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DAI HQC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM
TRUONG PAI HQC BACH KHOA DPoc 1ap - Tu do - Hanh phuc
KHOA CO KHI GIAO THONG

NHIEM VU PO AN TOT NGHIEP

TT Ho tén sinh vién

SH the SV Lép Nganh

1 | Nguyén Ping Anh

103200074 | 20C4CLC1 | Ki Thuat Co Khi

2 | Duong Hung Phong

103200096 | 20C4CLC1 | Ki Thuat Co Khi

1. Teén deé tai do an:

Khao sat, tinh toan kiém nghiém va mé phong hé thong dong luc xe Toyota

Camry Hybrid.

2. Cdc so liéu va dir liéu ban dau:

3. Noi dung cdc phan thuyét minh va tinh todn:

a. Phdn chung:

TT | Ho tén sinh vién

Noi dung

1 | Nguyén Ping Anh

2 | Duong Hung Phong

Chuwong 3. Khao sat va tinh toan kiém nghiém hé
thong dong luc xe Toyota Camry Hybrid.

3.4. Tinh toan dong hoc, dong luc hoc h¢ théng
dong luc xe Toyota Camry Hybrid.
Chuwong 4. M6 phong hé thng dong luc xe Toyota
Camry Hybrid bang Matlab Simulink.

4.1. Giéi thiéu vé phan mén Matlab/Simulink.

4.2. Gi6i thiéu mo hinh.

4.3. Thiét lap thong s6 mo phong.

4.4. Két qua mo phong.

Két Luan

b. Phan riéng:

TT | Ho tén sinh vién

Noi dung

1 | Nguyén Diang Anh

Chuong 2. Tong quan vé xe Hybrid.
2.1. Xe st dung dong co dot trong.
2.2. Tim hiéu vé xe Hybrid.




2.3. Tinh hinh va xu thé xe Hybrid.

2.4. Cac b phan chinh xe Hybrid.

2.5. Tinh kinh té cua xe Hybird.
Chuong 3. Khao sat va tinh toan kiém nghiém hé
théng dong luc xe Toyota Camry Hybrid.

3.2. Gi6i thigu dong co A25A- FXS Toyota
Camry Hybrid

3.4. Gidi thiéu hé théng diéu khién xe Toyota
Camry Hybrid.

Chwong 1. Tong quan.

1.1. Ly do chon d¢ tai.

1.2. Muc tiéu ctia dé tai.

1.3. Péi tuong nghién ctru.
2 | Duong Hung Phong 1.4. NoO1 dung nghién cuu. 7
Chwong 3. Khao sat va tinh todn kiém nghi¢m h¢
théng dong luc xe Toyota Camry Hybrid.

3.1. Gi6i thiéu chung vé xe Toyota Camry Hybird.

3.3. Khao sat hé théng dong luc xe Toyota Camry

Hybird.
4. Cdc ban vé, do thi ( ghi ré cdc logi va kich thueée ban vé ):
TT Tén ban vé Kich thude
ban vé
1 | Do thi dic tinh kéo xe Hybrid. A3
2 | Ban vé tong thé xe Hybird. A3
3 Ban vé tong thé hé thong dong luc xe Toyota Camry A3
Hybrid.
4 | So d6 hoa hop s6 P710. A3
5 | So d6 hoa hé thong truyén dong xe Hybrid. A3
6 | Ban vé tong thé ac quy Hybird. A3
7 | Hé thong lam mat dc quy. A3




8 | So d6 hé thong diéu khién xe Hybrid. A3
9 | So d6 hé thong diéu khién xe Hybrid. A3
10 | So dd diéu khién bo bién doi dién. A3
11 | So d6 mach bo bién tan. A3
12 | So d6 mach dién Boost Converter. A3
13 | So d6 mach phat hién ro ri. A3
14 | So d6 mach diéu khién dong co dot trong. A3
15 | So 6 mach ngat dién cao ap. A3
16 | So d6 diéu khién tinh toan lyc dan dong. A3
17 | ECU diéu khién hé thong xe Hybrid. A3
5. Ho tén nguoi hudng dan: Phan/ Néi dung:
TS Nguyén Quang Trung Toan bd
6. Ngdy giao nhiém vu do dn: ... foian. /2025
7. Ngay hoan thanh @6 dn: ... Jo /2025

Pa Nang, ngay thdng 6 nam 2025

Truéng Bomon............................ Ngudi huéng dian



DAIHOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM

TRUGNG AT HOC BACH KHOA i lip - Tu do - Hanh phic
KHOA COKHI GIAO THONG
BOMON: 5. Seii. DG e
PE CUONG PO AN TOT NGHIEP

NGANH: KY THUAT CO KHI-CHUYEN NGANH CO KHi PONG LYC

»

GVHD: TS Nguyén Quang Trung

TT| Hoténsinhvién | SO thé SV Lép Nganh

| | Duong Hing Phong | 103200096 | 20C4CLC1 K1 Thuit Co Khi

2 | Nguyén Ding Anh | 103200074 | 20C4CLCI Ki Thuit Co Khi

A. Tén dé tai @0 dn:
KHAO SAT, TINH TOAN KIEM NGHIEM VA MO PHONG HE THONG
PONG LUC XE TOYOTA CAMRY HYBRID,
. Dé tai thuge dign: 0 Co ky két théa thudn sé hitw tri tug doi voi két qua thiee hién
2. Cic $6 ligu va dit ligu ban dau:
B. N§i dung céc phiin thuyét minh va tinh todn:
(Trinh bay theo bé cue Chieomg)
Chwong 1: Téng quan.
I.1. Ly do chon dé tai
1.2. Muyc tiéu ciia dé tai.
1.3. Déi tugmg nghién ciru
1.4, Phuong phap nghién ciru.

Chuong 2: Téng quan vé xe Hybrid,
2.1. Xe sir dung ddng co a6t trong,
2.2. Tim hiéu vé xe hybrid.

2.3. Tinh hinh va xu thé xe hybrid.



2.4. Céc b phin chinh cua xe hybnd.
2.5. Tinh kinh té ciia xe hybrid.

Chwong 3: Khio sét va tinh ton kiém nghi¢m h¢ thing dng hye xe Toyota Camry
Hybrid.

3.1. Gidi thigu chung vé xe Toyota Camry Hybrid

3.2, Gidi thigu vé ding co A25A-FXS xe Toyota Camry Hybrid
3.3. Khio sit hé théng ddng lyc xe xe Toyota Camry Hybrid
3.4. Gidi thigu hé thong diéu khién xe Toyota Camry Hybrid

3.5. Tinh todn 8dng hoc, ddng lyc hoc hé théng truyén lyc xe xe Toyota Camry
Hybrid

Churong 4: Mé phéng h¢ thing dgng lye xe Toyota Camry Hybrid bing Matlab
Simulink.

4.1, Gidi thigu vé phin mém Matlab.

4.2. Céc thong 6 m phong

4.3. Mé hinh mé phéng

43.1. Khbi déng co.
4.3.2. Khoi Power- Split Device

4.3.3. Khéi Body Vehicle
4.4, Két qui md phong.

Két lujn.
C. Phiin cbng nhi§m vy
1. Thuyét minh.
a. Phan chung.
T Ho tén sinh vién Nji dung

1

Duong Hing Phong Chuong 3:3.1;3.2,3.3;3.4;35...

2 Chuong 4:4.1;42,43;44...
Nguyén Dang Anh

Két ludn




b. Phdn riéng:

™ Ho tén sinh vién

Néi dung

1 Duong Hing Phong

Chuong 1: 1.1 1.2; 1.3; 1.4:...

2 Nguyén Ding Anh

Chuomg 2:2.1;2.2;23;24;...

2. Ban vE.
S6 lwgyng va kich
STT Nii dung ban vé e SVTH
| | Ban vé tong thé xe. 1- A3 Duong Hing Phong
2 IB*"‘”&MW 1- A3 Duong Hung Phong
.
3 | RO - A3 Nguyén Ding Ach
khién.
4 | Ban vé db thi dong hoc. 1-A3 Nguyén Dang Anh
5 | Ban vé do thi dong lre hoc. 1- A3 Nguyén Diing Anh




E. TAI LIEU THAM KHAO (Tvink biy theo diing format)

[1] Biti Viin Ga, Trin Viin Nam: O t6 khing truyén théng, NXB Gido Dyc Viét Nam.

[2] Quéc Thinh, Pham Minh Théi, Nguyén Van Tai, L& Thi Ving: Ly thuyét 6 16 miy kéo,
NXB Khoa khoc va k9 thujt.

(3] Peng Li, Dongwei He & Wenbin Yang: MODELING AND SIMULATION OF HYBRID
ELECTRIC VEHICLE BASED ON MATLAB/SIMULINK

(4] MathWorks. (n.d.), Hybnd Electric Vehigle (HEV) Model

(5] Nguyén Khic Trai : Céu tao hé théng truyén Iyc 616 con , NXB khoa hoc va ky thujt
2001.

[6] Mehrdad Ehsani, Yimin Gao, Ali Emadi: Modern Electric, Hybrid Electric and Fuel Cell
Vehicles: Fundamental, Theory and Design. CRC Press, 2010

(7] Toyota Vietnam. (n.d.). Toyota Camry Hybrid. Toyota Viét Nam.
[8] CAC TAI LIEU PAO TAO NOI BO TOYOTA.
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TRUONG PALHOC BACHKHOA  CONG HOA XA HOI CHU NGHIA VIET NAM
_KHOA CO KHI GIAO THONG Dje lip - Ty do - Hanh phiic
PHIEU CHAM PHAN BIEN PO AN TOT NGHIEP CAPSTONE PROJECT
(Miu ding cho UV phén bi¢n cia Hi ddng bao vé DATN)
L. Théng tin chung:
- Ho tén sinh vién: Nguyén Ding Anh Lap: 21C4CLCI
Duong Hing Phong Lép: 21C4CLCIL
- Tén dé tai: Khio sit, tinh todn kiém nghi¢m vi mé phong h§ thing djng lyc xe
Toyota Camry Hybrid
1. V& tinh cip thié, tinh méi, kha niing (mg dyng cia dé tai:
- Dé tii ¢ img dung trong nghién ciru vé nguyén 1y lam viée vi phin tich hé thing
truyén lye xe hybrid.
2. Vé& két qui gidi quyét coe ndi dung nhi¢m vy yéu cdu cia db dn:
- Db dn giai quyét hét cae ndi dung nhi¢m vy yéu clu d3 djt ra trong dé cuomg.
3. V& hinh thire, cdiu trie, bé cyc cha dd dn 1t nghiép:
- D& dn co hinh thire, ciu tric, bd cyc ding theo quy dinh cia 46 dn tdt nghiép
Capstone project.
4. Dé tai co gié tri khoa hoe/ c6 bii bao/ giai quyét vin & djt ra ciia doanh nghiép hojc
nha truomg:
- D¢ ti ¢6 gid trj tham khéo dédnh cho sinh vién.
5. Céc tdn tai, thiéu sot ciin bd sung. chinh sira:
- Khéng.
11, Diinh gid cia ngudi phin bign:
I. Diém chim: £.5/10 (ldy dén 1 sb ¢ thip phin)
2. Bé nghi: B Puge bao v dd dn [ Khing duge bao vé
IV. Citu hi @& nghj sinh vién tr 1 trong budi bio v§:
1. Hé théng dong lye ctia Toyota Camry Hybrid thé hién nhimg wu diém vurgt trdi nao
vé hiéu suiit tiéu thy nhién liéu va mire 40 phit thai so vi cic miu xe hybrid ciing phin
khisic hofic ciic miu xc sir dung dong co dbt trong truyén théng ¢é ciing trong tii?

2. Viéc md phong hé thing ddng lyc Toyota Camry Hybrid da giip nhém xéc dinh
duge nhimg khic biét ding ké nio vé co ché viin hinh va hiéu qua truyén dong khi so
sinh voi mdt s& hé thdng hybrid phd bién khic trén thj truimg?

D Ning, ngay 21 thang 06 ndm 2025
Ho tén & chir ky ngwii phin bién

W
)

ThS. Thii Thj Ngoe Hiing




TRUGNG DAIHOC BACHKHOA  CONG HOA XA HOI CHU NGHIA VIET NAM
_KHOA OO KHI GIAO THONG Die lip - Ty do - Hgnh phic

PHIEU CHAM DO AN TOT NGHIEP CAPSTONE PROJECT
(M ding cho Gidng vién hudmy din dé danh gib cho timg SV khi hoin thinh DATN)

L. Théng tin chung:

- Ho tén sinh vién: Duomg Hing Phong Limp: 20C4CLCI

- Tén d& thi: Khdo sét, tinh todn kiém nghiém va md phong h¢ thing dgng lyc xe

Toyota Camey Hybrid,

- Nhiém vy ¢ nhdn: Tinh todn kiém nghiém va md phong hé thing déng lye xe

Toyota Camry Hybrid.

Nhin xét ad dn tt nghiép:

1. Vé tinh céip thiée, tinh mri, khit ning img dyung ciia 04 tai:

- D& ti ¢ tinh cip thiés, tinh mi va khi niing img dyng cao djc bit 14 trong xu thé
chuyén ddi xanh vi tiét ki¢m nhién liéu trong nganh 6 t nhu hign nay.

2. Vékét qui gidi quyét cac ndi dung nhiém vu yéu clu ciia dd an:

- D& i 8 gidi quyét tht clic ndi dung ahiém vy yéu ciu tir nghién el 1y thuyét, khao
sdi. xéc dinh co s tinh todn dén tinh toin vi mo phong hé thong dgng lye xe Hybrid.

3. Vé hinh thirc, clu tric, b cyc cia d dn tt nghigp:
-Hmumudummuywply.rorig.mh:swmmmm.eam4

chuomg véi céc ni dung duge trinh bay theo bo cuc khoa hoe, logic gilra cic chirong

muc.giﬂpngubldocd!dinadmdﬁvﬁlﬁéuwﬁénmnhdmcmendgﬂi.

4. Dé thi 06 gid trj khoa hoc! c6 bii béo/ gidi quyét viin & ¢4t ra cta doanh nghi¢p hoje
nhi trumg:

- D& tai ¢6 gid tri khoa boc, cé thé Jim tai ligu tham khéo. .. Déng théi dip img chuong

trinh dio tao clis nhi traimg vi o6 thé hd trg doanh nghiép nghién ciru vé hybrid...

5. Ciie tn tai, thiéu st cin bd sung, chinh sin:

- Phén tich dlly d0, chuyén siu hon n@a hé thdng 8dng lyc xe Hybrid

- Mo phong thém truimg hop nhu: 1én dbe, chay cao tbe, duémg trom Trugt.v.v..

[1L Tinh thin, thél 4§ lam vige cia sinh vién:

- Thye hién nghiém tiic, chi dng, cé tinh thn hoe hoi, hoin thinh tSt nhigm vy.

IV, Dinh gié ciia Gidng vién hudmg din:

1. Diém Giling vién huomg din: . §,0./10 (ty dén 1 5 1é thip phin)
2. D& nghi: M Duge béo vé db dn [ Khong duge bdo v
L R SRR A A WP e SHECR AP PP 0 OO O e
Da Ning, ngay (4 thang ky nam 2025
Ho tén & chir ky
Gidng vién hwimg din

et Gemr

M 7b - Midu chdm diém cda GVHD (cudi kb, M3}



TRUONG DATHOC BACHKHOA ~ CONG HOA XA HOI CHU NGHIA VIET NAM
_KHOA CO KHI GIAO THONG Dijc lip - Ty do - Hanh phic

PHIEU CHAM PO AN TOT NGHIEP CAPSTONE PROJECT
(MBu ding cho Gidng vién hudng din dé danh gid cho timg SV khi hoan thinh PATN)
I. Thing tin chung:
- Ho 1én sinh vién: Nguyén Ding Anh Lép: 20C4CLCI
- Tén 8 tai: Khao st tinh todn kiém nghiém v md phong hé thdng ding lyc xe
Toyota Camry Hybrid.
- Nhiém vy ¢4 nhin: Khio sit hé théng ding lye xe Toyota Camry Hybrid.
Nhin xét db dn 16t nghi¢p:
1. Vé tinh ¢dip thidt, tinh mi, khi ning img dyung coa dé tii:
- Dé thi ¢ tinh cép thid, tinh moi v kha niing (mg dung cao dac bigt 14 trong xu thé
chuyén ddi xanh va tiét ki¢m nhién Jidu trong nginh & 18 nhw hién nay.
2. Vi két qué gidi quyét cdc ndi dung nhi¢m vis yéu cdu ciia 6 dn:
- Déti d8 gii quyét tdt c4c ndi dung nhiém vy yéu chu tir nghidn ciru 1y thuyée, khio
sét, xiic dinh co s tinh toén dén tinh todn vi md phong hé théng ddng lye xe Hybrid.
3. Vit hinh thire, céu trisc, bd cye cun 3 dn 16t nghiép:
- Hinh thire va chu tric trinh bity hop Iy, b ring. ding quy dinh, theo trinh ty. Gom 4

churong vér céc ndi dung duge trinh bay theo b eye khoa hoe, logic gitta cic chuong

muc, gidp ngutri doc d& ding theo ddi vit hidu rd tién trinh thye hién dé i,

4.mﬂlwgﬂuﬁmwwwbidgﬁiquy&vﬁndédﬁ!nchdomhn@i&phou
truomg!

-Déﬁiw:iluiﬂnalvc.cdmélﬁmtﬁlieumm...D&mwdpimgchm

trinh &40 tao ciia nhi truimg va o thé h trg doanh nghiép nghién ciu vé hybrid. ..

5. Céc tbn tgi, thidu sot cén b sung, chinh sim:

- Phiin tich ddy dit, chuyén sdu hon nita hé thiing ddng lye xe Hybrid

- Mo phong thém trudmg hop nhir: 1én ddc, chyy cao the, duimg trom trugt.v.yv..

111 Tinh thin, thii 3§ lam vige cia sinh vién:

- Thy hién nghiém e, chi &dng, <6 tinh thin hoc hdi, hodn thanh 1dt nhigm vu.

V. Déinh gid caa Gidng vién hudmg din:

l.mémaircmmmgdim..@dw(Myaénlséleuppmn)

Puge

2. Dé nghi: bio vé 46 dn T Khang duge bio vé
o T RO | L e WS
Dé Ning, ngdy 49 thang B nam 2025
Ho tén & chir ky
Giang vién hudmg diin

Cal

Mau 7 - Mdu chdm didm cha GVHD (cuoi ky, M3)



TOM TAT

Tén dé tai: Khao sat, tinh toan kiém nghiém va mé phong hé thong dong luc xe
Toyota Camry Hybrid

Sinh vién thyc hién: Nguyén Pang Anh, Duong Hung Phong

S6 thé SV: 103200074, 103200096 Lép :
20C4CLC1

Dau tién dé tai da tim hiéu nghién ctru vé cac van dé lién quan xung quanh
vé xe Hybird nhu: nguyén nhan va lich sir ra doi, khai niém va phan loai, va phan
loai cac kiéu xe Hybird... Tiép theo tap trung nghién ctru khao sat vé cau truc,
nguyén 1y hoat dong, hiéu suat ctia hé théng dong lyc trén mau xe Toyota Camry
Hybrid 2023. Muyc tiéu chinh 1a tim hiéu vé nhiing chi tiét chinh trong hé thong
dong luc cia xe Hybird nhu: dong co d6t trong (ICE), cac dong co dién (MG,
MG?2), hop s xuyén truc hybrid, dc quy hybrid... va dic biét mot sd hé thong diéu
khién trén xe Toyota Camry Hybird.

Tu nhitng khado sat d6, nhom da thuc hién tinh toan cong suét, m6é men cla
dong co @6t trong va dong co dién, dung luong ic quy...va xay dung dudong dic
tinh kéo cho xe Hybird. Trén nhiing co s¢ di tinh toan, nhom tién hanh xay dung
mod hinh truyén dong bao gdm cac khdi mé phong twong trung cho nhimng thanh
phan chinh trong hé théng dong luc trén xe Hybird bang phan mém Matlab
Simulink. M6 hinh dugc kiém nghiém théng qua cac chu trinh thr nhu FTP-
75....tr 46 nham danh gia kha ning van hanh trong cac diéu kién hoat dong khac
nhau, mtrc ti€u thu nhién liéu va mirc @6 phat khi xa...

Dé tai khong chi giup nhom cé co hoi tim hiéu sau vé cac cong nghé Hybrid
hién dai ma con mé ra tiém ning phat trién cac nghién ctru vé tinh toan hé thong
dong luc, xay dung cac thuit toan diéu khién nang lugng va md phdng céc tinh
hudng phrc tap cho xe Hybrid trong nhiéu diéu kién khac nhau. Day 14 co s& quan

trong dé hudng t6i cac giai phap giao thong xanh va bén virng trong tuwong lai.



LOI NOI PAU

Sy phat trién manh mé ctia nganh cong nghiép 6 t6 hién dai dang ching kién budc
chuyén minh mang tinh cach mang — tir cac hé truyén dong truyén thong sang cac giai phap
than thién hon véi méi trudng, tiéu biéu 1a cong nghé hybrid. Trong bdi canh do, viéc
nghién ctru va hiéu rd vé cau tric, nguyén 1y hoat dong cling nhu kha nang mé phong cia
hé thong dong luc hybrid khong chi mang y nghia hoc thuat, ma con 1 budc dém quan
trong cho nhiing ngudi k§ su tré trén con dudng hoi nhap voi nén cong nghé toan cau.
Trong s6 d6, Toyota Camry Hybrid 1 mot trong nhitng mau xe tiéu biéu timg dung cong
nghé truyén dong lai tién tién, mang lai hiéu suat van hanh cao ciing mic tiéu hao nhién
lidu t6i wu.

Véi mong mudn tim hiéu siu hon vé cau tric va nguyén 1y hoat dong cta hé thong
hybrid, dong thoi nang cao ning luc phan tich va mo phong cac hé thong k¥ thuat phirc
tap, nhom thyc hién da chon dé tai: "Khao sat, tinh toan kiém nghiém va moé phong hé
thong dong luc xe Toyota Camry Hybrid bang MATLAB/Simulink". Dé tai nham muc tiéu
tiép can tong quan hé truyén dong hybrid, tir d6 xay dyng mé hinh mé phong trong moi
truong MATLAB/Simulink dé kiém nghiém va danh gia hiéu suat van hanh cua hé thong.

Trong qué trinh thyc hién, nhém da khong ngung tim toi tai li€u, nghién ctu ly
thuyét va thuc hanh mé phong dé hoan thién ndi dung mot cach chinh xac va khoa hoc
nhat. Tuy nhién, do han ché vé thoi gian kién thire, va dic biét day 1a xu huéng nghién ctru
con moi nén do an khong tranh khoi nhitng thiéu sét nhat dinh. Nhom rat mong nhan duoc
su gop ¥, chi dan tir quy thay c6 dé db an dugc hoan thién hon.

Nhom xin chan thanh cam on sy huéng dan tan tinh ctiia TS Nguyén Quang Trung,
cung su hd trg quy bau tir cac thay co trong khoa va nha truong trong sudt qué trinh thuc
hién d6 an.

Da Néng, ngdy  thdng 6 nim 2025

Sinh vién thuc hién

Nguyén Diang Anh Duong Hung Phong
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Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

CHUONG 1: TONG QUAN

1.1. Ly do chon d@ tai.

Véi su phat trién nhanh chéng cua xa hdi, toan cau héa va su phat trién vuot bac
ctia khoa hoc cong nghé, nganh cong nghiép 6 t6 khong chi 1a biéu tuong cia su tién bo
ma con 13 dong lyc thuc day sy phat trién cta nhiéu nganh kinh té khac. Tir viéc tao ra hang
triéu viéc lam, dén viéc cung cap phuong tién di chuyén thiét yéu cho cudc sdng hién dai,
6t da va dang dong vai tro khong thé thay thé trong xa hoi.

Nhu cau sir dung cac phuong tién giao théng ngay cang ting cao vé sd lugng, da
dang vé cac chung loai khac nhau. Trong d6 nhitng phuong tién str dung dong co dbt trong
(PTCT) van dugc coi 1a ngudn dong luc chinh cho nhiéu nganh kinh té, dic biét 1a giao
thong van tai. Song song voi su phat trién nay ciing di kém véi nhitng thach thic khong
nho, dic biét 1a van dé méi truong.

B power generation
B Transportation |
I Buildings

B Industries

B Agriculture

1.8%
248%
38 8%

8.1%

26.6%

Hinh 1.1 Luong phat thai CO2 tir qua trinh d6t chay toan cau.

Véi viée tiéu thu hon 60 triéu thung ddu md mdi ngay bai hon sy hién dién hon 1
ty 6 t6. O nhiém khong khi chil yéu 13 do nganh giao thong van tai, ngoai cac nganh cong
nghiép san xuat ning luong va nhiét. Nam 2015, cic nganh céng nghiép san xuit ning
luong va nhiét chiém 42% lugng khi thai CO2 trén toan thé gidi. Trong khi riéng nganh
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Capstone Project: Khao sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

giao thong vén tai chiém 24% luong khi thai CO2. 75% luong khi thai lién quan dén giao
thong dén tir dudng bo.

Su phu thudc qua 16n va lugng ti€u thu ngay cang tang trir luong nhién liéu hoa
thach d3 din dén tinh trang can kiét tai nguyén va gia ting dang ké luong khi thai gy hiéu
mg nha kinh, 1am trdm trong thém van dé bién ddi khi hau. Cac do thi 16n trén thé gidi
dang phai d6i mit véi tinh trang 6 nhiém khong khi nghiém trong, anh hudng tryc tiép dén
strc khoe ctia ngudi dan. Pong thoi, su gia ting khong ngimg cua sb lugng xe ¢o cling tao
ra 4p luc 16n 1én hé thong giao thong, gay ra tinh trang Un tic va ling phi thoi gian. Tiét
kiém nhién liéu hoa thach va giam 6 nhiém moi truong do khi thai cia PCDT di va dang
1a mot bai toan rat 16n dbi voi cac nha thiét ké va cac nha san xuat xe.

Trudc nhitng thach thirc nay, viée tim kiém cac giai phap thay thé 1a vo cung cip
thiét. Xe st dung ngudn dong luc dong co dién PCP, v6i kha ning khong phat thai tric
tiép, duoc xem 13 mot trong nhitng giai phap tiém ning. Tuy nhién, viéc chuyén doi hoan
toan sang xe sit dung ngudn dong luc DCH doi hoi su dau tu 16n vao co so ha ting, ciing
nhu giai quyét céc van deé lién quan dén pin va nguén dién, va hé théng tram sac.

Con d6i véi cac nha san xudt xe truyén thong thi phai hity bo nhiéu dy chuyén ché
tao va lap rip va sd tién da nghién cru R&D cho linh vuc nay thi anh huéng khong it.
Trong bdi canh d6, xe hybrid ndi 1én nhu mot giai phap chuyén tiép thong minh, két hop
vu diém cia ca dong co ddt trong va dong co dién.

Xe hybrid khong chi gitip giam luong khi thai va tiét kiém nhién liéu, ma con tan
dung dugc co sé ha téng hién c6. Sy linh hoat trong vi¢c st dung hai ngu@m nang lugng
cho phép xe hybrid hoat dong hiéu qua trong nhiéu diéu kién khac nhau, tir 46 thi dong duc
dén duodng truong. Pong thoi, su phét trién ciia cong nghé hybrid ciing mé ra co hdi cho
viéc nghién ciru va tng dung cic giai phéap tién tién khac, nhu xe plug-in hybrid va xe dién
nhién li¢u hydro.

Nha san xuat phuong tién hang dau thé giéi 1a Toyota dang duoc xem 1a nha san
Xuat tién phong trong linh vyc xe Hybrid, v&i nhiéu dong xe nhu: Toyota Corolla Cross

Hybrid, Toyota Inova Cross Hybrid, Toyota Camry Hybrid....
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Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

Improved
Vehicle Fuel
Economy &
Emissions
i " Petroleum (Conventional & Alternative Sources) >
n
D,::f,’;,y > Alternative Fuels (Ethanol, Bio-diesel, CNG, LPG) >
> Electricity (Conventional & Alternative Sources) )
\
(Y | — 3

Hinh 1.2 Xu thé phat trién xe trong tuong lai.

Tai Viét Nam, thi truong 6 t6 dang chung kién su tang trudéng manh me, di kem voi
d6 1a nhitng thach thic vé moi trudong va giao thong. Viéc nghién ctru va phat trién cong
nghé xe hybrid khong chi gitip giam thiéu tac dong tiéu cuc dén moi truong, ma con gop
phan ning cao ning lyc canh tranh cta nganh cong nghiép 6 to trong nude.

Dé tai "Khao sat, tinh toan thiét ké va mo phong hé dong luc xe Toyota Camry Hybrid"
nham muc tiéu déng gop vao qué trinh nay, thong qua viéc khao sat, tinh toan thiét ké, mo
phong va danh gia hiéu qua cua xe hybrid, tir d6 tao nén tang cho sy phat trién bén viing
ctia nganh cong nghi¢p 6 t6 Viét Nam."
1.2.  Muc tiéu ciia dé tai.
Nhitng muc tiéu nghién ciru bao gom:

e Tim hiéu téng quan vé xe hybrid.

e Nghién ciru, gi6i thiéu vé xe Toyota Camry Hybrid.

e Khao sat vé hé thong dong luc xe Toyota Camry Hybrid.

e Nghién ctru, tinh toan hé théng dong luc xe Hybrid.

e M5 phong hé thong dong luc xe Toyota Camry Hybrid bang phan mém Matlab

Simulink.

e Danh gia suit tiéu hao nhién liéu, luong phat thai khi thai... qua cac chu trinh thir.
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Capstone Project: Khao sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

1.3.  Déi twgng nghién ciru.
e Nghién ctru trén dong xe Toyota Camry Hybrid.
e Nghién ctru, tinh toan hé théng vé hé théng dong luc xe Hybrid.
e Nghién ctru mo phong hé théng dong luc bang phan mém Matlab.

1.4,  Phwong phap nghién cuu.
Db 4n str dung phuong phap két hop giita nghién ctru 1y thuyét, tinh toan kiém nghiém
va mo phong.
e Nghién ctru 1y thuyét dwa ra dé tim hiéu vé ciu tao... cia xe hybrid va tim hiéu vé
xe Toyota Camry Hybrid.
e Tinh toan kiém nghiém hé théng dong luc xe Hybrid.

e Nghién ctru m6 phong mé hinh xe hybrid bang phan mém Matlab Simulink.

1.5.  NOoi dung nghién ctru.
e Chuong 1. Téng quan vé dé tai nghién ciru.
e Chuong 2. Téng quan vé xe hybrid
e Chuong 3. Khao sat va tinh toan kiém nghiém hé théng dong luc xe Toyota Camry
Hybrid.
e Chuong 4. M6 phong hé thong dong luc xe Toyota Camry Hybrid.

o Két luan.
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CHUONG 2: TONG QUAN VE XE HYBRID

2.1.  Xe sir dung dong co ddt trong.

Loai nguoi di nghi dén viéc bién nhiét ning thanh co ning tir rat sém nhung mai
dén nhiing thap nién dau cua thé ki thir 19, viéc ap dung dong co nhiét vao thyc tién méi
duoc thuc hién. Gan 2 thé ki qua, dong co dbt trong dugc xem la nguén dong luc chu yéu
ctia 6 t0, chua c6 giai phap nao c6 kha ning thay thé.

O 6 truyén thong 1a 6 t6 st dung duy nhéat dong co dt trong 1am ngudn dong lyc.
2.1.1. Nguén géc ra doi cua xe siz dung déng co dét trong.

Nhiing dong co ddt trong dau tién khong co6 ki nén, hon hop khong khi/nhién lidu
duoc thdi vao dong co dau ki nap. Khac biét chu yéu gitra dong co hién dai va dong co
nguyén thuy 1 thém ki nén hdn hop trong xi lanh.

* 1206: Al-Jazari gidi thiéu co cau chuyén d6i chuyén dong quay sang chuyén dong tinh
tién.

*1509: Leonardo da Vinci mé ta dong co khong cé ki nén.

*1673: Christian Huygens thuc hién dong co khong co ki nén.

* Thé ki thi 17: Nha phat minh nguoi Anh Samuel Morland st dung thubc sting dé chay
bom nudc, phoi thai ciia dong co d6t trong.

* 1780’s: Alessandro Volta ché tao sung di¢n dd choi, trong d6 mot tia Itra dién dot chay
hdn hgp hydrogen khong khi.

* 1794: Robert Street ché tao dong co khong ki nén ma nguyén 1y hoat dong cta né théng
tri gén mot thé ki.

*1806: K¥ su nguoi Thuy Si Francois Isaac de Rivaz ché tao mot dong co dét trong chay

bang hdn hop hydrogen va oxygen.

Lenoir Gas Engine
Raadhing lron Work -

Hinh 2.1 Péng co Lenoir chay bang gas.
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* 1823: Samuel Brown duogc cung cip bang sang ché vé dong co ddt trong dau tién dung
trong cong nghi¢p. B6 1a dong co khong ki nén ma Hardenberg goi 1a “ chu trinh
Leonardo™.

* 1824: Nha vat ly nguoi Phap Sadi Carnot thiét lap i thuyét nhiét dong hoc cua dong co
nhiét i tuong. Li thuyét ndy cho thdy can bo sung ki nén dé tang murc chénh léch giira nhiét

dong cao va nhi¢t do thap cua modi chat cong tac.

COlLL &S
L.aa NN

Hinh 2.2 Pong co Otto.

* 1826: Samuel Morey ngudi My duoc cip bing sang ché vé dong co “ ga hoi bay” khong
ki nén.

*1838: William Barnet ngudi Anh duogc cdp bing sang ché vé dong co dau tién c6 ki nén
trong xi lanh.

* 1854: Hai nguoi Y Eugenio Barsanti va Felice Matteucci dugc cap bang phat minh vé
dong co dbt trong lam viéc hiéu qua dau tién nhung khong dua ra san xuit.

*1856: Pietro Benini thyc hién mot mau dong co Barsanti-Matteucci SHP. Sau dé thuc
hién tiép nhiing dong co khac c6 cong suat 16n hon véi 1 hay 2 xi lanh dugc st dung thay
cho dong co hoi nudc.

*1860: Jean Joseph Etienne Lenoir (1822-1900) nguoi Bi ché tao dong co dot trong chay
bang gas twong ty nhu dong co hoi nudc nam ngang tac dong kép co xy lanh, piston, thanh
truyén, banh da va gas thay thé cho hoi nuéc. Pay 1a dong co dot trong dau tién dugc san
xuét v6i s6 luong 16n.

*1862: Nha phat minh ngudi Ptic Nikolaus Otto thiét ké dong co khong ki nén véi piston
tu do tac dong gian tiép va hiéu suit cao hon ciia n6 chiém linh phan 16n thi truong dong
co tinh tai ¢& nho chay bang khi thap.

* 1870: Tai Vienna, Siegfried Marcus lip dong co chay xing dau tién 1én xe.
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* 1876: Nikolaus Otto, cung véi Gottlieb Daimler va Wilhelm Maybach, d3 phat trién dong
co 4 ki theo chu trinh Otto. Tuy nhién, toa an Birc khong cong nhan phat minh ctia 6ng bao
trum moi dong co nén trong xi lanh ngay ca doi véi dong co 4 ki, va sau phan quyét do,
dong co nén trong xi lanh trg thanh pho bién.
* 1879: Karl Benz, duoc cip bang phat minh vé chiéc dong co ddt trong ctia ong, dong co
2 ki chay bang gas, dya trén y tuong cua Nikolaus Otto vé dong co 4 ki. Sau d6 Benz da
thiét ké dong co 4 ki riéng ctia 6ng va lap dit trén 6 t6 va 6 to nay trd thanh chiée 6 t6 dau
tién chay bang dong co ddt trong.
*1882: James Atkinson phat minh dong co lam viéc theo chu trinh Atkinson. Pong co
Atkinson c6 mét ki sinh céng ddi voi mdi vong quay véi thé tich nap va gidn nd khac nhau,
nho vay, hi¢u suét dong co cao hon hi¢u suét chu trinh Otto.
* 1891: Herbert Akroyd Stuart phat trién dong co chay bang dau va giao quyén ché tao cho
cong ti Anh Hornsby. D6 13 dong co dau tién khai dong ngudi nén va danh lira. Nam 1892,
ho lip dit nhitng chiéc dong co dau tién ¢ tram bom. Trong cung nim do, kiéu dong co
thir nghiém ty chay do nén da duoc tién hanh nghién ciru.
* 1892: Rudolf Diesel phat trién dong co nhi¢t lam viéc theo chu trinh Carnot st dung bot
than lam nhién liéu.
* 1893: ngay 23 thang 2: Rudolf Diesel dugc cip bang phat minh cho chiéc dong co Diesel
cua minh.
*1896: Karl Benz phat minh dong co kiéu "boxer", d6 1a dong co ddi ximg nim ngang,
trong d6 cac piston dén diém chét trén cung lic, vi vy tinh cin bang dugc dam bao.
*1900: Rudolf Diesel gidi thiéu dong co Diesel str dung dau dau phung (biodiesel).
* 1900: Wilhelm Maybach thiét ké mot dong co 6 t6 & Hang Daimler Motoren Gesellschaft
dat tén 1a Daimler-Mercedes theo tén c6 con gai cua 6ng.. Nam 1902, 6 t6 voi dong co nay
duoc dua vao san xuét hang loat boi DMG.
2.1.2. Phan logi déng co dot trong.

O déy, chung ta chi nghién ctru dong co ddt trong kiéu piston. Co nhiéu cach phan

loai dong co khac nhau nhung nhin chung, chiing ta c6 thé phan loai theo so db dudi day:
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Dong co danh lira

cudng birc
Dong co Dong co
4L 2ki
Dong co tu chay
do nén

Hinh 2.3 So d6 phén loai dong co dot trong.

Vé dic diém cla qué trinh chay, chiing ta c6 thé phan loai thanh hai nhém dong co
d6t trong, d6 14 dong co danh lira cudng birc va dong co tu chay do nén.

Pong co danh lra cudng birc str dung hon hop dong nhét hoa tron trude. Qua trinh
chay dugc khoi dong nho tia Itra dién. Mang Itta duoc dich chuyén lan dan tir diém danh
lira dén diém xa nhét cuia budng chdy. Pong co xing, dong co gas lam viéc theo nguyén li
nay.

Pong co tu chay do nén sir dung qua trinh chay khuéch tan voi hdn hop khong dong
nhat. Qua trinh chay dién ra song song v&i qua trinh chuan bi hon hop. Qua trinh chay dugc
khéi dong khong phai bang tia lira dién ma do hién tuong tu chay ciia mot bd phan hon
hop dat duoc diéu kién 1i hoa tdi wu trong moi trudng khong khi ¢ nhiét d6 cao cudi qua
trinh nén. Pong co Diesel lam viéc theo nguyén 1i nay.

Pong co phodi hop hai nguyén li to chitc qua trinh chay trén day goi 1a dong co dual
fuel. Pong co nay nap hon hop dong nhat dwon chuan bi trude (nhu dong co danh lira
cudng buc) va qua trinh danh lra dugc thyc hién bé‘mg cach phun mdt lugng nho nhién li¢u
mdi (nhu truong hop dong co tur chdy do nén).

Dé tang hiéu suit va giam mirc d6 phat 6 nhiém, dong co danh lira cudng birc ngay
nay c6 thé 1am viéc v6i hdn hop chuan bi trude nhung khong dong nhat. D6 1a dong co tao
hon hop phan tang 16n (stratified).

Ca hai loai dong co nay déu cé thé lam viéc theo nguyén li 4 ki hay 2 ki. Chu trinh
ctia dong co 4 ki gdbm hai vong quay truc khuyu va mot 1an sinh coéng. Chu trinh cta dong

co hai ki gdbm 1 vong quay truc khuyu va mot 1an sinh cong.
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2.1.3. Vdn dé 6 nhiém khi thai hign nay.

O nhiém khi thai 13 cum tir ma khong con xa la ddi v6i cude sdng hién nay, nd gay
ra hang triéu ca tr vong trén thé gidi, va Viét Nam ciing khong phai 13 ngoai 16. Nguyén
nhan gy 6 nhiém méi truong chil yéu tir khi thai cia nha may khéng dugc xu 1y, tir cac
phuong tién giao thong sir dung dong co dbt trong, tir qua trinh phat trién cua dat nudc va

tr qua trinh sinh hoat ctia con nguoi.

Hinh 2.4 Khi x4 tir cic nha may cong nghiép.

