Céng nghiép ring

MO HINH PONG LUC HQC CUA MAY KEO
VOI RO MOOC MOT TRUC VAN CHUYEN GO

TOM TAT

Pham Minh Dirc', Nguyén Vin Quén’

Nghién ctru dong lyc hoc cia may kéo c6 ro mooc chd go 1a n6i dung chinh cua bai V1et nay. Téc gia thiét lap mo
hinh co hoc; tir 46 dua ra duoc md hinh dao dong tong quat dé xac dinh cac yéu td dong hoc cho no. Bang
phuong phap co hoc giai tich va sir dung phuong trinh Lagrangio loai II, da thanh 1ap dugc mé hinh dong luc hoc
va h¢ phuong trinh vi phan chuyén dong téng quat cho loai may kéo banh hoi ¢6 ro mooc mét truc khi di chuyén
trén duong c6 map mo theo ca 3 phuong OX, OY, OZ (dung cho khao sat cac dao dong theo phuong thing dimg,
theo phwong ngang va cac chuyénn dong quay quanh cac truc). Hé phuong trinh nay cho phép nghién ciru dong
Iuc hoc téng thé dao dong theo cac phuong, 1a co so dé khao sat dong luc hoc chung cho loai thiét bi nay.

Tir khoa: Pong luc hoc mdy kéo, on dinh chuyén dpng, phwong trinh chuyén dong, ro mooc mét truc

I. DAT VAN DE

Trong vén chuyén gd, may kéo banh hoi kéo
theo ro mooc mét truc (thuong goi 1a lién hop may-
LHM) da duogc nghién ctu khang dinh 1 phuong
tién co g6i hoa phu hop véi diéu kién san xuat 1am
nghi€p hién nay [5]. Tuy nhién do duong van
chuyén 1am nghiép thuong 1a duong dét, cap
dudng thip va chiu nhidu anh huéng cua thoi tiét,
nén mat dudng khoéng duoc dong déu, co nhidu
méap md, chudng ngai, 14 nhimg yéu t6 anh hudng
truc tiép dén qua trinh dong luc hoc cia may kéo;
chiing khong chi gay ra tai trong dong lam gidam do
bén va tudi tho cho phuong tién, ma con giy mat
on dinh chuyén dong va mét an toan cho ca thiét bi
va ngudi diéu khién.

Dé danh gia va cai thién lién hop may thich
ung voi diéu kién van chuyén lam san & nudc
ta, ddc biét 1a an toan cho thiét bi va nguoi lai,
nang cao nang suat van chuyén; viéc nghién
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ctru cac yéu to anh huong dén chuyén dong
ctia may kéo va ro mooc trong cic diéu kién
cua duong van chuyén lam nghi¢p 1la mot nodi
dung méi can dugc nghién ciru; mudn vay phai
nghién ctru dong luc hoc cho phuong tién bang
viéc thiét 1ap hé phuong trinh chuyén dong va
khao sat cac yéu td anh huong. Két qua nghién
ctru s& 1a co s khoa hoc cho viéc thiét ké, ché
tao, cai tién va st dung hop 1y cic LHM tuong
tu trong nganh ndng 1am nghiép.

ILPOI TUQONG VA PHUONG PHAPNGHIEN CUU

2.1. P6i twong nghién ciru

Lap phuong trinh vi phan chuyén dong tong
quat cho lién hop may (LHM)gom:
- May kéo ndng nghiép c¢d nhd
- Ro modc mét truc ldp sau may kéo
bang moc nbi
- So @6 LHM nhu hinh vé& 1
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Hinh 01. Mé hinh mdy kéo va ro mooc mét truc ché gé

1. Cau truoc may kéo, 2. Than va cau sau may kéo

3.Khop néi mooc;
'TS. Truwong PH Lam nghiép

4. Ro mooc;

5. Mat duwong
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May kéo co6 két cau cau trudce co thé xoay
tuong doi véi khung may kéo, kéo theo ro

mooc mot truc. Cac phr:?m tir dan hdi chi ¢o
2.2. Phwong phap nghién ctru
Dung phuong phép toan hoc va co hoc

giai tich dé 1ap PTVP chuyén dong ctia LHM

theo phuong phéap co hoc giai tich va st dung
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cac 16p, khong c6 hé théng nhip. Lién hop
may 1a mot hé gdm 3 vt ran: cau trude (1),
than va cau sau may kéo (2), ro mooc (4).

phuong trinh Lagrangio loai II. Phuong trinh

c6 dang tong quét :

oD

dfor) ar _
di\ oq, ) oq,

T- ham dong nang cua h¢;

{

0q,

aqk]Jer (D

I1, ® - ham thé nang va ham hao tan cua hé;

gk — cac toa do suy rong (k=1, 2, 3, ..., n);

Qg — luc suy rong tuong tng vaéi toa do suy rong thu k.

