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mic sections, and related data acquisitions. Viewed from one aspect the
invention provides The invention relates generally to downhole    a
downhole seismic source for the simultaneous seismic sources and, more
particularly, but not by  generation of orbital shear wave seismic energy
way of limitation, it relates to an improved type of   5   and compression
wave seismic energy into a orbital vibration source for generating both
shear  fluid -filled borehole wall comprising: wave and compression wave
energy for coupling        an elongated frame means having a central to a
bore hole wall.                              axis and an outer wall
supportable at a point along The prior art has seen a number of different
said borehole wall; and downhole sources as used in different types of  10
drive means disposed in said frame means and transmitter/receiver logging
systems. Many dif -  energizable to impart an orbital motion to at least a
ferent types of source mechanisms have been uti -  portion of the frame
means outer wall thereby to lized for inducing acoustic energy into a
borehole  generate an orbital shear wave in said borehole wall and
subsequently analyzing velocity and/or   wall. phase of received energy to
ascertain certain  is     The invention may thus provide a downhole
lithologic information. There are currently on -go -  vibrator for
simultaneous production of both shear ing efforts by a number of entities
to develop    waves and compression waves with high signal- suitable
downhole sources for generation of shear  to - noise ratios. waves and/or
compressional waves which sources        At least in preferred forms, the
invention pro - [err] capable of generating significantly greater  20
vides a downhole vibrator that can be easily op- power of energy input with
high signal - to - noise  erated to couple energy through the well bore
ratios in order to enable certain new approaches to  fluids into the
surrounding formation whether the seismic data acquisition. Thus, current
efforts take  borehole is cased or uncased. various forms and utilize
diverse mechanisms in       Elliptically polarized seismic shear waves can
attempts to impart a clean, concise, seismic energy   25  be generated into
the wall of a fluid -filled borehole input through the borehole wall or, in
some cases,  for time - displaced orbital propagation. the well casing, and
it is contemplated that devel -  The preferred downhole vibrator does not
re - opment of such sources will indeed open new       quire azimuthal
orientation; that is Its seismic out - possibilities of seismic data
acquisition and inter -  put can be the same in all radial directions.
pretation.                                   30       Some embodiments of
the invention will now United States Patent US-A-4103756 dis-         be
described by way of example only and with closes a downhole seismic source
which produces   reference to the drawings, in which: longitudinal and
shear waves. United States Patent   FIG. 1A is an idealized illustration of
a section of US - A -4207961 discloses an exciting method for     borehole
containing an orbital source and iso - a logging using an S wave source
located in a bore  35    lated detector sonde with section parts shown in
hole.                                                cutaway; The present
invention relates to an improved     FIG. 1B is a section taken along lines
1B - 1B of type of downhole vibration device utilizing a reac -  FIG. 1A;
[err] mass and motion generator in order to couple     FIG. 2 is a
depiction of energy propagation from compressional and/or shear wave
seismic energy   40  an orbital source uphole toward earth's surface; waves
into a borehole wall, and energy is gen -      FIG. 3A is a vertical cross
-section of the upper erated with sufficient power and definitive wave
portion of another form of orbital seismic source; form to enable much
expanded forms of seismic        FIG. 3B is a vertical cross - section of
the lower energy detection. Basically, the present invention   portion of
the orbital seismic source of FIG. 3A; uses the sonde casing of generally
cylindrical  45   FIG. 3C is a cross -section taken along lines shape as
the source reaction mass while housing     3C -3C of FIG. 3B; an
interactive rotational disk or the like to impart  FIG. 4A is a vertical
cross - section of a portion transverse orbital motion through the coupling
well  of a downhole source wherein prime force gen - bore fluid into the
borehole wall. The invention     eration is effected by electromagnetics;
contemplates a number of different types of basic  50  FIG. 4B is a section
taken along lines 4B-4B of orbital motion generators including motor -
driven   FIG. 4A; and eccentric disk, piezoelectric displacement, and
FIG. 5 is a vertical section taken along a portion electromagnetic
displacement, as well as the var -  of a downhole seismic source wherein
the prime ious controls and safeguards.                        energizing
force relies upon piezoelectric action. Therefore, it is an object of the
present inven -   55  FIGS. 1 A and 1B illustrate one type of oribital tion
to provide a downhole orbital source effective  seismic source 10 as it is
suspended in a borehole for usage in obtaining reverse vertical seismic
12 containing wellbore fluid 14. The source 10 Is profiles (VSP), borehole
logging, cross - hole sels-  suspended by means of a cable 16 and a
suitable 2    



3                EP 0 326 029 B1                    4 isolator (not shown)
which, damps any interactive    The inner structural cage consisting of bar
vibration relative to a receiver sonde 18. The entire  members 32 rigidly
connects the upper and lower sonde string of one or more receiver sondes
18,   reaction mass frames 28 and 30, and a sleeve of the isolating
structure, and the seismic source 10  elastomer membrane 52 is
circumferentlally se- are then supported downhole in the borehole fluid   5
cured to cover the outside of structural cage and 14 by means of a surface
- controlled logging cable  enclose the void 34 which is filled with a
highly 20.                                              filtered, low
viscosity oil. A pressure compensation The detector sonde 18 consists of a
tubular   system, not shown, automatically equalizes pres- frame 22 housing
one or more vibrationally isolated  sure across the membrane as the sonde
traverses seismic energy detectors 24a - 24n which are  10  vertically
within the borehole. The elastomer mounted in energy coupling relationship
to the    membrane 52 may be tightly secured by means of borehole fluid 14.
Various detector schemes may  suitable ring clamps or the like in sealed
manner be utilized depending upon the Information sought  about upper and
lower frame mass members 28 from the borehole generated energy. In other ap
-  and 30. The outer structural cage consisting of bar plications, the
receiver sonde 18 may be eliminated   15  members 33 prevents elastomer
membrane 52 and the source 18 positioned downhole for gen -   from
contacting the borehole sidewall and further eration of compression waves
and orbital shear    rigidly connects the upper and lower reaction mass
waves whereupon a surface detector array aligned  frames 28 and 30.
