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PHAN TiCH NANG LUGNG DIEN CAM

TRONG HE THONG DANH LUA

A STUDY OF SELF-INDUCTANCE ENERGY IN THE IGNITION SYSTEM

TOM TAT

Bai bdo nay trinh bay phuong phép xdy mé hinh phuong trinh cudng d
dong dién va phuong trinh siic dién dong tu cdm trén cudn so cap clia bién dp
danh IGa. Trén co s& xay dung md hinh vét Iy dé thdy dugc ban chat cda su hinh
thanh stic dién dong tu cdm va nang lugng dién cdm trong hé thong danh Ia. Tu
d6, xdy dung phuong trinh nang lugng dién cam trén hé thong danh IGa mot
cach chinh xac. Cac két qua md phéng cho thdy su thay di nang lugng dién cdm
theo toc d dong co va viéc tan dung dugc cac ngudn nang lugng nay 1 xu huéng
mdi trong viéc (ing dung ngudn nang lugng kép acquy - siéu tu trén 6 to.

Tirkhoa: Hé thong ddnh liia,stic dién ddng tu cam, ndng lugng dién cam.

ABSTRACT

This paper presents a method of modeling the electrical current and self-
inductance energy equation in primary coil for ignition system. Base on building
physical model to discover the nature of the back electromotive force (emf) and
self-inductance energy in the ignition system. From here, building up the
inductive energy equation exactly. The simulation results show thatthe change
of inductive energy according to the engine speed and the point of these energy
sources is a new trend in the application as the battery-supercapacitor dual
energy sources in vehicles.
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1. GIGI THIEU

Hé théng danh Idra trén 6 té 6 vai trd chuyén ddi dién
ap thap (12V hodc 24V) thanh céc xung dién ap cao (tur
15.000V dén 40.000V), cac xung nay dugc phan bé dén
bugi trén cac xy-lanh theo thu tu lam viéc vao dung thoi
diém dé dét chay hon hgp hoa khi trong xy-lanh dong co.
Hé théng danh Ita cé vai trd quan trong trong viéc nang
cao hiéu suat lam viéc, giam tiéu hao nhién liéu va 6 nhiém
moi trudng trén déng co xang.

Hé théng danh Itia dién cdm dugc st dung phé bién
nhat trén dong co dét trong sif dung nhién liéu xang duoc
phat minh bdi Kettering vao nam 1908, hién nay c6 nhiéu
tén goi khac nhau: hé théng danh Itra ban dan, hé théng
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danh, Ira theo chuong trinh, hé théng danh Ita truc tiép.
Phan I&n déu c6 uu diém: cdu trdc don gian, hoat dong 6n
dinh, d0 tin cay cao, thoi gian phéng xung dién cao ap dai
va 6n dinh [1,2].

Dé tao ra xung dién cao ap hé théng phai dung bé diéu
khién danh Itra (IC danh Ia) va bién ap danh Ia (bobin) cé
két cdu chinh gbm cudn sc cap va thi cap.

Nang lugng can thiét cho qua trinh danh Ia dugc tich
IOy dudi dang nang lugng dién cam théng qua qua trinh
tich Iy nang lugng va qua trinh ngat dong ngét dong dién
qua cudn so cap bobin. Nang lugng trén cé vai trdo quyét
dinh chat lugng danh Ila vacan du I6n dé tao ra xung cao
ap vuot qua khe hé bugi va duy tri tia Ia [3,4].

Da cb nhiéu cdng trinh nghién clu vé nang lugng dién
cam, sutic dién dong tu cdm trén 6 tdé nham cai thién chat
luong ctia hé thong danh [a nhu. Trong d6, cdc nhom téac
gia trong céng trinh [5] d& cu thé héa mé hinh danh Iia
khéng bé chia dién va phan tich dang xung séng dién ap
trén cudn so cdp va thd cap cta bobin. Tac gia Lé Khanh
Tan va cac cong tac vién da cong nghién cuu, thiét k&, ché
tao thir nghiém hé théng danh Ira két hop dién dung va
dién cdm [6]. San pham dugc thi nghiém thanh cong xe
gan may Honda Wave RS tiét kiém dugc 55g nhién liéu cho
mdi 100km. N6ng d6 CO va HC trong khi thai ciing gidam
xuéng moét lugng tueng tng la 0,02%vol va 73ppmvol.
Nhom téac gia trong [7,8] da cong b6 anh hudng cla céac
thong s6 R, L, C dén kha nang tich liy nang lugng tu cam
trén hé théng danh Iira Hybrid. Két qua nghién ciu la cac
mé phdéng va thuc nghiém xac dinh sy dnh huédng clia cac
thong sé R, L, C dén nang lugng tich lay, déng thaoi la can
c’ dé hiéu chinh phuong trinh stic dién déng tu cdm va
cudng d6 dong so cap danh Ida.

