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TINH TOAN KHA NANG DI QUA CUA BQ DUNG CU DAY
VA COT ONG CHONG TRONG DOAN THAN GIENG
CO PQ UON CONG LON

NGUYEN THE VINH, Truéng Bai hoc M6 - Dia chat
TRAN XUAN DAO, Vietsovpetro

Tém tat: Tir thuc té thi cong cdc gzeng xién dinh hudng o cac mo trong bon triing Cuu Long,
cdc dung cu va thiét bi ma cu thé la ren dau néi khi lam viéc trong doan thin  giéng uon cong
s€ chiu tdc déng ciia tng sudt moi nén kha nang bi hong héc va phd iy la rat I6n. Trong cdc
doan than giéng ma truc cua thdn giéng gdp khiic manh sé lam tang murc do mon cua cot ong
va dau néi. Khi thue hién qud trinh khoan trong doan than giéng uon cong thi kha nang gay
sw ¢6 do ket bo dung cu khoan va thiét bi la rdt lon. Mat khac, khi tha cgt ong chong hay cac
thiét bi do trong gieng co truc cua than giéng gdp khiic, khd nang khéng tha den chiéu sdu
thiét ké rdt I6n. Thong qua bai bao nay, cac tac gia trinh bay phwong phdp tzep cdn va tinh
todn cu thé trong vigc kiém tra kha nang di qua cua cot can khoan hay cot ong chong trong
doan than giéng co su thay déi manh vé cuong dé cong trong khéng gian trén quan diém dé

citng co hoc va chiu bén ciia vit liéu.

1. Mé& dau

Trong khoan xién dinh hudng, véi muc dich
1ai chinh than giéng theo phwong vi dé tinh toan
va tam véi (46 1éch) cho trude, quy dao than
giéng phai c6 nhitng doan co cac thong s6 vé goc
nghiéng va goc phuong vi thay d6i v6i cuong do
khac nhau. Thé hién rd nhat 1a & nhirng khoang
khoan phai cét tao goc hay lai chinh huéng theo
thiét ké, trong chirng muc cho phép s& c6 nhirng
khoang khoan ma cuong d6 thay d6i goc trong
khong gian (géc nghiéng, goc phuong vi) ¢ thé
dat tir 1- 1,5°/10 mét khoan. Nhu vay, véi nhiing
than giéng c6 gia tri cuong do thay d6i goc trong
khong gian, hay n6i mét cach khac 1a cé su thay
d6i dang ké vé cac thong sd 1éch duoc goi 14 than
giéng “udn cong”. Trong thyc té, khi cudng do
thay ddi goc trong khong gian bién thién véi
cuong dg cao va mang tinh khong df)ng nhét, con
tryc giéng thé hién nhu ~duong gap khuc va tao
nén nhitng doan than giéng gip khuc sé giy kho
khan cho vi¢c thuc hién cong viéc trong long
giéng nhu tha cac by dung cu do dia vat 1y, tha
cot can khoan, cot dng chéng . Nhu vay, dé dam
bao thyc hién cong viée tiép theo trong long
giéng dugc an toan nhu tha cot dng chong, doi
hdi phai thuc hién cac tinh todn va kiém chung

kha ndng cho phép chung di qua dbi véi cuong
do thay doi goc cua than giéng, duong kinh can
nang, 6ng chéng, giéng khoan va trang thai than
giéng véi nhau.
2. Phwong phap tiép cin bai toin

Pé md phong than giéng ubn cong trong
khéng gian c6 thé sir dung cong thirc ciia M. M.
Alexandrov [4] dé xac dinh géc cong toan phan
ctia trucgiéng khoan trong khdng gian:

A8 =(Aa)’ +(Apsina,, )’ (1)

trong do: A - gia tri chénh léch goc nghiéng cua
doan than giéng Al; Ag - gia tri chénh léch goc
phuong vi ciia doan than giéng A/, auw- gia tri
trung binh cua goc nghiéng ¢ diém dau (phia
trén) ox va goc nghiéng & diém cudi (phia dudi)
aq cua doan than giéng A/ [1].

