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Tém tit. Ap suét nhién liéu trong hé théng diesel common-rail anh hudng truc tiép dén cong sudt va khi
thai dong co, diéu khién 4p sudt phun nhién lidu doc 1ap véi tbe d6 dong co 1a mot trong cac giai phap
tiém ning dé danh gia anh hudng cua ap suat phun t6i khi thai va cong sudt cia dong co. Bai bao nay
nghién ctru vé viéc xdy dung hé thong diéu khién cung cp ap sudt phun cao ap véi day ap suét tir 400bar
t6i 1600bar ¢& mé phong ap suét nhién liéu hé thdng common rail. Két qua nghién ctru cho thy ring hé
thong diéu khién va cung cap chinh xac ap sudt phun nhién liéu trong day ap sudt thiét ké, hé thong thiét
ké linh dong va c6 kha ning Gmg dung cao trong thyc té.

Tir khoa. Common-rail system, Diesel engine, High injection pressure, Exhaust gas emissions.

DESIGN AND MANUFACTURING INDEPENDENT FUEL PRESSURE CONTROL
SYSTEM UNDER SIMULATING COMMON-RAIL SYSTEM CONDITIONS

Abstract. Fuel pressure in the common-rail diesel system directly affects engine power and emissions,
independent fuel injection pressure control with engine speed is one of the potential solutions to
investigate the influences of injection pressure on engine power and emissions. This paper studies the
establishment of a control system that provides high-pressure fuel injection with a pressure range from
400bar to 1600bar to simulate fuel pressure of the 2" generation common-rail system. The research
results show that the system controls and provides precise fuel injection pressure in the designed pressure
range, flexible design and high potential of application in the practical situation.

Keywords. Common-rail system, Diesel engine, High injection pressure, Exhaust gas emissions.

1 GIOITHIEU

Pong co diesel dugc str dung ngay cang rong rii trong xa hoi véi kha ning ing dung cao trong nhiéu linh
vuc (giao thong van tai, xdy dung, nong nghiép...) boi vi hiéu suit nhiét cao hon dong co xing ciing nhu
ti s6 nén va giéi han cong suat hoat dong 16n hon. Khi thai dong co diesel 1 mot van dé nghiém trong ddi
v6i moi truong, Nghién ciru ciia Sydbom va ctg. (2001) [1] vé su phat thai ciia dong co diesel, va anh
hudng cia khi thai dong co diesel dén moi truong va stc khoe con nguoi. Nghién ctru cua Fresderic
Tschanz va ctg. (2010) [2] cho thay sy thay doi 4p suat phun nhién lidu anh huéng t6i ndng do bd hong
(soot) hinh thanh trong khi thai. Nghién ctru ctia Rashid Ali (2011) [3] d4 chi ra ring khi thai cta dong co
diesel anh hudng tiéu cuc téi strc khoe con ngudi, giy ra cac bénh vé dudng hd hip ciing nhu ung thu. Vi
cac van dé néu trén da thuc dy cac nha san xudt 6td chii trong viéc phat trién manh mé cac cong nghé dé
giam thiéu luong khi thai dong co gy hai dén stic khoe va modi truong. Nghién ctru cua Junheng Liu va
ctg. (2015) [4]; C.Syed Aalam va ctg. (2015) [5]; Mohammad Reza Herfatmanesh va ctg. (2016) [6] déu
chi ra rang khi tang ap suat phun, ham lugng ctia CO, HC, soot giam di rd rét. Dong quan diém véi cac
nghién cuu trén, nghién ctu cia Hari Viswanath va ctg. (2018) [7] cho thay ting 4p suat phun cua nhién
lleu cling 1am cai thién hiéu suét ciia dong co. Vlec diéu khién ap suat phun véi su thay doi linh hoat ap
sudt tir 100bar dén 1800bar, dic biét & diy ap sudt phun cao dang 1a phuong phap duoc nghién ctru nhidu
nham muc dich cai thién qué trinh chay cua nhién liéu diesel va giam khi thai. Mot nghién ctru vé anh
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huéng cuia ddy 4p sudt phun toi ddc tinh phun nhién liéu ciia Dernotte va ctg. [8] chi ra ring su chéch léch
ap suit phun anh huéng manh t6i luu luong phun nhién lidu. Cac nghién ctru cia Srinath Pai va ctg.
(2013) [9]; Taizo Shimada va ctg. (1989) [10]; S.V.Channapattana va ctg. (2015) [11] chi ra rang khi ting
ap suat phun nhién li¢u thi giam luong khi thai va suat tiéu thy nhién liéu. Nghién ctru ctia V.S Hariharan
va K.Vijayakumar Reddy (2011) [12] cho thay khi tang ap suat phun nhién heu thi hiéu suat nhiét ctia
dong co tang 1én, lwong HC giam xudng. Nghién ctru vé anh hudng ciia ap suét phun toi khi thai dong co
diesel ctia Tero Lihde va ctg. (2011) [13]; Zhen Xu va ctg. (2014) [14] cho thdy &p sudt phun cao s& giam
dugc ham luong soot.

