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FAST MAKE-UP FATIGUE RESISTANT
ROTARY SHOULDERED CONNECTION

Background of the Invention
Field of the Invention

The present invention relates to thread forms and connections formed
therewith for securing together components. More specifically, the present
invention, in its preferred form, relates to thread forms used to secure together

tubular bodies that are assembled to drill and produce wells.

Prior Art Setting of the Invention

The American Petroleum Institute (API) has standardized various thread
forms that are used in the drilling and production of oil and gas wells. One API
thread form commonly found in connections used to secure drill pipe together is a
modified V-type thread that has a root radius of 0.038 in.. The included angle
between the stab and load flanks of the thread is 60 degrees and the thread root
cutting radius of 0.038 in. is centered on the bisector of the included angle. The
API connection provides a root truncation of the straight-V thread form of
0.038 in. where the root truncation is a measure of the distance between the apex

of the 60 degree included angle and the thread root.
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The performance of the API connection has been improved in the prior art
by modifying the thread root configuration. Once prior art improvement has been
to increase the thread root radius from 0 0.038 in. to 0.042 in. Another prior art
improvement has been to enlarge the root by forming different surfaces of
revolution along the flank and adjoining root surfaces using different cutting radii
centered on the stab flank side of the included angle bisector. This latter thread
form is more fully described in U.S. Patent Nos. 4,549,754 (the '754 Patent) and
6,467,818, assigned to the Assignee of the present invention, the disclosures of
such patents may be referred to for further details.

The preferred thread forms described in the ’754 Patent provide for two
different size root cutting radii with the larger of the cutting radii to be
substantially larger than the root truncation. A specific illustrated form of the
threads employs one cutting radius of 0.057 in. and another of 0.031 in. within a
thread form having a usual root truncation of 0.038 in. as required for mating with
an API connection. In the preferred configuration, the smaller radius represents
approximately 54 percent of the length of the larger radius.

The *754 Patent recognizes that any increase of the root radius over root
truncation will result in a decrease in maximum stress and that a substantial
Increase is preferred to obtain a substantial decrease in maximum stress.

The ’754 Patent proposes as a limit to the root radius
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increase that the root radius should not be increased to a point that 1s greater than a distance that
would intersect or exceed the pitch diameter. The '754 Patent notes, however, that it 1s difficult
to use this limit of enlarged root diameter in practice since 1t would tend to produce an under-cut
area that would make it difficult to use standard cutting tools. The preferred thread form in the
'.754 Patent was also dictated by a desire to reduce the original thread shear area (base width of
the thread form) preferably by not more than 25 percent.

The objectives of the '754 Patent were achieved by joining the unloaded thread flank (stab
flank) to the thread root by a planar surface with the smaller radius curvature bridging the planar

surface and the larger radius root surface.
The thread types of the '754 Patent are particularly well-suited to be employed as threaded
connectors for use in drilling and producing oil and gés wells. Such connectors are assembled by

rotating one of the pipe bodies relative to the other causing the threads to mate and engage with

each other to hold the two pipe bodies to gether. When these connectors are used to assemble a

drill pipe and other drilling assemblies, the connections are repeatedly made up and broken out as
a part c;f the process of running the pipe into and out of the well. The speed of assembling and
diéaséembling the connections and the amount of thread wear involved in the process are
ﬁmotioﬂs of the number of revolﬁtions of the pipe required to effect full connection and release
of the threaded compoﬂents.

Thread make up speed and thread wear can be reduced by reducing the total amount of
thread engagement required for a fully made up connection. The mechanical strength of the

connection 1s, however, also reduced when the total thread engagement 1s reduced.
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Summary of the Invention

One embodiment of the thread of the present invention has a thread root
area defined by multiple surfaces of revolution. The multiple surfaces have
different length cutting radii that are disposed on different centers on the stab flank
side of the bisector of the included thread angle. Two of the radii have a length
that is greater than the thread root truncation length and the ratio of the smaller to
the larger radius length is at least 60 percent. The result is a thread form having
greater fatigue resistance and increased strength as compared with prior art designs.

One form of the thread of the present invention provides thread roots
having surfaces of revolutions formed with radii having lengths greater than the
thread truncation length with the ratio of the total thread height to the thread
truncation length being less than 7. Threads produced with this combination design
features result in improved fatigue resistance and increased strength.

One example of a thread of the present invention provides thread roots
having at least one surface of revolution formed with a cutting radius having a
length that 1s greater than the length of a flat transition area on the stab flank
joining the curving root area with the major portion of the linear stab flank area.

