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Mé dau
Chuong 1
TONG QUAN

1.1 Ly do chon @@ tai nghién ciru

Khi lam viéc, trén cudn so cip cua bobin xuat hién stc dién dong tu cam
e1=Wi(dd/dt) (ttr 100-300V) [1, 4]. Dién ap ty cam nay la nguyén nhan chinh gy hu
hong cac thiét bj dong ngit dong so cap (vit lra hay transistor cong suat) lam tiép
diém bi chay, rd hay lam hong transistor cong suét 1an cac linh kién dién tir khac va
lam kéo dai thoi gian triét tiéu dong dién qua cudn so cap cia bobin. Qua do, lam
giam gia tri cuc dai cua dién ap thir cip. Ngoai ra, sy phong dién ndy ciing gay nhiéu,
lam anh huong xau dén cac thiét bi dién va dién tr khac trén 6 to

Pé tan dung phan nang luong “thira” ndy, ta c6 thé tich liiy mot phan stc dién
dong tu cam trén vao mot tu dién va sir dung phﬁn nang luong nay cho cac lan danh
Itra sau. Nhu vay, ta vira dat duoc muc tiéu tiét kiém nang luong danh Itra, vira bao
vé duoc cho thiét bi dong ngét dong so cép khoi céc tac hai cua suc dién dong tu cam
trén, nang cao duoc chat luong danh lia trén hé théng va chdng nhiéu cho céc thiét
bi dién khac trén 6 to.
1.2 Cac két qua trong va ngoai nwéc vé linh vwre nghién ctru di cong bd
1.2.1 Cac két qua ngoai nuéc
1.2.2 Tinh hinh nghién ciru trong nuéc
1.2.3 Két luan — Pé xuat nghién ciru

Huéng nghién ctru phdi hop ca hai kiéu danh Itra dién dung - dién cam c6 sir
dung str dung mot phan ning luong tu cam (trong giai doan danh lira dién cam) cho
giai doan danh ltra dién dung chua dugc dé cap trén cac cong trinh nghién ciru trong
va ngoai nudc.
1.3 Muc ti¢u nghién ciru va mong muodn dat dwoc
1.3.1 Muc tiéu chinh ciia ludn an

Nghién ciru ching minh tinh kha thi cta hé théng danh lira hdn hop dién dung
va dién cam (HTDL) str dung bobin don: mot gidi phép tan dung nang lugng du triv
tur giai doan danh Itra dién cam, sur dung cho giai doan danh ltra dién dung. Qua dé
tiét kiém duoc nang luong st dung cho hé théng danh lura.,gidam 6 nhiém méi
truong va cac tac hai x4u dén cac thiét bi dién khac trén 6 to.
1.3.2 Mong muon dat duwgc
1.4 P6i twong, pham vi va phwong phap nghién ctru



1.4.1 i twong nghién ciu:

Hé théng danh lira sir dung trén dong co xang.
1.4.2 Pham vi nghién ctru

Khao sat, nghién ctru, m6 phdng, thuc nghiém va ché tao hé théng danh Iira truc
tiép str dung bobin don (mot bobin danh lira cho mot bugi) phdi hop giita hé thong
danh lira dién cam va dién dung (dung trén dong co 6 t6 bdn xylanh) c6 kha ning tich
lily mot phan ning luong tw cam trén cac bobin danh ltra dién cam va sir dung phan
nang luong nay cho qua trinh danh Itra dién dung.
1.4.3 Phuong phap nghién ciru

Luén an str dung phuong phap nghién ctru tham khao tai li€u, tinh todn, mo

phong va thuc nghiém kiém ching
1.5 Céc ndi dung chinh va duy kién két qua nghién ciru
1.5.1 Dw kién cac ndi dung trong dé tai
1.5.2 Dw kién két qua nghién ciru

Céc budc thuc hién trong luan an duogc thé hién theo so db nghién clru sau

Bang 1.1: Luu d6 nghién ciru
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Nghién ciru chimg minh tinh kha thi ctia hé thong danh lira hdn hop dién dung va dién
cam (HTPL) str dung bobin don: mot giai phap tan dung nang luong du trir tr giai doan
danh Itra dién cam, sur dung cho giai doan danh Itra dién dung. Qua doé tiét kiém duoc
ning lugng st dung cho hé théng danh lira.

NGHIEN CUU LY THUYET

Phan tich CSLT ctia HTDL hdn hop trén dong co danh Itra cudng birc nhiéu xylanh:

1. Khao sat dic tinh HTPL hon hop 02 giai doan danh lira: dién dung, dién cam

2. Xay dung mé hinh toan danh gia thong sb chinh ciia HTDL hdn hop

3. Xay dung nguyén tic thiét k&, lua chon cdu hinh tu phu hop HTPL hdn hop

4. Mo phong danh gia thong sb dic tinh chinh cia HTDL hén hop theo diéu kién van
hanh cua dong co




!

NGHIEN CUU THUC NGHIEM

Nghién ciru danh gia HTPL hén hgp trén dong co' thwe nghiém nhiéu xylanh:

1. Thiet ke ché tao va lap dat HTPL hon hgp trén dong co 04 xylanh;

2. Panh gia thyc nghiém dbi chimg thong sé dic tinh tiéu biéu (moment, TTNL,..) cta
dong co khi sir dung HTDL hdn hop va HTPL truyén thong, trong cac diéu kién van
hanh cu thé (tai va toc do thay doi diy rong).

I

KET QUA, BAN LUAN

Panh gia hai két qua chinh:

1. Panh gia kha nang thu hoi, tich liy strc dién dong tu cam phuc vu cho giai doan danh
Itra dién dung

2. Anh huéng ctia HTPL hdn hop dén tinh ning van hanh (thong s6 dic tinh ngoai tiéu
biéu) cua dong co cu thé

|

HTDL hén hop
dién dung- dién cam

Ghi cht: HTPL: Hé thong danh Lira, CSLT:Co s¢ 1y thuyét, TTNL: Tiéu thu nhién

lidu

Chuwong 2
CO SO LY THUYET

2.1Nhiém vu caa hé thong danh lira

2.2 Qua trinh chay trén dong co d6t trong ding nhién liéu xing
2.3 Céac thoéng sb chi yéu caa hé thong danh lira

2.3.1 Hiéu dién thé thir cap cwe dai Vo

2.3.2 Hiéu dién thé danh lira Va[1, 4]

2.3.3 Hé s6 dur trir Kat

2.3.4 Toc a6 bién thién caa hiéu dién thé thir cip S [1, 32]
2.3.5 Tan s va chu ky danh lira [1]

2.3.6 Thoi gian tich lity nang lwgng (1)

2.4 Nang lwgng danh lia

2.4.1 Phan tich nang lwgng cua tia lira dién [5,16]

2.4.2 Mt s c4c yéu té anh hwéng dén ning lwong danh lira



2.5 Hé thong danh lira dién cam [1,32]

Hé thong danh Itra dién cam TI (Transitorized Ignition system) dugc sir dung
pho bién trén 6 t6, ning luong danh lira dugc tich trir trén cudn diy so cap cua bobin.
So dd nguyén 1y hé thong danh lira dién cam dugc mé ta trén hinh 2.6.
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Hinh 2.6: So d6 nguyén 1y lam viéc hé thong danh lira dién cam [1,32]
Qua trinh danh Itra dugc chia lam ba giai doan
2.5.1 Giai doan tiing truéng dong dién so cap
2.5.2 Giai doan ngit dong dién & cudn so cap [1,32]
2.5.3 Giai doan phéng dién ¢ dién cwc bugi [1,4,32]
2.5.4 Uu, nhwoge diém cia hé thong danh Iira dién cam
Uu diém
- Thoi gian phong dién kéo dai (khoang 1 - 2,5ms) nén s& d6t sach hoa khi trong
xylanh & hau hét cac ché d¢ lam viéc ctia dong co [5, 6, 36]
- Khe hé bugi khong can phai chinh qua 16n nhu danh lira dién dung nén ting
tudi tho ctia bugi.[1]
- Hiéu suét str dung nhién liéu cao hon so véi danh lira dién dung.[1]
Nhuwoc diém
-Thoi gian tich lily ning lugng dai, nhét 1a khi dong co hoat dong & toc do thap
nén dé gay lang phi ning luong, dé gdy nong bobin, hong transitor.[1, 4,37]
- O téc do cao do khong du thoi gian ting truong dong so cip nén dién ap thir
cap s& giam. [1, 4, 37]
- Hiéu dién thé tha cr?ip tang trudng cham hon danh lira CDI, nén c6 hiéu sudt
lam viéc kém khi c6 dién tré ro & bugi.[1, 32, 37]



2.6 Hé théng danh lira dién dung

2.6.1 CAu tao va nguyén ly lam viéc cia hé théng danh lira dién dung (CDI-

capacitor discharged ignition)[32]

H¢ théng danh Itra CDI bao gém mot bg tao dao dong, bién ap, tu tich nang va

bd diéu khién qu4 trinh xa ning luong cta tu dién qua bobin danh ltra. Bén trong cum

CDI ¢6 bb tri mach kich, mach nay nhan tin hi¢u tir cam bién danh ltra dé diéu khién

trang thai hoat dong ctia cong tic chuyén mach.
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Hinh 2.12: So d6 khdi ciia hé théng danh ltra dién dung.
Nguyén ly hoat dong ciia hé thong danh lira CDI
Dong dién tir accu qua b tao dao dong tao ra cac xung 12V, nho su dong ngét

BUGI

nay ma & cudn thtr cap xuat hién cac xung dién 4p co gia tri khoang 300 - 400V. Céc

xung nay dugc chinh luu qua diode va nap cho tu tich ndng. Khi ¢6 tin hi¢u danh Iura,

thong qua mach diéu khién, cong tic chuyén mach (SCR) s& & trang thai mo. Luc

nay, nang luong tich luy trén tu dién s& dugc phong qua cudn so cip cua bobin danh

Iira va vé cuc 4m cua ty dién, diéu nay gitp tao ra dién ap cao (30.000-60.000V) trén

cudn thir cip ciia bobin danh lira, ning lwong nay duoc dua dén cac bugi dé dét chay
hoa khi bén trong cac xy lanh.
2.6.2 Uu, nhwoc diém ciaa hé théng danh lira dién dung

U'u diém

e Dic tinh danh lira hau nhu khong phu thudc vao toe dd dong co, vi tu dién c6 kha

nang nap rat nhanh va dugc tinh toan luén duoc nap day, & s6 vong quay cao nhat
cua dong co. [1,34,37]

e Hiéu dién thé tht cAp tang trudng nhanh nén ting dugc do nhay danh lira, khong

phu thudc vao dién tré ro & bugi.[1,4, 34]
e Hibu dién thé thir cip trén hé théng danh Itra dién dung (30kV- 60kV) 16n hon
trén hé thong danh It dién cam (7 - 40kV) [1, 34].



