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XAY DUNG MO HINH XAC PINH LUC CAN LAN
TAC DUNG LEN O TO TRONG QUA TRINH VAN HANH
DETERMINATION OF ROLL RESISTANCE ON VEHICLES DURING THEIR OPERATION
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Toém tét - Lwc can I1&n 1a mot trong nhitng Iwc can 1am téng dang
ké tiéu thu nang lvong cua 6 to, dac biét la 6 to tal Cho dén nay,
cac phuwong phap dién hinh dé& do lwc can lan gém cé drum-test,
trailer-test va coast-down. T4t ca cac phwong phap nay dé&u nham
xac dinh hé sb can 1an trén mot loai mat dwdng cu thé hay voi mot
loai 16p cu thé. Bai bao nay trinh bay mét phwong phéap xac dinh
Iwc cén lan trong qua trinh 6 t6 dang van hanh (online) str dung ky
thuat quan sat trang thai dwa vao cac moé hinh dong Iwc hoc ctia 6
t6. Qua trinh xac dinh lwc can lan dwgc moé phdng trén moi trieong
Matlab-Simulink. Két qua mé phéng cho thdy phwong phap nay
cho phép xac dinh Iwc can lan trong ca trwérng hop 6 to di thing
cling nhu trong trwdng hop 6 t6 quay vong.

T khoa - can lan; b6 quan sat; dong lwc hoc; 6 t6; tiét kiém nhién
ligu.

1. Dat van dé

Bén canh lyc can khong khi thi lyc can lan cling la mot
phin quan trong trong tong luong tiéu thy nhién lidu cua 6
t6. Cac 0 t6 con ndi chung c6 khéi lugng nhe, thudng hoat
dong & tdc do cao va do vay, lyc can lan thuong chiém
khoang 10% tong lyc can tic dung 1én 6 to. Trong trudng
hop ctia 6 t6 tai ning, lyc can 1an c6 thé chiém t6i 40% téng
luc can tac dung 1€n 6 t6 [1]. Vi vay, viée tim kiém mot gidi
phap dé giam loai lyc can nay rat can thiét, nham giam
lugng tiéu thu nhién li€u cta 6 to.

Theo dinh nghia cua tiéu chun ISO 28580 [1], luc can
lan 12 mot lyc 4o, thé hién ning luong tidu tén trén mdi mét
chuyén dong ctia 6 t6 do hién tugng tré trong qua trinh bién
dang (nén va gidn) ctia 16p 6 t6. Nguyén nhan cua hién twong
nay la tinh nhot — dan hoi cta vat liéu 10p. Nang lugng mat
mat nay dugc chuyén thanh nhiét nang, lam ting nhiét do cia
15p xe. Vila mét lyc do, lyc can 1an khong phai 1a mét vector
thuc va khong thé duge do truc tiép bang céc loai cam bién
do luc thong thuong. Tuy nhién, dé can bang phuong trinh
nang luong trong chuyén dong ctia 6 6, hau hét cac nghién
ctru déu md hinh hoa lyc can nay nhu 1a mét luc thue va luc
nay chi xuat hién trong phuong trinh chuyen dong doc cta 6
t6. Luc can lan phy thudc va nhidu yéu t6 nhu vat liéu 16p,
nhiét do, 4p sudt, tiép xtc mat dudng, tai trong. .. [1], [2], [3],
[4]. Cac nghién curu thuc nghi€ém da chi ra r%mg lyc cén lan ty
1¢ v6i binh phuong toc d¢ clia xe va véi tai trong dit 1én 16p
xe [2], [5]. Nhiét d6 cia lép xe ti 1€ nghich véi lyc can lan do
khi tang nhiét d6 thi dd nhét cua vat liéu lam 15p giam xuéng
dan dén giam mit mat nang luong [6].

