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TOM TAT

Hién nay, linh viec vé cong nghé diéu khién dong co bang dién tir trén thé gidi dang phét
trién rdat manh mé, né dwoc g dung hau hét trén cac logi 6td tai va phan lén trén 6td con.
Trong d6, hé thong dién diéu khién dong co diegc xem 12 vd clng quan trong, dac biét doi véi
hé théng nhién ligu Diesel. Dé dao tao ky thudt, nguoi hoc phdi biét rd vé két cau, hoat dong
ciing nhie kiém tra, thu thdp cac tin hiéu trén déng co dé dwa ra cdc phwong phdp kiém tra
chan dodn va hweéng nghién cizu phat trién doi véi hé thong diéu khién dién tir trén dong co
Diesel. Tuy nhién hién nay hau hét cdc trirong va cu thé bé mon déng co trwong ta chi trang
bi mét s6 mé hinh dong co Diesel common rail, chiea ¢6 mé hinh trién khai vé hé thdng diéu
khién dong co Diesel di¢n tur nén vi¢c giang day, hoc tap, nghién cizu sinh vién gap nhiéu kho
khan. Pé thyc hién tac gia da nghién ciru Vé cau tao, chite ning hoat dgng cua cac cam bién,
co cdu chdp hanh trén dong co va tin hiéu co ban cua no, tir do thiét ké, thi cong moé hinh
trién khai vé hé thong diéu khién dong co Diesel dién tir common rail Toyota Hilux. Két qud
md hinh hoat déng tot, triec quan, sinh déng phuc vu cho céng tac dao tqo.

Tir khoa: Déng co Diesel dién tir; common rail; tin hiéu; cam bién, co cdu chdp hanh.
ABSTRACT

Currently, the field of electronic engine control technology in the world has been strongly
developingand applying on vehicles and mostly in cars. In particular, the engine electronic
control system is extremely important, especially for Diesel fuel systems. In technical training,
learners must be familiar with structure, operation as well as inspection and collection of
signals on the engine to provide diagnostic testing methods and research directions to
improve the system of electronic control on Diesel engines. However, nowadays, most of
departments of many universities and particularly our department of internal combustion
engine are only equipped with some models of common rail Diesel engines without modules of
electronic Diesel engine control systems. Thus many difficulties occur during the teaching,
learning and researching of students. In order to do the project, we have studied the structure,
function of the sensors, the actuators on the engine together with its basic signals, thus
designing and implementing the model of Toyota Hilux electronic common rail Diesel engine.
The result of the model works effectively, visually and lively for training

Keywords: Electronic Diesel engine; common rail; signal; sensor; actuators.

1. GIOI THIEU VE PE TAI thap théng tin theo huéng nghién ctu phat

Nhim tao didu Kién cho ngudi hoc duot trien vé hé thong nhién liéu Diesel dién tir.

dé dang tiép can vai thiét bi méi trong hoc tap, Xuit phat tir nhu cau thuc té trén, nhém
va rén luyén ky nang kiém tra, chan doan, thu nghién ciru quyét dinh thuc hién dé tai “Thieét
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ké va thi cong mé hinh trién khai hé thong
diéu khién dpng co Diesel dién tiv common
rail” véi mong muédn tao ra mot san pham c6
thé ap dung vao giang day ngay hoc phan ma
minh dang dam trach.

San pham dé tai sau khi hoan thanh cung
cap cho nguoi hoc mod hinh trién khai céc
thiét bi cua dong co Diesel diéu khién dién tir
common rail Toyota Hilux ¢ day du tat ca
cac cam bién, co cdu chip hanh, bo diéu
khién trung tam, hién thi cac thdng sé co ban
bang LED théng qua mach thu thap tin hiéu
dugc 1ap trinh Arduino, cong giao tiép may
tinh thong qua phan mém LabVIEW, cong
giao tiép may chan doan Testream thdng qua
thiét bi OBD 1. Qua d6 nguol hoc tiép can
nhanh va ung dung tt vao cac bai thuc hanh
va nghién cuu khoa hoc.

