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PHUONG PHAP XAC PINH LUC MO MEN
TAC PONG VAO RANG GAU TRONG QUA TRINH PAO
VA TICH VAT LIEU CUA MAY XUC LAT
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Tém tat: Qua trinh tich vét liéu vao gau cla may xuc lat trong qua trinh lam viéc la sw két hop déng thoi gitra
di chuyén may tao luc day déng thoi diéu khién cén, gau dé dat duoc hiéu qua cao nhat. Chinh vi vay, téng
lue tac dung lén géu xtic ngoai phu thudc vao t/nh chat co'ly ctia vét liéu con phu thuéc vao luc day do may
di chuyén va luc trong céc xi lanh d‘leu khién cén va géu. Bai béo trinh bay phuong phap xéc dinh téng luc
cén va mé men tac dung vao réng gau trong qua trinh tich vat liéu vao gau ctia may xtc lat théng qua luc
dan déng ctia méy va luc trong céc xi lanh thdy luc.

Tue khéa: May xdc lat db bén; thiét bi cbng tac;, mé hinh déng hoc.
The method of determining the force- torque on the teeth of bucket during digging and loading

Abstract: The bucket filling of a side dump loader during working process is a contemporaneous com-
bination of the moving of the loader and controlling its boom and bucket to achieve maximum efficiency.
Therefore, the total force applied to the bucket depends on the mechanical properties of materials, and it
also depends on the machine thrust and the forces in the boom and bucket cylinders. This article presents a
method of determining the total force and torque applied to the bucket teeth during the filling process by the
driven forces of machine and hydraulic cylinders.
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@ 1. Dat vén dé

May xuc lat dwge st dung rong rai véi muc dich co gidi hoa trong cac linh vire xay dwng, khai thac mé,
van tai... Céng dung chinh ctia may 1a bc xuc dat, da va vat liéu roi, van chuyén ching truc tiép trong gau
ho&c dd 1én thiét bi van chuyén khac. Trong mot chu trinh lam viéc, may thwc hién theo cac phan doan: tich vat
liéu - chuyén tai - d& vat liéu. Chi phi thdi gian cho cac phan doan va lwong vat liéu ndm trong gau xuc sé quyét
dinh dén nang suét lam viéc ctia may. Tinh toan lwc can téng quat tac dung lén gau xuc trong qua trinh tich vat
liéu vao gau 1a hét strc quan trong va can thiét trong qua trinh tinh toan thiét ké va van hanh may xuc lat theo xu
thé phat trién va hoan thién cac dang may thi cong hién nay. Ba cé mét sé cdng trinh nghién ctru vé sw tvong
tac gitva thiét bi cong tac va méi trieérng lam viéc nhdm muc dich dwa ra cac mé hinh tinh mét sé thanh phan
lwe cdn v&i gau xdc lat [1-4]. Trong tac pham [5], cac tac gid da xay dwng mé hinh tinh toan va dwa ra khao
séat anh hwéng clia cac tham sb vé két chu va vé co tinh clia vat liéu dén lwc can cua vat liéu tac dung lén gau
xuc. Tuy nhién, cac nghién ctru chi yéu di vao xay dwng mé hinh khao sat trong trwdng hop may dirng yén va
thuwe hién cac thao tac dbi vai thiét bi cong tac dé tich vat liéu vao gau. Tuy nhién, khi tich vat liéu vao gau xuc
khi chi str dung nang ha can la khéng hiéu qua [6]. Qua trinh tich dat vao gau hiéu qua 1a sw két hop gira qua
trinh di chuyén tinh tién clia may v&i thao tac didu khién nang ha can va quay gau. Bai bao tap trung vao xay
dung md hinh x&c dinh tng lwc can va md men tac dung vao dinh réng gau xuc trong truo’ng hop may xuc
lat thao tac dé tich vat liéu vao gau khi két hop gitra di chuyén may véi didu khién nang ha can va quay gau.
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1’2 KET QUA NGHIEN CUU VA UNG DUNG