Cho dén nay, cac phuong phap dién hinh dé do luc can
lan gém ¢ drum-test, trailer-test va coast-down [7]. Tat ca
cac phuong phap nay déu nhim xéac dinh hé sb can lan trén
mot loai mat duong cu thé hay vai mot loai 15p cu thé. Tét
ca cic phuong phap nay déu xac dinh hé sé can lin bang
cach xir Iy s6 lidu sau khi lam thi nghiém va do vay, khong

Abstract - Roll resistance is one that significantly increases the
energy consumption of cars, especially trucks. Until now, the
typical methods for measuring rolling resistance include drum-test,
trailer-test and coast-down. All of these methods determine the
coefficient of rolling resistance on a specific type of road surface or
with a specific type of tire. This paper presents a method of
determining the rolling resistance of the vehicle when it is running
(online) using state observation techniques based on the models
of vehicle dynamics. The process of determining rolling resistance
is simulated on Matlab-Simulink environment. The simulation
results show that this method allows determining rolling resistance
in both cases when the car goes straight car or turns around.
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thé str dung dé xac dinh lyc can lian trong khi 6 t6 dang
chuyén dong. Cach tiép can nay 1a hop 1y dbi véi cac nghién
ctru lién quan dén dong lyc hoc 6 t6, noi ma vén dé tiéu thu
ning lugng khong phai 1a méi quan tam 16n. Tuy nhién, dé
giam tiéu thy ning luong théng qua giam lyc can lin thi can
thiét phai phét trién mot phuong phap khac nhim uée lugng
lyc can lin trong khi 6 to dang chuyén dong.

K3 thuat by quan sat trang thai duoc img dung dé quan sat
lyc can lan va phat hién sy thay dbi cua ap suét 16p [8]. Bo
quan sat hé s6 16n va quan sat trugt bac hai dugc ing dung va
so sanh két qua voi nhau. Két qua cho thiy by quan sat truot
¢6 d6 chinh xac cao hon va bén viing hon trong truong hop co
nhidu va khong chic chin cua cac thong sb hé théng.

Bd quan sat trugt bac hai st dung thuat toan “super-
twisting” g dung cho cac hé thng co khi tong quat, c6
thé duogc su dung dé quan sat trang thai (state observer),
nhan dang tham sd (parameter identification) hay x4c dinh
cac dau vao khong chic chan (unknown input) ciia hé théng
[9], [10], [11]. B& quan sat nay dugc tmg dung dé wéc
luong (estimate) lyc ngang tac dung 1én 6t6 trong qué trinh
quay vong st dung md hinh 6 t6 2 banh (bicycle model).
B6 loc Kalman mé rong ciing dwoc tmg dung rong rai dé
wéc lwong trang thai va thong sb cia 6 t6 [12]. Bo loc
Kalman két hop vé6i bd quan sat truot duge tng dung dé
xdc dinh goc trugt ngang cua 6t0, luc kéo va df cling quay
vong cua 16p xe [13], [14]. Trong [15], bd quan sat phi
tuyén dugc st dung dé xéac dinh luc doc tac dung 1én banh
xe sir dung phuong phap thi nghiém drum-test.

Phén tiép theo ctia bai bao ndy trinh bay mé hinh % 6
t6 va md hinh ' 6 t6. P4y 1a nhitng md hinh ddng luc hoc
don gian cua 6 t6 va dugc sir dung dé xay dung thuét toan
xéac dinh luc can lan. Phan III trinh bay 1y thuyét bo quan
sat phi tuyén dua trén by quan sat trang thai kinh dién
Luenberger. Két qua mo phong dugc trinh bay ¢ phan cudi
cua bai bao cho phép danh gia hiéu qua cua by quan sat.
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2. M6 hinh dong luc hoc 6 t6
2.1. M6 hinh % 6 té

M5 hinh ¥ 6 t6 gdm c6 2 phan dé mo ta chuyén dong
theo phuong dimg va chuyén dong doc ctia 6 to. Chuyén
dong theo phuong dimg dugc sir dung dé khao sat hoat
dong cua h¢ thong treo dudi anh hudng ctia mat duge va sé&
khong dugc xem xét trong nghién ctu nay. Hinh 1 mo ta
céc lyc tac dung 1én 6 t6 trong chuyén dong doc. Cac luc
tac dung 1&n 6 t6 gdm co6 luc kéo F,, luc can khong khi F,
md men kéo tir dong co truyén dén I' va lyc cén lan E.,.
Céc lyc nay dugc mo ta boi cac cong thirc sau:

Luc can khong khi F;:

1
Fd = EpAdCdvz (1)

Trong d6 p 1a khéi lugng riéng ciia khong khi, A 1a tiét
dién mé:t trude cua xe, C4 1a hé s6 can cua khong khi va v
la van toc cua xe.

Luc kéo E:

F, = uN (2)

Vé6i u 1a hé sé bam cua banh xe va N 1a tai trong cua
xe. Hé s0 bam u dugc xac dinh theo hé so truot A.

1=1-—— 3

=1-p= 3)
2UgApA

TR )

Trong d6 R 1a ban kinh banh xe va w 1a van toc goc cua
banh xe, py va Ay lan lugt 1la hé so6 bam cuc dai ctia banh
xe va hé so truot toi uu.

Luyc can lan ti 1€ voi tai trong cua 0 to:
Fy=C.N (%)
Véi C,, 12 h¢ so can lan cua banh xe.

Hinh 1. M6 hinh % 6 t6

Céac phuong trinh m6 ta chuyén dong cia 6 t6 gom co
chuyén dong quay cua banh xe va chuyén dong tinh tién
theo phuong doc.

) 1

v = M(Fx_Fd_Frr)
1 1
7(—@R—w;w) +7r

Vi I' la md men kéo tai banh xe, Cr 1a h¢ s6 can nhét
tai truc banh xe. M va J 1an luot 1a khbi luwong cta xe va mo
men quan tinh cua banh xe.

(6)

w =

2.2. M6 hinh hai banh

Mo hinh ¥4 6 t6 khong thé mé ta chuyen dong ngang
cua 6 t6 trong qua trinh quay vong. Dé mo ta chuyen dong
ctia 6 to ddy di hon, mo hinh 2 banh dwoc sir dung phd bién
trong nghién ctru dong luc hoc diéu khién 6 t6.

Hinh 2 trinh bay céc lyc cac dung Ién cac banh xe va
md hinh Y% 6 t6. Trong md hinh nay, cac chuyén dong doc,
ngang va quay vong cua 6 t6 s€ dugc xem x¢t trong khi cac
chuyen dong tinh tién theo phuong thing dung, chuyén
dong lic ngang va lic doc dugce bo qua.

Phuong trinh chuyén dong quay tai mdi banh xe:

Jwi®wi =i = FyyiRe — Grwy,; 5 i=1,..4 @)
Fow Fyun
s Y 2 Frwt
wa3 \/
4 Ep = FByr Fo Fyr Fews

_— Wy 3 _ \~‘ 8
— - e
Fer = Fewr » - Fxf X

ay a;

Hinh 2. M6 hinh % xe
Trong mo6 hinh Y xe, cac lyc tac dung 1€n xe bao gém
lgc doc tai banh xe Fyf, Fyyr va lyc ngang tai banh xe
Fywsr Bpwr. Céc lye ndy duge chiéu Ién hé truc toa do gén
véi than xe voi goce lai cua banh trude 1a §.

Fyf = Fywy €088 — Fyyr Sin g

Fyf = Fyppsind + Fyy,r cos§ (®)
Fer = Fowr
Fyr = war

Vi goc 1ai § nho, luc banh xe trudce va sau co thé duoc
xap xi nhu sau:
waf ~ wal + waz (9)
waf = wal +wa2
Chuyén dong doc, ngang va quay vong ciia xe duoc mod
ta bang hé phuong trinh:
—wﬁ»=(&f+&ﬂ—ﬂw—&
ma, = m(vy + wzvx) Fyr +E,
Lw, =M, =a,Fy; — aF,
]wid)wi = Fi — waiRe — Cf(‘)wi ; i= 1, ,4
ay va a, lan luogt 14 gia toc chuyén dong doc va ngang
cua xe. m, J,,,, I; va I, lan luot 1a khi luong cua xe, mo
ment quan tinh, mé men kéo cua banh xe thir i va mé ment
quan tinh ctia xe quanh truc z, v, va v, 1an luot la vén toc
doc va ngang cua than xe.

