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Toém tit

Tur khoa:
May khoan nd min kiéu xoay dép, co
hé chiu lién két, phuong phap khur
nhan tir Lagrange, 6n dinh hoa, mé
phoéng so.

Bai bao trinh bay phuong phap xay du’ng mo hinh va thlet lap h¢
phuong trinh dong luc hoc ciia bo gia d& may khoan nd min kiéu
xoay dap do Viét Nam ché tao dua trén phwong trinh Lagrange
dang nhan tir. N¢i dung nghién cuu da xéac dinh dugc luc xi lanh va
cac luc suy rong cta xy lanh, luc suy rong tac dung 1én gia khoan.
Bén canh do trinh bay phwong phap giai h¢ phwong trinh vi phén -
dai s6 sir dung cac diéu kién rang budc gia toc va phuong phép 6n
dinh hoa theo nguyén ly diéu khién truot, cudi cling sir dung cac
phan mém chuyén ding dé giai. Két qua nghién ctru xac dinh duoc
toa do suy rong cua cac khéu trong chudi, tir 46 xac dinh chuyén vi
tai diém can khao sat.

Abstract
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This article presents the method of establishing the dynamic model
and dynamic equations of the holder of the rotary and pursue
driller, made in Vietnam based on the Lagrange multiplier. The
article determined the cylinder force and the generalized force of
the cylinder, the force applied to the drill in detail. In addition, we
also presented the method of solving the differential algebratic
equations using the acceleration constraints and a stabilization
method according to the sliding mode control principle. The
research results determined the generalized coordinates of the
elements in the chain, from which determined the displacements at
the surveyed points.
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1. GIOI THIEU

Thong tin va sb liéu trong qua trinh khai thac s dung may khoan ctia cic don vi Cong
binh cho thay bg gia dd may khoan 10 n6 min do Vi¢t Nam ché tao hoat dong kém on dinh, gy
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rung dong l6n, anh hudng den chit luong 16 khoan va tudi tho ctia bd cong tac [4]. Dé giai quyét
duogc van dé nay, trudc tién can tap trung xay dung mé hinh va cach giai bai toan dong luc hoc
khong gian cua co h¢ gia d& may khoan, tir d6 xac dinh duoc cac toa dg suy rong va chuyén vi
tai diém khao sat. Két qua bai bao 1a théng sé quan trong cho cac bai toan rung dong gia khoan
va ché d6 1am viéc hop 1y ctia may khoan dam bao may lam viéc 6n dinh va hiéu qua.

2. MO HINH HOA BQ GIA PO MAY KHOAN NO MIN
2.1. Cac gia thiét xdy dung mé hinh [1]

Véi dic diém két cdu va nguyén 1y lam viéc ciia bo gia d& may khoan nd min kiéu xoay
dap ché tao trong nudc, dé xay dung dugc mo hinh dong luc hoc, mot sb gia thiét dugc st dung:
Nén may ding va may co so la cing tuyét doi; Bo cong tac 1a mot chudi dong kin bao gom céc
khau lién két voi nhau boi cac khdp va xi lanh thity Iyc, lién két tai cac khop khong co khe ha,
khong c¢6 dao dong, bo qua ma sat va khong c6 bién dang dan hoi, cac xi lanh thity Iyc bi khoa
tai mdi vi tri khoan va xi lanh dugc coi 1a mot phan tir dan hdi do tinh chiu nén cia chit long,
cac khau 13 ctng tuyét dbi va c6 khdi luong tap trung; Khau dan hudéng khoan dugc ghim ty chat
vao vach guong khoan, kich thuée duge chia cac doan ngan tai tac dung theo phuong thang
dimg nho nén coi la cing tuyét d6i va khong bi xo4n do ngau lyc gay ra tr moé men can cat; Xem
mbi trudng khoan 1a ddng nhit va c6 do cimg 6n dinh; Khong tinh dén trudng hop miii khoan bi
bo ket trong lac lam viéc.

