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Thiét bi khao nghiém hé théng nhién liéu diesel diing khdo nghiém cac ché dé lam viéc cla
bom cao ap dé biét dwoc tinh trang k¥ thuat ctia bom cao ap. Trong qua trinh [am viéc cla
hé thdng sé bj hao mon, hw héng,... Vi thé, can kiém tra diéu chinh lai dé hé théng l1am viéc
v&i hiéu suat cao, tiét kiém nhién liéu, mang lai loi ich cao vé kinh té. D& giai quyét van dé
nay can c6 nhirng thiét bi khdo nghiém céac théng sé lam viéc cta hé théng, nhat la phai
khao nghiém bom cao ap. C4c thiét bi nwéc ngoai dang dwoc st dung khao nghiém nhw
ctia Birc, Nga, Han Quéc, Trung Quéc,... cac thiét bi nay day du cac tinh nang dé khao
nghiém céac ché do ciing nhuw cac loai bom cao ap, d@m bao yéu ciu ky thuat. Tuy nhién,
thiét bi khao nhiém ctia cac nwéc nay gia thanh con qua cao, néng, kich thwéc 1&n. Vi vay,
bai bao nay s& nghién ctru tinh toan thiét ké va dwa ra dwoc quy trinh ché tao hé théng dé
khao nghiém bom cao ap & cac ché dd, phuc vu dao tao thwe hanh tai Trwéng Dai hoc Kinh
té - Ky thuat Céng nghiép.

Bom cao ap, ap suét, khao nghiém.

Diesel fuel system testing equipment used to test the working modes of high pressure
pumps to know the technical condition of high pressure pumps. In the process working, the
system will be damaged... Therefore, it is necessary to check and adjust to make the
system word will high efficiency, save fuel, bring high economic benefits. To slone this
problem, it is necessary to have equipment is being used such as Germany, Russia, Korea,
China,... This equipment is full of features to test modes as well as high pressure pumps,
ensuring technical requirements. However, the testing equipment of these countries is still
expensive, heavy and large size. Therefore, this paper will study, calculate, design and
provide a system manufacturing process to test high - high pressure pumps in the following
mode, serving practical training at the University of Economic and Technical Industry.

High pressure pump, pressure, test.

1. PAT VAN DE

Trén 6 t6 hién nay hoac cac loai may céng cu
khéc, dong co ddt trong 1a ngudn dong luc
chinh. Trong d6, dong co diesel duoc sir dung
rong rai vi mang lai loi ich vé kinh té Ién ciing
nhu cong suit dong co cao. Mot trong nhirng
hé thdng quan trong va khong thé thiéu duoc

1a hé théng nhién liéu diesel. Vi vay hé théng
nhién liéu diesel 1a hé thdng vo cung quan
trong trong dong co cling nhu trén xe 0 to.

Sau mot thoi gian lam viéc thi bi hu hong va
giam cong suit biéu hién nhu: Pé qua dém
khé né duoc may, xit khoi den, suat tiéu hao
nhién liéu 16n,... DI véi loai dong co nay thi
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nguyén nhan chinh 1a ¢ hé thong nhién liéu,
nhat 1a bom cao ap. Bom 1a chi tiét chinh dé
xac dinh céc chi tiéu kinh té k§ thuat cua hé
théng nhién liéu ciing nhu dong co diesel. ..

Dé tranh trudng hop nhu trén thi can thiét
phai kiém tra bao dudng va sira chira hé thong
nhién liéu, nhat 1a bom cao ap dé dam bao cac
chi tiéu vé ky thuat ciing nhu kinh té. Khi do,
can tim hiéu va kiém tra céc thong sé ciia bom
cao 4p nhu: Ap suét phun, lurong nhién liéu
phun ra, luu lugng phun ra gitra cac nhanh caa
bom cao ap,...

Qua tim hiéu, phan tich hé thong nhién liéu
ciing nhu bom cao ap. Khi d6, can phai dua
bom cao ap vao dé khao nghiém kiém tra cac
thong s6 va dua cac thong sé d6 dat duoc tiéu
chuan nha san xuat quy dinh. Tir d6, tinh toan
thiét ké va dua ra quy trinh cong nghé ché tao
md hinh hé théng nhién lidu diesel ding khao
nghiém céc ché do 1am viéc ciia bom cao ap.

