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NHAN XET



TOM TAT

Tén dé tai : Khao sat va mo phong hé thong dong luc 4WD trén xe Hyundai Santafe

Sinh vién thyc hién : Phan Trong Quan

S6 thé SV : 10319075 Lop : 19C4CLC2.

Heé thong 4WD (Four-Wheel Drive) trén xe Hyundai Santa Fe 6 vai trd quan trong
trong vi¢c cai thién kha nang van hanh va d6 an toan cua xe trong nhiéu diéu kién dia
hinh va thoi tiét khac nhau. Khi xe van hanh trén dudng tron truot (mua, tuyét, bun), hé
thong 4WD phan phdi mo-men xoan dén ca 4 banh xe, gitp ting d6 bam duong, giam
hién twong truot banh. Ngoai ra 4WD gitp xe di chuyén d& dang hon trén dia hinh khoé
nhu ddi doc, duong da, duong cat, nho kha niang truyén luc déu dén cc banh. Trong dé
tai nay ching t6i tién hanh  Khao sat va mo phong hé théng dong luc 4WD trén xe
Hyundai Santafe dé tim hiéu , phan tich , so sanh cac ché d6 1am viéc ctia hé théng
4WD.

Muc tiéu cta dé tai:

Trong d6 4n nay, em di tap trung khao sat va mo phong hé théng 4WD . Nghién ctru
tam quan trong ctia hé théng 4WD khi xe van hanh. Cac budc chinh bao gdm nhu tim
hiéu , khdo sat, phan tich két cau cau tao, nguyén ly hoat dong ctia hé thong 4WD, tinh
toan dong luc hoc va sir dung phan mém mo phong dé kiém tra hiéu qua hé thong.

Phuong phap nghién ctru :

e Thu thap tai liéu vé hé théng 4WD trén xe Hyundai Santafe.

e Nghién ctru nguyén Iy hoat dong ctia hé thong 4WD.

e Dua vao thong s6 tai liéu ban dau, tinh toan dong luc hoc cta hé théng 4WD.

e Xay dung hé thong 4WD bing phin mém Matlab/Simulink.

e Tién hanh thi nghiém mo phong va ghi nhan két qua.

Két luan:

Hé théng 4WD trén Hyundai Santa Fe 1a mot cong nghé hitu ich, nang cao kha ning
van hanh, d an toan va sy linh hoat ctia xe trong nhiéu diéu kién dia hinh va thoi tiét.
Vi kha nang truyén luc dén ca bon banh, xe c6 thé bam duong t6t hon, 6n dinh hon khi
Va0 cua, va vuot qua cac dia hinh kho khin mot cach dé dang hon.



Khdo sdt va mé phong hé thong dong luc 4WD trén xe Hyundai Santafe

LOI NOI PAU

Trong nhitng nim gan ddy, su phat trién nhanh chéng cta nganh cong nghiép 6 to
d3 dit ra yéu cau ngay cang cao ddi v6i cac hé thong truyén dong — khéng chi dam bao
hiéu suat van hanh manh m&, ma con phai thich tng t6t v6i cac diéu kién duong sa va
khi hau phirc tap. Trong bdi canh do, hé théng dan dong bon banh 4WD ngay cang khang
dinh vai trd quan trong trong viéc ning cao tinh 6n dinh, d6 an toan va kha ning vuot
dia hinh cta xe, dac biét 1a ¢ phan khic xe thé thao da dung SUV

Xe Hyundai Santa Fe, mét trong nhitng dong SUV dugc ua chudng tai thi truong
Viét Nam va qudc té, d3 tmg dung hiéu qua hé thong 4WD nhu mét giai phap cong nghé
nham ting cudng trai nghiém ngudi dung. Hé thong nay cho phép xe van hanh linh hoat
hon trong cic diéu kién khac nghiét nhu mua, bun 1y, tuyét, hay dia hinh d6i nui.

Tir van dé d6, véi nhitng kién thire da hoc va sy huéng din tan tinh cua gido vién
huéng din, cling mong mudn tim hiéu sdu hon vé cau tao va nguyén 1y hoat dong cua
hé thng truyén dong, em da chon dé tai: “ KHAO SAT VA MO PHONG HE THONG
PONG LUC 4WD TREN XE HYUNDAI SANTAFE "

Trong thoi gian thyc hién dé tai do thoi gian c6 han va kién thirc con han ché nén
trong qua trinh thuc hién khong thé tranh khoi nhitng thiéu sot nhat dinh. Em rit mong
su gitip d3, v kién dong gép cia quy thdy co cing tit ca cac ban dé dé tai duoc hoan
thién hon.

Cubi cing em xin chan thanh cam on thiy TS. Nguyén Quang Trung cung cac
thay trong b moén da giup em hoan thanh d6 an nay.

Pa Nang, thang 06 nim 2025
Sinh vién thuc hién.

Phan Trong Quén
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MO PAU

Trong bdi canh nganh cong nghiép 6 to ngay cang phat trién manh mé, cic hé thong
truyén dong hién dai ngdy cang dong vai trd quan trong trong viéc nang cao hiéu qua
van hanh, do an toan va kha nang thich nghi véi diéu kién duong x4 khac nhau. Trong
s6 d6, hé théng din dong bén banh toan thoi gian (4WD — Four Wheel Drive) 1a mot
trong nhitng giai phap k¥ thuat dugc tng dung rong rii trén nhiéu dong xe SUV, ban tai
va cac dong xe dia hinh nhiam nang cao kha ning bam duong, kha ning vuot dia hinh
va su 6n dinh khi van hanh.

Hyundai Santafe — mot trong nhitng dong SUV ban chay tai thi truong Viét Nam —
d3 va dang duoc trang bi hé théng truyén dong 4WD hién dai, két hop giita kha ning
van hanh linh hoat trén dudng béng va kha nang vuot dia hinh phire tap. Viéc khao sat,
phan tich va tinh toan hé thong 4WD trén xe Hyundai Santafe giup em hiéu rd hon vé
nguyén 1y hoat dong, cau tao 13 co so quan trong cho viéc thiét ké, cai tién va tdi uu hoa
cac hé théng truyén dong hién dai trong tuong lai.

Pé tai “Khao sat va mo phong hé thong dong luc 4WD trén xe Hyundai Santafe”
duoc em lua chon voi muc tiéu tim hiéu kién thic vé ciu tao, nguyén ly lam viéc, va
phuong phap tinh toan cac thong s6 co ban trong hé théng 4WD. Thong qua d6, em c6
thé van dung kién thuc 1y thuyét vao thuc té, phuc vu cho cong tac thiét ké, bao dudng
hodc nghién ctru chuyén sau trong linh vyc k¥ thuét 6 to.

Muc tiéu caa dé tai:
* Hiéu 15 nguyén 1y hoat dong va cAu tao cua hé théng 4WD.
* Tinh toan dong luc hoc hé théng 4WD dua trén thong s6 Hyundai Santafe.
« Panh gia hiéu qua hé théng qua cac thir nghiém moé phong.

Pham vi va ddi tuong nghién ciru:

Pbi twong nghién ctru 1a hé théng dong luc 4WD trén xe Hyundai Santafe, mot dong
Xe phé bién tai thi truong Viét Nam. Pham vi nghién ctru bao g6m viéc tim hiéu khéao
sat, tinh toan, md phong va danh gia hiéu qua hoat dong cta hé théng 4WD thong qua
cac ché d6 1am viéc trén xe.

Phuong phap nghién ctru:

Nghién ciru Iy thuyét: Thu thap va phan tich tai liéu vé nguyén 1y va cau tao cua hé
théng 4WD.

Mo phong: Str dung phan mém chuyén dung MATLAB/Simulink dé thiét ké va
kiém tra hiéu qua.

Phan tich két qua: PBanh gia cac thong sb hiéu suat va do an toan dua trén dit liéu
mo phong.

Céu trc cua do an:

Téng quan: Gi6i thiéu hé thdng dong luc 4WD
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Khdo sdt va mé phong hé thong dong luc 4WD trén xe Hyundai Santafe

Co s6 1y thuyét: Trinh bay cac nguyén Iy hoat dong, cau tao ctia hé thong, khao sat
tim hiéu hé théng 4WD trén xe Hyundai Santafe.
Tinh todn dong luc hoc hé théng dong luc 4WD.
Mo phong 4WD trén MATLAB/Simulink: Tién hanh mé6 phong, dédnh gia hiéu qua
hoat dong cua hé théng .
Két luan: Tong hop két qua nghién ciru, danh gia hiéu qua lam viéc cia hé thong
4WD.
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Khao sat va mé phong hé thong dong lwc 4WD trén xe Hyundai Santafe

CHUONG1 TONG QUAN VE HE THONG 4WD

1.1 Khai niém vé hé thong 4WD
1.1.1 4WD la gi?

4WD 12 chir viét tat ctia 4 Wheel Drive, nghia 14 4 banh xe dan dong. Diéu nay c6
nghia 13 khac vé6i loai 2WD, ca 4 banh xe déu duoc dan dong va din dong thong qua
hop s phu.

Nhin chung céc xe 4WD thé chia thanh xe chay duong tot va xe chay duong xau tiry
theo muc dich sir dung ciia chiing. Nhiing xe chay duong xau c6 gdm va than xe dugc
thiét ké ctng, c6 khoang sang gam xe 16n vi vay phu hop dé hoat dong & dia hinh doi
nui, séng sudi. Nguoc lai nhitng xe 4WD chay duong tot duge dung dé chay trén nhiing
duong binh thuong, mic du gdm va than xe cing viing hon nhung hinh dang bén ngoai
gidng hét nhu cac xe du lich binh thudng.
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Hinh 1.1 So do chung h¢é dan dong 4WD

Hé dan dong 4WD (4x4) thuong xuét hién & nhirng xe tai, ban tai dan dong banh
sau va xe SUV ¢& 16n, hé dan dong 4x4 cung cap stc kéo tot nhat trong diéu kién
duong dia hinh. Céc mau xe dugc trang bi hé théng dan dong bdn banh 4WD duoc
thiét ké voi:

« Gam cao hon (diéu chinh dugc d6 cao thong qua hé thong treo)

« Goc thoat trude/sau cao nham dé di duong ddi nai

o He thdng treo cling viing hon va duoc trang bi 16p chuyén dung

e Luc kéo cuc manh voi bo khoa vi sai

« HO tro khoi hanh ngang dbc va ngat két ndi hoat dong ctia thanh gidng

1.1.2 Phan loai

Céc xe 4WD hién nay dugc chia thanh hai loai chinh 1a 4WD thuong xuyén va 4WD
gian doan. Ngoai ra ciing c6 thé phan loai thanh: loai FF — dong co & phia trudce, dan
dong banh truéc va FR — dong co & phia trude, dan dong banh sau. Néu cin clr vao
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Khao sat va mé phong hé thong dong lwc 4WD trén xe Hyundai Santafe

pham vi st dung thi c6 thé phan loai thanh loai chay trén dia hinh phtrc tap va loai chay
trén dudng bing phang.
a, 4WD gian doan

Pay 12 hé dan dong pho bién nhat trén cic mau xe dia hinh, né hoat dong sau khi tai
xé nhan nat hodc chuyén ché d6. Khi tai xé chuyén ché do tir 2WD sang 4WD trén hop
sb phu, truc trude va truc sau khoa lai véi nhau, dan dén cac banh trudc va banh sau
quay voi cting mot tbe do, giup cai thién dé bam dudng trong diéu kién xe di thang.
Truée khi 6 vi sai trung tAm, hé ddn dong nay gan nhu khong ¢ cach nao dé cac banh
quay v&i van toc khac nhau tai nhitng khuc cua. Vi vy, rat it khi tai xé kich hoat ché 46
2 cAu trir khi xe di chuyén trén nhitng mit dudng tron trugt (nhu trén tuyét) hoic sa lay.
Néu c6 giang 14i mot chiéc xe trén dudng kho, khi & ché do 4 banh dugc kich hoat, tai
xé s& cam thay kho khin va banh ctng lai khi chuyén huéng. Ngoai ra, diéu ndy c6 thé
1am hong cac thiét bi trong bd truyén dong va khién 16p mon nhanh hon.

a)

Hinh 1.2 4WD gian doan
a) 2WD; b) 4WD.
- Hop s6 phdn phoi; 2- Hop sé doc; 3- Pong co.

4WD gian doan c6 nhitng diém dang luu y can thiét cho nhiing ai dang sir dung,
dic diém dau tién 14 & ché do binh thuong xe din dong thong qua mot ciu (WD), thong
thudng 13 cau sau. Viée cai cau hodc cit cdu hoan toan do tai xé. Khi chuyén sang ché
d6 4WD, cong suit tir dong co dugc truyén cho ca 4 banh xe. Trong diéu kién can thiét,
tai xé c6 thé chon ché d6 2 cau s6 cham dé cai thién md-men xodn. 4WD gian doan
khong c6 vi sai trung tam va duoc khuyén cao 1a khong sir dung 4WD trén mit dudng
kho hay qua cting.
> Uu diém cua 4WD gian doan:

e C6 ciu tao don gian hon so véi cac hé din dong 4 banh khéc.

e Gia thanh thip va khong qua phirc tap. Diéu nay giai thich tai sao no lai xuat trén
nhimg mAu xe ré tién va & cp thap.
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e it ton nhién lidu hon so véi 4WD thuong xuyén.
> Nhuoc diém cua 4WD gian doan:

e C6 yéu cau khat khe 13 tai xé phai dung trude khi chuyén tir ché d6 2WD sang
4WD.

e N6 khién ngudi 1ai phai chiu trach nhiém hoan toan vao quyét dinh cai cau cua
minh, tiy thudc vao dia hinh va thoi tiét. Vi vay chuyén cit cau ciing quan trong khong
hé kém.

e Khi quay vong s& xuét hién hién tuong tuan hoan cong suat.

e Quay vong khong ém.

b, 4WD thuong xuyén

4WD duoc st dung tai moi thoi diém trong tat ca cac diéu kién 1ai xe va diéu kién
duong xa (tr dudng binh thudng dén dudng ghd ghé va dudng co hé sé ma sat thap...).
Dbéi v6i loai 4WD thuong xuyén, nguoi ta bd tri thém mot bod vi sai trung tam & gitra bo
vi sai trude va bd vi sai sau dé triét tiéu su chénh 1éch tée do quay cua cac banh xe trudc
va sau. C6 3 b0 vi sai khac nhau lam cho xe chay dugc ém do dam bao viéc truyén cong
suat déu nhau dén ca 4 banh xe, ké ca khi quay vong. Mot vi sai & cau xe phia trudc,
mot & cau xe phia sau va mot vi sai trung tim. Pay 1a uu diém chi yéu cia loai 4WD
thudng xuyén, né co thé st dung trén dudng xa binh thudng, duong gbd ghé hay duong
c6 d6 ma sat thép. Tuy nhién, dé tranh hién tuong b vi sai trung tdm phai lam viéc lién
tuc thi cac 10p trudc va sau phai c6 duong kinh giéng nhau, ké ca cac banh bén trai va
bén phai.

Hinh 1.3 4WD thuong xuyén
a) 4WD loai FF; b) 4WD loai FR.
1,8- Péng co; 2,5- Hop so phu ; 3,6 - BY vi sai trung tam; 4 - Hop s6 ngang, 7-
Hop s6 doc.

Dé dam béo tinh diéu khién on dinh trong khi chay & cac diéu kién duong xa khac
nhau, & loai 4WD thudng xuyén ngudi ta con bd tri thém mot khop thiy luc (Viscous
Coupling) 1am cho xe thich hop hon & ché d6 2WD khi khong c6 su chénh léch vé toc
d6 quay gifta cac banh trude va sau. Khi xe chay vao duong gb ghé hay duong cé tuyét,
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xuat hién sy chénh 1éch tdc d6 quay gitra banh trude va sau, hé théng nay lap tic truyén
lre din dong tir banh trude dén cac banh sau giup cho xe chuyén dong ém hon.
> Uu diém ctia 4WD thudng xuyén:

e Khong bét tai xé phai lya chon ché 46, nhu vay ho co thé tap trung diéu khién xe.

o Xesetu quyét dinh viéc phan bd md-men xodn tdi cac truc.

e Tinh 6n dinh tét trén dudng tuyét.

Do ca 4 banh déu chu dong, luc kéo truyén toi mit dudng gip doi xe 2WD, vi vy
no6 c6 tinh thong qua réat cao trén duong cé hé s6 ma sat thap.

e Tinh thong qua tuyét voi trén dudng xoc.

Do can cong suit 16n hon khi chay trén dudng cat, bun hay duong xoc, 4 banh déu
chu dong khi & ché 46 4WD nén cac banh trude va sau sé giup d& 1an nhau.Vi vay tinh
nang thong qua ctia nd rat cao trén loai duong nay.

e Tinh ning leo dbc tuyét voi.

Do luc kéo xap xi gap d6i xe 2WD nén xe 4WD c6 thé leo nhitng doc ma xe 2WD
khong thé leo duoc.

e Tinh on dinh khi quay vong (khong xay ra hién tuong tuan hoan cong suét boi vi
c6 vi sai trung tam).

Do 4 16p déu truyén luc duoc thay vi hai 16p, tai trong 1én mdi 16p giam xubng va
luc quay vong cia 16p c6 thé duogc sir dung hiéu qua hon, nén tinh 6n dinh quay vong
tot.

e Tinh ning khoi hanh va ting tdc tot.

Do bam dudng ciia 16p xe 4WD gan gap d6i xe 2WD nén ngay ca nhiing xe c6 cong
suat 16m, 16p van khong bi truot khi xe khoi hanh hay ting toc

e Tinh 6n dinh khi chuyén dong thang.

Trong xe 4WD, d6 bam du cta tirng 16p xe ting 18n, cac thay doi bén ngoai s& khong
anh hudng dén xe. Do vay sé& c6 dugc tinh 6n dinh chuyén dong thang.
> Nhuoc diém cua 4WD thudng xuyén:

e Ciu tao phuc tap.

Can mdt hop sd phy, truc cac ding...dé phan phdi cong suat dén cac banh trude va
sau 1am két cau thém phirc tap.

. Trong luong tang.

Tang cac sb lwong chi tiét nhu hop s6 phy, truc cac dang...lam ting trong luong xe.
Cho nén no tiéu thu nhién liéu nhiéu hon 4WD gian doan

. Gia thanh tang.

Céu tao phtrc tap va s luong chi tiét ting 1am ting gia thanh xe.

o Tang tiéng 6n va rung dong.