Nhuwoc diém

Thoi gian phong nap ctia tu dién 13 rat ngin nén thoi gian ton tai tia ltra bugi 14
rat ngdn, chi tir (0,1 - 0,3) ms [5, 38] nén:

e Hoa khi s& kho bén lira néu qua lodng. [1, 5, 32]

e Khe ho dién cuc bugi 16n (dé tang dién tich tiép xtc véi hdn hop) nén dién

cuc bugi mau mon [1, 32].

2.7 Strc dién dong ty cam

Nhu ta da biét, sy thay d6i tir truong quanh mot day dan sé tao nén mot sire dién
dong cam tng & trong day d6. Néu cho mot dong dién tri s6 bién d6i di qua mot day
dan day thi tir trudng chung quanh no s& bién doi va trong ddy s& phat sinh strc dién
dong cdm Ung

Chuong 3
KHAO SAT PAC TiNH - MO PHONG VA THUC
NGHIEM HE THONG PANH LUA HON HQP PIEN

DUNG - PIEN CAM
3.1. Xay dwng mé hinh toan cho hé théng danh lira hdn hop
3.1.1 Giéi thiéu mé hinh danh lira hdn hop

ECU Piéu Khién Pdng Co

IGT 1 IGT 2 IGT 3 IC-‘;T4

Mach
Kich

SCR
BOBIN 4 BUGI 4

BOBIN 1 BOBIN 2 BOBIN 3

JT_BAT
12V

Hinh 3.1: M hinh nguyén 1y 1am viéc cta hé théng danh lira hdn hop dién
dung - dién cam (su dung cho dong co 4 xy-lanh)

Hé théng danh Itra hon hop (trén Hinh 3.1), bao gdm hai giai doan lam viéc: giai
doan dénh Itra di¢n cdm va giai doan danh lira dién dung. o) giai doan dénh Itra di¢n
cam, ECU dong co sé& diéu khién qua trinh danh ltra cta cic t6 may 1, 2, 3 (d4nh loa
dién cam), thong qua cac tin hiéu IGT1, IGT2, IGT3. Nang luong tu cdm “thwra” trén



cac BOBIN1, BOBIN2, BOBIN3,... s& duoc tich lily vao cac tu C1, C2, C3. O giai
doan danh Itra dién dung, tuong Ung véi thot diém lam viéc cua td may 4, tin hi¢u
IGT4 s& diéu khién SCR mé. Nang lugng tich Iy trén cac tu C1, C2, C3 s€ dugc giai
phong dén cudn diy so cap ctia BOBIN 4, tao ra qua trinh danh lira & t6 may 4.
3.1.2 Cac ly luan xay dwng mé hinh tinh toan

Nham don gian hoa qué trinh tinh toan nhung van cho phép xac dinh tét nhat
cac dic trung cua mach danh lira hon hop:
a. Khong xét dén anh huong caa dong dién tha cap i, (tia lta dién trén bugi) 18n mach
S0 cap.
b. Khong xét dén cac ton hao tir thong, ton hao trén dién trd mach tha cap trong qua
trinh tinh toan.
c. Khong xét dén qua trinh chuyén doi nang luong dién thanh nhiét o tia lira dién.
d. Khong xét dén vai trd cia diode D trong qua trinh tinh toan dé giam bét dac tinh
phi tuyén ciia mach danh lira. Dap tng cia mach danh lira hdn hop thyc té (cu thé 1a
dién &p trén tu C1) co thé duoc suy ra tir dap tng tinh toan khéng cé diode D.
e. Pap tmg qua do sau khi duoc tinh todn tir md hinh s& duoc hiéu chinh bang cac hé
s6 thuc nghiém.
f. Tai thoi diém ngat dong so cap stc dién dong tuw cam xuat hién rat 16n so véi dién
&p accu. Vi vay c0 thé gia thuyét 1 dién &p trén mach so cap xap xi vai stc dién dong
tu cam.

Trong nghién citu nay, md hinh toan caa mach danh ltra hdn hop nhu biéu dién
& cac hinh 3.3 va 3.4 duoc xay dung qua 2 budc:Budc 1: xay dung mé hinh todn cua
mach danh lira hdn hop st dung cac gia thiét trén. Budc 2: hiéu chinh md hinh toan
véi cac hé sb thuc nghiém.
3.1.3 Xay dung mé hinh toan cia hé théng danh lira hdn hep
3.1.3.1 Cé4c tinh toan hé thong danh lira hdn hop - giai doan danh lira dién cam
3.1.3.2 Giai doan tich liiy nang lugng
3.1.3.3 Giai doan ngit dong dién so' cap
3.1.3.4 Panh gia tan sé caa i1(t) va Vi(t)
3.1.3.5 Nhan xét: Pap tng quéa do cia dong dién so cap i, tir sau thoi diém ngat dong
SO cAp

i,(t) = ae** cos(yt) + ze**sin (yt) (3.9
Strc dién dong tu cam xuét hién trén cudn so cap V; tir sau thoi diém ngiat dong so
cap
Vi(t) = —L;[(ax + zy)e** cos(yt) + (xz — ay)e** sin(yt)] (3.10)



Tansé coa Va(t) vaiat) twys =y = |d —% (3.12)

Chu ky dao dong cua hé:
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3.2 Hiéu chinh mé hinh toan caa hé théng danh lira hdn hop véi cac hé sb thuc
nghiém

M6 hinh toan cho hé théng danh lira hdn hop, vi thé can st dung cac hé s6 hiéu
chinh dé c6 thé mo ta chinh xac hon dap (ng cua hé théng danh lira trong diéu kién
thuc té (c6 danh lra va cac ton that nang luong di néu), cu thé:

i,(t) = ap[aePo* cos(yt) + zePo*t sin(yt)] (3.14)

Vi (t) = —aoLi[(Boxa + zy)ePot cos(yt) + (Boxz — ay)ePo*t sin(yt)]  (3.15)

Trong d6: a, dic trung cho su syt giam cua i; va Vy; va 8, dic trung cho sy tat
dan nhanh hon cua i; va V;.
3.2.1 Kiém chitng tinh hop 1é va dé chinh xac ciaa mé hinh toan cho hé théng
danh lira hén hep da xay dung
3.2.2 Pap tng dong dién so cip i, va dién ap so cap V4 thuc nghiém

v

Hinh 3.5: Bap ung thuc nghiém cia mach danh lira hdn hop - dong dién so cap i,
va stre dién dong tu cam Vi



3.2.3 Pap trng dong dién so cip i, va dién ap so cap V, tinh toan tir md hinh
3.2.3.1 Pap &rng tinh toan tir mo hinh
3.2.3.2 Pap &ng tinh toan tir mo hinh hiéu chinh

Cac phuwong trinh i1(t) va Vi(t) sau hiéu chinh

i,(t) = 0,7[ae>* cos(yt) + ze>* sin(yt)] (3.16)
V,(t) = —0,7L,[(5xa + zy)e®*t cos(yt) + (5xz — ay)e®*t sin(yt)] (3.17)
<’ S
0 -I[-)I(’)]D(‘;i Oian {S:(H 0.015 o -UI-O;;Sc‘)’i Gian (8201 0.015
Hinh 3.8: Bap tng tinh Hinh 3.9: Bap ung tinh toan
toan dong dién so cap i, dién ap so cap V;

3.2.3.3 Panh gia d chinh xac ciia mé hinh danh lira hdn hep da xay dung
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Hinh 3.10: So sanh cuc dai Hinh 3.11: So sanh cuc dai
suc dién dong tu cam Vim theo cuong do dong dién iim theo ly
ly thuyét va thuc nghiém & cac thuyét va thuc nghiém & cac
thoi gian tich lily nang luong thoi gian tich Iy nang lugong
s0 cap t4 khac nhau. s0 cap t4 khac nhau.



3.3 Ham truyén ciaa hé théng danh lira hén hep
Ham truyén cua hé thong thé hién mdi quan hé gitra dién ap nap tu Vim Véi thoi gian
tich Iily nang luong tz. Quan hé nay duoc biéu dién bai hinh 3.13.

168

164.5

164

Vim (V)

1635

1631

1626

Thoi gian tich Ity nang lwgng ta (s)

Hinh 3.13: Quan hé dién ap nap tu Vlm va thoi gian tich lily nang luong ts

Tir quan hé nay ta thay khi ting thoi gian tich liy nang luong ts, dién ap nap tu
s& ting. Luc ndy, ning luong tich liiy trén tu Ci S& ting theo (Wau = C Vi, /2).

3.4 Khao sat anh hwéng cia cac thong so trong hé thong dén dic tinh hé thong

danh lira hén hop

3.4.1 Anh hwéng cia tong tré mach so cap R dén gia tri Vi (t), ix(t)

3.4.2 Anh huéng cia hé s6 tw cam L; ctia cudn so cap dén dic tinh hé thong

3.4.3 Anh hwéng ciia dung lwong tu C; dén dic tinh hé théng

3.4.3.1 Anh hwéng cia dién dung C; dén thoi gian tich liiy ning lweng dién dung

3.4.3.2 Anh hwéng cia dién dung tu C; dén dién ap so cAp cue dai Vim va dién

ap thir cap cwe dai Vo

3.4.3.3 Anh hwéng cia dién dung tu C; dén ning lwong danh lira dién cam W,
va nang lwong danh lira dién dung Was

Theo dinh luat bao toan ning lugng (néu khong ké dén cac mat mat) ta co thé
dua ra phuong trinh sau: W= Was + Wac (3.21)

Trong d6: Wi: Nang luong tich lily trén mot cudn so cip cua bobin danh lira
dién cam & cudi giai doan tich lily ning lwong. Was: Nang lugng tich liy trén tu dién
o0 mach déanh Itra di€n cam (phuc vu cho giai doan danh lra dién dung). Wa.: Nang
lugng con lai phuc vu dénh Itra dién cam
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Hinh 3.22: Sy thay doi cta nang luong tich liy trén cudn so cap cua bobin Wy,
nang lugng tich liy trén tu dién Wa va nang luong phuc vu danh
Itra dién cam W, theo dién dung cua tu C;

Ning luong trén ty s& dugc tich lity dén gi tri Was = C,V2/2, phan ning luong
nay s€ phuc vu cho qua trinh danh Itra dién dung. Nhu vay, nang lugng con lai phuc
vu cho giai doan danh Itra dién cam s€ béng gia tri Wae = Wi-Waa

Str dung cac s6 lidu cia Bang 3.1, tinh todn dugc cac gia tri nang lugng Wi, Waa,
Wae (trén mot bobin), thé hién trén d6 thi Hinh 3.22.

Tu dién C; trén mach khong tham gia vao qua trinh tang truédng cia dong dién
di qua cudn so cip. Vi vay, khi gilt nguyén cac théng sd cua cudn diy so cap cua
bobin (d4nh ltra dién cam), dién ap ctia hé thong V= 12,6V va thoi gian tich lily ning
luong tz (tamin = 3,5 ms). Nang luong tich lily trén mot cudn so cip ciia bobin danh
lira dién cam & cudi qua trinh tich ity ning luong (dong dién is dat gia trj cuc dai)
Wi =36,6ml].

