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TOM TAT

Tén d& tai:
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Trong béi canh an toan giao thong ngay cang dugc chi trong, viéc kiém soat t6t
hé théng phanh dong vai tro then chot trong viéc han ché tai nan va nang cao do 6n dinh
cho phuong tién. Do 4n nay tap trung vao viéc nghién ciru, xay dyng va mo phong hé
théng ABS (Anti-lock Braking System — hé théng chong b6 cting phanh), mot cong nghé
phanh tién tién c6 kha ning duy tri kha ning diéu khién va 6n dinh xe trong céc tinh

hubng phanh gap.

Bang cach str dung cac cong cu md phong manh nhu Matlab Simulink va CarSim,
nhom thyc hién da thiét 1ap cac mo hinh diéu khién dé tai hién hoat dong ctia hé théng
ABS trong nhiéu diéu kién van hanh thuc té, tir mat duong kho dén tron truot, tir van
tdc thap dén cao. Thong qua céac thuat toan diéu khién, mé hinh duoc thir nghiém nham
phan tich cac yéu té nhu quing dudng phanh, d6 truot banh xe, ap suat phanh, va muc

do on dinh cua xe.

Bén canh ABS, d0 4n ciing md rong phan tich dén EBD (Electronic Brakeforce
Distribution — hé thong phan phdi luc phanh dién tir) nhu mot phan hd trg bd sung, giup
t61 wu hoa viéc phan phdi luc phanh gitta cac banh xe nhim ting cuong hiéu qua cta hé

thong ABS trong mot s6 tinh hudng dic biét.

Két qua thu duoc tir mo phong cho thay hé thong ABS dong vai tro cdt 161 trong
viéc ning cao do an toan khi phanh, dong thoi viée tich hop cac cong nghé hd tro nhu
EBD ciing gbp phan cai thién hiéu suat tong thé. Nhiing phén tich nay khong chi giup
1am rd nguyén 1y hoat dong ciia ABS ma con tao nén tang cho cac hudng nghién ctru va

t6i wu hoa hé thong phanh thong minh trong twong lai.
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LOI NOI PAU

Capstone project ndy duoc thuc hién nhdm cung ¢6 kién thirc chuyén nganh va
rén luyén k¥ ning van dung 1y thuyét vao thuc té théng qua viéc moé phong hé thong
chdng b6 climg phanh ABS — mét cong nghé quan trong trong linh vuc ki thuit 6 t6 hién
dai.

Trong sudt qua trinh thuc hién Capstone project, nhém d nhan duoc sy hudng
dan tan tinh, dinh huéng khoa hoc ciing nhu nhirng nhén xét sau sic tir Thay PGS.TS
Pham Quéc Thai. Thay khong chi gitip ching em tiép can dung hudng nghién ciru ma
con tao diéu kién thuan loi vé hoc thuat va tai liéu dé nhom c6 thé hoan thanh dé tai mot
cach nghiém tic va hiéu qua. Chiing em xin bay t6 long biét on chan thanh va siu sic
dén Thay.

Bén canh d6, nhom ciing xin giri 101 cam on dén quy Thay C6 trong Khoa di cung
cAp nén tang kién thtrc vitng chic trong sudt qua trinh hoc tap, gitp ching em c6 du

hanh trang dé thuc hién Capstone project nay.

Mic du d3 ¢ ging trong viée tim hiéu, xdy dung mé hinh mé phong va trinh bay
n6i dung, nhung do giéi han vé thoi gian, kinh nghiém va kién thirc, Capstone project
chic chin khéng tranh khoi nhimng thiéu sét. Kinh mong Thay C6 xem xét va dong gop

¥ kién dé nhom c6 thé hoan thién hon trong cic nghién ctru tiép theo.

Chtng em xin chan thanh cam on!

Sinh vién thuc hién

Nguyén Anh Khoi Nguyén Hitu Duy
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LOI CAM DOAN

Nhém em xin cam doan rang toan bo ndi dung cua dd an tét nghiép véi dé
tai “Nghién ciru mo phong hé théng phanh ABS dua trén xe co s& Hyundai Creta
2024” 1a két qua ciia qua trinh nghién ctru, tim hiéu va thuc hién nghiém tic cua
nhém em dudi sy hudng dan tan tinh cia PGS.TS. Pham Qudc Thai. Cac s6
liéu, hinh anh, m6 hinh va két qua mo phong trong dd an déu duoc thuc hién béng
phﬁn mém MATLAB/Simulink, Carsim va c6 st dung tai liéu tham khéao da dugc
liét ké & ph?m tai liéu tham khao. Nhom em hoan toan chiu trach nhiém vé tinh
trung thuc va nguyén ban ctia ndi dung dd an. Moi hanh vi sao chép hodc vi pham

ban quyén nhom xin hoan toan chiu trach nhiém trudc nha trudng va phap lut.

Nhom em xin chan thanh cam on!

Sinh vién thuc hién

Nguyén Anh Khoi Nguyén Hiru Duy
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DANH SACH CAC KY HIEU, CHU VIET TAT

ABS: Hé thong chdng bo cting phanh (Anti-lock Braking System).

EBD: Phén phéi lyc phanh dién tir (Electronic Brakeforce Distribution).

ECU: Pon vi diéu khién dién tt (Electronic Control Unit).

HCU: Pon vi diéu khién thuy lyc (Hydraulic Control Unit).

HECU: Pon vi diéu khién dién tir thuy luc (Hydraulic Electronic Control Unit).
LF: Banh trudc bén trai (Left Front).

LR: Banh sau bén trai (Left Rear).

NHTSA: Co quan an toan giao thong Qudc Gia (National Highway Traffic Safety
Administration).

SUV: Xe da dung thé thao (Sport Utility Vehicle).
WSS: Cam bién toc do banh xe (Wheel Speed Sensor).
PID: B6 diéu khién (Proportional Integral Derivative).
RF: Banh trudc bén phai (Right Front).

RR: Banh sau bén phai (Right Rear).
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Nghién ciru md phong hé thdnge phanh ABS dua trén co s& xe Hyundai Creta 2024

MO DAU

1. Ly do chon dé tai

Cudc cach mang cong nghiép 4.0 dd mang dén nhiéu bude tién 16n trong nganh
cong ngh¢ k¥ thuat 6 t6, dic biét 1a trong linh vuc cac hé théng an toan chu dong. Mot
trong nhitng hé théng quan trong va phd bién nhat hién nay 1a hé thdng chong bo cing
phanh (ABS) — cong nghé gitp nguoi l4i duy tri kha ning diéu khién xe trong cac tinh
hudng phanh gp, dic biét trén mat dudng tron truot hodc khi di chuyén ¢ toc do cao.

Trong bdi canh mat do xe ngay cang ting, hé thong ABS ngay cang trd thanh tiéu
chuan bét budc ¢ nhiéu qudc gia, trong d6 c6 Viét Nam. Hau hét cac nha san xuit 6 to
hién nay déu trang bi ABS cho cic dong xe thuong mai nhu mét yéu cau tbi thiéu vé an
toan.

Hyundai Creta 2024, mot mau SUV ¢& nhd phé bién tai thi truong Viét Nam, la
dai dién tiéu bicu cho dong xe hién dai duoc trang bi hé théng ABS. Véi thiét ké linh
hoat, tinh thyc tién cao va dugc trang bi cac cong ngh¢ an toan co ban, Creta 2024 1a lya
chon pht hop dé 1am d6i twong nghién ctru, mé phong va danh gia hiéu qua hoat dong
cua hé théng ABS trong diéu kién van hanh khac nhau.

Tt nhitng 1y do trén, nhém ching em chon dé tai:

“Nghién ciru md phéng hé thong phanh ABS dwa trén co s& xe Hyundai Creta
2024”
2. Muc tiéu dé tai
— Nghién ctru co s 1y thuyét vé hé thong phanh 6 to:
— Luyc va moémen phanh can thiét trén 6 to.
— Diéu kién phan bd lyc phanh tbi wu giita cac banh xe.
— Céc yéu t6 anh hudong dén hiéu qua va do on dinh khi phanh (van tdc, hé s bam,
tai trong, phan luc banh xe, hé s6 truot...).
— Nghién ctru ciu tao va nguyén 1y hoat dong cta hé théng ABS
— Thu thap va st dung thong sb k§ thuat thuc té ciia xe Hyundai Creta 2024, thiét
1ap vao mo hinh mé phong dé ting do chinh xéc.
— Thanh thao st dung phan mém CarSim va Matlab Simulink trong viéc mé phong
hé théng phanh.
— Thiét 1ap m6 hinh diéu khién hé théng ABS, thir nghiém va so sanh hiéu qua gitra
cac phuong phap diéu khién nhu On/Off va PID.
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Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

— Phan tich thém vai trd hd trg ctia hé théng EBD nhu mét phan mé rong, gitp cai
thién kha ning phan b luc phanh va ting hiéu qua cta hé théng ABS trong mot
s6 tinh hudng nhat dinh.
3. Pham vi va déi twong nghién ciru

Noi dung nghién ctru duoc thuce hién hoan toan bing mé phong trén phan mém
Matlab Simulink va CarSim, véi dit liu dau vao duoc 1ay tir thong sé k§y thuat cua xe
Hyundai Creta 2024. Do han ché vé kinh phi, thiét bi va diéu kién thuc nghi¢m, nhoém
chua thé kiém ching mé hinh trén xe thuc té. Tuy nhién, mé hinh mé phong van dam
bao d6 tin ciy trong viéc danh gia kha ning hoat dong va hiéu qua cua hé théng ABS
trong cac diéu kién van hanh khac nhau.
4. Phwong phap nghién ctiru

Tong hop va phan tich tai lidu tir cic ngudn chinh thdng trong va ngoai nudc lién
quan dén hé théng phanh, dac biét 1a ABS va cac thuat toan diéu khién.
Xay dung mo6 hinh mé phong hé thong ABS trén phan mém Matlab Simulink két hop
v6i CarSim dé mo phong diéu kién van hanh thuc té.

Ap dung cac phuong phap diéu khién (On/Off, PID) va dénh gia hiéu qua thong
qua cic chi tiéu nhu quing dudng phanh, d6 trugt banh xe, ap suat phanh, v.v.
Phan tich b sung vai tro cua EBD nhu mot phén mo rong hd tro cho ABS, nham hiéu
1& hon vé kha niang phdi hop phan phdi luc phanh trong diéu kién tai trong hodc mat
duong thay doi.
5. Céu tric Capstone project

Capstone project duoc trinh bay theo bd cuc gdm phan mé dau, phan két thuc va
4 chuong chinh nhu sau:

— Chuong 1: Téng quan vé hé thong phanh trén 6 o

— Chuong 2: Téng quan vé xe Hyundai Creta 2024

— Chuong 3: Co s 1y thuyét vé hé thong phanh

— Chuong 4: Xay dung md hinh mé phong hé thong ABS trén phan mém Carsim

va Simulink
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Nghién ciru md phong hé thdnge phanh ABS dua trén co s& xe Hyundai Creta 2024

Chuong 1: TONG QUAN VE HE THONG PHANH TREN O TO

1.1. Cong dung, yéu ciu va phan loai hé thong phanh

1.1.1. Céng dung déi véi hé thong phanh

Hé théng phanh 13 mot trong nhitng bd phan quan trong nhét trén 6 t6, dong vai

tro quyét dinh dén su an toan khi van hanh. Coéng dung chinh cta hé thong phanh bao

gom:

Giam toc do hodc ding xe hoan toan trong moi diéu kién van hanh.

Duy tri tbc do an toan khi xe di chuyén xubng ddc dai.

Giir xe dirg yén khi d6 xe, dic biét trén cac doan duong nghiéng.

HO tro diéu khién hudng 1ai khi phanh, thong qua phan b lyc phanh hop 1y gitra
cac banh xe.

Go6p phan dam bao 6n dinh va an toan chuyén dong, dic biét khi phanh gap hoic
trong diéu kién dudng tron truot.

1.1.2. Yéu cau doi vdi hé thong phanh

Dé dam bao hiéu qua hoat dong va an toan, hé thong phanh can dép ung cac yéu

cau k¥ thuat sau:

C6 hiéu qua phanh cao nhat & tat ca cac banh xe nghia 1a dam bao quing duong
phanh ngan nhat khi phanh dot ngot trong truong hop nguy hiém;

Phanh ém diju trong bat ki moi trudng hop dé dam bao sy 6n dinh cua 6t6 khi
phanh;

Diéu khién nhe nhang, nghia 1a lyc tac dung 1én ban dap hay don diéu khién
khong 16n;

Dan dong phanh phai c¢6 d6 nhay cao va phai c6 hai dong doc 1ap ddi v6i phanh
chinh;

Phén bd m6 men phanh phai hop 1y dé dam bao tan dung téi da trong lugng bam
tai cac banh xe va khong xay ra hién tuong truot 1ét khi phanh;

Khong c6 hién tuong tu xiét khi phanh;

Co ciu phanh thoat nhiét tdt;

Gilr duogc ti I¢ thuan gitra lyc trén ban dap hodc don diéu khién - véi luc phanh
trén banh xe;

C6 hé s6 ma sat giita phan quay va ma phanh cao va 6n dinh trong diéu kién str

dung;
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Nghién ciru md phong hé thdnge phanh ABS dua trén co s& xe Hyundai Creta 2024

1.1.3. Phén logi hé thong phanh

a. Theo chirc nang

Phanh Iam viéc (phanh chinh): Pugc str dung thuong xuyén khi xe dang di
chuyén, do nguoi 141 diéu khién théng qua ban dap phanh. Hé théng nay c6 nhiém
vu giam tdc do hoic ding xe trong qua trinh van hanh. Pay 1a hé théng quan
trong nhét va bat budc phai c6 trén moi loai xe.

Phanh dung (phanh tay): Co6 chirc nang gitt xe dirng yén khi xe da durng, dac biét
khi @ xe trén duong dbc. Phanh tay thuong tac dong 1én banh sau va duge diéu
khién bang tay (can kéo) hodc bang nut nhan dién tir.

Phanh khan cip (phanh du phong): La hé thong thay thé tam thoi cho phanh chinh
trong truong hop phanh chinh bi hong. Thuong st dung chung véi phanh tay
hoic tich hop trong hé théng phanh chinh véi bo diéu khién riéng biét.

b. Theo déin ddng phanh

Phanh dan dong co khi: Truyén lyc bang cic co cau don ganh, diy cap, thanh
kéo. It duoc str dung 1am phanh chinh do hiéu qua thap, nhung van pho bién &
phanh tay.

Phanh dan dong thuty lyc: Str dung dau phanh dé truyén ap suat tir xy-lanh chinh
dén cac xy-lanh banh xe. Pay 1a phwong phap dan dong pho bién nhat trén 6 to
con.

Phanh din dong khi nén: Dung ap suat khi nén truyén dong tir may nén dén cac
bau phanh. Pugc str dung cha yéu trén xe tai, xe buyt do ¢6 kha ning tao lyc 16n.
Phanh dién — thuy luc / dién — khi nén: Két hop tin hiéu dién tir voi dan dong thiy
Iuc hodc khi nén, thuong co mit trong cac hé thong phanh thong minh nhu ABS,
EBD, ESP, hay phanh diéu khién dién tir (EBS).

c. Theo co cdu phanh

Phanh tang trong: Gudc phanh ép vao bén trong tang trong quay theo banh xe.
C6 cau tao don gian, gid thanh thip nhung tan nhiét kém hon phanh dia. Van
duoc dung pho bién ¢ banh sau 6 t6 ¢& nho.

Phanh dia: M4 phanh kep chit vao dia phanh gan trén moay-o banh xe. Hiéu qua
cao, tan nhiét tot, kha nang phanh on dinh & tde do cao. Ngay nay, hau hét cac xe
con déu str dung phanh dia ¢ banh trudc hoic ca bon banh.

Phanh khi xa / phanh dong co: Pugc sir dung trén xe tai, xe buyt. Tac dong 1én
hé théng x4 hodc dung lyc ham cua dong co dé hd tro giam tbc ma khong tac
dong 1én ma phanh, giup tiét kiém ma phanh.
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Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

— Phanh tai sinh (6 xe dién, hybrid): Chuyén d6i dong ning thanh dién ning dé sac
lai pin khi giam toc, vira gitip giam toc do vira tiét kiém nang luong.
1.2. C4u tao chung ciia hé théng phanh
Hé thdng phanh 6 t6 thuong dugc cau tao tir nhidu bd phan khac nhau, lién két
thanh mot hé thong tong thé nham thyc hién chirc nang giam tdc, ding xe hodc giit xe

dung yén. Cau tao co ban ctia hé théng phanh nhu (hinh 1.1):

_ 4 6
3 3 2 23 i —
P Vi |
{ 4,‘."‘.‘ |
;‘JQM 4 V'»f 3 / 2
Y e A
( /:.:.)" 4{#\"‘ 3 ’/(9
RS B '
S Vs \‘a_ ]
7/ 5 ‘/"‘
Z s

Hinh 1.1: Hé thong phanh trén 6 t6

1. Xi-lanh chinh; 2.Diéu khién dién tu; 3.Bau tro luc, 4.Ban dap phanh; 5. Can phanh
tay, 6.Cum phanh sau, 7.Cum phanh truoc.
1.2.1. Co cdu diéu khién phanh

Day 12 bd phan noi nguoi 1ai tic dong truc tiép dé tao ra lyc phanh nhim lam
giam tdc d6 hodc ding chuyén dong cua xe. Hé théng ndy bao gdm cac thanh phan co
khi va dién t phdi hop hoat dong dé dam bao phan tng nhanh chong va chinh xac trong
qua trinh phanh. Thanh phan chinh dau tién 1a ban dap phanh, day 1a chi tiét ma nguoi
14i dung chan tac dong luc 1én. Luc tac dong tir chan nguoi lai s& duoc truyén qua cac
co cau lién két co hoc dén hé théng din dong phanh, tir d6 kich hoat qua trinh phanh co
ban.

Ngoai ra, h¢ théng con duogc tich hop cac cam bién dién tir hién dai nhim nang
cao kha nang kiém so4t va an toan khi van hanh. Cu thé, cam bién hanh trinh (hodc con
g0i 14 cam bién vi tri ban dap phanh) sé& theo di mirc dd nhan ban dap phanh, trong khi
cam bién ap suat s& giam sat ap suat tao ra trong hé théng phanh thity Iyrc. Cac tin hiéu
tlr cac cam bién nay s€ dugc gui dén bo diéu khién dién tir trung tam (ECU), tor d6 dua
ra cac lénh diéu khién phi hop dé hd trg phanh nhu: hé théng chéng bo cting phanh
(ABS), hé théng can béng dién t (ESP), h¢ théng hd trg luc phanh khéan cép (BA), va

nhiéu hé thong an toan khéc.
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Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

Tong the, co cau diéu khién phanh dong vai trd vo cung quan trong trong viéc
dam bdo sy an toan, 6n dinh va hi€u qua khi van hanh xe, dac biét trong cac tinh huong

can phan tmg nhanh nhu phanh gip hoic phanh trén mit dudng tron truot.

Hinh 1.2: C4u tao ban dap phanh

1. Bu I6ng;2. Gid bdt; 3. Cong tic phanh;4. Lo xo hoi;5. Ban dap phanh va co cau don
bay; 6. Piéu chinh céng tic phanh; 7. Diéu chinh dé cao ciia ban dap.

1.2.2. Bau trg lwc phanh

Bau tro luc phanh 1a mdt bo phan khong thé thiéu trong hé théng phanh cua 6 t6
hién dai, dong vai tro hd tro ngudi 1ai khi thyc hién thao tac phanh bang cach khuéch
dai luc dap ban dap phanh. Thiét bj nay thudng duogc lap dit ¢ vi tri trung gian gitta ban
dap phanh va xy lanh tong (master cylinder), giup giam b6t dang ké cong strc ma ngudi
1ai can bo ra dé tao ra hiéu qua phanh mong muén.

Nguyén 1y hoat dong ctia bau trg lyc phanh thudng dwa trén viée st dung chan
khong duoc tao ra tir dudng ong nap khi cua dong co hodc bom chan khéng chuyén
dung. Khi ngudi l4i dap phanh, mot van bén trong bau tro luc s& mé ra, cho phép ap suit
khi quyén tac dong 1én mot phia ciia mang chin trong bau, trong khi phia con lai giir
nguyén ap sudt chan khong. Sy chénh 1éch ap suit ndy s& tao ra mot luc 16n tac dong 1én
pit-tong trong xy lanh tong, giup truyén lyc phanh dén cac banh xe ma khong can nguoi
lai phai dung nhiéu Iyc.

Két qua 13, thao tdc dap phanh tré nén nhe nhang va nhanh nhay hon, dac biét
trong cac tinh hudng can ding xe gip hodc khi xe chd tai ning. Bau trg luc phanh gop
phan dang ké trong viéc nang cao su thoai mai va an toan khi 1ai xe, dong thoi lam ting
d6 bén clia céc chi tiét co khi lién quan bang cach giam tai trong tac dong tir ngudi didu
khién.
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Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

1.0ng dan khi; 2. Ong néi; 3. Thanh day thiy lyc; 4. Pia phan luc; 5. Van chdn
khong; 6. Van khi; 7. Lo xo van dieu khién: 8. Van diéu khién: 9. Lo xo van héi khi:
10. Loc khi; 11. Vo boc; 12. Can dcfy; 13. Van diéu khién; 14. Van khi; 15. Phét than
tro luc; 16. Bulong M12; 17. T am thép ham van; 18. Than sau tro luc; 19. Dia do
mang,; 20. Mang tro lyc; 21. Than truoc tro luc, 22. Lo xo mang tro lyc; 23. Vanh twa
lo xo mang.

Nho ¢ bau tro luc, nguoi lai co thé dé dang kiém soat toc do va dirng xe mot
cach hiéu qua, ké ca khi chi can dung mot lyc nho dé tic dong 1én ban dap phanh. Day
12 mot cai tién quan trong gitip nang cao trai nghiém lai xe, dong thoi hd tro tich cuc cho
cac hé thdng phanh hién dai nhu ABS hay hé thong phanh dién tir.

1.2.3. Phanh dirng

Phanh dimg duoc ding dé dimg (dd xe) trén dudong doc hoic duong bang. Noi
chung hé thong phanh nay dugc sit dung trong truong hop 6t6 dung yén, khong di
chuyén trén cac loai duong khac nhau.

V& ciu tao phanh dirng ciing c6 hai bd phan chinh d6 14 co ciu phanh va din dong
phanh.

Co céu phanh c6 thé bd tri két hop véi co cau phanh ciia cic banh xe phia sau
hodc bd tri trén tryc ra cta hop $0.

Dan dong phanh cta hé thong phanh dimg hau hét 1a din dong co khi duoc bd tri
va hoat dong doc 1ap voi dan dong phanh chinh va duogc diéu khién béng tay, vi vdy con

goi la phanh tay.
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1.2.4. Dédn dpng phanh
a. Déin déng phanh bang co khi
Hé théng phanh din dong co khi c¢6 wu diém két cau don gian nhung khong tao
dugc momen phanh 16n do han ché lyc diéu khién cua nguoi lai, thuong chi st dung &
co cau phanh dirng (phanh tay).
b. Dén déng phanh bang thity lyc
Dan dong phanh bang thity luc tirc 13 dung chat 1ong dé tao va truyén ap sudt dén
cac xi lanh cong tac ciia co cau phanh dé tao lyc ép ma phanh vao trong\dia phanh.
Dan dong béng thuy luc c6 dac diém la do nhay cao, két cAu don gian nhung néu khong
¢ cuong hoa din dong lyc ngudi 1ai can dé diéu khién phanh 16n hon so véi dan dong
bang khi nén. Vi vay hé thong phanh din dong thuy luc thudng dugc st dung trén 60
du lich hoac 6t6 tai nho.
O phanh dau lyc tac dung tir ban dap 1én co cau phanh qua chit 16ng (chat 1ong
duogc coi nhu khong dan hoi khi ép).
Céu tao chung cta hé thong phanh din dong bang thuy lyc bao gém: ban dap
phanh, xi lanh chinh (tong phanh), cac dng dan, cac xi lanh cong tac (xi lanh banh xe).
Trong hé thong phanh dan dong phanh bang thuy lyc tuy theo so dd cia mach
dan dong nguoi ta chia ra dan dong mot dong va dan dong hai dong.
— DAn dong mot dong (hinh 1.5)

Hinh 1.4. So d0 cu tao hé thong phanh dau din dong 1 dong.
1. Xilanh con; 2. Téng phanh; 3. Ban dap phanh; 4. Puong dan dau.