Xac dinh T, IT, @, qx, Qk thay vao cong thirc (1) dé im PTVP chuyén dong cua hé

III. KET QUA NGHIEN CUU

3.1. Xdy dung mé hinh ddng hrc hoc tong
quat cho lién hgp may

Lwa chon mo hinh nghién ciru

Lién hop may gébm may kéo banh hoi va
ro mooc mot truc (LHM) la mot hé co hoc
bién dang. Pic trung cho sy bién dang la
bién dang cta cac phan tr dan hoi thong qua
cac banh 16p, nhip, cac khoép, khung, vo
xe.... Néu gén vao than may kéo mot hé toa
d6 di qua trong tAm cua no thi c6 thé biéu thi
su bién dang cta hé théng theo ca 3 phuong
0X, OY, OZ. Vi cac bién dang d6 LHM
duogc coi nhu mot hé dan hoi. Hé nay chuyén
dong trén duodng ddi v6i hé truc ¢d dinh
0XoYZo. Cac dich chuyén cia LHM theo
cac truc d6 gay nén cac chuyén vi doc theo 3
truc va quay quanh 3 truc, nhu vay c6 thé coi

trong hé khong gian 3 chiéu chuyén dong cua
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LHM c6 6 chuyén vi. Tuy muc dich nghién
ctru ma ¢6 thé xem xét cac chuyén vi nay dong
thoi hay doc 18p (hinh 02).

Két qua nghién ctru cia mot sd tac gia
[1], [7], [8] da chi ra rang véi cac lién hop
méay gdbm may kéo banh hoi va ro mooc thi
cac dao dong thang dimg va dao dong quanh
truc doc 1a c6 anh hudng truc tiép dén ap luc
dong cua cac cdp banh xe 1€n mat dat va
chung anh huéng nhiéu nhat dén diéu kién 6n
dinh cua chuyén dong. Mat khéac cac dich
chuyén theo phuong ngang va quay quanh
tryc thang dimg cta chung 1a biéu hién cu thé
ctia su 1éch huéng chuyén dong ctia LHM.

Tac gia xay dung md hinh nghién ctu cac
dao dong ciia lién hop may gébm may kéo banh
hoi véi ro mooc mot truc chd gS, chuyén dong
thing trén mat dudng mip mo, lam co s& khao

sat tinh 6n dinh chuyén dong cia né.
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M5 hinh LHM nhu hinh 01; mé hinh dao dong tong quat dugc thé hién trén hinh 02.

3

kZZ

q, +A2

Hinh 02. M6 hinh dao déng tong qudt ciia LHM

M@t s6 ky higu trén mé hinh

m; — khdi lugng cia cau trude (gdm ca truc
va cac banh xe);

m, — khi luong cta than va cau sau may
kéo;

m; — khdi luong cua ro mooc;

Omk, Om - Vi tri trong tdm cua may kéo va
clia ro mooc co go;

z1, z , z4 - chuyén vi thang démg cua trong
tAm cau trude, than may kéo va ro mooc;

Zit, Zlps Z2t, Z2ps Z5t, Z5p - chuyén Vi théng
ding cia tdm cac banh xe bén trai, bén phai
truc trudc, truc sau va ro mooc;

V1, ¥, V4 - chuyén vi ngang cua trong tim
cAu trudc, than may kéo va ro mooc;

o, a3, Bi, B2, P3 - cac chuyén vi gbc cua
may kéo, ro mooc quanh truc nim ngang OY
va truc doc OX ;

®2, @3 - cac chuyén vi goc cua may kéo va
ctia ro mooc quanh truc thang ding OZ ;

