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PON VI TO CHUC
Truong Pai hoc Mé - Pia chit (HUMG)
CAC PON VI PHOI HQP TO CHUC

Tép doan Cong nghiép Than - Khoang san Viét Nam
Tap doan Dau khi Viét Nam

Téng cuc Pia chit va Khodng san Viét Nam
Téng hdi Pia chit Viét Nam

Cuc Po dac, Bin d6 va Thong tin dia Iy Viét Nam
Hgi Khoa hgec Céng nghé¢ Mé Viét Nam

Hi Cong trinh ngim Viét Nam

Hi Pia chit Thity vin Viét Nam

Hi Pia chit Cong trinh va Mbi truong Viét Nam
Hdi Ky thuat N6 min Viét Nam

Hoi Khoa hgc Ky thuat Dia vat ly Viét Nam

Hi Tric dia - Ban d6 - Vién tham Viét Nam
Vién Pia chit va Dia vat Iy bién

Vién Khoa hoc Dia chit va Khosng sin

Trudng Pai hoc Cong nghé Pong Nai

Truong Pai hoc Pong A

Truong Pai hoc Thi Diu Mgt

BAN TO CHUC

Truéng ban
GS.TS Tran Thanh Hai, Truong Pai hoc Mo Dia - chat

Pho6 Truéng ban

GS.TS Bui Xuan Nam, Truong Pai hoc M6 - Dia chat

PGS.TS Tri¢u Hung Truong, Truong Pai hoc Mo - Dia chat

Uy vién

GS.TS V6 Chi My, Héi Trdc dia - Ban do - Vién tham Viét Nam

GS.TS Nguyén Quang Phich, Héi Cong trinh ngam Viét Nam

PGS.TS Tran Tuén Anh, Vién Dja chat, Vién HLKH&CN Viét Nam
PGS.TS bBoan Van Canh, Hoi Pia chat Thuy van Viét Nam

PGS.TS Ta Dtc Thinh, Héi Dia chat Cong trinh va Moi truong Viét Nam
PGS.TS Nguyén Nhu Trung, Vién Dia chdt va Pia vit Iy bién, Hoi Khoa hoc ky thudt Pia vat Iy Viét
Nam

TS Nguyén Pai Déng, Cuc Do dac, Ban dé va Thong tin dia ly Viét Nam
TS Tran Xuan Hoa, Hoi Khoa hoc va Cong nghé Mo Viét Nam

TS Hoang Vin Khoa, Tong héi Pia chat Viét Nam

TS Db Hong Nguyén, Tdp dodn Céng nghiép Than - Khodng san Viét Nam
TS Nguyén Vian Nguyén, Tong cuc Dia chat va Khodng san Viét Nam

TS Lé Van Quyén, Hoi Ky thudt N6 min Viét Nam

TS Trinh Hai Son, Vién Khoa hoc Dia chét va Khoang san, Bo Tai nguyén va Moi truong
TS Nguyén Qudc Thap, Tdp doan Dau khi quoc gia Viét Nam

TS Dang Kim Triét, Truong Pai hoc Cong nghé Pong Nai

TS Tran Van Trung, Truong Bai hoc Thii Dau Mgt

TS D& Trong Tuan, Truong Pai hoc Péong A

TS Nguyén Thanh Tung, Vién Dau khi Viét Nam
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Truéng ban

GS.TS Bui Xuan Nam, Trieong Pai hoc Mo - Pia chit
Phé trwéng ban

PGS.TS. DS Ngoc Anh, Truwong Pai hoc Mo - Dia chit
Uy vién

GS.TSKH Hoang Ngoc Ha, Truong Pai hoc Mo - Dia chat
GS.TS V& Trong Hing, Truong Pai hoc M6 - Dia chit
GS.TS Truong Xuan Luan, Trieong Pai hoc Mo - Pia chat
GS.TS B4 Nhur Trang, Truwong Pai hoc Cong nghé GTVT
PGS.TS Bui Hoang Bic, Truong Pai hoc M6 - Bia chit
PGS.TS P4 Van Binh, 73 ruong Pai hoc Mo - Dia chat
PGS.TS Phing Manh Bic, Hpi KHCN Mo Viét Nam
PGS.TSKH Ha Minh Hoa, Vién Khoa hoc Po dac va Ban do
PGS.TS Pham Vian Hoa, Truong Bai hoc M6 - Bia chat
PGS.TS Lé Van Hung, Trieong BPai hoc Mo - Pia chat
PGS.TS Hoang Vin Long, Vién Déu khi Viét Nam
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PGS.TS Ngb Xuén Thanh, Truong Pai hoc Mo - Pia chat
BAN BIEN TAP

