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Nghién cuu qua trinh cat dat da caa choong
khoan lap tréen may khoan xoay

Study the stone cutting process of the drilling installed on rotary drilling machine
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TGM TAT

Bia khoan da xoay dap dugc st dung phuc vu cong tac khoan |6 nd
min khi thi céng céng trinh ngdm, khai thac ma...thigt bi nay sk
dung nguyén |y khoan dap dinh, tirc | tao ra lyc va dap va ma men
quay dé thuc hién qua trinh khoan. Bua khoan tao ra luc va dap va
md men quay chodng khoan trong qué trinh khoan. Qug trinh cét
d&t da béng choong khoan l&p trén may khoan xoay la mat quy
trinh phirc tap va chi yéu duge sir dung trong cang nghigp khoan
d va khoan khoang san. Bai viét trinh bay qué trinh cét dat da coa
chodng khoan |4p trén may khoan xoay.

Tir khéa: Choong khoan; mé men xodn; lyc doc tryc; dao cét.

ABSTRACT

The rotary hammer rock drill is used for blast hole drilling in
underground construction and mining. This equipment operates
based on the principle of top percussion drilling. generating
impact force and rotational torque to drive the drilling process.
During drilling, the hammer drill creates impact force and
rotational torque for the drill bit, enabling effective penetration
through soil and rock. This complex cutting process, primarily
utilized in the rock drilling and mineral exploration industries,
involves a drill bit mounted on a rotary drill. This article examines
the mechanics of soil and rock cutting with a rotary drill-mounted
bit.
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1. DAT VAN BE

Khoan la mét thiét bi dugc st dung roéng rai trong cong tac
khoan 16 nd min trong khai thac mo, xay dung céng trinh ngam,
xay dung cédng nghiép va dan dung... dé tao cac 16 khoan phuc vu
né min trén ma 16 thién, trong mé than ham 1, ngoai ra con khoan
dé thao nudc, thao khi va 13p neo, 13p dat cac thiét bi trong dudng
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10. Hién c6 mot s6 cong trinh nghién u co lién quan dén linh vuc
nay nhu: Truong Van TU va cac cdng su [1] da st dung cac phuong
phap phan tich ly thuyét, nguyén ly Dalamber nham phan tich cac
luc tac dung lén rang chodng trong qua trinh pha huy dat da dé
xay dung céng thic xac dinh t6c dé ca hoc khoan cho choong PDC
(polycrystalline diamond compact); Ta Ngoc Hai cung cac cong su
[2] da gi6i thiéu két qua nghién clu phan bé tiéu hao cong suat
ctia mai khoan PDC (polycrystalline diamond compact) duong kinh
nho khi khoan da; Nguyén Van Khuang cling cac cong su [3] da dé
Xudt cac giadi phéap cai tao nang cao hiéu suat lam viéc va tang do
bén cla chodong khoan bang cach gidm xung luc va dap cua
choong véi mét loat cac gidi phap cong nghé - ky thuat, bao gom:
Chuyén code ctia chodng; Tang s6 lugng rang trén cling tiét dién;
BS tri raing d€ chéng nhai lai; Pha phan hop kim bén héng cla
choong; St dung giodng lam kin véi cong nghé HARD; Nguyén
TranTuan clng cac cong sy [4] da trinh bay mot s6 két qua nghién
cliu vé lya chon choong khoan hgp ly dé€ thi cong cac giéng khoan
tai khu vuc vinh Bac Bé. Vi dac tinh dat da tang Oligoxen khu mé
la mém xen kep cac |16p dat da cliing va c6 dé mai mon cao thi su
dung két hop gilta choong PDC va chodng TCI mang lai hiéu qua
khoan t6t, tudi tho chodng cao. Viéc lua chon chodng FuseTek,
choong Kymera, chodng StingBlade dé khoan vao cac viing dat da
c6 diac tinh khac nhau trong khu mé 1a két qua téng hap ly thuyét
pha hay da truyén thong gilta chodng PDC, choong TCl va chodng
kim cuong thdm nhiém; Nguyén Hiu Trudng [5] da dé xuat xay
dung mét mé hinh tudi tho ctia mii khoan cé d6 tin cdy cao dé
khoan giéng trong tang ham bang phan mém théng ké, trén cao s&
dé, téc déng cta nhiéu théng s khac nhau dén tudi tho ctia mdi
khoan sé dugc udc tinh bang cach st dung phan tich hoi quy boi.

