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TECHNIQUE

Nguyén Hoang Vii®*, Nguyén Xuin Dat
"Truong Pai hoc Ky thuat Lé Quy Pon
*Truong Pai hoc Tran Quoc Tuan

TOM TAT

Ky thuat phun chinh hai giai doan (PC2GD) la mot trong nhitng ky thudt phun hién dai dang
dwoc quan tam nghién civu. Viée sir dung kj thudt phun ndy, phu thuéc truée hét vao kha nang déap
vng ciia voi phun (khd nang thuwe hién dwoc nhiéu lan phun trong giai doan phun chinh véi thoi gian
dirng giita cdc lan phun la nhé). Voi phun Commonrail (CR) kiéu dién tir (CRI2.2) dwoc ding trén
déng co diesel Hyundai 2.5 TCI-A (4 ky, 4 xi-lanh, sir dung hé thong phun nhién liéu kiéu CR, chua
ap dung ky thudt PC2GD). Bai bao nay nghién curu kha nang dap vng cua voi phun CRI2.2 khi s
dung ky thudt PC2GD dira vao két qua do thuc nghiém quy ludt cung cdp nhién liéu (OLCCNL)
cho voi phun nay trén bé thur UniPg STS tai Phong thi nghiém SprayLab, Khoa Ky thudt, Dai hoc
Perugia, Italia. Két qua nghién ciru cho thdy, voi phun CRI2.2 du diéu kién dé dp dung ky thudt
PC2GP trong ving toc d cao (3500 vg/ph) va tdi cao (100% tdi) ciia dong co, véi lwong phun cho
mot chu trinh cong tac (CTCT) la twong dwong khi dung trén dong co nguyén thuy.

Tir khéa: Voi phun Commonrail kiéu dién tir; Phun chinh hai giai doan; Thoi gian ditng.

ABSTRACT

The Two-stage Main Injection (MI-2) technique has garnered significant interest in recent
years. Its application relies heavily on the nozzle's capability to perform two injections during
the main injection phase, with very minimal dwell time between injections. The solenoid-type
Commonrail (CR) injector (CRI2.2) is utilized in the Hyundai D4CB 2.5 TCI-A diesel engine, which
is a 4-stroke, 4-cylinder engine employing a CR injection system but not yet incorporating the MI-2
technique. This study focuses on assessing the response capability of the CRI2.2 injector when
employing the MI-2 technique, based on experimental data regarding fuel delivery characteristics
on the UniPg STS test bench at the SprayLab, Faculty of Engineering, University of Perugia, Italy.
The research findings demonstrate that the CRI2.2 injector can perform well when applying the
MI-2 technique at high engine speeds and 100% load, with the amount of fuel injected per working
cycle equivalent to that of the original engine setup.

Keywords: Commonrail solenoid injector; Splits main-injection, Dwell time.
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1. PAT VAN PE

Trong hé thong phun nhién liéu
(HTPNL) diesel kiéu CR, voi phun cho phép
cép nhién li€u vao xi-lanh v&1 @6 chinh xac cao,
linh hoat theo ché do van hanh ma khong phu
thudc vao toe do dong co, [1], [2], [3], tir do
cho phep ung dung cac ky thuat phun (KTP)
tién tién. Hién nay, KTP nhiéu giai doan duoc
ap dung rong rai trén dong co diesel hién dai
do c6 kha ning giam 6 nhiém khi thai, giam
tiéng on, cai thién hiéu suat lam viéc cua dong
co, [4], [5]. Ngoal ky thuat phun mdi (Pilot
injection, 1 dén 2 lan) trudc giai doan phun
chinh (Main Injection — MI), phun bé sung sau
giai doan phun chinh (Post Injection 1 dén 2
lan) da kha pho cap véi HTPNL kiéu CR, mot
s0 nghién curu gan day [4], [6], [7], [8] da danh
gia kha nang, l¢i ich cua viéc tach giai doan
phun chinh (Main Injection) thanh hai lan phun
sat nhau (PC2GD), voi két qua dat dugc 1a kha
quan xét vé tiéu chi giam 6 nhiém PM va tiéng
on chdy, cai thién muc tiéu thu nhién liéu.