2. CAU TAO CHUNG VA NGUYEN LY
HOAT PONG CUA HE THONG NHIEN LIEU
DIESEL

2.1. Sor d6 cau tao chung

CAu tao chung hé théng nhién liéu diesel gom
cac chi tiét sau: Thung nhién liéu, cac dudng
ong thap ap, bau loc thd, bau loc tinh, bom
thip ap, bom cao ap, cac duong 6ng cao é&p,
vOi phun nhién liéu [1-3].

Hinh 1. So’ 6 c4u tao hé théng nhién liéu diesel
dung BCA VE

Thung nhién liéu; 2. Ong thap ap; 3. Bom thap ap;
4. Bom cao ap; 5. Bau loc; 6. Bom tay; 7. Voi phun;
8. Ong cao ap

Bom cao 4p 1a td hop céc chi tiét két hop lai
vé6i nhau, ¢ nhiém vu tao p suét cao 16n hon
&p suét cua voi phun tir 50-250 kG/cm?® cung
cap cho voi phun theo thir tw nd cua dong co.

2.2. Nguyén ly hoat déng

Khi dong co hoat dong, bom cao 4ap quay dan
dong cho bom thip &p quay theo. Dau diesel
dugc hat tu thung chira — qua ludi loc so bo —
qua bau loc thd — day qua bau loc tinh - va
vao khoang chtra cua bom cao ap, vai mot ap
suét nhét dinh khoang 2-3 kG/cm? [1-3].

Vian diéu chinh
cbe lang dong nudc |

Loc nhién ligu va

Van dién t
/cat nhién ligu T

Bubng
/ ap suat
/

T Bom cép ligu*

Hinh 2. So db hoat déng cta hé théng nhién liéu
dong co diesel dung BCA VE

{ \
Bbia cam Pit tong

B5 dinh thoi *

-

Van phan phoi

4

Nhién liéu cho san trong khoang cia bom cao
ap, bom cao ap quay — cam chia dén nhénh
bom nao thi phan bom d6 s& dong ctra dau va
thuc hién hanh trinh nén dau diesel véi ap suat
cao — day 1én 4ng cao 4p — cung cap cho voi
phun — phun vao budng d6t cua dong co dé
thuc hién dbt chay (sinh cong). Chu trinh
dugc thyc hién lap lai dé cung cap dau lién tuc
cho dong co.

3. TINH TOAN, THIET KE HE THONG
NHIEN LIEU DIESEL DUNG KHAO NGHIEM
BOM CAO AP

3.1. Tinh toan thiét ké khung gia

3.1.1 Cor sé&ly thuyét tinh toan khung gia
Thiét bi lam viéc trong diéu kién moi trudng
am udt ludn co dau diesel, tai trong rung dong
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cua moto, trong lugng cua cac cum chi tiét lén
t6i 100 kg. Tir d6, diéu kién chiu kéo - udn -
cit khung cua thiét bj dam bao céc thdng sd
sau [4]:
Cuong do chiu kéo f = 230 (MPa)=2,3 T/cm?
E=2.10"5 (MPa) = 2000 T/ cm?
Hé sé diéu kién lam viéc lay v.=0,95
M=0,06 T.m;N=-0,02T
Qua tinh toan va kiém tra diéu kién bén udn,
bén cit. Cac diéu kién bén déu thoa man va
dam bao duoc:
Kiém tra d6 bén nén udn

M

N, M
o=t <fY¥. < 0,02<1,995

X

Thoa man diéu kién bén.
Kiém tra diéu kién bén chiju cat
V.S,

=0,069 T/ cm*<y_f, =

€= R

0,95.0,58.2,1 = 1,517 T/cm?
Thoa mén diéu kién bén chiu cit

3.1.2. Quy trinh thiét ké, gia céng ché tao
khung gia thiét bi

Quy trinh ché tao thiét bi bao gdm 20 cum
nguyén cong dé gia cong hé thdng, mdi cum
nguyén céng co cac budc nguyén cong cu thé
va chi tiét, c6 ban vé& chi tiét va cac thdng sé
day du.

12495

ke
H
i

Céc nguyén cong co ban nhu: Quy trinh gia
cdng thung panel trén, quy trinh gia céng tam
mat ban, quy trinh gia cong gid 4o dong co,
quy trinh gia cdng khdp ndi bom va dong co,
quy trinh gia cong san dé dudi. ..

