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Tém tit

Bai bao trinh bay bai toan mé hinh hoa va phan tich dong luc hoc bang phuong trinh Lagrange dang nhan tir
v6i co hé 1a hé gid do may khoan nd min kiéu xoay dap do Viét Nam ché tao. Noi dung nghién ctru trinh bay
cac budc xay dung mo hinh dong luc hoc 3D, tinh toan luc va céac luc suy rong tac dong vao co hé. Viéc giai
thudt duoc trinh bay theo phuong phap gidi hé phuong trinh vi phan - dai $6 ¢ sir dung cac diéu kién rang budc
& mirc gia téc va phuong phap 6n dinh hoa Baumgarte. Két qua nghién ctru xac dinh chuyén vi tai diém khao
sat, 1am co s& danh gia su rung dong clia may véi cac trudng hop tac dong cua ngoai luc. Tir d6 khuyén céo
trong thiét ké, ché tao va sir dung méay khoan ché tao trong nude.

Tir khod: may khoan n6 min kiéu xoay dap; phuong trinh vi phan - dai sd; phuong phéap khir nhan tir Lagrange;
6n dinh hoa Baumgarte; hé nhiéu vét.

DYNAMICS OF A SPATIAL MODEL OF THE PERCUSSIVE-ROTARY DRILLING MACHINES USES
CLOSED-LOOP MULTIBODY SYSTEM

Abstract

This paper presents the problem of modeling and analyzing dynamics by the Lagrange multiplier equation with
the mechanical system being the supporting system of the percussive-rotary drilling machines manufactured
by Vietnam. The content of the study presents the steps of building a 3D dynamical model, calculating forces,
and generalizing forces acting on the mechanical system. The algorithm is presented by solving the system of
differential algebraic equation using the constraints at the acceleration level and the Baumgarte stabilization
method. The research results determine the displacement at the survey site, as a basis for evaluating the ma-
chine’s vibration with the impact of external forces. From there, recommendations in designing, manufacturing,
and using drilling machines manufactured in Vietnam.

Keywords: the percussive-rotary blast-hole drilling machine; differential algebraic equation; lagrange multiplier
method; baumgarte stabilization; multibody systems.
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1. Dit van dé
Xay dung duong him phuc vu cac muyc dich dan sinh va qudc phong di va dang duoc dit ra véi
nhu cau ngay cang 16n, kéo theo d6 la nhu cau st dung ngay cang nhi¢u may moéc thict bi chuyén
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dung. Str dung thiét bi khoan xoay dép lip trén may dao thong qua hé gia d& dé khoan 16 nd min 1a
mot giai phap kha thi, cho phép ning cao dang ké ning suit lao dong. Tuy nhién, khi thi cong duong
ham khiu d6 vira va nhé nhu dudng him quén su thi yéu cau dit ra voi thiét bi phai nhé gon, co dong,
hoat dong an toan, on dinh va hiéu qua. Mot trong cac bo phan lién két, hd trg cho cong viéc cua bo
cong tac, co anh huong 16n t6i chét lugng lam viée clia toan may 1a hé gia d& thiét bi khoan. Trong
qua trinh lam viéc, h¢ gia do 1a bo phan trung gian gitta may co s& va cum khoan, chiu toan bo tai
trong va dap tao ra tir cum khoan khi lam viéc. May khoan nd min do nude ngoai ché tao c6 tinh nang
hién dai, thi cong hiéu qua va ning suét cao, tuy nhién san pham chu yéu phyc vu thi céng him c&
16n v6i gia thanh cao va kho khan khi sira chira bao dudng do phu thudc ngudn phuy ting. Vi nhimng
gia khoan ché tao trong nudc thuong dugce thuc hién theo kinh nghiém va chép mau, san phém con
ton tai han ché nhu gia khoan rung lic 1am anh huéng dén d6 chinh xac cua 15 khoan va ning suét thi
cong [1].

Céc tac gia [2-4] da nghién ctru thiét ké va ché tao thiét bi khoan n6 min kiéu xoay dap thi cong
duong ham quén sy khau d6 vira va nho. Thiét bi nay phu hop voi khong gian va dic diém thi cong,
tuy nhién con mét sb tOn tai nhu hé gia d0 may khoan hoat dong kém 6n dinh, anh hudng dén chat
luong 16 khoan va tudi tho ciia két cau. Dé giai quyét duoc vn dé nay, can tap trung giai bai toan dong
lie hoc ctia co hé theo 1y thuyét [5—7] nham xac dinh dugc cac thong sé vé phd bién dé tan s cua cac
khau va diém khao sat. Két qua nghién ciru 1a co s& danh gia chét luong 15 khoan ctia may khoan n6
min ché tao trong nudc, ...

