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(57) ABSTRACT 

An improved rupture disk assembly and methods and appa 
ratuses for forming a rupture disk are disclosed. The rupture 
disk assembly includes a rupture disk having a ?ange 
connected to a dome-shaped rupturable portion by a transi 
tion area. The rupturable portion includes a structural apeX 
formation at or near the apeX of the dome and is con?gured 
to rupture When exposed to a ?uid having a predetermined 
pressure. Preferably, a safety member is disposed adjacent 
the rupture disk. The safety member includes a hinge about 
Which the disk bends When the disk ruptures. The present 
invention is also directed to an apparatus and method for 
consistently, accurately, and repeatably forming a structural 
apeX formation in a rupture disk before the formation of the 
rupture disk dome, during the formation of the rupture disk 
dome, and after the formation of the rupture disk dome. 
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RUPTURE DISK ASSEMBLY 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 09/310,848, ?led on May 13, 1999 for 
Rupture Disk Assembly. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to pressure relief systems. 
More particularly, the present invention relates to an 
improved rupture disk assembly for a pressure relief system 
and to apparatuses and methods for forming and manufac 
turing rupture disks. 

[0003] Pressure relief assemblies are commonly used as 
safety devices in systems containing pressuriZed ?uids in 
gas or liquid form. Apressure relief assembly Will vent ?uid 
from the system When the pressure in the system reaches an 
unsafe level. A number of emergency conditions, including 
?re and system failure, can create dangerous pressure levels, 
Which require immediate relief to preserve the safety of the 
system. 

[0004] Generally, a pressure relief assembly includes a 
rupture disk that is sealed betWeen a pair of support mem 
bers, or safety heads. The pressure relief assembly is then 
typically clamped, or otherWise sealingly disposed, betWeen 
a pair of conventional pipe ?anges in the pressuriZed system. 
One of the pipes conducts pressuriZed ?uid to one side of the 
pressure relief assembly and the other pipe provides an 
outlet to a safety reservoir or may be open to the environ 
ment. The support members include a central opening that 
eXposes a portion of the rupture disk to the pressuriZed ?uid 
in the system. The eXposed portion of the rupture disk Will 
rupture When the pressure of the ?uid reaches a predeter 
mined differential pressure betWeen the inlet and outlet 
sides. The ruptured disk creates a vent path that alloWs ?uid 
to escape through the outlet to reduce the pressure in the 
system. 

[0005] Rupture disks typically have a dome shape and can 
be either forWard acting or reverse acting. In a forWard 
acting disk, the concave side of the dome faces the pressur 
iZed ?uid, placing the material of the disk under tension. In 
a reverse acting disk, the conveX side of the dome faces the 
pressuriZed ?uid, placing the material of the disk under 
compression. In the reverse acting disk (also knoWn as a 
reverse buckling disk), When the pressure of the ?uid 
eXceeds the predetermined level and the material of the disk 
structure cannot Withstand the pressure, the dome of the disk 
Will buckle and begin to reverse. This reversal, or buckling, 
Will begin at a particular point on the disk, knoWn as the 
point of initial reversal. As the disk continues to reverse, the 
material of the disk is torn by an opening means to create the 
vent path to release the pressuriZed ?uid. 

[0006] Both types of disks commonly include score lines 
(areas of Weakness) to facilitate the opening of the disk. In 
a reverse buckling disk, the disk Will tear along the score line 
When the disk is reversing. Selected portions of the disk are 
usually left unscored, acting as a hinge area, to prevent the 
disk from fragmenting upon bursting and escaping along 
With the pressuriZed ?uid. Additionally, pressure relief 
assemblies are knoWn that include safety members to assist 
in opening the disk and to absorb the energy created by the 
bursting of the disk to attempt to prevent the disk from 
fragmenting. 
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[0007] In an emergency situation, Where the system pres 
sure becomes unsafe, it is important to reduce the pressure 
as quickly as possible. The American Society of Mechanical 
Engineers (ASME) code establishes minimum performance 
requirements for ?uid ?oW rates through pressure relief 
systems. The siZe and shape of the opening created When the 
disk bursts is a limiting factor on the rate at Which ?uid can 
escape the system. Aburst disk having a large, unobstructed 
opening Will perform better than a burst disk having a small, 
obstructed opening because the velocity head loss (i.e. 
pressure drop) over the large, unobstructed opening Will be 
loWer than the velocity head loss over a smaller or 
obstructed opening. The loWer velocity head loss translates 
to a loWer ?oW resistance and, thus, a greater ?oW rate 
through the disk. 

[0008] Adjusting different facets of the disk design, 
including the siZe of the rupturable portion of the disk and 
the location of the score line, can control the siZe and shape 
of the opening created When the disk bursts. Alarger disk has 
the potential to create a larger opening. 

[0009] Another factor affecting ?oW resistance is the 
nature of the ?uid in the pressuriZed system. It has been 
found that rupture disks open differently depending on the 
nature of the ?uid in the system. Typically, a disk burst in a 
gas environment Will open more fully than a disk burst in a 
liquid environment. Thus, to meet desirable ?oW resistance 
performance requirements, the design of a disk may have to 
be different if the disk is being used in a liquid application, 
even if the liquid is at the same pressure as a similar gas 
application. 
[0010] An additional factor of disk design that affects ?oW 
resistance is the thickness of the rupturable portion of the 
disk. Adisk made of a thinner material Will bend easier than 
a disk made of a thicker material. Thus, for disks rupturing 
at the same ?uid pressure, a thinner disk is more likely to 
completely open and create a large, unobstructed opening 
than a corresponding thicker disk. 

[0011] HoWever, a disk made of a thinner material is more 
susceptible to damage than a thicker disk. Any damage to the 
rupture disk could alter the actual burst pressure of the disk. 
This is particularly an issue in loW pressure, reverse buck 
ling disks Where the disk material must be thin to burst at the 
desired loW pressure. The thinner, loW pressure disks are 
more likely to be damaged during installation, Which may 
compromise the structural integrity of the disk and cause the 
disk to reverse at a pressure signi?cantly less than the 
desired rupture pressure. In these situations, the material of 
the disk does not tear as eXpected and the disk may com 
pletely reverse Without tearing. The reverse buckling disk 
then acts like a forWard acting disk and the ?uid pressure 
places the material of the disk in tension. Because the tensile 
strength of the disk material is greater than the correspond 
ing compressive strength, the disk may not tear to create the 
vent path until the pressure of the system signi?cantly 
eXceeds the desired rupture pressure. This over-pressure 
condition could result in damage to the system that the 
rupture disk Was intended to prevent. 