Cac nguyén nhan do6 sinh ra céc loai chat doc hai, dién hinh nhu NO2 hay CO2, lam
thing tang ozone, gay hiéu ung nha kinh. Trach nhiém hién nay 13 han ché t6i da viéc 6
nhiém moi truong, b'?mg cach han ché cac chat doc hai, ban hanh cac quy dinh cling nhu
céc tiéu chudn, ¥ thirc ctia ban than mdi ngudi. Pdi voi phuong tién giao thong, giam thiéu
khi thai bang cach ban hanh nhung tiéu chuan khi thai nhu tiéu chuan EURO; tim kiém,
phat trién nhirng nguén nhién li€u sach nhu dién, giod, nang luong mat tro1 hay cac loai
dong co méi nhu dong co dién, dong co chay bang khi tu nhién dé giam bét phan nao khi
thai doc hai thai ra.

Céc hang xe ndi tiéng trén thé gidi nhu Toyota, Honda, Suzuki ciing gép phan
nghién ctru nhitng dong co méi, giam thiéu ton da khi thai ciing nhu loai bé hoan toan dong
co dbt trong. Va Viét Nam ta ciing bat kip xu hudng khi Ong Pham Nhat Vugng (Chu tich
Vinfast) cho ra doi dong xe Vinfast sir dung dong co dién va loai bo hoan toan dong co d6t
trong truyén thong, dién hinh nhu dong xe VF e34, VF8, VF5 hay VF9. Va trong tuong
lai, xe dién hay xe str dung nhién liéu sach s& 14 xu hudng phat trién ctia phuong tién giao

thong noi chung va 6 t6 ndi riéng.
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2.1.4. Tim hiéu tiéu chudn khi thdi EURO.

Tiéu chuén khi thai dugc gi6i thiéu dau tién tai chau Au vao nim 1970, sau 22 nim,
nam 1992 tiéu chudn khi thai du tién dugc ra doi mang tén Euro 1. Cho dén hién nay, da
c6 6 tiéu chudn Euro dugc ap dung nham giam thiéu toi da luong khi thai ndm & muc cho
phép.

Tidw chudn
QIRGET

Hinh 2.5 Tiéu chuin khi thai EURO.

Euro 1 (EC93): Pay 1a tiéu chuan dau tién dugc Chau Au ap dung cho cic dong 6
t6 cua hgo dugc dua ra vao thang 7 ndm 1992. Tai thoi diém do, viéc quy dinh khi thai
khong nghiém ngat nhu hién nay, tiéu chuan yéu cau toan b xe dugc san xut ra phai lap
dit bo chuyén doi xtic tic va nhién liéu xang sir dung phai 1a xang khong chi. Ban dau chi
c6 hai chit hydrocarbon, oxit nito trén dong co xing va cac hat trong dong co diesel duoc
thir nghiém. Qua nhiéu nam, cac quy dinh tré nén khit khe hon va gi6i han khi thai dan
duoc ha théip.

Euro 2 (EC 96): Vao thang 1-1996, tiéu chuan Euro 2 ra doi nhim yéu ciu céc xe

phai giam tiép lugng khi thai carbon monoxit phét ra, dong thdi giam gidi han két hop cho
hydrocacbon khong chdy va oxit nito cho ca xe chay bang xing va diesel.
Euro 3 (EC2000): Tiéu chuan Euro 3 duoc ap dung trong nam 2000 va tiép tuc stra ddi quy
trinh thir nghiém dé loai bo thoi gian khai dong ctia dong co khoi thu tuc kiém tra, dong
thoi 1am giam cac gidi han hat cacbon monoxide va dau duoc phép. Tiéu chuin Euro 3
cling bo sung thém gidi han Nox riéng cho dong co diesel va gi6i thiéu cac gidi han HC va
NOx riéng biét cho dong co xang.

Euro 4 (EC2005): Diy la tiéu chuan th tu cua tiéu chuan khi thai dugc Lién minh
chau Au quy dinh, dugc 4p dung tir naim 2005 yéu cau tiép tuc that chat cac gidi han vé
phat thai hat tir dong co diesel. Tiéu chuan Euro 4 tip trung yéu cau lam sach khi thai tir
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xe diesel, dic biét phai giam cac hat vat chat (PM) va Nox cung vé6i d6 tat ca cac xe diesel
phai trang bi bd loc hat méi nhéat.

Euro 5: Thang 9-2009, Euro 5 ra doi tiép tuc thit chit cac gii han vé phat thai hat
tor dong co diesel va tat ca cac xe diesel déu phai c6 cac bo loc hat, goi 1a DPF, DPFs chiém
99% tat ca cac hat va duoc trang bi cho mdi chiéc xe diesel dé dap Umg cac yéu cau méi
nay. Euro 5 ciing c6 mot s gidi han vé d6 chit NOx (giam 28% so voi Euro 4) ciing nhu
1an dau tién, mot gidi han hat cho dong co xing (chi 4p dung cho dong co phun xdng truc
tiép). Euro 5 giai quyét dugc cac tic dong phat thai hat, dong thoi gidi thiéu mot gidi han
vé 86 luong hat cho dong co diesel ngoai gidi han trong lugng hat.

Euro 6: Day la tiéu chuin méi nhat duogc ap dung cho toan bd xe hi¢n nay, n6 dugc
ap dung tir thang 9-2014, tiéu chuan nay bt budc cac dong xe phai giam lugng phat thai
Nox tir dong co diesel va thiét 1ap cac tiéu chudn twong ty cho xing va dau diesel. Dé dap
ung cac muc ti€u madi, mot s6 nha san xuét 6 to da gidi1 thiéu SCR, trong d6 mot chét long
dung moéi dugc bom qua mot chit xtc tac vao khi thai ciia mét chiéc xe diesel. Mot phan
g héa hoc chuyén dbi oxit nito thanh nudc va nito vo hai, ching dugc thai ra qua 6ng
Xa.

Phuong phap thay thé dap tmg cac tiéu chuan cua Euro 6 1a Thoat tudn hoan khi thai
(EGR). Mot phan khi thai dugc tron voi khong khi nap dé giam nhiét do d6t. ECU cua xe
kiém soat EGR phu hop voi tai dong co hodc toc do.

2.2.  Tim hiéu vé xe hybrid.

O t6 truyén théng st dung dong co ddt trong (ICE) ¢6 tinh ning tot va pham vi hoat
dong rong bé“mg cach tan dung logi thé mat do nang lugng cao cua nhién liéu xang dau. Tuy
nhién, loai 6 t6 nay c6 nhuoc diém 1a hiéu qua dir dung nhién liéu kém va 6 nhiém moi
truong. Nhitng 1i do chinh khién hiéu suit sir dung nhién liéu kém cua ching 1a:

e Dic tinh hi€u qua stir dung nhién li€u cua dong co khong phu hop véi yéu cu van
hanh trong thuc té.

e Ton thit dong ning cua xe trong qua trinh phanh, dic biét 1a khi xe hoat dong trong
cac khu vuc do thi.

e Hiéu suat ciia hé théng truyén dan thiy lyc trong xe 6 t6 hién nay kém & ché do
dung, chay thuong xuyén.

Xe dién chay bang acquy (EV), mit khac, c6 mot s loi thé hon so véi xe st dung
dong co dot trong, nhur hidu suat sir dung nang luong cao va khong gay 6 nhiém méi truong.
Tuy nhién, tinh ning hoat dong cta chiing, dic biét 1a pham vi hoat dong sau mdi lan nap
dién, thap hon rat nhiéu so vdi 6 to st dung dong co dét trong truyén thong do ning luong

Iwu trir trong acquy thap hon nhiéu ning lwong luu trir trong nhién liéu. Xe hybrid dién
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(HEV), str dung hai ngudn ning luong (ngudn ning luong so cip va ngudn ning luong thir
cip) c6 nhitng wu diém cua ca hai loai xe sir dung dong co d6t trong va xe st dung dong
co dién.

2.2.1. Nguyén nhdn va lich sir ra doi xe Hybrid.

% Nguyén nhan ra doi:

Ngay nay, tinh trang 6 nhiém khong khi tram trong do khi thai tir dong co 6 t6 dang
1a van dé nhie nhdi cua nhiéu quéc gia. bé giam thiéu tinh trang d6 mdt cach t8i wu nhat,
cac cong nghé tién tién da ra doi trén cac dong 6 to dién, 6 t6 dung pin v.v... Nhung van
chua duoc ap dung rong rdi vi con mot sé khuyét diém vé ky thuat. D6 1a trong 6 to dién,
viéc sac pin tdn kha nhiéu thoi gian, day la mbi lo ngai lén dé dong co chay bﬁng dién duoc
sir dung pho bién trong doi séng. P6i vai cong nghé fuel cell, hydro 16ng can duoc bao
quan trong nhiét do rat thap, cho nén chi dugc ding & cac qubc gia c6 khi hau lanh, cong
nghé nay cang khong phil hop & nudc ta. Cac han ché cta hai cong nghé trén da hinh thanh
véach ngan gitta cong nghé 6 to truyén théng va nhu cau gin gilt moi truong.

Cong nghé xe Hybrid duge xem 1a mot budc ngodc vo cing 16n trong thoi diém
hién tai va da xam nhép tran lan vao thi trudng cac cudng quéc Chau Au, Chau My va Nhat
Ban v.v...Cong nghé 6 t6 mai nay da giup tiét kiém duoc ning luong ciing nhu gop phan
gin git moi trudng.

% Nhirng chiéc xe Hybrid dau tién:

Chiéc xe Hybrid dau tién duoc ché tao vao nhitng nim 1899 boi k¥ su Ferdinand
Porsche. Theo nhiéu tai liéu thi vao cting khoang thoi gian nay, ¢6 nhiéu chiéc xe Hybrid
dugc ché tao voi nhiing cai tén khac, tuy nhién san phém ctia Ferdinand Porsche noi bat
nhat va ciling 1a chiéc xe Hybrid duoc thuong mai hoa dau tién. Chiéc xe nay véi tén goi 1a
System Lohner-Porsche Mixte, né sir dung dong co xing dé cung cap nang luong cho dong
co dién dan dong banh trudc cua xe.

Sau d6, Mixte da duoc don nhan ndng nhiét va hon 300 chiéc di dugc san xuat. Tuy
nhién, vé sau nhu cau vé xe Hybrid da bat dau suy yéu khi Henry Ford lap dat day chuyén
lap rap 6 to dau tién vao nam 1904. Cung véi d6, nhiing quy dinh thiéu chat ch& vé khi thai
va gia xang ré mat khién xe xing pho bién, diéu d6 lam thu hep dang ké thi truong xe
Hybrid.
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Hinh 2.6 System Lohner-Porsche Mixte.
% Nhirng ddu hiéu khéi sic cho dong xe Hybrid:

Nhitng ndm 1960, Quéc hoi Hoa Ky da ban hanh luat khuyén khich nén str dung cac
phuong tién chay bang dién trong nd lyc giam thiéu 6 nhiém khong khi. Trong bi canh
nay, chinh phi Hoa Ky da nd luc dau tu cho su phét trién t6t hon ciia xe Hybrid nhung
ciing khong mang nhiéu két qua boi cude khing hoang dau mo da khién gia xing ting cao.
Vao cubi nhitng nam 1990, xuét hién mot sb loai xe chay hoan toan bﬁng dién da dugc gidi
thiéu nhu GM EV1 va Toyota RAV 4EV, nhung sém bi loai khoi san xuét. Mai cho dén
khi Toyota phat hanh Prius tai Nhat Ban vao nam 1997, mét giai phap thay thé kha thi cho
cac phuong tién chay bang khi dot da duoc gidi thiéu t6i cong ching.

Hinh 2.7 Toyota Prius phat hanh cudi nim 1997.

% Sur hoi sinh:
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Nam 1999, Honda Insight di tré thanh xe HEV (Hybrid Engine Vehicle) san xuét
hang loat dau tién dugc phat hanh tai Hoa Ky. Cung v6i nhirng chiéc sedan Toyota Prius
d3 mang lai su hdi sinh cho cong nghé xe Hybrid.

Ké tir khi Toyota Prius duoc gi6i thiéu tai Hoa Ky nam 2000, Prius d tro thanh dong nghia
v6i thuat nglr “hybrid”. Pay 14 loai xe HEV pho bién nhat va cong nghé cua nd 1am nén
tang cho vo s6 cac loai xe khac.

Hinh 2.8 Honda Insight 1999.

% Hudng téi twong lai:

Trong thoi dai ngay cang yéu ciu cao vé bao vé méi trudng, Hybrid dang 13 1oi thé
va ciing con nhiéu thach thirc canh tranh khdc liét. Khi cong nghé Hybrid tiép tuc dugc cai
thién, né s& phat trién mot chd dting viing chic hon nita trén thi truong 6 t6 thé gidi. Du
trong twong lai c6 rat nhiéu thach thirc, thi c6 mot didu ludn chéc chin ring, cic nha san
xudt 6 t0 s& tiép tuc phat trién va ché tao xe Hybrid 1én hét tiém ning cta loai xe nay.
2.2.2. Khdai ni¢m 6 to Hybrid.

Xe Hybrid 14 kiéu xe khong chi sir dung mot dong co ddt trong truyén thong, ciing
khong str dung hoan toan mdt dong co di¢n, ma no st dung song song ca hai loai dong co.
Hybrid c6 nghia 1a lai tao, hdn hop, khi d6, thong thudng dong co ddt trong s& cung cap
cho chiéc xe sttc manh dé gitip xe bt dau di chuyén vi c6 luc kéo 16n, sau khi xe chuyén
dong 6n dinh thi s& chuyén hoan toan sang dong co dién dé xe van hanh ém 4i va hiéu qua
nhit.

Muc dich cua xe hybrid 1a han ché viéc st dung dong co dot trong, tranh thai ra khi
doc hai gitip bao vé moi truong. Hién nay, da sb xe hybrid sir dung chi yéu 13 dong co dién

va dong co xang.
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Hinh 2.9 Xe Toyota Camry Hybrid 2025.

2.2.3. Nguyén ly hoat dpng cua xe Hybrid.

Mbi dong xe hybrid déu c6 mot dong co dién va dong co xang, dong co dién duoc
sir dung khi khoi dong xe va khi xe bat dau ting toc. Bdi vi trong khoang thoi gian nay,
chiéc xe can c6 moment xodn 16n dé day chiéc xe di, dong co dién cua xe dap tng duoc
didu d6. Ngay ca khi xe 1én dbc, dong co dién van hoat dong on dinh gitip chiéc xe di
chuyén mot cach muot ma nhat.

Dén mot khoang thoi gian nao do, dong co di¢n sé duoc chuyén thanh dong co xdng
gitip xe chuyén dong 6n dinh, khi d6, dong co dién s& nging hoat dong ma thay vao do
dugc sac nguoc lai. Khi xe phanh, trén xe hybrid s& mdt hé théng goi la phanh tai tao, gitp
chiéc xe sac nguoc lai cho pin, dy 1a tinh ning vo cling hay ma chi cac dong xe dién hay
hybrid méi c6, d6i v6i cac dong co truyén thong thong thudng, viée phanh s& tao ra mot
lyc ma sat 16n, day 1a nhitng hao phi ma xe thong thuong tao ra.

Nguoc lai, cac xe hybrid cling nhu xe dién, phanh tai tao vira c6 chirc nang ham tde
do cua xe, vira ¢6 chirc nang sac nguoc lai cling sac lai pin cho xe cho qué trinh hoat dong
sau nay. Pdi v4i cac xe hybrid hién nay, khong can phai sac nhu xe dién thuin c6 nhimng
cuc pin 16n, xe hybrid s& tu sac cho ban than chiing trong mot vong tudn hoan khép kin véi
tudi tho ctia pin vo cing cao.

Xe hybrid s& tién kiém phan 16n nhién liéu truyén thdng giop giam tai luong khi thai

doc hai ra ngoai moi truong.
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Hinh 2.10 Nguyén ly hoat dong co ban cua xe Hybrid.
2.2.4. Hé théng dong lwc é té hybrid dién.

H¢ théng dong
lye( 1)(mot hudmg)

Ngudn nan B chuyén
Tuomg( ) ) ddi nang
Iuomy
1 thbng dong —
= Ire(2) (hat hudmg)
Ngudn nang B30 chuyén
lugnp(2) doi ning

luong(2)

g CHI0 NANG lrgng kéo

— e e Chiu nang lugng khi nop dién
Hinh 2.11 Minh hoa hé théng dong lrc 6 to6 Hybrid dién.

Vé co ban, hé théng dong luc cua bat ki loai 6 t6 ndo cling ¢6 cac yéu cau:
e Phat ning luong du dé dap mg nhu cau vé tinh nang cua xe.
e Mang theo due ndng luong dam bao cho xe hoat dong dugc trong pham vi nhét
dinh.
e Chung minh dugc hiéu qua cao va it giy 6 nhiém mdi trudng.

Noéi rdng ra, mot chiéc xe ¢6 thé c6 nhiéu hon mét nguén dong nang lugng va bo
chuyén d6i nang luong, chiang han nhu dong co xang( hoic dau diesel), hé thong dong co
dién chay bang pin nhién liéu hydrogen, hé théng dong co dién chay bang acquy hoa hoc....
Mot chiéc xe c6 hai hodc nhiéu hon cic ngudn ning lugng va hé théng chuyén doi ning
lwong duogc goi 1a xe hybrid. Mot chiée xe hybrid c6 hé thong dong luc dién (ngudn ning
lwong hay hé théng chuyén ddi ning lwong) duoc goi 1a xe hybrid dién HEV. Thong
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thuong, 6 t6 hybrid c6 khéng qua hai ngudn dong luc. Khi sir dung hon hai ngudn dong
luc, co cdu phdi hop cong sudt tré nén rt phirc tap. Voi muc dich thu hoi ning lugng
phanh, ning luong bi mét di dudi dang nhiét ning di véi 6 t6 sir dung dong co ddt trong
truyén thong, hé thong dong luc cua xe hybrid dién thudng c6 bd chuyén doi ning luong
hai chiéu. Cac hé théng dong luc khac c6 thé bién ddi nang luong hai chiéu hay mot chiéu.
Hinh 2.11 gi6i thiéu so dd hé théng dong luc 6 t6 hybrid va chiéu cta cdc ngudn cong suat
khac nhau.

C6 nhiéu phuong an phdi hop cong suat khac nhau dé dat duoc ché d tai yéu cau sau day:

1. Mot minh ngudn dong luc 1 cung cép nang lugng cho tai.

2. Mot minh ngudn dong luc 2 cung cap ning luong cho tai.

3. Ca hai ngudn dong luc 1 va 2 cung cip ning luong cho tai cung mot lac.

4, Ngudn dong lyc 2 nhan ring luong tir tai (phanh tai sinh).

5. Nguén dong luc 2 nhan ndng lugng tir nguén dong luc 1.

6. Ngudn dong luc 2 nhan niang luong tir ngudn dong luc 1 va tir tai cung mot lac.

7. Ngudn dong luc 1 cung cap ning luong cho tai va cho ngudn dong luc 2 cing mot
lac.

8. Nguén dong luc 1 cung cap cong suit cho ngudn dong luc 2 va ngudn dong luc 2
cung cép ning luong cho tai.

9. Ngudn dong luc 1 cung cap cong suét cho tai va tai cung cip cong suit cho ngudn
dong luc 2.

Trong truong hop lai ghép gdm mot dong co dbt trong nhién liéu 16ng (ngudn dong
lwce 1) va dong co dién sir dung acquy (ngudn dong luc 2)

Phuong an (1) 1 ché d6 mot minh dong co kéo tai. Trudng hop nay xay ra khi acquy
hoan toan hét dién va dong co khong con di cong suit dé nap dién cho acquy hay khi acquy
da duoc nap day va dong co ¢ thé cung cap nang luong du dé dap Gmg nhu ciu ning luong
cua xe.

Phuong an (2) 1a ché do chi sir dung dong co dién, trong d6 dong co nhiét & ché do
tait may. Phuong an nay cé thé dugc sir dung trong truong hop dong co khong thé hoat
dong hidu qua nhu khi téc dong rat thap hodc ¢ nhitng noi nghiém cAm sy phat thai.

Phuong an (3) 1 ché d6 kéo lai va co thé duoc sir dung khi cin ning luong 16m,
chang han nhu khi ting toc dot ngdt hodc khi xe leo 1én ddi déc.

Phuong 4n (4) 1a ché d6 phanh tai tao, khi d6 dong nang hay thé ning ciia xe duoc
thu hoi thong qua dong co dién hoat dong & ché d6 may phat dién. Nang luong phuc hoi
duoc luu trlr trong acquy.
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Phuong an (5) 1a ché d6 ma trong d6 dong co nap dién cho acquy khi xe dirng hoic
xubng dbc co d6 nghiéng thip, khi d6 tai khong nhan va ciing khong phat ning luong.

Phuong 4n (6) 1a ché d6 trong d6 ca ning lugng do phanh tai tao va dong co nap
dién cho acquy cung mot luc.

Phuong an (7) 1a ché do trong d6 dong co kéo xe va nap dién cho acquy cing mot
lac.

Phuong 4n (8) 1a ché d6 ma trong d6 dong co nap dién cho acquy, con acquy thi
cung cép dién cho tai.

Phuong 4n (9) 1a ché d6 ma trong d6 dong co nap dién cho acquy thong qua khoi
luong xe. Cau hinh tiéu biéu ctia ché do nay 1a hai ngudn dong luc lap riéng ré trén truc
trudc va truc sau cua Xe.

Céc ché do hoat dong khac nhau trén day cta 6 t6 hybrid tao ra su linh hoat cao hon
dbi v6i 6 t6 chi ding mot ngudn dong lyc duy nhat. V&i cdu hinh va hé thdng diéu khién
thich hop, viéc ap dung phuong an phdi hop cong suit cu thé cho ting diéu kién hoat dong
dic biét ciia 6 t6 c6 thé 1am tdi wu héa tinh ning tong thé, hiéu suat va mic d6 phat thai.
Tuy nhién, trong thiét ké thuc té, viéc quyét dinh 4p dung phuong 4n nao phu thudc vao
nhiéu yéu td, chéng han nhu cdc cu hinh vat chat caa hé théng truyén dong, ddc tinh hi¢u
qua cua h¢ théng dong luc, dic tinh tai,...

2.2.5. Uu/nhwec diém ciia xe Hybrid.
2.2.5.1. Uu diém.

Céc dong xe xe hybrid dugc trang bi thém mot dong co dién gitp giam bt mot phan
hoat dong ctiia dong co xang, do do, han ché duoc luong 16n khi thai CO2 ma dong co xang
phat ra. Ciing v6i d6, viéc tiéu thu ngudn niang luong dién thay cho nhién liéu ciia dong co
xdng gitip giam bét chi phi sir dung xang. Vi du chiéc xe Toyota Camry HEV chi tiéu ton
4.3L/100km dudng trudng va 4,9L/100km duong hdn hop, né sé tiét kiém duge mot phan
chi phi di lai trong thoi budi gia xang dau ting manh nhu hién nay.

Mot vu diém 16n nita ciia xe hybrid ma duge néi ¢ trén d6 14 tan dung ngudn ning
lwong khi phanh. Cac dong xe thong thuong khi phanh, ning lwong s& chuyén ddi thanh
nhiét ning, nhiét ning khong dugc st dung bat ki hoat dong gi din dén hao phi. Con xe
hybrid, dugc trang bi phanh tai tao, khi ngudi 1ai dap chan phanh, phanh tai tao giap xe
giam tdc do, cung véi d6, phanh giup dong co dién dién tir qua trinh sinh cong chuyén sang
may phat dién gitp sac nguogc dién lai cho pin, tir d6 pin lai tiép tuc dugc sac diy ma khong
can phai tiép ngudn dién tir bén ngoai.

Pong co dién gitip xe hoat dong 6n dinh va muot ma khi tang tdc va leo ddc, con

dong co xdng giup xe hoat ddng 6n dinh, do d6, dong co xing c6 thiét ké nho gon gitp xe

SVTH: Nguyén Ding Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 18



Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

nhe hon va gon hon, khoang bén trong xe dugc mé rong, thudn ti€n cho viéc chd nguoi va
hanh ly.
2.2.5.2. Nhwoc diém.

Chi phi dé s& hiru mot chiée xe hybrid khé cao so v6i dong co truyén théng, do xe
phai duoc tinh toan k¥ lwong cling nhu chi phi dé san xuét cao, dic biét 1a nhitng cuc pin
va may phat dién. Cing v6i d6 nhirng chiéc xe hybrid c6 cong suat thap hon nhiéu so véi
dong co chay xing thong thudng, phu hop véi timg nhu cau, néu 13 quing duong xa thi
nén chon nhirng dong xe sir dung dong co truyén thdng 1a lua chon hop 1y.

Vi xe ¢6 cu tao phuc tap cung véi viée str dung ning lugng dién, dan dén viéc bao dudng
va stra chita kha cao, cung v&i d6 xe so hitu dong dién 16n, dan dén néu nguoi sira chira
khong can than c6 thé gdy nguy hiém dén tinh mang.

2.2.6. Cidc kiéu truyén déng Hybrid.

2.2.6.1. Hé thong Hybrid nai tiép.
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Hinh 2.12 Co cau ni tiép.

~

H¢ thong dong luc cia dai bo phan 6 to hybrid ndi tiép dugc gidi thicu trén hinh
sau. Nguon niang luong mot chiéu & day 14 binh nhién liéu va bo chuyén doi nang lugng
mdt chidu ¢ day 1a mot dong co kéo may phat dién. Pau ra cia may phat dién duge két ndi
v6i bo cong suat dién théng qua bo chuyén doi dién tir (chinh luu). Ngudn ning lugng hai
chiéu 12 mot bo acquy dién hoa, két ndi voi b cong suat dién qua bd chuyén doi dién tir (
bd bién d6i AC/DC). Bo cong suat dién duge kiét ndi vdi bo diéu khién cua dong co dién.
bong co dién co thé hoat dong & ché d6 dong co hay ché d6 may phat, co thé quay xuoi
hay quay ngugc. Hé théng dong luc ndy can co bo nap dién cho acquy sir dung dién ludi.

O 6 hybrid ndi tiép c6 cac ché d6 hoat dong sau day:
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1. Chi chay bang dién: Pong co nhiét tit, xe hoat dong bang ngudn acquy.

2. Chi chay bing dong co nhiét: Cong suét kéo cua xe tir cum dong co-may phat dién,
trong khi d6 acquy khong cung cap ciing khong nhin ning luong tir hé thdng dong luc.
May dién lam nhiém vu nhu mét hé thong truyén lyc dién tir dong co dén banh xe chi
dong.

3. Ché d6 hybrid: Luc kéo duoc tao ra tir cum dong co-may phat dién va acquy.

4, Pong co tao luc kéo acquy nap dién: Cum dong co-may phat dién cung cap dién dé
nap acquy va kéo xe.

5. Ché d6 phanh tai tao: Pong co-may phat dién tét, dong co dién hoat dong & ché do
may phat. Cong suat dién tao ra duogc str dung dé nap acquy.

6. Ché d6 nap acquy: Cac dong co dién khong nhan cong suit, cum dong co-may phat
dién nap dién cho acquy.

7. Ché d6 nap dién acquy hybrid: Ca cum dong co-may phat dién dong co dién hoat
dong & ché do may phat nap dién cho acquy.

% Hé thong hybrid ndi tiép co6 mot so 1gi thé:

a. DPong co hoan toan khong c6 lién hé co khi véi banh xe chi dong. Do do, nd co thé
dugc van hanh tai bat ki diém nao trén biéu d6 dac trung moémen-tdc do, va vi vay
n6 c6 kha nang van hanh trong ving hiéu qua tdi da nhu gi6i thiéu ¢ hinh trén. Hiéu
suét va muc do phat thai ctia dong co c6 thé duoc cai thién hon nita bé“mg céch thiét
ké va diéu khién t6i wu cho dong co van hanh trong khu vuc thu hep nay. Mot khu
vuc hep cho phép céi thién hi¢u qua 16n hon nhiéu so vai viéc to1 uu hoda trén pham
vi toan bg. Hon nita, viéc tach roi quan hé co khi gitta dong co va banh xe chu dong
cho phép st dung dong co tbc d6 cao.

b. Vidong co dién co dic tinh mémen-toc do gan li tuong, né khong can phai st dung
bd truyén nhiéu cap. Do d6, viéc ché tao bo truyén rat don gian va giam thiéu chi
phi. Hon nira, thay vi sit dung mdt dong co dién va cau vi sai, ta c6 thé st dung hai
dong co dién, mdi dong co dan dong mot banh xe duy nhét. Diéu nay cho phép tach
roi toc do gita hai banh xe gidng nhu mot co cu vi sai nhung no ciing hoat dong
nhu mét vi sai trugt gigi han nham kiém soat luc kéo. Cudi cuing, ching ta c6 thé
sir dung bon dong co dién cho tat ca banh xe cha dong ma khong can hé thong vi
sai va cac truc dan dong phtc tap.

c. Viéc diéu khién don gian c6 thé 1a hé qua cia viéc truyén dong dién thay vi truyén

dong co. Tuy nhién, 6 t6 hybrid ndi tiép cé mdt s6 nhuge diem:
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. Ning luong tir dong co duoc chuyén dbi hai 1an (co khi thanh dién qua may phat
dién va dién thanh co khi qua dong co di¢n). Su thiéu hiéu qua cua may phat dién va dong
co dién gy anh hudng dén hiéu suét cua xe.

. Su hién dién cua may phat dién lam tang trong luong va gia thanh cua xe.

. Pong co dién phai du 16n dé dap tmg yéu cau luc kéo t6i da cua xe vi chi c6 minh
no tao ra luc kéo.

2.2.6.2. H¢ théng Hybrid song song.

Hybrid truyén dong theo co ciu song song: Dbi voi loai hé théng ndy, ca hai ngudn
dong luc (dong co xing va motor/mdy phat dién) déu duoc két ndi truc tiép vao banh xe
chu dong va cé thé truyén dong luc mot cach doc lap hoac déng thoi vo1 nhau. N6i mot
cach don gian la banh xe c6 thé duoc xoay mot cach riéng biét bﬁng dong co dién hoac
dong co xang, hodc dong thoi ca hai. Pong co dién dam nhiém hai chtic nang chinh. Chire
nang thir nhét 14 chuyén héa dién nang dugc cung cip tir pin dién thanh co ning tdi banh
xe chil dong. Chtrc nang thit hai 12 chuyén hoa ngugc lai tir co ning tir phanh va giam toc
d6 dé tao thanh dién nang dé nap lai cho pin. Hau hét cac hang san xuét O to Hybrid hién
nay déu cung thiét ké theo cach nay vi tinh vu viét ctia n6 1a ¢o thé tan dung ca hai ngudn
nang lwong mot cach hidu qua nhat.

Thung nhién
ligu
nhiét }=I

( )

Piu cudi va vi sai

Co céu truyén g
3 dong co khi -_-<

—

Truyén luc co khi

P | Eds

B didu khién
dong co

il b s e 3

BO nap dién
ac quy ———» Kéo

________ -+ B0 nap dién acquy

Hinh 2.13 Co cau kiéu song song.

Uu thé: hé théng nay sir dung ca hai ngudn ning luong nén cong suat cta 6 to s&
manh hon, mic d§ hoat dong cua dong co dién it hon dong co dbt trong nén khong gian

binh dc-quy nho va gon, trong lugng ciia xe nhe hon so véi kiéu ghép nbi tiép va hdn hop.
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Tuy nhién dong co dién va bd phan diéu khién motor dién c6 két ciu phirc tap, gia thanh
dit. Dong co ddt trong phai thiét ké v6i cong suét 16n hon kiéu lai ndi tiép. Tinh 6 nhidm
mdi truong ciing nhu tinh kinh té nhién liéu khong cao.

2.2.6.3. H¢ théng Hybrid hén hep.

Co céu nay 1a su két hop hai co cdu ndi tiép va song song nhiam dé tdi wu nhiing
diém manh cta hai hé thdng mang lai. Co cdu c6 hai motor, va tuy vao timg trudng hop
truyén dong, chi can motor dién hodc ca motor dién va dong co, myc dich la dé dat hiéu
sudt cao nhit. Co cdu nay dugc ing dung trén xe Hybrid Prius va Hybrid Estima.

Uu thé cua hé thong nay gidng véi kiéu song song chinh 13 tan dung t6i da tinh ning
va cong suat, giup chiéc xe van hanh hiéu qua va tiét kiém dugc nhién liéu san sinh. Ngay
nang, phan 16n cic xe hybrid trén thi trudng thuong sir dung kiéu hé thong truyén lyc nay.
Tuy nhién, han ché ciia n6 1a gia thanh qua cao, chi phi ché tao va sira chira tén kém, sir
dung ngudn dién 16n dé giy nguy hiém néu khong biét xtr Iy dung céach.

System Energy Flow
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Hinh 2.14 Co céu kiéu hdn hop.

2.2.7. Phdn loai xe Hybrid.
2.2.7.1. FHEV.

FHEV dugc viét tit bi cum tir Full Hybrid Electric Vehicle, FHEV chay bang ca
dong co dbt trong va dong co dién sir dung ning luong duogc luu trit trong pin. Tuy nhién,
khong giéng nhu hau hét cac loai xe dién, trinh diéu khién HEV sac pin cua ching dugc
thong qua phanh tai tao. Hé théng phanh tai tao tich trit dong ning dung dé dimg xe dé sac
pin va giup dong co dbt trong ting tdc cho xe. Micro hybrid, sir dung ca pin va dong co

dién dé xe chay.
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Mic du chung khong thé chay hoan toan bang ning luong dién, nhung chung tbi da
hoa kha ning tiét kiém nhién liéu bang cach tit dong co dot trong khi ding hoan toan. Hé
théng hybrid hoan toan c6 ning luong pin dé gitp xe di chuyén chi bang dién, nhung
thudng chi trong khoang cach ngan vo ning luong pin c6 han. Nhung dong co ddt trong s&
nhanh chong dugc khai dong dé nap lai ning lugng cho pin.
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Hinh 2.15 Hé théng FHEV.

2.2.7.2. MHEV.

MHEV- Mild Hybrid Electric Vehicle 13 cip d6 lai thdp nhat ctia xe Hybrid. Hé
thdng Mild — hybrid 1a su két hop giita dong co ddt trong, pin va dong co dién, nhung pin
va dong co dién nho hon nhiéu. MHEV cai thién muc tiét kiém xing bang cach sir dung
pin 48V khiém tén va dong co dién dé ting hiéu qua ctia dong co dbt trong (ICE).

Khong giéng nhu xe hybrid dién, MHEV khong chi chay béng nang luong dién,
mic du ICE c6 thé bi tit trong qua trinh phanh, giam toc do va dimg lai. Ngoai ra, ngay ca
khi tit ICE, dong co dién van c6 thé cung cip ning luong cho cac tinh ning khong can

thiét nhu diéu hoa khong khi hodc sudi ghé.
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Hinh 2.16 Hé thong Mild- Hybrid.

MILD HYBRID BATTERIA
STARTER

X

Ll
VWAL

2.2.7.3. PHEV.

PHEV la viét tit Plug-in Hybrid Electric Vehicle. PHEV m¢ rong dua trén khai
niém vé xe hybrid tiéu chuan. Chung c6 ca dong co ddt trong va dong co dién chay bang
pin va c6 thé cam sac bén ngoai dé sac lai pin. Piéu nay cho phép pin luu trir da nang lugng
dé cung cap cho dong co dién va do dé giam muc sir dung khi d6t cta ban toi 60%. Diéu
nay co6 thé giup ban tiét kiém thoi gian va tién bac tai may bom xing. Xe PHEV c¢6 thé di
chuyén quing dudng 18n t6i 40 dim chi bang niang luong dién, thay vi mot vai dim véi xe

hybrid tiéu chuan.
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Hinh 2.17 Hé théng Plug- In Hybrid.
Xe ¢6 thé sac bang dién dan dung voi ( AC100V/200V) hodc sac nhanh DC cong suit 1on
duoc bd tri giup giam thoi gian sac dién.
2.2.7.4. REX.
REX- Range Extender Hybrid gdm c6 dong co dién va dong co d6t trong. Nhung

dong co ddt trong khong phai chiu trach nhiém vé truyén dong cho xe ma chi ding dé sac
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pin cho hé théng. Pong co dién sé& tham gia chinh chi yéu vao qua trinh hoat dong banh
xe. Pong co dbt trong s€ duogc b tri b@fmg mot dong co ¢d nho, con dong co dién thi duoc
m¢ rong pham vi hoat dong. REX Hybrid thuong khong twong thich vdi cac xe 6 t6 doi
hoi hiéu suat cao. Mot s6 mau xe st dung hé thong REX nhu BMW I3 REX, mét sé miu

2.3.  Tinh hinh va xu thé caa xe Hybrid

2.3.1. Xu thé xe hybrid.
Vao dau thé ky 20 cac nha san xuit xe ctia My d sir dung dong co xang, dién va

hoi nudc mot cach song song. Ho sém nhén ra rang hai hay nhiéu dong co két hop lai s&
lam tang tinh hiéu qua ctia dong co. Va két qua cua gia thuyét d6 1a dong co Hybrid (dong
co xang dién) ra doi vao nam 1905 do mdt k§ su ngudi My phat minh. Thoi ky d6 phat
minh nay khong dugc may nguoi quan tdm boi vi dong co dot trong khi d6 con kha ré so
v6i dong co xang dién co cung cong suat. Sau 70 nam, khi cudc khung hoang dau lira xay
ra, van dé tiét kiém nhién liéu mdi dugc quan tAm nhiéu va day chinh 1a Iy do dé dong co
Hybrid dugc nghién ctu lai. Tuy nhién, 30 ndm trude, do mot sb quy dinh nén dong co
Hybrid d4 bi tri hoan. Ngay hom nay nhiing chiéc xe nhu Toyota Prius hay Honda Accord
loai Hybrid d trd nén pho bién, duoc nhiéu nguoi tiéu ding yéu thich. Liéu Hybrid c6
phai 1a xu hudng cua xe trong tuong lai?

Mot trong nhitng 1y do nita khién Hybrid ngay cang duoc quan tim d6 1a méi truong
song. Nhu chung ta biét dong co ddt trong s& thai ra khi carbon monoxide (CO), carbon
dioxide (CO2) va khi hydro-carbon (HC) chua d6t, day 14 nhiing nhan t6 chinh gay 6 nhiém
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moi truong. Cac hién tugng nhu sy nong 1én cia toan cau hay hién twong “El Nino” xay ra
mot phan 13 hau qua cia viée sir dung dong co dau diesel va xing.

Sy phat trién ctia cong nghé Hybrid s& gitp ha gia gia thanh nhién liéu, theo uéc
tinh lwong xe Hybrid duoc san xuit sé ting gap doi mdi nim, mot dy bao rat lac quan 1a
vao nam 2007 hay 2008 s€ c6 khoang mot tri¢u xe Hybrid dugc ti€u thu tai thi truong My.
Nhung chung ta khong nén quén rang doanh s cta cac loai xe thong thudng ciing s& ting
1én, vi du nhu néu hién nay c6 200 ngan chiéc xe tai My, thi sau 20 ndm con s6 d6 c6 thé
s& 12 300 ngan chiéc.

Nam 2006, thi trudng My ¢6 10 mau xe Hybrid khac nhau c6 gia tir 19,000 ddla toi
53,000 ddla. Chiéc Honda Civic va Toyota Prius dugc coi 1a nhitng chiéc xe thong dung
nhit c6 gia dudi 30,000 ddla. Mirc gid d6 co thé 1a khong phai 1a thap ddi voi mot chiée
compact sedan nhung ciing khong qua cao. Trong vong 5 nam téi sé xe Hybrid sé& 1én dén

50 chiéc gdm nhiéu hinh dang, kich thudc va gi ca.

U.S. Hybrid Cars Market =eEveE

Size, by Degree of Hybridization 2020 - 2030 (USD 8iilion) GRAND VIEW RESEARCH

14.7%

U,:a Mar-i: CAGR,

2020 2024 2022 2023 2024 2025 2026 20 2029
® Ful-hwbnd Plug-intybnd Milc-hyonid

Hinh 2.19 Xu hudng thi truong xe Hybrid tai U.S.

Quy md thij truong 6 t6 hybrid toan cau ude tinh dat 203,09 ty USD vao nim 2023
va
2.3.2. Tinh hinh xe hybrid trén thé gidi.

So v6i su phat trién cia xe dién, thi xe hybrid lai 1a dong xe da s6 dugc wa chudng
trén thé gisi. Ly do chiing dugc wa chudng vi khong phai mat thoi gian sac pin nhu dong

xe di€n, mot phan cac tram sac chua dugc phan bo rong rai so vdi tram xang. Nhirng dong
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xe hybrid duoc bd sung thém dong co dién dé ting cudng cho dong co xing nén chi phi st
dung xing duoc giam. Dic biét, tinh hinh kinh té do chién tranh giira Ukraina va Nga lam
anh hudéng dén lugng xing dau trén thé gisi.

