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NGHIEN CUU DONG HOC VA DONG LUC HOC QUAY VONG
CUA O TO TAI CHUYEN DUNG BA TRUC

RESEARCH IN KINEMATICS AND DYNAMICS OF TURN FOR SPECIAL THREE AXLES TRUCKS

TOM TAT

DGi vdi 0 6 tai ba truc, do cac banh xe cla cum cau sau khong duoc diéu
khién khi quay vong, nén chiing bi trugt ngang lam anh huéng dang ké dén quy
dao chuyén dong va gia tang tai trong Ién cac két cdu cha hé thdng treo. Van dé
nay tré nén nghiém trong hon d6i véi mot so loai 6 to tai chuyén dung hoat ddng
trong cdc san bay, bén cang, kho bdi,.... Do thutng xuyén phai chuyén dong
quay vong vdi ban kinh tdi thi€u, nén cc banh xe cia cum cau sau chiu do trugt
ngang rt [én lam gia tang @ mon |6p va gay hu hong cho cac két cdu cla hé
thdng treo. Bai bdo trinh bay mdt s6 két qua nghién ctiu danh gia do trugt ngang
cac banh xe cdu sau thong qua quy dao chuyén dong cia trong tam 6 t6, xac dinh
bdng phuong phap tinh todn mé phdng.

Tir khéa: Hién tugng trugt ngang, Idi,quy dao, quay vong, déng hoc quay
vong ackermann, gdc Idin léch.

ABSTRACT

For three axles trucks, because the wheels of the rear axles are not
controlled during cornering, this truckswill be side slipped significantly affecting
of the trajectory and increasing the load on the structure of the suspension
system. This problem is becoming more serious for some specialized trucks
operating in airports, ports, warehouses. ... Due to frequent revolutions with a
minimum radius, the wheels of the rear axles are subjected to very large lateral
skidding which increases tire wear and damages the structure of the suspension.
The paper presents some research results evaluating the lateral slip of the rear
wheels through the trajectory of the center of gravity of vehicle, determined by
the simulation method.

Keywords: Side slip, steering, trajectory, turning, Ackermann steering
geometry, slip angle.
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1.DAT VAN BE

Trong mot cong trinh da cong bé [1], cac tac gia da néu
van dé vé hién tugng trugt ngang cac banh xe cau sau 6 té
tai 3 cau khi quay vong va nhiing hau qua ctia né. Trong do,
mot s6 két qua tinh toan dua trén ly thuyét quay vong
Ackermann da dugc trinh bay nham danh gia do truct
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ngang clia cac banh xe cum cau sau khi quay vong trong
diéu kién khong gian chat hep. Tuy nhién, cac két qua nay
thu dugc tu cac tinh todn hinh hoc va lugng giac don giadn
chua thé phan anh hét dugc ban chat cla hién tugng trugt
ngang cac banh xe cau sau cling nhu hau qua cta no.

Dé& nghién cliu mot cach day da hon vé hién tugng truct
ngang cac banh xe cau sau clia 0 t6 tai 3 cau, trong nghién
cUu nay da str dung phuang phap mo hinh héa va mé phéng
chuyén déng ctia 6 t6 bang cac mé hinh phu hap.

Mét trong nhitng kho khan 16n trong viéc lua chon moé
hinh tinh toan chinh la xac dinh céc théng s6 dau vao. Do
khéng c6 diéu kién thuc nghiém dé xac dinh cac théng s6
dau vao va thiéu so liéu thuc té, tac gia da lua chon mé
hinh tinh toan don gian la mé hinh moét vét (bicycle model).
Cac s6 liéu tinh toan dugc lay theo mot cong trinh da cong
bé vé dong luc hoc phuang ngang cla 6 té tai [2].

