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T6i xin cam két riang cong trinh nghién ciu nay do tdi tryuc tiép thuc hién,
dudi sy hudng din cua: PGS.TS Nguyén Thanh Quang va PGS.TS L& Hong
Quan. Cac sd liéu va két qua nghién ciru trinh bay trong luan an 1a trung thuc,
c6 nguodn goc rd rang va chua timg dugc cong bd trong bét ky cong trinh khoa
hoc nao trudc day.

Ha No§i, ngay thang nam 2026

Nghién ciu sinh

Ngo Quang Tao



LOI CAM ON
Sau qua trinh hoc tap va nghién ctu tai Truong Co Khi — O T6, Pai hoc
Cong Nghiép Ha Noi, Nghién ctiu sinh xin bay té su cam on sau sic dén Dai
hoc Cong Nghiép Ha Noi, Truong Co Khi — O T, Trung tam Sau Pai Hoc d3
hd tro va tao moi diéu kién can thiét cho nghién ctu sinh thuc hién néi dung

nghién cau luan an.

Nghién ctu sinh xin gui 16i cam on chéan thanh tap thé huéng dan khoa
hoc 14 PGS.TS Nguyén Thanh Quang va PGS.TS Lé Hong Quan di danh nhiéu
thoi gian, cong sic hudng dan tan tinh, thao g& nhitng vudng mac dé nghién

ctru sinh ¢6 thé hoan thanh duoc luan an.

Nghién ctu sinh tran trong gui 16i cam on dén doi ngii giang vién khoa
Co khi dong luc, Trudng Co khi — O T6 da nhiét tinh giup d& nghién ciiu sinh
trong qua trinh hoan thanh luan an.

Nghién ctru sinh ciing guri 167 cam on chan thanh dén cac thay cb trong
truong Co Khi — O T6, céc thay o, cac nha khoa hoc trong va ngoai truong da
co vii, dong vién va dong gop ¥ kién quy bau dé nghién ciu sinh ¢6 thé hoan
thanh duoc luan an caa minh.

Cubi cting nghién ctiu sinh xin chan thanh cam on gia dinh, nguoi than da
ludn dong hanh, sat canh ciing nghién ctu sinh trong thoi gian nghién ctu dé

hoan thanh luan an.

Nghién ctru sinh

Ngbd Quang Tao
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Viét tat Tiéng Anh Tiéng Viét

ABS ,;;rryélr?:itrile Butadiene Nhua déo bén

ADC Analog-to-Digital Converter dHé ::(?Pgnr?]?gg ;:;Zgh:?gn :Egyén

Av f/l\;zr:?e Operating  Point Mo hinh diém hoat dong trung binh

CAFE Corporate  Average Fuel |Khung tiéu chuan tiét kiém nhién
Economy liéu trung binh doanh nghiép

CFD g())/:]napmu:zgonal Fluid Pong luc hoc chat long

CFR Code of Federal Regulation Luat quan ly Lién bang

COP Conference of parties Hoi nghi bién d6i khi hau

DAQ Data Acquisition Thu thap dir liéu

Dy I\D/I;(/)r(ljaerlmc Fuel Consumption M6 hinh dong luc hoc

EC Energy Consumption Tiéu thu nang luong

ECU Electronic Control Unit Bo6 diéu khién trung tam

EPA United_ states Environmental | Co quan Bao vé Moéi truong Hoa
Protection Agency Ky

ERV Energy reduction value Gia tri giam nang luong

EUDC | European Driving Cycle Chu trinh lai xe Chau &u

FC Fuel consumption Tiéu thu nhién liéu

FE Fuel economy Myrc tiét kiém nhién liéu

FEM Finite Element Model M6 hinh phan tir hitu han

FFT Fast Fourier transform Phép bién d6i Fourier nhanh

FRV Fuel reduction value Gia tri lwgng giam nhién liéu
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FSS Full system simulation M6 phong hé thdng nhién ligu

FTP Federal Test Procedure Quy trinh kiém tra lién bang

GHG Greenhouse gas Phét thai khi nha kinh

GHG Greenhouse gas Phét thai khi nha kinh

GPS Global Positioning System Hé thdng dinh vi

GVW Gross vehicle weight Trong lugng tong cong cua xe

HASS | Advanced High-Strength Steel | Thép hop kim tim c6 do bén cao

HSLA | High Strength Low Alloy Thép hop kim tim c6 d6 bén cao

HVAC CHoena;::%n?;Z”t”aﬁng and Al | 4 héi nhigt khi thai va didu khién

HWFET | Highway Fuel Economy Test dK;ir:gtgzohigg suat nhien ligu trén

IMO g‘:;;:‘ﬁ;g‘;'} Maritime | ¢ chire Hang hai Quéc té

IRV Impact Reduction Value Gia tri tac dong

LCFS Low — Carbon fuel standard Tiéu chuan Nhién liéu cacbon Thap

LDV Light duty vehicle Xe tai hang nhe

LPG Liquefied Petroleum Gas Khi hoa long

M Mass Khéi luong

MIT _'}Aeissggrsgjtts Institute — of Vién Cong nghé Massachusetts

MPI Multi Point Injection Hé thdng phun xang dién tir

NEDC | New European driving cycle Chu trinh Lai xe Chau Au Méi

NHTSA National I.—|i.ghwa}y Traffic Cucf Quan Iy An toan Giao thong
Safety Administration Puong cao toc

NRC National Research Council Hoi dong Nghién cau Quéc gia

NG Natural gas Khi tu nhién

PC Polycarbonate Nhua Polycarbonate




Xi

PDA Partial o DISCrete | \1a hinh Xap Xi roi rac tirng phan
Approximation
RTM Resin Transfer Molding Cong nghé hut chan khong
[ f A i :
SAE Sou_ety 0 utomotive Hoi Ky sur 6 6
Engineers
Stat Static Fuel  Consumption M6 hinh tith hoe
Model
. : - Do iesel tang ap ph
TDI Turbo-Diesel Direct Injection i é(‘);lg co diesel tang dp phun tryc
Vietnam Automobile | Hiép hoi cac nha san xuit 6 to Viét
VAMA .
Manufacturers’ Association Nam
VvOC Volatile Organic Compounds | Hop chat hitu co bay hoi
V'SP Vehicle Specific Power Cong suat riéng cua 0 to
VTT Valtion teknillinen | Trung tdm nghién ctu k¥ thuat cua
tutkimuskeskus Phan Lan
ZEV Zero Emission Vehicle Phuong tién Khong Phét thai
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Ky hiéu Pon vi Y nghia
a % D6 doc mat duong
A m? Dién tich can chinh dién
Cq Hé sb can khdng khi
Crr Hé sb can lan
D Nh&ng nhan t6 anh hudng cua diéu kién hoat dong
khac
G kg Trong lugng xe
Je kg/kWh Suét tiéu hao nhién liéu c6 ich caa dong co
Gr tan Khéi legng hang hoa chuyén cho
it Ty s6 truyén HTTL
j m/s? Gia téc chuyén dong
Lp W Cong suat can khong khi
Ne kw Cong Suat dong co
P. N Téng cac luc can chuyén dong
Pt N Luc can lan
P; N Luc can xe 1én, xudng dbc
P N Luc quan tinh
Pk N Luc kéo
Pw N Luc can khi dong hoc
0 lit Luong tiéu thu nhién liéu cua dong co trén mot
don vi quang duong xe chay
Qu JIkg Nhiét tri thap caa nhién liéu
Jd /100 km Muc tiéu thu nhién liéu
Fox m Ban kinh banh xe
S ka/h Luong tiéu thu nhién liéu trong 1 gio tai muc cong
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suat P,

Te N.m M6 men xoin dong co

v km/h Van téc trung binh xe

Na Tén that do céc thiét bi phu tro

Ne Hiéu suat dong co

77t Hiéu suat hé thdng truyén luc

5 He s6 anh huong bai khéi lwong chuyén dong tinh
tien va quay

P kg/m? Mat d6 khong khi

o kg/l Ty trong cua nhién lié¢u
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MO PAU
1. Tinh cap thiét caa dé tai

Kinh té Viét Nam dang phat trién manh, doi sdng nguoi dan ngay cang
duoc nang cao, kéo theo nhu cau sé hitu va st dung 0 td ¢& nho, dic biét 1a
dong xe 5 chd ngodi, ngay cang gia tang. Su gia ting nhanh vé s6 lwong phuong
tién giao thong 1am nhu cau nhién liéu cho linh vuc van tai ting dang ké, vi vay
véan dé tidu thu va st dung nhién liéu hiéu qua tro thanh yéu cau cap thiét khéng
chi di v6i ngudi str dung ma con doi véi cac nha san xuat, lap rap 6 t6, cac nha
nghién ctru linh vyce co khi dong luc va cac co quan quan 1y nha nudc.

Gia nhién liéu trén thé gioi va tai Viét Nam ludn bién dong dudi tac dong
cuia cac yéu to kinh té, dia chinh tri va moi trudng toan cau. Su bién dong nay
lam gia tang chi phi van hanh phuong tién giao thdng, anh huong truc tiép dén
ngudi sir dung. Vi vay, viéc nghién ctiu cac yéu té anh huong dén mac tiéu thu
nhién liéu cta 6 td nham phuc vu cai tién thiét ké, sir dung va khai thac van

hanh 1a yéu cau cap thiét, c6 ¥ nghia quan trong ca vé kinh té va xa hoi.

Trong sé nhiéu yéu té anh huong dén muc tiéu thu nhién liéu caa 6 t6 nhu
dic tinh dong co, hé théng truyén luc, hinh dang xe, diéu kién van hanh va thoi
quen lai xe, khéi luong 6 td 1a mot yéu t6 co ban nhung chwa dwgc quan tam
dung muc trong thuc tién nghién ctu tai Viét Nam. Theo dinh luat 11 Newton,
lyc can thiét dé di chuyén vat ti 16 thuan véi khdi lugng cta né; do do, khi khdi
luong xe ting, dong co phai sinh cong Ién hon dé thang quan tinh va cac luc
can chuyén dong nhu luc can lan, luc can khi leo déc va tang toc. Vi vay, mic
tiéu thu nhién liéu cua 6 t6 ciing ting twong &g, anh hudng truc tiép dén muc

tiéu hao nhién liéu tong thé cua phuong tién.

Viéc nghién cau khoa hoc, chuyén sau méi quan hé gitra khéi luong 6 t6

5 chd va muc tiéu thu nhién liéu co y nghia thuc tién 16n. Bi véi cac hang san



xuat — lap rap, két qua nghién ctru 1a co s& dé toi wu thiét ké, sir dung vat lidu
nhe va giam khéi luong xe ma van bao dam do bén, an toan. Di voi ngudi sir
dung, nghién ctu gidp hiéu rd anh huong cua khdi luong xe dén chi phi van
hanh dé lua chon va sir dung phuong tién hiéu qua hon. Bdng thoi, giam khoi
luong xe con gop phan giam tiéu hao nhién liéu va phét thai CO-, phu hop véi

xu hudéng phat trién xanh va muc tiéu giam phat thai cua Viét Nam.

Tur nhitng van dé néu trén, khang dinh rang dé tai “Nghién cizu dnh huong
cuia khéi luwong 6 td 5 chd dén muzc tiéu thy nhién liéu” 1a can thiét va co y nghia
thiét thuc, dong gop mot yéu td quan trong trong bai toan tiét kiém nhién liéu,
nang cao hiéu qua st dung nang luong, ddng thoi hd tro dinh hudng cho cong
tac thiét ké, san xuat-lap rap va st dung 6 t6 ¢ Viét Nam trong tuong lai.

2. Tinh méi caa luan an

Tir viéc nghién ctru cac cong trinh dd cong bd & ngoai nudc va trong nudc
vé tiéu thu nhién liéu cua 6 td, nhan thay rang cac nghién ciu cha yéu vao: dic
tinh ctia dong co, hé théng dan dong, khi dong hoc hoic diéu kién str dung, van
hanh. Cac nghién ciru thuong tiép can theo hudong md hinh hoa hoac thuc
nghiém doc lap. Trong khi d6, cac nghién ctru chuyén sau danh gia dinh Iugng
anh huong riéng biét cua khéi luong 6 t6 dén muc tiéu thu nhién ligu, dac biét
d6i vai 6 t6 con 5 chd trong diéu kién giao thong tai Viét Nam, con tuong doi

han ché.

Tur thuc té d6, luan an dé xuat mot phuong phap tiép can méi tich hop gitra
mo hinh dong luc hoc, md phong va thuc nghiém nhiam 1am ré mdi quan hé
gitra khdi lwong tong thé cua 6 t6 va muc tiéu thu nhién liéu trong hoat dong
thuc té. Trén co sé nay, luan &n c6 cac diém méi sau:

— Luén an phan tich va xay dung méi quan hé dinh luong giira khéi lwong
cua 6 t0 5 chd va muc tiéu thu nhién liéu trén co s& mo hinh dong luc hoc

chuyén dong doc cua 6 td. Khac vai nhiéu nghién ctu trude ddy thuong xem



khdi lvgng nhu mot tham sé phu trong céc bai toan téi wu tong thé, luan an tap
trung nghién cau chuyén sau anh huong riéng ré caa khdi luong dén cac luc

can chuyén dong va tiéu thu nhién liéu trong khi van hanh cu thé;

— Luan an xay dung thuat toan tinh todn va mé hinh mé phong FCg trén
nén tang Matlab/Simulink, cho phép xac dinh muc tiéu thu nhién liéu cua 6 to
khi thay d6i khéi lugng trong van hanh cac ché o khac nhau. M6 hinh duoc to
chtc theo cau tric rd rang, thé hién mdi quan hé giira cac dai lugng dau vao —
dau ra, déng thoi so sanh truc tiép két qua mé phong ly thuyét vai két qua do

thuc nghiém, lam néng cao su tin cay cua phuong phap mo phong;

— Luan &n dua ra va trién khai phuong phap do muc tiéu thy nhién liéu
trén 6 to theo thoi gian thuc, théng qua thiét ké, ché tao va kiém dinh bo do
phuc vu nghién cau. B do cho phép thu thap dong thoi cac théng sé 1am viéc
quan trong cta 6 td nhu van téc xe, luc ban dap phanh, @6 md budm ga va mic
tiéu thu nhién lidu theo thai gian thyc, thu duoc bo dit liéu thuc nghiém nham
phan tich va danh gia;

— Viéc két hop gitta mé hinh ly thuyét, mé phong va két qua thuc nghiém,
luan 4n da xéc lap dugc ham thuc nghiém biéu didn méi quan hé giira khdi
lwong 6 t6 va muc tiéu thy nhién liéu véi dé pha hop cao. Két qua danh gia so
sanh cho thay sai khéc gitta mé phong va thuc nghiém nam trong pham vi chap
nhan dugc. Tur d6 lam rd tinh chinh xac cling nhu kha nang ap dung trong thuc

tién ciia phuwong phap nghién ctiru di dé xuat;

— Dua trén két qua nghién ctu, luan an dé xuat dinh huéng giam mic tiéu
thu nhién liéu thdng qua giai phap giam khéi luong xe, trong d6 nhan manh
viéc chon lya va ung dung vat liéu nhe trén than vo 6 td, nham nang cao hiéu

qua st dung nhién liéu va giam thiéu mac phét thai trong khai thac thuc té.

Nhu vay, tinh mai cta luan &n khong chi thé hién & noi dung nghién cau

ma con & céch tiép can két hop gitta md hinh Iy thuyét, mé phong sb va thuc



nghiém, phtl hop véi diéu kién khai thac 6 td & Viét Nam.
3. Muc tiéu nghién ciu cia luin an, ddi twong, pham vi nghién ciru
a) Muc tiéu caa dé tai luan an:

Muc tiéu tong quat: Nghién ctru, phan tich va dinh luong mtc do anh
huong caa khédi lugng xe 6 t6 con 5 chd dén muc tiéu thu nhién liéu, tir do dé
Xuat cac giai phap k¥ thuat va khuyén nghi nham téi uu héa hiéu qua st dung

nhién liéu trong diéu kién van hanh thuc té tai Viét Nam
Muc tiéu cu thé:

— Xay dung co s& ly thuyét vé mbi quan hé giira khdi luong xe va muc tiéu
thu nhién liéu. Hé théng héa cac md hinh Iy thuyét dong luc hoc xe lién quan
dén anh huong cua khéi lugng dén luc can, luc kéo va cong suat tiéu thu. Xac
dinh céc thdng s khdi lugng dic trung cua xe con (khdi lugng ban than, khéi
lwong toan tai, phan bd tai trong) va co ché tic dong cua ching dén tiéu hao
nang lugng.

— Xay dung mé hinh toan hoc mé ta quan hé giira khéi luong xe va muac
tiéu thu nhién liéu. Thiét lap phuong trinh va mé hinh tinh toan Iy thuyét biéu
didn muc tiéu thu nhién liéu theo khdi lugng xe trong cac ché d6 van hanh khac
nhau (d6 thi, ngoai 8, cao toc). Kiém chimg d6 chinh xac cia md hinh théng
qua so sanh vai dir liéu thuc nghiém

— Thuc nghiém do Iwong mac tiéu thu nhién ligu trén xe con trén duong
chay thuc té. Thiét ké quy trinh thuc nghiém do muc tiéu thy nhién liéu theo
diéu kién Viét Nam. Thu thap va xt Iy s6 liéu thuc nghiém trén it nhat 3-5 chu
trinh xe chay thuc té.

— Phan tich dinh luong mirc d6 anh hudéng caa khdi lugng dén tiéu thu nhién
liéu. Xac dinh ham twong quan va hé sb anh huong gitra khdi lugng xe va muc
tiéu thu nhién liéu (L/100 km) theo ting ché do van hanh. Panh gid va phan

tich dong gop riéng cuia khdi lugng so vai cac yéu té khac (hé sé can khi dong,



hé sb can lan...).

— Pé xuét giai phap va khuyén nghi tng dung. Dé xuat cac giai phap ky
thuat giam khdi luong xe bang st dung vat liéu nhe nham cai thién hiéu qua
nhién liéu.

b) Béi twgng nghién ctu:

La mdi quan hé gitra khdi luong tong thé cia 6 t6 5 chd véi muc tiéu thy
nhién liéu théng qua cac yéu tb trung gian gém luc can chuyén dong, cong suat

dong co va dac tinh truyén lyc.

Péi twong khao sat cu thé 1a xe Toyota Vios 5 chd, dugc lya chon do ¢6
dic tinh k¥ thuat phé bién trong phan khc xe con tai Viét Nam, thuan lgi cho

mo phong va thuc nghiém.
c¢) Pham vi nghién ctu:

Khao sat, md phong va thuc nghiém anh huong caa khdi lugng tong thé 6
t6 con 5 chd (Toyota Vios 2009) dén muc tiéu thu nhién liéu trong diéu kién
hoat dong thuc té & Viét Nam. Nghién ctru duoc xay dung trén co s md hinh
dong luc hoc chuyén dong va mé hinh mé phong tiéu thu nhién liéu cua 0 to,
két hop véi thuc nghiém do muc tidu thu nhién liéu nham kiém chang két qua

mo hinh.
4. 'Y nghia khoa hoc va thuc tién.

— Y nghia khoa hoc: Lun 4n da thiét 1ap duoc nén tang khoa hoc can thiét
cho qué trinh tinh todn va mé phong, phan anh ban chat méi quan hé gitra khoi
luogng xe, cac luc can chuyén dong dén muc tiéu thu nhién liu trén 6 t6, trén
co s& d6 md phong thay thé khdi luong than vo xe thuc té bang than vo xe su
dung vat liéu nhe. Mot phuong phap luan nghién ctiru thuc nghiém da duoc xay
dung dé xac dinh muc tiéu thu nhién liéu trong chuyén dong thuc té cua 6 t6

trén duong. Cac két qua nghién cau Iy thuyét két hop vai thuc nghiém trong



luan an da dong gdép vao viéc hoan thién co s dir liéu khoa hoc phuc vu tinh
toan, mo6 phong va thuc nghiém xac dinh muec tiéu thu nhién liéu cho cac dong
xe twong dwong, qua d6 gop phan bé sung co sé khoa hoc 1am tién dé cho cac
nghién cau vé str dung ning lugng hiéu qua va kiém soat phat thai trong giao
thdng van tai.

— Y nghia thyc tidn: HS trg cAc nha san xuit trong giai doan thiét ké, tinh
toan va hoan thién két cau xe téi wu hon vé khéi luong, dong gop vao muc tiéu
phét trién cac phuong tién giao théng nham hudéng toi phat trien bén viing va
giam cac tac dong bat loi doi véi moi trudng.

— Tinh @ng dung: Luan &n dap ung yéu cau va dinh huéng phét trién caa
linh vuc cong nghiép 6 to trong giai doan hién nay khi cac hdng san xuat xe
lién tuc cai tién &p dung vat liéu nhe trén xe, 4p dung céng nghé méi nham giam
trong luong xe ma van dam bao tinh an toan, d6 bén va hiéu qua khai théc.

— Y nghia ddi véi nguoi st dung & t6: Khong chi co y nghia vé mat ky
thuat, két qua nghién ciru con gép phan nang cao su hiéu biét ciia ngudi st dung
vé ¥ nghia ctia viéc giam tai trong khdng can thiét dé tiét kiém nhién liéu.

5. Noi dung nghién ciru va bd cuc caa luan an:

Luan an c6 04 chuong:

— Chuong 1: Téng quan van dé nghién ctu

— Chuong 2: Co so khoa hoc nghién cau

— Chuong 3: Phan tich anh huong caa khéi luong dén muc tiéu thu nhién
liéu trén 6 t0

— Chuong 4: Nghién curu thuc nghiém



CHUONG 1: TONG QUAN VAN PE NGHIEN CUU
1.1. MOI TRUONG VA NHUNG VAN DE CAP THIET

Hoi nghi COP21, dugc t6 chuc tai Paris (Phap), hudéng téi viéc trién khai
cac cam két qubc gia nham cat giam phat thai khi nha kinh, trong béi canh
lugng phat thai toan cau dugc du bdo co thé tang tir 12 1én 14 ty tan vao nim
2030 va nhiét do trung binh toan cau c6 nguy co ting khoang 3,4°C vao cudi
thé ky XXI. Pé dat duoc cac muyc tiéu nay, nhiéu chinh sach vé cong nghé va

tai chinh da dugc dé xuat va trién khai.

Thang 11/2021, Hoi nghi COP26 tai Scotland di khang dinh vai tro trung
tam cua wng pho vai bién doi khi hau va phuc hdi tu nhién, trong d6 thi tudng
dé xuat coi day duoc xem la noi dung trong tam khi hoach dinh chinh sach,

cling nhu 13 tiéu chuan dao dic chung cho toan xa hoi [1].

Tai Hoa Ky, bang California d3 ban hanh mot s6 chinh sach va khuyén
khich, nhu quy dinh vé LCFS va phuong tién khong phat thai (ZEV), nham
muc dich giam 80% lugng phét thai GHG vao nam 2050. EPA va NHTSA da
cuing nhau xay dung cac quy dinh dau tién trén thé gisi chl trong dén viéc giam
phat thai khi nha kinh va cai thién kha ning tiét kiém nhién liéu &p dung cho xe

tai hang vira va hang nang.

Trén co s chuong trinh tiét kiém nhién lidu xe tai hang vira va hang ning
& Nhat Ban di bo sung mét trong sé cac quy dinh cia M. Toan bd chuong
trinh cua Hoa Ky nham dat cac myc dich chinh:

(1) Xay dyng céc tiéu chuan cho bon loai khi nha kinh chinh kém theo d6
la céc tiéu chuan vé tiét kiém nhién liéu cac loai xe;

(2) bat ra tiéu chuén riéng cho dong co va xe 0 to.

Cac giai phap bao vé moi trudng trong linh vuc giao thong van tai co thé

duogc thyuc hién theo cac cach tiép can da dang, bao gém cach giam khéi luong



xe. Tuy thudc vao hiéu suat dong co, tidu thu nhién liéu chi yéu dé thang dugc
cac luc can khi chuyén dong trén duong. Bang cach sir dung mé hinh tc do,
gia téc va giam toc khéac nhau, sé liéu thu dugc trong mét chu trinh 1i xe cho
thay khoang 18% nang lwong ma 6 to sir dung dugc dung dé thang cac luc can
khi chuyén chuyén déng, lwgng nhién liéu tiéu thu 1 30,5%, 51,7% va 76,9%
tai khu vuc ngoai thanh, duong hon hop va néi thanh (thwong mai trung tam)
tuong ung. CO nhiéu yéu té anh hudong dén luong nhién liéu tiéu thu caa xe,
bao gom ba yéu té chinh: (1) Cac yéu té giao thdng va tinh trang duong; (2)
Van tbc, gia toc, luc can khi dong hoc; (3) Ton that trong luc do khdi lugng xe.
U'6e tinh khdi lugng xe giam 10% c6 thé 1am giam luong nhién liéu tiéu thu
dén 8,3%, cu thé trén xe ché khach co tu trong 1300 kg khi giam 10% khoi
luong sé giam 6% luong nhién liéu tiéu thu [2]. Theo bao cdo NRC nam 2002
d3 str dung cach mo hinh hoa va phuong phap dém dit liéu dé két luan rang mot
trong nhiing 1y do thay d6i vé khéi luong 6 t6 dbi vai nhitng xe tai nhe thiét ké
mai ngay tu nhitng nam 1970 1a do CAFE quy dinh théng qua viéc giam luong
nhién ligu tiéu thy [3].

1.2. SU PHAT TRIEN NGANH O TO VA CAC YEU TO TAC PONG
1.2.1. S6 lwgng 6 t6 lwu hanh

Theo théng ké cua OICA, trén thé gigi nam 2020 c6 khoang 1,32 ty 6 t0
lwu hanh, nam 2023 ¢6 khoang 1,5 ty xe 6 t6 luu hanh, du bao dén 2030 s& c6
khoang 2 ty xe 6 t0, dat murc tang trudng trung binh tir 4%-5%/nam.

Theo Cuc Pang kiém Viét Nam thong ké, dén hét thang 11/2020, Viét
Nam c6 tong 4.093.975 xe dang luu hanh [4], dén cudi nam 2023 wdc tinh c6
khoang 4,5 triéu xe 6 t6 cac loai, mac tang truong binh quan la 10%-15%/nam.
Du bao dén 2030 sé& ¢6 hai kich ban: Theo kich ban thap c6 6-7 triéu xe va theo

kich ban cao c6 8-9 triéu xe.

Trén thé gisi, mac tiéu thu nhién liéu trung binh cua 6 to thudng vao



khoang 7—10 1it/100 km, tiy thudc vao loai xe va diéu kién van hanh. Vi gia
thiét mdi xe di chuyén trung binh 15.000 km/nim va mic tiéu thu khoang 8
[it/100 km, tong quing duong di chuyén hiang nam cua khoang 1,32 ty xe dat
19,8 nghin ty km, twong (ng téng luong nhién liéu tiéu thu khoang 1,584 nghin
ty lit méi nam.

Tai Viét Nam, udc tinh moi xe 6 to tiéu thu trung binh khoang 120 it
nhién li¢u/thang, twong duong 1.440 lit/nam. V&i khoang 4.093.975 xe va
quing duong di chuyén trung binh 10.000 km/nim, téng quang duong di
chuyén hang nam dat khoang 40,94 ty km, tuong ung tong lugng nhién liéu
tiéu thu khoang 3,28 ty lit/nam

S6 luong xe, s6 km xe di chuyén hang nim va lwong nhién liéu tiéu thu

nhién liéu dugc thong ké néu trong bang 1.1.

Bang 1.1: Théng ké lugng xe, s6 km va tiéu thy luong nhién liéu

Nim Trén thé gi6i Viét Nam
S6 luong | Km xe di | Tong S6 luong | Km xe di | Tong nhién
Xe  Céc | chuyén nhién liéu | xe  cac | chuyén lieu tiéu thu
loai (ty | (nghin ty |tiéu thu | loai (nghin (nghin triéu
chiéc) | km/nam) | (nghin ty | (triéu triéu lit/nam)
litnam) | chiéc) km/nam)
2020 1,32 19,8 1,584 4,094 40,94 3,28
2023 15 22,5 1,8 4,5 45 3,6
2030 2 30 2,4 8 80 6,4

1.2.2. Tac ddng ciia cac yéu td dén s ting truong
1.2.2.1. Yéu té thiic ddy ting truéng

CAac yéu té nhu binh quan thu nhap dau nguoi ting, ha tang giao thong
dugc nang cao, nhu cau di chuyén va van chuyén hang hoa bang 6 to gia tang,
cling véi gid xe giam do su canh tranh cta céc hang san xuat da gop phan thic

day thi truong 6 t6 phat trién manh
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1.2.2.2. Yéu té kim ham ting truéng

Bén canh do, tac dong tiéu cuc cua bién d6i khi hau dén chat luong moi
truong, ha tang giao thong & nhiu noi con han ché, xu huéng phat trién phuong
tién giao thdng cong cong va céc chinh sach han ché st dung phuong tién cé
nhan tai cac d6 thi 16n ciing 14 nhitng yéu té anh huong dang ké dén sy phéat
trién va sir dung 6 to.

1.3. SU PHU THUQC CUA MUC TIEU THU NHIEN LIEU VAO KHOI
LUQONG

1.3.1. So' @6 mdi quan hé ciia khoi lwong véi lue can chuyén dong

Khéi lugng xe 1a théng sé trung tdm phan 4nh mdi quan hé gitta khung
v, vat liéu va luc can chuyén dong; do do, viéc str dung vat liéu nhe thay cho

thép s& lam thay ddi khdi luong khung vo va luc can caa xe, hinh 1.1.

Vat lieu
truyén thong
Murc

N Luc can tiéu thu
Khung vo

chuyén déng s nhién

liéu

Vat liéu nhe

Hinh 1.1. Quan hé cua vat liéu ché tao, luc can chuyén dong va tiéu thu nhién
liéu

T nhitng ndm 1994, cac hing san xuat 6 t6 cua My da sir dung vat liéu

composite trong cdng nghiép 6 t6 dé ché tao khung, thuing nham giam trong

lugng va tiét kiem nhién liéu. Tiép theo, vat lidu composite sir dung trén nhiing

Xe cao cap do c6 nhing tinh nang vuot troi do & td nhe hon, it bi an mon hon,

d6 bén chac, chiu lyc tét va gia thanh ré hon so voi nhdm, thép.

Ngay 31/03/2011 tai Southfield, Michigan, hiép hoi 6 t6 My d trao bang

sang ché st dung vat liéu composite dong thung 6 t6 tai cho tap thé cac nha
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nghién cau trong to chirc hop tac cong nghé caa tap doan Chrysler. Bat dau véi
viéc thiét ké va phan tich bang phan tir hitu han trén may tinh mot mé hinh
thing 6 td theo mau. Cac thong s6 mé phong dugc phan tich bang hinh hoc va
dua dic tinh cua vat liéu soi thay tinh dung ché tao composit va thiét ké thing
0 to.

O An Do, hing 6 t6 Tata Motors da san xuat mot 6 td gia ré st dung vat
liéu composite trén khung vo dé thay cho thép hay nhém truyén théng va thanh

cong vai s6 lugng 1on xe da ban ra.

Theo EPA, muc tiéu thy nhién liéu caa 6 t6 chiu tac dong chu yéu bai
cong suit dong co, hiéu suat dong co, thiét ké xe va diéu kién van hanh. Trong
d6, khéi luong xe 1a mot thong sb thiét ké quan trong, cling véi cong suat dong

co, anh huong tryuc tiép dén tiéu hao nhién lidu va phat thai.

Trong lugng trung binh cua xe giam tir nhitng nam 1970 dén nhimg nim
1980, sau d6 ting manh dén khoang niam 2005 va dan on dinh trong cac nam
tiép theo. CONng suat trung binh cua dong co cling c6 xu hudng tuong tu, ting
gan gap doi ké tir dau nhimg nam 1980, hinh 1.2.

1.900 240

2 180 \ P//;’\/vv/’ 220
o
€ 1700 200 T
o 1.600 180 £
5 \ Ay 5
£ 1500 160 o
o l~_;""~_//, l,//> g
S 1400 140 E
5 / ——Khéi lrgng trung binh (kg) )
=  1.300 S, — - 120 =
<O \ / ===Ma3 Iwc trung binh (HP) -
e
<  1.200 — 100 =
L e e e e e e T e S SV 80

1975 1980 1985 1990 1995 2000 2005 2010

Hinh 1.2. Thay d6i khdi luong xe va cong suét xe theo cac nim
Nhin chung, khi cac yéu t6 khac khong d6i, khdi lwong va cong suat xe
tang s& lam muc tiéu thu nhién liéu tang theo. Tuy nhién, tir nhimg nam 1980

dén giita nhitng nam 2000, nho sy phéat trién cua cac cdng nghé trén xe, mic
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tiéu hao nhién liéu khong tang twong Gng. Tt gitra nhitng nam 2000, cac hang
san xuat tiép tuc chd trong giam tiéu hao nhién liéu trong khi van duy tri khéi
lugng va cong suét xe, hinh 1.3 [5].

21

19 I-\—nx
17 \V\ Xe con
\ \ Xe tai
15 \ Trung binh xe con va xe tai
13

" \\L \—s——-—-‘-"—"\
. N T~ =
\

7

M tiéu thy nhién liéu (lit/100km)

5

1975 1980 1985 1990 1995 2000 2005 2010
Né&m

Hinh 1.3. Thay d6i vé lugng nhién liéu tiéu thu va model xe

Mot trong nhitng giai phap giam trong luong 6 td bang céch thay thé cac
vat liéu nhe hon, nhém, vat liéu tong hop tién tién va si dung thiét ké xe nho

hon, dong co nho hon nhung khong anh huéng dén hiéu suat st dung xe [5].
1.3.2. Moi quan hé ciia lwe can khi chuyén dong véi mire tiéu thu nhién liéu

MAi quan hé giita cac luc can khi chuyén dong cua 6 t va muc tiéu thu
nhién liéu thé hién ¢ phuong trinh (1.1).

qd—036g"(f6cos a+ Gsina+Wv 4= 5/)

Pn Nt (11)

100 km

O d6: Luc can khong khi Py, (Py = W v2); luc can quan tinh P; (B= //)

lyc can lan (Ps = f G cosa); luc can 1én doc P; (P; =G sina), hinh 1.4.

Hinh 1.4. So d céc luc can trén 6 to
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5 - hé sb anh huong bai khdi lugng chuyén dong tinh tién va quay; G:
khdi luong xe kg, j: gia toc chuyén dong (m/s?), v: van téc xe (km/h), f: hé sb

can lan, C: diém trong tam xe [6].

Nhu vay, khéi luong xe tang 1am ting luc can khi xe chuyén dong va tang
lwgng tiéu thu nhién liéu caa 6 t6. Khéi lugng xe bao gém khéi lugng cua ban

than xe va khéi luong hang héa/ hanh khéch trén xe.

Quan hé cua khéi luong véi mac tiéu thy nhién liéu 6 t6 1a ham caa nhiéu

yéu td, cd thé biéu dién bang phuong trinh (1.2).

qa=FM PGy D); (1.2)

M 1a khéi lugng xe gom khéi lugng ban than xe va khéi luong hang hoa/
hanh khéch; P.: Tong céc luc can chuyén dong; ge: Suét tiéu hao nhién liéu cé
ich ctia dong co; 7 La hiéu suat hé théng truyén luc; Dr: Nhitng nhan té anh
huong cua diéu kién hoat déng khac.

1.4. CHI TIEU PANH GIA TINH KINH TE NHIEN LIEU CUA O TO

Muc tiéu thu nhién liéu 1a chi tiéu danh gia tinh kinh té& nhién liéu cua o to
va ¢ y nghia 16n trong kinh té x& hoi n6i chung va chi st dung xe ndi riéng.
Trong trudng hop téng quat, khi 6 td chuyén dong khdng on dinh véi van téc
trung binh V, muc tiéu thy nhién liéu (qq) cta 0 t6 1a ty sé giira suat tiéu hao
nhién liéu co ich ge (kg/kWh) cua dong co va cong suat can thiét dé khic phuc
cac luc can chuyén dong duoc biéu thi theo phuong trinh (1.3) [7].

_ 036ge(PAPHPAP) L
a— Pallt ’ 100 km

(L.3)
Suét tiéu hao nhién liéu riéng ge duoc tinh & 85% cdng suat cuc dai cua
dong co (Ne = 85% Nema) tinh bai cong thire (1.4) theo hiéu qua kinh té van

chuyén thdng qua khéi luvgng hang héa chuyén chod Gr.

_Gr_Qpn . ke
ge—Ne_ Net ’ kWh (1.4)
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Hoic ge duoc tinh bang cong thic (1.5) theo hiéu suat caa dong co (77) va

nhiét tri cua nhién liéu (Qu) [8].
__1 . ke
Qume (15)

O d6: Q: Luong tiéu thu nhién liéu cua dong co trén mot don vi quing duong

Se

xe chay (Iit); Qu: Nhiét tri thap cua nhién liéu (J/kg); 7 Hiéu suat cua dong co;
Gr: Khéi lwong hang hda chuyén ché (tan); Ne: Cong suat c6 ich caa dong co

(KW); pn: Ty trong cua nhién liéu (kg/L); t: Thoi gian lam viéc cia dong co (h).

M tiéu thu nhién liéu (gq) phu thudc chu yéu vao suat tiéu hao nhién liéu
c6 ich ctia dong co ge, hidu suat hé thong truyén luc va céc luc can chuyén dong
cua 0 td. Tuong Gng Véi cac yéu té ndy, cac giai phap giam tidu hao nhién liéu
can tap trung vao nang cao tinh kinh té nhién liéu caa xe va giam phat thai gay

hai cho méi truong.

1.5. CAC GIAI PHAP CHINH GIAM MUC TIEU THU NHIEN LIEU
CUAOTO
1.5.1. Giam khoi lwong xe

Khi giam 10% khéi lwong xe, mic tiéu thu nhién liéu cé thé giam khoang
6—7%, do d6 xu hudéng phat trién cac dong xe nhe ngay cang duoc chl trong va
giir vai trd quan trong trong thiét ké 6 t6 [9]. Hién nay, céc vat liéu nhe duoc
tng dung rong rai nham giam khéi luong xe, trong d6 nhya thudng ding cho
cac chi tiét trang tri va hoan thién, con vat liéu composite dugc st dung cho cac
chi tiét chiu luc nhu than vo, khung xe va mot sé bo phan caa hé thdng truyén
dong. Véi wu diém dé ché tao, tinh tham my cao, kha nang chiu va dap va chéng

oxy hoa tt, composite ngay cang dugc st dung pho bién trong ché tao than xe.
1.5.2. Cai thién hinh dang khi dong hoc xe

Hinh dang khi dong hoc dugc dic trung boi hé s6 can khong khi cua vo xe

véi cdng suat can khong khi dugce tinh boi phuong trinh (1.6).
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L, = 0,5pC,,Av3; W (1.6)

Quan hé cua luong tiéu thu nhién liéu (Sg) theo don vi thoi gian va hé sé

can khi dong hoc biéu dién ¢ phuong trinh (1.7).

1 Cod 2.k
S6 = To55 (8ekr kz) T v gg (1.7)

Se (kg/h): lwgng tiéu thu nhién liéu trong 1 gio tai mac cdng suat P (HP)
cta dong co; ge (kg/kWh): suat tiéu hao nhién liéu & 85% cong suat cuc dai; ki
=1,0-1,3: hé s6 diéu chinh suat tiéu hao nhién liéu theo cc muc cong suét khac
nhau; ko = 1,0-1,05: hé s6 diéu chinh lugng tiéu hao nhién liéu theo thoi gian
hoat dong ctaa dong co [10].

1.5.3. Giam luc cin lan
1.5.3.1. Lwc cdn lin trong chuyén dpng

Khi di trén duong, ty 1& luc can chuyén dong cua xe do luc can lin cua l16p
xe lién tyc thay doi trong khoang tir 10 dén 70%. Trung binh la khoang 20%
d6i vai 1ai xe trén dudng cao toc, 25% ddi voi cac vong ngoai do thi va 30%
d6i Vi cac vong trong do thi va 1ai xe trén duong Ion va duong nho, hinh 1.5
[11]

, % phan b6 FC
80 -
60 - Luc can lin
Luc can quén tinh
40 Luc cén khi dong hoc

Luc can doc
20 -

Noidd Ngoaiddo Liéntinh Honhgp Cao tic
Hinh 1.5. Ty I¢ luc can khi chuyén dong cua 6 td theo loai duong

Dé vuot qua luc cac luc can chuyén dong, 6 td can tiéu thu ning luong

duai dang nhién liéu, trong d6 dong co tiéu hao mdt lugng nang Iugng 16n dudi
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dang nhiét, hinh 1.6.

Tén hao nang luong tir 60 dén 90%

Nhién liéu

Nang luc.mgo Dong co Ning luong hiru ich
tiu thy 100% Ning luong tiéu thu tr 10 dén 40%

Hinh 1.6. Phan b tiéu thu ning lugng cua 6 td khi chay

Tiéu thy nhién liéu khong chi phu thudc vao hanh trinh, kiéu lai xe, loai
xe, dic tinh cua 16p va phu thudc vao hiéu suat cua dong co tai bat ky thoi diém

nao, hinh 1.7. [11, tr50].

Dong gop tinh theo lit/100km

Y sm
83 7.20
6.64 038
4.14 Lirc cén lan
6 - 559 o
5 2.37 5.13 Luc cin quan tinh
; . ' 0.78 493 Luc can khi dong hoc
0:97 P 1.69 219 Luc cin dbc
2 0.71
147 1.87 1.56 138
0
Nbi d6 Lién tinh Cao toe

Ngoai do Hon hop
Hinh 1.7. Phan bd luong nhién liéu theo dudng giao thong
1.5.3.2. Str dung lop tiét kiém nhién liéu
Theo Michelin (2003), luc can lan cua 16p 1a yéu té quan trong anh huong
dén muc tiéu thy nhién liéu caa xe. Két qua thuc nghiém cho thay khi giam luc
can lin tir 12 kg/t xudng 8,5 kg/t (giam khoang 30%), mac tiéu thu nhién liéu
c6 thé giam khoang 0,26-0,28 1it/100 km ma khéng can thay d6i ty sé truyén.

Diéu nay cho thay viéc cai tién thiét ké va vat liéu 16p, dic biét véi “16p xanh”,
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c6 y nghia r6 rét trong nang cao hiéu qua st dung nhién liéu, bang 1.2.

Bang 1.2. Tiét kiém nhién liéu do sir dung 16p tiét kiém nhién liéu khéng

thay dbi ti s truyén

Tiét kiem nhién liéu do sir dung 16p tiét kiém nhién liéu khi khong thay doi ty sb truyén

Ngoai | Lién | Hon

Loai duong Noi do 46 tinh hop Cao toc
Lop thuong
Mtc tiéu thu nhién liéu (12 kgh) 844 | 559 | 6,64 | 513 | 7.2
(L/100km)
Lép tiét 8,17 5,33 6,38 | 4,87 | 6,92
Tiét kiem so véi kiém nhién

Gp thuong | Z/10%K™ | tigu (8,5kgrt) | 027 | 026 | 026 ) 026 | 028

Khi thay 15p 12 kg/t bang 16p 8,5 kg/t (tic 1a giam 30% luc can lan) két
hop véi t6i wu hoa hé truyén dong va ty sb truyén thi cd thé tiét kiém nhién liéu
ting gép doi, khodng 0,4-0,6 1it/100 km, bang 1.3, [11, tr51].

Bang 1.3. Tiét kiém nhién liéu nho st dung 16p tiét kiém nhién liéu sau

khi thay d6i ty sb truyen

Tiét kiém nhién liéu nho st dung 16p tiét kiém nhién liéu két hop thay doi ty sé truyén

Ngoai | Lién | Hon

Loai duong Noi do 46 tinh hop Cao toc
L6p thuong
Murc tiéu thu nhién liéu (12 kg/t) 844 | 559 | 6,64 | 513 7,2
(L/100km)

Lop tiét 784 | 517 | 6,15 | 4,72 | 6,73

Tiét kiém so vai kiém nhién
pthuong | Z100KM | ligu (8,5kgrt) | 06 | 042 | 049 | 041 | 047

1.5.4. T6i wu thong s6 k§ thuat va diéu kién van hanh
1.5.4.1. Ung dung céng nghé Start-Stop

Theo Huff cung céc tac gia (2023) nghién ciruc cbng nghé Start-Stop la
mét trong nhitng giai phap hiéu qua nham giam tiéu hao nhién liéu trong qua

trinh van hanh phuong tién, dic biét trong diéu kién duong giao thong dong
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duc, duong do thi. Theo cac nghién ciu thuc nghiém gan déy, viéc tng dung
cdng nghé Start—Stop c6 thé gilp giam khoang 7% mic tiéu thu nhién liéu trong
chu trinh van hanh d6 thi [12], d5ng thoi gép phan giam phét thai khi nha kinh

va nang cao hiéu qua str dung nang luong cua phuong tién.
1.5.4.2. Toi wu déng co

Brayner va cong su (2024) dé xuat giai phap giam tiéu hao nhién liéu bang
cach toi wu hé thong 1am mat dong co, qua d6 cat giam dang ké ning luong tiéu
thu caa cac hé thong phu trg. Két qua thar nghiém trén xe du lich trong chu trinh
d6 thi cho thay murc tiét kiém nhién liéu khoang 1,4% [13]. Tuy nhién, hiéu qua
con han ché do chi tac dong gian tiép dén qua trinh sinh céng cia dong co, vi
vay can két hop véi cac giai phap khac nhu tdi uu diéu khién dong co, cai thién

qué trinh chay va giam khdi luong xe.

