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BUI VAN BIEN - Trwrong Dai hoc Hang hai Hai Phéng

rong ngénh cébng nghiép khai thac mao,...
thwrong str dung cac loai may xuc c@ I&n cho
phu hop véi viéc xdc bde trong khau van
chuyén vat ligu va khoang san. Do wu dlem co
nang suét xuc béc cao (tlr 420 dén 22700 m?/h)
va chi phi thap, nén may xuc réto ngay cang dwgc
st dung nhiéu tai mé 16 thién va cac nha may
tuyen than kho, bai. Trong may xuc rdto, hé
théng can-gau 1a hé théng quan trong, qua trinh
lam viéc clia né anh huong t&i chét lvong lam viéc
chung cla may xic. Dé khao sat bang ly thuyet
qua trinh lam viéc cha hé théng can-gau can dua
ra dwgc mod hinh dong lwc hoc phi hop dé khao
sat dé lam co s& dé xut cac gidi phap nang cao
tinh nang ky thuat ctia may xic. Dwéi-day gioi
thiéu mét sb két qua nghlen ctru mod hinh dong Iuc
hoc clia hé théng cin-gau cia may xuc roto [6], [8

1. Gi&i thiéu chung

May xuc réto la mot thiét bi phirc tap, trong
qua trinh lam viéc can sy lam viéc déng bo,
phdi hgp chinh xac gitta gdu xic, co ciu
(H.1).

quay,...

H.1. May xtc réto c& Ién

Trong qua trinh lam viéc cha may xUc, gau xuc
réto quay lién tuc cla trong mat phéng thang dirng,
con co cau quay quay trong mat phdng ngang.
Trong su6t qua trinh dao xtc vat liéu, may xuc réto

chiu tac dong ctia mét sd cac ngoai luc tac dung va
nhiéu, nhw phan lyc cla trong qua trinh dao xuc
lén gau xuc. Pay 1a nguyén nhan chinh sinh ra dao
dong ngang, doc va xoan. T4t c& nhitng dao dong
nay déu anh hwcrng t6i sw lam viéc binh thwong,
hiéu suét va ca sy on dinh cua may xuc. Viéc md
hinh hoa hé thdng co ciu can-gau hoat dong phu
hop c6 thé mé ta chinh xac nhitng déc tinh dong
hoc clia né trong qua trinh lam viéc. Pac tinh
dong hoc clia may xuc réto dwoc trinh bay trong
121, [3]. Thong qua phan tich nhu=ng mo hinh déng
hoc nay, nhiéu van @é thyc té ctia dong hoc ciing
nhw dong Iwe hoc xay ra trong subt qua trinh hoat
dong cla may xic roto sé dwoc gidi quyét [3].
Trong sudt'qua trinh hoat déng ciia may xUc gau

réto, anh huéng cua cac-phan lwc bén ngoai-téi s

chuyen dong cla gau quay la ngau nhién va khong
on dinh. E)e ghi nhan nhirng dac tinh dong hoc cua
cac co cau, phu thudc vao sw hoat dong va cac
nhiéu bén ngoai do su thay ddi cac phan lyc trong
khi dao xdc, can mé ta chinh xac cac Iwc tac dong
cta no. Trong [4], [5] d& dwa ra mdt md hinh don
gian v&i mot bac tw do dé nghién clru nhu’ng' dao
déng trong qua trinh hoat ddng chia hé théng dong
hoc. Nhitng tham sb cla qua trinh dao xuc ghi
nhén dwoc dung dé xac dinh cac dao dong tat
dan trong suét qua trinh hoat dong cla may xuc.
Dwéi day dwa ra mét md hinh clia hé can-gau va
la co s& cho viéc xay dwng cac phwong trinh
chuyén déng clia may xuc roto trong qua trinh lam
viéc [6], [8].

2. M6 hinh héa can giu

Can gau duoc két ndi voi than dé clia may xtic
(gla thiét 1a than dé ciing), dwoc dan huwéng boi co
cAu xoay chinh (ban xoay) clia may xuc: Thén can
dugc treo béi cac day cap. Mot sO gla thiét dwoc st
dung d& xay dung mé hinh clia c&n gau quay 1a:

_ > Gian khong gian cua can duoc coi 1a mot
dam dan haoi lién tuc can bang;

(3



> Mat cat ngang ctia dam van vudng géc véi
truc bién dang clia no;

> B6 qua (rng suét tiép do xoin:

> BO6 qua quan tinh va déng hoc cla cac day
cap cla can;

> Cac ngoai luc sinh ra trong qua trinh dao
xuc xay ra dong thoi trén can gau theo ba hwéng
(X, Y, 2).