2. MO HINH TiNH TOAN

Nhu da trinh bay trén day, mo hinh tinh toan dugc lua
chon dé nghién ctu Ia mé hinh mét vét. Tuy nhién, md
hinh nay cé thé dugc thiét 1ap véi nhiéu bién thé khac nhau
tuy theo muc dich va déi tugng nghién ctu. DGi véi cac
phuong tién c6 van téc chuyén dong thap (phu hgp vai
diéu kién van hanh cda déi tuong nghién clu), ngudi ta
thudng st dung mé hinh t6i gian la mé hinh dé6ng hoc mét
vét (Kinematic Bicycle Model).
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Hinh 1. M@ hinh dong hoc mot vét

So d6 tinh toan déng hoc dugc mé ta nhu trén hinh 1,
trong dé vi tri trong tam dugc xac dinh theo hé toa d6 c6
dinh X - Y. Trén so d6 thé hién tam quay vong tuc thaila O,

Vol.57 - No. 1 (Feb 2021) e Journal of SCIENCE & TECHNOLOGY | 59



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

60

khoang cach tur trong tam tsi tam cau trudc la |, khoang
cach tu trong tdm tai tdm cau sau la |, goc quay cla cac
banh xe (géc lai) cu trudc va cau sau la §;va §,. Véc to van
téc cha 6 té tai trong tam V tao vai truc doc xe mét gée B va
vGi truc X mét goéc B + .
Hé phuong trinh mé ta chuyén déng dugc viét nhu sau:
X =Vcos(y+B)

Y =Vsin(y +p)

j =M(tan8f —tang,)

I

Trong d6:

B =tan” I tand, +1, tand,
le+1,

(4)

D3Gi vai cac 6 16 chi co cau trudc dan hudng: §, = 0.

Hé phuong trinh trén cho phép xac dinh trang thai
chuyén déng cuia truc doc 6 t6. Bai toan dugc giai véi cac s6
liéu dau vao la van tc chuyén déng V va gbéc quay cua
banh xe dan hudng 3.

M6 hinh déng hoc mot vét quay vong 6 t6 kha don gian
va phén anh tuong déi chinh xac chuyén déng quay vong
clia 6 t6 khi van téc chuyén déng la nho.

Mé hinh déng luc hoc 1 vét

Khi 6 t6 chuyén déng quay vong véi van téc cao, cac
phan luc ngang tai cac banh xe tao nén cac goc lan léch dua
I6n, nén dé mo ta chuyén déng can st dung mé hinh déng
luc hoc. Trén hinh 2 mo6 ta sg do6 tinh toan déng luc hoc
quay vong 6 to tai vGi 2 cau sau khong dan hudng. Cac
banh xe dugc dat trén truc doc clia 6 t6, nén & dugc lay
bang gia tri trung binh clia cac géc quay clia cac banh xe
cau trudc. Trang thai cia 6 t6 dugc xac dinh théng qua hé
toa d6 x - y gan trén than xe va goc quay than xe . Cac
thong s6 két cau dugc thé hién nhu trén hinh 2.

Do luc ngang lam bién dang cac banh xe dan héi va tao
nén cac goc lan léch, nén phuong clia van téc tai cac banh
xe dugc xac dinh bang cac goc 0;va 0, (i = 1,2). Goc lan léch
cla banh xe cau trudc dugc tinh theo cong thic:

o, =3-6; (5)

Néu goi cac goc lan léch dong hoc clia cac banh xe cau
sau (do thiét ké khong tuan thd dong hoc quay vong
Ackermann [1]) la a,, (cau gilra) va a,, (cau sau), goc lan léch
tai cdc banh xe cdu sau tuong ing laa,, -6,,vaa,-96,,
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Hinh 2. M hinh dong luc hoc mt vét
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Hé phuang trinh mé ta chuyén déng clia 6 t6 dugc viét
nhu sau:

.2 .
0} =I—(IfFyf cosd—IF,sind - I”Fyr1 - Irszrz)

z

.2 i '
= E(l:yf cosd—Fsind+F,, +F,, ) -V

.2 . .
X =E(—Fyf sind—F, cos6+F,, +Fxr2)—Vy\|1 (8)

Trong cac céng thic trén, m la khéi lugng va I, la mé
men quan tinh so véi truc z clia 6 t6.

