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Trong qué trinh khoan, mii khoan tac déng vao da, tao 16 khoan phuc vu cac khdu céng nghé trong
khai thac mé, xay dung céng trinh ngadm, xay dung céng nghiép va dan dung, ...Céng suét tiéu hao cho
mii khoan, bao gébm céng suat quay miii khoan cét dé va céng suét ddy mii khoan. Pé phuc vu tinh
toan, thiét ké may khoan, mii khoan quay va ca lua chon méay khoan, mii khoan, ché do khoan hop ly
phu hop véi déc tinh da, can nghién ctru céng suét tiéu hao cho ting qua trinh khi khoan. Bai bao gioi
thiéu két qué nghién ctru phan bé tiéu hao céng suét cua miii khoan PDC duong kinh nhé khi khoan da.

T khéa: méy khoan xoay, phan b6 cong suét, mii khoan PDC, md than hédm [o.

1.DAT VAN BE

Khoan dwgc st dung réng rai trong khai thac
md, xay dwng cong trinh ngdm, xay dwng cong
nghiép va dan dung... dé tao cac 16 khoan phuc
vu nd min trén ma 16 thién, trong mé than ham 16,
ngoai ra con khoan dé thao nuwéc, thao khi va lap
neo, I&p dat cac thiét bi trong duwdng 10... Qua trinh
pha da khi khoan la qua trinh phirc tap, phu thuéc
vao co ché pha da cta mii khoan: Cét, ép v&, ép
trwot, dap vo, nghién...; Loai may khoan: khoan
xoay, khoan xoay- dap, khoan dap- xoay, khoan
dap.... [3]. V&i bat ky may khoan, mii khoan, quéa
trinh pha da |a két hop ctia mot sé co ché pha hay
da. Tuy nhién, dbéi véi méi loai may khoan cé co
ché pha da chinh, chi phbi. Béi véi may khoan xoay
la cat, ép v& trwot, ép v&. Tac dong ciia mii khoan
xoay lén da gébm hai qua trinh: quay cac ludi cat
dé cét, ép v& trwot da va day mii khoan ép v& da.
Pé tinh toan, thiét ké may khoan xoay, mii khoan
xoay, can quan tam dén tiéu hao céng suat cho
hai qua trinh phu thuéc vao dac tinh da. Trong cac
mii khoan xoay, miii khoan dung lw&i cét tru tron
gén hop kim cirng PDC (polycrystalline diamond
compact) dang dwoc dung réng rai. Nghién ctru
tiéu hao coéng suét cta loai mii khoan nay 1a van
dé can quan tam.
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2.NOI DUNG NGHIEN CUPU

2.1. Tinh hinh nghién ctru.

Linh vic st dung phu hgp ctia mii khoan xoay
la dung dé khoan da c6 do kién cb khéng cao. Qua
cac nghién ctvu cltia nhiéu tac gia, khoang ap dung
hiéu qua cua cac loai may khoan theo thang do do
kién cb cta Protodiakonov M.M clia da la: Khoan
xoay f=(3+10); khoan xoay- dap f=(5+16); khoan
dap- xoay f=(12+20). nhw trén hinh H.1 [4].
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H.1. Khoang ap dung hiéu qua may khoan
Khoan xoay; 2) Khoan xoay- dap; 3) Khoan dap- xoay
Tac dong cla lwdi cat mii khoan xoay dang
canh lén da dwoc nhiéu tac gid da nghién clru t
lau, con tac dong cla lwdi cat tru tron gan hop kim
cirng PDC (luw&i cit PDC) méi dwoc mét sb tac giad
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cobng bd trong thei gian gan day. A.M. Abdul-Rami
et al. da nghién ctu anh hudng cla thay dbi téc
do quay va lwc day mii khoan dén d6 mon luéi cat
PDC. Phwong phap nghién ctru la thwc nghiém,
két qua da dwa ra mdi quan hé téc dod quay, luc
day mii khoan dén dd mon lw&i cit PDC [1]. Trong
cong trinh [2] , Han Xiaoming et al, cling da thiét lap
mé hinh céc lwc tac dong 1én lwdi cat PDC dé toi
wu héa théng sé hinh hoc luéi cat.

