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Trong bbi canh nganh cong nghiép 6 to dang ngdy cang chu trong dén yéu té an toan,
tiét kiém ning luong va nang cao trai nghiém ngudi 13i, hé thong 1ai tro luc dién (Electric
Power Steering - EPS) da dan thay thé cac hé thong l4i truyén théng sir dung thity luc. PO
4n nay tap trung vao viéc nghién ciru, tinh toan va mo phong hé thong 1ai EPS trén nén tang

xe co s& Hyundai Accent 2024.

Trong khuén kho d6 an, qua trinh mo6 phong hé théng lai st dung tro luc dién duoc thuc
hién trén nén tang phan mém MATLAB/Simulink — mdt céng cu manh mé va chuyén dung
trong linh vic md hinh héa va moé phong hé thong diéu khién. M6 hinh mé phong dugc xay
dung bao gém cac khdi chure nang mo ta co cAu 141, mo-to tro luc dién, vo lang, truc 141 va
bd diéu khién phan hdi (PID). Thong qua mé phong, cac kich ban danh l4i dugc thuc hién
dé danh gia kha nang phan tmg cta hé thong theo cac diéu kién van hanh khac nhau.

Va sau khi thuyc hién mé phong nhéom em thu duoc két qua qua viéc s dung
MATLAB/Simulink khong chi gitip truc quan hoa hoat dong ctia hé thong ma con cho phép
dé dang diéu chinh, toi vu cac thong s6 diéu khién nham nang cao hi¢u qua va do on dinh

phan anh dung xu hudng hoat dong thuc té ciia hé théng EPS.
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LOINOI PAU

Trong cudc séng cong nghiép hoa hién dai hoa, cudc cach mang cong nghi¢p 4.0 da
va dang dién ra sau rong véi toc do phat trién khong ngimg trén toan thé gidi, dién ra trong
tat ca cac linh vuc va moi mat cua doi séng xa hoi. Va trong tat ca nhiing linh vuc do thi
linh vyc Cong Nghiép O Tb ciing khong nam ngoai dong va xu thé phat trién tat yéu do.
Nganh Cong Nghiép O Té hién nay dong vai trd quan trong trong su phat trién cia mot dat
nuée. N6 ra doi nhdm muc dich phuc vu nhu ciu vin chuyén hang héa va hanh khach, phat

trien kinh té xa hoi dat nudc.

Hé théng nay co chitc niang diéu khién hudng chuyén dong cua 6 t6, dam bao tinh
nang on dinh chuyén dong thang ciing nhu quay vong ctia banh xe dan huéng. Trong qua
trinh chuyén dong hé théng 1ai c6 anh hudéng rat 16n dén an toan chuyén dong va quy dao
chuyén dong cia 6 to, dic biét dbi véi xe c6 toc do cao. Do d6 nguoi ta khong nglng cai
tién hé thong lai dé nang cao tinh niang cua n6. Pong nghia voi sy phat trién d6 doi hoi
nhitng ngudi thg, ngudi k¥ su 6 t can duoc trang bi kién thirc chuyén mén va trinh do tay
nghé dé theo kip su phat trién ctia cong nghé 6 to hién nay. Xuat phat tir nhirng van dé do,

nhom em da chon dé tai:

“Tinh toan va md phéng hé thong lai sit dung tro hwe 14i dién dwa trén xe co s&
Hyundai Accent 2024”.

Nhan thay day 1a mot dé tai nghién ciru rat thuc té va c6 ich cho cong viéc sau nay.
Vi thé em d3 c6 ging tim hiéu nghién ctru va ting budc hoan thanh dé tai. Mic du em da
¢ ging hoan thanh do an tt nghiép voi kha nang t6t nhat va duoc sy chi bao, hudng dan
tan tinh cta gido vién hudng dan 1a Thay Pham Qudc Thai va Thay Luu Bic Lich, nhung
trong qua trinh lam, em van khong tranh khoi nhimg thiéu sot chua thé hoan chinh duoc.
Vi thé, em mong rang s& nhan dugc nhitng gop y tir Thay dé gitip cho bai d6 an t6t nghiép

cua em duoc hoan thién hon.
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LOI CAM POAN

Nhom em xin cam doan rang toan bd ndi dung ciia d6 an tot nghiép voi dé tai
“Tinh todn va m6 phéng h¢ théng lai st dung trg luc lai dién dya trén xe co s¢
Hyundai Accent 2024” 1a két qua cua qua trinh nghién ctru, tim hiéu va thuc hién
nghiém tic cta ban than dudi su huéng dan tan tinh cua PGS.TS. Pham Quéc Thai
va TS. Luu Ptic Lich. Céc s6 liéu, hinh anh, mé hinh va két qua mo phong trong d6
an déu duoc thyc hién bang phan mém MATLAB/Simulink va ¢ st dung tai liéu
tham khao da duoc liét ké & phén tai liéu tham khao. Nhém em hoan toan chiu trach
nhiém vé tinh trung thuc va nguyén ban cua ndi dung d6 an. Moi hanh vi sao chép
hozc vi pham ban quyén nhém xin hoan toan chiu trach nhiém truéc nha truong va

phap luat.
Nhom em xin chan thanh cam on!

Sinh vién thyuc hién

Tran Danh Quynh Nguyén Puc Tai
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LOI CAM ON

Dé bai do an nay cua em dugc hoan thanh mot cach tdt dep, em da nhan dugc su %)
trg, gitip d& cua rat nhidu tir thay. Vi tinh cam su séc, xin hay cho phép em duoc bay to
1ong biét on siu sac va 16i cam on chan thanh ctia minh. Trudc hét, em xin gii t&i gido vién
huéng dan 1a Thay Pham Qudc Thai va Thay Luu Puc Lich da luon giup dd em giai dap
cac van dé trong qua trinh hoan thanh do an, luén quan tim hudng din, chi bao dé bai do
an ctia em hoan thanh mot cach hoan chinh nhat sudt thoi gian qua. Em ciing xin chan
thanh cam on céc thiy cd chuyén nganh trong trudng di day db, huéng dan em nhiing kién
thirc vé cac mon dai cwong, nhitng mén k¥ ning ciing nhu cac mén chuyén nganh giup em
c6 dugc nhitng kién thirc vitng vang, nhitng k¥ ning can thiét, ludn ludn tao diéu kién dé
em hoan thanh bai d6 4n mot cach hoan chinh nhat. Trong qua trinh hoc tp, cling nhu 13
trong qua trinh 1am bai db an, em di cb gang hét strc minh, nhung vi kién thirc vé& chuyén
nganh va kinh nghiém thyc té chwa nhiéu nén khong thé tranh khoi nhiing thiéu sét. Em rat
mong dugc nhan su dong gop, xay dung tir cac thay co dé bai d6 an ctia em ngdy cang duoc

hoan thién hon.

Nhom em xin chan thanh cam on!
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DANH SACH CAC CUM TU VIET TAT

STT | Ky hi¢u Nguyén nghia
1 ABS Anti-lock braking Sytem — Hé thong chong bo cing phanh
Continuous Variable Valve Tinming — Hé thong thay dbi thoi gian
2 CVVT )
cua van
3 EPS Electric Power Steeing — H¢ théng tro luc lai dién

ESC Electronic Stability Control — Hé thong cin bang dién tur

5 GDI Gasoline Direct Injection — Hé thong phun xing tryc tiép

6 PID Proportional Integral Derivative — Thuat toan diéu khién phan hoi
vong kin
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MO DAU

1. Muc dich thwe hién dé tai

Heé thong 14i 1a mot trong nhitng hé thdng co ban va quan trong hang dau trén 6 to,
anh huong truc tiép dén kha ning diéu khién, do 6n dinh va do an toan khi van hanh. Trong
bdi canh nganh cong nghiép 6 t6 dang dan chuyén dich tir cac hé thdng co khi truyén théng
sang cac hé thong dién — dién ttr théng minh, hé thong tro luc lai dién (EPS) di va dang trd
thanh xu hudng tit yéu, thay thé cho hé théng 1ai thay luc nhd wu diém vuot tréi vé& mit
hiéu suat, tiét kiém nhién liéu, than thién v6i moi truong va dé dang tich hop voi cac cong
nghé hd tro 14i tu dong.

V6i mong mubn hiéu sau hon vé nguyén 1y hoat dong, ciu tao va kha ning diéu khién
ctia hé thong EPS, dong thoi van dung kién thirc chuyén nganh vao mé phong thyc té, nhom
em da lya chon dé tai “Tinh toan va md phéng hé thong lai sir dung tro lue dién dwa
trén xe co s¢ Hyundai Accent 2024”. Xe Hyundai Accent 2024 1a mau xe pho bién, duoc
trang bi EPS, phul hop dé nghién ciru trén cé 1y thuyét 1an mo phong. Dé tai giup ching em
rén luyén tu duy k¥ thuat, k¥ ning mo hinh hoa va diéu khién hé thong trong méi truong

MATLAB/Simulink — mot cong cuy thiét yéu trong nganh 6 t6 hién dai.
2. Muc tiéu dé tai

- Khdo sat cau tao va nguyén 1y hoat dong cua hé thong EPS.

- Phan tich cac thong s6 k¥ thuat cua xe Hyundai Accent 2024 lién quan dén hé
thong 14i nhu: ban kinh quay vong, ti s6 truyén co cau 14i, tai trong truc trude, kich thudce
16p, v.v.

- Tinh toan md men can tai banh xe va md men can thiét tir motor dién dé hd tro
nguoi lai.

- Xay dyng mo hinh md phong hé théng lai EPS trong mdi trudng
MATLAB/Simulink, bao gff)m ca co ciu 14i va mo hinh dong hoc cua xe.

- Thiét ké va tich hop b diéu khién (vi du PID) dé diéu khién mé-to dién theo phan
hoi tir goc danh 1ai.

- Thyec hién céac kich ban mé phong dé danh gia kha ning dap tmg va do 6n dinh
ctia hé théng.
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3. Pham vi va déi twong nghién ciru

Péi tuong nghién ctru cua dé tai 1a hé théng 141 tro luc dién (EPS) duogc trang bi trén
xe Hyundai Accent 2024, bao gém céc thanh phan chinh nhu: v6 ling, truc l4i, co cdu lai
banh rang — thanh rang, motor dién trg luc, cam bién mo-men, cam bién gbc lai va bo diéu
khién dién tir. Dac biét, dé tai tap trung vao viéc mo hinh hoa va phan tich su twong tac gitra

motor dién va truc 14i, tir d6 danh gia kha ning dép tmg cua hé thdng khi xe van hanh.

Pham vi nghién ctru giéi han trong viéc tinh toan va mé phong hé théng EPS duéi goc
nhin diéu khién hoc va dong hoc phuong tién. Viéc mo phong dugc thuc hién trén phén
mém MATLAB/Simulink, trong d6 bé qua mét sé yéu t6 vat 1y phire tap nhu dao dong hé
thong treo, anh hudng cta hé thong phanh hay méi truong van hanh thyc té. Dé tai khong
di sdu vao khia canh thiét ké co khi chi tiét hodc 1ap trinh vi diéu khién trén phan ctrg, ma
tap trung vao md hinh héa 1y thuyét va kiém nghiém thong qua mé phong.

4. Phuwong phap nghién ciru

Tim hiéu ciu tao, nguyén Iy hoat dong cta hé thong EPS va thong sd ki thuat cia xe
Hyundai Accent 2024 tir tai liéu chuyén nganh va nha san xuét. Phan tich dong hoc hé théng
141, tinh todn mo6 men can, hinh thang l4i, tinh bén, tinh mo6 men tro luc va cac thong s6 dau
vao cho mo hinh.

Mo hinh hoa — mé phong bang viéc xdy dung mo hinh hé théng EPS trén phan mém
MATLAB/Simulink két hop voi phuong phéap diéu khién PID dé mo phong hoat dong, mo
men vo lang — truc 14i va kiém tra phan Gmg cua hé thong trong cac diéu kién khac nhau.

5. Céau tric ciia do 4an tot nghiép
Do 4n tot nghi¢p dugc trinh bay véi bd cuc 4 chuong, cu thé nhu sau:
- Chuong 1: Tong quan vé xe Hyundai Accent 2024
- Chuong 2: Tong quan vé hé thong 14i trén xe Hyundai Accent 2024
- Chuong 3: Tinh toan co s& hé théng lai trg lyc dién xe Hyundai Accent 2024
- Chuong 4: Xay dung mé hinh mo phong hé thong 14i tro luc dién xe Hyundai

Accent 2024
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Chuong 1: TONG QUAN VE XE HYUNDAI ACCENT 2024

1.1. Giéi thiéu chung vé xe Hyundai Accent 2024

Hyundai Accent 2024 1a mau sedan hang B c6 thiét ké tré trung, hién dai, ngoai
that tré trung, niang dong va day phong cach phu hop véi nhiéu nhu ciu lya chon khac
nhau cta nguoi dung Viét. Phién ban Accent 2024 dugc trang bi ludi tan nhiét hinh thac
nudc dic trung cua Hyundai, dén pha LED sdc sao va dén hau LED hién dai tao nén vé
ngoai manh mé& va cuén hat hon va day khong phai 1a mau xe ré nhit trong phan khac

nhung n6 van nam trong danh sach nhirng mau xe ban chay nhat nam.

Kich thuéc tong thé ciia Hyundai Accent 2024 bao gdm chiéu dai, chiéu rong va
chiéu cao 1an lugt 13 4,535 mm, 1,765 mm va 1,485 mm. Vi kich thuée nay, Accent
2024 mang lai khong gian rong réi cho ca ngudi l4i va hanh khach, dong thoi van duy

tri dugc kha niang di chuyén linh hoat trong db thi.

Hyundai Accent 2024 dugc trang b1 dong co SmartStream G 1.5L, mang lai cong
sudt 115 ma luc tai 6300 vong/phit va mo-men xodn cuc dai 144 Nm tai 4500
vong/phit. Pong co nay két hop voi hop sb tu dong 6 cap giup xe van hanh muot ma
va tiét kiém nhién liéu.

Hyundai Accent 2024 khong chi ndi bat vai thiét ké va dong co, ma con dugc trang
bi nhiéu tinh ning an toan tién tién. Cac tinh ning bao gém hé théng phanh ABS, can
bang dién tir ESC, hd trg khéi hanh ngang doc HAC, hé théng canh bao diém mu, va

camera lui.

bac bi¢t, Hyundai Accent 2024 con dugc trang bi gbéi an toan chu dong Hyundai
SmartStream G 1.5L v6i cac chitc nang nhu duoc thiét ké dé cai thién hiéu suat nhién
liéu, gidm khi thai va nang cao trai nghiém lai xe. Chung thuong c6 cac cong ngh¢ tién
tién nhu phun xang tryc tiép (GDI), hé thong diéu khién van bién thién lién tuc (CVVT)
va cac gidi phap gidm ma sat.

Tom lai phién ban Hyundai Accent 2024 sir dung dong co Smartstream G 1.5L két
hop véi hdp s6 tu dong (AT) la mdt lya chon dang can nhéc cho nhitng ai tim kiém mot

chiéc sedan cd nho tiét ki€ém nhién li€u, thodi mai va dugc trang bi nhiéu tinh nang hi¢n

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu btc Lich 1
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dai. Phién ban nay hudng dén sy can bang gitra hi¢u suat van hanh, tiét kiém nhién li¢u

va trai nghiém l4i xe d& dang, pht hop véi nhu cau di chuyén hang ngay trong d6 thi va

nhing chuyén di ngan.