Dan dong mot dong c6 nghia 13 tir dau ra cua xi lanh chinh chi c6 mét dudng dau
duy nhét din dén tit ca cac xi lanh cong tac clia cac banh xe. Dan dong mot dong co két
ciu don gian nhung d6 an toan khong cao. Vi mét Iy do nao d6, bt ky mot dudng éng
dan dau nao dén cac xi lanh banh xe bj 10 ri thi dau trong hé thdng bj mat ap suat va tat
ca cac banh xe déu bi mat phanh.

Vi vay trong thuc té nguoi ta hay st dung dan dong thuy luc hai dong.
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— Dan dong hai dong (hinh 1.6)
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Hinh 1.5. So d6 hé théng dan dong thuy luc
1. Dia phanh truée; 2. Xy lanh phanh; 3. Bau tro lyc; 4. Ban dap phanh; 5. Dia
phanh sau bx; 6. Cam bién téc do banh xe; 7. Puong dau sau; 8. Bo chcfp hanh ABS;

9. Puong dau truée bx; 10. Cam bién téc do banh xe

Dan dong hai dong c6 nghia 1a tir dau ra cta xi lanh chinh c¢6 hai dudng dau doc
lap dan dén cac banh xe cua 6t6. Dé co hai dau ra doc 1ap nguoi ta co thé st dung mot
xi lanh chinh don két hop v&i mot bo chia dong hodc sir dung xi lanh chinh kép (loai
"tang dem").

1.2.5. Co ciu phanh tai banh xe

Co cau phanh tai banh xe 1a by phan truc tiép tao luc ma sat dé lam giam hoac
dirng chuyén dong quay cta banh xe. Pay 13 noi chuyén doi ning luong co hoc thanh
nhiét ning, dong vai tro quan trong nhat trong viéc dam bao hiéu qua phanh ciia toan hé
théng.

Co cau phanh duoc lap dit tai ting banh xe, thuong két hop v6i hé thong dan
dong (thuy luc, khi nén...) dé tao ap suat phanh. C6 hai loai co cau phanh phd bién nhat
hién nay:

a. Co cdu phanh tang trong
La loai phanh truyén thdng, van dugc st dung rong rdi & banh sau xe con, xe tai
nhe va phanh tay, nhd vu diém vé gia thanh va kha ning tu ting lyc.
—  Gubc phanh dugc dit bén trong tang tréng quay theo banh xe.
— Khi phanh, gudc phanh bung ra ép vao tang trdng, tao ma sat va hdm banh xe.
— Két céu kin giup han ché bui ban, nhung tan nhiét kém va hiéu sut giam khi

phanh lién tuc.
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b. Co cdu phanh dia
Puoc st dung rong rdi & banh trude va xe doi maéi, dac biét cac xe co tdc do cao
hodc yéu cau hiéu suat phanh 6n dinh.
— GOm dia phanh gén vao moay-o, ma phanh kep hai bén dia, va cum heo dau.
— Khi phanh, m4 phanh ép vao hai mat dia, tao ra lyc ma sat lam gidm tdc do quay.
— Tan nhiét tét, d6 nhay cao, dé bao dudng, nhung khéng cé tinh ty ting lyc nhu
phanh tang tréng.
1.2.6. Bé chong ham cirng binh xe khi phanh ABS
Trong qua trinh phanh xe, néu cac banh xe bj truot 1ét thi kha ning bam duong
ctia banh xe giam rat nhiéu so v6i kha ning bam khi banh xe ¢ gi6i han truot 1ét nén
hiéu qua phanh giam nhiéu. Mit khac, khi banh xe bi truot 1t thi mat kha nang diéu
khién huéng chuyén dong ciia xe nén chat lugng phanh giam.
B6 ABS thuc hién diéu chinh ap suit ra cac co ciu phanh cuia cac banh xe theo
dé truot cia cac banh xe khi phanh, ddm bao diéu chinh chinh x4c dé banh xe khong bi
truot khi phanh do d6 nang cao dugc hiéu quéa va chat lugng phanh xe. Hién nay & cac

nudc tién tién chi cho phép nhép cac loai 6 to ¢ lap dat bo ABS.

Kha n3ng kiém soat Phanh & doan ngan

ABS No ABS ABS

ABS No ABS

Hinh 1.6. Xe 6 t6 khi c¢6 va khong c6 bo chdng him ctng banh xe ABS
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Chuong 2: TONG QUAN VE XE HYUNDAI CRETA 2024

2.1. Gidi thiéu chung

Hyundai Creta 2024 1a mau SUV ¢& nho ndi bat cua hiang Hyundai, duoc thiét ké
huéng dén nhu cau di chuyén d6 thi va gia dinh. Phién ban méi nhat duoc phan phdi tai
nhiéu thi truong chau A, trong d6 c6 Viét Nam, véi nhiéu cai tién vé thiét ké ngoai that,
trang bi noi that va dic biét 13 hé thong an toan. [13]

Véi kich thudc gon gang, khoang sang gam xe cao va hé théng treo linh hoat,
Creta 2024 mang lai kha nang van hanh 6n dinh & nhiéu diéu kién mit duong khac nhau.
Xe duoc trang bj dong co Smartstream 1.5L, két hop hop sd vo cap iVT gitp t6i wu hoa
hiéu sut nhién liéu va mang lai trai nghiém lai muot ma.

Pang chu y, Hyundai Creta 2024 dugc tich hop nhiéu cong nghé hd trg an toan
hién dai nhu hé thdng can bang dién tir (ESC), hd tro khoi hanh ngang déc (HAC), kiém
soat luc kéo (TCS) va dic biét 1a hé théng chdng bé cting phanh (ABS) — mot yéu td
then chét trong viéc dam bao an toan khi phanh gip hoic trong diéu kién mit dudng
tron truot.

Viéc lya chon Hyundai Creta 2024 lam ddi tugng nghién ctru trong tiéu luan
khong chi phii hop véi xu hudng phat trién cua cac dong xe hién dai ma con tao diéu
kién thun loi dé phan tich va danh gia hiéu qua hoat dong cta hé théng phanh ABS

trong moi truong van hanh thye té.

Hinh 2.1 Xe 6 t6 Hyundai Creta 2024
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2.2. Thong s6 k¥ thut xe
Bdng 2.1. Cdc théng sé ky thudt xe Hyundai Creta 2024

bong co 1.5L, 14, Xang, hut khi ty nhién
Cong sut (Hp/rpm) - kW 115/6300 — 84.6 kW
M6 men xoian (Nm/rpm) 144/4500
Hop sb Tu dong vo cp thong minh iVT
Hé dan dong FWD
Dai x Rong x Cao (mm) 4315 x 1790 x 1660
Chicu dai co s¢ (mm) 2610
Khoang sang gam xe (mm) 200
Trong luong khong tai (kg) 1250
He théng phanh Phanh dia truéc & sau, c6 ABS/EBD
Chiéu rong co so trude/sau (mm) 1550/ 1567
Lép xe 215/60 R17
Phén bd tai trong trudc/sau (khong tai) 60/40
%
Hé théng treo trudc McPherson
Hé théng treo sau Thanh xoén ban doc lap
SVTH: Nguyén Anh Khoi GVHD: PGS.TS. Pham Quéc Thai 12
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Chuwong 3: CO SO LY THUYET VE HE THONG PHANH

3.1. Tong quan vé Iy thuyét phanh 6 to
3.1.1. Lwc phanh va momen phanh can thiét trén é t6

3.1.1.1. Lwc phanh va cac momen tdac dung lén banh xe khi phanh

Hinh 3.1. So d6 lyc va momen tac dung 1én banh xe khi phanh
Khi nguoi 14i xe dap ban dap phanh, ciing lac thoi diém dé cac cum co cau phanh
tao ra mdt momen ma sat con dugc goi 1a momen phanh (M,), & diém tiép xuc giita mit
duong va banh xe xuét hién lyc phanh (F,) ngugc véi chiéu chuyén dong cia xe 6 t6.
Luc phanh luc nay dugc tinh theo cong thirc dudi day: [1]
My
F,=— (3.1)
T'p
Trong do:
M,: Momen phanh tdc dung 1én banh xe.
Fp: Luc phanh tac dung tai diém tiép xtc gitta mit duong va banh xe
1p: Béan kinh tinh toan cua banh xe.
Ta théy dugc M, ti 1€ thuan véi Fp,, nhung luc phanh cyc dai bi gidi han béi diéu
kién bam gilta banh xe vé1 méat duong theo cong thirc:
Fomax =Fp=Zp X @ (3.2)
Trong do:
Fy: Luc bam doc gitra mat duong voi banh xe.
Zy: Phan lyc phap tuyén tac dung 1én banh xe.
¢: He s6 bam doc gitra mat duong vdi banh xe.
Khi phanh, momen quén tinh Mj, vda momen céan lan Mt cling tdc dung lén banh

xe ciing v6i momen phanh. Do d6 Iyc him tong cong tac dung 1én banh xe s& la:
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Py = F, - M0 (3.3)
)

Trong qué trinh phanh, khi momen phanh ting, luc phanh ciing ting theo, va dén
mot thoi diém nao d6, lyc phanh s& dat dén muc toi da. Khi d6, banh xe c6 thé bat dau
truot 1ét, khién hiéu suat phanh giam di do hé sé bam (¢) giam xudng mirc t6i thiéu
(pmin). Bic biét, néu truot 16t xay ra ¢ banh xe trudc, tinh kha nang kiém soat cua xe s&
giam di dang ké, con & banh xe sau, tinh 6n dinh cia xe cling bi anh hudng do su trugt
1ét, dan dén kha nang truot ngang khi c¢6 luc nho tac dong lén xe. Su truot 1ét nay khong
chi lam giam hiéu suit phanh ma con lam ting d6 mon cua 16p, déng thoi giy ra hién
tugng trugt doc va anh hudng xdu dén tinh on dinh ngang cua xe.
3.1.1.2. Lwc phanh é t6 va diéu kién dam bdo phanh t6i wu

a) Luc phanh 6 t6
Nhitng lyc tac dung Ién xe 6 t6 khi dang phanh: [1]
— Trong luong cua 0 t6 (G).
— Luc can lan cua cac banh xe trude va banh xe sau (Fr va Fp).
— Phan lyc thang goc tac dung 18n cc banh xe trudc va sau (Z1 va Z»).
— Luc phanh ¢ cac banh xe trude va sau (Fp1 va Fpo).
— Luc can khong khi (Fo).
— Luyc quan tinh F; do khi phanh c6 gia tbc cham dan.
L

n b

I

Hinh 3.2. Céc lyc tdc dung 1én 6 t6 khi phanh

Luc Fj nay dugc x4c dinh theo biéu thirc sau:
G

Fj =7 %Jr (3.4)

Trong do:
g: Gia tdc trong truong.
jp: Gia tc cham dan khi phanh.

B0 qua sai sb cua lyc can khong khi va luc can 1an khi phanh vi khong dang ké.

SVTH: Nguyén Anh Khoi GVHD: PGS.TS. Pham Qudc Thai 14
Nguyén Hiru Duy



Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

Xét can bang momen cia cac luc tac dung 1én xe lic phanh tai diém E, F. Phan

luc thang goc tac dung 1€n mo1 banh xe cau trude va banh xe cau sau la:

7 = Gb+FiXhy _ (3.5)
1 L 1
2 L 2

Trong do:

a, b, hg: Toa d0 trong tdm cua 6 t0.

G1, G2: Tai trong tac dung 1én cac banh xe khi phanh.
Thay F; ¢ biéu thire (2.4) vao Z; va Z, ta dugc:

Z1=Z1 X mip = Gt X mip (37)
Ly =Zy X Mmyp = Gyt X mpp (38)
Trong do:
Gb Ga
AT T;ZZt = T
Jp X hg X h
m1p=1+ s Map = _]p g
g ga
Voi:

Z1t, Zo: Phan luc phap tuyén tac dung 1én banh xe & hai cau trén mat phang
ngang.

mip, map: Hé s6 thay doi tai trong khi phanh (cau trude va sau).

Git, Gar: Téi trong tinh tac dung 1€n banh xe ¢ hai cau trude va cau sau.

Céc lyc phanh sinh ra ¢ ban xe cau trudc va cau sau la:

F =F =2¢@=S@+/"9y, (3.9)
rl el 1 L g
F =F =Zqo=g(a—]phg)(p (3.10)
p2 @2 2 L g

Pé tan dung hét trong lugng bam cua 6 t6 thi co cau phanh dugc b tri & tat ca
céc banh xe va luc phanh 16n nhat la:
Fpmax = G (3.11)
b) Piéu kién dam bao cho phanh tdi uu
Phanh tbi wu dé cap dén viec qué trinh phanh dat dugc hi¢u suét cao nhat, tirc 1a
quing dudng phanh, thoi gian phanh va gia toc phanh déu duoc giam xudng mirc thap

nhéat co thé.
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Pé dam bao hiéu suét phanh cao nhat, lyc phanh can ti 1é thuén véi tai trong cla
xe. Tuy nhién, tai trong trén cac banh xe c6 thé bién dbi do sy anh hudéng cia lyc quan
tinh F;.

bé qué trinh phanh dat hi¢u suét cao nhét, ti 18 luc phanh & cac banh xe trudc va
sau can tuan theo mot sé diéu kién cu thé: [1]

Fpi _@Zy Z; _Gb+Fjhy

(3.12)
FpZ (pZZ Zz Ga—thg
Bo qua lyc can Fr va Fp khi phanh vi khong dang ké, ta co:
Fj = Fpl + FpZ; ijax = Fpmax =Go (3.13)
Thay Fjmax vao cong thirc (2.12), ta suy ra duoc:
Foo _b+ohy (3.14)
Fp2  a— @h,

Biéu thirc (3.14) 1a diéu kién can thiét ¢é dam bao qua trinh phanh dat hiéu qua
cao nht.

Tuy nhién, khi phanh véi cac toa do trong tam (a, b, hg) va hé s6 bam doc ¢ ludn
thay d6i, biéu thirc nay ciing thay d6i theo. Pé dam bao diéu nay, momen phanh My va
M2 phéi diéu chinh, va diéu nay chi c¢6 thé thuc hién bang cach diéu chinh ap suat dau
trong cac xi lanh cua cac banh xe.

Trong cac hé théng phanh thong thuong, viéc diéu chinh ap suat nay khong tu
dong xay ra. Khi tai xé dap phanh manh, sau mot khoang thoi gian ngan trong qua trinh
phanh, tai trong trén cac banh xe c6 thé thay d6i, ddn dén luc bam F,1 ting va Fyo giam.
Két qua 13 Fpi< Fo1 va Fyo> Fg2, 1am cho banh xe cau sau truot 16t va him cting. Trong
tinh hudng nay, chi can mot luc ngang nho tac dong 1én xe 1a cau sau co thé trugt ngang,
lam giam d6 6n dinh va ting nguy co lat d cua xe.

Dé ngin chin tinh trang nay, hé théng ABS (Hé théng chéng phanh bo ctng) va
hé théng EBD (Phan phéi luc phanh dién tir) dugc phét trién dé tu dong diéu chinh ap
suat dan dong dén cac co cau phanh. Nho d6, Iyc phanh dugc diéu chinh sao cho phu
hop vé6i diéu kién cu thé, giup dam bao hidu qua va an toan trong qua trinh phanh.
3.1.1.3. Phin bé lwc phanh va momen ciia xe  té khi phanh

Xét theo cong thirc (3.14), néu gia sir ban kinh cua cac banh xe 1 rv1 va 1 déu

nhu nhau, ta c6 thé biéu dién quan hé giita momen phanh & cac banh xe khi phanh nhu

sau:
My, _ sz?”bz= Fp (3.15)
My Fpirpr Fpr
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Két hop céc cong thirc (3.14) va (3.15) ta c6 ty s6 sau:
MpZ — a— (Phg

(3.16)
My, b+ @hy

Voi:
M,1 va Mp2 1a cdc momen phanh sinh ra ¢ cac banh xe trudc va banh xe sau.
Nhu vay, khi cac momen phanh & cac banh xe ma théa man biéu thirc (2.16) thi
hiéu qua phanh s& 1 t6t nhat.
Momen phanh sinh ra & cac banh xe co thé xéac dinh tir diéu kién bam:

M =¢Zr = kb +on) (3.17)
pl 1b 7 g

Mp2 = (pZZrb = GT_;QD (a — (phg) (3.18)

Di voi 6 t6 ¢6 tai trong khong ddi, cac tham sé nhur a, b, hy ciing khong thay doi.
Tuy nhién, su thay ddi cua hé s6 bam doc ¢ co thé duoc mo ta béng biéu thurc (3.17) va
(3.18). Dua trén nhitng biéu thic ndy, ching ta c6 thé v& dd thi Mp1=fi(¢) va Mp=(¢)
nhu sau:

A M

P

> Q
Hinh 3.3. D6 thi biéu dién mdi quan hé giita momen phanh véi hé s6 bam
Trong do:
— Duong nét lién twong tng voi 6 t6 day tai
— DPuong nét dut tuong ung vai 6 t6 khong tai.
Tir hinh 3.3 ¢6 thé v& d6 thi vé mbi quan hé giita momen phanh & cac banh xe cau trudc

va cac banh xe cau sau.
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M A

> Mg

Hinh 3.4. Buong dic tinh phanh 1y tuéng cua 6 t6
Chil thich: 1 — Pay tdi; 2 — Khéng tdi

Trong cac 6 to hién dai, thudng st dung hé théng dan dong phanh bang thuy luc
hodc khi nén. Quan hé giira momen phanh sinh ra & banh xe va ap suét trong hé thong
dan dong phanh thuong dugc biéu dién nhu sau: [5]

Mp1 = kip1aa (3.19)
Mp; = kap244 (3.20)

Trong do:

Didd, P2da: Ap suét trong dan dong phanh ctia co cau phanh trude va sau.
k1, ko: Heé s6 ti 16 twong Gmg v6i phanh trudc va sau.

Ttr 2 biéu thie (3.19) va (3.20) c¢6 thé xac dinh quan hé giita 4p suét trong dan
dong phanh trudc va sau la:

P2daa k1M,
Piad  KaMp

(3.21)

Do d6, dé dam bao qua trinh phanh dién ra hiéu qua, quan hé giita 4p suét trong
hé thdng phanh cin phai tuan theo d6 thi dwgc mo ta trén hinh 3.5. Py duoc coi la
duong déc tinh ly tuong trong diéu hoa luc phanh. Tuy nhién, dé dat duoc duong dac
tinh ndy, b diéu hoa luc phanh phai co ciu trac kha phirc tap. Trong thuc té, cac thiét

ké thuong chi twong dbi gan dang véi duong dic tinh 1y tudng nay.

SVTH: Nguyén Anh Khoi GVHD: PGS.TS. Pham Qudc Thai 18
Nguyén Hiru Duy



Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

P2 ,

0 » PI

>

Hinh 3.5. D6 thi biéu dién quan hé giita ap suit trong dan dong phanh trudc va sau
Chil thich: 1 — Pay tdi; 2 — Khéng tdi

3.1.1.4. Momen phanh cén thiét tai cdc co cidu phanh

Momen phanh tao ra tir cic co cdu phanh cta 6 t6 can dam bao ring xe giam tdc
d6 hodc dimg hoan toan véi mot gia toc cham dan nam trong khoang cho phép. Ngoai
ra, cling can dam bao rang xe c6 thé giir dimg & doc, nhur trong trudng hgp momen phanh
duogc tao ra tur phanh tay.

Luc phanh 16n nhit ma co thé tac dong 1én banh xe khi phanh trén mit dudng

nam ngang do1 vdi cau trude co thé duge biéu dién nhu sau:[2]

Fo=0tm o=0bm (322)
r1 2 Ip 2] 1P
O cau sau:
_ Gt Ga
FpZ _7m2p§0: szp(p (3.23)
Céc hé s6 mip va mop cho truong hop phanh vai cuong d6 16n nhét (jp = jpmax) s&
la:
jmaxhg (p’h
my, =1+ =1+ (3.24)
gb b
jmaxhg (p’h
My, =1 — =1-_9 (3.25)
ga a
Trong do:
jmax: Gia tbc cham dan cuc dai khi phanh.
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_ Jmax

©’: Heé s6 dic trung cho cuong d6 phanh (¢ ='"%).
g

D61 véi 6 to, co cau phanh (chan) dugce thiét ké ¢ tat ca cac banh xe, di€u nay co
nghia 12 mdi banh xe déu c¢6 co cau phanh riéng. Do d6, momen phanh can dugc sinh ra

tor moOi co cau phanh ¢ cau trude co6 thé duge tinh toan nhu sau:

M = &m Qor = i (b+ ¢@'h )or (3.26)
prl 2 Ip b 2 g b
O ciu sau 1a:
Gy G ,
M,, = 7m2p Qry = oL (a—@hy)orp (3.27)

Khi thyc hién tinh toan, chung ta c6 thé Iya chon hé s6 bam doc ¢’ trong khoang
tir 0,4 dén 0,5 cho bé mit duong kho va hé s6 bam doc ¢ trong khoan tir 0,7 dén 0,8 cho
bé mat duong udt.

Xét vé két cau cua phanh gudc, momen phanh My va My, duoc tinh toan nhu
sau:

My =My + M7 (3.28)
My, = M'py + M7, (3.29)

Trong do:
M’p1, M”51: Momen phanh sinh ra & ma phanh truéc va sau cia mdi co
cAu phanh & cau trudc.
M’p2, M”p2: Momen phanh sinh ra & méa phanh truéc va sau ctia moi co
cAu phanh ¢ cau sau.
3.1.2. Cac chi tiéu danh gia hiéu qud phanh
3.1.2.1. Gia téc chdm dén khi phanh
Day 1a mot trong nhitng yéu cau can thiét dé danh gia hiéu qua cta hé thong
phanh ctia 6 t6. Phuong trinh can bang luc kéo khi phanh ¢6 thé dugc biéu dién nhu sau:
Fi=F,+Ff+F,+F,tF, (3.30)
Trong do:
Fj: Luc quan tinh khi phanh.
Fp: Luc phanh & céc banh xe.
Fr: Luc can lan.
Fo: Luc can khong khi.
F,: Luc dé thang tiéu hao cho ma sat co khi.
Fi: Luc can lén déc.
Bo qua céc luc can nhé va khong dang ké, khi phanh trén mat phang ngang, ching

ta c6 thé biéu dién phuong trinh sau:
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Fi=F, (3.31)
Luc phanh cuc dai dugc xac dinh dya trén diéu kién bam va c6 cong thuc nhu
sau:
Fpmax = Go
Tuong duong:
G
Si Ejpmax = Go (3.32)
Trong do:
8i: Hé sb tinh dén anh hudng cua cac trong khdi quay cia 6 to.
jomax: Gia tbc cham dan cuc dai khi phanh.
Tur biéu thue (3.32), ching ta c6 thé xac dinh duoc gia tdc cham dan cuc dai khi
phanh la:
Jpmax = % (3.33)

Viy, dé tang gia tdc cham dan cuc dai khi phanh, ching ta c6 thé giam hé $6 &;
bang cach dap con khi phanh gip, hoic ting hé s6 bam ¢ bang cach nang cip tinh trang
mit dudng. Piéu nay gitp ting kha ning phanh cta xe va dam bao an toan khi di chuyén
trén dudng.
3.1.2.2. Thoi gian phanh

Thoi gian phanh cang ngan thi chat luong phanh cang tdt, vi cho phép xe dimg
lai nhanh chong va an toan hon trong céc tinh hudng can thiét. Thoi gian phanh duoc
xac dinh thong qua cong thire sau: [5]

dv
P9
| =— = 3.34
LTI (33
Suy ra:

Si
dt = —dv (3.35)

®g

Dé tinh toan thoi gian phanh, ching ta can tich phan (dt) tai thoi diém twong Gmg
v6i van tdc khi bat dau phanh (v1) t6i thoi diém tuong Gmg voi van toc khi két thiic qua
trinh phanh (v2).

vl §; 6;

tomin=J —dv=—(, —v 3.36
p 09 <pg(1 2) (3.36)

Qua trinh phanh dién ra cho dén khi xe dirng lai hoan toan, ttc 14 lic ndy van toc

cudi cung (v2) cua xe 1a 0. Do do, ta co6 thé suy ra rang:

. 5iU1
tomin = —— (3.37)
2
SVTH: Nguyén Anh Khoi GVHD: PGS.TS. Pham Qudc Thai 21

Nguyén Hiru Duy



Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

Tir biéu thire (3.37), ching ta c¢6 thé thiy rang thoi gian phanh ngan nhét phu
thudc vao vén toc khi bit dau phanh, ciing nhu cac yéu té nhu hé sb &; va hé sé bam ¢.
Duya vao d6, chiing ta cé thé dp dung céc bién phap dé giam thoi gian phanh tuwong tng,
bao gém viéc diéu chinh hé sd &; hodc hé sb bam ¢, cling nhu cai thién céc yéu td khac
nhu trang thai ciia dudng di hodc hiéu sudt ciia hé thong phanh. Piéu nay gitp ting
cuong kha nang phanh cia xe va dam bao an toan khi di chuyén trén duong.
3.1.2.3. Quang dwong phanh

Quing duong phanh 13 mot chi tiéu rit quan trong dé danh gia hiéu qua cua hé
théng phanh cta 6 t6. Khac véi cac chi tiéu khac, quing dudng phanh c6 thé duoc nhan

biét mot cach tuwong ddi truc quan, dé dang giup ngudi khac lai xe xur Iy cac tinh hudng

giao thong.
Xét cong thirc (3.34), chung ta nhan hai vé cta phuong trinh véi dS, ta s& thu
duoc:
dv ®g
—dS =—dS
dt o
Hoac:
vdv = (/;_g dS (3.38)

L
Quing dudng phanh ngin nhat duogc tinh bang cach tich phan (dS) tir van tdc ban

dau (vi) dén van tdc cudi cing (v2):

vl §; o; vl
Spmin = f —vdv=— f vdv (3.39)
2 PY P9 wn
s = 9 (2 (3.40)

Phanh dén khi xe ding lai hoan toan, diéu nay ngu ¥ rang van tdc cudi cing v»
cua xe la 0:
6{!7%
Spmin = _
2¢9
Ttr cong thic (3.41), chung ta c6 thé thay rang quing duong phanh ngan nhét phu

(3.41)

thudc vao ba yéu té chinh:
— Van tbc cia 6 to khi bat dau phanh.
— Hé s6 bam (o).
— Hé s6 tinh dén anh hudng cua cac khéi luong quay.
Luu ¥, theo cong thic ndy, cic gia tri jpmax, tomin, Spmin déu phu thudc vao hé s6
bam ¢. Mit khac, hé s6 bam ¢ ciing phu thudc vao tai trong G cia xe. Do do,
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mic du trong cong thirc tinh toan khong c6 sy xut hién truc tiép cia G, nhung

tai trong G van anh hudng gian tiép dén su thay doi cua jpmax, tpmin, Spmin.

