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HE TU DAO DONG CHIU KiCH DPONG THONG SO CUA
CAN KHOAN

HOANG VAN DA, TRAN DINH SON

1. MO PAU

Trong [2] tac gia da nghién ciu dao dong phi tuyén cta can khoan tham do va dao dong
thdng s6 cua cén khoan. Pong thoi khao sat su 6n dinh cta nghiém dung. Két qua cho thay rang
cac thong sb cua can khoan nhu chiéu dai, luc nén, toe do quay cta can khoan khong thé tuy y
ma chiing ¢6 quan hé mat thiét véi nhau dé dam bao can khoan chuyén dong 6n dinh.

Trong bai bdo nay céc tac gia sé nghién ciru dao dong tu chan cua can khoan chiu kich
dong thong sb bang phuong phap trung binh.

2. PAT BAI TOAN VA PHUONG TRINH CHUYEN DPONG
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Theo [3] can khoan dugc xem nhu mot thanh déng nhat dai |. (hinh 1a) d6 climg chéng uon

EL, E 14 modun dan hdi, 1= [[y’df . EI = const
/.

F la dién tich mat cit ngang cua can khoan.
Cin khoan lai quay déu quanh truc ciia né voi van toc goc w.

Thuc té thi © = 18.3 rad/s +30 rad/s, (hinh 1b), 601 v6i loai khoan tham do [4], can khoan
con chiu luc nén doc theo truc P = const, thuc té P =500 + 800 KN.

Pé phu hop vaoi thuc té hon theo [4] thi lyc P dugc xéac dinh bang biéu thirc sau:

P = P, + gccosyt, (2.1)
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trong do Py, ¢, y 1a cac hang s6 duong, € la tham sé bé. Dé don gian ta gia sur rang dau trén va
dau dudi clia can khoan déu chiu lién két ban 1& tru. Ngoai ra gia su rang can khoan chiu tac
dung cua luc tu dao dong c6 phuong vudng goc voi can khoan véi mat d4 nhu sau

q = {(l Ay )‘Z } 2.2)

trong d6 A la hang 56‘, p 1 khoi luong riéng trong phuong trinh duéi ddy. phuong trinh mé ta
dao dong ngang cia can khoan ¢é dang [2],

'y 0% 3%y ) 2\ Oy 3y
El + P + oF —oFw y=¢elll-Ay" |=——-ccosy—=|=¢&f . 2.3
e e N ( ) )a, i N g (2.3)

ox*
Ham y =y (x, t) v6i diéu kién bién da ndi ¢ trén can thoa man cac diéu kién bién sau
82y
y x=0 O’ a 2 Ix=0 O’
] (2.4
_o0 9y | _
yx—] _O’axl x=1 =0.

3. XAY DUNG NGHIEM BANG PHUONG PHAP TRUNG BINH

Chung ta s& tim nghiém cuta bai toan bién (2.3), (2.4) bang phuong phap trung binh. Trong
xap xi thar nhat, nghiém riéng ciia phuong trinh (2.3) véi diéu kién bién (2.4), tim trong dang sau

(3.1

- Knx
yr(X. t) = Sg(t)sin

Thé (3.1) vao phuong trinh (2.3) r6i ap dung phuong phap GalekinBubnov chiing ta cé:
. P 3 ). K\
S, +QLS, = —[[1 —ZRS;, ]SK +ccosﬂ[TﬂJ Sy } (3.2)
m

trong do:

Qf = (3.3)
m
Hoidc ¢é thé viét:
[E] (Pk—P) mao }
Q; = (3.4)
m
P, =EI($}, m = pF.

Khi € = 0, tir (3.2) phuong trinh suy bién ¢6 dang
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S +Q1S, =0, (3.5)

md ta dao dong tu do cua co hé dugc xac dinh bang cac diéu kién dau. Béy gio ta khao sat dai

{[ﬁ”]zm —Po )}

*Néu QF <0 > > - , (3.6)

lugng Q3 c6 cac kha nang xay ra nhu sau:

khi d6 ham sé Sk(1) ting theo quy luat ctia ham sé m, chuyen dong clia can khoan khéng 6n
dinh, do d¢ téc d6 quay cua can khoan o khéng dugc qua 16n dé bat ding thirc (3. 6) khong duge

thuc hién.
K\
{[ / ] (PK _Po):I
* Néu Qi, =0 o= , (3.7
m
khi d6 Sk(t) c6 dang
Sc(t)=S,(0)+S,(0), (3.8)