Hinh 1.1: Xe Hyundai Accent 2024

1.2. Thong s6 k¥ thuit ciia xe

Bang 1.1: Bang thong s6 k¥ thuat

Thong s6 ky thuit Gia tri
Kich thudc tong thé (DxRxC) (mm) 4535x1765x1475
Chiéu dai co so (mm) 2670
Chiéu rong co sé (mm) 1530
Trong luong khong tai (G,) (Kg) 1130
Trong lugng toan tai (G) (Kg) 1600
Trong lugng tac dung 1én cau trude khi c6 tai (G,) (Kg) 960
Ban kinh banh xe dan huéng r (mm) 310,75
Khoang sang gam xe (mm) 165
Loai dong co MPI
Dung tich xi lanh (cc) 1,497

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Théi

Nguyén Durc Tai TS. Luu Puc Lich
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Cong suat cuc dai (PS/rpm) 115/6300
Mo men xoén cuc dai (Nm/rpm) 144/4500
Dung tich binh nhién li¢u (Lit) 45
Hop s6 CVT
Murc ti€éu hao nhién li€u trong d6 thi (L/Km) 7,53/100
Murc ti€éu hao nhién li€u ngoai do thi (L/Km) 4,78/100
Mirc tiéu hao nhién liéu két hop (L/Km) 5,79/100

Céc thong sb k¥ thuat khéc:

Bang 1.2: Bang thong s ki thuét khac

Théng s6 k¥ thuit Gia tri
Phanh truéc/sau Dia/bia
Tro luc lai bién
Kiéu lai Tro luc dién tir
Théng s 16p 185/65/R15
C0o mam (inch) 15
S6 chd ngdi 5
Hé théng dan dong Cau trude (FWD)
Heé théng treo trudc Mcpherson (Doc lap)
Heé thdng treo sau Thanh can bang
S6 ti khi 2
Tiéu chuan khi thai EURO 4
Loai nhién liéu Xang
Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Théi

Nguyén Durc Tai

TS. Luu Btrc Lich
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Chwong 2: TONG QUAN VE HE THONG LAI TREN XE HYUNDAI
ACCENT 2024

2.1. Nhiém vu, yéu cau, phan loai

Qua hinh 2.1 ta thiy dugc tong quan hé théng 14i trén 6 to:

Hinh 2.1: Tong quan hé thong 14i trén 6 t6

2.1.1. Nhiém vu
Hé thdng 14i trén 6 to ¢6 nhiém vu gitp 6 to duy tri sy 6n dinh, gilt ding huéng chuyén
dong hodc thay doi huéng chuyén dong theo ¥ mudn ciia ngudi l4i khi can thiét va dam
bao cho tAm quay ca cac banh xe khdp voi dong hoc quay vong 6 to dé han ché mai mon
banh xe khi quay vong.
Bén canh do, cac hé théng 141 hién dai thuong dugc trang bi trg lyc (vi du: tro luc dién
hodc trg luc thuy luc) dé giam lyc can thiét dé xoay vO lang, gitip nguoi lai diéu khién
xe dé dang hon, dic biét o téc do thap hodc khi dd xe.
C6 thé thay doi hudng chuyén dong bang cac cach nhu sau:

- Thay d6i phuong chuyén dong cuia banh xe din huéng

- Thay d6i mo men xoan & banh sau chu dong

- Két hop dong thoi ca hai phuong phap trén

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu Btic Lich 4
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Hé thong 1ai ¢6 cong dung nhu: Hé thong 14i ciia xe c6 chirc niang diéu khién quy
dao chuyén dong cua xe. Viéc diéu khién quy dao chuyén dong ctia xe ¢ thé 13 duy tri
phuong chuyén dong hoic thay d6i phuong chuyén dong hién tai ctia xe. Va mot hé
thong 14i tot s& cung cip cho nguoi l4i mot "cam giac" vé mat dudng va phan ng cia

xe, giup ho dua ra cac quyét dinh 14i xe chinh xac hon.
2.1.2. Yéu ciu
Mot hé thong 1ai tét thi can phai dap tng cac yéu ciu sau:

- Pam bao tinh co dong cao: Xe co6 thé quay vong 6 to that ngoat trong mot thoi
gian rat ngan trén mot dién tich nho. Hé thong 14i phai phan tmg chinh x4c véi cac thao

tac cua nguoti lai, ddm bao xe di dung huéng mong muon.

- Diéu khién 14i phai nhe nhang thuan tién. Luc diéu khién 16n nhét co tac dung

1én v6 lang (Plvmax) dugc quy dinh theo tiéu chuan quéc gia hay tiéu chuan nganh:

+ Ddi véi xe du lich va tai trong nho thi Plvmax khong 16n hon 150-200 N.
+ Pam bdo su ty 1€ gitra lyc tdc dung lén vo lang va mé men quay cac banh
xe dan huéng dé dam bao cam gidc dudng ciing nhu sy tuong Gmg dong hoc giita goc

quay cua vo ling va cia banh dan huéng.

- Tranh dugc cic va dap tir banh din hudng truyén Ién vo ling khi chay trén

duong xau hoac vudng chudng ngai vat.

- Pong hoc quay vong phai dung dé cac banh xe khong bi truot banh khi quay

vong gdy mon 10p, tiéu hao cong suat vo ich va giam tinh 6n dinh cua xe.

- Gitr duoc chuyén dong thang on dinh, phai c6 do tin cdy trong sudt thoi gian sir
dung ctia xe va c6 kha ning hoi vi tot. Dé dam bao yéu cau nay thi hanh trinh tu do cta
vo lang tirc 13 khe ho trong hé thdng 14i khi vo lang & vi tri trung gian tuong ng véi
chuyén dong thang phai nho (khong 16n hon 15 do khi ¢6 tro lyc va khong 16n hon 5 do
khi khong c6 trg luc). Hon nita, cac banh din hudng phai cé tinh 6n dinh t6t va khong
c6 hién tuong tu dao dong cac banh dan hudng trong moi diéu kién lam viéc va moi ché

d6 chuyén dong.
2.1.3. Phén logi

Tuy thude vao yéu td can ctr dé phan loai, hé théng lai duoc chia thanh cac loai sau:

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu btc Lich 5
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- Theo cach bd tri v6 lang:
+ Hé thong 14i voi vanh 1ai bé tri bén tréi ( theo chiéu chuyén dong cia 6 to)
dugc dung trén 0 t6 ciia cac nude co luat di duong bén phai nhu & Viét Nam va mdt s

cac nuoc khac.

Hinh 2.2: Hé théng 1ai c6 vanh l4i bén trai

+ Hé thong 1ai v6i vanh 1ai b tri bén phai ( theo chiéu chuyén dong ciia 6
t0 ) dugc dung trén 0 t6 cia cac nudce co ludt di duong bén trai nhu & Anh, Nhat, Thuay

bién,...

Hinh 2.3: Hé thong 1ai ¢6 vanh li bén phai

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu Btic Lich 6
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- Theo s6 lwong cau dan hudng:

+ He thong 14i v6i cac banh dan huéng & cau trude.
+ He thong 14i v6i cac banh dan hudng & cau sau.

+ Hg¢ thong lai véi cac banh dan hudng ¢ tat ca céc cau.
- Theo két cau cua co cau lai:

+ Co cAu lai loai truc vit - banh vit.

+ Co cAu lai loai truc vit - con 1an.

+ Co céu lai loai tryc vit - cung ring.

+ Co cdu 14i loai truc vit - chdt quay.

+ Co chu l4i loai truc vit - thanh rang.

+ Co ciu lai loai lién hop ( gdm tryc vit - lién hop - thanh ring - cung ring

- Theo dac tinh truyén luc:

+ Heé thdng 14i co khi.

+ Hé théng 141 co tro luc.
- Theo cac loai trg luc cua hé théng lai

+ Cuodng hoa thuy luc.
+ Cuong hoa khi (khi nén hoac chan khong).
+ Cuong hoa dién.
+ Cuong hoa co khi.
2.2. Gi6i thiéu vé hé thong lai tro lwc dién
H¢ théng 141 trg luc dién (EPS) 1a mdt cong nghé hién dai dugc st dung rong rai
trong nganh cong nghiép 6 t6 dé cung cap lyuc tro luc cho hé thong 14i, gitip nguoi 1ai
diéu khién xe dé dang hon, dic biét ¢ tbc d6 thap va trong cac tinh hudng d6 xe. EPS
thay thé hé thong tro lyc 1ai thuy luc (HPS) truyén thong, mang lai nhiéu vu diém vuot
troi.
bPé théy duoc chi tiét hon vé hé théng lai trg lyc dién nay. Hinh 2.4

bén dudi mo ta tong quan hé théng lai tro luc dién.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu btc Lich 7



Tinh toan va mo phong hé thong 1ai st dung tro luc 1ai dién dua trén xe co s6 Hyundai Accent 2024
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Hinh 2.4: So d6 téng quan hé théng lai trg luc dién

Pi sau hon véao hé théng 14i 1a mach diéu khién cta hé thng l4i trg luc

dién duoc thé hién hinh 2.5 bén dudi:
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Hinh 2.5: So db diéu khién cua hé thong 14i tro luc dién

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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2.3. Ciu tao, nguyén ly 1am viéc va cac thong sé co ban ciia hé thong l4i tro luc
dién
2.3.1. Céu tao

Hé théng 141 tro luc dién gém cac bd phan chinh nhu sau:

Hinh 2.6: So dd bd tri hé thong 14i

1: V6 ling, 2: Can gat nghiéng vé ling, 3: Truc cét, 4: Pong co tro luc, 5: ECU, 6:

Truc dvwoi, 7: Hop 6 1di
- Vanh tay lai (V06 lang):

+ Cau tao: Vanh tay lai co cu tao twong d6i giéng nhau trén cac xe 0 0,
gém mot vanh hinh tron 161 thép bén ngoai dugc boc béng vat liéu nhya hoac da, duoc
ghép voi try 1ai bﬁng then hoa, ren va dai 6c. Bén trong vanh 1ai thuong duoc b6 tri mot
vai nan hoa.

+ Nhiém vu: La noi tiép nhan lyc quay tr nguoi lai roi truyén cho truc lai,
bén canh d6 vanh 14i 14 noi duoc trang bi cic bd phan khac nhu: cong tic coi, cac cong

tac tin hi€u, tai khi an toan, ...

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu Buc Lich 9
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Hinh 2.7: Vanh tay lai
- Truc lai:

+ Céu tao: Truc lai don gian chi bao gém truc 1ai va cac b phan bao che
truc lai, bo phan nay gém 1 doan truc va lién két véi truc dau vao cia hop sb béng khép
ndi kiéu cardan. Ngoai ra truc lai 1a noi lép dat cac b phan khac nhu: can diéu khién
dén, can diéu khién gat nudc, can diéu khién hop sb, hé thong day dién va cac dau ndi

dién. cac cam bién lién quan dén hé thong lai nhu: cam bién goc lai.

Hinh 2.8: Truc lai

1: Cam bien mé men xoan, 2: Cam bién van toc banh xe, 3: ECU, 4: Truc

lai, 5: Thuorc lai, 6: Motor dién tro luc.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu Buc Lich 10
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+ Nhiém vu: Truc 1ai nhan m6é men tir vanh 1ai sau dé truyén dén co
ciu l4i. Truc 14i trén xe nay cho phép thay ddi goc nghiéng ctia vanh tay lai hoic
cho phép truc lai chun lai trong trudng hop xay ra tai nan, giam chan thuong cho
nguoi lai.

- Thanh Truyén Pong Lai (Thudc l4i):

+ CAu tao: Thude 14i duoc clu tao gff)m mot truc vit an khop voi thanh rang.
Truyén chuyén dong tir hop sé 1ai dén cac banh xe din huéng, bao gém ca rotuyn 1ai

(bd phan ndi hop sb 14i v6i moay o banh xe) va thanh dan huéng.

Hinh 2.9: Ciu tao cua thuée 14i

1: Chup chan bui, 2: Ecu ham, 3: Ecu diéu chinh vong bi banh rang, 4
Vong bi, 5: Lo xo, 6: Nd'p chdn bui, 7: Dan hwong, 8: Ong bao thanh rang,
9: Bac, 10: Cao su chan bui, 11: Khop cau, 12: Thanh néi thanh rang, 13:
Thanh rang, 14: V6 co cdu ldi, 15: Rotuyn ldi trong, 16: Rotuyn Idi ngodi,

17: Cao su chdn bui, 18: Truc vit.

+ Nhiém vu: Khi nguoi 141 xoay vo lang lam truc vit quay theo, truc vit an
khép véi thanh rang nén lam cho thanh rang di chuyén sang trai hoic phai. Dé két hop
thudc 1ai voi moay-o banh xe, ngudi ta bo tri thém cac khép cau hay con goi 1a rotuyn,
va mdi thude 14i gdm maot cip rotuyn lai trong va rotuyn l4i ngoai. Cac rotuyn va thanh

rang tao thanh mot h¢ dan dong lai co6 hinh thang 141.

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
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- Cam bién goc lai:

+ Nhiém vu: Po gboc xoay cuia vo lang va giri thong tin dén bo diéu khién.
Thong tin nay gitp ECU xéc dinh huéng va mirc do xoay ma nguoi lai mong mudn.Cam
bién téc do xe:

+ Cung cip thong tin vé tc do ctia xe cho ECU. ECU st dung thong tin nay
dé diéu chinh murc do tro luc, giam trg luc & tbc do cao dé tang cam giac lai va tang trg

luc & toc d6 thap dé dé dang db xe.

;\,_- -

—~
Hinh 2.10: Cau tao cam bién goc lai

- Cam bién md-men xoan:

+ Cautao: Truc so cép va truc thir cép duoc ndi bﬁng mét thanh xodn. Cac
vong phat hién c6 cudn day phat hién kiéu khong tiép xtc trén vong ngoai dé hinh thanh
mot mach kich thich.

+ Nhiém vu: Khi tao ra mo-men lai thanh xodn bi xodn tao d6 1éch pha
gifra vong phat hién 2 va 3. Dya trén do I¢ch pha nay, mdt tin hi¢u ty 1€ vd1 m6é men vao
duge dua téi ECU. ECU tinh toan mtrc dd mé men trg luc cho toc do xe va dan dong
dong co di¢n.

VT2

Dién ap

Vi tri trung gian

Khi di trén duong thang

[Nm]

- 0
Quay sang tréi <mm M6 men tro lyc va chiéu quay mP Quay sang phai

Hinh 2.11: Dac tinh cam bién mo6 men xoan

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
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- B0 Diéu Khién (ECU):

+ Nhiém vu: Nhan tin hi¢u tir cam bién goc 1ai, cdm bién md-men xoan, va
cam bién toc do xe. Dya vao cac thong tin tin hi€u nay ECU xt ly thong tin va diéu
khién motor di¢n dé cung cap muc do dong dién trg luc phu hop cho tro luc lai roi

truyén tin cho b phan DC dé tao ra tro luc cho vo lang.

Hinh 2.12: B9 diéu khién hé thdng 1ai tro luc
- Motor Dién :
+ Nhiém vu: Motor di¢n stt dung dong co dién mot chiéu DC duoc dit trén
truc 14i nhan tin hiéu tr bo phan diéu khién sau d6 tao luc tuy dua trén tin hiéu tir bo
phan diéu khién dé tic dong truc tiép vao bo phan danh lai gitp giam luc can thiét khi

xoay vo lang.

