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NGHIEN ClrU DONG LUC HOC XI LANH THUY LUC PIEU KHIEN
TAY GAU CUA MAY BDAO MOT GAU KIEU GAU SAP
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CONTROLLING BUCKET ARM OF SINGLE-BUCKET EXCAVATOR
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TOM TAT

Bai bdo trinh bdy tém tdt cdc két qua nghién ciru dong liec hoc (PLH) xi lanh thiy luc diéu
khién tay gau ciia may dao mot gau kiéu gau sap hién dang dwoc khai thac sir dung tai cic cong
triwong thi céng & Viét Nam. Tir @6, khdo sat, danh gid dnh hiong ciia cdc théng sé déng lee hoc
xi lanh thiy lee dén qud trinh lam viée ciia bé cong tac. Cac két qua nghién civru gép phan vao viéc
ndng cao dé chinh xdc trong tinh todn thiét ké hé truyén dong thiyy liwc va la co sé dé tw dong héa

qua trinh lam viéc cua may.
Tw khéa: Xi lanh thuy luc; Dong luc hoc; May dao mot gdu.
ABSTRACT

This article presents a brief of the results of reseach dynamic of hydraulic cylinder controlling
bucket arm of single-bucket excavator, using in these sites of Vietnam. Then evaluate and analysis
the effect of dynamic parameters of hydraulic cylinder system. The research results contribute to the
improvement of the accuracy in the calculation and designing of hydraulic transmission and is the

basis for working process automation of drill.
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1. PAT VAN PE

May da‘lo la mét loai may moc co gioi
sir dung chu yéu dung trong xay dung, khai
khoang May ding mot co cdu tay can gan lién
Vol gau dao, thuc hién thao tac dao, xuc, muc,
d6 dat d4 roi hay lién thd va cac loai khoang san,
vat liéu xéy dung roi (cc') thé van chuyén trong
cu ly ngin hodc rit ngin). Trong qua trinh lam
viéc, may chiu tac dong ctia nhiéu yéu td, trong
d6 anh huong lon nhét 1a diéu kién dia chat va
chiéu sdu muc. Khi dia chat khac nhau, chiéu
sau mic thay d6i s& lam cho Iyc can gau dio
trong qua trinh muc thay d6i [1]. Thuc nghiém
chi ra rang: khi quay gau dé dao, cn nim &
vi tri thap nhét s& gy ra hién tuong dao dong
ap suat trong hé thong truyén dong thuy luc.
Hién tuong dao dong cta ap suat dau trong hé
thdng thuy luc 1a mot trong nhitng nguyén nhan

¢6 anh huong truc tiép dén chat lugng va ning
sudt, tudi tho ctia may va cac phan tir thiy luc.
Do vay, viéc nghién cuu, danh gid anh hudng
ctia cac thong s6 dong luc hoc xi lanh thay luc
trén may dao mot gau 13 rat can thiét, nd gop
phan vao viéc ning cao d6 chinh xéc trong qua
trinh tinh toan thiét ké, gitip cho viéc khai théc,
str dung may c6 hiéu qua va 1a co s¢ dé ty dong
hoa qua trinh lam viéc cua may. Chinh vi vay,
nhom tac gia da tién hanh nghién ctu dong luc
hoc ctia xi lanh thity luc diéu khién tay giu cua
may dao mot gau.

2.NOI DUNG

Trén hinh 1 thé hién so do céu tao va
pharn vi 1am viéc cua may dao mot gau kiéu
gau sap.

Hinh 1. So' do cdu tao va pham vi lam viéc ciia mdy dao mét gau kiéu gau sdp
1 - Chan di chuyén; 2 - Cabin diéu khién, 3 - Can; 4 - Tay gau, 5 - Gau, 6 - Xi lanh diéu khién tay gau,
7 - Xi lanh diéu khién gau; 8 - Xi lanh diéu khién can

Nguyén ly lam viéc ciia may

Khi dong co 1am viéc, cong suat duoc
truyén qua banh da dén bom thay lyc, bom
thay luc 1am viée, hut dau tir thing dau day dén
cum van phan phdi chinh 1am cho cac cum xi
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lanh thuy lyc (xi lanh tay giu 6, xi lanh gau 7,
xi lanh cén 8.. .) hoat dong. Trén cabin 2, ngudi
van hanh s tac dong dén cac can diéu khién
thiét bi cong tac, quay toa, di chuyén. Khi c6
su tdc dong cua ngudi van hanh, dong dau diéu

khién hoat dong. Dong dau nay sé& co tac dung &
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dong/mé cum van phan phdi tuong tng cho
thiét bi cong tac, quay toa, di chuyén. Nhu vy,
thiét bi cong tac co thé lam viéc theo ¥ mudn
cua nguoi van hanh [2].