Tir cac nghién ctru trén cho thay sy can thiét trong viéc thay ddi ap suit phun cao ap trong viéc ning
cao hiéu suat dong co va giam khi thai. Nghién ctru nay budc dau ché tao hé thong diéu khién linh hoat ap
sudt phun trong diy 4p sut diéu khién tir 400bar dén 1600bar mé phong ap sudt cung cdp cua hé thng
common-rail va dénh gia kha ning hoat dong 6n dinh cua day ap suét thiét ké. Hé thong nay tiép tuc phat
trién c¢6 kha ning nghién ciru chuyén siu vé dic tinh phun nhién liéu ng véi cac ché do hoat dong cua
dong co va nghién ctru danh gia anh hudng cua dic tinh cac thé hé nhién liéu sinh hoc 1én cong suét va
khi thai dong co diesel.

2 PHUONG PHAP NGHIEN CUU

2.1.  Thuit to4n diéu khién

Hinh 1 trinh bay so do thuat toan diéu khién hé thng cung cap ap suét nhién liéu cao ap tir 400bar dén
1600bar. Tir so d6 cho thay khi nhap 4p suét (p) theo 4p suét didu khién mong mudn, dong dién dén van
SCV (Suction Control Valve) van SCV s& md 20% chu ky xung dé hat nhién liéu, md qué 1on dan dén ap
suét trén thanh tich ap dao dong manh, sau d6 khi van SCV & ché @6 ON, do rong xung ap dung 1a 70%
chu ky (duty ratio) dé hit luong nhién liéu vao xilanh nén. Van diéu tiét nhién liéu (DRV, Diesel
Regulator Valve) trén thanh tich 4p dong dan lam ting ap suat nhién liéu va duy tri ap sudt p. Khi budc
nhay ap sudt cho mdi lan tang ap vuot qua 200bar (vugt qué gia tri diéu khién mong mudn) thi van DRV
mé hoan toan dé giam 4p va ting ap suét p tro lai.
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Hinh 1: So db thuat toan hé théng diéu khién cung cip ap suét nhién liéu

© 2019 Truong Pai hoc Cong nghiép Thanh phd HO Chi Minh



THIET KE VA QHE TAO HE THQNG DPIEU K}HEN POC LAP AP SUAT NHIEN LIEU 61
TRONG PIEU KIEN MO PHONG HE THONG NHIEN LIEU COMMON-RAIL

2.2. Phwong phap chon motor va bom cao ap
Motor 3 pha dugc st dung dé diéu khién bom cao ap. Viéc lya chon motor phu hop diéu kién hoat dong
cua bom cao ap dugc tinh toan voi di€u kién déc tinh cong suat motor phai 16n hon cdng suat bom cao ap
trong hé thong.