2. THIET KE KHUNG VA BOQ
TRUYEN DPQNG

2.1 Thiét ké khung mé hinh

i i G- b
Hinh 1. Ban vé thiét ké khung md hinh

Bang vé& thiét ké khung mé hinh duoc
thuc hién trén phan mém SolidWorks. Kich
thuoc khung mé hinh duoc thiét ké nho gon,
phu hop dé di chuyén vao céc phong hoc va
c6 thé xép gon gang & xudng thuc tap.

2.2 Tinh toan cac dwong kinh puly va
banh rang b truyén déng bom cao ap

Goi duong kinh puly motor la d.
Goi duong kinh puly géi d& 1a ds.
Goi u la ti s6 truyén cua hé thong

Muc tiéu thiét ké: khi sé vong quay
motor (n;) la 250 rpm thi s6 vong quay truc
Khuyu (n,) 1a 700 rpm [1]

u=—=—=0.36 1)

Véi dudng kinh puly cia géi do khi gia
cong la d, = 10cm. Ap dung cong thirc tinh ti
SO truyen

nl d2

n, dy(l-e)

d1: Puong kinh banh dai dan
dz: Pudng kinh banh dai bi dan
€: Heésd truot, € =0.01

)

u=

Két luan:

buong kinh puly motor la d; = 28cm
Puong kinh puly géi d& 1a d, = 10cm
Ti s6 truyén caa hé thong u = 0.36

Ta thiét ké bo truyén dong banh rang truc
khuyu va banh rang truc cam, bom cao ap su
dung b truyén dong dai rang nhu sau. [1]

Goi ny 1a s6 vong quay cua truc khuyu
Goi N, la sé vong quay cua truc cam

Goi Zi 1a s6 ring cua banh ring truc
khuyu, vai Z; = 36

Goi Z; 1a s6 ring cta banh rang truc cam,
Véi Z, =72

Goi u la ti sé truyén cua bo truyen.

Uu=s—==—2=——=2 3)

2.4 Thiét ké mach cip ngudn cho hé thong
truyén dong va hé thong dién dieu khién

MOTOR
3 PHA

G

Hinh 2. Mach dién cdp nguon cho mé hinh [2]
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Ngudn dién sir dung cho bo truyén dong
bom cao ap: 1 pha - 220V

Nguédn dién st dung cho hé thng dién
diéu khién 1a bo ngudn chuyén dbi dién ap
220V xoay chiéu sang dién a4p DCI12V -
40A.Md hinh sir dung ngudn 220V dé van
hanh motor bom cao 4p, doéng thoi sir dung
mot inverter chuyén doi tir ngudn dién AC
220V sang DC 12V dé cung cap cho toan b
cac hé théng dién trén md hinh. Cac chan
VCP2, VPA2, EP2 c6 tac dung cung cap tin
hiéu tir ban dap ga dé diéu khién bién tan tur
do6 diéu khién toc do ciia motor. [2]

3. THIET KE, THI CONG LAP PAT
CAC THIET BI TREN MO HINH

3.1 So' 6 khoi b tri thiét bi trén mé hinh

BANGTEN ‘
[—

TEN MO NI

[CAM BIEY BUGHNOMG (e
HIETbY) st
Ny

KIM PHIN | (NG PHAN PHOU

BANG DIEN I ‘

" | ing

Hinh 3. Bdn vé bé tri cac thiét bi trén bdang
mé hinh

Khung md hinh duogc thiét ké du dién
tich @& b tri cac cam bién, hé théng diéu
khién, cac co cdu chap hanh va hé thong thu
thap dir liéu két ndi véi may tinh. Dong thoi
trén md hinh ciing duoc thiét ké dé hién thi
cac théng sd cam bién va co cau chap hanh
thao thoi gian thuc dé sinh vién tién theo ddi
trong qua trinh hoc thuc hanh.