Viéc han ché lugng xdng ti€u thu cling nhu thoi gian dé sac nhu xe dién nén xe
hybrid kha duoc ua chuong. Nhitng dong xe hybrid dugc ban chay nhat trén thé gidi bao
gdém nhu Toyota RAV4 Hybrid — chiéc xe duoc tim kiém nhiéu nhat tai My, dtng thit hai
1a xe Honda CR — V Hybrid va Toyota Highlander Hybrid & vi tri thir 3. Ta c6 thé thay

Toyota lam rét tot trong viéc phat trién xe Hybrid dé tiép can dén nguoi dung.

Hybrid Cars Market EviE

Trends, by Region, 2024 - 2030 GRAND VIEW RESTARCH

62.2%

Asia Pacific Markst
Revenue Share, 2023

® Largest Markst

Hinh 2.20 Thi trudong xe Hybrid ting truong tiém ning.

Thi trudng 6 t6 hybrid Bic My duoc du doan sé ting trudng véi toc d6 CAGR sinh
loi trong giai doan du bao. Vi nhitng lo ngai ngay cang tang vé bién dbi khi hau va 6
nhiém khéng khi, nguoi tiéu diung & Bac My ngay cang tim kiém cac lya chon thay thé
giao thong xanh hon. Y thic vé méi truong thuc day sy quan tAm ctia ngudi tiéu dung va
khuyén khich viéc ap dung 6 to hybrid nhu mét lwa chon giao thong than thién vdi moi
truong hon.
2.3.3. Tinh hinh xe Hybrid ¢ Viét Nam.

Di cung véi tinh hinh cua thé gidi, Viét Nam ciing timg budc budc chan vao dong
xe hybrid. O Viét Nam, xe hybrid van con kha méi mé, do cac xe sir dung dong co dét

trong truyén théng di qua ré va phu hop véi dai da sb nguoi dung tai Viét Nam.
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Tuy nhién, Nam 2024, thi truong xe hybrid tai Viét Nam chimng kién sy ting trudng
dang ké, v6i tong doanh sé dat gan 10.000 xe, cao hon nhiéu so véi nam 2023. Toyota din
dau phan khiic xe hybrid véi hon 5.300 xe ban ra, chiém khoang 54% thi phin. Mau xe
Toyota Innova Cross Hybrid tré thanh miu xe xang lai dién ban chay nhat Viét Nam trong
niam 2024, véi 2.461 chiéc duge giao tdi tay ngudi ding. Honda ciing ghi nhan sy ting
truong 4n tuong, v4i tong doanh sb 6 to dat 28.267 xe, ting 19% so voi ndm 2023. Trong
d6, mau Honda CR-V, bao g@)m ca phién ban hybrid, dat doanh sb 6.688 xe.

34
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Hinh 2.21 Doanh sb 6 t6 ciac nuéc DNA.

Trong quy I ndm 2025, doanh s6 6 to Viét Nam tang 24% so voi cing ki nam trude.
Pay 1a mirc ting cao hon nhiéu so véi cic nude trong khu vuc. Trong d6, doanh sb xe
hybrid ting trudong véi tdc d6 nhanh nhat. Doanh sb ting 80% dat 2.562 xe.

Sy tang trudng ndy cho thay ngudi tiéu dung Viét Nam ngay cang quan tim dén cac
dong xe than thién véi méi truong va tiét kiém nhién liéu. Tuy nhién, thi phan xe hybrid
van con khiém t6n so véi tong doanh s6 6 t6, cho thiy tiém niang phat trién con rat 16n
trong tuong lai.

2.4.  Cac bg phan chinh cia xe Hybrid.
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Power control ur

Engine

Power spiit device

Hinh 2.22 Céc thanh phan cua xe Hybrid.

Pong co dién: dugc cung cip niang luong tir i quy, sau d6 chuyén sang ning lugng
co hoc dé dan dong cac banh xe. Piém manh cua dong co dién la tao ra dugc moé-men lon
& s6 vong quay nho va van hanh tron tru.

Hop sb: c¢6 thé van hanh véi nhiéu loai hop s6. Cac loai hop sb ma 6 to Hybrid
thuong dung 1a: hdp s6 voO cép, hop sb sang sb tu dong, hop sb tay, hop sb tu dong thong
thuong voi bd chuyén doi mo-men.

Bo phan diéu khién: diéu khién cac ché d6 lam viéc sao cho phu hop véi timg co
ché 14i xe va su phéi hop gitra dong co dién, DPCDT.

Ac quy: mét bd phan vi nhu 1a trai tim cua 6 t6 Hybrid, ¢6 vai tro san sinh di€n, nap
dién trong lic phanh va dam bao vé mit tudi tho. Hién nay trong cac dong Hybrid thudng
sir dung 4c quy axit chi. Trong twong lai gan hai loai ac quy ino-lithium va polime- lithium
c¢6 nhiéu trién vong ap dung cho xe Hybrid bdi vi tinh vu viét ciia nd hon dc quy axit chi.

H¢ thong 1am mat: cé chiic nang lam mat DCDT, nhién liéu va ac qui. Mot cong
dung khéc, c6 tac dung séy noéng cabin xe hodc lam mat cho mdt s6 bd phan khac.

H¢ thong xir 1y khi thai: khi x4 6 to ludn phai dam bao tiéu chuan thé giéi 1 mot
mdi lo ngai vo cung 16n. O t6 Hybrid san sinh ra lugng khi xa it vi dung it nhién liéu va
thudng dung nhitng ngudn nhién liéu dat chuan, lam ting cong ning cua dong co, giup
giam 6 nhiém moi truong.

2.5. Tinh kinh té ctia xe Hybrid

Tiét kiém ning luong trén duong trudong, xa 16 véi van toc 6n dinh: Khi van hanh 6

t6 Hybrid trén nhitng doan dudng ndy, ngudn dong lyc chinh lai 1a dong co ddt trong boi

vi no dat hiéu suit cao hon khi chay dudng dai cling nhu manh mé hon dong co dién. Cach
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thiét ké nay gitp ich rat nhiéu cho 6 t6 Hybrid dat dugc gia tdc manh va vén tdc cao twong
tir nhu cac loai 6 t6 truyén thong khac.

Kinh té trong qu4 trinh thu hdi ning lugng: Ngoai tiét kiém ning luong trong qua
trinh st dung dong co ddt trong chuyén hoa ning luong tir nhién liéu sang co ning mot
cach hiéu qua hon, tinh vu viét ctia 6 t6 Hybrid con duoc thiét ké nham thu hoi lugng ning
luong bi hao phi qua qua trinh van hanh. Dbi voi 6 t6 Hybrid, co ning c6 thé dugc chuyén
hoa thanh dién nang va nap lai vao pin dién, vi thé rat nhiéu ning luong hao phi trong qué
trinh van hanh xe dugc thu hdi vao tai sir dung, tranh lang phi nang luong

* Giédi han:

Khuyét diém 16n nhat ciia cong nghé 6 to Hybrid 13 hé théng pin nap lai duoc
(Rechargable Battery), diéu d6 1a mot van dé khé khin cho cac nha nghién ctru trén thé
gidi vé xe Hybrid noi riéng va xe dién noi chung

Gia thanh pin rat dit, mot bo pin co gia tri vai nghin d, tudi tho pin khong dugc cao 1a
méi ban tam d6i véi nguoi st dung, dac biét ddi véi nguodi su dung 6 t6 Hybrid cii.

Tuy nhién hién nay, cac nha san xuat van dang nd lyc tim kiém cach khac phuc cho
nhitng han ché nay nhu: tin dung tai ché pin cii, ché tao pin méi t6i wu hon véi tudi tho
cao v.v... hita hen dem lai nhitng céi tién moi, cit giam chi phi san pham, tdi vu hoa cong
nghé pin dua k§ thuat vé 6 t6 Hybrid 1én tang cao boi nhitng loi ich ma n6 mang lai. Nhitng
ngudi c6 mire song thip van cé thé mua duoc, chic chin s& huéng dén trong twong lai, str
dung ning luong xanh, tiét kiém chi phi, giam thiéu luong khi thai gay 6 nhiém méi truong
theo tiéu chuan thé gidi.
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CHUONG 3: KHAO SAT VA TiNH TOAN KIEM NGHIEM HE THONG
PONG LUC XE TOYOTA CAMRY HYBRID.

3.1.  Giéi thigu chung vé xe Toyota Camry Hybrid.
3.1.1. Téng quan vé xe Toyota Camry Hybrid.

Camry 13 mot cai tén bat ngudn tir tiéng Nhat “ Kanmuri ” ¢6 nghia 13 “ Vuong
Mién”. Y nghia nay nham thé hién sy xuit sic, dang cap va vi thé hang dau cta dong xe
trong phan khuc sedan hang trung. Toyota Camry Hybrid di khang dinh vi thé ctia minh
trong phan khic sedan hybrid subt gan 20 nim qua nho su két hop giita do tin cdy, hiéu
suét nhién liéu va tinh thuc dung.

Ra mit vao nim 2007, phién ban Hybrid ctia Camry mang cong nghé HSD Hybrid
Synergy Drive tién tién, cho phép tiét kiém nhién liéu ma van giit duoc nhiing gia tri truyén

thong cia Camry — biéu tugng cua chat luong, dd bén va sy dang tin cady, von da duoc xay

dung qua hon 40 nim phat trién.

1 (2007- 2011)

Hinh 3.1 Céc thé hé xe Toyota Camry Hybrid.

Bang 3.1 So sanh dic diém cac thé hé xe Toyota Camry Hybrid.
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Pong co- Cong
nghé

Kién tric- Thiét ké.

Hiéu suat- Tiet

kiém nhién liéu

(2007-
2011)

- Hé thong HSD voi
dong co xang 2.4L 4
Xi-lanh (ma 2AZ-
FXE) két hop véi
mo-to dién.

- Cong nghé hybrid
dugc gidi thiéu lan

dau cua Toyota.

- Thiét ké dya trén dang vé
truyén théng cua Camry voi
phong cach kin d4o, trang nha.
- Trang bi cac tinh nang an toan
co ban (ABS, EBD, céin bang
dién tr).

- Cac hé théng hd tro 14i xe
chua qua tién tién so véi cac doi

Sau.

- Cong  suat
khoang 187 HP,
muc ti€u thu xdng
trung binh khoang
6.0L/100km.

- Pit nén mong
cho cong nghé

hybrid cta Toyota.

(2012-
2017)

- Nang cap sang dong
co xang 2.5L 4 xi-
lanh (ma 2AR-FXE)
két hop mo-to dién.

- Hé théng Hybrid
Synergy Drive duogc
cai tién dé tang hiéu

suat.

- Thiét ké dugc 1am méi véi
duong nét mém mai, tinh té hon
va noi that duoc cai thién, ting
tinh sang trong va tién nghi.

- Tich hop thém cac cong nghé
hd trg 14i xe tién tién, cai thién
hé thong an toan so véi thé hé 1.
- Hé thong canh bao va cham va
hd trg phanh khan cap bat dau

xuat hién.

- Cong suét ting
lén khoidng 200
HP, tiéu thu nhién
liéu giam xudng
khoang
5.2L/100km.

- Nang cao hiéu
suat va tiét kiém

nhién liéu.

(2018-
2024)

- Ap dung nén tang
TNGA voi dong co
2.5L Dynamic Force
(mi A25A-FXS) két
hop mo-to dién.

» Cong ngh¢ hybrid
duge t0i uu héa dé
can bang giita hiéu
sudt va tiét kiém

nhién liéu

- Thiét ké hién dai véi trong
tam xe thép, cai thién khi dong
hoc va kha nang xu ly.

Nbi that cao cap, chi tiét tinh
x40 va khong gian rong rai.

- Tich hop hé théng an toan
Toyota Safety Sense (TSS) véi
nhiéu tinh ning nhu hd trg giir
lan, canh b4o va cham, phanh
khan cap ty dong va kiém soat
hanh trinh thich ung.

- Cong  suat
khoang 208 HP,
muc tiéu thy gidm
xudng khoang
4.5L/100km,

ra trai nghiém lai

tao

xe manh mé
nhung tiét kiém
nhién liéu.

- Budc nhay vot
vé cong nghé, két

hop hoan héao gitra
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- H¢ thong giai tri va két noi

hién dai

tién nghi, an toan
va hi€u suat vuot

troi.

- Mau xe Hybrid-
only voi dong co
2.5L cai tién, san
sinh tr 225 dén 232
ma luc (FWD va
AWD).

- Str dung hé thng

4
(2025 pin lithium-ion tién

) tién thay thé pin
nay

nickel-metal hydride,
cai thién hiéu suat va

gidm trong luong.

- Thiét ké hoan toan 1am mdi,
t6i ru hoa hiéu sut khi dong
hoc va ndi that hién dai véi man
hinh k§ thuat sé 12.3 inch, chi
tiét tinh x40 va cam gidc cao
cap.

- Tich hgp hang loat cong nghé
an toan va ho tro 1ai xe ty dong
tién tién.

- Két nbi khong day Apple
CarPlay va Android Auto, cung
cac tinh nang tién ich khac giap
nang cao trdi nghiém nguoi

dung.

Mirc tiéu thu duoc
udc tinh khoang
4.2L /100km, véi
hiéu suit van hanh
vuot troi.

- Céng suit manh
mé, dap Ung nhu

cau lai xe hién dai.

- Khang dinh
camry hybrid
tuong lai cua

Toyota v&1 cam
két xanh va doi
mo1 cong  nghé,
thi

truong toan cau.

huéng  dén

3.1.2. Khdo sdt vé xe Toyota Camry Hybrid 2023.

Toyota Camry Hybrid 2023 13 mdt chiéc xe ¢& trung do Toyota san xuat, va duoc

nhap khau vao Viét Nam nguyén chiéc tir Thai Lan va dugc phan phdi chinh hang.

Toyota Camry phan phdi tai Viét Nam véi 4 phién ban 1a Camry 2.0G, Camry 2.0Q,
Camry 2.5Q va Camry 2.5HV. Phién ban Camry 2.5HV dugc dinh vi 1 phién ban cao cap

nhit trong dong xe Camry, canh tranh véi cac d6i thu trong phan khic Sedan hang D.
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Hinh 3.2 Toyota Camry Hybird.

Toyota Camry Hybrid khang dinh vi thé ciia dong Sedan hang trung véi sy két hop
hoan hao gitra thiét ké sang trong, tién nghi cao cip, kha ning van hanh manh mé& va hiéu
suét tiét kiém nhién liéu nho vao viéc sit dung cong nghé Hybrid tién tién (két hop gitta
dong co xiang va mo- to dién) cua Toyota. Phién ban Hybird mang dén su trai nghiém ém

ai, tiét kiém va hang thién méi trudng v6i nhitng khach hang st dung.

TIET KIEM NHIEN LIEU GIAM PHAT THAI CAM GIAC LAI YEN TINH TUYET B0
HIEU QUA HUONg d8n mt cude sEng xanh vA bin ving TRAN HUING KHE D60 Il Mol tiEng Bn khding chn tIBL, che ben
Kha ning vin hanh divm chde m 4l va & LA 3 litn chon tuylt vl cho nhiing sl mudn tm thu thAl 18n hudng khang glan cda riéng minh
Il it UBu higu Gud. s N khdl sau tay 181

Hinh 3.3. Loi ich cong ngh¢ Hybrid cua Toyota.
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Toyota Camry Hybrid 2023 duoc xay dung trén nén tang Toyota New Global

Architecture (TNGA), 13 nén tang khung gam va triét 1y thiét ké xe mang tinh cach mang

ctia Toyota anh hudéng dang ké dén thiét ké tir 46 mang dén hiéu suét va trai nghiém 14i xe

vuot troi hon. Camry Hybrid 2023 sé hitu ngoai hinh sang trong nhung khong kém phan

lich thiép vé6i cac duong nét duge thiét ké trau chudt ti mi tao nén vé ngoai cudn hut.
% Thiét ké ngoai that:

Ludi tan nhiét: Ludi tan nhiét 1on véi cc chi tiét ma chrome tinh té, tao diém nhéan
manh mé& cho phan dau xe.

Cum dén chiéu sang: Pén pha LED sic sao voi thiét ké vudt nguoc, tich hop dén
LED ban ngay, mang lai kha ning chiéu sang tdi wru va tang tinh thAm my.

Than xe: Pudng gan dap ndi chay doc than xe tao cam giac khoe khodn va ning
dong.

Mam xe: Mam xe hop kim da chau véi thiét ké thé thao, ting thém vé sang trong va
lich 1am cho xe.

Pubi xe: Cum dén hau LED thiét ké tinh té, két hop voi cac duong nét goc canh, tao

nén vé ngoai hién dai va cudn hut.

% Thiét ké ndi that: Khong gian ndi that cia Camry Hybrid 2023 duoc thiét ké rong rai,

thoai mai va sang trong, véi su chu trong dén tirng chi tiét:

Chét liéu: Nbi that duoc boc da cao cép, két hop véi cac chi tiét 6p g0 va kim loai,
tao nén khong gian sang trong va 4m ciing.

Ghé ngdi: Ghé ngdi dugc thiét ké om sat co thé, mang lai cam giac thoai mai cho
ngudi 14i va hanh khach trong nhitng hanh trinh dai. Ghé 14i ¢6 chtrc nang chinh
dién va nhé vi tri.

Bang diéu khién trung tim: Bang diéu khién trung tdm duoc thiét ké truc quan, dé
str dung, v&i man hinh cam ng 16n hién thi cic thong tin vé xe va hé thong giai tri.
Khong gian: Nho chiéu dai co s6 16n, Camry Hybrid 2023 mang lai khong gian dé

chan rdng rai cho ca hang ghé trudc va sau.

% Dong co va hi¢u suat:

Pong co xing: Pong co xing 2.5L Dynamic Force 4 xi-lanh, san sinh cong suét
manh mé.
DPong co dién: Pong co dién hd tro, cung cip thém sirc manh va giup giam tai cho

dong co xdng, dic biét khi di chuyén & téc d6 thip hoic khi ting tdc.
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e Hop sb: Hop s6 E-CVT (Electronic Continuously Variable Transmission) giup xe
van hanh ém 4i, muot ma va tiét kiém nhién liéu.

e Hg¢ thong Hybrid Synergy Drive: Hé thong nay ty dong diéu phdi hoat dong giira
dong co xdng va dong co dién dé t6i wu hoa hiéu suat va tiét kiém nhién liéu.

% Trang bi va tién nghi: Camry Hybrid 2023 dugc trang bi hang loat cac tinh nang va

tién nghi cao cap, dap rng moi nhu cau cua ngudi dung:

e Hg¢ thong thong tin giai tri: Man hinh cam tng 16n, tich hop hé thdng dinh vi, két
nbi Apple CarPlay va Android Auto, cho phép ngudi dung d& dang truy cép cac tng
dung va tinh ndng yéu thich.

e Hé thong am thanh: Hé théng 4m thanh cao cap mang dén trai nghiém 4m nhac song
dong va chan thyec.

e Piéu hoa ty dong: Hé thdng diéu hoa t dong hai ving doc 1ap, cho phép ngudi 1ai
va hanh khéch tuy chinh nhiét do theo s¢ thich.

e Céac tinh nang khac: Cira so troi, chia khoa thong minh, khoi dong bang nat bam,

sac khong day, v.v.

< An toan: Toyota Camry Hybrid 2023 dugc trang bi cac cong nghé an toan tién tién

hang dau, bao vé t6i da cho nguoi 14i va hanh khéch:

e Toyota Safety Sense: G6i cong nghé an toan chu dong Toyota Safety Sense bao gom
céc tinh ning nhu: Hé thong canh béo va cham (PCS), hé thong kiém soat hanh trinh
thich tmg (ACC), hé théng canh bao 1éch 1an duong (LDA), hé thong hd tro giit lan
duong (LTA), hé théng gidm sat diém mu (BSM), hé théng canh bao phuong tién
cat ngang phia sau (RCTA)

e Céc tinh niang an toan khac: Hé théng chdng bo cting phanh (ABS), hé théng phan
phéi lyc phanh dién tir (EBD), hé théng hd trg phanh khan cép (BA), hé thdng cin
bang dién tir (VSC), hé théng kiém soat luc kéo (TRC), 7 tai khi, v.v.

3.1.3. Théng sé ki thugt.
Bang 3.2 Thong sé kich thudc- trong lwong xe Toyota Camry 2.5HV.

Kich thudc tong thé bén . A

.. Dai x Rong x Cao mm 4885 x 1840 x 1445
ngoai
Chiéu dai co s& mm 2825
Chiéu rong co s& Trudc x Sau mm 1580 x 1605
Khoang sang gam xe mm 140
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Ban kinh vong quay toi
N s quay m 5.8
thiéu
Dung tich binh nhién
n L 50
liéu
Trong luong khong tai kg 1565

Bang 3.3 Thong s6 dong co — van hanh xe Toyota Camry 2.5HV.

Loai dong co A25A- FXS

S6 xylanh 4xylanh thang hang
Dung tich dong co cc 2487

Loai nhién liéu Xang

Hé thong van bién

thién

VVT-IE

A A T Phun xing tryc tiép
H¢ thong nhién li¢u

(D- 4S)
Cong suat toi da kw(hp)@rpm 131(176)5700
Momem xoin toi da Nm@rpm 221(3600- 5200)
Cong suat tbi da Kw 88
bong co dién Momem xoan tdi
i Nm 202
Ac quy Hybrid Nikel Metal
Tiéu chuan khi xa Euro 5w OBD
Trong do6 thi (L/100km) 4.9
Tiéu thy nhién liéu Ngoai d6 thi (L/100km) 4.3
Két hop (L/100km) 4.4

Bang 3.4 Thong sb truyén luc — khung gam xe Toyota Camry 2.5HV.

Loai dan dong Dan dong cau truée/ FWD

Hop s6 S6 tir dong vo cap E-CVT

3 ché d¢ (Tiét kiém,

Céc ché do 1ai ‘ R
Thuong, Thé thao)

Hé thong lai Tro lyc dién

Vanh & 16p xe Loai vanh Hop kim
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Kich thudce 235/45R18
Trudc bia tan nhiét
Phanh
Sau bia dac

3.1.4. TNGA- Toyota New Global Architecture.

TNGA- 1a dinh huéng thiét ké nén tang toan cAt méi nhat cia Toyota, tai thiét ké hoan
toan bg phan truyén dong (dong co, cac bo phan truyén dong, HEV), va khung gﬁm co ban
nham cai tién vé cam giac 1ai va sy himg khai cho nguoi didu khién. TNGA dugc xay dung
trén hai tru cot

e Strc manh cdt 13i (Nén tang duoc chia sé trén nhidu mau xe).

e Nhin manh ca tinh (Phan than trén thay d6i theo timg mau xe va thi truong).

Str dung TNGA, Toyota da thay doi chiéc xe tir chinh c4u triic nén tang, ha thap do cao cua
mui xe, ha thép trong tdm cua xe va thuc hién cac cai tién khac dé cai thién va nang cao
hiéu suét van hanh.

Béang 3.5 Cac loi ich cua TNGA.

Tinh linh hoat: Giam thiéu cc chuyén dong than xe vin xoan, phan trong tim thap

hon va h¢ thong treo hoan toan mdi dé van hanh hi¢u qua, sac sdo va kha ning xur ly

nhanh nhay hon khi vao cua..

Trong tAim dugc ha thip nhim giam lue He¢ thong treo hoan toan madi lam tang
x6 ngang. cam giac lai va cai thién d¢ ém ai.

Tinh 6n dinh: Cai tién hé thong khung gam dat dugc cau trac tron 1am ting do cung

cua than xe nham tang cuong dd cuing viing.
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Cira trudce va cira sau Vach ngan khoang hanh ly

Cai thién tam nhin: Bang di€u khién thap hon va cot chit A nho, cua s6 rong hon

nham cai thién tdm nhin cua nguodi lai cho phép nguoi lai xe dé dang va ty tin hon

Biing diéu khién thap hon Cot A thu gon va ciia s6 rong hon
3.1.5. THS Il (Toyota Hybrid System I1).
Hé théng Toyota Hybrid System (THS) 1a mot hé thong truyén dong hybrid két hop

gilta dong co xang va dong co dién duogc gisi thidu 1an dau vao thang 12 nam 1997 trén

mau xe Toyota Prius. Tai trién 1dm 6 t6 NewYork 2003 da gi6i thiéu mot hé thong THS 11
v6i mot khai niém hoan toan mai Hybird Synergy Drive (HSD) duoc goi 1a Hé thong dan
dong Hiép Luc, véi hi¢u suat vuot troi va kha nang tiét kiém nhién liéu. THS II duoc trang
bi trén cadc dong xe Hybrid ctia Toyota hién nay nhu: Toyota Camry Hybrid, Toyota Altis
Hybrid, Toyota Corolla Cross Hybird....

THS II str dung bo chia cong suat -Power Split Hybrid, cong suat tir dong co duoc
truyén truc tiép dén banh xe, va cong suit tir dong co ciing chuyén ddi thanh dién bai may
phat dién dé dan dong dong co dién hodc pin. Cau hinh nay giup dimg dong co khi khong
tai, dimg dong co xing khi xe chay, chay xe bang dong co dién, hd tro dong co & moi dai
tde do va tai tao nang luong hi¢u qua ma khong can st dung ly hop hoac hop s6. Pat duoc
diéu nay nho vao viée str dung mé to dién c6 mé men xodn va cong suat 16n ¢ diy téc do
thap.
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Objective:
Compatibility of Environmental
& Power Performance

DRIVE
POWER

= 1.5 times higher output motor

= Atkinson cycle high-efficiency
gasoline engine

= New hybrid transmission
{(Higher-efficiency power
split device)

ELECTRIC
= High rpm generator = Energy optimization
= High Input/output performance management
Ni-MH battery = Torque-on-demand confrol

= High-voltage electrical system = Regenerative-brake control

with voltage boost circuit =

ENVIRONMENT POWER
= World's best fuel economy = Outstanding acceleration at start )
= Ultra-low emissions and;when Overtakhg Y 4

= Powerful and seamless response

Hinh 3.4 Kha ning tuong thich cta hiéu suat moi truong va cong suat.

THS II con sir dung hé thong méi sir dung mach dién ap cao giita dong co va may
phét dién, dong thoi lam giam ton that ndng luong trong qua trinh truyén ning luong nham
mang lai viéc t6i wu hoa hiéu suit nang luong.

Trong diéu kién hiéu suit dong co cao, THS II van hanh dong co ¢ hi¢u suét nhién
liéu tbi wu va tao ra dién tdi wu. N6 cling dat dugc kha ndng tai tao nang lugng 16n hon
trong qua trinh giam tdc va phanh, do d6 1am tang hiéu qua dau vao/dau ra dién.

Cong suit md to gip 1,5 1an nhd vong tua cao hon ciia dong co, mo to va may phat
dién. N6 ap dung mach dién 4p cao va pin hiéu sudt cao hon dé ting ngudn cung cip
dién. Két qua 13, cong suat mo to va cong suit dong co cung nhau mang lai hiéu suit chay
manh m& hon nhung ém a1 hon.

Mach dién ap cao 1a mot cong nghé moi hd trg hé théng THS II méi. Béng cach cung
cip mach dién 4p cao méi duoc phat trién bén trong bd diéu khién cong suét, dién ap cua
dong co va may phét dién di tang tir 274V trong THS 1én t6i da 500V trong THS II. Két
qua 13, dién niang c6 thé duoc cung cip cho dong co bang dong dién nho hon, do d6 gbp

phan ting hiéu suat
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(THS ) 274V
e

L | |

Motor Generator Battery

| | ! |
(THS 11 ) '

I - I y High-voltage
Motor Generator power circuit

| | ,

Hinh 3.5 So sanh hé thong cp nguén cao ap ciia THS va THS 11

500V
A

Battery

Dong co va may phat dién déu su dung 1a loai déng bd xoay chiéu AC. Dbong co
dién st dung 1a dong co khong chéi than DC hiéu suit cao v6i dong dién xoay chiéu. St
dung nam cham vinh ctru va rotor bang cac tdm thép tir xép chong 1én nhau tao thanh dong
co dién co hiéu suét cao. Véi viée sép Xép cac cac nam cham vinh ciru theo hinh chit V t6i
wu, md men xodn dan dong dugc cai thién va cong suat dau ra dugc ting 1én. Két hop voi
ngudn cung cip dién 16n hon dat dugc nho ting dién ap nguodn, di ting cong suat dau ra
1én khoang 1,5 1an tir 33 kW 1én dén 50 kW so voi THS.

May phét dién da dugc ting do bén cua roto dan dén s6 vong tua may t6i da ma may
phat ¢ thé chiu dugc ting tir 6500 vong phut (¢ phién ban THS) dén 10000 vong/phit.
Vong quay cao nay da ting dang ké ngudn cung cip ning lugng 1én pham vi toc d6 trung
binh, cai thién hiéu suét tang toe & toe do thép/trung binh.

Torque 0
: | S0KW s
I THS
| :| /KW
mpm  (TMC data) s

Hinh 3.6 So sanh cong suit ciia may phat THS va THS II.
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Trong THS II, nhiing cai tién

hon nita d3 duoc thyc hién dbi véi pin
niken-metal hydride hiéu suét cao, A
nho gon dugc phat trién cho THS. Sau  Bebre mpoienznl
khi giam dién tré trong cta pin bang
céch cai thién vat ligu dién cuc va st THS
. . (After improvement)
dung cau truc két n6i hoan toan maoi
gitta cac cell (pin), mat do dau
vao/dau ra ctia pin mai t6t hon 35% so L
vo1 pin dugce su dung trong THS, dat

dugc mat d6 dau ra cao nhat (déu ra
trén mot don vi trong lugng) trén thé  Note: The Japanese-market Prius was upgraded in August 2002
gioi.
Hinh 3.7 So sanh ti trong OUTPUT cua
pin THS va THS IL

THS II di dat duoc hiéu qua cao hon bing cach cai thién kha ning kiém soat quan
1y nang lwong hybrid va thuc hién cac cai tién ddi véi hé thong kiém soat phanh phdi hop
tai tao, ca hai déu duoc thiét ké dé cai thién hiéu qua ning lugng cua toan bd xe.

3.2. Gi6i thi¢u dong co A25A- FXS xe Toyota Camry Hybrid.

Toyota Camry 2023 duogc
trang bi dong co nhi¢t A25A- FXS,
dugc gioi thiéu ra mat lan dau
2017. Pong co nay la mot phan clia
dong dong co “ Dynamic Force”
ctia Toyota nham muc dich nang

cao hi¢u suat sir dung dong thoi toi

uu hda cong suat dau ra.

Hinh 3.8 Bong co A25A- FXS.

Bang 3.6 Thong s6 dong co A25- FXS.

Nam sin xuat 2017
Str dung nhién liéu Xang
Loai dong co 4 xilanh- Thiang hang
Dung tich 2487 cc
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Thir tu n6 1-3-4-2
Hé thong nhién liéu Phun truc tiép (D4-S)
Ti s6 nén 14:1
Puong kinh xilanh 87,5 mm
Hanh trinh Piston 103,4 mm
BG tri van DOHC- 16 vavle
Cong suat t6i da 131(176)5700 kw(hp)@rpm
Momem xoan toi da 221(3600- 5200) Nm@rpm

Pong co A25A- FXS sir dung su két hop cua cac cong nghé tién tién va hién dai
nhat cta Toyota nhur van hanh véi chu trinh Atkinson, dual VVTi, phun xang truc tiép D4-
S, va ti sd nén cao... gop phan vao kha ning tiét kiém nhién liéu 4n twong va khi thai thap.
3.2.1. Khéi dgng co.

Khéi dong co A25A- FXS dugc duc bang vat liéu nhém (hop kim nhe). Ong 16t
xilanh duoc duc bang gang va duoc duc lién vao khdi dong co. Xilanh sé 1 khong ¢6 1am
mat bang nudc & mit trudce, diéu ndy cho phép giam chiéu dai tong thé ctia khdi dong co.
Céc duong din diu va nude 1am mat dugce dua gan nhau dé truyén nhiét t6t hon - lam néng
nhanh dong co lanh va lam mat khi tai cao. C6 cac dudng dan nude lam mat nghiéng dugc

khoan giira cac xi-lanh.

Hinh 3.9 Khéi dong co.

a. Long xilanh- b. Ong 16t xilanh- ¢. Vét mdt cdo- e. Puong mede lam mat- f. Lo thong
hoi- g. Puong dau- h. 94mm- i. 97mm.
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DPong co co thanh truyén co do
bén cao va piston duoc thiét ké dang chi
T bang nhoém nhe véi 16p phu dic biét.

Hanh trinh piston c6 d6 dai ki luc
1a 103.4mm va c6 ti s6 nén rat cao 14:1
do d6 tao nén hiéu suit cao (suét tiéu thu

nhién liéu thap).

piston dai.

3.2.2. Chu trinh Atkinson.

DPong co A25A- FXS 1a dong co st dung chu trinh Atkinson, dong co dugc phat
minh bdi James Atkinson vao nam 1882. Bong co chu trinh Otto thong thuong c6 4 giai
doan trong mdi chu trinh: nap, nén, gian ng (né) va xa, moi giai doan mat thoi gian va dich
chuyén piston bang nhau. Atkinson thiy rang trong 4 ky chi c6 ky nd tao ra cong c6 ich
truyén sitc manh cho dong co, 3 ky con lai hoan toan chi hap thu dong ning, va ling phi
nang lugng nhiéu nhat ¢ ky nén.

Y tudng giai quyét van dé ciia 6ng 1a giam thiéu tiéu hao cong lang phi ¢ ky nap —
nén va gia tang cong c6 ich & ky nd - xa. Tir d6 Atkinson lap luan rang, bang cach nao d6
néu ong c6 thé 1am giam dugc hanh trinh nén va tang hanh trinh n6 1én thi dong co sé& dat
hiéu suét t6i uu hon, tir d6 xe tiét kiém dwoc nhién liéu.

bong co chu trinh Atkinson thi khac, chung st dung hanh trinh nap ngén hon mot
chut so véi hanh trinh gian nd. Khi d6 ty 1€ nén thuc sy nho hon ty 1€ gian né giup hi¢u

suat nhién liéu cao hon.

(a) 4
P\|3 74

-
—
-
-
7

IJ

S=const.

4\ Mio

4

Atkm=on
oo

S=const.

4

Atknzon

I p=const.
> ' »
s

Hinh 3.11 So sanh db thi P-V va T-S gitra chu trinh Otto va Atkinson.
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Dbi véi dong co chu trinh Otto, pistdng bt dau nén khong khi tir DCD (diém 1),
thé tich giam va 4p suét ting cho dén khi dat DCT (diém 2). Sau dé, qua trinh danh lira
dién ra va hdn hop nhién liéu-khong khi phat nd, 4p suit ting va dat dinh ngay lap tirc
(diém 3). Piéu nay day pit-tong xudng dudi, thé tich md rong va giam ap suét cho dén khi
pit-tong cham dén BCD Otto (diém 4 Otto).Tai thoi diém nay, cac van xa md. Khi ap suat
ctia khi thai nong cao hon bén ngoai, né nhanh chéng chay ra dng xa, do d6 4p suét giam
dot ngot dén ap suat khi quyén (diém 1). Cac 6ng xa va dudong nap khong duogc hién thi ¢
day vi ching khéng gop phan tao ra cong suat. Cong thuc hién (ning luong) do qua trinh
d6t chay tao ra 1a ving bén trong dudng 1-2-3-4 Otto.

Con d6i v6i dong co chu trinh Atkinson, giai doan gidn nd dugc phép chay xa hon,
t6t nhat 1a cho dén khi ap suat khi giam xudng bang 4p suét khi quyén (diém 4Atkinson).
Diéu nay co6 nghia 1a nhiét ning va dong ning thuong bi mat trong chu trinh Otto thong
qua khi thai c6 thé dugc str dung trong chu trinh Atkinson dé tao ra cong suat. Nang luong
bd sung nay 1a ving 1-40tto-4Atkinson.

Dong co chu trinh Atkinson kém manh hon so vé1 cac dong co chu trinh Otto ¢6 cung
kich thudc va trong luong vi:

e Dung tich hiéu qua nhé hon c6 nghia 1a it khong khi va nhién liéu cho qua trinh dot

chay hon, do d¢ it nang luong dugc tao ra hon.

e Ty s6 nén thap hon din dén it sitc manh hon.

o Ap suét khi thai thap hon c6 nghia 1a khi thai thoét ra cham hon, do d6 khong c6 loi

cho hiéu qua xa sach va kha nang quay vong.

e Hanh trinh gidn nd dai hon hoat dong chdng lai vong quay tdc do cao.

Tuy nhién, su thiéu hut sitc manh it ¢6 ¥ nghia hon trén nhitng chiéc xe hybrid vi hiéu
suét nhién liéu duge dit 1én hang dau. Ngoai ra, 0 t6 hybrid c6 thé bu dép su mat mat cong
suat bang dong co dién.

3.2.2. Cong nghé Dual VVT-i.

Cong nghé Dual VVT-i dugc su dung trong dong co A25A- FXS 1a mot cong nghé
tién tién duoc ap dung cho dong co dbt trong dé cai thién hiéu qua nhién li¢u, hi¢u suét
dong co va giam khi thai. Cong nghé nay dugc phat trién béi Toyota va 1a su phat trién
tiép ndi ciia hé théng VVT-1 (Variable Vavle Timing- Intelligence), ma Toyota gidi thiéu
lan dau nam 1996. Sir dung b phan phdi khi DOHC- véi 16 vavle, dugc dan dong béi xich
con lan 1 day (loai xich truyén dong c6 cac con lin gitp giam ma sat) v4i bude xich nho
8mm. Lyc cang cua xich dugc diéu chinh tu dong boi bd cang thuy luc tu dong.
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Pong co trang bi Dual VVT-i c6 h¢ théng diéu khién dién- thuy luc dugc ap dung cho ca
2 van nap va van xa. Thuat ngt kép ¢ day dé cip dén hai hé théng VVT riéng biét hoat

dong dong thoi cho cé hai loai van.

Hinh 3.12 Céc chi tiét cua hé thong Dual VVT-i.

1. Banh rang truc cam xa, 2. Banh rang truc cam nap, 3. Truc cam xa, 4. Truc cam nap;
5. Bo cang xich, 6. Thanh dan hwong xich; 7. Day xich cam; 8. Con doi; 9. Co mo;
10.Chup dau van; 11. Khéa dia 16 xo van; 12. Pia I xo van; 13. Lo xo,; 14. Phét chin
dau chdn van; 15. Bé 16 xo van; 16. Ongs dan hwong xupap; 17. Xupap.

Hé thong VVT-i bao gdm dong co DC khong chdi than (duwoc gin trong nap xich
thoi gian), bo diéu khién EDU va cam bién quay hiéu ung Hall. EDU déng vai trd trung
gian giita bd diéu khién dong co va dong co truyén dong, kiém soat huéng va tan sb quay
cua n6. EDU lién tuc truyén dén bo diéu khién dong co dir li¢u hién tai vé tbe d6 cua dong
co dién, huéng quay va trang thai cta tin hiéu diéu khién.

O tdc do dong co thap dén trung binh, EDU diéu chinh thoi gian dé md van nap sém
hon va rong hon dé cho phép nhiéu khéng khi hon vao budng dot.

O tdc do dong co cao, EDU diéu chinh ca thoi gian van nap va van xa dé tbi da hoa

hi¢u suat dot chay va cong suat dau ra.
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Hinh 3.13 Hé théng diéu khién VVT-i.

Vi ca hai hé théng VVT-i déu hoat dong doc lap (déi vO1 van nap va van xa), dong co

c6 thé diéu chinh luu lwong khi va khi thai linh hoat hon tuy theo diéu kién 1ai xe. Cong

nghé nay mang lai mdt s6 loi thé, bao gém hiéu suét dong co tdt hon, cai thién kha nang

tiét kiém nhién liéu va giam khi thai. Mot s6 loi ich chinh cuia Dual VVT-i la:

Tang cudng do bén cua dong co: Vi qua trinh ddt chdy hiéu qua hon va giam thiéu
tén that ning luong, ap suat bén trong budng d6t 6n dinh hon, c6 thé kéo dai tudi
tho dong co.

Hiéu qua nhién liéu: Bang cach diéu chinh thoi gian déng van theo nhu cau cta
dong co & cac toc dd khac nhau, dong co c6 thé hoat dong hiéu qua hon, sir dung
nhién liéu t6t hon. Pidu nay lam giam mirc tiéu thy nhién lidu, dic biét 1a & toc do
dong co thap hon hodc trung binh.