[0012] Rupture disks are rated by their performance in a 
damaged condition. This rating is generally knoWn as the 
damage safety ratio of the disk and is determined by dividing 
the actual pressure at Which a damaged disk ruptures by the 
desired, or rated, rupture pressure of the disk. A damaged 
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disk With a damage safety ratio of 1 or less Will burst at the 
desired rupture pressure, or before the pressurized ?uid 
reaches the desired pressure, thereby preventing any damage 
to the system. 

[0013] Another important performance rating of a rupture 
disk is the burst accuracy of the disk. There are variations in 
materials, manufacturing, and installation that may result in 
any given tWo disks in a manufacturing lot of seemingly 
identical disks not bursting at the same pressures. Thus, 
there is typically a variation in actual burst pressure among 
disks having the same rated pressure. With current rupture 
disk design and manufacturing methods, rupture disks Will 
typically burst at a pressure that is less than 5% of the rated 
pressure or less than 2 psig When the rated pressure is beloW 
40 psig. Thus, to prevent premature disk rupture and to 
provide a safety margin, the standard operating pressure of 
a system should not exceed 90% of the rated pressure of a 
rupture disk used in the system. 

[0014] In light of the foregoing, there is a need for a 
pressure relief assembly that provides a loW ?oW resistance 
KI in both liquid and gas applications. There is further a need 
for rupture disks that have an accurate and repeatable burst 
pressure and thus can be used in a high operating capacity. 
There is still further a need for a rupture disk having a loW 
damage safety ratio so that an inadvertently damaged 
reverse buckling disk does not create a potentially dangerous 
over-pressure situation in either liquid or gas applications. 

SUMMARY OF THE INVENTION 

[0015] Accordingly, the present invention is directed to a 
pressure relief assembly that obviates one or more of the 
limitations and disadvantages of prior art pressure relief 
assemblies. The advantages and purposes of the invention 
Will be set forth in part in the description Which folloWs, and 
in part Will be obvious from the description, or may be 
learned by practice of the invention. The advantages and 
purposes of the invention Will be realiZed and attained by the 
elements and combinations particularly pointed out in the 
appended claims. 

[0016] To attain the advantages and in accordance With the 
purposes of the invention, as embodied and broadly 
described herein, the invention is directed to an apparatus for 
indenting a rupture disk that includes an annular ?ange and 
a rupturable portion having a domed shape. The apparatus 
includes a ?rst member and a second member. The ?rst 
member has an opening and is con?gured to engage a ?rst 
side of the rupturable portion of the rupture disk. The second 
member is disposed on a second side of the rupturable 
portion of the rupture disk and is aligned With the opening 
in the ?rst member. The second member engages the rup 
turable portion at or near the apeX of the domed shape and 
displaces a section of the rupturable portion relative to the 
?rst member to thereby create an indentation in the ruptur 
able portion at or near the apeX of the domed shape. 

[0017] In another aspect, the present invention is directed 
to a method of forming an indentation in a rupture disk that 
includes an annular ?ange and a rupturable portion having a 
domed shape. According to the method, a ?rst side of the 
rupturable portion is supported With a ?rst member having 
an opening. A second member aligned With the opening in 
the ?rst member is engaged With a second side of the 
rupturable portion at or near the apeX of the domed shape to 
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displace a section of the rupturable portion relative to the 
?rst member and thereby create an indentation at or near the 
apeX of the rupturable portion of the rupture disk. 

[0018] In still another aspect, the present invention is 
directed to a method of forming an indentation in a rupture 
disk. According to the method, a ?rst side of a rupture disk 
blank is supported With a ?rst member having an opening. 
A second member aligned With the opening in the ?rst 
member is engaged With a second side of the rupture disk 
blank at or near the center of the rupture disk blank to 
displace a section of the rupture disk blank relative to the 
?rst member, thereby creating an indentation at or near the 
center of the rupture disk blank. Aportion of the rupture disk 
blank is subject to a pressuriZed ?uid to form said portion of 
the rupture disk blank into a domed shape such that the 
indentation is disposed at or near the apeX of the domed 
shape. 
[0019] According to another aspect, the present invention 
is directed to an apparatus for forming a rupture disk from 
a blank. The apparatus includes a clamp con?gured to 
?Xably secure an outer perimeter of the blank. The clamp has 
a pathWay con?gured to direct a pressuriZed ?uid against the 
unclamped portion of the blank. The pressuriZed ?uid acts 
on the unclamped portion of the blank to displace the 
unclamped portion of the blank relative to the clamp. Amold 
having a concave shape receives the unclamped portion of 
the blank as the unclamped portion is displaced relative to 
the clamp and forms the unclamped portion of the blank into 
a domed shape generally corresponding to the concave 
shape of the mold. A member disposed in the mold engages 
the unclamped portion of the blank as the unclamped portion 
is displaced relative to the clamp to thereby form an inden 
tation at or near the apeX of the domed shape. 

[0020] In still another aspect, the present invention is 
directed to a method of forming a rupture disk from a blank. 
According to the method, the outer perimeter of the blank is 
clamped and a pressuriZed ?uid is directed against a central 
portion of the blank. The pressuriZed ?uid displaces the 
central portion of the blank relative to the outer perimeter 
and into a mold having a concave shape. The central portion 
of the blank is formed into a domed shape that generally 
corresponds to the concave shape of the mold. Amember is 
engaged With central portion of the blank as the central 
portion is formed into the domed shape to form an inden 
tation at or near the apeX of the domed shape. 

[0021] According to yet another aspect, the present inven 
tion is directed to a rupture disk assembly to be sealed in a 
pressuriZed system. The assembly includes a rupture disk 
that is con?gured to reverse When eXposed to a ?uid having 
a predetermined pressure. The rupturable portion de?nes an 
opening therethrough. A liner is disposed betWeen the rup 
ture disk and the pressuriZed system and is con?gured to 
cover and seal the opening in the rupturable portion of the 
rupture disk. 

[0022] According to still another aspect, the present inven 
tion is directed to a rupture disk to be sealingly engaged With 
a pressuriZed system. The rupture disk includes an annular 
?ange and a rupturable portion that is con?gured to rupture 
When eXposed to a ?uid having a predetermined pressure. 
The rupturable portion has a domed shape With a conveX 
surface and a corresponding concave surface and a structural 
apeX formation disposed at the apeX of the dome. The 
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structural apex formation includes a crease formed in at least 
one of the concave and convex surfaces. 