In a broad aspect, the present invention seeks to provide a thread form for
securing together mating threaded components, comprising a stab flank, a load
flank, a thread root connecting the stab flank and the load flank, whereby the stab

flank and the load flank define an included angle in the gap bridged by the thread

root. A thread root truncation length is measured along the bisector of the included
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angle between the thread root and the apex of the included angle. A first surface
of revolution has a first radial length included in the thread root, and a second
surface of revolution has a second radial length included in the thread root, the first
radial length being greater than the second radial length. Centers of revolution for
the first and second surfaces of revolution are disposed on the stab flank side of a
bisector of the included angle, the first radial length and the second radial length
each being greater than the thread root truncation length with the ratio of the
second radial length to the first radial length being at least 0.6. There is a stab
flank flat surface lying at an angle different than the stab flank, the stab flank flat
connecting the second surface of revolution with the stab flank, and the second

radial length being greater than the length of the stab flank flat surface.

43
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In one embodiment, a thread of the present invention is used as the thread form in the pin
and/or box of a double start threaded connector. The double start connector thread is formed by
providing two helically developed thread teeth of the present invention side-by-side on each of
the pin and/ 61‘ the box components of the connector. The two thread teeth are axially separated
on. the connector component with independent starting and runout points that start at the same
ax1a] position, shifted by 180 degrees from each other. The thread teeth of one component of the™
connector are designed to engage in the recess formed between adjacent helical turns of the two
helically extending thread teeth formed on the mating component of the connector.

The double start design permits the pin and box components o.f the connector to be
threadedly engaged and disengaged with each other with only half the number of revolutions

relative to each other as is required for engaging and disengaging a connector having a single

- start thread. The reduction in the revolutions required to make up a double start thread design is

beneficial in reducing wear experienced by the éonnector. The reduced number of turns required
to make up or break out the connection also reduces .the time required 1o assemble and
disagsemble strings of pipe being used in the drilling and completion of wells. These features are
especially advantageous when applied to connectors that must be frequently made up and broken
out such as 1s the case with drill strings and work strings used in the drilling and construction of
wells.

In one form of the invention, the taper of the box‘ is greater than the taper of the pin. The
pitch hines of the pin and box cross each other and diverge from the crossing point toward the
external make up shoulder. The pitch diameter on the box is larger than the pitch diameter on the

pin. A preferred form of the invention is used with rotary shouldered connectors having a double

start thread and internal and external shouldering points.
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Brief Déscﬁption of the Drawings

Figure 1 is an enlarged, partial cross sectional view of a thread form of the present
inventfdn overlaying a prior art thread form;

Figure 2 is an alternate depiction of Figure 1 illustrating an enlarged, partial cross
sectional view of a thread form of the present mnvention overlying the prior art thread form;

Figure 3 1s an enlarged partial cross sectional view of a thread form of the present
invention overlying a variation of the prior art thread form;

Figure 4 1s a vertical cross sectional view of a rotary shouldered pin equipped with a
double start thread form of the present invention;

Figure 5 1s an enlarged sectional view illustrating details in the thread configuration of the
pin of Figure 4;

Figﬁre 6 1s a vertical cross sectional view of a rotary shouldered box equipped with a
double start thread form of the present invention designed to méte with the pin of Figure 4; and

Figure 7 is an enlarged sectional view illustrating details in the thread configuration of the

box of Figure 6.

Description of the Illustrated Embodiments

Figures 1 and 2 illustrate the profile of a thread form of the present invention, indicated at
10, overlaying a thread form of the prior art, indicated at 12. The threads are shown formed as
external threads on a pin body 14. The reference character 10 has been applied t;) the thread
profile of the present invention in each segment isolated by its intersection with the prior art
thread form 12. The prior art thread form has been designated with the reference character 12 at

each point that it has been isolated by its intersection with the thread form 10 of the present
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invention. In Figure 1, the area of the prior art thread form that is removed by the thread form of
the present invention is identified by the crosshatched area 16. The area of the thread form of the

present mvention that is removed by the prior art thread form is identified by the crosshatched

~area 18. F igurc-:: 2 designates the profile of the prior art thread form with a dashed line and that of

-

the present invention with a solid line.

For purposes of the present description, and with reference to Figureé 1 and 2, the thread
torms will be described with general reference to a stab flank S, a load flank L,arootareaR, a
root vertex VR and a crest vertex VC. The root vertex and crest vertex are formed by the
extension of the major linear stab flank and load flank surfaces. Total thread height 1s the radial
vertex separation indicated by a length TH between the root vertex VR and the crest vertex VC
measured along a line perpendicular to the aXis of the pipe. The stab flank S and load flank L
converge at the root vertex VR to define an included angle A. A line B bisecting the mcluded
angle A divides the gap into a stab flank side SS and a load flank side LS. The distance,
measured along the bisector line B between the root diameter RD of a thread root and the thread

root vertex VR 1s the root truncation RT.

