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TOM TAT

Mé hinh déng luc hoc phdng mot day véi hai thong sé géc danh 1ai dau vao dugc xay dung bang
phuong phap Lagrange két hap véi co s& cac phuaong trinh tinh todn cac thanh phan luc tai Iop
xe. Thong s6 déng hoc va dong luc hoc chuyén dong clia doan xe siéu trudng, siéu trong khi vao
cua dugc xac dinh bang mo hinh dong luc hoc phdng, mét day véi hai thong sé gdc danh 1&i dau
vao. Tinh todn dugc thuc hién véi gia tri van téc dugc chon, dadm bao én dinh chuyén déng theo
diéu kién bam tai tat ca cac cau clia doan xe. Hanh lang quay vong, gi tri luc ngang tai cac cau
clia doan xe dugc xac dinh va phan tich cho cd ba trudng hgp khac nhau clia cdc goc danh 13i,
cu thé lan luct véi cac trudng hop banh xe dan hudng clia sa-mi rg-moéoc (SMRM) danh 14 cing
chiéu, ngugc chiéu so véi goc danh 1ai clia banh xe dan hudng cuia xe dau kéo, va vdi trudng hop
banh xe dan hudng ctia SMRM khéa cling hay khéng danh ai. Két qua cho thay, mé hinh dugc xay
dung co kha ndng thuc hién tinh toan xac dinh cac thong sé déng hoc va déng luc hoc clia doan
xe trong mat dudng vai ca hai thong s6 géc danh lai dau vao, lam co s tinh toan phan tich tinh
nang an toan chuyén dong clia doan xe. Ngoai ra, md hinh xay dung cling c6 thé dugc st dung
dé co thé phat trién mo hinh tinh toan diéu khién qué trinh chuyén déng clia doan xe trong mat
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phang dudng.

Tu khoa: dong luc hoc doan xe, doan xe siéu trudng siéu trong, hai thong s6 géc danh lai

GIGI THIEU

V6i s6 lugng xe SMRM ngay cang ting do nhu cdu van
tai hanh hoa dudng bo ting cao & Viét Nam, SMRM
loai hai va ba truc da va dang dugc sti dung rong rai.
Hau hét cic loai SMRM nay c6 cac banh xe trén truc
¢6 dinh, tic khong ¢ kha ning diéu khién dan hudng,
vi vé co ban chung van dép ing dugc hanh lang quay
vong theo quy dinh va tiét kiém chi phi ddu tu ban
dau.

Viéc nghién cttu vé dong luc hoc chuyén dong cua
doan xe da va dang dugc nhom tac gia thuc hién. M6
hinh dong lyc hoc phéng clia doan xe dugc st dung
dé phan tich 6n dinh chuyén dong khi vao cua hay
quay vong ctia doan xe trong céc trudng hgp phan bo
tai trong khac nhau®. Mo hinh déng luc hoc doan xe
dugc nghién ctiu va phén tich mot cach c6 hé thong
dugc st dung d€ phén tich chuyén dong vao cua cua
doan xe?3. Phuong 4n diéu khién chuyén dong ctia
doan xe khi vao cua dugc nghién ctiu dua trén két
qué phan tich m6 hinh dong luc hoc phing c6 4 bac
ty do?.
xe, dang kéo modc, dugc st dung d€ phén tich cac

Mo hinh ddng luc hoc t6ng quat cta doan

thong s6 dong luc hoc trong mit phing doc va ca cho

mit phing ngang®. Tuy nhién, cic két qui nghién

ctiu nay!=>, mo hinh dong luc hoc phing ctia doan
xe dang mot day c6 4 bac tu do dugce sti dung khong
ké dén sy danh 14i ctia banh xe SMRM, hay vdéi trudng
hgp doan xe dugc thiét ké véi cic banh xe cia SMRM
c6 kha ning dan hudéng thi caic mo hinh tinh toan nay
khong st dung dugc.

Hon nia, d6i v6i cdc SMRM nhiéu truc (loai tii bon
truc trg 1én) viéc diéu khién dan hudng ctia cic banh
xe trén truc cia SMRM dudng nhu 1a diéu bét budc,
do diéu kién gidi han vé hanh lang chuyén dong quay
vong.