V&i muc tiéu nghién ctu chuyén déng quay vong 6 to
tai & van téc thap trén dudng bang phdng, nén luc can
khong khi va can do d6 déc dugc bé qua. Vi vay, céac luc doc
trong hé phuong trinh trén chi bao gém luc kéo P, va can
lan Pg:

Fxf = fGl

Fxr =F

xr1

)

+ Fxr2 = Pk - fGZ (1 0)

Trong d6: f- hé s6 can lan; G, - trong lugng phan bé Ién
cau truéc; G, - trong lugng phan bé 1én cum cau sau.

Viéc xac dinh cac luc ngang trong hé phuong trinh trén
phtc tap hon rat nhiéu so véi cac luc doc. Do van toc khao
sat thap va 16p 6 té tai c6 dd cung Ién, nén c6 thé coi bién
dang cda I6p 1a nho va chap nhan gia thiét lyc ngang ty lé
thuan véi bién dang cua 16p:

Fre=2C (Sf - ef)

Fyr1 = 2Cr1 ((X” - er])

(1)
(12)

Fyrz = 2Cr2 (a’rz - erz) (1 3)

Trong cac cong thuc trén Cva C,; la d6 ciing gbc tuong
Ung cua l6p trudce va sau.

Cac gbc xac dinh phuong clia van téc tai cac banh xe
dugc tinh nhu sau:

V, +1y

tang, =¥ (14)
V, —1,

tan6,, = Y (15)
V, -1y

tano,, = YV”‘“ (16)

Dé xac dinh quy dao chuyén déng cda trong tam, ta su
dung hé toa dé c6 dinh X-Y:

X =V, cosy -V, siny 17)

Y=V, siny+V, cosy (18)
3. KET QUA TiNH TOAN KHAO SAT

Céc tinh toan dugc thuc hién cho mot 6 t6 tai 3 cau &
trang thai day tai. Cac s6 liéu tham khao dugc ti [2] cu thé
nhu sau: m = 22400kg; I = 3,59m; |,, = 1,95m; |, = 3,26m;
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C; = 292939N/rad; C,, = 233257N/rad; C,, = 233257N/rad.
Trong cac tinh toan, hé sé can lan dugc chon laf = 0,02, géc
quay In nhat ctia banh xe dan huéng & = 40°.
Két qua tinh toan bang mé hinh déng hoc véi van t6c
V = 10km/h va cac géc quay cla banh xe dan hudng lan
lugt 1a 40, 30 va 20° dugc thé hién trén hinh 3.
3: i L 1
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X(m)

Hinh 3. Qu§ dao trong tam 6 t6 tinh theo md hinh ddng hoc, V = 10m/h

Vi van téc va géc quay banh xe dan huéng khong déi,
quy dao chuyén ddng cla trong tdm & t6 la cac dudng tron
vdi ban kinh giam dan theo géc lai.

Pé tinh toan theo mé hinh déng luc hoc, cac s6 liéu vé
goc lan léch cac banh xe cau sau dugc 1dy ti [1] va thong ké
trong bang 1. Trong d6, goc léi & dugc tinh trung binh tu
goc quay clia cac banh trudc, géc lan léch cla cac banh xe
cau sau cing a,, = -q,,.

Bang 1. Quan hé gdc Iai va goc lan 1éch [1]

Goc i & (d6) Goclan lach a,, (d9)

2 02
592 0,61
9,78 1,02
15,45 1,63

21 227
24,64 271
30,05 342
35,39 421
40,69 511

Két qua tinh toan theo cac mo hinh déng hoc va dong
Iuc hoc dugc thé hién trén d6 thi hinh 4. Cac két qua nay
chua tinh dén géc lan léch do sai dong hoc quay vong (5,, =
6,=0).

C6 thé thay rang, viéc tinh toan theo mé hinh déng hoc
cho quy dao chuyén dong vdi ban kinh quay vong nhé hon
so v6i mo hinh déng luc hoc.

Cu thé, & gbc lai 40° sai léch ban kinh quay vong tinh
theo hai phuong phap trén la 0,414m (khodng 2,6%). Cac

Website: https://tapchikhcn.haui.edu.vn

két qua nghién ctu da cong bé [5] cing da cho thay két
ludn tuong tu. Do mé hinh ddng luc hoc c6 ké dén bién
dang dan héi ctia cac banh xe duéi tac dung cda luc ngang,
nén cac két qua tinh toan cho quy dao chuyén déng vdi
ban kinh I6n hon.