Truéng ban

TS Nguyén Viét Nghia, Trueong Pai hoc M6 - Pia cht
Phé Truwéng ban

TS Nguyén Thac Khanh, Trieong Bai hoc Mo - Pia chat
Uy vién

PGS.TS Bui Hoang Bic, Trueong Pai hoc M6 - Pia chdt
PGS.TS Pham Vian Luén, Truwong Pai hoc Mo - Dia chdt
PGS.TS Tran Tuin Minh, Truong Pai hoc Mo - Pia chat
PGS.TS Bui Ngoc Quy, Truong DPai hoc Mo - Dia chat
PGS.TS B Nhu Y, Truong Pai hoc M6 - Pia chdt
BAN THU KY

Truéng ban

PGS.TS D& Ngoc Anh, Truong Pai hoc M6 - Pia chat
Pho6 Truéng ban

TS Nguyén Thac Khanh, Trieong Pai hoc Mo - Dia chdt
Uy vién

PGS.TS Pham Van Luan, Trueong Pai hoc Mo - Dia chdt
PGS.TS Nguyén Vian Sang, Triong Pai hoc Mo - Pia cht
TS T6 Xuan Ban, Truong Dai hoc Mo - Pia chat

TS Nguyén Trong Diing, Truong Pai hoc Mo - Dia chat
TS Lé Quang Duyén, Truwong Dai hoc Mo - Dia chat

TS Nguyén Duy Huy, Truwong Pai hoc M6 - Dia chit
TS Nguyén Qudc Phi, Truong Pai hoc M6 - Pia chat

PGS.TS Bing Trung Thanh, Truong BPai hoc Mo - Dia chat
PGS.TS Ta Btic Thinh, Hji Pia chit Cong trinh va Moi
truong Viét Nam

PGS.TS Nguyén Thé Vinh, Truong Pai hoc M6 - Dia chat
TSLé Héng Anh, Truong Pai hoc Mo - Dia chat

TS Tran Qubc Cuong, Vién Pia chat, Vien HLKH&CN Viét
Nam

TS Céng Tién Diing, Truong Dai hoc Mo - Dia chat

TS Tréan Tuén Diing, Vién ia chdt va Dia vt Iy bién, Vién
HL KH&CN Viéet Nam

TS Nguyén Dai Déng, Cuc Do dac, Ban dova Thong tin dia
Iy Viét Nam

TS Nguyén Manh Hung, Truong Bai hoc Mo - Pia chat
TS Nguyén Quéc Phi, 77 ruong Pai hoc Mo - Dia chat

TS Bui Thi Thu Thuy, Truong Pai hoc Mo - Dia chat

TS Nguyén Thé Truyén, Vien NC Bign tii, Tin hoc, Tur dong hoa
TS Nguyén Vian X0, Truong Pai hoc M6 - Dia chit

TS Nguyén Thi Mai Dung, Trueong Bai hoc M6 - Pia chdt
TS Nguyén Manh Hung, Truong DPai hoc Mo - Dia chat
TS Pham Trung Kién, Truong Dai hoc Mo - Dia chat
TS Nguyén Quéc Phi, Truong Dai hoc Mo - Dia chdt

TS Ngb Thanh Tuan, Truong Bai hoc M6 - Pia cht
TS Nguyén Manh Hung, Truong Dai hoc Mo - Dia chat
ThS Nguyén Ngoc Dung, Truong Pai hoc M6 - Pia chat
ThS Hoang Thu Hang, Truong Pai hoc Mo - Pia chdt
ThS Nguyén Thanh Hai, Truong Dai hoc Mo - Dia chat
ThS Pham Buc Nghiép, Truong Dai hoc Mo - Dia chat
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Xay dung cong thic xac dinh cong suat pha huy dat da
doi véi choong PDC