2.2. M6 hinh dong luc hoc
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Hinh 1. M6 hinh dong luc hoc may khoan

Mo hinh C}(f)ng lyc hoc qué trinh k,hoan thé‘hién’ trén hinh 1 duogc chia 12‘1;11 6 khé}l gém:
khau 1 (khau de, lac ngang); khau 2 (dot dudi can, lac 1én xuong); khau 3 (dot trén can, tinh
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tién); khau 4 (chup dinh can, quay); khau 5 (khau tam giac, lic ngang); khau 6 (cum gia va miii
khoan, lic 1én xudng). M6 hinh dong luc hoc dwoc xay dung cho truong hop gia khoan ¢ trang
thai gitr va dirng tai mdi vi tri khoan véi 6 toa d suy rong cua 6 khau, véi hai phurong bi rang
budc tai diém ty E va 5 toa do suy rong la chiéu dai cta xi lanh. S§ bac ti do ciia bd cong tac
may khoan 1a bon.

Céc toa do suy rong dung dé xac dinh vi tri cia cac khau theo phuong phap Denavit -
Hartenberg [3], trong d6: ¢, 1a goc quay ctia khéu dé quanh diém lién két O1; q, 1a géc quay cua

can quanh diém lién két 02; q, = d,1a hanh trinh tinh tién cua khau 3 doc khau 2; q,la goc

quay ctia chup quanh diém lién két O4; g, la goc quay cua khiu tam gidc quanh diém lién két O3;

g, la goc quay cua gia dan huéng khoan quanh diém lién két O6.

Bang 1. Bang cac tham dong hoc Denavit — Hartenberg

Biang 2. Cac tham s clia may khoan nd min

Khau 0. | d |a |« |Biénkhép Tham sb ((;::ntl;l Tham s6 | Gia tri (mm)
1 9 dl a -90° 9 dl 869 ” 58
2 % |0 0 90° q, d N 310 1y 46
3 0 |d jo | © d, d, 177 L, 684
4 g, | d, |0 |0 9 d, 1929 l, 530
3 q; | dy | a5 | -90° q; a, 155 L, 237
6 9 |0 a | -90° s a, 160 lﬁy 47
a, 0 l(s 561

Cac ma tran truyén H, (z =1, 2,...,6) c& 4x4 bién doi toa d0 tor mot diém trén hé toa do

khau (z — 1) {%71%7137:7

1

} tdi khau z{x7y7z7} c6 dang:

cosq, -cosq,sing, sinq sing — a cosgq,
_|sing, cosa cosq, -sinq, cosg, a,sing,
H - | (1)
' 0 sin o cosq, d,
0 0 0 1

Thé cac tham sb DH tur bang 1 vao cong thuc (1), ta thu dugc cac ma tran truyén H;,...He.

Ma tran truyén xac dinh vi tri ¢iém ty ctia khau dn huéng trén guong khoan tir hé toa do 6

100 0
010 0
st B =g gy g
000 1
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Céc ma tran truyén D, gitra h¢ toa do gbc {zo,yo,zo} téi khau ¢ {:cj,yi,zj}:

D =]]H, 2)
k=1
A i r©
Céc ma tran truyén c6 dang: D = OTL—:——T— (3)
|
|

Tach ma tran c& 3x3 clia ma tran truyén, ta thu dugc cac ma tran quay cia khau thur 7 va

vecto xéc dinh gbc toa do khau thir i: A 7" 4)
Ta c6 thé tinh tryc tiép van tc goc kﬂéu thl'r ¢ cia may khoan dua trén cong thirc tinh van
tbe gbc vat rin thong qua ma tran quay cta no: w ATA (%)
Wl |9
T (5), suy ra bicu thirc van toc goc khau thr i ciia may khoan: w'” = |w!!| = &) (6)
W o

121

Ma tran D_ cho biét vi tri ciia diém ty E. Phuong trinh xac dinh vi tri diém ty E ctia khau
dan huéng:
ok = ((cos( q5) (ab’ cos(qe) = sin(qﬁ) d6 + a5) cos(q4) + sin(q4) (cos(qﬁ) a6