Tang s6 luong cac chi tiét quay (hop sb phu, truc cac ding...) lam ting ngudn phat
ra tiéng On va rung dong.
¢, 4WD thuong xuyén cé khop thuy luc (Viscous Coupling).
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4WD thuong xuyén c6 khép thiy lyc lam cho xe c6 thé hoat dong thich hop voi ché
d6 2WD trong thoi gian xe chay binh thudng khi khong c6 sy chénh 1éch vé toc do quay
giita cac banh xe trudc va sau. Khi c6 su chénh 1éch vé toc d6 quay giita cac banh xe
trudc va sau nhu khi xe quay vong hodc chay trén dudng tuyét, hé thong nay truyén luc
dan dong dén cac banh sau. Nho vy n6 dam bao diéu khién tinh 6n dinh trong khi chay
& cac diéu kién duong x4 va chay xe khac nhau.

d, Dan dong tat ca cac banh xe (AWD).

AWD nhiéu khi con duoc goi 1a 4WD thudng xuyén, 4 banh chu dong toan bo thoi
gian. AWD duoc thiét ké dap tmg muc tiéu van hanh an toan trén moi bé mit nhung
AWD khoéng c6 ché d6 "Low" hay "High".

Mot xe 4WD c6 mot hé théng truyén luc, hé théng truyén lyc s€ gui cong suét tGi
tat ca cac banh xe. Piu nay cung cap luc kéo cuc dai khi 1ai xe trén cac dudng xau. N6
cling cung cép luc kéo cuc dai khi bé mit duong bi tron hodc duong tuyét. Mot vai xe
co hé théng 4WD duogc gai mot cach tu dong.

Trén thuc té phan 16n AWD van hanh thuong xuyén voi 2 banh trude va tién hanh
dan dong xudng hai banh sau khi bo phan cam bién phat hién tinh trang bam duong
khong tét ¢ banh trude. Tém lai, & AWD, dong ning s& duogc 1ay bét di tir banh bi truot
va chuyén sang banh bam duong tét hon khién cho xe van hanh 6n dinh hon, an toan
hon.

1.2. Lich sir hinh thanh ciia hé thong 4WD

Niam 1893, k¥ su nguoi Anh tén 1a Bramah Joseph Diplock da két hop mot dong co
d6t ngoai cung hé théng dan dong bdn banh (4WD) duoc thiét ké cho nhitng con duong
g6 ghé kém, hé thong nay st dung ba bd vi sai va c6 bén banh xe dan dong.

Chiéc xe c¢6 dong co dbt trong va duoc trang bi hé thong dan dong bon banh (4WD)
dau tién 1a mau Spyker 60 HP, duoc anh em nha Dutch Jacobus va Hendrik-Jan Spijker
sang ché vao nam 1903, mau xe nay chi dugc trang bi hai chd ngéi va nham muc dich
di duong d6i nui. Sau d6 1a mau xe Dernburg Wagen duoc san xuat boi tap doan Daimler
Motoren Gesellschaft, mot san pham khac ctia Mercedes-Benz hop tac cing BMW 1a
dong G-series da xuat hién trude khi huyén thoai ctia Pé nhi thé chién —J eep dugc trang
bi hé théng dan dong bon banh véi kha nang luya chon gitra cép s6 nhanh, cép s6 cham
va thong thuong.
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WORLD'S FIRST S=3s

Hinh 1.4 Chiéc xe dau tién dwoc trang bi h¢ thé'ng 4WD vao nam 1903
Hé théng dan dong bdn banh da duoc phat trién trong sudt thap nién 1950 va
1960, véi viée bo visai trude duoc tach biét nham giup cho chiée xe cai thién hiéu suit
tiéu hao nhién liéu. Nam 1963, miu xe gia dinh Jepp Wagonerr trang bj hé thong dan
dong bdn banh di cung hop s6 tu dong. Cho dén 1973, Jeep tao duoc budc tién 16m véi
hé théng c6 tén goi Quadra Trac, day 13 hé thong dan dong bon banh toan thdi gian dau
tién cua nganh cong nghiép xe hoi.

Hinh 1.5 Quadra Trac System
Trong thoi gian niy, mau Leone ciia Subaru da danh du budc ngoit trong phan
khuc xe du lich bang viéc ra mat hé théng din dong bdn banh ban thoi gian vao nim
1972, gitp xe di chuyén trong diéu kién thoi tiét xdu. Nam 1980, mau Eagle AMC
duoc ra mat va dugc xem 12 mau xe thé thao da dung duoc trang bi hé thong dan dong
tu dong bén banh AWD.

SVTH : PHAN TRONG QUAN GVHD : TS. NGUYEN QUANG TRUNG 8



Khao sat va mé phong hé thong dong lwc 4WD trén xe Hyundai Santafe

Hinh 1.6 Eagle AMC 1980s
Trong cung thoi gian d6, Audi tré thanh ké tién phong véi hé thong Quattro giup

kiém soat tt ca cic banh xe dé cai thién hiéu suat va ting d6 bam duong. Nam 1983

hé théng dan dudng Select-Trac cia Jeep dugc biét véi cai tén “set-it-and-forget-it”

o
- )

gitp cho xe chay trén duong cao toc ma khong c6 bat cur tiéng 6n nao vong vao cabin.
Mot nam sau do, chiéc Jeep Cherokee duogc trinh lang cung vdi hé thong Command-
Trac.

Hinh 1.7 Jeep Select-Trac
Giita nhitng nam 90 cta thé ky trudc, hau hét cac hing xe tai thi truong My déu san
xuit cac mau SUV duya trén co s¢ khung gam xe tai, két hop bo khung gam viing chai
cung hé théng din dong bdn banh 4WD vao xe ciia minh. Sy phd bién cua dong SUV
khién cac hang xe hoi mong mudn thiét ké mot kiéu xe dan dong hai cau than thién hon
vO1 nguoi st dung.
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1.3. Ciu tao va két cu ciia hé thong 4WD

1.3.1 CAu tao co ban cua 4WD

Tryc cacdang N | Ban e
Hép s6 o Hép s6

phén phéi g

Xich truyén

ddne

Tryc cacoang

» Khdp nél nhdt

Vi sai gitta

Hinh 1.8 Cédu tao co ban ciia hé thé'ng 4WD
Céu tao co ban cua hé thong 4WD bao gém céc bo phan chinh sau, phdi hgp nhip nhang
dé truyén luc kéo tir dong co dén ca bon banh xe:

« Hop s6 phu (Transfer Case): La b phan trung gian giita hop s6 chinh va cac
tryuc dan dong cau trudc va cau sau. C6 chitc ning phan phdi luc kéo tir dong co
dén hai ciu theo ty 1¢ nhat dinh (thuong 13 50/50) hodc tiy chinh theo ché d 14i.
Mot sb hop s6 phu con cé cac ché d6 “High” va “Low” dé diéu chinh ty sb truyén,
cung cp luc kéo 16n hon & toc do thap khi vuot dia hinh khé khan.

Vi sai trung tim (Center Differential): Co nhiém vu phan phdi luc kéo gitra

cau trudc va cdu sau mot cach linh hoat, cho phép cac banh xe quay véi toc do
khac nhau khi xe vao cua. Giup xe van hanh on dinh va tranh hién tuong trugt
banh khi vao cua trén duong tron truot.

Truc cac ding (Driveshafts): La cac truc ndi giita hop sd phu véi vi sai cau trude
va cau sau. Truyén mo-men xoén tir hop sé phu dén cac banh xe.

Khép ndi (Universal Joints): Pugc lip dit ¢ hai dau cia truc cac ding. Cho
phép truc cac ding chuyén dong linh hoat theo cac goc do khac nhau khi xe di

chuyén trén dia hinh khong bang phang.
Vi sai cau truédc va cau sau (Front and Rear Differentials): Tuong tu nhu vi
sai trung tam, vi sai cau trudc va cau sau c6 nhiém vu phan phoi lyc kéo gitra cac

banh xe trén cting mot truc. Cho phép cac banh xe quay voéi tbe dd khac nhau khi
X€ Vao cua.
Ngoai ra, hé thong 4WD con c6 thé bao gdm cic bd phan khac nhu:
o Khéa vi sai: Gitip khoa ctng vi sai trung tdm hodc vi sai cau dé tang luc kéo
khi vuot dia hinh kho.
« B0 diéu Kkhién dién tir: Diéu khién hoat dong cua hé théng 4WD, bao gém viéc
chuyén doi giita cac ché do 1ai, kich hoat khoa vi sai,...
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1.3.2 Két cdu cua hé théng 4WD

Hinh 1.9 Két cdu ciia 4WD c¢6 vi sau trwede va 1 hé thong truyén luc
Co2hé théng dan dong 4WD co ban. Néu xe o dong co dat theo kiéu truyén théng,
cac bg phan banh sau chu dong tuong tu nhu lép dat hai banh trudce chu dong. Thém vao
d6 1a hop s6 phu duoc lap giira truc ra cta hop sé va tryc cac dang.

« Hop s phu c6 vai tro truc tiép dua cong suat. Ca hai truc cac dang duoc gin dén
hop s phu, truc cac dang sau dua cong suat dén bo vi sai giong nhu hé thong dan
dong hai banh trudc. Tryuc cac dang trude dua cong suat dén bo vi trude.

« Trong hé thong din dong 4WD nay, hai banh trudc duge dan dong gidng nhau
nhu kiéu xe dan dong cau sau chu dong. Hop s6 phu dugc lép trén hop sb dit
ngang hay trén mot phan ctia nd. Cong suat truyén qua truc cac ding sau dén bod
vi sai sau.

1.4. Nguyén 1y hoat dong ciia hé thong 4WD
1.4.1 4WD gian doan

4WD

Hinh 1.10 Hoat dong cua 4WD gian doan
Tryc ra cta hop s6 chia 1am hai thanh phén:
« Phén dai duoc din dong boi cang gat. Phan dai cua truc ra quay sé din dong cac
dang sau.
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« Phén ngin hon phia truéc duge ndi dén phan dai chi khi cang gat din dong bén
banh xe duoc dich chuyén an khop voi déu truc cua truc ngén.
Khi mubn hai banh dan dong:

e Truc ra khong ndi boi sy dich chuyén cang gat ddn dong bén banh khong an khép.

o Truc dai dan dong truc cac ding sau nhung khong truyén mé men ra trude.

« Dan dong bon banh dugc an khép bang cach dich chuyén cang gat bén banh an

khép véi truc ngan.

« Mo men khi 4y duoc truyén dén ca 2 truc cac dang trude va sau.

Xe trang bi kiéu hop sb phu nay s€ khong dugc hoat dong, co thé hu hong néu bat
ché 36 4WD trén mat duong nhya ciing va kho, bdi vi:

o Céc banh trudc cua xe s€ quay nhanh hon cac banh sau.

« Két qua 1a sy quay ting 1én cta banh chii dong dan dén hu hong ching.

Su quay ndy xuat phat tir sy gia ting (ng suat bén trong giita cac phan cia truc trudc
va sau. Pay 13 nguyén nhan gy nén su khac nhau giita tc do cua hai truc nay. Khi 4y,
céc banh xe s& bi mon 16p hay cac bo phan dan dong s& bi hu hong.

Trén nhiing chiéc xe trang bi hé thong dan dong 4WD ban thoi gian véi khoa vi-sai,
mdi banh xe dwgc nhan 25% luc mé-men xodn dé tranh tinh trang banh xe quay tit va
mat do bam, ca & ché do High va ché d6 Low.

Trén nhimng dong xe doi mdi hon, 14i xe ¢ thé chuyén tir ché do 2WD sang ché do
4WD High ngay trong khi xe chay, nhung phai ding xe hoan toan néu mudn chuyén
sang ché do 4WD Low.

Uu diém cta 4WD gian doan :

e (o cAu tao don gidn hon so véi cac h¢ dan dong 4 banh khac.

e Gia thanh thap va khong quéa phirc tap. Piéu nay giai thich tai sao no lai
xut trén nhimg miu xe ré tién va & cap thap.

e [t ton nhién liéu hon so v&i 4WD thuong xuyén.

Nhuoc diém cta 4WD gian doan :

e (Co yéu cau khat khe 1a 1ai xe phai dimg trude khi chuyén tir ché 46 2WD
sang 4WD.

e No khién ngudi 14i phai chiu trach nhiém hoan toan vao quyét dinh cai
cau ctia minh, tuy thudc vao dia hinh va thoi tiét. Vi vay viéc cit cau
cling quan trong khong hé kém.

e Khi quay vong sé& xuat hién hién tugng tuan hoan cong suét.

e Quay vong khong ém.
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1.4.2. 4WD thuong xuyén
4AWD logi FF

4AWD loai FR

) — <=

Hop 86 phu
/ » Boé vi sai trung tam

Hinh 1.11 Hoat dong cua 4WD thuong xuyén

Xich dan dong truyén cong suat tir banh xe chii dong dén banh xich vo vi sai. Mot

bd vi sai bén trong v truyén moment dén ca hai truc ctia hop s6 phu. Bo vi sai cho phép

tryc trude va sau quay khac téc do trong khi van truyén dong cong suat. Piéu nay cho
phép sir dung lién tuc & ché do 4WD.

B6 vi sai dugc trang bi vdi mot bo vi sai chong trugt, nd cung cap su dan dong dén

ca hai truc trudc va sau néu mot trong cac banh xe bi quay.
Trong diéu kién kéo xau, b vi sai c6 co cau dé khoa hoat dong cua vi sai. Di€u nay

cung cip mot sy dan dong truc tiép dén ca hai truc trudc va sau.
Mot hop s6 phan phdi:
e St dung xich dan dong va mdt bd vi sai.

« Diy toc do thap va cao duoc hoan thanh qua cac banh rang.
« B0 vi sai nay c6 thé khoa khi mot banh quay tron, khoa khong dinh khi xe dich
chuyén trén duong kho.
Uu diém ctia 4WD thudng xuyén :

Khong bat lai xe phai lya chon ché do, nhu vay ho co thé tap trung diéu
khién xe.

Xe sé& ty quyét dinh viéc phan bd mo-men xoan tdi cac tryc.

Tinh 6n dinh tt trén dudng tuyét.

Do ca 4 banh déu chu dong, luc kéo truyén téd1 mat duong gép doi xe 2WD,
vi vy né co tinh théng qua rat cao trén duong c6 hé sé ma sat thap.

Tinh thong qua tuyét voi trén dudng gd ghé.
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Do can cong suat 1on hon khi chay trén dudng cat, bun hay dudng gb ghé,
4 banh déu chu dong khi & ché d6 4WD nén cac banh trude va sau s& gitp
d& 1an nhau. Vi vay tinh ning thong qua ctia né rat cao trén loai dudng nay.
Tinh ning leo ddc tuyét voi.

Do lyc kéo xap xi gap d6i xe 2WD nén xe 4WD c6 thé leo nhirng doc ma xe
2WD khéng thé leo duoc.

Tinh 6n dinh khi quay vong (khong xdy ra hién twong tuan hoan cong suét
bdi vi ¢o vi sai trung tam).

Do 4 16p déu truyén luc dugc thay vi hai 18p, tai trong 1én mdi 16p giam
xudng va luc quay vong cua 16p c6 thé dugc st dung hiéu qua hon, nén
tinh on dinh quay vong t6t.

Tinh nang khai hanh va ting toc tot.

Do bam duong cua 16p xe 4WD gan gap doi xe 2WD nén ngay ca nhiing
xe ¢6 cong suat 16m, 16p van khong bi truot khi xe khoi hanh hay ting toc
Tinh 6n dinh khi chuyén dong thang.

Trong xe 4WD, d6 bam du cia ting 16p xe tang 1én, cac thay doi bén ngoai s&
khong anh huong dén xe. Do vy sé& co dugc tinh 6n dinh chuyén dong thing.

Nhuoge diém cia 4WD thuong xuyén :

Céu tao phic tap.

Can mot hop sé phan phdi , truc cac ding...dé phan phdi cong suat dén
cac banh trudce va sau lam két cau thém phuc tap.

Trong luong tang.

Tang céac s6 lwong chi tiét nhu hop s6 phan phdi, truc cac ding...lam ting
trong lugng xe. Cho nén no ti€u thu nhién li¢u nhiéu hon 4WD gian doan
Gi4 thanh tang.

Céu tao phtrc tap va so luong chi tiét ting 1am ting gia thanh xe.

Tang tiéng 6n va rung dong.

Tang s6 luong cac chi tiét quay (hop sd phan phdi, truc cac dang...) lam ting

nguon phat ra ti€éng 6n va rung dong.
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1.4.3 4WD thuong xuyén c6 khép mém V

b)

Hinh 1.12 Hoat dong cua 4WD voi khop thuy luc V
a) Ldi xe binh thuong; b) Mét banh dan déng chay khéng tdi.
- Béng co; 2- Hop s6 phdn phoi ; 3- Khop thiy lec; 4- Hop sé ngang;5- Khop thiy
luc.

Nhirng hop s6 phan phdi loai nay hoat dong mot phan gidng véi bo vi sai & trén. Su
khac nhau co ban 1a str dung khop thily luc dé thay thé bo vi sai han ché trugt kiéu co
khi.

Khép ndi thay luc:
« GOm mot chudi cac dia thép va rinh cac dia khong cham vao nhau.
« Khép nbi duoc db day dau silicon trong khong gian giira cac dia.
« Cong suit truyén dén cac banh sau phai qua di qua khdp thity luc nay.

Trong sudt qua trinh hoat dong binh thuong (banh xe khong truot), khép thuy luc
khong hoat dong. Nhung khi mot banh xe xut hién hién twong quay tron, khdp thuy luc
s& truyén mo men dén céc cau dé diéu kién kéo tot nhat.

Chét 16ng silicon trong khép thuy luc rat dic, nhay va dic biét khong chuyén thanh
trang thai 16ng néu nhiét d trong qua trinh hoat dong tang lén.

« Khi mét truc quay nhiéu do mot trong cac banh xe bi truot, tdc do khép nbi ciing
tang 1én.
« Céc dia ly hop duoc day quay trong dau, khi ay toc do ciia chung ciing ting 1én.
« Khi chat 16ng duoc kéo giira cac dia va dich chuyén, né gidn ng, ting ma sat va
can tro toe do truc quay nhanh.
Khép nbi khong khoa céac truc voi nhau nhung né didu khién do trugt bang cach
giri mémen dén truc quay cham. Khop ndi thuy luc hop sb phu ciing c6 mot bd vi sai
bén trong.
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Hé théng dan dong 4WD loai thuong xuyén va gian doan véi khép mém V 1am cho
xe ¢ thé hoat dong thich hop voi ché do 2WD trong thoi gian chay binh thudng khi
khong ¢ su chénh 1éch vé téc d6 quay giita cac banh trudc va sau.

Khi ¢6 su chénh 16ch vé toc d6 quay gitta cac banh xe trude va sau nhu khi xe quay
vong hodc chay trén dudng tron, co tuyét, hé thdng nay truyén luc dan dong dén cac
banh sau. Nho vay, nd dam bao diéu kién 6n dinh trong khi chay ¢ cac diéu kién duong
xa khac nhau.

