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THIET KE THU'C NGHIEM HE THONG PIEU KHIEN XUPAP
BANG PIEN TU TREN PONG CO POT TRONG

Nguyén Pham Huynh Anh, Lé Minh Thuén, Trin Quian Em
Truomg Cao ding nghé Can Tho

Tém tit: Viéc nghzen cibu phdt trién va g dung cong nghé moi dang la xu hwang chung ciia nhiéu hang san xudt 6 to
trén thé gidi nham tiét kiém nhién liéu va giam 6 nhiém méi truong. Gidi phdp téi wu nhat dé la viéc diéu khién mé men
xodn phu hop voi ting diéu kién hoat dong khac nhau nham cdi thién mire tiéu thy nhién liéu trong dong co. Piéu nay dwoc
thuwe hién bang phirong phdp ngdt mot sé xi lanh, do d6 mang lai nhiéu wu diém trong viéc cdi thién khi thai va sudt tiéu
hao nhién liéu & cdc ddi tai trong khdc nhau trong déng co xang. Nghién ciru dé xudt thiét ké co cau diéu khién xii pap
dwge cdi tién tir co' cau phdn phéi khi truyén thong. Trén thiét ké dé xudt cé thé ngdt 1 hodc 2 xi lanh phy thudc vao cdc
ché dj hoat dong cua xe.

Tir khéa: Piéu khién xi lanh chii dong (CDA); tdi dong co; hé thong diéu khién xupdp; khi thdi.

EXPERIMENTAL DESIGN OF AN ELECTROMAGNETIC VALVE CONTROL
SYSTEM FOR AN INTERNAL COMBUSTION ENGINE

Abstract: Research, development, and application of advanced technologies have become a common trend among
automotive manufacturers worldwide to improve fuel economy and reduce environmental pollution. An optimal approach
is to control engine torque according to varying operating conditions in order to enhance fuel efficiency. This objective
can be achieved through cylinder deactivation (CDA), a technology that offers significant advantages in reducing exhaust
emissions and improving brake specific fuel consumption (BSFC) across different load ranges in spark-ignition (SI) engines.
The present study proposes the design of an improved valve actuation mechanism derived from a conventional valvetrain
system. The proposed design enables selective deactivation of one or two cylinders depending on the vehicle s operating

modes, thereby improving overall engine efficiency and reducing fuel consumption under partial-load conditions.

Keywords: electromagnetic valve (EMV); engine load,; valve train system; emissions.
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I. TONG QUAN

1.1. Gi6i thiéu vé hé thong diéu khién xupap
bang dién tir

Phat minh tién than cho cong nghé xupap
dién tir 1a hé thong EVA (Electro-magnetic Valve
Actuator Systems) cua Valeo.

Xupap

Hinh 1: Hé thong EVA (Electro-magnetic Valve
Actuator Systems) cua Valeo.

CAu tao co cau chap hanh gdm nam chiam dién
(electromagnet) dugc dat phia trén dinh xupap,
miéng sit tir dong vai trd phan Gmg duoc két ndi voi
duoi xupap, cac 10 xo hoan lyc, chén chan va xupap

Hinh 2: Céu triic hé théng EVA.
1-Tin hiéu tir cac cam bién. 2- ECU. 3- B9
chap hanh. 4- Xupap nap. 5- B chip hanh xupap
xa. 6- Xupap xa.
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Heé thong sir dung cac nam cham dién 3 va 5 dé
dong mé xupdp 4 va 6. Tin hi¢u nhdp vao tur cac
cam bién 1 théng qua mach giao tiép nhap/ xuét
nhu vi tri piston, toe do dong co, tdc do xe, nhiét
dé nudc lam mat, ap suét khi nap ... ECU lién
tuc nhén tin hiéu tir cac cam bién sau do tinh toan
thoi gian va do nang xupap téi vu dé didu khién
bd chip hanh nam chdm dién. Su chinh xac cia
tin hiéu du vao 1a rit quan trong dé dong co hoat
dong hiéu qua.

1.2. Nguyén ly hoat dong hé théng diéu
Kkhién xupap bang dién tir

Co cau EVA (Electro-magnetic Valve Actuator)
st dung luc hat dién tir cia nam cham va lyc di¢n
tr dugc tao ra tr cdc cudn day cam bién dé diéu
khién hoat dong déng mé cia xupap chir khong
phai 1a tryc cam dan dong nhu cac loai dong co
truyén thong.