Vi véy, bai bdo nay da xay dung moé hinh déng luc hoc
phing mot day ctia doan xe trong d6 c6 ké dén hai tin
hiéu diéu khién dau vao la goc danh l4i ctia banh xe
dan hudéng cho ca xe dau kéo va SMRM dua trén viéc
phét trién mo6 hinh dong luc hoc phing mo ta dong
luc hoc chuyén dong ctia doan xe di dugc nhém tac
gia thyc hién trong!.

CO SO LY THUYET

M6 hinh dong luc hoc phing dang mot day véi hai
thong s6 goc danh 1ai ddu vao mo ta chuyén dong cua
doan xe, dugc thé hién trén Hinh 1. Trong d6, mo

Trich dan bai bao nay: Nhan T H, Hoang N V. Phan tich déng luc hoc chuyén déng vao cua cta doan
xe siéu trudng siéu trong biang mé hinh déng luc hoc phing véi hai thong s6 géc danh lai dau
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Hinh 1: M6 hinh déng luc hoc phdng dang mét day
clia doan xe véi hai tin hiéu dau vao.

hinh cdc cdu cia SMRM va xe d4u kéo dugc don gian
béng mot ciu tuong duong.

Céc thong s6 dugc trinh bay 14n lugt 1a ctia xe dau kéo
va SMRM, cu thé nhu sau:

o Ox1y; va Oxpyy: hé truc toa do tai vi tri trong
tam xe ddu kéo va SMRM.

e Iy, Ip: chiéu dai co s6, (m).

o aj7: khoang cach tii toa do trong tdm dén ciu
trﬁ(’jc va sau ctia dau kéo (m).

o by »: khoang cach tii toa d¢ trong tim dén vi tri
tdm chot kéo va cdu SMRM (m).

« ey: khoang cach tui vi tri tdm chot kéo dén cau
sau d4u kéo (m).

o hp: khoang cach tii toa d¢ trong tim ddu kéo dén
vi tri tam chot kéo (m).

o o;: gbc trugt ngang 16p xe (i = 1,2,3) (rad).

o y: gbc xoay quanh truc ding Oz tai vi tri toa
do trong tam ctia xe dau kéo (rad).

e ] = y: vin t6c géc xoay quanh truc ding Oz
tai vi tri toa do trong tdm ctia xe dau kéo (rad/s).

o §: gbc lai banh xe dan hudng (rad).

o Ogn: goc ldi banh xe SMRM (rad).

o ¢: goc tao bai gitia truc doc cta xe dau kéo va
truc doc cia SMRM (rad).

o 0: gbc xoay quay truc diing Oz tai vi tri toa do
trong tam cia SMRM (rad).

« 6: van téc goc xoay quanh truc ding Oz tai vi
tri toa do trong tdm ctia SMRM (rad/s).

o u, v: vAn tdc chuyén dong xe tai trong tim dau
kéo 1an lugt theo phuong doc truc va phuong
ngang.

o C;: do cling trugt ngang banh xe thi i theo
phuong ngang (i= 1, 2, 3) (N/rad).

o Fy;: luc ngang16p xe thiti (i =1, 2, 3) (N).
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o I1, I»: momen quan tinh khdi lugng theo truc
Oz taivi tri toa d¢ trong tam (kg.mz).

o my, my: khoi lugng (kg).

Stt dung phuong phdp Lagrange ta thiét lap dugc
phuong trinh dong luc hoc moé ta chuyén dong cua
doan xe trong mit phang vdi hai thong s géc danh
léi ddu vao, dugc viét dudi dang ma tran téng quét
nhu sau:

] [X] = B X1 + (€3] 0

Céc ma tran hé s6 [A], [B], [C], véc-to thong s6 dau
vao [8], va cac véc-to bién trang thai, dugc trinh bay
cu thé€ & phan phu luc.

Véc-to bién trang thai [X] goém c6 4 thanh phan da
dugc dinh nghia 6 phéan II, mo ta co hé c6 4 bac tu do,
cu thé:

X =" @

Céc goc tao bdi véc-to van tdc tai banh xe thit 1, 2, 3
so véi truc doc ctia d4u kéo, va truc doc ban modc, véi
gia tri nhd, ta co:

Ve _vita

tanf ~ f; =

uf u

V) V] + a0
tanprxfp=—L = ——-— 3)

uy u )

