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Toém tit

Pé nghién civu cdc yéu té anh hieong dén hee can
dao cia may boc xic trong dwong ham khau do
nhé, can phdi xdy dung mé hinh tinh todn va gidi
quyét bdi todn twong tdc gifta gau xic va moi
truong vt liéu sau khoan né (méi trwong hat roi).
Bai bdo trinh bay phwong phap xdy dung mé hinh
tinh toan, xdac dinh cac thanh phﬁn lyc can, luc
can tong céng tic dong lén gau xiic va lwa chon
mét s6 thong sé déc trung dé danh gid anh hirong
ciia chiing dén lyc can dao trong qud trinh vin
hanh mady. Két qua nghién ciru cé tinh img dung
trong thuc tién lam co sé cho viéc thiét ké, ché tao
mdy béc xiic phuc vu thi cong dwong ham khau do
nho.

Twr khoa: Luc dao, may xuc, moi truong hat roi,
mo hinh toan hoc, luc can.

Abstract

To discover the factors influencing on resistive
and digging forces of excavators, we develop a
mathematical model describing the interaction
between excavator bucket and post-blast material
in small-section tunnels. We analyze the partially
resistive forces and total resistance acting on the
excavator bucket in granular environment. Based
on this, we select the key parameters to evaluate
their influences to excavation resistance. The
results show the effectiveness in design and
manufacturing of the excavators working in
constructional small-section tunnels.

Keywords: Digging forces, excavators, granular
environment, model,
forces.
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1. Mé& dau

Hién nay, trong cong nghé thi cong duong ham,
cac may bde xuc vét liéu thuong dugc st dung bao
gdbm may bdc xuc kiéu gau lat, kiéu cao vo, kiéu
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vuét dung, kiéu gau nguoc,... [1]. Doi véi dudng
ham khéu d6 nho, khong gian hoat dong han ché thi
chc may xuc mini co bd cong tac dang can, tay gau,
gau trén thuc té cho thay hoat dong hiéu qua hon ca.
Nhiém vu ciia may bbc xuc 1a thu gom va xuc vat
liéu sau nd min 1én xe van chuyén theo so d6 nhu
trén Hinh 1.
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Hinh 1. M6 ti qud trinh lam viéc ciia mdy béc xiic trong
dwong him khiu dj nhé

Qua trinh twong tac giira by cong tac clia may voi
mai trudng 1am viée chiu anh huong boi nhidu yéu t6
nhu tinh chat co 1y cua vat liéu bdc xuc, thong s6 két
cAu va thong sb 1am viéc ciia may. Cac nghién ctru
gﬁn day tap trung vao vat liéu c6 d6 min cao nhu dat,
cat, va gia thiét 1a vat liéu dong nhat [2, 3]. Nghién
clru ndy xét vat lidu bdc xuc trong duong ham 1a da
sau nd min, ddy 1a méi truong hat roi, khong dong
nhit nén qua trinh tuong tac cta gau véi moi trudng
nay ciing c6 nhidu khac biét so voi dét ty nhién. Mat
khac, su tuong tic cua bd cong tac may bde xuc véi
moéi truong da sau nd min chwa dwoc nghién ciru
nhiéu nén ndi dung bai bao nay da xay dyng mo hinh
tinh toan cac thanh phan luc can tac dong lén gau
xic va tién hanh khao sat cic yéu t6 anh huong dén
lyc can dao, lam co s& cho viéc tinh toan va xay
dung mo hinh dong hoc, dong luc hoc sau nay.

2. Xay dung mo hinh tinh toin lwe cin dao
tac dung l1én may boc xtc

Pé xay dung mé hinh tinh toan, can mét sb gia
thiét sau: Moi truong da sau nd min 1a méi truong
hat roi ¢6 lyc két dinh giira cac hat rat nho, c6 thé bo
qua trong qua trinh tinh toan; phoi cét dugc quy vé
dang phoi roi rac; qua trinh cit duoc xem la qua trinh
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cét kin va c6 sy tham gia ctia ludi ct hai thanh bén,
khong xét dén lyc quan tinh; gau dao dugc coi la vat
thé cting tuyét doi; bo qua luc ma sat tai cac khop
quay.