Nguyén Tién Hung!*, Truong Vin Tir!
Truong Dai hoc Mo - Pja chat

TOM TAT

Hién nay, choong PDC dugc sir dung rong rédi va phé bién trong nganh céng nghiép khoan Dau khi do
nhitng uu diém vuot tréi ma ching mang lai. Vé ban chat, choong PDC Ia loai choong ludi cat duoc trang
bi cac rang PDC c6 bé mit dugc ché tao tir kim cuong da tinh thé, choong dugc sir dung khoan trong dat
d4a mém va déo, dwa theo nguyén ly cit v& va cho van téc co hoc khoan rét cao (1én dén 60-70 m/h). Hién
nay chua c6 cong thuc cu thé dé xac dinh cong suat phéa huy dat da trong qua trinh khoan ddi véi choong
PDC. Nhém tac gia da str dung cac phuwong phap phén tich 1y thuyét, phan tich cac luc tac dung 1én ring
chodng trong qué trinh chdng pha huy dat da dé xay dung cong thirc cong suét pha huy dat da cho choong
PDC. Viéc xay dung thanh cong cong thirc xac dinh cong suat phéa huy dét da caa choong PDC gilip ching
ta c6 thé xac dinh théng s ché do khoan hop ly khi thi cong khoan va c6 thé cai tién thiét ké choong PDC
nham tién t6i hoan thién ching.

Tir khoa: Choong PDC; cong suat pha huy dét da; khoan; géc lap dit rang choong.

1. D3t van dé

Hién nay, choong PDC dugc sir dung rong réi va phd bién trong nganh céng nghiép khoan Dau khi do
nhitng uu diém vuot tréi ma ching mang lai. Vé ban chat, choong PDC 1a loai chodng ludi cit duoc trang
bi cac rang PDC c6 bé mit dugc ché tao tir kim cuong da tinh thé, choong dugc sir dung khoan trong dat
d4 mém va déo, dya theo nguyén ly cét v& va cho van toc co hoc khoan cao (1én dén 60-70 m/h). Tuy nhién,
khi khoan trong dat d4 khong dong nhét, dac biét 1a dat da c6 do cing va dd mai mon cao, cac ring bi mon
nhanh dan dén tudi tho va nang suat ciia choong PDC bj giam manh. Hién nay, chua c6 cong thirc cu thé
dé xac dinh cong suat pha huy dat da trong qué trinh khoan ddi véi chodng PDC. Vi vay, viéc xay dung
thanh cong cong thirc xac dinh cong suat pha huy dit da caa choong PDC mang y nghia thoi su va cap thiét,
gilp ching ta c6 thé xac dinh thdng sé ché do khoan hop 1y khi thi cong khoan trong cac diéu kién khéac
nhau va c6 thé cai tién thiét ké choong PDC nham tién t6i hoan thién ching.

2. Co sé ly thuyét va phwong phap nghién ciru

Dua theo két qua nghién ciru khac cia nhdm tac gia vé mirc d¢ anh huong cua goc lap dit rang choong
PDC « t6i nguyén ly va hiéu qua pha huy dat da (Nguyen The Vinh, Nguyen Tien Hung, 2017). Trong d6
chi ra rang, d6i véi kiéu goc lap dat “am” thi goc lap dat rang chodng ti uu 1a 45°-55°, khi d6 choong phé
huy dat da theo nguyén 1y cét v, van téc co hoc khoan dat cao trong khi mic d6 mon cia rang choong 1a
thap nhat. Tuy nhién, viéc danh gia hiéu qua pha huy dét d4 ciia chodng can dwa vao chi tiéu cong suat pha
huy dat da ctia choong.

Nham xay dung cong thirc xac dinh cong suét pha huy dat da cia choong PDC, nhoém tac gia da xay
dung va nghién ctu hé lyc tac dong 1én rang chodng trong qué trinh ching pha huy dat da (Hinh 1).