Noi dung nghién ctru dong luc hoc cua hé nhiéu vat ¢6 cAu tric mach vong dugc tac gia dé cap kha
k¥ trong cac tai liéu [8—12]. Trong nhitng tai liéu nay, nhoém tac gia dua ra cach thic thiét 1ap phuong
trinh dong luc hoc cia hé nhiéu vat ¢6 ciu tric cay béng cac phuong trinh Lagrange loai 2, con voi
céc robot song song tac gia sir dung phuong phap tach cau trac va phuong phap Lagrange dang nhan
ttr dé thiét 1ap phwong trinh chuyén dong cua co hé nhiéu vat. Ngoai ra, nhom tac gia da trinh bay hai
phuong phap s6 giai bai toan dong luc hoc nguoc robot song song [8], d6 1a phuong phéap dua trén
cac phuong trinh Lagrange dang nhan tir va phuong phap dua trén cac phuong trinh vi phan thu gon
vé cac toa do t6i thiéu. Bén canh d6, nhom tac gia ciing dé xuét ba thuét toan bién 601 phuong trinh
chuyén dong cua hé nhiéu vt cau trac mach vong tir dang phuong trinh vi phan - dai s6 sang phuong
trinh vi phan thuong dé giai bai toan dong luc hoc [7].

Tai lidu [9] da d& xuat phuong phap on dinh héa phuong trinh lién két ctia hé nhiéu vét c6 cau
trac mach vong dua trén nguyén 1y truot, do trong qua trinh tich phan cac lién két ciia co hé c6 thé bi
pha v&. Tai liéu [13, 14] nghién ctru 4p dung phuong phép 6n dinh hoéa Baumgarte khi giai co hé bang
phuong trinh Lagrange dang nhan tg.

Tai liéu [15] nghién ctru dong luc hoc xi lanh thuy luc din dong co cau lai trén may xay dung,
trong mo hinh tinh dong lyc hoc xi lanh thay luc co ké dén do nhét, mo dun dan hdi va hé sb can cua
moi chit cong tac. Tac gia da dénh gié anh hudng mot s6 thong s6 cia xi lanh thﬁy luc tc’yi dd chinh
xac cua hudng lai nhu: thong s6 cua dau thuy I cong tac, van phan phdi, dudng éng, cat ndi, 1o ri,.
Két qua nghlen ctru, thdy ring ap suat va thé tich ciia dau thiy lyc trong céc khoang ctia xi lanh anh
huong nhiéu d chinh xac ctia hudng 1ai. Tuy nhién mé hinh dong luc hoc cua xi lanh thuy lyc moi
chi xét cho bai toan phang.

Tai liéu [1] nghién ctru dong hoc va dong luc hoc hé gia d& thiét bi khoan va da tinh toan truc tiép
dong luc hoc xylanh thity lyc, nghién ctru dong luc hoc khong gian hé gia do thiét bi khoan nd min
st dung dang thuc hé¢ nhiéu vat c6 cdu tric nira kin nira hd, chiu tuong tdc moi trudong. T d6 lam co
s& cho cac nghién ctru tiép theo vé lién két va diéu khién bang xylanh thuy Iyc. Theo tai liéu [1], khi
tiép can v6i may khoan 16 nd min, phan 16n cac tac gia tap trung nghién ciru vé dong luc hoc cum
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dau khoan, vé ché do lam viéc cua cum dau khoan, vé tuong tac miii khoan véi da, vé bién dang cua
can khoan,... ma rat hiém c6 tai liéu nao nghién ctru vé dong luc hoc hé gia do thiét bi khoan. Mt
khac, dbi twong nghién ctru ctia bai bao 14 co hé nhidu vat dugc lién két va din dong boi cac xi lanh
thuy luc, rung dong ciia co hé 1a do xi lanh thay Iyc khi coi cac khau va khép cimg tuyét ddi, khong
ro 16ng. Trong qua trinh 1am viéc hé gia d& nay c6 vai trd giit 6n dinh va din huéng cum dau khoan
thong qua gia trugt duoc ty vao vach da.

Tir nhitng van dé con ton tai cia hé gia khoan ché tao trong nudc va cac co sé khoa hoc tir nhiing
cong bd néu trén, bai bao nay tap trung khao sat va phan tich dong luc hoc khong gian may khoan nd
min sir dung dang thirc hé nhiéu vat c6 ciu tric nira kin nira ho giup khuyén cao trong thiét k& ché tao
va str dung thiét bi.

2. Xay dung mé6 hinh dong luc hoc
2.1. Cdc gia thiét xay dwng mé hinh

Dbi tugng nghién ctru ciia bai bao 1a may khoan nd min kiéu xoay dap MK-Z49 duogc ché tao tai

Nha may Z49 - Binh ching Cong binh, c¢6 so dd ciu tao nhu sau (Hinh 1).

Hinh 1. So db c4u tao may khoan né min MK-Z49

1 - May co s0, 2 - Khau dé, 3 - Can may, 4 - ?6t trong can, 5 - Chuyp d%iu cép, 6 - Cum‘méy khoan,
7 - Gia tam gi~éc, 8 - Xi lanh nang ha gia dan huéng khoan, 9 - Co cau ch(‘)qg cong can khoan,
10 - Gia dan huéng khoan, 11 - M}ii ty vao guong khoan, 12 - X1 lanh lac gié tam giac;
13 - Xi lanh néng ha cén; 14 - Ludi ui; 15 - Xi lanh lac khau dée.