Tran Duc Hiéu [6] da trinh bay cac phuong phap cat dat da cda
thiét bi dang hinh ném, nhung chua dé cap dén qua trinh cat dat
da cda choong khoan. Cong trinh clia Lemesko M.A. [7] da tap hop
cac két qua cac cong trinh nghién cliu, néu cac tap hop, gisi han
céac théng sé khi khoan xoay dé nang cao hiéu qua khoan. Tai liéu
[8] da néu vé cac loai mai khoan, trong d6 cé khoan véi lugi cat
PDC. A.M. Abdul-Rami cung cac céng su [9] d& nghién cliu anh
huéng cla thay déi téc dé quay va luc ddy mi khoan dén @& mon
lugi cat PDC. Phuong phap nghién ctu la thuc nghiém, két qua da
dua ra méi quan hé t6c d6 quay, luc ddy mai khoan dén d6 mon
lugi cat PDC. Han Xiaoming cling cac cong su [10] da thiét lap moé
hinh cac luc tac dong lén ludi cdt PDC dé t8i uu hoa thédng s6 hinh
hoc luai cat

C6 nhiéu nghién ctu trong tai liéu hién c6 vé viéc sir dung
choong khoan trong qud trinh van hanh cdc mdy khoan. Tuy nhién,
qua trinh cat dat da cta choong khoan van chua dugc nghién ctu
ky ludng. Bai bao trinh bay qua trinh cdt dat da ctia choong khoan.
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2. QUA TRINH CAT DAT DA CUA CHOONG KHOAN

Khi khoan xoay thuc hién qua trinh cat dat da dudi tac dong
cta luc doc truc Poc va md men xodn M; truyén Ién choong khoan
(hinh1). Khi nay luc doc truc Poc can phai khac phuc luc can N; cta
dat da & dién tich mat dau phan cat bén trai cta choong khoan,
ngay ca khi ching bi moén cun (phan a0i), con mé men xodn M,
can phai vugt qua luc can lam vé dat da tiép giap vdi gidi han phan
trudc dao cat.

Hinh 1. So d0 luc tic dung Ién chodng khoan khi lam viéc

Gidi han phan trudc dao cdt lam nhdn dat da, hinh thanh nén
16i A dugc nén chat, hinh thanh ti cac phan dat da vun nét. Luc
can cla dat da tac doéng lén lusi dao clia choong khoan, lam cho
m& men tang dén gia tri I6n nhat, sau d6 dién ra su v& thé tich dat
da abcd. Khi nay lyc can clda dat da giam nhanh chong tdi gia tri
nho nhat, sau d6 chu ky pha hoai lap lai.

Tinh todn cac trang thai théng s6 khoan lién quan dén viéc xac
dinh gia tri luc doc truc Poc (kN), chiéu day phoi cat h (m), téc do
khoan Vm (m/ph hodc m/h) va tan s6 quay ctia khoan ni (s), khi
dam bao van chuyén phan dat da duoc cat ti dudi 16 khoan 1én
phia trén.

Luc doc truc Poc (kN) can thiét dé khoan cét dugc dudng kinh D
(m) véi chiéu sau h (m), dugc xac dinh béi cong thirc sau:

Pye = 0,25.Kpe.D. h.oy (1)

Trong dé: Kmc la hé s6 tinh dén su mon cln clia dao cdt,
thudng Kmc=1,5 + 0,7 (gid tri I6n d&i véi su mon cun, ti I6n cta dao
cét va chiéu day phoi cat nho); 64 la giGi han bén cta dat da quy
déi (kPa).

Thong thudng goc cat cla dao cat a = 90° gia thiét rang luc
chong lai su pha hily dat da Nx(kN) tac déng lén phan gidi han phia
trudc cla dao cét va song song véi mat day (mat ngang) cda 16
khoan, dugc tinh theo cong thic sau:

Ny = Pye. Kine (2)

Tinh todn nang lugng tiéu t6n dé khac phuc luc N, va luc ma
sat & phan mon cun a0; (luc F2) va gidi han goc cét sau véi dat da
(luc F1) v&i hé s6 ma sat w1, gia tri mé men Mi (kNm) can thiét dé
choong khoan cét pha hay dat da, dugc xac dinh bai cong thuc
sau:

M; = 0,125.D2.64.h.Z(1 + py. Kpme) 3)

Trong dé: Z la s6 dao cat ciia choong khoan.
Chiéu day phoi cat dugc tinh theo céng thuic sau:

h= VUmax (4)
3600.Z.ngp

Trong d6: v,y 12 t6c dO khoan ly thuyét 16n nhat, (m/h); ny,
la tan s6 quay cua khoan, (s).

Trén thuc té€ dé choong khoan cét duoc dat da thi tai trong
riéng doc truc trén 1Tm dudng kinh cda choong khoan xac dinh
trong gidi han tur 100 + 300kN/m.

Tan s6 quay nhé nhét ca khoan no (s) véi dudng kinh Dy (m)
va géc nang dudng xoan 6c B (dd) dugc xac dinh theo cong thic:

fg(sinﬁﬂtlcOSB)
Ny 2 272, u,.D, ®)

Trong d6: u; la hé sé ma sat gilta dat véi thép; u, la hé s6 ma
sat gilra dat vai dat; g la gia toc trong trudng, (m/s?).