Ao =ot-0d. 2)
AP = Qt-¢d . 3
o = 0,5(ait + ) - (4)

Ban kinh cong cua truc giéng trong khong
gian dugc xac dinh theo cong thirc:

Al
R =57, 3(A6j (5)
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Truong hop néu doan than giéng co goc
phuong vi khong thay doi, thi cong thie (1) va
(5) s€ co dang:

Al . (6)
Ao

Ad = Aa

Con khi doan than giéng 1a thang thi:

Aa=0, Ap=0 va aw=a

T cong thie (1), gia st ¢ khoang khoan
Al = 25m:

- Goc nghiéng tang tir 10° [én 12,5° va than
giéng chuyén hudng phuong vi tir 50° sang 60°
bic (Ag = 10°), ta co:

- \/(12,5—10)2 +{(60—50)sin (@H

=3,17°

- Néu Ap=0 thi gia tri goc cong toan phin
ctia than giéng s& bang gia ting goc nghiéng cla
than giéng:

A= Aa=12,5-10=25°

- Néu A = 30° ta s& co:

- \/(12,5—10)2 J{(80—50)sin (@ﬂ

= 6,36°

R =57, 3(

Nhu vay, néu tinh dén yéu t6 thay doi goc
phuong vicia than giéng thi gia tri goc cong toan
phan cia than giéng tang tir 2,5° Ién 3,17° va
6,36°. Do do, khi tinh todn khd néng di qua doan
than giéng cong trong khong gian cta by dung cu
khoan, cot ng chdng, bat budc phai xem xét ca
su thay doi goc phuong vi. Khi d6, su thay d6i
goc phuong vi & 14 co sé dé xac dinh dugce mire
d6 phtrc tap cua doan than giéng.

Nhu vy, nguyén nhan anh huong chinh dén
vige tha tu do cot can khoan, cot ong chéng trong
long giéng d6 1a lyc ma sat khi dich chuyen
ching (do hién dién clia goc cong toan phan 16m),
nén khau quan trong nhat trong qua trinh xay
dung giéng khoan 13 giai doan tinh toan thiét ké,
trong giai doan nay doi hoi phai tinh toan va danh
gia duoc cac gia tri cua lyc ma sat cho tung
truong hop cu thé vé thanh phan bd dung cu
khoan, 6ng chéng va dic thu cia than giéng.
Ngoai ra, can phai tinh dén truong hop khi tha
cot can khoan, 6ng chéng qua doan than giéng
vOi gbc cong toan phan 16n. Khi do, trong than
cot can, 6ng Ong s& xut hién tng suat udn ma
gi4 tri ndy luén phai nho hon gia tri tng suit bén
t41 han cua vat liéu.

Hinh 1. So do dich chuyén cét can khoan hodc cét 5ng chéng
trong doan than giéng uon cong
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Pé lam sang to dac diém phan b luc trén cot
can khoan, cot dng chdng khi dich chuyén trong
long giéng, sir dung phuong phap A
Lubinskii va M. M. Alexandrov [3, 4] dé xem et
mot doan cdt ong dich chuyén trong long gleng
c6 do cong nhit dinh (hinh 1). Dé xem xét cy thé
doan dng & vi tri uén cong nhat (bé mat 15m) giai
phuong trinh vi-tich phan truc dan hoi gan ding
cua doan AB:

Ejy (X) =S,X —T[P(y —m)coso + P(x—E&)sin a [d&

(7)
trong d6: Sa- phan lyc tai diém A (diém tiép xuc
giita cot 6ng v6i thanh dudi cua than giéng; P-
trong lugng mot don vi chiéu dai cot 6ng; a -
goc nghiéng cua truc giéng theo phuong thing
dung tai diém tiép xuc Nn- gbc nghiéng cua truc
cot dng s0 V01 truc gleng khoan; &- gbc quay cua
truc cot ong do do udn cong.

Dé giai chinh xac phuong trinh (7), cac diéu
ki€n bién dugc xac dinh nhu sau:

y(0)=0,  y(0)=0

y()=058,  y"(1)=0
trong do: | 1a khoang cach tir diém A dén diém udn
cta truc giéng (diém B); B 1a goc léch truc giéng.