Khi nam cham dién phia trén dugc kich hoat s&
tao ra mot lyc tir truong hut miéng sit phan tng
1€n trén 1am cho xupép & vi tri dong.

Khi tir tinh do nam cham di¢n phia trén bi ngét,
miéng sit phan ung két ndi véi dudi xupap s& bi
kéo xudng boi 10 xo. Bo chdp hanh nam cham
dién phia dudi s€ duy tri xupap ¢ vi tri mé.
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II. THIET KE HE THONG PIEU KHIEN
XUPAP BANG PIEN TU
2.1. Nguyén ly hoat dong cia EVA
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Hinh 3: Két cdu ciia EVA dung nam cham.
Két cu cua EMV dung by nam cham dugc
thé hién trén hinh 3. Két ciu bao gém 4 nam
chdm (2 nam cham phia trén va 2 nam cham phia
dudi), mot cdp cudn day dién tur, armature, 2 10
X0 va than xupép.

Hinh 4: Nguyén ly hoat dong ctia EVA.

Khi chua cap dong dién cho cudn day, luc
tir cia 2 nam cham phia trén 1én hon lyc 10 xo
nén hat armature 1€n phia trén va lam cho xupap
dong lai hoan toan hinh 4 (a). Khi cap dién cho
2 cudn day dién tu, tor thong qua cudn day tang
1én dang ké. Vi thé, tir thong qua armature giam
xubng nhu thé hién trén hinh 4 (b) 1am cho luc
tir gitt armature ciing giam xuéng. Pén khi luc 10
xo phia trén 16n hon lyc gitt armature do 2 nam
cham phia trén tao ra, lyc 16 xo s& day armature
di xudng 1am cho xupép bit ddu mé nhu hinh 4
(c). Khi armature vugt qua vi tri trung gian thi
cudn day s€ duogc ngét dién va lyc tir cua nam
cham phia dudi s& hat armature di xubng vi tri
dudi cung la cho xupap mé hoan toan minh hoa
trén hinh 4 (d). Tuong ty nhu vay khi xupép di
chuyén tir dudi 1én trén dugc thé hién trong hinh
4 (e) dé hinh 4 (a).

2.2. Thiét ké xupap dién tir (EVA)

Lo xo xupap 1a mot b phan quan trong trong
co cdu xupép dién tir (EVA). Lo xo trong xupap

phai tich trit mot ndng luong du 1on khi 16 xo nén
lai va nhanh chéng giai phong khi gidn ra dé c6
thé diéu khién xupap dong md mot cach nhanh
chong. Khi dong co hoat dong & tde do cao, luc
10 xo0 phai c6 gia tri du 16n dé thang dugc luc tir
cuia nam cham va déng mo xupép tic thoi. Do do
thiét ké 10 xo trong xupap dién tir phai c6 momen
quén tinh rat nho va do6 dan hoi rat cao dé cé thé
dap ung dugc tuc thoi viéc dong mo xupap ding
thoi diém khi tée do dong co cao. Trén hinh 5 cho
ta thay tai trong ban dau dat vao 1a 150N va khe
hé nhiét cua xupép 1a 0.25 mm. Nang luong tich
trlr cua 10 xo phia trén la 497 N khi xupap & vi tri
ma& va 650 N cho 10 xo phia duéi khi xupap ¢ vi
tri dong.
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Hinh 5: Lyc 16 xo va khoang dich chuyén cua armature.
2.3. Thiét ké armature va than xupap
Armature va xupap dong mot vai trd rat quan

trong trong viéc dicu khién sy dong va mo ctia hé
théng EVA. N6 diéu khién thoi diém cta xupap
gidng nhu truc cam va xupap trong dong co thong
thuong. Xupap tiép xtc truc tiép véi budng dot
nhién li€u c6 nhiét d6 cao. Vi vay, xupap chiu anh
hudng cua sy gidn nd nhiét. C6 mot khe ho ton
tai giira armature va xupap dé bu dip cho su gidn
nd nhiét tai vi tri dong. Armature va xupap trong
hé théng xupap dién tir duoc thiét ké theo nhiing
yéu t6 anh hudng nhu: khéi lwong, kich thudc va
su phan bd cua cac luc tir. Khoi luong ctia xupap
dién tir duoc thiét ké phu thudc vao nhimg han
ché cua su chuyén dong can bang khdi luong.
Trong khi do, kich thudc ctia armature va xupap
chiu sy anh hudng cia su gidn nd nhiét. Cau tao
cua armature va xupap cua xupdp dién tur dugc
biéu dién trong hinh 6.
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Hinh 6: Cau tao cua armature va xupap
trong h¢ thong xupap dién tur.