Bai bao nay trinh bay ban chat clia sy hinh thanh sic
dién déng tu cdm va nang lugng ty cdm mot cach c6 hé
théng bang phuong phap mo hinh hoéa trén co s& xay dung
md hinh vat ly, phat trién thanh mé hinh toan hoc dé xay
dung phuaong trinh cudng dé dong dién va phuong trinh
stc dién dong tu cdm trén cudn so cap bobin. Tur d6 xay
dung phuong trinh ndng lugng dién cam trén hé thong
danh lra. Diéu nay c6 y nghia quan trong trong viéc tiép
tuc tac ddng nhiing théng sé can thiét nham cai thién nang
lugng dién cadm nodi chung va hé théng danh [ia néi riéng.
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2. XAY DUNG MO HINH TOAN HOC

Trong phan nay, nhém tac gia tién hanh xay dung mé
hinh toan hoc cta hé théng danh Ita nhu mé ta trong hinh
1va2.

Khéa dién

Dén bd
*ehia dién
iLs
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Hinh 1. So d6 nguyén Iyhé thong danh I

Theo sa d6 nguyén ly trén hinh 1, khi Transistor T dan,
dong dién tU + accu qua cudn day so cdp sé tang truéng
dén gia tri nhat dinh. Khi Transistor T ngat dong dién so cap
va ti thong do né sinh ra mat di dot ngét, trén cudn thi
cap cla bién ap danh It sé sinh ra mét hiéu dién thé vao
khodng 15.000V dén 40.000V, chuyén dén bd chia dién va
phan phéi dén cac bugi theo thi tu cong tac [9].

cudn day

Accu ECU
Hinh 2. M6 hinh vat Iy diéu khién cudn déy so cap
fL
L

—

T

Hinh 3. S¢ dd tuong duong trong qua trinh tich Ity nang lugng

Ap dung dinh luat Kirchoff cho hinh 3, mét phuong
trinh vi phan thiét lap:

'R+Ldl—U
! dt

Nghiém:
-R
i) =2(1-e1) (1)
Trong d6:
i: dong dién qua cudn so cap.
R: téng trd mach.
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L: d0 ty cdm cla cudn day.

U: dién ap hoat dong thuc té: U = U, — AUy

U,: dién ap clia ac quy.

AUy d6 sut ap trén khoa K (hay transistor cong suat &
trang thai dan bao hoa).

Phuong trinh (1) la m6 hinh todn hoc clia cudng do dong
dién qua cudn so cap trong qua trinh tich liy ndng lugng.

- .
T — 2] i
L1 C2—4 []r
——

Hinh 4. So d6 tueng duong trong qua trinh ngat dong so cap

Ap dung dinh luat Kirchoff cho hinh 4, mét hé phuong
trinh vi phan thiét lap:

—L, 5 =iy (DR + is(Or
iy = i ®©+ iz ® (2)
(0 = [0 dt
Trong do:

R: dién trd clia cuén cam.
r: dién tré ro cla tu C,.
L,: d6 tu cdm clia cudn cam.
i;: dong dién qua dién tr& R.
i,: dong dién qua tu C,.
i;;dong diénro quar.
Bién dé&i Laplace (2) ta c6:
—L,[SI;s —i(0,)] = I;sR + I5r
Lis = I + I3 3)
[3sr = CLZS [I2s + q(04)]
i(0,) =1,
q(04) =0
I, la cuding d6 dong dién ctia mach & cuéi thai gian tich
[0y ndng lugng.
Hé phuong trinh:
—L;SLig + LIy = iR+ I5r
Lis = Iy + I3 )

Diéu kién bién {

IoL,(C,Sr+ 1)
T S2L,Cyr + L,S+SRGr + R+ 1
IoL;CoSr+ oLy
= S2L,Cyr + S(L;+RC,) + (R+ 1)
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Io
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Pat:
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Iy R+r
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Két qua ta dugc:

i; (t) = ae** coq(yt) + ze*'si n(yt) (5)

Phuong trinh (5) mé td cuong doé dong dién qua cudn
cam trong qua trinh ngat dong so cap.

Trong d6: a, b, c va d 1a cac hé s6 dugc dat theo méi
quan hévéGiR,r, L, i, i, va is.
2.1. Suc dién déng tu cdm trong qua trinh ngit dong
so cap

Pé tinh dugc suic dién ddng tu cdm trong qua trinh ngat
dong so cap, ta tinh stic dién déng tu cdm nhu sau:
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di
L P (6)
Pao ham (6), duagc:

dil Xt Xt o3

T ax e coqyt) — ay. e*'si iyt

+ xz.eX'si fyt) + zy. eXt cog(yt)
s % = (ax+ zy)e* codyt) + (xz — ay)e'si fiyt) (7)
Thay (7) vao (6), dugc phuong trinh (8) nhu sau:

VAGE _Lla

=L, [(ax+ zy)e* codyt) + (xz — ay)eX' si fyt)](8)
Phuong trinh (8) mé ta suic dién déng tu cdm trong qua
trinh ngat dong so cap.
2.2, Nang lugng dién cam
Nang lugng tich ldy dudi dang tu truéng trong cudn
day so cap cla bobin dugc tinh nhu sau:

Wae =5 X Ly X 12 (9)
Trong do:
Wj.: ndng lugng dién cdm trén cudn so cap (J).
Ing: cudng dé dong dién qua cuédn so cap llc transistor
cdng suat ngat (A).
L;: d6 tu cdm cudn sa cap bobin (H).