Chiéu hé lyc tac dong 1én rang chodng Ién truc Ox ta c6 thé xac dinh luc tac dong 1én ring choong theo
phuong ngang nhu sau:

B,y = F, — F; + Nysina 1)
trong do: Py, - luc tac dong lén rang choong theo phuwong ngang, N;
F, - luc ma sét tic dong 1én dau nhon ring choong, F, = N,f;
F, - lyc ma sat tic dong lén mat phang dau rang choong, F; = N, f;
N; - phan lyc tac dong 1én mat phang dau rang choong, N;
N, - phan lyc tac dong 1én diu nhon rang choong, N;

*Tac gid lién h¢
Email: nguyentienhung.dk@humg.edu.vn
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f - hé s6 ma st giira rang choong va dét da;
a - goc lap dat rang choong, °.

rang chéong

m\ n
I
B p AN
" M N4,
i N a./b
0 | V=

p N.

Hinh 1. Hé lyec tdc déng 1én rang chodong PDC trong qua trinh pha huy ddt da

Suy ra

P,, = Nof — N, f + N;sina 2
Chiéu hé lyc tac dong 1én rang choong Ién truc Oz, c6 thé xac dinh phan lyc N, duéi dang sau:

N, = B, — Nycosa — N;sina 3)

trong do: P, - luc doc truc tdc dong lén rang choong, N.
Cong phuong trinh (2) va (3) ta nhan duoc két qua nhu sau:
P,y = B,f 4+ N, (sina — 2fcosa — f?sina) 4

Trong d6 phan luc N; duoc xem 13 kha ning chdng lai sy phé huy cia dit da va co thé xac dinh dwoc
theo cbng thirc (Heckopomusix B.B., Bopucos K.1., 2013):

o, ) Ny = o Aci (1 + tgp) ®)
trong d6: g, - gidi han bén cat cua dat da, MPa;
A,y - dién tich cat dat da, m?2.

Gia st rang, rang choong PDC lap dat kiéu “gbc am” s& cit dat d4 theo hinh khéi omn va theo phuong
cua lyc P,, (Hinh 1). Khéi nay dich chuyén theo mét phang om va hai mét phang con lai ciia khdi omn, noi
ma chiu tic dong cua tng suat cat (truot) o .

Vi vy, dién tich cit dat da duoc xac dinh 1a tong dién tich caa mat cit trén phang om (mét nira dién tich
cua hinh elip c6 chiéu dai tryc 12 p) va hai mat phang con lai caa khi omn.
n\/@dg/zsina+26%sin (a-ay)

2sinaqsina

Age =

(6)
.. finkt o o fa=@+0p—wo) o na 4t o . it it Sy v
trong d6: @, - goc cat, °, a; = ——— ¥ -gocnol ma sat, °; 8y - goc ma sat giira ring choong va

mot phan dat da bi nghién nét, 0f = 8 —13° (Mopu B., ®ypmentpo [1., 1994); w, - goc trudc (Hinh 1), °;
d,, - duong kinh cua rang choong (Hinh 1), m; §,, - d6 ngép rang choong (Hinh 1), m.
Tu phuong trinh (5) va (6) ta thu dugc nhu sau:

2. )
sina+2683sin (a—a,)

_ [Ty

Nl = Ock (1 + tg(p) 2sinaqsina

Do ngap riang choong &, dugc xac dinh nhu sau (Nguyen The Vinh, Nguyen Tien Hung, 2017):
_ Pp 2/3

61’ - (zjan(ctga+tga)(1+tg¢)Jd_p) (®)
trong d6: J = (1 + fsin2a); o, - gidi han bén nén cua dit da, Mpa.
Ta dit K = (sina — 2fcosa — f?sina), tir cong thuc (4) va (7), ta thu duge nhu sau:

_ an_p53/zsina+26%,sin (a-ay)

) Pop - pf + O-ck(l + tg(p) £ 2sina; sina K (9)
Nhu vay luc dé quay chodng khoan sé& dugc xac dinh theo cdng thuc sau:
P, = miF,,

(7

3
n,/dp6§sina+26f,sin (a—ay)

2sinaysina

P, = mi[pr + o (1 + tge) K] (10)

trong d6: m - s6 lugng cénh choong; i - sb lwong rang choong.
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Chia lyc nay cho ban kinh cua choodng ta thu dugc lyc quay riéng tac d¢ong doc theo cdnh choong nhu
sau:

2P,
Bore = Y (11)
M0 men quay dM,, tic dong l1én mét ring choong dugc xac dinh nhu sau:
dep = POTCRidRi (12)

trong do: R; - khoang cach tir rang choong dén tam choong, m.
Nhu vay, tong mé men quay choong sé la:

D/2 D?
Mkp = mParc fO / Ri dRi = mPorc? (13)
Cong suat phéa huy dat da ciia chodng s& dugc xac dinh nhu sau:
N = M = Myp o : (14)

hay

3
w/d 6§sina+2512,sin (a—ay)

2sinagsina

mnDim?