Optional state - of - the - art for selected vertical seismic profiling
(VSP) is uti-  borehole centralizers, not shown, may be used to lized. In
still other applications, the receiver sonde   20  keep the source and/or
receiver sondes centered 18 may be eliminated with the source 10 posi -
within the borehole and to prevent sonde rotation tioned downhole for
generation of seismic shear   during operation. and compression waves
whereupon seismic energy       As the eccentric disk 42 rotates, the
maximum detectors are positioned in one or more separate  radius point 50
forces oil outward against the boreholes in the vicinity of borehole 12 for
cros-   25  membrane 52 thereby to place a localized pressure shole seismic
imaging activities.                increase on the Interior of the membrane
52. Si - The source 10 consists of a frame 26 formed   multaneously,
pressure is reduced in an area [err] to contain considerable mass in upper
section 28  displaced as the disk 42 moves to a maximum and lower section
30. The frame 26 constitutes the  away from that area. The exterior of the
membrane isolation mass for the source reaction and the   30  52 will then
displace outward In the area nearest upper and lower frame mass members 28
and 30      the maximum radius point 50 of disk 42 with si - are maintained
In rigid alignment by means of     multaneous displacement inward on the
opposite structural cages 32 and 33. Inner structural cage 32  side of disk
42. Thus, the exterior of the membrane may be formed as a plurality of
circumferentially  52 serves as a rotating dipole shear wave distur-
arrayed interconnecting bars secured to define a   35  bance which is
coupled through the borehole fluid cylindrical chamber 34 between mass
members 28    into the borehole wall 12 in orbiting manner. and 30.
FIG. 2 illustrates in Idealized form the manner An A - C or D - C motor 36
with a built- in   in which orbital shear wave energy may propagate
feedback encoder is secured within upper frame     upward along a borehole
from a selected downhole mass member 28 to provide rotational drive axially
40  position. Thus, an orbital shear wave as continu - through a flexible
coupling 38 into a drive shaft 40.  ously generated at some point down
borehole 12 Drive shaft 40 has an eccentric disk 42 secured  will propagate
upward as an elliptically polarized thereon for rotation as shaft 40
rotates within upper  shear wave along the rotational or helical propa- and
lower bearing members 44 and 46. The disk     gation path 54. Thus, energy
is propagated along a 42 is eccentrically mounted on the drive shaft 40,
45  ray path 56 or the axis of borehole 12. As the as shown also in FIG.
1B, but it is dynamically   particle motion propagates with earth particle
balanced relative to drive shaft 40 to provide    movement continually in a
plane perpendicular to vibration -free rotation If rotated in air. Thus,
and  ray path 56, the representative vector 58 of particle referring to
FIG. 1B, rotation of eccentric disk 42  motion rotates thereabout. The
displacement vector sweeps out a circular path defined by dash - line  50
58 sweeps out a helix as it progresses upward and 48 which results in a
circular motion of fluid pros -  the vector may vary between minor and
major sure increase at the largest radius point 50 of   axes, depending
upon the elliptical function of the eccentric disk 42. Thus, the eccentric
disk 42    generation scheme. In most cases of rotational disk rotates and
sweeps out an envelope 48 in orbital  source, the elliptical polarization
of the shear wave manner about the motor shaft 40 center line or axis  55
will assume the circular or special case. Handed - as a pressure increase
is seen at the position of  ness of the helix can easily be reversed by re
- radius point 50 while a pressure decrease Is seen  versing the direction
of source rotation. Disclosure [err] around disk 42.
of such elliptically polarized shear waves is the 3    
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matter of co - pending European  nector 88 by means of a threaded post 82
which is Patent  application  EP - A - 0256625.  entitled  an integral part
of connector 88. A mass body of "Method of Seismic Exploration Using
Elliptically  revolution 84 is adapted to be seized upon Polarized Shear
Waves". While FIG. 2 illustrates an  threaded affixure of collar sleeve 64
to upper upward helical propagation path, it should be re-    5   sleeve 66
while defining a threaded radial bore 86 alized that a downward helical
propagation path will  for receiving the threaded post 82. Threaded post
also exist and from the center of the source such  82 extends through
connector 88 forming a sealed ath will be a mirror image of that
illustrated by  compartment into secure threaded engagement FIG. 2.
with threaded collar 90 secured by set screws 92 FIG. 2 illustrates only
the propagation form   10  within the upper portion of collar sleeve 64.
Thus, about a ray path coaxial with the borehole. If the  the mass body 84
not only provides a rigid con - orbital input from the source is circular,
propagation  nection to the upper cable assembly, but also it about any ray
path inclined from the borehole axis  provides support structure for at
least one geo - will be along an elliptical helix with the minor axis
phone 94 which, through selective rotation of mass of the ellipse shrinking
to zero as the ray path  15  body 84, is maintained in a selected
transverse reaches the plane normal to the borehole axis. That  alignment.
