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The object of this invention is a device for stabilizing
the weight on the drill bit in the case of underwater drill-
ing carried out from a boat by means of a flexible tube
from which is suspended the bit and a bottom motor driv-
ing if.

Up. to the present, underwater drilling has generally
been effected with a rigid drill pipe string running from
the ship and held fairly vertically from the well head.

Such a system necessitates the use of a ship equipped
with a drilling-machine and also has all the drawbacks
inherent in the use of a rigid drill pipe string, mainly due
to the numerous pipe connections mecessary.

The use of a flexible tube formed by one sole length
or by-very long elements would remedy these drawbacks,
but proves to be very difficult to employ as it necessitates
the use of a bottom motor (generally electric) which is
unabie to take very big load variations.

But the movement of the ship, particularly due to swell,
causes incessant displacement of the unit formed by the
drilling tube, the bottom motor and the bit, and this re-
sults in’ considerable variations in the weight on the bit,
making it practically impossible for the latter to work.

The -object of this invention is to remedy that draw-
back by means enabling the weight on the bit to be kept
substantially - constant despite pounding or other move-
ment to which the boat, from where the drilling is being
done, may be subjected.

This can be done by rendering the tube substantially
independent of the boat’s movement, so that the group
formed by the immersed tube (which is designated here-
inafter by “flexible tubing”), the bottom motor and the
drill bit (the latter two being fixed to the end of the tube)
remain practically stationary when the boat is affected by
swell, the sole displacements being those caused by the
progress in drilling.

This is achieved by the stabilizing device according to
this invention, which comprises in combination han-
dling means such as a caterpillar drive on said floating
base, flexible tube means for drilling, supported at one
end thereof by said handling means, a jack arranged on
the floating base, means for feeding said jack by fluid
under pressure; a frame supported by the piston of said
jack, a slide guide fixed on the floating base, first pulley
means being carried by said frame, said flexible tube
means passing over said first pulley means, said frame
being substantially vertically movable upward and down-
ward along said slide guide, said slide guide carrying
second pulley means, a guide-rope, and a mooring mass,
substantially at the well head, said guide-rope ‘passing
over said second pulley means, having one end fixed to
said mooring-mass and the other end fastened to the float-
ing base, for instance through a winding and unwinding
device suchas a winch and means for guiding the guide-
rope length between the second pulley means and the
fastening point of the. guide-rope to the floating base,
whereby only a part of said length is movable with said
frame.

According to a first embodiment of the invention, said
means for guiding the guide-rope comprise two rollers
positioned opposite each other on either side of the guide-
rope, in contact therewith and at the same distance from
said slide guide as the end of the flexible tube supported
by said handling means.
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According to a second preferred embodiment of the
invention said means for guiding the guide-rope comprise
two rollers being in contact with said guide-rope and
being placed above and below said guide-rope, respective-
ly, and at different distances relative to said slide guide,
the upper roller being the farther from the slide guide
and the lower roller being the nearer to the slide guide,
and the movable part of the guide-rope being limited
by the upper roller when it moves upward and by the
lower roller when it moves downward.

In this last mentioned embodiment the upper roller
is placed at such a distance from the slide guide that when
the frame rises above the alignment position of the top
of the second pulley means with the two rollers, the mov-
able part of the guide-rope included between the said
pulley means and the said upper roller exceeds the mov-
able part of the flexible tubing included between its hold-
ing point and the first pulley means by a length chosen
so as to compensate for the shortening effect accompany- .
ing the reduction in tension of the flexible tube means re-
sulting from the rising of the frame, and the lower roller
is placed at such a distance from the slide guide that when
the frame drops below the alignment position of the sec-
ond pulley means with the two rollers the movable part
of the flexible tube means included between its holding
point and the first pulley means exceeds the movable part
of the guide-rope included between the second pulley
means and the said lower roller by a length chosen so as
to compensate for the elongation effect accompanying
the increase in the guide-rope tension resulting from the
lowering of the frame.

The device according to the invention will be described
in greater detail hereinafter, reference being made to the
appended drawings in which like reference numerals re-
fer to like parts throughout the several figures and where-
in:

FIGURE 1 is an overall view of the device,

FIGURE 1a is a diagrammatic view of the device il-
lustrated in FIG. 1,

FIGURE 2 illustrates the use of correcting devices for
adjusting tension variations on the guide-rope so as to
keep the tension of the flexible tubing substantially con-
stant when the ship is subjected to vertical displacement.

FIGURES 1 and la should be referred to in connec-
tion with the explanation of the general operating prin-
ciple of the device according to the invention.

