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RESLENT UNIT FOR DRILL STRINGS 

William R. Garrett, Midaid, Tex., assignor to Drico Oil 
Tools Inc., Midland, Tex., a corporation of Texas 

Fied Sept. 18, 1963, Ser. No. 309,630 
18 Claims. (C. 64-) 

This invention pertains to a resilient unit for drill strings 
and more particularly to such a unit adapted to be placed 
in a rotary drill string between the drill collars and rock 
bit used in earth boring, e.g. for oil wells. It is believed 
that the use of such a unit increases the life of the bit 
and of the connections between the drill collars by reduc 
ing the magnitude of the stresses thereon as the bit rises 
and falls in the bottom of the hole being drilled. 

Requirements of resilient drill string units, in addition 
to the provision of a member having a low longitudinal 
stress-strain ratio compared to the rest of the drill string, 
are the transmission of torque, longitudinal stress (ten 
sion and compression), and fluid between the drill pipe 
and drill bit, as required for drilling. A variety of means 
have heretofore been used to achieve these ends, including 
metal members in the form of helical springs and long 
thin tubes, rubber members in the form of sleeves and 
blocks, and various fluids including elastic fluids in Sealed 
piston and cylinder units and viscous fluids in dashpots. 
Difficulties encountered with the prior art units include 
the need for special seals and splines in some units, short 
life with others, and excessive overall length in the case 
of still other forms. 
According to the present invention a long life unit 

of reasonably short length is provided using only metal 
for stress transmission. All pressure seals, splines, and 
other parts subject to early failure due to wear, deteriora 
tion from heat and oil, fatigue, and other causes are 
eliminated. Specifically, a low stress-strain ratio mem 
ber is provided comprising a plurality of thick metal wash 
ers and tubular rings utilized, e.g. by brazing, by Welding 
or by integral formation from a single piece of material, 
to form a bellows shaped corrugated pipe. The resulting 
structure is of sufficient strength to transmit both torque 
and longitudinal stress and the high pressure drilling 
fluid between the drill collars and drill bit. To take care 
of bending moments there is provided a stiff tube con 
centric with and, preferably, surrounding the corrugated 
pipe with one end of the tube rigidly connected to the 
portion of the unit above the corrugated pipe and the 
lower end of the tube telescopically engaging a cylindrical 
bearing on the part of the unit below the corrugated pipe. 
The bearing has sufficient length to transmit bending mo 
ments between tube and bearing without excessive angul 
larity of tube and bearing. The tube has sufficient stiff 
ness to transmit the bending moment without undue de 
formation. The tube also serves as a housing to keep 
the corrugated pipe out of contact with the wall of the 
bore hole. 
The corrugated pipe used in the subject resilient unit, 

though of bellows shape, is made of rigid material as 
distinct from the flexible cloth, paper, and leather and 
similar thin flexible materials out of which accordion bel 
lows, fire bellows, and expansible file jackets and the like 
are made. It is to be distinguished also from a straight 
pipe which can contract only with the same overal stress 
strain ratio as the metal of which it is composed. It is 
also to be distinguished from an open coil spring which, 
because of the spaces between the turns thereof, does 
not provide a fluid conduit. It is also to be distinguished 
from various devices employing rubber and other elas 
tomeric materials which are subject to deterioration at high temperature. 

According to one embodiment of the invention a further 
tube or liner is provided concentric with and inside of the 

0 

2 
corrugated pipe to shield it from drilling fluid. This 
inner tube is rigidly connected to the part of the unit above 
the corrugated pipe and telescopically engages the part 
of the unit below the corrugated pipe. In addition the 
Space between the outer tube or housing and the cor 
rugated pipe is filled with a lubricating material, e.g. a 
liquid, to prevent the corrugated pipe from fretting against 
the outer tube. A floating seal is provided between the 
housing and the lower part of the unit to retain the lubri 
Cant. 