Dowell pin 85 prevents rotation of body is, only plane polarized shear
waves will be gen -  84 with respect to upper sleeve 66. erated in a plane
passing through the center of the   The lower portion of source 60 is
similarly source and normal to the borehole axis.           constructed as
a mass body 96 is secured upon It should be emphasized that the orbital  20
threaded assembly of cap sleeve 72 and  lower downhole source is also
effective in generating   sleeve 70. A cable connector 98 is threadedly
seismic compression waves. It is well known that a  received within a
threaded bore 100 of mass body horizontal dipole source produces
compression     96 to provide electrical connection through to the waves in
two lobes symmetrical about the hori-    lower cable 102. A lower cable
assembly 102 may zontal axis along which the source motion occurs.  25  be
used in certain configurations but not all, and a As was previously
mentioned, the orbital downhole  suitable plug member would be utilized
otherwise. source is in effect a rotating dipole; hence it will  Bail 76 is
available for suspension of selected produce compression waves in all
radial directions  stabilizing weights. The mass body 96 also retains about
the borehole vertical axis. Such waves are  at least one geophone In
designated azimuthal produced by the direct action of rotating pressure  30
direction for use as will be further described below. against the side wall
of the borehole. Furthermore,  Orientation is maintained by an index pin
not experimental evidence indicates that the shearing  shown. action
simultaneously  generates  compression       The middle sleeve 68 is
adapted to contain a waves centered about all ray paths inclined 45'
variable speed A - C or D  C electric motor 106 with respect to the
centerline of the borehole. Thus,  35  having a double ended shaft 108 to
provide rota- the downhole orbital vibrator is an effective uni -  tional
drive power to the eccentric rotors. Motor versal downhole source.
106 contains a built-in encoder, not shown, to FIGS. 3A-3C illustrate an
alternative form of  provide feedback for use in speed and phase [err]
shear wave vibrator which utilizes the con -  control. The underside of
motor 106 (FIG. 3B) is cept of rotation of an unbalanced mass within a   40
rigidly secured to a transverse annular flange 110 reaction mass with
seismic energy generation in   as rotary shaft 108 is secured to a flexible
coupling response to orbital movement of the reaction mass  112 having an
output shaft 114 that is secured to outer wall. In this case, an orbital
shear wave   an eccentric rotor 116. A circular housing member vibrator 60
includes a tubular housing 62 which   118 is suitably secured at the
juncture of middle also forms the reaction mass, which in this ap -   45
sleeve 68 and lower sleeve 62 by spacer 119 to plication is of as low a
value as is practical. The  define a cylindrical cavity 120. A pair of
axially tubular housing 62 is formed of sections consisting  aligned
bearings 122 and 124 secured in housing of a crown sleeve 64 that is
threadedly secured in  118 provide rotational support to the eccentric
rotor sealed relationship to an upper sleeve 66 which, in  116. As shown in
FIG. 3C, the eccentric rotor 116 turn, is threadedly connected in sealed
relationship  so  is a circular disk with off -center drive point as at to
a middle sleeve 68. The middle sleeve 68 is also  shaft 114. Other forms of
eccentric mass rotors then threadedly received within a bottom sleeve 70
could obviously be used.' The form shown is a (FIG. 3B) which is threadedly
engaged with a bot -  compromise to provide high mass eccentricity and tom
cap sleeve 72 and cap 74 which extends a      reduced air drag. descending
bail 76.                          66       A similar structure is employed
at the upper A connector collar 78 having a multiple -con-  end (FIG. 3A)
as motor 106 is secured to annular ductor logging cable 80 is connected
into source  flange 126. A cylindrical spacer 128 is secured in 60 in a
sealed relationship through mating con-   support beneath-a suitable
cylindrical housing 130 4    



7                EP 0 325 029 B1                    8 which is further
secured by spacer 129 at the     having inside diameter race surfaces 177
and 179 threaded juncture of upper sleeve 66 and middle   slightly larger
than the outside diameter of the sleeve 68. The upper end of rotary  shaft
108 is  stainless steel ring 170 is then disposed to overlay connected
through a flexible coupling 132 which   the stainless steel ring 170 in
spaced relationship. provides output on shaft 134 that is secured to an   5
The iron ring 176 may be formed with heavier eccentric rotor 140. Rotor 140
is retained within  upper and lower races 177 and 179 to assure upper and
lower axial bearings 136, 138. The      magnetic alignment with the
respective upper and housing 130 defines a cylindrical void 137 and an
lower pole pieces. An elastomer upper sleeve 178 eccentric disk 140 is
keyed on shaft 134 to rotate  is suitably secured to seal between frame
housing therein. The eccentric disks 140 and 116 are key  10  142 and the
upper portion of iron ring 176 as a connected to respective shafts 134 and
114 In like  lower elastomer sleeve 180 Is similarly secured to phase or
radial alignment.                       seal adjacent the lower edge of
iron ring 176. A In operation, the orbital shear wave source 60  cavity 182
formed within the elastomer barriers is is suspended in a fluid -filled
borehole (not shown)  then filled with a suitable low viscosity oil to pro-
at a designated position and the outer cylindrical  15  vide pressure
balance across the elastomer bar- walls of frame housing 62 are in
energy-coupled  riers and to ensure smooth contact and reduction
relationship to the borehole wall. In - phase rotation  of noise and
interference. of the eccentric disks 140 and 116 by the motor      In
operation, a plurality of phase displaced 106 bring about a reactive
orbital motion of the  alternating current sources are connected down -
frame housing mass 62 which results in an orbital  20  hole to selected
ones of the respective elec - shear wave being coupled into the borehole
wall for  tromagnetic coils 144-150 and, in accordance with propagation
outward and upward in the manner as   the energizing voltage phase
relationship, ener- shown in FIG. 2. Compression seismic waves, as
gization of the respective electromagnetic coils previously described, are
also generated. Two     takes place in a predetermined sequence pro-
geophones 94 and 104 are mounted in identical  25  gressing around the
frame housing 142. Thus, as orientation proximate opposite ends of the
frame  iron ring 176 is attracted inward adjacent stainless housing 62, and
these provide output control sig -  steel ring 170 on one side, the
opposite side is nals for use variously in monitoring the source   maximum
outward to provide a localized increase output signal, Indexing rotation of
the source, de-  in pressure in the borehole fluid which, in turn, tection
of replica signals, etc. Additional pairs of  30  imparts shear wave
particle energy to the borehole geophones such as a pair orientated 90
with      wall at that point. Depending upon the phase rela - respect to
geophones 94 and 104 can easily be     tionship of the energizing voltages,
the iron ring added.                                            176 can be
orbitally rotated variously around the FIGS. 4A and 4B illustrate an
alternative form  frame housing to generate an elliptically polarized of
source power generation of the low inertia type   35  shear wave in the
borehole wall. i.e., similar to that disclosed In FIG. 1A wherein the  FIG.