Armature trong hé théng xupap dién tir duoc
thiét ké theo sy nghién ctru cta luc tir. Lyc hut
dung dé hat armature t&i vi tri trén hodc dudi cua
161 thép duoc tao ra boi cdc nam cham. Kich thudce
armature dugc quyét dinh boi mat do tir thong di
qua nd. Thong thuong, luc hit dugce sinh ra boi
mat d§ tr thong, xdy ra & trang thai bao hoa.

III. THU'C NGHIEM MO PHONG

3.1. Nam cham

Nam cham sinh ra luc tir tire thi trén armature.
Béi vay, no quyét dinh luc tr sinh ra d6 c6 thé
thang duoc luc 10 xo dé giit xupap ¢ vi tri dong va
moé. O thiét ké nay, nam cham bao gém 4 cai: 2
cai nam chdm & phia trén dé giir armature & vi tri
dong va 2 nam cham & phia dudi dé giir armature
¢ vi tri mo. Hinh dang nam cham c6 dang hinh
tron (hinh 6) vi hinh dang nay c6 nhiéu lgi ich
hon so véi cac hinh dang khac. Pac tinh nam
cham phu thudc vao nhiét do do anh huong cta
hién tugng khur tir. Tinh ndng cua nam cham giam
Xuéng ¢ nhiét do cao, do vay, luc tur trong thiét ké
xupap dién tir chiu anh hudng cta nhiét do. Tac
dong cua d6 day nam cham dén lyc tr duoc thé
hién ¢ hinh 8.

LUCTU (N )

Hinh 7: Anh hudng ctia d6 day nam cham dén lyc tir.

Gia tri cia do day nam cham tai Hpm = 2 mm
1a t&i wu nhat so véi cac truong hop khac vi khi
cudn day chua dugc cap dong dién thi luc gitr 6
gia tri cao va khi cudn day duoc cung cip dong
dién thi lyc giit co gia tri thap. Tai gia tri cuong
do dong dién 0 NI thi gia tri lyc tor khoang 710
N vuot qué gia tri lyc cua 10 xo, do vay xupap
dugc gitr ¢ vi tri déng va mo. Khi cung cap dong
dién cho cudn day thi gia tri luc tir giam xubng, &
gia tri cuong do dong dién 1500 NI gia tri luc tur
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con khoang 420 N. Gia tri nay nhé hon luc 10 xo
va két qua 1a xupap duoc tach ra khoi vi tri dong
hoac mo.

Sy phan bé mat do théng luong ciing duoc
phéan tich boi FEA (Finite Element Anylysis) véi
dong cung cép tai 0 NI va 1500 NI tuong tmg. Két
qua thé hién mat do thong lugng d6 qua armature
V6i tat ca truong hop 1a hiu nhu tai trang thai bio
hoa khi cudn day khong dugc kich thich (hinh 8).
Do vy, tat ca truong hop do day cua nam cham
dat luc tir cao nhat 16n hon luc 16 xo.

ETe o Thamg Looms
gk e =

Hinh 8: Sy phan b thong luong trén armature véi do
day nam cham khac nhau tai 0 NI.

Mat d6 tir thong chua dat téi do bao hoa luc nay
khi cudn ddy duoc cung cip boi dong dién mong
mubn. Do vay, luc tir trén armature s€ giam. Khi
dong dién dugc cung cip cho cudn day, dong tir
c6 xu hudng di qua 13i cudn day rat d& dang dién
tur cudn day s€ trd thanh nam cham dién. Dong tur
ctia nam cham c6 do day 2 mm giam nhiéu hon so
v6i cac truong hop khac nhu thé hién trong hinh
9. Do do, gia tri cia sy gidm lyc so véi cac truong
hop khac 1a 16n. Do vay, gia tri d0 day cuia nam
cham tai 2 mm 14 t6i wu nhét cho thiét ké xupap
dién tur.

Hinh 9: Sy phéan bd thong lugng trén armature véi do
day nam cham khac nhau tai 1500 NI.