Yits Yips Y2t Yaps Y5t Ysp - chuyén vi ngang
cua tdm cac banh xe bén trai, bén phai truc
trudc, truc sau va ro mooc;

d1, Q2, s - d0 cao mép mo mat duong tai vi
tri tiép xtic v6i banh xe cau trudc, banh xe cau
sau va banh xe ro mooc;

A1, Ao, As - 30 chénh mép mo mat dudng tai
vi tri tiép xuc giita banh xe bén phai va bén trai
cua cac cdp tuong ung;

i (1=1,2,3,4,)5)
phuong doc gitra cac diém 1, 2,....5;

- khoang cach theo

d - khoang cach giita 2 vét banh xe trai va
phai cia may kéo;

dy - khoang cach gitra 2 vét banh xe trai va
phai ctia ro mooc;

MGt s6 gid thiét trong mé hinh:

- Lién hop may dang chuyén dong trén doan
dudng thang v6i van toc khong doi; mit duong
khéng c6 d6 doc ngang; ngudi l4i giit tay 14i ¢ vi tri
may kéo chay thang (khong tac dong vao tay 1i);
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- Khong ké dén su trugt ciia cac banh xe:

- Khéi luong cua may kéo va ro moéc quy
dbi vé trong tAm cua chung;

- G6 duoc xép trén romooc 1a mot khéi dic,
nhu mot vat rin;

- B qua bién dang cua mit duong tai diém
tiép xuc v4i cac banh xe;

- B6 qua cac luc can khong khi va ap luc
cua gio, vi van tdc cia LHM thfip;

- Lién két giita cac banh xe v6i mat duong
la gitr, dung;

- Khong tinh dén anh huong cua goc dit
banh xe;

- B6 qua ma sat & khop ndi gitra may kéo va
o modc; ma sat cac 6 truc clia cdc banh xe;

- Khung may kéo, ro mooc va cac truc banh

X, =x+1;x,=x~-

z,=z+lo,;z,=z-1,0,; z,

z,=z—-(, +1))a, +1,0,; z

Y1:y+11(P2;Y2:y_

5

1, ; xg=x

Le,;y,

xe la vat cung;

- Céac banh hoi c6 do cting theo cac phuong
la c,, cy co d 16n khong d6i va banh xe c6
bién dang nhd, lam viéc trong gidi han dan hoi
(tuyén tinh);

- Céac dich chuyén dugc xét 1a nhitng dao
dong nho quanh vi tri can bang tinh cta hé.

Mt s6 phwong trinh lién két

Trong thuc té chuyén vi cia cac diém so voi
vi tri can béng tinh 1a nho, c6 thé coi: Sina; =
a;, Coso;= 1; Sinf;~ B;, CosPj= 1;

Sing;= ¢;, Cospj=1 (=1,2,3).

Twr cac quan hé hinh hoc ta xac dinh dugc
céc phuong trinh lién két:

- (L, +1;,+1, +15)
=z—-(,+1;)a,
z— (L, +1))a, +, +15)a,

=Yy - (12 + 13)@2 + 14(P3

ys=y—((L, +1)e, +{, +1,)0,

1t 1

d. 4
2, =2+ SHBi 2, = 2, — B,

i i

Py, =Y — 5

L= .+
Yi = ¥ >

Goi &y, &, (i=1,2,5) lacac bién dang
theo phuong thiang dimg va phuong ngang cua
cac phan tir dan hdi (banh xe bén trai va banh
xe bén phai). Theo quan hé bién dang ta c6 cac
thanh phan chuyén vi:

{Zn =q, — 6,

_ voii=1,2,5 3)
Zip _qi +Ai _é‘ip
3.2. Thanh 1ap phwong trinh vi phan dao

dong cia LHM

PTVP dao dong cua hé nay duoc thiét theo
phuong trinh Lagrangio loai II.

Phuong trinh Lagrangio loai II viét dang

0,

(2)

téng quat c6 dang nhu cong thirc (1):
d [6T] or [an acpJ
N T Tt TS
dt\ 0q, ) 0q, oq, 0q,
k=1,2,..,9
T- ham ddng ning cua hé, gdm: dong ning
ctia cau trude, than may kéo va ro mooc.
T= Tct+ ka+ Tm
[T, @ - ham thé nang va ham hao tan ctia hé
gk — cac toa dd suy rong (k=1, 2, 3, ..., 9):
B=2 Q=0 %=, 44=F5 45— ;5 6=
B =y 4s=9,5 Qo= ;.
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Qx — luc suy rong tuong ung voi toa do
suy rong thur k.