1.5. Uu, nhwgc diém ciia h¢ thong 4WD
1.5.1 Uu diém cua xe 4WD

Yéu cau dit ra 1a mot chiée xe phai c6 kha ning chay dugc trén nhiéu loai dudng
x4 tir dia hinh bang phang cho dén cac dia hinh gb ghé hodc c6 bé mat thay doi do diéu
kién thoi tiét.

Cach t6t nhat dé chay trén cac duong gd ghé 1a xe ¢ ca bdn banh déu dugc truyén
luc. Hinh 1.8 chi 3 sy khac nhau vé viéc phan bd mé men ra cac cau khi xe chuyén
dong cua xe 2WD va 4WD.

z 2
100/ 103/
50 lso 25 25
®f-rm ===
o
25 25

Hinh 1.13 Phdn b6 luc ra cdc banh xe giita xe 2WD va 4WD
- Xe 2WD dan déng cdu trude; 2- Xe 4WD.
Vé mit nay, cac xe 4WD c6 mot s6 ru diém vuot troi hon cac xe 2WD loai FFE, FR
hodc MR (ddng co dat ¢ gilra xe, banh sau chu dong):

e Tinh 6n dinh khi quay vong tot hon vi c6 dén bon banh chu dong nén tai
trong dit 1én mdi banh giam di.

e Tinh 6n dinh khi chay trén dudng thang tot hon vi lyc bam cua céac 16p
tang 1én nén nhiing thay doi bén ngoai khong anh huéng gi dén xe.

e Khoi dong va tang tdc t6t hon.

e Ting tinh ning leo ddc tét hon vi luc bam ting gip khoang hai 1an so véi
xe 2WD.
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e Chay duoc trén cac dudng gd ghé va duong co bé mit thay ddi theo thoi
tiét vi ca bdn banh xe déu truyén luc va cac banh trude va banh sau hd tro
14n nhau gitp dat tinh co dong cao.

1.5.2 Nhugc diém cia xe 4WD

Do ndi truc tiép truc cac dang gitra cAu trudce va ciu sau nén triét tiéu duge su chénh
léch vé toc do quay gifta cac ban truc trudc va ban tryc sau. Bac bi€t 1a trén cac duong
¢ hé sd ma sat cao.

S& di nhu vy 1a vi khi di trén dudng c6 hé s6 ma sat thap, néu c6 16p xe nio bi trugt
quay thi s€ triét ti€u dugc sy chénh 1éch vé toc do quay gilra cac ban truc trudc va sau.
Nhung d6i voi dudng co hé s6 ma sat cao diéu nay kho xay ra nén xuat hién hién tuong
tuan hoan cong sut 1am cho hé théng truyén luc phai chiu tai qua mirc. Hién twong nay
con dugce goi la “Phanh goc hep” twong tu nhu khi ta dap phanh. Ngoai ra xe 4WD con
¢6 nhitng nhugc diém dé nhan thay 1a cau tao phirc tap vi can thém hop sd phan phéi,
truc cac ding, bg vi sai, ... lam tang trong luong xe, tang sb nguén phat sinh rung dong
va tiéng 6n, tang gia thanh san pham.

1.5.3 Khi nao nén str dung xe 4WD ?

Hinh 1.14 Sir dung xe trong dia hinh bun ddt

O hé din dong 4WD nay sirc manh cta dong co s& dugc truyén di tir hop sb t6i hop
truyén dong va hop sd phu. B phan nay c6 nhiém vu phan phéi luc giira cau trude va
cdu sau clia xe, sao cho md men xoan ludn duoc duy tri & muc cao nhét gitp xe dé dang
vugt qua nhitng con dudng dam lay hoic khi tai ning.

Nhin chung, hé din dong 4WD gitip xe cai thién d6 bam dudng cho xe trong diéu
kién dia hinh bun dit, gb ghé va khong duoc khuyén nghi str dung trén nhirng con duong
bang phang, tron tru, kho rao. Dic biét khi di chuyén off-road thuong xuyén thi xe 4WD
la mdt sy Iya chon hop 1y nhét.
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Xe 4WD gian doan dic biét pht hop dé sir dung trén dia hinh khé khan hodc trong
diéu kién thoi tiét khong thuan loi nhu dudng tron truot, dudng dit hay dia hinh khong
bang phing. Cac diéu kién nay gitp hé thong 4WD cung cap su 6n dinh va kha ning
vugt troi. Tuy nhién, viéc st dung 4WD cling con phu thudc vao loai xe cu thé va thiét
ké hé thong 4WD cua né.

Xe 4WD thudng xuyén dugc wu tién sir dung khi dudng bi uét, tuyét, bang hodc day
tron truot, 4WD gitup cai thién do bam va 6n dinh xe. Ngoai ra, trén nhirng dia hinh nui
non, rimg rim hodc dat dai gb ghé, noi can kha ning vuot qua chudng ngai vat tot cling
nén str dung xe 4WD. Khi vuot nhirng loai dja hinh nay, ban can cha y viing tay lai va
hiéu 5 kha ning cua xe dé tranh gip nguy hiém.

1.6 Cac 1i thwong gip va bién phap khic phuc ciia hé thong 4WD

Hé théng 4WD (Four-Wheel Drive) mang lai kha ning van hanh vuot troi trén nhiéu
dia hinh, nhung ciing ¢ thé gip phai mot sb 16i thuong gap. Dudi day 1a danh sach cac
16i phd bién va cach khic phuc:

a, Tiéng 6n va rung lac
Nguyén nhan:

« Lp xe mon khong déu

« Ap suit 16p khong dung

o Céac bd phan truyén dong bi mon hoac hu hong

« Dau hop sb/vi sai qué cii hoic thiéu
Cach khac phuc:

« Kiém tra va khic phuc cic van dé vé 16p xe.

o Thay thé cac bd phan bi mon hodc hu hong.

« Thay dau hop s6/vi sai theo dinh ky.

« Néu khong ty khic phuc duoc, nén mang xe dén gara dé kiém tra va stra chira.
b, RO i dau
Nguyén nhan:

o Gioang phdt bi hong

« Vo hop s6/vi sai bi nit hodc thung
Céch khic phuc:

« Thay thé cac gioang phdt bi hong.

o Siét chat cac bc vit.

« Sira chita hodc thay thé vo hop s6/vi sai néu can.

 Mang xe dén gara néu ro ri dau nghiém trong.
¢, Pén bao 16i 4WD
Nguyén nhan:

« Lbi cam bién

« Lbi hé thong dién

« Ldi co khi
Céch khic phuc:
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e Doc ma 161 bang may chan doan chuyén dung dé xac dinh nguyén nhan cy the.
o Thay thé cam bién hodc stra chira h¢ thong di€n néu can.
e Mang xe dén gara d¢ kiém tra va stra chita néu den bao 161 van tiép tuc sang.

1.7 So sanh hé dan ddng giira 2WD, 4WD va AWD

*2WD va 4WD
Xe 2WD Xe 4WD
Luc kéo chi ¢6 ¢ 2 banh xe Luc kéo c6 ¢ 4 banh xe
Kha ning leo déc khong tot Kha ning leo dbc tdt
Do bam duong cia 16p xe thap Do bam duong cua 16p xe gan gap doi
xe 2WD
CAu tao don gian Céu tao phtic tap
Khong dam bao tinh 6n dinh khi di C6 kha nang hoat dong tot & moi loai
chuyén trén nhing loai duong xau duong
it tiéng 6n va rung dong Tang tiéng 6n va rung dong
Trong luong nho Trong luong 16n
Gia thanh thap Gi4 thanh cao
* AWD va 4WD.

Sur khdc biét gitka hai hé thong dan dong nay la:

4WD: 12 hé théng dan dong 2 cau théng thudng danh cho xe dia hinh chuyén nghiép.
Tuy nhién, trén xe con c¢6 2WD dung dé van hanh trong diéu kién binh thuong, tay lai
nhe hon, tiét kiém nhién liéu hon. O ché d6 4WD, can gai cau thong thudng cb cac chirc
ning: 4WD H (high) - dung khi chay trén dudng mua tron truot, nhung lai xe toc do
nhanh nhu trén duong qubc 19, cao tbe voi van tde trén 50km/h, v.v.... 4WD L (low) -
cai ché do nay khi di trén dia hinh g6 ghé, bun tron truot, cat, tuyét, v.v... O xe 4WD
c6 hop s6 phu dé phan phdi cong suat dén cac banh xe.

AWD: 1a ché d6 dung cho xe 6 t6 mui tran hai ngudi ngdi (roadster hodc crossover),
nghia 12 4 banh xe ludn quay, ta khong diéu chinh dugc nén thudng hao nhién liéu hon.
O cac doi xe hién dai sau nay nguoi ta con ¢ cac bd phan dién tir @& phan bo luc dén
céc banh xe dé tdi wu hoa van hanh, giam sy tiéu thy nhién lidu,...0 xe 4WD khong co
hop s6 phu.
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CHUONG 2 GIOI THIEU XE HYUNDAI SANTAFE
FE 2.2 CRDI 4WD

2.1 Giéi thiéu chung vé Hyundai Santafe

Hinh 2.1 Hinh dang ngoai Hyundai Santafe
Hyundai SantaFeld mot miu xe thé thao da dungcd trung dua trén nén tang
cua Hyundai Sonata. Pugc dat tén dya theo thanh phé Santa Fe & tiéu bang New
Mexico, Hoa Ky. Santa Fe dugc gidi thiéu v6i phién ban dau tién 1a phién ban 2001 va l1a
chiéc thé thao da dung dau tién cta Hyundai, duoc tung ra cung thoi diém véi Ford
Escape/Mazda Tribute va Pontiac Aztek. Santa Fe 14 c6t mdc quan trong nam trong chuong

trinh tai co ciu cua tap doan vao cudi thap nién 1990, mau thé thao da dung nay tr¢ thanh
mot san pham thanh cong ddi gidi tiéu dung & My. Santa Fe trd nén pho bién vao mot s6
thoi diém, Hyundai da c6 nhitng kho khin trong viéc dap uing nhu cau. Santa Fe nhanh
chong tré thanh san pham ban chay cua Hyundai va gép phan vao thanh céng cia Hyundai
& M§. Vao nim 2007, phan hang cta Santa Fe nim giita miu xe thé thao da dung c&
nho Hyundai Tucson va méu thé thao da dung loai sang Hyundai Veracruz.

Dé phuc vu cho viéc khao sat va mé phong hé théng truyén luc din dong 4 banh
(4WD), em tién hanh lya chon mdt miu xe thuc té dang dugc st dung phd bién tai Viét
Nam dé 1am dé6i twong khao sat, em chon xe HYUNDAI SANTAFE FE 2.2 CRDi 4WD
(461 2012) lam ddi twong nghién ctru. Ly do chon nhu sau:

o Xe thudc phan khiic SUV 7 chd pho bién tai Viét Nam.

e Duogc trang bi h¢ théng dan dong 4WD kiéu (EST), co ché @6 gai ciu nhu 2H,
4H, 4L.

« Dong co dau 2.2L CRDi manh mé&, phu hop véi nghién ciru moé phong truyén luc.

« Co tai liéu, so d6 hé théng, va thong sb k¥ thuat twong dbi day du.
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Hinh 2.2 Mau xe Hyundai Santa Fe 2.2 CRDi
Phan dau xe chinh 13 noi ¢ nhiéu thay d6i nhat so voi cic phién ban trude. Xét vé
tong thé than xe, Hyundai SantaFe 2012 duoc bo sung thém cac duong gan udn luon ¢
phan dau va dudi xe gitp né tré nén manh mé hon. Piém khac biét dé nhan ra nhat cua
Hyundai Santafe 2012 chinh 1 bo luéi tan nhiét hinh mang ca trong kha la mat. Dén swong
mu voi kiéu dang méi "xéch" 1én trén ting thém phan budng binh cho bd mit cia xe. .

Hinh 2.3 Pdu xe Hyundai SantaFe Fe 2.2 CRDi
Than xe van mang nhiing duong nét thuén gon va khong cé nhiéu thay ddi so véi cac
ban trudc
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Hinh 2.4 Than xe Hyundai SantaFe Fe 2.2 CRDi
Phan dudi xe, cum dén hau du khong c6 su dot pha vé kiéu dang song lai hi¢én di¢n

bang mot dién mao ndi bat voi hai vong tron phia trong. Ong xa kép thiét ké det hon trude,

c6 thé thay kiéu dang ong xa nay da timg xuét hién trén mau Hyundai Genesis Coupe. Tét
ca déu gitip cho Hyundai Santafe 2012 toat 1én mot phong cach thé thao khoé khoan.
= = 0 e |

Hinh 2.5 Puoi xe Hyundai Santafe Fe 2.2 CRDi
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Bang 2.1. Cac thong s k¥ thuat co ban ctia xe Hyundai Santafe Fe 2.2 CRDi

Thong sb KT/TL Pon vi
Kich thudc tong thé (DxRxC) 4690 x 1880 x 1680 Mm
Chiéu dai co s& 2700 Mm
Chiéu rong co s& 1620 Mm
Cong suat cyc dai 3.800 v/p
Téc d6 quay khong tai 500 v/p
Mb-men xoén cuc dai 2.750 v/p
Khoang sang gam xe: 185 m
Ti s truyén hop s6 1g=3.5
Ti s truyén cau sau 1f=3.91
Khdi lugng xe 1.900 Kg
Ban kinh banh xe 0.33 m
Do ciing cua 16p 28000 N/m
Hé s6 ma sat banh—duong(p) 0.8
Hé s6 can lan(f) 0.015
Hé s6 can (khong khi) 0.29
Dung tich xi lanh 2.199 Cc
Trong lugng khong tai 1.850 Kg
Trong lugng toan tai 2.510 Kg
Hé théng phanh Phanh dia trudc & sau

trong guoc

Truyén dong 4WD
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% So d6 tong thé xe :

OQ‘ \Vm

2700
4630

Hinh 2.6 So do tong thé xe Hyundai Santafe Fe 2.2 CRDi

2.2 Pic tinh mdt s6 hé thong chinh trén xe Hyundai Santafe Fe 2.2 CRDi
2.2.1 Bong co

Hyundai 2.2 CRDi (d6ng co D4HB) 1a dong co diesel tang ap bdn xi-lanh 2.2 1it thudc
dong R cua Hyundai va duoc san xuét tir nam 2009. Pong co ndy chu yéu dugc cung cap
cho céc xe SUV va xe crossover cia Hyundai va KIA (Hyundai Santa Fe, Hyundai Palisade
va Kia Sorento). Pong co diesel 2.2L dugc san xuét tai nha may cia Hyundai & Han Qudc
cung véi phién ban 2.0 1it - dong co 2.0 CRDi D4HA.

Hinh 2.7 Dong co D4HB
Pong co D4HB c6 khdi xi lanh sit graphite nén chat. Vat li¢u sat graphite nén chat

nhe hon gang va cung cip d6 bén 16n hon, diéu nay rat quan trong ddi véi dong co diesel
tai nang. Pé giam rung dong, c6 mot truc can bang thap hon duoc lap bén trong vo khung
thang cimg dugc lap ¢ phia dudi cia khbi dong co 2.2 CRD. Phia trén khoi, c6 mot dau xi
lanh DOHC 16 van nhe. Truc cam nap va xa duoc truyén dong bﬁng xich. Hé théng truyén
dong van dugc trang bi bd dan cam thity luc (khong can diéu chinh khe hé van).
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Bang 2.2 Théng sé ky thudt dong co D4HB

Niam san xuét 2009

S xilanh/ S6 ky/ Cach bb tri 4/ 4/ In-line
Hanh trinh piston (mm) 96

Ty s6 nén 16

Puong kinh xi lanh (mm) 85,4

Dung tich dau dong co (lit) 7,4/7,8
Loai nhién liéu dau diesel
Tubi tho dong co (Km) 450 000
Céan nan( Kg) 215,5

Hé thong nhién liéu CRDI

Hé thong boi tron Cudng btrc cacte uot
Murc ti€u thu nhién liéu, L/100 km (cho

Hyundai Santa Fe )

- Thanh phé 8.8

- Puong cao t6cDS 53

- Két hop 6.6

a, He théng nhién li¢u

Hé thdng nhién liéu ctia dong co DIESEL trong dong co ddt trong c¢6 nhiém vu nhu
sau: Cung cap nhién liéu vao xilanh dong co dang luc theo mot quy luat da dinh. Phun toi
va phan bd déu hoi nhién liéu trong thé tich budng chay. D6 1a dung chung cho dong co
d6t trong nodi chung. Con véi hé thdng nhién liéu cua dong co D4HB cua xe HYUNDALI
SANTAFE FE 2.2 CRDI thi dugc trinh bay nhu sau:

Hé théng nhién liéu cua dong co D4HB chtra nhién li¢u dy trit ddm bao cho dong co
hoat dong lién tuc trong khoang thoi gian quy dinh, loc sach nuéc va tap chét co hoc 1an
trong nhién liéu, cung cap lwong nhién lidu can thiét cho mdi chu trinh ing v&i ché do 1am
viéc qui dinh cua dong co, cung cap nhién lidu dong déu vao cac xy lanh theo trinh ty 1am
viéc clia dong co va cung cap vao cac xy lanh dong co dung luc theo mot quy luat da dinh.
Pé dam bao duoc chic ning trén dong co D4HB sir dung hé thong nhién liéu hién dai
CRDI 14 hé théng phun nhién liéu truc tiép dung ong din chung va dugc didu khién boi
ECU.
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Hinh 2.8. Hé théng nhién liéu.
1-Ong phadn phoi; 2-Puwong dau dén voi phun; 3-Voi phun, 4-Pwong dau hoi;
S5-Duong dau aén bom; 6-T hung dau; 7-Loc dau thé; 8-Nd'p thung dau;
9-Van kiém tra; 1 0-Loc tinh;11- Van 1 chiéu; 12-Bom cao ap.
b, HE théng boi1 tron

Hé thong boi tron cung cip dau boi tron dén cac chi tiét chuyén dong quay va truot
cua dong co sao cho chung co thé 1am viéc ém diu, tranh mai mon. N6 cling dong mat vai
trd quan trong trong viéc lam mat.

Heé théng boi tron gdm c6: bom dau, bau loc dau, cacte dau, cac dudng ong... dau sé tir
cacte duoc hut béng bom dau, qua loc dau, vao céc duong dau doc than may vao truc
khuyu, 1én truc cam, tir truc khuyu vao cac bac bién, theo cac 16 phun 1én thanh xylanh, tir
truc cam vao céc bac truc cam, r0i theo céac duong dan dau tu chay vé cacte.

