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SONIC EARTH BORING DRILL WITH JACKET 
Albert G. Bodine, Sherman Oaks, Calif. 

(3300 Cahuenga Blvd, Los Angeles 28, Calif.) 
Filed Feb. 1, 1960, Ser. No. 5,792 

3 Claims. (Cl. 175-—56) 

This invention relates generally to so-called sonic well 
drills, of the general class disclosed in my Patent No. 
2,5 5 4,005, and more particularly to improvements in sonic 
drills operating at high energy levels. 
As is well known, there is a current trend in oil well 

drilling practice toward the drilling of deeper but more 
slender bores, particularly in regions where the produc 
tive formation is very deep underground, and the forma 
tion to be penetrated includes unusually hard strata. The 
adaptation of the sonic drill to such conditions dictates 
higher energy operation generally, and favors also the use 
of higher sonic frequencies. Under such conditions, there 
are encountered certain new problems, or old problems 
of very much increased severity. That is to say, certain 
unfavorable behaviors of the sonic drill which could 
formerly either be overlooked, or dealt with adequately 
by previously known procedures, have now become so 
severe and troublesome as to require new remedies for 
their control. The general object of the present inven 
tion is to provide means for meeeting these problems. 
A sonic drill such as disclosed in my said patent com 

prises, generally, an elastic column such as a section of 
heavy steel drill collar, typically from one ‘to several hun 
dred feet in length, suspended from :a conventional drill 
string, the collar being coupled at its lower end to a drill 
bit, and a longitudinal sonic standing wave being main 
tained in this collar by a suitable oscillator adapted to 
apply a periodic force to ‘an end of the elastic column at 
a resonant frequency of the latter. The standing wave 
is a “free-free” pattern, such that velocity anti-nodes 
occur at both ends of the column, with one or more veloci 
ty nodes (stress anti-nodes) intervening therebetween. 
The standing wave pattern may be of half-wavelength, in 
which case velocity antinodes occur ‘at both ends of the 
column, with a stress antinode at its midpoint, which 
is a quarter-wavelength distance from each end. Alterna 
tively, the column can be driven at harmonic frequencies 
giving any multiple of a half-wavelength along the 
column. In any such case, the velocity antinodes occur 
at the two ends of the column and at half-wavelength dis 
tances therealong, with stress antinodes occurring midway 
between velocity antinodes. The velocity antinode con 
dition at the lower end of the column is both essential 
and useful in that maximized vibration at this point is 
required in order to vibrate the bit against the formation. 
The velocity antinode at the upper end of the column, 
however, while an inherent characteristic of such a sys 
tem, actually presents a considerable problem in that it 
affords a poor coupling point to the supporting drill string. 
Thus, the velocity antinode at the upper end of the 
column undesirably sends sonic waves up the supporting 
drill string when directly coupled thereto, causing a 
serious loss of sonic energy, and undesirable vibration of 
the drill string. Vibration isolators have been provided 
for intercoupling between the drill string and the vibratory 
upper end of the elastic column and have been found 
very useful under certain conditions, but introduce some 
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2 
complication, and it would be an undoubted advantage 
if they could be avoided. 
One object of the present invention is accordingly the 

provision of a suspension system for a sonic drill, par 
ticularly one of high ‘energy and frequency, which avoids 
coupling to the velocity antinode region at the upper 
extremity of the elastic vibratory column, and which 
therefore meets the problem in question by avoiding it 
rather than contending with it as do the isolators. 

Another problem inherent in sonic drills, particularly 
severe and troublesome when operated under high energy 
conditions and at increased frequencies, is an insistent 
proneness to substantial lateral vibration. While the 
periodic force impulses applied to the drill column are 
directly longitudinally, the slightest lateral unbalance in 
the equipment results in a parasitic lateral mode of 
vibration in the column. This appears as lateral Wave 
action coursing along the column. Since wave length for 
lateral waves is considerably shorter than for longitudinal 
waves, several wave lengths of lateral vibration can occur 
along the half-wavelength (for longitudinal vibration) 
column. The lateral waves can also occur, under some 
conditions, at resonant frequencies and lateral standing 
Waves can develop. Such lateral vibration, depending 
upon the design of the apparatus, and the power at which 
it is driven, can attain large amplitudes. Under extra 
hard driving, for example, the amplitude may reach a 
half inch; though under such conditions, the column 
would be overstressed and soon rupture. These condi 
tions are very undesirable for a number of reasons. 
First, substantial lateral vibration consumes a correspond 
ing degree of available sonic energy generated for driving 
the drill. Secondly, a lateral vibration applies a cyclic 
bending stress in the column, which greatly reduces the 
life of the column. There are additional problems at 
tendant upon lateral vibrations, such as improper bit ac 
tion, damage to the side walls of the Well, undesirable side 
lo ads in the oscillator mechanism, etc. 

