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TOM TAT

Tén dé tai: Tinh toan thiét ké mé hinh va &¢ng dung Xir Iy anh trén mé hinh xe

dién.

Nhom sinh vién thuc hién:

Lé Pang Tai Lép: 20CACLCL
Nguyén Vian Nhan Lép: 20C4CLC1
Nguyén Ping T. Huy Lop: 20C4CLC1
Nguyén Chi Kiét Lop: 20C4ACLC1

Dé tai trinh bay téng quan van dé nghién ctru, tng dung tri tué nhan tao trén 6 to
dién ty hanh c6 kha nang ty hanh khong ngudi 14i duoc sir dung trong nhiéu truong hop
va muc dich str dung khac nhau, vi du: st dung trong khuén vién du lich, st dung trong
muc dich van chuyén hang & cac co sé nhu san bay, cong xudng, .... O t6 dién van hanh

don gian, khong gay 6 nhiém moi trudng voi chi phi ré. O t6 dién duoc dan dong bang

S6 theSV: 103200100
S6 théSV: 103200094
S6 theSV: 103200085
S6 théSV:103200088

dong co dién ba pha khong choi than BLDC thong qua bd vi sai ¢6 kha nang tai 2 ngudi.

Vai ting dung tri tué nhan tao cho xe c6 kha nang tu nhan dién va bam lan duong mot

cach chinh xéc, dong thoi xay dung tuyén duong di nhan biét duoc vi tri xe hoat dong.

Noi dung do an t6t nghiép gom cac phan sau:
Chuong 1: Téng quan vé dé tai.

Chuong 2: Tong quan vé 6 to dién.

Chuong 3: Tinh toan thiét ké mo hinh xe dién.

Chuong 4: Co sd 1y thuyét vé xtr 1y anh.

Chuong 5: Cac van dé xur 1y anh trén mé hinh xe dién.

Chuong 6: Tong quan vé phan cing.
Chuong 7: Thiét ké hé théng diéu khién dong co

Chuong 8: Xay dung mé hinh khéi Simulink mé phong mé hinh xe dién.

Chuong 9: Thuc nghiém va két qua.



LOI CAM ON

Trudc tién, em xin gui 161 cam on chan thanh dén quy thay c6 Khoa Co khi Giao
thong — Truong Pai hoc Bach khoa — Pai hoc Pa Ning di tan tinh giang day, truyén dat
kién thuc va tao diéu kién thuan loi dé chiing em c6 thé hoc tip va hoan thanh tét db an

tt nghiép.

Trong subt 5 ndm hoc tap va rén luyén tai trudng, em di tich liy duoc nhiéu kién
thirc chuyén mon, k¥ ning thuc tién cling nhu nhing trai nghiém quy bau. D6 1a hanh
trang quan trong giup em tu tin hon trén con dudng phat trién sy nghiép sau nay. P6 an
t6t nghiép chinh 14 két qua cia ca mot qua trinh hoc tip nghiém tac va nd luc khong

ngung nghi.

Trong qua trinh thyc hién d6 an, nhom chung em di nhan dugc sy quan tim, hd
trg va huéng dan tan tinh cia quy thay c6. Bac biét, em xin bay to long biét on sau sic
dén TS. Hoang Thing va ThS. Lé Nguyén Vil — hai giang vién da ludn tan tim huéng
dan, dinh hudng chuyén mén va dong hanh cting nhom trong sudt qua trinh thuc hién

Capstone Project.

Mic du da cd gang hoan thanh t6t nhat ¢6 thé, nhung do kién thirc va kinh nghiém
con han ché, d6 an cua chiing em chac chan van khong tranh khoi nhitng thiéu sot. Rat
mong nhan duoc nhiing v kién dong gop va nhan xét quy bau tir quy thay cd dé nhom

o thé tiép tuc hoan thién va nang cao hon nira.

Mot 1an nita, nhom ching em xin tran trong cam on quy thay co!



LOI CAM POAN

Chung em xin cam doan rang toan bd noi dung trong d6 an tot nghiép nay 1a két qua cua
qua trinh hoc tap, nghién ctru va thuc hién nghiém tic cia nhom ching em, dudi sy
hudéng dan cua cac giang vién trong Khoa Co khi Giao thong — Truong Pai hoc Bach
khoa — Pai hoc Pa Ning. Cac s liéu, két qua va ndi dung trinh bay trong dd an 13 trung
thue, khong sao chép tir bat ky cong trinh nghién ctiru nao khac. Néu c6 tham khao, nhém
ching em d4 trich dan rd rang va day du theo dung quy dinh. Nhém ching em xin hoan
toan chiju trach nhiém trudc nha trudng vé tinh trung thyc va nguyén ban cia ndi dung
d6 an nay.
Pa Ning, ngay ... thang ... nim 2025
Nhom sinh vién thuc hién

Lé bang Tai

Nguyén Van Nhan

Nguyén Piang Thanh Huy

Nguyén Chi Kiét
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Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

CHUONG 1: TONG QUAN VE PE TAI

1.1. Ly do chon dé tai
Trong nhitng ndm gan dy, bién d6i khi hau va 6 nhiém méi truong da trd thanh

nhitng thach thtrc toan cau nghiém trong, doi hoi cac qudc gia phai tim kiém cac giai
phap bén viing trong moi linh vuc, dac biét 1a giao thong van tai — nganh chiém ty trong
I6n trong tong luong khi thai CO, . M6t trong nhitng huéng di ndi bat nhiam giam thiéu
tac dong moi truong chinh 13 phat trién cac phuong tién giao thong sir dung nang luong

sach, ma xe dién (EV — Electric Vehicle) 1a dai dién tiéu biéu [1].

Theo bao céo tong két tir trang Lithaco.vn, doanh sé xe dién toan cau di dat gan
14 triéu chiéc vao nam 2023, chiém khoang 18% tong s6 xe mdi ban ra trén toan thé
gioi. Tai Viét Nam, thi truong 6 té6 mac du sut giam manh (giam 25% so véi nam trudce),
nhung 6 t6 dién lai c6 sy ting truang but pha, tir chua day 100 chiéc nam 2021 1én dén
hon 30.000 chiéc trong naim 2023, twong dwong véi khoang 15% thi phan xe mai. Nhiing
con s6 nay phan anh sy chuyén dich 16 rang ctia ngudi tiéu ding va chinh sach cta cac
qudc gia, trong d6 c¢6 Viét Nam, theo hudng wu tién sir dung cac phuong tién giao thong

than thién voi moi trudng, tiét kiém nang luong va bén viing.

Song song voéi xu hudng dién khi héa phuong tién, cong nghé ty dong hoda va tri
tué¢ nhan tao (Al) cling dang duogc tng dung ngay cang sau rong vao linh vuc giao thong.
Hé thong giao thong thong minh (ITS — Intelligent Transportation System) 1a mot minh
chung tiéu biéu cho viéc két hop cong nghé véi co sé ha ting giao thong dé nang cao
hiéu qua quan 1y va dam bao an toan cho ngudi tham gia giao thong. O nhiéu db thi Ion
tai Viét Nam nhu TP. H6 Chi Minh, Ha Noi, Pa Ning... hé théng camera giam sat giao
thong c6 kha niang phan tich hinh anh vi pham nho tng dung Al, gép phan lam giam

tinh trang Un tic, tai nan va ting cuong ¥ thirc chip hanh luat giao thong [2].

Bén canh d6, cac phuong tién giao thong tu hanh — tir xe c4 nhan dén xe van tai
— dang ngay cang hoan thién nho sy phat trién manh mé cia cong nghé thi giac may tinh
(Computer Vision). Theo thong tin tir trang Caothienphat.com, cac dong xe hién dai da
duogc trang bi hé théng camera va thuat toan xu Iy anh nham nhan dién vach ké duong,
bién bao giao thong, nguoi di bo, vat can..., tir d6 ra quyét dinh diéu khién mot cach an
toan va chinh xac [3].
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1.2. Muc tiéu nghién ctiru
e Thiét ké va ché tao mé hinh xe dién hai chd ngdi vai ciu trac co khi hop 1y, hé

thdng truyén dong 6n dinh va phu hop véi diéu kién van hanh thir nghiém.
e Ung dung tri tu¢ nhan tao vao nhan dién lan duong, nhim mo phong kha nang
quan sat va dinh huéng maéi truong cia cac phuong tién giao thong thong minh.
e Phat trién hé théng xtr 1y anh dé hd tro diéu khién phuong tién mot cach tu dong,
nang cao tinh linh hoat va d6 chinh x4c trong qu4 trinh di chuyén theo lan dudng.
e Tich hop chit ché giira phan cing va phan mém nham xiy dung mét hé théng
diéu khién tong thé, thong nhat va c6 kha ning md rong trong cac nghién ctu
tiép theo.
1.3.  NOoi dung nghién c’l'ru ’ ‘ ‘
e Nghién ctru cac kién thirc lién quan dén xir Iy anh va cac phan mém ho trg xir ly
anh: Ubuntu, Python, OpenCV, Numpy,...
e Nghién ctru Vé nén tang, phuong thirc hoat dong cua cac hé théng st dung tri tué
nhan tao.
e Sirdung mang d3 duoc dao tao san dé nhan dién lan duong.
e Sir dung cac thuat toan dé ning cao nhan dién lan duong 1an bang cac thuat toan
nhu Hough Transform, K-means, Kalman filter,...
e Sir dung Kalman filter dé theo doi lan dudng.
e Hién thi noi dung nhan dién 1én man hinh bang hinh anh Iy truc tiép tir webcam.
1.4.  Giéihan dé tai
Hé thong c6 kha nang van hanh theo thoi gian thuc (real-time), tuy nhién hiéu
suat xir Iy van con bi gidi han do nang luc phan cimg chua thyc sy manh, dan dén d6 tré
nhét dinh trong qua trinh nhan dién va phan hdi diéu khién. Bén canh d6, kha ning hoat
dong cua hé thong hién nay van phu thudc vao dir liéu huan luyén ban dau, nén chi dat
hiéu qua cao tai nhitng doan dudng d3 dugc training trude d6. Pidu nay cho thay tiém
niang mé rong cua dé tai trong tuwong lai néu duoc nang cap phan cung va tdi uu hoa
thuat toan dé dat tinh téng quat va kha ning thich nghi cao hon trong cac méi truong
giao thong thuc té va phac tap hon.
1.5. Phamvi rng dung
Thong qua d€ tai nay, viéc tng dung tri tué nhan tao trong ky thuat 6 t6 khong

chi dung lai & 1y thuyét ma da duogc trién khai thuc té trén mé hinh xe dién. Bang viéc
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tich hop hé thong xir 1y anh, xe mo hinh da c6 kha ning tu dong nhan dién lan duong va
diéu hudng theo lan mét cach chinh xac ma khong can su can thiép cua ngudi didu
khién. Két qua nay cho thay tiém ning rd rét trong viéc phat trién cac chirc niang hd trg
14i nhu canh bao 1éch lan hay tham chi 1a diéu khién hoan toan tu dong trong cac hé
thdng xe ty hanh. D@ tai 1a minh chimg sinh dong cho viéc két hop thanh cong gitra ki
thuat diéu khién, xir Iy anh va tri tué nhan tao trong linh vuc giao théng thong minh —

dong thoi ma ra nhiéu hudng nghién ciru va cai tién trong tuong lai.
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CHUONG 2: TONG QUAN VE O TO PIEN

2.1. Pinh nghia va phan loai
2.1.1. Pinh nghia 6 t6 dién
O 6 dién (Electric Vehicle — EV) 1a phuong tién giao thong sir dung dong co

dién 1am ngudn lyc chinh dé kéo banh xe. Thay vi sir dung dong co d6t trong (ICE) va
nhién liéu hoa thach (xing, dau diesel), 6 t6 dién tan dung ning lwong dién duoc luu trit
trong bo pin (ac-quy) hoic tao ra tic thoi tir ngudn ngoai (nhu hé théng truyén dong

hybrid cim sac).

Vé co ban, 6 t6 dién khong d6t chay nhién liéu bén trong, do d6 khong thai ra khi
CO, truc tiép, giam 6 nhiém moi truong va tiét Kiém ning lugng so véi xe chay
xang/dau diesel.
2.1.2. Phan loai 6 to dién

O t6 dién duogc phan thanh ba nhom chinh dya theo co ché Cép dién va su phu

thudc vao dong co dbt trong (néu co):
Xe dién thuin tiy (Battery Electric Vehicle — BEV)

e Ngudn ning lugng chinh: B pin sac tir ludi dién (hoic cac ngudn ning luong tai
tao).

e Pic diém: Khong co dong co dot trong; toan bd niang lugng chuyén thanh dién
dé van hanh dong co dién (Motor).

Xe hybrid cam sac (Plug-in Hybrid Electric Vehicle — PHEV)

e Ngudn ning lugng chinh: Két hop giita dong co d6t trong (ICE) va dong co dién.
Pin c6 thé sac tir bén ngoai (6 cam dién).

e Ché d6 hoat dong:
o EV Mode: Chi sir dung dong co dién, pin cung cap ning lugng.
o Hybrid Mode: Pong co dbt trong va dong co dién két hop, dong co dét trong

vira kéo tal vura sac pin.

Xe hybrid (Hybrid Electric Vehicle — HEV)
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e Ngudn ning luong chinh: Pong co dbt trong va dong co dién; pin dugc sac chi
yéu qua dong co ddt trong hoic qua trinh thu héi ning lwgng phanh (regenerative
braking).

e Dic diém: Khong thé cdm sac ngoai; pin nhé hon PHEV, chi du dé cung cip ning

lwong hd tro cho dong co ddt trong.
Xe fuel cell (Fuel Cell Electric Vehicle - FCEV)

e Ngudn ning luong chinh: Pin nhién liéu (fuel cell), st dung hydro két hop voi
oxy dé sinh ra dién, sau d6 dién cung cp cho dong co dién.
e Pic diém: Khong can sac pin tir ludi; chi can tiép nhién liéu hydro tai tram. Chi
thai ra nuac (H, O).
2.2. Lich sir phat trién 6 t6 dién
2.2.’1.Gi51i doan dau ( Cuoi thé ky 19 — Pau the ky 20)
Cuoi the ky 19
e Nim 1832-1839, cac nha khoa hoc nhu Robert Anderson va Anh hao quang
Michael Faraday thi nghiém cac h¢ théng so khai tao ra dong di¢n va dong co
dién.
e DPén nam 1884-1888, nha phat minh My Thomas Parker (¢ Anh) ché tao thanh

cong 6 t6 dién c6 thé chay dugc khoang 64 km cho mdi lan sac pin chi-axit.
Cudi thé ky 19 — dau thé ky 20

e Thoi diém nay, 6 to dién canh tranh véi xe hoi chay xdng va xe hoi hoi nuéc.
Mot s& mau xe dién san xuét tai My nhu Baker Electric, Detroit Electric dat d
tin cay cao, dugc wa chudng tai cac do thi nho van hanh ém ai, khong khoi bui.

e Nim 1900, trong sb 4.192 xe ding ky & New York City, c6 khoang 28% la xe
dién, 40% chay hoi nude va 22% chay xang.

2.2.2. Swsuy giam va tai xuat hién (Giira thé ky 20 — Nhirng nim 1990)
Giira thé ky 20

e Phat trién manh mé cua dong co dot trong, chi phi nhién liéu ré, ha téng tram

xang phat trién da khién 6 t6 dién bi lan at.

e Qua trinh san xuat 6 t6 dién gan nhu ngung tré vao giira thé ky 20.
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Nhitng nam 1970-1980

e Cudc khing hoang dau moé (1973, 1979) thuc dy cac nha san Xuat 6 t6 nghién
Ctu tré lai 6 t6 dién va hybrid, nhung céng nghé pin chua du tdt dé cho phép tam
hoat dong du xa.

2.2.3. Sw hoi sinh manh mé& (Nhirng nim 2000 dén nay)
Nhirng nam 2000-2010

e Tién b trong cong nghé pin lithium-ion (trong lwong nhe hon, mét d6 ning luong
cao hon, tudi tho dai) mé duong cho xe dién thuong mai.

e Nim 2008, Tesla giéi thiéu Roadster (xe thé thao chay hoan toan bang dién, tam
hoat dong ~393 km), tao cu hich cho nganh céng nghiép 6 to dién.

e Nissan Leaf (2010) tro thanh mu xe dién phé thong dau tién dat doanh sé dang

ké toan cau.
2010-2020

e Sy tham gia cua nhiéu hang 16n nhu BMW (i3, i8), Chevrolet (Bolt EV), Renault
(ZOE), Hyundai (Ioniq Electric, Kona Electric),...

e Ha tang sac nhanh (fast-charging) dan duoc dau tu, 6 phu tram sac ting.

e Nhiéu chinh phu chau Au, chau A ban hanh chinh sach wu dai vé thué, tro gia

mua xe dién, dau tu ha téng sac.
2020-2025

e Ting téc qua trinh dién hoa: Tesla Model 3, Model Y ban chay toan cau;
Volkswagen ID.3, ID.4; BYD Dolphin; Kia EV6, Hyundai Ioniq 5;...

e O t6 dién tam hoat dong >500 km cho mdi 1an sac tré nén pho bién.

e Cic nén tang san xuat pin thé hé mai (pin ran — solid-state, pin LFP — lithium
iron phosphate) hira hen ting mat do niang luong, rat ngan thoi gian sac va nang
cao an toan.

e Nhiéu qudc gia chau Au dit muc tiéu ngimg ban xe chay xing/dau diesel vao
nam 2030-2035; Trung Quédc day manh “chién luge xe xanh” nham giam tiéu

thu nhién liéu hoa thach va 6 nhiém.
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2.3. Tiém niing va xu hwéng phat trién
2.3.1. Ly do thic diy su phat trién 6 to dién
Giam thiéu 6 nhiém khong khi va khi nha kinh
e O t6 dién khong thai khi CO, va céac chat doc hai (NO,, SO, , hat min) khi van
hanh.
e Khi két hop véi ngudn dién tai tao (gid, ning luong mit troi), 6 t6 dién gan nhu

khong phat thai trong toan chudi (tir san xuat dén sir dung).
Tiét Kiém ning lwong va chi phi vin hanh
e Dong co dién co hiéu sut chuyén ddi nang lwong cao (~90%—-95%) so véi dong
co dét trong (~30%—40%).
e Chi phi dién tinh trén mdi km thap hon chi phi xang/dau.

e {t chi tiét co khi chuyén dong — bao dudng don gian, chi phi thap.
Chinh sach khuyén khich ciia chinh phi

e Uu dii thué, tro gida mua xe dién, mién phi dang ky, hd tro lap dat tram sac, quy
dinh cAm/budc giam dan xe chay xing tai do thi.

e Cic tiéu chuan khi thai nghiém ngat (Euro 6, Euro 7, ...) thuc day chuyén dich
dan tir ICE sang EV.

Phat trién ha ting sac

e Tbc do lap dat tram sac DC nhanh ngay cang ting; nhiéu tram c6 cong suat >150
kW, sac 20%—80% chi trong 20-30 phut.
e Hé théng quan 1y sac thong minh, ung dung di dong hd tro tim kiém tram sac,
dat chd, thanh toan dién tu.
2.3.2. Xu hwéng cong nghé
Pin thé h¢ méi
e Pin rin (Solid-State Battery — SSB): Sir dung dién giai ran thay vi long, ting mat
d6 nang lugng (khoang 2-3 lan pin lithium-ion hién tai), giam nguy co chay no,

tang d6 bén va sé chu ky sac/xa.
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e Pin LFP (Lithium Iron Phosphate): Chi phi thip hon, d6 bén chu ky cao (>3.000

chu ky), an toan hon, xu huéng sir dung phé bién trén mot s6 mau xe gia ré va xe
thuong mai.

e Pin silicon-graphene (Si-C anodes): Tang mat do ning lwong, cai thién tinh 6n
dinh nhiét.

Hé théng truyén dong hiéu suit cao

e Dong co ddng bo nam cham vinh ciru (Permanent Magnet Synchronous Motor —
PMSM) phd bién nho mé-men xoén cao, hiéu suét cao, kich thuéc nho gon.

e Pong co khong chdi than (Brushless DC Motors — BLDC) va dong co cam ¢ng
(Induction Motor) van duoc si dung do chi phi thap va do bén.

e B diéu khién dong co (Inverter/Power Electronics) ngay cang tich hop nhiéu

chtc nang: quan 1y nhiét, tai sinh ning lugng, chuyén ddi tan s6, bao vé qua tai.
Hé thong tai tao ning lwong phanh (Regenerative Braking)

e Thu héi ning luong khi phanh, giam hao phi va ting quing dudng di chuyén.
e Céc chién lugc quan Iy dong luc (torque control, blended braking) gitp ngudi 1ai

khong cam thiy khéac biét so vai phanh thay luc truyén théng.
Xe két noi va tu lai

e Nhiéu 6 t6 dién tich hop sin nén tang két ndi (telematics) dé cap nhat phan mém
qua mang (Over-the-Air — OTA), giam sat tinh trang pin, 1én lich sac, diéu khién
tu xa.

e (Cong nghé ty 1ai (ADAS — Advanced Driver Assistance Systems) phat trién song
hanh: radar, lidar, camera da hudng, ban ¢6 HD, tri tué¢ nhan tao (Al) hd tro lai

tw dong & muac do cao.
Xe dién siéu nhe va vat liéu méi

e Ap dung vat liéu composite (Soi carbon, nhom hop kim, hop kim magié) giam
trong lwong khung gam va than vo.

e Thiét ké khi dong hoc tbi wu (hé sé can Cd thap) gitp giam tiéu hao ning luong.
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2.4. CAu tao va nguyén Iy hoat déng
2.4.1. Céu tao chung
Bo pin (Battery Pack)
e Chét liéu phé bién: lithium-ion (LCO, NMC, NCA, LFP).
e Thanh phan: nhiéu cell pin (cell-level) ghép ndi theo dang mo-dun (module) va
g0i (pack).
e He thdng quan 1y pin (Battery Management System — BMS):
o Giam sat dién ap, dong dién, nhiét do cua ting cell/module.
o Bao vé qua sac, qua x4, can bang cell (cell balancing).
o Quan ly trang thai sac (State of Charge — SoC) va trang thai suc khoe pin
(State of Health — SoH).

Pong co dién (Electric Motor)
e PMSM: Hiéu suat cao, md-men xoan lén & toe @6 thap, thuong dung cho xe du
lich.

e BLDC: Tuong ty PMSM nhung cau tao don gian hon, chi phi ré.
e Induction Motor: Bén, chi phi thdp, nhung hiéu suat hoi thip hon PMSM.

B diéu khién dong co (Inverter/Controller)

e Chuyén d6i dong dién mot chiéu (DC) tir pin thanh dong xoay chiéu (AC) cho
dong co (voi PMSM/Induction Motor).

e Diéu khién tan sd, bién d6 dién ap dé thay ddi téc d6 va mo-men xoin dong co.

e Tich hop chirc ning tai sinh nang lwong (khi nguoi 1ai phanh, dong co chuyén

thanh phat dién, day dién nguoc vé pin qua inverter).
Hé thong truyén dong (Drivetrain)

e Bao gom truc (axle), hop sb (néu co), bo vi sai (differential), truyén lyc tir dong
co ra banh xe.
e Nhiéu miu EV sir dung truyén dong truc tiép (Direct Drive) hodc hop sé 1 cap

(single-speed gearbox) do dong co dién co6 dai van toc rong.

Hé thong sac (Charging System)
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e B sac onboard (Onboard Charger — OBC): Puoc tich hop trén xe, chuyén doi
AC tir ludi thanh DC dé nap vao pin. Cong suat thuong dao dong 3-22 kW (AC).
e Cong sac nhanh DC (DC Fast Charger): Thanh phan ngoai xe (tram sac), chuyén
d6i AC lué6i thanh DC va cip thang vao pin, cong suat 50-350 kW.
e Chuan két ndi sac phd bién:
o AC: Type 1(J1772), Type 2 (Mennekes).
o DC: CCS (Combined Charging System), CHAdeMO, GB/T (Trung Qudc),
Tesla Supercharger (proprietary).

Hé thong dién phu tro (Auxiliary Electrical System)

e Cung cip dién cho céc thiét bj khong lién quan truyén dong: diéu hoa, dén chiéu
sang, hé théng giai tri, hé théng 14i tro luc, bom nudce lam mat, bom dau truyén
dong.

e Théng thuong cap bai mot pin 12V hoic hé théng DC-DC Converter tir pin chinh
(400V-800V — 12V).

2.4.2. Nguyén ly han dong co ban
Khéi dong va ting toc

e Khi ngudi lai nhan chan ga, bd diéu khién nhan tin hiéu va phan tich 6 mé budém
ga (hodc tin hiéu dién tir tir bo diéu khién ga).

e Inverter s& chuyén doi dién ap DC tir pin thanh AC vdi tan so/bién d6 phu hop
dé diéu khién dong co xoay.

e DPong co dién sinh moé-men xoan tic thoi, truyén qua hop sé 1 cap (néu co) dén

banh xe, gitip xe ting tdc muot ma, phan hdi nhanh.
Vin hanh 6n dinh

e O tdc do khong ddi, dong co van hoat dong & diém hiéu suat cao, inverter diéu
khién dé duy tri tan sb dién va dién 4p 6n dinh.
e BMS lién tuc giam sat trang thai pin, diéu chinh mic dong sac/xa dé dam bao an

toan, hiéu suét 1au dai.

Phanh dong niang (Regenerative Braking)
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e Khi nguoi 1ai nhan phanh hozc nha ga, hé thong c6 thé chuyén dong co thanh
phat dién (generator mode).

e Inverter ddo ngugc qua trinh: dong co phat dién, dong thoi BMS diéu khién dong
dién tai nap vao pin.

e Muec tai sinh ning lwong phu thudc vao chién luge diéu khién (nhiéu xe cho phép

ngudi 1ai didu chinh muc tai sinh bang 13y chuyén sé hoac can sé dién ti).
Dirng va d6 xe
e Khi ding, dong co khong sinh ra momen nhung hé thdng van & trang thai cho
(ready).

e Héthdng ty dong chuyén sang ché do tiéu thu nang lugng thap (standby) dé duy

tri dién cho hé théng an ninh, hé thong giam sat.

2.5. Uu, nhuge diém

2.5.1. Uu diém
Tiét kiém chi phi van hanh

e Giadién (VND/kWh) thuong thap hon twong duong gia xiang (VND/Iit) cho cliing
quang duong.
e t chi tiét co khi chuyén dong — chi phi bao dudng, thay dau, bao tri dudng 6ng

xang, hé théng ong xa giam dang ké.
Hiéu suat niing hrong cao

e Pong co dién c6 hiéu suat chuyén ddi nang lugng 90%-95%, trong khi dong co
d6t trong chi khoang 30%—40%.

e Tai sinh ning luong phanh gop phan cai thién quing duong.
B4o vé moi truong
e Khong thai khi CO, va cac chat 6 nhiém khi van hanh.
e Giam tiéng on, van hanh ém ai.
Trai nghiém lai
e Mo-men xoan tbi da co san ngay khi khai dong — tang tbc manh mé, muot ma.

e Hoat dong ém, giam rung lic, dem lai cam giac thoai mai.
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Kich thwéc va thiét ké linh hoat

e Do khong can lip dit dong co @6t trong 16n, binh xang, dng xa, khung gam co
thé thiét ké linh hoat hon.

e Than xe c6 thé tan dung khong gian pin duéi san (skateboard platform), gitp ha
thap trong tam, ting 6n dinh.

2.5.2. Nhuoe diém
Chi phi diu tw ban diu cao

e Gi4 thanh pin van con cao (tuy di giam dang ké tir 2010 dén nay nhung van chiém
30%—40% tong chi phi xe).
e Chi phi xe di¢n thudong cao hon xe xang twong duong khoang 10%—-30%.

Quing dwong hoat dong (Range Anxiety)

e Du tdm hoat dong da ting 1én 400-600 km cho mdi lan sac, song van con thap
hon xe xang (500-800 km).
e Ngudi ding c6 thé lo ngai hét pin giita chimg, dic biét & ving nong thon, khu

vuc ha tang sac chwa phat trién.
Theti gian sac

e Mic du c6 sac nhanh, nhung dé dat dugc tim hoat dong téi da, van phai sac
khoang 2060 phut; so véi dd day binh xang chi can 3-5 phut.

e Viéc chd sac c6 thé bat tién cho hanh trinh dai.

Chu ky va tuoi tho pin

e Sau nhiéu chu ky sac/xa (thuong ~1.000-2.000 chu ky), dung lugng pin giam
dan (khoang 70%-80% so Véi ban dau).

e Chi phi thay thé pin 16n (mot bd pin 60-100 kWh ¢6 thé dao d¢ong 5.000-10.000
USD).

Ha ting sac chwa dong bd

e O nhiéu khu vuyc, dic biét néng thon hodc cac nudc dang phat trién, s6 tram sac

van han ché.
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e Hé thong tiéu chuan két ndi da dang gay kho khin cho viéc tuwong thich va dau
tu m& rong ha tang.
2.6. Tinh hinh thi trudomg va chinh sach hd trg

2.6.1. Thi trwdng toan ciu
e Thi phan ting truang nhanh: Tir nam 2020 dén 2024, doanh s6 ban 6 to dién toan

cau tang trung binh 35% mdi nam.
e Cac thi trudong dan dau:

o Chau Au: Na Uy (80% xe ban ra 1a EV), Ha Lan, Thuy Dién, Bic.

o Trung Qudc: La thi trudng EV 16n nhat thé gidi, véi cac thuong hiéu noi dia
nhu BYD, NIO, Xpeng. Nam 2024, xe dién chiém khoang 25% tong doanh
s6 6 t6 (cao nhat toan cau).

o My: Tesla din dau, cung v6i GM (Chevy Bolt), Ford (Mustang Mach-E),
Rivian, Lucid Motors. Ti 1é EV chiém khoang 15% doanh s6 ban xe méi.

2.6.2. Thi trwong Viét Nam
XU hudng tang truéng
e Tirnam 2021, mot s6 mau xe dién du lich va xe buyt dién da vé thi truong Viét

Nam (VinFast VF e34, Mini Cooper SE, Hyundai loniqg 5).

e Doanh sb chua 16n, song dang c6 xu hudng ting do chinh sach wu dai thué, phi

va trg gia lép dat tram sac tai ho gia dinh.
Chinh sach hé tro ciia Chinh phi

e Giam 50% phi trudc ba cho xe dién mdi dén hét nam 2025 (Quyét dinh
10/2022/QD-TTg).

e Tro gia lap dat tram sac tai ho gia dinh (mtc hd trg 50% chi phi khau hao thiét
bi, toi da 7,5 triéu d6ng/ho).

e Mién thué nhap khau linh kién, phu tung dung cho san xuét, lap rap 6 t6 dién noi
dia.

e Uu dai gia dién cho tram sac cong cong (giam 5-10% so vai gia ban 1¢ dién sinh
hoat, san xuat).

e Quy hoach ha tang sac doc hanh lang qubc 16: Hop tac véi cac tinh, thanh xdy

dung tram sac nhanh khoang cach 50-100 km/luot.

Thach thurc:
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e Chi phi mua xe dién van cao so véi xe xang pho thong (trén 600700 trigu dong
cho dong tam trung).

e Hating sac tap trung chu yéu tai TP. Ho Chi Minh, Ha Noi, Pa Nang; ving sau,
vung xa chua co.

e Nhan thirc nguoi tiéu dung vé loi ich dai han chua day du; tam 1y “ngai sac”, “lo

ngai dong co dién khi troi mua/nang cuc doan”.
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CHUONG 3: TINH TOAN THIET KE MO HINH XE PIEN

3.1. Thiét ké chung
3.1.1. So @6 tong thé
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Hinh 3.1: Hinh chiéu dimg ciia mé hinh xe dién

14 13 12)
N

Jra—

191.00 ' 1101.00
1348.00

1531.00
2222.00

Hinh 3.2: Hinh chiéu bang ciia mé hinh xe dién
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Hinh 3.3: Hinh chiéu thé hién mat truedc ciia mé hinh xe dién
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Hinh 3.4: Hinh chiéu thé hién mdt sau cia mé hinh xe dién
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Hinh 3.5: Hinh chiéu khéng gian ciia mé hinh xe dién

1- Dai éc banh xe nguyén khéi; 2- Motor tro lwc ldi; 3- Mdam 6 t6; 4- Bulong luc gidc;

5- La nhip; 6- Lo”'p xe; 7- Cum co cau ldi;

8- Cum co cdu treo banh truéc; 9- Cum

giam chan bdanh sau; 10- V6 xe; 11- Cau xe; 12- Dong co; 13- Bulong luc giac M10;
14- Dai 6¢c M8

Bang 3.1: Théng sé ky thudt cia xe thiét ké

TT Thong s6 Pon vi Gia tri
1 Loai phuong tién Xe dién 2 chd
2 Cong thure banh xe 4x2
3 Kich thudc bao (Dai X Rong x Cao) mm 2222x860x1561
4 Chiéu dai co so mm 1531
5 Vét banh xe trudc va sau mm 1100
6 Chiéu dai dau xe mm 436
7 Chiéu dai dudi xe mm 255
8 Khoang cach gam xe mm 230
9 Kha nang tai Kg 210
10 Goc vuot doc P 9
11 Toc do toi da Km/h 20
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3.1.2. Phan bé tai trong
Su phan bo trong lugng 1én cac truc cia xe thict ké khi khong tai va khi co tai

dugc xac dinh trén co s¢ gia tri cac thanh phﬁn trong lugng va vi tri tac dung cua chung

1én cac truc cua xe dién

3.1.2.1. Co sé Iy thuyét
Toa do trong tam cua xe dién thiét ke theo chiéu doc.

- a: Khoang cach tir trong tAm 6 t6 dén cau trude

- b: khoang céach tir trong tm 6 t6 dén cau sau
Toa d trong tam cua Xe theo chiéu cao hg.

Cin cr vao gia tri cac thanh phan trong luong va toa do trong tim cua ching ta xac

dinh toa do trong tam cuia xe theo cong thuc [16]:

2.,(Gh)

a= - (3.1)
i= Gi

b=L-a (3.2)

.= —Z“ﬁgGi Y (33)
G.

Trongdo:
+ |.: Khoang céch tir tim vét tiép xtic banh trudc dén toa do trong tim cac thanh phan
khoi luong

+ h,: Chiéu cao trong tam cac thanh phan khéi luong.
+ G: Trong lugng xe

- Cac thanh phan khéi luong bao gom:

+ G,: Trong lugng cua hé thong lai

+ G,: Bang tap 16 diéu khién

+ G,: Trong lugng banh xe trudc

+ G,: Trong lugng khung vom
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+ G;: Trong lugng cua pin
+ G, Trong lugng cua dong co
+ G,: Trong lugng ciia CAu sau va banh xe

B6 qua trong luong cua khdi mach diéu khién Phan bd trong luong 18n cac cau:

Gb
Z =— 34
1= (3.4)
Z,=G-Z, (3.5)
3.1.2.2. Cac trudong hop phan b tii trong
Truong hop khong tai
]
G.  — |
/e
/ (, G
Hinh 3.6: So dé phdn bo tdi trong khi xe khong tdi
Ta c6 bang s6 liéu:
Bang 3.2: Phdn bé trong lwong xe khi khong tdi
STT TEN | TRONG LUQONG | I (mm) | h (mm) | G|l Gh,
GOl Kihi¢u | (kg)
1 Trong G, 14 -191 300 -2674 4200
luong
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cua hé

thong 14i

2 Bang G,
tap 16
diéu

khién

220

700

1100

3500

3 Trong G,
luong
cua cau
trudc va

banh xe

37

236

8732

4 Trong G,
lugng
Khung

vom

86

675

600

58050

51600

S) Trong G,
lugng

cua pin

15

1250

610

12500

6100

6 Trong G
luong
cua

dong co

12

1442

236

17304

2832

7 Trong G,
luong
cua cau
sau va

banh xe

56

1531

85736

Tong pX

225

185376

79714

Suy ra:
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a 824 (mm)
b 707 (mm)
h, 354 (mm)
Z, 1019,28 (N)
Z, 1187,97 (N)

- Truong hop tai day

e Céc thanh phan trong lwong gom:
e G: Trong lugng xe khi khong tai
e G, :Trong luong 2 ngudi

e G, Trong lugng hanh ly

- So d6 phan bé trong luong:

Hinh 3.7: So dé phdn bo tdi trong khi xe day tdi

Ta c6 bang s6 liéu sau:

Bang 3.3: Phdn bé tdi trong khi xe day tdi

STT TEN GOI TRONG LUONG ! h Gl Gh
Ki Hiéu (KG) (mm) | (mm)
1 Tai trong khi G 225 824 | 354 | 185400 | 79650
khong tai
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2 Tai trong nguoi G, 160 830 620 | 132800 | 99200
3 | Tai trong hanh ly G, 50 1475 840 73750 | 42000
Tong > 435 391950 | 220850
Suy ra:

a 901 (mm)

b 630 (mm)

h, 507 (mm)

Z, 1755,99 (N)

Z, 2511,36 (N)

3.2. Thiét ké hé théng truyén déng
3.2.1. Lwa chon phwong phép bé tri truyén dong

Phan tich phuong an bo tri truyén dong

Phuong an 1: C4u hinh xe dién trong d6 dong co dién thé chd cho dong co dét
trong trén 6 to truyén thong. Hé truyén dong nay twong tu nhu hé truyén dong trong
dong co truyén thong sir dung dong co dét trong, chi khac 1a dong co d6t trong duoc
thay thé bang dong co dién.

Hinh 3.8: Phuong dan thiét ké é t6 dién dong co dién thay thé chd cho dong co dot trong trén 6
t6 truyen thong

1- Pong co; 2 — Ly hop; 3 — Hop s6; 4 — Vi sai;
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5 — Banh xe truéc; 5 — Banh xe sau

Uu diém:;

e Diéu khién mot dong co dién dé dang.
e {t hao ton nhién liéu.
e K&t cdu don gian, dé bao dudng sira chira.

e Dong co khong can momen I6n.
Nhuoc diém:

e Ting khéi luong cua xe.

e Hao tong cong suét tir dong co dén banh xe.

Phuong 4n 2: Pong co dién dan dong cau sau co hop giam tde va visai. Vi dong
co dién co6 cong suat khong doi trong mot pham vi thay doi toe do rong, ching ta co thé
str dung mot bo banh ring véi ty s6 truyén ¢ dinh thay thé cho hop sé nhiéu ty sé truyén
nham don gian hoa ly hop

1 3

e

Hinh 3.9: Phwong dn thiét ké 6 té dién 4 banh c6 vi sai

1- Bong co; 2 — Hop s6; 3 — Vi sai; 4 — Banh xe trudc; 5 — Banh xe sau
Uu diém:
e He truyén dong don gian, gon gang.
e Khéi luong giam.,
e Ting hiéu suit tir dong co ti banh xe.
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Nhuoc diém:
e Tinh kinh té: gi4 thanh cao khi dt mua visai theo tinh toan thiét ké.

e Pong co phai dam bao dai momen va tdc d6 phu hop voi thiét ké.

Phuong 4n 3: Tuong tu phuong an 2, & day dong co dién, bo truyén banh ring ¢ dinh

va bo vi sai duoc tich hop trong mot cum chi tiét don gian va gon gang

)

0

Hinh 3.10: Phirong dn thiét ké truyén déng hgp gidm toc va bé vi sai dwoc tich hop trong mét
cum

1- Banh xe tru6c; 2 — Banh xe sau; 3,5 — Vi sai; 4 — Pong co

Uu diem:
e B4 tri hé dan dong thanh mot cum nén gon nhe, dé Iép dat.
e Khéi luong giam.
e Giam hiéu suat tir dong co tdi banh xe.
e D& dang diéu khién 1 dong co.
Nhuoc diém:
e Khung gian bb tri han ché.
e Phén bb tai trong khong déu gitra hai cau.
Phuong an 4: B9 vi sai co khi dugc thay thé bang hai dong co kéo truc tiép banh

xe. Toc do cua hai dong co nay khac nhau khi xe chay trén duong cong
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Hinh 3.11: Phurong dn thiét ké truyén dong truc tiép hai banh xe qua bé truyeén

1 - Banh xe trudc; 2- Banh xe sau; 3,6- Hop giam téc; 4,5- Pong co

Uu diem:
e D& dang gia cong va lap rap.
e Khong can d6 chuan xéc cao.
e Két cau don gian, khéi lwong gon nhe.
Nhuoc diém:
e Khung gian bé tri han ché.
e Phén bd tai trong khong déu gitra hai cau.
e Kho trong viéc diéu khién doc lap hai dong co.
Phuong an 5: Nhim don gian hoa hé théng truyén dong luc, dong co dién co thé dit bén

trong banh xe

)

1 N
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Hinh 3.12: Phuong dn thiét ké truyén dong tryc tiép hai banh xe

1 - Banh xe trudc; 2- Banh xe sau; 3,4- Bong co di¢n

Uu diém:
e Két cau don gian nho gon.
e Vikhong thong qua bo truyén nén dat dugc hiéu suat cao.
e Ting hiéu suit tir dong co t6i banh xe.
Nhuoc diém:
e Can d6 chinh xé4c cao dé hai banh ddng truc.
e Kho khin trong van dé diéu khién hai dong co.

e Momen yéu cau cia dong co 16n.

Phuong an 6: D¢ loai bo hoan toan co cau banh rang co khi gittra dong co dién va

banh xe chil dong, nguoi ta sir dung dong co dién toc do thap véi rotor ngoai 1ap truc

tiep vao banh xe

) —

Hinh 3.13: Phirong én thiét ké truyén dong truc tiép 4 banh xe

1,2 - Bong co dién
Uu diem:
e {t hao ton nhién liéu.
e K&t cdu don gian, gon gang.
e Khéi luong hé thong truyén dong giam dang ke.
e Ting hiéu suit tir dong co ti banh xe.
Nhuoc diém:
e Doi hoi dong co c6 momen xoan cao dé khoi dong va tiang toc.
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e Kho khan khi diéu khién hai dong co.

3.2.2. Lya chon phwong 4n thiét ké

Viéc lya chon mot hé truyén dong kéo 6 t6 dién dya vao cac tiéu chi sau:

e Ché d6 hay ciu trac hé truyén dong: truyén dong banh trudc, truyén dong banh
sau, hoic truyén dong 4 banh.

e S6 dong co dién duoc st dung.

e Phuong phap diéu khién.

e S6 cap toc do cua hop sb.

Qua Viéc phan tich cac phuong an thiét ké & trén véi nhitng wu diém phu hop voi
phuong an gia cong, thiét ké ciing nhu 1a tinh thong dung phd bién trén thi trudng nén
nhém quyét dinh chon phuong an thiét ké 6 to dién véi dong co dién dan dong cau sau
c6 hop giam tc va vi sai tich hop thanh cum.

3.2.3 Tinh chgn ddng co dién
S6 lidu cho dau bai:
e Trong luong toan bd xe: G, = 435Kg
e Téc do Ion nhat cia xe: V,, =20[km/ h]=5,56[m/ s]
e Banh kinh lam viéc cia banh xe: R, =0,23[m]
e Goc doc 16n nhat xe ¢6 thé vuot a =9°

Cong suat can thiét cua dong co dién co thé tao ra luc kéo F, dung dé thang luc

can lan cua mat dwong F,, luc can 1én décF,, luc can gié F, va luc quan tinh khi ting

toc F,
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Hinh 3.14: Cac lyc tac dung lén 6 to khi lén doc
Phuong trinh can bang lyc nhu sau:

F.=F +Fa+FJ.+FW (3.6)

Theo cong thuc 1V-2 trang 89 [16] dé thoa mén diéu kién kéo thi cong suét cua

dong co dién tao ra phai Ién hon hoic bang téng cong suit cac luc can tac dung 1én 6 to.

Tur d6, ta c6 biéu thirc 1ién hé nhu sau:

Rn=P +P,£P P, (3.7)
Trong do:

e P :Cong suét ciia dong co dién [w]

[ ]
=)

.+ Cong suat cna luc can lan [w]
e P, :Cong suat cua lyc can khi dong [w]
e P;:Cong suat cua luc quan tinh [w]
e P, :Cong suat cia luc can do do doc gay ra [w]
e 77: Hiéu suat ctia hé truyén lyc tir dong co dén banh xe, ta chon 77=0,98
Dé xac dinh cong suat 1on nhit cua dong co dién, ta xét xe hoat dong ¢ 3 trudng

hop: M6 men can thiét khi khoi dong, tée do 1on nhat, dd doc 16n nhat.

Trwong hop 1: Khi xe khéi dong

Trong trudng hop nay ta xem xe dang dtng yén trén dudng nam ngang, toc do
ban dau cua xe 14 0 km/h. Khi d6, ta c6 thé boé qua lrc can khi dong hoc va luc can do
d6 dbc gay ra. Biéu thic (3.7) tro thanh.

P +P, :Ff+FjV

kmaxl — *Y'min

n n

(3.8)
Luc can lan F,:
Theo cong thirc 1-22 trang 25 [16], luc can lan dugc tinh nhu sau:

F, =G.f.cosa (3.9

Trong do6:
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G: Trong luong cua xe khi day tai [N]. Theo bang (6.1): m=435 [kg]

G =m.g =435.9,81=4267,35 [N]
f: hé sb can lan. Theo [16], khi 6 t6 hoat dong trén duong nhya tét thi f =0,015+0,018
Chon f =0,018.
a: Goéc doc mat duong [°]. Trong truong hop ta dang xét o = 0.
Thay cac thong sb vao cong thuc (3.9), ta duoc:
F, =4267,35.0,018 =76,81 [N]

Theo cong thirc (1-38) trang 30 [16] lyc can quan tinh dugc tinh theo cong thurc

F,=m.j (3.10)
Trong do:
+m - khéi lugng cua 6 to
+ j — gia toc cua 6 t6. Tir bang IV-1 trang 113 [16]. Chon gia toc j = O,S(m/ 32)
— F; =435.0,3=130,5
Thay gia tri tinh dugc vao cong thirc (0.8), ta dugc:

_ (76,81+130,5).5,56
maxl — 0,98

P =1176,16 [w]

Truwong hop 2: Khi xe hoat dong véi toe do Ion nhat
Trong truong hop nay ta xem nhu xe dang chay trén duong nam ngang véi toc
d6 1on nhatV__ =20km / h. Khi d6 ta c6 thé bé qua luc quéan tinh va lyc can do do déc
gay ra. Biéu thirc (3.7) tro thanh:
P+P, F +F,
= Vv

max2 max

n n

R

(3.11)

Luc can lan F,

Luc can quan tinh dugc tinh & trén c6 gia tri: F, = 76,81[ N]
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Luc can khong khi F,:

w*

Theo cong thirc 1-30 trang 27 [16], luc can khi dong dugc tinh theo cong thirc:

F =wy’ (3.12)

w max
Trong do:

e W- Nhén t6 can cua khong khi W = K.F

K — Hé s6 can khong khi, theo bang I-4 trang 29 [16] hé s6 can khong khi 6 to
du lich vé hé 1a 0,4—0,5[Ns2 / m“] .Chon K = 0,5[st / m“]

A: Dién tich can chinh dién [mz} Theo cong thtrc I-36 trang 28 [16],

F =0,8B,H dbi v6i 6 t6 du lich

H: Chiéu cao cta xe [m] Theo bang (6.1): H =1,561[m]

B: Chiéu rong co so truc'fc[m] .Theo bang (6.1): B :1,1[m]
— F =08.1561.11=1,3734| m’ |

V.- Toc @0 16n nhat caa xe[m/ s]. Theo bang (6.1): V,,, =45km/h=12,5m/ s
Thay cac thong sb & trén vao cong thire (3.12) ta duoc:

F, = 0,5.1,3734.5,56% = 21,22[W]
Thay két qua vao (3.11) ta duoc cong suit Ion nhat caa dong co:

B (76,81+ 21,22).5,56
kmax2 — 0,98

—556,17[W]
Truwong hop 3: Khi xe vuot doc voi @6 doc 16n nhat Khi xe vuot doc véi toe do 16n

nhét ta xem nhu xe chay voi toc d6 rat thap nén c6 thé bo qua lyc quan tinh va luc can

khi dong. Biéu thirc tinh cong suét can thiét nhu sau:
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Pi+P, F +F,
= V,

Ikaax3 = ¥ max (313)
n n
Trong do:
V: toe @6 khi xe vuot déc v6i do déc lon nhat [m/ s]. Khi d6 tdc do khd thap.
Chon V :5[km/ h] :1,39[m/ S].
Luc can lan.
F, =G.f.cosa (3.14)

Theo cong thirc (3.14):
a— Goc déc mit duong, chon o =9°
Thay cac thong sb vao cong thire (3.14), ta dugc:
Fo= 4267,35.0,018.COS(9°) = 75,86[N]
Luc can 1én dbc:
F =G.sing,, = 667,56[N]
Thé két qua & cong thirc (3.13), ta duoc:

(75,86 +667,56).1,39

P .=
k max3 0,98

=1054,44[W

Trén thuc té, xe chi hoat dong & mot trong 3 truong hop trén. Dé phu hop véi ché
d6 thuc té ciia xe va dam bao xe hoat dong tot & 3 ché do, ta chon truong hop xe cong
suat can thiét caa dong co 1a 16n nhat trong 3 trudng hop.Cong suat 16n nhat cua dong

co dién thod man diéu kién.

Premac = A-MaX( P, Praez s Poaxa ) (3.15)

max1?" max2?" max3
Trong do:
A : Hé s6 qua tai, ta chon 4 =11(khi qua tai khdi lugng chd dugc ting 120

> Py >1,1.1176,16 =1293,77[W ]

dcmax —
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Theo phén tich dat diém cac loai dong co dién, dong co dién dugc chon thudc
loai dong co mot chiéu khong chudi than BLDC, c6 cong suit 16n nhat >1293,77 [W] :
Xe duoc thiét ké sir dung 1 dong co dién dan dong cau sau qua bo truyén. Vi vdy yéu
cau phai co dong co dién c6 cong suat 16n hon 1293,77 [W]

Tham khao trén thi truong, ching em chon dong co BLDC E-Motor BM1109 c6

cac thong so nhu sau:

Bdng 3.4:Cdc théng s6 ddng co durgc chon

Loai dong co Khéng choi than (BLDC)
Toc do quay 3800 (vong/phut)

bién ap 48 V

Cong suat 1200 W

Xuat sir Trung Qudc

Hinh 3.15: Pong co BLDC E-Motor BM1109
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Hinh 3.16: Duong dac tinh déng co BLDC E-Motor BM1109

3.2.4. Tinh chon niing lwong cung cip cho ddng co
Ning luong duoc chon dé lap dit cho xe 13 Pin Lithium ion vi kich thuéc gon

gang, nhe, tudi tho cao. Vi hiéu dién thé cua dong co dién 1a 48V, dung luong cua pin
phu thudc vao sb gid xe chay. Ti Ié cua hé thdng truyén dong so véi tong khdi lwgng cua
xe theo ti 1¢ toi vu 14 khong qua 30%. Chon so bd s6 gior xe chay hét pin 1a 2 gid, dung

lugng cua pin dugc tinh nhu sau.

