thiét bi thu hdi va tich trir niang luong dién cam.

Cubn danh Iira

Bugi

‘, Cuén danh lira

Hinh 3.6: Cum danh lira duoc dé xuat thay thé
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Trén hinh 3.6, ngudi nghién ctru tién hanh tach cac cum chi tiét trong hé thong DIS
ra thanh ba phan chinh gdm ECU, IC danh lira va bobine. Phan ECU va IC danh lta
van duoc gilt nguyén, cac bobine s& dugc thiét ké mot bo thu hdi, luu trix nang lugng
di kém dé thuc hién viéc tai st dung nguén nang lugng dién cadm nhu mo hinh 1y
thuyét (hinh 1.16).

3.2.2 Thiét ké md hinh thue nghi¢m

Mo hinh thuc nghiém hé thong dién diéu khién dong co trén mot khung thép kich
thude: 1320 x 700 x 1690 (mm) v&i cac cum chi tiét cua hé thong dién diéu khién
dong co 1TR-FE c6 két hop Card NI 6009 giao tiép dit liéu da ning giira may tinh va
thiét bj thong qua cong USB, bo tich trit nang luong va mach thu hdi niang lugng dién
cam tai sinh (bang 3.1).

M6 hinh thyc nghiém duoc b tri cac bd phan nhu hinh 3.7.

11

10

nh O N oo O

Hinh 3.7: Cum chi tiét dé xuat trén mo hinh thyc nghiém

1 — d6ng hd trung tim; 2 — hong ga; 3 — cam bién luu lugng gid; 4 —thiing xang;
5 — NI 6009; 6 — mach diéu khién; 7 — cum hiéu chinh tdc d6 dong co; 8 — hé siéu
tu dién; 9 — c6ng tic ngudn; 10 — diém do; 11 — ECU; 12 — cum IC va bobine; 13
— cum kim phun xang; 14 —van VVT-i.
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Hinh 3.8: M6 hinh thyc nghiém

Mot dong co dién 12VDC dan dong rotor cia cdm bién vi tri truc cam va cam bién

tbc d6 dong co trong dai toe d6 750 — 6000 vong/phlt, ciing véi cac tin hidu dau vao,
ECU, tin hiéu dau ra tao nén hoat dong 6n dinh va chinh xac cia mé hinh thir nghiém
hinh 3.8.

Danh muc cac bd phan trén mo hinh thuc nghiém duogc liét ké ¢ bang 3.1.

Béng 3.1: C4c bo phéan trén mé hinh thuc nghiém

STT| Danhmuc Chire niing Théng so Hinh anh
1 | Khung mo G4 lap chi tiét, | 1320 x 700 x 1690 Hinh 3.8
hinh thiét bi (mm)
Khéi lwong: 90 kg
2 | Cactin hiéu Co sd qua trinh | Cac cam bién tuong Hinh 3.8

dau vao: lvu | diéu khién lap | tng dong co 1TR-
lwong khi nap, | trinh FE
nhiét do khi

nap, vi tri
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buom ga, vi
tri truc cam,

truc khuyu...

Hé thong dién
diéu khién, bo
diéu khién
trung tdm
(ECU)

Két noi, hoan

thién hé thong

Cum chi tiét dién
cua dong co 1TR-FE

Hinh 3.8

Cac tin hiéu
dau ra: hé
thdng danh
ltra, hé théng
nhién liéu,
VVT-i.....

Xac nhan két
qua qua trinh
diéu khién lap
trinh

Cac bo chap hanh
twong ung dong co

1TR-FE

Hinh 3.8

B chuyén doi
hé thong cum
IC danh Iva va

cuon danh lura

cum IC danh Itra va
Cudn danh Itra tuong
ung dong co 1MZ-
FE

Hinh 3.8

Hé thong dién
ngudn, mach

bao vé

Cap nguon,
dam bao an

toan dién

Cum cdng tac,
role, cau chi tuong
ung dong co 1TR-
FE

Bo diéu khién

tdc do dong co

Gia lap dai toc
do dong co tu
750 dén 6000

v/ph theo yéu

cau thuc

nghiém

Dién ap dau vao:
12vDC

Dong dién tinh:
0,025A

Dong dién dinh mac
I6n nhat 40A
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Cong suat diéu khién
480W.
Tan sé PWM: 12khz

8 | Thiétbihién | Truc quan Bang tap-16 twong
thi théng tin | théng tin cin | tng dong co 1 TR-
giam sat, FE
9 | Thiét bi do Két noi thiét thi | Theo yéu cau thuc té T
kiém thong tin | do dang song, | két ndi § ig% :zlg
dién 4p, dong Olen ol
Ol [O] e
dién... Olrs O o
Ol nes O] aur
I S
Olu o[
10 | Mach diéu Thiét ké mach | Arduino Nano, vi
khién lap trinh | 1ap trinh thuat | diéu khién
thu hoi nang | toan diéu khién. | Atmega328
lugng dién (ho 8bit), bo nho
cam EEPROM-1 KB,
Dong: 19mA
S6 chan digital: 14
S6 chan analog: 08
11 | Card giao tiép, | Thu thap di National Instruments -
thu thap di liéu, hién thi Card (NI 6009)
licu tryc quan théng | Tam do: 0 - 10 V
tin can thiét D¢ chinh xéc: i
0,007V
12 | Bo tich trit Tich trix, nguon | Hé siéu tu Maxwell
nang luong phat nang bién dung: 35 F
dién cam bién ap: 24 V
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luong dién cam | Dong ro: 25 mA

tai sinh

13 | Hé thong Danh gia qua | Cum céc kim phun, Hinh 3.8
nhién li¢u truc | trinh diéu khién | bom nhién liéu, loc,
quan kim phun ddng ho ap suit
tuong trng dong co
1TR-FE

3.3 Thiét ké mach thu héi dién cam
Mach duoc thiét ké c6 kha nang thu hoi nhanh, chiu dugc xung dién &p cao, an toan,
6n dinh céc sut dién dong tu cam tir cac cudn day so cap C1, C2, C3, C4 cua 04

bobine vé mot thiét bi luu trir (hé siéu tu).

D5

<

—1 D1

Ai

D2

<

CAPACITORS .,

D3

-

ONONONG,
ECU

Hinh 3.9: Mach nguyén Iy thu héi dién ap tu cam
Giai phéap theo nguyén ly nhu hinh 3.9 sir dung dic tinh cua diode dé nap suat dién dong
vao tu sau khi qua diode. Do tinh chét cua diode chi cho dong dién thuan nén siéu tu dién
duoc nap lién tuc khi c6 suat dién dong cho dén muc dién ap can thiét, khdng xay ra qué
trinh phong dién.
3.4 Phan tich, lwa chon bg luu trir nang lweng
Trén co so 1y thuyét & chwong 2, muc 2.5.3 ciing voi muyc tiéu chon loai thiét bi c6

kha ning nap va phong nhanh, tiép nhan cac suit dién dong dang tit dan dong thoi la

66



ngudn tich trit ning lwong ¢ dién ap cao hon dién 4p cia ic quy va co dung luong
du 16n nham cai thién tinh dap ung ciia kim phun. Ngudi nghién ctru quyét dinh chon
hé siéu tu dién 27V-35F duoc ghép ndi tiép tir 10 siéu tu Maxwell BCAP0350 (hinh
3.10) dap tng day du tiéu chi vé dién 4p, dic tinh nap phong, dung luong nhiét do, 1y

tinh, cong suat riéng, nang lugng riéng, d an toan, tudi thg, than thi¢én moi truong.

Hinh 3.10: H¢ siéu tu dién 27V-35F

Dé dam bao tinh an toan, tranh chay nd & cac tu, nguoi nghién ciru chon hé s6 an toan
cho hé thdng 1a 1,125, trong duong mic dién ap hoat dong cua hé siéu tu s& 1a 24V
khi nap day so véi muac danh dinh 13 27V.
Céc thdng sb ky thuat hé siéu tu nhu bang 3.2.

Bang 3.2: Thong s6 k§ thuat hé siéu tu

TT | Thong sé ky thuat Pon vi
1 | Dién dung dinh muc 35F
3 | bién tro trong cuc dai ESRpc 22 mQ
4 | Dong dién dinh muc 45 A
5 | Dong ro cuc dai tai 25°C 25 mA
6 | bién ap dinh muc 24V
7 | bién ap cuc dai 27V
8 | Nang lugng cuc dai 0,35 Wh
9 | S siéu tu thanh phan 10

Ning lwong cuc dai va cdng suat cuc dai ma hé siéu tu co thé tich tri 1an luot thé
hién & biéu thuc (3.3) va (3.4) [31].
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. cu?
M 2x3600xmass

390 572 (3.3)
_ a5 =1107,42(3)
2x3600x —
1000
2 2

P =006 V" _006-2

SRy 60 (3.4)
1000 '
= 729(W)

Mot b ngudn ning lugng thir cip trén 6 to tir hé siéu tu c6 gia tri cong suat cuc dai
dat dén 729W khi ¢ trang thai dugc nap diy. Ngudn ning luong nay dugc sir dung
1am ngudn dién ap cung cip cho hoat dong cai thién do nhay kim phun trong hé thong
phun xang dién tu.

3. 5 Thiét ké, thi cdng mach thu hdi ning lweng

Mach thu héi nang luong dién cam tai sinh duoc thiét ké bao g@)m cac bo phan, linh
kién nhu hinh 3.11 va dugc bd tri theo nguyén ly hinh 3.12.

- 01 cam bién dong ACS712 c6 dai do dong dién 0,2 — 5A, sir dung ngudn dién
5V, d6 nhay dau ra 63 — 190 mV/A, nhiét d6 hoat dong -40°C — 85°C.

- 03 role Songle 12V, 4 chan SRD-12VVDC-SL-A: dong DC 6- 10 A, nhiét d6 hoat
dong: - 45°C - 75°C, cong suat cudn day: 360 mW, thoi gian tac dong: 10 ms, thoi
gian nha tiép diém: 5 ms.