It is accordingly an important and primary object of 
the invention to provide means for suppressing parasitic 
lateral vibration of the longitudinally vibratory drill 
column. 
The present invention, in the aspect of suppression of 

lateral vibration, stems from the discovery of a very sur 
prising wave damping e?ect provided by the use of a slight 
lateral, or annular, clearance between the longitudinally 
vibratory resonating bar and a surrounding jacket struc 
ture which extends lengthwise of the bar for a substantial 
portion of a quarter-wavelength (longitudinal) distance 
along the bar. The lateral clearance gap is made suf 
?ciently small, typically, for example, one-eighth inch, 
so ‘as to assure that lateral vibration of the bar will result 
in elastic collision between the bar and jacket structure, 
and “bounce-bac ” of the bar. The bar is thus prevented 
from following the parasitic lateral wave, and building up 
a large amplitude lateral wave action. Instead, it is 
thrown sharply back, out of phase with the parasitic 
lateral wave, and its initial or incipient lateral vibratory 
action breaks up into a large number of non-linear low 
amplitude and highly damped components of various fre 
quencies and phase relations. The mathematics of such 
non-linear eifects is highly abstruse, and the damping 
eifect discovered was essentially unpredictable. Sut?ce 
it to say that “critical damping” of the bar against lateral 
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vibration is attained, i.e., the energy of the incipient lateral 
parasitic wave is absorbed and dissipated as fast as sup 
plied, and the parasitic lateral wave is prevented from 
‘developing. In fact, the throwing of the bar out of 
phase with the incipient lateral wave not only prevents 
development of the lateral wave, but conserves energy 
that would otherwise be diverted into the lateral wave. 
Thus only a fraction of the energy otherwise diverted into 
the parasitic lateral Wave is converted into lateral wave 
action, and this energy fraction is dissipated or critically 
damped by rapidly decaying non-linear low amplitude 
lateral vibration components of various phase relations 
and frequencies. - 

The lateral wave damping phenomenon here described 
differs from what occurs with other jacket structures used 
in prior sonic drills. For example, in FIG. 24 of my 
aforementioned Patent No. 2,554,005 is shown a jacket 
573 surrounding a longitudinally vibratory bar or column 
560, but in which the clearance space between column 
and jacket was described as sufficiently ample to accom 
modate maximum elastic deformation of the column with 
out making contact with the sides of the jacket. It would 
of course be understood that this implies a normal, non 
destructive degree of drive effort ‘for the apparatus. Simi 
larly, certain structural con?gurations in my Patent No. 
2,903,242 show annularly spaced members, one of which is 
longitudinally vibratory; but in these cases, as scaling of 
the drawings will reveal, the annular clearance gap is of a 
substantially 'wider order than is here contemplated, or 
than would permit lateral collision between the members 
under any normal or non-destructive degree of drive ef 
fort. 
An illustrative embodiment of the invention, accom 

plishing both the objective of suspension of the longitudi 
nally vibratory column at a point other than its vibratory 
upper end, and the objective of surrounding a substantial 
longitudinal extent of the column with a close ?tting but 
slightly spaced jacket, may be described brie?y as follows: 
The elastic vibratory column member is provided with an 
elongated jacket structure extending downwardly there 
over at slight spacing therefrom, to the region of a stress 
antinode in the column member, at which point the jacket 
is rigidly connected thereto. The upper end of the jacket 
structure is connected to the supporting drill string, and 
the bit is coupled to the lower end of the elastic column. 
A periodic force generating oscillator is coupled to the 
column at one or more antinodes of the longitudinal wave 
therein. The coupling may be to the upper end of the 
elastic column, in which case the oscillator may be housed 
within the upper end of the aforementioned jacket struc 
ture. Alternatively, the oscillator may be intercoupled 
between the lower end of the elastic column and the bit. 
Moreover, it is sometimes desirable to have two oscillators, 
one at each end. The vibratory column is thus suspended 
from the drill string through the jacket at a stress antinode 
point (region of no vibration), so that no vibration energy 
leaks up the drill string. And the same jacket structure 
accomplishes critical damping of lateral vibration. 
A still further object ‘of the invention is the provision of 