BO NGUON 220V - 12V BoTHY | | ]
e TIN HIEU |

1,\‘

Hinh 4. B6 tri thiét bi cap nguon va thu
thap tin higu
M6 hinh duoc thiét ké s dung nguon
truc tiep tur dién ludi cho tién viéc van hanh.

3.2 Cac thiét bi lip rap trén mé hinh

A . .
HE THON DIEU KHIEN NHIEN LIEU DESEL BIEN T =
J |, COMMON RALTOTOTA LUK 260 - FY
= . J

Hinh 5.Cé&c thiét bj sau khi dwoc ldp dat

Mb hinh dugc bé tri cac bo phan nhu:
ECU, cac dong hd hién thi, hop cau chi, céc
cam bién, bo truyén dai, bang giic ECU duoc
b tri mot cach hop 1y giup cho ngudi hoc
truc quan hon trong qua trinh thuc tap trén
mo hinh.

Hinh 6. Md hinh tong thé hé thong diéu
khién phun ddu dién tiz common-rail
Khung mé hinh chi yéu nhim dé ga dat
sa ban (hinh 6). Phan khung duoc thiét ké
nhd gon, chic chan, c6 hé théng ndi dat
chdng ro dién dé dam bao an toan, dé xép dat
trong xudng, ¢ tinh thim my cao. Bong thoi,
gilip sinh vién dé dang di chuyén mé hinh va

an toan trong qua trinh thuc tap.

4. THIET KE CHE TAO VA LAP
TRINH BOARD MACH THU THAP
DU LIEU

4.1 Khai quat cac dir ligu can thu thap.

Chon loc cc tin hiéu co ban can thu thap: [2]

. Nhiét dd nhién liéu: Chon tin hiéu cam
bien nhiét do nhién liéu (THF).
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e Nhiét do nudéc lam mat: Chon tin hiéu
nhiét d6 nuac lam méat (THW).

e Nhiét d6 khi nap: Chon tin hiéu nhiét o
khi nap (THA).

o Ap suat trong ong phan phéi: Chon tin
hiéu ap suat trong 6ng phan phéi (PCR).

e Tbc dd dong co: Tin hiéu cam bién vi tri
truc cam (G)

e Thoi gian phun: Chon tin hiéu kim phun
SO 4 (#4)

4.2 Thiét 1ap biéu @é cac tin higu

Nhi¢t dj nhién liéu
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Hinh 7. H¢ thi lién hé nhiét dé nhién ligu va
dién ap

Nhiét d¢ khi nap
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Hinh 8.P6 th; lién hé nhiét a6 khi Nap va
dién ap

Do thi thé hién dac tuyén cua nhiét do
nhién liéu va dién &p (hinh 7) va db thi thé
hién nhiét d6 khi nap va dién ap (hinh 8)
duoc xay dung dua trén cac dir liéu thuc cua
cam bién. Sau do, ta v& dugc do thi véi cac
diém cuc bo va noi suy tuyén tinh thanh cong
thuc thé hién dic tinh caa cam bién.

3.200Mx1
PAGE 18

o s = |
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Hinh 9. Dang xung tin hiéu cam bién v; tri
truc cam (G)
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4.GND _ 5.SAVE  6.RCLL 7. PAGE 3

MAX  MIN
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Hinh 10. Dang xung diéu khién tin hiéu kim
phun

Tin hiéu cam bién vi tri truc cam (hinh
9) va tin hiéu kim phun (hinh 10) duoc do
trén may dao dong ky chuyén dung cua hang
Hanatech dé lay SO lieu. Tu dir liu nay ta
tinh toan duoc sé vong quay dong co, thoi
gian phun.

4.3 Thiét ké phan cing thu thap dir liéu

Board mach Arduino UNO SMD R3 sé
dugc két ndi véi LED 7 doan (hinh 11) va
nhiém vu cia Arduino UNO SMD R3 13 két
ndi véi may tinh qua cong USB va truyén cac
dir liéu 1a téc d6 dong co, thoi gian phun
chinh va thoi gian phun phu 1én bang LED.