Khi d6, cac thanh phan luc can tac dung 1én giu
xuc nhu trén hinh 2, bao gom:

- Lyc can cat theo phuong phép tuyén P;;

- Luc céan cit theo phuong tiép tuyén P;

- Luc can trén ludi cat thanh bén ciia gau P3;

- Luc can sinh ra khi dich chuyén khéi vat lidu
vao bén trong gau Pa;

- Luc can ma sat gitra hai bén thanh gau véi khbi
vat liéu Ps.

Hinh 2. So dé cic thanh phén luc cin tic dung lén géu
xic

1. Gau xiic; 2. Co cdu bon khdu; 3. Xi lanh dén déng gdu;

4. Tay gciu
Téng luc can tac dung truc tiép 1én gau khi bdc
xuc la:
P=R+P+P+P+R Q)

* Xd4c dinh thanh phan Iyc cén cit Py va P2

Moi truong da sau nd min co cac dic diém va
tinh chat co 1y khac biét so véi méi trudng dat thun
tay nén viéc ap dung cac cong thirc tinh luc can cét
cua Dombrovski, Zelenhin la khong phu hgp. Do do,
cac thanh phan lyc can cat d6i véi moi truong da nd
min dugc xéac dinh theo 1y thuyét can bang téi han va
s€ dugc trinh bay dudi day.

Theo [4], @& xac dinh dugc cac thanh phin Iyc
can P; va P, tién hanh xem xét mot phéan t dién tich
dS c6 chiéu rong dz, chidu dai d/ trén bé mat ludi cét
thyc hién qua trinh tich mot 16p vat lidu véi goc cat
o (hinh 3).
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Hinh 3. Mé hinh tinh thanh phén lyc cin phdp tuyén va
tié"p tuyén

Sau d6, tinh cac thanh phan lyc can phap tuyén
dN va hop luc dQ cua lyc can phan té trén bé mit
chinh dién va xéac dinh dugc thanh phan can phap
tuyén P; (theo phuong dung), thanh phan can tiép
tuyén P, (theo phuwong ngang) theo cic cong thirc
sau:

B h
P = AalAl“{y;ﬁcw cotp[l—%j:ld xdz
00

2)

_ yh _1
= AulAlBh[ > +c,, cot(l Ai)+ p}

P, = AaZAiJ‘J.|:}/)(+Cw cotp[l—%ﬂd xdz
3)

=A,ABh {%+ c, cot(l—%) + p}

Trong d6: y, p 1a trong lugng riéng va goc ma sat
trong cua dat da; y 1a do siu cua phan té dang xét
trén bé mat dao; p 14 4p lyc phan bd trén bé mit dao

cit: p= pr(h—lsina); K, 1a hé sb ap lyc chu

dong: K, =(1+sinp)/(1-sinp); [ h la chidu cao

ctia ludi cit va chidu sau 4n gau vao déng vat lidu; ¢,

1a hé s6 két dinh giita cic phan tir ciia dat d4; 4 1a hé

s6 anh hudng cta goc cit va ma sat trong ciia vt

A 1-sin pcos2a . £

liéu: A_I_ = # hé SO
1-sinp

A, =(l+cotatans); hé sé6 A,, =(cota—tans)

v6i o la goc cat; J 1a goc ma sat ngoai.
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D6i véi moi truong hat roi, khi lyc két dinh
khong dang ké (c6 thé bo qua) thi co=0 va cong thirc
(2), (3) dugc viét nhu sau:

h
R =A12/\Bh[%+ p} )

h
P,= AﬂABh[%+ p} 5)

* Xac dinh thanh phin lyc cén cit Ps

Luc can trén ludi cat thanh bén cia gau, theo [5],
duogc xac nhu sau:

P, = K, (¢+0.03s) (6)

Trong d6: [, s 1a chiéu dai va chiéu day ludi cat
thanh bén; K> 1a hé sb ké dén anh hudng luc can cit
trén ludi cét thanh bén.

