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TOM TAT

Bai bao gi6i thieu phwong phap va két qua xay dwng mé hinh mé phéng tinh chét chuyén déng vong cia may
kéo banh trén d4t nong nghiép. Mé hinh mé phdng cho phép khéo sat va tinh toan cac théng sé déc trung co ban
clia qua trinh chuyén déng vong clia may kéo, cé tinh dén anh hwéng clia déng co, hé théng truyén Iwc va déc biét
la twong tac banh xe - d&t néng nghiép. Cac tham sé clia mé hinh dwoc xac dinh béng thuc nghiém. Tinh tuong
thich va mirc dé chinh xac ctia mé phéng duwoc kiém chirng bing thi nghiém trong didu kién thwc t&. M6 hinh nay
gop phan rut ngén thei gian va kinh phi nghién ciru, thiét ké hodc cai tién may kéo. Béng thoi lam co s& dé Iwa chon
ché d6 str dung may kéo hop ly, an toan va hiéu qué nhét.

Tir khoa: Chuy&n déng vong, may kéo nong nghiép, mé hinh, mé phdng.

Modeling and Investigating the Dynamical Turning Process
of the Pneumatic Tire Tractors on the Field

ABSTRACT

This paper presents a method for establishing a general model which enables to simulate tractor’s turning
process and calculate its main characters in considering basic characteristics of engine, transmission system and
interaction between tyre wheels and flexible base pavement. The mathematical model which describes approximatively
working characters of the farm tractor, can display general image for the ralation of kinetic and dynamic parameters
when a farm tractor moves on the deformation ground. The boundary condition and the input parameters of the model
can be defined from experimental studies. The built model has been applied in order to investigate qualitatively and
quantitatively by digital computer the effects of some structure parameters and working condition on turning capacity
of several popular farm tractors in Vietnam.

Keywords: Farm tractor, model, simulation, turning movement.

Khi xem xét qui dao chuyén dong, van dé

1. DAT VAN DE

Tinh chat chuyén dong ctia 6 t6, may kéo la
phan ing clia xe véi tac dong cua lai xe (vi du su
tang giam van téc do téng giam ga hodc phanh
trén dudng vong), tuong tac véi mit duong/dong
va tac dong nhiéu ti bén ngoai. Trong linh vuc
dong luc hoc huéng chuyén déng cia xe, tinh
chét chuyén dong duge dinh nghia la tinh chat
tong quat cta hé théng “Ngusi 1ai - Xe - Moi
truong” (Hinh 1). P& nghién ctu riéng vé xe,
trude hét phai nghién ciu hé théng hd (khéng cé
lién hé ngudgc).

luén ludn duge diat ra dudi dang chuyén dong
vong téng quét, trong d6 chuyén déng thing chi
1a mot trudng hgp dac biét.

Pé c6 thé nhan biét sém cac tinh chat
chuyén dong khéng mong muén ngay trong giai
doan thiét ké, ngudi ta sti dung cAc mo6 hinh mé
phéng cac tinh chit dong luc hoc chuyén dong
cta may kéo. Nho k§ thuat mé phong, ¢ thé rit
ngin thoi gian thiét k&, bdi cac phuong an két
cdu va van hanh cua xe da dugec nghién ciu va
so sanh v6i nhau trén may tinh mo6t cach ky
cang truée khi ché tao mau may dau tién. Giai
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Hinh 1. M6 hinh hé thong diéu khién mach kin ctia 6 t6 may kéo (Mitschke, 2004)

phap néi trén ciing cho phép giam dang ké chi
phi nghién ctu phat trién may kéo. Ngoai ra,
phuong phap mé phéng ciing gitip tim ra cac ché&
do6 sti dung may kéo hop 1y.

Bai bao nay gidi thiéu viéc mé hinh hoéa va
mé phong tinh chit chuyén dong ctia may kéo
banh trén dat néng nghiép, gép phan xay dung
6 s6 kién thiic vé déng luc hoc va chuyén dong
ctia may kéo trong diéu kién san xuit néng, 1am
nghiép & Viét Nam.