[0023] In still another aspect, the present invention is 
directed to a rupture disk assembly to be sealed in a 
pressurized system. The rupture disk assembly includes a 
rupture disk having a dome-shaped rupturable portion that 
includes a convex surface and a corresponding concave 
surface forming a dome area. The rupturable portion 
includes a score line that has a ?rst and a second end and 
creates a line of Weakness along Which the rupturable 
portion Will tear When the rupturable portion of the rupture 
disk is exposed to a ?uid above a predetermined pressure. A 
safety member is disposed adjacent the concave surface of 
the rupture disk. The safety member includes a ?ange and a 
hinge that de?nes ?rst and second pockets con?gured to 
receive the area of the rupturable portion adjacent the 
respective ends of the score line When the rupture disk 
ruptures. 

[0024] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory only and are not restrictive of 
the invention, as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
one embodiment of the invention and together With the 
description, serve to explain the principles of the invention. 
In the draWings, 

[0026] FIG. 1 is a cross sectional vieW of a pair of support 
members and a rupture disk according to the present inven 
tion positioned betWeen a pair of pipe ?anges; 

[0027] FIG. 2 is a top vieW of a rupture disk and a safety 
member according to the present invention; 

[0028] FIG. 3a is a cross sectional vieW of the rupture disk 
and safety member of FIG. 2, taken along line Z-Z; 

[0029] FIG. 3b is a cross sectional vieW of an alternative 
embodiment of the rupture disk and safety member of FIG. 
2, taken along line Z-Z; 

[0030] FIG. 4 is a cross sectional vieW of the rupture disk 
and safety member of FIG. 2, taken along line Y-Y; 

[0031] FIG. 5 is a cross sectional vieW of a pair of support 
members and a rupture disk according to the present inven 
tion positioned betWeen a pair of pipe ?anges, illustrating 
the rupture disk in a burst state; 

[0032] FIG. 6 is a perspective vieW of a rupture disk 
having a central indentation according to the present inven 
tion; 

[0033] FIG. 7 is a cross sectional vieW of the rupture disk 
of FIG. 6; 

[0034] FIGS. 8 and 9 are top plan vieWs of alternative 
embodiments of central indentations according to the 
present invention; 

[0035] FIG. 10 is a cross-sectional vieW of an apparatus 
for creating an indentation in a rupture disk in accordance 
With the present invention; 
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[0036] FIG. 11 is a cross-sectional vieW of another 
embodiment of a punch tip for creating an indentation in a 
rupture disk; 

[0037] FIGS. 12a-12c are end vieWs of a punch tip 
according to the present invention; 

[0038] FIG. 13 is a cross-sectional vieW of another appa 
ratus for creating an indentation in a rupture disk in accor 
dance With the present invention; 

[0039] FIG. 14 is a partial cross-sectional vieW of the 
apparatus of FIG. 13, illustrating the punch tip engaged With 
the rupturable portion of the rupture disk; 

[0040] FIG. 15 is a top vieW of a rupture disk having an 
opening in the rupturable portion in accordance With the 
present invention; 

[0041] FIG. 16 is a side vieW of a rupture disk assembly 
include a rupture disk having an opening in the rupturable 
portion; 
[0042] FIG. 17 is a top vieW of another embodiment of a 
safety member in accordance With the present invention; 

[0043] FIG. 18 is a side vieW of the safety member of 
FIG. 17; and 

[0044] FIG. 19 is a cross-sectional vieW of a rupture disk 
having an indentation formed in accordance With an aspect 
of the present invention. 

DETAILED DESCRIPTION 

[0045] Reference Will noW be made in detail to the pres 
ently preferred embodiments of the present invention, 
examples of Which are illustrated in the accompanying 
draWings. Wherever possible, the same reference numbers 
Will be used throughout the draWings to refer to the same or 
like parts. An exemplary embodiment of a pressure relief 
assembly of the present invention is shoWn in FIG. 1 and is 
designated generally by reference number 20. 

[0046] In accordance With the present invention, there is 
provided a pressure relief assembly that includes an inlet 
support member that de?nes an inlet bore for conducting a 
pressuriZed ?uid, an outlet support member that de?nes an 
outlet bore for relieving the pressuriZed ?uid, and a rupture 
disk. The rupture disk has a rupturable portion including a 
convex surface and a corresponding concave surface that 
de?nes a dome area. The rupture disk also includes a ?ange 
for sealing engagement betWeen the inlet and outlet support 
members to align the concave surface With the outlet bore 
and the convex surface With the inlet bore. In the illustrated 
embodiments, the pressure relief assembly is depicted as a 
pretorqued pressure relief assembly. It is contemplated, 
hoWever, that the present invention may also be used With 
non-pretorqued pressure relief assemblies or as a component 
of a Welded assembly. 

[0047] As embodied herein and as illustrated in FIG. 1, 
pressure relief assembly 20 includes an inlet support mem 
ber 30 and an outlet support member 32. Inlet support 
member 30 de?nes an inlet bore 34 and has a series of 
internally threaded bolt holes 43 (only one of Which is 
illustrated in FIG. 1) surrounding the inlet bore. Outlet 
support member 32 de?nes an outlet bore 36 and has a series 
of bolt holes 41 (only one of Which is illustrated in FIG. 1) 
that correspond to bolt holes 43 of inlet support member 30. 
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It is contemplated that the inlet and outlet support members 
may be safety heads, pipe ?anges, or any combination of 
structures capable of sealingly engaging the rupture disk 
With a pressurized system. 

[0048] As also shoWn in FIG. 1, a rupture disk 44 is 
positioned betWeen inlet support member 30 and outlet 
support member 32. Rupture disk 44 includes a ?ange 48 
and a rupturable portion 45. Flange 48 is connected to 
rupturable portion 45 by transition area 49. It is contem 
plated that the rupture disk and safety member of the present 
invention can also be utiliZed in sanitary environments, 
Wherein Well-knoWn sanitary ?ttings Will be utiliZed to 
engage the rupture disk. 

