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APPLICATION OF SUPERCAPACITOR TO IMPROVE DEADTIME OF FUEL
INJECTIONS ON GASOLINE ENGINES
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TOM TAT

Bai bdo trinh bay vé viéc cdi thién do tré cia kim phun xdng bing mot nguon dién thii cap.
Chiing ta biét ring, d6 nhay ciia kim phun t1 1é thudn véi cudng do dong dién di qua nd. Cho nén, véi
viéc tiang dién dp dat vao kim phun, cudng do dong dién sé tang lén va dong thoi do tré cua kim sé gidm
xudng. Tuy nhién, vi kim phun nhién ligu trén dong co xdang c6 milc dién trd thap, nén viéc tdng dién dp
ctia kim lén qud cao sé gay t6n hao nhiét, gidm tudi tho hodc tham chi hong kim phun. Vi vdy, do nhay
ctia kim phun dugc tién hanh thuc nghiém dua trén mot bo nguon gom 10 siéu tu 2.7V/350F dugc ghép
ndi tiép, véi miic dién dp tdng cong la 27V. Két qud thuc nghiém cho thdy dé nhay ctia kim phun tang
lén 2 ldn khi tang dién dp hoat dong ciia kim phun ti 12V lén 24V.

Tii khoa: Thoi gian tré ciia kim phun; Siéu tu; Do nhay kim phun; Nguon thii cap.
ABSTRACT

This papper will present the improvement of response time of fuel injector with a secondary
power source. Specifically, the sensitivity of the fuel injector is proportional to the amperage of the electric
current passing through it. So, when the voltage applied to the fuel injector increasing, that mean the
amperage will increase and lead to cut down the fuel injector lift timing. However, the fuel injector on a
gasoline engine is kind of a low resistance type, so increasing the voltage of the fuel injector too high will
cause heat loss, reduce the lifespan or even burn the injector out. Therefore, the fuel injector sensitivity
was experimentally carried out on a power supply consisting of 10 2.7V/350F supercapacitors in series,
with a total voltage of 27V. Then, experimental results show that the sensitivity of the injector increases

2 times when increasing the operating voltage of the fuel injector from 12V to 24V.

Keywords: Deadtime of injector; Supercapacitor; Sensitivity of fuel injector; Secondary source.
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1. GIOI THIEU

Hién nay, siéu tu dién dang tling budc
dugc ting dung rong rai trong hau hét cc linh
viic cong nghé va nganh cong nghiép 6 t0 ciing
khong ndm ngoai xu hudéng dé [1]. Trong
nhiing ndm gin day, cac siéu tu dién dugc ung
dung trén nhiéu phuong tién than thién v6i moi
trudng nhu xe dién, xe lai [2]. Khong nhiing thé,
ngay ca trén nhiing 6 t6 truyén thong st dung
dong co d6t trong, siéu tu dién di va dang duogc
st dung nhu mot ngudn luu tri ning lugng thi
hai nhim d4p tng nhiing hé théng hoat dong
lién tuc & tin s6 cao nhd déc tinh nap-xa nhanh
cua ty, dién hinh nhu hé théng phun nhién liéu
trén dong co xang. Hé théng phun nhién liéu
(EFI) 1a mot trong nhiing hé thong quan trong
bac nhét trén dong co xdng. Hién nay, cac kim
phun nhién liéu trong hé thong EFI dugc dieu
khién theo hai phuong phap phé bién, dé la
phuong phép diéu khién theo dong hay con goi
1a phuong phép “nhéc va gitt” (Peak and Hold)
va phuong phap diéu khién theo ap (Saturated
Voltage). Trong qué trinh chuyén mach, cudén
cdm trong kim phun tao ra mét sdc dién dong
ngugc vé phia ngudn cip cho kim phun, diéu
nay vin la mét trong nhiing nhugc di€m cé
hitu ctia cdc bd chép hanh c6 ciu tao tli cudn
cam.
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Hinh 1. Dién dp 6 hai ché do diéu khién [4].