2. MO HINH MO TA CHUYEN PONG CUA
MAY KEO TREN DAT NONG NGHIEP

Tinh chat dong luc hoc chuyén dong la tinh
chét cia may kéo thay d6i qui dao chuyén dong
vong tuong tng véi viée quay vo ling 1ai, ké ca
két hop véi thay déi van téc. Dé nghién ctu tinh
ning quay vong cua may kéo banh mot cach
tong quat nhat, thusng lap so do tinh toan dong
luc hoc may kéo banh cé hai cAu chit déng (so db
4x4) v6i cac banh xe ddn huéng trén cau trudc.
V6i quan diém tim ki€m mét mé hinh sao cho s6
bac tu do it nhAt c6 thé va tap trung nghién ctu
dong luc hoc huéng chuyén dong nén mét mo
hinh phing véi 3 bac tu do da duge xay dung
(Hinh 2).

Cac gia thiét chinh dit ra khi xay dung mo
hinh la:
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1. May kéo
duong/dong bing phing. Khong xuét hién thay
ddi tai trong trén cac banh xe.

chuyén déng trén mat

2. Bé qua dao dong thdng ding. Bo qua
chuyén déng vin va chuyén dong lat ctia than xe.

3. Céc luc tac dung trong mat phing song
song v6i mit duong khong déc. Bd qua cac luc
ngiu nhién tac dung theo phuong ngang (gié,
mép md mat déng...).

4. Qui ude goc xoay trung binh ctia cac banh
xe din huéng truée 1a 5. Bé qua cac géc dat
banh xe dan huéng.

Véi nhiing gid thiét trén, khi nghién ctiu
dong luc hoc theo phuong ngang ctia may kéo,
thudng st dung moé hinh mét vét (bicycle
model), 6 d6 hai banh xe trén mot cau dudc xem
la moét banh xe dit tai trung diém vét banh va
trong tdm banh xe dugc dit tai mit dudng
(Glasner, 1987; Rajamani, 2006).

Hinh 3 gi6i thiéu mo6 hinh mét vét véi cac
thong s6 lyc va hinh ddng hoc tuong ting cta
mét may kéo hai cau chi dong khi chuyén déng
trong hé toa d6 than xe (hé tuong d61) va hé toa
d6 mat dong (hé cd dinh).

Ap dung nguyén ly D’Alambe va tit
phuong trinh chuyén d6ng quay ctia cac banh
xe, thanh 1ap dudc cac phuong trinh dong luc
hoc ctia chuyén dong vong ciia may kéo trong
mat phdng ngang:



Jp0p =M i, i—F,1.
Jp@p =M i, i—F,1,

mvcos B=F,, — F,, + F\ c0s8 — F,, cos 8 — F,, sin& — mv(+y)sin f—F,, cosd
mvfcos B=F,, + F,, sin8 - F,, sin8 + F,, cosd —mwy cos B +mvsin 8 + F,, sin@
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Hinh 2. M6 hinh mé ta tinh chit chuyén dong ctia may kéo banh

Hé phuong trinh dong luc hoc trén 14 hé bat
dinh. Muén gidi duge, cAn phai tim cach loai
khti b6t cac 4n chua biét théng qua viée xac lap
méi quan hé déng hoc va déng luc hoc bd sung.
Trén co s6 phan tich déng hoc ctia ting ciu
trude va sau, c¢6 thé xac dinh dude quan hé gitia
gbc chuyén dong léch ctia mdi cAu phu thudc vao
toa d6 trong tAm, van toc chuyén dong va toc do
goc khi quay vong.

Quan hé d6ng hoc c6 thé rit gon:

aR:artglRl//—vsmﬂ
vcos 8
1.y +vsin B 2)
sin
vcos B

Khi m6 phdéng va khao sat mot may kéo cu
thé, nhat thiét phai tién hanh khao nghiém 14y
dic tinh m6 men ctia déng co. Trén nhanh tu
diéu chinh:

ME — MEn a)Emax a)E

a)Emax - a)E

3)

Trong d6, oy 1 téc d6 gbc tiic thoi ctia dong co.