Co hai loai voi phun dang dugc st dung
phé bién trong HTPNL diesel kiéu CR 13 voi
phun kiéu ap dién (piezo) va voi phun kiéu dién
tir (solenoid), trong d6, voi phun CR kiéu dién
tir dugc sir dung phd bién trén cac dong co diesel
diéu khién dién tir, [9], [10], [13]. Khi dong co
lam vi¢c, ECU s& gui tin hi€u xung dién dé diéu
khién su dong, md voi phun theo yéu ciu cia
KTP. Khoang thoi gian tir lac bat dau cap dién
dén khi ngit dién cua ECU, dugc goi la thoi
gian cdp dién ET (Energizing Time). Khoang
thoi gian tir 1ac nhién liéu bat dau duoc phun ra
dén khi két thuc phun cta 1dn phun twong tng
duoc goi 1a thoi gian phun IT (Injection time).
Khi voi phun nhan dugc tin hi¢u dién, nhién
liéu chua dugc phun ra ngay ma né c6 mot do
tré nhat dinh, d6 tré nay duoc goi 1a do tré mo
cia voi phun NOD (Nozzle opening delay),
duoc tinh tir khi ECU cap dién cho voi phun
dén khi nhién liéu bat dau duoc phun ra tir 15

phun. Tuong ty, khi ngit dong dién diéu khién
voi phun, nhién li¢u cling khong dung phun
ngay ma c¢6 mot do tré nhét dinh, duoc goi 1a
do tré dong cua voi phun NCD (Nozzle closing
delay). NOD chiu anh huéng boi dac tinh dién
ttr cia cudn cam, thong s6 két cAu cua voi phun,
trong khi NCD phuy thuoc vao dac tinh dong
lyc cda voi phun, [3, 10, 11]. Do d6, NOD c6
gia tri khong ddi trong cac ché do khao sat con
NCD thay d6i phy thudc vao thoi gian cap dién
ET (Energizing Time), a4p sudt phun (prail)
va NCD thuong 16n hon NOD. Mbi quan hé
gitra thoi gian phun IT (Injection Time) va ET,
NOD, NCD dugc xac dinh theo cong thtrc: IT
=ET + NCD — NOD.

Dbi v6i voi phun CR kiéu dién tir, khi
ap dung KTP nhiéu giai doan can phai quan
tam nhiéu hon dén NOD va NCD cuia voi phun,
[3], [11]. Khi tbc d6 dong co cang cao thi thoi
gian phun tinh theo thoi gian thyc cang ngan,
do do, viéc &p dung KTP nhiéu giai doan sé€ kho
khin va phu thudc nhiéu vao kha nang dap tung
cua voi phun. Khi xét véi ky thuat PC2GD, kha
ning dap Gmg cua voi phun c6 thé hiéu 1a thoi
gian dimg nho nhit giita hai xung dién diéu
khién c6 thé dat dugc cua voi phun, sao cho hai
duong dién bién toc do phun khong chong 1an
nhau [10]. Hién tuong chong lin nhau xay ra
khi kim phun chua ha xudng hét trong lan phun
thir nhat thi da tiép tuc bi nang 1én trong lan
phun thtr hai. Hién tuong ndy anh huong xiu
dén QLCCNL (luong phun va tong thoi gian
phun). Pic trung vé k¥ thuat PC2GD duoc thé
hién trén Hinh 1, trong d6: SOE — Thoi diém
bat dau cap dién (Start Of Energizing); ET —
Thoi gian cip dién; DT — Thoi gian dimg giira
hai 1an cép dién (Dwell Time); SOI — Thoi diém
bat dau phun (Start of injection); IT — Thoi gian
phun; RDT — Thoi gian dirng giita hai 1an phun
(Realized Dwell Time); Cac chi s6 1 twong tng
v6i lan phun chinh thi nhét, chi s6 2 tuong ting
v6i 1an phun chinh thi hai.
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Hinh 1. Ddc trung cua ky thudt phun chinh hai
giai doan, [12]