ma, = m(ﬁx

(10)

3. K§ thuat quan sat trang thai phi tuyén
Cho mot hé afin c6 dang:
{56 =f() +g(u

Y = h(x) an
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Véi f(x), g(x) va h(x) 14 cic ham tron trong mién xac
dinh D. f:D - R™ va g: D — R™. H¢ thong nay c6 béc
twong doir,1 <r <nin Dy € D, Vx € Dy néu:

LyLith(x) =0, i=12,..,r—1; a2
LgL]C_lh(x) #0
. a ALY r(x)
Vi Lof(0) =ZLg@) ¢ Lif0) =222 gw)
Lyf () = f(x)
3.1. Tinh quan sdt dwgc ciia hé phi tuyén
Cho m¢t hé théng phi tuyén cé dang tong quat sau:
{56=f(x,u) x €ER",u €R™ (13)
y=h®x)  yER
_ Tinh quan sat dugc cua hé thdng phi tuyén co thé dugc
kiém tra dya vao ki€m tra hang cila ma tran quan sat cyc

b6 Q (xo, u").

h(x)
Leh(x)
Q(xo,u") =] L}h(x) (14)
L}l'lh(x)
Hé théng (13) théa man diéu kién quan sat dugc cuc bo
tai x, néu:
aQ (XO’ u*)
R _ =
ank E n (15)
X=Xg
3.2. Bj quan sdt phi tuyén
Cho hé thdng phi tuyén:
{x(t) = Ax(t) + Bu(t) + Nf(x(t),t) (16)
y(t) = Cx(t)

Voix,uvay lan luot 1a vector trang thai, vector diéu khién
va vector diu ra cia hé théng. Cacmatrin 4, B, C vaN lan luot
la ma tran hé théng, ma tran diéu khién, ma trin diu ra va ma
tran phi tuyén. £ (t) 1a mot ham dau vao chua biét trude va can
phai duoc xéc dinh bang cach sir dung bd quan sat.

Dé thiét ké bo quan sat cho hé thong phi tuyén nay,
trudc hét can xap xi f(t) bang mot hé thong gia dinh.

(0.0 = o0 a7
v(t) =Vv(t)

Thay (17) vao (16), bd quan sat trang thai dugc thiét ké
nhu sau:

% A NH1[X u Ly o

L;] = [0 v Hﬁ] +8 o] + [L,,] b-cx) a8

Véi Ly, L, lan luot 1a cac hé s6 khuéch dai duoc chon
sao cho dam bao su hoi tu 6n dinh cua bg quan sat. Trong
nghién ctru nay, phuong phap gan cuc dugc st dung dé
chon céc hé sé ndy. V6i H =1 va V = 0, bd quan sat tré
vé dang bd quan sat ti 18 - tich phan. Khi ¢6 ham dau vao
khong biét trude duge xac dinh nhu sau: £(-) = v(t).

4. Thiét ké bd quan sat xac dinh lyc cén lin tac dung
1én 0 to
4.1. Bo quan sat sir dung mé hinh % 6 to

Chuyén dong cuia 6 t6 dugec mé ta nhu (6), trong d6

v,w,T,Fy,M,],R 1a cac thong b clia 6 t6 va cac dai lugng
6 thé do dugc bﬁng cam bién. Bo quan sat dugc thiét ké
dé xac dinh hé s6 bam u va hé s6 can lian C,,. Ciu tric ctia
bd quan sat dugc trinh bay ¢ Hinh 3, v6i bd quan sat 1 dung
dé x4c dinh hé sb bam p dya vao phwong trinh chuyén dong
quay va b quan sat 2 ding dé xac dinh lyc can lan dya vao
phuong trinh chuyén dong doc ciia 6 to.