Saturited Voltaye

Vé co ban, & ca hai phuong phap trén
déu cdp mot ngudn dién ap dén kim phun dé
nhdc kim. Tuy nhién, & phuong phap diéu
khién theo dong, mach diéu khién sé cip dong

dién c6 cudng do cao dé md kim phun, sau do6
dong dién sé dugc gidm xudng bing cach ha
dién 4p xudéng dt d€ duy tri su md ctia kim vai
muc dich 1am gidm mot phén stic dién dong khi
chuyén mach (hinh 1). V6i cing mét dién dp
cung cip & c4 hai phuong phap, & ché d6 diéu
khién theo dong thi viéc nhic va gid kim doi
hoi kim phun phai c6 trd khang tong thap hon
so vdi phuong phap diéu khién theo 4p. Tuy
nhién, néu xét vé phuong dién thu hoéi ning
lugng dién cam ti kim phun, viéc kim phun
dugc diéu khién theo 4ap la cé lgi hon, vi stic
dién dong ty cdm & ché d6 diéu khién nay sé
16n hon so v6i ché d6 diéu khién theo dong.
Nhiing nam gin day, c6 nhiéu nghién ctiu dugc
dé xuit trong viéc Ging dung siéu ty dién dé thu
hoi va stt dung lai ngudn nang lugng dién cam
trén 6 t6. Nhom tdc gia Martin Hadartz Martin
Julander véi cong trinh Battery-Supercapacitor
Energy Storage [7] phén tich viéc quan ly thong
minh dién ning trén xe lai khi két mot siéu tu
dién 20F dugc két hgp v6i ac quy giup cdi thién
hiéu sudt luu tri hé théng [én dén 2,5%, va ti 1é
giam dong dién t6i trén &c quy 32,5% theo chu
trinh thi nghiém NEDC. Nhém tac gid D6 Vin
Diing va cong su [3] da xay dung mot mé hinh
thu hoi ning lugng va tich trit lugng dién cam
trén 6 td bing cudn cam va siéu tu dién, san
phdm nghién ctiu c6 kha nang ty dong gidm sat
nguon ning lugng trén & cac day téc do dong co
tli 800 dén 4500 vong/phut. Ngudn nang lugng
dugc cdp cho cac phu tai dién gidn doan c6 cong
suit tit 15W dén 60W. Tac gid Nguyén D6 Minh
Triét [6] da thuyc hién mod phong ngudn ndng
lugng thu dugc tif cac xung ty cdm tao ra tu
céc bobin, kim phun, van dién ti, role 6 cic t6¢
do dong co khac nhau. Péng thai thyc nghiém
thu héi ning lugng thu dugc vao thiét bi luu
tri siéu tu dién, tit d6 so sanh két qua tu thuc
nghiém va mo6 phong. Két qua hiéu suét thu hoi
ning lugng tif cdc xung sudt dién dong tu cam

dat dugc 11,81+15,6% trong mo6 phong va hiéu &
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sudt thu dugc tit thuc nghiém la 10,42+13,32 %.

Trong bai bao nay, tac gia tién hanh st
dung ngudn dién ap tii siéu tu dé cung cip cho
kim phun thudc kiéu dién trd cao & ché do diéu
khién theo 4p, qua d6 phén tich khi ning dap
ung cua kim va so sanh thoi gian tré khi kim
hoat dong & mitc dién dp tiéu chudn ctia ac quy
va § muc dién ap cao cha siéu tu. BS cuc cua
bai bdo dugc thé hién & cac phan sau day. Phan
2, trinh bay vé co so ly thuyét va thiét ké mach.
Phdn 3, dé cap vé viéc thiét lap thuc nghiém va
cdc két qua thuc nghiém. Cudi ciing, phan 4 sé
két luan lai cac vin dé dugc dit ra va huéng
phat trién cua bai.