[0049] Rupturable portion 45 has a dome shape that 
includes a concave surface 46 and a conveX surface 47 that 
de?ne a dome area designated generally as 35. When ?ange 
48 is engaged With inlet and outlet support members 30 and 
32, rupturable portion 45 aligns With inlet bore 34 and outlet 
bore 36. In a preferred embodiment, conveX surface 47 
eXtends into inlet bore 34 and concave surface faces outlet 
bore 36. It is contemplated, hoWever, that aspects of the 
present invention may be utiliZed in forWard acting disks 
Where the conveX surface eXtends into the outlet bore. 

[0050] As illustrated in FIG. 2, rupturable portion 45 
includes a score line 80 that has a ?rst end 84 and a second 
end 86. Preferably, score line 80 transcribes an arc of 
approximately 300° in the concave surface of the dome 
shaped rupturable portion. The present invention can be 
utiliZed With score lines of various con?gurations, such as, 
for eXample, an intermittent score line Where the score 
generally transcribes an arc, but includes a series of gaps of 
unscored material. The score line may also completely 
circumscribe the rupturable portion of the disk, but include 
a section Where the depth of the score line is shalloWer than 
the remainder of the score line. For purposes of the present 
invention, the points at Which the depth of the score line 
changes Would be considered to be the ?rst and second ends 
of the score line. 

[0051] As described in greater detail beloW, score line 80 
creates a line of Weakness in the rupturable portion along 
Which the disk material Will tear When eXposed to a ?uid 
having a predetermined pressure. While the presently pre 
ferred embodiment provides the score line on the dome 
itself, the score line may be provided in other locations, such 
as, for eXample, the transition area betWeen the dome and the 
?ange of the disk or on the ?ange itself. 

[0052] Referring again to FIG. 1, a positioning pin 68 
preferably eXtends betWeen inlet support member 30 and 
outlet support member 32 and through ?ange 48 of rupture 
disk 44. Positioning pin 68 ensures that inlet support mem 
ber 30 is properly aligned With outlet support member 32 
and that rupture disk 44 is properly positioned betWeen 
support members 30 and 32. When the assembly is properly 
positioned, inlet bore 34 aligns With outlet bore 36 to create 
a ?uid passageWay that is blocked by rupturable portion 45 
of rupture disk 44. Additional positioning pins may be 
placed in a symmetrical or asymmetrical pattern around the 
support members to further control the relative positions of 
the rupture disk and support members. 

[0053] A series of cap screWs 40 (only one of Which is 
illustrated in FIG. 1) are disposed through bolt holes 41 to 
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engage internally threaded bolt holes 43. Preferably, bolt 
holes 41 in outlet support member 32 include a counter bore 
42 to receive the head of cap screW 40. The engagement of 
cap screWs 40 With bolt holes 41 and 43 draWs outlet support 
member 32 toWards inlet support member 30 to sealingly 
engage ?ange 48 of rupture disk 44. 

[0054] Preferably, inlet support member 30 includes a 
raised seating surface 78 and outlet support member 32 
includes a corresponding seating surface 79 to engage ?ange 
48 of rupture disk 44. It is contemplated that seating surface 
78 may include a bite seal, or other similar sealing device, 
to create a seal With the ?ange. Alternatively, an o-ring or 
gasket may be positioned betWeen inlet support member 30 
and ?ange 48 to create the seal. 

[0055] As is shoWn in FIG. 1, pressure relief assembly 20 
is positioned betWeen a circular inlet pipe 22 and a circular 
outlet pipe 28. Inlet pipe 22 includes an inlet ?uid pathWay 
64 and an inlet pipe ?ange 24. Outlet pipe 28 includes an 
outlet ?uid pathWay 66 and an outlet pipe ?ange 26. 

[0056] Preferably, inlet pipe ?ange 24 includes a raised 
surface 74 that engages a corresponding surface 75 on inlet 
support member 30 and outlet pipe ?ange 26 includes a 
raised surface 76 that engages a corresponding surface 77 on 
outlet support member 26. Aseries of bolt members 60 draW 
inlet pipe ?ange 24 toWards outlet pipe ?ange 26 to create 
a seal With the pressure relief assembly 20. 

[0057] Preferably, a U-shaped positioning ?Xture 38 
extending from inlet support member 30 engages an opening 
58 in inlet pipe ?ange 24 to ensure pressure relief assembly 
20 is properly oriented betWeen the pipe ?anges. U-shaped 
positioning ?Xture 38 also ensures that inlet support member 
30 is placed adjacent inlet pipe ?ange 24 and, thus, prevents 
pressure relief assembly 20 from being installed upside 
doWn in the pipe ?anges. Pressure relief assembly 20 is 
properly positioned betWeen inlet pipe ?ange 24 and outlet 
pipe ?ange 26 When inlet ?uid pathWay 64 aligns With inlet 
bore 34, outlet bore 36, and outlet ?uid pathWay 66 to create 
a ?uid passageWay that is blocked by rupturable portion 45 
of rupture disk 44. 

[0058] Inlet pipe 22 is connected to a system or vessel (not 
shoWn) that contains a pressuriZed ?uid. The ?uid may be in 
either gas or liquid form. Inlet pipe 22 conducts the pres 
suriZed ?uid to pressure relief assembly 20 and the eXposed 
rupturable portion 45 of rupture disk 44. Rupturable portion 
45 is con?gured to burst When the pressure of the ?uid 
reaches a predetermined level that is indicative of an over 
pressuriZation in the system or vessel. The burst pressure of 
the disk may be controlled by varying different parameters 
of the disk design, including, but not limited to, the height 
of the domed section, the thickness of the disk, and the depth 
and location of the score line. 

[0059] When the disk bursts and tears along score line 80, 
an opening through the disk is created. The opening alloWs 
the ?uid to ?oW from inlet bore 34 to outlet bore 36 and into 
outlet ?uid pathWay 66, thereby reducing the pressure in the 
system or vessel. Outlet ?uid pathWay 66 may release the 
?uid to the environment or to a safety reservoir (not shoWn) 
depending upon the nature of the ?uid in the system or 
vessel. 

[0060] In accordance With the present invention, the pres 
sure relief assembly includes a safety member disposed 
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adjacent the concave surface of the rupture disk. The safety 
member includes a hinge having a knuckle that extends 
downwardly into the dome area created by the rupturable 
portion of the disk and extends laterally across the dome area 
to a point that is inside the area circumscribed by the score 
line or inside the area circumscribed by an arc connecting 
the tWo ends of the score line. A tongue extends aWay from 
the knuckle and into the outlet bore of the outlet support 
member in a direction generally perpendicular to the ?ange 
of the safety member. Preferably, the tongue extends past the 
?ange of the safety member, although the end of the tongue 
may generally align With plane created by the ?ange. The 
present invention contemplates that the hinge may be angled 
With respect to the ?ange, such that the hinge extends into 
the outlet bore and toWards the outlet support member. It is 
further contemplated that the hinge may have a generally ?at 
con?guration. 