Hai diéu kién bién dau tién duoc thé hién ¢
dlem bt dau (0), tai d6 truc than giéng chua bi
uon cong va tiép diém trung véi huong cua tryc
giéng & phan trén cta doan than giéng.

Diéu kién bién y’(I) 0,54 cho théy goc
quay tai tlep diém (diém B) véi truc ubn cong
ctia dng bang 0,5 goc léch truc giéng. Con dicu
kién bién y”’(l) 0 duoc xac dinh trong diéu kién
cot dng di qua doan udn cong cta than giéng mot
céch tu do, nén gia tri luc tai tiét dién B s& duoc
xac dinh boi:

Qs =EJy" (1) )

Diéu kién bién y"(1)=0 duoc hiéu 14 tai diém
B khong c6 su tiép xtc gitra cot dng v6i thanh
giéng phia trén.

Nhu vy, v6i bai toan (7) véi cac diéu kién
bién (8, 9) c6 thé sir dung phuong phap tiép can
lién tuc dé giai.

Tai diém tiém can dau tién (diém 0), bai toan
nay co6 dang:

(8)

x*  x*
X)=0,58| ——— 10
Bang phuong phép tiém cén lién tuc, két qua
c6 muc do chinh xdc cao duoc thé hién qua
phuong trinh sau:

81> 10P
~ (1)
Tich phan phuong trinh (11) vé1 di€u kién
bién (8) s& xac dinh duoc gia tri phan luc Sa tai
diém A:

4 5
Ejy (X) :SAX—%szsin a—O,SB{P’L—X—}cow

S, =Pl(sina+0,53cosa) (12)
4
o 1204EJ 13
P(80sina+534cosar)

va cong thirc tinh toan gi tri khe ho ti thiéu cho
phép di qua:
_ 420sin o+ 263Bcoso X3
™" 28(80sin a. + 53Bcosa

120B°EJ
P(80sin .+ 53pcosa
(14)
Véi gia tri khe ho ndy, cot dng s& di qua doan
than udn cong mot cach ti do, dam bao than dng
khong tiép xuc véi thanh giéng phia trén ¢ diém
B.

Dé don gian hon trong tinh toan ma van dam
bao dugc mirc d0 chinh xac, M. M. Alexandrov
va lU. A. Voropaev [4] da trinh bay cach giai bai
toan ndy va dua ra két qua tinh toan cac gid tri Sa,
| va Amintheo cac cong thirc sau:

S, =Plsina (15)
4
_ 3/120[3. EJ (16)
80Psina
4
A = 21 3/120ﬁ’. EJ (17)
112 80P5|na

Mirc do sai s6 cua cac cong thirc (15- 17)
nam trong khoang 10-20%, day la gia tri sai so
6 thé chap nhan duoc.

Bing cac cong thirc (12-14), cho phép tinh
toan cac gia tri khe ho t61 thiéu cho phép di qua
db6i véi timg loai cot dng tuong tng véi cac gia
tri cuong do thay ¢ d6i goc nghiéng than giéng ma
khong c6 diém tiép xtc tai diém B, két qua tinh
toan mang tinh minh hoa duogc trinh bay trong
bang 1.
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Bdng 1. Két qua tinh todn cdc gid tri khe ho toi thiéu cho phép di qua

& doan than giéng cé su thay doi géc nghiéng

Duong Puong | Trong lugng | Cuongdd |BO cung _ .
kinh kinh | motdonvi | thayddi |101(EJ), h.AI“'” (r}'l‘f“) Khi g?f’ "
ngoai trong chiéu dai géc nghiéng | N.nm? nghicng than gieng 1a, do
6ng, mm | 6ng, mm | 6ng, daN/m | (B), d6/10m 2 4 6 8