Ngoai ra, cAn phai thi nghiém cac banh xe
nho thiét bi chuyén dung dé xay dung dic tinh
bam trugt ctia chiing theo md hinh Burckhardt
(Han Trung Diing va cs., 2013). Cu thé:

Do trugt tong hgp:

Sy =S +(1-5,) g% @
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Hé s6 bam téng hop: Luc doc: F. =@ F,; luc ngang: F =9¢F,
0, =C, (1 oGS )_ C,S, (5) va lyc can 1an:
FL = (Co + C4SR )F; ()
Hé s6 bam doc: ¢, = @, —=
, S,
. g
va hé s6 bam ngang: ®, =0 i— (6)
R

Hinh 3. M6 hinh mét vét cia may kéo khi chuyén dong trong hé toa do mat dong

Chu thich:
XoY,- hé truc toa do c6 dinh

Tv -4 3 v- van téc chuyén dong

xTy - hé tryc gan tai trong tdm

y-agkuce N g p ban kinh cong qu§ dao trong tam
F,p- luc doc trén cau trude L 3 .
L ) v?/p - gia téc huéng tam
Fyz- Iuc ngang trén cau trudc
s s ) mv?/p - Iyc quén tinh ly tAm
Fir - luc can ldn trén cau trude _ .
F.q- Iuc doc trén cu sau my - lgc quan tinh tinh tién

F, - luc ngang trén cAu sau 8- gbc xoay trung binh cac banh xe cau truée

Fi - luc can lin trén ciu sau y- gbc xoay khung xe

Fy - luc can mAiy néng nghiép B- géc chuyén dong léch tai trong tam
Fip-lyc i tam, Fj, :mv(,B +1) apay - g6c chuyén dong léch cia céc cau
M,-mémen can quay vong 1- chiéu dai co sd cua xe

M.z, M,z- m6 men dan hoi banh xe lp, 1z- toa d trong tAm doc cua xe
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Hinh 4. So d6 kh6i mé ta thuat toan khao sat tinh chat chuyén dong ciia MK

Tu hé phuong trinh (1), tinh ra dudc cac goc
1éch bén oy va oy va dd trugt Sy, Sz, sau d6 dua
vao md hinh banh xe tuong tng dé tinh ra F,
Fe, Fop, Fyr, Frp, Fig, M, Mz, M. Tiép tuc dua
tré lai hé phuong trinh theo cac vong lip dan
ding lién tiép sé tinh ra dudc cac thong sb dic
trung cho dong hoc chuyén déng ctia may kéo
nhu @, @, v, B va . Déng thoi, khi tinh
dugc ban kinh cong tic thoi p=v/y , dé dang
xdy dung duge quy dao chuyén déng cta trong
tAm may kéo.

Luu d6 thuat giai hé phuong trinh (1) dudgc
x4y dung va thé hién trén hinh 4. T s d6 khéi
nay, c6 thé st dung phuong phép lap trinh hay
mé phoéng dé giai trén may tinh s6.

3. KET QUA THU NGHIEM MO HINH

Ung dung phin mém md phdng
Matlab/Simulink, m6 hinh x4y dung da dudc ap
dung dé khao sat tinh chéit chuyén déng vong
ciia may kéo MTZ-80 (CH Belarus ché& tao) trén
d4t rudng goc ra, cac banh xe clia may kéo dugc
moé td theo md hinh Burckhardt sau khi thi

nghiém 14y dic tinh bam trugt. Thong s6 so
sanh 14 gia toc ngang j va quy dao chuyén dong
cla trong tAm may kéo.

Ap dung phuong phap xac dinh quy dao
chuyén dong thuc t& cia may kéo nong nghiép
(Han Trung Diing va Bui Hai Triéu, 2011), mdt
s6 thi nghiém kiém chting mé hinh dude tién
hanh trén cung déi tugng, cing diéu kién hoat
dong, cing ham tac ddng danh lai va sd truyén
da cho thay két qua mé phéng kha chinh xac véi
quy dao chuyén dong thuc t& ciia may kéo.

Duéi day la so sanh két qua tinh toan khao
sat theo mé hinh mé phéng véi két qua thuc
nghiém trén may kéo MTZ-80 & cac trudng hop
quay vong dién hinh trong san xuét. Diéu kién
kiém chiing chi cho trudng hgp may kéo chay
khoéng tai.

