METHODS FOR HEAT TREATI NG THI CK- WALLED FORG NGS Fi el d
of the Invention [0001] The invention rel ates

wgeneviasisy to the field of heat treating thi ckpaaiuseme/03ss545
forgings. More specifically, the invention relates to
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result in catastrophic destruction of the drilling equipment (including, for example,

the drilling rig) and substantial injury or death of rig personnel.

[0004] Because of the risk of blowouts, blowout preventers (“BOPs”) are *:typi.cally
installed at the surface or on the sea floor in deep water drilling arrangements to
effectively seal a wellbore until active measures can be taken to control the kick.
BOPs may be activated so that kicks are adequately controlled and “circulated out”

of the system.

[0005] Figure 1 shows a prior art annular BOP 101. The annular BOP 101 includes
a housing 102, with a bore 102 extending therethrough and disposed about a
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and is also about the longitudinal axis 103. The

packing unit 105 includes an el astoneric annul ar body
waQdo7aasisa plurality of netallic inserts 109. PO®US2006/038545
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bath of a quench media, such as water, oil or polymer and in very rare cases brine

which may be vigorously agitated to achieve a critical rate of cooling to achieve
transformation to a predominately bainitic or martensitic microstructure, to
increase the hardness and mechanical strength of the metal. Finally, the low alloy
steed used for this application is always tempered by reheating the forging to a
temperature below the lower critical temperature, which reduces the high strength

and hardness of the as quenched metal and increases the ductility and toughness of



tenperature below the ower critical tenperature,
whi ch reduces the high strength and hardness of the as
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75 to 80 Ksi with a depth of hardenability generally
[0009] Depth of hardenability is the ability of a metal to respond to heat treatment

uniformly in relatively large section thicknesses. Low alloy steel has been known
to the industry for good depth of hardenability. The low alloy steel AIST 4130 has
a yield strength range from 75 to 80 Ksi with a depth of hardenability generally
limited to about two inches, meaning the given yield strength range can be
expected to be maintained in a region of two inches from the heat treatment

process. AISI 4140, another low alloy steel, has a similar yield strength range



limted to about two inches, neaning the given yield
strength range can be expected to be nmaintained in a
woegi7oassd two i nches fromthe heat treatnent PCOESI®G6/038545

Al SI 4140, another low alloy steel, has a simlar
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Brief Description of Drawings

[0014] Figure 1 shows a cutaway view of a prior art annular blowout preventer.

[0015] Figure 2 shows a flow chart illustrating one method of heat treating a forging

in accordance with an embodiment of the present invention.

[0016] Figure 3 shows a graph of the cooling power of water versus the temperature
of water.
[0017] Figure 4 shows a graph of the hardness results for steel quenched in water

and in brine.



[0018] In one aspect, the present invention provides

nmet hods for heat treating thickwalled forgings. Mre
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create BOPs which require high hardness |evels

t hroughout the entir ' he. walls. [0019] As
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fracture. Tougher materials absorb nore ener
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for Use in pressure’vesse such
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[0022] General state of the art steel melting technology makes available low alloy
steels with a preferable phosphorous and sulfur content much lower than the
maximum provided above. The use of reduced amounts of phosphorous and sulfur
helps to obtain a high fracture toughness of the steel. Also, the low alloy steel may
be calcium treated in the melting process when the alloy steel is originally melted

together from the original elements to provide sulphide morphology control and



and/ or vanadi um for deoxi dati on and grain refinenent.
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cooler quench media, or the quench media would have to be circulated through a

cooling system to maintain the temperature below 75 °F (24 °C).

[0024] Control of the initial quench media temperature to less than about 55 °F and
above about 32 °F should result in an even greater depth of hardening than when
the forgings are quenched in a warmer, higher temperature, quench media. Figure
3, from Metals Handbook, Ninth Edition, Volume 4, page 35, shows the cooling
power of the quench media versus the initial quench media temperature, in which

water was used as the quench media. As shown in Figure 3, the cooling power of
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power of the quench nedia versus the initial quench

nmedi a tenperature, in which water was used as the
wquerrodssedi a. As shown in Figure 3, the cool i RGTUSIG/038545

of wat er decreases rapidly as the initial tenperature
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[0028] The temperatures for normalizing, austenitizing, and tempering is dependent
upon the alloys and the composition of the steel. Material specifications for

particular compositions may be referred to in order to determine appropriate
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inches of thickness comprised of the chemical composition of the present invention

should be tempered for about six to seven hours. A forging created by method 200
will have a depth of hardenability greater than eight inches, and will be able to
meet the specific mechanical properties necessary for safety for use as a BOP.
Specifically, the forging will be able to meet the standards of the American
Petroleum Institute (“API”) for pressure containing members, as indicated in the

API Specification 16A / ISO 13533 section 6.3.
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be manufactured from the low alloy steel of the present invention.

[0032] While the invention has been described with respect to a limited number of
embodiments, those skilled in the art, having benefit of this disclosure, will
appreciate that other embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the scope of the invention

should be limited only by the attached claims.
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process.

The method of claim 1, further comprising normalizing the low alloy steel prior to

heating the low alloy steel to an austenitizing temperature.

. The method of claim 1, wherein the quench media is brine.

The method of claim 1, wherein the finish temperature of the quench media is less than

about 95 degrees Fahrenheit (35 degrees Celsius).

10. A blowout preventer made using the method of claim 1.

10



carbon of about 0.05-0.2 wt.% mnanganese of about
0.3-0.8 wt.% nickel of about 0.25-1.0 wt.% a
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11.

12.

13.

14.

15.

16.

17.

18

19.

20.

internal yield strength of greater than about 85Ksi;

%hﬁ)ré gcblﬂg}léngardness val ue of at nost about 237. 12.

claim1l, further conprising
phosipior dflsbof0.@F-eatwet %t han 0 up to about 0.04 wt. %
13. The forgqgi of claim11, further con‘pr|S| ng sul fur
of Prasprese AR g?fl’f&%egt%‘f %bout 0.04 wt.% 14. The
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The forging of claim 11, further comprising sulfur of greater than 0 up to about 0.04

wt.%.

The forging of claim 11, further comprising silicon of greater than 0 up to about 0.5

wt.%.
The forging of claim 11, further comprising chromium of about 2.0-2.5 wt.%.
The forging of claim 11, further comprising molybdenum of about 0.45-1.15 wt.%.

The forging of claim 11, further comprising an ultimate strength of at least about
100Ksi.

. The forging of claim 11, further comprising an elongation of at least about 20%.

The forging of claim 11, further comprising a reduction of area of at least about 70%.

The forging of claim 11, further comprising a Brinell hardness value of at least about

217.
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