Can gau dwgc mod hinh hoa nhu la mét dam
dan hdi theo nguyén ly ddm Euler- Bernoulli [6].
Cac day cap treo dwoce gia dinh nhw 1a cac lién két
dan hoi tuyen t|nh Trén hinh H.2 1a mé hinh ddng
hoc hé thong cAn-giu trong qua trinh hoat dong
cua mot may xdc réto. Cac hé truc toa dd duwoc
gan trén dam nhw H.2.

H.2. So' d6 mé hinh héa hé can-géu

3. Phwong trinh déng lwe hoc ctia cin giu

3.1. Phwcmg trinh déng luc hoc ctia can dan hoi

Qua cac gla thiét da néu & trén, cling v&i nhiéu
phép blen ddi toan hoc, phuwong trinh déng hoc
cla can dan hdi chuyén dong trong may xuic
rétotheo [6] la:

MPG+DPa+KBu =1y, +f g, +fyg (1)
Trong dé: M® - Ma tran khéi lrong; D® - Ma tran
hé sb can; K® - Ma tran do cirng cia can dan hdi,
duoc tinh theo biéu thirc:

KB=K+K*(u, t). (2)
Tai day: K - B clrng clia can dan hoi; K*(u, t) - Ma
tran d6 cing phi tuyén do sw khép ndi ctia bién
dang dan hbi: fg1, fg2 - Céc véc to cla ngoai lwc va
md men ngoal Ire, sinh ra do chuyén dong quay va
tinh tién cla khop; con fyy 14 véc to trong luc; u -
Bién dan héi; t - Thoi gian. Cac ma tréan va céc véc
to cla ngoai lwc va mdé men ngoai lwvc dwoc cho
trong [6], [7].

3.2. Phwomg trinh déng Iwec hoc cida gau réto
tai dinh can

Voi khéi lwgng twong déi lon, gau réto gan tai
dinh can sé anh huéng dang ké den déng hoc cla
can. Véc to vj tri rm(t) cha dinh can co khbi Iwgng
my trong hé toa d§ quan tinh O-XO YO ZO dwoc
xac dinh béi [6]:

T () =1L+ T. I:I+UEp )] (3)
Trong d6: r).(t) - Khoang cach tr tam O dén
tam G tai thei diém t, (H.2); T - Hé sb ty 1& thO’I gian
bién dang dan héi; | - Chidu dai thic cda can khi
chwa bién dang dan h0|,

V6 clng nho cha khéi lwgng dinh can dwoc tinh
theo cong thirc, [6]:

Wi, = —my [ Biyiiydx (4)

Dao ham biéu thirc (3) theo thoi gian (t), s& co
duwoc cac gia tri 1, , i, nhw sau:

o =52 + T(1+uS) + Tu©);
£ =#0) T (G Ta©) + Tii ©

in =ioa + T(I+u) + 2768 + Tiigp).

Tai day: u{)- Bién dang dan hdi theo phuong E-P
ddi véi tam O (H.2).

V6 cung nhé clia khodng cach 8r,, dwoc tinh
theo cac vo cling nhé 85 (clia khoang cach O-G)
va vd cling nhd Sugp (cia bién dang dan hdi theo
phwong E-P):

Srm= 6!’8@ ""SUEP 2 (7)

Do d6, phuong trinh (4) dwoc viét lai 1a:

W =-my.| (Sréo) + Tougp )

(8)
[#2 + T+ U + 210 + Tiigp )ax |

Anh hwéng clia khéi lwgng gau quay (m) [én hé
thng dwoc md ta dwdi dang sau:

M™ G+KMu=Fm, (9)
Trong d6: M™ - Ma tran khéi lvgng; K™ - Ma tran do
cirng; F™ - Véc to luc cla khéi lwgng gau quay.