The stab flank is the face of the thread tooth on one component of the connection that
first contacts the mating thread tooth of the second component of the connection when the two
separated threaded components are first advanced together for threaded assembly. The load
flank is the face of the thread tooth that opposes the stab flank across the thread root gap. The
load flank carries the increasing load provided by a tension force attempting to separate the two
mated components. Unless otherwise noted, the terms used in this description follow the API

convention.
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Referring to Figures 2 and 3, the root of the thread form of the present invention 10 is
formed by two surfaces of revolution S1 and S2 defined by cutting radii R1 and R2, respectively,
centered on center points 22 and 24, resp eotively. The cuiting radius R1 is a load flank radius
and the cutting radius R2 is a stab flank radius The radii centers 22 and 24 are disposeéd on the
stab flank side of the bisector B of the included angle A defined in the gap between the major
stab flank S and the major load flank L. The surface of revolution 82 1s joined {0 the linear
portion of the major stab flank S with a linear flat transition section F1 that is tangent to the
surface of revolution $2 and makes an angular intersection with the linear portion of the major
stab flank S. The linear section of the major load flank I, intersects the surface of revolution S1
at a tangent point. The root truncation for the thread form 10 1s indicated by the length RT
measured between the root diameter RD1 and the root vertex VR.

The root of the prior art thread form 12 is formed by two surfaces of revolution S3 and S4
that are defined by 2 load flank cutting radius R3 and a stab flank cutting radius R4. The cutting
radii also have radial center points 26 and 28, respectively, on the stab flank side of the bisector
B. The prior art thread form 12 includes a linear flat transition section F2 that extends from a
tangent point on the surface S4 to the major linear portion of the stab flank S. The surface of
revolution S4 connects at a tangent point to the major linear ‘section of the load flank L. The root
truncation for the thread form 12 is indicated by the length T2 measured between the root
diameter RD2 and the root vertex VR.

The thread form 10 exhibits subétantially improved fatigne resistance and strength

characteristics over the prior art design 12, in part, because of the amount of curvature within the
thread root relative to the linear flat transition sections, the amount of root truncation and the

radius of curvature in a critical area of the thread root. In the illusirations of Figures 1 and 2, the
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radii R1 and R2 and the transition flat F1 of the present invention cooperate to form a thread root
having a composite contiguration that disperses stresses over a larger area than that of the prior
art thread fo;rp. | The transition zone of the thread form 10 from the major root curvature area to
the primary stab flank area is increased relative to that of the prior art thread form. The short
radius R4 of the prior art thread form produces a sharper curvature that concentrates stresses.
The root truncation of the present invention is greater than that of the prior art design. The
Increase 1n root truncation improves the connection strength by increasing the amount of metal
underlying the root of the last engaged pin thread. Each of these parameters, as disclosed herein,
acting both independently and in the described combination produce a thread form exhibiting
significantly superior characteristics.

The "754 Patent recognizes the benefit of providing a large curving root radius in a thread
torm. Figure 3 1llustrates the prior art thread form with a thread root cutting radius R3
exhibiting the hypothetical maximum amount of curvature consistent with the teaching of the
patent. The use of the hypothetical maximum radius root thread form was not considered
practical for the reasons stated in the '754 Patent. The inventors of the ' 754 Patent also
considered 1t necessary to smooth the transition from the single large root radius R3 by adding a
second substantially smaller radius R4 and a conneéting flat transition segment F2 .

T'he thread form of the present invention establishes a relationship between radii length,
stab flank flat fransition length and root truncation length that overcomes limitations of the prior
art and results 1n a significantly improved connection. Each of the variables, acting alone,
contributes to the improved connection. The combination of the features produces a synergism

that produces unexpectedly high fatigue resistance and improved strength as compared with an

unmodified thread form of the same basic configuration.
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In accordance with the teachings of the present invention, it has been

determined that:

The ratio of the total thread height (TH) to the root truncation (RT) of one

root should be less than 7:

TH/T < 7.

The ratio of the stab flank radius R2 to the load flank radius R1 should be
greater than 0.6:

R2/R1 > 0.6.

The ratio of the slab flank radius R2 to the tangent flat length F1 should be
greater than 1:

R2/F1 > 1.

