. ) X . . X BMI3.1-DT-BVCS
BO GIAO DUC & bDAO TAO CONG HOA XA HOQI CHU NGHIA VIET NAM

TRUONG PAI HQC SU PHAM KY THUAT Poc 1ap — Tw do — Hanh phiic
THANH PHO HO CHi MINH

TOM TAT NHUNG PONG GOP MOI CUA LUAN AN

Ho & tén NCS : 6 Qudc Am MSNCS: 13252010301
Thudc chuyén nganh  : K¥ thuat co khi Khoa: 2013-2016
Tén luan an : Nghién ciru, tinh toan, ché tao hé thong danh lira hdn hop

dién dung — dién cam str dung bo-bin don

Nguoi huéng dan chinh : PGS. TS B6 Van Diing

Ngudi huéng dan phu  : TS Lam Mai Long

Tém tit nhirng déng gép méi vé 1y luin va hoc thuit ciia luin 4n:

Trén cac dong co dbt trong chay cudng birc, hé thong danh lira c6 nhiém vu tao ra tia
lira dé d6t chay hon hop trong xy lanh vao cudi qua trinh nén. Hé thong danh lira c6 ba nhiém
vu chinh: tao ra tia lra dit manh dé d6t chay hon hop trong xy-lanh, thoi diém danh lira chinh
xac va phai c6 d6 bén cao. Dua vao cach tich lily ning luong, hé thdng danh lta trén 6 t6
duoc chia lam hai loai: hé théng danh Itra dién cam, hé théng danh Itra dién dung, ca hai hé¢
thong trén déu st dung bién ap danh lia (bo-bin) nham ting dién ap tir 6V hayl12V lén dién
thé cao ap tir 7-40kV, tao ra tia ltra giita hai dién cuc bu-gi d6t chay hdn hop trong dong co.
O cubi giai doan tich ity nang luong trén cudn so cip cua bo-bin xuét hién strc dién dong tu
cam. Dién ap ty cam nay anh hudng x4u t6i cc thiét bi dong ngat, gy nhiéu va lam giam
dién ap thr cip trén bo-bin.

Pé bao vé cac thiét bi dong ngit, ngudi ta thudng ding cc bién phap nhu: mic tu dién
song song vai tiép diém, ding diode zener mic song song véi transistor, hodc cac bién phap
bao vé khac. Vi cac bién phap nay, thiét bi dong ngit dong so cip duoc bao vé, nhung lai
khong tan dung dugc phan ning lwong ty cam sinh ra tir cudn day so cap.

Noi dung dé tai tap trung vao viéc nghién ctru thiét ké ché tao hé théng danh lira lai hdn
hop dién dung — di¢n cam st dung trén dong co 4 xy-lanh c6 kha nang tich liy nang luong
tur cam trén cac bo-bin danh Itra dién cam, dé st dung trong giai doan danh lra dién dung.
Nhu vay s& khic phuc duge cac nhuoc diém di néu va tiét kiém duoc ning luong sir dung
cho hé théng danh lira.

Tac gia da khao sat cac hé théng danh lira lai hdn hop dién dung -dién cam da dugc dé

cap trén the gidi, cac khao sat cho thay cac nghién ctu trén déu tap trung vao viéc kéo dai
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thot gian xuét hién tia lta trén bu-gi, hodc thuc hi¢n nhiéu 14n danh lira trong mdt xy-lanh
dong co.

Lu4n an d3 trinh bay cac nghién ciru téng quan vé cac hé thong danh lira str dung trén
dong co dot trong, cac dac diém cua hé théng danh ltra dién dung, dién cam, cac thong s6 chu
yéu cua hé théng danh lra. Ning luong can thiét cho qua trinh danh lira trén dong co xing,
cling véi cac cac yéu té anh huong dén ning luong danh lira.

Lu4n 4n di xay dung duoc phwong trinh biéu dién qua trinh ting trudng cta dong dién
SO cfip, suc dién dong tu cam ¢ giai doan danh Itra dién cam va giai doan danh Itra dién dung
trén hé thong danh ltra hy-brid. Luan an ciing dé cap duoc cac budc trong qua trinh chon dung
lugng tu - thyc hién tich lily ndng luong tur sttc dién dong tu cam, nham phuc vu cho giai
doan dénh lua dién dung.

Luan van di nghién ctru va ché tao thanh cong hé théng danh lira hdn hop dién dung -
dién cam trén dong co bdn xylanh (TOYOTA INZ-FE) c6 kha nang tich liiy stc dién dong
tu cam (tr qua trinh danh Itra dién cdm) trén tu va st dung nang lugng nay cho qua trinh danh
lra dién dung. Voi két cau don gian va tan dung dugc cac dac diém sén co tir hé théng diéu
khién dong co. Hé thong danh lira hybrid nhu da trinh bay bao dam hoat dong 6n dinh cua
dong co & cac ché d6 hoat dong khac nhau va tiét kiém duoc nang luong cho mat lan danh
lira / mot chu ky 1am viéc cua dong co. Cac két qua thyc nghiém hé thong danh lira hon hop
trén dong co 4 xy-lanh cho thiy ning luong tich lily trén 3 tu dién ¢ giai doan danh lira dién
cam thoa man nang lugng phuc vu cho giai doan danh ltra dién dung. Cac chi tiéu Ve cong
sudt ¢ ich Ne va momen c6 ich Me, khi thuc nghiém dbi sanh trén dong co TOYOTA INZ-
FE str dung hé thong danh lira theo thiét ké ban dau va khi sir dung hé thong danh lira hybrid
c6 sai léch khong dang ké. Céc chi tiéu vé khi thai trén thuc nghiém phu hop véi cac qui dinh
vé khi thai Viét Nam

Tp. H6 Chi Minh, ngay 11 thang 05 nam 2020

Nghién ctru sinh

Ngudi huwéng din chinh Nguoi huéng din phu

PGS. TS. P6 Vin Diing TS Lam Mai Long

1



BM13.2-BT-BVCS

MINISTRY OF EDUCATION AND TRAINING THE SOCIALIST REPUBLIC OF VIETNAM
HO CHI MINH CITY UNIVERSITY OF TECHNOLOGY AND EDUCATION Independence — Freedom - Happiness

SUMMARY OF CONTRIBUTIONS OF THE DISSERTATION

PhD candidate : D4 Qudc Am Fellows code: 13252010301
Major : Mechanical Engineering Major code: 2013
Dissertation title : Research, calculation and making of hybrid ignition system
Supervisor one  : Assoc. Prof. Dr. P4 Vin Diing

Supervisor two : Dr. Lam Mai Long
Summary of theoretical and academic contribution of the dissertation:

In the spark-ignition engine, the ignititon system has the mission of creating spark to
ignite the mixture in cylinder at the end of the compression stroke. The three main purpose
of the ignition system are to generate an electric spark in the engine combustion chamber, at
exactly the right time and maintain a reliabe working for engine and also the ignition system
itself. Depending on the way electric energy supplied to the spark plug in the system, ignition
system can be divided into two main types: the inductive-discharge ignition system and the
capacitor-discharge igntion system. Both the ignition systems perform the same operation:
generate a very high voltage — from 7 to 40 thousand volts — from the car’s 12 volts battery.
This high voltage passes throught the air-fuel mixture, which is containing in the cylinder, at
the spark plug; allowing the mixture to be ignited. At the end of the the primary current rising
stage, the self-induced emf emerges from the primary circuit. This emf causing the ignition
system lots of troubles. The self-induced emf is the main source of inductive interference in
engine, making signals become unreliable or causing undesirable errors in the interaction of
ECUs. Another problem is that the self-induced emf created in the primary coil tend to
maintain the primary current in the interrupt stage, so this emf will run across switch, causing
switch damaged. The self-induced emf also extends the time primary current “cut down”,
making the secondary voltage reduced.

To keep the self-induced emf from damaging the ignition system and other systems,
capacitor is connected in parallel to contact breaker. Another protection is inserting diode
zener parallel with the transistor. Those solution are good at protection but not utilization the
self-induced emf.

In this thesis, the hybrid ignition system; the combined ignition system of inductive-
discharge and capacitor-discharge; is researched, designed and presented in the four-cylinder
engine. This kind of ignition system is aimed to make use of the self-induced emf as the main
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energy for one fourth of the ignition process. The reward is not only protection, but also
utilization; making this kind of ignition system more efficiency.

Research has been conducted in this field and the result shows that the majority focus

on strengthening the spark duration or multiple time ignition in one cylinder.

The thesis discusses about the general principle of the basic ignition system using in the
internal combustion engine today; including the specific detail of each igntion system and the
characteristic parameter of the ignition system. The required energy for ignition process and

its parameter also investigated.

The thesis has built-up equations of the primary current and self-induced emf in the
discharge stage of the inductive-discharge ignition system and both stages of capacitor-
discharge ignition system. The process of calculating the accumulated energy; including the
charge time of capacitor, effect of losses on the accumulated energy and the preferable

capacitance; is also thoroughly demonstrated.

The thesis has successfully designed and installed the hybrid ignition system on the
Toyota 1 NZ-FE, which is the four-cylinder engine. In the first phase, the TCI phase, the self-
induced energy; which is a unavoidable occurrence in the ignition system; will be stored in
capacitors. This energy will be controlled via SCR and diodes by the ignition control unit and
released in the next phase of ignition, the CDI phase. The results show that the power (Ne),
torque (Me.), brakespecific fuel consumption (gc) and engine fuel consumption (Gn) are
insignificantly different between the original engine and the enhanced engine. The emissions
of hybrid ignition system are also met the Vietnam Emission Standard.

HCMC, 11/05/2020

Supervisor PhD candidate
(Sign and name) (Sign and name)
P36 Qubc Am
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Chuong 1
TONG QUAN

1.1 Ly do chon @@ tai nghién ciru

Trén dong co xang, hdn hop duge hinh thanh bén ngoai dong co va dugc dot chay
bang tia ltra dién cua bu-gi. Hé thong danh lira ¢6 nhiém vu bién dong dién c6 dién é&p
thip trén 6 t6 thanh cac xung dién thé cao duoc phan bb dén céac bu-gi trén cac xy-lanh
theo dung thi tu 1am viéc va ding thoi diém dé dét chay hoa khi trong 1ong xy-lanh. Do
d6, hé théng danh ltra c6 ¥ nghia hét sirc quan trong trong viéc nang cao hiéu suat lam
viéc, giam tiéu hao nhién liéu va 6 nhiém mai trudng trén dong co xing.

Hé thdng danh Itra trén 6 t6 duoc chia 1am hai loai: hé théng danh ltra dién cam
(TI- Transistorized ignition system) va hé thong danh lura dién dung (CDI - Capacitor
discharged ignition system). Tuy cé su khac biét vé céach thuc tich lity nang lugng ca hai
hé thong danh lira trén déu glong nhau vé cach tao ra dién thé cao ap. Bé tao ra xung
dién cao ap, ca hai hé thong trén déu s dung bién ap ddnh lra (bo-bin). Két cau cua bién
ap déanh lua gom hai phan chinh: cudn so cap va cudn thir cap. Khi lam viéc, trén cudn
so cap cia bo-bin xuét hién strc dién dong tu cam tir 100-300V, day la nguyén nhan
chinh gay hu hong céc thiét bi dong ngit dong so cap (vit lira hay transistor cong suat)
lam tiép diém bi chay, rd hay lam hong transistor cong suat Ian cac linh kién dién tir khac
va lam kéo dai thoi gian triét tiéu dong dién qua cudn so cap cua bo-bin, 1am giam gia
tri cuc dai cua dién ap thir cap. Ngoai ra, sy phong dién nay ciing gay nhiéu lam anh
huong tiéu cuc dén cac thiét b dién va dién tir khéc trén 6 t6. D bao vé cac thiét bi dong
ngit, nguoi ta thuong ding cac bién phap nhu: mac tu dién song song véi tiép diém,
ding diode zener mac song song vdi transistor, hogc cac bién phap bao vé khéc. Vai cac
bign phap nay, thiét bi dong ngat dong so cap duoc bao v¢, nhung lai khong tan dung
dugc phan nang luong tu cam sinh ra tir cudn day so cap

Luan an “Nghién ciru, tinh toan, ché tao hé théng danh lira hdn hep dién dung
— dién cam sir dung bo-bin dom”, voi muc tiéu str dung phan ning luong “thira”, tir sirc
dién dong tu cam tich liiy vao vao tu dién va sir dung phan ning luong nay cho cac lan
danh ltra tiép theo. Nhu vay, ta vira dat duoc muc tiéu tiét kiém ning luong danh lira,
vira bao vé dugc cho thiét bi dong ngit dong so cap khoi cac tac hai cua stic dién dong
tu cam, nang cao dugc chat lwong danh lira trén hé thong va chéng nhidu cho cac thiét
bi dién khéac trén 6 to.
1.2. Cac két qua trong va ngoai nuwéc vé linh vuc nghién ciru di cong bo
1.2.1 Cac két qua ngoai nwéc:
% “Thiét bi danh lira cho déng co dot trong” cua tac gia Charles F Kettering, Patent
US1037491.
% “Thiét bj danh lira cho déng co xang” cia Nikola Tesla, Patent US609250.
% “Hé thong ddanh lira nap xa véi chu ky dién dung dién cam” cua tac gia Martin E.
Gerry, Patent US4288723.



% “H¢ thong danh lira hon hop trén déng co dot trong” cua Michael J French va
Matthew Joseph Edwards, Patent US5806504.
% “Hé thong danh lira dién dung véi khd ndng kéo dai thoi gian xudt hién tia lira” coa
tac gia Joseph M. Lepley, Patent US 6701904B2.
% Bai bao “H¢ thong danh lira lai c6 thé thay doi thoi gian xudt hién tia lira” tac gia
Audris Simakauskas.
% “Hé thong danh lia nap xa dién dung dién cam diéu bién” cua tac gia Martin E.
Gerry, Patent US4291661.

s “H¢ thong danh lia hybrid véi bo-bin cdi tién” cua tac gia Michael A. V. Ward,
Patent US5947093.

Nhan xét: Hai cong trinh “Thiét bi danh lira cho dong co ddt trong” cua tac gia
Charles F Kettering va “Thiét bi danh ltra cho dong co xang” ctia Nikola Tesla thé hién
hai hé thdng danh lira co ban trén dong co. Cac cong trinh “Hé théng danh lta nap xa
véi chu ky dién dung dién cam” va “Hé thong danh Itra nap xa dién dung dién cam diéu
bién” cua tac gia Martin E. Gerry déu nham muc dich tan dung stc dién dong tu cam
sinh ra trong mot lan danh lira hodc nap vao tu va phong nhicu lan lién tuc qua cuon so
cap trong chinh lan danh lta do, gip tang nang luong danh lua. Cong trinh “Hé théng
danh lira hon hop trén dong co d6t trong” cua tac gia Michael J French va Matthew
Joseph Edwards str dung nguon accu hodc dién &p tir cac nguon khéc trén xe nap vao tu
va dieu khién phong qua cudn so cap gitip kéo dai thoi gian xuét hién tia lira trén bu-gi.
Cong trinh “Hé théng danh lira hybrid véi bo-bin cai tién” cua tac gia Michael A. V.
Ward tap trung vao viéc cai tién hé théng CDI. Céc bién phap trén nham muc dich nang
cao nang luong danh lira va kéo dai thoi gian xuat hién tia lia trén bu-gi bang cach sir
dung két hop ca ning luong dién dung va dién cam.

1.2.2 Tinh hinh ngién ciru trong nwéc:

% Bai bao “Nghién ciru chuyén doi hé thong danh lira ban dan sang hé thong ddanh hira
tryc tiép ", nhém tac gia Lam Ba Nha, Nguyén Khac Bang va Ngd Thanh Ha.

< Pé tai: Nghién ctu ly thuyét va thuc nghiém céc hé thdng danh lira dang sir dung phd
bién trén 6 t6 ¢ Viét Nam va kha nang 1ap Ian, tac gia Nguyén Vin Thinh va céc cong
su.

% “Thiét ké mach diéu khién géc danh hira sém cho dong co M161, Mercedes-Benz
1407, TS Lé Van Tuy, Nguyén Viét Thuan.

% “Ban dan hoa hé thong ddanh lira trén xe thiét giap BTR-60BP”; Nguyén Duy Tan.
< “Nghién czzu ché tao mach danh lira trén dong co 6 t6 theo chiong trinh”, B Quéc
Am va cac cong su.

% “Nghién cieu tirong thich héa dac tuyén 1am viéc ciia IC ddanh lira theo chirong trinh”,
PGS.TS D) Vin Diing, LAm Phuong An.

Nhan xét: Céc cong trinh nghién ciru trong nudce tap trung vao viéc toi uu hoa thoi
diém danh lira, thay doi c4c chi tiét, dién tir hda, hay lap trinh diéu khién hé thong danh



lra trén dong co. Cac nghién ciru vé hé théng danh lira hdn hop dién cam - dién dung tai
Viét Nam hién chua duoc tién hanh.

Tur cac khao sat cac thong tin trong va ngoai nude, ngudi thuc hién luan an nhan
thiy cac nghién ctiu vé hé thong danh lira hdn hop dién cam - dién dung, theo huéng
tich 1y nang luong tu cam (tur giai doan danh Itra dién cam) va stir dung cho giai doan
danh ltra dién dung hién chua duoc tién hanh.

1.3. Muc dich nghién ctu va mong muén dat dwoc
1.3.1 Muc tiéu chinh caa dé tai

Nghién ctru sir dung nang luong tao ra tir suc dién dong tu cam cua cudn day so
cap trén bo-bin nham tiét kiém ning lugng sir dung trén hé théng danh lira trén 6 t6. Qua
d6, gop phan giam lwong tiéu hao nhién liéu, giam 6 nhidém méi trudng va cac tac hai
xau dén céc thiét bi dién khac trén o to.

1.3.2 Mong muén dat dwoc

- Nghién ctu, tinh toan, thiét ké, ché tao mach danh lira hon hop dién dung
va dién cam sur dung bo-bin don c6 kha nang tan dung duoc nang luong tu
cam trén cudn so cap cua bo-bin cu thé nhu sau:

- Xay dung mé hinh nguyén Iy cua hé thong danh lira hdn hop dién dung -
dién cam sir dung bo-bin don (stir dung mét bién ap danh lira cho mét bu-
gi) c6 kha ning tich lily dugc nang lugng tw cam nham phuc vu cho qua
trinh danh Itra dién dung

- Lap mo hinh toan hoc mo ta dugc cac qué trinh xay ra (cuong d¢ dong dién
va strc dién dong ty cam) trong hé théng dénh Itra da dé xuat.

- M0 phéng hoat dong va xac dinh dugc cac thdng sé caa hé thong.

- Ché tao dugc m6 hinh hé théng danh lta truc tiép st dung bo-bin don lai
giita danh Itra dién cam va dién dung nhu da dé xuat.

- Thuc nghiém hoat dong cua hé théng va danh gia két qua thuc nghiém so
sanh cac két qua thuc nghiém véi cac tinh toan ly thuyét.

- Thyc nghiém danh gia mirc do tac dong cia hé thong danh lira da dé xuat
dén hoat dong ciia dong co (qua céc chi tiéu vé cong suat, suat tiéu hao nhién
lieu va chat lugng khi thai).

1.4 Poi twong, pham vi va phwong phap nghién ciu
1.4.1 Péi twong nghién ciru:

Hé thdng danh lira sir dung trén dong co xang.
1.4.2 Pham vi nghién ciru:

Khao sét, nghién cttu, md phong, thuc nghiém va ché tao hé théng danh lira truc
tiép str dung bo-bin don phdi hop giita hé thong danh lira dién cam va dién dung (dung
trén dong co 6 to bon xy-lanh) c6 kha nang tan dung niang lwong tu cam trén cac bo-bin
danh lira dién cam, st dung cho qua trinh danh Itra dién dung.

1.4.3 Phuwong phap nghién ciu
1.5 Céc ndi dung chinh va du kién két qua nghién ciu



1.5.1 Dy kién c4c ndi dung trong dé tai

1.5.2 Dw kién két qua nghién ciru

- M@ hinh nguyén Iy cta hé théng danh lira hdn hop dién dung dién cam st
dung bo-bin don.
- M@ hinh toan hoc cac qué trinh xay ra trong hé thong danh lira di dé xuat.
- Céc thong sb cua hé thng.
- Tinh toan va thi céng duoc md hinh hé thdng danh lia truc tiép sir dung bo-
bin don két hop danh lira dién cam va dién dung.
- Thuc nghiém hoat dong cua hé théng danh lira hybrid va danh gia két qua,
so sanh cac két qua mé phong bang ly thuyét.
- Panh gia muc d6 tac dong cua hé thong danh lira d dé xuat dén hoat dong
cua dong co.
CHUONG 2: COSO LY THUYET
2.1 Nhiém vu caa hé thong danh hira
2.2 Qua trinh chay trén ddng co ddt trong sir dung nhién liéu xiing
2.3 C4c thong sb chii yéu cia hé thong danh lira
2.4 Nang lwgng danh lia
2.4.1 Phan tich nang lwgng cua tia lia dién
2.4.2 Mot s6 yéu to6 anh hwéng dén ning lwong danh lira
Theo cac nghién ctru vé ning luong danh Itra, ddi véi hdn hop dong nhat, on dinh
va cd ty 18 A/F 1an can 14,7/1 nang lugng yéu cau 1a 0,2 mJ. Boi véi hon hop quéa nghéo
hay qua giau nang lugng danh lua yeu cau 1a 3mJ. Ngoai ra, khi dong co da duoc lam
néng, nang luong yéu cau nay chi con khoang 0,1mJ Déi véi nhiing hé théng danh lua
thong thuong ning lugng danh lira 15mJ. Tuy nhién, dé ting khoang thoi gian duy tri tia
lra trén bu-gi va néu tinh ca cac mat maét trén hé thong (ro ri trén bu-gi, trén day cao
ap...), nang lwong nay tir 30-50mJ i véi nhitng hé théng danh Lira dung trén dong co
phun xing truc tiép, ning luong nay vao khoang 100mJ
2.5 Hé théng danh lira dién cam
So dd nguyén Iy hé thong danh lira dién cam dwgc mé ta trén hinh 2.6
Qua trinh hoat dong cua hé thdng danh lira dién cam cd thé chia lam ba qua trinh.

Hinh 2.6: So d6 nguyén ly hé théng danh lira dién cam



2.5.1 Giai doan ting trwéng dong so cap:

W

Hinh 2.7: So d6 trong duong giai doan tang truong dong so cap
Goi tq a thai gian transistor dan bio hoa thi cudong do dong dién so cap twong ing
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Tai thoi diém danh lra nang luong tich liy trong cudn so cap dudi dang tir trudng:

lig Ly L1 _ L1 U? (Re/L,)td 2
) > R§(l e ) (2.11)

Wt =
2.5.2 Giai doan ngit dong dién & cudn so cap
R+ R:

S e

Ry

| Bu

)

F
g
—
| |

Hinh 2.9 So d6 twong dwong cua hé théng danh lira
Rm: dién tré mat mat, R: dién tro ro qua dién cuc bu-gi
Phuong trinh can bang nang lwong l0c transistor ngat:
Iigly _ CUi, C2U2m 2Wat

= + >
2 2 C1+kipCo
v6in=0,7 = 0,8: hé sé mat mat trong mach, Uim, Uzm: hiéu dién thé trén mach so
va thir cap luc transistor ngat, A: nang lugng mat mat, Ko: hé s6 bién ap cua bo-bin,

w- A Y A A A p Ja A [N 5 A <
kpp, = WZ;WJ_, W>: s6 vong day cudn so cap va tha cap. Ci: dién dung cua tu dién mac
1

+ A > Uy = kyp

(2.12)

song song Vi Vit lira hoic transistor cdng suat. Co: dién dung Ky sinh trén mach thi cap
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Hinh 2.10: B4 thi m6 ta qui luat bién ddi hiéu dién thé thtr cap Uam.

Khi transistor ngat trén cudn so cap sé sinh ra stc dién dong khoang 100V-300V.
2.5.3 Giai doan phéng dién ¢ dién cuc bu-gi:

Khi dién 4p Uam dat dén gié tri Ua s& xuat hién tia ltra cao thé gitra hai dau cuc cua
bu-gi. Tia ltra bu-gi gom: tia ltra dién dung va tia hra dién cam.

Tia ltra dién dung: dugc qui uac boi dién dung C ky sinh va dac trung boi sy sut
ap va tang dong dot ngot. Cong suat cua tia lra dién dung co thé 1én téi hang chuc hay
hang tram kW. Do dao dong véi tan sb cao (10° - 107 Hz), nén tia lira dién dung dé gay
ra mai mon dién cuc bu-gi. N6 thuong cd mau xanh sang kém theo tiéng né lach tach.
Dé giai quyét van dé nay nguoi ta thudng mac thém dién tré trén mach thir cap.

Khi xuat hién tia ltra dién cam: Cuong do dong dién lic nay dat khoang 20-40 mA,
hiéu dién thé giira hai cuc cua bu-gi giam nhanh dén gia tri tir 400 500 V. Thai gian kéo
dai tia hira dién cam gap 100-1000 lan tia lira dién dung. Thai gian xuat hién tia lra dién
cam tir 1- 2,5ms. Do d6 tia Itra dién dung chi 1a mot phan nho cua tia lira, thoi gian nay
phu thudc vao loai bu-gi, khe ha bu-gi va ché d6 1am viéc cua dong co.

2.5.4 Uu, nhuwoc diém caa hé thong danh lira dién cam:

Uu diém

- Thoi gian phong dién kéo dai (khoang 1 + 1,5 ms) nén s& dét sach hoa khi trong
xy lanh & hau hét cac ché do l1am viéc cua dong co.

- Khe hé bu-gi khdng can phai chinh qua I6n nhu danh ltra dién dung nén ting tudi
tho cua bu-gi.

- Hiéu suat st dung nhién liéu cao hon so véi danh lira dién dung.

Nhuge diém

- Thoi gian tich liily nang luong dai, nhat 1a khi dong co hoat dong ¢ téc do thap
nén dé gay lang phi ning luong, dé gay ndng bo-bin, hu ting transitor.

- PBiac tinh danh lira phu thudc vao sb vong quay tdc d6 dong co nén do nhay danh
Itra kém hon danh Itra CDI.

- O toc d6 cao khong du thoi gian tang truong dong so cap nén dién 4p thar cap sé
glam.



- Hiéu dién thé tht cép ting trudng cham hon danh lira CDI phu thudc vao dién tro
ro ¢ bu-gi.
2.6 H¢ théng danh lira dién dung:

Hé thong danh Itra dién dung thuong duocC su dung trén cac xe c6 dong co hoat
dong ¢ so vong quay lon (xe dua, mo-to va xe gan may)

O hé thdng danh ltra dién dung ning luong trén mach so cap cia bo-bin duoc tich
lty dudi dang dién truong dugc chua trén tu dién C

Wy =& (2-14)

Trong do6: C: dién dung cua tu dl¢n (F), U: dién &p trén tu dién (V).

2.6.1 CAu tao va nguyén ly lam viéc caa hé théng danh lira dién dung (CDI-
capacitor discharged ignition)

Hé théng danh lira CDI bao gom maot bo tao dao dong, bién 4p, tu tich ning va bod
diéu khién qua trinh xa cua tu dién qua bo-bin danh lra. Bén trong cum CDI ¢6 b tri
mach kich, mach nay nhan tin hiéu tir cam bién danh lira dé diéu khién trang thai hoat
dong cua cong tac chuyén mach.

- BOBIN
J__ BOTAO

| X
accu! DAO BONG XUNG 400v | TU BIEU N
| TicH ==
JR - XUNG 12V NANG KHIEN
-|_ | | I | BIEN AP

CUM DANH LUPA CDI

Hinh 2.12: So d6 khdi cua hé thong danh lira dién dung.
Nguyén ly hoat dong cia hé thong danh lira CDI
Dong dién 12V tir accu qua bo tao dao dong tao ra cac xung 12V. Chinh nho su
dong ngat ndy ma & cudn thir cap xuat hién cac xung dién ap khoang 300-400V. Céc
xung nay dugc chinh luu qua diode va nap cho tu tich nang. Khi c¢6 tin hi¢u danh Iira,
théng qua mach diéu khién, cong tic chuyén mach (SCR) sé& & trang thai ma. Lic nay,
nang luong tich luy trén tu dién s& dugc phong qua cudn so cap cia bo-bin va vé cyc am
cua tu dién, diéu nay gilp tao ra dién ap cao (30.000-60.000V) & cudn thir cap caa bo-
bin, ning luong nay duoc dwa dén céc bu-gi dé dét chay hoa khi bén trong cac xy lanh.
2.6.2 Uu, nhwoc diém cia hé thong danh lira dién dung
Uu diém
e Dic tinh danh ltra hau nhu khong phy thudc vao tée do dong co vi tu dién co
kha niang nap rit nhanh va duoc tinh toan 12 ludn duoc nap day & s6 vong quay
cao nhat cua dong co.

y
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e Hiéu dién thé danh lura ting trudng nhanh nén d6 nhay danh lira ting va do dé
khéng phu thudc vao dién tré ro & bu-gi.
e CO kha nang cho tia Itra dién manh khi dong co con ngudi.
e Dién 4p cua tia hra dién dung (30kV- 60kV) I6n hon nang lugng tia lra dién
cam (12kV-40kV).
e Tinh 6n dinh cao, ning lugng tiéu ton cho mét lan danh lLira nho.
Nhuoe diém
Thoi gian phong nap cuaa tu dién Ia rat ngan nén thoi gian ton tai tia lta bu-gi 12 rat
ngan, chi tir (0,3 - 0,4) ms nén:
e Hoa khi s& kho bén chay néu qué loang.
e Dién cyuc bu-gi phai I6n nén s& mau mon dién cyc bu-gi, tudi tho bu-gi s& giam.
e Khoché tao
2.7 Stre dién dong tw cam
Sy thay doi tir truong quanh mot soi day s& tao nén mot st dién dong cam ang &
trong soi day d6. Néu cho mot dong dién bién doi tri so chay qua soi day thi tir truong
chung quanh n6 s& bién d6i va trong day sé& phat sinh sirc dién dong cam ung. Vay, suc
dién dong cam Gmg phat sinh ngay trong diy ma trong d6 dang c6 dong bién doi. Suc
dién dong dong ay duoc goi 1a strc dién dong tu cam.

A
™ S

A

Hinh 2.14: Tir truong B di qua cudn day c6 mat cat A ‘
_ Xeét mot cudn day co N vong day, dong I chay trong mach nguoc chicu kim dong
ho.
Cong thirc tinh stre dién dong tw cam: €. = -NC2=-N< [[B.dA  (2-17)
C6 thé tinh theo hé s6 tu cam qua cong thic: € = -L% (2-18)
Tir hai biéu thirc (1-8) va (1-9) ta c6 thé suy ra: L = == "2 (2-19)
Hé s tw cam L cuia cudn day chinh Ia yeu to gay can tro cho sur bién thién cua dong
dién. Hé SO tu cam cang lon thi toc do bién thién cua dong dién cang nho.
Hé so tu cam cua cudn day duoc tinh theo cong thic:
L= N;ﬂ =Uo.n2 7. R2.| (2-20)
Trong d6: L: Hé s6 tw cam cugn day (H), n: S6 vong quan cudn déy, R: ban kinh
cudn day, I: Chicu dai cuon day.



CHUONG 3: XAY DUNG MO HINH TINH TOAN VA MO PHONG HOAT
PONG HE THONG PANH LUA HYBRID
3.1 Giéi thiéu mo hinh hé thong danh lira hybrid

ECU Piéu Khién Pdng Co’

IGT 1 IGT 2 IGT 3 IG'T4

Mach
Kich

SCR
BOBIN 4 BUGI 4

1

BOBIN 1
J?_BAT

L 12v

Hinh 3.1: Nguyén ly 1am viéc hé théng danh lt:a hybrid trén dong co 4 xy-lanh

Hé thdng bao gdom hai giai doan lam viéc: giai doan danh ltra dién cam va giai doan
danh Iira dién dung. O giai doan danh lra dién cam, ECU ddng co s& diéu khién qué trinh
danh lira cua cac t6 may 1, 2, 3 (danh lira dién cam), thdng qua cac tin hiéu IGT1, IGT?,
IGTs. Nang luong tu cam “thtra” trén cac bo-bin 1, bo-bin 2, bo-bin 3, ... s€ dugc tich
lity vao céc tu Ci1, Ca, Cs. O ché d6 danh lira dién dung, twong @ng véi thoi diém lam
viéc cua té may 4, tin hiéu 1GT4 s& diéu khién SCR mo. Ning luong tich lity trén céc tu
C1, C2, Cs s& dugc giai phong dén cudn day so cap cua bo-bin 4.
3.2 C4c tinh toan hé thong danh lira hybrid — giai doan danh lira dién cam:
3.2.1 Giai doan tich lily nang lrgng
3.2.1 Giai doan ngat dong dién so cap

Cuong do dong so cap khi transistor cong suat ngat:

i;(t) = 0,7ae2%%t cos(yt/1,5) + ze?%%t sin(yt/1, 5).
Strc dién dong tu cam trén cudn so cap khi transistor cong suat ngat:
V(1) = —Ly[(ax + zy/1,5)eX cos(yt/1,5) /3 + 0,8(xz — ay/1,5)eXt sin(yt/1,5)] —

3,5
\ 4 \ = 2
Tan s6 cia Vi) vaist): wg =y = [d — C:
. A A 2 2
Chu ky dao dong cua hé: t = == = =
@d R 2 1
1_(2,/L1/C1> L1Cy
[ x = _g (a=1I,
p=tlo
c? T ooyr
G )y = |d——_ L
VOl « 4 va < c= Li+RCyT
b_% L1C1T
z=—= R+71
c2 d -
\ a-— \ L1Cyr



Cudng d6 dong dién i1(t) va V1 (t) 6 gia tri phu thudc vao thdng sé et va cac ham
cos, sin. Vi vay, c4c gia tri trén s& 1a mot dao dong dang sin tit dan theo thoi gian.
3.3 M6 phéng hoat dgng mach danh Iira hybrid — giai doan danh lira dién cam
3.3.1 Muc tiéu mé phéng
3.3.2 M0 phéng cwong d§ dong dién i1 (t) sirc dién dong tw cam Vi(t) trén bo-bin
danh Iira dién cam

Cac thdng sé cua hé thdng: thoi gian tich liy niang luong (thdi gian ngam) tag=5.10"
3(s), C1=1.10 (F), r=10° (Q), R=1,5 (), L1=1,25.10"% (H), U=12,6 (V).

Bien thien dong cuon so mo phong

160
—— Cuong do dong so cap
140

Suc dien dong tu cam mo phong

Cuong do dong 5o cap iL(A)

A
vV

B o kN @ s 0 o N @
~
ViV

2 2
0 0.005 0.01 0.015 0 0.005 0.01

0.015
Thoi gian(s)

Thoi gian(s)

Hinh 3.5- 3.6: M0 phong cudng do dong di€n ix () strc dién dong tu cam V(t)
C6 thé nhan thay do thi i1(t) va Vi(t) c6 dao dong dang sin. Tuy nhién do chiu anh

\ n an s 2 15 .. 1L1+RCiT . )
huéng cua bién do ma cu thé la e*t, véi x = —= = —==— nén dao dong cd dang

2 LiCir
hinh sin tat dan.

Strc dién dong tu cam dat cuc dai 1a 136,6 V; cuong d6 dong so cap cuc dai dat
7,71 A, chukyt =472 x 10"*svatan s f = 2,12 x 10° Hz.

BN 1205 v v 1M5V

Hinh 3.7, 3.8: Két qua thuc nghiém cuong do dong Ny cap i1 (t) strc dién dong tu cam
V1(t) trén cudn so cap
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So sanh gia tri cuong do dong so cap giua mo phong va thuc nghiem

7.8
I e
=76 e
£ — m=—=—0
o / -
S 74 / B
o 7 o——"
2 ,’
S 72 /oo, Mophong | i
3 ’ =@ = Thuc nghiem
> ” Lig
s 4 /
S Wy
4
6.8 ,I
‘I
¢
6.6
2.5 3 3.5 4 45 5 5.5 6
Thoi gian ngam(s) x10°

So sanh gia tri suc dien dong tu cam giua mo phong va thuc nghiem
140

135 i

— T
130 / ,,
d ~

Mo phong

125/ ', {

Suc dien dong tu cam V1(V)

4 ==@ = Thuc nghiem
4
120
-
o
/
115 4
/
4
/
ugf
25 3 35 4 45 5 5.5 6

Thoi gian ngam(s) x10°

Hinh 3.9 - 3.10: So sénh cuc dai cudng d6 dong so cap i1 (t) va sire dién dong tu cam
V1(t) khi mé phong va thuc nghiém & cac thoi gian tich 1y nang lugng te khac nhau

Sai léch gitra cuc dai cia cudng d6 dong so cap va strc dién dong tu cam khi mod
phong va thuc nghiém nho hon 10%. Tan sé dao dong mé phong cé hiéu chinh 13 f =
2,12 x 103 Hz, sai s6 13 9%.
3.3.3 Anh hwéng ciaia tong tré R dén bién dd va tan sé Vi, is

Suc dien dong tu cam V1(V)

700

600 -

Suc dien dong tu cam V1(V)

140

— = R=1.5
120 }

500
400 -

300

Anh huong cua dien tro den bien do V1

|
100
h
L |
60»\
AN
40 A <
N -~
~— —
20+ —_ 4
—=== el ol b
-
- -

.

0 L L L L L L
0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012 0.013 0.014 0.015

Thoi gian(s)

Thay doi cuc dai suc dien dong tu cam theo dien tro R

s Suc dien dong tu cam

Dien tro R

Thay doi cuc dai cuong do dong so cap theo dien tro R

Cuong do dong so cap

20

Cuong do dong so cap i1(A)

0 1 2 3 4 5 6 7 8 9
Dien tro R

Anh huong cua dien tro den tan so V1 va i1

3002

3001 -

3000 [

2999 -

2998 -

2997 -

Tan so f(Hz)

2996 |-

2995 |-

2994 -

2993
0

I L L L L I I . L il
0.5 1 1.5 2 25 3 3.5 4 4.5 5
Dien tro R

Hinh 3.11-3.14: Anh huong caa dién tré R dén bién do va tan s6 V1, i
Khi tdng gid tri dién tro bi€n do dao dong cua Vi(t) giam di. Khi tang gia tri tong
tro' R, nang luong cua hé thong giam xuong vi vay cac gia tri cuc dai caa ix(t), Vi(t) cling
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giam theo. Vi cac khao sét cho thay, tan s dao dong cua h¢ chiu anh hudng rat it ti gia
tri dién tré caa mach so cap R.
3.3.4 Anh hwéng ciaa dién dung tu C dén bién dd va tan so Vi(t), ii(t)

Qua trinh tang trueong cua dong dién i(t) khong chiu anh hudéng cua dién dung tu
R

i(t) = %(1 — e_ﬁt). Vi vay, viéc tién hanh khao sét chi dit ra dbi véi sirc dién dong
tu cam V1(t).

