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NGHIEN Cl’U TiNH TOAN TANG CHIEU SAU LAM VIEC CUA
MAY PAO MOT GAU THUY LUC cO LON PC1100SP-6

RESEARCH AND CALCULATION OF INCREASING THE WORKING DEPTH OF
THE LARGE HYDRAULIC SINGLE BUCKET EXCAVATOR PC1100SP-6

TS. Poan Van Tu
Truong Pai hoc Giao thong Van tai

TOM TAT

Bai bdo tdp trung nghién citu, tinh todn thiét ké két cau thép bé cong tic mdy dao hién c6
nham mé réng khd nang lam viéc, giam chi phi dau tw, thay thé thiét bi ngoai nhdp phit hop véi diéu
kién kinh té va cong nghé ché tao san pham co khi trong nwée. Trén co s6 cdc phirong phdp tinh két
cdu truyén thong, bai bdo trinh ndy két quda tinh todn, thiét ké, mé phong tay gau méi ldp trén hé
thong can va xi-lanh thiy lwc hién c6 cia mdy dao mét gau thuy luc c& 16n PC1100-SP, dong thoi
mé phong cdc vi tri lam viéc ciia mdy trén phan mém Solidworks. Két qua ciia bai bdo la co s6 cho
viéc thiét ké, ché tao tay gau méi dé mé rong pham vi lam viéc ciia mdy dao PC1100-SP néi riéng
va cdc mdy dao mét gau néi chung.

T khéa: Mdy dao mét gau truyén dong thiy hec; Hodn cdi tay gau; Phan tir hitu han;
Solidworks.

ABSTRACT

The article focuses on researching and calculating the steel structure design of existing
excavator working sets to expand working capabilities, reduce investment costs, and replace
imported equipment in accordance with economic and industrial conditions, mechanical product
manufacturing technology. Based on traditional structural calculation methods, this article presents
the results of calculation, design, and simulation of a new bucket arm installed on the existing
hydraulic cylinder and boom system of a large hydraulic single-bucket excavator PCI1100-SP.
Simulation of the excavator's working positions on Solidworks software is performed. The results of
the article are the basis for designing and manufacturing new bucket arms to expand the working
range of excavators PC1100-SP in particular and single-bucket excavators in general.

Keywords: Hydraulic transmission single bucket excavator; Bucket arm renovation; Finite
element method; Solidworks.
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1. PAT VAN PE

Trong qua trinh thi cong xay dung ha
tang, viéc sir dung cac thiét bi may moc trong
cac bién phép thi cong dong mot vai tro quan
trong, quyét dinh dén chét luong, ning suat cua
cong trinh. Tuy nhién, trong mot s6 cong viée
cu thé, cac thiét bi hién c6 chua thuc su phu
hop, néu dit hang cua hing s& mit nhiéu chi
phi ciing nhu thoi gian nén viée thiét ké, ché
tao hoan cai trong nudc phu hgp véi cac doanh
nghiép vira va nhé c6 y nghia thuc tién va
kinh té. Trén nhu ciu thuc tién, khi cac doanh
nghiép da dau tu may dao ¢ 16n chi phi cao,
nhung pham vi ddo chua dap ung duogc yéu cau
trong mot s6 cong trinh cu thé nhu cong tac
dao dép trén bién dao, may dao 1a giai phap
Ivra chon chu yéu, dic biét 1a mot sb cong trinh
can chiéu sau 16n nhu ludng cang dé neo dau
thuyén. Céac bién phap thi cong hién nay cé
thé dung cac loai tau hit nhung chi phi dau tu
thiét bi rat cao lén dén vai chyc tri¢u do-la hodc
c6 thé sir dung bién phap tiét kiém hon nhiéu
1a khoan n6 min rdi dao xtic nao vét vat liéu
bang may dao ¢ 16n ¢ nang suat cao. Trong
pham vi bai bao nay, tac gia s€ tap trung nghién
ctru st dung may dao mot gau thiy lyc ¢& 16n
Komatsu PC1100SP-6 c6 trong lugng 104 tan,
lap gau tdi da 6,5 m® dé thi cong [1, 2]. Tuy
nhién, chiéu sau dao lam viéc cua may khong
dap ung duoc, don vi thi cong phai nhap cac
loai bo cong tac dai hon, giam dung tich gau va
van lap trén may co s d6 véi kinh phi 1a rat 1on
khoang 10-15 ty dong hodc thay thé b cong
tac ciia may chi phi ciing cao tim 3-4 ty dong,
chua ké thoi gian dat hang rat 1au néu yéu cau
khong dung loai tiéu chuan. Cac nghién ciru
vé thiét ké, ché tao hodc hoan cai két ciu thép
bo cong tac dao con han ché, chu yéu mang
nang tinh chép miu va thiét ké an toan. Da co
nhiéu cong trinh nghién may diao gan day nhu
vé hé thong truyén dong may dao banh xich

