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Tom tit

Tich hop thiét bj cong tac dang dau cat thay thé
gdu xiic trén mdy dao thiy lyc gau nghich da va
dang duoc sur dung rgng rdi trong thi cdng trong
dé ¢6 céng tic mé luong. Viéc nghién ciu kha
ndng lam viéc cua cac dgng thiét bi nay trén may
ddo la mét ngi dung quan trong trong lép cac bai
todn lién quan dén viéc ldp cac thiét bj thay thé
lén may dao d@é hoan thién té hop may theo cac
tiéu chi thiét ké, ciing nhw dam bao cac yéu cau ky
thugt va khdng gian lam viégc khi thi cdng. Bai bao
nghién czzu viing lam viéc cuia bg dau cat mé luong
khi tich hop 1én mdy dao thuy lirc véi két cdu can
hai doan.

Tir khoa: bau cdt, vling lam viéc, can hai doan,
may dao thuy luc, thiet bi mg luong.

Abstract

Attaching drum cutter working equipment to
replace bucket on backhoe hydraulic excavator
has been widely used in construction including
dredging task. The study of the working range of
these types of devices on the excavator is an
important content in the class of problems related
to the installation of replacement equipment on
the excavator to complete the machine according
to either the designing criteria or the technical
requirements and workspace during construction.
The paper studies on changing the working area
of the dredging drum cutter attached on an
excavator with two-piece boom.

Keywords: Drum cutter, working area, two-piece
boom, backhoe hydraulic excavator, dredger.

1. Pat van dé

Thiét bi cong tac cia may dao dang can-tay gau-
gau xdc (hoic bo cong tac da nang khac) da ra doi va
tdn tai clng vai sy phét trién cua cac thé hé may dao
tir din dong co khi don gian dén diéu khién dién dién

tir hién dai, diéu nay cho thdy tinh wu viét cia dang
két cau tay may nay. Cuing vai hé théng di chuyén xich
hozc 16p c6 tinh nang thong qua phit hop véi diéu kién
thi cong va két cau wu viét cua b cong tac nguyén ban
clia may dao cho phép viéc trién khai va van hanh cac
bo cong tac di kém mot cach linh hoat dé tiép can cac
dang ddi tugng thi cong. Thém vao dé viéc chi ding
mot may dao co sé va thay thé sir dung nhiéu b cong
tac cing mot ldc cho phép nang cao hiéu qua kinh té
ky thuat ciing nhu da dang cac phuong an to chirc thi
cong.

Pham vi lam viéc hay véi téi cua may dao la thong
s6 xac dinh v6i mot may cu thé. Tuy nhién, khi lip céc
thiét bi thay thé 1én méay dao thi pham vi cdng téc cua
t6 hop thiét bi s& dugc mo rong trén co s pham vi
nguyén ban cong véi kich thudc ndi dai cac khau lap
thém [1, 2]. Nhu vay ngoai gbc do thém khau dong,
tang pham vi lam viéc va tang cong ning ctia may dao,
thi viéc diéu khién to hgp may tro nén phic tap hon,
d6 6n dinh cua thiét bi, mirc 6 an toan cho ngudi va
thiét bi xung quanh 1a nhiing van d& hét stc phai luu
y khi nghién ctu tich hop céc thiét bi da ning néi
chung, va phuong an lép dau cét 1én may dao dé thyuc
hién dugc chirc ning vai sau cua thiét bi cit trén t6
hop mé ludng 12 mot trudng hop cu thé.

Vi ly do néu trén, bai bao tap trung nghién ctiu
pham vi lam viéc cua dau cét Iip trén may dao thay
luc gau nghich can hai doan sir dung trén té hop m&
ludng hang hai. Myc dich dit ra l1a danh gia su thay
d6i pham vi lam viéc cua thiét bi va so sanh vai két
c4u nguyén ban.

2. Tich hop dau cit 1én may dao co sé

Thiét bj cong tac cia may dao dién hinh gom céc
khau can, tay can va gau xdc lién két véi nhau bang
khép ban 18 01, A; va By (Hinh 1). Céc kich thudéc lién
két a1 = 0:A, ay= A:By, a3 = B1Cy va kha nang quay
quanh cac khop lién két (goc quay gidi han):
oa(Zoadtaa), ob, ac S& quyét dinh dén pham vi véi t6i
clia rang gau xdc (Cy). Tuy vao linh vuc sir dung va
cong sut ciia may ma thiét bi cong tac co kich thudc
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dai a1, a2 va as thich hgp, cic goc quay thi dugc chon
theo: oar= 40+45°, a9 = 45+55°% ap = 95+115° va o=
140+160° [4]. Pham vi lam viéc cua gau xdc (Hinh 1,
gdc O 1a giao diém cua dwong thang di qua tim quay
san va nén may ding, géc O1 (khép quay chan can
may) c6 hoanh d6 cach doan ro va tung do cao hon
khoang Ho) duoc xay dung nhd viéc quay cac kich
thudc lién két theo cac goc gidi han theo nguyén ly
lam viéc cua may (chi tiét xem & tai ligu [1, 5]).