5 illustrates yet another form of low inertia rotor is balanced but energy
coupling movement is  orbital shear wave source for downhole application
imparted through an orbiting diaphragm motion. An  wherein piezoelectric
elements are used. A down - orbital shear wave source 140 includes a
cylindrical  hole shear wave source 190 includes a suitable frame portion
142 having a quadrature array of wire  40  tubular frame housing 192 and a
plurality of direc - coils disposed near the periphery. A plurality of
tionally displaced piezoelectric elements secured wire coils 144, 146, 148
and 150 are wound of     centrally therealong. Thus, central most, a pair
of selected gauge wire on high magnetic permeability  reaction masses 194
and 196 are disposed in jux - cores to provide desired electromagnetic
qualities.  taposition and in parallel as supported transversely The frame
housing 142 Is formed of non -magnetic  45  in frame housing 192 by means
of respective low metal and the upper pole pieces 152, 154, 156,   friction
linear bearings 198 and 200. The linear and 158 and lower pole pieces 160,
162, 164, and  bearings of selected diameter and length are 166 are formed
of high magnetic permeability     available from such as Unear Rotary
Bearings, Inc. material. Thus, each of the pole pieces is secured  of
Westbury, New York. The piezoelectric elements through the inner wall of
frame housing 142 in  50  202 and 204 are suitably bonded on the ends of
suitable arcuate grooves 167 and 168 to support  reaction mass 194, and
piezoelectric elements 206 the respective wire coils 144-150 adjacent the
and 208 are similarly bonded on the ends of reac - inner wall of frame
housing 142.                 tion mass 196. The outer ends of piezoelectric
A non -magnetic stainless steel ring 170 hav -  elements 202-208 are
suitably bonded In rigid ing upper and lower beveled edges 172, 174 is  55
contact with tubular frame housing 192. The elec - suitably secured around
frame housing 142 and    trical connections 210 and 212 then control the
extending between the upper and lower Iron pole   alternating piezoelectric
energizations. A pair of pieces 152 -158 and 160-166. A reaction ring 176
reaction masses 214 and 216 are then disposed 5    



9                 EP 0 325 029 B1                   10 above and below
masses 194 and 196 in equi -          Changes may be made in combination
and spaced position but disposed at right angles. Each  arrangement of
elements as heretofore set forth in of masses 214 and 216 is suspended by a
low      the specification and shown in the drawings; it friction linear
bearing 218 and 220 and each of   being understood that changes may be made
in these includes opposite end piezoelectric elements   5   the embodiments
disclosed without departing from assembled In the same manner as reaction
masses   the scope of the invention as defined in the fol- 194 and 196. The
electrical control connections   lowing claims. '19 and 221 apply
alternating energization to the piezoelectric elements.
Claims The source 190 is another alternative form of  10 low inertia
seismic source capable of relatively  1. A downhole seismic source (10;60;
140;190) for good  power output. The transverse reaction           the
simultaneous generation of orbital shear masses and energizing elements are
arranged in        wave seismic energy and compression wave pairs so that
they can be equally disposed on each    seismic energy into a fluid -filled
borehole wall side of the frame housing center line 222 thereby   15  (12)
comprising: to provide balanced transverse force on frame            an
elongated frame means (26:62) having housing 192 and to avoid any torquing
motion to       a central axis and an outer wall supportable at the
longitudinal axis. While four elements are        a point along said
borehole wall; and shown, additional quadratures of such elements
drive means disposed in said frame means [err] easily be added equally
disposed on each   20    and energizable to impart an orbital motion to
side of housing centerline 222, to provide in-        at least a portion
(52;62;176;192) of the frame creased power output capability. Thus,
application    means outer wall thereby to generate an orbital of an
energizing voltage on lead 212 with opposite    shear wave in said borehole
wall (12). pulsing on lead 210 results in crystal elongation of
piezoelectric elements 204 and 208 with attendant  25  2. A downhole
seismic source (10;60;140;190) as contraction of elements 202 and 206
thereby to        set forth in claim 1 wherein said frame means generate
localized increased pressure at the          (26,62) comprises: borehole
wall adjacent piezoelectric elements 204        a cylinder (28,30;62)
having continuous and 208. Similar control of the transverse reaction
outer wall in contact with the borehole fluid; masses 214 and 216 by
alternate pulsing of their  30  and respective piezoelectric elements,
results in similar    top and bottom end cap structure (90,74) shear wave
forces at the borehole wall. Thus, co -    secured to opposite ends of the
cylinder ordinated control in selected phase relationships of  (28,30;62).
the two [err] displaced pairs of reaction masses is effective to generate
an elliptical or circularly po-   35  3. A downhole seismic source (60) as
set forth In larized shear wave in the adjacent borehole wall.     claim 1
or 2 wherein said drive means com - This type of phase adjusted electronic
control is     prises: more clearly discussed in the aforementioned U.S.
a drive motor (106) providing rotational patent  application  EP - A -
0256625  entitled        output; and Method of Seismic Exploration Using
Elliptically  40    first  and  second   eccentric  rotors Polarized Shear
Waves".                              (116,140) receiving said rotational
output, said The foregoing discloses a novel form  of          rotors being
equi - spaced along the central downhole orbital seismic vibrator of the
type         axis of said frame means (62) and aligned in wherein seismic
shear waves, particularly ellip -     parallel and radial alignment for
synchronous tically polarized seismic shear waves, can be   45    eccentric
rotation. coupled through the borehole fluid into the borehole wall with
appreciable power while si -   4. A downhole seismic source (60) as set
forth in multaneously  generating  seismic  compression        claim 3
wherein said first and second eccentric waves of appreciable power.