Hinh 2.13: Motor tro luc dién

Sinh vién thyc hi¢n: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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2.3.2. Nguyén Iy lam vigc ciia hé thong ldi

Hé théng 141 tro luc dién hoat dong vdi nguyén 1y nhu sau:

Tinh hiéu tir ngudi lai
(V6 lang danh lai) .
" BO phan trg luc
Sc do
nguyén ly
Truc lai ) e dienvacam | | s digy khién ECU
L i€n m6 men

Gdc xoay |, Thudc lai | GGc xoay

16p trai | (Truc vit thanh rang) I6p phai

Hinh 2.14: So d6 nguyén 1y ciia hé thng l4i tro luc dién

Khi xe chuyén dong thang, vanh lai nam 6n dinh & vi tri trung gian, cac co ciu
duogc bd tri dé cac banh xe din hudng nam & vi tri di thang theo phuong chuyén dong
ctia 6 t6. Khi ta quay vanh 1ai sang bén phai: thong qua truc 1ai va co cau 1ai, dau don
quay dimg chuyén vé phia sau, qua don kéo doc lam quay don quay ngang va ngdng
truc, kéo banh xe dan hudng bén trai sang bén phai. Pong thoi dudi tac dung ctia hinh
thang l4i 1am banh xe bén phai ciing quay theo. O t6 quay vong sang bén phai. Khi ta
quay vanh 14i sang bén trai: Thong qua vanh l4i va co cdu 14i, diu don quay dung dich

chuyén vé phia trudc, twong ty nhu trén cic banh xe dan hudng dich chuyén sang trai.
2.3.3. Cdc théng sé co bdn ciia hé thong ldi
2.3.2.1. Ty s6 truyén cia hé thong ldi

Hé thdng l4i 1a mot loai co cdu truyén chuyén dong tir vanh tay lai dén don chuyén
hudng tai banh xe dan hudéng. Trong pham vi hé théng 1ai c6 thé phan biét cac ty sb

truyén sau:
- Ty sb truyén ctia hop s 14i (1,,)
Laty sb truyén ctia goc quay cuia vanh tay lai chia cho goc quay ctia don lic chuyén

hudng. Ty s6 truyén cia hop so 1ai co thé co tri s6 ¢o dinh hoac co6 thé tang hoac gidm

khi vanh tay lai dugc quay khoi vi tri trung gian.
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Pbi v6i xe du lich s& ¢ loi hon néu sir dung hop s 14i v6i ty sb truyén thay doi.
Piéu niy lam ting tinh an toan khi 6 t6 chay nhanh, vi khi vanh tay 1ai dugc quay mot
gdc nho thi cac banh xe dan hudng xoay it hon. Ngoai ra véi ty sd truyén ciia hop sb 14i
cao thi sy rung dong cia cac banh xe dan hudng & toc do cao s& anh hudng it hon dén
nguoi lai.

Ty s6 truyén cua dan dong 14i ( 7,,)

Trong qué trinh cac banh xe dan hudng xoay thi d6 dai canh tay don ctia cac thanh
va don thudc din dong lai s& thay ddi. Ty s truyén cua dan dong 1ai phu thudce vao so
dd dong hoc cua no, nhung thudng thay doi khong nhiéu trong cac kiéu din dong 1ai

hién nay.

Ty s6 truyén theo goc cua hé thong 14i (7,,)

La ty sb truyén clia goc quay vanh tay 1ai chia cho goc quay cua banh da hudng.
— =10,

aW

Trong d6:  «a,: Goc quay vanh tay lai

a,, : Goc xoay banh dan huéng
2.3.2.2. Piéu kién khong truot khi quay vong

Qua trinh quay vong cua xe dugc chia thanh ba giai doan

Cac banh xe quay vong
v6i cacban kinh khac nhau

|‘ {
A, || Tam ban kinh
\| quay vong

\

Hinh 2.15: So d6 m6 phong béan kinh quay vong
Sinh vién thuc hién: Tran Danh Quynh
Nguyen buc Tai

Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
TS. Luu Duc Lich 15
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- Giai doan 1: Xe bat dau di vao duong vong — dic trung bang ban kinh quay
vong giam dan

- Giai doan 2: Xe quay vong déu — dic trung bang ban kinh quay vong khong doi

- Giai doan 3: Xe di qua khoi duong vong — dic trung bang banh kinh quay vong

tang dan va & cudi giai doan nay thi xe tré lai trang thai chuyén dong thang

Trong truong hop nay ta chi khao sat dong hoc va dong luc hoc quay déu cua xe

vO1 banh kinh quay vong va van toc quay vong.

Két qua nghién ctru chuyén dong cua cic vét ran cho thdy rang, dé cac banh xe 6
t6 khong bi tuot khi quay vong thi cac dudng thiang di qua truc cic banh xe phai cat

nhau tai mot diém. Piém nay dugc goi 13 tim quay vong tirc thudi cia xe (diém O).

- Pdi véi xe hai cau, trong d6 cau trude 1 dan hudng dé tat ca cac banh xe khong
truot khi quay vong thi tim quay vong O ctia xe phai nam trén dudng tdm cia cau sau.
- Pdi véi xe ba cau, trong d6 chi 6 mot cau trude 1a dan hudng thi cac banh xe
& cau gitta s& bi trugt khi quay vong do cac vector van tdc clia cac banh xe nay khong

nam trong mit phang lan cia chung.

Hinh 2.16: So db dong hoc cua xe 0 t0

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Hinh 2.17: So db dong hoc cua xe 0 t0

- Muén cho tat ca cac banh xe ciia xe ba cau khong bi truot khi quay vong thi xe
phai c6 it nhat hai cau ddn hudng. Trong trudng hop tong quay néu xe ¢ n cau thi diéu
kién can dé tat ca cac banh xe khong bi truot khi quay vong 13 sé lugng cau chi dong

phai bang n-1
Trong do: a,, a,: Goc quay ciia cac banh xe dan huéng phia ngoai va phai trong
B: Khoang cach gitra hai duong tam truc
L: Chiéu dai co s& clia xe
R: Ban kinh quay vong
2.3.2.3. Goc dat banh xe
a. Goc doang (géc camber)

Goc dodng 1a goc banh xe nghiéng vé bén phai hay nghiéng vé ddi voi duong thang
goc so voi mat duong. Néu dau trén banh xe nghiéng ra goi 1a goc dodng duong. Néu
dau banh xe nghiéng vao phai trong xe goi 1a goc dodng am. S6 do dugc tinh bang do

va goi la goc doang cua banh xe trudc.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Hinh 2.18: Go6c doang cua xe

1: Goc camber am, 2: Goc camber duong.

- Tac dung cua géc doang duong:

+ Giam tai theo phuong thang dung: Néu goc doang bang khong tai trong tac
dung 1én tryc s& dit vao giao diém giita dwong tam 16p va truc. N6 dé lam tryc hay cam
quay bi cong. Viéc dat goc doang duong sé€ lam tai tac dung vao phia trong cua truc, ky
hi¢éu F, giam luc tac dung 1én truc va cam quay.

+ Ngan ngura su tudt banh xe: Phan luc F ¢6 d0 16n béng tai trong xe, tic dung
1én banh xe theo phuong vuong goc véi mat duong. F dugce phan tich thanh F1 vuéng
gdc véi duong tam truc va F2 song song véi dwong tam truc. Luc F2 ddy banh xe vao
trong ngan can banh xe tut khoi truc. Vi vdy 6 bi trong 1am 16n hon 6 bi ngoai dé chiu
tai trong nay.

+ Giam lyc danh tay lai: Khi banh xe quay sang phai hay trai quanh truc quay
dimg véi khoang 1¢ch 1a ban kinh. Khoang 1€ch 16n sé sinh ra momen 16n quanh truc
quay dtng do sy can lin cua 16p, vi vay lam ting lyc dénh tay 14i. Do d6 khi khoang

cach nay nhd thi giam lyc danh tay lai.

Hinh 2.19: Tac dung cta géc doang duong

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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- Tac dung cua géc doang am

Khi tai thang dung c6 tac dung 1én 16p co dit goc dodng, 16p co6 xu hudng lin
xubng. Tuy nhién do bi chin bai mit duong nén gao 16p sé bi bién dang, lic d6 tinh dan
hoi cta 16p s& chong lai sy bién dang nay va vi vay tac dung 1én mat dudng theo huéng
A. Két qua la duong sinh ra phan lyc B goi 1a luc camber. Luc camber tang cung véi su

tang goc nghiéng voi1 mat duong cling nhu khi tdng tai.

Camber am Camber duong
—® Phia ngoai —  Phia ngoai

— =y
( \ )
\ \ 74

\ \ Tai trong /

\ A V4
Nt \ !
=l \ P
% ¥ /
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Lwc ddy ngang Luc ddy ngang

Hinh 2.20: Tac dung cua géc doang am

Khi quay vong luc camber & banh xe phia ngoai c6 tac dung giam luc quay vong
do tdng géc doang duong. Lyc ly tdim lam nghiéng xe dang chay vong do tac dong cua
cac 10 xo cua hé théng treo, dan dén thay doi g6c doang. O mot s6 xe d3 tao ra mot chit
goc dodng 4m do xe khi chuyén dong thiang do d6 sé giam duoc goc donaxg dwong khi

quay vong, giam luc camber va dat lyc quay vong tdi uu.

Goc dodng ciling co thé bang khong. Ly do chinh dé dit goc dodng bang khong 1a
dé ngdn can sy mon khong déu cua 16p. Ca goc dodng duwong hay am déu 1am mon 16p
nhanh. Diéu nay d& hiéu khi 16p dit nghiéng trén dudng, tai trong s& tip trung mot bén

16p.

b. Goc nghiéng doc (goc caster)
- Khai niém:

Goc nghiéng doc 13 sy nghiéng vé phia trude hodc phia sau cua truc xoay so véi
duong thang goc voi mat duong. Néu dau trén truc xoay nghiéng ra phia sau banh xe ta
c6 do nghiéng doc duong. Néu dau trén truc xoay nghiéng ra phia trudc banh xe ta do
nghiéng doc am. Néi cach khac néu khép ndi hinh cau phia trén nam phia sau dudng
thang goc v6i mat duong, ta c6 do nghiéng doc duong, néu khép ndi hinh cau trén va
dudi cing nam trén duong thang dung thi ta co goc nghiéng doc ciia truc xoay 1a s6

khong.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Hinh 2.21: Go6c nghiéng doc

1: Puong tim truc xoay, 2: Géc nghiéng doc caster dwong, 3: Puong thang
g6c mat ddt, 4: Khép hinh cau, 5: Hudng xe di.

A: Positive caster, B: Negative caster.

- Anh hudng cta goc nghiéng doc:

+ On dinh chay thang: Goc nghiéng doc duong c6 kha ning giit cho hai banh
xe dan hudng tién thang 6n dinh. N6 giup chdng tra lai cac khuynh hudéng 1am cho xe
bi dat qua phia nay hay phia kia, 1éch ra khoi vi tri huéng thang trong khi di chuyén.

+ Lam ting kha ning quay trd lai ctia hai banh xe dan huéng. Goc nghiéng
doc duong lam ting kha ning quay tré lai vi tri hudng thing cta hai banh xe dan huéng
khi xe qua khtc quay.

+ Goc nghiéng doc duong dén banh xe va than xe: V4i goc nghiéng doc
duong cho cé hai banh xe trudc, than s& dat ra ngoai khuc quanh. Déi véi truong hop
nghiéng doc duong, khi 14i xe vé bén phai, mép trai ciia xe sum xudng trong lic mép
phai cta xe lai nhac 1én cao 1am cho xe dat ra ngoai vong quay. Pic tinh mau khong
lam théa man dugc sy an toan cua xe khi qua doan duong xong, vi n6é cong hudng thém
luc ly tam rat dé 1at xe.

+ Goc nghiéng doc 4m dén banh xe va than xe: Néu ca hai banh trudc déu
c6 goc nghiéng doc Am thi than xe s& dat vao phia trong vong quay. Déi véi truong hop
nghiéng doc am, khi 14i xe vé bén phai, mép trai ciia xe duogc nang lén trong luc mép
bén phai ciia xe sum xuéng. Co nghia la than xe dat vao phia trong cila vong quay, dong
tac nay chong tra lai v6i luc ly tAm mudén day xe ra ngoai clia vong quay. Kiéu thiét ké
nay tao dugc an taonf cho xe khi vong qua mot khiic cua véi van tc 16n, nhat 1a véi 6

t0 trén cao toc.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu btc Lich 20



Tinh toan va mo phong hé thong 1ai st dung tro luc 1ai dién dua trén xe co s6 Hyundai Accent 2024

c. Goc nghiéng ngang cuia chdt chuyén hudng (goc kingpin)
- Khai niém: Goc nghiéng ngang ctia chdt chuyén hudng con goi 1a goc nghiéng
ngang vao chdt tryc xoay, 1a goc do giita truc xoay va duong thang goc véi mit duong
khi ta nhin vao dau xe.

- Tac dung cua géc nghiéng ngang:

00

',? sal ~l

Hinh 2.22: Géc nghiéng ngang cta chdt chuyén

+ Giam lyc dénh tay lai: Khi banh xe quay sang phai va sang trai quanh truc
xoay dung bdi khodng 1éch 1a ban kinh. Khoang I¢ch 16n s€ sinh ra mémen 16n quanh
truc xoay dung do su can lin cta 16p, vi vay Imaf ting luc tay 1ai.

+ Giam luc ndy nguoc va kéo 1éch sang mot phia: : Néu khoang léch qua
16n, phan luc tic dung 1én cac banh xe khi xe dang chuyén dong hay phanh sé& sinh ra
mdt momen quanh truc xoay dung, lam cho banh xe bi kéo sang phia c6 phan luc 16n
hon. Ciing nhu nhirng va dap tir mat duong tdc dung 1én banh xe s€ lam cho vo lang bi
giat thinh linh hay ddy ngugc. Momen nay ty 1& thuan véi do 16n ciia khoang léch.
Khoéng 1éch gan bang khong, momen nho hon s& sinh ra quanh tryc xoay dimg khi tac
dung 1én banh xe va vo lang s€ chiu anh hudng it hon boi luc phanh tay va dap tir mat
duong.

d. Do chum dau
- Khai niém: Khi phia trudc clia hai banh xe gan nhau hon phia sau cta hai banh

xe khi nhin tir trén xuéng thi goi 1a d§ chym dau.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Hinh 2.23: D6 chum dau

- Téac dung ctia o chum dau: Do chum diu bao dam cho hai banhxe dan huéng
song song nhau khi lan trén mat duong, nho vay 6n dinh duoc viée lai xe, tranh tinh
trang ré ngang va giup vo xe mon déu. P chum dau cua hai banh xe trudc con cé tac
dung bu trir vao do vong nho cia hé thong treo khi phong téi. Do vong nay phat sinh do
luc can cua mat duong. No6i tom lai mac dau hai banh xe trudc duge chinh taim dau,

nhung dén khi lan, banh chung sé tré nén song song vdi nhau
e. Goc quay vong

Khi hai banh trudc ciia 6 t6 duoc bé 1ai dé queo trai hodc phai thi banh xe bén trong
danh mot vong cung ngan hon banh xe bén ngoai. Pudng tim banh xe bén trong tao véi
duong tAm cau sau mot goc 16n hon goc ma dudng tAm cua banh xe bén ngoai tao véi
duong tAm cau sau. Dic tinh ndy lam cho banh xe bén trong c6 do bét 1on hon ctia banh

xe bén ngoai. Nho vay cac banh xe khong bi ré ngang.
2.4. Uu diém, nhwoc diém va cach bao dudng hé thong lai tro luc dién
2.4.1. Uu diém:

- Vékinh té:

+ C6 gia thanh ré hon hé thong 14i trg luc thuy lyc, c6 do nhay cao.