- 01 Arduino Nano: vi diéu khién Atmega328 (ho 8bit), bd nhé EEPROM-1 KB,
dong ti€u thy: 19mA, di¢n ap vao 7-1VDC, sb chan Digital 1/0: 14, s6 chan Analog:
08 - déng vai tro trung tAm trong thu thap va kiém soat cac tin hiéu.

- 07 mach cau chia ap ha muc dién ap véi dai do 0,5 — 5V, khong lam thay d6i hinh
dang cua tin hiéu khi truyén dén cac chan AIO, Al4, AI2, AI5, Al6, PFIO, P0.0 cta
card NI 6009 (phu luc 2) tuong ung voi cac tin hiéu IGF, IGT, #10, BAT, DP, TACH,
W.
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Hinh 3.12: So d6 nguyén 1y mach thu hoi ning lugng

Nguyén 1y mach thu hdi nang lwong theo hinh 3.12: 03 role & trang thai thuong déng,
04 cuc @m bobine C1, C2, C3, C4 nap qua cac diode D1, D2, D3, D4 dén tiép diém
thuong dong K1 vao cuc duong hé siéu tu. Luc nay duong kim phun qua diém thuong
dong K2 qua cam bién do dong ASC712 dén kim phun tai chan Out#. Tiép diém K3
ndi Am hé siéu tu vé nguén.

Hai dién tro R4, R10 tao thanh cau phan 4p giam ap trén hé siéu tu gui vé chan Al7
va Al3 cua Card NI 6009. Bién tro R3, R7, R13 tao dién &p chiét ap thay d6i khi diéu
chinh bién tro tai diém U2 dé diéu khién dan Opto 1SO1. Pién tro R2, R6, R12 tao
dién &p chiét ap thay doi khi diéu chinh bién tro diém U2 diéu khién dan Opto 1SO2.
Dién 4p ra tai 1SO1, 1SO2 giri vé vi diéu khién dé kiém soat dién &p tai chan A0, Al
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Khi vi diéu khién xéac dinh dién ap hé tu 16n hon 24V tai chan A0, s& diéu khién tin
hiéu tai chan D5 (tin hiéu ORL1) dén transistor Q1 dé chuyén mach c&c cudn day cia
03 role, 03 tiép diém mo ra. Lic nay cuc dwong hé siéu tu cap dén kim phun qua

ASC712. Tiép diém K2 bi ngit, tiép diém K3 ndi mass cho hé siéu tu.

00,000,000

i
s
-
B
-
D

~d

Hinh 3.14: San phdm mach thu héi ning luong
Khi vi diéu khién x4c dinh dién 4p hé siéu tu nho hon 21V tai chan A1, s& diéu khién
tin hiéu tai chan D5 (tin hiéu ORL1) dén transistor Q1 ngit dong qua cac cudn day
ctia 03 role, 03 tiép diém dong lai, qua trinh trd lai nhu ban dau. Lap trinh diéu khién
trén Arduino Nano dung vi diéu khién Atmega328 duoc trinh bay tai phy luc 1.
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Céc cau phan &p tich con duoc hop trén mach diéu khién dé truyén céc théng tin hién
hanh cta cac tin higu IGF, IGT, #10, BAT, DP, TACH, W dén card NI 6009, sau d6 hién
thi trén man hinh may tinh thdng qua giao dién duoc thiét ké trén phan mém LabVIEW
hinh 3.21 va code lap trinh theo phu luc 3.

3.6 Lap trinh diéu khién

Vi diéu khién Arduino Nano (U4) ngoai viéc diéu khién 03 role & trang thai phu hop,
con diéu khién lya chon ngudn ning lwong cap cho kim phun theo Iuu d6 hinh 3.16.
nham kiém soét qua trinh cap nang luong theo so do chuyén doi ngudn dién dén kim

phun dung hé siéu tu hoic 4c quy nhu hinh 3.15.

NI-6009
VCC

Capa<:1tors

Injector

NI-6009

Hinh 3.15: So d6 chuyén doi ngudn dién
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Hinh 3.16: Luu d thuat todn kiém soat nang lugng dién cam

3.7 Thiét ké hé thong thu thap, do lwdomg va kiém soat niing lwong dién cam

Noi dung thu thap dix liéu, do luong va kiém soat ning luong dién cam:

- Thu thap céc tin hiéu dau vao (#10, TACH, IGT, IGF, BATT, EDLC, Cl1...).

- Giam sét dién &p trén thiét bi tich trir nang luong tai sinh (hé siéu tu dién).

- Piéu khién lap trinh phdi hop ngudn nang luong hién hanh tir ic quy va hé siéu ty
dién cung cap dén kim phun.

- Hién thi théng tin dit liéu thuc nghiém trén may tinh.

Theo [31], nang lugng trén hé siéu tu dugc xac dinh:

CrqU?
2%x3600Xmass

(3.5)

Emax =
Trong do:
E .. nang lugng cuc dai cua hé siéu tu.
Ciq: dién dung tuwong duong cua hé siéu tu.
U: dién &p nap duoc trén hé siéu tu.
mass: hé sb theo khéi lugng (0,006).
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Hinh 3.17: So d6 két ndi diéu khién thu thap dix liéu [33]

Biéu thirc (3.5) dua vao lap trinh dé xac dinh niang luong trén hé siéu tu.

Hé théng thu thap dit liéu va kiém soat ning luong dién cam duoc thiét ké bao gom
giao dién hién thi thong tin va diéu khién trén mdy tinh cai dat phan mém LabVIEW
va card thu thap dit liéu NI 6009 caa hang National Instruments, cam bién dong, vi

diéu khién Arduino, mach dién tir. So d6 khéi két néi diéu khién va kiém soét nang

lugng dién cam nhu hinh 3.17.

Céc thdng sb dir liéu dau vao va dau ra theo bang 3.3 va bang 3.4.

Bang 3.3: Céc thdng sb dau vao cua hé théng kiém soat nang luong

TT Thong sé dau vao Ki higu
1 | Tin hiéu diéu khién danh lra IGT
2 | Tin hiéu dién cam trén bobine danh lira C1,C2,C3,C4
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3 | Tin hiéu dién &p ac quy BAT

4 | Tin hiéu dién ap trén hé siéu tu EDLC

5 | Tin hiéu phun xdng #1, #2, #3, #4

6 | Tin hiéu toc do dong co TACH

Bang 3.4: Céc thdng sb dau ra hé théng kiém soat nang luong

TT Théng sb dau ra Pon vi
1 | Toc dd dong co v/ph
2 | Hién thi dién &p trén accu/siéu tu Vv

3 | Hién thi loai nang lwong kim phun dang sir dung -

4 | Nang luong dién cam tai sinh J

5 | Thai gian kim phun hoat dong vaéi ac quy S

6 | Thoi gian kim phun hoat dong véi hé siéu tu S

Card NI 6009 1a thiét bi giao tiép da ning giita may tinh va thiét bi thong qua cong USB, ¢6
8 kénh thu thép tin hi¢u dién ap vdi d6 phan giai 12bit. Cac chan AlO, Al4, Al2, Al5, Al6,
PF10, P0.0 ctia card NI 6009 két hop 07 cau chia ap tuong tng trén hinh 3.19 nham thu thap
twong Ung cdc tin hiéu IGF, IGT, #10, BAT, DP, TACH, W nhu trinh bay ¢ phu luc 2.

LEEEE EEE R LEE S BB

W

@ inpeta, S0 MsmTCEI

—

(i japad =~ ]

Hinh 3.18: Card thu thap dit liéu NI 6009 [34]
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Hinh 3.19: Mach ciu chia 4p cho céc tin hiéu dau vao cua card thu thap dit liéu
Tin hiéu dong dién qua kim phun théng qua cam bién dong dién ACS712 dugc thu
thap dén chan Al1 ctia NI 6009 nhu hinh 3.20.

U1
1 é IF1+ VCC —ﬂ% VGG
5 IF2+  VIOUT 5
4| F*> FILIER 5
cutE| 4 IF4- GHD ‘
ACST12 = c2
| 02 103
F

-

Hinh 3.20: Tin hiéu dong dién qua kim phun 13 dau vao ctia NI 6009
Thiét bi thu thap s& do luong va chuyén dbi dir licu. Nham hién thi truc quan cac
thong s trong qué trinh thir nghiém, mot giao dién trén may tinh dung phin mém
LabVIEW (ngdn ngir lap trinh & phu luc 3) duoc thiét ké truc quan dang bang dong
h6 nhu hinh 3.21.
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THU THAP DI LIEU HE THONG KIEM SOAT NANG LUONG DIEN CAM

GIAO DIEN CHINH BIEU DO

Ac aul SIEUTU

Hinh 3.21: Giao dién thu thap dir liéu va kiém soat nang luong dién cam
Céc thong sb hién thi trén giao dién chinh:

- Téc d6 dong co (TACH).

- Pién ap ac quy (BAT).

- S6 lan phun xang (#10).

- S6 lan danh la (IGT).

- Hoat dong den canh bao (W).

- Ché do sir dung nguon dién: ac quy hoac siéu ty.

- Nang luong hién tai tich trir trén siéu tu.

THU THAP DUI LIEU HE THONG KIEM SOAT NANG LUONG DIEN CAM

GIAO DIEN CHINH BIEV DO

geee

»
-

w

S§EEECE

LUS . N o
A% N4 M2 M WA WS IR 'R s
ed

) . . . o e .
L L LR BRLEE R LR L BT R LR R LR AN LN
Vo el

s M0 nNa Me ma e 6a
Some

Hinh 3.22: Giao dién phan biéu do dic tuyén cac thong sb cudng do, dién ap, ning
luong khi Siéu tu nap va xa
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Muc biéu db hién thi dic tuyén cac thdng sb: suat dién dong tu cam trén bobine, cudng
d6 dong dién trén kim phun, nang lugng dién cam trong qua trinh nap va xa cua siéu tu
biéu di&n nhu hinh 3.22.

Lap trinh giao tiép gitta may tinh va card N1 6009 duoc thuc hién qua luu dd thuat toan
nhu hinh 3.23 va phu luc 3.