[0061] As illustrated in FIG. 1, a safety member 50 is 
positioned betWeen rupture disk 44 and outlet support mem 
ber 32 and generally supports the transition area of the 
rupture disk. Preferably, safety member 50 is a separate 
structure from rupture disk 44 and from outlet support 
member 32. It is contemplated, hoWever, that safety member 
50 may be integral With or connected to either rupture disk 
44 or outlet support member 32 With spot Welds or in any 
other manner to keep the structures together. 

[0062] Safety member 50 includes a ?ange 62 and a hinge 
52. Flange 62 of safety member 50 has substantially the 
same general shape as ?ange 48 of rupture disk 44 and is 
sealed in pressure relief assembly 20 betWeen the rupture 
disk ?ange and outlet support member 32. Preferably, as 
shoWn in FIG. 2, ?ange 62 includes a series of holes 82 that 
may be engaged by positioning pin 68 (referring to FIG. 1). 

[0063] As shoWn in FIG. 3a, hinge 52 includes a knuckle 
53 and a tongue 54. Knuckle 53 extends from ?ange 62 into 
dome area 35. In the illustrated embodiment, knuckle 53 is 
linear in cross-section. It is contemplated, hoWever, that 
knuckle 53 may have other cross-sections, such as, for 
example, a curved cross-section that generally folloWs the 
contour of the rupturable portion. Preferably, knuckle 53 
does not contact rupturable portion 45 and, thus, leaves a gap 
51 betWeen the knuckle and the rupturable portion. It is 
contemplated, hoWever, that knuckle 53 may contact rup 
turable portion 45 When the rupture disk is in an unruptured 
state. 

[0064] Referring to FIGS. 1 and 2, the outer edge of 
knuckle 53 extends doWnWardly into dome area 35. Outer 
edge 53 also extends laterally across dome area 35 to a point 
that is inside the area circumscribed by score line 80 or 
inside the area circumscribed by an arc connecting the ends 
84 and 86 of score line 80. The outer edge of knuckle 53 
forms a generally straight line about Which the rupturable 
portion Will bend When the rupture disk ruptures. In a 
presently preferred embodiment, the outer edge 53 extends 
to a point inside, but directly adjacent to the area circum 
scribed by the score line 80 or the area circumscribed by an 
arc 85 connecting the tWo ends of the score line. This 
embodiment of the hinge prevents fragmentation, yet maxi 
miZes the siZe of the opening created When the disk ruptures, 
thereby minimiZing the pressure drop, or velocity head loss, 
over the ruptured disk and achieving a loW ?oW resistance, 
KI. 
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[0065] As shoWn in FIG. 4, hinge 52 is formed With a ?rst 
pocket 90 and a second pocket 92. First and second pockets 
preferably have a concave shape that faces gap 51 (referring 
to FIG. 3b) betWeen knuckle 53 and rupturable portion 45 
of rupture disk 44. Preferably, ?rst and second pockets 90 
and 92 are positioned adjacent ?rst and second ends 84 and 
86 of score line 80, respectively. It is contemplated that ?rst 
and second ends 84 and 86 of score line 80 may terminate 
at a point directly beloW ?rst and second pockets 90 and 92, 
respectively (as illustrated in FIG. 2). Alternatively, ?rst and 
second ends 84 and 86 of score line may terminate at a point 
that is directly aligned With or just short of ?rst and second 
pockets 90 and 92, respectively. 

[0066] As illustrated in FIGS. 1-4, tongue 54 extends 
aWay from knuckle 53 and into outlet bore 36. Preferably, as 
shoWn in FIG. 2, tongue 54 includes a main linear section 
55 With tWo substantially straight side ?aps 56 that project 
from the main linear section 55 toWards the outlet safety 
member 32. Preferably, as shoWn in FIG. 2, the angle 87 
betWeen side ?aps 56 and main linear section 55 is obtuse, 
although the present invention contemplates that angle 87 
may be a right angle or an acute angle. More preferably, 
angle 87 is greater than the angle betWeen main linear 
section 55 and a line of radius 89 extending through the 
corresponding end of main linear section 55. Still more 
preferably, angle 87 is Within the range of about 130° to 
160°. 

[0067] In the embodiment illustrated in FIG. 1, side ?aps 
56 extend toWards outlet safety member 32. Preferably, side 
?aps 56 are in close proximity to, but do not contact outlet 
safety member 32 When the disk is in an unruptured state. 

[0068] In an alternative embodiment, and as illustrated in 
FIG. 3b, tongue 54 includes a tongue support 57 that 
projects from the end of the tongue toWards outlet support 
member 32. Preferably, tongue support 57 extends to a point 
that is in close proximity to, but not in contact With, outlet 
support member 32. It is contemplated that other embodi 
ments of the support structure Will be readily apparent to one 
skilled in the art. 

[0069] Referring to FIG. 2, safety member 50 preferably 
includes a series of stress risers 88. Each stress riser 88 
extends aWay from ?ange 62 and into dome area 35 of 
rupturable portion 45 of the rupture disk. Each stress riser 88 
terminates in one or more stress concentrating points. Pref 
erably, the stress concentrating points of at least tWo of the 
stress risers are aligned With score line 80 in rupturable 
portion 45 of the rupture disk. The stress concentrating 
points, as explained in greater detail beloW, contact the 
rupturable portion of the rupture disk When the rupture disk 
reverses to ensure the rupturable portion tears to create a 
?oW path for ?uid to escape. 

[0070] The safety member may include recessed, or “scal 
loped out,” areas betWeen each stress riser. These “scalloped 
out” areas create gaps in the support of the transition area of 
the rupture disk. As also explained in greater detail beloW, 
the gaps in the support of the rupture disk also help ensure 
that the rupturable portion tears to create a ?oW path for ?uid 
to escape. These scalloped out areas may be located at a feW 
selected locations around the safety member annulus or may 
alternatively be regularly spaced around the entire annulus 
or substantially the entire annulus (e.g. exclusive of the 
hinge area). 
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[0071] As described above and referring to FIG. 1, inlet 
?uid pathway 64 conducts pressurized ?uid, in either gas or 
liquid form, to inlet bore 34 and to rupturable portion 45 of 
rupture disk 44. In the illustrated embodiment, the pressur 
iZed ?uid contacts convex surface 47 of rupture disk 44, 
thereby placing the material of the disk under a compressive 
force. The magnitude of the compressive force corresponds 
to the pressure of the ?uid. When the pressure of the ?uid 
reaches a predetermined level and the compressive force 
exceeds the structural and material strength of the rupturable 
portion of the rupture disk, the dome-shaped section Will 
begin to buckle, or reverse. 