3.1.2.4. Lwc phanh va lyc phanh riéng

Péi v6i luc phanh va luc phanh riéng, day 1a cac chi tiéu danh gia duoc sir dung
dé danh gia hiéu qua khi thir phanh 6 t6 trén bé thir. Trong qua trinh thir nghiém, lyc
phanh thuong dugc xac dinh thong qua cong thirc sau:[5]

_M,
F,= T_b (3.42)

Luc phanh riéng la luc phanh dugc tinh dua trén mot don vi trong luong toan bo

(G) cua 6 to:

Fpr =

(3.43)

R

Luc phanh riéng 16n nhat xay ra khi Iyc phanh dat gia tri 16n nhat:

F = "= (p_ =g (3.44)
prmax G G
C6 thé nhan thiy ring, luc phanh riéng cuc dai bang véi hé sé bam. Theo 1y

thuyét, trén mat duong nam ngang (nhua kho), luc phanh riéng 16n nhit c6 thé dat t6i
khoang 75 dén 80%. Tuy nhién, trén thyc té, gia tri luc phanh riéng thuong chi dat tur 45
dén 65%. Diéu nay co thé do nhiéu yéu té nhu d6 mai mon cua bé mit duong, diéu kién
thoi tiét, va tinh hiéu qua cta hé théng phanh.

Két luan:

Trong tt ca cac tiéu chi danh gia hiéu suit phanh cta 6 t6, quing duong phanh
duogc coi 1a yéu td c6 ¥ nghia quan trong va dic trung nhat. Quing dudng phanh gitp tai
xé dy doan vi tri ma xe s& dung lai, tir d6 co thé phan ung kip thoi dé tranh céc tinh
hudng nguy hiém khi phanh & mét toc do cu thé.

Can luu ¥ rang, trong s6 bon chi tiéu duoc dé cap, mdi chi tiéu déu mang ¥ nghia
quan trong va c6 thé duoc str dung dé danh gia chit luong phanh cua xe. Ttc 13, chi can

mot trong bén tiéu chi trén d du dé danh gia hiéu suat phanh cua 6 to.

3.1.3. On dinh ciia 6 t6 khi phanh néu cdc lyc phanh phén bé khong déu

Ngay nay, v6i sy phat trién cta cong nghé ki thuat va cai thién chat luong cia
duong x4, cac phuong tién di chuyén c6 kha niang hoat dong & toc do cao ngay cang
duogc hd tro tot hon. Trong bdi canh nay, tinh 6n dinh huéng cua 6 t6 khi phanh & téc do
cao tré nén vo ciing quan trong dé dam bao an toan trong qua trinh di chuyén.

Khi phanh, c6 thé xdy ra tinh hudng truc doc cua 6 t6 bj nghiéng di mot goc y so

v6i quy dao chuyén dong. Diéu nay xuat phat tir sy khac biét vé lyc phanh duge tao ra
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& cac banh xe, dan dén viéc tao ra momen quay vong (M) quanh truc thing dung (Z) di
qua trong tam (T) cua 6 t6 (hinh 3.6).

Sy nghiéng qua mirc quy dinh khi phanh cta 6 t6 c6 thé anh huong dén sy an
toan trong qua trinh di chuyén trén duong. Do d6, tinh 6n dinh ciia 6 to khi phanh 13 kha
nang kiém soat quy dao chuyén dong cia 6 t6 theo ¥ nguoi lai. Piéu nay dic biét quan
trong dé dam bao an toan va 6n dinh trong moi tinh huéng giao théng.

4

X

0

Hinh 3.6. So db luc tac dung 1én 6 t6 khi Phanh mé‘c() hién tuong quay xe do luc
phanh phan b6 khong déu
Xét trudng hop 6 t6 dang di chuyén thang theo hudng truc X, goc y 1a goc 1éch
ctia xe sau khi phanh so v&i chiéu chuyén dong ban dau. Trong truong hop nay,, ching
ta c6 cac luc phanh Fpu va Fypi 13 luc phanh ctiia banh xe bén trai va bén phai cua cu
trude, va Fpo va Fpp2 14 luc phanh ciia banh xe bén trai va bén phai cta cau sau.
Tong cua cac luc phanh & cac banh xe bén phai c¢6 thé dugce tinh nhu sau:
Fpp=Fpp1+ Fpp (3.45)
Tuong tu nhu tong cac lyc phanh & cac banh xe bén phai, tong cac luyc phanh &
cac banh xe bén trai ¢6 thé dugc tinh bang cach cong tong cac luc phanh twong tng tir
ca hai cau, cu thé la:
Fp.t = Fp.tl + Fp.tZ (3.46)
Néu tong cac luc phanh & cac banh xe bén phai 1én hon tong cac lyc phanh & cac
banh xe bén tréi, 6 to s& quay vong theo hudng cuing chiéu kim ddng hd, nhu duge minh
hoa trén (hinh 3.6), va quanh trong tdm T cuia 6 t6.
Trong truong hop nay, momen quay vong My duge xéac dinh theo biéu thirc:
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B B B

M, = Fp'pE — Fp'tE = (Fpp — Fp1) > (3.47)

Véi: B — Chiéu rong co so cta 0 t6.

Do sur ton tai ciia ma st gitra banh xe va mit duong, khi momen quay vong xuét
hién, cac banh xe trén cau trude s& co phan lyc Ry tac dong tir mit dudng theo phuong
ngang, nhu duge minh hoa trén (hinh 3.6). Tuong tu, cic banh xe trén ciu sau cling s&
co6 phan luc Ry, tac dong.

Phuong trinh chuyén dong cta 6 to ddi véi trong tam T ¢6 thé duoc viét dudi
dang:

I,y = Mg — Ry1a — Ryb (3.48)

Trong do:

a, b: Toa d0 trong tdm cua 6 to.
I,: Momen quan tinh khdi lugng cta 6 t6 quanh truc Z di qua trong tam T.
Vi xe bi quay mot goc v tirc 12 momen quay vong My 16n hon rit nhiéu so véi
momen do cac luc Ry, Ry» sinh ra. Pé thuén tién trong qua trinh tinh toan, cac luc nay

dugc phép bo qua va phuong trinh dugc viét lai dudi dang:

[y=M hayy = % (3.49)
z q Iz
Tich phén biéu thirc (3.49) ta dugc:
y=May C, (3.50)
I

z
Véi diéu kién lac dau, t = 0 thi y = 0 nén y = 0, thay vao biéu thirc (3.50) ta c6
Ci= 0, tir d6 ta duoc:

. _ M,
y=_t (3.51)
I,
Tiép tuc tich phan phuong trinh (3 1\/? 1) ta co:
y=_‘'er+c (3.52)
21, 2

Pé tim gia tri cia Ca, ta sir dung cac diéu kién ban dau. Khi t =0, goc y = 0. Thay
vao phuong trinh (3.52), ta ¢6 C2 = 0. Tir d6, ching ta c6 thé rit ra biéu thirc dé xac dinh
gbc Iéch do momen quay vong gay ra nhu sau:

y = ﬂtz (3.53)
21,

Tir biéu thirc (3.53), chiing ta nhan thy rang goc léch v ti 1¢ thuan véi momen

quay vong M va ti 18 nghich véi momen quén tinh khéi luong I, ctia 6 t6 quanh truc Z

di qua trong tam cua xe.
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Theo cac tiéu chuin san xuét 6 o, luc phanh ¢ cac banh xe trén cung mot truc
phai dong déu dé dam bao tinh 6n dinh khi phanh. Néu c6 sy chénh léch, thi d6 chénh
léch nay khong dugc vuot qua 15% so voi gia tri luc phanh cuc dai & cac banh xe ctua
truc do.

Vi du, néu cc banh xe bén phai co luc phanh cuc dai Fp pmax theo diéu kién bam

duong, thi lyc phanh téi thiéu cho cac banh xe bén trai 1a:

Fp.tmin = 0,85F ) pmax (3.54)
Khi d6 momen quay vong 16n nhat dugc tinh nhu sau:
B B
quax = (Fp.pmax - Fp.tmin) Ez (Fp.pmax - 0r85Fp.pmax) E
Suy ra:
M gmax = 0,0775BF p ymax (3.55)

Thé céc gia tri Mgmax tir biéu thirc (3.55) vao biéu thuc (3.53) ta tim duoc goc léch
Ymax: ,
0,,075BF

Ymax = z IZ”"””‘”‘ £ (3.56)

Trong d6, F’pmax dugc hiéu 1a lyc phanh cuc dai & mot bén theo diéu kién bam.
Mat khac, luc phanh cuc dai xac dinh gleo diéu kién bam la:
FFroo=_9 (3.57)

pmax E max
Thé gia tri F’pmax tir biéu thire (3.57) vao biéu thuc (3.56) ta suy ra dugc:
_ B G(pmax
= 0,019 t2 (3.58)
I,
Goc léch cuc dai nay khong duoc vuot qua 8° dé bao dam sy an toan cua 6 to khi

ymax

chuyén dong.

3.1.4. Vin dé chéng hiam cirng banh xe khi phanh

Ttr biéu thire (3.2), chiing ta nhan thiy rang dé ting hiéu qua phanh, can c6 hé sb
bam 16n giira mit dudng va banh xe khi phanh. Trong qua trinh phanh, s& xuat hién sy
trugt tuong ddi gilta mat duong va banh xe. Mbi quan h¢ gitra h¢ s6 bam va do truot
tuong d6i duoc xac dinh thong qua cac thi nghiém nhu minh hoa trén (hinh 3.7). [5]

D0 truot tuong ddi A dugc tinh toan nhu sau:

VUV — wWpr
A= (3.59)
1%

Trong do:
v: Van tdc 6 0.

mb: Van tdc goc ctia banh xe khi phanh.

SVTH: Nguyén Anh Khoi GVHD: PGS.TS. Pham Qudc Thai 26
Nguyén Hiru Duy



Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024
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Hinh 3.7. Su thay ddi hé sb bam doc va hé sé bam ngang theo d§ trugt tuong dbi cua
banh xe khi phanh

Thuc nghiém (hinh 3.7) da ching minh rang d6 trugt twong ddi Ao nam trong
khoang tir 15% dén 25%, hé s6 bam doc @x c6 gia tri 16n nhat vé hé sé bam ngang ¢y
cling c6 gia tri twong ddi 16n. Trong truong hop ndy, néu qua trinh phanh tiép tuc dién
ra, s¢ dat dugc luc phanh 16n nhat, khién hiéu qua phanh dat t6i wu nhat déng thoi dam
bao do on dinh hudng cua 6 t6 khi phanh.

Néu trong qué trinh phanh, banh xe bi bé ciing (A=100%), hé s6 bam s& giam,
dan dén hiéu qua phanh giam di. B6 chéng b6 cting banh xe khi phanh gitp giam do
truot dao dong xung quanh gia tri Ao trong sudt qué trinh phanh.

Dé thyuc hién diéu ndy, 4p suét trong dan dong phanh duogc diéu chinh dén cac
banh xe. Cac hé théng chong bo cimg banh xe khi phanh c6 thé sir dung cac nguyén tac
diéu khién nhu diéu chinh theo gia toc chdm dan cua banh xe dugc phanh, diéu chinh
theo gia tri d6 truot cho trudce, hodc diéu chinh theo gia tri cua van téc goc clia banh xe
v6i gia toc cham dan.

Nho sy phat trién manh mé ctia nganh k¥ thuat dién tir va tu dong hoa, ngay nay
d3 c6 cac bd chéng him cimg banh xe dugc tich hop trén cac 6 to hién dai.

3.2. Tong quan vé hé thong ABS
3.2.1. Gigi thiéu chung vé hé thong ABS

Hé théng chong bo cimg ABS (Anti-Lock Brake System) 1a mot phan quan trong

ctia hé thong an toan trén xe 6 t6. ABS 1a mot hé thong didu khién dién tir duoc thiét ké

dé ngan chan viéc khoa clrng banh xe trong cac tinh hudng cap bach, khi tai xé can phai
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giam toc d6 dot ngdt. Chirc ning chinh ciia ABS 14 giup tai xé c6 thé duy tri sy kiém
soat va 6n dinh trén dudng bang cach ngin chin trugt banh xe khi phanh.

ABS cho phép tai xé van c6 thé chuyén huéng xe né tranh cac vat can trén dudng
ma van giit dugc kiém soat, ddng thoi cling giup dimg xe lai mot cach an toan, tranh giy
ra tai nan. Piéu nay dic biét quan trong trong nhiing tinh huéng nguy hiém va da dang
diéu kién dudng.

Trong nhitng chiéc xe khong c6 hé thong ABS, khi tai xé phanh gap, c6 nguy co
x4y ra truot banh xe. Piéu nay lam giam d6 bam duong ciia banh xe dudi miic an toan,
din dén viéc mat kiém soat cua xe.

ABS di duoc phat trién tir nhitng nam 1928 va ngay cang duoc hoan thién véi
nhiéu tinh ndng mai. Trong thap ki 1960 va 1970, Bosch ciia Puc va Kelsey-Hayes cta
Mi da phat trién cac hé thong ABS 2 kénh va 4 kénh, c6 kha nang giam sat toc do cia
tirng banh xe dé diéu chinh liuc phanh.

Nghién ciru di chi ra rang hé thong ABS c¢6 hiu qua trong viéc giam sb luong
tai nan giao thong. Theo co quan an toan giao thong dudng cao tdc Hoa Ky (NHTSA),
ABS ¢6 thé gitp ban han ché céc tai nan va cham xe tir 20% dén 30%. Ngay nay, h¢
théng ABS da trd thanh mot phan binh thuong trén hau hét cac dong xe moi trén thi

truong toan cau.

3.2.2. Muc tiéu hé thong ABS

Muc tiéu hé théng ABS 1a dé gitip ting kha ning kiém soat va an toan khi phanh.
Khi d6 truot ciia banh xe duoc duy tri & mic gin ngudng ho, hé thong ABS c6 thé dam
bao rang lyc phanh dat gia tri 16n nhat (@xmax), tir d6 tang hiéu qua phanh. Dong thoi, do
6n dinh va kha nang dan hudng cta banh xe ciing dat dugc mirc tot nhat (ox 16n nhat),
gitip ngudi 14i duy tri su kiém soat va giam nguy co mat kiém soat trén dudng. Diéu nay
thoa man tiéu chuan ma hé thong phanh can c¢6 1a thu hep quiang duong phanh, giam thoi
gian phanh ciing nhu ting gia toc cham dan khi thuc hién qua trinh phanh.

Dé dam bao hiéu suat phanh cao va giit cho banh xe c6 tbc d6 6n dinh, hé théng
ABS 4p dung phuong phép diéu khién ap suat dau trong co cdu phanh theo gia toc chdm
dan cta banh xe duoc phanh. Tir d6, do trugt cua banh xe dugc thu gon lai gan véi gia
tri Ao.

Duéi day 1a cac do thi thé hién sy bién dbi cac thong sé dic trung cho co cu

phanh va gia toc banh xe duoc trang bi hé théng ABS:
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Hinh 3.8. Sy thay d6i momen phanh, p suat din dong phanh va gia tc clia banh xe
khi c6 ABS

Khi nguoi 1ai dap vao chan phanh, ap suat trong co ciu nay tang 1én, tir 46 momen
phanh M, ting 1én, lam ting gia tri gia toc cham dan cla banh xe va dong thoi cling lam
tang do truot. Sau khi vurot qua gid tri 16n nhat trén duong cong ¢x = f(A), gia tdc cham
dan cta banh xe ting dot bién, cho thiy rang banh xe sap bi khoa chat. Giai doan nay
cua qua trinh phanh trén xe c6 ABS s€ tuong tng vdi cac dudong cong (0-1) trén (hinh
3.8 a, b, ¢) va dugc goi 1a pha I (pha tang ap).

Bo diéu khién ABS (ECU) bat dau ghi nhan gia tdc tai thoi diém 1 (khoang C1
trén hinh ¢) va guri tin hiéu cho bd chip hanh thiy luc, tir d6 giam ap suat dau trong co
cAu phanh va luc phanh luc nay giam xudng. Tuy nhién vi co cdu thong thudng cé diac
tinh k¥ thuat riéng, nén su giam ap xay ra v6i mot do tré nhét dinh. Qua trinh tir diém 1

dén diém 2 dugc goi 1a pha II (pha giam 4p). Gia toc cia banh xe lic ndy giam xudng
va tién dan dén 0 tai diém 2 va dugc thé hién béng doan C2 trén (hinh 3.8 c). Sau khi
dat gia tri nay, bo diéu khién tiép tuc giri tin hiéu cho bo chap hanh phanh. Luc niy banh
xe s& tam ding giam toc va ting 1én gan voi toc do cua xe, dong thoi do trugt giam va
hé s6 bam doc @x s& tang 1én (doan 2-3). Giai doan nay duoc goi 1a pha III (pha giit ap).
Boi vi momen phanh trong qua trinh phanh duge duy tri 6n dinh nén gia téc cham

dan 16n nhat clia banh xe s& dugc sinh ra twong (mg véi thoi diém hé s6 bam doc @y dat

gia tri 16n nhat. Gia toc cuc dai ndy dugce chon lam mdc thoi gian giri 1énh va duge dién
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dat béng doan C3 trén (hinh 3.8 ¢). Luc nay ECU ghi nhén gia tri ctia gia tdc cuc dai va
gui tin hiéu dugc tinh toan dén bo chap hanh phanh, tir d6 diéu chinh 4p suat dau dén co
cAu phanh.

Sau diém 3, quy trinh duogc lip lai va bit ddu pha I cta chu ky lam viéc tiép theo.
Theo phén tich trén, ta c6 thé thdy rang ABS diéu chinh momen phanh bién dbi tuan
hoan theo chu ky 1ap lai 1-2-3-1 (hinh 3.8 a), liic nay cac banh xe hoat dong & vung gia

tri hé s6 bam doc Qxmax 16n nhat va hé s6 bam ngang ¢y ciing twong ddi 16n.

Va
Wo
\'
Wy
0 t P
t=

Hinh 3.9. Sy thay ddi goc wb ciia banh xe, véan toc v, do truot A theo thoi gian t

Trong (hinh 3.9) minh hoa su bién doi cua toc do gbc wp cua banh xe, do truot
banh va toc d6 cua xe theo thoi gian t khi xe sir dung hé théng ABS. Ta c6 thé quan sat
rang trong qué trinh phanh, téc d6 goc b cia banh xe thay doi theo mot chu ky ¢d dinh.
DPong thoi, do truot banh xe A bién dbi twong ddi nho trong mot khoang quanh gia tri o
truot toi wu Ao
3.2.3. Uu va khuyét diém ciia hé thong ABS
3.2.3.1. Uu diém

Hé thong ABS 1a mot phat minh quan trong ctia nhan loai, dong vai trd khong thé
phil nhan trong viéc nang cao an toan giao thong trén toan cau. Tinh ning nay dang tro
thanh mot yéu t6 can thiét trén hau hét cac xe 6 t6 mdi, gitip giam thiéu ton that va nguy

co tai nan giao thong.
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Viéc trang bi hé thong ABS giup tai xé duy tri sy kiém soét va 6n dinh trén duong,
dic biét trong nhimg tinh hudng khan cdp. Bang cach ngin chin banh xe khoa ctng,
ABS gitp xe duy tri duong dinh hudng va tranh duogc viéc 1éch banh gay ra cac tinh
hubng nguy hiém.

Trong nhitng tinh hudng khong may gip phai chuéng ngai vat dot ngot, tai xé
thudng phan Gmg trong thoi gian ngin va c6 thé dap chan phanh manh. Hé théng ABS
gitip giam thiéu nguy co bo climg banh xe, gitt cho xe 6n dinh va tranh dugc cac tai nan
khong mong muén.

Tom lai, ABS khong chi gitp giam thiéu nguy co tai nan ma con cai thién kha
nang xur Iy va on dinh cua xe trén moi diéu kién dudng. Diéu ndy gop phan dang ké vao

viéc ndng cao an toan cho tat cad nguoi tham gia giao thong.

3.2.3.2. Khuyét diém

V6i moi loi ich quan trong da duoc dé cap, can phai nhdn manh rang hé thong
ABS chi ngin chin banh xe khoa cimg ma khong lam cham lai banh xe. Két qua tir cac
nghién ctru thyc hién tai cac trung tdim dao tao lai xe & Munich, btic, Na Uy va Oslo da
chi ra ré“mg trong diéu kién van hanh thuc té, ABS khong giam thiéu sb tai nan hay ti 1¢
chan thuong ma tham chi con 1am ting mirc do nghiém trong cta chung.

Céc nghién clru trén cac xe taxi cling cho thiy rang cac tai xé biét xe ciia minh c6
hé thong ABS thuong c6 tdm 1y chil quan hon. Ho thuong khéng cin than trong nhiéu
tinh hudng va dé roi vao cac tinh hudng nguy hiém nhu l4i xe qua nhanh, lang lach va
vuot au. Két qua ndy duoc ching minh bang sb 1an va cham véi cac xe khéc trén dudng.
Do do, ti 1€ tai nan nhd va vura gitra cac xe c6 ABS va khong c6 ABS la tuong duong
nhau. Nghién ctru ciing chi ra ring hé théng ABS khong thuc su giai quyét hiéu qua trén
cac mat duong x4u hodc trong diéu kién thoi tiét cuc doan nhu tuyét hodc 1u quét.

Tir 40, ¢ thé két luan rang hé thong ABS khong thuc sy giam sb luong tai nan
va chan thuong trong thuc té. Quan trong nhat 1a ngudi li khong nén chii quan va phai

c¢6 phan tmg hiéu qua va cin than khi xu 1y cac tinh hudng trén duong.

3.2.4. Céu tao va nguyén Iy lam vigc ciia cdc cum chi tiét hé thong ABS
Ta cung tim hiéu so vé so do tong quan cta hé thong ABS. Ngay nay, hé thong
nay duoc trién khai trén cac loai xe rat da dang, tuy thudc vao tig nha san xuét. Tuy
nhién, hé théng thuong bao gém ba cum chinh c6 dic diém ctia mot bo xir 1y vao ra dién
hinh:
— Cuym nhén tin hiéu: Bao gém hé théng cac cam bién. Nhitng cam bién nay thu thap
cac thong sb can thiét dé kich hoat hé théng ABS trén xe, nhu toc d6 cua banh xe,
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gia tc ctia xe khi phanh, va hanh trinh ctia ban dap phanh. Céc tin hiéu tir cam bién
nay duoc giri dén bo diéu khién.

— Cum diéu khién dién tr ECU : bay 1a bo xtr Iy chinh ctia hé théng. Cum nhén thong
tin tir hé théng cam bién, sau d6 xu 1y dir lidu va tiép tuc g tin hiéu dén bd chip
hanh.