[3], dong luc hoc xi-lanh thiy luc diéu khién
bd cong tac dao, md rdng pham vi lam viéc cua
cac dang thiét bi thay thé lap trén may dao thity
luc mot gau [4], tich hop dau cit trén may dao
thuy luc gau nghich phuc vu cong tac thi cong
ham [5], nghién ctru ving 1am viéc ctia dau cit
mé ludng hang hai lap trén may dao can hai
doan thay cho gau thong thuong [6]. Nghién
clru, tinh toan thiét ké thay doi kich thudc hinh
hoc két ciu thép bo cong tac ctia may nhim mé
rong kha ning lam viéc theo phuwong phap phan
ttr hitu han [7, 8, 9, 10, 11] va phin mém mo
phong, 1am co s& cho viée ché tao trong nudc
thay thé thiét bi ngoai nhap giam chi phi dau tu
phi hop véi didu kién kinh té ¢ ¥ nghia.

2. PHUONG AN HOAN CAI VA THIET
KE TAY GAU TANG CHIEU SAU LAM
VIEC CUA MAY PAO MQT GAU THUY
LUC CO LON PC1100SP-6

2.1. Yéu cau pham vi lam viéc ciia may dao
mét gau thiy lwe ¢ 16n PC1100SP-6

Ciu tao cua may gdm cic bd phan
chinh: hé théng dong luc, hé théng truyén dong
co khi va thuy luc, hé théng di chuyén, bd cong
tac dao va khung may nhu hinh 1.
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Hinh 1. Cau tao mdy ddao mét gau thuy liec
Komatsu PC1100SP-6

Hién tai, quy dao dao va chiéu sau dao
cua may nhu hinh 2, chi€u sau dao 16n nhat la
C =7,9m, chi€u sau dao gau thang dung la D =

5,025m, ban kinh dao 16n nhat tinh tir tim may &
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12 F = 13,67m, ban kinh dao 16n nhit & mat dat
12 E = 14,07m.
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Hinh 2. Chiéu sdu ddo yéu cau ciia méy ddo mot
gau thuy lyc PCI1100SP-6 khi hoan cai

May c6 thé dao sau 16n nhat la C =
7,9m, tuy nhién do yéu cau can dao ludng lach
nén can ting chiéu sau dao gau thiang dimg D
= 10,3m. Do d6, can hoan cai bo cong tac dao
cho pht hop ma cu thé 13 ting chidu sau dao 16n
nhét 1én khoang 5,6m nhu hinh 2. Khi d6, can
xac dinh chuyén dong cua bo cong tac madi, do
bén ctia bd cﬁng tac, 6 6n dinh ciia may khi thi
cong. Tay gau cli co khoang cach gura chét tay
gau n01 v6i can va tay gau ndi véi gau 13 3,4m
s& can tang 1én 1a 9m tuc 1a phai tang chiéu dai
tay gau thém 5,6m dé chiéu sau dao giu thang
ding dat D = 5,025 + 5400 = 10,425m.