%) vi—hio—5L6
tanﬁ3%ﬁ3:—:7

un u

M&i quan hé ctia cdc goc tao bdi mit phing banh xe
S0 VGi véc-to van tdc tai 14n lugt cac banh xe thi 1, 2
va 3, theo Hinh 1 va tai liéu tham khdo s6°:

ay=p1—-96
=B 4)
a3:B3_¢_6sm

Thay (3) vao (4), thanh phén Iyc ngang 1an lugt tai cac
banh xe thii 1, 2 va 3 trong mo hinh dugc xac dinh®:

1
Fy=—-Cioq = —;C1 v+ o) +Cié

1
Fp=—-Cop=—-C (v —np0)

(5)
k3 =—-Co3 = —;C3 (V1 —hiaq —129>

+C30 + C364n
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THONG SO TiNH TOAN

Céc thong s6 tinh toan dugc xac dinh dya trén cac
thong s6 vé kich thude va khoéi lugng clia doan xe.
Trong do, do cling trugt ngang tai cac banh xe dugc
xac dinh theo md&i quan hé x4p xi bac hai gdn dung
gitia thong s6 thuc nghiém va tai trong phén bé tai
cac banh xe?. Gid tri m6-men quan tinh khéi lugng
quanh truc z dugc tinh toan theo thong s6 khéi lugng,
kich thuéc va toa dd ctia SMRM va xe d4u kéo”.

Két qua téng hgp & Bang 1.

Bang 1: Téng hgp théng sé tinh toan

Ky hiéu Don vi Gid tri
mj kg 14080

I mm 4050

my kg 118000
13 mm 13685
Fy N 75645
Fp N 278300
F3 N 941760
L. kg.m? 117148,4
Lo kg.m? 2992120
C N/rad 260900
G N/rad 1145000
Cs N/rad 340530

Tinh toan dugc thuc hién trong trudng hop goc
danh 14i ctia banh xe dan hudng cta diu kéo bién
d6i theo thoi gian dang % ham sin ti 0 dén gia tri
bién d¢ 1a hing s6 §¢=0,2(rad) trong khoéang thoi
gian fj.uem=L/u (gén 30(s)), tuong tng vdi khodng
thoi gian xe vao cua khi dang chuyén dong véi van
toc u=30(km/h), quang dudng vao cua la L=200(m).
Ham toén hoc biéu dién géc 1i & (¢),°:

60sin(
b,

t),0<t <tingn
2tlength >’ #

5(t)= (6)

t>t = —
length u

Két hop véi su thay d6i géc danh 14i ctia banh xe dan
hudng ctia SMRM (§,4,,) trong ba trudng hop.

o Trudng hop 1: 8,,, khong d6i.

o Trudng hgp 2: 8,y bién thién giong nhu goc
danh l4i banh xe dan hudng cta ddu kéo (5).

o Trudng hop 3: O, bién thién gidng nhu § nhu
trong trudng hop 2 nhung ngugc chiéu.

KET QUA VA THAO LUAN

Tinh toan dugc thuc hién véi cic thong s6 dau vao
& muc III, gia st tai thoi diém ban du céc bién dau
vao clia véc-to [X] bing 0, m6 hinh tinh la hé phuong
trinh vi phan gém 4 phuong trinh vi phin cdp 2, mé
td mo hinh dong lvc hoc phing dang 1 diy ctia doan
xe ¢6 4 bac ty do. Gidi phuong trinh (1) ta xac dinh
dugc bién trang thai [X] theo phuong trinh (2), thay
két qua tinh 1an lugt vao cic phuong trinh (3), (4) va
(5), ta xdc dinh dugc gia tri cac thanh phén luc ngang
tai tiing banh xe tuong ting.

Bién thién luc ngang

Céc thanh phan lyc ngang bién thién tang dan theo
thoi gian va dat gid tri t6i han 6n dinh tuong ting so
véi sy bién thién theo thoi gian géc danh lai.

Trudng hop 1: O,y = 0, 12 trudng hop géc danh lai
banh xe dan huéng SMRM khong déi, Hinh 2.
Trudng hop 2: 8, < 0, 1a trudng hop goc danh lai
SMRM ngugc chiéu véi géc danh 1ai banh xe dan
huéng ddu kéo, Hinh 3.

Trudng hop 3: Oy, > 0, 13 trudng hop goc danh
14i SMRM cung chiéu véi géc dénh l4i banh xe dan
huéng xe dau kéo, Hinh 4.

Bién thién theo thdi gian ctia tling thanh phén luc
ngang lan lugt tai vi tri cdc cau cla xe dau kéo, Fy;
va Fyp 1a nhu nhau trong ca ba triong hop thuc hién
tinh todn.