bé xay dyng md hinh dong luc hoc, mot sb gia thiét dugc dua ra nhu sau: Nén may dung, cac
khau ciia chudi va may co sé 1a cimg tuyét doi; Bo cong tac 1a mot chudi dong kin bao gdm céac khau
lién két voi nhau boi cac khop va xilanh thay luc, lién két tai cac khop khong c6 khe ho, bo qua ma sat
va khong c6 bién dang dan hdi, cac xi lanh thay luc bi khoa tai mdi vi tri trude khi khoan va xi lanh
dugc coi 1a mot phan tir dan hoéi do tinh chiu nén cua chét long; Cac khau cé khbi lugng tap trung;
Khau dan hudng khoan dwgc ghim ty chit vao vach guong khoan, cimg tuyét ddi nén khong bi xodn
do ngau lyc giy ra tir mé men can cat; Xem moi truong khoan 1a déng nhét va c6 do climg 6n dinh;
Khong tinh dén tredng hop mili khoan bi bo ket khi 1am viéc.
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2.2. M6 hinh dong lyc hoc

Trén co s& két cAu va hoat dong ctia may thue, mé hinh (Hinh 1) dugc chia 1am 6 khau gdm: khau
1 (khau dé, lic ngang); khau 2 (d6t dudi can, lic 1én xudng); khau 3 (d6t trén can, tinh tién); khau
4 (chyp dinh can, quay); khau 5 (khau tam giac, lic ngang); khau 6 (cum gia d& dau khoan, lic 1én
xubng). M hinh dong luc hoc duoc xay dung cho trudng hop gia khoan & trang thai giit va ding tai
mdi vi tri khoan véi 6 toa d suy rong cling véi hai phuong bi rang budc tai diém ty E (Hinh 2). Cac
toadosuyrongq=[q1 g2 q3 qs g5 gqe]ding dé xac dinh vi tri ctia co hé theo phuong phap
Denavit - Hartenberg [6]. M6 hinh hé gia d& may khoan c6 6 khau giit va dimg, chiu 2 lién két theo
hai phuong yg va zg.

h¥'z

b .2 o
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=z Lt N e lS ] e
G e

dr

Hinh 2. M6 hinh ddng luc hoc may khoan

Coi cum miii khoan, cdn khoan va mé to khoan 1a mot khdi lugng tap trung (khau 7) chiu tac dung
cua lyc thay ddi tac dung lién tuc trong qué trinh khoan, t6 hop luc nay 13 ngoai luc tic dong vao gia
dan hudng may khoan (khau 6). Cac khau lién két v6i nhau bang khép ban 1& O; (khau 1 véi khau 0);
O, (khéu 2 véi khau 1); khép quay O4 (khau 4 vai khau 3); Os (khau 5 vai khau 4); Og (khau 6 voi
khau 5) va lién két tinh tién gitra khau 3 véi khau 2. Cac tham ) dong hoc D-H (Bang 1), vi tri cac
khéi tAm va cac ma tran quén tinh cac khau trong hé toa d6 khau (Bang 2) c¢6 thong sb nhu sau:

Béng 1. Bang tham s6 dong hoc Denavit - Hartenberg

Khau HL' d,‘ a; a; Blén kh()‘p
1 q1 dy ai -90° q1
2 ) 0 0 90° q2
3 0 ds 0 0° d3
4 q4 dy 0 -90° q4
5 qs ds as -90° qs
6 46 0 ag -90° 46
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Béang 2. Vi tri cac khéi tAm va cac ma tradn quan tinh cac khau trong hé toa d§ khau

X Vi tri khdi tim Khdi Ma tran quén tinh khdi
au _ - ;
x(cl) y(cl) Z(Cl) fugng Lix Ly I Ly Ly, Lo
1 -1y lly 0 m Jix ]]y J1z J]xy lez Jizx
2 0 0 I my Jox Joy Jo; Joxy Jay; Jozx
3 0 0 -1 ms3 J3x J3y J3; J3xy J3yz J3zx
4 0 dy 0 ny Jax J. 4y Ja, J. 4xy J. 4yz Jazx
5 - Isy lSy 0 ms Jsx JSy Js; JSxy J5yz Jszx
6 0 le 0 me Jox Ji 6y Jo: J, 6xy J, 6yz Jozx
Cac ma tran tmyén H;(i=1,2,...,6)c04 x4 bién d6i toa d tir mot diém trén hé toa do khau

i—1{xi_1,yi-1,zi-1} t61 khau i {x;, y;, z;} c6 dang:

cosq; —cosa;sing; Ssina;sing; a;cosq;
H = sing; cosq;cosq; —sin@;cosq; a;sing; (1)
! 0 sin ; COSs @; d;
0 0 0 1

i
Cac ma tran truyén D; gitra hé toa do géc {x0, y0, 2o} t&i khau i {x;, y;, z;}: D; = l_[ Hj, cac ma tran
k=1

0" 1
Ma tran khéi lugng suy rong (ma tran quan tinh) dudc xac dinh boi [4]

o 0
truyén c¢6 dang: D; = [ Ai 1o ]