+ ab sin(qﬁ) = d5)) €o8(g,) — CO8( g;) sin(qg) sin(qs) ab + (sin(q5) sin(qe) dé
—a)d sin(q5) +d4+ qB) sin(qg) A al) cos( ql) EiF sin(ql) ((cos(qﬁ) d6 + ab sin(qﬁ) 7
- d5) €0s(g,) — cos(gy) sin(q4) (aff co8(gg) — sin (%) dé + a5))
yE = ((cos(qB) (aé’cos(qﬁ) —sin( 6) dé + a5) cos(g) + sin (%) (cos %) d6
+ ab sin(qs) — d5)) cos(q?) — cos(qs) sm(qg) 5111(q5) ab + (5111( ) sm(qB) dé
—ad sin( a) g qB) sin(qg) 4 aI) sm(ql) — cos(q,) ((cos(q ) dé6 + a6 8111( 6)(8)
_ — d5) cos(q4) — cos(qB) sin(q4) (aé’ cos(qs) — sin qe d6 + a5))
gl = (—cos(qs) (aé’ cos(gg) — sm(qG) dé6 + ab') €o8(q,) — sin (%) ( (%) dé
+ a6 sin(qa) = dﬁ)) sm(qQ) + (—cos(qe) 5111(q5) ab + (5111(q6) d6 — a5) 5111(q5) 9)
+d4+ q3) cos( 4,) + d1

T

Goi m, I khdi lugng cia khau thit i, . =2,y 2| 1avitrikhditam C, trong hé toa

do gbc {x Yy 2 } r = [x(i) y z(i)r vi tri khdi tdm C trong hé toa do {xyz } I" 1a ma
‘ 07070 > i Ci’ICi? TCi . i ‘ : ‘ i7i70 ) i
tran quan tinh cua khau 1 tai C; trong {x“yqz?}

Vécto xac dinh vi tri khdi tam 7. duoc xéc dinh boi: . =1, + Ar", (i=1,2,..,6) (10)
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Trong do cac vécto 1’7@ 14 cac tham sé thiét ké dwoc cho trong bang 3.

Bang 3. Vi tri cac khéi tam va cac ma trdn quan tinh cac khau trong hé toa dd khau

Vi tri khéi tim ) Ma trin quan tinh khoi
Khau ) ) ) Khoi lwgng

T, YL 2 L [ dy | L | Ly | Ty | In
1 _ll.'l: lly 0 ml le Ily Ilz ley Ilyz Ilzx
2 0 0 l2 m2 IZX IZy I22 Iny I2yz IZZX
3 0 0 _l3 m3 I3x I3y I3Z I3xy I3yz I3zx
4 0 d 4 0 m 4 I4x I4y I4Z I4xy I4yz I4zx
5 _Z5 z l5y 0 m5 ISX ISy ISZ ISXy ISyz ISZX
6 0 lﬁ 0 m(ﬁ IGX IGy IGZ Iéxy I6yz IGZX

Céc ma tran Jacobi tinh tién va ma tran Jacobi quay cua céc khau dugc xac dinh boi:

or .
J,.(q) = 8—7 : ma tran Jacobi tinh tién ctia khau i (11)
q
. Ow"”
JV(q) = 8—7 : ma tran Jacobi quay cta khau i (12)
/ q
T
Trong do cac toa do suy rong du xac dinh vi tri co hé 1a: ¢ = |q qZ u’ (13)
T
q, = [ql q, d, gq,| :Céctoado suyrongdoc lap (14)
T
q, = [q5 q,| : Céc toa dd suy rong phu thudc cua may khoan (15)
T « A . .
u = [ul u, w, u, wu| :Cacchi€udaixilanh (16)

Ma tran khdi luong suy rong (ma tran quan tinh) dudc xac dinh bai [2,3,6]

6
Mi(q) = Y|} m, J,, + T 10T (17)

Ri
=1

Ma tran quén tinh ly tdm va Coriolis dugc xac dinh nhd sir dung dao ham ma tran khdi
luong suy rong theo toa do suy rong va tich Kronecker [8]:

T

C(q,(j):lM(In@)(j)-i- (18)