Bén canh d6, viéc ti vu cac thong sb ki thuat va van hanh cua dong co
nhu ty s6 nén, thoi diém phun — danh lua, ty 1 hoa khi va pha phdi khi ¢é anh
huong truc tiép dén hiéu qua chay, gidp nang cao hiéu suat chuyén hoa ning
luong va giam tiéu hao nhién li¢u [14]. Tuy nhién, mtc tiéu thu nhién ligu
khong chi phu thudc vao déng co ma con chiu anh huong 16n tir tai chuyén
dong, trong d6 khdi luong toan bo xe 1a yéu té dic biét quan trong do tac dong
truc tiép dén luc can lan, lyc quan tinh va cong suat kéo yéu cau. Vi vay, giam
khdi luong xe dugc xem 14 giai phap tong thé nham nang cao hiéu qua st dung
nhién ligu va giam phét thai.

1.5.5. Cac phuong phap danh gia va mo phong mirc tiéu thu nhién li¢u 6
to
a) Tha nghigm trén xe nguyén mau thuc té

Phuong phap nay thuc hién bang cach ché tao mot chiéc xe nguyén mau

thuc té voi cac cong nghé tién tién va the nghiém nhiéu lan trén nhing loai

duong khac nhau, sau d6 do muc tiéu thu nhién liéu va rat ra mot mau tiéu biéu.
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Phuong phép nay két qua cho chinh x&c nhat nhung rat tén kém.

Theo EPA, dir liéu thir nghiém ching nhan phuong tién 1a mot ngudn dic
biét dang tin cay khi mot phuong tién c6 thé so sanh truc tiép dugc cung cap
c6 hoic khdng c6 cong nghé cu thé. Viéc phat trién EPA bat dau bang cac
phuong trinh vét 1y co ban xac dinh nhu cau nang lugng ctia phuong tién trong
cac chu ky lai xe cb dinh, dic biét 1a chu trinh d6 thi va duong cao téc cia EPA
[15].

b) M6 phéng toan h¢ théng

Phuong phap md phong trén may tinh xady dung mot mo hinh dai dién
trong d6 mé ta cac cong nghé dé giam muac tiéu thu nhién liéu goi 1a mé phong
toan hé thong (FSS). Pay 1a cong nghé tién tién nhat trong toan nganh 6 to dé
mo hinh héa mic tiéu thy nhién liéu. Uu diém caa phuong phap nay tén kém
it nhung can nhiéu thoi gian va gia thanh do can hiéu chinh trén nhiéu mau xe,
thuong khoang 1.000 xe khac nhau [15].

¢) M@ hinh xdp xi réi rac tieng phan

M6 hinh xap xi roi rac ting phan (PDA) sir dung dit liéu tir cac cau hinh xe co
s& két hop véi cac cong nghé roi rac dé xay dung thuat toan tinh toan muc tiéu
thu nhién liéu va danh gia tac dong tich liy cua tirng céng nghé. Uu diém cua
phuong phap nay la don gian, hiéu qua va cho phép tinh toan cho hang nghin
phuong tién véi hang chuc nghin té hop céng nghé [15].

1.6. CONG TRINH NGHIEN CUU TRONG NUGC VA NGOAI NUOC
1.6.1. Cong trinh nghién ctru ngoai nwéc

C6 nhiéu nghién cau trén thé gidi vé muac tiéu thu nhién lidu trén 6 to,
trong luan &n tap trung vao phan tich bén giai phap chinh trén thé giéi.

1.6.1.1. Nghién ciru ciia MIT dé nghién civu vé dinh lwong

Cac nghién ctru dinh lugng cho thay khdi lugng phuong tién ¢ anh hudng
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dang ké dén muc tiéu thy nhién lidu.

Khi giam khéi luong xe khoang 10%, mic tiéu hao nhién liéu cd thé giam
trong khoang 6-8%, tily thudc vao diéu kién khai thac va dac tinh ky thuat cua
xe [16], [17].

Trong pham vi khai thac thong thuong, méi quan hé nay co thé dugc xap
xi bang ham tuyén tinh, tao thuan loi cho viéc xay dung cac md hinh du bao.
Tuy nhién, trong diéu kién van hanh d6 thi voi tan suat ting giam téc cao, tac
dong cua khoi lugng tro nén rd rét hon do lam gia ting nhu cau ning luong

quéan tinh va tai trong tac dung lén hé truyén luc [17], [18].

Nhitng két qua nay cung cip co s& khoa hoc quan trong cho viéc dé xuat
cac giai phap giam khéi luong nham giam tiéu thu niang luong va giam phét
thai trong thiét ké 6 to hién dai.
1.6.1.2. Nghién ciru bang diéu kién anh huéng
+ Céc nha khoa hoc cua Nhat Ban da phat hién:

Ty 1¢é thay ddi gitra muc tiéu thu nhién liéu va khéi luong xe 12 0,7:1, cho
thay khi khdi luong xe thay doi s& kéo theo su bién ddi trong ang vé muc tiéu
hao nhién liéu. Tuy nhién, mic d6 anh huéng cua khéi lugng khoéng cb dinh
ma phu thudc vao diéu kién hoat dong cua xe; trong d6, tac dong 1a manh nhat
khi xe van hanh trong diéu kién dudng do thi véi nhiéu chu ky tang toc va giam
tdc, va yéu nhat khi xe chay 6n dinh trén duong cao toc.

+ Nghién ciru ctia Volkswagen (2015), tap doan 6 t6 Pc di nghién ciru veé:

Sir dung vat liéu composite va hop kim nhe d3 t6i vu hoa céu trdc khung
gam va két qua dat dugc: giam 15% khdi lugng, giam 10-12% nhién liéu.

+ Ford Motor (2018) da nghién ctru vé:
Thép cudng do cao va tng dung nhém trong san xuat than vo két qua

giam duoc 20% khéi luong xe F-150, tiét kiém 15% nhién liéu.
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1.6.1.3. Nghién civu tic dpng dén moi trwong

+ Nghién cau cua Uy ban Chau Au (2019) vé tac dong mdi trudng da chi ra:
Giam khéi lugng 6 t6 mang lai hiéu qua rd rét trong viéc giam phat thai, véi
mdi 100 kg khéi lwong giam cd thé cat giam khoang 8,5 g CO./km. Diéu nay
gop phan quan trong vao viéc dap ung cac tiéu chuan méi treong nghiém ngit

cua EU, dong thoi nang cao hiéu qua st dung nhién liéu caa phuong tién.

+ Nghién ctu cua EPA nim 2020 da nghién ctu vé tic dong méi trudng cho
thay: Nghién ctu tap trung 1am rd méi quan hé giita khdi lugng xe va luong
phat thai khi nha kinh, d6ng thoi phén tich tac dong caa viéc giam khéi lugng
xe dén mic d6 an toan trong van hanh. Trén co s do, dé xuat cac tiéu chuan
va dinh hudng kiém soét khéi luong xe nham dam bao hai hoa giita muc tiéu

giam phét thai va yéu cau an toan k¥ thuat cia phuong tién.
1.6.1.4. Nghién cizu vé sir dung vit liéu moi

Nghién ciru hudng toi phat trién cac loai vat liéu composite c6 tinh ning
cao, két hop @ng dung céng nghé nano trong ché tao va cai tién phu ting nham
ning cao dic tinh co hoc va giam khéi lugng. Bén canh d6, viéc khai thac va
str dung vat liéu tai ché dugc xem 1a mot hudng tiép can quan trong, gop phan
nang cao tinh bén vitng trong thiét ké va san xuat, dong thoi giam thiéu tac
dong dén moi truong.
1.6.1.5. Nhitng nghién ciru néi bat Khac trén thé gici

a) Xu hwdng téi wu héa thiét ké

Nghién ciru tap trung vao viéc ang dung cong nghé in 3D trong san xuét
nham nang cao tinh linh hoat va kha ning ché tao chi tiét phic tap, dong thoi
phat trién cac cau trdc sandwich nhe dé giam khéi luong nhung van dam bao
d6 cting virng. Bén canh d6, phuong phap t6i uu hoa topology duoc sir dung dé

thiét ké va cai tién hinh dang chi tiét theo huéng phan b vt liéu hiéu qua.
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b) Nghién ciru tich hop
Nghién ctru huéng téi viéc két hop gitra giam khéi luong xe va cai thién
dic tinh khi dong hoc. Ddng thoi, xem xét tich hop véi cong nghé xe dién dé
nang cao hiéu qua ning luong va giam phat thai. Trén co s d6, dé xuat c4c giai
phap tong thé mang tinh hé thdng, dam bao su dong bo giita thiét ké, cong nghé

va muc tiéu phét trién bén viing.
c) Co hgi nghién ciru

Trén thé gioi, nhitng nghién ciiu cho thay c6 rat nhiéu co hoi trong tuong

lai va nhitng thach thirc cho linh vuc nay, ¢ thé tom tat nhu sau:
+ Vé phirong phép nghién ciu.

Do dic tinh phu thudgc manh vao diéu kién van hanh, viéc xay dung céc
md hinh dy doan chinh xac mic tiéu thu nhién liéu trong cac ché do hoat dong
khac nhau 1a hét sirc can thiét. Bong thoi, can tién hanh cac nghién ciu 1am rd
su tuwong tac giita khoi luong xe va cac yéu to khac nhu van téc, tai trong, diéu
kién duong va hanh vi nguoi 14i nham danh gia day du anh huong tong hop dén
tiéu thy nhién liéu. Trén co s& do, viéc phat trién cac phuong phap danh gia
toan dién vé loi ich cua viéc thay d6i khéi luong theo tiéu chi tiét kiém nhién
liéu 1a yéu cau quan trong, gop phan dinh huéng céc giai phap thiét ké va ti

uu hoa phuong tién trong thuc té.
+ Vé ing dung thuec té.

Can tap trung nghién ctu kha ning trién khai cac giai phap giam khoi
luong trong diéu kién khai thac cu thé ciia phuong tién. Pdng thoi, viéc danh
gia tinh kha thi kinh té cta cac giai phap nay Ia can thiét nham d¢am bao hiéu
qua gitta chi phi du tu va loi ich tiét kiém nhién liéu dat duoc. Bén canh do,
can xem xét cac tac dong dai han cua viéc giam khéi luong dén d6 bén, an toan

va hiéu suat van hanh cua xe, tir d6 1am co s& cho viéc lua chon va &p dung cac



23

giai phap pht hop trong thyc tién.

Str dung xe tiét kiém nhién liéu dang ngay cang tré nén quan trong ddi voi
giao théng hién nay. N6 khong nhiing lién quan dén chi phi nhién liéu hang
ngay ma con tac dong dang ké dén moéi truong. Dir liéu do EPA thu thap cho
thay trong nam 1990-2012, khoang 32% luong khi thai CO; va 27% lugng khi
thai nha kinh & M¥ dén tir nganh giao thdng [19], trong d6 60% la tir & t& con

va xe tai nho [20].

Trong cac thir nghiém lai xe, cho thay két qua: c6 thé giam 5-25% muc

tiéu thu nhién ligu; s€ giam trung binh la 4% luong khi thai NOy [21].

Nhom tac gia Matthew Barth 2011 nghién ctru dua ra viéc giam thiéu mirc
tiéu thu nhién liéu cia phuong tién bang cach cai thién qua trinh ting giam téc
cua xe khi vuot dén giao théng. Phuong phap nay xac dinh cau hinh ting toc
va giam tc tét nhat dé vuot qua dén giao thong vaoi yéu ciu mo-men xoan dong

co t6i thiéu va thoi gian chay khong tai 14 it nhat [22].

Tuong tu, nhdm tac gia Engin Ozatay 2013 dua ra giai phap phan tich su
dung mé hinh tuyén tinh hoa theo chiéu doc xe va giai phap sé cho muc dich
so sanh muc tiéu thu nhién lidu ddi véi mot sé xe cung loai. CAc tac gia két luan
rang phuong phap phan tich nay c6 do chinh xac cao nhung voi phic tap tinh
hon nhiéu [23].

Mot nghién ctru khac da phan tich dé lya chon vat liéu nhom 1am than vo
xe dé giam trong luong dugc thuc hién trong phan mém Hypermesh va st dung
k¥ thuat Rapid Prototyping dé thay thé san xuat mau that. Két qua thyc hién va
trong luong xe giam 5%, do bén (ing sudt) ting 1én dén 15% [24].

Khi tinh toan céc luc tac dong 1én xe voi do chinh xac hop Iy nham giam
cac luc can chuyén dong da ho tro thiét ké hé théng treo, 1ai va phanh, nhom
nghién ctru da st dung cong cu GUI trong Simmechanics mo phong xe 3D

trong moi truong MATLAB / Simulink [25].
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Trong nhitng nim gan day, cic phan mém dua trén cac phuong phap CFD

duogc sir dung nhiéu dé nghién ctru thiét ké xe [26].

Giam khéi luong xe c6 thé thuc hién bang cach giam do day chi tiét, thay
thé vat liéu bang loai ¢ khdi luong riéng thap hon va gia cudng cuc bd bang
xuong ting cing tai cac vi tri chiu tai. Mot giai phap khéc 1a bd sung két cau
polyme tai cac vung cuc b cua than xe nhu cot B va san xe. Trong qua trinh
nung son, bot epoxy gian nd s& phan tng nhiét, déng ran va lién két vai vat lidu

than vo, gop phan tang do cing két cdu ma van giam khéi luong xe [27].

Tién bd trong nghién ctru vat liéu 1a dong luc quan trong thuc déy d6i méi
cong ngh¢, dac biét trong linh vuc 6 t6. Cac vat liéu mai va quy trinh san Xuat
tién tién huong té1 do bén, tinh kinh té, an toan va do tin cay cao. Trong nhiing
thap ky td1, nghién ctru vat li¢u cho 6 t6 s€ tiép tuc tap trung vao muyc ti€u giam
khéi lwong xe, giam phat thai CO-, nang cao hiéu qua nang luong va do tin cay
hé théng, dong thoi vu tién cac vat lidu co hiéu qua chi phi va tiém ning tng
dung kinh té trong twong lai [28].

Nhom tac gia S. I. Krivoshapov (Ukraine) di xay dyng mé hinh toan dé
tinh muc tiéu thy nhién liéu theo gid ctia dong co ddt trong & ché d6 khong tai
va tai khong doi, 4p dung cho hai dong co: Skoda Octavia 1.6 MPI va Skoda
Octavia 2.0 TDI. Trong nghién ctru, cac h¢ s6 dién dﬁy xi lanh va hé sb du
luong khong khi duoc xap xi bang da thirc bac hai, ddng thoi st dung phuong
trinh (1.8) dé xac dinh lugng tiéu thy nhién liéu theo gid Gt ctia dong co.

10%AyNe

_ 0,12PVpn . BI]+ Nemax . k_g (l 8)
t LoRTTp: (4 102BgNe = 1044gNg°  h
@ Nemax Nemax

O d6, mot s6 thdng sé nhan dugc tir qua trinh nhdm tac gia 1am thi nghiém.
P: &p suat trung binh khi nén trong budng dét (P = Pe/zm (KN)); Vh: thé tich
budng dbt (1it); n: s vong quay cua dong co; Lo: nhiét luong nhién liéu (dong
co xang Lo =0,5100 kmol/kg, dong co diesel c¢6 Lo = 0,495 kmol/kg); R = 8,31
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J 1 (mol-K) va z= 4: céc hang s; p: ty trong cua nhién liéu, dong co xing p =
0,76 g/cm?, dong co diesel p = 0,84 glcm?; Ne: cong suat ctua dong co tai $6
vong quay Ne, Nemax: €ONG SUAt ca dong co tai s6 vong quay nemax; A, By, Co,
A,, B, 1a cac hé sb thuc nghiém, dong co xang A, = -1,0¥10e4; A, = 7.0%10e3;
B. = 0,012; B, = 0,17; C, = 0,85 va dong co diesel A, = 3,010e4; A, =
9,0*10e4; B, =-0,06; B, = 1,0; C,=5,0.

Nhan duoc két qua khi dong co chay khéng tai thi muc tiéu thy nhién lidu
mdi gio tang ty 18 thuan vai tbe dd quay va dung tich caa dong co. D3 xay dung
d6 thi su thay doi muc tiéu thu nhién liéu theo téc do vong quay cua hai dong

co Skoda Octavia chay xang va diesel, hinh 1.8, [29].
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Hinh 1.8. 6 thi thay d6i muc tiéu thu nhién liéu theo téc do quay dong co

Bing viéc minh hoa trén 6 to tai KrAZ-6322 d3 dé xuat sir dung cac
phuong phap dé xac dinh muc tiéu thy nhién liéu trong van tai duong bo. Trén
d6 thi cho thay khi téc do dong co tang thi muc tiéu hao nhién liéu ciing ting
theo ty Ié. Bang phuong phap mé hinh hoa cic qua trinh hoat dong cua hé théng,
c6 tinh dén cac dic diém thiét ké va diéu kién hoat dong, co thé tinh toan cac
gia tri tiéu chuan vé muc tiéu thu nhién liéu caa mot chiéc 6 t cu thé theo cac
dac tinh k¥ thuat va hoat dong cua né [29].

Cong trinh nghién ctu cua Juan Camilo Lopez (Colombia) va cac tac
gia cdng bd nam 2020 di sir dung bién phap do tiéu thu nhién liéu cho mot s6

xe tai hang nhe (Light duty vehicle — LDV) & Colombia bang phuong phap khéi
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lwong (st dung can). Nhitng bién khac nhau cua dung cu, thiét bi va diéu kién

moi trudng déu gay anh huong dén qua trinh do da dwgc phan tich.

Két qua nhan duoc cac dir liéu chung cho viéc danh gia muc tiéu thu nhién ligu

c4c Xe tai nhe. So d6 qua trinh thi nghiém néu trén hinh 1.9.

Phién tich cac Xay dung Lura chon Kiél:ll tra Lua chon Tleu hanh Phan tich két
quy dinh cua phuwong phuong thiét bi th.let bi qua vamé
nha nwde phap do phap do do nghlem phong so sanh
Chuéan hoa phu'cmg phép do S6 heong 6 t6 trén Loai 616 dai
pht hop véi quy dinh thi trwong dién

Hinh 1.9. So dd thi nghiém do tiéu thu nhién liéu xe tai nhe & Colombia

Thi nghiém sir dung mot thiing nhién liéu khac ndi véi dudng cap nhién
ligu ciia xe bang khap ndi nhanh theo hinh 1.10. Trén so d6, tac gia dung 3
cong tic A, B, C cho thi nghiém ba loai xe, xe phun xing dién tir, xe xdng
cacbuarato va xe chay diesel. Thung nhién liéu méi nay dugc dat trén can dé
do khéi luong nhién lidu trude va sau khi cho xe chay theo chu trinh 14i xe, khéi
lwong tiéu thu trong qua trinh thir nghiém 1a trong lugng chénh léch trén can.

Chu trinh 14i xe thuc té ciling 1a chu trinh FTP75 trong mé phong.

Bom diesel
Thing nhién = 3 " - g Xe diesel
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Hinh 1.10. So d l4p rép thiét bi thi nghiém
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Muc tiéu thu nhién liéu (km/kg) cd thé dugc st dung phd bién bang
phuong trinh cua ty s6 giita km chay duoc va sé kg nhién liéu da tiéu thu. Day
|a gié tri dé thiét 1ap va danh gia hiéu qua cua cac chién lugc tiét kiém ning
luong &p dung cho da s céc loai xe hang nhe.

Khi phan tich hé sb hiéu chinh Cp cho két qua thap hon 0,02% nén da
chting minh rang mat d6 khdng khi khéng anh huéng dén qua trinh do muc tiéu
thu nhién liéu. Két qua do cu thé mac tiéu thu nhién liéu cua mot chiée xe tur
thuong hiéu dai dién cua thi truong 6 t6 Colombia c6 thé duoc béo céo cho céac
LDV ¢ Colombia la 10,8840 + 0,1608 km/L.

Pay la phuong phap da duoc ap dung rong réi trong cac nghién ciru quéc
té duoc cac tac gia két luan va di dugc Gng dung cu thé tai Colombia, tao ra
buéc phét trién dau tién vé chién luoc tiét kiém nhién liéu cho qudc gia nay.
Phuong phap do muc tiéu thy nhién liéu cho LDV dugc phaét trién dua trén luat
quan ly Lién bang Hoa Ky (Code of Federal Regulation — CFR 40) cua Hoa Ky
theo phuong phép do trong lugng.

Po luong dé danh gia cac chién luoc st dung nang luong hiéu qua va xac
dinh cac nguy@n nhan chinh gay ra sy ton that nhién liéu. Po ludng dang tin
cay nén co thé sir dung két qua dé dong gop cho cac quy dinh. D& xuat caa
nhom tac gia nén bat dau bang viéc thiét 1ap muc tiéu thu nhién liéu co ban cua
6 t6 & cap qudc gia dé dat duoc mac giam tiéu thu nhién liéu LDV va phat thai
khi nha kinh cho Colombia [30].

Cong trinh céng bd cua nhom tac gia Walid. M. Al-Momani, Omar. O.
Badran, (Jordan) céng b nim 2007 trén Tap chi Co khi va k§y thuat vat liéu
IJMME d3 1am thi nghiém xac dinh nhitng yéu t6 anh huéng dén muc tiéu thy
nhién liéu trén 6 td gom: van toc xe, khéi luong hanh khéch trén xe, anh huong

cuia ap suat hoi 16p va anh huong caa viéc xir dung diéu hoa khong khi trén xe.

Nghién ctu tién hanh thir nghiém trén bén xe véi cac kich ¢ dong co
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khac nhau: LADA 1,3 L (1980); LADA 1,6 L (1994); VW (Golf) 1,3 L (1993)
va Subaru 1,6 L (1993).

Diéu kién thir nghiém chung gom tc do xe, &p suat 16p, loai nhién liéu,
diéu kién khi quyén va cac diéu kién bao tri va quing duong thir nghiém 1a 5

km. Cac thiét bi va dung cu thi nghiém dugc két ndi theo so dd hinh 1.11.
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Hinh 1.11. So db két ndi céc thiét bi thi nghiém
1: Thung nhién liéu; 2: B loc; 3: Senso do luu lugng dong nhién liéu; 4:
Bom nhién liéu; 5: Buong hdi; 6: Van ba nga; 7: Bo trung chuyén: 8: Buong
éng dan

Cac két qua thi nghiém trén hinh 1.12: a, b, ¢, d, e
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e) Anh huéng cua sé nguoi ngdi dén tiéu thyu nhién ligu
Hinh 1.12. D6 thi két qua thi nghiém muc tiéu hao nhién liéu

Nghién ctru nay da chitng minh rang toc do kinh té tét nhat cho cac phuong
tién 1a khoang 70-80 km/h va c6 khac véi cong bd cua nha san xuét. Diéu nay
la do su thay doi cuaa diéu kién khi quyén, tudi caa dong co va loai duong trén
thuc té. Cac thir nghiém d6 cao so véi muc nuéc bién cho thady muc tiéu thu
nhién liéu phu thudc vao d6 cao, khi d6 cao tang 1én, cong suat cua xe s& giam
va su bién dong cua 4p suat khi quyén s& 1am mat 6n dinh qua trinh chay, lam

tang muc tiéu hao nhién liéu 6 t0 [31].

Theo VTT bao céo két qua tha nghiém trén bé thir AVL (Chassis
dynamometer) vai do chinh xac £1% (g/kwh) va luong khi thai £15% (g/km)
cho thiy mic tiéu thu nhién liéu (L/100 km) tang khi khéi luong xe (tai trong)
tang 1én. VTT néu ra ty 1¢ % anh huong cua yéu té ki thuat dén muc tiéu thu
nhién liéu trén xe: Trong luong va tinh khi dong hoc cua xe: 1én téi 30%; lai
xe: 5-15%; 16p xe: 5-15%; bo sung 1am léch hudng gio: 4-8%:; chat boi tron:
1-2%; su khac biét gitra cac hdng xe khac nhau: 5-15%.

So dd nghién ciu thyc nghiém cua VTT trén bé thir AVL theo phuong
phap va cac budc tinh toan ctia moé hinh tiéu thu nhién liéu Nhat Ban néu trén
hinh 1.13.

C6 ba bo tham sé dau vao cho cai dit ban dau cua chuong trinh. Chu trinh

lai xe duoc xac dinh trudc ¢ dang mo-dun trong chuwong trinh:
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— Céc loai xe khac nhau dugc phan nhdm theo khéi lugng (GVW);

— Tai trong, dién tich can chinh dién, s6 hanh khach va ty sé truyén hop
s6, tinh trang mit dudng duoc lya chon theo loai xe va duoc ¢b dinh;

— Céc thdng sé cua dong co, toc do khdng tai, md-men xoan cuc dai va

mO-men xoan ma sét co thé thay d6i dé phi hop voi nha san xuat.

) Yéutﬁ ) | Di ligu toe 3§ lai xe | Kiém tra dong co
(T s6 truyén, khoi hrong Trang théi 6n dinh
xe, kich thi.rc'rq lop, 131 1
trong, hiéu suit truyén o DB thi tiéu
lwc, vv) .| Cai dat ban i tem
2 . . thu nhién ligu
dau n
: dong co
Liwre can chuyén dong

Bat

dau

o an s a N&i suy/ ngoai
o = Toc dd va md men N
Vi tri tay sd — 2 o an ) .. [ —{ suy tir d6 thi tiéu

xoan dong co tlrc thi chrin
: thu nhién ligu

!

Lurgng nhién
li&u tirc tivi

!

Téng hop

No

- Cac dir ligu h"“x,
< dd hoan >
S~ thanh e

Tong mire nhién liéu tidu
thu

Hinh 1.13. So do thi nghiém muc tiéu thu nhién liéu dong co trén bé thir AVL

Két luan rang, gia tri FC mo phong gan véi gia tri FC thi nghiém, léch
nhau khoang mot mililit/gidy. Gia tri md phong s& thap hon gia tri dinh. Hinh
1.14 cho thay FC theo don vi lit/gio [32].
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Hinh 1.14. D6 thi két qua thi nghiém

Bé thar AVL dé do luc khung gam kiéu may do luc ké c6 gia d& véi duong
kinh con lan 515 mm. Tai trong truc toi da cho phép 1a 13.000 kg. Quan tinh
cua xe duoc tang tai tir 2.500 kg dén 20.354 kg bang banh da. Toc do toi da 1a
120 km/h khi khong ¢6 banh da va 100 km/h khi c¢6 banh da. C6 hai dong co
DC, mbi dong co cong suat 200 kW véi hé thong diéu khién riéng biét bang
may tinh AVL PUMA dé diéu khién qua trinh tao tai théng qua quy trinh giam
téc cua hai dong co lap di 1ap lai voi xe thir nghiém. Hé théng do va thu thap
tat ca dir liéu phat ra tir xe bao gom ca hé thong do khi thai, hinh 1.15 [32].

HEAVY DUTY
VEHICLE TEST CELL

Hinh 1.15. So d6 bé thir thi nghiém muc tiéu thu nhién liéu xe tai caa AVL



32

Phuong phap gan diing danh gia tac dong cua khéi lugng xe dén viéc giam
muc tiéu thu nhién liéu bang quy trinh tinh todn phan tich wgc tinh muc tiéu
thu ning lugng cua xe dién (EC) duoc thé hién qua “hé sb gia tri giam ning
luong (ERV)” véi mdi mirc giam 100 kg khéi luong. ERV duoc danh gia cho
mot s& nghién ctu cac miu xe dién thyc té trén thi truong Chau Au nim 2019
va theo ba chu ky lai xe véi hanh vi lai xe thay d6i khac nhau. Nhan thay két
qua ERV dao dong tir 0,47 d¢én 1,17 KWh/(100 km x 100 kg), véi su thay doi

cha yéu tuy thudc vao kich c& xe va chu trinh 14i xe.

Pé tang do6 chinh xac cua két qua vé muc tiéu thy lién quan dén khéi lugng
cho nhiéu loai 6 t6 ¢6 kich thudc khac nhau ngudi ta sir dung “Gia trj tac dong
(IRV)” v6i muac giam khoi luong xe tuong tng 1a 5%, 10%, 15% va 20% so
véi khéi lwong tham chiéu. Két caa cho mirc tiéu thu do khéi lwong gay ra dugc
xac dinh 1a d6 déc cua duong hdi quy, hinh 1.16. ERV tinh theo phuong
trinh (1.9).

AEC, kWh
ERY = AM’ 100 km x 100 kg (1.9)

Trong d6 ERV = Gia tri giam nang luong (KWh/(100 km x 100 kg)); 4EC
= mirc giam tiéu thy niang luong dat dugc thdng qua viéc giam khdi luong xe
(KWh/100 km); va 4M = 100 kg muc giam khdi luong xe [33].

AEC
ERV = ——— [kWh/(100 km x 100 kg)]

EC [kWh/100 km]
L ]
B
3]
b
H
E —mm—-————-——

H

A

Myighe-20%  Muight-15%  Mugne-soe Miighe-5%

Hinh 1.16. Két qua thu dugc quan hé khéi luong xe dén mic tiéu thu kWh
Theo Koffler C., Rodhe-Branderburger K., (2010) cho thay thiét ké nhe Ia
phuong phap pho bién dé giam muc tiéu thu nhién liéu caa xe du lich. Tinh

toan muc tiét kiem nhién liéu cua xe dya trén viéc tinh toan téng ning luong



33

can cho qué trinh chuyén dong cua phuong tién véi mot trong luong xac dinh
trén mot quing dudng cho trudc theo mot chu trinh 1ai xe dwoc tiéu chuan hoa
va thu dugc luong giam nhién liéu (FRV) va tinh nang van hanh cta xe khéng
thay d6i. Nhitng chu trinh d6 1a: NEDC, FTP75...

Két qua nghién ciu cho thay muc tiéu thu nhién liéu cd lién quan dén cac
bo phan hoac cum 6 t6 1a 0,12 1/(100 km x 100 kg) va 0,28 1/(100 km x 100 kg)
d6i voi xe chay dau diesel va 0,15 I/(100 km x 100 kg) va 0,35 1/(100 km x 100
kg) ddi véi xe chay xang [34].

Két qua md phong maoi quan hé gitra khdi luong xe va mic tiéu thu nhién
licu cho thay su khac biét rd rét gitta md hinh tuyén tinh va phi tuyén. Trong
khoang khéi lugng thap, hai mé hinh cho két qua tuwong ddi gan nhau, cho phép
xap xi mi quan hé giita tiéu thu nhién liéu FC va khéi lwong m bang ham tuyén
tinh. Tuy nhién, khi khéi luong xe ting, duong dac tinh phi tuyén c6 xu hudng
cong 1én va ting nhanh hon so véi duong tuyén tinh, phan anh su gia ting tiéu
thu nhién liéu do anh hudng cua cac yéu té dong luc hoc. Nguyén nhan cua
hién tuong nay 1a do ning lwong can thiét cho qua trinh tang téc ty 18 vai khoi
lwong va phu thudc vao binh phuong van tde, dong thoi luc can lan cling ting
theo tai trong tac dung I&n banh xe. Céc nghién ciu trude day da chi ra rang
mbi quan hé gitra khbi lwong va tiéu thu nhién liéu chi mang tinh gan tuyén tinh
trong pham vi hep, trong khi vé ban chat 1a phi tuyén khi xét trong diéu kién
van hanh thuc té [35], [36]. Do d6, viéc st dung cac md hinh phi tuyén hosc
mob hinh dya trén dir liéu thuc té 1a can thiét dé danh gia chinh xac hon anh

huong cua khéi lwong dén mic tiéu thy nhién liéu cua 6 to.

Nghién cau tong quan gan day cho thay giam khoi lwong 6 t6 12 mot hudng
tiép can trong tam nham giam tiéu thy nang luong va phét thai CO.. Viéc giam
khdi lugng khong chi 1am giam ning lugng kéo can thiét cho chuyén dong ma

con tao diéu kién téi vu hoa hé truyén dong, giam ton that phu va nang cao hiéu
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suit tong thé cua phuong tién. Bac biét, viéc st dung cac vat lidu nhe tién tién
nhu composite soi cacbon cho phép giam dang ké khdi luong két cau trong khi
van dam bao d6 bén co hoc. Bén canh d6, nghién ciru ciing nhan manh vai trd
ctia cac cong nghé thiét ké, ché tao da vat liéu va cac giai phép tich hop trong
viéc nang cao hiéu qua st dung nhién liéu va giam phét thai trong diéu kién
van hanh thuc té [37].

Két qua nghién ctu trong [38] cho thay khi khéi luong xe ting khoang
15% thi muc tiéu thy niang luong co thé ting tir 4-9%, dong thoi mic do anh
huong thay d6i dang ké theo diéu kién van hanh, phan anh rd tinh chat phi tuyén

cua mbi quan hé gitra khdi luong va tiéu thu nang luong.
1.6.2. Tinh hinh nghién ciru trong nwdéc

Trong nuéc, mot sé nghién ciru da tap trung phan tich xu hudng tiéu thu
nang luong trong linh vuc van tai. Cong trinh nghién ctru “Xu hudng thay doi
tiéu thu ning luong d6i véi cac nganh dich vy van tai” cua tac gia Pham Thi
Hué, Nguyén Thi Anh Tuyét (2021) cho thdy mac tiéu thu niang luong cd su
khac biét gitra cac loai hinh van tai, trong d6 cac phuong thirc van tai cé quy

mo va tai trong lon thuong ¢ muc tiéu thu nang luwong cao hon [39].

Tuy nhién, c4c nghién ctiu ndy chi yéu dirng & mirc danh gia tong thé theo loai
hinh van tai, chua di sdu phén tich dinh lugng anh hudéng cua cac yéu té ky

thuat riéng 1é nhu khéi luong phuong tién, hinh 1.17.
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Hinh 1.17. Tiéu thu ning luong cua 28 nganh kinh té tai Viét Nam nam 1996,
2000, 2007, 2012 va 2018
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N1: Néng nghiép va dich vu; N2: Lam nghiép va dich vu; N3: Danh bat va nudi
trong thaty san; N4: Than; N5: Dau thd va khi dt tu nhién hoic LPG; N6: Khai
khoang: N7: Ché bién thuc pham; N8: San xuat thoi trang; N9: San xuit giy
va dich vu; N10: Xang dau; N11: Hoa chat co ban; N12: Vat liéu xay dung;
N13: San xuat kim loai; N14: San xuét dién tir, dién va thiét bi khac; N15: San
Xuat phuong tién van tai; N16: Thiét bj y té; N17: San xuit va phan phéi dién;
N18: Khi d6t; N19: Nuégc; N20: Xay dung; N21: Kinh doanh, dich vu stra chira
6 t6, mo t6, xe gan may; N22: Dich vu van tai duong sat; N23: Dich vu van tai
duong bd; N24: Dich vu van tai duong thuy; N25: Dich vu van tai hang khong;
N26: Dich vu vién théng va du lich; N27: Dich vu bao hiém; N28: Dich vu
khac

Hinh 1.18 a, b cho thiy mic tiéu thu ning luong trong linh virc van tai tai
Viét Nam c6 xu hudng ting manh trong giai doan 1996-2018, cu thé, tir khoang
488,8 nghin tin nam 1996 1én 4.883,3 nghin tan vao nam 2018. Tong nhu cau
nang luong cua toan nganh ting dang ké qua cac nam, trong d6 van tai dudng
bo chiém ty trong 16n nhat so véi céc loai hinh van tai khac. Bong thoi, co cAu
nang luong tiéu thu cho thdy xing dau 1a nguén nang luong chu yéu, chiém

99% trong tong mic tiéu thu caa nganh van tai [39].
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Hinh 1.18. Tiéu thu nang lugng cua cac nganh dich vu van tai (1996-2018)
N22: Dich vu van tai dudng sat; N23: Dich vu van tai duong bo; N24: Dich

vu van tai duong thuy; N25: Dich vu van tai hang khong
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Xét vé ty 18 sir dung ning lugng trong linh vyuc giao théng so vai toan bo

cac nganh caa nén kinh té 12 23% cta nam 2015.

Theo bao céo ciia L& Anh Tuan va cac tac gia (2021) cho thay viéc chuyén
d6i sang phuong tién giao thong dién 1a xu hudng tat yéu nham giam tiéu thy
nang luong va phét thai trong linh vuc giao théng. Bong thoi, phuong tién xe
dién o hiéu suat st dung ning luong cao hon so véi phuong tién st dung dong

co d6t trong, gop phan nang cao hiéu qua nang luong téng thé [40].

Nghién ctu thong ké — xay dung dit liéu tiéu thu nhién liéu caa nhém tac
gia Trwong Manh Hing va céc tac gia (2023) vé xay dung co so dit liéu tiéu
thu nhién liéu cho xe con tai Viét Nam két luan rang tiéu thu nhién liéu phu
thugc vao ba yéu td: khéi luong xe; dung tich dong co va diéu kién van hanh
[41].

Thoéng qua chuong trinh dan nhin ning luong dbi véi 6 t6 do Cuc Pang
kiém Viét Nam trién khai, cac dit liéu tiéu thu nhién liéu cua phuong tién da
dugc cong bd theo nhiéu tiéu chi ky thuat khac nhau. Két qua cho thay mic
tiéu thu nhién liéu co su khac biét gitra cac nhom xe va chiu anh huéng béi mot
s6 thong s dac trung, trong d6 bao gdm khéi lugng phuong tién va dung tich
dong co, hinh 1.19 [42]. Viéc phan loai nay khong chi phan anh dac tinh tiéu
hao nhién liéu cua ting nhdm xe ma con cung cap co sd thyc tién cho viéc xem

xét vai tro cua khéi luong trong danh gia hiéu qua st dung nhién liéu.

a.Tem nhan nang luong trén xe 5 b.Tem nhan ning luong trén xe 7
chd ngoi chd ngoi

Hinh 1.19. Tem nhan mc tiéu thu nhién liéu trén 6 t6
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1.6.3. Khoang tréng c4c nghién ctru va hwéng tiép cin cia luin an

Mirc tiéu thu nhién liéu cta 0 td qua phén tich caa cac céng trinh nghién
clru & trong nudc va ngoai nude di cong bd, ¢ thé thay duoc ring phan 16n
cac nghién cu, céng bé tap trung vao anh hudng cua céc yéu té van hanh nhu
tbc do, chu trinh 14i, ché do tai hodc diéu kién giao thdng. CO6 it cong trinh da
dé cap dén vé anh huong cua khéi luong xe, tuy nhién chu yéu ding lai ¢ cong
bd mang dinh tinh hoac danh gia thong qua mé phong trong phong thi nghiém,
chua xay dung duoc mdi quan hé dinh lwong cu thé gitra khoi lugng xe va mic
tiéu thu nhién liéu.

Ngoai ra, cac nghién ctru va cdng b thuc nghiém hién c¢6 thuong st dung
cac chu trinh l4i tiéu chuan véi bo do nhién liéu thuong mai, chua cha trong
dén viéc xay dung chu trinh xe chay thi nghiém dé phi hop véi diéu kién nghién
ctu cu thé. Hoac nghién cau thuc nghiém trén céc bé thur trong phong thi
nghiém véi cac diéu kién hoat dong khdng giéng nhu diéu kién hoat dong thuc

té bén ngoai nén cho két qua chua sat véi thuc té.

Viéc so sanh, danh gia sai khac gitra két qua mé phong va két qua thuc
nghiém trong cting mot khudn khé nghién ciu con han ché. Ngoai ra, phdi hop
ddng bo giira ba phuong phap: mé hinh ly thuyét, md phong va thuc nghiém dé
danh gia anh huong caa khdi lugng 6 td dén muc tiéu thy nhién liéu van con 1

khoang tréng nghién ciru can tiép tuc dugc l1am rd.

Tu nhitng khoang tréng da phan tich trén, luan an dua ra hudng tiép can
|& stir dung ca ba phuong phap: mo hinh héa — mé phong va nghién ctu thuc
nghiém, trong do tap trung xay dung su phu thudc dinh luong gitra khdi luong
tong thé xe va muc tiéu thy nhién liéu caa 6 t6. Bong thoi, luan &n xay dung
chu trinh xe chay thi nghiém va thiét ké, ché tao, kiém dinh bo do tiéu thu nhién
licu phuc vu cho thuc nghiém dé l1ay két qua. Tir két qua ¢6 nham kiém ching

véi cac két qua mod phong, qua do6 1am ndi bat tinh mai, tinh thuc tién va gié tri
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ung dung cua hudng nghién cau.
KET LUAN CHUONG 1

Bién d6i khi hau va 6 nhiém moi truong dang 1a van dé toan cau cap
bach, trong d6 nganh giao thdng van tai dong gop dang ké vao luong phat thai
khi nha kinh (khoang 27-32% tong lugng phéat thai tai My, 16% tong tiéu thu
nang luong tai Viét Nam nam 2018). Vi s6 luong 6 t6 luu hanh trén thé gioi
du bao dat 2 ty xe vao nam 2030 va tai Viét Nam c6 thé 1&n téi 8-9 triéu xe,
viéc nghién ctru giam muc tiéu thu nhién liéu cho 6 t6 con mang y nghia khoa

hoc va thuc tién to Ion.

Mc tiéu thu nhién liéu cua 6 t6 1a ham cua nhiéu yéu tb, trong d6 khoi
luong xe dong vai trd trung tam thong qua tac dong truc tiép dén cac lyc can
chuyén dong, bao gdm lyc can lan, lyc can 18n déc va luc can quén tinh. Mi
quan hé nay duoc thé hién qua cac phuong trinh dong luc hoc xe. Cac nghién
ctru da chi ra rang khi giam 10% khéi luong xe c6 thé tiét kiém tir 6-8% nhién
liéu, v&i muc tac dong manh nhit trong diéu kién van hanh d6 thi ¢6 nhiéu lan
tang giam toc.

Trén thé gioi da co nhiéu cdng trinh nghién ctu caa MIT, Volkswagen,
Ford Motor, Uy ban Chau Au, EPA Hoa Ky va cac nhom tac gia tir Nhat Ban,
Ukraine, Jordan, Colombia, Phan Lan... tiép can van dé tir nhiéu goc do khéac
nhau, tir dinh lwgng mdi quan hé khéi luong — nhién liéu, nghién ctu vat liéu
nhe, dén md phong va thuc nghiém trén bé thir. Tuy nhién, phan 16n cac nghién
ctru nay duoc thuc hién trong diéu kién van hanh va co sé ha tang giao thong
ctia cac nudc phat trién, chua phan anh day du dic thi cta diéu kién van hanh
thuc té tai Viét Nam.

Tai Viét Nam, cac nghién ctu vé muc tiéu thu nhién liéu xe con méi
dirng lai & viéc xay dung duong co so va thong ké sb liéu theo giai doan, chua

c6 cong trinh nao nghién ciru mot cach hé thong va dinh lugng day du vé mic
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d6 anh huong cua khdi luong xe dén muc tiéu thu nhién liéu trong cac diéu kién

van hanh dac thu cua Viét Nam.

T phan tich tong quan cho thiy con ton tai nhitng khoang tréng nghién
ctru can duogc giai quyét, cu thé 1a: chua c6 mo hinh dinh lugng tin cay vé quan
hé khéi lugng — mic tiéu thu nhién liéu phi hop véi diéu kién dudng s& va chu
trinh 14i xe tai Viét Nam; chwa c6 s liéu thuc nghiém du do tin cdy theo cac
dai khéi luong xe phd bién trén thi truong Viét Nam; va chwa co danh gid tong
hop vé déng gop riéng cta khébi luong so vai cac yéu té khac trong diéu kién

thuc té trong nudc.

Tt nhitng Két luan trén, luan an xac dinh huéng nghién ciu tap trung vao
viéc xay dung mo hinh ly thuyét, tién hanh thuc nghiém va phan tich dinh luong
muc d6 anh huong caa khdi luong xe con dén muc tiéu thu nhién liéu trong
diéu kién van hanh tai Viét Nam, tir d6 dé xuat cac giai phap ky thuat va khuyén
nghi c6 co sé khoa hoc, phuc vu cdng tac thiét ké va hoach dinh chinh sach

giao théng van tai quéc gia.
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CHUONG 2: CO SO KHOA HQOC NGHIEN CUU
2.1. MO HINH PONG LUC HQOC CHUYEN PONG O TO

Luc kéo Py & t6 gilip xe chuyén dong, trong khi chuyén dong can thiang
cac luc can khong khi, luc can quén tinh, luc can lin va luc can Ién déc, hau
hét cac luc can déu bao gdm thong sé khéi luong xe. Nhu vay, céc luc can khi
xe chuyén dong déu anh huong dén dong luc hoc caa xe va sy tiéu thy nhién
liéu cua dong co.

So dd mé hinh dong luc hoc 6 t6 trinh bay trén hinh 2.1.

Hinh 2.1. So d6 mé hinh déng luc hoc doc 6 t6
Cac thong sb co ban ciia md hinh &p dung vai xe nghién ciru Toyota Vios
2009 néu trong bang 2.1.