+ Khbi lugng cua hé théng lai tro luc dién nhe hon hé théng lai thuy luc va
dac biét 1a n6 chi hoat dong, ti€u hao cong suat khi viéc 1ai xay ra, lai nhiéu thi né hoat
dong nhiéu, 14i it thi n6 hoat dong it. Khong nhu hé thong 14i tro luc bang thury luc bom
dau lam viéc lién tuc ké tir thoi diém may nd va tiéu hao dang ké mot phan cong suit
dong co, & nhitng xe con thong thudng muc tiét kiém nhién liéu do sir dung hé thong 14i
trg lyc dién gitp tiét kiém khoang 0,2 L/100 Km.
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- Vé sira chira: bao dudng don gian hon vi cac bo phan. Cac bd phan cia hé théng
141 tro luc dién chu yéu nam trén truc 1ai, chiém it chd va d& kiém tra hon rat nhiéu so
v6i cac bo phan cua hé thdng i tro luc bang thuy luc. D6i véi hé théng tro Iyc 131 thuy
Iirc thi viéc thao lip bom dau va hé théng phan phdi dau tro Iyc 1a rat kho khan do ching
nam lién véi co clu l4i & cac vi tri rat kho kiém tra.

- Vé&dotin cay: dam bao trg luc chinh xac va nhe nhang cho viéc 1ai nhung khong
lam mét cam giac 1ai cho tai xé. Gitp tai xé c6 cam giac nhe nhang hon khi xe chay &
tbe do th'flp va that hon khi xe chay & tbc do cao
2.4.2. Nhuwoe diém:

- Tuyco nhiéu wu diém so véi hé théng trg luc 141 thuy lyc, nhung hé théng tro
luc 14i dién lai c6 mot vai diém gay bat loi cho nguoi dung. Cu thé, khi xe chay dén cac
khic cua thi du nguoi 13i da ngat dién toan dong co nhung phai mat mot thoi gian thi
dong co méi c6 thé nging chay.

- Cung véi d6, do viéc sir dung cong nghé kiém soat dién tir va lap trinh kh4 tinh
vi, nén d6i khi hé théng nay khién vo-ling tré nén qua nhe. Ngudi 1ai nhu khong con
cam giac cam 14i va tham chi con c6 thé cam nhan duoc tiéng phat ra tir moé-to tro lyc.
2.4.3. Bio dwong h¢ thong ldi:
2.4.3.1. Muc dich cua viéc bao duong

Viéc bao dudng dé dam bao cac tinh ning ciia xe ¢ trang thai tot nhat co the, dé
tranh nhitg hu hong nho trd 1én 16n hon trong tuong lai dé dam bao su an toan cia xe
va pht hop véi cac quy dinh vé luat 18 ctia nha nude. Nho viée bao dudng theo dinh ky
theo tiéu chuan 1am cho tudi tho cua xe tang, tinh kinh té nhién liéu t6t hon, hoat dong

tin cay hon.
2.4.3.2. Thoi diém tién hanh bdo dwéng dinh ky

Tuy vao dong xe khac nhau va hé théng khac nhau ma c6 thoi gian bao dudng
khac nhau, nhung thuong thi sau mdi 20.000 (km) hay 12 thang thi tién hanh bao dudng

mot lan.
2.4.3.1. Cac cong viéc bao duong

Cong viéc bao gom nhirng budc sau day:
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- Budc 1: Kiém tra dai dan dong bom trg lyc lai
+ Biéu hién cta day dai khi bi (mon, tring, ntt) 13 tay l1ai nang, nd may c6
tiéng rit.
+ Kiém tra day dai bang mat xem ddy dai c¢6 bj qua mon, xudc so hay
khong. Néu c6 thi thay thé.

Hinh 2.24: Vi du vé day dai bi nit, mon

- Budc 2: Kiém tra va bo sung dau trg luc 1ai
+ D0 xe 0 noi bang phang, tit may va kiém tra dau trong binh chira mirc dau
nim trong khoang min va max (thong thuong ndm ¢ giira dén vach max), néu thiéu thi
b sung.
+ Quy trinh bo sung dau trg luc 14i: Khéi dong dong co dé chay ché do
khong tai bo sung dau vao binh chita cho dén vach max sau d6 danh 1i sang trai va sang

phai vai lan va kiém tra lai murc dau ¢ binh chura.

Hinh 2.25: Kiém tra dau trg luc 14i
1: Vung nong, 2: Vung lanh.

- Budc 3: Kiém tra va diéu chinh d6 ro cua hé thong 1ai
+ Xoay banh vé vi tri hudng thang roi xoay nhe vo lang sao cho khong lam
banh trudc quay khoang dich chuyén cua vo lang khi d6 duoc goi 1a d6 do cua vo ling.
+ Gi4 tri cho phép khong qua 30(mm), néu do ro qua 16n thi ta tién hanh

ki€ém tra cac phan sau:
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e Kiém tra d6 do cua banh xe

e Kiém tra do ro cua rotuyn lai trong va ngoai

Hinh 2.26: Kiém tra do ro ctia rotuyn

+ Kiém tra d6 ro cta bac thanh rang:

e Xiét chat 6c bat rotuyn, 6c¢ bat co cau lai, 6¢c banh xe

e Sira chita: Néu Rotuyn ro thi thay mudi, bac thanh rnawg mon thay

moi, bi moay o ro thi thay mudi
- Budc 4: Kiém tra 16p banh xe trudc
+ Kiém tra: C& 16p, tinh trang mon cua 16p, ap suét 16p .

+ Bao Dudng: Xiét chit dc 16p, can bang dong (néu can thiét).

+ Sita chita: Thay 16p méi khi sai cito 16p, 16p bi mon hét 16p ma sat .

- Budc 5: Kiém tra va diéu chinh d6 chum

D) xe trén nén phang, xoay vo ling dé hai banh trudc hudng thang do khoang cach phia
trudc va phai sau ciia hai banh trude (nhu hinh) C-D=0 dén 2mm. Sai thi diéu chinh lai.

Hinh 2.27: Do d6 chum banh xe
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- Budc 6: Kiém tra do truot ngang banh trudc

Hinh 2.28: Kiém tra do truot ngang banh trudc

Kiém tra do truot ngang banh trudc bang cach 1ai xe tién thang vé phia trude voi
tdc d6 20km/h qua may do do trugt ngang va doc gia tri d0 truot ngang khi hai banh xe
trude vugt qua may do khoang 1-3 mm/m

- Budc7: Kiém Tra d6 kin khit ctia hé thong l4i
+ Kiém tra cao su chin bi , rotuyn 1ai trong va ngoai c6 bi rach khéng, néu
c6 thay thé.
+ Tién hanh bao dudng bang cach siét chat 6c va dai dc bat rotuyn va bu
16ng bat co ciu l4i va cao su chan bui .
+ Sira chita, thay méi néu cao su bi hong, ti 6 bi thung, thudc bi ro va phot
bi chay dau.

Két luén:

Hé théng 14i gitr vai trd cuc ky quan trong trong viéc truyén dong tir tay 1ai dén
banh xe, dam bao kha ning diéu khién huéng xe. Trong hé thdng EPS, mo-men danh
1ai tir nguoi diéu khién dugc cam bién va xir Iy qua ECU, tir d6 diéu khién mé-to dién
cung cp mo-men tro luc phu hop.

CAu tric EPS gdm céc thanh phan nhu: cam bién moé-men, cam bién goc quay, bd
diéu khién dién tir ECU, dong co dién, va hop co khi banh ring — thanh ring. Nguyén
1y hoat dong dua trén viéc cam bién thu thap tin hiéu tir nguoi 14i (goc danh 14i, luc tac

dung), ECU xtr Iy va diéu khién mé-to cung cAp mo-men hd trg phit hop. Nho d6, nguoi
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1ai khong can dung nhiéu lyc khi diéu khién, dic biét 1a ¢ toc d6 thap hoic khi dd xe.
So véi1 hé théng trg lyc thuy luc, EPS c6 nhiéu vu diém vuot troi nhu:

- Tiét kiém nhién liéu vi khong dung bom dau.

- Phan hoi nhanh va chinh xé4c theo diéu kién 14i va timg tinh hudng.

- D& dang tich hop véi cac hé thong an toan nhu ESC, ABS.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Chuwong 3: TINH TOAN HE THONG LAI TRQ LUC PIEN DUA TREN
XE CO SO HYUNDAI ACCENT 2024

3.1. Tinh toan dong luc hoc

Viéc tinh toan dong luc hoc 1a nhdm muc dich phan phdi ty s truyén cia co cau
141, 1am tang do tin cdy cho 6 t khi tham gia giao thong, ddng thoi 1am phu hop véi toe
do cua 0 to.
3.1.1. Tinh momen can quay vong

Lyc tac dong 1én vanh tay lai ctia 6 t6 s€ dat gia tri cuc dai khi ta quay vong 6 t6
tai chd hodc trén mit dudng nghiéng. Mdmen can quay vong ciia banh xe dan hudng
dugc xéac dinh khi 6 t6 quay vong trén duong kho va du tai. Lic d6 moémen can quay
vong trén banh xe din hudng M. s& bang tong s6 ciia mémen can chuyén dong M, ,
momen can M, do sy truot 1ét banh xe trén mat duong va moémen can M, giy nén boi

su lam 6n dinh cac banh xe dan hudng.

M. =(M, +M2+M3)><l (3-1)
n

3.1.2. Xdc dinh mémen cin chuyén dong M1 do lyc cdn lin géy ra

Momen can chuyén dong M, sinh ra 1a do trong qua trinh quay vong mémen niy
gay nén boi lyc can lan ciia banh xe véi mat duong. Momen nay tdc dong 1én don quay,
qua co céu lai tac dung 1én vanh tay l4i. Momen can chuyén dong quay dugc xac dinh

theo cong thuec:
M =G, .fc (3-2)
Trong do: G, : Trong lugng tac dung 1én mot banh xe dan huéng

G, = % _ ? — 480 (Kg) = 4709 (N)

f: Hé s can lan (f = 0,015)

¢ : Chiéu dai canh tay don cta banh xe din hudng (¢ = 0,03 mm)

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Vay ta c6: M, =4709.0,015.0,03=2,119 (Nm)

3.1.3. Xdc dinh mémen cin quay vong M do sw trwot Iét banh xe véi mit dwong

Khi quay vong s& xuét hién luc ngang Y tac dung 1én banh xe, bé mit tiép xuc
gitta 16p va mat duong s& bi 1éch so véi truc banh xe do sy dan hoi bén cia 16p. Tong
hop céc lyc thanh phan cia lyc ngang s& dich chuyén vé phia sau so v&i tim vét tiép

xuc mot doan Ia x.

Hinh 3.1: So d6 lyc ngang tac dung Ién banh xe khi qua vong

Gia tri ctia x thira nhan bang 1/4 chiéu dai vét tiép xtc duge xac dinh theo cong thic

sau:
x=0,5.r" -7 (3-3)

Trong d6: 7 : Ban kinh tu do cua banh xe (r = 310,75 mm)
r,. - Ban kinh 1am viéc ctua banh xe (7, = A.r). Chon 1=0,96

= 7, =0,96=0,96.310,75=298,32 mm

= x=0,54/310,75> —298,32% =43,5 (mm) = 0,0435 (m)
Do d6 momen can do banh xe truot 1ét duoc xac dinh bang cong thic:
M,=G, px (3-4)
Trong d6: ¢: Hé s6 bam ngang. Chon ¢ =0,7

Vay ta c6: M, =4709.0,7.0,0435=143,389 (Nm)
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Momen can M, dugc giy nén béi sy lam 6n dinh cic banh xe dan huéng ma
momen 6n dinh nay duoc tao béi dd nghiéng ngang, nghiéng doc cua tru ding nén gia
tri cia M, thuong rat nho. Trong tinh toan hé sd y anh huéng dén gia tri M, gay ra do
cau trudce 6 to bi nang lén. y=1,07-1,15. Tachon y=1,1.

Nhu vdy, tong mémen can quay vong & 2 banh xe dan huéng duoc xac dinh bang

cong thuc:

M, =2(M,+M,)y=2G,.(fc+ 0,14.¢.r).l.y [3] (3-5)
n

Trong d6: »: Hiéu suat tinh dén tiéu hao do ma sat & cam quay va cac khép ndi trong
chuyén dong 14i, v&i xe thiét ké co mot cau dan hudng phia truée, 1 =0,5-0,7. Ta chon

n=0,7.
Thay vao cong thuce (3-5), ta co:

4 - 2:480.(0,015.0,03+0,14.0,7.0,31075)
¢« 0,7

1,1=46,62 (Kg.m) = 457,34 (Nm)

3.1.4. Tinh lyc cwc dai tac dung lén vanh tay lai

Khi danh 14i trong trudng hop 6 t6 ding yén tai chd thi luc dat 1én vanh tay 14i dé thing
duoc luc can quay vong tac dung 1én banh xe dan hudng 1a 16n nhat. Luc 16n nhat dat
1én vanh tay lai dugc xéac dinh theo cong thirc:

imax = L [12] (3-6)
Ri i, n,
Trong do:
M, : MOmen can quay vong. (M, =46,62Kg.m =457,34N.m)
R: Ban kinh vanh tay 14i (R = 0,19 m — D6i véi 0 to tai nhe)
i : Ty s0 truyén co cau lai (do co cau l4i loai nho, i = 12 +20. Chon 19,5)
i,: Ty s truyén clia truyén dong 1ai (i, =0,85+1,1, chon i, = 1)
n,,: Hiéu suat thuan cta co ciu lai (77, = 0,6)
Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Théi
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Thay vao cong thirc (3-6), ta c6 luc tac dung 16n nhét ctia ngudi 1ai 1én vanh tay
lai khi chua co6 tro luc :

46,62
])vlmax =
0,19.19,5.1.0,6

=20,97 (Kg) = 205,71 (N)

Nhu vay, luc cia ngudi lai tac dung 1én vanh tay 1ai dé diéu khién xe 14 rat 16n, s&
gay mét moi cho nguoi 1ai. Vi vay, dé khic phuc nhugc diém trén can thiét phai cai tién
hé thong 14i co khi thanh hé théng 1ai ¢ tro lyc. Nham muyc dich dé giam strc ning nhoc

cho ngudi 14i xe, ddng thoi tang sirc co dong cia 6 t6 dam bao an toan khi chuyén dong.
3.2. Tinh toan bd truyén co ciu lai

3.2.1. Xdc dinh ban kinh vong lan cua banh rang

Pé xac dinh duoc ban kinh vong lin ciia banh ring ta ¢ thé thuc hién theo cac phuong
phap sau:

- Chon trudc duong kinh vong lan ctia banh rang tir do tinh ra vong quay cua
banh ring c6 phu hop khong. Co6 nghia 13 tmg v6i sd vong quay (n) nao do thi thanh
rang phai dich chuyén dugc mot doan X, =85 (mm).

- Chon truéc sb vong quay cua vanh 1ai rdi sau d6 xac dinh ban kinh vong lin
ctia banh rang. D6i véi co cau lai loai banh ring - thanh rang thi s6 vong quay ciia vanh

1ai thi ciing 12 s6 vong quay cta banh ring.

Duya vao xe tham khdo, chon s6 vong quay vé 1 phia ctia vanh lai ing véi banh xe

quay lan= 1,5 vong.

