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THIET KE CHE TAO BANG THU VOI PHUN XANG
DESIGN AND DEVELOPMENT OF GASOLINE INJECTOR TEST BENCH
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1Treong Pai hoc Bach khoa - Bai hoe Pa Nang; Imtien@ac.dut.udn.vn
2Nghién cuzu sinh Khoa 33, nganh Ky thugt Co khi déng luc

T6m tat - Voi phun 1a mét bd phan rat quan trong trong hé théng
phun xang dién t& trén dong co dét trong. Viéc xac dinh cac théng
s6 chinh x4c cGa mét voi phun gilip cho ching ta cé thé st dung
voi phun d6 mét cach hiéu qua hon, vi du nhw xay dwng mot hé
thédng phun x&ng dién t&. Bai bao trinh bay vé két qua nghién ctru
thiét ké, ché tao bang thtr voi phun xang dién tr& cao. Mach diéu
khién s dung loai Arduino Uno R3, lwgng nhién liéu phun duoc
do béng loadcell, 4p suét nhién liéu thay dbi nhd mét van diéu
chinh va didu 4p. Két qua nghién ctu cho thdy da ché tao thanh
cong bang thtr voi phun dong co xang; xay dwng dwgc phwong
phép s dung béng thir dé& xac dinh bo théng sb cta voi phun, tir
d6 c6 thé tinh toan lwong xéng phun theo thdi gian xung diéu khién
voi phun.

T khéa - voi phun xéng; hé théng phun xang dién t&r; dong co dbt
trong; Arduino; bang thtr voi phun.

1. Gigi thigu

Sau hon mét thé ky tir khi duoc phéat minh, lich st cua
nganh cdng nghiép 6 t6 sir dung dong co dét trong da trai
qua nhitng budce phét trién 1on. Tir b ché hoa khi don gian
va hé thdng danh lira magneto ban dau, dén nay da duoc
thay thé bang hé thdng phun xang va danh lia dién tur véi
dic tinh 1am viéc t6i uu gan voi dac tinh Iy thuyét, nham
tang hiéu suat 1am viéc, giam muc tiéu thy nhién liéu va 6
nhiém méi truong.

Hé théng phun xang diéu khién dién tir ¢ 2 loai: gian
tiép va tryc tiép. Vi hé thong phun xing gian tiép, nhién
liu dugc phun vao duong 6ng nap théng qua voi phun
dugc diéu khién bang ECU (Electronic Control Unit) dé
tao hoa khi bén ngoai trude khi dugc hat vao bén trong xi
lanh. Lugng nhién liéu dugc phun béi voi phun dong vai
trd quan trong anh huong dén hiéu nang va mic phat thai
6 nhiém cta dong co.

Hinh 1. Voi phun déng co xang
1- L6 voi phun; 2- Ti kim; 3- LGi tir; 4- Cugn day di¢n tir;
5- Pau noi dién; 6- Ludi loc; 7- Dém lam kin

V0i phun xing thuc chit 1a mot van dién tir. So dd ciu
tao cua voi phun xdng dugc thé hién trén Hinh 1. Khi ECU
dua dong dién qua cudn day dién tir cuia voi phun, tir trudng
do cudn day sinh ra hat 16i tir 1am ti kim nhac 1&n va nhién
liéu dugc phun ra. P9 nang cua ti kim khoang 0,05 mm dén
0,10 mm tuy theo tirng loai voi phun. Sau khoang thai gian
tir 1,5 ms dén 18 ms tuy theo tinh trang van hanh, ECU ngét
dién qua cudn day dién tir 1am mat tir truong hit 16i tir va

Abstract - Gasoline injectors are very important parts of gasoline
injection system on internal combustion engines. Accurately
identifying the parameters of a gasoline injector allows us to use it
more efficiently, for example, building a custom electronic fuel
injection. This research presents the results of the development of
a gasoline injector test bench. The control circuit uses the Arduino
Uno R3, the gasoline injection amount is determined by load cell,
the gasoline pressure in the injector is changed by a pressure
regulator. The research results show that a high resistance
gasoline injector test bench has been successfully developed and
a method of determining the parameters of the injector is built so
that the gasoline injection amount can be calculated according to
the injection time.