Khai tao

Lap trinh céu*‘lnh kénh, hé
thong

[
»

\4

Xt ly s ligu

l

I Tiép tuc

l

Két thic

Hinh 3.23: Luu d6 thuét toan diéu khién giao tiép gitra may tinh va card N1 6009
3.8 M6 hinh thwe nghiém két noi hé thong thu thap dir liéu
Mo hinh thir nghiém sir dung ngudn ic-quy 12V-40A dé van hanh dong co mot dién
mot chiéu va cac bd phan dién cau thanh. M6 hinh hd trg nguoi nghién ctru gia lap
tbc do dong co twong tng gia 1ap dai tbe do dong co tir 750 dén 6000 v/ph theo muc
tiéu thie nghiém bang cach diéu chinh bo diéu khién téc do. Mach thu hdi nang luong,
card thu thap dir liéu va may tinh duogc két ndi theo so @ hinh 3.17 va phu luc 2 tao

thanh mot moé hinh thuc nghiém truc quan nhu hinh 3.24.
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Hinh 3.24: Mo hinh thyc nghiém két hop mach diéu khién va giao tiép voi may tinh
Mo hinh thyc nghiém hinh 3.24 minh ching tinh d6ng nhat v6i mé hinh 1y thuyét
(hinh 1.16) nhu sau:

- C4c bd phan trén mo hinh thue nghiém thé hién chi tiét vé két cu, nguyén 1y, thong
sO ting bo phan tuwong tmg cac bd phan trong mo hinh 1y thuyét: dap ing cong tac
quan sat, tac dong, thu thap s6 liéu theo yéu cau nghién ctru.

- M0 hinh thyc nghiém ho tro nguoi nghién ctru thudn tién trong vi¢e ing dung céc
phuong tién, thiét bi do theo ndi dung nghién ctru dé ra.

- M5 hinh thuc nghiém hd trg cong tac thu thap dir lidu dé hinh thanh cac luan ct
thuce tién dé chimg minh gia thuyét, tir d6 c6 thé thu thap bo sung dir liéu khi mot vai
dir kién va s6 liéu chua ching minh rd rang cho gia thuyét.

- M6 hinh thye nghiém hd tro cong tac danh gia mit manh, mit yéu, chi ra nhiing sai
léch dd méc phai trong quan sat, thue nghiém, dong thoi danh gia anh hudng cua
nhiing sai léch do, sai s6 c6 thé chap nhan trong két qua nghién ciru. Khuyén nghi

kha ning ap dung két qua va khuyén nghi viéc tiép tuc nghién ciru.
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- M6 hinh Iy thuyét d hd trg ngudi nghién ctru: nhan dinh ban chit sy vat can nghién
ctru nhu bobine, kim phun, tudn tu sy viée can tac dong theo sy viéc tur trai sang phai,
tir trén xudng dudi, dinh huéng ndi dung can di sdu phén tich va hinh thanh y tudng
thuc hi€n mo6 hinh thir nghi€ém phu hop trong pham vi nghién ctru c6 dinh hudng thuc
hién c4c quan sat (trén may do dang song) hoac thyc nghiém (thu thap s6 lidu tu dong
tmg dung card chuyén dung NI 6009, két ndi may tinh c6 cai dit LabVIEW).

3.9 Thiét ké hé thong danh gia dé nhay kim phun

3.9.1 T6i wu thoi gian dap wng kim phun bang hé siéu tu

Trén hinh 2.30, trong qué trinh hoat dong cua kim phun, khoang thoi gian T, T2 va
T4 1a khoang thoi gian khong thay doi, con T thay d6i phu thudc vao su tinh toan cua
vi diéu khién. Vi vay, dé dam bao do chinh xéac vé thoi diém phun ciing nhu thoi gian
phun, nguoi nghién ctu tién hanh cai thién d6 nhay cua kim bang céch sir dung mot
dién ap cao dat vao kim nham giam thoi gian T1 va T2 thap nhat c6 thé nhung van

dam bao kim phun van hoat dong 6n dinh.

)
| = 9(1—e T} (3.6)

R
Trong d6, T 1a tong thoi gian tir Tt dén T4, Teonst 12 thoi gian khong do6i ciia cuon day,
duoc tinh bang ty sé giira do tw cam va dién tré thuan cua cudn (Teonst = R/L).

Xét khoang thoi gian T1, luc dong dién trong cudn cam sé tang tir 0 dén i = ler. Khi
do:

1 I
T, = In 2 3.7
' T (Ist_lch ( )

const
Trong d6, lst 1a cudng do dong dién ¢ trang thai 6n dinh, dugc xac dinh theo dinh luat
Ohm, Ist = U/R.

O day, ngudi nghién ciru tap trung phan tich T nham cai thién tinh dap (ng cua kim
phun bang hé siéu tu. Gia sir c6 hai muc dién &p hoat dong caa kim phun, goi T1” 13

thoi gian dap ang cua kim phun ¢ dién ap U’ tur siéu tu vai U’ >U.

79



P In(l st J (3.8)

1 ]
Tconst st I cr

Ty s6 T1’ va T1 duoc biéu dién trong (3.9).

T | st
—=log | (;}1 3.9
Tl 5 Ist_lcr ( )

ly'—lor'
Cac tham s st va lst’ 1a nhitng tham sé da biét dya trén dién &p hoat dong va dién tro
tong cong cua kim. Ngoai ra, tham sb dong dién roi ler VA lor’ s& dugc xac dinh tir
thuc nghiém dé danh gia ty s6 do nhay giita hai murc dién ap hoat dong khac nhau cua

kim.

3.9.2 Thiét ké mach thu hdi ning lweng va diéu khién kim phun

So d6 nguyén 1y cia mach duoc biéu dién ¢ hinh 3.25 bén dudi.

D1 Q3 Rshunt
1 N 2 1 AN 2
1 Ohm/5W o o o o
1/0 arduino
1 C1 c2 Cc3 C4
110 arduino
> 1 K Q2
N | N N
D2

- 2 1
— BATTERY K
T 12V s
[N R1

20K

110 arduino
>> 1 1/0 arduino
o %_K Q1
4 TIP122
R2 1
110K ~T~ SUPERCAPACITORS
24V
N
N

Hinh 3.25: Nguyén ly thu hdi nang lwong va diéu khién trén kim phun
Khi hé siéu tu dugc nap ddy boi cac suat dién dong tu cam ton tai trén cac cudn so
cap bobine (C1, C2, C3, C4), tin hiéu dién ap s& dugc truyén vé vi diéu khién thong
qua mot cdu phan 4p gébm R1 va R2. Lic nay, vi diéu khién s& diéu khién transistor

Q2 mo va Q3 déng, hé siéu ty s& cung cap dién ap hoat dong cho kim phun thay cho
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dc quy. Mot dién tré cong suat c6 gia tri 1Q/5W duoc mic ndi tiép voi kim phun
nham xac dinh gié tri cuong d6 dong dién.
Dé tién hanh thuc nghiém, mot mach cong suit diéu khién kim phun dugc xay dung

nhu hinh 3.26.

Hinh 3.26: Mach thu héi ning luong dién cam va diéu khién kim phun
Céc phan chinh ciia mach cong suat gdm: nguodn dién 12V tir ic quy duoc dung lam
ngudn cap cho hé thdng, Arduino Nano dugc sir dung 1am bo diéu khién trung tam.

Kim phun duogc diéu khién boéi mot transistor cong suit TIP122.
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Chuong 4
THUC NGHIEM VA PANH GIA

4.1 Noi dung thuc nghiém
Trén co s& phan tich Iy thuyét trong chuong 2 va cac két qua nghién ctu, thiét ké,
ché tao cac san pham trong chuong 3, ndi dung chwong 4 tap trung vao viéc thuc
nghiém nham danh gia hiéu qua san pham nghién ciru tng dung cua dé tai cu thé Ia
bo thu hoi va tich trir ning luong dién cam. Noi dung thir nghiém gém 03 phan.

- Phan 1: tha nghiém kha nang thu hoi va tich trir ning lugng dién cam.

- Phan 2: tha nghiém ung dung ning lugng dién cam, danh gia kha ning cai thién
d6 nhay kim phun xang.

- Phan 3: thir nghiém danh gia d6 6n dinh caa 6 td 07 chd khi lap dat san pham
nghién cuu.
4.1.1 Poi twong thuc nghiém

Bo thu hdi nang lugng dién cam.

Bo luu trit nang luong dién cam.

M6 hinh hé thdng phun xing danh Itra - dong co 1TR-FE.

Hé thong kiém soat nang luong dién cam.

O t6 thuc nghiém 07 chd.

4.1.2 Pic diém thuc nghiém
- Ch trong tinh hitu ich caa san pham nghién ciu.
- Khdng thay d6i thdng sé lap trinh bo diéu khién trung tam (ECU dong co).

Khong thay ddi tin hiéu dau vao caa cac cam bién.