Voi phun CRI2.2 str dung trén dong co
DA4CB 2.5 TCI-A (xe Huyndai Starex 2018) la
voi phun kiéu dién tir, 8 16 phun, 4p suat phun
16n nhat 13 1600 bar, c¢6 kha nang thuc hién
t6i da 5 lan phun trong mét CTCT (bao gdm
hai lan phun moi, mot 1an phun chinh, mot lan
phun muén va mot 1an phun bd sung) véi thoi
gian dimg t6i thiéu gitra hai 1an cép dién DT, .
la 0,8 ms, [13]. Pong co D4CB 2.5 TCI-A
nguyén thuy chua ap dung ky thuat PC2GD,
[13], do d6 khi mudn chuyén sang ap dung
ky thuat PC2GD can phai danh gid kha ning
dap tng cta voi phun. Bai bao trinh bay két
qua danh gia kha nang dap ung ctua voi phun
CRI2.2, khi st dung k¥ thuat PC2GD dya trén
két qua do thuc nghiém trén bé thir UniPg-STS,
[3], tai Phong thi nghi¢m SprayLab, Khoa K¥
thuat, Pai hoc Perugia, Italia; tai ché d6 tai cao
(100% tai) va tbc do cao (n = 3500 vg/ph).

2. TRANG THIET BI VA CHE PQ THU
NGHIEM

Thir nghi¢m danh gia kha nang dap ing
k§y thuat PC2GP cuia voi phun CRI2.2 duoc tién
hanh trén bé thir UniPg-STS véi so do bd tri
trang thiét bi nhu trén Hinh 2. Dién bién téc do
phun cta voi phun dugc xac dinh theo phuong
phéap Zeuch, [1], [3]. Trong do6, luu lugng thé

tich phun dugc do thong qua viéc xac dinh sy
gia ting ap suat gdy ra boi mdi lan phun trong
mot thé tich kin. Sy gia tang ap suat phun (Ap)
trong budng do ty 1é thuan véi thé tich phun
nhién liéu phun (AV) va ching duoc ding dé
tinh toan xac dinh téc do phun IR (Injection
Rate) theo thé tich. Nguyén 1y hoat dong, thong
s6 k¥ thuat cta thiét bi thr nghiém c6 thé tham
khao tai cac cong trinh khoa hoc da cong bd,
[1], [3], [10], [12], [14].

Fuel Tank Dy : Computer

Hinh 2. Trang thiét bi thuc nghiém déanh gid kha
nang dap vng cia voi phun CRI2.2 khi ap dung ky
thugt PC2GD, [1, 3, 14]:

HP Pump — Bom cao ap; Fuel Tank — Thung nhién
lieu; CRI2.2 — Voi phun CRI.2.2; UniPg-STS —
Thiét bi nghién ciru voi phun CR theo phwong
phap Zeuch; Coriolit Mass Flow Meter — Cam
bién lwu lwong khoi heong chdt long (nhién liéu);
Siement FC — Thiét bi chuyén doi tin hiéu; cDAQ
— B6 thu thdp, phan tich, xi Iy tin hiéu va diéu
khién: Labview — Phan mém diéu khién duoc viét
trong Labview; RPCV — Van diéu chinh luu luwong,
PCV — Van diéu chinh ap sudt; Amplifier — B6
khuéch dai tin hiéu,; 1 — Encoder, 2,3,5 — Cam
bién dp sudat; 4 — Cam bién nhiét dé va dp sudt
nhién liéu hoi; 6 — Cam bién nhiét d; TA189 —
Ampe kim.
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Tu dir ligu thuc nghiém do quy luat
xung dién diéu khién voi phun cia dong co
D4CB 2.5 TCI-A & cac ché do van hanh theo
goc quay truc khuyu (GQTK), dugc xac dinh
trén bé thir dong co, [13], [15], [16], khi chuyén
d6i thanh dix liéu phun theo thoi gian thyc (ms),
ta thu dugc két qua nhu trong Bang 1. Két hop
v6i két qua thuc nghiém do dic tinh voi phun