6
M(q)= ) [JFmidri+Tg 115 )
i=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 [11]:

1|om oM oM !
cad=+|ZLu 09+ HEL o1 - (L Gor, 3)
21 Oq oq 0q
Thé nang cua hé dugc viét dudi dang:
6
M=-> mg'r (4)
i=1
trong d6 g = [0,0, —g]” vdi gia tc trong truong
g~ 9.81 m/s? (5)

o\ (&
g(g) = —(%) =(Z miﬁi}g (©)
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Vécto lyc trong truong duge xac dinh boi: Cac phuong trinh lién két (rang budc) vi tri diém ty E:

fi=Ye—-Yee =0
f=ze—-7ze =0

(7

trong d6 ypg, zer 12 toa d6 cua diém ty E ¢ trang thai gitr va ding ban dau.
Str dung phuong trinh Lagrange dang nhén tir, ta thu dugc hé phuong trinh vi phan - dai sé mo ta
chuyén dong cta hé nhiéu vat h616ném chiu lién két giit, dimg va Iy tuong [6]:

M(9)j +C(g,§)§ + g(q) = Q - D} (9)A (8)
fl@9=0 ©)

trong d6 @ 1a vecto luc suy rong tng voi cac luc hoat dong khong cod thé (luc Fg(t), md men Mg(¢)
va cac luc xy lanh), 4 = [4, 1,17 14 vécto cac nhan ti Lagrange, f = [fi, fz]T 1a cac diéu kién rang

budc, ®, 1a ma tran Jacobi cua f cd 2 X 6, véi ®, = P Hé phuong trinh vi phan - dai s6 (8) va (9)
q

c6 thé trién khai theo dang sau:

myp ... Mg q1 i1 ... Ci6 q1 81 01 Dy Dy 1
me1 ... Meg de c61 .- Co6 g6 g6 O¢ D1 D26 2

=0

2.3. Luc suy rong cua cac lyc hoat dong
a. Cac lyc hoat dong
Céc lyc hoat dong tac dong vao co hé dugc thé hién chi tiét (Bang 3).

Béng 3. Cac luc hoat dong tac dong vao co hé

TT Luc hoat dong Ky higu Cach xac dinh
1 Luyc tac dong vao gia khoan Fs () Xac dinh béng thyc nghiém
2 M0 men xoén gia khoan Mg(t)  Xéac dinh b%mg thyc nghiém
3 Phan luc cia da vao miii ty Fp()  Xac dinh theo ly thuyét két hop thyc nghiém
4 Luyc hoat dong cua lyc xi lanh Fy Xac dinh theo 1y thuyét
5 Ngau luc tuong tac giita khau 4 va khau 3 M, Xac dinh theo 1y thuyét

; Khau 6 x;
ze T N Falt
W E S b 0 T

Matt)

Hinh 3. Ngoai lyc tac ddng vao co hé
Fc(t) va Mc(1) 1a phan luc va mo6 men can tac dung vao miii khoan, Fg(f) va Ms() 1a lyc va mo men tac dong
cua cum khoan Ién gia dd, 1- Miii khoan, 2- Co cAu chéng cong cAn khoan, 3- Cén khoan, 4- Cum may khoan,
5- TAm dé lién két may khoan v&i ban truot, 6 Gia dan huéng khoan, 7- Xi lanh dn tién, 8- Nhanh cap tién,
9- Cum puly cap, 10- Nhanh cap lui, 11- miii ty cta gia din huéng vao guong khoan
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- Luc F, (1) va mé men Mg(t) tac dong tir miii khoan vao co h¢ (Hinh 3).
- Luc Fp(t) tac dong tir d4 vao miii ty cua gia din huéng khi may lam viéc (Hinh 4).
- Nghu lyc sinh ra tir lién két khau 4 va khau 3 (Mj) 6 Hinh 5.

X7 M
Khau 6 G
% C M4
Z7 F/Vg E
i
k g 5’ Khap 4
Fol®) %\)
Hinh 4. Luc tac dong vao miii ty cta gia khoan Hinh 5. Mo ta lién két giita khau 3 va khau 4

- Lyc sinh ra tir cac xy lanh thuy lyc (ﬁ xl) (Hinh 6 va Hinh 7).

X
-
Qrpt
F ‘ T =) F
2\‘ A 3‘7/ Se P e @
M Tg:‘ hoa - e 'Dsl : hoa by
Hinh 6. M6 hinh dong lyc hoc cua xy lanh thuy luc Hinh 7. M6 hinh tinh toan lyc tac dung

cua xy lanh thuy lyc

b. Cong suét cia cac lyc hoat dong tac dung vao co hé

Cac xac dinh cong suét cua luc F, (1), cong suét ctia mo men Mg(t), cong sut cta luc tir da tac
dung lén dief:m ty Fp va cong sudt cua luc tac dong gitra khau 4 va khau 3 da dugc trinh bay k¥ trong
[1, 6], cu thé:
- Cong suit ciia ngoai luc tac dong 1én gia khoan:

Biéu thirc cong sut cua luc Fg(r) cb dang:

- - N T
W (Fo) = Fair = (FG') vr (1
trong d6 vy 1a véc to van toc diém tac dong 1én gia khoan (diém T).

vr =Jrq (12)

v61 Jr 1a ma tran Jacobi cua véc to vi tri diém T:

= (13)

