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TOM TAT

Bai bao gi¢i thieu mé hinh dao déng khong gian cla lién hgp may xuc 1at (LHM) dwgc hinh thanh trén co sé&
may kéo banh hoi da nang lién hop véi bd xuc 1at khi chuyén dong trén dia hinh khéng bang phéng. Trong mé hinh
da d& xuat phwong phap xac dinh cac thanh phan mé men quan tinh cla bd xtc lat tng véi cac vi tri nang khac
nhau. Két qua giai hé phwong trinh vi phan dao dong 14 tién d& quan trong d& nghién ctru anh hwéng clia bd xuc lat
dén tinh &n dinh chuyé&n ddng, tinh nang diéu khién, kha nang kéo ctia LHM, lam co s& dé hoan thién mau may.

Tl khoa: Lién hgp may xuc lat, may kéo da nang, dong lwc hoc lién hgp may.

Establishing Spatial Vibration Models of Frontloader Tractor

ABSTRACT

This article presented the spatial vibration model of a Frontloader Tractor (FLT), which is formed based on a
universal wheeled tractor combined with a frontloader when traveling on the road roughness profile. In the model, a
method for determining the components of the moment of inertia of the wheel loader corresponding to different lifting
positions was proposed. The results of solving the system of oscillating differential equations are an important
premise to study the influence of the wheel loader on the motion stability, control features, and traction ability of the
FLT, serving as a basis for perfecting the machine model.

Keywords: Frontloader tractor, universal tractor, dynamics of combines.

1D AT VAN PR dao dong cia LHM la mot tlron;gr nhiing yéu :c()’
. gdy anh hudng 16n dén tinh 6n dinh chuyén
Hién nay, nhu cau co giéi trong noéng dong, tinh ning diéu khién, stic khoé ngudi 1ai.
nghiép va néng thon phat trién da dang hon  yan dé ndy con it duge quan tAm & Viét Nam.
nhu cac cong viéc san 14p, xtdc vat liéu, don dep
moi truong 6 nodng thon. Cac cong viéc nay
thuong nhé 1é, phan tan trén cic dia hinh phiic
tap khéng thuan tién khi st dung cac may
chuyén diing cong suat 16n. T nhu cau cua thuc
tién d6, trén thi truong Viét Nam da xuat hién

Trong bai viét nay giéi thiéu moé hinh dao
dong khong gian ciia LHM xtc lat dugc hinh
thanh trén co s6 k& thita va phat trién cic mod
hinh nghién ctiu trong va ngoai nuéc cho may xic
1at chuyén dung (Ta Van Huy, 2020; Ying, 2013),
mot s6 loai may xtc 1at dugc cai tién ti cac may may kéo va lién hgp may kéo v6i may cong tac
kéo da ning, tam goi la lién hop may xic 1t (Ballaire, 2015; Chwastek, 2016; Popescu, 2004).
(LHM). Tuy nhién, dé tao ra dugc LHM lam viéc Muyc tiéu nghién ctu 1a xay dung dudec mo
¢6 hiéu qua, can thiét phai c6 nhiing nghién cdu  hinh dao déng cho phép khao sat anh hudng ctua
vé nhiing tinh niang dong luc hoc. Trong d6 sy bd xtc 1lat dén cac thong s6 dao dong, xac dinh

635



Xay dwng mo hinh dao dong khéng gian cua lién hop may xc lat khi chuyén dong c6 tai

dudc cac thanh phan phan luc phap tuyén cua
mit dudng lén cac banh xe lam tién dé cho cac
nghién ctu vé tinh 6n dinh huéng, tinh ning
diéu khién (tinh ning l4i), kha ning di chuyén
va tinh ém diu cuia LHM. Day la nhiing cd sé
khoa hoc cho viéc nghién cttu thiét k& méi hosc
Iya chon b6 xtc 14t cho pht hgp v6i cac may kéo
ndéng nghiép da nang.

2. PHUONG PHAP NGHIEN CUU

MAu may nghién ciiu 1a lién hop may xuc
lat dugc hinh thanh trén co s6 may kéo nong
nghiép da nang YANMAR 3000 lién hgp véi bod
xtc lat Y3510FLH. So d6 két cau nhu hinh 1.

M6 hinh gom 3 khoéi: (1) Khéi may kéo, c¢b
khoi lugng m, dat tai khéi tam 0,; (2) Khoi can
nang, c6 khéi lugng mg dat tai khéi tdm Og;
(3) Khoi gau xic, c6 khoi lugng mg dit tai khoi
tam Og. Cau trudc (Hinh 1b) duge lién két véi
than may bang khép ban 1€ (goi 14 chét lién két).