Nang suat ly thuyét Ién nhat M (m3/h) ctia guéng xoan véi budc
vit S (m) dugc tinh nhu sau:

M =9.102.7(D? — d®)K.S.W.nyp, ©6)

Trong d6: d la dudng kinh truc ctia guéng xodn, (m); W la hé
s6 lam day thé tich guéng xoan;

K 1a hé sé roi vai dat da khe ha gitta guéng xoan véi thanh 16
khoan, thuéng K =0,8 + 0,9;

Ny, la tan s6 quay can thiét cta khoan, ny;, = ny.

Thé tich dat da c6 khéi lugng tai x8p V; (m3/h), dugc pha hay
b&i dau mii khoan c6 dudng kinh Dy (m) véi toc d6 khoan I6n nhat
Vmax (M/ph) va hé s6 toi cta dat da k, dugc xac dinh theo cong
thuc:

Vi = 0,25.7. DZ. k. Vimax @

DéE dam bao van chuyén thé tich dat da can thiét V; thi nang
suat ly thuyét I6n nhat IT > V.

Mé men M, (kNm) cén thiét dé dam bao dua thé tich dat da
trong guéng xoan vai chiéu sau H(m), khi d6 chat cia dat da y
(T/m?3) 1én phia trén va D > Dk:

0,125.9.43.1.D1(D?—d?)(tgB+u)H.y. W

M, = T

8)

ISSN 2734-9888 | 12.2024 XAYDUNG |119



NGHIEN CUU KHDA HOC

Trong d6: s la hé s6 ma sat gitta gudng xo0an vai thanh 16
khoan, thuéng ps =1,5 + 2.

Cong suat dong co dan dong bd phan quay can khoan Ny,
(kW) khi téc do gdc cta khoan @ (rad/s) va hiéu sudt cla co cdu
truyén déng quay can khoan n dugc xac dinh theo céng thic sau:

_ (My+Mp)wyp _ 2n(My+Mp)ngp

N,
kh n n

9

3. KET QUA TiNH TOAN

Xac dinh théng s6 lam viéc ciia may, biét cac théng so sau:

64 = 4 MPa = 4.10° kPa; y = 1,8 T/m3, Z = 2; D = 0,2m; D1 =
0,18m; B = 30% chiéu sau khoan 32m; w1 = 1; 2 = 1,2.

Xac dinh lyc doc truc can thiét khi chiéu day phoi cét h =0,01m
va hé sé tinh dén su mon cin cla dao cat Kme = 1,2. Theo céng
thuc (1) ta cé:

Poc =0,25.1,2.0,2.0,01.4.10° = 2,4 kN

M6 men can thiét dé choong khoan cat phé huy dat da, theo
cong thuc (3) ta cé:

M; =0,125.0,22.4.10%.0,01.2(1+1.1,2) = 0,88 kNm

Tan s6 quay nho nhat cia khoan dugc xac dinh theo cong thic
(5) ta co:

9,81(sin30° + 1c0s309) 1
nyg = =1,773s

23,142.1,2.0,18

Nang suat ly thuyét 16n nhat M xac dinh theo céng thic (6) vai:
d =0,06m; K=0,8; S = 0,4m; Y = 0,7 va tan s6 quay Ién nhat cua
khoan nin=1,8s"I6n honng=1,773 s

T = 9.102.3,14(0,182 — 0,062)0,8.0,4.0,7.1,8 = 32,8 ™/,

T6c d6 khoan ly thuyét I6n nhat theo cong thiic (4) ta co:

Vmax= 3600.0,01.2.1,8 = 129,6 m/h

M6 men can thiét dé dam bao dua thé tich dat da trong guéng
x0an véi chiéu sdu H= 32m, khi s =1,5; ki = 1,3

M,
_ 0,125.9,81.1,5.3,14.0,18(0,18% — 0,06%)(tg30° + 1,2)32.1,8.0,7

1,3
= 1,65 kNm

Cong sudt dong co dan déng bd phan quay can khoan theo
cong thuc (9) v6in = 0,87 ta co:

_2.3,14(0,88 + 1,65)1,8
kh = 0,87

=328kW

4, KET LUAN

Két qua nghién cru c6 thé tham khao khi thiét ké khoan xoay
hodc Iua chon ché d6 khoan phu hop véi diéu kién bién déi do
kién cé da;

Quaé trinh tac déng gitta mi khoan xoay ludi cat tru tron la qua
trinh phuc tap can cac nghién ctu sau thém, nhat la nghién ctu
thuc nghiém dé ap dung hiéu qua vao thiét ké choong khoan l3p
trén mdy khoan xoay va st dung khoan.

Viéc lua chon céac thong s6 cho may khoan xoay c6 1dp choong
khoan trong qua trinh khai thac Ia mot nhiém vu ky thuat quan
trong. Gidi phap cho van dé nay dam bao co gidi hda toan dién
hiéu qua trong khai thac van hanh.
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