In a preferred form of the present invention, a thread form employing a flat
length F1 of 0.0180 in., a radius R1 of 0.057 1n. and a radius R2 of 0.050 in. was
employed with a root truncation RT of 0.042 in., an included angle of A = 60
degrees,
and a total thread height of 0.247 in. The thread form 10 may be advantageously
applied to a threaded connection as either the pin or box thread, or both.

In one embodiment of the present invention, the thread form is applied to
the pin and box of a rotary shouldered connection having a double start thread such
as illustrated in Figures 4-7. The pin of such a connection, indicated generally at
50 in Figure 4, is provided with two helically developed thread teeth 52 and 54
disposed side-by-side. The two thread teeth 52 and 54 are axially separated on the

pin component with independent starting and runout points that start at the same
axial position, shifted by 180 degrees from each other. Thus, the thread 52 may be

10
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considered to start at the point 60 and the thread 54 may be considered to start at
the point 62, which is 180 degrees opposite the point 60.

The thread teeth 52 and 54 are designed to engage in the recesses 64 and
66, respectively of the box 70 illustrated in Figure 6. The recesses 64 and 66 are
formed between adjacent helical turns of two helically extending thread teeth 72
and 74 formed on the box. The thread forms illustrated in Figures 5 and 7
correspond in shape and relative dimensions to the thread form 10 of the present
invention as described with reference to Figures 1-3. Corresponding identification
indicia are employed in all of the drawings to identify the same or equivalent
components.

The pin 50 may be provided with an internal shoulder 80 and an external
shoulder 82. The pin shoulders 80 and 82, respectively engage the internal
shoulder 84 and the external shoulder 86 of the box 70. At the final make up
position of the engaged pin and box connectors, the internal and external shoulders
come into abutting engagement. In an exemplary embodiment, the taper of the box
is 0.75 in. per foot on the diameter and the taper of the pin is 0.68 in. per foot of
the diameter.

In a double start thread such as illustrated in Figures 4-7, the angle of the
helix is greater than that of a single start thread. As a result, there is a reduction in
the perpendicular notch affect that is normally present in a single start thread.
Since there 1s a lower normaI incident force, there is a reduction in the fatigue
generation within thread components during the make up and use of the

connection. Thus, by increasing the helix, the resultant stresses acting axially

11
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between the pin and box threads are moved off of the perpendicular to reduce the

stress exerted in the connection.

A double-start thread is easier to break out than a single start thread. While
the initial torque required to break the connection is the same in a double start as

in a single start thread, once the connection is broken, the torque required to

In addition to allowing for faster make up and break out speeds, a double
start thread increases torsional strength of a tool joint as the P/pi component 1n a
screw jack formula doubles. The double start thread improves fatigue resistance of

a tool joint by increasing the helix (or lead) angle at a critical section.
In the preferred form of the present invention, different tapers are provided

on the pin and the box to provide a more uniform load distribution in the threads,

reducing the stress level at the last engaged thread of the pin, which enhances

fatigue life of the connection.

Although the invention has been described in detail with reference to a

specific preferred embodiment, from the foregoing description it will readily

become apparent to those skilled in the art that many and varied changes can be

made without departing from the scope of the claims.

12
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The invention claimed is:

1. A thread form for securing together mating threaded components, comprising:

a stab flank,

a load flank, a thread root connecting said stab flank and said load flank whereby said
stab flank and said load flank define an included angle in the gap bridged by said thread root,

a thread root truncation length measured along the bisector of the included angle between
the thread root and the apex of the included angle,

a first surface of revolution having a first radial length included in said thread root,

a second surface of revolution having a second radial length included in said thread root,
sald first radial length being greater than said second radial length,

centers of revolution for said first and second surfaces of revolutions being disposed on
the stab flank side of a bisector of the included angle, said first radial length and said second
radial length each being greater than said thread root truncation length with the ratio of said
second radial length to said first radial length being at least 0.6,

wherein there 1s a stab flank flat surface lying at an angle different than said stab flank,
said stab flank flat connecting said second surface of revolution with said stab flank, and

sald second radial length being greater than the length of said stab flank flat surface.

2. The thread form, as defined in claim 1, wherein said thread form has a ratio of total

thread height to root truncation of less than 7.