3.1. D6i chitng két qua khi may kéo MTZ-80
quay vong 180° trén dat goc ra

Diéu kién chuyén dong: v = 6,63
km/h; § = 0,13 rad/s; 8= 20,8°. Qua so sanh két

qua md phdng véi dic tinh thuc nghiém (Hinh
5) cho thdy quy dao chuyén déng vong va theo
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d6 12 gia téc ngang clia trong tdm may kéo kha
giéng nhau ca vé dinh tinh va dinh lugng.

3.2. D6i chitng két qua khi may kéo MTZ-80
quay vong 270° trén dat goc ra

Diéu kién chuyén dong: v = 6,45 km/h;
5 =0,14 rad/s; 8,,.= 36,8°. Qua so sanh két qua
mo phong véi dac tinh thyc nghiém (Hinh 6) cho
thdy qu§ dao chuyén dong vong, theo d6 la gia
téc ngang clia trong tAm may kéo kha phu hop
ca vé dinh tinh va dinh lugng.

3.3. D6i chitng két qua khi may kéo MTZ-80
quay vong 360° trén dat goc ra

QUY DAO CHUYEN DONG
T T T T

QUY DAO CHUYEN DONG

DPiéu kién chuyén dong: v = 7,45 km/h;
8 =0,13 radls; 8,,= 34,4°. Qua so sanh két qua
mo phong véi dic tinh thuc nghiém (Hinh 7) cho
thay qu§ dao chuyén dong vong, theo dé la gia
téc ngang cua trong tdm may kéo khong sai
khac nhiéu ca vé dinh tinh va dinh lugng.

Qua so sanh dé6i chiing gifia két qua mdb
phéng va két qua thuc nghiém tinh chat
chuyén déng vong cia may kéo MTZ-80 trong
cing diéu kién cho thdy, quy dao chuyén dong
va gia téc ngang ctia trong tAm may kéo sai léch rat
it, chiing t6 m6 hinh mé phéng dd phan anh trung
thuic cac diic trung co ban ctia may kéo nghién ctu.

SIA TOC MNGARNG

Mo phong
Thuc nghiem

5 10 15
time(s)

Hinh 5. Kiém chiing mé hinh
trong truong hgp may kéo vong 180°

SIA TOC NGAMNG

—— Mo phonga

Thuc nghiem

Mo phong
Thuc nghiem
1

i i i
-QIO -8 -8 -4 -2 0 2
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Hinh 6. Kiém chiing mé hinh
trong truong hgp may kéo vong 270°
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SIA TOC NGANG

20 T T 1.5

-0.5

—— Mo phong
Thuc nghiem

——Mo phong
— Thue nghism
-10 -8 -6 -4 -2 0 2

4. KET LUAN

M6 hinh nghién ctiu tinh chit chuyén dong
vong cia may kéo noéng nghiép duge xay dung
trén co sé tinh dé&n cac méi quan hé phiic tap
gitia dong co-truyén hic-di dong-dat dai va may
nong nghiép thé hién phuong phap tiép can méi,
phtu hgp v6i xu hudng nghién ctu hién dai. Mo
hinh toan xiy dung da mé phéng kha day du cac
dac trung dong luc hoc co ban ctia qué trinh
quay vong cua may kéo banh trong diéu kién
san xuét nong nghiép.

Bai toan quay vong téng quat dude giai
bing ngén ngit mé phéng Matlab/Simulink, cho
phép 1ap nhiéu phuong an khao sat anh hudéng
cua cic théng so két cau ciing nhu diéu kién su
dung cia may kéo dén cac dic trung dong hoc
va dong lyc hoc cd ban clia qua trinh quay vong.
Két qua khao sat tit mo6 hinh mé phdng kha phu
hgp v6i thuc nghiém kiém chiing trén may that
lam viéc trong diéu kién thuc t& (sai léch vé ban
kinh cong ttic thdi nhd hon 3%; sai léch vé gia
téc ngang nho hon 2%).

i i
10 15 20
time(s)

O]

Hinh 7. Kiém chiing mé hinh

trong trudng hgp may kéo vong 360°

M6 hinh nay gép phan rmit ngin thdi gian
va kinh phi nghién ctiu, thiét k& hoic cai tién
may kéo. Péng thoi lam co sé dé lua chon ché
dd st dung may kéo hdp ly, an toan va hiéu
qua nhat.
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