200 Anh huong cua dien dung tu den bien do V1

Thay doi cuc dai suc dien dong tu cam theo dien dung tu C
450 T T
400 [
250 |
S 1 S 350
> 200 >
€ 1 £ 300
g s
=l S
2
o 150 o 250
2 1 2
s | S
§ |\ § 200
S 100 ~ S
sy 8
@ ~ @ 150
~ -~ ~
50 ~ " <
~ = 100
= = =
-—===
0 I - - 1 50
0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012 0 013 0.014 0.015 0 1 2 3 4 5 6 7 8 9
Thoi gian(s) Dien dung tu C %10
Anh huong cua dien dung tu den tan so V1 va i1
7000
—(H2)
6000
5000
N
<
g 4000
<
&
&
3000
2000
1000 L . L . . I . |
0 05 1 1.5 2 25 3 35 4 45 5
Dien dung tu C(uF) %10

Hinh 3.15- 3.17: Anh huéng cua dién dung tu C dén bién d6 va tan sb Va(t), ix(t)
Dao dong cua V1 sé tang vé bién do khi giam gia tri cua tu C. Khi C = 1 uF, Vimax
=197,6 V; khi C = 0,5 uF, Vimax tang 1én 284 V. Khi dién dung tu tang, cuc dai cia V1
giam rat nhanh trong khoang tir 0 — 3,5uF. Tuy nhién, khi C vuot qua 3,5uF, cuc dai cua
V1 glam tuong ddi cham. Tan s6 cua hé giam Khi tang dién dung tr 0,5 MF — 1 pF.
3.3.5 Anh hwéng ciia dd tw cam L cia cudn so cAp dén bién dd va tan sé Vi, is:

250 Anh huong cua do tu cam den bien do V1 s Anh huong cua do tu cam den bien do i1
I
200 ¢
. 6
s ! |
S i
E150‘ E 1
«
SN 3 o
= =3
o 2
g N g 5H
:100"\ E] |
L o,
° <3PS
3 LINEN S |\
a ~ ~ oL
r ~
50 ~ o ~ - ‘
S~ LT = o I D EEE e e - - - -
- - ='!_-_—-_"l-rln ‘

0005 0006 0.007 0.008 0.009 0.01 0.011 0.012 0.013 0.014 0.015

1 . . . . . . . .
0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012 0.013 0.014 0.015
Thoi gian(s)

Thoi gian(s)

Hinh 3.18-3.19: Anh huong caa hé sé ty cam L dén bién do dao dong i1 (t) va Va(t)
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Thay doi cuc dai suc dien dong tu cam theo do tu cam L s Thay doi cuc dai cuong do dong so cap theo do tu cam L

o o ~
a o o N o

Suc dien dong tu cam V1(V)
@

Cuong do dong so cap i1(A)

IS
o

IS

50

©
o

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
Do tu cam L %107 Do tucam L «107

o

8000 Anh huong cua do tu cam L den tan so V1 va i1

f(Hz)
7000 -

6000

o
S
S
=3

Tan so f(Hz)

4000 -

3000

2000

Do tu cam L(mH) 1073
Hinh 3.20-3.22: Anh huong cua do tw cam L trén cudn so cap dén bién d6 va tan sb
V1, i1
Khi @6 tu cam tang, cuc dai cia V1 tang nhanh trong khoang tir 0 — 4mH. Khi L
vuot qua 4 mH, cuc dai cua Vi giam cham va gan nhu tuyén tinh. Khi d tu cam tang,
cuc dai cua i1 khong doi trong khoang tir 0 — 0,6mH va giam gan nhu tuyén tinh khi L
vuot quéa 0,6 mH. Khi ting L1 tir 1,25 mH — 1,58 mH, tan s6 cua hé giam.
3.4 Xac dinh dung lwong ciaa tu cho hé théng danh lira hybrid
Vigc chon tu dién cho hé thong danh Iua hybrld c6 ¥ nghia hét strc quan trong Vi
ngoai cong dung bao v¢ cho cac thiét bi dong ngat va chdng lai cac anh huong tiéu cuc
nhu trong phan mé dau da trinh bay, nang luong tich lily trén tu phai di 16n dé thuc hién
qua trinh danh Itra dién dung. Viéc chon tu phai chiu cac rang budc sau:
- Quan h¢ gitra thoi gian nap tu va dung luong tu
- MAt mét trén tu
- Kha nang lam viéc cia mach danh Itra dién cam
3.4.1 Thei gian nap tu :
Dién &p tu cam trén cudn so cap cua bo-bin ¢ dang mét dao dong dang sin tat dan.
Vi vay, khi dién &p trén tu da duoc nap dén gia tri cuc dai cua dién &p ty cam qua trinh
nap tu s& khdng thé tiép tuc. Nhu vay, thoi gian nap tu toi da s& bang 1/2 thoi gian cua
xung dién ap thir nhat, ciing 1a 1/4 thoi gian hinh thanh chu ky (T) xung st dién dong
tu cam cyc dai duge sinh ra nhu hinh 3.23. Thoi gian nay phai 16n hon thoi gian nap day
cho dung luong tu.
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Theo cac cdng thire tinh toan thai gian nap cho tu véi nguon khéng doi. Vai C l1a
dién dung cua tu dién, Vngp 1a dién ap nap cho tu, Vc la dién ap trén tu. t = RC la thoi
hang nap tu. Ung véi thoi gian nap t = 4t, Bién &p trén tu Ve dat gia tri Vc = 99%Vngp.
Vay tng voi dung luong cua tu C= 1yF, t6ng tro ciia mach so cap R= 1,5 Q, thoi gian

nap day tu s& 1a t = 4t = 4RC = 6s.

Dya trén cong thuc chu ky Vi, €6 (hé théy thoi gian tich Iy nang lugng cua cudn
day ts khdng anh hudng dén chu ky va tan s6 cua i1 va V1. Nhu vay, khi dong co lam

viéc, thoi gian tich ity ning lwong cua cudn day co thay doi thi chu ky va tan sb dao

dong cua V1 va i1 trén cudn day khong doi. Vi vay, khi tinh toan gia tri da thoi gian nap
day tu tai mot thoi gian ngam sé thc’)a & cac che do lam viéc khéc cua dong co.

x 10Anh huong ct
8

 dien dung den thoi g n hinh than hmthkyVl

13
{—Tho gian hi htha hmotchukyT(s)
| == = = Thoi gian nap day tu t(s)

"

7

Thoi gian(s)
IS

yd

/'
3 Vs

4

0 - —

0 1 2

3 4 5 6

Dien

dung tu C (F)

7 8 9

x10°

Hinh 3.24: Thoi gian hinh thanh mot chu ky cua V1 va thoi gian nap day tu khi thay
d6i dién dung tu tir 0,22 pF — 9 pF

Thoi gian hinh thanh mét chu ky cua Vai(t) c6 xu hudng tang 1€n khi tang dién dung

tu tir 0,22 pF — 9uF. Thoi gian hinh thanh mot chu ky thap nhat 1a T = 156,3 us & tu c6
dién dung C =0,22 pF. Véi thoi gian nap tu béng Y4 thoi gian hinh thanh mot chu ky cua
V1, ta c6 thoi gian nap tu theo md phong thap nhat 12 39,075 ps. Thoi gian nay I6n hon
rat nhiéu so véi thoi gian nap day tu 1a t = 4RC = 6 pus, nén dién ap trén ty s& dat gia tri

cuc dai surc dién dong tu cam.
3.4.2 Nang lwgng tich liy trén tu:

Ning lugng tich lily trén tu duoc tinh theo cong thuc: WC = l CVE
‘Trong qua trinh lam viéc cua dong co, tuy thudc vao s6 Vong quay ECU dong co
s& diéu chinh thoi gian tich liy nang luong ta, thoi gian nay sé giam khi s6 vong quay
dong co ting (xem bang 3.1). Nhu vay khi giit nguyén céc gia tri R, L, C cu thanh hé
thdng, khi thay doi s6 vong quay nang luong tich lily trén ty sé thay déi.
Bang 3.1: Thoi gian tich lily nang luong ta trén dong co TOYOTA 1NZ-FE

S6 vong quay ddng co’ (rpm)

700

1000

2000

3000

4000

5000

6000

Thoi gian tich 1dy nang lugng ta (Ms)

5,6

5

4,7

4,3

3,9

3,7

3,5
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Tuy nhién, trén tu c¢d hién trgng mat mat ning luong, 1am tén that nang luong

tich lity trén tu. Nang lwong mat mat do ro dién Pq duoc tinh bai cong thic:
Pa = I/ESR (3-10)

Trong do: ESR = wZZZ -
dién dung tu (F), o: téc do goc (rad/s), la: cudong d6 dong dién khi nap day tu (A).

Trén hinh 2.10 khdo sat nang lugng tich liiy We trén ty, ¢0 tinh toi cac t6n that tai
3 s6 vong quay cua dong co khi thay d6i dién dung cua tu

-S4 vong quay téi thiéu cua dong co 700 vong /phut

- S6 vong quay thudng sir dung cua dong co 1000 vong pht

- S vong quay cuc dai ciia dong co 6000 vong/phut

Su thay doi dien ap V2 va Wc theo dien dung tu

T 24

Nang luong tich luy We(mJ)

W tai tng = 3.5ms
= = =V2lailng = 5.6ms

W tai tng = 5.6ms.

Dien dung tu C(uF)
Hinh 3.25: Khao sét sy thay doi gia tri dién &p tht cap cuc dai trén mach danh lia tu
camVem va nang luong tich Ity W theo dién dung tu dién
Tir khao sat trén ta nhan thay, twong ang vai cac sb vong quay trén nang luong
cuc dai c0 thé tich liy trén tu s& dat c4c gia trj lan luot.
Bang 3.2: Nang lugng tich iy trén tu
S6 vong quay ddng co (rpm) 700 2000 6000
Dung lugng tu (uF) 1,3 1,13 0,98
Nang luong cuc dai tich iy trén 1 tu (mJ) 19,3 18,65 13.7
Nang luong cuc dai tich iy trén 3 tu (mJ) 57,9 55,95 41,1
Nang luong danh lira tich Iy trén tu déu dat gia tri can thiét dé danh lira va duy tri
thoi gian phong dién.
Dé don gian cho két cau ciia mach chon gié tri tu C=1pF, kiém tra lai niang luong
tich Iiiy trén tu, ta thiy twong (ng Véi gid tri cua tu nhu trén cac gia tri dugc nhu sau
Bang 3.3: Ning luong tich lily tai cac s6 vong quay (ng voéi tu dién C= 1 pF

S6 vong quay déng co (rpm) 1000 | 2000 6000
Nang lugng tich liy (mJ) trén 1 ty (uF) | 18,7 18,4 13,6
Niang luong tich 1ty (mlJ) trén 3 tu 56,1 55,2 40,8

Qua cac khao sat trén ta nhan thay, cac gia tri trong bang trén déu théa ning luong
yéu cau nang lugng danh lua.
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3.4.3 Kiém tra kha ning lam viéc cia h¢ thong danh lira hybrid khi thwc hién danh
Itra dién cam
Bang 3.4: Gia trj hiéu dién thé thir cAp cuc dai Uzm trén cac bo-bin danh lira dién cam
tai cac s6 vong quay khac nhau
Toc d6 dong co (vong/ phut) 700 1000 6000

Dién thé thir cap cuc dai Uzm (KV) 18,9 18,65 16

CAc gi4 tri trén déu thoa man yéu cau cho hiéu dién thé tha cap cuc dai (7-40kV)

3.5 Tinh todn mach danh Iira hybrid — giai doan danh lira dién dung (CDI):
3.5.1 M0 hinh tinh toan:

Dua trén so d6 nguyén Iy hé théng danh lLira hybrid (hinh 3.1), véi cach méc ba tu
song song, trong tinh toan co thé thay thé bang mot ty dién C c6 dién dung tuong duong
cua ba tu C1, C2, Cs (mdi tu cd gid tri C= 1uF). Qua trinh giai phong nang luong tich lily
trén tu dén cudn so cap cua bo-bin 4, ¢ tinh chat trong dwong voi qué trinh ty dién
phong trén mach RLC.

Vi vay, trong tinh toan c6 thé sir dung md hinh mach RLC (hinh 3-26) trong d6: C:
tu dién twong duong cua ba tu Ci, Cz, Cs (3WF), S: Cong tic dong/ma thé hién hai trang
théi dong/ngat cua SCR, Lq: Hé 6 tw cam ciia cudn so cap cua bo-bin 4, Rq: Tong tré
cua mach so cap danh ltra dién dung, bao gom: dién tro cua cac linh Kién, dién tro cuon
so cap bo-bin 4, dién tré cua cac méi ndi,.

S_/_'

C Z Qo ng

Wy
R4

Hinh 3.26. M6 hinh tinh toan mach danh Iia hybrid — giai doan danh Itra dién dung

Nhu da trinh bay ¢ trén, sau qua trinh danh Itra dién dung trén trén cac bo-bin 1,
bo-bin 2, bo-bin 3; nang luong tu cam s¢ duoc tich Iiiy lan luot trén céc tu C1, C2, C3
(hinh 3.1). C4c tu trén sé duoc tich dén gia tri Qo ‘

V6&i mo hinh tinh toan ¢ hinh 3.26, phuong trinh can bang nang lugng trén mach:

2
W=We+W, =242,
2Cq4 2 )

Trong d6: Cq: Dung Iugng cua tu trén mach danh lira dién dung, Lq: HE so tu cam
trén mach danh Itra dién dung, is: Cuong do dong dién lUc tu nap day.

Ta co: ig(t) = Quw'e ! sinw't + ( )cos(m t)]

Phuong trinh sau hiéu chinh:
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iq(t) = 0,88.Qq. w'.e V[sin(1,940't) + () cos(1,94w't) — (L]
Phuong trinh tong quét caa stic dién dong tu cam

Y2 .
eq(t) = Lyg. Qow'e™ Yt [(oo’ - J) .cosw't — 2ysmw’t]
Phuong trinh sau hiéu chinh:
2
eq(t) =0,92.Ly.Qow'. e " [(w’ — y—,) .cos(1,94w't) — 2ysin(1,94w’t)]

w
Tién hanh xay dung d6 thi cudong d6 dong dién ig(t) va sic dién dong tu cam cua
cuodn so cap eq(t). Céc gié tri dua vao tinh toén:
Rd=0.5Q, Lg = 0.2mH, Cq = 3pF (3 tu dién 1pF mac song song), Vimax ty dien =
195V, tai s6 vong quay dong co 700 vong/phdt.

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

=== Cuong do dong dien
n » == =Suc dien dong

Suc dien dong (V)

Cuong do dong dien (A)

|

|

|
|
|
|
I
|
|

Thoi gian (ms)
Hinh 3.27: D6 thi cudng d6 dong dién va strc dién dong tu cam eq(t) ciia cudn so cap
giai doan danh Itra dién dung

Cuong do dong dién va strc dién dong tu cam cia cudn so cap (khi tu dién phong)
dao dong tat dan dang sin, chiing léch pha nhau mot goc g Khi cuong do dong dién dat
gia tri cyc dai ciing chinh 1a lic sire dién dong tu cam bang 0.

3.5.3 Cac md phéng
M6 phéng cwong do dong dién iq(t) va sire dién dong tw cam eq(t)

Trén thuc té, c6 diode mic & dau ra caa cac tu dién. Vi vay, toan bo phan am cua
dao dong cuong do dong dién va strc dién dong tu cam caa cudn so cap déu bi luoc bo.
Str dung thiét bi Pico Automotive Oscilloscopes 4425, do cudng do dong dién va sic
dién dong tu cam cta cudn day so cap trén mach danh lira dién dung hybrid thuc té duoc
lip trén dong co Toyota 1NZ-FE. Céc thong s linh kién st dung nhu trong céc trong
c4c md phong trén, dong co hoat dong ¢ s6 vong quay 700 vong/phut.
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Do thi cuong do dong dienva suc dlen dong tucam

—Guﬂngmd ng dien
A — = Suc dien dong

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

Thmg\an (ms)

Hinh 3.28-3.29: Po thi cuong do dong dlen Id(t) va stre dlen dong tu: cam eq(t) cua
cudn so cap trong hé thong danh lira hybrid — giai doan danh lira dién dung mé phong
va thuc té.

Panh gia anh hwéng cia tong tré Rq dén cuwong dd dong dién ia(t) va sire dién
dong eq(t) trén h¢ thong danh Iira hybrid- giai doan danh lira dién dung

Nham danh gia sy thay d6i cua cuong do dong dién va suc dién dong cua cuon so
cap cua bo-bin danh lira dién dung ta gia dinh tong tré mach so cap c6 ba gié tri Rq khac
nhau. Lan luot Rgr = 0.5Q, Raz = 1.75Q, Raz = 3Q va hé sb tu cam Lq = 0.2mH, dung
luong cua tu Cq= 3pF (3 tu dién 1UF mac song song), Vmax tu dién = 195V va md phong
tai s6 vong quay 700 vong/phdit.

Su thay doi cuong do dong dien cuc dai trong mach theo R Su thay doi suc dien dong tu cam cuc dai cua cuon day theo R

= =R2=1750hmm
R3=30hm

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

v Thol glan (ms) o e Thow g|an ms) o o
Hinh 3. 30-3-31: Do thi cudong d6 dong dién ia(t) va sic dién dong tu cam eq(t) di
qua cudn so cap trén hé th,onquanh Itra hybrid - giai doan danh Itra dién dung
Dua trén do thi ta thay, néu tong tré Rq cang lon thi cang lam giam gia tri cuc dai cua

cuong do dong dién va strc dién dong ty cam dat duoc trén cudn so cap. Chu ky dao
~ 2 2 X ) - ~ g3 A K e AX Rg .
dong: Ty = —— = T tdng tr& Ry tang s& lam cho hé s6 tét din y = =% tang
1,94.0 f 2Lq

1,94. [w3—y?

1én, diéu nay dan dén viéc kéo dai thoi gian chu ky Tq. Tuy nhién, do y quéa nhé so Véi
w, Nén su thay d6i nay 1a khong dang ké.

Panh gia anh hwéng cia hé sé tw cam Lq dén cwong dd dong dién ia(t) va sire dién
dong eq(t) trén hé thong danh lira hybrid- giai doan danh lira dién dung
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SL_! thay doi cuong do dong dien cuc dai trong mach theo L Suﬂtﬂpay doi suc dien dong tu cam cuc dai cua cuon day theo L

;
——L1=01mH
—~ash 0 = =12=03mH
< —~140 L3=05mH| 4
S 2,TZD’
% ) o
=) g 100
& 15 -
[=] 80
© &
o Q L
k=] S
(=] QO 40
c S
g w 2200
O
ol
-20

L L L L L L L L L
0.02 0.04 0.06 0.08 0.1 012 0.14 0.16 0.18 02

v "ruhjoi gi;;n (n:;) o Thoi gian (ms)
Hinh 3.32: D6 thi cudng d6 dong dién ia(t) va sirc dién dong tu cam eq(t) di qua cudn
so cap hé théng danh lira dién dung- giai doan danh lira dién dung khi Lg thay doi.

Véi sy thay ddi La, khdng anh hudng téi cuc dai cua st dién dong tu cam trén
cudn so cap nhung lai tac dong rat I6n dén cudng do dong dién va thoi gian chu Ky Ta.
Tir phuong trinh, ta thay, cuc dai cia cuong do dong dién lamax = 0,88. Q,. w’. Nhu vay,
khi Lg tang 1én, lam cho w' giam di nén Igmax cling giam theo. Nguoc lai, vaoi sy sut giam
cua Imax thi chu ky T lai duoc ting 1én, kéo dai thoi duy tri su ton tai stc dién dong tu
C4m cua cudn so cap.
Panh gia cwong do dong dién va sire dién dong tw cam cia cudn so cap bo-bin
danh lira dién dung theo téc @9 dong co

Khi ting toc d6 dong co, thoi gian tich litly ning lwong ta trén cac bo-bin danh lta
dién cam cang ngan lai. Do do, strc dién dong tu cam cuc dai sinh ra bai bo-bin danh lua
dién cam ciing giam theo dan ning lugng trén cac tu dién ciing giam theo. Pay ciing
chinh 12 ngudn niang lwong cung cip cho mach danh lira dién dung hoat dong.

Cuc dai cuong do dong dien va suc dien dong theo toc do dong co
T T I

——Cunng do dong dier
— =Suc dien dong

2N

Cuong do dong dien (A)

Toc do dong co (vong/phut)
Hinh 3.34: Po thi cuc dai cuong d6 dong dién ig(t) va sire dién dong tu cam eq(t) theo
tdc do dong co
Trén d6 thi mé phong, ta thdy sirc dién dong tu cam cuc dai caa cudn so cap (bo-
bin 4, mach dién dung) dat 182,7V tai téc ¢6 700 vong/phit va giam dan vé 180,3V tai
6000 vong/phut. Cuong d6 dong dién cuc dai trong mach danh Itra dién dung dat 20,23
A tai tbc @6 700 vong/phit va giam dan vé 19.93A tai 6000 vong/phit. Diéu nay cho
thiy cuc dai cua cudng d6 dong dién va sire dién dong trén cudn so cap caa bo-bin mach
danh ltra dién dung thay d6i rét it trong mién lam viéc theo téc d6 dong co (2,3 % dbi
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Véi size dién dong va 1,49% ddi véi cuong o dong dién khi toc do dong co thay doi tir
700 - 6000 v/ phat).
3.5 Két luan chwong 3

Trong chwong 3, da dua ra dugc cac md hinh nguyén ly 1am viéc cua hé théng
danh Itra hybrid c6 hai giai doan lam viéc (giai doan danh Itra dién cam va giai doan danh
ltra dién dung). Tur d6, trién khai dugc cac md hinh tinh todn cho ca hai giai doan danh
Itra dién cam va danh lura dién dung.

O giai doan danh lira dién cam, da thyc hién dugc cac phuong trinh mé ta cuong
d¢ dong dién i1(t) va strc dién dong tu cam V1(t). Cac tinh toan va thyc nghiém cho thay
cac dién bién cua hé thong phu hop voéi cac tinh toan Iy thuyét. Ngoal ra tac gia cling
khao sat dugc anh hudng cua cac chi tiét cau thanh hé théng nhu hé s6 ty cam cua cuon
day L1, tu dién C1 va tong tré R dén cac gia tri cudong do dong dién i1(t) va strc dién
dong ty cam V1(t).

Viéc chon dung luong cua tu tich lity ning luong cho hé théng danh lra hybrid
c6 y nghia quan trong, cac gia tri dung luong cua tu khéng nhitng anh huéng dén kha
nang danh lra & giai doan danh ltra dién dung, ma con anh huong dén kha ning lam viéc
cua ca hé théng ¢ giai doan danh lira dién cam. Véi céc gia tri cua mach danh lira dién
cam: tong tré hé théng R=1,5 Q, hé s6 ty cam cua cudn so cap bo-bin L1= 1,25 mH,
dién thé ctia nguon cung cap cho hé thong danh lira V=12,6V. Dung luong cua tu dién
c6 gia tri C1=1pF cho thy, cac gla tri vé nang luong danh ltra phuc vy cho mach danh
lra di¢n dung théa man cac yéu cau danh ltra va dién ap cuc dai U2m ¢ mach tha cap
giai doan danh lira dién cam van dép Gmg duoc yéu cau trén toan mién lam viéc cua dong
co. Vi vay, gié tri dung luong tu ndy (C=1uF) s& st dung cho thiét ké mach danh lua
hybrid.

Trong chuong nay cling trinh bay dugc mé hinh tinh toan cua mach danh Itra hybrid
& giai doan danh Itra dién dung va dua ra dwoc phuong trinh mo ta cac gia tri cwong do
dong dién va strc dién dong tu cam ¢ giai doan danh Itra dién dung id(t) va ed(t) (cac
cong thuc 3.18, 3.19). Cac tinh todn va mé phong & giai doan nay cho thay, cac dién bién
thuc té trén mach ph hop véi cac tinh toan ly thuyét. Tir nhitng mé phong, ta nhan thay
khi ting gia tri hé s6 ty cam Ld ctia bo-bin danh lira dién dung chu Ky dao dong Td ting
(xem hinh 3.33), diéu nay sé& lam ting thoi gian xuat hién tia lta trén bu-gi. Nhu vay,
Vv6i cling mot gia tri dién trg, cac bo-bin st dung cho hé thdng danh lira dién dung nén
chon cac bo-bin c6 ty sb kich thugc cua chiéu rong / chiéu dai cua bo-bin lén dé ting
thoi gian xuat hién tia lia trén bu-gi (céng thic 2.11).

CHUONG 4: CHE TAO MACH PANH LUA HYBRID
4. 1 Khao sat h¢ théng diéu khién danh lira trén dong co TOYOTA 1INZ-FE theo
thiét ké ciia nha ché tao
4.1.1 Giéi thiéu vé hé théng diéu khién dong co
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4.1.2 Nguyén ly 1am viéc ciia hé thong danh lira sir dung trén dong co TOYOTA 1
NZ-FE

Dé c6 thé phat huy t6i da hiéu suat lam viéc cua dong co, hdn hop khong khi va
nhién lidu phai duoc dbt chay sao cho ap suat cuc dai ctia qua trinh chay ¢ khoang 10 0
sau diém chét trén. Tuy nhién, thoi gian tir khi hdn hop duoc ddt chay, dén khi ap suét &
qua trinh chay dat gid tri 16n nhat phu thudc vao toc dd dong co va ap suit dudong éng
nap, nhiét 46 nudc 1am mat, nhiét do khi troi va mot sé yéu t6 khac. O nhitng dong co
dugc diéu khién tir may tinh, thong qua chirc nang danh ltra som dién tu, thoi diém dénh
Itra s€ dugc diéu khién tryc tiép tir ECU ddng co, voi chitc ning nay dong co duoc cung
cap thoi diém danh Lira gan nhu 1y twéng. Dua trén cac thong tin tir cac cam bién va cac
dir li€u chtra trong b nhd, ECU sé x4c dinh thot diém danh ltra danh lira t8i wu cho tirng
diéu kién 1am viéc khac nhau caa dong co. Sau khi xac dinh thoi diém danh ltra, ECU sé&
gui tin hiéu thoi diém danh lira (IGT) dén bo danh Itra. Khi tin hiéu IGT ngat b danh
lira s& ngit dong dién so cap trong bo-bin, tao ra tia ltra dién ap cao 7- 40 kV trong xi
lanh. Vi ESA lu6n dam bao thoi diém danh lia t6i wu, lugng khi thai duoc giam xudng,
tiéu hao nhién liéu va cong suat dong co dugc duy tri & muc ti vu.

IGF

D—

_ Bédanh lira

Caccadm
bién, tin IGT
higu tirdgng  |—p| ECU Bodin danh Wra
co'

v

Bu-gi

Hinh 4.1 So d6 chung vé diéu khién danh lira trén dong co
ECU B+

BOBIN VA BO BANH LUA

IGT1 %@@f XY-LANH 1

CACEAM IGT2 { ‘:mp\
BIEN ™
7:;:1:11:\

IGT3

XY-LANH 2

XY-LANH 3

1GT4 Hﬁhﬂ:{b XY-LANH 4

o
IGTF

Hinh 4.3: So do thiét ké hé thong danh lira tryc tiép trén dong co TOYOTA INZ-FE
Theo thiét ké ctia nha ché tao, h¢ thong danh lura st dung trén dong co TOYOTA
1 NZ-FE c6 céac dac diém sau: h¢ thong danh Itra dién cam dugc di€u khién truc tiép tur
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hé théng diéu khién dong co, hé thong khong sir dung bo chia dién, bd tri bo danh lira va
bo-bin thanh mdt cum (COP - coil on plug) nhu trén hinh 4.2,
4.2 Cl}é tao mach danh Iira hybrid
4.2.1 Y twéng che tao
4.2.2 Nguyén ly 1am viéc cia hé théng danh lira hdn hep dién dung - dién cam(sir dung cho
dong co 4 xy-lanh)

Hé thong bao gdm hai ché do 1am viéc: ché do danh lira dién cam va ché do danh
Itra dién dung. O ché d6 danh lira dién cam, ECU diéu khién dong co sé diéu khién qua
trinh danh lura ctia céc to may 1, 2, 3 (danh Itra dién cam), thong qua cac tin hi¢u IGT1,
IGT2, IGT3. Nang lugng ty cam “thtra” trén cac bo-bin 1, bo-bin 2, bo-bin 3,... s¢ dugc
tich iy vao céac tu C1, Cz, C3 twong tmg. Sau qua trinh danh lira dién cam, & ché do danh
Iira dién dung, twong (g v6i thoi diém 1am viéc cia to may 4, tin hiéu IGTs tir ECU
diéu khién dong co s& diéu khién SCR md. Ning luong tich liy trén cac tu Ci, Co, Cs &
duogc giai phong dén cudn day so cp cia bo-bin 4, thue hién qué trinh danh lira trén to
may 4.

Trén hinh 4.3 thé hién bd tri toan mach ctia bo danh Itra hybrid theo cac y tudong da
trinh bay. Céc linh kién dugc bd tri thanh cum véi kich thude nho, gon dé bo tri va lip
dat trén khong gian khoang dong co.

CEing lién kit véA cic tin hidu
16T 1,2,34 tir ECU 8dng co

= i
/‘. A :
. r Céng ké ndi vl cudn so clp
Tin hidu IGF kit n& aiacicbobin 1,234
ECU déng co

Hinh 4.3: B4 tri chung mach danh ltra hybrid
Trén hinh 4.4 thé hién cic dao dong vé stc dién dong tu cam trén hé théng danh
lira hybrid. Tt cac dao dong nay ta thiy, cir ba danh lira dién cam, hé thdng sé& thuc hién
duge mot lan danh lira dién dung. Cac qué trinh nay s& lap di ldp lai, nham thyc hién qua
trinh dt chay hdn hop trén dong co.
St dién dong

trén bu-gi danh Itra
dién dung

......................................................

Strc dén dong t cam

Hinh 4.4: Dao dong strc diéh déng tu’ cam trén mach dénh Itra hybrid
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CHUONG 5: THUC NGHIEM VA PANH GIA KET QUA
5.1. Thuc nghiém’dénh gia kha nang tich liy nang lwgng:
5.1.1 Muc dich, doi twgng va trang thiéet bi thuwe nghiém:

12v

Hinh 5.1: M6 hinh thyc nghiém danh gia kha nang tich 1ty nang lugng
Trén hinh 5.1 thé hién so d6 khbi mé hinh thuc nghiém
O m6 hinh déanh ltra lai sir dung bén bo-bin: khi diéu khién lan luot céc transistor
Ty, T2, T3, qua trinh danh ltira dién cam s€ xay ra ¢ cac bu-gi twong ung, nang luong tu
cam (do phan strc dién dong tu cam “thira” sinh ra tai cudn so cap) s& duoc tich lity 1an
luot vao cac tu C1, Cz, Cs va ning luong ndy s& duoc giai phong ddng thoi qua bo-bin
d4nh lira dién dung khi diéu khién transistor Ts.
e oy
!
. saaia
} W

21 M6 hinh h¢ thong danh lira hybrid

B+: ngudn cap cho Arduino.

Bout: NQudn cap cho bo-bin dién cam.

Nt xoay: diéu chinh thoi gian tich lily nang lwong ta va ché do hoat dong.

FET640: cac transistor Ty, T2, T3, Ta, Ts, Ts, T7.

IGTi: tin hiéu danh lira.

E: mass.

Vi diéu khién Arduino s& diéu khién céc bo-bin thuc hién qua trinh danh lra. C6
hai ché do thuc nghiém 1a ché do hoat dong bon bo-bin hoac sau bo-bin. Md hinh thuc
nghiém c6 thé diéu chinh: ché do hoat dong ¢ ché do bén hoic sau bo-bin, thoi gian
ngam tq (thoi gian tich lily nang luong) va tan sé lam viéc.

Bang 5.2: Thoi gian tich lily nang lugng tqtrén dong co TOYOTA INZ FE

S5 vong quay dong co (rpm) 700 [ 1000 | 2000 | 3000 | 4000 | 5000 | 6000

Thoi gian tich iy nang lugong ta (ms) | 5,6 5 47 43 | 39 | 3,7 3,5
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Trang bi thuc nghiém
Thuc nghiém sir dung thiét bi do dién ap - cuong d6 dong dién chuyén dung trén

6td Picoscope 4425, c6 4 kénh giao tiép voi may tinh

5.1.2 Qui trinh thwc nghiém:

Nhiém vu:

Thu thap cac gia tri dién ap trén cac cac tu 1, 2 va 3 khi cho mé hinh hoat dong
tuong ung Voi s6 vong quay dong co thay d6i (thé hién qua thoi gian tich lily ning luong
thay doi tq). Tinh toan ning luong tich lily duoc & giai doan danh lLira dién cam khi s6
vong quay thay d6i. Panh gia kha ning tich iy ning luong trén hé thdng khi sé vong
quay cua dong co thay doi
Qui trinh thwc nghiém
5.1.3 Két qua thuc nghiém:

Di¢n ap
do trém
hai dau ty
thir nhat

N\

Dién ap
do trén
hal dau ty
thir hail

'

Di¢n ap
do tren
hal dau ty
thir ba

'

A

Dién 4p do
31 chan
FET Ts

—_—

Hinh 5.3: Bién 4p trén tu & mo hinh 4 xy lanh trong khoang thoi gian ngam 5 ms vaéi
r=10° (©), R=1,5 (Q), L1=1,25. 103 (H), U=12,6 (V), C=1 (uF)
Bang 5.4: S liéu thyc nghiém dién &p trén tu & md hinh bén xy lanh voi R =
15Q,C=1pFval=125mH, U=12,6 V

ta V1(V)
(ms) Tul Tu?2 Tu3

5 173,2 182,1 182,9
4,7 173 181,7 182,7
4,3 172,5 181,3 182,1
3,9 1719 180,6 181,6
3,7 171,6 180,1 181,6
3,5 170,9 179,8 180,8
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Bang 5.5: Ning luong tich liy trén tu khi thuc nghiém mé hinh bén xy lanh véi
R=1,5Q,C=1puFval=1,25mH, U=12,6V

ta W, mét tu (mJ) W, tong
(ms) Tul Tu?2 Tu3 (mJ)

5 14,99 16,58 16,73 48,3
4,7 14,96 16,51 16,69 48,16
4,3 14,89 16,43 16,58 47,9
3,9 14,77 16,31 16,49 47,57
3,7 14,72 16,22 16,49 47,43
3,5 14,6 16,16 16,34 47,1

Ning luong tich liy tang dan theo thoi gian va dat cuc dai 48,3 mJ tai ts = 5 ms.
Ning luong tich lity thap nhét 12 47,1 mJ tai tagam = 3,5 ms. Ning lugng tich lity thap
nhét trén mé hinh van vuot qua mic ning luong toi thiéu dé danh lira 12 30 mJ.

Nhan xét: Két qua thuc nghiém da ching minh dugc ning luong tich liy trén mo
hinh du strc dé danh lira trén thuc té (hon 45 mJ & ché do bon xy lanh). Sai sb gitra két
qua mo phong va thuc nghiém 1a khoang 15%. Céc két qua thuc nghiém cho thay:

e Ning luong tich Iy trén hé théng dat gia tri 16n nhat 48,3 mJ khi sir dung 3
tu dién c6 dung lugng C = 1 pF bang (5.5).
e Sai léch gitra nang luong tich Ity trén tu khi thuc hién tinh todn mé phong
va thuc nghiém la 10%
5.2 Thuc nghiém danh gia hiéu qua lam viéc cia hé thong danh lira hybrid:
5.2.1 Muc dich, ddi twong, trang thiét bi thuc nghiém va so @6 thuc nghiém
Muc dich thgc nghiém:

Qua trinh thyc nghiém trén dong co bon xy-lanh TOYOTA 1 NZ-FE st dung nhién
liéu xang, danh Itra truc tiép, nham muc dich danh gia cac tinh nang kinh té, ky thuat va
mtc d6 phét thai cua dong co khi st dung hé thdng danh lira dién cam va khi str dung hé
thdng danh Itra hybrid, cu thé:

- Xay dyng cac dudng dic tinh thé hién cong suat co ich theo sé vong quay (Me=
f(n)) va Mémen ¢4 ich theo sé vong quay (Ne= f(n)) tai cac vi tri buém ga 20%, 35%,
50%, 75%, 100% khi sir dung hé thong danh lira dién cam va khi sir dung hé théng danh
Itra hybrid

- Xay dung cac dic tinh lugng tiéu hao nhién liéu Gnl (g/h) va suat tiéu hao nhién
ligu ge (g/kW/h) tai cac vi tri buém ga 20%, 35%, 50%, 75%, 100% khi su dung hé
théng danh ltra dién cam va khi sir dung hé théng danh lia hybrid

- Panh gia chat luong khi thai cua dong co khi sir dung hé thong danh Iira dién
cam va khi str dung hé thong danh Iira hybrid.
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Poi twong thuc nghig¢m:

Thue nghiém duoc tién hanh trén dong co d6t trong sir dung nhién liéu xang, danh
lra truc tiép va hé thng diéu khién phun xing danh lira bang ECU dong co Toyota
(INZ-FE) da qua sir dung vai cac thdng sé k¥ thuat chinh dwgc mé ta trong bang 4.6.
Cé&c yéu cau dbi véi thiét bi thuc nghiém:

Trang thiét bj thuc nghiém

Bing thir cong suét

Thiét bi do tiéu hao nhién liéu

May phén tich khi thai
So dd bé tri trang thiét bj thi nghiém

—F | 3,
i ﬁj
e | ;

. 8 : 6 _ﬁl_[l 5 ...___I
10 4 1 I

.- ———— = | :
[—’_\:/I_“““““l; _____________________

Hinh 5.9: So @6 bé tri thiét bi thi nghiém tré\n dong co Toyota 1 NZ-FE

1. Thung chia nhién liéu; 2. Thiét bi do tiéu hao nhién liéu; 3. May phan tich khi thai;
4. Hé thdng thai; 5.Bang thir cdng suat; 6. Bong co Toyota INZ-FE; 7. Thiét b diéu
khién buém ga; 8. Hé théng lam mat dong co; 9. Hé thdng diéu khién trung tam.
(EMCON 400); 10. Hé thong diéu khién dong co; 11. Hé thdng thu thap dit liéu; 12. May
tinh thu thap dix liu.