a simple hydraulically actuated oscillator for generating 
and applying the periodic ‘force impulses against the elastic 
column, characterized by mechanical simplicity, rugged 
ness, and capability of ‘generating periodic force impulses 
at high energy levels. A ‘feature of this oscillator is that 
its periodic force is generated along a vertical direction 
line, without lateral force components requiring balancing, 
and which therefore is not a source of lateral vibration. 
In this connection, the common ‘mechanical oscillator in 
volving a number of unbalanced rotors ‘are of course ordi 
narily designed for cancellation of lateral force compo 
nents. However, it is extremely di?icult to attain perfect 
cancellation, and also to avoid force couples, and a tend 
ency for lateral wave generation has remained as a prob 
lem with this prior oscillator. 
The details and accomplishments of the hydraulic os 
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4 
cillator may best be described in the body of the speci?ca 
tion. ' ' ' ' ' 

Reference is now directed to the accompanying draw 
ings, showing certain present illustrative embodiments of 
the invention, and wherein: 

FIG. 1 is a view partly in elevation and partly in longi 
tudinal section ‘showing an embodiment of drilling system 
in accordance with the invention; 

FIG. 2 is a section taken in accordance with line 2-2 of 
FIG. 1; 
FIG. 3 is a section taken in accordance with line 3—3 

of HG. 2; 
FIG. 4 is a detail section taken on line 4—4 of FIG. 3; 
FIG. 5 is another detail taken on line 5——5 of FIG. 3; 
FIG. 6 is a section taken on line 6—6 of FIG. 2; 
FIG. 7 is a view similar to FIG. 1 but showing a 

modi?ed form of the invention; and 
FIG. 8 is another view similar to FIG. 1 but showing 

another modi?ed form of the invention. 
Reference is ?rst directed to the illustrative embodiment 

of the invention shown in FIGS. 1 to 6. Numeral 10 
designates generally the lower extremity of a conventional 
drill string, understood to extend downwardly in the well 
from the ground surface, and formed at its lower end with 
a box coupling 11 which receives the threaded pin 12 
on the upper end of the upper tubular member 13 of a 
jacket structure generally indicated by the numeral 14. 
Jacket structure 14- comprises, in addition to upper tubular 
member 13‘, a long inter-mediate sleeve 15 screw-coupled, 
as [at 16, to the lower end of member 13, and also a lower 
tubular coupling member ‘17, screw-coupled as at 18, to the 
lower end of sleeve 15, and ?rmly joined, as at 19, to a 
mid-portion of longitudinally vibratory elastic drill column 
20. This column 20 is composed preferably of a good 
grade of alloy steel. In the particular embodiment here 
shown, the column 20 comprises an upper section 21, of 
a typical diameter of 5 inches, and a lower section 22 of 
somewhat larger diameter, typically 6 inches, joined by a 
short tapered intermediate portion 23 to which the cou 
pling member 17 is secured. As here shown, the lower 
end of coupling member 17 has an internal taper comple 
mentary to the taper of column portion 23, and is joined 
to the latter by a press ?t. Thus the upper section 21 of 
column 21) extends upwardly through jacket 14, and to the 
upper end thereof is coupled a periodic force generating 
oscillator 24 which is housed within the upper end portion 
of the jacket, as shown. 
A usual bit 25 is coupled to the lower end of column 20, 

and for the size of column heretofore mentioned, may 
have a bit circle diameter of 7%". This bit circle is of 
slightly larger diameter than jacket 14, so as to provide 
clearance for the jacket in the bore hole. This clearance 
is preferably made slight, so that the jacket will have a 
comparatively close ?t in the well bore, and will therefore 
be laterally [guided and supported thereby against sub 
stantial lateral jacket ‘vibration. 
As disclosed in my aforesaid Patent No. 2,554,005, the 

oscillator 124, details of a present illustrative embodiment 
of which will be described hereinafter, applies a vertically 
oriented periodic alternating force to the upper end of 
\colunm 20 at a resonant ‘frequency thereof for half-wave 
length standing wave vibration, or a multiple thereof, re 
sulting in periodic alternate elastic elongation and contrac 
tion of the column. The midpoint, at region 23, stands 
virtually stationary, and is a location of a velocity node 
‘of the standing wave set up in the column. Opposite end 
portions of the column lvibrate vertically in opposite direc 
tions as the two half portions of the bar simultaneously 
undergo alternate elastic elongation and contraction, and 
these opposite end portions of the column are the locations 
of velocity antinodes of the standing wave. In view of 
the somewhat smaller outside diameter of the upper por 
tion of the bar as compared with the lower portion there 
of, the velocity node actually appears at a point spaced 
somewhat downwardly from the exact longitudinal mid 
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point, of the column. Taking into account the mass and 
geometry of the oscillator 24 connected to the upper end 
section of the bar and of the bit ‘25 connected to the lower 
section thereof, the velocity node is located at the ‘center 
of mass ‘of the vibratory system; and coupling member 
17 is preferably joined to the column at that point. 