Generation of such        rotors each comprises: shear waves and
compression waves downhole  50           a circular disk (116,140) having
an ec- enables a number of new sounding techniques           centrically
displaced shaft hole for receiving wherein data can be compiled in the form
of re -      input of rotation. verse vertical seismic profiles, (VSP) or
seismic profiles can be established from  hole to hole    5. A downhole
seismic source (60) as set forth in across a selected terrain. In addition,
such vibrators  55  claim 3 or 4 wherein: may still be useful for acoustic
sounding along a        said drive motor (106) is a variable speed single
borehole for the purpose of establishing ve -  electric motor which
includes a feedback en- locity relationships of the various stratum.
coder. 6    



9                 EP 0 325 029 B1                    10 above and below
masses 194 and 196 in equi -          Changes may be made in combination
and spaced position but disposed at right angles. Each  arrangement of
elements as heretofore set forth in of masses 214 and 216 is suspended by a
low       the specification and shown in the drawings; it friction linear
bearing 218 and 220 and each of   being understood that changes may be made
in these includes opposite end piezoelectric elements   5   the embodiments
disclosed without departing from assembled in the same manner as reaction
masses   the scope of the invention as defined in the fol - 194 and 196.
The electrical control connections  lowing claims. [err] and 221 apply
alternating energization to the piezoelectric elements.
Claims The source 190 is another alternative form of  10 low inertia
seismic source capable of relatively  1. A downhole seismic source (10;60;
140;190) for good  power output. The transverse reaction           the
simultaneous generation of orbital shear masses and energizing elements are
arranged in        wave seismic energy and compression wave pairs so that
they can be equally disposed on each    seismic energy into a fluid -filled
borehole wall side of the frame housing center line 222 thereby   is  (12)
comprising: to provide balanced transverse force on frame            an
elongated frame means (26;62) having housing 192 and to avoid any torquing
motion to       a central axis and an outer wall supportable at the
longitudinal axis. While four elements are        a point along said
borehole wall; and shown, additional quadratures of such elements
drive means disposed in said frame means [err] easily be added equally
disposed on each   20  and energizable to impart an orbital motion to side
of housing centerline 222, to provide in-        at least a portion (52;62;
176;192) of the frame creased power output capability. Thus, application
means outer wall thereby to generate an orbital of an energizing voltage on
lead 212 with opposite    shear wave in said borehole wall (12). pulsing on
lead 210 results in crystal elongation of piezoelectric elements 204 and
208 with attendant  25  2. A downhole seismic source (10;60;140;190) as
contraction of elements 202 and 206 thereby to        set forth in claim 1
wherein said frame means generate localized increased pressure at the
(26,62) comprises: borehole wall adjacent piezoelectric elements 204
a cylinder (28,30;62) having continuous and 208. Similar control of the
transverse reaction   outer wall in contact with the borehole fluid; masses
214 and 216 by alternate pulsing of their  30  and respective piezoelectric
elements, results in similar    top and bottom end cap structure (90,74)
sheaf wave forces at the borehole wall. Thus, co -    secured to opposite
ends of the cylinder ordinated control in selected phase relationships of
(28,30;62). the two 90 displaced pairs of reaction masses is effective to
generate an elliptical or circularly po-   as  3. A downhole seismic source
(60) as set forth in larized shear wave in the adjacent borehole wall.
claim 1 or 2 wherein said drive means com - This type of phase adjusted
electronic control is     prises: more clearly discussed in the
aforementioned U.S.        a drive motor (106) providing rotational patent
application  EP-A-0256625  entitled         output; and "Method of Seismic
Exploration Using Elliptically  40    first  and  second  eccentric  rotors
Polarized Shear Waves".                              (116,140) receiving
said rotational output, said The foregoing discloses a novel form  of
rotors being equi - spaced along the central downhole orbital seismic
vibrator of the type         axis of said frame means (62) and aligned in
wherein seismic shear waves, particularly ellip-      parallel and radial
alignment for synchronous tically polarized seismic shear waves, can be 45
eccentric rotation. coupled through the borehole fluid into the borehole
wall with appreciable power while si -   4. A downhole seismic source (60)
as set forth in multaneously  generating  seismic  compression        claim
3 wherein said first and second eccentric waves of appreciable power.
Generation of such        rotors each comprises: shear waves and
compression waves downhole  so           a circular disk (116,140) having
an ec- enables a number of new sounding techniques           centrically
displaced shaft hole for receiving wherein data can be compiled in the form
of re-      input of rotation. verse vertical seismic profiles, (VSP) or
seismic profiles can be established from  hole to hole     5. A downhole
seismic source (60) as set forth in across a selected terrain. In addition,
such vibrators  55  claim 3 or 4 wherein: may still be useful for acoustic
sounding along a        said drive motor (106) is a variable speed single
borehole for the purpose of establishing ve -  electric motor which
includes a feedback en- locity relationships of the various stratum.