Waa: Nang luong tich iy trén tu dién C; & mach danh lra dién cam (W
= C, V2, /2s8 dat gia tri cuc dai tai mot gia tri dung luong nhét dinh cua ty, sau d6
giam dan (khi ting dung luong tu C)).

Wae: Nang lugng con lai phuc vu cho giai doan danh Itra dién cam Ws = W;-
Waa. . Wae c6 xu hudng nguoc lai voi dién bién ciia Wa.
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3.5 Co sé lwa chon cdu hinh hé théng danh Lira hdn hep va dung lwong tu pho
hop

WL —tg= 3,5ms
—— Wy — cau hinh 3/1
—— Wy — cau hinh 2/1
—— Wy — cau hinh 1/1 ii . — . |
. 0:° 0.5 1 1.5 2 25 3
= = Wy —cau hinh 1/1 i i

Nang lwgng danh I&ka W ( mJ)

19 |
| |

28\ -

Dién ap danh Itra cyc dai Vom (V)

ol | 0.5 1 15 | 2 25 3
] Dién dung ¢la tu Ci (UF)
D-lvong tu C1- CH 2/1=0,15- 1,75 pF I < >

|

D-lwong tu Ci- CH 3/1=0,05- 1,75 pF « >
Hinh 3.23: Hé thong d6 thi phuc vu xéac dinh dung luong tu C:
trén hé thong danh lira hdn hop

3.5.1 Gigi thiéu cac cau hinh hé théng danh lira hén hop

Cau hinh hé théng danh lta hdn hop dugc dic trung bai hé s6: N/1. Trong do:
N 1a s6 bobin danh lira dién cam dugc dung dé nap niang lwong cho mét bobin danh
ltra dién dung. V&i cau hinh 1/1 (N=1), qua két qua khao sat anh huéng cua Ci dén
cac nang lugng danh Itra (n6i dung 3.3.2.3), nang luong phuc vu danh Itra dién dung
W.q cang 16n, thi nang luong dién cam cang giam. Bé dam bao tia lira dién cam c6 du
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ning luong dbt chay hoa khi, ning luong danh cho danh ltra dién dung Was c6 thé

khong du dé dét chay hoa khi. Do vay, cac cau hinh 2/1 hay 3/1 ¢6 thé duoc sir dung

dé khic phuc tré ngai ndy. Tuy nhién, néu N cang Ién thi hiéu qua tiét kiém ning
lugng cang giam.

Bén canh d6, gié tri tu C1 ¢6 anh huéng dén kha ning hinh thanh tia lta dién
ban dau, thé hién qua dién &p cuc dai & cudn thir cap Vam (ndi dung 3.3.3.2)

Vi vay, vai mot dong co co sd xi-lanh M cu thé, chon lua cau hinh N/1 va dién
dung tu C1 phu hgp cd y nghia quan trong, dam bao luén hinh thanh dwoc tia lira dién
ban dau va ning luong phai du 16n dé dbt chay hoa khi & ca hai giai doan danh lua
dién cam va giai doan danh ltra dién dung, gitip dong co hoat dong on dinh véi ton
that nang luong cho hé théng danh lta thap nhat.

3.5.2 Xac dinh dai dung lwong caa tu C; phi hep cho hé thong danh lira
hén hop

Dung luong cua tu Ci sir dung trén hé thdng danh lira hdn hop phai thoa mén
ddng thoi cac yéu cau sau:

1 Dién ap thir cAp Vam phai da 16n dé cé thé cé thé hinh thanh tia lira phong qua hai
dién cuc cua bugi, Vam > Vaim = 15KV. (V6i dong co xing danh lira tryc tiép, c6 hé
du lwong khong khi A ~1 dién ap danh lira yéu cau tir: Va = 6 - 14kV) . Do vay voi
Vaiim hé s6 du trit nang luong Ky, = VVZ—d"; ~ 2,5.

2 Bao dam du nang lugng danh lua ca hai giai doan danh Itra dién dung va danh lta
dién cam dé d6t chay duoc hoa khi. Nang lugng danh Itra ¢6 gid tri tbi thiéu phai dat
Wiim = 15mJ [6]. Tuy nhién, dé c6 phan ning luong du trit, ta chon gié tri 20 mJ.

Vi cac y8u cau da néu va cac thong s tir Bang 3.1, qua hé thong db thi trén

Hinh 3.23 ta nhan thay:

- CAu hinh 1/1 khéng phi hop, vi nang lugng tich liy trén tu dién Waa < Wiim =
20mJ, khong thoa man nang lugng danh Itra cho giai doan danh Itra dién dung.

- Pé thoa yéu cau 1, cau hinh 2/1 ¢6 thé chon dung lwong cua tu ¢ gia tri: 0,15-
1,75 pF. Trong dai dung lwong cua tu nay, cac gia tri 2Waq va Wae > Wiim =
20mJ, thoa man nang lugng danh ltra cho ca hai giai doan danh Itra: dién cam va
dién dung. Cau hinh 2/1 c6 thé st dung phd hop cho dong co 3 hoic 6 xy-lanh.

- Pé thoa yéu cau 1, cau hinh 3/1 ¢6 thé chon dung lwong cua tu c6 gia tri: 0,05-
1,75 yF. Vi Trong dai dung lugng cua tu nay, cac gia tri 3Wa va Wae > Wiim =
20mJ, thoa man nang luong danh Itra cho ca hai giai doan: dién cam va dién dung.
Cau hinh 3/1 co thé sir dung phu hop cho dong co 4 hoic 8 xy-lanh.

3.6 C4c tinh toan hé thong danh lira hdn hop — giai doan danh lira dién dung
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3.6.1 M6 hinh tinh toan

Tinh toan co thé sir dung mé hinh mach R-L-C (Hinh 3.24) trong d6: Ca: Tu
dién c6 dién dung tuong dwong cta ba tu C1, Cz, Cs (3UF), S: Cong tic dong/mé thé
hién hai trang thai dong/ngit ctia SCR, La: Hé s6 ty cam ctia cudn so cap ctia bobin
danh ltra dién dung, Rq: Téng tré cia mach so cép danh ltra dién dung, bao gém:

dién tr¢ cua cac linh kién, dién tré cudn so cap bobin 4, dién tr¢é ctia cac moi noi,. ..

/3

t
Ca = O g L

MWV
Rd

Hinh 3.24: M6 hinh tinh toan hé thong danh lira
hdn hop - giai doan danh Itra dién dung

3.6.2 Xdy dung phuwong trinh tong quat cwong d6 dong dién id(t), sire dién dong
tw cam eq(t).

Nhu d3 trinh bay ¢ phan 3.1, sau qua trinh danh Itra dién dung trén trén cac bobin
1, bobin 2, bobin 3 ning luwong ty cam s& duoc tich liy lan luot trén cac tu C1, C2,
C3 (hinh 3.1). Céc tu trén s€ dugc tich dén gia tri Qo

Dua vao mo hinh tinh todn manh danh Itra dién dung (hinh 3.24)

Ta c6 thé xay dung phuong trinh can bang niang luong trén mach:

— _1 Q2 1 )
W =Wz + Wiy —Ea-l-ELd lg (3.24)
Taco: iy(t) = Quw'e Y sin w't + (ﬁ) cos(w't)] (3.34)

X4y dung phwong trinh tong quat strc dién dong tw cam trén cudn so cap eq(t)
Phuong trinh tong quat cta strc dién dong tu cam dugc viét dudi dang

eq(t) = =Ly T4 (3.35)

Tién hanh dao ham phuong trinh (3.34) ta duoc:
2

di _ .
Lgt(t) = Qow'e™ " [(oo’ — %) cosw't — 2y51n(o’t]

2

S ey (t) =Ly Quw'e™t [(oo’ — %) cosw't — 2ysinw’t] (3.36)
3.6.3 Khio sat cac dic tinh hé thong danh lira hdn hop — giai doan danh lira dién
dung
3.6.3.1 Cwong do dong dién iq (t) va strc dién dong tw cam eq (t)
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3.6.3.2 Panh gia anh hwéng tong tré Ry dén cwong dd dong dién iq (t) va sire dién
dong tw cam eq (t)
3.6.3.3 Panh gia dnh hwéng ciia hé s6 tw cam Lq dén cwong dd dong dién ig(t) va
strc dién dong eq(t)
3.6.4 Nhan xét

Dua vao cac tinh toan di néu, tic gia da dé xuit dugc biéu thire tinh toan cudng
d6 dong dién ia(t) va strc dién dong tw cam eq(t) trén cudn so cip bobin hé thong danh
Itra hdn hop - giai doan danh lira dién dung, Cac mé phong cho thiy, khi ting gia tri
dién tré ciia mach Rq, ton that ning luong ting, 1am giam gia tri cuc dai ciia cudng
d6 dong dién idmva stc dién dong eam. Khi thay d6i hé sb ty cam trén bobin danh lira
dién dung L4, &nh huong rat it dén gia tri cuc dai cua strc dign dong tu cam eq. Tuy
nhién, gia tri cuc dai ctia cuong d6 dong dién iq s€ giam khi Lg tang.
3.7 Két luan chwong 3

e M0 hinh tinh toan di x4y dung cho hé thong d4nh Itra hdn hop dién dung-
dién cam cho phép biéu dién diing dic trung cac dap ung caa hé théng, dong thoi cho
phép xac dinh cac théng s6 mach vai do chinh xac cao (sai léch véi thuc nghiém
<7%). Biéu nay ching to rang, phuong phap xay dung md hinh toan cho hé thng
danh Itra hon hop da dé xuat 1a ph hop.

e M5 hinh toan da xay dung cho hé thong danh Itra hdn hgp mang tinh tong
quat, va cd thé dugc hiéu chinh dé xap xi hé thong danh ltra hdn hop cu thé bang cach
st dung céc hé sb hiéu chinh phu hop.

e MO0 hinh toan da xay dung cho hé thong danh lira hdn hop, cé thé duoc st
dung dé xac dinh chinh xac cac théng sb dic trung cho hé thdng danh lra hdn hop
nhu W, Was va Wy.. Qua d6, gitip thiét ké hé thong danh Itra hdn hop dién dung -
dién cam.

e Xay dung duoc co so lua chon cau hinh hé théng danh lira hdn hop va dung
lwong tu pht hop ddi véi mot dong co cé M xy-lanh.

e Panh gia duoc anh hudng cua cac thdng sé ciu thanh hé thdng danh lira hon
hop dién dung - dién cam dén cac dic tinh cia hé thong ¢ ca hai giai doan danh lira
dién cam va danh Itra dién dung.
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Chwong 4
CHE TAO MACH PANH LUA HON HQP PIEN

DUNG- PIEN CAM
4.1 Khao sat h¢ thong diéu khién danh lira trén dong co TOYOTA 1NZ-FE theo
thiét ké ciia nha ché tao
4.1.1 Gi6i thiéu vé hé thong diéu khién dong co
4.1.2 Nguyén 1y 1am viéc ciia hé thdng danh lira sir dung trén dong co
TOYOTA 1 NZ-FE
4.1.3 B¢ danh lira
4.1.4 Piéu khién dong dién qua cudn so cip cia bobin
4.1.5 Tin hiéu danh Iira IGT- Ignition timing
4.1.6 Tin hiéu hoi tiép IGF
4.1.7 So @0 mo ta hé thong danh lira theo thiét ké ciia nha ché tao trén dong co
TOYOTA 1 NZ-FE
4.2 Ché tao mach danh lira hon hop dién dung - dién cam
4.2.1 Co 6 1y luan khi ché tao mach danh lira hén hop

Duya vao hé théng danh lira dién cam do may tinh diéu khién nhu thiét ké ban
dau. Viéc ché tao hé théng danh Itra hon hop s€ gitr lai cdc cum chinh nhu:

- ECU cuing cac hé thong cac cam bién. Nhu vay, cac tin hiéu diéu khién danh lta
IGT dén ting b danh Itra s€ dugc ddm bao nhu thiét ké cua nha ché tao.

