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Abstract: The principle of the hydraulic drifter is introduced, and the process of drilling into rocks by the drifter is established as a
physical model of rock with three-degree-of-freedom dry friction. The concept of rate of penetration (ROP) is introduced. The stick
and non-stick modes are studied, explaining the differences between these two types of motion. The periodic trajectories of the non-
linear piecewise smooth dynamical system mathematical model are segmented. By using the pseudo-arclength continuation method
and Floquet theory, the angular frequency and amplitude of the hydraulic force are taken as control parameters to obtain stable peri-
odic trajectories and the point of maximum ROP. Bifurcations such as period-doubling bifurcation, saddle-node bifurcation, and to-
rus bifurcation are discovered. The data acquisition system for drilling rocks with a hydraulic drifter is introduced, and the displace-
ment and velocity of the piston obtained from the model and experiments are compared. The results indicate that to make the drifter
work on the period-1 trajectory, the range of angular frequency should be w<(6.814, and the range of amplitude should be 0.03<<
a<<3.051. There is a strong correlation between the experiments and the model, and compared with the experiment, the piston in

the model undergoes deceleration before colliding with the drill tool, adding an impact deceleration stroke.
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Fig.1 The working principle of the hydraulic drifter
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Tab.1 Dimension parameters in the drifter-rock model

5 P A K fE
S A LAY w4 R Hz 38.2
0 WEAE 30 f A R rad-s’ 240
o T8I (4 B2 N/(m+s ') 1000
> A e N/(m-s™ ") 58571
F, VR A T B R N 11417
Fy W AR HI D0 2 e 7 N 6715.4
G TG 25 FNAT 2 1) 1 2 m 0.025
by TP T80 17 ) Nem ! 2X10°
ks A R Nem ! 7.8X 10"
m, 1% JE 1 i i kg 11.5
m, Bl HL o kg 33.6

LR 5 75 B S TN SE B 0 8 e HLAE L A R
A HILR A oMb R 23 DA ARG A Al AR RS

TR A B R OR -l T DU B
1.1 JFEH5i-FEsht

T 1= O I BRI TG ZE MET FE 22 (8] f4 400 B R oy
Go HX,— X, <G {GFEMET R BA R 16 %
ARG FL 1) iz 3 5 10 75 70
m X, =F,sin( Q)+ F,— . X, — kX,
77/I2X2:_C2<X2_X3)_kz(Xz_Xg)

X —X,=GH WHEELERRE. 1R
Tl 58 T ) I ), 5 2 R 1) R 22 0 L AR IR 4
Tl 458 J A A 2 o0 R R ARG TR . 7RI R
T OL 3z Bl J7 Bl i gl e <7 AR e B S R Y
TG ZEFN B B 2Z 1A i i KRR IB N

(1)

Xl+:X2 +G

XZ\:X27
. m,— m,e . (1+e)m, .

X, = X, + X, 2
v my+ m, ! my, + m, ’ (2)
. (1+e)m; . m,— me -

X, =——X, +———X,

i m, + m, ' m, + m, ’

o, TR BRI 74 3 2 il A R R S
e J Rl R A
AR T A R N T TR ) B
B, R GEAL T AR B k7R, P LU A
oo X, — X )+ b Xo — X)) < F, (3)
WA B BE R A A 2% TR R
X, =0 (4)
A2 AN(4) 75 30 AR v -k Sl 8 =Y
TR
m X, =F,sin(Q)+F,— e, X, — kb X,
7712).(;2:_6‘2<X;2_X3)_kz(XZ_XB) (5)
X,=0
1.2 G -$hit

AR T A AR R R T4 T a4 TR
I EL IS, R Sy Al A5
o X, — X )+ kX, — X)) =F, (6)
g5 A (D AC6) 15 2 Al -l it B 7
FEA -
m X, =F,sin(Q)+F,— X, — kX,
mX,=—c(X,— X)) — (X, = X)) (7)

e X, = X )+ k(X — X3) — F,=0



1628 & 3 T

%38 %

1.3 #5i%-JEshist

Pl 3 Ay Rl ity A5E 211 ¥ A L A 1 ) A AR
3% SE RN ET 2 Al R T ) I (), T R A A
Ja e —mB s, BN RIS . EHA RN,
7 HLI R I B G AUAF A T e LR RO SE PR T
rh il R A R ] 95 ZE AT R A R 25 AR X s 3]
A A