coder. 6    



11               EP 0 325 029 B1                     12 6. A downhole
seismic source (10) as set forth in          a  plurality  of piezoelectric
elements claim 1 or 2 wherein said frame means (26)
(202,204,206,208) each bonded in affixture on comprises:
respective ends of said first and second reac - at least two cylindrical
frames (28,30) of     tion masses (194,196,214,216). and to the relatively
heavy mass secured in axial align-    5  frame means cylinder (192); and
ment by a largely open peripheral structural           means for energizing
said piezoelectric cage (32,33) and defining a cylindrical cavity
elements in selected phase relationship to ex - (34) therebetween;
ert predetermined rotational transverse thrust a pliable boot (52)
enclosing said cavity       to said cylindrical frame means (192). outer
wall and retaining fluid therein; and  10 first and second end cap means
secured      12. A downhole seismic source (190) as set forth to opposite
ends of the secured cylindrical        in claim 11 which further includes:
frames.                                                at least four linear
bearings (198,200,- 218,220) secured to support said first and 7. A
downhole seismic source (10) as set forth in  is  second reaction masses
(194,196,214,216). claim 6 wherein said drive means comprises: a drive
motor (36) providing rotational     13 A downhole seismic source (140) as
set forth output along said central axis; and                in claim  1 or
2 wherein said drive means a rotor disk (42) having selected thickness
comprises: and being driven eccentrically by said rota -   20     at least
four electromagnetic coils (144,- tional output, said disk being disposed
in said     146,148,150) having upper (152,154,156,158) cavity to distend
said boot (52) in orbital        and lower (160,162,164,166) pole pieces of
manner relative to the borehole wall (12).         metal having high
magnetic permeability, said coils being held in quadrature array with the
8.  A downhole seismic source (10) as set forth in  25  upper and lower
pole pieces each being cir- claim  6 or 7 wherein said structural cage
cularly aligned and with all pole pieces being (32,33) comprises:
secured within the mass of said cylinder at least two peripherally disposed
equi -       (142); spaced struts secured longitudinally between
a non -magnetic ring (170) of selected the respective frames (28,30).
30       outer diameter bonded around said cylinder In the circular area
between the circularly arrayed 9.  A downhole seismic source (10) as set
forth in     pole pieces; claim 6, 7 or 8 wherein said pliable boot corn -
an iron ring (176) of selected inside di - prises:
ameter greater than said non -magnetic ring a generally cylindrical
elastomer mem -   35   outer diameter and disposed concentrically brane
(52) sealingly secured about the pe -        thereto; riphery of respective
frames (28,30) adjacent          fluid - tight pliable boot means (180) se
- said cylindrical cavity (34).                      cured to said cylinder
means (142) on each side of said non -magnetic ring to retain said 10. A
downhole seismic source (10) as set forth in  40  iron ring in
concentricity; claim 7 wherein:                                      fluid
of selected viscosity and compres- said drive motor (36) is a variable
speed       sibility disposed within said boot means; and electric motor
with at least one built - in feed -     means for energizing said
electromagnetic back encoder.                                      coils
(144,146,148,150) in selected quadrature 45      phase relationship to
displace said soft iron 11. A downhole seismic source (190) as set forth
ring (170) in rotational transverse thrust relative in claim  1 or 2
wherein said drive means          to said cylindrical frame means (142).
comprises: at least two equal first reaction masses    PatentanspUche
(194,196) having opposite ends and being se -   50 cured in parallel
juxtaposition and transverse  1. Seismischer Bohrlochgenerator (10; 60;
140; alignment generally centrally in said frame        190) zum
gleichzeltigen Erzeugen seismischer means (192);
Umlaufscherwellenenergie  und  seismischer at least two equal second
reaction masses       Druckwellenenergile In elne Wand (12) eines (214,216)
having opposite ends and being se -   5s  fluidgefUllten Bohrlochs,
umfassend: cured adjacent on each side of said first reac -   ein
langgestrecktes Rahmenmittel (26; 62) mit tion masses (194,196) but in
right angle align -   einer Mittelachse und einer an einer Stelle ment
relative to the first masses;                 lungs der Bohrlochwand
abstltzbaren AuBen -    13                EP 0 325 029 B1
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wand; und                                      7. Selsmischer
Bohrlochgenerator (10) nach An - ein in dern Rahmenmittel angeordnetes An -
spruch 6, worln das Antriebsmittel umfaSt: triebsmittel, das zurn Anlegen
einer Umlauf -     elnen Antriebsmotor (36), der entlang der Mit - bewegung
an Wenigstens einem Abschnflt (52;       telachse Drehkraft erzeugt; und
62; 176; 192) der AuBenwand des Rahmen -    5     sine Rotorscheibe (42)
ausgewahiter Dicke, die mittels erregbar ist, umr hierdurch in der
durch die Drehkraft exzentrisch angetrieben ist, Bohrlochwand (12) eine
Umlaufscherwelle zu        welche Scheibe in der Kammer angeordnet ist,
erzeugen.                                         um die Manschette (52) in
umlaufender Weise relativ zu der Bohrlochwand (12) zu strecken. 2.
Seismischer Bohrlochgenerator (10; 60; 140;  10 190) nach Anspruch 1, in
dem das Rahmen-       &  Selsrmischer Bohrlochgenerator (10) nach An -
mittel (26. 62) umfaft:                           spruch 6 oder 7, In dern
der Tragkiflg (32, 33) eonen Zylinder (28, 30; 62) mit einer durchge -
umfaet: henden AuBenwand in Kontakt mit dem Bohr-         wenigstens zwei
In Umfangsrichtung mit glei - lochfluid; und                            15
chern  Abstand  voneinander  angeordnete an gegen~berliegenden Enden des
Zylinders         Streben, die in iingsrichtung zwischen den- (28, 30; 62)
befestigte obere und untere End -    Jeweiligen Rahmen (28, 30) gesichert
sind. kappenstrukturen (90, 74). 9. Seismischer Bohrlochgenerator (10) nach
An - Seismischer Bohrlochgenerator (60) nach An-   20  spruch 6, 7 oder 8,
in dem biegsame Man - spruch 1 oder 2, in dem das Antriebsmittel
schette umfa~t: umfaft:                                           eine im
wesentlichen zylindrische elastomere eonen Drehkraft erzeugenden
Antriebsmotor         Membrane (52), die urn den Umfang der je - (106); und
welligen Rahmen (28, 30) nahe der zylindri - die Drehkraft aufnehmende
erste und zweite  25    schen Kammer (34) abdichtend befestigt sind.
exzentrische Rotoren (11f6, 140), welche Ro - toren mit gleichem Abstand
entlang der Mit-    10. Seismischer Bohrlochgenerator (10) nach An -
telachse des RahmenmitteLs (62) angeordnet        spruch 7, in dem der
Antriebsmotor (36) sin und zu synchroner exzentrischer Drehung zu -
Elektromotor varlabler Drehzahl mit wenigstens elnander parallel und radial
ausgerichtet sind.    30  einem eingebauten RUckkopplungscodierer ist. 4.