A flexible drill string (tubing) 1, from which is sus-
pended at O an electric drilling motor 2 operating a tool
3, passes over a reversing pulley 4 and is kept under ten-
sion by a caterpillar drive 5 used to free, as and when re-
quired, the tubing lengths required for the drilling ad-
vance.

The caterpillar drive is a standard one such as is used
in cable-works for cable traction. It consists of two end-
less chains C; and C, with track-links P. These chains
are placed facing each other and enclose the flexible tube
1 between their track-links. Each chain winds around
two wheels R capable of revolving around a vertical spin-
dle borne by frame K. Wheels R can be driven by cog-
wheels S on an axle which is turned by horizontal endless
screw V supported by a frame, the said screw being itself
driven by a motor M (FIGURE 1).

Standard (e.g. hydraulic) means for compressing the
two endless chains C; and C, against the portion of tube
they enclose can advantageously be provided (not shown
in the figure).

The flexible tube 1 is wound on a storage drum T which
can be revolved by a motor m;,.

Drilling fluid is fed to the flexible tube 1 by an axial
channel of the drum connected to the end of the tube 1.

The electric conductors supplying the electric motor
2 are sunk in the core of the flexible tube and end in
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collector rings on the drum axle. On these rings collectors
rub against brushes at the current source feeding motor 2.

A guide-rope 6 has its immersed end E fixed on the
mooring-mass at the well head. It passes over a revers-
ing pulley 8 to which an upward vertical force is applied
by the piston of a jack 14, then between two side-by-side
rollers 9 and 10 before being wound by its other end
on the barrel of a winch 11, for instance. By having this
winch driven by the motor m; it is possible to allow for
the very slow variations in the height of the boat N due
to the tide. In the following, however, it will be con-
sidered that the wound-out length of the guide-rope is
adjusted periodically and it will be assumed that tidal
influence during the unit drilling period is nil.

It can be seen from FIGURES 1 and la that the dis-
tance between the tops A and D of the pulleys 4 and 8
has been chosen equal to the distance between the cater-
pillar outlet B and the point of contact C of rollers 9 and
19, the point through which the guide-rope passes.

The quadrilateral ABCD is, therefore, a parallelogram,
from which it follows that the lengths AB and CD will
remain equal whatever the pounding movement of the
boat. The guide-rope is kept under tension by the up-
ward force exerted on a frame 13 bearing the pulley 8.
In the following it will be assumed that the winch 12 and
the caterpillar drive 5 remain locked, ie. that the total
lengths CDE and BAO of the guide-rope and the flexible
tube remain substantially constant.

Lengths AB and CD remaining equal, it follows that
the variations in lengths DE and AO during pounding
movements of the boat will be substantially the same and,
as a result of swell movements, will be expressed merely
by a displacement of a slide guide 12 (being integral
with the boat) in relation to the frame 13 sliding in the
guide, the spindles of the pulleys 4 and 8 being fixed
on the frame.

As can be seen from FIGURE 14, the spot level of
the pulley 4, for instance, is not absolutely constant
in relation to the sea bottom, since lengths AB and CD
vary with the angle « of inclination of CD in relation
to the horizontal at C, i.e. with the extent of the pounding
movement of the boat.

Actually, with length EDC remaining constant, if the
letter L stands for the distance from point C to the vertical
passing through the axles of the pulleys 4 and 8 and the
letter y stands for the displacement of the frame 13 in
relation to its reference position corresponding to a==0
(A and D then being respectively in horizontal alignment
with B and C), it can be said:

DC=\/L?4-y?
The maximum DC variation is therefore:

VI~ Lyt L

where y,, represents maximum pounding.

Length EDC being constant, it follows that ED, which
represents the elevation of the pulley 8 above the sea
bottom, will vary by

1 .
— gy 2
5Ym /L

However, as the pulley 4 is connected to the pulley 8 by
the frame 13 and as ABCD forms a parallelogram, there
will be no relative variation in length between the flexible
tubing and the guide-rope.

As an object of the invention is to maintain the weight
on the tool fairly constant, an upward force F should
be exerted on the frame so as to keep the latter up.

This force F which, according to the invention, is
supplied by a jack 14 (FIGURES 1 and 2), must be sub-
stantially constant. In practice it would be costly to use
means of compression to ensure rigorous constancy of the
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pressure in the jack, and the simplest solution is to feed
the jack from a tank of fluid under pressure (tank 15,
FIGURES 1 and 2) such as an oleo-pneumatic ac-
cumulator of sufficient capacity for the pressure varia-
tions resulting from the piston displacement to remain
moderate.