* Xac dinh thanh phin lyc cin sinh ra Khi
dich chuyén khéi vat ligu Py

Do phoi cét trong mdi trudng da sau né min co
dang roi rac nén viéc xac dinh lyc can P4 dugc tinh
toan theo mo hinh gau ngoam.

Hinh 4. Céc thanh phan liwe cin Py
Cu thé, theo [6], P4 1a téng cua hai lyc thanh
phé‘m: Py 1a Iyc can sinh ra khi dich chuyén khéi vat
lidu c6 khdi lugng O trugt én trén theo bé mit day
gﬁu va Py, 1a luc can sinh ra béi lyc ma sat cua khoi
vat liéu voi hai mat trong ctia hai thanh bén géu
(Hinh 4), dugc xac dinh la:
P;=Py +2Py (7)
Lyc can P4 dugc tinh theo cong thic:

Py =Qtan(p+9) (®)
Trong d6: ¢ 1a goc nghiéng cua day gau so voi
mit phing nim ngang; J 1a goc ma sat ngoai; O la
khéi lugng vét liéu duge xtc vao gﬁu, duoc xac dinh

2
nhu sau: Q = vBh coty
Khi do:
yBh?
P, = 5 cotptan(p+0) 9)

Luc can Py, dugc tinh theo cong thirc:
P, =E tans (10)

Trong do: E, 1a ap luc bi dong cua vat li€u 1én
thanh gau, dugc xac dinh nhu sau:

_ 7h® htan®(90-r)cotp

E
P2 3

(11

Trong do: 7 1a goc truot: 7 =7, —g voi 1o la

gbc dbc ty nhién cua vat liéu; p la gbc ma sat trong
cua vat licu.

Thé cac cong thirc (9), (10), (11) vao cong thirc
(7), luc P4 duogc xac dinh la:

2 2 2
P, - Bh®y tan(p+9) N yh“htan® (90 — 7)cote tans
2 tang 3 (12)

* Xac dinh thanh phin lyc cin ma sat thanh
bén Ps

Lyc can nay sinh ra khi géu thue hién cét kin
trong khéi vat liéu. Luc Ps dugc xé4c dinh theo cong
thirc:

PS = Nng/u (13)

Trong d6: 1 14 hé sb ma sat giira gau véi da nd
min; Ny 12 Iy phap tuyén do khéi vat liéu bén ngoai
tac dong 1én thanh gau:

N, = prth (14)

Nhu vay, co thé viét lai cong thure tinh lyc Ps nhu
sau:

R, =yh’Lu(l+sin p)/(1-sin p) (15)
3. Khio sat sy anh hwéng ciia mot s6 yéu to
dén lyc can dao

Dbi v6i méi truong da sau nd min, 1dy bo sb liéu
d4u vao nhu sau [4, 6]:

a=40°% y=15kN/m’* u =0,84; L=045m; [ =
0,1 m; s = 0,005 m; £=0,3m;K,=400;7=20%¢p =
30°; 6 = 45°.

Luc can téng cong P phu thudc vao tinh chét co
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1y cua vat liéu bdc xuc, thong sb két ciu va lam viéc
clia bd cong tac. Trong do, tinh chit co 1y cua vt
liéu bao gdom: Trong lugng riéng (y), hé sb ma st (x),
gbc ma sat trong (p), goc truot (7), gdbc ma sat ngoai
(9); thong sb két cdu bo cong tac gdbm: Chidu rong
gau (B), chiéu dai gau (L), chiéu dai ludi cat thanh
bén (J), chiéu day ludi cit thanh bén (s); thong sb
lam viéc gdm: Do sau an gau (k), goc cit (a). Trong
pham vi nghién clru, bai bao chi khao sat sy anh
huong dong thoi ciia mot sé yéu té dién hinh la:
Chiéu rong gau (B) va goc ma sét trong cuia vat liéu
(p), d0 siu an gau (h) va gbc ma st trong cua vat
lidu (p), chiéu rong giu (B) va d6 sau 4n gau (h) dén
luc can téng cong.