- Céac bobin danh lira dién cam va b danh lira cia dong co INZ-FE bd tri thanh
cum, do khong két ndi duoc tu dién v6i cudn so cép nham tich lily nang luong
tu cam nén s& thay thé bang bobin sir dung trén dong co TOYOTA 1MZ-FE.

- Thiét ké thém hé thdng mach danh lira dién dung.

- Nhiam bao dam tin hiéu phan hdi IGF nhu di trinh bay & phan 4.1.6, hé thong
danh lira hdn hop dién dung- dién cam phai thiét ké thém mach tao tin hiéu IGF.

4.2.2 Xac dinh dung lugng tu C;

Déi voi hé thdng danh lira hdn hop ap dung trén dong co 4 xy-lanh TOYOTA
INZ-FE, ngudi nghién ciru 4p dung céu hinh 3/1 (3 bobin danh Iira dién cam va 1
bobin danh Iira dién dung). Nhu vay dai dung luong cia tu théa cac yéu ciu (trong
phan 3.4.2), ¢6 gié tri: 0,05- 1,75 pF.

Dung lugng cta tu Ci1 dugc chon, co6 gia tri1 1uF. Tai gia tri dung lugng cua tu
nay, nang lugng dién cam Wg. = 23, 45mJ (> 20m/), trong khi nang Iuwgng danh lua
dién dung tich ldy trén 3 tu s€ l1a 3Was = 3.13,15= 39,45mJ (> 20mJ — xem Bang
4.1), dong thoi dién ap danh lira cuc dai Vom= 18KV> Vaiim = 15KV (xem hinh 3.21).
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V& mit ning luong, lya chon nay thoa man: yéu cau (1) - hinh thanh tia lira dién cao
ap va yéu cau (2) - bao dam du ning luong danh ltra ca hai giai doan danh lira dién
dung va danh ltra dién cam dé d6t chay duoc hoa khi (xem phan 3.5.2). Céc tinh toan
nang luong trén twong ung voi thoi gian tich lily nang lugng nhé nhét t; =3, 5 ms -
tuong ing voi tc do 16n nhat cua dong co. Khi giam téc dd dong co, cac ning luong

tich lily twong Ung s€ tang Ién (xem Bang 4.1)

4.2.3 Nguyén 1y 1am viéc ciia hé théng danh lira hén hep dién dung - dién cam

(sir dung cho dong co 4 xy-lanh)

4.2.4 Ché @) danh lira dién cam

4.2.5 Ché @9 danh lira dién dung

4.2.6 Mach tao tin hi¢u IGF

4.2.7 Khio sat sirc dién dong trén hé thong danh Iira hdn hop

4.2.8 Uéc lwong tudi tho ciia mach danh lira hon hop dién dung — dién cam

Mach danh lira hon hop dién dung - dié€n cam duoc thiét ké dua trén céc céac
bod phan ctia mach danh Itra cia hang va phén mach thiét ké mé&i. Tudi tho ctia mach
duoc udc lugng T~ 2709 gio.

4.3 Két luan chwong 4
Tur nhimg dic diém trong thiét ké, ché tao va nguyén ly hoat dong cua mach danh

ltza hdn hop dién dung-dién cam c6 thé dua ra cac nhan xét sau:

- Do sir dung céc tin hiéu diéu khién thoi diém danh lta (IGT) tir hé thong diéu
khién dong co, véi tat ca cac dic tinh sin c6 cua hé théng, nén c6 thé bao dam
dugc cac tinh nang cua hé théng danh lira nhu: thoi diém danh Ita va kha niang
tich litly ning luong (théng qua gid tri t7) ciia hé théng khi 1am viéc.

- Hé théng chi sir dung ning lugng tir cac tin hiéu danh lta (IGT) dé diéu khién
mach hoat d6ng, ma khong can st dung thém ning lugng tir bén ngoai. Vi viy,
bao dam tinh tiét kiém nang luong theo y tuong da dua ra.

- Trong qua trinh 1am viéc. cac chi tiét trén hé thong danh lira s& chiu anh hudng
ctia nhiét do cao trong qua trinh lam viéc ctia dong co. Cac chi tiét nhu bobin va
transistor T1-3 dugc stir dung cac linh kién theo hdng. Ngoai ra, cac linh kién ban
dan st dung trén hé théng danh lira hon hop di¢n dung - di¢n cam, c6 nhiét do
lam viéc théa man nhiét do khoang dong co (xem chi tiét tai Phu luc 4).

- Thém vao do, trong trudng hop bd tri hé théng danh lira hdn hop trong khoang
dong co, cac thong sd chinh anh huong dén kha ning tich lily ning luong trén
mach thay d6i gia tri (xem bang 4.2). Tuy nhién, ning luong phuc vu cho qua

trinh 1am viéc cua hé thong van thoa man cac yéu cau dit ra (xem bang 4.3).
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- Tubi tho ctia hé théng phu hop vé6i yéu cau chung cua cac hé théng trén 6t0
- Két cau ciia toan mach don gian, linh kién d& kiém, kich thuéc mach nhé gon c6
thé bd tri va 1ap dat dé dang trong khoang dong co hoic trong khoang hanh khach.
H¢ théng danh Ira hon hop dién dung - dién cam dugc thuc hién trong luan an
dap ung duoc yéu cau tiét kiém ning luong, 1am viéc 6n dinh, c6 tudi tho dap tmg
duoc yéu cau lam viéc cua dong co.
Chuwong 5
THUC NGHIEM VA PANH GIA KET QUA

5.1 Thwe nghiém danh gia hiéu qua lam viéc ciia hé théng danh lira hdn hop dién
dung - dién cam
5.1.1 N¢i dung thuc nghiém

- Xay dung cac duong dic tinh thé hién cong suét co ich Ne = f(n) va moment co
ich Me= f(n) theo s6 vong quay tai cac vi tri tai 20%, 35%, 50%, 75%, 100% khi sir
dung h¢ théng danh lira dién cam theo thiét ké ban dau va khi str dung hé théng danh
Itra hon hop dién dung - dién cam.

- Xay dung cac dic tinh lwong tiéu hao nhién liéu theo gio Gn (g/h) va suit tiéu
hao nhién liéu ge (g/kW.h) tai vi tri tai 100%, khi str dung hé thong dénh lira
dién cam va khi st dung hé théng danh lira hon hop dién dung - dién cam.

- Panh gia chat lugng khi thai ciia dong co khi sir dung hé thong danh It dién
cam va khi st dung hé théng danh 1tra hon hop dién dung - dién cam.

5.1.2 Pdi twong thwe nghiém

5.1.3 Cac yéu cau ddi v6i thiét bi thwe nghiém

5.1.4 Trang thiét bi thue nghiém

5.1.5 So @6 b tri trang thiét bi thi nghiém

5.2 Cac qui trinh thwe nghiém

5.2.1 Xac dinh dic tinh Momen c6 ich (Me= f(n) va cong suit c6 ich (Ne)= f(n)
5.2.2 Xac dinh lwong tiéu nhién liéu theo gio' (Gn)) va suit tiéu hao nhién liéu
riéng (Qe)

5.2.3 Panh gia chit lwgng khi thai

5.3 Két qua thwe nghiém va nhan xét

5.3.1 Pic tinh cong suit c6 ich Ne= f(n) va moment c6 ich Me= f(n)
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thong danh lira (HTPL) nguyén thay va HTPL hdn hop dién dung - dién cam

Tir do thi ta thdy, dong co sir dung hé thong danh lira (HTDL) theo thiét ké cia
nha ché tao, cong sut co ich cuc dai dat 16,3 kW tai 3.250 vong/phat, moment c6
ich cuc dai dat 72,4 Nm tai 1.000 vong/phdt (cac duong Cong suat NT va Moment
NT). Khi dong co str dung hé théng danh lira hdn hop dién dung - dién cam: cong
sut ¢6 ich cuc dai c0 gid tri 16,6 kW tai 3.280 vong/phit, moment c6 ich cuc dai c¢6
gia tri 72,1 Nm tai 1.000 vong/phut (cac dudng Cong suat Hon hop va Moment hdn
hop). Ngoai ra, & vi tri buém ga 20%, khi cang ting s6 vong quay dong co, ton that
trén duong ong nap ting, 1am luong khi nap thuc té giam xudng, ddn dén moment co
ich ctia dong co dat cyc tri tai s6 vong quay nho nhat.
Ché dd 100 % tai

70 119
g 60 102
é e
<” ® 5
O
o @ 'S
- £
w30 51 @
7 IS
® 20 == (Ana suat NT u O
g £ x =
c CAna s11at hAn
<O

—_
o

Mament NIT 17

Moment hdn hop
0

C

0 1000 2000 , 3000 4000 5000 6000 7000
Téc d6 déng co (vong/ phat)
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Db thi 5.7 cho thiy rang dong co khi str dung hé thng danh lira nguyén thay c6
cong suét c6 ich cuc dai dat gia tr1 64,8 kW tai 5.850 vong/phut va moment dat cuc
dai 111,9 Nm tai 2750 vong/phit (cac duong Cong suat NT va Moment NT trén hinh
5.7). Khi dong co hoat dong voi hé théng danh lra hon hop dién dung - dién cam,
cong suét c6 ich cuc dai cua dong co dat gia tri 64,6 kW tai 5.860 vong/phut va
moment c6 ich cyuc dai c6 gia tri 112,3 Nm tai 2750 vong/phut (cac dudng Cong suit
Hon hop, Moment hon hop trén hinh 5.7).

