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2006. Field of the Invention: This invention rel ates
in general to threadforns, and in particular to
threadformfor a gate valve stem the threads having a
hi gh aspect rati o and consequently higher efficiency.
Description of the Prior Art: A variety of equipnent

or tools usé@GHﬁHE@TW@FﬁWEQMr oduct i on
have threaded nenbers that rotate relative to each

ot her while under a |l oad. For exanple, gate valves are
CrospiRaferpaggito Relatsd Appig24%% producti on control

equi pnent . A.gate val ve has bo Wi t [ A
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2O£§tmeen open and cl osed positions relative to the flow
assages. The gate valve has to be able to nove froma
cl osed position to an open position while under the
pressure of the flowine, which may be quite high. The
gate is noved by a stem which may be either a rising

Field 6@ TnP&itioht Si Ng stem A rising stem noves axially
as It rotates. Wth a non-rising type, the stem

remains axially stationary while being rotated. The
st effhiss inventiadeelaten ipogbndralpés threddforms, and in particular to
threadform for a gate valve stem, the threads having a high aspect ratio and

consequently higher efficiency.

Description of the Prior Art:

A variety of equipment or tools used in oil field drilling and production have
threaded members that rotate relative to each other while under a load. For example,
gate valves are often used for oil and gas production control equipment. A gate valve
has a body with a cavity. A flow passage intersects the cavity. A gate is moved
between open and closed positions relative to the flow passages. The gate valve has
to be able to move from a closed position to an open position while under the pressure

of the flowline, which may be quite high.

The gate is moved by a stem, which may be either a rising stem or non-rising
stem. A rising stem moves axially as it rotates. With a non-rising type, the stem
remains axially stationary while being rotated. The stem is threaded in both types and
typically reacts against a threaded nut or a drive bushing. The flowline pressure

forces the gate tightly against the seat. Frictional forces at this interface must be



typically reacts against a threaded nut or a drive

bushing. The flow ine pressure forces the gate tightly
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nmust beovercone in order to nove the gate fromthe

closed to the open position. The valve stem nust be

designed to withstand high axial and torsional |oads.

It is nore challenging for the stemto withstand the

| oads for larger and higher pressures. A 9 inch bore,

20,000 psi gate valve used for drilling and producing
ovelRERP i 3&leivtheeahd gate frosethy dloses] to sheagpeapasitite of a

val ve that nust neet these challenges. A variety of

t h r’IFfla va{ve <P ng&%e*ﬁgs édttb WithSdnd Righ Q%apiddQBrsﬁfnﬁl bads.

ens and ot her "t hreadforns under high | oads

It is r?]ore cgﬁ eﬂ%%g fHOAL Deh 16 35RstABE 10448 f&ﬁ@rgéﬁ’eﬁ)&hléﬂéﬁ

I'n cross-section as frusto-conical

pres%ﬁ'r%? eﬁ 9T1m:}tn Qoxfel 000 12pLat@Mlvd bl o0 iEndMaReducitpaicep

pe of thread, referred to as a nodified

gas carb§n E‘é&‘v&?& is¥in RR4, Hﬁﬂa e tHaeRuaeaieetheyd dhallengds.y
ricant. The nmodi fi e ACNE thread has wor ked wel |

but d
?Err\@fgﬁl?t{sp ; :f’a e bein ] R PG RS apm
reads t he dr bushi d h
s i SR o e
real nen
the gﬁaaz%lts @BE\%%\? SLSPFS seﬁ qcaasl}it'u%to_l%o%"clii Lﬂa & W?th fll?slfeét%h@ gy

articularly a

roof)s:l])%heen tﬁ‘é st Ll'?ll%g}% 2ol an&c)f{ CefBiRh {03k IGhodPE AT IR @S -
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thread undergoes non-uniform contact pressure between the flanks of threads of the
drive bushing and the stem. The non-uniform contact pressure overloads the surface
treatments and lubricants, resulting in inefficiency and occasionally galling. This is

particularly a problem with higher pressure and larger bore valves.

In the prior art, stem and drive bushing th;'eads were designed to have shear
strengths that matched the tensile strengths of the stem and drive bushing. The tensile
strength of the stem is a function of its diameter, and when the diameter is made
larger, the thread bearing area also increases because of the larger diameter. The
thread bearing area is the contacting surfaces between threads. In the prior art, the
thread profile for thread forms for valve stems were essentially fixed in height or
radial dimension, and did not change with an increase or decrease in the diameter of
the valve étem. As a result, even thoﬁgh the thread bearing area Vwould increase with

an increase in thread diameter, it would not increase at the same rate. The thread



| arger, the thread bearing area al so i ncreases because
of the |arger dianeter. The thread bearing area is the
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the thread profile for thread forns for valve stens
were essentially fixed in height or radial dinension,
and did not change with an increase or decrease in the
di aneter of the valve stem As a result, even though
the thread bearing area would increase with an
increase in thread dianmeter, it would not increase at
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doubl e when going froma stemdianeter of 0.5" to
2.0". This analysis is based on a threadform axia
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the denigf ofitPe 42 Ve SPRFIR YR ENERAIBIEERY using a high
aspect ratio. That is, the threads have a ratio of
“thread height over the thread base thickness that is
hi gher than in the known prior art for high | oad

threadf orns. Preferably this ratio conprises at |east
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thread base thickness is at |east the inverse of 0.7
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rounded crest and rounded root. . .
thread base thickness that is higher than in the known prior art for high load
threadforms. Preferably this ratio comprises at least 1.1. Also, the ratio of the thread
height to the thread base thickness is at least the inverse of 0.7 times the exponent ¢
raised to of 0.388 divided by a nominal thread diameter of the threads. Preferably the

threads are of triangular configuration, each having a rounded crest and rounded root.