0
gy 0 [ ovr oar )
""" og | 0qg g g

v6i xr, yr, zr 1a toa do diém tac dong T. Vi diém T thudc gia khoan (khau 6) nén néu toa do dia
phuong cta no trén khau 6 la: r(T6) = [0;0; —I7]" thi véc to vi tri ciia diém T trong hé quy chiéu cb
dinh la:

Y = lersyrszr]” = Ag10;0;-1r)" (14)
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Thé ma tran quay khau 6 vao (14), ta thu dugc biéu thic cta vi tri diém T trong hé toa d ¢ dinh
theo cac biéu thirc x7; yr; zr dugc trinh bay chi tiet trong [1].
Theé biéu thic (12) vao (11), ta thu dugc biéu thirc cong suat cua lyc Fg(?):

W (Fo®) = Q) ¢ (15)
Vi véc to luc suy rong:
Qg = JIFY = J110:0;-11" Fg(r) (16)

- Cong suit clia mé men ngoai luc tic dong Ién gia khoan:
Biéu thuc cong suét cia luc Mg(f) cb dang:

W (Mg(0)) = Mg = (M) (17)

M6 men Mg(f) quay cung chiéu kim dong ho khi nhin tir truc zg ctia hé {xe, ye, z6}. Tir d6, cac
hinh chiéu cia Ms(¢) 1a:

MY =[0;0;-11" Mg (1) (18)
Van toc gbc cua khau 6 khi chiéu 1én hé {xg, V6, 26}
W = Jreq (19)
trong d6 Jgg 1a ma tran Jacobi quay cua khau sb 6:
0w®
Jre(q) = 5; (20)
Thé biéu thirc (18), (19) vao (17), ta thu dugc biéu thirc cong suit:
W (Mc(1) = (Quc)" ¢ @1
véi véc to:
Qu = JheMy' = J§l0;0; =117 M (1) (22)

- Cong suit ciia luc tir vach d4 tic dung 1én gia khoan:
Biéu thirc cong suét cua luc Fp c6 dang:

W (Fp) = Fp)i = (F) vi (23)

trong do vg la véc to van tdc diém ti E.
ve = Jreq (24)

trong d6 J g 1a ma trén Jacobi cia vi tri diém ty E:

or 5;9) oxg Oy Oz
Jre=—F—=|7" -5 (25)
oq 0q dq OJq
Cong suét cua lyc tir da tac dung lén diém ty:
W (Fp(®) = (Qp)" 4 (26)
voi luc suy rong:
Op = J7Fy = J7400;0; 11" [cq (xg = x£(0)) + kase] 27)
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- Cong suit cia cac lwc do xy lanh tic dung 1én co hé:

Tir phwong trinh (8), viéc xac dinh luc suy rong tng vai cac luc hoat dong khong c6 thé 1a nhiém
vu chinh, dac biét xac dinh lyc tac dong 1én xy lanh la vAn dé cin quan tdm trong ludn an nay. Phat
trién tr mo hinh dong luc hoc xy lanh thily lyc voi bai toan phing duoc trinh bay k¥ trong tai lidu [15]
va trién khai mé hinh 3D trong [1] theo Hinh 6 va Hinh 7.

Dé don gian hoa md hinh, chiing ta gia thiét rang tinh nén cia dau thay luc Eo(p) 1a khong doi,
v6i dau thuy luc trong hé thong truyén dong thuy luc trén may xay dung va may thi cong thuong
chon theo tai liéu [5] 1a: Ey = 2,85.10° (N/m?). Vi diéu kién khong c6 su ro ri ddu trong xy lanh
Orc = Orpr = 0, va mach thuy luc co bd tri van mot chiéu ¢ didu khién ndi véi cira vao ra ciia mdi
xy lanh. Ky hi¢u Iyc tac dong vao xy lanh 1a F. Do khdi lugng ctia xy lanh nhé hon nhiéu so véi khdi
luong ciia cac khau nén ta bo qua khéi lugng ciia xy lanh. Theo tai liéu [1, 15] ta ¢6 hé phuong trinh
cén bang ctia mdi xy lanh thity lyc nhu sau:

F = pA.SA - pB.SB —k.x (28)
__Eo(pa) e

e (Qa(pa) — Sax) (29)
. Eo(pp) .

pB = Vos + S px (OB(pp) + S X) (30)

trong d6: pa, pp, tuong Ung la ap suét dau tai khoang A va B; S 4, S p, tuong ng 1a dién tich bé mat
pit tong tai khoang A va B; k 1a hé s6 ma sat giira pit tong va xy lanh, trong xy lanh thuy lyc chon theo
[5, 16], léy gia tri k=10 Ns/mm; x 1a dich chuyén cua pit tong trong xy lanh; F(x) la luc tac dung 1én
can pit tong (trong lugng quy ddi ctia toan bo thiét bi cong tac quy ddi tai can pit tong); Vou 13 thé tich
ban dau trong khoang A khi pit tong ¢ vi tri gitta; Q4(p4) 12 luu luong dau di vao khoang A; Qp(ps)
1a lwu Iugng dau di vao khoang B.