Tuy nhién, gia tri luc ngang tai vi tri cdu SMRM, Fy3
thu dugc 1a hoan toan khac nhau, Hinh 5. Cu thé,
Fy3 ¢6 gid tri 16n nhét trong trudng hop s, < 0 va
nho nhét trong trudng hop 8y, > 0. Do véy, c6 thé
thdy rang gid tri F\3 phu thudc rét 16n vao géc danh
l4i banh xe dan huéng cia SMRM.

IOxlO
—ry |
—Fylc
8 - iFy2
Z ===Fy2c
P = = Fy3
2 1Y N Fy3c
S
I,
s I
= ) C— o —
2 Cd
ya — = mm
fv"‘o -
2=
0
0 10 20 30 40

time, (s)

Hinh 2: Bién thién luc ngang tai cac banh xe, &, =0

Gia tri luc bam ngang khi 6n dinh cho thdy trong diéu
kién chuyén dong nhu trén thi diéu kién bam dudng
clia tit ca cdc banh xe van dugc dam bao, hay gia tri
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Hinh 3: Bién thién luc ngang tai cac banh xe, 8, < 0

Hinh 4: Bién thién luc ngang tai cac banh xe, 8, > 0

Hinh 5: Bién thién luc ngang trong ba trudng hop

Lateral Forces, N

Lateral Forces, N
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cac thanh phén luc ngang thip hon gia tri luc bam
tuong tng tai cdc banh xe trong ca ba trudng hgp goc
ldi chia SMRM.

Bién thién ctia géc ¢ theo thai gian
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Hinh 6: Bién thién goc ¢ theo thai gian

Bién thién theo thoi gian ctia goc 1éch gitia truc doc xe
dau kéo va SMRM (¢) dugc thé hién ¢ Hinh 6. Gia tri
gbc ¢ thu dugc khi 6n dinh trong trudng hop 8, < 0
va 8y > 0 tuong ting bang gid tri goc ¢ tinh dugc
trong trudng hgp O, = 0 trit di gid tri goc Sgn. Cu
thé, v6i trudng hop &g, < 0, ta thu duge gid tri nho
nhét cta goc @, chi y ring trong trudng hop nay gia
tri Iic ngang tai banh xe SMRM, Fy3 thu dugc la 16n
nhdt, cy thé ting gdn 100% so véi khi &, = 0, nhung
van dam bao diéu kién bam, nhu & Hinh 5. Gid trj goc
¢ 13160 nhét véi trudng hop &, > 0 va tuong ting gia
tri nho nhiét ctia Fy3, cy thé gidm gan 100% so v&i khi
5&m =0.

Goc ¢ 1a thong so6 rat quan trong cho biét vi tri tuong
quan gitia xe dau kéo va SMRM, Hinh 7 thé hién vi
tri ctia doan xe khi & trang théi 6n dinh trong ca ba
trudng hop tinh todn tuong dng vdi gid tri téi han 6n
dinh dat dugc sau khoang thoi gian 30(s) ctia goc ¢
nhu & Hinh 6.

Bm>0

Hinh 7: Vi tri doan xe & trang thai 6n dinh
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Hanh lang quay vong ctia doan xe dugc xac dinh tl
thong s6 kich thudc va thong s6 goc ¢ thu dugce tuong
tng cho cé ba truong hgp, Hinh 8.
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Hinh 8: Hanh lang quay vong ctia doan xe

Hanh lang quay vong la thong s6 quan trong giup
danh gid khoang khong cn thiét ddm bao dong hoc
quay vong ctia doan xe. Gid tri hanh lang quay vong
nho nhidt § trang thédi 6n dinh thu dugc véi truong
hop O, < 0, tuong ting véi trudng hop cb gid tri goc
¢ nho nhat va gid tri luc ngang Fy3 16n nhét. Cu thé,
hanh lang quay vong gidm 36% khi &, < 0 va ting
40% khi &, > 0 so véi khi &, = 0.

Dé théy ring, trudng hgp hanh lang quay vong nho
nhit 1a ¢6 loi nhét vé dong hoc quay vong. Tuy nhién,
tuong Ung v6i gid tri luc ngang tai cic bdnh xe dan
huéng SMRM, F,3 16n nhit ting gan 100% so véi khi
Osm = 0, diéu ndy tuong tng gia tri van tdc t6i han
dam bao 6n dinh chuyén dong ctia doan xe khi vao
cua hay quay vong sé nho nhét.