Thuc hién so sanh cho théy, cac sai léch vé cong suét dinh Nemax VA& momen
Memax ciia dong co khi str dung hé théng danh Itra dién cam va h¢é théng danh Ira hon
hop dién dung - dién cam la khong dang ké. Tuy nhién, do dong co thyc nghiém da
qua st dung nén cd hai gia tri Ne cuc dai va Me cuc dai, khi st dung hé¢ théng danh
lira nguyén thity va ca khi str dung hé thong danh Itra hdn hop dién dung - dién cam
c6 gia tri nhé hon khoang 20% so véi gié tri ciia nha ché tao cong bé (xem bang 5.1).
Diéu nay cho thay ning lugng ty cam tich lily trén cac bobin danh lira dién cam du
16n dé thuc hién viéc hinh thanh va duy tri tia lira nham d6t chay hdn hop ¢ to may 4
(thyc hién danh Itra dién dung)
5.3.2 Panh gia tiéu hao nhién liéu ciia dong co khi siv dung hé thong danh lira
hén hep dién dung - dién cam

25000 - : 350

20000

z
~
= 15000 200 ;
O) X
N—’ > —
= 150 @
C'): 10000 ~
P — (]
G N:I' 100 &
5000 G.. hon hon
a. NT 50
ge hén hop

0
0 1000 2000, 3000 4000 5000 6000 7000

‘ Téc dd déna co (vona/phdt)
Hinh 5.8: D06 thi luvong tiéu hao nhién liéu theo gid (Gni) va

suét tiéu hao nhién liéu riéng (ge)
Trén hinh 5.8 thé hién luong tiéu hao nhién lidu theo gio va suét tiéu hao nhién
lidu riéng khi thuc hién phép do tiéu hao nhién liéu tai vi tri tai 100%. Cac két qua
cho thdy suat tiéu hao nhién liéu riéng dat gia tri nhd nhat gemin= 223g/ kW.gio tai
tbc d6 dong co = 2.500 v/phdt (luong tiéu hao nhién liéu ctia dong co dat gia trj dat
gia tri Gni=15,7 kg nhién liéu/gio). Cac khac biét v& tiéu hao nhién liéu khi thuc hién
d6i sanh khong thé hién 13 trén d6 thi khi tién hanh thyc nghiém.
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Téng ning luong cung cip cho mot 1an lam viée

Ws = W, + W, (5.2)
Wh: Nang Iuong tiéu hao do tda nhiét trén bobin duoc tinh [1, 32]

W, = ["i.R,.dt (5.3)
WL: Néang luong du trit cho danh Itra dién cam duogc tinh theo biéu thure sau:

w, = i (56)

2
Téng nang luong tiéu hao cho mot bobin trén hé¢ thong danh lira dién cam
trong mot gio trong tng véi téc d6 dong co cho & bang 5.2 duoc tinh nhu sau:
Wsin = Ws.60 % ) (5.7)
ne: Toc d6 dong co (vong/phut)
Khi khong thuc hién danh lira dién cam, ta sé tiét kiém duoc luong ning
lugng Ws,, (trong mot gio).
Céc nghién ctru cho thay: Hiéu suat dong co: 77e = 0,2 - 0,35 [27,28], Hiéu suét
bd truyén dai thang: na = 0,95 - 0,96 [48], Hiéu suat may phat: 7p = 0,4 - 0,65 [3],
Hiéu sut dc-quy: #a= 0,75 - 0,9 [49], Hiéu suat tong cong: s = nenanpija = 0,057 -
0,1966.
bat Nymin = 0,057 Va Nsgmaer = 0,1966
Nang luong tiét kiém (We) duoc khi tinh dén sy tén hao qua duong truyén
nang lugng cho ¢ bang 5.3, duoc tinh theo biéu thirc (5.8).

W, = Wsin (J) (5.8)
Nz
Nhu vay: Ning luong tiét kiém 16n nhat: Wy,,q, = :/mh
Imin
. A s 1.4, —_ Wsin
Nang luogng tiét ki€ém nho nhat: W,,,;, =
N=max

Pbi v4i nhién lidu xing ta c6 Qu = 44 MJ/Kg [27]. Luong nhién liéu qui doi
tiét kiém dugc trong 1 gio, tir viéc tiét kiém nang luong danh lra dugc cho ¢ bang

5.3 duoc tinh theo biéu thic sau:

W,.1000
Gtk = On (9) (5.9

Trong d6: Gni: Luwong nhién liéu tiét kiém (g), Qu: Nhiét tri thap ctia nhién liéu (J/kg)

We: Ning luong tiét kiém (J)

Bang 5.4: Lugng nhién lidu qui d6i tiét kiém dugc trong mot gio khi
sir dung hé théng danh lira hdn hop dién dung - dién cam
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T/ d) dong co | Wemax (J)/ . Gnitkmax Ghltkmin

(vong/phut) gidy Wemin () 810" | oiey) (/gi®)
1.000 287.150 83.253 6,53 1,89
2.000 530.500 153.810 12,1 35
3.000 708.690 205.470 16,11 47
4.000 829.830 240.590 18,86 5,47
5.000 965.730 279.990 21,95 6,36
6.000 1.073.600 311.250 24.4 7,07

5.3.3 Panh gia chit lwong khi thai
Bang 5.6: S6 lidu khi thai dong co khi thyc hién d6i sanh - sit dung HTPL
nguyén thity va khi str dung HTDL hdn hop dién dung - dién cam

. s o o x Pong co khi sit dung Pong co khi sir dung
Thanh phan gay 6 nhiém R ) x
HTDL nguyén thuy HTDL hon hop
Giatrit binh CO
14 tri run;g, in 229 263
(% the tich)
Gia tri trung binh HC
RS I 69,33 77
(ppm thé tich)

5.4 Két luan chwong 5

- Hé thdng danh ltra hdn hop dién dung- dién cam c6 kha nang lam viéc hiéu qua va
tin cdy tai cac ché do 1am viéc khac nhau cua dong co

- Hé théng co6 kha ning tiét kiém niang luong st dung cho hé thong danh lta noi
riéng va cho dong co nodi chung.
Cu thé nhu sau:

Vé tinh hiéu qua: Momen cé ich (Me) va cong suit cé ich (Ne)

Khi so sanh khac biét vé moment c6 ich Me va cong suét co ich Ne trén cing
mot dong co TOYOTA INZ-FE (khi ding HTPL truc tiép theo nha ché tao va khi
dung HTDL hon hop dién dung - dién cam), ta nhan théiy su khac bi¢t nay 1a khong
dang ké (sai léch 16n nhét < 5%). Diéu nay cho thiy, h¢ thong danh lira hon hop lam
viéc tin cdy tai cac ché d6 lam viéc khac nhau cta dong co. Pong co sir dung dé thuc
nghiém d3 qua st dung nén céc gié tri cuc dai ciia cong suat c6 ich va moment c6 ich
tai ché do tai 100% déu nhé hon gia tri cia nha ché tao cong bd khoang 20%.

Kha nang phat thai
Qua cac thong s6 vé& CO (% thé tich),va HC (ppm thé tich)

O ché d6 1am viéc khong tai, thuc hién theo qui trinh danh gia cia cuc ding

kiém Viét Nam, sai léch vé lugng phat thai CO (% thé tich va HC (ppm % thé tich)
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<5%, céc s liéu nay phit hop v6i mirc 3 tiéu chudn khi thai Viét Nam - theo TCVN
6438-2018.
Ning lwong tiét kiém dwoe khi sir dung hé thong danh lira hdn hop dién dung -
dién cam
Hé thdng danh Itra hdn hop dién dung - dién cam khi ap dung trén dong co 4 xy-lanh
c6 kha ning st dung ning luong tu cam tir ba bobin danh lira dién cam dé thuc hién
qua trinh danh lira cho xi-lanh con lai, ma khéng can chi phi thém ning luong cho
qua trinh danh lira tht 4. Nhu vay, c6 thé tiét kiém duge 25 % ning luong cung cip
cho h¢ thdng danh lira khi dong co 1am viéc

KET LUAN VA HUONG PHAT TRIEN
Két luan

Luén an duge hoan thanh va rut ra duoc cac két luan sau:

1. Luan an da nghién ciru va ché tao thanh cong hé thong danh lira hdn hop
dién dung - dién cam trén dong co boén xylanh (TOYOTA 1NZ-FE) ¢6 kha ning tich
Iy strc dién dong tu cam (tr giai doan danh Itra dién cam) trén 3 tu dién 1 pF va phuc
vu cho giai doan dénh Itra dién dung. Véi két cAu don gian va tan dung duogc cac dac
diém san c6 tir hé thong diéu khién dong co. Hé thong danh Itra hdn hop nhu da trinh
bay, bdo dam hoat dong on dinh cta dong co & cac ché d6 hoat dong khac nhau va
tiét kiém duoc nang luong cho mot 1an danh lira / mot chu ky lam vi¢c cua dong co -
tuong tng vai 25% niang luong sir dung cho hé thong danh lira.

2. Luan an di dé ra duoc giai phap thu hdi mot phan nang luong ty cam trén
cudn so cap cia bién ap danh Itra. Qua d6, gop phan giam ning lugng sir dung cho
hé théng danh lira noi riéng va cho dong co néi chung; Pong thoi tham gia vao giam
lugng phat thai ra moi truong

3. Luén an da xay dung dugc mo hinh toan hoc va xac dinh duwoc cac thong $6
cua hé théng cac giai doan danh lura di¢n cam, giai doan danh Itra dién dung va cac
khao sat cac yéu td anh huong dén dic tinh hé théng (tong tré ctia mach so cip R, hé
s6 ty cam ciia cudn so cap bobin L1, dung luong tu dién Cy).

4 Luan an da dua ra dugc co s& lya chon ciu hinh hé théng danh lira hon hop
dién dung - dién cam va phuong phap xac dinh dung luong tu dién dong vai tro tich
litly nang luong tw cam. Qua do6, thoéa man ning lugng danh lira yéu cau cho ca hai
giai doan (danh lira dién cam va danh lira dién dung), ma van dat yéu cau tiét kiém

nang luong trén hé thong.
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5. Cac két qua thuc nghiém trén dong co 4 xy-lanh TOYOTA 1NZ-FE khi sir
dung hé thong danh lira dién cam theo thiét ké ctia nha ché tao va khi khi st dung hé
thong danh Itra hdn hop dién dung - dién cam cho thay:

e Cac khéc biét v& cong suit co ich Ne= f(n), moment c6 ich Me = f(n) khong 16n (<
5%).

e Céc sai léch vé chat lugng khi thai img voi ché do 1am viéc khong tai theo hé thong
danh Iira dién cam nguyén thuy va hé théng danh lira hdn hop lan luot la:

- CO (% thé tich): 2,29 va 2,63. HC (ppm thé tich): 69,33 va 77. Cac sb liéu khi thai
nay phi hop véi cac qui dinh vé khi thai Viét Nam & mirc 3 theo TCVN 6438-2018

e H¢ théng danh ltira dugc ché tao dat yéu cau tiét kiém nang lugng:Mac du kha nang
tiét kiém nang luong cua hé thong danh ltra hdn hop khong 16m, [luong nhién licu
qui doi tiét kiém duoc 16n nhat Gnltkmax (g/gio) = 24,4 g nhién liéu/gio (khi dong
co hoat dong 6000 vong/ phut - Bang 5.4].