Cong suat bom cao ap duogc tinh theo phuong trinh (1) [15]:

3
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Cong suat motor 3 pha dugc tinh theo phuong trinh (2):
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Tir (1) va (2) ta dwoc biéu dd so sanh dic tinh céng suat motor 3 pha va bom cao ap:
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Hinh 2: Céng sut motor va bom cao 4p HP3
Hinh 2 trinh bay mdi twong quan vé& cong suit cia motor diéu khién va day cong suét hoat dong cua
bom cao ap. Tur d6 thi cho thay cong suat motor 3 pha dugc lya chon hoan toan dap tng dugc kha nang

van hanh hoat dong ciia bom cao 4p trong day ap suat cao tir 400bar dén 1600bar. .
Thong s0 k¥ thudt cua bom cao ap va motor 3 pha su dung trong hé thong dugc thé hién dudi bang 1

Bang 1: Thong sb ky thuat

Théong s6 Gia tri
Ti s6 truyén giita bom truc khuyu dong co 1:1
Pudng kinh piston bom x s6 luong 8.5mm x 2
Bom cao 4p HP3
Hanh trinh piston 5.6mm
Loai van SCV Thuong mo
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Cong sut 2,2 KW

Dién 4p dau vao 220V, 50Hz
Motor dién 3 pha

Cuong d6 dong dién 8,7A

Sé vong quay 1430 rpm

3 THIET KE HE THONG THi NGHIEM VA PIEU KIEN THi NGHIEM
3.1.  So db h¢ théng thi nghiém
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Hinh 3: So db hé théng 13p dat thi nghiém

So d6 hé théng duogc trinh bay trong hinh 3. Tur so dd, hé théng st dung bom cao 4p HP3 duoc dan dong
boi motor 3 pha (3HP-4poles) théng qua co cdu truyén dong dai c¢6 ty sb truyén 1:1. Motor 3 pha dugc
diéu khién boi bién tin (Hitachi L100-005LFR) dé thay doi tin s tir d6 diéu khién téc d6 motor. Bom
cao ap HP3 hat nhién liéu tir thung chira thong qua mot bom thap ap (3 bar) loai ¢6 tich hop loc nhién
lidu. Nhién liéu tir bom HP3 dugc nén 1én thanh tich ap voi ap suat c6 thé thay ddi tir 400bar dén 1600bar
va dua toi kim phun nhién liéu (Solenoid Denso G2). Hé thdng duoc thiét ké c6 dudong dau hoi vé tir kim
phun dién tir, bom cao ap, thanh tich 4p qua hé thong 1am mat dé dua vé thung chira nhién lidu, khi nhiét
dd 16n hon 40°C hé théng s€ tu dong kich hoat quat lam mat. Mach diéu khién trong hé théng la mach
arduino c6 kha ning mé phong tin hiéu gia 1ap cua ECU dé didu khién van SCV véi muc dich didu khién
lwu Irgng hut vao bom cao ap (kiém soat thé tich va thoi gian cung cap nhién liéu cho bom cao ap dé nén
nhién lidu ting ap suét va dua 1én thanh tich ap), va diéu khién van DRV trén thanh tich 4p nham diéu tiét
d6 6n dinh dao dong ciia song nhién lidu trong thanh tich ap, ECU gia lap ciing diéu khién ddng thoi quat
lam mat.

Van diéu chinh ap suét nhién liéu (DRV) duoc kich hoat boi mo-dun diéu khién véi tin hiéu diéu ché
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d6 rong xung (PWM). Sau khi cé dong dién, tir truong dugc tao ra trong cudn day dién tir. Nén van dugc
siét chat va 4n kim van vao vi tri cia nd. Mot luc tir chéng lai ap suét nhién liéu trong thanh tich ap, ap
suét trong thanh tich ap dan dan tang 1én. Van didu tiét (DRV) mé hoan toan khi ap suét trong thanh tich
ap 16n hon 1800bar dé dam bao an toan cho h¢ théng (Denso, 2007) [16].