3.2. Tinh toan, thiét ké mach diéu khién dai
toc do

Dua vao dac tinh cua dong co diesel, tur d6
xéc dinh téc d6 cua dong co can cung cap cho
bom hoat dong va thir nghiém. Véi nhirng loai
dong co diesel cao téc, tbe do dong co dat
khoang 8000 v/p khi d6 toc do cua bom cao
ap 12 4000 v/p. Tir d6, ta di thiét ké mach diéu
khién dai toc d6 dong co tir 0-5000 v/p dam
bao yéu cau dé kiém tra va khao nghiém bom
cao ap.

3.2.1 Thiét ké vi mach diéu khién theo dai
téc dé déng co’

Hinh 3. Ban vé tdéng thé thiét bi khao nghiém
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Hinh 4. Vi diéu khién atmelgal6L
= Vi diéu khién.
= Atmelgal6L c6 diy du tinh ning cua ho
AVR, bao gdom cac tinh niang nhu sau:

- Bo nhé 16K(flash), 512 byte (EEPROM), 1
K (SRAM), 1 bd timer/counterl 16 bit.

- Vi diéu khién c6 40 chan, trong d6 c6 32
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chan vao ra dir liéu chia lam 4 PORT A,B,C,D.
Céc chan nay déu cd ché a6 pull_up resistors.

- Giao tiép SPI, giao dién 12C, 8 kénh ADC
10 bit, 1 b6 so séanh analog, 4 kénh PWM.

- 1 bo dinh thoi Watchdog, 1 bé truyén nhan

UART lap trinh duogc, 2 bo timer/counter 8 bit
[5].
» Céc ché do 1am viéc caa mach diéu khién.

- Tbc @6 dat trudc+chay/dung théng qua
FX/RX.

Lénh hoat 6dng: Lénh thn sb Tén sb thay a8 ién nhét:
cwotmw FX/IRX Tée 60 a2t trere [Thép (20), Trung binh (30), Cao (80) Ti 80Hz
Déu nbi 5a
0 0 ~
P1 (Thudn) 4
—d o—0 d
P2 (Nguor)
—6”6-—0 DAy vao R U
. s v
P8 (Thép)
8 00 oo N w)
soJC
P7 (Trung binh)
84
_o
SIW
i P (Cao) 5031 (Thutn) |
8 0—CP2 (Ngux) |
3570
cM
PG (Thép)
P7(TB)
P8 (Cao)
cM

Hinh 5. Mach diéu khién ché dé chay/dirng

Vé6i mach dit truge cac ché do chay/dimg da
dugc lap trinh dé diéu khién, qua d6 c6 thé
khao nghiém duogc lugng nhién liéu cung cap
cho dong co la bao nhiéu, trong mot khoang
thoi gian nhat dinh. Tir d6 tinh duoc suat tiéu
hao nhién liéu hién tai ctia dong co.

- Bién tro, chay/dung thdng qua FX/RX+thoi
gian tang toc/giam toc [6].

O céc ché do khac nhau, s& co lugng nhién
liéu cung Cép cho dong co khac nhau. Vi thé,
véi ché do diéu khién tang toc/giam téc cua
mach diéu khién s& d& dang tinh toan duoc

luong nhién lidu cung cip cho dong co & cac
ché do 1am viéc. Tur d6 tinh luong luong tiéu
thu nhién liéu cua dong co & céc ché do doé [6].

= So do di ddy mach diéu khién

Tir so @6 nguyén Iy mach diéu khién chung
hinh 5, 6 ta v& mach in nhu hinh 7, la mach di
day két ndi cac phan diéu khién da duoc lap
trinh [7].

Hinh 8 thé hién md phong mach diéu khién
dong co bao gdm ca phan mach in va céc chi
tiét hoan thién trong thiét bi diéu khién nhu:
khi cap ngudn vao ra, ty dién...
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Lénh tn s& Thévi gian
0~60Hz d3u vao analog qua bién try Tang-10s,
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Hinh 6. Mach diéu khién ché dé chay/dirng, th&i gian ting téc/giam téc

ta tién hanh dau day két ndi véi dong co dé
diéu khién dong co theo cac ché do lam viéc
trong thtr nghiém.

Céac dau ndi day duogc ki hiéu va thé hién trén
hinh 9.