Cai thién hiéu suit dong co: O tdc do dong co cao hon, dong co cod thé tan dung thoi
gian van t6i uvu dé tao ra nhiéu cong suat hon. Piéu nay din dén kha ning ting toc
t6t hon va phan ing dong co nhanh hon.

Giam khi thai: Bang cach kiém soat chinh xac thoi gian van, qua trinh dét chay tro
nén hoan chinh hon, gitp gidm khi thai cé hai nhu NOx, CO va hydrocacbon.
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3.2.2. Cong nghé phun xdng D- 4S.
C(’:‘)ng nghé D- 4S (Direct Fucl Injector Assembly ___

{for Port Injection)
Injection 4 Stroke Engine) 14 su két hop %
giita phun xang da diém (MPI) va phun
xang truc tiép (GDI) voi ap sudt nén

Fuel Injector Assembly 7]
(for Direct Injection)

cao, st dung 2 voi phun va hoat dong
dua trén tdc do dong co.
Hinh 3.14 C4u tao hé thdng phun xing D- 4S.

Load 3

70
60

25

s

1~ 100 2800 4800 rpm

Hinh 3.15 Vung hoat dong cua kim phun theo tai.

1 - Phun da diém; 2 - Phun xdng da diém+ truc tiép; 3 - Phun triee tiép.

Trong qua trinh tai dong co thap dén trung binh, ca phun nhién lidu loai truc tiép va
phun da diém duoc su dung cung nhau, hodc mot trong $6 chung dugc st dung dé tao ra
khong khi va nhién liéu hdn hop dong nhit, do d6 gop phan vao qua trinh dt chay 6n dinh.
Trong pham vi tai ddng co cao, chi phun nhién liéu kiéu truc tiép duoc sir dung dé lam mat
khi nap véi tdc dung lam lanh hoi trong nhién li¢u, dugc phun vao xi lanh, cai thién hi¢u
qua sac va dic tinh chong va dap. Trong mot s6 diéu kién, cac van nap mé ra dé cho phép
hdn hop khong khi / nhién liéu dong nhat vao budng dét va nhién liéu duoc phun trong nira
dau ctia hanh trinh nap.

Trong qua trinh khai dong ngudi, hé thong s& tinh thoi gian phun va kim phun nhién
lidu truc tiép dé giam khi thai va dat duoc qua trinh ddt chay phan tang. Ngay sau khi khoi
dong dong co ngudi va trong hanh trinh x4, nhién liéu dugc bom vao cong nap tir cum kim
phun nhién liéu (dé phun da diém). Nhién liéu ciling duoc phun tir kim phun nhién liéu truc
tiép gan cudi hanh trinh nén. Piéu nay dan dén hdn hop nhién liéu khong khi dugc phan

tang va khu vuc gan bugi hiéu qua hon phan con lai ctia hdn hop khong khi / nhién liéu.
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Qua trinh nay cho phép st dung thoi gian danh Itra cham, [am tang nhiét do khi thai. Nhiét
d6 khi thai ting 1én thuc diy su nong 1én nhanh chéng cua chit xuc tic va cai thién hiéu
suat khi thai.

L

Hinh 3.16 So d6 hé thong phun xing D- 4S.

1 —ECM; 2 - cam bién dp sudt nhién liéu (cao); 3 - dwong ray nhién liéu (ap sudt cao); 4

- kim phun nhién liéu truc tiép; 5 - ong phdn phoi nhién liéu c6 cam bién (dp sudt thap);

6 - kim phun nhién liéu céng; 7 - ECU bom nhién liéu; 8 - binh nhién liéu; 9 - van chinh

nhién liéu (ap sudt cao); 10 - cum van chinh nhién lidu (dp sudt thdap); 11 - b loc nhién
lieu; 12 - bom nhién liéu (ap sudt thcfp); 13 - bo loc hut nhién liéu; 14 - bom nhién liéu
(dp sudt cao); 15 - bé loc nhién liéu; 16 - van diéu khién xung dp sudt nhién liéu; 17 -

van diéu khién tran, 18 - van mét chiéu (60 kpa), 19 - van xa nhién liéu (26,4 MPa), 20 -

truc cam xd.

ECM sé diéu khién bom nhién liéu va tinh todn nhu cau nhién li¢u ap suat thap dwa
trén trang thai xe va tin hiéu dugc giri tir cac cac bién va tin hiéu dau ra. Cac cam bién dé
lay tin hiéu cho hé théng phun xing D-4S: cam bién luu lwong khi nap, cam bién nhiét
nude lam mat, cam bién vi tri tryc khuya, cam bién vi tri truc cam va cam bién toc do xe...
3.3.  Khaio sat hé thong dong luc xe Toyota Camry Hybrid.

H¢ théng dong luc xe Toyota Camry Hybrid dugc thiét ké theo kiéu ndi tiép- song
song. St dung két hop hai loai ngudn cong suét 1a dong co ddt trong va ¢ quy HV, do tan

dung dugc nhi¢u vu diém cua moi nguodn cong sudt va bu trir di€ém yeu cua moi ngudn cong
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suat do. Vi vay, tinh nang hoat dong dat hi¢u qua cao. Cac xe hybrid khong can sac dién
bén ngoai cho 4c quy nhu cac xe dién, vi viy khong yéu ciu co so ha ting dic biét dé co
thé st dung xe hybrid.

Céc thanh phan chinh ciia hé thong bao gom:

e Dong co dot trong A25A- FXS.

e Cum hop sé Hybrid P710bao gém: dong co dién/ may phat dién MG1, dong co
dién/ may phat dién MG2, b truyén hanh tinh chia cong suat,bd truyén hanh tinh
giam téc md to.

e B0 chuyén doi dién kiéu bién tin gdm: Bo dbi dién (bién tan), bo kich dién, bo ddi
dién DC- DC.

e Ac quy Hybrid.

B& truyén hanh tinh
chia cong suat

May nén
AC

B Inverter

Bo dbi dién
DC-DC

[Puong dién ap]

Cum Hop sb B truyér) hanh tinh
Hybrid giam toc Mo to mm: DC m : AC

Hinh 3.17 Tong thé hé thong dong luc xe Toyota Camry Hybrid.

Hé théng nay thyuc hién t6i wu didu khién két hop gitta dong co A25A- FXS , may
phat MG1 va m6 to dién MG2 bén trong hop sd P710 duogc trang bi trén xe, tao ra tinh
ning truyén dong vuot troi. Hé théng c6 2 dc quy, mdi dc quy duoc st dung v6i muc dich

riéng. Mot 4c quy 1a dc quy HV (dién 4p dinh mirc DC 244.8V) luu cong suit dién dé dan
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dong xe, va ic quy con lai 14 dc quy phu (dién ap dinh mirc DC 12V) dé phuc vu cho viée
cfip dién cho cac trang thiét bi dién.

Hon nita, hé thdng nay st dung hé thdng thay doi dién ap, gdbm c6 mot dc quy
HVcao ap, b kich dién 1am ting dién 4p hoat dong cia MG1 va MG2 dén mirc dién ap t6i
da DC 600 V, va mdt by ddi dién bién tan s& chuyén dong dién mot chiéu thanh dién xoay
chiéu. Do cac xe hybrid khong duoc trang bi may phét dién thong thuong, dién ap cao tir
dc quy HV s& dugc ha xudng dén mic xap xi DC 14V bang bd chuyén d6i DC — DC dé
nap dién cho ic quy phu. Ngoai ra, dc quy HV thuong nap va phong dién khi xe dang
chuyén dong, vi vay khong can thiét phai sac dién tir cac ngudn dién bén ngoai.

3.3.1. Péng co dét trong.

Toyota Camry Hybrid duoc trang bi dong co xing A25A- FXS 2.51, 4 xilanh thang
hang. Puong kinh xilanh 87.5mm, hanh trinh piston 103.4 mm va ti s6 nén 14. Cong suét
cuc dai 131 kW tai 5700 vong/phut, moomen xoan cuc dai dat 221Nm & 5200 vong/phut.

Str dung su két hop cua cac cong nghé tién tién va hién dai nhét cua Toyota nhu van
hanh véi chu trinh Atkinson, dual VVTi, phun xdng truc tiép D4- S, va ti s6 nén cao...
g6p phan vao kha ning tiét kiém nhién liéu 4n twong va khi thai thap.

3.3.2. Cum hép sé Hybrid P710.

Toyota Camry Hybrid duoc trang bi hop sé ngang P710. Pugc tich hop cum mé to
dién MG2 va may phat dién MG1 dé tao ra nang lugong dién, hop sb nay su dung co cu
truyén dong vo cip v4i bd banh ring phirc hop gitp van hanh tron tru va yén tinh. Cum
hop sb hybrid niy c6 cdu tao chii yéu gdm 1 may phat dién MG1, mo to dién MG2, b
banh rang hanh tinh chia cong suat, bd banh rang trung gian, bo truyén luc cudi, bd banh
rang vi sai va bom dau.

Véi viée str dung cdu hinh da truc cho may phat dién MG1 va mé to dién MG2,
chiéu dai tong thé ctia hop sd da dugc rut ngan. Mot bo banh rang phirc hop c6 cau tao gdm
banh ring bao cuia banh rang hanh tinh chia cong suat, banh ring trung gian va banh ring
ctia co cau khod d6 xe dugc sir dung dé giam kich thudc va trong lugng dang ké cta hop
5.

Bang cach st dung phuong phap gia céng c6 do chinh xac cao cho bé mit ciia cac
banh ring, cac vong bi c6 ma sat thip va co cdu boi tron kiéu vung té diu, mirc tong hao
ning luong truyén dong di dugc giam thiéu, giup cai thién kha ning tiét kiém nhién liéu

va tiéng oOn.
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1"

/

Hinh 3.18 Cum hop sé P710 Toyota Camry Hybrid.

1- May phat dién MG1; 2- Bom dau; 3- Mé to dién MG2; 4- Banh rang bi dan déng ciia
bé truyén dong cudi; 5- Banh rdang giam toc MG2; 6- Banh rdang dan déng ciia bé truyén
liec cudi; 7- Banh rang bi dong trung gian; 8- Banh rang bao b truyén hanh tinh; 9- Bg

truyén hanh tinh chia céng sudt PSD; 10- Banh rang chii déng trung gian; 11- Banh rdng

ham phanh dé.
a- Truc chinh; b- Truc thir 3; c- Truc thu 2; d- Truc thir 4, e- Bo banh rang vi sai, f-
Banh rang phirc hop.

Hop s6 P710 c6 ciu hinh 4 tryc:

e B0 banh ring hanh tinh chia cong sut, bom dau va may phat dién s6 1 (MG1) duoc
b tri trén truc chinh.
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e B0 banh ring giam tbc MG2 va mé to dién s6 2 (MG2) duogc bd tri trén truc thir 2.

e B0 banh ring bi dong trung gian va bd banh rang chii dong cua bd truyén dong cubi
dugc bd tri trén truc thir 3.

e B0 banh rang bi dong cua bo truyén dong cubi va bd banh rang vi sai dugc b tri
trén truc thir 4.

Cong viéc boi tron cho cic banh rang duoc thyc hién thong qua bom dau trochoid va
banh ring bi din ctia bo truyén dong cubi s& lam vung té dau ATF . Thong qua viéc st
dung co cdu bdi tron (phwong phap boi tron kiéu vung té dau) trong d6 cac banh ring sé
lam vung té dau ATF, diéu nay gitip 1am giam ton that truyén dong bom dau va nang cao
hiéu sut truyén dong ctia hé thong truyén lyc. Ngoai ra, bo giai nhiét dau bang nudc ciing
gitip toi ru hoa ludng dau ATF dugc st dung, dat hiéu qua 1am mat cao, din dén hiéu suit
cao va hiéu qua truyén lyc cao.

Bang 3.7 Thong s ki thuat hop sé P710 Toyota Camry Hybrid.

Muc Thong s6
Hop s6 P710
Vi tri can so P/R/IN/DI/B
S6 lugng cta banh ring mat troi 30
B0 banh rang hanh Z ——— —
' o « | SO lugng cua banh rang hanh tinh 23
tinh chia cong suat .
S6 luong cua banh rang bao 78
S6 lugng cua banh ring dan dong 17

Bénh rang gidm toc — - —
SO lugng cua banh rang bi dan
MG2 A 53
dong

S6 lugng cua banh ring dan dong 65

Banh rang trung , —
SO lugng cua banh rang bi dan

gian 53
dong
S6 lugng cua banh ring dan dong 19
B truyén cubi S6 luong ctia banh rang bi dan 2e
dong
Loai dau Dau ATF Toyota
Dung tich dau | lit 3.6 (3.8-3.2)
Trong luong Kg/lb 80.6 (177.7)

SVTH: Nguyén Ding Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 53



Capstone Project: Khao sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

3.2.2.1. Bg giam chdn hgp sé.

Co céu truyén dong hop sb kiéu 16 xo duoc st dung dé truyén luc tir dong co. Hinh
dang 16 xo duoc tdi wu hoa dé giam cong hudng, gitp giam rung va tiéng 6n. Mot gisi han
mé men X0an sur dung vat liéu ma sat kho ty 1én banh da dugc su dung dé ngan mo men
xo4n 16n truyén dén hop sb. Piéu nay cho phép st dung céc chi tiét nho c6 ¢ bén phu hop,
dat dugc thiét ké nho gon va giam trong luong cho cym hop sb6. Mot co cau hép thu dao
dong mo men xodn hai giai doan cia toc do dao dong ctia dong co, do d6 giam tiéng on va

rung dong khi khoi dong va tat dong co.

Ity

Hinh 3.19 B9 giam chan hop s6 P710 Toyota Camry Hybrid.

1- Co cdu truyén dong hdp so (Co cau giam chdn dau vao ciia hop sé); 2- Lo xo tru; 3-
Truc so cap (Phia hdp s6); 4- Truc khuyu ( Phia dong co).
*a- Mdt cdt ngang A-A; *b- BY giGi han mé men xodn; *c- Co cdu hdp thu dao dong mé
men xodn.
3.2.2.2. Bg truyén banh ring hanh tinh chia cong suit.

B6 banh ring hanh tinh duoc nhan cong suit tir dong co, tir d6 phan chia cong suét
cho cac banh xe ddn dong va cong suat truyén téi may phat dién MG1 dé tao ra dién. Thém
vao do, khi may phat dién MG1 quay va dong co khoi dong, may phat dién MG1 s€ hoat
dong nhu mot mé to khoi dong. Cac thanh phan cua bo banh ring hanh tinh chia céng suét
duoc két ndi vai:

e Banh ring bao dugc két ndi véi banh ring truyén dong trung gian (dau ra).
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e Banh ring mit troi duoc két ndi véi may phat dién MG1.

e Gia dd duoc két ndi voi dong co.
Bo banh rang hanh tinh chia céng suat dugc tich hop lai tao nén bo banh rang phirc hop
V01 cac chirc ndng:

e Banh ring bao ctia bo banh ring hanh tinh chia cng suat.

e Banh ring dan dong trung gian.

e Banh riang khoa phanh d6.

Vi dac diém lam viée trong diéu kién phai truyén dong bién thién lién tuc nén da duoc
t61 wu hoa qué trinh xir 1y nhiét va gia cong dam bao v6i do chinh xac cao, dd bén tét, gitp

cac banh ring nho gon, giam tiéng on trong qua trinh hoat dong.

Hinh 3.20 Vi tri cua bd truyén banh riang hanh tinh chia cong suét.

*1- B banh ring hanh tinh chia cong suat; *2- Banh ring truyén dong trung gian; *3-
Banh ring bao ctia b banh ring hanh tinh; *4- Banh ring khoa dd xe.
3.2.2.3. Bé bdnh ring giam toc mé to.

Céc banh rang dugc ché tao tir thép hop kim c6 d6 bén cao, kha nang chiu mai mon
tdt va chiu duoc tai trong 16n. Qua trinh nhiét luyén (vi du: tham carbon, to1) thuong duoc
ap dung dé tang do cirng bé mat va do bén 16i. M6 to dién MG2 di duoc ché tac gon nhe
hon ma van dam bao cong suat dau ra bang cach tang toc do quay ctia mé to dién MG2
thong qua bd giam tdc. Voi viée thiét ké cac banh rang nghiéng giup hoat dong ém i hon,

giam tiéng on va rung dong, kha ning chiu tai cao hon, kha nang truyén lyc muot ma &
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tdc do cao hon. Str dung cach bé tri banh ring truc song song cho bd giam tbc mé to lam
cho banh ring c6 ton that thap.

| \T

Hinh 3.21 CAu tao caa bo giam toc mo to.

*1- M6 to dién MG2; *2- Banh rdang gidm toc MG2; *3- Banh rdng bi dong trung gian;
*4- Banh rang chu dong trung gian; *5- Banh rang bi dong cua bo truyén dong cudi; *6-
Bdnh rdng chit dong ciia bé truyén dong cuoi

3.2.2.4. B¢ banh phirc hop.

B banh ring phirc hop trong hop sé P710 bao gom:

e B0 banh rang hanh tinh chia cong suat.

e Banh rang bi dong trung gian.

e B0 banh ring cta co cau khoa phanh dd.

Bénh rang bao cta by banh rang hanh tinh dugc tich hgp vdi banh rang phirc hop. B
banh ring hanh tinh chia cong suat chia dong luc cia dong co thanh hai phan. Mot phan
cung cap luc dé dan dong cac banh xe, phan luc con lai cung cip luc dan dong cho may
phat dién MG1 dé phat dién.

Cong suat tir mo to dién MG2 dugc truyén dén banh ring bi dong trung gian qua banh
ring giam toc MG2 dé dan dong duogc cac banh ring ctia bo truyén dong cudi.
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-~

Hinh 3.22 So db cau tao bo banh riang phac hop hop sé P710.

*1- Gia do; *2- Truc so cép; *3- Banh rang mat troi; *4- Cac banh rang hanh tinh; *5-
Bdnh rang dan déng ciia bé truyén dong cudi; *6- Banh rang bi dong ciia bé truyén déng
cuoi; *7- Banh rang bi dong trung gian; *8- Banh rdng giam toc MG2; *9- MG2; *10-
Banh rang chu dong trung gian,; *11- Banh rang bao; *12- MG1; *13- Bom dau; *14-
B¢ banh rang hanh tinh.

Pbi voi hé théng xe hybrid, md to may phét dién hoat dong véi cac vai tro khéac
nhau tiy theo cac tinh hudng cu thé. Dé hiéu rd hon vé vai trd cia mé to may phat dién,
chung ta can hiéu rd mdi quan hé giita huéng quay va mé men xodn ctia md to may phat
dién.

Bang 3.8 Mbi quan hé giira chiéu quay cia mé to may phat dién va momen xoan.

Chiéu quaymé tomay | ., . . L N
o Diéu ki¢én cua mé men xoan  Val tro cua thanh phan
phat dién
. Cung chiéu kim dong hd Truyén dong
Chiéu quay duong (+) —— 5 :
Nguoc chicu kim dong ho May phat dién
. Cung chiéu kim dong hod May phat dién
Chiéu quay am (-) — - :
Nguoc chicu kim dong ho Truyén dong

Trong trudng hop, mot mo to dién dang quay theo chiéu duong va tac dung 1én mot

mod men xodn xoay nguoc chiéu kim dong hé => thi mo to dién s€ tao ra dong dién.
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Nguoc lai, khi mo to dién dang quay theo chiéu 4m va tac dung 1én mot md men xoin xoay
nguoc chidu kim dong hd => thi mé to dién s& hoat dong nhu mét ngudn truyén dong.

% Trang thai READY- ON.

Dbi véi trang thai READY — ON, khi khéi dong dong co s& c6 dong dién kich hoat may
phat MG1 va khoi dong cho dong co thong qua banh rang mat troi.
Khi dong co bat dau khoi dong thi s& 6 mo men xoan truyén dong tac dong 1én banh ring
bao nén mo to dién MG2 sé duoc cép dién dé triét ti€u phan lyc cta dong co, déng thoi gilr

cho dong co dién MG2 ludn trong trang thai sin sang.

*1 ("a)

MG 2

2 *b)
Hinh 3.23 So db trang thai READY- ON khi khai dong dong co xe.
*1- May phat MG, *2- M6 to dién MG2; *3- Bo banh rang hanh tinh chia cong suat
*a- Dan dong; *b- Pd dirng; *c- M6 men xodn cing chiéu kim dong ho.

= . Hudng quay; | = - Tir mdy phdt dién MG1.

(*) (*) (+)
P —
O rpm >
) ) )
Banh rang miit Chia dé&r Banh ring
tréd (MG1) (Bong co) bao (Péau ra)
. —

Hinh 3.24 Biéu d6 huéng quay va toc @6 Rpm cuia cc thanh phan trong bo banh rang
hanh tinh tai trang thai READY- ON khi khéi dong xe.

SVTH: Nguyén Dang Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 58



Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

Khi dong co bat dau khoi dong thi s& c6 mé men xodn truyén dong tac dong 1én
banh rang bao nén mo to dién MG2 s€ dugc cép dién dé tri¢t tiéu phan lyc ctia dong co,
ddng thoi giit cho dong co dién MG2 ludn trong trang thai sdn sang.

Biéu d6 co tryc tung thé hién toc d6 quay va hudng quay con truc hoanh thé hién
cac thanh phan ciia bd banh rang hanh tinh, nham thé hién méi quan hé giita cac banh ring
trong bo truyén (téc do quay cua dong co, MG1, MG2). Vi dong co, MG1 va MG2 dugc
két ndi co hoc trong bd banh ring hanh tinh nén néu mét trong cac bd phan thay doi toe do
thi tc do cta cac bd phan khac ciing s& thay doi.

Néu tinh trang nap (SOC- State Of Charge) cua dc quy HV dang thap, dong co s&
dan dong may phat dé sac lai dién cho dcquy HV. Cong suit tir dong co s& duoc truyén qua
truc so cip t6i banh ring mit troi dé van hanh may phat. Hé théng van duy tri dong co dién
MG?2 & trang thai san sang.

Hinh 3.25 So d6 trang thai READY- ON khi dung xe.

*1- May phat MG; *2- M6 to dién MG2; *3- Bé banh rang hanh tinh chia cong sudt

*a- Dan dong- tao ra dién; *b- Dd dirng; *c- Mé men xodn nguwoc chiéu kim dong ho.

= Hudng quay; | = - Tir déng co; | == - Tir may phat dién MG1,; | ™ - Tur
Mo- to dién MG?2.
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Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

(+) (+) (+)

>.......
-o....‘

e nan. Chau thich: "'"‘:
0 pm T  KhiSOC dang thap.
-) ) -)
Binh ring mjt Gia do Banh ring
trin (MG1) (Ddng co) bao (Ddu )

Hinh 3.26 Biéu db huéng quay va toc d6 Rpm cuaa cc thanh phan trong b banh ring
hanh tinh tai trang thai READY- ON khi dung xe.

< Trang thai khéi hanh va xe chay véi tai thap.

Khi SOC cuia dc quy HV dy, xe s& chi dung mot ngudn cong suat tir md to dién MG2
dé khoi hanh. M6 men tir MG2 truyén dén banh xe dwoc ting 1én nhd bd banh ring giam
tdc do xe dang & van tdc thip nén can nhidu mé men xodn. Trong trudng hop nay, dong co

durng va may phat dién MG1 khong con tao ra dong dién.

Pong co / ) — MG1

"1(%a)

Banh xe &« MG 2

.2 (.b)
Hinh 3.27 So db trang thai khoi dong va xe chay tai trudng hop tai thap.
*1- Mdy phdt MG; *2- M6 to dién MG2; *3- B4 banh rang hanh tinh chia cong sudt
*a- Xoay ty do; *b- Din dong; *c- M6 men xodn ciing chiéu kim dong ho.

= - Hudng quay; | = - Tir Mé- to dién MG2; | =% - Pén cic banh xe dan dong.
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(+) (+) (+)
ikl
0 rpm ——
—
(-) ) -)
Bénh ring mit Gia d& Banh ring
troi (MG1) (Pong co) bao (Pau ra)

Hinh 3.28 Biéu db hudéng quay va toc d6 Rpm cuaa cc thanh phan trong bo banh ring
hanh tinh tai trang thai khoi dong va chay tai tai thap.

Tai trang thai nay, dong nang tir mo to dién MG2 truyén qua banh ring bi dong
trung gian dén bd banh ring hanh tinh chia cong suét, luc nay van co cong suét tir MG2
dén MG1, nhu viy MG1 dam nhiém vai tro dang phat dién. Tdc do quay tir MG2 dén MG1
giam va khong dang ké va lac nay SOC dang diy nén ning luong tir MG1 s& khong duoc
thu hoi vé dc quy HV.

Trong trudng hop SOC cua dc quy HV bao thip, dong co sé bit dau khoi dong tao
ra 2 ngudn cong suit, mot ngudn s& dan dong may phat dién MG1 dé c6 thé sac cho dc quy
HV, ddng thoi cong suit ndy ciing c¢6 thé duge cung cip dé cip ngudn cho md to dién
(MG2).

Ngudn cong suit con lai sau khi qua bo chia cong suit s& dan dong banh ring bi
dong trung gian va cong sudt ciia mo to dién MG2 ciing s& duoc truyén toi banh ring bi
dong trung gian thong qua banh ring giam téc MG2. Sy két hop cua cong suat dong co va
cong suét cia mé to dién MG2 s& dugc truyén bdi bd banh ring phtc hop dé dan dong

banh xe.
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Pongco = ) MG 1
*1("a)
Banh xe ¢n MG 2
2 (*b)

Hinh 3.29 So db trang thai khoi dong va xe chay tai trudng hop tai thap khi SOC thap.

*1- May phat MG; *2- M6 to dién MG2; *3- Bé banh rang hanh tinh chia cong sudt
*a- Bj dong- tao ra dong dién; *b- Din dong; *c- Mé men xodn nguwoc chiéu kim dong

hé; *d- Diéu kién mé men xodn cé thé (+/-) tiry vao diéu kién ldi.
= . Hudng quay; | = - Tir dong co; l = . Tir mdy phat dién MGI1;|™ - Tir mé

to dien MG2; “P _ Dén banh xe dén dong.

< Trang thai xe chay véi toc dd binh thuong.

Khi xe chay véi diéu kién tai trung binh va téc do binh thuong, dong co s& duge diéu
khién nhiam hoat dong & pham vi tdi vu nhit dé cung cap ning luong cho xe.

Cong sudt dong co dugc truyén tir truc so cap truyén tdi banh ring bao va dén banh
ring bi dong trung gian. Cong suét ciia mo to dién MG2 ciing s& dugc truyén téi banh ring
bi dong trung gian thong qua banh rang giam tbc MG2. Nhu vay cong suat dong co va cong
suat cia mo to dién MG2 duoc két hop dé truyén dén cac banh xe dan dong bang bd banh
rang phuc hop.
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Dong co MG 1
*1 (T"a)
Banh xe <o MG 2
2 ("b)

Hinh 3.30 So dd trang thai xe chay vai trang thai binh thuong.

*1- Mdy phdat MG; *2- M6 to dién MG2; *3- B6 banh rang hanh tinh chia cong sudt
*a- Bi dong- lwong dién tao ra thcfp,' *h- Dan dong; *c- Mo men xodn nguoc chiéu kim
dong ho; *d- Piéu kién mé men xodn ¢ thé (+/-) tiy vao diéu kién ldi.
= . Hudng quay; | = - Tir dong co; l = _ Tir mdy phat dién MGI1; 1™ - Tir mé
to dien MG2; “P _ Dén banh xe dén dong.

Trong trudong hop SOC cua 5cquy HV thép, dong co s€ dugc diéu khién tao ra nhiéu
cong suat hon nham ting kha ning tao ra dong dién qua may phat dién MG1 dé sac cho ac
quy HV.

) MG1

"1 ("a)

Banh xe <o

2 (*b)
Hinh 3.31 So db trang thai xe chay véi trang thai binh thuong khi SOC thap.

*1- May phat MG; *2- M6 to dién MG2; *3- Bé banh rang hanh tinh chia cong sudt
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*a- Bi dong- lwong dién tao ra thcfp; *h- Dén dong; *c- Mo men xodn nguoc chiéu kim

dong ho; *d- Diéu kién mé men xodn co thé (+/-) iy vdo diéu kién ldi.
= . Hudng quay; | = - Tir dong co; | = - T may phat dién MGI; = Tirmé

to dien MG2; ’E- Pén banh xe dan dong.

% Trang thai buém ga mé hoan toan.

Khi diéu kién l4i cua xe thay doi tir chay véi tai thip sang diéu kién buém ga mé hoan
toan (tai cao) thi hé thong s& ngay 1ap tirc didu khién bd sung dong luc dén mé to dién MG2
bang ning luong dién tir ic quy HV. Ngudn cong suat tir dong co duoc truyén tir truc so
cap dén banh rang bao va cong suét tir md to dién MG2 thong qua banh ring giam tdc.

Su két hop cuia hai ngudn cong suat nay duoc truyén qua boi bd banh ring phic hop dé
dan dong banh trudc. Déng thoi dong co dién MG1 hoat dong véi tdc d6 cao vira cép dién
cho mo6 to MG2 vtra sac cho acquy HV.

'

/

Hinh 3.32 So d6 trang thai khi buém ga mé hoan toan.

*1- May phat MG; *2- M6 to dién MG2; *3- Bé banh rang hanh tinh chia cong sudt
*a- Bj dong- tao ra dién nang; *b- Ddn dong; *c- Mé men xodn nguwoc chiéu kim dong
hé; *d- Piéu kién mé men xodn cé thé (+/-) tiy vao diéu kién ldi.
= . Hudng quay; | == - Tir dong co; | = _ T mady phat dién MGI; = Tirmé
to dién MG2; | - Dén banh xe dén déng.

% Trang thai khi xe giam toc d9.
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Khi xe chay giam tbc, dong co s& ding hoat dong va tit truyén dong tir dong co dén
cac banh xe.

Luc nay cac banh xe dan dong MG2 lam cho mé to MG2 hoat dong nhu mot may phat
dién sac dién vé acquy HV, déng thoi tao ra luc can tao hiéu ing phanh.

)y MG1

Pong co

"1(%a)

;

Banh xe = | | )@ MG 2

02 (-b)
Hinh 3.33 So db trang thai khi xe giam toc do.

*1- May phat MG, *2- M6 to dién MG2; *3- Bo banh rang hanh tinh chia cong suat
*a- Xoay tu do; *b- Dan dong- Tao ra nang luwong dién; *c- Mo men xodn nguoc chiéu
kim dong ho
s Hudng quay, == . M6- to dién MG2; |=% - Tir banh xe dan dong.

% Trang thai khi lui xe.
Luc nay dong co khong hoat dong, cong suét tir MG2 s& dan dong xe. Khi SOC cua ic
quy HV thip, may phat dién MG1 duoc sir dung vdi vai tro gitip van hanh dong co sau d6

tao ra ning lugng dién dé giup tang tinh trang sac.
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Banh xe <=

Hinh 3.34 So db trang thai khi xe di 1ui.

*1- Mdy phdat MG; *2- M6 to dién MG2; *3- Bé banh rang hanh tinh chia céng sudt
*a- Xoay tu do; *b- Dan dong- Tao ra nang luwong dién; *c- Mo men xodn nguoc chiéu

kim dong ho

IT- Huong quay;, ’E - M6- to dién MG2; |=% - Tir banh xe dan déng.
3.2.2.5. MG1 va MG2.

May phat dién MG1 va mé to dién MG2 stir dung mo to di¢n déng b0 bd nam cham
vinh ctru. Mdy phat dién MG sac dién cho dc quy HV va cung cép ning luong dién dé
diéu khién dong co dién MG2.

Bang viéc diéu chinh luong dién ning dugc tao ra (do d6 thay doi dién tro trong va
téc do quay cua may phat) 1am cho may phat MG1 diéu khién hiéu qua kha ning truyén
bién thién lién tuc cua hop s6 vO cép CVT. MG1 con ¢6 nhiém vu nhu mot mo to khaoi
dong cho dong co dbt trong.

Bang 3.9 Thong sé ki thuat MG1 va MG2.

Théng sb
Muc
MG1 MG2

Loai Mo to dong bd nam Mo to dong bd nam cham

oai

' cham vinh ctu vinh ctru
L Phat di¢én, khdi dong Phat dién, dan dong banh
Chtrc ndng A
dong co Xe
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Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

Dién ap dinh danh cyc dai DC 650(V) DC 650(V)
Cong suat cyc dai - 88(Kw)
M6 mem xoan cyc dai - 202(Nm)
Hé thong 1am mat Lam mat bang nudc Lam mat bang nudc

Mo to dién MG2 hoat dong nham hd tro cong suat cho dong co nhu mot nguén nang
luong bd sung hoic hoat dong riéng biét tiy theo tinh hudng. Véi su két hop gitra mo to
dién MG2 va dong co giup dong co sinh ra cong suat 1am viéc hiéu qua, gidm sy méat mat
cong sut trong nhimng truong hop vo ich, qua dé giam dugc phat thai ra moi truong.

Ngoai nhiing loi ich vé hiéu suat dong co, sy két hop nay con mang lai kha niang
tang toc ém 4i va cam giac 1ai tot cho nguoi 1ai.

ECU cta md to may phat (MG ECU) nhan tin hiéu tir ECU diéu khién xe hybrid va
dwa vao cac tin hiéu nay chuyén mach IGBT trong mé dun ngudn théng minh (IPM) diéu
khién may phat dién MG1 va mé to dién MG2.

Stator ™ Mo men quay

l:g’ .r"
‘\/"\“l\y \_ Cudn
QQ‘:V’ day
N \
\ ™

Mit cit Rotor

L Rotor
Dong djén
xoay chiéu ba
Hinh 3.35 Hinh anh minh hoa nguyén ly hoat dong cua MG1 va MG2.

Khi dong dién xoay chiéu ba pha chay qua cac cudn day ba pha cua stato, mot tir
truong quay duoc tao ra trong mo-to dién. Bang cach diéu khién tir trudng quay nay theo
vi tri va téc do quay ciia ro-to, cdc nam cham vinh ctru duoc dit trong roé-to s& bi hut baoi
tu truong quay, do do tao ra mo-men xo0dn. Md-men xodn duoc tao ra ty 1€ thuan véi lugng
dong dién, va téc d6 quay duoc didu khién boi tan sé cua dong dién xoay chiéu. Hon nira,

mo-men xoan cao, trén toan bd dai toc dg, co thé duoc tao ra mot cach hi€u qua bang cach
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diéu khién thich hop tir truong quay va goc ctia cac nam cham ro-to. Khi mé to tao ra dién,
r6 to quay dé tao ra mot tir truong, tir d6 tao ra dong dién trong cudn day stato.

Dbi véi may phat dién MG1 va mé to dién MG2, nam cham vinh citu trong rotor
duge dit ¢ vi tri ti vu dé sir dung m6 men x0dn mot cach hiéu qua, do m6 men xodn duoc
tao ra do sy thay di tir tro trong khe ho gitra stator va rotor. Piéu nay khuéch dai luc quay
clia rotor, giup ting cuong lyc truyén dong. Khi phat dién, chuyén dong quay cua rotor s&
tao ra tir truong, tao ra dong dién chay trong cudn day stator.

Bén canh d6, chuyén dong quay cua tir truong sinh ra trong cudn diy duoc diéu
khién dya trén vi tri va téc do quay cua rotor dé kéo nam chdm vinh citu ndm trong rotor
vé phia tir truong, va viéc nhan biét duoc vi tri ctia rotor dugc dam nhan boi cam bién xoay

kiéu Resolver.

Excitation
Coil A

A\ j
N2 4\\ \ Detection
‘\ \ 1 (:\”l S
| Rou.\'rf‘
A / 3 60— .
{ /“;// o Detection
& L CilC

Hinh 3.36 Cam bién xoay kiéu Resolver.

Cam bién xoay kiéu Resolver 1a mot cam bién cuc ky dang tin cdy va nho gon, co
kha ning phat hién chinh xéc vi tri cuc tir, diéu nay khong thé thiéu dé dam bao viéc diéu
khién hiéu qua MG1 va MG2.Stato ciia cam bién bao gdm ba loai cudn ddy: cudn day kich
tr A, cudn day phat hién S va cudn day phat hién C.

Céc cudn day phat hi¢n S va C duoc bd tri 1éch nhau vé dién 90 do. Ro-to ¢6 hinh
bau duc, khoang cach giira stato va ro-to thay ddi theo su quay ciia ro-to.Dong dién xoay
chiéu chay vao cudn day kich tir A tao ra céc tin hi¢u dau ra co tan s6 khong doi. Gia tri

dau ra cua cudn day S va cudn day C twong Grng vdi vi tri cua ro-to.
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Do d6, bo diéu khién dién tir dong co (MG ECU) phat hién vi tri tuyét di dya trén
su khac biét gitra cac gia tri du ra ctia cudn day S va cudn day C. Hon nita, MG ECU tinh

toan toc d6 quay dua trén su thay d6i vi tri trong mot khoang thoi gian nhét dinh.

()

A AR AR R LR LA
Cudn day
kich thich A

{ ‘\
LA
Dang song 1y thuyét

,..u"lm...
Cudn day

ddura S vy
"l
W UD

Dang séng 1y thuyét

Hl”'“ n / "'””U
Cudn day hia. ‘ | | Al 1l
dura C | vy [UyvY
dau ra | || ‘“.. ‘
L

0° = 1800

Hinh 3.37 Dang song 1y thuyét phat ra tir cam bién xoay khi rotor quay 180 do theo chiéu
duong (+).

Boi vi dong dién xoay chiéu chay tir bd phan giai nay dén cudn day kich tir vai tan
s6 khong d6i, mot tan sé khong doi duoc xuét ra & cac cudn day S va C, bat ké toc do ro-
to. R6-to ¢6 hinh bau duc, va khoang cach giita stato va ro-to thay ddi theo su quay ctia ro-
to. Do d0, cac gia tri dinh ctia dang song dugc xuit ra bdi cac cudn day S va C thay doi
theo vi tri cua ro-to.

MG ECU lién tyc theo di cac gia tri dinh nay va két n6i chung dé tao thanh mot
dang séng a0. MG ECU tinh toan vi tri tuyét ddi cua ro-to tir su khac biét gilra cac gia tri
ctia cudn day S va C. N6 xéc dinh chiéu quay ciia ro-to dua trén su khac biét gitra pha cta
dang song 4o cua cudn day S va dang séng 4o cua cudn day C. Hon nita, MG ECU tinh
toan toc d6 quay dua trén su thay doi vi tri ro-to trong mot khoang thoi gian nhat dinh.Cac
so dd bén trén minh hoa cac dang song duoc Xuét ra & cac cudn day A, S va C khi r6-to
quay duong 180° tr mot vi tri nhét dinh. Bén canh cam bién Xoay kiéu Resolver, xe con
duogc trang bi cam bién nhiét d6 duoc cung cp cho ca may phat dién MG1 va mé to dién
MG2 dé do duoc nhiét do cua stator.

ECU diéu khién hybrid thyuc hién diéu khién hé théng hybrid dya trén tin hiéu tir cac cam

bién nhiét d6 nay.
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3.3.3. Cidc bé phdn khdc trong hé thong truyén luc.
3.3.3.1. Co ciu vi sai.

Toyota Camry Hybrid dugc trang bi mot co ciu vi sai tién mo men, trong d6 10 xo
con dugce dit ndm gitra banh ring bén va vong dém banh ring bén. Luc nén cia 10 xo con
tac dung tao luc ma sat 1én ving truot, hd tro cai thién do 6n dinh khi di chuyén trén duong

thing, nang cao hiéu suét ting toc trong khi tai nhe va téc d6 quay bo vi sai thap.

\ J

Hinh 3.38 Co cau b vi sai.

*1- Banh rang bén; *2- Lo X0 con; *3- Vong dém banh rang bén; *4- V6 b vi sai.
*a- Pham Vi tai nhe;*b- Pham vi tai trung binh va tai nang.
Khi tai nhe va tbc do quay bo vi sai thép, luc nay 16 xo ¢on tao luc ma sat Ién vung
trugt trong pham vi tai trong cho phép ctia 10 xo nén md men ctia bd vi sai cho banh xe trai
va banh xe phai duoc gi6i han (ting m6 men). O pham vi tai trung binh va cao vuot qua

tai trong cho phép ctia 16 xo con, hé thong hoat dong nhur mot bo vi sai binh thuong.

w— Stt dung co ché

«««« Khong sir dung co ché

Mo men xoan gidi
han cua banh rang
vi sai

o

Mo men xoan banh rang bao
Hinh 3.39 M&i quan hé gitra mé men gidi han cua banh ring vi sai va mé men cta banh
rang bao .
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3.3.3.2. He¢ thong bdn truc.
Cum tryc lap trude str dung khép chac ba co tde dd khong dbi (CV), kiéu gia ba

chan st dung & phia vi sai va khdp CV kiéu Rzeppa duge st dung & phia banh xe.