For a detailed description of preferred embodiments 
of the invention reference will now be made to the 
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accompanying drawings wherein - 
FIGURE 1 is an elevation, partly in section showing 

one preferred embodiment of the invention; 
FIGURE 2 is a view to a larger scale showing the cross 

Section of the wall of the corrugated pipe of the struc 
ture shown in FIGURE 1. 
FIGURE 3 is an enlarged cross-section of the seal 

forming a part of the structure shown in FIGURE 1: 
FIGURE 4 is an elevation partly in section showing 

another preferred embodiment of the invention; 
FIGURE 5 is a view to a larger scale showing the cross 

Section of the wall of the corrugated pipe of the structure 
shown in FIGURE 4; 
FIGURE 6 is a view similar to FIGURE 5 showing 

another form of corrugated pipe; 
FIGURE 7 is a vertical section through an integral 

corrugated pipe suitable for use in a resilient unit em 
bodying the invention; and - 
FIGURES 8 and 9 are fragmentary vertical sections 

showing corrugated pipe fabricated by welding that are 
suitable for use in resilient units embodying the invention. 

Referring now to FIGURE 1 there is shown a resilient 
drill string unit comprising a nipple 10 of drill collar 
outer and inner diameters with a tool joint threaded pin 
11 at the upper end thereof. The nipple has a pipe 12 
of reduced outer diameter extending down from the full 
thickness central portion thereof. The pipe 12 is in 
teriorly threaded to receive at 13 the threaded upper end 
of a pipe 14. 

Pipe 14 has a neck 15 of reduced diameter compared 
to the rest of the sleeve. To the neck 15 is brazed the 
inner periphery of the uppermost of a series of thick 
metal washers 16 forming corrugated pipe 17. As shown 
best in FIGURE 2, the upper and lower surfaces 20 and 
21 and the inner and outer peripheries 22 and 23 of each 
washer 16 are conical as is the outer periphery of neck 
15 to which the uppermost washer 16 is brazed. The 
resulting cross-section is rectangular. 
The outer periphery 23 of each washer 16 is brazed 

to one of a plurality of outer tubular rings 25. Likewise 
the inner periphery 22 of each washer 16 is brazed to one 
of a plurality of inner tubular rings 26. The washers 
16 alternate with one washer having its conical surfaces 
20, 21 converging upwardly and the adjacent washer hav 
ing same converging downwardly. This places adjacent 
upper and lower surfaces of the washers at an acute angle 
and adjacent peripheral inner surfaces 22 and adjacent 
peripheral outer surfaces 24 at obtuse angles. The rings 
25 and 26 have inner and outer peripheries respectively 
provided with pairs of conical surfaces at obtuse angles 
correlative to adjacent cuter peripheral surrfaces 23 and 
adjacent inner peripheral surfaces 22 and brazed thereto. 
The inner peripheral surfae 22 of the lowermost washer 
16 of corrugated pipe 17 is blazed to a correlative conical 
outer peripheral surface on neck 30 at the upper end of 
pipe 31. The washers 16 are thick, that is their thickness 
is in excess of 50% of their radial extent (between inner 
and outer peripheries). It will be apparent that the large 
areas of the inner and outer peripheral surfaces of the 
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washers and the adjacent correlative surfaces of the in 
ner and outer rings reduce the shear stress in the brazed 
connections, whereby, through the use of good brazing 
methods and materials, torques well in excess of the 
25,000 ft.-lbs. needed as a maximum can be transmitted 
by the corrugated pipe. Included in the term brazing 
as herein used are all metallic joinings of metals (usu 
ally with a joining metal different from the metals be 
ing joined) in which the joining metal is brought to a 
liquid state but the metals being joined are not. For 
example copper, copper alloys, silver solders and nickel 
silver may be used as material joining steel parts. The 
washers 16 and rings 25, 26 are preferably made of steel 
having a quench temperature below the melting point of 
the brazing material. 