Seismischer Bohrlochgenerator (60) nach An -   11. Seismischer
Bohrlochgenerator (190) nach spruch 3, in dem jeder der ersten und zwelten
Anspruch 1 oder 2, in dem das Antriebsmittel exzentrischen Rotoren umfaBt:
umfaot sine kreisformige Schelbe (116, 140) mit ei -   35  wenigstens zwei
gleiche erste Reaktlonsmas- nem  exzentrisch versetzten Wellenloch zur
sen (194, 196), die gegentberliegende Enden Aufnahme aingegebener Drehung.
autweisan, und parallel nebeneinanderliegend und quer ausgerichtet irM
wesentlichen zentral Seismischer Bohrlochgenerator (60) nach An -      in
dem Rahmenmittel (192) befestigt sind; spruch 3 oder 4, in dem der
Antriebsmotor  40     wenigstens zwei gleiche zweite Reaktions- (106) sin
Elektromotor variabler Drehzahl mit     massen (214, 216), die
gegenUberliegende einem ROckkopplungscodlerer ist.                  Enden
autweisen und nahe jeder Seite der ersten Reaktionsmassen (194, 196),
jedoch in 6. Seismischer Bohrlochgenerator (10) nach An -
rechtwinkliger Ausrichtung relativ zu den ersten spruch 1 oder 2, in dem
das Rahmenmittel  45      Massen befestigt sind; (26) umfaBt:
sine  Mehrzahl piezoelektrischer Elemente wenigstens zwel zylindrische
Rahmren (28, 30)     (202, 204, 206, 208), die jeweils mit den js- relativ
schwerer Masse, die in axialer Ausuich -  weiligen Enden der ersten und
zweiten Reak- tung durch einen weit offenen peripheren          tionsmassen
(194, 196, 214, 216) und mit dem Tragk~flg (32, 33) gesichert sind und
dazwi -   50  zylindrischen Rahmenmittel (192) fest ver- schen sins
zylindrische Karnmer (34) festle-      bunden sind; und gen;
ein Mittel zum Erregen der plezoelektrischen eine blegsame Manschette (52),
die die Kam -      Elements in ausgewihiter Phasenbeziehung; rperauBenwand
einschlieBt und Fluid darin halt;   um auf das zylindrische Rahmenmittel
(192) und                                       56      aine vorbestimmte
Drehquerkraft auszuOben. erste und zweite Endkappenrnittel, die an ge-
genlberliegenden Enden der gesicherten zy-     12. Seismnischer
Bohrlochgenerator (190) nach lindrischen Rahmen gesichert sind.
Anspruch 11, der weiter umfaBt: 8                           I 1!1111i 111
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220), die zum Tragen der ersten und zweiten Reaktionsmassen (194, 196, 214,
216) befe-     2. Source sismique (10 ; 60 ; 140 ; 190) pour stigt sind.
sondage selon la revendication 1, dans la- 5      quelle le chassis (28,
62) comporte: 13. Seismischer Bohriochgernerator (140) nach            un
cylindre (28, 30 ; 62) ayant une parol Anspruch 1 odor 2, in dern das
Antriebsmittel     externe continue qui est au contact du fluide umfaBt:
du sondage, et wenigstens vier elektromagnetische Spulen             des
structures suporieure et inferieure (90, . (144, 146, 148, 150) mit oberen
(152, 154, 156,  to  74) A capuchon d'extremite ffx4es aux extrd- 158) und
unteren (160, 162, 164, 166) Pol-        mit~s opposees du cylindre (28, 30
; 62). stUcken aus Metall hoher magnetischer Per- meabilitat, welche Spulen
in quadratischer     3. Source sismique (60) pour sondage selon la
Anordnung gehalten sind, wobei die oberen         revendication 1 ou 2,
dans laquelle le dispositif und unteren PoistUcke jeweils kreisformig  15
d'entrathement comporte: ausgerichtet sind und wobel alle Polstlcke in
un moteur (106) qui donne un entraime - der Masse des Zylindors (142)
befestigt sind;     ment en rotation, et eonen nicht - magnetischen Ring
(170) ge -            un premier et un second rotor excentrique w~hIten
AuLiendurchmessers, der um den Zy -       (116, 140) qui reooivent la force
d'entralhe - linder In dem Kreisberelch zwischen den ring -   20  ment en
rotation, les rotors 6tant espaces f6rmig angeordneten PolstOcken befestigt
ist;     egalement le long de l'axe central du chassis einen Eisenring
(176) mit einem Innendurch -      (62) et etant alignds parallblement et
radiale - messer, der gr6ger gew~hIt ist als der Au -       ment afin
qu'ils presentent une rotation ex - 13endurchmesser  des  nicht -
magnetischen        centrique synchrone. Rings und der dazu konzentrlsch
angeordnet  25 ist;                                           4. Source
sismique (60) pour sondage selon la ein fluiddichtes biegsamres
Manschettenmittel     revendication 3, dans laquelle le premier et le
(180), das an dem Zylindermittel (142) jeder-     second rotor excentrique
comportent chacun: seits des nicht-magnetischen Rings gesichert          un
disque circulaire (116, 140) ayant un isti um den Eisenring konzentrisch zu
halten;    30  trou de passage d'arbre d6caie excentrique - in dem
Manschettenmittel angeordnetes Fluid       ment pour l'entramihement en
rotation.  ausgew~hIter Viskositlt und Komprossibilitflt; und
5. Source sismique (60) pour sondage selon la ein Mittel zum Erregeh der
elektromagnoti -       revendication 3 ou 4, dans laquelle: schen Spulen
(144, 146, 148, 150) In ausge-   35     le moteur (106) est un moteur
electrique a w~hiter quadratischer Phasenbeziehung, um         vitesse
variable qui comporte un codeur de den weichen Eisenring (170) mit
Drehquerkraft     rdtroaction. relativ zu dem zylindrischen Rahmenmittel
(142) zu verlagem.                             6  Source sismique (10) pour
sondage selon la 40     revendication 1 ou 2, dans laquelle le chassis
