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LINKED COKE DRUM SUPPORT

RELATED APPLICATIONS

[0001] This application is a continuation in part of U.S.
patent application Ser. No. 12/018,468, filed Jan. 23, 2008
titled Coke Drum Skirt.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a coke drum skirt
connection, and more particularly to a connecting system
designed to greatly reduce or eliminate the occurrence of low
cycle fatigue stresses that typically manifest at and below the
circumferential drum to skirt weld of a delayed coker drum as
the coke drum expands and contracts during the temperature
changes experienced by the coke drum during the delayed
coking processes. The described connecting system securely
supports the coke drum and prevents tipping of the drum,
while allowing thermal contraction and expansion without
undue stress to the support system, skirt or drum.

[0004] 2. Background and Related Art

[0005] Many oil refineries recover valuable products from
the heavy residual hydrocarbons (commonly referred to as
resid or residuum) that remain following initial refining by a
thermal cracking process known as delayed coking. The pro-
cessing of crude oil into gasoline, diesel fuel, lubricants, and
the like, as well as many other petroleum-refining operations,
produces byproducts. The value of these byproducts can be
substantially increased when they are processed by “destruc-
tive distillation.” During the process of destructive distilla-
tion, a portion of the byproducts is converted to usable hydro-
carbon products. The remainder is transformed into a solid
carbon product called coke. In the refining industry, this pro-
cess is commonly known as delayed coking.

[0006] Generally, the delayed coking process involves
heating the heavy hydrocarbon feed from a fractionation unit
and then pumping the heated heavy feed into a large steel
vessel commonly known as a coke drum. The nongaseous
portion of the heated heavy feed settles out in the coke vessel
where the combined effect of retention time and temperature
causes the formation of coke. Vapors from the top of the coke
vessel are returned to the fractionation unit for further pro-
cessing into desired light hydrocarbon products. The operat-
ing conditions of delayed coking can be quite severe. Heavy
feed input temperature may vary between 800 degrees Fahr-
enheit and 1000 degrees Fahrenheit.

[0007] Coke drums are typically large, cylindrical vessels
commonly 19 to 30 feet in diameter and up to 120 feet tall
having a top head and a funnel shaped bottom portion fitted
with a bottom head and are usually present in pairs so that they
can be operated alternately. The size, shape, and configura-
tion of the coke drum may vary considerably from one instal-
lation to another. Coke is formed and accumulates in the
vessel until it is filled to a safe margin, at which time the
heated feed is switched to the empty “sister” coke vessel. This
use of multiple coke drums enables the refinery to operate the
fired heater and fractionation tower continuously. Thus, while
one coke vessel is being filled with heated residual material,
the other vessel is being cooled and cleared of coke (between
500 and 1200 tons) formed in the vessel during the previous
recovery cycle. The full vessel is isolated, steamed to remove
hydrocarbon vapors, cooled by filling with water, drained,
opened, and the coke is drilled out with a water jet for removal
out the bottom of the drum. The drums typically operate on a
cycle, switching every 10 to 30 hours.
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[0008] Coke removal begins with a quench step in which
steam and then water are introduced into the coke-filled ves-
sel to complete the recovery of volatile, light hydrocarbons
and to cool the mass of coke. The vessel is drained, vented to
atmospheric pressure, then opened at the bottom for removal
of'the coke. Removal is typically achieved using a drill bit fed
my high pressure water directed through a jet or jets that cut
the coke into small pieces which fall out the opened bottom of
the coke drum. Once the coke has been removed, the drum is
closed, warmed-up, and placed on stand-by, ready to repeat
the 10- to 30-hour cycle.

[0009] Coke drums are largely vertical, with heights from
three to four times their diameters. This large height/diameter
ratio makes the coking drums susceptible to tipping due to
forces such as those from strong winds, seismic activity, and
piping attached to the drum. Further compounding this prob-
lem, the coke drums must be elevated to some extent to allow
room underneath the coke drums for the dislodged coke to fall
out and be removed during the decoking process. This
increases the susceptibility of the coke drums to winds and
other forces.