If vy designates the volume of the tank for y=0, the
force F developed by the jack, taking the volume varia-
tions as polytropic, will be:

®  F=sp=sp(1+5Y) "= )

in which:

S represents the section of the piston of the jack, being
integral with the frame 13,

p the pressure exerted on the piston,

po the initial pressure of the fluid in the tank com-
municating with the jack for y=0, and

v the polytropic coefficient, at the limit equal to 1.4,
for the air.

All the vertical forces taken together that are applied
downward on the frame 13 are equal to:

(I1) Fy=P-+T(1+}sin a)4-£(14-sin )
in which:

P represents the weight of the frame 13,

T the tension of the flexible tubing,

t the tension of the guide-rope.
By equalizing the expressions of F and F,, there results:

(I11)
sp0(1—7%§/>=P+T(1+sin @) F£(1 Fsin o) =

P+ (T+0(1+%)

The tension ¢ of the guide-rope is linked with the length
x of the latter by an equation of the form:

(Iv) t=ty+k(x—2x,)

k being the coefficient of rigidity of the guide-rope and
fo the tension for the initial length x, of the guide-rope
(corresponding to y=0).

Similarly, the tension T of the flexible tubing is linked
with the length z thereof by the equation:

(V) T=T0+K(Z—‘Zo)

K being the coefficient of rigidity of the flexible tube and
Ty its initial tension for the length zg, corresponding to
y=0.

Elongations x—x; and z—z, of the guide-rope and the
flexible tubing are equal and from their equality the fol-
lowing equation is derived:

VD) t= (= T0)

Taking this Equation VI into account, Bquation III

then becomes:
L (n(1-2)-7)
1+¥ .
L

T+%(T—To) Fio=

or

(VII)

Sy
X (Sm(l“’YTO)—P

T
k—(—K| v
1+Z

k
+7To—1

As an example, application of this formula shows that
for a weight P==3000 kg. of the frame, an initial tension
(for y=0) of Ty=7,000 kg. on the flexible tubing, an
initial tension (for y=0) of #,=3,000 kg. on the guide-
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rope, ie. for Spy=7,0004-3,000-}3,000=13,000 kg., and
coefficient of rigidity values of:

K=120 kg./mm.
k=80 kg./mm.

taking L="7 m. and using, in addition, a value of vS/v,
equal to 0.05 m.2/m.3, we find that the tension T on the
flexible tubing varies between 5,800 kg. for y=--1 meter
and 8,600 kg. for y=—1 meter.

Such a variation, of more than 2,800 kg., in the tension.
of the flexible tubing, i.e. in the weight on the tool, is, in
practice, too much in many cases.

According to the system of the invention, the length
of guide-rope 6 would be acted upon to keep the tension
on the flexible tubing constant.

This can be effected, in practice, by using.two tension
correcting rollers .16 and 17 placed at distances L, and
L; respectively from the vertical passing through the axle

* of the pulleys 4 and 8, as shown in the diagram, FIG. 2.

According to whether « is positive or negative these
correcting rollers make it possible to lengthen or shorten
the effective length of the guide-rope. This results in a
compensating variation in the tension on the latter.

When the elevation y of the frame 13 above its refer-
ence position increases, the tension T on the rope de-
creases, since from Formula VII it follows at once that T
is a decreasing function of y.

This reduction in the tension T is accompanied by a
reduction At in the tension ¢ on the guide-rope since, ac-
cording to Equation VI, T and ¢ have variations in the
same- direction.

Reduction in tension Af is associated with a reduction in
the length Ax of this guide-rope, such that:

Al
AT = %

The correcting roller mechanism illustrated in FIGURE
2 will, in that case, make it possible to increase the ap-
parent length of the guide-rope by a length dx given by

the formula:
(1)~

By suitably choosing the position of correcting roller
17 (which determines the length I.;) one can, for a given
value and, for instance, for the maximum value yy of v,
obtain a value of dx exactly equal to Az/k, k being the
coefficient of rigidity of the guide-rope. The excess of
apparent length of this rope over the corresponding length
according to the embodiment illustrated in FIGURE 1,
exactly compensates for the shortening of the rope under
the effect of the reduction Az in its tension.

Conversely, when y becomes negative, the force applied
by the jack on the frame 13 increases and the weight borne
by the latter decreases. Tensions T and ¢ will tend to rise,
which will-increase the length x of the guide-rope 6. To
keep the length constant, the apparent length of this guide-
rope 6 must be reduced, which is done, according to the
invention, by means of a correcting roller 16 placed at
a distance L, from the vertical passing through the axis
of the pulleys 4 and 8, which distance L, is so selected
that for a certain deviation for instance for the greatest
downward deviation (y, negative), the reduction in the
elongation thereof under the effect of the increased tension
to which it is subjected.