Ta c6 cong thuec:

X, =2.7.Rn (3-7)
X
= R=—21—=9 (mm)
2.7.1,5
Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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3.2.2. Xdc dinh cdc thong sé banh ring
Tinh s6 rang theo tai liéu chi tiét may:

m .z
D =—= 3-8
“ = cos (3-8)

Trong do: D, : Puong kinh vong chia: D, =2.R=2.9=18 (mm ).
m, : Modun phép tuyén cta banh ring, chon theo tiéu chuan m,=2,5.
£ : Goc nghiéng ngang cua banh rang, chon so bd goc nghiéng g = 12°.

Bang 3.1: Bang modun tiéu chuan cia banh ring

m

Dayl1| 1,25 | 1,5 | 2 | 25 | 3 4 5 6 7 10 | 12
(mm)

Day2 | 1,375 | 1,75 2,25 35145 |55 7 9 11 | 14
Cha thich:

1- P6i v6i banh ring nghiéng va banh ring chit V, modun tiéu chuan 1a modun phap

Mn.

2- Uu tién dung day 1

Tir cong thire (3-8) ta tinh duoc sb ring cua banh ring :

_D,cosfB 18.cosl2’ 5
m 2,5

n

Z

Chon s6 rang Z = 7 ring.
Tinh chinh x4c lai géc nghiéng, ta co :

Cos = Zm, 125 _ o
D 18

= B =arccos0,97 =14’

Moddun ngang cua banh rang :

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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2
m, = m__ 3 5 =2,57
cosff cosl4
S rang t6i thiéu:
Z,.. =17.cos’ f=17.cos’ 14=12,78

Lay 7 =13

Nhu vay Z . =13 > 7 do vdy c6 hién tuong cat chan ring nén phai dich chinh, ta
chon kiéu dich chinh déu & =0.
Xac dinh hé sb dich chinh &, theo cong thure :

5213—Z 213—7 — 0,461
13 13

Tir d6 ta tinh dugc cac théng sd cta bd truyén banh ring :
- Puong kinh vong dinh:
D,=D.+2m, . (1+&)=18+2.2,5.(1+0,461) =25,305 (mm).
- Puong kinh chan rang:

D,=D,-2m,.(1,25-&)=18-2.2,5.(1,25-0,461) =15,305 (mm).

Goc an khép cua banh ring duoc chon theo chi tiét may o = 20°.

Duong kinh co s¢ ctia banh rang:

D, =D,.cosa =18.c0s(20°) =16,91 (mm).

Chiéu cao rang :
h= (hf + h}).mn =(1+1,25).2,5=5,625(mm).

Chiéu cao dinh rang:

h=(f +&.m, =(1+0,461).2,5=3,65 (mm).

Chicu day cua rang trén vong chia:

m,

3,14.2,5

S="""0 42 Em 1ga +2.0,461.2,5.1g20° =4,7 (mm)
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3.2.3. Xdc dinh kich thwdc va thong sé ciia thanh ring
Puong kinh ctia thanh ring duoc cat tai mat cat nguy hiém nhat:

M

d=3 2L [12] (3-9)

X

Trong do: [rx] . (mg suét tiép xuc cho phép tai tiét dién nguy hiém nhat.
Lay [r,]1=16.107 (N/m?)

M _: M6 men xoan gy lén su nguy hiém & thanh rdng, chinh bang moémen

can quay vong tir banh xe: M =M, =457,34 (Nm)

Thay céc thong s6 vao cong thire (3-9), ta c6 :
457,34
d=j3————=0,024 =24
{0,216.10 (m) = 24 (mm)

Chiéu dai doan lam viéc cua thanh rang :

Chon d = 24 (mm)

L=2.X,=285=170 (mm)

Mat khac ta co:
g =1z (3-10)
T
— P d, _ L (3-
tl tl
11)
. 14.2
Trong do : ¢, = t__mm, _3 ’05:8,25
cosff cosf cosl8
Thay vao vao cong thuc (3-11), ta co:
Z= 170 _ 20,6
8,25
Vay ta chon Z = 20 rang.
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Hé sb dich chinh thanh rang:
& =& =0,461
- DPuong kinh vong dinh cua thanh rang:
d, =D, =25,305(mm)
- DPuong kinh vong chia cua thanh rang:
d =D, —2.m, (1,25-&)=25305-2.2,5.(1,25-0,461) = 21,36
(mm)
- Chiéu cao cta thanh ring
h, =h=5,625 (mm)
3.2.4. Tinh lwc tic dung Ién co ciu ldi truc banh ring- thanh ring

Luc doc tac dung 1én truc rang:

P=Pigp (3-12)
Trong d6:  P,: Luc vong tac dung 1én banh rdng. Puoc xac dinh theo cong thirc:
P =P, i =20571.19,5=4011,345 (N)

Thay vao cong thtrc ta c6:
P, =4011,345.1g14° =1000,14 (N)
Luc hudng tdm tac dung 1én banh rang try:

_ Piga 4011,345.1g20°

Pr - 0
cos [ cosl4

=1504,7 (N)

Momen tac dung Ién banh rang tru véi duong kinh vong lan (d, =80)

_P,d, 4011,345x80
2

T =160453,8 (N.mm)

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu btc Lich

35



Tinh toan va mo phong hé thong 1ai st dung tro luc 1ai dién dua trén xe co s6 Hyundai Accent 2024

3.2.5. Xdc dinh cdc thong sé ciia din dong hinh thang ldi
Theo 1y thuyét 6 t6, dé dam bao dong hoc quay vong ciia cac banh xe din hudng can

théa man diéu kién:

cotg S —cotga = —> [13] (3-13)

~ | &

Trong d6:  B: Goc quay cua banh dan huéng bén ngoai
« : Goc quay cua banh dan huéng bén trong
B, : Chiéu rong co sé ciia 6 to

L: Chiéu dai co sé cua 0 to

AR
=T

Hinh 3.2: So d6 dong hoc quay vong 6 to

Chinh xé4c hon, theo so d6 hinh 3.2 ta cé:
OD
Cotga=—-o
& L
Ta tim duoc mdi quan hé cua cac gbc quay banh xe dan huéng véi goc « nhu sau:
m
Cotgﬂ=z+Cotga

Cho « voi cac gia tri khac nhau tir 0° +40° ta xac dinh duoc goc B tuong Un
g g g ung

theo bang sau:
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Bang 3. 2: Bang chon goc B tuong tng theo goc o

a®) 0 5 10 15 20 25 30 35 40

BC) 0 4,76 | 9,09 | 13,07 | 16,74 | 20,14 | 23,33 | 26,55 | 29,54

Tir bang gia tri thu duoc ta xay dung mdi quan hé. V&i m 1a khoang cach giira 2 tru

dig cua 2 banh xe dan hudng. Hay con goi 1a chiéu rdng co s ctia xe.

B=f(a)

BD

(IO
Hinh 3.3: Puong dic tinh Iy thuyét

Pé thoa man mot cach chinh xac biéu thic trén thi ddn dong 14i phai co 18 khau
va co cdu tao rat phirc tap. Vi vay, trong thuc té ngudi ta thuong sir dung cac co cdu dan
dong don gian hon ma vin dam bao duoc gan ding cong thire trén, trong d6 co ciu duoc
str dung phd bién hon ca 13 hinh thang 14i Danto (Jracntand). Kinh nghiém cho thay, néu
Ira chon cac thong s6 cta hinh thang mot cach hop 1y thi c6 thé théa mén dugc cong
thirc (3-13) va giam thiéu do trugt clia cac banh xe dan hudng.

Nhiém vu co ban khi thiét ké hinh thang 14i Danto 1a x4c dinh ding goc nghiéng
clia cac don bén @ khi xe chay thang.
Can xac dinh goc 0 va do dai mdi don bén m va don ngang n. Quan hé thuc té

gitra cac goc quay «, B phu thudc va goc 0 va do dai m cua don bén.
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Khi xe chay thing:
Bo
- £ b
T W \m m / I
\\ \\ // /
N n S
|/ Kr\ — /
) {

0

-f// \0.

Hinh 3.4: So d6 dong hoc hinh thang 14i khi xe chay thang
Tt hinh 3.4 ta c6 cong thic sau:

B—n

Sinf =

2.m

Khi xe chay quay vong:

Hinh 3.5: So d6 hinh thang l4i khi xe quay vong

Khi banh xe dan hudng bén trai quay di mot goc « va bén phai quay di mot goc
A, lac nay don bén pai hop véi phuong thing ngang mot goc 6— B va banh xe bén trai

la 0+c.

Tir so d6 dan dong trén ta c6 mbi quan hé cuia cac thong so theo cong thic sau [13]:
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_ . _ -2 .
B =0+arcg B,.cos(0+a) _arcsin™ B,.sin(0+a)—2.m.sin” 0 +2.B,.sin 0 (3-14)

B, —m.sin(0 + «) \/mz.cosz (0+a)+[B,—m.sin(6 + 05)]2

m thuong léy theo kinh nghiém: m =(0,14+0,16).B,. Chon m =0,15.1530=229,5,
B, =1530 (mm)

Chon so bd goc 6 ban dau theo cong thuc:

B,

Cotg(90° -0) = XX

(3-15)

= §=22,25°<35" (theo kinh nghiém thiét ké)

Cho 6 véi cac gia tri xung quanh gia tri so b @=22° va cong thirc (3-14) dé tim quan
hé thyc té cua B VA «a.

Cho lan lugt 6=19°,20°,21°,22°,23°,24°,25°, ta tim dwgc mdi quan hé thyc té giita
va « theo cong thirc (3-14) nhu sau:

Bang 3.3: Bang thong sb ctia dudng dic tinh thyc té cho cau dan hudng

a(’) 0 5 10 15 20 25 30 35
B, (%) 0 4,76 9,09 13,07 | 16,74 | 20,14 | 23,33 | 26,55
6?1 =19°
,31(0) 0 4,85 9,42 13,72 | 17,74 | 21,49 | 2494 | 28,08
AB(°) 0 0,09 0,33 0,65 1 1,35 1,61 1,53
£, (") 0 4,84 9,39 13,65 | 17,63 | 21,32 24,7 27,76
6’2 =20°
AB, (%) 0 0,08 0,3 0,58 0,89 1,18 1,37 1,21
Bi(%) 0 4,83 9,39 13,59 | 17,52 | 21,14 | 24,46 | 27,44
93 =21°
AB (%) 0 0,07 0,3 0,52 0,78 1 1,13 0,89
B, 0 4,82 9,33 13,52 17,4 | 20,97 | 24,22 | 27,13
04 =22°
AB,(°) 0 0,06 0,24 0,45 0,66 0,83 0,89 0,58
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B (") 0 482 | 93 | 13,45 | 17,29 | 20,8 | 23,98 | 26,81

0, =23°
AB(") 0 0,06 | 021 | 038 | 055 | 0,66 | 0,65 | 0,26
Bs(*) 0 481 | 926 | 13,38 | 17,17 | 20,6 | 23,74 | 26,5

0, =24°
AB(") 0 0,05 | 0,17 | 031 | 0,43 | 046 | 041 | -0,05
B 0 4.8 9,23 | 13,31 | 17,06 | 20,45 | 23,5 | 26,19

6, =25°
AB()Y | 0 0,04 | 0,14 | 024 | 032 | 031 | 0,17 | -0,35

Alpha (%)

v

Beta (9)

Hinh 3.6: D6 thi dic tinh hinh thang 1ai

Trong d6: AB, =4, =,

Tir bang gia tri thu duoc ta chon goc @ sao cho su sai 1éch so v6i duong 1y thuyét
AB nhé nhat va nho hon 1°, ta chon @=24°, ing véi goc quay vong 16n nhit ctia banh
xe dan huéng o, =35", g, =26,5
Vay ta c6 dg dai cua thanh kéo ngang:

n=B,—2.m.sin0=1530-2.0,15.sin24° =1529,98 (mm)

Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
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3.3. Tinh bén din dong lai
3.3.1. Tinh bén truc ldi

Truc lai duoc 1am bang thép 20 c¢6 tng suat cho phép []=50+80(MN / m*) . Truc
14i dugc ché tao dic co duong kinh D, = 20mm . Ung suit xodn gdy nén tai tiét dién nguy
hiém duoc xac dinh theo cong thirc:

,Z.x — })vlmax'R [13] (3-16)

w

Trong do:

P, ... Luc cuc dai tac dyng 1én vanh tay lai. (P, . =205,71 N)

[ max
R: Ban kinh vanh tay 1ai. (R=0,19m =190mm )
w,: Mémen chéng xoan. (w, = 0,2.D} = 0,2.20° =1600mm’ )
Thay s6 vao cong thirc (3-16), ta co:

~205,71.190

T, =24,428(N / mm*)
1600

Vi vat liéu ché tao truc 1ai 13 thép nhiét luyén c6 tng suit xoan cho phép la:
[7]=50+80(N / mm®)
=> 7_<[r]. Vay truc 1ai ¢am bao d6 bén

Trong qua trinh lam viéc truc 14i chiu ting suat xodn truyén tir vo lang xuong. Tinh

truc lai theo goc xoan, goc xoan cua truc dugc tinh theo cong thirc:

0=Tx><2><L (3_17)
GxD

Trong do:
z.: Ung sut xoan. (7, =24,428N.mm*)
L: Chiéu dai tryc 14i. (L =400mm = 0.4m)
G: M6 dun dan hoi dich chuyén. (G=8.10* N/ mm®)

Thay vao cong thuc (3-17) ta co:
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p_ 24,428.2.400

=0,01221 (rad
8.10%.20 (rad)

Goc xoan tuong d6i khong vuot qua (5,5°+7,5°) /m

~0.01221.1000.180

=1,74°
400.3,14

=> 9=1,74" <[p]=5,5"+7,5°. Vay nén truc lai dam bao goc xodn dung yéu cau ky

thuat.
3.3.2. Tinh bén don kéo ngang

Trong qua trinh l[am vi¢c don kéo ngang chi chiu kéo nén theo phuong doc truc. Do vay
khi tinh bén ta chi can tinh kéo, nén va luc tac dung tir banh xe. Tinh bén don kéo ngang

theo ché do phanh cuc dai.
P =Gom, . [13] (3-18)
Trong do:
m,: H¢ sO phan b lai tai trong 1én cau trude khi phanh. (m ,=L4)
¢ Hé s6 bam giira 16p va mat duong. (¢ =0,8)
G, : Trong luong tinh tac dung Ién cau trudc. (G, = 960Kg =9417,6N )
Thay vao cong thirc (3-18) ta co:

P =9417,6.1,4.0,8 =10547,712 (N)

pmax

I]
l'a n a |Fe

g

L
p=owal

i ;

LQQD;

Hinh 3.7: So db tinh toan hé thong

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
Nguyen buc Tai TS. Luu btc Lich 42



Tinh toan va mo phong hé thong 1ai st dung tro luc 1ai dién dua trén xe co s6 Hyundai Accent 2024

Qua so dd lyc Q tac dung 1én thanh ngang dugc tinh theo cong thuc:

0- P o _ G,.m,.p.a (3-19)

m 2.m

_ B—B, 1765-1530
2 2

=117,5 (mm), m =160 (mm)

Trong do: a

Thay s6 vao cong thirc (3-19) ta co:

0= 960.1,4.0,8.117,5 =3872,988 (N)
2.160

Pmax

Hinh 3.8: So db tinh toan hé thong lai

Ta lai co:

0, = 25° 5, (0 )AB, (0)

By=n —b.cosb 1530-1529,88 —160.cos 24°
Cosy = = 2 =0,73
p 250

=> y =arcos0,73=43,1°
= Q= Q.cos()/+12°) = 3872,988.COS(43,10 +12°) =2215,91 (N)

—> 0, = 0.cos(y) = 3872,988.cos(43,1°) = 2827,9 (N)

