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NGHIEN CUU THIET KE MAY KHOAN - LAP PUONG ONG XUYEN NGANG
DPUONG GIAO THONG

A STUDY ON THE DESIGN OF A HORIZONTAL AUGER SOIL DRILLING MACHINE
FOR PIPELINE INSTALLATION ACROSS THE ROADWAY
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Trwong Pai hoc Bach khoa, Dai hoc Pa Néing; Email: ldbinh@dut.udn.vn

Tém tat: Hién nay, nhu cau thi cong ngam cac loai dwong éng
nwéc, cdng thoat nwédc, dudng ong cap ga, cap dién, cac
phwong tién truyén théng thong tin... rat I&n, dac biét 1a tai cac dd
thj I&n. St dung may khoan - Iap duo'ng éng Xuyén ngang qua
long dwong dé thi cong lap dat éng ngdm sé khac phuc dwoc
nhirng phlen toai clia cac phwong phap thi cdng 1ap dat hién nay,
nhw: khéi lwong dao dép Ion, pha v& canh quan khu vyc xay
dwng, tleng on, dé gay 4ch téc glao thong... Bai bao nay trinh bay
viéc thiét ké cac bd phan chinh ctia may khoan - lap du’cyng ong
Xxuyén ngang dudng giao thong voi dudng kinh trong clia 6ng
300mm, tong chiéu dai ong I&p dwoc 30m véi didu kién dia hinh
dét cap 1; str dung phan mém Solid Works d& mé phéng toan bod
két cAu va hoat dong ctia may trén may tinh.

Tir khéa: may td hop, khoan - 1&p dwong dng, thi cong, thiét ké
may, mo phong

1. Pit van dé

Hién nay, tai cac nudc phat trién, dién hinh 1a céc
nuoc My, Canada, Dirc, Nhat Ban... khi thi cong lap dat
céc duong dng dan ngam bang ngang dudng giao thong
(dc biét 1a dudng cao tdc), nguoi ta khong con st dung
phuong phap dao thu cong truyén théng vi né anh hudng
dén méi truong, can tro giao théng va co thé gay nguy
hiém cho nhimng nguoi thi cong. Thay vao dé la ap dung
phuong phdp vira khoan vira lip dit cac duong 6ng dan
ngam bang ngang dudng, voi cac duong kinh khéac nhau,
tir 200mm dén 1500mm.

Tai Viét Nam, nhu cau ngam hoa cac duong ong cap
nuéce, cong thoat nude, duong 6ng cap gas, cap dién, cac
duong day thong tln...la rat I6n, dac biét 14 tai cac thanh
phd I6n nhu Ha noi, TPHCM, Pa Ning. Phuong phép
khoan - ldp duong dng hién di dwoc tng dung tai nudc ta,
nhung van chua phd bién rong rii, nén van con tinh trang
dung phuong phap dao thu cong dé thi cong, lap dat cac
duong ong dan ngam bing ngang duong.

Mot trong nhirng nguyén nhén chinh can tré viéc timg
dung phuong phép nay 1a gia thanh cua may qua dat.
Ddng thoi, tai liéu va cac nghién ctru vé loai may nay con
qua it. bay la ly do chinh cua viéc nghién ciu thlet ké
may khoan - l4p duong 6 ong v6i duong kinh trong cua dng
300mm, tong chleu dai ong lip duoc 30m; &p dung cho
diéu Kkién dat cap 1, loai dat chinh tai cac thanh phd dong
bang cta nudc ta.

2. Thiét ké may khoan - lip dwong dng xuyén ngang
dwong
2.1. Gidi thigu phwong phép khoan - ldp éng

Thi cong theo phuong phap nay, dugc tién hanh bang

cach tao hai hb dung rdi dao dwdng ngdm tir dau no sang

Abstract: Nowadays, the underground construction demand of
water supply pipes, drainage tubes, gas supply pipes, power
supply, media information... continuously increase, especially in
large urban areas . The use of an auger soil drilling machine, a
combination of drilling - a regular pipeline installation across the
roadway to construct and install underground pipes will overcome
the nuisance of construction and installation methods now,
including: large earthwork volumes, breaking landscape
construction, noise, and ease of traffic congestion... This paper
presents the design of the main parts of the horizontal auger soil
drilling machine with a 300mm inner-diameter of tube and 30m of
the total length are fitted with soil level 1 conditions; using Solid
Works software to simulate the entire structure and operation of
the machine on the computer.