Xuét phat tir (6), dé thiét ké bo quan sat 1, cac bién trang
thai va bién diéu khién duoc chon x; = w; x, = w;u =T.
Hé phwong trinh vi phan duoc viét lai nhu sau:

C R. Ngiai 1
X = - _fx1 _ static X, +-u
J J J
. (19)
X2 = M
y= X1

r o . Ux
| i thong Wwheel
B6 quan [/ BO quan e
sat 1 sat2

Hinh 3. Hé th(fng bé quan sat xac dinh lyc can lan
s dung mé hinh % 6 té
Str dung ky thuét quan sat phi tuyén ¢ phan 3.2, bo quan
sat dugc thiét ké nhu sau:

s C RN .
BT Tl e e

Bo quan sat 2 duoc thiét ké tuong tu nhu trén vdi cac
bien trang thai va di€u khién dugc chon nhu sau:
X3 =V;X4 = Crsu = [

. 1 . . o
X3 M(—Fd—N.x4) +g.u+L,(x; — %) @1

Lyy (xl - 521)

4.2. B§ quan sdt sir dung mé hinh % 6 to

X, =

Hinh 4 trinh bay c4u tric hé théng cac bd quan sat xac
dinh lyc can lan st dung mé6 hinh 2 banh. Theo mé hinh
nay, bd quan sat thir nhat s& xac dinh lyc ngang tac dung
1én 6 t6 trong khi bd quan sat thir 2 xac dinh cac lyc doc tai
cac banh xe. T két qua nay, by quan sat 3 s€ xac dinh luc
can lan dua vao phuong trinh chuyén dong doc cua 6 to.

Hinh 4. Hé théng bg quan sat xdc dinh lyc can lan s dung
mo hinh % 6 t6
4.2.1. Bg quan sat xac dinh lyc ngang (Fyf, Fyr)
Tur cac phuong trinh sau ddy mo ta chuyén dong ngang
va chuyén dong quay vong cua 6 to trong (10), sir dung
phuong phép thé don gidn sé thu duogc:
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l a;m
=——F, +
IZ " z

a, (22)

Trong phuorng trinh nay, toc doc quay vong cua 6 t0 w,
va gia tc chuyén dong ngang ay, co thé do duoc tir cac cam
blen trén 0 t0. Dt x; = w,, x, = F, u = a,,. Cac thong
s6 kich thuge, khéi lugng ma moé men quan tinh cta 6 t6
xem nhur da biét. B quan sat xac dinh lyc ngang tac dung
1én banh sau duoc thiét ké theo phuong phap & phan 3.2.

l

X1 = ——Xy

am o
7 +——u+L,, (x; — %)
z

1
I, (23)
LFyr (x1 — %1)
Tuong tu nhu trén, bd quan sat xac dinh luc ngang tac
dung 1én banh trudc dugce thiét ke vai:
X, = Wy X = Fyp,u=a,,

fzz

L am
X1 = X -
L L

u+L, (x; — %
wz(l 1) (24)

X, = LFyf(xl - %)

4.2.2. B9 quan sat xdc dinh luc doc tai banh xe va lyc can lan
Déi voi luc doc tai banh xe va luc can lin tac dung 1én

0 t0, cac bd quan sat tuong irng twong tu nhu doi voi truong

hop str dung mo hinh % 6 t0.

5. Két qua md phong
Cac mo hinh %2 6 t0, ¥4 6 t0 va cac bo quan sat dugc mod

phong trén phan mém Matlab/Simulink. Budc thoi gian mo
phéng dugce chon 1a 0.5ms.