It is, however, not critical that the jacket be joined to 
the column 20 at the exact center of mass, i.e., at the exact 
velocity node, and it is su?‘icient for ordinary practical 
purposes, from the ‘standpoint of suspension, that the 
jacket be joined to the column somewhere along its mid 
region, but not too close to its ends. Of course, the 
farther the point of column suspension from its upper 
end, the less will be the vibration transmitted into the 
suspension. The most important consideration is that the 
point of column suspension be well down from its upper 
end antinodal region, where vibration is at a maximum. 
To particularize somewhat more de?nitely, bene?ts of the 
suspension in accordance with the invention are substan 
tial when the coupling point of the suspending jacket to 
the column is of the order of an eighth wave-length or 
more down from the upper extremity thereof. In this 
connection, the jacket structure is relatively thin walled 
and complaint, and quite capable of ‘absorbing a consider-': 
able degree of vibration, such as that encountered at the 
eighth Wave-length point. Ideally, of course, and to secure 
the maximum ‘bene?t of the invention, the jacket should 
join the column at substantially the velocity nodal point, 
where column vibration is virtually nil. 
The illustrative embodiment of the invention was de 

signed for ‘half wave-length operation at resonant fre 
quency of 185 cycles per second. At this frequency, the 
vertical dimension of the apparatus from the top of jacket 
coupling pin 12 to the bottom bit 25 is approximately 
45 feet. In this connection, and when considering the 
drawings, it may be assumed that equal lengths of column 
have been removed at the two breaks above and below 
the midpoint of the column. 
The housing of the oscillator 24 is cylindrical, and, as 

shown in FIG. 1, of the same outside diameter as the 
upper column section 21. The side Walls of the tubular 
jacket sections, excepting at their intercoupling regions, 
are annularly spaced by a very small clearance distance 
“x,” of the typical order of %”, from the outside surface 
of the upper column section 21 and oscillator housing. 
At the coupling between jacket sections 15 and 17, the 
jacket wall section is increased to accommodate the cou 
pling; and here the clearance distance is reduced still 
further, but a slight play is still preferably provided. 
Similarly, a reduction in clearance is shown at the cou 
pling between jacket sections 13 ‘and 15. In the alterna 
tive, jacket sections 13 and 15 may be integral with one 
another, and the coupling 16 omitted, so that no reduction 
in clearance distance occurs at that point. 
The clearance distance “x” is made in all cases substan 

tially less than the normal amplitude of lateral vibration 
to be anticipated under normal running conditions, so that 
the column, in expected normal operation, tends to vibrate 
laterally at a greater amplitude than the provided clear 
ance distance, and therefore strikes sharply against the 
side ‘wall of the jacket. The reduced clearances at the 
coupling points in the jacket do not prevent this desired 
striking action, since the lateral vibration travels in Waves 
along the column, ‘and even if the column is closely con 
?ned at the jacket coupling points, these waves of lateral 
vibration develop an amplitude a relative short distance 
beyond the coupling points that is su?icient to assure col 
lision of the column with the jacket. The bene?t result 
ing ‘from such lateral collision was described preliminarily, 
and will be further mentioned hereinafter. 
With reference now to FIGS. 2—6, ‘a hydraulic oscillator 

in accordance with the invention will now be described. 
The upper end of upper column section 21 is formed 

with a screw-threaded box 30 and into this ‘box is screwed 
the threaded coupling pin 31 on the lower end of the 
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6 
body 32 of the periodic force ‘generator 33 of oscillator 
unit 24. Body 32 has, immediately above pin 31, an 
exterior annular ?ange 35 seating on the shoulder at the 
upper end of column 21, and has, above ?ange 35, a 
threaded portion 36 to which is threadedly joined the 
lower extremity of the tubular side wall 37 of the oscil 
lator housing. An annular clearance 38 is provided be 
tween body 32 and wall 37 for ?ow of operating ?uid 
(mud ?uid such as is used in rotary drilling of wells), 
while above body 32, the wall 37 has a thickened section 
such as indicated at 37a. Housed inside the thickened 
wall section 37a is the driver for the periodic force gen 
erator 33, comprising in this case a turbine 40 driven by 
mud ?uid circulated through the apparatus. 