PM
AH=I t=—— 3.16
M Ut (3.16)
1200
Suy ra: H=——=50(AH
y 48.2 ( )

Vi dung lugng pin dugc san xuat theo tiéu chuan, chon loai pin lithium c6 hiéu
dién thé 1a 48V, va dung luong 13 50 AH.

Sau khi chon duoc loai pin, ta kiém tra lai ti 1& khdi lugng cua hé thdng truyén
dong so véi tong khéi luong cua xe. Néu vuot qua tiéu chuan thi hodc 1a giam bot dung
lugng, hodc 1a chon loai pin khac c6 ti trong khéi luong trén dung lwong nhé. Dua vao
thong sd Kk thuat pin do nha san xuat cung cap, loai pin 12V va 50 AH c6 khéi luong
32 kg. Dong co dién 48V-1200 kW co khdi lugng m = 12kg. Nhu vay tong khdi lugng
cua hé thong truyén dong dién sé la:

M=m+m,=32+12=42

Tinh ti 1& khéi luong:
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A=m/M

Thay céc thong sb da co ta dugc:
ﬂ=ﬂ=0,12<30%
390
Nhu vay ti 18 nay da dat yéu cau vé ki thuat

3.2.5. So' d6 bd tri hé théng truyén luc

Hinh 3.18: Hinh chiéu bang
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h B

283

e EEEE——

Hinh 3.19: Hinh chiéu canh

3.2.6. Tinh toan cac thong s6 déng hoc ciia 6 to dién tw hanh
3.2.6.1. Xdc dinh ty sé truyén
Tur so do nay, ty so truyén cua hé thong xac dinh theo cong thuc:

n
— D _ (3.18)

a)bx nbx

I

Trong d6 ®M, nM 14 van tdc goc va sb vong quay dinh muc caa dong co dién va
mbx, Nex 12 van tde goc va sb vong quay can thiét Ion nhat cua banh xe.

Tacoé n, = 4600(V/ p) va theo cong thic V-7 trang91 [16], nex duoc xéac dinh theo

cong thuc:
30V
Ny, = — (3.19)
/8
Suy ra: N, =212,314(v/ p)
Thay cac gia tri ¢6 dugc vao cong thuc (3-18) ta dugc:
Suyra:i= _3800 =17,898
212,314

Tham khoa trén thi truong nhém tim duoc cau chu dong phi hop véi dong co co ty 6
truyén 1 =17,898
3.2.6.2. Po thi cdn bang luc kép

M. = f(v) (3.20)
Theo cong thirc 1V-10 trang 96 [16] luc kéo Fk ciia dong co dién theo cong thirc:
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Mq iy 7
F o=t (3.21)
be
= DR (3.22)
30R,
Vi
Fo =Fy +F, (3.23)
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Bang 3.5: Bang tinh luc kéo

n(v/ph) w(rad) Mdc \Y/ Fk Fc

0 0.00 27.00 0.00 1,739.69 42.47
250 26.18 27.00 0.37 1,739.69 42.60
500 52.36 27.00 0.73 1,739.69 42.99
750 78.54 27.00 1.10 1,739.69 43.64
1000 104.72 27.00 1.46 1,739.69 44.55
1150 120.43 27.00 1.68 1,739.69 45.22
1500 157.08 23.40 2.19 1,507.60 47.16
1750 183.26 20.85 2.56 1,343.73 48.85
2000 209.44 18.31 2.93 1,179.86 50.80
2250 235.62 15.77 3.29 1,016.00 53.01
2500 261.80 13.23 3.66 852.13 55.49
2750 287.98 10.68 4.02 688.27 58.22
3000 314.16 8.14 4.39 524.40 61.22
3250 340.34 5.60 4.75 360.54 64.47
3500 366.52 3.05 5.12 196.67 67.99
3800 397.94 0.00 5.56 0.03 72.55

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét

GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi

37




Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

Do thij can bang luc kéo
2000

1800
1600
1400
1200

1000
—@— Fk

800
Fc

600
400

200

0,00 1,00 2,00 3,00 4,00 5,00 6,00
V(m/s)
Hinh 3.20: Dé thi dat tinh virot doc ciia 6 t6
3.2.6.3. Xdc dinh dt tinh vwet déc ciia 6 t6
Tu cong thirc IV trang 96 [16] ta co:

F. = fG.cosa +Gsina +Wv? J_rgalj (3.24)
¢

Ta tong hop hai luc can lan Fr va luc can 1én déc Fita s& dugc luc can tong hop

cua dudng duoc biéu dién nhu sau:
F, = fG.cosa +Gsina =G( f cosa+sina) (3.25)

F=yG (3.26)
Trong do:
F, - Luc cdn tong cong cta duong.
W - Hé sb cang tong cong cua dudng.
Ma: = f +1i
i —Do dbc cua duong: i=tg,,

Tur do xé&c dinh dugc goc dbc tir nhu sau:
P —Wv°
o = arctg 5 f (3.27)

Dua vao cong thuc (3.27) ta tinh dugc cac gia tri trong bang sau:
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Bang 3.6: Két qud tinh todn géc vieot doc

n(v/ph) tan o o

0 0.719 41.217
250 0.719 41.211
500 0.719 41.194
750 0.718 41.165
1000 0.718 41.124
1150 0.717 41.094
1500 0.617 35.371
1750 0.547 31.316
2000 0.476 27.249
2250 0.404 23.170
2500 0.333 19.080
2750 0.261 14.978
3000 0.190 10.864
3250 0.118 6.739
3500 0.045 2.602
3800 -0.04 -2.38
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D6 thj géc vuot déc
45
40
35
30
25
o 20
15
10
5

) —0—0—0—00—0—0—0—0—0—0—0—0—0"—o
s 0 500 1000 1500 2000 2500 3000 3500 ® 4000
n(v/ph)

—&—tan a o

Hinh 3.21: Dé thi géc vuot déc

3.2.6.4. Tinh théi gian tang toc Ciia 6 té
Thoi gian ting toc tir v=0 dén v=20 [km/h] theo dinh nghia ta co:

J =%—>dt=ﬂ
dt J

n Vo dv
t=] dt= wI(V)

Trong d6 J(v) 1a ham gia tdc theo toc do

F =G.f +k.A.v2+E.ﬂ.5i
g dt

dv_F-F -Gf g
dt G 5,

dv_F -F

C

v _ 9
it G 5

GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi
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Trong d6 &, 1a hé s6 tinh dén anh huong cia cac khdi lugng quay ciia cac chi tiét
trong dong co, chon 6, =1,05.

Dua vao cong thirc (3.32) ta tinh dugc cac gia tri trong bang sau:

Bang 3.7: Két qud tinh todn gia toc

n(v/ph) w(rad) V(mis) I(m/s?)
0 0.00 0.00 6.72
250 26.18 0.37 6.72
500 52.36 0.73 6.72
750 78.54 1.10 6.72
1000 104.72 1.46 6.71
1150 120.43 1.68 6.71
1500 157.08 2.19 5.78
1750 183.26 2.56 5.13
2000 209.44 2.93 4.47
2250 235.62 3.29 3.81
2500 261.80 3.66 3.15
2750 287.98 4.02 2.49
3000 314.16 4.39 1.83
3250 340.34 4.75 1.17
3500 366.52 5.12 0.51
3800 397.94 5.56 -0.29
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D6 thij gia toc

J(m/s2)

7,00

V (m/s)

Hinh 3.22: Dé thj gia toc

Mat khac:
vi dv vil dv
t= LOW - IVJ(V).E (3.33)
Suy ra:
1 1
+ AV
x LJ 1) J(i+1 ]
t=> " () 2(i+1) (3.34)

2

Tai van toc 16n nhat ctia 6 t6 v, thi gia toc j =0 va do d6 1/ j dén vo clng, vi

vay khi lap do thi va trong tinh toan ta chi ldy 0,95V __ . Dua vao cong thirc (3.34) ta

tinh ra duoc thoi gian ting tdc wng vai van tée trong khoang tir 0 dén 20[km/h] nhu sau:

Bang 3.8: Két qud tinh todn thoi gian tang toc

w(rad) \Y/ J
n(v/ph)
0 0.00 0.00 6.72
250 26.18 0.37 6.72
500 52.36 0.73 6.72
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750 78.54 1.10 6.72
1000 104.72 1.46 6.71
1150 120.43 1.68 6.71
1500 157.08 2.19 5.78
1750 183.26 2.56 5.13
2000 209.44 2.93 4.47
2250 235.62 3.29 3.81
2500 261.80 3.66 3.15
2750 287.98 4.02 2.49
3000 314.16 4.39 1.83
3250 340.34 4.75 1.17
3500 366.52 5.12 0.51
3800 397.94 5.56 -0.29

D6 thj thoi gian tdng téc

t(tt)

0 1000 2000 3000 4000
n(v/ph)

Hinh 3.23: Dé thj thoi gian tang toc

Vay thoi gian tang toc trong khoang tir 0 dén 20[km/h] cua 6 t6 khoang gan 6[s]
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3.3. Thiét ké khung xe

3.3.1. Cong dung
Khung xe 13 bo phan két ciu chinh va chiu lyc toan bd 6 t6, khung xe con hap

thu va phan tan nang lugng khi xay ra va cham tao nén d cirg cap cho xe bao vé nguoi
trén xe. N6 c6 nhiém vu nang d& tat ca cac bo phan khac nhu: hé thdng truyén dong, hé
thdng treo, vo, pin va ngudi 1ai. Va khung xe con dong vai tro dinh hinh va lip rap vo
xe tao nén tinh thAm my cho xe.
3.3.2. Yéu cau ,

Khung xe c¢6 vai tro hét sirc quan trong, ngoai viéc tao ra khong gian tién nghi &

trong xe n6 con giup giam thiéu thiét hai vé con ngudi va khi xay ra tai nan.

Tinh toan thiét ké khung xe dam bao kich thudc khung xe du khong gian cho nguoi li

va hanh li, tan dung hét kha ning tai cua xe

Khi xe chuyén dong né chiu tac dong rat manh cua cac hrc chan dong. Luc quan tinh
khi xe phanh va lyc ly tam khi xe quay vong, do d6 khung xe phai dam bao cac yéu cau

Sau:

e Khung xe dam bao do cung viing, chac chan, du bén véi tai trong rung lac, tai
trong do hanh hoa

e Dam bao cac diéu kién vé ubn, xodn va bén moi

e Khung phai dam bao du cting dé gan cac chi tiét 1én khung phai ¢b dinh hoic chi
c6 thé chuyén vi & vi tri twong dbi

e Hinh dang phai thich hop dé c6 khi dong hoc tét nhat. Quan hé kich thudc hop
Iy: Chiéu dai dau xe, dudi xe, chiéu dai co s&

e Dam ngang phai dam bao giir khong cho hai dam doc dich chuyén tuong d6i voi
nhau hodc xé 1éch trong qua trinh xe di chuyén va gap phai cac chuéng ngai vat

e Kich thudc ghé ngdi phai phi hop véi ngudi 13i tao cam giac thoai mai khi 1ai xe

e Khoang hanh Iy kich thuéc dat theo s6 hanh 1y da dat ra

3.3.3. Phin tich lya chon phwong an thiét ké khung

3.3.3.1. Cdc phwong dn thiét ké
Khung gam roi: Khung gam va than dugc ché tao riéng biét, sau do than xe duoc

bit vao khung xe bing bu 16ng. Khung xe thudng duoc 1am bang thép hodc nhom, cd

dang hinh thang hodc hinh chit nhat, chiu trach nhiém chinh vé d6 cting, chiu lyc tét, dé
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stra chira, thuong cho xe tai, xe buyt, SUV truyén thong. Tuy nhién, né ¢ trong luong

I6n va kha nang hip thu va cham kém hon so véi cac phuong an hién dai.

Hinh 3.24: Khung gam roi
Khung lién than: Khung va thin xe tao thanh mot khéi lién mach, cung chiu luc
Vv6i nhau. Pay 1a phuong an pho bién nhat trén xe du lich hién dai va xe dién vi nhe, hap
thu va cham tét, ting do an toan va t6i wu hoa khong gian noi that. Nhuoc diém 1a kho

sira chira hoic thay doi két cau khi bi hu hong nang

Hinh 3.25: Logi khung va vo cung chiu luc
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Khung khong gian: Khung dugc 1am tir cac dng thép hodc nhom, han lai thanh
két cAu khong gian 3D, sau d6 phu tim vo bén ngoai. Uu diém la trong lugng nhe, rat
cting, d& thay doi két cau, thich hop cho xe dua, siéu xe, xe thir nghiém, xe dién nguyén

mau hoic xe ty ché. Tuy nhién, kho san xuat hang loat va yéu cau tay nghé gia cong cao

Hinh 3.26: Khung khong gian

3.3.3.2. Phdn tich lwa chon phwong dn thiét ké khung
Mau xe thiét ké 1a loai xe dién di chuyén chu yéu trong d6 thi va di chuyén véi

téc do trung binh, nén viéc thiét ké khung doi hoi phai dam bao dap tng yéu cau: Bam
bao d6 bén va yéu cau lam viéc cung véi Xe, dé gia cong tinh kinh té cao, mau xe thiét
ké can phai toi uu khong gian nham lap dat pin va khoang hanh 1y va khoang l4i. Ta
chon loai khung xe khong gian dua trén cac yéu cau lp dat thi khung khong gian dam
bao duoc yéu cau mau xe vira dam bao duoc do cing do bén cia khung va c6 thé ché

tao va tinh kinh té cao.
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3.3.4. Két cAu khung xe dién
3.3.4.1. Xdy dung mé hinh khung

o B
of N 600.00
[00) —
N N
| IR .
O !
NPV SR YE
: 2 @
"\ “ 2 -
I L\ l) / Qé 0
1 Q 67.
765.00 5/ 3 T
N 1595.00 "
2222.00 o
Hinh 3.27: Hinh chiéu ding khung dam xe
1265.50
_.330.00 1240.50 _
/277 | | | |
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<
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- 1930.00 _
2190.00

Hinh 3.28: Hinh chiéu bang khung dam xe.
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3.3.4.2. Vit ligu ché tao khung:
Vit liéu quyét dinh gan nhu toan bo cac dic tinh bén, nhe, an toan, dé gia cong,

tudi tho, chi phi ctia khung. Vat liéu phai c6 giéi han bén kéo, gidi han chay va mé dun
dan hodi du Ién dé khung khéng bi nut, cong hodc gy trong sudt qua trinh sir dung.
Khung xe cang nhe sé& tiét kiém nhién liéu cua pin ting quanng duong di dugc véi xe
dién. Vat liéu phai c6 do bén moi cao dé khong bi it sau thoi gian st dung. Do khung
Xe & hoat dong ngoai troi tiép xuc véi nhiét d6 va moi treong dé bi ri sét, kkung s& muc

yéu. Vi vay nén chon vat liéu khung dap tmg duoc nhitng nhu cau trén.
a. Phuwong an 1:

Thép 1a vat liéu truyén théng va phd bién nhat dé ché tao khung xe 6 t6. Thép 1a
mét loai hop kim c6 thanh phan chinh gdm thép carbon va thép & cudng d6 cao. Thép
6 cac dic tinh nhu cang, dé uén, sic bén cao va gia thanh twong ddi thap nén phi hop
dé ché tao khung 6 t6. Ty & carbon cang cao thi thép s& cang cing. Dua vao tinh chat
vé do ciring viing cling nhu do bén cua thép ta chon vat liéu thép SS400 1am vat liu chét

tao khung xe theo phuong phap han cac thanh lai véi nhau.

Bang 3.9: Bang théng s6 vat liéu SS400

Tinh chat Gia tri Pon vi
Khoi lugng riéng 7850 kg / m?
Gidi han chay 245 Mpa
Gidi han bén kéo 400 Mpa
Dan hoi 200 Gpa
Ti s6 giita bién dang ngang va 0,3
doc
M6 dun dan hoi 200000 Mpa

3.3.5. Tinh toan kiém nghiém khung
3.3.5.1. Gid dinh thiét ké

Tai trong dat 1én khung c6 thé chia ra:

Tai trong tinh: do trong lugng cac chi tiét tac dung luc 1én khung xe nhu hé théng
1ai, pin, bang diéu khién, nguoi 1ai va hanh li

Tai trong dong: chii yéu 12 tai trong thang dtng sinh ra khi 6 t6 chuyén dong trén
duong khong bang phang va tai trong khi xe tang téc hodc quay vong.
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Céc tai trong thang ding phan bd vudng goc véi cac dam doc xe gay ubn khung.

Anh huéng cua cic tai trong ngang tac dung 1én khung khong dang ké va tai trong cua

bo diéu khién c6 thé bo qua. Khung duoc tinh toan & ché do:

Do mau xe hudng t6i 13 xe dién di chuyén ¢ toc do trung binh di chuyén chu yéu

& d6 thi nén diéu kién 1am viéc twong ddi nhe nhang. Véi cic gia tri trong lwong tac

dung 1én khung nhu bang sau:

Bang 3.10: Khéi liwong phdn bé

Ché do tai trong
Tai trong . . Pon vi
Khong tai Co tal
G, 14 14 Kg
G, 0 160 Kg
G, 10 10 Kg
G, 0 50 Kg
¥ T )
I'
|
JI : c l T1—Gy
Gy, g — = o | — !
L'(‘.‘:?.v:;.{iv-?@f,:,.,.i]‘ I :;J,’ /,c ‘:* i ,\(' ?
Hinh 3.29: Phdn bé tdi trong lén khung xe
Trong do:

G,: Khéi lugng tac dong ciia hé thong 14i 1én phia trudc

G,: Khdi lugng clia ngudi lai tac dong 1én khung ghé

G,: Khdi lugng Pin tac dong 1én dam dudi

G,: Khdi lwgng hanh 1y tac dong 1én khung sau

3.3.5.2. Xdy dwng mé hinh phan tir hitu hgn bang phan mém solidworks

a. Gioi thiéu phan mém:
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SolidWorks 1a phan mém thiét ké co khi tich hop manh mé hai chiic ning
chinh: CAD (Computer-Aided Design) va Simulation (mé6 phong k¥ thuat). Vai
SolidWorks, ngudi ding co6 thé dé dang tao cac mé hinh 3D chi tiét, lap rap cac bo
phan, xuit ban vé& k§ thuat 2D chinh x4c va thuan tién. Bén canh kha ning thiét ké,
SolidWorks néi bat nho mé-dun Simulation, cho phép kiém tra d6 bén, phan tich tng
suit, bién dang, kiém tra chuyén dong, dao dong, kiém tra méi ciing nhuw mé phong
nhiét va dong lec hoc chat long ngay trén mé hinh CAD. Nho su két hop lién mach
gita thiét ké va mo phong, SolidWorks giup rat ngin quy trinh phat trién san pham,
tang d6 chinh x4c va giam chi phi thir nghiém thyc té.

b. Mé hinh phan tir hitu han

Mo hinh phan tir hitu han 1a phuong phéap chia nhé mé hinh khung xe thanh nhiéu
phan tir, lién két bai cac nit. Trong solidworks simulation c6 thé dung mé hinh khung

xe dudi dang:

Beam (dam): Dung cho khung dang thanh (thép hop, ong...) két qua FEM s& 1a
lu6i cac dam lién két dé dang xem wng suat doc truc, lec cat, md men udn tai ting

thanh.

Solid: dung cho khung khdi lién hoic cac tim phan tir solid cho phép phan tich

g suat, bién dang chi tiét trén ting mat va goc ndi.

Do mo hinh xay dung 13 thép dng va xem tng suat doc truc phi hop véi mé hinh

xe hién tai nén chon mo phong khung xe dudi dang beam. Ta c6 dugc md hinh PTHH:
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Hinh 3.30: Mé hinh phan ti hitu han

3.3.5.3. Tinh todn theo phuwong dn 1
a. Trwong hop tai trong tinh

Trong truong hop nay ta xét xe dimg yén tai chd, cac tai trong duoc dat 1én cac

thanh dam doc va ngang ctia xe va chiu lyc trong trudong va ché do day tai.

Upger bound sxisl snd Beadng (IN/m*2)
210407 | 43510407
. 3416e+07
. JAH1e«07
3046e+07
L 2610e+07

M 217507

L 1.740e+07

1.305e+07

P Vield strengthc 24502408

Hinh 3.31: Ung sudt ciia khung trong truong hop day tai

URES (mm)
0267

l 0240
0213

0137

. 0160

M 0123

L 0107

Hinh 3.32: Chuyén vi ciia khung trong truong hop day tdi
K&t luan: Theo cong thic [24], dé thoa man diéu kién trong truong hop khung xe chiu
lyc tc dung tinh thi cac gia tri tng suat va chuyén vi 1on nhat:

_o,6, 145.10°0,9

[G] o [S]

~11,025.10" (3.35)
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Ung suit cuc dai: 0,,,,, = 4,351 x 107 < [o]
Chuyén vi c¢6 gia tri 16n nhat nhat 1a: AL = 0,267 mm
b. Tinh toan tai trong dong

Tai trong dong 13 luc thay d6i theo thoi gian thay d6i theo diéu kién trong moi
truong xe lam viéc 1ap lai nhiéu 1an hoic thay d6i dao dong dot ngot. La nhitng luc
hudng tam khi xe vao cua, lyc quan tinh khi xe phanh d6t ngot hoac khi va cham. Tai
trong dong lam két ciu bi tng suét ting cao, bién dang manh hon so véi tai tinh. M6
phong tai dong gitp danh gia chinh xac kha ning chiu lyc, tudi tho va ving nguy hiém

trén khung xe.
Tinh cho ché d9 phanh gap

Theo cong thirc [16], khi thuc hién phanh gap thi khung bi uén do luc quan tinh véi gia

toc 16n nhat 1a

meax =g (3.36)
Trong do6:
J pmax - Gia toC l6n nht cita 6 t6 khinh phanh (m/ s°)
¢=0,7(0,7+0,8) : H¢ sb bam giira 16p xe véi mat duong

g=9,81 :Giatdc trong truong (m/ s*)

Thay céc vao cong thirc(3.36), ta dugc gia toc I6n nhét J, ., =6,867(m/ s*)Sau do ta

duoc két qua nhu hinh:
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Max ld 3Bde~07

-

Upper bound saal and bendng (N/MA2)

43840407

. 3046e+07
. 2508807
3069407

_ 2831e+07
N 2192e+07
1 754e+07

- 13152407
&7700+08

4.385e+06

P Yield srength: 2450e+00

Hinh 3.33: Ung sudt cia khung trong trwong hep phanh gap

URES (mm)
0.266
. 0.240
0213
. 0186
0.160

N 0133

o7

0080

0053

1007
0027

0000

Hinh 3.34: Chuyén vi cia khung khi xe phanh gdp

Két luan: Trong truong hop nay gia tri tng suat 16n nhat va chuyén vi 16n nhat:
Ung suat cuc dai: 0,4, = 4,384 x 107 < [o]

Chuyén vi c6 gia tri I6n nhat nhat 1a: AL = 0,266 mm

Tinh cho ché d$ quay vong:

Khi xe quay vong ta thuc hién cong thirc [16]. khung chiu luc ngang 16n dan dén
bién dang ngang tng sut cat va uén. Néu cua gap khung cé thé bi xoan nhe quanh truc

doc xe. Cac thanh khung phia ngoai ctia khuc cua chiu luc 16n hon thanh phia trong.
Bén kinh vong cua t6i thiéu cua xe:
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L 1,531
R= = =2,67 3.37
sin(o..) sin(3s) 0" 337

Trong do:

L: Chiéu dai co s6 cua xe 1,531 (m)

Onax - GOC danh 141 t6i da ctia banh trudc, dua theo goc 1ai cuia xe Toyota Vios goc danh
14i 1a 35°

- Gia toc hudng tam khi xe vao cua:

vZ 556 )
aht :E:mZZ,OS(m/S ) (338)

Trong do:
V: 1a van téc khi xe vao cua xét & téc do 16n nhat xem mirc d6 pha hiy 5,56(m/s°)

Sau d6 ta duoc két qua nhu hinh:

P b Max |4.6260+07 l

Upper bouna maal and bendng (N/m &)

46260 +Q7

. 41626 +07
3T701e+07
3.23%e+07

_ 2776u+07

B 2313e+07

L LBES1e407

d _ 13680407
§25404058

l l 62 Te OB

9.05%a+02

Hinh 3.35: Ung sudt trong truong hop khi xe vdao cua
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MMac|0.923

URES (mmy)

Hinh 3.36: Chuyén vi trong trieong hop khi xe vao cua

K&t luan: Trong truong hop nay gia tri tng suat 16n nhat va chuyén vi 16n nhat:
Ung suat cuc dai: 0,4, = 4,626 x 107 < [o]
Chuyén vi c6 gia tri 16n nhat nhat 1a: AL = 0,928 mm

3.3.5.4. Tinh todn theo phwong dn 2

Trong phuong 4n nay, tinh toan khung xe véi diéu kién rang budc twong ty nhu

phuong an mdt. Sau khi tinh toan ta dugc cac truong hop tai trong nhu sau:

a. Trwong hop tai trong tinh

Upper bound 20t and bending IN/mMA2)
A35de407
. 39180407
. JARZe+07
3.0482+07
26122+07
M 21772+07
|
L L7407
1.306e+07
B70Te+06

43542406

0.000=+ 00

P Yiold strangth: 27509+ 08

Hinh 3.37: Ung sudt ciia khung trong trieong hop day tai

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi

55



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

Hinh 3.38: Chuyén Vi Ciia khung trong truong hop day tdi
Két luan: Trong truong hop khung xe chiu lyc tac dung tinh thi cac gia tri tng suat va

chuyén vi 16n nhat;

8
[6] =2t = 2’75'120 0.9 _ 12375107 (3.39)

[s]

- Ung suét cuc dai: 0,,,4, = 4,354 x 107 < [o]

- Chuyén vi ¢6 gié tri I6n nhat nhat 1a: AL = 0,777 mm
b. Tinh toan tai trong dong:

Tai trong dong 1a luc thay d6i theo thoi gian thay d6i theo diéu kién trong moi
truong xe lam viéc 1ap lai nhiéu lan hoic thay d6i dao dong dot ngot. La nhitng lyc
hudng tam khi xe vao cua, luc quan tinh khi xe phanh dot ngot hoac khi va cham. Tai
trong dong lam két cau bi tng suét ting cao, bién dang manh hon so véi tai tinh. M6
phong tai dong gitp danh gia chinh xac kha ning chiu luc, tudi tho va vang nguy hiém

trén khung xe.
Tinh cho ché d phanh gap:
Khi thuc hién thi khung bi uén do lyc quan tinh véi gia toc 16n nhat 1a:
J o max = 99 (3.40)
Jpmax = 9
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Trong do:

J pmax - Gia toC l6n nht cita 6 t6 khinh phanh (m/ s°)

pmax *
¢=0,7(0,7+0,8) : H¢ s6 bam giira 16p xe véi mat duong.
g=9,81 : Giatdc trong truong (m/ s*)

Thay céc gié trj vao (3.40) vao cong thirc, ta dugc gia téc I6n nhat J ., =6,867(m/ s)
Sau d6 ta duoc két qua nhu hinh:

Upper bound axial ard bending (N/m*~2)
4.365e+07

! 3.9290+07
3492e+07

- 30560407

—_—
4365407

ﬁ-’ 21830407

17466407

1310a407

0.7212+08

|
o Min l 6862e +02

43bhe+06
6862 +02

P Yietd strength 2.750e+08

Hinh 3.39: Ung sudt cua khung trong frwong hep phanh gap

. 0233

0155

0000

Hinh 3.40: Chuyén vi cia khung khi xe phanh gdp
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Két luan: Trong truong hop nay gia tri tng suat 16n nhat va chuyén vi 16n nhat:
- Ung suat cuc dai: 0,4, = 4,365 x 107 < [o]

- Chuyén vi c6 gid tri Ion nhat nhat 1a: AL = 0,776 mm

Tinh cho ché d§ quay vong:

Khi xe quay vong, khung chiu luc ngang 16n dan dén bién dang ngang tng suét
cit va ubn. Néu cua gap khung co thé bi xoin nhe quanh truc doc xe. Cac thanh khung

phia ngoai ciia khuc cua chiu lyc I6n hon thanh phia trong.
- Ban kinh vong cua tdi thiéu cua xe:

L 1,531
R= =— =2,67 3.41
sin(&,,)  sin(35°) " G4

Trong do:
L: Chiéu dai co sé cua xe 1,531 (m)
Onax - GOC danh 141 t6i da ctia banh trudc, dua theo goc lai ciia xe Toyota Vios goc danh
14i 1a 35°
- Gia toc hudng tam khi xe vao cua:

v 5,56 )
a, =E:m=2,08(m/s ) (3.42)

Trong do:

V: 1a van tc khi xe vao cua xét & toc d6 16n nhat xem mutc do pha huy 5,56 (m/s?)

Sau d6 ta duoc két qua nhu hinh:
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Liopes bound aeal and bending (N/m A2
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Hinh 3.41: Ung sudt trong trueong hop khi xe vdo cua

URES ()
04027
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. 0742
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037

0278

0185

0093

0000

Hinh 3.42: Chuyén Vi trong truong hop khi xe vdo cua

Két luan: Trong truong hop nay gia tri (g suat 16n nhat va chuyén vi 16n nhat:
- Ung suét cuc dai: 0,4, = 4,423 x 107 < [o]
- Chuyén vi c6 gié tri I6n nhat nhat 1a: AL = 0,927 mm

3.3.6. Phan tich két qua

Qua két qua mo phong ¢ cac ché do ta thay ca 2 phuong an déu dat duoc dieu
Kién bén. Tuy nhién, & phuong an 2 chuyén vi qua 16n so v&i phuong an 1. M6 hinh xe
dién nay khong dam bao duoc do bén dé gay bién dang. Do chuyén vi 1on c6 thé gay

lam giam d6 6n dinh cua khung gdy cam giac rung lac anh hudng dén an toan va d6 bén
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lau dai cua két cau xe. Trong khi d6, phuong an 1 ¢6 d6 chuyén vi thap hon gitip khung

xe gitr duoc hinh dang tét hon, bién dang nho, dam bao do cing viing can thiét.

Vi vay dé dam bao d6 an toan cho khung xe va tinh kinh té. Thép van 1a lya chon ti vu

cho mo6 hinh xe dién trén.

3.4. Tinh toan, thiét ké hé théng phanh
3.4.1.S6 ligu cho trwéc

Bang 3.11: Théng sé ban dau cua xe thiét ké

STT Tén thong sb Ky hiéu Gia tri Pon vi
1 |Loaio6to Xe Du lich
2 | Loai dong co bong co dién mot chiéu
khéng chdi than
(BLDC)
3 | Khoi lugng toan bd m, 435 KG
4 | Phan b6 trén truc Truéc/Sau m, / m, 167,04/267,96 KG
5 | Toc d6 cuc dai cta xe V. 20 km/h
6 | Chiéu dai co so L 1.531 m
7 | Chiéu cao trong tam khi day tai H, 0.576 m
8 | Bankinh lam viéc cua banhxe | R, 0.23 m

3.4.2. Momen phanh yéu cau ¢ cac co cau phanh
Viet phuong trinh can bang momen khi xe dung yén ta co6 toa do trong tam xe

theo chiéu doc a, b (hinh 3.40):
L,.Z, =bG, (3.43)

Suy ra:

b=l (3.44)

Trong do:
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G, la trong luong toan bo cua xe
Z, 1a phan lyc phap tuyén & cau trude khi xe ding yén
L, 1a chiéu dai co s& cta xe
Véi Z, =G, =167,04[KG]; L, =1531[mm];G, = 435[KG] thi:

_1531.167,4
435

b = 587,904[mm]

a=L,—-b=1531-587,904 = 943,096[mm]

Hinh 3.43: So d6 tinh todn lic tac dung 1én oto khi phanh

Trong luong bam & mdi banh xe G,, chinh bang phan luc phéap tuyén Z tai banh
xe khi phanh (xem hinh 3.43). Khi oto dugc phanh phan cap véi toc do bat ky cho dén
khi dirng han (v = 0) thi gia toc phanh cuc dai c6 thé dugc xac dinh tir lec quan tinh
I6n nhat khi phanh P; duoc thé hién trén hinh 3.43. Sau khi bién doi ta c6 trong lugng

bam & mdi banh xe trude va sau [16]:

G, = 2GL0 (b+hyp,) (3.45)
Gy, = 2GL0 (a=h,) (3.46)
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Trong d6 h; la chiéu cao trong tdm cua xe; con ¢,, 1a hé s6 bam giira 16p voi
mit dudng khi oto duoc phanh phan cap.
Véi hé théng phanh khong trang bi hé théng kiém soat va diéu chinh do truoc

banh xe (xe khong c6 trang bi hé thong chéng him cing banh xe ABS — Anti-lock Brake
System) thi hé s6 bam khi phanh khan cap chi c6 thé duoc duoc

@ ~(0,75+0,8) ¢, 0,56 +0,68

Dé bao dam hiéu qua phanh cao nhit véi gia toc cham dan 16n nhat ma cac banh

xe khong bi trugt thi ta c6 thé chon ¢,, =0,68.

Va véi cac so lidu di co: G, =435[K(3];L0 :1531[mm];hG =576[mm]vé a, b
da tinh thi ta c6 phan luc phéap tuyén tac dung lén cac banh xe trugc/sau khi phanh khan

cap nhu sau.

= oo (587,904 +576.0,68) ~1365,2[N]
bx1 %.(943,096 —576.0,68) = 768,5[N]

Suy ra lyc phanh yéu cau & mdi banh xe trudc/sau 1a:

R =G ¢ =1365,2.0,68 = 928,336 N |

R

X

,=G,,, ¢, =1768,5.0,68 = 522,58[ N ]
Momen phanh yéu cau & mdi banh xe trudc/sau 1a:

My = R Ry, =928,336.0,23 =213 5[N.m]

My, = R, R, =522,58.0,23=120,2[N.m]

Trong do R, 1a ban kinh lam viéc trung binh (hay ban kinh dong luc) cua banh

xe; lay theo s li¢u da cho truoc: Ry, =0,23[m].
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3.4.3. Hé so6 phan bd lwe phanh 1én céc truc banh xe
Thuc té momen phanh sinh ra & cac banh xe 1a do co cau phanh lap dat ¢ banh

xe sinh ra. Co cdu phanh & cac banh xe c6 nhiéu Kiéu va vi vy noi chung trén mot chiéc
xe ¢6 thé co cac co chu phanh khéc nhau ddi voi cac truc banh xe trude va truc banh xe
sau. Ngay ca khi kiéu co cau phanh gidng nhau nhung két ciu va kich thudc cu thé van
c¢6 thé khac nhau tiy theo momen phanh yéu ciu phan bd trén cac truc nhu di tinh &

Muc x.x néu trén.

Vi vy, dé co co s& chon co ciu phanh hop 1y, truée hét can tinh toan danh gia
ty s6 phan bé mémen phanh (hay luc phanh) Ién truc trudc va truc sau theo hé s6 phan

bd lyc phanh K, nhu sau:

KlZ — bel — I:)bxl (347)
be2 Pbx2
Thé cac s6 liéu da tinh ¢ (3.40) ta co.
K, = My, _ 213,5 _177
M,, 120,2

Véi xe du lich do phan bd tai trong tinh 18n truc trudc va truc sau gan bang nhau,

nén hé s6 phan bd lyc phanh K, =1,771a hop ly. [18]

V6i K, >1thi thuong c6 phan bd tai trong tinh trén truc trudc va truc sau bang
nhau, do c¢6 su phan bd lai khi phanh nén hé sé phan b lyc phanh. Vi vay loai co cu
phanh trudc/sau c6 su khac nhau rd rét, chang han néu dung kiéu co cau phanh tréng
gudc thi co cau phanh sau c6 thé dung loai mot gude co tinh chat tu siét va mot gude co
tinh ty tach, trong khi co cu phanh truéc diung loai hai gudc déu cé tinh ty siét hodc co

thé dung kiéu co cdu phanh khac nhu co ciu phanh dia.
= Chon co cau phanh thiét ké trén xe 13: co cu phanh dia.

Co cau phanh banh trugc ciia oto can dat hiéu qua phanh cao, thoi gian cham tac
dung bé va can co do nhay 16n do d6 d¢é dam bao tinh 6n ding ctia xe khi phanh nhat 1a
oto. Pé dam bao duoc yéu cau d6 ta thdy co ciu phanh dia c6 nhitng wu diém 13 phi hop

V61 yéu cau nén ta chon co cau phanh dia (c6 ranh lam mat) cho cau trudc.
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Co cau phanh sau ciia oto con can phai c6 tinh thuan nghich khi xe chuyén dong
1ti, do d6 co cau phanh sau phai thuan nghich dé dam bao yéu cau khi phanh. Ta c6 co
c4u phanh dia va phanh tréng gudc loai 2 (st dung hai xylanh don) déu dam bao duoc
d6 thuan nghich khi phanh. Tuy nhién, ta chon co cdu phanh dia cho cau sau (vi nhitng
vu diém cua co cdu phanh dia va dam bao xu hudng thiét ké hé thong phanh trén oto

con hién nay 1a déu str dung phanh dia cho ca hai cu truée va sau).

3.4.4. Tinh toan kiéu co cAu phanh dia

3.4.4.1. Mémen phanh do co cdi phanh sinh ra va lic ép yéu cau
Sau khi da chon dugc kiéu va loai co cau phanh hop 1y, chung ta c6 thé bat tay

tinh toan dé xac dinh céac thong sb co ban cua co ciu phanh.

Céc thong sd co ban cia co cau phanh bao gém mémen phanh do co ciu phanh
tao ra, luc ép ctia co cdu phanh. Céach tinh mémen phanh va do d6 cong thirc tiinh luc
ép yéu cau cua co cdu ép phu thude vao kiéu va loai co cau phanh cu thé nhu da chon &

trén.

Kiéu co cau phanh ¢ ciu trude cling nhu ciu sau thuong 1a kiéu dia c6 xé ranh
bén trong dé thdng gi6 1am mat cho dia khi phanh; c6 co cau ép bai hai xylanh don b

tri & hai phia khac nhau (hinh 3.44).

Hinh 3.44: Co cdu phanh dia c¢é ranh lam mdt.
13-Dia ma sat; 14-Gia kep xylanh; 15-Ranh lam mat.
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o
da
ds

Hinh 3.45: So d6 tinh todn co cdu phanh kiéu dia
Phanh dia thudng c6 co cau ép c6 tinh ddi ximg hoan toan vé phuong dién két
cau qua mat phang chta dia phanh. Vi viy mémen ma st ctia dia duoc tao ra boi hai
ma phanh c6 gia trj hoan toan giéng nhau vi dia duoc ép bai hai piston bang nhau b tri

d6i ximg qua dia c6 cung ap lyc dau.

2 (RE-R?

M, = l.ﬂ.g.[Rzg_Rfj (3.48)
2 (R-R?

M, = Pz.,u.g.( Rzg - Rfj (3.49)

Néu xem céac luc ép P, va P, 1a nhu nhau va bang luc ép P cua piston thi mémen

phanh téng cong do hai mé phanh tao ra cho dia phanh duoc xac dinh bang:

3 p3
Mp:Z.P.y.g. R, — R (3.50)
3| RZ-R

Trong d6 R, 1a duong kinh ngoai cua dia va co thé dugc xac dinh véi ban kinh

banh xe R, =230[mm]co thé chon R, =0,45.R,, =103,5[mm]= 0,1035[m].[17]

Con R, 12 ban kinh trong cuia dia phanh, ching c6 thé dugc chon theo kinh nghiém
bang: R, =(0,55+0,73).R,. Bang cach tinh lap theo c4c diéu kién gi¢i han trong qua

trinh thiét ké, co thé chon R =0,7R, = 0,0725[m].
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Suy ra cong thirc tinh cac luc ép yéu cau P dbi véi co cau phanh kiéu dia duoc

xac dinh nhu sau:

3 M, (RI-R’
P=7 /JP .[R;_R}J (3.51)
2

Thé sb vao (3.51) ta c¢6 luc ép cua co cau phanh dia ¢ phia cau trude va sau.
+ Co cdu phanh trugc:

S6 ligu: M, =213,5[N.m];R, =0,1035[m];R, =0,0725[m]

5 _3 2135 0,10352 —0,0725
' 4" 0,3 10.1035°-0,0725°

j=4002,2[N]

+ Co cau phanh sau:

$6 ligu: M, =120,2[N.m];R, =0,1035[m[; R, =0,0725[m]

~3120,2 (0,10352 —0,0725

=2 , =2253,2[N
2 4703 0,10353—0,07253j [N]

3.4.4.2. Tinh todn xdc dinh bé réng md phanh
Bé rong ma phanh s& xac dinh dién tich 1am viéc ciia ma phanh ép 1én dia. Bé

rong méa phanh ting lam cho dién tich 1am viéc ting; diéu ndy noéi chung c6 loi cho sy
mai mon cua tim ma sat vi dién tich 1am viéc ting dong nghia véi ap luc tac dung trén
mot don vi dién tich giam, dan dén mic d6 mai mon giam trong mdi lan phanh (mdi lan
phanh dién ra 1a mot lan qua trinh truot giali ma phanh va dia phanh dién ra manh liét,
vira lam mai mon ma phanh vira sinh nhiét 16n 1am nung néng dia cling nhu ma phanh
va céc chi tiét lién quan dén truyén nhiét véi ching). Tuy vay bé rong ma phanh khong
nén tang 16n qua vi nhu vay s& 1am giam tinh dong déu cua ap lyc phan bb trén toan bo

dién tich méa phanh, ddn dén mon ma phanh déu va giam hiéu qua phanh.

Khi cac thong s6 khac d3 duoc chon va xéac dinh theo momen yéu cAu néu trén
thi bé rong ma phanh s& duoc xac dinh theo ap suat cho phép [q] hinh thanh dbi véi ma

phanh trong qua trinh phanh.
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Véi kiéu co cdu phanh dia, bé rong ma phanh c6 thé dugc xac dinh theo luc ép P

tao ra cho dia phanh nhu sau:
2 2\ &
P=A.q=m(R}-R}).-=g (3.52)
2r

Trong d6 R4, R, 1a duong kinh trong va ngoai cua dia, a 1a goc 6m cua tam ma
sat theo chu vi hinh vanh khing cta dia — dic trung cho bé rong ma phanh cia co cau
phanh dia — tinh bang [rad], con q la ap sudt lam viéc trung binh hinh thanh gitra ma

phanh va dia phanh trong qua trinh phanh.
Suy ra goc 6m dic trung cho bé rong mé phanh kiéu dia:

g (3.53)

~q(R;-R?)

Pé bao dam tudi tho ciia méa phanh cho mét chu Ky giita hai lan bao dudng thi
gia tri ap suat 1am viéc ciia ma phanh q[N/m?] phai nho hon gia tri cho phép [q] ndim

trong gisi han tir 1,5+2[ MN / m’ .

Véi co cau phanh Kiéu dia, do uu tién cho qua trinh lam mét dia nén dia khong
dugc bao kin vi vay byi ban bam vao va do d6 gop phan lam ting mon ma phanh va dia.
Pé han ché sy mai mon caa ching, trong thiét ké can thiét chon 4p sut lam viéc cia bé

M3t ma sét di nhé so véi gia trj gidi han q=1,2.10° N/ m* | <[q]=15+2[ MN / |

Thé tat ca cac thong s da biét thi ta co bé rong ma phanh nhu sau:
- Véi co cau phanh trwéc: (P, =4002,2[N])
+ Tinh theo géc 6m cua ma phanh:

~ 2.4002,2
1,5.106.(0,10352 —0,07252)

=0,98rad (¢, =56°)

a

+ Tinh theo chiéu dai cung tai ban kinh trung binh:

Ci=Ryqy (3.54)
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Trong d6 R, 1a ban kinh trung binh cta dia phanh:

3

2 [RS—Rfj 2 [0,10353—0,07253

R =3 ReCR? 0,1035% —0,0725°

5 J:o,oeg[m]

Thé sb, ta co:
C,=0,089.0,98= 0,087[m]

So véi bé rong hinh vanh khan cia dia v6i ban kinh ngoai R, = 0,1035[m]vz‘1

ban kinh trong R, = 0,0725[m] la:

b, =(R, ~R,)=(0,1085-0,0725) = 0,031[m|

Ty s6 ban kinh K _ = % trong gisi han 0,52 dén 0,73 sao cho sai léch giita C,

2

S0 V6i b, dat gid tri dwong. Bang cach d6 ta tim dugc nhanh chéng b thong sb cho co

c4u phanh truéc nhu sau:
Ban kinh ngoai dia phanh: R, = 0,1035[m]
Hé sb toi wu: K, =0,7
Ban kinh trong: R, = 0,072[m]
Ban kinh trung binh: Ry, =0,089[m]
Bé rong vanh khan: b, =0,032[m]
Luc ép cua piston: P, = 4012[N]
Go6c 6m md phanh: ¢, =0,97[rad |
Chiéu dai cung trung binh: C, =0,086[m]
Véi co cau phanh sau: ciing bang phuong phép tinh t6i tru dbi voi hé sé ban kinh

dia voi K,, =0,7 ta co:
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Bén kinh ngoai dia phanh: R, =0,1035[m]
Ban kinh trong: R, = 0,072[m]

Bén kinh trung binh: Ry, =0,089[m]

Bé rong vanh khan: b, =0,032[m]

Luc ép cua piston: P, = 2258,7[N]

Géc 6m ma phanh: a, =0,55[rad |

Chiéu dai cung trung binh: C, =0,049[m]

3.4.4.3.Tinh todon kiém tra cdc thong soé lién quan khdc ciia co cdu phanh
a. Tinh toan kiém tra cong trugt riéng

Kich thuéc ma phanh khong chi xac dinh theo tiéu chi ap suat lam viéc phai nho
hon hoic bang ap cho phép [q] da néu & trén nham bao dam tudi tho cho ma phanh; ma
con dugc xac dinh theo ti€u chi cong ma sat trugt riéng nham bao dam cho ma phanh
1am viéc trong thoi gian 1au dai. Boi vi véi cung 4p suat 1am viéc ciia ma phanh trong
qua trinh phanh nhu nhau nhung téc do xe khi bat dau phanh cang 16n thi ma phanh s&

cang mau mon.

Theo dinh nghia cong ma sat trugt riéng chinh la cong ma sat trugt ctia ma phanh
trong qua trinh phanh tinh trén mot don vi dién tich lam viéc cia ma phanh. Gia sir cong
ma sat truot L trong qua trinh phanh s& thu toan bo dong ning cua oto khi bat dau phanh

Véi van téc v, cho dén khi oto ding han v, = 0; tirc la:

m_.(v? —v? 2
| = a(l 2):Ga'vl (355)
2 29

Trong d6: m, 1a khéi luong toan bd cua oto day tai khi phanh [KG], G, 14 trong
luong cua oto [N], v; 1a téc do oto khi bat dau phanh [m/s], g 1a gia tc trong truong

g= 9,81[m / 32], A 1a tong dién tich lam viéc ciia cic ma phanh trong tat ca cac co

cau phanh [ m”].
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Dién tich lam viéc ciia mot ma phanh c6 thé dugc xéac dinh:

A = (R? —Rf).% (3.56)

Thé sb vao (6.48) da biét cho hai ma phanh cta hai co cdu phanh truée, ta co:

A, =nr(R;- Rf).% =3,1416.(0,1035° - 0,0722)% 4=0,01]m|

Thé sb vao (6.48) da biét cho hai ma phanh cta hai co cdu phanh sau, ta co:

A =n (R~ Rf).% =3,1416.(0,1035 - 0,0722)02’—?4 =0,0061] m*]

Viy tong dién tich ma sat cua ca xe:
A, =0,0161] m’ |
Suy ra cong trugt riéng la:

L G,V

L = — =_"a"1 3.57
T (3.57)

Tri s6 cong ma sét riéng tinh theo cac cong thire trén khi bat ¢au phanh vai toc

dd trung binh bing nita toc do cuc dai v, =20km / hcho dén khi xe dung han (V2 = 0)

phai ndm trong gisi han cho phép [L, ] =O,4+15[MJ / mz}déi véi oto du lich.

Vi V, =20[km/ h] = 5,55{%} thi ta co:

L G,V (435.9,81).555° L 42{M \]}
" A 2g9A 298100125

m2

So véi gié tri cho phép la théa man.
b. Tinh toan kiém tra nhiét d9 hinh thanh & co cau phanh.

Trong qua trinh oto bi phanh, dong nang oto bi ti€u tan bdi ma sat trugt va bién
thanh nhiét ning, lam nung néng ma phanh -tréng phanh (hoic dia phanh) va mot phan

nhiét truyén ra moi trudng khong khi. Tuy nhién khi phanh ngit trong thoi gian ngan,
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nang lugng nhiét khong kip truyén ra cho méi trudng khong khi hoac truyén ra khong
dang ké nén trong tinh toan thiét ké, dé an toan vé nhiét chiing ta c6 thé coi dia phanh
nhan hét nhiét nang nay trong qua trinh phanh. Vi vy ta c6 phuong trinh can bang nhiét
nhu sau:

2 2
m, (v —v;)

5 =m, CAC (3.58)

Trong do: my, la tong khéi lugng cua cac dia phanh; C 1a nhiét dung riéng cua
vat liéu 1am dia phanh — ddi véi thép hodc gang thi C~500 [J/kg] — con véi hop kim xi-
lu-min thi C c6 thé 13y 1én t&i 950 [J/kg]. Con AT 1a d6 ting nhiét d6 cua hodc dia phanh.

Do ting nhiét d clia dia phanh khi phanh véi téc do cua oto v, = 5,55[m / S] cho

dén khi dirng han (V2 = O) khong duoc vuot qua 15 d6. Khi phanh ngit véi te do trung

binh bang nita toc d6 cuc dai thi nhiét d6 ciing khong duoc vuot qua 125 do.

+ Tinh kiém tra do ting nhiét 6 phanh véi toc do v=>5,55[m/ s|Suy ra khéi
luong tong cong cua dia phanh phai du 16n dé d6 ting nhiét d6 khong qua 10 do khi
phanh véi téc o v=5,55[m/ s]:

m,v? 435.5,55

Mo = 2C[10°] 2.50010°] =1.34[kg]

+ Tinh kiém tra d¢ tang nhi¢t do khi phanh véi van téc (v =0,5V,,, ). Suy ra khi
luong téng cong cua dia phanh phai du 16n dé do ting nhiét d6 khong qua 100 d6 khi
phanh véi te do (v, =0,5V,,,):

m. v} 435.2,775°

Mo = 2C[100°] ~ 2.500100° ] 0.034[kg]

Viy dé bao dam diéu kién bén nhiét, thi khéi lugng cia mdi dia phanh cua oto

du lich (c6 cong thirc banh xe 4x2 hoic 4x4) phai bang:

m =134/ 4~0,335[kg]
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Cung v&i bai toan kiém tra nhiét, bai toan tinh toan thiét ké bé day & dia phanh

c6 thé duoc suy ra tir cong thirc khéi luong dia phanh nhu sau:
7(R;-R})S.p=m, (3.59)

Trong d6 p 1a khéi luong riéng ca vat lidu 1am tang trbng hoic dia phanh. Véi

gang hoac thép thi p = 7800[kg / ms} . Véi sb lidu da co, suy ra:

+Co chu phanh truéc R, =0,1035[m[; R, =0,072[m]

0,335
S = i =2,5/mm
! 7[.(0,10352 —0,0722).7800 [mm]

+Co chu phanh sau R, =0,1035[m|;R, =0,072[m];
0,335

S, = 2,5[mm]

2 7z.(o,1o352 —0,0722).7800 -

bia phanh truoc va sau la dia dac :8-13 mm theo [16], chon: 6= 8 (mm).

c. Hanh trinh dich chuyén dau piston xy lanh cong tic ciia co ciu ép.
Trong truyén dong phanh dau, dé tao luc ép cho co ciu phanh chung ta thudng

dung piston dé truyén luc ép P 1én dia phanh.