Preferably, the threads have between them an included angle less than 50 degrees.

The thread stiffness is designed so as to provide flexibility and greater contact
area. By maintaining a high thread aspect ratio to the above relationship, the threads
will flex so that flank to flank contact emanates from the midpoint of the flanks, rather
than on the edges of the flanks. Finite element analyses have shown that this thread
flexibility reduces the peak bearing stress on the thread flanks by a factor as high as
5.0. Consequently, by minimizing the peak bearing stresses, the stem thread surface

treatments designed to minimize galling and reduce friction, can survive. Testing has



Preferably, the threads have between them an incl uded

angl e Il ess than 50 degrees. The thread stiffness is
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contact area. By maintaining a high thread aspect

ratio to the above relationship, the threads will flex

so that flank to flank contact emanates fromthe

m dpoi nt of the flanks, rather than on the edges of

the flanks. Finite el enent anal yses have shown t hat

this thread flexibility reduces the peak bearing
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5.0. Consequently, by mnimzing the peak bearing

stresses, the stemthread surface treatnents designed

to mnimze galling and reduce friction, can survive.
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Description of the Drawings: Figure 1 is a sectiona
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the valve stem of the gate val ve of Figure 1. Figure 3
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Detailed Description of the Invention:

Referring to Figure 1, valve 11 has a body 13 containing a cavity 15. A flow
passage 17 intersects cavity 15. A valve seat 19 is located at the intersection of each
portion of flow passage 17 with cavity 15. A gate 21 having a hole 22 through it
moves from an open position shown in Figure 1 to a closed position. In this
embodiment, when in a closed position, gate 21 is located lower within the cavity so
that portions of gate 21 block flow through passage 17. Gate 21 is shown as a split

gate, having two separate slabs. Alternately, gate 21 could have a single slab.

Gate 21 has a drive bushing 23 that is engaged by a stem 25. Stem 25 extends
out of cavity 15 and has stem threads 27 that engage mating threads in drive bushing
23. Stem 25 is shown to be a non-rising type; when rotated, it remains axially

stationary and causes translational movement of gate 21 between open and closed



noves from an open position shown in Figure 1 to a
closed position. In this embodiment, when in a closed
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so that portions of gate 2 1 block flow through
passage 17. Gate 2 1 is shown as a split gate, having
two separate slabs. Alternately, gate 2 1 could have a
single slab. Gate 2 1 has a drive bushing 23 that is
engaged by a stem 25. Stem 25 extends out of cavity 15
and has stemthreads 27 that engage mating threads in
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type; when rotated, it remains axially stationary and
causes transl ational movenent of gate 2 1 between open
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actuator eith bei n draulically or electrically
being hyseapliopdly o ‘? ailﬁgﬁ?%hr es 2 and 3, stemthreads 27

engage bushing threads 35 that are identical in
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example, included angle a is approximately 29 degrees.

Stem load flank 37 engages a bushing load flank 41 to prevent bushing 23
from moving axially out of cavity 15 (Figure 1) in response to pressure. Stem
unloaded flank 39 is normally spaced from bushing unloaded flank 43 by a clearance

as shown in Figure 3, when valve 11 is under pressure.

Each stem thread 27 has a stem root 45 separating it from an adjacent stem
thread 27. Root 45 is rounded, formed at a radius in this embodiment. Also, each
stem thread 27 has a stem crest 47 that is a reverse image of stem root 45. Stem crest

47 is also rounded, formed at a single radius.

Each bushing thread 35 has a bushing root 49 that is identical to stem root 45.
Each bushing thread 35 has a bushing crest 51 that is identical to stem crest 47. While

in the loaded position under pressure, shown in Figure 3, bushing root 49 is spaced



fromnoving axially out of cavity 15 (Figure 1) in
response to pressure. Stem unloaded flank 39 is
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cl earance as shown in Figure 3, when valve 11 is under
pressure. Each stemthread 27 has a stemroot 45
separating it froman adjacent stemthread 27. Root 45
is rounded, formed at a radius in this enbodi nment.
Al so, each stemthread 27 has a stemcrest 47 that is
a reverse imge of stemroot 45. Stemcrest 47 is also
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thread 35 has a bushing root 49 that is identical to
stemroot 45. Each bushing thread 35 has a bushing
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This high aspect ratio relationship was derived to provide more flexibility in
thread 27 to reduce the contact pressure in bearing area Ba and distribute the load
more uniformly. This relationship results in a ratio that is at least 1.1 for the smallest .
diameter anticipated for valve stem 27, which is 0.5". Larger valve stems will not

exceed the value of 1.7 in the preferred embodiment.