In Odu ra 24V AM ke
fr: e .
|n RX (Chay nguoc)

CM Tin higu 88 vio chung

P3 BX (Dimg khin)
) P RST Reset i) o
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PS M rong tha 8 bude . Thip
PT M& ring th 84 buse -Trung binh |
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P8 M& ring thn 88 budc -Cao

I-)nhnmnna
ng

Hinh 8. M6 phéng mach diéu khién w1
A A A= “A =R , . A M VR 10V Ngudn clp cho bidn S M Chung
» So do dau noi mach diéeu khién voi dong co e " |
e *“*ﬂ:-‘b‘iw

Sau khi d3 di day, mo phong mach diéu khién,  Hinh 9. So dé d4u day mach diéu khidn véi déng co
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3.2.2. Béng co’ dan déng

Trén co sé tinh toan cac ché do lam viéc trong
ther nghiém, dwa vao cdng suat cia bom cao
ap. Tu @6 ta lua chon déng co dam bao céc
yéu tb vé chi tiéu kinh té va ky thuat, dam bao
cung cap da momen cho hé thong.

bong co: Bong co dién 3 pha — Viét Hung
Cong suat: 2,2 kW
Téc do: 1400 v/p.

4. MO PHONG CHE PO LAM VIEC CUA
THIET BI

Véi nhiém vu khao nghiém ché @6 lam viéc
ciia bom cao 4p, dé kiém tra tinh trang k¥
thuat cua bom. Tir d6, c6 phuong an diéu
chinh, bao dudng va sira chita bom kip thoi dé
dam bao tinh ning kinh té k¥ thuat cia 0 to.
Vi thé, ding phan mém dé mé phong hoat
dong cua hé thong, tir d6 co thé dé dang kiém
tra danh gia chat lugng bom cao ap.

Hién nay, c6 rat nhiéu phan mém mé phong
ap dung trong ky thuat mang lai hiéu qua cao,
nhat 12 nhitng nganh can tinh toan hay thé
hién nguyén 1y... Trong dé tai nay, nhém tac
gia da st dung phan mém Hydsim dé md
phong qué trinh khao nghiém bom cao ap.

M6 hinh md phong hé théng nhién liéu cua
dong co chuyén doi trong phan mém AVL -
Hydsim duoc thé hién nhu trén hinh 11.

Céc théng s6 dau vao cac ché do cua dong co
duoc ldy tir cac théng sé thuc té di duoc do
dac két hop vai céc thdng sé két cau chuyén
dbi dé co thé xay dung duoc md hinh md
phong nay. Cac théng sé dau vao cua mé hinh
mé phong trén phan mém AVL-Hysim s&
duoc dua ra trong phan phu lyc. M6 hinh m
phong trén phan mém AVL-Hydsim duoc sir
dung dé dua ra cac thdng sb vé luu luong, téc
do, thoi gian va chat luong phun nhién liéu

vao budng chay. Cac thong sé nay néu tién
hanh thi nghiém sé& rat kho khin nén tac gia
lya chon phuong phap mé phong dé dua ra
céc bo théng sé nay. Cac két qua mo phong s&
dugc luu lai dudi dang bang excel dé 1am dau
vao cho phan mém Ansys-ICE.

ks 1 P
A, s Volume

6 Delivery Valve

P

[ "=

Hinh 10. M& hinh mé phéng hé théng nhién liéu
dong co diesel

Co s& ly thuyét cia AVL-Hydsim

Phan mém AVL Boost Hydsim sir dung co s
ly thuyét vé dong hoc chat long va co ban la
phuong trinh Bernoulli.

PV
Z+—+—=H =const

pY 29
2 2
Zl+i+v_1:zz+i+v—2:H=C0nSt
£9 29 Jols A

Bén canh d6 con st dung nhiéu cong thuc
khac ciing nhu céc cong thirc dugc bién doi tir
phuong trinh Bernoulli

Cong thire tinh lwong nhién li¢u theo thoi gian
duoc tinh dya trén phuong trinh Bernoulli:

- \/Zp P
1 1 in — Mout
2 2 + 2 2 p
:useat &eat :uhole A\ole

Phuong trinh tinh géc con tia phun:

thd = sign(pin - pout)J
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hole

Qua trinh md phong & cac ché do dé kiém tra
k¥ thuat cua bom cao ap:

= Luong nhién liéu phun ra theo téc d6 quay
dong co (goc quay truc khuyu).

= Luong nhién liéu & céc ché do (theo do
nang kim phun).

» Luwong nhién liéu gitra cac phan bom trong
cling mot ché do (bién dang cam).

» Kiém tra sy lam viéc on dinh cua cac bo
phan chi tiét cia bom.