5.2.2 Cac qui trinh thuc nghiém:

Dé danh gia hiéu qua lam viéc caa hé thong danh Itra hybrid thyc nghiém tién hanh
xac dinh cac gia tri Xac dinh Me, Ne, Gnn, ge, chat luong khi thai theo hai loat do

Loat do 1: Khi dong co sir dung hé théng danh lira dién cam (theo thiét ké ban dau)

Loat do 2: Khi dong co sir dung hé théng danh lira hybrid (nhu dé xuat trong luan
van).

Cac qui trinh thuc nghiém thuc hién giéng nhau & cac hai loat do. Nhién liéu xing
(A95) sir dung cho ca hai loat do theo dung yéu cAu nha san Xuit xang.

Xac dinh dic tinh Momen c¢6 ich (Me) va cong suit c6 ich (Ne):

Tir bang diéu khién EMCON 400 khoi dong dong co va cho hoat dong dén nhiét
d6 6n dinh, chon ché do van hanh bang thir Toc d6 / Goc mé budm 9a (Speed/ Alpha).
Tai cac vi trf busm ga 20%, 35%, 50%, 75%, 100% tién hanh thay d6i momen can bang
cach thay d6i s6 vong quay dong co tir 700- 6000 vong / phut (budc chuyén 250 vong /
phut), duy tri c&c gia tri van hanh bang thir tai diém do trong mot phat. Trong qué trinh
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nay hé thdng thu thap AVL- Indicom s& tinh toan va thu thap dir liéu Me, Ne tai cac diém
do.

Xac dinh lwgng tidu nhién liéu theo gio va suét tiéu hao nhién liéu riéng:

Tinh toan lugng tiéu hao nhién li¢u theo gio dugc s dung phép do khéi luong
nhién liéu tryc tiép thdng qua thiét bi can FP7000 model 406 —I1 cua hang Fillon Pichon.
Tai cac diém do, cac ché do do dugc duy tri trong 1 phut. Luu lai céc két qua va tinh
toan ra luong tiéu hao nhién liéu theo gio ( Gnr). Suat tiéu hao nhién liéu riéng (ge) duoc

tinh ton theo cong thirc: g, = 2
e

Panh gia chat hrgng khi thai:

Chat luong khi thai duoc danh gia qua hai théng sé CO (% thé tich), HC (ppm thé
tich). Viéc danh gid nay dugc thyc hién theo qui trinh ISO 3930-1976 cua cuc dang kiém
Viét Nam va tai cac vi tri budm ga 20%, 50% va 75% tuong (ing Vi cac s6 vong quay
1000 vong/ phut, 3000 vong phit/ phut va 6000 vong/ phut. Trudc khi tién hanh do thiét
bi can dugc khai dong. Tai cac diém do thuc hién budc 1am sach (nhan ndt Purge), sau
mot thoi gian du I6n nhung khong qua 30 gidy, thuc hién viéc in ra dix li¢u.

Két qua thwc nghiém va thao luan:

Céac dudng dic tinh thé hién cong suat co ich theo s6 vong quay Me= f(n) va
Moment ¢4 ich theo s vong quay Ne= f(n) tai c4c vi tri buém ga 20%, 35%, 50%, 75%,
100% khi sir dung hé thong danh Itra dién cam va khi sir dung hé théng danh Iia hybrid.
Thuyét minh sé trinh bay tai cac ché do 20%, 50% va 100% budm ga (cac ché do con lai
s€ trinh bay ¢ phu luc).

Ché dd 20 % bwém ga

Db thi cong suit va moment & ché dd 20% vi tri buém ga

o @ 1 ®
S S S =3

Cong suit (kW)
2 &

Moment xoin (Nm)

Power INZ-FE
Power hybrid
Torque INZ-FE
Torque hybrid

w
S

-
S

0
0 1000 2000 3000 4000 5000 6000

Tbc dé déng co (rpm)
Hinh 5.11: D6 thi cong suat, moment & ché do 20% buém ga cua hé thong danh lira
nguyén thay va hybrid
DPong co sir dung hé théng danh lira nguyén thay (Pel, Mel): cdng suat cuc dai
16,7 kW tai 3750 vong/phat, moment dat cuc dai 72,4 Nm tai 1000 vong/phut.
DPong co st dung hé théng danh lira hybrid (Pe2, Me2): cong suat cuc dai 16,6 KW
tai 3750 vong/phat, moment dat cuc dai 71,5 Nm tai 1000 vong/phdt.
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A 3A P
Che d¢ 50 % bwém ga
Db thi cong suiit v moment & ché dd 50% vi tri bwéom ga
60 120

Céng suit (kW)
2 z 5

-
5
&
5

Moment xoin (Nm)

10

W
S

0 1000 2000 3000 4000 5000 6000 7000
Toc dp djng co' (rpm)

Hinh5.12: D6 thi cong suat, moment & ché do 50 % buém ga cia hé thong danh lra
nguyén thay va hybrid
DPong co sir dung hé thong danh lira nguyén thaty: céng suat cuc dai 55,6 kKW tai
5500 vong/phuat, moment dat cuc dai 104,8 N.m tai 3500 vong/phdt.
Pong co st dung hé théng danh lira hybrid: céng suét cuc dai 56.2 kW tai 5500
vong/phuat, moment dat cuc dai 104,2 N.m tai 4000 vong/phat.
Ché @6 100 % bwém ga

Do thi cong suiit vi moment & ché d9 100% vi tri bwrd'm ga
140 70

= » 2
= = =
w = n
s s 2

Cing suit (kW)

£

Moment xofn (Nm)

o
S

0
0 1000 2000 3000 4000 5000 6000 7000
I'oc dp dfng co (rpm)

Hinh 5.13: D6 thi cng suat, moment & ché do 100 % buém ga cua hé thong danh lira
nguyén thuy va hybrid

Pong co sir dung hé thong danh lira nguyén thity: cong suat cuc dai 63,8 kKW tai
5750 vong/phat, moment dat cuc dai 113,7 N.m tai 4250 vong/phdat.

DPong co sir dung hé thong danh lra hybrid: cong suat cuc dai 63,6 kW tai 5000
vong/phuat, moment dat cuc dai 113,3 N.m tai 4250 vong/phdat.

Khi so sanh céc céc sai léch vé cong suat dinh Ne max VA momen Memax Clia dong co
khi str dung hé thdng danh lira dién khi st dung hé théng dénh ltra dién cam va hé théng
danh lira hybrid 14 khong dang ké. Tuy nhién, do dong co thuc nghiém da qua sir dung
nén ca hai gia tri nay déu co sai léch khoang 20% so véi gia tri ctia nha ché tao céng bd

DPanh gia tiéu hao nhién li¢u: )
Trén hinh 5.14 thé hién luong tiéu hao nhién liéu theo gio va suat tiéu hao nhién
liéu riéng. Cac két qua cho thay lugng tiéu hao nhién liéu cua dong co dat gié tri dat gia
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tri 21kg nhién liéu / gio va suét tiéu hao nhién liéu riéng dat gia tri nho nhét gemin 223g/
KWh tai 2500 v/phit. Cac duong cong tiéu hao nhién liéu

D6 thi lwgng nhién lidu tidu thy va suit tidu hao nhién

lidu ¢6 ich & ché d§ 100% vi tri budm ga
25000 350

£

20000

¥

15000

z ¥
ge (g/kWh)

-
=
S0
=
=
& 10000

Gol INzFE 100
5000 Gol bybrid
e INZFE
ge hybrid
0 0

0 1000 2000, 3000 4000 5000 6000 7000
Toc dj dong co (rpm)

Hinh 5.14: D6 thi tiéu hao nhién liéu theo gio (Gn) va suat tiéu hao nhién lidu riéng
(9e)

Trén hé thong dién cua dong co, hé thong danh lira duge xem nhu mot loai phu tai
lam viéc lién tuc. Trong qué trinh lam viéc nang luong sir dung cho mot lan danh lira
phu thudc vao thoi gian tich lily nang luong ta. Tuy nhién, ta chi phy thugc vao hai thong
s6 chinh dién ap accu va s6 vong quay dong co (khong phu thuoc vao ché do tai). Vi
vay, néu dién ap accu 6n dinh luong nhién liéu tiét kiém duoc trén hé thong danh luoa
cling thay d6i theo s vong quay dong co.

Pé danh gia duoc luong nhién liu tiét kiém tir hé théng danh lira hybrid c6 thé sir
dung céc tinh toan sau:

Tong nang lwong cung cap nay bao gom ning luong téa nhiét (W) trén cudn day
so cap bd-bin va ning luong dy trit danh lira (Wy,):

50

WE == Wn + Wdt (5'1)
Nang lugng tiéu hao do toéa nhiét trén bd-bin duoc tinh:
W, = [ i?.Ry.dt (5-2)

Trong d6: i1: dong dién di qua cudn so cap- bo-bin danh Ita dién cam (A), Ri:
dién tro cudn day so cap (Q), Ry: tong tré trén mach so cap (Q), T, = ;—1: 1a hang s dién
X

tir ciia mach
Giai tich phan ta duoc:

—tng —Ztng

W=U—2R[t +2.7.e 11 —Eefl—zr] (5-3)
n RZZ: S ng L. 5 . 7 5 g
Nang lugng du trir cho danh Itra dién cam duoc tinh theo biéu thac sau:
2
Wy = 21 (5-5)

2 ’
Trong do: Wit: Nang luong du trit danh lra (J); Ing: Dong di€én ngat trén
cudn so cap (A), Ing= i1(ta)
Tong nang luong tiéu hao cho mot hé théng danh lu’a d1en cam trong 1 gio tuong

g Vvéi tée d6 dong co cho & bang 5.12: Wy, = Ws. 60 .7 (J) (5-6)
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Trong do6: ne: 1a téc d6 dong co (vong/phut).

Bang 5.12: Panh gia ning luong tich liy trén hé théng danh lia hybrid theo s6 vong

quay dong co
S6 vong quay | Wae (mJ)1 1an | Wa(mJ) 11an | Ws (mJ) 11an | Wsm (J) 1
(vong/phut) danh Iira danh lira danh lira gio
1000 75.08 470.51 545.59 16368
2000 74.5 429.48 503.98 30238
3000 73.54 375.3 448.84 40395
4000 72.2 321.97 394.17 47300
5000 71.25 321.97 393.22 58983
6000 70.13 269.83 339.96 61192

Trong bang 5.12 trinh bay ning luong tiét kiém dwoc trong mot gio khi sir dung hé
thong danh ltra hybrid & céc ving téc do khac nhau. Phan nang lugng nay thuc té Iy tir
accu Vai rat nhiéu ton that trong qué trinh tich liy va chuyén hoa nang lugng (hiéu suat
lam viéc cua dong co xiang, hiéu suat 1am viéc caa may phat dién, hiéu qua tich lity cua

accu va cac mat mat khac).
Hiéu suat dong co: e = 0.2 — 0.35.
Hiéu suat b truyén dai thang: na = 0.95 — 0.96.
Hiéu suat may phat: np = 0.4 - 0.65.
Hiéu suat ac-quy: na=0.75 - 0.9.
Higu suat tong cong: Ny = Ne.ng.Np.Na = 0.057 — 0.1966.

Nhién liéu
Déng co =) | May phat
Hé thong - Ac-quy

danh lea

Hinh 5.15: M0 ta duong truyen ndng luong tir Nhién ligu- Hé thong danh lira
Nang luong tiet kiém (We) dugc khi tinh dén sy ton hao qua duong truyén nang

luong cho & bang 5.13, duoc tinh theo bidu thic: W, = 22 ()

nxz

Nhu vay: Ning luong tiét Kiem (Wemax) 160 nhat: W4, = :’L’l
Imin

Niing luong tiét kigm (Wemin) nho nhat: Wepn = ~21

Zmax
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Bang 5.13: Tong nang luong tiét kiém trong mot gio khi tinh dén sy tén hao khi truyén

nang luong

S(‘\’,(‘)’r?gfpﬂl‘jf‘)y Wsin ) 106 | Wemax (3) Wemin (J)
1000 16368 287150 83253
2000 30238 530500 153810
3000 40395 708690 205470
4000 47300 829830 240590
5000 58983 965730 279990
6000 61192 1073600 311250

Cong sinh ra cua nhién li¢u khi bé qua nhiét luong toéa ra do sy ngung tu cua hoi
nudc chta trong san vat chay khi ta 1am lanh né dén nhiét d6 ban dau goi la nhiét trj thap
Qn caa nhién lidu. P6i vai nhién liéu xang ta c6 Qu cua xang 1a 44 MJ/kg.

Luong nhién liéu tiét kiém duoc trong 1 gio tir viéc tiét kiém ning luong danh lta

duoc cho & bang 5.13 dugc tinh theo biéu thuc sau:
W,.1000

Gtk = on (9) (5-8)

Trong d6: Gni: lwong nhién liéu tiét kiem (g), Qu: Nhiét tri thdp cua nhién ligu
(J/kg), We: Nang luong tiét kiem (J)

Bang 5.14: Luong nhién liéu tiét kiém duoc trong 1 gio khi sir dung hé thdng danh la

hybrid
S0 vong qua Wemin Gnltkmax Gnltkmin
wongiphiry | Wemax @) | " (©) (9)
1000 28685 83165 6.53 1.89
2000 530500 153810 12.1 35
3000 708690 205470 16.11 4.7
4000 829830 240590 18.86 5.47
5000 965730 279990 21.95 6.36
6000 1073600 311250 24.4 7.07

Dénh gia chat lugng khi thai
Bang 5.15: Tiéu chuan khi thai cho dong co xang (TCVN 6438:2018)

Thanh phan gay 6 nhiém trong khi | Phwong tién lip dong co xing 4 ky cac loai
thai 010
Muc 1 Mt 2 Muc 3 Muc 4
CO (% thé tich) 45 35 3.0 0.5
HC (ppm thé tich) 1200 800 600 300

Bang 5.15 la tiéu chuan khi thai cho dong co xang 4 ky (TCVN 6438:2018) dugc
danh gia theo thanh phan CO, HC theo qui trinh do chat luong khi thai dugc thuc hién
theo TCVN 6204:2008 (ISO 3929: 2003- tuwong thich véi chi thi 92/55/EEC cua cong
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d6ng Kinh té chau Au). Qua d6, dong co sau khi da kiém tra hé théng thai cua dong co
(khéng duoc ro ri), déng co phai dwgc hdm néng dén trang thai hoat dong binh thuong
(it nhat hoat dong sau 15 phut). Pau éng do dugc dit sau vao 6ng xa it nhat 300mm.
Sau khi ham néng dong co, cho dong co hoat dong ¢ 3000 vong/phut trong 60

gidy sau d6 dua vé s6 vong quay khong tai. Dong co phai dat diéu kién vé nhiét do (nhiét
d6 dong co dat 90-950C). Pua bo phan tich vé ché d6 do. Thyc hién phép do trong thoi
gian du lau (nhung khong qua 30 gidy). Cac s6 liéu vé ham lugng CO (% thé tich) va
HC (ppm thé tich) thu thap dwoc sau khi thuc hién phép do duoc trinh bay trong bang
5.16

Bang 5.16: Chat luong khi thai dong co khi thuc hién d6i sanh - sir dung hé

thong danh lra nguyén thay va khi sir dung hé thong danh lira hybrid

Pong co khi sir dung hé Pong co khi sir dung hé
Thanh phan gay 6 | thong danh lira nguyén thily | théng danh lira hybrid
nhiém Lanl | Lan2 | Lan3 | Lanl | Lan2 | Lan3

q 278 2.15 1.96 2.26 2.86 276
CO (% thé tich)

Gia tri trung binh 2.29 2.63
(% thé tich)
. 65 71 72 86 71 74
HC (ppm theé tich)
Gia tri trung binh 69,33 77
(ppm thé tich)

Tai che do khong tai chat luong khi thai khi sir dung h¢ thong danh lira hybrid c6
sai khac khong dang ké so voi khi sir dung hé théng danh lia nguyén thuy. Cac két qua
nay déu dat tiéu chuan khi thai & micc 3 TCVN 6438:2018. Biéu nay mét lan nira cho
thiy, hé thong danh lira hybrid hoat dong hiéu qua trong qua trinh hoat dong cua dong
CO.

KET LUAN VA HUONG PHAT TRIEN

Két luan:
Luan an duoc hoan thanh va rat ra dugc cac két luan sau:

1. Hé théng danh ltra hybrid (hé théng danh lira hdn hop dién dung - dién cam) la
mot trong cac hudng nghién ciu vé hé théng danh lira da duoc nhiéu nha nghién ciu
quan tam. Tuy nhién, d6i véi cac nghién ciru ngoai nudce, cac cong trinh di cong bo chi
dé cap theo hudng phdi hop hai kiéu danh lira dién cam, dién dung nham kéo dai thoi
gian xuat hién tia lta trén bu-gi. Hudng nghién ciru theo hudng tich lity nang luong tir
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stre dién dong ty cam trén tu dién (tir nhirng lan danh lira tw cam), nham phuc vu cho
danh lira dién dung lan dau tién duge dé cap trong luan &n cua tac gia.

2. Luan 4n da trinh bay cac nghién ciru tong quan vé cac hé thong danh Ita st
dung trén dong co xang, cac dic diém cua hé thong danh ltra dién dung, dién cam. Cac
thong sé cha yéu cha yéu cua hé théng danh ltra. Luén 4n ciing dé cap dén ning luong
can thiét cho qua trinh danh Iira trén dong co xang, cling nhu cac yéu té anh huong dén
nang luong danh lua.

3. Lu4n an di xdy dung dugc phuong trinh biéu dién qua trinh ting truéng cua
dong dién di qua cudn so cép, ste dién dong tu cam ¢ giai doan danh Itra dién cam va
giai doan danh lira dién dung va khao sat cac yéu té anh huong dén chung (dién tro cua
mach so cap, hé sb tu cam caa cac cudn day bo-bin, dung lwong tu dién). Ngoai ra, luan
an cling dé cap dugc cac bude trong qua trinh xac dinh dung luong cua ty nham thuc
hién tich lily nang luong tir sicc dién dong tu cam, phuc vu cho giai doan danh Itra dién
dung.

4. Luan an da nghién ctu va ché tao thanh céng hé théng danh lira hdn hop dién
dung - dién cam trén dong co bon xylanh (TOYOTA 1NZ-FE) c6 kha ning tich liiy stc
dién dong tu cam (tur giai doan danh Itra dién cam) trén 3 tu dién 1 pF va phuc vu cho
giai doan danh lira dién dung. Vi két cau don gian va tan dung duogc cac dic diém sin
c6 tir hé thong diéu khién dong co. Hé théng danh Itra hybrid nhu da trinh bay, bao dam
hoat dong on dinh ciia dong co & cac ché do hoat dong khéac nhau va tiét kiém duogc ning
luong cho mot lan danh lira / mét chu ky 1am viéc cua dong co.

5. Cac két qua thuc nghiém trén mo hinh danh Itra hybrid trén dong co 4 xy-lanh
cho thay: Véi cac thong sé cua hé thong: dién tro cia mach so cap R: 1,12 Q, hé sb tu
cam caa cudn so cap bo-bin L = 1,25 mH, dung lugng cia tu C=1 pF, dién ap ngudn V=
12,6V. Nang lugng tich Iy trén tu dién ¢ 3 lAn danh lra dién cam thoa man nang luong
phuc vu cho mét lan danh lira dién dung.

6. Khi lap dat hé thong danh lira hybrid trén dong co TOYOTA 1NZ-FE céac thyc
nghiém theo hudng dbi sanh gitta hai truong hop, khi dong co sir dung hé thong danh
lira dign cam theo thiét ké cua nha ché tao va khi sir dung hé thong danh lira hybrid cho
thay

e Céc khac biét vé momen c6 ich (Me) va cong suat c6 ich (Ne) khong dang ké

- Khéc biét Ién nhat d6i vai momen c6 ich Me 12 8,8 % - buém ga ma 100%,
s6 vong quay 1000 vong/phut)

- Khéac biét 16n nhat d6i véi cong suat co ich Ne 12 5 % - buém ga md 100%,
s6 vong quay 1000 vong/phut)

e Céc sai léch vé ham luong khi thai tng voi ché do 1am viéc khéng tai theo hé

thong danh lira dién cam nguyén thay va hé théng danh lira hybrid lan luot 1:
- CO (% thé tich): 2,29 va 2,63
- HC (ppm thé tich): 69,33 va 77
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Cac s6 lidu khi thai nay phu hop véi cac qui dinh vé khi thai Viét Nam ¢ muc
3 theo TCVN 6438-2018

e He thdng danh Iira hy-brid c6 kha nang tiét kiém ning lugng

Mic di kha nang tiét kiém ning lwong cua hé thong danh lLira hybrid khong 16n
khoang 24,4 g nhién liéu / gio khi dong co hoat dong 6000 vong/ phat (Bang 5.14). Tuy
nhién, khi tiét kiém nhién liéu sir dung, dong nghia véi viéc giam phat thai ra méi trudng
va Véi s6 luong 6 to st dung nhién liéu xang trén thé giodi 1én dén 1,2 ty nhu hién nay,
day 1la mot hudng nghién ctiru hiru ich.

. Céc co so ly luan, cac tinh toan trong luan an c6 thé trién khai ap dung trén hé
théng danh lra cua cac dong co nhiéu xy-lanh.
Hwéng phat trién

Trén co s cac nghién ciru da dé cap trong luan an, ngudi nghién ciu xin dugc
phép trinh bay cac huéng phat trién sau:

1.Nghién ctu st dung nang lugng tich lity tir strc dién dong tu cam caa cac cuon
day dé sir dung cho muc dich khac.

2.Nghién cau ung dung hé théng danh ltra hybrid trén dong co 1 xy-lanh theo
huéng sir dung nhiéu tu dién duoc nap lan luot va giai phong ning luong trén cac cac tu
maot lan

4.Nghién ciru thay doi dung lugng cua tu dién twong Gng véi tirng ché do lam
viéc cua dong co.

5.Panh gia anh huong cua diéu kién khi hau Viét Nam (néng, am), dén hoat dong
cua hé thong danh lira néi chung va hé thong danh lira hybrid noi chung.
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Nghién ctru sinh

P6 Quéc Am



. ) X . . X BMI3.1-DT-BVCS
BO GIAO DUC & bDAO TAO CONG HOA XA HOQI CHU NGHIA VIET NAM

TRUONG PAI HQC SU PHAM KY THUAT Poc 1ap — Tw do — Hanh phiic
THANH PHO HO CHi MINH

TOM TAT NHUNG PONG GOP MOI CUA LUAN AN

Ho & tén NCS : 6 Qudc Am MSNCS: 13252010301
Thudc chuyén nganh  : K¥ thuat co khi Khoa: 2013-2016
Tén luan an : Nghién ciru, tinh toan, ché tao hé thong danh lira hdn hop

dién dung — dién cam str dung bo-bin don

Nguoi huéng dan chinh : PGS. TS B6 Van Diing

Ngudi huéng dan phu  : TS Lam Mai Long

Tém tit nhirng déng gép méi vé 1y luin va hoc thuit ciia luin 4n:

Trén cac dong co dbt trong chay cudng birc, hé thong danh lira c6 nhiém vu tao ra tia
lira dé d6t chay hon hop trong xy lanh vao cudi qua trinh nén. Hé thong danh lira c6 ba nhiém
vu chinh: tao ra tia lra dit manh dé d6t chay hon hop trong xy-lanh, thoi diém danh lira chinh
xac va phai c6 d6 bén cao. Dua vao cach tich lily ning luong, hé thdng danh lta trén 6 t6
duoc chia lam hai loai: hé théng danh Itra dién cam, hé théng danh Itra dién dung, ca hai hé¢
thong trén déu st dung bién ap danh lia (bo-bin) nham ting dién ap tir 6V hayl12V lén dién
thé cao ap tir 7-40kV, tao ra tia ltra giita hai dién cuc bu-gi d6t chay hdn hop trong dong co.
O cubi giai doan tich ity nang luong trén cudn so cip cua bo-bin xuét hién strc dién dong tu
cam. Dién ap ty cam nay anh hudng x4u t6i cc thiét bi dong ngat, gy nhiéu va lam giam
dién ap thr cip trén bo-bin.

Pé bao vé cac thiét bi dong ngit, ngudi ta thudng ding cc bién phap nhu: mic tu dién
song song vai tiép diém, ding diode zener mic song song véi transistor, hodc cac bién phap
bao vé khac. Vi cac bién phap nay, thiét bi dong ngit dong so cip duoc bao vé, nhung lai
khong tan dung dugc phan ning lwong ty cam sinh ra tir cudn day so cap.

Noi dung dé tai tap trung vao viéc nghién ctru thiét ké ché tao hé théng danh lira lai hdn
hop dién dung — di¢n cam st dung trén dong co 4 xy-lanh c6 kha nang tich liy nang luong
tur cam trén cac bo-bin danh Itra dién cam, dé st dung trong giai doan danh lra dién dung.
Nhu vay s& khic phuc duge cac nhuoc diém di néu va tiét kiém duoc ning luong sir dung
cho hé théng danh lira.

Tac gia da khao sat cac hé théng danh lira lai hdn hop dién dung -dién cam da dugc dé

cap trén the gidi, cac khao sat cho thay cac nghién ctu trén déu tap trung vao viéc kéo dai
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thot gian xuét hién tia lta trén bu-gi, hodc thuc hi¢n nhiéu 14n danh lira trong mdt xy-lanh
dong co.

Lu4n an d3 trinh bay cac nghién ciru téng quan vé cac hé thong danh lira str dung trén
dong co dot trong, cac dac diém cua hé théng danh ltra dién dung, dién cam, cac thong s6 chu
yéu cua hé théng danh lra. Ning luong can thiét cho qua trinh danh lira trén dong co xing,
cling véi cac cac yéu té anh huong dén ning luong danh lira.

Lu4n 4n di xay dung duoc phwong trinh biéu dién qua trinh ting trudng cta dong dién
SO cfip, suc dién dong tu cam ¢ giai doan danh Itra dién cam va giai doan danh Itra dién dung
trén hé thong danh ltra hy-brid. Luan an ciing dé cap duoc cac budc trong qua trinh chon dung
lugng tu - thyc hién tich lily ndng luong tur sttc dién dong tu cam, nham phuc vu cho giai
doan dénh lua dién dung.

Luan van di nghién ctru va ché tao thanh cong hé théng danh lira hdn hop dién dung -
dién cam trén dong co bdn xylanh (TOYOTA INZ-FE) c6 kha nang tich liiy stc dién dong
tu cam (tr qua trinh danh Itra dién cdm) trén tu va st dung nang lugng nay cho qua trinh danh
lra dién dung. Voi két cau don gian va tan dung dugc cac dac diém sén co tir hé théng diéu
khién dong co. Hé thong danh lira hybrid nhu da trinh bay bao dam hoat dong 6n dinh cua
dong co & cac ché d6 hoat dong khac nhau va tiét kiém duoc nang luong cho mat lan danh
lira / mot chu ky 1am viéc cua dong co. Cac két qua thyc nghiém hé thong danh lira hon hop
trén dong co 4 xy-lanh cho thiy ning luong tich lily trén 3 tu dién ¢ giai doan danh lira dién
cam thoa man nang lugng phuc vu cho giai doan danh ltra dién dung. Cac chi tiéu Ve cong
sudt ¢ ich Ne va momen c6 ich Me, khi thuc nghiém dbi sanh trén dong co TOYOTA INZ-
FE str dung hé thong danh lira theo thiét ké ban dau va khi sir dung hé thong danh lira hybrid
c6 sai léch khong dang ké. Céc chi tiéu vé khi thai trén thuc nghiém phu hop véi cac qui dinh
vé khi thai Viét Nam

Tp. H6 Chi Minh, ngay 11 thang 05 nam 2020

Nghién ctru sinh

Ngudi huwéng din chinh Nguoi huéng din phu

PGS. TS. P6 Vin Diing TS Lam Mai Long
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Major : Mechanical Engineering Major code: 2013
Dissertation title : Research, calculation and making of hybrid ignition system
Supervisor one  : Assoc. Prof. Dr. P4 Vin Diing

Supervisor two : Dr. Lam Mai Long
Summary of theoretical and academic contribution of the dissertation:

In the spark-ignition engine, the ignititon system has the mission of creating spark to
ignite the mixture in cylinder at the end of the compression stroke. The three main purpose
of the ignition system are to generate an electric spark in the engine combustion chamber, at
exactly the right time and maintain a reliabe working for engine and also the ignition system
itself. Depending on the way electric energy supplied to the spark plug in the system, ignition
system can be divided into two main types: the inductive-discharge ignition system and the
capacitor-discharge igntion system. Both the ignition systems perform the same operation:
generate a very high voltage — from 7 to 40 thousand volts — from the car’s 12 volts battery.
This high voltage passes throught the air-fuel mixture, which is containing in the cylinder, at
the spark plug; allowing the mixture to be ignited. At the end of the the primary current rising
stage, the self-induced emf emerges from the primary circuit. This emf causing the ignition
system lots of troubles. The self-induced emf is the main source of inductive interference in
engine, making signals become unreliable or causing undesirable errors in the interaction of
ECUs. Another problem is that the self-induced emf created in the primary coil tend to
maintain the primary current in the interrupt stage, so this emf will run across switch, causing
switch damaged. The self-induced emf also extends the time primary current “cut down”,
making the secondary voltage reduced.

To keep the self-induced emf from damaging the ignition system and other systems,
capacitor is connected in parallel to contact breaker. Another protection is inserting diode
zener parallel with the transistor. Those solution are good at protection but not utilization the
self-induced emf.

In this thesis, the hybrid ignition system; the combined ignition system of inductive-
discharge and capacitor-discharge; is researched, designed and presented in the four-cylinder
engine. This kind of ignition system is aimed to make use of the self-induced emf as the main
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energy for one fourth of the ignition process. The reward is not only protection, but also
utilization; making this kind of ignition system more efficiency.

Research has been conducted in this field and the result shows that the majority focus

on strengthening the spark duration or multiple time ignition in one cylinder.

The thesis discusses about the general principle of the basic ignition system using in the
internal combustion engine today; including the specific detail of each igntion system and the
characteristic parameter of the ignition system. The required energy for ignition process and

its parameter also investigated.

The thesis has built-up equations of the primary current and self-induced emf in the
discharge stage of the inductive-discharge ignition system and both stages of capacitor-
discharge ignition system. The process of calculating the accumulated energy; including the
charge time of capacitor, effect of losses on the accumulated energy and the preferable

capacitance; is also thoroughly demonstrated.

The thesis has successfully designed and installed the hybrid ignition system on the
Toyota 1 NZ-FE, which is the four-cylinder engine. In the first phase, the TCI phase, the self-
induced energy; which is a unavoidable occurrence in the ignition system; will be stored in
capacitors. This energy will be controlled via SCR and diodes by the ignition control unit and
released in the next phase of ignition, the CDI phase. The results show that the power (Ne),
torque (Me.), brakespecific fuel consumption (gc) and engine fuel consumption (Gn) are
insignificantly different between the original engine and the enhanced engine. The emissions
of hybrid ignition system are also met the Vietnam Emission Standard.

HCMC, 11/05/2020

Supervisor PhD candidate
(Sign and name) (Sign and name)
P36 Qubc Am
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Chuong 1
TONG QUAN

1.1 Ly do chon dé tai nghién ciru
Trén dong co ddt trong sir dung nhién liéu xidng, hdn hop duoc hinh thanh bén
ngodi dong co va duoc ddt chdy bang tia lira dién cia bu-gi. Hé théng danh lira co
nhiém vu bién dong dién co dién 4p thip trén 6 t6 (12V hay 24V) thanh cac xung dién
thé cao (tir 15.000V dén 40.000V) [1,2,3], cac xung nay s& dugc phan bo dén cac bu-gi
trén cac xy-lanh theo dung thir tw 1am viéc va dung thoi diém dé dét chay hoa khi trong
1ong xy-lanh. V&i cac cong dung trén, hé thong danh Itra c6 y nghia hét stic quan trong
trong viéc nang cao hié¢u suét lam viéc, giam tiéu hao nhién li¢u va 6 nhiém méi truong
trén dong co xang [1,3].
Dua vao céch tich lily ning lugng, hé thong danh Itra trén 6 t6 dugc chia 1am hai
loai:
- Hé théng danh lua dién cam (TI- Transistorized ignition system)
- Hé thdng danh lira dién dung (CDI - Capacitor discharged ignition system)

Déi v6i hé thong danh lira dién cam, nang lugng tich lily trén cudn so cap bo-bine duoc
K L. L1I3g
viét dudi dang: W, = — [1, 2]

O hé théng danh Itra dién dung, nang luong tich liy trén tu dién dugc viét dudi dang:

CUZg
2

W, = [1,2]
Trong do: - W.: Nang luong tich lu¥ trén cudn so cap (J).
- We: Nang lugng tich Iy trén tu dién (J).
- C: Dién dung cua tu dién (F).
- Ung: Pi1én ap nap trén tu dién (V).
- L;: Bo ty cam ctia mach so cip (H).

- I,z Cudng d6 dong dién qua mach so cap (A).



Loi thé quan trong nhét cta hé théng danh ltra dién cam 1a c6 thé tao ra duoc thoi
gian ton tai tia Itra dién kha dai va d6 1a mot trong nhitng yéu t& quan trong dé c6 thé
dam bao ddt chay hoan toan hoa khi trong xy-lanh. Ban dau, ning luong chi can cung
cap du dé vuot qua khoang cach khe hé bu-gi, phan con lai s& dugc sir dung dé duy tri
tia lra. Dbi v4i hé théng danh Itra dién dung, gén nhu tit ca nang lugng cua tu s€ dugc
x4 gan nhu 1ap tirc, do d6 s& bi giam dang ké kha niang duy tri tia lra dién [1,3].

Tuy nhién, do cudn so cép c6 do ty cam nén sy tang trudng dong dién trén cudn
so cap s& dién ra tuong doi cham. Vi vay, khi dong co hoat dong & sd vong quay cao,
dong dién ting truong chua dat dén gid tri can thiét thi di bi ngit, ning luong tich trix
trén cudn so cap chua du 1on va két qua 13 nang lugng danh lira khong cao. Trong khi
do, & toc do thép, dong dién ton tai kha 1au nén s& lam nong cudn so cép, tiéu ton nhiéu
ning lugng dién va 1am bo-bin dé hong. [1]

Véi loi thé dién 4p thir cap tao ra cao, tia lira dién dung c6 thé dé dang dot chay
luong hoa khi trong budng d6t khi dong co bi lot dau bdi tron, hdn hop hoa khi qua
giau hodc nhiét do budng ddt con thap. Ngoai ra, dién ap cao co thé gitp tranh 1o ri
nang lugng trén chit cach dién bu-gi va cac dién cuc gay ra bodi su dan dién cia cac
chét ban. Mot wu diém quan trong nira 13 thoi gian nap va xa cua tu dién rat ngan. Do
d6, n6 van dam bao dugc ning luong du ra du 16n khi dong co hoat dong & sd vong
quay cao, diéu nay dit biét c¢6 loi khi dung trén dong co cao tc.

Tuy nhién, vi sy phong dién dién ra qua nhanh, ning lugng trén tu s& nhanh
chong can kiét, vi vay thoi gian ton tai tia lora dién s& ngén hon so véi tia Itra dién cua
hé thong danh lira dién cam. Do d6, n6 s& kho dbt chay hoan toan lwong hoa khi trong
mot sd truong hop dac biét cua dong co nhu: hoa khi ngheo, dan dén xy lanh bi bo lura
(misfire) va lam khi thai bi 6 nhiém.

Tuy c6 sy khac biét vé cach thirc tich lily ning lugng va cac dic diém néu trén,
hai hé théng danh lira trén déu gidng nhau vé cach tao ra dién thé cao ap. Dé tao ra

xung dién cao ap, ca hai hé thong trén déu phai dung bién ap danh lira (bo-bin). Két



ciu cta bién ap danh lira gdm hai phan chinh: cudn so cap va cudn thir cap. Khi lam
viéc, trén cudn so cép ctia bo-bin xuét hién strc dién dong ty cam e;=Wi(dd/dt) (tur
100-300V) [1, 4]. Pién ap ty cam nay la nguyén nhan chinh giy hu hong cac thiét bi
dong ngit dong so cap (vit lra hay transistor cong suit) lam tiép diém bi chay, o hay
lam hong transistor cong suat 1an cac linh kién dién tir khac va lam kéo dai thoi gian
tri¢t tiéu dong dién qua cudn so cép cua bo-bin. Qua dé, lam giam gia tri cuc dai cua
dién 4p thir cip. Ngoai ra, su phong dién ndy ciing gdy nhiéu, 1am anh huong xau dén
cac thiét bi dién va dién tir khac trén 6 t0. Dé bao vé cac thiét bi dong ngét, nguoi ta
thudong dung cc bién phap nhu: mic tu dién song song véi tiép diém, dung diode zener
mic song song voi transistor, hodc cac bién phap bao vé khac. Voi cac bién phap nay,
thiét bi dong ngat dong so cap dugc bao vé, nhung lai khong tan dung dugc phan ning
luong ty cam sinh ra tir cudn ddy so cap.

Pé tan dung phan nang luong “thira” ndy, ta c6 thé tich lily strc dién dong tu cam
néu trén vao mot tu dién va sir dung phan ning luong nay cho cac lan danh lira tiép
theo. Nhu vay, ta vira dat dugc muc ti€u tiét kiém nang luong danh Itra, vira bao vé
duogc cho thiét bj dong ngit dong so cip khoi cac tac hai cua strc dién dong tu cam trén,
nang cao dugc chat luong danh Itra trén hé thong va chdng nhiéu cho cac thiét bi dién
khéc trén 6 to.