Bang 2.1. Céc sb liéu cia md hinh

Ky hiéu | Gia tri Ghi chu
Khéi lugng twong duong ciia xe m 1170 | Tham khao nha SX
kg
Hiéu suat HTTL n 0,9 | Tham khao
Ty so truyén HTTL i Tham khao nha SX
Ban kinh banh xe (m) Fox 0,31 Tham khao nha SX
Ty trong khong khi (kg/md) D
Dién tich can chinh dién, m? A 1,8 Do dac
Hé s6 can khong khi Cq 0,22 | M6 phéng CFD
Gia toc trong truong (m/s?) g 981 |-
Do doc mit duong (%) a 0 -
Hé sb anh huong cua 16p va mat | ro. 1y Tham khao nha SX
dudng
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Cong suat cuc dai (Ma luc/toc 30 | Nemax | 107/6000
vong quay)
M6 men xoan cia dong co| Te | 14,4/4200 | Tham khao nha SX
(Nm)/vph
Van toc xe cuc dai (km/h) v 160 | Tham khao nha SX

Cong suit can thiét dé xe di chuyén chi dé thing cac luc can nay theo
phuong trinh can bang cong suat (2.1).

P (PJ+PWT7PjiP,~ v vy (2.1)

Trong do: Py Luc can lan, phu thudc vao khoi luong xe; Py: Luc can khi
dong hoc; Pj: Luc quan tinh khi xe tang tbe, giam tdc; Pi: Luc can khi xe 1én,

Xuéng dbc; v: Van toc xe (m/s); n: Hi¢u suét cua hé théng truyén luc.
— Luc kéo: P, = £T,: N (2.2)
Tbhx

n: Hiéu suat HTTL; i Ty s truyén HTTL; ry: Bén kinh banh xe; Te:
M6 men xoan cta dong co.
—Luccanlan: P = Mygcosa (ry+1); N (2.3)
M; kg: Khéi luong tuong duong cia xe; Gia tdc trong trudong g = 9,81

(M/s?); o @6 déc mat dudng; 1o va ry: Hé sé anh hudng cua 16p va mat duong.

— Luc can khong khi: P, = %pAdevz; N (2.4)

p: 1a mat d6 khong khi (kg/me); Ag: Dién tich can chinh dién; Cq: Hé s6
can khong khi; v: Van toc xe (km/h).

— Luc candéc: P; = M, gsina; N (2.5)
a: goc doc mat duong.
Khi xe chuyén dong, luc can chuyén dong cua xe thay doi, trong dé luc
can lan lién tyc thay doi tir 10 dén 70%, trung binh 20% trén dudng cao téc,
25% duong ngoai do thi, 30% dudng trong d6 thi. Ap suat 16p anh hudng dén

luc can lan, ting khi 4p suat 16p giam dudi ap suat yéu cau. Doi véi 16p xe tai,
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luc can lan ting khoang 5 dén 8% khi 4p suat giam 20% lam giam 2 dén 3%

kha nang tiét kiém nhién liéu trén xe tai [43].

Theo Hublau va Barillier [44], luc can lan phat sinh do ton thit ning
luong trong qué trinh bién dang tuan hoan cua I6p khi tiép xtc véi mat duong;
ddng thoi, theo Cho va cac tac gia [45] chi ra rang phan hoa 16p va I6p mat 16p
tiép xdc tryc tiép voi mat duong cd thé chiém trén 40% tong ton that luc can

lan, tiy thudc vao cau tric 16p va diéu kién tai trong.

Theo céc nghién ctru cua Pillai [46], Lin va Hwang [47], Cho va céac tac
gia [48], Luchini va Popio [49], ton that niang luong caa 16p chi yéu phat sinh
do bién dang tuan hoan cua vt liéu cao su tai ving tiép xdc véi mat duong,

dudi tac dong cua tai trong, ap suat 16p va trang thai nhiét trong qua trinh lan.

Do dic tinh tré nhét dan hoi caa cac thanh phan cao su di gay ra cac bién
dang theo chu ky lam thay ddi luc can lin cua 16p trong khi xe chuyén dong
[50].

Ung dung phuong phap s6 dé tinh toan ton that tir dac tinh tré va lyc can

lan déu co6 diém chung la tinh gan dung [51].

Ung dung todn hoc voi chudi Fourier thuong dugc sir dung dé tinh gan

dung cac chu ky bién dang cuaa 16p [52].

Thay rang trong thi nghiém luc can lan thay doi theo su phirc tap cua

diéu kién van hanh [53].
2.2. MUC TIEU THU NHIEN LIEU VA TIET KIEM NHIEN LIEU

FC biéu thi lwong nhién liéu d3 tiéu thu trén mét don vi chiéu dai xe di
chuyén (lit/km, kg/km...). Mc tiét kiém nhién liéu (Fuel economy — FE) biéu
thi chiéu dai xe da di chuyén trén mot don vi nhién liéu (kmv/lit, km/kg...). Murc
tiéu thu nhién liéu va muc tiét kiém nhién liéu c6 quan hé khdng tuyén tinh voi

nhau nhu hinh 2.2, trong d6 quan hé ty I€ theo hinh (a) hoac quan hé % theo
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hinh (b).
25 50.0 1 50.0
41,2
20 {4 Q10]1000 40.0 1 H
33.3 -
15 4 50% giam FC va

30.0 - 286
1

100% téng FE
3.1

IFC giam %

Giam FC,

1it/100 km 20.0 4 16.7

it tiét kiém cho 10.0 4 9.1

10,000 km H
'
'
|

125 | 125
T 0.0

Mitc tiéu thy nhién liéu (1it/100 km)

0O 10 20 30 40 50 60 70 80 90 100
0 10 20 30 a0 50 60 70 80 90 -
Tiét Kkiém nhién liéu (km/]it)\ FE la-ﬂg A

a. Méi quan hé ty Ié gita FCVAFE  b. MA4i quan hé % giita FC va FE
Hinh 2.2. Biéu thi hé giita FC va FE

Trén hinh (a) cac sb trong 6 hinh chit nhat biéu thi mac giam caa FC/100
km va con s6 bén phai 1a tong luong nhién ligu tiét kiém duoc trén 10.000 km.
Trén hinh (b) cac miii tén biéu thi duong dong ké ty 1& phan traim cua mac giam
FC so véi FE [15].

Nhu vay mic tiéu thu nhién liéu 1a nghich d4o (inverse) cia muac tiét kiem
nhién liéu. FC va FE co céach tinh khac nhau & mdi nude, nhu Hoa Ky tinh theo
gallon/100 dam, & cac chau khéc trong d6 c6 Viét Nam va mot sé noi khéc tinh
theo lit trén 100 km. FC duoc do truc tiép theo thé tich (bang chi thi trén bang
tap 16 xe dé nguoi sir dung theo ddi bo sung). Thong thuong mic tiét kiem
nhién liéu duoc st dung d6i véi doi xe (trung binh theo trong sé doanh sé bén
hang) cho céc chu trinh hoat déng nhu trong thanh phé dong dan cu, dudng cao
tdc. Muc tiéu thu nhién lidu 1a thude do so sanh mirc tiét kiém nhién liéu hang
nam cho mot ngudi chuyén tir phuong tién c6 muc tiéu thu nhién liéu nhat dinh

sang phuong tién c6 muc tiéu thu nhién liéu khac [54].

2.3. CAC MO HINH XAC PINH MUC TIEU THU NHIEN LIEU TREN

A~

OTO
Céach xac dinh mac tiéu thu nhién liéu 6 t6 rat da dang vi nd phu thudc vao
nhiéu yéu t6 va co tinh dén quy dinh cta mdi nudc. Tir tham khao cach tinh

toan ctia mot s nude tidu biéu, luan an da ra ba mo hinh dic trung.
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2.3.1. M6 hinh diém hoat dong trung binh ciia xe FCay

Khi xe hoat dong trén dudng s& bao gom nhiéu diém van hanh dong co va
cua xe (goi chung 1a diém hoat dong caa xe). M6 hinh gop toan bo tat ca cac
diém hoat dong cua xe thanh mot diém dai dién duy nhat dé tinh toan muc tiéu
thu nhién liéu FC,, tai @6 vé&i cac ché d6 xac dinh goi 1a mé hinh diém hoat

d6ng trung binh cua xe va duoc giai biang cdng cu mé hinh hda va mé phong.

a) M0 hinh héa

So db tinh todn muc tiéu thu nhién liéu cua xe duogc néu trén hinh 2.3.

Thing nhién hiéu

Hé théng truyén hre
Dong co Hop sb
O O O . I . % Banh xe
P,

?’}e'Pf na'ne'Pf ny'nu'ne'Pf

Hinh 2.3. M6 hinh héa tinh todn muc tiéu thu nhién liéu trén dong co dét trong

Nang luong sinh ra do nhién liéu khi dong co ti€u thu va nang luong trén
banh xe chu dong dugc biéu dién bang phuong trinh can bang cong suat (2.6)

P, = ngnanePr ; W (2.6)

O déy: P,la cong suat nhién li¢u ma dong co tiéu thy; P, 1a cong suat riéng
cua xe; m¢ la luu lugng trung binh cua nhién liéu; Qu la nhiét tri cua nhién liéu;
ng 12 ton that cia HTTL; #, 12 ton that do cac thiét bi phu tro; 5 1a ton that trong
dong co.

b) M0 phong
+ C4c gia thiét
~ Chi ¢6 cong suét riéng tai banh xe P, tham gia vao qua trinh tinh toan,

bo qua giai doan chay tron, phanh cua chu trinh.

A

~ Bo qua tiéu thu nhién liéu nd khong tai va ché do "ngat nhién liéu".
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+ Xac dinh nhiét tri cia nhién liéu

Nhién liéu n6i chung va xang noi riéng sir dung trén dong co SI 1a nhién
liéu truyén thdng da duoc sir dung on dinh trong hang trim nam qua. Hiéu suat
dong co duoc cai thién chu yéu nho cdng nghé ché tao dong co hién dai. Do
d6, tiém nang cai thién muc tiéu thu nhién liéu s& khong xét dén cac thudc tinh
riéng caa nhién liéu va cdng nghé ché tao dong co nhung can xét dén diéu kién
nhiét do, 4p suat binh chtra anh huong dén tinh 6n dinh cac dic tinh caa nhién
lidu.

Nhiét tri caa nhién liéu dugc xac dinh nhiét tri rong, 1a nang lugng hitu
ich caa nhién liéu, da trir di nang luong bi mat do hinh thanh hoi nuéc trong
qua trinh d6t chay (khong thé Iy lai dugc). Thong sé chinh va nhiét tri rong

cua hai loai nhién liéu dién hinh st dung trén 6 td néu trong bang 2.2.

Bang 2.2. Giéa tri nhiét tri cua hai nhién liéu chinh

Khéi luong | Mat do nhién | Thé tich | Thé tich twong duong

(mass Qu)™ | liéu (Fuel | (Volume (Equivalent of volume
density)™ Qn) Qw in kWh)
Xing 43,5 MJ/kg® | 0,755 kg/lit® | 32,8 MI/lit | 9,12 kWh/Iit

Dau Diesel | 42,5 MJ/kg @ | 0,845 kg/lit® | 35,9 MJ/lit 9,97 kWh/lit

Vai: 1(3) = 1(N.m); 1(Wh) = 3600(J) va 1(MJ) = 0,278 kWh; 1 kWh = 3,6 MJ.
) Qutinh bang MJ/lit hoac MJ/m3. Qu ctia xang 1a 32,8 MJ/lit.

() Mat d6 cua mdi loai nhién liéu phu thudc vao quy trinh san xuét, nhiét do
va &p suat xung quanh nén khong la gia tri tong quat. Cac tiéu chuan Chau Au
EN 228 va EN 590 quy dinh khéi luong riéng cia xang nam trong khoang tir
0,72 kg/lit &én 0,775 kg/lit va cua dau diesel nam trong khoang tir 0,820 dén
0,845 kg/lit & 15 °C &p dung véi khi hau on doi.

Luong khi thai CO, duoc biéu thi bing tin cacbon dioxide (CO) hoic tan
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cacbon (C) theo ti s6 khong doi (bang 3,67), trong d6 thanh phan nguyén tir cua
CO, 14 (12 + (2 x 16) = 44). Lugng CO, thai ra trén mdi lit nhién liéu phu thudc
vao nhiéu yéu té nhu &p suat xung quanh, nhiét do va chit luong nhién liéu vaoi
gia tri dién hinh: Mot lit xang tiéu thu tao ra 2,35 kg cacbon dioxide, hay 0,64
kg C; mot lit dau diesel tiéu thu tao ra 2,66 kg cacbon dioxide, hay 0,72 kg C.

+ Xac dinh c&c thong s6 diu vao

Cac théng sb dau vao gom chu ky thir nghiém, kiéu lai xe va cong suat
trung binh tai banh xe P,. Qua trinh md phong dugc thyuc hién theo hudng thuan
va kiém chtng nguoc dé danh gia do tin cay md hinh. Két qua mé phong dugc
dbi chiéu vaéi dir liéu tha nghiém nhim xac dinh sai sé.

+ Chay chwong trinh mé phéng

Dung cbng cu Matlab Simulink mé phong: “Conventional Vehicle
Spark-Ignition Engine Fuel Economy and Emissions”, cap nhat c4c thdng s6
xe khao sat, dong co danh Itra cudng birc (S1) 1,5 L. Chu trinh lai xe trong thanh
phd (FTP75) va cao tbc (HWFET) [55]. So d6 khéi Simulink cua tng dung néu
trén hinh 2.4.

Environment

T -—a e

' L' %’l! ‘
Longitudinal Driver
J Lt
I Controllers

Hinh 2.4. So @6 Simulink (ng dung xac dinh mic tiéu thu nhién liéu trén 6 td

Passenger Car

theo mo hinh diém hoat dong trung binh cua xe

Tap hop két qua chung vé muc tiéu thu nhién liéu caa xe 1a gié tri gan
dung tong cua hai chu trinh xe chay tuong tng 55% xe chay trén dudng thanh

phd va 45% xe chay trén duong cao toc. Ké mot duong thang chiéu kéo theo
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cac dd thi, ta nhan duoc céc gia tri két qua tuong (ng caa van téc xe, sé vong
quay dong co, cong suat tieu thu va mac nhién liéu tiéu thy, hinh 2.5.

DPudng chiéu cac gia tri két qua trong tmg

:%éli R a) Trace Velocily, Target, Actual (mph)
A A
NHH !”” 0 A n A A, A Y
, LUCUAAY | YIS AT
Toe do dong co /b) <EngSpd>
4000 !
%ﬂ- 1h ; Vi ﬂﬁ 1t NJ‘! [-;1
0 l E

Suat tieu hao nhien lié‘l
e e

C)<BSFC>

0 . I 1 .
Tinh kinh té nhién liéu d)FuelEconomy
s =~ e}
M
2
0
; =00 1000 1500 2000

Hinh 2.5. D6 thi két qua mé phong xac dinh mac tiéu thu nhién liéu trén 6 to

theo mo hinh diém hoat dong trung binh cua xe

Nhu vay théng s6 dau vao 1a chu trinh xe chay ngoai thanh phd FTP75 va
duong cao tbc HWFET nhan duogc két qua 1a mac tiéu thu nhién liéu (1it/200
km). Pit ty Ié thoi gian trén truc hoanh ciing ty 18 xich dé ddi chiéu cho thay
trong qué trinh xe chay van toc xe thay doi tir “0” dén gia tri cuc dai 57 km/h,
cac thay doi khdng theo chu ky do thyc té xe phanh, giam toc do theo tinh trang
giao thdng va nhimg diéu kién thuc té 1y theo diém hoat dong trung binh cua
xe cho muc tiéu thu nhién li¢u 1a 4,5 lit/100 km cao hon xe chay ngoai thanh
phd ¢6 muc tiéu thy nhién liéu 1a 3,3 1it/100 km. Ty Ié khéac nay 1a 17%. Tong
cong hon hop 1a 3,9 1it/100 km.

+ Xac dinh kha nang wng dung

Trong céc tai lidu da cong bd cho thiy phuong phap diém hoat dong
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trung binh cua xe c¢6 thé dwa ra ude tinh hop 1y vé muc tiéu thu nhién liéu cua
xe c6 hé thdng truyén luc don gian nhung khong pht hop véi cac van dé can
phai duogc tdi wu hoa céu trac trén xe nén nd khong cung cip tiy chon cac chién
lugc quan 1y nang lugng trén xe.

Vi nhimg phén tich trén nham tong hop dam bao sy ddy du ctia phuong
phap luan nghién ctru nén trong luan an chi st dung phuong phap nay lam tai
ligu tham khao cho muc dich nghién ctru.

o Uu diém:
— Pon gian, dé tiép can;
— D& dang md phong véi cac cong cu nhu Matlab/Simulink;
— Phu hgp cho dénh gid so bd muc ti€u thy nhién liéu,
— C6 thé dung 1am tai liéu tham khao, so sanh nhanh..
e Nhuoc diém:
— Khong phan anh chi tiét tung trang thai van hanh thuyc;
— Khong cho phép tbi uu ciu trac hodc chién luoc diéu khién ning luong;
— Khong mo ta tbt cac chu ky van hanh khéng 6n dinh hodc phirc tap;
— Sai s6 cao néu &p dung cho céc dong xe c6 cdng nghé tién tién hoac hé

truyén luc phuc tap.
2.3.2. M6 hinh dong luc hoc FCayn

Mo hinh dong luc hoc FCyy, tinh mirc tiéu thu nhién liéu theo thong sé gia
tdc chuyén dong cua xe, dugc xay dung tir phuong trinh déng lec hoc véi tap
hop cac phuong trinh vi phan thuong ¢ dang khdng gian trang thai [56].

Mot trong nhiing céch tinh FCqyn 1a Xay dung phuong trinh (2.7) [57].

8= () (ngeasatrt) (ar) Ohgsinars, @

I'px

Khai trién phuong trinh (2.7) thanh (2.8).

M, (g+gcos a (ro+1;)+gsin a) = (Z—; 7;) - (%pAdeVZ) -5 (2.8)
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C6 thé viét phuong trinh (2.8) dudi dang (2.9)

= (G T G v-Co(@)- ) (2.9)

Voi:
1 . i 1 .
G =G (i) = %; CSZEPAf Cd; Ci(a) = Myg(cos(a) 1y + sin @)

Cac hé s6 Cy(y) phu thuoc vao khdi luong xe, Co(iy) phu thudc vao viec
lya chon ty sé truyén HTTL, Cs(Ar) phu thudc vao thiét ké xe va Ca(a) phu

thuoc vao khéi luong xe va miat duong.

Tai mot thoi diém xac dinh, muc tiéu thu nhién liéu FCayn_point Ciia Xe lién
quan dén tai trong, mé men xoan cua dong co, van toc xe chay, duogc tinh theo

phuong trinh (2.10).

L
100 km

FCdyn_point :CS 7;(0 V(U - C6 V(OZ-I' C7 V(O-I' C8 ; (210)

Véi: Cg = —Lt—: C, = M(r%)z C, = M(rﬁ) Go=Ci(S)

NeQHTbx’ NeQu4T NeQu4T
Va 7 1a hiéu suat trung binh cua dong co; Qu 1a nhiét tri thap cua nhién
lidu; Pjoss 12 ton hao ma sét trung binh cua dong co; Vg 1a thé tich cong tac cua
dong co. Cac hé s6 Cs, Cs va C; phu thudc vao ty sé truyén HTTL dang st

dung. Cg va Cie(S) 1a mirc tiéu thu nhién liéu ¢ ché do khong tai caa dong co.

Theo thoi gian thyc tir diém p = 1 d&én p = p — 1, muc tiéu thu nhién liéu
FCayn total Ctia X€ 1 t6ng ctia CAC FCayn_point Clia Xe, phurong trinh (2.11) lién quan

dén mo-men xoan dau ra cua dong co va van toc trung binh xe chay.
- L
FCayn_total = 2?201 Cs(@Tiv; — Co (g)viz + C7f(g)77i + Cg; 100 km (2.11)

v T = o (@ 2+ Cf (@i + Cur (8. 6)

Roi rac hoa cac théng sb cia phuong trinh (2.10) viét thanh dang khong
gian trang thai vai thoi gian mé phong 7 theo thoi gian thuc (2.12)
Xx(k + 1)= Ax(k) + Bu(k)+ D (2.12)
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O day: x(k) 1a van tdc cua xe tai thoi diém hién tai; u(k) 1a lyc tac dung 1én
Xe ¢ budc thoi gian hién tai z Te(k) 1a m6 men dong co va Pp(k) 1a téng luc
phanh. A,B,D 14 c4c hé s khong gian trang thai tai mot tay sb truyén nao dé, A
lién quan dén khéi luong xe M; va hé sé khi dong hoc Cq; B lién quan dén khoi
lugng xe My va sb tay sb; D lién qua dén khédi lwong xe va mit duong. Cac gia
tri cua hé s6 A,B,D gém:

_ Ci(i)-7C3, _ [fC() T )/
A=—LCTs B= —
C1y) [ciG) ¢’

- el i

— Phan anh sat diéu kién van hanh thuc té caa xe theo thai gian thuyc;

e Uudiém:

— Cho phép danh gia muc tiéu thy nhién liéu trong nhiéu diéu kién dia
hinh, tai trong, ché d6 van hanh khéac nhau:
— HJ tro tét viéc kiém tra mac phat thai, danh gia toan doan xe;
— Cho phép tbi wu hoa chién luoc diéu khién, phan hoi ki thuat dén nha
San Xuat.
e Nhuoc dieém:
— Phirc tap trong xay dung mé hinh va yéu cau kién thirc cao vé diéu khién
dong luc hoc;
— Can nhiéu thong sé dau vao chinh xéac, kho thu thap day du trong thuc
nghiém;
— Can str dung phan mém chuyén dung nhu MOVES, AVL Boost,
CAFE... (mét s6 cd ban quyén);
— Khéng phu hop cho nghién ctru don 1¢ hay bg do don gian.
e Ung dung ctia mo6 hinh dong luc hoc FCqyy dugc sir dung khao sat tong
thé ddi véi doan xe dé giai quyét hai muc dich chinh:

~ Kiém tra mic phat thai ctia doan xe trong khoang thai gian dai va sé km
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st dung lon;
~ Panh gia tinh kinh té nhién liéu cua nhitng doan xe trong sir dung va
phan hdi két qua dén nha san xuét thay di tinh nang k§y thuat cua xe hoic bd

sung thiét ké nham c6 nhitng gia tri muc tiéu thu nhién liéu hop 1y.

Vi vay dé giai phuong trinh dong luc hoc FCayn, cac hang thuong ¢ nhiing
cong cu riéng biét va danh gia doc 1ap. C6 thé minh hoa nhirng phan mém tiéu

biéu nhu:

Phan mém MOVES (Motor Vehicle Emission Simulator) 12 mé hinh phét
thai khi xe chay trén duong cao téc do Co quan Bao vé Mai truong Hoa Ky
(EPA) phét trién. MOVES tinh toan muc tiéu thy nhién liéu cia phuong tién va
lugng khi thai NO,, CO va cac chat gay 6 nhiém va tién chat khéac gay 6 nhiém

dwa trén cac yéu tb phat thai va thanh phan doi xe giao thong [54].

Phan mém CAFE do trung tam Hé thdng Giao théng Quéc gia Volpe cua
Bo Giao thdng Van tai Hoa Ky da phat trién mot hé thong mo hinh hoa dé hd
tro NHTSA trong viéc danh gia cac tiéu chuan CAFE va tinh kinh té nhién liéu
cua cac xe dang str dung theo thoi gian trong mot nam dé dap Gng cac tiéu
chuan khi thai m&i va phat trién thanh tiéu chuan tiét kiém nhién liéu trung binh
CAFE [58].

Phan mém AVL Boost la g6i phan mém mé phong chuyén sau vé dong co
d6t trong duoc lap dat tai Phong thi nghiém — Bai hoc Bach khoa Ha Noi. Phan
mém do hdng AVL cia Ao da xay dung va phat trién dé tinh toan va mé phong

cac qué trinh hoat dong trong dong co [59].
2.3.3. M6 hinh tinh hgc FCistat

M3 hinh tinh hoc tinh muc tiéu thu nhién liéu theo théng sé van toc chuyén
dong cua xe, dua vao mo hinh phan tich luc kéo tiép tuyén thang cac luc can

dé xe chuyén dong trén dudng. Muc tiéu thu nhién liéu trong mé hinh nay ky



52

hiéu FCya duoc xac dinh bang phuong phap phan phdi niang lwgng nhién ligu
tir dong co dén hé théng truyén dong va dén banh xe dan dong va co thé st
dung nhitng cdng nghé trong d6 c6 giam khéi luong xe gom:
(i) Cai tién dong co dé ting cong suat hitu ich trén mdi don vi nang lugng nhién
liéu dau vao. Giam ma sat dong co hoic diéu khién thoi diém dong ma van bién
thién 1a nhiing vi du vé cac loai nay;
(i) Cai tién hop sb dé tang hiéu suat truyén cong suét tir dong co dén hé thong
truyén dong va béanh xe;
(iii) Giam thiéu ton that phu trong cac phu kién nhu quat 1am mét, may phat
dién va bom nuéc. St dung cac cdng nghé thu hdi nhiét khi thai va diéu khién
HVAC,
(iv) St dung hé thdng truyén dong thay thé, tiét kiém nhién liéu hon nhu hé
thng truyén dong dién hybrid, truyén dong dién;
(v) Giam trong luong xe dé giam luc quén tinh va cac luc can (luc can khi dong
hoc, luc can l1an cua l6p) dé giam yéu cau vé luc day cia dong co va giam ning
lugng nhién liéu can thiét dé di chuyén xe trén duong.

Muc tiéu thu nhién ligu cua 6 t0 FCs, duogce xac dinh béi phuong trinh
tong quat (2.13), [60 — tr443].

Ppv
Jgerar _J&(E)ar kg 213
Fstac= [vdt ~—  [vdt ' km (213)
Khai trién theo nhiét ning va cong suat dong co ta nhan duoc phuong trinh
tinh muc tiéu thu nhién liéu FCyq (2.14)

1 Pt L

FCoppy=——=—
St Oise e T 100 km

(2.14)

O day FCgqe 1a muc tiéu thu nhién liéu cua xe theo mé hinh tinh hoc
(1it/100 km); t 1a thoi gian hoat dong cua xe (s); Q (J/lit) nhiét 1a nhiét tri cua
nhién liéu tinh theo bang 2.2 & trén; n, 1a hiéu suat dong co ddt trong (thuong
tir 25% dén 40%).
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Tu phuong trinh co ban tinh todn céac luc can chinh trong qua trinh xe di
chuyén gdom luc can lin, lyc can khi dong hoc va luc quan tinh, céng suat dong
co P can thiét dé xe di chuyén dugc xac dinh boi phuong trinh (2.15).

p= iy (2.15)
n
Trong do:
P: Cong suat dong co (W); Ps: Luc can lan, phu thude vao khdi lugng xe (N);
Pw: Luc can khi dong hoc (N); P;: Luc quéan tinh khi xe tang toc (N); v: Van

tdc xe (m/s); n: Hicu suét cua hé théng truyén luc.

Cac lyc can chuyén dong anh huéng téi cong suat riéng cua & t6. Cong
suat riéng cua 0 t6 tai banh xe (Vehicle Specific Power — VSP), 1a cong suat
dong co trén mot don vi khdi lugng caa xe thé hién nhu cau ning luong khi van
hanh & cac diéu kién khac nhau va & cac tdc do khac nhau. VSP dugc tinh toan
dua trén van téc cua xe va cac luc can ma xe can phai vuot qua gém lyuc can
lan, lyc can khong khi, luc can quan tinh, luc can ma sat trong hé théng va trong
lyc. Nhan cac luc nay voi toc do xe sé cho ra cong suat can thiét, 1a cong suat
ma xe can thiét tai mdi thoi diém dé dat va duy tri tbc d6 ma ngudi 1ai xe mong
muén theo phuong trinh (2.16).

w
kg
O day: VSP: Cong suét riéng cua xe (W/kg); V: Van tbc xe (m/s); M: Khoi

VSP=(Ps+P,£P;+P, )~ (2.16)

luong xe kg [61].

Nhu vay c6 thé thay giita cong suat ciia dong co va cong suat riéng cia o
t6 c6 quan hé thdng qua cac thdng sé anh huang gdm khéi lugng xe, van toc
xe, hiéu suat hé thong truyén luc va tinh trang céc luc can chuyén dong.

e Uudiém:
—Pon gian, dé hiéu, d@ trién khai trong diéu kién thuc nghiém;

— D& thu thap dir liéu dau vao: toc do, khdi luong, luc can.. ..
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— Phu hop dé danh gia tac dong cua cai tién ky thuat (giam trong luong,
t61 vu khi dong hoc...);

— Thich hop dé thiét ké va ther nghiém bo do tiéu thu nhién liéu thuc té.

e Nhuoc diém:

— Gidi han trong viéc md phong céc tinh hudng van hanh bién thién manh
(phanh, tang tbc nhanh);

— Khéng danh gia t6t theo thoi gian thuc hoic md phong doan xe phirc
tap;

— Do chinh xac khéng cao néu cac yéu tb méi truong, diéu kién van hanh
thay d6i lon;

— Khéng phan anh d6 tré hay cac dac tinh phi tuyén cia dong co mot cach
day du.
2.4. XAY DUNG PHUONG PHAP GIAI MO HINH XAC PINH FC VA
FE

2.4.1. Xac dinh lwgng tiéu thu nhién liéu theo phwong phap cin bing
cacbon

Phuong phap can bang cacbon (determining fuel consumption by the
carbon balance method) dugc dinh nghia: Gia thiét ring dong co sé tao ra luong
cachbon nhu luong nhién liéu tiéu thy thi lwong nhién lidu st dung c6 thé xac

dinh bang luwong cacbon thu duoc trong khi thai dong co.

Thudong tinh toan mic tiét kiém nhién liéu FE bang thi nghiém dé xac dinh
thanh phan khi thai trén mot loai xe cu thé [62].

Hang 16p xe Michelin di tién hanh thi nghiém véi 4 loai nhién liéu theo
chi thi 1999/100/EC cuia Uy ban chau Au vé khi thai va diéu chinh theo chi thi
80/1268/EEC lién quan dén khi thai cacbon dioxide va muc tiéu thy nhién liéu
clia xe co gidi d sir dung cac gia thiét:

— Bbn loai nhién liéu chinh 1a xang, diesel, khi hoa 16ng (LPG) va khi tu
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nhién (NG) chi dugc lam tir hydrocacbon béo hoa (ankan);

— Hydrocachon b&o hoa chi bao gdm cacbon (C) va hydro (H), theo ty Ié
cho truéc.

Toan bo cacbon tir nhién liéu thai ra trong khi thai s& duoc két hop hoan
toan vai 0 xy tir khong khi dudi dang cacbon dioxit (CO,), cacbon monoxit
(CO) hoac duéi dang hydrocacbon khéng chay (HC, con goi la VOC — Hop
chat hitu co dé bay hoi).

Luong CO, chinh xac do mét lit nhién liéu tao ra phu thudc vao nhiéu
yéu t6 khac nhau nhu nhiét 6, 4p suat xung quanh va chat lugng nhién ligu voi
nhitng gié tri dién hinh:

— 1 lit xang str dung tao ra 2,35 kg CO., tuc la 0,64 kg C;

~ 1 lit dau diesel duoc sir dung tao ra 2,66 kg CO,, tuc 1a 0,72 kg C.

Ti 16 CO,/C bing 3,67 la ty 1¢ giita khdi lugng phan tir cia CO; (12 + (2
X 16) = 44) va khéi lugng nguyén tir cia C (1a 12).

Luong tiéu thu nhién liéu FC duoc tinh theo cac cdng thuc:
— Xe chay xang:

FCyane = 0,1154/p[( 0,866 x THC ) + (0,429 x CO) + ( 0,273 x CO,)]
— Xe chay Diesel:

FCieset =0,1155/p [( 0,866 x THC ) + (0,429 x CO) + ( 0,273 x CO,)]
— Xe chay LPG:

FCipc =0,1212/p[( 0,825 x THC ) + (0,429 x CO) + (0,273 x CO,)]
— Xe chay khi tu nhién NVG:

FCnve = 0,1136/p[( 0,749 x THC ) + (0,429 x CO) + (0,273 x COy)]
Voi:

FC: 1it/100 km ddi véi dong co xang va diesel, m3/100 km ddi voi dong
co LPG va NGV; THC: Téong lugng hydrocacbon do dugc, g/km; CO: do duoc,
g/km; CO,: do duoc, g/km; p: Ty trong cua nhién liéu do ¢ 15 °C [11, tr102].
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2.4.2. Tinh lwong tiét kiém nhién liéu FE theo phwong phap xip xi
Phuong phap xap xi tinh gom 7 budc: Tong quan, myc dich, kha nang ap
dung, dinh nghia, ti€u chuin, do dac, va tinh toan FE [63].
Miic tiét kiém nhién liéu FE dugc tinh bang phuong trinh (2.17)
_ N . km (2.17)
O d6: FEg. 1a mirc tiét kiém nhién liéu yéu cau; N 13 tong hanh khéach thiét
ké trén xe; N; 1a s6 hanh khach thuc trén xe; 7 1a muc tiét kiém nhién liéu muc
tiéu tinh theo sd hanh khach thuc trén xe, tinh gan dung theo phuong trinh
(2.18)

T, = ! (2.18)

1 1 1, ex—0d
a (b a’14+e(x—0)d

O d6: a, b, ¢, va d 1a cac thong sd muc tiéu hang nim theo mirc ting tiét kiém
nhién liéu, chiing thay di theo tirng nim tuwong tmg, véi e 1a co sd cua logarit
tu nhién, e = 2,718; x 1a vét tiép xtic banh xe trén dudng (m?), bang 2.3.

Bang 2.3. Cé4c hé sé a,b,c va d muc tiéu

Model | a (km/kg) b (km/kg) | ¢ (kg/km/m?) d (kg/km)
2018 | 45,21 33,84 0,0004954 0,001811
2019 | 46,87 35,07 0,0004783 0,001729
2020 | 48,74 36,47 0,0004603 0,001643
2021 | 49,48 37,02 0,000453 0,00162
2022 | 50,24 37,59 0,000447 0,00159
2023 | 51,00 38,16 0,000440 0,00157
2024 | 55,44 41,48 0,000405 0,00144
2025 |60,26 45,08 0,000372 0,00133
2026 | 66,95 50,09 0,000335 0,00120

C6 nhiéu phuong phap tinh toan theo phwong phap xap xi duoc ap dung
trong nghién ctru va danh gia mac tiéu thu nhién liéu cta 6 t6. Trong do, tiéu

chuan CAFE di duoc xay dung nhu mot chuan danh gia muc tiéu hao nhién


https://vi.wikipedia.org/wiki/C%C6%A1_s%E1%BB%91
https://vi.wikipedia.org/wiki/Logarit_t%E1%BB%B1_nhi%C3%AAn
https://vi.wikipedia.org/wiki/Logarit_t%E1%BB%B1_nhi%C3%AAn
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liéu trung binh cua doi xe, duoc sir dung rong réi trong cdng tac quan ly va xay

dung quy dinh vé hiéu qua niang luong [64].

Khi danh gia muc tiéu thu nhién liéu, chi sé FE dugc xac dinh theo céc
cach tiép can khac nhau tuy thudc vao loai phuong tién, bao gom xe con, xe sir
dung trong noi dia va xe tai nhe. Trong hé théng CAFE, mdi nhém phuong tién
dugc &p dung cac chu trinh va phuong phép tinh toan riéng nham phan anh
dung dac tinh van hanh thuc té [65].
~ Bdi véi xe con: tinh theo 49 CFR Part 531.
~ P6i vai xe con noi dia: tinh theo 49 CFR 531.5(d).

— Dbi vé6i xe tai nhe: tinh theo 49 CFR Part 533.

2.4.3. Phwong phap tinh online

Trong mét s truong hop can xac dinh mac tiéu thu nhién liéu theo muc
tiéu cu thé, chang han phuc vu so sanh véi dit liéu do trén xe thuc té, c6 thé sir
dung maot sé cdng cu tinh toan truc tuyén. Cac cong cu nay cung cap két qua
mang tinh tham khao, hd tro danh gia nhanh xu hudng tiéu thu nhién ligu, dién

hinh nhu cong cu “Calculate Fuel Consumption” [66].
2.4.4. Phwong phap tinh dai s6

Khi can thiét tinh tryuc tiép s& sir dung tinh toan dai s6, mac tiéu thu nhién
liéu s& tinh trong truong hop téng quat, 1a ty s6 gitra suat tiéu hao nhién lidu co
ich ge (kg/kWh) ciia dong co va cong sudt tiéu hao dé khic phuc cac luc can
chuyén dong duoc biéu thi theo phuong trinh (2.19).

_0,36ge(PfiPi+PWin). L

a Pnllt " 100 km
ZeNeg. L
qq = ﬁ,; (2.19)
_0,36g, : 2, 6o ) L
b~ (fG cosa + Gsina +Wv*° + g511  Toon

Trong d6: Luc can lan P; = fGcos a; luc can quan tinh P; = =4;j; luc can

G
g


https://ecfr.federalregister.gov/current/title-49/subtitle-B/chapter-V/part-531?toc=1
https://ecfr.federalregister.gov/current/title-49/subtitle-B/chapter-V/part-531/section-531.5
https://ecfr.federalregister.gov/current/title-49/subtitle-B/chapter-V/part-533?toc=1
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khong khi Py, = Wv?; luc can 1én déc P; = Gsin a, hinh 2.1; N, 14 c6ng suét c6
ich cua dong co; f1a hé s6 can lan; & hé s anh huang bai khéi lwong chuyén
dong tinh tién va quay; G: khéi luong xe Kg; j: gia tbc chuyén dong (m/s?); V:
van téc trung binh xe (km/h) do chuyén dong khéng 6n dinh [7].

2.4.5. Phuong phap md phong so

Ngay nay véi sy phat trién manh mé caa may tinh dién tir ciing cac phan
mém k¥ thuat sé két hop vai tri tué nhan tao Al dé tng dung mé phong s6 sé
rit ngin duoc nhiéu thoi gian ma dam bao chinh xac va hiéu qua trong nhiéu

linh vuc.

M6 phong muc tiéu thy nhién liéu trén 6 t6 6 mot s6 phan mém md phong
sb duoc st dung phd bién nhu:

—Phan mém AVL Cruise chuyén diing trong md phong tiéu thy nhién liéu
0 t0, thuong su dung trong phong thi nghiém.

— Phan mém GT-SUITE md phong hé théng dong luc hoc caa xe.

— Ng0n ngir 1ap trinh Python, str dung hai thu vién NumPy thyc hién cac
phép tinh toan sé hoc va Matplotlib v& db th.

— Phan mém Matlab/Simulink duoc sir dung trong nhiéu linh vuc, trong
d6 c6 hoc tap, nghién ctu phat trién va tng dung trong thyc tién. Khi xay dung
thuat todn trén nén tang ctia Matlab/Simulink dé giai s& c6 nhiéu thuan loi.
2.5. LUA CHON MO HINH MO PHONG

Trong cadc mé hinh luan an da xay dung, mé hinh tinh hoc dua trén cac
phuong trinh co hoc co ban, lién quan dén van téc, luc can va hiéu suat hé théng
truyén luc, dé kiém soat va it phic tap hon so v6i mé hinh dong luc hoc hoic
mo& phong trung binh.

M6 hinh FCgr €O nhitng wu diém:

— Pon gian, dé& xay dung va trién khai, d& thu thap di liéu dau vao. Cac
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thong sb dau vao nhu van tdc xe, khdi lugng xe, hé sb luc can... ¢ thé do dugc
truc tiép hoic thdng qua cac bd do phé bién, khdng can dén céng cu md phong

phtrc tap nhu Matlab/Simulink.

— C6 kha nang hd tro chién luoc quan 1y ning luong hay cai tién cau trdc
xe, cho phép danh gia céac cai tién ky thuat nhu giam trong lwong xe, téi wu khi

d6ng hoc va nang cao hiéu suit dong co hoic hop sd.

— C6 kha nang linh hoat va ung dung da dang. C6 thé &p dung cho nhiéu
loai: xe con, xe tai, xe hybrid.... C6 thé tly bién dé so sanh trudc — sau cai tién,
hoiac mé phong cac diéu kién van hanh cu thé (téc do khac nhau, dia hinh khac

nhau...).

— Tinh truc quan, minh bach va kha ning giai thich cao. Do cac tham s6
dugc xac dinh dinh luong theo thoi gian thuc, cac yéu té anh huong dén tiéu

thu nhién liéu duoc giai thich rd, cu thé va déu kiém soat duoc.

— Tiét kiém chi phi va dé trién khai tai cac co so nghién ctru, dao tao. Khi
st dung phan mém di kém mo hinh FCgy s& khong can cac phan mém ban
quyén dat tién nhuw MOVES, CAFE, AVL Boost...

— C6 kha ning tryc tiép thiét ké, ché tao bo do tiéu thu nhién liéu nén phu
hop Vi cac nghién cau thiét ké, cac bién phap ki thuat dugc dé xuat nham han
ché mac tiéu thu nhién liéu. Trong qué trinh thuc hién luan an nay, NSC thuc
hién dé tai NCKH cip truong “Thiét ké, ché tao bo do muc tiéu thy nhién liéu
trén 6 t0” da giap tang do tin cay va tinh tng dung cia mo hinh.

2.6. XAY DUNG THUAT TOAN FCstatr VA PHUONG PHAP MO
PHONG SIMULINK
Trén co s& MO hinh FCyy di dugc lua chon va phan tich ¢ muc 2.5, tién

hanh xay dung thuat toan tinh toan va mé hinh mé phong trén Matlab/Simulink

nham xac dinh muc tiéu thy nhién liéu cta 6 to trong cac diéu kién van hanh cu
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thé. Noi dung nay tap trung 1am rd trinh ty tinh toan, cau tric md hinh va méi

quan hé gitra cac dai luong dau vao — dau ra.
2.6.1. So' dd thuit toan

So d6 thuat todn FCgy theo md hinh tinh hoc va lap trinh trong

Matlab/Simulink xac dinh muc tiéu thu nhién liéu trén 6 t6 duoc trinh bay trén
hinh 2.6.

Lap dit liéu déu

L trinh xe chay, loai xe, vdn toe, Idi xe, thoi tiér...

Xac lap didu kién bién

Mirc ban dap ‘c-hz’m ga: Pali) ‘ ‘ Mire ban dap cf;’]u phanh: pe(i) ‘

Khéng xédc dinh / - — & -
1 So sanh pu(i), peil) < 8%; 1=1,2,3 fh—

Xac | 1E lai

‘ Vin téc ban diu theo théi gian thure: V(km/h) J‘i

& phong
FCstat, kg/km
Cac théng s6 &n

dinh: Cian lan, cin
khong khi, cian

TN chu trinh con
FCstat, kg/lkm

Thoi gian, vén tée,
map, 1§ trinh, %
budm ga, Iuc dap
phanh, nhiét &6

dée, luc kéo
Khong dat

5-8% sai léch:
Khéng dat

Thi nghiém téng quéng duong FCstat
(lit/km)

Hinh 2.6. So d6 thuat todn FCys:theo mo hinh tinh hoc
Thuat todn mo ta toan bo qué trinh tir khdu khoi tao dir liéu, chay thi
nghiém, thu thap, xt ly dit liéu, so sanh dit liéu, thuc hién mé phong, dén két
thiic va thu nhan két qua, bao dam tinh nhat quéan gitta mé phong va thi nghiém.
Tinh méi cha thuat toan: Dé xuat quy trinh tinh toan tiéu hao nhién liéu
theo mo hinh tinh hoc tich hop truc tiép dix liéu van téc tir chu trinh 1ai thuc

V(t) dé dua vao mo phong vai diéu kién bién ga-phanh va co ché chia chu trinh
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con, thay vi str dung chu trinh chuan 1y tuéng.

U'u diém: Thuat todn c6 cau tric rd rang, dé trién khai, tan dung di ligu
thuc nén phan anh dung diéu kién van hanh; kha ning kiém chang va hiéu chinh
truc tiép bang thuc nghiém gitp ting do tin cay. Thai gian tinh toan nhanh, phu

hop cho mé phong va du doan tiéu hao nhién liéu theo nhiéu kich ban.

Nhwoe diém: Do dya trén md hinh tinh hoc, thuat toan chua xét day du
cac yéu té dong hoc. Két qua phu thudc vao chat lugng di liéu do va gia thiét

ban dau, do d6 can hiéu chinh khi 4p dung cho diéu kién khac.
2.6.2. N§i dung va trinh ty thwe hién thuat toan.
a) Buéc 1: LAp dir liéu ban dau

— Xay dung ké hoach thi nghiém: Lo trinh thi nghiém; khao sat xac dinh
diém dirng nghi va nhiing diém c6 thé gay ra dung nghi dot xuat. Chu trinh xe
chay tai Viét Nam cd nhimg dic diém khac biét so vai cac chu trinh tiéu chuan
trén thé gioi, thé hién qua loai dudng, mat do va to chuc giao thong, diéu kién
dia hinh, md hinh phan bé dan cu cung véi vian hoa giao thong. Lo trinh xe
chay duogc xay dyng tir tap hop cac chu trinh, bao gom: Puong giao théng do
thi (n6i d6 va ngoai d6); dudng lién tinh; duong cao téc; duong néng thon.

— Van téc xe chay: Du kién van tc xe chay tuong Gng véi ting doan
duong, du kién van téc cuc dai, thoi gian chay.

