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Tém tit

Cdc hé thong lgi chinh xién (Rotary Steerable System - RSS) hoat dong theo
nguyén tic ddy choong (push the bit) dang duoe img dung rong rdi khi thi cong cdc
giéng khoan dinh hudng trén thé giGi ndi chung va tai Viét Nam noi riéng. Cac hé
théng ndy 14i chinh hwdng 16 khoan chit yéu dua trén nguyén tdc phd huy thanh.
- Choong khoan khi st dung két hop voi cdc hé théng Idi chinh xién ndy cd nhitng dac
thit mon hong nhdt dinh. Bing viéc phan tich cdc hwc hinh thanh trong qud trinh 1di
chinh huong 16 khoan va twong tdc co hoc gitka bj dung cy ldi chinh véi dit da & day
vé thanh 15 khoan, nhém tdc gid da xdc dinh cac yéu 13 Gnh hedng dén qud trinh mon
choong. Pdy ld co s6 dé dé xudt cdc gidi phdp thiét ké, ché tao nhdm ndng cao tubi
tho ciing nhie higu sudt phd huy ddt dé cia choong khi chiing duoc stz dung két hop voi
cdic hé thong 14i chinh xién hoat dong theo nguyén tdc ddy choong. .

Tir khéa: Push the bit, chodng PDC, ting & bién, mon rang chodng

1. M§ dau
Hién nay, hé thong 14i chinh xién RSS dang duge st dung rdng réi khi thi cong
cac giéng khoan dinh huéng trén the gidi ndi chung va tai Viét Nam néi riéng. HE
théng nay cho phép ning cao chit luong giéng khoan cling nhu higu qua kinh t€ trong
cong nghiép khoan dau khi. Dua trén nguyén Iy 1am vigc cua ching 6 thé chia 1am 2
nhom co ban: '
~-Nhém 1: Hoat ddng theo nguyén téc’ day chodng. Cac h¢ théng 14i chinh xi€n
thude nhom ndy tao huéng cat xién cha yéu dua trén nguyén 1y pha huy dat da tai
thanh giéng khoan. ‘
~Nhom 2: Hogt dong theo nguyén tic 1am 1&ch tryc (Point the bit). Nhém nay ¢6
xu hudng pha huy dat da bat doi xing tai mjt d4u chodng @& diéu chinh hudng cit
Xién.
" Tai Viét Nam néi chung va XNLD Vietsovpetro n6i riéng dang s dung cac hé

théng 14i chinh xién (RSS) hoat d6ng theo nguyén tac “push the bit”, Cic hé thongndy ——

dugc trang bi cac canh dinh tdm c6 thé cup ra cup vao va dugc didu khién tir trén bé
mit, Khi cénh dinh tim ty vao thanh giéng chodng khoan s& dugc dhy v& phia d6i dién
(Hinh 1). Viéc ph4 hiy dét d4 nhim tao vA duy tri huéng cat xién cho gifng trong
trirdmg hop ndy cht yéu dya theo nguyén 1y pha huy d4t d4 tai thanh giéng nho d§ nhd
ctia cAc ring ngodi bién chodng. Vi vay, céc rang nay sé ¢6 xu huéng mon nhanh hon

50 véi cdc ring gin tdm mic du trong thiet k& va ché tao ching d3 duoc gia cb dé co
kha ning chiu mon tot hon. :
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H$i nghj khoa hoc Ky niém 30 ném khai thac déu tir & mong mé Bach Hé

Hinh 1. Nguyén tic l4i chinh push the bit

Céc h¢ théng l4i chinh hoat
déng theo nguyén tic push the bit
chi yéu duge sir dung két hop véi
choong khoan PDC, Hybrid,
Stingblade, Fusetek... (hinh 2). Céc
logi chodng nay c¢é dic diém chung
13 cic rang ngoai bién tip xuc véi
dat d4 thanh 1§ khoan déu c6 hinh
dang va dic diém twrong ddng nhau.
Vi vy, nhém tic gid chu yéu tap

. trung nghién ctru dic diém mon cua
choodng PDC khi st dung két hop véi
hé thong l4i chinh xién hoat déng
theo nguyén tic push the bit.