gdm phan xe co s& va phan thiét bi cong tac. Thiét bi cong tac gdm 3 khau dong lién két véi nhau bdi cac
khép ban 18 1a can, gia giu va gau; twong ng véi né 1a 3 xi lanh dan déng (xi lanh nang ha can, xi lanh
quay gau va xi lanh d& nghiéng gau). Trong qua lam viéc, khi tich vat liéu vao gau, xi lanh 1at gdu khéng lam
viéc, may di chuyén két hop véi diéu khién xi lanh cin va xi lanh quay giu dé tich vat liéu vao gau. Khi vat
liéu dworc tich day gau, nang gau 1&n va di chuyén may dén vi tri xa vat liéu, didu khién xi lanh lat gau dé
nghiéng gau xuc dd vat liéu sang bén.

Hinh 1. So dé6 két cdu chung Hinh 2. M6 hinh khdo sat PLH qua trinh
may xuc lat dé bén tich vét liéu vao gau ctia may xuc lat

Trén co s& cAu tao va nguyén ly 1am viéc clia may, tac gia xay dwng mé hinh khao sat déng lwc hoc
qua trinh tich vat liéu vao gau ctia may xuc lat nhw thé hién trén Hinh 2. Trong mé hinh nay, d& don gian
héa, gid s&v phan xe co s& la mot gia trwot ma trén d6 cé gén phan thiét bi cong tac gdm can, gia gau va gau
(trong qua trinh tich vat liéu gia gau va gau la mét khdi). Khi d6, trong qua trinh tich vat liéu ctia may, co hé
ddng thoi thwe hién hai chuyén dong: cac phan tir trong hé chuyén déng quay twong dbi véi nhau trong mét
phang thdng drng va toan bd hé chuyén déng tinh tién theo may. Trén mé hinh khao sat, hé gdm 3 khau:
Khau 1 1a gia trwot (than xe), khau 2 1a can; khau 3 1a gia gau va gau. Céac khau lién két véi nhau bang cac
khop ban 1€ tai B va H. Dac trung chuyén dong cia hé qua cac thong sé: dich chuyén tinh tién d,, cac goc
quay 6,, 6,. D& quan sat cac vat trong méat phang thang ding, gan vao co hé moét hé toa d6 cé dinh X,0,Z,,
cac hé toa d6 X,0,Y,, X,0,Y,, X,0,Y, c6 gbc gan tai cac diém lién két gitra cac khau cua thiét bi cong tac
(Hinh 2). Vi tri twong dbi ctia mdi khau dwoc xac dinh b&i 3 thong sb: cac toa do X, y,vagoc 6, (i=1,2,3).

Hé toa d6 X,0,Y, dat tai dinh rang gau xuc nham muc dich xac dinh hwéng cda gau xuic théng qua goc y.
Ap dung phép bién déi Denavit va Hartenberg [7] d& xac dinh ma tran thuan nhat cta hai khau lién
k& [i va (i-1)], dwoc viét tdng quat la:
cos8. —cosa,sinG,  sinBcost;,  a,cos0,

sing,  cosa;cos8, —sina,cosd,  asing,

A(ii—l) = (1)

0 sind, cosa, d;
0 0 0 1

Cac thong s6 cau tric dong hoc cla céac Béng 1. Cac tham sé céu tric déng hoc ctia co hé
khau dugc xac dinh trong Bang 1 (v6i a, a,la goc va

khodang cach gitra truc Oz, va O, z,, do theo truc x; Lli(i'l ket a, a, d )
d, 0,1a géc va khoang cach gitra truc Ox, va O, x,, aut
do theo truc z). 1 90° k d,+b 0
Tw cong thire (1) va cac gia tri trong Bang 1, 2 0 J 0 0,
ta c6 cac ma tran chuyén vi thuan nhét cho cac khau 3 0 0 0 0,
nhw sau:
1 00 k cos@, —sin6, 0 rcosf, cos@; —sind; 0 0
00 -1 0 sin@, cos6, 0 rsinb, siny  cos@; 0 0
4, = 14, = Ay = (2)
01 0 d+b 0 0 1 0 0 0 10
00 0 1 0 0 0 1 0 0 01

Ma tran chuyén gitva hai hé truc toa dé X,0,Y,va X,0,Y, dwoc xac dinh:
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cospsinf 0 ¢q
sinff —cosfp 0 q,
A4: 0 0 1 0 = const (3)

0 0 0 1
trong do: céc gia tri khodng céch k, b, r, q,, q, va goc f 1a khong ddi va dwoc thé hién trén Hinh 2.