Ung suat kéo nén cua thanh ngang lién két duoc x4c dinh theo cong thirc:

Giang vién Huéng dan: PGS. TS. Pham Qudc Thai

Sinh vién thuc hién: Tran Danh Quynh
TS. Luu Btrc Lich
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o o= (3-20)

Trong do:
P: Lyc tac dung theo phuong cua don ngang. (P =Q, =2827,9N )
F.,: Tiét dién ctia thanh ngang AB hinh (3.2). Pon kéo ngang dugc ché

tao bang thép dng CT20 c6 dudng kinh trong va ngodi 1a d =10mm, D =20mm. Tiét
m(D* —d?) _3,14.(20°-10%)

dién dugc tinh theo cong thirc: (F, = 2 =235,5mm”).
Thay vao cong thue (3-20) ta co6:
2827,9
o, = — =12 (N/mm*)
235,5

Vi hé s6 du trit bén 6n dinh n = 2, ta c6: [ab]:%:ZOS (N/mm*)

Vay don kéo ngang dam bao d6 bén va do 6n dinh
3.3.3. Tinh bén don kéo doc
Pé dam bao an toan va tinh én dinh trong qua trinh lam viéc, don bén dugc lam

bang thép 20X. Pon bén ctia din dong l4i chit yéu chiu tng suit udn. Do vay ta tinh bén

theo di€u kién udn:

_M, 3 (3-21)

(o}

u

RS

Trong do: M, : Pugc xac dinh theo cong thurc:

M, = AB.Q, =430.2827,9=1215997 (Nm)

. VA 40’
W, : Pugc xac dinh theo cong thuc: W, = bh__ 60.40" 16000(mm?)
Thay vao cong thuc (3-21) ta co:
o, = 1215997 =75,99(N / mm*)
16000
Sinh vién thuc hién: Tran Danh Quynh Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
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V61 thép 20X va hé sb an toan n = 1,5, ta co:

800
L5

[0,]=—— =533 (N/mm?)

o, <[o,] (thoa man diéu kién). Vay thanh dam bao duogc do bén udn.
3.3.4. Tinh bén co ciu ldi banh ring tru - thanh ring
Xac dinh Gng suat cho phép

Bang 3.4: Bang tra ing suit

Kich thuéc S, Gio6i han Gioi han
Nhin | Nhi¢tluyén | ™ Khong Pj rin bén 5, | <hayda

hi¢u thép 16n hon (N )y | (Y m)
40 | T6i cai thién 60 HB 192 ... 228 700 400
45 | Thuong hoa 80 HB 170 ... 217 600 340
T6i cai thién 100 HB 192 ... 240 750 450
60 HB 241 ... 285 850 580
50 | Thuong hoa 80 HB 179 ... 228 640 350

Trong qua trinh lam viéc banh rang try, thanh rang chiu tng suat udn tiép xic va

chiu tai trong va dap tor mat duong. Vi vay thuong gay ra hi¢n twong ran nut chan rang,

do d6 anh huong 16n tdi su tin cay va tudi tho cua co cau lai. Bé dam bao dugc nhitng

yéu cau lam viéc cua co cau lai thi vat li¢u ché tao banh rang tru thanh rang dugc dung

1a thép C45 duogc t6i cai thién, ta co:
[Gch] =580(N / mm’); [Gb] =850(N / mm®)
HB =241+285, Chon HB =250
a. Ung suat tiép xuc cho phép

Tham khdo tai liéu tham khao [3] ta c6 bang sau:

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Bang 3.5: Bang tra cong thirc ing sudt

Do rin . .
o Nhiét O t11im O Flim
Vat liéu R Mt Sy Sy
luyén * Loi ring (N / mm?) (N / mm?)
rang
40. 45 Thuong
> 5 5 2HB + 70
qox, | Doahode HB 180 ... 350 11| 1.8HB |1.75
toi cai 18 HRC +
40XH, N HRC 45 ... 35 1.1 550 1.75
thién. To61 150
35XM .
thé tich
Gidi han bén mai tiép xuc cia banh rang:
O = 2.HB+70=2.250+70=570(N / mm?)
Ung suét tiép xuc cho phép cua banh ring:
fo i
[0] =[§’—hmj.zR Z, K, K, [13] (3-22)

Trong do:

S, :H¢ s6 an toan. Chon S, =11

Z,: H¢ s6 xét anh huong cia do nham. Chon Zr = 1

H

Z,: Hé s6 xét anh huong ciia van toc vong. Chon Z, =1

K ,,, : Hé sb xét anh huong cua kich thude banh rang. Chon K, =1

K, : Hé sb xét anh huong cua do d6 boi tron. Chon K, =1,06

Thay céc thong s6 vao cong thire (3-22) ta c6:

-1

3

G161 han bén mdi udn cua banh rang:

[04m ] =1.8.HB

j.1.1.1.1,06:549,27MPa

(3-23)

Sinh vién thuc hién: Tran Danh Quynh
Nguyen buc Tai
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= [041m ] =1,8.250 =450 (Mpa)

Ung suat ubn cho phép ctia banh ring:

(o] = £ X, Y, Ky Ky Ko [13] (3-24)

F
Trong do:
Y,:H¢ s6 anh huong ciia 6 nham mat lugn chén rang. Y, =1
Y;: He s6 xét dén do nhay cua vat li€u vdi sy tap trung ing suit. Y, =1
K . : Hé s6 xét dén anh hudng cia kich thudc banh rang dén d6 bén
ubn. Chon K, =1
S, : Hé s6 an toan. Chon S, =1,75
Chon K, =1, K, =0,83
Thay s6 vao cong thirc (3-24) ta co:

450
[GF]=ﬁ.1.l.l.0,83.l=213 (N /mm®)

b. Kiém nghiém rang vé do bén tiép xuc:

Kiém nghiém rang vé do bén ti€p xuc theo cong thirc:

22,2, x\/Z.T.KHa.KH.(u +1).K,,, (13] (3-25)

O
& d, b, u
Trong do:
Z, :He s6 xét dén co tinh cua vat liéu. Chon Z Wy =275

Z,,: Hé s6 xét dén hinh dang bé mit tiép xuc duoc tinh theo cong thirc:

0
z, = 2..cos,8 _ 2..cos140 _L73
sin(2ax) sin(2.207)

Z. - hé s6 xét dén tong chiéu dai tiép xuc duoc tinh theo cong thirc:

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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2o [T
&

[24

Trong do: ¢, : Hé s trung khép ngang duoc tinh theo cong thirc sau:

g, =|1.88-3.2x 1.1 .cos B = 1.88—3.2.(l+ij .cos14” =1,19
ARA 7 13
1
= Z =.[]—=0,91
1,19

K, : H¢ s tai trong dong duoc tinh theo cong thirc:

K, =1+ Yubuds (3-26)
27K, Ky,

Trong d6: K, : Hé sd phan bd khong déu tai trong giita cac rang. Chon K, =1,02
K,,: H¢ ) tap trung tai trong. Chon X, , =1,08
T: Mbmen xoan trén banh rang. (7 = 135064, 8N.mm)

Chon v, =1,1, b, =p,d, =0,6.80=48 , u=é=g=l,85

1
K, =1+ 1,1.48.80 _
2.135064,8.1,02.1,08

1,01

Thay cac thong sb vao cong thirc (3-25) ta co:

=532,6

o ~275.1,72.0,96 \/2.135064,8.1,02.1,01.(1,85+1).1,08
y = .

80 48.3
(N/mmz)

Vay: o, =532,6(N/mm*)<[o,]=560,5(N/mm’). Do d6 thoa man diéu kién tiép xuc.
c. Kiém nghiém rang vé do bén uén:
Ung suat udn dugc tinh theo cong thic:

21K, YeY, Y,

o
Fl1
b,d, m

[13] (3-27)
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o =aﬂ% [13] (3-28)

F1

Trong do:
Y, Y,,: Hé s6 dang ring dugc tinh theo cong thirc v6i hé s rang dich
chinh £=0,647 va s6 rang twong duong lan luot 13:

— Zl _ 7
' cos® B cos®14°

=7,66=Y, =3,09

_Z, 13
“ cos’ B cos’14°

=14,23=Y,, =3,13
K., H¢ s6 ké dén su phan bd khong déu cia tai trong trén chiéu rong
vanh rang. Chon (K, =1,17)

K. : Hé s ké dén su phan bo khong déu cua tai trong trén cac cap rang

dong thoi an khép. Chon K, =1,37

K, : Hé s6 ké dén tai trong dong xuat hién trong viing an khép duoc tinh

theo cong thurc:

K,=1+—r20% (3-29)

Trong d6:  Chon v, =3,3

N 3,3.48.80
2.135064,8.1,37.1,17

> K, =1 =1,029

Y, H¢ s6 ké dén d6 nghiéng cua rang duoc tinh theo cong thic:
B 14°

Y,=1-—L_=1-—=
/ 140° 140°

Ye: Hé s6 ké dén sy tring khép ciia rang. Chon Ye =0,59

9

Thay céc thong sb vao cong thirc (3.27) va (3-28) ta dugc:
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~2.135064,8.1,029.0,59.0,9.3,09

23,76 (N /mm®)
48.80.5

O-Fl

276,20

9

=24,076 (N /mm®)

Opy <04, <[0:]=213(N/mm*) thda man diéu kién bén udn. Vay b¢ truyén truc thanh
ring dam bao bén.
3.3.5. Tinh bén khép ciu
Kich thudec:
- Khoéng cach tir tim cau dén vi tri ngam: e, =23 (mm).
- DPuong kinh tai vi tri ngam tinh todn: d, =18 (mm).
- Puong kinh cau rotuyn: D, =28 (mm)
- Puodng kinh bé mat ty v6i dém rotuyn: k=16 (mm)
Vat liéu:tru cau dugc ché tao béng thép xémangtit hoa 20HM, c6 nhiét luyén bé
mit dé tang tinh chong mon, co:
- Ung suat chén dap cho phép 1a: [c,]=30(MPa).
- Ung suat udn cho phép tai vi tri ngam: [c,]=300(N / mm®) .
- Ung suit cat cho phép tai vi tri ngam: [t,]=80(N/mm?).
Véi diéu kién 13 khép lam viée & ché do tai trong dong va chiu va dap. Khop cau

dugc kiém nghiém dd bén theo irng suat chén dap tai vi tri lam viéc va kiém tra do bén

cat tai vi tri co ti€t dién nguy hiém.

Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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k4Dc Q
)

Yd.c c
t

N I I

Hinh 3.9: So db tinh toan khép cau
Luc tac dung 1én khép cau ciing chinh 14 luc phanh cuc dai P o
Q=P . =10547,712 (N)

- Kiém tra irng suat chén dap tai bé mat lam viéc ctua khdp cau:

_9 ;
=% [4] (3-30)

Trong do: F.: Dién tich tiép xtic gilra mat cau va dém rotuyn.
Trong thtrc té lam viéc, dién tich lam viéc chiém 2/3 bé mat ctia khép cau, nén bé mat

chiu luc tiép xtc chiém %% = %bé mit khép cau. Ta co:

E :%.an (3-31)

Trong d6: D, : Pudng kinh cau rotuyn, (D, = 28mm)

= F :%.3,14.0,0282 =820,58 (N)

Thay s6 vao cong thirc(3-30) ta co:
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. _10547,712
© 820,58

=12,85(N / mm*)
o, < [GC] . Vay cAu thoa mén diéu kién chén dap
- Kiém tra theo d6 bén cit:

Kiém tra rotuyn tai vi tri ngam.

Ung suat cat tai vi tri ngam:

r =< [14] (3-32)
Trong do: F.: Tiét dién cua rotyun tai vi tri c6 tiét dién nguy hiém nhat.
F = r.d’
4

d : Duong kinh tai chd that ctia rotyun. (d = 18mm)

2
> F - 3,14.18

c

=254,34 (N)

Thay s6 vao cong thirc (3-32) ta co:
_ 0 10547712

. = 41,47(N | mm®)
F. 25434

7. < [TC] . Vay khop cau thoa man diéu kién cit tai tiét dién nguy hiém nhit.
Két luan: Khop cau du bén trong qua trinh lam viéc.

3.4. Tinh toan trg¢ lwc dién

3.4.1. Xdy dung dwong dac tinh cwong hoda ldi

Theo giao trinh Thét ké tinh toan 6t6 thi dic tinh cta cuong hod chi o su dac trung
cua qua trinh lam viéc ctia bd cuong hoa hé théng 14i. N6 biéu thi méi quan h¢ gitra luc

ma nguoi lai dat Ién vanh tay 141 P, va mOmen can quay vong cia cac banh dan hudng

Imax
M. :
— MC
vimax ~ ..
Ri.i,n,
Sinh vién thyc hién: Tran Danh Quynh Giang vién Hudng dan: PGS. TS. Pham Qudc Thai
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Qua day ta thay khi khong c6 cudng hoa thi luc dat 1én vanh tay 14ai chi phu thudc
vao mdémen can quay vong cua cac banh xe dan huéng (vi R, ic, i, N 12 nhitng hing
s0). Do d6 duong dic tinh 1 nhitng dudng bac nhit di qua gdc toa d6. Theo tinh toan &
phan trude khi quay vong 6t6 tai chd momen can quay vong 1a 16n nhét, toa do xac dinh
diém nay trén duong dac tinh 1a B [457,34; 205,71]. Vay duong dac tinh dugc xac dinh
P, =f(M,) s&diqua gbc toa do va di qua diém B [457,34; 205,71].

Khi hé thong 1ai duogc lap cuong hoa duong dac tinh ctia cua né cling biéu thi moi
quan h¢ gitta lyc tac dung lén vanh tay lai va mémen can quay vong cua cac banh xe

dan huéng M.. Day ciing 1a mdi quan hé bac nhit.
D6 thi cac duong dic tinh khi chua cuong hoa P, = f(M,) va dugc lap bd cuong

hoa P. = f(M.) dugc thé hién ¢ hinh vé& dudi day.