Coéng trinh ctia Lemesko M.A. [5] da tap hop
céac két qua cac cong trinh nghién clru, néu cac tap
hop, gi¢i han cac théng sé khi khoan xoay dé nang
cao hiéu qua khoan. Tai liéu [3] da néu vé cac loai
mdi khoan, trong d6 co khoan voi lwGi cat PDC.
Pac biét sau trong linh vic nay la cong trinh cla
Neskromnukh v.v. [5]. Trong c6ng trinh d3 thiét 1ap
phwong trinh quan hé do sau lat cat véi luc day,
quan hé lyc day, lwc cét vdi chidu sau lat cét cua
lwdi cat dang canh. Déi voi lwdi cat PDC da néu
két qua nghién clru trwdc do vé gitra luc day va luc
cat lwdi cat PDC, thiét lap phwong trinh quan hé
nay. Tuy nhién, trong céng trinh chwa néu phuong
phap thiét lap phwong trinh quan hé gitva luc day
va chiéu sau lat cat cua ludi cdt PDC. Trong md
hinh lwc tac dong lén ludi cat, chua tinh dén luc
ma sat gitra lwdi cat va da.

2.2. Quan hé gitra cdc théng sé Iwéi cat PDC
khi lam viéc.

Dé& nang cao hiéu qua lam viéc cla lwdi cat noi
riéng va mii khoan néi chung, quan hé gilra cac
théng sb sau can phai dwoc nghién ctu: Luc day
lwdi cat, lwc cat, chiéu sau lat cat. S dung phwong
phap néu trong [1], [2], [6], xay dwng phwong trinh
cho Iwdi cat PDC.

Khi cét da, cac lwc tac dong lén lwdi cit PDC
nhw sau (hinh H.2).
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H.2.So do lufc tac ddng én ludi cat PDCkhi cat ]

Cac thénh phan lyc tac dong lén Iwdi cat: Lwc
nén P;luccatF; lwcmasatF__vaF__; phanlwc
P, va phan luc N; ¥; — Goc truoc ludi cat. Chiéu
sau lat cat 1a h.

N=05zvdn s, LTED . e N e (1)
Sin }/tv

Trong do: o, - D6 bén trwot v& da, MPa; tge
- Hé sb ma sat trong cla da; d — Buong kinh ludi
cét try tron, mm; h- Chiéu sau lat cat, mm; y,, - Géc
truot v& dat da, do.

Fmtsz;Fmszyf (2)

Trong do: f- Hé s6 ma sat giva i cat va dat da;

Thiét Iap cac phwong trinh can bang lyc va bién
doi co:

E.=Pf- O,BHNWJW(ZH—?@ [cos(f?— 1) +2fsini]; N (3)

Phwong trinh (3) da thiét 1ap cho quan hé gitra
lwc cét F,; Iwc nén P va cac thong so lién quan dén
tiph chét co hoc cia da, thong s6 hinh hoc ILPc"?’i
cat. Bang cac nghién ctru thyc nghiém véi lwdi cat
PDC, da dwa ra cong thirc thic nghiém quan hé
gira lyc cat va lwc day mii khoan [6]:

{ P=0,5F. v6i gocy, dwong 4)

P =tg(26°+v,) véi gocy, am

V@i goc ¥, am nhu luwdi khoan PDC, Iwdi khoan
lam viéc tét hon v&i dat da do kién cb cao.

Khi day lwdi cat vao da, cé cac lwc tac dong 1én
lwdi cdt PDC nhw sau (hinh H.3).

H.3. So d6 luc tac dong lén ludi cit PDC khi ddy vao da

_ Céc thanh phan lyc tac dong 1én lwdi cat: luc
day P,phanlycNvaN,, lwcmasatF_vaF
Tms = N.f véTmE = NEJF
N = Sep'gtv(l + fgl;ﬂ) (5)
SepE Jw(l + fgl;ﬂ)

2

Trong d6: g, - Ung suét ép v& trwot cha da,
MPa; S,,, S, - Dién tich mat tiép xuc trudc va
sau lwdi cat, mm?2. )

Lap phuwong trinh tinh toan gan dung cac dién

tich S,,, Sap2 CO:

Sep = 2(——)2\d (6)

2 “cosyy
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2
T hizyd

2 sinyy,/coSy,

S (7)

‘Thiét Iap phuong trinh can bang Iyc. Sau khi
bién dbi c6 phwong trinh:

ep2 =

mh f3\.d (fsiny+cosy;) (sm ¥e

cos®/ 2y, siny, * cosy,

P, =Zo,,(1+tge)—— + cosy, ) N (8)

Ruat ra
; mm (9)