In operation, mud ?uid is circulated downwardly 
through drill pipe string 10, and ?ows into the upper end 
of jacket structure 14 by way of port 41 formed in cou 
pling pin 12 and opening into the top end of the jacket 
as shown in FIG. 1. Mounted in the upper end portion 
of the bore 42 de?ned by housing wall portion 37a is a 
short tube or sleeve 43 formed with spokes or webs 44 
supporting an inverted cup 45 which directs mud ?uid 
received from above into an annular ?ow stream between 
the sleeve 43 and the sidewall of the cup. A turbine 
stator 46 comprising 1a sleeve 47 seated in bore 42 below 
sleeve 43 carries a plurality of vertically spaced sets of 
angularly disposed turbine stator vanes 48 of conventional 
nature which, as will be seen from the drawings, are in 
line with the annular mud ?uid flow stream directed down 
wardly between sleeve 43 and inverted cup 45. 

Intervening between the stator vanes 48 are a plurality 
of vertically spaced sets of angularly disposed turbine rotor 
vanes 49, carried by a rotor sleeve 50 having a transverse 
Wall 51 and a hub 52 mounted on a central rotor shaft 53. 
The rotor shaft is journalled in a bushing 54 seated in a 
tubular stem 55 projecting upwardly from a head 56 
screwed into the top end of generator body 32, and re 
ceived within rotor sleeve 50 below wall 51. A cap 57 
on the upper end of stem 55 con?nes packing 58 for shaft 
53 against mud ?uid present in the space between said 
‘stem and the turbine rotor. 
Body 32 has extending downwardly into its upper end 

a bore 60 formed with threads at its upper end for recep 
tion of head 56. Bore 60 terminates at a shoulder 62; 
and below shoulder 62, bore 60 is continued by a smaller 
diameter bore 63 having a bottom 64. Rising from bot 
tom 64, at annularspacing inside bore 63, is a tubular 
Wall 65 whose upper end terminates at the level of shoul 
der 62. Aperture 66 in wall 65 near bottom 64 establish 
?uid communication between the lower end portion of the 
bore 67 of wall 65 and the lower end portion of the 
annular space 68 between Wall 65 and the wall surface 
de?ning the bore 63. An annular, vertically oscillatory 
inertia mass or piston 69 is positioned with a free sliding 
?t in annular space 68. 

Turbine rotor shaft 53 has on its lower end a cylindrical 
pump rotor 70, the upward surface of which is imme 
diately below head 56, vand the lower surface of which 
rests on a disk 71 seated tightly in the bottonr of bore 64} 
on shoulder 62. 

Rotor 70 turns within an elliptical chamber 74 formed 
‘within a rang 75 seated on disk 71 and ?tted tightly in 
the bore 69 in the wall of body member 33. As shown 
in FIG. 3, the rotor '70 has a close turning ?t with the 
wall surface of the elliptical chamber 74 in the plane of 
the !minor axis of the ellipse, while there is a substantial 
clearance space between the rotor and the wall surface of 
the elliptical chamber in the plane of the major axis of 
the ellipse. Two crescent-shaped spaces 76 are thus 
formed between the rotor and the wall surface of the ellip 
tical chamber 74. 
The rotor is formed with four vertical slots 78 in radial 

planes spaced 90* degrees apart, and radially slidable in 
these slots are vanes 79, whose rounded outer edges bear 
on {the wall surface of the elliptical chamber. The outer 
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edges of the vanes bear constantly on the wall surface of 
the elliptical chamber during rotor rotation by virtue of 
‘centrifugal force. They thus alternately extend and re 
cede in travelling around the elliptical chamber. 
The rotor is formed in two opposite quadrants de?ned 

by the four vanes 79 with a pair of vertical through 
passages 86 at radii such as to align with annular piston 
chamber 68 and in the remaining quadrants with a pair 
of through-passages 81 at radii such as to align with the 
bore 67 in tubular walls 65. These passages are ported 
radially outward through the side wall of the upper por 
tion of the rotor, ‘as at 82 for passages 80‘, and as at 83 
for passages 81, so as to be communicable with the cres 
cent shaped spaces 76. 
The disk 71 is provided with a circular series of ports 