Viéc tiét kiém nang luong dung cho hé théng danh lira bang cach st dung dong
thoi hai bién phap tich lily nang lugng (dién cam va dién dung) gitp tiét kiém duoc
nang luong st dung trén dong co, gidm lugng khi thai thoat ra méi truong. Mac du
nang lugng phuc vu cho mot 1an danh lira khong 16n (khoang 30mJ-50mJ [5,6]. Tuy
nhién, nang lugng st dung trén hé théng danh Itra duoc léy tlr accu, v6i rat nhiéu ton
that trén qua trinh tich lily nang luong (hiéu suat lam viéc cua dong co xang, hi¢u suat
lam vi¢c cua may phat di¢n, hi¢u suit lam viéc ctia bd truyén dai, hi¢u qua tich lily cua
accu, cac mat mat khac) va véi sé lugng 6 t6 sir dung dong co xing 1én dén vai traim

triéu chiéc trén thé gidi, vi¢e tich lly nang lugng tu cadm nay cé y nghia rat 1én. Thém



vao do, viéc tan dung lai lugng nang luong “thwra” nay s€ gitip nang cao dd tin cdy va
giam hu hong cho cac cac thiét bi dién khéc trén 6 to.
1.2 Cac két qua trong va ngoai nwéc vé linh vue nghién ctru di cong bd
1.2.1 Cac két qua ngoai nuéc
1.2.1.1 Hé thong danh lira dién cam

Hé thong danh lira dién cam dugc st dung phd bién nhat trén dong co dbt trong
st dung nhién li¢u xang, dugc phat minh bdi Kettering vao ndm 1908 [7]. Hién nay,
v6i nhiéu bién thé khac nhu: hé thong danh Itra ban dan (transistorized), hé thong danh
lira theo chwong trinh (programmed ignition) hé théng danh lira truc tiép (direct

ignition), hé thong danh ltra dién cam van dugc sit dung rong rii trén 6t6 [8].
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Hinh1.1: So d6 nguyén 1y ctia hé théng danh lira dién cam (a), dién dung (b)

O hé thong danh lira dién cam, nang lugng trén hé thong dugc tich liy dudi dang
nang lugng dién cdm. Hoat dong cua h¢ théng nhu sau, khi truc khuyu quay tiép diém
K (cong tic hay transistor) duoc diéu khién dong ngat. Hé thong thuc hién hai qua trinh
nhu sau

Qua trinh tich lily ning hrong: Khi tiép diém dong K, dong dién tir + accu qua

cudn ddy so cap s& ting truong dang ham mil tir khong cho toi gia tri nhat dinh i

[1]
i:g{l_e;] (1.1)
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Trong d6: U: dién thé nguodn, t: thoi gian dong dién qua cudn so cap, T = E:

hang s cua hé thdng, L: hé sb tu cam, R: dién tré mach so cip.
Ning luong tich lity trong hé thong khi tiép diém ngét
0 Li* (1.2)
2
i: cwong do dong dién qua cudn so cap tai thoi diém tiép diém ngit.
Qus4 trinh ngit dong so cip
Khi tiép diém K ngat dong dién so cap va tir thong do nd sinh ra mat di dot ngot,
trén cudn thtr cdp cta bién ap danh lira s& sinh ra mot hiéu dién thé vao khoang 15-
40kV [1], tao ra tia lira dién trén hai dién cuc cta bu-gi nham dot chay hdn hop trong
long xy-lanh.
e Uu nhuoc diém ciia hé théng danh lira dién cam
Uu diém
- Céu trac don gian, 1am viéc tin cay.
- Thoi gian phong dién dai 100us dén 2ms [1, 6]
Nhuwoc diém
- Thoi gian tich lily nang lugng dai
- Thoti gian phong dién phu thudc vao nang lugng tich 1ly.
- Pién ap tha cap ting truong cham 300 ~ 500 V/ ms [1, 9].
- Pién ap danh lta s& giam khi ting s6 vong quay dong co [1,10]
1.2.1.2 H¢ thong danh lira dién dung
Pénh ltra dién dung (CDI) dugc st dung rong rai trén xe gan may, cac loai dong
co nho va mot sd 6 6 khac. Ban dau no dugc phat trién dé khic phuc cac nhugce diém
thoi gian tich lily niang luong dai trén hé théng danh Itra dién cam, diéu nay lam cho

ching thich hgp hon trén dong co tde d6 cao [1,9,11]. Bac trung chinh cua h¢ théng



nay la tich Iy nang luong trén mat tu dién va giai phdéng dong nang lugng nay trong
thoi gian rat ngan (vao khoang 0,1-0,4 ms) [1,3] nhim tao tia lira dién trén bu-gi.
Véi bang sang ché mang s6 hiéu #60925 tai My dugc ding ky vao ngay 17-2-
1897, Nikola Tesla duoc xem 14 ngudi sang ché ra hé théng danh lta dién dung. Hé
théng nay duoc tng dung dau tién trén 6 t6 Ford model K vao nim 1906 [12]
e Nguyén ly lam viéc
Trén hé théng CDI, tu dugc tich Iy mot dién ap cao tor mot mach nap, ngay khi
tu ngung nap. Nang luong tir tu s& phong qua cudn diy nham tao tia lira trén bu-gi.
Néu tu duge nap té1 dién ap U va dién dung cua tu 1a C, nang lugng tich trir trén tu

2
dugc tinh bang cong thuc Q= v .

e Phén loai hé thong CDI
H¢ théng CDI duoc chia lam hai loai AC-CDI va DC-CDI
Puoc str dung rong rai trong cac dong co nho, hé théng AC-CDI sir dung ngudn
dién xoay chiéu. Nguoc lai, & hé¢ théng DC-CDI nédng lugng cung cép cho hé théng
duoc cung cép tir accu, mot bién thé duoc su dung nham tang dién thé tr 12V DC 1én
dén: 400-600 VDC [12].
e Uu nhuoc diém ciia hé thong CDI
Uu diém
- Thoi gian tich lily nang lugng ngin. Vi vy, dic tinh danh lira khong phu thudc
vao sd vong quay dong co [1].
- Dién thé thir cip cao nén thich hop véi cac dong co ¢ ap suat budng dét 1on [9,
5].
- Hiéu dién thé tht cép tang trudng nhanh nén (tr 3 ~ 10 kV / ms), d§ nhay danh

Ira tang, it b1 &nh hudng cua dién trd ro trén bu-gi [1,7, 5].



Nhwoc diém

- Vi thoi gian phong dién ngin, nén khi hoa khi ngheo tia lira kho c6 thé dbt chay
duoc hon hop [1,5].

1.2.1.3 Hé thong danh lira Hybrid

Con goi 1 hé théng danh ltra lai, hé thong nay két hop ca hai kiéu danh lira dién
dung va dién cam. C6 nhiéu bién thé & hé thong danh lira lai, tuy nhién cac tac gia
thuong tap trung vao viéc kéo dai thoi gian xudt hién tia lira trén bu-gi nham kéo dai
thoi gian tiép xuc gitta tia ltra dién véi hdn hop hoa khi gitp cho qua trinh chay xay ra
dé dang hon.

Martin E. Gerry trong cong trinh hé théng danh ltra nap xa voi chu ky dién dung
va dién cam [13], da dé cap hé théng bao g@)m mot bd bién ap danh Itra c6 cudn so cép
duoc mic song song voi mot tu dién va dugc cép xung dién &p xoay chiéu nhiéu lan
trong mot chu ky danh lira (Hinh1.2), diéu nay sé& gitp cho tu dién phong nhiéu lan qua
cudn so cép. Qua do, s¢ tao ra nhiéu xung dién &p cao thé & cudn thir cép trong mot chu

ky danh Itra.

Hinh 1.2: So d6 hé théng danh lira nap xa véi chu ky dién dung va dién cam [13]



Trong cong trinh hé thdng danh Lira hdn hop trén dong co ddt trong (Hinh 1.3),
Michael J Frech va cac cong su di str dung bién ap danh lira gdm ba cudn so cap. Pau
tién, dong dién tur tu dién 74 s€ phong dién qua cudn so cép 54 tao ra tia ltra ” moi” dau
tién trén bu-gi, sau d6 ECU diéu khién cip transistor dong ngit tao thanh tia lira trén
bu-gi. Céc transistor nay sé dugc diéu khién déng bd v41 mach nap va xa tu nham tao

ra tia lira c6 du1 thoi gian d6t chay hdn hop hoa khi [14].

Hinh 1.3: Hé théng danh Itra hon hop trén dong co dét trong [14]

Ciing nham kéo dai thoi gian xuét hién tia ltra dién trén bu-gi, trong cong trinh Hé
théng danh lira dién dung véi kha ning kéo dai thoi gian xuat hién tia lira (Hinh 1.4)
Joseph M. Lepley, Girard di thiét ké mot hé thong gdbm mot bién ap dém, tu dién C1,
bién 4p danh ltra, hai cong tic S1 va S2. Tu dién C1 s& duoc mac ndi tiép véi cong tac
S1 va cudn so cdp bo-bin. Cong tic S2 s& dwgc mic ndi tiép véi cudn so cap cia bién
ap dém. Cong tac S1 va S2 s& dugc diéu khién thong qua bd diéu khién (control unit).

Pau tién, cong tic S1 md, cong tic S2 dong, ning luong s& duoc ting trudng trong
cudn so cép ctia bién ap dém, sau do6 cong tic S2 mé, tu C1 s& duoc nap do dong di¢n
cam ung ctia cudn thtr cAp bién 4p dém phong ra két thuc thoi gian nap tu thi cong tic
S2 dong lai. Pén thoi diém danh lira, cong tic S1 s& duoc diéu khién dong, tu C1 s&

phong dién qua cudn so cap cua bién ap danh ltra va tia ltira dién s€ xuat hién ¢ dau



bu-gi. Luc nay, cong tac S2 lai dugc mo ra va dong di€n cdm ng tir cudn thir cap cua
bién ap dém s€ phong boi thém vao cudn so cap cua bi€p ap danh Iira, ng dung nay s€

gitip kéo dai thoi gian xuét hién tia lra dién & dau bu-gi [15].
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Hinh 1.4: Hé thong danh lira dién dung voi kha ning kéo dai

thoi gian xuét hién tia loa dién [15]

Trong bai bao hé thong danh ltra lai co thé thay doi thoi gian xuat hién tia lira tac gia
Audris Simakauskas, Vilnius Gediminas Technical University dd dé xuat ra mot hé thong
danh Itra hdn hop dién dung va dién cam, hé thong nay bao gém hai phan chinh: mach
danh ltra di¢n dung: bd khuyéch dai dién ap, thyristor, tu dién C; mach danh Itra dién cam:
bd tao xung, mach diéu bién, bo khuyéch dai. Bo chia didu khién hoat dong cua ca hai
mach. Pau tién mach danh lta dién dung s€ lam viéc cung cép xung dién ap co thé dat dén
tir 30-40 KV, dién 4p nay du dé hinh thanh tia lira trén bu-gi. Tiép d6 mach danh lira dién
cam lam viéc cung cdp cac xung dién ap vai kV nham kéo dai thoi thoi gian hinh thanh tia

Itra trén bu-gi.[16]
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Hinh 1.5: So d6 khdi cia hé théng danh ltra Hybrid c6 thé thay ddi thoi gian xuét hién
tia ltra [16]

0 0.4 0.8 1.2 1.6 20 I, ms

Hinh 1.6: Dién thé thir cdp danh lira, t. thoi gian dénh lira dién dung, t. thoi gian danh
Ira dién cam [16]
Cong trinh “Hé théng danh lira hon hop dién dung dién cam” cua tic gia Martin

E.Gerry, Patent US4291661. [17]
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Hinh 1.7: So d6 hé thong danh ltra hdn hop dién dung dién cam [17]

Hé thong bao gdbm mach ngudn AC 200 cap dién lién tuc cho bd bién ap ¢ cudn
so cAp mac ndi tiép véi tu dién trong mot chu ky danh lira, lam cho tu dién phong nhiéu
lan qua cudn so cép. Mach nguén AC duoc diéu khién béi mach tao xung 180, qua dé
thay ddi dugc bién do cua dong dién dau ra.

Céc bd phan cua h¢ théng: éc—quy 12, mach tao xung 180, mach nguén AC 200,
mach bo-bin 300. Mach tao xung 180 bao gom cudn diy 185 quan quanh nam chim
183 va banh rang 186 dugc dan dong tir dong co. Mach tao xung 180 phat tin hi¢u cho
transistor 204 va 205 ciia mach nguén AC 200. Mdi transistor diéu khién dong luan
phién di qua nira cudn so cap 201. Dong ra cudn 203 c¢6 dang xung vudng. O mach bo-
bin 300, tu 311 duoc gén ndi tiép v&i cudn tich 312; cudn tich 312 ndi tiép v&1 cudn so
cap 301. Cudn tich 312 duoc nap rat nhanh va 13 ngudn cung cap ning lugng cho cudn
so cap 301.

Hé¢ théng nay co cudn so cép duoc tich dién rat nhanh, mach bo-bin dugc nap xa
nhanh chéng ma khong can co thém bd phan diéu khién va dong dién dugc phéng
nhiéu 1an qua cudn so cp lam ting ning luong danh lira.

Nhan xét

Hai cong trinh “Thiét bi danh ltra cho dong co ddt trong” cua tac gia Charles F

Kettering va “Thiét bi danh Itra cho dong co xing” ciia Nikola Tesla thé hién hai hé
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théng danh lira co ban trén dong co 1a hé thdng danh lira dién cam va hé thdng danh
lira dién dung. Hé thong danh ltra dién cam thuong dugc st dung trén 6 to nhung cé
khuyét diém 1a chua tan dung dugc suc dién dong ty cam sinh ra trong qua trinh lam
viéc. Cac cong trinh “Hé théng danh lra nap xa véi chu ky dién dung dién cam” va
“Hé thong danh lira hdn hop dién dung dién cam” cia tac gia Martin E.Gerry déu nhim
muc dich tan dung stc dién dong tu cam sinh ra trong mot lan danh ltra hodc nap vao
tu va phong nhiéu 1an lién tyc qua cudn so cip trong chinh lan danh lira d6, giup ting
nang luong danh lua. Cong trinh “Hé thong danh Itra hon hop trén dong co dét trong”
cta tac gia Michael J French va Matthew Joseph Edwards str dung ngudn accu hoic
dién ap tir cac ngudn khac trén xe nap vao tu va diéu khién phéng qua cudn so cap gitp
kéo dai thoi gian xuét hién tia lira trén bu-gi. Cac bién phap trén nham muc dich nang
cao nang luong danh lira va kéo dai thoi gian xuét hién tia ltra trén bu-gi bang cach st
dung két hop ca ning luong dién dung va dién cam.

1.2.2 Tinh hinh nghién ciru trong nwéc

Céc nghién ctru vé hé théng danh lira trén 6 t6 & Viét Nam tap trung chu yéu vao
dién tir hdéa hé théng danh ltra va t6i wu hoa thoi diém danh lra trén dong co, cac
nghién ctru ¢ thé ké ra nhu sau:

Trong dé tai: Nghién ciru chuyén doi hé théng danh lira ban dan sang hé thong
danh Itra truc tiép, PGS.TS D6 Vin Diing va KS Lam Ba Nha da nghién ctru chuyén
d6i hé thong danh lira ban dan sang hé thong danh lira tryc tiép theo hai phuong an st
dung bo-bin d6i1 va bo-bin don trén dong co Toyota SA-FE [18].

Tac gia Nguyén Van Thinh va cic cong sy trong dé tai: Nghién ctru 1y thuyét va
thue nghiém céac hé thdng danh lira dang sir dung pho bién trén 6 t6 & Viét Nam va kha
nang lap 1an, dd nghién ctru ché tao mot bo danh lira da nang, co kha nang lap 13n trén
nhiéu loai 6 t6 khac nhau. Noi dung cua dé tai di vao khao sat dic tinh lam viéc cua hé
thé)ng danh Itra, tinh todn cac thong s6 cua hé théng danh lira, ché tao bo danh Ita da

nang va danh gid hi¢u qua hoat dong cta chung [19].
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Trén dé tai nghién ctru: Thiét ké mach diéu khién goc danh lira sém cho dong co
M161, Mercedes-benz 140 do TS Lé Van Tuy va cac cong su thuc hién, cac tac gia da
nghién clu va thiét ké mach danh lira sém cho dong co trén, khi chuyén ddi loai nhién
li¢u st dung tir xang qua loai nhién li€u kép xang- khi hoa léng [20].

Nguyén Duy Tén trong dé tai: Ban dan hoa hé théng danh lira trén xe thiét giap
BTR-60BP, di thay thé hé théng danh lira stir dung trén xe thiét giap BTR-60BP bing
hé théng danh lira ban dan kiéu dién dung c6 st dung ma vit [21].

D3 Qubc Am va cac cOng su trong dé tai: Nghién ctru ché tao mach danh lira trén
dong co 6 to theo chuong trinh, d3 nghién ctru va ché tao thanh cong mach diéu khién
danh 1tra v6i cac tham sd thue nghiém. H¢ théng st dung vi diéu khién Atmega8, ngon
ngtr 1ap trinh Bascom Avr. Céac nghién ctru trén dé tai duogc thuc hién trén 6 t6 Honda
Accura [22].

Trong d¢ tai Nghién ctru twong thich hoa dic tuyén 1am viéc ciia IC danh lira theo
chuong trinh, PGS. TS P4 Vin Diing, Lam Phuong An, cic tac gia dd nghién ctru, ché
tao va thtr nghiém bd diéu khién dugc lap trinh c6 kha nang chuyén ddi dic tinh lam
viéc cta Igniter & nhiéu hing xe. Piéu nay cho phép lip 14n bd danh lira cta cic hing
khac nhau [23]

Qua viéc tim kiém va theo ddi cac théng tin vé khoa hoc k¥ thudt ngudi thuc
hién dé tai nhan théy cac nghién clru vé hé théng danh ltra hon hop dién dung - di¢n
cam tai Viét Nam hién chua duoc thuc hién.

1.2.3 Két luan — Pé xuat nghién ciru

Nhu d3 trinh bay trén phan tong quan, ta da thdy rd wu nhuoc diém cua ting loai
hé théng danh Lira. Cac cong trinh nghién ctru tir trede dén nay da cd ging giai quyét
cac nhuge diém cula tung loai hé théng danh Itra theo nhiing cach thtrc khac nhau,
nhung hau hét 1a su cai tién trén mot loai hé théng danh lua duy nhéat. Téng hop lai, ta

¢06 thé rut ra duoc két luan sau:
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Déi v6i hé théng danh lira dién cam, cac nghién ciru tap trung vao viéc ning cao
nang lugng danh Itra, dac bi¢t la & tdc do cao.

Dbi voi hé théng danh lira dién dung, nguoi ta cd ging kéo dai thoi gian xuat hién
tia Itra dién.

Dbi voi hé théng danh Itra hybrid (hé thong danh lira hdn hop dién dung-dién
cam), cac cai tién tap trung vao kéo dai thoi gian xuét hién tia ltra trén bu-gi bang cach
két hop gitta hai dang danh lira dién dung va dién cam.

Nhu di trinh bay trong phan dat van d¢, trong qué trinh 1am viéc trén cudn so cap
ctia bo-bin ¢6 xuét hién stc dién dong tu cam, gay ra cac khuyét diém nhu 1am hong
thiét bi dong ngat dong so cip, gay nhiéu trén cac thiét bi dién khac trén 6 to, 1am giam
dién ap thu cdp. Néu c6 thé tich lily lugng ning lugng “thira” nay vao mot tu dién va
stt dung phan chiing cho cac 1an danh ltra sau sé giai quyét duoc muc tiéu xtr 1y duoc
cac khuyét diém da néu va tiét kiém duoc niang luong st dung cho hé théng danh lua.

Day ciing la hudng nghién clru cua ludn an.

1.3 Muc ti¢u nghién ciru va mong muon dat dwoc
1.3.1 Muc tiéu chinh ciia ludn an

Nghién ctru tan dung nang luong tao ra tir stc dién dong tu cam cia cudn day so
cip trén bo-bin nham tiét kiém ning luong st dung trén hé thong danh lira trén 6 to.
Qua d6, gop phan giam luong tiéu hao nhién liéu, giam 6 nhim moi trudng va cac tac
hai xdu dén céc thiét bj di¢n khéc trén 6 to.
1.3.2 Mong mudn dat dwoc

Nghién ctru, tinh toén, thiét ké, ché tao mach danh lra hdn hop di¢n dung va dién
cam st dung bo-bin don c6 kha nang tan dung dugc nang luong ty cam trén cudn so
cép cua bo-bin cy thé nhu sau:

- Xay dung mé hinh nguyén 1y cta hé théng danh lira hdn hop dién dung - dién

cam st dung bo-bin don (sir dung mét bién ap danh Itra cho mot bu-gi) co
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kha nang tich lily duoc ning luong tw cam nhiam phuc vu cho qué trinh danh
Itra dién dung

- Lap mo6 hinh todn hoc mo ta dugc cac qua trinh xay ra (cuong d¢ dong dién
va strc dién dong ty cam) trong hé thong danh lira da dé xuét.

- Mo phong hoat dong va xac dinh dugc cac thong sd cua hé thong.

- Ché tao dugc mo hinh hé théng danh Itra truc tiép st dung bo-bin don lai
giita danh Itra dién cam va dién dung nhu da dé xuét.

- Thuc nghiém hoat dong cua hé théng va danh gia két qua thuc nghiém so
sanh cac két qua thuc nghiém véi cac tinh toan 1y thuyét.

- Thyc nghiém dénh gia mtc d6 tac dong ctia hé théng danh lira da dé xuét dén
hoat dong ctia dong co (qua céac chi tiéu vé cong suat, suat tiéu hao nhién licu

va chit luong khi thai).

1.4 Poi twong, pham vi va phwong phap nghién ciru
1.4.1 Poi twong nghién ciru:

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

Khao sat, nghién ctru, moé phong, thuc nghiém va ché tao hé théng danh Iira truc
tiép st dung bo-bin don (mot bo-bin danh lira cho mot bu-gi) phdi hop giita hé thdng
danh ltra dién cam va dién dung (dung trén dong co 6 t6 bon xy-lanh) c6 kha ning tan
dung nang lugng tu cam trén cac bo-bin danh ltra dién cam, sir dung cho qua trinh danh

Itra dién dung.

1.4.3 Phuong phap nghién ctru
- Phwong phap tham khao tai li¢u
Hé théng, phan tich, so sanh va lya chon.

- Phwong phap tinh toan
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Tinh toan va xt Iy cac két qua tinh toan, thuc nghiém va tién hanh hiéu chinh cac
thong s6. Sir dung cac phan mém tinh toan - mo phong hoat dong ciia cc thong
s6 trén mo hinh va x4c dinh cac théng sd cta hé thong (Matlab).

Phuwong phap thwe nghiém

Xay dyng mo hinh thi nghiém, tién hanh thuc nghiém, do dac va thu thap cac
thong sb k¥ thuat, kiém chung, phan tich va danh gia, so sanh cac két qua thuc

nghiém vai cac két qua tinh toan.

1.5 Cac néi dung chinh va dy kién két qua nghién ciru

1.5.1

1.5.2

D kién cac ndi dung trong deé tai
Nghién ctru 1y thuyét vé danh lira trén dong co 6 0.
Xay dung cadc mo hinh tinh toan.
Thiét 1ap cac phuong trinh toan hoc mé ta cac qué trinh dién bién trong hé
thong danh Itra da dé xuat.
Mo phéong hoat dong - xac dinh cac thong s cho hé thong danh lira hybrid.
Xay dung mo hinh that.
Thuc nghiém hoat dong cua hé théng va danh gia cac két qua thuc nghiém.
Panh gia mic d6 tic dong ciia hé thong danh Itra dd dé xuat dén hoat dong
cua dong co.
Két luan.

Dy kién két qua nghién ciru
Mo hinh nguyén 1y cia hé théng danh lira hdn hop dién dung dién cam st
dung bo-bin don.
Mo hinh toan hoc cic qua trinh xay ra trong hé thong danh lira di dé xuat.
Céc thong so ciia hé thong.
Tinh toan va thi cong duoc hé thng danh lira truc tiép st dung bo-bin don

két hop danh lira dién cam va dién dung.

16



Thuc nghiém hoat dong cua hé thong danh Lira hybrid va danh gia két qua, so
sanh cac két qua mo phong bang 1y thuyét.
Panh gia mic d6 tac dong ctia hé thong danh lira dd dé xuat dén hoat dong

cua dong co.
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Chuong 2

CO SO LY THUYET
2.1 Nhiém vu ciia hé théng danh lira

Hé théng danh Itra trén 6 t6 ¢6 nhiém vu tao ra tia ltra dién nham dot chay hon
hop khong khi va nhién liéu vao dang thoi diém, v6i ning lugng danh la can thiét
[1,2,4]. Dé dat duoc diéu nay, hé théng danh lira s& bién nguén dién xoay chiéu hodc
mot chiéu (12 hay 24V) ¢ dién thé thip thanh cac xung dién cao thé (tir 15kV dén
40kV). Cac xung dién cao thé nay s& duoc phan bd dén cac bu-gi dang thoi diém dé tao

ra tia lira dién d6t chay hoa khi.[1,2,4]
2.2 Qua trinh chay trén dong co d6t trong ding nhién li¢u xing

Qua trinh chdy trén dong co xing bat dau khi bu-gi phat ra tia ltra dién va bén vao
hoa khi. Mang Itra s& lan rong khap budng dot va 1ong xy lanh r6i tat dan di. Qua trinh
nay co thé duogc chia thanh 3 giai doan chinh [24]

PMN/m -
o < L]
Ap suat e
i
| Diém danh )
ICra s6m : \
\ - [N
! i
]
-] \
[ N
T ~
124
b \
= T -
-———-— [ R

100 80" 60 47 207 0 20 407 60 80 ¢
Géc quay truc khuyu

I: Giai doan chay tré; II: Giai doan chdy chinh; I1I: Giai doan chay ré6t

Hinh 2.1: D) thi thé hién mdi quan hé giita 4p suit trong

long xy-lanh theo géc quay truc khuyu. [24]
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. Giai doan tir Itic bu-gi danh lira va hinh thanh tdm chay ban dau (giai doan chay

tré).

. Giai doan mang lira phat trién va lan truyén mang lira hay con goi 14 giai doan
chay chinh

. Giai doan két thiic qua trinh chdy va mang lira tit dan di. Giai doan nay con goi

la giai doan chay rot.[25]

Pé dat duoc momen cuc dai, qué trinh chay phai dién ra gan diém chét trén. Toan
b thoi gian phat trién va lan trang mang ltra chiém khoang 30° dén 90° goc quay cua
tryc khuyu [5,26]. O giai doan I, tinh tir Itic bu-gi danh ltra cho dén khi duong cong ap
suit chay bat dau cao hon duong cong ap suat nén [24], hang loat qué trinh 1y hoa xay
ra chuan bi cho su dot chay hon hop trong 10ng xy-lanh, trong giai doan nay lugng hoa
khi tham gia phan Gmg khoang 1,5 % [27], su ting 4p sudt va téa nhiét khong rd rang.
Trong giai doan II qué trinh oxy héa nhién liéu x4y ra rat manh liét, nhiét 4o va ap sut
trong 1ong xy-lanh ting nhanh, ap suit 16n nhat trong long xy-lanh dat dugc cubi giai
doan nay. Truong hop goc danh lira sém dat tot nhat, ap suét trong long xy-lanh sé& dat
gia tri cyc dai khoang 16 © sau diém chét trén [3, 26] va & vi tri 10° sau diém chét trén co
khoang 50% hdn hop khi dd chay. Giai doan III- chdy rét dai hay ngan phu thudc vao
mitc d6 xoay 16c ciia hdn hop, thanh phan hoa khi va goc danh Itra sém. Néu hdn hop
qua lodng hodc danh lra qua tré s& lam qua trinh chdy két thuc cham hon [24, 25]
2.3 Cac thong s6 chii yéu ciia hé théng danh lira
2.3.1 Hiéu dién thé thir cip cuc dai Uzm

La hiéu dién thé cuc dai do duoc & ddu cudn thtr cap. Hiéu dién thé Uanm phai du

16n dé tao ra tia lira giira hai dién cuc cia bu-gi nhat 1a lac khoi dong. Uam c6 gia tr tir

7-40 kV [1, 28, 29, 30, 31]
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2.3.2 Hi¢u dién thé danh Lira Ua [1, 4]

La hiéu dién thé thir cip ma tai 46 qua trinh danh Itra xay ra (Uq).

Theo dinh luat Paschen:
Ua=K— (2.1

Trong do:

P: 4p suét trong budng dot tai thoi diém danh lira.
0: khe hé bu-gi.
T: nhié¢t d§ & dién cyc trung tdm cua bu-gi tai thoi diém danh lira.
K: hang s6 phu thudc vao thanh phan ctia hdn hop hoa khi.
2.3.3 Hé s6 du triv Ka
Heé s6 duy trit Ka, con duoc goi 1a hé sb du trit dién thé 1a ty s6 giita hiéu dién thé
thr cip cuc dai Uam va hiéu dién thé danh lta Ua[1, 4, 32]:
Ka = —2m (2.2)

Uai
Hé s6 Kai< 1,5 d6i voi hé thong danh lira thuong va bang 1,5 + 2 ddi v6i dong co
xang dung hé thong danh lira dién tu.

2.3.4 Toc d bién thién ciia hiéu dién thé thir cap S [1, 32]

_ du, _ AUZ

= —=300+ 600 V/us
dt At

Auz: d6 bién thién cia hiéu dién thé tht cép.

At: thoi gian bién thién ctia higu dién thé thi cap.
Tbc do bién thién S cang 16n thi tia ltra xuét hién tai dién cuc bu-gi cang nhanh,
nho d6 dong dién khong bi rdo qua mudi than trén cuc dién bu-gi, nang lugng ti€éu hao

trén mach tht cap giam.
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2.3.5 Tan s6 va chu ky danh Iira [1,4, 32]

Tan s6 danh lira 13 s6 tia lira xuat hién trong 1 gidy.

Déi v6i dong co 4 ky tan sb f dugce tinh boi cong thuc:

nz
f= E (HZ)
Déi véi dong co 2 ky:
nz
f= 5 (HZ)

- f: tan s6 danh lira.
- n: s vong quay dong co. (vong/phut)
- Z:sb xy lanh dong co.

Chu ky T 1a thoi gian giita hai lan xuat hién tia lira.

T=1/f=ts+ tn

ta: thoi gian vit ngdm hay transitor dan bao hoa.

tm: thoi gian vit ho hay transitor ngat.

Tan sb £ ty 1€ thuan véi tdc do dong co va $6 xy-lanh, ty 1€ nghich vo61 chu ky. boi
v6i cac hé thong danh lira duge diéu khién bang may tinh, thoi gian ts do may tinh diéu

khién nham bao dam nang luong danh ltra du 16n & moi ché do hoat dong ctua dong co.

2.3.6 Thoi gian ngam dién (tq)

Thoi gian ngham dién ta dugc xem nhu thoi gian dong dién di qua cudn so cp
ctia bo-bin. Cudng d6 dong dién luc ngat, anh hudng tryc tiép dén niang lugng tich liy
trén cudn so cap cia bo-bin. Vi vay, khoang thoi gian nay thudng dugc biét dén nhu thoi
gian tich liiy nang luong. Trén hé théng danh lira truc tiép mot bo-bin chi sir dung cho

mot bu-gi, t¢ dwgc ECU — Electronic control unit diéu khién nham bao dam nang luong

danh lira khi thay d6i tbc do cua dong co.[1, 31,32]
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2.4 Nang lwgng danh Iira
2.4.1 Phan tich nang lwgng cua tia lira dién [5,10]

Hon hop chay khoi dau boi sy phong tia lira dién gitta hai dién cuc cia bu-gi.
Thoi diém xuét hién tia ltra dién dao dong tir 10° - 30° trude diém chét trén cua goc quay
truc khuyu va tuy thudc vao diéu kién lam viéc tac thoi cua dong co va hinh dang cua

budng dbt.

Tia Itra dién chinh 1a sy phong ra cia dong plasma cé nhiét d cuc cao gitra hai
dién cuc bu-gi dé aébt chay luong hoa khi & khu vuc l1an céan. Lac déau, van toc chay dién
ra khd chdm vi mat mat nhi¢t, do nhi¢t do cta dién cuc bu-gi va hoa khi con tuong ddi
thap va sau d6 mang lira méi bat dau lan nhanh dan dén khdi hoa khi bung chay dir doi.
Thong thuong thoi gian chay tré ¢ diéu kién lam viéc binh thuong tuong duong véi

khoang 6° géc quay truc khuyu.
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Hinh 2.2: D6 thi thé hién mdi quan hé gitta dién ap, cuong d6 dong dién va thoi gian

danh lira cia mot hé thong danh lira co ban [5].

22



Céc nghién ctru cua Maly va Vogel da chia qua trinh hinh thanh tia Itra dién trén bu-gi

thanh ba giai doan chinh: ion héa (danh thung), hinh thanh tia ltra dién va gia nhiét.
Giai doan ion hoa (Giai doan danh thing)

Giai doan danh thing duoc dic trung boi dién ap rat cao (x4p xi 10kV). Cudng
d6 dong dién cao nhét (x4p xi 200A). V&i thoi gian ngan (khoang 10 ns). Hinh thanh
mot kénh 1on hoa gitra 2 dién cuc bu-gi (duong kinh khoang 40 pm), toan bg nang luong
dugc truyén qua kénh dan. Pong thoi, nhiét do va ap suat trong budng ddt sé ting 1én rat
nhanh dat mirc xap xi 6000°K va vai trim atm. Khi cac song xung kich dugc lan truyén
ra ngoai, kénh din md rong ra, két qua 1a nhiét do va ap suét giam, do d6 30% ning
lugng plasma cua kénh dan bi tiéu tan di bai séng xung kich. Tuy nhién ning luong s&

dugc bu lai khi n6 lan truyén hau hét vao khéi hoa khi chua phan tng.
Giai doan phong tia lira dién

Giai doan phong tia lira dién co dién ap thap (<100V) va cudong d6 dong dién c6
thé ting cao tily vao thong sb cac linh kién dién tir trong hé thong. Pdi véi giai doan
xuyén thung hoa khi trong khe bi phan cuc va ion hoa cao con giai doan phong tia lira
dién muc do phan cuc van cao tai trung tam cua diém phong, nhung mat do ion hoa lai
thap (1%). Pién ap giam & cathode va anode c6 ¥ nghia quan trong véi giai doan phong
tia Itra dién. Toan bd nang lugng cua giai doan phong tia Itra dién 1a nang luong tich tu
& khu vuc 1an can vung dién cuc né dugce dan thong qua dién cuc ciia ban cuc.

Khi phong tia ltra dién doi hoi cathode phai nong dé tao su bay hoi trén bé mit
clia né, tia ltra dién tang 1én chu yéu do kha nang dan nhiét va luong nhiét khuyéch tan.
Lic nay, nhiét do hoa khi dat duoc 6000°K, va kha ning phan cyc gidm nhanh néu khe

h6 bu-gi duge diéu chinh nho.
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Giai doan gia nhiét

béi véi giai doan gia nhi¢t cuong d¢ dong dién nhé hon 200mA, dién ap & cathode
trong khoang (300 + 500 V), va su ion hoa giam 0,01%. Nhiét d6 hoa khi cao nhét 1a

3000°K, t6n thap nang luong cao hon so véi giai doan phong tia lira dién.

Thong thuong hé¢ théng danh ltra cung cép 30 + 50 m] tai cac dién cuc bu-gi, 0,3
mJ 13 ning luong yéu cau dé d6t chdy 1 ty 16 hoa khi Iy thuyét ¢ diéu kién van hanh binh
thudng cia dong co. Thuc chét tai cac cuc, nang luong cung cap yéu cau 16n hon (3 mJ).
Nhung do anh hudng cac dic tinh vat Iy néu trén nén chi ¢6 1 phan nhé ning luong cung
cap qua khe ho truyén dén hdn hop nhién liéu. Trong giai doan xuyén thing, cong suat
dat mirc cao nhat (IMW) nhung ning luong cung cip nho (0.3 = 1 mJ). Cudi giai doan
xuyén thung khi cathode nong 1én s& chuyén sang giai doan phong tia lira dién vi thé ton

that ton that nhiét & cac cuc rat quan trong.
2.4.2 Mot s6 cac yéu té anh huwéng dén ning hrong danh lira

Theo cac nghién ctru vé nang luong danh lira, d6i vai hdn hop dong nhat, on dinh
va c6 ty 18 A/F 1an can 14,7/1 nang luong yéu cau 1 0,2 mJ [2,3,5,6]. Péi v6i hon hop
qua nghéo hay qua gidu ning luong danh lira yéu cau 1a 3mJ [2,3,5,6]. Ngoai ra, khi
dong co di duoc 1am ndng, ning lugng yéu cau nay chi con khoang 0,1mJ [33]. Dbi véi
nhirg hé thdng danh ltra théng thuong niang luong danh lira 15m)J [6]. Tuy nhién, dé
tang khoang thoi gian duy tri tia lira trén bu-gi va néu tinh ca cac mat mat trén hé thong
(ro ri trén bu-gi, trén day cao 4p...), ning luong nay tir 30-50mJ [1,2.5,6,30]. Ddi voi
nhimng hé thong dénh lira dung trén dong co phun xing truc tiép, ning luong nay vio

khoang 100mJ [7].

Nang lugng danh Itra phu thudc vao hinh dang di¢n cyc, thanh phﬁn hon hop, thoi
gian xuét hién tia lira. .., trén hinh 2-3 trinh bay mét sb két qua thu duoc ¢ hai phong thi

nghiém khac nhau tir viéc xac dinh dién ap danh ltra trong khong khi, & diéu kién ap suat
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khi quyén stir dung cac cau hinh dién cuc khac nhau. Cac dir liéu xac nhan rang, déi voi
mot dang dién cuc cu thé, dién 4p danh lra tdng 1én khi tdng khe hé gitra cac dién cuec.
Ngoai ra, dit li€u xac nhan rang, vd1 mot khe héd nhat dinh, dién 4p danh ltra thap hon

dang ké voi cac dién cuc dang nhon so véi cac dién cuc tron [34]
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Hinh 2.3: Dién ap danh Itra theo quan hé ctia d0 rong khe hé va dang dién cuc khi
phong dién trong khong khi & diéu kién ap suat khi troi [34]

Ghi cha: “H”hién thi cac dit liéu tir Handbook of Chemistry and Physics (1959/60) va
“S” hién thi cac dit liéu tir Smithsonian Physical Tables (1959).