— Dir liéu ban dau duoc xay dung nham md phong chu trinh xe chay, tao
diéu kién bién 6n dinh cho qué trinh mé phong va thi nghiém. Hai théng s6
chinh duoc lya chon gdm muc ban dap chan ga va luc dap chan phanh:

Cam bién do muc ban dap chan ga dugc sir dung cam bién budém ga hoat
dong theo nguyén 1y thay d6i dién tro goc.

Cam bién do luc dap chan phanh duogc str dung loai cam bién luc gén trén

mit ban dap phanh hoat dong theo nguyén 1y thay doi dién tré mit.
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— Céc diéu kién thi nghiém duoc lya chon nhu sau:

Loai xe: Xe Toyota Vios 2009 da qua st dung da dugc cham séc bao
dudng 6n dinh: thay dau may, loc dau, thay dau hop sé, xdc rira hé théng nhién
liéu, c6 muc tiéu hao nhién liéu én dinh.

Loai nhién liéu: Sir dung nhién liéu xang A95 pho bién tai thi trudong Viét
Nam.

Loai 16p xe: Lop trén xe dang thiét ké cuia nha san xuat.

Tai xé: Puoc chay thi nghiém dé tao ki nang quen duong, phuong tién va

phuong phap chay, c6 kinh nghiém lai xe, stc khoe tot, tinh than on dinh.
b) Bwéc 2: Thiét 1ap chuan bi cac dir liéu

— Céc théng s6 dau vao, dau ra, théng sé xe, thiét bi va diéu kién moi
truong duoc cap nhat vao phan mém dudi dang céc tép dix lidu riéng biét, bao
gom: Tép van tdc xe theo thoi gian; tép khéi luong xe; tép d6 nham mit duong
dé xac dinh hé sb can lan; tép thdng tin vé déc dudng, goc cua va cac diém
dung theo tin hiéu giao théng.

— MOi tép dir lieu bao gom céc file dit liéu con f(i), i = 1,2,3...,n, trong d6
i 12 s6 tha ty file va n 12 sé file cudi cung. Cac file dir liéu con twong ng V4i
van toc, khéi luong, d6 nham, goc dbc, goc cua va sb 1an ding dén do.

Trong md phong, khdi lugng xe dugc khao st tai 10 muc khac nhau, véi
mtc ting va giam £10% so vai gia tri ban dau. Trong d6, mirc thir 5 twong Gng
véi khéi lwong nguyén ban cia xe: m55 = 1170 kg.
¢) Buéc 3: Xac lap dieu kién bién

Chay thir nghiém 2—-3 lan dé xac dinh mirc dap ban ga, luc dap ban dap
phanh. Thyc hién so sanh cac 1an chay thir nghiém (<8%) dé d¢am bao chu trinh
lay s6 liéu 12 6n dinh.

d) Budéc 4: Thiét Iap trang thai ban diu (Start)
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Khi diéu kién bién thoa man, bat dau qua trinh thi nghiém lay dix liéu van téc
thuc V(t), FC thuc.
e) Budc 5: Thuc hién md phéng va thu nhan két qua

Str dung dit liéu van téc thuc dé dua vao mé phong.

Tinh toan tiéu hao nhién liéu mé phong FC.

Thuat toan s& bat dau xac dinh van tc xe chay theo thoi gian thuc trén 16
trinh duong hon hop c6 mdi file két qua thé hién duoc diém dau va diém cudi,
khong phan biét dudong d6 thi hodc duong cao toc hoac duong ndng thon.

Khoéi lwong nhién lidu ban dau duogc thiét 1ap 1am gia tri chuan, dong thoi
duoc hién thi trén bo do va phan mém ghi nhan dix liéu.

MJi chu trinh s& c6 mot file két qua, tap hop két qua cac chu trinh la két
qua cua I trinh xe chay.

Mrc tiéu thu nhién liéu cua mdi chu trinh 1 ham cua céc bién thoi gian,
van toc, khoi luong xe, mic d6 dap ga, luc dap phanh, hé s6 can lan, hé sé khi
dong hoc va goc doc mit dudng, dugc biéu dién boi phuong trinh (2.20).

k . . L
FCstat :f(G’ v’ t’fG’ al" Wd: nga: lph)) 100 km (2.20)

Trong d6: k: s6 thir tu chu trinh; G: khéi luong xe kg; v: van toc xe chay
(km/h); t: thoi gian (8); fe: hé s6 can lan; «;: goc déc mit duong (%); Wq: hé s6
khi dong hoc; nga: mirc do dap ga (%); ipn: S6 lan dap phanh.

Tong muc tiéu thu nhién liéu caa 16 trinh xe chay dugc xac dinh bang cach
tong hop muc tiéu thy caa cac chu trinh, phuong trinh (2.21).

FCstae :le( Fci{tat :le( [( Gl a, m/dfngaflinb) (2.21)

Qua trinh giai phuong trinh (2.21) dugc thuc hién trén co s6 md hinh
khong gian trang thai, duoc biéu dién bang phuong trinh (2.22) [67].

;dtx(t) :l(x(t), u(t)); x(t)ER”, ueER™x(t)ER", u(t )eR™ (2.22)
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x(t) thuoc khong gian thuc R ¢o n chiéu Ia bién trang thai cua chu trinh xe
chay gém: thoi gian bat dau, két thuc t,, nhiét do méi trudng T, °C, d6 am ¢,

s6 1an dirng xe dén do sp, sb 1an phanh py, phan traim d6 mé buém ga o,.

u(t) thuéc khdng gian thuc R ¢ m chiéu 1a bién diéu khién va tac dong:
P{(m) lyc can lin trén duong, Pi(m) luc can déc trén duong, Pw(m) luc can khi
dong hoc, Px(m) luc kéo tong cong, suét tiéu hao nhién liéu riéng c6 ich ge(m),
hiéu suat hé thong truyén luc z(m).

f) Bwéc 6: So sanh va danh gia sai l1éch

So sanh FCyp va FCry; néu sai léch > 5-8% — hiéu chinh va lap lai md
phong; néu dat yéu cau — chuyén budc tiép theo.

g) Buégc 7: Tinh toan tiéu thu nhién liéu tong quing dwong

Xac dinh FC trung binh theo don vi (lit/100 km).

Téng nhién liéu tiéu thu trén ca cha trinh.

2.6.3. M6 phéng xac dinh cac thong sb trén Simulink

Cac bién trang thai va bién diéu khién cua thuat toan duoc biéu dién trong

moi truong Matlab/Simulink nhu trinh bay trén hinh 2.7.

1 1

Van téc xe (km/h) Luc kéo Pk (N)

Luc can 1an (N) TH lyrc can Ian (N)

Ddi don vi
kg /100km >>>
Luc can kh.khi(N) TH lyc can khdng khi (N) —2 Liter/km

Luc can doc (N) Téng hop luc can déc (N) Tinh toan FC(stat) Hién thi Mdrc tiéu thu NL FC(stat)
Hinh 2.7. Cac bién thdng sb thudc khdng gian thuc R biéu dién trong Matlab

Simulink
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Cac bién théng sé gdm: Van téc xe chay (km/h); hé sb can lan; lrc can lan
(N), hé sb khi dong hoc, luc can khi dong hoc (N), do dc (%), luc can déc (N),

va luc kéo tiép tuyén (N).

Chay chuong trinh mé phong theo thoi gian thyc nham xac dinh muc tiéu

thu nhién liéu twong tng véi cac muc khdi luong xe khac nhau.
KET LUAN CHUONG 2

Chuong 2 luan an da xay dung mé hinh dong luc hoc doc cua 6 td, trong
d6 xac dinh day du cac thanh phan luc tac dung 1én xe trong quéa trinh chuyén
do6ng gom lyuc can lan, lvc can khi dong hoc, luc can quan tinh va luc can 1én
déc. Hau hét cac luc can déu chira thong sb khéi luong xe, qua d6 khang dinh
vai tro trung tdm cua khoi luong trong phuong trinh can bang cong suat va
phuong trinh tinh muc tiéu thy nhién liéu. Cac thong s ky thuat cia xe Toyota
Vios 2009 dugc xac 1ap lam co s& dit liéu dau vao cho mé hinh, vai khéi luong

tuong duong m = 1170 kg Ia mic tham chiéu trong qua trinh khao sat.

Phan tich va danh gia toan dién ba mé hinh tinh muc tiéu thu nhién liéu
gom md hinh diém hoat dong trung binh FC,y, mé hinh dong luc hoc FCqyn va
mo hinh tinh ho¢ FCgs M3i mé hinh ¢6 wu diém va nhuge diém riéng, phi hop
véi nhitng muc dich nghién ctru khac nhau. Trén co s phan tich so sanh, mé
hinh tinh hoc FCg duoc lua chon 1a mé hinh chinh cta luan an do dé xay dung
va trién khai thuc nghiém; céc théng sé dau vao cd thé do truc tiép; phu hop dé
danh gia tac dong riéng caa khdi luong xe; khong doi hoi phan mém thuong

mai dat tién; va c6 kha nang tich hop véi thiét bi do ché tao thuc té.

Xay dung va trinh bay bdn phuong phéap tinh mic tiéu thy nhién liu
gom phuong phép can bang cacbon, phuong phap xap xi, phuwong phap tinh dai
s6 va phuong phap mé phong sb. Trong d6 phuong phap mé phong sé thuc
hién trén nén tang phan mém Matlab/Simulink va phuong phap tinh dai s6 duoc

st dung phdi hop nham nang cao d6 tin cay caa két qua nghién cuu.
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Thuat todn FCg duoc Xay dung véi quy trinh ba budc: 1ap dir liéu ban
dau, thiét 1ap va chuan bi dix liéu, thuc hién md phong va tién hanh thuc nghiém
dé nhan két qua. Mc tiéu thu nhién liéu cua tirng chu trinh dwoc biéu dién dudi
dang ham sé tong quat, tich hop ddng thoi cac bién sé gom khdi lugng xe, van
tdc, thoi gian, hé s6 can lan, do doc mat duong va cac théng sé van hanh khac.
Chuong trinh mé phong duoc trién khai trén Matlab/Simulink véi 10 mic khéi
luong xe khac nhau, trong 6 muc tham chiéu 1a m = 1170 kg, cac mac con lai
thay doi tang va giam 10% so v&i mac lién ke, cho phép danh gia dinh luong

anh huong cia khéi luong dén muc tiéu thy nhién liéu mot cach co hé thong.

Céc co so khoa hoc duoc xay dung trong chuong 2 di tao nén tang ly
thuyét va phuong phap luan cho cac nghién cuau tiép theo caa luan an. M6 hinh
FCstar CUNG thuat toan va chuong trinh mé phong Matlab/Simulink d3 duoc thiét
lap day du, san sang cho viéc tinh toan, md phong va di chiéu vai két qua thyc

nghiém & cac chuong sau.
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CHUONG 3: PHAN TiCH ANH HUONG CUA KHOI LUQNG DEN
MUC TIEU THU NHIEN LIEU TREN O TO

Trén co s& mé hinh dong luc hoc da duoc xay dung & Chwong 2, tién hanh
xay dung md hinh md phong mic tiéu thu nhién liéu cua 6 t6 nham danh gia

anh huong cua khéi luong xe trong cac ché do van hanh khac nhau.
3.1. NHUNG GIA THIET CHINH

Pong co tiéu thu nhién liéu va chuyén hoa ning lugng thanh co ning dé
xe di chuyén. C6 nhiéu yéu té khac nhau anh huong dén tiéu thy nhién liéu trén

6 t6 nén NCS st dung nhiing gia thiét trong nghién cau géom:

— Xe khao sét 1a xe con 5 chd d qua str dung nham tranh tac dong k§ thuat

tir nha san xuat va xe da c6 qua trinh hoat dong 6n dinh;
—Pong co trén xe khao sat 1a dong co xang (danh Itra cudng bac — Sl);

— Loai nhién liéu xang duoc sir dung 12 loai tiéu chuan, khdng bi thay doi

cac thong sb chi tiéu do anh huéng cia cac yéu té khach quan;

— Nang luong nhién liéu stir dung dé khac phuc hoan toan céc e can: (1)

lyc can lan, (2) luc can khi dong hoc, (3) luc can quén tinh, va (4) luc can déc.

— Ngoai ra con cac gia thiét trong mé phong tinh toan FC: Khéi lugng
giam di thi khong anh hudng toi tinh nang dong luc hoc phanh — treo — lai —
tang toc cua 0 t0; bé qua anh hudng cua luc niang khi dong hoc; bo qua anh
huong caa su phan bd lai khéi lugng hay @6 bén két cau 6 to khi thay doi vat
lidu.

— Khéi luong xe khdng giam trong qua trinh hoat dong. Khéi luong xing
tiéu hao do d6t chay nhién liéu nho hon rat nhiéu so voi khéi lugng tong thé
cta xe, nén khéi luong tiéu hao nay khong xét vao khéi luong thay doi trong

qua trinh chuyén dong cua xe.

— Bo qua anh huéng cua diéu hoa khong khi dén tiéu thu nhién liéu, va
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diéu nay ciing duoc danh gia qua viéc chay thi nghiém khéng bat diéu hoa.
3.2. XAC PINH CAC DU LIEU TRONG KHONG GIAN N CHIEU
3.2.1. Thu thap dir liéu theo thoi gian thuc

Str dung lap trinh theo phép do thuc té dé chuan dau do (calibration) cua
quéa trinh thu thap dit liéu ban dau trong thuat toan va ghi di liéu dang bang

Excel.xlsx, trén hinh 3.1.

24/01/2026 20:57:20 Monitoring and Report Bang D Lidu Van téc AP luc Khi lugn g Budm ga
Thai gian j . :

P — (km/h)  (kg) (kg) (%)

COM | Chon cang két nai ~ Két noi
2024-04-07 05:37:25.016 5.9 0 11.668 16

Dir Liéu Hién Tai
- e 2024-04-07 05:37:25.887 5.9 0 11.668 16
Vantee Khdikiong e e 2024-04-07 05:37:25.940 8.2 0 11.505 12

000.0 km/h 00.000 kg 00.000 kg

2024-04-07 05:37:26.803 8.2 0 11.505 12
Bum ga 2024-04-07 05:37:26.866 10 0 11.319 16
000 % 2024-04-07 05:37:27.720 10 0 11.319 16

Hinh 3.1. Dang bang két qua File dit liéu theo thoi gian thuc

Céc don vi do gom (km/h) di véi van toc xe chay, kg ddi véi ap luc ban
dap phanh, kg ddi véi khdi lugng nhién liéu can do, (%) d6i véi 6 mo budm

ga thong qua ban dap chan ga.

Dang file van toc xe chay thuc té thu thap va duoc chuyén sang Excel.csv

(Comma delimited) trong m6 phong.
3.2.2. Van tdc xe theo thoi gian thue

Dit liéu van toc xe chay theo thai gian thyuc khi 1am thi nghiém thyc té trén
duong duoc st dung 1am sé liéu dau vao van toc trong md phong va triing voi
chu trinh thi nghiém nham kiém ching hai mé hinh Iy thuyét va thi nghiém.
Cac gia tri cu thé cua van toc xe chay dugc trinh bay trong Phu luc.

Van téc xe chay theo thoi gian thuc trong mot chu trinh s& ¢6 anh huéng
boi nhidu & tan s6 thap nhu dao dong 6 t6, dao dong ciia mdi trudng xung
quanh, tiéng on, may do, thung nhién liéu.... Str dung bién doi Fourier tir mién
thoi gian sang mién tan sé loc nhiéu loai bo cac thanh phan tan sé thap trong

mién tan s6 va bién dbi nguoc lai vé mién thoi gian ta nhan dugc két qua van
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tdc xe chay nhu db thi hinh 3.2.

Van téc xe theo thei gian thwc 3681 (s)
T T T T

100 T
a0k I I I I I I _
80 I I I I I I _
70
60

50

V (km/h)

1 1 | 1
o} 500 1000 1500 2000 2500 3000 3500

10 1 1 1

Time (seconds)

Hinh 3.2. B6 thi van toc xe chay theo thoi gian thuc

Cac budc loc nhidu gom:
Tin hiéu tir mién thoi gian chuyén sang mién tan sb tinh theo phwong trinh (3.1).
X(f) = FFT(x(t)) (3.1)
Tin hiéu tro lai mién thoi gian tinh theo phuong trinh (3.2).
Xfiltered (£) = IFFT(Xfiltered(f))xfiltered(t) = IFFT(Xfiltered(t)) (3.2)
Va dugc tng dung phan mém Matlab dé loc FFT va IFFT.

3.2.3. Kiém soat diéu kién dir liéu on dinh

Do 6n dinh cua dix liéu dugc hiéu 1a mic d6 sai khac cia mot thong sb ky
thuat trong cac 1an van hanh xe khac nhau. Khi sai khac nay cang nho thi di

liéu cang 6n dinh, va nguoc lai.

Céc thong sb phan anh k¥ nang cua nguoi 1ai xe thuong co do bién dong
cao, dic biét 1a luc dap phanh va phan traim d6 mé buém ga. Do viéc danh gia
kinh nghiém lai xe bang cam quan khé thong nhat, nghién ctru sinh dé xuat
phuong phap stir dung dit liéu ky thuat dugc do tir cung mot xe chay trén chu
trinh thir tiéu chuan, dam bao cac diéu kién van hanh tuong ty nhau (nhu dén

giao thdng, mat do phuong tién, duong cong, do doc, tram dung...).

Trong qué trinh thir nghiém, luc dap phanh dugc ghi nhan bing cam bién
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luc, cac dinh xung trén d6 thi thé hién cac lan dap phanh. Tuong tw, mic do
dap chan ga duoc xac dinh gan dung théng qua phan trim do md buom ga, do

bang cam bién tuong tng.

Hai thong s luc dap phanh va ty 18 mo budm ga duoc chon 1am cé4c chi
tiéu danh gia do on dinh va k§ nang ciia nguoi lai xe.
3.3. XAC PINH CAC DU LIEU TRONG KHONG GIAN M CHIEU

3.3.1. Dir liéu luc cén lan trén duwong

Khi di trén duong, luc can chuyén dong cua xe thay doi, trong d6 luc can
lan lién tyc thay d6i trong khoang tir 10 dén 70%, trung binh 20% trén duong
cao toc, 25% dudng ngoai do thi, 30% duong trong do thi. Luc can lan bi anh
huong boi ap suat lop, tang khi ap suat 16p giam dudi &p suat yéu cau. Doi voi
16p xe tai, lrc can lan ting khoang 5 dén 8% khi &p suat giam 20% lam giam 2

dén 3% kha nang tiét kiém nhién liéu trén xe tai [68].

Luc can lan phu thudc vao khdi luong xe, van téc xe chay, hinh dang caa
16p khi tiép xdc voi mit duong. Theo hudng chuyén dong cua xe X, lyc can lan
duogc xac dinh theo phuong trinh (3.3).

P.=C,m;g; N (3.3)
Crr: hé s6 can 1an, m;: khéi luong xe, g: gia toc trong trudng.

Hé s6 can lan Crry = 0,01-0,02 theo phuong chuyén dong X, phu thudc

vao ap suat 16p, loai 16p, tai trong, van toc xe va loai duong. Str dung cac khéi

trong Simulink dé xac dinh lyc can lan, hinh 3.3.

Mass (kg)
Acc due to gravity (mis"2) x Rolling [:]
From Trigonemetric Luccanlan
Function
Coeff of RR

Product

Hinh 3.3. So dd khdi Simulink x4c dinh lyc can 1an
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3.3.2. Dir liéu I can doc trén duwong
Luc can déc phu thudc vao khéi lugng xe, do déc mit duong a. Theo
huéng chuyén dong cua xe x, luc can déc duoc tinh theo phuong trinh (3.4).
P, =m;gsina; N (3.4)

a: goc doc mat duong, mi: khdi luong xe, g: gia toc trong trudng

Str dung cac khéi trong Simulink dé xac dinh luc can déc, hinh 3.4

- 1+ | =P

Mass (kg) From1 Luccandoc

Gradient data input

:'—’ X

Acc due to gravity (m/s*2 Gntm
gravity (m/s"2) Gradient (deg)

From Trigonometric
Function Product

Hinh 3.4. So d6 khdi Simulink x4c dinh luc can déc

3.3.3. Dir liéu luc can khi dong hoc
Anh huong cua lyc can khi dong hoc xe duoc thé hién b:?mg quan h¢ cua
luong tiéu thu nhién liéu (Sg) theo don vi thoi gian va hé s6 can khi dong hoc

biéu dién ¢ phuong trinh (3.5)

CWA kg

S¢ =_(ge 1kz) —— N (3.5)

1000 1, 225

Sc (kg/h): Luong tiéu thu nhién liéu trong 1 gid tai mac céng suat Pe (HP)
cua dong co; ge (9/KWh): suét tiéu hao nhién liéu riéng c6 ich & 85% cong suat
cuc dai; ky = 1,0-1,3: hé s6 diéu chinh suat tiéu hao nhién liéu theo cac mirc cong
suat khéac nhau; ko = 1,0-1,05: hé sb diéu chinh lugng tiéu hao nhién liéu theo
thoi gian hoat dong cua dong co [69].

Luc can khi dong hoc caa xe ty 1& véi binh phuong van téc chuyén dong,
phu thudc chinh vao hinh dang xe. Theo hudng chuyén dong cia xe X, luc can

khi dong hoc dugc xac dinh theo phuong trinh (3.6).
P, = %pAdev2 ;N (3.6)
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p: mat do khdng khi (kg/m?) xac dinh theo tiéu chuan; v: van toc xe chay
x4c dinh theo van tc thuc xe chay trong chu trinh thi nghiém (km/h); Ar: dién
tich can chinh dién (m?) duoc do thuc té; Cq: hé s6 khi dong hoc xac dinh bang
m6 phong trén mé hinh thiét ké 3D cua xe trong phan mém thiét ké SolidWorks,
hinh 3.5(a) va 3.5(b).

Str dung phan mém Ansys Workbench phién ban Student dugc cip phép,

luan an d@ mo6 phong va phén tich CFD trén md hinh 3D.

a) Xe khao sat Toyota Vios b) M6 hinh hoa xe
Hinh 3.5. Phan tich CFD trén xe Toyota Vios 2009 xac dinh hé s6 Cq

Gia tri Cq = 0,29 thu duoc tir két qua md phong CFD, cling vai dién tich
can chinh dién As = 1,8585 m? duoc xac dinh tir mo hinh 3D. Ngoai ra, theo cac
nghién cau CFD va thyc nghiém trong ham gi6, hé s6 can khi dong cua xe
sedan notchback thuong nam trong khoang Cq = 0,28-0,32 [70]. Trén co so do,
gia tri C4 = 0,29 duoc lua chon cho xe Toyota Vios 2009 duoc st dung lam
thong sé dau vao cho md hinh Simulink tinh toan lyc can khéng khi va mo

phong muc tiéu thu nhién liéu.

So d6 Simulink phan tich lyc can khéng khi, hinh 3.6.

0.5

rho »

A > X —b< Aerodynamic l Aerodynamic >-o B
From | e can khi
cd > déng hoc

Vmps >—D uz

Hinh 3.6. So @ khdi Simulink xac dinh luc can khi dong hoc
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3.3.4. Dir liéu lrc kéo tong cong

Tir phuong trinh can bang luc kéo trén 6 t6, luc kéo tong cong bang tong
cac luc can chuyén dong: luc can lan, can doc va can khong khi. Sir dung cac

khoi trong Simulink dé xac dinh luc kéo Py, hinh 3.7.

Rolling > [:]
Aerodynamic = >——f= — Pk(kG)
Gradient p—

Data Visualization subsystem

Hinh 3.7. So d6 khéi Simulink x4c dinh luc kéo tdng cong

Luc can quan tinh trong qué trinh xe chuyén dong rat phuc tap va dé don
gian hoa trong mo phong NCS gia thiét trong khao sét xe chay 6n dinh khong
c6 gia téc trong timg giai doan, thoi gian ting tbc va giam téc gan nhu nhau.
La&i xe 6n dinh, chay thir nghiém nhiéu lan va duoc déanh gia bang lyc dap phanh
va d6 mo budém ga nén bo qua luc can quén tinh trong qué trinh chuyén dong

cua xe. Pay 1a mot gia thiét trong md phong cua bai toan tinh toan FC.
3.3.5. Dix liéu suét tiéu hao nhién liéu riéng cé ich

Suat tiéu hao nhién liéu riéng ge duoc tinh & 85% cong suat cuc dai cua
dong co (Ne = 85% Nemax) tinh boi phuong trinh (3.7).

0. ke
ge - Pe ! KWh (37)

ge phu thudc vao loai dong co, diéu kién van hanh va loai nhién liéu.

Ung dung mé dun “Fit Smooth Surfaces to Investigate Fuel Efficiency”
trong Matlab/Simulink cho céac thong s6 clia dong co xe Toyota Vios 2009 dé
chay chuong trinh matlab.m nhan duoc két qua dd thi ge (kg/kwh), hinh 3.8.
Trong md hinh mé phong, suit tiéu hao nhién liéu riéng g. dugc xac dinh tai

ché d6 1am viéc dai dién cua dong co, tuong ung khoang 85% cong suat cuc
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dai.

g 275 (g/kWh)

500C
4000

Load (%] 04 3000
Bi 200 goeed RPM
02 1000 peed [RPM)

Hinh 3.8. Két qua md phong Matlab suit tiéu hao nhién liéu riéng c6 ich ge

Thuc té dong co chi lam viéc & ché do tai 16n nhat twong tng véi 80-85%
cong suat cuc dai ciia dong co nham dam bao d6 bén cho dong co. Pay 1a ving
lam viéc 6n dinh, thudng gap trong qua trinh van hanh khi dong co phai thang
cac luc can chuyén dong.

Pong co Vios 2009 1dy trung binh = 275 g/kWh= 0,275 kg/kWh. Viéc lua
chon gié tri ge ndy nham don gian hda mo hinh tinh toan, dong thoi van bao

dam tinh hop 1y va kha ning so sanh cta két qua.
3.3.6. Dir liéu hiéu suat hé thong truyén hre

Trén xe khao sat co hé thong truyén luc thuong, ly hop mot dia ma sat
khd, hiéu suat trung binh thuong 0,7-0,8. Trong md phong c6 thé lay gi4 tri
trung binh hiéu suat bang 0,75.

3.4. MO PHONG QUAN HE CUA KHOI LUQONG XE PEN CAC LUC
CAN CHUYEN PONG VA MUC TIEU THU NHIEN LIEU

Muc tiéu thu nhién liéu trong mot chu trinh xe chay trong mé phong lay
theo thoi gian thuc bang 3681 (s) ~ 1,02h * 5 chu trinh (tham khao chu trinh
Hoa Ky, chau Au va Nhat Ban — lay 5 chu trinh) = 1 trinh ~ 171 km.

So d6 Simulink md phong néu trén so d6 hinh 3.9.
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12:34 ° 3681
. 1 S -x Ot X
Product - - y o
L | X | 1 & X

3 Derivative L

L] Product1 Integrator
2 )® theta=0.75 Divide : e (4

velocity .

ge =275g/kW/h

Tinh toan FC(stat)

Hinh 3.9. So d6 khéi Simulink tinh toan FC cua 16 trinh xe chay

Tinh toan gié tri FCs theo don vi kg/km, quy ddi sang don vi 1it/100 km
véi: Ty trong nhién lidu xang bang 0,755 kg/lit; gia toc trong trudng bang 9,81
m/s? ta cd hé sé quy doi bang: ((0,755/9,81)*3600%/1000)/10e5 cap nhat vao
khoi Simulink theo hinh 3.10 va str dung khéi scope hién thi két qua gia tri
FCstat theo don vi lit/100 km.

(1)
((0.75%9.81)"
360012/1000)/

10e5

x A1)

Hinh 3.10. So d6 khéi Simulink quy dbi don vi va hién thi két qua
Str dung tinh toan cho hai gia tri khéi luong xe nhu hinh 3.11 voi:
— Khdi lugng xe nguyén ban, m1 = 1170 kg.

— Khéi lugng xe nhe hon, m2 = 795 kg.

o~

Mass m, =795 (kg) S
Manual Switch

Mass m, = 1170 (kg)

Hinh 3.11. So db khéi Simulink hai khéi lugng xe
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So sanh trén d6 thi dé phan tich két qua mé phong anh hudng caa khoi

luong dén FCyy Cia Xe.
Nhdgn xét:

Khéi lugng cia xe ¢6 anh huong quan trong dén mac tiéu thu nhién liéu,
tir d6 tac dong dén chi phi van hanh va phéat thai khi nha kinh. Viéc 1am rd anh
huong caa khéi luong xe dén mac tiéu thu nhién liéu hd tro cac nha san xuat

va ngudi sir dung trong qua trinh ra quyét dinh.

Nhitng anh huong cu thé dugc tom tat gom: Anh hudng dén luc can, trong
d6 luc can lin, lyc can khong khi va luc can déc 1a ba yéu té chinh. Lyc can
lan ty Ié thuan vai khéi luong xe, trong khi luc can khong khi chu yéu phu
thudc vao hinh dang va téc do xe, con luc can doc phu thudc vao khéi luong xe
va do doc mat duong.

Viéc giam khdi lugng xe c6 thé 1a mot giai phap hiéu qua dé tiét kiém
nhién liéu va giam khi thai doc hai. Cac bién phap dé xuat: str dung vt liéu nhe

hon, t6i wu hoa thiét ké xe co thé gitp dat duoc muc tiéu nay.

3.5. PHAN TiCH KET QUA MO PHONG
3.5.1. Chu trinh lai xe
Trong chu trinh 14i xe, ngoai nhiig gia thiét chinh s& bo sung nhiing gia

thiét:

~ Thoi gian md phong bang dang thoi gian thuc xe chay, bang 3681 (s).

~ Nguoi 1ai xe c6 ki nang tot dam bao giam toc va ting toc diing thoi diém
cta chu trinh.

~ Van tdc xe chay trong m6 phong: khi chay thi nghiém céc dit liéu duogc
phﬁn mém Kisster thu thap lai trong d6 c6 van tdc xe. Sau khi két thuc thi nghiém
tién hanh xuét cac dir liéu thanh file Excel va lay file dir liéu nay dua vao mod
phong thi dugc dd thi van tdc xe theo thoi gian thuc, d6 1a dd thi van tdc theo

chu trinh 14i xe thé hién trén hinh 3.12.
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Van tée theo chu trinh 1ai xe
100 T T T T T T

V (km/h)

L 1 1 1 1 1 1
500 1000 1500 2000 2500 3000 3500
Thei gian (giay)

Hinh 3.12. 6 thi chu trinh 1ai xe dén gidy 3681

3.5.2. Cong suit tiéu thu ciia dong co

Khao sat cong suét tidu thy cua dong co trong qué trinh xe chay dé danh
gia hiéu suat cia xe, tir 46 dua ra nhitng giai phap cai thién hiéu suat nhién liéu
theo hudng giam thiéu phat thai. Cong suat dong co 1a dai luong do luong luong
nang luong ma dong co ¢ thé sinh ra trong mot don vi thoi gian, né chiu anh
huong cia cac yéu té nhu khoi luong xe va cac luc can chuyén dong. Khoi
luong xe duoc xac dinh boi cac thanh phan: Khéi luong khdng tai 940 kg; Dung
tich thung nhién li¢u 45 lit x 1/3 =15 lit x 0,7 = 11 kg; 2 binh ctru hoa = 18 Kkg;
Lai xe = 75 kg; Ky thuat vién = 74 kg; Phu kién theo xe = 22 kg; Can + gia can
+ nhién liéu trong binh chtra = 30 kg. Tong cong khéi luong xe day tai 1170
kg. Két qua khao sat céng suat tiéu thu ctia dong co trinh bay trén hinh 3.13.

Pe mo phéng & 10 khdi lwong xe

100
8ol Mdrc tang
Mirc gidm m6&6, m77, m88,
m11, m22, m99, m10
g a0l m33, md4d
] ma5 - xe
o nguyén ban
o 404 —
20
. i k. |
R el sdrmamat ] [ oo Bl it U g FIEXER W
0 . L — _ 1 1 7| L L
0 500 1000 1500 2000 2500 3000 3500

Time (seconds)

Hinh 3.13. 6 thi cong suat tiéu thu cua dong co & cac khébi luong khac nhau
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m11: khdi lugng xe 702 kg: m22: khéi lugng xe 819 kg; m33: khéi lwgng
xe 936 kg; m44: khéi luong xe 1053 kg; m55: khéi lugng xe 1170 kg; m66:
khdi lwgng xe 1287 kg: m77: khdi lugng xe 1404 kg; m88: khéi luong xe 1521
kg; m99: khéi luong xe 1638 kg; m10: khdi lugng xe 1755 Kg.

Str dung cbng cu Display trong Simulnk doc gid tri trung binh cia muc
chénh Iéch vé cdng suat tiéu thu cia dong co trong qué trinh khao sat tuong
tng nhan duoc mac chénh léch ty 18 ting hodc giam cua khéi lwong xe, bang
3.1. Trong bang a la cac gia tri cong suat tiéu thu trung binh caa dong co theo

muc giam khoi lugng va bang b theo muc ting khéi luong.

Bang 3.1. CAng suat tiéu thy trung binh caa dong co Pe (KW)

a) Theo muc giam khoi luong
Ky hié¢u mll m22 m33 m44 m55
Khoi lugng kg 702 819 936 1053 1170
Ty 1& giam so vai khoi lugng co
s6' mS5 (%) 40 30 20 10 00
Cong suat tiéu thu ctia dong co

11,36 | 13,15 | 14,26 18,62 21,58

Pe (KW)
Mirc chénh léch do giam khoi 4736 | 3906 | 3392 | 1372 0
lugng (%)

b) Theo mitc ting khoi lugng
Ky hi¢u m66 m77 m88 m99 m10
Khoi luong kg 1287 | 1404 | 1521 1638 1755

Ty 1¢ tang so v&i khoi luong co
s6 m55 (%)

Cong suat tiéu thu ctua dong co
Pe (KW)

Mirc chénh léch do ting khoi
lugng (%)

10 20 30 40 50

21,86 | 23,88 | 28,55 29,16 33,92

1,30 10,66 | 32,30 35,13 57,18

3.5.3. Luc cdn lan
3.5.3.1. Phan tich dic tinh lop xe anh hwong dén hé sé cén lin

Luc can lan 1a ning luong tiéu thu dudi dang nhiét do 16p bi bién dang
trén mot don vi quing duong xe di chuyén. Nang luong nay phu thudce vao dic

tinh nhét dan hdi cua vat liéu ché tao 16p va tao ra mot luc can chuyén dong
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quay cua Iop. Hé sb can lan co gia tri khong dbi trong nhirng khoang van téc
hoic khéi luong xe nhat dinh.

Tur két qua md phong cia NCS bang ANSYS Workbench, thé hién trén
hinh 3.14, c6 thé nhan thay dac tinh két cau va vat liéu cua 16p xe anh hudng
truc tiép dén hé sb can lan thong qua mire do bién dang cua ving tiép xdc gitra

16p va mat dudng.

G: Explicit Dynamics
Equivalent Elastic Strain

Time: 75 s
04-Mar-23 1:52 PM

ycle Number; 19353
04-Mar-23 2:00 PM
964.29 Max
1.6691 Max

a) Nang luong bién dang b) Bién dang dan hoi twong duong
Hinh 3.14. Hinh anh bién dang trong mé phong

Két qua cho thay bién dang tap trung chu yéu tai phan hong I6p va I6p
gai tiép xuc, day 1a khu vuc phét sinh tén hao nang luong 16n trong chu ky 1in
do hiéu ¢ng tré dan hoi cua vat liéu cao su. Khi d6 ctmg huéng kinh cua 16p
giam hoac tai trong tac dung ting, bién do bién dang tai ving tiép xtc ting ro
rét, dan dén su gia tang luc can lan. Két qua nghién ctu phd hop véi nhan dinh
cua [51] vé vai tro cua bién dang tuan hoan caa Iop b 16p va gai 16p dbi véi
ton that lin, déng thoi twong dong vai co so ly thuyét trong Tyre and Vehicle
Dynamics [50] vé méi quan hé giira bién dang 16p va hé sé can lan. Ngoai ra,
két qua moé phong ciing cho thay khi ap suat 16p giam, dién tich tiép xuc ting,
phan bd ung suét tré nén kém dong déu hon, lam tang bién dang cuc bo va kéo
theo sy gia ting hé s6 can lan, phu hop vai két qua thuc nghiém cua Pillai
(2004) [46].

Bén canh d6, két qua so sanh tai hinh 3.15 cho thay 16p xe con c6 luc can
lan va ton that nang luong bién dang nho hon so véi 16p xe dua, phan &nh mic

d6 bién dang tuan hoan nho hon trong qua trinh lan.
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Hinh 3.15. Ning lugng bién dang va luc can lin cua 16p xe

Két qua nay cho thay trong diéu kién mé phong cia nghién ctu, 16p xe con ¢6
kha nang han ché ton hao niang lwong tot hon, tir d6 gop phan giam luc can
chuyén dong va nang cao hiéu qua st dung nhién liéu. Nguoc lai, 16p xe dua
Xuat hién gia tri luc can lan va ton that niang lwong Ion hon, co thé do dic tinh
két cau 16p duoc thiét ké theo huéng wu tién do bam duong va kha nang chiu

tai dong lon, dan dén muc bién dang cuc bo va ton hao nang luong tang 1én.

Nhu vay, két qua md phong di khang dinh rang dic tinh két cau 16p 1a mot
trong nhitng yéu t6 quan trong quyét dinh luc can lan va muc tiéu hao ning
lwong trong qué trinh chuyén dong cua 6 to, dong thoi 1a co sd khoa hoc dé

NCS phan tich luc can 1an dén muc tiéu thu nhién liu trén 6 t6 5 chd.

3.5.3.2. M6 phong lyc cdn lan

Trén hinh 3.16, thé hién luc can lan tac thoi Py(t) theo thoi gian, khao sat
tir khoi lugng m11-m10, véi m55 = 1170 kg 1a khéi luong xe nguyén ban,
nham 1am r& quy luat bién thién cua dai luong nay trong suét chu ky mé phong.

Lwc can 1an cta 10 khéi lwong xe
1400

1200 ? mi10

1000

800

Pf (N)

600

400

200

0 500 1000 1500 2000 2500 3000 3500
Time (seconds)

Hinh 3.16. D thi luc can 1an & khéi lwong xe khac nhau
m11: khdi luong xe 702 kg; m10: khéi luong xe 1755 kg
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C6 thé nhan thay luc can 1in bién thién khong déu theo thoi gian, xuat
hién cac dinh cuc b twong Gng V4i cac giai doan thay doi diéu kién chuyén
dong cu thé 1a van tdc tang trén dudng cao tdc. Bic biét, tai ving thoi gian tir
khoang 3000 s dén 3500 s, gid tri Ps ting manh, phan anh sy gia ting rd rét cua
lyc can lan khi van tdc tang. Trén dd thi luc can lan thay d6i gia tri theo thoi
gian da tao ra duong phi tuyén tinh cua ca qua trinh xe chay cho thay phan anh
dung thyc té su thay doi cua luc can lan theo db thi van téc 1a dir lidu dau vao
caa mo phong.

Bang 3.2 trinh bay gia tri luc can lan dic trung cia 10 muc khbi luong
khao sat, duwgc xac dinh theo gia tri trung binh trén toan chu ky mé phong.
Trong bang a: gia tri trung binh cua lyc can lan theo muc giam khéi luong va

bang b theo mirc tang khdi luong.

Bang 3.2. Luc can lan trung binh P (N)

a) Theo mtrc giam khoi luogng
Ky hi¢u mll m22 m33 m44 ms5
Luc can lan P (N) 134,7 166,5 188,3 211,2 225,3
Murc chénh 1€ch do giam
khéi lrong (%) , 40,21 26,1 16,42 6,26 0
b) Theo mtrc tang khoi Iugng
Ky hiéu m66 m77 m88 m99 m10
Luc can lan P (N) 261,4 314,6 460,4 595,3 708,7
Muc chénh léch do tdng
khéi lwong (%) 16,02 | 39,64 | 1043 | 164,2 | 2146

Két qua trong bang cho thay lec can lan ty 18 thuan vai tai trong tac dung

Ién 16p. Cu thé, khi khdi luong tang tir trudng hop chuan m55 18n m10, lyc can
lan tang tir 225,3 N 1én 708,7 N, twong tng muc tang 214,6%; nguoc lai, khi
giam khéi luong xudng m11, lyc can lan giam con 134,7 N, thap hon 40,21%
s0 V6i truong hop chuan. Xu hudng ndy hoan toan phi hop véi co sa ly thuyét
vé luc can lin, tai trong cang ting cao thi bién dang caa 16p cang 16n 1am ting

manh luc can lin, dic biét 14 & khéi lugng 16n — vuot tai: m88, m99, m10.
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Khao sat luc can khi dong hoc trong qua trinh xe chay cho thdy sy phu

thudc cua nd vao hinh dang va van téc xe chay. Do hinh dang xe khong thay

d6i trong tat ca cac truong hop thay doi khdi luong nén khong cé su thay doi

bién d0 theo thoi gian thyc, hinh 3.17.

Lwc can khi déng hoc cha 10 khdi lwong xe
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Hinh 3.17. D6 thi luc can khi dong hoc & cac khéi lwgng xe khac nhau
m11: khdi luong xe 702 kg; m10: khéi lugng xe 1755 Kkg.

Gia tri trung binh cy thé caa muc chénh léch vé lec can khi dong hoc twong

ting véi muac chénh léch ty 1é tang hoidc giam cua khéi lwong xe, bang 3.3.

Trong bang a la cac gia tri trung binh cua luc can khi dong hoc theo mirc giam

khéi lugng va bang b theo muc ting khdi luong.
Bang 3.3. Luc can khi dong hoc trung binh Py, (N)

a) Theo mirc giam khoi lugng

luong (%)

Ky hi¢u mll m22 m33 m44 mS5
Luc can khi dong hoc Py, (N) 115,5 115,5 115,5 115,5 115,5
Muc chénh léch do gidm

khéi lugng (%) 0 0 0 0 0

b) Theo muc tang khoi lugng

Ky hi¢u m66 m77 m88 m99 m10
Luyc can khi dong hoc P, (N) | 1155 | 1155 | 1155 | 1155 | 1155
Muc chénh 1€ch do tang khoi 0 0 0 0 0

3.5.5. Lirc can doc
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NCS nghién ciru xay dung 16 trinh thi nghiém & khu vue ddng bing, khéng
c6 @6i ndi doc quanh co. Trén duong thi nghiém c6 @6 déc nho 1a nhiing cau
cdng nén do déc 1én va xudng gan bang nhau va sé lugng dbc it. Luc can déc
phu thudc vao d6 déc mat dudng nén cé thé bo qua luc can doc va duoc su
dung lam gia thiét trong mé phong.

3.5.6. Lurc kéo tong cong

Luc kéo tong cong 1a tong cac luc can xuat hién trong qua trinh xe chay.

Khao sat luc kéo tong cong cho thay rd su phu thudc vao céc luc can ciing nhu

khoi lugng xe khac nhau, hinh 3.18.

Lwc kéo tdng cong ctia 10 khéi lwong xe
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Hinh 3.18. Do thi luc kéo tong cong o cac khoi luong xe khéac nhau
m11: khdi luong xe 702 kg; m10: khdi lugng xe 1755 Kkg.
Gia tri trung binh cu thé cua mac chénh léch vé luc kéo téng cong tuong
ting voi muac chénh léch ty 1é tang hoic giam cua khéi luong xe, bang 3.4.
Trong bang a | cé4c gia tri trung binh cua luc kéo tong cong theo mic giam

khdi luong va bang b theo mire tang khéi lugng.

Bang 3.4. Luc kéo tong cong Py (N)

a) Theo mirc giam khoi luong

Ky hiéu mll m22 m33 m44 m>55

Luc kéo Py (N) 634,13 | 781,55 | 846,74 | 1002,37 | 1188,32
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Murc chénh 1éch do
giam khéi lrong (%) 4}6,64 34,23 28,74 15,65 0

b) Theo mtrc tang khoi lugng
Ky hiéu m66 m77 m88 m99 m10
Luc kéo Py (N) 1238,15 | 1289,66 | 1317,22 | 1381,15 | 1394,62
Murc chénh 1éch do
tang khéi lrong (%) 4,19 8,53 10,85 16,23 17,31

3.5.7. Mirc tiéu thu nhién li¢u

Mtc tiéu thu nhién liéu dugc phan tich theo thoi gian thyc trong qua trinh

xe chay Vi quing dudng 34,7 km. Khao sét su thay ddi gia tri cua céac luc kéo

téng cong va mac tiéu thu nhién liéu twong Gng sé cho thay rd su phu thudc

vao khdi lugng xe khéc nhau, hinh 3.19.

M6 phdng mure tiéu thu nhién liéu & 10 khéi lwong xe
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Hinh 3.19. D6 thi muc tiéu thu nhién liéu & cac khdi lugng xe khac nhau

m11: khdi luong xe 702 kg; m55: khéi lwong xe 1170 kg; m77: khéi luong xe

1404 kg; m10: khéi luong xe 1755 kg.