Pé 1ap PTVP dao dong cua LHM theo
phuong trinh Lagrangio loai II ta c6 nhan xét
khi céc banh xe di chuyén trén bé mat ctia mip
mo do sy chénh léch do cao gitta 2 banh & moi
cap lam phat sinh luc ngang. Lyc nay khong
chi gdy bién dang cho 16p ma con déy ca trong
tam banh xe dich chuyén theo phuong ngang
va gdy mO men quay khung may kéo quanh
truc OZ. Tu d6 khi ap dung phuong trinh
Lagrangio II cho cac toa do suy rong y, @2, @3
c6 tinh dén lyc suy rong va mo men ké trén.

Bai toan xét voi mat duong c6 cac chudng
ngai vat don voi quy luat bién doi chiéu cao
cua vat can q (s), c6 dang:

g=" (12 Cos 2 5) Kni 0<S<S,;
2 S,
Q=0,khi S>S§,
Trong d6: hy - chiéu cao mip mod mit

duong; Sy - chiéu dai song mit duong
Dong nang cua hé
Hé khao sat ¢ 3 vat ran hop thanh nén:
T=T,+T,+T,
Trong do: T., - Dong nang cua cau trudc,
cO trong tam tai diém 1;

T

.« - DPong ndng cua than may kéo, co
trong tam tai Oy
Ty - DPong nang cua ro mooc cO go, co

trong tam tai Oy.

Pong ning cua cac phan dugc tinh theo dang chuyén dong cta chiing nhu sau:

1 . . . 1 b 1 °
Tcl = Eml(zlz+ X12+ YIZ) +EJ 1x ﬂ12+EJlZ (DZZ’

Voéi: y, =y+L¢,; m; =m, +m, - Tong khoi lugng cua cau trude.

ml

2 .

1 oo .
T, =5m3(24+ X5+ yf‘)+EJ3y a3+5J3x B+

Voi y,=y-(L, +L)e,+1,0,

1 1

1 1 :
T kzzmz(iz + )-(2 + y2)+EJ2ya22 —|—EJZ)(IBZ2 +_J22¢22;

2

2
| G
EJSZ(DSZ :

Thay céc dai lugng z, zs va y;, ys tur (2) vao céc biéu thire tinh dong nang ta c6 dong nang cua

hé sé€ la:

T :;_AIZ(ZZ'F X))+ Ay zart Ay, zas- A, anas

1,1 <2 1

2 1 1 2

.2 . .2 .
+EA52a22+_A6za3+_A7zﬂl+_A82ﬂ2+_A9zﬂ3+5Alyy +

2 2 2

2

. 0 . 0 . 1 L4 1 L4
+(A2y¢2+A3y¢3)y—A5y¢2¢3+5A4y¢§+—A6y¢§- (4)

Trong d6 Ai(z,y) 1a cac hé sb duoc dit

Céng nghiép ring

2

Thé nang cua hé
Khi xét dao dong cua hé quanh vi tri can

bang tinh ta khong can tinh dén thé ning cua
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lyc trong truong, chi tinh thé nang cua cac luc dan hoi & cac banh hoi.
1 2 2 1 2 2 1 2 2
= Eclz (51t + é‘lp)—i_ECZZ (52t +52p)+5052 (§5t + 55p)+

1 1 1
+5C1y(é‘12yp +612)/t)+5C2y(522yp +522yt)+505y(552yp +552yt)'

Trong do: ¢,,,¢,,; ¢,,,C,,;Cs,,C;5, - O clng cua cac banh xe trén truc 1, 2 va 5 theo phuong
dimg va phuong ngang
1)

it ?