CRI2.2 trén bé thu UniPgSTS, ta xac dinh
duoc thoi gian cip nhién lidu 16n nhit c6 thé ¢
vung tai cao, tdc do cao cua dong co D4CB 2.5
TCI-A. Trén co so d6, tién hanh khao sat kha
nang dap umg cua voi phun CRI2.2 ng voi bd
s liéu (vé lwong phun, V,, mm’; ap suét phun,
Pp,» DAr) cla dong co D4CB 2.5 TCI-A & ché
d6 100% tai va tdc do n = 3500 vg/ph.

Bdng 1. Quy ludt xung dién diéu khién voi phun & ché dé 100% tdi va toc dé cao, [13]

SOL, (ET), °GQTK SOI, (ET), ms
n, prail’ VO’
/ph | b :
VPR DAr I pitot Pilot, MI Pilot, | Pilot, MI
2500 | 1500 | 972 | -52,0 (42) | -29,5(42) | -7.0(149) | 0(0.28) | 1,5(0.28)  3(0,99)
3000 | 1600 | 933 43,0(53) | -11,5(17,6) 0(029) | 1,75 (0,98)
3500 | 1600 | 83,8 15,0 (20,0) 0(0,95)

Két qua do thoi gian cAp nhién liéu ctia voi phun CRI2.2, trén bé thir UniPg STS, tmg véi do
rong xung dién diéu khién voi phun khi dong co van hanh & ché do 100% tai, n = 3000 vg/ph dugc
trinh bay trén Hinh 3 (I 1a cudng d dong didu khién voi phun, A). Ta thay, thoi gian cip nhién liéu
(tinh tir thoi diém bat dau phun mdi dén khi két thuc giai doan phun chinh) 14 3,21 ms, twong g

véi 67,5°GQTK.

L [A]

2] -=-IR, ||nm: 'ms)
il i X
12l ms § i

a0 4

a0 .: -. !
L~ ;

) seemdtespeeshessereessssseyeneknenes—————
o 0.5 1 1.5 2 23 E 5% 4

Thisi gimn, [ms]

Hinh 3. Thoi gian cdp nhién liéu (theo thoi gian thiee) 6 100% tdi, n = 3000 vg/ph, [13]

Tong hop két qua di cong bd vé ché do phun trong mot sd cong trinh nghién ctru, [8], [17],
[18], [19] vé k¥ thuat PC2GD, g véi cac ché do phun khac nhau (thé hién qua ty 1& % thé tich
nhién liéu gitra hai 1an phun chinh: 50/50, 75/25, 70/30) duoc trinh bay trong Bang 2.
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Bdng 2. Tong hop két qua di cong bé vé ché dg phun khi ding

k55 thudt PC2GD, [8], [17], [18], [19]

Thoi gian
. Ché d¢ phun °GQTK cAp nhién
Cong trinh T§ 1¢ phun liu, °GQTK
nghién ciru Z .
Thé tich SOI, | SOL, | RDT,
phun, mm® | °GQTK | °GQTK | °GQTK
Cong trinh [17] 50/50 - -23 0;3;6 58 ~ 64
Cong trinh [18] 50/50 12,5 -30 +-51 -15 49 =70
Cong trinh [8] 75/25 - -12 15 +40 5+ 30 41 + 66
Cong trinh [19] 50/50; 70/30 80 12 +27 45 +60

Bang 3. Ché dg thuwc nghiém ddnh gid khd nang dép vmg ciia voi phun CRI2.2 khi PC2GP