C1

H3max

H2max

Himax

Hinh 1. So dé xdc dinh viing lam vigc ciia gdu xic
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Hinh 2. Pdu cit mé luéng deng tréng ngang

Pau cat phyuc vy cong tdc ma luong hang hai c6
nhiém vu cét pha vun dat d4 tir nén, tao diéu kién cho
thiét bi bom hut dong vat liéu ra khoi ludng hang hai
[5]. K&t cAu dau cat dang tréng ngang & Hinh 2 1a mot
dang két cdu rat phd bién. Bé tang pham vi véi t6i cua
b cong tac dang dau cit phuc vu cong tac mé ludng,
dic biét 1a nhu cau vai sau, thiét bi cong tac ciia may
dao duoc lya chon la dang hai doan can [7]. Nhu thé
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hién trén Hinh 3, may dao co s¢ duoc lya chon ¢ bo
cong cac hai doan can (gém 01 doan can phy) va cac
khau can | va tay gau co kich thuée dai hon so voi
may dao théng thuong ¢ Hinh 1. Khi tich hgp b céng
tac mai ndy, may dao c6 thé lam viéc doc lap ¢ ving
nuée ndng, hodc dit trén cac phuong tién ndi dé thi
cdng ma ludng hang hai.

‘(1' Pau éz’it
Hinh 3. So dé lién két cdc khdu dgng cia thidt bi
cong tac ciia mdy dao cin hai doan khi ldp dau cdt

Nhu vay, khi tich hop diu cit 1én may dao can hai
doan, kich thudc cac khau dong va sé luong khau
dong tang 1én s& din dén hinh déng va kich thudc cua
ving lam viéc ¢ nhiéu thay dbi. Chi tiét s& dugc dé
cap trong phan con lai cua bai bao.

3. Xac dinh ving lam viéc caa dau cit

Dé xac dinh ving l1am viéc cua té hop thiét bi, bai
bao st dung phuong phap bién d6i Denavit -
Hartenberg (D-H) [6] dé tim sy phu thudc cua toa do
diém quan tdm trén khau cong tac theo cac dich
chuyén cua khau din dong. O dé, quan hé vi tri gitra
hai khau ké tiép nhau duoc thé hién boi cac tham sb
khép. Véi bai toan khdng gian, vi tri hé toa do khép
(Oxyz); ddi vé6i hé toa do khép (Oxyz)i1 dugc xac dinh
bai 4 thong s6 D-H gom ai, a;, di va @ (chi tiét tham
khao Chuong 3 tai liéu [3]).

Bdng 1. Cac tham sé Denavit - Hartenberg ciia co' hé

Khau ai ai di a
1 0 a1(0102) 0 6
2 0 a2(0203) 0 6
3 0 a3(0304) 0 6
4 0 a4(04Q) 0 O

Khong mat tinh tong quét, bai bao chi xem xét bai
toan phing (co cdu quay san khdng lam viéc). Xem
may dao 1a co hé gdm 5 vat (khau) rin tuyét doi:
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khung gam-cabin (0); can méy | (1); can may Il (2);
tay gau (3) va dau cat (4). Cac khau lién két véi nhau
bang khop ban 18 O; (lién két khau i-1 véi khau i, vai
i = 1+4). Pé quan séat chuyén dong cua co hé, ta gan
vao co hé mot hé toa do dé cac cb dinh Oixyy1z; ¢6
gdc tai truc quay toa ciia miy dao. Cac hé toa do
O2X2Y2Z2, Oaxayszs VA Oaxayszs cO gbC gén tai cac
diém lién két gitra cac khau cua may va thiét bi cat
(chti y Oizi déu vuéng géc vaéi mat phang thé hién).

Str dung cac tham s D-H cua co hé duoc liét ké
trong Bang 1, ta xac dinh dwoc c4c ma tran chuyén
hay ma tran cua phép bién d6i D-H giira khau (i) va
khau (i-1) véi i = 1+4:

cos Hi -cos al,sin Hi sinal,sin 92' a,cos 02'
) sind.  cosa.cosf. -sina.cosf. asinf.
Dl —_ 1 7 1 1 1 1 1 (1)
i1 0 sina, cosa, d,
0 0 0 1

Theo d6 ma tran bién ddi cua khau 4 (dau cit) véi
hé toa d6 c¢b dinh dugc tinh theo cong thic sau:

D =T1.D.,

Thay thé cac ma tran thanh phan & cong thirc (1)
va cong thire (2), nhan dwoc két qua sau:

)