Do van phan phi khoa dong dau cép cho cac xy lanh thuy luc nham giit hé gia d& trudce khi khoan
nén Q4 = Qp = 0. Tir biéu thire (29), ta suy ra:

dpA E() dx dpA —E().SA —Eo.SA
——=—|-Sp.—|>2—=—""—""">dps = ————dx
dt Voa + x.54 dt dx Voa + x.54 Voa + x.54
Suy ra
pa(x) = —EoIn|Vps + x.54]+ C 3D
Tai x =0tacd ps = pa(0) nén ta co:
pa0) = —=Eo.In[Vpa| + C = C = pa(0) + Ep. In Vo4 (32)
Thay (32) vao (31) ta dugc cong thic tinh 4p sudt khoang A:
Voa + x.8
pa(x) = —Eo.1n[Voa + x.5 ] + pa(0) + Eg.In|Voa| = —Ep. In |[-22 2241 4 5.1(0)
. (33)
=—-FEp.In|1 + —| + pA(O)
loa

V R \
Vi lpa = % 1a chiéu dai ban dau ctia khoang A khi x = 0.
A
dpp  Eo.Sp

dx a Vos +x.SB'
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Bién dbi twong tu nhu p4(x) ta thu duge cac cong thirc tinh ap suit khoang B:

X
pp(x) = Eg.In|1 + l—’ + pp(0) (34)
0B
Thé (33) va (34) vao (28), ta duoc cong thirc x4c dinh lyc xy lanh téng quét:
F(x) = (—EO. In|l+-=|+ pA(O)) Sy (Eo.ln 1+ 2|+ pB(O)) Sp-ki (35)
l()A ZOB

trong do lya, lpp 1a chiéu dai ban du cua khoang A va B, pa(0), pp(0) 1a ap suét ban du cua khoang
A va B. Sau khi xac dinh dugc lyc xy lanh theo (35), ta c6 m6 hinh lyc xy lanh tac dung 1én cac khau
nhu (Hinh 7).
Sau khi xac dinh dwoc luc tic dong 1én xy lanh theo (35), ta c6 cong suat cta luc tac dong 1én xy
lanh thir £ la:
2k k) (- -
W (FY) = F (vp; - i) (36)
Mait khac, tr (Hinh 7) ta xac dinh duogc:
iy = Fpj — Fpi = iy = Fpj — Fpi = Vpj — Vp; (37)

Thé (37) vao (36), ta c6 cong sut:
W= FWi, (38)
Trong md hinh cdc véc to FU, iy 1a cling chiéu. Goi ¢, , 6 lan lugt la goc tao boi @ so véi cac
truc toa do co dinh ctia hé {x, yo, zo} trong tng. Cac cdsin chi hudng cos ¢, cos ¥, cos 8 thoa man dang
thirc:

cos’p + cos*y + cos®0 = 1 (39)

Ta co:
ﬁff? =F i’;) (cos ey, + cosyéy, + cos Hé’ZO) (40)
iy = |ugl (cos ey, + COs ey, + cos HZZO) (41)

trong do &y, &y,, &, 1a cac vécto don vi trén hé quy chiéu ¢6 dinh {xo, yo, z0}, d6 14 cac vécto hing.
Pao ham hai vé (41), ta thu dugc biéu thirc:

iy = i (cos ey, + cosyé,, + cos QE’ZO)

+ [uagl 7 (cos ey, + Cos ey, + cos eZO)
Thé (42) va (40) vao (38), ta thu dugc biéu thirc cong suat:
W= F;’? |22 | (coszgo + cos ;.//2 + cosZG)
d d dcos6 (43)
+ Fi];) |z (cos ® C:Z)IS(’D + cos w%ﬁ + cos 6 c;ts )
Dao ham (39) ta c6 biéu thirc:
d d d dcosé
7 (coszgo + cos*y + cos29) =2 (cos © adak + cos w%ﬁ + cos 6 c;ts ) (44)

= —(¢sin2¢ + ¥rsin 2y + Hsin26) = 0
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Thé (39) va (44) vao (43), ta dugc biéu thirc don gian ctia cong suat:

2 0 lu T,
(k) (k) (k) (k)
WEY) = il = Y2 = (04) 4 “s)
Vo1
0 luy|
k) _ (k)
F 46
Qu ( 0q ) (46)

trong do |u| 1 chiéu dai xy lanh va F g;) la luc tac dong 1én xy lanh dugc xac dinh thong qua cong
thire (35). Viéc tinh |uy| twong dbi don gian nho cong thire (37):

jui] = |rpj = rpi| = |(r0j + Aju(jj)) ~(roi + Aiu?))| (47)

- Cong suit cia lwe tac dong giira khau 4 va khau 3

Biéu thirc cong suat ctia ngau luc M, c6 dang:
W(M4) = M4f'14 (48)

Do g4 = [ 00 01 00O ]q, nén biéu thirc cong suét cua ngﬁu lyc M4 c6 dang: W (My) =
(Q4)Tq trong do:

[0] 0
0 0
0 0
=M = 49
2 1 —c4(q4 — qff”) — kaga “49)
0 0
0] | 0

Tir cac biéu thire cong suat (15), (21), (26), (45) va (48), ta thu dugc biéu thirc tong cong suét cua 5
loai lyc hoat dong:

5
W =W (Fo®)+ W (Ma®)+ W (Fp)+ > W(F)+ W (My) (50)
k=1
Biéu thirc cong sut co dang: W = QTq, trong d6 ma trén lyc suy rong cua cac luc hoat dong:
k
0= QG+QMG+QD+ZQ“+Q4 (51)

3. Phwong phap giai hé phwong trinh vi phan-dai so ciia h¢ nhidu vat ¢é ciu tric mach vong

Theo phuong phép giai hé phwong trinh vi phan - dai s6 [6], bién d6i hé phwong trinh vi phan -
dai s6 vé h¢ phuong trinh vi phan thuong, sau d6 sir dung thuat toan s giai hé phuong trinh vi phan
thuong. Hé phuong trinh vi phan - dai s mé ta chuyén dong ctia hé nhiéu vat H616n6m chiu lién két
giit va Iy tuong theo cac phuong trinh (8) va (9). Dé thuan tién cach viét ta dua vao biéu thirc:

pi1(q,4,0) = Q@) —C(q, g — g(q) (52)
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Khi do6 cac phuong trinh (8), (9) c6 dang:

M()§ + @4 (9)A = py(4.4.1) (53)
flg9)=0 (54)
Pao ham hai 1an phwong trinh lién két va thu dwoc cac phwong trinh:
. _Of . ,
f=5,4=P4=0 (55)
q
f=®,4+®,4=0= ®,5=-D,q=:p, (56)
Céc phuong trinh (53) va (56) c6 thé viét lai dudi dang ma trén nhu sau:
M @ |[q 41
q =
o S]] 5
Heé hai phuong trinh (56) va (57) c6 thé viét lai du6i dang ma tran nhu sau:
R™™ ] y [ R"p, ]
= 58
[ o, | s (58)
Dé giai hé (58) thi cac diéu kién dau can thoa man cac phuong trinh lién két hinh hoc va dong hoc:
f(go) =0, Dq(q0)qo =0 (59

Theo phuong phap Baumgarte [13], thay vi giai phuong trinh f(q, §) = O, ta sé& tién hanh giai
phuong trinh:
F+2af+pf=0 (60)
Nhu vay thay cho giai hé phuong trinh:

M(q)j + ®[ ()= pi(q.4.1)

F-0 (61)
Ta sé& tién hanh giai hé phuwong trinh sau:
M(q)q + @[ (92 =pi(q,4,0)
f+2af +p*f=0 (62)
H¢ phuong trinh (62) co6 thé viét lai dudi dang ma tran
T .
o 0 1315 ©

4. M6 phéng sb
4.1. S6 liéu dau vao

pé giai bai toan, can c6 cac sb liéu dau vao gém thong s6 hinh hoc cua két ciu, thong s6 vé vi tri
ctia cac xy lanh trong khong gian, thong s6 vé mé men quan tinh va thong sé vé trang thai ban dau cua
co hé duoc xac dinh theo (Bang 4, 5, 6) dudi ddy. Khi tinh toan c6 sir dung phwong phap diéu khién
Baumgarte [13].

Thong s6 vé vi tri dau cudi ctia cac xy lanh din dong cac khau trong khong gian dugc trinh bay
chi tiét trong phu luc ctia tai liéu [1]. Theo tai liéu [1] qua trinh thuc nghiém khoan tai 09 16 (Hinh 8),
mdi 16 khoan tng véi moi trang thai lam viéc khac nhau cia co hé, tat ca céc 16 khoan déu luu gitt
dﬁy du sb liéu trong qua trinh thyc nghi€ém. Thong s6 vé ngoai lyc dugc do tir thuc nghiém, dugc hdi
quy va ham hoa, cac budc dugc trinh bay chi tiét trong [17] va thé hién két qua & Hinh 9.
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Bang 4. Cac tham s6 ciia may khoan n6 min

Tham s Gia tri (mm) Tham s Gia tri (mm)
d 869 Iy 58
dy 310 Iy 46
ds 177 L 684
d; 1929 I3 530
as 160 Is, 47
ae 0 l(, 561

Bang 5. Thong s6 két céu cac xy lanh ciia bo cong tac khoan

Thong 6 XLlicdé XLnang XL day XL ;éc khau XL nang ha
(XL1) can (XL2) can (XL3) tam giac (XL4) gia khoan (XL5)
bK nong (D), mm 80 80 80 63 63
DK can (d), mm 40 40 40 30 30
Kich thude khi XL co hét ¢ 717 567 1330 472 558
[ (mm) 50 60 60 40 50
I, (mm) 70 80 80 60 70

Bang 6. Thong s6 ma tran quan tinh cac khéu trong hé toa d khau

s

or  Ten Ixx Ly I I, I, - Khbi lugng
khau  (kg.m?) (kg.m?) (kg.m?) (kg.m?) (kg.m?) (kg.m?) (Kg)
1 Khaul 03295 0,000 0,000 0,8525 0,000 1,024 27,377
2 Khau2 08597 -3,196.107% -3355.107% 12,664 4,325.10°° 12,6658 79,143
3  Khau3 02135 0,000 0,000 2,9135 0,000 2,9135 19,929
4 Khau4 03600 -0,34.107° 0,000 1,0170  2,084.10°  1,0236 32,997
5 Khau5 0,1994 0,1132 -7,183.107°  0,5367 -1,946.107%  0,6227 24,560
6 Khau6 06551 0,000 0,000 48,7536 0,000 48,8433 87,032
Zp
9 08’ 03 'i
LI
T
7.6 Ye
| N
i
!
Yo e)
1

