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TOM TAT
Bai bao phan tich qud trinh dénh lira dién dung trén hé thong danh hia lai hon hop dién
cam - dién dung (hybrid). Cac van dé duwoc trinh bay bao gom diéen bién qud trinh danh lira
dién dung, phirong trinh cua cuong do dong dien, suc dién dong tw Cam trong qua trinh danh
liza dién dung trén hé thong danh lia 1ai hon hop dién dung — di¢n cam. Cac thong so duroc
xem xét trong bai bao thdng qua mo phong trén phan mem Matlab la cuong do dong so cap
i(t), strc dién dong tu cam cua hé thong e(t) va anh huong cua tong tre (R), hé so tw cam cugn
so cap bo-bin (L) den i(t) va e(t). Cac ket qua phan tich va mo6 phong gitip dua ra biéu thic
tinh todn cuwong do dong dién va stic dién dong cua Cugn so cap cua bo-bin trong giai dogn
danh lira dién dung phu hop vai dien bien thuc té trong mach danh lira dién dung.
Tir khoa: hé thong danh lira; hybrid; danh lira dién dung; hé théng danh lira lai hon hop dién
dung - dién cam; cuong do dong dién; surc dién dong tu cam.
ABSTRACT
This paper analyzed the capacitor-discharged process in the hybrid ignition system. The
analyzed factor is the primary current and self-induced emf in the capacitor-discharged stage
of the hybrid ignition system. Matlab was used to simulate the primary current and self —

induced emf. The analyzed and simulation results help conclude the equation of the primary
current and self-induced emf suitable with the actual process in the hybrid ignition system.

Keywords: ignition system; hybrid; capacitor-discharged stage; primary current; self-induced emf.

1. HE THONG PANH LUAHYBRID thir cap, lam hong thiét bi déng ngit va gay

Hé théng danh loa trén dong co dbt
trong st dung nhién liéu xang, cé nhiém vu
bién dién &p tir accu ¢ gia tri 12V hay 24V,
thanh cac xung dién cao thé cd gié tri co thé
dat dén 45kV, dong thoi phan phéi cac dén
c4c bu-gi theo dung thoi diém va dung thi ty
yéu cau cua dong co [1, 2, 3, 4, 5.

Khi hé thdng 1am viéc, két thic qué trinh
tich lily nang luong, trén cudn so cip cua
bién ap danh lra (bo-bin) s& xuit hién stc
dién dong tu cam co gia tri (tor 100-300V) [1,
2, 3, 4, 5]. bién ap tu cam nay khi phdng qua
thiét bi dong ngat, s& lam kéo dai qua trinh
ngét dong so cip. Qua do, lam giam dién thé

nhidu dén céc thiét bi dién trén 6 td [1, 2, 3].

Céc nghién ciu vé hé thong danh lia lai
(hé théng danh lira hdn hop dién cam - dién
dung) trudc day, tap trung vao viéc kéo dai
thoi gian xuat hién tia lua trén bu-gi bang
céch két hop hai kiéu danh lira dién dung va
dién cam [6, 7, 8, 9]. O hé thong danh lua lai
do tac gia dé xuat, & cac lan danh lLira dién
cam nang luong tu cam “thtra” s€ duoc tich
lay vao tu dién va st dung lai nang luong
nay cho lan danh lira dién dung. Véi ¥ tudng
nay, cac tac dong tiéu cuc néu trén s¢€ dugc
khic phuc va con c6 thé tiét kiém duoc ning
lwong st dung trén hé théng [10, 11, 12, 13].
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Hinh 1. So d6 nguyén Iy hé thong danh lia
hybrid trén dong co bon xy lanh

Nguyén 1y 1am viéc cua hé théng dénh
Itra hon hop dién cam - di¢n dung (su dung
cho dong co 4 xy-lanh)