DPong hoc qua trinh [am viéc: Trong qué trinh may thwe hién tich vat liéu vao gau xdc, ta quan tam
dén quy dao cla dinh rang gau (diém L) va goc xac dinh hwéng clia gau xuc y so voi hé toa do ¢b dinh. Toa
do cua diém L dwoc xac dinh théng qua ma tran chuyén:

T=A4A4,4,
cos(0, + 0, +y) sin(0,+0,+y) 0 ¢ cos(0,+6;)—q,cos(6,+6,)+rcosb, +k
_| sin(0,+ 60, +y) —cos(6,+6,+y) 0 q,sin(6, +6;) —q,cos(0, +6y)+rsinb, +d, +b (4)
0 0 1 0
0 0 0 1

Goéc y xac dinh hwéng clia gau xuc so véi hé toa dd cb dinh dwoc xac dinh théng qua cac goc khac
theo cong thirc:

T
v=0,+0,+5- )

Nhw vay, toa d6 dinh réng gau L va hwéng ctia gau xdc trong qua trinh thao tac lam viéc phu thudc
vao cac goc quay 8,, 6, va dich chuyén ctia may d,. Trong thyc té la viéc, cac gia tri géc 6,, 8, hoan toan
c6 thé xac dinh dwoc bang cach do trwe tiép thong qua céac thiét bi do gan lién trén cac khép B va H. Dich
chuyén clia may d, cling c6 thé dwoc xac dinh dwoc béng cach gan thiét bj dinh vi JBS do dich chuyén cia
may. Trong bai toan déng hoc ngwoc, néu tai thoi didm bét ky co ba gia tri xac dinh: géc  xac dinh hwéng
clia gau xuc, chiéu cao cta dinh réng gau va khoang cach ti dinh rang gau véi than may (toa do cda dinh
rang gau), thi tr phwong trinh (4) va (5) ta co thé xac dinh dwoc d,, 6,, va 6, tai thoi diém do.

Tinh toan lwc-mé men tai dinh réng gau xuc: Trong phan nay, trén co s& mé hinh déng lwc hoc qua
trinh tich vat liéu vao gau xuc ciia may xuc lat, tac gid xay dwng mdi quan hé xac dinh gia tri clia lwc can
va md men tai dinh rang gau trong qua trinh tich vat liéu vao gau trong sw phu thudc vao lwc day di chuyén
may, lwc clia cac xi lanh thiy lwc dan dong thiét bi cong tac va cac géc quay 6,, 6, trong qua trinh thao tac
tich vat liéu. Néu ta gia thiét trong qua trinh tich vat liéu vao gau, may di chuyén véi van téc cham, khi d6
c6 thé str dung ma tran Jacobian clia co hé dé& xac dinh lwc va mé men tai dinh rang gau xdc théng qua
lwc day clia may va lwc clia cac xi lanh thiy lwc. Do co hé khao sat chi cé ba bac tw do trong chuyén déng
phang ctia cac co cau, nén chi cAn mdt ma tran Jacobian 3x3 téi gidm la di. Ma tran nay xac dinh nhw sau:

0 (g8 +4:.Cy +18,) g5y +4,Cy)

J=1 (9Cs +4,55 +1Cy ) (9:Ch5 —4,553) 6)
0 -1 -1
trong do: S,, = sin(6, + 6,), C,, = cos(8, + 6,), S, = sinb, va C, = cosb,,

Biéu thirc (6) 1a ma tran Jacobian ddi véi toa do tham chiéu X 0 Z, (tc 1a J = J)). Khi d6, méi quan

o o0_o

hé gilra vector lirc clia cac khép ndi va vector lwc nap tai tai dinh rang géu dwoc xac dinh [8]:
t=JF (7)
S £y
t=|1, |, 4, =|F, ®)
Ty M

trong do: f, 1a lwc day ctia may co s&; 7, la mé men tai khép quay B; 7, & mdé men tai khép quay H; F,la
thanh phéan Iyc doc tai dinh rang gau L; F, 1a thanh phan lyc ngang tai dinh rang gau L; M 1a md men tai
dinh réang gau L.