N = [Bof +0ae(1+ tgg) - K] (15)

3. Két qua va thao luan

Dua vao cdng thirc (15) nhom téc gia tién hanh xay dung biéu db theo ddi su bién thién cua cong suit
pha huy dét da caa choong N, khi tién hanh thay ddi théng sé goc lap dit rang chodng a va tc d6 quay
chodng n (Hinh 2). Trong do gia tri cac thdng s duoc lra chon lan lugt nhu sau: tai trong chiéu truc P, =
105000 N; D=0,311m; d, = 0,025 m; g,, = 4 MPa; o, =1 MPa;m=5;f=0,1.

Nc, W

210000
180000

150000

90000

60000

10 15 20 25 3( 35 40 45 5 55 60 65 70 75 80 85 90 o, dd

Hinh 2. Biéu do thé hién su thay doi cua cong suat pha huy dat da khi tién hanh thay déi goc ldp dat ring
choodng

Qua biéu dd bién thién cong suit pha huy dit da khi thay d6i g6c lap dat rang va tbe d6 quay choong ta
c6 thé rat ra mot vai két luan nhu sau:

- Khi @ = 60° cong suat pha huy d4t da ctua choong dat gia tri cao nhat;

- Khi @ = 45 — 55° cong suit pha huy dét da nho hon 11% so véi gid tri cuc dai (khi @ = 60°), trong
khi d6 gia tri van toc co hoc khoan dat cuc dai (Nguyen The Vinh, Nguyen Tien Hung, 2017);

- V6i cbng thic nay ching ta c6 thé thay ddi cac thdng sé dau vao nhu tai trong lén choong P, téc do
quay choong n, géc lap dat ring chodng a, dudng kinh choong D, dudng kinh ring choong d,, do bén dt
da a,,, o4, hé s6 ma sét f nham tim ra c4c gia tri théng s, ché do hop ly khi thi cong khoan.

4. Két luan va kién nghi

Tir nhitng nghién ciru bén trén, tac gia dua ra mot s6 nhiing két luan va kién nghi nhu sau:

- Viéc xay dung thanh cong cong thire xac dinh cong sut pha huy dat da ciia choong PDC duya trén co
s& va mo hinh Iy thuyét cho phép xéac dinh théng sé ché do khoan téi uu cho timg diéu kién cu thé;

- Cong thirc cong suat pha huy dét d4 ciia choong PDC cho phép cai thién thiét ké caa choong thdng qua
thdng s6 goc lap dat rang choong;
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- Trong thoi gian t6i, can tiép tuc nghién ciru va kiém toén lai céng thirc bang céc sb lidu dau vao va dau
ra thuc té nham xac dinh hé s6 thuc nghiém cua cong thuc.
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ABSTRACT
Etablishing cutting rock formula for PDC bit

Nguyen Tien Hung?, Truong Van Tu?
'Hanoi University of Mining and Geology

Nowadays, PDC bits are widely used in Oil and gas drilling industry for their outstanding advantage. PDC
bit is essentially drag bit with cutting surface made from Polycrystalline Diamond. This type of bit has been
using for soft formation by cutting - craping away rock and yields very high ROP (up to 40-45m/h). There
is no detail formula to calculate the rate of rock cutting or penetrating while drilling with PDC bit. In order
to establish formula to compute the rate of cutting rock by PDC bit, theory analysis is employed to analyze
forces imposed on bit cutter while drilling. By successfully established the formula for rate of penetration
by PDC bit, the optimum drilling operation parameters can be selected. Moreover, this formula allows
optimization of PDC bit design to be performed.

Keywords: PDC bit; etablishing cutting rock; drilling.
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