Cac sd lieu thu thap dugc thuc hién tai cing mot ché do thuc nghiém, diém

thuc nghiém.
4.1.3 Trang thiét bi dung trong thwc nghiém
Céc thiét bi do chinh hang co db tin cay cao (phu luc 4), dap ting cac noi dung can
nghién ciru trong khudn kho luan an:
1. May do dang séng Tektronix (model: MSO2000B).
2. May do dang song PicoScope 4255 va cac b phu kién chuyén dung.
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3. May tinh cai dit LabVIEW 2018 va card giao tiép chuyén dung cua hing
National Instruments (Model: NI 6009).
4. PBdng hd do dién cua hang Sanwa (model: CDSO00A).
5. M4y do nhiét do tAm xa Hikvision (model: DS-2TP31B-3AUF).
4.1.4 Pia diém thuc nghiém
- Cong tac thir nghiém thu hdi, tich trir, tng dung ning lwong dién cam duoc thuc
hién tai phong thi nghiém co dién tir 6 té - Khoa Co khi Bong luc - Truong Pai hoc
Su pham K§ thuat TP. Ho Chi Minh, str dung cac thiét bi chinh hang theo muc 4.1.3.
- COng tac tha nghiém cdng suat va momen dong co duoc thyuc hién tai phong thi
nghiém & td - Cu Chi Motor Sport, s6 291 Québc Lo 22, X& Tan Théng Hai, Huyén
Cu Chi, TP.HCM. Noi day trang bi bing thir cong suat hién dai Mustang
Dyanometer MD-500 nhap khau tir My.
4.2 Thye nghi¢m, danh gia bd thu hdi va tich trir ning hrong dién cam
4.2.1 Chuan bi thuc nghiém
- Pam bao khu vuc thir nghiém sach s€, an toan xung quanh cho k¥ thuat thuc
nghiém va thiét bi.
- Kiém tra luu lwong va tinh an toan nhién li¢u.
- Kiém tra dién ap ac quy 12V.
- Kiém tra d6 ém diju cta cac khop truyén dong.
- Kiém tra tinh trang tat ca cac bo phan céu thanh.
- Két ndi may tinh di cai dit LabVIEW.
- Két ndi, lap dat bo thu hdi, bo tich trix, hé thong kiém soat nang luong trén md
hinh thtr nghi¢ém nhu hinh 4.1.
- So d6 két ndi theo muc 3.7.
- Nhiét @6 phong thir nghiém: 25°C — 28°C.
- Hiéu chuan céc thiét bj do trude khi tién hanh thi nghiém.
- Van hanh, diéu chinh tdc do dong co dién dé mo hinh hoat dong 6n dinh, chinh

xéc, dén MIL trén dong hd trung tAm tit trong khi hé thong hoat dong.
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Hinh 4.1: So d6 két ndi bd thu hdi, bo tich trix, hé thong kiém soat nang lugng trén
mo hinh thtr nghiém

4.2.2 Trinh tw thir nghiém
Buéc 1: Ngit két ndi bo thu hoi, bo tich trir, hé thdng kiém soat niang luong, cap
ngudn ac quy, diéu chinh téc do dong co dién dé md hinh hoat dong, dén MIL tat,
quan sat tinh trang 6n dinh phun xing va danh lta.
Buwéc 2: Két ndi bo thu hoi, bo tich trix, hé thdng kiém soat ning luong.
Buwéc 3: Piéu chinh b diéu khién dé toc d6 dong co 6n dinh tai 750 v/ph, gia lap cac
tin hiéu dau vao twong ung. Quan sat, danh gia cac thong tin trén giao dién thu thap
dir liéu (nhu hinh 3.21 va hinh 3.22).
Bwéc 4: Xuat dit liéu nang luong dién cam tich lity trén hé siéu tu tai téc do 750 v/ph.

Buwéc 5: Tuong tu budc 3 véi thdng sé tée d6 dong co 1a 1000 v/ph.
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Buwdc 6: Tuong tu buoc 4.

Buéc 7: Tuong tu buéc 5 khi gia ting toc d6 dong co thém mdi 1an 14 500 v/ph, tiép
tuc thuc hién dén téc d¢6 6000 v/ph.

Budc 8: Tuong tu buoc 6.

Bwéc 9: Truy xuat dir liéu ning luong dién cam tich liy duoc trén hé siéu tu, biéu
din thdng sé trén dang biéu do.

4.2.3 Két qua thir nghiém

1200 |,
1100
1000
900
800
700
600

500

Nang lugng dién cam (J)

400

300 === \\/thu hoi - ly thuyet =@==\\/ thu hoi - thyrc té

200 >
750 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Téc d6 dong co (vong/phut)
Hinh 4.2: Ning lugng dién cam c6 kha ning thu hdi theo toc do dong co

Biéu d6 trén hinh 4.2 cho thay: nang luong dién cam thyuc té thu hdi dugc tai céc dai
toc do dong co (dudng mau do) dat gia tri 570J tai téc d6 cam chirng 750 v/ph va c6
xu hudng ting dan khi gia ting toc do, ning luong thu hdi cuc tai dat 1,090J tai toc
d6 2000 v/ph. Sau d6 ning lugng nay c6 xu huéng giam dan khi tbc do dong co tiép
tuc tang.

Chénh léch vé trj sb khoang 4% giira nang lwong dién cam c6 kha nang thu hdi theo
ly thuyét (dudng mau xanh) va ning luong thu hdi duoc theo thuc té (duong mau do).
Qua trinh thuc nghiém cho thay, viéc thu hdi ning luong dién cam trong dai toc do
1500 — 2500 v/ph 14 tbi uu.
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4.3 Thwc nghiém cai thién tinh dap wng caa kim phun

May do hién séng Tektronix MSO2000B dugc dung trong thuc nghiém dé do cuong
d6 dong dién va dién ap caa kim phun. Céc thuc nghiém trén kim phun véi hai nguén
dién &p: ngudn ac quy hién hanh 12V va ngudn 24V trén hé siéu tu dugc nap day tir
suit dién dong tu cam cua bobine nham danh gia tinh dap tng cua kim phun nhw hinh
4.3.

Cac thong s6 cua kim phun gdm: dién tro: R = 14,5Q, d6 tu cam: L = 0,02H.

Hinh 4.3: Thuc nghiém kha nang dap ing caa kim phun
Hinh 4.4 bén dudi biéu thi duong dic tinh dong dién va dién ap cua kim phun ¢ muc
dién &p 12V tir ac quy.

M Pos. 0.000s

Hinh 4.4: Dic tinh dong dién va dién &p cua kim phun khi ding dc quy 12V
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DPuong s6 2 1a dién ap trén kim phun, duong sé 1 13 cudong d6 dong dién qua kim biéu
dién ting dan tir lac kim phun duoc cap dién ap dén thoi diém dong dién bao hoa, tai
thoi diém Ty = 1,59 x1073s ¢6 su giam stt dong trén kim phun (T: thoi gian chét dugc
tinh tir lac dong dién tang tir 0 dén gia trj bao hoa), luc nay ty kim dd dwoc nhic 1én
khoi bé, cuong do dong dién ting tir 0,35A dén gié tri bao hoa 0,51A sau mot khoang

thoi gian tir 1Gc kim phun hoat dong.

0,02 < 0,51

T, =22
1= 745"™\051 - 035

) = 1,59x1073(s)

Thuc nghiém ké tiép khi khao sat dic tinh cuong do dong dién, dién &p khi ding hé
siéu tu 24V cap cho kim phun nhu hinh 4.5.

- _MPos:0000s

-’ | ‘M 1.00ms

Hinh 4.5: Pac tinh dong dién va dién &p cuaa kim phun khi dung hé siéu tu 24V
Trén hinh 4.5: Buong s6 2 1a dién ap 24V cua hé siéu tu, duong sé 1 dudng biéu thi
cuong d6 dong dién tang nhanh hon so vai dién ap hoat dong cua kim ¢ mac 12V.
Cu thé, ty kim dwoc nhac khoi bé ¢ khoang thoi gian T';= 0,8 x103%s. va cudng do
dong dién tang dan tir 0,6A dén trang thai 6n dinh 1a 1,35A.

T';

0,02 ( 1,35

— — -3
=145 ™\135 = 0,6) = 08x1075(s)

Tir hinh 4.4 va 4.5, nhan thy duogc khi tang dién ap hoat dong caa kim phun 1én hai
lan thi tinh d4p ¢ng cua kim phun duogc ting 1én twong (ng hai lan, hay néi cach khéc

1a d6 tré caa kim phun duoc giam di 02 lan.
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T, 1

T, 2

Céc thuc nghiém dugc thyc hién trong sau lan, két qua biéu dién dic tinh déu tuong
tu nhu hinh 4.4 va 4.5.

Ngoai ra, nhiét do hoat dong cua kim phun duoc gidm sat bang camera nhiét

Hikvision DS-2TP31B-3AUF. B thi phan b nhiét d6 cua kim phun duoc hién thi &
hinh 4.6.

max:36. 3 S [

- 36.3

25.0

cen:~27.9 00:18 £:0.30

Hinh 4.6: Phan bé nhiét do cua kim phun
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Hinh 4.7: Bac tuyén nhiét do cua kim phun trong qua trinh thir nghiém
Pic tuyén theo hinh 4.7 cho thay ving nhiét do hoat dong caa kim phun trong khoang
31°C -36°C trong sudt qué trinh thi nghiém & muc dién ap cung cap 24V tir hé siéu
tu. Dai nhiét &6 nay nam trong ving nhiét do hoat dong 6n dinh caia kim phun [38].
Thuc nghiém da so sanh tinh dap tng cia kim phun ¢ hai mic dién &p 12V tir a¢ quy
va 24V tu hé siéu tu. Hai mic dién ap nay dugc xem nhu 1a hai mac dién &p bién, c6
nghia 1a kim phun van c6 thé hoat dong trong ving dién ap tir 12V dén 24V ma van
dam bao dugc tinh dap ¢ng cua kim phun, duoc cai thién so voi mirc dién &p tir ac
quy. Cac két qua thuc nghiém cho thdy d6 nhay cua kim phun ti 1& véi mic dién &p
dat vao kim. Cu thé, thuc nghiém chi ra rang vai muc dién ap 24V dit vao kim phun,
thi thoi gian dap tng cua kim tang 1én gip 02 lan tir 1,59 x103s & mac 12V giam
xubng con 0,8 x103s & muc 24V.
4.4 Thuc nghiém trén 0 to0
Muyc tiéu cta viéc thir nghiém trén xe dé xem xét duong dac tinh cong suat va duong
dic tinh momen ctia dong co lap trén 6 to thir nghiém véi mong mudn rang hai dudng

dic tinh ndy s& khong thay ddi (giam xubng) khi xe duoc lip dit thém bo thu hoi
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nang luong. Qua dé ching minh duoc tinh 6n dinh cua san pham nghién ciu, tng

dung.

Hinh 4.8: San pham nghién ctru dwoc lap trén 6 t6 thir nghiém
4.4.1 Piéu kién thir nghiém
Sau khi Iap san pham nghién ciru, két néi cac tin hiéu can thu thap, mach diéu khién
va bo luu trir nhu hinh 4.8. O t thir nghiém duoc cac chuyén vién kg thuat van hanh
trén bang thir cong suat Mustang Dyanometer MD-500 (hinh 4.9) tai phong thi
nghiém 6 t6 tai Ctu Chi Motor Sport, s6 291 Quédc Lo 22, X& Tan Théng Hoi, Huyén
Cu Chi, TP. HCM.