KET LUAN

M6 hinh dong luc hoc phing mot day, 4 bac tu do
v6i hai thong s6 géc danh 14i dau vao cia SMRM va
xe dau kéo dugc xiy dung dé tinh todn xdc dinh céc
thong s6 dong hoc va dong luc hoc ctia doan xe siéu
truong, siéu trong. Tinh toan dugc thuc hién cho ba
trudng hop khac nhau ctia géc danh 1di cac banh xe
dan huéng SMRM, két qua cho thdy.

« Diéu kién 6n dinh dugc ddm bdo cho ci ba
trudng hop tinh todn, gia tri cac thanh phén luc
ngang F); tai cac cau nhé hon gia tri luc bam
tuong tng.

o Trudng hop O, < 0, cho gia tri hanh lang quay
vong gidm 36% so véi khi Oy, = 0, tuong ting
gia tri goc ¢ nho nhat, gia tri lIyc ngang F3 16n
nhét va ting gdn 100% so v6i khi 8y, = 0.

M5 hinh dong luc hoc mé ta chuyén dong cua doan
xe Vi ca hai thong s6 goc danh lai dau vao dugc xay
dung c6 thé st dung d€ tinh todn va phan tich tit ca
cac thong s6 dong hoc va dong luc hoc chuyén dong
ctia doan xe trong qud trinh chuyén dong vao cua hay
quay vong. Dac biét, v6i mo hinh toan dugc xay dung
¢6 2 thong s6 géc danh li du vao, cu théla ké dén goc
danh 14i banh xe ddn huéng cia SMRM c¢6 thé dugc
phat trién ting dung cho bai toan diéu khién tdi vu cac
thong s6 dong hoc va dong luc hoc ctia doan xe.

Tuy nhién, d€ c6 thé ddnh gid t6t hon tinh ning dong
lic hoc ctia doan xe phuong phép thuc nghiém cin
két hop thyc hién.

XUNG POT LO1 ICH

Bai bdo nay la san phdm chung ctia nhém tac gia, cac
giai thich, két qua thu dugc, va két luan trong bai bdo
th€ hién quan diém chung ctia nhom téc gia trong qué
trinh thuc hién nghién ctu.

PONG GOP CUA CACTACGIA

Céc cong viéc cu thé clia tling téc gid trong qud trinh
thuc hién nghién ciu:

Tran Hiiu Nhan: thuc hién xay dung cac mo hinh va
tinh todn moé phong, phan tich két qua tinh todn mo
phong, hiéu chinh ndi dung va hoan thién bai béo.
Nguyén Vin Hoang : xéc dinh cdc thong s6 cin thiét
trong qud trinh tinh todn ti mo hinh thuc t€ clia xe
thiét ké.

DONG GOP CUA BAI BAO

Xay dyng mo hinh tinh todn m6 phéng trén co s& ly
thuyét vé dong luc hoc chuyén dong trong mit phing
duong ctia doan xe v6i hai thong s6 goc danh lai dau.
T4t cd céc thong s6 cdn thiét d€ danh gia tinh ning
quay vong cua doan xe véi hai thong s6 goc danh lai
dugc xac dinh 1am co s phén tich cac thong s6 dong
hoc va dong luc hoc chuyén dong ctia doan xe khi
danh 14i (chuyén dong vao cua, quay vong, chuyén
lan). Két qua thu dugc cé thé duge st dung dé€ cai
tién thiét k€ gitp cao tinh nang 6n dinh chuyén dong
trong mit phing dudng ctia doan xe.

PHU LUC

Hé phuong trinh vi phin mo ta dong luc hoc chuyén
dong ctia doan xe, v6i gbc lai cac banh xe dan hudng
ctia ddu kéo va SMRM bién thién theo thoi gian (8(¢)
va 8, (t)) 12 hai thong s dau vao, dugc xay dung nhu
sau:

St dung phuong trinh Lagrange, dugc viét dudi dang
téng quat nhu sau:

dK JU

d (JdK .
E(T%)_Tqiq-a—qi_@,l—l,..,n (PL.1)
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Trong do:

o K:dong ning ctia co hé
o U: thé nidng ctia co hé
o Q;: luc suy rong
o :s0lugng bic tu do
o g;: hé toa do suy rong
Gia st gid tri thoi diém ban dau goc gitta dau kéo va
ban modc, cac goc 1éch ngang 16p xe 14 nho. Ta co:
X=X1 =X
Yo =y1—hy sinl//—b1 sin 0
=y1—hiy—b6