[0072] As illustrated in FIG. 5, the reversal of the disk Will 
cause the disk to tear along score line 80 to form a disk petal 
103 that has a shape de?ned by score line 80 and a disk hinge 
102 that connects disk petal 103 to ?ange 48 to prevent the 
disk from fragmenting. Under the continued ?uid pressure, 
disk hinge 102 Will bend, With respect to the ?ange, through 
gap 51 toWards safety member 50. Because knuckle 53 of 
safety member 50 is close to disk hinge 102, the momentum 
gained by the disk hinge Will be relatively small and Will be 
arrested by the eventual contact With the knuckle before the 
disk petal gains enough momentum to tear aWay from the 
disk hinge. 

[0073] If the disk does not tear along the score line during 
the initial buckling of the disk, the disk Will continue to 
buckle and reverse under the pressure of the ?uid until the 
disk contacts the stress concentrating points of stress risers 
88. The stress concentrating points Will increase the stress in 
the score line 80 to facilitate opening of the disk. In addition, 
the unsupported gaps of the transition area, as de?ned by the 
shape of the “scalloped out” areas of the safety member, 
create additional forces in the rupturable portion of the disk 
to ensure the disk opens to create a vent path for the ?uid. 

[0074] After the rupturable portion tears and the disk 
hinge 102 is supported by knuckle 53, the force of the ?uid 
pressure and the momentum of disk petal 103 Will cause the 
disk to bend around the outer edge of knuckle 53. The petal 
Will continue to bend around knuckle 53 until contacting 
tongue 54 of hinge 50. The contact of disk petal 103 With 
tongue 54 Will bend the tongue until side ?aps 56 contact 
outlet safety member 32. The portions of disk petal 103 that 
extend on either side of tongue 54 Will Wrap around the 
tongue and contact side ?aps 56. 

[0075] Depending upon the pressure in the system and the 
momentum With Which the petal is moving, tongue 54 and 
side ?aps 56 may further bend and deform With the contact 
of disk petal 103 to absorb the kinetic energy of the moving 
disk petal and stop the movement of the disk petal. Prefer 
ably, side ?aps 56 are angled With respect to the outlet 
support member so that they may bend outWardly, or 
inWardly depending upon angle 87, if the force of contact 
With the moving petal is great enough. By absorbing the 
kinetic energy of the moving disk petal, the tongue reduces 
the overall force on the disk petal, thereby preventing the 
disk petal from fragmenting. The dimensions of the hinge 
and, in particular, the dimensions of the knuckle and tongue, 
are selected so that the hinge Will effectively absorb the 
kinetic energy of the disk petal, While achieving a large and 
unobstructed ?oW path through Which the pressuriZed ?uid 
may vent. 

[0076] In the illustrated embodiment, the portions of the 
disk petal surrounding the end of the score line Will fold into 
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pockets 90 and 92 of hinge 50. Pockets 90 and 92 extend 
generally aWay from the ?ange 62 of the safety member and 
in the direction of the outlet bore. Pockets 90 and 92 have 
curved surfaces and are con?gured to receive the portions of 
the rupture disk adjacent the respective ends 84 and 86 of 
score line 80 Without creating any additional stress concen 
trating points. The pockets provide support for the rupture 
disk material adjacent the ends of the score line. This 
reduces the tensile forces acting on the ends of score line to 
prevent the tear in the rupture disk from continuing past the 
ends of the score line. Thus, the pockets help in preventing 
the petal from completely separating from the disk. In a 
preferred embodiment, the disk reverses symmetrically and 
the disk Will Wrap around the opposing pockets at the same 
time thereby preventing the creation of any uneven stresses 
in either side of the disk hinge. 

[0077] The opening created by the rupture of the disk Will 
be de?ned by the shape and location of the score line and by 
the shape and location of the hinge. In the preferred embodi 
ment, the score line and hinge are con?gured to maximiZe 
the siZe of the opening. It is contemplated that the shape of 
the hinge, as de?ned by the ?rst pocket, the second pocket, 
and the outer edge of the knuckle, may be a generally 
straight line Alternatively, as illustrated in FIG. 2, the outer 
edge of the knuckle may be generally straight and the 
pockets, disposed on either side of the knuckle, may angle 
toWards the ?ange of the safety member. 

[0078] In the preferred embodiment and as illustrated in 
FIG. 4, the outer edge of the knuckle 53 includes a generally 
straight section that is located at a point minimally inside the 
ends of the score line 80. The straight section may be inside, 
but directly adjacent to the area 83 circumscribed by the 
score line 80. Alternatively, the straight section may be 
inside, but directly adjacent to the area transcribed by an arc 
85 connecting the ends 84 and 86 of score line 80. The line 
85 appears for purposes of illustration in the draWings and 
does not actually appear on the disk. 

[0079] When disk petal 103 bends around the outer edge 
53 of hinge 50, the bending portion of the petal Will 
preferably form a generally straight line betWeen the ends 84 
and 86 of score line 80. Thus, a maximal portion of disk 
petal 103 Will bend out of the ?uid passageWay. In this 
manner, the siZe of the opening created When the disk 
ruptures is maximiZed. 

[0080] In another embodiment and as illustrated in FIGS. 
17 and 18, safety member 50 is generally ?at. In certain 
applications, such as, for example, electrical sWitchgear, the 
space available for the pressure relief assembly necessitates 
that the outlet safety head and hinge be replaced With a ?at 
plate that can be bolted or otherWise directly attached to the 
system. To help prevent a rupture disk from fragmenting in 
these situations, a hinge may be de?ned in the ?at plate. 