Hé thong bao gom hai ché do lam viéc:
ché d6 danh lira dién cam va ché do danh lira
dién dung. O ché d6 danh lta dién cam, ECU
diéu khién dong co (electronic control unit)
s& diéu khién qua trinh danh lira cua céc t6
may 1, 2, 3 (danh ltra dién cam), thdng qua
cac tin hi¢u 1IGTy, IGT2, IGTz. Nang luong tu
cam “thura” trén cac bo-bin 1, bo-bin 2,
bo-bin 3,... s€ dugc tich lity vao cac tu Cy, Ca,
Cs. O ché do danh lira dién dung, twong ung
vé6i thoi diém 1am viéc caa tb may 4, tin hiéu
IGT4 s& diéu khién SCR m¢. Ning luong tich
Ity trén cac tu Cy, Cz, C3 s€ duogc giai phong
dén cudn day so cap cua bo-bin 4.

Dua trén so d6 nguyén ly hé thdng danh
lra Hybrid (hinh 1), véi cach mac ba ty song
song, c6 thé thay thé bang mot tu dién C c6
dién dung tuong duong cua ba tu Cy, Co, Ca.
Qua trinh giai phong nang lugng tich Iy trén
tu dén cudn so cap cua bo-bin 4, c6 tinh chat
tuong duwong vai qué trinh tu dién phong trén
mach RLC.

Vi vay, trong tinh toan co thé sir dung
mo hinh mach RLC (hinh 2) trong do:

C: Tu dién c6 dién dung twong duong
cua ba tu Cq, Cy, Ca.

S: Cong tic dong/m¢ thé hién hai trang
thai dong/ngat cua SCR.

L: Hé sb tu cam caa cudn so cip cua
bo-bin 4.

R: Tong tror cua mach so cép danh lira
dién dung, bao gom: dién tro cua cac linh

kién, dién tr¢ cuon so cip bo-bin 4, dién tro
cua cac mOI n01
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Hinh 2. M6 hinh tinh toan mach danh lira
dién dung

2. TINH TOAN MACH PANH LUA
PIEN DUNG

2.1 Xay dung phwong trinh tong quat
cwong d§ dong dién trén cudn so cap
cuia bo-bin khi tu dién phong

M hinh tinh todn mach danh Itra dién
dung dva vao hinh 2.

Tong ning luong trén mach:

1)

Nang luong tiéu hao trén dién tro R
duoc biéu dién baoi cdng thuec:

2
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Thay (1) vao (2), ta c6 phuong trinh vi
phéan nhu sau:
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Ti I¢ gitra cuong d6 dong dién Vé; dién
tich trén hai bén tu cua tu dién duoc thé hién

nhu sau: i——— Chia ca hai vé (3) cho i,
ta co:
dQ , Q _

Ldt2+R +2=0 (4)
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Nghiém tng quét cua phuong trinh (5) Ia:
Q) = Q,e " cos(o' t+D) (6)
Tai thoi diém ban dau t=0, Q(t=0) =Qo,

®=0, véi Qo 1a dién tich cyc dai ban dau cia
tu. Viet lai phuong trinh Q(t) ta co:

Q(t) = Qe *cos(w't) (7)
Ta co:
i(t) =— i—? = Quw'e Y sinw't +
Y ’
(E) cos(w't)] (8)
2.2 XAy dung phuwong trinh tong quat sirc
dién dong tw cam trén cudn so cap cua
bo-bin khi tu dién phong
Strc dién dong tu cam duoc viét dudi dang
Taco: e (t) = L= (9)
Tién hanh dao ham phuong trinh (8) ta
duoc:

di(t) - 2 '
;—t = Qow'e™ "t [(w’ — %) .cosw't —
Zysinoo’t] (10)

2

s e(t) = LQyw'e ™t [(w’ — %) .cosw't —

2ysinoo’t] (11)
_ Su dung phan mém Matlab dé xay dung
do thi cuong do dong dién i(t) va st dién
dong tu cam cua cudn so cap e(t). Cac gia tri
dua vao tinh toan:
R =05Q, L=02mH, C=3uF 3ty
dién 1pF mac song song), Vmaxty dien = 195V,
S0 vong quay dong co 700 vong/phut.