The consequence of compensation for variations in the
length of the guide-rope is a-compensation for variations
in the tension on the flexible tubing.

It should be noted. that this compensation is exact only
for a given positive deviation and a given negative devia-
tion, for example for the maximum deviations =y, (¥
maximum in absolute value), as assumed in the following
computation.

As, for a zero value of y, the weight on the tool is fixed
at the desired value, a certain variation in the weight on

yz (L1
LL1

¥ P

=3 3L,
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the tool will remain, caused by insufficient correction for
y values between —y,, and 0 and between 0 and —+yuy.
This variation in the weight on the tool is, however,
considerably -less than it would be if there were no cor-
recting rollers.
This is. shown, for instance, by the following calcula-
tions made for the values below:

L=T meters
Ym=+0.7 meter

Two 60-meter guide-ropes (corresponding to the depth
of water) with a coefficient of rigidity k=80 kg./mm.

A flexible drilling rod with a coefficient of rigidity
K=120 kg./mm., 40 meters long and weighing 15
kg./m.

Weight of the rigid part of the boring set (tool, bottom
motor and drill collars): 2,500 kg.

Initial tension of the flexible tubing Ty=40x 154
2,500=3,100 kg.

Weight of frame P: 3,000 kg.

Initial tension (for y=0) on the guide-ropes #==2,000
kg.

One takes vS/V=0.05 m.2/m3,
The force developed by the jack for y=0 will be:
Spo=3,100+4-3,000--2,000=8,100 kg.

"Variations in the flexible rod tension (T—T,=AT) in
terms of y are determined from the Formula VII giving
the value of T from which the value T,=3,100 kg. is sub-
tracted, i.e.:

8,100( —0.07y) —
AT=0.6 1+%

—8 000+2><3 100—2, 000]
3,100

5,100 —560y
oo Y 66 [—3,100
AT——O.G[ 1+y ]

For the values of y varying between —0.7 m. and 0.7
m. the following table is obtained:

TABLE 1
—0.7 |—0.6 (—0.5 |[—0.4 [—0.3 |—0.2 |—0.1 0
600 | 510 { 4151 330 | 240} 160 78 0
0.7 |4+0.6 {+0.5 |40.4 |-0.3 [+0.2 |40.1 0
—4980 |—430 [—360 |—290 {—250 |—150 | —76 0

The position of the correcting rollers according to the

invention will be determined by the distances L; and L,
such as:
(1) Fory >0
d =|Atm|_|ATm|= w2(Ly—L)
kK 2LL,
490  0.49L;—3.43
120,000  14L,
of which one deducts:
14L,=—120 L,—840
and L;7.924 meters
(2) fory <0
dp= Yo (L=Ly) Al ATw
~  2LL, Tk K
ie.: .
600 3.43—0.49L,
120,000 14L,

of which one deducts:

and Ly=6.125 meters.
For the values of y comprised between 0 and 4y, and
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between 0 and —yy, the variations Af of force on the

guide-ropes are given by the formulas:

Fory >0

ky*(L,—L)

2LL,

80,0003<0.924

=AUt 094

S AL+6672

Af=At+

2

and fory < 0

80,000X0.875 ,
14X6.125
ZAE—816y2

The values of At in these formulas being taken from
Table 1 by the relation:

Af=Al—

k 2
The corresponding tension on the flexible rod AT will
be given by the formula:

_KAf 120
T K-+k 120480

The following table shows for different values of y
the variations of Af and AT. '

Al

AT Af=0.6Af

TABLE 2
—0.7 |—0.6 |—0.5 |—0.4 1—0.3 |—0.2 |~0.1 0
0| +46 | 472 | 490 | 486 | -+-74 | 444 0
0 --28 | +43 | 454 | 52 | +45 | 427 0
+0.7 (+0.6 (+0.5 (4-0.4 (+0.83 [+0.2 |40, 1 0
0| —48 | —73 | —87 | —87 | =73 | —44 0
0| —29 | —44 | —52 | —52 | —44 | —26 0

A comparative examination of Tables 1 and 2 above
shows that the use of correcting rollers, according to the
invention, makes it possible to reduce tension variations
of the flexible tubing and, consequently, the weight varia-
tions on the tool from a maximum of 1,090 kg. to a
maximum of 106 kg. in the case envisaged. Adjustment
of the position of the corrector rollers in the above
example, by cancelling out tension variations on the flex-
ible tubing for y==0.7 meter, allows pounding diver-
gences of more than 0.7 meter without increasing the
difference between the maximum and minimum values
of the tension to which the flexible tubing is subjected.