* Khdo sat sw anh huwong ciia chiéu rong gfiu va
go6c ma sdt trong cua vt liéu

Chon A=0,15m, cac thong sé con lai theo bd sb
liéu dau vao. Lay goc ma sat trong theo ba loai vat
lidu hat rdi trong duong ham la: thach cao (p = 30°);
than da (p = 38°); da voi (p = 45°) [6], thay doi
chiéu rong B tir gid tri B.ix,=0,35m dén gia tri
Buax=0,55m. D4 thi biéu dién luc can téng cong cho
nhu Hinh 5.

7.0
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5.5
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Chiéu réng géu B (m)

P (kN)

éng cong

cant

Luc

0.60

Hinh 5. Anh hwéng ciia chiéu rong géu va géc ma sdt
trong vit ligu dén le cin dao

Nhdn xét:

- V& quy luat: luc can téng cong thay ddi gan nhu
tuyén tinh voi gia tri chidu rong gau B va ting theo
g0c ma sat trong cua vat li€u (hay 1a loai vat liéu) do
thong s6 B xuat hién trong hau hét cac cong thirc tinh
Iuc can thanh phﬁn (P1, P2, Ps, Ps) nhu mot bién coa
ham bac nhét.

-Vé gia tri: khi chon ba loai vat li€u ung véi goéc
ma sat trong 1a 30°, 38° va 45°, thay ddi chiéu rong
gﬁu tr 0,35m dén 0,55m, lyc can téng cong tang
teong ung tr 2,16+2,98 (kN), 3,0+4,2 (kN),
4,45+6,37 (kN). Nhu vay, vdi mét gia tri B cho trudce
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thi c6 thé xac dinh dugc P theo tung loai vat liéu,
cling nhu theo vét liéu tao ra P 16n nhét ung voi da
v6i phong hoa, tir d6 x4c dinh duoc lyc dan dong can
thiét cho gau xtic dé c6 thé hoat dong binh thuong,
cu thé: Véi B=0,45m thi luc can dao tong cong lan
luot 1a 2,57kN, 3,6kN va 5,41kN. Khi do, chon cong
sudt dan dong gau phai > 5,41kN.

* Khdo sdt sw anh hwéng ciia chiéu sdu én giu
va goc ma sdt trong cua vit liéu

Chon B=0,45m, cac thong sé con lai theo bd sb
lidu dau vao. Liy gbc ma sat trong theo ba loai vat
liéu da néu & trén lan luot 14 30°; 38° va 45°, thay
d6i chiéu sau an gau tr gia tri A,,=0,1m dén gia tri
hmae=0,2m. DO thi biéu dién luc can téng cong nhu
trén Hinh 6.

12

— p=45?
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Hinh 6. Anh huwéng ciia dj sdu én giu va géc ma sdt
trong ciia vit liéu dén lwc cin dio

Nhdn xét:

- Vé quy luat: Iyc can tong cong thay doi theo
duong cong va tang theo goc ma sat trong cua vét
liéu do cac luc can thanh ph?\n Py, P, P4y, Psla ham
béc hai va bac ba cua 4.

-Vé gia tri: khi chon ba loai vat li€u ung véi goc
ma sat trong 1a 30°, 38° va 45°, thay dbi chiéu sdu 4n
gﬁu tr 0,1m dén 0,2m, lyc can téng cdng tang nhanh
tuong ung tor 1,0:4,95 (kN), 1,33+7,1 (kN),
1,89+10,76 (kN). Nhu vay, khi cho trudc lyc dan
dong gau, cho phép xac dinh dugc chidu siu 4n gau
theo tirng loai vét liéu, cu thé: khi chon cong sut
dan dong giu 1a 5,41kN can bang vdi luc can tong
cong thi chiéu siu 4n gau trong Gng 1 0,2m, 0,18m
va 0,15m. Két qua nay cho phép ngudi van hanh lya
chon chiéu sau 4n gau theo vat liéu bdc xuc dé ting
nhanh kha ning tich vat liéu vao gau.