Ning lugng danh lira phu thudc vao thanh phan va ty 1& cia hdn hop. Hinh 2.4
minh hoa diéu nay cho cacnhién liéu c6 gdc alkane. Ta thiy ring cac gia tri cua ty 16
tuong duong tai d6 nang lwong danh lira toi thiéu cho mdi khi xay ra ting khi tang trong
lugng phan tur cia khi nhién liéu, tir 0,85 ddi v6i metan 1én 1,80 ddi véi heptan. Nguoi
ta ciing thdy rang gia trj Emin ctia methane (0,28 mJ) cao hon mét chit so véi cac alkane

cao hon (0,23 - 0,25 mJ).[34]
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Hinh 2.4: Ning lugng danh Itra (dién dung) t6i thiéu ctuia hdn hop alkane va
khong khi theo d6 dam ctia hdn hop ®= 1/A. [34]

Céc nghién ctru ctia Parker (1985) [34] ciing chi ra rang, khi ting ning lugng danh

lira s& kéo dai duoc thoi gian xuat hién tia lira giira hai dién cyc. Trén hinh 2.5 cho thay

nang lugng danh lira toi thiéu cuia hdn hop khi propan / khong khi ting tir 0,2 mJ trong

thot gian phong tia Itra dién 0,1 ps 1én khoang 2 mJ trong thot gian 100 ps.
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Hinh 2.5: Anh huéng cua thoi gian phong tia lra dén niang luong danh Iia toi

thiéu cta hdn hop nghéo (2,7 vol.%), & nhiét 6 va ap suét khi troi.[34]

Dbi voi hé thdng danh lira dién cam, ning luong danh lira duoc tich trit dudi dang

tir trudng trong cudn so cAp cua bo-bin chung duoc xac dinh bsi cong thirc:
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2
W =2 (2.5)

L;. @0 tu cam cua cudn so cép bo-bin.
Iig: cuong d6 dong dién tai thoi diém transitor cong suat ngt.
Khi sir dung hé thong danh lira dién dung, ning lwong danh Lira duogc tich liy dudi

dang dién trudng trén tu dién, ning lugng tich liy luc ndy duge viét dudi dang

cu?
Wdl = T (26)
Trong do6: C: dién dung cua tu dién (F).

U: dién ap trén ty dién (V).
2.5 Hé thong danh lira dién cam [1,32]
Hé théng danh lira dién cam TI (Transitorized Ignition system) dugc sir dung pho
bién trén 6 t6, nang lwong danh ltra dwogc tich trit trén cudn day so cdp cia bo-bin. So
d6 nguyén 1y hé thong danh lira dién cam duoc mo ta trén hinh 2.6.

Qua trinh hoat dong cua hé théng danh 1tra dién cam co thé chia 1am ba giai doan

Hinh 2.6: So d6 nguyén 1y hé thong danh lira dién cam [1, 32]
Trong so dd trén:
R¢: dién tré phu (mot s hé thdng khong dung dién tré phy)
Ri: dién tré cua cudn so cép

L1, L2: hé sO tu cam cta cudn so cap va thur cap ctua bo-bin
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T: transistor cong suit dugc diéu khién boi tin hiéu tir cic cam bién hay
tir may tinh diéu khién dong co (ECU)
2.5.1 Giai doan ting trudéng dong so cip

Ry

= 1
-

Hinh 2.7: So db twong duong giai doan ting trudng dong so cap [1,32].
Khi transistor T din dong dién di tir (+) accu dén Redén L; dén T dén mass, do stic
dién dong tu cam sinh ra trén cudn so cép L chéng lai su tang cua cuong do dong dién.

nén dong dién di qua cudn so cép I; tding cham, Giai doan nay mach thu cép khong chiu
anh hudng.
Rz =Rj +R¢ (2.7)

U=U.-AUr
U.: hiéu dién thé cta accu.
A Ur: d6 sut ap trén transistor cong suat & trang thai dan bao hoa

Ta thiét 1ap dugc phuong trinh vi phéan sau:

iRst+ LiZ=U 2.8)

Gidi phuong trinh ta dugc:

in(t) = Rﬂl (1 — e-RELDY (2.9)
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Hinh 2.8: D) thi ting trudng cuong d6 dong dién so cip I
Goi tq 1a thoi gian transistor din bio hoa thi cuong d6 dong dién so cap tuong
ﬁng lé. Ing
Tng = Rﬂ (1 —eREL)Y) (2.10)
I
Tai thoi diém danh lira nang luong tich lily trong cudn so cap dudi dang tir trudng:

134.L1 2
Wy = 2etr L1 —(1 — e REL)WY (2.11)

Ry R:
. . |=
K N L1 L2 RmH B Bugi

Hinh 2.9: So 6 mo ta qué trinh phong dién & cudn thir cap [1,32]

Khi dong dién di qua cudn so cip bi ngit (transistor ngit) trén cudn thir cip xut

hién mot hiéu dién thé khoang 15kV dén 40kV. Gia tri nay phu thudc vao nhiéu thong

s0 cua mach so cap va thu cap. Vi du nhu, di€n trd mat mat, dién tro ro qua dién cuc bu-

gi..... So dd hinh 2.9 duoc sir dung dé tinh toan dién thé thi cép cuc dai. Trong so dd

nay:
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Rm: dién tré mat mat trén cudn thir cap
R:: dién tré ro qua dién cuc bu-gi

Nang lugng dién tur tich lily trén mach tir ciia cudn so cép luc transistor ngét

Lil3g
Wa = .

Néu khong dé xuat hién tia lira dién cao thé, ning luong nay s& bién thanh ning
luong dién trudng tich liy trong dién dung C; ctia mach so cép va dién dung Cs ky sinh
cua mach thur cép, mot phén méat mat khac do do téa nhiét va hiéu suét lam viéc cta bo-
bin (A)

Nhu vay, phuong trinh can bang nang lugng lic transistor ngit c6 thé viét

Fglr _ CU%, + C2U2,

2 2 2

+ A (2.12)

Sau khi bién doi, hi€u dién thé cuc dai trén cudn thir cap Uzm dugce xac dinh bdi

cong thuc:
_ 2Wae
Uzm = Kbb /—Cﬁ Kﬁb.cz'n (2.13)
Trong do:

Kub = W2/W1. Hé s6 bién 4p bo-bin.

1: hé sb tinh dén sy mat mét trong mach dao dong (0,7+ 0,8).

Wi, Wa: sb vong day cua cudn so cip va cudn thir cap.

C1: dién dung cua tu dién mic song song véi vit lira hay véi transistor
cong suat.

C: dién dung ky sinh trén mach tht cap.
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Hinh 2.10: D6 thi mo ta qui luat bién d6i hiéu dién thé thi cap Uam [1].

Khi transistor ngét trén cudn so cép s€ sinh ra mdt strc dién dong khoang 100V
dén 300V [1, 32]

2.5.3 Giai doan phong dién ¢ dién cuc bu-gi [1,4,32]

Khi dién ap Uam dat dén gia tri Uq s& xuét hién tia lira cao thé giita hai dau cuc cua
bu-gi. Tia lra dién trén bu-gi bao gdm tia lira dién dung va tia lira dién cam.

Phan tia ltra dién dung: duoc qui udc boi dién dung C; ky sinh va dic trung boi su
sut ap va ting dong dot ngdt. Cudng do dong dién co thé dat dén hang trim Ampere,

cong suat cua tia ltra dién dung c6 thé 1én t6i hang chuc hay hang traim kW. Do dao dong

v6i tan s6 cao (10°+107Hz), nén tia ltra dién dung d& gay ra mai mon dién cuc bu-gi. N6

thudng c6 mau xanh sang kém theo tiéng nd lach tach.
Khi xuét hién tia Itra dién cam: Cuong do dong dién luc nay dat khoang 20+40
mA, hiéu dién thé gifra hai cyc cua bu-gi gidm nhanh dén gia tri tr 400500 V. Thoi

gian kéo dai tia lira dién cam gap 100 = 1000 lan tia lira dién dung. Thoi gian xuat hién
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tia Itra di€n cam tur 1- 2,5ms [5,6, 35]. Do d¢ tia lra dién dung chi 1a mot phﬁn nho cua

tia lira, thoi gian ndy phu thudc vao loai bu-gi, khe ho bu-gi va ché d6 lam viéc ciia dong

CO.
Uzm TKV) Uzm
20
Ui ’
12
\ AL -
vV VYV -
Iz, A
300
lai
— | — &
a b

a, Thexi gian ';:n Kra dién dung
b. Thavi gian tia Mra didn cdm
Hinh 2.11: D6 thi mo ta quy luat bién doi cua tia ltra dién dung va dién cam [1, 4, 32].
2.5.4 Uu, nhwgc diém ciia h¢ thong danh lira dién cam
Uu diém
- Thoi gian phong dién kéo dai (khoang 1+ 2,5 ms) nén s& dot sach hoa khi trong

xy lanh & hau hét cac ché d6 lam viéc ciia dong co [5, 6, 35]

- Khe hé bu-gi khong can phai chinh qua 16n nhu danh ltra dién dung nén ting tudi

tho cua bu-gi.

- Hi¢u suat sur dung nhién liéu cao hon so voi danh Itra dién dung.
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Nhwoc diém

-Thoi gian tich liiy nang lugng dai, nhat 1a khi dong co hoat dong & toc do thap nén
dé gay lang phi ning luong, dé gdy nong bo-bin, hong transitor.[1,4, 30]

- O toc d6 cao do khong du thoi gian ting trudng dong so cap nén dién ap tha cip
s€ giam. [1, 4, 30]

- Hiéu dién thé thir cép tang truong cham hon danh lra CDI, nén c6 hi¢u suét lam
viéc kém khi c6 di¢n trd ro ¢ bu-gi.[1,9, 32, 30]
2.6 H¢ thong danh lira dién dung

Hé théng danh ltra dién dung thuong dugc st dung trén cac xe c6 dong co hoat
dong & s6 vong quay 16n (xe dua, mo-to va xe gin may)

O hé thong danh lira dién dung ning luong trén mach so cip cua bo-bin dugc tich

Ity dudi dang dién truong dugc chira trén ty dién C:

cu?
Trong do: C: di¢n dung cua ty dién (F).

U: dién ap trén tu dién (V).
2.6.1 Cau tao va nguyén ly lam viéc ciia hé thong danh lira dién dung (CDI-
capacitor discharged ignition)
Hé théng danh Itra CDI bao gém mot bo tao dao dong, bién ap, tu tich nang va bo
diéu khién qua trinh xa cta tu dién qua bo-bin danh lira. Bén trong cum CDI ¢6 b tri
mach kich, mach nay nhan tin hi€u tir cam bién danh ltra dé diéu khién trang thai hoat

dong cua cong tac chuyén mach.
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Hinh 2.12: So d6 khdi cta hé thong danh lira dién dung.

Nguyén ly hoat dong ciia hé théng danh lira CDI

BUGI

Dong dién tr accu qua b tao dao dong tao ra cac xung 12V. Chinh nho sy dong

ngat nay ma & cudn thir cip xuét hién cac xung dién ap khoang 300-400V. Cac xung niy

dugc chinh luu qua diode va nap cho tu tich nang. Khi c6 tin hi¢u danh Itra, thong qua

mach diéu khién, cong tic chuyén mach (SCR) s& & trang thai md. Lic ndy, nang lugng

tich luy trén tu dién s€ dugc phdng qua cudn so cap cua bo-bin danh lira va vé cuc am

cta tu dién, diéu nay gilp tao ra dién ap cao (30.000-60.000V) & cudn thir cép cua bo-

bin danh ltra, ning lugng nay duoc dua dén cac bu-gi dé ddt chay hoa khi bén trong céc

xy lanh.

2.6.2 Uu, nhwrge diém ciia hé thong danh lira dién dung

Uu diém

e Dic tinh danh ltra hau nhu khong phuy thudc vao tdc do dong co, vi tu dién c6 kha

nang nap rat nhanh va dugc tinh toan 1a luén duge nap day ¢ sé vong quay cao nhat

cua dong co. [9,30,33]

e  Hiéu dién thé danh lra ting trudng nhanh nén do nhay danh lira ting va do d6 khong

phu thudc vao dién tr¢ ro ¢ bu-gi.[1,9, 4, 33]

e Dién &p cua tia lra dién dung (30kV- 60kV) 16n hon nang lugng tia lra di€n cam

(12kV-40kV).[1, 33]
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Hinh 2.13: D4 thi mo ta su tang trudng cua hiéu dién thé cudn thtr cép trong
truong hop danh lira TI va CDI. [1, 32]
Nhwoc diém
Thoi gian phong nap cua tu dién 1a rat ngan nén thoi gian ton tai tia lira bu-gi 1a
rat ngdn, chi tir (0,1 - 0,3) ms [5, 36] nén:
e Hoa khi s& khé bén chay néu qua loang. [1, 5, 32]
e Khe h¢ dién cuc bu-gi 16n (dé ting dién tich tiép xtc véi hdn hop) nén dién
cuc bu-gi mau mon [1, 32].
2.7 Stre dién dong tu cam
Nhu ta da biét, su thay doi tir trudong quanh mot day dan s& tao nén mot stre dién
dong cam tng & trong day d6. Néu cho mot dong dién tri sb bién d6i di qua mot diy dan
day thi tir trudng chung quanh nd sé bién doi va trong day s& phat sinh strc dién dong
cam ung. Nhu vy, strc dién dong cam tng phat sinh ngay trong day dan, ma trong do
dang c6 dong di¢n bién doi. Stc dién dong dong éy dugc goi la stuc dién dong tu cam.

[37, 38, 39]

35



i
=

f

Hinh.14: Tir truong B di qua cudn ddy c6 mat cit A [37]

Xét mot cudn diy c6 N vong day, dong dién I chay trong mach nguogc chiéu kim
d6ng ho nhu hinh vé& 2.14. Tir thong ® qua cudn day sé duoc viét dudi dang:
® = BAcos(B,71)) (Wb - Weber) (2-15)
Véi: 7 1a vecto phap tuyén ctia mit phang vong day

camingtr B: B = #1 (T- tesla) (2.16)

Trong do:

A: tiét dién vong day (m?)

N: s6 vong quéin (vong)

Ho: d0 tir thAm, trong méi trudng chan khong: p, = 4w1077 (H/m) [14]

I: chiéu dai cudn day (m)

I: cudong do dong dién qua cudn day (A)

Do tir tham p, = 41077 (H/m) 1a d6 tir thAm cta chan khong. Tuy nhién, ti sb

giita d0 tir tham ctia khong khi va do tir tham ciia chan khong 1a 1,000000373 nén c6 thé
xem d¢ tir tham cta khong khi xap xi 4w1077(H/m) [38, 39, 40, 41].

Khi dong dién qua cudn day khong doi, tir thong qua cudn day khong co su bién

thién, stc di€n dong cam ing khong xuat hién.
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Khi dong dién qua cudn day thay doi theo thoi gian s& lam tir thong qua cudn day

thay doi, sinh ra strc dién dong cam tng chdng lai sy thay d6i d6. Tir truong sinh ra trong

cudn day c6 xu hudéng chdng lai su thay ddi ctia dong dién trong mach dugc goi 13 hién

tuong tu cam. Suc di€n dong cam Ung sinh ra trong cudn day goi la stc dién dong tu

cam. Suc dién dong ty cam duoc ki hi¢u 1a &;.

Strc dién dong tu cam duoc tinh theo cong thure:

d(Pp)
dt

d - >
&L=-N =-N—|J B.dA
L -
Hé s6 tu cam c6 thé tinh theo qua cong thirc:

fL=-1%
dt

Ttr hai biéu thire (2.17) va (2.18) ta c6 thé suy ra:

_Nd(®p)
al

A Fle Edit Settings View Window Automotive Help

=[m[= @l—_ns—_lmmﬁl—_lr"

200

(1]
Yl 9.0
T 75
140 50
i o 45
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80 3
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
Primary ignition vs secondary ignition
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(2.17)

(2.18)

(2.19)

Hinh 2.15: Stc dién dong tu cam trén cudn so cép va dién thé trén cudn tha cﬁp [42]

H¢ s6 ty cdm L cta cudn day chinh 1a yéu t6 gdy can trd cho su bién thién cia dong

dién. Hé s ty cam cang 16n thi téc d6 bién thién cua dong dién cang nho [37,39].

H¢ s6 tu cam cua cudn day dugc tinh theo cong thire

Nop

L———,u n?. I1. R?.1 [37]
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Hinh 2.16: M6 ta céc kich thudc cudn day [37]
Trong do:
L: hé s6 ty cam cudn day (H)
n: s6 vong quan cudn day
R : ban kinh cudn day
1: chiéu dai cudn day

wo: d6 tir tham cua 16i sat tir
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Chuong 3
XAY DUNG MO HINH TiNH TOAN VA MO PHONG

HOAT PONG HE THONG PANH LUA HON HOP PIEN
DUNG- PIEN CAM (HYBRID)

Trong chuong nay s€ trinh bay céc tinh toan mach danh Itra hybrid ¢ ca hai giai doan
danh lira dién cam, dién dung. Cac md phong nham danh gia anh huong cua cac chi tiét
céu thanh hé théng (dién tro R, hé s6 tu cam L, dung luong C cua tu dién) dén stre dién
dong tu cam va cudng d6 dong dién. Pong thoi trinh bay cac tinh todn nham chon dung
lugng cia tu dién lap trén mach danh lira hybrid (giai doan danh Iira dién cam)

3.1 Gi6i thiéu mé hinh hé théng danh lira hybrid

ECU Piéu Khién Pdng Co’
IGT 1 IGT 2 IGT 3 I§T4

Mach
Kich

SCR
BOBIN 4 BUGI 4

1

BOBIN 1 BOBIN 2 BOBIN 3

Hinh 3.1: M hinh nguyén 1y 1am viéc cta hé théng danh lira hdn hop dién cam -
dién dung (str dung cho dong co 4 xy-lanh)
Hé thong danh lira hybrid trén hinh 3.1 bao gom hai giai doan lam viéc: giai doan
danh lira dién cam va giai doan danh lira dién dung. O giai doan d4nh lira dién cam, ECU

di€u khién dong co s€ di€u khién qué trinh danh Itra cua céc t6 may 1, 2, 3 (danh lura di¢n
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cam), thong qua céc tin hi¢u IGT1, IGT2, IGT3. Nang luong tu cam “thtra” trén cac bo-
bin 1, bo-bin 2, bo-bin 3,... s& dugc tich lily vao cac tu C1, C2, C3. O giai doan danh lira
dién dung, trong Gng véi thoi diém lam viéc ctia to may 4, tin hiéu IGT4 s& diéu khién
SCR mé. Ning lugng tich liiy trén cac tu C1, C2, C3 s& duwoc giai phong dén cudn diy
so cip cta bo-bin 4, sinh ra qua trinh danh lira & t6 may 4.
3.2 CAc tinh toan mach danh lira hybrid - giai doan danh lira dién cam [43, 44, 45]
Nhu di dé cap trong chuong mot, dé tich lily ning lugng tu cam c6 thé gay ra cac
anh huong xau trong hé thong danh lira va sir dung luong ning lugng ndy cho cac lan
danh ltra tiép theo. Nang lugng tu cam sé duoc tich liy lai trén mot ty dién nhu trong

hinh 3.2 va s& dugc giai phong qua cudn so cip cta bo-bin trong 1an dénh lira sau.

X
|

| ‘ Ls Jl-Bugi
Bo danh lea '—_\_
I T T

Hinh 3.2: M6 hinh hé théng danh lira hybrid - giai doan danh lira dién cam
3.2.1 Giai doan tich lity nang luwgng

——

L 11 R
T L1
l

TE

Hinh 3.3: So d6 twong duong hé thong danh Iira hybrid - qua trinh tich lily nang luong
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Ap dung dinh luat Kirchhoff cho so d6 trén hinh 3.3, ta dugc phuong trinh vi phan [1,
32]
U=LR+L 22 (3-1)
Véi: R: tong trd mach so cap (R= Re+ R1)
Trong do:
Rf : dién tro phy cua hé thong, dién tro transitor céng suét IGc dan, dién tro day
dan
R1: dién tré cudn so cap cua bo-bin danh lia dién cam
L1 hé sé tu cam caa cudn so cap bo-bin
i1: cuong d6 dong dién so cap

Giai phuong trinh (3-1):
R
g = L(1 — 121 (32

Ing: Cudng d6 dong dién lUc transistor cong suat ngat, ta: thoi gian tich liy ning luong

3.2.2 Giai doan ngit dong dién so cap

R
-
i1 -
izl
L1 Cl_— —

Hinh 3.4 So db tvong dwong mach danh Itra hybrid — giai doan ngat dong so cap
R: tong tré mach so cap (Q)
r: dién tro ro tu C1= 108 Q [46, 47 ]
i1: dong dién di qua dién tré R

I2: dong dién di qua tu dién Cq
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i3: dong dién ro cua tu
Li: do tu cam cudn so cép
Ci: dién dung cua tu
Ap dung dinh luat Kirchhoff cho so do trén ta co:
—Ly St = i, (DR + i3(D)r
i1(t) = ip(t) +i5(¢t) (3-3)
| ris@® = [i(0)dt

Bién doi Laplace (3.3)
(—Li* [slis — i(0)] = IR + I3,7
{ Iis = Ips + Is

1
k I3r = m [125 + CI(0+)]

. [1(04) =1
Véi: {
q(0,) =0
Véi lo 1a cudng do dong dién & mach so cap cudi thoi gian tich trir nang luong, q l1a dién

tich tich liy.

—Ly[slis — Iy] = IsR + 31
N Lis = I + I3

Iy
\ I3 = .S
I
I,S + Tor
= Lis =SZ+S(L1+RClr) R+r
L,Cir L,Cir
( a= IO
— fo
o C17‘
bat < c= L1+RCyr [43]
T LGyt
R+r
k d - L1C1T
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Bién d6i Laplace, ta c6 cudng do dong so cap
i(t) = ae** cos(yt) + ze* sin(yt)

Strc dién dong tu cam trén cudn so cap khi transistor céng suit ngat
di
Vi(t) =—-L, d_tl = —L,[ae** cos(yt) + ze** sin(yt)]’

Vi (t) = =L [(ax + zy)e** cos(yt) + (xz — ay)e*' sin(yt)]
3.2.3 Panh gia tan so6 caa i(t) va Vai(t)
Tan so cia i(t)
i;(t) = ae* cos(yt) + ze*'sin(yt)
Phuong trinh tong quat cua hé thong:
i1(t) = Aje ™ sin(wyt + @)

Tir phuong trinh tong quéat cua i1(t), qua cac phép bién doi ta dugc

A
i1(t) = Are ™ sin(wgt + @) =+ a? + zZe*'sin [yt + arctan (— Z) + E]

. ) . 2
Ta c6 tin sb cua ix(t) la W=y = /d — C:

Tan s6 caa Vi(t)
V,(t) = —L,[(ax + zy)e*t cos(yt) + (xz — ay)e** sin(yt)]
Tir phuong trinh tong quat:
Vi(t) = Aze™* cos(wat + Pgsin)
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Xz — ay
W (ax +zy)? + (xz — ay)?e** cos |yt + arctan T2y

Taco tan sb caa Va(t) la W=y = fd —% (3.7)

Nhu vay, tan sb caa Va(t) va ix(t) gidng nhau, cing la w; = y = \/df% Pay 14 tan s6
cta cudng do va dién ap nap vao tu trong qua trinh 1am viéc cua hé thong danh lira
hybrid,
3.2.4 Nhan xeét
Cudng do dong so cap khi transistor cong suat ngat (cong thirc 3-4):

i(t) = ae** cos(yt) + ze*'sin(yt)
Strc dién dong tu cam trén cudn so cap khi transistor cong suat ngat (cong thuc 3-5):

Vi (t) = —L,[(ax + zy)e** cos(yt) + (xz — ay)e*t sin(yt)]

Tan sb caa Va(t) va ix(t) (cong thirc 3-6): wy = y = /d —%

2T 2T

Chu ky dao dong cua hé T = —= (3.8)
d R 2 [t
1_(2,/L1/Cl) L1Cq
f X = —% ( a = 10
b= o
c? -
. y — d _ = . ClT'
Vol < 4 va 4 ¢ = LtRGr
b_% LiCqT
zZ = R+1
c2 d=
\ d_T \ L1C1T

Cuodng do dong dién ix(t) va V1 (t) co gié tri phu thudc vao thdng sb et va cac ham cos,
sin. Vi vay, cac gid tri trén s& 1a mot dao dong dang sin tat dan theo thoi gian.
3.3. M0 phéng hoat dong mach danh Iira hybrid — giai doan danh Iira dién cam
3.3.1 Muc tiéu mo phéng

Nhim dénh gia tic dong caa cac thong sb cau thanh hé thong, tong tré cua mach:

R, hé sé ty cam caa cudn day so cap bo-bin: L, dung lwong cua tu: C, anh hudng thé nao
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dén bién do, tan sb ciia cwong d6 dong dién ix(t) va sirc dién dong tu cam Vi(t) ta tién
hanh cac mé phong sau

3.3.2 M0 phéng cwong d§ dong dién i1 (t) siee dién dong tw cam Vi(t) trén bo-bin
danh Ira dién cam

Céc thong s cua hé théng: thoi gian tich liy nang luong (thoi gian ngam) ta=5.1073(s),
C1=1.10% (F), r=10° (Q), R=1,5 (Q), L1=1,25.10 (H), U=12,6 (V).

Bien thien dong cuon so mo phong
8 13

Cuong do dong so cap

< s
=
= ./
S 4
5 ./
(2]
2 3 /
o
=
8 2
e
c
§ 1
0 AAAA
-1
-2
0 0.005 0.01 0.015
Thoi gian(s)

Hinh 3.5: M6 phong cuong d6 dong dién qua cudn so cap ia(t)

160 Suc dien dong tu cam mo phong

Suc dien dong tu cam
140 1

120
100 ¢
80
60

40 ¢

Suc dien dong tucam V1(V)

20 ¢

-20

0 0.005 0.01 0.015
Thoi gian(s)

Hinh 3.6: M6 phong strc dién dong ty cam trén cudn so cip Va(t)
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C6 thé nhan thay, d6 thi iz(t) va Vi(t) c6 dao ddng dang sin. Tuy nhién do chiu anh

N , A ~ N L , - c 1Li+RCyT A A .
huong cua bién do ma cu thé la e*t, véi x = -5 = —Eﬁ, nén dao dong c6 dang
11

sin tat dan.

Strc dién dong ty cam dat cuc dai la 136,6 V; cuong do dong so cép cuc dai dat
7,71 A, chukyt = 4,72 x 10~* s vatan sé f = 2,12 x 103 Hz.
Thuc nghiém xac dinh hinh dang va gia tri cwong d§ dong dién i1 (t) va sirc di€n
dong tu cam V(t)

Trong cac phuong trinh cuong d6 dong dién i1(t) (3.4), stc dién dong tu cam V(t)
(3.5) ¢6 thé chwa danh gia hét duoc cac yéu td anh huong dén hoat dong cua hé thong.
Vi vay, viéc xac dinh hinh dang va cac gia tri thuc té cia cudong do dong dién ix(t), suc
dién dong tu cam Vi(t), nham c6 co sé dé hiéu chinh cac thdng sé trong cac phuong trinh
thé hién cuong do dong dién ix(t) (3.4), stc dién dong tu cam Vi(t) (3.5) la can thiét.

Céc thuc nghiém tién hanh véi cac thdng sé twong tng trong mé phong.

) 7258 A 00 A 7258 A

Hinh 3.7: Két qua thuc nghiém cuong do dong so cap ii(t)
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O 1205 v 1205V

Hinh 3.8: Két qua thuc nghiém st dién dong tu cam trén cudn so cap Va(t)
Két qua thuc nghiém cho thiy cuong d6 dong dién i1 (t) va strc dién dong tu cam
V1 ¢6 dang dao dong giong vai ly thuyét da dua ra.
- Strc dién dong ty cam dat cuc dat Vi = 120,5 V. Tan sb dao dong l1a f = 2,4 X
103 H.
- Cuong d6 dong so cap cuc dai 7,25 A tai thoi diém ngat
Cac két qua thuc nghiém va md phong cé stc khac biét nhat dinh. Docalc sai s6 do
ludngva cé thé chura danh gia hét cac yéu td tac dong. Vi vay, ta s& tién hanh hiéu
chinh cac phuong trinh (3.4), (3.5)

Phwong trinh mé ta cwong do dong dién i1(t) sau hiéu chinh
i, (t) = 0,7ae?%** cos(yt/1,5) + ze?**tsin(yt/1,5) (3.9

V6i bién d¢ ¢ dang A, e*t = e2%%,/(0,7a)? + z2
va tan sé dao dong wy = y/1,5.
Phwong trinh strc dién dong tw cam V1(t) sau hiéu chinh
V. (t) = —L;[(ax + zy/1,5)e** cos(yt/1,5)/3 + 0,8(xz — ay/1,5)e** sin(yt/1,5)] —
3,5 = —L;A,e*cos(yt + @) (3.10)

V6i bién d¢ ¢6 dang —L; A et = —L,e*%/(ax + zy/1,5)% + [0,8(xz — ay/1,5)]?
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va tan sé dao dong wyq = y/1,5.
Sau khi hiéu chinh, d6 thi mé phong strc dién dong tu cam va cudng do dong so

cap cd hinh dang va gia tri sai 1éch nho so véi thuc nghiém.

So sanh gia tri cuong do dong so cap giua mo phong va thuc nghiem

8 T T
= Mo phong
78 == == = Thuc nghiem
p———
=76 ’/
=1 / ’--_—_.__——
g _--"
S 74 s T
: /4"—
o /4
c
S /4
g 72 / ’,~
2 / U
(% 7/ ‘
4
,l
6.8
/
4
4
6.6
25 3 35 4 4.5 5 55 6

Thoi gian ngam(s) x 10°

Hinh 3.9: So sanh cuc dai cudng do dong so cap khi mo phong va thuc nghiém & cac
thoi gian tich lily nang lugng ta Khdc nhau

So sanh gia tri suc dien dong tu cam giua mo phong va thuc nghiem

140
g
o ——_—
/ ,——
s o R
g 130 7
£ / /, Mo ph
15 7 phong
o ’ .
E 7 == == = Thuc nghiem
o 125
5 / 7
S 7
5 Pie
S R
o 120 ”
=] ,/
¢ /
U
115 4
/
/4
/
110
25 3 35 4 4.5 5 55 6

Thoi gian ngam(s) x10°

Hinh 3.10: So sanh cuc dai sie dién dong tu cam khi mé phong va thuc nghiém & cac

tich 1ty nang lugng ta khac nhau
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Sai léch gitra cuc dai ctia cudong do dong so cap va strc dién dong tu cam khi mo
phong va thuc nghiém nho hon 10%. Tan sé dao dong mé phong cé hiéu chinh 13 f =
2,12 X 10° Hz, sai s6 1a 9%.

3.3.3 Anh hwéng cia tong tré mach so cap R dén Vi (1), ix(t)

Str dung cac phuong trinh ix(t) (3.8) va Vi(t) (3.9) sau hiéu chinh dé tién hanh mé phong
Céc thong s thyc hién mé phong: ta=5.103 (s), C1=1.10%(F), r=10° (Q),

L1=1,25.103 (H), U=12,6 (V). Tong tré cua mach so cdp R: 1,12 Q va 1,5Q

Anh hwéng cia tong tré R dén bién df V1

Anh huong cua dien tro den bien do V1

— =R=112
|= =R=15

140

120

=
=

oo
=

=3)
=
T T
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V4

Suc dien dong tu cam W1V

5
7

—
20F — __-___'_ 4
- == = B u e e

—
-—

0 ] | . . ] .
0.005 0.006 0.007 0.008 0.009 0.01 0.011 0.012 0.013 0.014 0.015
Thoi gian(s)

Hinh 3.11: Anh huéng cia tong tré R dén bién do Vi(t)

Khi tang gia tri dién tro bién do dao dong cua Vi(t) giam di
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Anh hwéng cia tong tré R dén cwe dai caa gia tri i1, Vi

Thay doi cuc dai cuong do dong s o cap theo dientro R

)
in

Cuong do dong so cap

Cuong do dong so cap i10A)

Dien tro R{Ohm)
Hinh 3.12: Anh huéng cua tong tro R dén gia tri cuc dai cua i

Thay doi cuc dai suc dien dong tu cam theo dien tro R
450 T T T

’- Suc dien dong tu cam

400 \
350 \

300 \
250 \

200 \\
150

100
AN
50 ~.

Suc dien dong tu cam V1(V)

\HM

0

0 1 2 3 4 5 6 7 8 9
Dien tro R(Ohm)

Hinh 3.13: Anh huéng cta tong tré R dén gia tri cuc dai cua i
Khi tang gi4 tri tong tré R, ning lugng caa hé thdng giam xudng. Vi vay, cac gia tri cuc

dai caa i1 (t), V1 (t) cling giam theo.
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Anh hwéng cia dién tré dén tan sé dao dong caa ir va Vi

Anh huong cua dien tro den tan so V1 va il
2124 T

T
f(Hz)
2122
\\
2120 ~
¥ ous \\
[=]
c N\
& 216 N
2114 \\\
2112 \\
2110
o 05 1 15 2 25 3 35 4 45 5

Dien tro R

Hinh 3.14: Anh huéng cua téng tro R dén tan sé dao dong cua Vi
Cac khao sat cho thay, tan s6 dao dong caa hé chiu anh huong rat it tir gia tri dién
tré cua mach so cp R.
V6iR=1,12Q:7=3326x10"*s, f = 3,0007 X 103 Hz
V6iR=15Q:7=4,3329%x10"*s, f = 3,0004 x 10 Hz
3.3.4 Anh hwéng cia dién dung tu C dén bién d6 va tan sé Vi(t), ix(t)

Qua trinh tang trudng cua dong dién ix(t) khdng chiu anh hudng cua dién dung tu
R
i1(t) = %(1 — e_ﬁt) Vi vay, viéc tién hanh khao sat chi dat ra doi véi stre dién dong

tu cam V1(t).
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Anh hwéng cia dién dung tu C dén bién dé V1

200 Anh huong cua dien dung tu den bien do V1
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Hinh 3.15: Anh huong dung lugng cia tu C dén bién d6 dao dong dao dong cua Vi
Bién d6 dao dong cua Vi(t) s€ tang khi dung lugng cua tu C giam (Khi C =1 pF, V1
max =197,6 V; khi C =0,5 uF, V1 max tang |én 284 V.
Anh hwéng ciia dién dung tu C dén cue dai Vi

Thay doi cuc dai suc dien dong tu cam theo dien dung tu C

{ 11 11 11

Suc dien dong tu cam
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Dien dung tu C(uF) x 10°

Hinh 3.16: Anh huong dung lugng cta tu C dén gia tri cuc dai cia Vi
Khi dién dung tu ting, cuc dai cua V1 giam rat nhanh trong khoang tir 0 — 3,5uF

.Tuy nhién, khi C vuot qua 3,5uF, cuc dai cua V1 giam tuong doi cham
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Anh hwéng cia dién dung tu C dén tan soé dao ddng caa Vi

Thay doi cuc dai suc dien dong tu cam theo dien dung tu C

|_Suc dien dong tu cam |

400

350

300

250

200

Suc dien dong tu cam V1{v)

w
=

100

30

Hinh 3.17: Anh huong caa dién dung C dén tan sé dao dong cua Vi
V6iC=1pF: 7 =3,326 x 107*s, f = 3,007 X 103 Hz
V6i C=0,5 uF: 7 = 2,356 x 10™* 5, f = 4,244 x 10% Hz
Khi tang dién dung cua C tir 0,5 uF — 2 pF, tan sb cua hé giam.
3.3.5 Anh hwéng cia hé s6 tw cam L cia cudn so cip dén bién dé va tin sé Vi, it
Anh hwéng ciia hé sé tw cam L ciia cudn so cap dén bién d6 Vi

Anh huong cua do tu cam den bien do V1

250 ;
— =1=125mH
l — =|=158 mH
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Hinh 3.18: Anh hudng cua hé sé ty cam L dén bién do dao dong cia Vi
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Anh hwéng ciia hé sé tw cam L ciia cudn so cap dén bién dd is

Anh huong cua do tu cam den bien do i1

8 ;
l = =[=125mH
7 — =|=158 mH| -
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Thoi gian(s)

Hinh 3.19: Anh hudng caa hé sé tu cam L dén bién do dao dong cua is

Vi L1:1,58 mH, Vlmax :217,3 V, ilmax = 7,537 A.
Véi L1=1,25 mH, Vimax =197,6 V; 11max = 7,71A.
Anh hwéng ciia hé sé tw cam L cudn so cap dén gia tri cwe dai cia Vi

300 Thay doi cuc dai suc dien dong tu cam theo do tu cam L

‘ == Suc dien dong tu cam

250

200

150 [

Suc dien dong tu cam V1(V)

5 O 1 L Il L 1 1 1 1
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Do tu cam L %1073

Hinh 3.20: Anh hudng caa hé sé tu cam L dén gié tri cuc dai cua Vi
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Anh hwéng ciia hé sé tw cam L ciia cudn so cap dén gia tri cue dai iy

Thay doi cuc dai cuong do dong so cap theo do tu cam L

s Cuong do dong so cap

Cuong do dong so cap i1(A)

Hinh 3.21: Anh hudng cua hé sé tu cam L dén gié tri cuc dai cua iy
Ttr hinh 3.20 va 3.21 cho thay, khi do ty cam ting, cuc dai cia Vi ting nhanh trong
khoang tir 0 — 4mH. Khi L vuot qua 4 mH, cuc dai cua V1 giam. Khi d6 tu cam tang, cuc
dai cua i1 giam, cac noi dung trén cd thé giai thich nhu sau: Khi ting gia tri caa hé sé tu
cam, nhung thoi gian tich liiy nang luong ts khong doi, gié tri cuong d6 dong dién Ing sé
giam xudng. Tuy nhién, gia tri V1= L. dlng/dt nén V1s& dat cuc dai tai mot gia tri nhat
dinh cua L.