Key words - gasoline injectors; electronic gasoline injection system;
internal combustion engine; Arduino; injector test bench.

ti kim bj 16 xo ddy vé dong chit dé 16 phun. Qué trinh phun
nhién liéu nhu vay két thic [1]. Khoi luong nhién liéu dugc
phun phu thudc vao:

- Thoi gian diéu khién ma voi phun t; = t, + t (ms) va
thoi gian mé cua voi phun t; = to + t + tc (ms) (to (Ms): thoi
gian tur luc ECU cap dién d@én khi voi phun mérhoan toan;
t (ms): thoi gian tr [Uc voi phun mé hoan toan den khi ECU
ngat dién; tc (ms): thoi gian tir khi ECU ngat dién dén khi
voi phun dong hoan toan).

- Luong phun trong mot don vi thc‘rj giar] (phu thuoc
vao dic diém cua tung loai voi phun — hang s6 voi phun).

- Khéi lwong riéng cua nhién ligu.

- B6 chénh &p giita 4p suat nhién liéu véi ap suit phia
trudce 16 voi phun.

Thai gian t, duoc goi la thoi gian chét. Khi dién 4p diéu
khién m¢ voi phun cang cao thi t, cang nho (khdng tuyén
tinh), voi phun mé nhanh hon. Vi mét thoi gian mé co
ban cho trudc, ap suat nhién liéu va nhiét do khong doi,
dién ap cao hon thi lugng nhién li¢u dugc phun nhiéu hon.
Vi loai voi phun dién tré cao, thoi gianto =1 - 1,5 ms va
te = t/2 [2], [3].
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Hinh 2. Quan h¢ giita dong dién va thoi gian to, t, tc
Trong qua trinh giang day va nghién cau khoa hoc tai
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Khoa Co khi Giao théng, Truong Pai hoc Bach khoa - Dai
hoc Pa I\]ing, viéc xéc dinh dgc tinh cua voi phun c6 sir)
khdng the thuc hién duoc do nha truong khong co thiét bi dé
xdc dinh thong s6 voi phun, dong thoi trén thi truong cling
khéng c6 san thiét bj‘néy. Vi vy, viéc che tao mot bang thir
c6 thé md phong dieu khién hoat dong voi phun tuong tu
nhu trén dong co that I1a can thiét, vai mét so6 tinh nang nhu:

- C6 thé thay doi thoi gian phun theo mili giay (ms);

- CO thé thay doi &p suat nhién ligu;

- Xéac dinh dugc luu lugng nhién liéu phun.

Viéc sir dung bing thir gilip cho ching ta c6 thé:

- Xay dung dugc cong thirc xac dinh lugng nhién li¢u

phun theo thoi gian diéu khién phun;

- Kiém tra hu hong voi phun.

Vi thiét bi ndy, hiéu qua nghién ctu khoa hoc cua sinh
vién, hoc vién cao hoc ciing nhu can b giang vién Khoa Co khi
Giao thf)ngz Truong Dgi hoc Béch khoa — Pai hoc Ba Nang sé
tang 1én. DOng thoi thict bi nay 1a co s¢ gitp cac sinh vién dang
tham gia cudc thi “Lai xe sinh thai tiét kiém nhién liéu” ctua
Hpnda, cling nhu cudc thi “Shell Echo-marathon"’ c6 thé tu :[hlet
ké h¢ thong phun xang dién tir cho dong co nham giam t6i da
tiéu hao nhién liéu.

2. Thiét ké ché tao bing thir
2.1. Muc dich sir dung bang thir

Qué trinh diéu khién phun luong xing Gn vao duong
nap trén h¢ thong phun xang dién tur thuc chat 1a diéu khien
thoi gian mo voi phun t;. Néu khong c6 su dieu chinh, tai
mot vi tri tai va toc do, thoi gian ma voi phun khac nhau sé
tao ra hon hop khong khi nhién liéu vai ti 18 khac nhau.

Goi p (kg/cm?) 1a chénh ap gitra ap suat nhién liéu va
&p suét sau voi phun. Vi &p suét sau voi phun trén bang thir
1a &p suét khi troi nén p chinh 1a &p suat nhién liéu dugc tao
ra trong qua trinh thir nghiém. Lugng xang phun trong mot
chu trinh Gy (g) duoc xac dinh nhu sau:

Gni=Go+ G + G (0) @

Vi Go (9): lugng xang phun thoi gian to; G (g): luwong
xang phun thoi gian t; G¢ (g): lvong xang phun thoi gian t;

Goi K (g/ms) 1a hé sé phu thudc vao ciu tao voi phun,
loai nhién liéu.