0pp- Bién dang dan hdi ctia cac banh xe bén trai va bén phai ¢ truc thir i
(i=1,2,5), chung dugc xac dinh theo cac chuyén vi twong tmg .
Tir cic phuong trinh lién két (2) va (3) ta c6 ham thé ning cua hé:

=Bz’ +B, & +B, i +B, B +B, 3 +B, 3 +
+B. za, +By,za, - B, ,z—-B,,,a, — B,,,o; —B,,, 0,04 +
+B,,,3+B,,,B,+B, B +B,, + B,y +B, yp, +B, yp, + )
+ B4y(022 +B5y(02(03 + B6y¢32 +B7y

Trong d6 Bi(z,y) 1a cac hé sb duogc dat
Ham hao tan

Ham hao tan cia hé duoc xac dinh theo h¢ s6 can chuyén dich cta cac banh hoi ki, ko, va ks, ;
bo qua h¢ s can ngang cua 16p:

D =%klz (55+512pj+%k22 (522# 5;1,]%1%2 (552#55,,]
1 [ . . \2 . . o 2 1 o . \2 . N . 2
:Eklz (—th-i_ qu +(_le+q1+ Al] +5k2z (—szi' qzj +[—Zzp+q2+ AzJ

2 . 2
1 [} ) L] L[]
+§k52 (—Zsﬁ qu +[_Zsp+ q5+ AS]

Thay céc biéu thirc z;; va z;, tir (3) vao va bién doi, ta co:

.2 L[] 2 L[] 2 L[] 2 L] 2 L] 2 e o o o
®=D, z +D,0:+D; as+D, B, +D; B,+D; B+ D, zar+ Dy zas—
(6)
-D, z—D,,a2—D,,a3— D, a2 az+ D, B, +D,, B,+ D5 B+ D,
Trong d6 Di la cac hé s6 duoc dat:
Céng nghiép ring
hao tan (6). Pua cac biéu thirc dong ning, thé ning va ham hao tan, cac lyc va md men
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suy rong vao cong thuc (1), qua cac phép
bién ddi toan hoc, xac dinh dugc hé phuong

7)A1yj}+A’2y¢2 +

—Zl tgj/l Zl tg7/2
' cos 6, ? cos 6,

d
+Z,.(1g6; , — tgHSI).TM

H¢ phuong trinh vi phan (7) 1a h¢ 9 phuong
trinh vi phan tuyén tinh khong thuin nhat c6 hé
sO phu thudc vao cac thong sd cia lién hop
may va dang mip mo mit dudong. Do 1a hé
phuong trinh vi phan biéu dién dao dong theo
cac phuong va quay quanh 3 truc OX, OY, OZ
cia may kéo va ro mooc ché gd do tac dong
dong hoc cua do mép mod mat duong .

+ Tur h¢ phuong trinh vi phan 18p dugc (7) ta
nhén thiy cac dao dong thing dimg ctia may kéo
va dao dong quanh tryc nam ngang ctia than may
kéo, ro mooc lién quan chdt ché vdi nhau dugc
thé hién qua 3 phuong trinh 1, 2, 3.

+ Céc dao dong quay quanh truc doc OX duogc
thé hién bang 3 phuong trinh 4, 5, 6 trong hé (7),
dao dong cua co hé chi ton tai khi c6 do chénh

A, z -A, a2t A, as+ D, z—D,, a2+ 2D, a3+ B, z-B,, a2+2B, a
4)A, B, +2D,p, +2B,f =-B, D,
S)A, B, +2D.f, +2B.f, =B, ~D,,
6) A,, ,83 +2D ,83 +2B,, B, =-B,;, =D,

A3y¢3 + 2Blyy+ Bzy% +B3y(93 =

+ 1, Z,(1+ 87, )—Z,(1g6,
cos 6 P

trinh vi phan dao dong tong quat (7) cta lién
hop may nhu sau:

DA,z +A,, ax+A,, a3+2D,z +D, a2+ Dya3+2B,z +B,, a2+ By, a3 =B, +D,

DA,z +A,, a—A, a3;+D,z+2D,a2-D, as+B, z +2B, a.—-B,, as=B,,, +D,,

= an +D11

(7)

Z tg71 +Z tg]/2 +Z [g75 .
cos@ cosH cos@

8) A, j}+A4y¢2 —A5y¢3 +B, y+2B4y(p2 +B5yg03 =

d d
_tgelt)E_ZZ'(thZp _thZt)'Ea

. . . 14 4
94,5 — A, @, + A 0, + By v+ Bs 0, + 2B o, = Z,(1, +15) ny; iﬂs-Zs(l"'&)"'

A cos b,

1éch chiéu cao mip mé mit duong giita cic banh
xe bén trai va bén phai (A= 0; 1=1, 2, 5).

