
TAP CHi KHOA HQC VA C O N G N G H E Tap 47, s6 2, 2009 Tr 125-132 

HE TU' DAO DONG CHjU KICH DONG THONG SO CUA 

CAN KHOAN 

HOANG VAN DA, TRAN DINH SON 

1. MODAU 

Trong [2] tac gia da nghien ciru dao ddng phi tuyen cua can khoan tham dd va dao dong 
thdng sd ciia can khoan. Ddng thdi khao sat sir dn djnh ciia nghiem dirng. Ket qua cho thay rang 
cac thdng sd ciia can khoan nhu chieu dai, lire nen, tdc do quay cua can khoan khong the tuy y 
ma chiing cd quan he mat thiet vdi nhau de dam bao can khoan chuyen ddng dn djnh. 

Trong bai bao nay cac tac gia se nghien ciru dao ddng tu chan ciia can khoan chju kich 
di3ng thdng sd bang phuang phap trung binh. 

2. DAT BAI TOAN VA PHI/ONG TRINH CHUYEN DONG 
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Hinh 1. 

Theo [3] d n khoan dugc xem nhu mdt thanh dong nhat dai 1. (hinh la) do cirng chong udn 

EI, E la mddun dan hoi. I = \\y~df - EI = const. 

I-

F la dien tich mat d t ngang ciia can khoan. 

Can khoan lai quay dk\ quanh true cua nd vdi van tdc gdc co. 

Thuc tg thi CO = 18.3 rad/s ^ 30 rad/s. ( hinh lb), doi vdi loai khoan tham dd [4], can khoan 
cdn chju luc nen dgc theo true P = const, thuc te P = 500 ^ 800 KN. 

Dg phii hgp vdi thuc te ban theo [4] thi luc P dugc xac djnh bIng bieu thirc sau: 

P = P„ + ECCOSYt. (-• ') 
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trong dd PQ , c, y la cac hang sd duong, e la tham sd be. De dan gian ta gia sir rang dau tren va 
dau dudi ciia can khoan deu chju lien ket ban le tru. Ngoai ra gia sir rang can khoan chju tac 
dung ciia luc tu dao dgng cd phuong vudng gdc vdi can khoan vdi mat do nhu sau 

q =s 
^ ' dt 

(2. 

trong do A, la hang sd, p la khdi lugng rieng trong phuang trinh dudi day, phuong trinh md ta 
dao ddng ngang ciia can khoan cd dang [2], 

El^-^^P.^-^^pF^-^-pFco^y^s (l - A.y' )-^-ccosyt 
dt = 4-dx' ' dx' " dt' 

Ham y = y (x, t) vdi dieu kien bien da ndi d tren can thoa man cac dieu kien bien sau 

(2.3) 

y =0,-

y| ,=oA 

lx=0 
= 0, 

(2.4) 

= 0. 

3. XAY DÛ NG N G H I E M BANG PHl/ONG PHAP TRUNG BINH 

Chimg ta se tim nghiem ciia bai toan bien (2.3), (2.4) bang phuang phap trung binh. Trong 
xap xi thii' nhat, nghiem rieng ciia phuong trinh (2.3) vdi dieu kien bien (2.4), tim trong dang sau 

K;ix 
yK(x.t) = SK(t)sm— . (3.1) 

The (3.1) vao phuong trinh (2.3) rdi ap diing phuang phap GalekinBubnov chiing ta cd: 

5 , + Q ; . 5 , 
m 

trong do: 

Q;. = 

3 -^ 
\~-AS: 

4 ' 

ir] 

Sf^ + c cos yt 

Kn\ 

^ Kn^ 

I ) 

I 

pFoj~ 

5. 

m 

Hoac cd the viet: 

Q : = 

^KTT^^ 

V 1 ; 

(P,-Po)-mo)^ 

m 

(v^Y 
P K = E I 

KT: 
m = pF. 

Khi e = 0, tir (3.2) phuong trinh suy bien cd dang 

(3.2) 

(3-3) 

(3-4) 
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S^ +Q-^S^ = 0 , (3-5) 

md ta dao ddng tu do ciia ca he dugc xac djnh bang cac dieu kien dIu- Bay gid ta khao sat dai 

lugng Q^. cd cac kha nang xay ra nhu sau: 

* N^u Qi < 0 -> CO' > 
¥] iP,-Po) 

m 
(3-6) 

khi dd ham so SK(t) tang theo quy luat ciia ham so mu, chuyen ddng ciia d n khoan khdng dn 
djnh, do dd toe do quay cua d n khoan co khdng dugc qua Idn de bit ding thuc (3.6) khdng dugc 
thuc hien. 