OM(q) .
2| oq 5q 1®L)

oM(q) ( :
q

94 q®In)

6
Thé nang cia hé dugce viét dudidang: 1 =-) mg'r, (19)

1=1
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T .
trong d6 g = [O, 0, — g} véi gia toc trong truong g ~ 9.81 m / s*. (20)

g (2l

o) (<&
— = ZmJTT
0q =

Vécto luc trong truong dugce xac dinh boi biéu thirc: h(q) = —

2.3. Xéc dinh lyc suy rong
2.3.1. Xdc dinh lyc suy rong cia xy lanh

Ja

Py Fs

Hinh 2. M6 hinh dong luc hoc cua xy lanh thuy luc Hinh 3. M6 hinh tinh toan lyc suy rong cua xy lanh
Luyc tac dong vao xy lanh dugc x4c dinh tir [11] theo cong thirc téng quat sau:

T .

Lo |+ 2y (0)]:8, — ki (22)

0B

+p,00).5, —|E,.In

T
F = —EU.ln 1+l—
04

Khi x4c dinh dugc lyc xy lanh theo (22), ta ¢c6 mé hinh lyc xy lanh tac dung 1én céc khau

hinh 3.

Cong suét cua lyc xy lanh la:
P = ﬁz;(zk) (BP - sz) 23)
Mat khac, tir hinh 3, ta xac dinh duoc
iy =7, =T, =, =7, — T, =1, — 1, (24)
(25)

Thé (24) vao (23), ta ¢o cong sudt P = F\Vi .
Chu y rang ﬁ(f>,ﬁk 1a cung phuong. Goi ¢, 1,0 1an lugt 14 goc tao boi l_Zk S0 VvOi cac truc
toa d6 cb dinh cua hé {xoyozo} tuong ung. Ta thu dugc cac cosin chi hudng cos g, cos ), cosf .

Chii y rang;
cos’ ¢ + cos” 1 + cos’ 0 =1 (26)
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Ta co:
ﬁ;l’” = Fm(l”") (cos @€ +cosype + cosbe ) 27
i, =u, (COS goé’% + cos @Dé’yn + cos 9520) (28)

Trong d6 € ,5y ,€_la cac vécto don vi trén h¢ quy chi€u co dinh {xoyozo} , d6 la cac vécto
0 0 0

hang.

Dao ham hai vé (28), ta thu duogc

ﬁk =1, (cos goé;o + cos @bé’ye + cos GE’ZO) +u, %(cos 905% + cos @b@yﬁ + cos 0520) (29)
Thé (29) va (27) vao (25), ta thu duoc biéu thirc cong suat

P=F" (OOS ©+cosy? + cos’ 9) + FPy CDSSOdcosgo +cos¢% +cosd dc;s@] (30)
Pao ham (26) va thé vao (30) v6i cha ¥ ring

%(0052 @ + cos’ Y + cos’ 9) =0=2 COSQOCZC;% + cos Y deosy + cosf dCOSQ] (31)
Thé (26) va (31) vao (30), ta duoc biéu thirc cong suat: P = F U, = Er(l“ 88—1;"'(1 (32)
Tir do, Iyc suy rong ciia xy lanh: Q%) = g—]; (Z:; P (33)

2.3.2. Xdc dinh lyc suy rong cua lyc tic dpng vao gida khoan
Bay gio, ta xac dinh luc suy rong cua lyc tdc dong vao gia khoan ﬁG(t) va mémen xoin

) do Iwc cit gay ra khi lam viéc. Lyc F ( ) tac dung nguoc chiéu voi tryuc Z, cua h¢

My (¢
{7} -

Tir d6, céc hinh chiéu cua ﬁG (1) 1a: F((}6> =|0|F,(t) = FC(IU) = AGFCEG) (34)
—1
0
Luyc suy rong cua F(t): Q,, = J, F" = J; .| 0 |F,(t) (35)
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Oz,
dq
. o or" oy
Trong d6 J_ . 1d ma tran Jacobi cua vi tri diém ty E: J,, = —f— = |—£ (36)
dq dq
0z,
dq

véi .,y 2, duge xéc dinh tir (7), (8) va (9).