Hinh 3.40 Ban truc cau trudc.

*1- Cum truc lap trudc trai; *2- Cum truc lap trude phai; *3- Bo giam chan truc lap trudce
trai ; *4- Bo giam chan tryc lap trudc phai.
’T- Phia banh xe; ’: - Phia bo vi sai.
3.3.3.3. Hé thong cau xe phia truéc.
Céu trude sit dung vong bi cau hai ddy kiéu nho gon va c6 do climg cao. Cac vong
bi cu hai ddy va moay o cau xe dugc tich hop v6i nhau dé dam bao d6 cimg cao, do d6
mang lai sy 6n dinh tuyét voi khi 14i va phanh xe. R6to cam bién tc d6 xe duoc tich hop

vao vong lan trong ctia vong bi.

Hinh 3.38. Cau xe phia truéc

*1- Vong bi cau kép; *2- R6 to ctia cam bién tdc do; *3- Pai dc bit lp ; *4- Moay-o cau

trudec.
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3.3.3.4. H¢ théng cdu xe phia sau.

Dbi voi cau sau ciing str dung vong bi cau hai diy nhé gon va c6 do cting cao. Cac vong
bi cu hai ddy va moay o cdu xe duoc tich hop véi nhau dé dam bao ¢ do cing cao, do do dat
duoc dd 6n dinh tuyét voi khi lai va phanh xe. O cau sau, roto cam bién tdc do xe cung duoc

tich hop vao vong lan trong ctia vong bi.

Hinh 3.41 Cau xe phia sau.

*1- Cdm bién toc dé; *2- R6 to cia cam bién téc dé; *3- Cum vong bi va moay- o cau sau
: *4- Vong bi cau kép.
3.3.4. Ac quy Hybrid.

Toyota Camry Hybrid duoc trang bi hé théng ac quy Hybrid st dung loai Nikel- Metal
Hydride (Ni- Mh). Ac quy Hybrid Nikel- Metal Hybride 14 loai c6 trong kich thudc nho gon,
trong lwong nhe va ¢ cong suét cao. Ac quy HV duge dit trong mot vo kim loai va dugc gian
chic chan vao khu vire khoang hanh khach dudi ghé sau. Vo kim loai duoc cach dién véi dién
ap cao va dugc che phu boi tham trong khoang hanh khach.

Bang 3.10 Thong s6 ki thuat ciia Ac quy Ni-Mh.

Muc Thong sb
_ Ac quy Nikel- Metal Hydride
Loai .
(Ni- Mh).
Ac quy Hybrid | S6 lugng mo- dun 34
bién ap dinh danh [V] 2448V
Dung lugng [Ah] 72V
S6 luong x1
Nut sira chira — — -
Cong tac khoa lién dong cod
Hé thong 1am mat ac quy Hybrid Lam mat bang khong khi
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Cam bién nhiét d6 ic quy Hybrid X3
Cam bién nhiét d6 khong khi 1am mat ac quy Hybrid x 1
SMRs (SMRB,SMRP,SMRG),

Cam bién dong dién Ac quy
Hybrid (x1),Dién trd trudc nap
(x1)

Hop dau ndi HV

B 4c quy Hybrid bao gom:

e Mo dun acquy HV.

e Cam bién nhiét do loai nhiét dién tro.

e Cum dau ndi acquy HV.

e B{ diéu khién cta acquy (cam bién dién ap acquy).

e Cht stra chita an toan.

Quat [am mat ac quy dugc st dung nhu mot h¢ théng lam mat riéng, v&i nhiém vu lam
mat dc quy nham dam bao cho 4c quy hoat dong chinh x4c khi phai lam viéc dang ké trong

chu trinh sac va xa lap di lap lai.

Hinh 3.42 Céc bo phan cua ac quy hybrid.

*1- Cum dau néi dc quy Hybrid; *2- Nhiét dién tro: dc quy Hybrid, *3- B diéu khién dc
quy Hybrid ; *4- Chot ciia it sita chira; *5- Cdc Mé dun cia dc quy Hybird.
Nhiét dién tré dc quy Hybrid gom mot cam bién khi nap va 3 cam bién nhiét do.
ECU diéu khién xe hybrid diéu khién t6i uvu hé thong 1am mat sao cho nhiét d6 dc quy co
thé nim trong pham vi ti€u chuan theo dang thong tin nhiét d§ nhan dugc tir bo diéu khién

ac quy (cam bién dién ap ic quy).
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Hinh 3.43 Nhiét dién trg cua ac quy Hybrid.

*1- Nhiét dién tré- dc quy |

*a- Cam bién nhiét dg dc quy Hybrid;, *b- Cam bién nhiét dg khi nap dc quy Hybrid.

Hop dau ndi acquy HV gdm hé thdng rd le chinh (SMR), dién trd va cam bién dong
dién dc quy Hybrid. Hé thong SMR 14 céc ro le dé két nbi hodc ngét két ndi giita acquy HV
va cap ngudn theo cac tin hiéu tir ECU diéu khién xe hybrid. Gém c6 3 10 le:

e R0 le SBMR nbi cuc duong (+),

e Role SMRG

e R0 le SMRP nbi cuc 4m (-).

Cam bién dong dién duoc tich hop trong Hop dau ndi dc quy HV, c6 chirc ning theo
ddi dong nap, xa ciia Ac quy Hybrid. HV ECU s& diéu chinh SOC ti wu trong ving cho
phép dua trén cac thong tin vé Cudng do dong dién thong qua ECU éc quy.

Ac quy Hybrid sinh nhiét trong qué trinh nap va xa dién, do d6 hé théng lam mat ic quy
Hybrid can duy tri nhiét do thich hgp dé dam bao hiéu suat lam viéc chinh xac cua ac quy.
Cuia hut gi6 hé théng 1am mat duoc b tri & vi tri bén phai hang ghé sau. Pugc trang bi mot

b loc khi trén duong 6ng nap khi lam mat.
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Quat gio lam mat
i / Mo dun ac quy

i -,__/,f, e ——— ___1

SN S

Hinh 3.44 Hé théng lam mat &c quy Hybrid.

3.4. Gié6i thiéu hé thong diéu khién xe Toyota Camry Hybrid.

3.4.1. Héthéng ECU diéu khién 6 t6 hybrid.

Ko 60 hé thong (1/2) s So do hé thong (22):

) Cum 1y e prani 2 Xy
_— anh pharh chish

« ECU &k ihién gt

HVECU

Hinh 3.45 So db hé thong cia ECU diéu khién xe 6 t6 hybrid

ECU diéu khién 6 t6 hybrid thu nhén tin hiéu tir:
e ECU céng trung tam: lién két lién lac bo khuéch dai diéu hoa khong khi, cum déng
hé tap 16 véi ECU diéu khién 6 t6 hybrid.
e May bom nudc 1am mat bién tan.
e Ac quy phu ( 4c quy 12V cung cp ning lugng cho hé thong dién cua xe tuong tu
nhu xe thong thuong).
e Cum cong tic két hop: cong tic ché do 14i, cong tic 14i EV.
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e (Cong tic khoa lién dong ( ctia ndp day cho bo bién tan va nip diy ac quy HV), dung
dé déng ngat dong dién.

e Cam bién vj tri c4p sd.

e Cam bién ban dap ga.

e ECU tui khi.

e ECU smart key.

e ECM diéu khién dong co .

e ECU diéu khién trugtk va bo chinh 4p sut phanh( noi xir 1y kiém soat phanh thong
thuong, ABS véi diéu khién EBD, VSC nang cao, diéu khién ohoois hgp phanh tai
sinh).

Hop s6 hybrid cung cip cac tin hi¢u:

e Cam bién nhi¢t d6 cho MGL.

e Cam bién nhiét d6 cho MG2.

e Cam bién nhiét d6 dau hop s6 ATF.

e Cum chuyén d6i dién:

e MG ECU: cam bién xoay kiéu Resolver ctia MG1 va MG2 tir hop so.

e B6 bién tan.

e B0 chuyén dbi dong mot chiéu DC-DC.

e B chuyén doi tang ap ( Béot Converter).

e Cum md to may nén diéu hoa.

e BJ ac quy cao ap:

e Bo diéu khién 4c quy HV.

e Cam bién dong dién va hé thong role chinh SMR( System MainRelay — dung dé két
nbi va ngit ngudn dién cua ac quy cao ap).

e Cam bién nhiét d6 ac quy HV.

e Cam bién nhiét d6 khi vao ac quy HV.

e B0 quat lam mat a4c quy HV.

H¢ thong hybrid bao gom céc chirc ning diéu khién sau:
1 .Piéu khién hé thong hybrid (Hybrid vehicle control):

e HV ECU tinh toan luc dan dong xe dua trén tin hi¢u vi tri s, g6c mo ban dap ga va
téc do xe. Tir d6, HV ECU diéu khién két hop t6i uu timg hoat dong cia MG1, MG2
va dong co dé tao ra luc din dong xe phu hop.

e HV ECU tinh toan luc dan dong cua Pong co dua trén luc dan dong xe di tinh toan
truée d6. HV ECU s truyén tin hiéu dén ECM dé diéu khién Pong co.
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e HV ECU theo doi tinh trang nap - SOC, nhi¢t dJ cua ac quy hybrid, MG1 va MG2

dé ti uu viéc diéu khién cac chi tiét nay.
2. biéu khién tinh trang nap (SOC control):

e HV ECU tinh toan SOC bang cach udc tinh dong nap va xa cta ac quy hybrid.

e HV ECU lién tuc diéu khién viéc nap xa dy trén SOC tinh toan dé duy tri mirc SOC
trong vung cho phép.

3. Piéu khién dong co (Engine control):

ECM nhéan tdc d6 dong co muyc ti€u va luc dan dong can thiét cta dong co, dugc
giri tir HV ECU. Tur d6, ECM diéu khién ETCS-i, lwong phun, thoi gian danh lira, VVT-i
va EGR.

4. Piéu khién hoat dong chinh ciia MG1 va MG2 (MG1 and MG2 main control):

e MGI duoc dan dong bai dong co, sinh ra nguén dién cao ap dé: MG2 hoat hoat
dong va nap lai cho &c quy hybrid. Ngoai ra, MG1 con ¢6 vai tro nhu may khéi dong
dé khoi dong dong co.

e MG2 dugc dan dong bai ngudn dién cao ap tir MG1 va ac quy hybrd, sinh ra luc
dan dong dén cac banh xe.

e MG2 sinh ra ngudn dién cao ap dé nap dién cho 4c quy hybrid trong khi phanh hoac
khi ban dap ga dugc nha.

e MGI va MG2 sé& ngimg hoat dong khi tay sé N duoc Iya chon. Pé ngit luc dan
dong, MG1 va MG2 can phai ngimg hoat dong vi MG1 va MG2 dugc nbi co khi t6i
banh xe dan dong.

5. Piéu khién sang s ( Shift control):

e HV ECU xéc dinh trang thai sang sO tir tai xe (P, N, D, R, B) thong qua tin hi¢u tir
cam bién vi tri can sd va cong téc vi tri P. Dya trén céc tin hiéu dau vao nay va diéu
kién dang hoat dong cua xe. HV ECU diéu khién hoat dong MG1, MG2 va dong co
phu hop véi tinh trang s6 Iya chon.

6. Piéu khién d6i dién DC-AC ( Inverter control):

e Bj inverter bién d6i dong dién 1 chiéu ac quy hybrid thanh dong dién 2 chiéu dén
MGI1, MG2 va nguoc lai, dya trén tin hi¢u tt HV ECU théng qua MG ECU. Ngoai
ra, bo inverter con duoc dung dé truyén ngudn dién tir MG1 dén MG2.

e HYV ECU s¢€ ngung hoat dong ctuia bg inverterkhi ghi nhan dau hiéu qué nhiét, qua
dong hodc 10 ri dién &p cua bo inverter thong qua MG ECU.

7. Piéu khién kich dién ( Boost converter control):
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e Bo kich dién ting 4p dinh mirc ac quy hybrid DC 244.8V dén muc dién ap tbi da
DC 650V, dya trén tin hi¢u tr HV ECU thong qua MG ECU.

e B{ inverter bién d6i dong dién xoay chiéu tir MG1 va MG2 thanh dong dién 1 chiéu.
B0 kich dién giam ap DC 650V nay thanh DC 244.8V, dya trén tin hiéu tt HV ECU
thong qua MG ECU.

8. Piéu khién d6i dién DC-DC ( DC-DC converter control):

e B0 ddi dién DC-DC giam dién 4p dinh mirc DC 244.8V vé DC 14V dé cap ngudn

cho cac thiét bi dién khéc hoat dong, déng thot sac cho ac quy thuong.
9. Piéu khién ro le chuyén mach ( System mauk relay control):

e Pé dam bao viéc dong ngat mach dién cao ap, HV ECU diéu khién 3 ro le chinh dé
dong/ngat mach dién cao ap tir 4c quy hybrid. HV ECU ciing sir dung thoi gian hoat
dong cua 3 ro le chinh dé giam sat hoat dong cia céc tiép diém ro le.

10. Picu khién hé théng lam mat bo inverter ( Cooling system control for inverter with
converter assembly):

e Dé lam mat bd inverter, MG1 va MG2, HV ECU diéu chinh hoat dong ctia bom
nude dua trén cac cam bién nhiét do cua bo inverter, MG1 va MG2.

11. Piéu khién hé théng lam mat 4c quy hybrid ( Cooling system control for HV battery):

e Pé duy tri nhiét d6 ac quy hybrid & mirc t6i vu, HV ECU diéu chinh hoat dong ctia
quat lam mat dua trén cac cam bién nhiét do ac quy HV, cam bién nhiét do khong
khi lam mat &c quy.

12. Diéu khién trong khi va cham ( During collision control):

e Trong khi xay ra va cham, néu HV ECU ghi nhan tin hiéu tai khi nd tr ECU tui khi,
HV ECU s& diéu khién tit cic ro le chuyén mach chinh dé ngit ngudn cao ap tir 4c
quy.

13. biéu khién phdi hop phanh téi sinh ( Regenerative braking cooperative control):

e Trong khi phanh, ECU diéu khién truot tinh toan lyc phanh tai sinh can thiét va
truyén dén HV ECU. Khi nhan duoc tinh hiéu, HV ECU truyén gia tri diéu khién
phanh tai sinh thuc té dén ECU diéu khién truot. Dya trén két qua nay, ECU kiém
soat trugt s€ tinh todn va thuc hi¢n luc phanh thay luc can thiét.

14. Biéu khién phdi hgp TRC/VCS ( TRC/VCS cooperative control):

e ECU diéu khién trugt truyén tin hiéu yéu cau dén HV ECU dé gi6i han lyc din dong
khi TRC hodc VCS dang hoat dong. HV ECU diéu khién dong co va MG2 dya trén
diéu khién dang hoatd dong cta ce dé khong ché lyc dan dong.

15. Biéu khién ché d6 14i dién ( EV drive mode control):
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e Khi tai xé bdm cong tic EV mode, HV ECU sir dung duy nhit MG2 dé dan dong xe
néu cac diéu kién hoat dong duogc thoa.
16. Diéu khién ché d¢ 14i thé thao ( Sport mode control):
e Khi tai xé bam cong tic sport mode, HV ECU diéu chinh d6 phan hoi vé hoat dong
ctia ban dap ga dé toi vu hoa kha ning ting tdc.
17. Biéu khién ché d6 14i tiét kiém ( ECO mode control):
e Khi tai xé bam coéng tic ECO mode, HV ECU diéu chinh d6 phan hoi vé hoat dong
ctia ban dap ga dé phu hop ché do 14i tiét kiém nhién liéu.
18. Hé théng chong dap nham chan ga ( Brake override system):
e (Cong suat dau ra ctia hé théng hybrid s& bi han ché khi ca ban dap phanh va ban dap
ga ciing nhan 1 luc.
19. M3 hoa khoa dong co ( Engine immobiliser):
e Ngit nhién liéu, ngirg hé théng danh ltra va khoi dong néu phat hién cb gang no
may khi dung sai chia khoa.
20. Hé thong chdng ting toc dot ngdt ( Drive start control):
e Néu ghi nhan sang s6 bat thuong (R vé S/D, N/S/D vé R hoic P vé S/D/R) trong
khi ting tdc, 1 dong canh bao s& hién thi trén dong hd taplo va cong sudt ddu ra cia
hé théng hybrid s€ giam dé gi61 han vi¢ce tang tde, dé ngdn chdn hodc giam nhe va

cham néu co.

3.4.2. B¢ chuyén doi dién ( Inverter with converter).

Connector Cover
(with Interlock Switch)

MG ECU
Portion

Inverter and
Boost Converter
Portion

DC/DC
Converter
Portion

Hinh 3.46 Bo chuyén dbi dién.
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Xe duogc trang bi mdt bo bién d6i dién ciu tao bao gém: MG ECU, bd bién tan, bd
chuyén ddi tang ap, bo ddi dién DC — DC.

Bo chuyén ddi dién dugc dam bao su tan nhiét thong qua viéc str dung hé théng lam
mat tach roi voi hé thdng lam mat dong co dé an toan khi sir dung dién ap cao.

Ngoai ra dé dam bao an toan do st dung dién ap cao, cac cong tic khoa lién dong
duogc trang bi dé khi nip cua bd ddi dién dugc théo ra hodc bi ho thi hé thong ro le chinh
ctia hé thong sé tit, ngat két ndi véi nguodn dién.

B bién tan va bo chuyén ddi ting ap chu yéu bao gdm cac md — dun ngudn thong
minh (IPM), mét cudn khang va tu dién. IPM 1a mot mo-dun ngudn tich hop bao gdm: bo

xur 1y tin hiéu, b xur Iy c6 chirc nang bao vé va transistors cong suat dé ddo mach dic€u

khién (IGBT).
MG1 @ sz bién dong cua b
n tin
- /_ bién t

! . ot 1GBT

B3

' <\
2

| CJ

XK

IPM cho MG 1 S
’
— e
Tu dién
e — S S
B ddi dign

§ ] P e e i 1 (bién tin) @
: o e Cﬂ: MG ECU " )
: ;
! _él -~ é : ECU didu khién & 10
{ PMichap T o | hybrid
! Bo phan img | ¥ o il B B déi dién DC - DC by
ORI G QR ARl J.: .

B kich di¢n m J

Cum may nén va md 1o

ale B d6i dién
Acquy HV v b

Hinh 3.47 So dd diéu khién cua bo bién doi dién.

Theo cac tin hiéu nhan dugc tir ECU diéu khién xe hybrid, MG ECU diéu khién bo
ddi dién va bo kich dién dé dan dong may phat dién MG1 hodc mo to dién MG2. MG ECU
truyén cac thong tin can thiét dé diéu khién xe, vi du nhu ap suit khi quyén, nhiét d6 cta
b6 ddi dién va bat ki thong tin 16i nao dén ECU diéu khién xe hybrid.
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MG ECU ciing ¢6 chtrc ning cung cdp nhiing thong tin ma ECU diéu khién xe
hybrid yéu cau nhu lyc dién dong, nhiét do mo to dién, ... cac thong tin nay dugc s dung
dé diéu khién mo t6 dién MG1 va MG2.

bién tan chuyén ddi tan s6 dong dién mot chiéu dién 4p cao cia acquy HV thanh
dong xoay chiéu dé dan dong MG1 va MG2. Bo bién tan sir dung IPM dé thuc hién diéu
khién, no kich hoat cac transistor cong suét dua trén tin hiéu tr MG ECU, mdi IPM déu c6
mot mach cau bao gdm cac IGBT (Insulated Gate Biolar Transistor).

M&i mach cau cho MG1 va MG2 chira 6 IGBT, mdi IGBT cho mét 1ay duoc gan
trén dong dién dién ap cao cia mod — dun ngudn thong minh (IPM).
< MG > MG2

o v/J w s v

Cam bién

IPM cho MG 1 IPM cho MG2

dong dién o v w
cun bo .
bién tan ;
- + = b { L] + = 1
+ et L 3 T P g e D g b 1
l — p— l l — — '
. — g > Lo * - > :
* ~ - - ~. - ~ - ~
{ 5 * [ = [
l ( ) ( l L ) [ ) ‘
Lo S o L - L B ~a -
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|
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B bién tan

Hinh 3.48 So dd mach dién bo bién tan.

Bo chuyén d6i tang ap (Boost Converter) con goi 1a bo kich, ¢ chirc ning ting dién
ap danh nghia phat ra boi acquy HV tir 201.6V 1én dén 600V. Cac bd phan cua bo kich
dién bao gé)m mot IPM dé thuce hién viéc chuyén mach, mot cap IGBT va mdt cudn khang
hay con goi la by phan ing dong vai tro nhu 1a mét linh kién luu trit dién nang, va mot tu
dién dé tich dién. IPM st dung IGBT?2 d ting cuong dién 4p, IGBT1 dé giam dién ap.

Khi mé to dién MG1 va MG2 déng vai trd nhu mot may phat dién, bd bién tan
chuyén dong dién xoay chiéu (dién 4p 16n nhit 650V) thanh dong dién mot chiéu, va sau
d6 bd Boost Converter s& ha dién ap qua IGBT1 (dén dién ap danh nghia 244.8V) dé sac
cho acquy HV.
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IGBT ha ép

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

D e

-----

csssssssssssssedebossnasnnen

IGBT ting dp

Hinh 3.49 So ¢4 mach dién Boost converter.

3.4.3. ECU diéu khién xe hybrid.

ECU diéu khién xe hybrid theo ddi tinh trang SOC (tinh trang nap cta dc quy HV)
ctia dc quy HV, tir chi s6 dong dién tich luy khong thay d6i, hoat dong sac va phong dién
cua c quy. bé duy tri muc tinh trang SOC ¢ mot mirc phu hgp tai moi thoi diém, ECU
diéu khién xe hybrid s& diéu khién hé théng hybrid mét cach tdi wu.

I Vi du nap ctia SOC
Muc tigu dieu khién SOC—

\ Le—— Gidi han diéu khién
| SOCtrén |
soC W\r‘/ ------------------- Vung diéu khién

Y- Gigi han didu khién
SOC dudi

—* Thai gian

Hinh 3.50 Tin hiéu ECU theo déi tir tinh trang SOC cua pin HV.

Ngoai vi¢c diéu khién dua trén tinh trang SOC cua pin HV, ECU con phét hién sy
giam di¢n tr¢ trong mach. ECU diéu khién xe hybrid x4c dinh sy gidm dién tré dua vao
cac thong tin tir bd didu khién dc quy (cam bién dién ap dc quy), mach phat hién ro ri dugc
tich hop trong bo diéu khién ic quy, mach nay dam nhiém vai tro thudng xuyén theo ddi
su duy tri dién tr¢ gitta cac mach dién cao ap voi than xe... Gié tri dién tré phat hi¢n dua
trén bién do séng cua dong dién xoay chiéu, gia tri dién tré giam xudng cang nhiéu, dién

ap sut xudng cang nhiéu tai vi tri dién trd phat hién.
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Hinh 3.51 So dd mach phat hién ro ri.

Néu xe bi va cham nhu mé ta dudi ddy, thi ECU diéu khién xe hybrid s& ngét ngudn
dién cao ap bang cach tat cach ro le chinh ciia h¢ thong, nham dam bao an toan. ECU sé&
nhén tin hiéu nd tai khi tr cum ECU tdi khi trong khi va cham tir cac phia, tir do diéu khién
ngat mach cao ap

)
o7
’/\\ o
Va cham tir phia ) s - N\
tnrde Cum ECU ECU diéu khién xe
-
L Hii khi Hybrid
> = —
=
‘ Va cham fruyén CAN
Va cham tir haibén ™ S . J
Va cham tir phia sau l '
Rofe chinh cia hé thdng
tat OFF

Hinh 3.52 So dd nguyén Iy hé théng ngat mach dién cao ap khi va cham.

3.4.4. Tinh todn lyc ddn déng.
ECU diéu khién xe hybrid tinh toan luc din dong dong co dua trén luc dan dong muc
tiéu, va dd can nhic dén SOC va nhiét do cua dc quy HV. Gia tri dat duoc bang cach lay

luc dan dong muc tiéu trir cho luc dan dong dong co s& 1a luc dan dong MG2.
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Nhitng yéu cau tir ECU s& dugc xtr Iy bdi ECM, sau khi nhan 1énh ECM s& tién hanh
diéu khién dong co theo tbe do dong co muc tiéu va lyc dan dong dong co. Hon nita, ECU
didu khién con cung cép tinh hiéu luyc din dong yéu cau cia MG1 va MG2 cho ECM.

Cong thire tinh toan Iyc dan dong cua ECU diéu khién xe hybrid dwgc thé hién qua so
d6 du6i day. Cong thirc tinh toan luc din dong dong co la:

% (Luyc dan dong muc ti€u) — ( Luc dan dong dong co) = ( Luc dan dong MG?2)

ECU didu khién xe Hybrid ECM

Didu khién hé

nh toén tong &= | _théng ETCS-
. luc ddn ddng
Tinh trang &« Tin toan - 2= Bigu khién luong
quy o= SOC - phun nhigén &y
Bién ap
Cuong d6 dong dién 'y
Didu khién thai
- Nhiét db 51 v
Nhigt 4 diém danh Ioa
Pieu khign VVT4
Tinh toan
krc din Y
Cum cé Hen Tinh toa sk
Cum cam bién Ny nnh wan ECU kiém soat truot
ban dap ga = muc tiéu sy phén
phéi huc
v £ - Bigu khién phanh
dan ding
\ & :‘ m t ‘i" itr
can so - -
MG
ECU
Cac cam bién Tinh toén luc dan
cho MG1 va MG2 1 . o ddng MG1
Tinh todn luc dan
= dong MG2

Hinh 3.53 So dd tinh toan lyc dan dong.

Qua so db trén ta c6 thé théy, nhiing tin hi¢u ma ECU nhén dugc bao gém cac tin
hiéu: Bo diéu khién dc quy (Cam bién dién ap 4c quy); Cum cam bién ban dap ga; Cam
bién vi tri can s6; Cam bién cho MG1 va MG2, tin hidu tir ECM, tin hi¢u tir ECU kiém soat
trugt. Tt nhitng tin hiéu nhan duoc d6 ECU diéu khién xudt tin hiéu cho ECM diéu khién
cac bd phan chép hanh theo yéu cau, xudt tin hiéu diéu khién cac mé to dién MG1 va MG2.

Cum tinh toan lyc din dong muc tiéu cia ECU nhan tin hiéu tir cym cam bién ban
dap ga, cam bién vi tri can s6 va cac cam bién tir MG1 va MG2. Sau d6 s& xuat tin hiéu vé
b tinh toan lyc dan dong dong co, thong s6 luc yéu cau dan dong dong co s& duge gui cho
ECM dé diéu khién cac bo phan nhu hé thdng ETCS-I (Hé thong diéu khién buém ga dién

tir), hé thdng nhién liéu, thoi diém danh lira,... va dé diéu chinh tin hiéu diéu khién thi bo
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tinh toan lyc dan dong dong co cling nhan tin hiéu phan hdi tt ECM dé canh chinh diéu
khién sau cho dat hiéu sut cao nht.

Pé didu khién din dong MG1 va MG2, ECU cin nhan biét trang SOC thong qua
cum tinh toan SOC, cum nay nhan tin hiéu tir b diéu khién dc quy HV. Luc dan dong yéu
cau cia MG1 va MG2 dugc dua dén ECU diéu khién mé to dién (MG ECU) sau khi qua
b6 tinh toan sy phan phdi luc din dong. Pé tinh toan su phan phdi lyc dan dong hop 1y,
ECU diéu khién xe hybrid cAn nhan tin hiéu tir ECU kiém soat truot. Két qua tinh toan cudi
cung dugc guri dén MG ECU dé cho ra hiéu suat din dong MG1 va MG2 tét nhat. Hé théng
tinh toan luc dan dong ciia ECU diéu khién xe hybrid giup xe diéu khién t6i uu cong suit
va momen tao ra cia MG1 va MG2, dong co giam su ti€u hao nhién li€u va khi x4 sach
hon.

3.4.5. Piéu khién tinh trang SOC.

Cimbiénd nag s

aC Quy -

y didu khain ECU diey
khidn xe

* n Gér Hybrid

Hinh 3.54 So d6 diéu khién tinh trang SOC.

ECU diéu khién xe hybrid tinh toan SOC cua dc quy HV dwa vao dong nap - phong
dugc phat hién boi cam bién dong dc quy. ECU diéu khién xe hybrid lién tuc thuc hién
diéu khién phong - nap dwa vao tinh trang SOC tinh toan dé duy tri SOC trong pham vi
muc ti€u cua xe.

Khi xe dang chuyén dong, ac quy HV thuc hién chu ky nap — phéng dién lién tuc,
phong dién dé cip cho MG2 khi ting tc va nap dién boi phanh tai sinh khi giam toc. Khi
SOC thap hon mirc gidi han, ECU diéu khién xe hybrid s& kiém soat ngudn ting cong suét
phat ra cua dong co dé dan dong MG1 va nap lai dién cho ac quy HV. B6 diéu khién &c

SVTH: Nguyén Dang Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 85



Capstone Project: Khao sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

I4
A

quy (cam bién dién ap 4c quy) s& chuyén ddi cdc tin hiéu trén thanh tin hiéu k§ thuat sb,
nhiing tin hiéu nay dé xac dinh SOC va n6 duoc tinh toan béi ECU diéu khién xe hybrid.
3.4.6. Diéu khién dong co.

Diéu khién hé
Cym cam bien ban > thong FTCS
fap ga

Biéy khién

* |urong phun
Ca j nhién liéu
Cam bien vi tri can
sd ’ 23 :
"1 ) Didu khién thol
* diém danh Kra
ECU diéu - >
—_— -
khién xe — ECM
MG FC Hybrid Buong ; i
MG ECU Lol Sl » Didu khign WT-i
truyén CAN
i : R

Cum dong ho tapld
Cac cam bién cho
MG1 va MG2 - MIL

*1: Céc diéu kién hoat dong cua ddng *2 Cac ydu cau dieu khign dong co

Hinh 3.55 So d6 diéu khién dong co.

ECM nhan tin hiéu téc d6 dong co muc tiéu va lyc din dong dong co yéu cau tir
ECU diéu khién xe hybrid. Sau d6 diéu khién buém ga dién tir (h¢ thong ETCS-i), diéu
khién lugng phun nhién li¢u, thoi diém dénh lra, VVT-i va EGR. Trong qua trinh diéu
khién, ECM s& béo tinh trang hoat dong dong co vé ECU diéu khién xe hybrid. Dya trén
tin hi¢u tit dong co d nhan dugc tir ECU diéu khién xe hybrid theo diéu khién co ban,
ECM sé¢ dung hoat dong dong co.

3.4.7. Diéu khién MGI va MG2.

Mo to MG1 duge dan dong boi dong co, phét dién ap cao dé van hanh MG2 va nap
dién cho ac quy HV, ngoai ra con c6 chitc ning nhu mot may khoi dong dong co. M6 to
MG2 duoc din dong bai ngudn dién tir MG1 va ac quy HV, tao lyc dan dong cho cac banh
xe din dong, ngoai ra MG2 con phat ra dién ap cao dé sac lai cho 4c quy HV trong diéu
kién két hop phanh tai sinh, hodc trong diéu kién khong nhan ban dap ga.

Ca hai mb to déu sé tat khi hop so trong trang thai s6 trung gian (N). Diéu nay lam

MG1 va MG2 nging cung cip luc ddn dong, vi ca mé to duoc ndi co khi dén banh xe dan
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dong viéc ding MG1 va MG2 1a d khong 1am quay cac banh xe din dong khi & sb trung
gian (N).

MG ECU s& diéu khién cac transitor IGBT trong IPM (mé dun coéng suit thong
minh) bang cach dya vao cac tin hiéu nhan duoc tir ECU diéu khién xe hybrid. Nguoi ta
sir dung cac IGBT dé chuyén giita cac pha U, V, W ctia cac may phat mo to. Trong IPM
gdm c6 sau IGBT bat va tit d& diéu khién timg mdy phat mé to ung véi timg ché do van
hanh 1a mo to hoac may phat.

[' IGBT ON

May phat Mé to ()

PM
IGBT: ON ‘
(’ IGBT. ON
- : U
i D{ x D;\J :
Dllk D( P
M

IGBT. ON ‘
~ IGBT ON

-

8

Vv w

e

L

4

May phat Mé to ()

bl
FL»—*—<
:;]_{

e
c

L

V W

LI

%]

B
7l

AN

o

May phat Mé to )

PM
IGBT, ON

Hinh 3.56 Trang thai mo to.

Céc IGBT trong IPM bat va tit dé cap dién xoay chiéu 3 pha cho mé to. Luyc tao ra

ti 1€ vai toc d§ quay cua mo to, vi vay dé di€u khién lyc dan dong theo yéu cau cia ECU
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didu khién xe hybrid thi IPM s& bat tit cac IGBT dé diéu chinh téc do quay ciia mé to thong

qua vi¢c diéu khién dong dién ba pha cap cho mo to.

: [Rfar Bé:: D[\]K .
1 ¥ Dﬁlj‘ lv W

May phat M6 to

!

>

IPM

»

L.
b
-
»
-

i = —
X+ K3

=

— May phat M6 to

IPM

N o &[5

May phat M6 to

IPM

Hinh 3.57 Trang thai may phat.

Dong dién ba pha ciia may phat duoc dan dong béi banh xe va duoc sir dung dé nap
cho 4c quy HV.
3.4.8. Piéu khién ngdt di¢n cao dp.
Khi xay ra mot trong bat ky didu kién nao sau day, cac role chinh cta hé théng (SMR)
s& tw dong ngit bang ECU diéu khién xe hybrid.
e (Cong tic dong co dugc tit.
e Cobatki tii khi nao nd

° Nép ctia bo ddi dién duoc thao ra ( Mach lién dong bi ho).
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Tay nidm cta chét stra chita bi mé khoéa ( Mach lién dong bi ho).
e Céc truc tric cu thé.

= .
Cdng tac déng co i
| MG ECU
Buong
(Ecu chfrng nhan Tryan CAN
(Cum ECU chia ECU didu khién xe
théng minh) Hybrid |
o Céng tic lién IC
Cym ECU tii khi N | déng (cho nép
b dbi dién)
>
=11 | ) Pén Cap dién (Day dién
N phia dugi san xe HV)
| \
SMRB ‘
-L. Chét cda nut
sira chira 2217
IR
L SMRP
AcquyHV | © — ) Bén Cap dién (Day dién
— eI phia du¢i san xe HV)
SMRG

Hinh 3.58 So d6 mach dién mach ngit dién ap cao.

SVTH: Nguyén Diang Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 89



Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

3.5. Tinh toan ddng hoc, dong luc hoc hé thong dong luc xe Toyota Camry
Hybrid.
3.5.1. Co sé tinh todn xdc dinh cong sudt ciia hg thong dong luc xe Hybrid.

Hinh 3.59 So do phan tich luc caa xe.

G- Trong luong xe; v- Van téc cua xe; Fk— Luc kéo tié'p tuyén tai cdac banh xe chu dong.
Ffl — Luc can lan tai cac banh xe bi dong. Ff2 — Luc can lan tai cdc banh xe chu dong.
Feo— Lyc can cia khéng khi. Fi — Luc can khi 1én doc. Fj — Lwc can quan tinh khi xe
chuyén dong khong on dinh (co gia téc). Fm — Lwec can tai méc kéo; o.— B doc cia mdt
dwong; L la chiéu dai co sé xe; a,b la khoang cach tir trong tdm xe dén truc banh xe
truwdc va banh xe sau,; hm la khoang cach tr mat dwong toi diém dat lwc kéo moc; Lm la
khoang cach twr truc banh sau toi diém dat luc kéo méc
< Luc can lan F; : 1a lyc can lan sinh ra chu yéu do bién dang dan hdi ctia banh va

mdt phan do ma sat trong 6 truc banh xe.
Fr=(Z1+Z,)*f =f*G.cosa

Trong trudng hop xe di chuyén trén duong c6 do doc nhé, goc o nhod nén ta coi cosa=1
hoac khi duong nam ngang, ta co: Fr=fxG.cosa=f+*G.Vbiflah¢ s6 lan.

% Luc can leo déc F; :

F, = txG.sina
Déu (+) trong truong hop xe 1én dc, dau (-) trong truong hop xe xudng ddc.
% Luc can gio F,, 1a luc can gi6 dat tai tam dién tich can chinh dién va dugc xac dinh

theo biéu thirc sau:
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1 2 2
Fw - EIDCXSUO == 0.625CXSUO

Trong do:
e p - Khbiluong riéng khong khi (kg/m3), & nhiét d6 25°C va tai ap suat 0,1013
MPatacé p = 1,25kg/m3
e v,- Van tc xe (m/s).
e S: dién tich can chinh dién cua xe (m?).
e Cy: hé sb can khong khi (Ns2/m?).
< Luc cdn quén tinh F; la lyc can quan tinh dat tai trong tim m6 hinh va sinh ra khi 6

t6 tang hay giam tdc, va duoc xac dinh theo biéu thirc sau:
G .
F; = 6; L
Trong do:

e §;- hé sd tinh dén anh huong cua cac khdi lugng van dong quay

e j- giatdc cia xe (m/s?)

% Luc kéo Fy.
Fo.= Fr £ F+ Fyx F+ By,
Lyc: F;dau (+) dung khi xe 1én doc, dau (-) dung khi xubng doc.
Luc: F; dau (+) dung khi xe tang toc, dau (-) dung khi giam téc.
s Cong suat kéo P;,.
P.= Pt P+ P+ P+ Py, =Fv
< Cong suét xe P,.

P
P=—

Trong d6: n : hiéu suat hé thong truyén dong cia xe.
3.5.2. Chién liroc phéi hop cdc nguon dpng luc trén xe Hybrid.

Trong viéc diéu khién xe hybrid, viéc diéu khién su phdi hop giita PCP va DPCDT
mot cach nhip nhang va hiéu qua 1a yéu td quan trong quyét dinh sy vuot trdi cta xe hybrid
trén phuong dién phat thai ciing nhu tiéu thu ning luong so vdi cac loai dong co truyén
thong khac. Dé thoa mén cac yéu cau vé hiéu sudt, phat thai va tinh nhip nhang thi viéc két
hop cong suit cia PCD va DPCPT phai théa man cac quy tic sau:

e Quy tac 1: O cac ché o DPCPT chua lam viéc thi PCD s& hoat dong ddc lap.

SVTH: Nguyén Ding Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 91



Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

Quy tic 2: DCOT chi lam viéc trong cic ving cong suit va tde do co suét tiéu hao
nhién liéu thap, dic tinh phat thai thap.

Quy tic 3: DCPOT la nguén dong luc chinh, BCD la nguén dong luc bo sung, lg1
dung su linh hoat cua DCD dé bu dép cho BCDT.

Quy tac 4: O cac ché do can cong suét cao, ca DCD va PCDT sé cung hoat dong.
Quy tic 5: DCOT con dugce st dung dé chay may phat sac dién cho ac quy.

<Bﬁt ddu >

Vie Vioen

Voo

A 3 S | Ché d) khong Chi BDOCD hoat
< Vie>0 > tii B aong

Chi DCD hoat
= . —-/, Adng

<§. = Ve = Vi>ow (h:;l'l)'(l)l
s e at dong >
S
| e V\:N» Hai BC cang
T /,‘ hoat ddong
B S o~

Hinh 3.60 Chién lugc diéu khién tong quét xe hybrid.

So dd cho thay cac chién lugc co ban dé phdi hop cong suit cia PCP va PCPT, cac

vung toc dg khac nhau cua xe s€ c6 cac cach phdi hop cac ngudn dong luc khac nhau.

YV V V

3.5.3.

O ché d6 khong tai, PCP s& duoc cip dién va san sang hoat dong khi dap ga.
bCb sé tiép tuc hoat dong doc lap cho dén mdc van tée V1.

V1 dén V2 sé& chi c6 DPCPT hoat dong boi day 1a dai van toc ma DCDT sé ¢ suit
tiéu hao nhién liéu thap va luong phat thai nho.

Vi van tbe tir V2 dén V3 thi do ddy 1a viing can c¢6 cong suat 16n nén sé& két hop
cong suat ctia ca PCPT va PCD.