*Neu 

khi dd SK(t) cd dang 

ni CO 

Kn 
(PK-PO) 

m 
(3.7) 

S,{t) = S,{0)t + S,{0), (3.8) 

5*̂ - (0), Sf. (0) la van tdc va djch chuyen ban dau ciia cac diem tren true d n khoan theo phuang 

ngang, can khoan khdng dn djnh. 

l 
Neu Q ; . > 0 ^ CO' < 

{PK-PO) 

m 
(3-9) 

vai khi dd hien tugng dao ddng ngang cua can khoan xay ra V K. Q ^ quan trgng nhat khi K 

Qi de dan gian ta ggi la Q bd chi sd " 1 " . 

Qua (3.6), (3.7), (3.9) de dang nhan thay rang cac thdng sd ciia can khoan nhu momen 
chdng udn EI, chieu dai I, lire nen Po va nhat la tan sd gdc Q cd quan he mat thiet ddi vdi nhau 
khdng the tuy y lua chgn vi chiing anh hudng den do dn djnh ciia can khoan. 

Gia sir rang he suy bien (3.5), bat dang thirc (3.9) dugc thoa man thi tdn tai dao dong tuan 

hoan vdi tan sd Q^- , quan trgng nhat khi k = 1. vdi tan sd Q : 

Or-^ 

( P , - P o ) - m o j ^ 

(3.10) 

EI 

m 

n' 

V- ' 
va khdng cd hien tugng ndi cdng hudng vdi tan sd Q , tire la: 

( Q K - m Q ) ; ^ 0 (k.m = 1.2, . . .) . (3.11; 

Khi dd. nghiem rieng cua bai toan bien (2.3), (2.4) trong xap xi thir nhat. tim dudi dang 

127 



y(x,t) = S(t)sin-
7tX 

I 

S = S(t) dugc xac djnh tir phuang trinh vi phan phi tuyen yeu sau: 

S + 0}S = £\ 1 — xs" n' 5-i-c—— cos ytS \. 
l-

(3.12) 

(3.13) 

Ta se nghien ciiru dao ddng thir dieu boa khi tan sd dao ddng rieng Q va tan sd y dac trung 
cho sir thay ddi thdng sd ciia he cd mdi quan he sau: 

Q" = — r" -HfA 
4 

(3.14) 

Bay gid ta giai phuong trinh (3.13) bang phuong phap trung binh hoa. Thuc hien phep the 
bien sd sau day de dua phuang trinh (3.13) ve dang chuan tac 

S = a cos —yt + 11/ 

S = — ay sin —yt + y/ 

= a cos 9 ; 

= — a y sin d ; 

e = - y t -I-Vj/ 

Tir(3.l6)tacd 

S = — fly sin ^ — ay cos 9d. 
2 7 

(3-15) 

(3.16) 

(3.17) 

(3.18) 

The (3.15), (3.16)va (3.18) vao phuong trdnh (3.13), chyng ta nhan dugc: 

— xsinft^; + —c/KCOS^̂  = D.',acos6 + £< 
2 2 

Va tir (3.15), (3.16) de dang suy ra 

( T, , ^^ 
— A o ' COS"0 

4 y 

7T 

cos dd - a sin 60 = — y sin 9 
2 

— ay s\n 9 \- c——cosytacoss9> • 

2)1' J 
(3.19) 

(3.20) 

Dat: F.=£ 
f 3 . T 

1 Xa' cos ' 6 
I 4 

-y sin 7 c ^ - c o s yta cos (3-21) 

va tir he phuang trinh(3.19), (3.20) ddi vdia ,^ , sau mdt loat cac phep tinh dan gian ta giai ra 

duoc ddi vdi a , ^ nhu sau. 
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Y . _ a 
'd ^ 

2 2 

2 \ 

Q^-r. sin 29 + F, sin 9. 
(3.22) 

Y • Y~ 
a - 9 = a — sin-9-HaQ-cos-e-hF, cos9 

2 4 ' • 

Bay gid ta bien ddi he phuong trinh tren de dua vg dang chuIn tic doi a, (// .Tir m6i quan 
he (3.14). (3.17) chyng ta suy ra. 

Q ^ - I 
2 > 

= sA, 

0 = ^ + i(/. 
2 

The (3.23) vao (3.22) chiing ta nhan dugc 

y . a 
— a - — 
2 2 

/ 2 \ 

Q ^ - ^ 
V 

sin 26*-I- f; s in^. 