Gia tri trung binh cu thé cua mac chénh Iéch vé muc tiéu thy nhién ligu

tuong ung véi mac chénh léch ty Ié ting hodc giam cua khdi lwong xe, bang

3.5. Trong bang a | c4c gia tri trung binh cua muc tiéu thu nhién liéu, thip nhat
1a 2,31 1it/200 km véi xe c6 khdi luong thap nhat 702 kg va cao nhat 1a 12,97

lit/100 km v&i xe ¢ khdi lwgng cao nhat 1755 kg.
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Bang 3.5. Muc tiéu thu nhién liéu FCg (1it/100 km)

a) Theo muc giam khoi lwong

Ky hiéu mill m22 m33 m44 m55

Muic tiéu thu nhién liéu FCgy
(1it/34,7 km) 0,8 1,08 1,25 1,41 1,53

Muic tiéu thu nhién liéu FCgy

(1it/100 km) 2,31 | 3,11 | 3,60 | 4,06 4,41

Murc chénh léch do giam khoi

lwong (%) 47,3 | 289 17,7 7,2 0

b) Theo mtrc tang khoi luong

Ky hi¢u m66 m77 m88 m99 m10

Mirc tiéu thy nhién li¢u FCeta 166 20 24 32 4.5

(1it/34,7 km)

Muic tiéu thu nhién liéu FCgy

(1it/100 km) 4,78 5,76 6,92 9,22 12,97
Murc chénh léch do tang khoi 92 315 579 | 1105 196
luong (%) ’ ’ ’ ’

3.5.8. Nhan xét

Panh gia diy du anh huong cua khéi lugng dén céc luc can va mac tiéu
thu nhién liéu theo thoi gian thuc trong qué trinh xe chay, van toc xe, trang thai
mat duong, diéu kién giao théng va ky ning lai xe thay doi theo thoi gian s&
lam thay doi vé gia tri cua cac luc can chuyén dong. Trong day 10 khéi lugng
thay d6i duoc lya chon khao sat Iy thuyét va mé phong trong phan mém Matlab
Simulink cho két qua theo hai chiéu giam khdi luong va tang khi lugng véi
d6 chénh léch phan tram nhan thay ty 18 thay doi gia tri cac luc can ciing twong
rng theo hai chiéu giam va tang khdi lugng.

Nhu vay, & khéi lugng cua xe nguyén ban Toyota Vios 2009 lay 1am tham

chiéu trong md phong, m55 = 1170 kg, FC = 4,41 (1it/100 km) s& dugc lay 1am

muc tham chiéu.

Khi giam khdi lugng xe 10%, m44 = 1053 kg thi FC = 4,06 (1it/100 km),
ty 16 % giam tuwong tmg 1a 7,2%, twong tng khdi luong giam 20% m33 = 936
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kg ty 18 % giam twong ung 1a 17,7%, twong tng khdi lugng giam 30% m22 =
819 kg ty 1& % giam twong ung 1 28,9% va khdi luong giam 40% m1l = 702
kg ty I¢ giam tuong Uing l1a 47,3%.

Khi tang khéi lwong xe 10% m66 = 1287 kg thi FC = 4,78 (1it/100 km), ty
1& % tang twong tmg 14 9,2%, twong tmg khéi lugng ting 20% m77 ty 18 % ting
tuong tng 13 31,5%, tuong tng khoi lwong ting 30% m88 ty 1& % ting twong
tmg 14 57,9%, twong ung khéi luong ting 40% m99 ty 1é % ting twong ung 13
110,5% va tuong ung khéi luong ting 50% ml0 ty 1& % tang twong ng la
196%.

Luong ti€u thu nhién li¢u theo 10 khéi luong xe
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Hinh 3.20. B thi thé hién lugng tiéu thu nhién liéu FC theo 10 khéi luong

T dit liéu bang 3.5 dugc xur 1y bang phuong phap hdi quy theo tiéu chuan
binh phuong t6i thiéu nham x4c dinh ham thuc nghiém biéu dién mbi quan hé
giita khéi lugng xe va luong tiéu thy nhién liéu, thu duge md hinh ham ghép
doan, mdi doan dugc xay dung phtl hop voi timg mién gia tri cia khoi luong
mo t& tiéu thu nhién liu theo khéi lwong nhu sau:
0,0035m — 0,15; m < 1300
0,00002m? — 0,045m + 30; m > 1300
xéac dinh R?=0,99. Trong d6: m: khéi lugng xe kg; FC: lugng tiéu thu nhién lidu
(1it/200 km).

FC = { (lit/100 km); c6 hé sd

Quan sat do thi tai hinh 3.20 véi 10 muc khéi luong khao sét cho thay méi
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quan hé phi tuyén gitra khdi luong voi muc tiéu thu nhién liéu. Tuy nhién néu
Xét tai cac dai khdi lugng 700 kg dén 1300 kg thi thdy mdi quan hé gan nhu
tuyén tinh theo phuong trinh FC = 0,0035m — 0,15 (lit/100 km), day 1a dai
khdi luong ma xe hoat déng chu yéu; con khéi luong xe tir 1300 kg tré 1én cho
thdy méi quan hé 1a phi tuyén theo phwong trinh FC = 0,00002m? —
0,045m + 30 (1it/100 km) va mtc tiéu thu nhién li¢u tang theo manh so vai
tang khéi lwong, nhung dai khdi lugng nay it hoat dong vi xe 6 t6 5 chd khong
dua vi tri va dién tich dé dat thém tai. Diéu nay khang dinh khéi lugng c6 anh
hudng 16n dén muc tiéu thu nhién liéu va viéc giam khéi lugng c6 ¥ nghia 1on
dén tiét kiem nhién liéu va giam phat thai CO..

3.6. PE XUAT GIAI PHAP GIAM MUC TIEU THU NHIEN LIEU
BANG LUA CHON VAT LIEU NHE SU DUNG TREN THAN VO

3.6.1. So' @6 phan bd cac loai vat liéu trén khung vé xe

Trén than vo 6 td, cac loai vat liéu c6 su phan b phic tap ma khéng theo
mot quy luat trat tu ndo tly theo dic diém, yéu cau mdi loai xe chang han nhu
nap ca pd cta xe con c6 thé dugc ché tao tir thép tim hodc nhdm tam. Hinh
3.21 md ta mot loai than vo xe con véi su phan bd cau tric vat liéu cua ting

tam mang.

Hinh 3.21. So d phan bé cau trdc vat liéu trén than vo xe con
O day, 1) Nap ca pd: Nhdm; 2) Tran xe: Thép cacbon thap; 3) Nap cop
sau: Thép cacbon thap; 4) Hong sau: Thép cacbon thap; 5) A Pillar: Thép dap
néng 1000-1500 Mpa; 6) San xe: Thép cacbon thap; 7) Ctra ngoai: Thép toi,
Cira trong: thép cacbon thap; 8) Fender: thép cacbon trung binh hoac thép toi;
9) Can trudc: Plastic; 10) Ga lang mat trudc than xe: thép 980-1200 MPa hoac
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nhdm; 11) Khoang dong co: Thép hop kim tAm c6 do bén cao (HSLA).

Phan tich su phan bd vat liéu theo cau trac d6 ciing, ¢ nhitng Vi tri can c6
d6 cung cao thuong st dung thép, cac xe doi mai st dung thép siéu bén. Cac
vat liéu chinh trén than vé 6 to 1a thép, nhém, nhya, dong, titanium va sgi thay
tinh, cacbon hinh 3.22 [71].

O <150 MPa 15 %
W 150..250 MPa 25 % W 250..300 MPa 25 %
W 300..450 MPa 15 % 1 450...1600 MPa 20 %

................................. e it

8 v
Ving mém Ving hap thu  Khu vire ¢ Ving hap thu Ving mém
ning hrong  d6 cirng cao  niing hrong

Hinh 3.22. So db phan bé yéu cau st dung vat liéu theo d6 cang
3.6.2. Kha nang sir dung vat li€éu nhe trén khung vé xe

Ngay nay viéc tng dung thay thé céc vat liéu truyén théng bang vat liéu
nhe ngay cang dugc quan tam phat trién do tinh wu viét ciia nd trong do6 ¢ viéc
giam khéi lugng xe. Trong du bao tir nam 2010 dén 2040 cho thay ty Ié sir dung
vat liéu nhe ngay cang tang va so sanh murc do cai thién trong luong khi st
dung vat liéu cho thay vat liéu composite nhe nhat, bang 3.6 [72].

Bang 3.6. Du béo ty I¢& sir dung vat liéu nhe dén 2040 va cai thién trong

luong loai vat liéu

Muc do cai thién
2010-2040 |\ romg (%)
Thép mém Giam -
Thép hop kim c6 d6 bén cao Giam -
Thép c6 d6 bén cao Giam -
Thép tién tién c6 cuong do cao Téang -
Thép chat luong cao, cuong d6 cuc cao | Tang 15-25
Thép cuong luc cao Tang -
Nhom (5000/60000) Tang 30-60
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Nhoém c6 cuong do cao Tang -
Ma-gié Tang 30-70
Nhuya gia cuong va nhua tong hop Tang 50-70

Theo Njuguna [73], composite nhe dugc sir dung rong rai trong két cau
6 td nho khéi luong riéng thap va do bén riéng cao. Jones [74] va Kaw [75] cho
thay vat liéu composite va polyme cd kha ning chiu luc tot, chéng dn mon va
thuan loi cho gia cdng tao hinh. Bén canh d¢6, ASM Handbook [76] ciing khang
dinh wu thé giam khéi lwong cua nhom vat liéu nay so véi vat lieu kim loai

truyén thng.

Trén mot chiée xe con trung binh str dung khoang 150-300 kg nhua va
vat liéu tong hop so véi 1163 kg sat va thép. Thong thuong st dung téi 13 loai
polyme khac nhau, nhung c6 ba loai nhya dugc sir dung nhiéu nhat khoang
66% gom Polypropylene (32%), Polyurethane (17%) va nhua PVC (16%) [77].

Nhya va vat lidu tong hop duoc str dung trén xe 0 to da tang tir 100 kg
vao nam 1990, 1én 140kg vao nam 2000, 1én 150 kg vao nam 2010 va 200 kg
vao nam 2020, gilp 0 t6 nhe hon va tiét kiém nhién liéu hon, din dén phat thai
khi nha kinh (GHG) thip hon. Ngoai nhwa va vat liéu tong hop, cac loai xe
hang nhe st dung trung binh 120 kg cao su, 25 kg soi tong hop va 17 kg chat

pht bao gom chét chéng dong va cac chat long khéc, chat x(c tac [78].

Ty I€ cac vat liéu nhe trén xe 6 t0 trung binh da tang nam 1970 tir 6% lén
16% vao nam 2010 va nam 2020 s€ dat 18%, hinh 3.23 [79].

5 80 1] -
E704 _
= 60 1]

i 50 |

40 1] |
2 30 1]
“ 10 (ol el el el

1970 1980 1990 2000 2010 2020
Nim

| W Nhira m Cao su M Kim loai M Khac |

Hinh 3.23. Ty Ié str dung cac vat liéu trén xe 0 t6

Hién nay, trong thiét ké va ché tao khung vé 6 t6, nhiéu loai vat liéu nhe
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d3 va dang dugc nghién ctu va eng dung nham giam khéi luong xe nhung van
dam bao d6 bén va an toan. C4c vat liéu polymer duoc st dung phé bién trong
nganh 6 t6 nho vu diém nhe, d& gia cong va kha ning thay thé mot sé chi tiét
kim loai truyén thong [80]. Bén canh d6, cac tai liéu nén tang vé vat liéu 0 to
cling d chi ra sy da dang caa cac nhém vat liéu sir dung trong cong nghiép ché

tao xe, bao gom thép, hop kim va vat liéu phi kim [81].

Ngoai ra, cac hop kim khdng chira sét ciing duoc tng dung rong réi trong
cac bo phan yéu cau giam khéi luong va ting kha ning chong an mon [76].
Trong xu hudng phét trién hién dai, vat liéu composite nhe ngay cang dugc
quan tdm nho kha nang t6i vu hoa dong thoi do bén co hoc va khéi lugng, dac
biét trong céc cau trdc than xe va khung xe [73]. Bong thoi, co hoc vat ligu
composite di duoc nghién cau sau, cung cap co sé ly thuyét quan trong cho
viéc thiét ké va phan tich két cdu trong linh vuc & t6 [74]. Bao gom céc loai

chinh nhu sau:

— Vat liéu composite c6 trong lwong nhe, do cing tot va it bi dn mon.

— Nhua polycarbonate (PC) duoc sir dung dé ché tao tim can, thau kinh
dén pha, man hinh an ninh, bang diéu khién, thau kinh dén pha.

— Polyamide ng dung san xuat cac bo phan nam dudi nip ca-bd khoang
dong co.

— Nhua Acrylonitrile Butadiene Styrene (ABS) ché tao cac bo phan trén
than vo xe, bang diéu khién.

— Hop kim nhua nhiét déo PC duing san xuét cac chi tiét trang tri bén trong
va bén ngoai va c4c bo phan trén than xe con nhu v radio va hé thong dinh vi,
ctra tran truot, ludi diéu hoa khong khi, vanh tay 14i, ga lang, chan bun.

— Nhua Polyvinyl Clorua (PVC) sir dung dé san xuat 16p bao vé cho san

dudi cung cua 6 t6, lam 16p 16t bén trong va 16p phu cua day cap dién trong xe.
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— Nhua Polypropylene (PP) str dung ché tao can 6 t, vo hop ac quy, thing

xang, tham dé chan.

— Nhua Polyurethanes sir dung ché tao dém ghé ngdi dang bot xdp linh
hoat, tAm céch nhiét bang bot, 16p dan hoi, dém cua hé thong treo 6 t6, dém va
cac bo phan bang nhwa cang.

— Nhya polimer thay tinh Polystyrene diing ché tao vé thiét bi, nat bam.

— Nhua polymer POM (Polyoxymethylene), (ng dung ché tao cac chi tiét
noi that va ngoai that, hé thong nhién ligu, banh rang nho, thanh dan cia so,
khoa, van binh xit, ¢ vit.

— Nhua nhiét PMMA (Acrylic) ang dung ché tao ctra s6, man hinh.

— Polybutylene terephthalate (PBT) dugc tng dung ché tao vo va vién dén
swong mu, cac bd phan phia truéc cua mai che nang, vo hé théng khda, tay nam
ctra, can chong va dap, cac bo phan ché hoa khi, v.v.

— Polyethylene terephthalate (PET) (ing dung ché tao tay gat nudc va vo
hop s6, bo phan giir dén pha, nap dong co, vo dau néi, v.v.

— Nhya ASA (Acrylonitrile styrene acrylate) Ung dung ché tao vo, cau
kién, bo phan noi that va cac ang dung ngoai troi.

3.6.3. Ty 1¢ phéan b6 khdi lwong trén xe

Trén xe con, phan chia theo ty 1¢ phan bb khdi luong cho thay khung vo
xe 0 ty | st dung vat liéu cao nhat, dén 40%, tiép theo 1a sat xi 24%, noi that
15%, hé thong truyén luc 16% va hé thong dién 5%, hinh 3.24.

HT Dién,
5%

«w
\‘J‘ N
Noi That, | f
15% ",“‘ L
/ \
" Than, vo,

Hinh 3.24. So d6 phan bd khéi lugng trén xe con
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Khung vo xe c6 kha ning thay d6i vat liéu d& nhat cho céc nha thiét ké va ché

tao, do cd tinh linh hoat trong lya chon vat liéu va it anh huong chire nang khac.

Khéi lwong cua xe 1a mot trong nhitng théng s6 quan trong nhat anh huong
dén luc can chuyén dong cua xe 8 t6. Giam khdi luong sé& 1am giam luc can gia
téc, lyc can lan va luc can leo doc. Khi giam 100 kg trong luong xe s& giam
luong khi thai CO, khoang 8,5 g/km va giam khoang 0,3 1it/100 km tiéu thu
nhién liéu, hinh 3.25 [71].

Giam CO, khi thai (g/km)
+ 17 25 36
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06 0.9 1.2
Mrc giam tiéu thu nhién liéu (I/100km)
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Hinh 3.25. Quan hé cua mac giam tiéu thu nhién liéu va khéi lugng xe

Nghién cau thuc nghiém cua Ahmad T. 2019 cho thay khi giam khéi
luong xe 10% thi FC giam 5-7% [82].

Theo Lauter va cac tac gia [83], xu hudng giam khéi luong 6 to duoc thic
day manh boi viéc tng dung két cau da vat liéu nham giam khéi lugng than xe
va giam chi phi nhién liéu. Bén canh do, theo Shi va cac tac gia [84] da chang
minh rang thiét ké toi uu cac két cau chiu luc theo huéng lightweight gidp giam
khdi lwong xe ma van dam bao do bén va kha nang hap thu niang lugng va cham.
3.6.4. Tiéu chi lra chon vat liéu nhe va co sé thay d6i khoi lwong

Do c6 nhiéu loai vat liéu nhe st dung trén 6 t6, dé tap trung va cé thé tng
dung két qua mé phong dbi véi nhirng vat liéu khac, NCS da sir dung vat liéu
composite trong mo phong.

Str dung vat liéu composite trén khung vo xe s& giam khdi luong xe va
giam gié tri cac luc can chuyén dong trén 6 t6. Ngoai ra vat liéu nhe composite

con ¢6 gia thanh re, dé lam khuon tao hinh, khong doi héi dau tu nhiéu trang
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thiét bi cong nghé va ky thuat vién d& thuc hién [85].

So séanh hai loai vat liéu trén xe gom thép tam nguyén ban cd ty trong 7890

kg/m?® va vat liéu composite, dai dién la loai CFRP-Epoxy c6 ty trong 1600
kg/m® cho thay ty s6 chénh léch khéi lugng 13 7890/1600 = 4,93.

Theo so d6 ty 1& phan bé khéi lwong khung vo khoang 40% trén toan xe,

m6 hinh md phong sé& c6 khoi lugng theo bang 3.7.

Bang 3.7. Phan tich khdi lugng xe mé phong

Khoéi lugng toan | Khoi lwong khung | Khoi luong céc
xe day tai kg vo ~40% kg cum khac kg
Than — xe thep 1170 470 700
nguyén thuy
Than xe composite
CFRP-Epoxy 795 95 700

Bé tri vat liéu trén 6 t6 va so sanh khéi luong cua xe vt liéu nhe va xe
truyén théng thé hién trén hinh 3.26.

’ So sanh xe truyén théng va xe sir dung ‘

1200

800

400

0

CFRP lién tuc:

Chi tiét két cau nhw khung xe
CFRP dang hwdng khéng lién tuc
Céc tam va chi tiét phirc tap

Khéi hrong xe:

1170 — 795 kg (gidm ~30%)

Hinh 3.26. So sanh khéi luong xe truyén thong va xe su dung vat liéu CFRP

3.6.5. Cac lwc can chuyén dong trong sir dung vt liéu composite trén

khung vé

Gia thiét goc doc mat dudong ban dau 6 = 0° cac thdng sé khi dong hoc

dugc xac dinh tir md phong CFD trong phan mém Ansys Workbench ddi voi

xe thuc Toyota Vios 2009 gém: Dién tich can chinh dién cua xe A = 1,8585 m?;
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hé sb can khong khi Cq = 0,29; hé sé can lan C, = 0,015; mat do khdng khi p
= 1,225 kg/m?3. Céc luc can s& dugc mo6 phong xac dinh trong ba truong hop:
(1) Ca thoi gian cua chu trinh; (2) Trong thoi gian tang tbc (xét mot thoi diém);

(3) Trong thoi gian giam toc (xét mot thoi diém).
3.6.5.1. Trong toan bé chu trinh

Két qua md phong khao sét ca thoi gian caa chu trinh cho thay sy thay doi
hiéu qua cuaa viéc sir dung vat liéu nhe trén xe. Luc can lan trén xe ¢6 khung vo
su dung vat liéu nhe composite CFRP-Epoxy giam dugc 55,25 (N), twong tng
Véi ty 1¢ giam 32% so vai xe nguyén ban c6 khung vé thép. Luc can ddc trén
xe ¢6 khung vo sir dung vat liéu nhe composite CFRP-Epoxy giam duoc 39,1
(N), cling twrong trng Vai ty 1€ giam 32% so véi xe nguyén ban cé khung vo thép.
Luc can khi dong hoc trén ca xe ¢6 khung vo sir dung vat liéu nhe composite
CFRP-Epoxy va xe nguyén ban c6 khung vé thép l1a nhu nhau do khéng thay

d6i hinh dang két cau khi dong hoc cua xe.
3.6.5.2. Trong thoi gian ting toc

D6 thi két qua md phong luc can lan co xu thé ting trong thoi gian ting
tdc tai gidy thir 3523 dén 3620 trinh bay trén hinh 3.27 cho thay lyc can lin trén
xe ¢6 khung vo sir dung vat liéu nhe composite CFRP-Epoxy giam duoc 52,3
(N), trong tng Vi ty 1€ giam 32,05% so vai xe nguyén ban cé khung vé thép.

Ps (N) B3 thi lyc can 18n_téng tdc_m_1170 [kg) Ps (N) BB th lyc can l3n_téng t8c_m_795 (kg)

180
160

120

140 100

120 a0
100
80
&0 40
40
20
20
t(s) ts)

o 0
3500 3520 3540 3560 3580 32600 3620 3840 3860 3880 3700 3500 3520 3540 3560 3580 3600 3620 3640 3660 3680 3700

60

a) Trén xe khung vo thép b) Trén xe khung vé composite
CFRP-Epoxy
Hinh 3.27. D6 thi lyc can lin trong thoi gian ting toc
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Do thi két qua md phong luc can doc ¢ xu thé giam trong thoi gian ting
téc tai gidy thir 3523 dén 3620 trinh bay trén hinh 3.28 cho thay luc can déc
trén xe c6 khung vo sir dung vat liéu nhe composite CFRP-Epoxy giam duoc

40,2 (N) tuong tng vai ty 1é giam 32,1% so vai xe nguyén ban c6 khung vo

thep.
Pi {N) DB thi lye can déc_téng téc_m_1170 (kg) Pi (N) B8 thi lwc can déc_tdng téc_m_795 (kg)
140 20
120 80
100 ;DD
80 50
60 40
40 *
20
20 10
o tls) 0 . s
a) Trén xe khung v thép b) Trén xe khung vé composite
CFRP-Epoxy

Hinh 3.28. D6 thi luc can dc trong thoi gian ting toc
Luc can khi dong hoc cua ca hai loai khung vé xe trong truong hop tang

téc khong thay doi do hinh dang khi dong hoc hai xe 1a nhu nhau.
3.6.5.3. Trong thoi gian gidm téc

D6 thi két qua mé phong luc can lan c6 xu thé giam trong thoi gian giam
tbe tai gidy thir 3630 dén 3640 trinh bay trén hinh 3.29 cho thay luc can lin trén
xe ¢O khung vé suir dung vat liéu nhe composite CFRP-poxy giam duoc 62,6

(N), trong tng Vi ty 1€ giam 32,05% so vai xe nguyén ban cé khung vé thép.

P: () BB thi lve can 13n_giam t6c_m_1170 (kg) 145; ™) Dé thi hre can lan_giam toe_m_795 (kg)
200
180
160 1 ™ ~
140 100 ~ ~
120 BO *
100

B0

80
60 40 L
40 T
20 2 R L Hs)

. t(s) 0 -~

3628 3630 3632 3634 3636 3638 3640 3642 3628 3630 3632 3634 3630 3638 3640 3642

a) Trén xe khung vé thép b) Trén xe khung vé composite
CFRP-Epoxy

Hinh 3.29. D6 thi luc can lan trong thoi gian giam toc
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Do thi két qua md phong luc can déc c6 xu thé ting trong thoi gian ting
téc tai gidy thir 3630 dén 3640 trinh bay trén hinh 3.30 cho thay luc can déc
trén xe c6 khung vo sir dung vat liéu nhe composite CFRP-Epoxy giam duoc

39 (N), twong ung Vvai ty 1€ giam 32,05% so véi xe nguyén ban co khung vo

thep.
; PO Db thi lrc cén dbe_giam tée_m_1170 (kg) . PN B8 thi can d&c_giam tdc_m_795 (kg)
120 80 P -2
70 -
100
60
80 50 s ‘
60 40 ’
s
40 30 !
" 20 -
’
t(s) 1 S t(s)
0 ] T
3628 3630 3632 3634 3636 3638 3640 3842 36528 3630 3632 2634 3636 2638 3640 3642
a) Trén xe khung vo thép b) Trén xe khung vo composite CFRP-
Epoxy

Hinh 3.30. B thi luc can dbc trong thoi gian giam téc

Luc can khi dong hoc cuia ca hai loai khung vé xe trong truong hop giam

téc khong thay doi do hinh dang khi dong hoc va hai xe 13 nhu nhau.
3.7. PANH GIA HIEU QUA CUA XE SU DUNG VAT LIEU NHE

3.7.1. Hiéu qua vé k¥ thuit, nhién liéu, méi truong

T céc két qua phan tich ly thuyét, sé liéu thong ké va md phong, co thé
khing dinh rang viéc str dung vat liéu nhe, dac biét 1a vat liéu composite CFRP,
trén than vo 6 t mang lai hiéu qua rd rét trong viéc giam khéi lugng va cai
thién hiéu suat van hanh cua xe.

Cu thé, do khéi luong riéng cua vat liéu composite thap hon nhiéu so V4i
thép truyén thong, viéc thay thé vat liéu nay gilp giam dang ké khdi luong than
v6 — bo phan chiém ty trong 16n trong tong khéi lwong xe. Két qua méd phong
cho thay tong khdi lugng xe cd thé giam trén 30%, kéo theo su giam tuong Gng

cua cac lyc can chuyén dong phu thudc vao trong luong, Cu thé, trong toan chu
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trinh van hanh, luc can lin giam khoang 55,25 N (~32%) va luc can doc giam
khoang 39,1 N (~32%). Trong cac giai doan lam viéc dac trung, luc can lan
giam khoang 52,3 N (32,05%) khi tang téc va 62,6 N (32,05%) khi giam tic;
lyc can dbc giam khoang 40,2 N (32,1%) trong ting toc va khoang 39 N
(32,05%) trong giam téc.

Sy giam céc luc can nay dan dén viéc giam cong suit tir dong co trong
qua trinh chuyén dong, tir ¢6 1am giam muc tiéu thu nhién liéu va luong phét
thai khi CO.. Trong khi do, luc can khi dong hoc khéng bi anh huéng do hinh
dang két cau xe khong thay doi, cho thay hiéu qua cta giai phap tap trung vao
cai thién cac yéu té co hoc thay vi khi dong hoc.

Bén canh hiéu qua vé nhién liéu, vat liéu composite con co uu diém vé
kha ning chdng an mon, d& tao hinh va c6 tiém ning tng dung rong réi trong
ché tao than vé 6 t6. Tuy nhién, viéc s dung vat liéu ndy can dugc xem xét
dong thoi vai cac yéu cau vé do bén két cau, an toan va chi phi san xuat dé dam
bao tinh kha thi trong thuc té. V&i pham vi nghién ctu cua dé tai phan tich vé
anh huong cua khdi lugng dén tiéu thy nhién liéu nén chua dé cap dén nghién
ctru &6 bén va chi phi san xuat caa vat liéu composite. Noi dung nay dé ¢ huéng
nghién cuu tiép theo.

Nhu vay, véi mic giam khoi lugng khoang 30-32%, giam lyc can co hoc
khoang 32%, cung véi kha nang giam tiéu thu nhién liéu va phat thai tuong
rng, giai phap sir dung vat liéu composite CFRP trén than vo 6 to cho thay hiéu
qua rd rét ca vé ky thuat, nang luong va méi truong. Pay 1a mot huéng nghién
ctru va ung dung c6 tinh kha thi va y nghia thyc tidn cao trong phét trién 6 to
hién dai, khi xe dién 1a xu hudng véi khéi luong pin 1on thi can phai giam khoi

lugng cua cac bo phan khac trong d6 khung vo 1a chi yéu.
3.7.2. Hiéu qua kinh té

Panh gi4 tinh kinh té sir dung nhién liéu cia xe c6 y nghia quan trong
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trong thuc tién va dic biét quan trong cho don vi sir dung nhiéu xe khi tinh toan

duoc chi phi sir dung nhitng xe cting loai nhung ¢6 khéi luong nhe hon.

Tinh kinh té sir dung nhién liéu cua xe dugc tinh bang sb lugng nhién liéu
cua xe tiéu thu trong mot niam tinh theo sé km xe chay duoc. Chénh léch mirc
FC 14 sb liéu xac dinh mic tiét kiém nhién liéu hang nam khi so sanh xe clng
mot xe c6 khéi lwong 16n sang khéi lwgng nhé hon do sir dung vat liéu nhe trén
khung vé. Tinh kinh té cua xe theo muc tiéu thu nhién liéu YFS (Lit) duoc Xac

dinh theo phuong trinh (3.8) dé danh gia chi tiéu nay.
yFs = HEQTFQ ) (3.8)
100 !

Trong do:

L: s6 km xe chay mot nam; FCy: 1a mc tiéu thu nhién liéu caa xe nguyén
ban, L/100 km; FCy: mic tiéu thy nhién liéu ciia xe méi da thay thé khung vo
bang vat liéu nhe, L/100 km.

Gia thiét rang sé km xe chay moi nam 1a 100.000 km, tir két qua khao sét
trong bang 3.5 ¢ trén, 1ap bang tinh toan ta nhan duoc két qua néu trong bang
3.8.

Bang 3.8. Panh gia tinh kinh té str dung nhién liéu cua xe.

a) Theo chiéu giam khoi lugng.

Ky hiéu mll m22 m33 mé4 m55
Khéi lugng kg 702 819 936 1053 1170
FC (liv100 231 311 3,60 4,06 4,41
km)

YFS (L) 2105 1298 808 347 0

SM (VN ddng) | 42100000 | 25960000 16160000 6940000 -

b) Theo chiéu ting khoi luong.

Ky hiéu m66 m77 m88 m99 m10
Khéi lugng kg | 1287 1404 1521 1638 1755
FC (lit/100

4,78 5,76 6,92 9,22 12,97
km)
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YFS (L) -374 -1354 -2506 -4812 -8558

SM (VN dbng) | -7480000 | -27080000 -50120000 | -96240000 |-171160000

Trén bang tong hop cho thay khi st dung vat liéu nhe giam khéi luong xe
tir m55 = 1170 kg theo ty 16 10% dén m11 = 702 kg, thi lwong nhién liéu tiéu
thu giam twong ang 1a 347 (L), 808 (L), 1298 (L), 2105 (L). Gia thiét gia mdi
lit xang 13 20.000 dong VN thi gié tri tiét kiém lan luot 14 gan 7 triéu ddng, gan

20 triéu, trén 25 triéu dong, va trén 40 triéu dong.

Khi khdi luong xe tang 1én tir m66 = 1287 kg theo ty 1¢ 10% dén m10 =
1755 kg, thi lwong nhién liéu tiéu thu tang twong ung 12 374 (L), 1354 (L), 2506
(L), 4812 (L) va 8558 (L). Khi d6 gi4 thanh sir dung ting lan luot 1a gan 10
triéu dong, gan 30 triéu, trén 50 triéu dong, trén 90 triéu dong va trén 170 triéu

ddng.
KET LUAN CHUONG 3

Chuong 3 di trinh bay qua trinh phén tich anh hudng cua khdi lugng xe
dén céc lyc can chuyén dong va muc tiéu thu nhién liéu théng qua md phong
Matlab/Simulink, dong thoi dé xuat giai phap sir dung vat liéu nhe dé giam khoi

lugng xe.

Dit liéu van tc xe theo thoi gian thue dugc thu thap va xua Iy bang bién
d6i Fourier dé loai bo nhidu tan sé thap, dam bao do tin cy cua tin hiéu dau
vao cho md phong céc lyc can chuyén dong nhu luc can lin, lyc can khéng khi;

cong suat tiéu thy; lec kéo va muac tiéu thu nhién ligu.

Két qua md phong trén 10 mac khdi luong tir 702 kg dén 1755 kg cho
thay rd quy luat anh huong caa khéi luong dén ting thanh phan luc can. Luc
can lan ty Ié thuan véi khéi luong xe, luc can khi dong hoc khong thay doi theo
khdi lwgng vi hinh déng xe khong thay di trong cac trudng hop khao sat. Luc
can dbc dugc bo qua do didu kién duong thi nghiém c6 d6 doc nho. Luc kéo

tong cong giam tGi 46,64% khi khéi lwong xe giam vé m11 va tang téi 17,31%
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khi khéi lwong tang 1én m10, phan 4nh dung xu hudng thay ddi caa cac luc can.

LAy mac tham chiéu 12 xe nguy@n ban m55 = 1170 kg v&i FCyy = 4,41
(1it/100 km), két qua mé phong cho thay muc tiéu thu nhién ligu thay doi rd rét
theo khdi lwong xe theo ca hai chiéu tang va giam. Khi giam khéi luong thi
muc tiéu thu nhién liéu giam twong tmg, khi ting khdi lwong thi muc tiéu thu
nhién liéu ting twong tng. Tir dit liéu ndy, méi quan hé giira khéi lugng va muc
tiéu thu nhién liéu dwoc mo ta bang mé hinh ham ghép doan, trong d6 mdi mién
gia tri duoc xap xi bang mot ham phi hop (tuyén tinh va da thic bac hai), véi
cac hé s dugc xac dinh theo phuong phap binh phuong téi thiéu. M6 hinh cho

hé sb x4c dinh cao (R? = 0,99), dam bao d¢ tin cay cao cho tng dung thuc tién.

Luan an da dé xuat giai phap thay thé khung vo thép truyén thong bang
vat lidu composite CFRP-Epoxy, gilp giam khéi luong xe tir 1170 kg xubng
795 kg, twong tng giam 32% khi khéi lugng khung vo chiém khoang 40% tong
khéi luong xe. Két qua mo phong trong ca ba trang thai van hanh (toan chu
trinh, ting t6¢ va giam téc) déu cho thay lec can lan va luc can dbc giam dong
déu khoang 32%.

Panh gia tinh kinh té nhién lidu véi gia thiét xe chay 100.000 km/nim

va gia xing 20.000 dong/lit cho thay khi giam khdi luong xe 10%, 20%, 30%

va 40% thi luong nhién liéu tiét kiém hang nam lan luot 1a 347 1it, 808 lit, 1298

lit va 2105 lit, tuong (ng vai gia tri tiét kiém tir gan 7 triéu dén hon 40 triéu

d6ng mdi nam. Két qua nay cé ¥ nghia dic biét d6i véi cac don vi khai thac doi
xe lon.

Cac két qua phan tich va mé phong trong chuwong 3 da dinh luong duoc

murc d6 anh huong cua khdi lugng xe dén cac luc can chuyén dong va mac tiéu

thu nhién liéu co6 can ctr khoa hoc, dong thoi ching minh tinh kha thi va hiéu

qua cua giai phap str dung vat liéu nhe trén khung vo xe.
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CHUONG 4: NGHIEN CUU THUC NGHIEM

4.1. NHUNG PHUONG PHAP THi NHIEM XAC PINH MUC TIEU
THU NHIEN LIEU TREN O TO

4.1.1. Thi nghiém do trén b¢ thir
a) B¢ thir dong co

Trén bé thir dong co s¢ ndi truc tiép véi truc dau ra cua dong co sau khi
th4o ra khoi xe va bé thir khung gam thir truc tiép xe, cho xe chay nhing van
téc khac nhau trén cac con lin. Két qua do trén bé thu 1a thanh phan khi thai

véi chu trinh thir nghiém theo tiéu chuan [86].

Po trén bé thar dong co c6 nhiéu vu diém nhung khong chinh xac do bo
qua anh huong cua céc thiét bi phu nhu diéu hoa khong khi hoic hiéu suat
truyén luc trong khi diéu hoa khong khi trén xe thuc té ¢ thé anh hudong dén
mutc FC dén 20% [87].

b) Bé thir khung gam

Theo Oberg va céc tac gia [88], bé thir khung gam cho phép tao ra nhiéu
théng sé gan nhu thuc té va bao dam do 1ap lai cao cua phép do. Trén co sd do,
Carlson va cac tac gia [89] da st dung phuong phap nay dé danh gia anh huong
cua khéi lugng xe dén luc can chuyén dong va muc tiéu thu nang luong. Nhuoc
diém cuaa bé thir khung gam 1a st dung cac thiét bi va phong thi nghiém rat dat
nén chi phi cho céng viéc do rét cao.

4.1.2. Po tryec tiép trén xe dang chay trén duwong

Po tryc tiép lwong nhién liéu tiéu thu cia xe dang chay trén dudng c6 cac
diéu kién chuyén dong thyc té nén két qua dé dat duoc yéu cau dit ra. Uu diém
ctiia phuong phap nay 1a phi hop quy dinh vé mai truong ddi véi xe, chi phi
cho qua trinh do phu hop hon.
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Hiép hoi Ky su O t6 thé giéi (SAE) dua ra mot quy trinh do muc FC cua
xe trén dudng thanh tiéu chuan AE J1321 (SAE J1321), ¢ day xe kiém tra chay
lién tuc trén mdi chu trinh tdi thiéu 12 40 dim (twong dwong 65 km) va téi thiéu
mét 1an kiém tra 14 3 chu trinh, twong dwong 195 km. St dung binh nhién liéu
th&o roi, dugc can sau mdi lan chay thir dé xac dinh luong nhién ligu tiéu thy,
hinh 4.1 [90].

a) Str dung binh nhién liéu thao roi  b) Can nhién liéu sau mdi lan chay
Hinh 4.1. Cach do nhién liéu xe chay trén duong theo tiéu chuan SAE J1321
4.2. MUC TIEU, PHUONG PHAP, POI TUQNG THi NGHIEM
4.2.1. Muc tiéu thi nghiém
Thi nghiém nham dat nhitng muc tiéu chinh:
+ Xay dung bo dir liéu thuc nghiém phuc vu mé hinh hoa va phan tich:

— Tién hanh thu thap di liéu van tdc xe chay trén céc 16 trinh thuc té

(duong d6 thi, hdn hop va ngoai thanh) véi diéu kién lai xe on dinh.

— Ghi nhan chi tiét cac thong sé muc d6 phan tram dap ban ga va luc tac
dung 1én ban dap phanh trong sudt qué trinh xe van hanh dé thiét 1ap chu trinh
lai xe thuc té (Driving Cycle) phan anh diéu kién giao thong Viét Nam.

— T c4c théng s ndy, xay dung bo dit liéu dic trung vé hanh vi van hanh
ctia xe, 1am co s& 50 sanh va kiém ching md hinh mé phong muc tiéu thu nhién

liéu.
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+ Po dac va danh gia mac FC thyc té cia xe Toyota Vios 2009 twong g Vi
bo dir liéu van hanh thu thap duoc, sir dung bd do tiéu thu nhién liéu do NCS

nghién citu ché tao.

+ So sanh két qua thuc nghiém véi mé hinh mé phong dé xac dinh mace do pha
hop va d6 tin cady ctia moé hinh tinh toan, qua d6 danh gia mac do hop ly cta
phuong phap nghién ctru ciing nhu do chinh xac ciia md hinh dé xuét.
4.2.2. Phuwong phap thi nghiém

Thi nghiém do muc tiéu thy nhién li¢u cua 6 t6 theo phuong phap do dac
truc tiép két hop vai khao sat, tinh toan nham xéac dinh 5 thong s, trong d6 cac
thong sé tir 1 dén 4 thudc nhiing 1an thi nghiém thi i thuoc khéng gian n chiéu
dé dam bao xac lap cac diéu kién dau va 6n dinh qué trinh thi nghiém. Thong
sb tha 5 thuoc khdng gian m chiéu 1a mac tiéu thu nhién liéu cua 0 to.
4.2.3. Poi twong thi nghiém

Thi nghiém trén xe Toyota Vios 2009 sedan 5 chd ngoi di qua sir dung
Vvéi tinh trang ky thuat 6n dinh, hinh 4.2.

Hinh 4.2. Xe str dung trong thi nghi¢m
4.2.4. Nguoi lai xe

Lai xe thi nghiém c6 kinh nghiém 1ai xe dé l4i xe 6n dinh va giam su thay
d6i cua ngudi lai gitra cac 1an chay tha. Cac diéu kién vé phanh, chuyén sé,

tang to¢ hodc giam téc gan twong duong nhau, cho phép sai khac nhau <8%.

4.3. THIET BI THi NGHIEM



104

4.3.1. So @6 két ndi cac thiét bi thi nghiém

Cac thiét bi thi nghiém do murc tiéu thu nhién liéu c¢6 cac mé dun do tiéu
chuan hda quédc té duoc tich hop ciing nhitng mé dun ché tao bd sung va phan
mém chuyén dung c6 tén Kisster da duoc kiém dinh danh gia chat luong bai
Tong cuc Tiéu chuan do luong Viét Nam. Cac thiét bi thi nghiém lap dat truc

tiép trén xe thi nghiém. So d6 két néi tong thé néu trén hinh 4.3.

KISSTER

Toc d§ goc banh xe
\ Encoder /\o

# Bo chuyén dbi Puong thong hoi

J;k DAQ Pong co
7 ’_t‘ J Puong cap ~
aptop Thing xang thir } M
°

Can dién tr Thung xédng trén xe

Hinh 4.3. So do két néi thiét bi thi nghiém trén xe thi nghiém

Pic tinh cua két ndi dam bao dung nguyén 1y hoat dong cua hé théng cung
cap nhién liéu trén xe, viéc ndy can bo chuyén doi lap ndi tiép trén duong ong.
Hai duong cap va duong hdi trong hé thdng can giit nguyén trang thai két cau.
Thung xang thtr c6 thé tich nho hon thing ¢ thé chira t6i da 60% nhién liéu so
vé6i thung trén xe dé ludn c6 40% con lai du trix cho xe.
4.3.2. Cac thiét bi va dung cu thi nghiém

C6 2 nhém thiét b thi nghiém: nhdm theo di thi nghiém va nhém b do.
4.3.2.1. Nhom theo doi thi nghiém
a) ECU cia dong co

ECU cuia dong co 1am nhiém vu thu thap di liéu theo ddi ché do 1am viéc
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ctia dong co. Thiét bj nay nam trong bo diéu khién dong co (ECU) theo ddi s6

vong quay, nhiét do, ...cta dong co. Sau khi thir nghiém, sé liéu nay duoc trich

Xuit b4o cdo. ECU cua xe c6 hinh anh trinh bay trén hinh 4.4.

R AT
by o -]
.$‘ : i b ¢
> ot .
- N £

Hinh 4.4. ECU dong co Toyota Vios 2009 loai 89661-0D240
b) By GPS
Bd GPS ghi lai vi d6 va kinh d6, téc do cta xe c6 do chinh xac 0,1 mph.
Canh d6 c6 thé lap thém camera hanh trinh, trang bi thiét bi theo d&i qué trinh

di chuyén. Bo GPS trang bi trén xe loai Speedometer do tc do, quing duong
di chuyén, hinh 4.5.

Hinh 4.5. B6 GPS hanh trinh sur dung trén xe thi nghiém

4.3.2.2. Bé do
a) Can dién twr

Can dién tir do trong luong nhién liéu thudc loai can ban nham dit thung
xang thir truc tiép 1én ban can giup dé dang lap dat va kiém soat hoat dong.
Phan cam bién chinh 1a can dién tir va thing nhién liéu thir dé do muc tiéu thu
nhién liéu

Céc thdng s6 caa can gdm Model CM 30kg Gram; hdng san xuat Gramscal
Tay Ban Nha; dién ap 6V; d6 chinh xac 1g; kich thudc dia can 220 mm x 310
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mm; trong luong can 3,8 kg; nhiét do 1am viéc -5° C dén 40°C; thoi gian on

dinh can 3s. Hinh anh can néu trén hinh 4.6.

Hinh 4.6. Can dién tir sir dung trong thi nghiém
b) Ché tao thing nhién liéu thir, khung gia va lip dit cin dién tir

Thang nhién liéu thir cd két cau bang thép mong day 0,7 mm, hinh khoi
chit nhat. Hai b phan quan trong dugc ché tao dic biét gom c6 éng va nap cap
xdng gitt nguyén két cau cua xe dam bao xing khong bi bay hoi. Trong than
binh c6 cac tam mong xép hinh chit H dang canh dé xing khong bi “tao song”
manh do anh huong cta dao dong va giam su gia tang trong Iuwgng quan tinh
cua khoi cht long. Can dién tir duoc dit trong khung thép chac chan khong bi
di chuyén va rung lac. Kich thuéc cua khung 450x360x360 mm du dé tryc tiép
trong xe thi nghiém. Thé tich thung xang thir chira 20 lit nhién liéu, dam bao
y&u cau nho hon 60% thing nhién liéu cua xe. Can dién tir, thing nhién liéu
thir va khung gia tao nén cum can nhién liéu néu trén hinh 4.7. Trong luong ca
cum khi chta day nhién liéu 1a 16,8 kg. Trong luong nay nho so véi trong luong

xe nén khdng anh hudng dén két qua caa thi nghiém.

Puong cip va théng hoi

Thung xdng

s

Hinh 4.7. Cum can dién tu
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c) Cap USB két noi

Ké&t ndi tir can dién tir voi may tinh Laptop bang cap USB RS232 cong
Com, dai 1.8m Z-Tek ZE533A c6 chiéu dai 1.8m, sir dung con chip FTDI
FT232, hinh anh b6 cap néu trén hinh 4.8.