2.CO SO LY THUYET VA THIET KE MACH
2.1. Phén tich qua trinh hoat dong ctia kim phun

Cdu tao ctia kim phun gém mét pit-
tong di chuyén trong moét 6ng hinh try, phia

trén dau pit-tong duge bd tri mot 16 xo hoi vi va
dugc quan quanh bai cdc vong day (hinh 2) [4].

© e sl

Hinh 2. Céu tgo ctia kim phun [4]: 1 - Loi sdt,
2 - Cudn tu, 3 - Pit-tong, 4 — Ty kim, 5 - Ach giit
nam cham, 6 - Gidc ghim di¢n, 7 - loc.
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Khi dién ap dugc dit vao hai dau cua
kim phun, dong dién trong cuon sé taing d4n do
su can trd cta dong tu cam, la dong dién sinh
ra c6 xu hudng chéng lai nguyén nhan sinh ra
no, mét dac tinh co ban cta cudn day. Dong
dién ting dan tuong ting vdi luc tii tdc dung lén
pit-tong tdng dan, dén thoi diém nhit dinh, khi
luc tit nay 16n hon lyc ddy ctia 1o xo héi vi va ap
luc tlf nhién liéu trong kim, thi pit-tong sé dich
chuyén 1én, nhién liéu dugc phun ra.
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Hinh 3. Duong ddc tinh cuong do dong dién qua
kim phun [4].

Trong hinh 3, khi dién dp dugc cip vao
kim phun, cuong d¢ dong dién trong cudn bit
dau tang ti 0A, dén khi luc dién ti 16n hon
ap luc tong cong dat vao ddu kim, kim phun
sé dugc nhdc lén. Lic nay, cuong do dong dién
qua kim phun sé ¢6 khoang roi nho. Sau dé,
cudng do dong dién trong kim tiép tuc ting cho
dén khi dat gid tri bao hoa, gid tri nay tuan theo
dinh luat Ohm dua trén dién tré va hiéu dién
thé cua kim.

Mo6i quan hé gitia cac dudng dic tinh
dién dp, cudng do tudn theo (1) dudi day.

R
1:%(1—@') (1)

Trong do, U la dién dp cung cdp, Rva L 14n
lugtla gid tri dién tré va do tu cdm ctia kim phun.
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Goi thoi gian T, dugc tinh tit luc dong
dién tang ti 0 dén I_ (hinh 3). Khi dong dién
cudn day ting dén I_, luc dién tif lic nay l6n
hon su chénh léch lyc tic dung gitia luc nén
cta 1o xo héi vi va dp suit nhién liéu, luc nay
ty kim bat dau chuyén dong lén, tuong ing vai
giai doan bt dau T,, dén hét giai doan T, la
luc ty kim dugc nhic 1én hoan toan khai bé.
Giai doan tiép theo T,, dong dién trong kim
phun van tiép tuc ting cho dén khi dat gid tri
bio hoa. Cubi cung, & giai doan T,, dong dién
khong tang nita, gitt & muic bao hoa.

Co thé thdy dugc trong qua trinh hoat
dong ctia kim phun, khodng thoi gian T, T, va
T4 1a khoang thoi gian khong thay d6i, con T,
thay d6i phu thudc vao sy tinh todn ctia vi dieu
khién. Vi vy, dé ddm béo do6 chinh xac vé thoi
diém phun ciing nhu thdi gian phun, tac gia
tién hanh cdi thién do nhay ctia kim bang cach
stt dung mot dién ap cao dat vao kim nham
giam thoi gian T, va T, thdp nhét c6 thé nhung
vin dam bao kim phun vin hoat dong 6n dinh.

o 7T
= g ]—e T eonst (2)

Trong do, t 1a tong thai gian tit T, dén
T, T, la thoi gian khong ddi cha cudn day,
dugc tinh bing ty s6 gitia d6 tu cam va dién trd
thuén ctia cudén (T__ = R/L).