F(t)=F sin(Qf)+F, X,
—]

mtm,

Ky

e
(&1

hiiEIE (FTR EEE BT

— I
8

#
>{/_4

PR3 R A A A AL B ) SR A R
Fig.3 Physical model of the drifter-rock model for stick

mode

ZVi /EE*IEWT% E’] %ﬁ: ﬂ‘j @12@2, )(1:)(27L G,
X, =X,o Hirr, @ ARG A, 000 E

1 .
@, =—|F,sin(Q)+F,— ¢ X, — hX,] (8

n,

D, R KA R Gmy + ) BN JE

1 .
@2: [Fi,Sin(.QZL)+Fb7C1X17
my + m,
('2<X2*X3>*k1X1 — /Qz(Xzfxg)J (9)

K HORG I T ZE R B — 12 8, (my + my)
ESIPIE IR F

(my+ m,) X, =F,sin(Q)+ F,— X, —
o Xo— X)) = kX, — k(X.— X)) (10)
46 0 (4) F(10) , 45 3R R 85 i B
EEVE
(m,+m,) X, =F,sin(Qt)+F,—c, X, —
o Xo— X)) = X — k(X — X)) (1D)
X,=0

1.4  Fh3% -$hit
M AR A A R T R Y
8, I H0G ZE f g B — A2 iz g BF, R 48 o0 ORG T -E
R A5 A (6) R (10) 45 2Rl iy -4k o 78X
175 R A
(ml—f—mz)XIZFasin(.Q[H—Fb—Ff—chl—
e Xo— X )+ ko X, — X,)— F,=0

/€1X1

(12)

2 TENKL

HOE A A B S NS =

(RY)'Fm. REBEMu=

(yl,yz,yg,y4,y5,ys>T6(R)5X[O,Zn)%%/%o I TE

AL TR AR R IR L R A R R A
u'=fus(t,u, )=

(w,a,b,a,0,7,(, g, ¢)E

V2
1 .
E(as1ny6+b—2§yy2—ﬁyl>
Y (13)
—(1—h)(2§y4+y3—y5>—h
1
hl:y4+2§(y3y51>:'
w
Rt A = o NIE X RR W .
u'=f(t,u, )=
V2
1
a+1[a%my@+b 28yy, — By, —
(1= h) (28y.+ yi— y:) — h]
' e (14)
a_‘_l[asiny6+b*2§yy2*,8ylf
(1= 1) (28y.+ 30— y:)— 4]
1
f{yﬁ%(ysysl)}

w
S s D Al R S XA B0 g 2 O T 5 e h R
KB J1 2 T7

2 C13)FIC14) v iy A hy B4 B K bR K

o 1, 2é’y4+y3—y5—120 (15)
O, 2§y4+y3*yr*1<0
15 TG 1 AL 0 oy T Ryl ~ys AR i
yi~ys KT TN E c s . RS W T
7
X] X? / X3
R i yl Vs — . T o Ve V3 Vs, Ve T WT
14 /\3) Q Fa Fl
77"(2n_ wzi,azi,bzi
t m, 0 F, I,
n, ﬁ }x’] Cq é‘ Co (I
a— , Y= , (= ,e=—,
ms ks, ) 2 m, kb, x

Hh 2, WS H LB (2. =F/k), 1. 85 % 0 1]



557 4 gl A e B R L A B R A SE 23 S 1629

(te=vmy/ky )o B & PL-F A7 BRI TC & 0 2 8

M3 2.

K2 HEN-EOEANEENSY

Tab.2 Dimensionless parameters in the drifter-rock model
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Tab. 3 Segments of the model’s periodic trajectories
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