* Khdo st sw dnh hudng cia chiéu réng gau va
do sau an gd‘u dén luc can dao

Chon gbc ma sat trong cua vat ligu p = 45°, cac
thong s con lai theo bd s6 liéu dau vao. Thay doi

SO 82 (04-2025)



TAP cHl ISSN: 1859-316X
Pl 2
KHOA HOC CONG NGHE HANG HAI

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

KHOA HOC - CONG NGHE

chiéu rong B tr giad tri B,=0,35m dén gia tri
Buax= ,55m, chiéu siu 4n géu tr gid tri 2,i,=0,1m
dén gia tri hmw=0,2m. Két qua nhan dugc theo dd thi
Hinh 7.

Nhdn xét:

- Vé quy luat: khi ting dong thoi ca B va h, luc
can tong cong ting va co toc do ting nhanh & ving B
va h ¢6 gia tri 16n. Diéu nay 1a phu hop vi hai yéu t6
nay, trong d6 co yéu td h cang lam gia tang toc do
tang cua luc can.

-Vé gia tri: khi cho trude vat liéu co p = 45°, luc
can tong cong nho nhat tmg voi B=0,35m va h=0,1m
va ¢o gia tri 1a 1,58kN, luc can téng cong 16n nhét

ung voi B=0,55m va 7=0,2m va cé gia tri la 12,72kN.

Piéu nay cho thay néu ting B 1én 1,6 1an, h 1én 2 lin
thi lyc can téng cong ting 8,05 lan, nghia 1a toc do
tang luc can rat nhanh khi ting ca hai yéu t6 B va h.
Nhu vay, khi cho trudce vt liéu can bdc xuc, dé giam
sy ting nhanh ciia lyc can tong cong thi chi nén chon
su ting cua mot trong hai yéu td nay hodc chon ving
B va h c6 gia tri cua nho hodc trung binh dé toc do
tang khong nhanh.

Lwc can tbng cong P (kN)

0.18 - ~ 06
0.16 . - 0.55
0.14 0.5

045
Chiéu réng gau B (m)

04

N 0.12 -
Do sdu an gau h (m) 0.1 0.35

Hinh 7. Anh hwéng ciia chiéu rong gau va dp sdu an gau

dén lwc cin dao
4. Két luan

Bai bao da xay dung dugc md hinh tinh toan luc
can dao ciia may béc xuc khi twrong tac voi da sau nd
min (mdi truong hat roi) bang 1y thuyét can bing
gi¢i han va mé hinh tinh toan ciia giu ngoam. Tir d6
xac dinh va khao sat mot s6 yéu to anh huong dén
luc can dao khi may lam viéc, dong thoi dua ra duoc
mot sé nhan xét vé qui ludt va gia tri theo cac truong
hop khao sat dong thoi cua hai yéu t6 nhu & muc 3,
cu thé 1a: Sy thay d6i dong thoi ctia B va p, su thay
dbi dong thoi cua h va p, su thay dbi ddng thoi cua B
va h. Nhu vay, néu cho trude luc dan dong 16n nhat
cua gﬁu (v6i mot may bde xtic cu thé) va mot loai vt
liéu can bdc xuc thi c6 thé Iva chon dugc chiéu rong
giu hodc chiéu sdu 4n gau phu hop, ciing nhu

khuyén cdo chon ving c6 chiéu rong giu va chiéu
sau 4n gau phu hop dé giam su gia ting cua luc can
téng cong.

Két qua dat dugc thé hién day 1a phuwong phap
tiép can c¢6 co sé khoa hoc va chua duge dé cap
nhiéu d6i v6i may bdc xtc. Két qua tinh toan lam co
s0 cho viéc nghién ctru dong lyc hoc ngugc va dong
Iuc hoc hé théng thay lyc dan dong bo cong tac khi
may bdc xtc lam viée trong diéu kién khong gian
chat hep duoc gidi han bdi hai thanh ham va néc
ham. Pong thoi, két qua nghién ctru ciing mang y
nghia thyc tién phuc vu cho viéc tinh toan, thiét ké,
ché tao bod cong tac theo nhiém vu cla dé tai
“Nghién cuu thiét ké, ché tao thiét bi béc xic sir
dung déng co dién cho thi cong dwong ham khau dé
nhé” dang duoc trién khai.
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