Than MK

3. KET QUA VA THAO LUAN

3.1. M6 hinh dao dong va hé phuong trinh
vi phan

3.1.1. M6 hinh dao dong

Trong md hinh st dung mot s gia thiét sau:

- Chét lién két dude bs tri di qua khéi tAm
cua ciu trudc;

- B6 xudc lat duge ning lén mot goc b va
dugc ¢6 dinh lai trong qué trinh chuyén dong;

- Khoi tAm cta cta bd xic lat va may kéo
duge bo tri trén mit phing d6i xtng doc cua
may kéo;

- LHM chuyén déng thing déu véi van toc
V = const;

- Cac banh xe ludn tiép xtdc v6i mit duong
theo lién két mot diém;

- Coi lyc can dan héi va can nhét ctia 16p 1a

tuyén tinh.

Chdt lién két

! o, !
- | |-
! ! !

B T A R,

d, | d,

b) Cau truoc MK

Hinh 1. So do6 két cAu cia LHM xuc lat
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Véi gid thiét chét lién két di qua khéi tam
cua cAu trudc, mo6 hinh dao dong khong gian caa
LHM c6 thé dua vé mé hinh dao dong khéng
gian mét khéi lugng, thé hién trén hinh 2.

M5 hinh st dung hai hé toa do: Hé toa do co
dinh 0X,Y,Z, dugc gdn véi mat duong; Hé toa do
di dong Oxy dudc gén v6i khoi tam 0 ctia LHM.

Trén md hinh st dung cac ky hiéu sau:

m: Khéi lugng LHM, dudc dat tai khoi tam 0;

J.,: M6 men quan tinh khéi lugng ciu trudc
d61 véi truc 0,x, di qua chét lién két;

Jy, Jyt M6 men quan tinh khéi lugng LHM
d61 véi truc Ox va Oy di qua khéi tAm LHM;

C,, k;: Do cting va hé s6 can giam chan cua
caclop,i=1, 2, 3 4;

P,: Phin luc mit dudng lén cac banh xe,
1=1,2,3,4;

F,: Luc dan hoi cua cac 16p truyén lén
LHM,1=1,2,3,4;

z,. Dich chuyén thing dtng cta khéi
tam LHM;

q: Géc 14c doc cia LHM;

j,: Géc lac ngang ctia than LHM;

j;: Goéc lac ngang cta cAu truée quanh chét
lién két;

z;: Dich chuyén thing dung cta cac tam
banh xe;1=1, 2, 3, 4;

h;: P cao cia m&p md mat dudng tai diém
ti€p xtc véi cac banh xe,i=1, 2, 3, 4;

L: Chiéu dai co sd cia may kéo;

a, b: Khoang cach tu trong tam LHM dén
cdu truée va ciu sau;

2d,: Bé rong co sd clia ciu trudc;

2d,: Bé rong co sd clia cau sau.

3.1.2. Hé phuong trinh vi phian dao dong

Ap dung dinh luat 2 Newton dé xay dung
hé phuong trinh vi phan dao dong cia LHM
ta dugc:

2=l(F1 +F, +F, +F,)

m
.1
6= z[(FS +E,)b=(F, +F,)a]
1 @)
([52 = J_(Fz3 _Fz4)'d2

X

q.)l = JL(le - Fz2 )‘dl

x1

Céc luc dan héi va can giam chan cta céc
16p dudc xac dinh theo cong thiic:

Hinh 2. M6 hinh dao dong khong gian ctuia lién hgp may xtuc lat
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F =C (h-2)+k(h —-2)i=1234

(2)
Cac phuong trinh lién két dong hoc:
Gia thiét chi xét dao déng véi cac géc nhéd
sind ~ 0; sing; =~ @, ; SINP, = @,

z, =z—ab+d o 1z, =z+bb+d,0,

3
z,=z—-a0-do z =z+b0-d,0,

3.2. Xac dinh cac théng s6 dau vao ciia mé
hinh dao dong LHM

Khi tinh toan khdo sat, ngoai cac théng s
két cAu ctiia may kéo co s6 va bo xic 1at da dude
xac dinh truée bing thuc nghiém, can phai dua
vao trudec 2 tham s6: khéi luong giu xtc mg va
géc nang P cua can nang. Khi dé can phai xac
dinh lai cac théng s6 sau:

- Khoi lugng va toa d6 trong tam cua LHM:
m, a,b

- M6 men quan tinh cta khéi lugng LHM
theo cac truc: J, J,.