+ Cac dao dong ngang theo phuong OY va
quay quanh truc thang dimg OZ dugc thé hién
qua 3 phuong trinh 7,8,9 trong hé (7), phu
thudc vao muc chénh dd cao gitra cac banh xe
trong mdi cau khi chuyén dong trén duong
map mo.

Hé PTVP (7) 1a co s dé khao sat tinh on dinh,
cac dao dong cua lién hop may thong qua lap
phuong trinh dac trung, giai h¢ phuong trinh vi
phan, xac dinh anh hudéng cua do mép mo mat
duong dén cac dic trung dong luc hoc cia LHM
nhu bién d6 dao dong cuc dai, gia toc rung cuc dai
cta may kéo theo cac phuong thiang dimg va ndm
ngang; anh hudng cua sy khong dong phing ctia
mit dudng dén quy dao chuyén dong ctia LHM....
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IV. KET LUAN

Str dung phuong phéap giai tich dé xay dung
mo hinh va thanh 13p phuong trinh vi phan
chuyén dong cua trong tdm may kéo khi vuot
qua mip mo, da thiét 1ap duwoc mo hinh dong
luc hoc va hé phuong trinh vi phan chuyén
dong tong quat (7) cho loai may kéo banh hoi
c60 ro mooc mot truc van chuyén gd khi di
chuyén trén dudng c6 mip mé theo ca 3
phuong OX, OY, OZ . H¢ phuong trinh nay
cho phép nghién ciru dong luc hoc tong thé dao
dong theo phuwong thing dimg, phuong nam
ngang va quy dao chuyén dong cua lién hop
may, la co so dé khao sat dong luc hoc chung
cho loai thiét bi nay, 1a co s¢ dé thiét ké cai
tién may, ro mooc; gop phan bd sung 1y thuyét
chung vé dong luc hoc 6 t6, may kéo.

TAI LIEU THAM KHAO

1.Vii Liém Chinh, Phan Nguyén Di (2001),Gido

trinh déng lwc hoc may (Tai liéu dich tiv tiéng Dikc).
NXB Khoa hoc Ky thuat, Ha Noi.

2. Nguyén Vin Pao (2002), Co hoc gidi tich, NXB
PHQG Ha Noi.

3. Pang Thé Huy (1995), Mot $6 van dé vé co hoc
gidi tich va co hoc may, Truong Dai hoc Nong nghiép 1,
Ha Noi.

4. Nguyén Vin Khang (2007), Déngluch_och_énhiéu vat, NXB
KHKT, HaNoi.

5. Lé Tan Quynh (2006), Nghién citu hea chon céng
nghé va hé thong thiét bi co gidi hod cdc khau lam dat,
trong, cham séc rimg va khai thac gé, Béo cao khoa
hoc va ky thuat dé tai cdp nha nudc KC07-26, Thang
10/2006.

6. William F Riley, Leroy D Sturges (1993),
Engineering Mechanics Dynamics, John Wiley & Sons,
INC, New York.

7. Aunekcanapos. B. A, (1995), Mooennuposarnue
Texnonoeuueckux  Ilpo-yeccoe  Jlecnvix  Mawun,
UsznarenscTtBo “Oxomorus’, Mockaa.

. JILB, (1976), Juuamuxa Mawunno-

Aepezamos,

8. TI'siueB
Tpaxmopuvix u A6momo-ounsHbIX

N3narensctBo PocTtoBCcKOrO YHUBEpCUTETA.

DYNAMICS OF TRACTOR WITH TWO WHEEL TRAILER
WHEN TRANSPORTING FOREST TIMBER

SUMMARY

Pham Minh Duc, Nguyen Van Quan

Research on dynamics of tractor trailers transporting wood is the main content of this article.The author established

mechanical model; then finding out the general dynamics model to determine the kinetic factors for it. By

applying aanalytical mechanics and using Lagranger Equation (type II); dynamic model and general differential

Equations were established for motion tractor with two wheel trailer when going through bumpy under all three

directions OX, OY, OZ (for survey oscillate vertically, oscillate horizontally and the rotation around the axis). This

equations allow us applying the overall dynamics of the fluctuations, as a basis to examine the dynamics to this

type of equipment.

Keywords: Dynamics of tractor; equations of motion; motion stability; two wheel trailer
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