Revendlcatlons                                        (26) comporte: au
moins deux chassis cylindriques (28, 1. Source sismique (10; 60; 140; 190)
pour            30) de masse relativement grande, fixWs sous fond de
sondage, destinoe   l la creation si -    forme align6e axialement par une
cage pri - multan~e d'energle  sismique sous forme   45      pherique
r~sistante (32, 33) largement ouverte d'ondes orbitales de cisaillement et
d'energie    et d6limitant une cavite cylindrique (34) entre sismique sous
forme d'ondes de compression        eux, dans la paroi (12) d'un sondago
rempli d'un           un sabot souple (52) entourant Ia paroi fluide,
comprenant:                               exteme de la cavit6 et retenant
du fluide a un chAssis allong6 (26 ; 62) ayant un axe  5so  'intdrieur, et
central et une paroi externe et destIn6 h Otre        un premier et un
second capuchon d'ex - supporte en un point le long de la paroi du
trdmit6 fixWs aux extr~mit~s opposees des sondage ; et
chassis cylindriques fixes. un dispositif d'entraihnement place dans Io '
chfssis et destin6 A etre excit6 afin qu'il donne   55  7. Source sismique
(10) pour sondage selon la un mouvement orbital a une partie au moins
revendicatlon 6, dans laquelle le dispositif (52 ; 62 ; 176; 192) de la
paroi externe du       d'entraOnement comporte: chassis et cr~e ainsi une
onde orbitale de            un moteur (36) assurant un entrathement 9
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un disque (42) de rotor ayant une. pais -     220) fix6es afin qu'elles
supportent les pro - sour choisie et entraine excentriquement par la
mieres et secondes masses r6actives (194, rotation du moteur, le disque
6tant place dans    196, 214 et 216). Ia cavitd afin qu'll provoque un
allongement du   5 sabot (52) de manlbre orbitale par rapport a la  13
Source sismique (140) pour sondage selon la paroi (12) du sondage.
revendication 1 ou 2, dans laquelle le dispositif d'entraihement comporte:
Source sismique (10) pour sondage selon la              au moins quatre
enroulements electroma- revendication 6 ou 7, dans laquelle la cage   io
gnetiques (144, 146, 148, 150) ayant des pi& - resistante (32, 33)
comporte:                     ces polaires superieures (152, 154, 156, 158)
au. moins deux montants disposes peri-        et lnf6rieures (160, 162,
164, 166) form6es pheriquement et espaces egalement, fixes          d'un
metal ayant une perm6abilite magnetique longitudinalement entre les chassis
respectifs    dlevee, les enroulements etant maintenus sous (28, 30).
is      forme d'un ensemble de quatre enroulements d'une manibre telle quo
les pieces polaires 9. Source sismique (10) pour sondage selon la
sup6rieures et inferieures sont align~es drr- revendication 6, 7 ou 8, dans
lequel le sabot     culalrement, toutes les pieces polaires etant souple
comprend:                                  fixWes dans la masse du cylindre
(142), une membrane 6lastombre (52) de forrne   20       un anneau non
magn~tique (170) ayant un gen6rale cylindrique, fix6e de maniere etanche
diametre exteme choisi, fixe autour du cylindre a la p6riphdrie des chAssis
respectifs (28, 30)   dans une zone circulaire comprise entre les pres de
la cavite cylindrique (34).               pieces polaires disposees
circulairement, un anneau de for (176) ayant un diambtre 10. Source
sismique (10) pour sondage selon la  25   inteme choisi sup6rieur au
diametre exteme de revendication 7, dans laquelle:
I'anneau non magndtique et dispos6 concen - le moteur (36) est un moteur
dlectrique a     triquement par rapport a ce dernier, vitesse variable
ayant au moins un codeur            un sabot souple (180) qul est Mtanche
au incorpore de retroaction.                         flulde et qui est fix#
au cyllndre (142) de part 30      et d'autre de l'anneau non magnetique
afin 11. Source sismique (190) pour sondage solon la      qu'll assure la
concentricK6 de l'anneau de for, r~evendication 1 ou 2, dans laquelle le
dispositif   un fluide de viscosite et de compressibilite d'entrathement
comporte:                          choisies, plac6 dans le sabot, et au
moins deux premieres masses r~acti -           un dispositif d'excdtation
des enroulements ves 6gales (194, 196) ayant des extremites  35
6lectromagn~tiques (144, 146, 148, 150) avec oppos6es et fixees afin
qu'elles solent juxta-    des dephasages cholsis on quadrature afin que
posees parallelement et alignees transversa-      I'anneau de fer doux
(170) soit ddplac6 par lement pratiquement au centre dans le chassis
une force transversale de poussoe le falsant (192);
tourner par rapport au chfssis cylindrique au moins deux secondes masses
reactives  40   (142). 6gales (214, 216) ayant des extrbmit6s oppo - sWes
et fixees pres de chaque c8te des pre - mieres masses r6actives (194, 196)
mais avec un alignement perpendiculaire A celui des premieres masses,
45 plusieurs 6lements pikzo~lectriques (202, 204, 206, 208) fixes chacun
aux extrdmitds respectives des premieres et secondes mas- ses reactives
(194, 196, 214, 216) et au cylin - dre (192) du chassis, et
so un dispositif destine a exciter les 6lements piezo~lectriques avec des
phases choisies de maniere qu'lls exercent une poussee trans- versale
prdddtorminde en rotation sur le dhassis cylindrlque (192).
56 12. Source sismique (190) pour sondage selon la revendication I 1, qui
comporte on outre: 10    