—  Cum chép hanh thiy lyc HCU : Puge diéu khién bai b diéu khién, HCU diéu chinh
viéc méd va dong cac mach dau bang cac van dién. Piéu ndy 1am ting hodc giam luc
phanh trén cac banh xe, tir d6 han ché tinh trang bé cimg cta banh xe.

Cac cum nay hoat dong cung nhau dé dam bao réng hé théng ABS hoat dong hiéu

qua va gitlr cho xe ludn trong tinh trang an toan trén moi loai duong.

r

Hinh 3.10. So dd cac thanh phan cua hé thong phanh

1. Gidc cam cam bién toc do banh xe trude phdai; 2. Bo kich hoat phanh dé xe dién ti;

3. Gidc cdm cam bién toc dg banh xe sau phdi; 4. Gidc cam cam bién mon phanh sau

phdai, 5. Gidc cdm cam bién téc do banh xe sau trai; 6. Dia phanh cau sau; 7. Ma

phanh cau sau; 8. Nt gitt phanh tay tw dong; 9. Niit phanh tay; 10. Co cdu ban dap

phanh; 11. Bé tro lwc phanh, 12. Binh chira dau phanh; 13. Cum chdp hanh thiy

liee; 14. Md phanh cau treée; 15. Bia phanh cau trude; 16. Gide cam cam bién toc dg
béanh xe trude trdi: 17. Gide cdm cam bién toc do banh xe truoc trai.
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3.2.4.1. Cim bién téc d¢ bianh xe

Cam bién téc do banh xe (WSS — Wheel Speed Sensor) dam nhén vai trd quan
trong trong hé thong ABS bang viéc thu thap thong tin vé toc do goc ciia banh xe va
chuyén d6i thanh cac tin hiéu dién. Cac tin hiéu ndy sau d6 dugc truyén dén bo diéu
khién dién tir (ECU), noi chung duoc xtr Iy va str dung dé danh gia tinh trang ctia banh
xe va diéu chinh lyc phanh twong tng. Diéu nay gitp hé thong ABS phan tng mot cach
chinh xé4c va kip thoi trong cac tinh hudng khan cép va giup duy tri sy an toan khi phanh

trén moi loai dia hinh va diéu kién duong.

HALL ELEMENT
MAGNET

Hinh 3.11. Cam bién tdc do banh xe

O mot s6 truong hop, cac loai diéu khién ABS dugc gén truc tiép vao vo boc cua
cau chu dong. Trong trudng hop nay, tdc do cua banh xe duoc xac dinh théng qua qua
trinh quay cta banh ring vanh chau. Tuy nhién, thudong thi cam bién toc do banh xe
duoc gan riéng biét trén mdi banh xe, thuong 1a ngay tai gia d& cia cac banh xe. Vanh
rang cam bién thuong duoc gin bén trong cum muay — o va c6 mot khe hé nhat dinh
duoc goi 1a khe hé tur.

a) Cau tao

V& céu tao, cam bién tdc dd banh xe kha don gian. Cam bién bao gém mot cudn

nam cham vinh ctru, mot cuon day va mot 161 tur.
b) Nguyén ly lam viéc

Theo (hinh 3.12), c6 thé nhan thay rang khi banh xe quay, s& khién cho vanh ring

cam bién ciing quay theo. Piéu nay dan dén viéc khe ho tir D giita vanh rang cam bién

va 161 tir ciia cam bién s& khong nging thay d6i. Nho vao sy thay doi nay, tir thong s&
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bién thién va tao ra mot sirc dién dong xoay chiéu c6 hinh dang sin, véi tan s6 va bién
do phu thudc vao tde do quay cua banh xe. Pién ap nay sau do dugc cam bién lién tuc
gri vé ECU dé xtr 1y. Cac xung dién ap ndy c6 bién do thay dbi lién tuc tir dudi 100mV
(khi téc do thap) dén trén 100mV (khi toc do cao), cling phu thudc vao ciu tao cua co

cau cam bién.

Hinh 3.12. Hoat dong cia cam bién téc do banh xe

1:v6 cdm bién; 2: day tin ,hiéu ra; 3: vo bao vé day; 4: nam cham vinh cvu, 5: cuon
day cam ung; 6. vau cuc, 7: banh rang kich tw; G: khe ho khong khi.

Déng thoi, do 16n va do sai 1éch cua khe hé cling dugc do ludong mot cach can
than dé dam bao hé théng ABS hoat dong on dinh. Thong thuong, gid tri ciia khe ho nay
chi nam trong khoang 1mm. Néu khe hé vuot qua gia tri ndy, hé théng s& hoat dong
khong muot ma va dé gip 16i.

3.2.4.2. Hpp diéu khién dién tiv (ECU)
a) Chtrc ning ctia bo diéu khién dién tir (ECU)

Bo diéu khién ABS bao gdm hai chirc ning chinh dé quan 1y hoat dong ctia hé
théng chéng bo climg phanh (ABS) cing véi cac tinh ning phu dé dam bao an toan va
tw chan doan.

Churc nang chinh cua bo diéu khién ABS la thuc hién cac tinh toan dya trén tin
hiéu tir cam bién banh xe va diéu khién hoat dong cua hé thong ABS bang cach kich
hoat cac van dién tir trong bd diéu bién dé diéu chinh 4p suét phanh cho ting banh xe.
Diéu nay gitip ngin chin banh xe khoa va giit cho xe van c6 kha ning kiém soat khi
phanh.

Churc nang phu ctua bd diéu khién ABS bao gém viéc gidm sat hoat dong cua hé
thng bang cach theo ddi tin hiéu tir cac cong tic phanh, cong tic phanh d6 va cong tic
ap suat. Néu phat hién sy cb hodc bat thuong, hé thdng s& ngimg hoat dong dé tranh

nguy co. Ngoai ra, by dieéu khién cling c6 chiic ndng ty chan doan dé phat hi¢n va béo
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c4o vé cac van dé co thé xay ra trong hé thong, ciing nhu chirc nang diéu khién dong co
may bom dé diéu chinh hoat dong ctia hé thng.

b) CAu tao

ECU (Electronic Control Unit) ctia hé théng ABS duoc ciu tao tir mot sd vi xtr
Iy nho dugc két nbi v6i nhau va dam nhan cac vai tro va chic ning cu thé. Mdi ECU
ctia hé théng ABS bao gém bén phan chinh:

— BJ phan tiép nhan va xu ly tin hi¢u: Churc nang ctuia phﬁn nay la nhén céc tin hi¢u
tlr cc cam bién nhu cam bién tdc do banh xe, cam bién giam tdc, va loc cac tin
hiéu nay dé loai bo sai sb va truc tric. Sau d6, cac tin hiéu nay dugc chuyén dbi
thanh thong tin s6 phu hop véi mach chu.

— Mach chu: Pay 1a mot may tinh tich hop cic chuong trinh va logic diéu khién phirc
tap. Thong tin s6 duoc dua vao s& dugc tinh toan va lién két logic dé tao ra cac tin
hiéu diéu khién, diéu nay duoc truyén dén bo chép hanh thuy luc, cu thé 1a cac van
dién tir dé diéu chinh ap suat dau.

— B0 phén an toan: B phan nay bao gff)m mot mach an toan két hop voi mét chu
trinh kiém tra. Va giam sat toan bo hé thong ABS, tir dién ac quy, day dién, bo
mach trong ECU, dén cac cam bién va van dién tir. Khi phat hién su bat thuong,
hé théng s& ngung hoat dong dé dam bao an toan.

— Chirc ning tu chin doan: Chtrc ning nay dugc tich hop trong bo diéu khién ABS
dé giam sat cac chirc ning chinh cua hé théng. Khi phat hién sy ¢d, ECU sé kich
hoat dén bao ABS va ghi lai mi 156i chan doan (DTC) dé ghi nhin van dé. Cac ma
16i nay duoc luu trit va chi x6a khi duoc k¥ su stra chira theo dting quy trinh cta

nha san xuat.

3.2.4.3. Bj chdp hanh thiiy lyc
a) Chtrc nang cia bo chap hanh thiy luc
B6 diéu khién thity Iyc (HCU) déng vai trd trong yéu trong hé thong ABS bang
cach diéu chinh va kiém soat 4p suat thity lyc dau t6i timg xi lanh phanh banh xe trong
qua trinh phanh. Chirc ning nay gitp dam bao xe duy tri 46 6n dinh t6i uu va ngin chin
hién tugng trugt banh hodc méy kiém soat, nhu chao dao va 1t xe.

B9 diéu khién thuy luc bao gdbm cac phan sau:

Motor va bom: Cung cap dau phanh cao ap dé diéu khién hoat dong cuia ABS.
— Binh tich ap: Luu trit dau phanh ap sut cao dé str dung trong qua trinh phanh.

— (Cong tic ap sudt: Phat hién ap suit trong binh tich ap va truyén tin hiéu vé ECU.

Van dién tir: Chuyén d6i duong dan p suat cao ctia ABS theo tin higu tir bo diéu
khién ABS.
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— Piston va cac bd phan lién quan: Tiép nhan dau phanh cao ap va di€u khién ap

suét téi cac co cAu phanh phu hop.

()
—

\

Hinh 3.13. Bo phan chap hanh thiy luc
1: electronic control unit (ECU); 2: phan két néi véi ong dan dau phanh; 3: bom; 4:
gia do.
b) Cau tao
Motor va bom trong hé théng ABS déng vai trd quan trong trong viéc tao ap suit
dau phanh cao ap. Khi dong co hoat dong, dong co kich hoat bom ABS loai piston, déy
ap suat dau 1én khoang 25 MPa (250 kgf/cm?, 3.600 psi).

Hinh 3.14. Bong co di¢n va bom

1: dwong dén bé chdp hanh, solenoids, pistons; 2: van giam dp; 3: check valve
(outlet); 4: binh chira; 5: bom; 6: buong pit téng; 7: Béng co dién; 8: pit tong; 9: 6

truc léch tam; 10: check valve (inlet); 11: dong dp sudt cao.
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Trén dau truc dong co duoc gén b truc 1éch tam, tiép xuc véi piston cua bom.
Chuyén dong quay cua truc dong co duoc chuyén sang chuyén dong tinh tién cia piston
bom. Khi piston bom dugc diy, ddu phanh trong budng piston dugc diéu ap va chuyén
dén binh tich 4p thong qua van mét chidu va dién tir. Khi 4p suét trong binh tich 4p vuot
qua 34 MPa (250 kgf/cm?, 5.000 psi), van giam ap mé ra dé giai phong ap sudt dau
phanh du thira vé binh chira, dam béo an toan cho hé théng.

Binh tich 4p trong hé théng phanh ABS chitra dau phanh 4p suit cao, duoc dua
dén cac solenoid va piston dé diéu khién phanh. Tuy nhién, duong dan dén cac solenoid
va piston thudng bi déng, dan dén tich tu dau phanh ap suit cao trong binh tich 4p. Binh
nay bao gdm hai budng, mot chira chit 16ng noi dau phanh dugc tich tu va mot budng
chtra khi ni-to 4p suét cao dé duy tri 4p suat on dinh. Khi ABS hoat dong, ddu phanh ap

sut cao s& duoc cung cap tir binh tich 4p cho piston dé diéu chinh hé thong phanh.

Hinh 3.15. Binh tich 4p

1: buong dau; 2: o-rings; 3: buong khi; 4: piston ty do.

Cong tic ap suat co vai tro quan trong trong hé thong phanh ABS, giup theo ddi
ap suét tich tu trong binh tich ap. Khi 4p suét ting 1én, 6ng Bourdon trong cong tic ap
suit s& bién dang ra ngoai, kich hoat cong tic vi mé théng qua luc cta 1o xo gin vao
cam bién. Khi 4p suit giam do hoat dong cua ABS, éng Bourdon s& di chuyén theo
hudéng nguoc lai va cong tdc vi md s& duoc tit. Bo diéu khién ABS su dung tin hi¢u
BAT/TAT tir cong tac 4p suat dé phat hién ap suat chat 1ong trong binh tich ap.

Van dién tir c6 vai trd quan trong trong hé théng ABS. La bd chip hanh c6 kha

nang mo va dong cac van dién tir ¢ ca dau vao va dau ra.
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Hinh 3.16. Cong tic ap suat

1: cudn day cam bién; 2: nam cham; 3: banh rang truyén dong.

Van dién tir ¢6 vai trd quan trong trong hé thong ABS. La bd chap hanh c6 kha
nang mé va dong cac van dién tir & ca dau vao va dau ra. Trong hé thong nay, c6 ba cum
van dién tir, mdi cum bao gém mot van dau vao va mot van dau ra trong bo chép hanh.
Cum van duoc sép Xép nhu sau: mot cum dugce danh cho mdi banh trude va mot cum
danh cho ca hai banh sau. Trong qua trinh hoat dong, cac van dau vao thudng duogc thiét
ké dé mo (md khi cudn day khong duge cip dién). Diéu nay cho phép chét long (dau
phanh) duoc cung cip vao cac bd phan ciia hé thong phanh. Trong khi dé, cac van dau
ra thuong duoc thiét ké dong.

3.2.5. Cdc trang thdi lam viéc ciia hé thong ABS

Hé thdng chdng bo cting phanh (ABS — Anti-lock Braking System) trén xe 6 to
hién dai dugc thiét ké mot cach rat nho gon, thong minh va tich hop chat ché giita cac
hé thdng diéu khién dién tir va bd chip hanh thiy luc. Muc tiéu chinh ciia ABS 14 ngin
ngira hién tugng banh xe bi khoa climg trong qua trinh phanh gap, tir 46 dam bao xe van
giit dugc kha nang diéu hudng va 6n dinh.

C6t 13i ctia hé théng ABS 1a bd ECU (Electronic Control Unit) — trung tim xur 1y
tin hiéu nhan duoc tir cac cam bién tdc do banh xe. Khi ECU phat hién ra tbc do quay
clia mot hay nhiéu banh xe ¢6 xu huéng giam nhanh bat thudng so vé6i cac banh con lai
(dau hiéu cta hién tugng bo cing), nd sé 1ap tirc giri tin hidu dicéu khién dén bo chap
hanh thuy lyc.
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Bo chép hanh thity luyc trong hé théng ABS thyc hién vai tro cuc ky quan trong —
d6 1a diéu tiét ap suat dau phanh dan dén céac xi lanh banh xe mot cach linh hoat va tirc
thoi.
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Hinh 3.17. So d6 bd chap hanh thay luc

1: xi lanh phanh chinh; 2: duwong dau; 3: van mot chiéu; 4: bom; 5: van mot chiéu; 6:
Cdm bién toc dg; 7: co cau phanh banh xe truwde phdi; 8: co cau phanh banh xe sau
trdi: 9: co cau phanh banh xe sau phai; 10: co cau phanh banh xe trueoc trai; 11: cira
D; 12: cua C; 13: van giam ap suét,‘ 14: cua B; 15: van gitr ap sudt - 16: cira A.

3.2.5.1. Khi phanh binh thuwong (ABS khong hoat dpng)

Khi hé thong phanh hoat dong binh thuong ma khong co su can thiép ciia ABS,
céc van dién tir & vi tri ban dau do khong c6 tin hiéu cua bo diéu khién, van nap (inlet
valve) md va cac van xa (outlet valve) dong. Dau phanh bom (hoat dong do dong co xe

quay) tir binh chira di theo 6ng dan dau phanh dén van nap va dén co ciu phanh trén
banh xe.

3.2.5.2. Khi phanh gip (ABS hoat djng)

Trong qué trinh hoat dong, néu ECU bat ngd phét hién banh xe sap bi b6 cing
(Xe dang di chuyén véi van toc 16n va tai xé dap manh ban dap phanh), ECU sé& ngay
lap tic giri tin hiéu dén bo chap hanh thiy Iyc. Piéu nay s& kich hoat viéc diéu khién
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nhip nhang giita 2 ché do ting va giam ap, gitp duy tri kha ning kiém soat va on dinh
clia xe trong tinh hudng phanh gap. [1]
a) Ché do giam ap

Khi hé théng ABS phét hién mot banh xe dang bit dau khoa (truot), hé thong s&
giam ap sudt phanh & banh xe dé ngan ngira viéc khoa banh. ECU s& giri tin hiéu dén
cac van dién tir 1am cho van nap (inlet valve) dong lai dé ngin dong dau phanh tir bom
vao phanh. Van xa (outlet valve) mé ra, cho phép dau phanh chay tir phanh vao binh
tich 4p suét thap (low pressure accumulator). Piéu ndy 1am giam ap suit tai cac phanh,
gitp banh xe khong bi khoa.

b) Ché d6 giit ap

Khi 4p sudt phanh d3 giam xudng mirc di dé banh xe khong con nguy co khoa,
hé théng ABS gitt 4p suat nay 6n dinh. Ca van nap (inlet valve) va van xa (outlet valve)
déu dong lai. Dau phanh khong di chuyén, 4p suat phanh tai cac banh xe giit nguyén.
Diéu nay giup duy tri tinh trang phanh khong bi khoa ma khong giam thém ap suat.

¢) Ché do tang ap

Khi hé théng ABS nhan thdy banh xe di c6 do bam di va khong con nguy co bi
khoa, hé théng sé& ting ap sudt phanh tro lai. Van xa déng lai, van nap mo ra cho phép
dau phanh tir bom vao phanh. Ap suét phanh tai cac banh xe tang 1én, tang luc phanh tro
lai mirc yéu cau
3.2.6. Pham vi diéu khién ciia hé thong ABS

Pham vi kiém soat ctia hé théng ABS thudng nam trong khoan tir 10% dén 30%
d6 truot banh xe (gia tri Ao = 10% - 30%). Diéu ndy c6 nghia 1a ABS s& cho phép banh
xe truot toi 30% trudc khi gay can trd hiéu qua phanh. Diéu nay xuat phat tir viéc banh
xe bi truot mot chit duwoc cho 14 can thiét dé hiéu qua phanh t6t nhat (c6 nghia 1a dong
thoi luc phanh dat cuc dai @xmax va gia tri thé hién tinh 6n dinh cia xe @y 1a cao nhat).
Tuy nhién, néu banh xe trugt qua nhiéu, xe s& mat lai. Do d6, ABS ¢ tac dung va nhiém
vu 1 giir banh xe trong pham vi trugt tuy hep nhung tdi uu.

Pham vi kiém soat ctia hé théng ABS duoc xac dinh boi mot sd yéu t6 cu thé, bao
gém loai mat duong, loai 16p banh xe, tbc do cua xe va trong lugng cua xe. HE théng
ABS thuong c6 mot sb thuat toan khac nhau ma ching c6 thé sir dung dé diéu chinh
pham vi diéu khién tuy thudc vao cac yéu to nay.

Duoi day la biéu dd tom tat pham vi kiém soat dién hinh ciia ABS cho céc loai

mit dudng cling nhu cac diéu kién thoi tiét khac nhau:
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[] Ving abs diéu khién

A
1,2
O 4
o]
= 2
=
S 0,6
ys
2 04
=
3
0,2 =
4

0 20 40 60 80 100% %
Do truot A

Hinh 3.18. Pham vi diéu khién ctua ABS trén cac diéu kién duong

Chu thich:
— Puong sb 1 xe chay trén dudng nhya kho
— DPudng sb 2 xe chay trén dudng nhya uét
— DPuong sb 3 xe chay trén dudng co tuyét
— Dudng sb 4 xe chay trén dudng bi dong bing
Co thé théy trén biéu do réng, pham vi kiém soat ctia ABS trén bé mit truot
thuong cao hon so voi bé mat khod, bai vi hé sd bam doc trén nhirng doan dudng nay
tuong ddi thép. Vi thé, banh xe can truot nhiéu hon dé dat duoc hiéu qua phanh tdi da
trén bé mit tron truot. Tuy nhién, ABS van sé can thiép néu banh xe truot qua nhiéu, ké
ca trén bé mat tron truot.
Diéu quan trong can luu ¥ 1a biéu d6 trén chi mang tinh chat minh hoa véi mot
s it diu kién dudng nhét dinh va xe dang di thang. Pham vi diéu khién thuc té cia ABS
s& khac nhau tuy theo tinh hinh cu thé. Vi du nhu trong trudng hop xe dang vao cua hoic
duong vong, xe lic nay chiu thém mot luc ngang. Tir d6, trén cac banh xe s& xuét hién
thém mot goc truot a, thay doi tac dong dén tinh 6n dinh cia xe cling nhu qué trinh diéu
khién cta hé thong ABS.
Duéi day 13 biéu d6 twong quan mdi lién hé giita hé s6 bam doc @x, hé s6 bam

ngang ¢y va goc trugt o
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L[] Viang ABS diéu khién
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Hinh 3.19. Pham vi diéu khién caa ABS vdi cac g6c truot khac nhau

Ch thich:
— Nét dut bicu thi cho hé s6 bam doc
— Nét lién biéu thi cho hé s6 bam ngang
Qua biéu db trén, ta nhan ra rﬁng khi goc truot kha 16n, o = 10°, xe s& mat di tinh
on dinh dang ké. Trong tinh huéng nay, hé thong ABS s& uu tién cai thién tinh 6n dinh
ctia xe hon 14 viéc c¢b gang gitr cho banh xe trong pham vi truot 6n dinh. Do d6, quing

duong phanh sé kéo dai hon so véi tinh huéng binh thuong.

3.2.7. Chu trinh diéu khién ciia hé thong ABS

Chu trinh diéu khién ABS 1a mot quy trinh phirc tap va dién ra rat nhanh, két hop
nhip nhang hoat dong ctia cac cam bién, bo chép hanh thuy lyc va bo diéu khién dién tu
(ECU). Tém tit cua quy trinh nay 1a tir khi tai xé dap phanh:

— Cam bién tdc d6 banh xe do téc d6 quay cuia banh xe va giri tin hiéu cho ECU,
bén canh d6 cac loai cam bién khac nhu cam bién giam tdc ciing ghi nhan cac
thong sd va giri tin hiéu.

— BO6 diéu khién ECU nhan dir liéu tir cdc cam bién va xir 1y dir liéu dé xac dinh
xem céc banh xe 6 sip bi bo cting hay khong.

— ECU so sanh dir liéu toc d6 banh xe v6i ngudng cho trude va quyét dinh can
thiép bang h¢ thong ABS néu can.

— ECU ra lénh cho bo chép hanh thuy luc, gt tin hi€u dén cac van thuy luc trong
hé thdng phanh dé kiém soat lugng ap suat dau phanh tac dung Ién tirng banh

Xe.
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— B0 chép hanh thay lyc diéu chinh ap sut phanh dén timg banh xe dé tranh hién
tuong
— Céac banh xe duy tri do bam duong bang cach tiép tuc quay va duy tri gia trj hé
s6 bam duong véi mit dudng, ngay ca khi phanh gip.
Chu trinh nay s& duoc lip di lip lai cho dén khi ngudi 14i nha phanh. Sau khi nha
phanh, ECU ngimg diéu chinh ap suat phanh va hé théng phanh binh thuong ciia xe tiép

tuc hoat dong.

3.3. Tong quan hé théng phan bd lwc phanh dién tir EBD
3.3.1. Gidi thiéu hé thong EBD

Hé théng phan bé lyc phanh dién tir (Electronic Brake-force Distribution hoic
EBD) 12 mot cong nghé diéu khién phanh ty dong trén xe, c6 kha ning diéu chinh luc
phanh Ién timg banh cia xe dua trén nhiéu yéu t6 khac nhau nhu diéu kién dudng x4, tai
trong, toc d9, va nhiéu yéu t6 khac. Chirc nang chinh cia EBD la dam bao can bang xe
cling nhu lyc phanh trén xe mot cach thong minh. Hé théng EBD thuong hoat dong cing
v6i hé thong chdng bé cting phanh (ABS), va EBD c¢6 thé diéu chinh p luc phanh 1én
ting banh xe dé toi wu hoa kha ning giam toc cta xe trong khi van duy tri kha ning

kiém soat xe.

Hanh khach va hanh ly - Khéng EBD

<CTREICR <

Hanh khach va hanh ly - Cé EBD

SRS «

Ngudi 14i - C6 EBD

e o X

Hinh 3.20. Hé théng EBD

Trong thuc té, hién tuong bd cirng banh xe khong chi phu thudc vao diéu kién
duong x4, thoi tiét va tdc do cua xe ma con phu thudc vao tai trong cua xe. Vi duy, khi
xe phanh trén dudng thang, phan dau xe chiu trong lugng 16n hon so v&i phan dudi xe
do lyc quan tinh, trong khi xe dang quay vong hodc vao cua, man ngoai ctia xe chiu

nhiéu trong lwong hon man bén trong. Trong nhing tinh hudng nay, tai xé gip kho khin
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trong viéc kiém soat toc d6 banh xe, do on dinh cta xe va danh 14i né vat can, dan dén
nguy co tai nan.

