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Phan tich déng Iwc hoc xe may 03 banh
theo phwong ngang va phuwong dang
bang mé hinh déng lwc hoc phang mét
day & dong lwc hoc theo phwong dung
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TOM TAT

Dé c6 thé phan tich céc tinh ndng déng
luc hoc mét cach téng thé va tron ven hon
theo cd phuwong ngang va phuwong thdng
dung cho xe may 03 bénh duoc thiét ké va
ché tao béi cung nhém tac gid lam cé sé&
tham khao tién hanh cai tién thiét ké, mé hinh
tinh toén dong luc hoc phdng mét day c6 03
bac tw do (03-DOF) & md hinh déng luc hoc
theo phuong thdng dimg c6 06 bac tw do
(06-DOF) duoc st¥ dung. Cac théng sé st
dung trong tinh toan dwoc xac dinh dwa trén

thiét ké sén co tir md hinh ché tao thuc té
théng qua viéc két hop giita do dac thuc
nghiém va phuwong phép tinh toén Iy thuyét
theo kinh nghiém. Céc théng sé déng luc hoc
theo phuong ngang lam co sé& danh gia én
dinh chuyén déng khi vao cua hay quay vong
clia xe may 03 banh. Ngoai ra, cac théng sé
dong luc hoc theo phurong thdng dimg cing
duroc phan tich theo mién tan sé gitdp lam co
S& cai tién thiét ké co tinh ndng chuyén dong
ém dju va an toan hon.

Ter khoa: dong luc hoc phdng mét day, déng luc hoc theo phuong ding, xe may 03 banh

1. GIOI THIEU

Do diéu kién kinh té & x& hoi cua nudc ta
hién nay, c6 nhiéu xe may duoc thiét ké cai tao
thanh xe may 03 banh. D4 c6 nhiéu dé tai nghién
ctu thiét ké ché tao xe may 03 banh duoc thuc
hién, ddng thoi nhiéu co sa, cdngty,... ciing tién

hanh san xuét, thuong mai héa dong san pham
nay. Tuy nhién cac co s& phan tich tinh nang
dong luc hoc chuyén dong cua xe may 03 banh
con rat nhiéu han ché.
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Nghién ciru dugc thuc hién dua trén thong
sb xac dinh trén mo hinh da duoc ché tao san, két
hop véi mo hinh tinh toan mé phong dong huc hoc
theo phuong ngang (03-DOF), [1] va khéng gian
(06-DOF).
2.CO SO LY THUYET
2.1 Md hinh déng lwc hoc phing mét day
(dang 2 banh)

Dé thyc hién tinh toan cac théng sé dong luc
hoc theo phrong ngang cua xe, hay cac tinh nang
dong luc hoc chuyén dong cua xe khi quay vong
(vao cua), md hinh dong hec hoc phang mot day
dang 02 banh, [1] duoc st dung va thé hién nhu
Hinh 1(a).

Trong do:

C: vi tri trong tam xe

I: chiéu dai co s&

R: ban kinh quay vong

al,2: khoang céch tir trong tim xe dén tam
cau trudc, sau.

r: van téc géc cua xe tai C

(@)

Vi, vecto van te banh xe trudc, sau.
d: goc 14i banh xe dan hudng (banh xe trudc)

Sr: goc léch ngang vecto van tdc cua banh xe
dan huéng, vf so vai truc x

- g6c léch ngang vecto van toc cua xe, v so
Vai truc X

ar = & - Br: gbc truot ngang ciia banh xe dan
huéng.

O day toan xe duoc xem |4 vat ran c6 khoi
Iuong la m, c6 hé truc toa do dat tai trong tam C.

Phuong trinh vi phan mé ta doéng luc hoc
chuyén dong theo phwong ngang, véi goc 1ai 5(t)
1a thong sb dau vao, duoc ding dé tinh toan cac
dap umg theo thoi gian cho cac thong s vé van
t6c tinh tién theo phuong y va van téc quay quanh

truc Oz cia xe: Vy, =V, (t);r =r(t) duoc viét

duéi dang téng quat nhu sau [1]:
g =[Alg+u (2.1)

Trong d6: c4c ma tran hé sb [A], q, u duoc
trinh bay cu thé & Phu lyc 1.
2.2 Md hinh d@gng luc hoc theo phwong ding
3D

M0 hinh dong luc hoc khéng gian thé hién
nhu Hinh 1(b). M6 hinh c6 6 bac ty do (06-DOF),
v6i cac khéi lugng lién két véi nhau bang cac bo
phan dan hoi, giam chan, Trong do:

(b)
Hinh 1. M6 hinh déng liyc hoc phing mét day (dang 2 banh) (a) va theo phuong ding (6DOF) trong khong gian (b)
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Trong do:

m: khéi luong phan dugc treo.