Ta c6, lugng xdng phun trong thoi gian t la:

G=Kit(g) )

Dua vao Hinh 2 ta thdy ring lugng nhién liéu phun

trong thoi gian t, va tc:

Go + Gc < Kito (3)
Nhu vay, tir (1), (2) va (3) ta suy ra:
Gn=xKt,+Kit(g),vei0<x<1 4

Cong thirc (4) cho thay rang, cing mot voi phun va loai
nhién ligu str dung, chénh &p giira 4p suét nhién liéu va &p
Sut trudc voi phun khong thay doi thi lugng nhién liu
phun vao mét xylanh Gy chi phu thudc vao thoi gian t. Nhu
vay, véi mot voi phun can khao sat dic tinh, ta s& tim ra
mot bo thdng sb (loai nhién liu, p, to, K). V&i bo théng sé
nay, ta c6 thé hoan toan xac dinh chinh x4c lwong nhién
liéu phun qua voi phun bang thai gian phun t,.

2.2. Thiét ké bang thir
2.2.1. Phuong dn diéu khién voi phun

Vi sir dung bom nhién liéu khdng thé thay ddi ap suat
phun, phuong an nhémq tac gia sur dung la ding khi nén co
thé thay do6i &p suat dé nén truc tiép binh nhién liéu. bé
diéu khién voi phun, st dung chan digital cua vi diéu khién
két hop v6i md-dun diéu khién cong suat dé diéu khién voi
phun. Thoi gian dong m& voi phun twong tng vai thoi gian
chan digital & muc logic 1.

1

Mach
Miy vi dieu
tinh khién

Hinh 3. So do phirong dn diéu khién voi phun
1- Binh nhién li¢u; 2- Loc nhién ligu; 3- Voi phun
2.2.2. Phuong dn xdc dinh luong nhién li¢u phun
bé xac dinh lugng nhién ligu tiéu thy, ta s dung
phuong én ding cam bién luc (loadcell) d€ xac dinh lugng
nhién liéu tiéu thu, vi cam bién luc phé bién c6 gié thanh
phu hgp va d¢ chinh xac cao.

. Mach
Miy || vidiéu
tinh khién

Hinh 4. Phuong dn xdc dinh lwong nhién ligu phun
1- Voi phun; 2- Binh nhién li¢u; 3- Loadcell; 4- M6-dun ADC
2.2.3. Théng sé c&c thanh phan chinh

a. Mach vi diéu khién Arduino Uno R3 [4]

Dic diém ndi bt ciia cac mach Arduino 1a méi truong
phat trién ang dung vi dieu khién cuc ky dé sir dung, voi
mot ngdn ngt 1ap trinh cé thQ hoc‘ mot cach nhanh chong
ngay ca véi nguoi it am hiéu veé dién tor va lap trinh.
Arduino Uno R3 suir dung chip Atmega328. N6 c6 14 chan
digital I/0O, 6 chan dau vao analog, thach anh dao dong
16Mhz (Bang 1).

Hinh 5. Mach Arduino Uno R3 (trai) va Sensor Shield (phai)
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Bdng 1. Thong s6 ky thudt Adruino UNO R3

Dé phu hop vai viéc can nhién liéu trén bang thir, ta

Thong sb Gia tri chon loadcell YZC-133 c6 thang do 10 kg (Bang 2).
Vi didu khién ATmega328 Bang 2. Bang thong sé ky thudt ciia cam bién luc Loadcell
Di¢n ap hoat dong 5V Théng sb Gia tri
bién &p vao khuyén dung vV-12V Model YZC 133
D?ér_\ ap va_o giGi han 6 —AZO \Y Tai trong 10 (Kg)
Aralog input s G Chanag—ag | |22 LOSLS (V1Y)
Cuc‘mgg d@pdéni; dién trén mdi 1/Opin 20 mA }?6 Iéch tuyen th y 0,05 (%)
Cuong d6 dong dién trén mdi 3,3Vpin 50 mA ",\nh hwong nhiét do téi dcf)”nhay 0,003 (%RO/*C)
Flash Memory 32 KB Anh hu(yrjg nhiéft d¢ t6i diem khéng 0,02 (%RO/°C)
SRAM 2 KB Do can bang diém khong 10,1 (%RO)
EEPROM 1KB Tré khang dau vao 1.066 + 20 (Q)
Toc 4o 16 MHz Tré khang ngd ra 1.000 + 20 (Q)
D¢ gitp mach Arduino Uno R3 két ndi voi cac cam | Tro khang cach li S0V 2.000 (mQ)
bien, giao ticp cong COM va giao tiep 12C mdt cach don | Bién ap hoat dong 5(V)
gian tai moi thoi diém (nhu la shield LCD) hodc cac Nhiét d6 hoat dong -20 ~ 65 (°C)
mé-dun giao tiép 12C, ta sir dung Arduino Sensor Shield. Chat ligu cam bién Nhém