Key words: auger soil drilling machine, drill-assembly pipeline,
construction, machine design, simulation

dau kia, ching duoc goi 1a h ding khai hanh va phia con
lai 14 hé dtng diém dén cubi ciing. it may khoan xudng
long dat tir hd dimg khoi hanh, sau d6 van hanh may
khoan duong hdm va ddy may nay vao trong long dat
bang pittdng 4p luc dau da dugc 1€ip dat phia sau cia
may. Plttong ap luc dau s& day ong dan vao trong long ¢ dat
va tién hanh ndi lién tuc ong dan d6 vao khoang trong
duoc tao ra do pittong ap luc déu rut lai.
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Hinh 1. Phirong phép khoan-ldp 6ng xuyén ngang dieong.

Nhu vy, h¢ thong céc thiét bi dé phuc vu phuong
phap thi cong nay kha phirc tap gom may khoan lap ong,
thiét bi dao ho dung, thiét bi lay dat, thiét bi dua ong...

~ Trong gidi han nghién ciru, chling t6i tap trung thiét
ké mot sO thiét bi ghinh. Trong do, quan trong nhat la may
khoan lap duong 6ng.
2.2. Thiét ké may khoan - Id'p dwong dng

May khoan - lip duong dng gom céc bo phan chinh 1a
miii khoan gén phia trudc vit tai, dugc dan dong truc tlep
bdi dong co thuy luc; toan bo phan nay dugc di chuyén
tinh tién doc ban truot cua thAn may (song song vdi vit
tai) boi 4 xilanh thuy luc. Ngoai ra con ¢ 2 cap xilanh
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thuy luc khac khoa cac ban truot truée va sau khi lam
Viéc.
So db nguyén ly ciia may mo ta nhu hinh 2:

Ho dirng khéi hanh
— r
Miii khoan xilqnh dong co
day dau
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Hinh 2. So d6 déng may khoan - lidp dwong ong

Vit tai

2.2.1. Tinh toan momen xodn Va luc doc truc can thiét khi
khoan dat

a. Tinh mémen xodin can thiét:
* X4c dinh mdmen xoan cat dat:

Theo [2], voi phuong phap thi nghiém Field Vane
Test, ta g:é duoc cong thirc dé tinh mémen xoan cua may
khoan dat:

M

XC
D°’H D?
n +—
2 6
Vi, T dd bén cét cua dat. V6i dat cap 1 (cat pha soi,
kho), chon 1 = 4,5(daN/cm?) [2].

Myc: mdmen xoin cit dat.

_ D, H: dudng kinh, chiéu dai ctia mii khoan. Theo thiét
ke, D = 300(mm); H = (30m).

Suy ra, mémen xo4n cit dat:
My = 19,14 (Nm)
* Xac dinh cong sudt P trén vit tai:

T=

Dbi voi vit tai nim ngang, theo [3]cong suét trén truc
vit tai dugc xac dinh:

L

p=c, 2k
360

véi, L: 1a chidu dai van chuyén cua vat liéu theo
phuong ngang: L = 30 (m)

(2.3)

Co: hé sb luc can ma sat v6i vat lidu van chuyén, Voi
catco Co, = 4,0 [3].
Q: 1a nang suét ctia vit tai, dugc xac dinh nhu sau:
Q = ¥4(60.7.p.n.p.Kyv.Kce.Kn)  (tan/h)
trong d6, D: duong kinh vit tai, D = 0,3 (m)
p: budc vit tai (mm), chon p = 0,8.D = 240
(mm)
p: khéi lwong riéng cua vét liéu van chuyén
(tén/m3). Vi vat liéu la cat: p = 1,4 + 1,65. Chon p = 1,5.
n: s6 vong quay vit tai (vong/ph).
Ky: hé sb phy thudc vat 1iéu. Vi vat liéu cat 1a
vat li¢u nang, sac canh: Ky = 30.

Kc: Hé s6 chét déng tiét dién mang, vét liéu nang sdc
canh c6: Kc=0,125.
Kn: hé sb phu thudc goc nghiéng B cua vit tai Ky = 1
khi B = 0° (vit tai nam ngang).
Thay cac hé sé trén vao cac cong thirc, ta co:
Q = 1,83 (tin/h)
P =0,61 (kW)
* X4c dinh mOmen xoén trén vit tai:
Mdmen xoén trén vit tai dugc xac dinh theo cong thic

[3]:

M, =9,55.10°." (2.6)
n

Thay vao ta dugc: My, = 9,72 (Nm)
Viy, mémen xoan clia can khoan dugc tinh bang tong
momen cua vit tdi va mémen cat dat:
Mx = Myc + Myy = 28,86 (Nm)
b. Tinh lye doc truc can thiét
* Xac dinh lyc doc tryuc trén vit tai:
Luc doc truc trén vit tai duoc xac dinh: [3]
M