3.3. Phan lwc cat cta gau

He truc toa d6 O - X°Y°Z° |a hé tham chiéu
quan tinh. Hé truc toa do khop chuyén dong G -
X® Y¢ 7€ duoc gén trén dam véi tam dat tai tam
clia mat cat ngang. Hé truc E - XF YE ZF |1a hé truc
tham chiéu dwoc dinh nghia cho mat cat ngang
dam dé mo ta cac bién dan hdi (ux, Uy, Uz) theo 3
phuong X, Y, Z trong hé truc toa dd khép chuyén
dong. Hé truc P - X" Y® Z° dwoc dinh nghta cho vi
tri va huéng clia méat cat vo han dwoc xem xét.

Trong sudt qua trinh hoat déng clda may xuc
roto, lwe cét trong qua trmh dao xuc tac dung Ién




£
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can dwoc phan chia thanh ba thanh phan: Ivc tiép
tuyén Fr_ lyc phap tuyén Fy va lyc canh Fg (gia tri
va hwéng cia nhitng lwc nay thwéng 1a ngau
nhién va khé xac dinh chinh xac). Theo [8], phan
Iwe trong qua trinh dao xuc dwoe md té nhw la cac
ham phi tuyen va ngau nhién. C6 thé xac dinh lyc
tiép tuyén FT theo biéu thirc sau day [8]:

FT(W)=kII Sr-fo(\lf)- (1 0)
Va&i:

siny, khi 0<y<m/2

*°V_ khi n/2<y<a

fo(w) = (1)
0, khi y)a

Tai day: k - Hé sb phan lwc dwoc xac dinh trong qua

trinh dao xic véi mot gia tri ngau nhién, phu thudc

vao mdi trrong dao; I - Chidu dai hoat dong cia

lwdi cét; @ - Toa dd goc cla vong quay réto khi

tinh theo van toc goc a - Goc cat cia lwdi cat.

Lwc phap tuyén Fy va lyc canh Fg ¢ thé xac
dinh theo lyc tiép tuyén Fr nhw sau: Voi:

Fn=kn.Fr; Fe=ks.Fr (12)
Trong d6: ky=0,14 - Hé sb Iwc phap tuyén; ke= 0 1
- Hé sbé cha phan Iyc canh khi dao xuc [8].

Dwa trén phwong phap md hinh héa da néu
trong [8], cac lyc nay dwoc gia dinh 1a lién tuc tac
doéng trén dinh cua can theo 3 phwong: phuong
doc, thang dirng va phwung ngang.

3.4. Phu’o'ng trinh téng hop chuyén déng
cta hé can-gau quay

Ttr phurong trinh (1) va (9) két hdp v&i phan lyc khi
dao xuc, co the viét phuong trinh tdng hop chuyén
dong clia cin gau dwéi dang ma tran nhuw sau:

M.i+D.u+K"u=1(t),

M.G+D.0+(KB' +K™u=f(t)-K*(u,t)u  (13)

M.U+D.u+Kq.u=f(t) + N(u,t).

Trong dd: M, D va K - Lan lwgt 1a khéi Iuo'ng, hé
so can va dé cirng tong (toan phan) clia hé can-
gau dwoc xac dinh béi cac biéu thirc sau:

M=MB+M™, K=KB+K™=KB1+K™+K¥(u,t)

it: Ky=KE"+KM (15)
la ma tran do cimg tuyén tinh ciia can va clia dinh can.
Trong do: KB' - Ma tran do cirng tuyén tinh clia
can; K™ - Ma tran do ctrng tuyén tinh cha dinh can;
N(u t)=-K*(u, t); u - Ma tran dd ctrng phi tuyen clia
can; MB, Mm - Ma tran khdi Igng clia can dan hoi
va cta dinh can; KB=KB'+K*(u, ) - Ma tran do
cung clia can dan hdi.

Tong hop lyc tac dung lén hé can truc khi hoat
déng dwoc xac dinh tir cac dai lwong da biét:

f(t) (f 1+ f g2t fgg+ Fnt FB+FT) (16)
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Sy két hop cta nhitng bién dang dan héi dwoc
xac dinh b&i K*(u, t).

3.5. Phwong trinh trang thdi cia hé théng
can-gau

Dwa vao nhirng phan tich & trén, cé thé dua ra
phwong trinh trang thai ctia hé théng can- gau
theo 3 phwong X, Y, Z ddi vai tam O dwoc viét
dwéi dang ma tran nhw sau:

Jo o] [0l [ o 7
= Mk miol | M -M"N(ut)} )

Phwong trinh (17) danh gia trang thai dong luc
hoc cia hé can-gau Khi dwa cac tham so6 dong
hoc vao (17) d@é tinh toan sé cho két qua xac dinh
dworc trang thai lam viéc hién tai cia may xuc, qua
dé c6 thé didu khién va kiém soat dwoc sy dao
déng cha no trong qua trinh hoat déng.