10 9 8 1/

Hinh 2.9. So' do hé thong béi tron
1- Péng ho dap sudt; 2- Puong dau chinh; 3- Puong dau 1én chot khuyu,

4- Truc khuyu; 5- Bau loc tinh; 6- Két lam mdt dau nhon; 7- Van hdng nhiét;
8- Béng ho do nhiét do dau; 9- Cacte; 10- Phao hit dau; 11- Bom dau;
12- Van an toan cia bom; 13- Bau loc thé;
14- Van an toan cia hé théng béi tron.
Nguyén ly lam viéc:
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DAau nhon chtra trong cacte 9 dugc bom dau 11 hat qua phao loc 10 dén bau loc thd

13 rdi theo duong dau chinh 2 dé di bdi tron céac 6 truc khuyu, truc cam.... Khi ddu qua bau
loc tho 13 thi dau duoc loc sach so bd cac chat can ban c6 kich thude hat 16n. Mot phan
dau (khoang 15+ 20%) lwong dau boi tron do bom cung cap di qua bau loc tinh 5 rdi tré
vé lai cacte.
¢, Hé thdng 1am mat

DPong co D4HB c¢6 hé théng 1am mat bang nudc kiéu mot vong kin.Tuan hoan cudng
btrc bao gdbm: Ao nuée xi lanh, nip may, két nuée, bom nudce, van hing nhiét, quat gié va
cac duong 6ng dan nude. Hé thdng 1am mat str dung nude nguyén chit ¢ pha chat phu gia
chdng gi. Két lam mat lip trén phia dau xe, két 1am mat c6 duong nude vao tir van hang
nhiét va c6 dudng nude ra dén bom, trén két nudc ¢ cac gian éng dan nude gan canh tan
nhiét.

Bom nudc kiéu ly tam duoc dan dong bang day dai tir truc khuyu. Quat gi6 dugc din
dong bang dong co dién riéng.

Hinh 2.10. So dé hé thong lam mat déng co D4HB
1.Thung chira nuwoc mat; 2.Ludi tan nhiét; 3.Gia ld'p lwoi tan nhiét;

4. Ong nuéc trén; 5. Ong nwée dud; 6.0ng dau lam mat ;7.Quat lam mat;
8.Gid ging quat; 9.Mé6 to quat lam mat; 10-Bom nuwée; 11-Puly bom
d, Hé théng Xa

Khi x4 dugc thai ra ngoai moi trudng qua dng xa.

Hé théng xa gdm: dng gdp xa va 6ng xa ndi véi nhau bang khép cau. Trén 6ng xa co
céc bo trung hoa khi x4 dé 1am cho cac chéat doc hai CO (cacbon oxit), HC (Hidrd
cacbon) va NOx (Nito 6xit) phan Gng véi cac chat vo hai (H20, CO2, N2) khi ludng khi
xa di qua, v6i cac chat xuc tac platin, pladini, iridi, rodi. Dé khi x4 ra ngoai méi truong
khong ddc hai ddi voi ste khoe con nguoi.
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Hinh 2.11. So d6 hé théng xd déng co D4HB
[-Puwong dan khi xa ra ngoai ; 2-B6 gidm dm; 3-Bé chuyén doi khi thdi.

2.2.2 Hé thong phanh
2.2.2.1 Co cdu phanh
a, Ddi véi cau trude

Co céu phanh trudc ciia xe HYUNDAI SANTAFE FE 2.2 CRDi la phanh dia. Phanh
dia c6 kha ning dimg xe tot hon so voi phanh tang trong. Rat nhiéu xe hién dai str dung
phanh dia vi toc do va trong lugng clia xe cao hon. Cac tAm ma st co vao bé mat cua dia
va lam cho dia dung quay.

Phanh dia ciing chuyén ning luong chuyén dong thing ctia xe thanh ning lugng nhiét
nhd ma sat. Phanh dia duoc ché tao dé dimng xe hiéu qua hon phanh tang trong. Mic du
phanh tang tréng hoat dong t6t nhung ciing con ton tai nhiéu nhuoc diém nhu gitr nhiét va
bui tao ra trong qua trinh phanh. Phanh dia lam viéc & nhiét d6 thap hon vi dia dé ho cho
khong khi luu thong qua. Phanh dia ciing c6 thé tu 1am sach va bén hon so véi phanh trong.
Phanh dia dung hai tim ma sat ép vao dia quay dé lam cham hoic dimg han xe.

Hinh 2.12 Co cdu dia phanh
1. Makep 2. Piston 3. Chét dan huéng
4. Dia Phanh 5. Ma phanh
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Nguyén li lam vigc :

Ap suit ddu phanh trong cac hé thdng thuy luc day pittong (2) ra khoi kep ham (1). TAm
ma sat ti vao pittong. TAm ma sat dugc pittong day ty vao dia phanh. Phan luc tir chd tiép
xuc gitra dia phanh va tim ma sat day kep theo huéng nguoc lai. Su dich chuyén nay 1am
cho tim ma sat & phia trong tiép xtic voi mit kia cia dia phanh. Nhu vdy dia phanh bi kep
giita hai tim ma sat.

Khi ap suét tang 1én thi dia phanh cang bi kep chat hon va téc d6 quay cia nd giam dan.
Két qua 1a tde d6 xe giam xubng. Ciing gidng nhu trong phanh, cic tim ma sat phai dinh
ky thay thé va dia phanh ciing can gia cong lai.

b, D061 véi cau sau

Co cdu phanh sau ciia xe HYUNDAI SANTAFE FE 2.2 CRDi 14 loai phanh trong gudc.

ik 12

Hinh 2.13 Co cdu phanh sau

I - Pau néi éng dan dau 2 - Bitlo 3 - Ong dau 4 - Mdm phanh
5 - Cum xylanh banh xe 6 - Pai oc diéu chinh khe hé 7 - Khéa diéu chinh
8 - Md phanh 9 - Guéc phanh 10 - Lo xo kéo 11 - Pém giir
12 - Dai éc giit guoc phanh
Nguyén ly 1am viéc:

Ma sét trong co cdu phanh khi phanh dugc tao ra do ma phanh 4p vio tang trong,
¢6 duge diéu do 1a do dau duédi cua hai méa duge dinh vi boi chdt Xoay con dau trén c6
thé bung ra twa nhu ban 1& va ap vao tang trong dudi tac dung clia cam ép hodc cum
piston-xi lanh cta co cdu phanh. Khi tac dung vao ban dap phanh chét 1ong vé6i ap suét
cao truyén dén xi lanh 1 tao nén lyc ép trén cac piston va day cac gude phanh ép sat vao
trong phanh, do d6 qua trinh duoc tién hanh.

Khi nha ban dap phanh, lo xo s& kéo cac gudc phanh tré lai vi tri ban dau, gitra ma
phanh va tréng phanh c6 khe hé va qua trinh phanh két thuc.
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2.2.2.2 Dan dong phanh
Hé dan dong phanh chinh trén xe HYUNDAI SANTAFE FE 2.2 CRDI duoc trang bi hé
thong dan dong thity luc hai dong cho hai cau riéng biét.

1 2. 3 &) .

% -

%J
Hinh 2.14 So do dan déng phanh thity hec hai dong cho 2 cau riéng biét.
1. Banh xe ; 2. Pia phanh ; 3. Xy lanh banh trudc. 4. Xy lanh chinh ; 5. Ban dap 6. Xy
lanh banh sau ; 7. Ma phanh sau.

Nguyén ly lam viéce :

Dan dong hai dong str dung xilanh chinh tac dung ddc 1ap, mot dong dan dong ra hai
banh xe cau trude, con mot dong dan dong ra hai banh xe ¢ cau sau gidng nhu phuong
an din dong thity lyc mot dong. Khi khong phanh dau ap suat thdp nam chd trén duong
dng; Khi nguoi lai tac dong vao ban dap, qua thanh day s& tic dong vao piston nim trong
xy lanh, ép dau trong xy lanh phanh chinh di dén duong dng dan dong ra hai banh xe
cau trude va duong 6ng dan dong ra hai banh xe sau. Chét 1ong véi ap sut cao sé& tac
dung vao cac piston ¢ xy lanh banh xe ép sat ma phanh vao dia phanh thyc hién qua
trinh phanh; Khi thoi phanh nguoi 1ai thoi tac dung 1én ban dap phanh 10 xo hoi vi s& ép
dau tir Xy lanh banh xe va xy lanh phanh dia vé xy lanh chinh.

2.2.3 Hé thong lai
a, Co céu lai

Hé thdng 14i xe HYUNDAI SANTAFE FE 2.2 CRDI sir dung co ciu l4i banh ring -
thanh rang.

Hinh 2.15 So do ldp co cdu ldi banh rang-thanh rang
1. Khép néi; 2.Thanh rang
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Hinh 2.16 Co cdu ldi banh rang — thanh rdng
1. Thanh rang 2,4. O bi 3. Bdnh ring 5. Vong lam kin
6. Pai 6¢ 7. Ndp cao su 8. Dém ép
9. Lo xo 10, Nut — Pai éc

Nguyén li [am viéc:

Co cau lai banh ring — thanh ring gdm maot banh rang ndi truc tiép vai mot dng kim
loai va mot thanh ring dugc gin trén dng kim loai khac. Thanh néi c¢6 nhiém vu ni hai
mut cia thanh ring. Két cau co khi nay kha don gian, phi hop véi nhitng dong xe du
lich, 0 t0 tai nho va xe SUV.

Nguyén 1y hoat dong cua hé thdng nay chinh 1a viéc chuyén d6i dong truyén dong
clia vanh tay 1ai thanh chuyén dong thang. Piéu nay véi muc dich chinh huéng xe, giam
tdc va ting thém luc dé banh xe co thé chuyén hudng mot cach chinh xac va dé dang.

Phan 16n nhitng mau xe 6 t6 mai hién nay déu phai quay vanh tay lai ba dén bon
vong khi mudn chuyén hudng tir tn ciing bén phai sang tan cung bén trai hoic nguoc
lai. Liic nay mdi quan hé cta goc banh xe doi hudng véi goc quay ciia vanh tay 1ai s&
duogc thé hién bang ty so truyén.

Uu diém ciia hé théng thanh ring — banh rang:
o Do chinh xéc cao, phan hdi nhanh.
« Nho gon, dé bd tri trong khoang may.
« Hop s6 l4i thanh ring va banh ring c6 két cdu don gian.
o Tiét kiém va d& san xuét.
Nhuoc diém :
« Do bén thap.
o Goc quay vo lang nhé hon.

e Su mai mon va phan ing nguoc cua thanh rang va banh rang co6 thé gay ra cac
van dé ve hoat dong.
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b, Dan dong lai

Ciing nhu nhitng dong xe khic bo phan nay c6 vai tro truyén nhimg chuyén dong
clia nguoi 141 dén co cdu l4i tir d6 diéu khién banh xe xoay theo hudéng mong mudn.
Pong thoi din dong 1ai ¢6 nhiém vu tiép nhan nhitng phan Gng tir mit dudng tao nén
cam giac lai chan thuc hon, phai ddm bao an toan cho nguoi 1ai khi c6 va cham xay ra.
Dan dong l4i bao gém cac chi tiét sau:

« V0 lang: BO phan duoc ngudi 14i sir dung dé diéu khién hudng di chuyén cua xe,
tich hop nhiéu tinh ning khac hd trg qua trinh l4i.

e Tryc lai: Pay 1a dng kim loai nbi voi vo lang va co ciu lai, cd vai trd truyén
momen quay tir vo lang dén co cau lai.

« Thanh dan dong: Bo phan lién két giita co cdu 1ai va dan dong 1ai, co cac khép
lién két dé gitp thanh xoay theo nhiéu goc khac nhau.

2.2.4 Hé thong treo
a, HE théng treo phia trudc:

La loai thanh chéng McPherson ¢6 10 xo 6ng duoc sir dung ¢ hé thong treo phia
trudc cho xe HYUNDAI SANTAFE FE 2.2 CRDI.

Hinh 2.17 Hé théng treo trudc.
1. Lo xo 2. Gidm chan

3. Cdu truée 4. Lop xe

Pic diém:

o Thiét ké don gian, nho gon

o Kha ning giam chén tbt, duy tri tiép xiic mat duong tot

o Phu hop xe du lich, SUV

Day thuc chat 1a két cau bién thé ciia loai hai don chiéu dai khac nhau, véi chiéu dai
don trén bang khong, tru quay dung hay thanh ndi hai don dugc 1am duéi dang dng 1ong
thay ddi duge d6 dai dé dam bao dong hoc cua xe, do vay co thé bd tri ludn giam chin
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nhd d6 don gian duoc két cau, giam duogc sb lugng khau khép va giam dugc khéi luong
cling nhu khong gian bd tri hé thng treo.

So dd ciu tao cia hé thdng treo bao gdm : mot don ngang nam dudi, giam chan dat
theo phuong thiang dimg, mot dau duoc gbi & khdp cau dugc giao don ngang nam dudi
v6i giam chin, ddu con lai duge bét vao khung xe. Banh xe dugc ndi cimg voi vo giam
chan. Lo xo ¢6 thé duoc dit 16ng gitta vo giam chén va truc giam chan.

Néu ta so sanh voi hé treo 2 don ngang thi hé treo Mc.Pherson két ciu it chi tiét
hon, khong chiém nhiéu khoang khéng va ¢ thé giam nhe dugc trong luong két cau.
Nhung nhuoc diém chit yéu ciia hé treo Mc.Pherson 1a do giam chan vira phai lam chire
nang cua giam chin lai vira 1am nhiém vu cua tru ding nén tru gidm chan chiu tai 16m vi
thé giam chan can phai c6 d6 cing viing va d6 bén cao hon. Do d6 két cdu cua giam
chan phai c6 nhiing thay d6i can thiét.

b, Hé thong treo sau:
Vi v6i mau xe HYUNDAI SANTAFE FE 2.2 CRDI c6 trong tai kha 16n nén da st
dung cho hé théng treo sau la hé théng treo phu thudc kiéu 10 xo.

Dic diém:

o Téangdo on dinh va bam duong cho banh sau
. Hép thu rung dong tdt, cai thién do ém
e Tbt cho xe din dong 4 banh (4WD/AWD)

Hinh 2.18 Hé thong treo sau.
1. Sat xi 2. Lo xo
3. Gidm chan

Dic tinh : Xe chay ém, do cing viing cao. O h¢ thong treo ndy phai dung thém hai
don doc dué6i va mot don doc trén mot hodc hai don doc trén. Pon doc dudi duge ndi
voi cau, don doc trén duge ndi vai khép tru. Pé dam bao truyén dugc lyc ngang, 10 xo
x04n oc¢ trong trudong hop nay cod thé dat trén don doc hodc dat ngay trén cau.

Uu diém: Hé théng treo phu thudc st dung 10 xo ¢6 vu diém co ban 1a chiém it chd
trong khong gian hon loai 14 nhip. Lo xo khong c6 kha ning truyén lyc doc va luc ngang,
do vay cac bo phan dan huéng dam nhan chitc ning nay nhd cac thanh don lién két.

SVTH : PHAN TRONG QUAN GVHD : TS. NGUYEN QUANG TRUNG 33



Khao sat va mé phong hé thong dong lwc 4WD trén xe Hyundai Santafe

CHUONG III HE THONG TRUYEN LUC 4WD TREN XE HYUNDAI
SANTAFE FE 2.2 CRDI

3.1 Giéi thiéu hé thong 4WD trén xe Hyundai Santafe Fe 2.2 CRDi

Xe Hyundai SantaFe FE 2.2 CRDi dugc trang bi hé théng din dong 4 banh (4WD)
dang gian doan.

7 Hap s6 phy \
B0 vi sai sau ‘

H Hop sd doc A

Hinh 3.1 Hé thong 4WD gidn doan trén Hyundai Santafe Fe 2.2 CRDi
Uu diém ciia 4WD gian doan :

e (o cAu tao don gidn hon so véi cac h¢ dan dong 4 banh khac.

e Gia thanh thap va khong quéa phirc tap. Piéu nay giai thich tai sao no lai
xut trén nhirmg miu xe ré tién va & cap thap.

e [t ton nhién liéu hon so v&i 4WD thuong xuyén.

Nhuoc diém cta 4WD gian doan :

e (C0 yéu cau khit khe 1a 14i xe phai dimg trude khi chuyén tir ché 46 2WD
sang 4WD.

e No khién ngudi 1ai phai chiu trach nhiém hoan toan vao quyét dinh cai
cau ctia minh, tuy thudc vao dia hinh va thoi tiét. Vi vay viéc cit cau
cling quan trong khong hé kém.

e Khi quay vong sé& xuat hién hién tuong tuan hoan cong suat.

¢ Quay vong khong ém.

Hé dan dong bon banh (4WD — Four-Wheel Drive) 1a mot trong nhitng hé thong
truyén dong duoc trang bi phd bién trén cac dong xe SUV nham ting kha ning bam
duong, vuot dia hinh va ddm bao an toan trong diéu kién duong tron trugt hodc dia hinh
xau. Hyundai Santa Fe phién ban Fe 2.2 CRDi, dic 1a mot trong s6 it mau xe pho thong
dugc trang bi hé dan dong 4WD kiéu EST( Electronic Shift Transfer).

Hé thdng nay cho phép nguoi 1ai linh hoat chuyén d6i giira cac ché d6 truyén dong
(2H — 4H — 4L) thong qua mot nam xoay trén bang diéu khién, thay vi can co ciu chuyén
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s6 co khi truyén thong, gitup xe thich nghi véi nhiéu diéu kién dudng x4 khac nhau nhu
tron truot, déo ddc, mua, bun, dAm lz‘iy. Hé théng 4WD kiéu EST trén Santa Fe Fe 2.2
CRDi s& duoc phan tich chi tiét vé cdu tao, nguyén 1y hoat dong va hiéu qua van hanh
trong thuc té.

3.2 Hé thong EST (Electronic shift transfer)

Hé théng ETS 1a mot kiéu cta hé théng 4WD gian doan va tén diy du cia nd
1a “Electronic shift transfer”. Khi xe hoat dong tr¢ lai voi 2WD, truc cau trude s& duge
quay tron boi toc do cua xe va didu ndy s& sinh ra dao dong, tiéng dn & truc cac diang va
banh ring bao. Cho nén co ciu ngit vi sai trung tim (CADS) s& ngan chin hién tuong
nay dé on dinh sy truyén dong. Co ciu ngat vi sai trung tam s& dugc gidi thiéu ¢ phan
tiép theo.

Banh rang hanh tinh Truc ra phia sau

Truc vao

hop sb

Truc ra phia trwéc

Hinh 3.2 Hé thong EST

EST (Electronic Shift Transfer) 1a mot hé thng chuyén ché do truyén dong dién
tir, cho phép ngudi l4i d& dang chuyén doi giira cac ché do:

« 2H (din dong cau sau)

« 4H (dan dong 4 banh toc do cao)

« 4L (dan dong 4 banh tbc do thép, danh cho oft-road)

Thong qua mdt num xoay diéu khién dat trén tap-16, hé thong diéu khién trung tim
s& gri tin hiéu dén motor chuyén s hop sé phu (Shift Actuator Motor), tir d6 thay doi
co cau truyén dong phu hop.
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Bdng 3.1. Cdc ché dé lam viéc kiéu din dong EST

Kiéu dan
dong

Muc

Ché d6

Giai thich

biéu kién st
dung

EST

Ché
do dan
dong

2H

2WD,dan dong
banh sau

Dung cho dudong
binh thuong.