Hinh 4.9: Bang thir cong suat va hé thong truy xuét dir liéu
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Bang 4.1: Thong sb k§y thuat cua bing thir cong suat Mustang Dyanometer MD-500

TT Thong so ky thuat Gia tri/ dic tinh Pon vi
1 Cong suat do cuc dai 500 HP
2 | Toc do do cyc dai 300 km/h
3 | buong kinhru 16 0,32 m
4 | Khoi lugng cuc dai trén cau 2720 kg
5 | Ky thuat tai tai Cong nghé dong dién xoay -
6 K¥ thudt do moment Tai trong dong Strain Gauge -
7 | K§ thuat diéu khién Diéu khién s6 vong lap ho -
8 | Dién ap nguon - 220VAC,

ba pha

9 | Hé thong thu thap va truy xuat di - Bo

liéu: PowerDyne

5S¢ 280

¢
RPM/1000 300

Eng Spd (RPM)

LGl

400 600

Zim
t~Lbs:}'ﬁ) |
0.00"™ |
400 600

WJBox MAP (PSI)
-0.04
.

.,‘.-_._,

Hinh 4.11: O t6 thuc nghiém
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Cac thdng sb ky thuat caa 6 td thuc nghiém theo bang 4.2.

Bang 4.2: Thong s k¥ thuat 6 to thyc nghiém

TT | Thong sé ky thuat Gia tri Pon vi

1 | Loai xe: Toyota Innova - -

2 | Kich thudc tong thé 4735 x 1830 x 1795 mm

3 | Chiéu dai co s 2750 mm

4 | Chiéu rong co sé 1540 mm

5 | Trong luong 1725 kg

5 | Madong co 1TR-FE -

7 | Loai dong co 14 -

8 | Dung tich cong tac dong co 1998 cmd

9 | Cébng suat toi da 102/5600 KW/v/ph
10 | Moment xoan toi da 183/4000 N.m/ v/ph
11 | Hop s, 05 cap MT -

12 | S6 chd ngoi 07 chd

Doi ngil chuyén vién ky thuat tai Ca Chi Motor Sport tién hanh thir nghiém 6 td theo
chu trinh thir nghiém ECE R15 (biéu d6 hinh 4.12) & nhiét d6 phong 30°C - 32°C,
nham xéc dinh dic tinh cong suat va momen ciia dong co trong hai truong hop: trudng
hop 1 — v&i hé théng danh ltra nguyén thuy va trudng hop 2 — véi hé thong danh lira
¢6 bo thu hdi va tich trit nang luong dién cam.

Chu trinh thtr nghiém ECE R15 la chu trinh mé ta qua trinh hoat dong cuia xe dac
trung cho diéu kién giao thong tai Viét Nam:

- Tai dai toc do thap: tang toc tir 0 dén 15,2 km/h trong 4(s) va giir toc do do6 trong
thoi gian 8(s), sau d6 giam vé 0 km/h trong 5(s) twong tmg v6i diéu kién tham gia
giao thong trong ndi thanh, dong dan cu, nhiéu xe va phai dimg dd lién tuc.

- Tai dai tdc d6 trung binh: ting tdc tir 0 dén 32 km/h trong vong 12(s) va giit tbe do
d6 trong 24(s), sau d6 giam vé 0 km/h trong 11(s). Piéu kién nay pht hop v6i ché do

chay & khu vuc ngoai khu dan cu.

92



- Tai dai téc do cao: ting tc tir 0 dén 15 km/h trong vong 6(s), sau do ting 1én 50

km/h trong vong 20(s) va duy tri tc d6 d6 trong vong 12(s), sau d6 giam toc dd vé

35 kmv/h trong vong 8(s) va gitr toc d6 nay trong 15(s) tiép theo va sau d6 giam vé 0

km/h trong 10(s). Diéu kién nay twong tng véi viée chay trén duong cao tdc.

100

aa

60

Speed, kmh

40

20

e

~\

~\ /

—

N / \_/

\

50 100

Time, 5

150

Hinh 4.12: Biéu d6 chu trinh thir nghiém ECE R15 [35]
4.4.2 Chuan bi thir nghiém

200

- Khu vuc thir nghi€ém dam bao sach s€, khong cé cac bo phan thira, an toan tuyét

d6i cho c4c chuyén vién k¥ thuat va thiét bi.

- Xac dinh vi tri cong tac an toan khan cap.

- Pam bao hé thong thong gi6 hoat dong on dinh.

- Kiém tra tinh an toan cta xe trudc khi dua vao phong thir (hé thong phanh, 1ai).

- Kiém tra dau boéi tron, nudc lam mat.

- Kiém tra tinh trang tot ciia cac vo Xe.

- Lai xe van hanh 6 t6 vao bang thir cong suat ding vi tri ky thuat.

- Kiém tra an toan xung quanh xe.

- Lip 06 day dai chuyén dung ¢ dinh vi tri xe trén bé thir.

- Lap ong gi6 cap khi twoi cho dong co.

- Lap 02 quat lam mat cho két nudec.

- Lap 6ng dan khi x4 ra ngoai khu vuc thir nghiém.
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- Chuyén vién k¥ thuat cap nhat thong sé k¥ thuat cua 6 to: thoi gian, loai xe,
nam san xuét, bién sd, loai nhién liéu, kiéu truyén dong, kiéu hop sb, kiéu nap
khong khi, s6 ky hoat dong cua dong co, ti 18 truyén dong, thong sé dudng kinh
banh xe vao giao dién két ndi nhu hinh 4.13.

WP (V 2.53) IMedes TWO) 1ESYII1 10Ty $V2 - 43140
lakicaticn L8t Dvaa Diske — MNO Chtan. Scan Toolt .. Obkoba... ) bl
Hecords

- o0 x
1A 51608, Guntomer , LUU CITK
Lookwp Cars / Trwcks... | Piven WieeiTre:
fercos MCs ATV Other, |10 F::Eﬁ e b
[ 30000 [ w0 [ 000 [rowstydes: (027 CaE]
Bt Fioaa toa Curve  [erscio Losses  [oyno Taigel | JIPM PeRp | ¢ Py
|[YoveTA R A IIAGTEND | [ < 330a0€+0 [Twe Foowng Feaa |
| oA P 5 66427063 |
! |3 32320700€-3 |

jLm
JL

Hinh 4.13: Cép nhat cac thong s k¥ thuat

- Chuyén vién ky thuét chon chu trinh thtr nghi¢ém ECE R15.

- Van hanh xe & tay s 3, dat tbc 46 dong co 1000 v/ph dé 6n dinh, can bang trang

thai xe.

- Pua xe vé trang thai 6n dinh.

- Siéc chac 06 day dai chuyén dung.

- Van hanh xe & tay s6 3 ¢ toc d6 dong co 2000 v/ph ddng thoi can chinh dong

bo gitra tdc d6 dong co trén ddng hd cua xe va tde do hién thi trén man hinh.
4.4.3 Trinh ty thir nghiém
Buwéc 1: K§ thuat 14i xe van hanh xe, thay déi tir tay s6 1 dén tay sé 3 khoang 20 phut
dé 6n dinh tinh trang xe.
Bwéc 2: Lai xe chuyén sang tay sé 4 ting dan téc do dén 2000 v/ph.
Bwéc 3: Chuyén vién k§ thuat xac dinh thoi diém tée do 2000 v/ph, chon 1énh bat
dau xac dinh cac théng sé can thiét trén giao dién k¥ thuat.
Buwéc 4: Lai xe van gii tay s 4, tiép tuc ting ga bam sat diy toc d6 xe theo biéu dd
cta chu trinh ECE R15 dé toc do tiép tuc tang tir 2000 dén 6000 v/ph.
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Buwdéc 5: Chuyén vién ky thuat xac dinh thoi diém téc do dat 6000 v/ph, chon Iénh két
thuc qué trinh thur nghiém trén giao dién ky thuat.

Buwéc 6: Lai xe van giir tay sé 4, dong thoi tic dong 1én phanh dé téc 6 dong co giam
dan vé 800 v/ph & trang thai cam chirng, tit khoa dién, két thic qua trinh thir nghiém.
Buwéc 7: Chuyén vién ki thuat truy xuat théng tin ¢ dang db thi trén giao dién hoic
xuit bang sé liéu luu trit, bdo céo két qua thr nghiém duoc in ra gidy.

Trong khuén kho dé tai, sé 1an thir nghiém cong suat va momen dong co dugc lap lai
03 lan, d¢dng thoi kiém tra an toan lan nira, tat quat gio, thao dng din khi xa, thao 06
day dai chuyén dung, lai xe van hanh 6 t6 roi bang thir. Thir nghiém 03 lan khi lap hé
théng danh lira nguyén thuy va thir nghiém 03 Ian khi Iap hé thdng danh lira hé théng
danh lira c6 ap bo thu hoi nang lugng dién cam.