Actually, for y=-40.8 meter, the variation in the flex~
ible tubing tension is only +-34 kg. i.e. far less than the
maximum positive variation recorded between —0.7 and
+4-0.7 meter (454 kg.).

Similarly, for y=——0.8 meter, the variation in the flex-
ible tubing tension is only —33 kg., which is also far less
than the maximum negative variation recorded between
—0.7 and +40.7 meter (—52 kg.).

It can be seen, therefore, that the y value for which
it is desired to cancel out the variation in tension on the
flexible tubing in relation to the nominal tension may
very well be chosen slightly less than the maximum
anticipated pounding value (yy).

This value of y, on which is based the adjustment of
the correcting rollers, may also be selected of a different
absolute value according to whether y is positive or
negative.

In addition, the straight alignment line of the rollers
may, if so desired, be not horizontal, in which case the
deviations =y will be represented by the divergence be-
tween the top of the pulley on which passes the guide-
rope and the point of intersection of the straight align-
ment line of the correcting rollers (straight line tangent
to the under side of the upper roller and tangent to the
npper side of the lower roller) with the vertical passing
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8
through the top of the pulley. The roller correcting
mechanism will then operate in the same way, but the
nominal tension on the flexible rod will be chosen for
a frame position such that the top of the pulley on which
the guide-rope passes will be in alignment with the rollers.

However, in the case already examined as an example,
it can be seen that the value of ==0.7 meter leads to maxi-
mum variations in the tension of the same order when
y is negative as when it is positive (52 and 54 kg., respec-
tively). 1In that case, therefore, there is no need to pro-
vide far an adjustment based on different absolute values
of y according to whether it is positive or negative.

It will be understood that this invention is susceptible
to modification in order to adapt it to different usages
and conditions, and, accordingly, it is desired to com-
prehend such modifications within this invention as may
fall within the scope of the appended claims.

What is claimed is:

1. In an apparatus for underwater drilling having a
tool and operating from a floating base, a device for
stabilizing the weight on said tool, comprising, in com-
bination, handling means on said floating base, flexible
tube means for drilling, held at one end thereof by said
handling means, a jack arranged on the floating base,
means for feeding said jack by fluid under pressure,
a frame supported by the piston of said jack, a slide guide
fixed on the floating base, first pulley means being -car-
ried by said frame, said flexible tube means passing over
said first pulley means, said frame being substantially
vertically movable upward and downward, along said
slide guide which slide guide carries second pulley means,
a guide-rope, and a mooring-mass, said guide-rope pass-
ing over said second pulley means, having one end fixed
to said mooring-mass and the other end fastened to the
floating base, and means for guiding the guide-rope length
between the second pulley means and the fastening point
of the guide-rope to the floating base, whereby only a
part of said length is movable with said frame.

2. A stabilizing device as claimed in claim 1 wherein
the said means for guiding the guide-rope comprise two
rollers positioned opposite each other on either side of
the guide-rope and being in contact therewith, said means
for guiding the guide-rope being placed substantially at
the same distance from said slide guide as the end of
the flexible tube supported by said handling means.

3. A stabilizing device as claimed in claim 1 wherein
the said means for guiding the guide-rope comprise two
rollers being in contact with said guide-rope and being
placed above and below said guide-rope, respectively,
and at different distances relative to said slide guide, the
upper roller being the farther from the slide guide and
the lower roller being the nearer to the slide guide and
the movable part of the guide-rope limited by the upper
roller when it moves upward and by the lower roller
when it moves downward.

4. A stabilizing device as claimed in claim 3, wherein
the upper roller is placed at such a distance from the
slide guide that when the frame rises above the alignment
position of the top of the second pulley means with the
two rollers, the movable part of the guide-rope included
between the said pulley means and the said upper roller
exceeds the movable part of the flexible tubing included
between its holding point and the first pulley means by
a length chosen so as to compensate for the shortening
effect accompanying the reduction in tension of the flex-
ible tube means resulting from the rising of the frame,
and in which the lower roller is placed at such a distance
from the slide guide that when the frame drops below
the alignment position of the second pulley means with
the two rollers the movable part of the flexible tube
means included between its holding point and the first
pulley means exceeds the movable part of the guide-rope
included between the second pulley means and the said
lower roller by a length chosen so as to compensate for
the elongation effect accompanying the increase in the
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