[0010] A typical coke drum is supported by a skirt which is
welded to a lower portion of the drum. The skirt must support
the weight of the drum, the coke formed in the drum and the
water used to quench the drum. The skirt of the coke drum is
typically bolted to a reinforced concrete base that provides the
fixed support structure for the drum. This is problematic,
however, for the cyclical decoking process subjects the large
and heavy coke drum to frequent large temperature fluctua-
tions which cause the drum to expand and contract. The drum
is circumscribed by the skirt which expands and contracts at
a rate different than the drum. The portion of the skirt that
extends outwardly from the drum and which is supported by
the supporting structures undergoes stresses often referred to
as hoop stress. This can often be exacerbated as the skirt is
insulated near the drum and not insulated in the areas farthest
away from the drum. By constraining the expansion of the
drum, the stresses in the skirt welded connection are incurred
both during expansion and contraction of the drum. Some
studies suggest that the weld between the skirt and the drum
begins to fail from low cycle fatigue at peak stress locations
within a few hundred cycles. Stress also occurs in the drum,
the bolts and the concrete to which the drum is bolted. The
failure of the system securing the coke drum to the concrete
base may be gradual, difficult to monitor and costly to inspect.
[0011] Recent trends in the coking industry have elevated
skirt failure concerns. Economic pressures have encouraged
refineries to reduce the cycle times so that more coke may be
produced in a given period. Faster production necessitates
faster drum quenching causing more rapid cooling of the
drum wall causing more stresses on the skirt connection.

BRIEF SUMMARY OF THE INVENTION

[0012] A linked coke drum support provides a secure con-
nection between a coke drum and supporting structures to
allow for reduced-stress thermal expansion and contraction of
the coke drum during operation of the coke drum during the
delayed coking/decoking processes. The connection that pro-
vides for the reduced-stress thermal expansion and contrac-
tion is a pivoting link assembly affixed between the coke
drum and supporting structures.

[0013] A circumferential connection plate is welded to the
outside of the coke drum. This circumferential connection
plate is segmented in some embodiments. Bolted or otherwise
attached to the circumferential connection plate are a series of
coke drum links. Pivotally connected to the coke drum links
are connecting links which extend to and pivotally connect
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with a series of ground links. The ground links are connected
to support structures such as one or several concrete or steel
walls capable of supporting the weight of the coke drum. In
one embodiment, the coke drum links are attached directly to
the drum instead of to the circumferential connection plate. In
this embodiment, backing plates may be welded to the inside
of the drum to improve the strength of the connection.
[0014] When the coke drum expands, the circumferential
connection plate expands causing the coke drum link to move
outwardly. The connecting link, pivotally attached to both the
moving coke drum link and the fixed ground link pivots along
a shallow arc centered at a pivoting connecting pin joining the
connecting link to the ground link. The low friction pivoting
of'the connecting link allows expansion and contraction of the
coke drum to occur without exerting stresses on the connec-
tion between the coke drum and the supporting structures. As
the connecting links are located about the circumference of
the drum, circumferential expansion about the pivot axis is
allowed, yet resistance to lateral loads applied to the drum
such as wind is provided by those connecting links located
normal to the direction of lateral load. The linkage assembly
thereby allows the drum to float suspended by the connecting
links, yet is still restricted from lateral movement.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0015] The objects and features of the present invention
will become more fully apparent from the following descrip-
tion and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings
depict only typical embodiments of the invention and are,
therefore, not to be considered limiting of its scope, the inven-
tion will be described and explained with additional specific-
ity and detail through the use of the accompanying drawings
in which:

[0016] FIG. 1 shows a perspective view of the coke drum
with one embodiment of the connecting assembly in place;
[0017] FIG. 2 shows a perspective view of the coke drum
with a segmented circumferential connection plate;

[0018] FIG. 3 shows a closer perspective view of one con-
necting assembly attached to the coke drum;

[0019] FIG. 4 shows an elevational view of one embodi-
ment of the connecting assembly attached to a coke drum; and
[0020] FIG. 5 depicts the movement of the linked coke
drum support as the coke drum expands and contracts.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Referring now to the Figures, a description of the
embodiments of the present invention will be given. It is
expected that the present invention may take many other
forms and shapes, hence the following disclosure is intended
to be illustrative and not limiting, and the scope of the inven-
tion should be determined by reference to the appended
claims.

[0022] InFIG.1,the linked coke drum connection is shown
attached to a coke drum 24. In this embodiment, a circumfer-
ential connection plate 18 is welded to the outside of drum 24
and the linked coke drum connection is attached to the con-
nection plate. The linked coke drum connection described
herein allows thermal expansion and contraction of the coke
drum during the delayed coking processes by providing for a
pivoting connection between the coke drum and the support-
ing structures. As seen in FIG. 2, this pivoting connection in
one embodiment comprises a coke drum link 12, and con-
necting link 14 and a ground link 16. Coke drum link 12 may
be attached directly to the drum, or as in this embodiment, is
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attached by bolts to a circumferential connection plate 18.
Links 12, 14, and 16 are pivotally connected at pivot pins 20
and 22. Ground link 16 is attached to support structures
capable of bearing the weight of a coke drum 24. As coke
drum 24 expands when heated, circumferential connection
plate 18 expands moving coke drum link 12 in a direction
away from the center of coke drum 24. Connecting link 14,
pivotally attached to coke drum link 12 by pivot pin 22 is
thereby also pushed in an outward direction. As ground line
16 is affixed to the supporting structures it cannot move so the
outward movement of coke drum link 12 and connecting link
14 is translated into a pivoting movement transcribing a shal-
low arc about pivot pin 20.