Hinh 4.8. Cap ndi RS232 néi can dién tir véi may tinh
d) Phan mém doc dir liéu

Phan mém gom ba chirc ning chinh:

— Hién thi thoi gian thuc: s dung TextBlock va GroupBox dé hién thi
ting théng sé tir chudi dit liéu nhan duoc.

— Cai dit hé sb: cho phép ngudi ding cu hinh cac tham sé chuyén doi tin
hiéu (s6 rang cam bién, ban kinh banh xe).

— Xem va xuét dit liéu: hién thi dit liéu da luu bang DataGrid, hd trg phan

trang, loc theo thoi gian va xuat Excel

Tin hiéu ra cua can da duoc chinh x&c héa tir nha ché tao can va da duoc
dan tem kiém tra xuat xuong. Két qua dang man hinh sé hoac bang sé liéu chi
tiét. Trén hinh 4.9 12 giao dién phan mém doc dit liéu vai két qua dang bang sé

dir liéu theo thoi gian thuc.

B wissTer - X

16/02/2025 09:12:52 KISSTER

COM | Chon cang két ngi  ~ Ngat két néi

Dir Liéu Hién Tai

Van téc xe Khéi lugng Toc dé dong co 1
000.0 km/h 00.000 kg 0000 v/p
Ap Iuc Budm ga T6c d6 déng cg 2

00.000 kg 000 % 0000 v/p
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& Bang Dir Lisu

Théi gian Van téc xe (km/h) Khéi lugng (kg) Ap luc (kg) Budm ga (%) Téc dé dong co 1 (v/p)

2025-01-01 21:33:32.089|0 99.999 0.004 0 834

2025-01-01 21:33:32.124 |0 99.999 0.004 0 834
{1 2025-01-01 21:33:32.145|0 99.999 0.005 0 832
' 2025-01-01 21:33:32.534 |0 99.999 0.005 0 832

2025-01-01 21:33:32.602 |0 99.999 0.005 0 843
|1 2025-01-01 21:33:32.975|0 99.999 0.005 0 843

2025-01-01 21:33:33.042 |0 99.999 0.005 0 843
I 2025-01-01 21:33:33.058 |0 99.999 0 0 852
11 2025-01-01 21:33:33.422 |0 99.999 0 0 852
|1 2025-01-01 21:33:33.459|0 99.999 0 0 852

2025-01-01 21:33:33.497 |0 99.999 0 0 850
j 2025-01-01 21:33:33.861 |0 99.999 0 0 850
|| 2025-01-01 21:33:33.876|0 99.999 0 0 850
i 2025-01-01 21:33:33.892 |0 99.999 0 0 850
|1 2025-01-01 21:33:33.907 |0 99.999 0 0 850
I 2025-01-01 21:33:33.923 |0 99.999 0 0 850
i1 2025-01-01 21:33:34.309|0 99.999 0 0 850
i1 2025-01-01 21:33:34.357 |0 99.999 0 0 850
|| 2025-01-01 21:33:34.374|0 99.999 0 0 855
I 2025-01-01 21:33:34.746 |0 99.999 0 0 855
? 2025-01-01 21:33:34.804 |0 99.999 0 0 855

Hinh 4.9. Giao dién phan mém can dién tir
+ Giao dién chinh — hién thi dit liéu thoi gian thuc:

— Toan bd dir liéu cam bién gém: van téc, ap suat, khéi luong, budém ga,
tbc do dong co 1 va 2 va 2 dong dién ap duogc hién thi truc tiép va rd rang.

— Gi4 tri duoc cap nhat lién tuc mdi gidy, thé hién tinh 6n dinh va kha ning
phan hdi cua hé théng
+ Moi truong thuc nghiém:

Phan mém dugc chay thir nghiém trén may tinh c6 cau hinh:

— Hé diéu hanh: Windows 10/11 64-bit;

— Visual Studio 2022, NET 6.0;

— Thiét bj két ndi: Vi diéu khién + cam bién thuc té.

Dit liéu duoc truyén lién tuc tir thiét bj cam bién vé may tinh qua cong
COM véi toe do baud 9600bps.
+ Giao dién bang dir ligu:

— Cho phép xem lai di liéu da ghi.
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— Hb trg loc dit lieu theo khoang thoi gian (gio + ngay).
— C6 thé xuat toan bo dix liéu hoic theo thoi gian cu thé ra Excel (*.xIsx).

— C6 thé xo4 dit liéu theo Iénh ngudi ding: "xo4 toan bo" hoic "xoé theo

khoang thoi gian".
e) Giao tiép xac dinh sb lan dap phanh

Mach giao tiép xac dinh sé lan dap phanh bang cam bién loadcell 2,0 kg
Iip truc tiép 1én ban dap. Tin hiéu dién p tir ciu whistone caa loadcell duoc
mach chuyén doi HX711A lap trinh chuyén sang bo do ghi dit liéu DAQ va doc
trén man hinh may tinh dang tin hiéu sé theo thoi gian. Sau khi phan tich FFT
chuyén dix liéu sang mién tan sé dé xac dinh sb lan dap phanh trong toan bo

quang duong xe chay thi nghiém.

So d6 mach giao tiép xac dinh s lan dap phanh néu trén hinh 4.10.

Khung chan phanh RED

P P
? LOADCELL @ R
2KG P
Ban dap phanh : &N
y 2 i COMPUTER
B g
:' -
|

Hinh 4.10. So d6 mach dém s6 lan dap phanh
f) Giao tiép xac dinh s6 vong quay banh xe

Mach giao tiép xac dinh s6 vong quay banh xe twong tu mach xac dinh s6
lan dap phanh. Cam bién khoang céch Iap ¢ dinh trén cum nap phanh dé doc
tinh hiéu quay trén tam phan quang ldp trén mam banh xe. Tin hiéu dién &p tur
cam bién dugc mach chuyén doi HX711A lap trinh chuyén sang bo do ghi dix
litu DAQ va doc trén man hinh may tinh dang tin hiéu sé theo thoi gian. Sau
khi phan tich FFT chuyén dix liéu sang mién tan sé dé xac dinh sé vong quay
banh xe va chuyén sang van téc goc banh xe dé chuan héa sé liéu thanh van téc

xe tuong rng trong toan bo quang duong xe chay thi nghiém.
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So @6 mach giao tiép xac dinh s6 vong quay banh xe néu trén hinh 4.11.

Cam bién vén téc banh xe

COMPUTER

Hinh 4.11. So d6 mach van téc goc banh xe

Mach chuyén d6i HX711A véi d6 phan giai ADC 24bit sir dung dé doc
gia tri dién tré thay doi tir cam bién Loadcell va chuyén sang giao tiép 2 day dé
gui dir liéu vé vi diéu khién. Théng sé ki thuat mach: Bién ap 2,7~5VDC; | <
1,5 mA; d6 phan giai 24 bit ADC; toc do lay mau 10-80 SPS; kich thuéc
(DxRxC): 38x21x10 mm.

g) Pong bd dir liéu theo thoi gian thuc.
+ Nguon dir liéu dau vao: Cong Serial (COM).

Thiét bi phan ciing bén ngoai (vi xt 1Y) truyén dit liéu lién tuc thdng qua

giao tiép Serial (giao tiép tuan tu).

Dit liéu nay duoc truyén theo dinh dang dic biét: goi dit liéu bat dau bang

* va két thic bang #, chira 49 ky tu dit liéu.
+ Tiép nhan va xt ly song song bang luéng UI.

Str dung su kién SerialPort.DataReceived dé tiép nhan dir liéu khi c6 di
liéu mai tir cong Serial.

Trong su kién do:

Buffer duoc kiém tra dé dam bao mot goi dix liéu day du da dén (tac 1a co
* va # va do dai ding).

Khi nhan duoc, chuong trinh goi ProcessReceivedData dé phan tich goi

dir liéu nay.
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+ Co ché hoat dong cua SerialPort.DataReceived:

Khi ma cong Serial (dung P.Open()), hé thong s& bat dau lang nghe dix
liéu tir thiét bi guri dén qua COM.

Ngay khi c6 bat ky chudi dir liéu nao dén, su kién P.DataReceived +=
SerialPort_DataReceived; sé duoc kich hoat.

Hé théng s& chay SerialPort_DataReceived(...) trong mét ludng riéng
(non—Ul thread).

4.4. QUA TRINH THi NGHIEM
4.4.1. Xay dung 19 trinh xe chay thi nghiém
L6 trinh xe chay thi nghiém la tap hop céac chu trinh xe chay. Mdi chu trinh

xe chay c0 cac loai duong (1) duong giao thong do thi, trong do c6 duong trong
thanh phé (noi do6), duong ngoai thanh phé (ngoai d6), (2) duong lién tinh, (3)

duong cao tde, (4) duong ndng thon.

Chu trinh xe chay & Viét Nam c6 nhimg dic diém khac vai cac chu trinh
hién co trén thé gidi. Nhitng diém khac co ban gom: Loai duong, tinh trang
giao thong, diéu kién thé nhudong, dang phan bé dan cu, d6 thi va ca van hoa
phong céch giao théng. Chu trinh xe chay c6 thé dugc tap hop boi mét sé chu
trinh con tly theo thuc té giao thong va diéu kién van hanh va thyc hién theo 3
giai doan: giai doan | tang tc; giai doan Il chay xe 6n dinh va giai doan IlI
giam toc dé phi hop véi md phong nhu hinh 4.12, trong d6 qc 1, qc 2,...qc n

1a nhixng chu trinh con, véi n 1a sb chu trinh con.

qe_1 ' qc 1 qc |

Xuat phat 171 km Dich

Hinh 4.12. Chu trinh xe chay trong thi nghiém

Trong thi nghiém xéac dinh truc tiép lwong tiéu thu nhién liéu nén NCS ap
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dung thoi gian nghi teong dwong vai nhitng giai doan khaoi dong ngudi trong
chu trinh con FTP75 khi danh gia lugng khi thai khi xe dd, dong co tit may dé
ngudi. Thoi gian dirng nghi trén duong wéc tinh bing 6,8 — 4,39 = 2,41 gid
duogc xay dung trén nén tang tong hop cac phuong phap danh gia:

— Phuong phap EUDC Chau Au cé 4 1an nghi véi chu trinh két hop
MVEG-95 Iap lai ECE bén lan (mét 1an khai dong ngudi khi xe khai hanh) va
1ai xe trong d6 thi (ECE) ¢6 b6 sung thém maot phan ngoai d6 thi.

— Phuong phép cua Nhat Ban véi 10-15 lan dirng nghi ché d6 ba lan lap
lai cia mot chu trinh 1ai xe trong d6 thi cong véi mot phan ngoai do thi, tong
s6 12 1015 chu trinh [91].

S6 lan Iap vai nhiing 19 trinh xe chay thi nghiém da thyc hién dam bao cho

s6 liéu 6n dinh, gom:
Lé trinh xe chay thi nghiém thi nhat:

Cac chu trinh trong 19 trinh xe chay thi nghiém thtr nhat ngay 07/04/2024
1a loai duwong hdn hop caa duong noi thanh, duong lién tinh (duong quéc 16)
va duong cao toc, trong d6 han ché ti da chay trén dudng cao téc véi chiéu dai
171 km, diém xuat phat va két thic tai DH Cong Nghiép Ha Noi — 298 dudng
Cau Dién — Ha Noi. néu trong hinh 4.13.
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Hinh 4.13. Lo trinh xe chay thi nghiém tha nhat
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Lé trinh xe chay thi nghiém tha hai:

Céc chu trinh trong 16 trinh xe chay thi nghiém thi hai ngay 03/08/2024
c6 duong hdn hop, dudng noi thanh, duong lién tinh va duong cao toc, trong
d6 han ché tbi da chay trén duong cao téc véi chidu dai 131 km, diém xuat phét

tai Thuwong Thuy, Ha Noi, két thic tai Thuy Ninh, Thai Binh, hinh 4.14.

A Chiinh
i AHTE
thén
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Ha Noi oy
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® Thuy Ninh
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Google

Hinh 4.14. Lo trinh xe chay thi nghiém thu hai
Lé trinh xe chay thi nghiém tha ba:

Céc chu trinh trong 16 trinh xe chay thi nghiém thir ba thuc hién vao ngay
04/08/2024 c6 mit duong hon hop, duong ndi thanh, duong lién tinh va duong
cao toc, trong d6 han ché tdi da chay trén duong cao tc voi chiéu dai doan 1
1a 62,9 km, diém xuét phat tai Thuy Ninh, Thai Binh thé hién trén hinh 4.15.a
va doan 2 dai 66,5 km, tir quéc 16 38 dén Ha Noi thé hién trén hinh 4.15.b.
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Hinh 4.15. Lo trinh xe chay thi nghiém thu ba
4.4.2. Quy trinh thi nghiém

Bwéc 1: Chuan bi dung cu va thiét bi thi nghiém

— Hé thdng gdm xe Vios san xuat nam 2009 di dugc bao dudng dinh ky,
vé sinh bugi, loc gi6 va thay dau béi tron; bo thu thap dir liéu Kisster dat trong
khoang cabin, két ndi véi cac cam bién thong qua cac dau day do téc do dong
co, van toc xe, d6 md budm ga, luc dap phanh va can nhién liéu, dong thoi két
ndi v6i may tinh dé thu thap va luu trit dit liéu. Hé thong con bao gom binh
nhién liéu phu, can dién tir co d6 chinh xac cao, thiét bi do quiang duong (GPS
hodc ddng hd cong to mét), ddng hd bam gid, so6 ghi chép va bang theo dai.

BT

Hinh 4.16. Lap dat thiét bi thi nghiém
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Khung gia, can va thung nhién liéu duoc lap tai cbp sau, cb dinh véi khung vo
xe bang thanh giang va vit; hé théng do nhién liéu dugc két ndi véi hé théng
nhién liéu cua xe thdng qua cac cdt ndi va van khoa. Trong suét qué trinh thi
nghiém, luén c6 01 k§ thuat vién di cting dé hd trg van hanh hé théng

Buwéc 2: Cai dit thong soé thi nghiém

Bén kinh banh xe va sé rang dé do van toc xe.

[E) caibstHess *
Cam bién téc dé banh xe E Ban kinh banh xe (m)
Sérang: 48 0.297
Cém bién tc d6 déng co | Cam bién 3
Sérang: 34 Sérang: 34

w |
Hinh 4.17. Cai dat théng sé k¥ thuat
Budéc 3: Tién hanh thi nghiém
Véi 05 chu trinh da lya chon, trong qué trinh thi nghiém dé tranh anh
huong nhiét d6 moi trudng do hé thong diéu hoa hoat dong ldc ngat 1dc bat nén

khdng bat diéu hoa khi thi nghiém.

Bat may tinh — m¢ giao dién Kisster — chon cong — két ndi

[E) KisSTER - x
Bang Dir Liéu
08/06/2025 15:49:40 KISSTER
Cai bat
COM Chon cong két ngi  ~ Két néi Ngit két
Chon céng két néi
CcoM3 iéu Hién Tai
Van téc xe Khéi luong Téc d6 déng co 1
000.0 km/h 00.000 kg 0000 v/p
Ap luc Budm ga T8¢ dé déng co 2
00.000 kg 000 % 0000 v/p
Dao déng 1 (Hz) Dao déng 2 (Hz)
X1 © vi i X2 i oy2 i
000 000 000 000 000 000
Data
Data 1 : Data 2
0.00 0.00
Status: Chua Két NG | Received Data null Code by QThang.net

Hinh 4.18. Két néi phan mém Kisster
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Khi chuan bi chay thi nghiém thi 4n ghi dit liéu dé bat dau ghi dit liéu cua

chu trinh xe chay gom: Van téc, d6 mé budm ga, khéi lugng binh nhién liéu.
Két thdc thi nghiém thi 4n nat ding ghi dit liéu.
Budéc 4: Nhan két qua thi nghiém

Sau khi két thac chay thi nghiém 4n nat dung ghi dit liéu thi toan bo di
liu sau s& khong luu vao phan mén va khéng anh huong dén sb lidu két qua

thi nghiém.

Tién hanh xuat két qua thi nghiém sang file Excel dé luu vao may tinh. Do

la két qua thi nghiém cua chu trinh con.
Tién hanh twong tu v&i cac chu trinh con tiép theo.
4.4.3. Xac lap diéu kién dir li¢u on dinh

Str dung dir liéu gidng nhau cua luc ban dap phanh va 6 mé budém ga cua

nhitng 14n 14i cling mot xe trén 3 16 trinh xe chay thi nghiém.
a) Luc ban dap phanh

Trén céc 16 trinh xe chay thi nghiém s& chon ra nhiing diéu kién gan nhau
nhu sy xuat hién dén giao théng, luu lugng ngudi va cac phuong tién khac trén

duong, dudng cua, d6 doc, tram xing. ..
Trén db thi hinh 4.19 cho thay d6 16n luc trén ban dap phanh cé cac dinh

xung 12 s6 liéu lya chon caa s6 lan dap phanh.

3

Hinh 4.19. D6 thi luc ban dap phanh trong 3 16 trinh
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b) Phan trim d¢ mé bwém ga
Trén do thi hinh 4.20 biéu thi phan trim 6 md budm ga c6 thé gan dung

xac dinh ty 1& phan trim ban dap chan ga ctia ngudi 1ai xe. Trong 3 16 trinh xe

chay thi nghiém lan luot cic gia tri ty 18 % ban dap chan ga L1 = 14,76628(%),
L2 14,45064 (%), L3 14,57764 (%).

2% dd md& budm ga

20
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Hinh 4.20. 6 thi phan tram do ma buém ga trong 3 19 trinh

Trang thai cua nguoi 14i xe va mtc phan phéi tiéu thu nhién liéu c6 quan
hé thyc té vai nhau. Dua vao céc dir lidu do duoc, sir dung thong ké cho thay
mbi quan hé & cac trang thai dimg, tang toc, giam toc va chay 6n dinh 12 nhiing
y&u cau van hanh bat budc va ki nang co ban cua ngudi lai xe. Khi ding xe
duy tri nd may nén van c6 tiéu thu nhién liéu. O trang thai 6n dinh twong tng
véi van tdc trung binh khoang 40 km/h duoc xac dinh 1am dit liéu tiéu thu nhién

liéu tham chiéu.
4.5. THU THAP VA XU LY KET QUA THi NGHIEM
4.5.1. Chuan bi cac file dir liéu

Cac théng s6 dau vao, théng sb dau ra, thong so xe, thiét b, ... dugc cap
nhat trong phan mém tao thanh nhiing tép dir liéu clng véi van téc xe thi
nghiém. Trong tép chaa cac céc file dit lieu con (i), i = 1,2,3...n, voi i la sb

tha tu nhirng file dit liéu, n 1a file di liéu cudi cua tép.

Viéc cai dat cac théng s6 dau vao theo cau trdc cua phan mém do ghi dix
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liéu.
4.5.2. Qua trinh thuc hién

O mbi file két qua nhan duoc thé hién duoc diém dau va diém cudi, khong
phan biét dudng d6 thi hoic dudng cao téc hodc duong ndng thon.

Khéi lugng nhién liéu ban dau duoc dat 1am chuan ban dau theo kg trén
man hinh may can va trén phan mém tuong Gng ciia may do.

Cam bién do murc dap ga duoc st dung loai cam bién buém ga hoat dong
theo nguyén 1y thay doi dién tré goc

Cam bién do s6 lan dap phanh duoc sir dung loai cam bién lyc gan trén
mit ban dap phanh hoat dong theo nguyén 1y thay doi dién tré mat.

MJi chu trinh s& c6 mot file két qua theo, tap hop két qua cac chu trinh 13
két qua cua 1o trinh xe chay.
45.3. Két qua thi nghiém
4.5.3.1. Bang dir liéu theo thoi gian thuc

Phan mém Kisster ghi dit liéu dang bang Excel.xIsx da duoc lap trinh theo
phép do thuc té dé chuan dau do (calibration) ctiia qué trinh thu thap dit liéu ban
dau. Pon vi (kmv/h) ddi véi van téc xe chay, kg ddi véi ap luc ban dap phanh,
kg ddi vai khdi lugng nhién ligu can do, (%) d6i véi dd mé budm ga thdng qua
ban dap chan ga. Dang file van toc xe chay thuc té trén phan mém thu thap néu
trén hinh 4.21.

Théi gian Vin t8c  Apluc | Khéilugng Budm ga
1 (km/h) (kg) (kg) (%)

30 |2024-04-07 05:37:25.016 5.9 ] 11.668 16
31 |2024-04-07 05:37:25.887 5.9 [¢] 11.668 16
32 |2024-04-07 05:37:25.940 8.2 ] 11.505 12
33 |2024-04-07 05:37:26.803 8.2 ] 11.505 12
34 |2024-04-07 05:37:26.866 10 [¢] 11.319 16
35 |2024-04-07 05:37:27.720 10 [¢] 11.319 16
36 |2024-04-07 05:37:27.785 10 o] 11.446 18
37 |2024-04-07 05:37:28.644 10 ] 11.446 18
38 |2024-04-07 05:37:28.704 10.2 [¢] 11.416 18
39 |2024-04-07 05:37:29.596 12.7 ] 11.277 19
40 |2024-04-07 05:37:29.634 12.7 ] 11.277 19
41 |2024-04-07 05:37:30.493 12.7 [¢] 11.277 19

Hinh 4.21. Dang bang két qua File dit liéu theo thoi gian thuc
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4.5.3.2. Vin téc xe trong thi nghi¢m theo thoi gian thuc

Van téc xe chay trong thi nghiém theo thoi gian thuc caa mdi chu trinh sé
c6 anh huong boi nhidu ¢ tan sé thap: dao dong 6 t6, dao dong ciia moi truong
xung quanh, tiéng 6n, may do, thung nhién liéu... Sir dung bién doi Fourier tir
mién thoi gian sang mién tan sé loai bé cac thanh phan tan sé thap trong mién
tan sb va bién d6i nguoc lai vé mién thoi gian ta nhan duoc két qua van toc xe
chay nhu do thi hinh 4.22.

100 Van téc xe chay thi nghiém 3681 (s)
T T T T

90 -

80

70

60—

50

V (km/h)

I 1 I I 1 I
0 500 1000 1500 2000 2500 3000 3500

Time (secords)
Hinh 4.22. B thi van téc xe chay thi nghiém

Trén do thi van toc xe thi nghiém ¢ chu trinh 1 cho thay thoi gian chay thi
nghiém 1a 3681 s (~61 pht), dai van téc 0—~70 km/h, doan tir 0—~900 s thé
hién duong d6 thi khi xuat hién cac diém van toc vé 0 km/h dic trung bai dung
deén do; doan tir ~900-2000 s van téc duy tri quanh 35-45 km/h, dic trung
duong giao théng lién tinh; giai doan trén dudi 2000 s xuat hién doan van téc
bang 0 km/h, day 1a khoang thoi gian ding xe theo kich ban md phong su ¢d;
giai doan ~3000-3500 s, van tdc tang 1én: 50-70 km/h dic trung boi dudng
ngoai do thi, cao téc. Chu trinh cé tinh bién thién cao, phan anh ding diéu kién
giao thdng hdn hop tai Viét Nam 1a co sd dau vao dang tin cdy dé danh gia mic

tiéu thu nhién liéu trong mé phong va van hanh thyc té.

4.5.3.3. Gia tri do murc tiéu thu nhién li¢u theo thoi gian thuc
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Két qua do mic FC mdi chu trinh xe chay thi nghiém bao gém thai gian,

van toc, mic ban dap chan ga, luc chan phanh.

Tap hop két qua muc FC cua tong cac chu trinh khi dat dugc tong sé km
y&u cau l1a két qua muac tiéu thu nhién liéu caa xe trén 16 trinh xe chay thi
nghiém. Trén db thi hinh 4.23 13 két qua do ctia xe thi nghiém m55 = 1170 kg
Vvé6i chu trinh 1 1am dai dién tir Dai hoc Cong Nghiép Ha Noi dén Déng Tric
(cao tbc Lang Hoa Lac) vai s Km xe chay 1a 34,7 km. Dd thi FCry thé hién
muc tang tiéu thu nhién liéu trén chu trinh thi nghiém khi xe chay. Khi xe chay
thi mac nhién liéu trén can s& giam xuéng do dong co tiéu thy, thong qua bién
d6i tinh ra dugc luong xang tiéu thu, cho két qua tiéu thu nhién liéu FC = 1,057
kg/34,7 km, dbi ra lit thi dugc FCx = 1,47 (Ift/34,7 km) = 4,2 (1it/200 km).

SDE‘) thi mdrc nhién liéu tiéu thu trong thi nghiém xe Vios m55 = 1170 kg

4

3
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0 500 1000 1500 2000 2500 3000 3500
Time (seconds)

Hinh 4.23. Muc tiéu thu nhién liéu do duoc trén xe thi nghiém
4.6. PANH GIA KET QUA THi NGHIEM

4.6.1. Xay dwng phwong trinh hodi quy thue nghiém

Phuong trinh hoi quy téng quat c6 dang phuong trinh (4.1) mé ta anh
hudng giira cac thong sé6 mo hinh FCyy [92].

y = Po + fix1 + Baxy + f3xz + +fpx, +e; n=12,...6 (4.1)

Trong do:
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Bién phu thudc Y 1a muc tiéu thu nhién liéu FCys, 12 bién dau ra biéu dién
bai hamyy.

Bién doc Iap X 1a nhitng yéu té anh huong dén y 1 X1, X2, Xa,..,X, gOM:

x1: Van toc xe V(km/h);

X2: Luc can lan, can dbc lién quan dén khéi luong xe mikg;

x3: Luc can khi dong hoc lién quan dén hinh dang kich thudc xe Py, Kg;

X4: Murc tiéu hao nhién liéu khong tai cia dong co ge (g/kWh);

Xs: Luc ban dap phanh (pep);

Xe: Phan trim ban dap ga (Pga);

Trong d6 fo; fu, Bor B ..., S 12 cac hé s hoi quy can duoge xac dinh, n6
md ta tac dong trung binh cua céc bién; e 1a thanh phan nhiéu.

Dé xac dinh bién phy thudc Y va bién doc lap X can dam bao hai yéu cau:

— Xac dinh dtng bién phu thudc Y va bién doc 1ap X;

— Pam bao dix liéu day du, khdng ¢ gia tri bi thiéu, va duoc thu thap chinh
Xac.
Gia thiét

— Mc tiéu hao nhién liéu riéng g. 12 hang sé va da duoc cong thém vao
gia tri cua hé s6 f;

— Cac diéu kién k¥ nang 1ai xe gdbm Xs | lyc ban dap phanh (pep) va s la
phan tram do mo budém ga (pga) On dinh;

— Piéu kién moi trudong vé nhiét do, ap suat & do cao so V&I muc nudc
bién 1a 6n dinh nén s& bo qua trong tinh toan.

Tu bang dit liéu thuc té thu thap duoc hinh 4.21 ¢ trén cing két qua mo
phong ta co: Giatri caa Y, xa tir két qua do thuc té; gi tri cua Xz, X3 tir mé phong;
cac gié tri dir liéu tong hop s& duoc str dung trong tinh toén cling cac gié tri hé

s6 hoi quy fo; Bu, Be. B 1a céc gid tri trung binh ctia mdi dir liéu, bang 4.1.
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Bang 4.1. Gia tri cia Y va cé4c yéu t6 anh hudng

i Khoi lugng m55 = . . . aA
FCstatk (Lit/100 v(km/h) 1170 kg: Lye can Hln}.1 dang lfhl dong

m) (PP (N) hoc: Luc canPw(N)

Y X1 X2 X3
2,371818117 13,6 286,6228783 14,6212325
2,371818043 13,59999914 286,6228616 14,62123065
2,371817797 13,59999828 286,622845 14,6212288

So=5,26 pu=34,7 /5 =1009,03 S =1155

Tir d6 ta nhan dugc phuong trinh hdi quy thuc té c6 dang (4.2)

y = 5,26 + 34,7x; +1009,03x, + 115,5x5 (4.2)

4.6.2. Panh gia dd tin ciy ciia cac hé sé hoi quy

St dung hé sb xac dinh R? dé danh gia mirc d6 phii hop ctia md hinh, khi
R? cang gan 1 thi mo hinh cang phu hop, cac hé s6 hoi quy cang dam bao do
tin cdy. V& d6 thi phan tan (scatter plot) & quan sat mdi quan hé giita hai yéu
t6 ddc 1ap FCesar VO X1, X2, X3 dé kiém tra xem mirc d tuyén tinh ctia quan hé.

Do thi phan tan ctia mdi quan hé dugc néu trén hinh 4.24

Quan sat trén cho thiy cic quan hé cua yéu t6 dau ra Y véi ba yéu té dau
vao 1a tuyén tinh. Hé s6 xac dinh ctia quan hé Y voi x;¢6 R? = 0,9195, hinh 4.24
a cia quan hé Y vé&i x, ¢ R? = 0,9942, hinh 4.24 b va cua quan hé Y v6i X3 €0
R? = 0,8338, hinh 4.24 c. Nhu vay cac hé s hdi quy trong phuong trinh (4.2)

c6 do tin cdy cao, diéu nay dam bao cho két qua khao sat dang tin cay.

FC(stat) (Lit/100km) ¥ VS X1 FC(stat) (Lit/100km) Y VS X_2
7 7
6 y = 0.038x + 2.7229 6
R?=0.9195 e y = 0.0004x + 1.0108
5 et s R? = 0.9942
4 4
3 3 :
2 2
1 1
x_1; v(km/h) x_2; Pf+Pi(N)
o o
o 20 10 60 80 100 0 5000 10000 15000

a) Y vs Xg b) Y vs x,
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FC(stat) (Lit/100km) Yvsx_ 3

y = 0.0037x + 3.8539
R? =0.8338

X_3; Pw(N)

O B N W A& U @ N

o

100 200 300 400 500 600 700 800

C) Y VS X3

Hinh 4.24. D6 thi quan hé x4c dinh R? ctia FCys; VO X1, X2, X3
4.6.3. Phan tich anh huwéng ciia cic yéu t6 dén mirc tiéu thu nhién liéu
4.6.3.1. Lwa chon phin mém phén tich

Dir li¢u tinh todn va thu thap duogc sé c6 dung Iuong lon (big data) va co
d6 phirc tap cao nén can cong cu phan mém manh. Dit liéu [6n duoc tao ra tir
cac cam bién c6 tan suat ldy mau cao dit tai nhiéu vi tri twong ang Véi cac yéu
t6 anh huong [93]. Str dung cac cam bién cua bo do ghi co d6 chinh xac 0.001/s
tuong tng véi 3 diém do/s. Thoi gian cta mdi chu trinh 3681(s)*3 = 11043
diém do. Véi cach tinh dung luong = (Tan s lay mau) x (D¢ bit) x (Thoi gian
ghi), gia thiét sir dung may tinh c6 do bit = 64 thi dung luong mét file ghi cho
mat chu trinh s& 12 11043*64*3681 = 2.60155E+9 bit va chia cho 8 s& co sb
byte |a 325194264 byte ~0.3 (GB).

Vé6i mdi tap dit lidu két qua theo phuong trinh hdi quy (4.2) biéu dién anh
huong cua cac yéu té dén két qua xac dinh FCgqs. Phan tich danh gia két qua
bang cong cu thong thuong sé rat kho dam bao mie do day di va do chinh xac
cua két qua. Trong Luan an nay, NCS da ang dung phan mém Minitab phan
tich anh hudng cua cac yéu to dén két qua phan tich xac dinh mac tiéu thy nhién

Sau khi nhap dit liéu vao cot trong bang tinh (worksheet) véi cot Y 1 bién

phu thudc, céc cot X 1a bién doc lap, tién hanh chay hdi quy tuyén tinh: Vao
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Stat > Regression > Regression > Fit Regression Model. Chon: Response: Bién
phu thudc (Y). Predictors: Cac bién doc 1ap (xa, Xz,...), hinh 4.25.

Regression >

C1 3 1; v{km/h) Rgsponses:
€2 x Z;Pf+Ri(N) v
c3 %_3; Luc can khi ¢
c4  Y; FCistat) {Lit/1(

Continuous predictors:
c1,c2,c3

Categorical predictors:

Model... | Options... l Coding... | Stepwise... |

Validation... | Graphs... l Results... | Storage... |

Help | oK | Cancel |

+ 1 c2 Cc3 c4 C

x_1; Vikm/h) x_2; Pf+Pi (N ) x_3; Luc can khi dong Pw( N ) Y; FC(stat) (Litf“lﬂokm)l
1 14 2866 15 2.4
2 14 2866 15 2.4
3 14 2866 15 2.4
4 14 2866 15 2.4
5 14 2866 15 2.4

Hinh 4.25. Giao dién khoi chay phan mém Minitab
4.6.3.2. Anh hwéng cia cdc yéu t6 X dén Y
a) Anh huong caa van toc x; dén FCey Y

Trén hinh 4.26 hién thi théng tin két qua phan tich trong phan mém
Minitab cho thay ham twong quan cua yéu to van toc x; dén yéu té Y 13 ham bac
nhét, ¥ nghia thong ké c6 hé sé p-value 0,993 > 0,05 nén x; s& anh huong rat

l6n dén Y.
Do phu hop ciia mo6 hinh dam bao phu hop véi R-squared (R?) = 0,7353

Hién tuong da cong tuyén giira cac bién doc 1ap khong xuat hién do VIF
=1,00 << 10.
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Phan du phan bd ngau nhién xung quanh truc 0 trén d thi Fitted Value
nén khong c6 phan du.

Regression Equation Coefficients
¥; FC(stat) (Lit/100km) =  0.0001 + 0.078355 %_1; V(km/h) Term Coef SE Coef T-Value P-Value VIF
Constant 0.0001 0.0126 0.01 0.993

x_1; Vkm/h) 0.078355 0.000003 25617.27 0.000 1.00

Fits and Diagnostics for Unusual Observations Model Summary
Y: FC(stat) S R-sq R-sq(adj) R-sq(pred)
Obs _ (Lit/100km) Fit Resid Std Resid 0774066 100.00%  100.00% 73.53%
3749 19837.4 198372 02 58.96 R X

R Large residual
X Unusual X

Analysis of Variance

Source DF Adj SS Adj Ms F-Value P-Value
Regression 1 3932079609 393207969 6.56245E+08 0.000
x_1; V(km/h) 1 393207969 392207969 6.56245E+08 0.000
Error 3748 2246 1
Lack-of-Fit 237 2242 9 8247.65 0.000
Pure Error 3511 4 [
Total 3749 393210214

Residual Plots for Y; FC(stat) (Lit/100km)

MNormal Probability Plot Versus Fits
9999
a9 1
e 90 =
& = L]
g 50 e R
& ]
10 =
1 1
0.0
3.0 15 0.0 15 30 0 5000 10000 15000 20000
Residual Fitted Value
Histogram Versus Order

400

Frequency
L) i
2 s

Residual

=]
=

0

126 084 -042 000 042 084 126 1 500 1000 1500 2000 2500 3000 3500
Residual Observation Order

Hinh 4.26. Anh huong cua van toc x; dén Y
b) Anh huong cua khéi luong X, dén FCy Y
Trén hinh 4.27 hién thi thong tin két qua phan tich trong phan mém
Minitab cho thay ham twong quan ctia yéu t6 khdi lugng (trong thanh phan cua
lyc can ldn va can doc) x, dén yéu td Y 1a ham bac nhat, y nghia théng ké c6 hé

s6 p-value 0,996 > 0,05 nén x, s& anh huong rat Ion dén V.
Do phu hop ciia mé6 hinh dam bao phu hop véi R-squared (R?) = 0,9635

Hién tuong da cong tuyén giira cac bién doc 1ap khong xuat hién do VIF
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=1,00 << 10.

Phan du phan b ngau nhién khong déu xung quanh truc 0 trén d6 thi

Fitted Value nén c6 phan du, cac phan du nay c6 gia tri duong.

Analysis of Variance Regression Equation
Source DF Adj SS Adj MS F-Value P-Value ¥; FC(stat) (Lit/100km) = 000002 + 0.000522 x_2; Pf+Pi (M)
Regression 1393210097 393210091  1.19238E+10 0.000
X_2; Pi+Pi (N) 1393210091 393210091 1.19238E+10 0.000
Error 3748 124 0
Lack-of-Fit 237 120 1 439.93 0.000
Pure Error 3511 4 0
Total 3749 393210214
Coefficients Model Summary
Term Coef SECoef  T-Value P-Value VIF S R-sq  R-sq(adj) R-sq(pred)
Constant 000002 000297 0.01 0.996 0.181596  100.00% 100.00% 96.35%

x_2; Pf+Pi (N) 0000522 0000000 109196.05 0,000 1.00

Fits and Diagnostics for Unusual Observations

Y; FC(stat)

Obs  (Lit/100km) Fit Resid Std Resid
1 24 15 09 483 R
2 24 15 08 483 R
Mormal Probability Plot Versus Fits
99.99 * 1.0
90 - IIJ l
e % = ]
o 3 05
) 50 =
; w
a &
10
1 oor - *
0.01
-0.5 0.0 0.5 1.0 0 5000 10000 15000 20000
Residual Fitted Value
Histogram Versus Order
800
>, 600
z -
< 5
=] 2
o 400 @
o 4
e
200
0
036 000 016 032 048 064 080 096 1 500 1000 1500 2000 2500 3000 3500

Residual Observation Order
Hinh 4.27. Anh huong caa khéi luong x, dén 'Y
¢) Anh huong cua khi dong hoc Xz dén FCos Y
Trén hinh 4.28 hién thi thong tin két qua phan tich trong phan mém
Minitab cho thdy ham twong quan cta yéu t6 khi dong hoc (hinh dang thiét ké
xe) xs dén yéu t6 Y 1a ham bac nhat, y nghia thong ké cé hé sé p-value 0,988 >

0,05 nén x3 s& ¢6 anh hudng dén Y, nhung nho hon X; Va X».

Do phu hop ciia mo6 hinh dam bao phu hop véi R-squared (R?) = 0,4695
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Hién twong da cong tuyén giira cac bién doc 1ap khong xuat hién do VIF

=1,00 << 10.

Phan du phan bd ngiu nhién khong déu xung quanh truc 0 trén d6 thi

Fitted Value nén c6 phan du, cic phan du nay phan b nhiéu hon ¢ nhitng gia

tri am.

Regression Equation

Coefficients

Y; FC(stat) (Lit/100km) = 0.0004 + 0.013650 x_3; Luc can khi ddng Pw (N) Term Coef SECoef T-Value P-Value VIF
Constant 0.0004  0.0297 0.02 0.988
x_3; Luc can khi dong Pw (N) 0013650 0.000001 10899.05 0.000 1.00
Model Summary Analysis of Variance
S R-sq R-sq(adj) R-sq(pred) Source DF Adj $S Adj MS F-Value P-Value
181935 100.00%  100.00% 46.96% Regression 1 393197808 393197808 1.18789E+08 0.000
%_3; Luc cn khi dong Pw (N) 1 393197808 393197808 1.18789E+08 0.000
Error 3748 12406 3
Lack-of-Fit 237 12402 52 45629.48 0.000
Pure Error 3N 4 0
Total 3749 393210214
Fits and Diagnostics for Unusual Observations
Y; FC(stat)
Obs  (Lit/100km) Fit Resid Std Resid
3621 58 96 -37 -205 R
Residual Plots for Y; FC(stat) (Lit/100km)
MNormal Probability Plot Versus Fits
99.99
99 2
£ 90 = .
) B e
g 50 7
a e
10 2
;
0.01 -4
-8 -4 0 4 8 0 5000 10000 15000 20000
Residual Fitted Value
Histogram Versus Order
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b —
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E 200 =
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w
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Residual

1 500 1000 1500 2000 2500 3000

Observation Order

3500

Hinh 4.28. Anh huong cua khi dong hoc x; dén 'Y

Yéu té anh huong chinh duoc xac dinh dinh tinh trén db thi (Mail Effects

Plots) hinh 4.29. Hai yéu t6 khéi luong va van toc xe duoc vé& trén hai 6 khac

nhau, 6 bén trai cua d6 thi biéu dién anh huéng caa bién x; van téc xe, 6 bén
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phai biéu dién anh huang cua bién x; khéi luong xe.

Nhin trén d6 thi ta thiy d6 déc ctua duong van téc 16n hon rat nhiéu so voi
d6 déc duong khdi lugng nén cé thé nhan xét khdi lugng xe va van toc xe chay
déu c6 anh hudng dén mac tiéu FCys nhung van toc xe V (km/h) 1a yéu tb anh
huong chinh, micc 6 anh huong 1a 5,6 1an anh huong cia khdi lwong m kg.
Tuy nhién day chi la danh gia & mic do dinh tinh.

Main Effects Plot for FC (lit)
Fitted Means

5000

2500

/ ,,,,,

Means of t(s)

2500

-5000

1170.0 1545.0 10.0 75.0

Hinh 4.29. Mtic d6 anh huéng cua cac théng sé khéi lugng va van tc xe
4.6.4. So sanh két qua thi nghiém va mé phéng
4.6.4.1. Co so so sanh

Trong diéu kién cho phép cua luan an, xét mot dot thi nghiém lam dai
dién, NCS lua chon 16 trinh thi nghiém ngay 07/4/2024 theo hinh 4.13 & trén
c6 tong quang dudng xe chay 171 (km), trén d6 chia thanh 5 chu trinh con. Chu
trinh thtr nhat trén quang duong 34,7 (km) tinh tir diém xuat phat tai truong
DHCN Ha Nbi dén diém Déng Tric (Cao téc Lang Hoa Lac). Tong hop 5 chu
trinh trinh bay trén bang 4.2.

Bang 4.2. Tong hop két qua chay thi nghiém ngay 07/4/2024, m55 = 1170 kg

Thi nghi¢m ti¢u hao nhién li¢u trén 6 to ngay 07/04/2024

Chu trinh 1 Chu trinh 2 Chu trinh 3 Chu trinh 4
Noi dung S6 ligu Két qua S6 ligu Két qua S6 ligu Két qui S6 ligu Két qui
[Thoi gian xudt phat 4h12' - 5h37" — 7h02" f— 8h27" f—
[Thoi gian két thuc 5h12' 6h37' 8h02' 9h27'
86 km dau 0 34,7 69,4 104,1
o - 4, . b : ;
0 km cudi 34,7 47 69,4 R 104,1 & 138,8 S
Luong nhién lidu dau (g) 12.464 11.391 10.377 11.323
1.057 1.009 1.025 1.082
Luong nhién lidu cudi (g) 11.407 10.382 9.352 10.241
_ A Dong Tric(CT Ling hoa Ddng Van (Yen lac) - V6 Van Kigt - Ciu Dong
. ELCIY =6 lac) - Son Tay - cAu Vinh Quéc 10 2A - Pudng Mé Tril - Chu thanh Tri -
Lo trinh chay - Chua Thay - Dong hinh- Do an - Y Ll 5 g X A T
Trie(CT Léng hot lac) Thinh- Dong Vin - Yén inh - Buqng Vo Van Duong Do Mum(Hoang
lac Kiét mai)
Pic diém dudng xa Noi do, ngoai 6, cao toc Ngoai 6 c6 dbc Ngoai 6 Ngoai 6, D6 thi
[Thoi gian nghi gidi lao Két thiic lan 1: 25 pht Két thc lan 2: 25 phut IKét thic lan 3: 25 pht Két thuc 1an 4: 25 phat
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Cu thé lay két qua thi nghiém ¢ chu trinh 1 dé so sanh toan dién sé liéu
muc tiéu thu nhién liéu gitra thi nghiém va mé phong, ¢ do st dung cung mot
tin hiéu dau vao 1a van téc thuc caa xe trong qué trinh thi nghiém. Tur dix liéu
van téc do dugc (tin hiéu thd), st dung bd loc Butterworth va 1am min d6 thi
dé loc cac nhiéu tan sb thap dudi 10 (Hz) va céc nhidu khac, tin hiéu van téc
sau loc (tin hiéu sach) duoc str dung trong phan tich két qua do mirc FCry va
trong md phong FCype V&i cling thoi gian 3681 (s) va cling sé diém do 8264
diém twong Gng. Cac budc sir dung bd loc 1am sach dit lidu trong Matlab

Simulink dugc trinh bay trén hinh 4.27.

Di mé phéng 1 dé

kiém tra di¥ liéu D

So sanh véan téc xe trudc va sau loc V(km/h) D
V(km/h) thé T
"Filter Designer | ] V(km/h) da loc
’ vahicle_velocit_ts ‘“‘ L \ - "LV _filtered . Vopred = *l e > /_
V_thé (km/h) ” 'I ‘i \‘ [ V_pred_signal

Filter Butterworth Loc the_V Lam muwot_V  V_loc tinh (km/h)
it thort
Hinh 4.30. Cac budéc loc 1am sach dit liéu van téc xe chay trong thi nghiém

Déi véi cac phép do co thong sb xac dinh va céac bién thi nghiém 6n dinh,
trong luan an nay viéc so sanh gitta két qua mo phong va thuc nghiém dugc
thuc hién theo nam nhom phuong phap toan hoc co ban, bao gom: (i) thong ké
mo ta, (i) do luong sai sd, (iii) kiém dinh thdng k&, (iv) phan tich trong quan
va (V) truc quan hoa dix lidu. Trong dé, hé sé twong dong CCC (Concordance
Correlation Coefficient) duoc sir dung nhu mét chi tiéu quan trong dé danh gia
murc d6 phu hop gitta hai bo dir liéu theo cac nghién ciru cta Choi va céc tac
gia [94], cung cac hudng dan phan tich trong [95] va [96].