Déi véi kiéu co cau phanh dia: hanh trinh dich chuyén cua piston cong tac x [mm]

clia co cau ép phanh dia duogc xac dinh bang:
X =0,

Véi co cdu phanh dia, khe hé hudng truc 8, thuong kha nhé voi gia tri vao
khoang 0,3+0,5 [mm]. Chu ¥ trong kiéu co ciu phanh dia thi khe hd huéng truc &,
thudng dugc tu diéu chinh bang chinh ma sét giaii dia phanh va ma phanh hoic béi co
c4u diéu chinh cuwong buc khé hé 8,, vi vay trong cong thirc khong co thong sb vé luong
mon cho phép &,,. Chinh vi vay co cdu phanh dia c6 wu diém néi bat hon hin co ciu

phanh guéc 1a “d6 cham tac dung” nho.

Chon &, =0,5[mm]thi ta cé:

x =0,5[mm]

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 72



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

d. Pwong kinh xy lanh cong tac.

Puong kinh xy lanh cong tac d;, & cac co cAu phanh duoc xac dinh tir luc ép yéu
cau tuong Gng Py.
4P,

d, = 3.60
<\ 7p, (3.60)

Trong d6: P, 1a luc ép yéu ciu & co cau phanh thirk; p, 1a p suét lam viéc cua
dau phanh trong hé théng. Khi phanh véi luc phanh 16n nht thi 4p suat dau phanh trong

hé thdng hién nay nam trong khoang:
- He thong phanh khong cé bom dau hd trg: py ~5+10] MN / m* |

+ Voi co ciu phanh trude, co luc ép Pl=4012[N] va voi ap sudt dau

Py = 8[MN / mz} thi ta c6 duong kinh xy lanh cong tac & co cau phanh truéc bang:

g, = [4P_ \/4.40126 _0,025[m]
TPy 7.8.10

+ V6i co cau phanh truée, c6 luc ép P, =2258,7[N]Ve‘1 vGi ap suat dau

Py = 8[MN / mz} thi ta c6 duong kinh xy lanh céng tac ¢ co cdu phanh truéc bang:

4 - [AR _\/4.2258,7 _0,019[m]
b\ zp, 7.8.10° ’

e. DPwong kinh xy lanh chinh.

Pudng kinh xy lanh chinh D, s& duoc xac dinh tir ty s6 khuéch dai thuy luc i,

i, :(%) (3.61)

Trong d6 i, 1a ty s6 khuéch dai thuy luc cia xy lanh cong tac thi k so véi xy lanh

nhu sau:

chinh.
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Trong thyc té kinh nghiém di vai hé théng phanh dau Kiéu co cai phanh dia thi
ty s6 duong kinh c6 thé tir 1,0 dén 1,7 nén ty s6 khuéch dai thay luc c6 thé 1én dén
i, =2,89. Vi vay, trong tinh toan thiét ké c6 thé tinh dudng kinh xy lanh chinh theo gia

trj trung binh gan dung nhu sau:

1(d2. ~ d?
D, ~ \/E(kTm+2k—5Xj (3.62)

1a gi4 tri nho nhét ciia cac duong kinh xy lanh cong tac; d

O déy dkmin k max 1é’ glé1
tri 16n nhat cua cac dudng kinh xy lanh cong tac; con cac sd 1,0 va 2,9 1a hé sb kinh
nghiém da néu o trén.

Thé s6 voi céac gia tri duong kinh xy lanh cong tac d tinh, ta co:

2 2
5 z\/g_(o,om , 0,025 J:o,on[m]

N2 1 2,9

Pudng kinh xy lanh diéu khién trg luc c6 thé lay bang d, =D, = 0,017[m]

f. Hanh trinh dich chuyén ciia piston xy lanh chinh.

Piston chinh c6 nhiém vu truyén luc tir ban dap va b tro luc phanh (néu co) dé
tao ra ap suit cao trong hé thong khi phanh. Ap suat cao trong hé thong chi bat dau hinh
thanh khi tit ca cac khe ho trong hé thong phanh da khac phuc, nén hanh trinh dich

chuyén cua piston xy lanh chinh h [mm] duoc xéac dinh.

D; D;

2x,.n.d}  2.x,n,.d? dz
h_([ NG L 2% ) 046 468, +8, % (K (3.63)
D
C
Trong do:
X,,X, 1a hanh trinh dich chuyén cta piston cong tac & co cdu phanh cau trude/sau. Muc
x.x da tinh X =X, :O,S[mm]; con s6 2 di theo thong sé x dé xac dinh s6 lugng hai
piston cong tac trong mdi co ciu phanh.
n,,n, twong tmg 14 s6 lugng truc banh xe ctia cau truée/sau. Vé6i xe du lich ¢6 cong thirc

banh xe 4x4 hodc 4x2 thi n, =n, =1.
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d,,d, lan lugt 1a duong kinh xy lanh cong tac & co cau phanh cau trudc/sau; ta co
d, =25[mm],d, =19[mm]. Chi s6 2 bén ngoai ngogc don x4c dinh c6 hai co cu phanh
trén moi truc banh xe trudc/sau.

d, la duong kinh xy lanh dau diéu khién déng mé van cia bo trg luc phanh bang chan:
dg =17[mm]. D, la duong kinh xy lanh chinh D, =17[mm]|

0,0, lan luot 14 khe hé thong dau trong xy lanh chinh & trang thai khong phanh tng
v6i dong truée/sau. Co thé chon: & = &, =1,5[mm]

84 1a khoang dich chuyén cua piston trg luc dé diéu khién dong mé van cua bo tro luc.
Chon &y =1,0[mm]. Con K la h¢ sb tinh dén d6 dan hoi cuta hé théng. Thudong

K ~1,05+1,07. Chon K = 1,07. Thé tit ca cac thong sd, ta co:

2 2 2
h=| 2004257 205119 ) 5 i 51 1541,0 27 —10,8[mm]
17 17 o

j- Hanh trinh va ty so truyén ban dap phanh

DPon ban dap phanh c6 nhiém vu truyén luc dap cua 1ai xe 18n piston ctia Xy lanh

chinh. Vi vay dich chuyén cua dau ban dap phanh c6 thé dugc xac dinh:
Ses =(h+6.K) (3.64)

Trong d6 h 12 hanh trinh dich chuyén caa piston xy lanh chinh; & 1a khé hé can
thiét giita can day va piston xy lanh chinh; i, 1a ty s6 khéch dai luc tir ban dap dén

piston xy lanh chinh; va thuong duoc goi 14 ty sé truyén ban dap.

Thay cong thirc tinh hanh trinh dich chuyén cuaa piston xy lanh chinh h vao cong

thirc véi diéu Kién gia tri hanh trinh ban dap 16p nhat d6i v6i co cau phanh dia khong

vuot qua gia tri cho phép [S,y ] =80+100[mm|
(h+6K)iyg €[Sp] (3.65)

Chon [S,q | =90[mm]véi khe hé 6 =0,5[mm]thi ty sb truyén ban dap:
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o 90
" (10,8+0,5.1,07)

Chon i, =5

Do khe ho lam viéc gitra ma phanh va dia nhé hon nén hanh trinh lam viéc thuc
té cua ban dap nho hon kiéu tréng gudc; vi vy ty s6 giita hanh trinh ban dap tong cong
trén hanh trinh 1am viéc cua co cdu phanh dia 1a 16n hon va thudong nam trong khoang
1,6 dén 1,8:

S 90
Kbd/lv = S_Td = a =167

v
h. Luc can thiét tac dung 1én ban dap phanh khi chuwa tinh tro luc

Lyc can thiét phai tac dung 1én ban dap phanh (khi chua tinh dén tro luc) dé thuc
hién qua trinh phanh khan cap vai lyc phanh 16n nhat yéu cau nhu sau:
7.D;.p,

By2—"—— (3.66)
Aoy Moy M

Trong do6:

e D, la dudng kinh xy-lanh cung cap dau cho cic xy-lanh cong tac khi khong co
tro luc hoic dung kiéu tro luc tryuc tiép thi D,, cling 1a xy-lanh chinh D..

e Thong s6 p, la 4p sudt lam viéc cua dau trong hé théng di chon

Py =8] MN / m’ ]

e Dailuong 7,, 1a higu suat cia ban dap, ké dén ton that truyén lyc tinh tir ban dap
dén piston xy-lanh chinh va higu suét thity luc 77, xét dén ton that truyén luc do
ma sat ctia piston vai xy-lanh chinh: ¢ thé chon theo kinh nghiém sau:

e Hiéu suat truyén dong co khi : 7,, ~0,85+0,9 chon 7,, =0,9

e Hiéu suat cua piston-xylanh: 7, ~0,92+0,95 chon 7, =0,95

Thé s ta co luc dap can phai tac dung khi chwa tinh dén tro lyc:

7.0,0172.8.10°
bd z
4.5.0,9.0,95

= 424,75[N]
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Gia trj tinh toan vé lyc ban dap nay so véi yéu cau cho phép nhim bao dam
diéu khién nhe nhang cho lai xe d6i véi cc 6 t6 hién nay ddi véi xe du lich nam trong

khoang [R, ]~ 200+300[ N ]thi can thiét phai c6 tro luc.

3.5. Tinh toan, thiét ké hé thong treo
3.5.1. Téng quan

3.5.1.1. Nhié¢m vu
Trén co so tai liéu tham khao va xe thyc t€¢ nham tim hiéu khai quat hé thong

treo. Qua d6 lua chon phuong 4n thiét ké phu hop va phan tich, tinh toan diéu kién lam
viéc, tinh (ng dung cta phuong 4n thiét ké, nham ciing c¢d kién thtrc d3 hoc.3.5.3. Tinh
toan bo phan dan hdi cua hé thong treo doc lap
3.5.1.2. Vin dé vé h.éqthé’ng treo trén 0 to ‘ q

Khi 6 t6 chuyén dong trén duong khong bang phang, xe thuong chiu tai trong
dao dong do bé mat dudng map mo sinh ra. Nhitng dao dong nay anh huong xau tgi tuoi
tho ctia xe va dic biét 1a gy cam giac khé chiu ddi véi hanh khach trong xe. Cac két
qua nghién cttu vé anh hudng dao dong ddi véi con nguoi didu di toi két luan 1a con
ngudi phai chiu dung 1au trong moi trudng dao dong cua 6 t6 s& mac bénh vé than kinh
va nao.

Vi vay tinh ém diu trong chuyén dong cia 6 to 1a mot trong nhitng chi tiéu quan
trong cua xe. Tinh ning nay phu thudc vao kha nhiéu yéu té trong d6 hé thong treo dong

vai tro quyét dinh.

Tuy nhién, d6i voi hé thong treo ding cho xe dién ty hanh chay trong khuén vién
du dich thi nhitng van dé vé do ém diu hay nhitng hién tuong chéng lat ngang do nhing
méap mo ctia mat dudng gay nén 1a khong bi anh huong nhiéu, vi dudng xa trong khu
vuc du lich trong dbi tét, ddng thoi tde do chuyén dong cua xe thip nén nhitng van dé
trén s€ tu dong duoc khic phuc. D@)ng thoi vi chi phi cho dong co dién la rt ton kém
nén néu ta str dung hé thdng treo c6 nhidu wu diém thi s& dan dén gia thanh cia xe ting
1én nhiéu ma muc dich st dung cua xe 1a phuc vu su di lai ctia hanh khach trong khu
vién du lich véi mot quang duong twong dbi ngan nén diéu d6 1a khong can thiét. Vi vay
ta can phai chon phuong an don gian nhung dam bao diéu kién dap ung yéu cau cua xe

1a tot.
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3.5.1.3. Cong dung
Trén 6t6, hé thong treo va cum banh xe dugc goi la phan chuyén dong cua 6to.

Chtic ning co ban cua phan chuyén dong 1a tao diéu kién thyc hién “chuyén dong banh
xe” cta 6td dam bao cac banh xe ldn va thin xe chuyén dong tinh tién, thuc hién nhiém
Vu van tai cua 6to.

Sy chuyén dong cua 6t6 trén dudng phu thudc nhiéu vao kha ning lan ém banh xe
trén nén va han ché t6i da cac rung dong truyén tir banh xe 1én than xe. Do vay giita
banh xe va khung vo can thiét ¢ sy lién két mém. Hé thdng treo 13 tap hop tit ca nhiing
chi tiét tao nén lién két dan hoi giira banh xe va than vo hodc khung xe nham thoa mén

cac chtrc ndng chinh sau day:

e Pam bao yéu cau vé 6 ém diju trong chuyén dong, tao diéu kién nang cao duogc
tinh an toan cho hang hoa trén xe, d6 1a tap hop cac diéu kién nham dam bao duy
tri sicc khoé va giam thiéu nhitng mét moi vat 1y va tim sinh 1y cta con nguoi (i
xe, hanh khach). Cac dao dong co hoc caa 6t6 trong qua trinh chuyén dong bao
gom: bién do, tan s, gia tdc,... cac yéu td nay c6 thé anh hudng téi su an toan
cua hang hoa va trang thai lam vi¢c ciia con nguoi trén 6t0.

e Pam bao yéu cau vé kha nang tiép nhan cac thanh phan lyc va momen tac dung
gitta banh xe va dudng nhiam ting tdi da sy an toan trong chuyén dong, giam
thiéu sy pha hong nén duong cua 6to, trong d6 mot chi tiéu quan trong 1 d6 bam
duong cua banh xe.

e Hé thong treo néi chung, gdm c6 ba bo phan chinh 1a: bo phan dan hoi, bo phan
dan hudng va bd phan giam chan. Mdi b phan dam nhan mét chtc ning va
nhiém vu riéng biét.

e B0 phan dan hoi: dung dé tiép nhan va truyén cac tai trong thang dimg, lam giam
va dap, giam tai trong dong tac dung 1én khung vo va hé théng chuyén dong, dam
bao do ém diu can thiét cho 6 t6 may kéo khi chuyén dong.

e Bo phan din hudng: dung dé tiép nhan va truyén 1én khung cac luc doc, ngang
cling nhu cac momen phan lyc va mémen phanh tac dung Ién banh xe. Pong hoc
cua bo phan dan huéng xac dinh dic tinh dich chuyén twong ddi cia banh xe ddi

véi khung vo.
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e B phan giam chan: cung voi ma sat trong hé théng treo, c6 nhiém vu tao luc
can, dap tit cac dao dong cua phan duoc treo va khong duoc treo, bién co ning
cua dao dong thanh nhiét nang ti€u tan ra moi tredng xXung quanh.

3.5.1.4. Yéu cdu ciia h¢ thang treo ‘
H¢ thong treo phai dam bao dugc cac yéu cau co ban sau day:

e Dic tinh dan hoi cua hé thdng treo (dic trung boi d6 vdng tinh fi va hanh trinh
dong f4) phai dam bao cho xe c6 dd ém diu can thiét khi chay trén duong tét va
khong bi va dap lién tuc khi chay trén duong x4u khong bang phang véi toc do
cho phép. Khi xe quay vong, ting t6¢ hodc phanh thi vo xe khong bi nghiéng,
ngtra hay chuc dau.

e Giam chan phai c6 hé sd dap tat dao dong thich hop dé dap tit dao dong dugc
hi¢u qua va ém diu.

e C6 khdi lugng nho, dic biét 1a cac phan khong duoc treo.

e Két cau don gian, dé bd tri. Lam viéc bén viing, tin cay.

e Khong gay nén tai trong 1on tai cac mdi lién két véi khung hoic vo.

e (C0 d0 bén cao, gia thanh thap va mtc d6 phic tap két cau khong 16n.

e (Codd tin cay 16n, trong diéu kién sir dung phu hop véi tinh nang k§ thuat, khong
gap hu hong bt thuong.

3.5.1.5. Phan loai
Hé théng treo cua 6 t6 ngay nay st dung 2 kiéu chinh: hé thdng treo phu thuoc
va hé thong treo doc lap.

e Hé thong treo doc lap
Hé thdng treo doc lap 1a hé thdng treo duoc dic trung cho dam cau cat (khong

lién) cho phép cac banh xe dich chuyén doc 1ap
Uu diem:
o No cho phép tang do vong tinh, do vong dong, do d6 tang d0 ém diu
chuyén dong cua xe.
o No cho phép giam dao dong cac banh xe dan huéng do hiéu tng momen
con quay.
o Ting kha ning bam duong, cho nén ting duoc tinh 6n dinh va diéu khién.
Nhuoc diém:

o €6 két cau phuc tap, dat tién dac biét vai cau cha dong.
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Hinh 3.46: Co cdu treo doc \dp loai hai don

1- Lo xo, 2- Tay don duoi;, 3-Ban lé; 4- Truc; 5- Gidm xéc; 6- Can
bang ngang; 7,9- Bém cao su; 8- Tru cua bé cdn bang
10- Ngéng quay; 11- Truc Ciia co cdu treo phia trueéc.
e Hé théng treo phu thuoc
La hé thong dic trung dung véi dam cau lién. Boi vay, dich chuyén cia cac banh xe
trén mot cau phu thudc 1an nhau. Viéc truyén lrc va mé men tir banh xe 1én khung c6
thé thuc hién truc tiép qua cac phan tir dan hoi dang nhip hay nho cac thanh don.
Uu diem:
o CAu tao don gian, gia thanh ha trong khi dam bao hau hét cac yéu cau cua
hé thong treo khi téc do khong 1on.
Nhuoc diém:
o Khi tdc d6 Ién khong dam bao tinh on dinh va diéu khién so voi hé thong
treo doc lap.
3.5.2. Két cau cia hé thong treo
3.5.2.1. B phan dan hoi
Trén 6t6 b phan dan hoi ¢6 thé dung cac loai: Nhip, 10 xo, thanh x04n, cao su,
khi nén hay thuy khi.
Nhip
La loai phan tr dan hdi dugc ding phd bién nhat.
Uu diém
e Két cau va ché tao don gian
e Sura chira bao dudng dé dang
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C6 thé dong thoi 1am nhiém vy caa bo phan dan huéng va mét phan nhiém

vu cta bo phan giam chan.

Nhuoc diém

Lo xo tru

Trong luong Ién, tbn nhiéu kim loai hon tat ca cic co cdu dan hoi khac, do
thé niang bién dang dan hdi riéng (ctia mot don vi thé tich) nhé. Theo thdng
ké, trong lugng cua nhip cong giam chan thuong chiém tir 5,5 - 8,0 trong
luong ban than cua 6t6.

Thoi han phuc vu ngan: Do ma sat giita cac 14 nhip 10n va trang thai ¢ng suat
phtic tap (nhip vira chiu cac tai trong thang dung vira chiu mé men ciing nhu
cac luc doc va ngang khac). Khi chay trén duong tét tudi tho caa nhip dat
khoang 10 - 15 van Km. Trén dudng xau nhiéu 6 ga, tudi tho cia nhip giam
tir 10 - 50 lan.

Lo xo tru 1a loai dugce dung nhiéu & 6 t6 du lich véi ca hé thong treo doc lap va phu

thuoc.

Uu diém:

Két cau va ché tao don gian.
Trong luong nho.
Kich thuéc gon, nhat 1a khi b6 tri giam chan va bo phan han ché hanh trinh

ngay bén trong 10 xo.

Nhuoc diém:

Nhuoc diém cua phan tir ¢an hdi loai 10 xo 1a chi tiép nhan dugc tai trong
thang ding ma khéng truyén duoc cac luc doc ngang va din hudng banh xe

nén phai dat thém bd phan hudng riéng.

Thanh xoin
Uu diém

Két cau don gian, khdi lugng phan khong dugc treo nho.
Tai trong phan bd 1én khung t6t hon (khi thanh xoin b tri doc) vi mé men
ctia céac lyc thang dimg tac dung 1én khung khong nam trong ving chiu tai,

noi lap cac don dan huéng ma & dau kia cua thanh xoan.

Nhuoc diém

Ché tao kho khan hon.
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e B tri 1én xe khé hon do thanh xoan thuong cé chiéu dai 16n.
3.5.2.2. B§ phan din hwéng

Hé thdng treo cho phép cac banh xe dich chuyén thang ding, & mdi vi tri ctia nd
S0 v6i than xe, banh xe phai dam nhan kha ning truyén luc day du, thuc hién nhiém vu
“chuyén dong banh xe” cua 6t6. Bo phan dan huéng phai 1am tét chic nang nay. Vi
mdi hé théng treo, bo phan din hudng c6 ciu tao khac nhau va ching tao nén cac quan
hé: dong hoc (quy luat dich chuyén vi tri banh xe), dong luc hoc (quy luat truyén luc va
momen & cac vi tri cia banh xe ddi véi khung xe).

O hé thdng treo phu thudc néu phan tir dan hoi 13 nhip 14 thi nhip s& dam nhén
ludn vai trd ctia bo phan huéng. Néu phan tir dan hoi khong thuc hién dugc chic ning
cta bo phan hudng thi ngudi ta ding cac co cau don 4 thanh hay chir V.

Sy thay doi goc nghiéng ctia mat phang quay banh xe s& 1am xuat hién cac mémen
con quay. Cac mémen con quay nay s& lam cho cau bi xoay di va cac banh xe dan huéng
dao dong xung quanh try quay dung. Bac biét ¢ toc do I6n, cac banh xe dan hudng dao
dong manh c6 thé lam xe mat tinh diéu khién.
3.5.2.3. Bd phan giam chéan

Trén 6t6 ngdy nay thudng st dung giam chan éng thuy luc co tac dung hai chiéu
(tra va nén). O hanh trinh banh xe dich chuyén dén gan khung vo (goi 1a hanh trinh nén
ctia giam chan), giam chan giam bét xung luc va dap truyén tir banh xe 1én khung. O
hanh trinh banh xe di xa khung vé (goi 1 hanh trinh tra cua giam chan), giam chan giam
bt xung luc va dap caa banh xe trén nén dudng, tao diéu Kién dit ém banh xe trén nén
va giam bat phan luc truyén nguoc tir mit dudng toi than xe. Cac giam chan dng hién
dang dung bao gom:

e Theo két ciu, co: giam chan loai don va loai 6ng.

e Theo ty sd gifta cac hé s6 can nén Kn va hé s can tra Kt, giam chan dugc chia
ra cac loai: tic dung mot chiéu, tac dung hai chiéu ddi xtng, tac dung hai chiéu
khong d6i xang.

Hién nay pho bién nhat 1a loai giam chan dng tac dung hai chiéu c6 dic tinh
khong d6i xtmg va c6 van giam tai. Hé sé can nén dugc 1am nho hon nham muc dich
giam lyc truyén qua giam chan 1én khung khi banh xe gip chudng ngai vat.

Giam chan éng duoc bé tri trén 6 to nhu trén hinh 2.2. Do duoc b tri nhu vay nén luc

tac dung 1én piston giam chan nho va diéu kién 1am mat giam chan rat tét.
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Hinh 3.47: So d6 bé tri giam chdn éng

1- Giam chan; 2- Lo xo; 3- 16p xe; 4- don ngang; 5-bo truyén luc

Két cau va ché tao giam chan ong ciing don gian hon nén hién nay giam chan
6ng duoc st dung rong rai trén tat ca cac loai 6 to

Giam chan 6ng loai hai 6ng:

e Trén piston c6 hai ddy 156 khoan theo cac vong tron dong tdm. Dy 16 ngoai
duoc day phia trén béi dia cia van thong 1. Day 16 trong duoc day phia dudi
boi van tra 2. Trén piston c6 mot I3 tiét lvu 6 thuong xuyén mo.

e Trén day xylanh ciing dugc 1am cac diy 16: day 16 ngoai duoc che phia trén
boi dia cua van hit 3, ddy 16 trong duoc che phia dudi bai van nén 4.

e Giira hai 6ng ctia giam chan c6 khe ho tao nén mot buong chira phu con goi
12 budng bu, dé chira dau khi giam chan lam viéc.

Nguyén ly lam viéc:

Nén nhe: piston dich chuyén xudng dudi véi tée ¢ nho. Dau duoc ép tir khoang
dudi, qua cac 15 tiét luu 6 va van thong 1 di 1én khoang trén. Do thé tich piston giai
phong & khoang trén nhé hon thé tich do né chiém chd khi di chuyén xubng duéi (do ¢
khoang trén c6 thém can piston). Nén mot phan dau phai chay qua khe tiét Iuu 5 trén

van 4, di sang budng bu ctia giam chan
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AN RSN

Hinh 3.48: Giam chdn éng

a- Giam chan 6ng loai hai dng; b- Giam chan éng loai mot 6ng.
1.piston;2 truc; 3. dém kin; 4.van; 5 khoang dau xa; 6. bulong;7. than xilanh;8.
dém kin; 10. vo;11. khoang dau;12. dém kin;13. 10 xo; 14 dai dc khoa;15. rodng lam
kin;16. dé 10 xo
Tra nhe: piston dich chuyén 1én trén véi téc d6 nho. Dau dugc ép tir khoang trén,
qua céc 15 tiét luu 6 di xuéng khoang dudi. Do thé tich piston giai phong ¢ khoang dudi
I6n hon thé tich do n6 chiém chd khi di chuyén 1én trén (do & khoang trén c6 thém can
piston). Nén dau tir khoang trén chay xudng khong du bu cho thé tich piston giai phong
& khoang dudi. Lic nay giira khoang dudi va budng bu c6 do chénh ap. Vi thé dau tur
budng bu chay qua van hiit 3 vao khoang dudi piston dé bu cho luong dau con thiéu.
Tra manh: piston dich chuyén 1én trén véi toc do Ién. Ap suit trong khoang trén
piston ting cao ép 10 xo md van tra 2 ra cho dau di qua ddy 15 trong xudng khoang dudi.
Nho thé sirc can giam chan giam dot ngot, han ché bot luc tac dung 1én can giam chan.
So véi giam chan loai hai ong c6 cling dudng kinh ngoai, thi giam chan loai mot
dng c6 khéi lwong nho hon (20%+40%), sb luong chi tiét it hon (1522 so véi 45+55),
dic tinh 6n dinh hon. Vi thé giam chan loai nay ngay cang duoc sir dung rong rai.
Giam chan loai mot 6ng c6 budng bu 1 chira day Nito véi ap suat 2+3 MPa, ngan

cach va6i khoang chira dau béi piston tiy dong 2 c6 cac vong lam kin. O mot sb két cau

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 84



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

khac c6 thé dung mang ngin thay cho piston. Trén piston, ngoai cac 16 hay khe tiét luu
con co ca van nén va van tra.

Nguyén 1y lam viéc cua giam chan mot dng twong ty nhu giam chan hai 6ng, chi
khac 1a khi giam chan 1am viéc khong co chit 1ong chay sang budng bu ma thé tich
budng bu chira khi, s& thay doi tuong tng dé bu cho sy chénh 1éch thé tich giita khoang
trén va dudi piston.
3.5.2.4. Thanh 6n dinh ngang

Thanh 6n dinh ngang c6 tac dung lam giam goc nghiéng ngang than xe, tirc 13
1am ting tinh chit chuyén dong 6n dinh cua 6t6. Trong 6t6, thanh 6n dinh ngang thuong
thiy trén ca hai dau cua 6to buyt, cau trudc (d6i khi ca trén cau sau) cia o6to tai.

CAu tao chung thanh 6n dinh ¢6 dang chit U, lam viéc giong nhu mot thanh xoan
dan hoi. C6 hai dang b tri:

e Cic dau chit U néi v6i banh xe (dam cau), con than thanh on dinh ndi véi than
xe nho cac 6 d& bang cao su.

e Trén mot s6 6t6 c6 dang bat nguoc lai: hai dau cua chir U ndi véi than xe, than
thanh 6n dinh ngang néi véi dam cau cang.

Thanh 6n dinh ngang chi chiu xoan khi c6 su sai léch luc tac dung 1én hai dau
(gdy x0an) cua no.

Khi xe chuyén dong trén dudong khong bang phang hoic quay vong, dudi tac
dung cua luc bén (lyc ly tAm, gi6 bén), phan lec thang ding cta hai phan tr dan hoi trén
mot cau thay d6i, mot bén ting tai va mot bén giam tai gy nén su nghiéng than xe.
Thanh 6n dinh ngang Iép trén 6t6 dugc xem 1a bd phan dan hoi phu véi chirc nang han
ché sy nghiéng than xe. Vi cac 6td co yéu cau cao vé tién nghi doi hoi bd phan dan hoi
(nhip 14, 10 xo0, thanh xo4n) c6 do cing nho. Kha ning gy nén momen chdng lat cua bo
phan dan hoi chinh nhé, vi vay can thiét thém vao hé thong treo thanh on dinh ngang.
Khi lam viéc & cac ving goc nghiéng ngang than xe gan gia tri gidi han, mémen chdng
lat dam bao can bang v6i momen gay lat thi hé thdng treo khong c6 mit phan tir dan hoi
phu (thanh 6n dinh).
3.5.2.5. Cac bg phan khac

Ngoai cac bd phan ké trén, hé thong treo ciia 6t6 con c6 cac bo phan khac:

e Vau cao su ting cung: thuong dit trén nhip 14 va ty vao phan bién dang caa nhip

14, két ciu nay lam giam chiéu dai bién dang caa nhip 14 khi ting tai. Viu cao su
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vira ting cing vira han ché hanh trinh 1am viéc cta banh xe (dugc goi 13 vau han
ché hanh trinh). Cac vau han ché hanh trinh trén thuong duoc két hop véi chie
nang ting cing cho bo phan dan hoi. Cac vau han ché hanh trinh nay c6 khi dugc
dit trong vo caa giam chan.

e Cic gbi d5 cao su: 1am chirc nang lién két mém. N6 c6 mit ¢ hau hét cac moi
ghép vai khung vo. Ngoai chirc ning lién két, né con cé tac dung chdng rung
truyén tir banh xe 1én, giam tiéng dn cho khoang ngudi ngdi.

3.5.3. Tinh toan cac by phan dan hdi cia hé thong treo doc lap

3.5.3.1. Théng sé dau vao

Bang 3.12: Bang thong s6 dau vao

Thong sb Ky hiéu Gia tri Pon vi

Trong luong ban than G, 225 KG
Phan b6 trén cau trudc Gy, 86,4 KG
Phan bd trén cau sau G,, 138,6 KG
Trong luong toan bo G 435 KG
Phan bo trén cau trudc G, 167,04 KG
Phan bo trén cau sau G, 267,96 KG
Chiéu dai co s L 1532 mm

B6 qua ma sat va khoi lugng phan khong duoc treo. Néu c6 sb ligu vé khoi

luong phan khong dugc treo thi co thé trir di phan khéi lugng nay khi tinh phan luc Z.

Tai trong tinh tac dung 1én hé thong treo trude khi 6 t6 mang day tai (tinh trén

Mot banh xe):

z, =29 IN] (3.67)

Trong d6: G, =G, -G,
e G, - khéi lugng phan bd 1én cau trudc khi 6 t6 mang day tai, G, = 167,04 [kg].
e G, - khdi luong phan khong duoc treo cau trudc [Kg], G, = 37 [Kg]
Giam khéi luong khong duoc treo s& giam duoc luc va dap truyén 1én khung vo.
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G, =167,04—37 =130,04[kg]

130,04.9.8

Z, === =637196(N)

Hé s6 dong luc hoc k,: Néu chon k, nho thi cé sur va dap lién tuc 1én by phan
han ché 1am giam tinh ém ciia xe. Néu chon k, qua 16n s& 1am cho h¢ thdng treo qua
cang. Chon k, thich hop sao cho khi xe chuyén dong trén duong bang tai trong truyén
qua hé théng treo s& gay va dép it. Theo trang 39 - gido trinh két cdu va tinh todn hé
thong treo cua TS Nguyén Hodng Viét dé dam bao diéu kién tranh va dap giira phan
dugc treo va khong duoc treo, hé s dong luc hoc dugc chon trong gidi han ky =1,75
+2,5. Chon k, =2,0.

Tai trong 16N nhét co thé truyén qua hé thong treo trudc:

Z_ =kZ, (3.68)

Suy ra: Z,,, =2.637,196 =1274,392[N]

P vong tinh cia hé thong treo truéc fu:

Do vong tinh hé théng treo quyét dinh dén tan sé dao dong riéng cua hé thong
treo. Do d6 quyét dinh dén do ém diu cia chuyén dong. Theo nghién ctru ngudi ta thiy
rang tan sé riéng cua hé thong treo xe du lich 1a n=60 + 70 (1an /phut) 1a phu hop V&i
con ngudi. Nhu vay ddi véi xe dién ty hanh ta chon n =20 + 30 (lan / phat), twong ng
VGi tan s6 nay co do vong tinh f, =200 + 250 (mm). Ta chon f, =200 (mm).

Po vong dong ciia hé thong treo truéc fae:

Do vong dong f, quan hé chat ché véi hé s6 dong k, . Do vong dong f, 16n thi
d6 ém diu 16n va dé phdi hop véi hé s6 k, 16n, dam bao tiép xuc 16p va mat duong tét.
Pé dam bao cho xe chuyén dong ém diu, hé théng treo con phai c6 dung ning dong du
|6n dé tranh xay ra va dap giira phan dugce treo va khong dugc treo khi 6t6 chuyén dong
trén dudng khong bang phang. Dung ning dong cua hé thong treo 13 cong can thiét dé
1am bién dang hé thdng treo tir vi tri &ng Vai tai trong tinh cho dén gia tri Ion nhat. Pé
taing dung ning dong can phai ting do vong dong hoac do cung cua hé théng treo. Tuy
vay, do vong dong ting sé& lam ting dich chuyén twong d6i cua khung xe so véi banh xe
va do do6 lam:

e Giam tinh 6n dinh cua xe.
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e Phuc tap diéu kién lam viéc cia dan dong lai.
Theo gido trinh két Cdu va tinh todn hé thong treo thi f, cia hé théng treo (ké ca vo
cao su) phu thudc vao f,. Chon déi véi xe dién tu hanh 1a f, =0,25.f,
f, =0,25.200 =50[mm|

3.5.3.2. Tinh todn lo xo tru
Cac cong thic st dung khi tinh toan da dugc xay dung trong sac bén vat liéu,

bao gom:
e Ung suat:
8KZ,D
r=—k= (3.69)
Trong do :

e Z, - Luctac dung lén 10 x0; Z, = 3500 (N)

e D, d - DPuong kinh trung binh cta 16 xo va duong kinh day 10 xo;

e Tachon: D =80 (mm), d=10 (mm).

e K - He s tinh dén sy tang ung suat & bé mit trong cua 1o xo. Hé 6 nay tang khi

giam ty s6 D/d va c6 thé xac dinh theo cong thuc:

=
. 0,615
K= 2D + D =1,184
= =
d d
Tur (3.69) suy ra:
8Kz, D
T, = 7Z'—dI3 =844,2(Mpa)
e Do vong (bién dang) cua 10 xo:
8Z,D°n
f=—0—_ 3.70
Ix Gd4 ( )

Trong do :
e n-Sb vong lam viéc cua 10 xo;
e Tachon:n=10.
e G - Mb dun dan héi xo0én, G = 7,8.10* MPa.
e Suyra: f, =183,8 (mm)

Ix
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Do cung cua 16 xo:

Gd, _
* f, 8D

1904,29(N)

e Vit liéu va g suat cho phép:
Vit lidu ché tao 10 xo cua hé théng treo thuong 1a: 55I'C (55MnSi),c6 (ng suat
[7]=800...1000 MPa khi bién dang cuc dai. Vi 1t < [t] nén thoa man.
3.5.4. Tinh toan b phan giam chan treo trwée doc 1ap
Luc can cua giam chan hé thdng treo dugc tinh:

Z, =KV (3.71)

Trong do6:
e K - Hé s can cua hé thdng treo (giam chan)
e V, -Técdo piston.
e m - Chi sb phu thudc vao két ciu van, két cu 10 tiét lvu m = 1.
Hé sb can K cua hé thong treo that chat 1a hé s can cua giam chan ma qui dan vé

banh xe dugc xdc dinh theo hé s6 tat dan nguy hiém. Ky hiéu K,
Z,=2.CM (3.72)

Trong do:
e C-Do cung cua hé thong treo.
e M - Khbi lugng cua phan duoc treo tac dung 1én hé thong treo do.
e NéuK> Kngh thi dao dong bi dap tat dot ngot gay ra tai trong dong va gia toc
Ion.
e NéuK<< K, qua thi dao dong kéo dai khong c6 loi.

Qua nghién ctu thay hop 1y nhat 1a:

K=%Ky (3.73)

Tacod: W - Hé s dap tat dao dong twong ddi ¥ =0,3
Suy ra:

K=2%.CM (3.74)
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G, 167,04.9,81

C=——=F+—— :8193,312(N)
f, 0,2

M = & — M :167,04(kg)
g 9,81

Trong do:
e G, - Trong lugng cua phan dugc treo tac dung 1én mot banh xe (N)
e f - Do vong tinh cta hé théng treo (m)

e - Giatdc trong trudng g = 9,81[?2}

K =2.0,3./8193,312.167,04 = 701,93{'\'—5}
m

Trong giam chan thuy luc tac dung hai chiéu khong dbi ximg nén luc can cta hanh
trinh tra I6n hon luc can cia hanh trinh nén cua giam chan. Hé sé can caa giam chan c6
thé viét dudi dang tong quat:

K,=¢K (3.75)

Y

& -Hé s6 phu thudc vao loai so d6 dinh hudng va bd tri giam chan.

So @b nhu hinh vé:

Thiung ==
Banh =e O
o _';ur |8 )
CEu
e Fel Qe
Hinh 3.49: So d6 lyee tac dung lén giam chdn
Tirso ddtacod :
Q. =Z,.sinp (3.76)

Theo dinh luat bao toan cong thi: QV =2V,
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Vg
V= (3.77)

Tur (3.76) va (3.77) ta co:
S Q _ KV,
 sing  (sing)™

=K,V =KV (3.78)

11
(sinB)™  (sin B

Véi : ¢=

Goc dit giam chin g = 90°
o
(sin90° )°

Dbi véi giam chan tac dung hai chiéu khong ddi xtimg c6 hanh trinh tra va hanh

Suy ra: ¢ =

trinh nén khac nhau: K, # K

. Kgn + th
Ma: Kg:g“.KthbT

Ta cé: Ky =K,

Véi a - Hé sb thuc nghiém « =3
Suy ra:
K, + Ky, =2K, =2 K

Véi:
Kgn .(l+ a) =2 K

- 2¢ K 2170190 :350’965[N_S}
" (1+a) 1+3 m

Ky =3.350,965 = 1052,895{N—S}
m

Luc can giam chan:
e Hanh trinh nén:

Z =K,V

gn gn""g
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Vi V, = (o,2+o,3)[g} dé phit hop ta chon V, = 0,2[%
Suy ra: Z,, =350,965.0,2 = 70,193[N] [N]
e Hanbh trinh tra:

Z, =K,V

ot gt''g
Z, =1053,895.0,2 = 210,579[N]

Céc thong s, kich thudc co ban cho trudc cua giam chan:

Hinh 3.50: So do tinh giam chan

e Duong kinh piston giam chan d_ = 25(mm)

e Dudng kinh can piston giam chan d, =0,4d  =10(mm)

e BPuong kinh ngoai cua giam chan D = 40(mm)

e Chiéu day cta thanh xi lanh &, = 2,5(mm)

e Hanh trinh piston hp: h =7d =725 =175(mm)

Chiéu dai piston giam chin va cac van b tri trén n6 C = d,= 25(mm)
e Dién tich piston F:

_md;  314x0,025%

F
P 4 4

=4,9x10"

3.5.5. Tinh toian bd phan dan héi hé théng treo sau phu thudc

3.5.5.1. Cdc thong so co ban
Tai trong tinh tac dung 1én hé thong treo sau khi 6 t6 mang day tai (tinh trén mot
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banh xe):

z, =229 I\ (3.79)

Véi G, =G, -G,
Trong do:
e G, - khéi lugng phan bd 1én cau sau khi 6 t6 mang day tai, G,= 267,96 [Kg].
e G, - khbi lugng phan khong duoc treo cau sau, G, = 56 [kg].
e G, =267,96—56 = 211,96 [kg].
 211,96.9,81

Z, = =1039,67(N)

e Hé sd dong luc hoc k, =2.
Tai trong 16n nhét c6 thé truyén qua hé thong treo sau:
Z =k, Z, (3.80)

Z,, =2.1039,67 = 2079,34[N]
Do vong tinh cua hé théng treo sau f,

e Tachon f, =200 (mm).
e D¢ vong dong cua hé thong treo sau f,, .
Theo gido trinh két cdu va tinh toan hé thong treo thi f, ciia hé thong treo (ké ca
Vo €ao su) phu thugc vao f,.
f, =0,25.200 =50[mm|
3.5.5.2. Tinh todn lo xo tru ‘ .
Cac cong thirc stir dung khi tinh toan da dugc xay dung trong strc bén vat liéu, bao gom:

e Ung suat:

 8KZ,D

zl?

(3.81)

Trong do :
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e Z, - Luctac dung 1én 10 xo; Z, = 5000(N)

e D, d - DPuong kinh trung binh cta 16 xo va duong kinh day 10 xo;

e Tachon: D =90 (mm), d=12 (mm).
K - Hé sb tinh dén sy ting tng suat & bé mit trong cua 16 xo. Hé sé nay ting khi giam
ty s6 D/d va c6 thé x4c dinh theo cong thirc:

4D/d-1 0,615
K= +
4AD/d-4 D/d

=1,1973 (3.82)

Suyra:

_8Kz,D

7 =—5—=794,04(Mpa)

T

e Do vong (bién dang) cua 10 xo:

8Z.D°n
f, =—2— 3.83
Ix Gd4 ( )
Trong do :
e n -S4 vong lam viéc cua 1o xo;
e Tachon:n=6.
e G- Mb dun dan héi xoan, G =7,8.10"Mpa.
Suyra: f, =108,173 (mm)
e D¢ cing cua 1o xo:
VA Gd
C, =—%=—2%=4622,22(N 3.84
X f, 8D°n (N) (.84

e Vit lidu va g suat cho phép:
Vit liéu ché tao 10 xo cua hé thong treo 6 to thudng la: 55I'C (55MnSi), ¢6 ung
suit [t]=800...1000 MPa khi bién dang cuc dai. Vi t < [t] nén thoa man.

3.5.6. Tinh toan bd phan giam chan treo sau phu thuac
Lyc can cua giam chan hé thong treo dugc tinh:

Z, = K.ng (3.85)
Trong do6:

e K - Hé sb can cua hé thdng treo (giam chan)

e V,-Toc do piston.
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e m - Chi sb phu thudc vao két ciu van, két cau 10 tiét luu: m = 1.
Hé sb can K cua hé thng treo that chat 1a hé sé can cua giam chin ma qui dan vé

banh xe dugc xdc dinh theo hé s6 tat dan nguy hiém. Ky hiéu K
Koy = 25/CM (3.86)

Trong do:
e C-Do ciing cua hé thdng treo.
e M - Khéi lwong cua phan duoc treo tac dung 1én hé thong treo do.
e NéUK > Ko Thi dao dong bi dap tat dot ngot gy ra tai trong dong va gia tdc
lon.
e NéuK<< Kngn qua thi dao dong kéo dai khong co loi.
Qua nghién ctu thay hop 1y nhat 1a:
K=%K, (3.87)

Trong d6: W - Hé sb dap tit dao dong tuong d6i ¥ =0,3.

Suy ra: K=2¥yCM
= % = 267,96.9,81 = 13143,438( N )
t )
M :g _ 267,96.9,81 _ 267,96(kg)
g 9,81
Trong do:

e G, - Trong lugng cua ph?m dugc treo tac dung Ién mot banh xe.
e f - Do vong tinh cua hé thong treo.

e (- Giatdc trong trudng g = 9,81[?2]

K =2.0,3./13143,438.267,96 =1126[E}
m

Trong giam chan thuy luc tac dung hai chiéu khong ddi xtmg nén luc can cia hanh
trinh tra 16n hon lyc can cua hanh trinh nén cua giam chan. Hé sé can cua giam chan c6

théviét dudi dang tong quat:
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K, =£K (3.88)

Trong do:
e Hé s6 phu thudc vao loai so d6 dinh huéng va bd tri giam chan.
e So dd nhu hinh v&:

Thung xe

e

Hinh 3.51: So dé lye tac dung Ién giam chdn

e TusododotacoH:

Q. =Z,sinp (3.89)
e Suyra:

Vv
V=-1>=2 (3.90)

SINn

Tur (3.89) va (3.90) ta co:
Z = Q _ Ky =K, V"= KV (3.91)
g_sinﬂ_(sinﬂ)mﬂ_ g'g — 2ty )
1 1

C=Gng)™  Ging) (3.92)

e Goc dat giam chan g = 70°

Suy ra:

1

=— =113
(sin70°)?

4

Dbi v6i giam chan tac dung hai chiéu khong ddi xtimg c6 hanh trinh tra va hanh
trinh nén khac nhau: K, # K

Kgn + th

Ky = K=Ky ==

(3.93)
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Ta co:

Kie=aK

9 gn

e V6i a - Hé sb thue nghiem a =3
Suy ra:
Ky, + Ky, = 2K, =2K

Ky(1+a)=2¢K

= 24K 21131126 _ 636,19{E}
1+ ) 1+3 m

th =3.636,19 =1908,57 [N—S}
m
e Luc can giam chan:
Hanh trinh nén:

Z =K,V

gn gn""g

v, :(0,2+0,3)P}

S

Ta chon: Vg = O,Z{E}
S
Suy ra:

Z,, =636,19.0,2=127,238[N]

Hanh trinh tra:

Z, =K,V

gt o g
Z, =1908,57.0,2 =381,714[N]

Céc thong s, kich thudc co ban cho trudc cua giam chan:
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o T T~
dc
! S
dp
dngc
A~ T~ —~4

Hinh 3.52: So dé tinh giam chdn

e Duong kinh piston giam chan d » =30 (mm)

e Duong kinh can piston giam chan d, =0,4d, =12(mm)

e Puong kinh ngoai ciia giam chan D =46 (mm)

e Chiéu day cta thanh xi lanh &, = 2,5 (mm)

e Hanh trinh piston hp: h, =7d = 210(mm)

e Chiéu dai piston giam chan va cac van bd tri trén n6 C = d » =30(mm)

Chiéu dai két cAu cua giam chan |, 1a tong chiéu dai cac bo phan cau thanh né,
bao gom:

e A: Chiéu dai mot nira tai va chiéu day day giam chan. Kich thudc tai giam chan
dugc chon sao cho tng suat trén bé mat cac dng 16t cao su lap trong tai khong
vuot qua gidi han cho phép. Kich thudc tai cling khong duoc qua 1on vi s€ lam
tang kich thuéc va trong luong giam chan. Thuong thudng duong kinh tai
D, =1,35d, - ddi véi cac giam chan nho, D, =1,31d - ddi véi cac giam chan
duong kinh trung binh va D, =1,17d | -d6i voi cac giam chan 16n.

Tachon D, :l,31dIO =1,31.30= 39,3(mm)

e B=(0,4+0,9) dp : Chiéu dai cum van nén ¢ dudi day giam chan, B = 0,5.30= 15
(mm).

e C=(0,75+11) d: Chiéu dai piston giam chin va cac van bd tri trén n6.Vay
chiéu dai piston giam chan ba cac van bd tri trén n6 C = d » =30 (mm)

e E=(0,75+1,5) d,: Chiéu dai bo phan dan huéng can, céc chi tiét lam kin va céc
chi tiét khéc ¢ dau trén ctia giam chan. Ta chon E= d, = 30 (mm)
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F: Chiéu dai phan nho ra cua can giam chan;

e H/2: Khoang cach tir phan nho ra trén can dén duong tuong tng véi vi tri thung
xe ma giam chan lap ndi véiné. H+F = (1,1+1,5) d | =1,2.30 = 36 (mm)

e Chiéu dai két cau cua giam chan thuong khong vuot qué 5d_ va khong nhé hon
2,5d,, tie 1a:1, =D |, =(2,5+5)d  .Ta chon |, =5d, =5.30=150(mm)

e Dudngkinh tai D, =1,31d_ =39,3(mm)

e A e o

lgt“1k+2}1p; let=lx12hp " lenletHp
]| de| |
VARE T leren | o 4k i
-T- IT] ~— Y Rn) (ip 9—‘
| r d‘ ]
R = ¥ R
v '
| il
]gn=1k+hp
"% 5. C hy I S

N

X

L

ol | | e
gz | -

Hinh 3.53: Cdc kich thuéc co ban cia giam chan

e Dién tich piston F:

F ::sz§ :7.104‘[m2] :7[cm2]

p

3.6.Tinh toan, thiét ké hé thong li cho 6 td dién tw hanh

3.6.1.B6 tri hé thong trén xe
Hé thng 1ai thuan ty hanh bao gom hai thanh phan chinh: ddn dong 14i va co ciu

lai. Co cau lai 1a bd chuyén d6i moé men gitra goc quay vong cac banh xe dan hudng va
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goc quay vanh 1ai 16n. Dan dong 14i truyén chuyén dong tir co ciu 1ai dén cac banh xe
dan hudng dong thai dam bao cho cac banh xe dan hudng quay quanh tru ding véi van

téc va goc quay khac nhau nham tranh hién tugng truot khi quay vong.

Hinh 3.54: Bé tri hé thong ldi trén xe

1. Bon kéo ngang, 2. Thanh ring, 3. Ong bao thanh ring, 4. Cac dang,
5. V6 bao banh rang, 6. Khop cau, 7. Vo lang, 8. Pong co tro luc 1ai.