Huwéng phat trién

Trén co s& cac nghién ctru da dé cap trong ludn an, ngudi nghién ctru xin duoc
phép trinh bay cac huéng phat trién sau:

1 Nghién clru str dung nang luong tich lly tir strc dién dong ty cdm cua cac
cudn day dé su dung cho muc dich khac.

2 Nghién ctru hé thong danh Itra hdn hop trén dong co 1 xy-lanh theo hudng
str dung nhiéu tu dién dugc nap 1an luot va st dung ning luong trén cac tu trong mot
1an danh lira dién dung.

3 Panh gia anh hudng cta diéu kién khi hau Viét Nam (ndng, am), dén hoat
dong ctia hé théng danh lira noi chung va hé thong dénh lira hdn hop dién dung- dién
cam no6i nodi riéng.

4 Nghién ctru kéo dai thoi gian xuat hién tia lira dién dung
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Opening
Chapter 1

OVERVIEW

1.1 Background

When the ignition system is working, a high voltage, e;=W1(d®/dt) - about
100V to 300V [1, 4]; appears in the primary coil. This self-induced emf causes a lot
of negative effects like damaged switches, inductive interference and reducing
secondary voltage.

To prevent those effects and utilize the self-induced emf energy, the hybrid
ignition system stores the self-induced energy into capacitor and re-using it in the
next cycle. Therefore, the hybrid ignition system is not only saving the ignition
energy and ensuring the quality of the ignition process, but also protecting switches,
improving the quality of the ignition system and preventing the inductive interference
to other devices in car.

1.2 Previous researches

1.2.1 International

1.2.2 National

1.2.3 Conclusion — Research proposal

The research will combine two kind of ignition system: the capacitor-discharge
ignition system (CDI) and the inductive-discharge ignition system (IDI) into one
ignition system - the hybrid ignition system. The self-induced emf in the IDI stage
will be the main energy for the CDI stage in this new combined ignition system.

1.3 Research objective and ambition
1.3.1 Research objective

The research is aiming to prove that the hybrid ignition system can be re-used
the left-over energy of the IDI stage for the CDI stage in theory and working
properly in practical. This new combined ignition system promises to be efficiency
not only for vehicle but also for the environment.

1.3.2 Research ambition
1.4 Subject, area and method of research
1.4.1 Subject of research:

Gasoline engine’s ignition system.
1.4.2 Area of research:

Investigate, analyze, simulate, design and experiment the combined ignition
system between CDI and IDI - direct ignition type using one ignition coil for one



spark plug - in the four-cylinder engine. This hybrid ignition system must be utilized
the self-induced emf in the IDI stage for the CDI stage.
1.4.3 Method of research:
The following methods are used in thesis: analyzing documents, simulation,
experiment.
1.5 Research contents and anticipated results:
1.5.1 Research contents:
1.5.2 Anticipated results:
Step by step research flow-chart is showed below:

Table 1.1; Research flow-chart

INTRODUCTION

The research is aiming to prove that the hybrid ignition system can be re-used the left-
over energy of the IDI stage for the CDI stage in theory and working properly in
practical. This new combined ignition system promises to be efficiency not only for
vehicle but also for the environment. 1

THEORETICAL RESEARCH

Analyzing the ignition systems in gasoline engine:

1. Investigate the characteristic of the hybrid ignition system in two stage: CDI and
IDI

2. Establish calculation model for the system

Establish model’s assumptions, setup suitable configurations for the system

4. Simulate the effects of main parameters to model.

w

EXPERIMENTAL RESEARCH

Investigate the hybrid ignition system in practical engine:
1. Design and install the hybrid ignition system in the four-cylinder engine;




2. Experiment and analyzing the practical results (power, torque, brake specific fuel
consumption and vehicle emission, ...) in both ignition systems - the original and the
hybrid - in various working conditions.

RESULTS

Evaluate two mains results:

1. The ability of saving self-induced emf energy from the IDI stage using as main energy
for the CDI stage.

2. Effects of the hybrid ignition system to working of engine.

|

Hybrid ignition
system

Chapter 2
THEORETICAL BASIS

2.1 Mission of ignition system
2.2 Combustion process of the gasoline engine
2.3 Parameters of ignition system
2.3.1 Maximum secondary voltage Vam
2.3.2 Ignition voltage Va[1, 4]
2.3.3 Coefficient Kqt
2.3.4 Secondary voltage fluctuation S [1, 32]
2.3.5 Period and frequency [1]
2.3.6 Current-flow time (tz)
2.4 Ignition energy
2.4.1 Plasma analyzing [5,16]
2.4.2 Ignition energy analyzing
2.51DI [1,32]
The inductive-discharge ignition system (IDI) is mainly used in gasoline
vehicle. The energy is sstored in the primary coil of ignition coil. The schematic of
IDI is showed in the picture below.




. — Distributor

—
S/W R+ :_ o
| S "
: L1 ‘
! Battery : Ignition coll
_:_ Sensor
Igniter

Figure 2.6: Schematic of IDI [1,32]
Three stages of the ignition

2.5.1 The energy storage stage
2.5.2 The interrupt stage [1,32]
2.5.3 The plasma stage in spark plug [1,4,32]
2.5.4 Advantage and disadvantage
Advantage

- Long spark duration (around 1 - 2,5ms) enusring that mixture will be
completely burned in most working stages of engine [5, 6, 36].

- Increase spark plug life due to small spark plug gap.[1]

- High effeciency in fuel consumption.[1]
Disadvantage

- Energy storage stage is lengthy, especially in low rpm. The energy is easily
wasted, increase the ignition coil temperature and damage transistor.[1, 4,37]

- Low secondary voltage in high rpm due to lack of time for primary current
rising. [1, 4, 37]

- Secondary voltage is raising slower than in CDI system, therefore less
efficency.[1, 32, 37]
2.6 CDI
2.6.1 Structure and principle of the CDI system [32]

The CDI system has a signal generator, supply coil, capacitor, ignition coil and

control unit. Inside the control unit, a trigger circuit is installed to control the working
of our system via collected data from sensors.



generator S]..gﬂal

(12V)

Ignition coil
Signal I W
 |Capactor
400V P A

m T Trigger

Battery
JT— Pulze
s

Spark
plug

Figure 2.12: Schematic of the CDI system.

Working principle of the CDI

Current runs from battery to pulse generator, creating 12V signal. This effect
creates the high voltage in the secondary circuit of supply coil, which around 300 -
400V. This voltage will be charged for the capacitor. When the signal from trigger
device makes the SCR opens, the accumulated energy in capacitor will be released to
primary circuit of ignition coil, creating a high voltage (30.000-60.000V) in the
secondary circuit and transferring to spark plug to ignite mixture in cylinder.
2.6.2 Advantage and disadvantage

Advantage
e The characteristic of ignition system is not affected by engine speed due to fast
charge - discharge stage of capacitor. [1,34,37]
e Secondary voltage raised faster. [1,4, 34]
e Secondary voltage in CDI (30kV- 60kV) bigger than in the IDI (7 - 40kV) [1,
34].

Disadvantage

The charge and discharge time of capacitor is very short, therefore the time for
plasma exists in spark plug is not long, only (0,1 - 0,3) ms [5, 38]:

e Lean mixture is hard to ignite. [1, 5, 32]

e Spark plug gap is large, therefore the spark plug is easily wear [1, 32].
2.7 Self-induced emf

Self-induced emf will be emerged in the coil if the magnetic flux is changed. If
the current flowing through the coil is changed; the flux linking with it, changes and
hence emf is induced in the coil.



Chapter 3
INVESTIGATE - SIMULATE - EXPERIMENT THE

HYBRID IGNITION SYSTEM

3.1. Mathematic model of the hybrid ignition system
3.1.1 Hybrid ignition system overview

Engine ECU

IGT 1 IGT 2 IGT 3 IGT 4
Control
circwit T scr  Spark
J-‘BAT | TTgnition cod 1 | |Igrﬁticrn|:m'12 | |1gnition coil 3 jjT _pil;u{g_ili
Lzy 2 : 3 ’ g E = +
I = Spark 3 E Spark £ Spark 3 E
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T L, 12 12 A
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Figure 3.1: Schematic of the hybrid ignition system (four-cylinder engine)

The hybrid ignition system is a combination of CDI and TCI system. In the first
stage, the inductive-discharge stage, the self-induced emf, which is undesirable in
primary coil, is stored in capacitors. This energy is controlled via SCR and diodes;
released in the next stage, the capacitor-discharged stage. Applied in the four-cylinder
engine in figure 3.1, the first three ignition coils (ignition coil 1, ignition coil 2 and
ignition coil 3) are used for the inductive-discharge ignition stage; the fourth ignition
coil (ignition coil 4) is for the capacitor-discharge ignition stage. In one ignition cycle,
the self-induced emf from the primary coils will be stored in capacitors C1, C2, C3,
correspondingly with the first three inductive-discharge ignition stages. At the last
ignition in this cycle, the energy will be released via SCR through the last ignition
coil, performing capacitor-discharge ignition stage.
3.1.2 The hypothesis of the hybrid ignition system

The hybrid ignition system is a complex system; combining two ignition systems
into one larger system. Therefore, we need to carefully investigate each aspect of the
hybrid ignition system simplify but maintain scientific and accurate, assumptions
need to be setup:
a. Ignore the effect of secondary current i> on the primary circuit.




b. Ignore the loses in magnetic field, ignore the loses in the secondary circuit.

c. Ignore the loses by heating at spark plugs

d. Eliminate diode D in the calculation process to reduce the non-linear response of

hybrid ignition circuit.
e. Response of hybrid ignition system will be adjusted by coefficients.

f. In the interrupt stage, the self-induced emf appeared is tremendous in compare with
battery voltage. Therefore, we can assume that the voltage in primary circuit is the

self-induced emf.

In this thesis, the mathematic model will be established in two steps. In step 1,
we will develop the equations base on mentioned assumptions. In step 2, we will

adjust the equations with practical coefficients.
3.1.3 Establish the mathematic model
3.1.3.1 Calculations in the hybrid ignition system - the IDI stage
3.1.3.2 Calculations in the energy storage stage
3.1.3.3 Calculations in the interrupt stage
3.1.3.4 Analyze the frequency of i1(t) and Va(t)
3.1.3.5 Conclusion: The equation of i, at the interrupt stage is
i;(t) = ae** cos(yt) + ze*sin (yt)
The equation of V/; at the interrupt stage is
Vi (t) = —L,[(ax + zy)e*t cos(yt) + (xz — ay)e*t sin(yt)]

Frequency of Vi(t) and i1(t): wy =y = fd —%

Period of system:

2T 2T
T=—=
L1Cq 2\/L1/Cq1
(x=-—=< (a=1I,
2 I
_ e | P
Voi | y= 4 vax ¢ = LtRar
b_% L1C1T
zZ = > d __ R+r
L a-< \ " Lo

3.2 Adjust the mathematic model with practical coefficients

(3.9)

(3.10)

(3.12)

(3.13)

We need to add practical coefficients to improve the accurate of our equations

in practical conditions (e.g. losses, ...), therefore:
i,(t) = ag[aePo* cos(yt) + zePo*t sin(yt)]

(3.14)



Vi(t) = —aoLi[(Boxa + zy)ePot cos(yt) + (Boxz — ay)ePo*t sin(yt)]  (3.15)
With: a, describes the losses of i; and V;; va B, describe the describes the

damped oscillation of i, and V/;.

