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Abstract. Variable speed characteristics and
variable gear ratios of the drive mechanisms
of the working bodies of the drilling rig were
obtained for a planetary mechanism with a double
satellite and a rocker carrier. With the help of the
obtained kinematic characteristics, the design and
technological parameters of the planetary drive
mechanisms of the technical means of drilling
rigs will be established. Design and technological
parameters will be tested with experimental studies
depending on the variable speed characteristics of
the planetary friction mechanism.

Key words: planetary mechanisms, boring
machines, rotor, carrier, crank, rocker arm, slider,
satellite, sun wheel

AHHOTaUuA. [nA nnaHeTapHOro mexaHum3ama C
ABOVHbBIM CaTENIMTOM U BOAWIOM KOPOMbIC/a Mno-
NyYeHbl NepemMeHHble CKOPOCTHbIE XapaKTEPUCTUKN
N NepeMeHHble nepefaToyHble Yncia MexXaHU3MoB
npusoga paboumx opraHoB OYpOBOWN YCTaHOBKMU.
C nomoLLblo NONTYYEHHbIX KMHEMATUYECKUX XapaK-
TEPUCTUK ByayT YCTaHOBJIEHbl KOHCTPYKTUBHbIE 1
TEXHOJMIOTMYEeCKe NapamMeTpbl NMiaHeTapHbIX Mexa-
HU3MOB MPUBOAA TEXHUYECKMX CPeAcTB OypoBbIX
YCTAHOBOK. JKCMEepPUMEHTANIbHbIMU MUCCIefOBaHN-
AMN B 3aBUCUMOCTU OT U3MEHAEMOW CKOPOCTHOM
XapaKTepPUCTUKMA  NNaHeTapHOro GpPUKLUMOHHOIo
mMexaHu3ma 6yayT npoBepeHbl KOHCTPYKTUBHbIE U
TEXHOJMIOTMYEeCKe NapameTpbl.

KnioueBble cnoBa: MnjaHeTapHble MexaHu3Mmbl, pac-
TOYHbIE CTaHKM, POTOP, BOAWIO, KPUBOLLMM, KOPO-
MbIC10, MON3YHOK, CAaTEN/INT, CONTHEYHOE KONeco
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Introduction

Planetary mechanisms are finding ever more
widespread use, both in transport and stationary
machines. They allow transmissions to be made
more compact and lighter, and have advantages
in transmissions from high-speed engines to the
working machine. They are widely used in lifting
and transport engineering, automotive, tractor
construction, in the forestry and woodworking
industries, and epicyclical mechanisms are also

used as a drive for working bodies, as well as pile
machines and concrete mixers — boring machines.

In this article, we will consider kinematic and
dynamic studies of the proposed drive mechanisms.
The planetary gear with a double satellite and rocker
carrier allows obtaining variable speed characteristics
and variable gear ratios for the drive mechanisms of
technical means of drilling well oil and gas.

In rotary drilling (fig. 1), rock destruction occurs
as a result of the simultaneous action of load and

Fig. 1. Scheme of rotary drilling of wells: 1 - bit, 2 — motor, 3 — spaces, 4 — horizons, 5 — drill pipes, 6 — sub,
7 - pipe (pipe string), 8 — winch, 9 — motors, 10 — switch, 11 — wire rope, 12 — crownblock (not shown), 13 — hook,
14 —flexible drill hose (sleeve), 15 — kelly, 16 — rotor, 17 —riser, 16 — tank system (not shown ),
19 — high — pressure pipeline, 20 — pump, 21 — engine, 22 — receiving tanks of mud pumps
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torque on the bit. Under the action of the load, the
bit penetrates into the rock, and under the influence
of the torque it cleaves it. During rotary drilling (fig.
1), the power from the motors (9) is transmitted
through the winch (8) to the rotor (76) — a special
rotary mechanism installed above the wellhead in
the center of the rig. The rotor rotates the drill string
and the bit (7) screwed to it. The drill string consists
of a leading pipe (15) and 6 drill pipes (5) screwed
to it using a special sub (6). Therefore, rotary drilling
the bit deepening into the rock occurs when the
rotating drill string moves along the borehole axis.

Object and methods of research

The object of research is the planetary
mechanism. Rotor (76) (fig. 1) rotates according to
the principle of a planetary mechanism around a
central axis inside a fixed stator.

We take the radius of the crank O, A, = R,, the
length of the carrier O,B = p, the wheel of the radius
R, the radius OA = p—I, O,P = R (this is the line
connecting the point of contact P with the point
0,), the length of the guide AB = ¢, the radius of the
satellite PB =r, and ¢ the angle between the radius
of the carrier and the line O,P, the carrier and the
leading link by ¢, and ¢ the angle between p and R
(fig. 2). The angle of rotation of the composite carrier
along Y will be [1, 2]

v=¢ta.

From the triangle 0,0,Aat 0,0,=d;,0,A=R, we
have:

R,Z:az+(p—l)2+20(p—l)cosw, (1)

where 7 —y = £0,0,Ais an obtuse angle.
Making transformations of expression (1), we

have:
p=+|R} —a’siny —acosy +I. (2)

On the other hand, R is determined from the
triangle O,BP on the basis of the cosine theorem:

r’=R’+p°-2p-R-cosa.