Into the lower end of pipe 31 is screwed the reduced 
diameter upper end 32 of the pipe 33. The lower end of 
pipe 33 is belled out to provide a tool joint threaded 
box 34. 
An outer tube or housing 40 is screwed at its upper end 

to the exterior of pipe 12, abutting the full diameter por 
tion of nipple 10, thereby providing a rigid connection. 
The housing 40 extends down along the outside of cor 
rugated pipe 17, concentric therewith and normally 
spaced therefrom, even when the corrugated pipe is fully 
loaded in compression. 
The lower part 41 of housing 40 serves as a guide and 

fits telescopically over the cylindrical bearing surface 42 
on pipe 31. 
To the lower end of housing 40 is screwed a safety 

joint 50 having an inwardly projecting radial flange 51 
which is captured between stop surface 52 provided by 
the lower end of pipe 31 and stop surface 53 provided 
by a shoulder between the upper end 32 and the middle 
portion of pipe 33. There is thus formed a lost motion 
connection means which allows the corrugated pipe 17 
to contract and elongate but which prevents complete 
separation and provides for transmission of longitudinal 
tension and compression forces in case the corrugated 
pipe breaks. 

Portions 60 and 61 of the safety joint above flange 
51 provide additional guides telescopically fitting over 
additional cylindrical bearing surfaces 62, 63 on pipes 
31 and 33. For adequate support the combined length 
of the several guides and bearings should be at least as 
great as the diameter of the bearings. It will be seen that 
this minimum is exceeded several times with the illus 
trated embodiment. - 

Referring now also to FIGURE 3, the lower part 70 
of safety joint 50 has an enlarged inner diameter form 
ing with the exterior of pipe 33 an annular chamber 71. 
Within chamber 71 is disposed an annular floating rub 
ber seal 72. The core of the seal 72 is a metal ring 83. 
Inner and outer annular lips 74, 75, 76, 77 are formed 
in the rubber part of the seal at the upper and lower ends 
thereof. 

Below seal 72 an annular plug 70a is screwed into the 
lower end of safety joint 50, to prevent the entrance of 
trash into chamber 7 beneath the seal. The plug also 
positively retains the floating seal although it will stay in 
place by itself. 
Above seal 72 in chamber 71 and in the clearances 

between, on the one side, the portion of the safety joint 
thereabove and housing 40 and, on the other side, pipes 
33 and 31 and corrugated pipe 17 and pipes 14 and 2, 
there is disposed a lubricant 77, e.g. a light inert mineral 
oil, to prevent fretting between the housing 40 and cor 
rugated pipe 17. The floating seal 72 keeps the drilling 
fluid from commingling with the lubricant. The seal 
adjusts its own position to allow for contraction and ex 
pansion of the lubricant, the seal sliding up or down in 
chamber 71 as the pressure of the drilling fluid and the 
temperature of the lubricant change. 

ASSording to the size of the clearances referred to in 
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4. 
ing degrees of damping effect on the spring action of cor 
rugated pipe 17. Preferably the clearances are large 
enough to reduce the damping substantially to Zero, the 
lubricant serving merely as a lubricant to protect the ex 
terior of corrugated pipe 17 from fretting against the 
housing 40. 
To protect the interior of the corrugated pipe 17 against 

the abrasive action of the drilling fluid, an inner tube or 
liner 80 is provided concentrically within the corrugated 
pipe. The upper end of tube 80 is screwed into the lower 
end of neck 15. The lower end of tube 80 forms a guide 
81 telescopically engaging within a cylindrical surface or 
bearing 82 in pipe 31. The inner tube provides means 
additional to outer tube 40 to transmit bending moments 
from the upper end of the resilient unit to the lower end 
thereof. 

Summarizing, corrugated pipe 17 is provided at its 
upper end with pipe connection means comprising nipple 
10 and pipe 14, at its lower end with pipe connection 
means comprising pipes 31 and 33, and is protected in 
teriorly by tube 80 and exteriorly by housing 40 and the 
lubricant 77. 

In operation, the box 34 is usually connected to a bit, 
either directly or by means of a sub, and pin 11 is con 
nected to the lowermost drill collar of a drill string, either 
directly or by means of a sub or drill collar connector. 
The corrugated pipe 17 reduces the magnitude of the 
stresses set up in the drill string and bit during drilling by 
allowing the bit to rise quickly when it rolls over a high 
spot, despite the inertia of the heavy drill collars there 
above. 

Referring now to FIGURE 4 there is shown another 
preferred embodiment of the invention which is the same 
as that of FIGURE 1 except as follows: 

(1) The inner tube or liner 80 has been omitted. 
(2) The inner rings. 26 of the corrugated pipe are 

formed integrally with the washers 16, as best shown in 
FIGURE 5. 