Xét khoan thoi gian T, lic dong dién
trong cudn cam sé tang tui 0 déni=1_. Ta co:

1 1
Ty = In A 3
! T [lst_[ch ( )

const

Trong do, I la cudng do dong dién &
trang théi 6n dinh, dugc xac dinh theo dinh
luat Ohm, I = U/R.

Trong pham vi bai bao nay, tac gia tap
trung phén tich T, nham cai thi¢n tinh dap ung
clia kim phun. Gié st ¢6 2 muc dién dp hoat
dong ctia kim phun, goi T’ 1a thoi gian dap ting
ctia kim phun 6 dién ap U’ v6i U' >U.

T,'= y ln( {S’ '] (4)
T ]st_lcr

const

Ty s6 T, va T, dugc biéu dién trong (5).

Céc tham s6 I va I ” 1a nhiing tham s6
da biét dya trén dién dp hoat dong va dién trd
téng cong kim. Ngoai ra, tham s6 dong dién roi
I_val’ sédugc xac dinh ti thyc nghiém dé
dénh gid ty s6 do nhay gida hai mdc dién dp
hoat dong khac nhau cta kim.

2.2. Thiét ké mach cong suit

So d6 nguyén ly cta mach dugc biéu
dién & hinh 6 bén dudi.

D1

Q3 ASHUNT

BATTERY 11
[ T

L

T

SUPERCAPACITORS
o A Q1

e TFIZ2
Lt YT 8

Hinh 4. S0 do nguyén ly hé thong.

Khi siéu tu dugc nap day boi stc dién

dong tu cam, tin hiéu dién ap sé dugc bdo vé vi &
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diéu khién thong qua mot cdu phan 4p. Luc nay,
vi diéu khién sé diéu khién transistor Q2 md&
va Q3 dong, lic nay siéu tu sé cung cip dién 4p
hoat dong cho kim phun thay cho dc quy.

He¢ thong siéu tu trong mo hinh thuc
nghiém goém 10 siéu tu Max-well BCAP0350
c6 gia tri 2.7V/350F ghép néi tiép lai v6i nhau
(hinh 5), tao ra muic dién ép danh dinh 1a 27V.
Tuy nhién, vily do an toan, nén mach coéng suat
chon hé s6 an toan cho tu 1a 1.125. Ttc 1a mtic
dién ap hoat dong cta siéu tu xdp xi 24V (khi
day).

Hinh 5. Khéi 10 siéu tu mdc néi tiép.

Nang lugng cuc dai va cong sudt cyc dai
ma hé siéu tu c6 thé tich trii 1an lugt thé hién &
(5) va (6) [8]:

Emax = —CLL
2.3600.mass
720 572
_ Lﬂ =1107.42(J) (5)
2.3600. ~-~ -
1000
2 2
Prax =0.06 t =0.06 2670
DC —(6)
1000
=729(W)

Mot b6 nguon ning lugng thi cap trén
0 to tU hé siéu tu co gid tri cong sudt cuc dai
dat t6i 0.7KW khi 6 trang théi dugc nap day.
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Nguon ndng lugng nay lam dién 4p cung cip
cho su hoat dong ctia kim phun trong hé thong
EFI.

D€ tién hanh thuc nghiém, mét mach
cong sudt dé diéu khién kim phun dugc xay
dung nhu hinh 6 bén dudi.

Hinh 6. Mach diéu khién kim phun.

Céc phan chinh ctia mach cong suit
gbém: Ngudn dién 12V tii ¢ quy dugc dung lam
nguodn cap cho hé théng, Arduino Nano ducgc
su dung lam bd diéu khién trung tdm. Kim
phun dugc diéu khién nhd mét transistor céng
sudt TIP122. Mot dién trd cong sudt co gia tri
1Q/5W dugc mac néi ti€ép v6i kim phun nhim
xdc dinh gia tri cudng d6 dong dién.