3.6.2. Tinh toan h¢ thong lai
3.6.2.1. Mé6-men Cdn quay vong cua o to
M, =M, +M,+M, (3.9

Trong do:
M6 men sinh ra do luc can lan M1:

M,=fG,a (3.97)

Gox - Trong luong tac dung 1én mot banh xe dan hudng. B4i voi hé théng 14i sir
dung cau truéc voi hai banh ddn huéng thi Gex luc ndy sé bang mot nira tai trong tac

dung 1én cau trudc, hay:

G,, =0,5G,, (3.98)

e G_, - Trong lugng tac dung 1én cau trudc cia xe khi toan tai:
G,, =0,5.2096,04 = 1048,02[ N ]
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e F-Hé sb can lan. Thudng co gia trj trong khoang tir 0,015 + 0,018, ta thuc hién
chon f = 0,015 cho viéc tinh toan.

e a- Canh tay don. Theo quan hé hinh hoc nhu hinh 4.1 dué1 day thi gia tri nay co
thé xac dinh gan ding bang hiéu cua khoang cach 1 voi d6 dai cung quét bai rox
trong mot goc « + S, nghia la:

ax {1— Il M} (3.99)
180

.- Ban kinh lam viéc cia banh xe, do xét dén su bién dang cia I6p nén
., =0,96r,vai r,la ban kinh ty do ctia banh xe dan huéng va ta c6 thé tinh dugc thong
qua thong s6 k¥ thuat cua 16p. Lép ma xe sir dung ¢ ky hiéu 165/60R 14 nghia 1a 16p c6
bé rong B = 165mm, duong kinh vanh banh xe d = 14 inch. Vay tr do ta sé tim duoc

ban kinh tw do cta banh xe dan huéng dugc xac dinh bai cong thirc:

R, :(H +%j=(8x%+%}

=165.0,60+14.25,4/ 2=276,8[mm]

92 . 2
x=R; “12’1 _p M 2’96 ~0,14R,

R, =0,96.R, =0,2657[m]

1

X =R,.(1-0,96°)2

e @ -gbc dodng cua banh xe; & = 2°,

e [3- gbc nghiéng cua truc chuyén huéng; £ =8°.

5 , y . Bl —-m

e L - Khoang cach duoc xac dinh: L =———
Véi vét banh xe B =1,1 m va khoang cach giita hai tim tru quay dtng m = 0,8 m

ta c6 thé tinh duoc khoang cach 1 bang:

11=08

I =0,15[m]
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Thay vao cong thuc (3.99) ta tim duogc:

ax {I = M} = {0,15—0,2657M} ~0,103[m]
180 180

Hinh 3.55: So do tinh todn mé men can quay vong do luc Can ldn tdc dung ¢ banh xe dan
hwong

suy ra: M, = f G,,.a=0,015.2096,04.0,103=3,2[N.m|

Mo men can cta cac phan luc ngang ¢ viét tiép xac banh xe voi mit duong Mz

| o

r
bx

A
//////X/// FERRE S - W

S D

Hinh 3.56: So dé xdc dinh mé men cdn quay gdy ra do luc ngang
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Xét phuong trinh cin bang md men tai tim cua truc banh xe dan hudng ta s& tim

duogc gia tri cia mé men can quay Mz gay ra do luc ngang dugc xac dinh boi cong thurc:
M, =0, G, X=Y X (3.100)
Trong do:

e ¢, - Hé s6 bam ngang ctia banh xe din hudng véi mat duong, hé s6 nay co gia
tri thuong trong khoang tir 0,9 + 1. Ta chon ¢, =0,95
e G,, - Trong luong tac dung lén mot banh xe dan huéng

G,, =1048,02
O

e Y- Luc ngang téng hop
e X - b6 dich vé phia sau cua diém dit lyc ngang tong hop so voi tam dién tich

tiép xuc giira 16p véi mat dudng do sy dan hoi bén cua 16p gy ra, x=0,3 m
Suy ra: M, = ¢, G;, .x =0,95.1048,02.0,3 = 298,68 N.m]

Thanh phdn md men can quay Ms

Khi tinh toan ¢ thé bé qua (do gia tri ciia nd kha nhoé so véi cac moé men thanh

phan khéc) hodc tinh dén bang mot hé sé nao do.

Nhu vay, trén cau trude ¢ hai banh xe dan hudng va thuc hién quy din mé men
can quay cua chung vé truc ra cia co cau lai(thanh ring) thi ta dwoc mé men can quay

téng:

M, +M,)K
MZ:Z( L 2) Ko, (3.101)
laa77d

Trong do:
e M,,M, - Lan lugt 1a cAc md men can lin va md men can cua cac phan lyc ngang
o 774 - Hiéu suat ctia dan dong lai, bai vi ddn dong 14i bao gdm cac khép lién két
va cac don dan dong bé’mg co khi nén van con ton tai cac khe hé va ma sat vi thé

hiéu sut cao nhat ciing chi dat khoang 7,, = 0,98.
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e i, - Tysdtruyén ciia ddn dong lai. Hé thong 1ai sir dung & ddy 1a loai banh ring
- thanh rang, nén truyén dong tir co cau lai dén banh xe din hudng chi qua mot

don kéo vi thé ma ty s6 truyén cta dan dong laii,, =1.
o KM3 - Hé s6 tinh dén anh huong cia mé men 6n dinh cac banh xe din huéng M 3
, khi tinh toén ¢6 thé lay K, =107-115, Ly K|, =11

(M, +M,)Ky, ,(3,2+298,68) 11
I4a7g 1.0,98

Suy ra: M, =2 = 677,68[N.m]

3.6.2.2.Xdc dinh luc can thiét tac dung Ién vé ling.
Khi di c6 mdé men can quay vong tong cong trén truc ra cta co cau lai (thanh

rang) thi ta d& dang xac dinh duogc lyc can thiét tac dung 1én vé ling theo cong thic:

B = I_VIZ (3.102)
R"a)'nth

Trong do6:

e R- Ban kinh v6 lang, theo thong sb ky thuat thi R = 180 [mm] hay 0,18 [m].

e i, - Ty sb truyén dong hoc cua co cau l4i, i, =18,5.

e 7, - Hiéu suat thuan co cau lai, co cdu lai sir dung 14 loai banh ring thanh ring
nho ¢6 thém bo phan ting cudng kha ning dn khép bang 10 xo ép nén co ciu lam
Viéc it bi truot vi thé ma hiéu suat rét cao va dat khoang 7,, =0,99.

M 677,68

Suy ra: P ,=—2—= ’ =205,5[N]
Ri 7, 0,18.18,5.0,99

Gia tri lyc cho phép theo quy chuéan ap dung cho loai xe du lich [Pimax] = 150 =+
250[N], vi vay trong trudng hop bd cudng hoa lai bi hong thi ngudi 1ai van dam bao
diéu khién dugc xe. Nham muc dich dé giam stic lao dong nang nhoc cho nguoi 1ai xe,
ddng thoi tang strc co dong cua 6 to dam bao an toan khi chuyén dong can thiét phai cai
tién hé thong 1ai co khi thanh hé thong 1ai ¢6 cudng hoa.

3.6.2.3.Tinh chon dong co lai
Tinh moémen quy dan vé tryc lai

Ta c6 cong thuc:
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M, = —° (3.103)
Ic'ld '77t

Trong do:

e M, — momen quy dan Vé truc lai
o oo ty s6 truyén co céu 14i, l, =234
e i,—ty sb truyén cua dan dong lai, chon i, = 0,95

e 7, -hiéu suat thuan cta co ciu 14i, chon n,=0,72

Thay céc gia tri trén vao cong thirc ta co:

Mgy =- MC = 677,68 =42,3[N.m]
I, 1,7, 23,4.0,95.0,72
Cong suat dong co lai:
Noo =My @ (3.104)

e S6 vong quay trung binh truc 14i n = 100 v/ph.

e Suy ravan téc goc
Nz
w=—=10,47(rad / 5)
30

Suyra: N, =42,3.10,47 = 442.8N

Sau khi tinh toan nhom chon dong co cho hé thng 1i 1a dong co Pong co DC

nam cham vinh ctu EPS 450W

Bang 3.13: Théng sé dong co EPS 450W

Thong so Gia tri
Higu dién thé dinh muc 12V

Toc do dinh muc 1500 rpm
Cong suat 450 W
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Cuong do dong dién 70 A
Momen xoan dinh muc 3,3N.m
i // oﬂa ;>
]

L/
[F[F T35

[ IR
e —

1l

lUss

B

Hinh 3.57: Dong co EPS 450W

3.7.Tinh toin 6n dinh cho xe di¢n tw hanh

3.7.1.Tinh 6n dinh doc ciia 8 to.
Tinh on dinh doc tinh cta 6 t6 1a kha nang dam bao cho xe khong bi lat hoac bi

truot khi dimg yén trén duong dbc doc.

Hinh 3.58: So dé tinh én dinh doc ciia 6 16

Theo [16] truong hop xe dtng trén déc quay dau 18n, khi goc dbc a ting dan cho
ti lac banh xe trudc nhac khoi mat duong, luc d6 hop luc Z1 = 0 va xe s& bj 1at quanh
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diém O2. Bé x4c dinh goc doc gisi han ma xe bi lat 6 khi dimg quay dau 1én déc, ta lap
phuong trinh momen cua tic ca cac luc ddi véi diém O rdi rat gon vai Z1 = 0 s& duoc:

tga, :hR (3.105)

g
Suy ra:

b 752
= arctg —= arctg — =50,5"
% o 9620

g

Truong hop khi xe dimg trén dbc quay dau xudng ta ciing lam twong tu bing cach

ldy momen ddi vé6i diém Oy, thay Z» = 0 rdi rut gon ta duoc:

tge, = (3.106)
hg
Suy ra: a, = arctg a_ arctg s _ 51,5°
h, 620
3.7.2.Tinh 6n dinh ngang cia 6 to.
M,
{ \“sﬁ. \
i\ \ ;. =
R | 5e (=}
e 3,
s = —
y D
‘CD » \\.O‘ o (4

Hinh 3.59: So do luc tic dung 1én 6 t6 khi chuyén dong trén dwong nghiéng ngang
Mijn: momen cua cac lyc quan tinh tiép tuyén tac dung trong mat phiang ngang khi

xe chuyén dong khong 6n dinh

Khi goc B tang dan téi gisi han, xe bi lat quanh diém A. Lic nay Z”* = 0, ta 1ap
phuong trinh momen cua tac ca cac luc dbi véi diém B, vi tri s6 ctia Mjn nho c6 thé bo

qua ta duoc:
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_B
2h,

9 (3.107)

B 860
Suyra: B = arctg— = arctg —— =34,74°
yra: f g 2h g 2.620

9

Tinh 6n dinh dong ngang khi 6 t6 chuyén dong quay vong trén dudng nghiéng ngang:

M jo
|
)‘v"_ -
]
/ !
i /]
!") —_— =/
i 7/ Sl
b/ /4
o/ [~_17 [ ]
=7/ /T / / }1_\
/ / fgl L] Pl [ /
/ T "J‘/ / “ o f(' By / ,@”’{»v /"I\
- { / LA [ o
O'r:l o/ o - “;, “v‘v"’
4 b 5
o gy 4
Z /‘ i
7 |
/ Zr

Hinh 3.60: So do luc tdac dung 1én 6 16 khi chuyén dong quay vong trén dwong nghiéng ngang

P:Gf

— 3.108
YR (3.108)

P : luc ly tam,

Khi goc B tang dan, dong thoi dudi tac dung cua luc P xe s& bi 1at d6 quanh mat
phing di qua Oz tng Vi van toc gidi han va hop luc Z*’= 0. Lap phuong trinh can

bang momen ddi véi diém Oy va rat gon ta duoc:

gR(;—tgﬁj
g
v = (3.109)

"\ 1+B/2htgs

Vi :

e B: goc dbc giGi han khi xe quay vong bi lat do;

e R: ban kinh quay vong cua 0 t0;
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e Vn: Van téc chuyén dong quay vong gidi han;

081315 2% _1g(3474)
- 2.0,62
. 0,86

+
2.0,621tg(34,74)
v, =0,035(km/ h).

Truong hop 6 t6 chuyén dong trén duong ngang phang (B = 0), van tdc giéi han

khi quay vong véi ban kinh quay vong nhé nhat dugce tinh theo cong thuc:

v, = 2R :\/860'3’15 ~1,47(m/s)=529(km/ h)
" =\ 20, 2:620
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CHUONG 4: COSO LY THUYET VE XU LY ANH

4.1. Kién thirc nén tang vé hinh anh sé
4.1.1. Pixel — Pon vi co' can caa anh
a. Khai niém

Pixel (picture element) 1a phan tir nho nhat cdu thanh nén mét buc anh ki thuat
s6 [7]. Vé ban chat, khi ta s6 hoa mot anh tir thé gigi thuc (anh “lién tuc”), may tinh s&
chia toan bd vung anh thanh mot ludi déu dan, mdi 6 vuong trén ludi dugc goi la mat
pixel.

MOi pixel luu trit mot gid tri $6: voi anh xam 13 cuong d6 anh sang (0 t6i nhat —

255 sang nhét véi 8-bit), véi anh mau 13 bo ba gia tri (R, G, B).

Khi ta phong to anh, néu kich thude pixel qua 16n so vi mat thuong, sé nhin thay

10 ranh gidi gitra cac 6 vuodng, goi la hién tuong “vd anh”.

Hinh 4.1: Piém danh (Pixel)

b. Quy trinh s6 hoa

e Lay miu (Sampling): Xac dinh s6 hang va sb cot cia luéi pixel. Tan suat lay
mau cang cao (nhiéu pixel) thi anh cang gan vai anh géc.

e Luwong hoa (Quantization): Gan mdi pixel mot gia tri roi rac dya trén thang bit
da chon (8-bit, 16-bit, v.v.). D9 sau bit (bit depth) quyét dinh tong s6 mic gia tri
(vi du 8-bit = 256 muc).
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c. Tac dong dén chat lwong anh

e V6i cung kich thuéc vat 1y, pixel cang nho (nhiéu pixel) = do chan thuc va chi
tiét cang cao.
e Néu sb pixel qua it hodc do sau bit qua thap, anh s& bi rd, mat chi tiét, gap hién
tuong “vd anh” khi phong to.
4.1.2. Do phan giai
a. Pinh nghia
Do phén giai cia anh 1a chi sé thé hién sb lwong diém anh (pixel) theo chiéu rong

va chiéu cao ctia anh. N6 phan anh muc do chi tiét va do sic nét ma anh co thé hién thi.

e D06 phan giai khong gian (Spatial Resolution): So pixel theo chiéu ngang x chiéu
doc, vi du 1920x1080.

e DO phan giai in/trén man hinh (DPI/PPI): S6 pixel (hoic chdm muyc) trén mdi
inch; thuong dung 300 DPI cho in 4n, 72 PPI cho man hinh.

Vi du: BJ phan giai cia anh trén man hinh CGA (Color Graphic Adaptor) la mt
luGi diém theo chiéu ngang man hinh: 320 diém chiéu doc * 200 diém anh (320*200).
R rang, cung man hinh CGA 12” ta nhan thdy min hon man hinh CGA 17” d6 phan
giai 320*200. Ly do: cuing mot mat do (d0 phan giai) nhung dién tich man hinh rong
hon thi d6 min (lién tuc cua cac diém) kém hon. Cac d6 phan giai thuong dung dugc thé
hién qua hinh 4.2.

8K

7680 x 4320 px

4K

3840 x 2160 px

QHD

2560 x 1440 px

FHD

1820 x 1080 px

HD

1280 x 720 px
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Hinh 4.2: Cac d¢ phdn giai cua anh

b. Anh hwéng dén &ng dung

e In 4n: DO phén giai thap giy in mo, rd; dit ngudng téi thiéu ~300 DPI dé bao
dam chat luong.

e Xuly anh: Anh d6 phéan giai cao chira nhiéu chi tiét, nhung ting ganh nang xu ly
(RAM, thoi gian tinh to4n). Trai lai, anh do phan giai thip xir I nhanh nhung
giam chinh xac khi phat hién bién, nhan dang di tuong.

4.1.3. Mirc xam va phz:m loai anh ‘ ’ q
Muc xam cua diém anh 1a cuong do sang ctia nd dugc gan bang gia tri SO tai diém

do.

Grayimage Binary Image

Hinh 4.3: Anh xam (bén trai) va anh nhj phén (bén phai)

Anh xam (Grayscale)
Chi chtra mot kénh dix liéu: gid tri tir O (den) dén 255 (trang).

Anh xam c6 wu diém 1a don gian, tiét kiém b nhé va thudng dung 1am budc tién

xtr Iy cho nhiéu thuat toan (Canny edge, thresholding,..).
Anh nhi phén (Binary)

Mai pixel chi c6 hai mic {0,1}. Puoc tao tir anh xam qua ngudng (threshold).

Vi du nhu thuat toan Otsu’s method tu sinh ngudng tdi wu dé tach d6i twong — nén.
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Anh nhi phan dugc tng dung rong rii trong phan doan anh, dém sb tuong, trich

bién.

Original Image BINARY BINARY_INV

E B

TRUNC TOZERO TOZERO_INV

] 3

Hinh 4.4: Céc ky thugt xi 1y anh nh; phdn

Anh mau (Color)

Trong khuon khd 1y thuyét ba mau RGB (Red, Green, Blue) dé tao nén thé gioi
mau, ngudi ta thuong ding 3 byte dé mo ta mirc mau, khi d6 cac gia tri mau: 28*3=224~
16,7 triéu mau. Puoc luu trir dudi dang ba ma tran doc lap cung kich thuéc, mdi ma tran

chira gia tri cuong d6 ciaa mot kénh.

Anh mau duogc ¢ng dung cao trong viéc phan tich mau, nhan dién bién bao, theo

dai vat thé theo mau sic.

4.1.4. Khong gian mau
RGB (Red-Green-Blue)

Mau dugc thé hién bang cuong d6 pha tron cia ba kénh do, luc, lam. Giup twong

thich truc tiép vdi cach hién thi man hinh, thao tac pha trong don gian.
HSV (Hue-Saturation-Value)

Hue (H): Goc (0°-360°) trén vong mau, xac dinh “mau thuan” (do, cam, vang,

V.\V).
Saturation (S): Do tinh khiét ciia mau (0 = xam, 1 = nguyén mau).
Value (V): D6 sang (0 = den, 1 = sang nhat).
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Uu diém ctia HSV 1a dé dang tach phan thong tin mau (H,S) khoi do sang (V), rat thuan

tién cho cac budc tién xir Iy nhu can bang sang hay loc nhiéu.

120°

Saturation

Hinh 4.5: M6 hinh gid tri bdo hoa sdc dé (HSV)
CMYK (Cyan—Magenta-Yellow-Key)

Chu yéu dung trong in 4n: Cyan, Magenta, Yellow 12 ba mau co ban; kénh Key

(den) gitip in ving den sau, tiét kiém muc.

Ung dung: Trén mot nén gidy trang, khi mdi mau nay duoc in 1én sé& loai bo dan
di thanh phan mau tring. 3 mau C, M, Y khéac nhau in theo nhitng ti I¢ khac nhau sé loai
bo di thanh phan d6 mét cach khac nhau va cudi ciing cho ta mau sic can in. Khi can in
mau den, thay vi phai in ca 3 mau nguoi ta dung mau den dé in 1én. Nguyén 1y nay khac
V6i nguyén 1y 1am viéc cua hé RGB & chd hé RGB 1a sy két hop cua cac thanh phan

mau, con hé CMYK 1a su loai bo 13n nhau cta céc thanh phan mau.
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Y

Hinh 4.6: Khong gian mau CMYK

4.15. Anh s6 hoa
Anh s6 hoa 1a két qua sau khi anh analog (lién tuc) da qua hai buéc sampling va

quantization. Két qua 1a ma tran s6 ma mdy tinh c6 thé luu trit, Xir Iy vaa truyén tai. Anh
s6 hoa d& dang ap dung cac phép toan ma tran (nhu convolution, bién ddi Fourier); hd
trg metadata (EXIF) luu thong tin chup, thiét bi, ving GPS; cho phép thuc hién hang

loat thuat toan: loc nhiéu, phat hién canh, phan doan, nhan dang dbi twong, hoc séu,..
Ciu tric lwu triv:

e Anh xam: ma tran 2D kich thuéc HXW, m&i phan tir 1a gi tri tir 0 dén 255.
e Anh RGB: gdm ba ma tran 2D HxW (R,G,B).
e Anh CMYK: gom bén ma tran HXW

4.2. Visual Studio Code
4.2.1. Gigi thi¢u
Visual Studio Code (VSCode) 13 mot trinh soan thio ma ngudn mé va mién phi

duoc phat trién boi Microsoft. Puoc thiét ké nham mang lai trai nghiém lam viéc hiéu
qua cho cac nha phat trién phan mém, VSCode nhanh chéng trd thanh mét trong nhiing
cong cu phd bién nhét trong cong dong lap trinh. Bai tiéu luan nay s& tap trung vao viéc
thao luan vé nhitng tng dung quan trong ciia Visual Studio Code va tam anh huéng caa
n6 d6i v6i qua trinh phat trién phan mém.

4.2.2. Pic diém
Giao dién nguoi dung don gian va linh hoat:
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Giao dién than thién, giup ngudi dung dé dang 1am quen va sir dung.

Kha nang tuy chinh giao dién theo s¢ thich c4 nhan, cho phép ngudi dung diéu

chinh khéng gian lam viéc theo nhu ciu riéng.
H& tro' nhiéu ngén ngir 1ap trinh:

VSCode cung cap hd trg cho nhiéu ngén ngit 1ap trinh pho bién, tir C++ va Java

dén Python, JavaScript, TypeScript, va nhiéu ngén ngit khac nira.

Cung cip céc tinh ning thong minh nhu goi y ma, kiém tra 151, va dinh dang ma

tu dong.
M&éi truong phat trién da nhiém:

H& trg mé nhiéu tab va ctra s6 cing mét luc, giup ngudi dung dé& dang chuyén

doi gitra cac file va dy an.

Cung cap tinh nang phan chia man hinh dé c¢6 thé xem va so sanh nhiéu phan cua

mi ngudn ciing mot lic.
Tich hop Git va kiém soat phién ban:

Tich hop sin véi Git, gitp ngudi dung quan 1y phién ban ma ngudén mot cach

thuan tién.

Cung cap cac cong cu gitp theo ddi thay do6i, hop nhat (merge) ma ngudn, va

xem lich sir commit.
Hé th6ng mé rong va Extensions:

Kha nang mé rong manh mé qua cac extensions, giap mé rong chirc nang va tinh

nang cua VSCode.

Cong dong 16n va tich hop truc tiép tir trinh duyét gitap ngudi ding dé dang cai

dat va quan ly céc extensions.
Hiéu suat va twong thich:

Visual Studio Code duoc tdi wu hoa dé hoat ddng muot ma va hiéu qua trén nhiéu
hé diéu hanh, bao gdbm Windows, macOS va Linux.

H6 trg da nhiém va lam viéc hiéu qua trén ca nhitng du an 16n va phuc tap.
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Hd tro cong dong va phién ban mi ngudn mé:

Puoc xdy dung trén ma ngudn mo, gitp cong ddng dong gop vao sy phat trién

va cai tién lién tuc cta cong cu.

Cung cép tai liéu chi tiét va dién dan hd tro truc tuyén dé nguoi dung c6 thé chia
sé kinh nghiém va giai dap thac mic.
4.3. Ngon ngir lap trinh Python

4.3.1. Giéi thiéu
Python 12 mot ngdn ngit lap trinh duoc sir dung phd bién ngay nay tir trong moi

truong hoc duong cho t6i cac du 4n 16n. Ngon ngit phat trién nhiéu loai tng dung, phan
mém khac nhau nhu cac chuong trinh chay trén desktop, server, 1ap trinh cac ang dung
web... Ngoai ra Python ciing 1a ngdn ngir ua thich trong xay dung cac chuong trinh tri
tué nhén tao trong d6 bao gdm machine learning [8]. Ban dau, Python dugc phat trién
dé chay trén nén Unix, nhung sau nay, n6 da chay trén moi hé diéu hanh tir MS-DOS

dén Mac OS, 0S/2, Windows, Linux va cac hé diéu hanh khéc thudc ho Unix.

Python do Guido van Rossum tao ra nam 1989. Python dugc phat trién trong mot
du 4n md ngudn ma, do to chie phi loi nhuan Python Software Foundation quan 1y. du
su phat trién cua Python c6 sy dong gop cua rat nhiéu ca nhan, nhung Guido van Rossum
hién nay van 1a tac gia chi yéu cua Python. Ong giit vai trd chii chdt trong viéc quyét
dinh hudng phat trién caa Python.

4.3.2. Dic diém , ,

Python la ngén ngt ¢6 hinh thitc don gian, ct phap ngan gon, st dung mot so6
lugng it cac tir khoa, do d6 Python 13 mot ngon ngit d& hoc dbi vai nguoi mai bat dau

tim hiéu. Python 13 ngdn ngir ¢ ma 1énh khong may phuc tap.

Python ¢6 nhiéu tng dung trén nhiéu nén tang, chuong trinh phan mém viét bang
ngdn ngit Python c6 thé duoc chay trén nhiéu nén tang hé diéu hanh khac nhau bao gom
Windows, Mac OSX va Linux.

4.4. Thu vién OpenCV
4.4.1. Gioi thi¢u
OpenCV (Open Source Computer Vision Library) 1a mét thu vién ma ngudn mé

rat pho bién dung trong linh vuyc thi gidc may tinh (computer vision) va xir ly anh (image
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processing). N6 duogc viét bang C++ nhung c6 giao dién hd trg nhiéu ngon ngit, trong
dé co Python.
4.4.2. Dic diém
e H0 tro doc, ghi va xir 1y anh, video, webcam.
e Cung cép cac thuat toan nhu phat hién canh, nhan dién khuon mat, phan doan
anh, theo doi vat thé,...
e Tich hop tét véi NumPy dé thao tac dit liéu anh nhu mang s hoc.
e (o kha nang hoat dong thoi gian thuc, thich hop cho cac trng dung Al robot, va
xe tu hanh.
4.4.3. Vai tro trong chwong trinh
Dung OpenCV dé doc hinh anh tir camera hoac video, xt 1y dir liéu hinh anh, vé
bounding box sau khi nhan dién tir YOLO va hién thi két qua 1én giao dién.
4.5. Thw vién NumPy

45.1. Gigi thiéu
NumPy (Numerical Python) 12 mét thu vién cdt 16i cuia Python dung dé tinh toan

khoa hoc, dac biét 1a cac phép toan trén mang va ma tran.
4.5.2. Pic diém

e Xir Iy mang nhiéu chiéu (ndarray) cuc ky hiéu qua.

e Cung cip hang trim ham toan hoc.

e Lanén tang caa nhiéu thu vién khac nhu OpenCV, Pandas, SciPy,...
4.5.3. Vai tro trong chuwong trinh

NumPy hd tro cac thao tac xur 1y anh s, vi du nhu trich xuat pixel, chuyén doi

dinh dang anh, va xt 1y dit liéu dau ra tir mé hinh YOLO.
4.6. Thw vién threading

4.6.1. Gi6i thigu
Pay 1a thu vién chuan trong Python hd tro lap trinh da ludng (multithreading),

cho phép thuc thi nhiéu tac vu déng thoi trong mot chuong trinh.
4.6.2. Pic diém
e D& sir dung dé tao cac ludng (thread) mai.
e Phu hop Véi cac tac vu can chay song song nhu doc dit liéu lién tuc tir camera

hozc thiét bi ngoai vi.
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e Hiru ich trong giao dién nguoi dung, gitp chuong trinh khong bi ding khi thyuc

hién cac tac vu nang.

4.6.3. Vai tro trong chwong trinh
Dung threading dé xir Iy dong thoi viéc doc camera, nhan dir liéu tir cong serial
va cap nhat giao dién ma khong bi xung dot hay treo giao dién.

4.7. Thw vién pySerial
4.7.1. Gigi thi¢u

PySerial 13 thu vién giao tiép qua cong ndi tiép (UART, USB-COM) giita may
tinh va céc thiét bi phan cing nhu Arduino, ESP32,...

4.7.2. Pic diém
e Dé dung, hé tro ca Windows va Linux.
e (o thé doc va ghi dir liéu chudi tir thiét bi ngoai Vi

4.7.3. Vai tro trong chwong trinh
Str dung serial.Serial() dé truyen dir liéu nhan dién tir may tinh dén vi diéu khién
diéu khién thiét bi phan ctng nhu servo hodc dong co.
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CHUONG 5: CAC VAN PE XU LY ANH TREN MO HINH XE DPIEN

5.1. Gigi thiéu vé hé théng xir Iy anh 7 o

Xt 1y anh 1a qua trinh itng dung cac thuat toan dé phan tich va bién doi hinh anh
k¥ thuat sd, giup cai thién chét lugng hoic trich xuat thong tin hiru ich. V& ban chat, moi
birc anh - tir anh chyp thong thuong, video dén anh y té X-quang - déu duoc cu thanh
tir mot ma tran cac diém anh (pixel). Qu4 trinh xtr Iy bao gdbm nhiéu thao tac co ban nhu
diéu chinh d6 trong phan dé 1am ndi bat chi tiét, ap dung bo loc khtr nhiéu hay 1am mo,
thuc hién cac phép bién d6i hinh hoc, ciing nhu nén dit liéu dé tiét kiém dung luong luu
trit. Khac voi xtr Iy anh analog truyén thdng, xt Iy anh sé bang may tinh cho phép thyuc
hién cac thuat toan phuc tap mot cach linh hoat va chinh xac hon. Linh vuc nay dong
vai tro then chdt trong nhiéu ang dung thyc té, tir nang cap chat lugng anh thong thuong
dén cac hé thdng thi giac may tinh tién tién nhu nhan dién khuén mit, Xe ty hanh hay
chan doan y té, mg ra nhitng kha niang vo tan trong viéc khai thac thong tin tir dir liéu
hinh anh.

5.2. Cac Budére trong qua trinh xi ly anh ( Image Processing )

5.2.1. Thu nhan anh (IMAGE ACQUISITION)
La budc dau tién quan trong nhat trong qua trinh xir Iy anh, quyét dinh chat luong

dir liéu dau vao. Qua trinh nay chuyén doi thong tin tir thé gidi thuc thanh tin hiéu s6 dé

may tinh xir 1y, 1 s6 hé thdng thu nhan anh bao gom :

e Thiét bi thu anh (camera, cam bién).
e Phin cang xir 1y tin hiéu (ADC — Analog-to-Digital Converter).Méi trudng
truyén dan (cap quang, khong day).
e Céc thanh phéan chinh trong hé théng thu nhan anh bao gdm ngudn sang, cam
bién anh, 6ng kinh, bd chuyén doi tin hiéu ADC
5.2.2. Tié‘n xw ly anh (Pre-processing) ’

Tien xtr ly anh la budc quan trong nhat trong pipeline xtr Iy anh, giap cai thi¢n
chat luong dir liéu dau vao truéc khi ap dung cac thuat toan phan tich phic tap. Muc
tiéu chinh 1 khtr nhidu, chuan hoa va ting cudng dic trung anh. Viéc lya chon dung ky
thuat s& quyét dinh 70% do chinh xéac cua toan bd hé théng. Cac phuwong phép truyén
théng (loc Gauss, Canny) van hiéu qua, nhung xu huéng Al-based pre-processing dang

dan chiém wu thé nho kha ning xtr Iy cac trudng hop phic tap
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5.2.3. Phan doan anh ( segmentation)
Phén doan anh 13 1 budc nham chia 1 hinh anh sé thanh nhiéu ving hodc dbi

tugng c6 y nghia riéng biét. Muc tiéu chinh cia segmentation 1a tach biét cac thanh phan
trong anh dé dé dang phan tich, nhan dién hoic xur 1y thém. Mdi ving duoc gan nhin
hoidc phén loai, gitip may tinh hiéu dugc ndi dung cua anh. Tuy nhién, viéc chon phuong
phap phu hop phu thudc vao dic diém cua bai toan va tai nguyén san co.
5.2.4. Trich xué"it dac trung

Trich xuat dac trung (feature extraction) 1a mot budc quan trong trong xur 1y anh
va thi gidc may tinh, nham xé4c dinh va biéu dién cac dic diém quan trong cia anh duéi
dang s6 hoc dé phuc vu cho cac tac vu nhu nhan dién, phan loai, hoic phan doan. Két
qua sau khi trich xuét 1a 1 tap hop céac dic trung dudi dang vecto sb, thay vi 1a dit liéu

pixel géc.
Céc loai dic trung thuong bao gom :

e Bién (edge ): ung dung trong nhan di¢n vach ké duong

e Géc (angle): Cac goc duoc sir dung dé tim cac diém khép (keypoints) giita cac
anh, hd tro ghép anh panorama.

e Vung (Blobs): Xac dinh cac vung dac trung nhu mat, banh xe, hodc cac bo phan
co thé trong anh.

e K&t cau (texture): Phat hién cac mau két cau bat thuong trong mo (vi du: mé

ung thu trong anh siéu am).

5.2.5. Nhan dang va phan loai anh (image recognition and classification)
Nhan dang (recognition) va phan loai (classification) trong xtr 1y anh la hai qua

trinh quan trong cua thi giac may tinh, dong vai tré quan trong trong viéc gitip may tinh
hiéu va dién giai noi dung hinh anh mot cach tu dong, twong tu nhu cach con ngudi nhan
biét thé giai.

Nhan dang lién quan dén viéc xac dinh va dinh danh cac d6i tugng, mau hoic
dic diém cu thé trong anh (vi du: nhan dién mot con méo, mét bién bao giao thong, hoic
mot khuon mat), trong khi phan loai tap trung vao viéc gan nhan cho toan bo anh hoac

cac ving trong anh vao mot hodc nhiéu danh muc duge xac dinh trude (vi du: phan loai
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anh 13 "ch6" hay "méo", hodc xac dinh mot anh y khoa 1a "binh thuong” hay "bat
thuong™).
5.2.6. Hau xi ly (post:processing ) 7

La giai doan cuoi cung trong xur ly anh. Pay la budc dé tang cuong dd chinh xac
10 rang cua két qua dam bao pht hop voi yéu cau caa bai toan Vai Sy phat trién caa hoc
sau, cac phuong phap hau xir Iy nhu CRF hoac cac mo hinh tinh chinh dya trén mang
no-ron dang ngay cang pho bién, nhung cac ky thuat truyén thong nhu morphological
operations van giit vai trd quan trong trong cic (ng dung don gian hoic han ché tai
nguyeén.
5.3. Cac thanh phin co ban cia hé thong xir Iy anh

5.3.1. Piu do (image sensor)
DPau do 1a thiét bi quang dién tir chuyén doi anh sang thanh tin hi¢u dién, dong

vai trd thu nhan hinh anh tir méi truong thuc té. Cac loai cam bién phé bién bao gom
CCD (Charge-Coupled Device) va CMOS (Complementary Metal-Oxide-
Semiconductor).

5.3.2. B s0 héa (Digitizer/Analog-to-Digital Converter - ADC) ’

Bo so hoa (Digitizer), hay con goi la bd chuyén doi analog sang so (Analog-to-
Digital Converter - ADC), 1a mét thanh phan quan trong trong hé thong xir Iy anh, dong
vai tro chuyén doi tin hiéu analog (tir dau do hoac cam bién hinh anh) thanh tin hiéu s6
dé may tinh c6 thé xur Iy. Trong xir Iy anh, b s6 héa dam bao dit liéu hinh anh duoc
biéu dién dudi dang so (pixel values) dé phuc vu cac tic vu nhu phan tich, nhan dang,
hoac luu trir.

5.3.3. Qng kinh (lens) ‘ ’

Ong kinh (Lens System) 1a mét thanh phan quan trong trong hé thong xu 1y anh,
dong vai tro thu nhan va tip trung anh sang tir méi trudng thuc té 1én cam bién hinh anh
(nhu CCD hozc CMOS) dé tao ra hinh anh ¢6 chat lugng cao. Ong kinh quyét dinh céc
dic diém nhu truong nhin, do sac nét, do phong dai, va kha nang thu nhan anh sang, tir
d6 anh huong truc tiép dén dit liéu dau vao cho cac budc xur 1y anh tiép theo.

5.3.4. By xir ly trung tam (CPU) ‘

Bo xt ly trung tam, bao gom CPU (Central Processing Unit), GPU (Graphics

Processing Unit), va TPU (Tensor Processing Unit), 14 cac thanh phan phan cing cét 16

trong hé théng xt 1y anh, chiu trach nhiém thuc hién cac phép tinh can thiét dé phan

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 122



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

tich, xtr 1y va dién giai dir liéu hinh anh. Mdi loai bo xir 1y c6 dic diém riéng, phu hop
V6i cac tac vu khac nhau trong xtr 1y anh, tir cac thudt toan truyén thong dén cac mé hinh
hoc siu phuc tap.Viéc lya chon b xt 1y phu thudc vao yéu cau cy thé vé toc do, do
chinh xdc, va chi phi cta bai toan.

5.3.5. Bo nhé (Memory) ‘ o ,

Bo nhé (Memory) 1la mét thanh phan thiét yeu trong hé thong xir Iy anh, dong vai
tro luu trit tam thoi hodc 1au dai dit liéu hinh anh, cac dic trung trich xuat, mo hinh xir
1y, va két qua dau ra trong qua trinh xr ly. B4 nhé dam bao rang dit liéu duoc truy xuat
nhanh chéng va hiéu qua dé hd tro cac tac vu tinh toan, dic biét trong cac tng dung yéu
cau xir Iy anh d6 phan giai cao hoac thoi gian thuc. Dudi day 1a trinh bay chi tiét vé bo
nhd, bao gdm khai niém, chirc ning, cac loai, thong s6 k¥ thuat, tng dung, thach thic,
va xu hudng trong xur 1y anh.

5.3.6. Giao dién dzflu ra (Oytput Interface) , ‘ ‘ 7

Giao dién dau bao gom tap hop cac thiét bi, phan mém, hoac giao thirc dung d¢
hién thi, luu trit, hoac truyén két qua xu 1y anh tir hé théng dén nguoi dung cubi hoic
cac hé théng khac. Két qua c6 thé 13 hinh anh duoc xir 1y, mask phan doan, bounding

box, van ban mo ta, hoac dir li¢u phan tich.

Giao dién dau ra 1a thanh phan cudi cung trong hé thdng xir Iy anh, dam bao két
qua duoc trinh bay, truyén tai, hoic luu trir mot cach hiéu qua va dé str dung. Tir man
hinh hién thi, APIL, dén giao thirc mang, giao dién dau ra dap tng nhu cau da dang cua
cac ung dung nhu y khoa, xe tu hanh, an ninh, hoac nhiép anh. Viéc thiét ké giao dién
can can nhic giita toc do, tinh twong thich, va trai nghiém ngudi dung dé téi vu hoa hiéu
qua hé thng.

5.4. Nhirng van dé trong xir ly anh

5.4.1 . Bién d6i anh
Bi¢n doi anh (image transformation) trong xu 1y anh la qua trinh thay doi cau

tric, ndi dung hoic dic diém caa mot hinh anh sé dé phuc vu cac muc dich nhu cai thién
chat lugng, chuan hoa dir liéu, hd tro phan tich, hodc dap tng yéu cau cia ang dung cu
thé, va né dong vai tro quan trong trong nhiéu linh virc nhu y khoa, xe ty hanh, nhan
dién ddi tugng, va chinh stra anh. Cac loai bién d6i pho bién bao gom bién d6i hinh hoc
(geometric transformation) nhu xoay, dich chuyén, co gidn, hoic bién dang dé diéu

chinh goc nhin, can chinh anh, hozc sira bién dang 6ng kinh; bién d6i cudng do (intensity
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transformation) nhu diéu chinh d6 sang, 46 twong phan, hoic can bang histogram dé
ting cuong kha ning doc cua anh; va bién d6i khéng gian mau (color space
transformation) nhu chuyén tir RGB sang HSV dé hd trg phan tich mau sac.
5.4.2. Nén anh

Nén anh (image compression) trong xu 1y anh la qua trinh giam kich thudc dir
licu cia mot hinh anh s nham tiét kiém khéng gian luu trit, ting toc do truyén tai, hoic
giam tai tinh toan, dong thoi ¢ gang duy tri chat lwong hinh anh & mic chap nhan duoc,
dong vai trd quan trong trong cac (ng dung nhu luu trit anh, truyén video, y khoa, va xir
Iy anh thoi gian thue. Nén anh duogc chia thanh hai loai chinh: nén khong mat dir liéu
(lossless compression) nhu PNG, GIF, hoac ZIP, giir nguyén toan b thong tin gbc, phu
hop cho anh y khoa hoic tai liéu can d6 chinh xac cao; va nén mat dir liéu (lossy
compression) nhu JPEG, MP4, giam chét luong khong dang ké dé dat ty 1¢ nén cao, 1y
tuéng cho nhiép anh, truyén thong, hoic tng dung web. Cac k§y thuat nén phd bién bao
gom bién d6i tan s (nhu Discrete Cosine Transform trong JPEG) dé loai bo dit liéu tan
s6 cao it anh huéng dén mat nguoi, ma hoa entropy (nhu Huffman hoic Run-Length
Encoding) dé giam d6 du thira, va k¥ thuat dua trén hoc sau dé t6i vu hoa nén thong
minh.
5.4.3. Xir ly nang cao ch,?it Iwgng anh

Xtr ly nang cao chat lugng anh (image enhancement) trong xtr ly anh la qua trinh
ap dung cac ki thuat dé cai thién chat luong hinh anh vé mat thi giac hodc tinh toan,
nham lam ndi bat cac chi tiét quan trong, ting do rd nét, giam nhidu, hoic chuan bj di
liéu cho cac tac vu nhu phan tich, nhan dang, hodc phan doan, dong vai tro thiét yéu
trong céc linh vyc nhu y khoa, nhiép anh, giam sat an ninh, va xe tu hanh. Cac k¥ thuat
pho bién bao gom diéu chinh do sang va do tuong phan (contrast stretching, histogram
equalization) dé ting kha niang doc cua anh, loc nhidu (Gaussian blur, median filter,
bilateral filter) dé loai bo nhiu hat hozc nhidu mudi-tiéu, va 1am sac nét (sharpening)

bang cac bd loc nhu Laplacian hodc Unsharp Mask dé lam noi bat bién va chi tiét.

5.5. Lwa chon thuat toan cho nhan dién lane

5.5.1. Lwa chon thuat toan nhan dién lane
Co6 nhiéu thuat toan gitip phat hién, nhan dién lane c6 thé ké dén nhu YOLO(you

only look once), laneNet hay phuong phap truyén thong hough transform...nhung chiing

ta can xét qua cac dic diém dé lra chon bao gom cac tiéu chi :

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 124



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

e Phu hop véi phan cing hién co
e Tbc dd xt Iy cua thuat toan
e Hiéu nang lam viéc tét

e (6 thém cac tinh niing hd trg khac
= ¢6 2 phuong an duoc chon dé so sanh bao gom : YOLO va hough transform

5.5.2. Giéi thigu so hrgc vé thuat toan ap dung vao bai toan phat hién lane
5.5.2.1. Déi Véi phwong phdp siv dung YOLO
Giai thigu

Phuong phap sir dung YOLO (You Only Look Once) dé phat hién lan duong 1a
mot cach tiép can hién dai dua trén hoc sau, tan dung sitc manh cta thuat toan phat hién
d6i twong dé giai quyét bai toan nhan dién vach 1an trong cac hé théng xe ty hanh hoic
hd tro 14i xe (ADAS). YOLO, von duoc thiét ké dé phat hién va phan loai cac dbi twong
trong hinh anh véi téc do cao, da dugc diéu chinh dé nhan dién cac vach lan dudng nhu
mét dang "d6i tuong" dic biét, mang lai su linh hoat va hiéu qua trong cac @ng dung
thoi gian thuc (real-time).
Pic diém

Trong nhan dién lan duong, YOLO xem cac vach lan nhu cac ddi tuong can phat
hi¢n trong khung hinh. Thay vi phan doan ting pixel nhu cac phuong phap dua trén
phan doan hinh anh (vi du: LaneNet), YOLO du doan cac hop gidi han (bounding boxes)
bao quanh cac vach lan hodc cac diém mau chdt (keypoints) dai dién cho duong lan.
Bing cach huin luyén trén cac bo dit liéu chuyén biét nhu TuSimple hoic CULane,
YOLO c6 thé nhan dién cac vach 1an, phan loai chung (vi du: 1an trai, lan phai), va tham

chi du doan hinh dang cua lan dudng trong cac diéu kién khac nhau.
Cach hoat dong

Phuong phap YOLO bat dau bang viéc xir Iy toan bo khung hinh tir camera hoac
video. Mang no-ron ciia YOLO chia hinh anh thanh mdt ludi (grid) va du doan cac hop
gidi han cung voi xac suat thudc vé 16p "vach 1an" tai mdi 6 ludi. Dé phu hop véi bai
toan lan duong, YOLO c6 thé dugce tiy chinh theo cac cach sau:

Phat hién hop gidi han: Cac vach lan dugc bao quanh bai cac hop, gitp xac dinh
vi tri va hudéng cua chung.
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Du doan diém mau chét: Thay vi hop, YOLO c6 thé du doan cac diém doc theo
vach lan, sau d6 két ndi chung dé tao thanh duodng lan.
5.5.2.2. Péi Vi phwong phdp truyén thong Hough transform
Giai thiéu

Hough Transform 1a mot ki thuat xir 1y hinh anh truyén théng, duoc sir dung
rong rai trong nhan dién cdc mau hinh hoc nhu duong théng, duong tron, hoac duong
cong trong hinh anh. Trong bai toan nhan dién lan duong, Hough Transform dac biét
hiéu qua dé phat hién cac vach ké duong, von thudng 1a cac duong thang hoic gan thang
trong khung hinh tir camera xe. Pugc phat trién boi Paul Hough vao nim 1962 va cai
tién qua thoi gian, phuong phap nay tré thanh mot cong cu co ban trong cac hé thdng

hd tro 14i xe (ADAS) hoic xe ty hanh nho tinh don gian va kha ning xir Iy nhanh.
Pic diém
Hough Transform cé nhitng dac diém noi bat trong nhan dién lan dudng:

e Hiéu qua véi duong thang: Rat phu hop dé phat hién cac vach lan duong, von
thuong 1a cac duong thang hodc cé dang gan thang trong diéu kién 1y tudng.

e Pon gian va dé trién khai: Khong yéu cau huan luyén dir liéu nhu cac phuong
phap hoc sau, dé tich hgp vao cac hé thong nhing.

e Nhay véi nhidu: Hiéu qua phy thudc vao chat lwong tién xir Iy hinh anh; cac yéu
t6 nhu bong mo, vach lan khong 13, hodc diéu kién anh sang yéu c6 thé lam giam
do chinh xac.

e Han ché véi duong cong phuc tap: Hough Transform chu yéu phu hop véi dudng
thang, nén can két hop véi cac k¥ thuat khac (nhu khop da thirc) dé xir Iy cac lan

duong cong.
Cach hoat dong
Hough Transform trong nhan dién lan duong hoat dong qua cac bude chinh sau:

e Tién xtr Iy hinh anh
o Chuyén sang anh xam: Hinh anh tir camera (thuong 13 anh mau) dugc chuyén
thanh anh xam dé giam d6 phicc tap tinh toan.
o Lam md: Ap dung bo loc Gaussian dé giam nhiéu, giup cac canh cua vach lan
rd nét hon.
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o Phat hién canh: Str dung thuat toan Canny dé tim céac canh trong hinh anh, noi
cac vach lan thuong xuat hién duédi dang cac duong c6 do twong phan cao.
e Xac dinh vung quan tam (ROI)

o Mdt vung hinh thang dugc xéac dinh trong khung hinh, tap trung vao khu
vuc duong phia trudc xe, loai bo cac phan khong lién quan nhu bau troi,
1& dwong, hoic xe khac.

o Diéu nay giup giam nhidu va ting tc do xu 1y bang cach chi tap trung vao
khu vuc c6 kha nang chira vach lan.

e Bién doi phéi canh ngugc (IPM) (tuy chon)

o Pé don gian hoa viéc phat hién duong thang, hinh anh c6 thé duoc bién
d6i sang goc nhin tir trén xudng (bird’s-eye view) thong qua k¥ thuat IPM.
Diéu nay 1am cho cac vach lan tréng gidng nhu cac duong thang song
song, dé phat hién hon.

e Ap dung Hough Transform

o Hough Transform chuyén cac diém canh trong khong gian hinh anh sang
khong gian tham s6 (Hough space), noi mdi duong thang duoc biéu dién
bang hai tham sb: khoang cach tir goc (p) va gbc nghiéng (0).

o Bién thé Probabilistic Hough Transform (HoughLinesP) thuong duoc sir
dung dé phat hién cac doan thang ngan, phii hop hon vai vach 1an bj gian
doan hoac khong lién tuc.

o Xuly va vé két qua

o Cac duong thang duoc phat hién trong khong gian Hough dugc chuyén
nguoc vé khong gian hinh anh gdc.

o Céc dudng nay duoc loc dé loai bo nhitng dudng khong hop 1y (vi du: qua
ngan hoic khong nam trong ving lan duong).

o Céc vach lan dugc vé 1én khung hinh gbc (thuong voi mau ndi bat nhu
xanh 13) dé hién thi két qua truc quan.

o Trong mot s truong hop, cac duong thang duoc nhom lai dé xac dinh lan
trai va lan phai, hoac khop vai mo hinh duong cong (nhu da thic bac ba)

dé xtr Iy cac dudng cong nhe.

5.5.2.3. Tong hop va dwa ra lira chen
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Tiéu chi Hough transform YOLO
Phu hop véi phan ciing Phu hop Phu hop
hién co

Toc do xtr Iy cua thuat | Rat nhanh nhung chi Xt Iy | Nhanh (dic biét véi GPU)

toan edge
Hiéu nang lam viéc Thudng chi lam viéc tét | Kha nang phat hién dudng
trong diéu kién duong cong, duong thang tot
thang

Co thém cac tinh ning hd | Chi tap trung phat hién lan C6 thé tich hop them

tro khac duong nhiéu tinh ning

= (6 thé thay rang YOLO 14 1 lwa chon vuot troi hon dya trén cac tiéu chi dit ra ban
dau.
5.6. Noi dung chwong trinh xir ly anh
Poan code nap vao hé théng dé giup phat hién lan duong st dung YOLO (tir ultralytics)
va giao tiép v6i arduino. Duéi day 1 phan phén tich nhiing gi doan ma nay thuc hién:
Cac tinh nang chinh
5.6.1. hé thong phat hién lan dwong

e Sirdung YOLO dé phat hién lan dudng trong thoi gian thuc (real-time)

e X Iy ddu ra mask dé tinh toan do léch lan duong.

e Hién thi tryc quan tAm lan dudng va tim khung hinh bang cac dudng mau.
5.6.2. Giao tiép véi arduino

e K&t ndi vai Arduino qua giao tiép ndi tiép (mic dinh 12 cdng COMO).

e Gui lénh diéu khién 14i (‘L’, ‘R’, S°) dya trén d6 léch 1an duong.

e X 1y 15i cho giao tiép ndi tiép (serial).
5.6.3. Giao dién ngudi dung dd hoa (sir dung Tkinter)

e Hién thi ludng video da duoc xir 1y.

e Cung cip cac nat diéu khién bat dau/dung.

e Hién thi trang thai hé thong.

e Tuy chon chon gitra dau vao tir camera hoac tu file video.

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 128



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

5.6.4.Da ludng
e Tao ludng riéng cho viéc suy luan YOLO dé tranh tinh trang giao dién nguoi

dung bi do.

e Hé théng hang doi dé truyén két qua giira cac ludng.