Thue t& cho thiy, cac choong
PDC khi sit dung két hop v6i hé
théng 14i chinh xién hoat déng theo
nguyén tic push the bit ddu ¢6 xu
hudéng mon va mé tai céc ring ngoai bién nhidu hon so véi cac ring gin t4m chodng
(Hinh 3). Tubi tho cta céc ring ngodi bién chodng giam nhanh cé thé do cic nguyén
nhan sau;

Hinh 2. Mdt s6 loai chodng hién dai
a) choong fusetek; b) choong hybrid; ¢) choong
stingblae; d) choong PDC

—Trong qué trinh 1dm vie, cac ring ndy chuyén dong voi van te dai nhanh hon
dan dén céc Iuc va ddp vao dat d4 16n hon, didu nay cang rd rét khi khoan trong dat da
khdng dong nhit.

v =a.Tr

r ~ A 3 - 3 n A x -1 5 - LU
trong d6: v- van toc clia ring chodng, m/s; w- vin tbc g0c, s ; r- khoang céc tir ring
den tdm choong, m.

~Chiéu dai chuyén dgng ctia cdc ring nay 16n hon, din dén cudng d6 1am viée
cua chung 16n hon so véi céc ring tai tim choong. ‘

I=wvt
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trong dé: I- chiéu dai chuyén dong cia ring, m; t- thdi gian 1lam viéc cia choong, s.

bic biét, khi sir dung két hop v6i hé théng 1ai chinh xién hoat dong theo
nguyén tic push the bit, c4c ring nay phai dam nhiém pha hiy mét khdi lwong 16n dit
d4 tai thanh giéng nén mirc d6 mai mon cia ching ting 1én.

Hinh 3. Céc ring ngoai b1en clia choong PDC bi mon sau khx st dung

2. Phén tich cdc yéu tb dnh hwéng t6i mirc d§ mon ring chodng

Nhim gidm mirc do mon déi véi céc ring tai bién cta chodng PDC, nhoém tac
gia t1en hanh nghién cftu c4c yéu t§ dnh hudng va mie d§ dnh hudng cta ching téi 46
mdn clia cac ring ndy. St dung nguyén ly D'Alembert dé x4c dinh cac thanh phin Iuc
tdc dng lén rang choong va cac yéu th anh hwdéng dén d6 16n ciia ching trong qua
trinh pha huy d4t d4 tai thanh giéng.

H2 Iyc tdc d6ng 1én ring chodng PDC trong qua trinh pha huy dit da duoc thé
hién trong hinh 4. Trong d6, d3 lugc bd mot so chi tiét d& tip trung vao phan tich cdc
yéu t6 lye. Chiéu hé Tuc tc dung 1én ring PDC 1én truc Oz va Ox ta nhan dvrorc 2
phuo‘ng trinh c4n bang hrc nhu sau: .

LF, = B, — Ny — Njcosa — N, fsina =0; )]
Y P = Pyp — Npf — Nysina + N, fcosa =0, (2)

/t\t—dﬁ
N
!/ /! Y
i S
\ J
.
(4]
p ]

Hinh 4. H& lyc tac dyng 1én ring'\c':hot‘)ng PDC
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trong do:
| F,- tai trong 1én ring chodng do thinh phin hyc 1am léch giy lén, N;
. -f- hé s6 ma sat giita ring choong va dét d4 thanh giéng;
@- goc dit ring (gbc hop boi mit diu rang choong va dit d4), db;
Fop- luc cit ngang tac ddng vio ring choong do mé men quay tao ra, N;
p- chidu rong cta phén ring ngip trong d4t d4 thanh giéng, m

Nhan thy, ton tai 2 luc ma st c6 anh hudng téi mic d6 mon cua rang choong:
lyc ma st tic dong theo bé miit ciia réng Fy = Ny f va lyc ma sit tai diu rang (tai diém
O) F; = N,f. Trong d6, luc ma st F, tai diu ring cé anh huong trye tiép té1 do mon,
d6 nhd, d6 ngdp cla né trong dAt d4 khi pha huy va 13 thanh phan nguy hiém homn, vi
véy ching t5i tdp trung nghién ctru, dénh gid thanh. phan hre nay.