M 123, khéi luong phan khong duoc treo
truwde trai, trude phai va sau.

| xy: momen quan tinh khi luong cua phan
duoc treo quanh truc Ox, Oy.

a1.; b1 toa do trong tim phan duoc treo.

K w2 0 cing dan hoi lan luot cia 16p xe
truwde tréi, trude phai va sau.

K 123: d6 cng bd phan dan hoi

C 123: hé s6 giam chén

Y 123 théng sb thé hién bién dang map md
mat duong tai vi tri tiép xdc véi 16p xe turong tmg.

@, 0: gbc xoay quanh truc Ox, Oy cua phan
duoc treo.

X: toa do phén duoc treo theo phuong z.

X 123: toa d§ banh xe twong tng theo phuong

Phuong trinh vi phan tong quat mo ta dong
lwc hoc theo md hinh Hinh 1(b) dugc xay dung
dwa trén phuong phap Lagrange va viét dudi
dang tong quat nhu & phuong trinh (2.2).

[m]X+[c]x+[k]x=F
(2.2)

Cac ma tran khéi lwong [m], hé s giam chén
[c], hé s6 db ctng [K], va ngoai luc tac dung [F],
vecto chuyén vi x (voi 06 thanh phan twong tng
06 bac tu do ctia hé), duoc trinh bay chi tiét & Phu
luc I1.
2.3 Phwong phap giai

V6i cac thong s str dung trong cac mé hinh
dong luc hoc trén, (trinh bay & muc 3), cdc mod
hinh dong luc hoc duge thé hién dudi dang hé
thdng cac phwong trinh vi phan duogc giai bang
ngon ngir 1ap trinh k¥ thuét Matlab[2].
3. THONG SO TINH TOAN
3.1 Théng sb xe

Cac thong sb cua xe dua trén két qua do dac
tir mo hinh thuc té va cac cong trinh nghién ciu
[3];[4];[5] thé hién & Bang 1

Bang 1. Thong s6 dau vao xe TWM [dé tai
NCKH SV 2014]

Ky hiéu Giatri Pon vi
m 234 kg
my 8,5 kg
m; 8,5 kg
ms 9 kg

Ix 85,49 kg.m?
ly 194,52 kg.m?
I, 183,67 kg.m?
a1 0,798 m
a 0,427 m
b, 0,4045 m
b, 0,4045 m

h 0,5942 m
K1 4244,46 N/m
Ko 4244,46 N/m
Ks 10467 N/m
Kia 122036 N/m
Keo 122036 N/m
Kia 142736 N/m
C1 14,35 Ns/m
C2 14,35 Ns/m
Cs 53,63 Ns/m
Cy 8599,8 N/rad
Car 4617,4 N/rad

Ghi chd: trong d6 riéng khéi lwong va mé-
men quan tinh khéi lwong quanh truc z duoc tinh
toan cho toan xe khi str dung trong mé hinh déng
luc hoc phéng mot Vét.

4. Két qua va thao luan
4.1 Panh gia tinh niing 6n dinh

a) Ché a6 khao sat:

- G6c 14i 5(t) thay doi theo thoi gian tir 0 dén
gia tri hang s6 khéac 0 trong khoang thoi gian
duoc thiét lap san. Gia tri bién do goc 1ai 6=0,2
(rad), va xe chuyén dong vé6i van tde 30 (km/h)
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- MAip mé mit duong dugc biéu dién bing
ham ban binh phuong hinh sin véi bé rong va do
cao map méd dugc chon theo [6].