Trude ddy, diéu chinh lyc phanh trén xe thudng dugc thuc hién bang cach sir
dung van co khi nhu van bu tai, van diéu hoa luc phanh, va van giam tde. Tuy nhién,
hién nay, cac hing xe trén thé gi6i da phat trién hé thong phan bd lyc phanh dién tir
(EBD). Hé thong EBD két hop voi hé théng ABS gitp diéu chinh lyc phanh 1én timg
banh xe mot cach linh hoat, hi¢u qua va chinh xac hon duéi nhiéu diéu kién hoat dong

cua xe.

3.3.2. Uu va khuyét diém ciia hé théng EBD
3.3.2.1. Uu diém

Hé¢ théng EBD danh diu mét budc tién 16n va cuc ki hiru ich trong viéc giam tbe
d6 cho xe trong nhiing tinh hudng nguy hiém. Hién nay, EBD da duoc tich hop rong rai
trén cac dong xe doi mdi, mang lai sy an toan va hd tro tdi uu cho ngudi tiéu dung trong
thoi dai cong nghé phat trién.

Duéi day 1a mot sé diém cong 16n cua hé thong EBD:

— (ai thién do 6n dinh va kha nang kiém soat ctia xe: EBD ngan banh xe bi b6 cung
va tranh tinh trang xe trugt hodc mat l4i. Picu nay déng vai tro quan trong trong
viéc bao dam an toan cho tai xé va hanh khach khi phanh gip.

— Giam khoang cach dirng xe: EBD phén bd luc phanh déu giita ca 4 banh, tir d6
gitip rat ngan khoang cach ding xe.

— Cai thién kha ning xir Iy: EBD duy tri sy can bang va kha ning xu 1y cia xe cho
tai xé trong qua trinh phanh, dic biét 1a khi phanh trén bé mit khong bang phang,
khi r€ hodc khi c6 vat can trén dudng.

— Giam do mon cua 16p: EBD ngin ngira tinh trang 16p bi mon khong déu do luc
phanh tac dong qua manh 1én mot hoic nhiéu banh xe. Piéu nay ciing gitp kéo
dai tudi tho cua 16p va giam chi phi bao dudng.

Nhitng loi ich ndy cua hé théng EBD déng vai trd quan trong trong viéc nang cao
cam giac an toan va thoai mai cho nguoi 1ai, dong thoi ciing gop phan vao viée ting
cuong su on dinh va hiéu suit cia xe trong moi diéu kién duodng di.
3.3.2.2. Khuyét diém

Tuy mang lai nhiéu wu diém, hé théng EBD van ton tai nhirng diém trur:

— Chi phi lip dit va bao tri ting: EBD thuong duogc trang bi trén cac dong xe phan
khiic vira va cao, 1am ting chi phi lap dat va bao tri. Diéu nay c6 thé 1a mot han
ché d6i v6i khach hang phd thong do chi phi cao.
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— Do phirc tap va yéu cau k¥ thudt cao: EBD 1a mét hé thong phtc tap, yéu cau
nhiéu cam bién va thiét bj dién tir dé hoat dong. Diéu nay khong chi ting chi phi
ma con doi hoi nguoi k¥ su ¢ kinh nghiém va tay nghé phu hop dé sira chira
khi can.

— Kha niang hu hong: Nhu moi hé thdng diéu khién dién tir thong minh khac, EBD
dé bj hu hong do nhiéu nguyén nhan khac nhau. Néu hé thong gip su ¢b, ¢ thé
hoat dong khong tron tru hodc tham chi khong hoat dong, lam giam hi€u qua
phanh va tang nguy co tai nan.

Tuy nhién, mac du c6 nhirng han ché, wu diém cta EBD van dugc danh gia cao hon.
EBD dong vai tro quan trong trong viéc giam tai nan giao thong va cai thién trai nghiém
1ai xe tong thé. Viéc str dung mot ngudn tai chinh cao hon dé nang cao sy an toan 1a diéu

dang xem xét.

3.3.3. Nguyén Iy lam viéc ciia hé thong EBD

e =

Ok

Phan phai luc phanh trudc/sau Phan phéi Iuc phanh trai/phai

Hinh 3.21. Tai trong tac dong 1én banh xe trong cac trudng hop cu thé

3.3.3.1. Vai tro va cdu tao ciia h¢ théong phén bo liec phanh dién tir trén é t6

Vai tro ctia hé théng EBD: luc nay hé thdng diéu chinh phan phdi luc phanh doc
1ap o timg banh xe nhd mot bo diéu khién dién tir. Ta biét rang luc phanh 1y tuong phan
phdi 1én cac banh xe ty 1& véi su phan bd tai trong tac dung 1én chiing. Phan 16n cac xe
c6 dong co dat & trude nén tai trong banh trudc 16n hon. Pong thoi khi phanh do tac
dung cua lyc quan tinh nén tai trong ciing dugc phan bd lai, cang ting & banh trudc va
giam ¢ banh sau.

Viéc phan phéi luc phanh nay trude ddy duge thuc hién hoan toan béi cac van co
khi nhu van diéu hoa luc phanh, van bu tai, van gidm tde, .... Mot truong hop nira 1a khi
Xe quay vong, tai trong cling tang 1én & cac banh xe phia ngoai, con phia trong giam di,

nén lyc phanh can phai phan phdi lai, nhung cac van diéu hoa luc phanh co khi khong
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giai quyét dugce van dé nay. Chinh vi han ché d6 nén cac van diéu hoa lyc phanh bing
co khi da duoc thay thé boi hé thdng phan phdi lyc phanh bang dién tir (EBD). Viéc
phan phéi luc phanh bang dién tir ndy cho do chinh x4c va hiéu qua cao hon. Bang cach
tinh toan toc do khac nhau giita banh trudc va banh sau, hé thdng phan bd lyc phanh
dién tir EBD s& diéu chinh va can bang luc phanh giira banh trude va banh sau d¢é mang
lai hiéu quéa phanh tot nhat.

CAu tao cua hé théng phan b luc phanh dién tir EBD: hé théng st dung mot s6 tin
hiéu dau vao cung voi hé théng ABS bao gém: cam bién tdc do banh xe, cam bién toc
d6 xe va ca bd diéu khién trung tam. Bén canh d6, EBD s& st dung thém mot s6 cam
bién khéc gitp ting tinh hiéu qua danh gia cac tinh huéng nhu:

— Cam bién gia tde: do trong tam xe 0 t0 va kiém tra do truot. Loai cam bién nay

12 mot thiét bi hoi chuyén dung dé do van téc goc cua xe.

— Van diéu khién thay luc: khong giéng voi cum van cta phanh ABS, cum diéu
khién cua hé théng EBD sé& duoc bd sung thém cac van truot voi muc dich la
diéu chinh luu lwong dau cho ting banh xe riéng biét, thay cho ca 4 banh déu
nhan nhu phanh ABS

3.3.3.2. Cdch thirc hoat djng ciia hé thong EBD

Bo diéu khién trung tam s€ lién tuc nhan thong tin tir cac cam bién dé danh gia
ting trudng hop tai trong phan b trén ting banh xe.

Lay vi du, néu ban quay vong trai qua nhanh, cam bién gia toc ngang sé bat dau
nhan thiy xe nghién vé bén phai, cing véi d6 bo diéu khién trung tdm ciing s& nhan
duoc tin hiéu tir cam bién tai trong, thong bao trong lugng xe dang ddn 1én 2 banh bén
phai (do luc quén tinh ly tam). Trong truong hop nay EBD s¢€ tang lyc phanh 1én 2 banh
phia phai nhiéu hon, vi trong lwong cta xe dang don vé phia nay. Néu xe khong c6 EBD,
4 banh s€ nhan dugc luc phanh bing nhau khién 2 banh bén trai nhan nhiéu phanh hon
can thiét, viéc nay dan dén xe bj truot & hai banh (do luc phanh 16n hon lyc bam) lam
xe mat can bang va truot ra khoi dudng.

Thaoi diém can bang

\
|

i

> Luc phanh

Hinh 3.22. Luc phanh ¢ céc banh xe khi xe vao cua
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Chuong 4. XAY DUNG MO HINH MO PHONG HE THONG ABS TREN
PHAN MEM CARSIM VA SIMULINK

4.1 Tong quan vé phan mém Simulink

Simulink 12 mot phan mém mo hinh hoa va md phong dugc phat trién boi
MathWorks, dugc str dung rong rii trong linh vue k¥ thuat va khoa hoc may tinh dé phat
trién va kiém tra cac hé théng dién tir, co khi, diéu khién, va nhiéu linh vuc khéc nhau.
Simulink cung cip mot méi trudng truc quan va dé st dung dé thiét ké cac mé hinh va
hé thdng, cho phép ngudi ding tao ra mé phong chinh xac va kiém tra tinh dung dén cua
hé thdng trudc khi trién khai trong thuc té.

Mot trong nhiing ing dung pho bién ctia Simulink 1a mo phong cac hé thong diéu
khién, nhu hé théng ABS trén xe 6 t6. Bang cach sir dung Simulink, chung ta c6 thé xay
dung mo hinh sb hoa ctia hé thong ABS va mo phong cac bién d6i va twong tac gitta cac
thanh phan trong hé thng, tir cam bién dén bo diéu khién va phanh, dé danh gia hé suét
va dg tin cdy cua hé théng trong cac diéu kién khac nhau.

Simulink cung cdp mét loat cac khdi chirc ning va cong cu dé xay dung mé hinh
mot cach linh hoat va tién loi, cling nhu céc tinh ndng manh mé€ nhu phan tich dir li¢u
va tuong tac véi cac cong cu khac trong quy trinh phét trién san pham. Véi Simulink,
ngudi ding c6 thé t6i wu hoa hiéu suat ctia hé théng va giam thiéu rui ro trude khi trién
khai trong thuc té.

4.2. Gi6i thiéu phin mém Carsim

Carsim 12 mot cong cu md phong dong hoc xe hoi tién tién. Pugc phat trién boi
cong ty Mechanical Simulation Corporation va dugc s dung rong rai trong nganh cong
nghi¢p 6 to dé danh gia va phat trién hiéu suét cua cac hé théng 141, dong co, hop 30, treo
va cac khia canh khac cua xe 6 to. Trong d6 an nay, chung em tip trung vao (mg dung
cu thé ctia CarSim trong viéc mo phong hé théng phanh ABS.

Vi su linh hoat cua CarSim, chiung ta da cé thé danh gia hi¢u suét cta hé théng
phanh ABS duéi cac diéu kién duong khac nhau. Tir duong kho dén duong tron, duong
thang dén dudng cong. Chiing ta co thé tién hanh mo phong dé hiéu rd hon vé cach ma
hé théng ABS tuwong tac v6i bé mit duong va cung cap su 6n dinh khi phanh.

4.3. H¢ thong diéu khién dwoc tich hop vao h¢ thong phanh trén 6 to
4.3.1. Hé thong diéu khién vong kin

Hé théng diéu khién vong kin hay hé thong diéu khién hoi tiép 1a mot trong nhiing

phuong thirc diéu khién cua hé thong diéu khién ty dong trén 6 to.
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Trong hé théng nay, c6 mot cam bién thu thap tin hiéu dau ra, sau do truyén vé
may chui dé diéu chinh lién tuc cac tin hi¢u diéu khién dau vao, giit cho sai s6 diéu khién
ludn ¢ mirc tbi thiéu.

Hé thdng diéu khién vong kin duoc xem 1a 1y tudng khi c6 kha ning triét tiéu tat
cé cac sai sO va giam thiéu toi da anh hudng ciia cac yéu t6 bén ngoai dén hé théng. Tuy
nhién, trong thuc té, viéc dat dugc mot hé théng hoan hdo nhu vay la khong thé, do su
tdn tai cua cac sai sd k¥ thuat trong cam bién, do tré & bo diéu khién, va su thiéu sot
trong thiét ké diéu khién dau vao.

4.3.2. By diéu khién Bang-Bang

B6 diéu khién Bang-Bang 13 mot loai bo diéu khién don gian nhung hiéu qua,
thudong dugc sir dung trong cac ung dung doi hoi su 6n dinh va do chinh xac tuong dbi
thap. Bo diéu khién nay hoat dong dua trén nguyén tic bat/tit (on/off) va dugc diéu
chinh bang cach thay d6i thoi gian hoat dong cua tin hiéu diéu khién khi dat duge ngudng
duoc xac dinh trude.

4.3.3. Bj diéu khién PID

B6 diéu khién PID 1a mot kiéu diéu khién phé bién va dugc sir dung rdng rai

trong cac hé théng diéu khién tu dong trong nhiéu linh vuc, bao gdm cong nghiép, 6 to,

dién tr va ty dong hoa. [9]

P Kye(t) —]

) ) o u ()
T(C et t ul(t t
— Z I K f e(t)dt-—t = Process —y—>

+ 0
- +
D Kdde(t) |

dt

Hinh 4.1. So d6 khdi bo diéu khién PID

B diéu khién PID hoat dong bang ba thanh phan chinh
— P: thanh phan ti 1& ty dong diéu chinh dau ra cta bo diéu khién theo ti 18 tuyén
tinh véi su chénh 1€ch gitra gia tri d4u vao hién tai va gia tri dat trudce.
— I thanh phan tich phan gitp loai bo sai sb dai han bang cach tich liiy va diéu
chinh dau ra duya trén tong tich phan cua su chénh léch gitra gia tri ddu va gia tri
dat.
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— D: thanh phan dao ham gitip du doan va kiém soat téc d6 thay doi cua chénh léch
giira gi4 tri dAu vao va gia tri dat, giam thiéu dao dong va cai thién thoi gian phan
ung.

— Trong khéi diéu khién PID cua hé thong ABS tinh toan lién tuc gia tri sai sd e 1a
hiéu sd gitra gia tri mong mudn va bién trong qua trinh do duoc sau d6 hiéu chinh
trén ba thanh phan PID dé cho ra gia tri diéu khién cung cép cho hé théng.

4.4. Nhiém vu va muc tiéu ciia thiét ké mé phong

Thiét ké mé phong hé théng ABS (chdng bo cimg phanh) va EBD (phan phdi luc
phanh dién tir) dong vai tro quan trong trong viéc nghién ctru va danh gia hoat dong cua
cac hé thong an toan chi dong trén 6 t6. M6 phong khéng chi gitp quan sat qué trinh
lam viéc cua hé théng ma con hd trg kiém chirng tinh hiéu qud, do chinh xac va dg tin
cdy trong cac tinh hudng van hanh khac nhau.

Muc ti€u chinh cua mo6 phong 14 xay dyng mot mo hinh tryc quan, mé ta lai cach
thirc hoat dong va diéu khién cua hé thong ABS va EBD. Qua d6, ngudi dung c6 thé dé
dang hinh dung duoc sy tuong tac gitta cic thanh phan nhu cam bién, ECU va cic co
céu chap hanh thity lyc trong qué trinh phanh.

Nhiém vu cu thé cua thiét ké mo6 phong gom:

— Thir nhit, mé phong gitp 1am 13 cac thong sé ki thuat quan trong nhu: téc do quay
banh xe, ap suat dau phanh, d6 truot gitta 10p va mat dudng,... Pay 1a nhitng yéu to then
chdt anh huong dén hiéu qua hoat dong cua ABS va EBD. Viéc diéu chinh va theo doi
cac thong sd nay qua mo phong cho phép danh gia do chinh xac va phan tng cta hé
thong trong timg tinh hudng cu thé.

— Thu hai, m6 phong dong vai trdo nhu mot cong cu gidng day va nghién ctru hi€u qua,
hd tro nguoi hoc, k¥ su hodc k¥ thuat vién hiéu rd nguyén 1y lam viéc, chu trinh diéu
khién va co ché phan hdi cta hé théng. Qua cac mo hinh mé phong duge xay dung sinh
dong va truc quan, ngudi dung c6 thé theo ddi toan bd qua trinh diéu phdi lyc phanh tir
ECU dén timg banh xe, gitp hiéu rd hon vé quy trinh kiém soét an toan khi phanh.

— Thir ba, m6 phong gép phan danh gia tinh hiéu qua va do an toan cua hé thong trudc
khi duge ap dung vao thyc té. Thong qua mo hinh, ngudi dung cé thé nhan thay 16 vai
tro quan trong cia ABS va EBD trong viéc giit 6n dinh cho xe khi phanh gap, giam nguy
co trugt banh hodc mat 1ai, tir 6 nang cao tinh an toan cho ngudi diéu khién va hanh
khach.Carsim
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4.5.1. Théng so kj thudt ciia Hyundai Creta 2024

] Inc
Height for Z
animalor
1655 0 Lateral coordinate of sprung
‘ o
Width for = . mass center, uniaden
animator 1096 |
1790 = — e Mass center of sprung mass, unladen
v ]
e ———— 600 ——
Left Right ER Left Right M
320 320 v 320 320
Y
< ki
X
Sprung mass 2610
coordinate system | - >
All dimensions and coordinates are in millimeters
The inertia properties below are all for the sprung mass. uniaden Advan

Sprung mass: 1350 kg (] Edit radii of gyration

Hinh 4.2. Thong s6 xe Hyundai Creta 2024 trén Carsim

Ngoai nhitng thong s6 c6 san trong bang, cac thong sd con lai ta phai tinh va tham khao.
Khoang cach tir trong tdm dén cau trude 1a:[11]

w 42
a=L_'=2610.—_ = 1096 (mm) (4.1)
w 100

Do cao trong tdm G, s& 1ay tham khao ctia phan mém d thiét 1ap sin cho phan
khuc SUV ¢& nho 14 600 (mm).

— Thong s6 dong co va hop so:

ES
Torque
Engne [l 1 e Dev. P Trar | Ditfgrantial
e
v

Intemnsl-combustion engine Drive shaft roll effect for solid-ade suspension
Internal engine model et Internal defferential - Cause positive roll
85 KW Engine ¥, Open Differentiat: Gaar Ratio 4411 ¥ The drive sha't appies a roll moment betwee

Hinh 4.3. Thiét lap thong sé dong co va hop sé Hyundai

SVTH: Nguyén Anh Khoi GVHD: PGS.TS. Pham Qudc Thai 50
Nguyén Hiru Duy



Nghién ciru md phong hé thdng phanh ABS dua trén co s& xe Hyundai Creta 2024

Chon tham khao véi cac thong s6 da duoc thiét 1ap san trén phﬁn mém theo ding
phan khac SUV ¢& nho sau d6 ap dung dung cho xe Hyundai Creta vé dong co va hop
sO. Voi cong suat 1a 85kW gan voi 84kW trén phan mém tham khao. Hop sb vo cip
CVT

— Thong s6 hé thdng treo trudc/sau:

Geometry XX/ZZ \nertia (spinning part): 0.13 kg-m2

1572 | Kinematics Due to Jounce
Wheel centers Jounce at design load: ¥ 0 mm
Dive as nonlinear function of jounce N
} Front Strut - Front Dive Angle %

Sprung mass origin

e : X movement as function of jounce v
Front Strut - Longitudinal Movement D

[ Set wheel center reference height here - - -
Camber as nonlinear function of jounce v

Lateral coo'rdmate of Eront Strit - Camber =
suspension center: 0
: - s -Y movement as function of jounce Dl
Dimensions are in millimeters

Strut - Front ¥

Note:
No roll center location is specified because the Toe as nonlinear function of jounce N
location and movement of the wheels are defined Strut - Front v

by kinematical data.

Hinh 4.4. Thong s6 hé thong treo truéc Hyundai Creta 2024
Chiéu rong co so phia trude 14 1572 mm va hé théng treo trude cia xe sir dung
kiéu McPherson (Strut), mot loai treo doc 1ap phd bién trén cac dong xe SUV ¢& nho
nhu Hyundai Creta 2024

Spin Inertia (spinning part): 0.09 kg-m2
Geometry XX/ZZ Inertia (spinning part): 0.04 kg-m2

{80 Kinematics Due to Jounce

Wheel centers l Jounce at design load: ¥ 0
Dive as nonlinear function of jounce s
! T Twist Beam - Rear w
Sprung mass origin

i = X movement as function of jounce »
Twist Beam »

Hinh 4.5. T.h‘6.ng s6 hé thong treo sau Hyundai Creta
Chiéu rong co sd phia sau 1a 1576 mm va hé thdng treo doc 1ap Twist Beam ( hay con
goi 14 hé théng treo ban doc 1ap )
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- Théng sb kich thudc 16p xe:

Animator Settings

The unloaded radius is Tire width:
used to scale the tire. 215 mm
Animator: Shape Assembly i
Small SUV <

Lag from Relaxation Length

Tire force
or moment

5¢. 3L _. Distance rolled

Hinh 4.6. Thong s6 16p Hyundai Creta 2024

Banh trudc va banh sau c6 kich thude bang nhau nén chon theo thong sé tham
khao ¢6 san trong phan mém.

*Ngoai ra con c6 cac thong sd khac trén phan mém nhu 1a mé hinh héa chuyén
dong trén phan mém, hé théng phanh (dau), hé thong 14i, tat ca cac thiét 1ap s& dua trén
phan mém thiét 1ap san cho xe phan khiic hang SUV ¢ nho.

4.5.2. Xdy duwng va thiét lgp cdc trwong hop moé phéng
Sau khi da thiét 1ap cac thong sd xe tién hanh thiét 1ap va xay dung cac truong

hop mo phong theo cac diéu kién khac nhau.

Brake master cylinder pressure (MPa) Function LUnear interpolation, flat-line extrapolation ¥ Custom settings

‘fl
= Time (sec), Control pressure (MPa)

X Axis Y Axis

05 00 10 20 30 40 50 60 70 80 90 100105

Hinh 4.7. Thiét lap qua trinh phanh Hyundai Creta 2024
Xe s& chay dén gidy thir 2.9 bat ddu dap phanh, ap suét phanh tir xi lanh chinh
dén cac co ciu phanh tai gidy thir 3 véi gid tri 1a 18 MPa dén gidy thir 10 (dap hét phanh).

Li do ap suét phanh can thiét ciia xe tir xi lanh chinh c6 d6 16n 14 18 MPa 1a ta tinh dugc
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dua vao cong thitc: Fp < Fg = M. g. . Luc phanh tai cic banh xe bang luc bam s& dat
hiéu qua phanh téi vu. Néu lyc phanh 16n hon lyc bam thi banh xe s& bi trugt. Ta thiét
ké mo phong diing vai xe s& 1a 18 MPa 1a 4p suat phanh can thiét cho toan bo xe.

— Phanh mit duong thang binh thuong c6 hé s6 bam 13 0.75

Driver Controls Start and Stop Conditions Plot Definitions
nitial Vx. cpen-oap throttle = 120 km/h S10p run st specdied time v Wheel Speeds v
Constant: 0 > Time {soc) Path statson (m) Birake Contral. Mastet Cyl. Préssurs =
Braking: Brake Contral . Statt; - g Wheel Cylnier Pressures i
- St 10 Road forward hg
DATN i ke Brake Control: Pedal Force
ISpecly nitialization detolls?

Shitung Control Closed-Loop Shift Control = Steening: Handwhes| Angle
AT All Gears - Steer Torque %
Steering Oriver Path Follower v Jounce - Front .
No Offset, 05 sec. Preview w Miscellaneous % Steee vs. Jounce - Rest M
Additional Data Sprag: Force vs. Compression -
Miscellansous v Fxvs, Sp Y,
Slp Ratios: instant v
Miscellaneous - Station vs, Titne Y
Lateral Tracking vs, Station >
Miscetanecus: 30 Road v ¥vs. X~ Tragectory -

1200 m, Two tanes #1 - tangitudinal Accel. of CG's
Miscellaneous. Generic Group v Latersf Accel. of CG's o
2 fxle - P, Fy, Fr v Piach Angie of Sprung Masses »

Misceflaneous v Miscellaneous v Longitudinal Speed
Yaw Angle of Sprung Mazses x
Miscellansous \ Miscellaneous

Hinh 4.8. Thiét l1ap phanh trong diéu kién mat duong thang binh thuong

Miscellaneous: 3D Road v

1200 m, Two Lanes #1 =

Function Constant v
V(VZohstrant' Fricﬁbn Véoreffi'cient VMu 7(7-7)7: 0.75‘

Hinh 4.9. Loai dudng va hé s6 bam mit duong
Puong thang véi hé s6 bam 1 0.75.