Do thi cuong do dong dien va suc dien dong tu cam

[===Cuong do dong dien
|=_=Suc dien dong

Cuong do dong dien (A)
Suc dien dong (V)

T:wuoi gi'an (rr"lls)
Hinh 3. D6 thi cuong dj dong dién va suc
dién dong ty cam cua cugn so cap theo thoi
gian khi tu di¢n phong.

Cuong d6 dong dién va strc dién dong tu
cam cua cudn so cap (khi tu dién phong) dao
dong tat dan dang sin, ching léch pha nhau
mot goc - Khi cuong d6 dong dién dat gia
tri cuc dai cling chinh 1a luc stc dién dong tu
cam bang 0.

2.3 Cwong d dong dién va sirc dién dong
tw cam trong mach so cap trong hé
thong CDI

Trén thuc té, c6 diode mac ¢ dau ra caa
cac tu dién mot diode. Vi vay, toan bo phan
am cua dao dong cuong d6 dong dién va suc
dién dong ty cam cua cudn so cap déu bi
lugc bo.

Do thi cuong do dong dien va suc dien dong tu cam

=== Cuong do dong dien
— =Suedien dong

Cuong do dong dien (A)
Suc dien dong (V)

02 004 006 008 01 012 014

Thoi gian (ms)

018 018 02

Hinh 4. 6 thi curong dé dong dién va sirc
dién dong tw cam cua cugn so cap theo thoi
gian trong hé thong CDI.

Str dung thiét bi Pico Automotive
Oscilloscopes 4425, do cuong d§ dong dién
va strc dién dong tu cam cua cudn day so cap
trén mach danh lira dién dung hybrid thuc té
duoc lap trén dong co Toyota INZ-FE. Céc
thong s6 cua dién tro (R) Hé sb tw cam cudn
day (L), dung luong cua tu dién (C) nhu
trong cac md phong trén, dong co hoat dong
& s6 vong quay 700 vong/phit.

[ T

Hinh 5. D6 thi cirong dg dong dién va sirc
dién dong tw cam cua cugn so cap theo thoi
gian trén thuc te.
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Tir két qua thu dugc, ta nhan thdy quy
luat tang truong va bién dang cia cuong do
dong dién va suc dién dong tu cam trén cuon
so cap cua bo-bin gitta md phong va thuc té
la gibng nhau. Tuy nhién, gia tri bién do va
chu Ky c6 su sai léch, diéu nay c6 thé do sai
s6 trén cac linh kién str dung va cac sai léch
ciia cac phép do, nén can thém cac gia tri
hiéu chinh.

Phwong trinh sau hi¢u chinh

i(t) = 0,88.Qq. w'.e Y[sin(1,94w't) +

(%) cos(1,94w't) — (%)] (12)

EL(t) = 0,92.L.Qow’. e ™" (o' —
Z)—Z,) .cos(1,94w’t) — 2ysin(1,94oo’t)] (13)

2.4 Panh gia anh hwéng dién tré R va hé
s0 tw cam L ciia cudn day so cip dén
cwong do va sirc dién dong trén mach
danh lira dién dung

Trén thuc té, véi su thay d6i do tu cam L
ctia cudn day co thé s& kéo theo sy thay doi
dién tro ban than cia cudn day, dong nghia
VGi viéc s& 1am thay ddi tong tro R caa mach.
Ngoai ra do tu cam L phu thudc vao rat nhiéu
cac thong sé nhu: sé vong day quan, chiéu
dai cuon day, ban kinh cuon day, do tir thim
[14, 15],.... Vi vay, d&& don gian trong qué
trinh danh gia, ta xem xét doc lap cua mot
trong hai thong sé.

Danh gia anh hwong cuaa dién tro R
dén cwong dj dong dién va sikc dién dong
trén mach danh liva dién dung

Str dung phan mém Matlab dé xay dung
dd thi cudong do dong dién va sirc dién dong
clia cudn so cap Vi ba gia tri R khac nhau.
Céc céc gia tri dua vao ham tinh toan: R1 =
0.5Q,R2=1.75Q,R3=3Q, L=0.2mH, C =
3uF (3 tu dién 1pF mac song song), Vmax tu
dien = 195V va md phong tai sé vong quay
700 vong/phut.