5.1. Xac dinh lyc cdn lan trong voi mé hinh Y 6 to

8F

ol g

al » 1 miu reel |
A 7 miu estmated

2

miu

)
0 02 04 06 08 1 12 14 16 1.8
time(s)

Hinh 5. Két qua xac dinh hé 56 bam sir dung mé hinh % 6 t6

0.04 c,_ reel
C,, estmated

o 0.2 0.4 0.6 0.8 1 1.2 14 16 1.8
time(s)

Hinh 6. Két qua xdc dinh hé s can lan sir dung mé hinh % 6 16
5.2. Xac dinh lyc cdn lan trong voi mé hinh % 6 to

Bang 2 trinh bay cac thong sé ctia 6 t6 duoc sir dung
trong mo phong xac dinh luc can lan st dung moé hinh % 6
t6. Cac thong so6 dugc chon theo mo hinh cia 6 t6 tai. Mo
hinh 2 6 t6 s€ duoc su dung dé xac dinh lyc can lan trong
truong hop 6 to chuyén dong thang va quay vong.

Bing 2. Cdc théng s6 diege siv dung mé phong mé hinh ¥ 6 16

Béng 1 trinh bay cac thong sd cta 6 to dugce sir dung ] Ky
trong mod phong xac dinh lyc can lin st dung mo hinh % 6 Théng so hiey | Gl tri| Donvi
to. Céc thong so dugc chon .theo mo hiqh cta 0 to bé.n tal, M6 men quan tinh I, | 3015 | kg.m?
loai 6 t6 nam & phén,khﬁc gitta 6 t0 du lich va 6 to tai. Bén kinh banh xe R | 046 m
Bidng 1. Cac thong so duoc sir dung mé phong mé hinh i 6 té Dién tich can trudc Ag 2 m2
. ’ Khoa ach rdc toi 1.2
Thong sb ].(Ay Gidtri| Donvi oa’mg ca}c truc truorcr FO'] COG a, 3 m
hi¢u Khoang céch truc sau téi COG a, | 147 m
M6 men quan tinh banh xe Jw 1.7 kg.m? M6 men quan tinh banh xe Jw 0.7 kg.m?
Bén kinh banh xe R 0.5 m Hé s6 can nhét Cr | 008 |kg.m?.s™!
Dién tich mit trudc A, | 0425 m2 He¢ s6 can khong khi Cq | 032
Khdi lwong riéng khong khi p |1.205| kg.m3 Khoi lugng 6 t6 M | 10019 kg
Hé sb truot tbi wu Ao | 0.25 5.2.1. Truwong hop 6 té chuyén dong thing
Gia toc trong trudng g 9807 m.s? Hinh 7 trinh bay két qua mé phong xac dinh Iyc can lin
Hé s6 cén nhat Cr | 0.08 | kg.m?.s71 trong truong hop di thang, st dung md hinh % khi 6 t6 chay
Hé s6 can khi dong ¢, | 025 v6i van toc khong d6i 70km/h. Trong trudng hop nay, luc
HE sb bam cyrc dai P 09 n}glar{[flg1 }écl dung 16113 0 (‘;6 rat n’héd\./jh co Vthé. b(t) .qufl. Ii}élt (}ué
z — cho thay luc can lan dugc xac dinh co gia tri vao khoang
Khoi I t 5000 DX ) (i et
ouongedao® M kg 1470N, sai s0 khoang 2% so voi gia tri that.

Hinh 5 trinh bay két qua x4c dinh hé s6 bam u va Hinh
6 trinh bay két qua xac dinh hé s6 can lan C,, véi cac hé sb
L,=L,=L,=Lc, =5. Két qua cho thy ca hai h¢ s6
nay déu duoc xac dinh chinh xac voi gia tri thuc sau thoi
gian hoi tu khoang 0.6s. C6 thé thiy rang hé sb bam hoi tu
trude hé sb can lan vi gia tri cia hé s6 bam 1a dau vao cua
bd quan sat xac dinh hé s can lan.