[0081] As illustrated in FIG. 17, safety member 50 
includes a hinge 52. Hinge 52 includes a tongue 53 that 
de?nes a generally straight outer section and a pocket 190 
and 192 on either side of the hinge. In the illustrated 
embodiment, hinge 52 lies in the same plane as ?ange 62. 
The present invention contemplates, hoWever, that hinge 52 
may be bent to extend doWnWardly into the dome of the 
rupture disk or upWardly aWay from the concave side of the 
disk dome. In addition, the outer edge of the hinge may have 
a curved shape. 
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[0082] Preferably, ?ange 62 includes a series of bolt holes 
(not shown) to allow safety member 50 to be directly 
connected to the pressurized system. The ?ange of the 
rupture disk may be attached to ?ange 62 of the rupture disk 
With an adhesive or through Welding. 

[0083] Pockets 190 and 192 are positioned adjacent ?rst 
and second ends 84 and 86 of score line 80 (referring to FIG. 
2). It is contemplated that ?rst and second ends 84 and 86 of 
score line 80 may terminate at a point directly beloW ?rst 
and second pockets 190 and 192. Alternatively, ?rst and 
second ends 84 and 86 of score line may terminate at a point 
that is directly beloW the edge of hinge 53 that de?nes ?rst 
and second pockets 190 and 192. 

[0084] As described in greater detail above, When the 
rupture disk opens, petal 103 of the rupture disk Will bend 
around hinge 52 to absorb the energy of the disk opening. 
Hinge 52 may bend With petal 103 as the rupture disk opens 
to further absorb the energy of the disk opening. Preferably, 
safety member 50 also includes stress risers 88 that, as also 
described above, ensure the rupture disk fully opens along 
the score line. 

[0085] The portions of the disk petal surrounding the ends 
of the score line Will fold into pockets 190 and 192. This Will 
reduce the magnitude of the stresses acting on the ends of the 
score line to prevent the tear in the rupture disk from 
continuing past the ends of the score line and ultimately 
causing the disk petal to fragment. 

[0086] Another factor in obtaining a large and unob 
structed opening in all service conditions is controlling the 
initial reversal point of the disk. The initial reversal point of 
the disk is the point at Which the disk initially buckles under 
the force of the pressuriZed ?uid. In one preferred embodi 
ment, the initial reversal point is positioned at the apeX of the 
dome shaped rupturable portion. This is a central position on 
the rupture disk and also the position on the rupturable 
portion that is the furthest from the transition area of the 
disk. Initiating reversal at this point ensures that the disk 
reverses in a symmetrical fashion. 

[0087] A symmetrical disk reversal Will result in an 
enhanced disk opening for both scored and unscored disks. 
In a scored disk, the symmetrical reversal ensures that an 
equal force is distributed along the entirety of the score line 
so that the disk material Will tear completely along the score 
line and fully open. In an unscored disk, Where a secondary 
cutting mechanism, such as perimeter teeth, are used to 
puncture and open the disk, the symmetrical reversal ensures 
that the disk material Will fold evenly over the secondary 
cutting mechanism. The secondary cutting mechanism Will 
then cause the disk to fully open and alloW the disk petal to 
bend around the disk hinge and maXimiZe the siZe of the 
opening. 

[0088] In accordance With the present invention, the dome 
of the rupturable portion includes a structural apeX forma 
tion. A structural apeX formation of the present invention 
Will introduce a structural Weakness, such as, for eXample, 
a thinning or stretching of the disk material, into the rup 
turable portion of the rupture disk. The thinning or stretching 
of the disk material compromises the structural integrity of 
the disk dome. It has been found that When the disk is subject 
to a ?uid having a certain pressure, the rupture disk Will 
initiate its reversal at the structural Weakness. Thus, a 
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properly con?gured structural apeX formation Will control 
the initial reversal point of the disk. 

[0089] It should also be noted that a structural apeX 
formation Will reduce the expected burst pressure of the 
rupture disk. In other Words, a disk that has a structural apeX 
formation Will burst at a loWer pressure than a similar disk 
Without a structural apeX formation. This is noteWorthy in 
that a disk Without a structural apeX formation must be made 
from a thinner material in order to achieve the same burst 
pressure as a disk With a structural apeX formation. It has 
also been found that a correlation eXists betWeen the siZe and 
shape of the structural apeX formation and the amount of 
reduction in the burst pressure. In general, a larger structural 
apeX formation Will result in a greater reduction in burst 
pressure. 

[0090] The concept of the structural apeX formation offers 
the potential for great improvement in the reliability and 
accuracy of rupture disks, particularly those disks con?g 
ured to rupture at loW pressures. The loW pressure disks must 
typically be made from a thin material, Which is easily 
damaged. Any damage to the disk prior to or during instal 
lation can dramatically alter the burst pressure of the disk. In 
addition, any irregularities in the installation, such as mis 
alignment of safety heads or of the disk itself, heat induced 
irregularities, and bolt or ?ange insensitivity, can further 
alter the burst pressure of the disk. Since a disk With a 
structural apeX formation can be made from a thicker 
material that is less susceptible to these types of problems, 
the introduction of a structural apeX formation Will improve 
the reliability of the rupture disks. 

[0091] In addition, it has been found that the siZe and 
shape of the structural apeX formation Will be the determin 
ing factor in determining the burst pressure of the rupture 
disk. In other Words, the con?guration of the structural apeX 
formation Will override other design factors, such as, for 
eXample, the depth and location of the score line, that 
previously affected the burst pressure of the rupture disk. 

[0092] As shoWn in FIGS. 6 and 7, the structural apeX 
formation is preferably an indentation 140 located at the 
apeX of the domed shape of the rupturable portion. Prefer 
ably, as shoWn in FIG. 7, indentation 140 is formed in 
conveX surface 47 of the dome, creating a cavity 143 in the 
conveX surface 47 and a corresponding nipple-shaped pro 
trusion/dimple 144 in the concave surface 46. Alternatively, 
indentation 140 may be formed in the concave surface 46 of 
the dome, creating a cavity in the concave surface 46 and a 
corresponding nipple-shaped protrusion in the conveX sur 
face 47. 

[0093] As shoWn in FIG. 7, indentation 140 includes a 
circular outer edge 142. Preferably, the distance from the 
outer edge 142 to transition area 49 is the same at all points 
along outer edge 142 of indentation 140. 

[0094] As shoWn in FIGS. 8 and 9, the indentation may 
have a variety of shapes. For eXample, as illustrated in FIG. 
8, indentation 140 may be a straight line having a midpoint 
coinciding With the apeX of the dome. In addition, as shoWn 
in FIG. 9, indentation 140 may include tWo straight lines 
that intersect at the apeX of the dome. 