Hinh 8. Vi tri 16 khoan thi nghiém trén mau khoan
Théng s6 toa do ban dau tai 15 khoan s 09: '\ = 0,35 m, 2 = 1,710 m, ¢1(0) = 3°, ¢2(0) = 69°,
q3(0) = 15940 m, q4(0) = 9009 C[S(O) = _90,7Oa CIG(O) = _4],50
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0.045 . T T T
| Momen xoan khai trien Fourier
1 = =* = Du lieu do momen
'
i
'
0.04 1
—_ '
15 |
= 1
£ £ :
=, ©
g = i
0.035
1
U
i
1
. 0.03 L ' L I ' I .
0 10 20 30 40 0 80 70 80 o 10 20 30 40 50 60 70 80
tis]

t[s]
Hinh 9. B thi ham hoa luc Fs(t) va mé men Mg(¢) tac dung vao hé
4.2. Két qua
Mo phéng bing phdn mém MATLAB dua trén so do thudt toan chuong trinh (Hinh 10), diém S
xét chuyén vi (Hinh 3). Két qua dao dong cac khau (Hinh 11 dén Hinh 20).

Nhép tham sé

J,

Tinh cac ma trn truyén va ‘

ma trin quay

!

Tinh véntde gée cac khau
va cac vi trikhoi tam

!

Tinh céc ma trdn Jacobitinh
tien va quay

!

4——[ Xac dinhma tran khir R

Giai h¢ phwong trinh vi . .
phin —dai 56, xac dinh cac 4‘{ Xdc dinh chuyen vi ]

toa dd va vén toc suy rong

a Tinh cac ma tran khoi
lugng, ma tran Coriolis, Xay dyng cac phwong trinh
vector trong trudng va cac lién ket
luc suyrong
\ y !

Hinh 10. So d6 khéi chuong trinh tinh dong lyc hoc may khoan

1 T

0k
69
)

671

30

66 L

2.0 L .
10 20 30 0 10 20
Time t (s)

Time t (s)
Hinh 11. B4 thi ¢, Hinh 12. D) thi ¢»

165



Trﬁm, B. V., vacs. / Tap chi Khoa hoc Cong nghé¢ Xay dung

r r . ¢ . . 90.3

T T

90.2

90.1

90 |

g3 (m)
qa (")

89.9

89.8

89.7

i i
10 20 30
Time t (s)

S!)‘(il)
Time t (s)
Hinh 13. D0 thi g3 Hinh 14. D6 thi ¢4

T T T T -38

-90

T T

Time t (s) Time t (s)

Hinh 15. D0 thi g5 Hinh 16. D6 thi g

1.794 :

T T T T T R (e
B

T T
—— Phwong trinh lién két thw 1

i L i L 1

20 25 40

15
"y Time L (s)

] 5 10 15 20 25 - ::,{] (1 5 10 15 20 25 W
Thoi gian t (s) Thei gian t (s)
Hinh 17. Chuyén vi diém S theo phuong OZ Hinh 18. D6 thi cac phuong trinh lién két
1797

1794 1

llll . ‘ ‘2‘(]
P Thoi gian t ()
Hinh 19. Quy dao diém S trong mat phang pha YOZ Hinh 20. Chuyén vi diém S khi khoan mau
dieém khoan s6 9 c6 cuong do C30

5. Két ludn

Bai bao da giai dugc bai todn dong luc hoc cta b gia dd may khoan nd min dya vao phuong trinh
Lagrange dang nhén tir, c¢6 sir dung cac diéu kién rang budc & mirc gia toc va phuong phap on dinh
hoa Baumgarte, sau d6 sir dung cac phan mém chuyén dung dé giai. N6i dung nghién ctru da tinh toan
duogc lyc tac dong cua xy lanh thay luc, luc suy rong cua luc tac dung 1én gia do; da xac dinh dugc
mién dao dong cua cac khau va chuyén vi tai diém khao sat.
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Két qua ciia chuong trinh tinh nhan thay, dao dong cua cac khau trong co hé ing v6i mau khoan

cuong do C30 c6 mién gié tri nho tir 0° + 3,5°; sai sd ctia phwong trinh lién két (Hinh 18) dat 10!
va chuyén vi ciia diém khao st (diém S) nho hon gia tri thuc nghiém (Hinh 20) véi gia tri 19,5%. Tir
dd thi két qua khao sat khang dinh phuong phap xay dung mé hinh hé nhiéu vat khong gian ciia may
khoan, phuong phap danh gi4 khao sat va thuat toan giai hé phuong trinh vi phan - dai s6 12 hoan toan
tin cay. Két qua nghién ctru 1a co s6 khoa hoc cho viéc danh gia chét luong 16 khoan khi léy sb lieu
tinh toan so sanh véi Tiéu chuan Viét Nam (TCVN 9161:2012, Khoan n min dao da - phuong phap
thiét ké, thi cong va nghiém thu).
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