3.2.  Diéu kién thi nghiém

Béng 2 trinh bay cac thong sé thi nghiém cua nghién ctru nay. Nhién liéu dugc st dung dé kiém tra hé
thong 1a dau diesel thwong mai ngoai thi trudng dé cé tinh chat phu hop diéu kién hoat dong thyc té cua
hé théng common- rail. Day 4p suit diéu khién 1a tir Obar téi 1600bar. Tai mdi diéu kién cung cip ap suit
ctia hé thdng, thi nghiém duoc lap lai 20 1an dé thu thap di liéu phan tich va so sanh tinh hoat dong 6n
dinh cua hé théng.

Bang 2: Thong s thi nghi¢m

Théng sb Gia trij
Nhién liéu st dung Diesel thuong mai
Ap suét didu khién 0 dén 1600 bar
Dién 4p cap vao mach dién 12V DC
Dién ap cap cho bién tan 220V AC
S 1an do 20 1an

4 KETQUA
4.1.  Thiét ké h¢ thong
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Hinh 5: Ban v&€ kich thudc 2D
Hinh 4: M6 hinh thiét ké 3D cua hé théng

Hinh 4 trinh bay hinh anh thiét ké 3D cua hé thong thi nghiém trude khi ché tao. Muc dich cua thiét ké
nham tang tinh chinh x4c cta hé thong khi ché tao ciing nhu tao hinh anh tong quan cua hé théng, cach bd
tri, sép xép cac bd phan, Ién danh muc céc chi tiét can tinh toan. Tur thiét ké 3D, hé théng sau ché tao co
kha ning linh hoat chuyén dong trong cac khu vuc.
Hinh 5 trinh bay ban v& 2D cta hé thdng véi cac kich thudce cy thé (mm). Tir hinh 5 ta thay ring hé thong
dugc thiét ké nho gon, phu hop voi cac khong gian 1am viéc nho hep. Ngoai ra ban vé chi ra khoang cach
lap dt tuong quan giita céc chi tiét.

Hinh 6 13 ché tao hé thdng thyc té tir ban v& thiét ké 3D. Hé thong duoc ché tao dap tng diy du cac
yéu cau k¥ thuat tir thiét ké voi dic tinh nho gon, linh hoat.
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Hinh 6: H¢ théng thi nghiém duoc ché tao thyc té thuc té

4.2. MGJi twong quan giira tinh toan li thuyét va thye té diéu khién bom cao ap

Hinh 7 trinh bay biéu dd so sanh d6 én dinh ap suit diéu khién, voi s6 1an lap lai tai mi gia tri 4p sudt 1a
20 1an do twong Gmg vé6i 20 phut (v6i 1 14n do 1a gia tri 4p sudt trung binh trong 1 phut) va db thi 8 hién
thi do 1éch ap suét trung binh so v&i ap suét diéu khién mong mudn. Trong hinh 7, tai mot diém ap sudt 1a
gia tri 4p sut trung binh do trong 1 pht, trong 1 phut tin hiéu dién ap tir cam bién ap suit duoc guri lién
tuc vé may tinh sau do sir dung ham quy dbi gia tri dién 4p thanh gla tri 4p suat, nhu vay dé danh gia do
6n dinh d1eu khién cua ap suét mong mudn, thi nghlem thu thap két qua cua 20 lan do. Twong ty v6i cac
gié tri 4p suat khac ta duoc biéu db dao dong ap suat Nhin chung tir db thi 7, ket qua thi nghiém cho thy
su hoat dong on dinh cua hé théng cung cAp ap sut nhién liéu cao ép, sa1 s6 cua gla tri do nhd hon 3%.
Hinh 8 cung cép r& hon gi4 tri ap sudt chénh léch so véi gia tri ap sudt chudn can diéu khién (vi du
400bar, 800bar, 1200bar, 1600bar), do sai 1&ch gia tri 4p suat nhé hon 50 bar vé6i gia tri p sudt diéu khién
trén 1000bar. Bang 3 thé hién d6 chénh 1éch gitra 4p sudt do thyc té so vai ap sudt didu khién.
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Hinh 8: D4 thi so sanh do én dinh ap suét diéu khién so vai gia tri diéu khién mong muén
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Hinh 7: So Biéu db dao dong ap sudt & cac ap suat do khac nhau
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Bang 3: D6 chénh 1éch gitra ap sudt do thyc té so véi ap sudt didu khién