4.4.4 Két qua thuc nghiém

Két qua thu thap duoc dir lidu tir hé thdng PowerDyne (theo phu luc 5) trong qué trinh
thir nghiém 6 t6 trén bang thtr theo dic tuyén nhu hinh 4.14.
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Téc d6 dong co (vong/phut)

Hinh 4.14: Dic tinh so sanh céng suit va momen dong co v4i hé théng danh lia
nguyén thuy va hé thong danh Itra co lap bo thu hoi nang lugng dién cam
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Thuc nghiém khi 6 t6 hoat dong véi hé théng danh lira nguyén thuy cho thiy cong
Suat c6 ich cuc dai (PEmax) dat gid tri 90,2 KW tai téc d6 5250 v/ph va momen cuc dai
dat (MEmax) 100,7 Nm tai téc d6 4000 v/ph (cac dac tuyén PE, ME trén hinh 4.14).
Khi 6 td hoat dong véi hé thong danh lira ¢d 1ap b thu hdi ning luong dién cam:
cdng suat co ich cuc dai (PE’max dat gié tri 89,6 KW tai toc d6 5250 v/ph va momen
dat cuc dai (ME’max) 99,8 Nm tai téc d6 4000 v/ph (duong PE’, ME’ trén hinh 4.14).
Sai léch céc gid tri caa cong suat va monen twong (ng tai cac toc do khéac nhau trong
toan dac tuyén 1a <5% (trén hinh 4.14). Ngoai ra cac két qua dir liéu thir nghiém trén
bang thir Mustang Dyanometer MD-500 (hinh 4.15) dwoc xuit va in ra tir hé thng
thu thap dir liéu PowerDyne tai co so thir nghiém theo phu luc 5.

m; Mustang Dynamometer Test Report m;

Dpdaras, Documantation & Mora Ar
W Maa tan gDy e  com
Or Call 1-330-363-5400

— CUCHI Motorsports —

m 291 Quoc la 22, Tan Thomy Hoi, Cu Chi, m
I op. Mo SRl Mirn. Vieenam I
Fhona: D3I9E3I00BES f - Fas: [

Date Printed : PDZO/DT/ES Filter Mode : FIR
Time Printed : 1E:21 Filter Value : B0
Rung License Owner Acguired Tast Comments
1 51538 51h - 5 D7/24 14:46 MY¥13 IKNOVA 3TH STOCK
2 515398 51k - 5 D7/24 14:49 M¥13 IKNOVA 3TH STOCK ZWD RUH
3 51538 51h - 5 07/24 15:18B MY¥13 IKNOVA 3TH CUSTOM MOBIN

89. 04

TH.BD

6H . 56

5H.32

4B8.02

37.E4

1704 2147 2530 3033 1475 1913 4381 1803 5246 5685 g13l

Hinh 4.15: bac tinh so sanh cong Suit va momen dong co v6i voi he thdng danh
lra c6 lap bo thu hoi nang luong dién cam trong 03 lan thir nghiém.
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Trong 03 lan thtr nghiém khi 1ap hé thng danh lira hé thong danh lira ¢6 lap bo thu
hdi nang lugng dién cam déu xac dinh cac dac tuyén twong tu nhau nhu hinh 4.15.
Hinh 4.16 mé ta dac tinh so sanh cdng suat va momen dong co véi véi hé théng danh
ltra nguy@n thay (xuat dir liéu tir hé thbng Power Dyne) c6 théng sé cong suat co ich
cuc dai dat gié tri 89,2 kW tai toc d6 5260 v/ph va momen dat cuc dai 99,01 Nm tai
tai tbc d6 3918 v/ph.

Musta Dynamometer Test Report
w ng D:JLHYEE. Dacumantation & More AL P w

i M taegDyne . a8
O Call 1-330-9&3-5400

— CUCHI Motorsports —
m 291 Ques 1o 2F, Tan Thang Bal, Cu CRi, |=|_E|ﬁﬁ|
I Tp. Bo CAI Mish, Platnam I
Fhone: 039E300BSE / = Fax: F
Date Printed r 202007725 Filter Mode : FIR
Time Printed : le:22 Filter Value : BOD
Run# License Owner hocquired Test Comments
1 515898 S51h - 5 07724 14:49 MY13 INHOVA 3TH STOCE 2ND ROM
2
3
Hheal Powae T HC Whaal Tocgae T WC
110 10%.51
8 99.27
B% f 29.04
k] 1 + . 4 4 \ TH.BO
6% 66 .56
58 T T i T 1 58.32
48 ; , 468.08
38 / 37.84
28 f// | 1 1 1 | #7.61
17 I N 7.7
|

Hinh 4.16: Dic tinh so sanh céng suat va momen dong co véi véi hé théng danh
Itra nguyén thay
Qua két qua thir nghiém nhu trén, ngudi nghién ciru khang dinh rang: viéc 1ap bo thu
hdi ning luong dién cam khdng anh hudng dén tinh ning dong hoc cua 6 to thir

nghiém.
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Chuong 5

KET LUAN VA KIEN NGHI

5.1 Két luan

Két qua nghién ciru cua luan an cho phép rat ra nhitng két luan sau day:

- i xay dung md hinh vat 1y va mé hinh toan cho hé théng thu héi nang luong dién
cam trén kim phun béng viéc st dung hé siéu tu dién.

- P4 thiét ké, ché tao mo hinh thu hoi ning lugng dién cam trén c4c cudn day bobine.
- P thiét ké, thi cong hé thong giam sat nang luong dién cam tai sinh tng dung vi
diéu khién dam bao yéu cau tiét kiém ning luong. Du niang luong dién cam tiét kiém
trong mdi chu ky hoat dong khong 16n nhung véi s6 lugng 6 t6 rat nhiéu, hoat dong
lién tuc thi ning luong tiét kiém dugc khong nho va day 13 mot nghién ctru phd hop
xu thé twong lai.

- Ning lugng dién cam thu hoi thyc té sai biét nho hon 4% so véi tinh toan 1y thuyét.
- Nang luong di¢n cam tai sinh dugc tich trit trén hé siéu tu dién & muc 24V gop phén
tang d6 nhay cta kim phun 1én hai lan so véi ban dau.

- San pham nghién ctru 13 bo thu hoi va tich tri ning lugng khi 13p trén 6 t6 07 chd
khong lam anh huéng tinh ning dong hoc ciia xe. Pic tuyén vé cong suat va momen
dong co thay d6i khong dang ké (nho hon 5%) khi duoc 1ap bo thu hoi, tich trit ning
luong dién cam.

- Nang luong dién cam dugc nghién ctru va ting dung trén 6 t6 da dat hiéu qua bude
dau, gop phan 1am nén tang quan trong cho cac nghién ctru ké tiép vé van dé nay.
5.2 Kién nghi

Ngay nay, véi su phat trién manh mé cua cac ngudn ning luong tai sinh va ning
lwgng méi thi viéc sir dung luan phién cac nguén ning luong khac nhau trén 6 to
khong con 1a van dé& quéa xa la. Trong luan an nay, ngudi nghién ctu da thuc hién
thanh cong viéc thu hdi nang lugng dang dién cam ton tai trén cac suat dién dong tu

cam cua cac bo chap hanh c6 cau tao tir cuon day trén 6 td va sir dung nguon ning

98



lwong tai sinh nay dé nang cao tinh dap ¢ng cua kim phun nhién liéu trén dong co
xang.

Nguoi nghién ctu kién nghi dé tai cd thé duoc phat trién theo cac hudng sau:

- Nghién ctru danh gia hiéu suat ciing nhu thoi diém phun caa kim phun & mire dién
&4p 24V nham cai thién qua trinh tron hdn hop nhién liéu va qua trinh chay cia dong
CO.

- Tinh toén, téi vu héa giam dung luong va kich thudc ac quy khi p dung hé siéu tu.
- Phét trién thuat toan va lap trinh phan bé tai gitta may phat, ac quy, hé siéu tu.

- Tinh to4n ning lwong tir cudn day pha ctia may phat dé nap hé siéu tu.
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PHULUC1
CODE LAP TRINH PIEU KHIEN TREN ARDUINO NANO
DUNG VI PIEU KHIEN ATMEGAZ328

TIXXXXXXKXKXXKXKKIXKKKKKXKIHXXXKXXXXKXXK
#define Prelay 5

#define Pkimphun 6

#define Pumin AQ

#define Pumax Al

#define Pikim A2

#define Pubat A3

unsigned long int tdtruoc, tdhientai, kctg, demxung, demxungl, demxung2,
demxung3;

unsigned char Snut, Sdata, Sdatat, Snhan, Snhant;

unsigned char umint,umin, umax, umaxt, Uthap, Ucao, dem;

unsigned long int adclkim, adcUDbat;

unsigned char demchuky,i;
unsigned long int tocdoDC, chukydo, tdtr, tdht, chu8ky,chuky[8];

void ()
{
tdtr = tdht;
tdht = micros();
chukydo = tdht - tdtr;
demchuky++; chuky[demchuky&0x07] = chukydo;
b
void setup() {
pinMode(13,0UTPUT);
pinMode(Prelay,OUTPUT);
pinMode(Pumin,INPUT_PULLUP);
pinMode(Pumax,INPUT_PULLUP);
analogReference(INTERNAL);
Serial.begin(9600); Serial.printIn("test");
umint = umin; umin = digitalRead(Pumin);
umaxt = umax; umax = digitalRead(Pumax);
{Serial.printin(umin);}
{Serial.printin(umax+5);}
b

void loop() {
while ((tdhientai) < (tdtruoc+10)) {tdhientai = millis();}
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tdtruoc = tdhientai;

Snhant = Snhan;
Snhan = Serial.read();
if (Snhant !'= Snhan)
{
if (Snhan<128) {Snut = Snhan; } else if (Snhan<255) {Sdata = Snhan-128;} else
{:}
if ((Snut&0x01) == 0x01) {digitalWrite(13,LOW);} else
{digitalWrite(13,HIGH);}

if (Sdatat != Sdata)

{
Serial.write(Sdata+128);

} //update du lieu thay doi

Sdatat = Sdata;

umint = umin; umin = digitalRead(Pumin);

umaxt = umax; umax = digitalRead(Pumax);

adclkim = analogRead(Pikim); adcUbat = analogRead(Pubat);

/if (umint '= umin) {Serial.print(umin); Serial.printin(umax+5);}
/if (umaxt !'= umax) {Serial.print(umin); Serial.printin(umax+5);}

if (umin == 0) & (umax == 0)) {Uthap = 0; if (Ucao>100)
{digitalWrite(Prelay,HIGH);} else {Ucao++;}}
else if ((umin == 1) & (umax == 1)) {Ucao = 0; if (Uthap>100)