(3) The washers 16 are of tapered cross-section, being 
thinner nearer the center of the washers and thicker at 
their outer peripheries, as shown best in FIGURE 5. 

(4) The seal chamber 71 and seal 72 and lubricant 79 
are omitted, the previously discussed clearances being 
large to reduce the washing-wearing action of the drilling 
fluid which fills the space occupied by the lubricant 79 of 
the FIGURE 1 embodiment. 

In the FIGURE 4 embodiment, the drilling fluid itself 
acts as a lubricant to prevent fretting of the corrugated 
pipe against the housing 40. The integral washers and 
inner sleeves form bifurcated toroidal rings, indicated at 
90 on the drawings, which are less subject to the abrasive. 
action of the drilling fluid than the brazed connections of 
the inner rings and washers of the FIGURE 1 embodi 
ment, reducing the need for a liner such as tube 80 of the 
FIGURE 1 embodiment. Since the integral construction 
of FIGURE 4 has greater ultimate unit strength, the 
juncture of washers 6 and inner ring 26 need not be of as 
large an area to transmit the necessary torque, whereby 
the washers may be tapered in cross-section as previously 
mentioned. This makes the corrugated pipe have a lower 
stress-strain ratio and makes it possible to use a shorter 
corrugated pipe than in the FIGURE 1 embodiment. By 
shortening the corrugated pipe and eliminating the float 
ing Seal, the overall length of the resilient unit of the 
FIGURE 4 embodiment is reduced compared to that of 
FIGURE 1. The operation of the unit of FIGURE 4 is 
generally the same as that of the embodiment of 
FIGURE 1. 
Summarizing as to the FIGURE 4 unit, the bellows 

shaped corrugated pipe 90 is connected between a first 
metal tubular means including a portion providing one 
pipe connection means including threaded box 34 and a 
portion thereabove providing a bearing surface, and a 
second metal tubular means including a portion provid 

the preceding paragraph, the lubricant may have vary- 75 ing another pipe connection means including threaded 
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nipple 11 and a tube portion including housing 40 tele 
scopically engaging said bearing surface. 
FIGURE 6 shows a further modification of the corru 

gated pipe construction in which half of the brazed joints 
of the corrugated pipe of the FIGURE 5 construction are 
eliminated by making the lower ends of the rings 25 in 
tegral with the toroidal rings 90'. In addition, the washer 
16' is formed integral with neck 15 on pipe 14, and the 
lowermost bifurcated ring 90' is formed integral with 
neck 30'. Otherwise the FIGURE 6 corrugated pipe is 
the same as that of FIGURE 5. 

Depending on such factors as cost, strength, life, and 
reliability, it may be preferred that the entire corrugated 
pipe be made as an integral unit, as shown in FIGURE 7. 
Internal and external grooves may be turned in a tubular 
member leaving a series of washers 116, interconnected 
by inner and outer rings 125, 126. Flat washers, as 
shown, would be easier to machine. The bottoms 117 
of the grooves would be rounded with a diameter equal 
to the washer spacing. Corners 118 at the groove mouths 
are rounded also. The pipes 14 and 31 of the FIGURE 1 
and 4 embodiments would also be formed integral with 
the corrugated pipe, e.g. as shown at 114 at the top of 
the FIGURE 6 corrugated pipe and at 131 at the bottom 
thereof. 

Instead of unitizing the washers and rings by brazing 
as shown in FIGURES 1 and 2 or by forming them in 
tegrally as shown in FIGURE 7 or combinations thereof 
as shown in FIGURES 4 through 6, the washers and 
rings could be welded together in whole or in part. 
FIGURE 8 shows a construction wherein the washers and 
inner rings are formed integrally providing bifurcated rings 
290 similar to the rings 90 of FIGURE 5, and outer rings 
225 are welded to the rings 290, each ring 225 having an 
inturned supporting and spacing flange 226 and the rings 
225 having welding lips 291. The rings are nested, and 
then welded at 300. FIGURE 9 shows a construction 
like FIGURE 8 except that the lower ends of the outer 
rings 225 are integral with the tops of the bifurcated rings 
290’ and the tongues 226 are omitted. The various cor 
rugated pipes described herein can all be used in resilient 
units of the types shown in FIGURES 1 and 4. 
While preferred embodiments of the invention have 