b) Két qua khao sat

- Luc ngang tai toa do trong tdm theo thoi
gian Fy(t) duoc thé hién & Hinh 2(a). Truong hop
TWM quay vong(vao cua) lrc ngang xuit hién
tai ngay thoi diém khac khong (t0). Luc ngang
tang dan trong khoang thoi gian 4 gidy ban dau,
day chinh 1a khoang thay ddi theo thoi gian twong
tmg cua goc lai. Sau d6 luc ngang dat gia tri 6n
dinh

- M6-men quay quanh truc z dugc thé hién &
Hinh 2(b). Két qua cho thiy gia tri mo-men ting
nhanh theo thoi gian trong khoang thoi gian 2
gidy ban ddu, bién do thay d6i theo dang hinh sin,
twong tmg Vi chuyén dong quay nhanh cua xe
quanh truc z, do géc danh 14i bién thién theo thoi
gian (d(2)).Sau d6 gia tri mé - men M,(t) giam dan
dén 0 khi khéng con c6 su bién thién cua J(1),
Hinh 2(b).

- Gi4 tri lyc ngang 16n nhit thé hién Hinh
3(a), cho thdy gi4 tri 16n nhét luc ngang ting
nhanh theo van téc theo dang parabol hay ham
bac hai.Vén tbc téi han vy Cia xe khi quay vong
Véi géc danh 1ai dam bao tinh nang on dinh va do
an toan, dugc xac dinh bang cach so sanh gia tri
I6n nhit cua luc ngang Fy S0 V6i gia tri 16n nhét
cta lyc bam ngang Fy, va lyc ngang 16n nhét F-
yroll, 1an Turot thoa déu kién trugt va lat ngang cia
Xe.

- Trén Hinh 3(a) cho thay xe sé& bi lat ngang
trude khi bi trugt ngang khi gia tri luc ngang 1on
nhat Fy vuot qua gié tri toi han theo diéu kién on
dinh nhu trén. Tuy nhién, gia tri lyc ngang téi han
theo diéu kién truot va lat cling khong sai khac
nhau nhiéu. Pong thoi, trong qua trinh thiét ké
gié tri toi han lyc ngang theo diéu kién 1at phu
thugc vao bé rong cua xe, va ddi véi didu kién
truot 1a phu thudc diéu kién tiép Xuc gitta 16p xe
va mat dudong. Didu ndy cho thiy, bé rong xe thiét
ké 1a twong ddi phl hop dé diéu kién an toan
chuyén dong cua xe khi quay vong dugc dam bao.

- Do d6, gia tri luc ngang cho phép cuc dai
tinh toan dam bao diéu kién truot ngang duoc

chon 1am co s& dé so sanh v&i Fy, thé hién & Hinh
3(a), thay vi theo diéu kién 14t ngang ma ta hoan
toan c6 thé cai thién trong qua trinh thiét ké bang
cach thay ddi bé rong xe.

Tir cac d6 thi Hinh 3(a).3(b) ta xac dinh duoc
mbi quan hé giita van tbc t6i han khi xe quay
vong Véi cac gia tri bién d6 goc danh 1ai khac
nhau. Khi tang goc 14i, vy giam, theo dang duong
cong nhu Hinh 3(b). Nguoc lai, khi gidm géc 14i,
Vie tang, khi goc 14i tién dan dén gid tri 0, vy ting
nhanh va tién dén gia tri van téc cua xe khi
chuyén dong thang ma xe c6 thé dat dugc
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Hinh 3. Lyc ngang 16n nhat Fy so vai van téc vx (V6i
do = 0.2(rad)) (a), Van tbc gidi han, vxe 0 V&i gid tri
bién do gdc lai &

4.2 Panh gia tinh ning ém diu

a) Ché d¢ khao sat: Xe chuyen dong thang
vei van toc 30 (km/h) trén duong méap mo bién
dang hinh sin va khi mét banh chay qua map mé

b) Két qua khao sat:

- Két qua khao sét cho thay gia toc tinh tién
theo phuong z dat g’ié tri cuc dai tai tan so f
~11(Hz), va gia toc lac quanh trucy dat cuc dai
tai tan so f =<10,5(Hz). Trong khoan tan so thap
ban dau cd hai thanh phan gia toc ciing c6 gié tri
tuong doi cao, do déy la mién cong hudng cua
céc thanh phan khoi lugng khong duoc treo.
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Hinh 4. Gia tri 16 nhét gia téc tinh tién theo phuong
dung (a), gia tri 1én nhat gia toc lac quanh truc y so
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Dé khao sat bién thién thanh phan gia téc lic
quanh tryc x theo mién tan sd, ta xét trong truong
hop chi mot banh xe trudc tréi (hoac phai) chuyén
dong qua map mo. Két qua thé hién & Hinh 5. gia
téc lic quanh truc x dat cuc dai tai tan sb f
~10(Hz)