4H

4WD “cao”

*Dung cho duong
xau hodc tuyét va
am w6t co bé mat

tron truot.
*Khi quay trén
duong binh thuong
& tde do thap thi s&
sinh ra tiéng On va
rung dong do cé
hién tugng “phanh
goc hep”

4L

4WD “thap”

Dung trong diéu
kién ma luc dan
dong dung dé leo
déc, vuot nhiing
doan go ghé hoic
kéo xe.

Chuyén
doi

2H—4H

2WD-4WD

C6 thé chuyén tir
2WD sang 4WD va
nguoc lai & 80km/h
hodc thap hon trong
qud trinh hoat dong.

4H-4L

4WD(H)<>4WD(L)

*Can phai dirng
xe lai dé chuyén
chuyén ché do

- Béi voi hop sd

thuong: chuyén doi
sau khi da dap ly
hop

- P6i v6i hop sd

tu dong: chuyén doi
sau khi vi tri tay sb
la “N”.

*Hau hét moi xe
v6i ché do 4L thi
phai dimg xe dé

chuyén doi.
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3.3. Cac thanh phan ciia hé thong 4WD kiéu EST
Phan truyén luc bao gém: Bo truyén hanh tinh, ly hop di¢n tir, bo truyén xich duoc
tich hop trong hop s6 phan phbi.
Phan diéu khién bao gém : Bo xir Iy ECU, cong tic chon ché d6, motor chuyén ché
dd, cic cam bién.
e Bo xu ly ECU 1a "bo nao" diéu khién toan bd hoat dong cua h¢ théng 4WD.
Nhan tin hi¢u tir cam bién va cong tic, xir Iy thong tin dé diéu khién motor chuyén
ché d¢, ly hop dién ti, v.v.
e Cong tic chon ché 46 4WD cho phép ngudi 1ai chon giira cac ché a6 2H / 4H /
4L, thuong 12 dang nam xoay dién tir trén bang diéu khién va gui tin hiéu dén
ECU 4WD khi nguoi dung chuyén ché do.
e Céac cam bién gdm c6 cam bién téc dd goc cau trude, sau, vi tri chan ga.
e M5 to chuyén ché d6 nhan tin hiéu diéu khién tir ECU 4WD.
Hé¢ théng truyén luc 4WD kiéu EST ¢6 3 ché do lam viée:
Ché d6 2H:
Pac diém:
e Trén SANTAFE FE 2.2 CRDI str dung din dong cau sau ¢ ché d6 2H
e Duong ap dung cho ché d6 1a duong nhua, kho rao, do thi, cao téc.
e Mirc d6 ban duong ctia ché do nay thap hon so voi 4H va 4L.
Ché 6 4H:
Pac diém:
e Str dung ca cau trude va sau
e Phu hop cho cic mit dudng mua, duong tron, bun nhe, tuyét, da dam.
e C6 thé st dung & tde do cao, gitp xe duy tri toc do On dinh va tang cuong kha
ning kiém soat trén nhirng cung dudng cua.
Ché 46 4L:
bic diém:
e Sir dung ca hai cau trudc va sau.
e Phu hop cho cic dia hinh kho: leo dbi ddc, bun, cat, kéo tai ning.
e O ché d0 4L, téc d6 xe sé& rat thap (khoang dudi 60 km/h) vi luc ndy co ciu
truyén luc wu tién strc kéo ctia dong co thay vi tc d6 gitup xe thoat hd, thoat 1ay.
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Hinh 3.3 So do hé thong diéu khién 4WD kiéu EST

3.4 Nguyén ly lam viéc
Hé thong diéu khién 4WD kiéu EST c6 ba ché do lam viéc 1a ché do 2H, 4H va
ché d6 4L dugc xac dinh bai nguoi lai nho cong tac chon ché do.

3.4.1 Ché d6 2H

Ché d6 2H, luc dan dong tu dau ra truc hop sb duoc truyén truc tiép té1 truc ra phia
sau (cAu sau). Motor chuyén sd khong hoat dong 1am cho khoa cang cua van & vi tri cil.
Tuy nhién, day xich truyén dong sé& truyén toc d6 dau ra phia sau téi lam xoay truc dau
ra phia trudc lam cac banh xe phia trudc quay theo. D¢ tranh hién twong nay thi truc dan
dong trude va truc cac dang trude phai khong duge ndi voi nhau & ché do 2H. Co ciu
ngét vi sai trung tam dugc thém vao dé thuc hién diéu do.
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Truc ra hop so
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Hinh 3.4 Hé thong diéu khién 4WD va dong céng sudt & ché do 2H

Banh xe sau

Nguyén li lam vigc :

Trong ché d6 2H (2-Wheel Drive High), hé thong truyén dong cua xe chi str dung
hai banh dan dong, thuong 1a banh sau, dé truyén lyc tir dong co xuéng mat duong. Khi
ngudi 14i chon ché @6 2H, hop phan phéi (transfer case) s& ngat két ndi cau trudce va chi
cho phép md-men xodn duoc truyén tir ddng co, qua hop sb, dén cau sau. Diéu nay co
nghia 13 chi ¢6 hai banh sau nhan luc day, trong khi hai banh truéc quay tu do ma khong
nhan luc tir hé thong truyén dong. Vi khong st dung cép s6 phu va khong chia mo-men
xoan ra bon banh, ché d6 2H giip xe van hanh nhe nhang, tiét kiém nhién liéu hon va
phu hop voi diéu kién mit duong bang phang, kho rio nhu dudng nhya trong d6 thi
hoac quéc 10. bay la ché do dugc st dung phé bién nhat khi xe khong can dén kha nang
vuot dia hinh hodc d6 bam duong cao.

% Puodng truyén cong suit:

Pau ra hop s6 duogc truyén dén truc dau vao cua hop sb phu. Do motor khong hoat
dong cho nén cang cua van & vi tri ban dau, lac nay nd s& khong két ndi v6i can dan
banh rang hanh tinh ma s¢€ két ndi véi truc dau vao. Vi thé truc dau vao duge ndi truc
tiép Vi truc ra phia sau. Liic nay toc do quay cia hai truc 1a nhu nhau. Cong suét sé
duogc truyén t6i truc cac dang sau t6i vi sai sau, phan phdi moment t&i cac banh xe sau.
Ly hop tur ltc nay khong hoat dong.

3.4.2 Ché do 4H

Ché do 4H, bd diéu khién hop s6 phu gai mot tin hiéu t6i ly hop tir 1am ly hop dong
lai. Motor chuyén sb xoay truot 1én khéa cang cua, khéa cang cua s& dugc ndi v6i khoa
mat bich, khéa mét bich dugc gai 1én banh xich, banh xich diéu khién xich truyén dong
phan phéi lyc dan dong t6i truc phia trude nhanh chong.
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Cong tac
(2H == 4H)
Trmc vao hop s6
| TCCM
Motor Cum clhuyeén =0
Ly hop tiv
Nich va tuc tnrdc Truc chinh
Tiuc cac ding
tnrce
Truc cac ding
=au
CADS hoat dong

Hinh 3.5 Hé thong diéu khién 4WD & ché dé 4H
> Su gai banh ring hanh tinh & ché do 4H.

Banh rang hanh ‘ ,
tinh B - Pong toc
[1:1 connection (2H, 4H)]
Déng toc
E—= v
bau vao
-
Banh rang mat trondey [ | T
Banh ring hanh tinh s 2277} —EA Iq_ Cang cua
Banh rang bao (Fix) ——}m \
CAM sang =6

C'an dan banh ring
hanh tinh

Hinh 3.6 Sw gai banh rang hanh tinh & ché do 4H.
% Nguyén ly lam viéc:
Pau ra hop s6 duogc truyén dén truc dau vao cua hop sb phu. Khi chon ¢ ché 36 4H
(hodc 2H) thi c6 mét tin hiéu duoc giri téi bd diéu khién hop sb phy, sau d6 bd didu
khién hop s phu sé diéu khién 1am quay motor chuyén sd, motor chuyén sb quay no sé
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dan dong cam sang s, cam sang s s& tac dong 1én cang cua va ddy dong toc di vé phia
bd banh rang hanh tinh, nhung lac nay né s& khong két ndi v6i can dan banh ring hanh
tinh ma s& két ndi véi truc dau vao. Vi thé truc dau vao duoc ndi truc tiép vOi truc ra
phia sau. Liic ndy téc d6 quay cua hai truc 1a nhu nhau.

Ngay luc d6, bd diéu khién hop sb phu ciing géi tinh hiéu ‘ON’ t6i cac van solenoid cua
co cau ngat vi sai trung tim dé ma két ndi vi sai trung tim.

Hinh 3.7 Dong céng sudt qua hdp sé phdn phoi & ché dé 4H

3.4.3 Chédo4L

Trong ché dd 4L, mo-men xoén tir dong co dugc truyén dén hop sb phan phéi
(Transfer Case), noi st dung bo banh riang hanh tinh hodc cum banh ring giam toc dé
ting mo-men xodn va giam tdc do dau ra. Luc ndy, moé-men xodn dugc chia déu dén ca
cAu trudc va cau sau thong qua truc truyén dong. Co ciu xich, ly hop tir va hé théng ngat
truc (CADS) ciing dugc kich hoat dé dam béao truyén dong dong thoi dén ca bon banh,
gitp xe c6 lyc kéo manh hon nhung chay & tdc dd cham hon.
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Nguyén ly lam viéc:

Ché do 4L, bo diéu khién hop sb phu gdi tin hi¢u toi dé diéu khién motor chuyén sb.
Motor chuyén sé quay lam cho khéa cang cua dugc két ndi v6i khoa mit bich. Khi d6
vong dong tdc truot ra phia ngoai cing véi cang cua va banh ring hanh tinh dugc gai lai
dé tao nén toc do thap.

Khoa mat bich truot ra phia ngoai cung véi khoa cang cua va an khép vai dia xich
va dia xich dugc gai véi banh xich va banh xich nay dan dong xich truyén dong phan
phéi lyc dan dong toi truc phia trude. Trong khi d6 ly hop tir ON.

Ngay luc d6, bd diéu khién hop s6 phu goi tin hiéu ON tdi cac valve solenoid cia co
cAu ngat vi sai trung tam dé ma ndi vi sai trung tam. Khi dang & ché d6 4H ma ta chuyén
sang ché d¢ 4L thi lac d6 cac van solenoid ciia co cau ngat vi sai trung tAm van giit & vi
tri ON va vi sai trung tam dugc gai khop.

Khoang dich chuyén ctia dong ]

’,’- D(‘ing

Pau vao Piura

Béanh rang mat troi =
Banh rang hanh tinh ™

Bénh rang bao ===

JZI €—— Cing
N \

Cén dan Cam sang s0

Hinh 3.9 Su gai banh rang hanh tinh & ché do 4L.
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Pau ra hop s6 duoc truyén dén truc dau vao hop ) phu. Khi chon & ché do 4L thi ¢6
moét tin hidu duoc g t6i bo didu khién hop sé phy. Sau d6 bo diéu khién hop sb phu s&
diéu khién lam quay motor chuyén sb, motor chuyén sb quay né sé dan dong cam sang
s6, cam sang sb sé& tic dong 1én cang cua va ddy dong tdc di ra phia ngoai bd banh ring
hanh tinh, thi bd banh ring hanh tinh dugc két ndi dén bo dong tde. Vi thé truc vao dugc
nbi véi banh rang hanh tinh réi qua b dong tdc va phan phdi dén truc ra phia sau véi ti
s6 truyén 2.48:1 cho phép téc dd quay cua 2 truc 1a khac nhau.

3.5 Két cAu hé thong dong lwc 4WD trén xe Hyundai Santafe Fe 2.2 CRDi
3.5.1 Hop s6 phan phoi
Két cau hop sb phan phdi thé hién trén hinh 3.9. Hop s6 phan phdi bao gdm cac

phan tr: Bo truyén hanh tinh, bd truyén xich, ly hop dién tir va dong co chuyén sb, co
ciu chuyén s, bom dau boi tron.

4

L] 1 fE JJ —
\[___ e [} [}

[R==1

Hinh 3.10 Két cau hdp sé phan phéi 4WD kiéu EST
- V6 théan trude hdp sé phan phoi; 2- Cum hanh tinh; 3- Bom dau; 4- Banh rang
chii dong ciia b truyén xich; 5- Vo than sau hdp sé phdn phéi; 6- Ly hop dién tir; 7-
Mat bich; 8- Truc ra; 9- Gidc néi cia ly hop dién tw; 10- Truc truot cua co cau chuyén
s6; 11- Gidc néi vao déng co chuyén so,; 12- Banh rang bi déng bé truyén xich; 13- Pong
co; 14-Truc ra cau trué ; 15- Xich; 16- Cam chuyén s6; 17- Truc cam co cau chuyén
s6; 18- Cang cua; 19- Can chuyén so,; 20- Truc vdo.

Muc dich ctia hop s6 phan phéi 1a phan phdi cong suat dén hai banh triroc va sau
dugc dan dong boi cong suat dong co khi can thiét.Cong suat dong co dua vao hop sb
phan phéi tir truc ra dau hop s6.Cong suit duoc truyén dén mdi truc cac ding ciing nhu
qua cic banh ring hay xich truyén dong.

Hop s6 phan phdi ciing c6 thé 1a loai stir dung cho 4WD thudng xuyén hay gian
doan.Loai thudng xuyén véi dan dong xich dwoc sir dung hau hét nay.Cac loai thuong
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xuyén c¢6 mot vi sai gitta hay mot khép ndi nhét dé bu cho su thay doi tbe do banh trude
va banh sau.
Cong dung:
o Phan phdi mé men xoan cho cac cau chu dong.
o Cai cdo hay tach ra cau cha dong trude ddi voi hop sé chinh.
o Doi s6 cham nham ting mod men xoan cho cac banh xe chu dong khi xe phai dy
chuyén trén mat dudng xau.

3.5.2 CAu tao EST

}
| L

Y \ 3 N\
o & S\ ¢ S b

Hinh 3.11 Cdu tao chi tiét hé thé'ng EST

1. Vong chan 4. Bac dan 7. Dia bi dong
2. Khoen chan 5. Pum truc 8. Banh rang mat troi
3. Cdi phe 6. Truc ddu vao 9. Can ddn
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10. Moayo giam toc
11. Truc ra ciia hdp so
12. Bom rotor

13. Cdi kep ong
14. Ong noi

15. Bo loc

16. Vong dém chan
17. Banh xich trén
18. Khoa mat bich
19. Lo xo

20. Khoa mayo

21. Khoen chan
22. Lo xo

23. Vo ly hop

24. Cuon day

25. Phot dau

26. Hop s6 phu

27. Khoen chan
28. Cang cua

29. Thanh truot
30. Khda cang cua
31. Lo xo

32. Ong théng hoi
33. Nam cham

34. Truc chuyén s6
35. Miéng dém

36. Vong xodn

37. Cam sang sé

38. Truc dau ra hop s6

39. Che bui
40. Phot dau
41. Cai phe
42. Banh xich duoi
43. Miéng dém
44. Day xich
45. Vong ham
46. Bac dan
47. Vo

48. Pai 6c

49. Banh rang

50. Bdnh ring téc dé
51. Phot ddu

52. Mat bich

53. Phot ddu

54. Gioang

55. Pai éc

56. Niit 6ng c6 ren
57. Pai éc

58. Moc “J”

59. Bu long

60. Cdi kep

61. Moc ham

62. Khép néi

63. Bac dan

64. Cai chot

65. Phot dau

66. Motor dién

67. Bu long

68. Cam bién toc do
69. Bu long
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3.5.3 Cac bd phan chinh

a, Cong tic chon ché do.

- Ché d6 2H: Ché d¢ banh sau chil dong.

- Ché d6 4H: Chuyén tir 2WD sang 4WD c6 thé dugc thyc hién ngay ca khi xe dang
chay.Tai thoi diém do, toc do xe khong dugc vuot qua 80km/h. Néu chuyén ddi thanh
cong thi den bao ché do 4WD sé& duoc bat sang.

Hinh 3.12 Num xoay chon ché do
- Ché d6 4L: Xe nén dung han. Khi chuyén déi thi tay sb phai ¢ vi tri “N” (hop sb tu
dong) hodc phai dap ly hop trude khi chon ché do 4L. Sau khi su thay d6i ché d6 duoc
hoan thanh, dén bao ché do 4L s& bat sang.
b, Motor chuyén s6 va cam bién vi tri motor.
Khi tai xé chon ché d6 diéu khién, mét tin hiéu dugc gui t6i bd diéu khién hop sb
phu (TCCM). Sau d6 bo didu khién hop sé phu s& diéu khién motor chuyén s6. Co mot
cam bién vi tri motor (MPS) & bén trong motor chuyén sé, no s€ xac dinh vi tri ciia motor

va gui tin hi€u dén b di€u khién hop so6 phu. B diéu khién hop s6 phu nhan tin hi¢u
nay va dua ra tin hi€u dé di€u khién phu hgp véi tirng vi tri da chon & nim chon ché dg.

truc vit nam cham

tam vi tri

Hinh 3.13 Motor chuyén sé
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¢ Hoat dong ctia motor sang s trong khi thay d6i ché do:

ZH = 4H = 4L 4L =+ 4H =+ 2H
12W 12W
T1 T1
1 1
+ -
2
T 12 + T T2 -
c = c = A
. O, S v O
u T3 - v u T3 *
_ 17 + 17
16 168
T4 T4

Hinh 3.14 Ché dé hoat dong cua motor khi sang $6

e Khi chon ché do tir 2H—>4H—4L thi luc nay Transistor T1 va Transistor T4 dan,
Transistor T2 va Transistor T3 khda. Dong dién luc nay s€ di nhu sau: (+)
accu—T1—>Motor sang s6—>T4—>mass—(-) accu. Motor s& quay theo chiéu kim dong
ho.

e Khi chon ché d6 tir 4L—>4H—>2H thi luc nay motor s& d6i chiéu quay. Luc nay
T2, T3 dan, T1 va T4 khoa lai. Dong dién lic nay sé& di nhu sau: (+) accu—T3—>Motor
sang sd0—>T2—>mass—(-) accu. Motor s& quay ngugc chiéu kim dong ho.

* Cam bién vi tri motor :

Position Sensor 12,34 Position Sensor 12,34

CN-_*
—

|
. |

£

ommaon
Return

Common |
Retum >

[Pién 4p dau ra cam bién & ché do [Pién 4p dau ra cam bién trong khi thay doi
2H/4H/4L] ché do]

Day chung vé hop diéu khién khong ndi Day chung hop diéu khién ndi mass khoang
mass. 7 giay.