25+

204

15

0+

-10 -5 0 10 15 20

5
X (m)

=== Mo hinh dong hoc ~ —— M6 hinh dong luc hoc

Hinh 4. So sdnh qu§ dao trong tdm & t6 tinh theo md hinh ddng hoc (nét
diit) va dong luc hoc (nét lién), V= 10km/h, §,,=3,=0

Cac két qua tinh toan cho hai trudng hogp: bd qua céac
gdc lan léch dong hoc cac banh xe cum cau sau (o, = a,, = 0)
va c6 ké dén cac goc nay (bang 1) dugc thé hién trén do thi
hinh 5.
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Hinh 5. So sénh qui dao trong tam 6 to tinh theo md hinh ddng luc hoc
khong ké dén géc Ian &ch (nét lién) va khong k€ dén goc ldn l&ch (nét duit)
D& danh gia d6 léch quy dao, trong nghién ctu nay si
dung hé s6 A, dugc dinh nghia nhu sau:
Y Y!

7\‘ — max - max

S

Trong cOng thuc trén, Y,,,, [a gia tri cuc dai dat dugc khi
khong tinh dén gdc lan léch dong hoca,, = a,, =0, Y, la
gia tri cuc dai dat dugc khia,,, a,,1dy theo bang 1, S la quang
dudng di dugc tuong Ung.

Céc két qua tinh toan cho céc gia tri § va o, dugc thé
hién trén d6 thi hinh 6. C6 thé thay rdng d6 léch quy dao
tang manh theo g6c quay clia banh xe dan hudng. Cu thé,
néu & = 2°thi A = 0,017, nhung khi goc lai dat gia tri t6i da
6 =40,69°thi A = 0,03.

(19)
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Trong diéu kién xe thudng xuyén van hanh vai goc
quay Ién thi diéu nay sé gia tang cac géc lan léch dong
hoc cac banh xe cum cau sau (hinh 6), gdy nén hau qua
truc ti€p la cac 16p sau va cac két cdu ctia hé théng treo
sau rat nhanh mon.

0.03

0.025

0.02

Hé sé dé léch quy dao

0.015

0.01
0 5 10 15 20 25 30 35 40
Géc I4i 5 (d6)
Hinh 6. D léch quy dao trong tam 6 t6 gdc lan léch dong hoc céc banh sau
4, KET LUAN

Cac két qua trén day dua ra co s& khoa hoc giai thich
hién tugng mon 16p bat thudng & mot sé loai xe chuyén
dung do diéu kién s dung dac thu. Mac du mé hinh
nghién ctu con don gian, chua ké dén anh hudng cta do
trugt dén céc luc tuong tac tai cac banh xe, nhung véi van
téc khao sat khong I6n (phu hop véi diéu kién hoat déng
cta xe chuyén dung), cac két qua tinh toan khao sat c6 thé
coi la dang tin cay.

Cac két qua nghién ctu cho thay, néu mét 6 t6 tai dugc
thiét ké ché tao tu xe co s& cd 3 cau (6 x 4), hoat dong chu
yéu trén dudng quéc 16 va cao tdc, thi gdc lai thudng rat
nhd, nén anh hudng cla céc goc lan léch dong hoc cac
banh sau gan nhu khéng 16 r6. Nhung néu 6 té chuyén
dung dugc thiét ké trén cing moét xe cg s& nhu trén, hoat
dong trong san bay, kho bai, bén cang,... c6 cung dudng
ngdn, thi géc lai cuc dai thudng xuyén dugc st dung dé vao
cua ngat va quay dau. Hé qua sé nghiém trong hon, néu tai
trong phan bd nhiéu 1én cac cau sau do dac thu clha xe
chuyén dung.

Nhiing két luan trén day c6 thé la tai liéu tham khao bé
ich cho cac nha thiét k& va san xuat 6 t6 tai chuyén dung
trén cac sat xi xe tai 3 cau (hodc nhiéu han).
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