Hé thong truyén dong thuy lyc dan tay

giu cia may dao mot gau kiéu gau sip thé hién
nhu trén Hinh 2. Nguyén ly 1am viéc nhu sau:
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Hinh 2. So do truyén déng thity lic dan
dong di chuyén xi lanh
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bé xay dung mo hinh dong luc hoc hé
xi lanh thuy luc, nhom tac gid st dung cac gia
thiét nhu sau: Khong xét quéa trinh tao song
trong 6ng dan dau thay luc; Van an toan duoc
coi nhu khau khéng tuyén tinh va khong quan
tinh; M6 duyn dan hoi cua dau 6 trong 6ng din

Bom dau (2) duoc dan dong nhd dong co (1)
cung cap dau cao ap cho xi lanh tay gau (5) dé
diu khién bo cong tac (6). Viéc thay doi chidu
hoat dong ctia xi lanh nhd vao van phan phdi (3),
van nay duogc diéu khién bang thuy luc. Dé dam
bdo an toan cho mach thuy luc va xi lanh trong
qua trinh 1am viéc st dung van an toan (7).
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Hinh 3. M6 hinh nghién ciru PLH hé thong thity
liee dan dong di chuyén xi lanh
1 - Dong co dién; 2 - Bom thuy lyc; 3 - Van phan
pho”’i,' 4 - Van mot chiéu; 5 - Xi lanh; 6 - B¢ cong
tac (Tay gcfu); 7 - Van an toan; 8 - Bo lam mat; 9 -
Bau loc dau; 10 - Thuing dau.

khong phu thudc vao ap suat trong hé thong;
T6n that nang luong trong hé théng duge tinh
nhu ma sat nhét, ma sat khd va mat mat thé tich
ciia may bom thuy luc; Khong xét dén quan
tinh ctia chit 16ng trong qua trinh lam viéc; Cac
thong sb cua chit 1ong (ty trong riéng, do nhdt,
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mo duyn dan hoi) 13 hing s; Khong xét dén ap
suat ban dau ctia dau trong duong dng; Luc ma
sat & van an toan 13 nho. Ton hao luu lwong cua
bom thily Iyc trong gii han ché d6 1am viéc va
ty 16 voi ap suét trong duong ong.

Tir cac gia thiét nghién ciru nhu trén,
nhom tac gid da xay dung dugc md hinh nghién
cuu dong luc hoc cua xi lanh thuy luc diéu
khién tay giu ciia may dao mot gau kiéu giu
sdp thé hién nhu trén Hinh 3.

Dé xay dung mo hinh bai toan dong luc
hoc hé xi lanh thuy luc n6i trén, nhom tac gia
st dung dinh luat bao toan nang lugng, viét cho
phuong trinh dong chay lién tuc cta dau cong
tac trong cac duong 6ng va phuong trinh cin
bang lyc.

Phuong trinh can bang luu luong trong

duong dng cao ap dugc xac dinh theo [3], [4]
nhu sau:

Qe = 0 — Qe — @t — oy (1)
Trong do:

Luu luong 1y thuyét caa bom:

Qp = Vop " - X(8),m* /s 2)

Luu lugng qua van an toan:

Qc = [prz - pcj : Kc-'ma 'f.S (3)

Luu luong chat 1ong 1o ri & bom thiy luc:

Vo*p ) [w*p] ) [:1 - ﬂop}

Qop = Top P = [P ]
bl

Pem’ (5 (4)

Luu lugng ti€u thu xi lanh:
Q.,=F V=F -Xm/s (5)
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Luu luong chit 16ng 1am bién dang hé
thong:

I:i'ifJIE 3
QE=EE- r:it 2 1T .'l'lS (6)

Thay céc két qua trén vao phuong trinh
(1), ta co:

d 0
B2 =,y 0, K = =p,) K~ F oA -

=l r (7)
dt ? F p]
Phuong trinh cén bang lyc:
qu = Fx! - Fm:x! - 'F:: (8)
Trong do:
Luc quéan tinh:
dv .
Fpe=m:—=m-XN ©)

Luc cua xi lanh:
Khi day: F,; = (F, " p, —
Khico: Fy; = (F, " by —

R} ) prj ) TFCH"'-"
F,op) n. N (10)

Luc can ndi ma sat trong xi lanh:

mexl =fp'[pa_pr]+ﬂ'[pr_pg) (11)
Luyc can F_duoc xac dinh véi gla thiét,

khi quay gau dé dao va can & vi tri thip nhat:

F = 75kN.