Lyc ma sét lam mon ring PDC tai diu nhon cta né dwoc tinh bing cong thirc:

Fy = N, (3)
T phwong trinh (1) ta 6 thé suy ra:
- N, =F, — Ny{cosa + fsina} (4)

Trong phuong trinh (4) tdn tai phan Iuc N;. Gid tri cda lyc ndy phuc thuoc vao
d6 bén dit da tai thanh giéng. P tinh dwoc N, ta st dung cong thire sau [1]:

Ny = oA (1 + tge) 5
Vi gy - d6 bén ct ctia dét 4, Pa; A, - dién tich cit-hdt, m%; @ - gbc ndi ma sat, db.

. Gid sir riing, v6i so dd 1&p dit ring theo " goc Am" kidu ndy sy pha huy dAt d4 8
xay ra nho sy dich chuyén ciia khdi onm (Hinh 5a) theo hudng lye cit P, tac dong vao
mit phing hinh ban clip om (Hinh 5b).

Hinh 5. Dién tinh khéi cit-hAt

Mit phing om va cic mét phang dimg cia khdi onm chiu tac dong cla Gng suét
cdt-hdt o, Vi vay, dién tich cét-hit trong hinh 5 dugc xac dinh nhu sau:

A = n‘.'ﬂapi 8, cos(90%+a, —&)
& 2sinm, 2sing, sing
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H6i nghj khoa hoc Ky niém 30 ndm khai thac dAu tiy @& mong mo Bach H6

_ K‘}E;ﬁpz*{ z simz+26?=-cns (90° +ag— &}

; (6)
trong do: &, - gbc cht, 46, @y = m/4 — (@ + 8, — w)/2 [3]; O- gbc ma sat hidu dung
gifta rang va mot phin d4t d4 bi nghién nat, d9; 6; = 8 + 13° [3]; w,- gdc hop béi mit
phing ddu ring PDC va phuong thang dimg (Hinh 4), d6.

2sinay Ssing

Sau khi dua két qua tir cong thirc s6 (6) vao cong thirc s6 (5) ta nhén dugc cong
thitc tinh huc chong lai sw pha huy dat da Ny:

m‘g'?i;ﬁpg‘r z smd+zﬁ“ﬂ3 cos(90% +60y — )

N, = Ol + tge)
Dé xac dinh luc B, st dung cong thic sau [2]:

P, = 20,,(ctga + tga)(1 + tgpI 4,83 (1 + fsin2a) (8)
Tu két qué cia (7) va (8), suy ra céng thirc tinh lwc ma sat F; nhur sau:
F, = [204,(ctga + tga}(1 + tg@)y d,6% (1 + fsin2 o) —

(7)

2sinctyFing

2
Bl Bsina+28, Scos(90%+a, —
o (1 + + tge) 7 [BpSyBsinat28y SOV AT (coser + fsinedlf  9)

Zatitory SEwa

3. Théo ludn
Quan sit k§ cong thirc (9), ta nhan thay:

-Lyc ma sat tai dau ring F, phy thude va ti 1€ thuén voi cac thong s6: d6 bén
nén o, 40 bén cht g cia dat d4, h¢ sb ma sat f. Day 1a cac thong 6 mang tinh
khach quan. Vi viy, bo qua va khong xét anh huémg cta cac thong s6 nay toi mac dd
mon cua rang PDC; ot

~Lyc ma sat F, phy thudc mdt cach phirc tap d6i v&i théng sb goc lp dit ring
chodng @. Vi viy, ta cn nghién ciru v dénh gid cu th& hon nhim xé4c dinh didu kién
dé dat dugc F nho nhét va cudng d6 mon ring thip nhét.

Gia sir ta st dung choong PDC véi cac rang ngodi bién ¢6 dudmg kinh
d, = 25 mm cung mot loat thong s6 diu vao nhu sau: 4§ ngdp rdng trong dit ¢4 thanh
giéng 8, = 2 mm; hé sb ma sat f = 0,1+ 0,3; goc ndi ma sat @ = 28 < 56°; 40 bén
nén cta dit da a,, = 10 + 20 MPa; 06 bén cit o = 1+ 6 MPa. T cong thie (9)
véi céc thong sb dau vao nhur trén nhém tdc gid xdy dung dd thi thé hién sy anh hudng
clia goc 1p dit ring chodng a t6i d6 16n cia Iyc ma sdt Fy khi thay dbi cac tinb chét
co Iy ciia d4t d4.