V1 =40 Km/h
V2 =60 Km/h
V3 = 140 Km/h

Tinh todan cdc trang thai hoat dpng cua xe Hybrid.
Bang 3.11 Théng s co ban cua xe thiét ké Toyota Camry Hybrid.
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Kich thudc tong thé bén Dai x Rong x
, mm 4885 x 1840 x 1445
ngoai Cao
Chiéu dai co s¢ mm 2825
Chiéu rong co s& Trudc x Sau mm 1580 x 1605
Khoang sang gam xe mm 140
Ban kinh vong quay toi thiéu m 5.8
Dung tich binh nhién li€u L 50
Sb chd ngdi 5
Trong luong khong tai kg 1565
Kiéu dan dong Cau trudc
Ban kinh banh xe m 0.44
. s Puong nhya tot
H¢ s0 can lan F, 0.02
(0.015- 0.02)
Heé s6 can khong khi Cx 0.4
Hé s6 khéi luong quay 6; 1.08
Gia toc trong truong g 10
Khdi lugng riéng khong khi (kg7m3) 1.25
Dién tich can chinh dién S=0.8*Bo*H | S (m?) 0.8*1840*1445=2.127

3.5.3.1.

Xe bat dau khgi hanh 0- 40 (km/h).

bong co dién (BDCD) s€ 1a dong co hoat dong chinh va doc lap dé dua xe di. PCD
s& duoc MG2 diéu khién. DCD s& cung cdp luc ddy dé din dong chinh & khoang téc do

nay.

Pong co dién mang lai hi¢u suat to61 vu trong vi¢c chuyén doi nang lugng, gitp xe

hybrid tiét kiém nhién liéu va giam phat thai khi khai hanh va di chuyén cham trong d6 thi.

DCPD hoat dong yén tinh, tao moi trudng 1ai thoai mai va cung cép kha ning khoi dong

nhanh chéng vdi cong suat tirc thoi.
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w41

AN e
] | ITIRE

Hinh 3.61 Ché d¢ chi dong co dién hoat dong.

Khi xe chay hoan toan béng dong co dién, ta c6 cong thuec:
oM,

p =
2t,

2 2 2 1 3
(V2 4+ )+ 3MvgfVs +<pCeSVy

Trong do:

M,, — Tong khéi lugng cia 6 to

t,- Thoi gian udc tinh.

V,- Toc d6 cudi cung cua 6 to twong tng Véi toe dd co ban cua dong co
Ve- Téc d6 cudi cung ciia 6 to sau khi gia toc

_1.08+2015 40

, 2 40 1 40\°
) +§*2015*10*0.02*§+§*1.25*0.4*2.127*(—)

2+3 ‘3.6 3.6
= 48 (kW)
P—P—48—505 kW
Y “m 095 5 (kW)
F—P—48—4324N
k=530 T (N)
3.6
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3.5.3.2. Chay Véi téc dé déu va ga nhe 40- 60 (km/h) véi gia téc j=1.5m/s2.

AN

111 L
] | [TIRE

l MG 1 I

Hinh 3.62 Ché d¢ chi dong co dét trong hoat déng.

Khi xe tang ga nhe, hé thong hybrid thudng chi sir dung PCPT hoat dong. Vi day
1a ving khong yéu cau cong suat qua cao va nam trong ving lam viéc ly tuéng cia DCDT.
Trong khoang tbc do nay, DCDT c6 hiéu suét tot va du cong suit dé cung cap luc ddy can
thiét cho xe di chuyén mot cach nhe nhang va tiét kiém duogc nhién lidu. Viéc st dung
DCDT trong tinh hudng nay giup tan dung t6i wu ngudn ning luong va bao dam xe van
duoc van hanh trong diéu kién 1y tudng cua PCPT.

Xe duoc chay trén duong ngangnéna =0 nén F; =0 =>F, = F; + F,+ F

Cong suat: F = F; + F,+ F; = mgf + m8j + 0.625C,Sv?

60\2
F, = (2015 %10 % 0.02 + 2015 * 1.08 * 1.5 + 0.625 * 0.4 * 2.127 * (ﬁ) >

= 3815 (N)

P=Fk+v=3815+603.6 P = F, v = 3815 » = = 63.58 (kW)
P 63.58

P, ===222=669 (kW)

SVTH: Nguyén Dang Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 95



Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

3.5.3.3. Chay tang téc manh 60- 100 (km/h) véi gia téc j=1.8 (m/s?).

L

1] | Bl
1] | [TIEE

Hinh 3.63 BDCDT va bCD cung hoat dong.

Khi tdc d6 tang 1én, hé théng Hybrid s& chuyén sang ché d6 két hop. PCD MG2 s&
hoat dong dé cung cdp cong suat va dap ung nhu cdu ting toc manh, déng thoi DCPT s&
kich hoat va hoat dong & viing cong suét cao dé cung cp bo sung va hd trg lyc day trong
qua trinh tang toc. Su phdi hop gitp xe dap tng nhanh chéng yéu cau luc day trong qua
trinh tang toc manh.

DCP dam bao hiéu suat va ti wu viéc tiét kiém ning lugng, trong khi DPCPT cung
cap cong suat bd tro dé dap tmg nhu ciu ting toc manh va tdc do cao.
Cong suat: : F, = Fy + F,+ F; = mgf + mé&j + 0.625C, Sv?

100\2
F, = (2015 %10 * 0.02 + 2015 * 1.08 * 1.8 + 0.625 * 0.4 * 2.127 * ( ) )

3.6
= 4730 (N)
100
P=F, v =4730* 36 131.3 (kW
P 1313
Pv = Z = W = 138.2 (kW)
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3.5.3.4. Chay Véi téc dé téi da (180 km/h).

UL

‘Hll“'
] | TTREERE

Hinh 3.64 Khi xe chay ¢ toc d6 tdi da.

Pong co dbt trong (PCPT) cia xe Hybrid dugc nghién ctru dé dat duoc hiéu suit
t6i uvu & toc do cao, nham dam bao cung cip du cong sudt va mo- men xoan manh dé xe
van hanh va 6n dinh. Tai téc do t6i da DCDT s& hoat dong & ving cong suat cao nham
cung cap du luc ddy nham duy tri téc do t6i da cia xe. Bén canh d6, PCP MG2 sé& hoat
dong & muc thap va c6 vai tro hd trg va cung cip cong suat cho xe. Su tuong tac giita
bCDT va bCb dam bao ré'mg xe van hanh 6n dinh, hiéu suat cao va tbi uu st dung nang
lugng.

Xe dugc chay trén duong ngangnéna =0 nén F; =0 =>F, = F+ F,+ F;

Véi van toc =160 km/h > 80 km/h nén hé s6 can lan s& thay d6i va tang 1én 13 rét,
bai vi & khu vuc tiép xuc giita banh xe va dudng, cac thé 16p khong kip dan hoi va tro lai

nhu cil, nén chi mot phan nhé nang lugng tiéu hao cho bién dang dugc tra lai. Nén ta c6

1+ v’ 0.02 1+ (13560)2) 0.043
= k = (. k B — = (.
f=1 1500 1500

cong thue.

Cong suat: F, = F; + F,+ F; = mgf + m&j + 0.625C,Sv?
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150y\°
F, = (2015 10 * 0.046 + 2015 * 1.08 0.4 % +0.625 * 0.4 * 2.127 (3 6) )
= 2660.17 (N)

150
P=F,+xv=2660.17 * c = 110 (kW

p_110_ 116.6 (kW)
n 095 '
5

Khi xe leo doc (Ché dé day tdi 0,,,,).

~-
- -
- -
aE
R
- —

Hinh 3.65 Khi xe chay leo déc.

Khi xe leo doc, Pong co ddt trong (PCPT) ting cong suit va moé-men xodn dé cung
cap dong luc, gitp xe leo doc hiéu qua va duy tri toc d6. Pong co dién (BCP) (MG1 va
MG2) hd trg bang cach cung cip thém cong suat va mé-men xoan cho banh xe, gitp giam
tai cho BDCD va tang hiéu suét toan bo hé théng.

Tinh toan cong suét:

Do dbc xe di chuyén dugc xac dinh trong truang hop xe chuyén dong véi (j = 0)
(F; = 0), E, = 0 (khong kéo theo Ro méc) va 1én doc voi van téc nho nén F,, = 0.

Ta c6 phuong trinh can bang luc kéo.

F,= Fr+ F, = G(fcosa + sina)
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1 1 . 1 1
= ’ sina = =
J1t+(tana)?z  V1+i2 Ji+(tana)2  V1+i2

f i f+i 0.02 + 0.4
Fk=G< + >=G( )=20150(—)=7857.7N

Véi : cosa =

Vi+i2 V142 V1 + i2 V1 + 0.42
30
P=F,+v=7857.7x 36" 65480.8 W
P, = P _ 654808 68927 W = 68.9 (kW)
7 n 095 - oY
3.5.3.6. Chay véi ché dé giam téc, phanh tdi sinh.

Khi phanh tir 60 km/h cho dén khi xe dimng lai s& ting SOC 1én khoang 1% dén 3%,
tiy thudc vao cach dap phanh. Tang toc cham trong ché do EV tir 0 km/h 1én khoang 40
km/h s& 1am cho SOC giam khoang 2% dén 3%, do d6 luong phéng dién & dai chuyén
dong nay tuong tmg voi lugng dién da duoc tich lai khi giam téc ¢ budc phanh tai tao.
Céch nap ning luong hiéu qua nhat 13 giam toc tir tir trong khi dap nhe ban dap phanh. Mic
khac, phanh d6t ngot dan dén hiéu qua phanh tai tao it, vi trong truong hop nay phanh thay
luc thuc hién phén 16n viéc giam tdc.

8 Vehicle Speed (Resoven (ki) b7

190~
gf““-—“ﬁ_ Phanh cham

N_‘ \»

L1

i
/(

) -5 ;

-
=

32 Tang lén
- khoang 3%

\.ﬂ 8
|

Hinh 3.66 SOC ting 1én khi dap phanh.

Ché d6 tang tdc tir 0- 100km/h trong 12s:
Taco:v = v, +J;
100

ﬁ =0+ 12] =>j = 2.3 (m/SZ)

Dé xe dat dugc kha ning ting toc tot nhat ta cho xe ¢ ché d6 khong tai 1a :m=1565 kg
Fy = Ff+ F,+F, = mgf + méj + 0.625C,Sv>
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1002
F, = (1565 £10 % 0.02 + 1565 * 1.08 * 2.3 + 0.625 * 0.4  2.127 * ( ) )

3.6
= 4610 (N)
100
P=F,*xv=4610* 36 = 128 kW
P 128
Pv = ; = m = 134.9 (kW)

Duva vao céac yéu cau cong suét & cac ché do hoat dong nhu trén ta co thé théy cong
sudt DPCD Pm>50.5 kW va DCPT ¢6 cong suat Pe>116.6 kW. Tuy nhién dé dé dam bao
cac ché do van hanh doi hoi cong suit cao hon nhu chay ting toc khi day tai & khoang toc
d6 cao ciing nhu tang toc tir 0-100 km/h dam bao di cong suét canthiét cia xe, ngoai ra
con do yéu tb san xuét ctia cac PCP, dé dé dang ché tao hoic mua sam ta chon Pm= 56
kW => Pe>131kW. Ngoai ra néu chon dong co dién qua 16n doi hoi Pin phai 16n theo dé
dap tng da nhu cau cdu DCD nén ta chon nhu trén 13 hop 1i.

3.5.4. Kiém nghiém lai déng co dot trong.
Vi cong suit yéu cau di tinh toan 131 kW , ta thiy bang véi thong s6 cua Toyota

Camry Hybrid vay nén dong co A25A- FXS la phi hop véi yéu cau.

Hinh 3.67 Bong co A25A- FXS trén xe Toyota Camry Hybrid 2023.

Bang 3.12 Cac thong s6 ki thuat cia PCDT A25A- FXS.
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Loai dong co A25A- FXS

Sb xylanh 4xylanh thang hang

Dung tich dong co cc 2487

Loai nhién liéu Xang

Ti s6 nén 14:1

Hanh trinh piston 103.4 mm

Puong kinh xilanh 87.5 mm

Cong suat toi da kw(hp)@rpm 131(176)5700

Momem xoin toi da Nm@rpm 221(3600- 5200)

Tiéu chuan khi xa Euro 5w OBD

Hé thong van bién .
Dual VVT- iE

thién

Heé thong phan phdi khi

DOHC-16 Vavle

Hé théng nhién liéu

Phun xing truc tiép
(D- 4S)

DO THI DAC TINH DONG CO DOT TRONG

. 205+ e
= 200 /
195
190 |
185 |

180

175 ' :

] 1000 2000

3000 4000
ne(rpm)

2000 G000

Hinh 3.68 D6 thi dic tinh mé men dong co dét trong.
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Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

DO THI DAC TINH DONG CO DOT TRONG

Pe (W)

ne(rpm)

Hinh 3.69 D6 thi dic tinh cong suat dong co dbt trong.

3.5.5. Kiém nghiém dong co di¢gn DCP- My phit.

Pbi v6i xe Hybrid ctia Toyoto thudng cum PCH- May phat, MG2 va MG1. MG1
s& c6 vai tro phat dién, ho tro cong sut cho MG2 va c6 nhiém vu khéi dong dong co dot
trong. Con véi MG2 sé& c6 vai tro hd tro ting tdc, dan dong cac banh xe, tai tao nang luong
khi phanh.

DCD PMSM (Permanent Magnet Synchronous Motor ) 1a mdt loai dong co dién
khong chdi than thuong dugc lwa chon trén cac dong xe Hybrid, dic biét cac dong xe
Hybrid ctua Toyota.

Pong co nay dugc thiét ké dé cung cap hiéu suat cao, moé men xoan 16n va hi¢u
suat nang luong tot.

DCD 1 chiéu DC sé& cung cap md men tot hon so véi DCD xoay chiéu.

Bang 3.13 Thong s6 DCP.
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Théng sb
Muc
MG1 MG2
Loa: Mo to dong bd nam Mo to dong bd nam cham
oai
’ cham vinh ctru vinh ctru
L Phat dién, khoi dong Phat dién, dan dong banh
Chtrc ndng .
dong co Xe
Dbién ap dinh danh cuc dai DC 650(V) DC 650(V)
Cong suat cyc dai - 53(Kw)
M6 mem xoan cyc dai - 163(Nm)
Téc d6 quay 13.500 vong/ phut
Hé thong lam mat Lam mat bang nudc Lam mat bang nudc

DO THI DAC TINH DONG CO DIEN

W
\

Pmotor (W)

— i -

100C 2004 3000 $0 X SO0 sl

v J U Fad b} I SUU FOUC DU

nMLmom

Hinh 3.70 D6 thi ddc tinh cong suat dong co dbt trong.
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DO THI DAC TINH DONG CO DIEN
170 T T T T

160 | \

?D i i i i i
0 1000 2000 3000 4000 5000

nm(rpm)

Hinh 3.71 D6 thi dic tinh mé men dong co dién.

3.5.6. Tinh todn kiém ngiém dc quy Hybrid.

Dung luong pin 4c quy Hybrid thudng dugc ché tao theo quy chuan, méi mirc dién

ap can thiét cia DCD 13 600V, ta chon khéi pin trén xe ctia Toyota thiét ké co thong s6 nhu

Sau.

Hiéu dién thé 1 cell pin 1a 1,2 V, thong thudng 6 cell duge mac ndi tiép thanh 1 g6i c6

hiéu dién thé 1a : 1,2*6="7,2V. Sur dung dc quy Nikel- Metal Hydride (Ni- Mh).

e Vi hidu dién thé 1a 600 vay sé goi can sé la x = 2= = 83,3 (g6i).Chon x=84 (g6i)

7,2
e Tong cell can thiét trén pin 1a: 84*6= 503 [cell].
e Hiéu dién thé cua pin 1a: 84*7,2= 604 [V].
e Dung lugng cua 1 cell pin 1a 3 Ah.
e Dung luong pin 1a: 503*3= 1509 [Ah].

Dung luong c quy duoc xac dinh:

Trong do:
e Q,—ladung luong cta ac quy [Ah].
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Capstone Project: Khao sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

e [,- dong phong [A].
e t,-thoi gian phong [h].
e P- Cong suat DCH =53000[W].
e U—Dién ap cua bCD =600 [V].
Ta chon thoi gian xe chay khoang 3 h thi hét binh:

53000
Qp = (222 + 3 = 265 [Ah]
A A en IOETERT E _ 1509
Vay s6 gio st dung thyc t€ cua binh 1a: I, = o = 265 = 5.7 (h)
14

Mat khac ta co:

e (, —diéndung nap

e [,-dongnap [A].

e t,-thoi gian nap [h].

Do trong qué trinh nap xay ra ton that nén dién dung nap phai 16n hon so véi dién dung
phong tam (10-15%).

Qn=Qp+0Q,*01= Q,+11=265%11=2915 [4h]
Theo tiéu chuan Viét Nam- TCVN thi dong dién nap (I,,) thuong bang 0,1 dung
lwong nap cua ac quy: I, = 0.1 * Q,
Qn

Nhu vay thoi gian nap cho ac quy:= = % = 10 [h]

Tuy nhién, véi thoi gian nap dién 1a tn = 10 (h) thi chi dugc sir dung trong truong
hop nap méi cho ic quy bang phuong phap “ thé hiéu khong doi ” hay nap no cho ac quy
sau khi xe khong con lam viéc.

Ngoai ra, dé xe 1am viéc duoc lién tuc thi ta can phai bu vao phén nang luong da bi
hao trong qua trinh 1am viéc cua xe, tic 1a can phai bo sung thém ning lugng bang cach
cho dong co nd lam viéc dé kéo may phat nap dién cho ac quy va nang lugng thu hdi lai

trong qué trinh phanh tai sinh.
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3.5.7. Tinh todn bj chia cong sudt.

2 (!)3. 7_,
3

1

Hinh 3.72 B banh rang hanh tinh két ndi toc do.

Bo6 banh ring hanh tinh gdm c6 :
e Tryc ddu vao tir DPCDT ndi v6i banh ring mit troi.
e Truyc ddu vao tir PCP ndi véi can dan cua b banh ring hanh tinh

e Banh ring bao két ndi truc so cap cua hop sb.

Ta c6 cac thong sb dau vao:
T,=T,=163 Nm; w; = 5200
T; =T, =221 Nm; w; = 5700
Céc thong sb can tinh:
Wy = Wy * kg + w3 * kj
pefilh LGk,
ki ks T; ks
ksski=1-k;=06->k, =04

139
—— =407.5Nm

T, =
2704
w, = 4200 % 0.4+ 5700 * 0.6 = 5500 rpm
Vi so dd b két ndi da chon nénta co: ky = — ; ks = —
Z+1 Z+1

Ti s6 truyén: k, = ZL-I-l =04 =>Z=15

3.5.8. Tinh todn ti sé truyén.
Ti s6 truyén lyc chinh:
TT* Npax * Thx

SRREY Ay

Trong do:
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e n- Toc do dong co dét trong 5700 rpm.
e 13- Ban kinh banh xe = 0.44 m.

o V.- Van tdc cuc dai = 50m/s2.

] _n*5700*0.44_35
T 30%50%150
Ty s6 truyén cua tay sé cao nhit dugc xac dinh trén co s& dam bao khic phuc duoc

lyc can 1on nhat cua mat duong ma banh xe chii dong khong bi truot quay trong moi diéu
kién chuyén dong.
Tmax * G * Tphx

= ;
Mmax * lO * nt

th1
Trong do:
e G=10%2015=20150N
¢ Thax =0.02+0.44 =046

Khi mai khéi hanh chi ¢c6 PCD hoat dong, nén momen truyén vao hop so chinh 1a
momen dau ra cia bo két hop toc d6 13 momen truyén tir DCD.
Max = Mg = 163 x 1.5 = 2445 Nm
0.46 x 20150 * 0.44

ih =
244.5 % 3.5 * 0.95
Mt khac ta o, luc kéo tiép tuyén con bi gidi han boi diéu kién bam gitta banh xe

=35

va mat duong:

Gp * @ * Ty
Mmax * lO *nt

ln1 <

Trong do:

e (), — Trong lugng bam trén banh xe chu dong.

e Talidy G, = 0.5%20150 = 10075 N

e - Hé sd bam doc gitta banh xe va mit duong: Chon ¢ = 0.95

Ta co:
~_10075:095+044
thi S T 5%35%095 O

Ta suy ra ti s6 truyén tay sé 1 nam trong khoang 3.5 < i,;<5.1 =>Ta chon i,; = 3.7
Ti s6 truyén tai tay 86 2: in, = \[in; = V3.7 = 1.92

Ti s6 truyén thang : iz = 1

Ti s6 tay truyén Iui: Chon i, = 1.2 * i, = 4.44
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3.5.9. Xay dung dwong ddc tinh kéo.
bac tinh kéo khi DPCDT hoat dong doc lap:

e Tinhmdmen M, ciaDCDT: M, = ;———¢——3 Nm
e Tinh luc kéo F; cua DCDT: F, = w N
bx
e Tinh van téc V, DCDT: v, = 2ot (2
kh*lo

DO THI LUC KEO DONG CO DOT TRONG

P (N)

vikmyh)

Hinh 3.73 D0 thi luc kéo tai cac banh xe cha dong.

Dac tinh kéo khi PCD hoat dong doc lap:
Ne

Nm
)lv*a)e*(a+b/1,,+c/1v2)

e Tinh mé men M, cia bPCb:M, =

e Tinh luc kéo F, ciia DCDT: F, = Yetlnt ot

Rpx
e Tinh van téc V, DCDT: y, = Letfox 1y
lkh*lo N
e Tinh cong suat DCD: Nm = M,, * w, (W)
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= DO THI LUC KEO DONG CO DIEN
600
s000 o |
& 3000
2000 1
)00
2 0 &0 80 100 120 140 160 180 200
vikmyh)
Hinh 3.74 D0 thi luc kéo khi xe sir dung dong co dién.
bac tinh kéo cua 6 t6 Hybrid:
e Cong thirc tinh Iyc kéo khi chi ding nguén DCP Pkl.
Axw, *R M x Qg% iqy *
V1= .m.bx ; Pl = 1 0 M *Y
lim*lo Rpx
e Cong thirc tinh Iyc kéo khi chi ding nguén DCP Pkl.
Axw, *R M, *iq % iqy *
V2 = .m.bx ; Pk2 = 2 0 iN*Y
lin *lo Ry

Cong thuc tinh Iyc kéo khi chi ding ngudn BDCD Pkl khi truyén thang.

A*xw, *R M, * [ *
yg =2 Wm T Tex gy M1t FY
lO be

Cong thuc tinh Iyc kéo khi chi ding nguon BDCD Pk2 khi truyén thang

A*w, *R M, * i, *
V4:7f‘—bx : pk4:2—0y
lO be
e Cong thuc lyc kéo khi dung ca 2 nguon két hop PK5.
A*xwy *R M, «k; + (M, *k,) =i, *
VS = M bx ; Pk5=( 2 1+ (M 2) * g *y
I’O be
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DO THI LUC KEO XE Hybrid

Ph2
35 Ph3
S— e 1

Pn5

Pk (N)

Hinh 3.75 Db thi luc kéo xe.

Qua qua trinh tinh toén va xay dung dd thi dac tinh luc kéo, ta da phan tich duoc
mbi quan h¢ gitra luc kéo, luc can chuyén dong, cong suét dong co va cac ché do 1am viéc
cta xe. D4 thi luc kéo cho théy r0 kha ndng lam vi¢c cua xe & ché do khac nhau, tir d6 xac
dinh dugc vung tdc d6 toi wu va cac 2161 han van hanh an toan.

Tir két qua db thi, ta da lya chon duoc dong co phu hop dam bao cac yéu cau vé:

e Du luc kéo 16n hon luc can trong toan bo dai tdc d6 lam viéc;

e Kha ning ting téc dap Gng tiéu chuan k¥ thuat;

e Cong suat va mémen xoan phu hop véi muc dich st dung

Pong co dot trong, dong co dién- may phat duoc chon khong chi thoa man yéu cau ky
thuat ma con dam bao hiéu suat lam viéc cao, tiét kiém nhién liéu va do tin cay trong van
hanh. Viéc lya chon diing cong suat dong co gop phan nang cao hiéu qua kinh té va tinh

6n dinh cua phuong tién trong thuc té sur dung.

CHUONG 4: MO PHONG HE THONG PONG LUC XE TOYOTA
CAMRY HYBRID BANG MATLAB SIMULINK.
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Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.

4.1. Giéi thigu vé phan mém Mathlab / Simulink.

Hién nay thi cac cudc cach mang khoa hoc cong nghé thong tin, k¥ thudt phat trién
v6 cting manh mé&, dé hudng dén twong lai phat trién hon, thi hang loat cac phin mém dugc
tao ra nham dé hd tro cho viée nghién cuu va phat trién ky thuat méi. MATLAB &
SIMULINK 13 mot phan mém khoa hoc ma tmg dung ctia né gitip ich cho viéc mo phong
da nang. Cac nha nghién ctu da phat trién nhidu cong cu lién quan trong phan mém
MATLAB dé giai cac bai toan kha phuc tap nhu: nhan dang céc doi tuong dong hoc, diéu
khién téi wu, diéu khién mo, xir 1y s6 tin hiéu,...

Vi vay, tim hiéu vé phan mém mé phong MATLAB/SIMULINK dé c6 thé hoc hoi
thém nhiéu kién thire va tiét kiém dugc chi phi bang viéc md phong, d& ton kém chi phi
hon ma két qua gan chinh xac ctia phan mém mang lai. V&i dé tai " HYBRID ELECTRIC
VEHICLE CONTROL”, nhém chung em d3 van dung duoc nhitng uu diém ctia phan mém
nay dé nghién ciru vé sy van hanh cia xe dién Hybrid Electric Vehicle bang viéc mo phong

cac dic tinh, cac thong so.

Hinh 4.1 Logo biéu tugng cua phan mém Mathlab.
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4.2. Giéi thiéu vé mé hinh.

ESysMot_TReq Mot TReg E—. =% Vehicle
B ] Speed
»
00 o - Ll
s \FAcc Gen_TReq >
& et — Vehicle Dynamics
Kph 2 = A T Full
Demand Electica
System_Level Power
EngRPM  Thr Spiit
Device
fix)=0p— 0 Scopes
Control ——a
Confinuous Fuel Economy
Engine :

Hinh 4.2 Model tong thé vé hé thng mé phong trong Matlab Simulink.

Mo hinh téng thé dugc xay dung dya trén hé thong dong luc xe Hybrid Toyota Camry
Hybrid véi hé thong Hybrid néi tiép- song song ( Hybrid Electric Vehicle Series- Parallel).
Dua vao hé théng dong luc tir xe tham khdo, m6 hinh dugc xay dung gém cac khdi.

e Kph Demand.

e Control.
e Electrical.
e Engine.

e Power — Split.
e Vehicle Body.

4.2.1. Khéi Kph Demand.

Khéi Kph Demand 14 tin hiéu input ma trong d6 cac ché do Drive Cycles duoc xir
ly va giri tin hiéu toc d6 mong muén (Ref Spd), cung véi téc do thuc té cua xe (Vehicle
Speed) tir khdi Vehicle Body tdi bd Vehicle Speed Controller.
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1

ph
Demand
Hinh 4.3 Khéi Kph Demand.

Ca hai tin hiéu dugc giri t6i dé xur Iy va tinh toan tin hiéu su ting toc mong mudbn
(Acceleration demand) va ban dap phanh (Brake Pedal) cho khéi Vehicle Body.

No6i mot cach cu thé hon thi khéi Kph Demand dong vai tro 1a ngudn cung cép tin
hiéu van tbc mong mudn ( Reference Speed — Ref Spd) cho hé théng diéu khién cua xe
hybrid dién.

P | Acch » 1)
hSpd_kph >—\Vieh Spd Acc
——a—
VehSpd Vehicle Speed
Controller

Drive Cycle Source
FTP75 (2474 seconds)

Hinh 4.4 Chi tiét bo diéu khién cua khéi Kph Demand.

Qus trinh niy dién ra nhwr sau:
Khéi Kph Demand tiép nhén va xt Iy cac Drive Cycles, Drive Cycles 1a cac dd thi
hodc tap dir liéu mo ta thay ddi cua van tdc theo thoi gian, m6 phong céc diéu kién 14i xe

thue té khac nhau (vd l4i xe trong phd, 1ai trén duong cao tdc,...). Sau khi Drive Cycles da
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dugc xtr 1y thi khéi Kph Demand tao ra tin hiéu toc d6 mong mudn ( Ref Spd) theo thoi
gian.

Tin hiéu nay thé hién van téc muc tiéu ma xe can dat duoc & mdi thoi diém. Tin
hiéu Ref Spd nay dugc giri dén bo Vehicle Speed controller, cing lic d6 thi bo Vehicle
Speed Controller cling nhan dugc tin hi¢u tdc dd thuc té cua xe tir khdi Vehicle Body.

Tir d6 bd Vehicle Speed Controller s& so sanh va tinh toan tbc d6 mong mudn ( Ref
Spd) voéi toe do thuc té ( Vehicle Speed) dé dua ra tin hiéu diéu khién can thiét nhu ting
toc thém hodc giam toc do dé phu hop véi toc d6 mong mudn.

4.2.2. Khéi Control Strategy.

Khdi Control 13 "bd ndo" trung tam cuia hé théng hybrid, no tiép nhan yéu cau toc
d6 (tir Kph Demand) va thong tin vé ché do 14i (tr Mode Logic nhu khai dong, ting tdc,
6n dinh, phanh). Dya trén do, né tinh toan va ra Iénh diéu khién mé-men xodn ciia mo-to
va may phat dién, tbc do dong co va d6 md budm ga, ciing nhu diéu khién phanh tai sinh.

Muc tiéu 1a phdi hop hoat dong ciia dong co xang va mo-to dién mot cach thong
minh dé xe dat duogc téc do mong muén, tiét kiém nhién liéu va giam khi thai trong cac

tinh hudng 14i xe khac nhau.

ESysMot T Reqg

1

Acc Gen T Reqg

Eng RPM Thr

Control
Hinh 4.5 Khéi Control Strategy.
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Sensor Dynamics

VehSpd_kph O )
ehspd_Kp! | Out ead
c = Mot_Enable Mot_Enable
CF—p=~ (N
Gen_Enable Gen_Enable
E= | charge D
o,
ESys <SOC (%)>
E > angine_speed ICE_Enable
Eng RPM = J
Mode Logic [5} P ICE_Enable
»>|ICE_RPM Throttie ——»( 3 )
Thr
»|RPM_Dem
i Engine Speed Controller
Convert acceleration demand Gen_Enable | Gen_Enable
to engine speed demand. »|Eng_RPM_Dem
»|Mot_RPM_Dem  G_Tra Dem ——»( 2 )
5] | Trq Dem Battery Gen_TReq
Acc o= leenrem
Gen RP ==oa
Convert acceleration demand censtator Gontroller
to motor speed demand.
Mot_Enable Mot_Enable
> / —>{S} [ >\ Mot RPM Dem  M_Trq Dem ——»( 1 )
Mot_TRe:
CO= g o rrnietses -
<Mot_|
Mot e Motor Controller
| Engine RPM
Gen_Trq_Dem
| Battery Ah

Battery Charge Controller

Hinh 4.6 Chi tiét khdi Control Strategy.

Vai tro ciia Mode Logic trong viéc diéu khién khdi Control nhu 1a “ ngudi quan 1y trang

thai” dé xac dinh ché do van hanh hién tai cta xe dya trén céc yéu td nhu:

e Yéu cau tir ngudi 1ai ( Vd: dap ga, phanh)

e Tbc do xe

e Trang thai cua dong co ( Vd: da khéi dong chua,...)

e Trang thai cua pin ( Vd: muc sac...)

Thong tin vé ché d6 14i tir Mode Logic s& anh hudng truc tiép dén cach khoéi Control xir

1y tin hiéu Speed Demand va dua ra cac 1énh diéu khién cho cac ché d6 lai nhu:

e Start Mode: Uu tién st dung mé-to dién dé khai dong xe ém 4i. May phat dién co
thé doéng vai tro 1a may dé. DPong co xang co thé chua hoat dong hodc chi hoat dong
sau khi dat mot ngudng toc do nhét dinh.

e Acceleration Mode: khi ngudi 14i muén ting tdc nhanh, khdi Control ¢6 thé két hop
cong suit tir ca dong co xing va mo-to dién (may phat dién c6 thé tit dé don toan
bd moé-men xoén cho viée ting tdc)

e Cruise Mode: Khi xe di chuyén véi toc d6 6n dinh, khdi Control c6 thé uu tién sir
dung dong co xing & ving hiéu suit cao nhét va sir dung may phat dién dé sac pin.

e Brake Mode: Khi phanh, khéi Control kich hoat phanh tai sinh théng qua mé-to

dién dé giam toc do xe va dong thoi sac lai pin.
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e Normal Mode: Pay c6 thé 1a ché d6 van hanh hdn hop, dong co xing va mo-to dién
hoat dong phéi hop dé duy tri toc d6 va sac pin khi can thiét.
Su phdi hop giira khdi Kph Demand, Mode Logic va Control tao nén mét hé thong diéu
khién phirc tap nhung hiéu qua, cho phép xe hybrid dién van hanh linh hoat, tiét kiém nhién
lidu va giam khi thai trong nhiéu diéu kién 1ai xe khac nhau.

(Motion_mode Start_mode )
entry: Gen_Enable=1;
& = Mot_Enable=1;
- - ® = ICE_Enable=0;
[brake>=0.05] — T s
[ [enging_speed<=EngOffRPM] [engine speed>Eng@nRPM
Brake runode /Normal_mode
entry:TVIot_EnabIe=1; entry: ICE_Enable=1; r
Gen_Enable=0; Accelerate_mode
ICE_Enable=0; . entry: Gen_Enable=0;
speed <0.998"oldspee o s
|| speed>1.002"oldspeed()) ... = Mot_Enable=1;
&& charge>30] //
"', |r |
\ - - v’}
\_\ (Cruise_mode ® \ /‘
[brake<0.05]\ entry: Mot_Enable=1; L,
\\\ - [(speed >0.998"oldspeed() -
——> Charge k. && speed<1.002" ...
entry:Gen_Enable=|; oldspeed())|| charge<=30]
) [cﬂ?}‘fg\e>9‘j‘ 9]
4
[charge<30] v
\\ nocharge Mf\TLAB Function
“~_| entry:Gen_Enable=0); y = oldspeed
S M
S <)

Hinh 4.7 Khéi Mode Logic.
% Phan tich khdi Mode Logic cta xe Hybird:

Gom c6 2 ché d9 chinh:
Brake Mode: Ché d¢ phanh.
Motion Mode: Ché d6 chuyén dong.

e Khi xe dang chuyén dong, xe c6 thé & ché do khai dong Motion Mode. Khi d6 may
phat dién (Gen_Enable=1) dugc sir dung dé khoi dong cho dong co @bt trong va
dong co dién (Moto Enable=1) duoc sir dung dé truyén cong sudt dan dong céac
banh xe.

e Khi tbc d6 dong co vuot qua ngudng nhat dinh [engine Speed >EngOnRPM) thi xe
s& vao ché d6 binh thuong Normal mode. Trong d6, dong co s& duoc st dung
(ICE_Enable=1) dé din dong banh xe va dé sac pin néu ngudi lai mudn ting toc

(Accelerate_mode) thi dong co dién (Moto Enable=1) s& sir dung dé dan dong banh
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4.2.3.

xe nhanh hon nita va may phat dién (Gen_Enable=0) s& dugc tit dé toan bd mé-men
xodn ctia dong co sir dung dé ting toc cho xe.

Khi ¢ ché do trang thai 6n dinh (Cruise_ Mode), dong co dién van hoat dong
(Moto_Enable=1). M4y phat dién s& hoat dong (Gen_Enable=1) va duoc dung dé
sac pin, khi ddy pin may phat s& tat. Nhung khi xudng dudi 30% mdy phat lai hoat
dong.

Khi toc do va tinh trang sac cao, s€ tr¢ lai ché do Acceleration Mode va ché do
Start_Mode.

Néu nguoi lai xe st dung moét lyc phanh, khi d6 dong co dién dugce stir dung thong

qua phanh tai tao dé sac lai pin cho xe.

Khéi PSD- Power Split Device.

5] @
R

& |s] ¢
- s—[s]- <D
S

Hinh 4.8 Khdi banh rang hanh tinh.

( Planetery gear) 1a mot thiét bi chia cong suat (Power — split) v6i cac cong tin hiéu C,

R va S. La cac cong quay co hoc duoc nodi véi cac truc twong ung lan luot 13 can dan

(Carrier), truc banh rang bao (Ring) va tryc banh rang mat troi (Sun).

4.2.3.

Generator dugc két ndi voi cong S.
Motor dugc ndi voi cong R.

Engine dugc nodi voi cong C.

Khéi Electrical.

Khéi nay lay tin hi¢u dau vao Mot_TReq ( M6 men yéu cau cho dong co dién) va

Gen_TReq ( M6 men yéu cau cho may phat dién ).
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B_. ERysr—
—» Mot_TReq
I [ ™ Mot _Sh}—
—» Gen_TReq L of
: Gen_Shj{p—
L@ . =

Electrical
System_Level

Hinh 4.9 Khdi Electrical.

Khéi Electrical gobm mot Battery két ndi véi DC — DC Converter, Motor va
Generator két ndi 1an luot v6i banh ring bao va banh ring mat troi (ring gear va sun gear)

cua khoi Power — Split device, va can dan két ndi véi mot dong co dot trong.

Lgss
| : + {Bus+ Bim
D i ’ : 1Bus- Batt-
Mot TReq \
L DC-DC Converter
snf—f§]— D *
Mot_Sh
Synchronous Motor & Drive
@8
:
Gen_TReq
@ Electrical Generator, Drive
Gen_Sh Measurements  Measurements
Synchronous Generator & Drive
Hinh 4.10 Bén trong khoi Electrical.
4.2.3.1. Khoi Battery.

O day nhém em st dung ché do Predifined Battery dé mo hinh héa pin dua trén céc
thong sb nhu:

e Nominal Voltage ( dién ap danh dinh) 12 dién 4p hoat dong tiéu chudn cua pin.
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e Rated Capacity ( Dung luong dinh mirc) 1 tong lugng dién tich ma pin c6 thé luu

trir.

e Initial State — of — Charge ( SOS ban dau) 14 ty 1 phan trim pin da dugc sac tai thoi

diém bat ddu mo phong.

e Response Time ( thoi gian dap ing) 1a dac trung dong hoc cua pin khi phan img véi

su thay d6i cuia dong dién.

Céc cong duong (+) va am (-) cta khdi pin duge két ndi twong tmg v6i bd chuyén ddi
DC-DC dé diéu chinh dién ap pht hop véi cac thanh phan khac trong hé thong. Dic biét,
tin hiéu dau ra (m) tir khéi pin, sau khi c6 thé duoc xtr 1y qua mot khau khuéch dai (GF),
mang thong tin vé trang thai sac cta pin (Battery SOC).

Tin hiéu SOC nay la mdt trong nhitng dau vao quan trong cho khdi Mode Logic (logic
diéu khién ché @6 hoat dong), noi n6 dugc st dung dé dua ra cac quyét dinh vé cach hé
théng hybrid s€ hoat dong, vi du nhu khi nao can sac pin, khi nao st dung dong co dién,

hay khi nao két hop ca dong co dién va dong co ddt trong

+ e G o

D, o O,

I R

Hinh 4.11 Khdi Pin.

m —='>
S

4.2.3.2. Khéi DC- DC Converter.

Khéi DC-DC Converter dong vai trd quan trong trong hé thong xe hybrid dién,
thudng dugc sir dung dé diéu chinh dién 4p giira ac quy (pin) va cac thanh phan khac nhu
dong co dién. Pé thuc hién viéc nay, b chuyén doi sé do luong dién ap thong qua cam
bién, tao ra tin hiéu dién ty 1& v6i dién ap thyc té. Tin hiéu ndy dugc dua dén bo diéu khién

dé tinh toan va diéu chinh dong dién va dién ap dau ra tai phia pin. Cu thé, tin hiéu diéu
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khién (S va C) s& tac dong 1én cac ngudn diéu khién bén trong bd chuyén ddi dé quan 1y
qua trinh sac va x4 pin, cling nhu 6n dinh dién 4p trén bus dién.

Déng thoi, bd chuyén doi cling c6 mot khdi Thermal Model dé theo ddi nhiét do
trong qua trinh 1ai, ddm bao an toan va hiéu suét. Dién ap va dong dién tai pin 14 cac thong
$6 quan trong dugc giam sat va diéu khién, va trang thai sac (SOC) cua pin, mdt két qua
clia qua trinh nay, s& dugc sir dung bai bd diéu khién trung tim dé dua ra cac quyét dinh

vé ché d6 hoat dong cuia h¢ thdng hybrid
Batt+

] — —)
Bus+
Load [
Dependant : . Controlled
Losses 9. T >_+. @ Current

Source

Controlled
Voltage
Source

[D

L

VN nputp—bi & - Batt-
Oo— | — | L™ oy

Bus: Vmeas fi—é————p{vout P Loss | —P|P Loss,
-1 VB[\]/Sref b—'[ r Calcuate Thermal
. | &~ Input Current ~ Model
RS s Pr— .
Control Pout+PLoss = Pin
Bus Voltage
Hinh 4.12 Khéi DC — DC Converter.
4.2.3.3. Khoi Generator va Motor.