P =—rX 2.7
" Ritg(a+d) @7

véi, R: khoang cach cua vat li¢u dén truc vit tai (mm),
R=(0,3+0,4).D, chonR=1,0.
o goc nang cua duong xo4n vit (d0):
tgo=—P—=0382 = «=20,9"
27R
5. goc ma sat cua vat liéu van chuyér} vGi canh vit,
tgd = f: hé s6 ma §ét cﬁq vat liéu van chuyén vai canh vit.
Vi vat liéu chuyén la dat cat thi f=0,8 = & = 58,65°
Do d6, ta ¢6 luc doc truc trén vit tai:
Pvt = 204,37 (N)
* Tinh luc doc truc trén dau khoan:
Mo men ma sat dugc tinh cong thirc sau:
ms = Myc.f
chon, f=10,15 [3]
Suy ra,Mms = 4,33 (Nm)
Do vay, luc doc truc cta dau khoan dugc tinh nhu sau:
P, = % ~14.330 (N)

Nhu véy, lyc doc truc C?lp thiét cua dau khoan dugc
tinh bang tong lyc doc truc dau khoan Pax va luc doc truc
cua vit tai Py

P = Pgx + Pyt = 14.632 (N)
2.2.2. Thiét ké hé thong ddn dong

Véi M6 men xodn ’Vé Iuc doc truc dugc tinh trén, ta
chon so bg cac thong so sau:

- Tc d6 quay cua dong co dau:

Nmax = 600 (v/ph); nmin = 60 (v/ph)
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- M6 men xo4n trén truc dong co
My = 28,86 (N.m): P = 14.632 (N)
a. Tinh ap suat dau cip vao
Theo [4], tinh duoc &p suat vao dong co:
20.M,

Qg
V6i,  pr: ap suit dau ra khoi van phan phdi dé vé bé dau,
chon pr =4 (bar)

p2: 4p sudt ra khoi dong co thuy luc, ta chon p; =
30 (bar)

qa = 0,02 (I/vg) = 20 (cm®/vg)
p1 = 69,23 (bar)
Do d6, ap suat dau vao van phan phdi ps 1a:
ps = p1 + P2 — pr = 146,6 (bar)
b. Tinh lwu lwgng qua dong co thuy luc

P, =P, +

Vay,

Luu luong qua dong co thity luc dam bao quay vdéi te
d0 Nmax VA Nmin duoc xac dinh:

D_.n
Q=—=o

(I/ph)

\

chon, v = 0,9. Ta dugc:

Qmax = 13,333 (I/ph); Qmin = 1,333 (I/ph)

bé dam bao luu luong tinh todn cho toan bo hé théng,
ta st dung: Qmax = 13,333 (I/ph).

) Néu ké tét} thét}uu luong AQ qua cac co cAu trong hé
thong va qua ong dan thi luu lugng can thiét cua hé la:
Q = Qmax + AQ
Chon AQ =1 (I/ph), nén: Q = 14,333 (l/ph).
¢. Tinh chon bom dau

Tir céc tinh toan cua [1], ton that tir bom dén dong co

thuy luc duge xac dinh bang:
Ap = 4,438 (bar)

Pé dam bao cong suét lam viéc p1 cho dong co thuy

lyc thi ap suat cung cap cua bom dau can phai st dung la:
Po = pst Ap = 151,042 (bar)

Duya vao dic diém lam viéc cia hé thong thiy luc, ta
chon loai bom banh riang c6 cac thong so can thiet nhu
Sau:

- Luu luong: Qp =16 (I/ph)
- Ap suit: pp = 160 (bar)
- Luu lugng riéng: Dy = 10 (cm3/vg)
- So vong quay:  np = 1450 (vg/ph)
- Cong suat: N =4 (kW)

d. Chon dng co thuy lwe

Chon dong co thuy luc kiéu banh rang an khép ngoai,
dang rang thang, c6 bién dang rang 1a than khai, véi cac
thong so la:

- Mémen quay: M = 28,86 (N.m)
- Sé vong quay: 60 + 600 (vg/ph)
- Luu lugng riéng: Dg = 0,02 (I/vg)

- Luu lugng vao: Qq = 13,333 (I/vg)
- Ap suét vao: ps = 69,23 (bar)
2.2.3. Thiét ké hé thong diéu khién thuy luec
Tu so dd dong cua may, chung toi xay dung so dd he
thong diéu khién thuy hec nhu sau:

Hinh 3. Hé théng diéu khién thuy luc ciia may.