{digitalWrite(Prelay,LOW);} else {Uthap++;}}
else {Uthap = 0; Ucao = 0;}

if (dem++>20) {dem = 0; Serial.print(adcUbat*165/1023); Serial.print("  ");
Serial.printIn(adclkim*165/1023);}

chu8ky = 0; for (byte i=0;i<8;i++) {chu8ky += chuky[i];}

if (chu8ky < 4000000) {chu8ky = 4000000;}

if ((tdhientai) > (tdht+500000)) {tocdoDC = 0;} else {tocdoDC =
240000000/chu8ky;}
by

TIXXXXXXXXXXXXX XXX XXXKXXKX KX XXX XKXXX
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PHU LUC 2
PHAN TICH VA TINH TOAN LINH KIEN
TREN MACH THU HOI NANG LUQNG

ek

2.1.PL. So @0 nguyén ly ciaia mach thu hdi niing lwgng
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Hinh PL 2.1: So do nguyén Iy caa mach thu hdi nang lwong
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2.2.PL. Mach thu hdi niing lwgng

MSV6  MSV9

Hinh PL 2.2: Mach thu héi nang luong sau thi céng

BR1

BRE

1 TACH
out#f———12 — 1
oc1 5 W 7%
O |
oc2 >
oc3 < DP —
0oCc4 > 1GT T o
1G - IGF & —
_‘| < DK#10 —
MsVe MsSv7
AB009
AlD T -
Al %
AT 3 B6009
A B T
14
A > ¢ °
3 o °
a7 T :
8 a ©
e -
= Msve MSVE

LED

Hinh PL 2.3: So db két néi mach thu hoi ning luong dén hé thong dién trén md
hinh thir nghiém va NI 6009

Muc | Chan | Kihiéu Dién giai Ghi cha

1 P0.1 -
P0.2 -
P0.0 | Tin hieu W

PFI0O | Tin hiéu TACH Két ndi card NI
P0.3 -

MSV6

o O | W DN

Mass | Cuc &m nguon
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1 TACH | Toc do dong co
2 w ben MIL
3 #10 | biéu khién kim phun 1
4 BP | Du phong Két ndi hé thdng
MSV7 [ 5 IGT | Tin hiéu danh lia dign diéu khien
6 IGF | Tin hiéu phan hoi danh lira dong co.
7 DK#10 | Tin hiéu du phong kim
1 Batt | Duong ac quy
2 Out# | Cap duwong dén kim phun
3 OC1 | Am bobine 1
MSV8 [ 4 OC2 | Am bobine 2 Két ndi hé théng
5 OC3 | Am bobine 3 dién diéu khién
6 OC4 | Am bobine 4 dong co.
7 IG Duong cong tic
8 Mass | Am ic quy
1 AlOQ Tin hiéu IGF
2 All | Tin hiéu dong dién qua kim
3 Al2 Tin hiéu # 10
MSV9 [ 4 AI3 | Duong cuia hé siéu tu Két ndi card NI
5 Al4 Tin hiéu IGT
6 Al5 Tin hiéu BATT
7 Al6 | Tin hiéu BP (du phong)
8 Al7 | Am cuta hé siéu tu
9 Mass | Cuc &m nguon
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2.3.PL. Tinh toan cong suit cac dién tré trén mach
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Hinh PL 2.4: Cac dién tré trong mach diéu khién
Céc dién tro trong mach sir dung dién tré dan model 8085 c6 cong suat dinh muc:
P=0,1W=100mW.
Cong suat dién tro khi hoat dong thyc té duoc xac dinh:
Pr = (U/Ry )R

Théong sb cong suét cua cac dién tré qua tinh toan nhu sau:

TT | Ki hiéu céng sudt | Pién &p | Tongtré | Pién tré | Cong suat
V) (kQ) (kQ) (mW)
1 | Pri= (UIRy XR: 14 12,2 10 13,2
2 | Pro= (U/Ry )?>XR; 14 78 56 1,8
3 | Pra= (UIRy )°XRs 14 78 56 18
4 | Pra= (UIRy )XR4 14 160 150 14
5 | Prs= (U/Ry )?XRs 14-2 12,2 2,2 2,2
6 Pre= (U/RZ )2XR6 14 78 56 1,8
7 | Pri= (UIRy )XR; 14 78 10 0,3
8 | Pre= (U/Ry )°XxRs 14 12,2 10 13,2
9 | Pro= (U/Ry )?>XRy9 14-2 12,2 2,2 2,2
10 | Prio= (U/Ry )?XR10 14 160 10 1,5
11 | Pri2= (U/Ry )°XR12 14 78 56 1,8
12 | Prus= (URRy )xRis | 14 78 12 0,4

Bang PL 2.2: Cac théng sd trong tinh toan cong suat téa nhiét trén cac dién tro
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Bang PL 2.2 cho thiy cong suat hoat dong cua cac dién tré nhé hon nhiéu so véi cong
suat dién tro da chon (P=100mW). Vi vay, cac dién trg sir dung trong mach thoa mén
diéu kién 1am viéc 1au dai.

2.4.PL. Tinh toan trén transistor Q1

D1
2 1 OC1

D2 4007
2 1 oc?

D3 4007
1 oc3

K1 D4 4007

5 2 1 oc4
g <
4 4 4007
1 u1
BAT 2 %
T i Hipie  vec B——ovee
P2+ VIOUT
RELAY SPDT T 3 {ipa- FILTER |2
out# P4~ GND
K2 . ! - -
3% ACST712 = c1 c2
e 35 =
o 4 4 o 102 103
P o 1 & (=2
=4 — 1
SIEU TU
o RELAY SPDT
orLL R11 K3 D7
L sr2—L 5 E—N—s 1 2 AT
——=0.
1k e 1N5408
10
24p
RELAY SPDT
D8
Lopp2

Hinh PL 2.5: Transistor cong suat Q1 trong mach
Chon transistor Q1 1a TIP 122, c6 méi ndi BE 1a 1,4V, ¢6 hé sé khuéch dai p=2000
Vi diéu khién phét ra tin hiéu ORL1 dang xung vudng c6 dién &p Vori1= 0 hoic 5V
qua dién tré ndi tiép c6 gia tri R11 = 1KQ=1000¢, d¢én Q1.
Dong lg qua transistor Q1: Is.q1 = (Vore1-Vos) / R11 = (5-1,4)/1000= 3,6x103A
Dong Ic qua transistor Q1: Ic-q1 = Ig-01xp=3,6x10°x2000= 7,2A
Dong cuc dai qua 03 cudn day role 1a 3x100=300 mA= 3x10°A
Vi vay transistor Q1 du diéu kién lam viéc lau dai.
2.5.PL. Tinh toan trén cam bién dong ASC712
Cam bién dong ASC712 c6 kha dong chiu dugc 5A trong khi 04 kim phun néu hoat
dong cung mot ldc sé tao ra dong 4A.
Vi vay cam bién dong ASC712 du diéu kién 1am viéc 1au dai.

2.6.PL. Tinh toan dién ap diu vao card NI 6009

DMCTCM -7



DP
2 AL
=
o
o
2

4 |—\/\/\ —

IGF

R29

1L sz A

1K

R28
1 ANAA 2

Al4

D16
5.6V

.}||_N_L

Hinh PL 2.6: Céc cau phan &p tao tin hiéu dau vao card NI 6009
Céc ngd vao cua card NI 6009 c6 dién ap dinh mirc 5V.
bién &p vao cua cac chan AIO, Al4, AI2, AI5, Al6, PFIO, P0.0 duoc tinh:
Ur= (U/Rx )XR

Dién ap cuc dai ngd vao thuc té khi hoat dong cua céac dién tro:

TT | Ki hi¢u dién ap pi¢n 4p | Tongtre | Piéntré | Piénap | Ngd vao
V) (kQ) (kQ) V)
1 | Ur2o= (U/Ry )XR20 70 160 10 4,4 Al6
2 | Urat= (U/Ryx )XRa1 70 160 10 4,4 Al2
3 | Ure= (U/Ryx )XR22 14 160 10 0,9 AI5
4 | Ures= (U/Ry )XR23 14 3,2 1 4,4 PFIO
5 | Uras= (U/Rx )xR24 14 3,2 1 4,4 P0.0
6 | Ures= (U/Ryx )XRo2s 5 101 1 0,05 Al4
7 | Ur2o= (U/Ry )XR29 ) 101 1 0,05 AlO

Bang PL 2.7: Cac thong s6 trong tinh toan cng suat toa nhiét trén cac dién tro

Bang PL 2.7 cho thay dién &p cuc dai ngd vao nho hon so véi dién ap dinh muc

(U=5V). Vi vay, cac dién tro sir dung trong mach dam bao lam viéc 1au dai.
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) PHU LUC 3
CODE LAP TRINH LABVIEW TRONG THU THAP DU
LIEU VA KIEM SOAT NANG LUQNG PIEN CAM
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dashboard 2

Tab Control
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[
]
Counter DBL_|
1Chan 1Samp

1[0, Default 'E
> ms
F=l

Ashift regit b

dashboard
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T

Tab Control DonviA7

ED:I
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Cac ddi tuong trén Front Panel duoc thé hién bang cac thiét bi dau cudi trén Block

Diagram. Cau trdc cua mot Block Diagram gém cac thiét bi dau cudi (Terminal), nat

#dem 2>| 1;‘ b - §> )

(Node) va cac day néi (Wire).

DMCTCM -11



’ PHU LUC 4
CAC THIET BI DUNG TRONG THI NGHIEM

4.1.PL. M4y do song Tektronix (model: MSO2000B)
Cac thuc nghiém do dang séng so cap, thir cap trén bobine, dang song kim phun, role,
cudn dién tir st dung may do song Tektronix (model: MSO2000B) c6 4 kénh do, luu

trix dit liéu song véi cac thong sb ky thuat theo bang PL 4.1.