— Phanh trén dudng thang véi 2 hé s6 bam khac nhau

Top row: lateral coordinate (m); X Axis:
station (m); Rest: friction coefficient Mu (-)

XAas | 1 | 2 | 3
N o EIEE
1 0 |075/075/075
2 3 |075]045(075

Hinh 4.10. Thiét 1ap hé s6 bam hai mat dudng
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x e View Fil
Geometry Friction Ewibehe Fiee
Reference Path: Path Segment Builder hd Friction: Mu via S-L Grid %
Straight East » He so bam 0.45/0.75 b
Tire rolling resistance coefficient:
| B " PRSEEE T
Hinh 4.11. Thiét 1ap md phong duong hai hé s6 bam
Color Color Matenal Type Spec. SScale LTdes LStart Units LStop Units Divis iUse SStart S Stop Interve "
1 (087808780878 | Road (Rough) | 0.2 40 1 5 m 5 m -500 1000 | 3
2 111 Water 05 10 05 0 | m I 's | ‘'m | 3 o0 | 3
) 09370937 0837 Grass (Light) 1 20 3125 | -5 m 70 | m -500 1000 | 10
0937 0937 0937 Grass (Light) 1 20 125 5 'm 70 | m -500 1000 | 10

Hinh 4.12. Thiét 1ap hinh dang dudng mo phong

Thiét 1ap hinh dang duong tham khao dua trén phan mém c6 san. Lya chon mo

hinh duong va cac thong s6 duge tiy chinh sao cho phi hop véi diéu kién mo phong ma

chung ta mong mudn. Trong trudng hop nay, mé hinh mé phong duogc thiét ké dé tai

hién lai tinh huéng phanh trén mat duong c6 hai h¢ s6 bam khac nhau — mot kich ban

thuong duoc sir dung dé kiém tra hiéu qua va d6 on dinh ctia hé théng phanh va hé thong

diéu khién 6n dinh.

Thiét 1ap qua trinh phanh giéng nhu véi trudng hop dudng binh thuong va khong
dung dén hé thong lai. Toc d6 xe van s& duoc dit & toc do 120km/h. Véi md phong 1a
tir 0 dén 3 m s& 1a hé s6 bam 0.75. Tir 3 m (chiéu doc) tro di phia bén trai (-5;0) m
(ngang) hé s6 bam sé& 1 0.45. Ciing tir mbc 3m d6 phia bén phai (0; 5) m hé s6 bam sé&

1a 0.75.

Viéc bd tri mit dudng nhu trén nham tao ra tinh hudng phanh khong déu gitra

hai bén banh xe, gitip danh gia chinh xac kha ning 6n dinh phuong tién khi d6i mat
v6i cac diéu kién mat duong thay doi dot ngot, tir d6 kiém tra hidu qua cua hé thong
phanh va hé thong 6n dinh than xe
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— Phanh khi vao cua trén dudng cong c6 hé s6 bam 1 0.75

Driver Controls Start and Stop Conditions
Initial Vx, open-loop throttle  ~ - km/hi Stop run at specified time v
Constant: 0 - Time (sec) Path station (m)
Braking: Brake Control v Start 0 165
DATNduongeong - Stop: 10 Road forward ¥

v | Specify initialization details?
Shifting Control: Closed-Loop Shift Control  ~

AT All Gears '
Steenng: Driver Path Follower v
No Offset, 0.5 sec. Preview v Miscellaneous -
Additional Data
Miscedlaneous. 2
Miscellaneous o
Misceflaneous: 3D Road W
Alt 3 from FHWA #1gfhgf -
Miscellaneous: Generic Group v
2 Axle - Fx, Fy, Fz v
Miscellaneous v Miscellaneous v

Hinh 4.13. Thiét 1ap mo phong phanh khi vao cua trén duong cong
Mo phong xe s& bt dau ¢ 165 m gan v6i khiic cua dé rat ngan thoi gian mo phong
va dé xe phanh ngay vao thoi diém bat dau vao cua. Phanh s& dugc diéu chinh giéng voi
2 trudng hop trén. Va qua trinh phanh sé& dién ra trude khi vao cua. Van toc xe van duoc
thiét 1ap 1a 120km/h.

New dataset: set 10 autonatically v
Visualization
Make 30 animator thapes using 2D shape
definiions from the Snk Delow 1ha button

Update Road Surface 3D Shape Fes
Al 3 FHWA Roed ¥
Mac animator shapes for this road surtace
3D Shapes: Repeated Otject bl
Trees (0. 1000} Y.
30 Shapes Aremator Group v
Partly Coudy Sy with Light Grass %
30 Shapes! lepeated Object v
. -S-aurve (55 m| bl
Geometry Friction Niontcho e — =
Reference Path: X.Y Coordinates of Path ¥ Friction: My vis $-L Grid bt
Alt 3 Rosd Som FTHWA Mt Constant; 0.75 v
Tire roling resistance coefficent: 0.012 | b %
Path Bevation: 25 v3 S v [ More settng:
FHWA At 3 - 3D Shapes: -
Miscelsneous: 42 via S-L Grid -
Road w/ Low Shoulder 215 m v Camera Tracking Points  rone 05 m
e = Yiaeo Preview Rear 05 m
180 Ax S EL &G m v

Hinh 4.14. Thiét 1ap hinh anh dang moé phong dudng khic cua hé s6 bam 1 0.75
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— Phanh va danh lai né vat can

Driver Controls Start and Stop Conditions Plot Definitions
InNval Vi, open-locp throtte = 120 krrvh S10p run at speciied time v Wheel Speedy i
Constant: 0 ¥ Time (sec) Fath station (m) Brake Contrad Master Cyl. Prevsure -
Braking: Brakes Control . Stan: - 0 Whiwef Cylinder Prassures -
DATNdaangeang . Stop 19 Road forward ¥ e -

- Speaty intlalzation detais?
Shifting Controk: Closed-Loop Shift Cootrol = Steerng. Handwhwel Angle o
ALAE Gears M Stver Toeque .
Steenng Drrver Path Folkrmer v Jounce - Front .
canh bl e vt can n Misceilaneous ” Shewr s, Ienince - s >
Additional Data Spring Force vs. Compression .
Miscetlaneous - Frvs Sip -
Slip Ratioy! Instarm ¥
Miscallanecus v Station s Time >
Lateral Tracking vs. Station -
Miscellaneous 30 Road v ¥ va X - Trajectory *
4 fan co vat con ¥ Longitudinal Accel of 6% .
Miscellansous: Genenic Group v . Latemi Accel of CG's -
dAxe P Ty, iz v - Pitch Angle of Sprung Masses . e
Miscellaneous b Miscellaneous . Longitudinal Spred B
Yaw Arsgle of Sprung Masses -
Miscellaneous i Miscollaneous -

Hinh 4.15. Thiét 1ap mo phong phanh va dénh 1ai né vat can
Xe dang chay véi toc d6 12 120km/h. Qua trinh diéu khién ap suat phanh gidng
v6i cac trudng hop trén (thdi diém phanh). Ta s& thiét 14p qua trinh danh 14i va mé hinh
mo phong dudng xa vat thé.

New dataset: set 10 automatically v

Visualization
Make 3D animator shapes using 2D shape
definiticns from the link below the button

Update Road Surface 30 Shape Files
Four Lanes (Adiscent) v
Misc ammator shapes for this road surface
3D Shapes: Armator Group w
Partly Cloydy Sky with Light Grass v
3D Shapes: Repeated Object -
Cones a1S = Om, 76.508m #1 v
30 Shapes: b
2ot View Echo Fie
Geometry Friction 0% . =
Rederence Path Path Segment Buillder d Friction: My wvia S-L Grid v
Straght East - Constant: 075 et
Tire rolfing resistance coaficent: -."..Dli ._ S Shagt 3
Path Elevation: Z5 vs w| L] More settings
1.5 ke with Hits - 30 SHapes: ¥
Miscetaneous: v
Camera Tracking Points  rone 05 m
e - = Yideo Preview Rear 05 m
1BOAIM.SEL45m

Hinh 4.16. Thiét 1ap mo phong né vt can
Chon loai duong 4 1an trong phan mém 1a four lane section va thay doi hé s6 bam

ctia chung 12 0.75. Sau d6 thiét 1ap vat thé né.
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Additional data
Pathname 1o 4 30 animator shape fie
Animator\3D_Shape_Rles\Common_Vehicie_Assets\Paylosds\Drum\drum.obj m font
Color (R G B) 111
Transparency value (D « 1% Specutar value (0 - 1) o7
Scale, position, and orientation
X Y Z
Al values set on this sareen Angle offset o)
are for VS Visualizer and Scale factor
must be numbers formulas View with VS Yisualizer
Coordnate offser m
are 1ot suppOned . . 5
Reference length ' 1 1 mm Isomatric View - Medum Objects

Hinh 4.17. Chon v4t thé né
Chon vat thé né 1a chiéc may kéo 1am nong trong phan mém 1a Farm Tractor hodc
6 thé léy céc vat thé khac hodc tir tao ra tir phﬁn mém khéc nhu Solidwork véi dudi file
la .STL.

Latecal position (m)!

100~
0.75-
050~
0.25-
0.00- --
-025-
-0.50-
075~
1.00~, " ' ' ' ' , ' ' \ ’ ' ' ' ' ' ' ' ' , '
1440 1441 14432 1443 1444 1445 14456 1447 1445 1449 1450 1457 1452 1453 1454 1455 14556 1457 1458 1459 1460
Station (m)
Hatchback . Angle oftset X Axes Y Axis
i 1 145 0
Rowes: 1
g0 | Eacel \iow Plot
Hinh 4.18. Thiét 1ap toa do cua vat thé né
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Vit thé dugc dit tai 150m cach thoi diém bat dau véi X = 150 m va ¢ giita duong

, o
volrY =0 m.
Lateral offset [to the left] (m) Function type Linear interpolation & extrapolation Mt “ICustom settings
300
Station {m), Lateral offset (m)
275~ X Axis Y Axis
225 2 130 0
137 3
200 -
® 141 3
1.75 = =
> 5 170 0
1.50 6 200 0
1.25
1.00
0.75-
0.50
0.25
0.00
-10 0 20 40 60 80 100 120 140 160 180 200 210
Station {m)
Station (m) and lateral offset [to the left] (m) as specified in this dataset can be transformed
using additional parameters. For detads, search an echo file for “LTARG" Rows [ Set Table Swze
Preview time Constant o @ H Calkculator Excel View Plot
Ignore rear wheel kinematical effects -
| Generate animator shapes to show path
Driver preview tane. 0.75 s Low-speed dynamec kmit 10 krmvh
Mawmum steenng wheel angle 720 deg
Driver time lag 0 & Max steering wheel angle rate; 1200 deg/s

Hinh 4.19. Thiét 1ap qué trinh dénh 1ai

Xe s& bt dau danh 1ai sang trdi 3m & vi trf 1a 137m va xe bat dau tra 1ai & 141m.
Tir 137 dén 141 1a duy tri, con tir 141 dén 170 1a tra lai giam dan vé 0. Thiét 1ap cac
thong sé phanh vi tri toa d6 vat thé va qua trinh 1ai sao cho xe chay dung voi diéu kién
mo phong nhu mong mudn. Chinh sira lién tuc bang cach coi video chay thtr dén khi
hoan chinh. Vi vy céc con sb ndy s& phu thudc vao nhiéu diéu kién khac nhau khong
cu thé mot con sb phu thude vao diéu kién mo phong. Nén cac thong s6 trén phu hop
v61 Hyundai Creta 2024
*Cac trudng hop mo phong déu dugc chay mo phong trong 10s.

4.5.3. Thiét lap cdc thong sé diéu khién dau vao ddu ra lién két véi Simulink trén

Carsim
Run Control with Simulink
Run Now [Send to Simulink Models: '~
EBD v
Do not set file type here ¥ [ |write all outputs
Output Variables: v
Hinh 4.20. Lién két diéu khién hai phan mém
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Tao mot trang méi ¢ Simulink va lién két qua Carsim. V&i mdi bo diéu khién s&
c6 mot file lién két khac nhau nhu trong bai ndy s& c6 4 bo diéu khién d6 1a phanh ABS
(On/Oft), ABS (PID), phanh thuong va EBD.

Simulink Model: Extensions\Simulink\DATN\EbdDATN slx

Hinh 4.21. File lién két

Ports for Import | Ports for Export
Brake Whee! Cylinder Pressure L1 v 4 ¥ Porus) - = 4 ¥ porysy 1 Four Whee! Speeds
Srake Wheol Cylinder Pressure R1 - =——b @ "2 Vohicke Speed
3 Brake Wheet Cylinder Pressure L2 ¥ 3 M/C Pressure v
“ Brake Wheel Cylinder Pressure R2 . : VS Math Moded i Gila toc phanh Y

Hinh 4.22. Céc thong s6 diéu khién dau vao dau ra caa Carsim

Céc thong s dau vao sé 1a Ap suat phanh 4 banh xe dugc diéu khién bén Simulink
guri vao va suét ra toc d6 4 banh xe, toc do xe, 4p suat phanh xi lanh chinh, gia téc phanh
s& dugc guri qua Simulink lai tiép tuc diéu khién theo vong lap kin dén hét thoi gian thiét
lap.

*Ngoai ra bén Carsim con nhiéu thiét 1ap khac vi du nhu: Thay d6i mau sic xe,
video md phong, d6 thi, so sanh. P4 thi co thé xuat tir Carsim nhung s& lay tir Simulink
cho thdy dugc sy am hiéu vé hé thong 1y thuyét cling nhu cach chung diéu khién.

4.6. Xay dung va thiét 1ap mé hinh cac khéi diéu khién trén Simulink
4.6.1. So dé khéi diéu khién phanh ABS

Do trugt mong mudn saisd | X , } Tin hiéu B chip ha Ap suat |
S g of + +B didu khién| B0 chiip hanh| 7P » Xe chay thyc |
} phanh |

Tinh todn
Do truot thuc té do truot Toc d6 xe va banh xe

Hinh 4.23. So d6 khéi hé théng ABS

Hé théng ABS duogc xay dung trén co s& cua hé thdng didu vong kin (Closed-
Loop). [9]

Khi xe dang chay véi tdc do cao nhu trén duong cao tdc hodc duong tron truot,
ké ca véi téc do trung binh khi phanh gap (phanh thuong) s& xay ra tinh trang truot hoic
xoay vong do banh xe bi b6 cing, lic nay do luc phanh 16n hon lyc bam nén lyc bam
da bi triét tiéu hoan toan (hé s6 truot tang cao khi banh xe bi bd ctiing) do d6 chi can mot
tac dung 1am thay doi lyc bam ngang sé lam xe bi xoay vong hodc xe sé bi truot thang
do lyc quén tinh lam mat kha nang dinh huéng. Do do, mo hinh ABS s€ dugc thiét lap
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dé diéu chinh ap suat phanh sao cho d6 trugt tai cac banh xe dao dong & muc mong
mudn (mire t6i wu). Khi phanh, xe s& gt tin hiéu tbc do xe va banh xe vé ECU tinh toan
d6 trugt roi so sanh vai do truot mong mudn dua ra sai sb. Sau d6 bo diéu khién s& han
ché sai s6 nay & mirc ma minh thiét 14p dé dam bao gan nhit diéu kién phanh t6i wu. Sau
d6 s& tao ra tin hiéu diéu khién dén bo chap hanh va diéu chinh 4p suit phanh. Xong ap
suit phanh s€ tao ra mot tin hiéu moi lam thay ddi tbe do xe va toc dd banh xe sé tao ra
d6 trugt méi. Cir nhu thé vong 1ap dién ra lién tuc dén khi xe dimg han. Chinh vi thé day

13 hé thdng diéu khién vong kin hay hé thdng diéu khién hoi tiép.

Hinh 4.24. Hé thong phanh ABS trén Simulink

4.6.2. P trwgt mong muon

Theo d6 thi ddc tinh truot ciia banh xe khi phanh thi hé s6 bam doc va hé s6 bam
ngang cao nhat khi do truot trong pham vi tir (10-30)% nén do trugt mong mudn s& duoc
thiét 1ap 13 0.2. O muc nay, phanh ABS sé& hoat dong t6i wu nhat, dat hiéu qua phanh
cao. Do lyc bam cao thi lyc phanh sinh ra tai cac co cAu phanh cao twrong img & murc toi
vu (khéng bi truot), tirc khong vuot qua luc bam ma chi gin bang luc bam xong luc
phanh s& dugc diéu chinh giam dé do trugt duoc duy tri & muc 0.2. [8]

x4 @,

08| Pymax
0.6
04

0.2

0 2

(=]

40 60 80 100 A%

Hinh 4.25. Dac tinh truot ciia banh xe khi phanh
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0.2

Hinh 4.26. Thiét 1ap d0 truot mong mudn trén Simulink
Dung khdi Constant, thay doi gia tri 13 0.2

Hinh 4.27. Khéi Sum trén Simulink
Khéi nay c6 chirc nang tong hop va tinh toan cua do truot mong mudn va do truot
thuc té ra sai s6 dé dua vao bo diéu khién. Diu ccf)ng/déu tror trong ung voi diu cua d6
truot mong mudn/ d6 truot thuc té.
e (Sai s6) = Ao (P9 truot mong mudn) - At (D6 truot thuc té)
4.6.3. Cdc bé diéu khién
4.6.3.1. B diéu khién ON/OFF

p.j.. 1 »
ONOFF LF
> 1 >
" > ONOFF RF y—
Sxsd D‘IM 1} » ‘AE‘ y pli=5 - » 1
ONOEE LR Vi tic e » B4 ta higu didu khido
gl 1 > 1
ONOFF RR
Mut == 0.02)
1 + »utl elsefiul <= .0.02)
T e
°
Y
Hut == 062)
»>
» merge | » 1
i1t »= 003 i
. b tsaaliul <= .02
1
u u 1% '
g ()
» - > e 1
| al

Hinh 4.28. Bo diéu khién ON/OFF trén Simulink

[9] Sai s6 sau khi dd duoc tinh s& duge dua vao khéi If (*{—L) khéi
nay cé chirc nang tach ra 3 trudng hop so sanh. Sai s6 1én hon hodc bang 0.02, bé hon
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hoic bang -0.02 va trong khoang tir -0.02 dén 0.02. Sau d6 s& dugc truyén dén cac khdi

X
B == [hil¥)]
{1 1

hi¢u 1é€nh If Action System ( ).

e>0.02, suét tin hiéu 13 1. Ttrc 13 ting 4p suat phanh.

e <-0.02, suat tin hiéu 14 0. Ttc 14 giam &p suét phanh.
j_u
ar , e ~
) tlrc toc do

thay ddi cua sai sb. Trén diéu kién dudng c6 hé s6 bam thip, tron truot. Luc phanh tac

-0.02 < e < 0.02, thi s& dung diéu kién dao ham cua sai s6 (

dung thay d6i nhanh hon nén bé diéu khién ABS s& khong diéu khién ting giam ap sut

kip thoi. Nén khéi ndy trong hé théng s& ¢ chirc ning tdi vu trén duong c6 hé s6 bam
_— .
B

). Khi d6 truot ting nhanh ttrc 16n hon 0, hé thong s& giam ap suat vé6i tin hiéu 12 0. Khi

thip bing cach st dung khéi Switch dé so sanh gitip nhanh nhay hon( -

d6 truot giam nhanh tirc bé hon 0, hé thong s& ting ap sudt véi tin hiéu 13 1. Dé hiéu qua

phanh dugc t6i vu nhét véi quing dudng phanh ngin nhét.

L
- merge
Khoéi Merge ( ) c6 chiric nang tong hop cac tin hi¢u 1 cach doc 1ap tao ra

tin hiéu diéu khién cho bd chap hanh nghia rang s& chi c6 1 két qua dugc thong qua

nhimng duoc lap di 1ap lai lién tyc tao tin hiéu diéu khién 14 xung vudng gidng hinh dudi.
IO R 3 SR IR ONONY -

— e A £ — (= (= e (= =) 1 = — ) - (— =9 ooy - 1 1 - — —

19y SN T S SR Up O G RS 0 USEE G U (N CREE ) B O G () R ) BN [ ORC R O B g IS R LUTE (S B S g D () g B0 fR D O L

4 42 és
Thil g {giay)

Hinh 4.29. Tin hiéu diéu khién ON/OFF
Bén canh d6 khdi didu khién On/Off s& chi hoat dong khi toc do xe chay trén
5km/h. Néu tdc do xe thap hon 5km/h thi hé thong phanh s& hoat dong nhu phanh thudng
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tirc tin hiéu diéu khién dau ra s& ¢ muc 1 13 4p suit ting dén khi xe ding lai(

4.6.3.2. By diéu khién PID

Tuong ty nhu ON/OFF, bd diéu khién PID ciing 1a mét cach tiép can dé mo hinh
hoa ABS, tuy nhién c6 su khéc biét gitra dau ra cta hai bo diéu khién dan dén hiéu qua
phanh s€ khac nhau.
B6 diéu khién PID c6 dién duoc sir dung trong nén céng nghiép ty dong. [9]

——»

7 V7

Au
At

ip-“; =
Y

kd
Hinh 4.30. Khoi diéu khién PID c6 dién
Pau vao cua h¢ thong nay la sai so e, sau do sai s6 s€ dugc nhan voi cac gia tri
do loi ti 1€ K, do loi tich phan K va do lgi dao ham Kg, tong lai ta dugc dau ra ctia bo

diéu khién, biéu thtrc diéu khién PID c6 dang nhu sau:

de(t
u(t) = Kp.e(t) + Ki. [ e(t)dt + Kd. # (4.2)
I . D,

Hinh 4.31. Khdi diéu khién PID ctia xe Hyundai Creta trén Simulink
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Y
-
A4
|
AAAS
Y

Hinh 4.32. Khdi diéu khién PID ctia xe Hyundai Creta LF trén Simulink

Khdi diéu khién PID chi gui tin hiéu dén bo chap hanh phanh khi toc do xe 16n
hon 5km/h va duoc gidi han bai khdi Saturation & mirc tir 0 dén 1. Tuc tin higu diéu
khién chi dao dong & mirc tir 0 dén 1 twong g véi 0% ap suét xi lanh chinh dén 100%

S

4p suat xi lanh chinh. Khoi Saturation(EM) con c6 chitc ning chong nhiéu trong quéa

trinh diéu khién.

Béng 3.1. Cac thong sd Ky, Ki, K, ctia hai banh trude va hai banh sau Hyundai Creta
Bénh xe Kp Ki Kd
LF ,RF 7 0.65 0.2
LR,RR 9 1.16 0.5

Céc hé s6 PID sé& khac nhau véi timg dong xe khac nhau va cac hé thong khac
nhau. Trong phanh ABS thi cac thong sé ¢6 ¥ nghia nhu sau:

Proportional (P): Thanh phan P s& diéu chinh 4p suat phanh dua trén sy khac biét
gitra d§ truot thuc té va do truot mong mudn. Khi banh xe bat dau truot, su sai léch tang
1én. Thanh phan P sé ting ap sudt phanh dya trén muac do cua sai 1éch nay. Néu sai léch
cang 16n, &p suét phanh ciing duoc tang 1én twong tng dé ngin chin truot. PO vot theo
thoi gian cua db thi PID.

Integral (I): Thanh phan I s& tinh tong tich lily cta sai 1éch d6 truot theo thoi gian.
Sai léch s& duoc duy tri & mirc nhét dinh theo thoi gian, thanh phan I s& duy tri ap suat
phanh hop 1y dén hét qua trinh sao cho do truot thuc té sat vdi do trugt mong mudn. Vi
du khi phanh trén dudng, hé sé bam ludn thay doi, tac dong ctia ngoai lyc ludn thay doi
s& tao ra sai s6 chénh 1éch. Thanh phan nay gitp cho hé s6 bam ludn ¢b dinh & murc thiét
1ap. P9 duy tri theo thoi gian ctia d6 thi PID.

Derivative (D): Thanh phan D dy doan su bién d6i cta sai 1éch giita hai thoi diém
lién tiép. Khi c6 mot su thay ddi dot ngot trong diéu kién duong, chang han nhu phanh
trén dudng tron truot hodc phanh gip, thanh phin D s& diéu chinh ap suit mot cach
nhanh chong kip thoi va chinh xac dé giir cho xe 6n dinh. Giap hé thong nhanh nhay
hon. BJ nhay theo thoi gian cua dd thi PID.
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Céach chon cac théng sb Ky, Ki, Ka trong hé thdng: Dua trén thir nghiém mé
phong, thiét 1ap cac thong s6 sao cho d6 thi do truot thue té c6 do vot 16 thép, do duy tri
& mirc mong mudn (0.2), 46 nhay ¢ muc hop 1y tirc hé thong c6 do dao dong it nhat. Cac
thong sé duoc thiét 1ap tai diéu kién mat duong binh thudng voi hé s6 bam 13 0.75. Két
hop v6i d6 thi quing dudng phanh thiét 1ap sao cho quing dudng 13 ngan nhat va xe 6n
dinh nhat khi phanh. Phuwong phap thir nghiém dé chon thong s6 PID thu cong nay mat
thoi gian va cong strc nhiéu hon cac phuong phap khac nhung lai d& dang quan sat va
dung thuce té véi két qua mong mudn hon. Tong cac thanh phan lai ta s& dwgc dd thi diéu
chinh hop 1y v6i hé thdng va s& hoat dong lién tuc, cting nhau dé diéu chinh ap suat
phanh trén mdi banh xe, ddm bao hiéu sudt phanh tdi wu va an toan khi lai xe, dic biét

trong céac tinh huéng phanh khan cip va truot.