Ch¢é g khio sit Thé tich phun V Thé tich phun Theo thoi gian
(ty 1€ the tich m’ | tinh todan V /V,, | cap di¢n tinh todn DT, [ms]
phun) mm’® ET /ET,, ms
30/70 83,8 25,1/58,7 0,51/0,80
50/50 83,8 41,9/41,9 0,66 /0,66 9 bude (0,2 + 1,8)
70/30 83,8 58,7/25,1 0,80/0,51

Theo dir liéu trong Bang 2, cac cong
trinh nghién ctru vé PC2GD déu c6 thoi gian
cap nhién liéu 16n nhat trong khoang tir 60
+ 70°GQTK, gia tri nay ciing tuvong dong voi
thoi gian cdp nhién liéu cia dong co D4CB 2.5
TCI-A khi phun hai giai doan (phun méi va phun
chinh) 1a 67,5°GQTK. Do d6, trong bai bao, kha
ndng dap tmg cua voi phun CRI2.2 dugc khao
sat trong thoi gian cAp nhién liéu 14 67,5°GQTK,
tai n = 3500 vg/ph, v6i tong lwong phun V,=
83,8 rqm3, p,; = 1600 bar (twong tmg véi thoi
gian cap nhién liéu theo thoi gian thuce 1a 3,21
ms). Do anh hudng cia hién tuong dao dong va
truyén song ap suat, dién bién qua trinh phun lan
phun 2 s€ chiu sy tdc dong cua qua trinh phun
thir nhét. Vi vay, dé danh gia day du kha ning
dap ung cua voi phun CRI2.2 khi PC2GD, ba
ché do khao sat duoc Iua chon, tuong ung voi ty
18 thé tich phun V /V, (v6i V, +V,=V,) lan luot
la 50/50; 70/30 va 30/70 (Bang 3).

3. KET QUA THUC NGHIEM VA THAO
LUAN

Két qua so sanh, danh gia anh hudng
cua DT (rng véi cac gia tri 200, 400, 600, 1200
ms) dén dién bién téc d6 phun IR khi ap dung
PC2GD dugc thé hién trén Hinh 4. Hinh 4 chi
biéu dién 04 duong dién bién téc do phun IR,
dai dién cho cac truong hop: khi IR chong lan,
khi IR vura tach biét, khi IR trong khoang va
khi IR & sat gi6i han pham vi cung cap nhién
lidu. Hinh 4a cho thay, véi ti 1¢ phun 50/50, hai
duong dién bién téc d6 phun IR tach biét hoan
toan khi DT > 0,4 ms va c6 sy chong l4n lén
nhau khi DT < 0,4 ms, do d6 véi ché do nay co
thé coi DT . = 0,4ms. Gian cach lon nhit giita
hai lan phun c6 thé dat duoc 13 3,21 ms ung
voi DT = 1,4 ms, do do voi ché do nay co thé
coi DT __ = 1,4 ms. Vi ti 1€ phun 30/70 (Hinh
4b), tuong ty ta co DT . = 0,4 ms va DT__ =

X
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1,0 ms. Véi ti 1€ 70/30 (Hinh 4c), cac gid tri
twong mg l1a DT . = 0,8 ms va DT__ = 1,4 ms.
Két qua khao sat v6i ba ché do cho thdy, trong
gi6i han thoi gian cap nhién liéu 1a 3,21 ms (so
v6i gia tri DT tdi thiéu ctia voi phun CRI2.2
theo hang san xuat 13 0,8 ms) thi gia tri DT
(dé dam bao hai duong IR khong chong 1an 1én
nhau) déu nho hon 0,8 ms va DT _  dat duoc
déu 16n hon 0,8 ms. Diéu nay chimg to voi
phun CRI2.2 co thé thuc hién duoc ky thuat
PC2GD, véi thoi gian dimg nhat dinh, dbi véi
vung tai cao, tde d6 cao cua dong co D4CB 2.5
TCI-A. Tong hop két qua so sanh thé tich phun
tinh toan (tur gia tr1 ET) va do thuc nghiém (trén
bé thu UniPg-STS) khi 4p dung PC2GDP véi ba
ché d6 khao sat dugc trinh bay trong Bang 4.