2.2. Cac phuong an ting chiéu siu dao cia
may dao mot gau thuy luc co'lén PC1100SP-6

2.2.1. Két ciu tay gdu va cin

Két cdu tay gdu nguyén ban va phuong
an hoan cai dé ting chiéu sdu dao nhu trén hinh
3. Tay gau c6 mat cat dang td hop thay doi tiét
dién theo chiéu dai, tai cac vi tri lién két véi
gau, can, co cau hinh binh hanh, xi-lanh thuy
lyc 1 cac 16 c6 bac lién két.
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Hinh 3. Két cau tay gau nguyén ban va phirong dn
hoan cai

2.2.2. Phwong dn dé xudt

C6 nhi€u phuong an hoan cai co thé
tang chicu sau dao cuia may, tac gia dua ra bon
phuong an:

- Phuong an 1: Hoan cai bo cong tac ndi
dai can va nbi dai tay gau;

- Phuong 4n 2: Ché tao méi can va tay
gau, van giit bo cong tac dao cil;

- Phuong 4n 3: Giir nguyén can va nbi
dai tay gau;

- Phuong an 4: Giit nguyén can va ché
tao moi tay gau.

Ngoal cac phuong an ché tao mdi cac
két cau tay gau, can thi c6 thé gia cong nbi nhur
hinh 3. Trong cac phuong an dua ra, véi yéu
cAu cua viée tang chiéu siu dao 1én 10,3m, tac
gia tap trung vao phuong an ché tao méi tay
gau lap trén hé théng can va xi-lanh thuy luc
hién c6 cta may. Phuong 4n c6 wu diém ché
tao moi tay gau va gau dé nang cao dugc tim
hoat dong cua may, tang pham vi cong nang
cua may, tan dung duogc can ci, giam chi phi
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gia cong can, tan dung toan bo hé xi-lanh thuy
luc, st dung bd cong tac cii khi c6 nhu cAu va
thao lap nhanh. Tuy nhién ciing c6 nhugc diém:
Phai giam thé tich gau, giam ning suit cia may
trong truong hgp may thi cong diing cong nang
nguyén ban, tong thé may khong 6n dinh, can
dbi bang phuong an thay ddi kich thudc ca tay
giu va can.
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Hinh 4. Chiéu sau dao sau khi cdi hodn b cong tac

Hién tai, khoang céch gitra chét tay gﬁu
nbi voi can va tay gau ndi voi gau 1a 3,4m s&
can tang 1én 1a 9m trc 13 phai ting chiéu dai
tay gau thém 5,6m, khi d6 tay gau nghiéng mot
gdc 30° so v6i phuong thang ding va dao dugc
chidu sdu dao gau thang dimg dat D = 5,025 +
5400 = 10,425m nhu hinh 4.

3. MO PHONG HOAT PONG MAY PAO
PC1100SP-6 VA KIEM TRA PO BEN
CUA TAY GAU MOI TREN PHAN MEM
SOLIDWORKS

3.1. Thiét ké va mé phéong tay giu méi

Hinh 5. Két qua thiét ké va mé phong tay gau méi
trén Solidworks

Trén co s6 kich thudc cia tay gau cii va
yéu cau dat ra, tay géu méi dugce thiét ké so bd
¢6 kich thudc cac vi tri lién két phu hop voi két
cu can, co cau hinh binh hanh va h¢ xi-lanh ¢6
san. Céc kich thudc mat cit duge tinh toan theo
duong 16i tinh toan két ciu thép may dao mot
gau, dé tang cung cho két cau s& co cac vach
lién két.