84- at a radius equal to that of rotor ports 80, and with 
another circular series of ports 85 at a radius equal to 
that of rotor ports 81. The ports 84, and also the ports 
85, are spaced by thin webs, as shown in FIG. 6. These 
ports establish ?uid communication between passages 80 
and chamber 68 above piston 69, and between passages 
81 and bore 67, in all positions of the rotor. 
The various described ports and passages, including 

the crescent shaped spaces 76, the chamber 68 above and 
below piston 69‘, and the bore 67, ‘are ?lled with a suitable 
hydraulic ?uid, preferably a light oil. It will be under 
stood that mud ?uid is circulated down drill pipe string 
10, at a pressure and ?ow rate controlled by a usual sur 
face pump, not shown. It will further be understood 
that such surface pump is driven by a suitable prime 
mover, such as a controllable internal combustion engine. 
Thus mud ?uid ?ows downwardly through the annular 
channel occupied by the turbine stator and rotor blades, 
imparting rotation to the turbine rotor, and to shaft 53 
and pump rotor 70. Below the turbine blades, the mud 
?uid discharges via a short outwardly extending passage 
way 86 between head 56 and the lower end of the thick 
ened portion 37a of wall 37 to the previously described 
annular duct 38. Below the lower end of the bore 63, 
the mud ?uid in duct 38 ?ows inwardly into body 32 via 
ports 89 to a circulation bore 88 extending through the 
lower end of body 32 and through the entire length of 
column 20 to the bit, through which it then passes and 
?nally discharges therefrom by way of ports 89 in a 
conventional manner. 
Pump rotor 70‘ is thus rotated by the mud ?uid driven 

turbine. As it does so, as previously explained, its blades 
or names 79‘ sweep around the elliptical chamber 74, os 
cillating in and out, to follow the contour of the cham 
ber. These vanes, forced outwardly by centrifugal force, 
bear forceably against the elliptical wall surface of the 
chamber, sealing thereagainst, and providing ‘four sep 
arate compartments, 0, b, c, and d, of variable displace 
ment, between the rotor and the wall surface of the ellip 
tical chamber 74. 

In the rotor position shown in FIG. 3, diametrically 
opposite compartments a and c, which are in constant 
communication via passages 81 with the bore 67 below 
and are therefore in‘ communication via ports 66 with 
the space in annular chamber 68 below the oscillatory pis 
ton 69, are at this time at maximum displacement vol 
ume. At the same time, compartments b and d, which 
are in constant communication via passages 80 with the 
space in chamber 68 above piston 69, are at minimum 
displacement volume. In this position of the pump, the 
piston 69 is evidently at its lowermost stroke position in 
chamber 68, as shown in FIG. 2. 
Now, as rotor 70 turns to the right, for example, 

through a quarter turn distance, the compartments a and 
c are reduced from maximum to minimum volume, and 
?uid is forced downwardly through passages 81 into bore 
67 and thence through ports 66 to the space in chamber 
68 below piston 69 to drive the latter upwardly. At the 
.same time, the compartments b and d are increased from 
minimum to maximum volume, and ?uid above the piston 
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‘in chamber 68 accordingly ?ows upward through rotor 
passages 80 to ?ll the increasing volume of these com 
partments. The annular piston member 69 is thus per 
mitted to rise by evacuation of the ?uid from above it, 
as to the position shown in FIG. 2 in phantom lines. Of 
course, during the next quarter turn of the rotor, ?uid 
flows in the reverse direction, so that the piston 69 then 
returns to its originally assumed lowermost position. 
The piston 69 thus rises and falls, completing one full 

cycle during each half turn of rotor 70. Two cycles of 
piston oscillation are thus ‘generated per rotor revolution. 
The piston 69 acts as an inertia device, exerting a 

vertical alternating reaction force on body member 32 
through the liquid bodies in the chamber 68 above and 
below the piston. Body 32 accordingly is subjected to 
a periodic alternating vertically oriented force; and it 
will be seen that this periodic alternating force is exerted 
on the upper end of the elastic column 20 to which the 
body 32 is coupled. It Iwill further be noted that this 
alternating force is generated without lateral components 
of force. _ 

The mud ?uid is circulated by the ground surface 
pump to rotate the turbine ‘at a speed which will cause 
alternating force generation at a frequency approximat 
ing the resonant frequency of the elastic column 20 for 
a mode of longitudinal resonant standing wave vibration 
thereof. As stated, this is in the region, for the illustra 
tive embodiment here described, of 185 cycles per sec 
ond. The attainment of this frequency is readily recog 
niza-ble at the ground surface. The apparatus settles 
down to steady drilling, and those familiar with this type 
of apparatus can immediately recognize resonant per 
formance by characteristic noise manifestation, and by 
a tendency for the prime mover driving the pump to 
“lock in” at a steady speed. If necessary, a vibration 
pick-up device coupled to the drill pipe string at the 
ground surface will indicate, merely by the amplitude 
of its response, that performance is at resonant frequency. 
At such time, the column vibrates in the characteristic 

longitudinal half-wave manner, and drilling proceeds. 
As parasitic lateral waves tend to occur in the elastic 

column, the column de?ects laterally, and when the half 
amplitude of such lateral wave action tends to exceed 
the dimension of the very small clearance space “x” be 
tween the column and the jacket structure, the column 
collides elastically with the jacket, and bounces back. 
Thus the lateral wave is broken up, the column moving 
in an out-of-phase relation -to the incipient lateral wave 
(tending to be started. The nature of the critical damp 
ing of the lateral vibration wave in the column by such 
enforced collision of the column with the jacket struc 
ture was described as fully as now understood in the in 
troductory part of this speci?cation, and need not here 
be repeated. Suffice it to say here that the phenomena 
was discovered to be surprisingly effective in suppressing 
the lateral wave. 