Pé tiét kiém chan 10 trén board Arduino,
ta sir dung phuong phap dich chuyén dit liéu
véi IC chuyén dung 74HC595.
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ENGINE SPEED MAIN INJECTION

PILOT INJECTION

Hinh 11. Nguyén ly hoat déng cua Arduino
UNO SMD

Mach Arduino Nano (hinh 12) s€ thu
thap céc tin hiéu nhu nhiét d6 nudc lam mat,
nhiét d6 nhién liéu, nhiét ¢ khi nap, ap suét
ong rail dé hién thi 1én led 7 doan

COOLANT TEMP FUEL TEMP INTAKE AIR TEMP C.RAIL PRESSURE

THW

THF

THA

PCR

Hinh 12. Nguyén ly hoat dong cua Arduino
NANO

ARDUINO UNO

J5 Jj0 g iz
SPEED MAININ) PILOTINJ THW THA THF  PCR

Hinh 13. Mach nguyén ly hoat déng két hop
cua Arduino UNO SMD R3 va Arduino
NANO

Board mach arduino UNO dugc mac ndi
tiép 1 dién tro co gia tri 1a 1kQ ndi tiép voi
cac chan tin hiéu THA, THW, THF, PCR va
dién tro 10kQ ndi tiép vai chan #4. Muc dich

cua viéc nay la s& han ché dong vao cac chan
Analog va Digital caa Arduino, bao vé mach
Arduino hoat dong 6n dinh. Bang thoi truyén
dir liéu qua cac board mach Nano (hinh 13)
dé gui tin hiéu hién thi ra cac LED 7 doan

Céng xuét tin hidu téi
céc bang LED

Mach Arduino ‘ Mach Arduino

Nano | UNO SMD R3

Mach Giam ap
12V-5v

Ngd vao
thu tin
hiéu
ddng co

Cong giao tiép
may tinh

Cong ngudn | _
12V

Hinh 14. Board mach thuc té két hop cua
Arduino UNO SMD R3 va Arduino NANO

ne7

COOLANT | INTAKE AIR | FyEL TEMP | ENGINE SPEED
TEMP TEMP

BBl c | EEl°c | EEc | EEEE . EEEE

Bl | EEEE

'COMMON RAIL |
PRESSURE

EEE v,

PILOT MAIN
INJECTION INJECTION

®

R
Hinh 15. Bang LED hién thi LED 7 doan
trén moé hinh

Board mach thu thap dit liéu va hién thi
dung Arduino (hinh 14) va bang LED 7 doan
hién thi (hinh 15) dugc dong hop mica chong
nuéc. Bang LED 7 doan duoc thé ké rd rang,
cO thé quan séat thay tir xa, thé hién rd cac
loai tin hiéu va th nguyén tuong ng.

5. THIET KE GIAO DIEN VA GIAO
TIEP VOI MAY TINH BANG PHAN
MEM LABVIEW

5.1 Bang giao dién (The Front Panel).

Front Panel 1a mat ma nguodi st dung hé
thong nhin thdy. Cac VI bao gdm mét giao
dién nguoi dung co6 tinh tuong tac, ma dugc
goi la bang giao dién, vi n6 m6 phong mat
trudc cua mot dung cu vat 1y. Bang giao dién
c6 thé bao gdbm cac nim, cac nat ddy, cac do
thi va cac dd thi va cac dung cu chi thj va diéu
khién khac. Chling ta c6 thé nhap vao dit liéu
st dung ban phim va chudt sau d6 quan sat
cac két qua trén man hinh may tinh. [3]
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Hinh 16. Giao dién LabVIEW
5.2 So d6 khdi (The Block Diagram)

Block diagram [4] ctia mot VI 1a mét so
d6 dugc xdy dung trong moi trudng
LabVIEW, né co6 thé gdm nhiéu ddi tugng va
cac ham chire nang khac nhau dé tao cac ciu
trc 1énh dé chuong trinh thyuc hién.