(PL.2)

Hé toa d6 suy rong g= [x, y1, v, q 17
Thé ning U ctia co hé bing khong, do doan xe dugc
qui vé truc Ox, trong mit phing nén thé ning bing
khong.
Pong ning K co hé (PL3):
K= %ml (x2 +y%) + %mz (x2 +y§)
+2 711V + 21"29
. . . .2
= Zml ()C —|—y1> —O—ng l:xz-l- (yl —hiy—0,6 >:|
) .
-+ %IZI v + %IZZG
2 ) Lo Lo
= %ml (X —|—y1> + %mz(x +J’1 —2hiy ¥ —2b1y; 0
.2 -2
F2nbr O+ W +5187)+ Sy + 116
Pao ham céc thanh phén ta c¢6 PL.4:

‘;I; (my +m2)x—> = (%—f) = (m1-+m2)jé
%i =myy +mayy —mohi Y —maby 6
= (my +mp)y; —my <h1li/+b19)
-4 ( ) (my +my)y; —my (h1¢+blé)
= (m1 +m2)y; —mah V¥ —myby 6
- 4(%)-

—mphyy, + (mzh%-FIZI) lj/-i—mz'/’llblé'
= 7M2h1)./1 +m2h1bll]/+m2b16+IZ29

d (dK) _
~# (%) -

—mahy ¥y +maph by + (mab? +12) 0

K 0 (i 1.
‘?9‘(]/1 0, (i=1=+n)
9 =0,(i=1+n)

Hé luc suy rong dugc biéu dién dudi dang cong do
nhu PL.5:
AW = SF +5F, Ay
= (—Fyl siné — Fyp cos (g) — Fy3sin ¢) Nx
+F1 A (1 +arsiny) + Fp A (y) +axsiny)
+F3A (yy —hysiny — I sin0)
~ (7Fy| 1) 7Fy3¢) Ax+Fy|A (yl +ay l[/)
+Fp A (yi —ayy) + F3A(yr —hiy —16)

937

(PL.5)

T d6, ta xac dinh dugc cac thanh phén lyc suy rong
theo bién trang thai nhu sau:
Oy =—F16 —F3¢
Oy =F1+Fy+Fs
Qy =a1Fy —ayFyp —h Fy3
Qg = —hF;

Ta c6 mdi quan hé gitia vin toc xe ddu kéo trong hé

(PL.6)

toa d¢ tOng thé so v6i hé toa do dia phuong nhu sau:

X=ucosy —vysiny
y=v]cosy +usiny

: (PL.7)
Y=o
O0=y+¢
Xét véi gia tri cac goc nho, ta co:
Sy 1
cosy (PL.8)
siny ~ y
Thay (PL. 7) vao (PL. 8), ta dugc:
X=u—wny
y=vituy (PL.9)
Y=
0=y+¢

bit B; voii=1,2, 3 1an lugt la goc tao bdi véc-to van
tdc tai banh xe thi 1, 2, 3 so véi truc doc ctia dau kéo,
va truc doc ban modc, véi gia tri nho ta cé:

Ve vitaimp

tanp| =~ = =
Bi = B i p
v V1 —axp
tanf~fp=— = — (PL.10)
u u '
2 vi—hio Lo
tanBS ~ ﬁ3 = = 7

o; v6ii=1,2, 3 14n lugt 13 gbc tao bdi mit phdng banh
Xe $0 vOi véc-to van tOc tai banh xe thi i.
Ta c6 m&i quan hé cic goc®:

o =p1—
o) = Bz (PL.11)
o3 = B3 - (P - 6sm
Thay (PL. 10) vao (PL. 11), ta dugc:
=B —5=1tu g (PL.12)
0 = fp = 1=pa
u
= ﬁ3 - (P - Bsm = hlwl lq ¢ ésm

Do vay, cac thanh phan luc ngang tai cac banh xef:

1
Fyl =-Cia; = —;Cl (V] +a1(01)+C15
Fo=-Cou=—-C(vi —ayo) (PL.13)
k3 =-Coz = —;C3 (Vl +hyw —l29>

+C3 ¢ + C3 65m
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Phuong trinh thii 1 trong hé mé ta dong luc hoc theo
phuong doc truc, ta xét vin t6¢c u chuyén dong téi
cta dau kéo la hang s6, nhu vay phuong trinh thd
nhét trong hé phuong trinh (PL. 6) sé dugc don gian,
khoéng xét dén. Thay (PL. 13) vao (PL. 6), cho ta tuong
tng v€ phai phuong trinh Lagrange:

4K = FutFatF

dt \dy, ) v s

d [ K

4 ﬂJ:QW:mm—@BrW@BQUQ
d [ oT

Z =) = = —F,

dr aé) Qo =Dha

Thay (PL. 9) vao (PL. 4), ta dugc vé trdi tuong ting clia
phuong trinh Lagrange v6i hé toa d¢ suy rong X =

. qT
{vl NONOR (I)] , cu thé nhu PL.15 dudi:

(my +mp) (Vl +ua)1) —mahy®) —mpb; ((01 + 9)

__1 1
= —;Cl (vi+aw)+C6— EC2 (vi—apw;) (PL.15)

-1cs [Vl —Hio - <w| +9>} +C3¢ + G304

(5]~
C+C,+C,  aC-a,C - Cyle,+h)+(my+my)u* -L,C, —Cu|
1|aC -aC,~hC;  a’Ci—a*,C+hCy(ly +1)—mpu®  hl,C; hCu
Tu 40, 1L,Cy(hy +1y) —mobu? ¢, LCw
0 0 w0 |
PL.18
Cy Cs 0 O )
¢t —mC; 0 0 )
[c]= |~ T3 L [8]= | ™ |(PL.19)
0 —-hC; 0 O 0
0 0 0 0 0
V1 V1
. 0] ©
M =2y =T (PL.20)
0 ¢
6 ¢
TAI LIEU THAM KHAO

—mahy (Vl + “wl) + (m2h1 Jr1z1> 1 +mah1by { O1 + 0 )Nhan TH. Phan tich 8n dinh chuyén dong vao cua cia xe du

=—laicy(vi+a101) +a1C18+ Lar, & (vi — a0y

+1mcs [Vl —ho;—h (601 +9>] —h1C3¢ —h1C304,
—myb (V] +uw]) +moh1by; + (mgb%) Iy (CO] + 9)
=1phc [Vl —ho —h (wl +9>] —1,C3 — 1 C380

Do vay, hé phuong trinh vi phdn mé ta dong luc hoc
chuyén dong ctia doan xe dau kéo - SMRM, véi goc ldi
cac banh xe dan huéng cta diu kéo va SMRM bién
thién theo thoi gian (6(¢) va 84, () 12 hai thong s6

dau vao, dugc viét dudi dang téng quat nhu sau:
[a] [%] = B11x]+ [c 8] (PL.16)
Trong d6, cic ma trén cu thé nhu:
[A] =
mp +myp —my (hl +b1) —myby 0
—mahy L1 +moh (h] +Dby) mohb| 0
7m2b1 Iz2 +m2b] (h] +b1) IzZ +WL2b% 0
0 0 0 1
(PL.17)
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Turning dynamics analysis of a heavy articulated vehicle by the
vehicle planar dynamic model with two steering input signals

Tran Huu Nhan'"*, Nguyen Van Hoang?

ABSTRACT

The vehicle planar single track dynamic model with two input steering angle parameters is derived
by using Lagrange's method with the basis of equations for calculating the tire's force components.
Use your smartphone to scan this Dynamic analysis of a heavy articulated vehicle in case of turing is carried out by the vehicle pla-
QR code and download this article nar dynamic model, in which two input steering angles are taken into account. Simulation with
the selected velocity value to make sure that the stability according to the friction conditions at all
axles of the vehicle is satisfied. Turning spacing, lateral forces at each axle of the vehicle are deter-
mined and analyzed for all three different cases of steering angles, respectively with steering angle
of the semi-trailer is in the same direction, in the opposite direction and is locked or not steered
in comparision with the steering angle of the tractor. The obtained results show that the derived
model could employ to determine the planar kinematic and dynamic parameters, and analyze the
dynamic safety features of an articulated vehicle, too. In addition, the derived mathematical model
could also employ to develop a computational model that controls the planar articulated vehicle
dynamics.

Key words: vehicle planar dynamics, heavy articulated vehicles, two steering input signals
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	GIỚI THIỆU
	CƠ SỞ LÝ THUYẾT 
	THÔNG SỐ TÍNH TOÁN
	KẾT QUẢ VÀ THẢO LUẬN
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