Nang lugng dién cam trong qua trinh tich ldy nang
lugng:

1 2
Weer (0 = 7% Ly x (i(1)

LR\ 2
= oxLy x(%(l—eﬁt» (10)

Nang lugng dién cam trong qua trinh ngat dong so cap
1 N2
Wae2 () = 7% L, x (i(D)

= %x L; x (ae**codyt) + ze*si I(yt))2 (11)
Wac() = Weer (0 + Weeo ()

+% X Ly X (ae* cog(yt) + ze'si r(yt))z (12)

Trong d6, phuong trinh (11) la nang lugng dién cam
trén cudn sa cap trong qua trinh danh Itra véia, b, cvad la
cac hé s6 dugc dat theo méi quan hé vGi R, r, L,, iy, i, va iy
[9,10].

3. KET QUA MO PHONG

DPé tién hanh kiém ching su chinh xac ctia mé hinh hé
théng viua xdy dung, nhém tac gia thuc hién mé phong
cac phuong trinh (5), phuong trinh (8) va phuong trinh
(11) trén phan mém MATLAB/Simulink vai cac théng s6
dugc cho trong bang 1 (théng s6 tuong Ung trén cac bo
phan danh Itfa ctia dong co Toyota 1TR-FE).
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Bang 1. Thong s6 dau vao cla hé thong

Ll Théng sé Kihiéu | Gidtri | Donvi
1 | Diéntr cudn day so cap bobin R 1,9 0

2 | Do tucdm cudn déy so cap bobin L 4,52.10° H

3 | Diénap cliadcquy U 12,78 v

4 | Gidtritudién C 0,33.10¢ F

5 | Dientrénd ry | 1000000 | 0
6 | Thaigian khdo sat t 7.10° s
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Hinh 5. Ddc tuyén dong dién qua cudn s cap
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Hinh 6. Dac tuyén st dién dong tu cam trén trén cudn so cap
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Hinh 7. Ddc tuyén nang lugng dién cdm trén cudn so cap
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Hinh 8. Ddc tuyén ndng lugng dién cdm trén trén cudn so cap theo toc do
dong co

Céc két qud mé phdng dugc thé hién nhu sau: Hinh 5
thé hién dac tuyén cudng d6 dong dién qua cudn sG cap,
Hinh 6 cho thay dac tuyén suc dién dong tu cam trén trén
cudn sa cap, Hinh 7 thé hién dic tuyén nang lugng dién
cadm trén cudn so cap va Hinh 8 la thong s6 clia dac tuyén
nang lugng dién cdm trén trén cudn so cap theo téc do
dodng co.

C6 thé nhan thdy & hinh 7, nang lugng dién cdm trén
cudn sc cap bobin dat cuc dai tai thoi diém t, =7ms,
tuong Ung vdi thai diém transistor ngdt, sau d6 nang lugng
giam dan.

Gia tri nang lugng dién cam trén cudn so cap phu thudc
chu yéu vao thdi gian ngam theo biéu thuc:

1 U -ty
Wdc=EXL1X E(l—er) (13)

td:vde
120
T neXZ

R
Trong do:

T

tq: thai gian ngam dién (s).

Yq4: thai gian tich 10y nang lugng tuang d6i (s), xét hé
théng danh Itra thong dung v, = 2/3

T: chu ki danh Ia (s).

T hdng s6 dién ti.

n.: s6 vong quay dong co.

Z: s6 xylanh dong co.

Tuang Ung:

1 2
Weer (O = 7% Ly x (i(D)

1 U R, 120 \\?
= E X Ly X (ﬁ (1 —el1 Yxnexz)>

Khao sat dai téc dé dong co 750 + 6000(vong/phut)
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4. KET LUAN

Bai bdo da phan tich va xay dung phuong trinh nang
lugng dién cam trén hé théng danh Ia dua trén nguyén ly
hoat ddng va mé hinh vat ly cGa hé théng danh lia.

Qua phan tich, xac dinh rang nang lugng dién cam
trong hé théng danh Ia phu thuéc chi yéu vao hai théng
sO: cuding d6 dong dién qua cudn so cap va hé s6 tu cam
cla cudn sc cap.

Nédng lugng danh Itra c6 xu huéng gidam dan khi téc do
tang do tan sé danh Itra cao, thai gian ngam dién ngan anh
hudng dén gia tri cuc dai dong dién qua cudn so cap. Pac
tuyén mé phéng nang lugng dién cdm theo téc dé gop
phan dinh hudng cac nghién clu c6 co s& lua chon ving
téc d6 t6i uu trong diéu khién danh Ita hodc thu héi ndng
lugng dién cadm, tich ldy vao cac siéu tu dién va sé dugc
dung nhu mét ngudn nang lugng dién cam tai sinh theo xu
hudéng tuong lai.
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