Véi nguyén ly hoat dong ctia may: Pong co thuy luc
quay, xilanh B tinh tién xudng khéa gia truot sau cua
may. Sau khi xilanh B kho4, 4 xilanh A tinh tién véi chiéu
dai 200mm (b3), sau d6 2 xilanh B rut lui vé thoi khéa gia
truot sau (b4), tiép d6 2 xilanh C tic dong tinh tién xubng
khoa gia trugt trude (b5). Luc ndy, 4 xilanh A rit lui vé
mang theo gia truot sau tinh tién 200mm (b6). Xong thi 2
xilanh C rut lui vé thdi khoa gia truot sau (b7). Khi dé, 2
xilanh khoa B tiép tuc tinh tién khoa gia truot sau (b8 =
bl). Cir nhu vay ta thyc hién 5 chu trinh nhu vay dé thao
tac lép xong 1 doan éng. Sau do, ta lui cum gia trugt Ve,
lam ngugc lai véi luc tién khoan lép doan 6ng. Thuc hién
nhu vay cho dén khi lip xong.

Tir d6, xay dung dugc biéu dd trang thai mo ta trinh tu
hoat dong cta may:

S

Bude T1 2

Ding co |
Xilanh A || |
Xilanh B |\ [ [

Xilanh C | | | | V-

1 ” 2 3 - )

Hinh 4. Biéu d6 trang thai trinh ty hoat déng ciia may.

2.2.4. Tinh chon dau mii khoan va vit tai

Pau khoan duoc tinh chon 2 ranh x0&n rudt ga dan
xen v&i nhau tao thanh budce xoan la 90mm. Mat dau mii
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khoan co bf) tri 4 ddy cac mii kim loai hop kim cting léch
nhau 90° @ khoan dat. Poan chudi dugc thiét ké hinh luc
giac dé lap dat véi tryc vit tai.

DAIHOC DA NANG
TRUGNG DAFHOC BACH RHOA BANANG

Hinh 5. Ban vé chi tiér mai khoan.

Vit tai duge thiét ké ¢ bude vit 1a 180 mm, dudng
kinh 300mm. Vit tai dugc ché tao tir Inox, truc rdng cé
duong kinh 76mm, day 10mm.

i
TIIET KE MAY KHOAN LAP

i 1
a1 1 PEUNG ONG BANG MCANG
PUONG GIAD THONG.

o
TRUGNG BAI O A

BAUKHOAN VAT AL

Hinh 6. Ban vé chi tiér vit tai.

Duing phan mém RDM 6.0 dé kiém tra d¢ bén cua tryc
khoan v6i m6 men xoan M = 28,86 (Nm). Ta ¢6 cac bi€u
do6 nhu hinh 7. Két qua dam bao bén.

¥
1.103
“/_\ —
%

15000. 00

~2.049E-04 ?
2
Xl )= 15000, 00

Hinh 7. Biéu d6 irng sudt vit tdi.

2.2.5. Tinh chon cac bg phdn khac
a. Chon két cAu thanh trugt
Thanh trugt c6 bé mat Iam viéc la trén va duéi, n6
cling la dam chinh cta ban may.

c
! E . V-
N ININININININ NN INININININ NI RN

1 A

e f—

Hinh 8. Ban Vé chi tiét thanh truot.

b. Chon két ciu céc gi& dé truot

Cac gia do truot ¢6 nhi¢m vy do toan bo két cau may,
(}ho phép thanh truot di truot tinh tién di vé dé lap doan
ong moi. Két cau dugc trinh bay trong hinh 9.

Hinh 9. Bdn vé chi tiét cAc cum truot trude va sau.

Ngoai ra, con c6 cac két cau chan ban may, hé thng
d& dong co, thuy lyc...

2.3. Ung dung tin hgc thiét ké md phong may

Dé thuan loi cho viéc thiét ké, kiém tra bén, sy hop ly
khi thiét ké cac két ciu... ching t6i sir dung phin mém
SolidWorks dé mé hinh hoa dang 3D tit ca cac chi tiét;
Iip rap chdng lai thanh md hinh may va cho hoat dong mo
phong céc chuyén dong ciia may khoan - lip.
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Hinh 11. Ldp cdc chuyén déng, trinh ti hogt dgng may.

3. Két qua

Bai bao da gisi thiéu qué trinh tinh toén céc thdng sé
va thiét k& két cdu cac bo phan chinh cia may khoan - lip
duong 6ng xuyén ngang duong voi duong kinh éng
300mm, tong chiéu dai lip éng 30m; kiém tra duoc tinh
dlng dan cua qua trinh thiét ké nho ung dung may tinh
trong thiét ké, lap rap, md phong chuyén dong may.

Cung cép tu lidu 1am co s cho qué trinh thiét ké va
ché tao may khoan - lip duong 6ng phuc vu cho cong tac
thi cong ngam cac cong trinh lip dat cap quang, cap dién;
cép thoat nudce sinh hoat... tai thanh phé Pa Ning va cac
viing ddng bang cua Viét nam.
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