Imax

I:’\Mmax (N)

A

206M —————— — — — — — —

Khdéng ¢o tro luc

6857 | ————— =2 —————
’ C

|
|
20 C6 tro lue |
|

o) -

457,34 Mc (Nm)

Hinh 3.10: Duong déc tinh cuong hoa

Khi lyc dét 1én vanh tay 14i 16n hon 20 (N) duong déc tinh déc trung cho hoat dong
ctia cuong hoa ¢ giai doan ndy ciing 1a duong bac nhat nhung ¢ d6 dc thap hon so véi
duong dic tinh khi chua c6 cudng hoa (d6 dbc nay can thiét phai c6 dé dam bao cho
nguoi 1ai cd cam giac suc can cua mat dudng tac dung Ién vanh tay 14ai). Khi momen can
quay vong 16n hon M, =384,93(Nm) thi hé¢ thong l4i lam viéc nhu hé thong 14i co khi
ban dau (cuong hio di lam viéc hét kha niang). Cu thé ngudi 14i mubn quay vong banh

xe 0 t0 thi phai tdc dung Ién vanh tay 1ai mot luc P, > P..
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- Doan OB: P, =P, = f(M,). Luc do nguoi lai hoan toan dam nhan.
- Poan AC: P =f(M,). Biéu thi lyc ma nguoi 1ai cdm nhan vé chat luong mat
duong.
Hiéu s6 cac toa do cua hai duong P. va P, chinh la luc tao nén boi bo cuong hoa. Néu
P 16n thi quay riéng cac banh xe dan huéng tai chd s& ning hon, con néu P, qua nhd
thi nguoi 1ai s& khong da cam giac 14i vé chat luong mat dudng.
3.4.2. Tinh kiém nghiém motor dién tro luc

Chi sb hiéu qua tac dung H, bang ty sd gitra luc dit vao vanh tay 1ai dé quay vong 6 to

khi khong c6 trg lyc va khi ¢ trg luc:

=B 3.4 (3-33)
P

il
Trong do:

P, : Luc 16n nhat khi khong c6 tro Iyc. (P, =205,71N)

I max

P : Luc khi ¢o tro luc

vl *

H dugc chon phai dam bao théa man nhiing yéu cau ctia hé théng lai ¢o tro luc va

phai dam bao duoc tudi tho cua 16p. Ta chon H =3

Tt cong thirc (3-33) ta co:

p, = tum 2B TN 6 57(x)
H 3

Vay phén tro luc can tac dung mot luc 1a :

P, =P

t vl max

-P

il

=205,71-68,57=137,14 (N)

2.4.3. Tinh todn diéu khién motor di¢n

DBé motor tro luc thay di theo tdc dd cua 6 6 thi ta thay d6i mé men trg luc béng cach
diéu khién dong dién cép cho motor theo toc d6 xe va theo md men tac dong trén truc
lai:

- Vi van téc xe nho nhat vmin < 10(km/h), thi dong dién cuc dai cap cho motor
la 50(A).
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- Véi van tdc xe 16n nhat vinax > 80(km/h), thi dong dién cuc dai cép cho motor
la 15(A).
Vi vay ta tinh dong dién cuc dai cho motor ¢ cac van tdc khac nhau theo cong thurc sau:

(50—15)v
160

1=50-

Ta c6 bang sau:

Bang 3.6: Bang gia tri dong dién diéu khién theo van toc

Van toc xe(km/h) 0 40 80 120 160

Dong dién max(A) 50 41 33 24 15

Ta c¢o lyc tdc dung 1é€n vanh lai nho nhét khi bat dau tro luc 1a 20N, nhu vay mo
men tac dung trén truc 1ai 1a = 20.0,19 = 3,8 (N.m).(ban kinh vanh 1ai Ry; = 0,19 m).

Ta c6 luc tac dung 1én vanh 14i 16n nhét khi trg luc hoat dong cuc dai 1a 60N, nhu
vay mo men tac dung trén tryc 1ai 1a = 60.0,19 = 11,4 (Nm).

Ta c6 dd thi sau:

Déng dién Motor (A)

V =120 (Kmvh) \ = V =120 (Knvh)
20t /

Vimax = 160 (Km/h) N T —— Vinax = 160 (Krvh)
| 101 |
| |
] ; ‘1 ————+ —+— —+— —t——— 1‘ f —

11,4 3,8 3,8 11,4
M,, (Nm) 11 . . 4 My, (Nm)

60T
Vo = 0 (Km/h) —— ———r———— ——= Vi = 0 (Kmvh)
| 50t |
V = 40 (Km/h) = —_— —— V = 40 (Km/h)
| 40t |
V =80 (Km/h) K= — —F— V =80 (Kmvh)
| Sl |
| |
| |
| |

Hinh 3.11: Dic tinh diéu khién motor dién

Trén hinh 3.11 ta thdy khi van tdc xe cang 16n thi d6 déc cua dd thi cang nho c6 nghia

l1a dong dién cap cho motor cang nho vdi cuing mo men tac dung trén truc lai, nhu vay
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mo men tr¢ lyc ciia motor thay ddi theo tdc do xe. Tdc do xe cang 16n hé théng lai tro

lyc cang it di.
Két luin:

Phan tinh toan co s& 1a co sé dé hiéu rd hon vé nguyén 1y hoat dong va xac dinh thong
sO k¥ thuat can thiét cho viéc thiét ké va van hanh hé thong EPS. Céc ndi dung da thuc
hién gom:

- Tinh todn mo-men can quay vong: xac dinh luc can chi yéu tir banh xe, ma sat
va mo-men 14t banh — dé ching minh rang lyc ngudi 13i can tao ra 1a kha 16n néu khong
co tro luc.

- Tinh luc tac dong 1én vo lang va yéu cdu mod-men tro luc: x4c nhan ring EPS
1a can thiét dé hd tro nguoi 14i, dic biét trong diéu kién dimg hodc quay dau.

- Tinh toan bo truyén banh rang — thanh rang: tr budc chon mo-dun, vat liu,
tinh mé-men udn, kiém tra do bén truc, dén tinh toan ma sat truot, v.v. — dam bao hé
thong truyén dong di manh, chinh xac va an toan.

- Thiét ké hinh thang 14i (Ackermann steering geometry): giip banh xe quay

vong chinh xac ma khong bi truot, dam bao do 6n dinh khi vao cua.
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Chwong 4: MO PHONG HE THONG LAI TRQ LUC PIEN XE
HYUNDAI ACCENT 2024

4.1. Gi6i thiéu phan mém Matlab
MATLAB Simulink 13 mét phin mém mé phong va mé hinh hoa hé thng d6 hoa,
duoc phat trién bai MathWorks. N6 cung cdp mot mdi truong tich hop dé thiét ké, mo

phong va trién khai cac h¢ thong diéu khién va vién duong.

4\ MATLAB R20223 = o X

.

m

Kp 10

Ke

@) logsout
mr

5N 20

1 Rad2deg 57.2958
»

(5 Theta_c

5 Theta_d
tout

Zoom: 90% UTF-8 CRLF |script n 1 Col 1

— s

Hinh 4.1: Giao diaanj Matlab 2020a

Simulink cho phép ban tao ra cac mé hinh hé thong bang cach két hop cac khéi va
lién két chung lai v6i nhau. Cac khéi trong Simulink biéu dién cac thanh phan cta hé
thong, chang han nhu cac phuong trinh toan hoc, cac khoi diéu khién va cac khbi dau
vao/dau ra. Bﬁng cach ndi cac khdi v4i nhau, ban co thé xay dung mo hinh toan dién

ctia hé thong va mo phong hoat dong ctia nd.

Mot lgi thé ciia Simulink 14 kha ning mé phong thoi gian thuc, cho phép ban xem xét
phan rng cua hé théng theo thoi gian thuc hodc theo cac budc thoi gian nhét dinh. Ban
c6 thé thay doi cac thong sb va diéu khién dau vao trong qua trinh mo phong dé xem xét

su anh huong cia chung dén hé théng.
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MODELING

Mripid

® | Falkhaipid ¥

=y

smpodsug Ayodoxs

Ready

Simulink cung cép mot thu vién rong cac khdi d3 duoc tich hop san, cho phép ban mo

Hinh 4.2: Giao dién Matlab/Simulink

VariableStephuto

hinh héa cac h¢ thong di€u khién, x1r Iy tin hi¢u, dién tir, co khi, va nhiéu linh vuc khéc.

Ngoai ra, ban ciing c6 thé viét cac ham mo phong tiy chinh va tich hop chiing vao mo

hinh cua minh.

&5 Simulink Library Browser
Derivative
Simulink
v Simulink
Commonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Matrix Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
String
User-Defined Functions
Additional Math & Discrete
Quick Insert
Aerospace Blockset
Audio Toolbox
Automated Driving Toolbox
AUTOSAR Blockset
Communications Toolbox
Communications Toolbox HDL Support
Computer Vision Toolbox
Control System Toolbox
Data Acquisition Toolbox
DDS Blockset
Deep Learning Toolbox
DSP HDL Toolbox
DSP System Toolbox
DSP System Toolbox HDL Support
Embedded Coder

Fivad.Doint Nacianar

JEH®R-o- e =

@

7
]
ivd

Additional Math  Commonly
& Discrete Used Blocks

Vn
[\

Discontinuities

[

-+ -

+ X

Math Matrix
Operations  Operations

%
2

Model Ports &
Verification  Subsystems
T

24N L)
Sinks Sources

Quick Insert

Continuous  Dashboard

£

[2]

Logicand Bit  Lookup
Operations Tables

(]
(7]

Messages  Model-Wide
& Events Utilities

id
[&T]

Signal Signal
Attributes

m :
s
-
@

String User-Defined
Functions

Hinh 4.3: Thu vién trong Simulink
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Sau khi hoan thanh mé hinh va mé phong, ban c6 thé sir dung Simulink dé tao ma
tu dong cho vi diéu khién, FPGA hoic phan cirmg nhing khac. Diéu nay gitp ban trién
khai md hinh ctia minh trén cac nén tang thuc té va kiém tra hiéu nang thuc té cua hé

thong.

MATLAB Simulink 1a mdt cong cyu manh mé cho viéc phat trién va kiém tra cac
hé théng diéu khién va vién duong. N6 duoc sir dung rong rai trong nhiéu nganh cong

nghié¢p, bao gém 0 t0, hang khong vii try, dién tr, ndng lugng va nhiéu linh vuc khéc.

4.2. M6 phéng chuyén dong ciia hé thong lai trg lue dién

Tin hiéu dau vao : ) - Tin hiéu dau ra
Steering Assistant Steering )
Wheel Motor Column
H Rack and H
Pinion

Hinh 4.4: Minh hoa so d6 khdi ciu trac cta hé thong 14i tro Iyc dién
4.2.1. Thiét Igp mé hinh va thong so cho cdc khéi Matlab/Simulink
a) Thiét Idp cdc khoi phat tin hiéu dau vao

- Khéi v_vehicle0 va v_vehicle50: La khdi biéu dién cac gia tri toc do xe 0
Km/h va

50 Km/h
- Khbi 1-D Lookup Table va 1-D Lockup Tablel: La khbi bang tra giup

tinh todn hé s6 momen trg lyc tuy thudc vao van toc xe. Khoi nay thay doéi hé

s tro Iuc (Ks) gitp mo men giam dan khi téc do ting.

1-D
y T(u) b

Hinh 4.5: Khdi Lookup Table (n-D)

- Khéi Tg_adjusted va Tg_adjusted]: La khdi thé hién két qua 1a mo

men tro luc d3 duge diéu chinh theo tc do xe.

- Khdi Input torque:
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La khoi m6 phédng moémen xodn dau vao do nguoi lai tao ra. BPugc biéu dién bang

A

Hinh 4.6: Khéi Input Torque

song hinh sin.

- Khdi Step: La khbi tin hiéu dau vao dang bac thang, mé phong kiéu danh lai
dot ngot

Hinh 4.7: Khdi Step

- Khdi Constant: La khi bién diéu khién dé mo phong thuc té hoic kiém tra

phan ng hé thong. Cu thé:

+ Vi diéu kién duong (x > 0), s& 4p dung cho cac bai kiém tra kha ning
dap Gmg, muot ma, thudng duoc sir dung trong viéc md phong hé thong hoat dong thuc
té theo tin hiéu vo ling do nguoi 1ai diéu khién. O day ta chon x = 1.

+ Vi diéu kién am (x < 0), s& 4p dung trong giai doan kiém thir, va diéu
chinh hé thong diéu khién, thuong dugc sir dung trong viéc kiém tra phan tng hé thong

v6i tin hiéu gian doan , bat/tat.

Hinh 4.8: Khdi Constant

- Khéi Switch: La khéi chon 1 trong 2 tin hi¢u dau vao phu hop tiy theo gia tri x
dé gtri vao hé thong lai
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3
$i>0nb

P —

Hinh 4.9: Khdi Switch

Toém lai, cac khéi tin hiéu dau vao trén nham dén muyc dich cho phép mé phong 2
kiéu danh 14i khac nhau tuy vao tinh hubng. D6 1a lién tuc (Input Torque) hodc dot ngot
(Step).

Thong qua cac tai liéu tham khao cia xe Hyundai Accent 2024 [14] [15] . Ta c¢6 bang

mo ta cac tham so:

Bang 4.1: Bang m6 ta cac tham s

Tham sb Ki hi¢u Gia tri Pon vi

Bién do 20 N.m
Hé sb can cia ot ldi Ce 5 N'HZS/ra

. N.m.s/ra
H¢ s0 can phu tro Ca 0.2 d
Momen quan tinh ctia dong co Cnm 0.034 kg m?
Hang s6 10 xo thanh ring G 210 N/m
Tan s6 tin hiéu dau vao Input_fre 3.14 Rad/s
Momen quan tinh cta cdt 14i Je 0.06 Kg.m?
Momen quan tinh phu Jd 0.04 Kg.m?
Momen quan tinh cua dong co I 0.016 Kg.m?

, . ) N.m.s/ra
Hé s6 dan hoi cua cot lai Ke 176 d
Hé s6 dao ham ctia bo diéu khién PID Kb 3
Hang s6 dién dong Ke 3 V-s/rad
Hé s6 tich phan PID Ki 5
Hang s6 moémen xoan dong co Kmn 130 N-m/A
Heé s6 ty 1é caa PID K, 10
Ty s0 truyén vo ling K: 13852
Do cling cua hé thong li K 150 N-m/rad
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Khéi lvong quy d6i thanh ring m; 2.5 kg
Hé sb chuyén d6i rad sang do Rad2deg 57.2958 Deg
Ban kinh banh rang p 0.008 m
Bién diéu khién chon dau vao (0 hoic 1) X 1

Bién tham chiéu dau ra (dat trudc) y 0.1 rad

b) Khéivé ling (Steering Wheel)

<&

Gain5

(2) »(-"
Theta ¢ - . 1 o 1 @

Sum 1 1

1 } » 1/d Gain6 >+ | s n Int S 1 Theta_d
Ta V ntegrator ntegrator

Gain4 -

|—’ Add2
Kd/Jd |<
Gain1

Hinh 4.10: M6 hinh khoéi vo lang (Steering Wheel)

- Khoi Sum:

Khéi Sum duoc dung dé cong, trir hodc két hop tuyén tinh cac tin hiéu dau vao.
Nhu md hinh trén, khdi Sum duge dung dé trir 2 gid tri (Theta c¢) va (Theta _d). Cu thé
1a Theta c—Theta d.

Khéi Sum dua vao dé tinh do 1éch goc gitra vo ling va phan hdi banh xe. Pai dién

cho d¢ gian cua 10 xo dan hoi ndi1 gitra vo lang va hé thong lai.

Hinh 4.11: Khoi Sum
Khéi Sum 2 14 khéi tinh tong momen tac dong vao v lang:

(Td / Jd)—(Ks.(Theta d —Theta c)/Jd)—(Cd.d(Theta d)/dt/Jd)—(Kd.d(Theta d)/dt/ Jd)
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- Khbi Gain:
La khdi ¢o tac dung khuéch dai tin hiéu dau vao bang biéu thirc khai bao. O day,
khéi Gain 6 nhan d6 1éch goc v6i Ks/Jd , 1a khoi dai dién cho momen phan hoi tir 10

XO0.

\/

Hinh 4.12: Khéi Gain 6
Khéi Gain 5 nhan véi Cd/Jd v6i C, =0,2biéu dién moémen tir bo giam chan phy

thudc vao van toc goc.

A\

Hinh 4.13: Khéi Gain 5

Khéi Gain 4 thyc hién biéu thirc chia Jd véi J, = 0,04 dé dua vao khoi Sum 2.

\/

Hinh 4.14: Khi Gain 4
Khéi Gain 1 tin hiéu nay dugc 1y dao ham bang cach di nguoc lai tir dau ra Theta d

qua 2 khéi tich phan lién tiép dé tinh ra goc quay thuc té va khéi Gain 1 nay dai dién

cho mémen do ma st quay. Véi K, =10

A\

Hinh 4.15: Khéi Gain 1
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- Khéi Integrator:
La khéi thuc hién phép tinh tich phan theo thoi gian. Cu thé:
Lan 1: thuc hién phép tinh tich phan van téc goc Theta d/dt.