3.2.1. Xac dinh khéi lIugng va toa dé trong
tdm cua LHM
Khéi lugng cia LHM: m=m_+m, +m, (4)
Toa do khéi tdm ctia LHM dude xac dinh
dua trén so do hinh 1:

Toa d6 doc so véi cau sau:

b m b +mx +m,x, )

m

Chiéu cao trong tAm:

- mh +mh, +m.h, ©6)
Trong do6:
X = LgcosP + e; hg = Lgsinp + Ah + £ + 1, (7)

Xe = lyccosP + e; hg = 1yesinP + £+ 1, (8

3.2.2. Xac dinh mé men quan tinh khéi
lugng cuia LHM

Than LHM dugc tao thanh béi 3 phan:
Than may kéo, cAn nang va gau xic. Viéc tinh
toan chinh x4c m6é men quan tinh khéi lugng
cua ba bd phan nay déi véi cac truc di qua trong
tdm cta than LHM la khé thuc hién duge. Do
vay, 6 day chi ap dung phuong phap tinh toan
gan ddng vdi cac gid thiét sau:

- Khéi vat liéu trong gau xtdc dudc quy vé
gan ding nhu khéi hinh hép chii nhat, xem nhu
la vat ran;

- V6 gau xiic xem nhu 1a dang tdm thép
méng, c6 khéi tAm trung véi khéi tam cta khéi
vat liéu;

- Can nang gau la dang thanh réng, c6 tiét
dién khéng d6i theo chiéu dai cin, khéi luong
cua cac xi lanh thuy luc duge quy vé cAn nang.
Véi gia thiét nay, trong tdm cta cin ning sé
duge dat 6 diém gitia chiéu dai cAn nang.

Hinh 3. M6 hinh xac dinh mé men quan tinh khéi lugng ctia bo xtic 1at
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Trén hinh 3 14 m6 hinh xac dinh mé men
quan tinh ctia giu xtc va cAn nang gau.
a. M6 men quan tinh cua giu xiic déi véi céc
truc quan tinh di qua trong tim géu xtc

M6 men quan tinh ctia khéi vat liéu dé6i véi

cac truc di qua khéi tam Og (Hinh 3a):

=T 4B

zV1 12
m
v ?;(LZ + HZG) 9)

w1 nll_;l(H(Z} + B(z})

M6 men quan tinh ctia ca gdu d6i véi cac
truc di qua khoi tam Og:

Ju6= Juco T Jam

Jra= dao + dn (10)

Jya= dyao + dym

Trong d6: my, 12 khéi lugng cua khéi vat
liéu, dugce tinh theo céng thic:

my, = yylicBeHg (11)

L, Bg, He: Kich thuée (dai, rong, cao) ctua
gau xuc;

1vi: Khéi lugng riéng cua vat liéu;

J.60- Ixaor Jyco: MO men quéan tinh ciia vo gau
xtc d61 véi cac truc di qua trong tdm O, dudc
xac dinh bang thuc nghiém.

b. M6 men quan tinh ciia cAn ning doéi véi cac
truc quan tinh di qua khéi tAm cia cidn nang

Hai cdn nang luén dugc c6 dinh véi nhau,
do d6 c6 thé xem la mot vat (dang khung), c6
khéi tam tai 0y, khoi lugng 14 mg.

Hinh 3b 14 md hinh xac dinh m6 men quan
tinh ctia hai cAn nang d6i véi cac truc quan tinh
di qua trong tdm Oy khi cAn nang 1én mot géc b
so v6i dudng ndm ngang.

Nhiém vu 6 day la can xac dinh mo6 men
quan tinh khoi lugng ctia ca hai can d6i véi truc
0cxg, ¢6 phuong song song véi truc 0x va mod
men quén tinh d6i véi truc Ogys c6 phuong song
song c¢6i truc Oy.