Dién ap ra cam bién vi tri 1,2,3,4 giir Dién 4p ra cam bién ma tiép xtic v6i tim
muc 5 von. thép sé bi giam xubng 0 von

Hinh 3.15 Cam bién vi tri motor
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Tin hiéu dau ra MPS (2H- 4H) Tin hiéu dau ra MPS (4H- 4L)
_____________ Vitrid

T T i T O S L s s -

| %Y [zoon] [curs] [RECD] [MENU _m [zoon] [curs]

|RECD||MENU]
Fr N z.ev ENEE M z.0 v Fr N z.ev ENCEE [l =20 v
B PN T L CONJE e A b R

3 'Izoonllcunsl ] IkEcnllnENUI

| 5% [zoon] [curs] ____ [BECD] | m:'nu§|
Tin hiéu dau ra MPS (2H- 4H) Tin hiéu dau ra MPS (4H- 4L)
Hinh 3.16 Tin hiéu dau ra MPS
¢, Ly hop dién tir (Electronic Magnetic Clutch - EMC).
Ly hop dién tir (EMC) dugc cap dién dé day khoa cang cua toi ché do 4H.

Hinh 3.17 Ly hop dién tu
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d, Co cdu ngat vi sai trung tdm (Center axle
disconnect system -CADS).

Co cu ngit vi sai trung tAm (CADS) duoc ding
dé thay thé cho khéa moayo. Co cau nay dat & cau
trude doi voi xe ddn dong bon banh. N6 lam cho ban
truc phan chia thanh hai ntra, mot ndi voi truc trong
vi sai, mot ndi véi banh xe.

- Co clu ngét vi sai trung tam dugc kich hoat tai
80km/h hodc thap hon.

- Ung dung trén cac xe: HMC Terracan, MMC Pajero, Challenger.

¢ Hoat dong:

Truc

- ﬂ%@ i | | g\ i Co cAu chap hanh

L%‘i
00000,

Solenoid valve ‘B’ Solenoid valve ‘A

N PN T oo L
Bom chan khong  —=gsss —

Thang chan khéng

Hinh 3.18 Hé thong chuyén doi dan dong tir 2WD sang 4WD

Khi tai xé chon ché d6 2WD, cang cua ciia co ciu ngat vi sai trung tam duogc di
chuyén do sy khéac biét ap sudt ¢ 2 phia mang ngin bén trong co ciu chip hanh. Khi ché
d6 2WD duoc chon thi lic ndy truc cau trude s& quay khong tac dung d6i véi toe do cua
xe va diéu nay sé sinh ra dao dong va tiéng 6n & truc cic ding va banh ring vanh chau.
Cho nén nho co ciu ngét vi sai trung tdm s€ ngan chdn hi¢n tugng nay dé 6n dinh su
truyén dong. Két qua 1a ban truc va truc vi sai khong duoc ndi v6i nhau. Trong trudng
hop nguoc lai, khi tai xé chon ché do 4WD thi ban tryc va truc vi sai dugc két ndi.
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3.5.4 Tin hi€u dau vao va tin hiéu dau ra.

Diu vio Piu ra
Cam bién vi tri motor TCCM
Vitri 1 Motor sang sb
Vi tri 2
Vitri 3 Ly hop dién tur
=
(@]
3
Cong tac chon ché do 9 Pen ‘4L’
2
2
g
Tin hiéu “N” hop sb A/T
in hiéu Op sO Dén ‘41T’
=
@)
<
Ban dap ly h
ap ly hop K-LINE
Cam bién toc do < Van solenoid CADS

Hinh 3.19 So dé tin hiéu va tin hiéu dau ra

Bo diéu khién hop s6 phu (TCCM) trong hé thong dan dong 4WD kiéu dién diéu
khién (EST) ¢6 nhiém vu tiép nhan cac tin hiéu ddu vao tir nhidu cam bién va cong tic
dé xac dinh ché do dan dong phu hop.

Céc tin hiéu ddu vao bao gdbm: cam bién vi tri motor sang sd (voi cac mirc vi tri 1, 2
va 3), cong tic chon ché d6 dan dong (2H, 4H, 4L), tin hiéu tir hop s6 chinh (¢ vi tri N),
cam bién téc do, ban dap ly hop va céc tin hiéu khac. Sau khi xir 1y thong tin nho vi xir
Iy tich hop trong TCCM (gdm cac khdi ROM va RAM), bd diéu khién s& dwa ra cac tin
hiéu diéu khién du ra nhu: diéu khién motor chuyén s, diéu khién ly hop dién tir dé
két ndi truyén dong cau trude, kich hoat dén bao ché d6 ‘4H’ hoic ‘4L, truyén tin hiéu
qua dudng truyén K-Line tdi cac thiét bi chan doan, va diéu khién van solenoid CADS
dé gai hodc ngit truc din dong cau trude. Nho sy diéu khién ty dong va chinh x4c cua
TCCM, hé théng o thé chuyén doi gitra cac ché do dan dong mot cach muogt ma, an
toan va phu hop voi diéu kién van hanh thyc té.
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3.5.5 Chuan doan

a, Vi tri chuan doan

Gidc chuan doan dugc dit ¢ gan cong tic mo ca-bd trude( sau khi da thao tam Op ra),
bén trén ban dap phanh.

Hinh 3.20 Céng chudn dodn
Cong chuan doan nay duoc dung dé:
« Kiém tra tinh trang ly hop dién tir, van solenoid CADS, motor sang sb.
« Giam sat cac tin hiéu dau vao/dau ra cia TCCM.
« Gui 1énh diéu khién hodc kiém tra su phan hdi cta cac ché do 2H, 4H, 4L.

b, M4 16i

M3 16i duoc hd trg v6i ma nhi phan. Ma 16i nhi phan s& duoc hién thi néu thong tin bo
phan dau vao hodc dau ra b 16i. Bang sau 1a mot s6 ma 16i thuong gip:

Thap phan | Nhi phan Loi
1 0001 TCCM (hop diéu khién hop s6 phu)
2 0010 Motor chuyén s6
3 0011 Ly hop dién tir
4 0100 Cam bién toc do
5 0101 CADS solenoid valve
6 0110 Cong tic 2H-4H-4L
7 0111 Cam bién vi tri motor

Gid tri chuan tin hi¢u dau vao va dau ra ciia EST trong bd di€u khién hdp so6 phu.
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Bang mi 16i trong hé théng diéu khién dan dong 4WD kiéu EST dugc hién thi dudi dang
ma nhj phan va thap phan, gitp k¥ thuat vién dé dang xac dinh vi tri hu hong hoic su

¢6. Mdi ma 13i tuong g v41 mot bg phéan cu thé trong hé théng. Cu thé:

Mai 1 (0001) bao 15i lién quan dén TCCM (hop diéu khién hop sé phu) — trung
tam xur 1y va ra 1énh cho cac thanh phan diéu khién din dong.

Ma 2 (0010) bao 15i tai motor chuyén s6, thiét bi thuc hién thay ddi co ciu truyén
dong (2H, 4H, 4L).

M3 3 (0011) 1215 & ly hop dién tir, b phan dam nhiém viéc gai truyén dong cau.
Mi 4 (0100) lién quan dén cam bién téc do, giap TCCM xac dinh diéu kién van
hanh xe.

Mi 5 (0101) chi 16i & van solenoid CADS, diéu khién viéc gai/din dong truc
trudc.

Mi 6 (0110) béo 15i & cong tic chon ché d6 2H-4H—4L, noi ngudi lai thao tac
chuyén ché d6 dan dong.

Ma 7 (0111) thé hién 15i tai cam bién vi tri motor, gitip x4c dinh dung trang thai
chuyén sb thuc té cta motor.

SVTH : PHAN TRONG QUAN GVHD : TS. NGUYEN QUANG TRUNG 52



Hyundai Santafe

en xe

dong luc 4WD tr

ong

7

it va mé phong hé th

ao sa

Kh

N

3.5.6 So do dién.

ALTR

=~ 20 F/PUP
w NW (=)
[

E8
A\ S». CO0L'G

~16a. 3.50)

FUSE & RELAY BOX

~JOOA GLOW, A/HTR
D

BATT{

8-AYS3.0R

7 WAY MOTOR CONNECTOR

2-15.08

o W/HTR-2, 3
[G=N)

MAIN FUSE & RELAY BOX

o ENG EQU

STARTER
MR

BATTERY CABLE ﬁomfg SQ
GSL:30 SQ

SHIFT
CLUSTER POSITION MOTOR
IGN SW ENCODER
16l |y fo-Avs3.00
| Lo 1
s JOINT CONN (J/C-13)
P
W ST
Dl 39 2
= /,ﬁ : 13 ﬁ& ﬁ& ﬁmu — ¢ 1 1
gy 8 | ) T BT e M
B
i FUSE_BOX EARTH FLR EST WNIT
4}
471-0.54R -
2oL IR MOTOR 2H-4H-4L
050,650 el {15 MOTOR 4L-4t-2H
1969-1. 25RY E‘ BATTERY
LB T MOTOR 2H-dH-4L
FUSE BOX RLY BOX 1977-1. 2668 E\ MOTOR 4L -4H-2H
3-AVS3.0R RE_ 20 | 196581, 25RY wea 1970-1. 25RY E‘ BATTERY
[ 1963-1.258 1
B GROUND
ECT WNIT LR {s]H coMMON RETURN
1971-1.258 E‘ D_H.NDCZD
Lapr 1L CLUTCH COIL
M. 1979-0. 856 @‘ _OZ _
EST SW g sose Il | pOSITION 2 MOTOR
o & S0 [ POSITION 1 MOTOR
5 2o 2500 AR [} POSITION 4 MOTOR
i 2 - 1973-0. 861
5 4L SWITCH
1967-0.85YR 1966-0.85M | [ ] D‘
2| |0 [s} SPEED SENSOR
e O8] esoss e o POSITION 3 MOTOR
1974-0. 568~ INHIBITOR SW(N)-A/T
m il (670,85 ]E‘ CLUTCH_INTER LOCK SW-M/T
" T S 7] 2H SWITCH
iR 9.TAIL LAP 1982-0. 858rR
T o> [z} DIAGNOSTIC DISPLAY
1975-0. 858rR @‘ 4L DISPLAY
1968-0. 858ry B AI _uﬁm_uirD/«
1983-0. 86YG
45EH-0. 858 § " T N 3 @\ C.A,D.S
. & g g3 3 8
ol 3 S b - 3
= RLY BOX (K a8 54 3 ¢
EARTH FLR (V€3 2 9> e 4 & & 8 L
(MAIN) 8 =
NEUTRAL RLY COVEC-F EQU < ? EARTH RH 7
A O
334-0.380 [, T0
U
CLUTCH SW
SENSOR NH1Y039
SPEED 0BD CONN PROJECT | STAGE DRAWN CHECKED APPROVED
| = W |PILOT
EARTH DRV C.A.D.S 3 WAY SPD NO NAME
TOD <24> (MAIN) SWRY SO
5.1 EST

So do dién

h3.21

Hin

53

TS. NGUYEN QUANG TRUNG

GVHD

QUAN

PHAN TRONG

SVTH



Khdo sdt va mé phong hé thong dong liwec 4WD trén xe Hyundai Santafe

3.6 Tinh toan dong hre hoc hé thong truyén luec 4WD
3.6.1 Thong s6 k¥ thuat Hyundai Santafe Fe 2.2 CRDi.

Thong sb Pon vi
Kich thudc tong thé (DxRxC) | 4690 x 1880 x 1680 mm
Chiéu dai co so 2700 Mm
Cong suit cyc dai 3.800 v/p
Mé-men xoan cuc dai 2.750 v/p
Khoéang sang gam xe: 185 m
Ti s truyén hop sb 1g=3.5

Ti s6 truyén cau sau 1f=3.91

Khdi lugng xe m=1.900 Kg
Bén kinh banh xe =0.33 m
Hé s6 ma sat banh—duong p=0.8

Hé s can lan £=0.015

Truyén dong 4WD

3.6.2 Tinh m6-men xoan tai banh xe
Tv=Teigir Nur
Trong do :
e« Te: Mb-men xodn dong co (Nm)
e ig: Ti sb truyén ctia hop s6 (s6 1) — ting mo-men khi xe bat dau chuyén dong.
e ir: Ti sd truyén vi sai (Final Drive) — ting thém mé-men cho banh xe.
e M Hibu suét truyén dong — mo-men khong truyén hoan toan do ma sat & ton
hao co khi (thuong 85-95%).
Moé-men xoidn dong co duoc khuéch dai qua hop sb va truyén dén cac banh xe:
Tpy=441-3.51-3.91-0.9 = 5,456 Nm
Tong mo-men chia déu:
o Cau truée: 50% = 2.728 Nm
o Causau: 50% = 2.728 Nm
3.6.3 Tinh luc kéo tai banh xe

Trong do
o T: Mo6-men tai bAnh (Nm)
o 1: Ban kinh banh xe (m)
Luc kéo F chinh 13 lyc ddy xe vé phia trudc sinh ra boi mo-men xoan quay banh. Dya
vao mdi quan hé giita mé-men va lyc:
M3di cau c6 2 banh = mo-men mdi banh:
2.728

Tiv= — = 1.364 Nm

Luc kéo:
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Fir= =2~ 4133 N
0.33

Luc kéo toan xe:
Fi tng=4-4.133=16,532 N
3.6.4 Tinh lyc bam tdi da (gi61 han khong truot)
Fo=pm-g
Trong do :
e p: Hé sé ma sat gita 16p va mit dudng (0.8 v6i nhwra khé, 0.3 véi uét, 0.1 voi
tuyét)
« m: Khdi luong xe
« g Gia tdc trong trudong (9.81 m/s?)
Luc bam chinh 1a lyc ma sat cyc dai gitra lép va mat duong. Néu luc kéo banh > lyc
bam = banh quay tron, xe khong tang toc hiéu qua.
Fo=p'm-g=0.8-1,900-9.81 = 14,911 (N)
3.6.5 Tinh luc can lan
Fean_jan=f'm-g
Trong d6
e f: Hé sb ma sat lan (= 0.01-0.03 cho mit nhya)
e Can lan 14 lyc can sinh ra do bién dang lép va mat duong, luén ton tai ké ca khi
xe di thang.
Fean 1an=f-m-g=10.015-1900-9.81 = 279.5 N
Tai téc do thap (v = 0), luc can khong khi khong dang ke.
Gia tbc:
Fthuc —Tl:lcan_lan _ 14.921?9;0279.5 ~77 m/52
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CHUONGIV MO PHONG HE THONG PONG LUC 4WD
BANG PHAN MEM MATLAB

4.1.Tong quan vé phin mém mé phéng Matlab / Simulink

4.1.1. Téng quan vé Matlab / Simulink

Matlab 14 tir viét tit ciia Matrix Laboratory, Matlab 13 mot ngon ngir lap trinh cip
cao dang thong dich, né 13 méi trudong tinh toan sé dugc thiét ké boi cong ty
MathWorks. Matlab cho phép thuc hién cac phép tinh toan sb, ma tran, v& do thi ham
s6 hay biéu dién thong tin (dudi dang 2D hay 3D), thuc hién cac thuat toan va giao
tiép v6i cac chuwong trinh cta cic ngdn ngir khac mot cach dé dang. Matlab 1a phan
mém dugc pho cap & mirc do toan cau. Hién nay & nudc ta, Matlab ciing kha quen
thudc trong linh vuc diéu khién va tu dong hoa.

4.1.2. bic diém cia Matlab/Simulink

Matlab m&i cho phép tham nhap vao linh vyc dién tir cong suat (Power electronic).
Pay 1a phdn mém bd sung cua muc “power system blockset” nam trong phan
simulink. Trong d6 dua ra mo hinh cac phén tir ban dan 1a: tiristo, diot, GTO,
MOSFET va ideal switch. Tét ca cac phan tir nay déu duoc md phong nhu mot mach
gom dién tré mic ndi tiép dién cam khi & trang thai ddn dong dién, con khi khong
dan dong thi tuong tng dut mach (tong trd bang vo han), ngoai ra ludn ¢6 mach RC
dau song song. Bing cach ghép timg hinh theo mot so d6 cu thé nao do, cé thé thiét
1ap mot thu vién cdc mach dién tir cong suét theo v mudn (thi du nhu mach chinh luu
cau hodc mach bam xung,...)

Phan mém mo phong bang Simulink rat thuan lgi khi can phan tich va khao sat &
khia canh hé thdng, nhat 13 v6i hé théng kin, & d6 mach dién tir cong suét chi 1a mot
khdi cua hé théng. Trong simulink, cac van dugc mé phong hodac nhu mét khoa 1y
tudng, hoac nhu mot dién trd hai trang thai. Nhu vay, phén tir ban dan mo phong
khong phan anh chinh x4c dic tinh Von-ampe ctia ching nita song diéu d6 khong
anh hudng dén ban chét cua hé théng dugc nghién ctru, mat khac lai gidam duoc dang
ké thoi gian tinh may. Luu ¥ rang trong simulink, cac xung diéu khién cho cac van
1a tin hiéu mirc logic 0/1, khong phai 1a dién ap diéu khién hay dong diéu khién cho
van nén khong can chi ¥ vé phuong dién cach ly giira luc va diéu khién.
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4.1.3. Cai dat matlab/simulink
Chay file Setup

=0l
3+ Drvct ol Mt hvWorks Soltw aew
AlQI LAB*
N l\ﬂ l JA\ }\ Ths progy mn ol 1t o Masttelorky DesdiucTs oF pOOr CORERDS . YoM sy S5 b regeed to
RO e SRR o seltwee
@ sl mromancaly uang T BEsmet (recommenong LAOOmCuon SeTnge

€ Irat ol marualy wihcas useyg the Ireeemet

R POORITT WO PITCACTAS Ty DA (CAD WA TLEEIRAT CIMPARArTT ) WV ITRTeGrT
Wan By antaing rin e ottt 4 Leenes Agrearent thae fallows, pour wil s agree 2
AIA00NAE S FCH0NE 0N YOLS e o T DY TG A UNERSTTed e, reteoduton. o
BErOutor miy fenf 0 Oul i oW pen ey

PATLAR aret Srnire o o caterad oadertaths of The Matvvorie, Lo Mass sen
oo ot b corvdts sdennacks S @ et of s ioned tomlertathy Db pro0ct e St e
ey e o -t ol ther repentive udes.