3.2. Phin tich kha ning chiu lyc tay giu méi

Xay dyng mé hinh tay gau méi: Cac
tam thanh, mat trén, mat dudi, vach, ban ma
xi-lanh, gdi dugc ghép véi nhau va st dung
vat liéu SS400. Dt diéu kién bién coi vi tri 16
lap gau 12 ngam, con 16 1ap can 1a gdi di dong
khéng ché chuyén vi theo phuong Z. Pit luc
tac dung 1én tay gau tai cac tai lién két xi-lanh
tay gau gdm co luc day xi-lanh tay gau 1én mbi
bén gdi tai lap xi-lanh tay gau duoc tinh trong
truong hop lam viéc bat lgi nhat. Két qua img
sudt tai mat cat di 16 lién két can va tay gau nhu
hinh 6. Theo gia tri va biéu d6 mau thu duoc
thi mdt cit ndy c6 gia tri img suat 16n nhat 13
73,08 Mpa, gia tri ndy nho hon gia trj ing suét
cho phép cua thép SS400 la 235 MPa, cac gia
tri bién dang trong gi6i han cho phép. Két qua
chuyén vi 16n nhét trén toan b tay gau nhé hon
chuyén vi cho phép 13 [f] = 15 mm. Tuy nhién,
tai tai lién két xi-lanh tay gau, Gmg suét cuc bd

1én 470 MPa, do d6 can bb sung thém tim ting &
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cuong cho vi tri ndy. Giai phap giam thiéu tap
trung (mg sudt va ting chiéu rong tiép xtc tai
bét xi-lanh tay gau dé tang chiéu dai duong
han, khi d6 tng suit tai mat cit ngang qua 16
lién két tay gau va can ciing thay d6i nhung van
d4m bao di bén nhu hinh 9.

Hinh 6. Gia tri ung sudt tai mat cat 1om nhat
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— Vield strength: 235.00

Hinh 9. Ung sudt sau khi thém tam gia cuong

Kiém tra bién dang cua tay gau hinh 8,
dd manh thu duoc nhd hon nhiéu d6 manh cho
phép:

[A]= L =0,00143
700

Két luan: Sau khi d3 kiém tra d6 bén, do
cung, do 6n dinh trén phan mém Solidworks,
két cau tay gau thiet ké dam bao.

3.3. Mo phéng cac vi tri lam viéc ctia may

May sau khi cai hoan c6 kich thudc va
mo phong nhu hinh 10. Do ting chiéu dai tay
gau ma van gitt nguyén chiéu dai can cliing cac
xi-lanh thily lyc nén tay gau chi cé thé co & vi
tri gidi han c6 kich thudc ngang nhoé nhat tir bo
cong tac (gau) dén tm may 1a 14,309m so véi
9,98m may. Cac vi tri lam viéc dién hinh cua
may khi bat dau lam viéc, dao vat liéu & vi tri
sdu nhat ring gau vudng goc véi nén, nang giu
da day vat liéu, do vat liéu chat dong hodc 1én
phuong tién van chuyén.

Bdt dau dao

Han can va tay gau
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Néng gau qua khéi nén dao Quay may do vit liéu
Hinh 10. M6 phéng mét s6 vi tri lam viéc ciia mdy

4. KET LUAN

Bai bao da trinh bay tom tit quy trinh
tinh toan két cau thép tay gau ciia bo cong tac
méay dao theo phuwong phép phan tir hiru han
trén phan mém Solidworks trong truong hop
ché tao méi tay gau dé mé rong pham vi lam
viéc cia may, cu thé 1a chiéu sau dao. Trén két
qua tinh toan, bai bao da mo phdéng céac vi tri
lam viéc dién hinh dé xac dinh kha nang lam
viéc cia may sau khi lip tay giu méi véi can,
hé thong lién két ¢6 sin. Két qua thu duoc cho
thdy, tay gau moi dap ung dugc yéu cau vé
dong hoc, d6 bén va do 6n dinh may. Pay la
nghién ctru budc dau, can cd cac nghién ciu
k¥ ludng hon, dua ra két cdu hop 1y dé ché tao
hiéu qua. Chinh vi vy, dé 1am chi cong nghé
san xuat trong nudc can phai co nhiéu nghién
ctru hon nita, hoan thién cac thiét ké, tinh toan
va toi uu san pham. Huédng tiép theo ciia van
dé nghién ciru, 6 thé phan tich su bién doi cac
tham sb hinh hoc cua tay gau anh huéng dén do

bén cua ket cau, tir d6 lam co s& cho viéc dua
ra két cau hop ly cua tay gau, giam trong lugng
va chi phi che tao.
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