{Pk/[zaw(l + tg@) rn,d (f:myr+co:y,) (sm ¥ + cosy, )]}

2.3. Tiéu hao céng suat mii khoan

Cong suét tiéu hao day tién mdi khoan vao dat
da N, xac dinh theo cong thirc:

N, = 1073P, v ; KW (10)

“Trong d6: Py- Luc day lén mii khoan, N; v, -

Toc dd khoan, m/s.

vy, = 60hZ, w,; m/s

Trong dé: Z,- sb lwdi cét trén vong ngoai cung
(vong thtr 1) mii khoan ; @, — Téc d6 quay mdi
khoan, rad/s, Co6

N, = 107°P,hZ,w, ; KW (10)

Trong do: P, —Luc day 1én mii khoan, N; Wy
chiéu sau |4t cat, mm. o

C6ng suét tiéu hao quay mii khoan cat dat da
xac dinh theo cbng thirc:

N, = 107°M_w, ; KW

Trong do: M_- Mé men cét dat da, Nmm.

Do miii khoan cé thé bd tri lwdi cat ném trén
dwong kinh khac nhau (hinh H.4). M6 men cat tinh
theo cong thure:

M, =% =1 Z; D; Nmm

(11)

Trong dd: Fc - Lwc cat cta 01 luwdi cat; n - S6
lwong vong bé tri ludi cat; Zi - S6 lwdi cat trén vong
the 1 ngoai cung; Di - Pwdng kinh tam |wdi ct
vong th i, mm. )

Coéng thire tinh cong suat tiéu hao quay mii
khoan cat dat da N,

—g Fow .
Ny =10"°=—FL, Z;D;; kW (12)

2.3. Xac dinh phan b6 tiéu hao cong suat miii
khoan PDC dwéng kinh nhé.

S dung cac cong thire (10) va (12) tinh toan
tiéu hao cong suét ctia mii khoan PDC dwéng kinh
64 mm va 76 mm, v&i d6 kién cb da trong khoang
lam viéc hiéu qua clia khoan xoay f= (4+10) theo
thang do Protodiakonov M.M. Bb tri luw&i cat nhw
trén hinh H.4.
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H.4. Miii khoan PDC
a) Hinh anh miii khoan; b) So do b tri lugi cat

Théng s6 miii khoan nhw trong Bang 1.
Bang 1. Thong s6 miii khoan PDC D64 va D76

T Théng sd Don vi D64 D76
1 Budng kinh mi khoan D mm 04 76
2 Tongso Iudi catZ, - 5 5
3 S0luGicatvong 1: 21 - 3 3
4 SO luicatvong 2: 72 - 2 3
5 Dutng kinh tam Iudi cdt vong 1: D, mm 51 61
6  Dutngkinh tam luGi citvong2:D,  mm 34 37

Thong so lugi cat

-Loai Chét tru PDC

-Dudng kinh d mm 13 15
7 -Goccdtp, rad/(do) 1,57/90

-Goc trudcy, rad/(do) -0,174/-10

-Gocsauy, rad/(d6)  0,174/10

-Goclech @, rad/(do) 0,087/5

Déc tinh dét da twong (rng trinh bay trong Bang
2 [3].
Bang 2. Dac tinh dat da
Do kién 6 f 4 6 8 10
;MPa(N/mm?) 430 600 788 1123

Ung suat ép vé truot o ;

Tién hanh tinh toan phan b cong suét véi cac
dai théng sb: cdng suét khoan ciia miii khoan (bao
gdm tiéu hao céng suat quay mii khoan va coéng
suéat day tién mii khoan) 2,2 kW; tan s6 quay mdii
khoan (151+571) r/min, twong dwong tbc dd quay
(15,8+59,7)rad". Két qua tinh toan trinh bay trong
Bang 3.