4
C1234 S1234 0 Zi:l aicl...i
4
Dt = Si231 Ciom 0 Zz‘:l a8, ; 3)
0 0 0 1 0
0 0 0
Véi c, , = COS( ) =sin (ZFI 9].).

Do viy, toa d6 tdm truc tréng cét Q duoc tinh:

4
|:xQ:| — To + Zz 1a7cl A
yQ H +Z =1 z 1 Bt

Tur gisi han cac goc 6=[8" 8Y] véi i =1+4, chiing
ta ¢4 thé xac dinh duoc ving lam viéc cua dau cat theo

(4)

phuong phap tuong tw nhu so db trén Hinh 1. Chi tiét
thdng sé dau vao va cac két qua tinh toan lién quan s&
duoc trinh bay & phan sau.
4. Két qua va nhan xét

Dé thé hién két qua tinh toan, bai bao lra chon may
dao co so la may Hitachi EX400LC-5 [7] va dau cat
MB-R800 véi mot s thong s chinh nhu sau:

(i) Méy dao cAn mot doan: a; = 7,253m, a2 = 3,051m,
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az=1551m, & =[-55°60%, 6 =[0°160°], &= [40°
150°];

(i) May dao can hai doan: a; = 10,951m, a, =
2,756m, az = 8,832m, a4 = 1,492 m, &) = [-45° 45°],
6 = [0° 90°], 6= [0° 110°], & = [0° 150°];

(iii) Pau cat: duong kinh tréng cét r. = 300mm va
kich thuéc 04Q = 1,492m (vai Q la tam tréng cit).

Cu thé, duong bao ving lam viéc gdbm 9 cung tron
duoc liét ké trong Bang 2 (ABCDEFGHIA) va minh
hoa bang duong bao kin trén Hinh 4. Riéng ddi Vai
cung DEF can luu ¥, tuy vao kich thudc twong ddi cua
cac khau ma gié tri 6 duoc lya chon cho phu hgp (véi
truong hop khao sét, §= 0,95). Mot diém bat ky nam
trong duong bao kin trén duge xac dinh bang viéc cho
céc gié tri géc quay khau dan bét ky trong khoang gici
han [8" 8Y]. Mdi bo gia tri ciia 4 goc quay & voi i =
1-+4 s& xac dinh mot diém nam trong vang lam viéc (thé
hién bang dau chim tron trén Hinh 4).

Bdng 2. Xdc dinh cung dwong bao vung lam vigc

Cung 6 & & (2
1(AB)  [a"61] o o a*
2 (BC) a* [6-6"] - a-
3(CD) at oY [&-5.6Y] a-
4(DE)  [4-6Y] &’ 56V ar
5(EF) & &’ 36 6] a-
6 (FG) aY o’ v [a-6Y]
7 (GH) & [ &' o’ a’
8 (HI) aY ot [V ot a°
9 (1A) av - o [a- a1
20
10
E
g 0
E
-10

-10 -5 0 5 10 15 20
Toa d6 x (m)
Hinh 4. Vang lam viéc ciia ddu cit trén mdy dao

25

Tir két qua nhan dwoc trén Hinh 5 ¢6 thé thiy rang,
viing 1am viéc cua thiét bi da thay ddi rat 16n khi thay
d6i bo cong tac va két cau can - tay gau. Luu ¥ rang
dé don gian cac do thi viing 1am viéc cua dau cét duoc
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I ©AU CAT
| | === ==GAU XxUC

Toa ddy (m)

-5 0 5 10 15 20 25
Toa do x (m)

Hinh 5. So sanh viing 1am viéc ciia ddu cdit (t6 mau)
Va gdu xiic (nét dirt) ldp trén mdy dio
V& trén co so tam trong cat, véi ban kinh tréng cét r.
thi diém véi ti cua rang cat c6 pham vi mé rong thém
0,3m ra phia ngoai (thé hién bang cac duong tron nho
trén doc theo bién vung lam viéc Hinh 5). Trén do,
viing 1am viéc cua gau xtc duoc thé hién bang duong
bao dit, trong khi ving td mau thé hién pham vi 1am
viéc cua dau cit. Ty Ié thay doi ciia mot sé tham sb

Toa do y (m)

Toa do y (m)

-10 0 10 20 30
Toa dd x (m)

m)

Toaddy (

Toa ddy (m
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cua hai vung lam viéc dugc trinh bay tai Bang 3. Hai
thong s6 quan trong 1a tim véi xa (Rimax) VA chiéu sau
(Himax) Vi t6i cua rang dau cat déu c6 gié tri 16n gan
gap hai lan gia tri toa d6 lam viéc dinh ring gau.
Thong s dién tich vang lam viéc (Sw) tang dén 3,84
lan va co ban nam & phan thap hon mat bang may
dung. Diéu nay rat phu hop cho kha ning hoat dong
cua dau cit phuc vu mo ludng khi sir dung can hai
doan. Viéc tang chiéu dai cac khau da dan dén thu hep
ving Vi cao gan vi tri dimg may, diéu nay sé anh
huéng t6i kha nang voi cia mot s6 dang thiét bi da
nang khac thao tic cao hon mat bang may dirng. Viéc