It will also :be clear that the jacket structure, coupled 
to the vibratory column 20 in the region of a node of 
the column, furnishes an ideal solution to the problem 
of vibration transmission from the ‘column to the drill 
string. If the jacket is coupled to the column precisely 
at the node of the longitudinal wave, vibration trans 
mission up the drill string is virtually nil. In practice, 
as heretofore noted, it is not essential that the coupling 
point be precisely at a node, and a certain range of lee 
Way is permissible, as previously described. 

It may here be mentioned that, while half-wave stand 
ing wave operation, ‘as described above, is the normal or 
most obvious longitudinal standing wave mode, broadly 
speaking, the operation can be at any multiple of half 
wavelengths, such as full wavelengths, one and one~half 
wavelengths, etc, by driving the oscillator at appropriate 
harmonic frequencies. 

In FIG. 7 I have shown a modi?ed arrangement of 
drill in accordance with the invention wherein the oscil 
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lator 24a is inter-coupled between the lower end of the 
longitudinally vibratory elastic column 20a and the hit 
2511. The apparatus is again suspended from the lower 
end of drill pipe string 10a through close-?tting jacket 
structure 14a secured to the column 20:: in the region of 
a velocity node of the latter, as at 19a. The upper sec 
tion 21a of the column extends well up within the 
jacket structure, which in this instance is in one piece down 
to the lower tubular coupling member 17a Where attach 
ment is made to the column, and the annular clearance 
space between column section 21a and the jacket struc 
ture 12a is again very small, typically of the order of 
1A3 inch, or in other words, of substantially less dimension 
than the normal half-amplitude of lateral vibration. 
The oscillator 24a may be of any type adapted to apply 

a periodic ‘alternating force to the lower end of the oscil 
latory column at the resonant frequency of the latter, but 
may, if desired, be of the general type shown in FIGS. 2 
to 6, with slight modi?cation to adapt it to its new situ 
ation. For example, the upper end portion of the oscil 
lator housing may be furnished with a threaded coupling 
pin 90 screwed into ‘a corresponding box in the lower end 
of column 20a, and the circulation passage 91 through 
the column may deliver mud ?uid through the coupling 
box 90 to a turbine and vane pump driving a vertically 
oscillating inertia system as shown in FIGS. 2 and 6. 
Fluid exhausted from the turbine will be understood to 
pass downwardly in the same manner as shown in FIG. 
2 for delivery to and discharge from the bit, all as will 
be clearly understood. The embodiment of FIG. 7 op 
erates exactly as does that previously described, with the 
sole exception that the periodic force application to the 
column 20a is at the lower end of the latter rather than 
at the upper end thereof. It will further be understood 
that an oscillator may be used at the upper end of column 
20a, as in FIG. 1, and another oscillator may be used 
at the lower end thereof, as in FIG. 7. Longitudinal 
standing wave vibration of the column 20a automatically 
synchronizes the operation of the two oscillators so that 
the inertia pistons thereof oscillate vertically in unison. 
This phenomenon is owing to a back reaction exerted by 
the driven longitudinally vibratory column 20a on the 
oscillatory pistons, tending to cause them to “lock in” 
in synchronism with one another at the resonant longi 
tudinal standing wave frequency of the column. I have 
discovered that this can be accomplished if the turbine 
torque is much less than the critical value of resonance 
breakover. 