3.2.1 Verify the mathematic model of the hybrid ignition system

3.2.2 Primary current i; and self-induced emf V in practical

Figure 3.5: Primary current i; and self-induced emf V;, in practical
3.2.3 Primary current i; and self-induced emf ¥, in simulate
3.2.3.1 Primary current i; and self-induced emf V; in model
3.2.3.2 Primary current i; and self-induced emf V, in adjusted model
Primary current i; and self-induced emf V; after adjustment

i,(t) = 0,7[ae>* cos(yt) + ze>* sin(yt)] (3.16)
V,(t) = —0,7L,[(5xa + zy)e®*t cos(yt) + (5xz — ay)e>*t sin(yt)] (3.17)
<’ s 7
0 OOf-)Ir:ime (S‘ 0.01 0.015 0 UOOfrime {S\ 0.01 0.015
Figure 3.8: Primary Figure 3.9: Self-induced emf
current i, v,



3.2.3.3 Verify the mathematic model of the hybrid ignition system
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Figure 3.10: Maximum self- Figure 3.11: Maximum
induced emf’s simulation and primary current’s simulation
experiment comparison. and experiment comparison.

3.3 Transfer function of hybrid ignition system
Transfer function describes the relationship of Vin and tz. This transfer function of
the hybrid ignition system can be explained in figure 3.13.

1625

Dwell time tg (MSs)
Figure 3.13: Relationship between Vi and ts
The self-induced emf’s maximum voltage is increased when increasing dwell
time (tz). The accumulated energy in capacitor C; will be increased (Was = C,VZ,,/2).
3.4 Investigate effects of parameters on hybrid ignition system
3.4.1 Effects of primary circuit’s resistance R on V1 (1), i1(t)
3.4.2 Effects of self-inductance L1 on hybrid ignition system

3.4.3 Effects of capacitance C1 on hybrid ignition system



3.4.3.1 Effects of capacitance C; on time constant
3.4.3.2 Effects of capacitance C; on self-induced emf’s maximum voltage Virn and
maximum secondary voltage Vom
3.4.3.3 Effects of capacitance C: on the IDI W4 and the stored energy (CDI) Waa
According to energy balance equation:
Wi= Waa + Wac (3.21)
With: Wi: stored energy in primary coil. Waa: stored energy in capacitor. Wac:

energy required for inductive ignition.

40
WL=236,6 mJ
B

30 -

15 | Wad

0 [J.IS 1I 1.I5 2I 2.I5 3I
C,(F)
Figure 3.22: Relationship between stored energy in primary coil Wy, stored energy
in capacitor Wy, energy required for inductive ignition Wg. and capacitance C;

Stored energy in capacitor will raised to Was = C,V{ /2, which will be used for
the CDI stage. Therefore, the saved energy for the CDI stage is Wa. = Wi-Waa

Applying data from table 3.1, we can calculate Wi, Wa, Wa, which will be
described in figure 3.22.

Capacitance C; doesn’t involve in the raising stage of the primary current of the
ignition coil. Hence, when maintain the self-inductance of ignition coil, battery
voltage V= 12,6V and dwell time #s (tzmin = 3,5 ms). The accumulated energy in the
primary circuit will reach (with maximum current iz) W, = 36,6mlJ.

Waa: the accumulated energy in capacitor C; in the CDI stage (Was = C,VZ,/2)
will meet the peak energy and then decline when increasing capacitance Cj.

Wae: energy required for inductive ignition Wae = Wi-Waa. Wae will be in reverse
with Waa.
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3.5 Determine configurations of the hybrid ignition system

45
40
WL -ta=3,5ms
e ¥4 - configuration 3/1 B
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Figure 3.23: Configurations of hybrid ignition system
3.5.1 Introduce configurations of hybrid ignition system

The configuration of hybrid ignition system is distinguished by coefficient N/1,
with N is the number of inductive ignition coil, which will provide energy for
capacitor discharge stage.
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In case of N = 1, the energy use for capacitor discharge stage is not enough to

ignite mixture. Therefore, configuration with N = 2 or N = 3 is suitable for hybrid
ignition system. But if we increase N, the saving energy effect will be reduced

Beside that, capacitance C1 has major effect on the maximum secondary voltage

Vam as discussed in previous section.

For those reasons, with M-cylinder engine, selecting configuration N/1 is the

most importance to maintain the spark in cylinders and ensure engine working
efficiently but still keep enough energy for hybrid ignition system.

1

3.5.2 Determine capacitance range C: for hybrid ignition system
Capacitance C1 must satisfy the following requirements:
The secondary voltage Vom must be sufficient so that the spark can be appeared

in cylinder, which means V2 must excess 15 kV. So, coefficient K;; = ';Z—m ~ 2,5
dl

to meet Vajim.

Secure the required energy for both stages of ignition: inductive and capacitor

discharge. The required energy must be at least 15 mJ [6] to make sure that the

ignition occurs in cylinder. However, to ensure that our system has reserved
energy, the limit is set at 20 mJ.
Based on these requirements, table 3.1 and figure 3.23, we can point out:

- Configuration 1/1 is not suitable because the accumulated energy in capacitor
Waa < Wiim = 20mJ. This energy doesn’t meet the required energy for CDI
system.

To fulfill requirement 1, configuration 2/1 may be used if capacitance runs from

0,15 to 1,75 pF. Within this range, 2Waq and Wa. > Wiim = 20mJ, satisfy the

required energy for both CDI and IDI stage. Configuration 2/1 is suitable for 3-

cylinder or 6-cylinder.

To fulfill requirement 1, configuration 3/1 may be used if capacitance runs from

0,05 to 1,75 pF. Within this range, 3Wa and Wa: > Wiim = 20mJ, satisfy the

required energy for both CDI and IDI stage. Configuration 3/1 is suitable for 4-

cylinder or 8-cylinder.

3.6 Calculations in the hybrid ignition system - the CDI stage
3.6.1 Calculation model

Using R-L-C model to calculate (figure 3.24), with: Cq: equivalent capacitor of

C1, Co, C3(3uF), S: Switch (represent SCR), Lq: self-inductance, Rq: equivalent
resistance of primary circuit.

12



Figure 3.24: The mathematics model of the CDI stage
3.6.2 Establish equations for primary current ig(t) and self-induced emf eq(t).
After the IDI stage, the left-over energy in ignition coil 1, 2, 3 will be stored
sequentially in capacitor C1, C2, C3 (figure 3.1). The stored energy will be raised to
Qo
Based on the mathematic model of CDI stage (figure 3.24)
Construct the energy balance equation on the circuit:

2
W = W+ Wig =§‘§—d+§Ld i2 (3.24)
Therefore: i;(t) = Quw’e Y [sinw't + (%) cos(w't)] (3.34)

Develop primary circuit’s self-induced emf equation eq(t)
The self-induced emf equation of primary circuit is showed below:

eq(t) = —Lg 42 (3.35)

Proceeding the derivative of equation (3.34):

2

di i
40 Qe [(of ) coso'— 2rsnr

2

S ey (t) =Ly Quw'e™ [(oo’ — %) cosw't — 2ysinoo’t] (3.36)

3.6.3 Investigate effects of parameters on hybrid ignition system - CDI stage
3.6.3.1 Primary current iq (t) and self-induced emf eq (t)
3.6.3.2 Effects of Rq on primary current iq (t) and self-induced emf eq (t)
3.6.3.3 Effects of self-inductance Lq on primary current iq (t) and self-induced
emf eq (t)
3.6.4 Discussion

Based on mentioned calculations, the equation of primary current iq(t) and self-
induced emf eq(t) in the primary circuit in the CDI stage of hybrid ignition system are
described. Simulation results shows that if increasing Rq, losses also increases,
reducing the maximum value of igm and self-induced emf eqm. When changing Lg, self-
induced emf eq is barely affected. However, the maximum value of ig will be
decreased if increasing L.
3.7 Conclusion

13



e The hybrid ignition system’s mathematic model, which is proposed in this
chapter, allows the correct representation of system responses. It also allows us to
determine parameters of system with high accuracy (deviation less than 7% compares
with practical results). This proves that the proposed method of constructing the
mathematical model for hybrid ignition system is suitable.

e The developed mathematic model is general and can be calibrated to specific
hybrid ignition system using appropriate coefficients.

¢ The developed mathematic model can be used to precisely define parameters
for hybrid ignition system such as W;, Was va Wy.. Thereby, it can help design the
hybrid ignition system.

e Establish the structure for building configurations of hybrid ignition system
and deciding capacitance for M-cylinder engine.

e Evaluate effects of parameters on hybrid ignition system in both stages: 1DI
and CDL.

14



Chapter 4
MANUFACTURING THE HYBRID IGNITION

SYSTEM

4. 1 Investigate the ignition control of TOYOTA 1NZ-FE engine according to
the manufacturer’s design
4.1.1 Introduction the engine control system
4.1.2 Working principle of the TOYOTA 1 NZ-FE engine’s ignition system
4.1.3 Igniter
4.1.4 Primary circuit’s control strategy
4.1.5 I1GT signal- Ignition timing
4.1.6 IGF signal
4.1.7 TOYOTA 1 NZ-FE engine’s ignition system schematic
4.2 Manufacturing hybrid ignition system
4.2.1 Hypothesis of manufacturing hybrid ignition circuit
Based on computer-controlled IDI system as originally designed, the making of
the hybrid ignition system will retain key components such as:
- ECU and sensors. Thus, the ignition control signals IGT to each igniter will be
guaranteed as designed by the manufacturer.
- The inductance ignition coil and igniter of the 1INZ-FE engine are arranged in
system, because the capacitor cannot be connected to the primary circuit to
accumulate the self-induced energy, so it will be replaced with the coil used on
the engine TOYOTA 1MZ-FE.
- Design the CDI system for CDI stage of hybrid ignition system.
- Inorder to ensure IGF feedback as described in section 4.1.6, the hybrid ignition
system must design an IGF signal generator circuit.
4.2.2 Determine capacitance Cy

In the hybrid ignition system of mentioned engine, configuration 3/1 is applied
(3 IDI ignition coils and 1 CDI ignition coil). Hence, the capacitance range of the
capacitors meets the requirements (in 3.4.2), has the value: 0,05-1,75 uF.