3
4
=
c
=
=
|
o
|
=
=

Thed glan (gldy)

Hinh 4.33. D6 truot thuc té sau khi thiét 1ap Hyundai Creta RR

4.6.3.3. Khéi diéu khién EBD

Hé théng EBD (Electronic Brake-force Distribution — Phan phdi luc phanh dién
tir) 1a mot phan mé rong va nang cao tir hé théng ABS, c6 chirc nang hd tro phan bd luc
phanh hop 1y gifta cac banh xe nhim dam bao do 6n dinh va hiéu qua phanh t6i wu.
Chinh vi vay, trong mo hinh mé phong, so @ khéi diéu khién EBD dugc phat trién dya
trén nén tang ciu tric cta hé théng ABS di co, két hop thém mot sd thanh phan diéu
khién dic thu danh riéng cho EBD.

Cu thé, bo diéu khién trung tam su dung bo diéu khién PID (PID Controller) dé
xir 1y va dua ra tin hiéu diéu khién cho khéi EBD. Vi cau triic tong thé ctia hé thong
ABS khong thay doi nhiéu, nén viéc bo sung khdi EBD chii yéu tip trung vao viéc tinh
toan va diéu chinh luc phanh phan bé giita cac banh xe dua trén tai trong thuc té va diéu

kién van hanh caa xe. Khdi EBD thuc hién chtrc nang nay béng cach tiép nhan cac tin
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hiéu dau vao tir bd PID nhu téc d6 banh xe, ap sudt phanh va trong tai phan bd, sau do
tinh toan ty I¢ Iyc phanh phu hop gitra banh trudc — banh sau.

Tin hiéu diéu khién cudi cing tir khdi EBD sé& duogc giri dén bo chdp hanh, gitp
thuc hién phan bd luc phanh cho timg banh xe mot cach linh hoat. Nho d6, hé thong
dam bao rang lyc phanh dugce didu phdi t6i vu theo timg diéu kién tai trong va mait
duong, tor do tranh dugc hién tugng mét 14i, khoa banh sau hodc 1éch hudng khi phanh

gap.

"

) -

™ (8ec)

Hinh 4.34. Hé thong phanh EBD trén Simulink

*Phan b luc phanh trén cac banh xe: [12]

Ap dung tai liéu 1y thuyét 6 t6, khi phanh thi lyc can lan ciing nhu lyc can gi6 rat

nho va khong kéo ro méc nén sai s6 vé luc co thé bo qua trong tinh toan. Xét su can

bang momen cac liuc phap tuyén tac dung 1én tdm truc trudce va truc sau khi ting toc 1an
luot 1a:

m.g.b —m.Ax. hg

!

m.g.a+m.Ax. h
Lwc phanh cau sau: Fzr = g l g (4.4)

Lwc phanh cau truéc: Fzf = (4.3)

Trong do:
m: trong luong xe (kg).
g: gia toc trong trudng (m/s?).
a, b: 1an luot 1a khoang cach tir trong tdm dén cau trudc va cau sau (m).
Ax, Ay: gia téc doc va ngang cua xe khi phanh (m/s?).
hg: chiéu cao trong tdm xe (m).

I: chi€u dai co s¢ cua xe (m).
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Hinh 4.35. Luc phap tuyén trén cac banh xe
Luc phap tuyén tac dung lén cac banh xe LF, RF, LR, RR lan luot duge xac dinh

theo cac cong thuec:

m.g.b —m.hg.Ax _ m.Ay. hg

LF = 0,5.
z l df
.g.b —m.hg.Ax m.Ay.hg
FzRF = O,S.m g m-1g.ax +
l df
m.g.b+m.hg.Ax m.Ay.hg
FzLR = 0,5. -
l dr
.g.b+m.hg.Ax m.Ay.hg
FzRR = O,S.m g lm g-ox + .
r

Vi df, dr 1a chiéu rong co s& trude va sau.

(4.4)

(4.5)

(4.6)

(4.7)

Sau do, ti 1¢ luc phanh s€ dugc tinh béng cach: Dau tién s& xuit ra gia tri banh xe co

phan luc 16n nhat. Sau d6, sé tinh ti 1 v&i cac banh xe con lai s& cho ra ti 18 luc phanh

phan bd vai ti 1& trong khoang tir 0 dén 1. Céc ty 1é s& bién thién twong tng véi gia tri

Ax, Ay thay doi.

FzLF
rLF = (4.8)
Fzmax
FzRF
rRF = (4.9)
Fzmax
FzLR
rLR = (4.10)
Fzmax
FzRR
TrRR = (4.11)
Fzmax
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Vi rLF, rRF, rLR, rRR 14n luot 14 ty 1¢ phan bd ti ting banh xe trudc trai, trude
phai, sau trai, sau phai.
*Kh6i EBD trén simulink

LR e LR} ™"

U0 T N T

Hinh 4.36. Thiét 1ap khéi EBD trén Simulink

Khdi ndy s& thu nhan cac tin hiéu tir van toc xe, cam bién gia téc va tin hidu tir
b¢ diéu khién PID.

Céc khdi Fen c6 chirc ning 1ap cong thirc tinh toan bang code C++ bén trong
matlab, tinh ra duogc cac luc phanh dén tung banh xe sau do s€ chuyén dén khdi Fen thi
hai ding dé tinh phéan bd lyc phanh va diéu kién EBD hoat dong. Néu van tdc bé hon 5
va Ax 16n hon -0.5 hodc Ay nidm trong khoang tir (-0.3 dén 0.3) thi EBD khéng hoat
d6ng va khéi PID s& hoat dong binh thuong voi phan bé luc phanh 13 1 cho cau trude va
0.5 cho cau sau.

*Cac khdi dugc dung trong phan ndy trén Simulink chua dugc ké dén.
Khébi Demux ( t ) dung dé tach cac tin hiéu tir Carsim ra vi du nhu tin hiéu tir
b6n banh xe s& dugc tach ra lam bon dd thi. Khéi Mux ( }) 1a tong hop céc tin hiéu thanh

3

—b ) dung dé nhan cac

mot dudng truyén nguoc lai v6i khdi Demux. Khdi Product (
tin hi€u thanh mdt gia tri.
4.6.4. Khoi bg chép hanh phanh va ham truyén thiiy luc

Bo chép hanh phanh tiép nhan tin hiéu tir bo diéu khién trung tam. Tuy theo loai
hé théng diéu khién dugc str dung, tin hiéu giri dén bo chap hanh s& c6 su khac biét vé
dang va cach truyén. Sau khi nhén tin hiéu, b0 chép hanh st dung khdi Demux dé phan
tach tin hiéu thanh bon nhanh riéng biét, tuong (mg vai timg banh xe: banh trudc trai
(LF), (RF), (LR) va (RR). Piéu nay gitip hé thong phan phdi lyc phanh phu hop dén

tung banh, ddm bao hi¢u qua va an toan khi van hanh.
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=
Ap xudkt xi lanh chinh

[ T > [ num(s) |

"L T G | -+
L?vam LF Transfer Fon LE Ap suat LF

) > num(s) -

g BV | > den(s) | > 2
»Domux (:'nr R Tranafer Fen RF Ap suat RF

& 4o die i [ T > num(s) _

Ché dd diéu khién | »05> o * S o 3
Gain LR B Transtor Fen LR Ap sudt LR

> numis)

"j[: 5> > L | dend(s) [ . ™ i,

Gain RR Transher Fen RR Ap sulit RR

Hinh 4.37. Thiét 1ap khdi chap hanh phanh trén Simulink

Ap suét tir xi lanh chinh s& dugc tinh toan va phan bb dén cac xi lanh con timg
banh xe. Tin hiéu diéu khién tir cac bd diéu khién s& duoc tach ra lam bon banh xe tuong
ing dé di qua bd phan phdi lyc phanh ¢ dinh v6i khéi Gain trén simulink 1a 1 cho cau
trudc va 0.5 cho cau sau voi bo diéu khién On/OFF va PID va phanh thuong. Con EBD
s& 14 1 hét vi di co khéi EBD tinh toan phan b roi. Khi thiét ké ap suat phanh ciia hé
thdng nguoi ta xét dén phan luc khi phanh thi nhan thay banh xe phia trudc ¢é phan luc
cao hon khoang gip d6i banh sau do tac dung cta lyc quan tinh nén bo phan phdi va
diéu khién lyc phanh thuong dugc dit & dang trude xe véi hé thong ngan gon hon dén
cac xi lanh con con banh sau s& dai hon nén 4p suit ¢6 dinh khi thiét ké phanh sé& 1a ap
suat phanh cho cdu trude 16n hon gan gip d6i cau sau. Bén canh d6, sau khi tinh toan
cac luc phanh phan bd s& qua téi ham truyén thay lIyc. Khéi ndy sé& tinh ra lyc phanh can
thiét va 46 tré cua thiy luc tirc 1a s& cho thiy duoc hinh dang chuyén dong cua thay luc
dudi dang dd thi lyc. Giira cac co ciu phanh c6 mot do tré nhét dinh sinh ra boi hé théng
thuy luc hay do tré cua viée dong mé cac van. Dé viéc nghién ctru mé phong duoc dé
dang hon, cac thanh phan cua hé thong phanh duoc xem 14 Iy tudng, tinh phi tuyén tinh
cua 10 xo van dién tir va do tré ap suét thuy luc da bi bo qua, bo truyén dong thuy luc
nhan céc tinh hiéu diéu khién lam dau vao va diéu chinh dong chit long lam dau ra, ham

truyén thuy luc dugce don gian hoa theo phuong trinh sau:[7]
K

G(S) = m (4-.12)

Trong d6, van dién tir c6 thoi gian dap ung (TB) dugc chon dé mé phong 14 60
mili gidy, do d6 tham s6 quan tinh tro thanh 0.06 va d6 loi phanh (K) duoc 1ay 1a 1. Vi
vay ham truyén thuy luc s& 1a:

1
G(s) =——m
(s) 0,06.s+1
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4.6.5. Khdi lién két Carsim bén simulink

Tiép theo, lyc phanh cua bon banh xe sau khi duge tinh toan trong méi truong
Simulink s& duoc truyén sang khéi CarSim dé thyc hién mo phong lién tuc. Qua trinh
mo phong nay cho phép hé thong xuét ra cac tin hiéu dau ra quan trong nhu: vén toc cta
xe, van tdc timg banh xe, ap suét trong xi lanh chinh, cung véi gia toc doc va gia tdc

ngang cua xe.

@ Block Parameters: CarSim S-Function X
Vehicle math model library (mask) (link)

The vehicle code on this S-Function determine which solver is used for
vehicle type that is simulated.

phglag

CarSim S-Function

Simfile lists the names of the main files that will be read and written by the
solver program.

Parameters
Simfile name:

1simﬁle.sim

Run this model on the Real-Time systems
Initial Vehicle Model State: Run v

System Terminate Control (not for ETAS LabCar system): Vehicle Model ~

Cancel | Help Apply

Hinh 4.38. Khi Carsim lién két bén Simulink

Pé thiét 1ap su lién két gitta Simulink va CarSim, ta dinh dang tén tép mo phong

(Simfile name) 1a simfile.sim. C4c tin hiéu tir CarSim s& thay ddi theo thoi gian va dugc
xuat ra dé phuc vu cho cac phép tinh tiép theo, nhu tinh toan do truot banh xe va xu Iy
trong cac khéi chirc ning tiép theo. Toan bo qua trinh nay hoat dong theo chu trinh vong
1ap kin va tiép tuc cho dén khi hoan tat thoi gian da thiét 1ap cho mo phong.

4.6.6. Khéi tinh todn dé truot

Do truot A khi phanh dugc xac dinh bang cong thirc:
vx — vbx

O —— (4.13)
vXx

Trong do:
vx: the d6 xe (km/h)
vbx: tdc do banh xe (km/h)
Thiét 1ap trén Simulink ta dugc: [9]
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{ 1)
Van toc xo

Coe— e B >

4 truot fwrc 16 LFRF LR RR Py
Slip Ratio &

Hinh 4.39. Thiét 1ap khéi tinh toan d6 trugt thuc té
Dung khéi Product thiét 14p tir va mau con khdi Sum thiét 1ap d4u cua hai tin hiéu
két hop dé tao ra biéu thuc tinh do truot trén. Bén canh d6 dung khdi Saturation dé gi61
han trén dué6i véi mire tir (0 t&i 1) dé chéng nhidu cho hé thdng ciing nhu han ché hién
tugng mo phong vo cuc khi hé thong ding. Sau khi tinh toan do trugt thuc té xong thi
s& duoc dua dén khéi so sanh va tinh toan sai sd gui dén bd diéu khién chu trinh duogc

1ap lai lién tuc nhu vay dén khi hét thoi gian thiét 1ap mo phong.

Hinh 4.40. Khéi thoi gian thyc mo phong trén Simulink

*Ngoai ra con c6 tao dung khdi Gain & murc 1 va 0 dé thiét lap cong tic ABS. 1

tuong (mg véi mo, 0 tuong tmg véi dong. Dung dé mo phong phanh thuong khong co
ABS. Khdi nay khi & mirc 0 tirc s& ngat toan bo tin hiéu tir d6 truot thuc té dén khoi diéu
khién 1am cho hé théng khong hoat dong va phanh & trang thai binh thudng tirc khong
c6 ABS.

4.6.7. Thiét lap dong ho do dé thi mé phéng trén Simulink

y ]

Pong hd do Scope ( )dé theo ddi va kiém tra hé thong tir 46 nhan xét dugc

cac tin hi€u cling nhu céc trang thai hoat dong cua hé théng dé thuan tién trong viéc thiét
ké cai thién hé thong. Ngoai ra con ¢ chirc ning theo ddi dé thiét 1ap cac thong sb PID,
quang duong phanh, van tdc xe, van tbc bon banh xe, luc phanh, gia tbe xe, do truot,
phan lyc, ti 18 phan bd, tin hiéu diéu khién. Va bén canh do, vi cac thong s6 dau ra bén
Carsim c6 don vi tinh toan khac véi két qua mo phong mong mudn nén ta can doi don
vi trude khi xuat két qua mo phong vi du nhu don vi van tée 1 (km/h) = 3.6 (m/s), don
vi gia téc 1 (g) = 1/10 (m/s?).

Khéi To Workspace trén Simulink dé luu cac gia tri vao Workspace bén Matlab
dé thiét 1ap Iénh code v& dd thi muc dich xuit ra két qua dd thi so sanh gitta cdc mo hinh
khac nhau.

— Vidu lénh la:

- plot(out.namel)
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- hold on

- plot(out.name?2)

Lénh hold on dé gitr lai dd thj da v trén cung mét khung toa do.

4.7. Két qua va ban ludn

Sau khi thiét 1ap cac trudng hop & Carsim va két hop véi mo phong trén Simulink
thi chung em d4 thu duoc nhiéu két qua phan anh rd sy khac biét giita cac phuong phap
diéu khién va sy thay d6i cac banh xe trén céc trudng hop. Thong qua cac biéu do vé
van tc,do truot, ap suit phanh va quang duong phanh thi chiing em c¢6 thé danh gia murc

dd hiéu qua, on dinh va an toan cua tirng hé thong trong cac diéu kién van hanh cu thé

4.7.1. Truwong hop 1 (trén dwong thang cé hai hé sé bim)
4.7.1.1. Po thi vin toc

Vin 16¢ xe 2 hi »d bam

Tha glan {s

Hinh 4.42. D6 thi van toc cta xe trén dudng hai hé s6 bam

Vin e me 2 hé +8 bim

Hinh 4.43. D6 thi van téc xe khi phong to cho ba bo diéu khién
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LF (2 hé sb bam) RF (2 v 54 bam]

£np enp

1 glan (s) Thon gan (s}

LR (2 0 84 biew) RR (2 hé 56 bam)

Ae bardy xm (Kewh)

'

Hinh 4.44. D6 thi van tdc ciia cac banh xe LF - RF - LR - RR trén duong hai hé s6
bam
Xe khong c6 ABS: Tai thoi diém dap phanh (3 gidy), do khong c6 hé théng chdng
b6 cung, cac banh xe 1ap tuc bi khoa, khién van tdc giam dot ngot vé 0. Xe nhanh chéng
mat kha nang diéu khién va dén khoang 5-6 gidy sau, xay ra hién tugng xoay vong, thé
hién qua viéc van tdc xe chuyén sang gia tri am — mot dau hiéu cho théy xe dang bi truot
nguoc va quay quanh truc.

Xe sir dung bd diéu khién ON—OFF: O thoi diém phanh, ap suat phanh tai banh
sau duoc diéu chinh thip hon (chi 50% so v&i banh trudc), dan dén momen phanh nho
hon. Piéu nay gitp giam nguy co mat 6n dinh ¢ phia sau. Trong biéu d6 van téc, diéu
nay duoc thé hién 16 khi cac banh sau c6 dao dong nho va 6n dinh hon, trong khi banh
trude dao dong manh hon do hi¢u ing nhép nha déc trung cua bd diéu khién ON-OFF.

Xe st dung bd diéu khién PID: V&i diéu khién PID, van toc cic banh xe duoc
giam vé 0 mot cach déu din va gan nhu theo duong thang. Diéu nay cho thdy hé thong
diéu khién hoat dong muot ma hon, giir cho xe 6n dinh trong qua trinh phanh va giam
thiéu hién tuong trugt banh hodc rung lc nhu & hé théng ON-OFF.

Xe str dung bo diéu khién EBD: Khi bat ddu phanh, do luc quan tinh va tai trong
don vé phia trude, hé thong EBD sé& tu dong ting luc phanh & cau trudc va giam luc
phanh & cau sau. Nho d6, banh sau tranh duge tinh trang truot 1ét khi luc phanh vuot
qua hé s6 bam duong. So véi hé théng PID, EBD khong c6 su khac biét 16n vé biéu d6
van tdc nhung c6 kha ning phan phdi luc phanh linh hoat hon tuy theo diéu kién tai
trong va bam duong thuc té.
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4.7.1.2. Do thi dp truot

LF (2 v & bdm) RF (2 b 56 biow)

e ERD

Thin gian |

LR (2 hé 56 bam) RR (2 0§ 34 bam)

= ] A ;F'FQJ |

thyo 1
|

hint glan |8

Hinh 4.15. D6 thi d6 trugt cia cic banh xe LF - RF - LR - RR trén duong hai hé )
bam

Xe khong c6 ABS: Khi phanh tAt ca cac banh xe 1ap trc bi bo cing, lam do truot
clia xe tang vot 1én 1 tir lac phanh trong khoang thoi gian ngan. Lam cho xe c¢6 hién
tuong truot 1ét.

Xe str dung bd diéu khién ON — OFF: Vi ap suat phanh ¢ hai banh truée duoc
thiét ké 1on hon so véi hai banh sau. Tin hiéu diéu khién duoc thiét 1ap c6 hai gia tri 14
“0” hodc “1”, twong Gng voi viée phanh véi ap suat phanh nho nhét (0%) hodc ap sut
phanh 16n nhat (100%). Do d6, viéc kiém soat do trugt ¢ hai banh trudc trd nén kho
khén hon so v&i hai banh sau. Con ¢ hai banh sau bién do duoc kiém soat 6n dinh xung
quanh d¢ trugt mong mudn 0.2. D@)ng thoi, vi hé sb bam & hai banh bén trai thép hon so
voi hai banh bén phai, nén chiing dé truot hon, dic biét vdi luc phanh nhé van cé thé tao
ra md men phanh khién banh xe bi b6 cting. Vi thé bién d6 dao dong & hai banh bén trai
16m hon so v&i hai banh bén phai.

Xe str dung bo diéu khién PID: dudng biéu dién do trugt trén db thi thé hién dugc
su On dinh do dugc kiém soat do truot gén vo1 dJ truot mong mudn cua thiét 1ap ban
dau1a 0.2.

Xe st dung bd diéu khién EBD: Khi bat dau phanh tai trong va luc quan tinh don
1én banh xe trude, do d6 khi so v6i PID giam ap suét phanh trén cic banh sau thi dudng

nhu khong c6 su khac biét qua nhiéu.
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4.7.1.3. Po thi dp sudt phanh

LF (2 i 34 bam) RF (2 hij 36 bim)

EE(

il phach (MPa)

Ap sult phach (MPa)

LR (2 hé 84 bam) RR (2 hé 34 bam)

nanh (MP2)
*

A sut p

Hinh 4.46. D6 thi ap suat phanh cta cac ‘pénh xe LF - RF - LR - RR trén duong hai h¢
sO bam

Xe khong c6 ABS: Khi bit dau dap phanh, ap suat phanh t6i da duoc truyén téi
ca 4 banh xe, gdy ra tinh trang banh xe bi b6 ciing va trugt 1ét.

Xe sir dung bo diéu khién ON — OFF: dé diéu khién ap suat phanh mot cach lién
tuc, giup banh xe tranh khoi tinh trang b6 cing. Khi phanh trén dudng thang, tai trong
tap trung nhiéu ¢ cau trude va it hon & cau sau, gy anh hudng tiéu cuc dén hiéu qua
phanh cia timg cip banh xe. Vi vay co cau phanh dugc thiét ké sao cho momen phanh
ctia hai banh sau nhé hon, nham dat hiéu qua phanh t6t nhat. Ap suat tir xi lanh chinh
1én cdp banh sau ciing chi duoc diéu chinh bang 50%, 1am cho cac banh sau trd nén kho
bi bo cimg hon. Cu thé, banh sau bén phai (RR) rat kho bi bo ctng do hé s6 bam cao
hon, va ap suat phanh ciia banh sau bén phai (RR) ¢ nhip do thua thét hon so véi cac
banh khac. O cic banh bén trai, 4p suat phanh thip hon so véi bén phai vi hé s6 bam
thép hon, lam cho chiing dé truot hon.

Xe sir dung bo diéu khién PID: tir d6 thi c6 thé thdy rang cic banh bén trai c6 ap
suat phanh thip hon. Piéu nay 1a do mat dudng bén trai c¢6 hé s6 bam thap hon, lam cho
kha niang banh xe bi trugt 16n hon. Nén 4p suat phanh qua manh thi 1am banh xe c6 nguy
co bi b6 cing, dé gay ra cac van dé an toan khi 14i xe.

Xe str dung bo diéu khién EBD: trong khi phanh, tai trong duoc phan bd tap trung
1én ciu trude. Piéu nay 1am cho sy thay doi ¢ hai banh trudc so véi xe st dung bo diéu
khién PID khong déng ké. Nhung & hai banh xe cau sau, ap suat khong phai 1a 50% so
v6i banh xe cau trudc ma dugce tinh toan va phan bd hop 1y dua trén phan lyc phap tuyén,
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tire 13 tai trong tac dung 1én timg banh xe. Do d6, 4p suét phanh tai cac banh sau co thé
dao dong manh & giai doan dau, nhung hé thdng van kiém soat tét ap suit sau do, gitr
cho hé théng phanh luon 6n dinh va dat hiéu qua cao.

4.7.1.4. Do thi quing dwong phanh

Quiing duong phank

Hinh 4.47. 6 thi quing dudng phanh trén duong hai hé s6 bam
Tir nhitng duong biéu dién c6 thé thdy rang quing duong phanh dugc thay doi
giam dan tuong tng vdi cac bo diéu khién ON — OFF, PID, EBD véi hé théng EBD ¢6
quing duong phanh ngin nhat 1a 93.7m. Riéng dd thi cia NOABS, 1a mét d6 thi hinh
duong gidng nhu duong sin boi vi xe di xay ra hién tugng xoay vong.

Quang dwong phannh

Thai glan (s

Hinh 4.48. D6 thi quing duong phanh trén dudng hai hé s6 bam ( phong to )
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4.7.1.5. Nhan xét

Trong truong hop dudng thang hai hé s bam khac nhau, hé théng EBD van dat
duogc hiéu qua tot nhat tmg v6i quing dudng phanh va thoi gian phanh 13 ngan nhat. Mic
du sy khac biét c6 thé khong qué rd rang so voi xe diéu khién bang PID, nhung van dam
bao hiéu suat phanh tdi vu.

So v6i xe trang bi bo diéu khién ON — OFF, hé théng EBD cung cap mot su diéu
chinh linh hoat hon trong phan phdi 4p suét phanh, tlly chinh ap suat dén timg banh xe
dua trén hé sd bam va tai trong tac dung. biéu nay giip hé théng EBD dat duogc hiéu
qua phanh tét hon trén mit duong c6 do bam khéc nhau.