C4 2 bo phan Generator va Motor déu dugc diéu khién boi khdi PSPM Drive don
gian, khéi nay dai di¢n cho servomotor va drive electronics hoat dong & ché @6 torque —
control, hodc 12 & ché d6 current — control twong dwong. Pham vi cho phép cua motor cia
momen xoin va toc do duoc xac dinh béi mot duong bao momen xoan-tde do.

Két n6i co hoc (R) cho phép két ndi v6i hé thong truyén luc co khi cua xe. Céc tin
hiéu dau vao inputs tir khéi Control 1 tin hiéu (TReq) va DC — DC Converter 1a céc tin
hiéu (Vee, Gnd) di vao cac loai cam bién va duogc xir Iy trong PSMP Drive.
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(L —>(CF]

M}@~ Servomotor

2 o— ‘ . MRRef

Gnd
Hinh 4.13 So d6 Khdi Motor.

May phat dién con dong vai trd nhu mot mo to khoi dong dong co dbt trong va khi

dong co hoat dong co thé hoat dong dé diéu khién dong dién nap lai dién cho Pin Hybrid.

1 GF
TReq
%' | S—
Vee [ At @
Vv Shaft
+ l_';J\ o
W& i@i* Servomotor
e
: | A
2 o— J o < '.

Hinh 4.14 So d6 khéi may phat dién.

4.2.3. Khéi Engine.
Khéi Engine 1a mot khdi quan trong trong viéc thiét 1ap mé hinh mé phong cua hé
théng dong luc xe Hybrid. Trong model nay bao gdm mét Generic engine dai dién cho

DPong co ddt trong.
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Vi cong T 14 tin hiéu dau vao ctia buém ga nam giira 0 va 1, khdi Engine s& nhan
tin hi€u buém ga nay tur khdi Control. Tin hiéu F va B 1an luot ndi véi truc khuyu va mass
ctia dong co. Tin hiéu P va FC 1 cac cong tin hiéu dau ra vat Iy théng qua cong suit dong

co (Power) va sy ti€u hao nhién li¢u (Fuel Consumption) da dugc ghi lai

Enging Shaft

PD Inertia
(1) e

T Throttle =1

Hinh 4.15 Khéi dong co.

4.2.3. Khéi Vehicle Body.

Khéi Vehicle Body 1a khéi dai dién cho than xe. Pau tién 1a 16p xe phai va trai (
Right Tires va Left Tires), ca hai déu nhan tin hiéu dau vao 14 tin hiéu A va N. Tin hiéu N
12 mot tin hiéu dau vao vat 1y ma tai trong Fz tac dung 1én ca hai banh xe, con tin hi¢u A 1a
tdc d6 quay cia truc banh xe.

C4 hai banh xe nay s€ xuét ra mot tin hiéu dau ra la tin hiéu H, 1a céng bao toan tinh
tién co hoc cho truc banh xe, qua doé luc dély do lép tao ra dugc ap dung cho xe. Va tin hiéu
S 12 mot tin hiéu dau ra co hoc n6 ghi lai dg truot cua lé)p.

Tin hiéu dau ra H tir hai banh xe 1 tin hiéu phan luc theo phuong ngang tic dung 1én banh

xe s€ di vao khoi vehicle body tir day n6 s€ tinh ra van toc thuc té cua xe.
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O
inertla Slp
DIff LTire Tire slip =S > » 1)
VehSpd
Inerta DN SN 5 e mis to kew'h s
GBox Diff .’/\
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Hinh 4.16 Khdi Vehicle Body.

Trong khéi vehicle body thi né sé& tinh toan dua trén cong thirc phuong trinh cin
bang luc kéo ma ta da dugc hoc & mén 1y thuyét 6 t6. O day ta co luc kéo chil dong tir banh
trude 1a NF va banh sau 1a NR, va luc can 1a ta ¢6 luc can gié W va luc can dbc beta. Tur
céc tin hiéu luc can, luc kéo nd s& tinh toan ra van tde thuc té cua xe va xuét tin hiéu la
(vehSpd). Trong khdi nay con c6 Rear Differential dai dién cho b vi sai ctia xe Hybrdid.
4.2.4. Fuel Economy.

Khéi Fuel Economy nay duoc tinh toan gdm céc tin hiéu dau vao 1a Vehicle Speed
(km/h) va Fuel Consumption (g/s). Sau khi tinh toan thi n6 sé& cho ra cac thong s6 dau ra 1a
Distance Travelled (Miles), Fuel Economy 12 MPG (Mile per gallon), L/100km, va tong
nhién li¢u da st dung Total Fuel Used (L).

Pau vao 1 — Kph: Toc do dau vao cua xe (kilometers per hour). Kph to Kps chia
cho 3600 dé chuyén doi tir km/h sang km/s. Tich phéan (1/s)dé tinh tich phan theo thoi gian
— ra quang duong tich Iy (km).

Két qua nay dugc dung dé:
Tinh lugng nhién lidu tiéu thy trén mdi km (L/km).
e Quy d6i sang:
e L/100km.
e km/L.

e MPG (miles per gallon): quy d6i tir km sang miles va L sang gallons
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Hinh 4.17 Khéi Fuel Economy.

Fuel Flow (g/s): Dong nhién li¢u ti€u thy theo don vi gram/giay. G/s to kg/s nhan
v6i 0.001 dé doi tir gram sang kg. Khdi dudi chia cho mat do xing (750 kg/m?) dé doi tir
khéi lwong sang thé tich m?. Khéi tiép theo nhan véi 1000 — chuyén m? sang Lit — tich
phan — Fuel Used (L). Nhan véi hé sé chuyén d6i — gallon (gal) — tich phan — tinh
cho MPG.

Céc phép tinh suat tiéu thy nhién liéu:
e L/100km: Lay tong sé lit tiéu thu / quing duong (km) rdi nhan véi 100.
e Km/L: Lay tong s km / s lit tiéu thy.
e MPG (Miles per Gallon): Chuyén d6i km sang miles (1 km =~ 0.621371 mi).Chia

tong s6 miles cho s gallons tiéu thu.

Céc thong sb dau ra bao gdom:
e Liter/100Km: Thé hién murc tiéu thu nhién liéu theo chuin chau Au.
e Km/L: S6 km xe di dugc véi mdi lit nhién lidu.
e MPG: S6 miles di dugc v6i mdi gallon nhién lidu.

e FuelUsed.Liters: Tong luong nhién liéu tiéu thy (Lit).

4.2.5. Mirc dp phdt thai.
Muc tiéu cta viéc tao khéi tinh toan murc do phat thai trong mé phong xe hybrid

bang Matlab/Simulink 13 nhim danh gia lugng khi thai sinh ra trong qua trinh van hanh, tir
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d6 phan tich tac dong moi trudng cta hé thdng truyén dong hybrid. Thong qua céc thong
s6 nhu téc do dong co, tai va tiéu thy nhién liéu, khdi tinh todn nay gitp udc luong cac
chat 6 nhiém nhu CO, , NOy, CO va HC trong tirng chu trinh 14i xe cu thé.

Tin hiéu dau vao gom tbc do cua xe

{1
TP 1C s e ")

TP HC Mass

PNOx nm Slow /

g
— i_.u-.u —3 — 4‘| e
—l rconam T Nt
TP COZ Nons

™ o0 -v\-nj Flow ‘{/7
Hinh 4.18 Khdi tinh toan murc d6 phat thai.

Pau vao Input “1” — VehSpd 1a tbc do xe (m/s). Qua trinh 1a 1/s (tich phan) — tinh
quing dudng di di (mét). Gom 2 nhanh, 1 nhanh nhan v6i 0.000621371 — doi tir mét
sang mile (1 m =0.000621371 mi) va nhan v&i 0.001 — d6i tir mét sang km.Day 13 co so
dé tinh ra cac dai luong nhu g/mi, g/km.

Input “2” — TP HC Mass Flow (kg/s) 1a dong khéi lugng khi HC phat ra tai mdi
thoi diém. Nhan voi 1000 — d6i tir kg sang gram va chia cho tong s6 miles (tir budc 1)
— ra don vi gram/mile (g/mi).

Input “3” — TP CO Mass Flow (kg/s), trong ty nhu HC Tich phan dé 14y téng lugng
CO. B6i don vi tir kg — g va chia cho quing dudng (mile) dé ra g/mi. Pau ra gdbm TP CO
Mass (g) tong luong HC phat thai, TP CO Mass (g/mi) mirc phat thai trén mdi mile.

Input “4” — TP NOx Mass Flow (kg/s), twong tu nhu HC va CO. Tong khdi lugng
(kg) — db6i sang gram va tinh g/mi bang cach chia cho quing duong (mile). Pau ra gdm
TP NOx Mass (g) va TP NOx Mass (g/mi).

Input “5” — TP CO2 Mass Flow (kg/s), tich phan — tong lugng CO, (Kg) va nhan
1000 — d6i sang gram. Chia cho quing duong di di (km) dé ra gram/km (g/km). Pau ra
TP CO2 Mass (g/km).
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Thong thuong CO, 1a khi khong doc nhung 1a khi nha kinh chinh, nén dugc danh
gia dua trén quing dudng di chuyén chir khong theo mirc d6 doc hai nhu HC, CO, NOx.
4.3. Thiét lap théng sé6 mé phéng.

4.3.1. Théng so khoi Kph Demand.

Pé kiém nghiém va mo phong cho mé hinh hé thong dong luc xe Toyota Camry
Hybird, chiing ta st dung 1 truong hgp vo1 mo phong vt truong hop tin hiéu dai dién cho
budm ga va céc chu trinh thir nham dai dién cho van toc mong mudn dau vao. T d6 co thé
danh gia suat tiéu hao nhién lidu.v.v... cho mdi chu trinh. Tin hiéu ddu vao bao gdm:

% Theo tin hi€u dai dién budém ga.
¢ Chu trinh thr FPT- 75.

+¢ Chu trinh thir ECE 15.

+¢ Chu trinh thr EUDC.

43.1.1. Theo tin hiéu bwom ga.

Tin hiéu buém ga dugc dugce tao tu khdi Signal Builder tir Liblary ctia Simulink,
day 1a khéi dai dién mé phong cho yéu cu hanh vi ctia nguoi 14i. N6 duge st dung dé didu
khién lwong mé men hodc cong suat ma hé thong truyén dong can cung cép.

Tin hi¢u st dung duogc thiép 1ap vo1 dang bac thang, voi thong sb bat dau1a 0 dén 1
dai dién cho vi tri buém ga dong hoan toan (0) va mé hoan toan 100% (1) va dugc mod
phdng trong khoang thoi gian 250s.

Trong 40s dau tién buém ga & mirc dong hoan toan, sau 40s dén 60s buém ga duoc

mo hoan toan 100% trong 20s. Sau d6 budm ga mé hoan toan dén 250s.
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Demand/Signal Builder : TIN HIEU BLPO'M GA

TIN HIEU BU'OM GA

1 |
0.8 [
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0

| 1 1 1
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Time (sec)
Hinh 4.19 Tin hiéu buém ga dau vao.
4.3.1.2. Chu trinh thu FTP-75.

FTP-75 dai dién cho chu trinh lai xe trong thanh phé, la mdt loat cac thtr nghiém
duoc xac dinh béi Co quan Bao vé Mai truong Hoa Ky (EPA) dé do luong khi thai 6ng xa
va kha ning tiét kiém nhién liéu cta 6 t6. Chu trinh thir FTP-75 bat dau khoi dong voi mot
dong co lanh, thyc hién 22 diém ding trong thoi gian toan chu trinh thir 2472 gidy (twong
duong 41,3 phut), trong d6 thoi gian chay cam chimg 1a 360 gidy (6 phut) va khoang cach
di chuyén trong tuyén dudng do thi 11,04 dim (twong dwong 17,77 km). Téc d6 trung binh
1a 16,04 dam/gio (twong duwong 25,81 km/h), téc do tdi da 1a 56,7 dam/gio (twong duong
91,25 km/h).

Chu trinh thir FTP- 75 gdm 4 giai doan duoc chia nhu hinh 4.21.
e Giai doan chuyén tiép khoi dong lanh trong thoi gian tir 0 — 505 gidy voi 5 diém
dung.
e Giai doan 6n dinh trong thoi gian tir 506 — 1372 gidy véi 12 diém ding.
¢ Giai doan ngdm néng kéo dai trong khoang thot gian 10 phut, tir 1373 — 1972

gidy.

e Giai doan chuyén tiép khoi dong néng trong thoi gian tir 1973 — 2477 gidy voi 5
diém ding, l3p lai giai doan chuyén tiép khoi dong lanh.
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Hinh 4.20 Chu trinh thu FTP- 75.

e l—b Ref Spd
Acc @
Drive Cycle Source VehSpd_kph > | Veh Spd Acc
FTP75 (2474 seconds) VehSpd Vehicle Speed
1.time UrbanCyc| > Controller

Drive Cycle ECE

2 time UrbanCyc >

Drive Cycle 2

Hinh 4.21 Céc chu trinh thtr & khdi Kph Demand.

4.3.1.3. Chu trinh thir ECE 15.
Chu trinh thtr nghiém ECE 15 dugc st dung dé thir nghiém phé duyét vé khi thai va

mtrc tiéu thu nhién li€u tr cac phuong tién hang nhe.
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120

100 4

oo
=
1

Speed, kmh
(=]
L)

[ L=
= o
1

o

/—\
N/ N/ \

0 a0 100

150 200
Hinh 4.22 Chu trinh tht ECE 15.

Toan b0 chu trinh gff)m 4 phan doan duoc lap lai ma khong bi gian doan va thuc hién
trong 195s va 0.9941 km. Pay la mdt chu trinh 1ai xe do6 thi, dugc nghi ra dé dai dién cho
cac diéu kién 14i xe cua thanh phé nhu Paris, Rome... dac trung boi tbe do xe thép, tai
trong dong co thép va nhiét do khi thai thép,

4.3.14. Chu trinh thir EUDC.

Chu trinh thir nghiém EUDC ciing twong tu giéng chu trinh ECE 15, dugc goi la
chu trinh Extra Urban Driving Cycle nham danh gia cac ché do véi téc do 1ai xe cao hon.
Véi toc d6 toi da 1a 120 km/h va thyc hién trong 400s véi khoang cach 6.95 km.
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Hinh 4.23 Chu trinh thir EUDC.
4.3.2. Théng so Khoi Engine.
Khdi Engine dai dién cho khéi dong co dbt trong trong hé théng dong luc duoc

mo phong. Gom céc thong sb dai dién nhu:
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Engine Type: Kiéu dong co- Dong co danh lira- Dong co xing.

Maximum power: Cong suat cuc dai =131000 W = 131 kW.

Speed at Maximum Power: Toc do tai cong suat cuc dai- 5200 rpm.

Maximum Speed: Tdc do cuc dai- 5700 rpm.

Block Parameters: Generic Engine

Generic Engine

Settings Description

8 Auto Apply

X

(%

Vv Engine Torque
Model parameterization
Engine type
> Maximum power
> Speed at maximum power
> Maximum speed
> Stall speed
Vv Dynamics
Inertia
Time constant
Vv Limits
> Speed threshold

[V Fuel Consumption

Normalized 3rd-order polynomial matched to peak poy

Spark-ignition v
131000 w v
5200 rpm v
5700 pm v
500 pm v
No inertia v

No lag - Suitable for HIL simulation

100

m

Fuel consumption model
> Speed vector
» Torque vector
> Fuel consumption table
Interpolation method
Vv Speed Control
Idle speed control

Redline control

Fuel consumption by speed and torque

[ 1000 2e+3 3e+3 4e+3 Se+...

pm

[0 80 160 200 240 320 360 4...

N*m

[0509141619273444..

g/s

Linear

off
Off

Hinh 4.24 Thong s6 cho khoi Engine sau khi duoc thiét lap.

4.3.3. Théng so Khéi Vehicle Body.

Khéi Vehicle Body dai dién cho khdi than xe.

Bao gdm cac thong sb quan trong:
e Mass: Khéi luong xe =1556 kg.
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e Number of wheels per alxe: S6 banh xe trén mdi truc =2.

e Horizontal Distance from CG to front axle: Khoang cch ngang tir trong tam dén
truc trudc: =1.425 m.

e Horizontal distance from CG to rear axle: Khoang cich ngang tir trong tim dén
truc sau:=1.425 m.

e CG height above ground: Chiéu cao trong tim so v4i mat dat =0.50 m.

e Gravitational acceleration: Gia tdc trong trudng = 9.81.

e Frontal area: Dién tich can trudc: = 2.217

e Drag coefficient: Hé sb can: = 0.4.

e Air density: Mat d§ khong khi: = 1.18

@ Block Parameters: Vehicle Body >

Vehicle Body Auto Apply €

Settings Description

v Main

Off

V Drag

Hinh 4.25 Khéi Vehicle Body.

4.3.4. Théng so Khéi Battery.
Khéi Battery dai dién cho khdi dc quy ctia xe Hybrid , ndm trong khéi Electrical.
Discharge duoc quyét dinh tir Nominal Voltage = 244.8 V. Gom vdi cac thong s6 nhur:
e Type: Loai — Nickel Metal Hydride.
e Nominal Voltage: Pién 4p dinh danh = 244.8.
e Rate Capacity: Dung lugng = 7.2.
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e Initial State- Of- Charge: Thong s6 SOC ban dau: 0.2 = 20%.
e Maximum capacity Ah:Dung luong tbi da khi sac day: = 7.7538.
e Cut-off Voltage V: Pién ap ngat:= 183.6.

e Nominal discharge current A: Dong dién xa dinh muc : = 1.44.

e Fully charged voltage V: Pién ap khi duoc xac day: = 288.3661.

e Internal resistance Ohms: Noi trd ctia pin: = 0.34.
e Exponential zone Voltage (V), Capacity (Ah): = [265.5458, 1.44].

=

3| Block Parameters: Preset Battery

Battery (mask)

Implements a generic battery model for most popular battery types.

Temperature and aging (due to cyding) effects can be specified for
Lithium-Ion battery type.

Parameters  Discharge
Type: Nickel-Meta-Hydride

Nominal voltage (V) 244.8

Rated capadity (Ah) 7.2

Ingial state-of-charge (%) 02

Battery response time (s) 30

0K | Cance Heip Apply

@ Block Parameters: Battery X
Battery (mask) (link)

Implements a generic battery model for most popular battery types.
Temperature and aging (due to cycling) effects can be specified for
Lithium-Ton battery type.

Parameters  Discharge

Determined from the nominal parameters of the battery

Maximum capacity (Ah) 7.7538

Cut-off Voltage (V) 183.6

Fully charged voltage (V) 288.3661

Nominal discharge current (A) 1.44

Internal resistance (Ohms) 0.34

Exponential zone [Voltage (V), Capacity (Ah)] [265.5458 1.44]
Display characteristics

Discharge current [i1, i2, i3,...] (A) [50 100]

Units  Time v Plot

| oK ] Cancel Help

Hinh 4.26 Thong s6 khoi Battery sau khi thiét 1ap.

4.3.5. Théng s6 Khéi DC-DC Converter.

Khéi DC-DC Converter dai dién cho khéi ac quy cua xe Hybrid , nam trong khdi

Electrical.

GOm véi cac thong so nhu:

e Output Voltage (V): Pién ap dau ra: = 650.
e Resistance, Load Dependent Losses Ohm: Bién tr¢, Ton that phy thudc tai : =

0.625.

e Proportional Gain: Hé s6 ti 16: = 0.01.
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e Integral Gain: Hé sé tich phan: = 10.

Block Parameters: DC-DC Converter X

Subsystem (mask)

Parameters
Output Voltage (V)

650] :
Resistance, Load Dependent Losses (Ohm)

0.625

Proportional Gain
0.01 3

Integral Gain
10

Cancel Help Apply

Hinh 4.27 Théng s6 khi DC-DC Converter sau khi thiét 1ap.

4.3.6. Thong so Khéi Motor va Generator.

Khéi Synchronous Motor & Drive va Synchronous Generator & Drive dai dién
cho Motor MG2 va Generator MG1 cua xe hybrid.

GoOm céc thong sé duoc thiét 1ap & hinh dudi.

Field Value Field Value
] Stator_Resistance 0.0910 [ Stator_Resistance 0.0048
TorqSpdLUT 1% siruct E Inductances [6.3500e-04,6.3500e-04]

. TorgSpdLUT 1%1 struct
H Damping 1.0000e-05 T Damoig 0000505
HH TorqueControl_TimeConst  0.0267 FH TorqueControl_TimeConst  0.0400
H Shaft_Inertia 0.2000 FH Shaft_Inertia 0.2000
HH Series_Resistance 0.0100 L1 Series_Resistance 0.0100
] Inductances 0001600027 O orondep-ElecLoss 0

H Shaft_Stiffness 1000

HH Eficiency d H Shaft_Damping 100

Hinh 4.28 Thong s khéi Motor MG2 va Generator MG1 sau khi thiét 1ap.
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Bang 4.1 Phan tich cac thong sb.

Tén

Giai thich

Stator_Resitance

Dién tr¢ cua cudn day stator, anh hudéng dén

ton hao cong suat va dac tinh nhiét.

Mo td moi quan hé gitra mo-men xodn va toc

TorgSpdLUT o
do dong co.
Hang s can. Dung dé mo ta ma sat co hoc
Damping trong hé théng.

TorqueControl_Timeconst

Hang s thoi gian diéu khién md men xoan.

Shaft_Inertia

M6 men quén tinh cta truc, anh huéng dén kha

nang tang toc hodc gidm tdc cuia dong co.

Series_Resitance

Dién tré noi tiép, c6 thé dai dién cho ton hao
trong phan day dan, mach diéu khién hoic phan

tur phu tro.

Inductance

Céc thong s6 cam khang (Ld, Lq trong dong co
dong bo - c6 thé 1a Ld = 1.6mH, Lq = 2.1mH).

Shaft_Stiffness

b4 cung truc

Efficency

Hi¢u suat dong co.

4.4. Két qua mé phéng.

4.4.1. Két qua mé phéng theo bwém ga.

Trong mo phong hé thong truyén dong ciia xe hybrid, tin hiéu diéu khién buém ga

duoc cai dat & mic 100% bat dau tir thoi diém 45 gidy, cho phép danh gia kha ning ting

téc va van hanh tdi da ciia xe. Trong 250s xe chay quang dudng khoang 9.45 km.
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TOC PO XE THEO BUOM GA
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Hinh 4.29 Van téc xe theo d6 md buém ga.

Duya trén do thi van toc xe theo d6 md budm ga ¢ trén, ta thay rang tir thoi diém 0
dén khoang 45 gidy, xe giit trang thai ding yén véi téc d6 gan nhu bang 0 km/h, twong Gng
v6i giai doan trude khi budm ga md hoan toan. Ngay khi tin hi¢u buém ga dat 100% tai
thoi diém 45 gidy, xe bat dau tang toc rat nhanh nhd sy phdi hop giita dong co dién va dong
co dot trong. Tdc d6 xe tang lién tuc tir 0 1én khoang 190 km/h chi trong vong 55 gidy, tirc
dén thoi diém khoang 100 gidy, thé hién hiéu qua ting toc manh mé cua hé théng hybrid.

Xe hybrid trong mé phong dat 100 km/h sau khoang 65 gidy, tirc 1a mat khoang 20
giay sau khi buém ga dugc mé hoan toan.

Giai doan nay cho thy dong co dién déng vai trd quan trong trong viéc cung cip
mé-men xodn tic thoi & toe do thép, trong khi dong co dot trong bat dau hoat dong hiéu
qua ¢ dai tdc do trung binh dén cao.

Sau khoang thoi gian ting tdc nay, tir thoi diém 100 gidy tré di, toc d6 xe 6n dinh
dan va dat gia tri cyc dai vao khoang 205 km/h khoang tai 150s. Pay c6 thé 1a gi61 han van
tde cuc dai ctia hé truyén dong hoac do cac yéu td €161 han duoc cai dat trong mé hinh nhu

lyc can khi dong hoc, cong suét dong co, hay gidi han diéu khién.
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TOC PO MOTOR THEO BUPO'M GA
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Hinh 4.30 Téc d6 Motor theo buém ga.

Db thi “Tc d6 motor theo budm ga” thé hién mdi quan hé gitta tbc d6 quay cua
dong co dién (don vi rpm) va thoi gian khi buém ga dugc kich hoat trong mo phong hé
thdng truyén dong xe hybrid. D thi c6 bién dang gan gidng tuyét ddi véi bién dang van
tde cua xe vi dong co dién c¢6 nhi¢m vu dan dong chinh ctia banh xe.

Trong khoang thdi gian tir 0 dén 45 gidy, téc do motor duy tri & mirc 0 rpm, cho
thiy buém ga chua dugc mé va xe chua khoi dong. Sau thoi diém 45 gidy, khi buém ga
duge mé hoan toan, tdc do motor bat ddu ting nhanh chéng, tir 0 rpm dén khoang 2200
rpm chi trong vong 60 gidy tiép theo.

Giai doan tir 45 dén 110 gidy 1a thoi diém dong co dién phan tmg manh mé dé dap
mg yéu cdu ting tdc cla xe. Sau do, tir khoang 110 gidy trd di, téc d6 motor dan 6n dinh
O muc Xép xi 2350 rpm, chung té xe da dat toc do gén cuc dai va hé théng truyén dong
hybrid di chuyén sang trang thai 1am viéc 6n dinh. Puong cong ting dan rdi ching lai ciing
phan anh qué trinh diéu khién hop 1y ciia hé thong, cho thay su phdi hop hiéu qua giira tin

hiéu buém ga va di€u khién motor di€n trong moé phong.
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VAN TOC GENERATOR THEO BU'OM GA
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Hinh 4.31 Téc d6 Generator theo budm ga.

D6 thi “Van téc Generator theo buém ga” thé hién rd mdi quan hé phdi hop giira
dong co xing (ICE), MG1 (may phat) va MG2 (motor kéo chinh) trong hé thong truyén
dong hybrid. Giai doan khi buém ga dong MG1 sé& khong hoat dong. Khi budm ga bit dau
md sau mdc 50 gidy, hé thong yéu cau cong suit 16n hon, dan dén viec MG1 dam nhiém
vai tro khoi dong dong co xing. Sau khi ICE hoat dong, né truyén cong suat thong qua bd
chia cong suat dén ca MG1 va MG2. Két qua 1a téc 6 MG1 tang nhanh, dat dinh khoang
9000 vong/phut ¢ thoi diém gan 95 gidy, phan anh qua trinh phat dién manh dé cung cip
nang luong cho MG2 va/hodc sac pin.

Tt sau mdc 100 gidy, khi xe dat dén van tc hanh trinh 6n dinh, toc d6 MG1 giam
nhe va duy tri 6n dinh ¢ khoang 8300 vong/phut. Lac nay, dong co xing van hoat dong 6n
dinh, MG1 tiép tuc phat dién, va MG2 str dung phﬁn dién d6 dé duy tri lyc kéo cho xe. Nhu
vay, c6 thé thay trong hé thong hybrid, dong co xing khong chi cung cap mé-men quay ma
con gian tiép hd trg motor dién thong qua MG, tao nén mét sy phdi hop linh hoat giita ba

thanh phan nham t6i wu hi€u suat va tiét ki¢m nhién licu.
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TOC PO PONG CO THEO BUOM GA
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Hinh 4.32 Tdc d6 dong co d6t trong theo budm ga.

Db thi trén cung cip cai nhin chi tiét vé su bién thién tdc do quay cua dong co theo
thoi gian trong mot kich ban mé phong xe hybrid theo buém ga. D6 thi nay cho phép
chung ta hiéu duoc cach thire dong co phan tng v6i cac yéu cau vé cong suit, ma gian tiép
duoc diéu khién thong qua budm ga trong hé thong hybrid.

Trong khoang 40s dau tién, dong co khong hoat dong duy tri mirc 0 rpm khi buém
ga dong hoan toan. Sau 50s, dong co ¢6 mot su ting toc dot ngdt nhung trong thoi gian
ngan, dua toc do dong co tir 0 rpm dén 1000 rpm trong hon 2s. Sy bién d6i nhanh cho thay
buém ga dugc bién dong manh thudng khi ngudi 14i nhan ban dap ga mot cach dut khoat.
Pay la khoang thoi gian ma xe yéu cau thém cong suat dé hd tro dong co dién cung cap
thém luc kéo cho xe.

Tiép nbi giai doan tang toc ban dau 1a mot qua trinh tang toc manh mé va tuyén tinh
hon, kéo dai tir khoang 52 gidy dén 100 giay. Trong giai doan nay, téc d6 dong co tang déu
dan tir khoang 1000 rpm 1én dén dinh 4000 rpm. D¢ dbc ctia duong cong trong khoang thoi
gian ndy rat 16n, minh hoa rang buém ga di duoc mé rong dang ké va dong co dét trong
dang hoat dong hét cong suat dé dap ing yéu cau ting téc nhanh chong cia xe. Day 1a giai
doan ma xe dang dat duoc tde do mong mudn, vi du nhu nhap lan dudng cao tdc hodc vuot

xe khac, doi hoi cong suat ti da tir hé thong truyén dong hybrid.
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Ké tir khoang 100 gidy cho dén hét mé phong & 250 gidy, toc do dong co duy tri 6n
dinh & mirc 4000 rpm. Diéu nay chi ra rang xe da dat dugc toc d6 hanh trinh mong mudn
va dang duy tri né. O giai doan nay, budém ga duoc giit & mot vi tri ¢b dinh, cho phép dong
co cung cip cong suat 6n dinh dé duy tri tbc do xe. Pi voi xe hybrid, viéc duy tri toec do
dong co & 4000 rpm trong thoi gian dai c6 thé 1a mot diém hoat dong hiéu qua vé mit tiéu
thu nhién liéu hoac phat thai cho dong co dbt trong khi két hop vo1i su hd tro ctia hé théng
hybrid. Hé théng quan 1y ning luong thong minh ciia xe hybrid s& lién tuc diéu chinh sy
phan chia cong suét giita dong co d6t trong va dong co dién dé duy tri hiéu qua téi vu &
téc do nay.

Tém lai, dd thi ndy minh hoa mot chu trinh hoat dong niang dong cta dong co trong
mo phong xe hybrid, tir trang thai nghi/ché do dién, chuyén sang ting tbc manh mé& dudi
su diéu khién ciia buém ga, va cudi cing duy tri toc do cao 6n dinh. Sy phdi hop nhip
nhang gitta dong co d6t trong va hé thdng dién tir diéu khién budm ga chinh 1a chia khéa

dé dat duoc hiéu suét va hiéu qua t6i wu trong céc loai xe hybrid hién dai.

DIEN AP AC QUY HYBRID THEO BUO'M GA
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Hinh 4.33 Pién ap 4c quy Hybrid theo buém ga.
D6 thi “Dién ap ac quy hybrid theo budm ga” cho thay sy thay doi dién 4p cua ac
quy dién ap cao (HV battery) trong hé théng hybrid khi vi tri buém ga thay doi theo thoi
gian. Ban dau, dién 4p dugc duy tri on dinh ¢ mutc khoang 270V, cho thiy dc quy dang &
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trang thai sin sang cung cap ning luong cho MG2 kéo xe & ché d6 thuan dién (EV mode).
Tuy nhién, khi buém ga mé 16n sau mbc 50 gidy, dién ap tut manh, tham chi xubéng murc
am, cho thiy su tiéu thu dong 16n tir dc quy dé hd trg viée ting tdc, hodc phan anh hién
tugng dong dién d6i chiéu (dong nap vao tir may phat MG1 sau khi dong co xing dugc
khéi dong).

Dac bi¢t, dién ap tut xuéng gia tri &m sau nhét vao khoang 55 giay, tuong img véi
thoi diém yéu cau cong suat dot ngdt ting cao dé khoi dong dong co dét trong va cung cap
thém ning lugng cho MG2. Ngay sau d6, duong dién ap sut vé 0 va duy tri & mirc OV tir
sau 60 gidy tré di. Piéu nay co thé dugc 1y boi hé théng chuyén sang ché do sir dung ngudn
dién truc tiép tir MG1 do dong co xing dang chay va phat dién) ma khong can diung t6i ac
quy. Nhin chung, d thi ndy minh hoa 3 vai trd bién thién cua dién 4p ic quy trong hé
thng hybrid: tir cung cip ning luong ¢ ché do EV, sang vai tro phu trg trong qua trinh
khéi dong dong co va sau d6 dugc thay thé bai nguén dién do MG tao ra khi dong co
xang hoat dong. Su diéu phdi thong minh giira cdc ngudn ning luong nay gitp hé théng

hybrid dat dugc hiéu suét cao va tiét kiém nhién liéu.

DIEN AP DC-DC CONVERTER THEO BUOM GA
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Hinh 4.34 Dién ap DC-DC Converter theo buém ga.

Db thi “Pién ap DC-DC Converter theo budém ga” cho thiy dién ap dau ra duy tri
6n dinh quanh 650V khi buém ga thay doi. Tai khoang 50 gidy, khi budm ga mé 16n, xuét
hién xung dién 4p ting dot ngdt 1én gan 680V rdi nhanh chong giam tré lai 650V. Hién
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tuwgng nay phan anh su phan tng nhanh cta bd chuyén d6i DC-DC trudce thay ddi tai 16n,
dam bao cung cap dién ap 6n dinh cho hé thdng hybrid.

Su 6n dinh dién ap sau bién dong cho théy bo chuyén d6i DC-DC hoat dong hiéu
qua trong viéc diéu hoa ngudn, dam bao cung cap dién ap lién tuc va phu hop cho cac bd
phan khac trong hé théng hybrid, ngay ca khi c6 thay doi 16n vé cong suat dau ra do tac
dong tir buém ga. Piéu ndy phan anh vai trd quan trong ctia bd DC-DC converter trong
viéc duy tri cAn bang ning luong gitra ac quy HV, dong co dién MG1/MG2 va céc tai phu
khac trong hé théng hybrid.

Bang 4.2 Muc ti€u thu nhién liéu va mac do phat thai trong mo phong véi budém ga.

Loai Dac trung Gia tri
L/100 Km 5.8
) o Km/I 17.25
Miic do ti€u thu nhién liéu
MPG 48.70
Total Fuel Used (L) 0.5497
CO (g) 54
_ HC (9) 0.324
Murc do phat thai
NOXx (9) 0.435
CO2 (kg) 1.2661

V61 lugng ti€u thy nhién ligu 5.81/100Km day la mure ti€u thu kha cao so vdi cac xe
hybrid thong thudng, tuy nhién trong truong hop mé phong nay véi dic diém buém ga mé
hoan toan vé toan tai. Vi vay dong co d6t trong hoat dong hau hét trong qua trinh mé phong
nén muc tiéu thu nhién liéu nay 13 phu hop véi diéu kién moé phong.

Xe hybrid chay 9.45 km véi muc phat thai CO, HC, NOx 1an luot 13 5.4 g, 0.324 g
va 0.435 g tuong duong mirc phat thai trén mdi km 1a 0.58 g CO, 0.035 g HC va 0.043 g
NOx, ndm trong ngudng tiéu chuan Euro 6. Piéu nay cho thdy xe c6 kha ning kiém soat
khi thai kh4 t6t so v6i xe chay xdng truyén théng, gop phan giam thiéu 6 nhiém moi trudng.
Do do, mac du xe hybrid 1a lya chon tiét kiém nhién liéu va than thién hon v&i moi truong,
nhung dé dap Gmg cac yéu cau khat khe hon vé bao vé moi truong, can co su cai tién thém

vé cong nghé dong co va hé théng xir 1y khi thai.
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4.4.2. Két qud mé phong theo chu trinh FTP- 75,

VAN TOC CUA XE THEO CHU TRINH THU FTP- 75
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Hinh 4.35 D6 thi van tdc cua xe theo chu trinh thi FTP- 75,

D6 thi van tdc ctia xe sau khi dugc mo phong tring khép véi van toc yéu cau tir
chu trinh thr FTP- 75.Tai giai doan khdi dong lanh tir 0-505s, toc do thay ddi lién tuc,
ting giam bat thuong, dimg di ding lai (Stop and go). Pay 1a giai doan mé phong trong
diéu kién giao thong nodi do. Co nhiéu diém van tdc giam vé 0 biéu hién cua viéc xe dang
hoat dong trong vung do thi co6 ket xe, dung den do...Xe dat van tde cuc dai 7.018 m/s=
25.265 km/h tai 243s trong giai doan nay.

Giai doan téc do 6n dinh tir 505s-1372s, 1a giai doan ma xe hoat dong trong khu vuc
d6 thi nhung c6 it dao dong hon va hoat dong véi van toc dong déu. Pay 1a luc dong co da
am nén dao dong mo phong ciing it hon. Vi van tdc cao nhét ciing chi dat 4.15m/s = 15
km/h tai 808s. Giai doan tiép theo 13 giai doan ngdm néng dong co tir 1372s- 1972s nén xe
khong hoat dong trong ving nay va vén tbc =0 km/h.

Giai doan cudi chu trinh thir 1972s- 2474s 1a giai doan chuyén tiép cua khoi dong
noéng nén hoat dong giéng voi giai doan khoi dong lanh nén cac thong sd hoan toan giéng

nhau. Pat van tdc cuc dai 7.018m/s tai 2213s.
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TOC PO MOTOR THEO CHU TRINH THU FTP-75
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Hinh 4.36 D thi tdc do ctia MG2 theo chu trinh thir FTP- 75.

MO MEN XOAN MOTOR THEO CHU TRINH THUF FTP-75
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Hinh 4.37 D6 thi mdé men ciia MG2 theo chu trinh thir FTP- 75.

-150

Do thi tdc do thé hién van tdc ciia MG2 theo chu trinh thir FTP-75. D thi vén tdc
MG2 c6 bién dang giéng voi dd thi van tde cua xe, boi vi trong h¢ théng xe Hybrid MG2
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dbng vai tro chinh trong viéc truyén dong banh xe. Ciing gidng nhu d6 thi van tdc xe, MG2
dat van tdc cuc dai tai 243s va 2213s.

Do thi mé men thé hién M6 men cua MG2 theo chu trinh thir. M6 men cia MG2 ¢6
thé 4m hodc duong tiy diéu kién hoat dong ctia MG2. Gi4 tri dwong thé hién MG2 dang 1a
mot mo to dién thuc hién chirc nang kéo dé tao dong luc cho xe Hybrid.

Con khi gia trj 4m thé hién xe dang trong trang thai giam tdc hodc phanh, luc nay
MG?2 s& 1am nhiém vu sac lai dién cho dc quy Hybrid. M6 men cia MG2 hoat dong trong
khoang dudi 100 Nm duoc xem la khoang t6i uu. P6 thi M6 men cho thdy MG2 kha ning
hoat dong linh hoat trong nhiéu yéu cau khac nhau. Gia tri cia mo men thay doi lién tuc vi
dic diém cua chu trinh thit FTP 75 véi

TOC DO GENERATOR THEO CHU TRINH THU FTP- 75
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Hinh 4.38 D thi toc do ctia MG1 theo chu trinh thir FTP- 75.
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MO MEN XOAN GENERATOR THEO CHU TRINH FTP-75
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Hinh 4.39 P thi md men cia MG theo chu trinh thir FTP- 75.

D0 thi trén thé hién tde d6 va md men xodn cia MG1 dugc md phong theo chu trinh
FTP- 75. Trong hé théng md phong trén MG1 duoc trang bi voi cong suit nhé hon MG2,
va c6 thuc hién 2 vai tro chinh 1a khéi dong dong co (nhu mot may khoi dong) va diéu
khién van hanh ctia ICE va san xuét di¢n.

Tai cac thoi gian ma xe dat van tdc cuc dai chinh 1a lac ma xe yéu cau luc kéo nhiéu
nhét tai banh xe, khi d6 MG1 sé& hoat dong nhu 1a mdt may khot dong dong co ICE. Khi
d6 MG1 sé& quay nhanh hon truc khuyu dong co dé dua né 1én téc do khoi dong. Van tde
cuc dai khi d6 s€ dat 2230 vong/phut. Sau gia khi dat gid tri cuc dai tuc khéi dong ICE
xong, tdc d6 cua MG sé& diéu chinh dé duy tri diém van hanh ti wu cho IEC va san xuét
dién.