Thay céac gia tri trén vao phuong trinh
(8), ta co:
m X =(pg F v B)ne= [fy (e =) + £ (2o —2,)] - F(12)
Vay cudi cung, ta dugc hé phuong trinh
chuyén dong nhu sau:

M'[‘" (1 ’71:
kel (13)

pzj + f;' (pz pg)] F,

dyg
E,- dtfl’ cw, X(t) —(p, —p,) K, —F X —

mf=(0,F - B)n,—[f, (Ba—
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Trong do:

vV, Luu lqug riéng cua bom thuy
luc (m*/vong); o Téc ‘d(f) quay cua truc bom
(vong/s); X(t): He s6 diéu chinh luu lugng cua
bom 0<X(t)<1; [co ]: Téc @6 quay danh nghia
cua bom (vong/s); [p ]: Ap suat danh nghia cta
bom (Pa) P, P Ap suat dau trong nhanh cao
ap, thip ap (Pa); p.: Ap suét danh nghia cta
bom (Pa); K : H¢ s6 luu llIO’l’lg qua van an toan
tong (m3/s)/Pa Ny, : Hiéu suét thé tich cta bom;

: Hé s ton that luu lugng cia bom (m¥/s)/
Pa m: Khbi lugng quy dan (Kg); F,, F,: Di¢én

tich piston & khoang bung va khoang can (m?);
f f:He¢ s6 ma sat trén vong dém piston va can
plston n.: Hi¢u suét co khi cta xi lanh thay luc;
p,: Ap lyc cia gié (N/m?); X: Do dich chuyen
cua can plston E : M6 dun bién dang dan hoi
ctiia duong ong cao ap (N/m?); F_: Luc can tac
dung 1én xi lanh (kN).

Dé giai hé phuong trinh vi phan (13),
nhom tac gid st dung phuong phap Runge-
Kutta trong moi truong Matlab - Simulink.
Giao dién cua chuong trinh dugc thé hién nhu
trén Hinh 4.

Hinh 4. Chirong trinh khdo sdt cdc thong sé dong liec hoc xi lanh thiyy lee diéu khién tay gau

bé nghién ctru khéo sat, danh gia cac thong ) dong luc hoc cua xi lanh thuy luc diéu khién
tay gau trén may dao mot gau kiéu gau sdp, nhom tac gia chay chuong trinh mé phong dong luc
(hinh 4) véi cac s6 lidu thé hién trong Bang 1 dudi day.

Bdng 1. Bang cdc gid tri théng so chay chwong trinh

TT ‘ Théng sb ‘ Ky hiéu ‘ Pon vi Gia tri
Bom thiy luc
1 | Luu lugng riéng ciia bom V. m’/vong 0,0078
2 | Téc d6 quay danh nghia ctia bom (o] vong/s 33,333
3 | Ap suét danh nghia ciia bom (p,] Pa 2,5¢7
4 | Heé sb diéu chinh luu lvong bom X(t) - 0+1
5 | Hiéu suét thé tich cia bom n, - 0,92
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Xi lanh thiiy lye tay giu
6 | buong kinh piston D, m 0,115
7 | Puong kinh can ctia xi lanh D, m 0,08
8 | Hanh trinh xi lanh H m 1,075
9 | Trong luong tay gau G, Kg 384,125
10 | Ap suat trong khoang thap ap P, Pa 600000
11 | Hiéu suét co khi cia xi lanh n, - 0,95
12 | Di¢n tich piston ¢ khoang bung F, m? 0,01
13 | Dién tich piston & khoang can F, m? 0,005
Van an toan
14 | Ap suat van an toan tong p. Pa 2,8e7
15 | Hé s6 luu lwong qua van an toan tong K. (m3/s)/Pa 5,0e-10
Cic thong s6 khac
16 | M6 dun bién dang dan hdi ctia dudong dng cao ap E, N/m? 5,239%e-11
17 | Khéi lugng quy dan m Kg 682,858
18 | Hé s6 ma sat trén vong dém cua piston va can piston f,f - le-6
19 | Gia toc trong trudng m m/s? 9,81
20 | Ap lyc gio p, N/m? 950
12220 T