3. KET QUA THUC NGHIEM VA PANH GIA

Trong phan thiét lap thuc nghiém nay,
mdy do séng Tektronix MSO2000B dugc dung
dé do bién dang cta cuong do dong dién va
dién 4p ctia kim phun. Hinh 7, thé hién day du
moét moé hinh hé thong thuc nghiém. Cac thuc
nghiém dugc tién hanh trong méi trudng nhiét
d6 phong thi nghiém tiéu chuén & 25°C. Ngoai
ra, kim phun hoat dong & tin s6 khong déi xap
xi 50Hz, tuong ting véi téc d6 dong co 3.000
vong/phut.
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B E T T PO TET IS IR TR RURRRA KARCOAUREG

Hinh 7. M6 hinh hé thong thuc nghiém.

Céc thong s6 cua kim phun gom: R =
14.5€), L = 0.02H.

Hinh 8 bén duéi biéu dién dudng dac
tinh dong dién va dién ap cta kim phun ¢ muic
dién 4p 12V tu 4c quy. Pudng s6 1 1a duong
dién 4p kich kim phun, dudng s6 2 1a cuong do
dong dién cua kim phun.

Hinh 8. Dudng ddc tinh dong dién va dién dp cua
kim phun & mifc 12V tu dc quy.

C6 thé thdy dugc, cuong do dong dién
ctia kim phun tdng dan tu lac kim phun dugc
cdp dién ap hoat dong, tai thoi diém T, = 1.6ms
c6 sy sut dong trén kim phun, lic nay ty kim
da duogc nhéc lén khoi bé, dong dién dat gia tri
khéng ddi ¢ mtc 0.51A sau mot khodng thai
gian 3ms ti luc kim phun hoat dong. Tu (3), ta
co:

TAP CHI CO KHI VIET NAM, S6 142 nam 2021

T = : n 0.51 ~ 1.59(ms)
14.5/0.02 10.51-0.35

Tiép tuc khao sat d6 thi cuong do dong
dién 6 miuic dién ap 24V cap cho kim (hinh 9).

Hinh 9. Dudng ddc tinh dong dién va dién dp cia
kim phun ¢ miic 24V ti siéu tu.

Co thé thay dugc, 6 muc dién dp 24V,
dudng d6 thi cudng do dong dién tong thé ting
vot nhanh hon so véi dién ap hoat dong cta
kim & muc 12V. Cu thé, ty kim dugc nhéc khoi
bé & khoang thoi gian T = 0.8ms va cudng do
dong dién & trang thai 6n dinh 1a 1.35A. Tt (4),
ta co:

7 i 1[ 1.35

= n ~ (.81(ms)
14.5/0.02 \1.35-0.6

Tt hai d6 thi & mic dién ap 12V va 24V,
c6 thé thdy dugc khi ting dién ap hoat dong ctia
kim phun lén 2 l4n thi tinh dap tng cua kim

phun dugc ting lén tuong Gng 2 lan, hay noi
cach khac 1a d¢ tré cia kim phun dugc giam di

2 lan.
0.51 .
0.51-0.35

Ngoai ra, nhiét d6 hoat dong cha
kim phun dugc gidm sit bang camera nhiét
Hikvision. D6 thi phan b6 nhiét do cua kim

phun dugc hién thi & hinh 10 bén duéi.

=log ;35
13506

1)
1
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Hinh 11. Ddc tuyén nhiét do dugc tir kim phun.

Két qua do kiém cho thdy, kim phun
hoat dong & nhiét do t6i da xoay quanh 36 do
trong 60s tai toc do dong co 3.000 vong/phit &
muc dién 4p cung cdp 24V. Day nhiét do nay
van ndm trong ving nhiét do hoat dong 6n
dinh cta kim phun [4].