SK (0), S, (0) la van tde va dich chuyén ban dau cta cac diém trén truc can khoan theo phuong

() e-n

* Néu QL >0 0l< , (3.9)
m

ngang, can khoan khéng 6n dinh.

khi d6 hién tugng dao dong ngang cua can khoan xay ra V g, Q, quan trong nhat khi K = 1 voi
Q, dé don gian ta goi la Q bo chisd “1”

Qua (3.6), (3.7), (3.9) dé dang nhan thay réng cac théng sb cua can khoan nhu mémen
chong uén El, chiéu dai I, luc nén Py va nhat 14 tan s6 goc €2 co quan hé mét thiét di voi nhau
khong thé tuy y hua chon vi chiing anh huong dén do 6n dinh cua can khoan.

Gia sur rang hé suy bién (3.5), bat dang thic (3.9) duoc thoa mén thi ton tai dao dong tuan

hoan véi tan sb Q2 , quan trong nhat khi k = | voi tan s6 Q-
Hﬂ (P, —PO)—mwz}
Q= : (3.10)
m
=
P| = El—j,
{

va khdng c6 hién tuong ndi cong hudng vai tan sé €, tac la:
(Q-mQ)=0 (k.m=1.2,...). (3.11)

Khi do. nghiém riéng cua bai toan bién (2.3). (2.4) trong xap xi thir nhat. tim du6i dang



y(x,1) = S(t)sin% . (3.12)
S = S(t) duoc xac dinh tir phuong trinh vi phan phi tuyén yéu sau:
.. 3 . 7[2
S+Q2S=5{[1—Zw2j5+cl—zcosﬂ5} (3.13)

Ta sé& nghién cru dao dong thir didu hoa khi tén s6 dao dong rieng O va tan so y dac trung
cho su thay d6i théng s6 cia hé cé méi quan hé sau:

Q2=%)/2+5A, (3.14)

Bay gio ta glal phuong trinh (3.13) bang phuong phap trung binh hoa. Thuc hién phép thé
bién s6 sau day dé dua phuong trinh (3.13) vé dang chuén tac

S=acos(5}4 +t,//]=acos<9; (3.15)
S——la sin[l}/t+ ——la sinf; (3.16)
5 Y 5 4 > Y ; :
1
e:[_mw) (3.17)
2
Tu (3.16)tacd
Sz—ldysine—laycosﬁé. (3.18)
2 2
Thé (3.15), (3.16)va (3.18) vao phuong trénh (3.13), chyng ta nhan duoc:
%ysin&d+%a}/cos&9=Qfacos@+5{(l——/1a cos” QJ[Ea/sm(—)] 7;; ) }
(3.19)
Vatir (3.15), (3.16) dé dang suy ra
cos g - asin 68 = —g}/sinﬁ : (3.20)
3 3 ) ) a . 7t
bat: F=¢ l—z/la cos“ 4 Eysm@—c/—zcos ylacos 6 |, (3.21)

va tir hé phuong trinh(3.19), (3.20) déi vdié,@, sau mdt loat cac phép tinh don gian ta giai ra

duoc doi véi a, 8 nhu sau.
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2
%Q:S[QZ —%]sin29+F, sin 6,

(3.22)

o

a%é = aYTsin2 0+aQ? cos’ 0 +F, cos0 .

Bay gio ta bién dbi hé phuong trinh trén dé dua vé dang chuén téc déi ¢, ¥ . Tur méi quan
h€ (3.14), (3.17) chyng ta suy ra.
2
Q' -1 |=ep,
4
(3.23)

0= l+ y.
5 Y
Thé (3.23) vao (3.22) ching ta nhan duoc

2
ga :%[Qz —%Jsin20+ Fisiné,

2 2
b4 Y. _ay 2
a7+a5\u =T+8aAcos 0+F cosB.