b. Voi phun

C6 2 loai voi phun: loai dién tré thip (<3 Q) va loai
dién tré cao (>10 Q). Voi phun thuong c6 2 chan: mét chan
néi nguon 12 V, chan con lai ndéi ECU dé diéu khién théng
mass nh transitor. Voi phun dién tré cao rat dé diéu khién,
chi can cép dién 12 V tryc
tiép cho voi phun. Voi
phun dién tro thip lap vao
mach phai qua dién tro phu
va kho diéu khién hon boi
vi can phai tao mot dong
dién “dinh” di cao dé ma
voi phun (~ 4 A) va sau do
la dong dién “giir” thap
hon, da d& voi phun van
m& ma khdng lam chay voi
phun (~ 1 A). Bé thuan tién trong viéc thiét ké va thi cong
thiét bi, ta wu tién chon loai voi phun dién tré cao. Voi phun
dugc chon st dung 1a loai dién tré cao sir dung trén dong
co 1.8L 4 xi lanh thiang hang 1ZZ-FE (Hinh 6). B thong
s6 nhu da dé cap ¢ dé muc (2.1) cua voi phun s& duoc Xac
dinh sau khi chay thir nghiém trén bang thu.

c. Loadcell
m':_ "%

Loadcell Ia thiét bi
Hinh 7. Loadcell

Hinh 6. Voi phun dién tré cao
su dung trén dong co 1ZZ-FE

cam bién dung dé
chuyén ddi lyc hoic
trong lugng dién thanh
tin hiéu dién. Loadcell
dugc ciu tao bai hai
thanh phén, thanh
phan thir nhit 1a “Strain gage” va thanh phin con lai 1a
“Load”. Strain gage l1a mot dién tré dac biét chi nho bing
mong tay, c6 dién tré thay ddi khi bi nén hay kéo gian va dwoc
nudi bang mot ngudn dién on dinh, dugc dén chét 1én “Load”-
mét thanh kim loai chiu tai c6 tinh dan hoi.

Loadcell hoat dong trén nguyén |y cau dién tro can bang
Wheatstone. Gi4 tri lyc tac dung ti 18 véi sy thay ddi dién
tré cam ung trong cau dién tré va do do ti 18 véi tin hiéu
dién &p dau ra. Loadcell thuong dugc sir dung dé cam ung
cac luc 16n, tinh hay céc lyc bién thién cham.

d. B$ diéu chinh 4p suét xing

Chon bo diéu chinh p suit khi nén STNC TR2000-02
(Bang 3) dé thay di 4p suat nhién ligu theo yéu cau trong
qua trinh thuc hién thi nghiém. Day 1a bo diéu chinh kiéu
dan khi can bang, kém co cau tran, nén c6 nhiing dic tinh
wu viét nhu: 6n ap c6 do nhay cao, phan @ng nhanh, khoa
chan chéc chin, dong thoi c6 kha ning 1ap rap tuong tng

vé6i cac san pham khac.

Bdng 3. Thong sé ky thudt b diéu ap STNC TR2000-02

Quy céch TR2000-02
Mai truong lam viéc Khéng khi
Luu lugng 500 (L/mm)
Ap lyc st dung 0,05 - 1 (MPa)
Nhiat do 0- 60 (°C)
Kiéu van Kiéu van tran
Kiéu ren ddng hd G1/8

Héng san xuat STNC

e. Pong hd hién thi ap suit

Tasu dung»d(;)r]g ho do
ap suat dung dé hién thi ap
suat cua nhién liéu trong
qua trinh thyc hién thi
ng‘hiém k@t hqp voi bd
diu ap de dieu chinh ap
suat theo yéu cau.

f. Module ADC 24bit HX711

Module ADC 24bit HX711 (Bang 4) la mach doc gia
tri cua loadcell c6 do phan giai 24bit vai tée do lay mau la
12 lan/giay. Mé-dun giao tiép véi vi diéu khién qua 2 day
(clock va data).