Anh hwéng ciia hé sé tw cam L dén tan s6 dao dong cia iz va Vi:

8000 Anh huong cua do tu cam L den tan so V1 va i1

—f(Hz)

7000
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Hinh 3.22: Anh huéng cua hé sé ty cam L dén tan sé dao dong cua Vi
VoiLi=1,25mH: t = 4,714 X 107 % s, f=2122 X% 103 Hz
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Vé6iL1=158mH: 7=5,299 x 10™*s, f = 1,887 x 10° Hz
Khi tang L, tan sb cua Vi giam.
3.3.6 Nhan xét

Trong phan 3.3, dat duoc cac noi dung sau:

- Hiéu chinh duogc cac phuong trinh thé hién cuong d6 dong dién qua cudn so cap
11(t) va suc dién dong tu cam V(t) (giai doan danh Itra di€n cam)
- Cac md phong thé hién anh huong cua cac thong sé6 hé théng R, L, C dén cac gia

tri 11(t) va Vi(t)

Cac phwong trinh sau hi¢u chinh cé dang:
Cuong do dong so cap ir:
i1(t) = 0,7ae?%*t cos(yt/1,5) + ze?°** sin(yt/1,5)
Stre dién dong tu cam V1.
V,(t) = —L{[(ax + zy/1,5)e** cos(yt/1,5)/3 + 0,8(xz — ay/
1,5)e* sin(yt/ 1,5)] — 3,5

Sai léch 16n nhét giira cuc dai cua cudng d6 dong so cap va suc dién dong tu cam
khi md phong va thuc nghiém nho hon 10%. Sai léch 16n nhat tan sé dao dong gita md
phong va thuc nghiém 1a 9%.
Cac két qua mo phéng cho thay
Véi dién tré R: khi tong trg hé thong tang, néu giit nguyén dién ap trén hé thong
V=12, 6 V, cuc dai ciia cuong d6 dong so cap va stc dién dong tu cam giam (hinh 3.12,
3.13); tan s6 dao dong cua cudng d dong so cap va sire dién dong tu cam anh huong rat
it (hinh 3.14).
Véi dién dung tu C: khi C ting, cuc dai cua cudng d6 dong so cip khong ddi (do dién
dung C khéng tham gia vao qua trinh tang truong cua iz (t). Tuy nhién, cuc dai cua strc
dién dong tu cam giam (hinh 3.16), tn s dao dong cua cudng d6 dong so cip va suc

dién dong tu cam giam (hinh 3.17).
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Véi dd tw cam L: khi L ting, cuong dd dong so cdp c6 xu hudng giam (khi L ting, toc
do tang truong cua i1(t) giam). St dién dong tu cam c6 dang e.=-L % , Vi phu thuoc
vao ca hai gia tri Ingva L nén khi gitt nguyén thoi gian tich lity nang luong ta, nhung
thay doi gié tri cua hé sé tw cam L, stc dién dong tw cam sé& dat cuc dai tai mot diém
(trén hinh 3.20 14 4,5mH). Tan s6 dao dong cta cudng do dong so cap va suc dién dong
tu cam déu giam xudng khi ting d6 tu cam L (hinh 3.22), diéu d6 cho thiy khi ting gia
tri L s€ Iam cho chu ky cta dao dong tang.
3.4 Xac dinh dung lrgng tu cho hé thong danh lira hybrid

Viéc xac dinh dung luong cia tu dién cho hé thong danh lira hybrid c¢6 ¥ nghia hét
sttc quan trong, vi ngoai cong dung bao vé cho cac thiét bi dong ngit va chdng lai cac
anh huong xau nhu trong chuong chuong 1 di trinh bay. Nang lugng tich lily trén tu
phai du 16n dé thuc hién qua trinh danh Itra dién dung. Viéc chon tu phai chiu céc rang

budc sau:

- Quan h¢ gifra thoi gian nap tu va dung lugng tu
- MAt mat trén tu

- Khd ndng lam vi¢c ciia mach danh Itra dién cam

Cac yéu t trén s& duoc 1an luot khao sat

57



3.4.1 Thoi gian nap tu

|
Sire dién djng tw |
cam cwc dai '

LN -1219 ps 3404 ps 3526 ps
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il |l
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i
||
|
|

Thoi gian nap tu .

Hinh 3.23: Thoi gian nap tu (92us) 6 mo hinh 4 xy lanh trong khoang thoi gian
tich 1fly nang luong te=5 ms véi r=10° (Q), R=1,5 (Q), L1=1,25.1073 (H),
U=12,6 (V), C=1(uF)
bién ap ty cdm trén cudn so cép cua bo-bin c6 dang mot dao dong dang sin tat dan.
Vi vay, khi dién ap trén tu da duoc nap dén gia tri cuc dai cia dién ap tu cam qua trinh
nap tu s& khong thé tiép tuc. Nhu vay, thoi gian nap tu ti da s& bang 1/2 thoi gian cta
xung dién ap tht nhat, ciing 14 1/4 thoi gian hinh thanh chu ky (T) xung strc dién dong
tu cam cuc dai dugc sinh ra nhu hinh 3.23. Thoi gian nay phai 16n hon thoi gian nap day
dung lugng tu.
Theo cac cong thirc tinh toan thdi gian nap cho tu v6i ngudn khong ddi
Voi: - C la dién dung cua ty dién
- Viap 12 dién ap nap cho tu.

- Vc l1a dién ap trén tu.
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- 7=RC 14 thoi hiang nap tu. Ung véi thdi gian nap t = 41, dién 4p trén tu Vc
dat gid tri Vc = 99%Vqp.
Vay tng v6i dung luong cia tu C= 1uF, tong tré ciia mach so cap R= 1,5 Q, thoi
gian nap day tu s& 1a t = 41 = 4RC = 6s
Theo cong thuc (3.8), chu ky dao dong cua dién ap tu cam V1 duoc viét dudi dang:

_Zn_ 2T

@ R\ 1
1 _
(2 Ll/C1> LGy

Dua trén cong thic chu ky Vi, ¢ thé thay thoi gian tich lily nang luong cta cudn

T

day ts khong anh huong dén chu ky va tan sd cia iz va V1. Nhu vy, khi dong co 1am
viéc, thoi gian tich liy ning luong cia cudn day c6 thay ddi thi chu ky va tan sé dao
dong cua V1 va i1 trén cudn day khong doi. Vi vay, khi tinh toan du thoi gian nap day tu
tai mot thoi gian ngam s€ thoa & cac ché d6 lam viéc khac cua dong co.

Trén hinh 3.24 thé hién mo6 phong chu ky ciia Vi:

X 10‘¢\nh huong cua dien dung den thoi gian hinh thanh mot chu ky V1
8

T T T r .
=== Thoi gian hinh thanh mot chu ky T(s)
7 == == = Thoi gian nap day tu t(s) L
6 o
/'
5
)
=
:% 4 /
o
= /
3 /l
2 //
1
0 —— -----—---_-l---—--_--_-—--—
0 1 2 3 4 5 6 7 8 5
Dien dung tu C (F) -

x 10
Hinh 3.24: Thoi gian hinh thanh mot chu ky ctia V1 va thoi gian nap day tu khi
thay doi dién dung tu tir 0,22 uF — 9 uF, t:=5.103 (s), r=10° (Q), R=1,5 (Q),
L1=1,25.103 (H), U=12,6 (V)
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Thoi gian hinh thanh mot chu ky ctia Vi(t) ¢ xu hudng tang 1én khi ting dién dung
tu tir 0,22 pF — 9uF. Thoi gian hinh thanh mot chu ky thap nhat 1a T = 156,3 ps & tu ¢o
dién dung C = 0,22 pF. Vi thoi gian nap tu bang ¥4 thoi gian hinh thanh mét chu ky cia
V1, ta c6 thoi gian nap tu theo mo6 phong thap nhat 14 39,075 ps. Thoi gian nay 16n hon
rat nhiéu so véi thoi gian nap day tu 1a t = 4RC = 6 ps. Tuong tu, thoi gian hinh thanh
mot chu ky ctia Vi khi ting dién dung tu tir 0,22 pF — 9uF déu 16n hon rit nhiéu so véi
thot gian nap déy tu, nén dién ap trén tu s€ dat gia tri cuc dai cua stc dién dong tu cam
3.4.2 Nang lugng tich liiy trén tu

Nang lugng tich lliy trén tu dugc tinh theo cong thirc:

1 2
WC == ECVC

Trong qua trinh lam viéc ciia dong co, tuy thudc vao sé vong quay ECU dong co
s& diéu chinh thoi gian tich liy nang luong ts[31, 35], thoi gian ndy s& giam khi s vong
quay dong co ting (xem bang 3.1). Nhu vay, khi giit nguyén céc gia tri R, L, C cau thanh
hé théng, khi thay doi s6 vong quay ning luong tich lily trén tu s& thay d6i.

Bang 3.1: Thoi gian tich lily nang lugng tq trén dong co TOYOTA 1NZ-FE

Toc d6 dong co 700 | 1000 | 2000 | 3000 | 4000 | 5000 | 6000
(vong/ phat)

Théi gian tich liy 56 | 5 | 47 | 43 | 39 | 37 | 35
nang lugng ta (MS)

Tuy nhién, trén tu c6 hién twong mat mat nang luong, lam ton that ning luong tich
lity trén ty. Nang lwong mat mat do ro dién Pq duoc tinh boi cong thirc [47,48,49,50]:
Pq = [42ESR (3.10)

1

w?C?r

Trong do: ESR = (Q) 1a dién tré tuong duong tu.

Voi: - r: dién tro 10 (Q)
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- C: dién dung tu (F)
- o: toc do g6c cua hé dugc xét (rad/s)

- lg: cwong d6 dong dién khi nap day tu (A)

Su thay doi dien ap V2 va Wc theo dien dung tu

=
£

=]

=

=

=

=

o

o

b

=]

=

== =e=\2 tai thg = Sms 18 =
W tai tng = 5ms g

----------- V2 tai tng = 3.5ms
W tai tng = 3.5ms
== =2 aitng = 5.6ms
W tai thg = 5.6ms

04 06 08 1 12 14 16 18 2 22 24
Dien dung tu C(uF)

Hinh 3.25: Khao sat su thay doi gia tri dién ap th cép cuc dai trén mach danh

Ira ty cam Vom va nang luong tich 1ty We theo dién dung tu dién
Trén hinh 3.25 khao sat ning luong tich lity Wc trén tu, c6 tinh t&i cac ton that tai

3 s6 vong quay ciia dong co khi thay doi dung luong cua tu

- S6 vong quay toi thiéu ctia dong co 700 vong /phut
- S6 vong quay thudng sir dung ctia dong co 1000 vong phut
- S6 vong quay cuc dai ciia dong co 6000 vong/phut
Tur khao sat trén ta nhan thay, twong ing véi cac sé vong quay trén nang luong

cuc dai c6 thé tich lily trén tu s& dat cac gia tri 1an luot
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Bang 3.2: Nang luong cuc dai tich Iliy trén tu theo tbe do cua dong co

Téc d6 dong co 700 1000 6000
(vong/ phut)
Dung lugng tu (uF) 1,3 1,13 0.98
Nang lugng cuc dai tich Iy trén 19,3 18,65 13.7
mot tu (mlJ)
Nang lugng cyc dai tich liy trén 3 57,9 55,95 41,1
tu (mJ)

Ning luong danh lira yéu cau ¢ gia tri tir 30-50mJ [1,2,5,6,30]. Nhu viy, tai cac
gia tri clia tu ndi trén (xem bang 3.2), ning luong danh lira tich liy trén tu déu dat gia
tri can thiét dé danh ltra va duy tri thoi gian phong dién.

bé don gian cho két cAu ctia mach chon gia tri tu C=1pF, kiém tra lai nang luong

tich lily trén ty, ta thiy trong Gng v4i gia tri ctia tu nhu trén cac gia tri dugce nhu sau

Bang 3.3: Ning luong tich lily trén tai cac s vong quay tng véi tu dién c6

giatri C=1 pF

Tdc do dong co 700 1000 6000
(vong/ pht)
Nang luong tich liy (mJ) trén mot tu - 18.7 18.4 13,6

dung luong tu 1 (uF)
Ning luong tich Iy (mJ) trén 3 ty 56,1

55,2 40,8

Qua cac khao sat trén ta nhan thdy, ning luong tich liy trén ba tu ¢6 dung luong 1
uF (xem bang 3.3) khi thyc hién mot 1an tich lily, déu thoa nang luong danh lira yéu cau

cho mot 1an danh lira.
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3.4.3 Kiém tra kha niing 1am viéc ciia hé thong danh Iira hybrid khi thue hi¢n danh
Itra di€én cdm

Bang cach dung tu dién ta s& thu hdi mot phan ning luong ty cam tich liy trén hé
thdng, diéu nay s& anh hudng dén dién ap cuc dai Uzm thuc hién . Dé danh gia anh hudng
nay ta thuc hién céc tinh toan sau

Tir cong thire xac dinh hiéu dién thé thtr cap cuc dai U2m [1, 4, 32]

_ / 2Wat
UZm = Kbb Ci+ Kgb.cz'rl (kV)

Véi cac théng sé trong cong thirc trén nhw sau:

- Kub = W2/Wi: Hé s6 bién ap bo-bin = 90, (80-100) [4]

- W= Ing?/2 v&i Ing= cuc dai cuong d6 dong dién luc transistor cong suét
ngat (A)

- 1 : Heé sb tinh dén sy mat mat trong mach = 0,75 (0,7- 0,8).[1,4,32]

- Ci: bién dung cia ty dién mic song song vdi transistor cong suat (1uF)

- C2: 90 pF, dién dung ky sinh trén mach tht cip (60-120 pF) [4]

duoc tinh bang Co= Cawa+Can
Trong do:

- Caw2: dién dung kY sinh ctia cudn thir cAp v&i mat cta hé thong, gid tri nay
phu thudc vao kich thudc va cac thong sd ciia cudn ddy. Thong thudng bang
30-60 pF [4]

- Con: Pién dung ky sinh cua bu-gi thuong bang 30-60pF [4]

Tt hinh 3.25, ta nhan théy khi chon dung luong cua tu Ci= 1uF cac gia tri
dién ap danh ltra Uom c6 gid tri 1an luwot nhu bang 3.4
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Bang 3.4: Gi4 tri hiéu dién thé thu cip cuc dai Uam trén cac bo-bin danh lira dién cam

tai cac sO vong quay khéac nhau

; 6000
Toc d§ dong co (vong/ phut) 700 1000
Dién thé tht cdp cuc dai Uam 1.9 18.65 16
(kV)

Céc gia tri trén déu thoa man yéu cau cho hiéu dién thé thir cap cuc dai (7-40kV)

[1,28, 29,30, 31]

3.4.4 Nhan xét:
Vi cac thong s6 cua mach danh lira dién cam, V= 12,6 V, téng tré cua mach so
capR=1,5Q, L=1,25. 10° H khi chon tu ¢6 gia tri C1= 1pF cho thay:

Nang lugng tich Ity trén 3 ty, khi ké dén cac ton that do sinh nhiét trén tu déu thoa
man ning lugng danh lira khi qué trinh danh lira dién dung xay ra (40,8- 56,1 mJ), dong
thoi van bao dam hiéu dién thé thir cap cuc dai Uzm khi hé théng danh Iira hybrid thuc
hién danh Itra dién cam (16- 18,9kV). Tuy nhién, khi ting s vong quay do thoi gian tich
liiy ning luong ts giam, dan dén gia tri cuc dai cua cuong do dong dién di qua cudn so
cap Ing giam xudng, nén ning luong tich lily duoc trén tu ciing giam theo. Mic du vay,
cac gia tri ndy van thoa gia tri cta hiéu dién thé thir cap cuc dai (tir 7-40kV) dé bao dam

qua trinh danh Itra trén dong co [1, 28, 29, 30, 31].
3.5 Tinh toan mach danh Itra hybrid — giai doan danh lira dién dung (CDI)
3.5.1 M6 hinh tinh toan

Duya trén so do nguyén 1y hé thong danh Itra hybrid (hinh 3.1), véi cach mic ba ty
song song, trong tinh toan co thé thay thé bang mot ty dién C c6 dién dung tuong duong
ctia ba tu C1, C2, C3 (mdi tu c6 gia tri C= 1uF). Qua trinh giai phong ning luong tich lily
trén tu dén cudn so cap cta bo-bin 4, cé tinh chét twong duong véi qua trinh tu dién

phong trén mach RLC.
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Vi vdy, trong tinh toan co thé sir dung mé hinh mach RLC (hinh 3.26) trong do:
C: tu dién c6 dién dung twong duong cua ba tu C1, Co, C3 (3uF)
S: cong tic dong/md thé hién hai trang thai dong/ngit cuia SCR.
La: hé s6 tu cam ctia cudn so cip cua bo-bin 4.
Ra: téng trd cua mach so cép danh ltra dién dung, bao gém: dién tré cua cac linh

kién, di¢n trd cudn so cap bo-bin 4, dién tré cua cdc moi noi,...

T a

™,
1=

S
i)
Iy

R
Hinh 3.26. M6 hinh tinh toan hé thong danh lira hybrid - giai doan danh lira dién dung

3.5.2 X4y dung phwong trinh tdng quat cwong dd dong dién, strc dién dong tw cam
trén cudn so cap cia bo-bin khi tu dién phéng
Nhu d3 trinh bay & phan 3.1, sau qua trinh danh lira dién dung trén trén cac bo-bin
1, bo-bin 2, bo-bin 3 nang lugng tu cam s€ dugc tich Iy lan luot trén cac tu C1, C2, C3
(hinh 3.1). Cac tu trén s& duoc tich dén gid tri Qo
Dua vao m0 hinh tinh toan manh danh ltra dién dung (hinh 3.26)

Ta c6 thé xay dung phuong trinh can bang ning luong trén mach:
1 Q2 1 .2
W=Wc+WL=-=+=-L; i3 (3.11)
2Cq 2
Trong do:

- Cq: dung lugng cua tu trén mach danh Itra dién dung
- Lg: hé sb tu cam trén mach danh lira dién dung

- ig: cuong d6 dong dién luc tu nap day

65



Ning luong tiéu hao trén dién tré Rq duoc biéu dién boi cong thic:

¥~ _i,2R, (3.12)

dt
Vi Re: tong trd mach so cap danh lira dién dung
Thay (3.12) vao (3.11), ta ¢c6 phuong trinh vi phan nhu sau:

QdQ
Cq dt

dld

+ Lala o = —is°R, (3.13)

Quan hé gitra cuong d6 dong dién va dién tich trén trén tu dién C duoc thé hién nhu

sau: iy = — ‘2—?. Chia ca hai vé (3.13) cho ig, ta co:
1,32 2+ Ry +— 0 (3.14)
o Q+ Q'+ —Q =0 (3.15)
bat: y= ﬁ
Lg
_ 1
Wo = VLdCa

\ oo Y= LaCq 2Ld
Nghiém tong quat ctua phuong trinh (3.15) 1a:
Q(t) = e " [A;cos(w't) + A,sin(w't)]
Tai thoi diém ban dau t=0, Q(t=0) =Qo, v&i Qo la dién tich cuc dai ban dau cua ty.
Viét lai phuong trinh Q(t) ta c6:

QD) = Qpe ™ cos(w't)
Trong do:

y = 2% (H¢ sb tit dan)

2Lg
o' = /w3 —y? (Tan s6 goc cua dao dong tat dan).
Tir cong thire ig(t) = ——

Ta co:
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ig(t) = Quw'e ' [sinw't + (ﬁ) cos(w't)] (3.16)
Xiy dung phwong trinh tong quat strc dién dong tw cam trén cudn so cp ciia
bo-bin Khi tu dién phéng:
Phuong trinh tong quat cia strc dién dong tu cam duge viét dudi dang

di

eL(t) = —L %

Tién hanh dao ham phuong trinh (3.16) ta duoc:
2

di .
lgt(t) = Qow'e™ " [(oo’ - %) .Cosw't — 2ysmw’t]

2

S ey (t) =Ly Quw'e™ [(w’ — %) .cosw't — 2ysinoo’t] (3.17)
Tién hanh xay dung do thi cudng do dong dién ia(t) va sirc dién dong ty cam cua
cudn so cap eq(t). Cac gia tri dua vao tinh toan:
- Bo-bin danh Itra dién dung c6 gia tri: Rg = 0.5 Q, Lg = 0.2mH
- Pién dung cua ty Cq = 3uF (3 ty dién 1uF mac song song), Vimax t dien = 195V, tai
s6 vong quay dong co 700 vong/phuit.

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

== Cuong do dong dien
, » = =Suc dien dong

Suc dien dong (V)

Cuong do dong dien (A)

.‘ THoi gian (ms) --
Hinh 3.27: B0 thi cuong do dong dién iq (t) va stc dién dong tu cam eq (t) ctia cudn so

giai doan danh Itra dién dung
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Cuong do dong dién iq (t) va strc dién dong tu cam eq (t) ctia cudn so cap (khi tu dién
phong) cé dao dong tat dan dang sin, chiing 1éch pha nhau mét goc g Khi cuong do dong
dién dat gia tri cyc dai cling chinh la luc stc dién dong tu cam béng 0.

3.5.3 Cac m6 phéng
Cuwong d6 dong dién va strc dién dong tw cam trong mach so cip trong hé thong
danh Iira hybrid — giai doan danh lira dién dung:

Trén thuc té, c6 diode mic & dau ra cia cac tu dién. Vi vay, toan bo phﬁn am cua

dao dong cuong do dong dién va strc dién dong tu cam cua cudn so cap déu bi lugce bo.

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

== Cuong do dong dien
= _=Sucdien dong )

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

L L
] 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02

. Thoi gian (ms)
Hinh 3.28. D6 thi cuong d dong dién iq (t) va strc dién dong tu cam eq (t) ctia cudn so

cap trén hé théng danh ltra hybrid- giai doan danh ltra dién dung
St dung thiét bi Pico Automotive Oscilloscopes 4425, do cuong do dong dién va
sttc dién dong ty cam cia cudn day so cp trén mach danh lira hybrid - giai doan danh
lira dién dung (duoc lap trén dong co TOYOTA INZ-FE). Céc thong sé linh kién st
dung nhu trong cac trong cac md phong trén, dong co hoat dong & sé vong quay 700

vong/phdat.
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Hinh 3.29: P4 thi thuc nghiém cudng do dong dién ia (t) va strc dién dong tu cam

ed (t) ciia cudn so cap trén hé théng danh Itira hybrid- giai doan danh lira dién dung

Tir két qua thu duoc, ta nhan thay qua trinh ting truong cta cuong do dong dién va
strc dién dong ty cam trén cudn so cip ctia bo-bin gitta mé phong va thuc té 1 gidng
nhau. Tuy nhién, gia tri bién do va chu ky co6 su sai I¢ch nén can thém cac gia tri hiéu
chinh.

Phwong trinh sau hiéu chinh:

iq(t) = 0,88.Qq. 0. e [sin(1,940't) + (%) cos(1,940't) - (L)) (3.8)

e4(D) = 0,92 Ly. Quo'. e " [(0' = L) cos(1,94w't) — 2ysin(1,94w't)|  (3.19)
(L)I

Panh gia anh hwéng dién tré' R va hé so tw cam L clia cudn day so cap dén cwong
d9 va strc dién dong trén mach danh lira hybrid — giai doan danh Iira dién dung
Trén thuc té, v6i su thay d6i d6 tu cam cua cudn day co thé s& kéo theo su thay doi
dién trd ban than cua cudn day, dong nghia voi viée s& lam thay ddi tong tré Rq cta
mach. Ngoai ra do tu cam Lqg phu thudc vao rat nhiéu cac thong s6 nhu: s6 vong day
quin, chiéu dai cudn day, ban kinh cudn dy, do tir tham [37,38,39],.... Vi vay, dé don

gian trong qué trinh danh gia, ta xem xét doc 1ap ciia mot trong hai thong so.
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Panh gia anh hwéng ciia tdng tré Rq dén cwong do dong dién va sirc dién dong trén
mach danh lira hybrid- giai doan danh lira dién dung

Nhim danh gia su thay ddi cua cuong do dong dién va suc dién dong cua cudn so
cAp cua bo-bin danh lira dién dung ta gia dinh téng tré mach so cap co ba gia tri Rq khéc
nhau. Lan luot Rg1 = 0.5Q, Rz = 1.75Q, Rgz = 3Q va hé s6 tu cam cua cudn so cép bo-
bin danh lira dién dung Lg = 0.2mH, dung luong cta tu Ca= 3puF (3 tu dién 1pF miéc
song song), Vmax tu dién = 195V va mé phong tai s vong quay 700 vong/phut.

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

Cuong do dong dien (A)

L L L L L
o 0.02 0.04 0.06 0.08 0.1 012 014 0.16 0.18 0.2

Thoi gian (ms)

Hinh 3.30. D6 thi cuong d6 dong dién ia(t) qua cudn so cap trong hé théng danh lia
hybrid- giai doan danh lira dién dung khi tong tr& Rg thay doi.
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Su thay doi suc dien dong tu cam cuc dai cua cuon day theo R

=——R1=0.50hm
= =R2=1750hm
R3=30hm

Suc dien dong (V)

0.02 0.04 0.06 0.08 0.1 012 0.14 016 0.18 0z

Thoi gian (ms)
Hinh 3.31: D06 thi strc dién dong tu cam eq(t) cua cudn so cap trong hé thong danh lira

hybrid- giai doan danh lira dién dung khi tong tr& Rg thay doi.
Dua trén d6 thi ta thiy, néu téng trd' Ra cang 16n thi cang 1am giam gia tri cuc dai cia
cuong do dong dién va strc dién dong tu cam dat duogc trén cudn so cép. Chu ky dao

~ 2 , < ~ 13 A K % 1A Rg
dong: T, = 2r Gl , tong tré Rq tang s& 1am cho hé s6 tat dan y = —% tin
g la g g 2L g

!
1,94.0 194, fw% y2

1én, diéu nay dan dén viéc kéo dai thoi gian chu ky Ta. Tuy nhién, do y qua nho so véi

w, nén su thay d6i nay 1a khong dang ké.
Panh gia anh huwdng ciia hé s6 tw cam Lg dén cwong dd dong dién va sire dién dong

trén mach danh Iira hybrid — giai dgan danh lira dién dung

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

Cuong do dong dien (A)

L L L
0 0.02 0.04 0.08 0.08 01 0.12 0.14 0.18 0.18 0.2

Thoi gian (ms)

Hinh 3.32: D6 thi cudng d6 dong dién ia(t) di qua cudn so cap trong hé théng danh Iira
hybrid- giai doan danh Iira dién dung khi Lq thay doi.
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Su thay doi suc dien dong tu cam cuc dai cua cuon day theo L

180

m——l1=0.1mH
= =L2=03mH
L3=0.5mH

=23
=

V)

Suc dien dong

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Thoi gian (ms)
Hinh 3.33: D06 thi strc dién dong tu cam eq(t) trén cudn so cap trong hé thong danh

lira hybrid- giai doan danh lira dién dung khi Lq thay doi.

Véi su thay ddi Lq, gén nhu khong anh hudng dén cuc dai cua st dién dong tu cam
trén cudn so cap nhung lai tac dong rat 1on dén cuong do dong dién va thoi gian chu ky
Ta. Ttr phuong trinh (3.18), ta thay, cuc dai ctia cudong do dong dién lamax = 0,88. Q. w'.
Nhu vay, khi Lg tang 1én, 1am cho ' giam di nén Igmax cling giam theo. Ngugc lai, véi
su sut gidm cua Imax thi chu ky Tq lai dugc tdng 1én, kéo dai thoi duy tri sy ton tai st
dién dong tu cam cua cudn so céip.

Panh gia cwong do dong dién igva sirc dién dong tu cam eq clia cudn so cap bo-bin
danh lira dién dung theo toc dd dong co

Khi tang toc d6 dong co, thoi gian tich liiy ning lugng tq trén cac bo-bin danh lira
dién cam thu ngén lai. Do d6, strc dién dong tu cam cyc dai sinh ra trén cac bo-bin danh
lira dién cam ciing giam, dan dén niang luong tich lily trén cac tu dién ciing giam theo.
Vi vdy, ning lugng cung cip cho mach danh ltra hybrid - giai doan danh ltra dién dung

¢6 xu huéng giam khi s6 vong quay dong co tang.

72



Cuc dai cuong do dong dien va suc dien dong theo toc do dong co
T T T T N 183

=== Cuong do dong dien

== =Suc dien dong

-—
- -
—=

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

19.8 ! L > ! L 180
0 1000 2000 3000 4000 5000 6000

Toc do dong co (vong/phut)

Hinh 3.34: D4 thi cuc dai ctia cuong do dong dién ig va strc dién dong tu cam eq trong
hé théng danh Iira hybrid- giai doan danh lia dién dung theo toc d6 dong co
Trén dd thi mo phong, ta théy suc dién dong tu cam cuc dai cua cudn so cép (bo-bin
4, mach di¢n dung) dat 182,7V tai tbc do 700 vong/phut va gidm dan vé 180,3V tai 6000
vong/phut. Cuong do dong dién cuc dai trong mach danh Itra dién dung dat 20,23 A tai
tdc d6 700 vong/phut va giam dan vé 19.93A tai 6000 vong/phit. Piéu nay cho thay cuc
dai cia cuong do dong dién va strc dién dong trén cudn so cép cua bo-bin mach danh Itra
dién dung thay doi rét it trong mién 1am viéc theo toc 46 dong co (2,3 % d6i véi stc dién
dong va 1,49% d6i v6i cudng do dong dién khi tbe d6 dong co thay dbi tir 700 - 6000
v/ phat).
3.5.4 Nhan xét
Dua vao cac tinh toan dd néu tac gia di dé xuit duoc biéu thire tinh toan cudng do
dong dién ig(t) va stc dién dong tu cam eq(t) trén cudn so cap cua bo-bin trén hé thong
danh ltra hybrid - giai doan danh Itra dién dung, cic md phong phu hop voi dién bién

thuc té. Qua d6, khao sat dugc su thay doi cua cuong do dong dién va suc dién dong tu
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cam khi thay d6i cac thong sb cta hé thong nhu dién trd (Ra), hé sb tu cam cia cudn so
cap bo-bin (Lq).

Céc md phong cho thay, khi ting gia tri dién tré ctia mach (Rq), t6n that nang luong
tang lam giam gia tri cuc dai cua cuong do dong dién va suc dién dong. Khi thay ddi hé
sO tur cam trén bo-bin danh ltra dién dung (L), khong 1am anh huong dén gia tri cuc dai
cua strc dién dong tu cam. Tuy nhién, gia tri cuc dai ciia cuong do dong dién va thoi gian
chu ky Ta lai c¢6 su thay d6i theo L, khi Lgtang, thoi gian hinh thanh chu ky Tq ting, gia
tri cuc dai cua cuong do dong dién cang giam va nguoc lai.

3.5 Két luan chuong 3

Trong chwong 3, dd dua ra dugc cac md hinh nguyén 1y lam viéc cua hé thong
danh ltra hybrid c6 hai giai doan lam viéc (giai dgan danh lira dién cam va giai doan danh
Ira dién dung). Tur do, trién khai dugc cdc mé hinh tinh toan cho cé hai giai doan danh

Itra dién cam va danh Itra dién dung.

O giai doan danh ltra dién cam, da thyc hién dugc cac phuong trinh mo ta cuong
d6 dong dién i1(t) va strc dién dong tu cam Vi(t). CAc tinh toan va thyc nghiém cho thay
cac dién bién cua hé thdng phu hop vdi cac tinh toan 1y thuyét. Ngoai ra tac gia ciing
khao sat dugc anh hudng cua cac chi tiét cAu thanh hé théng nhu hé sd tu cam cta cudn
day L1, tu dién C1 va tong tré R dén cac gia tri cuong do dong dién ix(t) va stc dién dong

tu cam V().

Viéc chon dung lugng cia tu tich lily ning luong cho hé théng danh lira hybrid
¢ y nghia quan trong, cac gia tri dung luong cta tu khong nhitng anh huéng dén kha
nang danh lira & giai doan danh Itra dién dung, ma con anh hudéng dén kha nang lam viéc
cua ca hé thé)ng ¢ giai doan danh Itra dién cam. Vi cac gia tri cia mach danh Itra dién
cam: tong tro hé thong R=1,5 Q, hé s tu cam cuia cudn so cip bo-bin L1= 1,25 mH, dién
thé ctia ngudn cung cap cho hé thong danh Itra V=12,6V. Dung lugng cua tu dién c6 gia

tri C1=1YF cho thdy, cac gia tri vé ning luong danh lira phuc vu cho mach danh lira dién
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dung thoa man cac yéu cau danh lira va dién ap cuc dai Uom & mach thir cap giai doan
danh Iira dién cam van dap tmg duogc yéu cau trén toan mién 1am viée ciia dong co. Vi

vay, gid tri dung lugng tu nay (C=1pF) sé& str dung cho thiét ké mach danh ltra hybrid.

Trong chuong nay cling trinh bay dugc mé hinh tinh toan ctia mach danh Itra hybrid
¢ giai doan dénh Itra dién dung va dua ra dugc phuong trinh mo ta cac gia tri cuong do
dong dién va strc dién dong tu cam ¢ giai doan danh Itra dién dung iq(t) va eq(t) (cac cong
thire 3.18, 3.19). C4c tinh todn va mo phong ¢ giai doan nay cho thay, cac dién bién thuc
té trén mach phi hop voéi cac tinh toan 1y thuyét. Tir nhitng m6 phong, ta nhan thay khi
tang gid tri hé sb tw cam Lq ctia bo-bin danh ltra dién dung chu ky dao dong Tq ting (xem
hinh 3.33), diéu nay sé& lam ting thoi gian xuat hién tia lira trén bu-gi. Nhu vay, véi cing
mot gia tri dién trd, c4c bo-bin str dung cho hé théng danh lira dién dung nén chon céc
bo-bin c6 ty s6 kich thude ctia chidu rong / chidu dai cua bo-bin 16n dé ting thoi gian

xudt hién tia ltra trén bu-gi (cong thirc 2.11).
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Chuong 4
CHE TAO MACH PANH LUA HYBRID

4. 1 Khao sat hé théng diéu khién danh lira trén dong co TOYOTA 1NZ-FE theo
thiét ké ciia nha ché tao
4.1.1 Gi6i thiéu vé hé théng diéu khién dong co

Nham dat dugc cong suat 16n nhat, giam tiét hao nhién liéu va bao dam chat luong
khi thai, nhitg dong co hién dai thuong dung hé théng diéu khién dong co. Mot may
tinh, dugc goi 1a Mo-dun diéu khién dong co (engine ECU), théng qua cac thong tin tir
hé théng cic cam bién s& xac dinh duoc ché do 1am viéc va tinh trang ctuia dong co, két
hop véi cac dir liéu va cac chuong trinh di luu trong bo nhd, Mo-dun diéu khién dong
co s& dua ra cac tin hiéu diéu khién cac co cau chap hanh. Cac co cau nay, dugc chia
thanh céac cac hé théng chinh nhu sau:

« Hé thdng nap khi.

« Hé thng nhién liéu.

« Hé thong danh lira.

« Hé thdng kiém soat khi thai.

Hé thdng voi cac cam bién va co cdu chap hanh va Mo-dun diéu khién dong co
(engine ECU) duoc goi 12 hé théng diéu khién dong co [1, 6, 31, 32]

4.1.2 Nguyén ly 1am viéc ciia hé thong danh lira sir dung trén dong co TOYOTA 1
NZ-FE

Dé c6 thé phat huy t6i da hiéu suit 1am viéc ctia dong co, hdn hop khong khi va
nhién liéu phai dugce dot chay sao cho ap suat cuc dai ciia qué trinh chdy & khoang 10°
sau diém chét trén. Tuy nhién, thoi gian tir khi hdn hop duoc dét chay, dén khi ap sut &
qua trinh chay dat gid tri 16n nhit phu thudc vao téc do dong co va ap suat dudng dng

nap, nhiét d6 nudc 1lam mat, nhiét do khi troi va mot s yéu to khac [51]. O nhiing dong

76



co duge diéu khién tir may tinh, thong qua chtrc ning danh lira som dién tr (ESA -
Electronic spark advanced), thot diém danh lira s& duoc diéu khién truc tiép tr ECU
dong co, vai chirc nang nay dong co duoc cung cap thoi diém danh ltra gan nhu 1y tudng.
Dua trén céac thong tin tir cac cam bién va céc dir liéu chua trong bo nhd, ECU s€ xac
dinh thoi diém danh ltra dénh lira t6i wu cho timg diéu kién lam viéc khac nhau ciia dong
co. Sau khi xac dinh thdi diém danh lira, ECU s& gui tin hiéu thoi diém danh lta (IGT)
dén bo danh Itra. Khi tin hiéu IGT ngit bo dénh lira s& ngat dong dién so cap trong bién
ap danh Itra, tao ra tia Itra di€n ap cao 7- 40 kV [1, 28, 29, 30, 31] trong xi lanh. Vi ESA
luén dam bao thoi diém danh Itra ti wu, lugng khi thai dugc giam xudng, tiéu hao nhién

liéu va cong suét dong co déu duoc duy tri & muc tdi wu. [ 31, 35, 51]

IGF
_ Bo danh Itra
Céac cam
mbié'rj, tl'[l ECU IGT Y
hiéu tlr dong > Bo-bin danh Ira

\ 4

co

Bu-gi

Hinh 4.1 So d6 chung vé diéu khién danh ltra trén dong co
4.1.3 B danh Iira
Bo danh lira ¢6 chirc ning diéu khién dong mé dong dién di qua cudn so cip cua
bo-bin khi nhan duoc tin hiéu IGT tir ECU diéu khién dong co va tao ra tin hi¢u phan
ho6i IGF giri vé ECU. O dong co danh lira truc tiép TOYOTA 1 NZ-FE b6 danh lira va
bo-bin danh Itra duge bd tri tich hop thanh cum. (COP- Coil on plug) [51,52, 53]
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4.1.4 Piéu khién dong dién qua cudn so cip ciia bo-bin

Cuong d6 dong dién so cdp anh hudong dén cuong do tir truong trén cudn day
danh lira va ning luong danh lira . Vi vy, cudng d6 dong dién so cap cang 1on cang tot.
Tuy nhién, cuong do nay khong duoc qua 16n dé tranh hong cudn diy so cip do nhiét
sinh ra trong qua trinh lam viéc, anh huéng nay rat 16n khi dong co hoat dong véi sd
vong quay nho (thoi gian tich liy nang luong ts 16n ). Vi cac dong co duge diéu khién
tir ECU, dong dién nay duoc diéu khién sao cho khi dat gié tri dinh mirc (10A dén 30A)
[1,31, 32,35, 53]. May tinh s& diéu khién thoi gian tich lily nang lugng ts nham bao dam

gia tri cuong do dong dién mong muon.