Expressing with respect to R, we have:

R=\/r’—p’sin’ a +2pcosa. 3)

Substituting the value (2) into (3), we have:

2
Rz\/rz —[JR Z—a’sin‘y —acosyx+l} sina +
+[\/R Z—a’sin’y —acosx//+l]cosa.

The skew angleis determined by the expression:

J(p) +[dp/dy]’ Y

R,+
ctga = r
dp/dy
%
'("d“\\\.w <
/J/v“i
?
g gy
>/ R
¥
¢
7} _
X
d
Si-y

Fig. 2. Diagram of friction mechanism with a composite
carrier: 1 - crank, 2 - rocker, 3 — slider, 4 — guide,
5 —satellite, 6 — wheel
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The variable gear ratio of the investigated
mechanism is determined by the formula [3, 41:

_ Y

Uy 4

~

Wy

Gear ratio between the satellites by the driving
link:

u, =2 (5)

@,

The angular velocity of a composite carrier is
determined by the angle of rotation y:

d

The angular velocities of the satellite are
determined:

<
C

A
s (6)
r R,

where v, U, are the linear velocities of the center of
the satellite and point A of the leading link, which is
determined by the formulas [5, 6]:

jZ

=22
() o]

Expressions (4) and (5) taking into account (6)
and (7) have the forms:

2 2
(o) (e )
R | \at) "Lat -

UCI_ 2 27
rAl(dp dy }
P Wy
[dtj +[a!t (p=1)

where the relative speed of the composite carrier is:

acosy

=93P asiny| 1- .
dt JR?=a’sin’y

The final gear ratio of the planetary friction
mechanism with a composite telescopic rocker
carrier (8) and (9), taking into account the formulas
(2) and (10), will be written in the form of the gear
ratio of the satellite link [7, 8]:

2
] asiny ’_7acosw +
Uy, =— R —a’sin’y ,
r

2
+[\/Rf —a’sin’y —acosy +l}

(10)

acosy

2
2
asiny|1-————2 +[\/Rf—azsin2y/—acosy/+l}
R, JR} =a’sin*y

ca

5 ,
r 2
asiny (L J{JR,Q -a’ sinzz//—acosz//}
JR =d’sin’y

where U, U, accordingly, variable gear ratios
between the rocker carrier satellite and the driving
link satellite.

Based on expressions (10) taking into account

do

@, = o, (7+a') and pzz_/;, where 0!'=£, we

obtain a generalized formula for determining the

variable gear ratio of the investigated mechanism.
Gear ratio satellite-rocker pair is:

\/[a), (7ia’)p] ’ ,

ro, (Iia')

(11

UCH =

gear ratio satellite-leading link:
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, Oa
where ¢’ =—.
oy
If the carrier length and angle are constant, we
obtain the Willis formula from (11) and (12). Taking
into account the constancy of the "mismatch" angle,
we have the following approximate formula for
determining the gear ratio:

Ugy = \/(p)z +[dp/dW] 2 ’

y R | (p) +[dp/dy]’
-

r\[p-1]" +[dp/dy]’

The given basic kinematic dependences of
the studied mechanisms make it possible to solve
kinematic problems.

For dynamic analysis, consider the function of
the transfer mechanism.

Results

We project the geometric parameters of the
mechanism under study onto the coordinate axes
OX and OY (fig. 3):

Fig. 3. Calculation scheme for determining
transfer functions:
1 - crank, 2 - rocker, 3 - slider, 4 — guide, 5 - spring

The sum of the projections on the X-axis:
iiX, =0, R cosp, —(p—I)cosy —a=0.
i-1
The sum of the projections on the Y-axis:
i:ZnYi =0, Rsing,—(p—1I)siny =0.
i=1

From the expressions for zero sums of
projections, we determine:

_ Rcosp,—a _R;sing,

—] ,
cosy siny

(13)

or

F(@,,w ) =R cosp,siny —asiny —
(14)
—R sing,cosy =R,sin(¢p, —y ) —asiny .

Then the total derivative has the form:

oF dy

dF(@,w)  OF do, .
dy dt’

dt  op dt

OoF
where [1'=—— and H':i are the transfer

oo, oy

RICOS(¢1 _V/)
R.cos(¢p,—y )—acosy

function of the crank or [7' =

Taking into account (14), the transfer function
is equal to:

oF
v _94
o¢, OF

o4,

Then the angular velocity of the link, taking into
account (13) and (14), is equal to:

—_— ! —_—
w,=Mw,=

=w,[R, cos(¢,—y)/(R,cos(¢,—y )—acosy )].
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The transfer function of the link, taking into Then the angular acceleration of the link of the

account (14), has the form [9, 10]: composite carrier has the form:
2 2 2
o2 O s Oy OF  OF _, OF, 2
qr_OF 040y oy (15) S+2 M+ ()
B oF ! e 1 2_8¢1 8¢18W 8!// 2
o & =MNw = ;.
oy daF
. I dy
where second partial derivatives:
O°F . O°F ‘ Conclusions
o042 =-R, 5’”(¢7_‘//)r 04,0 =R, 5’”(¢7“//)r A kinematic analysis of the models was carried
! oV out, on the basis of which dynamic dependencies
’F ) ) between the design and technological parameters
oy’ =Rsin(¢,—y )+asiny. (T6) " 4f the drive mechanisms of technological machines

Equation (15), taking into account (14) and formulas
(16),

were established.

Analytical models of systems of nonlinear
has the form: equations of motion of elements of planetary
1 mechanisms in drilling rigs have been compiled.
The transfer functions of the interaction of a pair of
satellite-rocker and a pair of satellite-leading link,

"

B R, cos(¢, —w)—acosy/.

'[R1 sin(¢, —y )+ 2R, sin(¢, —V/)]' formulas for the angular velocities and accelerations

r of the rocker and the leading link were obtained.

R, cos(¢, —1//) . . : .
»—+acosy/+R,s/n(¢1 —1//)+asm¢//- Based on the experiments, the design and
_R7 cos(¢-y) technological parameters of the drive planetary

R cos(¢ _y/) 2 mechanisms of drilling rigs will be established
. ' : ] . depending on the variable kinematic characteristics
R cos(¢ —y)+acosy obtained in the article.
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