Trong céac giai doan c6 giao dong thap, toc d6 MG s& giao dong quang muc 0
(duong hodc am). Diéu nay cho thdy MG1 dang duoc diéu khién dé diéu chinh téc do cua
ICE, hodc dang hoat dong nhu mot may phat dién dé chuyén ddi mot phan cong suit cua
ICE thanh dién ning cho MG2 hoic sac pin, ngay cé khi tbc do xe khong cao.

Puong mau xanh biéu dién M6 men xoan ctia MG1, qua trinh hoat dong cia MG1
hoat dong tuong d6i it, nguyén nhan tai chu trinh FTP- 75 phanh tai sinh da lam viéc kha

hidu qua.
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Mo men cia MG1 hoat dong 16n nhét khoang 50 Nm va hoat dong thudng tai muc
c6 md men 4m c6 khi xubng -100 Nm ( thong thuong hoat dong trong khoang 10 Nm dén
-20 Nm) do chu.

Khi md men xoin duong MG1 hoat dong nhu mdt dong co dién dé khoi dong ICE,
con nguoc lai khi mé men xoin am MG1 sé& 1a may phat dién chuyén d6i cong co hoc tir
ICE thanh dién nang tir 46 dé sir dung cung cip dé sac ic quy Hybrid hodc cung cép hd trg
cong suat cho MG2 dan dong xe.

TOC PO PONG CO THEO CHU TRINH THW FTP-75
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Hinh 4.41 D6 thi tbc do ciia dong co theo chu trinh thir FTP- 75,

DPong co dbt trong & xe Hybrid khac véi xe truyén théng, né chu yéu hoat dong dé
hd tro cong suit cho dong co dién MG2 khi xe yéu cau nhiéu luc kéo va cung cip ning
luong cho MG1 dé san xuat dién.

Vi vay tir do thi trén, ta thiy dong co dét trong hoat dong khong dang ké, chi hoat
dong luc xe yéu cau luc kéo tai banh xe 16n thi dong co dot trong s€ duogc khoi dong va
chay (khoang 800-900 vong/phut) 13 tdc d6 khong tai (idle speed) dién hinh ctia dong co
khi n6é méi nd may. Ngoai 2 diém tdc do dong co dat max ( diém dong co hoat dong ) thi
trong phan 16n chu trinh thir dong co c6 toc do khoang quanh mirc 0. M6 men ciia dong
co chi tdng cao 1én dén 265 Nm khi téc do dong co tang cao, con thoi gian con lai thi mo

men chi quang murc 0.
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MO MEN X0OAN BONG CO' THEO CHU TRINH THLF FTP- 75
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Hinh 4.42 P thi mé men cta dong co theo chu trinh thir FTP- 75.

Dic diém chu trinh FTP- 75 thudng hoat dong véi toc do xe thap, thoi gian dimg
deén do nhiéu, ting téc va giam téc nhe nén dong co dét trong it dugc str dung thay vao d6
dong co dién hoat dong phan 16n vi vay diéu nay chimg to rang xe hybrid hoat dong tiét
ki€ém nhién li¢u va giam khi thai.

PIEN AP AC QUY HYBRID THEO CHU TRINH FTP-75
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Hinh 4.43 D6 thi dién ap 4c quy Hybrid theo chu trinh FTP 75.
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PIEN AP DC-DC CONVERTER THEO CHU TRINH THU FTP- 75
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Hinh 4.44 Db thi dién ap DC-DC Converter theo chu trinh thu FTP- 75.

Ac quy hybrid dong vai tro trung tim trong viéc luu trit va cung cdp ning luong
dién cho hé théng. N6 duoc sac boi ICE (théng qua MG1) va phanh tai sinh (théng qua
MG?2), va cung cap dién cho MG2 (dé truyén dong) va cac phu tai khac. Vi vy nén do thi
trang thai sac ctia ¢ quy hybrid c¢6 gia tri thay ddi lién tuc.

Giai doan dau c6 giao dong 1én xudng, c6 nhitng doan giam tai vi giai doan nay xe
khoi dong va chay ché do EV. Khi d6 MG2 sé& lay niang lugng tir ic quy Hybrid dé hoat
dong, va sau khi xe giam téc hodc phanh MG2 s& hoat dong nhu may phat nham chuyén
ning luong dong nang thanh dién ning sac lai cho ac quy, lam cho muc ning lugng ting
1én. Khi dong co d6t trong hoat dong va phat dién thong qua MG1, dc quy ciing s& duoc
nap lai nang lugng.

Giai doan xe hoat dong on dinh, nang luong ac quy s& giam di dang ké boi vi day 1a
giai doan xe can cong suét dién nhiéu hon dé cung cap cho Pong co dién dan dong xe va
day la giai doan it sir dung phanh tai sinh nén ac quy bi x4 nhiéu hon. Va khi ning luong
dc quy tang khi xe giam tdc hodc phanh. Giai doan ngdm néng ac quy s& khong hoat dong

vi xe dang dung yén.
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Giai doan cudi s& hoat dong giéng nhu giai doan dau tién khi xe bét dau hoat dong
thi ning luong s& cung cp cho dong co dién lam viéc nén ning luong s& giam manh. Ning
lwong dc quy s& ting trd lai khi dong co hoat dong hoic trong qué trinh giam tdc va phanh.

Db thi dién ap DC-DC Converter cho thdy bo chuyén doi dién hoat dong 6n dinh,
giao dong nhe trong khoang 650V va gitt dién dién 4p do trong toan bd chu trinh. Tai 2
diém xe dat van toc cuc dai thi dién ap bo chuyén ddi ciing c6 bién doi manh khi vuot 1én
hon 665V va sut xudng 628V.

Bang 4.3. Muc tiéu thu nhién li¢u va mic do phat thai cia chu trinh FTP- 75.

Loai Dac trung Gia tri
L/100 Km 3.2
) o Km/I 31.25
Miic do ti€u thu nhién liéu
MPG 73.5
Total Fuel Used (L) 0.353
CO (g) 1.5
: HC (9) 0.10
Murc do phat thai
NOXx (9) 0.18
CO2 (kg) 0.815

Dbi véi chu trinh thr FTP-75 dong co duoc sir dung it va trong toan chu trinh sir
dung dong co dién dé cung cap luc kéo cho xe phan 16n nén chi tiéu tén 3.2L/100Km, diy
1a con s6 4n twong d6i voi cac mau xe hybrid. Pidu nay cho thiy mic tiét kiém nhién liéu
dang ké so v6i cac mau xe truyén théng. Mt tiéu thu nhién liéu 3.2 L/100 km trong chu
trinh FTP-75 1a mot con sd rat an tuong ddi voi xe hybrid, dic biét khi chu trinh ndy mo
phong diéu kién 14i xe d6 thi voi nhiéu diém ding, ting téc va tai dong da dang. Vi xe
thong thuong, chu trinh FTP-75 thuong gay ti€u hao nhién li¢u cao hon do dac tinh dung-
di nhiéu.

Nhung vé6i dic diém cia xe hybrid 1 khi chay ¢ toc d6 thap dong co dién 1am viée
phan 16n va tan dung kha nang tai tao ning luong trong chu trinh FTP 75 nén mirc tiéu thu
nay cho thiy xe hybrid c6 kha ning tiét kiém nhién liéu hiéu qua trong méi truong do thi,
noi ma xe thuong tiéu hao nhiéu hon so véi dudng truong.

V61 mure tiéu thu twong duong khoang 31.25 km/l hodc 73.5 mpg, xe hybrid nay
vuot troi hon han so voi nhidu xe chay xang truyén thong trong cung dicu kién. Diéu nay
khong chi gitip giam chi phi van hanh ma con gép phan giam phat thai khi CO, va cac khi
6 nhiém, cai thién chat lugng khong khi trong d6 thi.
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Céc chi sb phat thai & muc thip dang ké khi so sanh véi tiéu chuan FTP-75 cua Co
quan Bao vé Mbi trudng Hoa Ky (EPA). Két qua nay cho thiy xe hybrid trong thir nghiém
khong nhitng dép tng day du tiéu chuan khi thai danh cho xe nhe chay xing ma con vuot
troi so voi mire trung binh ctia nhidu dong hybrid phd bién trén thi trudng. Diéu nay chimg
t6 cong nghé hybrid c6 tiém ning 16n trong viéc giam phat thai va bao vé méi trudng néu
dugc khai thac hi¢u qua.

4.4.3. Két qud mé phong theo chu trinh ECE 15.

VAN TOC XE THEO CHU TRINH THU ECE 15
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Hinh 4.44 D6 thi van toc caa xe Hybrid theo chu trinh thir ECE 15.

Sau khi chay mo phong, ta thy dugc d6 thi tbe d6 xe (Vehicle Speed) co su thay
d6i van tdc theo thoi gian mot cach rd rang. Tai thoi diém bét dau tir 0 dén 10 gidy, toc do
ctia xe x4p xi 0 km/h. Tir 10 dén 15 gidy, xe bat ddu ting toc 1én 4.5 m/s, sau d6 giit nguyén
téc do nay dén gidy thir 23. Tiép theo, tir 23 dén 28 gidy, xe giam tdc vé gan 0 m/s. Mot
khoang nghi dién ra trudc khi xe ting tdc trd lai tir 50 dén 58 gidy va dat 9m/s , tiép tuc
duy tri tbc d6 nay tir 58 dén 83 gidy. Sau do xe giam tdc dan va dimg lai vao khoang 95
giay.

Pén giai doan cao diém, tir 120 dén 143 giay, xe tang tdc manh mé va dat van toc
14m/s, sau d6 giit mac nay dén gidy thir 153. Ké tiép, xe giam xudng 9.8 m/s tir 153 dén
160 gidy va tiép tuc duy tri van toc nay dén gidy thir 172. Cudi cung, tir 172 dén 195 giay,
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xe giam tdc hoan toan va dirng lai, két thac chu trinh mé phong. Db thi phan anh rd rang
cac pha ting toc, gitr tbe do, giam tdc va dimg lai, cho thiy hé théng diéu khién hoat dong

chinh xac va hiéu qua theo yéu cau.

TOC PO MOTOR THEO CHU TRINH ECE 15

600 T

300
400 r

S_ 300 [

200 r

100

D 1 I 1 1 1 1 1 1 1
] 20 40 60 a0 100 120 140 160 180 200

Time (s)

Hinh 4.45 D4 thi van tdc ciia Motor xe Hybrid theo chu trinh thir ECE 15.

Ta c6 thé thay so dd téc d6 quay caa Generator thé hién nhiéu trang thai khac nhau.
Tir 0-15s, toc d6 bang 0 roi dot ngot ting vot 1én khoang 2500 RPM, sau dé giam nhanh
va xudng am. Day 1a giai doan khai dong va phan ng vai tai, ¢ thé do bo diéu khién yéu
cau phat dién dot ngot.

Tir 20-60s, téc d6 6n dinh & muc thap, dao dong gan 0, cho thdy Generator gan nhu
khong hoat dong hoic dang & ché d6 cho. Tir 60-85s, téc do giam vé 4m, nghia 13 Generator
dang hoat dong nhu mot dong co tai sinh (regenerator), thu hdi ning luong phanh va bién
n6 thanh dién dé nap lai pin.
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TOC PQ GENERATOR THEO CHU TRINH ECE 15
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Hinh 4.46 D5 thi van téc cua Generator xe Hybrid theo chu trinh thit ECE 15.

Tir 130-175s, Generator ting tc tré lai 1én khoang 2500 RPM, cho thay lic nay hé
thdng yéu cau phat dién nhiéu, c6 thé dé hd tro motor trong pha ting toc. Sau 175s, toc do
tut nhanh vé am roi vé lai 0, thé hién qua trinh chuyén pha ham téi sinh 1an cudi truéc khi
hé théng ngat. Vay nén Generator c¢6 nhiém vu linh hoat vira phat dién khi motor can, vira
thu hoi dién trong lic xe giam téc, toc d6 thay doi rd do chuyén d6i lién tuc gitra hai chuc
ning nay.Vé so dd Motor, ta co thé thay tir 0-20s motor hoat dong & muc thap, khoang 200
RPM day 1a luc xe bat dau tang toc nhe.

Tir 20-60s, né ting tdc 1én khoang 500 RPM va giir on dinh cho thiy xe dang chay
déu & toc do vira. Tir 85-120s toc do giam vé 0 tai day xe dang phanh hoic ding lai. tir
120-145s Motor tang toc dan, dat dinh khoang 400 RPM thé hién giai doan ting toc 1an
hai. Sau 175s Motor giam tdc va trg vé 0 chu trinh két thic. Nhu vay chung ta co thé thay,
khi Motor ting toc hoic kéo tai cao thi Generator phat dién dé hd tro. Khi Motor giam toc
hoic dimg, Generator thudong quay 4m cho thay hé thong dang tan dung luc him dé nap
dién lai cho pin.

Tir d6 6 thé thiy, Motor va Generator dugc diéu khién ddng bo boi mét trung tim
diéu khién, dam bao xe van hanh hiéu qua, tiét kiém ning luong va toi wu hiéu suat hé
thdng. Su thay ddi téc do quay cua ca hai thiét bi déu phan anh dung logic 1am viéc.
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TOC PO BONG CO THEO CHU TRINH ECE 15
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Hinh 4.47 D6 thi tbc do dong co xe Hybrid theo chu trinh thir ECE 15.

Biéu dd tdc d6 dong co theo chu trinh ECE-15 thé hién rd cac pha hoat dong cua dong co
xe hybrid Toyota trong diéu kién 1ai xe d6 thi. Trong giai doan tir 0 dén 40 gidy, dong co
quay & téc do thap, cho thiy xe dang & ché do cho hodc khoi dong nhe. Tir 40 dén 80 giay,
téc do dong co ting nhanh I1én gan 1000 vong/phut va duy tri 6n dinh, cho thiy qua trinh
tang toc va chay déu ¢ toc do thap trong moi trudong do thi.

Sau d6, tir 80 dén 120 giay, toc d6 dong co giam dan vé 0, cho thiy xe dang phanh hoac
dirng, c6 thé 1a lac hé théng hybrid chuyén sang tai tao ning luong hoic tat dong co dét
trong dé tiét kiém nhién liéu. Giai doan tir 120 dén 180 gidy, toc d6 dong co ting manh Ién
khoang 1250 vong/phut, cho thay pha tang téc cao hon hodc mé phéng qua trinh leo doc.
Cubi cung, tir 180 dén 200 gidy, téc d6 dong co giam nhanh vé 0, két thiic chu trinh.

Qua biéu do nay, co6 thé thay xe hybrid hoat dong hiéu qua khi luan phién st dung
dong co dién va dong co xang tiiy theo nhu cau van hanh. Pong co xiang chu yéu duoc kich
hoat khi can cong suat cao, trong khi cac pha téc d6 thap hoic dimg xe thuong duoc hd tro
boi hé thong dién. Pidu nay gdp phan giam tiéu hao nhién liéu va khi thai trong diéu kién
giao thong do thi.
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DIEN AP AC QUY HYBRID THEO CHU TRINH ECE 15
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Hinh 4.48 D6 thi dién 4p dc quy Hybrid theo chu trinh thir ECE 15.
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Hinh 4.49 D6 thi dién ap DC-DC Converter theo chu trinh thu ECE 15.

Trong giai doan déu, tir khoang 0-15s, xe c¢6 vé nhu dang & trang thai khoi dong

hodc di chuyén cham, véi van toc tang nhe roi gidm. Pong thoi, dién ap ac quy cling trai
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qua mét dot sut giam sau dot ngdt truée khi nhanh chéng ting trd lai. Didu nay cho thiy
dc quy phai cung cAp mot lwong 16n ning luong dé khoi dong dong co dién hodc hd tro xe
di chuyén ban dau, dan dén sut ap. Viéc dién ap tang tro lai sau do co thé 1a do xe di dat
dugce toc do nhét dinh, hodc dong co dot trong da bat dau hoat dong dé hd trg, hodc co thé
c6 mot phén nang luong dugc tai tao.

Tur khoang 15-35s, khi xe tang toc va duy tri van téc 6n dinh & mirc trung binh, dién
ap ac quy & murc twong d6i thap, xuat hién mot dang song hinh vom — ¢ thé do giam tbc
hoic phanh nhe, kich hoat phanh tai tao ning luong hodc do dong co dét trong dang sac
khi tai khong 16n. Giai doan 35-60s, xe giam rdi ting téc nhanh. Dién 4p ac quy van thap,
dao dong nhe, cho thiy dc quy lién tuc xa dé cung cap niang luong cho ting toc. Tir 60—
150s (giai doan dai nhat), xe trai qua nhiéu chu ky ting/giam van tdc. Dién 4p ic quy duy
tri & muc rat thip, gan nhu nam ngang, chi c6 vai xung nho. Pidu nay cho thay c6 thé:
bong co dot trong dang ganh phén 16n tai hodc 4c quy dang lién tuc xa dé hd tro hodc hé
thdng chua tao du ning luong dé sac lai dc quy.

Tir 150-200s, khi xe tang toc rdi giam tdc dot ngdt, dién ap ac quy ting vot, sau d6
giam nhanh — minh ching cho hoat dong phanh téi tao: dong co dién chuyén d6i dong ning
thanh dién ning sac vao ac quy. Ngoai ra, biéu do dién ap bod chuyén dbi cho thiy dudng
dién &p va bién dong 16n hon, phan anh cac hoat dong chuyén doi cong suét dién. Trong

khi d6, dién 4p dc quy 6n dinh hon nhd kha ning tich trir va lam phang dao dong ning

Hinh 4.50 Do thi nhiét 36 DC-DC Converter theo chu trinh ECE 15.

Nhiét d6 ctua bo DC-DC c6 xu hudng ting trong sudt qué trinh 1am viéce cia xe
nhung khong dang ké, nhiét d6 mé phong trong khoang 25-30°C ndm trong ngudng an toan
cua nhiét dd 4c quy hybrid ( 20-45°C).

Bang 4.4 Théng s6 tiéu thu nhién liéu va muac d6 phat thai phong theo chu trinh ECE 15.
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Loai Dic trung Gia tri
L/100 Km 4.8
. o Km/I 20.83
Miic do tiéu thu nhién liéu
MPG 49.00
Total Fuel Used (L) 0.0477
CO(g) 2.1
_ HC (g) 0.21
Murc do phat thai
NOXx (9) 0.3
CO2 (kg) 0.110

S liéu tiéu thy nhién liéu 4.8 L/100 Km (twong duwong 20.83 Knm/I va 49 MPG) cho

Toyota Camry Hybrid 14 con sé kha 4n twong trong diéu kién chu trinh ECE 15. Trong chu

trinh ECE 15 dugc mé phong véi nhiéu pha dimg va khoi dong lai nén muec tiéu thy cao

hon véi1 chu trinh FTP 75.

Két qua md phong chu trinh ECE-15 cho thay xe tiéu thu 0.0477 lit nhién liéu, phat
thai khoang 110 CO, /km, cao hon mirc giéi han 95 g/km theo tiéu chuan Euro 6 cho xe
hybrid. Cac khi gay 6 nhiém khac nhu CO (~2.1 g), HC (0.2 g) va NOx (~0.2 g) déu nam

trong gidi han cho phép cua céc ti€éu chudn Euro 6. Nhin chung, xe c6 muc ti€u hao nhién

liéu va phat thai thap, nhung chua dap tmg day du tiéu chuan khi thai nghiém ngat danh

cho xe hybrid hién nay.

4.4.4. Két qud mé phong theo chu trinh EUDC.
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VAN TOC XE THEO CHU TRINH THUF EUDC
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Hinh 4.51 D6 thi van tdc xe Hybrid theo chu trinh EUDC.

Chu trinh bat dau tir 050 giay, xe tang tbc nhe 1én ~65 km/h, md phong qua trinh
khoi hanh. Tir 50-100 gidy, xe duy tri tdc d6 6n dinh, phan anh doan hanh trinh déu.

Tiép theo, tir 100130 gidy, xe giam tdc xudng 50 km/h, roi duy tri mirc nay dén
190 giay, thé hién diéu kién giao thong cham hodc khu vuc gidgi han tdc do.

Tir 190-240 gidy, xe ting tdc trd lai 1én 70 km/h, sau d6 giir on dinh dén 280 gidy.
Tir 280-320 gidy, xe ting toc nhanh 1én 120 km/h, roi duy tri téc do tdi da nay trong 20
giay.

Cudi cung, tir 340-380 gidy, xe giam tdc dot ngdt vé 0 km/h, mé phong tinh hudng
phanh khan cép hoic ding xe hoan toan. Tong thé, chu trinh thé hién cac tinh hudng l4i xe
da dang: khoi hanh, di chuyén 6n dinh ¢ nhiéu tdc do, ting tbc nhanh va phanh gap, gitip

danh gia toan dién hi€u suat va phan ing cua xe trong di€u kién thuc té.

SVTH: Nguyén Dang Anh — Duong Hung Phong GVHD: TS Nguyén Quang Trung 157



Capstone Project: Khdo sat, tinh todn kiém nghiém va mé phong hé thong dong luc xe Toyota Camry Hybrid.
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Hinh 4.52 D0 thi tée d6 Motor theo chu trinh EUDC.

TOC PO GENERATOR THEO CHU TRINH THLF EUDC
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Hinh 4.53 D6 thi téc dd Generator theo chu trinh EUDC.
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Motor bit du tir 0 RPM, ting nhanh 1én ~650 RPM trong 50 gidy dau, hd tro xe
ting toc. Sau d6, gitr 6n dinh (50—100s), rdi giam nhe xudng 500 RPM khi xe giam tdc
(100-130s) va duy tri (dén 190s).

Khi xe tang tdc trd lai, motor ting 1én ~700 RPM (dén 280s) va dat dinh ~1000
RPM khi xe dat 120 km/h (320-340s). Cudi cung, motor giam nhanh vé 0 khi xe phanh
gap, c6 thé chuyén sang ché d tai tao ning luong.

Generator ban dau hoat dong thép hodc am. Tur 20-50s, ting nhanh dén ~2900 RPM,
sau d6 duy tri 6n dinh trong cac pha chay déu. Khi xe giam tdc, van toc giam con ~2400
RPM. Bén giai doan tang tdc cuc dai, generator dat dinh ~3800 RPM (tir ~320s), 1ol giam
dot ngot vé 0 khi xe phanh, phan anh qua trinh sac hoac ho tro hé théng hybrid.

O day c6 thé thdy van tdc motor phan anh truc tiép téc do di chuyén cia xe, trong
khi van téc generator cho thiy hoat dong clia may phat dién va dong co dbt trong trong
viéc quan 1y va san Xuét nang lugng dién cho hé théng, doi khi & van tdc cao hon nhiéu so

v6i motor dé dam bao cung cap du ning luong cho toan bd hé thdng hybrid.

TOC PO PONG CO THEO CHU TRINH THU EUDC
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Hinh 4.54 P thi toc do dong co theo chu trinh EUDC.

D) thi thé hién su thay ddi téc d6 quay ciia dong co (rpm) theo thoi gian trong chu

trinh EUDC — mét chu trinh mo phdng diéu kién 14i xe ngoai do thi véi tdc do cao va it
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dirng. Trong giai doan sau 30s dau, dong co ting tdc nhanh tir trang thai nghi 1én khoang
1550 vong/phut, thé hién qua trinh ting tbc ban dau. Tir 60 dén 120 gidy, téc do dong co
duogc gitr on dinh, phan anh diéu kién 14i xe déu & tdc do trung binh.

Sau d6, dong co giam nhe vé khoang 1300 vong/phit truée khi ting tré lai, mo
phong cac tinh huéng giam tdc va tang téc nhe khi luu thong. Tur 230 gidy tra di, téc do
dong co tang cao hon, dac bi¢t dat dinh khoang 2400 vong/phut ¢ giai doan 330-350 gidy,
tuong tmg voi tinh huéng vuot xe hoidc ting tbc manh. Cudi cling, dong co giam téc nhanh
vé gan 0 vong/phit, md phong xe ding han.

Véi dac diém hoat dong nhu vay, hé théng hybrid c6 thé tan dung t6i da mo-to dién
trong cac pha tai nhe hodc giam tdc, gitp tiét kiém nhién liéu va giam phat thai dang ké so

v6i xe dong co ddt trong truyén thong.

DIEN AP AC QUY HYBRID THEO CHU TRINH THUY EUDC
240 T T T T T T T

230

X 111.06
| Y 220.303

220 1 T

= 210

200

190 4

1 BD i i i i i i i
1] 50 100 150 200 250 300 350 400

Time (s)

Hinh 4.55 D6 thi dién 4p dc quy Hybrid theo chu trinh EUDC.
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Hinh 4.56 D6 thi dién ap DC-DC Converter theo chu trinh EUDC.

Do thi dién ap ac quy phan anh su thay doi dién ap pin theo thoi gian, thé hién chién

lugce quan 1y nang lugng cia hé thong hybrid.

Giai doan dau tién dién 4p twong d6i cao cho thay pin hién tai dang & trang thai day.
0-40 giay: Pién ap giam nhanh do x4 pin manh khi xe khai hanh va ting toc 1én 65
km/h, cho théiy motor tiéu thyu nhiéu nang luong.

40-200 giay: Dién 4p tang va dao dong nhe & mirc cao (~220 V), phan anh giai doan
sac hodc ti€u thu nang lugng thép khi xe chay on dinh & 65 r6i 50 km/h.

200-260 gidy: Dién ap giam trd lai khi xe ting tde tir 50 1én 70 km/h, biéu thi xa
pin dé hd tro motor.

260-320 giay: Dién ap phuc hdi nhe hodc gitr 6n dinh, thé hién can bﬁng gilra sac
va x4 trudc pha tang toc tiép theo.320-340 gidy: Dién ap giam do xa manh khi xe
tang toc nhanh 1én 120 km/h.

340-380 gidy: Dién ap tang vot, vurot mirc ban du khi xe phanh gap, cho thdy phanh
tai sinh hoat dong, sac lai pin bang dong nang. Pay 1a mot dic diém ciia xe Hybrid

giup xe cai thién hi¢u suat nhién li¢u.

Nhu vay, di¢n ap pin va toc do xe cé moi quan hé nghich bién ¢ cac giai doan tang toc

va thuan bién & cac giai doan giam toc. Khi xe ting tdc, pin thudng bi x4 (dién ap gidm)
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dé cung cap ning luong. Nguoc lai, khi xe giam tdc hodc chay ¢ toc d6 6n dinh va khong
can nhiéu coéng suit tic thoi, pin c6 xu hudng duoc sac (dién ap ting) boi may phat dién
hoic théng qua phanh tai sinh. D4 thi dién ap pin thé hién rd rang chién lvoc quan Iy ning
luong thong minh cua hé théng hybrid, lién tuc diéu chinh giita cac ché do sac va xa dé

duy tri hi€u suat va t61 uvu héa mirc ti€u thu nhién li¢u dya trén nhu cau lai xe.

T | Y

Hinh 4.57 D4 thi nhiét @ DC-DC Converter theo chu trinh EUDC.

Nhiét do cua bo DC-DC c¢6 xu hudng tang trong subt qué trinh lam vi€c cua xe
nhung khong dang ké, nhiét d6 mo phong trong khoang 25-43°C nam trong ngudng an toan
cua nhiét do ac quy hybrid ( 20-45°C).

Bang 4.5 Thong sd tiéu thu nhién liéu va muc d6 phat thai theo chu trinh EUDC.

Loai Dac trung Gia tri
L/100 Km 4.25
' L Km/I 23.53
Mitrc @0 ti€u thu nhién liéu
MPG 55.34
Total Fuel Used (L) 0.295
CO(g) 3.5
' HC (g) 0.27
Mirc d§ phat thai
NOXx () 0.35
CO2 (kg) 0.504

Twong tu chu trinh ECE 15, ta c¢6 thé thay chi véi 4.25L/100km, nhu vay thi ciing
chua can t6i 5 lit nhién liéu xe c6 thé di chuyén quing duong 100km. Pay van 13 mét con
sd rat 4n twong, khi so sanh v&i nhiéu xe xdng phd théng thuong tiéu thu tir 7-10 1it/100km

hodc tham chi cao hon. V&i mdi lit nhién liéu xe di chuyén duoc gﬁn 23.53km khéng dinh
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duoc kha ning van hanh cua xe hiéu qua, gitip ngudi 14i tiét kiém dang ké chi phi nhién
liéu hang ngay.

Mirc khi thai ctia xe gdm cac loai CO, HC, NOx va CO2 lan luot 1a 3.5 g, 0.27 g,
0.35 g va 0.54 kg. Mtic phat thai CO va HC twong dbi thap, cho thiy qua trinh dét chay
nhién liéu dién ra hiéu qua va bd xuc tac ba chiéu hoat dong tbt trong vi¢c giam khi doc
hai. Lwong NOx & mirc 0.35 g tuy chua hoan toan dat muc tiéu chuan khat khe cta cac quy
dinh ma1 nhu Euro 6, nhung van nam trong gio1 han chép nhan duoc ddi véi nhiéu loai xe
hybrid hién nay. Bac biét, lugng CO2 phat thai & muc 0.54 kg phan anh kha ndng tiét ki€ém
nhién liéu va giam khi nha kinh, pht hop véi tiéu chi ciia xe hybrid va xe tiét kiém nhién
liéu. Nhin chung, céc chi s6 khi thai trén cho thdy xe c6 hiéu suat van hanh t6t va than thién
hon v6i méi truong so véi xe str dung cong nghé truyén thong.
4.45. So sdnh két qud mé phéng.

Bang 4.6 So sanh thong s6 mo phong cua cac chu trinh.

bac Trung Budm ga FTP-75 ECE 15 EUDC
Budm ga _
N S| Léixetwongdo | |
Moi trrong mo duoc dicu L Lai xe do thi, | Lai xe ngoai do
o, thi, nhiéu lan , . o,
phong khién mé . toc do thap. thi, toc do cao.
o dung.
toan tai
Toc do t
oc fo TS 2581Kmh | 1835Kmh | 626 Kmih
binh
Thot gian mo
] 250s 2474s 195s 400s
phong
Quang duong 9.45km 17.77 km 0.9941 km 6.95 km
Tdc d9 toi da 205 Km/h 91 Km/h 50 km/h 120 km/h
Miic tiéu thu
o 5.8L/Km 3.2 L/100Km 4.8 L/IKm 4.25 L/Km
nhién liéu
Té6ng nhién liéu
. 0.5497 L 0.353 0.0477 L 0.295 L
st dung
Kha nang tai .
. Thap Cao Trung binh Trung binh
a0
CO 5449 159 21¢g 3509
HC 0.435¢g 0.10¢g 0.21g¢g 0.27¢g
NOX 0.435¢g 0.18¢ 0.3g 0.35¢g
CO2 1.2261 kg 0.815 kg 0.110 kg 0.504 kg
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Mirc tiéu hao nhién liéu thay déi tiry theo cac chu trinh mé phong. Trong 3 chu trinh
d3 mé phong, chu trinh FTP- 75 ¢4 muc tiéu thy nhién liéu thap nhat 3.2L/100Km. Pay la
mot murc tiéu hao nhién liéu kha thép, phan anh kha nang tiét kiém nhién liéu t6t cua hé
thng hybrid nho tan dung hiéu qua ché d6 chay dién va tai tao ning luong khi phanh phan
anh hybrid khi tai tao lai ning luong nho phanh, khi xe bat dau khoi hanh s& ding ning
lugng dién kho1 dong va van hanh cua xe trong chu trinh nay c6 dong co dién hoat dong
thudng xuyén. Vi vay cang cho ta thay hiéu qua cta xe hybrid trong cac diéu kién l1ai d6
thi, gitip ngudi 14i tiét kiém dang ké chi phi nhién liéu hang ngay va giam khi thai d6i véi
moi trudng. Chu trinh FTP-75, dai dién cho diéu kién d6 thi c6 nhiéu 1an dimg—chay, co
quing dudng dai nhit (17.77 km), nhung tong lwong nhién liéu tiéu thu & muc trung binh
(0.353 L), dan dén phat thai CO, cao nhat (1.2261 kg). Tuy nhién, mirc phat thai cac khi
doc hai nhu CO (1.5 g), HC (0.436 g) va NOx (0.18 g) lai thp nhét trong ba chu trinh, cho
thdy hiéu qua kiém soat khi thai tot trong diéu kién do thi.

O chu trinh ECE 15 — mé phong diéu kién 1ai xe do thi chau Au véi tdc do thap —
mirc tiéu thu nhién liéu lai cao hon, 1én dén 4.8 L/100 km. Nguyén nhan c6 thé do thoi gian
mo phong ngin (195 gidy) va quing duong ngin (0.9941 km) va dong co khoi dong lién
tuc khién hé théng hybrid chua kip phat huy tdi wu cac ché do tiét kiém ning luong nhu
EV mode hay phanh tai tao. Chu trinh ECE-15 ¢6 muc tiéu thy nhién li¢u trén 100 km cao
(4.8 L/100 km), nhung do quing dudng chay ngin (0.9941 km), nén téng lwong nhién liéu
tiéu thu va phat thai khi twong d6i thap. Tuy vdy, phat thai NOx (0.3 g) cao hon FTP-75,
phan anh sy gia ting phat thai do diéu kién van hanh thiéu 6n dinh.

Trong khi d6, chu trinh EUDC — md phong diéu kién 1ai xe ngoai do thi vai toc do
cao va 6n dinh — lai cho két qua tiéu hao nhién, chi 4.25 L/100 km. Mic du kha ning tai
tao ndng lugng & chu trinh ndy chi & muc trung binh do it dirng xe, nhung dong co xang
hoat dong & viing hiéu suét toi uu da giup giam mirc tiéu hao nhién liéu dang ké. Nhu vay,
xe hybrid c6 thé tiét kiém nhién liéu hiéu qua. P6i v6i mé phong xe theo viéc diéu khién
budm ga thi xe st dung 5.8L/100Km,day la mirc nhién li¢u cao nhung vi déc trung cua bai
md phong 14 dong co 1am viée tir dau qua trinh dén cudi qua trinh nén dat murc tiéu thy
nhién liéu cao nhat trong cac chu trinh thir. Chu trinh EUDC ¢6 muc ti€u thu nhién li¢u
thap (4.25 L/100 km), tong tiéu thy nhién lidu 14 0.295 L. Tuy nhién, phat thai CO (3.5 g),
NOx (0.35 g) va HC (0.27 g) lai cao hon ECE-15 va FTP-75, cho thiy & toc d6 cao, qua
trinh d6t chay nhién liéu sinh ra nhiéu chat 6 nhiém hon du hiéu suat nhién liéu cao hon.

Mo phong véi tin hiéu d6 mé budm ga cho ra muc tiéu hao nhién lidu cao nhat
5.8L/100Km béi vi xe dugc chay véi van tdc cao, dong co dot trong va toan hé théng dong

luc lam vi¢c hét cong suat. Khi d6 mure do ti€u hao nhién li¢u tang 1én khé cao so voi cac
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chu trinh thtr khac. Mtc do phat thai CO (5.4g), HC, NOx va CO, déu & muc cao nhét
trong cac bai mé phong

Tom lai, phat thai CO, phu thudc chat ché vao Iugng nhién liéu sir dung, trong khi
cac chat 6 nhiém nhu CO, HC, NOx lai bj anh hudng béi diéu kién van hanh (téc do, tai
trong). Viéc t6i uvu hoa hé thong dong luc dé giam phat thai ¢ cac ché d6 hoat dong khac

nhau la rat can thiét nham giam thi€u tdc dong moi truong.
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KET LUAN

Qua qua trinh nghién ctru va thyc hién dé tai”khao sat, tinh toan kiém nghiém va
mo phong hé thdng dong luc cia xe Toyota Camry Hybrid” dé tai di dat duoc nhirng két
qua sau:

1. V& mat Iy thuyét va tong quan:

Pi 1am rd duoc 1y do can nghién ciru xe Hybrid trong bdi canh 6 nhiém mai truong
va khing hoang ning luong ngay cang gia ting. Tong hop duogc cac kién thie tong quan
vé xe Hybrid, bao gém: lich str hinh thanh, phan loai, nguyén 1y hoat dong, ciu tao hé théng
dong luc va cac xu thé phat trién hién nay. Phan tich vu va nhugc diém ciia cac hé truyén
dong hybrid nhu: song song, ndi tiép, hdn hop... ddng thdi phan biét duoc cac dong FHEV,
MHEV, PHEV va REX.

2. Vé khao sét thuc té va tinh toan:

Tim hiéu vémot s6 cong nghé méi ciia Toyota nhu TNGA, THS II... Tién hanh
khao st chi tiét hé théng dong luc cua Toyota Camry Hybrid 2023 nhu: dong co, MG1,
MG2, hop s6 P710... va gi6i thidu vé mot s6 hé thong diéu khién trén xe. Tinh toan céac
trang thai van hanh thyc té cta xe (khdi hanh, ting tdc, leo ddc, phanh téi sinh...), qua d6
xéac dinh cong suit, mé men xodn yéu ciu va kha ning dap tmg cta cac thanh phan nhu:
dong co dbt trong, dong co dién, dc quy hybrid va bd chia cong suit. Panh gia hiéu qua
ctia chién luoc diéu phdi giira cac ngudn dong luc (ICE va motor dién) nham tdi wu hiéu
suét van hanh.

3. Vé mo phong bang MATLAB/Simulink:

Xay dyng mo hinh mo phong hé théng dong luc day du ciia cdu hinh xe Hybrid ndi
tiép- song song trén MATLAB/Simulink véi cac khéi co ban nhu: Kph Demand, Control
Strategy, PSD, Electrical, Engine, Vehicle Body... Thiét 1ap ba chu trinh thir chuan: FTP-
75, ECE-15, EUDC d¢ kiém tra kha ning tiét kiém nhién liéu va mirc d6 phat thai....

Két qua mo phong cho thay:

- O bai md phong theo buém ga, mirc tiéu hao nhién liéu cao nhat voi 5.8L/Km va khi
thai déu dat & muc cao nhat so v4i 3 chu trinh thir con lai.

- O chu trinh FTP-75 (46 thi M¥), muc tiéu hao nhién liéu dat 3.2 L/100 km, phét thai:
CO thap, HC/NOx trung binh. Cho thdy kha niang van hanh hiéu qua trong diéu kién ding
- khéi dong lién tuc, va muc phat thai ¢ muc thép.

- Chu trinh ECE 15 (d6 thi chau Au), muc tiéu hao nhién liéu cao véi 4.8 L/100 km, va
mirc phat thai & mirc trung binh do quing dudng ngan va khé phat huy t6i vu ché do hybrid
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- O chu trinh EUDC (ngoai db thi), mirc tiéu hao thap nhat, chi 4.25 L/100 km, nhd dong
co hoat dong ¢ tdc d6 dn dinh va hiéu suét cao véi murc do phat thai & muc tuong ddi cao.
Hybrid c6 kha ning tiét kiém nhién liéu dang ké, dic biét trong diéu kién van hanh d6
thi va muc phat thai va tiéu hao nhién liéu dugc giam dang ké so véi xe sir dung dong co
d6t trong truyén théng. Hé théng diéu khién phdi hop giita ICE va MG1, MG2 hoat dong
hiéu qua trong timg tinh huéng 14i xe.

Mic du dé tai da c6 mot s6 két qua nhat dinh nhung do gi6i han vé thoi gian va han

ché vé céc tai liéu tham khao... nén dé tai van con mot s han ché va kho khan nhu:

- Chua khao sat day du va chuyén sau vao hé théng dong luc trén xe Hybrid do ¢6
nhiéu cong nghé méi va tai lidu chinh hing vé xe con han ché.

- Qué trinh tinh toan hé thong dong luc hybrid nbi tiép — song song con gip kho khin
khi ddy 1a mot ndi dung nghién ctru kha méi, ¢6 kha it tai liéu, gido trinh huéng dan vé
tinh toan nd1 dung nay.

- M6 hinh mé phong con don gian, chwa thé hién rd mot s6 yéu t6 cia xe hybrid trong
cac chu trinh thu...

Vé6i xu hudng phét trién manh mé va nhanh chong cua cac phuong tién than thién véi
moi truong dic biét 1a xe Hybrid, dé tai ndy hoan toan con tiém ning va cé thé tiép tuc
dugc nghién ctru phét trién trong twong lai. Mot sé nhitng hudéng phat trién nhu:

- Nghién ctru xay dung quy trinh tinh todn hé thong dong luc cta xe hybrid ndi tiép-
song song, hodc cho cac loai xe Hybrid m&i nhu Plug In Hybrid...

- Nghién ctru nang cao hi¢u suét ctia hé théng dong luc, giam ton that nang luong,
va t6i uu hoa viéc st dung tai tao nang lugng trén cac xe Hybrid hodc xe dién EV.

- Nghién ciru ting dung AL vao viéc 1ap trinh giai quyét cac bai toan mo phong, dicu

khién hé thong dong luc xe Hybrid mot cach téi wu hon.
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