Con voi xe khong trang bi hé théng ABS, ca hai hé théng EBD va PID déu cung
cAp mot cai tién 16n vé hiéu sudt phanh. Tuy nhién, trong truong hop dic biét cua dudong
thang c6 hai hé s6 bam khac nhau, hé théng EBD c6 thé t6 ra hiéu qua hon nho vao kha
nang diéu chinh linh hoat trong phan phéi ap suat phanh.

Bang 4.1. Ddnh gid két qua phanh trén dwong hai hé sé6 bam

No ABS ON - OFF PID EBD
Thot gian
6.9 6.025 5.58 5.55
phanh (s)
ang duon
Quang duong | o vong 94.2 93.82 93.7
phanh (m)

4.7.2. Trwong hop 2 (phanh trén doan dudng cong)
4.7.2.1. Do thi vin toc

Viin te xe | dudmg cong |

Tt e (%)

Hinh 4.49. D4 thi van tdc ciia xe phanh trén dudng cong
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Viin ¢ an ( dudng cong |

Ther glan (s

Hinh 4.50. D6 thi van tdc xe phanh trén duong cong ( phéng to )

LF (durong cong) . RF [érdng cong)
0) e 2

noi gon is) Ihén gan sl

LR {dwdmg cong) N RR (duong cong)

'. nr | 50

nol gan {8}

Hinh 4.51. D6 thi van tdc cta cac banh xe LF - RF - LR - RR trén dudng cong

Xe khong c6 ABS: khi xe bat diu vao cua va dap phanh, cac banh xe déu bi bo
cung ngay lap tiec, dan dén viéc van toc gidm manh xuéng 0. Su khéc biét trong tdc do
giam ctia banh xe sau so vi banh xe trudc xudt phat tir viéc phan bd ap sudt phanh tir xi
lanh chinh dén xi lanh con cta cac banh xe sau it hon so véi cac banh xe trude.

Xe su dung bo diéu khién ON — OFF: Vi thiét ké momen phanh cta cac banh xe
ciu sau nho hon va ap suat phanh dén cac banh sau chi bang mét nira so v6i cic banh
xe cau trude, do thi van tdc cua cac banh xe trude c6 bién do dao dong nhiéu hon so véi
céc banh sau. Tuy nhién véi by diéu khién nhap nha theo tin hi¢u “0” “1” clia bo diéu
khién van duy tri 6n dinh va dap Gmg yéu ciu, giup xe giam téc vao cua ma khong gip

phai tinh trang bo cling.
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Xe str dung bd diéu khién PID: khong c6 qua nhiéu bién dong nhur trong hé thong
ON — OFF. PID 1& mot b diéu khién c6 tinh on dinh cao, nhd vao viéc tinh todn cac sai
s6 hién tai, sai s6 twong lai, va sai sd trong qua trinh diéu chinh hoat dong ctia hé thong.
Nho vao tinh 6n dinh cta hé théng lu6n duoc kiém soat trong pham vi an toan. Van tde
ctia cac banh xe duoc diéu chinh giam dan va déu dan, tuong tu nhu dd thi van tdc cua
xe chay. Diéu nay cho thiy tinh hiéu qua cta bo diéu khién PID trong viéc duy tri sy 6n
dinh va kiém soat ctia hé thong phanh trén xe.

Xe str dung bd diéu khién EBD: nho vao kha ning phan phdi ap suat phanh dén
tirng banh xe mot cach théng minh, van téc ¢ ca bdn banh xe duoc giam mét cach dong
déu va tuong dbi giébng nhau. Diéu nay giup cho viée giam téc do cua xe dién ra mot
cach 6n dinh va nhanh chong hon. Khi cic banh xe duoc kiém soat voi muc ap suét
phanh twong d6i dong déu, xe c6 thé duy tri sy 6n dinh va an toan trong qué trinh phanh,
gitip nguoi 1ai c6 thé kiém soat duge xe mot cach dé dang hon.
4.7.2.2. Do thi dp truot

LF { duong cong ) . RF (duong cong |

¥ gan (8) Than glen (s

LR [ dwréng cong ) RR | dudmg cong )

<
80 EBD

NO A3 z WO ABS

i
thys )

DG gt

Thot gan {x)

Hinh 4.52. D6 thi do trugt ctia cac banh xe LF - RF - LR - RR trén duodng cong

Xe khong c6 ABS: trong qua trinh phanh vao cua cac banh xe ngay trc khac bi
b6 cimg, d6 truot ting vot 1én 1 trong hét qua trinh phanh.

Xe str dung bd diéu khién ON — OFF: d¢ truot cta hai banh xe trude cé bién do
dao dong day dic hon do sy chénh 1éch momen phanh giita cac cip banh xe cau trude
v ciu sau. Trong khi d6, ¢ hai banh sau bién d§ duoc kiém soat dugc On dinh xung
quanh d¢ truot mong mudn 1a 0.2. Diéu nay cho thiy su khac biét trong kiém soat va on
dinh giita cic banh xe trén xe dugc didu khién biang ON — OFF giup xe khong bi truot
khi khong c6 ABS.
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Xe str dung bd diéu khién PID: khi xe chay ¢ téc do cao roi dot ngot dap phanh
va Om cua, tai trong lén cac banh xe thay doi dot ngdt, lam cho do trugt cua bd diéu
khién PID vot 16 gid tri mong mudn. Tuy nhién, diéu nay khong anh huéng qua nhiéu
dén hiéu qua phanh vi sau sy vot 16 bo diéu khién PID di diéu chinh cho dd truot gﬁn
vé mirc do truot mong mudn. Diéu nay cho thiy tinh linh hoat ctia bd diéu khién trong
viéc diéu chinh va duy tri kiém soat trén cac banh xe trong tinh hudng kho khan.

Xe su dung bo diéu khién EBD: d3 han ché mat it tinh trang vot 16 khong dang
¢6 & bo didu khién PID. D¢ trugt ciia cac banh xe duge kiém soat 6n dinh, mic du khong
dat dugc gia tri mong mudn nhung van mang lai hiéu qua phanh twong dbi tot.
4.7.2.3. Do thi dp sudt phanh

LF ( duodng cong ) F { duomg cong |

LR { duomg cong | RR | Swrdng cong )
. < o

Sah (MPa

Hinh 4.53. P06 thi ap suat phanh ciia cic banh xe LF - RF - LR - RR trén duong cong

Xe khong c6 ABS: tai thoi diém gidy thir 3 bat dau dap phanh, ap suét t6i da duoc
truyén t6i 4 banh xe lam cho banh xe bi b ctimg dan dén tinh trang truot 1ét.

Xe st dung bd diéu khién ON — OFF: ap suit phanh van dugc diéu chinh ting
giam dé tranh tinh trang banh xe bi bo ctmg. Tuy nhién, voi thiét ké vé momen phanh
va 4p sudt phanh cta cAu sau nho hon véi banh xe cau trudce vi thé cac banh trude thuong
hoat dong vo1 tan sb va bién do 1én hon so véi cac banh sau.

Xe str dung bd diéu khién PID: ap suét duoc didu khién 6n dinh dua trén do truot
cua banh xe, va do su chénh Iéch tai trong khi cua nén c6 su dao dong nhe trong giai
doan du. Va vi banh xe RR chiu luc tuong ddi 16n vi khi 6m cua tai trong dugc phan
b6 theo thir tr RE>RR>LF>LR, vi thé mic du da guri tin hiéu dé phanh v6i ap suat phanh
cao & giai doan dau van khong du dé xay ra hién twong bé cting cho dén khi tai trong

1én banh xe giam xudng thi p suit phanh ciing giam lai.
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Xe sir dung bo diéu khién EBD: trong trudng hop dudng thang, su xuat hién cia
EBD thuong khong dang ké. Tuy nhién & trudng hop duong cong, EBD tao ra cac d6
thi hoan toan khac bang chinh ap suit phanh khac nhau tac dong 1én tirng banh xe dua
trén su phan bd tai trong. Piéu nay giup toi wu hoéa hiéu qua phanh, dam bao rang mdi
banh xe dugc phanh véi mure dd phu hop, tir do cai thién su 6n dinh va kiém soat cta xe
trong cac tinh hudng 1ai xe trén dudng cong.
4.7.2.4. Do thi quing dwong phanh

Quiing duomg phanh | dwdmg cong )

ool gan (sl

Hinh 4.54. P4 thi quing dudng phanh trén dudng cong

Quing duomg phanh | duong cong )

Hinh 4.55. D6 thi quing duong phanh trén dudng cong (phong to)
Tir hinh 4.54 va 4.55 ta c6 thé thdy rang quing dudng phanh ctia xe EBD 1a ngén
nhat, tiép theo 1a xe sir dung bo diéu khién PID, sau d6 1a bo diéu khién ON — OFF. Con
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v6i xe khong c6 hé thong ABS di bi trugt ra khéi dudng cua. Diéu niy cho thdy vu diém
ctia cac hé thong phanh hién dai trong viéc cai thién hiéu suat phanh va giam quing
dudng dirng cua xe so voi cac hé thong phanh truyén thong.

4.7.2.5. Nhan xét

Trong trudng hop phanh va 6m cua trén doan dudng cong, hiéu qua cua hé thong
phanh EBD tré nén r6 rang. EBD khong chi giup xe dat dugc quang duong va thoi gian
phanh ngén nhat ma con kiém soat duge sy on dinh cua xe. B@ing cach diéu chinh ap
suat phanh dén tirng banh xe theo muc do tai trong va sy chuyén dong cia xe.

Tuy nhién theo d6 thi ching ta ciing c6 thé thiy b diéu khién PID ciing cho hi¢u
qua t6t d6 1a nho vao viée didu chinh cac hé s6 Kp, Ki, Kp tir nhitng diéu chinh cho bo
diéu khién tot hon so v&i cac hé s cil.

Nhu vay hé théng EBD va PID khong chi t6i uu hoa hiéu suat phanh ma con dong
vai trd quan trong trong viéc dam bao an toan va 6n dinh cia xe.

Bdng 4.2. Ddnh gid két qua phanh trén doan dwong cong

NOABS ON - OFF PID EBD
Thot gian Bivang ra
o 5.119 5.105 5.09
phanh (s) khéi duong
uang duon Bivangra
Quang duong Hvane 84.243 84.16 83.914
phanh (m) khéi duong
4.7.3. Truwong hop 3 ( phanh né vat can)
4.7.3.1. Po thi vin toc
_ Vin 1he xo | né vt can )
Hinh 4.56. D thi van toc xe phanh va né vat can
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Vin tde xo { né vt can )
EBD
PO

21 '&a LAl 192 S I a6 £

Hinh 4.57. D6 thi van tdc xe phanh va né vat can (phéng to)

LF [ né w3t can ) RF { n& vitcan )
: 20 ‘ .

OMNOFF
NO ARG

Van 1ho banh xe (Kmm)

ven gan {8 Thon gian fa

LR({ né vt chn ) . RR {né vt cin )

o {Keh)

Van 152 hanh

A5 - 58 o L%
Tren gan (8l Thén glan (s

Hinh 4.58. D) thi van tdc ciia cac banh xe LF - RF - LR - RR phanh né vat can
Xe dang chay voi tbc do 120 km/h thi phat hién vat can va dap phanh cach vat

can khoang 50m sau do bat dau danh lai sang trai tai thoi diém cach vat can 25m va tra

1ai thang xong lai danh 1ai sang phai dé vé lai quy dao thang khi vira qua vat can.

Xe khong c6 ABS: Khi tai xé bat dau phanh thi cac banh xe lién bi bo cimg va

van tc cua cac banh xe giam manh vé 0. Lic nay banh xe bi trugt théng theo lyc quan
tinh do d6 xe bi mat kiém soat. Vi vay khi tai xé danh 1i, xe khong thé chuyén hudng
khi do bam khong con va gay tai nan. Sy suy gidm cua hai banh sau chdm hon hai banh

trude 1 do 4p suat phanh phan bb dén hai banh sau 1a 50% so v&i hai banh trudc.
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Xe sur dung bd diéu khién ON/OFF: Khi xe danh 1ai sang trai dé né vat can thi
1ap torc phan luc tac dung 1€n cac banh bén phai 16n hon do luc quén tinh ly tam tac
dung. Va khi danh 1ai vé bén phai dé vé ding quy dao ciing vdy. Luc ndy banh xe nao
c¢6 phan lyc 16n, van toc banh xe s& dao dong 16n twong tng va nhanh hon dé van toc
banh xe vé 0 nhanh nhét c¢6 thé ma khong bi truot. Vi khi phan liwc phap tuyén 16n, luc
phanh sinh ra 16n nén banh c6 phan lyc phap tuyén 16n d& bi truot hon. Nén bo diéu
khién s& hoat dong nhiéu hon véi dao dong 16n hon. Dé banh xe khong kip bi bo cing
1am mét kiém so4t xe. Do tan suét diéu khién cao va nhidu nén vén tdc banh xe s& chuyén
huong tac dung cham hon so véi PID va EBD.

Xe sir dung bd diéu khién PID: Ap suét phanh dugc diéu chinh dya trén sy diéu
khién sai s6 & murc 6n dinh br?mg viéc diéu chinh cac thong s6 diéu khién P, I, D nén van
tdc banh xe s& dao dong it & doan bat dau va giam déu mot cach 6n dinh hon. Khi phanh
va danh 14i xe 6n dinh va chuyén hudng muot hon.

Xe st dung bd diéu khién EBD: Do thi van toc cac banh xe khong co nhiéu su
khac biét so v4i PID nhung nhd ¢6 EBD nén ap suat phanh duoc phan bo kip thoi dén
cac banh xe hop 1y nén van toc banh xe giam vé khong gan voi duong thang hon PID
mot it.
4.7.3.2. Do thi dp truot

LF | o viit cin ) BF ( na vit can )

NO A - NO ABS

mitwc

O tru

Bt gan {s)

LR [ nd vdt can | RR (me vitcdn)

D ugt thyc th
t

Hinh 4.59. D6 thi do truot thuc té cia cac banh xe LF - RF - LR - RR phanh né vat can
Xe khong c6 ABS (NO ABS): Khi tai xé bat dau dap phanh, d¢ truot tang vot 1én
t6i da 1a 1 chiing to 4 banh xe déu bi bo cimg va truot.
Xe str dung bo diéu khién ON/OFF: D6 truot cua hai banh xe trudc ¢ bién do

16m hon do lyc phanh banh trude 16n hon. B4 trugt ¢ hai banh sau lai dugc kiém soat 6n
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dinh hon so v&i hai banh trudce trong do trugt mong mudn 14 0.2. Vao cac thoi diém danh
la1 thi banh bén ngoai s& c6 phan luc 16n hon banh bén trong nén cac banh co6 phan luc
16n nay s€ co6 bién do truot I6n hon va hoat dong day dac hon. Cang vé sau bd diéu khién
hoat dong day hon do lac nay van tc banh xe va van tc xe rat nho ciing nhu thay ddi
gan vé bang 0 rat nhanh va két hop véi gia tdc phanh cudi qué trinh 13 16n nhét tic do
thay ddi van toc 16m nén do truot co bién do cao hon.

Xe str dung bo diéu khién PID: Mic du ¢6 su thay d6i vé luc bam nhung bo didu
khién PID van kiém soat t6t quanh ving 0.2 v6i d6 vot 16 thap do thiét ké thong s6 P, I,
D 6n. Va do trugt thay d6i mot cach mugt ma, ém 4i hon. Gitp xe né vat can 6n dinh
hon.

Xe sir dung bo diéu khién EBD: B¢ diéu khién 1am t6t nhiém vu phan bd ap suit
phanh va diéu khién do truot xe trong pham vi mong mudn nhung lai khong c6 qué
nhiéu su khac biét so voi PID, nhu ta thay vao nhitng khuc tra 14i gap. Thi d6 truot cia
EBD thap hon va sat véi 0.2 hon PID nén EBD c¢6 phan nhinh hon vé d6 6n dinh.
4.7.3.3. Do thi dp suit phanh

LF [ nd vit cdn | RF | 06 vitcan)
8 . B[

phants (MF
it phanh (MP

Ag sia phanh (MPx

LR ( né vt cén ) RR { né vijt can )
N

i (MPa

4

Hinh 4.60. D) thi 4p suat phanh ctia cic banh xe LF - RF - LR - RR phanh né vt can

Khi xe danh lai sang trai dé né vat can, do cac banh phia trudc co6 luc bam cao
nén ap sut phanh cao va 6n dinh hon khi d4nh 1ai con banh sau do luc bam thap két hop
v6i tac dung cua luc ngang sinh ra khi danh 1ai lam cho banh sau c6 sy thay doi ap suét
16n hon. Trudng hop nay goi la truong hop bi vay dudi khi danh 1ai gip. Nén ap sut
phanh sinh ra s& twong tmg voi luc bam cua xe dé xe dirng lai nhanh nhat ma khong bi
truot cling nhu banh xe khong bi khoa cimg dé co thé danh 1ai diéu khién theo minh

mong muon.
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Xe khong c6 ABS thi ap suét phanh 1ap tirc dugc tang cudng dén cuc dai, khi c6
bo diéu khién két hop ap suit phanh bi giéi han ¢ muc twong tng lyc bam. Theo db thi,
kh6i ON/OFF diéu khién ap suét phanh theo d¢ tré ciia hé théng thuy luc, khi dat ngudng
do truot ap suét phanh cac van moi bt dau dong mé theo d6 do tré cua thuy luc s& tao
ra 1 bién d6 trén duéi va ciing s& thay ddi theo luc bam tirng banh xe. Vé6i PID va EBD
diéu khién duy tri 4p suat 1 cach ém 4i, muot ma hon. Nhung lai khong c6 qua nhiéu
khac biét 16n nhu ta thdy trén dd thi 4p suét thi 4p sudt phanh cua EBD c6 phan diéu
chinh hon 1 xiu dé xe 6n dinh tbi vu hon.

4.7.3.4. Dé thi quing dwong phanh

Gulrg Orong phasd { ré vit ohs )

Hinh 4.61. D6 thi quing duong phanh né vat can

Quirg Ouomg phant ( re st Lén )

Hinh 4.62. D6 thi quing dudng phanh né vat can (phong to )
Quing duong phanh cta 3 bo diéu khién 1a khong dang ké khac biét 16n & tinh
6n dinh khi phanh va danh l4i né vat can trén duong. Nhung nhu ta thiy quang duong
ciia EBD, PID, ON/OFF, NO ABS giam dan 13 do khi danh 14i thi s& c6 su diéu khién

t6t gitp chuyén huéng muot hon dén vi tri mong mudn vi goc danh 14i 1a giéng nhau
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gitra 3 by di€u khién nhung xe c6 bd dieu khién tot gitp chuyén hudng xa vat can hon

tranh va quet vao vat can nén quing dudng xe s& xa hon 1 it (khong dang ké) do qua

trinh chuyén hudng t6i vu. Khéng c6 ABS, thi xe bi truot thing va khong thé chuyén

huéng 14p tirc ddm thang vao vat can. Nén quing dudng ngin hon do khong cé tinh qua

trinh chuyén hudng.

4.7.3.5. Nhan xét

Bdng 4.3. Bdanh gid két qua phanh trieong hop né vit can

NO

ON/OFF PID EBD
ABS
Thoi gian phanh (s) 491 5.01 5.019 5.02
ing duong phanh
Quing ( ;lgp a 76.8 78.1 78.3 78.4
m
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KET LUAN

1. Két luan

Sau qué trinh nghién ctru va thuc hién dé tai “Nghién ctru mo phong hé théng
phanh ABS dya trén co s& xe Hyundai Creta 2024, chung em da dat dugc nhi¢u két
qua tich cuc ca vé mat 1y thuyét 1an thyc hanh. Trudce hét, chiing em d3 cing c6 dugc
kién thirc nén tang li€én quan dén cau tao, nguyén ly hoat dong va vai tré quan trong cia
hé thong phanh ABS trong viéc dam bao an toan khi van hanh 6 t6. Bén canh do, ching
em cling hi€u rd hon vé su khac bi¢t gitra cac bd dieu khien ON/OFF, PID va EBD khi
ap dung vao di€u khién lyc phanh tai cac banh xe.

Thong qua viéc xay dung mo hinh mé phdng trén Simulink va CarSim, chiing em
da thiét 1ap duogc cac khoi di€u khién, nhap cac thong so6 k¥ thuét cia xe Hyundai Creta
2024 va tién hanh lién két m6 phong gitra hai phan mém. Két qua mé phong cho thay su
khac biét ro rét vé hi¢u suat phanh gitta cac bo di¢u khién, dong thoi phan anh duogc anh
huong cia cac tham s6 k§ thuat dén kha ndng 6n dinh va hi¢u qua phanh. Cu the, bo
diéu khién PID va EBD cho thay dg 6n dinh cao hon, gidm hi¢n tugng trugt 1€t banh xe,
dac bi¢t trong dicu kién tai trong thay doi, trong khi b0 ON/OFF phan ing don gian
nhung hiéu qua chua t61 uu.

Viéc thuc hién moé phong trong cac diéu kién khac nhau gitp chiing em nang cao
kha ning tu duy phan tich, xtr 1y sd liéu va danh gia két qua. Qua d6, chung em nhéan
thay vai tro to 16n ctia cong ngh¢ moé phdong trong viéc rut ngan thoi gian nghién ctru,
tiét kiém chi phi thr nghi€ém thyc té va hd tro téi wu hoa cac hé thong trén xe 6 t6 hi¢n
dai.

2. Hudng phit trién

Trong thoi gian t6i, chiing em mong muén tiép tuc md rong dé tai bang cach thir
nghiém thém céc loai bo diéu khién khac nhu Fuzzy Logic hodc két hop giita PID va
Fuzzy Logic, nham so sanh va danh gia mtc do toi wu cua ting phwong phép trong hé
thong phanh mé phong trén Simulink.

Bén canh d6, chiing em ciing s& tim hiéu thém vé céc thong s6 thuc té cua xe, dic
biét 1a vi tri trong tim chinh x4c cta dong xe Hyundai Creta tir nha san xuat. Néu c6
diéu kién, ching em mong mudn thuc hién cac thu nghiém thyuc té dé so sanh voi két
qua mo phdng, tr d6 nang cao dd tin cdy va chinh xac cho mo6 hinh da xay dung.

Ngoai ra, ching em ciing dy dinh thiét 1ap thém cac tinh huéng mo phong khac

nhu diéu kién 1én dbc, xudng dbc, hodc thay ddi loai mit dudng (tron, soi, kho, wét...).
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PHU LUC 1

Video mo phong
Céc bo diéu khién phanh trén duong hai hé s6 bam:
https://drive.google.com/file/d/10X1z3P890KkNIVbmdBTv6(QAahxAb-

rXax/view?usp=drive link

Céc b diéu khién phanh trén dudng cong:
https://drive.google.com/file/d/1 gHXh6M-
_aduhbjFqr7kgBGIUWIYxfngr/view?usp=drive link

Cac bo diéu khién phanh né vat can:
https://drive.google.com/file/d/18ZXTh4 K-
IgEDcR1YZ32MjRhMorT 15z/view?usp=drive link

Chu thich:
Céc bd diéu khién:
+ EBD: Mau xanh duong
+ PID: Mau do
+ ON/OFF: Mau vang
+ NO ABS: Mau tim
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Code matlab

Tinh phan lyc cac banh xe:

function [FzLF, FzRF, FzLR, FZRR]= fcn(Ax, Ay)
1=2.61; % Chiéu dai co s& (m)

a=1.10; % Khoang cach tir tAm xe dén truc trude (udc lugng)
b=1-a; % Khoang cach dén tryc sau

g=9.81; % Gia tdc trong trudng

m = 1290; % Khbi luong xe (kg)

hg=0.55; % Chiéu cao trong tim (m) — udc lugng SUV
df=1.565; % Chiéu rong co s& trudc (m)

dr=1.485; % Chiéu rong co so sau (m)

FzLF =0.5*(m*g*b-m*Ax*hg)/l-m*Ay*hg/df;

FzRF =0.5*(m*g*b-m*Ax*hg)/l+m*Ay*hg/df;

FzLR =0.5*(m*g*a+m*Ax*hg)/l-m*Ay*hg/dr;

FzRR =0.5*(m*g*a+m*Ax*hg)/l+m*Ay*hg/dr;

end

Tinh ti 1¢ phan phdi 4p suat phanh

function [rLF, rRF, rLR, rRR]= fcn(Fzmax, FzLF, FzRF, FzLR, FzZRR, Ax, Ay, v)
rLF = FzLF / Fzmax;

rRF = FzRF / Fzmax;

rLR = FzLR / Fzmax;

rRR = FzRR / Fzmax;

% dieu kien EBD ngung hoat dong

1fv<5&& (Ax>-0.5 (-0.3 <Ay)&&(Ay <0.3))

rLF =1;

rRF =1;

rLR =0.5;

rRR =0.5;

end
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