In FIG. 8, I have shown another embodiment of the 
invention, utilizing in this case an oscillator driven by an 
electric motor, and without ?uid circulation through the 
apparatus. It will of course be understood in this con 
nection that the drill of FIG. 8 is intended for applica 
tions wherein ?u-id circulation upwardly around the drill 
ing apparatus during drilling is not required. 
The housing of a vertically oriented electric drive 

motor 99 is indicated at 100 at the top end of the sonic 
drill, and while this motor housing may be suspended 
from a usual drill pipe string, it may also, in this case, be 
lowered on a cable or wire line. To this end, the motor 
housing is shown furnished ‘at its top end with an eye 101 
for coupling to a wire line, not shown. Electric power 
for operation of motor 100‘ is conveyed thereto by way 
of electric cable 102. The lower end of motor housing 
100 is screw-coupled, as at 103, to the upper sleeve 104 
of a three part jacket structure generally designated at 
105, and which comprises, in addition to sleeve 104, a 
long intermediate sleeve 106 screw coupled to sleeve ‘104 
as at 107 and a lower coupling sleeve 108 screw coupled 
as at 109 to intermediate sleeve 106, and made fast, as 
at 109, in the manner of the embodiment of FIG. 1, to 
the mid-portion 110 of longitudinally vibratory elastic 
column 111. As in earlier embodiments this column 111 
includes an upper section 112 at small clearance distance 
from jacket structure 105, so as to be struck by the 
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column when vibrating laterally, nad a lower section 
113, of slightly enlarged diameter, carrying at its lower 
end a bit 114. The periodic alternating force generator 
115 is secured to the upper end of column 111. 
The housing 100 of the electric drive motor will be 

seen to be secured to, or to be, in eitect, a part of the 
jacket structure 105. The motor has a vertical, down 
wardly extending shaft 116 formed with an internally 
splined bore 117 which receives an externally splined 
shaft 118 for the fragmentarily indicated rotor 119 of a 
vane pump such as that more particularly illustrated in 
FIGS. 2-6, and which will be understood to effect ver 
tical reciprocation of ‘an inertia piston through hydraulic 
means as in the oscillator of FIGS. 2-6. These parts are 
contained within the cylindrical housing of periodic force 
generator 115, and which is screw-coupled, as at 120, to 
the upper end of column 111. 

Operation of the drill is essentially the same as that of 
the embodiments ?rst described, with the exception of 
the fact that the driver of the oscillator, in this case an 
electric drive motor, is mounted to the upper end of the 
jacket structure, where longitudinal vibration is absent, 
while the force generator of the oscillator is coupled to 
the longitudinally vibratory upper end of the column; ‘and 
the splined shaft coupling between the motor shaft of 
the driver and the rotor of the force generator accommo 
dates the relative longitudinal motion between the driver 
and force generator. It is of course an obvious advan 
tage to have the driver in ‘a non-vibrating situation. 

I have found that a very important advantage is attain 
able if the force generating oscillators of the several dis 
closed forms of the invention are driven with an eifort just 
less than that for peak longitudinal resonance in the col 
umn, or just under that critical value which will cause 
breakover above the desired longitudinal resonance fre 
quency of the column. The system is them stabilized in 
a desirable form of longitudinal resonant performance, 
with lateral vibration suppressed, as described. 

It will be understood that the drawings and description 
of the several embodiments of the invention are for illus 
tration only, and that various changes in design, structure 
and arrangement may be made therein without departing 
from the spirit and scope of the appended claims. 

I claim: 
I. In a high energy sonic well drill adapted for attach 

ment to a drill string and having an elastically compliant 
vertical column of heavy cross section, a periodic force 
generating oscillator coupled to said column for exerting 
a vertically directed alternating force thereon at a longi 
tudinal resonant frequency of the column to generate a 
longitudinal standing wave in the column, with a ve 
locity antinode at each end of the column and a stress 
antinode at an intermediate region thereof, and a bit con 
nected to the lower end of the column, the combination 
therewith of improvements for drilling without substan 
tial vibration of the drill string and for suppression of 
parasitic lateral vibration of said column derived from 
said longitudinal standing wave therein comprising an 
elongated jacket structure attached at its upper end to the 
drill string and concentrically surrounding and extending 
downwardly along an upper section of said column at a 
predetermined and ?xed slight clearance therefrom which 
is less than the half-amplitude of parasitic lateral vibra 
tion tending to be set up in said column, whereby to effect 
lateral collision between the laterally vibrating column 
and the jacket structure, and means connecting said jacket 
structure to said column at a distance downwardly from 
the velocity antinode at the upper end of the column 
equal to at least an eighth Wave length distance along the 
column for the longitudinal standing wave therein, said 
bit being of larger diameter than said jacket structure so 
as to provide for accommodation of the jacket structure 
in the well bore. 

2. The subject matter of claim 1, wherein said jacket 
structure is connected to said column in the region of a 
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stress antinode of the longitudinal standing Wave therein. 
3. The subject matter of claim 1, wherein said bit is of 

just slightly larger diameter than the jacket structure, 
whereby the jacket structure is laterally guided and sup 
ported by the walls of the well bore. 5 
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