.

s p === e Hi
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24 8-9 T_Eg
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Hinh PL 4.1: May do song Tektronix (model: MSO2000B)

Thong so ky thuat Pic tinh
Tam do (bing thong) 70Mhz
Do chinh x&c truc tung +100 mV
D chinh xac truc hoanh +25 ppm
D¢ dai song 1Mega
D¢ phan giai 8 bit
Tdc do chup dang song 5000 dang song/s
Khoang dich chinh 2mV/div ~ 5V/div
Thoi gian lay mau t6i da 1ms
Man hinh TFT 7 inch 480x234mm
Giao tiép USB 2.0
Nguon 220 VAC
Khoi lugng 3,6 Kg
Kich thudce (180 x 377 x 134)mm

Bang PL 4.1: Théng sé ki thuat may do song Tektronix - MSO2000B
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4.2.PL. May do song PicoScope Automotive 4225
Thiét bi dung trong thi nghiém do dac dang song dién ap va dong dién trén kim phun

va bobine: ¢6 4 kénh do, luu trit dir liéu, cac thdng sé ki thuat theo Bang PL-4.2.

Hinh PL 4.2: May do song PicoScope Automotive (model: 4225)

Thong so ky thuat Piic tinh
Tam do 20Mhz
Do chinh xac 0,05%
Do phan giai 12 bit
Toc do 1ay mau 400 Ms/s
Khoéang do +50 mV dén +200 V
Giao tiép USB 2.0
Nguon 5V - USB
Khbi luong 3,6Kg
Kich thudc (180 x 377 x 134)mm

Bang PL-4.2: Thong s6 ki thuat may do song PicoScope 4225
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4.3.PL. Card NI 6009

Thiét bi thu thap dir liéu da ning c6 d6 tin cay cao cua hang National Instruments st
dung két hop véi may tinh cai dat phan mém LabVIEW. Trong dé nay nay, card NI
6009 dung trong thuc nghiém thu thap di liéu trong qua trinh kiém soat ning luong
dién cam. Thiét bi c6 théng s6 ky thuat theo bang PL- 4.3.
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Hinh PL 4.3: Card NI 6009

Thong so ky thuat Piic tinh
Tam do -10 dén 10 V
Do chinh xac +7/mV
Chuan két noi USB
Kiéu do dién &p
S6 kénh 8 SE/4 DI
Toc do 1ay mau 48 kS/s
D¢ phan giai 32 bits
Tan s6 nguon 16n nhat 5 MHz
Do rong xung vio nho nhat | 100 ns
Hb trg hé diéu hanh Windows, Linux
Kich thudc (85 x 82 x 23)mm

Bang PL- 4.3: Thong s6 ky thuat Card NI 6009
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4.4.PL. Pong ho do dién Sanwa (Model: CD800A)
Pong db dung trong do dién trd cac cudn day, do dién trg cac linh kién, do dién ap

ngudn va céc tin hiéu, do tan s6 xung. Thiét bi nay cé cac thong s theo bang PL-4.4.

Hinh PL 4.4: Bdng hd do dién Sanwa (Model: CDS00A)

Thong s ky thuat Pic tinh P chinh xac
DCV 400m/4/40/400/600V - 0.1m +0.7%
ACV 4/40/400/600V - 0.001V +1.6%
DCA 40m/400mA - 0.01mA +2.2%
ACA 40m/400mA - 0.01mA +2.8%
Dién tro Q 400/4k/40k/400k/4M/40MQ - 0.1Q +1.5%
Tudién F 50n/500n/5u/50u/100uF - 0.01nF +5%
Tan s6 Hz 5Hz ~ 100kHz - +0.5%
Bang thong 40 ~ 400Hz

Nguon R6P x 2

Khéi luong 3409

Kich thudc (176x104x46)mm

Bang PL-4.4: Thong s6 ky thuat ¢ong hd do dién Sanwa - CDS800A
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4.5.PL. May do nhiét @9 tam xa Hikvision (model: DS-2TP31B-3AUF)
Thiét bi nay dung do nhiét d6 kim phun xang trong sudt qua trinh thir nghiém.
Théng sé thiét bi theo bang PL-4.5.

Hinh PL 4.5: M4y do nhiét ¢ tim xa Hikvision (model: DS-2TP31B-3AUF)

Thong so ky thuat Pic tinh
Tam do 30 dén 45°C
Do chinh xac +0,25°C

Do phan giai dau do nhiét do 160x120 pixels
Do phan giai man hinh 2,4 LCD | 320x240 pixels

Nhiét d6 lam viéc -10°C dén 50 °C
Nguon Pin Lithium 3,7 VDC
Quy tac hién thi hinh anh 03 diém do nhiét: nhiét do

cao nhit, nhiét do thép nhét
nhiét dJ trung tam

Khoi lugng 3509

Kich thuoc (196x117x59)mm

Bang PL-4.5: Thong s6 ki thuat may do nhiét d6 Hikvision DS-2TP31B-3AUF
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PHULUC5 )
DU’ LIEU THU NGHIEM O TO 07 CHO
TREN BANG THU MUSTANG DYANOMETER MD-500

5.1.PL. Sé liéu thir nghiém thu thap tir tng dung PowerDyne

S6 ligu thir nghiém PE, ME, PE’, ME’ thu thap tir tng dung PowerDyne cua hé thong
bang thir cdng suat (hinh 4.14).

PE: cong suat dong co vai hé théng danh lira nguyén thay.

ME: momen dong co Véi hé théng danh Itra nguyén thuy.

PE’: cdng suat dong co véi hé thong danh lira c6 1ap bo thu hdi nang luong dién cam.

ME’: momen dong co Vi hé théng danh Itra ¢6 lap bo thu hoi nang lwong dién cam.

ne PE ME PE’ ME’
(vong /phat) | (KW) | (Nm) | (KW) | (Nm)
1500 15 45 17 43
1750 21 55 24 57
2000 30 69 28 67
2250 35 81 38 83
2500 44 89 44 91
2750 50 93 52 93
3000 53 96 55 94
3250 58 97 61 95
3500 65 98 68 97
3750 72 99 71 98
4000 75 100 77 99
4250 80 99 81 98
4500 84 98 86 99
4750 87 96 87 97
5000 89 95 88 95
5250 90 93 89 94
5500 89 89 88 91
5750 88 82 87 83
6000 84 76 83 77

Bang PL-5.1: Thong s thu thap PE, ME, PE’, ME’ theo tég d6 dong co véi hé thong
danh Itra nguyén thuy va hé thong danh Itra c6 lap b thu hoi nang lugng dién cam
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5.2.PL. Sé liéu thir nghiém thu thap céng suit va momen ddng co véi véi hé

thdng danh lira c6 lap b thu hdi niing lwong dién cam trong 03 1an thir nghiém

ne PE’,1 | ME’,1 PE’,2 | ME’,2 PE’,3 [ ME’;3
(vong /phat) | (KW) | (Nm) (KW) | (Nm) (KW) | (Nm)
1908 7 28 9 30 12 32
2147 28 68 33 70 31 72
2590 46 92 50 86 50 94
3033 55 95 59 90 59 98
3475 65 98 67 92 69 99
3918 75 100 77 94 79 102
4361 81 99 83 93 85 101
4803 87 97 88 92 90 99
5246 91 94 89 01 92 97
5689 90 90 90 88 93 96
6131 85 78 88 78 88 82

Bang PL-5.2: Thong 56 thu thap tir ing dung PowerDyne cong suat va momen dong
co theo toc do dong co voi hé thong danh Itra c6 1ap bd thu hoi nang luong dién cam
trong 03 lan thtr nghiém (hinh 4.15) .
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Mustan Dynamometer Test Report
w g L'Ip&?:an, Docusantatian & Morsa AL P w

W MU LangDyne . Som
O Call 1-330-963-54040

I CUCHI Hﬂtﬂrﬂpﬂrts I
ﬁ=1 291 guas la 27, Tan Thang Hei, Cu ChE, ﬁ=1
— Tp. Ho Chi Wink, Visgmam EE—
Fhone: D3IS6300BEE / - Fa=m: f
Cate Printed : 20Z0/07/25 Filter Mode : FIR
Time Printed : 1B:24 Filter Value : EBd
Run@# License Owner Aoguired Test Comments
1 51538 51k - 3 07/24 15:18 MY1l3 IKNOVA 3TH COSTOM MOBIH
2
3
Hhaal Podwa: T RO Wheal Toegua T WC
a7 106.7%

g ] | | ' 4 ¥7.8T
8% Xaa_a
an /r p20.03
62 L 1 / L 1 1 62.18
53 53.26
1] / 4434

is . ] ¥ . . 35.42

ne PE,1 | ME1
(vong /phat) | (KW) | (Nm)
2102 22 54
2364 38 79
2746 50 94
3128 58 97
3509 67 99
3891 74 101
4273 80 101
4654 88 98
5036 91 96
5418 92 92
5799 89 81
Bang PL-5.3: Biéu d6 va thong so6 thu thap PE, ME theo toc d6 dong co véi hé thong
danh Itra nguyén thuy tir tng dung PowerDyne.
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' Musta Dynamometer Test Report '
»m“ ng I:Ipi-}:f:. Dacursntation & Hora At P w

ww MaatargDyne . con
Oz Call 1=-330-96€3-5400

— CUCHI Motorsports —

==mn 291 Quss ls 22, Tan Thang Bal, Cu Chi, E==mn
I Tp. Bo Chi Mish, Viatnam I
Phane: D3IDE300BEE §f = Fax: [
Date Printed r 2020,/07/25 Filter Mode : FIR
Time Printed : lB:z22 Filter Value : BD
Runi# License Owner hoquired Test Comments
1 515898 S1h - 5 07724 14:49 MY1l3 INMOVA 3ITH STOCE 2HD ROM
2
3
Whesal Powes T WC WEaal Tecgoee T WO
Lid L09.51
89.27
g, —{ =904
\ TH_EBD
11
58.32
468 .08
37.84
7.6l
7.37
T.13

SEBS 6131

ne PE’,1 | ME’,1
(vong /phat) | (KW) | (Nm)
1908 6 28
2147 28 68
2590 46 92
3033 55 95
3475 65 98
3918 75 100
4361 81 99
4803 87 97
5246 91 94
5689 90 90
6131 85 78
Bang PL-5.4: Biéu do va thong s6 thu thap PE’, ME’ theo toc d§ dong co voi véi hé
théng danh ltra c6 1ap bo thu hoi ning lugng dién cam.
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