Can luu ¥ rang, gia tri duoc xac dinh cua lyc can lin
cling c6 dang tuong tu vai gia tri that. Khi 6 t6 chay toc do
khong doi thi nhiét do cta 16p s& ting, lam cho luc can lin
giam xudng. Hinh 7 cho thiy bd quan sat di xac dinh dung
hién tugng nay, khi gia tri cua lyc can lan dugc xac dinh
giam dan theo thoi gian tir 1470N tai thoi diém 1.5s dén
1430N tai thdi diém 10s.
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Frr estimated
Frr simulation |

1480

1470 H

1460 p
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1440 H |

1430H" | Y VY
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1410 H

1400 H 3

0 1 2 3 4 5 6 7 8 9 10

Hinh 7. Két qua xdc dinh hé 56 can lan
sw dung mé hinh Y 6 t6 chuyén dong thang
5.2.2. Truong hop 6 té chuyén lan (lane change test)

Quy dao chuyén dong cia 6 to chuyén lan dugc thuc
hién theo tiéu chuan ISO 17387:2008. Tdc d6 cuia 6 t6 duoc
giit khong d6i 50 km/h. Trong truong hop nay, luc ngang
tac dung 1én 6 t6 can phai dugc xem xét dén. Hinh 8 va
Hinh 9 trinh bay két qua xac dinh luc ngang tac dung 1én 6
to tai truc trudc va truc sau. Két qua cho théy b0 quan sat
xac dinh lyc ngang hoat dong kha tdt khi xac dinh chinh
xac lyc ngang tai truc sau va truc trudc véi sai s6 1an luot
vao khoang 10% va 20%.
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Hinh 9. Két qua xdc dinh lyc ngang tai truc trudc cua o t6

Hinh 10 trinh bay két qua xac dinh lyc can lan trong qué
trinh chuyén lan. Két qua cho thiy bo quan sat da phan anh
dung xu hudng cua luc can lin trong qua trinh chuyén lan.
Tuy nhién, gia tri xac dinh dugc 16n hon gia tri thyc cua luc
can lan. Pidu nay cé thé dugc giai thich boi sy phu thudc cua
gia tri xac dinh lyc can lan vao cac dai lugng diu vao nhu
luc ngang va lyc doc tai banh xe. Céc sai s tir luc ngang giy
ra anh huong 16n dén do chinh xac cua lyc can lan.

Simulation and estimation of rolling resistance force

Frr estimated
Frr simulation

5000

4500

4000

3500

3000

2500 F

2000

rolling resistance force (N)

1500 »

1000

500 " i
0 1 2

L
3 4 5 6 7 8 9
time(s)

Hinh 10. Két qua xdc dinh lyc can ldn tac dung lén 6 t6
trong qua trinh chuyén lan

6. Két luan

Bai bao da trinh bay mdt phuong phéap xac dinh lyc can
lan tac dung lén 6 t6 trong qua trinh van hanh st dung ky
thuat quan st trang thai phi tuyén. Cac bo quan sat trang
thai phi myén duoc thiét ké dua vao md hinh dong luc hoc
¥4 610 va 2 6 t6. M0 hinh % 6 t6 cho phép xac dinh luc can
lan trong qua trinh chuyén dong thang, trong khi mé hinh
% 0 10 cho phép xac dinh luc can lan trong qua trinh quay
vong. Két qua md phong cho thiy, gia tri luc can lan duoc
xé4c dinh trong truong hop 6 t6 di thing c6 d6 chinh xac
cao, nhé hon 5%. Tuy nhién, trong trudng hgp quay vong
thi gié tri lyc can 1an dugc xac dinh c6 sai 1éch khé 16m (1é€n
dén 20%) so v6i gia tri thuc. Dé giam sai s6 nay thi can
thiét phéi xac dinh chinh x4c céac luc tdc dung 1én 6 t6 tai
banh xe trude khi xac dinh lyc can lan. Két qua mo phong
ciing cho thay Iyc can lan ting khi 6 t6 quay vong. Viéc
xéc dinh lyc can lan theo thoi gian thyc hién van 1a mot van
dé mé va 1a huéng tién hanh thém cac thi nghiém lién quan
dén x4c dinh thong ) trang thai cta 0 t6 trudc khi xac dinh
Iuc céan lan.
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