5.7. Phan tich chi tiét ndi dung chwong trinh
5.7.1. Céu hinh va khéi tao

logging.basicConfig(level=logging.INFQ, format='%({asctime)s - X%(levelname)s - X(message)s')

model path = 'nck.pt
threshold = 3

serial port = 'COM3’
baud_rate = 9cee

Hinh 5.1: Cdu hinh va khéi tao cho chuwong trinh

e logging: Cau hinh hé théng log dé ghi lai thong tin, canh bao va 13i.
e model_path: Puong dan dén file model YOLO da duoc huan luyén (nck.pt).
e threshold: Ngudng cho phép dé xac dinh Xe co bi léch lan hay khong (3 pixel).

e serial port va baud_rate: Cau hinh két ndi Serial véi Arduino.

5.7.2. Bién toan cuc

model = YOLO(model path)
result_queue = queue.Queue()
last_mask =

running =
cap =
arduino =

Hinh 5.2: Bién toan cuc (global variables)
e model: Load model YOLO tu file .pt.
e result_queue: Hang doi (queue) dé trao d6i két qua giira ludng chinh va ludng
xtr 1y YOLO.
e last_mask: Luu mask cubi cung phat hién duwoc dé st dung khi YOLO chua xtr
ly xong frame mdi.
e running: Bién kiém soat vong lap chinh.

e cap va arduino: Ddi tugng camera va két nbi Arduino.
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5.7.3. Két néi Serial véi Arduino

Hinh 5.3: Giao tiép giita arduino va chirong trinh
e Chite ning: M& két ndi Serial voi Arduino qua cong COMO.

e Xirly 16i: Néu khong két ndi dugc, in canh béo va gan arduino = None.

5.7.4. Giri Lénh dén Arduino

Hinh 5.4: Guri 1énh d@én arduino

e cmd: Lénh gui di (L', 'R, 'S' twong ung trai, phai, thang).
e Kiém tra két ndi: Chi gui néu Arduino da két néi.

e Ghi log: Thong bao 1énh da giri hoac 16i néu co.

LO

N

trong Luong Riéng

5.7.5. Xir 1y YO

)

Hinh 5.5 X Iy luong riéng

e Diu vao: Frame anh (BGR) va hang doi q.

o Xirly:
o Chuyén anh tir BGR sang RGB (YOLO yéu cau).
o Dung model(rgb) dé nhan dién lan duong.
o Pua két qua vao hang doi dé ludng chinh xu 1y.

e Xirly 16i: Néu YOLO 151, dua vao hang doi mét list rong [].
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e dey

5.7.6. Tinh toan do Iéch lan dwong

Hinh 5.6: Thiét ldp cong thire tinh todn d@é léch (deviation)
e Y twdng: So sanh tim lan duong (lane_c) véi tAm khung hinh (frame c).
e Ngudng threshold: Néu léch > 3 pixel, xac dinh 1a 1éch lan.
e Trave:
o dev: Do léch (pixel).
o Huédng diéu chinh : (L', 'R','S).
o True/False : Tim thay lan duong hay khong.

5.7.7. Vong Lap Chinh Xir ly Video

n results:
f hasattr(r, i k ) and r.masks is not
" 1, box I enumerate(r,.boxes)
int(box.cls[8)]) == B:
romasks|[i].data[@].cpu().numpy()
S pstype(np.uintig)
ap, (640, 240)) (variable) mask: NDArray|[unsignedinteger| 88Bit]]
mask|[240:480, ]| - cv2.bitwise or(mask|240:480, :|, seg)
last mask mask

f last_moask is not

mask last_mask

deviation, direction, found calculate _deviation(mask, 640)
send to arduino(direction)

overlay = frame.copy()

overlay[mask 255
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blended cv2.addWeighted(overlay, 8.4

f found:
ctrs, - cv2.findContours(mask, cv2_RETR_EXTERNAL, cv2Z.CHAIN _APPROX_ _SIMPLE)
F ctrs:
max(ctrs, key- 2.contourArea)
X> s W, h /2 J ingRect(c)
lane_center = x 2
frame center
cv2.line(blended, center, B8), (lane conter, 480), e, B, 25¢
cv2.1line(blended, frame center, D), frame center, Aaso), (255,
toxt I lation: (deviation); D1y tior {direction)
color (2655, 255, 28%)

text

color - (8, 8, 255)

(constant) FONT HERSHEY SIMPLEX: imt

cv2.putText(blended, text, 16, 30), cv2.FONT HERSHEY SIMPLEX, 8.7, color, 2)

img « Image.fromarray(cv2.cvtColor(blended, ¢v2.COLOR BGR2RGB))
imgtk ImageTk, PhotoImage(image~-img)

canvas.imgtk - imgtk

canvas.config(image=imgtk)

frame_id «+ 1

time.sleep(B.03)

Hinh 5.7: Vong lap chinh xit Iy
Chi tiét xir Iy
e Doc frame
o Resize vé& 640x480 dé ddng nhat.
e Chay YOLO méi 2 frame
o (frame id % 2 == 0) dé giam tai CPU/GPU.
e Két qua duoc dua vao hang doi result_queue.
o Lay mask tir YOLO (class 0) va resize vé kich thudc frame.
o Dung bitwise or dé hop cac mask lai.
o Goi calculate_deviation() dé xac dinh huéng diéu chinh.
o Guilénh'L', 'R, 'S" t&i Arduino
o To6 mau lan duong (xanh 14), vé tdm lan (do) va tam khung hinh (xanh duong).
o Hién thi 6 léch va hudng diéu chinh.
e Xac dinh ROI ( region of interest)
o ROI = frame[240:480]
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5.7.8. Giao Dién Ngwoi Dung (Tkinter)

status

Hinh 5.8:Giao dién nguoi dung su dung thu vién tkinter

e Combobox: Chon ngudn video (Camera hoic file video).

e Nut Start/Stop: Khai dong/ding hé thong.

e Hién thi video: Frame sau xir 1y dwoc hién thi trén canvas.

e X Iy thoat: Pam bao ding ludng va dong két ndi Serial trude khi thoat.
5.8. Két luan

Poan code rng dung thuat toan YOLO mang lai hi¢u qua nhan dién lan duong

t6t trong nhiéu diéu kién duong xa. Vi kha ning xur 1y da ludng cho phép xtr 1y va tinh
toan nhiéu tac vu cung 1 luc bao gdm chay model yolo, tinh toan 1éch (deviation), gui
cac command vé arduino va sau ciing 1a man hinh giao dién. Bén canh d6, c6 thé quan
sat tinh trang chuong trinh , cac 18i néu c6 nhd ham logging.
5.9. Thuit toan va quy tic ra quyét dinh

5.9.1. Thuat toan YOLO
Cic bwdc tién hanh

Anh input duoc chia thanh lugi 640x480

Mbi 6 ludi du doan s& cho ra output gom cac Bounding box, d tin cay (confidence

score)

Cong thirc dau ra cia 1 bounding box véi mdi bounding box,
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Output = (X, Yy, w, h, confidence, class probabilities)
e (x,y): Tam hop giéi han, twong ddi trong 6 ludi
e (w,h): Chiéu rong va chiéu cao, trong dbi voi toan anh

5.9.1.1. Céng thirc tinh ham loss function (ham mdt mdt)
Dinh nghia

La mot cong thirc toan hoc do Iuwong su khac biét gitra dy doan ctia mo hinh va
gia tri thuc té. N6 doéng vai tro 13 chi s6 danh gia dé mo hinh hoc cach tu diéu chinh

thong qua qué trinh t6i wu héa (vi du: gradient descent).

Loss Function

Hinh 5.9: D6 th biéu dién ham mat mat (loss function)

Muc dich

Giup viéc training cho mé hinh xac dinh duoc can cai thién theo huéng nao. Bén

canh d6, con gitp t6i wu hoa cac tham sd gitp mo hinh du doan chinh xac hon.
Cong thuc

e Mat mat hoi quy ( Regression loss )

2 ) ; . &2 obi - =\ 2
/Icoord Zi:OZ?:O %bj [( Xi - Xi )2 +(yi - yi )2:| +ﬂ’coord Zi:OZ?zo -J-bl {(\W— \M) + (JhT\/H) :|
e D¢ tin cay (confidence)
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2 ) 2 .
Ziszozjioli(}bj (Ci _éi )2 —M’noobj Ziszozjioli?bj (Ci _éi )2

Chu thich

. l;bj : ¢6 d6i tuong trong 6 thit i, bounding thi

o A

coord ?

A

noobj -NE SO can bang

5.9.1.2. vang quan tim ROI (region of interest)
Khai niém

La 1 phuong phap loai bo cic ving xung quanh chi tip trung vao ving chia ddi

tugng phat hién. Nham giam tai nguyén may tinh va han ché phat hién sai cac d6i tuong

tir cac ving khong can thiét. ROI duoc biéu dién nhu sau :
ROI = frame [H:W]

Vi :

e H: chiéu cao cua anh (pixel)

e W : chiéu rong cua anh (pixel)
Xac dinh vung ROI cho bai toan

Vung ROI dugc chon c¢6 kich thude nhu sau : ROI = frame[240:480] .

Li do lya chon

Chi s 240:48 tirc 1a 1iy nira dudi cia anh 640x480. Phan ntra dudi cua anh
camera gan trén xe thudng chira mat duong, vach ké 1an dudng, va cac chi tiét lién quan
dén duong di va Phan nta trén anh thuong la canh nen: troi, cay c6i, xe khac, hodc cac

vat thé khong can thiét cho viéc phat hién lan duong.

5.9.2. Tinh d¢ léch (deviation)
Muc dich

e Laxéac dinh dugc do léch caa 1an duong so véi tam khung hinh dé

e Phuc vu cho viéc gui tin hiéu 1énh vé arduino.

Cic buéc tinh toan bao gom
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e Xt Iy mask nhi phén : 14 két qua phan doan ciia mé hinh YOLO (segmentation)
e Loc va chon contour 16n nhat
e Loai bo cac duong vién c6 dién tich nho dé loai bo nhidu hoic cac ving khong

chua lan duong.

Tinh tim cia lan dwong (lane_center)
lane_center = x + w/2
Tinh tim khung hinh (frame_center)
frame_center = frame_width/2

Tinh d léch

Do léch (deviation) 1a hiéu s6 giira tAm cta lan dudng va tim cua Khung hinh

deviation = lane_center - frame_center

Néu két qua

e deviation >0 : lan duong léch sang phai
e deviation <0 : lan duong léch sang trai

e deviation =0 : lan duong gan trung tim

5.9.3. Xir Iy da ludng (Threading)

[
| Thread 2

[
Thread 1 1 Thread 3

Global

Hinh 5.10: Quy trinh da luéng cho cdc tic vu

Khai niém
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Thread ( ludng ) 12 don vi thuc thi nhé nhat trong 1 tién trinh, chia s& khong gian
bo nhé véi cac ludng khac trong cling tién trinh. Bén canh d6 con c6 multi_threading
k§ thuat nay cho phép nhiéu ludng chay dong thoi trong mot tién trinh, gitip tan dung da

161 CPU hodac xtr Iy song song cac tac vu doc lap.
Muc dich

Gitip xtr 1y nhiéu tac vu song song, tranh bi block ludng chinh (¢ day 1a cac tac
vu xir Iy YOLO). ngoai ra con giup tiét kiém bd nhé so véi st dung multi_processing

(do chia sé khong gian b nhé )
Cong thuc
Thread = threading.Thread(target =yolo,....)

5.9.4. Giao tiép serial

= 120 Ohm

Python Script Transmits

Hinh 5.11: Truyén tin hiéu cho arduino qua céng com Ciia mdy tinh

Khai niém

Giao tiép serial 12 phuong thuc truyén dir liéu theo ting bit mot trén mot duong
truyén duy nhat (hoic mot cap duong truyén déi xang), khac véi giao tiép song song
(truyén nhiéu bit ddng thoi). Day 1a phuong phap phd bién trong cac hé théng nhung,
IoT va giao tiép giita vi diéu khién véi cac thiét bi ngoai vi (cam bién, man hinh, module
RF, v.v.).La nén tang quan trong trong nhung va IoT, can bang gitta tc do, 4o phic tap
va khoang cach truyén. Tuy tng dung ma lya chon chuan phu hop (UART cho don gian,
SPI/12C cho téc do, RS-485 cho cong nghiép).
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Cic bwdéc thiét 1ap va nhén lénh

e Thiét lap Baud Rate (vi du: 9600 bps) — xac dinh thoi gian mdi bit.
e Céu hinh khung dit liéu (s bit dix liéu, bit parity, bit stop).

Quy trinh hoat dong

Sau khi khai tao, hé thdng sé& giri bit Start bang cach kéo duong TX xudng mirc
0 trong mot chu ky Baud dé bao hiéu bat dau qua trinh truyén. Tiép theo, ting bit dit
liu dwoc truyén tuan tu, mdi bit gitt nguyén trang thai trong dng mét chu ky Baud,
thuong bat dau tir bit LSB hodc MSB tuy c4u hinh. Néu duoc kich hoat, hé thong s& gui
thém bit Parity dé kiém tra 16i truéc khi két thac khung dit liéu bang cach kéo duong
TX 1én mirc 1 (bit Stop) trong it nhat mot chu ky Baud, danh dau hoan tit qué trinh
truyén. Vi dy, dé truyén ky tu 'A' (0x41 trong hé hexa, twong tng 01000001 trong hé
nhi phan) véi khung 8N1, hé thdng sé& giri bit Start (0), tiép theo 1a cac bit dit liéu theo
tha tw LSB (10000010), va cubi cung 14 bit Stop (1). Qua trinh nay dwoc lip lai lién tuc
cho mdi byte dix liéu can truyén di, dam bao dir liéu duoc giri tuan ty va chinh xac gitra
thiét bi phat va thiét bi thu.
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CHUONG 6: TONG QUAN VE PHAN CUNG

6.1. Gigi thiéu vé ThinkCentre M700 Tiny
ThinkCentre M700 Tiny 1a mot mdy tinh dé ban (mini PC) dang nho gon do

Lenovo phat trién, thuéc dong ThinkCentre hudng dén dbi twgng doanh nghiép va céac
g dung nhiing/giam sat yéu cau dién tich ban lam viéc han ché, nhung van dam bao
hiéu ning dap tng dugc cac cong viéc xir Iy hinh anh, Al nhe, diéu khién hé thdng [15].
V& co ban, M700 Tiny c6 kich thudc chi bang mot cudn sach (khoang 17.9 x 17.9 x 3.4
cm), hd trg gan ngam VESA phia sau man hinh, dé dang bd tri trong khong gian han
ché. V& céu hinh, tuy timg model, ThinkCentre M700 Tiny c6 thé dugc trang bi CPU
Intel Core i3/i5/i7 thé hé 6 (Skylake) tiét kiém ning luong, hd tro téi da 32 GB RAM
DDR4, 6 luu trit SSD M.2 PCle hoic SATA, clng céc giao tiép pho bién nhu USB 3.1,
DisplayPort, VGA, LAN Gigabit, audio in/out.

Hinh 6.1: Mat truéc cua ThinkCentre M700 Tiny
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Hinh 6.2: Mat sau cua ThinkCentre M700 Tiny

6.2. Tong quan vé chirc ning

6.2.1. GPU (Intel UHD Graphics 630)
Mic du ThinkCentre M700 Tiny khong trang bi GPU roi, bo xur 1y d6 hoa tich

hop Intel UHD Graphics (thuong la phién ban 630 hoic 610, tuy CPU) van dap ung
dugc cac nhu cau xuat hinh d6 phan giai cao, ciing nhu kha ning xu 1y tinh toan vector

va accelerate mot s6 thu vién Al/CV nhe [15]. Dudi day 1a cac khia canh chinh.

6.2.1.1. Tinh nang tinh todn
e OpenCL & Intel Media SDK: GPU tich hgp hd tro OpenCL cho phép tan dung

cac don vi xir 1y d6 hoa (EU — Execution Unit) dé tinh toan song song céac tic vu
xu 1y anh (filtering, chuyén d6i mau, phat hién bién, v.v.) thong qua OpenCV voi
backend Intel IPP/OpenCL.

e Intel Quick Sync Video: Ho tro ma hoa/giai ma video HEVC/H.264 nhd engine
Media Encoder tich hop, gitip giam tai cho CPU khi xir Iy ludng video tir camera.

e FP32 Performance: Vi khoang 24 EU cho méi chip UHD Graphics 630, hiéu
nang FP32 ¢4 vai chuc GFLOPS, du dé chay cac thuat toan nhe nhu Hough
Transform, thresholding... (tuy khong so sanh duoc vai GPU roi dang Ampere,
nhung du cho ing dung nhan dién lane co ban).

6.2.1.2. Tinh nang d5~h0¢ i ,

e Do phan giai ho tro: HO trg xuat hinh 4K @ 60 Hz qua DisplayPort, hoac 4K @

30 Hz qua HDMI (thong qua ngd ra DisplayPort-to-HDMI), cho phép dé dang

két ndi man hinh chit luong cao dé quan sat két qua xur Iy anh/GUI.
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e Pa man hinh: Tuy model bo mach, M700 Tiny thudng c6 toi da 2 dau ra video
(1xDisplayPort + 1xVGA), hodc (1xDP + 1xDP) & mot sé6 mau nang cap, cho
phép chay song song GUI hién thi két qua nhan dién + giao dién diéu khién
Arduino.

e Tich hop DirectX 12 & OpenGL 4.5: Cho phép hién thi d6 hoa 3D co ban, thuan
tién khi can vé overlay (vi du vé dudng lane) 1én ludng video trong mdi trudng

Windows hoac Ubuntu vai X Server/OpenGL.

6.2.1.3. Kién triic GPU
e EU (Execution Unit): UHD Graphics 630 c6 24 EU, chia thanh 3 slice, mdi slice

8 EU. M&i EU thyc thi ddng thoi 2 luéng SIMD 8 phan tir FP32.

e Media Engine: Bao gdom VME (Video Motion Estimation), FE (Fixed Function
Encoder), IE (Image Enhancer) va LV (Low-power Video Accelerator) dung cho
giai ma/ma hoa H.264/H.265, toi wu thao tac streaming camera.

e Memory Interface: Ding chung RAM hé thdng (shared memory), véi controller
DDR4-2133/2400, bang thong toi da (~34 GB/s), du dé xtr Iy khung hinh 1080p
@ 30 fps cho AI CV co ban.

6.2.2. Tong hep CPU (Intel Core i5/i7 Skylake) ,
ThinkCentre M700 Tiny thuong trang bi cac CPU thudc Intel Core thé hé 6

(Skylake), vi du: Core i5- 6500T (4 cores/4 threads, 2.5 GHz-3.1 GHz Turbo, TDP 35

W), hoac Core i7- 6700T (4 cores/8 threads, 2.8 GHz-3.6 GHz Turbo, TDP 35 W). Cac

thong sb chu yéu:

e Kién trac Skylake (14 nm): Mdi core c6 32 KB L1 I- cache + 32 KB L1 D-
cache, 256 KB L2 cache, dung chung 6 MB SmartCache (L3).

e TDP 35 W: Thap hon so véi desktop thong thudng (65 W), pht hop cho hé mini
tiét kiém dién, lam mat bang quat nho.

e Hyper- Threading (v6i i7): Cho phép xtt 1y 8 ludng ddng thoi, dem lai hiéu ning
tt khi chay da tién trinh (vi du: mét tién trinh 14y khung hinh + tién xur Iy; mot
tién trinh infer; mot tién trinh v&/két néi Arduino).

e Instruction Set: H3 tro SSE4, AVX2, BMI1/2, giup ting toc cac phép toan vector,
arithmetic can thiét cho xt Iy anh (OpenCV st dung SSE/AVX).

Nho CPU Intel Skylake, ThinkCentre M700 Tiny du dap Gng cac tac vu:
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e Tién xir Iy anh (filter, Gaussian blur, edge detection) c& 30-45 fps cho anh
640x480.
e Infer nhe (vi du YOLOvV5-nano, OpenVINO FP16) ~10-15 fps ¢ d6 phan gial
thap.
e Diéu khién giao tiép UART/USB véi Arduino, thu dix liéu cam bién, v.v.
6.2.3. H¢ théng bd nhé ) ,
ThinkCentre M700 Tiny ho trg hai khe SO-DIMM DDR4 2400 MHz, t6i da 32
GB (2 x 16 GB). Cu thé:

e RAM: Thuong xuat xuang véi 4 GB hoic 8 GB DDR4- 2400 SO-DIMM, hd trg
nang cép 1én 16/32 GB.

e O cung chinh: Khe M.2 2280 SATA hoic PCle 3.0 x4 (tiy model) cho SSD,
thuong dung SSD 128/256/512 GB NVMe, cho tdc d6 doc/ghi 1én dén ~1 500
MB/s (d6i véi PCle SSD) hoic ~500 MB/s (SATA SSD).

e O cung phy (2.5"): Mot s6 phién ban hd tro khay 2.5” SATA, ngudi ding c6 thé
Iip HDD 500 GB 7200 rpm hodc SSD 2.5”, 1am kho luu trir dataset hinh

anh/video.

B6 nhé RAM tée d6 cao gitip xir Iy buffer hinh nhanh, giam lag khi chay pipeline
xir Iy anh. SSD NVMe cho phép khoi dong hé diéu hanh nhanh, doc/ghi log va dataset
Al thuan tién.

6.2.4. Giao dién xuat hinh (Display Output)

6.2.4.1. DisplayPort (DP 1.2)
H& tro do phan giai t6i 4K (3840%x2160) @ 60 Hz, dung cap DP-to-DP hoic DP-

to-HDMI (adapter) dé két ndi voi man hinh/tivi.

Chtic ning Multi- stream Transport (MST): Co thé ndi daisy- chain hai man
hinh DP (tiiy model BIOS) hoac xuat d6 hai man hinh doc lap (tuy sb lugng cong DP).

6.2.4.2. VGA (D-Sub 15-pin)
Hb trg do phan giai téi da 1920x1200 @ 60 Hz (ning luc VGA tich hop). Thich

hop Vi cac man cii, phong lab st dung man CRT/LCD cil.
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6.2.4.3. Bé gidi ma/hién thi

Intel Display Engine: Quan Iy hién thi, hd tro overlay hinh anh 2D tir CPU/GPU,

Scale/Rotate. D6i vi Ubuntu, ding driver i915 tich hop trong kernel Linux; ddi Véi
Windows 10, dung Intel UHD Graphics driver.

6.2.5. B9 xir Iy cam bién

Camera USB (SJCAM): Hinh anh tir camera SJCAM duoc truyén qua USB
2.0/3.0 vé CPU, sau d6 CPU/GPU s& xir 1y truc tiép.

GPIO Header (COM port): M700 Tiny c6 mot header COM/Serial (RS-232 TTL)
dé giao tiép vai cam bién roi (vi du cam bién ving, cam bién siéu am, v.v.), xir
1y dix li¢u trén CPU.

USB Port: Cac cam bién dang USB (Lidar USB-to-UART, Mic camera stereo)
truyén dir litu vao qua USB, CPU/GPU/OSS (Operating System Services)
chuyén thanh dit liéu nguoi dung.

4
A

Toan bd “xir Iy cam bién” (vi du: doc Goc 1ai tir Arduino, dit liéu Lidar) déu dién

ra trén CPU, thay vi c¢6 ISP chuyén biét. Uu diém: linh hoat nhiéu loai cam bién, nhung
CPU phai chiu tai.

6.2.6. Hé théng bao mat
ThinkCentre M700 Tiny duoc trang bi nhiéu tinh niang bao mat & phan cang.

Trusted Platform Module (TPM 2.0) (tuy phién ban): Luu trit an toan khéa ma
héa, chung thuc BIOS/UEFI, hd tro BitLocker (Windows) hoic LUKS (Linux).
Intel vPro / Intel AMT (tuy bién thé): Quan 1y tir xa (remote management), cho
phép IT giam sat, cap nhat BIOS, cai dat OS tir xa (khi trién khai tai phong
lab/doanh nghiép).

UEFI Secure Boot: Chi khoi dong phan mém/driver da duoc ky sd, tranh viéc
rootkit hoac bootkit.

Antivirus/Anti- malware: Mac dinh ThinkCentre di kém Lenovo Endpoint

Security, tich hop san driver cho TPM dé ma hoéa 6 dfa.

Do d6 4n chi tip trung vao thoi gian chay tai lab, phan “bao mat” chu yéu lién

quan dén viéc dam bao hé thong khong bi reboot do code 15i; ding UEFI thoat nhanh

khi can debug.
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6.2.7. B diéu khién hién thi
Nhu da néu 6 muc 5.2.4, ThinkCentre M700 Tiny dung Intel Integrated Graphics

dé diéu khién hién thi. Cu thé:

e Intel Display Power Management Signaling (DPMS): Tu déng tit/mé man hinh
khi khong co6 tin hiéu.

o DDI (Digital Display Interface): CPU/GPU gui tin hiéu s6 (TMDS/DP) d¢én man
hinh hd tro HDCP 2.2 (DRM), phu hop khi xuat hinh video ma hoa.

e GT Tuning & Power States: Quan 1y clock GPU dua trén tai, giam dién nang khi
idle.

Trong dd 4n, nhiém vu chinh 14 thé hién két qua xir Iy hinh anh — c6 thé 1a vé lane
detection l1én khung anh — thong qua thu vi¢én nhu OpenCV imshow() (Windows) hoac
cv2.imshow() (Ubuntu), hoic str dung Qt dé render. M700 Tiny xtr 1y 1énh draw overlay
1én buffer video, sau d6 chuyén xudng GPU d¢ hién thi thyc té.

6.2.8. Hé thng con Am thanh — video d nét cao
ThinkCentre M700 Tiny trang bi codec Realtek ALC 221 HD Audio (trén bus HD
Audio, lién két qua Intel Lynx Point PCH). C4c thanh phan chinh:
6.2.8.1. Ei'é gidgi ma (Codec) dm thanh da kénh
e Ho tro High Definition Audio: Lén t&i 5.1 surround sound, sample 24-bit @ 192
kHz (d6i voi Windows) hoic 24-bit @ 96 kHz (Ubuntu).
e Realtek ALC221: Puoc tich hop trén chan cam mach, dam bao playback/record
am thanh; microphone-in (stereo), line-in, line-out, headphone-out.
e Am thanh k¥ thuat s6 (S/PDIF): Khong c6 cong S/PDIF tich hop trén M700 Tiny
chuan, nhung c6 thé dung USB dongle.
6.2.8.2. Bé tong hgp hinh anh video (Display Engine) 7
e Nhu da trinh bay ¢ 6.2.4.3, Intel Display Engine dong vai tro tong hop cac layer
GUI va buffer video trudce khi dua ra DisplayPort/VGA.
e Hb tro overlay OSD (On- Screen Display) do BIOS/UEFI cung cap (vi du hién
thi thong sé nhiét do, toc do quat khi can debug).
6.2.8.3. Cong cu xir ly dm thanh (Audio Processing Engine)
e Driver Realtek HD Audio (Windows) hoac ALSA/PulseAudio (Ubuntu): Cung

cap kha ning ap dung filter, equalizer, echo cancellation (khi dung microphone).
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e Trong d6 an, phan 4m thanh it duoc dung (chi khi can thong béo trang thai, canh
b4o). Thong thudng code Python c6 thé goi pygame hoic thu vién playsound.
6.2.8.4. Am thanh d¢ nét cao (HAD)
e Intel PCH cung cp bus HDA (hi-profile PCM), két ndi codec Realtek, hd trg
sampling rate cao.
e Trong Ubuntu, module snd hda intel dam nhiém viéc tuong tac kernel vai
codec; dé dang diéu chinh AlsaMixer.
6.2.9. M ta toan dién cac giao tiép ngoai vi

6.2.9.1. Bus néi tiép van néing (USB)
e 4xUSB 3.1 Gen 1 (5 Gbps): Thuong géom 2 cong phia sau, 2 cong phia trudc.

Dung két ndi camera USB (SJCAM, webcam), USB-to-UART (Arduino), USB
storage (du trir dataset).
e 2x USB 2.0: Dung két ndi chudt/ban phim, USB dongle Lidar/ cam bién cham.
6.2.9.2. PCI Express (PCle)
e 1xkhe M.2 2280 PCle 3.0 x4: Dung cho SSD NVMe, tdc do doc ghi 1én toi ~1
500 MBI/s.
e 1xkhe M.2 2242/2260 SATA (tiiy model): C6 thé gan SSD SATA M.2 hoic
module Wi-Fi/Bluetooth M.2 (CNVi).
e Khong c6 khe PCle x16/x1: Do kich thudc Tiny, khong thé cam card roi.
6.2.9.3. Giao di¢n ngogi vi nai tiép (SPI)
ThinkCentre M700 Tiny khong expose SPI header ra bén ngoai; moi tuong tac
SPI néu c6 phai théng qua adapter USB-to-SPI (vi du FTDI).
6.2.9.4. B thu/phdt khéng dong b da ning (UART) ’ 7
e Header 4-pin COM trén bo mach (RS-232 TTL) noi vao cong logic-level UART
(TX, RX, GND, VCC). Dung dé giao tiép véi Arduino hoic mo-dun GNSS.
e Cian mo trong BIOS “Serial Port Redirection” dé sit dung COM trén
Linux/Windows (vi du /dev/ttySO hoac COML1).
6.2.9.5. Mang khu vire diéu khién (CAN) o
ThinkCentre M700 Tiny khong tich hop giao thicc CAN; néu can CAN bus (nhu
doc dir ligu OBD2), phai dung USB-to-CAN module (vi du PEAK CAN USB, hoac
CAN-Bridge).
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6.2.9.6. Gigabit Ethernet
Intel 1219-LM Gigabit Ethernet (10/100/1000 Mbps), hé trg Wake-on-LAN,

PXE boot.

Thich hop cho giao tiép gitta may chi trung tim va xe mé hinh (néu can streaming
video), hoac dung SSH tir xa trong giai doan debug.
6.2.9.7. Quat o

e ThinkCentre M700 Tiny dung quat 40 mm hodc 60 mm (tuy revision), dieu khien
tbc d6 bang PWM (4-pin fan header).

e BIOS tich hop Fan Curve: diéu khién dya trén nhiét d6 CPU/PCH, gitp quéan Iy
tiéng 6n va nhiét do tdi uu.

6.2.9.8. B§ diéu bién d rong xung (PWM) ‘ , o

e PWM 4-pin fan header: Cho phép BIOS/OS diéu chinh toc d quat (tan so ~25
kHz).

e GPIO pins: Mot s6 chan GPIO c6 thé xuat PWM (théng qua CMT, diéu khién
quat phu) khi chay Ubuntu véi module pwm-generic hoac Windows véi driver

OEM.

6.3. Quan ly hé thong va ngudn dién ‘

ThinkCentre M700 Tiny st dung mot adapter nguon ngoai (External Power
Brick) 65 W (DC 19 V — 3.42 A), tich hgp mach PMIC trén bo mach dé cung cép dién
cho cac thanh phan. Phan nay tom tat cac khia canh quan Iy nguén nhu sau:

6.3.1. Puong ray dién ’ ’
e Vin 19 V tu adapter: Cap cho mach DC-DC Buck bén trong bo mach, ha xuong
12V,5V,33V,1.2V,1.0V (cho CPU), 0.9 V (cho GPU), 5 VSB (standby).
e Buck Converters: Dya vao IC (vi du Texas Instruments, Richtek) dé chuyén dién
ap, cap cho CPU, chipset, RAM va cac thiét bi ngoai vi.
6.3.2. Mién/Vung quyén luc S
e Domain VIN 19 V: Ngoai adapter, khi ¢c6 19 V, mach PMIC bat dau cap 5 VSB

(standby), duy tri mach BIOS, RTC, UART, cho phép “Wake on LAN” va

“Power button” luon san sang.

e Domain SO (On): CPU va chipset nhan du dién ap (1.0 V-1.2 V cho CPU, 0.9V
cho GPU, 1.05 V cho PCH), toan b hé thdng hoat dong.
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e Domain S3 (Sleep): CPU nging hau hét modules, chi RAM duoc cip nang luong
(dé gitr ndi dung), cho phép resume nhanh.

e Domain S5 (Soft Off): Tat gan nhu toan bd ngoai trir 5 VSB, chd tin hiéu bat
may.

6.3.3. B diéu khién quan Iy nguon (PMC)

e PmCitrl IC (Power Management Controller): Pugc tich hop trén chipset Intel
PCH Lynx Point. Dam nhan chirc ning: giam sat dién ap, diéu khién rail dién,
seed reset, wake events (Power Button, LAN, RTC).

e EC (Embedded Controller): Mot MCU nho (d6i khi tich hop trén chipset PCH
hodc riéng) quan Iy ban phim, power button, dén LED trang thai, quat, v.v.

6.3.4. Dat lai (Reset) i
e CPU Reset: Khi phat hién 161 dién ap (UV/OV) hodc watchdog (thong qua
BIOS/EC), PMC giri tin hiéu RESET# xudng CPU dé khai dong lai.
e EC Watchdog: Theo d&i tinh trang hé théng (nhu néu OS khong phan héi, EC ¢
thé kich hw reset).
6.3.5. PMIC_BBAT , ‘ 7

BBAT (Battery Backup): Cung cap nguon cho CMOS RTC (pin cmos 3 V) dé
gitr gio, gitr BIOS settings khi adapter thao. ThinkCentre Tiny c6 pin CMOS roi, luu trit
lich BIOS va ngay gio.

6.3.6. Trinh tu nguon

6.3.6.1. Bdt nguén
1. Adapter 19 V duoc cim, PCH nhan, cung cip 5 VSB, EC khéi tao.

2. Khi nhan Power Button, EC gui tin hiéu PS_ON# toi PMIC, PMC bat cac rail
dién: 1.05 V (PCH), 1.2V (CPU), 0.9V (GPU),5V, 3.3 V.

3. CPU nhan clock reference tir ClkGen (Clock Generator), khéi dong BIOS/UEF,
ECC memory training (DDR4).

4. Khi DRAM va CPU sén sang, BIOS load boot loader tir SSD/HDD, chuyén sang
khoi dong OS.

6.3.6.2. Tdt nguén

1. OS gui tin hiéu shutdown ACPI (ACPI- S5) tai EC.

2. EC yéu cau PCH cit ngudn hé thdng, gitr 5 VSB duy tri CMOS, sau d6 adapter
van cam. Néu rat adapter, 5 VSB mat, CMOS mat dién, RTC nging.
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6.3.7. Céc trang thai quyén luc
6.3.7.1. Trang thdi BAT (S0)
CPU, chipset, GPU, RAM hoat dong, quat chay theo nhiét do. OS khai dong hoan

chinh, driver tat ca thiét bi sin sang.
6.3.7.2. Trang thdi TAT (S5)

Toan bd rail hé thng tit, chi con 5 VSB (khoang 0.1 W), EC van nhan tin hiéu
Power Button, LAN.
6.3.7.3. Trang thdi NGU (S3)

RAM van c6 dién (d¢é gitr data), CPU, GPU, PCH & ché do nghi (cat xung clock
nhung giit rail), tiéu thy ~2-3 W. Quat tit, adapter van cip 5 VSB. Khi nhan Power
Button, hé thong resume nhanh (trong vai gidy).

6.3.8. Giam sat nhiét va dién

Intel PCH Sensor + EC: Theo doi nhi¢t 46 CPU, VRM (Voltage Regulator

Module), PCH. Khi nhiét > threshold (vi du 90 °C), EC tang tdc do quat Ién max (PWM

100 %), néu van qué nhiét, EC c6 thé yéu cau BIOS shut- down dé bao vé.

Voltage Monitoring: PMIC giam sat rail di¢n (1.05V, 1.2V, 09V, 5V, 3.3V).
Khi dién ap léch (UV/OV), hé théng reset hoic tat cing.

6.3.9. Hanh vi khéi dgng lai khi bat nguén

Khi nguon AC restored sau khi mat dién, EC/BIOS c¢6 tuy chon: “Power on”
(khoi dong tu dong), “Stay off”, “Last State”. Thuong cai mic dinh “Last State” (néu
dang bat, bat lai; néu tat, gitr tat).

6.3.10. Hanh vi ngu ’

Khi OS goi ACPI S3 (Sleep), EC/PMC cat clock CPU, GPU, PCH ngoai tru
DIMM, module wake events (Power Button, LAN), toan b quat tat, tiéu thu thap. Khi
nhan nut, power sequence thuc hién resume, load lai hé théng tir RAM.

6.3.11. GPIO ,

ThinkCentre M700 Tiny khong c¢6 header GPIO giong nhu board nhung; tuy
nhién, c6 SPI/I2C/GPIO an trong SIO chip (thudng dung microcontroller EC). Néu can,
phai nbi day tir board mach chi (doi hoi k¥ ning han). Trong d6 an, ta chu yéu dung
UART (COM header) hoic USB dé giao tiép voi Arduino thay vi GPIO tryc tiép.
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6.4. Lap trinh hé thong

6.4.1. Cai dat WINDOWS 10
Tao USB Bootable

e Tai file ISO Windows 10 (phién ban 21H2 tré 1én) tir trang chinh thuc cua
Microsoft.
e Dung Rufus:
o Chon USB > 8 GB, format FAT32.
o Partition scheme: GPT, Target system: UEFI (non CSM).
o Chon I1SO Windows, nhan Start — chd ~5 phuat dé hoan thanh.

Chu hinh BIOS/UEFI

e Khi khai dong ThinkCentre M700 Tiny, nhan gitt F1 dé vao BIOS.

e Trong muc Security — Secure Boot Control:
o Néu cai driver chuan ctia Lenovo va OpenVINO (di ky sb), gitr Enabled. Néu

gap 16i driver custom, tam Disabled.

e Trong Security — Trusted Platform Module (TPM): Enable (can cho Windows
10 BitLocker hodc chuan Windows 11).

e Trong Config — Serial Port: Enabled néu dung header COM onboard dé giao
tiép Arduino.

e Trong Config — Fan Control — Fan Speed Mode: Chon “Optimized” (mac dinh)
hodc “Cooler” (néu wu nhiét).

e Trong Power — AC Power Recovery: Chon Last State (may tu khai néu trude
d6 dang bat khi mat dién).

e Trong Boot — Boot Mode: UEFI Only (disable CSM).

e Nhin F10 — Yes dé luu va thoat.

e Quy trinh cai Windows 10

e Khoi dong tir USB Bootable, chon kiéu ngén ngit (English/Viét), mai gio
“Vietnam (UTC+07:00)”, ban phim “US” (hodc “Vietnamese”).

e Chon Install Now — nhap hoic bo qua Product Key (c6 thé activate sau).

e Chon Custom: Install Windows only.

e Xoba toan bd phan vung hién tai (néu can lam sach), nhian New dé Windows tu

tao d6 phan ving:
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o EFI System Partition (~100 MB, FAT32)
o MSR (~16 MB)
o Primary Partition (con lai, NTFS, gan C:)

Chon phan vung C: — Next, Windows sé& copy file va cai dat (~10—15 phaut).

May tu khoi lai 1-2 lan, vao giao dién OOBE:

o Chon khu vuc “Vietnam”, bd cuc ban phim “US” (hodc “Vietnamese
Keyboard”).

o Tao tai khoan Local (hoac Microsoft, tuy ban).

o TAat/tit cac tuy chon privacy.

Khi vao Desktop, két ndi Internet (Ethernet hoic USB Wi-Fi) dé Windows 10 tur

tai mot s6 driver co ban.,

6.4.2. Cai Driver Lenovo chinh hing
Sau khi vao Windows 10 1an dau, can cai du driver dé dam bao moi thiét bi hoat dong

6n dinh. C6 hai cach:

1.

Str dung Lenovo Vantage

M¢& Microsoft Store, tim va cai Lenovo Vantage.

M Lenovo Vantage — vao System Update — nhan Check for updates.

Chon tit ca BIOS, driver Chipset, Intel UHD Graphics 630, Intel Management
Engine Interface, LAN (1219-LM), Realtek Audio, Intel Serial 10 (néu ban can
dung serial onboard), Intel Rapid Storage Technology (néu gan HDD SATA).
Nhan Download & Install.

Khi hoan tat, khoi dong lai may.

Tai va cai thu cong tir support.lenovo.com

Truy cap trang Lenovo Support — chon model ThinkCentre M700 Tiny —
Downloads.

Tai theo thur tu sau:

1. Chipset Driver (Intel C236)

2. Intel UHD Graphics 630 Driver

3. Intel Management Engine (MEI) Driver

4. Intel LAN Driver (1219-LM)

5. Realtek High Definition Audio Driver
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Intel Serial 10 Driver (khi dung COM header onboard)
Intel Rapid Storage Technology (khi dung 6 SATA)

o Cai lan luot ting driver theo dung thir ty (MAi goi cai xong, khai dong lai
néu can).
o Mo Device Manager (nhian Windows + X — Device Manager), kiém tra

khong con muc “Other devices” hoic chim than vang.

6.4.3. Cai dit méi truwong phat trién (Dev Environment)
O muc nay, chung ta s& cai Visual Studio Code, Python, OpenCV, OpenVINO,

va Arduino IDE trén Windows 10.

6.4.3.1. Visual Studio Code (VS Code)
Tai & cai dat

1.

{

Truy cap https://code.visualstudio.com — Download ban Windows 64-bit (User

Installer).

Chay file .exe, chon “Add to PATH” dé c6 thé goi code tir Command Prompt.

Khi cai, co thé tick “Open with Code” dé dé m¢ thu muc dy an.

Cai extension can thiét

Mo VS Code, vao Extensions (Ctrl+Shift+X), tim va cai:

(@)

(@)

(@)

@)

Python (Microsoft): hd tro IntelliSense, linting, debug, virtual environment.
C/C++ (Microsoft): ho tro IntelliSense va debug C/C++.

CMake Tools (néu diung CMake cho du an C++).

Arduino (Microsoft) hoic PlatformlO IDE (tuy chon): hd trg bién dich va
upload code Arduino tir VS Code.

Remote - SSH: néu ban mubn remote debug hoic SSH vao M700 Tiny tir may
khac.

GitLens (néu quan 1y ma nguon vai Git).

Céu hinh co ban

Khei tao thu muc du an; tao file .vscode/settings.json

"python.pythonPath": "C:/Python39/python.exe",

"python.linting.enabled": true,

"python.linting.flake8Enabled": false,
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"python.linting.pylintEnabled": true,
"python.formatting.provider”: "black"

¥

e Tao file launch.json (trong .vscode/launch.json) dé debug Python hoic C++:
{
"version": "0.2.0",
"configurations": [

{

"name": "Python: Current File",

"type": "python",
"request”: "launch",
"program": "${file}",

"console": "integratedTerminal"
}
{

"name": "C++ Launch (gdb)",

“type": “cppdbg”,

"request": "launch",

"program™: "${workspaceFolder}/build/<your_executable>.exe",
“args": [,

"stopAtEntry": false,

"cwd": "${workspaceFolder}",

"environment": [],

"externalConsole": false,
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"MIMode": "gdb",
"miDebuggerPath": "C:/MinGW/bin/gdb.exe",
"setupCommands": [
{
"description™: "Enable pretty-printing for gdb",
"text": "-enable-pretty-printing",
"ignoreFailures": true

}

]
k

6.4.3.2. Cai Python va OpenCV
1. Cai Python 3.x

e Tai Python tir https://www.python.org/downloads/windows (vi du Python 3.9.16

64-bit).
e Khi cai, tick vao “Add Python to PATH”.

e Mo Command Prompt (nhan Windows + R — g& cmd), kiém tra:

e python --version # hién thi Python 3.9.x
e pip --version

2. Tao Virtual Environment (venv)

Trong Command Prompt (hoic PowerShell), chuyén vao thu muc dy an:

e cd C:\path\to\your_project
python -m venv venv

venv\Scripts\activate  # Kich hoat venv
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Khi thay prompt chuyén thanh (venv) C:\path\to\your project>, nghia 1 venv da dugc
kich hoat.

e Cap nhat pip:
python -m pip install --upgrade pip

3. Cai OpenCV va thu vién khoa hoc

e Trong venv, g0:
pip install numpy
pip install opencv-python # Bao gdm cac module co ban
pip install opencv-contrib-python # Néu can cac module extra (SIFT, xfeatures2d...)
pip install scipy scikit-learn matplotlib pillow
pip install pyserial # Giao tiép Serial v6i Arduino
pip install ultralytics # Néu can YOLOvS
e Dé dung PyTorrch CPU
pip install torch torchvision --index-url https://download.pytorch.org/whl/cpu

4. Kiém tra OpenCV hoat dong

e Tao file test_opencv.py véi noi dung:

import cv2
print("OpenCV version:", cv2.__version_ )
cap = cv2.VideoCapture(0, cv2.CAP_DSHOW)
if not cap.isOpened():

print("Khong thé mé camera™)
else:

ret, frame = cap.read()

if ret:

print("Pa nhan frame kich thudc:", frame.shape)
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cap.release()

Chay:

python test_opencv.py

Két qua phai in ra phién ban OpenCV va kich thudc frame

6.4.3.3. Cai OpenVINO™ Toolkit trén Windows 10

1.

Tai va cai OpenVINO for Windows

Truy cap Intel OpenVINO Toolkit
(https://www.intel.com/content/www/us/en/developer/tools/openvino-
toolkit/download.html).

Chon g0i Installer for Windows (vi du
w_openvino_toolkit_p_2022.1.0.643.exe).

Chay file .exe, cai dit vao duwong dan mic dinh (C:\Program Files
(x86)\Intel\openvino_<version>).

Trong qua trinh cai, tich chon “Install Intel® OpenVINO™ Runtime” va “Install
Intel® Model Optimizer and Deep Learning Workbench”.

Cai Intel® Graphics Compute Runtime for OpenCL (plugin GPU)

Truy céap trang GitHub “Intel Graphics Compute Runtime for OpenCL on
Windows” (vi du https://github.com/intel/compute-runtime/releases).

Tai ban phu hop cho Windows 10, cai xong dé hé thong nhan iGPU 1a thiét bi
OpenCL.

Thiét Iap bién méi truong

M¢ Start — All Apps — Intel OpenVINO™ — OpenVINO Environment
Variables (Use Setup Wizard).

Hoiac tr Command Prompt as Administrator, go: cd "C:\Program Files
(x86)\Intel\openvino_<version>\bin\intel64\Release" setupvars.bat

Viéc nay sé thém InferenceEngine, MO (Model Optimizer) vao PATH, dat
IE_PLUGINS_PATH tré dén cac thu muc plugin CPU/GPU.

Kiém tra OpenVINO

Mo Command Prompt (mé&i) va chay: cd "C:\Program Files

(x86)\Intel\openvino_<version>\deployment_tools\inference_engine\samples\c
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pp\x64\Release”  benchmark app.exe -m  ".\.\.\.\models\intel\resnet-
50\FP16\resnet-50.xml" -d CPU

Néu hién thi cac chi sb latency, throughput, nghia 1a plugin CPU d3 hoat dong.
Chay thir véi -d GPU dé kiém tra plugin GPU (iGPU).

Chuyén mé hinh (ONNX/TensorFlow) sang IR (FP16)

VD. chuyén YOLOvV5-nano ONNX sang IR: cd "C:\Program Files
(x86)\Intel\openvino_<version>\deployment_tools\model_optimizer" mo.exe -
input_model "C:\path\to\yolov5n.onnx" --data type FP16 --output dir
"C:\path\to\model _ir"

Két qua: tap hop file .xml va .bin trong model_ir.

6.4.3.4. Cai dgt Arduino IDE & Giao tiép Serial

1.

Cai Arduino IDE

Truy cap https://www.arduino.cc/en/software — tai “Windows Installer”.

Chay file .exe, cai dat. Trong suét qua trinh, chon “Install USB driver” dé
Windows 10 ty nhan Arduino.

Kiém tra cong COM

Sau khi cam Arduino UNO qua USB, md Device Manager — Ports (COM &
LPT), ban sé& thiy “Arduino UNO (COM x)”. Ghi nhé céng COM nay dé cau
hinh trong Python.

6.4.4. Kiém tra va str dung Camera UVC trén Windows

1.

Kiém tra Device Manager

Mo Device Manager — Imaging Devices — phai chut vao “USB Video Device”
(hodc “SJCAM ...”), chon Properties.

Néu khong hién, thir right-click — “Scan for hardware changes”.

Cai phan mém diéu chinh camera

C6 thé cai AMCap (free) hodc Camera Control dé diéu chinh exposure, focus,

gain. Tuy nhién, vi OpenCV, chung ta van co thé set truc tiép qua code.
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CHUONG 7: THIET KE HE THONG PIEU KHIEN PONG CO

7.1. Phan cieng diéu khién dng co
7.1.1. Arduino Uno

Arduino UNO 1a mét bo mach vi diéu khién dya trén ATmega328P . N6 c6 14

chan dau vao/dau ra ki thuat sé (trong d6 6 chan c6 thé dugc st dung lam dau ra PWM),

6 dau vao twong tu, mot b cong huong gém 16 MHz, két néi USB, gidc cam ngudn,

dau cam ICSP va nit dat lai. Arduino UNO duoc sir dung 1am vi diéu khién xu 1y tin

hiéu trung tdm va dua ra cac tin hiéu diéu khién cho déng co BLDC va dong co DC.

Arduino Uno 13 nén tang vi diéu khién phé bién cho cac ting dung nhung, dic biét trong

prototyping hé thdng diéu khién [22].

Hinh 7.1: Arduino UNO

Bdng 7.1: Théong sé ky thugt Arduino UNO

Thong sd Chi tiét

Vi diéu khién (Microcontroller) ATmega328P (8-bit AVR core)
Dién ap hoat dong (Operating Voltage) |5V

Dién ap dau vao (dé nghi) 7-12V

Dién ap dau vao (gidi han) 6-20 V

Chan I/O s6 (Digital 1/0 Pins)

14 (trong d6 6 chan ho trg PWM)

Kénh PWM (PWM Channels)

6

Kénh vao Analog (Analog Input Channel)

6
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Dong toi da trén mdi chan /O

20 mA

Dong t6i da & chan 3.3 V

50 mA

Bo nha Flash

32 KB (0.5 KB danh cho bootloader)

SRAM 2 KB
EEPROM 1 KB
Tbc do xung (Clock Speed) 16 MHz
Két n6i USB USB-B

Jack nguon (Barrel Jack)

5.5 mm/2.1 mm, ho trg 6-20 V

Kich thuéc

68.6 mm X 53.4 mm

Trong lugng

~25¢

Arduino UNO 1a mét vi diéu khién hoat dong dua trén chip Atmega328P:

14 chan digital (trong d6 c6 6 chan hd tro PWM: 3,5,6,9,10,11).

2 ngat ngoai: chan 2 (interrupt 0), chan 3 (interrupt 1).

6 chan vao analog (tir A0 dén AbB).

Ground Pin

AREF Pin

Reset Button

USE Plug

ATmegal bU2 Microcontroller

Voltage Regulator

External Power Supply Plug

IOREF Pin

Senal Dut (TX)

Senal In (RX)

1CSP for ATmegal6U2
ard LED
Power LED Indicato

ARDULNG & TX&RX LED's

: {4 1CSP for ATmega328
i ) NP " (ir

ATmega328 Microcontroller

ResetPin

3.3vPn

Hinh 7.2: So do cdu tric Arduino UNO
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7.1.2. B) diéu téc dong co BLDC HDK-24G-60A-80-A
Bo6 diéu téc HDK-24G-60A-80-A 1a mot bo diéu khién dong co BLDC chuyén

dung, hd tro diéu ché xung PWM véi chirc nang “ty hoc” (self-learning), pht hop cho

cac ung dung xe dién, xe dap dién, scooter...