Nhw vay, tr phwong trinh (7) nhan thdy rang, cac thanh phan lwc va mé men tai dinh rang gu xtc
dwoc xac dinh théng qua lwc day clia xe co s& f, va md men 7,, 7, tai cac khép quay B va H twong ng. Gia
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tri mé men z,, 7, dwgc xac dinh théng qua cac lwc £, £, cta xy lanh nang ha can va xi lanh quay gau twong
&rng; Mé men ¢, dugc xac dinh thong qua lyc cda xi lanh nang ha cén £, bang biéu thirc:

1'2:—efzsin(%+;f—a—e]:—efzcos(;f—a—e) 9)

trong do: cac goc a va y dwoc thé hién & Hinh 2 va e = EBH = const.

Théng qua bién ddi hinh hoc, géc o va y dwoc xac dinh nhw sau:

a=m-0, (10)
tany <K20OS@HE) | Ko ecOS(@H ) (11)
b+ecos(a+e) b+ecos(a+¢)

Thé cac phwong trinh (10), (11) vao phwong trinh (9), ta dwoc:
7, =—¢f,sin(y —w+0,—¢)=—ef,cos(m—y -6, +¢)

12
k—e.cos(a + e)D (12)

7, =—¢f, cos[ﬁ2 -—&— arctg{b Tecos@te)

M6 men z, dwgc xac dinh théng qua lwc xi lanh quay gau theo biéu thirc:
7y = gfysing (13)
trong d6: g = HD = const; n = Eﬁ)

Toa d6 cac dinh ctia tam giac DHA so v&i hé truc ¢b dinh dwoc xac dinh |an lwot nhu sau:

0
k+lcos(0, — @) k +rcosa rCy +k + g5,
A: 0 CH: 0 . D: A A A, og - 0
d, +b+Isin(6, — p) d, +b+rsina { rS, +b—gCy,
Nhan dworc:
G+ g8y —lcos(6,— )| | a(6,.6y)
DA: 0 = 0 (14)

1S, —gCy —Isin(0,— @) | | a,(6,.6;)

rC, + gS,; + rcosa b,(6,,6,)
DH : 0 =l 0 (15)
rS, — gC,; —rsina b,(6,,0;)
Khi do, xac dinh dwgc goc # theo céng thirc:
1 a,(6,,6,)b,(6,,6,) + a,(6,,6,).b,(6,,6;)

(@ (0:0)) +(a:(6,6,)) +(81(0,0,)) +(b,(6,,60,))

Do géc i khéng nhan gia tri &m, nén khdng co gié tri @m trong viéc xac dinh # t phwong trinh (16).
Néu trong biéu thirc (16) thay cosy = w va két hop phwong trinh (13) nhan dwoc:

T, = gfyN1-w’ (17)

Trong thuc t&, cac gia tri lwc f,, f,, f, hoan toan c6 thé xac dinh dwoc bang cach do dac truc tiép trén
may théng qua cac dau do lwc va dau do ap suat va lvu lwong clia dau trong cac xi lanh thay lwe. Nhw vay,
hoan toan cé thé xac dinh dwoc lwc va mé men tac dung vao dinh gau xuc trong qua trinh tich vat liéu vao
gau théng qua cac cong thire (7), (8), (12) va (17) khi biét duoc gia tri lwc day di chuyén clia may f, va lyc
trong cac xi lanh nang ha can va xy lanh quay gau twong tng f, va f,.

@ 3. K&t luan

Bai bao da xay dwng phwong phap tinh todn va dua ra céng thirc tinh toan tdng lwc can va mé men
tai dinh rang gau xuc trong qua trinh tich vat liéu vao gau cla may xuc lat khi két hop gitra di chuyén may va
thao tac nang ha can, quay gau két hop. Két qua bai bdo co thé lam co sé cho viéc nghién clru ddng hoc,
dong lwe hoc qua trinh lam viéc clia may xuc lat.
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