Trong bai viét nay, ban kinh ctia nam cham
cling dugc phan tich. Ban kinh nam cham co6 gia
tri 16n hon 13.5 mm s€ khong dugc xem xét do
khoang khong gian giéi han cua két cau xupap
dién tir. Anh hudéng cua ban kinh nam cham dén
lc tir duwoc thé hién & hinh 10. Két qua cho thiy
gia tri cua lyc tr va sy gidm lyc 6 Rpm = 10.5 mm
1a thap nhét so véi cac truong hop khac. Do vy,
thong s6 toi wu ctia ban kinh nam chim nim trong
khoang 11.5 ~13.5 mm. Ta c6 thé thay cac dudng
c¢6 sy gidbng nhau vé luc giir khi cudn day duoc
kich thich va khong kich thich. Do d6, anh huong
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ctia nhiing gia tri ban kinh nay dén luc tir 1a khong
dang ké trong khoang 11.5 ~13.5 mm.

3.2. Armature

Kich thuéc armature trong thiét ké xupap dién tir
bao gdm d6 day va ban kinh cta armature. N6 anh
huong tirc thi dén dong tir trén armature. Ban kinh
va d6 day ciia armature c6 lién quan dén dién tich
tiép xuc giita armature va 18i thép. Do vy, no quyét
dinh trang thai bdo hoa trong thiét ké xupap dién
tir. Trong phan nay, ban kinh armature duoc khao
sat trong khoang 19 ~22 mm va d¢ day armature la
tir 8 ~12mm. Trong khi d6, thong sb ctia cudn day
dién tr va nam cham armature c6 gia tri tbi uu. Su
khdo sat dugc thuc hién ¢ 0 NI va 1500 NI dé tim
ra thiét ké armature t6i uu nhit. Anh hudng cua
ban kinh armature dén lyc tir dugc thé hién ¢ hinh
11. Két qua cho thay armature ¢ ban kinh 20 mm
1a t6i wu nhét. N6 ¢6 luc gilt cao nhét dat 719 N tai
0 NI va giam xudng con 415 N tai 1500 NI. Trong
khi d6, cac ban kinh cua armature khac cé luc gitr
va lyc giam sat 1a khong thé thoa min tinh ning
can thiét cta cac tiéu chuan xupap dién tir.

Anh huong ciia dudng kinh armature dén mat
d6 thong lugng ciing dugc dua ra boi FEA. Két
qué dugc thé hién & hinh 10. Twong tng véi dong
tai 0 NI va 1500 NI. Armature c6 ban kinh tai 21
mm va 22 mm c6 mét do théng lugng thap. Do
vay, no c6 luc gilr nho so vdi cac truong hop khac.
Khi cuén diy duoc cung cip dong dién mong
mubn, mat do thong lugng giam. Mat do thong

lugng ctia armature c6 ban kinh & 21 mm va 22
mm 4 giam dang ké, do vay chiing co gia tri thap.
Tuy nhién, n6 khong thé con théa man nhimng gia
tri can thiét cua luc tir. Trong khi sy gidm mat do
thong lugng cua armature c¢6 ban kinh 19 mm la
nho, do vay n6 khong thé thoa man Iyc giam sut
can thiét. Gia trj ban kinh tdi vu ctia armature 1a
20 mm, mat do thong lugng 1a giam dang ké &
1500 NI. Do vay, n6 sinh ra lyc tir nhd hon luc cta
16 x0. Cho nén, xupdp dién tr c6 thé hoat dong
hoan toan ¢ ban kinh do.

1. KET LUAN

Bai viét da thé hién sy nghién ciru vé cdu tao,
nguyén 1y hoat dong ciia hé thdng xupap diéu
khién bang dién tir. Trong qua trinh nghién ctru va
thyc nghiém cho thay hé thong hoan toan phi hop
v6i didu kién hoat dong thuc té cua dong co, gop
phan giam tiéu hao nhién liéu, giam luong khi thai
ra moi truong va dic biét gitip giam tiéng on trong
qua trinh hoat dong.

Két qua thyc nghiém cho thay gia tri ctia do
day nam chdm tai Hpm = 2 mm 1a t6i wu nhét
so voi1 cac truong hop khéc vi khi cudn day chua
dugc cap dong dién thi luc giit ¢ gia tri cao va
khi cudn day duoc cung cip dong dién thi luc giir
c6 gié tri thép.

Trong khi do, ban kinh armature duogc khéo sat
trong khoang 19 ~22 mm va d¢ day armature la tur
8 ~12mm thong s6 cua cudn day dién tur va nam
cham armaturecé gié tri t6i wu nhat.
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