Hinh 7.3: B¢ diéu téc dong co BLDC HDK-24G-60A-80-A
e Dién 4p du vao (Operating Voltage): 24-60 V DC
e Dong dinh muc lién tuc (Continuous Current): 60 A
e Dong dinh (Peak Current): 80 A
e Cong suat téi da (Max. Power): 4 800 W (tinh theo 60 V x 80 A)
e Kiéu diéu khién (Control Mode): PWM self-learning
e Tin hiéu diéu khién (Command Inputs):
o 3 kénh cam bién Hall (3-phase Hall Sensors)
o Tin hiéu ga tay, chan ga (throttle) hoac analog 0-5 V
e Giao tiép lap trinh (Programming Interface): CAN bus hoic UART/RS485 (tuy
model)
e Chtrc nang bao vé (Protections):
o Két ni (Terminals): nguon vao, 3 pha ra motor, Hall, throttle, CAN/RS485
o Kich thudc (Dimensions): khoang 120 x 70 x 45 mm
o Trong lugng (Weight): ~200 g

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S L& Nguyén Vii 159



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

5
sel{-lgarning line
6
electng brake(E-ABS)

3-speed i
3

hall lin

)
.
lock DowNnr:

throttle ling

8
pAS 9
reverse line

Crasbae sfrovd e

11

battery
motor ing 1

battery +

Hinh 7.4: Phén logi déy chirc ndng ciia bg diéu toc dong co BLDC HDK-24G-60A-80-A

1. Day pha dong co; 2. Day chia khoa; 3. Dy cam bién Hall; 4. 3 day toc do; 5,6. Day

hé thong phanh; 7. Day ga; 8. Day cam biné PAS; 9. Day dao chiéu dong co; 10. Day

hién thi toc do; 11. Day nbi nguon.

7.1.3. Mach diéu khién dong co DC BTS7960

B diéu khién dong co DC BTS7960 1a mot mach diéu khién cau H tich hop cao,
bao gom MOSFET kénh cao P-channel va MOSFET kénh thap N-channel cting mach

1ai bén trong, hd trg dong lién tuc dén 43 A va dong dinh 1én dén 100 A, véi cac chuc

ning bao vé qua ap, thp ap, qua dong va quéa nhiét tich hop san. Mach diéu khién nay

nhan tin hiéu PWM logic 5 V dé diéu khién toc d6 va chiéu quay dong co, rat phu hop

cho tng dung 14i xe hodc diéu khién dong co cong suit trung binh — cao.

Hinh 71.5: Bé diéu khién déng co DC BTS7960
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Bang 7.2: Théng sé b diéu khién dong co DC BTS7960

Thong sb Gi4 trj dién hinh
Dién ap nguon dong co (Drive Voltage) 6-27V DC
bién &p logic (V<sub>CC</sub>) 33-5V

Dong dinh mic lién tuc (I<sub>cont</sub>) 43 A

Dong dinh (I<sub>peak</sub>) Lén dén 100 A (theo module thyc

té)

bién tr6 MOSFET (R<sub>DS(on)</sub>) 16 mQ @ 25 °C

Dong tinh (Quiescent Current) 7 1A @ 25 °C

Tan s6 PWM hd tro

0 — 25 kHz (active free-wheeling)

Ché do diéu khién

PWM hoic tin hiéu mac (level)

Dau vao diéu khién

2 kénh PWM/level (INA, INB)

Cong trang thai (Status Flag)

B4o 16i qua dong/qué

nhiét/undervoltage (active low)

Chtrc nang bao vé

Over-current, Over-temp., Over-
voltage, Under-voltage, Short-

circuit

Kich thuéc module (PCB)

~50 x 50 x 20 mm

Nhiét do 1am viéc

—40 °C dén +150 °C (datasheet

Infineon)

1. RPWM
9. LPWM
3. R_EN
4. L_EN
B R ]

5. L 1
7. YOO
8. GND

=z

r

X

.~

~Nooom-
o Q000NN

Hinh 7.6: So' do néi chdn bé diéu khién dong co DC BTS7960

1. RPWM - chan dao chiéu hoic cAp PWM nira cau phai, Mic tich cuc cao; 2. LPWM

— chan dao chiéu hoic cap PWM nita ciu trai, Mirc tich cuc cao; 3. R_EN — 0 Disable
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nira cau phai, 1 Enable nita cau phai; 4. L_EN — 0 Disable nita cau trai, 1 Enable nira
cau trai; 5. R_IS — gioi han dong nira cau phai; 6. L_IS — gisi han dong nita ciu trai; 7.
VCC — ngudn tao muc logic diéu khién (5V-3V3); 8. GND — chan dat.

Thong thudng chan R_EN va L_EN duoc ndi chung véi nhau, hai chan nay s&
duoc ndi vao chan s 5 cia Arduino UNO dé nhan xung tir Arduino UNO giup thay doi
tdc do cua dong co DC.

7.1.4. Bién tré , 7 , ,

Muc dich str dung bién tré 1a @€ cung cap mot tin hiéu dién ap analog bién thién
(tr OV dén +5V) @& Arduini UNO (hoic khéi so sanh) c6 thé doc va xtr 1y. Cho phép
thay doi ngudng kich hoat Relay mot cach “thuc t&” bang co cdu co khi (xoay num),

khong phai stra d6i phan mém hay hoan dbi linh kién cb dinh.

Hinh 7.7: Bién tré BI0K (10kQ)

Bién trg 3 chén tiéu chuan thuong duoc quy dinh 2 chan 1 va 2 1a chan ¢6 dinh
tuc 14 ¢6 gid tri ¢6 dinh, chan s 2 1a chan chay ttc 14 chan thay d6i gia tri dién khi xoay

num van.

Bang 7.3: Cdc théng sé cua bién tré B1OK

Thong s6 Gia tri
D¢ dai nut chinh 15 (mm)
Duong kinh nut chinh 7 (mm)
Loai bién tro Volume don, loai 3 chan
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Tong tro khang 1KQ-1MQ
Tong dung sai khang +20%
Dién ap hoat dong toi da B Linear DC 50V/AC 25V
Cong suat dinh muc B Linear 0,5W
bién &p chiu duoc 1 phut & AC 250V
Goc quay toan bo 300£10(do)
Khoang cach quay 10~200gf.cm
Vong quay 10000 chu ky

Syl GND

Hinh 1.8: So d6 3 chdn cua bién tro B10OK
1. Vcc — chan duong 5V; 2. Signal — chan tin hi¢u; 3. GND — chan am.
7.1.5. Encoder 600 xung 5-24V PNP (HN3806-AB-600F)

Encoder HN3806-AB-600F 1a mot loai encoder quay véi do phan giai 600 xung
trén mdi vong quay, st dung tin hiéu dau ra dang PNP va hoat dong & dién 4p tir 5 dén
24V. Trong dd 4n nay, encoder ¢c6 nhiém vu chinh 1a do vi tri gbc hoac tdc do quay cua
mot truc, thuong 13 truc dong co hoic truc banh xe. Mdi vong quay cua truc s& tao ra
600 xung dién, tir d6 vi diéu khién (Arduino UNO) c6 thé tinh toan chinh xac sb goc da
quay hozc van téc quay thong qua viéc dém sé xung trong mot khoang thoi gian. Tin
hiéu PNP cta encoder s& tao murc dién ap cao (HIGH) khi ¢6 xung, gitip vi diéu khién
dé dang nhan biét va xir 1y tin hiéu. Trong hé théng diéu khién, encoder nay déng vai
tro phan hoi (feedback) gitip thuc hién diéu khién vong kin, dam bao do chinh xac va 6n

dinh cho qua trinh diéu khién dong co hodc giam sat chuyén dong.
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Hinh 7.9: Encoder HN3806-AB-600F
Bdng 7.4: Cdc théng s6 cia Encoder HN3806-AB-600F

Thong sb Gia tri

Model HN3806-AB-600F

D¢ phan giai 600PPR (xung/vong)

bién ap hoat dong DC 5-24Vv

Kiéu dau ra PNP (open-emitter), AB hai pha quadrature
Tan s dap ung 30 kHz

Toc do quay toi da 6300 RPM

Kich thuéc than Duong kinh ¢38 mm

Duong kinh truc @6 mm

7.1.6. Relay Songle 30A 6 chan SLA-12VDC-SL-C
Relay Songle SLA-12VDC-SL-C la mét relay dién tr SPDT (Single-Pole

Double-Throw) 1 kénh, cudn hat hoat dong ¢ dién ap 12 VDC véi dong tiéu thu khoang
75 mA (twong duong 0,9 W), cho phép dong/ngit cac tai cong suat cao 1én dén 30 A/250
VAC hoic 30 A/30 VDC. O day, relay nay dam nhan vai tro cach ly hoan toan giita
mach diéu khién (vi du Arduino, PLC...) va mach tai cong suat, dong thoi thuc hién
chic ning dong/ngit ty dong ngudn cho dong co DC, tai dién tré hay céac thiét bi cong
nghiép theo tin hiéu diéu khién 12 VDC, gitip bao vé vi diéu khién va nang cao tinh 6n
dinh cua hé thng.
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Hinh 7.10: Relay Songle 30A 6 chdn SLA-12VDC-SL-C

Bang 7.5: Théng sé ky thudt chinh cua Relay

Thong sb Gia tri
Model SLA-12VDC-SL-C
Dién 4p cudn hut (Coil) 12 VDC
Tiép diém tai (Contacts) 30 A/250 VAC
30 A/30VDC
S6 chan 6 (COM1, COM2, NO, NC)
Dong ti€u thu ~75mA
Kich thuoc ~29 x12.7 % 15.7 mm

Trong luong

~25¢

Tudi tho (co/dién)

107 lan/10° lan
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chan NC

chan NO

chan COM

2 chan cap nguodn

Hinh 7.11: So do chén relay 304 6 chin

7.1.7. Mach nguon on ap DC 12V 10A
Vi mo hinh str dung ac-quy lithium 48V lam ngudn chinh, viéc tryuc tiép cap dién

ap cao nay cho céc thiét bj diéu khién va cam bién (Arduino UNO, Relay 12V, Encoder
PNP, Mach diéu khién dong co,..) s& gdy hu hong va hoat dong khong 6n dinh. Do do,
st dung bd sung mot mach 6n ap ha nguon tir 48V xudng 12V véi dong toi da 10A,

nham dam bao:

Dién ap 6n dinh: gitp loai bé dao dong va nhidu tir dc-quy 48V, cung cap cho

cac linh kién nhay cam mot mic 12V chinh xac, trach reset hay nhiéu tin hiéu.

Dung lugng dong 16n: dong ra 10A du dé cap dong thoi cho Arduino, Relay cuon
hut (~ 75 mA), Encoder, Module diéu khién motor va cac phu tai khiac ma khong lo qua
tai.

Bao vé hé thong: giam thiéu nguy co qua ap, bao vé mach diéu khién va gia ting
tudi tho thiét bi.
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Connect Output Device

r
T r - -

(SN N |

Mmrm

+

Connect Input Device

Hinh 7.12: So dé két néi mach nguon én dp

Bang 7.6: Théng sé ky thudt cia mach én dp DC-DC 48V-12V

Thong s6

Gia tri

Ghi chu

Kiéu mach

DC-DC Buck Conventer

(c6 tan nhiét nhom)

Lam mat bang tan nhiét

nhom

Dién ap dau ra (Input) 36-60V DC Phu hop Vvéi Pin Li-ion
48V (13S)

Pién ap dau ra (Output) | 12V DC+0,1V On dinh cho Arduino,
relay,..

Dong ra toi da 10A Cho phép cap dong thoi
nhiéu tai

Cong suat toi da 120W 12V x 10A

Hiéu suat chuyén doi 90 — 95 % Giam ton that toa nhiét

Tinh nang bao vé

Qua dong, qua 4p, qua

nhiét, ngan mach

Tu dong ngat/phuc hoi

7.2. M6 hinh toin hoc va phwong phap diéu khién
7.2.1. Pong co ba pha khong chéi than BLDC

7.2.1.1.M6 hinh todn hoc

Mo hinh toan cua d6i tuong 1a cac mdi quan hé toan hoc nham muc dich mé ta lai ddi

tuong thuc té d6 nhung dudi dang cac biéu thirc toan hoc dé thuan loi cho qua trinh phan

tich, khao sat thiét ké. Di voi dong co, mé ta toan hoc dong vai trd quan trong vi moi

khéo sat va tinh toan bang Iy thuyét déu dya trén mo hinh toan. Vi vy mé hinh toan 1a

chia khoa dé mé ra mot van dé trong qua trinh tinh toan thiét ké cho dong co.
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Stator dong co c6 ba cudn ddy dwoc cap ngudn béi dién ap ba pha co do 16n lan luot 1a

Ua, Ub, Uc. Khi duoc cip ngudn, cac cudn day stator sinh ra dong dién, dong dién nay

sinh ra tir trrong quay quét qua tir truong ciia nam cham rotor. Sy twong tac gitra hai tur

trudng cla stator va rotor dong co s& lam cho rotor déng co quay va lam xuat hién trong

cudn day stator cac stc phan dién dong tuong tng la Ea, Eb, Ec. Gia sir dién tré va dién

cam tuong ung cua cac pha la Ra, Rb, Rc va La, Lb, Lc.

Hinh 7.13: M6 hinh mach dién cua dong co BLDC

Tur md hinh mach dién ctia dong co thi phuong trinh dién ap cia mot pha:

di
V, :Rb+Lb.a+eb

V, = RchLc.ﬂJreC
dt

bit s 1a toan tir laplace khi d6 di/dt=i.s

Phuong trinh dién ap cua ba pha:

V] TR, 0 07[i,] [LL-M 0
V,|=|0 R O||li,|+|] 0 L -M
V.| |0 0 R]i 0 0

Trong do:

e va,vb,vc: la dién ap cac pha

e Rs:ladién tré cac cudn day stato

(7.1)
(7.2)
d ia ea
™ L |+ e | (7.3)
I e
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e ia,ib,ic: 1a dong di¢n cac pha stato
e Ls,M: la dién cam va ho cam cua cudn diy
e ca,eb,ec: 1a back-EMF cua cac pha

* @, latdc dd dong co

Phuong trinh dong hoc cua dong co BLDC:
do
T, =(J,+ JC)'E +T, +T,

Trong do:

e T, 1a m6 men di¢n tur cua dong co

e /.. 1a m6 men quan tinh cta dong co
e J.la m6 men quan tinh cua tai

e dw mod men ma sat vai d 1a hé sé can

e T.la md men tai
bat ] = J,, + . va Laplace hoa phuong trinh

_T-Do-T,
J.s

a

(7.4)

(7.5)

Dé dam bao diéu khién 6n dinh va cuc tiéu hoa muic do nhap nho cia mod men thi

dong dién cac pha c6 dang xung xudng phai dugc dua vao khi bién d¢ cua back— EMF

co dinh.
Cot--= s N ; ' H
fa -1 : i : : : _
: : N b
N ! : N : L
L emmee A } N :
b N |
I : : : .
—— : : : 4
€ — : ) i S 1
s N L} 1 ' & 1
o AN : e
T | ' !
' \ ' '
| o i B ' |
N o 1 e ' i
] ' | ' ' '
. ! H : H H H
7.‘ 1 ' ' ' ' I
' ' | ' ' |
3 4 bl B R 8
Sa. S S. S, S, S, St Sy Sy Sy Sy Sa
Mode 1 Mode 2 Mode 3 Moaode 4 Mode 5 Mode 6

>
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Hinh 7.14: Dang back — EMF, dong dién cac pha va mé men cua BLDC

Hinh anh trén mé ta qua trinh chuyén mach sau budc cia déng co BLDC, trong
d6 dong dién va dién aap cua bap ha (A,B,C) thay d6i theo tirng ché d6 (Mode 1 dén
Mode 6) dé tao mo6 -men xoan lién tuc. Trong mdi mode, hai pha dan dong (mét pha
duong, mot pha 4m) va pha con lai ngat. Viéc diéu khién duoc thuc hién thong qua céac
khoa chuyén mach (S1 dén S6). Biéu d6 nay gitp hiéu rd nguyén Iy hoat dong va cach
diéu khién dong co BLDC.

Phuong phap diéu khién bang tin hiéu cam bién Hall dwoc dya trén nguyén 1y
hoat dong co ban cua dong co BLDC, ding tin hiéu dua vé tir cam bién vi tri rotor dé
1am tin hiéu diéu khién cac khoa dién tir dong hodc ngat dong dién vao cac cudn day

tuong tng [23].

Bidu il 8dag co Bkn 1 chibu Khdng chlithan 7[(—:_’\
| [

lesalTL /T

1111111 1111
LI %ﬁ'}

1e] sla] afe] Géc Rotor
Didu khidn v| Phan hi vi tri rotor
uiTéc 46

Hinh 7.15: Hé théng diéu khién déng co BLDC
Gian d6 xung kich va dong dién dong ngit twong ung thé hién & trong luu d6 vé
tin hiéu cam bién Hall va dong dién tuong Ung céc pha.
Hinh 7.16 va 7.17 1a thér ty chuyén mach caa cac van dua trén cac dau vao tir cam
bién Hall A,B,C ung véi chiéu quay cia dong co. Trong d6 cac cam bién Hall dat léch
nhau 60 do.
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. | Dau vao tir cim s s

") bién Hall Ciic tin hiéu PWM Dong dn phia
* A B |C AlB]C
L | 1 | 0 |1 |PWM5(Q5) [PWM6(Q6) | - | DC | DC
2 | 1 | 0 | 0 |PWMI(Q1) | PWM6(Q6) | +DC | -DC

3 | 1 | 1 |0 |[PWMIQL) |[PWM2(02) | +DC| - | IC
4 |0 | 1 |0 |PWM3(Q3) |PWM2(Q2) | - | +DC | -DC
5 | 0 | 1 | 1 |PWM3(Q3) |PWM4(Q4) | DC | +DC | -
6 | 0 | 0 | 1 |PWM5(Q5) |PWMA4(Q4) | DC | - | C

Hinh 7.16: Thit ti chuyén mach khi déng co quay theo chiéu kim dong ho

.| Dau vao tir ) -
};‘r‘“ cim bién Hall Cic tin hiéu PWM DURg (i pid
"ITATlB [cC A[B]C
1 | 0| 0 |1 |PWM5(Q5) | PWM6(QB) DC | <DC
2 | 0 | 1 | 1|PWM5(Q5) |PWM4(Q4) | DC | - | +DC
3 10 | 1 |0 |PWM3(Q3) |PWM4(Q4) | DC | +DC
4 | 1 | 1 |0 |PWM3(Q3) |PWM2(Q2) | - |+DC | DC
5 | 1 | 0 |0|PWMIQL) |PWM2(Q2) |+DC| - | DC
6 | 1 | 0 |1 |PWMI(QL) | PWM6(Q6) | +DC | DC

Hinh 7.17: Thit tir chuyén mach khi déng co quay nguoc chiéu kim dong ho

7.2.1.2. Phwong phdp diéu khién
Dé diéu khién dong co BLDC c6 hai phuwong phap chinh: phurong phap ding cam

bién vi tri Hall (hodc Encoder) va phuong phap diéu khién khong cam bién (sensorless
control). Trong d6 ta c6 hai phuong phap diéu ché dién ap ra tir bo diéu khién do 1a dién
ap dang song hinh thang va dang song hinh sin. Bdi v6i phuong phéap diéu khién sir
dung cam bién Hall c6 thé sir dung duoc ca dién ap hinh sin va hinh thang, nguoc lai

d6i voi phuong phap khong cam bién chi c6 thé st dung dién ap hinh thang.
Phwong phap diéu khién bang tin hiéu cam bién Hall — phwong phap 6 buéc

Hinh 7.18 1a mét vi du vé cac tin hiéu caa cam bién Hall twong (ng véi sic phan
dién dong cua dong co va dong dién pha. Hinh 7.19 chi ra thu tu chuyén mach tuong

g V&i cac cam bién Hall khi dong co quay thuan chiéu kim dong ho.

Ctr mbi khi quay dugc 60 d dién, mot cam bién Hall lai thay doi trang thai. Nhur
vat, co thé thiy, c6 can 6 bude dé hoan thanh mot chu ky dién. Bang thoi, ca mdi 60 do
dién, chuyén mach dong dién pha can duoc cap nhat. Tuy nhién, ciing cha y 1a mot chu

ky dién c6 thé khong twong (ng véi mot vong quay cua roto vé co khi. S6 lwong chu ky
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dién can l1ap lai & hoan thanh mot vong quay cua dong co dugc xac dinh véi sé cap cuc
cua rotor. Mot chu ky dién duoc xac dinh bai mot cip cuc rotor. Do d6 sb lugng chu ky

dién trén mot chu ky bang sé cap cuc rotor.

Khong gibng nhu cac loai dong co thong thudng nhu dong co dién mot chiéu va
dong co dong bo thi dong co BLDC c6 duong sic phan dién dong 1a hinh thang con
dién dong cua ba cudn day léch nhau 27/3 do cac cudn stator dwoc dat Iéch nhau 27/3
va goc chuyén mach cua stc dién dong 13 /3 vi thé trong thoi gian nay thi khong cap
dong cho cudn day stator trong ing. Can clr vao dang dong dién cua 2 pha cua dong co
theo vj tri ctia cam bién Hall dé xac dinh dugc so d6 ma van cho bo nghich luu. Do mot

chu ky c6 6 1an cam bién Hall thay doi vi tri nén sé& ¢ 6 trang thai mé van.

- —
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Hinh 7.18: Tin hiéu cam bién Hall, sizc phan dién déng va dong dién pha trong ché dg quay
thugn chiéu kim dong ho
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Hinh 7.19: Thit tie cap dién cho cdc cudn déy twong iing Véi cde cam bién Hall trong ché dé
quay thudn chiéu kim dong ho

Piéu khién bang phwong phap PWM

Trén co s diéu khién téc do dong co BLDC bang phuong phap diéu chinh dién
ap vao ta c6 thé ap dung ky thuat PWM dé diéu khién téc d6 dong co. Pay ciing 1a
phuong phéap duoc st dung rong rii trong diéu khién dién ap hién nay. Véi phuong phap
nay dién ap cung cip cho bo khoa cong suat khong d6i, tuy nhién dién ap ra khoi bo
khoa dén dong co thay doi theo thuat toan diéu khién. Phuong phap PWM c6 thé ding

cho khoa trén, khod dudi hay déng thoi ca hai khoa trén va dudi cung lic.
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Piéu khién dong co BLDC khéng sir dung cam bién (sensorless control)

-
] dotor
+ % BLDC Motor r\
o
N
5 ‘_'n\
- %
"

DETECTING
CIRCUIT

Hinh 7.20: Béng co BLDC lam viéc khéng sir dung cam bién
Dy 1a phuong phap sir dung cac wdc lrong tir thong roto dé diéu khién cac khoa
dong cit thay cho cam bién Hall truyén théng. Do d6 phuong phap nay dugc goi 1a
phuong phap dién khién khong cam bién. Co s¢ chinh cia diéu khién khong cam bién
d6i voi dong co BLDC 1a dua vao thoi diém qua zezo cua stc dién dong cam tng trén
cac pha cua dong co. Tuy nhién phuong phép nay chi ap dung dugc phuong phép dién
ap hinh thang.

Vé co can c6 hai k¥ thuat diéu khién khong cam bién:

e MGt la xac dinh vi tri roto dya vao suc dién dong cua dong co, phuong phap nay
don gian, dé dang thuc hién va gia thanh ré.

e Haila uwéc lwong vi tri ding cac thong sé ciia dong co, cac gia tri dién ap va dong
dién trén dong co. Phuong phap nay tinh toan phuc tap, kho diéu khién, gia thanh
cao.

7.2.2. Piéu khién dong co DC
7.2.2.1. Xung PWM
PWM 1a mot loai tin hiéu c6 thé duoc tao ra tir mot vi mach ki thuat sé nhu vi

diéu khién hoic bo dinh thoi 555. Do d6, tin hiéu duoc tao ra s& c6 mot nhom cic xung
va cac xung ndy sé & dang mot song vudng. C6 nghia 1, tai bat ky thoi diém cu thé nao,
song s& cao hoic s& thap. Pé dé hiéu, chiing ta hdy xem xét tin hiéu 5V PWM, trong
truong hop nay tin hiéu PWM s& 14 5V (cao) hodc & mic mat dat OV (thap). Khoang
thoi gian ma tin hi€u duy tri & mirc cao duoc goi la “dung gio” va khoang thoi gian tin

hiéu duy tri & muac thap duoc goi 1a “thdi gian tat”.
Diéu ché do rong xung (PWM) 1a mot ki thuat diéu khién dong dién tién loi cho
phép ban kiém soat toc d6 cua dong co, san lwong nhiét ciia may sudi va hon thé nira
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theo cach tiét kiém ning luong (va thuong 1a ém hon). Cac tng dung hién c6 cho PWM

bao gom, nhung khong gidi han:

e B diéu khién quat tan nhiét tbc do thay doi.
e Hé thdng truyén dong may nén VRF HVAC.
e Mach truyén dong dong co xe hybrid va dién.
e B diéu chinh d6 sang LED.

Diéu bién do rong xung da thay di thé gisi bang cach cat giam mic tiéu thu dién
ning cua cac thiét bi sir dung dong co nhu may diéu hoa khong khi bién tan, ta lanh bién
tan, may giat bién tan, trong s nhiéu thiét bi khac. Vi dy, may diéu hoa khong khi bién
tan c6 thé tidu thy it hon mot nira nang luong so véi may diéu hoa khong khi bién tan

trong mot s trudng hop.

J 1 g

Batdau Két thuc

Hinh 7.21: Xung PWM

71.2.2.2. Cach hoat dong cua xung PWM
PWM hoat dong bang cach tao xung dong dién mét chiéu va thay ddi khoang

thoi gian ma mdi xung ¢ trang thai “bat” dé kiém soat lugng dong dién chay dén mot
thiét bi chang han nhu dén LED. PWM 1a k¥ thuat s6, c6 nghia 13 né c6 hai trang thai:
bat va tat (twong tng voi 1 va 0 trong ngit canh nhi phén, s& tré nén phi hop hon véi

ban néu sir dung bo vi diéu khién).

Mdi xung dugc bat cang lau, dén LED sé& cang sang. Do khoang thoi gian giira
cac xung qua ngin nén dén LED khong thuc sy tat. N6i cach khac, ngudn dién cua dén
LED bat va tat qua nhanh (hang nghin 1an mdi giay) dén mirc dén LED thyc Sy Van sang
ma khong nhap nhay. Didu nay dugc goi 14 1am mo PWM, va mach nhu vay chi dugc
goi 12 mach diéu chinh d6 saing LED PWM.
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Néu chu ky lam viéc cua bo nguén PWM dugc dit thanh 70%, thi xung sé& bat
trong 70% thoi gian va né tit 30% thoi gian. Chu ky nhiém vu dé cap dén luong thoi
gian n6 duoc bat. O chu ky hoat dong 70%, d6 sang ctia dén LED phai gan 70%. Mdi
tuong quan gitra chu ky nhiém vy va do sang khong phai 1a tuyén tinh 100%, vi hiéu

suit cua dén LED thay doi theo luong dong dién duoc cung cap.

Néu chu ky nhiém vu 13 0%, toan b tin hiéu s& bang phang. Chu ky nhiém vu
PWM 1a 0% c6 nghia 12 ngudn bi tit. Trong trang thai nhu vy, dén LED s& khong hoat
dong.

Ly do chinh khién cac mach PWM rét hiéu qua la chung khong ¢ gang han ché
mét phan dong dién st dung dién tré ma ching bat va tit hoan toan dong dién.
7.2.2.3. Chu ky lam vigc va tan sé ciia PWM

Doi véi mot tin hiéu PWM, ching ta can xem xét hai tham so quan trong lién

quan dén n6, mot 1a chu ky nhiém vu PWM va mot 1a tan sé6 PWM.
Chu ky nhiém vu:

Nhu d3 néi trude do, tin hiéu PWM van bat trong mot thoi gian cu thé va sau do
tat trong khoang thoi gian con lai. Pidu 1am cho tin hiéu PWM nay tré nén dic biét va
hitu ich hon 1a chung ta c6 thé dat thoi gian hoat dong cua né bang cach kiém soat chu

ky nhiém vu cua tin hi¢u PWM.

Phan tram thoi gian ma tin hiéu PWM van & mic CAO (dung gid) duoc goi la
chu ky nhiém vu. Néu tin hiéu luon BAT, né dang 6 trong chu ky 1am viéc 100% va néu
n6 ludn tat thi d6 1a chu ky 1am viéc 0%. Cac cong thic dé tinh toan chu ky nhiém vu

duoc hién thi bén duéi.
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Hinh 7.22: Xung PWM ¢ chu ky nhiém v 50%
Hinh anh 7.22 dai dién cho tin hiéu PWM vai chu ky nhiém vu 50%. Nhu ban cé
thé thay, néu xét trong toan bo khoang thoi gian (dung gid + thoi gian tit), tin hiéu PWM
chi bat trong 50% khoang thoi gian.

Bing cach kiém soat chu ky Nhiém vy tir 0% dén 100%, chung ta c6 thé kiém
soat “dung thoi gian” cda tin hiéu PWM va do d6 d¢ rong cua tin hi€u. Vi chung ta co
thé diéu chinh do rong cua xung, nd c6 tén mang tinh biéu tuong 13 “Diéu ché d6 rong

xung”.
Tan s6 cia mot PWM:

Tan s6 cua tin hiéu PWM xac dinh tdc ¢ PWM hoan thanh mot giai doan. Mot
khoang thoi gian 13 thoi gian BAT va TAT hoan toan cua tin hiéu PWM nhu thé hién

trong hinh trén. Cac cong thirc dé tinh Tan s6 dugc dua ra dudi day.

Thong thuong tin hiéu PWM do vi diéu khién tao ra s& & khoang 500 Hz, tan sé
cao nhu vay s& dugc sir dung trong cac thiét bi chuyén mach tc d6 cao nhu bd nghich
Iru hodc bo chuyén d6i. Nhung khong phai tat ca cac tng dung déu yéu cau tan suat
cao. Vi du dé diéu khién mot dong co servo, chung ta can tao ra tin hiéu PWM véi tan
s6 50Hz, vi vay tan s6 cua tin hiéu PWM ciing c6 thé duoc diéu khién bang chuong trinh
cho tat ca cac vi diéu khién.
7.2.2.4. Uu va nhwoe diém ciia PWM
Uu dieém:

e Giaré
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Ti€u thu it dién nang

Hiéu qua 1én dén 90%

Mot tin hiéu c6 thé dugc tach rat dé dang tai giai diéu ché va nhidu ciing c6 thé
duoc tach ra mot cach dé dang

Cong suat xir 1y nang luong cao

C6 thé sir dung tan sb rat cao

Ho1i nong khi van hanh

Nhiéu it hon

Rat tiét kiém nang luong khi sir dung dé chuyén do6i dién ap hoic cho bong dén
Mot hé thong kém hiéu qua vira phai trong sb ca ba loai

Pong bo hoa gitta may phat va may thu khong bat budc khong giéng nhu diéu
ché vi tri xung (PPM)

Yéu cau bo loc duoc giam xuéng

Bién do va tan s6 c6 thé duoc kiém soat doc lap

Giam dang ké THD cua dong tai

Nhuwoe diém:

Mach phuc tap

Dot bién dién ap

Hé thdng yéu cau mot thiét bj ban dan c6 thoi gian BAT va TAT thip nén chung
rat dat

Nhiéu tan sb vo tuyén

Tiéng on dién tur

Bing thong phai Ion dé sir dung trong giao tiép

Suy hao chuyén mach cao do tan s6 PWM cao

Cong suit tirc thoi caa may phat thay doi

Ung dung:

Trong nhiing ngay hién dai, k§ thuat diéu ché do rong xung duoc sir dung dé dicu
khién tdc d6 cua dong co trong cac nganh cong nghiép.
Dé lam mo anh sang.

beé kiem soat cong suat di¢n.
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e Trong hé théng thong tin lién lac.
e Trong hé théng 4m thanh.
e Trong cac bién tan hién dai.
e Sir dung k¥ thuat PWM va co ché chuyén mach, chung ta c6 thé diéu khién cac
tin hiéu twong tu bang cach st dung tin hiéu sd.
7.2.2.5. Phwong phdp diéu khién ‘
Phuong phap diéu xung PWM (Pulse Width Modulation) 1a phuong phap diéu
chinh dién &p ra tai, hay néi cach khac, 13 phuong phap diéu ché dua trén sy thay doi 4o

rong cua chudi xung vudng, dan dén sy thay doi dién ép ra.

Cac PWM khi bién d6i thi ¢6 cing 1 tan sé va khac nhau vé do rong ciaa suon

duong hay suon am.

12\

W% s duty cyele

0% duty ¢vele

0% s dury cvele

Hinh 7.23: Dé thi dang xung PWM
Nguyén ly: Trong khoang thoi gian 0 - t0, ta cho van G mé, toan b dién ap ngudn
Ud duoc dua ra tai. Con trong khoang thoi gian t0 - T, cho van G khoa, cat nguon cung
cap cho tai. Vi vay véi t0 thay ddi tir 0 cho dén T, ta s& cung cap toan bd, mot phan hay

khoa hoan toan dién ap cung cip cho tai.
Cong thure tinh gia tri trung binh cta dién ap ra tai:
Goi tl 1a thoi gian xung ¢ suon duong (khéa mo) con T 1a thoi gian cua ca suon am va
duong, Umax 1a dién ap ngudn cung cap cho tai. Ta co:
Udg = Umax.t?1 (V) hay Ud = Umax.D

51

(VoiD== lahe s6 diéu chinh va dugc tinh bang % tac 1a PWM)
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Cic cach dé tao ra dwge PWM dé diéu khién:

Pé tao dugc ra PWM thi hién nay c6 hai cach théng dung: Bing phan cing va
bang phan mém. Trong phan cing c6 thé tao bang phuong phap so sanh hay 1a tir truc
tiép tir cac IC dao dong tao xung vudng nhu : 555, LM556...Trong phan mén dugc tao
bang cac chip co thé lap trinh duoc. Tao bang phan mén thi d chinh x4ac cao hon 1 tao
bang phan ctng. Nén ngudi ta hay st dung phan mén dé tao PWM.O day ta tham khao
2 cach diéu ché PWM pho bién: bang phuong phép so sanh va tao xung vudng bang

phan mém:
Tao xung vudng bang phuong phép so sanh:
Pé tao duoc bang phuong phap so sanh ta can 2 diéu kién sau day:

o Tin hiéu ring cua: Xac dinh tan sé caa PWM
o Tin hiéu twva (Ref) 1 tin hiéu xac dinh mirc cong suat diéu ché (Tin hiéu
DC).

Xét so d6 mach sau:

Tm luen rang con (Saw)

2 AL A
7NN, N

Tin Juenu ma (Ref)

|
| | |
i | 4 | J
| Output

Hinh 7.24: Tao xung vudéng bang phirong phdp so sanh

1

— — nén chi can diéu chinh R2 14 c6 thé
lnCl.(R1+2R2)

V6i tan s6 xac dinh duoc la: f =
thay d6i do rong xung dé dang. Ngoai 555 ra con rat nhiéu cac IC tao xung vudng khac.
Tao xung vudng bang phan mém:

Day 1a cach tdi wu trong cac cach dé tao duoc xung vudng. Viéc tao biang phan
mén cho d6 chinh x4c cao vé tan sb va PWM. Va mach don gian hon rat nhiéu. Xung

nay duoc tao dua trén xung cta CPU.
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7.3. So dd mach dién va diéu khién déng co
7.3.1.Diéu khién dong co BLDC céau chi dong
7.3.1.1. So' do mach dign

B1 _—
asv 2 cap

==
I
1
1
— -

T 7

Phase
ergne brake
C] l
Prase 8 fe—

Phaze C

engne brake

Hinh 7.25: So d6 mach dién diéu khién dong co BLDC cdu chii déng

7.3.1.2. Nguyén ly lam viéc:

So d6 nguyén 1y hoat dong cua mach diéu khién “IC- 3- Phase- Sine- PWM”
thé hién cach diéu khién mot dong co dién 3 pha s dung ngudn dién 1 chiéu 48V.
Ngudn dién dugc cung cap tir ac-quy (B1), véi cuc duong ndi vao chan "+48V" va cuc
am ndi vao chan "GND" cuia IC. Khi cong tac khoi dong (Key-Start) duoc bat, IC bat
dau khoi dong va chuyén sang trang thai san sang hoat dong. Liic nay, hé thong cho tin
hiéu diéu khién tir bién tré RV2 — dong vai trd nhu tay ga — dé xac dinh tc do va mo-
men can thiét. Bién tro nay dugc cap ngudn 4V tir IC va xuat ra mot tin hiéu analog ¢
chan giita (chan “Gas™). IC doc gia tri dién 4p nay va chuyén d6i thanh tin hiéu diéu
khién bén trong, tir 6 ndi suy ra bién do va tan s thich hop cua cic song sin 3 pha.
Thong qua bo diéu ché xung PWM tich hop san, IC tao ra cac tin hiéu xung twong ung
V6i cac pha A, B, va C. Cac xung PWM nay duoc str dung dé diéu khién cac linh kién
cong suat (thuong 1&4 MOSFET hoic IGBT) bén trong IC, tir d6 tao ra dong dién xoay
chiéu 3 pha c6 tan sé va bién do6 bién thién phu hop dé cap cho dong co 3 pha M1.

Ngoai chirc ning diéu tdc, mach con tich hop cac cong tic didu khién dao chiéu
va phanh dién. Hai cong tic “engine reverse” cho phép thay doi thi ty cip pha dau ra
cua IC, tir d6 lam d6i chiéu quay cia dong co (vi du tir A-B-C sang C-B-A). Khi mot
trong cac cong tac nay dugc bat, IC s& xir 1y tin hiéu va dao tha ty phat séng sin trén 3
pha, gitip dong co quay nguoc lai. Bén canh do, hai cong tic “engine brake” dugc su
dung dé kich hoat ché d6 ham dong co. Khi ngudi dung nhan phanh, 1C s& diéu chinh
xung ra hoac tao két ndi noi tai gitra cac pha, tir d6 tao ra luc dién tir nguoc chiéu 1am
giam toc do quay cua rotor. Phurong phap phanh nay c6 thé 14 phanh tai tao (tra nang
lugng vé ac-quy) hoic phanh dong ning (bién ning luong thanh nhiét). Trong sudt qua
trinh van hanh, IC lién tuc giam sat trang thai dién ap ngudn, dong dién dong co va cac
tin hiéu dau vao dé dam bao hoat dong an toan, hiéu qua. Khi phat hién qua dong, qua
ap hodc tin hiéu bat thuong, IC c6 thé ty dong ngat dau ra hoic giam cong suat dé bao
vé hé théng. Nho su phéi hop giita cac thanh phan diéu khién dién tir va cong suat, mach
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IC- 3- Phase- Sine- PWM cho phép diéu khién muot ma, chinh xac toc do va hudng
quay cua dong co 3 pha, rit phu hop cho cac (ng dung nhu xe dién, hé truyén dong cong
nghiép hoic cac thiét bi can diéu khién tdc d6 bién thién.

7.3.2. Piéu khién ddng co DC ciaa hé théng lai
7.3.2.1. So' dé mach dién
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Hinh 7.26: So @6 mach dién diéu khién dong co DC cho hé thong ldi

71.3.2.2. Nguyén ly lam vi¢c
Mach dicu khién mo-to 1ai DC cua xe tu hanh nay bat dau tur ac-quy 12 V, duoc

loc ki bang cum tu C1-C9 rdi cap truc tiép cho hai module BTS7960B (U2 va U3) ghép
thanh H-Bridge cong suat, cho phép diéu khién chiéu quay cling nhu mé-men xoan cua
mo-to 14i. Song song voi do, ngudn 12 V ciing dugc dua qua IC 7805 (U4) dé tao ra 5
V 6n dinh cap cho Arduino Uno (ARD1) ciing cac phu kién 5 V. Mdi khi Arduino khai
dong, cac chan digital tir no duoc dan qua bd dém SN74HC244 (U1) — noi co cac dién
tré kéo xudng mass (10 kQ mdi chan) dé gitr cho tin hiéu & mic 0 V khi chua c¢6 1énh —

roi tir SN74HC244 méi dua vao chan IN/IN-2 cua hai BTS7960B. Trong hoat dong thuc
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té, chuong trinh nhan dién lan duong (chay trén may chi hodc may tinh nhung) tinh toan
d6 léch cua xe so Vi tim lan va truyén tin hiéu diéu hudng (vi du “léch trai 10%” hoac
“léch phai 15%”) vé Arduino Uno qua giao tiép serial hoic giao tiép sé khac. Arduino
nhan gia tri 6 léch nay, so sanh va chuyén thanh hai loai tin hiéu: mét tin hiéu direction
(chon quay trai hoac phai) va mot tin hiéu PWM ty 1& thuan véi do 16n léch (dé diéu
chinh mé-men can thiét). Nhimg tin hiéu logic ndy dwoc xuat tir Arduino vao
SN74HC244, sau d6 SN74HC244 khuéch dai, ddm bdo mtc 0 V/5 V 10 rang, rdi dua
tiép sang IN/IN-2 ciia BTS7960B. Khi IN = 1, IN-2 = 0, mét ntra cau trong BTS7960B
cap +12 V vao mdt ddu mo-to, nira cau kia ngit, mo-to xoay theo chiéu “tién” (vi du
danh 1ai sang phai); nguoc lai, khi IN = 0, IN-2 = 1, mé-to s& quay theo chiéu “nguoc”
(danh 14i sang trai). Dong PWM do Arduino xuat qua SN74HC244 diéu khién duty-
cycle trén BTS7960B, tir d6 thay d6i mo-men xoan va tc do quay mo-to dé banh 1ai
udn dung goc can thiét dua trén tin hiéu léch lan. Trong sudt qua trinh, Arduino lién tuc
nhan cac 1énh mai vé d6 léch lan va diéu chinh PWM/direction cho pht hop méa khong
ding encoder vong kin; néu c6 1énh dirng khan cap hoic gi tri 1éch bang 0 (xe da vao
dung gitra lan), Arduino 1ap tac xuat IN = IN-2 = 0 (tit ca MOSFET), hoic IN = IN-2 =
1 (phanh dién) dé mo-to dirng han.

Céu tric tach biét gitra mach cong suat (12 V) va mach logic (5 V) vira bao dam
tinh 6n dinh, vira giip bao vé an toan va dé dang bao tri, phi hop cho viéc diéu khién

dong co DC cho hé thong 14i tu dong trén mo hinh xe dién.
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CHUONG 8: XAY DUNG MO HINH KHOI SIMULINK MO PHONG MO
HINH XE PIEN

8.1. Téng quan
8.1.1. Gi6i thiéu chung veé lich sir xe dién ( Electric Vehicle- EV)
O t6 dién ra doi dau tién vao nam 1834. Trong thé ky XX, nhiéu cong ty tai

Hoa Ky, Anh va Phap di san xuat xe dién, nhung do han ché vé cong nghé Ac-quy va
su phat trién vuot bac cia dong co dét trong, 6 to dién gan nhu bién mat sau thap nién
1930. Bén nay, vai su cai tién manh mé, xe dién khong chi hdi sinh ma con haa hen

thay d6i trong lai nganh giao théng toan cau [19].
M0 hinh xe dién so khai:

Niam 1828, nha vét Iy Anyos Jedlik phat minh dong co dién don gian, tao nén
tang cho dong co hién dai vai stato, roto va ) g6p. Nam 1832, Robert Anderson ché
tao xe dién dau tién c6 kich thuéce hoan chinh, du Ac-quy khong sac lai duogc. Pén nam
1835, gido su Sibrandus Stratingh & Ha Lan ché tao xe dién nho, nhung do han ché k¥

thuat, cic mau nay chi 1a tién dé so khai.

Hinh 8.1: M6 hinh EV thé so dau tién trén thé gidi ciia Robert Anderson
Budc dot pha dén vao nim 1859 khi Gaston Planté phat minh Ac-quy Axit-chi
sac lai, giup giéc mo xe dién tro nén thuc té hon. Nam 1884, Thomas Parker ché tao 6
t6 dién dau tién & Anh, str dung Ac-quy c6 dung lugng cao, tao budc tién 16n. Tai My,
William Morrison ciing ghi ddu 4n véi mau xe dién tién phong (1889-1891), dat nén tang

cho su phat trién trong tuong lai.
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Thoi Ky hoang kim (1890-1912):

Vao cudi thé ky XIX, xe dién tro thanh biéu twong cua sy tién nghi va hién dai.
Nam 1897, ky su Walter Bersey ¢ London dua doi taxi dién hoat dong, dugc goi la “chim
rudi” nhd Am thanh dic trung. Tal My, Samuel’s Electric Carriage trién khai 12 taxi

dién tai New York cung nam.

Hinh 8.2: Taxi duwoc trién khai ¢ my vao cusi thé ky XIX
Xe dién ndi bat nho khong rung lac, khong mui, khong can tay quay dé khoi dong
nhu Xe xing. Dén nam 1912, khi nhiéu gia dinh My duoc két ndi dién, s6 luong xe dién
tang vot, voi 33.842 xe diang ky, chiém 38% tong sb 6 to. Du vay, xe dién chu yéu duoc

sir dung trong d6 thi do han ché vé quing dudng va co so ha tang.

Hinh 8.3: Tram sac dién xe EV nhitng nam cudi thé ky XIX

Sw “thoai trao” cua 6 to dién (1920-1960)
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Ford Model T (1908) véi gia chi 650 USD so véi 1.750 USD cua xe dién da thay

ddi nganh 6 t6. Xe xing trd nén ré va phd bién nho san xuét hang loat, trong khi hé

théng dudng bo va tram xang phat trién nhanh chong. Nam 1912, phat minh bo khoi dong

dién trén xe xang cang lam xe dién mat uvu theé.

Hinh 8.4: Xe Ford Model T (1908)

Dén thap nién 1920, xe xiang chiém linh thi trudng nho quing duong dai va chi
phi van hanh thap. Xe dién roi vao di vang, chi dugc sir dung han ché trong Thé chién 11
Du Henney Kilowatt (1950) cai tién hiéu suat, chi phi cao van khién xe dién khé canh

tranh.
Sw “trdi day hoi sinh” caa 6 td dién (1970)

Két thuc khong may “ém dep” vao nhitng nam 1950, tuéng ching xe dién da roi

vao “di vang”.

Cudc khing hoang niang lugng thap nién 1970-1980 va ap luc bién doi khi hau
da hdi sinh xe dién. Nam 1959, American Motors Corporation phat trién pin sac nhe,
dit nén mong cho cong nghé hién dai. Xe dién ngay nay khong chi khic phuc nhuoc
diém truyén théng ma con mang tinh dot pha véi cong nghé pin tién tién va thiét ké
thong minh. T cong cu di chuyén, xe dién dang tré thanh biéu trong cua tuong lai bén

virng.
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8.1.2. Uu diém va nhwoc diém cua xe dién

Bang 8.1. Uu diém va nhuot diém cua xe EV

Uu diém Nhuoc diém

Xe chay dién khong san sinh ra khi | Gia xe dién thuong mic hon cac
thai doc hai nhu cac dong xe st | dong xe truyén thong. Nguoi lai
dung dong co ddt trong thong phai ton phi ban dau nhiéu hon

thuong. trudc khi nhan thay loi ich tir viéc

ton tién xang.

Nguoi l4i loai bo duoc nhu cau do
xang, tictkiem phan 16n chiphi |y o gian kho oo thé di xa vi co

nhién liéu do chuyén sang st dun o .
i y g ing muc nang luong han che.

dién nang.

Xe dién thuong c6 chi phi bao tri
dinh ky thap hon xe truye‘n thong Thai gian sac, nap dién cho xe
hoac ‘Xe hybrid (lfhong can thay cling 1a mot diém bat loi dang cha
dau, vé sinh ong xa,...). g

Chu xe ¢6 thé nhan dugc gia wu dai
do giam thué, khuyén mai nham ca X , .
g y Xe dién van chua c6 mang ludi
Khuyén khich nguoi dung chuyen . n £ ,
sac ma rong, so lugng cac tram

sang cac dong xe than thi¢n véi moi A x
sac dang phat trién nhung van con

truong. £
g han che.

8.1.3. Phan Ioa[ xe dién ’
Xe dién chay bang pin toan hé thong — BEV

Xe 6 t6 dién chay ac quy chay hoan toan bang dién (khong sir dung dong co dbt
trong) va niang luong dién dé sac ic quy duoc cung cip hoan toan tir dién ludi. Xe su
dung bo pin 16n hon nhiéu so véi cac dong xe dién khac. Tuy thudc vao pham vi hoat
dong, dung luong cua b pin trén xe dao dong tir 18kWh dén 35kWh. Pham vi hoat dong
ctia phuong tién nay co thé dat khoang 80 km.
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Hinh 8.5: Xe TESLA MODEL 3

Dé sac duoc bo dc quy c6 dung luong 16n, loai xe nay phai sir dung cic bo sac
¢ cong suit 16n hon va dién ap dau vao cia bo dc quy cling 16n hon, thuong Ién hon

240VDC.
M@t 56 loai 6 to dién ca nhan khac
Mot s6 loai 6 t6 dién ¢& nho c6 tée d6 tdi da cho phép khoang 40km / h ciing

dang dugc su dung trén thi treong nhu 6 t6 di¢n dung trong san gon, 6 t6 di¢n dung trong

cac khu du lich, xe di¢n nang ha hang hoa ...

HEV (hay xe Hybrid): 14 loai xe c6 c4u tao bao gdm ca dong co dbt trong va dong co
dién. Pong co dot trong lay nang lugng tir nhién lidu, con pin s& cung cap niang luong
cho dong co dién. Hop sé duoc quay dong thoi boi ca hai loai dong co trén, sau do

truyén dong cho banh xe.

PHEV (xe Hybrid ¢é sac): hay duoc goi tat 1a xe Plug-in. PHEV c6 cAu tao gan giéng
v6i HEV & bén trén, ciing str dung ca dong co d6t trong va dong co dién. Vé su khac
nhau cua 2 loai xe nay thi PHEV c6 thé sac duoc dién tir bén ngoai cho pin dé tich trix
nang luong. Khdi pin cua cac xe PHEV ciing 16n hon va cung cp nhiéu ning luong hon

cho chiéc xe chuyén dong voéi ty 1¢ xiang/dién gan nhu can bang nhau.