Ap suat (Pa)

o7

22 03 04 05 06
Thoigian ()

Hinh 5. Ap sudt ddu

04 02 03 04 05 06
Thoi gian (s)

07T 08 08

Hinh 6. Luc day ctia xi lanh

cSesssdessssmessssshessssdEsssssksssssgesssaqEssanakans
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Thoi gian (s)

Hinh 7. D6 thi chuyén vi piston tay gau

Hinh 8. P6 thi vin toc piston tay gau
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Nhdn xét:

Tt cac do thi trén, chiing ta ¢o6 thé rat ra
mot so két luan nhu sau:

1) Khi may 1am viéc thi ap suat cua dau
cong tac trong hé thong thuy luc s& dao dong,
bién do va tan s cua ap suat dau trong hé thong
thay doi, gy ra cac luc dong lam anh hudng xau
dén hoat dong cua h¢ thong, anh hudng dén chat
lwong va tudi tho cta cac phan tir thuy lyc. Qua
trinh dao dong ctia ap suat dau phy thudc vao
nhiéu yéu td, trong d6 luc can khi dao tac dung
vao xi lanh la yéu to tac dong lon nhét dén ap
suat dau cong tac va c6 thé noi, ap suét 1a thong
sO ““dai dién” cho d¢ 16n cua tai bén ngoai. Ap
suat dau khi lam viéc binh 6n 12 8,2.10 Pa.

2) Luc ddy cua xi lanh thuy luc ciing
thay doi, & giai doan can khoan thép nhét luc
day xi lanh dat gia tri cuc dai 9,17.10* N va lyc
day xi lanh khi Iam viéc binh 6n 14 7,2.10* N.

3) Van toc va chuyén vi thay ddi theo thoi
gian van toc piston dao dong va binh 6n quanh
gia tri 0,22 /s, gia tri nay phu hop voi hoat dong
thyc té ctia may. Su thay d6i nay s& lam xuat hién
luc dong trong hé théng va giy ra tai trong dong
trong két cau thép ctia may khi lam viéc.

3. KET LUAN

Tur cac két qua nghién ctru nhan duoc,
nhom tac gia rut ra mdt s két luan nhu sau:

1) Khi méy lam viéc thi 4p suat dau va
luc ddy ctia xi lanh déu thay ddi theo thoi gian
va sau d6 dat mot gia tri xac dinh khi lam viéc
binh 6n. Su thay d6i cua ap suit dau va lyc day
cua xi lanh phu thudc vao nhiéu yéu to trong
do luc can tac dung lén gau dao 1a yéu td tac
dong 16n nhat dén ap suat dau cong tac va luc
day cua xi lanh.

2) Ap suat dau cong tac va van toc cua

xi lanh thuy luc 14 thong sé co ban nhat trong
hé thdng truyén dong thuy lyc. Viée xac dinh
dugc hai thong sé ndy c6 y nghia rat 1on, vi tir
d6 cho phép ching ta xac dinh dugc cac thong
s6 dan xuat nhu luc ddy cua xi lanh, cong suat
tiéu thu cua xi lanh, luu lugng can thiét cho xi
lanh khi lam viéc.

3) Cac két qua nghién ctru nhu trén
phan ndo da danh gia dugc mic d6 anh hudng
cua cac thong sb dong luc hoc dén su thay doi
ctia ap suét dau cong tac, van toc, gia toc va luc
cua xi lanh thuy luc trong qua trinh quay gau
dao va can & vi tri thap nhat. Tuy nhién, dé
c6 thé danh gia chinh xac mirc do anh huong
cung nhu kiém nghiém cac két qua tinh toan ly
thuyét, chiing ta can phai c6 nhing nghién ciru
thuc nghiém nham danh gia muc do chinh xac
cua cac két qua nghién ciru Iy thuyét.

4) Két qua nghién ctru thu duoc 13 co so
khoa hoc gop phén vao viéc nang cao do tin cay
trong tinh toan thiét ké hé truyén dong thuy luc,
dong thoi 14 co s& cho viéc tinh toan, thiét ké, ché
tao may dao mot gau kiéu gau sap tai Viét Nam.
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