4. KET LUAN

Bai bdo nay da tién hanh thuc nghiém
tinh dap tng ctia kim phun & hai muc dién 4p
12V tli ac quy va 24V ti siéu tu. Hai muc dién
ap nay dugc xem nhu 1a hai mic dién 4p bién,
c6 nghia la kim phun van c6 thé hoat dong trong
vung dién ap tii 12V dén 24V ma vin ddm bao
dugc tinh dép ting cua kim phun dugc cai thién
so vOi muc dién ap tli c quy. Cac két qua thuic
nghiém cho thdy d¢ nhay ctia kim phun ti I¢
tuyén tinh v6i muc dién 4p dit vao kim. Cu thé,
thuc nghiém chi ra ring, v6i muc dién ap 24V
dat vao kim phun, thi tinh ddp tng clia kim

ISSN 2615 - 9910

ting lén gip 2 lan, tif 1.6ms & mdc 12V gidm
xuéng con 0.8ms 6 muc 24V. Thuc nghiém chi
ra hé thong thu hoi ning lugng tu cam tit kim
phun va st dung ngugc lai c6 thé dugc trién
khai thuc té€ trén céc xe st dung hé théng EFI
diéu khién theo dang 4p vé6i kim phun dién tré
cao. D6 ciing la hudng phat trién tiép theo ctia
nghién cu nay.

Xét vé bai toan t6i uu hoéa cho vi diéu
khién, thi viéc cai thién dugc do tré cua kim
phun gitp cho vi diéu khién c6 thé giam bt tai
nguyén dang ké trong viéc tinh todn thoi gian
phun nhién liéu sém. Ngoai ra, thu hoi ning
luong dang dién ning ti cdc b chdp trén 6 to
mang nhiéu y nghia khoa hoc trong viéc phat
trién va st dung cac ngudn nang lugng tai tao.
Ngay nhan bai: 15/11/2020
Ngay phan bién: 30/12/2020

Tai liéu tham khao:

[1].  Pasquier A, Plitz I, va cong su, A Comparative Study of Li-lon
Battery, Supercapacitor and Nonaqueous Asymmetric Hybrid
Devices for Automotive Applications, Journal of Power Sources,
tap 115, tr. 171-178, 2003.

[2].  Thounthong P, Rael S. and Davat B., Utilizing Fuel Cell and
Supercapacitors for Automotive Hybrid Electrical System,
Twentieth Annual IEEE Applied Power Electronics Conference
and Exposition, 2005.

[3].  Chen Liangliang, Zhang Zhendong, Study on the measurement
of dynamic characteristics for automotive electronic fuel injector,
International Conference on Transportation, Mechanical, and
Electrical Engineering, (TMEE), Changchun, China, tr 511 -
514, 2011.

[4]. Wiectawski K., Maczak J., Szczurowski K., Electric current as a
source of information about control parameters of indirect
injection fuel injector, Eksploatacja i Niezawodnosc -
Maintenance and Reliability , tap 22, tr. 449-454, 2020.

[5].  Phan Nguyén Qui Tam, Dé Van Diing, D& Quéc Am, Nguyén
B4 Hai; Nghién cu, thi cong hé théng tich lay nang lugng dién
dang cam khang trén 6 t6, Tap chi Khoa hoc Gido duc Ky thuat,
s6 32, 2015.

[6].  Nguyén D6 Minh Triét; M6 phong, thit nghiém va danh gia thiét
bi thu hoi ning lugng dién cam trén hé thdng dién 6 t6, Trudng
Dai hoc Su pham Ky thuat TP. H6 Chi Minh, tr. 60-62, 2016.

[7]. Martin Hadartz, Martin Julander, Battery-Supercapacitor Energy
Storage, Chalmers University Of Technology Goteborg, Sweden,
2008.

[8].  Maxwell BCAP0350 datasheet.

YAl TAP CHI CO KHI VIET NAM, S6 1+2 nam 2021

http://cokhivietnam.vn