been shown and described, many modifications thereof can 
be made by one skilled in the art without departing from 
the spirit of the invention. 
What is claimed is: 
1. A tubular unit to be connected between the drill bit 

portion and the drill collar portion of a rotary drilling 
string, said tubular unit comprising 
an upper rigid fluid tight pipe, 
pipe connection means at the upper end of said upper 

pipe adapted for making connection to the drill col 
lar portion of a drill string. 

a lower rigid fluid tight pipe, 
pipe connection means at the lower end of said lower 

pipe adapted for making connection to the drill bit 
portion of a drill string, 

an intermediate resilient corrugated fluid tight pipe 
connected at its upper end to the lower end of the 
upper pipe and connected at its lower end to the 
upper end of the lower pipe, 

said corrugated pipe having a lower stress-strain ratio 
than said rigid pipes with respect to axial loading to 
reduce the magnitude of axial forces transmitted 
to the upper pipe and the drill collar portion of a 
drill string connected thereto resulting from short 
duration forces applied to the lower pipe and the 
'drill bit portion of a drill string connected thereto, 

said corrugated pipe having a large enough stress 
strain ratio to provide means for resiliently sup 
porting the weight of at least one drill collar on a 
drill bit without the corrugations going solid, 

Said corrugated pipe further providing a fluid conduit 
for transmitting fluid under pressure when the up 
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6 
per rigid pipe is connected to the drill collar portion 
of a drill string and the lower rigid pipe is con 
nected to the drill bit portion of a drill string, 

a tube concentrically disposed around said corru 
gated pipe and connected at one end to one of said 
rigid pipes and at the other end telescopically slid 
ingly engaging the other of said rigid pipes, 

and means to vent fluid from the annulus formed be 
tween the inside of the tube and the outside of the 
corrugated pipe in an amount equal to the volume 
reduction of said annulus when said rigid pipes 
move toward each other and said corrugated pipe 
contracts. 

2. Combination according to claim 1 with a safety 
joint connected to said tube, and means including a radial 
flange captured between stops to limit axial movement 
of said joint on the pipe with which said tube telescop 
ically engages. 

3. Combination according to claim 2 in which the 
radial flange is an inturned radial flange carried by said 
joint and the stops are on said pipe connection means. 

4. Combination of claim 1 wherein said annulus is 
filled with a lubricant, and including floating seal means 
closing the space between the tube and the portion of the 
pipe telescopically engaged therewith, said floating seal 
means including an annular ring free to move axially 
relative to both said tube and the last said pipe. 

5. A resilient unit adapted to be connected between 
the bit and drill collars of a rotary drill string compris 
1ng 
upper and lower metal pipes each of drill collar di 

ameter at its maximum outer diameter part, the 
lower end of the lower pipe being screw threaded 
for connection to a bit and the upper end of the 
upper pipe being screw threaded for connection to 

a drill collar, 
an intermediate metal, resilient, corrugated pipe fix 

edly connected at its uper end to the lower end of 
said upper pipe and at its lower end to the upper 
end of said lower pipe and providing means to trans 
mit tension, compression, torque, and fluid pres 
Sure from said upper pipe to said lower pipe, 

the maximum outer diameter of said corrugated pipe 
being of less than drill collar diameter, 

a metal tube or drill collar diameter at its exterior and 
of larger inner diameter than the outer diameter 
of Said corrugated pipe, said tube being rigidly con 
nected to one end to one of said pipes and tele 
scopically engaging the exterior of the other of said 
pipes to transmit bending moments therebetween, 

the minimum inner diameter of said corrugated pipe 
being as large as the inner diameter of said pipes, 

the entire radial extent of the corrugated pipe lying 
Within the volume defined by the inner periphery 
of said tube and the axial projection of the inner 
Surfaces of said pipes, 

Said corrugated pipe providing a fluid tight barrier 
means independent of other means for separating 
the fluid pressure inside the unit from the fluid 
pressure outside of the unit. 