[0023] The embodiment illustrated in FIG. 2 has a seg-
mented circumferential connection plate 26. This plate serves
the same purpose as the circumferential plate illustrated in
FIG. 1, but differs in that it is not continuous around the coke
drum. It is presently thought that by segmenting the circum-
ferential connecting plate, any stresses that might develop due
to different rates of expansion between the coke drum and the
circumferential connection plate may be alleviated. It should
be understood that the embodiment depicted in FIG. 2 is for
illustration purposes only and that segmented circumferential
connection plate 26 may not be segmented between each coke
drum link 12, but in some embodiments may have several
coke drum links attached to each segment.

[0024] FIG. 3 depicts in more detail the interconnection of
coke drum link 12, connecting link 14 and ground link 16 by
connecting pins 22 and 20. In this embodiment coke drum
link 12 is bolted to connection plate 18 which is welded to
coke drum 24. Ground link 16 is shown with holes drilled in
the base thereof for affixation to supporting structures of
concrete, steel or other materials capable of supporting coke
drum 24. Any known attachment system can be used to attach
ground link 16 to the supporting structures including by
example and not limitation; welding, bolting or casting
ground link 16 into the concrete as it is poured. Connecting
link 14 has a link face 28 and a link side 30. Link face 28 and
link side 30 must be constructed of materials and have thick-
nesses sufficient to support coke drum 24 during normal
operations as well as resist the movement of coke drum 24
when lateral loads such as wind are applied. Connecting link
face 28 and link side 30 must be wide enough and connecting
pin 20 thick enough to resist loads normal to the pivoting axis.
Similarly, ground link 16 must be securing attached to sup-
porting structures so as to remain attached when lateral loads
are placed upon coke drum 24.

[0025] FIG. 4 shows a close view of an embodiment
wherein coke drum link 12 has a connecting pin 22 which has
an inward offset from the connecting pin 20 located in ground
link 16. This inward offset directs the line of force between
the two pins toward the weld between coke drum 24 and
circumferential connection plate 18. This pin placement
greatly reduces any cantilever effect on connection plate 18
thereby exposing circumferential connection plate 18 to less
bending force. As coke drum 24 expands, the offset will be
reduced and approach a vertical orientation.

[0026] FIG. 5 shows the movement of the linked coke drum
support as the drum is heated. The cold state is shown in
phantom lines and the heated state is shown in solid lines.
Connecting link 14 pivots about connecting pin 22 to allow
drum 24 to expand while imparting greatly reduced stress on
the fixed supporting structures and the connection between
drum 24 and coke drum link 12.

[0027] The present invention may be embodied in other
specific forms without departing from its spirit or essential-
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characteristics. The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive. The
scope of the invention 1s, therefore, indicated by the appended
claims, rather than by the foregoing description. All changes
which come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed and desired to be secured by Letters Patent
is:

1. A linked coke drum support providing a secure yet
reduced stress connection between a coke drum and a fixed
support structure, the linked support comprising:

a circumferential connection plate welded about the cir-

cumference of a coke drum;

a fixed support structure capable of supporting the weight

of the coke drum during operation of the drum; and

a pivoting linkage assembly comprising:

a coke drum link attached to said circumferential connec-

tion plate:

a ground link attached to said support structure; and

aconnecting link pivotally attached at one end to said coke

drum link and attached at the other end to said ground
link.

2. A linked coke drum support as recited in claim 1,
wherein the circumferential connection plate is segmented.
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3. A linked coke drum support as recited in claim 1,
wherein the coke drum link, the connecting link and the
ground link are pivotally connected by connecting pins.

4. A linked coke drum support as recited in claim 3,
wherein the connecting pins are coated to reduce friction.

5. A linked coke drum support as recited in claim 2,
wherein each coke drum link is attached to a separate segment
of the segmented circumferential connecting plate.

6. A linked coke drum support providing a secure yet
reduced stress connection between a coke drum and a fixed
support structure, the linked support comprising:

a coke drum link attached directly to a coke drum:

a ground link attached to a fixed support structure; and

a connecting link pivotally attached to said coke drum link

and said ground link.

7. A linked coke drum support as recited in claim 6,
wherein the pivotal attachment between the coke drum link,
connecting link and ground link is accomplished with con-
necting pins.

8. A linked coke drum support as recited in claim 6,
wherein the ground link is affixed to the fixed support
structure.
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