Capacitance of Ci is 1puF. At this capacitance, Wa. = 23, 45mJ (> 20mJ),
accumulated energy in 3 capacitors 3Was = 3.13,15= 39,45mJ (> 20m/ — table 4.1),
while Vom= 18kV> Vaiim = 15kV (figure 3.21). In terms of energy, this option satisfies
these requirements: (1) High voltage spark formation. (2) Ensure sufficient ignition
energy for both IDI and CDI stages (section 3.5.2). The above energy calculations
correspond to the minimum dwell time tz = 3, 5 ms - corresponding to the maximum
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rpm. When the engine speed is reduced, the corresponding accumulated energies will
be increased (Table 4.1).

4.2.3 Working principle of hybrid ignition system (4-cylinder engine)

4.2.4 1Dl stage

4.2.5 CDI stage

4.2.6 I1GF signal generator

4.2.7 Investigate self-induced emf in hybrid ignition system

4.2.8 Estimate the lifespan of hybrid ignition system

The hybrid ignition system is based on parts of the manufacture's ignition

circuit and the redesigned circuit. The lifespan of system is estimated approximately
T~ 2709 hours.
4.3 Conclusion

From the features in the design, manufacture and working principle of the hybrid

ignition system, the following observations can be concluded:

Retain IGT signals from the engine control system, with all system functions, the
ignition system characteristics can be guaranteed such as: ignition timing and the
ability to accumulate energy (base on t; value) of the system during working.
The system only uses ignition signals (IGT) to control the circuit, not external
energy. Therefore, it ensures to save energy according to the given idea.

During working process, components on the ignition system will be affected by
high temperatures in engine room. Components such as coil and transistor T1-3
are original. In addition, the semiconductor components used on hybrid ignition
system have operating temperatures satisfying the engine room temperature
(Appendix 4).

Additionally, if we position hybrid ignition system in the engine room, the main
parameters affecting the ability to accumulate energy on system will be affected
(table 4.2). However, the energy used for the system's working process still meets
requirements (table 4.3).

Lifespan of system is acceptable.

The structure of the whole circuit is simple, the components are easy to find, the
compact circuit size can be easily arranged and installed in the engine room or in
the passenger room.

The designed hybrid ignition system meets the requirements of energy saving,

stable work, and longevity to meet the working requirements of the engine.

Chapter 5
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EXPERIMENTAL RESULTS AND DISCUSSIONS

5.1 Experiment model in the four-cylinder gasoline engine
5.1.1 Experimental contents
- Develop the engine performance curves Ne = f(n) and Me= f(n) at throttle
position 20%, 35%, 50%, 75%, 100% using the original and hybrid ignition system.
- Develop the engine fuel consumption Gn (g/h) and brake specific fuel
consumption ge (g/kW.h) at throttle 100% using the original and hybrid ignition
system.
- Evaluate engine emissions of both original and hybrid ignition system.
5.1.2 Experimental subject
5.1.3 Experimental requirement
5.1.4 Experimental equipment
5.1.5 Schematic of laboratory facility
5.2 Experimental procedures
5.2.1 Develop the engine performance curves (Me)= f(n) and (Ne)= f(n)
5.2.2 -Develop the engine fuel consumption (Gn) and brake specific fuel
consumption (ge)
5.2.3 Engine emissions
5.3 Experimental results and discussions
5.3.1 Performance curves Ne= f(n) and M= f(n)
20% load position:
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Figure 5.3: Engine performance curves at 20% load position
In the original ignition system, maximum power is reached 16,3 kW at 3.250
rpm, maximum torque is reached 72,4 Nm at 1.000 rpm. In the hybrid ignition system,
maximum power is reached 16,6 kW at 3.280 rpm, maximum torque is reached 72,1
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Nm at 1.000 rpm. Beside that, at the throttle position is 20%, increasing rpm will
increase losses in intake mixture so that the peak torque is in small rpm zone.
100% load position:

70 119
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Hybrid power
10 Original torque 17

Hybrid torque
0 1000 2000 , 3000 4000 5000 6000 7000
Engine speed (rpm)
Figure 5.7: Engine performance curves at 100% load position

In the original ignition system, maximum power is reached 64,8 kW at 5.850
rpm, maximum torque is reached 111,9 Nm at 2750 rpm. In the hybrid ignition
system, maximum power is reached 64,6 kW at 5.860 rpm, maximum torque is
reached 112,3 Nm at 2750 rpm.

The comparison showed that the differences in peak power Nemax and peak
torque Memax in the original and hybrid ignition system can be negligible. However,
due to the conditions of experiment engine (already used), both Nemax and Memax IS
less than the published of manufacturer (new engine) - approximately 20% (table
5.1). This shows that the accumulated energy in the IDI ignition coils are large enough
to provide energy to ignite the mixture in ignition coil 4 (CDI stage).

5.3.2 Evaluate the engine's fuel consumption
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Enaine speed (rom)
Figure 5.8: Fuel consumption (Gn) and brake specific fuel consumption (ge) curves
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The result shows that minimum brake specific fuel consumption is reached gemin
= 223g/ kW.h at 2.500 rpm (fuel consumption Gn =15,7 kg/h). The comparison
showed that the differences in the original and hybrid ignition system can be
negligible

The ignition coil energy:

Wy = W, +W, (5.2)
Wh: The heat losses in ignition coil [1, 32]

W, = [, .R,.dt (5.3)
Wv: The coil energy:

W, = ki (5.6)

2
The energy consumed in one hour by ignition coil of the IDI stage

corresponding to the engine speed given in table 5.2 is calculated as follows:
Wyip = W;.60.2> (J) (5.7)

ne: engine speed (rpm)

When inductance ignition is not performed, saved power is Wy}, (per hour).

Researches show that: Engine efficiency: ne = 0,2 - 0,35 [27,28], Belt
efficiency: 4 = 0,95 - 0,96 [48], Alternator efficiency: »p = 0,4 - 0,65 [3], Battery
efficiency: #a= 0,75 - 0,9 [49], total efficiency: #y = nend.npna = 0,057 - 0,1966.

Suppose Nsmin = 0,057 and Nzmar = 0,1966

Saved power (We) is obtained when we consider the transmission power loss
given in table 5.3, saved power is calculated by equation (5.8).

W, =2 () (5.8)

H w
thus: Maximum saved power: W, . = nﬂ
Imin

Ws1n

Minimum saved power: W,,,in =

N=max

For gasoline fuel, we have Qn = 44 MJ/Kkg [27]. The equivalent amount of
fuel saved in 1 hour, from the ignition energy savings given in table 5.3 is calculated

by the following expression:

W,.1000
Gtk = On (9) (5.9

While: Gni: saved fuel amount (g), Qn: low heat value of fuel (J/kg)
We: saved power (J)
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Table 5.4: The saved fuel of the hybrid ignition system in one hour

E“g(':;;';’eed Wemax (/h) | Wemin (3/h) G(g“/kr’:‘) G(g';khm)
1.000 287.150 83.253 6,53 1,89
2.000 530.500 153.810 12,1 3,5
3.000 708.690 205.470 16,11 4.7
4.000 829.830 240.590 18,86 5,47
5.000 965.730 279.990 21,95 6.36
6.000 1.073.600 311.250 24.4 7,07

5.3.3 Emission quality
Table 5.6: Emission of the original engine and hybrid ignition engine
Exhaust gas Original engine Hybrid ignition engine
Average value of CO
(% volume)
Average value of HC
(ppm volume)
5.4 Conclusion

- The hybrid ignition system is able to work efficiently and reliably at different
conditions of the engine.

- The system is capable of saving energy used for the ignition system in
particular and for the engine in general.

Specifically:
Effective: Torque (Me) and power (Ne)

When comparing the difference in Me and Ne on the same TOYOTA 1NZ-FE
engine using the original and hybrid ignition system the differences can be negligible
(< 5%). This shows the reliability of hybrid ignition system in various engine
conditions. due to the conditions of experiment engine (already used), both Nemax and
Memax IS less than the published of manufacturer (new engine) - approximately 20%.
Emission
Through parameters of CO (% volume) and HC (ppm volume)

At idle, according to the assessment procedures of the Vietnam Register, the
deviation of (% volume) and HC (volume ppm) emissions are less than 5%, which is
matched with level 3 of Vietnam Emission Standard - according to TCVN 6438-2018.

2,29 2,63

69,33 77
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Saved energy

In the four-cylinder engine, the hybrid ignition system is capable of using inductance
energy from three inductor ignition coils to perform the ignition process for the
remaining cylinder, without additional energy costs for the 4th ignition process. Thus,
25% of the energy supplied to the ignition system can be saved when the engine is
working.

CONCLUSION AND DEVELOPMENT

Conclusion

The thesis is completed and can be concluded by:

1. The thesis has successfully researched and manufactured the hybrid ignition
system on a four-cylinder engine (TOYOTA 1NZ-FE). This engine is capable of
accumulating self-induced emf (from IDI stage) on three 1 pF capacitors and serves
for CDI stage. Its structure is simple and have advantages of the features available
from the engine control system. The hybrid ignition system as shown ensures stable
operation of the engine in different conditions and saves energy for one ignition / one
engine duty cycle. This corresponds to 25% of the energy used for the ignition system.

2. The thesis has proposed a solution to recuse part of inductance energy on
the primary circuit of the ignition coil. Thereby, contributing to reduce the energy
used for the ignition system in particular and for the engine in general; participating
in reducing emissions to the environment at the same time.

3. The thesis has successfully built a mathematic model and determined the
parameters of the system and investigations of factors affecting system properties.
(Total resistance of the primary circuit R, self-inductance of primary coil L1, capacitor
capacitance Cy).

4. The thesis has given the basis of selecting the configuration of the hybrid
ignition system and a method of determining the capacitance of the capacitor to play
the role of inductance energy accumulation. Thereby, satisfying the ignition energy
required for both stages (IDI and CDI), while still meet the required energy of the
ignition system.

5. Experiment results on the four-cylinder TOYOTA 1NZ-FE engine using the
original ignition system and hybrid ignition system shows that:

e The differences in Ne= f(n), Me = f(n) can be negligible (< 5%).

e The differences in emission of the original engine and hybrid ignition

engine are: CO (% volume): 2,29 and 2,63. HC (ppm volume): 69,33 and
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77, which is matched with level 3 of Vietham Emission Standard -
according to TCVN 6438-2018.
e The hybrid ignition system is able to meet the requirement of energy
saving: Although the energy saving of the hybrid ignition system is not
great, [the maximum savings of fuel equivalent is Gnltkmax (g/h) = 24,4 g
fuel/h when the engine is running at 6000 rpm - Table 5.4].
Development

1 Research using the accumulated energy from the self-induced emf of the
coils for other purposes.

2 Study the hybrid ignition system on 1-cylinder engine in the direction of
using multiple capacitors charged in turn and using energy on capacitors in one CDI
stage.

3 Evaluate the impact of climatic conditions in Vietnam (hot, humid), on the
operation of the ignition system in general and the hybrid ignition system in
particular.

4 Research on strengthen the spark duration in the CDI system.
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