Bdng 4. Thong sé ki thugt ciia ADC 24bit HX711

bién ap lamviéc (2,7 =5 (V)

U7
Dong tiéu thy <1,5(mA) =
Tbe do lay miu 12 (SPS) =
Do phén giai 24 bit ADC

Do phan giai diéu 4p|40 (mV)
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g. Binh chira nhién ligu , Trude khi tién hanh thir nghiém, kiém tra xung diéu
Binh chia nhién licu c6 ' khién thoi gian m voi phun t; ¢6 hoat dong ding theo yéu
4p suit lam viéc an “toan cau hay khong. Tir cac két qua kiém tra, nhan thay bang
dudi 10 kglem?. thir hoat dong chinh xac o cac thoi gian dong mé voi phun.

Hinh 9. Binh chia nhién liéu

h. So' dd mach dién

Hinh 13. Tin hiéu xung diéu khién mg voi phun ti= 6,8 ms

lfl
|

3.3. Xdc dinh théi gian mé nhé nhit to ciia voi phun
Pé xac dinh t, cua voi phun thir nghiém & cac muc ap
suat khac nhau, ta s& diéu chinh thoi gian xung diéu khién
tang tir 0,5 ms dén 1,5 ms véi budce diéu chinh 12 0,1 ms
dén khi nao voi phun bt dau phun thi ding lai va ghi lai s6
liéu. Sau qué trinh kiém tra ta c6 s liéu nhu Bang 6.
Bdng 6. Thoi gian to cza voi phun

Hinh 10. So dé mach dién Ap suét nhién lidu, kg/cm? 20 (25|30 |35|40
2.2.4. Ché tgo khung va ldp dat hoan thién bang thir Thai gian to, ms 1011 ]11]12 12
Tir ban vé thiét ké, ché tao khung gia d& va lap datcac  3.4. Thir nghiém phun xing
thanh phan 1én bang thir nhu Hinh 11. 3.4.1. Cdc budc tién hanh thi nghigm

e Budc 1: D6 day xang vao binh chira;

e Budc 2: Biéu chinh &p suét xang theo yéu cau;

e Budc 3: Bit dau tién hanh phun nhién ligu vai thoi
gian t; va sb lan phun 2.500 ¢ téc d6 md phong la 3.000
vong/pht; Sé lugng phun 2.500 lan duya trén khéi lwong
xang phun nam trong vuing lam viéc hiéu qua cua loadcell
va thoi gian thuc hién mét 1an thir nghiém la nho nhét;

e Budc 4: Ghi lai s lidu két qua thuc hién.
3.4.2. Két qua thir nghiém

Két qua thir nghiém tong 2.500 1an phun duoc trinh bay
trén Bang 7 va két qua tinh trung binh 1 1an phun duoc trinh
bay trén Bang 8.

Bdng 7. Bang luong xdng (g) sau 2.500 lan phun

Hinh 11. Thiét ké ché tao khung béing thir t (ms) p (kg/cm?)

2,0 25 3,0 35 4,0
1271 | 1361 | 1432 | 1558 | 16,18
2845 | 31,08 | 331 | 3555 | 38,09

3. Thir nghiém va danh gia
3.1. Cac thong sé chen
Bdng 5. Bang thong sé chon

2

4
— 6 44,12 48,74 52,05 55,42 59,09
Thoi gian xung dieu khién (ms) 2 4 6 8 | 10 3

60,87 65,73 70,36 75,99 79,75

Ap suét nhién ligu (kg/cm?) 20(25|30(35]4,0

10 75,86 81,25 90,31 96,54 102,42
Bdng 8. Bang hrong xang (g) trung binh 1 ldn phun

3.2. Kiém tra tin higu d@iéu khién voi phun

p (kg/cm?)
2,0 2,5 3,0 35 4,0
2 0,0051 | 0,0054 | 0,0057 | 0,0062 | 0,0065
4 0,0114 | 0,0124 | 0,0132 | 0,0142 | 0,0152
6 0,0176 | 0,0195 | 0,0208 | 0,0222 | 0,0236
8 0,0243 | 0,0263 | 0,0281 | 0,0304 | 0,0319
10 0,0303 | 0,0325 | 0,0361 | 0,0386 | 0,0410