Qua céc b thi trén hinh 6 ¢6 thé dua ra cic nhan xét saw:

~Gi4 tri ctia lyrc ma sét tai d3u cfia ring PDC nho nhét khi o = 40°+ 50° véi dat
d4 c6 cac tinh chét co 1y khac nhau; .

_V&i gid tri o, = 40°+ 50° lyc ma sat tai dAu ring PDC hé hon 44+-47% so v6i
o = 75%+ 80° trong céu tao chodng PDC 311 mm dugc san xuft boi hing Smitheva
Baker Hughes dang dugc sir dung tai Vietsovpetro. '

—  Véi muc tiéu giam cudng d§ mai mon cac ring ngodi bién cta choong PDC khi
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Héi nghi khoa hoc Ky niém 30 ndm khai thac dau ftr da méng mé Bach Hé

sir dung két hop voi hé thdng 14i chinh xién (RSS) hoat dong theo nguyén tic push the
bit, nhom tic gia kién nghi thay dbi goc lap dét rang chodng v&i o = 40°+ 50° dé dam
béo luc ma sét tai dAu riing choong nhé nhét. Kién nghj nay chi d8 cip dén cac ring tai
bién, d6i véi céc ring khac c6 thé lya chon goc lap d3t khac nhau theo khodng cach t
ring dén tAm choong khac nhau.
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Hinh 6: Anh huorng cnha goc lap dat ring PDC a to luc ma sat tai d4u ring F, khi thay
dbi c4c tinh chét co Iy ciia d4t d4: a) hé sb ma sét; b) gi6i han bén nén cla dit d3; c)
gbc nbi ma sat; d) giéi han bén cit cia dit da
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4. Két lugn

Viéc nghién cu goc 18p dit ring chodong PDC hop 1y 13 rét can thiét dé ting
cui tho cuia choong khi khoan trong dét d4 cting trung binh dén ctmg khi sir dung két
hop v6i hé théng lai chinh xién hoat ddng theo nguyén tac push the bit,

Chn o6 gii phap gia ¢ 1am ting 40 bén v ting
thoi gian 1am viéc higu qué cla cdc rang ngoai bién,
Ngoai vigée didu chinh goc 14p dit rang choodng, co thé s
ting dudmg kinh clia cAc rang nay hosic ting bé day 16p /! T—
kim cuong da tinh thé PDC tai vi trf tiép xtc voi dht da
(Hinh 7).

Hién nay, khi sir dung hé thong 14i chinh xién
hoat d6ng theo nguyén tc push the bit, ngoai choong
PDC ngudi ta con sit dung cac thé he chodng méi nhu
hybrid, stingblade... Tuy nhién, chc ring ngodi bién
cia cac loai chodng nay vin 1a PDC. Vi véy, két qua
nghién ctru ndy khong chi ap dung véi choong PDC
ma con co thé tmg dung vio cong nghé ché tao cac
loai chodng thé hé méi ¢6 dic diém tuong ddng.

thin ring /

P

7
e

e

Hinh 7. Ring choong duge
ting cudng bé day 16p PDC
tai vi tri ti€p xac voi dat da
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CHARACTERISTICS OF THE BIT CUTTER WEAR IN DIRECTIONAL
DRILLING USING PUSH THE BIT ROTARY STEERABLE SYSTEM
Abstract

The push the bit rotary steerable systems are being widely used to drill
~tional wells_in the world i and Vietnam in particular. These systems

orient the bit trajectory mainly based on the crushing principle of borehole wall. The

bits which used with these rotary steerable systems are usually wearied according to
particular characteristics. Based on results of analyzing the forces formed in the
drilling process and the mechanical interaction between the bottom hole assembly and
the rock, the authors have determined the factors influencing on the bit cutter wear
process. This is basic for proposing solutions in order to extend the life as well as
enhance the working efficiency of the bits in case they are used with rotary steerable
systems. o
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