6. A resilient unit for a drill string, said unit compris 
Ing 

a first tubular metal pipe connection means, 
a second tubular metal pipe connection means coaxial 

With the first pipe connection means and axially 
separated therefrom, 

means to transmit bending moments between said pipe 
connection means including a metal tube concen 
tric with said pipe connection means rigidly con 
nected at one end to the first pipe connection means 
and at its other end telescopically engaging the ex 
terior of the Second pipe connection means and 

corrugated pipe means concentrically disposed inside 
Said metal tube and connected at its ends to said 
pipe connection means for resiliently transmitting 
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tension, compression, and torque between said pipe 
connection means, 

said corrugated pipe means also transmitting fluid 
pressure from the first pipe connection means to 
the second pipe connection means independently 
of said metal tube. 

7. A resilient unit for a drill string, said unit having 
a one end and an other end, said unit comprising 

a first metal tubular means including a portion pro 
viding one pipe connection means and a portion pro 
viding a bearing surface, said portions being rigid 
ly connected, 

a second metal tubular means coaxial with said first 
tubular means and including a portion providing 
an other pipe connection means and a tube portion 
telescopically engaging said bearing surface, 

said tube portion being rigidly connected to said por 
tion providing said other pipe connection means, 
said one pipe connection means being located near 
said one end of said unit and said other pipe con 
nection means being located near said other end 
of said unit, 

said bearing surface portion and said tube portion 
telescopically engaging same forming means to trans 
mit bending moments between the said portions that 
provide pipe connection means, and 

corrugated pipe means concentrically disposed inside 
said tube portion and connected at its ends to said 
portions providing pipe connection means for re 
silently transmitting tension, compression, and 
torque between said portions providing pipe con 
nection means, 

said corrugated pipe means also transmitting fluid 
pressure from said portion providing one pipe con 
nection means to said portion providing said other 
pipe connection means independently of said tube 
portion. 

8. Combination of claim 7 wherein the corrugated 
pipe includes a plurality of pairs of metal washers, the 
outer peripheries of each of said pair of washers being 
unitized with outer metal rings and the inner periphery 
of each washer being unitized with the adjacent washer 
in the adjacent pair of washers with inner metal rings. 

9. Combination of claim 8 wherein the corrugated 
pipe includes a tube extending axially from the washers 
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at each end of the corrugated pipe and integral there- . 
with. 

10. Combination according to claim 8 wherein said 
washers are integral with said inner. metal rings forming 
therewith bifurcated rings. m 

11. Combination according to claim 10 wherein each 
outer ring has an inturned radial flange disposed be 
tween and in contact with the adjacent bifurcated rings 
and the outer periphery of each washer of each bifur 
cated ring has an outwardly extending lip to which the 
outer ring is welded. 

12. Combination according to claim 10 wherein the 

50 

55 

S 
bifurcated rings are each integral with one of the adja 
cent outer rings. 

13. Combination of claim 8 wherein said washers are 
conical, the washers in each adjacent pair converging 
in opposite directions, the pairs converging toward each 
other being each unitized at their inner peripheries with 
an inner one of Said rings, the pair converging away from 
each other being each unitized at their outer peripheries 
with an outer one of said rings. 

14. Combination according to claim 13 in which the 
outer peripheries of said washers are thick (thickness 
exceeds 50% of radial extent), said unitization of the 
outer peripheries of the washers with the outer rings be 
ing brazed joints. 

15. Combination according to claim 14 wherein the 
inner peripheries of said washers are also thick and said 
utilization of said inner peripheries with said inner rings 
are brazed joints. 

16. Combination according to claim 15 wherein the 
inner and outer peripheries of said washers are conical 
Surfaces with the peripheral surfaces of adjacent pairs 
that are unitized with the rings forming obtuse angles 
measured exterior to the washers, the rings having sur 
faces correlative to said peripheral surfaces. 

17. Combination according to claim 13 wherein the 
inner peripheries of said washers are thinner than the 
outer peripheries. 

18. Combination according to claim 17 wherein the 
inner peripheries of said washers are unitized with said 
inner rings by being formed integrally therewith. 
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