Xe FCEV: hoat dong bang cach sir dung pin nhién liéu dé tao ra dién tir khi hydrogen
va oxi trong khong khi. Qua trinh nay khong gy ra khi thai gdy 6 nhiém moi trudng.
Thay vao d6, san pham chinh 1a nuéc, khién xe FCEV tré thanh mot phuong tién hoan
toan khong gy 6 nhiém va c6 kha nang giam thiéu hiéu (mg nha kinh. Xe FCEV c6 hiéu
Xe FCEV hoat dong bing cach sir dung pin nhién liéu dé tao ra dién tir khi hydrogen va
oxi trong khong khi. Qu4 trinh nay khong gay ra khi thai gy 6 nhiém méi truong. Thay
vao d6, san pham chinh 1a nuéc, khién xe FCEV tré thanh mot phwong tién hoan toan
khong gdy 6 nhidm va c¢6 kha ning giam thiéu hiéu tng nha kinh. Dé thuan lgi cho viéc
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tinh toan va tiép can dén xu thé nganh cong nghiép 6 t6 dién trong tuong lai gan sap dén
ta chon mé phong xe dién sir dung pin cho toan hé théng BEV_ lam tién dé cho bai
nghién cuu.
8.1.4. CAu tric truyén dgng xe di¢n o

Trudce day, xe EV chu yéu duoc chuyén doi tir ICE (Internal Combustion Engine)
bang cach thay thé dong co dét trong va thung nhién liéu bang mot dong co dién dan

dong va ac quy cung cap dién trong khi cac b phan khac dugc gitr nguyén.

Kiéu EV nay c6 nhiéu han ché nhu trong luong xe 16n, d6 linh hoat kém, tinh
nang hoat dong giam, diéu d6 1am cho kiéu EV nay it dugc st dung. EV hién dai duoc
thiét ké lai khung suon. DBiéu d6 1am thda man cac yéu ciu vé ciu tric thong nhat caa
EV va 1am cho EV linh hoat hon. M6t hé théng dan dong dién duoc miéu ta khai quat

nhu sau:

Hé thong bao gdm 3 cum chinh: cum niang motor dién, ngudn luong chinh va
ngudn cac hé théng phu. Cum dong co dién gom mot bo diéu khién xe, bo chuyén doi
dién tir cong suat, motor dién, bo truyén luc co khi va banh xe dan dong. Cum ngudn nang
luong thi c6 nguon niang luong, bd diéu khién ning luong, bd nap nang lugng. Cum
ngudn cac hé thong phu gom ngudn cho cum co cau 14i, cum diéu khién diéu hoa khong
khi va cac hé théng phu kha khac.

Cum truyén déng motor Gén Banh xe
Praoh | o B0 chuyén adi | o[ M ——] Tuyénivc
— ieu khién chuyén déi Aotor
R S cong sudt dign 7‘:2[%'“7'
I Banh xe
B4 quan Iy Ngudn ning Ngudn cdng Ngubnco _|
nang luong lwong . suat phy ) cau lai
" B4 nap nang Diéu khién
— PRI
rong diéu hoa
Ngudn ning lrong ’ Hé théng phu
| —— Lignkétnb @

— 27 kL déu khign

Lién két co khi

Hinh 8.6: Hé thong truyeén luc xe dién
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Dua vao tin hiéu dau vao tir ban dap ga va ban dap phanh, bo diéu khién trung
tam s& cung cip dang cac tin hiéu diéu khién dén bo chuyén doi cong suit dién tir, bo
phan nay c6 chirc ning diéu chinh dong cong suat giira motor dién va ngudn dién. Dong
cong suit nguoc lai 1a do hé théng phanh nap cua EV va ning lugng nap nay c6 thé
dugc gitr lai trong ngudn nang luong. Hau hét cac ac quy cua EV ciing nhu céc siéu tu
déu c6 kha ning tiép nhan ngudn ning luong nap nay. Bo diéu khién ning lwong phoi
hop voi bo diéu khién trung tim dé diéu khién hé théng phanh nap va tai tao ning
lwong cua qua trinh phanh. N6 ciing 1am viéc cing véi bd nap lai ning luong dé diéu
khién nap lai va kiém tra tinh hiéu qua sir dung ngudn ning lrong. Nguén ning luong
phu thi can thiét & cap nguon tai mic dién ap khac cho tat ca cac hé thong phu trén
EV, dic biét 1a hé thong diéu hoa va cum ngudn co ciu 14i.

8.1.5. Céc thanh phan khac ciia xe dign

8.1.5.1. Pin-Ac quy
Hé thdng luu trit nang luong 13 mot trong nhirng hé théng quan trong nhét trong

chiéc xe Hybrid, xe dién va tryc tiép anh huang dén hiéu qua caa chiéc xe. Co nhiéu loai
thiét bi tich trir nang luong da duoc dé xuat tng dung trén xe Hybrid, xe dién. Cac thiét
bi tich trit nang lwong chinh gdm: dc quy hoa hoc, cac siéu tu va cac banh da cao tic.
Hién nay, dc quy hoa hoc van 1a thiét bi luu trit ning lugng phd bién cua xe Hybrid, xe
dién. C6 rat nhiéu cac yéu cau cho céc thiét bj tich trit nang lwong tng dung trén mot
phuong tién giao thong nhu: chi s6 ning lugng riéng, cong suat riéng, hiéu sut, yéu cau
bao dudng, bao quan, gia ca, su thich &ng than thién véi méi trudng va an toan. Ddi Vo
trén HEV thi chi s6 cong suét riéng dugc quan tdm dau tién, chi s6 ning lugng riéng it
quan trong hon. B&i vi tat ca ning lugng thi xuat phat tir nguon hoa ning cta nhién liéu
nén Viéc tao ra dii cong suat 1a can thiét ¢é dam bao cho tinh niang hoat dong cua xe, dic

biét trong sudt qua trinh ting tdc, leo dbc va phanh tai sinh.

Ac quy 14 thiét bi dién hoa chuyén d6i nang lugng dién thanh ning lugng héa hoc
trong sudt qua trinh nap va nguoc lai trong suét qua trinh phong dién. Mot thong sé rat
quan trong ctia ac quy 1a trang thai sac (SOC). SOC dugc dinh nghia nhu ti s6 caa dung

luong dién dang duy tri voi dung luong dién khi nap day.

Ngudn xe dién dung hién nay — Pin Lithium- lon
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Trong céc loai ngudn dién hién nay thi pin lithium dan duoc dung rong rai hon
S0 véi acquy dung hoa chat. Pin Lithium duoc nghién ctru va phat trién nghiém ngit,
nén kha ning chiu dung méi truong cao hon so véi dc quy chi. N6 c¢o thé chong nuéc,
bui ban va chdng va dap (tuy theo pin s& hitu thém cong nghé ndi bat cuia mdi hing), di
nhién kha ning chiu nhiét d6 trung binh tir -20 dén 45 do C, tham chi c6 loai dén 60 do
C. Mtrc d6 an toan cua pin Lithium cao hon, vi du c6 xay ra hién tugng hu hong, nd
khong 1am giai phong chi va axit bén trong nhu loai binh ac quy. Mét cell Li-ion ¢6 dién
ap khoang 4 Volt. Hoan toan c6 thé tao ra cell pin to hon va c6 dung lwgng 16n hon (do
bang Watt.gid, hay noi cho dung ky thuat hon 1a Amp.gid), nhung dién ap cta né thi

van chi c6 4 Volt ma thoi.
D6 khong phai con s6 1y tuong dé diéu khién mot chiée xe dién.
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C&au tao pin LiFePO4

Hinh 8.7: Cdu tgo pin Lithium-ion LiFePO4
Pin s& can phai tao ra dong dién 25,000 Amp dé cung cap cho dong co chiéc xe
(Xe can phai c6 cong suat 100 KW hoic hon) dé gia toc. Thay vi nhu vay, c6 thé sir dung
l6c pin ¢ dién ap 400V (va chi can 250 Amp). Thiét ké nay tré thanh kiéu mau cho

nhitng chiéc xe dién thé hé dau, mic du nhirng phién ban méi hon st dung 16¢ pin 400V.

Dé dat 400V thi ta mac ndi tiép 94 cell pin lai, thanh 1 cell 16n dién ap 400V, vay
1a du dién ap dé van hanh dong co. Nhung 1 cell 16n d6 dung lugng s& khong du, ma

can thém 74 cell mac song song nhu vdy, ném lay 96x74=7104.
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Pay 1a cach ma Nissan di va dang st dung trong chiéc xe LEAF (c6 dén 96 cell

trong 16¢ pin). Vay 1a di c6 duoc ngudn 400V, mdi cell trong d6 chi can tao ra 250 Amp.

Mt khac, viéc xép nhitng cell pin ciing cho phép chung ta sac 16¢ pin nhanh hon

Vé6i dién ap va dong sac cao (mién 13 bo sac du cong suat dap tng).

Tat ca phu thudc vao nhiing thong sé ma chiéc xe chu trong toi. Nha san xuat co

thé chap nhan danh doi gia thanh dé c6 duoc chat lwong lap rap hoan thién hon.

Trong bai c6 ndi vé cac kiéu mac cell ndi tiép va song song (gia sir tat ca cell déu

gidng nhau).

Khi mic ndi tiép, dién ap bang tong dién ap ting ting cell, dung luong va dong
xa toi da khong d6i.Khi mac song song, dién ap khong ddi, dung luong va dong xa toi

da bang tong ting cell.

8.1.5.2. Bg chuyén doi DC-DC

U p A\ C= |U,

Hinh 8.8: So do mach bg chuyén doi Buck
Bo6 chuyén doi DC/DC 1a thiét bi duogc sir dung dé chuyén d6i nguon dong dién
mét chiéu DC tir mot cap dién ap sang cp dién ap khac. Pon gian hon, bo chuyén doi
DC/DC lay dién ap DC dau vao va tao ra dién 4p DC dau ra khac. Dién ap DC dau ra co
thé cao hon hoic thip hon so véi dién ap DC dau vao. Bo chuyén doi DC/DC chi hoat
dong véi ngudn dong dién mot chiéu DC, khong hoat dong véi ngudn dong dién thay doi
AC. Qua trinh chuyén ddi tir cip dién ap nay sang cap dién ap khac c6 mot muc do hao

phi. Hiéu suat cia bo chuyén d¢6i DC/DC phu thude vao diém van hanh ciia nd, bao gdm
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dién 4p va dong dién, cling nhu loai bo chuyén doi duoc st dung. Thong thuong, hiéu
suit cua bo chuyén d6i DC/DC c6 thé nam trong khoang tir 75% dén 95%. C6 hai bo

chuyén doi phé bién 1a bd chuyén d6i buck va bosst:

Bo chuyén doi Buck 12 bd chuyén d6i DC/DC budc xudng, chuyén ddi ngudn
DC/DC lam giam dién ap dau ra, ddng thoi ting dong dién dau ra. N6 bao gdm it nhat
bdn thanh phan: Mét bong ban dan dién duoc sir dung nhu mot phan tir chuyén mach (S)

Diode chinh luu (D) Mét cudn cam (L) lam phan tir luwu trir nang lugng Mot tu loc (C)
MA&i quan hé giita dién ap dau vao va dau ra, dong dién va cong suat nhu sau:
e Uout < Uin

e Jout<lin

e Pout =Pin - Ploss

Trong cac tng dung xe dién, bo chuyén ddi buck dugc sir dung dé giam dién ap
cao cua pin chinh (vi du: 400 V) xudng céac gia tri thap hon (12-14 V) theo yéu cau cua

cac hé thdng phu tro cua xe (da phuong tién, diéu huéng, radio, sét, cam bién, v.v.).

Hinh 8.9: So' @6 mach bg chuyén doi Boost

Bo6 chuyén do6i Boost 1a bo chuyén d6i DC/DC budc 1én, 1 b chuyén ddi nguon
DC/DC gitip ting dién ap dau ra, dong thoi giam dong dién dau ra. N chta cac thanh
phan gidng nhu bd chuyén d6i Buck DC/DC nhung dugc sip xép theo cau tric lién két

khac. Moi quan h¢ gitra dién ap dau vao va dau ra, dong dién va cong suat nhu sau:

e Uout>Uin

e Jout<lin
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e Pout=Pin

Trong mot s ang dung Xe dién lai (HEV), bo chuyén d6i DC/DC tiang cudng
duogc sir dung dé ting dién ap tir 4¢ quy tir 202 V 1én 500 V. Dién ap cua c quy trong
ting dung xe dién hybrid (HEV) bi giéi han bai s lwong pin mic ndi tiép. Do khong
gian han ché, pin bi gidi han vé sb luong té bao ndi tiép do do6 dién ap dau ra ciing bi han
ché. St dung bd chuyén d6i DC/DC ting ap, dién ap cua ac quy co thé ting 1én muc
dién ap cao hon theo yéu cau cua may dién.
8.1.5.3. Hg théng phanh zdi sinh ,

Mot trong nhirng tinh nang quan trong nhat cua EVs, HEV va xe pin nhién li¢u
(FCV) 1a kha nang phuc hdi mét lugng dang ké ning lwong phanh. Cac dong co dién 24
trong EV, HEV va FCV c¢6 thé duoc diéu khién dé hoat dong nhu may phat dién dé
chuyén dbi dong ning hoic ning luong tiém nang cia khdi lugng xe thanh nang lugng
dién co thé duoc luu trit vao pin va sau d6 dugce tai st dung. Hiéu suat phanh cua xe 1a
mét yéu té quan trong trong an toan cua xe. Hé théng phanh duoc thiét ké thanh cong
cho xe phai ludn dap ang nhu cau riéng biét 1a giam toc do xe nhanh chong va duy tri
diéu khién huéng xe bang vo ling. Trudce day yéu cau hé théng phanh dé c6 thé cung
cap di mo- men xoan phanh trén tat ca cac banh xe. Loai thu hai doi hoi sy phan bd luc

phanh thich hop trén tit ca cac banh xe.

No6i chung, mo-men phanh can thiét 16n hon nhiéu so v6i mo-men xoan ma dién
dong co c6 thé san xuat, dic biét 1a phanh vai tai trong nang. Trong EVs, HEV va FCV,
hé théng phanh ma sat co hoc phai cung ton tai véi phanh tai tao dién. Do d6, day 1a mot
hé théng phanh Hybrid. Trong hé thong truyén luc xe lai xe dién c6 nhiéu phuong an b
tri ddc diém xe va chién luoc kiém soat. Tuy nhién, muc tiéu cudi cuing cua thiét ké va
kiém soat cac hé théng nay d6 1a dam bao hiéu suit phanh cua xe va kha nang phuc hoi

cang nhiéu nang luong phanh cang tét.

Mot luong ning luong dang ké bi tiéu tan khi phanh. Phanh mét chiéc xe ning
1500 kg tir 100 km/h vé téc do 0 sé& tiéu hao khoang 0,16 kWh nang luong trong mot
quing dudng dai vai chuc mét. Néu luong ning lugng nay bi tiéu hao khi lao déc va chi
bang cac lyc can (luc can lan va luc can khi dong hoc) ma khong can phanh thi xe s& di

duoc quang duong 2 km
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Hinh 8.10: Van téc va quang dwong khi xuong doc ding phanh tdi sinh

8.1.6. bong co dién
Pong co dién 1a nguon cong suat chinh trong hé thong truyén luc xe dién — EV,

13 ngudn cong suat thir hai trong hé thdng truyén luc xe Hybrid. Pong co dién mot chiéu
khong choéi than — BLDC va dong co dién xoay chiéu cam tng — AC Induction Motor 13
hai loai nguon cong suat dugc str dung pho bién nhat hién nay vi cac uu diém hiéu suat
cao, it can bao dudng va tudi tho 1au dai. Ngoai ra, dong co dién tich hop trong banh xe
duogc st dung kha nhiéu trén cac xe dién va xe Hybrid hai banh va dang 14 xu huéng méi

trong thiét ké ngudn dong luc dién xe Hybrid, xe dién bdn banh.
Pong co dién mdt chiéu khong chdi than

Pong co DC khong chdi than ciing twong tu nhu mét dong co DC ¢6 chdi than
nhung chirc nang cua rotor va stator dugc dao nguoc. Rotor dugc tao thanh tir mot bo nam
chdm vinh ctru va stator 1a nam cham dién duoc diéu khién. Pong co khong choi than
khong con chéi than va cb gop, tia lra dién sinh ra giita ching ciing duoc loai bo véi
thiét ké nay. Tia ltra nay khong chi 1am giam tudi tho ciia dong co ma con tao ra nhiéu

dién tir. Piéu d6 anh huong khong tét cho cac hé thong diéu khién dién tir hién dai.

Thay thé cho chdi than 1a mot mach dién tir diéu khién dong dién vao cac cudn
day stator khac nhau khi can thiét dé gitr cho rotor quay. Su d4o chiéu cua dong dién qua

cac cudn day duoc thuc hién boi cac transistor cong suat diéu khién chuyén doi theo vi
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tri ctia rotor. Nhiéu dong co DC khong chéi than sir dung cam bién Hall dé theo doi vi

tri rotor.

Uu diém dong co khong choi than so vai dong co cé chéi than 1a: dang tin cay hon,

Manh hon.
Motorstator Commx;tm»mmofen
Motorrotor
Hinh 8.11: Péng co khéng chéi than trén Honda Civic Hybrid
Céu tao

Rotor: Pugc hinh thanh tir nam cham vinh ciru. S6 cap cuc khoang 2 dén 8 voéi

cac cuc Nam va Bic xép xen ké véi nhau.

Stator: Stator cua BLDC hau nhu ciing giéng nhu cic dong co cam ung khac,

gom cac 14 thép cung cac cudn diy quan xung quanh.

Cam bién Hall: Dung xéc dinh dang vi tri quay cta rotor tir d6 dua ra cac tin hiéu

& muc cao hoic thap dén bo phan chuyén mach dién ti.
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Bo phan Chuyén mach dién tu: Xac dinh vi tri cua rotor thong qua tin hi¢u tir cam
bién Hall va sau d6 xac dinh cac cap cudn day trong stator ma can dugc kich hoat dé tao
ra mot trudng tir dung phi hop véi vi tri hién tai cua rotor. Bang cach kich hoat va tat
c4c transistor tuong tng, bo chuyén mach dién tir diéu khién dong dién trong cudn day
theo mot thir ty xac dinh, tao ra mot truong tir quay di theo huéng mong mudn va tac

dong 1én rotor dé tao ra luc quay.

B chuyén mach Dong co

Mach Logic & Q

Cam bién vi tri

Hinh 8.12: Cdu tao bé diéu khién dong co BLDC

Nguyén ly hoat dong

Pé diéu khién BLDC, can biét chinh x4c vi tri cta rotor thong qua cam bién Hall
cung cip thong tin vé Vi tri ctia rotor cho bo diéu khién. Dya vao thong tin vi tri rotor,
bo diéu khién xac dinh thu tu kich hoat cac cuon day trong stator. Thir tu nay quyét dinh
dong dién duoc cung cap vao cac cudn day, tao ra tir treong quay. Bo diéu khién dién tir
kich hoat cac bo Chuyén mach, thuong la céc transistor cong suat nhu MOSFET hoic
IGBT, dé diéu khién dong dién vao tirng cudn day theo thi tu xac dinh. Viéc kich hoat
va tit cac transistor nay tao ra mot chudi chuyén doi dong dién theo thir tu kich hoat
cuon day. Thong qua tuong tac giira tir truong tao boi cudn day stator va tur truong cua
rotor, M6 men xodn duoc tao ra, day rotor quay. Bang cach thay doi thtr tu kich hoat
cudn day, bo diéu khién dién tir diéu chinh M6 men xoan va téc do quay cia dong co.
Bang cach diéu chinh tan sb va do rong xung diéu khién cudn day, bo diéu khién dién tu

c6 thé diéu khién tdc d6 va huéng quay cia dong co BLDC.
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—" o, P 3

E

Khdi dié¢u JI

khien

————————————— - 9

Dong co BLDC

Hinh 8.13: So dé cap dién cho cugn ddy stator
Phuong phap diéu khién dong co BLDC dua trén viéc dong mé cac MOSFET hoic

IGBT ¢ cac nhanh mach va tuan theo cic nguyén tic co ban sau:

Trong cing mot nhanh diéu khién, néu MOSFET hoic IGBT phia trén dang &
trang thai m¢ thi MOSFET hoic IGBT phia dudi phai dugc ngat va nguoc lai, nham

tranh hién tugng tring dan gay hong cac linh kién diéu khién.

Tin hiéu diéu khién tai chan G 1a tin hiéu PWM phat ra tir bo diéu khién va can
dugce ddng bo voi cac linh kién dé diéu khién dong co mot cach chinh xac. Pong co
BLDC yéu cau cam bién hiéu ting Hall @ xac dinh vi tri tir truong caa rotor so véi cac

pha cta cudn day stator.

Segment 1

Segment 2

Segment 3

0 60 120 180 240 300 360 60 120 180 240 300
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Hinh 8.14: Kiéu chuyén dsi cho ché d@é dan 120 dg

Hinh 8.15: Trang thdi hoat dong va cdc sector

Duéi day 1a cac phuong phéap diéu khién dong co BLDC:

Phat hién vi tri bang cam bién hodc khéng cam bién Hall: Vi tri ctia rotor dugc xéac
dinh théng qua cam bién vi tri nhu cam bién hiéu ung Hall hoic bang cac k¥ thuat khong

can cam bién nhu cam bién phan luc va phuwong phap dya trén nguoi quan sat.

Piéu khién vong kin: Sir dung hé théng diéu khién vong kin dé diéu chinh toc do va vi
tri cia dong co. Cac thuat toan diéu khién pho bién bao gom bo diéu khién ty Ié- tich
phan (PI) dé diéu khién toc do va bo diéu khién ty 18-tich phan vi tri (PPI) dé diéu khién

Vi tri.
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Cam bién tai: Dé kiém soat tai, can c6 cam bién dé nhan biét tai, nhu cam bién tai trong,
bo ma hoa, hoic cam bién dong dién. Thong tin vé tai sau d6 duoc tich hop vao hé thdng
diéu khién.

Kiém soat dong dién: Sir dung vong diéu khién dong dién dé quan 1y dong dién cung
cap cho cuon day dong co, gitip kiém soat mo-men xodn va quan 1y tai mot cach hiéu

qua.

Kiém soat tdc dd: Diéu chinh diém dat téc d6 tham chiéu cua hé thong diéu khién dua
trén toc d6 mong mudn. Bo diéu khién s& diéu chinh dién ap hodc dong dién cung cap

cho dong co dé dat va duy tri téc d6 mong mudn.

Kiém soat vi tri: Dé dat dugc diéu khién vj tri chinh xac, sir dung vong diéu khién vi
tri ciing v6i bo ma hoa hoic b phan giai dé nhan phan hoi chinh xac.

Phan hoi va diéu chinh: Lién tuc theo ddi cac tin hiéu phan hoi tir hé thong (toc do, vi
tri, dong dién) va diéu chinh cac tham sb diéu khién (nhu d loi P1) dé toi wu hoa hiéu

suit va do 6n dinh cua hé théng.
Pong co dién mét chiéu c6 chdi than (DC motor)

Pong co mot chiéu DC (DC 1a tir viét tit caa "Direct Current Motors") 14 dong co diéu
khién bang dong c6 huéng xac dinh hay néi d& hiéu hon thi day 1a loai dong co chay bang
ngudn dién ap DC. Pau day ra ciia dong co thuong gom hai day (day ngudén- VCC va

day tiép dat- GND). DC motor 1a mot dong co mét chiéu véi co ning quay lién tuc.

Rotor Cole

Hinh 8.16: Déng co dién mét chiéu ¢é chai than
Khi cung cip ning lugng, dong co DC s& bat dau quay, chuyén dién ning thanh

co ning. Hau hét cac dong co DC sé& quay véi cuong d6 RPM rat cao (s6 vong quay/
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phut). Tc d6 khong tai cua dong co DC néu khong giam toc c6 thé dat tir 1000RPM téi
40.000RPM.

CAu tao va phan loai (theo cach kich ti):
a)Céu tao:
Go6m co 3 phan chinh stator (phan cam), rotor (phan wng), va phan cé gop - chinh luu.

Stator cua dong co dién 1 chiéu thuong 1a 1 hay nhiéu cip nam cham vinh cuu,

hay nam cham dién.

Rotor ¢ cac cudn day quan va dugc ndi véi nguon dién mot chiéu. Nho cau trac

nay, rotor s€ tao ra mot truong tur tao thanh mdt nam cham dién

B6 phan chinh I, n6 ¢6 nhiém vu 1a d6i chiéu dong dién trong khi chuyén dong
quay cua rotor 14 lién tuc. Thong thuong bd phan nay gom cdé mot bo co gop va mot bo
chéi than tiép xuc véi co gop.

Co gop (Commutator): Co gop 1a bo phan tiép xuc va dan cho cac cuon day cua
rotor.S6 luwong diém tiép xtc trén cb gop tuong tng Vi sé cudn day trén rotor. Choi
than (Brushes): Choi than 1a noi tiép xuc va dan dién cho c6 gop. Khi dong dién duoc
cung cap vao stator tao ra mot truong tir ¢b dinh xung quanh rotor. Khi rotor quay, chdi
than tiép xuc vdi co gop va truyén dong dién vao rotor. Dong dién trong rotor tao ra tir
treong. Tu truong nay tuong tac vai truong tu tao bai stator, tao ra mot luc tac dong
theo hudng quay, day rotor tiép tuc quay.Do ma sat va mon cua choi than, dong co choi
than c6 thé can bao tri dinh ky dé thay thé chéi than nén it duoc str dung dé 1am dong co

kéo trén xe dién.
b)Phan loai:
DPong co dién 1 chiéu phan loai theo kich tir thanh nhitng loai sau:

e Kich tir doc lap

e Kich tir song song

e Kich tir ndi tiép

e Kich tir hdn hop gom 2 cuodn day kich tir 1 cuon mac ndi tiép véi phan tng, 1

cudn mAc song song Vi phan ang
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Pong co dién xoay chiéu cam ing (IM)

Pong co xoay chiéu cam g IM (Induction Motor) 1a mot trong nhiing dong co
xoay chiéu co ban va phd bién dwgc sir dung rong rii trong hau hét cac tng dung diéu
khién va khong diéu khién ngay nay do gia thanh twong di thap, it bao dudng, bén bi
va dic tinh hoat dong tét phu hop véi da dang dic tinh cua tai. Bén canh d6 con c6 khai
niém la dong khong dong bo da duoc sang tao tir thoi diém trude naim 1889 béi nha khoa
hoc ngudi My Nikola Tesla. Cong suat cia IM c6 thé dat dén khoang 30.000 KW. Ung
dung cua IM da dang tir cac tng dung trong gia dinh dén cac ung dung cong nghiép nang,
bao gém ca dong co dién cho xe dién. Trong cong nghé diéu khién st dung bo chuyén
d6i dién tir cong suat ta co thé dat duoc pham vi toc do rong, d6 1a 1y do vi sao no6 1a mot
trong nhirng dong co dugc wa chudng nhat cho dong co dién. Mac du, cac cong nghé
méi nhu dong co BLDC va dong co PMSM dang duoc ua chudng béi cac nha san xuat
xe méi nhat, nhung IM van giir vi tri cia nd. Pong co IM ¢6 hai bién thé chinh 1a IM
maot pha va IM ba pha. Ung dung véi tai nang (trén 3 KW) st dung IM ba pha. Néi chung,
IM bao gom stator va rotor giéng nhu dong co DC nhung khac biét & chd IM 1a may
dién tir don, tirc chi can cip ngudn cho stator va M6 men xoin duoc tao ra bai twong tac
giita rotor va stator. Mot ddc diém dang cha ¥ 1a IM ba pha tu khai dong trong khi IM
mot pha khong tu khoi dong. Co cac phwong phap khac nhau dugc ap dung dé hd tro
khoi dong ty dong cho IM mét pha. Trong IM, day cudn stator duoc cung cap véi dong
xoay chiéu tao ra tir trudng tir quay. Truong quay ndy tao ra dong dién trong cic vong
kin cua vat liéu dan dién trong rotor. Rd rang, dong dién duoc tao ra nay tao ra truong
tir quay riéng ciia nd, tao ra Mo men xoan khi twong tac véi truong tir cua stator. Vi dong
dién trong rotor duoc tao ra tu dong nén khong can tiép xuc ngoai vi, ddn dén ton that
thap hon so véi dong co DC va hiéu suat cao hon. Theo céu triic rotor, IM c6 thé dugc
chia thanh hai loai: Squirrel Cage IM (IM 16ng séc) va Wound Rotor IM (IM rotor bang
day).

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 202



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

Hinh 8.17: Béng co dién xoay chiéu cam #ng trén Toyota Prius

Pong co ddong bdé nam cham vinh ciru (PMSM)

DPong co dong bo nam cham vinh ctu (PMSM) 1a mot loai dong co ddng bo st
dung nam cham vinh ctru dé tao ra luc tir (MMF), dién ap, va dong dién c6 dang song hinh
sin. Nam cham vinh ctru gitip tang mat do tur truong trong khe khong khi, tir @6 cai thién
mat do cong sudt va tang ty 16 Mo men xodn trén khéi luong quan tinh. Do d6, PMSM
c6 kha nang phan ang nhanh, mat do cong suét cao va hiéu suat vuot troi, nén dugc ung

dung rong rai trong cac linh vuc yéu cau hiéu suét cao nhu robot va hang khong vii tru.

PMSM duogc cap ngudn tir bo chuyén ddi dién tir cong sut, va sy muot ma caa
M6 men xo0in phu thudc vao hinh dang cia dang séng dong dién. PMSM ciing c6 thé
thuc hién ché do lam yéu tir trudng bang cach tao ra dong stator nguoc chiéu voi dong
rotor. Tuy nhién, tc d6 hoat dong caa PMSM bi gidi han bai dong dién tdi da, dién cam

nguoc, va kha nang dau ra cua bién tan.

Mic di ca PMSM va dong co cam &ng (IM) déu c6 kha nang dap (tng M6 men
x04n tot, nhung PMSM c6 loi thé hon do khong can phai tinh toan téc do truot phic tap
nhu IM. Céu triic cia PMSM ciing don gian hon véi quan tinh thap, do khong c6 16ng
rotor nang nhu IM. Tuy nhién, PMSM c6 nhiét 46 hoat dong cao va nhay cam vai tai,
day 1a nhitng han ché chinh khién PMSM thuong chi dugc str dung trong cac tng dung

cong suat thap hodc trung binh, mic du ciing c6 mét s6 tng dung cong suét cao.

PMSM c¢6 hai thanh phan chinh: rotor va stator, trong ty nhu cac dong co
khac.Stator duoc trang bi ba cuon day phan bé hinh sin theo pha, twong tu nhu trong
dong co xoay chiéu (AC). Rotor thi khong c6 cudn day nao, thay vao d6 1a cic nam
cham vinh ciru duoc dit 1én rotor. Khi ngudn ba pha can bang dugc cung cap cho stator,
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né tao ra mot lyc tir quay voi bién do khong doi trong khe khong khi. Dong dién trong
stator dwoc diéu chinh dua trén vi tri cua rotor dé duy tri tin sé dong bo véi rotor. Sy
tuong tac gitta cac truong tir cia stator va rotor dan dén su phat trién M6 men xodn trén

rotor.

Hinh 8.18: Bgong co PMSM

Pong co dién tich hgp trong banh xe (Hub motor)

Hién nay, dé tién hon trong viéc bd tri dong co 1én xe véi tidu chi nho gon, két
c4u don gian, ngudi ta di tich hop dong co dién vao bén trong banh xe. Cung véi d6 1a
hé théng nay s& dugc van hanh duéi dang dién tir (Drive by wire) tirc 12 khong thong
qua cac két néi co hoc nhu hién nay. Véi hé théng nay, banh xe s& 1a mot cum van hanh
doc 1ap, motor dan dong truc tiép 1én banh xe dé gitip xe chuyén dong tir d6 loai bo duoc
toan b hé thdng truyén luc xe, gop phan lam giam khéi lwong cia xe va ting khong gian
tréng cho xe. Pong co dién dugc sir dung tich hop c6 thé 1a dong co dién mot chiéu,

xoay chiéu hoic mot so lai dong co di duoc gidi thiéu & trén.

Hinh 8.19: DBong co dién tich hop trong banh xe

So sanh dgng co BLDC so véi dong co DC va AC
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Pong co DC co6 nhiéu loai khac nhau, nhung phd bién nhat 1a dong co DC co
chéi than va dong co DC khéng chéi than (BLDC). Béi véi dong co BLDC, stato 1a mét

nam cham dién, con roto 1a mot nam cham vinh ciru. Khac véi dong co DC c6 chdi than,

dong dién trong dong co BLDC duoc diéu khién bang mét thiét bi dién tir goi 1a bo diéu

khién. Piéu nay khong chi gitip giai quyét van dé bao tri lién tuc do chéi than carbon bi

mai mon va can thay thé, ma con cung cap kha nang kiém soat toc do va do chinh xac

cao. Dud1 day la hai bang so sanh cac tinh nang cuia dong co BLDC.

Bang 8.2: Bdang so sdnh giira dong co BLDC va déong co DC

STT | Tinh niang Pong co BLDC bong co DC
1 | Chuyén mach | Dua vao cam bién vi tri Dua vao chdi than
Hall
2 Bao dudng [t can thiét hon Phai bao tri, bao dudng dinh ky
Cao — gap 6 lan dong co DC
3 Tuditho | truyén thong c6 choi than Trung binh
Cho phép van hanh 6 moi | Ma sat o toc do cao, 1am giam
4 Dic diém tc do véi tai dinh mac Mb men xoan c6 ich
5 Hiéu suat Hiéu suat cao Hiéu suat trung binh
Thap vi rotor 1a nam cham | Cao la giam kha ning dong luc
6 Quan tinh vinh citu hoc cia dong co
7 Chi phi Cao hon Thap hon
8 | Diéukhién |Phic tap, dic tién phai can | Pon gian, it ton kém va khong
bo diéu khién dong co can bo diéu khién dong co
Kém an toan vi ¢6 choi than c6
9 Chay nd An toan thé sinh ra tia ltra khi hoat dong
dbi voi cac motor DC cong suat
cao
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8.2. Mo hinh hoa dong co BLDC

8.2.1. M6 hinh hoa
Xét so d6 mot pha nhu trong hinh 7.20, bao gom nguon cung cap dién mot chicu

vé6i dién ap Va dién cam La dién tré cudn day Ra va dong dién thiét 1ap 1a i. Cac mdi
quan h¢ gitra cac dai lwong nay dugc mo ta nhu sau:
I'AI

‘ l‘,.l

!

Va e dc motor

Hinh 8.20: So d6 cap nguon cho déng co DC

O

M6 men tao ra tir dong co ti 18 v6i dong dién duoc cung cap.
M =K. (8.1)
Trong do:
M: M6 men cua dong co.
K, :1a hiang s6 M6 men.
i: Dong dién cua dong co.
Dién 4p cam ung cia dong co ti 1& thuan véi toe do cua dong co.
Vv, =k,.0 (8.2)
Ta 4p dung dinh luat Kirchhoff vé 4p ta c6 phuong trinh

V, -V, = La.% +R,i (8.3)

Gia str khong c6 tai lién két véi dong co, cong thirc M6 men dong co:

dw )

dt t ( )
. J dw
Suyra: i=—.—
y dt

Thay thé vao cong thirc kichhoff ta co.
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2
L,.Jd .2a)+ R,J da)+Kea):Va (8.5)
K, dt K, dt

t

Tir mo hinh mach dién 1 pha thi ta c6 thé suy ra phuong trinh dién ap 3 pha nhu sau.

Hinh 8.21 M6 hinh mach dién dong co BLDC

Va:Raia+La%+Mab%+Mac%+ea
dt dt dt
) di di di
V.=Ri+L —2+M_—2+M_—C+e 8.6
VC:Rcic+Lc%+Mca%+Mcb%+ec
dt dt dt
Theo phép bién doi laplace ta duoc:
V, R 0 Of]i, L M, M_ || e,
V, =0 R O|i|+s|M,, L M|l |+]e& (8.7)
V, 0 0 RI|i M, M, L I, e,

Trong d6 La , Lb , Lc 1a dién cam cua cac cuon day dong co. Mab , Mbc , Mca 1a hd
cam gitra cac cudn day tojong tng. Ra , Rb, Rc 1a dién tro cua cudn day stator dong co.
Do céac pha la di xtmg nén cac gia tri dién tro, dién cam, hd cua ba cudn day 1a bang
nhau. Khi doé:

L=L=L-=L
Mab:Mca:Mcb:M
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Do do:
V, R 0 0]]i, L M M||i, e,
V,|=|0 R O|li[+s/M L MJ||i |+]|& (8.8)
V. 0 0 R[] M M LJ||i e.
Vi cac cudn day cua stator ddu sao nén:
I, +i,+i.=0
Suyra
V, R 0 O]l L-M 0 0 I, e,
V,[=|0 R O[]i|+s]| O L-M 0 ||, [+]|&, (8.9)
V, 0 0 R[] 0 0 L-M ||i, e,
@, R, Ry S
[ %\ﬂ,.\ L-M L-M(,(v&/\ l
= e a8 =
\@Y*
@L;?f
L-M 3
|
Hinh 8.22: M6 hinh thu gon Cua déng co BLDC
p-1pd® (8.10)
dt
M6 men dién tir cia dong co.
da,
M,=1J ” +Baw,, + M, (8.11)

Trong do:
J: lyc quén tinh
B: Ma sat nhét

Mo men di¢n tur phu thude vao back-EMF (dién ap phan khang) va dong di¢n stator:
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_ Pe,i, +ei, +€,

M 8.12
© 2 @, (8.12)
Trong d6 p 1a s cap cuc tir va o, 1a te d6 goc cia dong co.
Khi pha A va pha B duoc cip dién:
I, =1
I, =—I
di, ~ di, di
dt dt dt
bién &p day:
di
VAB:ZRi+2(L—M)a+(ea—eb) (8.13)
di
Vs :2Ri+2(L—M)a+2e (8.14)
Phuong trinh tong quat:
i di
Vy=Rji+L, —+K,o (8.15)
dt
da,
M,—-M,=1J +Bao, (8.16)
dt
Dong dién stator khi dong co chay khong tai:
-2 do, Bo (8.17)
K, dt Kt
Két hop phuong trinh tong quat va dong dién khi dong co chay khong tai:
Vd — Ra id_a)+% + Lai id_w+% + Kea)
K, dt K, dt{ K, dt K,
(8.18)

JL, d?w JR, +BL, do BR, +K.K,
= —+ + @
K, dt K, dt K

e
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8.2.2. Két qua.
Cong thuc trén biéu dién phuong trinh dién 4p dau vao (Vd) cia dong co, bao

gom ca cac thanh phan mé ta mdi quan hé giita cac yéu td co hoc va dién tir cua hé

théng.
Trong do:

JL, d’w.

2

Thanh phan gia toc

t

Phan 4nh anh huong cia quan tinh dong co (J) va do tw cam phan tmg (La) 1én

2

su thay doi gia téc goc Day 1a yéu té chinh mé ta dong luc hoc trong qua trinh

t?
tang téc hoic giam téc.

Thanh phan toc d6 goc thay doi JR, +BL, ?;to

t

Biéu dién tac dong cua dién tré phan tng (Ra), md men can nhét (B), va do tu

cam lén toc do thay doi ——

dt

Yéu t6 nay dai dién cho tén that dong luc hoc do ma sat va anh huéng tir cac

phan tir dién tro.

Thanh phan van tée goc e~ KeKe )

t
Phan anh anh hudng cua moé men can nhét, sie dién dong cam ung nguoc (Ke),

va hang s6 mé men (Kt) d6i vai toe do goc (@) .Thanh phan nay thé hién trang thai can

bang dong luc khi dong co hoat dong & ché d6 6n dinh.

8.3. Két qua va mé phéng

8.3.1. Gi6i thiéu vé phan mém Matlab/Simulink.
MATLAB (Matrix Laboratory) 1a mot mot ngén ngix 1ap trinh cap cao thé hé thir

tu va 12 mot moi trudng twong tac dé tinh toan, hién thi va Iap trinh MATLAB duoc phat
trién boi MathWorks.
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Hinh 8.23: Giao di¢n phan mém Matlab
MATLAB duoc tng dung trong nhiéu linh vuc tir hoc thuat, nghién ciu khoa
hoc, dén cac nganh cong nghiép nhu tu dong hoa, hang khong vii try, y hoc, va k¥ thuat
tai chinh. Trong gido duc, MATLAB 1a mot cong cu quan trong duoc st dung dé giang
day cac mén hoc lién quan dén toan hoc, k¥ thuat, va khoa hoc may tinh. Trong cong
nghiép, cac K¥ su va nha nghién ciru st dung MATLAB dé thiét ké, phan tich, va t6i vu
hoéa cac hé théng phurc tap.

Simulink 1a mét cong cu mé rong quan trong tich hop trong MATLAB, mang lai
kha ning mo hinh héa, mo phong, va phan tich cac hé théng dong véi giao dién truc
quan str dung do hoa [20]. Diém ndi bat ciia Simulink 14 viéc cung cip méi truong thao
tac don gian, cho phép nguoi dung dé dang tao 1ap va thao tic cac mo hinh bang cach
nhap chuot va kéo tha cac khdi. Piéu nay lam cho qua trinh thiét ké va phat trién cac hé
théng phiic tap tro nén tryc quan va dé tiép can hon, dic biét dbi véi nguoi dung khong

chuyén vé lap trinh.
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Hinh 8.24: Giao di¢n cong cu Simulink trong Matlab
Simulink bao gom mat thu vién khéi phong pht, hd trg nhiéu loai mé hinh khac
nhau tir cac hé théng tuyén tinh dén cac hé théng phi tuyén, gitip ngudi dung mé phong
cac hé thdng co hoc, dién tir, hé thdng diéu khién, va nhiéu tng dung khéac. Cac khéi mo
phong duoc thiét ké dé dai dién cho cac thanh phan cu thé nhu bd diéu khién PID, bo loc
tin hiéu, cac phan tir toan hoc va logic, cling nhu cac khdi xtr 1y tin hiéu sé. Diéu nay
gitip ngudi dung dé dang xay dung va chinh sira cac mé hinh phuc tap ma khong can

viét nhiéu ma 1énh tha cong.

PRV

I 2 v
& i B
Bim &

e
.

[
(A |
[t
[if]

Hinh 8.25: Thu vién chura dc khoi block trong simulink
Mot wru diém noi bat cua Simulink 1a kha niang tich hop chit ché véi MATLAB.
Sy tich hop nay cho phép nguoi diung chuyén dbi va trao doi dir liéu mot cach 1ién mach
giita hai moi truong, tan dung cac cong cu tinh toan manh mé va cac ham s6 ¢6 sin cua
MATLARB trong qua trinh phan tich va xir Iy dir liéu. Diéu nay mang lai su linh hoat 16n
cho nguoi ding khi ho ¢ thé thyuc hién cac phép toan phuc tap, chay cac kich ban kiém

thir, va phan tich dit liéu dau ra truc tiép tir cac mé hinh Simulink.
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8.3.2. So' 46 méd phéng

Khoi chu
trinh lai
- - v Thén xe
B0 chuyén Gia tée
o a [ S ") :
doi tin hiéu - Khoi nguoi lai (Vehicle body)
PWM 7Y
Q Z
A 4
B6 cap nguon Trung tam xu 1y
= signal 4 ‘A % o3 %
cho dong co [« tin hiéu Hall Hop giam toc
BLDC sensor
A
Déng dién 3 pha Nm

1(4) .| Dung lwong (%)
Pin

Hinh 8.26: So do khoi hé théng xe dién BLDC

Nguyén ly hoat ddng cia hé thong:

Khi nhan dugc tin hiéu tir khéi chu trinh 1ai, khdi nguoi 14i s& phan tich dit liéu
tir tin hiéu ndy dé dua ra cac quyét dinh diéu khién vat Iy nhu dap ga hosc phanh. Sau
d6, cac tin hiéu diéu khién s& duoc truyén dén bo chuyén d6i PWM, noi tin hiéu vat 1y
duoc chuyén doi thanh tin hiéu dién dudi dang PWM. Bo chuyén d6i PWM tiép tuc xu
1y va hiéu chinh sang tin hiéu dién ph hop trude khi truyén dén bo cap ngudn cho dong

CO.

B6 cap ngudn nay c6 nhiém vu cung cap dién ap phu hop dén cac pha trong dong
co BLDC lam cho dong co quay. Mit khéc tai b cAp ngudn cho dong co BLDC ta tién
hanh do cudng do dong dién tai day dé dua vé khbi Dung luong (%) Pin dé quan sat va

nhan biét duoc qua trinh sac-xa-tai sinh.
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Sau khi dong co hoat dong thi ta c6 thé thu duoc chinh x4c goc quay ciing nhu vi
tri clia cac cuc tir & rotor nho cam bién Hall va guri vé trung tim xtr 1y tin hiéu Hall
sensor sau dé6 cap nguoc lai tin hidu cho bd cdp nguon, lic nay dién ap vé cac cuc tir cia

stator c6 d0 chinh xac cao dua dong co nhanh chong vé trang thai on dinh.

Luc kéo duoc tao ra tir dong co s& duge dua dén hé thdng truyén dong hop sb, tai
day ta co thé chuyén ddi cac ty sb truyén phu hop gitp xe ting téc, giam téc theo mong
mudbn. Momen tiép tuc dén khéi Vehicle, tai day luc s& dugc dua dén hé théng vi sai va

dura ra cac ban truc rdi dén cac 16p xe giup tao luc day cho xe di chuyén.

Va trong khéi Vehicle body nay ta tién hanh do chinh xéac toc d6 thuc té di chuyén
cua xe va guri lai vé khéi nguoi 14i giup ngudi 1ai nhan biét dugc van toc thyuc té caa xe
da dat t6i gia tri mong mudn hay chua tir 46 dwa ra cac quyét dinh dap ga hoic phanh.
8.3.3. Thiét 1ap cac thong sé6 méd phéng

8.3.3.1. Khéi chu trinh ldi
a)Khdi FTP75 (Federal Test Procedure 75)

Toc do tham chiéu

RefSpd P

FTP75 (2474 seconds)

Hinh 8.27: Chu trinh lai FTP75
Pay 1a biéu d6 moé phong chu trinh 14i xe thir nghiém co tén 1a FTP75 (Federal
Test Procedure 75), duoc phat trién tai Hoa Ky bai co quan bao vé Mbi trudng Hoa Ky
(EPA).

Pay 1a mot trong nhitng chu trinh 13i thir nghiém tiéu chuan dau tién duoc thiét
ké dé do luong cac muc tiéu thy nhu nhién liéu, lwong khi thai cla xe trong cac diéu

Kién 14i xe & do thi.
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Dua vao do thi nay ta c6 thé danh gia kha nang tang toc, giam téc, chay cham
hay dirng lai (Ket xe, dimg dén do) cia xe c6 dap @ng voi mong mudn ban dau hay
khong. Chu trinh nay ban dau duoc phat trién dé nham danh gia cac diéu kién 1ai xe &
cac thanh phd 16n ¢ hoa ky, noi ma ngudi 1ai xe phai trai qua nhiéu tinh hudng 14i xe
ngan, ding va di lién tuc, nhung ngay nay FTP-75 dugc sir dung rong rii trén toan cau
va tro thanh mot tiéu chuan quéc té trong viéc kiém tra mirc phat thai va tiéu thu nhién
liéu cho cac loai Xe.

Khdi FTP-75 duoc sir dung trong mé hinh dé kiém tra kha ning dap wng cua xe
Véi tdc do tham chiéu nay, phuong tién s& ¢b gang tuan theo duong Refspd nay va bat ky
sai léch nao so véi toc d6 tham chiéu s& cho thay can cai thién hé théng diéu khién hoic

kha nang van hanh.

b)Khdi tao tin hiéu (Signal Builder)

Group 1
Signal 1 [»

Signal Builder
Hinh 8.28: Khéi tao tin hiéu

Day 1a mét trong nhitng cong cy manh mé cua thu vién Simulink giup tao va
quan 1y cac tin hiéu dau vao mot cach linh hoat cho qua trinh mé phong hé théng, né cho
phép ban tao va chinh sira cac tin hiéu véi nhiéu dang song khac nhau (song sin, xung
vudng, hoic dang tiy chinh) theo thoi gian. Dua vao khéi tin hiéu nay toi d tao hai kich
ban gitip mo phong hé théng nhu sau.
8.3.3.2. Khéi mé phéng nguoi ldi xe

Trong hinh 8.29 1a khoi mo6 phong nguoi 141 (Longitudinal Driver), thudong dugc
sir dung dé diéu khién sy van hanh caa xe, khdi nay s& diéu khién lay téc do thuc té cua
phuong tién va so sanh voi khdi chu trinh 14i, tir d6 dua ra cac tinh hiéu dap ga hoac

phanh mét cach phu hop dé hé thdng ¢ thé bam sat theo van téc mong mudn.

Néu tai bat ctr diém nao ma hé thdng di chuyén léch khoi van tbc mong mudn ban
dau thi khdi nay s& diéu khién dap ga hoic phanh dé dua van téc cua hé théng vé gan véi

van tbc mong muén ban dau.
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Toc do tham chiéu

Toc dd thare 1é E VelRef Ilnfo L——
Do nghién dudng E:VQIdek l AccelCmd -
elCmd

ap phanh

WITPUT

Kl

Hinh 8.29: Khéi nguoi ldi (Longitudinal Driver)
Cic céng vao:

VelRef (Téc dé tham chiéu): Toc do mong mudn tham chiéu cung cap cho hé
thdng, hé thong s& lay toc do cua xe va so sanh Vai toe do nay tir d6 dua ra cac lénh diéu
khién can thiét.

VelFdbk (Téc dé phan hoi): Toc do thuc té cua xe, day 1a tinh hiéu dau vao dugc
sir dung dé so sanh vai VelRef nham diéu chinh xe ting téc hoic giam téc dé hé thong
dat duoc gia tri mong muén.

Grade ( g nghiéng dwrong): Gia tri nay gitp xe nhan biét duoc d6 doc cua doan
duong xe di chuyén, va ta xét doan dudng nay bang 0, hay noi cach khac 1a cho xe di
chuyén trén duong bang.

Cic cong ra:

Info: Thong tin dau ra nay dé thong bao 16i hoac trang thai diéu khién, do hé thong

ta chi dé cap t6i van dé tang toc va giam toc ciia xe nén cong nay ta khong ding dén.

AccelCmd (Gia tac): Pay la 1énh diéu khién gia toc gitip diéu khién xe tang toc

dé dat tc do6 mong mudn tham chiéu ban dau.

DecelCmd (Phanh): Pay 14 1énh diéu khién giam tc hay noi cach khac 1a 1énh

dap phanh, gitp xe giam toc do dé dat van tbc mong muén tham chiéu ban dau.
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8.3.3.3. Khai Power controller ( b chuyén dg tinh hi¢u PMW)

Khoi chuyén d6i PWM  Khoéi chuyén doi dién dp

Ngubn =
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Controlied breaking

So do dwoc thu gon

Hinh 8.30: M6 phong bg chuyén doi tin hiéu

Pay 1a khéi power contronller bao gom cac khéi nho dé diéu khién nhu sau:
a)Controlled voltage Source:

Thong thudng, Pin bén ngoai s& phu trach phan cung cap ning luong cho bo diéu
khién nay, tuy nhién dé tranh hé thong phic tap thi ta chon khdi Controlled voltage
source (hinh 8.31) nay dé mé phong cung cap nguon nang luong diéu khién cho dong
co. Ta sir dung 2 khéi dé Iy tin hiéu tir phanh va ga tir d6 c6 thé diéu khién dong dién

phu hop.