Hinh 11. Sor d6 m6 phoéng ché dd lam viéc
ctia hé théng

5. THO NGHIEM, PANH GIA HIEU QUA
HOAT DONG

51. D6i twong va phwong phap tho
nghiém

5.1.1 Déi twong thir nghiém

Thiét bi duoc thir nghiém trén md hinh mé

phong trén phan mém AVL-Hydsim.

Théng sb ky thuat: Bom cao 4p phan phdi VE,
&p suét dat tir 120-180 kg/cm®.

5.1.2. Phwong phap thie nghiém

Qua trinh thtr nghiém duoc tién hanh theo
phuong phap d6i ching trén trén md hinh md
phong va thong sb ky thuat cua bom cao ap
thyc té.

5.2. Cac thong so, chi tiéu, tinh nang ky
thuat dat dwoc

Khao nghiém cac thdng sé cia bom cao ap
phan phdi VE vai cac chi tiéu ky thut.

= Luong nhién liéu phun ra theo téc d6 quay

dong co (goc quay truc Khuyu).

Bang 1. Lwu lwong nhién liéu
theo goc quay truc khuyu

Géc (deg) Liru 'ng Goc (deg) L ljmg
(m¥s) (m¥s)
20 0 53,75 1,90.10°
2125 182,10 55,00 175.10°
2250 925,109 56,25 171105
B 1,55.10° 57,50 157.10°
2500 1.66.10° 58,75 161105
4625 174.10° 60,00 153,105
4750 177.10° 61,25 164105
2875 189.10° 62,50 145,100
50,00 1.89.10° 63,75 1.35.10°
5125 1.94.10° 66,00 0

inject. rate (VCO_Nozzle)
. inject. rate (VCD Mozzle) { m“.'ﬂ;ﬂ

MNozzle) (m"3/s)

inject. rate (WCO

"SJL

0 50 100 180 200
ref. angle (deg)

Hinh 12. Lwong nhién liéu phun
theo goc quay truc khuyu
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= Luong nhién liéu & céc ché do (theo do
nang kim phun).

Bang 2. D6 nang kim phun theo goc quay truc khuyu

Goéc (deg) D§ niing (mm) Goc (deg) D§ niing (mm)
40,00 0 53,75 0,3104
41,25 0,0135 55,00 0,3099
42,50 0,0579 56,25 0,3097
43,75 0,1131 57,50 0,3093
45,00 0,1620 58,75 0,3094
46,25 0,1980 60,00 0,3092
47,50 0,2294 61,25 0,3094
48,75 0,2580 62,50 0,3090
50,00 0,2860 63,75 0,3068
51,25 0,3100 66,00 0
52,50 0,3104
Xout-coord. (Kim_phun}
0.00035 g

e Kout-coord. (kim_phun} (n:n

= 0.0003

C

Z v.00025

[=%

E‘ 0.0002

=

~o.00015

2

8 ooood

% se0s

=
o T T —F T T

0 50 100 150 200 250

ref. angle (deg
Hinh 13. Lweng nhién liéu phun theo dé nang
kim phun
* Luong nhién ligu gitra cac phan bom trong
cling mot ché do (bién dang cam).

profile lift (Cam)
7
] profie §ft (Cam) (mm)
‘—\-ed
E
E.
E. ]
<
3]
EPE
S
g1
Ll T T T T T
[:] 50 100 150 200 250 300
ref. angle (deg)

Hinh 14. Lwong nhién liéu phun theo bién dang cam

» Kiém tra diéu chinh cac ché do lam viéc
cua bom cao ap.

6. KET LUAN

Hé thdng nhién liéu diesel da dugc tinh toén,
thiét ké dung dé khao nghiém bom cao ap.
Két qua chi ra rang:

= Lap duoc quy trinh ché tao hé théng nhién
liéu diesel dung khao nghiém bom cao ap VE.
= Tinh toan, thiét ké mach diéu khién dai téc
do dong co.

= M0 phong trén phan mém hydsim céac ché
d6 khao nghiém ctia bom.

» Khao nghiém céc loai bom cao ap phan
phdi VE & cac chi tiéu thong s6 ky thuat.

+ Luong nhién liéu phun ra theo toc do quay
dong co (goc quay truc khuyu).

+ Luong nhién liéu ¢ cac ché do (theo do
nang kim phun).

+ Luong nhién li¢u gita cac phan bom trong
cling mot ché do (bién dang cam).

= T nhitng két qua dat duoc cua dé tai,
hudng nghién ciru dé md hinh hoan thién hon
la hién thi cac thdng sé do duoc bang hinh
anh va d6 thi truc tiép.
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