Threads 27, 35 are designed for the capability of being rotated in high load
applications. The contact pressure of threads 27, 35 is less than in one prior art gate
valve. The thread bearing area Ba for each thread 27, 35 is greater than the thread

bearing area Ba for the prior art modified ACME threadform.

The invention has significant advantages. The high aspect ratio for the threads
makes them more flexible, which reduces both the contact pressure on the thread

flanks and distributes the load more uniformly over the flanks. Further, the increased



side to crest 47 at a point 180 degrees away. This
hi gh aspect ratio relationship was derived to provide
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pressure in bearing area Ba and distribute the | oad
nore uniformy. This relationship results in a ratio
that is at least 1.1 for the smallest dianeter
antici pated for valve stem 27, which is 0.5". Larger
val ve stens will not exceed the value of 1.7 in the
preferred enbodi nent. Threads 27, 35 are designed for
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appl i cations. The contact pressure of threads 27, 35
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t heWihila cheripyamtion hasdresn shas(rein anfeore) of ik forms f shasd ©% e
i ncreasedt hread flexibility helps t istribute. th
sormRBTRUIvd O a1 SR et AL P g s
aspect_ratio inc eaag§ thef onlaggb%rea of the
chapgeswifaout departing from g spopy Y% BEAISR: stress. The
reduction in stress reduces the chance of wearing away
of friction coatings and reduces the possibility of
galling. While the invention has been shown in only
one of its forns, it should be apparent to those
skilled in the art that it is not so limted but is
suscepti bl e to various changes w thout departing from
the scope of the invention. W C aim



1. In a gate valve having a stemwith a set of threads
t hat engage a bushing connected with a gate, so that

w0 od0aniaeo of the stem noves the gate rel ati ve POT/USI00E017449
seats, the threads of the stem and bushing conpri sing:
a threadform wherein a thread height to thread base
thickness ratio is at |least the inverse of 0.7 tines
the exponent e raised to 0.388 divided by a nom nal
thread dianeter of the threads. 2. The gate val ve
according to claim1, wherein the ratio conprises at
least 1.1 . 3. The gate valve according to claim1,
wherei n each of the threads has a rounded crest. 4.
The gate val ve according to claim1l, wherein the

WetClaimeeds have an included thread angle of |ess than 50
degrees. 5. In a gate valve having a stemw.th a set

1. Tok getervabvd bavinge siemgaidea setioh §rpady that prgses a usfingcognected
gate, so that rotation of the stem npves the al &
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threafly efilie stapnARd RUshiRECAMIBIMght to t hread base thi ckness
ratio that is at least. 1.1.6. Th ate. val ve accardi ng
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crest. 7. The gate val ve .accordj £ ' . in
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diameter of the threads.

2. The gate valve according to claim 1, wherein the ratio comprises at least 1.1.

3. The gate valve according to claim 1, wherein each of the threads has a rounded

crest.

4, The gate valve according to claim 1, wherein the threads have an included thread

angle of less than 50 degrees.

5. In a gate valve having a stem with a set of threads that engage a bushing connected
with a gate, so that rotation of the stem moves the gate relative to valve seats, the
threads of the stem and bushing comprising:

a threadform wherein each of the threads have a thread height to thread base

thickness ratio that is at least 1.1.



8. In a gate valve having a stemwi th a set of threads
t hat engage a bushing connected with a gate, so that
w0 od0aniaeo of the stem noves the gate rel ati ve POT/USI00E017449
seats, the threads of the stem and bushing conpri sing:
a threadforrn with at least two starts and a thread
hei ght to thread base thickness ratio that is at | east
the inverse of 0.7 tines the exponent e raised to
0. 388 divided by a nom nal thread dianeter of the
t hreads; and wherein the ratio is at least 1.1. 9. The
6. TRtAtenalveicananE do cigint 6, whaeimeBchdfeheihreadalids aobuided
threads has a rounded crest. 10. The gate val ve
cre&ccording to claim8, wherein the threads have an
i ncluded thread angle of |ess than 50 degrees.
7. The gate valve according to claim 5, wherein the threads have an included thread

angle of less than 50 degrees.

8. In a gate valve having a stem with a set of threads that engage a bushing connected
with a gate, so that rotation of the stem moves the gate relative to valve seats, the
threads of the stem and bushing comprising:

a threadform with at least two starts and a thread height to thread base
thickness ratio that is at least the inverse of 0.7 times the exponent ¢ raised to 0.388
divided by a nominal thread diameter of the threads; and

wherein the ratio is at least 1.1.

9. The gate valve according to claim 8, wherein each of the threads has a rounded

crest.

10. The gate valve according to claim 8, wherein the threads have an included thread

angle of less than 50 degrees.