O nhitng phép do co6 nhing thong sé xac dinh va céac bién thi nghiém 6n
dinh thudng c6 nam phuong phap toan hoc co ban dé so sanh dit liéu két qua
thi nghiém va mé phong [94], [95], [96] bao gom:
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(1) Phuong phap théng ké mé ta: St dung cac gia tri trung binh (Mean)
dé so sanh xu hudng trung tam; sir dung do léch chuan (Standard Deviation) dé
do do6 phan tan; stir dung gia tri trung vi (Median) la gid tri chinh gitta khéng bi
anh hudong boi ngoai lai (outlier); danh gia pham vi (Min, Max, Range) xac
dinh khoang bién thién cua di liéu va sir dung t phan vi (Q1, Q3) dé chia phan

bé thanh cé&c phan so sanh.

(2) Phuong phap do ludng sai sé st dung cac chi sé MAE (Mean Absolute
Error) Ia trung binh sai sb tuyét d6i, RMSE (Root Mean Square Error) la cin
bac hai trung binh cua binh phuong sai s6, MAPE (Mean Absolute Percentage
Error) 12 sai s6 phan trim dé so sanh twong ddi, khéng phu thudc vao don vi va

st dung R2 score (0—1) dé do d6 phl hop cia mé hinh.

(3) Phuong phép kiém dinh thong ké st dung chi sb T-test dé kiém dinh
su khéc biét gitra hai trung binh gia dinh phan phéi chuan; chi s Kolmogorov-
Smirnov test dé kiém dinh phan phdi dé so sanh toan bo ham phan phéi tich liiy
va chi sé Mann-Whitney U test dé kiém dinh phi tham sé khi khdng gia dinh

phan phdi chuan.

(4) Phuong phap phan tich twrong quan sur dung Pearson correlation la chi
s6 twong quan tuyén tinh tir -1 d&én 1 dé xac dinh mtrc do quan hé tuyén tinh.
Chi s6 Spearman correlation 1a twong quan thir bac dé phét hién quan hé doc
lap. Chi s6 CCC la hé sé tuong dong dé danh gia sy déng nhat gitra hai phép
do.

(5) Phuong phap truc quan st dung mot trong cac biéu do: Do thi Line
plot dé quan sat danh gia dai s6 dé so sanh ty & phan tram, biéu d6 phan tan
Scatter plot dé danh gia su phan tan sé liéu do, biéu d6 danh gia su dong nhat

Bland-Altman plot hozic phan phdi va ngoai lai Histogram & Boxplot.

Do thi Line plot 1 phd bién nhat khi st dung Matlab Simulink trong md

phong dé danh gié toan dién tir nhidu goc do dé dua ra két qua co tinh téng quan
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bang hinh dang db thi va dinh luong s6 liéu. Luén an di lya chon d6 thi Line
plot trong phuong phap tha 5 trong phan mém Matlab Simulink lay két qua
phan tich tryc quan va két hop véi nhitng chi sb danh gia chinh ¢ 4 phuong
phap trén dé so sanh danh gia két qua thi nghiém va md phong. So d6 danh gia

toan dién so sanh két qua, hinh 4.31.

velocity - FC_MP—I
= 1 Mé phéng FC D

\
Thi nghiém do van téc thuc rom—I |

So sanh FC_TN va FC_MP

Thi nghiém do FC

Hinh 4.31. So d Simulink so sanh toan dién két qua FC thi nghiém va mo
phong

4.6.4.2. Két qud so sdnh
a) Do thi két qua so sanh

Thaoi gian thi nghiém va mod phong 3681 giay (~1,02gi0¢), cic bang di liéu
cho s6 diém dit liéu 8264 diém do, ty 1& xich 2,245 nam trong pham vi tan sb
lay mau theo Iy thuyét. Két qua so sanh giira mé phong va thi nghiém trinh bay
trén hinh 4.29. Trén do thi ¢ hai duong biéu dién muac tiéu thu nhién liéu, mau

do6 cuaa thi nghiém va mau xanh ctia mé phong.

So sanh mé phdéng FC va thi nghiém m55 = 1170 kg
5 T T T T T T

M6 phong
ar ‘ ' ‘ ‘ ‘ Thi nghiém

A T

|

! |
| )

!

FCqy — FCyp (lit/34,7km)
N

_2 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500

Time (seconds)

Hinh 4.32. 6 thi so sénh két qua FC thi nghiém va mé phong
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Puong mau d6 1a dudng thé hién murc ting lugng tiéu thu nhién liéu theo
thoi gian, 14 mac giam luong nhién liéu hién thi trén can nhién liéu da d6i sang
lit khi xe van hanh thuc té vai khdi lugng xe m55 = 1170 kg; dudng mau xanh
1a thé hién muc tiéu thu nhién liéu theo thoi gian thuc trong mé phong cua chu
trinh 1 voi m55 = 1170 kg 1am dai dién, tai cac diém ding thi mac tiéu thy
nhién liéu tién gan vé 0 IGc nay muc tiéu thu nhién liéu thé hién 1a muc tiéu thu
nhién liéu khong tai, cudi chu trinh 13 doan chay trén cao téc nén muc tiéu thu

nhién liéu vuot 1€n cao so véi trude do.

Trén d6 thi cho thay FCype va FCry nam trong khoang tir 0 dén 8 (lit/chu
trinh thi nghiém) c6 d6 bién dong cac diém do twong déng nhau phan &nh xu
thé thay doi luong nhién liéu tiéu thu FC 1a nhu nhau. Nhimng diém sai léch gitra
hai @6 thi phan anh sy khéac nhau cua diéu kién thi nghiém va md phong. Nhiing
diéu kién moi trudong va ki niang ngudi lai xe gdom anh hudng cua cac yéu td
thuc té nhu diéu kién duong x4, thoi tiét, chat luong nhién ligu... trong mo
phong st dung diéu kién 6n dinh.

b) Két qua mé phong luong nhién liéu tiéu thu FCuyp

D6 léch chuan & cac pham vi ¢ gia tri trung binh 0-2,48 lit va & pham vi
0,80—4,95 lit cd gié tri trung binh 2,06 lit déu c6 do léch chuan 0,42 lit.

Dit liéu 6n dinh véi hé s bién thién thap CV = 20,03%.

Phan phdi léch phai nhe (skewness = 0,36), khong c6 gia tri am.

Dang d6 thi phu hop quy luat véi Kurtosis cao (4,04) c6 dinh nhon, it
outlier & dudi

Nhgn xét: Dit liéu md phong co chat luong tét, on dinh, du bao s& phu
hop Véi tin hiéu do luong vat Iy thuc té.
¢) Két qua thi nghiém lwgng nhién liéu tiéu thu FCry

Trén dd thi, & pham vi FCry c6 gia trj trung binh 0-2,62 lit do léch chuan



133

1a 1,07 kg va & pham vi 6,84-9,77 lit c6 d6 léch chuan 1,69 lit. Nhu vay d6 léch
chuan tong: 1,69 — 1,07 = 0,62, 1éch 0,2 so véi 0,42 ciia md phong.

Dit liéu khong 6n dinh véi hé sb bién thién cao CV = 66,03% nguyén nhan
do trong thi nghiém c6 nhiéu thong sé bién thién sinh ra cac nhiéu tin hiéu.

Phan phéi léch phai Ion (skewness = -0,16), c6 nhiéu gia tri am
14,085/659,043 gia tri, chiém 5,68% tong s6 tin hiéu do nhiéu. Tuy nhién ty Ié
phan trim nay cho phép chap nhan dugc trong do ludng co khi.

Dang do thi phang hon so véi phan phdi chuan véi Kurtosis thap (0,14) ¢6

Nhgn xét: Dit liéu thi nghiém cé nhiéu, nhiing gia tri &m cho thay anh
hudng rd nét cac cam bién do hoic calibration dit liéu ban dau. Trén co s nay
dua ra nhitng khuyén nghi vé lya chon cam bién do va chuan hda tin hiéu trong
thi nghiém.
d) Nhan xét so sanh gitta FCyvp va FCry

— Gié tri trung binh: O pham vi gia tri trung binh FCyp 2,48 lit va FCry
2,62 lit c6 d6 chénh léch: +0,14 lit, tinh theo phan tram 1a (2,62 — 2,48)/2,48 x
100% = 5,65%. Nhu vay FC+y chénh 1&ch so véi mé phong 1a 5,65%.

— D6 6n dinh 6: FCyp €6 owp = 0,42 lit (6n dinh) va FCry : oy = 1,07 lit
(khdng 6n dinh). Nhu vay FCue ¢6 mic 6n dinh cao hon gép 2,5 lan FCry.

— C4c sai s6 do luong trong thi nghiém: Sai sb tuyét ddi trung binh MAE
= 0,98 lit. Sai s6 binh phuong trung binh RMSE = 1,22 lit.

— Céc chi s6 kiém dinh thong ké: T-test: p-value < 0,001 c¢é y nghia théng
ké cao. Mann-Whitney U: p-value < 0,001 cho thay nhitng khac biét déu co y
nghia théng ké.

— Phan tich tuong quan: Pearson r = 0,934 cho thay tuong quan cao dam

bao d6 tin cdy. Chi s6 Spearman p = 0,95 cho thay twong quan thir bac manh
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va do ddng nhat CCC = 0,720 rat cao cho thay hai tap dit liéu gan nhau va cé

twong quan manh.
4.6.4.3. So sdnh két qud ¢ khoi lwong giam

Dé so sanh, danh gia két qua gitra thi nghiém va mé phong NCS con lam
thi nghiém véi khdi luong nhé hon xe nguyén ban 10%: m44 = 1053kg (bao
gom khdi lugng xe khdng tai 940 kg; dung tich thing nhién liéu 45 lit x 1/3 =
15 lit x 0,7 = 11 kg; Lai xe = 75; Can + gia can + nhién liéu trong binh chia =
30 kg; théo 16p du phong va ghé phu va phu kién khong can thiét). Lo trinh thi
nghiém tuong tu nhu 16 trinh hinh 4.13 chay thi nghiém cta xe nguyén ban
m55 Vi cung gid chay thi nghiém gidng nhau, moi diéu kién chay twong dong
nhau dé han ché anh huéng caa mat do giao thdng theo cac cung gio. Két qua

chay thi nghiém véi khéi luong m44 = 1053 kg nhu sau, bang 4.3.

Bang 4.3. Tong hop két qua chay thi nghiém ngay 14/04/2024 véi m44 = 1053
kg

Thi nghi¢m ti¢u hao nhién li¢u trén 6 to ngay 14/04/2024

Chu trinh 1 Chu trinh 2 Chu trinh 3 Chu trinh 4
Noi dung S ligu Két qua S6 ligu Két qua S6 ligu Két qui S6 ligu Két qui
Thoi gian xuét phat 4h02' 5h27' 7h55" 8h20'
> ' 1h02' 1h00" 1h00"
Thoi gian két thic 5h02' i 6h29" g 7h55' £y 9h20 00
S6 km dau 0 34,7 69,4 104,1
. = 34,7 34,7 34,7 34,7
S6 km cudi 347 69,4 104,1 138,8
Lugng nhién lidu du (g) 12.488 11516 10.546 11.683
Luong nhién liéu cudi (g) 11.514 S 10.542 e 9.616 e 10.735 S

L4 trinh chay

PHCN - ciu Phing
- Chua Thiy - Dong
Tric(CT Lang hoa lac)

Pong Tric(CT Lang hoa
lac) - Son Téy - cau Vinh
Thinh- Dong Vin - Yén lac|

IPong Van (Yén lac) - Qudc
16 2A - Buong Mé Linh -
Puong Vo Van Kiét

V& Vin Kiét - Cau Dong
Trdi - Cau thanh Tri -
Puong DS Mudi(Hoang
mai)

Dic diém duong xa

Noi do, ngoai 6, cao toc

Ngoai 6 c6 doc

Ngoai 6

Ngoai 6, D6 thi

Thoi gian nghi giai lao

Két thic lan 1: 25 phat

Két thic lan 2: 25 phit

Két thuc 1n 3: 25 phut

Két thuc 1n 4: 25 phut

Két qua chay thi nghiém so sanh trong chu trinh 1 cho thay xe thoi gian

1h00°, quing duong 34,7 km, FC = 0,974 kg = 1,35 lit. So véi khdi lugng
nguyén ban m55 thi khi giam khéi lwong 10% thi muc tiéu thy nhién liéu giam
7,8% va so vai mo phong la 7,2%. Nhu vay chénh léch %: 7,8 — 7,2 = 0,6% la
do k¥ ning 1ai va cac yéu to bén ngoai.

KET LUAN CHUONG 4

Chuong 4 da trinh bay qua trinh nghién cuu thuc nghiém do murc tiéu thu
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nhién liéu trén xe Toyota Vios 2009, bao gém thiét ké thiét bi do, xay dung 16
trinh thi nghiém, thu thap va xu ly dix liéu, danh gia két qua va so sanh véi mo

phong.

Phuong phap do murc tiéu thy nhién liéu truc tiép trén xe chay duong thuc
duoc lua chon, pht hop véi tiéu chuan SAE J1321 va diéu kién thuc té tai Viét
Nam, NCS d4 thiét ké, ché tao b do mirc tiéu thu nhién liéu phuc vu cho nghién
ctru thuc nghiém. Bd do sau khi ché tao da duoc kiém dinh bai Tong cuc Tiéu
chuan Po ludong Viét Nam, bao dam d6 chinh xac va do tin cay cua cac so liéu

do trong qua trinh thi nghiém.

Lo trinh xe chay thi nghiém duoc lya chon dua trén céc 16 trinh tiéu chuan
cia My, Chau au, caa Nhat ban vé sé km, van téc, thoi gian... va phan anh da
dang diéu kién giao thdng thuc té tai Viét Nam. Dya trén chu trinh xe chay thi
nghiém va bo do da ché tao, cac phép do muc tiéu thu nhién lidu duoc tién hanh
trong nhiig diéu kién xac dinh, dong thoi khdi luong cia 6 té duoc thay doi
dé danh gia anh huong cua khéi luong dén muc tiéu thu nhién liéu. Két qua thi
nghiém cho thay muc tiéu thu nhién liéu tang theo sy gia ting cua khoi luong
xe, phl hop v&i xu hudng bién thién da duoc xac dinh trong md hinh ly thuyét

va mé phong & cac chuong trudc.

Két qua so sanh giita FCyp va FCry trong cliing chu trinh thir nhat véi 8264
diém do va thoi gian 3681 gidy cho thdy muc d6 trong dong cao. Gia tri trung
binh FCry sai léch so véi FCwp 13 5,65%, nam trong pham vi sai s6 cho phép
cua thuc nghiém co khi. Két qua thi nghiém trén xe c6 khéi lugng giam 10%
(m44 = 936 kg) cho thay muc tiéu thy nhién liéu giam 7,8% so véi xe nguyén
ban, trong khi md phong cho két qua giam 7,2%. Muc chénh léch giira thi
nghiém va mé phong chi 1a 0,6%, hoan toan nim trong pham vi sai s6 do ky
nang 14i xe va diéu kién méi truong bén ngoai. Qua dé chieng minh murc d6 tin

cay cua mo hinh, phuong trinh FC, chu trinh xe chay thi nghiém va bo do da
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xay dung.

Cac két qua thuc nghiém trong chuong 4 da kiém chuang thanh céng mo
hinh tinh hoc FCgg Xay dung ¢ chuong 2 va chuong 3, déng thoi khang dinh
bang s6 liéu thuc té rang khéi luong xe 13 yéu té anh huong quan trong dén
muc tiéu thu nhién liéu, dong thoi tao co sé khoa hoc va thyc tidn cho viéc &p
dung cac giai phap giam khéi lugng xe, trong d6 c¢6 dinh huéng sir dung vat

liéu nhe, nham giam muc tiéu thu nhién liéu trong khai thac thuc té.
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KET LUAN

Luan &n "Nghién citu dnh huéng cua khoi lirong 6 10 5 ché dén mac tiéu
thy nhién ligu" da duoc thuc hién véi muc tidu 1am rd méi quan hé gitra khéi
luong xe va muac tiéu hao nhién liéu trong cac diéu kién van hanh khac nhau,
trén co s& két hop gitra nghién ctru 1y thuyét, mo hinh héa, mé phong va danh
gia thuc nghiém. Két qua nghién ctru da 1am rd ban chit mdi quan hé giita khoi
luong xe véi cac luc can chuyén dong va mirc tiéu hao nang luong trong qua
trinh van hanh, qua d6 khang dinh khdi luong 1a mot trong nhimg thong sb co

anh hudng truc tiép va dang ké dén mirc tiéu thu nhién li¢u cua 6 td

Vé mat khoa hoc, luan an da hé théng hoa duoc co so 1y thuyét vé cac luc
can chuyén dong cua 6 t6, ddng thoi xay dung md hinh toan hoc va mé hinh
mo phong trén nén tang Matlab/Simulink nham danh gia dinh lwong anh huong
cua khéi lugng xe dén lyc can chuyén dong va muc tiéu thu nhién liéu. M6 hinh
dugc xay dung trén co so cac thong sb thuc té cua xe Toyota Vios 2009, két
hop véi dit liéu van toc thu thap tir thyce nghiém va xi ly tin hiéu dau vao, bao

dam d6 tin cay va tinh khach quan cua két qua nghién ctu.

Két qua nghién cau cho thay luc can lan bién thién ty 1& thuan véi khoi
luong xe, trong khi luc can khi dong hoc gan nhu khéng phu thudc vao khoi
luong khi hinh dang xe khong thay d6i. Trén co s¢ khao sat nhiéu mac khoi
lugng khéc nhau, luan 4n da xac lap duoc quy luat bién thién caa mac tiéu thy
nhién liéu theo khéi luong xe. Do dic tinh phi tuyén cua dit liéu, md hinh ham
ghép doan duoc lua chon dé mo ta méi quan hé nay, trong d6 m&i mién gia tri
cua khéi lugng duoc xap xi bang mot ham phl hop nham nang cao d6 chinh
X&c ciia mo hinh ddi véi xe 6 t6 5 chd. Cu thé, muc tiéu thu nhién lidu duoc xac

0,0035m — 0,15; m < 1300 it/
0,00002m? — 0,045m + 30;m > 1300

100 km) véi hé sb xac dinh R2 = 0,99. Qua d6 khing dinh d¢ tin cay ctia md

dinh theo bidu thic: FC ={
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hinh va kha nang rng dung trong du bao, danh gia hiéu qua khai thac phuong
tién.

Thiét ké, ché tao thiét bi do tiéu thu nhién liéu, hién thi va thu thap dix liéu
trong qué trinh chuyén dong theo thoi gian thue dugc Kiém dinh boi Téng cuc
Tiéu chuan Po luong Chat luong Viét Nam. Xay dung dugc chu trinh tha
nghiém phu hop véi diéu kién, van hoa tham gia giao thong tai Viét Nam. Trén
co s& d6 tién hanh thi nghiém do tiéu thu nhién liéu va so sanh két qua voi mo
phong trén cting mot chu trinh ¢ khéi lugng m55 = 1170 kg, cho thay sai khac
gia tri trung binh 1a 5,65%. Thuc nghiém bo sung trén xe giam 10% khéi luong
(m44 = 936 kg) cho thay sai léch % muc tiéu thu nhién liéu so véi mé phong
chi 0,6%, nguyén nhan k¥ ning lai xe va diéu kién moi truong bén ngoai.
Nhitng két qua nay xac nhan mé hinh FCgy va phuong phap nghién ciu cua
luan an c6 d tin cdy cao, dap tng yéu cau caa nghién ciru cua luan an.

Mot dong gop co ¥ nghia thuc tién cua luan an 1a dé xuat giai phap giam
khdi lugng xe théng qua tng dung vat liéu composite CFRP-Epoxy thay thé
vat liéu thép truyén thong trong két cau khung vo. Két qua phan tich cho thay
giai phap nay gilp giam dang ké khdi luong téng thé caa xe, tir d6 lam giam
luc can chuyén dong, giam muc tiéu thu nhién liéu va nang cao hiéu qua kinh

té trong qua trinh sir dung.

Nhin chung, céc két qua dat duoc cuaa luan &n khong chi cé ¥ nghia khoa
hoc trong viéc bo sung co so 1y luan vé anh huong cua khéi lwong dén tiéu thu
nhién liéu 6 t6, ma con c6 gia tri ng dung thuc tién trong nghién cau, thiét ké
va phat trién cac phuong tién tiét kiém nang luong, gop phan giam phat thai va
bao vé moi trudng theo xu hudng phat trién bén viing cia nganh cong nghiép

0 td.
Hwéng nghién cieu tiép theo:

Do thoi gian va diéu kién nghién ctu caa luan &n cé han nén bo do moi
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chi thuc hién duoc trén xe con 5 chd nén NCS dé xuat huéng nghién cieu mo
rong tiép theo 1a:

- Tiép tuc mo rong va nghién cau anh huéng cua nhiéu yéu t khac cung
khéi lwong trong cac diéu kién van hanh thuc té dén muc tiéu thu nhién liéu
trén 6 t6 con.

- Nghién ctiru muc tiéu thy nhién liéu trén nhiéu mau 6 td khac.

- Nghién ctru danh gia d6 bén, chi phi san xuat va cong nghé ché tao than
v6 bang vat liéu composite.

- Hoan thién bo do dé cd thé sir dung rong rai trén nhiéu loai xe trong

nghién ctru va hudng tgi thyc tién.
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PHULUC1
CODE MATLAB va SIMULINK
MO PHONG MUC TIEU THU NHIEN LIEU FC

1.1 Ma Matlab

%% Dai hoc Cong nghiép Ha Noi - Luan an tién st

%% M6 phdng Tinh toan tiéu thu nhién liéu trén xe con Toyota Vios 2009

%% Van toc xe md phong va thi nghiém theo thi gian thwe quang dwong chu trinh 1 ngay 07/3/2024, t
= 3681 (s)

%% Mb hinh dao déng 7 DOF, mé hinh héa kich thich m&t dwong hén hop Sin, Xung, 1SO 8608

%% Lai xe thi nghiém: NCS Ngb Quang Tao

% Gia thiét: ]
% - Tay sO t,ruyén: Tw déng‘xéc dinh theo van :téc thwe
% - Hiéu suat hé thong truyén Iwc: Tw dong bién thién theo tai va RPM

%
% MATLAB Version: 24.1.0.2537033 (R2024a)

% MATLAB License Number: 968398

% Operating System: Microsoft Windows 11 Pro Version 10.0 (Build 26100)

% Java Version: Java 1.8.0_202-b08 with Oracle Corporation Java HotSpot(TM) 64-Bit Server VM mixed
mode

% Computer: Installed Ram 128 GB (128 GB usable). Processor 11th Gen Intel(R) Core(TM) i7-11850H
@ 2.50GHz (2.50 GHz)

clear; clc; close all;

%% ===== PHAN 1: POC VA X LY DU LIEU VAN TOC THUC TE DO BUQC =====
fprintf('=== DOC DU LIEU VAN TOC XE TU BANG EXCEL ===\n");

clear all; clc;

% Xo6a workspace va command window dé lam sach cac di¥ liéu trwdc dé
clear;
clc;

%% =====1.1: TAO file.mat =====

% Boc dir liéu tw file thi nghiém

filename ='E:\18. MP tiéu thu nhién liéu FC va céc lwc can khi xe chuyén ddng cia NQTao\6. Ban chuan
M6 phong tiéu thy nhién liéu \dulieuthinghiemvantoc_V1L2';

data = readmatrix(filename);

% Tach di¥ liéu thanh 2 cot o
index = data(;, 1); % C6t 1: Chi so diém do
van_toc = data(:, 2); % C6t 2: Van toc thywe km/h

% Tao bang di liéu (table) dé quan ly
Van_toc_TN = table(index, van_toc, ...
‘VariableNames', {STT', 'VanToc"});

% Hién thj théng tin vé dir liéu
fprintf("Da doc thanh cong file %s\n', filename);
fprintf('S6 dong di liéu: %d\n', height(Van_toc_TN));



fprintf('Van tcf)c trung binh: %.2f\n', mean(van_toc));
fprintf('Van toc min: %.2f\n’, min(van_toc));
fprintf("'Van toc max: %.2f\n’, max(van_toc));

% Lwu di¥ liéu vao file .mat
save('Van_toc_TN.mat', 'index’, 'van_toc");

fprintf(\nDa Iwu file Van_toc_TN.mat thanh cong!\n’);
fprintf('File chtra céac bién: Van_toc_TN (table), index, van_toc\n');

% Hién thi 10 dong dau tién dé kiém soat
disp('10 dong dau tién cta di lieu:');
disp(Van_toc_TN(1:10, :));

% Load file da fix
load('Van_toc_TN.mat');

%% =====1.2 TAO TIMESERIES OBJECT =====
% Doc truc tiép Excel két qua thi nghiém
filename = 'E:\18. MP tiéu thu nhién liéu FC va cac lwc can khi xe chuyén dong clta Tao\6. Ban chuén
cubi cung Mé phéng tiéu thu nhién liéu ctia Tao\dulieuthinghiemvantoc_V1L2.xIsx’;
if exist(filename, 'file")
data = readtable(filename, 'Sheet', 'Sheetl’, 'VariableNamingRule', 'preserve’);

% Hién thj tén cot dé kiém tra
disp('Tén cac cét:");
disp(data.Properties.VariableNames);

% Truy cap di liéu

t = data{:, 1}; % hoéc data.("t_s") néu preserve hoat dong
v_kmh =data{;, 2}; % hoac data.("V_km_h")

v_ms =v_kmh/ 3.6;

% Tao TIMESERIES object chun

ts_kmh = timeseries(v_kmh, t, '‘Name', 'Velocity_kmh");
ts_kmh.Timelnfo.Units = 'seconds’;
ts_kmh.Datalnfo.Units = 'km/h’;

ts_ms = timeseries(v_ms, t, 'Name', 'Velocity_ms");
ts_ms.Timelnfo.Units = 'seconds’;
ts_ms.Datalnfo.Units = 'm/s’;

fprintf(\nDa tao TIMESERIES objects:\n');
fprintf( - ts_kmh: Timeseries v&i %d diém\n', ts_kmh.Length);
fprintf( - ts_ms: Timeseries v&i %d diém\n', ts_ms.Length);

fprintf(\nCAU HINH BLOCK "FROM WORKSPACE"\n');

fprintf(" \n");
fprintf(' Data: ts_kmh (hoac ts_ms)\n");

fprintf(' Sample time: -1\nY);

fprintf(" Interpolation: Linear\n");

fprintf(' Form of signal: Timeseries\n\n");

% Luwu file

save('velocity timeseries_matlab.mat', 'ts_kmh', 'ts_ms', 't', 'v_kmh', 'v._ms");
fprintf('v Ba lwu file: velocity _timeseries_matlab.mat\n\n");
else

end



fprintf(CAC BIEN HIEN CO TRONG WORKSPACE:\n");
whos

fprintf(\nv’ Script da chay xong. St dung cac bién trén trong Simulink!\n");

%% ===== PHAN 2: POC VA X LY DU LIEU MU’C NHIEN LIEU TIEU THU THUC TE PO bUQC

% Duwdng dan file FC (diéu chinh theo dwéng dan lwu thuc té) 7 . ,
fc_file = 'E:\18. MP tiéu thu nhién liéu FC va cac lwc cén khi xe chuyén déng clia Tao\6. Ban chuan cudi
cung M6 phédng tiéu thu nhién liéu ctia Tao\dulieuthinghiemnhienlieu_FC1L2.xlsx';

% Kiém tra file ton tai
if ~exist(fc_file, ‘file")
warning('File FC khong tim thay! Tao di liéu FC tr mé hinh.");
use_measured_fc = false;
fc_value_raw = [];
fc_kg_raw =[J;
t fc_raw =[];
else
% Boc di¥ liéu tr Excel
data_fc = readtable(fc_file, 'Sheet’, 'FC1L2";

% LAy cac cot div liéu

diem_do = data_fc.Vari; % Cot "Diém do"
fc_value_raw = data_fc.Var2; % Coét "FC"
fc_kg_raw = data_fc.Vars3; % Co6t "FC (kg)"

% X ly di¥ liéu NaN
fc_value_raw = fillmissing(fc_value_raw, 'linear');
fc_kg_raw = fillmissing(fc_kg_raw, 'linear");

% Tao vector thdi gian cho FC (gia dinh méi diém do cach nhau 1 gidy)
time_interval_fc = 1; % giay
t fc_raw = (O:length(diem_do)-1)' * time_interval_fc;

use_measured_fc = true;

% Tao TIMESERIES FC chuan )
fc_kg_data = data_fc.Var3; % Ddi tén bién
fc_kg_ts =timeseries(fc_kg_data, t_fc_raw, 'Name', 'fc_kg_raw";

fprintf('v Ba doc file FC: %s\n', fc_file);
fprintf( S6 diém di liéu FC: %d\n', length(fc_value_raw));
fprintf(' Thoi gian FC: %.2f s (%.2f phat)\n', t_fc_raw(end), t_fc_raw(end)/60);
fprintf(" FC trung binh: %.4f\n', mean(fc_value_raw));
fprintf(" FC (kg) trung binh: %.4f kg\n\n', mean(fc_kg_raw));
end

%% ===== PHAN 3: TAO PROFILE MAP MO MAT DUONG VA TiN HIEU KICH THICH 4 BANH XE

fprintf(\n=== TAO PROFILE MAP MO BUONG ===\n");

% Thong sé chung

fs = 1000; % Tan sb l4y mau (Hz)

v_avg = mean(v_ms(v_ms > 0)); % Van téc trung binh cda xe

if isnan(v_avg) || v_avg ==



v_avg = 16.67; % 60 km/h = 16.67 m/s
warning('Str dung van toc thuc té: %.1f m/s', v_avg);
end

% Tao di¥ liéu mau
time_vec = (0:0.1:24816.9)";

% Tao vector thdi gian cho road profile (c6 thé khac véi time_vec do c6 dd trwot cla banh xe véi mat
dwong)
t_road = 0:1/fs:max(time_vec);

%% === 3.1 TIN HIEU SIN ===

f low=0.5; % Hz - Gb ghé Ién, gay rung dong Ién

f mid =2.0; % Hz - O ga trung binh, gay rung va dao déng

f_high =8.0; % Hz - M4p m6 nhd, gay rung déng va dao dong nhd

A _low=0.05; %5cm
A _mid =0.03; % 3cm
A_high=0.01; % 1cm

road_sin = A_low * sin(2*pi*f_low*t_road) + ...
A_mid * sin(2*pi*f_mid*t_road + pi/3) + ...
A_high * sin(2*pi*f_high*t_road + pi/6);

% Cong thém nhiéu nhd
noise_amplitude = 0.002; % 2 mm
road_sin = road_sin + noise_amplitude * randn(size(t_road));

%% === 3.2 TIN HIEU XUNG ===
road_pulse = zeros(size(t_road));

% Thoi gian xuat hién gé map mo/hé sau - 6 ga (dé phu hop voi thoi gian thi nghiém thuc té)
bump_times = linspace(max(t_road)*0.1, max(t_road)*0.9, 6); % 6 go map mo phan bo deu
pothole_times = linspace(max(t_road)*0.15, max(t_road)*0.85, 5); % 5 hé sau (6 ga)

bump_width = 1.5; % D0 rong go (s)
bump_height = 0.06; % Chiéu cao go 6 (cm)

for i = 1:length(bump_times)
if bump_times(i) <= max(t_road)
pulse_indices = abs(t_road - bump_times(i)) <= bump_width;
road_pulse(pulse_indices) = road_pulse(pulse_indices) + ...
bump_height * exp(-((t_road(pulse_indices) - bump_times(i))/0.4).72);
end
end

% Tao cac hé sau (6 ga) )
pothole_depth = -0.04; % Gia thiét d6 sau 6 ga 4 cm
pothole_width = 1.0; % Gia thiét Do rong 6 ga

for i = 1:length(pothole_times)
if pothole_times(i) <= max(t_road)
pulse_indices = abs(t_road - pothole_times(i)) <= pothole_width;
road_pulse(pulse_indices) = road_pulse(pulse_indices) + ...
pothole_depth * exp(-((t_road(pulse_indices) - pothole_times(i))/0.3).72);
end
end

%% === 3.3 TIN HIEU 1SO 8608 v&i gia thiét CLASS C la phd bién ===



% Thong s6 1SO 8608

n0=0.1; % Tan sé khong gian tham chiéu (cycle/m)
Gd_n0 = 1024e-6; % PSD tai n0 cho Class C (m?)
w=2; % Hé s6 waviness

% Tao tin hiéu ISO 8608 (str dung phwong phap co ban: don gian héa)
N_points = length(t_road);
dt = 1/fs;

% Tao nhiéu trdng va loc tao PSD mong muédn
white_noise = randn(1, N_points);

% Tao bd loc cho ISO 8608 (approximation)
fc = 2; % Tan sb cét (Hz)

[b, a] = butter(2, fc/(fs/2), 'low");
road_iso_8608 = filter(b, a, white_noise);

% Chuan héa tao RMS phutl hop véi Class C
target_rms = 0.02; % 2 cm RMS cho dwéng phd bién Class C
current_rms = rms(road_iso_8608);
if current_rms >0

road_iso_8608 =road_iso_8608 * (target_rms / current_rms);
end

%% === 3.4 KET HOP CAC TIiN HIEU THANH BUONG HON HOP SUY DUNG TRONG MO PHONG

% Trong sb cho cac thanh phan

w_iso =1.0; % ISO 8608 lay lam nén
w_sin=0.4; % C6 mép mé Sin dao déng nhe
w_pulse = 1.0; % Map mé Xung gitr nguyén

road_combined =w_iso * road_iso_8608 + w_sin * road_sin + w_pulse * road_pulse;

%% === 3.5 TAO TiN HIEU KICH THICH CHO 4 BANH XE ===
% Thong sb xe

wheelbase = 2.7; % Chiéu dai co sé& (m)

track_width = 1.6; % Chiéu rong co s& (m)

% D6 tré thai gian gitra banh trwédc va sau
time_delay = wheelbase / v_avg; % giay
delay_samples = round(time_delay * fs);

% Bam bao delay _samples khéng vuwot qua dé dai mang
delay_samples = min(delay_samples, floor(length(road_combined)/2));

% Banh trwdece trai (Front Left)
road_FL = road_combined,;

% Banh trwérc phai (Front Right)
road_FR =road_combined * 0.95 + 0.003 * sin(2*pi*1.5*t_road);

% Banh sau trai (Rear Left) - c6 do tré
if delay_samples > 0 && delay_samples < length(road_combined)
road_RL = [zeros(1, delay_samples), road_FL(1:end-delay_samples)];
else
road_RL =road_FL; % Khoéng cé do tré néu khéng phu hop
end

% Banh sau phai (Rear Right) - c6 d6 tré



if delay_samples > 0 && delay_samples < length(road_combined)
road_RR = [zeros(1, delay_samples), road_FR(1:end-delay_samples)];

else
road_RR =road_FR;
end
%% ===== 3.6 TAO TIMESERIES CHO ROAD PROFILES =====

% St dung ham ndi suy road profiles vé cung thoi gian véi velocity data
road_FL_interp = interp1(t_road, road_FL, time_vec, 'linear’, 'extrap’);
road_FR_interp = interp1(t_road, road_FR, time_vec, 'linear’, 'extrap");
road_RL_interp = interp1(t_road, road_RL, time_vec, 'linear', 'extrap");
road_RR_interp = interp1(t_road, road_RR, time_vec, 'linear’, 'extrap");
road_combined_interp = interp1(t_road, road_combined, time_vec, 'linear’, 'extrap’);

% Tao timeseries

road_FL_ts = timeseries(road_FL _interp, time_vec);
road_FL_ts.Name ='RoadProfile_FrontLeft’;
road_FL_ts.Datalnfo.Units ='m’;

road_FR_ts = timeseries(road_FR_interp, time_vec);
road_FR_ts.Name = 'RoadProfile_FrontRight';
road_FR_ts.Datalnfo.Units = 'm’,

road_RL_ts =timeseries(road_RL _interp, time_vec);
road_RL_ts.Name ='RoadProfile_RearLeft’;
road_RL_ts.Datalnfo.Units ='m’;

road_RR_ts =timeseries(road_RR_interp, time_vec);
road_RR_ts.Name = 'RoadProfile_RearRight’;
road_RR_ts.Datalnfo.Units ='m’;

road_combined_ts = timeseries(road_combined_interp, time_vec);

road_combined_ts.Name = 'RoadProfile_Combined’,
road_combined_ts.Datalnfo.Units = 'm’;

fprintf('v Da tao road profiles cho 4 banh xe\n’);
%% ===== PHAN 4: DAO DONG XE CHAY TREN BUONG - MO HINH TREO POC LAP 7 DOF =====
%% ===== 4.1 Khai b&o théng sé hé théng =====

fprintf(\n=== THIET LAP THONG SO HE THONG ===\n));
% Théng so khoi lvgng (kg)

m = 1170; % th)i lwong dworc treo
mf = 610; % Khoi lwgng khong dugc treo truwdc
mr = 560; % Khoi lwvong khéng dworc treo sau

% Moment quan tinh (kg.m?)
Ix =5770; % Moment quén tinh theo truc x (roll)
ly = 18966; % Moment quan tinh theo truc y (pitch)

% D0 cirng hé thong treo (N/m)
kf = 158796; % Do cirng hé thc}ng treo truwéc
kr = 127460; % DO crng hé thong treo sau

% Hé s6 gidam chéan (N.s/m) )
cf = 2667; % Hé so giam chan trwdc
cr =3323; % Hé so gidm chan sau

% Do cirng 16p (N/m)



ktf = 480000; % D¢ cirng I6p trurde
ktr = 960000; % DO crng 10p sau

% Kich thuéc xe (m)

al =1.02; % Khoang cach tir trong tam dén truc trwéc
a2 =1.68; % Khoang céach tlr trong tam dén tryc sau

bl =0.8; % Khoang cach ttr trong tam dén banh xe trai
b2 =0.8; % Khoang céach tlr trong tdm dén banh xe phai
%% ===== 4.2 XAY DUNG MA TRAN TRANG THA| =====

fprintf(\n=== XAY DUNG MA TRAN HE THONG ===\n");

% Ma tran trang thai A
A1=[00000001000000j;
A2=[00000000100000];
A3=[00000000010000];
A4=[00000000001000];
A5=[00000000000100];
].
]

A6=[00000000000010
A7=[00000000000001

% Dong 8: Phuong trinh z_dot_dot
A801 = -(2*kf + 2*kr)/m;

A802 = -(b1*kf - b2*kf - b1*kr + b2*kr)/m;
A803 = (2*al*kf - 2*a2*kr)/m;

A804 = kf/m;

A805 = kf/m;

A806 = kr/m;

A807 = kr/m;

A808 = -(2*cf + 2*cr)/m;

A809 = -(bl1*cf - b2*cf - b1*cr + b2*cr)/m;
A810 = (2*al*cf - 2*a2*cr)/m;

A811 = cf/m;

A812 = cf/m;

A813 = cr/m;

A814 = cr/m;

A8=[A801 A802 A803 A804 A805 A806 A807 A808 A809 A810 A811 A812 A813 A814];

% Dong 9: Phuong trinh phi_dot_dot

A901 = -(b1*Kkf - b2*kf - b1*kr + b2*kr)/Ix;

A902 = -(b1"2*kf + b2/ 2*kf + b1/2*kr + b2/2*kr)/IX;
A903 = (al*bl*kf - al*b2*kf + a2*b1*kr - a2*b2*kr)/IX;
A904 = b1*kf/lIx;

A905 = -b2*kf/IX;

A906 = -b1*kr/Ix;

A907 = b2*kr/Ix;

A908 = -(b1*cf - b2*cf - bl*cr + b2*cr)/Ix;

A909 = -(b1"2*cf + b2/2*cf + b172*cr + b2/2*cr)/1x;
A910 = (al*bl*cf - al*b2*cf + a2*bl*cr - a2*b2*cr)/Ix;
A911 = bl*cf/Ix;

A912 = -b2*cf/Ix;

A913 = -bl1*cr/Ix;

A914 = b2*cr/lx;

A9=[A901 A902 A903 A904 A905 A906 A907 A908 A909 A910 A911 A912 A913 A914];

% Dong 10: Phuong trinh theta_dot_dot

A1001 = (2*al*kf - 2*a2*kr)/ly;

A1002 = (al*b1*kf - al*b2*kf + a2*b1*kr - a2*h2*kr)/ly;
A1003 = -(2*al"2*kf + 2*a2/2*kr)/ly;



A1004 = -al*kf/ly;

A1005 = -al*kf/ly;

A1006 = a2*kr/ly;

A1007 = a2*kr/ly;

A1008 = (2*al*cf - 2*a2*cr)/ly;

A1009 = (al*bl*cf - al*b2*cf + a2*bl*cr - a2*h2*cr)/ly;
A1010 = -(2*al”2*cf + 2*a2/2*cr)/ly;

A1011 = -al*cf/ly;

A1012 = -al*cflly;

A1013 = a2*cr/ly;

A1014 = a2*cr/ly;

A10=[A1001 A1002 A1003 A1004 A1005 A1006 A1007 A1008 A1009 A1010 A1011 A1012 A1013
A1014];

% Dong 11: Phuong trinh z1_dot_dot (khoi luong truoc trai)
A1101 = kf/mf;

A1102 = -b1*kf/mf;

A1103 = al*kf/mf;

A1104 = -(kf + ktf)/mf;

A1105 = 0;

A1106 = 0;

A1107 =0;

A1108 = cf/mf;

A1109 = -b1*cf/mf;

A1110 = al*cf/mf;

A1111 = -cf/mf;

Al1112 =0;

Al1113 =0;

Al1114 = 0;

A11=[A1101 A1102 A1103 Al1104 Al1105 Al1106 A1107 A1108 A1109 A1110 A1111 Al1112 A1113
A1114];

% Dong 12: Phuong trinh z2_dot_dot (khoi luong truoc phai)
A1201 = kf/mf;

A1202 = b2*kf/mf;

A1203 = al*kf/mf;

A1204 = 0;

A1205 = -(kf + ktf)/mf;

A1206 = 0;

A1207 = 0;

A1208 = cf/mf;

A1209 = b2*cf/mf;

A1210 = al*cf/mf;

Al1211 =0;

Al1212 = -cf/mf;

Al1213 =0;

Al214 = 0;

A12=[A1201 A1202 A1203 Al1204 A1205 A1206 A1207 A1208 A1209 A1210 A1211 Al212 A1213
A1214];

% Dong 13: Phuong trinh z3_dot_dot (khoi luong sau trai)
A1301 = kr/mr;

A1302 = -b1*kr/mr;

A1303 = -a2*kr/mr;

A1304 = 0;

A1305 = 0;

A1306 = -(kr + ktr)/mr;

A1307 = 0;

A1308 = cr/mr;



A1309 = -b1*cr/mr;

A1310 = -a2*cr/mr;

Al1311=0;

Al1312 =0;

A1313 = -cr/mr;

Al1314 =0;

A13=[A1301 A1302 A1303 Al1304 A1305 A1306 A1307 A1308 A1309 A1310 A1311 Al312 A1313
A1314];

% Dong 14: Phuong trinh z4_dot_dot (khoi luong sau phai)
A1401 = kr/mr;

A1402 = b2*kr/mr;

A1403 = -a2*kr/mr;

A1404 = 0;

A1405 = 0;

A1406 = 0;

A1407 = -(kr + ktr)/mr;

A1408 = cr/mr;

A1409 = b2*cr/mr;

A1410 = -a2*cr/mr;

Al1411 =0;

Al1412 = 0;

Al1413 =0;

Al1414 = -cr/mr;

Al14=[A1401 A1402 A1403 Al404 A1405 A1406 A1407 A1408 A1409 Al1410 A1411 A1412 A1413
Al1414];

% Ghep cac dong thanh ma tran A
A=[Al; A2; A3; A4d; A5; A6; A7; A8; A9; A10; All; Al2; A13; Al4];

% Ma tran dau vao B
B1=[000000]
B2=[000000];
B3=[000000]
B4=[000000];
B5=[000000];
B6=[000000];
B7=[000000j;
B8=[000000];
B9=[000000];
B10=[000000];
B11=[ktf/mf 0 0 0 0 O];
B12=[0 ktf/mf 0 0 0 0];
B13=[0 O ktr/mr 0 0 Q];
B14=[0 0 O ktr/mr O Q];
B=[B1;B2;B3;B4;B5;B6;B7;B8;B9;B10;B11;B12;B13;B14];

% Ma tran dau ra C (chon tat ca cac trang thai lam dau ra)
C1=[10000000000000]; %z
C2=[01000000000000]; % phi
C3=[00100000000000]; 9% theta
C4=[00010000000000]; %z1
C5=[00001000000000]; % z2
C6=[00000100000000]; % z3
C7=[00000010000000]; % z4
C8=[00000001000000]; % z_dot
C9=[00000000100000]; % phi_dot
C10=[00000000010000]; % theta_dot
C11=[00000000001000]; % z1_dot
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C12=[00000000000100]; % z2_dot
C13=[00000000000010]; % z3_dot
C14=[00000000000001]; % z4_dot
C=[C1;C2;C3;C4;C5;C6;C7;C8;C9;C10;C11;C12;C13;C14y;