- D61 véi truc 0oxe:

M6 men quéan tinh ctia mdét phan t6 khéi
lugng dm trén can EF d6i véi truc 0.x la:

dJtl =r’dm (12)
2

r’ = TC+ x”sin’ B (13)

dm = y,Sqdx (14)

Trong dé:

Sc: Tiét dién can (Sy= const);
g.: Khéi lugng riéng ctia vat lidu cin, c6 thé
x4ac dinh theo cong thic:

S, (15)
e TS L

Thay r va dm vao cong thic (12) ta dugc:
B2
dJEg =| < +x*sin’P Me gx (19)
* 4 2L,

M6 men quan tinh khoi lugng cta can EF
sé la:

B m m L./2
M= J' dx + —sin’ B j xdx
4 2Lc ~Lo/2 2Lc ~L./2

(16)
Khai trién céng thic (20) ta dugc:
m, B2 m, L’
JE - €€ 4 _ C_Cqin? 17
2 4 212 P

M6 men quan tinh khéi lugng ctia ci hai
can d61 véi truc 0oxc sé la:

B> 1’ sin’p
J =m |4+ — 18
xC C[ 4 12 J ( )

- Dai véi truc Ogy:

Do can nang ludn vudng géc véi truc Ogye,
do d6 md men quén tinh khéi lugng mg déi véi
truc 0.yc khéng phu thudc vao géc nang 4, gia
tri dugc tinh theo cong thic:

LC/Z m Lz
Jo=m, [ ¥dx=—C¢ (19)
’ -Lg/2 12

c. M6 men quan tinh khéi lugng LHM déi véi
céc truc quéan tinh di qua khéi tam cia LHM

M6 men quan tinh khéi lugng ctia than
LHM d61 véi cac truc quan tinh di qua khéi tAm
0 cia LHM 1a sé dudc xac dinh theo cac cong
thtc sau:
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Xay dwng mo hinh dao dong khéng gian cua lién hop may xc lat khi chuyén dong c6 tai

- Déi véi truc 0x:
_ 2 2 2
Jx - Jxk + merk + JxC + mCer + JXG + merG
(20)
- Déi véi truc Oy:
— 2 2 2
Jy = Jyk +mr, +ch +m r, +JyG +m r
(21)
Trong do: ry, ry: Khoang cach tit khéi tAm
0 caia LHM dén cac truc quan tinh chinh trung
tam ctia may kéo
Iy, Iyo: Khoang cach tit khoi tdm O cua
LHM dén cac truc quan tinh 0qxc va Oqyc di qua
khéi tAm ctia cAn nang.

Dua trén so d6 hinh 1 ta xac dinh dudc:

r,=h-h;r2 =(h-h) +(b-b) @2
ro=hy—hr® =(h,~h) +(x,~b) @3

e 2 2
r,=h,-hr’ =(h,-h) +(x,-b) (249)
3.2.3. M6 ta bién dang mat dudng

M4ap md mit dudng 1a ngudn gay kich thich
dao dong LHM. Bién dang map md méit dudng
rat da dang, song ¢ day chi xét hai trusng hdp
tiéu biéu.

Truong hop 1: Xe chuyén dong véi van téc
khong d6i V trén mat dudng c6 bién dang hinh
sin (Hinh 4).

Bién dd h,va budc séng Scua bién dang
mét duong cho hai banh bén trai duge ky hiéu l1a
(hyp, Sy), cho hai banh bén phai 1a (hyp, Sp).

Phuong trinh mé ta chiéu cao méap mo tai
diém ti€p xtc cta bén banh xe véi mit phing
danh nghia cta duong (truc Ox trén Hinh 4)
trong trucng hdp nay la:

h,, =h,,sin _z—’:(w + a)_
h,, =h,,sin ?(Vwa)
LT - (25)
h,, =h,, sin @(Vt—b)
L™P J
h,, =h,, sin :—:(Vt—b)

Trong d6: x = V.t: La quang duong dich
chuyén cta trong tdam LHM (m); V: Van téc
LHM (m/s); t: Thoi gian di chuyén (s); a, b: Toa
do doc cua trong tam LHM (m); hyp, hyp: Chiéu
cao map md cua banh xe trudc bén phai, bén
trai; hgp, hgp: Chiéu cao m&p mo cia banh xe sau
bén phai, bén trai.

Truong hop 2: Xe dang chay véi van téc khong
d61 V trén dudng bing phing thi vap phai mot mo
dat trén vét banh xe bén phai. Sau d6 mot khoang
bang d theo huéng chuyén dong, xe lai vip phai
moét m6 dat khac trén vét banh xe bén trai. Bién
dang map md duge mo ta nhu hinh 5.