Chon Install marually without using the internet sau d6 an Next

x|

) Connection Settings

If your Inkarnat connection requires 3 proxy server, enter the server name and port information.
If your Inkernat connaction does not require 3 proxy server, or if you are unsure, leave the fields

blank.

server: | Port: |
o

Password: |

OKI Canl:dl

Dién day du thong tin vao thé connection settings rdi 4n Ok
e ‘m—jx

The Meehiworks, e, g
Saftware Leense Agreseent

INFORTANT NOTICE

READ THE TERNG AND CORDITIONS OF YOUR LICENSE AGRETMENT CAREFULLY IETORE
COPYING. INSTALLING, OR USING THE PROGRAMNS OR DOCLUIMENTATION

THE LICENGE AGREEMENT TOGETHER wiTH ANY APFLICARE ADDENDUM REPRESENTS
THE ENTIRE ACREEMENT BETWEEN YOU (THE LICENSEE") AND THE MATHNORKS, I
CMATHWORKS") CONCERNING THE PROGRAMTS) AND DOCUMENTATION

Y COPYING. DIETALING, OR USING THE PROGRAMS AND DOCLUMENTATION, YOU
ACCEPT THE TERMS OF THIS AGREEMENT. IF YOU ARE NOT WILLING TO DO 50, DONOT
COPY, IMSTALL, OR USE THE PROGRAMS AND DOCLMENTATION

b Mathivorks

Chon Yes roi an Next

=0l
\i ATLAB® g W1 ar creat e a Mathwark s Aot
SIMULINKY 5 Logw 1wy Mewarts Aitasd
R200%

Tt abrese  [rimiore @uattmons o

LR Jrovese

22t =ag ameea

7 Lrewd s crmste o Mahains Aosat
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Chon I need to create a Mathword account sau do 4n Next

) dccount Greaton 1 R =loix
\l \” ‘\H' Create a MathWorks Account

SIMULINK® Pravide the folloming kfognation to create yolr MathWerks Accduat. A lemporsry passmord wil
be smaled to you. You g change tha passvierd and Lpdate ot§er accourt detale on the
MsthWorks Web ste

R 2007

E-mal acdrees  poatomee@mathworks com

Frst nane I'-.h
Lack rame: f:.r'::m-
Aclivaen Key lsssss - $5555 - SSK5S% —‘sssss - 55555

The Adwation Key & Lsed to ok up your Kerse. Yhu may have received the Activation Key
v from the Admwetrator of the kcemse

Privaty Pokcy
Dién day du thong tin vao thé Account Creation sau d6 an next . Hé thong sé tu
dong cai dat
Giao dién chinh

ax -
S B3t bew Wb VYedow iwp
AR B 7 Cumed Denciary ¢ WAL
L T I e ———
& | e Ussng Teoldex Paeh Coste. Typs “help teolbex parh_ceche® faf mate Lefo
s 1ize Prtes Cluss To o6t szarted, select "MATLAB Belp® fcem che Help aetu

sspane Ouarvard Cwoctany

it [Bix)
S5t

Hinh 4.1 Giao dién ciia phan mém MATLAB

Niit Start: & goc dudi bén trai ctia man hinh, cho phép chay cac ing dung mau

(demos), cac cong cu va cua s6 chua hién thi khi khoi dong Matlab.
Vi du : Start/Matlab/Demos va chay mdt iing dung mau.

Cira s0 Iénh: Qua trinh khéi dong dua ngudi dung dén Cira s6 1énh, noi cac dong
lénh dugc biéu thi bang dau >>'. Pay 1a dau hiéu cho thdy Matlab dang chd danh
mot (cau) 1énh. C6 thé xoa tring toan bo cira sé 1énh bang 1énh: >> clc hodc vio
Edit/ Clear Command Window. Khi thyc hién 1énh nay, toan by gia tri cua céc bién
hién c6 khong thay doi hay mat di.

Cira s6 khong gian lam viéc (workspace): Noi luu giir cac bién va dit liéu do
nguoi dung nhap vaongoai trir nhitng bién cuc bo thude vé mot M-file.
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Dung 1énh 'who' hoic 'whos' dé liét ké cac bién hién c6 trong khong gian lam viéc.
Dé biét gia tri cua bién, ta g0 tén bién tai ddu nhéc 1énh. Pé x6a mot ham hodc bién
khoéi khong gian lam viée, st dung 1€nh 'clear’:

>> clear tén_bién;

Cira s6 bién tip mang (ma tran néi chung): Khi dd c6 mot mang, c6 thé chinh
sira, bién tdp lai bang Array Editor. Cong cu nay lam viéc nhu mot bang tinh
(spreadsheet) cho ma tran.

Cira s6 dia chi thu muc hién thoi: Thu muc hién thoi 13 noi chuong trinh Matlab
s€ tim cac M-file, va cac file khong gian lam viéc (.mat files) da tai va luu lai.

Pé tao mot file.m trong thu muc lam vi¢c ban doc co thé thuc hién:

> Nhap vao File/New/M-File:

HUATAS e W

| File Fdt Debug Desktap Window Help

T T

Open.. CiAd 0 Figure
Close Comrmand Window Variable
Irmpot Data.., *dadel
Save Workspace 85, ., Coi+sS i |

>  Cura sO soan thao xuat hién, gd chuong trinh can thiét vao file. Sau khi da

hoan tit nhan vao biéu tuong (=l | dé luu vao thu muc hién tai.

5] itoe- inting* = =il er

— c— S— !

i fdt Tt (ol Taok Dabig Dedetrs Windew Help N X
o | " 2 [N i ‘
DDH "ﬂm”"a“f.f@'};ﬁtmﬁu‘nﬁr:_'_ Qx|
l A= [3,2,3.4); ‘
B =1,

it 2 10
" e ot

>  Dé thyc thi tap 1énh co trong file.m trong thu muc lam viéc thi nguoi ding
chi can g0 tén file d6 va Matlab s€ tu dong thuc thi cac dong 1é€nh c6 trong file.m
nay (vi du dé thuc thi cac 1énh ¢6 trong file test.m, chi can g0 1énh test).
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thyristor .

Khéi Synchronized 6 — Pulse Generator duoc dung kich cho 6 con thyristor ciia
bo chinh luu 6 xung . Pau ra 1a mot vector 6 xung duogc déng bd mdt cach riéng biét
trén 6 dién ap cua thyristor . Cac xung nay dugc tao ra goc do sau khi qua diém 0 cia
dién ap nguoc .

Hinh dudi minh hoa su dong b hod ctia 6 xung ddi véi mot goc o = 0° . Nhitng
xung ndy dugc tao ra chinh xac tai diém 0 cia ba dién 4p dong bo ting pha ...

[ i=1]e.S]

2005 ocl 0ola onz I.CEZT o035 Q0.03% oo Q047 C.03

Time nifzrt 1

Hinh 4.2 So d6 phat xung diéu khién ciia cdc thyristor

Khéi Synchronized 6 — Pulse Generator c6 thé cau hinh dé lam viéc & kiéu xung
d6i . Trong kiéu nay , hai xung duoc goi téi moi thyristor :

- Xung thtr nhat tién téi goc thi xung thir hai tién téi + /3 khi thyristor thir hai
duoc kich .

Xung nay yéu cau dau vao ciia khdi phu hop véi yéu cau tu nhién cta dién ap
nguoc & cau thyristor ba pha . Khi két ndi khbi Synchronized 6 — Pulse Generator toi
dau vao xung cta khdi Universal Bridge ( voi cac thyristor nhu 1a nhiing thiét bi dién
tir cong suat ) cac xung nay dugc goi dén céc thyristor theo trat tyr sau :

Khi tao cau thyristor ba pha riéng bang nhitng khdi thyristor don can két ndi tin
hiéu xung cua khéi Synchronized 6 — pulse Generator t&i dau vao cong cta thyristor
twong Ung .

Hop thoai va thong sb ctia khdi phat xung diéu khién thyristor .
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Block Parameters: Synchronized 6-Pulse Generator £

Synchronized B-pulze generatar [mask] [link]

Idze thiz block ta fire the B thyristors of a B-pulze converter. The output iz
a wector of B pulzes [0-1] individually synchronized on the B commutation
voltages. Pulzesz are generated alpha degrees after the increasing
zero-crozzings of the commutation voltages.

Parameters
Frequency of synchronization woltages [Hz] :

o
Pulze width [degreesz] :
1

[ Double pulzing

0k, | Cancel Help

Hinh 4.3 Hop thoai va théng sé cia khoi phat xung diéu khién .

- Tan s6 dién ap dong bo .

Tan s dién 4p dong bd co don vi 1a Hez , ky hiéu 1a : Hz , n6 thuong tuong tng
v6i tan sd ciia hé thong .

- Pau vao va daura .

+ Alpha_deg

Pau vao 1 14 tin hiéu alpha c6 don vi 13 d6 . Pau vao nay cé thé dugc két ndi téi

khéi hang s6 hodc két nbi téi hé thong diéu khién dé diéu khién cac xung clia may phat
xung .

+AB,BC,CA.

Pau vao 2, 3 va 4 1a dién ap day déng bd Vab , Vie va Vea . Nhitng dién ap dong
bd nén 1a dién 4p giita pha ctia nhitng dién ap day ¢ nhitng dau cuc cua bd chinh luu .
Dién 4p dong bo thudng duoc xuat phat tir cudn so cip ctia may bién thé chinh luu .
Néu bd chinh luu két ndi dén cudn tam giac cua may bién thé , dién ap déng bo nén la
dién ap pha — dit ctia cudn so cap .

+ Freq .

San ¢ dbi vai kiéu roi rac cia Synchronized 6 — Pulse Generator . Dau vao nay
nén két ndi v6i khdi hing sb chira tin s6 co ban ¢ don vi 13 Hz hodc két ndi téi PLL
tu diéu chinh tan s6 cta hé thong .

+ Block .

Pau vao 5 dé ngan chin van hanh may phat . Cac xung bi v hiéu khi tin hiéu
ung dung vuot qua 0 .

+ Pulse .
Dau ra chira dung 6 tin hiéu xung .
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4.2. Mo phéng hop sé

4.2.1. Khéi dong co

Pk
FCP

Trong md phong hé thong hop s6, em sir dung khdi Generic Engine dé dai dién cho

dong co dot trong. Khoi ndy c6 chirc nang tao ra m6 men xoan dau ra dua vao tin hi¢u
chan ga (throttle) va toc do quay cua dong co.

Thong sb can thiét khi diung Generic Engine:

Maximum power hodc torque : Cong suat hodc m6 men xoan to1 da

Engine speed at peak torque & peak power: Toc do dong co & moémen xoin va
tdc d6 cuc dai

Idle speed: Toc do khong tai

Throttle response time: Thoi gian dap Gng ga

Mo6-men xoan dong co theo ga va toc do quay

Trong

Teng =Tmax. 8. f(w)
do:
Teng: MO-men xo4n dau ra ciia dong co (Nm)
Tmax: MO-men xo0an cuc dai & toan tai
&: Tin hiéu ban dap ga (throttle input), gié tri tir 0 dén 1
o: Toc dd quay dong co (rad/s hodc rpm)

f(): Him mo ta sy thay doi cia mo-men theo toc do

Uu diém cua khoi Generic Engine

La c6 thé mo phong dic tinh 1am viéc ciia dong co mot cach don gian, dé hiéu
ma khong can di siu vao qua trinh chay hodc két cdu bén trong.

Trong md hinh, déng co s& cung cap cong suat dau vao cho hop sb, tir d6 em cd
thé quan sat sy thay do6i toc d6 va mo men & dau ra khi chuyén sé.

C6 sin trong thur vién Simscape Driveline
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4.2.2. Khéi bién mé thuy luc

Trong mé hinh mé phong hé théng truyén luc, em sir dung khéi Torque Converter
(b6 bién mo6) dé mo phong qua trinh truyén mé men giira dong co va hop sb tw dong. Bo
bién mo c6 vai tro giéng nhu ly hop thity luc, cho phép truyén cong suat tir dong co dén
hop s6 mot cach ém diu, dic biét khi xe khai hanh hodc thay doi tai.

Khdi Torque Converter trong Simulink mé phong day dii ba phan chinh gdm banh
bom (pump), banh tuabin (turbine) va bg stator, gilip tai hién dung hién tugng tang mo
men xoan khi tbc 6 dau vao va dau ra chénh 1éch 16n.

Nho ¢6 khéi ndy, em c6 thé quan sat qua trinh truyén luc thue té trude khi mo
men di vao hop s6, gop phan 1am cho mo phong hé thong hop sé tu dong trd nén chinh

xac va sat voi nguyén ly hoat dong cua xe 6 t6 thuc te.

4.2.3. Hop s6

Khéi Simple Gear trong Simulink (Simscape Driveline) diing d¢ mé phong bd truyén
banh ring co ti sd truyén c6 dinh giira hai truc quay. N6 khong c6 quén tinh hay d6 dan
hoi, chi truyén moment va toc dd theo ti sd da dinh.

Gear ratio (N) — 77 s6 truyén:

Voi:
e ®B: toc do goc truc vao

« oF: tbc d6 gbc truc ra
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Nguoi dung co thé thiét 1ap cac thong s6 nhu ti sd truyén, ton that do an khép banh
ring, ma sat nhét tai truc vao va truc ra. Khoi nay thuong duoc sir dung trong mé phong
hé théng truyén luc cta 6 to, nhu hop sé hoidc co ciu truyén dong.

3.2.4. Khi vi sai

S2

ST

Khdi Differential trong Simulink (thudc Simscape Driveline) dung dé mo phong
vi sai co khi — mot co cau truyén dong phan chia moment va toc do quay gitta hai banh
xe (hoic hai truc) trong hé dan dong.

Khéi ndy c6 ba cong: truc vao (v6 vi sai) va hai truc ra (banh xe trai va phai). Vi
sai cho phép hai banh xe quay v&i toc d6 khac nhau khi xe 6m cua, dong thoi van truyén
moment hiéu qua. Khéi con cho phép ciu hinh ti s6 truyén va cac ton that dé mo phong
chinh x4c hon hé dan dong thuc té.

4.2.5. Khdi than xe

J v
- v > =

N\ P s\ 7/ =
=Y /
o N

<NR -
<INF| €<

Khéi Vehicle Body trong Simulink (Simscape Driveline) ding dé mo phong
chuyén dong cta toan bo xe theo hudng doc (longitudinal). Khdi nay tinh toan vén toc
xe, luc can, va phan lyc tir mdt duong dya trén luc truyén tir banh xe.

N6 ¢6 cac cong két ndi voi banh xe (thong qua khdi Tire) va dau vao nhu luc can
gi6, khéi lugng xe, va do dbc dudong. Khdi cho phép mé phong quan tinh xe, luc kéo,
luc phanh va phan hdi van tdc — rat can thiét trong cac mé hinh truyén dong va diéu
khién xe.

SVTH : PHAN TRONG QUAN GVHD : TS. NGUYEN QUANG TRUNG 64



Khdo sat va mé phong hé thong dong lwc 4WD trén xe Hyundai Santafe

4.2.6. Banh xe

Khéi Tire (Simple) trong Simulink (Simscape Driveline) dung dé mé phong luc
tuong tac gitta banh xe va mit dudng trong mé hinh dong luc hoc xe. Khdi nay chuyén
ddi moment quay tu truc banh xe thanh lyc kéo hodc luc phanh tac dung 1€n than xe,
dong thoi tinh toan truot banh xe (slip).

Khéi Tire sir dung cong thuc truot — luc kéo dé tinh luc déy Xe:

Fx= p.Fn.f(slip)

Trong do:

e 1 hé sd ma sat

o Fn: tai trong doc dirng (normal load)

o f(slip): ham lyc theo d¢ truot

Céc thong s6 chinh gdm ban kinh banh xe, hé s6 ma sat va lyc tai dimg. Khoi

thuong dugc dung két hop véi khdi Vehicle Body dé mo phong hé thong truyén dong
theo hudng doc (longitudinal).

4.3. Nhip thong so diu vao

4.3.1. Thong sb dong co

*2 Bock P, Era
"2 Bock Parserwters: Genenc Engine
-

femyy- M oGt of Spdek Ry Srel Eheied ENgREs WataRie 1o Uik 41 o

Engie Torgue Oyrasrecs Limas Pust Conmumpsn Spwe Corer

Rormalped Jo-Oroer PONMOnEY manched D Sens poseer -
Span-gniton v
Mamrmurs povwer 150

Speer! at MavITRIT PO 3300
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CTa nhap thong sb dau vao cua dong co nhu sau:
- Loai dong co: Diesel
- Cong suét cuc dai cua dong co: 150 kW
- Toc do vong quay tai cong suat cuc dai: 3800 vong/phit
- S6 vong quay 16n nhat: 6000 vong/phuat
- Téc do quay khong tai cua dong co: 500 vong/phut

"2l Bock Perameters Uenenc Engine

e

O S e Cir et W R ST OF 1IN et r iy (19 S

. Ohe trgus ETIANGEE ST t Wige S @ racmon of the
1 3pced. the srgme tegue 13 tSendes (1 sery 7 the gt spoert

0 7o g T ASTINT A MG Dk, e Ty

1 .
L WIS MG DOWSE MAE TUt CORGUnGEIGT) (303 W% TP

Trgve Tompee  Ovias Ursts  Pust Commarptoon ]

] e e
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e coratme S0m Oy PO B LI el Vo b TG -

o M e s

- M6 men quan tinh cta dong co: 0,2 kg.m?
- Tc d6 ban dau: 800 vong/phut.

- Tham s6 Engine Time Constant duoc dung dé xac dinh téc d6 phan tng ctia khdi may
khi ¢6 su thay doi tir dau vao ga. Pdi v6i dong co Diesel ta chon Engine Time Constant:
1.5s.

- Initial normalized throttle 13 gi tri diu vao ban dau cho vi tri buém ga (throttle) dudi
dang chuan héa (tir 0 dén 1), tai thoi diém bat ddu mo phong (t = 0 gidy). Chon ché d6
mo budm ga la 0.5 tirc 50%.

Idle speed control: Enable idle speed controller -

Idle speed reference: [ 1000 | [em |
Controller time constant: [1 | s |
Controller threshold speed: 1 | [rom v
Rediine control: Enable rediine controller -

Rediine speed: 3800 | [rem ~|
Redline time constant: 1 | [s ~|
Redline threshold speed: 1 | |em v
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- Idle speed reference: Tham chiéu téc d6 khong tai 1000 vong/phut.

- Controller time constant: Hang s6 thoi gian bo diéu khién: 1s

- Controller threshold speed: Téc d6 ngudng bo diéu khién: 1 vong/phit

- Redline speed: Tc do quay tdi da: 3800 vong/phut

- Redline time constant: Hing s thoi gian tai tbc do t6i da: 1s

- Redline threshold speed: Hang s6 thoi gian tai toc d6 ti da: 1 vong/phut

4.3.2. Ti sd truyén hop sb

Block Parameters: Simple Gear X

Simple Gear

Represents a fixed-ratio gear or gear box. No inertia or compliance is modeled in this block. You can optionally include gear
meshing and viscous bearing losses.

Connections B (base) and F (follower) are mechanical rotational conserving ports. Specify the relation between base and follower
rotation directions with the Output shaft rotates parameter. Optionally include thermal effects and expose thermal conserving port
H by right-clicking on the block and selecting Simscape biock choices to switch between variants.