ON Tin hiéu IGT

OFF —

Cuwdng do dong |

dién dap trng kha
nana danh Ira

Thoi diém danh Ira

- Dong dién so cép

Thoi gian tich Ity |
nang lwong ta . .
ON —— —— Tin hiéu IGF

OFF

AT
\ 4

Hinh 4.2: Quan hé cudng d6 dong dién so cip, tin hiéu IGT va IGF [31, 51]

4.1.5 Tin hi¢éu danh Itra IGT- Ignition timing

Dong dién di qua cudn so cip cta bo-bin dugc diéu khién tir ECU dong co thong
qua tin hi¢u danh Itra IGT, tin hiéu nay s¢€ diéu khién trang thai dong/ mo cua transistor
cong suét trong bd danh Itra. Khi dong dién qua cudn so so cép cua bo-bin ngét, su bién
thién tir truong s& 1am xuét hién qué trinh danh ira trén bu-gi.

Duya vao cac thong tin thu thap tir cc cam bién, thong qua ban do dir lidu va cac
chuong trinh luu trit tir b nhé trong, ECU dong co s& diéu khién hai théng sd cua xung

IGT.
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- Thoi diém xuat hién xung IGT
- B0 rong xung hay thoi gian tich lily nang luong tq [35, 53]. P§ rong xung IGT dugce
diéu khién phu thudc vao gia tri dién thé ctia accu va tde do dong co [35].
4.1.6 Tin hiéu IGF
Tin hiéu IGF nham phuc vu cho muc dich chan doan va chuc nang an toan trén

dong co. Khi bd danh Itra xac dinh cuong do dong di¢n dat gia tri dap rng duoc kha nang
danh Itra [31,51], tin hi¢u IGF s& dugc tao ra tur bd danh lira va gui vé ECU dong co, (cu
mot 1an thuc hién qua trinh dénh la, twong ung véi moét tin hiéu IGF) [31, 51, 53].
Truong hop khong nhan duoc tin hiéu nay ECU s& nglmg qua trinh diéu khién phun
nhién liéu nham tranh xay ra cac hu hong va bao dam gidi han phét thai trén dong co.
[31, 51, 53]

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

Theo thiét ké cua nha ché tao, hé théng danh lura s dung trén dong co TOYOTA
1 NZ-FE c¢6 cac dic diém sau: hé théng danh ltra dién cam duge diéu khién truc tiép tur
hé théng diéu khién dong co - Engine management system, hé thong khong str dung bd
chia dién, bd tri bo danh lira va bo-bin thanh mot cum (COP - coil on plug) xem hinh

4.3

ECU B+
BOBIN VA BO BANH LUA
IGT1 E@i XY-LANH 1
CAC CAM IGT2 Eﬂ:ﬂm XY-LANH 2
BIEN - _
IGT3 ?.__,‘:Ctﬂ:‘ XY-LANH 3
IGT4 I m XY-LANH 4
IGTF

Hinh 4.3: So d thiét ké nguyén thuy cta hé thong danh lia truc tiép trén dong co
TOYOTA INZ-FE [52]
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Trén bang 4.1 trinh bay mé ta cic thong sé chinh ctia hé théng danh lta sir dung
trén dong co TOYOTA 1 NZ-FE
Bang 4. 1: Cac thong s6 chinh cta hé thong hé thdng danh lira truc tiép trén dong co
TOYOTA INZ-FE

Tén chi tiét M5 ta Pic diém [52]
Thiét ké bo tri chung Hé sé tr cam cua | L= 1,33 .10°(H)
Bo-bin va N
OPIYE ! thanh cum (COP)- ma cuon so cap
bo danh Ira bién tré ctia cuon | R=1,25Q

C371 x4 [54] ;
SO cap

| DENSO SK16R11 hay Khe b disn eue
Bu-gi | [FRSA-11 (bu-gi st dung -

1.1
dién cuc Iridium) fm

B danh liva

0

Cuén so cap

),
S_%% Cuén thir cip
Khép néi J_
bu-gi T

-

Hinh 4.4: Bo-bin va bg danh Itra st dung trén dong co TOYOTA 1 NZ-FE

Lsithep ||
dan tie

4.2 Ché tao mach danh lira hybrid
4.2.1 Y twong ché tao
Duya vao hé thong danh lira dién cam do mdy tinh diéu khién nhu thiét ké ban

dau. Viéc ché tao hé théng danh Itra hybrid sé gitr lai cac cum chinh nhu:
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- ECU cung cac hé thdng cac cam bién. Nhu vay, cac tin hiéu diéu khién danh lira
IGT dén tung bd danh ltra s€ dugc dam bao nhu thiét ké cua nha ché tao.

- Céc bo-bin danh lira dién cam va bd danh Itra ciia dong co INZ-FE bd tri thanh
cum, do khong két ndi duogc tu dién v6i cudn so cép nham tich [y nadng luong tu
cam nén sé& thay thé bang bo-bin sir dung trén dong co TOYOTA 1 MZ-FE.

- Thiét ké thém hé thdng mach danh lira dién dung (nhim diéu khién qua trinh phong
thich nang lugng tir cac tu dién trén mach tu cadm qua bo-bin 4 trén mach danh lira
dién dung)

- Nham bao dam tin hiéu phan hoi IGF nhu da trinh bay ¢ phan 4.1.6, hé thong danh
lira hybrid phai thiét ké thém mach tao tin hiéu IGF.

4.2.2 Nguyén ly 1am viéc ciia h¢ thong danh lira hén hop dién dung - dién cam(sir
dung cho dong co 4 xy-lanh)

Hé¢ théng bao gém hai ché d6 1am viéc: ché d6 danh ltra dién cam va ché d6 danh
lira dién dung. O ché d6 danh lira dién cam, ECU diéu khién dong co s& diéu khién qua
trinh danh lira cua cac to may 1, 2, 3 (d4nh Itra dién cam), thong qua céc tin hiéu IGTI,
IGT2, IGT3. Nang lugng tu cam “thtra” trén cac bo-bin 1, bo-bin 2, bo-bin 3,... s¢ dugc
tich Iy vao cac tu C1, C2, C3 tuong trng. Sau qua trinh danh ltra dién cam, & ché d6
danh Itra dién dung, twong ing voi thoi diém lam viéc cua td may 4, tin hiéu IGT4 tr
ECU diéu khién dong co s& diéu khién SCR m¢. Ning luong tich lily trén céac tu Cl,
C2, C3 sé& duoc giai phong dén cudn day so cp cua bo-bin 4, thuc hién qua trinh danh

lira trén t6 may 4.
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ECU Piéu Khién Pdng Co’
IGT 1 IGT 2 IGT 3 |C%T4

Mach
Kich

SCR

il BOBIN 1 BOBIN 2 BOBIN 3 BOBIN 4 BUGI 4
) BUGI 2 BUGI 3
D2 G_J: D3 41 =
D5 13 D6
L c2 L c3

Hinh 4. 5: M6 hinh nguyén 1y 1am viéc ctia hé théng danh lira hybrid
Pé thyc hién md hinh danh lira hybrid, céc chi tiét sir dung céc linh kién dugc liét ké

trong bang 4.2

Bang 4.2: Thong s6 linh kién str dung trén mach danh Itra Hybrid

Ky hi¢u Tén linh kién

D;, D2, D3, D4, DS, D6 | Diode 1N4007

Q1,Q2,Q3 Power Transitor Nissan

SCR Thyristor TYN1225
4.2.3 Mach kich SCR

Khi thiét ké mach danh lira hybrid tac gia sir dung tin hiéu danh lira IGT4 (xem
hinh 4.5) tir ECU d6ng co, dé diéu khién qua trinh danh lira dién dung tai bu-gi 4. Mach
diéu khién sir dung SCR duoc bé tri, nham diéu khién thoi diém phong thich ning luong
tor cum tu C1, C2, C3 qua bo-bin di€n dung (bo-bin 4), thuc hién qua trinh danh Itra di¢n
dung nhu thiét ké. Thoi diém tin hiéu “OFF” chinh 1a thoi diém sinh ra tia lira tai bu-gi

(hinh 4.7).
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Trén hinh 4.6 14 so ¢6 mach diéu khién SCR cho qua trinh danh ltra dién dung.
Khi IGT4 “ON”; T1, T2 dan, nap dién cho tu Co; T3 ngét nén chua kich SCR. Khi IGT4
“OFF” chinh 1 thoi diém dénh lira, T1, T2 vira ngat thi T3 dan, tu dién Co (1uF/16V) tirc
thoi1 phong dién kich hoat SCR hoat dong, nang lugng tich trit tr cum tu C1, C2, C3
phong qua cudn day so cip bo-bin dién dung, 1am xuét hién qua trinh dénh la dién

dung tia ltra tai bu-gi cua té may 4.

_______________________________ 1

MACH KICH SCR

Hinh 4.7: Tin hiéu kich SCR tai thoi diém danh lira
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Trén hinh 4.7 1a man hinh hién song (Peaktech 1265) khi khao sat tin hi¢u
kich SCR hoat dong theo tin hiéu diéu khién dénh ltra (IGT4).

4.2.4 Mach tao tin hi¢u IGF

ECU cua dong co INZ-FE (TOYOTA), can c6 tin hiéu phan hoi danh lira IGF tir
bo danh ltra goi vé ECU, nham xé4c dinh hé thong danh Itra hoat dong binh thuong. Vi
vay, can thiét ké thém mach tao tin hiéu IGF dé ECU nhan biét qué trinh danh Itra c6 xay

ra. So d6 mach tao tin hiéu IGF dugc thiét ké trén hinh 4.8.

Bang cach trich céc tin hiéu IGT tir ECU dong co thong qua cac diode D1, D2, Ds,
D4 diéu khién transistor Q1 hoat dong dé tao ra céc tin hiéu IGF phan hi, céc tin hiéu
nay tuong ty nhu dang tin hiéu theo thiét ké nguyén thity. Trén hinh 4.9 1a biéu d6 thuc
té khi khao sat trén thiét bi do song.

ECU IGF

PIEU  I16T1 |_H£

KHIEN or “_HE‘ R1 a1
PONG D3

IGT3 ¢

I

co R2

4

IGT4 9

:

Hinh 4.8: Thiét ké mach tao tin hiéu IGF



Tin hig¢u IGT

e e B e — = — —

Tin hiéu IGF

Hinh 4.9: Tin hiéu IGF khao sat bang thiét bi PICO

Tin hiéu IGF khi thuc hién c6 tan sb va bién do phu hop véi yéu cau ctia nha ché
tao, bdo dam cho ECU dong co nhan biét duoc qua trinh danh Itra dién ra binh thuong.

Tur do, ECU dong co s€ dicu khién qué trinh phun nhién li€u theo yéu cau lam viéc cta

dong co.

4.2.5 So’ d0 tong quat ciia toan mach

Trén hinh 4.10 thé hién bo tri toan mach cta b danh lira hybrid theo cac y tudong

da trinh bay. Céc linh kién duogc bd tri thanh cum véi kich thude nho, gon d& bd tri va

lap dat trén khong gian khoang dong co.

Céng lién két véd chc tin hibu . ] 'Y
IGT 1, 2, 3,4 tir ECU ddng co e e G 1. ¥ C 4
$ w4 b 1
] 4 s ie =
1
le. P L
=
b 2 o
g .- 3.
- . 3 5
’ i \= 4
o L . ) ; 1 Céng két n i voi cudn so clp
Tin m:uIG_F kit na aa cic bobin1,2,3,4
ECU déng cor

Hinh 4.10: B4 tri chung mach danh lira hybrid
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Hinh 4.11: Mach in ctia hé thong danh ltra hybrid

Trén hinh 4.12 thé hién cac dao dong vé strc dién dong tu cam trén hé¢ théng danh
Itra hybrid. Tir cac dao dong nay ta thiy, c ba danh lra dién cam, hé thong s& thuc hién
duge mot 1an danh lira dién dung. Cac qua trinh nay s& lap di lap lai, nham thuc hién qua

trinh d6t chay hdn hop trén dong co.

[ETTe—————y - . - ¢ %
al 2 4« -_.|||'| wan | @4 e \l.\r Tﬁ&e,ﬂaq pi‘::_? Sl:I’C dlén dﬁng
a1 - |k B .| - lica|es Terhrmios ~ . - >
0 7 L= - trén bu-gi danh Ira

T dién dung

s —

s 2050

15495 138, h‘“ - Lgria

L

i.x'—c;c;:-l.__- _______ ?I ______ {_______"______.._?r _____ E,l______r ______ — — — aixm

1342 ST L_——- ? II —+ o r 6011102

88 1 M0 3208

. L ] M

Strc dién dong tw cam

1287 JGOTIT - - . . . §I723 10LE

i — — " e

|imu-.-| [ | - SIFEAE |4 » Musuersts @ | Rues O ot Chamel kel (3

Hinh 4.12: Dao dong stc dién dong tu cam trén mach danh ltra hybrid
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4.3 Két luan chuong 4
Ttr nhitng dic diém trong thiét ké, ché tao va nguyén 1y hoat dong ctia mach danh

Itra hon hop di¢n dung-dién cam c6 thé dua ra cac két luan sau:

Két cau cua toan mach don gian, linh kién dé kiém, c6 kha nang lam viéc 6n dinh

& cac ché do 1am viéc khac nhau cua dong co.
Kich thudc mach nhé gon c6 thé b tri va lip dat d& dang trong khoang dong co

Do sir dung cac tin hiéu diéu khién thoi diém danh lira (IGT) tir hé théng diéu
khién dong co, voi tat ca cac dac tinh sin c6 cua hé théng, nén cé thé bao dam duoc cac
tinh ning co ban cua hé théng danh lira nhu: thoi diém danh lira va kha nang tich liy

nang lugng (thong qua gia tri ts) cia hé thong khi lam viéc.

Heé thdng chi sir dung nang luong tir cc tin hiéu IGT: dé diéu khién mach hoat
dong, ma khong can sir dung thém niang luong tir bén ngoai. Vi vy, bao dam tinh tiét

kiém nadng lugng theo ¥ tudng da dua ra.

Véi thiét ké hé thong ap dung trén dong co 4 xy-lanh danh lia truc tiép, voi ba
lan danh lira dién cam ta duoc mot 1an danh Lira dién dung ma van bao dam nang luong
danh Itra phuc vu qué trinh lam viéc ctiia dong co 1a kha thi va dap ung duoc muc tiéu
tiét kiém nhién liéu sir dung cho dong co.

Céc linh kién pho bién va c6 gia thanh ré nén (Khi thyc hién riéng 1¢, gia thanh

khoéng hai triéu dong) nén bao dam tinh kinh té khi van hanh thyc té.
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Chuwong S
THUC NGHIEM VA PANH GIA

KET QUA THUC NGHIEM

Trong qua trinh thuc hién dé tai, nguoi nghién ctru thyc hién hai thuc nghiém chinh:
Thuc nghi€ém I: Qua céc tinh toan vé viée chon tu, tac gid da tinh toan va mo6 phong duoc
tu dién co gia tri 1 pF 1 thich hop véi cac thong sb cau thanh hé thong. Viéc tién hanh
thuc nghiém nham dénh gia dugc kha nang tich lily nhu céc tinh toan 1y thuyét da dé cap
Thuc nghiém II: Thyc nghiém danh gid hi¢u qua lam viéc ctia hé théng danh lra hybrid.
Viéc thuc nghiém nhdm danh gia tic dong ctia hé thong danh ltra hybrid 1én dong co
dung
5.1 Thuc nghiém danh gia kha nang tich liiy nang lwgng
5.1.1 Muc dich, ddi twong, thiét bi thue nghi¢m, thiét 1ap thue nghiém
Muc dich thyc nghiém:
Thuc nghiém duoc tién hanh nhiam x4c dinh kha nang tich iy nang lugng dién cam trén
hé théng danh lira hybrid
Poi twong thwe nghiém

M6 hinh danh Itra danh Itra lai twvong ing véi dong co 4 xy-lanh
T4 12V

| |
B4 dicu L E l [

khién

Bobin

obi
Bobin dién dung

dién cam

C2
Bobin ﬂ

di¢n cam

Hinh 5.1: M6 hinh thyc nghiém dénh gia kha ndng tich lily nang luong
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Trén hinh 5.1 thé hién mé hinh thuc nghiém kha nang tich lily nang luong trén hé
thong danh Itra hybrid & dong co 4 xy-lanh

B6 diéu khién (str dung vi diéu khién Arduino) sé& tic dong vao céc transistor Ti,
T2, T3, qué trinh danh lura dién cdm s€ xay ra & cac bu-gi twong tng, nang lugng tu cdm
(do phén suc dién dong tu cam “thtra”sinh ra tai cudn so céip) s€ duoc tich liy lan luot
vao cac ty Ci, Ca, C3 va s& duoc giai phong dong thoi qua bo-bin dénh lira dién dung khi

transistor T duoc diéu khién

Hinh 5.2: Hinh mé hinh hé thong danh lira hybrid (c6 thé sir dung cho dong co 4-
hodc 6 xy-lanh)

B+: ngudn cap cho Arduino.

Bout: ngudn cip cho bo-bin dién cam.

Nut xoay: diéu chinh thoi gian tich lily nang luong ta, ché d6 hoat dong bon hoic
sdu bo-bin.

FET640: cac transistor T1, T, T3, T4, Ts, Te, T7.

IGT:: tin hi€u danh lira.

E: mass.
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Vi diéu khién Arduino s& diéu khién cac bo-bin thuc hién qua trinh danh lira. Co

hai ché d6 thyc nghiém 1a ché do hoat dong bon bo-bin hodc sau bo-bin. Mé hinh thyc

nghiém c6 thé diéu chinh: ché d6 hoat dong & ché d6 bon hoic séau bo-bin, thoi gian tich

lily ning luong tq (thoi gian tich liy ning lugng) va tan sd lam viée.

Céc thong sb cua cac thiét b str dung trong thyc nghiém dugc mo ta trong bang

5.1

Bang 5.1: Thong s6 cua cac thiét bi st dung trong thuc nghiém I

Bo-bin TOYOTA 1MZ-FE

Dién tr¢ ciia mach so cap

(TOYOTA 90919-02214) [54] R: 1,12 Q

H¢ s6 ty cam cua cudn so cap bo-bin L = 1,25 mH
Pién 4p nguon U=12,6 V
bién dung tu C=1pF

Céc thong sb vé thoi gian tich iy ning lugng ta st dung trong thuc nghiém duogc

xac dinh do dac truc tiép thong qua tin tin hi€u IGT trén dong co TOYOTA INZ-FE c6

céc s liéu nhu bang 5.2

Bang 5.2: Thoi gian tich lily nang lugng (tq) trén dong co TOYOTA INZ_FE

Toc dod dong co

(vong/ phut)

700

1000

2000

3000

4000

5000

6000

Thé1 gian tich 1y

nang lugng ts (ms)

5,6

4,7

4,3

3,9

3,7

3,5

Trang thiét bi thue nghiém

Thuc nghiém str dung thiét bi do dién ap- cuong d6 dong dién chuyén dung trén 6

t6 Picoscope 4425, c6 4 kénh do, giao tiép vdi may tinh véi cac dic diém chinh nhu sau
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Bang 5.3: Cac thong s cua thiét bi do Automotive oscilloscopes 4425 [55]

Tén thiét bi: PICO Automotive
oscilloscopes 4425 [55]

Théng sb Pac tinh
Bang thong 20 Mhz
D0 phan giai 12bits
Cap chinh xéc 0,05%
Toc d6 lay mau 400 Ms/s
B0 nh¢ dém 256 MS

Khoang do (full scale)

T +£50 mV té1 £200 V

Két noi1

May tinh ban hay mdy tinh x4ch tay str
dung Windows 7, 8 hay 10

Nguon cung cap

Cong USB

5.1.2 Qui trinh thuc nghiém

Nhiém vu

Thu thap cac gia tri dién ap trén cac cac tu 1, 2 va 3 khi cho mé hinh hoat dong

tuong g vai s6 vong quay dong co thay doi (thé hién qua thoi gian tich lily ning

luong thay doi tq)

Tinh toan ning lugng tich lity duoc & giai doan d4nh lira dién cam khi s6 vong

quay thay doi

Danh gid kha nang tich lily nang lugng trén hé thong khi s6 vong quay ctia dong

co thay d6i
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Qui trinh thuc nghiém

Pé chuan bi thuc nghiém: thiét bi PICO Automotive oscilloscopes 4425 s€ dugc
két ndi vao may tinh va diéu chinh cac thong s6 can thiét nhu khoang do, chon kénh do.
M0 hinh s& duoc két ndi vai cac chi tiét khac nhu bo-bin, tu dién va cho hoat dong trong
khoang thoi gian nhat dinh (twong Gng véi thoi gian hoat dong lam 4m cua dong co).
Diéu chinh dién 4p cung cip cho hé théng (12,6V). Sau d6, két ndi cac que do vao cac
vi tri tu dién. Dé tién hanh iy két qua, ta diéu chinh gia tri thoi gian tich lily ning lugng
(t4) twong ing vai sd vong quay 1am viéc ctia dong co. Tién hanh thu thap cac dir liéu tai
diém do. Tai cac diém do viéc thu thap dir liéu duoc tién hanh 3 lan. Cac s liéu thu thap
duogc s€ la trung binh cua loat do.

5.1.3 Két qua thuc nghiém

e ———
—
) ) Bién &
Difn dp Brigm dp duqh'enp
fio trén do trim | mad ddu
hai d“, in hai dam 1y thir ba
thiar mluat thir hai /
\‘ ../ &
Drign dp do
tai chim
FET Ts

e

Hinh 5.3: Hinh thuc nghi¢ém mo ta dién ap trén tu & mo hinh 4 xy lanh trong
khoang thoi gian ngdm 5 ms véi r=10° (Q), R=1,5 (Q), L1=1,25.10" (H), U=12,6
(V), C=1(uF)

S6 liéu thuc nghiém dugc thé hién & bang bén dudi.
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Bang 5.4: Két qua thu thip s6 liéu thuc nghiém dién 4p trén tu ¢ mé hinh bon xy

lanh v61 R =1,5Q,C=1pFvaL =125 mH, V=12,6V

ta Vi(V)
(ms) Tu 1 Tu?2 Tu 3

5 173,2 182,1 182,9
4,7 173 181,7 182,7
4,3 172,5 181,3 182,1
3,9 171,9 180,6 181,6
3,7 171,6 180,1 181,6
3,5 170,9 179,8 180,8

Bang 5.5: Ning lugng tich lity trén tu khi thuc nghiém mé hinh bdn xy lanh véi
R=15Q,C=1pFval=1,25mH, V=12,6V.

ta We mot tu (m]) W téng
(ms) Tul Tu 2 Tu3 (mJ])
5 14,99 16,58 16,73 48,3
4,7 14,96 16,51 16,69 48,16
4,3 14,89 16,43 16,58 47,9
3,9 14,77 16,31 16,49 47,57
3,7 14,72 16,22 16,49 47,43
3,5 14,6 16,16 16,34 47,1

Ning luong tich lily ting dan theo thoi gian va dat cuc dai 48,3 mJ tai ts = 5 ms.
Ning luong tich lity thip nhit 12 47,1 mJ tai te= 3,5 ms. Nang luong tich lily thip nht
trén mo hinh van vugt qua muc ning luong ti thiéu dé danh Lira 1a 30 mJ [1,2,5,6,30].

So sanh nang lugng tich liy trén tu theo thyc nghiém va ly thuyét cho théy, sai léch

16n nhét gitra cac két qua tinh toan 1y thuyét va thyc nghiém nhoé hon 7% (Hinh 5.4)
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55 MNang luong tich luy tren tu (4 xy lanh)

50/
]

-

Mang luong tich luy We{md)

ar —— C=1uF thucnghiem)
C=1uF {mo phong)

40 ' :
35 4 45 5
Thoi gian(ms) x10-3

Hinh 5.4: So sanh ning luong tich liy giita két qua tinh toan 1y thuyét va thuc nghiém
Nhin xét
Két qua thuc nghiém di ching minh dugc nang luong tich lily trén mé hinh du sirc
dé danh ltra trén thyc té (16n hon 47 mJ & ché d6 bdn xy-lanh). Sai s6 cua ning lugng
tich lily trén tu giira két qua mo phong va thuc nghiém 1a khoang 7%. Cac két qua thuc
nghiém cho thay:

e Nang luong tich Iy trén hé théng nho nhat1a 47,1 mJ khi st dung 3 tu dién
¢6 dung luong C = 1 uF, twong tng véi s6 vong quay 1am viéc 16n nhit cua
dong co 6000 vong / phat (Bang 5.5). Piéu nay cho thiy ning lugng ddnh
Ira tich iy dugc trén céc tu danh Itra dién cam thdéa man yéu cau danh lira
cua dong co khi thyc hién qua trinh danh Itra dién dung.

e Sai léch gitra nang lugng tich Iy trén tu khi thuc hién tinh toAn mo6 phdéng
va thuc nghiém 1a 7%

5.2 Thuc nghiém danh gia hiéu qua lam viéc ciia hé thong danh lira hybrid
5.2.1 Muc dich, ddi twong, trang thiét bi thuwe nghiém, so' d6 b tri thue nghiém
Muc dich thuc nghiém:

Qua trinh thyc nghiém trén dong co bon xy-lanh TOYOTA 1 NZ-FE sir dung nhién

lidu xing, danh lira truc tiép, nham muc dich danh gia cac tinh niang kinh té, k§ thuét va
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murc d¢ phat thai cua dong co khi s dung hé théng danh Itra dién cam va khi str dung hé
thong danh Iira hybrid, cu thé:

- Xay dung cac dudng dic tinh thé hién cong suat c6 ich theo sé vong quay (Me=
f(n)) va Momen c6 ich theo s6 vong quay (Ne= f(n)) tai cac vi tri budm ga 20%,
35%, 50%, 75%, 100% khi str dung hé théng danh ltra dién cam theo thiét ké ban
dau va khi st dung hé théng danh lira hybrid.

- Xay dung cac dic tinh luong tiéu hao nhién liéu Gu (g/h) va suat tiéu hao nhién
liéu ge (g/kW/h) tai céc vi tri budm ga 20%, 35%, 50%, 75%, 100%, khi sir dung
hé théng danh lira dién cam va khi str dung hé thong danh lira hybrid.

- Danh gia chat lugng khi thai cia dong co khi st dung h¢ théng danh Itra dién cam
va khi st dung hé théng danh Itra hybrid.

Céc két qua nay s& dung dé danh gia hiéu qua cua hé théng danh lira hybrid khi
ung dung trén dong co Toyota INZ-FE.
Poi twong thue nghiém
Thuc nghiém dugc tién hanh trén dong co Toyota (INZ-FE), sit dung nhién liéu
xdng, danh lira truc tiép, dong co duoc diéu khién bang ECU véi cac thong sb ki thuat

chinh dugc mo ta trong bang 5.6.

Bang 5.6: Thong s6 k¥ thuat ciia dong co Toyota INZ-FE [52]

Théng so ky thuat Pic diém
Dung tich xylanh 1497 cc
S6 xylanh 4
Ti s6 nén 10.5:1
Tri s6 octan nhién liéu (RON) > 95
Cong suat cyc dai 81.2 kW tai 6000 vong/phut
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Momen xoan cyuc dai 141 Nm tai 4200 vong/phut

Mitc CO tai toc d6 khong tai < 0.5 %vol.

Mirc HC tai toc do khong tai 100 ppm

Mirc CO: tai toc do khong tai 14,5-16 %vol.

Mirc Os tai toc do khong tai 0.1-0.5 %vol.

Lamda tai toc d6 khong tai 0.98 -1.02

Hé thong danh lira dién cam, st dung bo-bin don (COP)

S6 vong quay khong tai 700 £ 50 vong/phut

Pong co duoc diéu khién bang Piéu khién phun xing — d4nh ltra bang méay
ECU tinh

Cic yéu ciu ddi véi thiét bi thue nghiém

Pé bao dam tinh 6n dinh va chinh x4dc trong sudt qua trinh tién hanh céc thyuc
nghiém, phai thuc hién viéc kiém tra va hiéu chinh tit ca cac hé théng ciu thanh dong
co nhu: hé théng diéu khién dong co, h¢ théng bo1 tron, hé théng lam mat...Bang thu
cong suét phai duoc kiém tra va hiéu chinh (calibration), may phén tich khi thai cAn kiém
chinh trudc bang khi hiéu chinh. Cac budc chuan bi nay phai thuc hién trude khi thuc
hién cac phép do.
Trang thiét bi thue nghiém

Céc noi dung thtr nghiém trong luan an duogc thyc hi¢n tai phong thi nghi¢m dong
co - Khoa Co khi Bong luc - Truong Pai hoc Su pham K§ thuat TP. HO Chi Minh. Cac
thiét bi chinh str dung trong qua trinh thuc nghiém bao gdm: bang thir cong suit AVL
Dyno 160 cung vé6i hé théng didu khién va thu thap dir liéu AVL EMCOM 400 (cong
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hoa Ao), thiét bi do tiéu hao nhién liéu FP7000 classic model 406-11 (Fillon Pichon),
thiét bi kiém tra khi thai HG-520, Heshbon (Han Qudc ).
Biing thir cong suit [56]

Bing thir cong suit AVL Dynoperform 160 sir dung nguyén Iy dong dién xody
(eddy current), khi rotor quay mat do tir truong thay d6i va dong dién xody duogc giy ra
trén bé mit cia rotor. TUr truong ctia dong dién xody s& chdng lai véi tir trudng sinh ra
no va co tac dung ham hoat dong cua rotor. Lyc phanh ty I¢ thuan véi dong dién kich
thich trén stator. Ning lwong phanh s& duogc chuyén thanh dang nhiét va dugc hap thu
boi nude 1lam mat chay qua stator [57]. Viée diéu khién tai thong qua bo diéu khién buém
ga Throttle actuator THA 100, viéc diéu chinh va thu thap cac s liéu vé sé vong quay
(RPM), momen c6 ich Me (Nm), cong suat ¢ ich Ne (kW)... duoc hé théng hé théng
diéu khién va thu thap di liéu AVL EMCOM 400 va AVL IndiCOM thyc hién. Céc dic
tinh chinh cta bang thir thé hién trong bang 5.7.

Bang 5.7: Thong s6 ky thuat ciia bang thir AVL Dynoperform 160 [56]

Thong s ky thuit Pic tinh
Cong ngh¢ Eddy current
Moment t6i da 400 Nm (1,400 rpm-3,800 rpm)
Cong suat t6i da 160 kW (3,800 rpm-10,000 rpm)
S6 vong quay 16n nhat 10.000 vong/phut
Cap chinh xac khi do moment | 0,2 % FS
Cép chinh x4c ciia s6 vong quay | +/- 1 RPM
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Torgue — [Mm]

Hinh 5.6:

sS40 180

Power — [kW]

Vi [, 120

N

/ \ 100
240 / \“\-___\1 =
/ // ‘.“""“‘*-.._
- -‘-“""--..___ “
For the (ollowng leats e macemem gowsr shoukl be reduces:
120 I¥ + Extorance et st full powar: A0
s eol sacesd the BE% of lhe somanal powe:
/ + Englerance ol with repaated high ked varisbons jue lherme-atock ek
&0 S eol ascead the T8% of nominsl pawar P
[ / | | + + + &

o 100 2000 El- Bl s000 L1 roan aoon S0 i)

Dic tinh ctia bang thir céng sudt AVL Dynoperform160 [56]
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Thiét bi do tiéu hao nhién li¢u

Luong tiéu hao nhién liéu duoc xac dinh bang phép can truc tiép thong qua thiét b
can FP7000 model 406 —II cta hang fillon Pichon. Thiét bi cho phép do luong tiéu hao
nhién liéu, cho phép cap nhat sb liéu lién tuc 6 1an/ gidy va c6 cip chinh xac cao 0,1

gram. Céc thong s6 chinh cua thiét bi duge mo ta trong bang 5.8.

Man hinh didital
Mit kinh baové

Mt cin_

Hinh5.7: Thiét bj can FP7000 model 406 —II cua hang Fillon Pichon [58]
Bang 5.8: Dic tinh cia thiét bi can FP7000 model 406 —II (Fillon Pichon)[58]

Thong s6 Dac tinh
Pham vi can 0 —7000 grams (7kg)
Sai sO 0,1 gram
Thoi gian 6n dinh < 1,5 giay
Toc do cap nhat 6 lan/s

May phan tich khi thai [59]

Danh gia luong phat thai cua dong co xing thong qua thanh phan khi thai cia dong
co nhu CO (% Vol), HC (ppm) Thiét bi HG-520 ctia haing HESHBON - Han Quédc. HG-
520 dugc st dung trong thuc nghiém thiét bi do va phan tich ty dong cac thanh phén
Cacbon oxide (CO), Hydrocacbon (HC) ¢6 trong khi thai ciia dong co [59]. Thanh phan
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CO duoc xac dinh bang b phéan tich hong ngoai khong tan siac (NDIR- Nondispersive
infrared analyser)[59, 60] va thanh phan HC (hydrocarbon ) dugc xac dinh bing b do
ngon Itra ion hoa (FID- Flame ionization detector) [59,60,61, 62].

Hinh 5.8: Thiét bi phan tich khi thai HG-520 ctia hang HESHBON - Han Quéc [59]
Bang 5.9: Cac thong s cua thiét bi do khi thai HG-520 cta haing HESHBON [59]

Thong s6 Pham vi
CO 0,00 - 9,99 %
COz 0,0 —20,0 %
HC 0—9999 ppm
Hé s6 Lamda 0-2
AFR 0,0-99,0
Nhiét do hoat dong 0 —40°C
Nguon dién hoat dong | AC220V 50/60Hz

Cép chinh xac cua thiét bi do khi thai phu hop véi TCVN 6208:2014 (ISO
3930:2009) vé dung cu do chit phat thai dong co.
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So dd bo tri trang thiét bj thi nghiém

- —————— i E lj

L J | \\“4
-

8 4] —a—“ 5 -
9 -, i
1
10 l 1 !
e :
e L LT TP ' :
M = .  — — — — —— — — ————————————————————

Hinh 5.9: So' @6 b6 tri thiét bi thi nghiém dong co Toyota 1 NZ-FE
1. Thung chira nhién liéu; 2. Thiét bi do tiéu hao nhién liéu; 3. May phan tich khi thai;
4. Hé thong thai; 5.Bang thir cong suat; 6. Pong co Toyota INZ-FE; 7. Thiét bi diéu
khién buém ga; 8. H¢ théng lam mat dong co; 9. H¢ théng diéu khién trung tam.
(EMCON 400); 10. Hé thong diéu khién dong co; 11. Hé thong thu thap dir liéu; 12. May
tinh thu thap dir liu.

Hinh 5.10: Hinh thyc nghi¢m dénh gid hi¢u qua lam viéc cua hé théng danh Itra hybrid
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5.2.2 Cac qui trinh thue nghiém
Pé danh gia hiéu qua 1am viéc ciia hé thong danh lira hybrid thuc nghiém tién hanh
xac dinh cac gia tri Xac dinh M, Ne, Gy, ge, chét lugng khi thai theo hai loat do
Loat do 1: Khi dong co sir dung hé thong danh lira dién cam (theo thiét ké ban dau)
Loat do 2: Khi dong co sir dung hé thong danh lira hybrid.
Céc qui trinh thie nghiém thue hién gidng nhau & céc hai loat do. Nhién liéu xing (A95)
st dung cho ca hai loat do theo dung yéu ciu nha san xuat.
Xac dinh dic tinh Momen c6 ich (Me) va cong suit c6 ich (Ne)
Ttr bang diéu khién EMCON 400 khoi dong dong co va cho hoat dong dén nhiét
dd 6n dinh, chon ché do van hanh bang thu Tdc do / Géc mé budm ga (Speed/ Alpha).
Tai cac vi tri budm ga 20%, 35%, 50%, 75%, 100% tién hanh xac dinh momen c6 ich
M., cong suit c6 ich N. tai cac diém do, bang cach thay d6i s6 vong quay dong co tir
700- 6000 vong / phut (budc chuyén 250 vong / phut), duy tri cac gia tri van hanh bing
thir tai diém do trong mot phit. Trong qua trinh ndy hé thong thu thap AVL- Indicom s&
tinh toan va thu thap dir li€éu Me, N tai cac diém do.
Xic dinh lwong tiéu nhién liéu theo gio' (G.) va suit tiéu hao nhién liéu riéng (g.)
Tinh toan lugng tiéu hao nhién liéu theo gid dugc st dung phép do khdi lugng
nhién liéu truc tiép thong qua thiét bi thiét bi can FP7000 model 406 —II cua hang Fillon
Pichon. Tai c4c diém do, cac ché do do duoc duy tri trong 1 phut. Luu lai cac két qua va
tinh toan ra luong tiéu hao nhién liéu theo gid. Suét tiéu hao nhién liéu riéng (ge) duoc
tinh toan theo cong thirc
ge = (e/kWigid)
Trong do:
- ger g/kW.gid
- Gu: g/ gio
- Ne: kW
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Panh gia chat hrong khi thai

Chét luong khi thai dugc dénh gia qua hai thong sé CO (% thé tich), HC (ppm thé
tich)
Viéc danh gid nay dugc thyc hién tai vi tri cAm chung theo qui trinh ISO 3930-1976
cua cyc dang kiém Viét Nam [62] va tai cac vi tri budm ga 20%, 50% va 75% tuong ing
vé6i cac s6 vong quay 1000 vong/ phut, 3000 vong phut/ phat va 6000 vong/ phut. Trudce
khi tién hanh do thiét bi can dugc khéi dong. Tai cac diém do thuc hién bude lam sach
(nhan nat Purge), sau mot thoi gian do dii 16n nhung khong qua 30 gidy [62], thuc hién
viéc in ra dir li¢u. [62]
5.2.3 Két qua thuc nghiém va nhan xét

Céac duong dic tinh thé hién cong suat c6 ich theo sé vong quay Me= f(n) va Mémen
c6 ich theo s6 vong quay Ne= f(n) tai cac vi tri buém ga 20%, 35%, 50%, 75%, 100%
khi str dung hé théng danh lira dién cam va khi sir dung hé thong danh lira hybrid. Thuyét
minh sé& trinh bay tai cac ché d6 20%, 50% va 100% buém ga (Cac ché do con lai s&
trinh bay ¢ phu luc)
Ché @9 20% buém ga

Do thj cong suit va moment & ché d9 20% vi tri buém ga
18 80

16 ® =0
14 - 60
/ E
= 12 -
- /
- ] S0
5 =
= F 4 4003
z 8 =
=14 30 =
Z z
«© £
~/ s Power INZ-FE 20 =
4 . b~
s Poweer liybrid -
2 Torque 1NZ-FE 10
Torque hybrid
0 0
0 1000 2000 3000 4000 5000 6000

Téc dp dong co (rpm)
Hinh 5.11: D0 thi cong suat c6 ich Ne, moment c6 ich Me & ché do 20% budm ga cua

hé théng danh lira nguyén thity va hybrid
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Tir d6 thi ta thiy, dong co st dung hé théng danh ltra nguyén thuy, cong suét co
ich cyc dai dat 16,7 kW tai 3750 vong/phat, moment c6 ich cyc dai dat 72,4 N.m tai
1000 vong/phtt (cac duong Power 1NZ-FE va Torque 1NZ-FE trén hinh 5.12). Khi dong
co su dung hé théng danh Itra hybrid: cong suét co ich cuc dai dat 16,6 kW tai 3750
vong/phut, moment c¢o6 ich cuc dai c6 gia tri 71,5 N.m tai 1000 vong/phut (cac duong
Power hybrid va Torque hybrid trén hinh 5.12)

Ché 6 50% bwém ga

Do thj cong suat va moment & ché d§ 50% vi tri bwrém ga

60 120
50 100
=40 80 E
” <
- =
= 30 60 VS

wm
= Z
w -
ef =
=
‘,E 20 40 E
o Power 1NZ-FE =
10 Power hybrid 20 —
Torque INZ-FE
Torque hybrid
0
0 1000 2000 3000 4000 S000 6000 T000

Toc do dong co (rpm)
Hinh 5.12: D6 thi cong suat c6 ich Ne va moment c6 ich Me & ché d§ 50 % budm ga

ctia hé théng danh lira nguyén thity va hybrid
Trén dong co TOYOTA 1 NZ-FE khi str dung hé théng danh lira nguyén thiy, cong
suat co ich cuc dai dat 55,6 kW tai 5600 vong/phat va moment ¢ ich cuc dai co gia tri
104,8 N.m tai 4000 vong/phut. (cac duong Power 1 NZ-FE va Torque 1NZ-FE trén hinh
5.13). Khi str dung hé thong danh lira hybrid, cong suat co ich cuc dai c6 gia tri 56.2
kW tai 5600 vong/phut, moment c6 ich cuc dai dat 104,2 N.m tai 4000 vong/phut (céac
duong Power hybrid va Torque hybrid trén hinh 5.13)
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Ché d6 100 % bwém ga

D thi cong suit va moment & ché dd 100% vi tri buwém ga
140

=1
=

120 Py = 60
100 iy 50
(v /.f <,
= 80 v 40 =
b= & '3
= A S
2 60 ol 302
- -/ :
«
© 40 4 Torque INZ-FE | 20 8
/ Torque hybrid =
20 / s Power INZ-FE 10
»Power hybrid
0 0
1] 1000 2000 _3000 4000 5000 6000 7000

Toc do dong co (rpm)

Hinh 5.131: Db thi cong suét ¢6 ich Neva moment ¢6 ich Me & ché do 100 %
budm ga ctia hé théng danh lira nguyén thuy va hybrid

Do thi 5.14 cho thay rang dong co khi str dung hé thong danh lira nguyén thay c6
cong suét co ich cuc dai dat gia tri 64,8 kW tai 5850 vong/phut va moment dat cuc dai
113,7 N.m tai 4250 vong/phtt (cadc duong Power 1 NZ-FE va Torque INZ-FE trén hinh
5.14). Khi dong co hoat dong v6i hé théng danh Itra hybrid, cong suét co ich cuc dai caa
dong co s€ 1a 64,6 kW tai 5860 vong/phit va moment cé ich cuc dai dat gia tri 113,3
N.m tai 4250 vong/phut (cdc duong Power hybrid va Torque hybrid trén hinh 5.14).