(3.23) 

Hoac la: 

Y Y ^ Y " T 
a — -Ha —v(/ = —!—-heaAcos'9-HF, cos( 

4 2 4 ' 

X • 
a = saA cos 6* sin ^ -i- F sin ^ , 

y 
a — (// - £aA cos' 9 + F, cos (? 

2 ' 
The F| til' (3.21) vao (3.24) ta nhan dugc he phuang trinh doi vdi d . y/ nhu sau: 

-a = e 

y -
a —11/ = E 

2 

c —- cos yta cos 6 + 1 — Xa" cos' 9 — sin 0 + Aa cos ( 
1' I 4 2 

c —- cos yta cos 9+ 
\' 

3 , . ]a 
I —Xa' cos" 9 —y sin0-1- Aacos( 
4 2 

sin 9 = Fsin9. 

cos 9 = Fcos9. 

Bay gid ta phai trung binh boa ve phai ciia he,(3.25) nghTa la phai tinh 
, 2ii , 2ii 

[Fsin0dt ,— jFcos9dt. 
271 27t 

(3.24) 

(3.25) 

(3.26) 

Sau mdt loat cac phep tinh bien ddi va tinh toan don gian ta nhan dugc he phuang trinh sau 
day, sau khi da trung binh boa, ddi vdi a. \f/ : 

Y . a 
— a = e — 
2 4 

/ -, 2 A 

Aa 
16 

CTC . _ 

y ^sin2n; 
1-



Y • 
-avj ; = 
2 

a 
= — 

4 

f 
2 

V 

7 \ 

Q ^ - ^ -E——-cos2vi; 
1' 

(3.27) 

Bay gid ta xet trudng hgp dao ddng dirng a = ao, y/ =1//^ suy ra a^ = 0,(//u = O.Tir he 

phuang trinh (3.27) ta suy ra he phuang trinh xac djnh 0(^,1//^ nhu sau 

1 
— ea, 
4 ' 

1 

1 - X ^ 
16 

-> 
2 1 ' 

2 \ 
7t 

Y—^csin2v|;^ 

Q •sc^-cos2\|/g 

0, 

0. 

(3-28) 

De dang nhan thay rang nghiem dirng cd bien do ao = 0. thi vj/o tuy y,be phuang trinh (3.28) 
tu thoa man. 

Xet trudng hgp ao ^ 0, ta cd: 
( ^ i \ 

1 _ ^ ^ 0 

V 16 
J 

en- . 
y = —sin2v(/o. 

21 2 / 

cos2v|;o = 
ec7t" 

Q ^ -

(3.29) 

Tir dd ta cd 
41 4 f 

e 'c '7 t ' 

,2 A 
Q^ 

16 }i- ° 

^ W ^ i ^ c T t ^ 1 41̂  
16 yl' \ e'c'n' 

K ' 1+ \c'n 4 ( 
16 "-yy î̂  Ey[ 

Chung ta dat: 
1 2 2 4 

2 A ^ o (^ C 71 

16 I ' Q ' 

The vao (3.33) ta cd 

I 4 
7 \ 

4j 

£ ' 

J 

2 

, n- r 
Q 

^„- = 1 ± J - ^ - - ^ 
T]' T]' 

.2 \ -

(3-30) 

(3-31) 

(3.32) 

(3.33) 

(3-34) 
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v = C'-B' 
.2 \ ' 

(3-35) 

Phuang trinh (3.35) la phuong trinh dudng cong cdng hudng bien do tan so. Do thj cua nu 
dugc mu ta iron (hdnh 2) vdi cdc sd lieu djnh tcmh nhu sau: B =0,2: C=0 1. 

1.05+ 

1.02 

1 

0 .98 - -

0.96 - -

0 

Hinh 2. Dudng cong bien do tan so. 

De dang nhan thay rang dd thj nay khac vdi cac do thi ma chiing ta dd h\k truiTc dd 

Tir (3.27) de dang thay rang neu A, = 0 thi trd thanh he dao ddng thdng sd da dugc xet [2]. 

4. KET LUAN 

Phuang trinh chuyen ddng ngang ciia can khoan khi chju tac ddng thdng sd va tu dao ddng 
da dugc thanh lap. 

Trong xap xi thu nhat nghiem cua nd da dugc xay dimg bang phuang phap trung binh. 

Mdi quan he cac thdng sd cua can khoan nhu El, I, Po, co da dugc khao sat de can khoan 
lam viec dn djnh. 

Phuang trinh dudng cong cdng hudng dd dugc xay dung. Mdi quan he cua bien do va tan 
sd dd dugc md ta tren dd thj (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. Its 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 1, 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: Nhan bdi ngdy 12 thdng 5 nam 2008 
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