Bdng 3. Cac thdng sé chinh ciia viing lam vigc va ty
1é thay déi khi thay gdu xdc bdng déu cit

. Gi . Ty lé th
Tham s6 ?u bau cat Y i_ W

xuc doi

Rmax (m) 12.20 24.38 1.99

Himax (m) 9.18 19.53 213

Hamax (M) 11.56 18.29 158

Sw (m?) 155.72 597.42 3.84
20
10
0
-10
-20

-10 0 10 20 30
Toa d6 x (m)
20
10
0
-10
-20
-10 0 10 20 30

Toa d6 x (m)

Hinh 6. Viing Iam viéc ciia diu cit khi thay déi kich thude can I (a), can 11 (b), ta y ga“u (¢) va diu cit (d): duong

nét lién ing véi a; nhw ¢ Hinh 5, nét dirt manh/dim iing voi khi giim 0,75 /ting 1,25 mt trong 4 gid tri a;.
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ma& rong ving lam viéc ¢ hai khu vuc can phai dwoc
kiém soat gom: (i) ving véi sau ¢ phia duéi phan ding
chan cia may dao dé tranh va cham véi coc dinh vi
cuia phao ndi, va (i) viing vai cao & ngay sat phan than
can dé dau cat khdng va vao can may .

C6 thé noi rang, khi thay d6i cac kich thudc lién
két gitra cac khau a; hoic gigi han chuyén dong cua
khau dan & (hanh trinh cua cac xy lanh cong téc) déu
s& anh huong dén vang lam viéc. Tiép dén, ching toi
s& nghién ciru sy anh hudng khi diéu chinh kich thugc
dai cua cac khau khi cac goc gisi han khong doi. Két
qua khao sat trén Hinh 6a dén Hinh 6d trinh bay lan
luot sy thay d6i ving lam viéc cua dau cat khi thay
dbi tir a; dén as. O tirng hinh thanh phan, duong dut
manh cho gid tri kich thudc giam con 75% va duong
dut dam cho gia tri tang 125% kich thudc ban dau
(méy can hai doan). Nhin chung, khi thay doi kich
thudc can 11 va kich thudc dai cua dau cat (Hinh 6b va
6d), viing lam viéc thay doi khong dang ké. Nguoc lai,
khi thay ddi kich thuéc can | va tay gau, ving lam viéc
s& thay ddi kha 1on vé kich thudc va vi tri. Véi can I,
ving 1am viéc ¢6 xu hudng giam va tang tam véi,
trong khi tay gau khién cho ving 1am viéc thu hep va
phét trién déu cac hudéng (tuong ng Véi kich thude
75% va 125%). Viéc st dung tay gau ngan sé lam ting
kha ning v6i cao gan chan may. Diéu ndy rat trong
ddng véi két qua nghién cau [1, 8] khi chi ting kich
thuoc lién két tdng cong cua can 1 va ll.

5. Két luan

Bai bao da trinh bay noi dung tich hop dau cit thay
thé gau xtc trén may dao thiry luc can hai doan phuc
vu cong tdc mé ludng. Cac két qua thu duoc cho thiy
viing pham vi lam viéc cua b cong tac da thay doi co
ban so v&i may nguyén ban khi thay thé gau xdc bang
dau cat. Cu thé, nhan thay rang viéc tang kich thuéc
va sé lwong khau dong véi viéc sir dung két cau can
hai doan da dat duwgc muc dich may mé rong vung lam
viéc xubng phia dudi mat bang may dung, rat pht hop
cho nhu cau cua céng tac mé luong. Tuy nhién, can
phai kiém soét ving lam viéc khong an toan cia dau
cit. Sy thu hep kha ning véi cao cia nhitng bo cong
tac khac (bda hoic kim pha d&) & khu vuc gan vi tri
dang 1a diém han ché khi sir dung dang can hai doan
dé cap.

Hudéng nghién cuu tiép 1a xét dén bai toan dong
hoc cho viéc xac dinh méi lién hé giita dich chuyén
cua cac xy lanh thuy luc va tde d6 di chuyén dau cit
cling nhu chidu day phoi cit vét cit. Thém vao do,
trong khai thac can xem xét diéu kién on dinh va kha
nang an toan cua thiét bj & viing mo rong va phai ké
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dén khéi lugng tich hop thém va luc twong tic ctia no
v6i moi truong khi khong cé dinh hay neo may véi
nén hay san cong tac.
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