Lan 2: thuc hién phép tinh tich phan goc quay Theta d.

H,

Hinh 4.16: Khbi Integrator

c) Khoi Motor tro luc (Assistant Motor)

Integrator2 Gain8
Variable

+ | * Transport Delay1
» Kp P+
Theta_d - '| w J\
+
Sumf Gain3 Ve

Sum3 Gainé

Au
ar y 1
Derivative Gainb Constant S
Integrator1
D L
Theta_c Gaind + @
ain: Tg
Sumz Gain2 Gain7

Hinh 4.17: M6 hinh khdi Motor trg luc (Assistant Motor)
- Khdi PID Controller

Thuét toan PID (Proportional-Integral-Derivative) 1a bd diéu khién cung cap kha
nang hi¢u chinh do léch toi wu, tang toc do phan hoi, giam do vot 16 va dao dong han
ché. Thuat toan PID sir dung su két hop cua 3 bd thanh phﬁn: ty 1€, tich phan va dao
ham. Ca 3 thanh phan déu dong vai trd dua do 1éch vé 0. PID 13 bo diéu khién phd bién
nhit trong nganh vi dé tmg dung va chét luong diéu khién nhat quan. Cuy thé, bo diéu
khién PID thuong duoc sir dung trong diéu khién dong co DC, 16 bét, hé théng trong 6

to, ... Va & ddy bo diéu khién nay duoc st dung trong hé théng 14i tro lyc dién.

Biéu thirc cta thuat toan PID 1a:
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u(®) =K, .e(®)+K, j)- e(t).dt+ Kd.%.e(t) [5]

Trong d6 khbi Sum 1 thuc hién phép tinh sai s6 Theta d—Theta c , khdi Gain 3 13 hé
s6 ty 1& K, =10, khéi Gain 5 + khdi Derivative 1a thanh phan dao ham K, =3, khéi
Gain 8 + Integrator 2 13 thanh phan tich phan K, =5, khdi Sum 3 1a tong hop 3 thanh
phan PID.

Au
> P

Hinh 4.18: Khéi Derivative

- Khdi diéu ché dién 4p Motor: La khdi diéu chinh dién ap dau vao Motor, khoi
Gain 6 (Ke/Jm ) dugc tinh theo mémen quén tinh rotor. V&1 K, =3.

- Khdi Variable Transport Delay: La khoi biéu dién d6 tré trong phan tng cta
motor, do tinh chat vat 1y hoac diéu khién. Thém 1 tin hiéu dau vao khdi nay la khdi
Constant véi gia tri y = 0.1 giup mo phong sat voi thuc té hon.

- Khéi dong luc hoc cua Motor

2
Cong thure dong luc hoc: Jm.% + Cm.% +Km.(0—-6,)=u(t) [5]

Trong d6, khéi Sum 14 khdi tinh tong mémen tac dong 1én rotor, khdi Gain 1 13
khéi mémen can véi Cm=0.034; Jm=0.016, khéi Gain 2 12 khéi mémen tai tir hé thong
co khi v&i Km =130, 2 khéi Integrator va Integrator 1 1a khoi dé 1ay dao ham 2 lan ra
gdc quay tir gia toc, khéi Gain 7 1a khéi nhan lai dé tinh ra mémen dau ra Tg (mOmen
ho trg tir dong co).

- Khéi phan hdi momen tai tir co cdu 1ai Tir tin hiéu dau vao Theta ¢ di qua khoi
Gain 4 dé tinh mémen phan khang tir co khi. Sau d6 tong hop vao khdi Sum 2.

d) Khoi cét ldi (Steering Column)
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(1 )y——» Nuc Celde
Tg
Gain4 Gain1
Tr >+
» 1 1
Gain3 g g I 1)
ot 4 Integrat Integrator1 Theta_o
e Ks/Jo > ntegrator ntegrator
Theta_d

Gain2

‘ Sum

Hinh 4.19: M6 hinh khéi cot 14i (Steering Column)
- Céc khdi dan tin hiéu luc tac dong 1én cot lai
Trong d6, khéi Gain 4 1a khéi mémen truyén tir dong co voi N =20; Je=0.06,
khéi Gain 3 1a khdi phan momen tir khoi Rack, khoi Gain 2 14 khdi momen dan hoi giita
v lang va cot 14i voi Ks =150, khoéi Gain 1 1a khéi biéu dién cho tin hidu ma sat véi
Cc=5.
TAt ca cAc momen nay déu duoc chia cho momen quan tinh cua khdi cot 1ai Je dé
dua vé gia téc goc.
- Khéi tong luc mémen (Suml)
La khdi tinh tong cac luc moémen di vao khéi cot 1ai voi biéu thuc:

N 1 Ks Cce
Mg 256,-0)-09
Jc & Je Jc 0. =0) Jo ¢

Trong d6 gdm c6: lyc trg lyc tir motor (7g ), luc phan lyc tir banh xe (7r), lyc dan hoi

gitta vo lang va cot 1ai cudi cung 13 lyc ma sat nhét trong cot 1ai (Ce).
- Khéi dong hoc

La 2 khéi tich phan lién tiép Integrator va Integrator 1 bién d6i tir gia toc thanh van toc

sau d6 1a goc quay. Gia tri Theta c lay lam tin hiéu dau ra phan hdi cho cac khbi khéc.

e) Khdi thanh ring va banh ring (Rack and Pinion)
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Hinh 4.20: M6 hinh khéi thanh ring va banh rang (Rack and Pinion)

- Khdi téng hop luc tac dong 1én thanh ring
Khdi Sum téng hop 3 thanh phﬁn luc: luc tir truc 14i duoce khdi Gain 3 dua vao véi
Ke =176, luc ma sat tir khoi Gain 1 véi giad tri Cr=210, mr=2,5, luc dan hoi banh xe
tir khdi Gain 2 véi gia tri Kr=13852. Sau d6 2 khdi Integrator va Integrator 1 sé& tich
phan lién tuc chuyén gia toc thanh van tdc va cubi cuing 13 vi tri cta thanh ring.
- Khéi mémen phan luc
Bao gom khéi Gain 4 — chuyén luc tic dong ngugc thainh mémen xoan dé phan
hdi nguoc lai vé cot lai (Steering Column) véi gia tri cua »p =0,08, dung khdi Gain dé
bién doi Theta ¢ thanh mot gia tri dich chuyén tuyén tinh dé so sanh trang thai hién tai
cua thanh rang.
1) Khéi ghi dit liéu va hién thi dit liéu
2 gia tri dau ra cudi cung 1a Theta d Vva Theta c s& di vao khbi Mux dé ghép lai xtr Iy
song song, sau d6 di qua khdi Gain 2 dé chuyén don vi tir radian sang do (
Rad2deg=1/2/7.360).
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Hinh 4.21: Khdi Demux(1) va Mux(2)

Cudi cung 13 hién thi qua dd thi bang khdi Scope, bén canh d6 2 gia tri ndy s& tich nhau
ra bang khéi Demux va luu trit dit liéu bang khdi To Workspacel va To Workspace?2.

]

Hinh 4.22: Khéi Scope
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Hinh 4.23: M6 hinh Simulink cua hé théng lai tro luc dién

Giang vién Huéng dan: PGS. TS. Pham Qudc Thai
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4.2.2. Thwe hién mé phong va phén tich két qua
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Hinh 4.24: D6 thi mo phong d6 tré pha giira dudng thiét 1ap va thuc té

Biéu d6 trén thé hién sy so sanh gitra chuyén dong goc quay cua vo ling (dudng
mau do6 — tin hiéu thiét 14p) va chuyén dong goc quay cua tryuc lai (dudong mau xanh 14 —
tin hiéu thuc té sau khi c6 tac dong tur hé théng 141 trg lyc dién EPS). Trong m6 phong,
vo lang dugc diéu khién theo mot ham sin, nham kiém tra phan tng cta hé thong EPS
khi cung cip mé men diéu khién Td,Tr d&én co cdu tro lwc. Két qua cho thiy tuy co xuat
hién d¢ tré pha nho giira hai tin hiéu, nhung sy chénh 1éch nay 1a khong déng ké. Nguoc
lai, dwong mau xanh troi tai hién gan nhu chinh xéac bién d6, tan sé va hinh dang cua tin
hiéu dau vao, chung t6 hé thong EPS di phan hdi nhanh va chinh xac. Diéu nay cho
théiy hé théng diéu khién md-men hoat dong hi¢u qua, ddm bao do nhay va do on dinh
cho hé théng 14i. Géc quay truc lai sau khi duogc tro Iyc van bam sat theo quy dao mong
mudn, khong gay ra hién twong méo tin hiéu hay suy giam bién do, qua d6 chirng minh
tinh kha thi va hi¢u qua cia moé hinh EPS da xay dung.
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Hinh 4.25: D6 thi so sanh moémen xoin khi c6 va khong ¢6 trg luc dién

Biéu dd trén thé hién su thay d6i mé men xoan tai hai vi tri: mdé men vo lang
(duong mau xanh 14 cdy) va mo men tryc 1ai (dudng mau dd) theo thoi gian. Puong
mau d6 dai dién cho md men dau vao tir ngudi 14i, con dwong mau xanh phan dnh mo
men thuc té tai truc 1ai sau khi c6 sy can thi¢p tir hé théng tro luc dién (EPS). Quan sat
cho thdy mé men truc 1ai ludn c6 bién d6 16n hon dang ké so véi moé men vo lang, ching
t6 hé théng EPS da hoat dong hiéu qua, cung cap thém luc hd trg gitip quay banh xe dé
dang hon. Pic biét, trong nhitng thoi diém dau (khoang 0 — 1 gidy), mo men truc 14i ¢6
hién tuong dao dong nhe va bién dang so voi hinh sin chuan, cho théy hé th6ng diéu
khién dang trai qua giai doan qua do truéc khi 6n dinh. Sau giai doan nay, ca hai tin
hiéu déu tré nén déu din va on dinh theo dang hinh sin, véi su chénh léch bién do ro
rét. Diéu nay khéng dinh rﬁng hé théng EPS da thuc hién t6t chuc nang trg luc, giam tai
cho nguoi diéu khién, dong thoi dam bao dau ra c6 du mod men can thiét dé duy tri

chuyén dong on dinh va chinh xac cua h¢ thong lai.
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Hinh 4.26: D6 thi m6 men hd trg cua motor trg luc dién

Trong dd thi hinh 4.25 ¢6 thé dé dang nhan thdy moé men tai vo lang ludn thap hon
so vo1 md men tai truc l1ai. Su chénh léch nay duoc thé hién qua hinh 4.26 1a két qua
truc tiép ctia qua trinh hoat dong ctia hé thong trg luc dién (EPS). Khi nguoi 14i tac dong
luc 1€n vo6 lang, hé théng s& cam nhan mé men dau vao va tu dong bo sung thém mot
phﬁn mo men thong qua motor trg lyc dién. Nho do, téng mo men tai truc lai — tirc 1a
dau ra — s& 10n hon so v&i dau vao tir ngudi 14i, dam bao banh xe c6 thé quay véi luc tac
dong it hon. Piéu nay khong chi gitip giam mét moi cho ngudi diéu khién, ma con nang
cao do nhay va d6 chinh xac ctuia h¢ théng lai. Hon nira, viéc duy tri mo men vo lang &
muc thép cling 1a muc tiéu thiét ké quan trong trong cac h¢ théng 14i hién dai, nham tao
cam giac lai muot ma va an toan hon, dac biét trong diéu kién toc do thép hoac khi xe

ding yén.

Su chénh léch giira hai duong mé men hd trg trong dd thi trong hinh 4.27 1a do h¢
s6 khuéch dai tro luc (Ks) thay ddi theo van tdc cua xe. Khi van tdc béng 0 km/h (duong
mau xanh troi), hé s6 Ks duge dit & mire cao dé tao ra mo men tro luc 1on, giip nguoi
14i danh 14i dé dang hon khi xe dang dimg yén hoic di chuyén cham. Nguoc lai, khi van
tc ting 1én dén 50 km/h (duwong mau d6), hé s6 Ks s& giam xudng nham giam mod men
hd tro, tir d6 tang cam giac that tay lai va tranh hi¢n tuong danh lai qua nhe khi xe chay

0 toc do cao.
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Hinh 4.27: D6 thi mé men xoén hd trg cho cac van tdc khac nhau

Do thi nay phan anh dang nguyén 1y hoat dong cua h¢ théng tro luc 1ai dién (EPS),
trong d6 m6 men khong ¢ dinh ma duoc diéu chinh cha dong theo van tdc dé vira
dam bao su thoai mai khi 1ai xe cham, vira dam béo d6 6n dinh va an toan khi xe di
chuyén nhanh. M6 phong trong Simulink sir dung h¢ s6 Ks phu thudc van tdc dé dieu
khién moment hd trg, nhd d6 biéu dién duogc 16 rang su khac biét gitra hai ché do van
tdc nhu trong d6 thi.

Két luin:

Két qua md phong thu duge tir Simulink khong chi hd trg danh gia hiéu qua cta hé
thdng EPS trong nhiéu tinh hudng van hanh ma con 1a cong cu manh mé dé xdy dung
nén tang diéu khién thong minh, phuc vu cho cac nghién ctru sdu hon nhu hé thong 14i
tu dong, diéu khién thich nghi hay mé phong trong thiét ké xe dién.
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KET LUAN

Két luin:

Dé tai di 1am rd duoc moi quan hé giita 1y thuyét co hoc — dong hoc — didu khién
va img dung thyc tién, thong qua khao sét chi tiét cdu tao, nguyén 1y hoat dong va tinh
toan k¥ thuat cho tirng thanh phan trong hé thong 14i. Qua d6, dé tai gép phan cung cap
kién thirc nén vimng chic dé phat trién cac mo phong diéu khién nang cao nhu PID, diéu

khién thich nghi, hodc tich hop véi cac hé thong diéu khién xe tu hanh.

Trong khudn kho dé tai, viéc ung dung phan mém MATLAB/Simulink dong vai
trd v cling quan trong trong qué trinh mo phong, kiém tra va danh gia hoat dong cua
hé théng lai tro luc dién (EPS). Nho vao kha nang mo hinh hoa truc quan, xtt 1y tin hi¢u
manh mé va kha nang tich hop cac khdi diéu khién phi tuyén, Simulink da giup tai hién
chan thuc cac thanh phé”m trong hé théng nhu: v6 lang, cot 141, mo-to tro luc, co cau

banh ring — thanh ring, va cac phan hoi luc tir mat dudng.

Sy thay thé trg lyc thuy lyc bang EPS phan anh xu thé hién dai hoa nganh cong
nghiép 6 t6, hudng dén su linh hoat, nhe nhang va tinh diéu khién thong minh hon. Béng
thoi, cac ndi dung nghién ciru trong dé tai khong chi gitp hiéu rd cu tao va hoat dong
ctia hé thong EPS ma con 1a nén tang cho viéc mo phong, t6i wu hoa, va cai tién hé thong

trong cac ung dung tuong lai.

Ngoai ra, viéc nam viing dac diém cua h¢ thong EPS khong chi c6 y nghia hoc
thuat, ma con rat quan trong trong thyc t€ van hanh, chan doan, bao tri va nang cap cac

hé thdng 1ai trong nganh cong nghiép 6 t6 hién dai.
Huwéng phat trién:

- Ap dung cic bo diéu khién thong minh hon vao phan mém Matlab/Simulink
de to1 uu két qua mo phong

- Xay dung mo6 hinh thuc nghiém
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