O

& I

Hinh 8.31: Nguon cung cdp nang lirong diéu khién
b)Contronlled PWM Voltage:

Khéi nay gitip bién doi dién ap dudi dang xung PWM (Pulse width Modulated)
thong qua dau ra PWM va REF. Xung ¢ muc thap khi dién 4p dau ra 1a 0, khi xung cao
thi dién ap dau ra bang véi dién ap dugc chi dinh (hinh 8.32).
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: ref+
Nguonvao £ [~

aref-|

Hinh 8.32: Khai chuyén déi tin hiéu

c)Khéi H-Bridge

Trong hinh 8.33 1a khdi chuyén d6i ning luong xung PWM sang tin hiéu dién dé

diéu khién nang luong phu hop véi nhu cau lam viéc véi dong co.

Pau vao PWM
Moc tham chiéu PWM_ ' +
T ——— ! [—I
Pao chiéu REF ] :_ 2o I_O+
Phanh [4REV
%
BRK

Hinh 8.33: Khoi H-Bridge
O khéi nay ngoai viéc cung cap ngudn dién Iy tuong cho dong co thi con cé chic
ning ngat dong dién khi dap phanh, luc nay dong co sé& co chire ning gidng nhu 13 may

phat, phat dién sat lai cho pin.
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Hinh 8.34: Diéu chinh théng sé khoi H-Bridge
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8.3.3.4.B¢ cdp nguén cho dgng co (Switch)

»—H 2
D 6 MOSFET dong ngat .
Po dong dién
Tin hiéu didu khidn vdo  _ ... / B9 chuyen doi [ .
—— e 5 P —— e -
(&3 _ | ‘

‘ Do dong dién cap cho dong co
it  E—
== = | o Three-phase curents!
Podiénap | 2 D)
P l_ _________ -

eI ouTPUT

So do dlrs(;’n(i:crihu gon

Hinh 8.35: Bé cdp nguon cho déng co
Pay duoc hiéu nhu 1a mot cong tat dong maé va chuyén ddi hop 1y cac pha a,b,c
trong dong co BLDC duya vao tin hiéu cam bién Hall. Hé thong bao gom cac khéi diéu

khién chinh sau:

a)Six-Pules Gate:

D0 o) o7 —

PGeH) & ' -

BGell) &
—]

Hinh 8.36: Transistor diéu khién cdc pha
Ta chon khdi nay dé mé phong va diéu khién dong mé 6 con motfet dé cap ngudn

phu hop cho cac phaa, b, c.

b)Converter (Three-Phas)
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Tin hiéu diéu khién

| Nguon vao

Nguon 3 Pha cap
cho dong co Converter
(Three-Phase)2

Hinh 8.37: Khai chuyén pha
Sau khi tong hop lai thong tin cdp ngudn tir Six-Pules thong qua chan G, khéi
nay s& chuyén d6i dong DC thanh dong xoay chiéu "gia lap" dang soéng vudng dé cung

cap hop 1y cac pha trén dong co BLDC.

c)Current Sensor

Hinh 8.38: Khéi do dong dién
Day 1a khdi ta dung dé do dong dién 1y tudng, tir tin hidu nay ta co thé nhan biét

dugc muc tiéu hao phan tram Pin.

8.3.3.5. Mo phong dung lweng Pin va trang thdi nap-Xd-tai sinh.

Hinh 8.39: Khéi mé phong trang thdi Pin
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Pay 1a hé théng mo phong trang thai cua pin. Khi dong co hoat dong thi hé théng
s& phu thudc vao tin hiéu dong dién do dugc & Switch dé dua ra cac hién thi SOC (%),
Voltage(V), Current (A) giup ta c6 thé quan sat duoc kha nang nap xa, tai sinh cua toan

hé thong. N6 bao gém cac khdi md phong chinh sau:

a). Controlled Current Source (Ngudn dong dién diéu khién):

Hinh 8.40: Khai diéu khién nguon dong dién
Khéi nay duoc str dung dé bién doi tin hiéu dau vao thanh mot dong dién tuong

duong. Gom céac tham s6 nhu hinh:

\"a) Block Parameters: Controlled Current Sourcel X
i Controlled Current Source (mask) (link)

i Converts the Simulink input signal into an equivalent current source.
: The generated current is driven by the Iinput signal of the block.

:  You can initialize your circuit with a specific AC or DC current. If you
want to start the simulation In steady-state, the block input must be

1 connected to a signal starting as a sinusoidal or DC waveform

: corresponding to the Initial values.

Parameters

Thiét lap ngudén DC
C

: Initialize

i [ Source type [oc - Dong dién ban dau
Initial amplitude (A): e

e ‘|

Measurements ' None -

Hinh 8.41: Thiét Idp cdc théng sé cho dong diéu khién
b). Battery.

Hién thi

: tin hiéu | vl
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Day 1a kh6i mo hinh pin tong quéat duoc sir dung rong rai trong cac hé thong mo
phong ning luong. Dua vao khéi nay ta c6 thé quan sat duoc dung lwong phan trim cua
Pin, dién ap, dong dién cua Pin, ngoai ra ta con co thé setup cac thong sé phu hop theo

mong mudn. O hinh 3.21 13 cac thong sé duoc cai dat dé pha hop véi hé thong.

Implaments 3 gereric battery model for most popotar battery types. Temperatoe and ang
{dum 0 cyciing) offecty can be specifind for Lithicaey Jon Dattery typs

Thset lap chon loat Pin

(| Duag hreng Pin

Normmal e 480 [
Rated capacty (Ah) | 280 ."/Trann thay Pin ban dau (100 %)
Instiad etate-of-charga (%) [100 ; /nxol gian phin hoi P

Satinry veagoren time (1) |

'

|

]

)

'

'

'

|

'

'

'

|

]

)

. 1
. |
1 Smuls o H
|

)

-] X X '
Dién dp dinh mire |

I Semulate aging effects |
'

'

oktaoe (V) )

. vokage (V '
'

'

'

)

'

'

]

)

)

'

)

|

]

'

'

Hinh 8.43: Thiét lgp cdc théng sé6 mé phong Pin
Trong do:

Type (Logi pin): O day ta chon loai Pin Lithium
Nominal voltage (Pién dp dinh mic): Pién ap dau ra dinh mic cia Pin ta xét chon 480V

Rated capacity (Dung liong dinh mitc): Tong luong dién ma pin c6 thé luu trit, tinh bang
ampe-gio (Ah), ta xét pin c6 dung lugng l1a 280 Ah

Initial state-of-charge (Trang thdi sac ban dau): Trang thai dung lugng Pin khi hé théng
chua hoat dong, ta xét dung Iuong Pin luc dau 1a 100% (Pin day khi mé phong)

8.3.3.6. bgng co BLDC (Brushless DC Motor):
La dong co mot chiéu khong choi than. Pong co duoc biét dén vai nhiéu vu diém

noi bat (hinh 3.22). V&i cac cong ra, vao nhu sau:
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en y - Ce

BLDC Motor1

Hinh 8.44: Khéi mé phong déng co BLDC
Trong dé:
~(Dong dién xoay chiéu 3 pha): Dong dién 3 pha dugc cung cap tir khdi Switch dé cung
cap ning luong cho dong co BLDC.
n (Cong néi dat hodc dm): Pay 1a cong ndi dat (Ground) hoic cong 4m ciia dong co. Cong
nay giup 6n dinh mach va tao ra mot muac dién ap chuan dé dong co hoat dong 6n dinh.
R ( Cam bién Hall ): LAy tin hiéu dau ra ctia cam bién Hall, giup dé phat hién vi tri cta
rotor va xac dinh thoi diém kich hoat cudn day dé tao ra tir trudng quay dung pha.

C (Phdn hai diéu khién): Tin hiéu nay cho phép hé thong diéu khién theo ddi téc do thuc

té cua dong co va so sanh véi tbe do mong muén (gi tri tham chiéu).

o (8 Beck Fovertons FLOC Moton
Brinhiow DC Motor {sxparcied trwe-ghme por)

Thit BlOCK repeeso s 4 Ueae-wiodng brusiviess OC motor with 8 D020 Dack EMF profie. You 0as Sufine other
bk EMP crofies sung et vk
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Hinh 8.45: Cdc tham sé cé thé diéu chinh
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8.3.3.7.Trung tdm xu ly tin hiégu Hall sensor
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Hinh 8.46: Khé mé phong xir Iy tin hiéu Hall
Pay 1a khéi xt 1y tin hiéu tir cam bién Hall, day dwoc vi nhu bd nio cua hé théng,
gitip diéu khiéu chinh xac thoi gian cap nguon cho cac pha (thoi diém dong ngat cac
Transistor). Sau khi cac thong tin duoc ma hoa thi s& duoc gui dén Switch dé diéu khién

phu hop cac pha dong co.

Hoat dong cua bd bién d6i PWM ba pha c6 thé chia thanh sau giai doan theo céac
trang thai ctia dong di€n trong cac pha ctia dong co nhu hinh 3.25. Dong dién ba pha
duoc diéu khién co dang song hinh chir nhat va dong bo véi tin hiéu phan hi hinh thang

EMF d¢ tao ra momen khong doi.

AN
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Ii\ \
0 . Tan/l6 Or /6 llnj6 _ ur
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Hinh 8.47: Po thi dong pha va sdd phan hoi ciia BLDC

SVTH: bang Tai, Van Nhan, Thanh Huy, Chi Kiét GVHD:TS.Hoang Thang,Th.S Lé Nguyén Vi 224



Tinh todn thiét k€ mé hinh va trng dung x& ly dnh trén mé hinh xe dién

Hinh 8.47 chi ra rang, suc phan dién dong EMF 1a ham cua vj tri roto (6, ), ma
bién d¢ ctia no ti 18 véi toc do goc: E = Ke.d,
(Ke 1a hé sb phan hdi).

Cac ham fa(u), fb(u) va fc(u) cho phép xac dinh gia tri tirc thoi cta cac stre dién
dong ea, eb va ec twong tng Véi cac Vi tri khac nhau cua roto (6, ) .Can ¢t vao Vi tri roto

biéu thuc cua sdd phan héi EMF cac pha ea,eb,ec biéu dién qua tap ham sau :

T

0<6, <—

By :

T T T

E R

e,=1 959 16 o T g 7 (8.19)
T 6 6
E T 117
A
O L12E \1r
4 —<0 <2z
6

O<Q<£

- 5 5

T T

Eo-1e |56
d o

g, = E ol Zag <2 (8.20)
6E °
~2=9 +10E |97 117
T " —<b, <—
-E 6

%?<Q<2ﬂ
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0<6?r<Z
E 6
T 7
Ep e | 5703
d i
e, = -E N Y P (8.21)
6E -6
-—06 -8E Ir 0 97
T A r >~
E
9—7Z<¢9r<27z
6

DPé mo phong cac EMF trén matlab phai dua thém vao mot bién logic S, bién nay
1a dau ra ciia ham so sanh, c6 hai gié tri 0 hoic 1 phu thudc vao két qua so sanh cua vi

roto (er) Vi cac gia tri xac dinh. Vi du cho pha A 1a ham fa(u) thi bién 16 gic nhu sau:

Ife=0 AND 6<n/6 THEN S1=1 ELSE S1=0
If6>n/6 AND 6<5n/6 THEN S2=1 ELSE S2=0
If6>5n/6 AND 6<7n/6 THEN S3=1 ELSE S3=0
If6>7n/6 AND 6<l1In/6 THEN S4=1 ELSE S4=0
If6>1In/6 AND 6<2n THEN S5=1 ELSE S5=0

Va1 cac ham con lai 1a fb(u) va fc(u) thi viéc mé phong duoc thuc hién tuong tu
trén. Két qua 1a ¢ dau ra caa khoi nay 1a cac sac phan dién dong cia dong co co dang

song 13 hinh thang dong dang va 1éch nhau 120 db.

8.3.3.8. Khdi Vehicle Body

- -3
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Hinh 8.48: Khoi mé phong thdn xe

Khdi than xe bao gém cac thong s6 bén ngoai nhu, hé sé mit duong tac dung 1én
16p xe, luc can khong khi, luc can khi xe 1én déc, téc do thyc té cua xe. Khéi than xe

bao gom cac khbi nho nhu sau:

a)Khoi visai:

'Luc vao tir hop giam tdc I

Hinh 8.49: Khéi mé phong visai
Khdi dai dién cho mét bo vi sai banh rang con duoc bd tri mot bo truyén banh
rang con hanh tinh va mot bo truyén banh ring con giita truc truyén dong va gia da.
Céac két ndi D, S1 va S2 lan luot 1a cac cng bao toan chuyén dong quay co hoc
Vvé6i dau (D) duoc lién két vai dau ra caa hop giam toc (F) thong qua truc cac dang va S1,

S2 13 hai truc dau ra dugc két ndi vao hai banh xe dan dong.
b)Banh xe
B S R B T e e B S e =

i Nhan momen . - Luc doc truc !
I |

| Left Reard

Hinh 8.50: Khéi mé phong bdanh xe
A (Axle): Pay 1 dau vao két ndi véi truc banh xe. N6 thuong dung dé nhan mé-men xoan

tor dong co.
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H (Hub): Két néi nay dai dién cho lyc day doc tryc tao ra nho ma sat gitra banh xe voi

mit dudng giup xe di chuyén vé phia trudc.

N (Normal force): Pay la dau vao cho luc binh thudng, cho phép mé phong ap luc 1én

banh xe tir mat duong.S (Slip): Thé hién do truot cua banh xe.

Mg Formels B ooeffoent

Mage Foemba C Cooffosent

Mg Prerrada £ aefoient

Mage Formeds D cootionne

Ciz bi 55 dooc shie B4 cdue

Hinh 8.51: Thiét lap cdc théng sé cho banh xe

Dua vao cac thong s6 ¢ bang 7.3, ta thiét 1ap cac thong s6 B, C, D, E. Pay 1a céac

thong s6 phu thudc vao dic tinh vat 1y cua 16p va trang thai hoat dong cua xe.

Bang 8.3: Théng s6 banh Xe trén cdc dang dwong trong Matlab

Surface B C D E
Dry tarmac 10 1.9 1 0.97
Wet tarmac 12 2.3 082 |1
Snow 3) 2 0.3 1
Ice 4 2 0.1 1

Trong do:

B: 1a hé s6 ciing cua mat duong tac dung 1én 16p anh huong dén luc kéo cua xe. C: Hé

sd dai dién cho luc kéo cua xe

D: Hé s6 cuc dai caa luc kéo ma xe c6 thé dat duoc
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E: Xac dinh mirc do udn cong cua db thi hec kéo caa xe
¢) Khéi Vehicle Body:

Day 1a khéi md hinh mo phong xe dang di chuyén, & khdi nay ta c6 thé cai dat
cac diéu kién dudng ( duong nhua, dudng cat...), mo phong van tc gio, dd nghién mit
duong, va thiét 1ap duoc cac thong s6 ki thuat cua xe ( chiéu dai co so, khéi luong....),

Tir d6 c6 thé danh gia duoc kha nang di chuyén cua xe.

| - - g = :
; Luc kéo banh xe Vén toc daura Luc can khong khi
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|
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Hinh 8.52: Khoi mé phong thdn xe

Cong H: Cong nay duoc ndi ra két qua cua luc kéo banh xe.

Cong V, NF va NR: Thé hién van toc dau ra cia xe, lyc tic dung tir than xe 1én banh

trudc va banh sau

Cong W va beta: cong tin hiéu dau vao twong ung véi toc do gié va goc nghiéng mit

duong.

' 1
' ]
| Settings s x % H
I Khos hrong tong thé :
| Man Orag Pich Varisbies '
i - - 1
P Mass [2740 kg » S6 hrong cdu xe :
' ]
| Number of whesls per axe: k / Trong tdm ngang cua xe i
1
: Horzontal distance from G to i3 = 5 / g s !
| front ae: L Thét 1ap chon loai Pm |
1 tHorizontal distance from CG to d 5 . 2 -
| rearade [e375 L - /Khoang sang gdim xe |
]
: CG heght above ground: }3 8335 m :
I
i Externally-defined additionsl I . !
e off b Gia toc trong trzong :
]
: Gravitational acceleration: l9.81 mysh2 v l/ | |
' ]
: Negative normal force waming: | OF ¥ vl :
i< > !
' 1
1 I
' ]
I )
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Hinh 8.53: Cdc théng s6 duoc thiét lap phit hop Vi xe

8.3.3.9. Khéi tinh todn vdn toc thuc té so sanh véi van téc tham chiéu.

Hinh 8.54: Khai hién th théng sé van toc

O khéi nay ta s& lay ké qua thuc té van toc xe dang di chuyén dem di so sanh voi

van téc tham chiéu mong mudn ban dau, tir &6 dua ra cac nhan xét, két qua mong muon.

8.3.3.10. Khéi tinh todn quing dwong di dworc.

Van téc Thue té Tich phan Léy quang duong

/

. | Qdang dudng {.---;-__E
oyt
. |_Fdbk bk 1|l [/ e
L el s Rt /()
1

|
|

|
|

I
| .

I
I .

|
| = .
o R e attls, g T— | | > - |
| .
. |
! 3600 = 2 :
l .
. |
|
. I
I

I

Man hinh hién thi tbc do:

Hinh 8.55: Khéi hién thi quing dwong di duwoc
Trong hinh 8.55 ta lay dau ra 1a tbc d6 quay cua xe sau d6 tich phan, dé suy ra
dugc doan duong di chuyén thyc té cua xe, do thoi gian mo phong cia ching ra 1a gidy

nén chia cho 3600 dé ra gio.
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8.3.3.11. Khéi ldy tin higu tir cdc cam bién

[SENSOR . . . .. Man hinh hién thi
Cam bién toc d6 dong co ' :

) e -

1 S

E “SA:::; ! 7 Speed motor B D;‘ thi
s Bt
1 L,

1 " 4 =

I

R Wi < Y
: _'.|
_____ & — L—»— l
! Rad/s &
a I I
r 1 4754] |}
I : . .
! tor
' - e Y oot
1| Hall sensor} ¢
1 1
1 Tranmis : 3 » D
I
I

------- Torque in Car

Chuyén d6i momen

Hinh 8.56: Khéi tin cdc cam bién do duoc
O khdi nay ta lay cac tin hiéu dau ra tir dong co BLDC tir cac cam bién toc do,

cam bién mo6 men dé€ co6 thé quan sat va danh gia.

8.3.4. M6 hinh toan b hé théng
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Hinh 8.57: Mé hinh khoi simulink mé phong xe dién

8.3.5. Két qua mé phéng
Véi cac thong s6 nhu sau:
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Bang 8.4: Théng so ki thudt xe

Chiéu dai co s& (mm) 1531

Dai x Rong X Cao (mm) 0222%860x1561
Khoang sang gam xe khong tai (mm) 230

Trong lugng toan tai (kg) 435

1= —
\"& Block Parameters Battery
}

Battery {mask) (link) a3

'
Implements a generic battery model for most popular battery types. Temperature and
4 aging (due to cycling) effects can be specified for Lithium-Ton battery type

Parameters  Discharge  Aging
Type: |Lithium-lon
Temperature

[[] Sirwdate temperature effects

Aging
[#] Sirudate aging effects

Nominal voltage (V) 48 1
Rated capacity (Ah) 120
Initial state-of charge (%) 100

] Battery response time (s) 30

OK Cancel Help Apply

Hinh 8.58: Thiét lgp cdc théng sé Pin
Dua vao thong s6 & bang 8.4 ta thiét 1ap cac thong s6 véi khdi Vehicle body nhu hinh
8.58.
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Block Parameters: Vehicle Body1 pas
Vehicle Body Auto Apply @
| Settings Description
A% Main
Mass 435 kg v
Mumber of wheels per axle 2
Horizontal distance from CG to front axle  |0.779 m ~
Herizontal distance from CG to rear axle 0.752 m ~
CG height above ground 0.62 m ~
Externally-defined additional mass Off ~
Gravitational acceleration ‘9.81 | mfs*2 w
Megative normal force warning Off ~

Hinh 8.59: Thiét ldp cdc théng sé ¢ khoi Vehicle body cy thé.

I4
A

Dua vao thong sé ¢ bang 8.4 ta thiét 1ap cac thong sé vé6i khéi vehicle body nhu hinh
8.59.

Block Parameters: BLDC Motor >
BLDC Auto Apply o
Settings Description
Modeling option Mo thermal port b
Selected part <click to select>
Vv Rotor
Electrical connection Composite three-phase ports b
Back EMF profile Perfect trapezoid - specify maximum rotor-induced back emf
Rotor angle over which back emf is const... |180/{2*4) 225 | deg ~
Maximum rotor-induced back emf 48 v v
Rotor speed used for back emf measure... |3800 rpm v
Number of pole pairs 4
Rotor angle definition Angle between the a-phase magnetic axis and the g-axis b

Sau khi thay cac thong s ta dugc cac d6 thi vé van tdc, quing duong va do sut % pin

trong 300s chay mo phong.
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Do thi trén biéu dién van tc caa xe dién trong khoang thoi gian 300 gidy. Qua
trinh di chuyén cua xe duoc chia thanh ba giai doan ro rét: tang toe, chay 6n dinh va
giam téc. O giai doan dau (tir 0 d¢én khoang 50 gidy), van tdc ting tuyén tinh tir 0 dén
khoang 20 don vi, cho thiy qu4 trinh ting t6¢ dién ra déu va 6n dinh. Giai doan tiép theo
(tir khoang 50 dén 200 giay), van téc duoc duy tri & mic khong doi, thé hién kha niang
kiém soat va giir 6n dinh van toc caa hé thong trong diéu kién hoat dong binh thuong.
Giai doan giam toc dién ra tir 200 dén 250 gidy, van toc giam tuyén tinh tir 20 vé khoang
10 don vi, thé hién qua trinh phanh hoic giam tdc c6 kiém soat. Cudi cung, tir 250 dén
300 gidy, van toc duoc giit 6n dinh & mac thap, twong (ing Vi trang thai di chuyén cham
hodc dirng cho. Bén canh d6, duong biéu dién van téc thuc té (Velocity) bam sat rat tot
v6i duong van tée diéu khién (Drive Velocity), chiing to hé thong diéu khién dép tng
chinh x4c va hiéu qua theo tin hiéu dau vao. Diéu nay cho thay mé hinh diéu khién duoc
thiét ké hop 1y, dam bao yéu cau vé do chinh xac va 6n dinh trong van hanh cua xe dién

(Drive Velocity), ching té hé thong diéu khién van téc hoat dong chinh xac va hiéu qua.
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Quang duwdng di duge

KM

|
0 50 100 150 200 250 300
Time

Do thi trén thé hién quang duong xe dién di chuyén trong thoi gian 300 giay.
Truc hoanh la thoi gian (gidy) va truc tung la quang duong tinh theo don vi kilomét
(km). D6 thi c6 dang cong lién tuc, phan anh sy thay doi quing dudng theo thoi gian
phu thudc vao van tdc tic thoi cua xe. Trong giai doan dau (0-50 gidy), dudng cong cd
d6 déc tang dan, twong GNg V4i qua trinh ting td¢ — Van toc ting nén quang duong tich
lity nhanh hon. Tir 50 dén 200 gidy, do thi gan nhu tuyén tinh v6i do dbc khong doi,
phan anh trang thai xe chay déu véi van téc 6n dinh, giap toi uvu héa quing duong di
dugc. Giai doan sau (200-300 gidy), do doc cia d6 thi giam dan, thé hién sy giam toc
cua xe, khién quing dudng tich lity cham lai. Téng quing duong ma xe di chuyén duoc
sau 300 gidy la khoang 1,4 km. Nhin chung, d6 thi thé hién dung quy luat chuyén dong
cua xe dién trong mo hinh da thiét 1ap, ddng thoi xac nhan sy déng bo giira van toc va

quing duong di chuyén.

<SOC (%>
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Do thi thé hién mac dung lugng pin (SOC — State of Charge) cua xe dién trong
sudt qua trinh van hanh. Tryc tung biéu thi phan trim ning lwong con lai trong pin, bat
dau tir 100% va giam dan theo thoi gian. D6 thi cho thiy SOC giam déu trong sudt qua
trinh xe hoat dong, phan anh qua trinh tiéu hao ning luong trong thuc té. Tir thoi diém
khoi dong dén khoang 250 gidy, mirc SOC giam twong d6i nhanh, tuong (ng voi cac
giai doan ting téc va duy tri van tc cao — khi cong suit tiéu thu Ion. Sau mébe 250 gidy,
muc SOC giam cham lai, thé hién sy twong tng véi giai doan xe giam toc va duy tri ¢
van toc thap, tiéu ton it nang lugng hon. Tong mic tiéu hao sau 300 gidy van hanh vao
khoang 5%, tixc SOC giam tir 100% xudng con khoang 95%, cho thay hé thng tiéu thu
nang luong hiéu qua va pht hop Vi yéu cau van hanh trong thoi gian ngan. Db thi ciing
xac nhan tinh dang din cia moé hinh mé phong tiéu hao ning luong va kha ning quan
1y pin trong hé théng xe dién.
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CHUONG 9: THUC NGHIEM VA KET LUAN

9.1. Po thuc té va so sanh véi md phéng trén matlab.

25

Van téc{Km/h)

0

0 50 100 150 200 250 300

Thaoi gian(s)

Hinh 9.1. D6 thi van toc thu dwoc sau khi tién hanh do thuc té.

Db thi thé hién két qua do thuc té van tc cua xe dién trong thoi gian 300 gidy va
duoc so sanh voi két qua md phong trude do. VE tong thé, @6 thi thuc té co xu hudng
bién thién tuong tu nhu d6 thi mé phong: bao gom ba giai doan chinh 1a tang téc, chay
6n dinh va giam téc.

Trong giai doan dau (0-50 gidy), van tdc ting nhanh va dat mac khoang 21 km/h,
kha tuong d6ng véi mo phong. Sau do, tir 50 dén 200 giy, van tdc duy tri 6n dinh xung
quanh ngudng 21-22 km/h, cho thay kha nang kiém soat toc do twong dbi tét, mic du
c6 mot s6 dao dong nho so véi md hinh 1y tuang.

Tir 200 gidy tro di, xe bat dau giam téc do, va dén khoang 250 gidy thi van toc giam
nhanh xudng gan 10 km/h rdi giit 6n dinh. So v&i mé phong, db thi thuc té c6 phan dao
d6ng nhe hon do anh hudng caa diéu kién mai trudong (mat duong, tai trong, hé sé ma
sat, v.v.) va cac sai s6 diéu khién thuc té.

Nhin chung, két qua do thuc nghiém c6 d6 khap cao véi mé phong, ching minh
rang mo hinh diéu khién van téc duoc xay dung 1a hop 1y va c6 kha nang 4p dung trong

thuc té. Cac sai s6 nho 1a chap nhan duoc va cé thé tiép tuc tbi wu trong cac budce diéu
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chinh sau.
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Hinh 9.2. D6 thi quing dwong xe di duwoc thuc té.

Do thi thé hién quang duong di chuyén thyc té ciia xe dién trong khoang thoi gian
300 gidy. So véi két qua mo phong, do thi thuc té c6 xu hudng tuong tu voi ba giai doan
10 rang: ting dan déu, duy tri 6n dinh va ting cham lai vé cubi.
Trong khoang 0-200 gidy, quing dudng ting gan nhu tuyén tinh, phan anh viéc xe duy
tri van toc on dinh trong thoi gian dai. Giai doan tir 200-300 gidy, toc do xe bat dau
giam (nhu d3 quan sat trong d6 thi van toc thuc té), dan dén d6 déc cua duong cong
quing duong ciing giam dan.
Tong quang duong dat duoc sau 300 gidy vao khoang 1,3 km, gan twong duong véi gia
trj tir moé phong (~1,35 km). Diéu nay ching té hé théng diéu khién van téc hoat dong
hiéu qua va phu hop voi mé hinh thiét ké ban dau. Su chénh 1éch nho c6 thé do anh
huong tir tai trong thyc té, didu kién mat duong hoic sai sé do luong.

Nhu vay, két qua do thuc té khang dinh tinh chinh xac va kha niang ap dung cua

mo hinh mé phong trong diéu kién van hanh thyc té.
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Hinh 9.3. D6 thi phan tram pin tiéu hao trong thuc té.

Do thi biéu dién phan tram pin (SOC) giam dan theo thoi gian thyc té van hanh
trong 300 gidy. So véi d6 thi mé phong, xu huéng sut giam SOC 1a twong dong: bat dau
tir 100% va giam déu theo thoi gian.

Tuy nhién, mot s6 diém khac biét noi bat:

Mtc sut giam tong:

Mo phong: SOC giam tir 100% xuéng khoang 94,8%, tic giam khoang 5,2%.

Thuc té: SOC giam xudng khoang 93,8%, tirc giam 6,2%.

— Thuyc té tiéu hao ning luong cao hon khoang 1% so véi mo phong.

b6 déu:

Do thi mo6 phong cho thay SOC giam déu va on dinh hon.

Do thi thuc té c6 vai doan SOC giam nhanh hon (0-60 gidy va 240-300 giy), c6
thé do tai thay d6i, hé théng hoat dong thiéu tdi uvu hodc mat hiéu suat truyén dong.
Két qua thuc té xac nhan xu huéng ciia mo phong, tuy nhién cé mirc tiéu hao ning luong
cao hon mot chit.Chénh 1éch nay c6 thé do anh huong cua diéu kién thoi tiét, ma sat,
tai trong thuc té, do déc mat duong hozc hiéu suat hé truyén dong chua dat Iy tuéng nhu
mo hinh.

9.2. Thuc nghiém
Qua trinh thuc nghiém dugc tién hanh trong nha xudng c6 san vach dudng trang

mo phong, nén bé tong c6 do phan xa on dinh gitip d& dang xir Iy anh. Camera ghi nhan
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dir liéu hinh anh tir phia trudc xe, truyén vé hé théng xir 1y sir dung mé hinh YOLO dé

nhan dién lan duong.

l
|
\

Hinh 9.4: Két qud Ciia chirong trinh nhan dién lan dwong va xdc dinh dg 1éch cia xe

Hinh 9.5: Két qua benchmark cho mé hinh YOLO xi Iy anh dau vao kich thiréc 480x640
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Két qua xir 1y anh:

Trong qué trinh chay thuc nghiém, phan mém hién thi hinh anh lan duong nhan dién
dugce (mau xanh 14 cdy) cung voi théng so:

e Do léch (Deviation): khoang cach tir vi tri hién tai cua xe dén tdm lan dudng (vi
du: -26px).

e Hudng diéu khién (Direction): duoc xac dinh 1a L (trai) hodc r (phai) tuy theo do
Iéch véi trung tam.

Hinh 9.5 minh hoa giao dién nhan dién la duong va xac dinh d6 1éch cua xe.

Do chinh xac ciia chuong trinh dugc danh gia thong qua kha nang nhén dién diing
lan dudng va dua ra huéng diéu khién phu hop. Qua qua trinh thuc nghiém trong moi
truong c6 kiém soat, hé thong cho thiy kha ning nhan dién lan duong véi d6 chinh xac
cao, khi cac ving lan duong duge mo hinh YOLO phat hién day du va 6n dinh. Tin hiéu
diéu khién léch trai/phai (Direction: L/R) dugc xac dinh dtng véi vi tri thuc té cua xe
S0 V6i tam lan dudng, giup xe tu dong diéu chinh huéng di chuyén hop 1y. Mic du van
c6 sai s0 Nho khi diéu kién anh sang thay d6i hoic lan dudng bi mo, nhung nhin chung
chuong trinh hoat dong hiéu qua véi do chinh xac khoang 90-95% trong diéu kién tiéu
chuan. Pay 13 co s¢ vitng chic d¢é mé rong mo hinh ra cac méi truong phic tap hon
trong tuong lai.

Tur hinh 9.3 ta c6 dugc bang hiéu nang cua moé hinh.

Luot | Thoi giantién xir | Thoigiansuy | Thoi gian hau xa ly | Tong thoi gian
ly luan
1 2,4ms 227,7ms 12,3ms 242,4ms
2 2,3ms 229,7ms 11,3ms 243,1ms
3 1,6ms 234,8ms 11,7ms 248,1ms
4 1,7ms 322,8ms 9,6ms 334,1ms

9.3. Pang gia tong quan
Sau khi thiét ké , lap dat va thir nghiém mé hinh xe dién va @ng dung xir 1y anh
bang YOLO, c6 thé dua ra nhitng danh gia nhu sau:

Ul diém:
e Kha nang nhén dién lan duong hiéu qua:

Hé thong sir dung md hinh YOLO dé phat hién lan dudng hoat dong 6n dinh
trong mdi truong thuc nghiém. V6i hinh anh dau vao ¢ d6 phan giai 480x640, mo hinh
van giit duogc do chinh xac cao trong viéc phat hién hai bién lan duong va tinh toan duoc
do léch cua xe so voi tdm lan.

e Hién thi tryc quan va dé theo dbi:
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Giao dién phan mém duoc thiét ké truc quan, hién thi ving lan dudng mau xanh
14 cay, cing véi hai duong thang mau do va xanh biéu dién vi tri trung tim xe va truc
gitta lan duong. Diéu nay gitp dé dang giam sat va danh gia hoat déng cua hé thdng
trong thoi gian thyec.

e Kha nang xt ly thoi gian thyc:

Mic du dugc chay trén phan cing pho thong, hé théng van dat tée do xu 1y tir 3
dén 4 khung hinh mdi gidy, du dap tng yéu cau van hanh ciia mot mé hinh xe ty hanh
trong mdi truong nho hep va tbe do thap.

e Tinh m6 dun va kha nang mo rong cao:

Viéc str dung cac phan cang phd bién nhu Arduino, Raspberry Pi hodc Jetson
Nano gitp hé thong d& dang duoc bao tri, ndng cap hoic ma rong. Ngoai ra, viéc thiét
ké mach diéu khién riéng biét giup thudn tién trong viéc diéu chinh logic diéu khién
hoic thay d6i phan cang néu can.

Han ché:
e Hiéu nang xur 1y con han ché:

Téc d6 suy luan ciia mé hinh con phu thudc vao hiéu suat cia phan cing. Trong
mot s6 truong hop (nhu 1an thir nghiém tht 4 trong bang thong ké), thoi gian xu 1y 1én
dén hon 300ms cho mdi khung hinh, ¢ thé giy anh huéng dén d6 muot va do tré trong
qua trinh diéu khién xe néu di chuyén & téc d6 cao.

e Phu thudc vao diéu kién méi truong:

Hé thdng hoat dong tét trong diéu Kién anh sang 6n dinh va duong rd rang. Tuy
nhién, khi anh sang yéu, nén bi 16a hoic lan duong bi mo, hé thdng co thé khong phat
hién dung hodc mat lan tam thoi. Piéu nay anh huang truc tiép dén kha nang diéu huéng
cua xe.

e Thiéu tinh nang tranh vat can:

Hé thdng hién tai chi tap trung vao viéc nhan dién lan duong va giit xe di ding
hudng. Trong thuc t&, mdt hé thong tu hanh hoan chinh can dugc tich hop thém cac cam
bién nhu siéu am, lidar hoac camera phu d¢ nhan dién va tranh cac vat can bat ngo trén
duong.

e Chua danh gia trong méi truong thyc té da dang:

Cac thtr nghiém méi chi duoc thuc hién trong xuéng véi lan duong nhan tao,
diéu kién kha 1y twong. Khi trién khai trong méi trudng ngoai troi hodc dia hinh phirc
tap hon (mit dudng khong dong déu, c6 nhiéu giao 19, bién bao), hé thong co thé gap
nhiéu théch thirc hon.

9.4. Hwéng phat trién
Néng cap phan cieng xir Iy
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e St dung nén tang tinh toan manh hon nhu NVIDIA Jetson Xavier, Jetson Orin
hodc Raspberry Pi 5 két hop véi TPU (Tensor Processing Unit) dé cai thién téc
d6 xur Iy anh va kha nang chay cac mé hinh hoc sau phirc tap hon trong thoi gian
thuec.

e T6ivu héa bo ngudn va hé thdng tan nhiét dé dam bao thiét bi hoat dong 6n dinh
trong thoi gian dai.

Mé réng mo hinh nhan dién

e B0 sung thém cac ddi twong nhan dién nhu bién bao giao thong, vat can, nguoi
di bo, phuong tién khéc... dé ting tinh thong minh va an toan cho hé thong.

e K&t hop thém mé hinh phan doan anh (segmentation) dé xac dinh rd ranh gidi
duong, 1& duong hoic vach ké nhim nang cao d6 chinh xac hon so v6i mé hinh
chi nhan dién d6i tugng thong thuong.

Tich hgp cam bién bd sung

e Liap dat cac cam bién siéu am hodc lidar dé phat hién vat can, hd trg chirc ning
tranh chudng ngai vat — mot thanh phan quan trong trong hé théng tu hanh hoan
chinh.

e Tich hop GPS va IMU (cam bién quéan tinh) dé phuc vu cho viéc dinh vi va diéu
huéng trong moi trudng ngoai troi hodc cac hé théng ty hanh da diém (multi-
point navigation).

T6i wu thuit toan diéu khién

e Phat trién bo diéu khién PID hodc Fuzzy Logic dé xir 1y dit liéu léch tam lan
duong, tir d6 dua ra goc danh 1ai muot ma va chinh xac hon thay vi chi diéu khién
theo hudng trai/phai don gian.

e Trién khai mé hinh hoc ting cuong (Reinforcement Learning) dé xe tu hoc tir
qua trinh di chuyén va t6i uu hanh vi diéu khién qua thoi gian.

Thir nghiém trong méi truwong thuc té phirc tap hon
e Tién hanh thir nghiém ngoai troi, Vi cac didu kién thoi tiét va anh sang thay doi
dé danh gia do on dinh cua hé thong trong méi trudng thyc tién.

e Tao cac kich ban thuc té phirc tap nhu giao 19, duong cong, dudng cé vat can bat
ngo dé kiém tra kha nang thich nghi va phan wng cua hé thong.

9.4. Két luan

Sau mot thoi gian nghién ctru va thuc hién, nhom chiing em di hoan thanh P an
Tt nghiép voi dé tai “Tinh toan, thiét ké va ung dung xu 1y anh trén mo hinh xe dién ty
hanh”. Tir viéc tim hiéu tai lidu, xdy dung mé hinh 1y thuyét, thiét ké phan cung dén
trién khai thuat toan xt Iy anh va kiém nghiém thyuc té, nhoém da timg budc hoan thién
hé thong xe dién c6 kha nang ty nhan dién lan duong va diéu hudng di chuyén mot cach
tu dong.
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Qua trinh thyc hién d6 an 1a mot trai nghiém quy gia, giap chung em c6 co hoi
tiép can, hoc hoi va ap dung kién thirc chuyén mén khong chi trong linh vuc co khi, 6
t6 ma con mo rong sang cac linh vuc lién nganh nhu dién — dién tu, cong nghé thong tin
va dac biét 1a tri tué nhan tao (Al). Mot trong nhitng thtr thach 16n nhét chinh 1a viée tich
hop mé hinh hoc may (machine learning) dé diéu khién huéng di ciia xe — mot noi dung
méi mé va phic tap ddi vai sinh vién k§ thuat truyén thong. Tuy nhién, nhd su ¢ gang,
nd lyc khong nging cua ca nhém va sy hd tro tan tinh tir Thay hudng dan — TS. Hoang
Thing, chiing em d vuot qua nhirng tré ngai, hoan thanh tt noi dung dé tai ding theo
tién do dé ra.

Théng qua qua trinh thuc hién dé tai, nhom di tich lity dwoc nhiéu kién thic va
k¥ nang thyc tién quan trong, bao gom:

K3 thuat xt 1y anh va video: Hiéu va trién khai cac thuit toan trich xuit dic trung
tir anh dé phuc vu nhan dién lan dudng va vat can.

Tri tué nhan tao (Al): Nim dugc nguyén 1y co ban va quy trinh huan luyén cac
mo hinh hoc may (Machine Learning) va hoc sau (Deep Learning) itng dung cho xe tu
hanh.

Ngon ngir lap trinh: Thanh thao hon véi Python va cac thu vién chuyén dung nhu
OpenCV, PyTorch, YOLO...

K nang thiét ké hé théng nhung: Lap rap, kiém tra, diéu chinh mé hinh xe dién
véi cac vi dieu khién, mach diéu khién toc dg, va cac cam bién lién quan.

Ning luc tu hoc va lam viéc nhém: Cai thién kha nang tim kiém tai liéu chuyén
sau, xu ly van dé ky thuat, va phoi hop lam viéc hiéu qua trong nhom.

Tuy da hoan thanh dé tai trong thoi gian quy dinh, nhom nhan thay van con nhiéu
han ché vé mit kién thirc chuyén sau va thuc nghiém mé rong do diéu kién thuc té va
gidi han vé thoi gian. Chiing em rat mong nhan duoc su gop ¥ quy bau tir cac Thay Co
dé c6 thé tiép tuc hoan thién dé tai va mé rong tng dung trong tuong lai.

Mot lan nita, nhém xin chan thanh cam on sy huéng dan tan tinh cua TS. Hoang
Thing, Ths Lé Nguyén Vil va su hd tro tir cac Thay C6 trong khoa d3 gitip chung em

hoan thanh tot @6 an nay.
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PHU LUC
CHUONG TRINH PYTHON SU DUNG CHO MO HINH XE PIEN TU HANH

1. Khai bao thw vién

import cv2

import numpy as np

import threading

import queue

import time

import tkinter as tk

from tkinter import ttk, filedialog
from PIL import Image, ImageTk
from ultralytics import YOLO
import serial

import logging

2. Cau hinh

logging.basicConfig(level=logging.INFO, format='"%(asctime)s - %(levelname)s -

%(message)s’)

model_path = 'nck.pt'
threshold = 3

serial_port = 'COM9'
baud_rate = 9600

3. Bién toan cuc

model = YOLO(model_path)
result_queue = queue.Queue()

last_mask = None
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running = False
cap = None
arduino = None
4. Két néi serial véi arduino
def connect_serial():
global arduino
try:
arduino = serial.Serial(serial_port, baud_rate, timeout=1)
time.sleep(2)
logging.info("” Arduino két néi thanh cong.")
except Exception as e:
logging.warning(f*» Khong thé két nbi Arduino: {e}")
arduino = None
5. Giri [énh dén arduino
def send_to_arduino(cmd):
if arduino and arduino.is_open:
try:
arduino.write(cmd.encode())
arduino.flush()
logging.info(f"& Gui Iénh: {cmd}")
except Exception as e:
logging.error(f*X Giri 16i: {e}")

6. Xtr Iy YOLO ludng riéng
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def yolo_worker(frame, q):
try:
rgh = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
results = model(rgb)
q.put(results)
except Exception as e:
logging.error(f"X YOLO 15i: {e}")
q.put([l)
7. Tinh toan d¢ léch lan dwong
def calculate_deviation(mask, frame_w, threshold=3):

ctrs, _ = cv2.findContours(mask, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

valid_ctrs = [c for c in ctrs if cv2.contourArea(c) > 100]
if not valid_ctrs:
return None, 'S', False
¢ = max(valid_ctrs, key=cv2.contourArea)
X, Y, W, h = cv2.boundingRect(c)
lane c=x+w//2
frame_c = frame _w// 2
dev = lane_c - frame_c
if dev < -threshold:
return dev, 'R’, True
elif dev > threshold:

return dev, 'L', True
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else:
return dev, 'S', True
8. Vong lap chinh xir ly video
"& Gui lénh: {cmd}™)
except Exception as e:
logging.error(f"X Gui 15i: {e}")
def yolo_worker(frame, q):
try:
rgb = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
results = model(rgb)
g.put(results)
except Exception as e:
logging.error(f*X YOLO I6i: {e}")
g.put([l)
def calculate_deviation(mask, frame_w, threshold=3):

ctrs, _ = cv2.findContours(mask, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

valid_ctrs = [c for c in ctrs if cv2.contourArea(c) > 100]
if not valid_ctrs:
return None, 'S', False
¢ = max(valid_ctrs, key=cv2.contourArea)
X, Y, W, h = cv2.boundingRect(c)
lane_ c=x+w//2
frame_c = frame w// 2
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dev = lane_c - frame_c
if dev < -threshold:
return dev, 'R', True
elif dev > threshold:
return dev, 'L', True
else:

return dev, 'S, True

def video_loop(cap, canvas, label_status):
global running, last_mask
frame id=0
while running:
ret, frame = cap.read()
if not ret:
break
frame = cv2.resize(frame, (640, 480))
display = frame.copy()
mask = np.zeros((480, 640), dtype=np.uint8)
if frame_id % 2 ==0:
t = threading.Thread(target=yolo_worker, args=(frame, result_queue))
t.start()
if not result_queue.empty():
results = result_queue.get()

for r in results:
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if hasattr(r, 'masks') and r.masks is not None:
for i, box in enumerate(r.boxes):
it int(box.cls[0]) == 0:
seg = r.masks[i].data[0].cpu().numpy()
seg = (seg * 255).astype(np.uint8)
seg = cv2.resize(seg, (640, 480))
mask = cv2.bitwise_or(mask, seq)
last_mask = mask
if last_mask is not None:
mask = last_mask
deviation, direction, found = calculate_deviation(mask, 640)
send_to_arduino(direction)
overlay = frame.copy()
overlay[mask == 255] = (0, 255, 0)
blended = cv2.addWeighted(overlay, 0.4, frame, 0.6, 0)
if found:

ctrs, _ = cv2.findContours(mask, cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE)

if ctrs:
¢ = max(ctrs, key=cv2.contourArea)
X, Y, W, h = cv2.boundingRect(c)
lane_center=x+w// 2
frame_center = 640 // 2

cv2.line(blended, (lane_center, 0), (lane_center, 480), (0, 0, 255), 2)
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cv2.line(blended, (frame_center, 0), (frame_center, 480), (255, 0, 0), 2)

text = f"Deviation: {deviation}px | Direction: {direction}"
color = (255, 255, 255)
else:
text = "loading"
color = (0, 0, 255)

cv2.putText(blended, text, (10, 30), cv2.FONT_HERSHEY_ SIMPLEX, 0.7, color,
2)

img = Image.fromarray(cv2.cvtColor(blended, cv2.COLOR_BGR2RGB))
imgtk = ImageTk.Photolmage(image=img)
canvas.imgtk = imgtk
canvas.config(image=imgtk)
frame_id +=1
time.sleep(0.03)
cap.release()

label_status.config(text="Da dung")
9. Giao dién nguwoi dung
root = tk. Tk()
root.title("é@® Nhan dién lan duong vai YOLO™)
canvas = tk.Label(root)
canvas.pack()
frame_controls = tk.Frame(root)
frame_controls.pack(pady=10)

source_var = tk.StringVar(value='"Camera’)
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tt = ttk.Combobox(frame_controls, textvariable=source_var, values=['Camera’,
'Video'], state="readonly’, width=10)

tt.grid(row=0, column=0, padx=5)

btn_start = tk.Button(frame_controls, text="P[] Bat dau", command=lambda:

start(source_var, canvas, label_status))
btn_start.grid(row=0, column=1, padx=5)

btn_stop = tk.Button(frame_controls, text="@ Dung", command=lambda:

stop(label_status))

btn_stop.grid(row=0, column=2, padx=5)

label_status = tk.Label(root, text="Trang thai: zz: San sang", font=Arial', 10))
label status.pack(pady=>5)

root.protocol("WM_DELETE_WINDOW", lambda: (stop(label_status),
root.destroy()))

CHUONG TRINH ARDUINO IDE SU DUNG CHO MO HINH XE PIEN TU
HANH

const int RL_EN = 5; // Chan kich hoat

const int R_PWM = 6; // PWM phai (chiéu kim dong ho)

const int L_PWM = 7; // PWM trai (nguoc chiéu kim dong ho)

// Thoi gian quay (mili gidy)

const int BASE_ROTATION_TIME =56; // Thoi gian co sé cho 20 d6
const int CW_ROTATION_TIME =700; // 60 d6 (gap 3 lan)

const int CCW_ROTATION_TIME = 700; // 30 do (gap 1.5 lan)

const int HOLD_TIME = 2500; /[ Thoi gian gitr tang 1€n 2.5 gidy
const int WAIT_TIME = 1500; /I Thoi gian doi giam xudng 200ms
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Il Bién

char receivedChar;

bool newData = false;

void setup() {
Il Khai tao cac chan diéu khién dong co
pinMode(RL_EN, OUTPUT);
pinMode(R_PWM, OUTPUT);
pinMode(L_PWM, OUTPUT);
/I Dirng d6ng co ban dau
stopMotor();
// Bat dau giao tiép Serial

Serial.begin(9600);

Serial.println("Arduino d3 sin sang - Pang cho lénh (L, R, S)...");

Serial.printIn("L: Quay 60 &6 CW, giir 2.5, tra vé, doi 200ms");

Serial.println("R: Quay 30 d6 CCW, giit 2.5s, tra vé, doi 200ms");

Serial.printIn("S: Durng motor ngay lap tac");

b
void loop() {

receiveData();
if (newData) {
executeCommand();

newData = false;

}
}
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void receiveData() {
if (Serial.available() > 0) {
receivedChar = Serial.read();

newData = true;

¥
¥

void executeCommand() {
switch (receivedChar) {
case 'L": // Quay 60 do CW
Serial.printIn("Lénh: Quay 60 d6 CW, giit 2.5, tra vé, doi 200ms");
rotateCWAnNdReturn();

break;

case 'R": // Quay 30 40 CCW
Serial.printIn("Lénh: Quay 30 6 CCW, giit 2.5s, tra vé, dgi 200ms™);
rotateCCWAnNdReturn();
break;
case 'S": // Dung
Serial.printin("Lénh: DUNG NGAY™");
stopMotor();
break;
default:
Serial.printIn("Lénh khong hop 1¢! Gui L, R hoac S™);

break;
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¥
¥

void rotateCWAnNdReturn() {
// Quay 60 do CW
digitalWrite(RL_EN, HIGH);
digitalWrite(L_PWM, LOW);
analogWrite(R_PWM, 255);
delay(CW_ROTATION_TIME);
Il Gitt 2.5 giay
stopMotor();
delay(HOLD TIME);
/I Tra vé vi tri ban dau
digitalWrite(RL_EN, HIGH);
digitalWrite(R_PWM, LOW);
analogWrite(L_PWM, 255);
delay(CW_ROTATION_TIME);
// Dirng va doi 200ms
stopMotor();
delay(WAIT_TIME);

b

void rotateCCWAnNdReturn() {
// Quay 30 do CCW
digitalWrite(RL_EN, HIGH);

digitalWrite(R_PWM, LOW);
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analogWrite(L_PWM, 255);

delay(CCW_ROTATION_TIME);
Il Giit 2.5 gidy
stopMotor();
delay(HOLD_TIME);
/I Tra vé vi tri ban dau
digitalWrite(RL_EN, HIGH);
digitalWrite(L_PWM, LOW);
analogWrite(R_PWM, 255);
delay(CCW_ROTATION_TIME);
// Dtrng va dogi 200ms
stopMotor();
delay(WAIT_TIME);

¥

void stopMotor() {
digitalWrite(R_PWM, LOW);,
digitalWrite(L_PWM, LOW);

digitalWrite(RL_EN, LOW);

}
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