Settings

Main Meshing Losses Viscous Losses

Follower (F) to base (B) teeth ratio (NF/

NB): 35

Qutput shaft rotates: In same direction as input shaft i

ot | [ von | [ o

- Follower (F) to base (B) teeth ratio (NF/NB): Ty s6 sb rang giita banh bi dan (F) va
banh co so (B) (NF/NB) hay ti s6 truyén ctia hop sd. O day ta nhép ti sb truyén ctia hop
s6 12 3.5 hay NF/NB = 3.5.

4.3.3. Ti sb truyén cua truyén lyc chinh

Block Parameters: Differential X
Differential

Represents a differential which is arranged as a planetary bevel gear train equipped with an additional bevel gear transmission
between the driveshaft and the carrier. The pinion gear of this transmission is attached to the driveshaft while the large bevel
crown gear is affixed to the carrier. No compliance is modeled in this block. You can optionally include inertia and losses from gear
meshing and viscous bearing friction.

Connections D, S1, and S2 are mechanical rotational conserving ports associated with the driveshaft and the two output shafts,
respectively. S1 and S2 are the shafts belonging to the two sun gears. When there is no relative slippage across the differential,
ports S1 and S2 both rotate in the positive direction when port D rotates in a positive direction if the crown wheel is located to the
right of centerline. Optionally include thermal effects and expose thermal conserving port H by right-clicking on the block and
selecting Simscape block choices to switch between variants.

Settings
Main Meshing Losses Viscous Losses Inertia
Crown wheel located: To the right of centerline >

Carrier (C) to driveshaft (D) teeth ratio

(NC/ND): i

s | [ e | [ oo
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- Carrier (C) to driveshaft (D) teeth ratio (NC/ND): Ty sd gitta banh rang bi dong (C) va
banh riang chii dong (D) (NC/ND). Ta chon ti s6 truyén cta truyén lyc chinh 1 3.91

4.3.4. Thong sb xe

Pil Block Parameters Yebicle Body x
Vetacie Boay

Represents 8 two-mde vehicie DOdy I 0ngRuaNal motion. The Dlock accoures for Dody Mass, JeOOYaMIC drag, foad Ihcine, and
it Sdrbuton beteeer sodes due ty scoseration and 108d prifie. The vetecin cen Rave the sarme o & dfferant number of
WGk 00 0ach fode. OpEonaly INdude DIECT 308 BEPENEON Sranics. The wehicie 000% Nt Move vertically retytve 1o the groena

Connaction H 5 T sechasc Tansiationd! Conserving POt associted with the Roelostal motion of the vehide body, The resudting
trechon motion develoged by fres shoukd be connected 1o this port. Cormections ¥, NP, and NR are physical signed cutput pocty for
vehicke volodty and Ond and cear A0rTa whoet fOrces, respectively. Whee! f0r0es are Condidersd SOUTAG I a0ting dowrraaris
Connections W and beto eve physioal Sgnal Teat ports corresponddng 1 hendwing speed and road NCinaton angle, respectvery.

Semngs
Mok Drag  Brch  Verables
Moz 1900 bt
NuTOer of whoets per aale 2

Horigontal éntance Hom O 1o fromt

B "

axke
|

Hortzontal detance from O 1o reer s .

7 [
ante ~.
CG beight sbove ground 5.5 m
Gravitaconal acceieration A my*l

On hegative normal force L) -

‘ O Cancel Hap Aoty

- Mass: Khoi lugng cia xe: 1900 kg.
- Number of wheels per axle: S6 luong banh xe trén 1 tryc: 2 banh.

- Horizontal distance from CG to front axle: Khoang cach nim ngang tir trong tam (CG)
dén truc trude: 1.13 m

- Horizontal distance from CG to rear axle: Khoang cach nim ngang tir trong tam (CG)
dén truc sau: 1.57 m

- CG height above ground: Chiéu cao cua trong tim (CG) so voi mat dat: 0.5 m

- Gravitational acceleration: Gia tdc trong trudong: 9,81 m/s?

1" Btock Perametery Vehucle Body

s Sy

BopAmearte 3 twir-gate setiate DOy 0 OAGELOCA MaBan  The DRk SCOCLERES 4 BCHTy MWK, Mroaeama Faw rond Toie, and
WO SN BEtwenn anies (e ) SCUSkel BN S1x) 10T profie. The wetinle Lo Reve Tho saene o & Biierent ey of
whests on each sde. Dptiaratty wuide pRch and wiasmms Sy, The veico does not Mo vestally neve 50 the ground.
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- Frontal area: Dién tich can phia trudc: 3.16 m?

- Drag coefficient: Hé s6 can (khong khi): 0.29

- Air density: Khéi luong riéng ctia khong khi hodc Mat d6 khong khi: 1.225 kg/m?
4.3.5. Thong sb banh xe

|"a] Block Parameters: Tire (Simple)1 X
Tire (Simple)

Reprasonts o simpleo, no-slip model of o tre parametorized by (e radius, Tice inertin and longitudinal stiffness and damping con be
Included

Connection A Is the mechanical rotational conserving port for the wheel axle, Connection M is the mechanical transiational
conserving port for the whesl hub

Settings

Parameters

Rolling radius: ‘U 33 ‘ ] m [
Compliance: Specify stiffness and damping adt
Longitudinal stiffness J/lll)lm 1 1 N/m v \
Longitudinal damping | mnn{ | : N/(m/s) [
Inertia No inertin 5,

Cancel Help Apply

- Rolling radius: Béan kinh cia banh xe: 0.33 m

- Longitudinal stiffness: Do ctimg cua 16p: 28000 N/m.

- Longitudinal damping: Giam chan cua 16p xe: 3000 N.s/m
4.4. M6 hinh md phéng ché do 4H, 4L

Hinh 3.4 M6 hinh simulink ciia hé thong 4WD ¢ ché do 4H, 4L

Ché d¢ 4H (4 High) va 4L (4 Low) 1a hai ché d6 din dong 4 banh (4WD) duoc
str dung dé cai thién kha ning bam dudng cia xe trong cac diéu kién dia hinh khac nhau.

Trong hinh m6 phong:
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Ché do 4H cho phép truyén mo-men dong déu dén ca cau trude va cau sau voi ti s6
truyén 1:1, ph hop khi xe chay & téc d6 cao trén dia hinh tron trugt. Trong khi d6, ché
d6 4L str dung hop s6 phu véi ti sb truyén thap (thudng tir 2.5:1 dén 4:1), gitp ting mo-
men xodn truyén dén banh xe, phi hop véi dia hinh déc, 13y 161 hodc chd tai ning.

Mo hinh mé phong duge xay dung trén nén tang Simulink, bao gom :
« Khbi Engine
« Khdi Transfer Case
o Khébi Differential

« Khbi Simple Gear
« Khéi Vehicle Body

4.5 M6 hinh mé phéng ché d6 2H

{ar
{

Hinh 3.5 Mé hinh simulink ciia hé thong 4WD & ché do 2H

Ché d6 2H (2 High) 1a ché 6 dan dong mot cau, thuong 1a cau sau, duoc st dung
trong diéu kién duong bang phang va khé rio.

Trong ché do nay, mé-men xoan tur dong co dugc truyén qua hop so6 chinh dén cau
sau, trong khi cau trudc dugce ngat hoan toan nham gidm tiéu hao nhién li¢u va tang hi¢u
suat van hanh.

Trong md hinh md phong, ché d6 2H duoc xay dung bang cach sir dung cac khoi
nhu:

o Engine

o Transmission

o Simple Gear

o Rear Differential
« Vehicle Body.
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Cau trude duoc ngat khoi hé thdng bang cach vo hiéu hoa dudng truyén lyc tir hop
phan phéi (Transfer Case) dén cau trude. M6 hinh cho phép danh gia kha ning ting tdc,
tiéu hao ning lwong va phan Gmg cua xe trong diéu kién van hanh thong thudng.

4.6 Két qua mé phéng
4.6.1. Ché do 4H, HL

Hinh 3.6 Két qua mé phong vin téc cia xe & ché do 4H, 4L
< Dit liéu dd thi:

Truc hoanh (X): Thoi gian (gidy) tir t = 0 dén t = 10 gidy, dung dé theo ddi sy thay
d6i trang thai truyén dong theo thoi gian.

Truc tung (Y): Van tdc ctia banh xe duoc do bang rad/s.
Puong miii tén xanh: Xe dang & ché d6 4L.
Puong mili tén vang: Xe dang & ché d6 4H.

< Phan tich d6 thi:

D6 thi md phong thé hién mdi quan hé giita van toc va thoi gian ctia hé thong truyén
dong trén xe su dung hop s6 c6 ché do 4H va 4L. Duong cong mau vang biéu dién su
ting toc ciia xe dudi tac dong ctia hé théng truyén dong & hai ché do khac nhau 4L &
giai doan dau va 4H ¢ giai doan sau.

« Giai doan dau (0 - 3 gidy):

Trong khoang tir 0 dén khoang 3 gidy dau tién, dudong cong cho thiy van toc xe ting
dan nhung kha cham. Piéu nay phan anh ding dic diém cua ché d6 4L ché d6 truyén
dong cham voi ti sb truyén 16n.
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O ché d6 nay, hop s trung gian nhan mo-men xoan 18n rat cao, gitp xe c6 strc kéo
manh mé& dé vuot qua cc dia hinh phirc tap nhu déc cao, bun 1ay, tuyét day hodc khi
can kéo tai nang. Tuy nhién, vi ti s6 truyén 16n nén vén tc dau ra ctia hop sé bi giam,
dan dén xe ting toc cham. Biéu d thé hién rd dic diém nay qua do déc duong cong con
thap & giai doan dau.

* Giai doan gifra (3 - 5 giay):

Sau thoi diém khoang 3-5 gidy trd di, duong cong bat ddu c6 d6 dbc 16n hon, van
tdc ting nhanh hon, tuy nhién sau d6 c6 xu hudng 6n dinh lai, tién téi bao hoa. Giai
doan nay twong tng voi chuyén ché d6 tir 4L sang 4H truyén dong cao. O ché d6 4H, ti
s6 truyén nhoé hon so véi 4L, nén hé théng truyén déng cung cap mo-men xodn it hon
nhung dbi lai van téc xe cao hon.

Ché d6 nay phu hop khi xe di chuyén trén cac dia hinh tron trugt nhu duong cét,
duong tuyét hodc duong dat wét nhung van cho phép chay & téc do twong doi cao. Pic
diém cua 4H duoc phan anh trén dd thi thong qua viéc van tdc tdng nhanh hon trong
thoi gian ngan roi dan 6n dinh ¢ muc cao hon.

« Giai doan cudi (5 - 10 gidy):

Tbc do xe tiép tuc tang déu va on dinh ¢ tdc do cao thé hién xe dang & ché do 4H.
Pic diém cta 4H dugc phan anh trén d thi thong qua viéc van téc taing nhanh hon trong
thoi gian ngan réi dan 6n dinh ¢ muc cao hon.

< Két qua:

Thong qua do thi van tdc — thoi gian trong mé phong, ta d& dang nhan thiy su khac
biét 1 rét gitra hai ché d6 truyén dong 4L va 4H. Ché do 4L gitip xe vuot dia hinh kho
khin nhd mé-men 16n nhung c6 van tdc thap, con ché dd 4H cho phép xe chay nhanh
hon khi khong can strc kéo 16n. D thi 13 minh chimg truc quan giup danh gia hiéu qua
hoat dong cua tirng ché d, tir d6 hd tro viée thiét ké hodc lwa chon hop ) phu hop cho
tirng muc dich van hanh thuc té cua xe.
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4.6.2. Ché @ 2H

Toc do cua saeg oo

Hinh 3.7 Két qua mé phéng vin téc ciia xe & ché do 2H
« Dit liéu do thi:

Truc hoanh (X): Thoi gian (gidy) tir t = 0 dén t = 10 gidy, dung dé theo ddi sy thay
d6i trang thai truyén dong theo thoi gian.

Truc tung (Y): Van tdc ctia banh xe duoc do bang rad/s.
« Phan tich d6 thi:
« Giai doan dau (0 - 1 gidy):

D6 thi m6 phong thé hién mbi quan hé gitra van toc va thoi gian ctia hé théng truyén dong
trén xe khi hoat dong & ché d6 2H (2 High). Pudng cong trong do thi thé hién s thay d6i van
tdc theo thoi gian khi xe bét dau ting tdc tir trang thai dimg yén. Dya vao hinh dang va do
ddc ctia dudng cong, ta ¢ thé phan tich duoc dic diém ting tc ciia xe trong ché do 2H.

Trong qua trinh tir 0 dén 1 gidy, duong cong c6 1dm nhe, van tdc xe ting, ching to
hé thong truyén dong dang hoat dong vdi ti s6 truyén thap — dic trung cua ché do 2H.
Pay 1a ddu hiéu bit dau qua trinh ting tdc nhanh.

* Giai doan gifra (1- 5 giay):

So véi d6 thi mo phong trudce (4L va 4H), duong cong trong ché do 2H cho thay
van tdc tang nhanh va lién tuc hon, dac biét la trong giai doan tur 1 dén 5 gidy. bo dbc
16n hon ching t6 xe phan tng nhanh hon véi chan ga, ting téc muot va khong bi “kim”
bdi co ciu truyén mo-men nhu trong ché do 4L. Ngoai ra, vi chi c6 hai banh truyén
dong, luc can va ton hao cling thép hon so vé6i ché do 4 banh, gitp xe duy tri hiéu suét
van hanh cao hon trong diéu kién 1y tudng.
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« Giai doan 6n dinh (5 - 10 giy):

Nhin theo do thi ta théy kha 0 rét duong cong co do dbc min, lién tuc chung té xe
dang trong qua trinh & tdc do cao, ting toc nhanh va hiéu suét tot. Ché do nay phu hop
khi xe di chuyén trén dudng tron lang, khé rdo, khong can luc kéo 16n.

* S0 sanh 3 ché do:

Qua viéc phan tich hai d6 thi van toc theo thoi gian tuong ing voi ché do truyén
dong 2H va 4H, em nhan théy su khac biét rd rét vé kha nang tang tdc va hiéu qua
truyén dong cua timg ché do:

« Ochédo2H, duong cong van tdc ¢6 do dbc 16n hon, thé hién xe tang tdc nhanh
va dat van toc cao hon trong thoi gian ngan. Piéu nay 1a do md-men xoan chi
duogc truyén dén hai banh (thudng 13 banh sau), gitp giam t6n hao ning luong
va tang hiéu suat truyén dong trén mat duong bang phang.

« O ché d6 4H, duong cong van tdc c6 xu hudng tang cham hon, d6 dc thap hon
s0 vGi ché do 2H. Nguyén nhan la vi luc kéo dugc chia déu cho ca bdn banh,
lam ting lyc bam nhung ciing dong thoi lam giam kha nang ting tdc.

e Ché d¢ 4H lai phu hop hon khi xe di chuyén trén cac dia hinh tron truot, bun
1y hodc cat lin, nhd vao viéc phan phdéi mo-men xoan déu cho ca bén banh,
gitip xe 6n dinh va dé kiém soat hon.

* Két luan

T hai d6 thi trén, em rat ra duoc réng mdi ché do truyén dong déu c6 vu va nhuoc
diém riéng va can lya chon phu hop véi diéu kién mat duong dé dam bao kha ning van
hanh t6i wu va an toan cho xe
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KET LUAN

Hé thdng truyén dong 4WD trén xe Hyundai Santafe khong chi gitp ting kha ning
bam dudng va on dinh trong diéu kién van hanh phtic tap, ma con dugc diéu khién thong
minh nho hé thdng dién tir EST. Viéc két hop giira 1y thuyét va mé phong trong dd an
gitp lam 1o dac diém k¥ thuat va hiéu qua van hanh ctua hé dan dong 4 banh.

Téng hop két qua dat dwoc:

V& phan tong quan hé théng dong lyc 4WD : Em di cung cip cai nhin tdng quan vé
hé théng 4WD, tap trung vao viéc tim hiéu cac dang va nguyén li hoat dong cua hé
théng, cong dung cia hé théng ddi v6i ngudi sira dung.

Co s6 1y thuyét hé thong 4WD: Da tom tit day du nguyén Iy hoat dong ctia hé théng
4WD trén xe, phan tich cac ché do 1am viéc quan trong trén xe va cong dung cua cac
ché @6 khi sur dung. Ttr d6 nhan thﬁy duogc cac vu diém va nhuogc diém cta hé théng
4WD.

Uu diém:

« Tang luc bam duong (traction): Luc duoc truyén dén ca 4 banh xe gitp xe bam
t6t hon khi di chuyén trén dudng tron truot (bun, tuyét, soi da...).

o Kha nang vuot dia hinh tot: Xe 4WD dic biét hiéu qua trong diéu kién off-road,
leo déc, vuot chudng ngai vat hay 161 nudc.

« An toan hon trong diéu kién duong xau: Nguoi 1ai kiém soat xe tot hon khi vao
cua, phanh hoic xt 1y tinh hudng khan cép trén dudng c6 d6 bam thap.

« Da dang ché do van hanh: Nhiéu xe 4WD c6 thé chon giira ché d6 2H, 4H, 4L
gitip t6i wu hiéu suat hodc tiét kiém nhién liéu tuy diéu kién.

Nhuoe diém:

« Tang mirc tiéu hao nhién liéu: Ma sat co hoc ting do truyén lyc dén ca 4 banh,

dan dén tiéu hao nhién liéu cao hon hé thong FWD/RWD.

« Gia thanh cao hon: Xe c6 hé théng 4WD thuong dit hon, chi phi bao dudng va

sura chira cling cao hon.

Tinh toan : Dya trén cac thong s6 k¥ thuat ciia xe, em da tién hanh phan tich dong
luc hoc nhiam xac dinh mé-men kéo, luc truyén xuéng banh xe, va anh hudng ctia diéu
kién mat dudng téi kha nang van hanh cua hé thong dan dong.

Mo phong : Tién hanh mé phong hé thong dong lyc 4WD trén phian mém
MATLAB/Simulink. Két qua cho thdy ché do truyén dong déu c6 wu va nhugc diém
riéngva can lya chon phu hop voi didu kién mat duong dé dam bao kha nang van
hanh ti rru va an toan cho xe.
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Uu nhwoc diém cia deé tai:

Uu diém:

« P xay dung dugc quy trinh khdo va tinh toan day du cho hé thong 4WD.

« Str dung hiéu qua cac cong cu phan mém dé phan tich, moé phong va xac minh
tinh ding dan cta hé thong.

« Tinh (mg dung cao trong thuc té, dong gop vao viéc nang cao giup kiém ching
va hinh dung rd hon vé qua trinh truyén dong trén xe thyc té.

Nhuwoc diém:

« Chua thyc hién md phong trong mdi truong thuc té hodc kiém nghiém trén xe
thuc té.

« Do khéng c6 diéu kién do dac truc tiép trén xe Hyundai Santafe thuc té nén mot
s6 thong sb duoc 1ay tir tai liéu k§ thuat 1am giam d6 chinh xac trong qué trinh tinh
toan
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