Ap suat didu khién (A1, bar) | Ap suét do thuc té (A2, bar) | Do chénh 1éch ap sudt (A2 - Al, bar)
400 4134 13,4
800 833 33
1200 1222,3 22,3
1600 1642 42

Hinh 9 hién thi d6 sut giam ap suat khi phun nhién liéu & ché d6 phun 1 1an véi p suit phun 1
1200bar. Trén do thi, duong a la d¢ glam ap suat cuc dal khi phun so sanh voi g1a tri 4p suat diéu khién
(1200bar). 4p sudt giam tir 1200bar xudng 1130bar, ap suit sau d6 di duoc phuc hdi 1én lai 1200bar trong
khoang 1 ms. Tuong tu hinh 9, hinh 10 ciing cho thiy sy sut giam ap suat khi phun nhién liéu & ché do
phun 3 1an (gia 1ap ché d6 phun mdi - phun chinh - phun tré cia hé théng nhién liéu common-rail) tir
1200bar xudng 1050bar, ap suét sau d6 da dugc dua 1én lai 1200bar trong khoang 1.3ms. Cac tin higu thoi
gian do dugc ghi nhan bai thiét bi do xung oscilloscope. Su sut giam 4p suat cang ting s& anh huéng dén
d6 dao dong ap suat nhién lidu & khu vyc chira nhién liéu 4p suat nén bén trong kim phun va lam giam
thoi gian nang dot kim (needle lift). Piéu nay sé& tac dong dén ché d6 phun nhiéu 1an nhu da duoc danh
gia tlr cac nghién ctru cua Junxing Hou va ctg. (2014) [17], Stefano Ubertini (2005) [18] Nhin chung, Kkét
qua nay phu hop véi cac nghlen ctru khac va cho thdy hé théng dap tmg dugc ap suat mong mudn mot
cach nhanh chéng & cac ché d6 phun khac nhau.

1260 -

1200

2
A

:‘\p suit diéu khién (Bar)

1080 T T T T 1
0 | 2 3 4 5
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Hinh 9: D6 sut giam ap suit khu phun & ché d6 phun 1 1an
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Hinh 10. D6 sut giam ap suét khu phun & ché d6 phun 3 1in
KET LUAN

Nghién ctru ché tao hé thong diéu khién linh hoat 4p suat phun trong day ap suat diéu khién tir 400bar dén
1600bar mo6 phong ap suat cung cap cta hé thong common rail voi cac két luan nhu sau:

e Hé thong dugc xay dung véi kha ning di chuyén linh hoat trong khu vyc 1am viéc.
e Hg thong diéu khién 4p suat chinh xéac trong ddy ap sut tir 400bar dén 1600bar véi bién d6 dao

dong nho hon 50bar va sai s6 nho hon 3%.

e Hé thong co kha ning dap tmg dii 4p suat mot cach nhanh chéng sau khi phun nhién liéu (mot

lan, nhiéu lan).

LOI CAM ON
Cong trinh nghién ctru nay duoc thyc hién tir kinh phi duoc cép tir truong Pai Hoc Cong Nghiép
TPHCM, ma so d¢ tai 19.1DLO1.
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