139,7 121,4 29,2 0,5 16863 21| 17 15 13
139,7 121,4 29,2 1 16863 53| 42 37 34
139,7 121,4 29,2 1,5 16863 92| 73 64 58
177,8 157,1 42,3 0,5 40208 25| 20 17 16
177,8 157,1 42,3 1 40208 63| 50 44 40
177,8 157,1 42,3 1,5 40208 108 | 86 75 68
193,7 174,6 43,3 0,5 49288 27| 21 18 17
193,7 174,6 43,3 1 49288 67| 53 46 42
193,7 174,6 43,3 1,5 49288 115| 91 80 72
2445 222,4 63,5 0,5 116140 31| 25 22 20
2445 222,4 63,5 1 116140 78| 62 54 49
2445 222,4 63,5 1,5 116140 | 134 | 107 93 85
273,0 2527 66,4 0,5 152160 33| 27 23 21
273,0 252,7 66,4 1 152160 84| 67 59 53
273,0 2527 66,4 1,5 152160 | 145| 115| 101 91
339,7 315,3 99,2 0,5 353720 39| 31 27 24
339,7 315,3 99,2 1 353720 98| 78 68 62
339,7 315,3 99,2 1,5 353720 | 168 | 133 | 117 | 106
508,0 482,6 155,4 0,5 1272800 51| 41 36 32
508,0 482,6 155,4 1 1272800 | 129 | 102 90 81
508,0 482,6 155,4 1,5 1272800 | 222 | 176 | 154 | 140

3. Tinh toan cho trudng hop tha cot dng chong
di qua doan thin udn cong c6 tinh cudng birc

Bay gio ching ta xem xét truong hop tha cot
dng di qua doan than udn cong cé tinh cudng
btrc, tic la trong diéu kién va hoan canh khi ma
gia tri khe ho thue té giita dudng kinh cot dng va
duong kinh giéng khoan nho hon gia tri khe ho
t61 thiéu dam bao cho phép cot ong di qua mot
cach tu do trong doan than gleng udn cong.

Truc udn cong cua doan 6ng phia dudi s&
duoc thé hién bang phuong trinh vi phan truc dan
héi gan ding (7). Cac diéu kién bién 8 trong
truong hop nay dugce xac dinh nhu sau:

y(0)=0, y'(0)=0

y()=058  y"()=A (18)
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& day: A- khe ho thuc té gitra duong kinh cot
dng va duong kinh giéng khoan.

Giai phuong trinh (7) véi cac diéu kién bién
(18) bing phuong phap tién cén lién tuc, ta co
diém tiém can dau tién (tai diém 0) c6 dang:

Yo (X)=Ax®+Bx* (19)
A= (4A—%Ij B |4(B' 3A) (20)
Bing phuong phap tiém can lién tuc, két qua

c6 mic d6 chinh xac cao duoc thé hién qua
phuong trinh:

Ejy (x) = Ax—%Px sino.— {3Ax4—ng5}Pcosa
(21)



Tich phan phwong trinh (21) véi diéu kién
bién (719, 20) s€ xac dinh duogc gia tri phan lyc Sa
tai diém A'

s, - BJ Bl

(% ——j Pcosa (22)

120
Poan cot 6ng tha di qua doan than giéng c6
truc udn cong AB s€ dugc tinh toan theo dang

thire sau:
iPllsinowr(A Bl chos E2J —-B 1(23)
12 7 840 DL

Diéu kién cén thiét dé tha cot ong di qua
doan than gleng ubn cong mét cach ty do, do la
(g suat udn trong cot dng pha1 nho hon gi61 han
chay cua vat liéu (co tinh dén hé s6 bén). Piéu
kién nay dugc thé hi¢n nhu sau:

Ely" (1)< Mu%w (24)

trong d6: My- mdmen udn, tai gia tri nay ng suit
cing trong cot dng dat gia tri toi han; o¢ - gidi
han chay cua vat li¢u; W- mémen khang truc tai
tiét dién ctia than 6ng; K- hé s6 bén cho phép nho
nhit [2].