Lue M, (t) quay cing chiéu kim déng hd khi nhin tir truc z, cia hé {z,y,z, } . Tir do,

0
céc hinh chiéu cua M (t) 1a: MY =] 0 | M (t). (37)
-1
0
Luyc suy rong cua M_(t): Q. = J;EMS) =J,.| 0|M () (38)
—1
dw'”
J \ A . 5 A A L. 6
Trong d6 J, . 1a ma tran Jacobi quay ctia khau s0 6: J,,(q) = P (39)

voi w ) duoc xac dinh tir (6).
2.4. Thiét 1ap cac phwong trinh lién két
Céc phuong trinh lién két (rang budc) vi tri diém ty E:

=y, Y =0 (40)
¢ =z, —2,=0

Trong d6 y,,,2,, latoa do cua diém ty & trang thai giit va dimg ban dau.

Chi y ring |u, | 1a chiéu dai xy lanh. Viée thiét lap diéu kién |u, | nho cong thire (24):

2

Pi

<I> —‘u‘ ‘r -7

(TOJ T A'u;j)> N (TOi + Aﬂé?))

J

=0 (k=34,.7)@D)

3. PHUONG PHAP SO GIAI HE PHUONG TRINH VI PHAN - PAI SO

Phuong phap giai hé phuong trinh vi phan - dai s6 thudng 1a bién doi hé phuong trinh vi
phan - dai s6 vé hé phuong trinh vi phan thudng. Sau d6 s dung thuat toan s6 giai hé phuong
trinh vi phan thuong.

St dyng phuong trinh Lagrange dang nhan tw, ta thu dugc hé phuong trinh vi phén - dai 5O
mb ta chuyén dong cta hé nhiéu vat holoném chiu lién két giit va Iy tuong [3].
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M(q)i+C(q.4)q+h(qg)=Q— 2" (q)A (42)
P(q)=10 (43)
Trong d6 Q la vecto luc suy rong Gng voi cic luc hoat dong khong co thé (luc

177727

F (t),MG (t) va cac luc xy lanh), A = [A A )\7]T la vécto cac nhan tu Lagrange,

b=\, ...,<I>7]T 1a cac diéu kién rang budc (40), (41), {liq la ma trdn Jacobi cua @ co
7

G (44)

Dua vao vécto p = Q —C (q, q)q — h(q) va cha y dén cac phuong trinh lién két ta nhan
duogc hé phuong trinh vi phan dai s6 mé ta hé nhu sau

M(q)g + P (@) = p,(t,q,9) (45)
?(q) =0 (46)

Dé giai hé (45)-(46), cac diéu kién dau twong thich 1a can thiét, nghia 13 cac diéu kién dau
can thoa man cac phuong trinh lién két hinh hoc va dong hoc

®(q,) =0, (47)

B(q,)q, =0 (48)

Heé phuong trinh vi phan dai s6 (45)-(46) c6 thé duogc giai bang phuong phap s6. Mot sb ki
thuat hay dugc sir dung nhu tach nhan ti Lagrange, phuong phap 6n dinh lién két, va phu:ong
phap dua vé toa do tdi thiéu. V& co ban, khi 4p dung cac phuong phap sé cho phuong trinh vi
phan thudng ta thuong sir dung dao ham bac hai ctia phurong trinh lién két.
Dua trén gia thiét rang cac lién két trong hé 1a 1y tuong, do d6 téng cong 4o cua cac luc lién két
triét tiéu. Dé khir cac luc lién két va dua vé hé phuong trinh vi phan thuong, ta st dung ma tran
khir dinh nghia boi

(49)

voi cac ma tran Jacobi dugc suy ra tir phuong trinh lién két thoa man
®(q)q = ®,(9)q, + (q)q, =0

trong d6 q,,q, twong Umg la cac toa do doc 1ap va toa do phu thudce.
Nhan tir trai ma tran R" (q) véi phuong trinh (45) va chi y t6i R" (q)®" (q) = 0 ta nhan
duoc:

R'(q)(M(q)§ + C(q,4)q + h(q)) = R" (9)Q (50)
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Két hop phuong trinh (50) véi dao ham hai lan phuong trinh lién két theo thoi gian ta nhan
dugc h¢ phuong trinh vi phan thuong sau:

R"(q)M(q)i + R"(9)(C(g,9)d + h(g)) = R (9)Q

®(q) =0

hay

R'(9M(q) . |R"(@)Q|  |-R'(¢)(C(a.9)d + h(q) .
®(q) 0 —(q)q '

D6 1a hé phuong trinh vi phin thuong n phuong trinh n an. Giai hé phwong trinh vi phan
thuong trén voi diéu kién dau tuong thich ta nhan dugc cac toa do suy rong q(t).

On dinh héa theo nguyén Iy diéu khién truot

Dua trén nguyén 1y diéu khién truot, thay vi sir dung truc tiép phuong trinh lién két (51), ta
su dung phuong trinh

R'(@M(g)|, |R'@Q|, | ~R'(a)(Cladd+hla) )
®(q) 0 —[®(q) + AP(q)|q — Ks — ksgn(s)
voi s = B(q) + AP(q) = P(q)q + AD(q), A =diag( AL\, A ]) >0 1a ma trén hé sO xéc
dinh duong.

Luu ¥ rang, khi st dung phu:(mg trinh (52) & md phong hién twong chattering s& xudt hién
trong dap ung cua hé do ham sgn. bé khac phuc hién tuong ndy, trong mo phong sb ta sé thay
thé xap xi sgn boi mot trong cac ham tron xap xi sau: sgn(s) ~ tanh(cs), ¢ > 1.

4. MO PHONG SO

Trong muc nady, cac két qua md phong sd cho bo gia d& may khoan duoc trinh bay. Khi
tinh toan c6 st dung phuong phap 6 6n dinh hoa theo nguyén 1y trugt.

Khi thay cac tham s6 ket cau, gia tri ma trn quan tinh khau, thong sO xi lanh thay lyc, toa
d6 diém dau diém cudi ciia mdi xi lanh, toa dd ban dau cua cac khau, luc suy rong vao mo hinh
tinh toan. Cac két qua mo phong bﬁng MATLAB duya trén so d6 thuat toan chwong trinh nhu
hinh 4.

Luyc va mdémen xodn tac dung 1én khau din huéng déu khoan dugc thé hién & cac hinh 6-7.

Db thi cac toa dd suy rong xac dinh cac khau dugc thé hién trong cac hinh tur 8-13.
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Hinh 6. P4 thj ham hoa lyc F,

Hinh 5. So dd tuwong tac miii khoan sinh ra Fgva Mg
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Hinh 14. Sai s6 ctia phuong trinh lién két
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Hinh 15. Db thi chuyén vi ctia diém S cach diém ty mét doan Ig

5. KET LUAN

Bai bao thiét 1ap phuong trinh dong luc hoc cia bd gia d& may khoan nd min dya trén
phuong trinh Lagrange dang nhan tir, d tinh toan chi tiét Iyc xi lanh va cac luc suy rong cua xy
lanh, luc suy rong cua lyc tac dung lén gia d6. Bén canh do trinh bay phuong phap giai hé
phuong trinh vi phan — dai s6 ma sir dung cac diéu kién rang budc & mirc gia tdc va phuong phap
on dinh hoa theo nguyén ly diéu khién truot, sau do st dung cac phan mém MATLAB, MAPLE
dé giai. Theo trang 341 tai liéu s [3] tai ban nim 2017, sai s6 cua phuong trinh lién két

¢ = \/gbf +¢] 4+ ¢, & 10" m, mat khac khi so sanh két qua tinh toan 1y thuyét chuyén vi
tai diém S voi két qua do thuc nghiém co sai sb 9,433 % khang dinh phuong phép ham hoa gia
tri Fg va Mg, phuong phap xay dung m6 hinh h¢ nhi€u vét khong gian cua may khoan va thuat
toan giai hé phuong trinh vi phén - dai so 1a hoan toan tin cdy.
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