=)
=

B': eyl

(0}

Hinh 17. So do khéi Block Diagram

Céc dbi tuong trén Front Panel duoc thé
hién bang cac thiét bi dau cudi trén Block
Diagram (hinh 17), khong thé loai bo cac thiét b
dau cudi trén Block Diagram. Cac thiét bi dau
cudi chi méat di sau khi loai bo ddi twong tuong
g trén Front panel. Cau trac ciia mot Block
Diagram gdm cac thiét bi dau cudi (Terminal),
nat (Node) va cac day ndi (Wire). [4]

6. KIEM NGHIEM KET QUA THUC
HIEN THONG QUA PHAN MEM
TECHSTREAM

6.1 Két qua tin hi¢u cam bién va co ciu chip
hanh thu thap dugc trén LabVIEW

Hinh 18. Tin,hiéu thu thap trén LabVIEW ¢
toc do cam chang[5]

Giao dién hién thi trén may tinh ding
phan mém LabVIEW duoc thiét ké truc quan
gidng bang dong hd trén xe giup ngudi hoc
dé dang quan sat va nhan biét cac théng sé
van hanh.

Céc thdng sb doc duoc thé hién trén giao
dién LabVIEW: [5]

- Nhiét d6 nudc lam mét: 44°C

- Nhiét do khi nap: 27°C

- Nhiét do nhién ligu: 35°C

- Ap suét trong dng phén phéi: 23 MPa
- Téc @6 dong co: 700rpm

- Thoi gian phun chinh: 676ps

- Thoi gian phun phu: 1368ps

6.2 Két qua tin hleu cam bién va co ciu

chap hanh xuit ra LED 7 doan

Fllll 11 S —

Hinh 19.Tin hi¢u xudt ra bang LED 7 doan ¢
toc do cam chang

6.3 Tin hi€éu thu thap trén ph?m mém chén
doan Techstream

Engine SPD 706 rpm
MAF 9382 gm/sec
MAP 99 | kPa
Coolant Temp 42 c
Intake Air kil ¢
Fuel Temp 30 C
Common Rail Pressure 2 MPa
Ambient Temperature 30 C

M-INJ/PILOT OFF 616 us
Pilot-Injection 1455 us

Hinh 20.Tin hiéu xudt ra bang LED 7 dogn &
toc dé cam chung [2]

So sanh két qua hién thi LED 7 doan
(hinh 19) va két qua doc duoc trén phan mém
Techstream (hinh 20), ta thay thiét bi thu thap
dix liéu lam viéc chinh xac, c6 d6 nhay cao
du dap ang su thay doi dot ngot cua cac ché
do van hanh.
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7. KET LUAN

Dé tai da thiét ké va thi cdng hoan chinh
“Thiét ké thi cong mo hinh trién khai hé
thong diéu khién dong co Diesel dién tir -
common rail”. Bé tai ¢ nhiéu ¥ nghia trong
cong tac dao tao va vé mat khoa hoc ciing
nhu thyc tidn. Noi dung ciing nhu san pham
dé tai hd tro tot cho cdng viéc giang day cua
giang vién va hoc tap cua sinh vién, dong
thoi 14 co s& dé sinh vién c6 thé nghién cau
cac linh vyc khac lién quan dén hé théng
dién diéu khién dong co.

San pham cua dé tai ciing hd tro rat tdt,
giup cho sinh vién kha nang rén luyén k¥
nang kiém tra va chian doan cac bo phan chi
tiét caa hé théng dwa vao céc thong sé thu
thap duoc trén md hinh. M6 hinh dép ung vé
cac yéu cau ky thuat, tinh tham my, c6 thé
tiép tuc phét trién tng dung cac cdng nghé
diéu khién tir xa va thu thap dir liéu khdng
day nhu cong nghé 10T nham phuc vu tét hon
cho viéc giang day sinh vién.
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