Hoac la:

gd:a‘aAcosHsin9+F,sin9.

c77/71,/):(s‘aAcoszr9+17l cos@ . (3.29)

Thé F, tu (3.21) vao (3.24) ta nhan duoc hé phuong trinh dbi voi a, w nhu sau:

Yace -t
fido}

2

3 2 2 . . .
> cosytacos 6 + [l —Zla‘ cos” Oj%sm(ﬁﬂ Aa 0036}1n6 =Fsin0,

(3.25)
Y. n’ 3., ,.a .
agw =g —cl—zcosyta cosO + lZla cos” 6 5ysm9+ AacosB [cosO =FcosB.
Bay git ta phai trung binh ho4 vé phai cua hé,(3.25) nghia la phai tinh
l 2n . 1 2r
— J.Fsm odt, — J-F cos 6dt. (3.26)
2r 5 2m g

Sau moét loat cac phép tinh bién ddi va tinh toan don gian ta nhan duogc hé phuong trinh sau
day, sau khi da trung binh hoa, déivei a, v

Y. a ra’ cn’
—a=¢—||l———|y——=-sin2y|.
2 4[[ 16 ]Y r WJ




2 2
Y . a 2 Y cm”
EaW—Z{Q(Q —7]—81—20052\4/}. (3.27)

Bay gio ta xét truong hop dao dong dimg a = ap, w =y, suy ra @, = 0,7, = 0.Tir hé
phuong trinh (3.27) ta suy ra hé phuong trinh x4c dinh a,,y, nhu sau

2 2
1 a T
—ga, || 1-2=% |y——csin?2 =0,
4 o{( 16 }Y % \Uo‘|

1 % n’
—a,| 2| Q- |-gc—cos2 =0.
4 { [ 4] 12 W‘)}

Dé dang nhan thiy ring nghiém ding c6 bién d a, = 0, thi y, tuy y,hé phuong trinh (3.28)
tur thoa man.

(3.28)

Xét truong hop ag # 0, ta co:

2 2
[1 _ 23 ]y = CITZ sin 2y,

16
2 ) (3.29)
] 5 Y
cos 2y, = Q -—
o ecnz[ 4]
2
41" , v
Tiudétacd cos’ 2y, =82?n_2—[0~_y7] , (3.30)
/lao2 e’
=1——=-sin2y,, (3.31)
16 -
2 2 4 2\?
SN LS R 1 M o ) (3.32)
16 y1? g'cin’ 4
Aa, nt 4 , 7 i
- 12 :1i\/ VI Z[Q —7 . (333)
vhely
Chung ta dat:
70=/1a07 :czn4’ B:4Qz, ey
16 1'Q? g’ Q
Thé vao (3.33) ta c6
2 2 2\?
4t =1+ S 8 [1—77—] , (3.34)
noon 4
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2 1 2 2
A, =1¢; CZ—B-[ —'77} . (3.35)

Phuong trinh (3.35) 1a phuong trinh dudng cong céng hudng bién dé tan sé. DS thi cua ni
duoc mu ta tron (hdnh 2) vdi coc s6 liéu dinh ténh nhu sau: B =0,2; C=0,1.

A}
1.05+
1.02 +
L
0.98 +
0.96 +
o >,

Hinh 2. Dudmg cong bién dé tan so.
D& dang nhén thiy rang db thi nay khac véi céc db thi ma ching ta dé biét trude do

Tir (3.27) d€ dang thay rang néu A = 0 thi tr& thanh hé dao déng thong s6 da duoc xét [2].

4. KET LUAN

Phuong trinh chuyén déng ngang cta can khoan khi chiu tac dong théng sé va tu dao déng
da dugc thanh lap.

Trong xap xi thir nhat nghiém cua né da dugc xay dung bang phuong phap trung binh.

Méi quan hé cac théng sé cua can khoan nhu EI. I, Py, ® da duoc khao sat dé can khoan
lam viéc on dinh.

Phuong trinh duong cong cong hudng do duoc xdy dung. Mdi quan hé cua bién do va tan
s6 d6 duoc mé ta trén do thi (hinh 2).
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SUMMARY

A SELF _ OSCILLATORY SYSTEM UNDER PARAMETRIC EXCITATION OF
DRILLING CRANE

In this work, the authors have investigated the nonlinear oscillation of the self _ oscillation
system under parametric excitation of drilling crane. [ts motion is loaded by the periodic
longitudial force and the self _oscillatory force.

The equation of motion for the system examined, was set up the partial solution of this
problem has been found by the average method.

The relation of parameters is plotted in Fig 2.

From the gotten results, it is easy seen that, the parameters of the drilling crane such as
length |, F _ erea of cross setion, p _ specific mass, EI _ bending resistant moment, P _ they are
not arbitrarily.

The ralation of amplitude and frequancy is examined.

Dia chi: Nhdn bai ngay 12 thdng 5 ndm 2008
Truong Dai hoe Mo - Dia chat.
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