Phan bd céng suét thé hién bang db thi nhw trén
hinh H.5.
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Bang.3. Phan bé tiéu hao cong suat miii khoan

Tan sé quay miii khoan; r/min

Do kién 151
of
Nq,kW Nt,kW Pk,N Nq,kW
1,99 0,21 9500 2,04
6 2,05 0,15 9800 2,10
8 2,09 0,11 10000 2,12
10 2,1 0,09 10100 2,14
4 2,03 0,17 8350 2,08
6 2,08 0,12 8550 2,12
8 2,12 0,08 8700 2,14
10 2,14 0,06 8800 2,15
2.5
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b)
H.5. Biéu d6 tiéu hao cdng suat ciia miii khoan
a) D= 64 mm; b) D=76 mm

3. KET QUA VA THAO LUAN

Qua phan tich két qua tinh toan phan bd tiéu
hao cong suét mii khoan PDC dwdng kinh loai nhé
D=64 mm va D=76 mm, v&i cong suét tiéu hao cua
mi khoan la 2,2 kW, trén co s& cac phwong trinh
quan hé gitra lwc day mii khoan v&i van tdc quay,
do kién cb da, thong sb hinh hoc ctia mii khoan va
lwdi cat cho thay:

- Péi v&i miii khoan PDC D=64 mm va PDC
D=76mm c6ng suat tiéu hao phan I&n dé& quay mi
khoan cat dat da, 1én dén 99,1%.

262 571
Mii khoan D64
N kW PN Nq,kW N kW PN
0,16 5620 2,10 0,10 2660
0,10 5780 2,13 0,07 2700
0,08 5850 2,15 0,05 2730
0,06 5900 2,16 0,04 2740
Mdi khoan D76
0,12 4925 2,12 0,08 2130
0,08 5030 2,15 0,05 2340
0,06 5080 2,17 0,03 2360
0,05 5100 2,18 0,02 2370

-Tiéu hao cong suat dé quay cat da tang khi do
kién cb tang. Do kién c¢b tang tir =8 1&n f=10: v&i
mdi khoan D64, tang tr 1,99 kW 1én 2,11 kW (90,5%
lén 95,9%) céng suét tiéu hao ctia mii khoan khi
n=151 r/min va tang tr 2,1 kW lén 2,16 kW (95,5%
Ién 98,18%) khi n=571 r/min; v&i mii khoan D76,
tang tr 2,03 kW 1én 2,14 kW (92,27% 1én 97,27%)
cobng suét tiéu hao ctia mii khoan khi n=151 r/min
va tang tlr 2,12 kW tang l1én 2,18 kW (96,36% lén
99,1%) khi n=571 r/min;

- Tiéu hao cdng suét dé day tién mii khoan gidm
khi do kién cd tang. Coéng suét tiéu hao day tién
mii khoan khong Ién, chiém 1,8% dén 9,5% dbi
v&i miii khoan D64 va 0,9% dén 7,7% dbi véi mii
khoan D76;

-V6&i cung do kién cb dat da, véi cing mot tan
sb quay mii khoan thi tiéu hao cong suét quay mi
khoan ting, nguoc lai tiéu hao céng suat day tién
m{i khoan gidm.

4. KET LUAN

1. Bbi v&i mii khoan xoay lwoi cét tru tron PDC,
tiéu hao cdng suat mii khoan chi yéu dé quay mii
khoan cat da, céng suét tiéu hao quay mii khoan
tang khi do kién cb tang, trong khi cong suét tiéu
hao day tién mii khoan gidm;

2. Két qua nghién ctru cé thé tham khao khi thiét
ké khoan xoay dung mi khoan PDC loai nhé hoac
lwa chon ché do khoan pht hop véi didu kién bién
doi do kién cb da;

3. Qua trinh tac déng gitra mii khoan xoay IwGi
cat tru tron PDC la qua trinh phtc tap can cac
nghién ctu sau thém, nhéat la nghién ciu thuc
nghiém dé ap dung hiéu qua vao thiét ké mi khoan
va st dung khoan O
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POWER COSUMPTION DISTRIBUTION OF SMALL DIAMETER POLYCRYSTALLINE
DIAMOND COMPACT BIT FOR DRILLING OF GAS AND WATER DRAINING
BOREHOLES IN THE UNDERGROUND COAL MINES

Ta Ngoc Hai, Vu Duc Quang, Tran Ha Thuong,
Duong Tien Thanh, Bui Khac Sy

ABSTRACT

During the drilling, the drill bit impacts the rock, creating holes to serve the technological process in
mining, industrial and civil construction, etc. The power consumed in drilling is spent to the rotation and the
force of the drill bit. In order to design of rotary drilling machines and also to select drilling machines, drill
bits, reasonable drilling modes suitable for rock properties, it is necessary to study the power consumption
for each drilling process. This paper introduces some research results on power consumption distribution
of small diameter polycrystalline diamond compact bit during the rock drilling.

Keyword: rotary drill, power consumption distribution, PDC bit, coal underground mine.
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