Khi so sanh cho thdy, cac sai léch vé cong suit dinh Ne max va momen Memax clia
dong co khi sir dung hé théng danh lira dién khi str dung hé thong danh ltira dién cam va
hé thdng danh lira hybrid 13 khong dang ké. Tuy nhién, do dong co thuc nghiém di qua
st dung nén c4 hai gié tri N cuc dai va M. cuc dai, khi str dung h¢ théng danh ltra nguyén
thiy va ca khi str dung hé thong danh lira hybrid déu co gia tri nhd hon khoang 18% so
véi gid tri ciia nha ché tao cong bd (xem bang 5.10, bang 5.11). Vi¢c thuc hi¢n ddi sanh

gitra cac duong bi€u dién momen co6 ich, cong suat c6 ich khi st dung hé thong danh
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Itra theo thiét ké nguyén thuy va khi sir dung hé théng danh ltra hybrid cho thay, cac két
qua do tai cac vi tri khac nhau cho sai 1éch khong dang ké. Bang 5.10 s& cho mot danh
gia tong quat vé sai 1éch gitra va cong suét c6 ich Ne va Momen c6 ich M. tai cac diém
do. Sai léch 16n nhat theo cong sut va momen (tai vi tri sé vong quay 1000 v/phut va
tai 100%) trén toan bo mién 1am viée ctia dong co 1an luot 1a 5% va 8,8%. Piéu nay cho
théy nang luong tu cadm tich Iy trén cac bo-bin danh Itra di€n cam du 16n dé thuc hién
viéc hinh thanh va duy tri tia lira nham d6t chay hon hop o té may 4 (thuc hién danh lta

dién dung)

Bang 5.10: Do chénh 1éch gié tri cong suat dong co (%)

Toc do dong co (vong/phut)

Tai
(%)
100% |50 |38 [00 |-03 |33 1.5 |-1.1 {02 |-02 |02 |-1.1
75% (12 |-45 |05 (04 |13 |[-08 |16 (29 |-1.1 |-0.6 |-1.3
50% |51 |-20 |-1.0 |-1.1 |-1.0 (05 |23 |26 |06 |[1.1 |-05
35% (48 (29 |-10 (-3.6 |-1.1 |-1.8 |-19 |-05 0.0 |21 |28
20% |-26 |00 |-36 |-3.7 |-14 |12 |19 |21 |42 |42

1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 5500 | 6000

Bang 5.11: Do chénh 1€ch gia tri moment dong co (%)

Téc dd dong co (vong/phut)

Tai
(%)
100% | 8.8 |51 |05 [-04 [40 |21 [-15 [-07 [02 [-1.0 |-0.6
75% |25 |-02 |09 |05 |09 [-02 [03 [34 [-07 |-2.0 [-03
50% |2.6 |-3.1 |-09 [-03 |[-23 [-1.0 |26 |25 |08 |01 |10
35% |60 |58 |-13 |-09 |[-1.7 [-1.0 |21 |33 [-32 |16 |18
0% |-1.2 |-02 |-27 |24 [-20 [-09 [38 [33 |43 |54

1000 | 1500 | 2000 | 2500 | 3000 | 3500 | 4000 | 4500 | S000 | 5500 | 6000
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Panh gia tiéu hao nhién liéu ciia dong co Kkhi sir dung hé thong danh lira hybrid
Trén hinh 5.15 thé hién lugng ti€u hao nhién li€u theo gio va suét tiéu hao nhién
lidu riéng khi thyc hién phép do tiéu hao nhién liéu tai vi tri budm ga mé 100%. Cac két
qua cho thay lugng tiéu hao nhién liéu ctia dong co dat gia tri dat gia tri 21kg nhién liéu
/ gid va sudt tiéu hao nhién liéu riéng dat gia tri nho nhat gemn 223g/ kW/h tai 2500
v/phut. Cac khac biét vé tiéu hao nhién liéu khi thyc hién dbi sanh khong thé hién rd trén

d6 thi khi tién hanh thyc nghiém.

Do thi lwgng nhién lidu tiéu thu va suit tiéu hao nhién

liéu ¢6 ich & ché d9 100% vi tri buém ga
25000

350
| 300
20000 /
/ 250
/S _
—_— f o
% 15000 / 200:;
=8 =
. ra s 2
L] ! 150 —
O 10000 ___f -
_” 1)
o e Gl INZ-FE 100
5000 > g »Gnl hybrid
- ge INZFE =~ 50
ge hybrid
0
0 1000 2000 . 3000 4000 5000 6000 7000

Toc d§ dong co (rpm)
Hinh 5.14: D6 thi lugng tiéu hao nhién liéu theo gio (Gal) va suat tiéu hao

nhién liéu riéng (g.)

Trén hé théng dién cua dong co, hé¢ théng danh Itra dugc xem nhu mot loai phu tai
lam vi¢c lién tuc [1, 32]. Trong qué trinh lam viéc nang luong st dung cho mat 1an danh
lra phu thudc vao thoi gian tich lily nang lugng tq. Tuy nhién, tq chi phu thudc vao hai
thong sb chinh dién ap accu va sb vong quay dong co [1, 35] (khong phu thudc vao ché
do tai). Vi vay, néu dién ap accu on dinh luong nhién li€u tiét kiém duoc trén hé théng

danh lira ciing thay doi theo sd vong quay dong co.
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Dé danh gia dugc luong nhién lidu tiét kiém tir hé théng danh Lira hybrid c6 thé sir
dung cac tinh toan sau:
Téng nang luong cung cip cho mét lan lam viéc bao gdm ning luong toa

nhiét (W,) trén cudn day so cip bo-bin va ning luong dy trit danh lia (W,,).
Wy = W, + Wy, (5.1)
Nang lugng tiéu hao do tda nhiét trén bo-bin dugc tinh [1, 32]
W, = ["i2.R,.dt (5.2)

Trong d6: i1: dong dién di qua cudn so cap ciia bo-bin danh ltra dién cam (A)

U _Rytd
i(t) = = [1—e @1 ] (5.3)
)
Thay 5.3 vao 5.2, gidi tich phan ta dugc:
2 —ta Z2tq
W,=L R.[ts+2.1,.en —Z.em — 3. 1] (5.4)
RZ 2 2

Voi:
Ri: dién trd cudn day so cip (Q)
Ry: tong trd trén mach so cip (Q)
L LY A gen o\ o
Ty = R—lz 1a hang s6 dién tir ctia mach
z
Ning luong du trit cho danh Itra dién cam dugc tinh theo biéu thire sau:

2
W, = 2l (5.5)

2

Trong d6: Wa: Nang luong dy trir danh Itra (J)

Ing: Cuong d6 dong dién cudi thoi gian tich liy ning lwong (ta) trén
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cudn so cap cua bo-bin danh lira dién cam (A), Ing= i1(ta)
Téng nang luong tiéu hao cho mot mot bo-bin trén hé thong danh lira dién cam

trong mot gid twong ung véi toc d6 dong co cho ¢ bang 5.12 dugc tinh nhu sau:
Wy, = Ws. 60 % ) (5.6)
ne: s6 vong quay dong co (vong / phut)

Bang 5.12: Panh gia nang luong tich lily trén hé thong danh lira hybrid theo s vong
quay dong co

S6 vong quay Wat (mJ)1 Wa(mJ) 1 Wy (md)1 | WY1ih ()1
(vong/phut) lan danh Iira | 1an danh Iivra | 1an danh lira gio
1000 75.08 470.51 545.59 16368
2000 74.5 429.48 503.98 30238
3000 73.54 375.3 448.84 40395
4000 72.2 321.97 394.17 47300
5000 71.25 321.97 393.22 58983
6000 70.13 269.83 339.96 61192

Trong bang 5.12 trinh bay ning luong tiét kiém duoc trong mot gio khi str dung
hé théng danh lLira hybrid & cac ving tde do khac nhau. Phan ning luong nay thuc té 14y
tir accu véi rat nhiéu ton that trong qua trinh tich liiy va chuyén hoa niang lugng (hinh
5.16). (hiéu suét lam viéc cua dong co xang, hi¢u suét lam viéc cua may phat dién, hi¢u

qua tich liiy ctia accu va cac mat mat khac).
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Nhieén liéu

Dong co May phat

Hé thong ,
dinh lya | €= | Ac-quy

Hinh 5.15: M6 ta duong truyén ning lwong tir Nhién lidu- Hé théng danh lia

Cic nghién ciru cho thay:

Hiéu suat dong co: ne = 0.2 — 0.35 [24,25,63].

Hiéu suét bo truyén dai thang: na = 0.95 — 0.96 [64].

Hiéu suit may phat: np = 0.4 - 0.65 [3].

Hiéu suét dc-quy: na= 0.75 — 0.9 [65].

Hiéu sudt tong cong: Ny = Ne.Nd.Np.Na = 0.057 — 0.1966.

Ning luong tiét kiém (We) duoc khi tinh dén sy ton hao qua dudng truyén ning

luong cho & bang 5.13, duogc tinh theo biéu thic (5.7).

W, =2 () (5.7)
P
Nhu vay:  Ning luong tiét kiém (Wemax) 16n nhit: W, = :/ -~
Imin
< Ay 10 _ n 1A _ Wsin
Nang luong tiét kiém (Wemin) nho nhat: W,,,;,, = »
Zmax
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Bang 5.13: Tong ning luong tiét kiém trong mot gi We khi tinh dén s t6n hao khi

truyén ning luong

SO vong quay | wy, () 1 gio'|  Wemax (J) Wenin (J)
(vong/phut)

1000 16368 287150 83253
2000 30238 530500 153810
3000 40395 708690 205470
4000 47300 829830 240590
5000 53983 965730 279990
6000 61192 1073600 311250

Cong sinh ra ctia nhién li¢u khi bé qua nhiét lugng téa ra do sy ngung tu cta hoi
nuodc chira trong san vat chay khi ta lam lanh né dén nhiét do ban dau goi la nhiét tri thép

Qu ctia nhién liéu. P6i v6i nhién liéu xang ta c6 Qu cua xing la 44 MJ/kg [24].

Luogng nhién li¢u tiét kiém duoc trong 1 gio tu viéc tiét kiém nang lugng danh

lira duoc cho ¢ bang 5.13 dugc tinh theo biéu thuc sau:

W,.1000
Guaee =752 () (5:8)

Trong d6: G lwong nhién lidu tiét kiém (g)
Qu: Nhiét tri thap cta nhién liéu (J/kg)
We: Ning luong tiét kiém (J)
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Bang 5.14: Luong nhién liéu tiét kiém duoc trong 1 gid khi str dung hé thdng danh lira

hybrid
. ne i ; Gnltkmax Gnltkmin
(von;g) /phii Wemax (J) Wemin (J) @id) @eid)
1000 28685 83165 6.53 1.89
2000 530500 153810 12.1 3.5
3000 708690 205470 16.11 4.7
4000 829830 240590 18.86 5.47
5000 965730 279990 21.95 6.36
6000 1073600 311250 24.4 7.07

Panh gia chat lwong khi thai

Theo quyét dinh ctia Thu tudng chinh phu s6 16/2019/ QD-TTg ngay 28 thang 3
nam 2019, qui dinh 19 trinh 4p dung tiéu chuan khi thai d6i véi xe 6 to tham gia giao
thong va xe 6 t6 dd qua str dung nhap khau, murc gidi han 16n nhit cho phép cua cac chat
gy 6 nhiém trong khi thai tuan thu theo qui dinh TCVN 6438-2018. Qua d6 thanh phan
gy 6 nhiém cua khi thai dwgc chia lam bdn murc véi thoi gian ap dung trong danh gia
chat luong khi thai cua 6 t6 khac nhau.

Bang 5.15: Gidi han cho phép ctia cac chat gay 6 nhiém trong khi thai cua dong co 4

ky str dung nhién liéu xing (theo tiéu chuain TCVN 6438-2018)

Thanh phan gy 6 nhiém A 1L aA I ~ .
trong khi thai Phuong tién lap dong co dot chay cudng birc
Miic 1 Murc 2 Miic 3 Muc 4
CO (% thé tich) 4.5 3.5 3.0 0.5
HC (ppm thé tich) 1200 800 600 300
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Qui trinh do chét luong khi thai dugc thuc hién theo TCVN 6204:2008 (ISO 3929:
2003- twong thich véi chi thi 92/55/EEC ciia cong dong Kinh té chau Au). Qua d6 dong
co sau khi d3 kiém tra hé théng thai cua dong co (khong dugc ro ri), dong co phai dugc
ham ndng dén trang thai hoat dong binh thudong (it nhat hoat dong sau 15 phut). Dau dng

do duogc dat sau vao 6ng x4 it nhat 300mm.

Sau khi hdm nong dong co, cho dong co hoat dong ¢ 3000 vong/phut trong 60
gidy sau do dua vé sé vong quay khong tai. Pua b phan tich vé& ché do do. Thuc hién
phép do trong thoi gian du lau (nhung khong qua 30 gidy). Céac s liéu vé ham lwong CO
(% thé tich) va HC (ppm thé tich) thu thap duoc sau khi thuc hién phép do duoc trinh
bay trong bang 5.16.

Bang 5.16: Chét luong khi thai dong co khi thuc hién ddi sanh - st dung h¢
thong danh ltra nguyén thay va khi sir dung hé thong danh lia hybrid

Pong co khi sir dung hé théng | Pong co khi st dung hé théng

Thanh phan gay 6 danh lira nguyén thity danh lira hybrid

nhiém Lan1 | Lan2 | Lan3 | Lanl | Lan2 | Lan3

2, 2.78 2.15 1.96 2.26 2.86 2.76
CO (% thé tich)
Gi4 tri trung binh 2,29 2,63
(% thé tich)
. 65 71 72 86 71 74
HC (ppm thé tich)
Gia tri trung binh 69,33 77
(ppm thé tich)

Qua céc két qua thyc nghiém néi trén c6 thé thay, chat lugng khi thai ctia dong co
khi sir dung hé thong danh lira hdn hop dién cam - dién dung (hybrid) c6 sai 1éch khong
dang ké so véi khi st dung hé théng danh lira nguyén thuy, cac két qua nay déu dat tiéu

chuan khi thai cia dong co dét chay cudng birc & mirc 3 theo TCVN 6438-2018. Piéu
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nay mot 1an nita cho thay, hé théng danh lira hybrid hoat dong hiéu qua trong qua trinh

hoat dong cua dong co.
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5.3 Két luan chwong 5
Qua cac ndi dung duoc trinh bay trong chwong 5, ¢6 thé rut ra cac két luan sau:

Thue nghiém I: Vi cac thong sb cua hé thdng cé thé rut ra thiy ring ning lugng
tich lily trén cac bo-bin danh Itra dién cam théa mén cac yéu cau vé nang luong danh
Itra trén dong co

Thyce nghiém 11:

Pé tai di ché tao thanh cong mach danh la hybrid trén dong co dénh lia truc tiép
4 xi-lanh str dung ba bo-bin di¢n cam va mdt bo-bin di¢n dung. Hé théng danh Itra Hybrid
c6 kha nang thu thap nang lugng ty cadm tir ba bo-bin thuc hién qua trinh danh ltra di¢n
cam, dé thuc hién qua trinh danh lira cho xi-lanh con lai ma khong can chi phi thém ning

lugng cho qué trinh danh Itra dién dung.

Hé théng danh lira Hybrid duogc lap dit trén dong co INZ-FE cua hing Toyota. Hé
théng danh Itra Hybrid dadm bao kha nang van hanh on dinh & tat ca cac ché do hoat dong

cua dong co.

Cong suat, moment va suit ti¢éu hao nhién li¢u co ich ciia dong co sir dung hé
thong danh lira Hybrid

Céc thyc danh gid hi¢u qua lam viéc cua hé théng danh Itra hybrid. Trén co sé so
sanh sy khac biét vé momen c6 ich Me va cong sudt co ich Ne trén cing mét dong co
TOYOTA INZ-FE (Khi dung hé théng danh ltra tric tiép theo nha ché tao va khi dung
hé thdng danh ltra hybrid) ta nhan thiy sy khac biét nay 1a khong dang ké (16n nhét chi
1a 8,8%). Tuy nhién, do dong co su dung dé thuc nghiém da qua stir dung nén céc gia tri
cuc dai cua cong suét c6 ich va momen c6 ich déu nho gia tri ciia nha ché tao khoang

18%.

Céc thuc nghiém vé lugng phat thai ciia dong co cho thay & ché lam viéc khong

tai vo1 cac qui trinh danh gia ctia cuc dang kiém Viét Nam cung cap ta thay sai 1éch vé
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luong phat thai CO (% thé tich va HC (ppm % thé tich) 1a khong dang ké (dudi 5%) va
cac s liéu nay phu hop voi mie 3 tidu chudn khi thai Viét Nam - theo TCVN 6438-2018

Ning lwong tiét kiém dwoc khi sit dung hé thong danh lira Hybrid

Hé théng danh lira Hybrid khi ap dung trén dong co 4 xy-lanh c6 kha ning st
dung nang luong tu cdm tur ba bo-bin di¢n cam dé thuc hién qué trinh danh Itra cho xi-
lanh con lai, ma khong can chi phi thém nang lugng cho qua trinh dénh Itra thir 4. Nhur
vay, chiing ta co thé tiét kiém duoc 25 % nang luong danh Itra cung cép cho toan bg hé
thong danh Iira khi dong co lam viéc. Ning luong sir dung cho mét l1an danh lira khong
16n. Tuy nhién, néu xem xét viéc tiét kiém ning lwong dudi goc nhin, c¢é tinh dén cac
ton hao trén dudng truyén niang luong, sb lugng 6 t6 va cac loai dong co sir dung nhién
lidu xing thi con s6 tiét kiém nhién liéu that su an twong. Hién nay, s 6 to str dung trén
toan thé gii da dat con s6 1,2 ty, con s6 nay s& dat dén 2 ty vao nam 2035 [66]. Ngoai
ra, theo cac dy béo tir to chirc Statista - Hoa ky s6 luong 6t6 str dung dong co xang chiém
ty 18 47% (khoang 1 ty chiéc) so vdi s6 lugng 6 to ban ra trén toan thé gidi vao nam 2030
(bang 5.7) [67]. V6i cac khao sat cta to chirc thong ké phi chinh phu tai Ha Lan (CBS)
cho thay mot 6 t6 s& di chuyén khoang 37 km/ ngay [68], cang cho thay, viéc tiét kiém

nhién li¢u st dung trén 6t6 cd ¥ nghia hét strc to 1on.

Bang 5.17: Dy bao s6 lugng 6 t6 trén thé gidi (dén nim 2030) [67]

Niim sdn xuét 2017 2030
Dong co xang 76 47
Dbong co Diesel 19 5
Dong co hybrid 3 28
Dong co dién 1 14
Plug-in hybrid 1 15
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Viéc tiét kiém ning luong cho 6 to néi chung, hay trén hé théng danh ltra ndi riéng
con co ¥y nghia quan trong trong viéc bao v¢ moi truong. Theo cac thong tin tir Cuc bao
vé moi trudng Hoa ky (EPA) [69], cac phuong tién co gidi gdy ra 75% 6 nhiém carbon
monoxide & M. Quy Bao vé Moi truong Hoa ky (EDF) ciing uéc tinh rang, cic phuong
tién trén duong gdy ra mot phan ba 6 nhiém khong khi tao ra khoi byi & Hoa Ky va van
chuyén gy ra 27 % phat thai khi nha kinh. Ttr cac thong tin trén cho thay, viéc tiét kiém
nhién liéu str dung cho dong co ¢ ¥ nghia kép trong kinh té nhién liéu va bao vé moi

truong.
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KET LUAN VA HUONG PHAT TRIEN

Két luan
Luén 4n duge hoan thanh va rat ra duogc céac két luan sau:

1. Hé théng danh lira hybrid (hé théng danh lira hon hop dién dung - dién cam) 1a
mot trong cac huéng nghién ciru vé hé thdng danh lira d3 duoc nhiéu nha nghién ciru quan
tam. Tuy nhién, d6i voi cac nghién ctru ngoai nudc, cac cong trinh da céng b chi dé cap
theo hudng phdi hop hai kiéu danh lira dién cam, dién dung nham kéo dai thoi gian xuat
hién tia Itra trén bu-gi. Hudng nghién ctru theo hudng tich Iy nang lugng tur strc dién dong
tu cam trén tu dién (tu nhitng lan danh lta tu cam), nham phuc vu cho déanh Itra di¢n dung
lan dau tién dugc dé cap trong ludn 4n cua tac gia.

2. Lun 4n dd trinh bay cac nghién ctru tong quan vé cac hé thong danh ltra sir dung
trén dong co xang, cac dac diém ctia hé théng danh Itra dién dung, dién cam. Cac thong )
cht yéu chu yéu ctia hé thong danh lira. Luan an cling dé cap dén niang luong can thiét cho
qua trinh danh lira trén dong co xing, cling nhu cac yéu t6 anh huong dén ning luong danh
Itra.

3. Lu4n 4n d3 xay dung dugc phuong trinh biéu dién qua trinh ting truong ctia dong
dién di qua cudn so cép, suc dién dong tu cam & giai doan danh Itra dién cam va giai doan
danh lira dién dung va khao sat cac yéu té anh huéng dén chung (dién tré cia mach so cap,
hé sb tu cam cua cac cudn day bo-bin, dung lugng tu di€n). Ngoai ra, luan an cling dé cap
duoc cac bude trong qua trinh xac dinh dung luong cta tu nham thuc hién tich liiy ning
luong tur strc dién dong tu cam, phuc vu cho giai doan danh Itra dién dung.

4. Luan an da nghién ctru va ché tao thanh cong hé thong danh Itra hdn hop dién
dung - dién cam trén dong co bdn xylanh (TOYOTA INZ-FE) c6 kha ning tich lily strc
dién dong ty cam (tr giai doan danh Itra di€n cam) trén 3 tu dién 1 pF va phuc vu cho giai
doan dénh lura dién dung. Véi két cau don gidn va tan dung duogc cac dac diém sdn co tir

hé thong diéu khién dong co. Hé thong danh Iira hybrid nhu da trinh bay, bao dam hoat
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dong 6n dinh cua dong co ¢ cac ché do hoat dong khéac nhau va tiét kiém duoc nang luong
cho mot 1an danh lira / mot chu ky lam viéc cua dong co.

5. Cac két qua thyc nghiém trén mo hinh danh lira hybrid trén dong co 4 xy-lanh
cho thfiy: Vi cac thong s6 cua hé théng: dién tré ctia mach so cép R: 1,12 Q, hé s tu cam
ctia cudn so cap bo-bin L = 1,25 mH, dung luong cua tu C=1 pF, dién ap ngudn V=12,6V.
Nang lugng tich Iy trén tu di¢n ¢ 3 lan danh lua dién cam thdéa man nang luong phuc vu
cho mot 1an danh lira dién dung.

6. Khi lap dat hé théng danh Itra hybrid trén dong co TOYOTA 1NZ-FE cac thuc
nghiém theo huéng ddi sanh giira hai truong hop, khi dong co sir dung hé thong danh lira
dién cam theo thiét ké ctia nha ché tao va khi str dung hé thong danh Itra hybrid cho thay

e Cac khac biét vé momen c6 ich (M) va cong suat c6 ich (N.) khong dang ké

- Khac biét 16n nhat ddi véi momen co ich M. 14 8,8 % - budém ga mé 100%,
sd vong quay 1000 vong/phut)

- Khac biét 16n nhat d6i voi cong suét c6 ich Ne 13 5 % - buém ga mé 100%,
sd vong quay 1000 vong/phut)

e Céac sai léch vé ham luong khi thai ing voi ché do 1am viéc khong tai theo h¢

thong danh lira dién cam nguyén thuy va hé théng danh Iira hybrid lan luot 1a:

- CO (% thé tich): 2,29 va 2,63

- HC (ppm thé tich): 69,33 va 77

Céc s6 liéu khi thai nay phu hop vé6i cac qui dinh vé khi thai Viét Nam & murc 3
theo TCVN 6438-2018

e He¢ théng danh lira hy-brid c6 kha ning tiét kiém ning luong

Mic du kha ning tiét kiém niang luong cta hé théng danh lira hybrid khong 16n
khoang 24,4 g nhién liéu / gio' khi dong co hoat dong 6000 vong/ phut (Bang 5.14). Tuy
nhién, khi tiét kiém nhién liéu str dung, ddng nghia véi viée giam phat thai ra moi truong
va v6i s6 luong 6 t6 sir dung nhién liéu xang trén thé gidi 1én dén 1,2 ty nhu hién nay, day
la mgt hudng nghién ctru hiru ich.

. Cac co so 1y luan, céc tinh toan trong ludn an c6 thé trién khai ap dung trén hé
thong danh Itra ctia cac dong co nhiéu xy-lanh.
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Huwéng phat trién

Trén co sé cac nghién ctru da dé cap trong luan an, ngudi nghién ctru xin duge phép
trinh bay cac hudng phat trién sau:

1.Nghién ctru st dung nang luogng tich Iy tir sttc di¢én dong tu cdm cia cac cudn
day dé str dung cho muc dich khac.

2.Nghién ctru ing dung hé thong danh Itra hybrid trén dong co 1 xy-lanh theo huéng
st dung nhiéu tu dién duge nap 1an luot va gidi phong nang luong trén cac cac tu mot lan

4 Nghién ctru thay d6i dung lugng cia tu dién twong tng véi ting ché do 1am viéc
cua dong co.

5.Panh gia anh huong cua diéu kién khi hau Viét Nam (néng, am), dén hoat dong

ctia hé thong danh Iira ndi chung va hé thong danh lira hybrid noi chung.
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PHU LUC 1

THU'C NGHIEM XAC PINH THOI GIAN TiCH LUY

NANG LUONG tq
(trén dong co TOYOTA 1NZ-FE)

Thoi gian tich liiy ning luong thoi gian ts duge xac dinh bang phuong phap thuc
nghiém, thong qua viéc do dac truc tiép do rong xung IGT (diéu khién thoi gian dong
dién di qua cudn so cép cua dong co) tr b diéu khién dong co TOYOTA 1NZ-FE khi

dong co hoat dong tai cac sd vong quay khac nhau.

VADA RS A — N
Tin hiéu IGT P1coO
- .

Cwong do dong dién qua '
cudn so cép clia bo-bin

Mg @l clealic e llel v | Messesen d s ) bootes [ Cnanet Lbe )

Hinh 1: Minh hoa ghi nhén s liéu IGT duoc trén thiét bi do PICO
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Két qua thuc nghiém

Trén mach diéu khién danh ltra hon hop dién cam- dién dung, IGT 14 tin hiéu diéu
khién danh ltra tir ECU d6ng co. Tin hiéu IGT diéu khién thoi gian tich lily ning lugng
cling nhu thoi diém phat sinh tia lira tai bu-gi. Do rong xung IGT phu thudc vao dién ap

accu va s vong quay dong co. Trén bang 1 trinh bay két qua thuc nghiém.

: ON

|

|

|

. THON BIEM

[* DANH LUA

i

|

|

l OFF
o td’ L — s

Hinh 2: Thoi gian tich liiy ndng luong t4 theo xung IGT

Bang 1: S6 liéu thoi gian tich lily ndng luong ta khi thuc nghiém trén dong co
TOYOTA INZ-FE theo s6 vong quay dong co.

Toc do dong co
700 1000 2000 3000 4000 5000 6000
(v/ph)
Thoi gian tich iy
nang luong t4 5,6 5 4,7 4,3 3.9 3,7 3,5
(ms)
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Phu luc I1

KET QUA THU'C NGHIEM PANH GIA CONG SUAT CO
[CH N. VA MOMEN CO ICH M. CUA PONG CO
TOYOTA INZ-FE
(Ché ad tai 35% VA 75 % buém ga khi sir dung hé thong danh lira
nguyén thiy va khi sit dung hé thf’)ng danh Iira

hén hop dién cam- dién dung)

1 Ché d¢ tai 35 % vi tri buém ga

Do thi cong suat va moment & ché dd 35% vi tri buom ga

=
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Téc @9 dong co (rpm)
Hinh 1: D6 thi cong suét c6 ich Ne, moment ¢6 ich Me ¢ ché d6 35 % budm ga cta
hé théng danh Lira nguyén thuy va Hybrid

Trén hinh 1 trinh bay dd thi cong suat co ich Ne, moment c6 ich Me,cua dong co
TOYOTA INZ-FE khi str dung hai hé thong danh lira nguyén thity va hybrid.

Tir do thi ta thay:

Khi str dung h¢ théng danh Itra nguyén thiy dong co dat dat cong suat cuc dai 41,9

kW tai 5500 vong/phat, moment dat cuc dai 98,4 N.m tai 2250 vong/phut.
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Pong co khi sir dung hé thong danh ltra hdn hop dién cam — dién dung co gia tri
cong suit cuc dai 42,8 kW tai 5500 vong/phat, moment dat cuc dai 97,3 N.m tai 2250
vong/phut.

Tir két qua thi nghiém tai 35 % d6 md buém ga khi st dung hé théng danh lira
Hybrid va nguyén thiy thi céng suit c6 ich Ne va moment c6 ich Me c6 khac biét khong

danh ké trong pham vi toc do dong co 1000 — 6000 vong/phut.

2 Ché db tai 75 % vi tri buém ga

Do thi cong suit va moment & ché dd 75% vi tri buém ga

70 120
60 100
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& g0 =
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5 60 S
= b
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aﬂ ;
<0 40 =
© Power INZ-FE §
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Tée dp dong co' (rpm)

Hinh 2: D) thj cong suat, moment & ché dd 75 % budm ga cta hé thdng danh lta

nguyén thay va hybrid

Trén hinh 2 trinh bay d6 thi cong suat c6 ich Ne va moment c¢é ich M. ciia dong co
TOYOTA INZ-FE khi str dung hé thong danh Itra nguyén thiy va hé thdng danh lira hon
hop dién cam- dién dung & vi tri 75% dé mo budm ga.

Két qua tir d0 thi cho thay:

Pong co sir dung hé thong danh lira nguyén thay co cong suat cuc dai 63 kW tai
5500 vong/phut, moment dat cuc dai 110,6 N.m tai 5000 vong/pht.

Khi sir dung hé théng danh lira hybrid cong suat cuc dai ctia dong co co gia tri 62,6

kW tai 5500 vong/phtit, moment dat cuc dai 109,7 N.m tai 5250 vong/phtt.
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Tir két qua thi nghiém cho thay tai 75 % d6 mé budm ga cia dong co khi sir dung
hai hé théng danh Itra cong suit c6 ich N va moment cé ich N. co khac biét rat nho tai

vung toc do dong co 1000 — 6000 vong/phit.

Nhén xét:

Tu két qua thi nghiém & ché d6 tai 35% va 75 % vi tri buém ga cua dong co
TOYOTA INZ-FE khi sir dung hai hé thong danh ltra nguyén thuy va hén hop dién cam-
dién dung cho thay:

Trong ving toc d6 1am viéc cta dong co (1000 — 6000 vong/phit), cac két qua thuc
nghiém do cong suit c6 ich Ne va momen c6 ich Me giira hai hé thong trén 13 twong duong
nhau. Tai vi tri buém ga mé 35% sai I¢ch cong suét Ne va momen c6 ich Me 16n nhat lan
luot 12 4,8% va 6%. Tai vi tri buém ga mé 75% sai Iéch cong suét Ne va momen c6 ich Me
16n nhét 1an luot 12 4,5% va 3,4%. Piéu nay cho thdy hiéu qua lam viéc cta hé thong danh
lira hon hop dién cam- dién dung tuong dwong véi khi str dung hé thong danh Itra dién cam

theo thiét ké.
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PHU LUC 3
KET QUA THUC NGHIEM PANH GIA CHAT LUQNG
KHI THAI TAI CAC VI TRI TAI KHAC NHAU CUA
PONG CO

Nhim danh gia hiéu qua ctia hé théng danh ltra hdn hop dién cam - dién dung, ngoai
cac s liéu danh gia vé chét luong khi thai ciia dong co xing theo tiéu chudn hién hanh cia
Viét Nam (TCVN 6348: 2018), nguoi nghién ciru con tién hanh do dac cac thong sé vé CO
va HC tai cac vi tri tai khac nhau cua dong co TOYOTA INZ-FE (% vi tri buém ga), theo
cach dbi sanh giira hai truong hop: dong co st dung hé théng danh lra nguyén thuy theo
thiét ké va khi st dung hé thong danh Iira hdn hop dién cam - dién dung. Céc két qua trén

thé hién trén cac bang sau:

Bang 1: SO liéu chat luong khi thai tai vi tri budm ga 20%

Téc do dong co (vong/ phut) 1000 3000 5500
CO (% vol) —HT BL hon hop 0.44 0.29 0.56
CO (% vol) — HT PL theo thiét ké nguyén thuy 0.36 0.45 0.43
HC (ppm) — HT PL hén hop 40 24 76
HC (ppm) - HTPL theo thiét ké nguyén thity 49 61 68
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Bang 2: S6 liéu chat luong khi thai tai vi tri buém ga 35%

Téc d dong co (vong/ phiit) 1000 3000 6000
CO (% vol) — HT BL hén hop 0.41 0.42 2.15
CO (% vol) — HT DL theo thiét ké nguyén thay 0.43 0.4 0.49
HC (ppm) — HT PL hdn hop 134 51 47
HC (ppm) - HTPL theo thiét ké nguyén thuy 174 60 32
Bang 3: SO liéu chat lwong khi thai tai vi tri budm ga 50%

Téc d dong co ( vong/ phut) 1000 3000 6000
CO (% vol) — HT DL hén hop 0.01 0.03 0.23
CO (% vol) — HT DL theo thiét ké nguyén thuy 0.05 0.05 0.4
HC (ppm) — HT PL hdn hop 27 13 15
HC (ppm) - HTPL theo thiét ké nguyén thiry 97 0 0
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Bang 4: S6 liéu chat luong khi thai tai vi tri buém ga 75%

Téc dd dong co ( vong/ phut) 1000 3000 6000
CO (% vol) — HT DL hén hop 0.33 0.86 0.5
CO (% vol) — HT DL theo thiét ké nguyén thuy 0.55 0.76 0.54
HC (ppm) — HT PL hén hop 159 155 34
HC (ppm) - HTDL theo thiét ké nguyén thuy 118 153 20

Bang 5: S6 liéu chét lugng khi thai tai vi tri buém ga 100%

Téc dd dong co ( vong/ phut) 1000 3000 6000
CO (% vol) — HT BL hén hop 3,5 3.07 3.42
CO (% vol) — HT DL theo thiét ké nguyén thiy 3,2 25 2.84
HC (ppm) — HT PL hén hop 128 106 140
HC (ppm) - HTPL theo thiét ké nguyén thuy 123 121 104

Céc két qua trén cho thay chét lugng khi thai cia dong co khi sir dung ca hai hé
thng danh ltra déu thoa man yéu cau vé chat lugng khi thai Viét Nam theo mtc 3 TCVN

6438:2018.
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