100+, e DT-200
Ti Ié phun 50/50 ---- DT-400
— .. —DT-600

85 41 DT-1400

70 4

55 4

40

[R, [mm*/ms]

25 4

10 A

it a3 v
VAR TS LN YA

1 2 3 4 5
Thoi gian, [ms)]

a)

100 4 Ti 1& phun 30/70

IR, [mm?¥ms]

Thoi gian, [ms]

b)

Thoi gian, [ms)

¢)

Hinh 4. Kha nang dap ung cua voi phun CRI2.2
voi kjj thudt PC2GD tai ché dp 100% tai, n = 3500
vg/ph, ung voi cac ty Ié phun khao sat la 50/50,
30/70 va 70/30

Theo dit li€u trén Hinh 4, trong pham
vi tr DT__dén DT_ , duong dién bién IR
lan phun 2 ¢6 xu hudng dao dong, vi vay anh
huong dén thé tich phun 1an 2. Do d6, téng thé
tich phun thuc nghiém thu duogc khi dung k¥
thuat PC2GD s€ dao dong xung quanh gia tri
tong thé tich phun tinh toan ban dau (V, = 83,8
mm?). Do vay, khi thyc hién k¥ thuat PC2GD,
can lua chon gia tri DT nam trong pham vi thoi
gian cép nhién liéu phu hop ciia dong co, sao
cho cac duong IR khong chdng lan 1én nhau va
dong thoi dam bao sai sb vé tong thé tich phun
gitta tinh todn va thuc nghiém khong qua 16n
(< 5%) (Bang 4). Két qua khao sat thuc nghiém
cling cho thdy, vai ti 1¢ phun 30/70 c6 thé Gng
dung k¥ thuat PC2GP véi DT thay doi trong
khoang tir 0,4 ms dén 1,4 ms; con véi ti 1é phun
50/50 va 70/30, gia tri DT c6 thé thay ddi trong
khoang tir 0,8 ms dén 1,4 ms.
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Bdng 4. So sanh thé tich phun tinh todn va do thuwce nghiém
khi dp dung PC2GD véi ba ché dg khao sat

or. | Votinh T§ 18 30/70 T§ 18 50/50 T§ 18 70/30
’ toan, V. do thuc Saiso, | V dothwe |Saisd,| V,do thuc . %o
ms mm’® nghoiém, mm? % ngl(;iém, mm? % ngl:iém, mm? Sai $0, %
0,2 93,6 11,7 124,8 48.9 102,2 22,0
0,4 84,5 0,8 100,5 19,9 102,3 22,1
0,6 86,1 2,7 92,7 10,6 97,8 16,7
0,8 82,1 -2,0 84,0 0,2 84,3 0,6
1,0 83,8 81,8 2,4 80,1 -4.4 86,1 2,7
1,2 83,7 -0,1 83,2 -0,7 82,4 -1,7
1,4 80,9 -3,5 80.9 -3,5 83,3 -0,6
1,6 82,8 -1,2 82,4 -1,7 84,4 0,7
1,8 83,2 -0,7 84 0,2 83,2 -0,7
4.KET LUAN operated with advanced injection strategies",

Két qud thuc nghiém trén bé thu
UniPg-STS cho thay voi phun CR kiéu dién
tor CRI2.2 hoan toan dap tng viéc ap dung k§
thuat PC2GD, véi cac ché do phun khac nhau,
dam bao duoc téng thé tich phun yéu cau va
gidn cach gitra hai lan phun phu hop, tai ché do
100% tai va tdc do cao cua dong co D4CB 2.5
TCI-A.

Két qua nghién ciru thu dugce s& duoc st
dung dé 1ap chuong trinh diéu khién cho ECU
[13] cta dong co D4CB 2.5 TCI-A khi ap dung
KTP tién tién va st dung biodiesel nham muc
tiéu ting tinh kinh t& nhién liéu va giam phat
thai 6 nhiém. <
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