Phuong trinh mé ta chiéu cao map mé tai
diém ti€p xudc cta banh xe v6i mat duong khi
vugt qua map md don (Hinh 5) ¢6 dang nhu sau:

L
h, =0,5h, [sin(?Vt—g]+ 1];0 <t< VP

P

h, =0,5h,, [sin [%V‘c - g} +1

T

3.2.4. Phan tich kha ning itng dung cua
moé hinh

Giai hé phuong trinh vi phan dao dong (1)
ta x4c dinh dudc cac qué trinh thoi gian x(t) ctia
cac thong sb sau:

ha
S
/75’// 177/ —
hoi ya //,/ : / //// x=—Vt
0 / / ’y
01 1)pr? 114y

Hinh 4. Bién dang mat duong hinh sinx
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hr“A p L
hod %f% x= V1
h,(,)ﬂ‘ L
hO:FW x = Vi
0

Hinh 5. Bién dang mAp mé don hinh sinx

- Dao dong trong tam LHM theo phuong
thing ding z(t)

- Dao d6ng géc 14c doc LHM q(t)

- Dao dong goc 1ac ngang ctia than LHM j,(t)

- Dao d6ng géc 1ac ngang ctia cau trude j,(t)

- Phan lyc phap tuyén cua mit dudng P,(t)
Ién cac banh xe:

P (t)=P, +C,[h,(t)-7t)]
+k[h()—z()]zo

Véi P,y; 14 phan luc tinh 1én cac banh xe

@
=1,2,3,4

Cac qua trinh trén phu thudc vao cac thong
s0 ky thuat ctia bd xtdc lat, vi tri 1l4p dat trén
may kéo (e, f), goc nang can b, khéi lugng vat
litu trong gAu my,;, van téc chuyén dong V va
diéu kién mit duong.

Cac thong so6 trén sé 1a cac thong s6 dau vao
dé nghién ctu cac van dé tiép theo:

(1) Nghién ctu tinh 6n dinh ngang, 6n dinh
doc thong qua céac géc lic q(t), j,(t) va cac gia tri
gi6i han cta phan luc phap tuyén cta mét
dudng P (t).

(2) Nghién ctu kha nang diéu khién (kha
n#ng 1ai) thong qua phan lyc phap tuyén 1én cac
banh xe ciu trudc.

(3) Nghién ctiu kha nang di chuyén thong
qua phan luc phap tuyén lén cau chu dong sau.

(4) Nghién ctu d6 ém diu cua ghé& ngoi
ngudi 14ai.

Cac nghién ciiu trén cung cip cd sé khoa
hoc dé lua chon b xtc 1at cho phu hgp véi loai
may kéo, vi tri 1ap dat hop 1y trén may kéo, tim
ra giai phap ky thuat dé cai tién hé thong lai,

tang kha nang bam ctia cau sau va lua chon ché&

d6 st dung hop 1y.

4. KET LUAN

Nghién ctu da xay dung dugc md hinh dao
dong dang khéng gian cia LHM xtc lat, thiét
lap dudce hé phuong trinh vi phin dao dong; xac
dinh m6 men quan tinh va toa do trong tim cua
LHM ting véi cic géc nang b va khéi lugng vat
liéu nang khac nhau.

Bai bao da mo ta toan hoc hai dang kich
thich dong hoc tiéu biéu ctia mat dudng phuc vu
tinh toan dao dong cua LHM.

V6i mé hinh da x4y dung c6 thé dé dang mo
phéng trén phan mém Matlab-Sim mulink. Cac
két qua nghién ctu 1a tién dé cho cic nghién ctiu
tiép theo dé tim ra co s6 khoa hoc lya chon va cai
tién bo xtc 1at cho phu hop véi loai may kéo ciing
nhu lua chon ché& d6 st dung hop ly LHM.

TAI LIEU THAM KHAO

Chwastek S. (2016). Motion stability modal shaping for
wheeled unsprung construction  machinery.
Automation in Construction. 71: 307-313.

Db Sanh (2007). Co hoc (Tép 2) - Bong lyc hoc. Nha
xuét ban Giéo duc Viét Nam.

Frederic Ballaire (2015). Dynamic, Continuous
and Center of Gravity Independent Weighing
with a Loader. Dissertation Technical

University Kaiserslautern.

Popescu S., Candea 1. & Csatlos C. (2004). Research
on the kinematics and dynamics of frontloader
mountet on  Agricultural  wheel tractor.
EE&AE’2004- International Scientific Conference
-03-05.06.2004, Rousse, Bulgaria.

Ta Van Huy (2020). Nghién ctru qua trinh bdc xtc vét
liu clia may xuc 1at thi cong trong duong ham
bang phuo‘ng phap khoan nd. Luan an Tién sy ky
thuat, Hoc vién K¥ thuat Quan sy.

Ying Li & Wenyuan Liu (2013). Spatial kinematics
Modeling and Simulation of Wheel Loader.
Journal of Modeling, Simulation, Identification,
and Control. 1(2): 78-88.

641