% Ma tran truyen thang D
D1=[00000Q];
D2=[00000Q];
D3=[000000Q];

D4=[0 0000 Q];
D5=[00000Q];

D6=[0 0000 Q];
D7=[00000Q];
D8=[00000Q];
DO9=[00000Q0Q];
D10=[000000Q];
D11=[000000Q];
D12=[000000Q];
D13=[000000Q];
D14=[000000Q];
D=[D1;D2;D3;D4;D5;D6;D7;D8;D9;D10;D11;D12;D13;D14];

% Tao hé théng trang thai
sys =ss(A, B, C, D);

fprintf('v Da xay dwng hé thdng trang thai 7 DOF cho Simulink\n'");

%% ===== DA HOAN THANH D LIEU CHO SIMULINK - SAN SANG CHAY MO PHONG =====
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PHU LUC 2
VAN TOC VA FC THEO THOI GIAN THUC

<X Tﬁng A b K A Ke I

piém e e Van toc Ap luc Khoi lwon Bwom

do Thai gian th(‘;'i 3)'/")"” (km/h) (Fl)<gj nhién Iiéd(k%) ga (%)
1 2024-04-07 04:11:47.357 1 0 0 12.464 12
2 2024-04-07 04:11:47.397 1 0 0 12.473 12
3 2024-04-07 04:11:48.280 2 0 0 12.473 12
4 2024-04-07 04:11:48.330 2 0 0 12.474 12
5 2024-04-07 04:11:49.198 3 0 0 12.474 12
6 2024-04-07 04:11:49.267 3 0 0 12.485 12
7 2024-04-07 04:11:50.120 4 0 0 12.485 12
8 2024-04-07 04:11:50.188 4 0 0 12.459 12
9 2024-04-07 04:11:51.036 5 0 0 12.459 12
10 | 2024-04-07 04:11:51.105 5 0 0 12.474 13
11 | 2024-04-07 04:11:52.031 6 0 0 12.469 13
12 | 2024-04-07 04:11:52.988 7 0.8 0 12.452 13
13 | 2024-04-07 04:11:53.801 7 0.8 0 12.452 13
14 | 2024-04-07 04:11:53.870 8 2.3 0 12.477 13
15 | 2024-04-07 04:11:54.734 8 2.3 0 12.477 13
16 | 2024-04-07 04:11:54.804 8 3.2 0 12.461 13
17 | 2024-04-07 04:11:55.657 9 3.2 0 12.461 13
18 | 2024-04-07 04:11:55.714 9 4.7 0 12.542 13
19 | 2024-04-07 04:11:56.582 10 4.7 0 12.542 13
20 | 2024-04-07 04:11:56.643 10 6.2 0 12.628 14
21 | 2024-04-07 04:11:57.492 11 6.2 0 12.628 14
22 | 2024-04-07 04:11:57.561 11 7.6 0 12.317 15
23 | 2024-04-07 04:11:58.425 12 7.6 0 12.317 15
24 | 2024-04-07 04:11:58.478 12 9.1 0 12.8 15
25 | 2024-04-07 04:11:59.347 13 9.1 0 12.8 15
26 | 2024-04-07 04:11:59.392 13 10.6 0 12.532 14
27 | 2024-04-07 04:12:00.265 14 10.6 0 12.532 14
28 | 2024-04-07 04:12:00.314 14 10.9 0 12.667 16
29 | 2024-04-07 04:12:01.184 15 10.9 0 12.667 16
30 | 2024-04-07 04:12:01.235 15 11.2 0 12.116 16
31 | 2024-04-07 04:12:02.113 16 11.2 0 12.116 16
32 | 2024-04-07 04:12:03.058 17 13.3 0 12.425 16
33 | 2024-04-07 04:12:03.943 18 13.3 0 12.425 16
34 | 2024-04-07 04:12:04.011 18 13 0 12.425 18
35 | 2024-04-07 04:12:04.878 19 13 0 12.425 18
36 | 2024-04-07 04:12:04.937 19 13.9 0 12.563 18
37 | 2024-04-07 04:12:05.788 19 13.9 0 12.563 18
38 | 2024-04-07 04:12:05.829 19 17.1 0 13.179 18
39 | 2024-04-07 04:12:06.715 20 171 0 13.179 18
40 | 2024-04-07 04:12:06.764 20 20.1 0 12.151 16
41 | 2024-04-07 04:12:07.631 21 20.1 0 12.151 16
42 | 2024-04-07 04:12:07.672 21 216 0 12.248 16
43 | 2024-04-07 04:12:08.564 22 216 0 12.248 16
44 | 2024-04-07 04:12:08.617 22 23 0 12.63 12
45 | 2024-04-07 04:12:09.481 23 23 0 12.63 12
46 | 2024-04-07 04:12:09.547 23 23.9 0 12.531 12
47 | 2024-04-07 04:12:10.404 24 23.9 0 12.531 12
48 | 2024-04-07 04:12:10.443 24 23.3 0 12.376 12
49 | 2024-04-07 04:12:11.323 25 233 0 12.376 12
50 | 2024-04-07 04:12:11.374 25 22.7 0 12.254 14
51 | 2024-04-07 04:12:12.282 26 222 0 12.576 15
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52 2024-04-07 04:12:12.319 26 22.2 0 12.576 15
53 2024-04-07 04:12:13.169 27 22.2 0 12.576 15
54 2024-04-07 04:12:13.184 27 22.2 0 12.576 15
55 2024-04-07 04:12:13.190 27 22.2 0 12.576 15
56 2024-04-07 04:12:13.196 27 22.2 0 12.576 15
57 2024-04-07 04:12:13.214 27 22.2 0 12.023 18
58 2024-04-07 04:12:14.094 28 22.2 0 12.023 18
59 2024-04-07 04:12:14.123 28 224 0 11.997 19
60 2024-04-07 04:12:15.002 29 224 0 11.997 19
61 2024-04-07 04:12:15.063 29 23.9 0 12.465 15
62 2024-04-07 04:12:15.926 30 23.9 0 12.465 15
63 2024-04-07 04:12:15.984 30 26.3 0 11.66 12
64 2024-04-07 04:12:16.859 31 26.3 0 11.66 12
65 2024-04-07 04:12:16.901 31 27.2 0 12.772 15
66 2024-04-07 04:12:17.775 31 27.2 0 12.772 15
67 2024-04-07 04:12:17.818 31 27.2 0 12.739 18
68 2024-04-07 04:12:18.689 32 27.2 0 12.739 18
69 2024-04-07 04:12:18.704 32 27.2 0 12.739 18
70 2024-04-07 04:12:18.723 32 27.2 0 12.739 18
71 2024-04-07 04:12:18.727 32 27.2 0 12.739 18
72 2024-04-07 04:12:18.737 32 275 0 12.012 19
73 2024-04-07 04:12:19.614 33 275 0 12.012 19
74 2024-04-07 04:12:19.663 33 28.4 0 12.493 20
75 2024-04-07 04:12:20.547 34 28.4 0 12.493 20
76 2024-04-07 04:12:20.572 34 29.8 0 12.21 20
77 2024-04-07 04:12:21.454 35 29.8 0 12.21 20
78 2024-04-07 04:12:21.472 35 29.8 0 12.21 20
79 2024-04-07 04:12:22.420 36 32.8 0 12.228 20
80 2024-04-07 04:12:23.308 37 32.8 0 12.228 20
81 2024-04-07 04:12:23.358 37 34.6 0 12.639 20
82 2024-04-07 04:12:24.223 38 34.6 0 12.639 20
83 2024-04-07 04:12:24.260 38 34.6 0 12.639 20
84 2024-04-07 04:12:24.270 38 36.1 0 12.621 15
85 2024-04-07 04:12:25.154 39 36.1 0 12.621 15
86 2024-04-07 04:12:25.169 39 36.1 0 12.621 15
87 2024-04-07 04:12:25.189 39 37 0 12.322 15
88 2024-04-07 04:12:26.078 40 37 0 12.322 15
89 2024-04-07 04:12:26.130 40 37.8 0 10.813 15
90 2024-04-07 04:12:26.995 41 37.8 0 10.813 15
91 2024-04-07 04:12:27.011 41 37.8 0 10.813 15
92 2024-04-07 04:12:27.021 41 37.8 0 10.813 15
93 2024-04-07 04:12:27.029 41 38.1 0 12.312 16
94 2024-04-07 04:12:27.912 42 38.1 0 12.312 16
95 2024-04-07 04:12:27.960 42 38.7 0 12.027 16
96 2024-04-07 04:12:28.842 42 38.7 0 12.027 16
97 2024-04-07 04:12:28.882 43 39 0 13.159 16
98 2024-04-07 04:12:29.750 43 39 0 13.159 16
99 2024-04-07 04:12:29.769 43 39 0 13.159 16
100 2024-04-07 04:12:29.784 43 39 0 13.159 16
101 2024-04-07 04:12:30.686 44 39.3 0 12.095 16
102 2024-04-07 04:12:30.723 44 39.3 0 12.815 16
103 2024-04-07 04:12:31.636 45 39.6 0 11.998 16
104 2024-04-07 04:12:31.672 45 39.6 0 11.998 16
105 2024-04-07 04:12:32.521 46 39.6 0 11.998 16
106 2024-04-07 04:12:32.574 46 39.9 0 12.442 16
107 2024-04-07 04:12:33.439 47 39.9 0 12.442 16
108 2024-04-07 04:12:33.499 47 39.9 0 12.234 15
109 2024-04-07 04:12:34.371 48 39.9 0 12.234 15
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7646

2024-04-07 05:08:26.898 3401 62.4 0 11.498 15
7647 | 2024-04-07 05:08:27.774 3401 62.4 0 11.498 15
7648 | 2024-04-07 05:08:27.832 3401 62.1 0 11.962 15
7649 | 2024-04-07 05:08:28.682 3402 62.1 0 11.962 15
7650 | 2024-04-07 05:08:28.741 3402 61.8 0 11.837 16
7651 | 2024-04-07 05:08:29.615 3403 61.8 0 11.837 16
7652 | 2024-04-07 05:08:29.661 3403 61.5 0 11.009 15
7653 | 2024-04-07 05:08:30.558 3404 61.5 0 11.181 15
7654 | 2024-04-07 05:08:30.618 3404 61.5 0 11.181 15
7655 | 2024-04-07 05:08:31.450 3405 61.5 0 11.181 15
7656 | 2024-04-07 05:08:31.519 3405 61.2 0 11.813 15
7657 | 2024-04-07 05:08:32.370 3406 61.2 0 11.813 15
7658 | 2024-04-07 05:08:32.444 3406 60.9 0 11.801 15
7659 | 2024-04-07 05:08:33.297 3407 60.9 0 11.801 15
7660 | 2024-04-07 05:08:33.325 3407 60.9 0 11.801 15
7661 | 2024-04-07 05:08:33.333 3407 60.9 0 11.208 16
7662 | 2024-04-07 05:08:34.218 3408 60.9 0 11.208 16
7663 | 2024-04-07 05:08:34.258 3408 60.9 0 11.373 16
7664 | 2024-04-07 05:08:35.134 3409 60.9 0 11.373 16
7665 | 2024-04-07 05:08:35.202 3409 60.9 0 11.029 16
7666 | 2024-04-07 05:08:36.051 3410 60.9 0 11.029 16
7667 | 2024-04-07 05:08:36.120 3410 60.9 0 11.318 17
7668 | 2024-04-07 05:08:36.974 3411 60.9 0 11.318 17
7669 | 2024-04-07 05:08:37.029 3411 61.2 0 11.915 17
7670 | 2024-04-07 05:08:37.900 3412 61.2 0 11.915 17
7671 | 2024-04-07 05:08:37.953 3412 61.5 0 11.665 16
7672 | 2024-04-07 05:08:38.817 3412 61.5 0 11.665 16
7673 | 2024-04-07 05:08:38.883 3413 61.8 0 11.635 17
7674 | 2024-04-07 05:08:39.733 3413 61.8 0 11.635 17
7675 | 2024-04-07 05:08:39.776 3413 61.8 0 11.635 17
7676 | 2024-04-07 05:08:40.693 3414 62.1 0 11.314 17
7677 | 2024-04-07 05:08:41.584 3415 62.1 0 11.314 17
7678 | 2024-04-07 05:08:41.641 3415 62.4 0 11.5 17
7679 | 2024-04-07 05:08:42.506 3416 62.4 0 11.5 17
7680 | 2024-04-07 05:08:42.563 3416 62.7 0 11.761 17
7681 | 2024-04-07 05:08:43.428 3417 62.7 0 11.761 17
7682 | 2024-04-07 05:08:43.476 3417 63 0 11.837 17
7683 | 2024-04-07 05:08:44.346 3418 63 0 11.837 17
7684 | 2024-04-07 05:08:44.399 3418 63.3 0 11.823 17
7685 | 2024-04-07 05:08:45.263 3419 63.3 0 11.823 17
7686 | 2024-04-07 05:08:45.316 3419 63.6 0 11.853 17
7687 | 2024-04-07 05:08:46.190 3420 63.6 0 11.853 17
7688 | 2024-04-07 05:08:46.241 3420 63.9 0 12.431 17
7689 | 2024-04-07 05:08:47.104 3421 63.9 0 12.431 17
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7690 | 2024-04-07 05:08:47.160 3421 64.5 0 11.465 17
7691 | 2024-04-07 05:08:48.025 3422 64.5 0 11.465 17
7692 | 2024-04-07 05:08:48.072 3422 64.8 0 12.028 17
7693 | 2024-04-07 05:08:48.953 3423 64.8 0 12.028 17
7694 | 2024-04-07 05:08:48.999 3423 65.1 0 11.523 17
7695 | 2024-04-07 05:08:49.899 3424 65.4 0 12.053 18
7696 | 2024-04-07 05:08:49.957 3424 65.4 0 12.053 18
7697 | 2024-04-07 05:08:50.798 3424 65.4 0 12.053 18
7698 | 2024-04-07 05:08:50.843 3424 65.7 0 11.132 17
7699 | 2024-04-07 05:08:51.707 3425 65.7 0 11.132 17
7700 | 2024-04-07 05:08:51.768 3425 65.7 0 11.394 18
7701 | 2024-04-07 05:08:52.638 3426 65.7 0 11.394 18
7702 | 2024-04-07 05:08:52.667 3426 65.7 0 11.394 18
7703 | 2024-04-07 05:08:52.675 3426 66 0 11.115 18
7704 | 2024-04-07 05:08:53.550 3427 66 0 11.115 18
7705 | 2024-04-07 05:08:53.612 3427 66.3 0 15.209 17
7706 | 2024-04-07 05:08:54.478 3428 66.3 0 15.209 17
7707 | 2024-04-07 05:08:54.528 3428 66 0 11.737 17
7708 | 2024-04-07 05:08:55.395 3429 66 0 11.737 17
7709 | 2024-04-07 05:08:55.448 3429 65.7 0 12.124 17
7710 | 2024-04-07 05:08:56.311 3430 65.7 0 12.124 17
7711 | 2024-04-07 05:08:56.372 3430 65.7 0 6.271 15
7712 | 2024-04-07 05:08:57.237 3431 65.7 0 6.271 15
7713 | 2024-04-07 05:08:57.290 3431 65.1 0 11.733 15
7714 | 2024-04-07 05:08:58.156 3432 65.1 0 11.733 15
7715 | 2024-04-07 05:08:58.200 3432 64.5 0 10.948 14
7716 | 2024-04-07 05:08:59.087 3433 64.5 0 10.948 14
7717 | 2024-04-07 05:08:59.121 3433 63.6 0 10.983 14
7718 | 2024-04-07 05:09:00.039 3434 63 0 11.375 15
7719 | 2024-04-07 05:09:00.081 3434 63 0 11.375 15
7720 | 2024-04-07 05:09:00.926 3435 63 0 11.375 15
7721 | 2024-04-07 05:09:00.961 3435 62.4 0 10.596 15
7722 | 2024-04-07 05:09:01.842 3435 62.4 0 10.596 15
7723 | 2024-04-07 05:09:01.909 3436 61.5 0 10.666 15
7724 | 2024-04-07 05:09:02.760 3436 61.5 0 10.666 15
7725 | 2024-04-07 05:09:02.829 3436 60.9 0 11.598 16
7726 | 2024-04-07 05:09:03.693 3437 60.9 0 11.598 16
7727 | 2024-04-07 05:09:03.730 3437 59.7 0 11.427 18
7728 | 2024-04-07 05:09:04.610 3438 59.7 0 11.427 18
7729 | 2024-04-07 05:09:04.648 3438 59.4 0 11.369 20
7730 | 2024-04-07 05:09:05.521 3439 59.4 0 11.369 20
7731 | 2024-04-07 05:09:05.583 3439 59.7 0 14.486 21
7732 | 2024-04-07 05:09:06.448 3440 59.7 0 14.486 21
7733 | 2024-04-07 05:09:06.518 3440 60.3 0 10.604 21
7734 | 2024-04-07 05:09:07.365 3441 60.3 0 10.604 21
7735 | 2024-04-07 05:09:07.438 3441 60.9 0 11.466 21
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7736 | 2024-04-07 05:09:08.291 3442 60.9 0 11.466 21
7737 | 2024-04-07 05:09:08.360 3442 62.1 0 11.369 20
7738 | 2024-04-07 05:09:09.209 3443 62.1 0 11.369 20
7739 | 2024-04-07 05:09:09.273 3443 62.7 0 10.381 19
7740 | 2024-04-07 05:09:10.160 3444 63.6 0 10.488 16
7741 | 2024-04-07 05:09:10.227 3444 63.6 0 10.488 16
7742 | 2024-04-07 05:09:11.059 3445 63.6 0 10.488 16
7743 | 2024-04-07 05:09:11.114 3445 63.3 0 11.706 16
7744 | 2024-04-07 05:09:11.970 3446 63.3 0 11.706 16
7745 | 2024-04-07 05:09:12.039 3446 63.3 0 11.751 16
7746 | 2024-04-07 05:09:12.904 3447 63.3 0 11.751 16
7747 | 2024-04-07 05:09:12.950 3447 63.3 0 11.65 16
7748 | 2024-04-07 05:09:13.825 3447 63.3 0 11.65 16
7749 | 2024-04-07 05:09:13.872 3448 63 0 11.66 16
7750 | 2024-04-07 05:09:14.746 3448 63 0 11.66 16
7751 | 2024-04-07 05:09:14.807 3448 63 0 11.34 16
7752 | 2024-04-07 05:09:15.655 3449 63 0 11.34 16
7753 | 2024-04-07 05:09:15.727 3449 62.7 0 11.605 13
7754 | 2024-04-07 05:09:16.588 3450 62.7 0 11.605 13
7755 | 2024-04-07 05:09:16.636 3450 62.4 0 10.973 13
7756 | 2024-04-07 05:09:17.499 3451 62.4 0 10.973 13
8086 | 2024-04-07 05:11:45.794 3599 46.4 0 11.461 15
8087 | 2024-04-07 05:11:45.840 3599 46.4 0 11.601 15
8088 | 2024-04-07 05:11:46.709 3600 46.4 0 11.601 15
8089 | 2024-04-07 05:11:46.765 3600 45.8 0 10.959 15
8090 | 2024-04-07 05:11:47.626 3601 45.8 0 10.959 15
8091 | 2024-04-07 05:11:47.683 3601 45.8 0 11.725 15
8092 | 2024-04-07 05:11:48.543 3602 45.8 0 11.725 15
8093 | 2024-04-07 05:11:48.611 3602 45.8 0 11.374 15
8094 | 2024-04-07 05:11:49.497 3603 455 0 11.725 15
8095 | 2024-04-07 05:11:49.554 3603 455 0 11.725 15
8096 | 2024-04-07 05:11:50.397 3604 455 0 11.725 15
8097 | 2024-04-07 05:11:50.441 3604 455 0 10.98 15
8098 | 2024-04-07 05:11:51.316 3605 455 0 10.98 15
8099 | 2024-04-07 05:11:51.358 3605 455 0 11.665 15
8100 | 2024-04-07 05:11:52.234 3606 455 0 11.665 15
8101 | 2024-04-07 05:11:52.303 3606 45.2 0 11.447 16
8102 | 2024-04-07 05:11:53.151 3607 45.2 0 11.447 16
8103 | 2024-04-07 05:11:53.219 3607 45.2 0 11.803 16
8104 | 2024-04-07 05:11:54.083 3608 45.2 0 11.803 16
8105 | 2024-04-07 05:11:54.121 3608 45.2 0 10.873 16
8106 | 2024-04-07 05:11:55.000 3609 45.2 0 10.873 16
8107 | 2024-04-07 05:11:55.064 3609 45.2 0 11.818 16
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8108 | 2024-04-07 05:11:55.923 3610 45.2 0 11.818 16
8109 | 2024-04-07 05:11:55.985 3610 45.8 0 11.629 16
8110 | 2024-04-07 05:11:56.837 3610 45.8 0 11.629 16
8111 | 2024-04-07 05:11:56.906 3611 45.8 0 11.465 16
8112 | 2024-04-07 05:11:57.767 3611 45.8 0 11.465 16
8113 | 2024-04-07 05:11:57.820 3611 46.1 0 11.049 15
8114 | 2024-04-07 05:11:58.684 3612 46.1 0 11.049 15
8115 | 2024-04-07 05:11:58.737 3612 46.4 0 11.629 15
8116 | 2024-04-07 05:11:59.638 3613 46.4 0 12.286 15
8117 | 2024-04-07 05:11:59.684 3613 46.4 0 12.286 15
8118 | 2024-04-07 05:12:00.526 3614 46.4 0 12.286 15
8119 | 2024-04-07 05:12:00.580 3614 46.4 0 11.056 15
8120 | 2024-04-07 05:12:01.450 3615 46.4 0 11.056 15
8121 | 2024-04-07 05:12:01.511 3615 45.8 0 12.05 13
8122 | 2024-04-07 05:12:02.372 3616 45.8 0 12.05 13
8123 | 2024-04-07 05:12:02.402 3616 45.8 0 11.649 12
8124 | 2024-04-07 05:12:03.292 3617 45.8 0 11.649 12
8125 | 2024-04-07 05:12:03.329 3617 45.2 0.249 10.142 12
8126 | 2024-04-07 05:12:04.210 3618 45.2 0.249 10.142 12
8127 | 2024-04-07 05:12:04.248 3618 44.6 1.391 12.167 12
8128 | 2024-04-07 05:12:05.133 3619 44.6 1.391 12.167 12
8129 | 2024-04-07 05:12:05.179 3619 43.8 1.512 10.555 12
8130 | 2024-04-07 05:12:06.051 3620 43.8 1.512 10.555 12
8131 | 2024-04-07 05:12:06.116 3620 41.7 1.151 11.691 12
8132 | 2024-04-07 05:12:06.971 3621 41.7 1.151 11.691 12
8133 | 2024-04-07 05:12:07.003 3621 39.6 0.984 11.876 12
8134 | 2024-04-07 05:12:07.896 3622 39.6 0.984 11.876 12
8135 | 2024-04-07 05:12:07.927 3622 38.7 1.495 11.06 12
8136 | 2024-04-07 05:12:08.813 3622 38.7 1.495 11.06 12
8137 | 2024-04-07 05:12:08.863 3623 375 1.647 11.293 12
8138 | 2024-04-07 05:12:09.770 3623 35.8 1.11 11.831 12
8139 | 2024-04-07 05:12:09.814 3623 35.8 1.11 11.831 12
8140 | 2024-04-07 05:12:10.660 3624 35.8 1.11 11.831 12
8141 | 2024-04-07 05:12:10.685 3624 35.8 1.11 11.831 12
8142 | 2024-04-07 05:12:10.694 3624 33.4 1.02 11.538 12
8143 | 2024-04-07 05:12:11.577 3625 33.4 1.02 11.538 12
8144 | 2024-04-07 05:12:11.627 3625 32.2 0.927 11.687 12
8145 | 2024-04-07 05:12:12.496 3626 32.2 0.927 11.687 12
8146 | 2024-04-07 05:12:12.531 3626 31 0.914 11.469 12
8147 | 2024-04-07 05:12:13.413 3627 31 0.914 11.469 12
8148 | 2024-04-07 05:12:13.482 3627 30.1 0.893 11.577 12
8149 | 2024-04-07 05:12:14.340 3628 30.1 0.893 11.577 12
8150 | 2024-04-07 05:12:14.404 3628 29.6 1.553 11.369 12
8151 | 2024-04-07 05:12:15.263 3629 29.6 1.553 11.369 12
8152 | 2024-04-07 05:12:15.315 3629 29 1.222 11.561 12
8153 | 2024-04-07 05:12:16.180 3630 29 1.222 11.561 12
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8154 | 2024-04-07 05:12:16.248 3630 275 0.842 11.621 12
8155 | 2024-04-07 05:12:17.097 3631 275 0.842 11.621 12
8156 | 2024-04-07 05:12:17.126 3631 26.6 0.736 11.422 12
8157 | 2024-04-07 05:12:18.020 3632 26.6 0.736 11.422 12
8158 | 2024-04-07 05:12:18.074 3632 26 0.669 11.587 12
8159 | 2024-04-07 05:12:18.948 3633 26 0.669 11.587 12
8160 | 2024-04-07 05:12:19.010 3633 25.4 0.015 11.831 12
8161 | 2024-04-07 05:12:19.898 3634 25.4 0 11.243 12
8162 | 2024-04-07 05:12:19.956 3634 25.4 0 11.243 12
8163 | 2024-04-07 05:12:20.789 3634 25.4 0 11.243 12
8164 | 2024-04-07 05:12:20.854 3634 24.8 0.033 11.206 12
8165 | 2024-04-07 05:12:21.705 3635 24.8 0.033 11.206 12
8166 | 2024-04-07 05:12:21.742 3635 24.8 0.033 11.206 12
8167 | 2024-04-07 05:12:21.745 3635 24.2 0 11.452 12
8168 | 2024-04-07 05:12:22.632 3636 24.2 0 11.452 12
8169 | 2024-04-07 05:12:22.682 3636 23.6 0 11.498 12
8170 | 2024-04-07 05:12:23.550 3637 23.6 0 11.498 12
8171 | 2024-04-07 05:12:23.603 3637 23.3 0 11.412 12
8172 | 2024-04-07 05:12:24.474 3638 23.3 0 11.412 12
8173 | 2024-04-07 05:12:24.537 3638 22.7 0 11.372 12
8174 | 2024-04-07 05:12:25.396 3639 22.7 0 11.372 12
8175 | 2024-04-07 05:12:25.441 3639 22.7 0 11.537 13
8176 | 2024-04-07 05:12:26.309 3640 22.7 0 11.537 13
8177 | 2024-04-07 05:12:26.378 3640 22.2 0 11.457 15
8178 | 2024-04-07 05:12:27.226 3641 22.2 0 11.457 15
8179 | 2024-04-07 05:12:27.282 3641 21.9 0 11.51 17
8180 | 2024-04-07 05:12:28.153 3642 21.9 0 11.51 17
8181 | 2024-04-07 05:12:28.204 3642 21.9 0 11.49 18
8182 | 2024-04-07 05:12:29.071 3643 21.9 0 11.49 18
8183 | 2024-04-07 05:12:29.128 3643 22.4 0 11.374 18
8184 | 2024-04-07 05:12:30.020 3644 23.3 0 11.501 18
8185 | 2024-04-07 05:12:30.088 3644 23.3 0 11.501 18
8186 | 2024-04-07 05:12:30.921 3645 23.3 0 11.501 18
8187 | 2024-04-07 05:12:30.971 3645 24.5 0 11.163 18
8188 | 2024-04-07 05:12:31.831 3645 24.5 0 11.163 18
8189 | 2024-04-07 05:12:31.899 3646 25.1 0 11.273 18
8190 | 2024-04-07 05:12:32.764 3646 25.1 0 11.273 18
8191 | 2024-04-07 05:12:32.832 3646 26.3 0 11.531 18
8192 | 2024-04-07 05:12:33.681 3647 26.3 0 11.531 18
8193 | 2024-04-07 05:12:33.750 3647 27.5 0 11.532 17
8194 | 2024-04-07 05:12:34.604 3648 27.5 0 11.532 17
8195 | 2024-04-07 05:12:34.653 3648 28.4 0 11.357 12
8196 | 2024-04-07 05:12:35.523 3649 28.4 0 11.357 12
8197 | 2024-04-07 05:12:35.555 3649 29.3 0 11.475 12
8198 | 2024-04-07 05:12:36.442 3650 29.3 0 11.475 12
8199 | 2024-04-07 05:12:36.477 3650 29.3 0.502 11.18 12
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8200 | 2024-04-07 05:12:37.368 3651 29.3 0.502 11.18 12
8201 | 2024-04-07 05:12:37.421 3651 28.7 1.659 11.482 12
8202 | 2024-04-07 05:12:38.285 3652 28.7 1.659 11.482 12
8203 | 2024-04-07 05:12:38.338 3652 28.1 1.107 11.458 12
8204 | 2024-04-07 05:12:39.205 3653 28.1 1.107 11.458 12
8205 | 2024-04-07 05:12:39.235 3653 28.1 1.107 11.458 12
8206 | 2024-04-07 05:12:40.162 3654 26 1.488 11.466 12
8207 | 2024-04-07 05:12:41.052 3655 26 1.488 11.466 12
8208 | 2024-04-07 05:12:41.096 3655 24.2 1.634 11.55 12
8209 | 2024-04-07 05:12:41.961 3656 24.2 1.634 11.55 12
8210 | 2024-04-07 05:12:42.021 3656 224 1.129 11.183 12
8211 | 2024-04-07 05:12:42.894 3657 22.4 1.129 11.183 12
8212 | 2024-04-07 05:12:42.939 3657 21 1.585 11.033 12
8213 | 2024-04-07 05:12:43.812 3657 21 1.585 11.033 12
8214 | 2024-04-07 05:12:43.848 3657 20.1 1.519 11.733 12
8215 | 2024-04-07 05:12:44.725 3658 20.1 1.519 11.733 12
8216 | 2024-04-07 05:12:44.782 3658 18.6 1.607 11.503 12
8217 | 2024-04-07 05:12:45.644 3659 18.6 1.607 11.503 12
8218 | 2024-04-07 05:12:45.688 3659 16.5 1.219 11.34 12
8219 | 2024-04-07 05:12:46.576 3660 16.5 1.219 11.34 12
8220 | 2024-04-07 05:12:46.623 3660 14.2 1.438 11.368 12
8221 | 2024-04-07 05:12:47.487 3661 14.2 1.438 11.368 12
8222 | 2024-04-07 05:12:47.546 3661 11.8 2.035 11.512 12
8223 | 2024-04-07 05:12:48.410 3662 11.8 2.035 11.512 12
8224 | 2024-04-07 05:12:48.465 3662 8.8 1.444 11.452 12
8225 | 2024-04-07 05:12:49.364 3663 7.1 1.795 11.452 12
8226 | 2024-04-07 05:12:49.415 3663 7.1 1.795 11.452 12
8227 | 2024-04-07 05:12:50.250 3664 7.1 1.795 11.452 12
8228 | 2024-04-07 05:12:50.325 3664 35 2.691 11.372 12
8229 | 2024-04-07 05:12:51.180 3665 35 2.691 11.372 12
8230 | 2024-04-07 05:12:51.238 3665 0 1.775 11.406 12
8231 | 2024-04-07 05:12:52.090 3666 0 1.775 11.406 12
8232 | 2024-04-07 05:12:52.144 3666 0 0.194 11.41 12
8233 | 2024-04-07 05:12:53.024 3667 0 0.194 11.41 12
8234 | 2024-04-07 05:12:53.062 3667 0 0 11.404 12
8235 | 2024-04-07 05:12:53.945 3668 0 0 11.404 12
8236 | 2024-04-07 05:12:53.996 3668 0 0 11.412 12
8237 | 2024-04-07 05:12:54.866 3669 0 0 11.412 12
8238 | 2024-04-07 05:12:54.926 3669 0 0 11.409 12
8239 | 2024-04-07 05:12:55.779 3669 0 0 11.409 12
8240 | 2024-04-07 05:12:55.826 3669 0 0 11.414 12
8241 | 2024-04-07 05:12:56.704 3670 0 0 11.414 12
8242 | 2024-04-07 05:12:56.754 3670 0 0 11.411 12
8243 | 2024-04-07 05:12:57.628 3671 0 0 11.411 12
8244 | 2024-04-07 05:12:57.643 3671 0 0 11.411 12
8245 | 2024-04-07 05:12:57.664 3671 0 0 11.405 12
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8246 | 2024-04-07 05:12:58.548 3672 0 0 11.405 12
8247 | 2024-04-07 05:12:59.489 3673 0 0 11.416 12
8248 | 2024-04-07 05:13:00.376 3674 0 0 11.416 12
8249 | 2024-04-07 05:13:00.447 3674 0 0 11.411 12
8250 | 2024-04-07 05:13:01.312 3675 0 0 11.411 12
8251 | 2024-04-07 05:13:01.369 3675 0 0 11.409 12
8252 | 2024-04-07 05:13:02.219 3676 0 0 11.409 12
8253 | 2024-04-07 05:13:02.263 3676 0 0 11.409 12
8254 | 2024-04-07 05:13:02.274 3676 0 0 11.411 12
8255 | 2024-04-07 05:13:03.153 3677 0 0 11.411 12
8256 | 2024-04-07 05:13:03.198 3677 0 0 11.407 12
8257 | 2024-04-07 05:13:04.065 3678 0 0 11.407 12
8258 | 2024-04-07 05:13:04.140 3678 0 0 11.408 12
8259 | 2024-04-07 05:13:04.997 3679 0 0 11.408 12
8260 | 2024-04-07 05:13:05.028 3679 0 0 11.403 12
8261 | 2024-04-07 05:13:05.917 3680 0 0 11.403 12
8262 | 2024-04-07 05:13:05.967 3680 0 0 11.408 12
8263 | 2024-04-07 05:13:06.828 3680 0 0 11.408 12
8264 | 2024-04-07 05:13:06.885 3681 0 0 11.407 12
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PHU LUC 3
HINH ANH THI NGHIEM
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PHU LUC 4
GIAY CHUNG NHAN KET QUA PO, THU NGHIEM

VIEN DO LUONG VIET NAM (DK 05)
m. . (Vietnam Metrology Institute)
Dio chi (Add): $6 8 Dudng Hoang Quéc VL. Phudng Nghio D9,
vl Quan CBu Gidy. Thanh phé Ha NI

Didn thoal (Tel). (84-024) 37914876 ; Fax;: (84-024) 37564240

_GIAY CHUNG NHAN
KET QUA DO, THU NGHIEM

(Measurement & Testing Certificate)
S6 (W) : V02.CN6.0001.25

Tén dbi twong (Objecy:  Thir nghiém Thiét bj do tiéu thu nhién liéu
vét céic thong s6 anh hudmg Kisster (Cén dién tir)

Kiéu (nype): CM-30 S8 (Serial M) /M3 QL (g M) : 0000203055
Co sé sin xudt (Manufacturer) . GRAM
Dic trung ky thuft do ludmg (Specification):  Max = 30 kg

d=0,001 kg

Co s6 sir dung (Customer):  Trudmg dai hoc Cong nghiép Ha Ngi
S5 298 Céu Dién, Béc Tir Liém, Ha Nji
Phuong phép thye hign (Method of calitration):  VO2.M-07.24
Chuéin dugce sir dung (Standards used) : VO02.TB1.22 - B) (1 kg + 10 kg) F1

Chuin duge lién két dén h¢ don vi quéc té SI
(Standards are traceable to the international system of units SY)

Két qua (Resultg): Xem két qua trang sau
(See the results on the next page)

Ha Ni, ngay 09 thing 01 nam 2025

(Date of issue)
Trudng phong thi nghiém
(Head of Laboratory)
D& Dirc Nguyén PHO VIEN TRUONG

'/Vﬂﬁ»'m: Lok
Trang: 13| Khong duwge sao chép rot khi gidy chimg nhan 6 nhiéu trang néu woe sw dong y

(N of pages) bing van bdn cia Vign Do luomg Viet Nam
(This certificate shall not be reproduced except in full, without written approval of VMI)

Ngdy BH: 01-07-17 F-024/P5.10
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£ 2 7 -~
KET QUA DO, THU NGHIEM
(Measurement & Testing resulls)

Kém theo gifly chimg nhiin s6 (anached to certificare 3) : V02.CN6.0001.25

® Diéu kién mi trudmg (Emvironmental Conditions) -

Nhiét d) (Temperature), °C Do &m (Humidity) , Y%RH
Bilt déiu (stary 20,4 43,0
Két thitc (ng) 204 45,0

1. Kiém tra 03 léch tAm (Eccentricity test

Tii kiém tra (Load): 10,000 kg
D 1éch tdm (Eccemriciy) : 0,002 kg
Vi tri Gid trj chi thj
(Pasition) (Indication) :
0 10,001 2 s
I 10,003 Jhemes Iy " S L
2 10,002 oh B
3 10,001 :
4 10,002

J¢

o=
. -

=
*

2. Kiém tra d9 13p lai (Repeatability test)

Ti kiém tra (Load): 30,000 kg
D§ léch chudn (Standard. deviation) : 0,00055 kg
Lin do Gid trj chi thj
(Ne) (Indication)
1 29,998
2 29,999
3 29,998
4 29,999
5 29,999
6 29,998

Trang: 23 Khong duge sao chép rot khi gidy ching nhan co nhiéu trang néu khong dugc su dong y

) bdng van bdn cia Vién Do luomg Vigt Nam
(N2 of pages) (This certificate shall not be reproduced except in full, without written approval of VMI)

Ngay BH: 15-01-2] F-05/P7.8

&\
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Kém theo gifly chimg nhiin 6 (anached 1o certificate 28): V02.CN6,0001.25

KET QUA DO, THU NGHIEM

(Measurement & Testing results)

3. Kiém tra 49 diing (Accuracy test)

~ “':ffwd" (‘iui trj chi m%m::vén - th Ifllllflu DKDED U
7 Chi thi trén cén iy @ (Correction) | UOET0IA)
kg kg kg g g

| 1,000 1,000 0,0 14

2 2,000 2,000 0,0 1,5

3 5,001 5,001 -1,0 1,8

4 10 10,001 10,001 -1,0 2,7

5 20 20,000 20,000 0,0 49

6 30 29,998 29,998 2,0 7.1

(*) My tinh hiu Lenovo do khach hing cung céip.

e Cic gid trj d khong dim bio do mé rong U & trén duge xdc dinh v6i mire tin cdy P =
95,45% (k=2) (Expanded measurement uncertainty U with coverage fuctor k=2; confidence level of P=95,45%)

1. Phuong tign do nay khdng duge sir dyng o8 dinh lugng hang hoa,

dich vy trong mua ban, thanh todn, bdo dam an todn, bio vé siic khoe X .
chng ddag. bio vé moi trudmg, trong thanh tra, kiém tra, gidm dinh tw Ngudi thyre hién

phip vi trong cdc oyt ding cdog v khic,
2. Phuong tién do ndy khdag duoe sir dyng rye tiép dé kidm dinh (Caffvated by)
phuong ti¢n do nhom 2.

Bui Hoang Minh

o Dja diém thyc hign: VM

Ngdy 09 thing 01 nam 2025

)

Trang: 33

(N2 of pages)

Khong duge sao chép rot khi gidy chung nhdn co nhiéu trang néu khong dwgc sw dong y

bdng van bdn caa Vign Do luing Vit Nam
(This centificate shall not be reproduced except in full, without written approval of VMI)

Ngay BH: 15-01-2]

F-05/P7.8
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VIEN DO LUONG VIET NAM (DK 05)
“ (Vietnam Metrology Institute)
v ' Dio chi (Add) S6 8 Dudng Hoong Quic V!, Pruong Nghio DO,
M Qudn Chu Gy, Thanh phé Ha N

Dign thoal (Tel): (84-024) 37914876; Fax: (B4-024) 37564260

GIAY CHUNG NHAN HIEU CHUAN
st o6 VOO R 73

Tén dbi twgng (Objecy:  Thiét bj do tiéu thy nhién ligu va cc thang s6 dnh

hwdmng (chi tiéu TDVQ, rung)
Kiéu mpe:  Kisster S6 (Serial M YMA QL (Tag 26): N/A
Noi san Xuflt Manfacturer): Viét Nam
Dic tumg k¥ thudt do lwimg (Specification):

P§ chinh xdc do vin toc xe (km/h): + 1%
D§ chinh xdc do tée d dong co (r/min): = 1%
Do chinh xéc do tin s6 dao dgng rung (Hz): + 0,6%
Ngubn cdp DC budm ga: < 0,61V (déng hoan toan: 0%)
23,78 V (md hoan toan: 100%)
Cor 56 sir dyng (Customer) Truomg Dai hoc Cong nghiép Ha No
Phuong phép thye hién (Method of calibration) :
DLVN 165:2005 (V09.G21/P5 4) - QTHC - Méy do téc d¢ vong quay;
VMI-CP 102:2019 - QTHC - Phuong tién do rung
Chuéin duge sir dung (Standards wsee - Méy dém xung chudn HPS3131A (V09.TB1.40);
May t& hop tin s6 HP3325B (V09.TB.10); Méy hién song Fluke 199C (V09.TB1.24]
H¢ thong hi¢u chuin rung dong biing phurong phap s6 sénh 3629
Chudin duge lién két dén hé don vj quéc té SI
(Standards are traceable to the international system of units 1)
Két qua (Resules): Xem két qua 6 trang sau (See the results on the next page)
Ngiy hi¢u chudn dé nghj (Recalibration recommended):  Khdng dp dung
Hé Ngi, ngay 10 thang 02 nim 2025

2 e of isypue)
1Trm1ng phoéng thi nghiém g;lﬂTgWNG
(Head of calibration Laboratory) ’ o1

Wy,

AN |

7 PHOVIEN TRUGNG
Nyayin SInk Sy

VILAS 072
1, Pharomg tién do ndy khing duoe si dung d& dinh luyng hing hoa, dich vy troag mua bén, thanh toda, bio Sim an todn, bso vé
sire khde g ddag, bio v§ mdi tnrimg, trong thanh tra, kiém tra, gidm dinh tu phip vA trong céc hogt dgng cdng vy khic.
2. Pharomg tign do ndy khong dupe sir dyng trye ticp 3¢ kiém dinh pheong tifn do nhom 2

Khong duge sao chép roi khi gidy chung nhan co nhiéu trang néu khong duge sw dong y
bdng van bdn cia Vign Do luong Vigt Nam
(This certificate shall not be reproduced except in full, withowt wrirten approval of VMI)

Trang:
(N of pls)

Ngity BH (Issued date): 01-12-22 F-073
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a -~
KET QUA HIEU CHUAN
Kem theo gidy chiimg nhfi S8 [0S S care ) - VO9.CN5.027.25
Diéu kién moi truimg (Envirommen):
- Nhiét d§ (Temperarure): 20,41 °C - DY dm (Humidin): 55,1 %RH
1. Chire niing do viin te xe (km/h)
STT Gid tri chuin | Gid tri Kisster do dwyc | Saisé | DKDED (km/h)
(km/h) (km/h) (%) | (k=2,95%CL)
I 20 19,8 -1,0 0,06
2 30 30,1 0,3 0,06
3 40 39,6 -1,0 0,06
4 50 ~ 49,9 -0,2 0,06
5 60 60,3 0.5 0,06
6 70 69,7 -0.4 0,06
7 80 y 80,1 0.1 0,06
2. Chire niing do toe d§ djng co
STT Gid tri chudin Gi trj Kisster do dwge | Saisé | DKDBD (r/min)
X (r/min) (r/min) (%) | (k=2,95%CL)
1 500 497 0,6 0,6
2 1000 995 -0,5 0,6
3 2000 1994 -0,3 0,6
4 3000 2989 0.4 0,6
5 4000 3088 -0,3 0.6
6 5000 4987 -03 0,6
7 6000 5982 -0.3 0.6
8 7000 . 6977 -03 0,6
3. Chire niing do tin 56 dao dng rung
Gid trj chuin | Gid trj TB Kisster do (Hz) Sai 56 (%) U (k=2, 95%CL)
(Hz) X Y Z X Y Z X, Y, Z (Hz)
5 5.0 5.0 5.0 00 |1 00 [ 00 0,6
10 100 | 100 [ 100 | 00 | 00 | 00 0.6
20 200 | 200 | 200 | 00 | 00 [ 00 0,6
50 500 | 500 | 500 | 00 | 00 | 00 0,6
100 994 | 94 | 994 [ 06 | -06 | -06 0,8
200 1998 | 1998 [ 1998 | 01 | -0.1 | -0 0,8
300 2996 | 2996 | 2996 | -001 | 001 | -0.1 0,8
400 399.0 | 3990 | 3990 [ -03 | -03 | -03 0,6
500 4990 | 4990 | 4990 | 02 | 02 | -02 0,6
4. Chirc niing budm ga
Buém ga (%) Di¢n dp diit (VDC)
Dong hodn toan: 0% 0,5
M¢ hoén toan: 100% 38 _
Ngudi thye hién K Nguyén Trin Tudn
vV
Trang: Khong duge sao chép rot khi gidy ¢:Iumg nhan combiiéu trang néu khong duge su dong y
(N2 o[x pages) (bgzz ::n;)d;:::h:;;:::‘;:Tpio:gzz‘::«pl in full, without written approval of VMI)

F-08]
Nghy BH (Issued date): 20-05-22