Sms [T GE  FC @ Sns
L] Hz

Hinh 12. Tin hiéu xung diéu khién mé voi phun ti= 2,4 ms
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> 00% Tir Bang 8, xay dung cac ham xap xi theo cong thirc (4)
0.03 4 L 4.00% dugc cac d6 thi (tir Hinh 14 d@én Hinh 18). Ta xac dinh dugc
bo théng s6 (p, x, K) cta voi phun vai sai s6 nho hon 2%,
002 [ 3.00% duoc trinh bay trén Bang 9. Gia tri x = 0,6 khong thay doi
L 2.00% khi thay doi p.
0.01 - L oo Bdng 9. B¢ thdng sé (p, X, K) cia voi phun thi nghiém
STT p (kg/cm?) X K (g/ms)
0 2 4 6 8 10 12 000 1 2,0 0,6 31,5e-4
——&—— Thuyc nghiém (g/ct) ==<@®==- Saiso (%)
Hinh 14. 4 th xdc dinh hé 56 x, K tai &p sudt p = 2,0 kglem? 2 25 06 | 3d0ed
in . Do thi xac dinh hé so X, K tal ap suatp = 2, _95;2/: 3 3.0 0.6 37264
4 3,5 0,6 40,5e-4
0.03 1 r 4.00% 5 4,0 0,6 43,0e-4
002 J [ 3.00% Tir Bang 9, dung phuong phap xap xi ham tuyén tinh,
5 00% xac dinh dugc hé s6 K theo &p suat nhién liéu ctia voi phun
0.01 | nhu sau:
I 1.00%
K =0,00029.p + 0,002864 (g/ms) (5)
0 0.00%
0 2 4 6 8 10 12 0.0043
——&—— Thuc nghiém (g/ct) ===@-== Saiso (%)
. . . o B 0.0041 y =0.00029x + 0.002864
Hinh 15. Do thj xdc dinh hé so X, K tai ap suat p = 2,5 kg/cm?
- 5.00% 0.0039
0.0037
0.03 A F 4.00%
0.0035
0.0 [ 3:00% 0.0033
F 2.00% 0.0031
2 25 3 ) 35 4
0.01 1 L 1 00% —— K =eee--- Linear (K)
Hinh 19. Xdp xi gid tri K theo &p sudt
, 0006 i ap xi gia tri p suat p
0 2 6 12

4 8 10
——&—— Thyc nghiém (g/ct) ===@=== Saiso (%)

Hinh 16. D6 th; xdc dinh hé s6 x, K tai &p sudt p = 3,0 kg/cm?

© 5.00%
0.04/4
L 4.00%
0.03 1
L 3.00%
0.02
L 2.00%
0.01 4 L 1.00%
0 0.00%
0 2 4 6 12

8 10
——<&— Thyc nghiém (g/ct)  ===@=== Saiso (%)

Hinh 17. D6 th; xdc dinh hé s6 x, K tai &p sudt p = 3,5 kg/cm?

< 5.00%
0.044
0.035 b 4.00%
0.03 1
0.025 1 r 3.00%
0.02 1
L 2.00%
0.015
0.01 1 L 1.00%
0.005
0 0.00%
0 12

——&— Thuyc nghiém (g/ct) -==@=-== Sais) (%)

Hinh 18. D6 th; xdc dinh hé s6 x, K tai &p sudt p = 4,0 kg/cm?

4. Két luan

Sau qua trinh nghién cau, thiét ké, ché tao bang thir vOi
phun dong co xang, tien hanh thir nghiém trén voi phun
mau, ta rat ra mot s6 két luan nhu sau:

e Di ché tao thanh cong bang thir voi phun dong co
xang cho loai voi phun dién tro cao;

e Bing céch sir dung bang thir voi phun dé thir nghiém voi
phun, ta da xay dung dugc phuong phép xac dinh cong thuc
tinh toan lugng xang phun Gni qua voi phun theo thoi gian dicu
khién m¢ voi phun t; véi dp suat nhién ligu p bat ky.

Dé nang cao hiéu qua cua bang thir voi phun, huéng
phat trién trong thoi gian dén la:

e B6 sung phuong an diéu khién voi phun dién trg thap.

e Thay thé dong hd do ap suat co hoc bang cam bién ap
suat dé tang do chinh xac cua két qua do.
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