5. KET LUAN

Bai bao danh gia tinh nang 4c quanh truc x
S0 Voi tan sd x theo mién tan sb, ta xét trong
truong hop chi mét banh xe trude trai (hoac phai)

chuyén dong qua hong duoan, két qua cho thay:

- Gia tri bé rong xe thiét ké hién tai phii hop
vai diéu kién tai han lat va truot.

- Gid trj cuc dai cia gia toc thang ding cia
than xe deu roi vao mien tan so khoang 10(Hz),
twong tng vung van toc lam viéc thuong xuyén
cua xe, khoang 10 (m/s).

- Bé dam béo tét hon tinh néng ém diu ching
ta can: thict ke cai tien phuong an chong lac va
thay doi thong s6 khai lugng va kich thudc xe.

Lateral & vertical dynamic analysis of a
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single track & 3d vertical dynamic
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ABSTRACT

To be able to analyze the dynamic
features comprehensively and more fully in
both the lateral and vertical cases for a three-
wheeled motorbike (TWM), which have been
designed and manufactured by the same
group of authors and based on to conduct
design improvements, the planar vehicle
dynamic model (single track) with 03
degrees of freedom (03-DOF) & the vertical
dynamic model with 06 degrees of freedom
(06-DOF) have been employed. The
parameters used in the calculations are

based on existing designs from realistic
models  manufactured  through  the
combination of experimental measurements
and theoretical calculation  methods
empirically. The lateral dynamic calculated
results were based on to investigate the
dynamic stability when cornering or steering
of a 03-wheeled motorbike. In addition,
dynamic calculated results were analyzed
also in the frequency domain and basec on
to help improve the design featurers with
more comfortable and safer.

Keywords: planar single track, vertical dynamic, three-wheeled motorbike (TWM).
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Their Effect on Stability and Handling,
PHU LUC I
Ma tran hé sb
[A] = v Cus
C,+C, -aC, +aC, ’ q= y} ; | om
omy, mv, " {r e a,C, °0
aC, -aC, aC, +3C, !,
v, ) v,
PHU LUC I
Ma tran khdi luong [m]:
m 0 0 0 0 O]
0 IL,+mb> 0 0 0 O
(m]= 0 0 1, 0 0 0
0 0 0om 0 0
0 o0 0 0 m 0
0 0 0 0 0 m
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Ma tran hé sb giam chan [c]:
| G +C,+GC Czbz - Clbl G, +C,a —Csa, Y -, -,
Czbz - Clbl C1b12 + Czbz2 (Czbz - Clbl ) & Clbl _Czbz 0
Ga +6a —Ga, (Czbz - C1b1)a1 C1a12 + czaf + Csa23 —€a —Ga Ga

[e]=| 7 _ o o
G et} G G
—C, —C,b, —C,a, 0 c, 0
—C, 0 C,a, 0 0 C; |

Ma tran do cang [K]:
k1 + kz + ks kzbz - k1b1 klal + kZal - kaaz _k1 _kz _k3 1
kzbz - k1b1 k1b12 + kzbz2 (kzbz - kibl)al k1b1 _kzbz 0
k1a1 + k2a1 - ksaz (kzbz - klbl)al k1312 + kzaf + kaaz3 _k1a1 _kZai k3az

kl=
¥ -k kb —ka k+k, 0 0
_kz _kzbz _kZal 0 kz + krz 0
i -k, 0 k;a, 0 0 Ky +Ky |
Vecto chuyén vi [x]: Vecto Vél_n téf: Vecto gia toc: Vecto ngoai luc [F]:
X | X Bd 0
@ ¢ ) 0
6 1. 91 6 0
_ . X|= ; ] — . _
M=, Bl 5= [ [F]-
X _ X KaYs
X2 X2 XZ kTZ y2
| X3 L% ] | X3 | KiaYs |
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