Su thay doi cuong do dong dien cuc dai trong mach theo R

—R1=0.50hm
= =R2=1750hm
R3 =3 0Ohm

Cuong do dong dien (A)

0 0.02 0.04 0.08 0.08 01 012 0.14 0.16 018 02

Thoi gian (ms)
Hinh 6. Dc? thi cuong do dong dién di qua
cugn so cap theo thoi gian trong h¢ thong
CDI khi R thay doi.

Su thay doi suc dien dong tu cam cuc dai cua cuon day theo R

Suc dien dong (V)

"Il'll;.oi g;;m (rﬁ;)
Hinh 7. Q& thi sirc dién dgng tu cam cua
cuon so cap theo thoi gian trong hé thong
CDI khi R thay doi.

Dua trén d6 thi ta thdy, néu téng tr& R
cang Ién thi cang lam giam gia tri cuc dai cua
cuong do dong dién va strc diép dong tu cam
c6 thé dat dugc trén cudc so cap. Chu ky dao

21 21 2
dong: T = - = , tong tré R
194w 1,94, |wZ—y?
tang s& 1am cho hé sb tit dan y = Z—Ii tang
lén, didu nay dan dén viéc kéo dai thoi gian
chu ky T. Tuy nhién, do y qué nho so vdéi
wo Nén sy thay doi nay la khong dang keé.

Ddnh gid dnh hwéng cia hg sé tw cam
L dén cwong dj dong dién va sirc dién dong
trén mach danh lira di¢n dung

Céc gia tri dua vao tinh toan: L; =
0.1mH, L> = 0,3mH, L3z = 0,5mH, R = 0.5Q,
C = 3pF (3 tu dién 1uF mac song song), Vmax
wdien = 195V va mo phong tai s vong quay
700 vong/phut.
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Su thay doi cuong do dong dien cuc dai trong mach theo L

Cuong do dong dien (A)

™ Thoi gian (ms)

Hinh 8. Dé thi cuong do dong dién di qua

cugn so cap theo thoi gian trong h¢ thong
CDI khi L thay doi.

Su thay doi suc dien dong tu cam cuc dai cua cuon day theo L

===L1=01mH| |
= =L2=03mH
L3=05mH

Suc dien dong (V)

0 L L L L
0 002 0.04 0.06 0.08 . 012 014 0.16 018 02

Thoi gian (ms)

Hinh 9. D6 thj sitc dién dgng tw cam cia
Cugn so cap theo thoi gian trong h¢ thong
CDI khi L thay doi.

V6i sy thay doi L, khdng anh huong toi
cuc dai cua strc dién dong tu cam trén cuon
so cAp nhung lai tac dong rat Ion dén cuong
d6 dong dién va thoi gian cua chu ky T. Tu
phuong trinh (12), ta thdy, cuc dai caa cudng
d6 dbng dlén Imax = 0,88. Qo.(.l),. Nhu Vé:ly,
khi L tiang 1én, lam cho ' giam di nén Imax
cling giam theo. Nguoc lai, véi sy sut giam

cia Imax thi chu ky T lai dugc tiang 1én, kéo
dai thoi duy tri su ton tai suc dién dong tu
cam cua cudn so cap.

3 KET LUAN

Bai bao da phan tich va md phong duoc
qua trinh danh Itra dién dung trén hé thong
danh ltra hybrid.

Céc két qua dat duoc:

Pua ra biéu thuc tinh toan cudng do
dong dién va sutc dién dong tu cam trén cudn
so cAp cua bo-bin trén mach danh lira lai hdn
hop dién cam — dién dung trong giai doan
danh Itra dién dung cac mé phong phu hop
vé6i dién bién thuc té trong mach danh lua
dién dung.