Str dung cac phuong trinh (21) va (22) va tur
diéu kién (24) cho phép xac dinh gia tri gidi han
cua phan lyc tai diém A:

Sa =8—°{W}+1Plsina+[§A+
KLIT] 2 5

Dit cac gia tri Sa va | trong hai diéu kién
bién sau cung cua (18) dé xac dinh gia trj gii
han cua goéc udn, v6i gia tri ndy ung sudt udn
trong than dng sé& dat duoc gia trj toi han:
140(E33A) (mJGW—SSPIsma
B = I 3)K 1 6 _8A

" Plcosa I

Khi xem x¢ét tlép qua trinh tha cot 6ng trong
doan than giéng udn gap, gia thiét doan 6 ong BC
da di qua khuc ubn gap Nhu vay, dé chuyén dich
cot ong trong thén giéng mot doan BC (hinh 1),
cOt Ong s€ uon cong xudng tai tlet dién C:

E—H Pcosa. (25)

(26)

y=—|ls|n§+(I1B—A)cos§ (27)
Mot cach gan diang, ¢6 thé tinh theo:

1 1
y=_§B'1+I16_A:EBI1_ (28)

Tiép tuc, ta c6 twong quan:

A
-2
Y. Bll_A — B

y 05Bl,-A 0,5|1_é

(29)

Phan Iuc cia doan ong BC dugc xic dinh
theo cong thuc:
_3yEJ 3y.E]
° B DP
Khao sat quy luat thay d6i phan Iyc Sa theo
murc do dich chuyén cot dng qua doan ubn cong
ctia than giéng. Gia sir |- chidu dai tac thoi cia
doan 6ng BC khi dich chuyén mot phan trong
than giéng ubn cong; J- doan tang thém khi dich
chuyén cot 6ng theo bién dang doc cua cot 6ng;
dy - doan tang thém twong Ung cua truc ubn cong

(30)

cotong. .
Cé thé viét tuong quan gan dung sau:
p
d, = D 9, (31)
Lit=1lc+d (32)
0,51.=A/pB (33)

) Phan luc t%li diém C cua doan éng BC khi cot
ong dich chuyén mot gia tri nho:
B 38yEJ B BBEJSI
“E D(Ic+8)
St dung cong thirc (34) co thé xac dinh va

tinh toan gia tri mémen udn & diém B cua cot
dng:

M BS,

(34)

3BEJS
:SCESl (Ii +8|)=—|2
D(Ic+8,)
Gia tri mf)men nay co thé dugc st dung dé
xac dinh cac di€u kién bién cia bai toan.
Phuong trinh truc ong udén cua doan cot ong
AB ¢6 dang sau:
—¢)sino |dg

=S, X— '[
(36)

Vay dé giai phuong trinh ndy, can xac dinh
cac gidi han bién:

y(0)=0, y'(0)=0

y(l)=A, EJy"(1)=Sg; (I, +8)

Giai bai toan (35)-(36) bang phuong phap
tiém cdn lién tuc.Gia st tryc ong udn trong doan

(35)

EJy"(x (y—m)cosa+P(x

(37)
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cot dng AB c6 thé viét dudi dang phuong trinh
Sau:
yo(X)=Ax3+Bx* (38)

A_];(zA——MPj ﬁ[ M, - j(ag)
Fl" 76 |6

Ses (IL+6
Ml=$ (40)

Nhu vay, bai toan nay duoc gidi mot cach
chinh xac hon tir dang thirc sau:

EJy"(x)=S x—%P X2 (jAX4+gBX5jPCOSOL

(41)

Tich phan phuong trinh nay véi cac diéu

kién l?ién (37) s& xac dinh dugc gia tri phan lyc
tai diém A:

3
S, = Lplsina+ g, | 14 71008 [k
2 ' 120EJ I
” (42)
Gia tri luc phan tai diém A con c6 thé tinh
toan theo cong thurc sau:

6EJA PI* cosa.
5, (

S, = +025Plsma+§PAcos ————S, (I.+8))
I 70 168EJ

(43)
Khi két hop gitra (42) va (43), tim gid tri
phan lyc tai diém C:

6EJA —0,25PIsin a—::|3'8PIA cosa

3
SCE5| - I 3
1+ PI° cosa (1,+3,)
70EJ
_ Phan lyc tai diém B c6 thé xac dinh mdt cach
gan dang nhu sau:
SBS, =S, +Scs| (45)
L1_J:9 can }(hi cot 6ng dich chuyén trong doan
than giéng udn cong s¢ la:
T, =T (Ses, +Sa+Scs,)
trong d6 f - 1a hé s6 ma sat.
Nhu vy, dé tinh toan gia tri TSI , trudc tién

(44)

(46)

can tinh toan gia tri Scs, theo cong thue (44), sau
d6 xac dinh gia tri Sa theo cong thirc (42) hoac
(43) va gia trj Sy, bang cong thiic (45).