3. A thread form having a total thread height for securing together mating threaded
components, comprising:

a stab flank having a linear stab flank surface,

a load flank having a linear load flank surface,

a thread root surface connecting said linear stab flank surface and said linear load flank
sﬁrface whereby said linear stab flank surface and said linear load flank surface define an

included angle in a gap bridged by said thread root surface,

13
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a first surface of revolution, defined by a first radial length, included 1n said thread root
surface,

a second surface of revolution, defined by a second radial length, included in said thread
root surface, said first radial length being greater than said second radial length,

first and second centers of revolution for said first and second radial lengths being
disposed on the stab flank side of a bisector of said included angle,

sald thread form having a total thread height less than 7 times as great as its root
truncation length,

wherein there is a stab flank flat surface lying at an angle different than said linear stab
flank surface said stab flank flat surface connecting said second surface of revolution with said

linear stab flank surface, and

said second radial length being greater than the length of said stab flank flat surface.

4, The thread form as defined in claim 3, comprising:
said first radial length and said second radial length each being greater than said thread
root truncation length with the ratio of said second radial length to said first radial length being

at least 0.6.

5. A thread form for securing together mating threaded components, comprising:

a helically developed thread tooth extending axially over a central thread axis,

a stab flank having a first linear stab flank surface,

a load flank having a linear load flank surface,

a thread root surface connecting said first linear stab flank surface and said linear load
flank surface whereby said first linear stab flank surface and said linear load flank surface define
an included angle in a gap bridged by said thread root surface,

a first surface of revolution, defined by a first radial length, included in said thread root

surface, a second surface of revolution, defined by a second radial length, included in said thread

root surface, said first radial length being greater than said second radial length,

14
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first and second centers of revolution for said first and second radial lengths, respectively,

being disposed on the stab flank side of a bisector of the included angle,

2 second stab flank surface comprising a linear flat lying along an angle different than
said first linear stab flank surface, said second stab flank surface connecting said second surface
of revolution with said second linear stab flank surface,

said second radial length being greater than the length of said second stab flank surface,

and

said first radial length and said second radial length each being greater than a thread root

truncation length of said thread form with the ratio of said second radial length to said first radial

length being at least 0.6.

6. The thread form as defined in claim 5, wherein said thread form has a ratio of total threaa

height to root truncation of less than 7.

7. A connector having a multi-start thread configuration wherein at least one thread of the

configuration comprises:

a stab flank,
a load flank,

a thread root connecting said stab flank and said load flank whereby said stab flank and
said load flank define an included angle in the gap bridged by said thread root,

a thread root truncation length measured along the bisector of the included angle between

the thread root and the apex of the included angle,

a first surface of revolution having a first radial length included in said thread root,

a second surface of revolution having a second radial length included in said thread root,

said first radial length being greater than said second radial length,

centers of revolution for said first and second surfaces of revolutions being disposed on

the stab flank side of a bisector of the included angle,

15
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said first radial length and said second radial length each being greater than said thread
root truncation length with the ratio said second radial length to said first radial length being at
least 0.6,

wherein this 1s a stab flank flat surface lying at an angle different than said stab flank,
said stab flank flat connecting said second surface of revolution with said stab flank, and

said second radial length being greater than the length of said stab flank flat surface.

8. The connector as defined in claim 7 wherein said thread form has a ratio of total thread

height to root truncation of less than 7.

9. The connector as defined in claim 8, comprising:
a stab flank flat surface lying at an angle different than said stab flank, said stab flank flat

connecting said first surface of revolution with said stab flank.
10.  The connector as defined in claim 7 further comprising internal and external shoulders.

11.  The connector as defined in claim 7 wherein said connector comprises a pin and a box
wherein said thread is provided for each thread of said multi start thread configuration for both

said pin and box.

12. The connector as defined in claim 11, further comprising internal and external shoulders

formed in each of said pin and box.

13.  The connector as defined in claim 11 wherein said thread has a first radial length of 0.057

in. and a second radial length of 0.050 in.

14.  The connector as defined in claim 13 wherein said thread has a total thread height of

0.247 in. and a root truncation length of 0.042 in.
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15.  The connector as defined in claim 14 wherein said thread has a first radial length of 0.057

in. and a stab flank flat surface of 0.0180 in.

16.  The connector as defined in claim 15 wherein the taper of the box is 0.75 in. per foot on

the diameter and the taper of the pin is 0.68 in. per foot on the diameter.

17. The connector as defined in claim 11 wherein said thread has a total thread height of

0.247 1n. and a root truncation length of 0.042 in.

18.  The connector as defined in claim 11 wherein said thread has a first radial length of 0.057

in. and a stab flank flat surface of 0.0180 in.

19.  The connector as defined in claim 11 wherein the taper of the box is 0.75 in. per foot on

the diameter and the taper of the pin is 0.68 in. per foot on the diameter.
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