Khao sat duoc sy thay d6i cua cuong do
dong dién va strc dién déng tu cam khi thay
do6i cac thong sé cua hé thong nhu tong tro
(R), hé s6 ty cam cua cudn so cap bo-bin (L).

Qua khao sét ta thay, khi tang gié tri tong
tré cua mach (R), ton that ning luong ting
lam giam gia tri cuc dai cua cuong do dong
dién va strc dién dong. Khi thay d6i hé sb tu
cam (L), khong 1am anh huong dén gié tri
cuc dai cua strc dién dong tu cam. Tuy nhién,
gia tri cuc dai cua cuong do dong dién va
thoi gian chu ky T lai c6 su thay doi rat 16n
theo L. Cang tang L, chu ky T cang tang, gia
tri cuc dai cua cuong d6 dong dién cang giam
va nguoc lai.

TAI LIEU THAM KHAO

[1] Nguyén Vian Trang, Péng co dot trong 1, 2005.
[2] Robert Bosch GmBh, Automotive Electric/Electronic System, Dipl.Ing (FH) Horst Bauer,

1995.

[3] Tom Denton, Automobile Mechanical and Electrical Systems, Elsevier Ltd, 2011.
[4] John B. Heywood, Internal combustion engine fundamentals, McGraw-Hill Book

Company, 1998.

[5] Konrad Reif Ed, Gasoline Engine Management, Springer Vieweg, 2015.
[6] Martin E.Gerry, Inductive-capacitive cyclic charge-discharge ignition system, US Patent

No 4288723, 1981.

[7] Michael J French va Matthew Joseph Edwards, Hybrid ignition circuit for an internal
combustion engine, US Patent 5806504, 1998.



Tap Chi Khoa Hoc Gi4o Duc Ky Thugt Sé 57 (04/2020)
Truong Dai Hoc Sw Pham Ky Thugt TP. Hé Chi Minh

[8] Joseph M. Lepley, Capacitive discharge ignition system with extended duration spark,
US Patent No 6701904B2, 2004.

[9] Audris Simakaukas, Hybrid Ignition system with variable spark duration for spark
ignition engine, The 8th International conference, Vilnius, Lithuania, 2013.

[10] ThS P& Quéc Am, PGS.TS B Vin Diing, KS Lé Khanh Tan, Nghién ciru mé hinh ddanh
lra Hybrid , Ho1 nghi Khoa hoc va Cong ngh¢ toan quéc vé Co khi 1an tha IV, Pai hoc Su
pham K¥ thuat Tp.HCM, 2015, pp. 411-418.

[11] ThS DS Qubc Am, PGS.TS B Vin Diing, ThS Phan Nguyén Qui Tam, KS Lé Khanh
Tan, Tinh todn svc dién dong tw cam trén hé théng danh lia lai, tap chi Khoa hoc Giao
duc K¥ thuat, s6 32, 2015, pp. 8-12.

[12] Do Van Dung, Do Quoc Am, Nguyen Tan Ngoc, Effects or resistance, capacitance and
self —inductance on accumulated energy in the hybrid ignition system, ICSSE 2017, 2017,
pp. 349-354

[13] Do Quoc Am, Do Van Dung, Nguyen Tan Ngoc, Effects Of Capacitor On The Hybrid
Ignition System, Applied Mechanics and Materials, Vol 889, 03/2019, Pages: 388-395.

[14] Inductance and Magnetic Energy. Internet:
http://web.mit.edu/8.02t/www/802TEAL 3D/visualizations/coursenotes/modules/quidel
1.pdf26/12/2019

[15] LP Gierebxop, Cac mach dién va tir, Nha xuat ban Mir matxcova, 1986.

T4c gidg chiu trach nhiém bai viét:

Pd Qudc Am

Truong Pai hoc Su pham Ky thuat TP.HCM
Email: amdg@hcmute.edu.vn


http://web.mit.edu/8.02t/www/802TEAL3D/visualizations/coursenotes/modules/guide11.pdf
http://web.mit.edu/8.02t/www/802TEAL3D/visualizations/coursenotes/modules/guide11.pdf