Bing phuong phap tuong tu, ¢6 thé xac dinh

luc cén sy dich chuyen cot dng qua doan ubn
cong cua than giéng theo cong thure khac. D¢ 1a,

40

khi cot dng dich chuyen mdt cach ty do qua doan
uon cong cua than giéng, truc udn cong cia cot
dng duoc x4c dinh theo phuwong trinh sau:

£ ()= Sy~ [[P(y-n)cos(a—B)+P(x—E)sin(a—p)]ek

0
(47)
Nhu vy, d€ giai phuong trinh nay, can xac
dinh cac dicu kién bién sau:

y(0)=0, y'(0)=0
y(h=-a,  y'(l)=-0,58 (48)

Giai bai toan (47), (48) tiém can 0 s€ nhan
duoc:
yo(X)=Ax3+Bx* (49)
1 1
A== P (O 581 - 4A) |—4(3A—0, 5B|) (50)

Gia tri phan lyc tai diém A:

6EIA in(—p)- (B_'_g_AJpcos(oc B)

56 35
(51)
Dé xac dinh gia tri | cn thiét phai sir dung
phuong trinh sau:

I_Z(G_A_sz_EPlsm(a B)+ (82,'0 7JPCOS(G—B)

(52)
Gid tri to1 han cua phan luc tai di€m A s€

SA

la;

S, =

oW . Bl 3A
W isin(c )« (40+ 5jpcos( _p)
(53)
Con theo M. M. Alexandrov va I1U. A.
Voropaev [4] tir cong thire (51)-(53) c6 thé duoc
tinh mot cach gan ding nhu sau:
6EJA

S, = —0,25Plsin(a.—B) (54)
%(%_Bj:—%Plsin(a—B) (55)
[ A]_ (oc B) (56)

voi d6 sai s6 chap nhan tur 10-20%.
4. Két luan

Bing céch tiép can nhu trinh bay & trén cho
phép tinh toan thiét ké tdi wu quy dao than giéng
voi cac thong s6 ki thuat nhu cuong do thay doi
gbc nghiéng, gdc phuong vi hay n61 mdt cach
khéc 1a cuong do thay d6i than giéng trong khong



gian, ciing nhu kiém chimg kha ning di qua cta
bo can khoan va cot ng chong trong doan than
g1eng xién trude khi thi cong. Nguoce lai, cach
tiép can nay ciing 14 co s de thlet ké cac bd dung
cu day hodc ¢ kha niang ndi tiép trong cac doan
than giéng xién dugc thi cong tir trude

Két qua tinh toan cho phép lam co s6 dam
bao an toan trong thi cong xay dung gleng xién
nham giam thiéu nhing phtre tap va su ¢0 trong
qua trinh kéo tha va gia c¢b cot dng chdng.
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ABSTRACT
Calculating the Ability of Bottom Hole Assembly and Casing String tripped thoughthe Hole
Intervals with a High Change in Curvature
Nguyen The Vinh, Hanoi University of Mining and Geology
Tran Xuan Dao, Vietsovpetro

From practical constructed of deviated wells in the fields of Cuu Long basin, when working
in build and drop sections of the well, the tools and equipments, especially threaded connectors will
be affected by fatigue stress. Therefore, the chance of malfunction and destruction is very high. The
abrasion level of drilling string and connectors will increase in the well section which is sharply bent.
When performing the drilling process in the build and drop sections of the wells, drilling problems
cause by sticking bottom hole assembly and equipments are highly occur. On the other hand, while
tripping casing or measuring tools in bending section of the well, the chance that equipments can not
reach the desired depth is very high. Through this paper, the authors present the method of
approaching and specific calculating to test the tripping ability of drill string or casing string though
the well sections with high change in inclination on the perspective of mechanical and material
strength.
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