[0095] It is contemplated that changing the siZe and shape 
of the structural apeX formation can produce Wide variations 
in the pressure at Which a disk of given siZe and material Will 
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burst. For example, a 1“ disk made of 0.003“ thick material 
having a small indentation Will burst at a higher pressure 
than a similar disk With a larger indentation. Thus, altering 
the con?guration of the structural apex formation alloWs a 
particular siZe and thickness rupture disk to be adapted to the 
particular pressure relief needs of a variety of different 
commercial applications. 

[0096] It should be noted, hoWever, that to produce a 
rupture disk that Will accurately burst at the desired pressure, 
the indentation, or other structural apeX formation, must be 
formed in a manner that ensures that the con?guration of the 
structural apeX formation is consistent betWeen disks. One 
method of forming an indentation in a rupture disk is 
described in Us. Pat. No. 6,006,938 to MoZely. In the 
method described therein, the indentation is “free-formed” 
in that a tool is impacted With the disk as the disk is being 
formed, Without any additional support for the rupture disk. 
As shoWn in the test data set forth beloW, the rupture disks 
formed according to this method Will not consistently burst 
at a desired pressure. This method, therefore, Will not 
produce a disk With the high level of burst pressure accuracy 
that is demanded by many commercial applications. 

[0097] In accordance With the present invention, an appa 
ratus for forming an indentation in the dome of a rupture 
disk is provided. It is contemplated that the indentation may 
be formed at any stage in the manufacture of the disk. 
Accordingly, the present invention is directed to an appara 
tus for forming an indentation in a formed rupture disk or a 
rupture disk blank and to an apparatus for forming an 
indentation in a rupture disk as the dome of the disk is being 
formed. The indent forming apparatuses alloW indentations 
to be formed in rupture disks in a reliable and consistent 
manner, Which, as set forth in the test data beloW, results in 
an improvement in the burst accuracy of the rupture disks. 

[0098] As illustrated in FIG. 10, an indent forming appa 
ratus 148 includes a ?rst member, Which is preferably an 
anvil 154. Anvil 154 includes a support surface 155 that 
de?nes and opening 164. Preferably, opening 164 is circular, 
although it is contemplated that opening 164 may have other 
shapes. 

[0099] Support surface 155 is con?gured to engage one 
side of rupturable portion 45 at the apeX of the domed shape 
such that opening 164 encompasses the apeX. It is contem 
plated that support surface 155 may have a small Width such 
that only a selected portion of rupturable portion 45 is 
supported. Alternatively, support surface 155 may have a 
shape that conforms to the contour of the rupture disk dome 
and eXtends to the transition area of the disk, such that the 
entire rupturable portion 45, outside of opening 164, is 
supported. 

[0100] Preferably, support surface 155 engages the con 
cave side of the domed shape, although the support surface 
may engage the conveX side of the domed shape. Alterna 
tively, the anvil may engage one side of a rupture disk blank 
that, as described in greater detail beloW, Will eventually be 
formed into a rupture disk. 

[0101] In the illustrated embodiment, the centerline 162 of 
anvil 154 is aligned With the apeX of the domed shape of 
rupturable portion 45. It is contemplated, hoWever, that 
centerline 162 may be offset from the apeX of the dome 
shape. 
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[0102] A frame 156 surrounds anvil 154. Frame 156 
includes an inner Wall 158 that de?nes a cavity con?gured 
to receive ?ange 48 of the rupture disk. Preferably, the 
height of inner Wall 158 is chosen to ensure that ?ange 48 
does not contact the bottom surface 159 of the cavity so that 
anvil 154 is the only source of support for the rupture disk. 
In addition, the diameter of inner Wall 158 closely corre 
sponds to the diameter of ?ange 48. In this manner, inner 
Wall 158 ensures that the rupture disk is correctly aligned on 
anvil 154. 

[0103] Frame 156 may include one or more pins 160 (only 
one pin illustrated in FIG. 10). Pins 160 are con?gured to 
engage holes 88 in ?ange 48 (referring to FIG. 6). The 
engagement of pins 160 With holes 88 further ensures that 
the rupture disk is correctly aligned on anvil 154. 

[0104] The indent forming apparatus 148 also includes a 
second member, Which is preferably a punch 150 that is 
generally aligned With opening 164 in anvil 154. In the 
illustrated embodiment, the centerline 166 of punch 150 is 
directly aligned With the centerline 162 of the anvil. The 
present invention contemplates, hoWever, that the punch 150 
may be offset With respect to the apeX and/or the anvil, 
provided that the punch tip is Within the area circumscribed 
by anvil opening 164. 

[0105] Punch 150 includes a tip 152 that engages the 
second side of rupturable portion 45. As punch 150 moves 
relative to anvil 154, the material of the rupturable portion 
corresponding to opening 164 is displaced relative to the 
anvil 154. This forced and controlled displacement causes 
the disk material along the edge and doWnsloping section of 
the indentation to deform, by stretching, thinning, or shear 
ing, relative to the surrounding disk material. 

[0106] The supporting force of the anvil, Which opposes 
the force of the punch, Will create a permanent deformation, 
such as a crease 200 (referring to FIG. 19) in the surface of 
rupturable portion 45. This permanent deformation is cre 
ated as the punch forces a displacement of the material of the 
rupturable portion relative to the material that is supported 
by the anvil. Preferably, the concave surface of the disk is 
supported by the anvil and, thus, the deformation Will be 
formed in at least the concave surface. It is contemplated 
that the deformation may also be formed in the conveX 
surface or in both the concave and conveX surfaces. 

[0107] The deformation, stretching, thinning, or shearing 
of the disk material creates the structural Weakness in the 
disk dome. By precisely controlling the movement and 
location of the punch and anvil, similar amounts of thinning, 
stretching, or shearing may be induced in successive disks. 
In this manner, the reliability and accuracy of a series of 
rupture disks may be maintained at a level required for 
commercial application. 

[0108] Preferably, the motion of punch 150 is precisely 
controlled. In the preferred embodiment, the alloWable range 
of motion of punch tip 152 is governed by a micrometer, 
Which alloWs for adjustments of 0.0001“. In this manner, the 
depth of the indent, With respect to the apeX of the dome, that 
is created in the rupture disk may be accurately and precisely 
controlled. 

[0109] Alternatively, punch tip 152 and anvil opening 164 
may be closely siZed so that the disk material is displaced in 
shear. As illustrated in FIG. 19, indentation 140 formed by 