4_Két luan

Trong may xuc roto, hé thong can-gau la bd
phan quan trong anh hucrng dén chat lwong lam
viéc cia toan may xuc De danh gia anh huwdng
ctia hé théng can gau can md hinh héa, thiét lap
phwong trinh chuyén dong ctia hé. Trén co s& cac
phwong trinh ddng Iwc hoc hé can-gau cla may
xuc roto da diroc thiét 1ap co thé khao sat dong lwe
hoc clia may xudc roto cu thé, nhdm tim giai phap
nang cao tinh nang ky thuat ctia may xtc.0
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Bl o

tdng (cu thé & day chiéu day vé bé téng tang dan)

thi gia tri cGia noi lwc trong két ciu ciing thay dbi
(tdng 1&n theo sw ting 1én cla chiéu day vo ham).
Nhirng nhan dinh nay hoan toan phu hgp véi cac
cong thire xac dinh N, M, Q ddi voi duwong ham cod
vé hén ho’p khi c6 xem xét dén dd clirng twong
du’0’ng nhw trong ly thuyét. Trong tredng hop thay
dbi chiéu day vo bé téng phun ma van git nguyen
khodng cach gitra cac khung thép thi cac két qua
thu dwoc chi ra ring, trong trwong hop thay doi
chiéu day cac 16p bé téng phun 5 cm, 7 cm, 10 cm,
15 cm thi gia tri noi lwc trong két chu chéng thay
ddi khong nhiéu khi chidu day 16p vé thay doi tir 5
cm dén 7 cm, gia tri cia ching thay doi I&n khi
chiéu day bé tong phun thay déi khoang 10 cm.J

TAI LIEU THAM KHAO

1. V6 Trong Hung. V6 chéng nhiéu I&6p ste-dung
kha ndang mang tai cta khdi da. Trwdng Pai hoc

- M3-Dia chét, Ha Nai. 1993.

2. Nguyén Quang Phich va nnk. Nghién ctru
rng dung mét sd phwong phap sé trong tinh toan

~ cong trinh ngam. D& tai cAp bo ma sb B2005-36-

88TD, Ha N&i-2006.

3. Trén Tuén Minh. Tin hoc tng dung trong xay
dwng céng trinh ngdm va md. NXB Xay dung, Ha
N&i 2014.

4. Tran Tuan Minh, Nghién ctu cac qua trinh
bién dbi co hoc trong khéi dat da co chy y dén cac
tham sé. Luan van Thac si Ky thuat. Ha Noi. 2008.

5. Tran Tuan Minh, Nguyen Duyen Phong,
Nguyen Viet Dinh. Research on stress”state and
deformation around big tunnels with excavation

stages in bedding and non-homogeneous rock,
International conference “Advances in mining and
tunneling”, Hanoi University of Mining and Geology
23-25 August 2012, P309-316.

Ngay nhan bai: 15-1 1-2016

Ngay gwi phan bién: 06-12-2016

Ngay nhan phan bién: 05-03-2017

Ngay chap nhan ding bai: 08-04-2017

Tir khéa: két cAu chdng gitr hon hop ndi Iyc
chiéu day cua \é% bé tong lien khoi khoang cach
gitra cac khung chong

SUMMARY

The paper introduces application of

numerical software to analysis the alteration
of internal forces in composite linings in case
of consideration to change other parameters.
The results of analysis show that, the distance
of steel ribs in composite linings has great
influence on the values of internal forces in |

supports. When increasing distance between |
steel ribs, the values of internal forces will be |
degreased, one other hands thickness of linings |
also has influence on the values of internal |
forces. However, the changing thickness of |
shotcrete acts to internal forces on linings |
less than thickness of concrete lining and §
distance between the steel ribs. '
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SUMMARY

This paper introduces the dinamic
modeling of the rotary-dipper system of the
bucket-wheel excavator on the Euler-Bernoulli

beam theory. From the geted dynamical
parameters, the state equation of the rotary-

dipper system is formulated as a matrix
equation. The equation allows calculation,
control operation of the excavator.
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